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Modelling of CES2 structure

Choice of an optimal CES1 structure

Background

» One of the most recent strategy in medicinal chemistry involves the PHARMACOKINETIC PROFILING of new
molecules as soon as possible in the development pipeline with the clear aim to carry forward in the clinical
trials only the most promising drug-like compounds.?

» Among the pharmacokinetic failures, UNSUITABLE METABOLIC FATES represent the most frequent problem
that leads to high levels of attrition during development of new drugs.

» Hence, much effort is now devoted to in silico models to predict metabolic stability and metabolites. Such
models are well known for cytochrome P450 and various conjugating enzymes, and they enjoy a relative
success.

> In contrast, little has been done to predict the hydrolytic activity of human esterases, although they play a key
role in the hydrolysis of xenobiotics and in the activation of most prodrugs. Among the esterase enzymes, the
CARBOXYLESTERASES? play a pivotal role in the hydrolysis of a variety of drugs and prodrugs containing
ester, amide or carbamate functions to the respective free acids.

nmmm) Aim of the work

The present study was then undertaken to develop PREDICTIVE MODELS of the hydrolytic activity
catalysed by human carboxylesterases focusing on the hCES1 and hCES2 isozymes.

The first step of the study involved the choice of the most suitable hCES1 resolved structure as well as
the generation of a reliable hCES2 model by homology techniques.

In a second step, DOCKING ANALYSES of several known hCES substrates allowed to develop
predictive models for both isozymes incorporating new scoring functions designed to take
hydrophobic interactions into account.

Finally, MD SIMULATIONS of the computed complexes revealed the behaviour and trajectory of
substrates and products, demonstrating in particular the influence of their ionization state.
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Main entrance

The hCES1 alkyl/aryl subcavity is smaller then the acyl
one. Thus, hCES1 prefers substrates with acyl
moieties bulkier then the alkyl/aryl ones.
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The catalytic site

SIMILAR POLARITY PROFILE
The catalytic sites of both hCES1 and hCES2 have some common features:
1) many hydrophobic residues which determine the preference for apolar substrates;
2) negative residues which should promote the egress of negatively charged products;
3) the two subcavities harboring alkyl/aryl and acyl moieties can be easily recognized,
4) the subcavities for alkyl/aryl groups are less flexible and slightly more polar then the other subcavity, thus
explaining the preference for substrates with alkyl/aryl moieties relatively more polar then the acyls.
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Main entrance

The hCES2 alkyl/aryl subcavity is larger then the
acyl one. The enzyme prefers substrates with
alkyl/aryl moieties bulkier then the acyl ones.
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hCES1-temocapril

The weak interactions stabilizing the
optimized complex are in line with

“*Docking simulations were performed considering a set of 40 known substrates;
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Docking simulations
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Basic substrates and hCES2 activity: the case of R-propanolol butyrate hydrolysis

18) & .. (R)-propranolol butyrate simulations
16 To explore the influence of ionization on CES and ik
1‘2‘ | W * / CES2 activity, the stability of some complexes was XJV\ . g
| iy M vl 1 analyzed by MD runs of 5-ns for CES1 and 10-ns for e e \
3 wmmm Mm ; CES2. All plots report the distance between 7 7 | ‘ »‘ W Nm | "'M M | ,. V]
s (YA VIV TV oried form Heroin 6-O-Acetylmorphine Morphine Ser221/Ser228 and the ester groups. (R)-propranolol butyrate  (R)-propranolol I 'l | W “
: Neutral form 47 lonized form w
ns 21 Neutral form
O e s s a0 2 a0 e 0. AMorphine’s simulations - (R)-propranolol simulations O ns
o T Tl The reasonable stability of the simulated complexes ol * PR m e R E et e i
.. 6-O-Acetylmorphine’s simulations NSl affords an encouraging validation of their reliability. n R The substrates remain in the catalytic site
A 2] irrespective of their ionization state.
12
'\ LNt 15+
d '”v MMM \w"w Hith ‘m 1 ! i 10 M m “ n The Product exit in hCES2 is slower
© w mﬂ 5 ’ ” MD simulation confirm that enzymes stabilize better - i mVa',mlww hy ‘w than in hCES1: the different velocity
AT S 0 ns interactions with unprotonated basic ligands. w s can impact on catalytic efficiency as
2] Neutral form o 00 05 10 15 20 25 30 35 40 45 MD simulation are able to SUCCGSSfU”y ’ 0051 152 25 3 35 4 455 55 6 65 7 75 8 85 9 95 confirmed by the kinetic parameters

0

The neutral form leaves the site and
allows the catalytic turn-over.
The ionized form remains into the site
behaving as a competitive inhibitor.
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The two substrates stably remain in the catalytic
site irrespective of their ionization state.

Conclusion

The congruity of the obteined complexes and the correlations between docking scores and the enzymatic data
afford an ancouraging validation for the described docking results, which can be used to predict the hydrolytic
metabolism of new molecules. In detail, the simulation reveal that:

1) MLP,s scores proved successful to accoount for lipophilic interactions in binding;

2) an optimal hCES1 substrate should possess the alkyl/aryl group smaller then the acyl one while. On the
contrary, an optimal hCES2 substrate should possess the acyl group smaller the alkyl/aryl one;

3) both isozymes prefer neutral or anionic substrates, while the cationic ligand can behave as inhibitors;

4) the products egress can be simulated by simple all-atoms MD runs.

discriminate between substrates and products
even when the structural differences are modesit.

for hydrolysis which are on average

The neutral product shows a progressive _ _
lower in hCES2 then in hCESI.

exit from the enzymatic cavity.
The protonated form remained
stable within the catalytic cavity.
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