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In the biological systems, the chemical reactions of the
metabolism proceed seldom spontaneously, but they are
generally catalysed by particular proteins which one calls
enzymes. Whole of these biological functions passby areac-
tion of complexation while utilizing certain atoms bel onging
to agiven number of amino acidsrepresenting the active site.
On the level of this active site, the behaviour of the atomsis
relatively different asfor the approach from the enzyme and
the substrate. At the time of this approach, there are interac-
tions enzyme-substrate which control the stability of a E-S
complex leading to the end product according to the specific-
ity of the enzyme. It is on this level that resides the difficul-
ties of comprehension of the interactions between
enzyme and substrate. On the basis of thisideawe proposeto
elucidate this mechanism by molecular modelling. We are
particularly interested in studying the interaction of the phos-
pholipase A, (PLA.) with aziridines structures by molecular
modelling and molecular dynamics.
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INTRODUCTION

Phospholipase A, (PLA.) is one of the most intensively studied mem-
brane proteins which hydrolyze phospholipids at the sn-2 position to form
fatty acid and lysophospholipid products'. These are small proteins and the
3-D structures are known to high resolution for several species”. Phospho-
lipase A, proteins are of high pharmaceutical concern since they are
responsible for the release of arachidonic acid from membranes and since
the subsequent conversion of thisfatty acid to leukotrienes and prostaglan-
dinsis part of the inflammatory response. Other functions of PLA, have
also been documented in the litterature, such as signal transduction, host
defence, blood coagulation and membrane remodelling. On the basis of
their structures and enzymatic characteristics, PLA, secreted have been
recently classified into 10 groups’.
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Aziridines are three-membered heterocycles containing nitrogen. The
inherent reactivity of aziridinesis due, in large part, to ring strain energy
(SE) of 26.7 kcal/mol for the parent, unsubstituted aziridine®. Aziridines
can be found in natural products such as mitomycin, porfiromycin and
mitiromycin, which are potent antitumor and antibody agents>®.

The aziridines were the synthetic targets in the synthesis since the
discovery of Gabriel” in year 1888, of the smallest heterocycle containing
the nitrogen. The mgjority of the methods of preparation of the aziridines
imitate significant developments of the syntheses of epoxies®? or
cyclopropanes®. The aziridines are for along time a source of interest for
the chemists, due to the multiplicity of their use in organic chemistry™.
They are known as well to be synthons significant in organic synthesis as
to compose part of the skeleton of various biologically active natural
products.

EXPERIMENTAL

The construction and the optimization of al the molecules of aziridines
has been carried out by program EMO (Energy of a Molecule). The con-
formational analysis of all structures was carried out by using the option
SCAN, which alows: A sweeping of the surface of energy and to eliminate
the conformers the least probably stable.
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N-acylhydroxymethylaziridine
R=H (Ref. 12), R= CH,Ph (Ref. 12), R= CH,PhOH and R= -CH,COOH

The results obtained are presented in Table-1.

TABLE-1
RESULTS OBTAINED USING PROGRAM EMO

Stericenergy  Stretch.

Bending Torson VDW  Electr. Tota

(KJmol)
Az-H 1060 56853 3268 4003 -28.46 623.366
Az-CH,Ph 1361 57331 707 7413 -3497 633155

Az-CH,COOH  13.22 581.61 3642 6596 -70.16  627.054
Az-CH,PhOH 14.07 576.61 1466 72.80 -38.30 639.825

Once the optimized structures, it is necessary to alot to each atom an
electronic partial load. A calculation of load was carried out using software
SPARTAN with the level of optimization B3LY P/6-31G*, NPA.
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The optimization of the geometry of the PLA, was carried out using
the force field Amber99 (Assisted Model Building with Energy Refine-
ment), the principal chain (backbone) was maintained rigid, while the side
chainsremain flexible. This approximation allows the side chains proteins
to more easily find the position in which theinteractions are most favourable.
AMBER99 was developed by Case et al.”®. The equation used can be
simplified by the following equation:

Etot = ZK (r_req)z"' ZKH(G_Beq)Z‘*'

liaisons r valence

> Vzn[1+COS( n6—y)]+Z{Aii _ By +qiqj}

12 6
diedres i<i | Ry R; ER;;

Thetorsion, stretching and bending energies arerepresented by asimple
diagonal harmonic expression. The energy of interaction of van der Waals
is represented by a potential 6-12 and electrostatic energy is modelled by
Coulombiennes interactions of loads centered on the atoms.

Thefollowing step isthe positioning of the ligandsin the active site of
the PLA,. using the program Dock in ChemOffice.Once that the receiving
complex ligand- is formed, this one will adapt the most stable conforma-
tion, i.e. with the lowest energy level.

In present studies, a minimization of the geometry and a molecular
dynamics calculation were carried out on the PLA; aone, the substrates
and complexes PLA-aziridines.

RESULTSAND DISCUSSION

Thefirst step isdownloading of the PLA, from the Bookhaven Protein
Data Bank (access code is 1 kvo). It crystallizes in the hexamer forms;
each monomer consists of 124 amino acids, 2 calcium atoms and the
inhibitor OAP which was used for the co-crystallization (Fig. 1).

Fig. 1. Hexamer form of the PLA,
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The molecular modelling have areducing effect, thusin present model
that first 70 amino acids of the monomeric form as well as only one
calcium atom present by eliminating all the molecules from water and the
OAP (Fig. 2).

Fig. 2. Monomer chain, 70 amino acids and 1 atom of calcium

This step isfollowed by the optimization of the geometry and a calcu-
lation of molecular dynamics of al the starting structures.

Molecular dynamics of the PLA,: Constraints on the level of the
principal chain (backbone) were applied to the PLA, aone like with the
various studied complexes. These constraints maintainsthe skeleton of rigid
polypeptide, allowing the distances coordination between calcium and the
complex to remain stable (Figs. 3 and 4).
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Fig. 3. Residues of PLA2 constituting the  Fig. 4. Variation of the potential energy
active site of the PLA2 according to time

Molecular dynamics calculations of complexes PLA-aziridines are
giveninFigs. 5to 12.

Energy of interaction: With the object of establishing correlations
between energies of interaction and the activities and to consider by which
type of forcesthe nature of theinteractions PLA-ligandsis controlled, one
often refers to a decomposition of the total potential energy of the
molecule in several terms (electrostatic energy, VDW energy...) (Table-6).
Energiesof interaction between the various studied substratesand the PLA,
is obtained using the following relation:
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Einta'action = (Etotal potential energy of the complex) -
(Etotal potential energy of PLA, + Etotal potential energy of S.JbStI'aIe)
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Fig. 5.  Variation of the potential energy of Fig. 6. Complex PLA,-(AZ-H)
the complexe PLA,-(Az-H)
according to time
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Fig. 7.  Variation of the potential energy of Fig. 8. Complex PLA-(AZ-CHPh)
the complexe PLA-(Az-CH,Ph)
according to time
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Fig. 9.  Variation of the potential energy Fig. 10 Complex PLA,-(AZ-CH,PhOH)
of the complex PLA,-(Az-CH,PhOH)
according to time
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Fig. 11. Variation of the potential energy Fig. 12. Complex PLA,-(AZ-CH,COOH)
of the complex PLA,-(Az-CH,COOH)
according to time

In the light of the results obtained, it arises that the introduction of the
cumbersome groupings generates a conformational rearrangement within
the cavity of the active site, which probably will increase complimentary
activity.

The case of R=H presents a characteristic because of perfect linearity,
not presenting any steric obstruction; its energy of van der Waalsis equal
t0-92.29 Kcal/mol.

It could be discussthat increasing or decreasing theinterval of dimen-
sions of the cavity of the active site having in present case awidth of 10 A
and adepth of 14 A which narrows by reaching avalue of 8 A.

The distances between the groupings R of the aziridine and those of
the side chains of the constituent amino acids were measured. The active
site and possibly of other groupings of the principa chain of the enzyme
responsible of theinteractionswhich can generate aconformation favourable
significant activity. The results obtained are reported in Tables 2-5. The
mesasured distances vary between 3.46 and 19.95 A for the whole of the
studied complexes.

Theinteractions ranging between 2.5 and 3.1 A are regarded as strong
and ranging between 3.1 and 3.55 A are supposed to be average. This
situation was observed in the case of Concanavaline A with amonosaccha
ride™.

TABLE-2
DISTANCES MEASURED BETWEEN THE GROUP OF THE AZIRIDINE
(R=H) AND THE GROUPS OF THE SIDE CHAINS OF AMINO ACIDS
RESPONSIBLE FOR INTERACTIONS

Distances (A) Phe23 His6 Phe5 HisA7 Tyr21
R=H 425 6.20 6.45 8.75 11.00
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TABLE-3
DISTANCES MEASURED BETWEEN THE GROUP OF THE AZIRIDINE
(R=CH,Ph) AND THE GROUPS OF THE SIDE CHAINS OF AMINO ACIDS
RESPONSIBLE FOR INTERACTIONS

Distances (A) His27 Pro36 His47 Tyr51 Tyr66
R = CH,Ph 9.67 12.69 4.37 9.30 8.80
TABLE-4

DISTANCES MEASURED BETWEEN THE GROUP OF THE AZIRIDINE
(R=CH,PhOH) AND THE GROUPS OF THE SIDE CHAINS OF AMINO
ACIDS RESPONSIBLE FOR INTERACTIONS

Distances (&) Phe5 Tyr21 His27 His47 Tyr24
R = CH,PhOH 5.08 6.94 3.46 5.18 13.65
TABLE-5

DISTANCES MEASURED BETWEEN THE GROUP OF THE AZIRIDINE
(R=CH,COOH) AND THE GROUPS OF THE SIDE CHAINS OF AMINO
ACIDS RESPONSIBLE FOR INTERACTIONS

Distances (A) His6 Tyr21 Phe23 His27 His47
R = CH,COOH 19.97 5.71 7.69 7.38 12.08
TABLE-6
VALUES OBTAINED OF INTERACTIONS ENERGY IN Kca/mol
Etotal pot VDW vDW  VDW Total
Eota. pot Energy ;
R complex Energy  Inter. inter.
Complex
E-S E-S S Energy Energy
H 785.2017 236.4357 -273.860 -0.3260 -92.2908 305.2199

CH,Ph 25526130 438.2930 -194.122 59238 -18.8028 1828.5954
CH,PhOH 4775.0330 247.4404 -163.452 3.0965 14.6945 4284.0465
CH,COOH 1248.8980 224.5801 -126.280 4.6933 50.2697 759.2937

Vdw energy of PLA,=-181.243 Kcal/mol, Pot. Energy of PLA, = 243.5461
Kcal/mal, E-S: complex Enzyme-substrate, S: substrate

Tyrosin having a pK, side chain (phenol) of 10.07 A is strongly
deprotoned, possibly being able to have interactions cation-11, e.g. the
distances separating Ca®* and the groups of the aziridines are:

R=H (13.23A),R=CH,Ph(5.25A), R= CH,PhOH (4.57 A) and
R = CH,COOH (3.25 A)

Another approach is that of exploitation of the hydrophobic interac-
tions which remain among the principal interactions which are established
between the residues preparing the hydrophaobic cavity of the enzyme and
the hydrophobic part of the ligands during the introduction inside the
active site, in order to avoid the exposure to the solvent.
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Conclusions

This contribution which consists with the elucidation of the mecha-
nisms of interaction between the enzyme and of the inhibitorsin order to
establish a correlation between the activity and the energy of interaction of
the complexes advances the following assumptions while waiting for the
biological tests of these aziridines to validate present model.

In present work, because of the presence of the phthalimido grouping
theinteraction of van der Waalsand cation-Tr, distances separating the groups
from the aziridines and those of the principal amino acids of the side chain
of the enzyme, the classification by increasing activity is according to:

R =H > CH,Ph > CH,PhOH > CH,COOH
while being based on the energy of total interaction, the order is dightly
disturbed and as follows:

R =H > CH,COOH > CH,Ph > CH,PhOH
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