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Inhibitors of human collagenase, MMP1

Sergio Roberto de Andrade Leite
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E-mail address: leite@iq.unesp.br

Abstract: Different common drugs (Meloxicam, Tenoxicam and Piroxicam, and sodium alendro-
nate) were tested both experimental and theoretically as inhibitors of interstitial human colla-
genase, also known as matrix metalloproteinase 1 (MMP-1). The in vitro collagenase activity,
alone and in the presence of inhibitors, was quantified by the reaction with a fluorescent syn-
thetic substrate and measuring the change of emission. Collagenase-inhibitor interaction was
studied theoretically by computational calculations. Three among the four tested substances
showed moderate inhibiting activity against the human collagenase.

Keywords: collagenase, MMP-1, human metalloproteinases, inhibitors, docking.

Introduction

The metalloproteinases of the conjuncti-
ve matrix, also known as matrixins or MMP (the
acronym of Matrix Metallo Proteinase), constitute
a subgroup of the zinc-endoproteases produced by
the conjunctive tissue. These enzymes participate
in the initial events that result in tissue degrada-
tion, both in physiologic and pathologic condi-
tions. They are divided in five groups: 1. collage-
nases that hydrolyze the collagen, protein resistant
to most of the proteases; 2. gelatinases, thus na-
med because they hydrolyze denatured collagen,
also known as type IV collagenases, for they also
degrade native collagen type IV; 3. stromelysins,
originally described as proteoglycanases, but that
actually possess a reasonably wide proteolytic ac-
tivity; 4. PUMP; 5. stromelysin 3. Murphy et al
[1] proposed a more complete classification, who-
se updated version is given below:

1. Collagenases: Interstitial collagenase
(MMP-1), Neutrophil collagenase (MMP-
8), Collagenase 3 (MMP-13), Collagenase 4
(MMP-18).

2. Stromelysins: Stromelysin 1 (MMP-3), Stro-
melysin 2 (MMP-10), Stromelysin 3 (MMP-
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11), No trivial name (MMP-19), Enamelysin
(MMP-20).

3. Gelatinases: Gelatinase A (72 kD, MMP-2),
Gelatinase B (92 kD, MMP-9).

4. Membrane collagenase: MT1- MMP (MMP-
14), MT2- MMP (MMP-15), MT3- MMP
(MMP-16), MT4- MMP (MMP-17).

5. Others: Matrilysin (MMP-7), Macrophage
elastase (MMP-12).

The 3D structures of several MMPs were
already determined by X rays diffraction or by
NMR spectroscopy, alone or binding to inhibitors
[2]. Inside of the molecule domain responsible
for the bond to zinc ion, a very similar sequence
exists in all of structure-known zinc proteinases:
Ala-Ala-His-Glu-hydrophobic aa-Gly-His [3],
in which is believed that the two histidine resi-
dues link to the zinc ion [4]. The third bond site
is not known in all of the cases, unlike in some
other zinc-proteins, as the thermolysin, in which
the third bond involves a residue of Glu separated
from His by 19 amino acids residues [1].

The activation of the matrix metalloprotei-
nases, that is, the transformation of zymogen into
active enzyme, involves the change of the coordi-
nation of the zinc with the sulphydril group of a
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cystein residue, for water, which turns the fourth
point of coordination of that metal [3, 5]. Differ-
ent causes that result in the contact loss between
cystein and Zn can activate the enzyme. In vivo
this activation is mediated by plasmin.

The inhibition of MMPs is the opposite ef-
fect that modulates the activity of MMPs in the
normal organism. In Nature this role is played by
a family of inhibitors known as tissue inhibitors
of metalloproteinases, TIMP, that are proteins that
link to several matrixins, not very selectively, in-
hibiting them. Besides the tissue inhibitors, the
human plasma o2-macroglobulin and related pro-
teins of the plasma of other mammals and of the
chicken egg also have inhibiting effect [3].

Besides the natural inhibitors, synthetic in-
hibitors have been prepared in the sense of obtain-
ing drugs for treatment of pathological processes
mediated by such enzymes, or when an unbalance
between activation and inhibition of MMPs oc-
curs. Among such pathologies we can mention
certain rheumatic processes (osteoarthritis and
rheumatoid arthritis), tumor invasion and metas-
tasis, and periodontal disease. Unfortunately, the
first generation of those drugs, already submitted
to clinical trials, did not result in promising drugs.
The main problem is the lack of specificity, dif-
ficulty that comes from the similarity among the
active sites of the different conjunctive matrix
metalloproteinases.

The search of effective and selective syn-
thetic inhibitors has stimulated the study of the
structure of matrix metalloproteinases of mam-
mals. Since 1993 different MMP structures have
been determined by X-ray diffraction and NMR
spectroscopy, free or bound to inhibitors [2,6-
18]. The zinc ion in the active site of MMPs is
coordinated by at least two histidine residues, of
numbers 218 and 222, through one of the atoms
of nitrogen of the imidazol ring. Browner et al.
[2] demonstrated that, for the case of the matri-
lysin, such histidine residues and a third, the 228,
are involved in the coordination of the zinc of the
catalytic site, through Ne of the ring. A second ion
zinc, this one with structural function, is coordi-
nated by other three histidine residues and one of
glutamic acid. Similar situation takes place in the
stromelysin 1, where the catalytic zinc is coordi-
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nated by His-201, -205, and -211, and the struc-
tural zinc by His-151, -166, and -179 [14].

To summarize, metalloproteases from con-
nective tissue of mammals, MMPs, have in com-
mon two ions of zinc, one located in the enzyme
active site, involved in the catalytic process, and
the other with structural function, similar to cal-
cium ions in these enzymes. The catalytic zinc
ion binds to three histidine residues and, in the
active enzymes, to a molecule of water. The other
zinc ion also coordinates to three other residues of
histidine and to a fourth residue of another amino
acid, which depends on the nature of the enzyme.

The active site zinc in the MMPs acts as a

Lewis acid, since it is a good electron acceptor.
Thus, it is able to polarize a binding group of the
substrate and, as a result, if this group is a base, in-
creases its nucleophilic power. On the other hand,
acting as an acid, increases the ability of a group
connected to it to suffer the attack of a base. An
example of the first type is the molecule of water
binding to zinc in the active enzyme, which disso-
ciates under the polarizing effect of Zn** , even in
environments with pH values not very high, gene-
rating a hydroxyl able to attack other molecules.
This is the mechanism of action suggested for the
carbonic anhydrase, another zinc-enzyme, where
the hydroxylic oxygen bound to Zn?* attacks the
carbon of the CO, and produces bicarbonate, after
rearrangement and decomposition of the interme-
diary species. On the other hand, the mechanism
of catalysis by matrix metalloproteases, as the
human collagenase, is an example of the second
type of mechanism. In this case, the hydrolysis of
the amide (peptidic bond) begins by attack of the
zinc, as a Lewis acid, on the carbonylic oxygen,
polarizing the carbonyl and facilitating the attack
of its carbon by the hydroxyl of water linked to
zinc. The intermediary, negatively charged, then
decomposes into carboxylate and amine.

The synthetic inhibitors of the MMPs ob-
tained until now are substances that bind directly
or indirectly to the catalytic zinc ion. They are
species containing the groups hydroxamate, car-
boxylate, sulfydryl, sulfoximine, sulfodiimine,
sulfonamide or thiol [2, 3, 19-21]. The study of
the interaction of inhibitors with the MMPs, main-
ly the structure determination of enzyme-inhibitor
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complexes, is essential to understand the struc-
tural features relevant for the inhibition. These
informations constitute the basis for the rational
search of new more potent inhibitors, through
Theoretical Chemistry calculations, whose results
guide their synthesis.

In the present work some common drugs
were tested as inhibitors of the human collagenase
MMP-1, both experimental and theoretically. The
choice of such drugs, currently employed for other
pathologies, was made based on experimental and
clinical references [22]. The great advantage in
selecting drugs already used in other pathologies
is the previous knowledge of their toxicity and sa-
fety, checked by the acquired clinical experience.

Experimental methods

Human collagenase (MMP-1) was pur-
chased from ICN Biomedicals Inc., Livermore,
CA, USA. The activity of this enzyme was me-
asured by reaction with the synthetic substrate
7-methoxycoumarin-4-acetyl-Pro-Leu-Gly-Leu-
B-(2,4-dinitrophenyl) L-2, 3-diaminopropionyl)-
Ala-Arg-NH, (abbreviated Mca-Pro-Leu-
Gly-Leu-Dpa-Ala-Arg-NH., from
Sigma-Aldrich Co., Saint Louis, MO, USA). In
this compound, the fluorescent emission of me-
thoxycoumarin group is quenched by 2,4- dini-
trophenyl-amino ring. The hydrolysis of the pep-
tide chain by MMP-1 between the Gly and Leu
residues extinguishes this effect and enhances the
fluorescence at 394 nm, proportionally to collage-
nase activity [23].

The reactions were performed in a buffered
medium (Tricine 50 mM pH 7.5) containing Ca?
10 mM and NaCl 0,10 M, in a total volume of
100ul. The MMP-1 concentration was always 10
mM and that of fluorogenic reagent varied from
1 to 10 uM. The fluorescence was measured in
a microfluorimeter (Tecan Austria Gesellschaft,
Salzburg, Austria), with excitation wavelength at
330 nm and emission at 394 nm.

The choice of substances for the inhibition
tests was based on reports in the literature (expe-
rimental or clinical) among common drugs with
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inhibiting effect upon collagenases. The selected
drugs have different structures and pharmacolo-
gical activities, but all share such supposed inhi-
biting effect [22]. Four ligands were tested: three
oxicans, namely Meloxicam, Tenoxicam and Piro-
xicam, and sodium alendronate. The IC50 was de-
termined for those that exhibited activity against
the enzyme.

Computational methods

Computational calculations performed
were: modeling of the three-dimensional structu-
re of the ligands by energy minimization methods,
calculation of electronic and thermodynamics pro-
perties and simulation of the interaction between
ligands and collagenase active site by a docking
procedure. The enzyme structure was obtained
from Protein Data Bank (structure 1CGL), deter-
mined by X-ray diffraction [24, 25]. This structure
refers to collagenase co-crystallized with an inhi-
bitor and informs about the molecule region inte-
racting with the ligands. Calculations were per-
formed on a Compaq AP400 workstation with two
processors (Windows software for Classical and
Quantum Mechanical energy minimization and
molecular dynamics) and on a Silicon Graphics
Octane workstation (Unix software for docking
and ab initio Quantum Mechanical calculation).
For the former the softwares used were: CAChe
Worksystem 5.04 for Windows (Fujitsu Systems
Business of America, Inc., Beaverton, OR, USA)
[26] and HyperChem 4.5 for Windows (Hypercu-
be, Inc., Waterloo, ON, Canada) [27], and for the
last First Discovery 1.8 (modules: Glide; Liaison;
QSite; Impact) and Jaguar 4.1. for Irix (in other
words, SGI Unix) (Schrédinger Inc., Portland,
OR, USA) [28].

a) Structure of ligands: Three-dimensional
structure of the ligands was determined by energy
minimization and molecular dynamics simulated
annealing, alternately, many times, to obtain a
structure in a lower energy minimum. The calcu-
lation was performed by the semiempirical Quan-
tum Mechanical method PM3 [29].

b) Ligand electronic properties: Electronic
densities and Miilliken formal charges were ob-
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tained by the same PM3 method, applied on the
optimized structures.

¢) Ligand-MMP1 docking: First a grid cal-
culation was run in order to determine the area to
be searched to dock a ligand to the receptor. In this
case, this area corresponds roughly to the enzyme
active site. To perform this calculation, we utilized
the known structure of the enzyme co-crystallized
with an inhibitor. Then, the dock computation ge-
nerated the more plausible binding modes for the
tested ligands. Once located favorable structures
and bond conformations, binding energies for li-
gand-receptor pairs were calculated.

d) Total binding energy ligand-enzyme
(E,;,)): This calculation associates a Quantum Me-
chanical (QM) and a Classical Molecular Mecha-
nical (MM) procedures. First, the QM energy of
the isolated ligand was calculated by an ab initio
Density Functional Theory (DFT) method, utili-
zing the software Jaguar 4.1 (Schrdodinger Inc.).
Next, the energy of isolated enzyme was calcu-
lated by a mixed QM/MM method, the same ab
initio DFT technique for the active site region and
a MM procedure with the OPLS-AA force field
for the rest of the protein molecule. Finally, the
QM energy of the ligand and the QM/MM energy
of the enzyme were subtracted from the QM/MM
energy of the complex ligand-enzyme. This last
was calculated in the same way that the energy of
the enzyme alone.

E..=Eowoplx-E  lig-E  enz

QM/MM

¢) Entropy calculation: The entropy of hu-
man collagenase, free and bond to ligands, was
calculated to test entropic effects in the interac-
tion enzyme-inhibitors. Two entropic components
must be considered: the conformational entropy
of the polypeptide chain and the ordainment of
water molecules around the lateral chains of the
amino acid residues [30]. Let us consider first the
ordering of water molecules on the surface of the
protein. In the case of globular proteins, as the hu-
man collagenase, this ordering occurs mainly in
the external surface of the coil structure, which is
in direct contact with aqueous medium. Any dis-
turbance in this hydration layer, for example, due
to interaction of the protein with another protein
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or with a ligand, decreases such order and increa-
ses the entropy associated with it. We can estimate
the degree of disturbance by calculating the frac-
tion of surface area of the protein involved in this
interaction. We supposed, by hypothesis, that this
area is equal to half of the surface area of the li-
gand. The molecular surface area for enzyme and
ligands was calculated by the grid method descri-
bed by Bodor et al [31], using the atom radii of
Gavezotti [32] and implemented by the program
ChemPlus [33].

The conformational entropy of the polypep-
tide chain was calculated as follows. Let us consi-
der the variation of Gibbs energy:

AG = AH - TAS

Rearranging and calculating the partial
derivatives in relation to temperature:

(0T /T) AS + T (9AS / 9T) = - (JAG / OT) + (9AH / 9T)

The second parcels of equality, both sides,
equals zero, so:

AS = - (0AG / OT)

Thus, the entropy can be calculated by
the expression above, provided that we have the
variation of free energy with temperature. This
was obtained through a Molecular Dynamics, si-
mulating the heating of the molecule in a certain
temperature range. We considered that the total
energy of the system varies linearly with tempe-
rature and that such energy (sum of potential and
kinetics energies) can represent the Gibbs energy
of the system. Thus:

AS=-(E,-E)/(T,-T,)

Where i1 and f mean initial and final sta-
tes. Molecular Dynamics was performed using the
module HyperNewton of the software HyperChem
[27]. The heating was simulated between 0 and
300K. The total energy for ligands, enzyme and
ligand-enzyme complexes was evaluated by clas-
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sical Molecular Mechanics. The conformational entropy was calculated for the free enzyme, for each

ligand and for the ligands bound to the enzyme.

Results and Discussion

Kinetic parameters for the human collagenase were obtained from the plot of fluorescent emis-
sion at 394 nm versus Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH, concentration in umol/l.

This system displays a standard Michaelis-Menten kinetics with a V__

= 158 arbitrary units and Km =

X

7,88 uM.
Among the tested drugs, all the oxicans inhibited the human collagenase (fig. 1).
120 ®  Meloxicam
= I = °  Piroxicam
TI0F 4 4 Tenoxicam
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Fig.1 — Effect of oxicans upon activity of human collagenase MMP1, measured by emission at 394 nm of the
Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH, hydrolysis product.

Piroxicam was the most active inhibitor
(IC50 = 63 uM), followed by Meloxicam (IC50 =
66 uM) and Tenoxicam (IC50 =91 uM).

Sodium alendronate, otherwise, enhanced
the MMP1 activity (fig. 2). This effect is contra-
dictory with a remark reported in the literature,
which describes the inhibiting effect of bisphos-
phonates upon matrix metalloproteinases [22]. In
this work, the authors verified the inhibiting effect
of'various bisphosphonates on different matrix me-
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talloproteases of human conjunctive tissue matrix.
Although the Alendronate did not inhibit human
collagenase, MMP-1, it inhibited the MMPs 3, §,
9, 12 and 13. Three other bisphosphonates, Clon-
dronate, Pamidronate and Tilundronate, inhibited
the MMP-1. No stimulating or activating effects
were observed in any case. On the other hand, we
observed a similar activating effect of the alendro-
nate upon the activity of the collagenase produced
by the bacterium Clostridium histolyticum, one of
the causative agents of gas gangrene [34].

91



Artigo
Article

)
3 B
T 1

8

Emission (arbitrary units

| 1 | 1 | 1 | 1 | 1 | 1

5 8 8 & 8 8

1000
[ sodium dendronate ] UM

Fig.2 — Effect of sodium alendronate upon activity of human collagenase MMP1, measured by emission at

394 nm of the Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH, hydrolysis product.

Docking calculations defined the best geometry for ligand-enzyme interaction. The best poses
between each ligand and collagenase active site were select. As example, figure 3 shows Piroxicam, the

best inhibitor among the tested oxicans, bound to MMP-1 active site.

92 Ecl. Quim., Séo Paulo, 34(4): 87 - 102, 2009
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Fig. 3 - Piroxicam bound to human collagenase active site.

Note the two hydrogen bonds between the ligand and the oxygen bound to catalytic Zn?>".
Such simulation suggests the probable chemical interactions between the oxicans and the MMP-
1 active site. All of them bind through hydrogen bonds to the oxygen coordinated to the catalytic zinc

(fig. 4).
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a) Piroxicam Detail:
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b) Meloxicam Detail:
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¢) Tenoxicam

Detail:
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Fig. 4 - Hydrogen bonds (HB) between the oxicans
and MMP-1 active site. Distances in dngstroms and
angles in degrees.

As cited in the introduction section, the
Zn*" involved in the catalytic process coordinates
to three residues of histidine and to one molecule
of water, through its oxygen. The docking simu-
lation of Piroxicam and Meloxicam with MMP-
1 showed the formation of two hydrogen bonds
between the groups N-H and O-H of the oxicans

Ecl. Quim., Sao Paulo, 34(4): 87 - 102, 2009



and the O coordinated to Zn*" (fig. 4a, b). For the
Tenoxicam the calculation suggested a different
interaction schema: first, a hydrogen bond betwe-
en the O-H and O-Zn, as in the two others oxi-
cans; second, absence of the bond between N-H
and O-Zn (angle and distance unfavorable); third,
more three hydrogen bonds involving groups of
Tenoxicam and amino acids residues of MMP-1,
namely: N-H with O=C of ALA 182, S=0 with
H-N of HIS 183, and S=0O with H-N of ASN 180
(fig. 4c).

The docking calculation between sodium
alendronate and MMP-1 indicated the impossi-
bility to form a hydrogen bond between this li-
gand and the oxygen linked to zinc, confirming

the importance of such interaction for the enzyme
inhibition, as the alendronate does not inhibit this
enzyme. The highest intensity of inhibition of Pi-
roxicam and Meloxicam compared to Tenoxicam
also coincides with a weaker interaction of the
latter (longer bond and only one) with the oxygen
bonded to catalytic zinc. The angle O—H -~ O of
this hydrogen bond is smaller than the analog for
Piroxicam and Meloxicam, which also contributes
to the weakening of the bond.

The calculated total bond energies reinforce
this conclusion: its absolute value for Tenoxicam-
MMP-1 complex is smaller than for the other two
oxicans. Table 1 resumes these comments.

Table 1 - Relation among bond energy, nature of the hydrogen bonds (HB) between the ligands and Zn en-
vironment of MMP-1, and intensity of inhibition of enzyme activity. The greater the length of HB and the
more its angle differs from the ideal value of 180°, weaker it is.

Ligand (L)

Number of HB  Number of HB  Length of = Angle of  Ligand IC50 Total bond

(Total) L~O—7Zn HB (A)  HB (degree) (LM) energy (hartree)
. 2.049 126.5°
Piroxicam 2 2 1726 164 3° 63 -0.090489
. 1.975 123,8°
Meloxicam 2 2 1687 169.5° 66 -0.090757
Tenoxicam 4 1 2.219 121.0° 91 -0.064924
Alendronate 4 0 - - activator -0.022507

Concluding, for the three oxicans, the more
important groups for interaction with the human
collagenase are the hydroxyl and the seconda-
ry amine, binding to the heterocyclic ring and to
the carbonyl, respectively. In the three cases the
hydroxyl establishes a hydrogen bond with the
atom of oxygen linked to catalytic zinc. The ami-
ne forms a second hydrogen bond with the same
oxygen for Meloxicam and Piroxicam, but this
does not occur with Tenoxicam, on account of the
inappropriate geometry of the groups involved,
particularly a very small N-H-O angle (86.7°).
This fact, plus the O — H -~ O bond weaker than
the analog ones in the other two oxicans, result in
a smaller inhibiting effect of Tenoxicam upon the
human collagenase.

Besides the adequate geometry, electronic
requirements must be satisfied for the establish-
ment of a hydrogen bond: representing this by A
— H -~ B, the bond is stronger as more electrone-

Ecl. Quim., Sao Paulo, 34(4): 87 - 102, 2009

gative is the atom A and better electron donor is
the atom B. Thus, lower the electronic charge in
A (less negative, therefore) and greater in B (more
negative), better. For the oxicans, atom A is repre-
sented by the hydroxyl oxygen and by the amine
nitrogen. For the three oxicans, electronic partial
charge on hydroxyl oxygen varies very little (fig.
5), indicating that this property is irrelevant in di-
fferentiating the inhibitory effect, here essentially
dependent on the geometry. Curiously, the posi-
tive charge on the hydroxyl hydrogen is higher
in Tenoxicam, which has the less favorable geo-
metry, resulting in a lower inhibiting effect. This
indicates that any effort to increase the electron
density on the hydroxyl hydrogen of Tenoxicam
would be innocuous to intensify its inhibitory
effect. The same behavior occurs for the amine
hydrogen of the oxicans, whose partial charges
vary in the same sense.
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Fig. 5 - Miilliken partial charges for Meloxicam,
Piroxicam and Tenoxicam.

In conclusion, among the essayed com-
pounds, only Meloxicam and Piroxicam may be
useful as leaders compounds for the search of
more potent collagenase inhibitors. Their geome-
try is correct and a stronger bond with the enzyme
may be obtained varying adequately the electronic
densities. This could be achieved by appropriate
substitutions in different groups of the molecu-
les, capable to reduce the electronic densities on
hydroxyl and amine hydrogens. As examples, we
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calculated the partial charges of the fluorine and
nitro-derivatives of Meloxicam and Piroxicam.

First, for Meloxicam, the fluorination of
carbon 5 (numeration in fig.4) [35] of the aroma-
tic ring increases the hydroxyl H partial charge
from 0.218 to 0.226, and the perfluorination of the
ring (four fluorine atoms) increases this charge to
0.272. The amine H is little affected, provide that
the inductive effect spreads little in the carbon
chain. Otherwise, in the case of Piroxicam, both
mono and perfluorination have no effect on the
hydrogen charges. Therefore, it is probable that
the fluorination redounds in some increase in the
intensity of the hydrogen bond between hydroxyl
and enzyme, but only in the case of Meloxicam.

Nitration (mono) of the aromatic ring may
occur in the carbon atoms vicinal and not vicinal
in relation to the neighboring ring. Such nitration
decreases the electron density on positions ortho
and para regarding the nitro group, with almost
no change in position meta. This behavior results
from the strong mesomeric effect [36] generated
by this group, as illustrated in the diagram below
(Fig. 6).

N+

oY

N+

-O\/O_
N+
¥
- - etc

+

Fig. 6 - Mesomeric effect of nitro group on the ben-
zene ring.

In consequence, the nitration in carbon 5 of
Meloxicam and Piroxicam causes great reduction
in the electron density of neighbor carbon, while
the nitration in position 6 does not influence it. In
the Meloxicam, the charge on this carbon changes
from 0.022 to 0.182 in the nitro compound in 6 and
does not change (0.020) in the nitro compound in
7. In the case of Piroxicam, in the first case the
charge goes from 0.027 to 0.185 and in the se-
cond to 0.047. Such change in formal charge in
the 5-nitro derivatives also reflects on the carbon
4, bound to the hydroxyl group, and consequently
on the hydroxyl itself. The partial charge rises on
carbon 4 in both oxicans, and the hydrogen of the
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hydroxyl group becomes more positive. This is
schematized in the figure 7.

R
R

R NN
N O N (@]

+ +
>

Fig. 7 - Resonance structures in nitrated Meloxicam
and Piroxicam.

Greater extension of aromaticity of the
benzene ring to the alongside ring in the ortho
derivative, on account of electron delocalization
extended to him, intensifies the phenolic character
of the group OH. Thus, this group becomes more
acidic and the H more likely to form a hydrogen
bond with an electron donor center, as the oxygen
bond to MMP-1 catalytic Zn. A stronger hydrogen
bond should result in stronger enzyme inhibition.
Therefore, the 6-nitro-derivatives of Meloxicam
and Piroxicam could be promising candidates to

inhibitors of human connective tissue collagena-
se.

Thermodynamics properties - Let us dis-
cuss now the effect of the complexation with li-
gands on the two components of the enzymatic
entropy. First, consider the effect on the entropy
of hydration of the enzyme. As already discussed,
this is increased by disarray of water molecules
and their exclusion along the surface that interacts
with the ligand. By hypothesis, this area corres-
ponds to half of the surface area of ligand mole-
cule. As seen in table 2, the ratio between the area
of the surface of the enzyme that interacts with the
ligand and the total area of the enzyme is small,
about 3 per cent, and does not vary significantly
for the three oxicans. Therefore, the stabilizing
effect of the ligand on the entropy of hydration
is small. Furthermore, the differences among the
areas of water exclusion caused by the different
oxicans are negligible, indicating that this effect
is irrelevant to explain the difference between the
activity of Tenoxicam and the other two oxicans.

Table 2 - Surface area of human collagenase and oxicans, and ratio between the half of ligand surface area

and the area of the enzyme.

Molecule

Surface area (A?)

Ratio
Y, surface area lig. /
surface area MMP1

Half surface area (A?)

Human collagenase 8619,19
Piroxicam 510,89
Meloxicam 535,02
Tenoxicam 504,92

255,45 0,030
267,51 0,031
252,46 0,029

The effect of complexation on the confor-
mational entropy of the collagenase will be now
analyzed. The results of calculations are summa-
rized in table 3. We observe that the complexa-
tion decreases a little (< 6%) the conformational
entropy of the enzyme. The small decline of en-
tropy resulting from this interaction indicates an
increase in the rigidity of lateral chains of some
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amino acid residues of the collagenase, due to the
binding with the ligands. However, the compara-
tive figures between the oxicans do not justify the
observed differences on the enzyme activity, once
the decrease of the entropy follows the same order
of the increase in the inhibiting activity and not
the inverse, as expected.
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Table 3 - Calculation of collagenase conformational entropy and their change during

complexation.
Total Energy of  Total Energy Sum of
Molecule the optimized after heating  Entropy (S) entropies of Difterence
structure (kcal/ 0t0300K  (kcal/mol.K) enzymeand (S, - S complex)
mol) (kcal/mol) free ligands

Human collagenase -9859,48 -7037,12 11,16 — —
Piroxicam 37,898 89,278 0,171 — —
Meloxicam 45,152 92,412 0,158 — —
Tenoxicam 57,229 98,187 0,137 — —
Collagenase + piroxicam -9473,34 -7471,95 10,66 11,33 0,67
Collagenase + meloxicam -9501,59 -6862,33 10,91 11,32 0,41
Collagenase + tenoxicam -9464,15 -6931,24 10,98 11,30 0,32

In conclusion, the entropic effect seems to ~ Acknowledgements
be irrelevant in the interpretation of inhibitory ac-
tivity of the ligands. Thus, the inhibition of human We thank the Fundagdo de Amparo a Pes-
collagenase by the oxicans is better justified by  quisa do Estado de Sdo Paulo (FAPESP) for the

structurally specific effects, dependent on their  financial support (proc. n° 00/11285-6).
structure and charge distribution, and not by the

structurally nonspecific ones, as the case of the
entropy. This is a desirable outcome: since there
is a series of metalloproteinases in the connective
matrix, all of them very similar in structure, but
with diverse participation in different pathologies,
the selectivity of the inhibitor is very important.
This selectivity can only be achieved through
structurally specific effects, strictly dependent on
the geometry and electronic properties of the mo-
lecule.
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Resumo: Diferentes substancias utilizadas como farmacos foram ensaiadas como inibidores da
colagenase intersticial humana, também conhecida como metaloprotease 1 da matriz conjuntiva
e pela sigla em inglés MMP-1. O estudo foi de natureza experimental e também de simulacdo
computacional. A atividade da colagenase foi quantificada fluorimetricamente, pela reacado
com um substrato sintético fluorescente, cuja emissdo se altera apds a hidrdlise. A interacdo
colagenase-inibidor foi analisada teoricamente, mediante calculos de docking. Trés das quatro
substancias testadas apresentaram atividade inibidora moderada sobre a colagenase humana.

Palavras-chave: colagenase, MMP-1, metaloproteases humanas, inibidores, ancoragem.
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