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Optically active non-protein a-amino acids have been screened for their ability to interact
with collagenase of Clostridium histolyticum. Both structure-based drug design approach
(modeling) and that of determining enzyme activity in the presence of amino acids have been used
to identify low molecular weight inhibitors of collagenase. According to the docking analysis, a
number of non-protein amino acids have demonstrated ability to form bounds with collagenase.
Following the docking analysis, enzyme activity has been determined in the presence of
investigated amino acids. The results have indicated that (S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine, (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and
(S)-p-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine inhibit collagenase activity.

Non-protein amino acid — docking — collagenase — inhibitor

hpwywuwgyty £ Clostridium histolyticum-hg wlgwwnyws Ynpwgtlwagh htn upUpbnpy wdh-
Uwppenbnh  thnfuwgnbgniejwl  hwwnynienlulbnh  upphuhlg:  Unpwgtlwagh  gwépwUdnBYnLwihu
wnablwyhsutph hwjunuwpbnwl bywwnwyny Yhpwnyby £ Gpyn Uninbgnud® dnnGwynpdwl Gnuwtwyny,
ntntnph Ywnnignd U wdhtwpepnlubph wniwnyejwdp $EpdGUNWIHU wywnhyniejwl npnanud: nphlug
hGwnwagnuinupwl wpnniupubph hwdwéwu dh 2wpp wuhuwprenlubp YnwgblUwgh hbin uwybinc
hwuwnynipintt BU gnigwptbpt;: WunthGinl swihdb, £ $EpdGunh - wywhynipiniupt  hGurwgnuynn
wJlhUwpenutph wrwjnipjwl wwjdwultpnud: Upnntuglbpp gnuyg Bu wdb, np (S)-B-[4-wih(-3-
pnLehl-5-phopun-1,2,4-nphwgn|-1-h{J-o-wjwlhup, (S)-B-[4-whi-3-(whphnhu-4-hy)-5-phopun-1,2,4-
tnphwgni-1-hi]-e-wiwitihlp W (S)-B-[4-wihi-3-(whphnhU-3™-h)-5-ehopun-1,2,4-inphwagni-1-hi J-o-wiwlhup
hwunhuwunwd BU Ynwagtuwagh wngbuyhsutn:

N uwhinwlniguhl wilplwepnt — nnehliq — Ynjwqbling — wpqbjuwlps

Ocy1iecTBiIeH CKPUHHUHT CHHTETHYECKHX aMHUHOKHUCIIOT Ha CIIOCOOHOCTH B3aHMMOJEHCTBO-
BATh C KOJUTareHasou, suiaeneHuHoi u3 Clostridium histolyticum. JInst BeISsBIECHHST HU3KOMOJICKYJISP-
HBIX MHIMONUTOPOB KOJUTareHa3bl ObLIM MCIIOIB30BaHBI JIBA MOAX0/a: KOHCTPYHPOBaHUE JIEKapCTB Ha
OCHOBE CTPYKTYpBI ITyT€M MOJCIMPOBAHMS U OIpECICHHEe aKTHBHOCTH (h)epMEHTa B NPHUCYTCTBUH
aMHHOKHCIOT. COIIACHO JJaHHBIM JIOKUHT aHAJIM3a PsJl HEOCIKOBBIX aMUHOKHCIIOT TPOSIBHIIH CIIO-
COOHOCTB CBAI3BIBATBCS C KOJUIareHas3oi. Jlajee omnpenensiach akTUBHOCTb JepMEeHTa B MPHCYTCTBUH
HCCIIelyeMbIX aMHHOKHUCIIOT. Pe3ynmbrarsl mokasanu, 49to (S)-B-[4-ammmn-3-6ytmn-5-trokco-1,2,4-
tpuasosl-1-un]-o-ananun, (S)-B-[4-ammn-3-(mupuaun-4’-un)-5-trokco-1,2,4-rpuazon-1-mn)-o-ana-
HuH # (S)-B-[4-ammn-3-(nupuauH-3’-min)-5-trokco-1,2,4-tpruason-1-wn)-o-ajJaHuH SBISIFOTCS HHIH-
OUTOPaMH KOJIJIAr€HA3bI.

Hebenxosas amunoxucioma — 00KUH2 — KOJIIA2eHA3A — uHeu6umop
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Non-protein a-amino acids occupy a special place among optically active
compounds having biological activity. The biological activity of these compounds is
stipulated by their ability to interact with enzymes. Design of a number of modern
antibacterial, antiviral, antitumor and other drugs, as well as food supplements is based
on the property of non-protein amino acids and peptides either to inhibit or enhance the
activity of relevant target enzymes [1, 2].

Matrix metalloproteases (MMPs) are a major group of enzymes that regulates
cell-matrix composition. MMPs play an important role in degradation of extracellular
matrix in both norm and various pathologies [3]. Due to their active participation in
various physiological processes MMPs are suggested as targets for a wide range of
medications, including antitumor and anti-inflammatory drugs [4, 5]. MMPs are
responsible for many proteolytic processes that lead to tumor development. Involvement
of gelatinizes (MMP-9 and MMP-2) in the process of metastases and angiogenesis
formation stimulated creation of synthetic gelatinize inhibitors able to stop the
development of tumors [6]. The majority of MMPs inhibitors are zinc-chelating
compounds of a wide spectrum of action that do not have a specific effect. The search
for new highly specific compounds able to inhibit MMPs is one of the directions in
creation of drugs preventing spread of metastases [7]. Recently some low molecular
weight compounds have been described as effective MMPs inhibitors [8].

In this work the screening of heterocycle substituted non-protein amino acids as
Clostridium histolyticum collagenase (MMP-1) inhibitors has been carried out. This
metalloprotease has a high level of homology with mammals collagenases [9]. The
structure-based drug design approach was used to identify small inhibitors of enzyme.
Enzyme activity in the presence of investigated compounds was determined as well.
Some of the investigated non-protein a-amino acids were characterized as Clostridium
histolyticum collagenase inhibitors.

Materials and methods. The heterocyclic substituted non-nprotein amino acids studied in
this work were synthesized at Scientific and Production Center “Armbiotechnology” NAS RA and
the Institute of Pharmacy of Yerevan State University [10]. Collagenase from Closridium
histolyticum (EC 3.4.24.3), and miscellaneous reagents were purchased from Sigma (USA).

Collagenase activity. The screening of investigated compounds on the ability to influence
enzyme activity was carried by using 0.6% agarose gel containing 5 mg/ml gelatin and 0.05 M
HEPES buffer, pH 7.2. The mixture of CaCl, activated collagenase and amino acid was placed on
agarose surface and incubated at 37°C. The diameter of cleared spots was measured after 2-3
hours.

Collagenase activity was determined by measuring free amino groups according to o-
phthalaldehyde (OPA) method [11]. The reaction mixture contained 0.05 M HEPES buffer, pH
7.2, 10 mg/ml gelatin and 0.025 mg/ml collagenase (activated by 0.36 M CaCl,).

Modeling. Modeling was done according to the procedure described previously [12].
Docking of ligand to enzyme was done by AutoGrid 4, AutoDock Vina software [13].
Crystallographic structures of collagenase were taken from http://www.rcsb.org website (PDB-ID:
INQD, 1NQJ). The both structures of collagen-binding domain with (INQD) and without Ca?*
ions (INQJ) were considered.

Results and Discussion. Selection of collagenase inhibitors by docking analysis
(modeling). The interaction of collagenase with 50 nonprotein amino acids was
investigated by using AutoGrid 4, AutoDock Vina software aimed to select enzyme
inhibitors. AG and K, values were calculated. Based on values of AG (free energy of
binding) the compounds were selected which are able to make complexes with enzyme.
Comparing the results of docking analysis on two models it was found out that Ca*" free
1INQJ collagenase model formed stronger complexes with amino acids compared with
Ca™ INQD. In this work both results were considered. It should be mentioned that as
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the most suitable molecules which are able to make complexes with enzyme we consider
those for which values of AG are <-5.5 (K;<0.093mM) determined by docking analysis
on INQD model, and AG are <-6.2 (K;<0.025mM) determined by docking analysis on
INQJ model (tab. 1). Moreover, attention was paid (in terms of inhibition) to molecules,
which bind enzyme not at the active center. The number, position and length of
hydrogen bonds in protease-inhibitor complexes were calculated (data not shown).

Calculation results suggest that the hydrogen bonds play the main role in this
interaction. According to the calculated values of AG (K,) collagenase forms the most
stable complexes with compounds presented in tab. 1. These synthetic amino acids bind
collagenase at sites, which are not involved in the active center of enzyme.

Table 1. Interaction of non-protein amino acids with collagenase

1INQD model 1NQJ model
3 3
. . . = £
Non-protein amino acids = - = .
S 2 |3
2|y ¢ |yx
S)-B-[4-phenyl-3-(3’-hydroxypropyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine | -5.6 | 0.07855 | -7.3 | 0.00446
S)-B-[4-phenyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5,510.09299 | -6.9 | 0.00875
S)-B-[4-allyl-3-benzyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.2 | 0.02853 | -7.1 | 0.00625
S)-B-[4-allyl-3-(furan-2-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.8 | 0.05605 | -6.6 | 0.01453
S)-B-[4-allyl-3-(2’-chlorophenyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.4 | 0.02036 | -7.6 | 0.00269
S)-B-[4-(furan-2-yl-methyl)-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-o-alanine | -6.1 | 0.03378 | -6.3 0.0241
S)-B-[4-methyl-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-o-alanine -5.9 1 0.04734 | -6.5 0.0172
S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.0 | 0.03999 | -6.3 0.0241
S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.6 | 0.07855 | -6.3 0.0241
S)-B-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.6 | 0.07855 | -7.0 | 0.00739

The effect of non-protein amino acids on the activity of collagenase. The preli-
minary screening of amino acids listed in tab. 1 on the ability to influence collagenase
activity was carried out on agarose gel containing gelatin, as described in section
Materials and methods. The results revealed three non-protein amino acids, which inhi-
bited collagenase activity: (S)-p-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine,
(S)-B-[4-allyl-3-(pyridin-4°-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and (S)-p-[4-allyl-
3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine. Then the activity of collagenase
was determined in the presence of these non-protein amino acids. According to obtained
results collagenase was inhibited by (S)-p-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yI]-a-
alanine, (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and (S)-p-
[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine. The results are presented
in Table 2. The rest of investigated compounds had no influence on enzyme activity.

According to the data obtained some amino acids despite their ability to interact
with collagenase do not have influence on enzyme activity. Only (S)-B-[4-allyl-3-butyl-
5-thioxo-1,2,4-triazol-1-yl]-a-alanine, (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine and (S)-B-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine have demonstrated inhibition effect on collagenase. Thus the results indicate that
inhibition of collagenase depends not only on ability to interact with enzyme, but also on
the structure of amino acid molecule. Amino acids that inhibited collagenase have
distinct substituted moieties such as -3-butyl, 3-(pyridin-4’-yl) and -3-(pyridi-3’-yl).
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Table 2. Inhibition effect of nonprotein amino acids on collagenase activity

Non-protein amino acids AG Kl 1C50

(kcal/mol)| (uM) (um)

(S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6,3 0,0241 2,67

(S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6,3 0,0241 2,1

(S)-B-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -7 0,00739 2,2
(S)-B-[4-phenyl-3-(3°-hydroxypropyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5,6 0.07855 -
(S)-B-[4-phenyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.5 0.09299 -
(S)-B-[4-allyl-3-benzyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.2 0.02853 -
(S)-B-[4-allyl-3-(furan-2-yl)-5-thioxo-1,2,4-triazol-1-yl]-o-alanine -5.8 0.05605 -
(S)-p-[4-allyl-3-(2°-chlorophenyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.4 0.02036 -
(S)-B-[4-(furan-2-yl-methyl)-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.1 0.03378 -
(S)-B-[4-methyl-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.9 0.04734 -

This work was supported by the RA MES State Committee of Science, (the
project No 15T-1F241), ISTC PROJECT Ne2289.
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