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Bacterial collagenolytic proteases have drawn increasing attention due to their
essential role in the global nitrogen cycling and their virulent role in some diseases.
The inhibition of these enzymes is attractive, as it does not attack the pathogen directly
but rather blocks the colonization and infiltration of the host by the clostridia.

Optically active non-protein a-amino acids have been screened for their ability
to inhibit 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. The compounds able to inhibit collagenase activity have been revealed
and ICsp values have been estimated.
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Introduction. Bacterial collagenases play an essential role in the global
nitrogen cycling. These enzymes are also considered as a virulence factor in some
diseases. Inhibition of these enzymes aimed to stop disease development is quite
attractive, as inhibitors do not attack the pathogen directly, but rather block
infiltration of infection into the host cells. Targeting extracellular enzymes provide
a substantial benefit, because inhibitors do not need to cross the bacterial cell wall,
which has turned out to be challenging in many cases [1].

There are two Clostridium histolyticum collagenase classes encoding by the
genes colG and colH. Clostridium collagenase molecule is composed of two parts:
the N-terminal collagenase unit (or module) and the C-terminal recruitment domains
[2]. The collagenase unit contains an N-terminal activator domain and a C-terminal
peptidase/catalytic domain with a conserved zinc-binding motif in the latter.
In addition to the active zinc ion, a calcium ion is also required for the full enzymatic
activity. The known synthetic inhibitors of metalloproteases ordinarily are zinc-
binding compounds demonstrating nonspecific action [3]. It is anticipated that the
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development of highly selective inhibitors of clostridial collagenase would be
effective to combat these bacteria. The influence of non-protein amino acids and
peptides on the collagenase activity has been studied. The compounds inhibiting
collagenase activity have been revealed and half-maximal inhibitory concentration
(I1Cs0) values have been estimated.

Materials and Methods. Non-protein amino acids and peptides used in this
study were synthesized at the Scientific and Production Center “Armbiotechnology”
NAS RA and Institute of Pharmacy of Yerevan State University [4-7]. Collagenase
G from Clostridium (Hathewaya) histolyticum (EC 3.4.24.3) and miscellaneous
reagents were purchased from “Sigma-Aldrich” (now “Merck™).

Docking of ligand to enzyme was done by AutoGrid 4, AutoDock Vina
software [8]. Crystallographic structure of collagenase G was taken from the Protein
Data Bank of Research Collaboratory for Structural Bioinformatics (PDB ID: 2Y50).

Collagenase activity was measured by the method used for determination of
free amino group [9]. The reaction mixture contained 0.05 M HEPES buffer, pH 7.2,
10 mg/mL gelatin and 0.025 mg/mL collagenase. The concentration of free amino
groups in the reaction mixture was determined by ortho-phthalaldehyde (OPA)
reagent containing 0.2 M borate buffer, pH 9.7, 0.1667 mg/mL OPA and 1.18 mM
mercaptoethanol. The reaction mixture (50 xL) was added to OPA reagent (1.5 mL)
and H20 (1.5 mL). Ass was recorded after 5 min incubation at room temperature.

Results and Discussion. The interaction of collagenase with non-protein
amino acids and peptides has been studied by AutoGrid 4, AutoDock Vina. Gibbs
energy (AG) and dissociation constant (Kp) values have been calculated. The colla-
genase activity in the presence of studied compounds was determined and ICso values
were calculated. The data on compounds that demonstrated inhibitory activity are
presented in the Table.

Interaction of the studied compounds with collagenase

Compounds AG, kcal/mol Kb, uM 1Cs0, MM
(S)-2-Amino-3-methylbut-3-enoic acid -4.6 424.77 5.30
(S)-2-Amino-2-(4-bromo-benzyl)-pent-4-ynoic acid -5.5 92.99 2.89
(S)-2-Amino-2-(2,4-dichlorobenzyl)pent-4-ynoic acid -6.4 20.36 1.48
(S)-2-Amino-2-(2,6-dichlorobenzyl)pent-4-ynoic acid —6.5 17.19 1.31

Alanyl-(S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-

: . -6.2 28.53 2.38
-triazol-1-yl]-a-alanine
AIanyI-glycyl-(S)-[}-[4-aII_yI-3-(pyr|d|n-4 -yl)-5-thioxo- 61 3378 212
-1,2,4-triazol-1-yl]-a-alanine
2-Aminohex-5-enoic acid -5.1 182.66 3.18
2-Aminopent-4-enoic acid -5.0 216.25 4.26

The non-protein amino acids and peptides, listed in the Table, have
demonstrated ability to interact with collagenase, according to the docking analysis.
The results on enzyme activity measurements have indicated that these compounds
inhibited collagenase activity but demonstrated the various 1C50 values. It was shown
previously that heterocycle-substituted non-protein amino acid (S)-p-[4-allyl-3-
-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine inhibited collagenase activity
(ICs0=2.1 mM) [10]. According to the docking analysis, di-peptide alanyl-(S)-p-[4-
-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and tripeptide alanyl-



128 THE INFLUENCE OF NON-PROTEIN AMINO ACIDS AND PEPTIDES ON BACTERIAL COLLAGENASE

-glycyl-(S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine interacts
with collagenase. The measurement of enzyme activity indicates that both peptides
demonstrate inhibitory features; nevertheless, ICs values do not exceed the 1Csp value
determined for (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine.
Thus it could be confirmed that inclusion of this amino acid into the peptides
structures does not enforce inhibition of collagenase activity.

2-Aminohex-5-enoic acid and 2-aminopent-4-enoic acid have similar structures.
Evidently, the inhibition of collagenase by these amino acids rises with the side chain
length. (S)-2-amino-2-(2,4-dichlorobenzyl)pent-4-ynoic acid and (S)-2-amino-
-2-(2,6-dichlorobenzyl)pent-4-ynoic acid have shown relatively low 1Cso values,
1.48 mM and 1.31 mM, respectively (Fig.1).

Fig 1. Interaction of (S)-2-amino-2-(2,4-dichlorobenzyl)pent-4-ynoic acid (a) and (S)-2-amino-2-
-(2,6-dichlorobenzyl)pent-4-ynoic acid (b) with amino acid residues of collagenase near the ligand.

There is similarity between the structures of these amino acids. The ICso
values estimated for these amino acids are almost the same. They differ from each
other only by the position of the substituted chlorine.

According to the docking analysis, these compounds show the lowest level of
Gibbs free energy, —6.4 and —6.5 kcal/mol respectively. Docking analysis also
showed that carbonyl oxygen of (S)-2-amino-2-(2,4-dichlorobenzyl)pent-4-ynoic acid
forms hydrogen bond with side chain amino group of GIn?5 (2.202 A), and the
phenyl ring of compound could form a n—r interaction with Tyr?® (4.127 A). The
similar results have been obtained by the docking of (S)-2-amino-2-(2,6-dichloro-
benzyl)pent-4-ynoic acid with collagenase, but in this case the length of hydrogen
bond was 1.961 A and the Iength of n—m interaction was 4.249 A (Fig. 2).

/\©/ Fig. 2. Structures of
Hooc, HOOC a) (S)-2-amino-2-(2,4-dichlorobenzyl)pent-4-
l e

fv mC -ynoic acid;
. ]\—‘ b) (S)-2-amino-2-(2,6-dichlorobenzyl)pent-4-
’ NH, -ynoic acid.

It should be mentioned that both GIn?*> and Tyr?® are included into activator
domain of collagenase, which is required for complete activity [11]. Perhaps the
inhibition of collagenase by these amino acids results from their ability to bind
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activator domain of the enzyme. Evidently, the position of chlorine in these amino
acids does not affect the ability to interact with collagenase and its inhibition.

Conclusion. Thus, non-protein amino acids and peptides able to inhibit
clostridial collagenase activity have been revealed in this study. (S)-2-amino-2-(2,4-
-dichlorobenzyl)pent-4-ynoic acid and (S)-2-amino-2-(2,6-dichlorobenzyl)pent-4-
-ynoic acid are considered as the most effective collagenase inhibitors studied in this
work.
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Pujnbtiphuy nqugbkiinthmhl] ypnnbtwmqbbpp Wkd ntip niiit wgnnp
gn-pwy 2ppwbwnnipgniinid b npny hhjwbinnipynibbtin hwpnigtng' 2tnphhy
hptitig Yhpnytnnipjub: Wpu dtpdtbnbtiph wpgbhunidp unumnmdbtunhg E,
pwbh np wbh whdhpwljub wgptignipmitt  wupengtih  Ypw, wy
wpgbjuthuynd  E Jnunphnhwitiph qunnipugnip b Ghpputhwbgnidp:
Uwmniqyty L owwh-Juwbtiu  wlwhy npn ny  uyhwwyniguyht  o-
wihbnppenidtph G Clostridium  histolyticum-h Unqugkiwgh  htin
thnhuwgnbinc niimynipyniLip: Unjugtitmgh guwonuwinjyniyuyht
wngbjuyhstip  hwynbwpbpne hudwp oquugnpoyty  Gh hhswybu
Jupnigyudpwhtit  dnnbjuynpnidp, wiywtiu - | wdhbwpepenibtpnh
wunumnipjudp  dipdtibmh  wlmhynipmnip npnptjp: Puguhwyumyty G
dhwgnipynibbitip, npnip wpgbjuyl G Ynugbiwgh wliuhynipnibp, W
nnuitig huniwip npnpyty G ICso-h wipdtipbitinp:

A. C. CAPTCSH, A.X.KAPAIIETSH, JI. A. AUPUSIH, A. M. OTAHUCSH,
M. A. MEJIKYMSH, I'.T. OAHE30BA, H. C. ABETHUCSH, H. A. OTAHECSH

BJIMAHUE HEBEJIKOBBIX AMWHOKUCIIOT U MEINTUI0B
HA BAKTEPUAJIbBHYIO KOJUIAI'EHA3Y

bakTepranpHble  KONJIAr€HOJIMTUYECKHE IPOTEa3bl IPHUBICKAIOT  BCE
Oosplllee BHUMAaHME W3-3a UX CYLIECTBEHHOH PONM B INI00AJIBHOM KPYTrOBOPOTE
a30Ta W WX BUPYJICHTHOW pOIM TPH HEKOTOPHIX 3a0oneBaHusX. [lomck
MHTUOUTOPOB OSTHX (DEPMEHTOB TPEACTABIAET MHTEPEC, MOCKOJBKY OHH He
OKa3bIBalOT HENOCPEA-CTBEHHOIO0 BO3JCMCTBHS Ha TMaToreH, a CKopee

OJIOKHUPYIOT ~ KOJIOHH3AIHIO M HHOWIBTPALHIO KJICTOK XO35IMHA
KIoCTpuausAMH. B paboTe wucciaeaoBaHa CIIOCOOGHOCTh ONMTHYECKH AKTHBHBIX
HEOCIKOBBIX  O-aMHHOKHCJIOT ~ HHTHOMpOBAaTH  aKTHBHOCTh KOJLTareHa3bl
Clostridium  histolyticum. Hust HICHTU(DUKAIMA  HU3KOMOJIEKYJISIPHBIX

WHTUOMTOPOB KOJUTareHa3bl NPUMEHSUICS KaK CTPYKTYPHO-OPHEHTHUPOBAHHBIN
noaxon — (MomenupoBaHHWe), TaK WM METOA  ONpEAENiCHHsS AaKTUBHOCTH
(epMEHTOB B NPHUCYTCTBUM aMHHOKHMCIIOT. BBISBJICHBI COCAMHEHHS, CIIOCOOHBIE
MHTHOMPOBATh AKTUBHOCTh KOJUIAr€Has3bl, onpeaesieHsl 3HadeHus 1Cso.



