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More than 15 new peptides have been constructed on the basis of (S)-p-[4-allyl-3-propyl-5-
thioxo-1,2,4-triazol-1-yl]-a-alanine non-protein amino acid by ChemOffice software. The study of their
possible interaction with collagenase enzyme was implemented by molecular docking program —
AutoDockVina software. Analyzing the obtained results, 9-fluorenylmethyloxycarbonylglycyl-(S)-p-[4-
allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide was identified by maximum values of
Gibbs free energy (AG=8.6 kcal/mol) and minimum values of dissociation constant (Kp=0.497 umol)
of ligand-macromolecular interaction.

The synthesis of a new undescribed in the literature 9-fluorenylmethyloxycarbonylglycyl-(S)-B-
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide has been carried out by the activated
ester method.

In vitro study of the synthesized dipeptide effect on the activity of collagenase enzyme by
various peptide concentrations has been carried out. The value of ICs was calculated. It was 0.892
umolll:

Figs. 2, table 1, references 15.

For more than 70 years the research in the field of synthesis and study of
peptides as well as the possibility of their introduction to the medical practice has
been carried out [1].

Currently, there are around 60-70 approved peptide drugs in the global market,
with 100-200 more in clinical trials, 400-600 more in pre-clinical studies and
possibly hundreds to thousands more on the laboratory bench [2]. It should be
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mentioned that most of them contain non-proteinogenic amino acid moieties [3].
There are well-known medicinal preparations created on the basis of synthetic
peptides that are used in the following diseases: hypertension, type 2 diabetes,
postmenopausal osteoporosis, Paget’s disease, hypercalcaemia, advanced prostate
cancer, acromegaly, carcinoidsyndrome, central diabetes insipidus.

It is established that the moiety of non-protein amino acid extends the process
of enzyme-substrate recognition that in turn leads to retardation of the peptide bond
destruction. These and other properties of peptides, containing a fragment of non-
protein amino acid, enable to create on their basis physiologically and
pharmacologically active drugs [4].

Matrix metalloproteases (MMPs) is a major group of enzymes that regulates
cell-matrix composition. Matrix metalloproteases (MMPs) play an important role in
degradation of extracellular matrix in both norm and various pathologies [5].
Metalloproteases are targets for a wide range of medications, including antitumor
and anti-inflammatory drugs [6,7]. Matrix metalloproteases 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 [6,7]. MMP-1 is also validated as a cancer target [8].

Unfortunately, clinical trials of gelatinize inhibitors on oncological patients so
far have not revealed therapeutic effect; moreover undesirable side effects were
registered. The majority of inhibitors are zinc-chelating compounds of a wide
spectrum of action that did not have a specific effect. For example, calprotectin
inhibits MMP by blocking zinc binding [9]. The search for new highly specific
compounds able to inhibit metalloproteases is one of the directions in creation of
drugs preventing spread of metastases [10]. It has been shown that some low-
molecular-weight compounds are able to inhibit MMPs [11].

Taking into account the above mentioned, we aimed at constructing a new
undescribed in the literature dipeptide on the basis of (S)-p-[4-allyl-3-propyl-5-
thioxo-1,2,4-triazol-1-yl]-a.-alanine non-protein amino acid, implementing software
research of the mentioned peptides, selecting possible active peptides to carry out
their target synthesis and study the biological effect of the synthesized peptides.

In the first stage the structure-based drug design approach was used to identify
potential inhibitors of enzyme. For this aim docking analysis was done for
identification of substances capable of interacting with collagenase.

Amino acids and peptides structures were built by ChemBioOffice 2010
(ChemBio3D Ultral2.0). Ligand free energy was minimized using MM2 force field
and truncated Newton—Raphson method. Crystallographic structure of collagenase
was taken from http://www.rcsb.org website (PDB-1D: 1NQJ). Docking of ligand to
enzyme was done by AutoGrid 4, AutoDock Vina software [12]. AutoDock used the
Lamarckian genetic algorithm by alternating local search with selection and
crossover [13]. The ligands were ranked using an energy-based scoring function and
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a grid-based protein—ligand interaction was used to speed up the score calculation.
Dissociation constant was calculated by using the following formula:

Ko = exp ((AG x 1000)/(RcalxTK))

Rcal=1.98719 cal/(mol x K) (gas constant)
TK =298.15 K (room temperature by Kelvin)
The data of enzyme-peptide interaction are presented in Table.

Table
Data of molecular modeling
Experimental dipeptides Gibbs free energy Dissociation
(AG) kcal/mol constant (Kp) umol

N-formyl-(S)-methionyl-(S)-B-[4-allyl- -5.8 56.05
3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine
(S)-methionyl-(S)-B-[4-allyl-3-propyl- -6.1 33.78
5-thioxo-1,2,4-triazol-1-yl]-a-alanine
9-Fluorenylmethyloxycarbonyl-(S)- -1.7 2.27
alanyl-(S)-p-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yl]-o.- alanine
(S)-alanyl-(S)-p-[4-allyl-3-propyl-5- -6.2 28.53
thioxo-1,2,4-triazol-1-yl]-a.-alanine
N-tretbutoxycarbonyl-(S)-alanyl-(S)-B- -6.7 12.27
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-
1-yl]-a- alanine
N-tretbutoxycarbonylalanylglycyl-(S)-B- -6.6 14.53
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-
1-yl]-a-alanine
N-tretbutoxycarbonyl-(S)-B-phenyl- -6.9 8.75
alanyl-(S)-B-[4-allyl-3-propyl-5-thioxo-
1,2 ,4-triazol-1-yl]-a-alanine
(S)-B-phenyl-alanyl-(S)-p-[4-allyl-3- -7.2 5.28
propyl-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine
9-Fluorenylmethyloxycarbonylglycyl- -8.6 0.497
(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-
triazol-1-yl]-a- alanine
Glycyl-(S)-B-[4-allyl-3-propyl-5-thioxo- -6.1 33.78

1,2,4-triazol-1-yl]-a-alanine

The negative value of AG proves that the complex has been generated.
According to Table, the value of AG is negative for all compounds, which proves
that all dipeptides are interacting with the enzyme. Based on the results obtained, we
aimed to perform further research on a compound with a maximum value of the
Gibbs free energy, which turned out to be 9-fluorenylmethyloxycarbonylglycyl-(S)-
B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine.
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The docking data are presented in the Figure, where the fragments of ligand-
collagenase interaction are shown.

1

Fig. 1. The bond of Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine with
collagenase enzyme by software.

Taking into account the data of software modeling, Fmoc-glycyl-(S)-B-[4-allyl-
3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide was selected from the
mentioned range for further research, that is for carrying out the peptide synthesis
followed by studying the synthesized peptide effect on the activity of collagenase
enzyme.

The synthesis of peptide was carried out by the method of activated esters in a
solution. The method is distinguished by its simplicity and makes it possible to
obtain final products in good yields and high purity [14].

At the first stage with the help of dicyclohexylcarbodiimide from 9-
fluorenylmethyloxycarbonyl-glycyl (1) was  obtained its  succinimide
ether (2), transformed by condensation with (S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine non-protein amino acid in alkaline aqueous-organic medium
in the corresponding dipeptide Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine (4) (Scheme).
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'H NMR spectra were recorded on a “Varian Mercury 300VX” device with an
operating frequency of 300.08 MHz in a solution of DMSO-D6/CCI4 1/3 using the
method of double resonance. TLC was conducted on “Silufol UV-254” plates in a
mixture of chloroform-ethyl acetate-methanol (4:4:1), developer — chlorotoluidine.
Elemental analysis was performed on elemental analyzer CNS-O “Euro EA3000”.

Synthesis of N-9-fluorenylmethyloxycarbonylglycine succinimide ester (2).
0.218 g (1.06 mmol) of dicyclohexylcarbodiimide, preliminary dissolved in 3 ml of
dioxane was added at 0°C to 0.29 g (1.0 mmol) of N-9-fluorenylmethyloxycarbonyl-
glycine (2) and 0.127 g (1.1 mmol) of N-hydroxysuccinimide in a mixture of 6 ml of
dioxane and 3 ml of methylene chloride. The reaction mixture was stirred for ~ 2 h
at 0°C and left overnight in a refrigerator.

The analysis was performed by TLC [SiO,, CHCly/ethyl acetate/CH3;OH
(4:2:1), developer - chlorotoluidine]. The precipitate formed was filtered off, the
solvent distilled off on a rotary evaporator, and the precipitate crystallized from a
mixture of ethyl acetate hexane (1:2).

Yield 0.25 g (67.5%). Mp = 175 °C [14].
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Synthesis of N-9-fluorenylmethyloxycarbonylglycyl-(S)-g-(3-propyl-4-allyl-
5-thioxo-1,2,4-triazol-1-yl)-a-alanine (4). The resulting succinimide ether 2 was
used in the next stage of dipeptide synthesis. In a flat-bottomed flask with a
magnetic stirrer, 0.18 g (0.66 mmol) of (S)-p-(3-propyl-4-allyl-5-thioxo-1,2,4-
triazol-1-yl)-a-alanine, 1.25 ml (0.63 mmol) of 0.5M sodium hydroxide solution and
0.016 (0.19 mmol) of baking soda were placed. At room temperature, 0.24 ¢
(0.6 mmol) of N-9-fluorenylmethyloxycarbonylglycine succinimide ester (2) was
added to 2 ml of dioxane, and the reaction mixture was stirred for 3 h. The next day,
5 ml of ethyl acetate and 1.45 ml of 10% citric acid were added to the flask contents.
After vigorous stirring, the organic layer was separated, and the aqueous layer was
extracted twice with ethyl acetate (5 ml each). The organic layer was dried with
anhydrous sodium sulfate, then the solvent was evaporated to dryness.

The product was isolated by column chromatography using SiO, L-40/100
silica gel. Analysis by TLC [SiO,, CHCl/ethyl acetate/CHs;OH (4: 2: 1), the
developer — chloro-toluidine]. The product yield per succinimide ester 72.8%, Mp
99-100°C. Found, %: C, 61.25; H, 5.61; N, 12.71. CsH3;NsO0sS Calc., %: C, 61.19;
H, 5.68; N, 12.74. '"H NMR (DMSO, &, ppm) 0.9 (m, 3H, CH3-CH,); 1.44 (m, 2H,
CHs-CHy); 1.5 (m, 2H, CH3-CH,-CH,); 3.65 (m, 2H, NHCH,), 3.8 (dd, 1H,
J;=13.6,J,=8.2, NH-CH-CH,); 4.06 (dd, 1H, J;=13.6,J,=5.1, NH-CH-CH,); 4.46 (m,
1H, OCH,-CH); 4.7 (ddd, 1H, J;=8.2,J,=8.1, J;=5.1, NH-CH-CH,); 4.7 (m, 2H, O-
CH,-CH);5.19 (dq, 1H, J;=17.2, J,~J5=1.5, CH,-CH=CH,); 5.22 (dg, 1H, J;=10.4,
J~J;=1.5, CH,-CH=CH,); 5.87 (ddt, 1H, J;=17.2, J3=10.4, J3=4.9, CH,-
CH=CH,);7.28-7.87 (m, 8H, fluorenyl); 8.03 (t, 1H, J=8.1, NH-CH-CH,); 8.03 (m,
1H, NH-CH,);11 (br, 1H, COOH):

Collagenase activity. Collagenase activity was determined by measuring free
amino groups according to o-phthalaldehyde (OPA) method [15].

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,). The concentration of
investigated compounds in the reaction mixture was 5mM. The aliquot (50 ul) was
taken and the remaining mixture was incubated at 37°C. Every 30 min the aliquot
was picked up and the reaction was stopped by adding 10 ul of 30% trichloroacetic
acid. The concentration of free amino groups in the reaction mixture was determined
by OPA reagent containing 0.2 M borate buffer, pH 9.7, 0.1667 mg/ml OPA and
1.25 mM mercaptoethanol. The reaction mixture (50 ul) was added to OPA reagent
(1.5 ml) and H,O (1.5 ml). A340 was recorded after 5 min incubation at RT.

Peptides have been tested in different concentrations in order to link the
concentration and effect. The dependence curve of the inhibition percentage
dependent on concentration is presented in Fig. 2.
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Fig. 2. The effect of various concentrations of Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yl]-a-alanine on the activity of collagenase enzyme.

According to the data obtained, in case of Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-
5-thioxo-1,2,4-triazol-1-yl]-a-alanine ICsg is 0.892 umolll:

9-HLNFNLELPLUGE-PLOLUPYU AN LPLALPSPL-(S)-p-[4-ULDL-3-
MNrNNPL-5--PO-LUN-1,2,4-SCPUEQNL-1-PL]-0-ULTLPL b NENSh1-b
LNMUESUHUE3PL UPLEEAL BI UNLUAELUQ HELUELSH
TW4YShJNFE-3TL ULrUE UQAHE3NFE-3UWL N6SU2NSAFUL

301 U 2ULA3UYL, S.N. UULQUSUL, U. U QUUQUC3UL, U. U. UUrQ-U3uL, k. U
A.30FLAFU UYL, N. U dUWLAUSYL, U, U SOUSTLLhUSEL,
W U. SOUSULLhUSU, U S. DUSAFL3UL U U U. UEN3EL

(S)-B-[4-Uyfpy-3-wyprnsgpy-5-[3 o pun-1,2 d-inpfruusggry-1-foy | -Q-ruprusipls 1§ wanggfoursusslyre guusy s
u.llf[IiIlu[J[Jl{[I 4[721@[1 I{PUJ ChemOffice software 6luuLH1[r l[[1[uun_lf1.u1f11 llwn_nl_glllil Eu lulllil[l
pwl 15 np qpulpuiinc[Jyuit dbY suljupuigpdud qpuybupnfnylbp:

bpulputimgdby £ junngfwd  whopnfpybbph b gnpugbiiog $bpdbinnf Shmpunp
llrn[uuulll_bgnl_ﬂlwfl Lfnrl_liluu{n[rnuf AutoDockVina software CIulflulllu[ul_quJ[rfl 6[1uuH1[1 lilr-
[uun_lflulf[z.‘ R

Uinmgf s unfyupiabipf dbppmdncfdyul wpyynibpncd  plunpfby § 9-pnenphifydbfdfy-
opuplyuppnifygfrgfy-(S)-B-[4-uyfy-3-wpnuyfy-5-[Fpopun-1,2,4-wpfusgny-1-fy |- O iyl
npugbupnfugp, npp ncibgly b Sppof wquen Cibpgpuyf (AG=8.6 fljuy/tny) wnuwnfbyuqneh
I rl_[lunglfl.ufl 4l.uuu1ulu1nLil[1 (KD=0497 lflllfnl) ill[l.l.lql.l.ll}nLJil Lupo"lzgilbp.‘

Unp gpulpuwiing[fjuts k) shlpmpugpdms 9-$pninplifydbfdfyopuplyumppniifyqfyfy-(S)-
B-4-swyfy-3-wyprrigpy-5-[Fpopun-1,2 d-npuusgry-1-py [ -Omyuslifls  qpfgbupnfupfs  ufbsfFbygp
bpwlpiingdby £ wlpnfufwgdws Coffbpubpf dhfFagf §fpundudp:

Yunmuwpfly § uplfdhgmd gfbupnpgf wggbgnfdgub in vitro Shumugmund fnjugh-
by Phpdblunf wlpnpufncfFyuls Jpu wbupnfnf wwppbp §ovgblunpughoibpp -
dundp: Qusyuaplyllyy § 1C50~p wpdlipp, npp wnugdfby & 0.892 lyidny/):
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IEJEHAIIPABJIEHHBI CUHTE3
9-®JIYOPEHUWIMETHUJIIOKCUKAPBOHUJITJINLWAJI-(S)-B-[4-AJIJIAJI-3-
HPOINJI-5-THOKCO-1,2,4-TPHA30JI-1-WJI]-a-ATAHUH TUNEINTAAA

N UCCIIEJOBAHME EI'O JEMCTBHUA HA AKTUBHOCTbD KOJIVIAT'EHA3BI

I0O. M. JAHI'SIH, T. O. CAPI'CSH, C. M. IXKAMI'APSIH, A. C. CAPT'CSIH,
9. A. TIOJDYMSIH, I'. A. TIAHOCSH, H. A. O'AHHUCSH,
A.M. OTAHHUCSH u A. C. CAT'SIH

C momorsto nporpammel ChemOffice software Gbute IOCTpOEHBI CTPYKTYpHI 15
HOBBIX HE ONMCAHHBIX B JINTEPAType AUIEHTUIOB, COAEPKAIIUX HEOCIKOBYIO aMHHO-
kucnoty (S)-B-[4-ammun-3-nponmn-5-trokco-1,2,4-tprazon-1-wmi]-o-asaHuH.

C wucnoms3oBanneM mporpammel  AutoDockVina software 6buTO  ITpOBEIEHO
MOJZCIUPOBAaHUE BEPOSTHOTO B3aMMOJCHCTBYS AUIICITHUIOB ¢ (hepMEHTOM KoJlareHas. Ha
OCHOBaHHHU TIOJYYCHHBIX MaHHBIX OBLT BBIOpaH 9-(IyopeHMIMETHIOKCHKApOOHUIITIIN-
ui-(S)-B-[4-ammmn-3-nponui-5-tuokco-1,2,4-tpuaszon-1-ui|-o-ajgaHuH, KOTOPbIA HMeEeT
HanbonplIyi0 cBobogHOoro suepruto (AG=8.6 kxan/mor) v MUHHMAaTbHOE 3HAYCHHE
koHcTauThl aucconammu (Kp=0.497 mxmon).

Cunre3 9-ayopeHHUIMETHIOKCUKAPOOHUATTUIII-(S)- B -[4-amnmn-3-nporin-5-Tu-
0Kco-1,2,4-Tprazon-1-ui|-o-araHiHA OCYIIECTBICH METOAOM aKTHBHPOBAHHEIX d(HPOB.

[poBexeno in Vitro uccienoBaHue BIMSHHSA CHHTE3UPOBAHOIO JMICNTHAA HA aK-
THUBHOCTH (pepMeHTa KOJIareHa3 MpH Pa3IMYHbIX KOHICHTpAUWSX Mentuaa. Paccumrano
sgauenue |1Csy -0.892 mrmonin.

REFERENCES

[1] Gregory A. Grant Synthetic peptides Oxford University press, second edition, 2002.
[2] SunL.// Mod. Chem. Appl. 2013; 1: e103. doi: 10.4172/2329-6798.1000E103.
[3] Vlieghe P., Lisowski V., Martinez J., Khrestchatisky M. // Drug Discov Today, 2010 Jan.
15(1-2), p. 40.
[4] Hughes A. // WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. v. 4 Protection
Reactions, Medicinal Chemistry & Combinatoral Synthesys, 2011, v. 4, p. 538.
[5] Baker A.B. /I A. Baker, D. Edwards, G. Murphy // J. Cell Science, 2002, v. 115, p. 3719.
[6] Hsieh M.J., Chen J.C., Yang W.E., Chien S.Y., Chen M.K,, Lo Y.S., His Y.T., Chuang Y.C.,
Lin C.C., Yang S.F. // Biochem Pharmacol., 2017, 2952(17), p. 30041-2,
[7]1 Kriiger A., Arlt M.J., Gerg M., Kopitz C., Bernardo M.M., Chang M., Mobashery S.,
Fridman R. // Cancer Res., 2005, 65(9), p. 3523.
[8] Overall CM, Kleifeld O. // 2006, Nat. Rev. Cancer, 6(3), p. 227.
[9] Isaksen B., Fagerhol M.K. // J.Clin pathol: Mol pathol., 2001, v. 54, p. 289.
[10] Hsieh M.J., Chen J.C., Yang W.E., Chien S.Y., Chen M.K., Lo Y.S., His Y.T., Chuang Y.C.,
Lin C.C., Yang S.F. // Biochem Pharmacol., 2017, 2952(17), p. 30041.
[11] Bannikov G.A., Lakritz J., Premanandan C., Mattoon J.S., Abrahamsen E.J. // Am J Vet Res.
2009; 70(5):633-9.
[12] Trott O., Olson A.J. // J. Comput. Chem., 2010, v. 31, p. 455.
[13] Morris, G.M., Goodsell, D.S., Halliday, R.S., Huey, R., Hart, W.E., Belew, R.K., Olson, A.J.
Automated Docking. // J.Comput.Chem., 1998, v. 19, p. 1639.
[14] Anderson G., Zimmerman J., Callahan F. // J. Am. Chem. Soc., 1964, v. 86, issue. 9, p. 1839.
[15] Gade W., Brown J. // Biochemica and Biophysica Acta 1981, v. 13, p. 86.

578





