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Molecular parameters and the antimicrobial activity of some
N-substituted amino acids

The concept of “drug likeness” is used when developing drugs for a potential biologically active substance, which
must meet some specific criteria, in particular it should be bioavailable. The traditional method of “drug likeness” as-
sessment is verification of compliance with Lipinski’s rule.

Aim. To determine the compliance of the “drug likeness” concept for some N-substituted amino acids and identify
the quantitative “structure — microbiological activity” relationships.

Materials and methods. Using ChemOffice 2016 software the physicochemical parameters determining the bio-
availability of some N-substituted amino acids were calculated. Determination of the possible correlations and quanti-
tative ratios of the biological activity data experimentally obtained with the molar refraction (MR) values calculated was
conducted using STATISTIKA 8 program.

Results and discussion. All compounds studied in their physicochemical properties meet the requirements for
new BAS at the stage of testing their biological activity (correspond to Lipinski’s rule). The dependence of the micro-
biological action of some N-substituted amino acids on MR is maximal for compounds, which MR value is in the range
of 2.13-4.53. The growth of all microorganisms was observed for unsubstituted amino acids (MR < 2.8). The maximum
activity of all compounds studied was observed against gram-positive (B. subtilis and S. aureus), and the less activity
was against gram-negative microorganisms (E. coli, P. vulgaris, P. aeruginosa) and fungi (C. albicans). It may be as-
sociated with the structural peculiarities of the cellular wall. The MR values calculated correlate satisfactorily with the
experimental data of the antimicrobial activity of compounds.

Conclusions. Statistically significant values of MR correlation with the values of the antimicrobial activity of some
N-substituted amino acids against the microorganisms studied have been determined. It quantitatively confirms the
presence of the “structure — activity” relationship in this series of compounds.
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M. 1O. Tonik, O. C. Kpuckkis, A. M. KomicapeHko, O. B. KonicHuk
MoneKynsapHi napamMeTpu Ta aHTUMIKPOOHA aKTUBHICTb AesAkux N-3amiweHnx amiHoOKMcnoT

KoHuenuia «drug likeness» BUKOPUCTOBYETLCSA Npy po3pobLi nikapCbknx npenapariB Anst Toro, Wob noTeHuinHa
6ionoriyHo akTMBHa peyoBUHA BiAnoBigana NneBHUM KpuTepism, 3okpema, byna 6iogoctynHot. TpaguuintHum MeTogomM
ouiHkm «drug likeness» € nepesipka BigNoBiAHOCTI «npasunam JliniHCbKi».

Meta faHoi pob0oTU — BCTaHOBMNEHHS BignoBigHoCTi KoHuenuii «drug likeness» aesikux N-3amilLleHnx amiHOKMCNOT
Ta BUSIBMEHHS KiMNbKICHWMX 3aneXHOCTEN «CTPYKTypa — MikpobionoriyHa akTUBHICTbY.

Marepianu Ta metoau. 3 BMKopucTaHHsM nporpamHoro nakety ChemOffice 2016 po3paxoBaHi di3nKo-XiMidHi
napamMeTpu, L0 BM3Ha4aTb 6iogocTynHicTb Aeskux N-3aMilleHnx aMiHOKMCIOT. BCTaHOBNEHHSA MOXITMBMX KOpEnsLii
Ta KinbKiCHMX CniBBiAHOLLEHb AaHUX BIONOriYHOT aKTUBHOCTI 3 PO3PaxOBaHUMM 3HAYEHHAMM MonspHOi pedpakuii MR
nposefeHe 3 BukopuctaHHsaM nporpamm STATISTIKA 8.

PesynbraTty Ta ix 06roBopeHHs. YCi JOCMiIKEHI CMOMyKM 3a CyKYMHICTHO hi3nKO-XiMiYHUX BNACTUBOCTEN 3a40BOSb-
HAOTb BUMoOram Ao HoBux BAP Ha cTagii TecTyBaHHS ix GionoriyHoi akTMBHOCTI (BignosiaaTb «npaBuny JTiniHCbKi»).
3anexHicTb mikpobionoriyHoi aii geskux N-3amieHmnx amiHokucnoT Big MR € MakcumanbHOR A5 CNonyK, 3Ha4YeHHs
MR sknx 3Haxogutbest y mexax 2,13-4,53. PicT ycix MikpoopraHi3amiB cnocTepiraBcsa AN He3aMileHUX amMiHOKUCIOT
(MR < 2,8). MakcumanbHa akTUBHICTb YCiX AOCHIAXEHNX CNOMyK cnocTepiranach WoAo rpaMmno3nTuBHKX (B. subtilis Ta
S. aureus), MeHLLi — ANsa rpaMHeraTMBHUX MikpoopraHiamis (E. coli, P. vulgaris, P. aeruginosa) Ta rpubis (C. albicans),
Lo Moxe OyTu noe’sizaHe 3 ocobnmBocTAMM OyooBU KNITUHHOI CTiHKWM. Po3paxoBaHi 3Ha4eHHs MR 3ag0BinbHO Kope-
NIOKTb 3 eKCNepMMEHTaNbHNMM JaHUMU aHTUMIKPOOHOT aKTUBHOCTI.

BucHoBku. BCTaHOBMNEHI CTAaTUCTUYHO AOCTOBIPHI 3HAYeHHs kopernsuii nokasHnka MR 3i 3Ha4eHHAMU aHTUMIKPOO-
HOI Aji geskmx N-3amillleHnX aMiHOKMCNOT CTOCOBHO AOCHIXEHUX MIKPOOPraHi3miB, LLO KiMbKICHO MiaTBEpAXYE HasB-
HICTb 3B’AI3KY «CTPYKTypa-Ais» y BKazaHOMy psiy CMOIyK.

Knrouyoei cnoea: kopensyis; aHmubakmepiansHa 0isi; N-3amiweHi amiHokucriomu

H. 1O. F'onuk, O. C. Kpbicbkus, A. H. KomuccapeHko, E. B. KonecHuk

MonekynsipHbie napamMmeTpbl U MPOTUBOMUKPOOHAA aKTUBHOCTb HEKOTOPbIX
N-3amMeLleHHbIX aMUHOKUCIOT

KoHuenuus «drug likeness» ncnonb3dyeTca npu pa3pa60TKe NeKapCTBEHHbIX NpenapaToB A4 TOoro, YTOObI noTeHun-

anbHoe GMONorMyecky akTMBHOE BELLIECTBO COOTBETCTBOBAIIO ONpeaerieHHbIM KpUTepusiM, B 4acTHOCTH, Obiro 6uomo-
CTYMHbIM. TpaanLMOHHLIM METOLOM OLeHKM «drug likeness» siBnsieTca nposepka COOTBETCTBUS «npasuniam JTUMMHCKN».
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Lienb aaHHOM paboTbl — YCTAHOBIEHME COOTBETCTBUSA KoHUenuun «drug likeness» HekoTopbix N-3aMeLLeHHbIX
aMWHOKMCIOT M YCTaHOBINEHNE KOMMYECTBEHHbIX 3aBUCMMOCTEN «CTPYKTYpa - MUKPOBUOnornyeckas akTMBHOCTbY.

MaTtepuansbi n metogbl. C ncrnonb3oBaHnem nporpammHoro naketa ChemOffice 2016 paccumTaHbl U3MKO-XU-
MUYecKne napameTpsbl, onpegensitowmne GnoaoCcTynHOCTb HEKOTOPbIX N-3aMeLLeHHbIX aMUHOKUCIIOT. YCTaHOBMNEHNE
BO3MOXHbIX KOPPEeNnsLUnni U KONUYECTBEHHbIX COOTHOLLEHU AaHHbIX B1MONOrMYeckon akTUBHOCTU C pacCHMTaHHbIMU
3Ha4YeHnsMN monsipHon pedpakumm MR npoegeHo ¢ ncnons3oBaHmeM nporpammbl STATISTIKA 8.

PesynbraTthbl M nx obcyxaeHue. Bce nccnenoBaHHble COeAMHEHNS MO COBOKYMHOCTM (OM3NKO-XMMUYECKUX CBONCTB
YAOBNETBOPSAOT TpeboBaHMSA K HOBbIM GMOMNOrMYeckn akTUBHbLIM BELLEeCTBaM Ha CTagum TeCTUMPOBaHMSA ux Guono-
rMYeCKoWn akTUBHOCTM (OTBeYaloT «npaBuny JIMnmMHckny ). 3aBUCMMOCTb MUKPOBMONOrMYeckoro AenCTBNS HEKOTOPbIX
N-3ameLLeHHbIX aMyHokMcnoT oT MR aBnsieTca MakcumanbHOM Ans coeanHeHuin, 3HavdeHne MR KoTopbix HaxoguTca
B npegenax 2,13-4,53. PocT Bcex MUKpOOpraHM3mMoB Habntopancs Ans HesameleHHblix amuHokmcnot (MR < 2,8).
MakcumanbHas akTUBHOCTb BCEX MCCNELOBaHHbIX COEAVHEHMI Habnoganack Anst rpamnonoXuTenbHblx (B. subtilis n
S. aureus), MeHblLEe — ANsi rpaMoTpuLaTeEnbHbLIX MUKpoopraHuamos (E. coli, P. vulgaris, P. aeruginosa) v rputos (C. albicans),
YTO MOXET ObITb CBA3AHO C OCOBEHHOCTAMU CTPOEHMS KNETOYHOM CTeHKN. PaccumTaHHble 3HaveHna MR yaooeneTBo-
PUTENBHO KOPPENUPYHT C 3KCNEPUMEHTarbHbIMU AaHHBIMY NMPOTUBOMMUKPOOHON akTUBHOCTM.

BbiBOAbI. YCTaHOBMNEHbI CTaTUCTUYECKM AOCTOBEPHbIE 3HAYEHUS Koppensauumn nokasatenst MR co 3HayeHnsamum
NPOTMBOMUKPOBHOrO AeNCTBUS HEKOTOPbIX N-3aMeLLeHHbIX aMUHOKMCIIOT MO OTHOLLEHWIO K UCCNEA0BaHHLIM MUKPO-
opraH13mMam, YTO KONMMYECTBEHHO NOATBEPXKAAET HANMYMeE CBS3W «CTPYKTypa-AeCcTBME» B JAHHOM Py COEAUHEHWIA.

Knroueenble crioea: Koppernsayus; aHmu6aKmepuaanoe Oeticmeue; N-3ameuweHHbIe aMUHOKUC/I0MbI

Determination of the “structure — activity” relation-
ship is widely used in modern chemistry of biologically
active compounds to predict their possible pharmaco-
logical activity [1].

At the present stage of development of combinato-
rial synthetic pharmaceutical chemistry millions of new
compounds have been obtained. The classical ways for
assessing their chemical and pharmacological proper-
ties are expensive, and their speed is less than the speed
of discovering new compounds [2]. At present, predic-
tion of the pharmacological properties at the initial sta-
ges of research attracts more attention. The quantitative
“structure-activity” relationships (QSAR) are success-
fully used to study the mechanisms of action of different
compounds [3]. They play an important role in predicting
certain types of activities and are widely used in modern
studies when it is required to describe rapidly a signifi-
cant number of the compounds synthesized [4-6].

The concept of “drug likeness” is used when deve-
loping drugs for a potential biologically active substan-
ce, which must meet some specific criteria, in particu-
lar it should be bioavailable. The traditional method of
“drug likeness” assessment is verification of complian-
ce with Lipinski’s rule [7].

Molar refraction (MR) reflects the volume of all mo-
lecules contained in one mole of the substance and cha-

Table 1

Data of the antimicrobial activity of compounds 1-12 [9]

The diameter of the growth inhibition zone, mm
(mean value)*
S v
No. 3 = .§ § ;f é é
N S S S 3 S £
S © S S S S &
S wi > S “ S S
ui & S o U Q.
aQ [®;
1 2 3 4 5 6 7 8
1 0 0 0 0 0 0
2 24 15 18 22 24 19 22
3 24 16 18 21 23 18 20

racterizes the ability to polarization of all electrons lo-
cated in it. It is practically independent of temperature
and the aggregation state of a substance; therefore, it can
be successfully used for determination of the dipole mo-
ments of molecules, the study of the molecular struc-
ture, formation of hydrogen bonds, etc. [8].

The aim of the work is to determine the compliance
of the “drug likeness” concept for some N-substituted
amino acids and identify the quantitative “structure —
microbiological activity” relationships.

Materials and methods

Previously [9] the microbiological activity of some
N-substituted amino acids 1-12 was studied (Tab. 1), the
values of distribution coefficients for these compounds
were calculated, then using the values obtained, the pos-
sible quantitative ratios were determined, and the “struc-
ture — activity” relationships revealed in this series with
the experimental data of the antimicrobial activity were
discussed [10].

To determine compliance with Lipinski’s rule the phy-
sicochemical parameters determining the bioavailability
of some N-substituted amino acids 1-12 (Tab. 2) were
calculated using ChemOffice 2016 software, in particu-
lar Chem3D Ultra 16.0 [11].

Molar refraction is an important physicochemical pa-
rameter, which allows assessing the complex of proper-

Continuation of Table 1

1 2 3 4 5 6 7 8
4 24 15 20 23 21 18 21
5 0 0 0 0 0 0 0
6 24 14 21 21 21 17 22
7 23 14 20 20 20 15 23
8 21 15 21 20 20 15 15
9 0 0 0 0 0 0 0
10 | 26 19 20 21 29 0 28
11 26 18 21 22 30 0 30
12| 26 17 21 20 30 0 30

*Note. 0 — the growth of microorganisms.
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Table 2
The calculated physicochemical parameters of some N-substituted amino acids
Parameters
The number | The number
No. C d
° ompoun MW, g/mol MR, cm? AlogPs [10] of H-bond of H-bond
acceptors donors
O
1 \)LOH 89.05 2.13 -3.05 2 2
NH2
O
2 \hﬁOH 119.06 2.74 -2.98 3 3
Son
O
3 /_\N} OH 149.07 3.36 155 4 3
HO LOH
2
OH
4 —~N— 164.09 3.91 -1.76 3 3
HO Loy
O
5 HO’\,\ﬁ_ILOH 105.04 2.28 -3.42 3 3
2
(@)
6 HO\N/QOH 135.05 2.90 320 4 4
“OH
(0]
7 HO OH 165.06 3.51 -2.09 5 4
HO-N_OH
O
8 HO ™" oH 180.09 4.06 130 4 4
HO-N_OH
oH ©
9 /\)J\OH 119.06 2.74 -3.01 3 3
NH,
oH O
10 /\NﬁkOH 149.07 3.36 -2.39 4 4
|\OH
OH O
11 OH 179.08 3.98 -1.78 5 4
HO— N_ OH
OH O
12 MOH 194.10 4.53 -1.14 4 4
HO — N~ OH
The range of values 89.05-194.10 2.13-4.53 -3.42-1.14 2-5 2-4
The mean value 146.65 3.29 -2.31 4 3
The maximum permitted value 460 130 5.6 5 10

ties of a molecule and its potential bioavailability. The-
refore, the next logical step was to determine the possi-
ble correlations and quantitative ratios of the biological
activity data experimentally obtained with the MR val-
ues calculated (Tab. 1, 2). The statistical processing of
the results was carried out using STATISTIKA 8 prog-

ram [12]. According to the requirements of mathemati-
cal statistics the correlation coefficient indicates the clo-
seness of the relationship between the signs: with values
less than 0.3 — the relationship is absent, within the
range of 0.3-0.7 it is medium, and more than 0.7 it is
strong [13].
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Scatterplot MR vs. S. aureus
S. aureus =-17,50 + 10,834 * MR
Correlation: r = ,73481

S. aureus
N
N
Y
hY

2022242628303234363840424446 438
MR

> 95% confidence

Fig. 1. Correlation of the antimicrobial action in relation to S. aureus and MR

Results and discussion

All compounds studied in their physicochemical pro-
perties meet the requirements for new BAS at the stage
of testing their biological activity (correspond to Lipin-
ski’s rule) (Tab. 2).

In general, the statistical sampling included 12 com-
pounds. During the statistical processing of the research
results when analyzing a sample with the length of 12
cases the values of Pearson correlation coefficients more
than 0.40 (p < 0.05) are considered to be statistically
significant [14].

The dependence of the microbiological action of com-
pounds 1-12 on MR has a nonlinear character, and rea-
ches the maximum values for compounds, which MR
value is in the range close to the mean value (2.13-4.53)
(Tab. 1, 2). The growth of all microorganisms was ob-
served for unsubstituted amino acids (compounds 1, 5
and 9) with MR values less than 2.8. The maximum ac-
tivity of all compounds studied was observed against
gram-positive (B. subtilis and S. aureus), and the less ac-
tivity was against gram-negative microorganisms (E. coli,
P vulgaris, P. aeruginosa) and fungi (C. albicans). It

Scatterplot: MR vs. P. vulgaris
P. vulgaris =-15,81 +9,3601 * MR
Correlation: r =,77000

22 - > S
20 - /6

P. vulgaris

2,02224262830323436384042444648
MR > 95% confidence

Fig. 3. Correlation of the antimicrobial action in relation to
P. vulgaris and MR

Scatterplot: MR vs. E. coli
E. coli =-12,58 + 7,4420 * MR
Correlation: r = ,75928
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Fig. 2. Correlation of the antimicrobial action in relation to E. coliand MR

may be associated with the structural peculiarities of the
cellular wall [15].

The analysis of the statistical processing of the re-
sults obtained indicates that the MR values calculated
correlate satisfactorily (% , negative values of correla-
tion coefficients) with the experimental data of the anti-
microbial activity of compounds 1-12 in relation to S. au-
reus (r = -0.73481), E. coli (r = -0.75928), P. vulgaris
(r=-0.77000), P. aeruginosa (r = -0.71342), B. subtilis
(r=-0.76287), and CI. Perfringens (r=-0.74181); they
are statistically significant (Fig. 1-7). The relationship
is absent only in the case of C. albicans (r =-0.13588),
and its possible causes are mentioned above [15].

These combinations of Pearson correlation coeffi-
cient and the significance values indicate the reliability
of plots 1-7 and equations given in Fig.

Therefore, the earlier considerations [9, 10] about
the presence of the “structure — activity” relationship and
the degree of its manifestation were confirmed quanti-
tatively by calculations. The results obtained allow to
predict the presence and the level of detection of the bio-
logical action of some N-substituted amino acids and

Scatterplot: MR vs. P. aeruginosa
P. aeruginosa =-14,23 + 9,1338 * MR

Correlation: r =,71342
24 °

22 o

o
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18 ot B

P. aeruginosa
N
N
A
\
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202224262830323436384,04,24,4464,8
MR . 95% confidence

Fig. 4. Correlation of the antimicrobial action in relation to
P. aeruginosa and MR
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Scatterplot: MR vs. B. subtilis
B. subtilis =-20,56 + 11,764 * MR
Correlation: r =,76287
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Fig. 5. Correlation of the antimicrobial action in relation to
B. subtilis and MR
Scatterplot: MR vs. C. albicans
C. albicans =3,1561 + 1,6235 * MR
Correlation: r =,13588
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Fig. 6. Correlation of the antimicrobial action in relation to
C. albicans and MR

to carry out a purposeful search of biologically active
substances in the series.

Scatterplot: MR vs. Cl. Perfringens
Cl. Perfringens =-19,67 + 11,319 * MR
Correlation: r = ,74181
35 z
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Fig. 7. Correlation of the antimicrobial action in relation to
Cl. Perfringens and MR

CONCLUSIONS

1. Some N-substituted amino acids have been tested
for compliance with the concept of “drug likeness”. The
results obtained have shown that the compounds can be
recommended for further study as those that have fa-
vorable physicochemical parameters according to Li-
pinski’s rule.

2. With the purpose of revealing QSAR the correlation
and regression analysis of MR values calculated and the re-
sults of the experimental study of the antimicrobial activity
of the compounds studied has been conducted.

3. Statistically significant values of MR correlation
with the values of the antimicrobial activity of some N-sub-
stituted amino acids against S. aureus, E. coli, P. vulgaris,
P, aeruginosa, B. subtilis and C. albicans have been deter-
mined. It quantitatively confirms earlier assumptions about
the presence of the “structure — activity” relationship in this
series of compounds and the degree of its manifestation.
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