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The quantitative “structure — antibacterial activity” relationships
in a series of N-substituted amino acids

The presence of the antibacterial and antifungal activity in derivatives of amino acids is determined by different
mechanisms; therefore, a promising field of research is to obtain new N-substituted amino acids and study their anti-
bacterial action.

Aim. To determine the quantitative “structure — antibacterial action” relationships in a series of N-substituted amino acids.

Materials and methods. The quantitative dependencies of the antibacterial action of the compounds studied on
AlogPs values were calculated using the STATISTIKA 8 program.

Results and discussion. The satisfactory values of the levels of correlation of AlogPs parameters calculated with
the experimental data of the antibacterial activity of N-substituted amino acids against S. aureus, E. coli, P. vulgaris,
P. aeruginosa, B. subtilis, and CI. perfringens are statistically significant. The absence of the relationship between the
antibacterial effect against C. albicans and the structure of threonine derivatives may indicate a possible role of the
latter in the metabolism of these fungi.

Conclusions. The statistically significant correlation values of AlogPs with the values of the antibacterial action of
N-substituted amino acids against the microorganisms studied have been determined, and it quantitatively confirms
the earlier assumptions of the existence of the “structure — action” relationship in this series of compounds and the
degree of its manifestation.
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M. KO. Tonik, O. C. Kpuckkis, A. M. KomicapeHko, O. B. KonicHuk, K. |. Qyaka

KinbkicHi 3anexHocTi «CTpyKkTypa — aHTubakTepianbHa Aia» y paay N-3amiweHunx
amiHokucnot

HasBHicTb aHTUbakTepianbHOI Ta NPOTUrPUOKOBOI aKTUBHOCTI MOXiAHUX aMiHOKUCIOT BU3HAYaETbCS Pi3BHOMAHIT-
HUMMK MeXaHi3Mamu, TOMy ogepXKaHHs HOBMUX N-3aMilLleHnX amMiHOKMCIOT Ta BUBYEHHS IX aHTUOaKTepianbHoI Aii € nepcnek-
TMBHMM HanNpsiIMKOM JOCTIiAXKEHb.

MeTa pob60TK — BCTAHOBMEHHS KiMbKICHMX CMiBBIAHOLLEHb «CTPYKTypa — aHTubakTepianbHa gis» y psgy N-zamileHnx
aMiHOKUCIOT.

MaTtepianu Ta meToaun. Po3paxyHku KinbKiCHUX 3anexHocTen aHTnbakTepianbHOi Aii 4ocnigKyBaHMX CNonyk Bif
3HayeHb AlogPs npoBefeHi 3 BukopuctaHHam nporpamu STATISTICA 8.

Pe3ynbTaTy Ta ix 06roBopeHHs. 3a40BiNbHi 3Ha4YEHHS PiBHIB KOpensiLii po3paxoBaHnx 3Ha4YeHb AlogPs 3 ekcne-
pUMEHTanNbHUMM AaHNMK aHTUBaKTepianbHOT akTMBHOCTI N-3aMmilLleHrx amiHOKMCNOT wopo S. aureus, E. coli, P. vulgaris,
P. aeruginosa, B. subtilis Ta CI. perfringens € cTaTUCTU4HO JOCTOBIpHUMW. BiacyTHICTb 3B’A3Ky MK aHTMDakTepianb-
Hoto gieto BigHOCHO C. albicans Ta CTPYKTYpOI MOXiGHUX TPEOHIHY MOXe CBIOYMTU NPO MOXIUBY POSib OCTaHHIX Y
MeTaboniami umx rpubis.

BucHoBkuW. BcTaHOBNEHI CTaTUCTUYHO AOCTOBIPHI 3HAYeHHs1 Kopensuii nokasHuka AlogPs 3i 3Ha4YeHHsIMU aHTU-
BakTepianbHoi gji N-3amilLleHnX amiHOKMCIOT LLOAO AOCHIMKYBAHMX MiKPOOPraHi3MmiB, LLO KifTbKiICHO MiATBEPMAKYE BUCIOBIE-
Hi paHille NpUnNyLLEeHHs CTOCOBHO HasiBHOCTI 3B’A3KY «CTPYKTypa-gis» y AaHOMY psAy CNomykK Ta CTyniHb MOro NposiBy.

Knroyoei crioea: ninogpinsHicms, kopensauyis; aHmubakmepianbHa 0id; N-3amiwjeHi amiHokucriomu

H. FO. Tonuk, O. C. KpbickknB, A. H. KomuccapeHko, E. B. KonecHuk, K. U. dyoka

KonnuyectBeHHblIe 3aBUCUMOCTHU «CTPYKTYpa — aHTMGaKTepMaanoe oencreumey
B paAay N-3ameLeHHbIX aMUHOKUCIIOT

Hanuuune aHTubakTepransHoi U NpOTUBOrPUOKOBOM akTUBHOCTU NPOM3BOAHBLIX aMUHOKMCIOT ONpeaensieTcs pas-
TNINYHBIMW MEeXaHU3MaMK, NO3TOMY Nony4eHne HoBblX N-3amMeLLeHHbIX aMUHOKMCIIOT U U3yYeHne Ux aHTubakTepuanb-
HOro AENCTBUA ABNAETCS NEPCNeKTUBHbLIM HanpaBreHMeM NccnegoBaHuin.

Lenb paboTbl — yCTaHOBIEHNE KONMMYECTBEHHBLIX COOTHOLLUEHUN «CTPYKTypa — aHTUbaKTeprarnbHOe OeNCTBMEY
B pAay N-3ameLleHHbIX aMUHOKMCITOT.

MaTtepuanbl n metoabl. PacyeTbl KONMYECTBEHHbIX COOTHOLLEHWI aHTUBaKTepunanbHOro AeNCcTBUS uccrenye-
MbIX COEAMHEHUN OT 3HadYeHuit AlogPs npoBeaeHbl ¢ ucnonb3oBaHmemM nporpammbl STATISTICA 8.

Pe3ynbraThl U Ux o6cyXaeHue. YO0BNETBOPUTENbHbIE 3HAYEHUS YPOBHEN KOPPEMSLUIA pacCYMTaHHbIX 3HaYe-
HuI AlogPs ¢ akcnepumMeHTanbHbIMY AaHHBIMU aHTUbaKTepuanbHOM akTMBHOCTY N-3aMelLLeHHbIX aMUHOKMCIIOT OTHOCK-
TenbHo S. aureus, E. coli, P. vulgaris, P. aeruginosa, B. Subtilis n ClI. perfringens siBNstoTCA CTaTUCTUYECKV JOCTOBEPHBIMU.
OTcyTCTBME CBA3M MeXay aHTMbakTepuanbHbIM AencTBuem otHocutenbHo C. albicans n CTPyKTYpOWn NPOU3BOAHbIX
TPEOHNHA MOXET CBUAETENBLCTBOBATL O BO3MOXHOW PO NOCNEeAHNX B MeTabonuame AaHHbIX rpruboB.
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BbiBoAbl. YCTaHOBMEHbLI CTAaTUCTUYECKM LOCTOBEPHbIE 3HAYEHUST KOPPENALMN nokasaTens A|OgPS CO 3Ha4YeHu-
AMU aHTVIGaKTepVIaJ'IbHOI'O pencteunsa N-3aMeLLeHHbIX aMUHOKUCIIOT OTHOCUTENBbHO ncenenyembiX MMKpOOpraHM3mMoB,
YTO KONMMYECTBEHHO MOATBEPXKOAET BbiCKa3aHHbIE paHee NPeanosioKeHNs O HanMynumn CBA3N «CTPYKTypa-a4encTeme» B

[aHHOM psily COeAVHEHWIN N CTENEHb ee NPOSIBIIEHUS.

Knrodesble criosa: nunoghuribHoCMb, Koppersauusi; aHmubakmepuarisHoe Oeticmeue; N-3aMelweHHbIe aMUHOKUCIOMb!

Since discovery of antibiotics there has been a con-
siderable number of bacteria resistant to their action be-
cause of ill-considered use and misuse, therefore, tradi-
tional antibiotics are not able to meet the needs of clini-
cal medicine [1]. Hence, there is a need to search for no-
vel antimicrobial agents with new mechanisms of action.

The current studies in their search are conducted, in
particular in the direction of modification of natural me-
tabolites, among which amino acids are the leaders [2].

Schiff bases on the basis of 2-hydroxy-1-naphthal-
dehyde and some amino acids, as well as their comple-
xes with manganese (III) were studied against certain
bacteria and fungi; it was shown that the antimicrobial
action decreased with the increase of the amino acid re-
sidues in size [3]. It was found that that beta-lactam de-
rivatives of 6-aminopenicillin and 7-aminocephalospo-
ranic acids were more active against bacteria, while Schiff
bases of the same amino acids were active against fungi
[4]. Derivatives of pyrido[1,2-a]pyrimidine containing
Schiff bases of some amino acids (glycine, alanine, glu-
tamic acid, histidine, tryptophan or leucine) appeared
to be promising antibacterial and antifungal agents [5].

N-substituted derivatives of 3-aminobutyric acid re-
vealed a high antimicrobial and antifungal activity at low
concentrations [6]. The authors [7] synthesized some a-phtha-
limide and acetamide amino acid derivatives and deter-
mined their antimicrobial, antifungal and antitumor activity.

Derivatives of D-amino acids with a positive charge
at neutral pH were obtained. They can be a good combi-
nation with negatively charged fragments of phospho-
lipids affecting membrane structures [§].

The high antimicrobial activity of 39 derivatives of
L- and D-forms of amino acids against microorganisms
and fungi was found [9]; it was determined that the me-
chanism of this action was due to reduced availability
of oxygen for the cells adsorbed by the compounds studied.

The authors [10] associate the antimicrobial activity
of N-(2-amino-4-phenylthiazole)- and N-(2-amino-4-(4’-
chlorophenyl)thiazole derivatives of amino acids with the
action of the amino acid residue on the cell wall, in which
the thiazole fragment disturbs the metabolic functions
of bacteria and fungi. There are similar data describing
2-amino-4-metolazone and N-aminoazoles fragments com-
bined in the molecule of amino acids [11].

N-derivatives of tryptophan and histidine with a frag-
ment of 4-(2-methyl-1H-imidazol-5-yl) benzoic acid were
found to have a significant activity against pathogenic
fungi and dermatophytes and low toxicity; it was also
shown that specific activity of esters with the similar
structure was lower [12].

Therefore, to obtain new derivatives of amino acids
and study their antibacterial action is a promising field
of research.

The aim of the present study is to determine the quan-
titative “structure — antibacterial action” relationships in
a series of N-substituted amino acids.

Materials and Methods

The antibacterial activity of some L-amino acids and
their N-substituted derivatives 1-12 was studied (Table)
and probable “structure — antibacterial action” relation-
ships in the given series were discussed [13]. Previously
[14], the values of the distribution coefficients for N-R-amines

Table
Structures, AlogPs values calculated and data of the antibacterial action [13] for compounds 1-12
g Diameter of the growth inhibition zone, mm (mean)
8 | Structure |AlogPs
§ S. aureus E. coli Pr.vulgaris |P.aeruginosa| B.subtilis | C.albicans | Cl.Perfringens
1 2 3 4 5 6 7 8 9 10
O
1 \HLOH -3.05 0 0 0 0 0 0 0
NH,
o
\/LOH
2 NH -2.98 24 15 18 22 24 19 22
Som
O
3 F\N}OH ~1.55 24 16 18 21 23 18 20
HO  oH
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Continuation of Table

3 4 5 6 7 8 9 10

-1.76 24 15 20 23 21 18 21

0
HO™~"0OH

-3.42 0 0 0 0 0 0 0

-3.20 24 14 21 21 21 17 22

o]
HO”\/mOH

HO-~N_OH

-2.09 23 14 20 20 20 15 23

0
HO”\/KOH

HO-N_OH

-1.30 21 15 21 20 20 15 15

-3.01 0 0 0 0 0 0 0

10

-2.39 26 19 20 21 29 0 28

1

-1.78 26 18 21 22 30 0 30

12

Ho\/'\IIL,OH

-1.14 26 17 21 20 30 0 30

Notes. 0 - the growth of microorganisms.

30—

25—

20—

The antibacterial activity

2 4 6 8 10 12

Compound

@~ S. aureus —@- B. subtilis —&—E. coli ~@- P. vulgaris —¥ P. aeruginosa - C. albicans M Cl. Perfringens

Fig. 1. The levels of the antibacterial action of compounds 1-12
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Scatterplot: AlogPs vs. S. aureus
S. aureus = 38,091 + 8,6408 * AlogPs

Correlation: r = ,62926
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Fig. 2. Correlation of the antimicrobial action

against S. aureus and AlogPs

were calculated by different algorithms, and expediency

of further use of the AlogPs values obtained was shown

to determine the quantitative correlations with the ex-
perimental data of the biological activity.

Since amino acids are structural analogs of N-R-ami-
nes, the AlogPs calculation algorithm can also be ap-
plied to them. Thus, further obvious step was to deter-
mine possible correlations and quantitative ratios of the
data of the biological activity of N-substituted amino
acids experimentally obtained with the calculated values
of the AlogPs distribution coefficient (Tab.). It is known
that the correlation and regression analysis is a reliable
tool for determining quantitative relationships between
independent variables and the dependent variable, in par-
ticular the biological activity [15, 16].

The quantitative dependencies of the antibacterial action
of compounds 1-12 on AlogPs values was calculated using
the STATISTIKA 8 program [17-20]. According to the
requirements of mathematical statistics the coefficient of
correlation shows the strength of relationships between
characteristics: at values less than 0.3 — the relationship
is absent, in the range of 0.3-0.7 — it is moderate, more
than 0.7 — the relationship is strong [21, 22].

Results and Discussion

In total, 12 compounds were included in the statisti-
cal sample. During statistical processing of the research

Scatterplot: AlogPs vs. E. coli
E. coli = 25,996 + 6,1057 * AlogPs
Correlation: r = ,66886
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Fig. 3. Correlation of the antimicrobial action
against E. coli and AlogPs

Scatterplot: AlogPs vs. P. vulgaris
P. vuigaris = 32,140 + 7,4333 * AlogPs
Correlation: r = ,65657
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Fig. 4. Correlation of the antimicrobial action
against P. vulgaris and AlogPs

results when analyzing a sample with the length of 12
cases the values of the Pearson correlation coefficients
more than 0.40 (p < 0.05) were considered to be statisti-
cally significant [23].

The antibacterial action of compounds 1-12 greatly
depends on the presence of substituents at the nitrogen
atom and reaches maximum values with the increase in
their number (Tab., Fig. 1). The growth of all microor-
ganisms was observed in case of unsubstituted amino
acids (compounds 1, 5 and 9), and it could be explained
by their participation in the metabolic processes. Other
N-substituted amino acids studied showed a high activity
against gram-positive microorganisms (B. subtilis, S. aureus
and CI. Perfringens), and a slightly lower activity against
the gram-negative (E. coli, P. vulgaris, P. aeruginosa)
and fungi (C. albicans). It may be associated with the
structure of the cell wall [24]. It should be noted that all
threonine derivatives studied (10-12) contributed to the
growth of C. albicans regardless of the presence of sub-
stituents at the nitrogen atom. Probably, it is due to the
metabolism peculiarity of the amino acid mentioned, in
particular as a substrate for the synthesis of glycine [25]
and formation of some specific proteins [26].

When analyzing the results of statistical processing the
satisfactory positive values of the levels of correlation (%)
of the parameters of the coefficient of lipophilicity AlogPs

Scatterplot: AlogPs vs. P. aeruginosa

P. aeruginosa = 32,804 + 7,3600 * AlogPs
Correlation: r = ,61724
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Fig. 5. Correlation of the antimicrobial action
against P. aeruginosa and AlogPs
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Scatterplot: AlogPs vs. B. subtilis
B. subtilis = 39,760 + 9,3646 * AlogPs

Correlation: r =,65203
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Fig. 6. Correlation of the antimicrobial action
against B. subtilis and AlogPs

Scatterplot: AlogPs vs. C. albicans
C. albicans = 12,954 + 1,9318 * AlogPs
Correlation: r =,17360
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Fig. 7. Correlation of the antimicrobial action
against C. albicans and AlogPs

calculated with the experimental data of the antibacterial
activity of compounds 1-12 against S. aureus (r=0.62926),
E. coli (r=0.66886), P. vulgaris (r = 0.65657), P. aerugino-
sa (r=0.61724), B. subtilis (r = 0.65203), and CL. perfrin-
gens (r=0.59854) were observed, and they were statisti-
cally significant (Fig. 2-8). The absence of the relationship
between the antibacterial effect against C. albicans
(r=0.17360) and the structure of threonine derivatives (10-12)
confirmed the abovementioned arguments concerning the
role of the latter in the metabolism of these fungi.

Scatterplot: AlogPs vs. Ci. Perfringens
Cl. Perfringens = 37,196 + 8,5057 * AlogPs

Correlation: r = ,59854
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Fig. 8. Correlation of the antimicrobial action
against Cl. Perfringens and AlogPs

These combinations of the Pearson correlation co-
efficient and indicators of significance prove the reli-
ability of the plots and equations shown in Fig. 2-8.

Therefore, arguments about the presence of the “struc-
ture — action” relationship and the degree of its mani-
festation were confirmed quantitatively by calculations.
The results obtained give the possibility to predict the
presence and the level of detection of the biological ac-
tion in a series of N-substituted amino acids and carry
out a purposeful search of biologically active substances
in the given series.

CONCLUSIONS

1. To determine the quantitative “structure — anti-
bacterial action” relationships the correlation and regres-
sion analysis of the AlogPs values calculated for N-sub-
stituted amino acids taking into account the results of
the experimental study of the antibacterial action of the
compounds under research has been conducted.

2. The statistically significant correlation values of
AlogPs with the values of the antibacterial action of N-
substituted amino acids against S. aureus, E. Coli, Pr.
Vulgaris, P. Aeruginosa, B. Subtilis, C. Albicans and CI.
perfringens have been determined, and it quantitatively
confirms the earlier assumptions of the existence of the
“structure — action” relationship in this series of com-
pounds and the degree of its manifestation.
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