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BACKGROUND: Resistance of microorganisms caused dangerous to human health infections to traditional an-
tibiotics is a serious problem for healthcare. In this regard, the development of new effective antimicrobial drugs and
therapeutic approaches is an urgent task. Antimicrobial peptides (AMPs) are considered a promising alternative to
traditional antibiotic in the fight against resistant microorganisms.

AIM: The aim of this work is to study the effect of new synthesized AMPs of the medicinal leech Hirudo me-
dicinalis (including under conditions of development of oxidative/halogenative stress) on the functional activity of
neutrophils granular proteins — the main effector cells of the immune system.

MATERIALS AND METHODS: Myeloperoxidase peroxidase activity was assessed by the rate of o-dianisi-
dine oxidation. Neutrophil elastase activity was determined by the fluorescence method using a specific substrate
MeOSuc-AAPV-AMC. Lactoferrin iron-binding activity was assessed spectrophotometrically by the change in absorp-
tion of protein solution after addition of Fe3" salt. Lysozyme activity was determined by the rate of M. lysodeikticus
bacterial cells lysis.

RESULTS: Native AMPs 536_1 and 19347_2 inhibited and 12530 increased myeloperoxidase peroxidase activ-
ity, this tendency persisted after these AMPs modification by hypochlorous acid (HOCI). In contrast to the native
AMP halogenated AMP 3967 _1 acquired the ability to enhance myeloperoxidase enzymatic activity. In the presence
of AMP 3967 1 neutrophil elastase amidolytic activity increased insignificantly, while AMP 19347 2 inhibited neu-
trophil elastase activity. After HOCI modification these AMPs retained their ability to regulate neutrophil elastase
activity. Synergistic effects (~20%) against gram-positive bacteria M. lysodeikticus were revealed for combination of
lysozyme with AMPs 12530 and 3967 1. Inhibition lysozyme antimicrobial activity was observed in the presence of
AMPs 19347 2 and 536 1, however the severity of this effect decreased after AMPs modification by HOCI. After
HOCI modification AMP 3967 1 increased, while AMP 12530 on the contrary acquired the ability to inhibit lyso-
zyme mucolytic activity.

CONCLUSIONS: The use of drugs based on studied AMPs of medicinal leech will have a beneficial effect on
the body’s fight against infectious agents due to the antimicrobial action of AMPs themselves. But in addition studied
AMPs are capable to modulate the biological activity of own endogenous antimicrobial proteins and peptides: to
enhance it, if it is necessary to eliminate pathogen and to inhibit — if it necessary to protect against damage to the
body’s own tissues.

Keywords: antimicrobial peptides; medicinal leech; myeloperoxidase; lysozyme; elastase; lactoferrin; neutrophils;
hypochlorous acid; halogenative stress.

List of abbreviations

AMP: antimicrobial peptides; LF: lactoferrin; MIC, ,: the maximum value among the minimum AMP concentrations required to
achieve 100% inhibition of the growth of microorganisms; MPO: myeloperoxidase; NE: neutrophilic elastase; PA,;po: peroxidase activity
of myeloperoxidase; HOCI: hypochlorous acid.
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Oobocnosanue. Cepbe3Hoii TTpo0OJIEeMO 31paBOOXpAaHEHMSI SIBJISIETCS PE3UCTEHTHOCTDb K TPaJAULIMOHHBIM aHTUOWO-
TUKaM MUKPOOPTaHW3MOB, BBI3BIBAIOIIMX OMACHBIE IJIST 3MOPOBBS YesoBeka nHMeKu. B cBsI3u ¢ aTuM paspaboTka
HOBBIX 3(P(PEKTUBHBIX aHTUMUKPOOHBIX MPETNapaToB M TEParieBTUYECKUX ITOAXOIOB ITPEACTABIISIETCS aKTyaJbHOM 3a-
nayeil. AHTUMUKPOOHBIE MeNTUIbI CYUTAIOT MIEPCIIEKTUBHOM abTepHATUBOM TPaAUIIMOHHBIM aHTUOMOTHUKAM B 60pHOE
C PE3UCTEHTHBIMU MUKPOOPTaHU3MaMM.

Ileav — w3ydyeHVE BIUSTHUSI HOBBIX CHMHTETMUYECKUX aHTMMUKPOOHBIX TENTHIOB MENWIIMHCKON musiBKu Hirudo
medicinalis Ha GYHKIIMOHAIBHYIO aKTMBHOCTb TPaHYJISIPHBIX OCIKOB HEUTPO(PUIOB — OCHOBHBIX 3((HEKTOPHBIX KIIe-
TOK UMMYHUTETa, B TOM UYMCJIE B YCJIOBUSX Pa3BUTHSI OKMCIMTEIbHOTO/TaIOTCHUPYIOIIETO CTpecca.

Mamepuaast u memoost. IlepokcunazHylo aKTUBHOCTb MUEJIOINEPOKCUAA3bl OLEHUBAIM MO CKOPOCTU OKHC-
JICHUsI 0-TWaHU3UANHA. AMUIOIUTUIECKYIO aKTUBHOCTh HEUTPOMUILHOI 3J1acTa3bl OMpenessiiin (hiIyopeciieHTHBIM
METOJIOM C MCMOJIb30BaHUEM criennduyueckoro cyocrpara MeOSuc-AAPV-AMC. XKene30CBSI3bIBaOIIYI0 aKTUBHOCTD
JakTodepprHa OLIEHUBAIN CIEKTPOGOTOMETPUYECKUM METOIOM 10 MIBMEHEHMUIO MTOMIONICHMST pacTBOpa Mpu 100aBie-
Huu conu Fe3". AKTMBHOCTB JIM30LMMa OIPEAEIISIM 110 CKOPOCTH JIM3UCca GaKTepualbHbIX KIeToK M. lysodeikticus.

Pezyasmamot. HaTuBHBIE aHTUMUKPOOHBIE MenThabl 536 1 u 19347 2 MHruOUpoBaiu, a aHTUMUKPOOHBIiA TTer-
tia 12530 — ycunmBai MepoKCUAa3HYI0 aKTUBHOCTh MUEJIONIEPOKCUAA3hI, TaHHAS TCHACHIIMS COXPaHsIach U IIOCIIe
Moau(dUKAIIMKM YKa3aHHBIX MENTUAOB XJopHoBaTuctoii kuciaoroirt (HOCI). B ornnume OoT HATUBHOIO TajOr€HUPO-
BaHHBIM aHTUMUKPOOHBINA mentun 3967 1 ycuiauBai (epMEeHTAaTUBHYIO aKTMBHOCTb MMEJIONIepOKCcUaa3bl. B mpucyr-
CTBUM aHTUMMKpOOHOTo menTtuaa 3967 1 aMmumonnTuyecKass aKTUBHOCTh HEUTPOMDUIBLHOM 3J1acTa3bl HE3HAYUTEIbHO
YBEIMYMBAJIach, B TO BpeMsi KaKk aHTUMHUKPOOHBIN mentun 19347 2 wHrmbupoBan akTuBHOCTH (epmenTa. [locie
momudukanu HOCI gaHHbIe COeAUHEHUST COXPAHSUIM CBOIO CITIOCOOHOCTD PEryJINpOBaTh aKTUBHOCTb HEUTPODUIBHOMU
snactasbl. CuHepretnyeckue 3dekThl (~20 %) nIpoTUB IPaMIIOIOXKUTEIbHBIX OakTepuii M. lysodeikticus BbISIBICHBI
IUIST KOMOWHAIMM JIM30LIMMa C aHTUMUKPOOHBIMM TientunamMu 12530 m 3967 1. MHrubupoBaHue aHTUMUKPOOHOI
aKTUBHOCTH JIN30LMMAa HAOJIONAIOCh B IIPUCYTCTBUMA aHTUMUKPOOHBIX nenTuaoB 19347 2 u 536 1, HO BBIpaK€HHOCTh
naHHoro addekTa cHIXanach nocie ux mogudukauuu noxa aeiicreuem HOCI. IMocne momudukamuun HOCI antu-
MUKPOOHBIN nentua 3967 1 ycunusai, B To BpeMs Kak 12530, Hao6opoT, MproGpeTal CIIOCOOGHOCTh MHTMOUPOBATh
MYKOJIUTUIECKYIO aKTUBHOCTD JIM30IIMMA.

3axarouenue. Vicrionb3oBaHUEe TperapaToB Ha OCHOBE MCCEAYEMbBIX aHTUMUKPOOHBIX MEMTUIOB MEIUIIMHCKOMN
MUSBKM OyIeT OKa3bIBaTh OJArompusTHOE BIUSIHME Ha OOpLOY OpraHM3Ma C BO30yIUTEIsIMM MHGEKIW He TOJbKO
3a CYET aHTUMUKPOOHOIO ACHCTBUSI CaMMX aHTUMUKPOOHBIX MENTUIOB, HO W 3a CYET MOIYJSILIMUA JaHHBIMM CO-
SIMHEHUSIMUA OMOJIOTMYECKON aKTUBHOCTH COOCTBEHHBIX 3HIOTEHHBIX aHTMMUKPOOHBIX OEJTKOB W TENTUIOB: YCH-
JICHWSI — B cJydae HEOOXOAMMOCTH 3JTMMHWHALIMU ITaTOreHa W WHTUOWPOBAHMSI — IUIST 3allIUTHl OT TTOBPEKICHUS
COOCTBEHHBIX TKaHE OpraHM3Ma.

KnloueBble ciioBa: aHTUMHKPOOHBIE MENTUIbI; MEAULIMHCKAsI MUSIBKA; MUEJIONEPOKCUAA3a; JIM301MM; 3J1acTas3a;
JNakToepprH; HEUTPOMUIIBI; XJTIOPHOBATUCTAsI KUCJIOTA; TaJOTeHUPYIOLINIA CTpecc.

Background ment methods. Antimicrobial peptides (AMPs)

Antibiotic resistance is a serious public health  quickly attracted the attention of researchers as

problem due to the increasing global availability
of antibacterial drugs and inappropriate prescrip-
tion, dosage, and course duration, as well as the
use of such drugs in animal husbandry. Therefore,
large-scale research is globally performed to de-
velop new non-traditional anti-infectious treat-

promising candidates for creating drugs based on
them, devoid of several disadvantages of tradi-
tional antibiotics [1]. AMPs represent a large
and diverse group of short (10—50 amino acid
residues), amphipathic, and as a rule, positively
charged molecules that are produced by many
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tissues and cell types in various species of in-
vertebrates, plants, and animals.

The mechanisms of action of AMPs are di-
verse, they disrupt the integrity of the plasma
membrane, inhibit the synthesis of cell wall com-
ponents, modify the cytoplasmic membrane by
inhibiting septum formation, trigger autolysis
processes, bind to DNA, and suppress replication
processes, transcription, and translation, as well
as inhibit the activity of several enzymes, and
exhibit a microbicidal effect due to the regula-
tion of innate and acquired immunity [2]. AMPs
appear to be a promising compound base for the
development of new antibacterial, antifungal, an-
tiviral, and anticancer therapeutic agents due to
such a wide range of biological activities [3, 4].

AMP can be obtained from microorganisms,
plants, and animals. Such AMPs can cause side
effects with a low probability; therefore, natural
AMPs are used as a base for creating new syn-
thetic AMPs with various modifications aimed at
improving their antimicrobial activity, stability,
and efficiency, reducing toxicity related to the
macroorganism’s cells, as well as increasing their
resistance to digestive enzymes [1, 5].

The salivary gland secretion of the medici-
nal leech Hirudo medicinalic is a humoral
agent of hirudotherapy, which is a widely used
method of treating many diseases using leeches.
Hirudotherapy has a multifactorial effect, includ-
ing the antimicrobial and immunostimulating
effects induced, among other things, by anti-
microbial proteins and peptides [6, 7]. Earlier
bioinformatic analysis of the genome of the me-
dicinal leech Hirudo medicinalic identified and
synthesized cationic peptides with antimicrobial
properties  Phe-Arg-Ile-Met-Arg-Ile-Leu-Arg-
Val-Leu-Lys (AMP 3967 1), Lys-Phe-Lys-Lys-
Val-Ile-Trp-Lys-Ser-Phe-Leu (AMP 12530),
Arg-Trp-Arg-Leu-Val-Cys-Phe-Leu-Cys-Arg-
Arg-Lys-Lys-Val (AMP 536 1), and Arg-Pro-Ile-
Leu-Ile-Arg-Val-Arg-Arg-lIle-Arg-Val-lIle (AMP
19347 2) [8]. However, it should be kept in mind
that using AMPs as antibacterial therapeutic
agents in foci of infection, these compounds will
inevitably come into contact with neutrophils,
which are cells that primarily migrate from the
bloodstream to the site of pathogen localization.
Neutrophilic granulocytes serve as the most sig-
nificant effector cells of the innate immune sys-
tem and provide the body’s primary line of de-
fense against infectious agents [9]. Neutrophilic

-

granulocytes possess powerful oxygen-dependent
and oxygen-independent mechanisms that ensure
the performance of microbicidal, cytotoxic, and
cytolytic functions, initiating a basic inflamma-
tory response development. The cytolytic and cy-
totoxic potential of neutrophils is concentrated
in the granular apparatus and secretory vesicles
[10, 11]. The secretion of granular contents oc-
curs not only during phagocytosis at the sites of
inflammation. Granular proteins and peptides,
the levels of which can vary both in physiological
conditions and in certain diseases, always occur
in normal blood plasma.

When AMPs interact with granular proteins
of neutrophils, the biological functions of these
compounds are modified. For example, [12]
demonstrated that when defensin neutrophils
own AMPs bind to proteins from the family of
serine protease inhibitors (serpins), the inhibitory
effect of the latter against proteases decreases,
and the antimicrobial activity of defensins is also
blocked. In [13], data were obtained that support
the assumption of the possibility of binding of
defensins and some other AMPs to the serpin
family proteins that do not exhibit antiprotease
activity (corticosteroid-binding globulin [trans-
cortin] and thyroxine-binding globulin) and do
not modulate the biological activity of transcor-
tin. Therefore, studying the effect of new syn-
thesized AMPs of medicinal leech on the bio-
logical activity of the main granular proteins of
neutrophils, namely myeloperoxidase (MPO),
neutrophil elastase (NE), lactoferrin (LF), and
lysozyme is of interest.

Hypochlorous acid (HOCI) should be kept in
mind to inevitably be produced in the inflamma-
tion foci due to the functioning of the enzyme
of azurophil granules of MPO neutrophils, which
is, on one hand, the main antimicrobial agent of
neutrophils, on the other hand, retains the ability
to damage own biologically important molecules,
thereby changing their basic functions. Thus,
NE modification with high concentrations of
HOCI (when the molar ratio of HOCl/enzyme
exceeded 10—40 times) was previously revealed
to lead to enzyme inactivation [14]. Lysozyme
modified by HOCI lost its ability to lyse bac-
terial cells of Micrococcus lysodeikticus [15].
Earlier, we established that after HOCI treatment
in the MPO molecule, heme degrades, which
leads to a sharp decrease in the catalytic activity
of the enzyme [16]. After HOCI modification,

ISSN 1608-4101 (Print) Tom
ISSN 2687-1378 (Online)

Bbinyck 3 202,]

Volume 2/| Issue

MeANLMHCKNN OKOAEMUYECKUI XKYPHOA
Medical Academic Journal



OPUMTMHAABHOE NCCAEAOBAHME / ORIGINAL RESEARCH

@

the iron-binding activity of LF decreases [17].
The ability of the studied cationic AMPs of the
medicinal leech to regulate the biological activity
of the main granular proteins of neutrophils will
change after the HOCI modification is unknown.

Therefore, this study aimed to study the
ability of native and HOCI-modified new artifi-
cially synthesized AMPs of the medicinal leech
Hirudo medicinalic to modulate the biological
activity of the main granular proteins of neutro-
phils (MPO, NE, LF, and lysozyme).

Materials and methods
Reagents

The reagents lysozyme, sodium hypochlo-
rite (NaOCl), M. [ysodeikticus, and o-dian-
isidine produced by Sigma-Aldrich (USA) and
MeOSuc-AAPV-AMC produced by Santa Crus
Biotechnology (USA) were used in this study,
as well as the rest of the reagents produced by
Reakhim (Russia) and Belmedpreparaty (Belarus).

This study also used MPO and NE that was
isolated from frozen leukocytes of healthy donors
using affinity chromatography using heparin-
sepharose and aprotinin-agarose, hydrophobic
chromatography (phenyl-sepharose), and gel fil-
tration (Sephacryl S-200 HR), as described earli-
er [18—20]. The ratio of the absorption values of
the MPO preparation at a wavelength of 430 and
280 nm (A,5,/Ayg) served as a characteristic of
the purity and homogeneity of the isolated MPO
and was usually no <0.85. The NE preparation
was homogeneous according to electrophoresis
and mass spectrometry data and did not contain
any impurities of cathepsin G and proteinase-3.

This study also used recombinant human LF
that was isolated from milk of transgenic goat
producers bred within the scientific and technical
program of the Union State “Development of

technologies and organization of pilot production
of highly effective and biologically safe new gen-
eration drugs and food products based on human
LF obtained from the milk of animal producers”
(“BelRosTransgen-2") [21]. The study [22] de-
monstrated that recombinant LF is similar in phy-
sical, biochemical, and biological characteristics
to natural human LF isolated from human milk.

This study used four synthesized AMPs based
on bioinformatic analysis of the medicinal leech
Hirudo medicinalis genome. The characteristics
of these AMPs (amino acid sequence, molecular
weight, charge, MIC,_,, as the maximum value
among the minimum required AMP concen-
trations to achieve 100% growth inhibition of
microorganisms Escherichia coli, Chlamydia
trachomatis, and Bacillus subtilis in a standard
test) are presented in Table.

Modification of AMPs by HOCI

A NaOCI solution was immediately prepared
before the experiment by diluting the stock
commercial solution in phosphate-buffered sa-
line (PBS: 137 mM of NaCl, 2.7 mM of KCI,
8.7 mM of Na,HPO,, 1.5 mM of KH,PO,, and
pH of 7.4). The molecular form of the acid
HOCI and its anion OCI~ is approximately in
equal amounts, HOCI implies the HOCl/OCIl~
mixture since the pKa of HOCI is 7.5 and at
physiological pH values in the medium under
study.

The studied AMPs contain a different number
of amino acid residues that are sensitive to HOCI
(Table), thus the molar ratio of AMP to HOCI
was individually selected for each AMP so that
all HOCI molecules would interact with AMP.
The absence of unreacted HOCI was assessed
by the fluorescence method using scopoletin,
which is instantly oxidized in the presence

Table / Tabanua
Characteristics of AMP used in the work
XapaKTepucTUKU UCMOAL3YEMbIX B PA6OTE QHTUMMUKPOGHbBIX NENTUAOB
AMP code AMP amino acid sequence Length vl\:l;lge;u:;:(r‘ Charge | MIC,,, HM
3967 1 Phe-Arg-Ile-Met-Arg-lle-Leu-Arg-Val-Leu-Lys 11 1444.89 +4 10
12530 Lys-Phe-Lys-Lys-Val-Ile-Trp-Lys-Ser-Phe-Leu 11 1423.81 +4 90
536_1 Arg-Trp-Arg-Leu-Val-Cys-Phe-Leu-Cys-Arg-Arg- 14 1863.36 +6 17
Lys-Lys-Val
19347 2 | Arg-Pro-lle-Leu-lle-Arg-Val-Arg-Arg-lle-Arg-Val-Ile 13 1660.13 +5 77

N ote. Amino acids that are most sensitive to the HOCI actions are marked in bold.

MeAVLIMHCKMA QKOAEMUYECKNN XKYPHOA Tom 2 /I
Medical Academic Journal Volume

Bbinyck 3 202,]

Issue

ISSN 1608-4101 (Print)
ISSN 2687-1378 (Online)



OPUTMHAABHOE NCCAEAOBAHME / ORIGINAL RESEARCH

D)

of HOCI. AMP modification was performed at
room temperature (23°C) for 1.5—2 h with mod-
erate stirring (once at the beginning and once at
the end of the modification). The molar ratio
of AMP:HOCI for AMP 536 1 was 1:20; 12530
was 1:10; 3967 1 was 1:10; and 19347 2 was 1:1.
Amidolytic activity of NE

NE activity was assessed by the fluorescence
method using a specific substrate MeOSuc-
AAPV-AMC [18]. NE (50 nM) in PBS contain-
ing 1 mM of CaCl, and 0.5 mM of MgCl, was
incubated for 3 min at 37°C with various con-
centrations of native or HOCI-modified AMP,
after which 20 uM MeOSuc-AAPV-AMC sub-
strate was added, and the kinetics of the NE
substrate hydrolysis was recorded, accompanied
by the release of a fluorophore, aminomethyl-
coumarin, by increased fluorescence intensity at
a wavelength of 460 nm (excitation 380 nm).
The area under the kinetic curve of the fluo-
rescence intensity change at 10 min after the
NE addition was calculated, including both the
maximum fluorescence intensity value due to the
formation of a fluorescent reagent and the rate
of its formation to quantitatively characterize the
NE activity index.

Peroxidase activity of MPO

The MPO peroxidase activity (PAyp,) was
assessed by the rate of oxidation by the enzyme
o-dianisidine [23]. MPO preparation (0.5 nM) was
incubated with various native or HOCIl-modified
AMP concentrations for 5 min at 23°C and was
added to 0.1 M of Na-phosphate buffer (pH 6.2)
containing o-dianisidine (380 uM), after which
H,O0, (50 pM) was added to the mixture, and
the optical density changes of the solution were
recorded at a wavelength of 460 nm at 23°C.
The tangent of the initial slope of the recorded
curves was calculated, which characterizes the
rate of o-dianisidine oxidation in the presence
of MPO, for a quantitative assessment.

The mucolytic activity of lysozyme

Lysozyme activity was determined by the rate
of lysis of M. lysodeikticus bacterial cells [24].
Lysozyme (50 pg/ml) was incubated with various
native or HOCI-modified AMP concentrations
for 5 min at 23°C and added to a suspension
of M. lysodeikticus bacterial cells in 0.1 M of
Na,HPO,/KH,PO, buffer (pH 6.2) at 37°C, and
the change in the light transmission of the re-

sulting suspension was recorded at a wavelength
of 540 nm. To quantitatively characterize the ac-
tivity of lysozyme, the change in light transmis-
sion was calculated by the sample compared to
the initial level of light transmission at 3 min
after the addition of lysozyme to the bacterial
cells.

The iron-binding activity of LF

The ability of 10 mg/ml of the LF prepa-
ration to bind iron ions in the absence and
presence of native or HOCI-modified AMPs at
various concentrations was spectrophotometri-
cally recorded by the change in the absorption
of the test solution at a wavelength of 465 nm
with the successive addition of the Fe3* salt
[NH Fe(SO,), - 12H,0] at 23°C and constant
stirring [17]. LF in the iron-saturated form is
characterized by the appearance of an additional
maximum (in comparison with the apo-form) in
the region of 400—500 nm. The area under the
kinetic curve of the optical density changes of
the LF solution after 20 successive additions of
the Fe** salt [NH,Fe(SO,), 12 H,0O] was de-
termined to quantitatively characterize the iron-
binding activity of LF.

A computerized spectrofluorimeter CM2203
(SOLAR, Belarus) was used to implement all
fluorescence methods, as well as a computerized
spectrophotometer PB2201 (SOLAR, Belarus) —
for spectrophotometric methods.

Statistical data analysis

Statistical analysis of results was performed
using the Origin 7.0 software package. Data were
presented as mean = standard error of the mean.
The student’s z-test was used to analyze the dif-
ferences between the mean values. Differences
were considered statistically significant at a sig-
nificance level of p < 0.05.

Results and discussion

MPO (donor: H,O,-oxidoreductase, K.F.
1.11.2.2) belongs to the family of heme-con-
taining mammalian peroxidases. The main sub-
strate of MPO is H,O, produced in vivo during
the respiratory burst of neutrophils. In the pres-
ence of H,0,, MPO is converted into a highly
reactive compound I, which has two oxidative
equivalents and implements sequential one-
electron oxidation of various substrates (nitrite,
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ascorbate, tyrosine, etc.) through the formation
of compound II with the return of the enzyme
to its original form and closing the so-called per-
oxidase cycle. Unlike most peroxidases, MPO
compound I is also capable of simultaneously
performing two-electron oxidation of halides
with hypohalous acid formation [25, 26].

Figure 1 presents the evaluation results of the
peroxidase activity of MPO in the presence of
native and HOCI-modified AMPs of the medici-
nal leech Hirudo medicinalis. AMP 536 1 can
be seen to have the greatest modulating effect.
Thus, in the presence of AMP 536_1, PA;p,
changed in a biphasic manner, it increased
(by ~1.2 times) in the concentration range of
0.5—2.5 uM and significantly decreased at con-
centrations of 20—40 pM (for example, PAypo
decreased by a factor of approximately 2 in
the presence of AMP 536 1 at a concentration
corresponding MIC__ ) (Fig. 1, a). A less pro-
nounced inhibitory effect on PA,;,, was exert-
ed by AMP 19347 2, namely at concentrations
corresponding to MIC,_ .. and higher. This AMP
inhibited PA,;po in a concentration-dependent
manner (Fig. 1, b). A study of AMP 536 1 and
19347 2 effects on the kinetic parameters of
PA,;po showed that these compounds are non-
competitive inhibitors of MPO since they did not
affect the Michaelis constant for H,0O, (data not
presented). The presence of AMP 12530 at con-
centrations corresponding to MIC_,, and higher
increases PA,;po by approximately 1.2—1.3 times
(Fig. 1, ¢), which may be associated with enzyme
native structure stabilization. AMP 3967 1 in the
entire studied concentration range did not affect
PA\po (Fig. 1, d).

After HOCI modification, the ability of AMP
536_1 to modulate the enzymatic activity of MPO
decreased (at low concentrations, modified AMP
536_1 lost its ability to enhance PA,p,, Whereas
its inhibitory effect decreased by approximately
2 times at high concentrations) (Fig. 1, a). After
treatment with HOCI, AMP 19347 2 also lost its
ability to inhibit the enzymatic activity of MPO
by a factor of approximately 2 (Fig. 1, ). In the
presence of AMP 12530 modified with HOCI,
PAypo increased higher (by ~1.4—1.6 times) than
in the presence of native AMP (Fig. 1, ¢). PAypo
in the presence of HOCIl-modified AMP 3967 1
most significantly increased (by ~30%—40%) in
the range of low (0.5—5 uM) AMP concentra-
tions (Fig. 1, d).

The data presented concluded that AMP
536_1 and 19347 2 can be considered promising
compounds for the synthesis of more effective
pharmacological inhibitors of MPO on their
basis. Indeed, for effective inhibition of MPO
activity in some cases, a small amino acid se-
quence consisting, for example, of 10 amino acid
residues, is sufficient, as was demonstrated for
the ceruloplasmin fragment in [27]. AMP 12530
enhances the catalytic activity of MPO, thereby
increasing the production of bactericidal that
are reactive halogen species that destroy the
pathogen. After HOCI modification, the ability
of AMP to regulate the enzymatic activity of
MPO changes. The data obtained when deve-
loping anti-infectious therapeutic agents based
on AMP should be taken into account.

Additionally, the effect of AMP was investi-
gated on another marker enzyme of azurophilic
granules of neutrophils, NE. NE belongs to the
group of serine proteases, which active center
comprises the classical conservative triad of Ser,
His, and Asp residues. These residues form an
ensemble that implements a nucleophilic attack
on the peptide bonds of proteins, which results
in their hydrolytic cleavage. Proteases of this
class have different substrate specificities. NE is
specific for peptide bonds formed by Gly, Ala,
Val, Leu, and Ile, which comprise hydrophobic
radicals [28]. Depending on the physicochemi-
cal factors in pathological processes, NE can
function both as a pro-inflammatory and anti-
inflammatory agent [29]; therefore, the search
for ways to regulate its activity seems to be an
urgent task.

The studied AMPs can modulate the MPO
activity at concentrations comparable to the
MIC,,,,, thus to study the effect of AMPs on
the biological activity of the remaining granular
proteins of neutrophils, these compounds were
used at MIC_,, concentrations and those 2 times
higher and 2 times lower than the MIC, ..
As seen from the data presented in Fig. 2, the
enzymatic activity of NE increased by approxi-
mately 30% in the presence of AMP 3967 1
in the studied concentration range (Fig. 2, a
and ¢). AMP 536 1 and 12530 at the concen-
trations used did not significantly affect the en-
zymatic activity of NE (Fig. 2, ¢). AMP 19347 2
in a concentration-dependent manner inhibited
the ability of NE to cleave the fluorescent sub-
strate (Fig. 2, b and c¢). The inhibitory effect of
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Fig. 1. Effect of native and modified by HOClI AMP 536_1 (a), 19347_2 (b), 12530 (c¢), and 3967_1 (d) in various
concentrations on MPO (0.5 nM) peroxidase activity (PAy;po) which was recorded by the oxidation of chromogenic
substrate o-dianisidine (380 uM) in the presence of H,0, (50 pM). PA,;p, in the absence of AMP is accepted as 100%.
*p <0.05 compared with the PAy;,, in the control (in the absence of AMP)

Puc. 1. Bausinue HaTUBHBIX U MOAMGULMPOBAHHBIX XJIopHoBatucToi Kuciaoroit (HOCI) aHTMMUKPOOHBIX TENTH-
nmoB (AMII) 536 1 (a), 19347 2 (b) 12530 (c) 1 3967 1 (d) B pa3nu4HbIX KOHLIEHTPAIUAX Ha MEPOKCUIA3HYI0 aKTUB-
HOCTb o4MlIeHHOI Muenonepokcuaassl (ITAy o) (0,5 HM), peructpupyemyio o OKMCIEHUIO (PepMEHTOM XPOMOTEHHOTO
cybcrpara o-manm3uanHa (380 MkM) B npucyrcteun H,O, (50 MxM). 3a 100 % npunsrta 1Ay, B orcyrcTBre AMII.
*p < 0,05 no cpaBHeHuto ¢ ITA;;, B KoHTpOse (B oTcyrcTBue AMII)

AMP 19347 2 on the enzymatic activity of NE
may be due AMP 19347 2 contains the most (7)
aliphatic amino acid residues among all the used
AMPs (4 Ile, 1 Leu, and 2 Val). Peptide bonds
formed by these amino acids, which compete
with the used substrate to record the enzyme
activity, can be targets for NE. AMPs modified
by HOCI did not have any different effect from
their native analogs on the amidolytic activity of
NE (data not presented).

LF is a cationic iron-binding glycoprotein of
the transferrin family. LF is mainly contained
in the secretions of exocrine glands, respiratory
and reproductive systems, breast milk, tears,
synovial fluid, and saliva, which indicates the
important role of LF in nonspecific protection
against pathogenic microorganism invasion.
The source of LF in blood plasma are neutro-
phils, in which this protein is synthesized during
their differentiation and maturation, stored in
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Fig. 2. Effect of AMP on NE enzymatic activity. Typical
kinetic curves (a, b) of an increase in the fluorescence in-
tensity of aminomethylcoumarin formed during the cleavage
of a specific substrate MeOSuc-AAPV-AMC (20 uM) by
purified NE (50 nM) in the absence and in the presence
of AMP 3967_1 (a) and 19347_2 (b) at various concen-
trations. AMP concentrations are indicated on the legend
to the figure. The arrow indicates the moment of NE ad-
dition. Fluorescence intensity was measured at 460 nm,
excitation wavelength was 380 nm. Dependence of NE
enzymatic activity on AMP concentration (¢). NE activity
in the absence of AMP is taken as 100%. MIC, — mini-
mal inhibitory concentrations against three bacterial species
(Escherichia coli, Chlamydia thrachomatis and Bacillus
subtilis). *p < 0.05 compared to NE activity in the control
(in the absence of AMP)

Puc. 2. BausgHue aHTUMUKPOOHBIX nentuaoB (AMII) Ha
¢epMEeHTAaTUBHYIO AKTMBHOCTb HEWTpOMUJIBbHOM 3jacTa-
31 (HD). TunuyHsle KuHeTu4yeckue Kpusbie (a, b) yBe-
JINYEHUsT WHTEHCUBHOCTH (hJIyOopeCleHIIMM aMHUHOMETHII-
KyMapuHa, oOpa3ylollerocss Ipu pacllelUIeHUN CIeln-
¢duueckoro cyocrpara MeOSuc-AAPV-AMC (20 mMxM)
ounieHHoir HD (50 HM) B oTCyTCcTBME M B NIPUCYTCTBUU
AMII 3967_1 (a) u 19347_2 (b) B pa3nuyHbIX KOHIECH-
Tpauusx (ykasaHbl Ha JjiereHae). MoMeHT no6asieHuss HO
OTMEYeH CTpesKoii. JIiMHa BOJIHBI BO30YKIeHUs (iyopec-
ueHimu — 380 HM, peructpauuu — 460 HM. 3aBUCMMOCTb
dbepmMeHTaTUBHON aKTWMBHOCTU oumileHHOW HD or KoH-
uenrpaiuu AMIT (¢). 3a 100 % npunsita akTuBHOCTE HD
B orcyrctBue AMII. MUK, .. — MakcumaibHOe 3HaYeHue
cpely MUHUMaJbHBIX KOHLIeHTpauuii AMII, HeoOXoauMbIx
st goctiskeHus 100 % WMHrMOMpoBaHUS pPOCTa MHUKPO-
opraHusmoB Escherichia coli, Chlamydia trachomatis
u Bacillus subtilis B crangaptHoMm Tecte. *p < 0,05 mo
CpaBHEHUIO C aKTWUBHOCThIO HD B koHTpose (B OTCyT-
ctBue AMII)

specific granules, and successfully degranulated
into the extracellular space in case of inflamma-
tion. LF has antibacterial, antiviral, antifungal,
immunomodulatory, antioxidant, and other ben-
eficial properties [30]. One of the aspects of the
antimicrobial action of LF is the high affinity of
this molecule for iron ions. Structurally, the LF
molecule is divided into two parts, called N- and
C-lobes, each of which contains an iron-binding
site consisting of 1 Asp, 1 His, and 2 Tyr [31].
The process of binding iron ions is cooperative,
as binding of iron in the C-lobe significantly sta-
bilizes this process in the N-lobe.

The study on the effect of AMP on the iron-
binding activity of LF revealed that none of the
new synthetic AMPs of the medicinal leech
in the study in the used concentration range
MIC, /2, MIC,,,, and 2 MIC,,,) had a sig-
nificant effect on the ability of LF to bind iron
ions (Fig. 3). AMPs modified by HOCI also did
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Fig. 3. Effect of AMP on LF iron-binding activity: @ — typical kinetic curves of LF solution (10 mg/ml) optical den-
sity changes at a wavelength of 465 nm, corresponding to the absorption peak of LF iron-saturated form (holo-LF),
in the absence and in the presence of AMP 536 1 at various concentrations after 20 successive additions of iron salt
[NH,Fe(SO,), - 12 H,0] (16 uM each); b — effect of AMP 536_1, 12530, 3967_1 and 19347_2 at various concentrations
on LF iron-binding activity. MIC ., — minimal inhibitory concentrations against three bacterial species (Escherichia
coli, Chlamydia thrachomatis and Bacillus subtilis). LF iron-binding activity in the control (in the absence of AMP)
was taken as 100%

Puc. 3. BausHue aHTMMUKpOOHBIX menTunoB (AMII) Ha Xene30CBA3BIBAIOLIYI0O aKTMBHOCTH JakTodeppuHa (JID):
a — TUIMHWYHbIE KMHETUYECKME KPUBBIE M3MEHEHMsI ONTUYECKON ruioTHocTu pactBopa JID® (10 mr/mi) Ha IIMHE BOJI-
Hbl 465 HM, COOTBETCTBYIOIICH MUKY MOIIOIIEHUs HAachIIeHHOM Xejae3oM dopMbl JIP (xomo-JIP), B orcyrcTBUE
u B mipucyrctBuu AMII 536 _1 B pasnmuyHBIX KOHIEHTpalusx Iocie 20 ITociemoBaTeIbHBIX JT00AaBOK COJIM XKeJie3a
[NH,Fe(SO,), - 12 H,0] (o 16 MxM); b — Bimssane AMIT 536_1, 12530, 3967_1 u 19347_2 B pa3nuuHBIX KOHIICH-
TpaLUsX Ha XeJle30CBs3blBaonlyo aktuBHocTh JIO. MUK, — MakcUMalbHOE 3HAaYeHHUE Cpeld MUHMMAJIbHBIX KOH-
neHtpauuii AMII, Heobxomumbix Wi noctkeHus: 100 % MHrMOMpPOBaHUS POCTa MUKPOOPraHU3MOB Escherichia coli,
Chlamydia trachomatis n Bacillus subtilis B crangaptHoM TecTe. 3a 100 % mpuHsiTa Xejae30CBs3bIBalOlIas aKTUBHOCTh

JI® B koHTposne (B orcyrcTtBre AMII)

not affect the iron-binding activity of LF (data
not presented).

Moreover, the effect of AMP on the biologi-
cal activity of lysozyme contained in azurophilic
and specific and gelatinase granules of neutro-
phils was investigated. Lysozyme (muramidase)
is a low molecular weight cationic protein,
a hydrolase class enzyme that destroys bacte-
rial cell walls by hydrolysis of 1,4-beta-glyco-
sidic bonds between N-acetylmuramic acid and
N-acetylglucosamine of peptidoglycans that are
part of the plasma membrane of bacteria, thereby
protecting macroorganism from exogenous and
endogenous microflora. In this case, peptidogly-
can binds to the active center of lysozyme (in the
form of a pocket), which contains two amino
acid residues that are critical for enzyme func-
tioning (Glu at position 35 and Asp at 52) [32].

Lysozyme lyses cells of various bacilli, mi-
crococci, staphylococci, Escherichia coli, Sal-

monella, Shigella, and actinomycetes, as well
as some types of yeast and fungi. The standard
test to determine the mucolytic activity of ly-
sozyme is the registration of lysis of bacteria
M. lysodeikticus [33]. However, given the
ability of the studied AMPs of the medici-
nal leech to integrate into the bacterial cell
wall and disrupt its permeability, the effect of
AMPs themselves on M. lysodeikticus bacte-
ria was first studied, and then the combined
effect of synthesized AMPs and lysozyme on
these bacteria.

The individual antimicrobial activity of the
studied AMPs of the medicinal leech against
M. lysodeikticus was revealed to be rather low,
and the addition of all AMPs to M. lysodeikti-
cus led only to an insignificantly decreased light
transmission of cell suspensions (data not pre-
sented), which may indicate the incorporation
of AMPs into the bacterial membrane and im-
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Fig. 4. Effect of AMP 536_1, 12530, 3967 1, and 19347 2
at various concentrations on lysozyme ability to lyse
M. Ilysodeikticus bacterial cells. Lysozyme mucolytic acti-
vity in the control (in the absence of AMP) was taken
as 100%. MIC,,, — minimal inhibitory concentrations
against three bacterial species (Escherichia coli, Chla-
mydia thrachomatis and Bacillus subtilis). *p < 0.05
compared to lysozyme activity in the control (in the ab-
sence of AMP)

Puc.4. Baugnume aHTUMUKPOOHBIX TenTuaoB (AMIT)
536_1, 12530, 3967_1 u 19347 _2 B pasiu4HbIX KOHIIEH-
TpauMsiXx Ha CIIOCOOHOCTH JM30IIMMAa JIM3UPOBaTh OakTe-
puanbHble Kietku M. lysodeikticus. 3a 100 % mnpuHs-
Ta MYKOJUTUYECKass aKTMBHOCTb JU30LMMa B KOHTpOJIE
(8 orcyrctue AMII). MUK, — MakcumaibHOe 3Ha-
YyeHue Ccpead MUHUMAaIbHBIX KoHUeHTpauuit AMII, He-
00xoauMbIx st gocTvkeHuss 100 % wMHruOupoBaHUs
pocta MUKpoopraHusamoB Escherichia coli, Chlamydia
trachomatis w Bacillus subtilis B cTaHZapTHOM TecTe.
*p < 0,05 1Mo cpaBHEHMIO C aKTUBHOCTBIO JIM301IMMa B KOH-
Tpose (B orcyrctBue AMIT)

pairment of its permeability to ions and, thereby
swelling of bacterial cells.

The study of the combined AMP and lyso-
zyme action revealed that the synergistic effects
(~20%) against the gram-positive bacteria M. ly-
sodeikticus for the combination of lysozyme with
AMP 12530 (in the entire studied concentration
range of AMP), as well as AMP 3967 1 was at
a concentration of 10 uM or less. Antimicrobial
activity was inhibited with the combined addition
of lysozyme and AMP 3967 1 at a concentration
of 15 uM and higher, as well as AMP 536 1
in the entire concentration range under study
(Fig. 4). Strong mucolytic activity inhibition
of lysozyme after preliminary incubation with

AMP 536 _1 can be associated with the inter-
action of cationic amino acid residues of AMP
536_1 (this AMP has the highest positive charge
[+6] among all studied AMPs) with negatively
charged amino acid residues of the active center
of lysozyme, which play a key role in enzymatic
cleavage of bacterial wall peptidoglycans. In the
case of an additive combination of lysozyme
with AMP 19347 2 at concentrations lower than
the MIC_,,, the overall effect was equal to the
individual lysozyme action; with an increased
concentration of AMP 19347 2, the antibacte-
rial activity of the mixture under study decreased
(Fig. 4), which again may be associated with the
electrostatic interaction of negatively charged Asp
and Glu in the active center of the enzyme with
positively charged (+5) AMP 19347 2.

After the modification of HOCI, the ability
of AMP 536 1 and 19347 2 to inhibit the mu-
colytic activity of lysozyme was retained, but
the effect was less than for native AMPs (data
not presented), which may be a consequence of
a decreased cationic charge of AMP after HOCI
treatment and a decreased interaction with
anionic amino acid residues that are included
in the composition of the active enzymatic cen-
ter. The ability of AMP 3967 1 to enhance the
Iytic activity of lysozyme increased after HOCI
modification, whereas AMP 12530 inhibited the
mucolytic activity of lysozyme after halogenative
modification (data not presented).

Conclusion

Therefore, based on the obtained data, the use
of drugs based on the new investigated AMPs of
medicinal leech provides a potential opportunity to
exert a positive effect in the body’s combat against
infectious agents, not only due to the antimicro-
bial action of AMPs themselves but also due to the
modulation by these compounds of the biological
activity of own endogenous antimicrobial proteins
and peptides, namely enchancement in the case
of infection elimination and inhibition in the case
of protect against damage to the body's tissues.
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