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Abstract

This article describes the antimicrobial activity of milk proteins and peptides formed from them.
Today, the global problem of modern medicine and the entire humanity is the resistance of pathogenic
microorganisms to antibiotics. Widespread and uncontrolled use of antimicrobial drugs, as well as non-
compliance with treatment regimens, contributes to the proliferation of this phenomenon. The emergence
of antibiotic-resistant types of pathogenic microorganisms, which contribute to the development of
incurable and fatal diseases, is especially dangerous. In this regard, the search and development of new
groups of drugs that can affect the activity and development of pathogenic microorganisms is relevant.
Antimicrobial peptides are one of the potential groups of compounds with the desired set of effects against
pathogenic microorganisms. Antimicrobial peptides are a family of small peptides that occur in nature and
play an important role in the body's innate immune system. In addition, antimicrobial peptides can be
produced from various protein sources such as milk by enzymatic hydrolysis or fermentation with
microorganisms. Antimicrobial peptides are widely used in the food and pharmaceutical industries.
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In recent years, milk and dairy products have attracted the attention of both consumers and
scientists around the world and are directly related to proper nutrition and a healthy lifestyle. The
increasing scientific interest in dairy products was formed as a result of the study of the properties
of intact milk proteins. It was later discovered that certain protein fragments, classified as
biologically active peptides (BAPs), may play important roles in cancer prevention, blood pressure
management, type 2 diabetes treatment, and sleep improvement in healthy older adults.
Determining the amino acid sequence of milk peptides and studying the extent to which they can
improve human health by reducing the risk of chronic diseases or enhancing natural immune
defenses has attracted not only scientific but also commercial interes [1].

In milk, BAPs are initially in an inactive state, encoded in the protein amino acid sequence.
BAP is present in the chain of amino acids of casein (a-, -, y - and k-casein) and in the chain of
serum proteins (B-lactoglobulin, a-lactaloumin, serum albumin, immunoglobulins, lactoferrin,
etc.). BAP usually consists of 2-20 amino acid residues and becomes active after being released
from the native protein. BAP can be separated in various ways: through enzymatic hydrolysis with
digestive enzymes (such as pepsin, trypsin, and chymotrypsin) or commercially available enzyme
preparations isolated from proteolytic microorganisms [1-4].

By using the right hardware and technical design for the enzymatic hydrolysis of milk
proteins, it is possible to continuously extract BAP with confirmed positive biological effects.
BAPs of raw milk are described in the scientific literature as having positive biological effects,
including antimicrobial, antihypertensive, antithrombotic, immunomodulatory, and opioid
activity.

Mammalian milk contains antimicrobial peptides such as a-lactalbumin, B-lactoglobulin,
lactoferrin, casein, and other proteins, which are the main source of these peptides. Using natural
substances for food preservation is crucial for maintaining food quality and preventing the spread
of diseases to consumers [5]. Antimicrobial peptides or AMPs, have been proposed as a natural
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alternative to chemical preservatives for food preservation. They can also replace antibiotics used
in animal protection for preventive or therapeutic purposes. Unlike antibiotics, which target
specific cellular activities, AMPs target the cell membrane of microorganisms. This difference
makes AMPs more effective than antibiotics because they can bypass common resistance
mechanisms, limiting microbial resistance [6]. AMPs are composed of amino acids with a positive
charge of +2 to +9 or more. These positively charged AMPs target the negatively charged bacterial
cell membranes, contributing to the rupture and destabilization of the membranes [7-8].

Based on activity, AMPs can be divided into 18 main categories (from the perspective of the
ADP3 database). These categories include antimicrobial (antibacterial, antiviral, antifungal,
antiparasitic, antihuman immunodeficiency virus, and antitumor) peptides. A significant number
of AMPs have antibacterial activity against common pathogenic bacteria. A number of synthetic
antimicrobial peptides exhibit inhibitory activity against gram-positive and gram-negative
pathogens. An in silico study highlighted goat milk proteins as a potential source of AMPs used
in the food sector [9]. AMPs have been found active against pathogenic organisms such as
Escherichia, Helicobacter, Listeria, Salmonella, Staphylococcus, yeasts, etc. [10]. This review
focuses on antimicrobial peptides derived from milk proteins.

Over the past few years, casein protein has been recognized as a source of biologically active
peptides and has been broadly classified according to k-casein, asi-casein, os2-casein and B-casein
proteins. Hydrolysis of bovine k-casein with chymosin enzyme results in generalization of
hydrophobic N-part f(1-105) and f(106-169) peptides in C-part, namely caseinomacropeptide
(CMP) (Table 1). Glycosylated CMP and its derivatives, k-casein-A f(138-158), inhibit pathogen
adhesion and toxin to the cell wall and protect cells against infections by Streptococcus mutans, S.
sanguis, Porphyromonas gingivalis, and S. sobrinus. k-Casecidin, obtained by hydrolyzing «-
casein with trypsin, exhibits bactericidal activity against S. aureus, E. coli, and S. typhimurium. In
addition, fragments of several other peptides derived from casein, such as f(18-24), f(139-146) and
f(30-32), have been shown to have pathogenic antimicrobial activity. Research on the innate
antimicrobial peptide casein-as; has also identified two other peptides called caseicin A and
caseicin B that inhibit several pathogens (Staphylococcus, Sarcina, Bacillus subtilis, Diplococcus
pneumoniae, and Streptococcus pyogenes) that contain digestive enzymes. It has been proven that
casecidin released by chymosin digestion of casein-asl is active against pathogens [3-4].

Table 1 - Casein-derived antimicrobial peptides released by digestive protease action, and their main
roperties [4]

Antimicrobial peptides Source Enzymatic Activity against pathogens
activity

Casecidins bovine os1-Casein Chymosin | Gram positive bacteria
Isracidin f(1-23) bovine asi-casein Chymosin | Gram positive, negative bacteria
Casocidin-1 f(150-188) bovine os2-Casein Trypsin Gram positive, negative, yeasts
Casocidin-1 f(181-207) bovine os2-Casein Chymosin | Gram positive, negative bacteria
Casocidin-1 f(175-207) bovine os-Casein Chymosin | Mainly Gram positive bacteria
Casocidin-1 f(165-170) bovine os-Casein Pepsin Mainly Gram positive bacteria
Casocidin-1 f(165-181) bovine os2-Casein Pepsin Gram positive and negative bacteria
Kappacin f(106-169) bovine k casein Pepsin Mainly Gram positive bacteria
Kappacin f(42-49) bovine k casein Chymosin | Gram positive and negative bacteria

Lactoferricin (Lfcin) is well known multifunctional peptide derived from lactoferrin (Table
2). The peptide is generated through the pepsin digestion of lactoferrin [11]. Lactoferricin B was
isolated from the N part of bovine lactoferrin. Lactoferricin B has a sequence of 25 amino acid
residues which consists of Phe-Lys-Cys-Arg-Arg-TrpGIn-Trp-Arg-Met-Lys-Lys-Leu-Gly-
AlaPro-Ser-lle-Thr-Cys-Val-Arg-Arg-Ala -Phe [10].

Compared to the native protein, Lfcin exhibits a stronger bactericidal effect, which may be
partly due to its smaller size, which facilitates access to the target site on the surface of microbes
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[7-8; 11]. Several in vivo studies have been conducted to investigate the effects of lactoferricin. It
has been studied to have a protective effect against infections caused by Staphylococcus aureus
and Toxoplasma gondii. In addition, lactoferrampin (LFampin) is chemically synthesized and has
shown activity against Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa.

Table 2 - Antibacterial peptides derived from whey protein [4]

Antimicrobial peptides Source Enzymatic Activity against pathogens
activity
B-lactoglobulin f(15-20) B-lactoglobulin Trypsin Gram positive
B-lactoglobulin f(25-40) B-lactoglobulin Trypsin Gram positive
Lactoferricin f(17-41) Lactoferrin Pepsin Escherichia coli, Listeria
monocytogenes,  Viruses,
and fungi
B-lactoglobulin f(78-83) B-lactoglobulin Trypsin Gram positive
B-lactoglobulin f(92-100) B-lactoglobulin Trypsin Gram positive

Proteolytic cleavage of a-lactalbumin with pepsin, trypsin and chymotrypsin gave three
polypeptide fragments with bactericidal properties. They are: a pentapeptide with the sequence
EQLTK (residues 1-5), and the other, GYGGVSLPEWVCTTF ALCSEK (residues (17-31) S-S
(109-114)), consisted of two polypeptide chains joined by a disulfide bond. Fragmentation of a-
lactalbumin with chymotrypsin resulted in the polypeptide CKDDQNPH ISCDKF (residues (61-
68) SS (75-80)), which also consists of two polypeptide chains joined by a disulfide bond. The
above-mentioned polypeptides have been found to have an antimicrobial effect. Polypeptides have
shown activity mainly against Gram-positive bacteria [12-13].

Four peptides with bactericidal activity VAGTWY (amino acid residues 15-20),
AASDISLLDAQSAPLR (amino acid residues 25-40), IPAVFK (amino acid residues 78-83) and
VLVLDTDYK (residues 92-100) were obtained after hydrolysis of bovine B-lactoglobulin protein
with trypsin. Four peptides were synthesized, which were found to have a bactericidal effect only
against gram-positive bacteria. The amino acid sequence of the VLVLDTDYK peptide was
modified to understand the structural requirements for antibacterial activity. Substitution of Asp
(98) residues with Arg and addition of Lys residues to the C terminus led to the formation of the
peptide VLVLDTRYKK, which extended the spectrum of bactericidal activity against Gram-
negative bacteria Escherichia coli and Bordetella bronchiseptica [12-13].

The mechanism of action of AMPs is under extensive investigation, and an amphiphilic,
predominantly a-helical conformation and positive charge are suggested to initiate interactions
with the bacterial cell for membrane penetration [14]. Cationic peptides inhibit Gram-negative
bacteria by various mechanisms, including interactions with lipopolysaccharides and electrostatic
interactions with negatively charged lipid headgroups in the membrane, leading to the release of
essential nutrients [15-16]. Lactoferricin, one of the multifunctional peptides, exhibits
antimicrobial, antifungal, antitumor, and antiviral properties due to the tryptophan/arginine-rich
portion of the peptide, as well as anti-inflammatory and immunomodulatory properties due to the
positively charged region of the molecule [11]. The antibacterial activity of LFcin is known to be
initiated by electrostatic interactions with the negatively charged membranes of bacteria. In this
primary binding, lipopolysaccharide (LPS) and teichoic acid have been identified as binding sites
in gram-negative and gram-positive bacteria, respectively. It has been proven that bacterial protein
synthesis is inhibited when the peptide reaches the cytoplasm [10].

Mechanisms of cell penetration of antibacterial membrane-active peptides. In recent years,
several different models have been proposed to explain how antibacterial peptides are incorporated
into the bacterial membrane and form transmembrane pores in it, leading to an increase in its
permeability [17].
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Figure 1 - Mechanisms of action of antibacterial peptides [18]

Processes occurring on the membrane: A - “aggregation” model. Peptides aggregate and
cover the membrane, micelle-like complexes consisting of peptides and membranes are formed,
there is no specific spatial orientation of the peptides; B — “toroidal pore” model. Peptides are
embedded perpendicular to the plane of the membrane, the hydrophilic regions of the peptides face
the heads of the lipids, the hydrophobic ones face the tails, the membrane bends inward, the lipid
bilayer bends around the line of the formed pore; C — “barrel riveting” model. Peptides are also
embedded perpendicular to the plane of the membrane and form, as it were, “rivets” near the
“barrel”; the hydrophilic regions face the channel lumen, and the hydrophobic regions interact
with the lipid bilayer; D — “carpet” model. Peptides aggregate, located parallel to the lipid bilayer,
cover the membrane area like a “carpet”; when a certain concentration threshold is overcome, the
peptides behave as a detergent, initiating the formation of micelles and membrane pores. Processes
occurring in the cytoplasm: E — antimicrobial peptides inhibit the synthesis of DNA and RNA in
the minimum concentration inhibiting the growth of microorganisms, do not destroy the cell
membrane; F — bacterial protein synthesis peptides; G, H — the peptide affects the activity of
enzymes. Other peptides inhibit enzymes involved in the modification of aminoglycosides; I - the
influence of peptides on the formation of structural components of the bacterial cell, for example
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the cell wall. The lantibiotics nisin and mersacidin inhibit the transglycosylation of lipid Il, an
essential participant in the synthesis of peptidoglycans [18-23]. In all proposed models, it is
assumed that at the first stage, peptides interact predominantly with negatively charged lipid heads
on the surface of the microorganism membrane, as a result of which they are located parallel to
the membrane surface.

Antimicrobial peptides (AMPs) are a heterogeneous group of molecules involved in the
innate and acquired immune response of various organisms, starting from prokaryotes and ending
with mammals, including humans. They consist of 12-50 amino acid residues, have different
physical, chemical and biological properties. The most common feature is their ability to destroy
the cell membrane of prokaryotes, thereby causing cell death. Some other molecules of AMP can
attach to the surface of a bacterial cell and form areas of increased concentration, when reaching
a critical number of which they act like detergents. The advantages of AMP include high metabolic
activity, low probability of addiction and side effects. In addition, it is difficult for bacterial
pathogens that previously had resistance to any AMP to develop a strategy to combat them. In
connection with this, AMPs are considered the most promising molecules-substitutes of traditional
antibiotics [24].

Conclusion

The World Health Organization reports that the resistance of pathogenic microorganisms to
antibiotics is increasing worldwide and that we are approaching a time when antibiotics will no
longer be effective in treating infections. Epidemics and outbreaks in recent years have
demonstrated the potentially global threat to public health from infectious diseases, and the need
for modern and effective antimicrobials to combat emerging microbial diseases continues. AMPs
are multifunctional therapeutic agents effective against a wide range of microorganisms. They are
called "natural antibiotics". Some AMPs can rapidly kill Gram-positive and Gram-negative
bacteria, fungi, parasites, viruses, or tumor cells within minutes. AMPs have a low risk of
developing resistance and can even inhibit antibiotic-resistant microorganisms. All these
advantages make AMPs good candidates for use in nutritional supplements and pharmacological
drugs.
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AHTUMHUKPOBHAA AKTUBHOCTD IHEIITU/10B MOJIOYHBIX BEJIKOB

AHHOTANUA

B nanHo#i cTaThe onmrcaHa aHTUMHUKPOOHAs aKTHBHOCTDh MOJIOYHBIX OCITKOB U 00pa3yIoNIuXcs Ha UX
ocHoBe menTuaoB. CeromHs riao0anbHOW MPOOIEMON COBPEMEHHON MEAWIIMHBI W BCETO UYEJIOBEUCCTBA
SIBIIIETCS YCTOHYMBOCTh TATOTCHHBIX MUKPOOPTaHU3MOB K aHTHOMOTHKaM. [1InpokoMy pacrpocTpaHeHHIO
3TOTO SBJICHHS CIIOCOOCTBYET MIMPOKOE U OECKOHTPOIHHOE IPUMEHEHHE TIPEMapaToOB MPOTUB MATOT€HHBIX
MHUKPOOPraHU3MOB, HapylleHue cxeM JedeHus. OCOOCHHO OMacHO IIOSBICHHUE YCTOMYHUBBIX K
aHTUOMOTHKAM BHUJIOB ATOT€HHBIX MUKPOOPTaHU3MOB, KOTOPBIE CIOCOOCTBYIOT PA3BUTHIO HEU3ICUUMBIX
U CMEPTENbHBIX 3a00sIeBaHui. B CBSA3M C 3TUM aKTyallbHBI TOUCK U pa3pab0TKa HOBBIX TPYIII MTPEIapaTos,
CIIOCOOHBIX BIHUATh HAa aKTHMBHOCTh M PAa3BUTHE MMATOICHHBIX MUKPOOPTraHHU3MOB. AHTUMHKPOOHBIC
nenTHIbl (AHTUMUKPOOHBIC TIENTHIBI) IPEACTABIISAIOT COOOH OJIHY M3 MOTEHIIHAIBHBIX TPYII COSAMHEHUN
¢ kemaeMbIM HaOOpoMm 3(h(EeKTOB MPOTHB MATOTEHHBIX MHKPOOPTraHW3MOB. [lo CyTH, aHTUMHUKPOOHBIE
MENTHIBI TPEACTABIISIOT COO0H CeMEMCTBO HEOONBITUX MENTHI0B, KOTOPBIE BCTPEYAIOTCS B MPUPOJIC H
UIPAIOT BAXKHYIO POJIb BO BPOXKJCHHOW MMMYHHOM cHcTeMe opraHu3ma. Kpome Toro, aHTUMUKPOOHBIE
MENTHIBI MOXHO TIOJIy4aTh W3 Ppa3UYHBIX HCTOYHUKOB O€llka, TaKWX KakK MOJOKO, IIyTeM
(hepMEHTATUBHOTO THIpONH3a WK (EPMEHTAIMH C Y4acTHEM MHKPOOPTaHW3MOB. AHTUMHKPOOHBIE
MICOTHIBI ITUPOKO UCIIOJIB3YIOTCS B IMUIICBON U (papMaIieBTHYSCKOMN MPOMBIIIIICHHOCTH.
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Tyiiin

byn wMakamama, cyr OenoKTapbl »XoHE OJIapAaH TY3UISHiH TENTUATEPIIH aHTHUMUKPOOTHIK
OeJICeHITITI Typansl cHmarTaiarad. Kasipri yakeITTa 3amMaHayW MEIWIIMHAHBIH JKOHE OYKiJT agamM3aTThIH
»kahaHIBIK Mocerneci MaToreH1i MUKpOOpraHu3MIep aHTUOMOTUKTEPre TO3IMILUTIr 00JbIn Tabbutaabl. by
KYOBUIBICTBIH KE€H TapajyblHa MaTOIE€HAl MUKPOOpPIraHU3MJIEpre Kapchl IpernapaTTapibl KEHIHEH J>KOHeE
0aKpUTAYChI3 KOJAaHy, eMICy peXUMICpiH Oy3y BIKMAd eTemi. Ocipece, eMISIMEHTIH XKoHE eJliMre
OKeJEeTiH aypynapIblH JaMyblHA BIKIAT €TETiH MAaTOTeHIlI MUKPOOPTraHU3MIEpPIiH aHTHUOMOTHKTEpre
Te3iMIi TypiepiHiH maiaa Oomysl KayinTi. OcblFaH OalmaHBICTBI MATOT€HAI MHKPOOPTaHU3MICPAIH
TIPILILIIK 9PEKEeTI MEH JaMybIHA Cep €Te ajlaThiH ASPLIIK 3aTTapAbIH jKaHA TONTAPBIH 13/1€Y JKOHE AaMBITY
©3eKTi 0oJbIn Tabbutaabl. [laTorenai MUKpoopraHu3Maepre Kapchl acepiepaiH KaKeTTi KHUBIHTHIFB 0ap
KOCBUIBICTap/blH, TOTEHUIHMAAbl TONTApbIHBIH Oipi MHKpOOKa Kapchl NeNnTHATEp (aHTUMUKPOOTHIK
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nentuarep). HerizineH, aHTUMUKPOOTHIK MENTUATED - OYJ1 TaOUFATTa KEe3/IECETiH XKOHE OPraHu3MHIH Tya
naiiaa 601FaH MMMYHABIK KYHECiHAe MaHBI3IBI poJT aTKapaasl. bygan 6acka, aHTUMUKPOOTHIK ITETITHITED
CYT CHSIKTBI OPTYpJi OOk Ke3aepiHeH (pepMEHTTIK THAPOIN3 HEMECEe MHUKPOOPIaHHU3MIEP KOMETiMeH
allbITy apKpUIBl OHAIPUTYlT MYMKiH. AHTHUMHUKPOOTHIK MENTHATEp TaraM >KoHE (apMaleBTHKa
OHEPKACiOiH/Ie KeHIHEH KOJTAHBLIA I

Kinrri ce3nep: cyT, 610K, aHTUMUKPOOTBIK HEITUATED.

CoHFBI JKBULIAPBI CYT KOHE CYT OHIMIEpl IyHHME >XXY3IHIEri TYTHIHYIIBUIAPIABIH 14,
FaNBIMIAPABIH Ja Ha3apblH ayaapyda, ce0ebi AYphIC TaMaKTaHy cajlayaTThl eMIp CaJThIMEH
Tikenel OaiinmaHbicThl. CYT OHIMIEPIHE JETe€H FHUIBIMHU KBI3BIFYIIBUIBIKTHIH apTyhl HATHBTHI CYT
OCIIOKTApBIHBIH KACHUETTEPIH 3EpPTTEy HOTIKECIHAEC KaibITacThl. KeWiHIpeK OMOJOTHUSIIBIK
6encenni nmentunrep (BBII) peringe xikrenreH keidip Oenmok (parMeHTTepi Karepii iCIKTiH
aJJIBIH ally7a, KaH KbICBIMBIH peTTeyje, 2 TUIITI KaHT JUa0CTiH eMaeyie JKoHe JCHI cay erje
JKACTaFbl alaMap/a YUKBIHBI )KaKcapTyia MaHbI3bl POJI aTKApPYbl MYMKIH €KEHIIT1 aHBIKTAJIb.
CyT menTuaTepiHiH aMUHKBIIKBULAAPBIHBIH PETTUIITIH aHBIKTAY XOHE OJIAPIBIH CO3BLIMAJIbI
aypynapIblH KayIiH a3aiTy HeMece TaOMFU MMMYHJIBIK KOPFAHBICTHI KYIIEHTY apKbUIbI aJlaM
JIEHCAYJIBIFBIH JKaKCapTyFa dCep €Ty JOpEKeCiH 3epTTey FhUIBIMH FaHa €MeC, COHbIMEH KaTap
KOMMEPLHUSUIBIK KbI3BIFYIIBUIBIKTBI 1A TYABIPABI [1].

Cytre bbII-Tep 6acTankpiga 610K aMUHKBIIITKBUIIAPBIHBIH Ti30€TiHae mudpianFad Typae
6omansl. BBII kazens (0-, B-, y - ’oHE K-Ka3eHH) ®KoHE capbICy OeNOKTapBhIHBIH ([B-1aKTOrI00yIHH,
O-TAaKTATIOyMHUH, Capbicy albOyMHUHI, HWMMYHOIJIOOYJIWHIEP, JakToheppuH, koHE T.0.)
AMUHKBIIIKBUIAPBIHEIH Ti30erinae 6ap. BBII-tep omerre 2-20 aMUHKBIIIKBUIBI KAJABIKTAPbIHAH
Typazbl KoHE HATHUBTHI OENOKTaH OocaThbUIFaHHAH KediH OenceHal Oonazawl. BBII-miH OGeminHyi
OipHeIe >K0JIMEH JXYPYl MyMKiH: ac KOPBITY (pepMEHTTEpiHIH (IeTCHUH, TPUIICUH, XUMOTPUIICHH)
KaTbICybIMEH (EepPMEHTATUBTI TUIPOJIHM31 HEMece MPOTEOJUTUKAIBIK MHUKPOOPTaHW3MIEPAEH
OKIIayJIaHFaH KOMMEPIUSUIBIK KOJ JKETiMAiI (epMEHTTIK mpernaparrapMeH jxoHe T1.0. [1-4].
Ocpuraiima, cyT OenoKTapblH ()EPMEHTATUBTHI THAPOJIU3ACY NPOLECIHIH amnmaparThK XKOHE
TEXHUKAJBIK JU3aliHbIHA OMONIOTHSIBIK ocepi aanenaeHreH BBII-nmel y3nikci3 okiayrnayra
6omanel. Cyt mumkizateiablH BBII-Tepi FeuTbIME onmeOuerTepae MHUKPOOKA, THUIEPTEH3USFa,
TPOMOO3Fa KapcChl, UMMYHOMOIYIISLHUSIIBIK KOHE OMUOMATHIK OCJICEHIUTIKTI KAMTUTHIH OH
OMOJIOTHSUITBIK OCEpIIepl CUIATTANIA IbI.

CyYTKOpEeKTiIepAiH CyTi MHKpoOKa Kapchl MENTHATEPAIH Ke3i, aTam alTaTblH OoJyicak o-
JTaKTAIOyMHH, [-TaKTOTII0O0YINH, JIaKTOQEPPHH, Ka3euH KoHe T.0. OCIOKTapbl aHTUMUKPOOTHIK
nentuarepain (AMII) Heri3ri aHbIKTaNFaH Ke3i O0ibI TaObUIaAbl. TaOufru 3aTTapabl KojjaHa
OTBIPBIN, TaFaMmJibl CaKTay OICTEPiH KOJIJaHy a3bIK-TYJIKTIH carachl MEH TYTBIHYIIbIIApFa
TapajlaThlH aypylapAblH QIIbIH aly YIIH eTe MaHbiabl [5]. Taramael cakray yIIiH
KOJIJIAHBIIATBHIH XUMHSUTBIK KOHCepBaHTTapra Oanama pertinae AMII-mi yeeinanael. Conpaii-ak,
AMII-nep nmpopuIaKTHKAIBIK HEMECE eMIIK MaKcaTTa jKaHyapiaapasl KOpraya KOJJaHbLIaThIH
aHTUOMOTHKTEpAl  anmMacTeipa amagel. AMII-Tep MHUKpPOOpPraHM3MICPIIH  KACYIIAIBIK
MeMOpaHachlHa OaFbITTAIFAHABIFEIMEH epekiencHeni, an antuouotukrep JHK, Genok nHemece
JKacyIna KaOBIPFaChIHBIH CHHTE31 CHUSIKTHI OCNTiial Oip jKacyIIaJIbIK OpeKeTTepre OarbITTajFaH.
AMII-Tep aHTHOMOTHKTEPMEH CANBICTHIPFaH/Aa THIMAIPEK, OUTKEHI OJapAbIH JKaIIbl KAPCHUIBIK
MEXaHU3MJICPIH alHAJIBIN OTY KaOlIeTi MUKpOOTapAbIH Te3IMAUIIriH mekteiai [6]. AMII-Tep ox
3apsael +2-1eH +9-Fa  ACHiHrT HeMece OJaHJa JKOFapbl AaMHUHKBIIIKBUIIAPBIHAH TYPATBIH
Mosiekynanap. byn oH 3apsaranran  AMII-tep Tepic 3apsaTanraH OakTepus Kacyiia
MeMOpaHaapbliHa OAaFBITTANIBI KOHE OJIAPJBIH JKacylla MeMOpaHaNapbIHBIH >KapbUIybl MEH
TYPaKCHI3AbIFbIHA BIKIAT eTei [7-8].

Bbencenninik uerizinge AMII-np1 18 Herisri canarka Gemyre Gonansl (ADP3 mepexkopsl
TYpPFBICBIHAH). bysl caHaTTapra MUKpoOKa Kapchl (OakTepusFa Kapchl, BUPYCKa KapcChl, 3€HIE
KapChl, Mapa3uTTepre KapChl, aJaMHBIH IMMYH TaIIIBUIBIFBI BUPYChIHA KAPCHI JKOHE 1CIKKE KapCh)
nentuarep xkaragasl. AMII-niH aliTapiabIKTail caHbl KapanaiibiM MaToreH Al OakTepusIapra Kapchl
oencennutikke ue. CHHTETHKAIBIK MHUKPOOKA Kapchl MENTUATEPAIH CaHbl IPaM-OH JKOHE TpaM-
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TepiC MaToreHAepre Kapchl Texey OenceHaumirin kepcerenmi. SiliCO 3epTTeynme emiki CyTiHiH
OeJIOKTaphl TaFaM CEKTOPBIHIA KoanblIaThiH AMII-TiH oneyeTTi Ke3i peTiHae aTan eTireH [9].
AMII-rep Escherichia, Helicobacter, Listeria, Salmonella >xone Staphylococcus, ambiTkbuiap
JKOHE T.0. MaTOTeH/I MUKpoar3ajapra Kapchl OejceHi OoyaThIHABIFEI aHbIKTanFaH [10]. byn
1IoJ1yJia CyT OJOKTaphIHAH aTbIHFAaH MUKPOOKA KapChl MENTUATEPTE Ha3ap ay1apbliaibl.

CoHrbl OipHeIe KbUT 1ITHAE Ka3euH OeOrbl OMOJIOTHSIIBIK OCJICeH I MeNTUATEPAIH Ko31
OOJIBITT TAOBIUTATHIHEI XKOHE K-Ka3€HH, Ois1-Ka3euH, Os2-Ka3erH KoHe J-Ka3ernH OeJOKTapbhIHA COlKec
KEeHIHeH XKikTenreH1 0enrii. CUbIpIIbIH K-Ka3eMHIH XUMO3HWH (hepMEHTIMEH THIPOJIN3IETEH Ke3/1e
N-Gemiriameri f(1-105) xone xoHe C-Oemiringeri f(106-169) kazenHOMaKpONENTHA
(caseinomacropeptide CMP) Ty3inren. CMP >xoHe OHBIH TybIHABUIAPHI, K-KazerH-A f(138-158)
Kacymia KaObIpFachlHa TMATOTEHAIK aAre3us MEH TOKCHHI TEeXKEWIl KOHE IKacylIaHbl
Streptococcus mutans, S. sanguis, Porphyromonas gingivalis »one S. sobrinus apkeLisr 601aThIH
uHpeKIUsIapiaH KOpraiapl. K-Ka3eWHII TPHUIICHHMEH THAPOIU3JEY AapKbUIbI allbIHFaH K-
kazenuauH (k-casecidin) S.aureus, E.coli »xome S.typhimurium-ra Kapcel OaKTEPHITUATIK
Oencenainirin kepcetkeH. bynan Oacka, f(18-24), f(139-146) xone f(30-32) CHAKTBHI Ka3eHHHCH
ajbIHFaH OipHeme NenTUATEepAiH (GparMeHTTepi MATOTEeHII MHUKPOOKa Kapchl OCJICEHUTIr
nonennenred. KasenH-osi Tya OiTkKeH MHKpOOKa Kapchl MENTHUATI 3€pTTEY COHBIMEH Karap ac
KOphITy (epMmeHTTepi Oap Oipuemie marorenaepain (Staphylococcus, Sarcina, Bacillus subtilis,
Diplococcus pneumoniae sxoHe Streptococcus pyogenes) Texenyin KaMTaMachl3 €TETiH Ka3eUIuH
(Casecidin) A xoHe kazewIIMH B fem atanaTbiH TaFbl €Ki MENTUTI aHBIKTaIFaH. Ka3enH-os1-HiH
XUMO3MH apKbUIbl KOPBITHUTYBI apKbLIBI OOIHETIH Ka3eUIUHHIH aTOreHIepre Kapchl OeiIceH i
0O0aTBIHBIFBI ToNIesIeHTeH [3-4].

Kecte 1 - ACKOpBITY MpOTEa3achIHBIH OCEPIHEH OOIJIHETIH KAa3eWHHEH allbIHFaH MHKPOOKA KapCh
TICNTHJITED KOHE OJIAPJIBIH HET13T1 KacueTTepi [4]

AHTHMUKPOOTBIK Kesnecerin ke3i Ocep eretin | [latorenaepre Kapcol OenceHaiTiK
MENTHITED (dhepMeHT

Casecidins CHBID CYTI Os1-Casein XUMO3HH I'pamm OH GakTepHsIap

Isracidin f(1-23) CHBIP CYTI Ols1-Casein XUMO3HUH I'pamm OH KOHE Tepic
OaktepusIap

Casocidin-1 f(150-188) | cubip cyTi os2-Casein Tpuncun I'pamm OH JKOHE Tepic
OakTepusuIap

Casocidin-1 f(181-207) | cuslp cyTi 0s2-Casein XUMO3HUH I'pamm OH KOHE Tepic
OakrepusIap

Casocidin-1 f(175-207) | cubip cyTi 0s2-Casein XuMO31H Herizizen rpam ox 6akTepusiap

Casocidin-1 f(165-170) | cubIp cyTi 0s2-Casein Iencun Herizinen rpam oH 6akTepusiap

Casocidin-1 f(165-181) | cuslp cyTi 0s2-Casein [encun I'pamm OH KOHE Tepic
Oakrepusap

Kappacin f(106-169) CHIBIP CYTI K casein Iencun Herizizen rpam ox 6akTepusiap

Kappacin f(42-49) CHIBIP CYTI K casein XuMO3UH I'pamm OH JKoHE Tepic
Oaktepusap

Jlakrodeppurun (Lfcin) makTodeppuHHEH aldblHFAaH €H TaHBIMAJ KOI (PYHKITHSIIBI TIETITH]T
Oombin Tabbutanbl (kecte 2). Byn menTun nakToQeppuUHHIH aCKOPBITY JKYHeciHAe MencHH
dbepMeHTIMEH KOPBITBUTYBl apKblIbl Ty3itemi [11]. Cubip naktodeppuninig N OediriHeH
naktodeppuriid B Geminin aneiHabl. Jlaktodeppunma B 25 aMMH KBIIKBUTB KaJABIKTAPhI
tizberinen  Phe-Lys-Cys-Arg-Arg-TrpGIn-Trp-Arg-Met-Lys-Lys-Leu-Gly-AlaPro-Ser-lle-Thr-
Cys-Val-Arg-Arg-Ala-Phe typansi [10].

HartuBthl Oenokmen canmbicThipranaa Lfcin kymTi GakTepummaTik ocep KepceTemi, Oy
iIriHapa OHBIH KILIITipiM eJieMine OaiIaHbICThl 00Tyl MYMKIH, OYJI MaTOreH I MUKPOOTap IbIH
0eTKi KabaThIHaFhl MAKCATThI CAWTKA KOJI KETKI3y 1 keHuiaeTeni [7-8; 11]. Jlakrodeppurnuuanin
acepiH 3epTTey yuIiH OipHeme in Vivo 3eprreynep kyprizired. Oubiy Staphylococcus aureus
xone Toxoplasma gondii TyasipaTbiH HH(pEKIHMsIaApFa Kapchl KOpPFaHBIC dcepi Oap eKeHi
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3eprrenreH. CoHbIMeH Katap, nakrodeppamnus (LFampin) - XUMUSIIBIK KOJIMEH CHHTE3/IEITeH
xone Bacillus subtilis, Escherichia coli sxone Pseudomonas aeruginosa-ra Kapcbl O€ICeHIUTIKTI

KOPCCTKCH.

Kecre 2 - CyT capbIcyblHaH 06JIiHIN aJILIHFaH aHTUMHUKPOOTHIK HenTuarep [4]

AHTHUMUKPOOTBIK IENTHATED Kesnecerin ko3i Ocep eTeTiH [laTorenaepre xKapcsl
hepmeHT OCJICeHITITIK
[S-nakrornooymun f(15-20) [-maxkTorno0yInH Tpuncun I'pam on GakTepusap
f- nakrornoOynuH f(25-40) [-aKkTornoOynIuH Tpuncun ['pam oH Oaktepusiap
Jlakroeppurmn f(17-41) JlakTodeppun [encun Escherichia coli, Listeria

monocytogenes, Bupycrap
MKOHE CaHbIpayKyJIaKTap

f- nakrornoOynuH f(78-83) [-aKkTornoOyIuH Tpuncun I'pam oH Oaktepusiap

f- nakrornoOynuH f(92-100) [S-naKkTornoOynuH Tpuncun ['pam oH Gaktepusiap

O-TAKTATOYMHH]II ~ TIENICHH, TPHUIICHH JKOHE XUMOTPUICHHMEH MPOTEOIUTUKAIIBIK
TUAPOIU3IEY HOTHXKECIHAEC OaKTEPHIIMATIK KacHeTTepi Oap yml moiaunenTtun] (parMeHTTEpiH
Ooepai. Omap: EQLTK (xamnmeiktap 1-5) T1i30eri Oap mnenTtanmenTun OoJica, ajn eKIHIIICI,
GYGGVSLPEWVCTTF ALCSEK (kamasikrap (17-31) S-S (109-114)) nucyasduarik 6aiinanbic
apKbUIbI O1PIKTIPUITeH eKi MOJUMENTUATIK TI30EKTEeH TYPAbI. O-TaKTaTOYMUH I XUMOTPUIICHHMEH
dparmentanmsiay Hotmkecinme CKDDQNPH ISCDKF  (kammsikrap (61-68) SS (75-80)),
COHBIMEH KaTap AMCYIb(UATIK OaiaHbIC apKbUIbI OIPIKTIPIATEH €Ki MOJIMIENTHIATIK Ti30eKTeH
TYpaThIH TOJHIIENTH] Naina 6onael. XKoFapeina aTanFaH MOJUICITUATEPIIH MUKPOOKa KapChl
opeKeT KepceTeTiHi aHbIKTanfaH. [lomumentuarep HEri3iHeH rpaM-TIO3UTUBTI OakTepusapra
Kapchl Oencen ik kepceTker [ 12-13].

Ipi xapa MannueiH B-7aKTOrNIOOYIUH OENOTBIH TPUIICUHMEH THUAPOIU3ACY HOTHIKECIHIC
OakrepunuaTiK O6eacenainiri 6ap tept nentun VAGTWY (aMUHKBIIIKBUTBI KaaabikTapsl 15-20),
AASDISLLDAQSAPLR (amuHKbIIIKbUTBL KanablkTapbl 25-40), [PAVFK (aMUHKBILIKBLIBI
KanaeikTapel  78-83) sxome VLVLDTDYK (kammbikrap 92-100) ansiaran. TepT mnentun
CHUHTE3JICJITeH, OJlap TEK IpaM OH OakTepusuiapra Kapchl OaKTEpUIMITIK ocep KOepCeTeTiHi
aHBIKTaJFaH. bakTepusiFa Kapchl OCICEHIITIKKE KOMBUIATHIH KYPBUIBIMABIK TalanTap bl TYCIHY
ywin VLVLDTDYK mnentuiiHiH aMHUHKBIIKBUIIAPBIHBIH Ti30eri e3reptinai. Asp (98)
KAJIJIBIKTAphIH Arg-MeH anMacThipy koHe Lys kamapikTapbin Kocy VLVLDTRYKK nentuainin
naiija OonyblHa okemuty, onl OakTepuiuaTiK Oencenainik cnekTpin Escherichia coli sxone
Bordetella bronchiseptica I'pamm Tepic 6akTepusiapsiHa acepid keHenTTi [ 12-13].

AMII-nig ocep ery MexaHU3Mi KaH-)KaKTbl 3epTTeNyle >KoHEe MeMmOpaHara €Hy YIIiH
OakTepus KacyliachIMEH e3apa opekerrecyal Oactayna ambudwibai, HETI3iHEH o CIUPATIbIi
TY3LJTIC JKOHE OH 3apsi/i YCHIHBUIATBIHBI KepceTuireH [14]. KatnoHaplk menTuarep rpam Tepic
OakTepusiap bl oprypi MEeXaHU3MJIeP ApPKbLTBI TeXEeN i, COHBIH rHae
JIMIIONOIMCAaXapUATEPMEH JPEKETTECY KOHEe MeMOpaHaaarsl Tepic 3apsAATaIFaH JUIUATEPIH Oac
TONTAPBIMEH AJIEKTPOCTATHKAIBIK OPEKETTECy, OYJ MaHBI3Abl KOPEKTIK 3aTTapblH CBHIPTKA
mbIFyeiHa oKenendi [15-16]. Jlakrodeppurus, ken (QYHKIUSIB TENTHATEPAIH Oipi, TENTHATIH
Tpuntodanra/apruHuHre 0ail yieciHe OaiIaHBICTEI MUKPOOKA KapcChl, CaHbIpayKyJIaKKa KapcChl,
ICIKKE Kapchl JKOHE BUPYCKa KApChl KACHETTEPiH, COHJAW-aK MOJIEKYJIAHBIH OH 3apsaTaiFaH
aliMarbpIHa OalIaHBICTHI KAaOBIHYFa KApChl )KOHE UMMYHOMOIYJISIIUSUTBIK KAaCHETTEPIH KOPCeTe Il
[11]. LFcin ©Oakrepusra Kapchl OelceHAumiri OakTepusapIblH Tepic  3apsATaiFaH
MeMOpaHaJIapbIMEH AJIEKTPOCTATUKANIBIK OPEKETTeCy/IeH OacTanarbiHbl Oenrimi. bysn Gactanmksl
OaitnaneicThipyna nunomnonucaxapun (LPS) jkoHe Telxol KBIIIKBUIBI COMKECIHIIEe rpaM Tepic
JKOHE TPaM-TIO3UTUBTI OakTepusuiapia OaillaHbICy OpBIHAAPHI PETiHAE aHbIKTanFaH. [lenTua
[IUTOIJIa3MaFa KETKEH e 0aKTepPHsUIBIK OSIIOK CUHTE31 TexkeneTiHi nanenaenrex [10].

baxmepusza xapcolt membpananvlk bencenoi nenmuomepoiy Heacyuaea eHy Mexanusmoepi.
CoHFBI XbUIIapbl OAKTEpHsIFa Kapchl MENTHATEPIH OaKTepUsIbIK MeMOpaHara Kanaid eHeTiHiH
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JKOHE OHBIH OTKI3TIMITITIHIH KOFapbUIayblHA OKEJEeTIH TpaHCMEMOpaHANbIK CaHbLIAYJIap.Ibl
KYPaNTBIHBIH TYCIHIIPY YIIiH OipHeIIe TYpil Moaeabaep YChIHbIIFaH [17].
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Cyper | - AnTHOaKTepranabl NIENTHATEPIIH dcep eTy Mexanuzmaepi [ 18]

Membpanaza xxypetiH mporectep: A — "arperanus" moneni. [lentuarep arperanusiiaHabl
JKOHE MEeMOpaHaHbl KOPIIAWbI, MENTUATEP MEH MeMOpaHajapJaH TYPAThIH MHIEIUIA TOPi3i
KeIICHep TY3UIedl, menTuaTepAiH Oenriit Oip KeHicTIKTiK Oarmapbl Oonmaiinsl (cyper 1); B —
«ropouAThl Keyek» yirici. Ilentuarep memOpaHa >Ka3bIKTHIFbIHA MEPHEHIUKYISP CaJIbIHFaH,
NENTUATEPAIH THAPO(HIIBII aiiMaKTaphbl TUMUATEP IIH YIIbIHA, THIAPO(HOOTapEl COHBIHA Kapanbl,
COJIaH KeiiH MeMmOpaHa iImKe Kapai Oiriieni, JUMUATI KOCKA0aT TY3UITeH CaHbLIAy ChI3bIFBIHA
Kapaii uineni; C — "roifrapy" mozeni. Ilentuarep coHbIMEH KaTap MeMOpaHa a3bIKTHIFbIHA
NepHeHANKYIISp eHrisimim, "0emmkene" "Toirapmanap" Ty3emal, TuaApOoGUIBIl aliMaKTap KaHaJIbIH
JIOMEHIHEe Kapaiabl, ruapodo0Tel — TUMHUATIH KOC KabaTmeH spekerreceni; D — "kineM"Mozeni.
[lentuarep nmumuATEepAiH KOC KabaThlHA Mapajuiesb OpHAJIACHI, MeMOpaHa aiiMarblH "Kimem"
TOpi3/i skaba b1, Oenrisi Oip KOHIIEHTpALKs MIETiHE KETKeH Ke3/e MENTUATED KYFBIII 3aT PETIHIC
opeker etemi. llurommasmama kypeTiH mporectep: E  — MuMKpoOKa Kapchl MENTHATEP
MUKPOOPTaHU3MJIEPIIH MUHUMAIIBI ©CyiH TexelTiH koHmeHtpamnusaceinga JHK men PHK
CHUHTE31H TEXeWl, jkacyma MeMmOpaHacklH Oy30aiaer, F - menrtunarep OakTepusbIK O€lloOK
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CUHTE3IHIH JeHreiin Tomenaereni; G, H - nentuari nuppouuaud GpepmMeHTTepAiH OelceHimirine
ocep ereni. backa menTuATep AMMHOTIIMKOZMIATEPIIH MOIM(UKAIMICHIHA KaTbhICAThIH
depmentrepni  Texeini; | — menTmarepaiH OakTepus IKACYIIACBIHBIH — KYPBUTBIMIIBIK
KOMITOHEHTTEPiHIH, MBICAJIBI, JKacyIlla KaOBIPFachIHBIH TY3UTyiHE ocepi. HucuH xoHe MepcanuanH
JTAHTHOMOTHKTEpI  MENTUAOTVIMKAHIAD CHHTE3IHIH  MaHbBI3Ibl  KATBICYIIBICHl  JIUMHUATIH
TPAHCTIIMKO3WIICHYIH Texehai [18-23]. bapnblk yChIHBUTFAaH MoJeTbaAepae OipiHII Ke3eHIe
HNEeNTUATEP MUKPOOPTaHU3M MEMOpaHAChIHBIH OCTiHIEri Tepic 3apsaTalfaH JMOUATI KabaTneH
e3apa OpeKeTTecedl, HOTIXKECIHAEC ojap MeMmOpaHa OeTiHe TMapauiesb OpHajlacaabl el
OoJDKaHAIbL.

ConbiMen katap, AMII mpokapuoTTapgaH Oactam CYTKOpPEKTiJIepre, COHBIH IIIHJE
agaMIapbl Koca ajaFaHza, dSPTYPJii OpraHu3MIEp/iH Tya OITKEH jkoHe OeiiMIenreH UMMYHIBIK
peaKIusIChIHA KAThICATBIH MOJICKYJIAJIapAbIH TeTeporeH i To0sl 0ombim Tadbanasl. Omap 12-50
AMUHKBIIIKBUIAPBIHBIH  KAABIKTAPBIHAH TYPAAbl KOHE OPTYPIi (PU3UKA-XUMUSUIBIK SKOHE
OmosoTHsUTBIK KacueTrTepi O0ap. EH KeHIHEH TaparaH epeKIIeNiri - OJIapAblH MPOKAPHUOTTAPABIH
KacylanblK KaObIKIIackiH O0y3y KalineTi, ochlIaiiia skacymanap/asiH eJiMiH Tyabipaabl. KeitOip
b6acka AMII-Tep wMosekynamapsl OakTepHsl JKACyIIACHIHBIH O€TiHE >KaOBICBIN, >KOFapbI
KOHIIEHTPAIWs aifMaKTapbIH KYpa alajbl, OJapAblH KPUTUKAIBIK CAHBIHA KETKEHJIE, OJIap JKYFBIIIT
3aTTap CUSAKTHI XKOtoFa apekeT ereai. AMII apThIKIIBIIBIKTaphl OJIap IbIH )KOFaphl META0O0INKAIIBIK
OCNCeHAUITIH, TOYSIIUTIKTIH TOMEH BIKTUMAIIBIFBIH KOHE KaHaMa dCepliepiH KaMTHUIbl. byFraH
Koca, OypbiH ke3 kenreH AMII-Fa Te3iMainiri 6oaMaraH OaKTEPUSIIBIK MMAaTOTCHAEpPTe OJIapMEH
KYpecy cCTparerusicblH »acay KublH. Ocbiran  Oaiinmanbictel, AMII-tep  mactypii
AHTUOMOTHKTEPAIH €H MEePCIIEKTUBAIBI MOJICKYJIATBIK aTMACTHIPFBIIITAPBI OOJIBIT TA0BLUIALI [24].

KopbIThiHABIIAN KeNrenae, TYHUeXKY3UTK AeHcaynblK caktay yibiMbl (JJCY) narorenai
MHUKPOOPTaHU3MICP/IIH aHTUOMOTUKTEPTE TOIIMILIITT OYKLT QJIeM/Ie apThIIT KeJie )KaTKAHbIH KOHE
AHTUOMOTUKTED WHQPEKUUAIApIbl eMACyAe THIMAI OONMAaMTHIH YyaKbITKA KaKbIHIAIM Kelie
KATKaHBIHIBI Xxalapnaiabl. COHFBl JKbUIAApAAFrbl SOUAEMUSIIAD MEH 1HIAETTep KOFaMJbIK
JICHCAYJIBIKKA JKYKITAJbI aypyJap/iaH JIeyeTTi TypAe kahaHabIK Kayill TOHIN TYPFaHBIH KOPCETTI
JKOHE JKaHaJaH Taijga OojifaH MUKPOOTBIK aypyJiapMeH Kypecy YIIiH 3aMaHayd XoHE THIM/II
MHUKpOOKa Kapchl Mpenaparrapra KaKeTTUTik xanracyna. AMII- Oyn MUKpoopraHu3MIepAiH KeH
ayKbIMBIHA KapChl THIM1 Kol (QYHKIHUIBI eMIiK areHTTep. Omapapl «TaOufu aHTHOMOTHKTEPY
nen araiiabl. Keitbip AMII GipHerie MUHYT iIIiHAE IpaM-0OH KQHE I'paM-Tepic OakTepusIapibIH,
caHbIpayKyJlaKTap/blH, Mapa3uTTEep/iH, BUPYCTApAbIH HEMece ICIK KacyllallapblHBIH KbU1IaM
erimMiHe okenyl MyMKiH. AMII-niH Te3IMIUTIKTIH JaMy KayIli TOMEH JKoHE TilTi aHTUOHMOTHKTEpre
TO3IMII MUKpOOpraHU3MIEpAl Texel amaapl. bapiblk ockiHmai apThIKIBUIBIKTap AMII-mi
TaFraMJIbIK KocTianap MeH (papMakoJIOTHsIIBIK IpenapaTTapaa KoJIAaHy YIIiH jKaKChl YMITKepIep
eTel.
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