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This paper is devoted to the contributions of the outstanding parasitologist Yuri S. Balashov.
It is not biographical. Its purpose is to highlight selected aspects of Yuri S. Balashov’s scientific
legacy that the authors consider most important for an international readership. This should direct
the attention of international researchers to his various scientific theses and concepts, some of which
have been only published in Russian language, and should also open up a broader discussion. The
scope of Balashov’s scientific interests was remarkable, although he devoted special attention to the
research of argasid and ixodid ticks (Argasidae and Ixodidae). The main results and conclusions
of his tremendous work have been described here using mainly his own words. Only some explana-
tions that may be required to increase the reader’s understanding of the concepts, terms and thoughts
of Yu. Balashov were made by the authors.
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The life of Yuri Sergeevich Balashov (1931-2012), an outstanding parasitologist, has
been described in special publications (Filippova, 2013; Medvedev, 2012; Medvedev et al.,
2013). This paper is not biographical. Its purpose is to highlight the aspects of Balashov’s
scientific legacy that we consider most important. The scope of his scientific interests was
remarkably broad, although he devoted special attention to the research of argasid and ixodid
ticks (Argasidae and Ixodidae). Balashov was a prominent representative of the parasitol-
ogy school founded by the Academician Yevgeny N. Pavlovsky, who developed the theory
of natural focality of transmissible diseases (Pavlovsky, 1939; 1966) and whose ideas he
expounded and further developed (Balashov, 1967; 1984a; 2003; Balashov et al., 1968). He
greatly appreciated the biocenological and comparative parasitological concepts by Vladimir
N. Beklemishev (1970) about parasitic systems and the life schemes of species, which he
considered to be of high significance for the development of parasitology. This follows from
Balashov’s paper (1991) commemorating the centennial of Beklemishev’s birth, where he
expressed an idea that may stand for his “scientific signature” and serves as an epigraph
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to all his scientific activities: “It would be advantageous for parasitology to further develop
the universal concept of parasitic systems that reflects the unity of all parasitic organisms
as an ecological category. This concept stimulates the exchange of ideas between traditional
parasitology and microbiology and creates prerequisites for developing our knowledge of
the general principles of parasitism as a form of existence of living organisms” (Balashov,
1991, p. 189). It is in the light of such a broad general parasitological concept that Balashov
analyzed crucial problems of medical entomology, the scientific branch treating medically
significant arthropods, including the parasite—host relationships of arthropods and terrestrial
vertebrates. He authored more than 200 scientific papers and several monographs (Balashov,
1967; 1972a; 1979; 1982; 1983; 1998; 2009). The publication of each of his books was
a major event in parasitology, and many of them are quite comprehensive and have been
milestones. However, it is the reading of these publications in a continuous chronological
sequence that gives a holistic impression of Balashov’s scientific legacy, demonstrating
long-term consistency in his progression from particular studies to multifaceted generaliza-
tions in evolutionary parasitology. He did not abandon a given problem after addressing
another one. They remained within the scope of his interests, and their range was growing
broader and more complex over time. Here we attempt to recapitulate the results of this
process, which in itself is fairly instructive, especially for young researchers working in an
era where we emphasize research on the molecular and genetic level and less on the func-
tion of whole organisms, populations and ecosystems. The main results and conclusions
of Balashov’s tremendous work will be described here using mainly his own words. Any
explanatory remarks or comments will be avoided where possible since they appear inap-
propriate in this context, although some of Balashov’s views and postulates are obviously
open to debate (Korenberg, 1999; 2010). Explanations that may be required to increase the
reader’s understanding of the concepts, terms and thoughts of Yu. Balashov will be made
by the authors in footnotes or in square brackets.

Biology and physiology of ticks

In the 1950s, Balashov initiated studies on elementary features of the biology and physi-
ology of ixodid ticks (poorly known at that time), which was the basis for all his future
research. The scope of the problems he addressed included the structure of tick mouthparts;
the process of bloodsucking and changes in the integument during this process; the functions
of dermal glands and adaptations to consuming large volumes of blood; the tick life cycle
and changes in tick body weight in the course of bloodsucking and daily rhythmicity of tick
detachment from the host after feeding; the structure of digestive organs as related to the
process of digestion; excretory processes; gonotrophic relationships and spermatogenesis;
and specific anatomical and physiological features of molting. The results of these studies
provided a basis for the widely known monograph (Balashov, 1967) translated into English
and published by the Entomological Society of America (Balashov, 1972a). This amazing
monograph brought Balashov international recognition and became a desk book for sev-
eral generations of medical entomologists worldwide. It is still an essential source for tick
researchers today containing the precious results of countless studies in the laboratory and
in the field. A special feature of his work is that it covered quite a large variety of argasid
and ixodid species occurring in a huge area, in different climatic and biogeographical zones,
the former USSR. He resumed, after about 20 years, in-depth studies on the structure of
tick organs at an advanced methodological level. Together with his colleagues L. Amosova,
V. Ivanov, S. Leonovich, and A. Reichel, he produced a series of publications on this
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matter, including the unique Atlas of Electron-Microscopic Anatomy of Ixodid Ticks (Balas-
hov, 1979), which provided insight into specific features of different organs and mechanisms
of their functioning in these arthropods. In one way or another, the results of these studies
were also considered in Balashov’s subsequent monographs (1982; 1998; 2009) as a factual
basis for his theoretical generalizations. In particular, they allowed the conclusion that “the
main difference [of digestion in argasid and ixodid ticks] to that in insects is that the host
blood is digested mainly intracellularly, a process progressing slowly and asynchronously
in different parts of the gut” (Balashov, 1999, p. 758). [He mentioned in an earlier publica-
tion (1972a, p. 272) that intracellular blood digestion in ticks was first described by Roesler
(1934)]. This is also a highly relevant aspect when looking at ticks as vectors of pathogens.

Ixodid ticks take one blood meal in each postembryonic life stage. In contrast, argasid
ticks have 2-4 nymphal instars with each taking a blood meal and also the adults feed several
times. After feeding ticks pass through a series of different developmental phases, molting
into a new phase after every next bloodmeal, or in case of the adult female sooner or later
follower by oviposits. As a result, by feeding ticks in the laboratory Balashov was not only
able to follow their complete life cycles but also to investigate all the various aspects of
their biology in very different physiological states, an ideal basis for his comprehensive
biological approach.

Beginning in the late 1950s, Balashov’s attention was consistently attracted to problems
of the ecology of ticks including their mobility, periodization of life cycles, and the effect
of environmental factors on their abundance. The results of his first studies on the dynamics
of reserve nutrients and the physiological age of activated unfed ticks provided a stimu-
lus for research on improving methods for physiological age determination and analyzing
population age structure as a whole, which was carried out by Balashov himself and other
specialists for many years. Based on the analysis of specific ecological features and genetic
differences between natural populations of Ornithodoros tartakovskyi ticks, Balashov noted
that the results “...make one refuse to acknowledge that gene flow plays a significant role
in the maintenance of species unity”. Taking into account the low mobility of this tick and
its hosts, he concluded that “elementary populations' occupy a space confined to a group of
host burrows and may be largely isolated from neighboring populations located only a few
hundred meters away”. “Various landscape-geographic barriers creating unsuitable conditions
for ticks break up the species range into a number of population groups in isolation from
each other” (Balashov; 1971, p. 1800). He was the first to denote the hierarchy of units
in the spatial population structure of certain tick species and to indicate the real landscape
features (shown in maps) allowing these units to be distinguished.

Parasite hosts as ecological niches

In this regard, it is quite logical that, from the late 1970s to the early 1980s, the need
arose for Balashov to contemplate the diverse relationships between bloodsucking arthropods
and their hosts. Developing Beklemishev’s (1970) ideas on the evolution of parasite—host
relationships and types of life schemes in bloodsucking and parasitic arthropods further,
Balashov proposed his own concept of the origin and development of parasitism in different
groups of arthropods, which we refer to as the evolutionary polyphyletic concept. Its essence

! An elementary population (or core population) is an element of the spatial structure of tick popu-
lations. This is an area with a higher number of ticks than the area that surrounds it. The population as
a whole may have more than one core.



is that ... a long co-existence of arthropods and terrestrial vertebrates implies the possibility
of emergence and dissolution of various forms of symbiotic relationships between them,
including parasitism. The diversity of types of parasitism in insects and mites associated with
its repeated and independent appearance. In particular therefore, blood sucking occurred in
different families independently...” (Balashov, 2006a, p. 420; 2006b, p. 929). Based on this
premise, Balashov (1982) proposed his “classification system of the types of parasitism in
arthropods”, which he continued to improve conceptually and terminologically over almost
40 years. In the final variant, this system included seven groups with different types of parasit-
ism: (1) micro predators (free-living bloodsuckers), (2) nest-burrow ectoparasites with short
feeding(s), (3) temporary ectoparasites with long feeding(s), (4) permanent ectoparasites,
(5) intracutaneous parasites, (6) caviar parasites [egg or aviary], and (7) tissue parasites
(Balashov, 2009, p. 33). He emphasized that “almost all conceivable instances of transitions
from predation and schizophagy? to facultative ectoparasitism and from ectoparasitism to
endoparasitism have occurred among arthropods parasitizing terrestrial vertebrates.” Thus,
there are no distinct boundaries between the different types of parasitism.

The term “type of parasitism” is regarded synonymous to the terms “type of life scheme”
(Balashov, 1991, p. 190) and “life form™ or “ecological group” (Balashov, 2006b, p. 930).
At the same time, “it should be remembered that as ecological categories, these terms can
combine species from phylogenetically unrelated taxa. Similar life patterns in many cases
arose in the process of parallel evolution, although in some taxa comparative parasitological
series may coincide with phylogenetics” (Balashov, 1991, p. 190). According to his ideas
“... the concept of the type of parasitism is in no way identical to the concept of ecological
niche’, but much wider” (Balashov, 2002, p. 935), since each part of the host organism can
be an ecological niche, which is mastered by certain parasites (Balashov, 2005, p. 444),
and “the host organism is a set of many ecological niches for different species of parasites”
(Balashov, 2009, pp. 227-228).

Evolution of hematophagy

Analyzing the relationships of bloodsucking arthropods with vertebrates, Balashov ar-
rived at the conclusion that “hematophagy has evolved independently and asynchronously in
several arthropod orders, families, and even genera” (Balashov, 1999, p. 759), “...but once
emerged, it has largely determined subsequent directions in the evolution of bloodsuckers
and particularly their co-evolution with vertebrate hosts” (pp. 751-752). “For the occurrence
of hematophagy [among arthropods], the most important representatives had morphophysi-
ological preadaptations to blood nutrition” (p. 758). “The necessity of piercing the skin of
vertebrates and sucking the blood caused the convergent development of the oral apparatus
of the piercing-sucking or cutting-sucking type” (p. 753). “Hematophagy in ixodid ticks
could have arisen as early as 150-200 million years ago during the Triassic; in some groups
of insects (lice, biting midges, fleas), during the Jurassic (145-200 million years ago); and
in mosquitoes and flies (horseflies in particular), only during the Paleogene” (23—66 million

2 Schizophagy: the ability to eat decaying animal or vegetable residues or suck out the contents of
recently died arthropods, etc.

3 In ecology, the concept of “ecological niche” is a set of all environmental factors that determine
the possibility of the existence of a given species in nature. According to Balashov (2009, p. 351), “eco-
logical niche determines the place and role of a parasite in the community. It includes parameters of the
parasite’s habitats, its interactions with the host organisms, and the external environment”.
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years ago) (p. 751). According to Balashov (2009, p. 347) the concept of parasitism means
“permanent or temporary cohabitation of different species, in which one of them uses an-
other species (host) as a source of food or habitat”. Moreover, “the categories of parasitism
and hematophagy applied to Insecta and Acarina do not always coincide” (Balashov, 2009,
p- 210), because “hematophagy is not necessarily associated with parasitism. Among Diptera
it [hematophagy] is peculiar to many groups actively attacking vertebrates but not living
on their body. In turn, not all parasitic arthropods are hematophagous and many feed on
wool, feathers, skin particles, secretions of skin glands and other parts of the host organ-
ism” (Balashov, 1999, p. 761). “Parasitism apparently evolved repeatedly and independently
in different groups of the Acarina, the initial stages of transition to parasitism progressing
in the dwellings of prospective hosts” (Balashov, 2000, p. 937). In Balashov’s opinion,
free-living bloodsuckers are not “fully functional components of parasite communities™
(Balashov, 2002, p. 936). He particularized the vague notion of “parasite specificity” and,
in addition to conventional host specificity, introduced new concepts of phylogenetic and
ecological specificity, substantiating them as follows: “The specificity of parasites in the
choice of hosts may be conditioned both by affiliation of the latter with certain taxonomic
groups (phylogenetic specificity) and by ecological factors, in cases where a parasite can
live on unrelated host species inhabiting the same biotopes or occupying similar ecological
niches’ (ecological specificity)” (Balashov, 2001, p. 475). These considerations led Balashov
to analyze the origins of parasitic and bloodsucking arthropods and their coevolution with
host species, which explained almost any of their morphological and biological features as
well as the underlying speciation processes. This problem was analyzed in most detail for
the group of ixodid ticks. In Balashov’s opinion, “proixodids might have initially fed on
various arthropods or their dead bodies and then shifted to hematophagy on vertebrates”
(Balashov, 2006a, p. 416). “Paleontological and zoogeographic data provide evidence for the
Mesozoic origin of ixodid ticks” (Balashov, 1989, p. 457). “The common ancestral group of
the Argasidae and the Ixodidae must have existed long before the Cretaceous”, in the Early
Mesozoic, and “...became segregated into an individual evolutionary branch in the Triassic”
and “...transition to parasitism in the common ancestors of the recent Ixodidae and Argasidae
could have occurred during the Late Paleozoic or Early Mesozoic (about 200-250 million
years ago), under tropical climate conditions” (Balashov, 2004, pp. 913, 915, 919). “The
parasitic relationships of the ancestors of the Ixodidae with mammals formed by the Middle
Mesozoic or even earlier” (Balashov, 1989, p. 457). “At an early stage of its evolutionary
development, after transition to hematophagy, the proixodoid lineage divided into two main
branches: the ancestors of the Argasidae and the Ixodidae” (Balashov, 1999, p. 750). “Two
recent genera, Carios and Aponomma®, already existed as early as in the Cretaceous (65—100
million years ago), and species of the genera Amblyomma, Ixodes, Hyalomma, and Orni-
thodoros appeared during the Eocene (30—40 million years ago)” (Balashov, 2004, p. 913).

Thus, Balashov considered that the group of ixodid ticks had formed prior to the breakup
of Pangaea into Gondwana and Laurasia. Judging from specimens found in Paleogene
ambers, the formation of the genera Amblyomma and Ixodes also occurred before this

4 Balashov (2009, p. 347) called the term “community of parasites” (parasitocenosis) as a set of
parasitic individuals of various species living on one host individual.

’ See note 3.

¢ Carios is an argasid genus or subgenus (depending on the taxonomic concept). Some species of
the former ixodid genus Aponomma have been placed into the genus Amblyomma, and the remaining
Australian Aponomma species, into the genus Bothriocroton (Klompen et al., 2002).



breakup, no less than 180—190 million years ago. “The genera Haemaphysalis and Derma-
centor apparently evolved after the breakup of the single landmass into the northern and
southern halves, with the former genus being formed under conditions of moist subtropical
climate and forests of Southeastern Asia, and the latter in a temperate climate of steppe or
mountain landscapes. The genera Rhipicephalus and Hyalomma appear to be younger, with
the former having evolved in Africa during the period of its isolation in the Paleogene and
the latter in the deserts of Western Asia prior to the formation of its land connections with
Africa and the Arabian Peninsula” (Balashov, 1993, p. 935). Polyphagy’ and oligophagy of
ixodids have caused limited or no phylogenetic parallelism with hosts in their evolution.
“Restrictions in the distribution of some species are usually explained by the direct effect
of unfavorable environmental factors on the non-parasitic phases rather than by the absence
of suitable hosts” (Balashov, 1989, p. 457). The analysis of parasite-host relations in other
arthropod groups eventually led Balashov to an extremely important conclusion, which
is formulated as follows: “Coevolution in its pure form is peculiar only in a few taxa of
parasitic arthropods” and, therefore, ... it has been an important, but not the only way of
their speciation” (Balashov, 2009, p. 230).

Reproductive isolation of ticks

A few of Balashov’s publications are devoted to the problem of interspecific hybridization
and reproductive isolation in some ixodid tick species (Balashov et al., 1998), still a very
relevant topic. It has been established experimentally that hybridization can happen between
closely related species of ticks. In particular, hybrid female ticks of the ricinus/persulcatus
group of the first generation (F1) oviposited after engorgement, but the next generation
(F2) did not produce fertile offspring. According to Balashov (1998), there is reproductive
isolation, which is due to the genetic incompatibility of ticks of different species.

Natural focality of diseases

The implications drawn from all the above accounted for Balashov’s broad general para-
sitological and biocenological approach to the problem of the natural focality of diseases,
which always remained in the focus of his attention. Balashov’s particular contribution to
the study of the epizootiology of various arthropod-borne pathogens and their invasions is
described in his last monograph (Balashov, 2009). Here we limit ourselves to considering
only some of his general conclusions, definitions, and concepts that we regard as fundamen-
tally important. Unfortunately, they are often disregarded in papers today. Balashov’s initial
premise, formulated more than 45 years ago, was that “a focus of infection is a fine self-
regulating system whose individual components are connected by feedback loops” (Balashov,
1972b, p. 175). Having analyzed feedback connections in an ixodid tick-vertebrate parasitic
system, he arrived at the conclusion that “the high stability of such systems is attributable
to moderate intensity of immune reactions in the hosts and relatively low numbers of ticks
feeding on them” (Balashov, 1992, p. 185). He further explains that this stability “is provided
by complex parasite—host interactions at the stage of feeding. As a result of such interactions,
the vertebrate host is sensitized to antigens of vector saliva and develops anti-tick resistance.
In nature, however, the main hosts do not have absolute resistance, despite regular contact
with ticks” (p. 194). Such balanced relationships also prevail between ixodid ticks and

7 In this context, polyphagy means that there are many different hosts, which is characteristic of at
least some parasitic stages in the life cycle of all members of given genus or a particular species.
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agents of transmissible infections, so that “pathogens cause minimum harm to tick vectors
and can persist in their bodies almost lifelong, retaining the ability to be transmitted both
to vertebrate hosts and within the tick population” (Balashov, 1995, p. 337). Furthermore,
“the eventual location of microorganisms in certain organs or cells of the vector depends
on the possibility for them to penetrate the system of organ envelopes and membranes as
well as on the suitability of certain cells for the existence of those pathogens” (Balashov,
1984b, p. 30). “Actually, ixodid ticks can be part of several different natural foci within one
ecosystem” (Balashov, 1972a, p. 338), but the circle of tick hosts is wider than the circle
of animals that are susceptible® [without the influence of any other factors] to a particular
pathogen (Balashov, 1972b). Vectors of infection as well as reservoir hosts of pathogens
may be of different levels: principal (main), accessory (secondary), or incidental. It was
very timely that Balashov (2009) once again made a point of these elementary notions of
epizootiology, which had almost fallen into oblivion.

“Several conditions must be met to join a new parasitic community: First, the estab-
lishment of contact with a host; second, morphophysiological suitability of the host for the
parasite; and third, the ability of the parasite to occupy its ecological niche and coexist with
other arthropod species living on the same host. The results of these interactions determine
the specific occurrence in nature of certain parasite species. Violation of one of these condi-
tions prevents the colonization of a new host” (Balashov, 2002, p. 938). Therefore, “even
in cases of frequent transcontinental transfer of ticks by birds migrating between Europe,
Africa, and Asia, migrants are usually incapable of establishing themselves in new regions”
(Balashov, 2004, p. 917). Here, these words concern arthropod vectors, but they are equally
applicable to agents of infections and invasions with natural focality.

Today, despite the distinct progress in our knowledge of ticks and tick-borne pathogens
we still cannot but agree with Balashov’s statement made more than 35 years ago: “Unfor-
tunately, we are still very far from understanding the holistic picture of the complex interac-
tions of pathogens of vector-borne infections with the arthropod vectors, which ultimately
determine the possibility of further circulation of the pathogenic agent in nature or its death
in the deadlock of infection” (Balashov, 1984a, p. 334).

Obviously, Balashov’s scientific legacy includes ideas that can serve as starting points
for further research on the problems of medical entomology and therefore deserve in-depth
and comprehensive ongoing analysis.
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[IPO®ECCOP IOPUI1 CEPTEEBUY BAJIAIIIOB:
HACJIEJJVE BBIJJAIOIIET'OCS ITAPASUTOJIOTA

3. U. Kopenbdepr, O. Kan

KioueBble ciioBa: mapasuToiIorus, MEIULIMHCKAsT SHTOMOJIOTHS, dKojorusi, Argasidae,
Ixodidae, xiemu, TpupoaHBIN o4ar HHQEKIUH

PE3IOME

Crarhsl TIOCBSIICHA HAyYHBIM JIOCTHKCHUSAM BbLaaromerocs mapasuronora 10.C. banamosa.
Oto e Guorpadust. [lens MaHHOW CTaThH — OCBETHTh HEKOTOPBIC ACIEKTHI HAYYHOTO HACIICIHUS
10.C. banamosa, 0coOeHHO Te, KOTOpBIE, IO MHEHHUIO aBTOPOB, HAWOOJNee BaYKHBI I MHTEPHAIIHO-
HAJILHOTO YUTATeNs1. DTO O/DKHO MPUBIIEYh BHUMaHKUE MCCIIe0BaTeNell pasHbIX CTPaH K Pa3IHIHbIM
Hay‘[HblM TpyaaM U KOHUCHLHUAM, 4aCTb KOTOPBIX 6])1.]'[3. 0ny6m/1|<03a1-1a TOJIBKO Ha PYCCKOM A3bIKE, U
Croco0CTBOBATh MX 0oJice MUPOKOMY OOCYkIeHHI0. MaciuTad HaydHbIX MHTepecoB bamamioBa ObuT
[Opa3HTENeH, XOTsI OCHOBHOE BHUMAHHE OH Y/CJISUT HCCIICIOBAHHIO apracoBBIX M HKCOJOBBIX KIICIIeH
(Argasidae u Ixodidae). [T1aBHBIC pe3yabTaThl U 3aKIIFOUEHHS €T0 OOIIMPHBIX PAOOT OMUCAHBI B OCHOB-
HOM C HCIIOJIb30BaHHEM €ro COOCTBEHHBIX CIIOB M BBIPAKCHHUI. ABTOpaM MPUHAIJICKAT TOJIBKO He-
KOTOpbIe OOBSICHEHUSI, TPEAHA3HAYCHHBIE [UIsl JIYYIIEro IOHUMAaHKs YUTaTe/IeM KOHLEIIIN, TEPMUHOB
u Meicaeit }O.C. banamosa.
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B 0030pe KpaTko M3JIOKEHO COBPEMEHHOE COCTOSIHME 3HAHMI 00 HMMYHHUTETE MUSABOK C 0COOBIM
aKIEHTOM Ha PoJib aHTUMHKPOOHBIX nentuaoB (AMII), nogyepkuBaercsi MLUPOKOE pa3HOOOpasue
NepBUUHbIX cTPYKTYp AMII, KOTOpBIE, MO-BUAMMOMY, KOPPEIUPYIOT C Pa3HOOOpa3HeM JKU3HEHHBIX
CTpATeruii U KOJIOTHEeH HKTONapasuToB. AHTUMUKPOOHBIE OCJIKH M MENTHABl NPEACTABIAIOT cO0O0M
Ppa3HO00pa3HbIil Kiacc MPUPOAHBIX MOJIEKYII, KOTOPBIE BHIPAOATHIBAIOTCSI BCEMH JKHBBIMH OpPraHU3MaMH
B OTBET HA aTaKy IaTOreHa U KOTOPbIE SIBIISIOTCS BaXKHEHMIINM KOMIIOHEHTOM MMMYHHOH CHCTEMBI.
AMII moryT o0nanarh LIMPOKUM CIIEKTPOM aHTHOMOTHYECKOW aKTMBHOCTH HPOTHB 4YXKEPOAHBIX U
MOTEHIMAIIBHO TTaTOTeHHbIX OaKkTepuii, rpubKoB 1 BupycoB. He nocnenuioo poas AMII urpator mpu
0TOOpe KOJIOHM3UPYIOWUX OaKTepHalbHbIX CUMOMOHTOB, YTO IOMOIae€T MHOTOKJICTOYHBIM OpraHU3-
MaM CIIPaBIATbCSA C ONPENEICHHBIMH SKOIOrHYecKMMH mpodnemamu. OcobenHo Baxxubl AMIT nist
0eCIO3BOHOYHBIX BBHY OTCYTCTBHS y HUX CHCTEMbI aalTUBHOTO UMMYHHTETa. X0Tst MHOrHe AMIT
001a1at0T CXOAHBIMH (PH3UKO-XUMHIECKUMHU CcBOMcTBaMu (00muii pasmep ot 10 10 100 aMHHOKKCIIOT,
CYMMApHBIH MON0XKUTEBHBIH 3aps MM BBICOKOE COJIEPIKAHNE IIUCTEMHOB), UX HIMMYHOMOY/IUPYOLIast
aKTHBHOCTb CrelM(UYHA 1T KaXKI0r0 TAaKOro MenTHia.

KawueBsble ciioBa: napasuTupyroumue nusaBKu, UMMYHUTET, aHTI/IMI/IKp06HBIe NEeNnTUuabI

DOI: 10.31857/S0031184721010026

[Mussku (Hirudinea) otHocsTes Kk Kiiaccy konpuarbix uepseit (Clitellata, Annelida), ms
MIOJIOBO3PEITBIX 0CO0OEH KOTOPBIX XapaKTepeH MOsICOK, 0COOBIN OpraH, BhIpabaThIBAFOIINI
PenpoNyKTUBHBIM KOKOH. B HacTosiiee Bpemst n3BecTHo Oosee 720 BUAOB MUSBOK, KOTOPbHIE
pactpoCTpaHeHbI B IPECHBIX, MOPCKHUX U HA3EMHBIX SKOCHCTEMaX MO BCEMY MHpY, U Ooree
JBYX TpeTel 3TOro OMopasHOOOpa3msi COCTABIAIOT MapasuThueckue Buabl (Sket, Trontelj,
2008; Kaygorodova et al., 2020). ITusiBku BOSHUKIN TIOpsiaka 5S40 MJIH JIST Ha3all BO BpeMs
KeMOpuiickoro B3phIBa, B epuo]] OypHoro ouosnornueckoro passurust (Pfeiffer et al., 2005;
Kaygorodova, Sherbakov, 2006; McDougall et al., 2008). Cunraercs, 4yTo OIMKaHIINM
MPEAKOM MapasSUTUUICCKUX MMUABOK SABJIAIOTCA OJIMTOXETHI. HepBI)Ie HI/I)IBKOHOI[OGHI)IC YepBU
(Acanthobdellida) Mo3an4HO co4eTalOT B CBOEM CTPOCHUH IIPUMHUTHBHBIE IPH3HAKH OJIUTOXET
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cemeiictBa Lumbriculidae ¢ mpu3Hakamu, IpUCYIINMH COBPEMEHHBIM MusBKaM (JIMBaHOB,
1905; Kaygorodova, 2012; Kaygorodova et al., 2012). ®uoreHeTH4YEeCKUE UCCICIOBAHUS
MTOKA3BIBAIOT, YTO OOIIUM TpeaKoM HCTHHHEIX musBok (Euhirudinea), BepositHo, ObIIa Kpo-
Bococylas nusiska ¢ xoborkom (Arhynchobdellida), a e cienuduueckuii skTokOMMeHca,
kak npexamnonaranu panee (Trontelj et al., 1999). B xone sBoronnyu y XHUIIHBIX apHHX00-
JEIUTMIHBIX TPEIKOB MHUABOK MOTJIA MPOU30WTH PENyKIHs XO00TKa, YTO MO3BOIHMIO UM
IporyiarbiBaTh Oojiee KpynHyto J100b4y. BropuuHnas npucrnoco6i1eHHOCTh K KPOBOCOCAHHIO
y 6ecxo00THBIX THABOK oTpsina Hirudiniformes Moria BOSHUKHYTH Omaromaps mpeaganTanni
K 9KTOIApa3uTapHOMY ITUTAHUIO KPOBbIO. KpoMme TOro, TpaHCKPUIITOMHBINA aHAIN3 BbISBUII
BBICOKYIO TOMOJIOTHIO T'€HETHYECKHX MOCIIEeI0BaTEIbHOCTEH UeocTHON (6ecx000THOI)
nusiBku Hirudo medicinalis w muexonuraronux (Macagno et al., 2010), uro MoxeT cBUe-
TEJILCTBOBATH O KOABOJIIOIMH B CHCTEME «XO3SIMH—TIAPasuT» MOCPEICTBOM MOJICKYISIPHOH
MUMHUKpHHU mapasuta (Salzet et al., 2000).

B xo71e aBOMIOIMK NUSIBKY BBIPA0OTAIH Pa3HbIe CTPATETMH UMMYHHOM 3all[UThI, OTHAKO,
Kak 1 Apyrue 0ecro3BOHOYHBIC, OHM HE 00JaJal0T CUCTEMON NPHOOPETEHHOT0 MMMYHH-
TETa C CUCTEMOIl JUBEPCU(PHKAIMK aHTUTEIN. 3alUIIasCh OT MUKPOOOB, JKUBYIIUX B BOZE
WM TIOYBE W TOMAJAIOIINX B OPraHW3M C MUIIEH WIN TIPH TpaBME, MUABKH HCIIOIb3YIOT
CHCTEMY BPOXJEHHOTO MMMYHHMTETa B KauE€CTBE OCHOBHOI 3aIUTHI OT MOTEHIMAIbHbBIX
naroreHos (Dhainaut, Scaps, 2001). Oco0ast poib B UX UMMYHHOM OTBETE NMPUHAJICIKUT
AaHTUMHUKPOOHBIM nenTuaaM (AMII), >BOTIOIMOHHO KOHCEPBATUBHOM TPYIIE 3aITUTHBIX
nosnunenTuaoB (Ageitos et al., 2017).

[epBbM 3apeructpupoBanabiM AMII ObLT TM301IKM, OTKPBITEIN AnekcargpoM DemuH-
roM B 1922 1. IuTepec K MM30IMMYy yrac MOCiIe OTKPBITHS MEHUIMIUTIHA M Hadajia «30J10TOT0
BeKa aHTHOMOTHKOBY. OzmHako yxe B 1960-X mosiBieHHE W POCT MUKPOOHBIX MaTOTCHOB,
YCTOMYUBBIX K aHTHONOTHKAM, TTpoOyaniI HOByI0 BoiHY mHTepeca kK AMII. C tex mop AMII
ObUIM BBISBJICHBI NPAKTHYECKH BO BCEX JKMBBIX OpraHM3Max, OT apXed 0 MIIEKOMHUTAaI0-
mux. B HacTosmee BpeMs B 0a3e DaHHBIX 110 aHTUMUKPOOHBIM IENTHIAM XpaHHUTCS Ooiee
3000 AMII (http://aps.unmc.edu/AP/main.php), 1 3TOT CIIUCOK AAJCKO HEIOHBIM.

Braropapst ipeBHEMY TIPOMCXOXK/ICHUIO U IIMPOKOMY PACIIpOCTpaHeHHIO B ipuposne, AMIIT
OCTAIOTCS KJIFOYEBBIM KOMIIOHEHTOM MMMYHHOH cucTeMbl. M3BecTHO, uto AMII 06namaior
LIMPOKUM CHEKTPOM JEHCTBHS MPOTHB MAaTOr€HHBIX OaKTepuil, 'pUOKOB M BHPYCOB, 00Ja-
JATOIINX O00OJOUKOH, a TakKe TYOUTENBHBI IS TTapa3uToB U pakoBBIX KieTok (de Eguileor
et al., 2003). Kpome Toro, AMII nprHUMAIOT yyacThe B PETYISIIMN Ka4eCcTBa U KOJIMYECTBa
MYTYaJIMCTHYECKHX U KOMMEHCAIBHBIX CHMOMOHTOB, TEM CaMbIM CIIOCOOCTBYSI CHMOHOCTA3Y
MyTeM KOHTPOJIs, (POPMUPOBAHHS COCTAaBA M TIPH HEOOXOAMMOCTH OIPaHUYEHHSI aKTUBHOCTH
CUMOMOTHYECKOIl MUKPO]IIOPHI B OIIPEACICHHBIX aHATOMUYECKUX KOMITapTMEHTaX (KUIIey-
HUK, OakTeproMsbl, koka) (Tasiemski et al., 2015). Kak n3BecTHO, CHMOMOHTBI IPEICTABIISIOT
c000i1 OBICTPBIN HCTOYHUK MHHOBAIMM, YTO MO3BOJISET *KMBOTHBIM NPUCIOCAOINBATHCS
K U3MeHsromeics cpeae ooutanus (Macke et al., 2017), cnenoBarensro, AMIT MOTyT KOCBEH-
HO Y4acTBOBATh B CIIOCOOHOCTH ITUSIBOK CIIPABJISATHCS C N3MEHEHHUSIMHU OKPYIKAIOIICH CPeibl.

Vcrionp30BaHKe MUSIBKH B KaU€CTBE MOJEIHHOTO OPTaHM3Ma B MMMYHOJIOTHUECKHX HC-
CJICIOBAaHHAX UMEET CBOU MPEUMYIIECTBA. SIBISSICH BOAHBIM 9KTOIAPA3UTOM, ITHABKA CBOMM
TTOKPOBHBIM SITUTEINEM BBIHYX/ICHHO KOHTAaKTUPYET HE TOJIBKO C MHOKECTBOM MHUKPOOpTa-
HHU3MOB OKPY’KaIOIIEH ee Cpelpl, HO M ¢ BHEITHUMH ITOKPOBAMH XO3sIMHA, HMEIOIINMH CBOH
COCTaB KTOCUMOMOHTOB M 3alUTHBIX MOJIEKYI. B repuos nmuranus, 4to ciydaercs peiKo,
MUSIBKH MAaKCUMaJIbHO HCIOJB3YIOT MPEIOCTABICHHYIO BO3MOKHOCTB, MOTPEOIISAs BIBOC
6onbie codbcTBeHHOTO Beca (Sawyer, 1986). IIpu sToM nua nepeBapuBaeTcst Ype3BbIUali-
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HO MEJUICHHO, M KPOBb XO35MHA COXPAHSICTCS B KUIIEUYHUKE TapasuTa UIHTEILHOE BPEMs
(10 HECKOJIBKMX MECSICB Y MEIUIIMHCKUX MHSIBOK). JIOJDKHO OBITH, B MUIIEBAPUTEIBHOMN
CHCTEME MUSIBOK MMEETCS 3allIUTHBIA MEXaHW3M, aJallTHPOBAHHBIA K TATOTCHAM X03iHWHA U
MpeA0TBpALAOIINNA THUIOCTHBIE Mpoliecchl. He MeHee BaXKHbIM CBOWCTBOM IMHUSBOK SIBJISI-
€TCsl UX CITOCOOHOCTH K pereHepaIiy IeHTPAThHON HEPBHOW CHCTEMBI U BOCCTAHOBICHHIO
ee ¢yukuuii mocie tpaBmsl (Burrell et al., 2003). AraroMudeckne 0COOCHHOCTH MHUSBKH
00JIeryaroT MCIOJb30BAHNUE HEPBHOTO TsDKA MUSBKHU 11 vitro. HepBHBIH TSXK JOBOJIBHO JIeT-
KO TIO[ICP’KUBATh B KYJABType B TCUCHHE HECKOJNBKUX HEIETh B OTCYTCTBHE KOMIIOHEHTOB
nepudepuveckoii UMMYHHONH CHUCTEMBI U KIETOK KPOBH, YTO IO3BOJSET chOKycHpOBaTh
WCCIICIOBAaHHUS HA COOCTBEHHOM MMMYHHOM OTBETE, Pa3BUBACMOM HEPBHOM CHCTEMOM IH-
sBku (Schikorski et al., 2008). Bosnee Toro, kak mokasajid KIHHHYCCKHE HCCICIOBAHUS,
WCIIOJIB30BAaHNE MHUSIBOK B JICYCOHBIX IICIISIX HE BBI3BIBACT HMMYHHBIX PEAKIIHHA CO CTOPOHBI
marenTa (Singh, 2010).

B 0030pe paccmarpuBaroTCsi 0COOCHHOCTH HMMMYHHOW CHCTEMBI MTUSBOK C aKI[CHTOM Ha
ponb B Hell aHTUMHUKPOOHBIX menTuaoB (AMII), momyepkuBaeTcs pazHooOpa3ue MepBUY-
HbIX cTpyKTYp AMII, hokycupyercsi BHUMaHue Ha MX (YHKIMOHAIBHBIX OCOOCHHOCTSIX M
MeXaHU3Max ICUCTBUS, a TAKKE Ha TEPCIEKTHBAX MpakTHdeckoro nmpumeHeHus AMII e
TOJBKO B MEIUIIMHE, HO U B JPYTUX OTPACIAX YEIOBEUECKOHN JCSITEIHHOCTH.

I/IMMy]—[]—[aﬂ CUCTEeMa NMUABOK

[usaBkH, Kak U Apyrue 6eCro3BOHOYHEIC )KUBOTHBIE, 00Taaf0T CHCTEMOU BPOKICHHOTO
UMMYHHUTETa, B UX AMMYHHOM OTBETE OTCYTCTBYCT aJaNTHBHbBIN (IPUOOPETCHHBIN) KOM-
TTOHCHT, MOSBUBINNICS Ha Oojee MO3MHUX 3TalaxX dBOIIONUH y 1m0o3BoHOUHBIX (Hoffmann
et al., 1999). BpoxIcHHBI# IMMYHHUTET UTPAET BKHYIO POJIb B KA4ECTBE MEPBOI0 Oapbepa
0T MHKPOOOB. D(PPEeKTOPEI BPOXKICHHOTO OTBETa BKJIFOUAIOT PEICIITOPHI PACIIO3HABAHHUS
00pa30B, (arormuTapHbIe KICTKH, IPOTCOTUTHYCCKHE KACKaJbl W MOJUMENTHIBI C aHTH-
MHUKPOOHBIMH CBOWCTBaMU. HecMOTpsi Ha OOIIHOCTh BPOXKIACHHOW 3aIUThI, HCCIICIOBAHHSI
TCHOMa ITOKa3ald, YTO JaXkKe MPEJCTaBUTEIH OTHOTO W TOTO YK€ OTpsiia OeCIIO3BOHOYHBIX
WCIIONB3YIOT pa3Hble ToAXoabl K BHyTpeHHel 3amute (Loker et al., 2004). OcoGeHHOCTH
MUSBOK COCTOUT B TOM, YTO OHU MMEIOT TECHBIC aCCOLMUAIMH KaK ¢ CHMOMOHTaMU, KOTOPBIC
MOTYT WTPaTh BAKHYIO POJIb BO BHYTPEHHEH 3aIIUTe, TaK U BBHIHYK/ICHHBIC KOHTAKTHI C XO-
3s1€BaMH, Ha KOTOPHIX OHU NapasuTupyroT. [[puMepoM MOXKET CIyKUTh MEIULIMHCKAS MHUSIBKA
Hirudo verbana, numeBapuTebHBINA TPAKT KOTOPOH HEOOBIYCH B ABYX ACIEKTAX: COMCPIKHUT
MPOCTOC MHUKPOOHOE COOOIIECTBO M XPAHHUT OOJBIIOE KOJIMYCCTBO KPOBU MO3BOHOYHBIX
B TCUCHHE HECKONbKUX Mecsues (Silver, Graf, 2011).

B Xo1e nnuTensHOM SBONIONMH MUSBKH BHIPA0OTATN HECKOJIBKO CTpaTeTnidi UMMYHHOR
3aIIHUTHI OT MUKPOOOB, C KOTOPBIMU OHHM KOHTAKTHPYIOT B BOJIC WU TTOYBE, a TAKIKE 3AIIUTHBIC
MEXaHU3MBI OT ITaTOTE€HOB, YTO MOMAAl0T B OPTaHU3M C MMHUIICH WM IOocie TpaBMEI (Salzet
et al., 2006). [Ipu 3TOM MUSIBKM OTHOCSTCS K TPYIIIE MPUMHUTUBHBIX BTOPHYHOIIOIOCTHBIX
YJTH TISTIOMHUYECKAX KUBOTHBIX I aHATOMHYCCKH XapaKTePU3YIOTCS HAMIHEM JIBYX KOMITap-
TMEHTOB, COJICPIKAIIMX CBOOOMHBIC KIETKU. BO-TIEpBBIX, 3TO CHCTEMa KPOBU C TEMOIIUTAMHU:
STOT KOMIIAPTMEHT, I0-BUAUMOMY, aKTUBHO HE CBSI3aH C UMMYHHUTETOM; U, BO-BTOPBIX, LIEJIOM,
B KOTOPOM COJCPKHUTCA HECKOJBKO TOMYIANNI IIeTOMOIIMTOB, UTPAIOIINX OIMPEICICHHYIO
pOJb B MIMMYHHOM 3amute. [IMsBKH 001aJar0T CICIMAIbHO PA3BUTHIM KJICTOYHBIM HMMMY-
HUTETOM, HAIPaBICHHBIM MPOTHB MATOT€HHBIX MHUKPOOPTaHHW3MOB, BKIIFOUast (paroImTo3,
WHKAICYJSUIO U CIIOHTAHHYIO IIMTOTOKCHYHOCTh IIEJIOMOIIMTOB B OTHOIIEHUHU aJIOTEeH-
HBIX WM KCCHOTCHHBIX KJICTOK. J[OTIONIHUTEIPHO OHU BBIPAOOTAIN BaKHBIA T'yMOpPAIbHBIH
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UMMYHUTET, KOTOpBIfI OCHOBAH Ha aHTI/IMI/IKp06HBIX, TEMOJIMTUICCKNX U CBEPTHIBAIOIINX
CBOMCTBax JKUIAKOCTU UX OpraHu3ma.

KiieTouHblii MMMYHHBII O0TBeT

Bce anHenuapl, BKIIIOYas MUSBOK, UMEIOT 3P PEKTOPHBIE KIETKH (II€JIOMOLIUTHI), KOTOPHIC
00JI1a/IatoT CIIOHTAHHOM AJJIOTeHHOW M KCEHOTEeHHOH 1uToTokcmuHocThio (Suzuki, Cooper,
1995). IIpu KOHTaKTe LETOMOIIMTOB C KJIETKOM-MHUIIICHBIO HEOTBPATHMO MTPOUCXOIUT JTU3UC
nociennedt (Cossarizza et al., 1995) mo aHanoruu ¢ MUTOTOKCUYIECKOH aKTHBHOCTBIO €CTe-
cTBeHHBIX KIeTOK-KnimiepoB (EK) y mo3Bonounbix. Kak u B cucteme EK, cnennduaaocTsh
MHUILEHN YPE3BBIYANHO IIHPOKA, IIOCKOJIbKY KCEHOI'CHHbIE, aJIJIONCHHbIE U 1a)Ke CHHTCHHbIe
SPUTPOLUTHI HOTUOAOT ITPU COOTBETCTBYIONIMX YCIOBUsIX. CrieM()UUHOCT ITHX IUTOTOKCH-
4eckHuX dPPEKTOPOB MOXKET OBITh HAIPaBjIeHa Ha IIMKOMPOTEHHBI KJIETOUHON MMOBEPXHOCTH
Ha MOBEPXHOCTH KJIETOK-MHIIEHEH, TOCKOIBKY HECKOIBKO ONPEEICHHBIX MOHO- U JHCaxa-
PHIOB MOTYT OJIOKHPOBaTh YHUUTOKEHHE. [IpH COBMECTHOM KyIBTUBHPOBAHUH LIEIOMOIINTOB
¢ EK-4yBCTBUTENEHBIMHU KJIETOUHBIMH JIMHUAMHU Menkue meromonutsl (ML) cranossres
BO30Y)KJJCHHBIMH, PACIIPOCTPaHssi MHOTOYUCIICHHBIC IICEBJIONIOANH, KOTOPBIE CBS3BIBAIOTCS
C KJISTKAMHU-MHIICHSIMH U YOUBAIOT UX, TOrAa Kak KpyrHble nenomoruutsl (KLI) arperupyror
BOKPYT JIM3UPOBAHHBIX MUIICHEH W MHKAIICYIUPYIOT UX JI0 oOpa3zoBanus rpanyiem (Quaglino
et al., 1996). MI] akTHBHBI BO BpeMs PAaCIIO3HABaHUs, OBICTPO CBS3BIBAIOTCS C MUIICHIMH,
a K1 sistroTes daromurupyromuvu. Ogaa rpymma kietok ML mporsBoanT pacno3HaBaHHUE,
CBSI3bIBAaHME U YHHUITOKCHHUE, TOTIA KaK (DYHKIIIO OYMCTKU OCTABILIETOCS MYyCOPA BBITTOIHSIET
npyras rpynmna kiaetok tuna KL DTu pe3ynsrarsl oKas3bIBaloT, YTO (paronnTo3 U MUTOTOK-
CHYHOCTbH OMOCPEIOBAHBI JIBYMsI Pa3HBIMH THIIAMH KJICTOK; JICHWKOIIMTHI KOJIBYATHIX YepBer
o (yHKIIMOHAJIBHBI U HE SIBISIOTCS HCKITIOUNTENbHO (arorurupyrommmu (Cooper et al.,
2001), uTo CBHAETEIBCTBYET O paHHEH JAUBEPreHINH (haronuros3a u Ju3uca.

[Tpu rccnenoBaHK MUTPAIIMOHHOTO TTOBEACHUS KJIETOK, YIACTBYIOIINX B BOCTIAINTEIb-
HBIX peakuusx, y nusiBok Glossiphonia complanata BBISIBICHO /1Ba pa3HBIX THIA KIECTOK:
EK-nono6usie knerku n kinerkn CD8+ (de Eguileor et al., 2000). Kak u y apyrux kosipya-
TBIX YEpPBEH, JIEWKOLUTHI MUSBKU (HaroqUTUPYIOT U UHKAICYIUPYIOT HHOPOIHBIA MaTepua
u30uparenpHO B 3aBUCHMOCTH OT pa3mepa (de Eguileor et al., 2003). Mukancymsius cra-
HOBHUTCSI BU3yaJbHO 3aMETHA, KOTZa Mapa3uT MOJHOCTHIO MOKPHIT U M30JIMPOBAH TOJICTOH
MeJTaHOTHYeCKOH Karcynoid. [Tpu TpaBMupoBaHHM MHUSABOK B paHEe HAOMIONACTCS MaccoBas
niposudeparust TUM(OINTOIOIO0HBIX KIETOK, IPOUCXOSIINX U3 OAHOTO Kiactepa (JieH-
KOII033), KaK U y MO3BOHOYHBIX XMBOTHBIX.

I'ymopaJibHBIA MMMYHHBIH OTBET

3anyTHbIe MEXaHU3Mbl OSCIIO3BOHOYHBIX, IOMHMO KJIETOYHOTO MMMYHHUTETA, COCTOSIT
13 JU3KCa U arnIIOTHHAILUY, YCUJIEHHBIX BO3/EHCTBHEM KOMIIOHEHTOB M3 IIEJIOMHYECKOH
KHUIKOCTH, TAKMX KaK aHTUTCHCBSI3bIBAIONIHMI OETIOK, IUTOKMHBI M aHTUMHKPOOHBIE BEIIECTBA
(Prochazkova et al., 2020). B xonme XX B. OBIIO SKCIIEPUMEHTAIBHO JTOKA3aHO HATHYHC
KOMILIEeMEHTOIo00H01 akTHBHOCTH y aHHesnua (Cooper et al., 1995), a Bckope ObLT BbI-
JIeTICH ¥ eJIOMHBIH nuToauTndeckuii pakrop (LILID), koTopeiii uMeeT GpyHKIMOHATIBHYIO
anasioruto ¢ (akropom Hekposa omyxoinu (PHO) mozonounsix (Beschin et al., 1999).
B otnmune ot @HO, muronutryeckas aktuBHOCTH LD omocpeayercs TU3UCOM U HE CBS-
3aHa ¢ MPOTEOIN30M.

IHomumo LD, B ueaoMe KoapyaThiX YepBEW NPUCYTCTBYIOT MOPO0OOpa3yIomue 6eJIKu,
TaKne KakK SU3CHMIIOP, JIN3EHUH U (eTUANH. DTH MOJEKYIIBI CBS3BIBAIOTCS W HApyIIaroT
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JUMHATHBIN OUCIIOHN TONBKO B TEX CIyYasx, KOTAa MPUCYTCTBYIOT cuaromumuasl (Milochau
et al., 1997). [locpencTBOM KaHAIBHOIO KOMIUIEKCA KOMIIOHCHTHI UMMYHHOUN CHUCTEMBI aH-
HEJINZ pa3pylaoT dy>KepoJHble KOMIOHEHTHl. Kpome Toro, nepdopuH-mogoOHbie OenKu
(Kauschke et al., 1997) co3marot apipbl B MEMOpaHax KJICTOK-MHIIICHEH, CIIOCOOCTBYsI IIPOHHUK-
HOBEHMIO JINTHYECKUX MOJICKYJI, TAKUX KaK JIM3CHUHBI, TU3UHBI, PETHIUHBI U TE€MOJIN3NHBI.

HuTOKUHBI TIPEACTaBIIOT co00i Hebompme MoneKynbl Oenka (5—20 x/la), KoTopsie
UTPAOT PEIAIOIIYI0 POJIb B 00phOe ¢ MHMEKIHUSIMHU U JPYTMMHA UMMYHHBIMH pPEaKIUsSIMH
(Dinarello, 2000), ygacTBysl B ayTOKpUHHOH, TapaKPHHHOW M YHIOKPUHHOHN Iepeade CHr-
HAJIOB B KQYECTBE MMMYHOMOYJIMPYIOIINX areHTOB.

Uro kacaercss MUTOTeHHBIX (PAKTOPOB, B LEIOMHUYECKON JKUIKOCTH aHHENH] OBII
UIeHTH(HUINPOBAaH KOMIIOHEHT ¢ Maccor 60 k/la, o0nagaronmii MUTOTeHHOI aKTUBHOCTBIO
B OTHOIICHUU CIUICHOIIMUTOB MBIIIX ¥ Ha3BaHHBIN [[M® (11eToOMHBI MUTOTCHHBIH (HaKTOp)
(Hanusova et al., 1999). B »10i1 e paboTe OBUIO MTOKAa3aHO, UTO IETOMUYECKAS KUIKOCTh
anHenun, oboramenHas [IM®, npossisier hocdonnnasnyro akrtiBHOCTb, 1 PLA2-110100Hb1#
(epMeHT yyacTByeT B HMMYHHBIX PEakIMsAX, TAKUX KaK aHTHOAKTEPHAIbHBIC MEXaHNU3MBI.

AHTHIeHCBSI3BIBAIONLINE OJIKH y aHHEN COCTOUT U3 IBYX AUCYIb(MHICBI3aHHBIX 110-
munentuHbIX nenei (31 u 33 k/la), 06e y4acTByIOT B 00pa30BaHUU aHTUT€HCBS3BIBAIOIIETO
caiita (Tuckova et al., 1991).

HWurnéurops! mporeas. Y nrudbeit nusBku 1. tessulatum OblI HaleH TEHHBIH TaHJEM
nuctatul B (Tt-cysb) u xkarencun L (Tt-catl) (Lefebvre et al., 2004). Tt-cysb npuHammexuT
K CEMEHCTBY MHTMONTOPOB IMCTEHHOBOM MpoTeasbl. Ero mocienoBaresibHOCTh JEMOHCTPH-
pyer 54 % uaeHTHYHOCTH ¢ IucTtariHOM B denoeka. Tt-cysb skcnpeccupyeTcst TOIbKO
B OJIHOHM MOMYJISIIIMN HUPKYJIUPYIONIMX LEIOMHUYECKUX KIETOK. bakrepnanbHoe 3apaxeHue
MIPUBOANT K YCHIICHUIO TPAHCKpHUITA Tt-Cysb MCKIIIOUMTENBEHO B ATHUX KIIETKAX.

AHTUMHKpPOOHBbIE Oejiku. Hanbosee M3y4eHHBIM aHTUMHUKPOOHBIM OCJIKOM Y aHHEIH]]
spisiercst mu3ouM (Perin, Jolles, 1972). Dt1or depment pacmierusier csizu f-1-4 mexmy
N-aneTnnriroko3aMUHOM 1 N-aleTHIMYPaMHHOBOH KHUCIIOTOH IPaMIIONIOKHUTENIBHBIX OaKTe-
pHANBHBIX KJIETOYHBIX CTEHOK. [IOMHMO JIM301IMMHOM aKTUBHOCTH, LIEJIOMUYECKas )KUIKOCTh
E. fetida andrei nposiBnsier aHTHOAKTEpHAILHYIO, TEMOJIUTHYECKYIO M TEMarrIIOTHHHPYIOTYIO
aKTUBHOCTb. JTH ACHCTBHUS B OCHOBHOM OIIOCPENOBAHBI JBYMS O€lKaMHU, Ha3bIBAGMBIMU
¢ernaunamu (Lassegues et al., 1997).

Y nusBoK 0OHapyKeHa COOCTBEHHAS JTH30IMMOIION00HAsT aKTHBHOCTB IS IeCTaOMIIas3kl,
HECKOJIBKO M30()OPM KOTOPOH COCTABIISIIOT CEMEHCTBO OCIIKOB, XapaKTEPU3YIOIIEEeCs] aKTHUB-
HOCThIO nm3onmMa (Baskova et al., 2001). Kpome Toro, B )KHpOBBIX KJIETKaX MUSBOK OBLT
oOHapyxeH Oenok, obnanaroluii 0aKTepHOCTaTHYECKOW aKTHBHOCTBIO, MPUHAJUICKAIIHNA
K ceMeiicTBy reMapuTpuHoB (Salzet et al., 20006).

AnTnvmukpoOHbIe renTuasl (AMII) B oTmmdane oT 6€1IKOB UMEIOT MEHBIIYIO JTHHY T10-
nunentuaHou nenu (Menee 100 aMHHOKHCIIOTHBIX OCTATKOB) M €IMHYIO JUIS BCEX IIMCTEHH-
crabumusnpoBaHHeIX AMII CTpyKTypHYIO CHTHATYpy B BuAe Yy-MoThBa (Yeaman, Yount,
2007). s Bcex AMII xapakrepHbl Takue (U3MKO-XMMHUUECKUE CBOMCTBA, Kak aMmdunaTiy-
HOCTh M KaTHOHHBIM XapakTep, o0ecleunBalone ux onoaornyecknue GyHKINN, a IMEHHO:
€CTECTBEHHYIO aHTHOAKTEpPHAaIbHAs AKTUBHOCTh, XeMOTAKCHC UMMYHHBIX KJIETOK, UMMYHO-
MOJYJISIIIMIO, HEUTPAIM3ALUIO SHIOTOKCHHOB, Y4acTHE B pEereHepaliii HEpBHON CHCTEMBI
(Salzet et al., 2006). AMII musBOK OBUTH BBIIEIEHBI U3 YETHIPEX reMaTo(aroBBIX BHIIOB:
TPEeX MEAUIUHCKUX MUABOK Hirudo medicinalis, H. verbena u H. nipponica, NATarOmuXCs
KPOBBIO NPENMYIIECTBEHHO TEIUIOKPOBHBIX KUBOTHBIX, U MusiBKa Theromyzon tessulatum,
NapasuTUpyIoIas Ha BOJOIUIaBAlOmKX ntuiax. [lepseiM anHeanaHbIM AMII ObLT JIOM-
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OpuriH, momydeHHbId U3 Lumbricus rubellus (Cho et al., 1998). IToxe cxomusrit AMII
6611 BhIsIBICeH y nusiBok (Schikorski et al., 2008). B HacTosiee BpeMst IMEIOTCSI CBEJICHUS
o mectu AMII, 0OHapyKEHHBIX y MUABOK: TepOManuH, TepomusuH, nentua B (Tasiemski
et al., 2004), neiipomannn, momOpuiue (Schikorski et al., 2008) u rupynomannn (Ding
et al., 2019).

Poas AMII B HMMYHHOM OTBeTe

Kak Obu10 mokazano Beinie, AMII sIBISIFOTCSt 4acThIO BPOXKICHHOTO HMMYHHOTO OTBETa
1 UTPAlOT BAXHYIO POJIb B IIEPBOIl JIMHUM 3aIIUTHl OT MUKPOOPTaHU3MOB, JIOKAIH3YSCh,
B OCHOBHOM, B 3IIUTEIHAIBHBIX TKAHAX BHEIIHHUX ITOKPOBOB U KUIIeYHHKA. [TenTuisr MoryT
OBbITh MH/TyIUOCITLHBIMHU WJIM KOHCTUTYTUBHBIMHU, OHU HeCTIeIM(HYHbBI U PEarupyroT JI0 TOro,
KakK IIPHOOPETeHHBI NMMYHHBIH OTBET OBbLT MHUIIMMPOBAH, OHU HE TEHEPUPYIOT UMMYHHYIO
HaMsITh, OHH HE SIBJISIIOTCS KATATUTHYECKUMHU, HO 00ECIICUMBAIOT IKOHOMHUIO KJIETOK, OyIy4n
Menkuma 3¢dexropasivu Monexynamu (Wiesner, Vilcinskas, 2010).

B nononHeHne K uX NpsIMOM aHTUMHUKPOOHOM akTHBHOCTH, HeKoTopble AMII oGnanator
Pa3NUYHBIME UMMyHOMoRyaupyoommmu ¢yHknusmu (Afacan et al., 2012).

Bot HexoTopble M3 Hanbosee BaXHBIX U3 HAX:

1) Xemotakcudeckast akTUBHOCTE: AMII neficTByIOT mpsIMO Kak XeMOATTPaKTaHT, CIIO-
COOHBIN TIPUBIIEKaTh IMMYHHBIC KJICTKH K MecTy nHpekimn. KocBeHHBIM 00pa3zom AMII
WHIyIUPYIOT SKCIIPECCHIO MUPOKoro crekrpa xeMoknHoB (Mookherjee, Hancock, 2007).

2) AHTHPHIOTOKCHHOBAS aKTHBHOCTE: AMII 0051amatoT crmocoOHOCTHIO TOABIATE BBIPa-
0OTKy MHJIYIIMPYEMBIX SHJIOTOKCHHOM MPOBOCIIAJIUTEIBHBIX MEIUATOPOB, TAKNX KakK (hakTop
Hekpo3sa omyxonu anbda (TNF-0), myTem OIOKHPOBaHUS HIIM MOAYJSIIMHA CUTHATIBHBIX MyTeH
tor-oro0OHoro perenitopa (Bowdish, Hancock, 2005).

3) AuddepennnpoBka UMMyHHbIX KieTok: AMII, no-BuauMOMy, HaNPSIMyO HHIYIH-
pyIOT mporecchl TuGPEPEHINPOBKE W aKTHBALNK KJIECTOK, COCITUHSS BOCIUHO 3JIEMEHTHI
BPOXKAEHHOTO M IpruodpereHHoro nmmynurera (Davidson et al., 2004).

4) 3aKuBJICHUE PaH U AHTHOTEHE3: 3)KUBIICHUE PAH BKITIOUAET MOBTOPHBIN POCT AIUTEIH-
QJIBHBIX CJIOEB M 00pa30BaHKE HOBBIX KPOBEHOCHBIX cOCYI0B (aHrnoreHes). AMII nefictByror
HETIOCPEJICTBEHHO Ha AMUTENUAJIbHBIE U YHJI0TEIINAJIbHBIE KIIETKH, BbI3bIBAsI PEITHTEIIM3ALHIO
n anruorere3. AMII Takxe KOCBEHHO MHIYLUPYIOT 3aKUBIICHHE paH Onaronaps CBOMM
xemotakcuueckum >ddexram (Wu et al., 2010).

Braromaps »THM MUMMYHOMOZYIHPYIONINM U aHTHOAKTepHATbHBIM cBoiicTBam, AMII
SIBISIFOTCS] OTVIMYHBIMH KaHAWAATaMU JUIs JIe4eHHsT MHPEKIHUH, TaK KaK OHU MOT'YT KOHTpPO-
JUPOBATH BOCMAJIICHUE B MECTE 3apaKCHUSI.

Pa3nooOpa3ue aHTUMHUKPOOHBIX MENTH/IOB.
CtpykTypa u cBoiictBa AMII nusiBok

Otkpeitre nepBeix AMII B Haganme 1980-x romoB OBUTO MHOTOOOCIIAOIIAM TSI pa3-
paborku HOBbIX anTHOMOTHKOB (Hultmark et al., 1983) u pemenns npoGnem, CBSI3aHHBIX
C MHO)KECTBCHHOH JIEKapCTBEHHOHN YCTOIUYMBOCTBIO MAaTOTEHHBIX OakTepmii (Afacan et al.,
2012). C tex mop BBISICHHIOCH, YTO B *kMBOW npupone AMII Berpedarorcsi HOBCEMECTHO,
OT MPUMHUTUBHBIX OPraHU3MOB 10 Miekonuraromux. Kak okazanock, MHorue AMII ¢uio-
TeHETHYeCKN ONM3KHM, YTO TPEIIOI0KNATEIBHO YKa3bIBAET HA UX IBOJIIOIMOHHYIO KOHCEp-
BaruBHOCTb (Pasupuleti et al., 2012). BonbimacTBO n3BecTHBIXx AMIT HMerOT HU3KYIO0 MO-
nexynsapayto Maccy (2—50 x/a). OcHoBHBIe XapakTepucTuku AMII ocHOBaHBI Ha TOM, YTO
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OHH TIPEICTABIAIOT cO00U (1) MOJEKYINBI CyMMapHOTO MOJOKHUTEIBLHOTO 3apsaa (0OBIYHO
oT +2 110 +9) u3-3a OOJIBIIOTO KOJIMYECTBA TTOJIOKUTEIBHO 3apSDKCHHBIX aMUHOKHCIIOT, TAKUX
KaK JIM3WH ¥ apriHAH, (2) aM(punaTnieckue MOJNEKYIbl, CTaOMIbHBIE KaK B BOTHBIX, TaK U
ruapodoOHbIX pacTBopax (Zasloff, 2002).

Y AMII BreIsiBICHO 4 TUNA BTOPUYHEBIX CTPYKTYp: (1) o-cmmpans, (2) P-ckimamdarsiii
auct (3) cmech B-HCTOB U o-criMpalield u (4) JTuHelHas win ciiy4yaiiHas crpykrypa (Zhang
et al., 2014). Oxrako GompmECTBO AMII, HaXomsCh B pacTBOpe B CBOOOMHOM (opme He
MIPOSIBISIFOT 0COOO0M CTPYKTYPBI M NPUHUMAIOT OKOHUYATENIbHYI0 KOH(GOPMAIMIO MpPU B3aH-
MOJIEHCTBUHU ¢ MeMOpaHOH.

AMII cuHTE3UpYIOTCS B OCHOBHOM B IIOBEPXHOCTHBIX TKAHAX, TAKUX KaK SIUTEINN KOXKU
WM KHIIICYHHUKA, JICTKUE WK SPUTPOLIUTHL. DTH MEenTUIbl CuHTe3upyroTcst B 100 pa3 Obictpee,
YeM MMMYHOIIOOYJIMH, ¥ IIPYU HM3KMX METa0OJMYECKUX 3aTparax, a TakKe MOTYT B Kaue-
CTBE pe3epBa HAKAIUIUBAThCS B KJIETKaX U BHICBOOOXKIATHCSI, KOT/IA KJIETKH CTUMYJIHPYIOTCS
rpu koHTakTe ¢ natoreHamu (Nissen-Meyer, Nes, 1997). Takum o6pazom, AMII siBisitoTcs
OBICTPBIM HeCTIENN(UISCKIM CIIOCOO0M OOPHOBI ¢ MHUPOKUM CIIEKTPOM MHKPOOPTAHU3MOB.

[To maHHBIM MEXAyHapoaHOW 0a3bl aHTUMHMKPOOHBIX nentuaoB (APD) 3a mocnennue
30 jer W3 pa3HBIX HMCTOYHHUKOB OBLIO BBIAETICHO Ooiee 3250 aHTUMUKPOOHBIX MENTHIOB
(mannble Ha 02 oxTsa6ps 2020 ).

Onnoxerounble npon3BosiT AMII B KadecTBe cTpaTrernu peryisnud YACICHHOCTH
COOCTBEHHOH MOMYJALMH, a TaKkKe ATl OOpHOBI ¢ APYTMMH MHUKPOOPTraHU3MaMH, KOHKY-
PUPYIOIIMMH C HUMH 33 MPOCTPAHCTBO M NHIIEBBIE PECYpChl cpeibl. B HacTosiee Bpems
m3BecTHO 391 AMII, U3 HUX OCHOBHYIO MacCy COCTABISIOT OaKTepHOIMHEI (OaKTepHaTbHBIC
AMII), u3 apxeid Beigeneno 5 AMII, u3z nporuct — 8 u 20 AMII nony4ens! u3 rpuOkoB
(http://aps.unmc.edu/AP/main.php). MexanusMm ux ASHCTBHS pa3HOOOpPa3eH W BKIOYACT
nopoo0Opa3oBaHue, HyKJI€a3Hyl0 M MENTHIOTIMKAaHA3HYI0 aKTHBHOCTb, HHTEP(EPEHINIO
C YHEPreTUYECKUMH TIpolieccaMy M MHIMOMpOBaHWEM CHHTe3a Oenka u pernukanun JJHK.
I'paMoTpHIIaTeTFHBIMEI OaKTEPUSAMH MPOTYIUPYIOTCS KOTHIUHB! (25-80 k/la) n Mukpomm-
Hel (<10 x/a). K GakrepuonuHam, NpoaylHpyeMbIM IPaMIIOIOKUTEILHBIMU OaKTEPHIMHU,
OTHOCSITCS JIMHEHHBIC M TIOOYIIpHBIC TaHTHONOTHKH (<5 k/la), menTuapl 6e3 JTaHTHOHWHA
(<10 x/la) u BbIcCOKOMONEKYAApHBIe TenTuabl (> 30 x/{a).

Pactenus BripabateiBaroT HeOombmme 6orarbie pcterHoM AMIT (360 AMII o maHHBIM
APD), KoTOpbIE BBIABICHBI BO BCEX OpraHax, HO OOJIbIIEE MX KOJIMYECTBO HAKAIUTUBACTCS
B HapyxHoM cioe (Nawrot et al., 2014). bonbmmacTBO pactutenbHbix AMII umeror mo-
nexynsapayto Maccy oT 2 1o 10 x/la. K HUM OTHOCSTCS THOHWHBI, NeH()ECHHBI, ITUKIOTH-
Jibl, HOTTHHOIOMO0OHBIE AMII, a Taxke P-OapuiIMHBI, AKTUBHBIC TOJBKO MPOTUB I'PHUOKOB.
Tronunsl, ne)eHCUHBI U MUKJIOTH/IBI, KaK OBIIO MMOKa3aHO, 00J1alaeT IPOTHBOOITYXOIEBOH
AKTHBHOCTBIO.

JKMBOTHEIEC SBISIFOTCS HanOosee BaKHBIMHM M IEPCHEKTUBHBIMU TpoayuneHTamu AMIT
(2396 npotus 360 u3 pacrenmii mnm 358 u3 O6akTepuit).

Y HacekoMbIX KOHCTHTYTHBHBIE AMII HakamIMBaroTCs B KJIIETKaxX KPOBHU U CIFOHHBIX JKe-
Je3ax, U B IPUCYTCTBUHM MUKPOOOB cekpeTupytorcst B remonumpy. Maaynmposannsie AMIT
CHHTE3UPYIOTCS Mocie MUkpoOHoit nadpekunu (Bulet, Stdcklin, 2005). B nacrosiiiee Bpems
M3BECTHO OOJIBIIIOE KOJIMYECTBO Pa3sHOOOPa3HbIX MO cTpyKType u aeiictBuio AMII, npony-
LUPYEMbIX HACEKOMBIMH (HaIPUMEP: IEKPONHHBI HAIIPABJICHBI IIPOTHUB TPAMOTPHULIATEIBEHBIX
OakTepuii, rpHOKOB, BUPYCOB, a TaKkKe 00J1aJal0T MHCEKTHIIUIHBIM U POTHBOOITYXOJIEBbIM
JelictBueM; Ne(EHCHHBI aKTHBHBI MPOTHB TPAMIOIOKUTEIBHBIX OAKTEpUil; APO3OMUIINH
o0JaiaeT MOIHOM POTUBOIPHOKOBOI aKTHBHOCTBIO; TAHATHH IPOSIBIISIET aHTUMUKPOOHYIO
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AKTHUBHOCTB B OTHOIICHUH YCTOHYMBBIX K MHOKECTBY JICKAPCTBEHHBIX CPECTB KIMHNYECKNX
u301TOB E. aerogenes u K. pneumoniae; anniaeiid AHCTBYET IPOTUB TPAMOTPHLIATEIBHBIX
OakTepuil; MeYHUKOBEHH — IIPOTUB IPAMIIOIOKHUTEIBHBIX OaKTepHi, IPHOOB U HACEKOMBIX;
WHCEKTULMAHAS aKTUBHOCTH BBISBIICHA y aTTallMHA M CApKOTOKCHHA) U OTPOMHOE Pa3HOO-
Opasue gpyrux AMIL

Y BOIHBIX OECIIO3BOHOYHBIX 0OHAPYKEHO OOIBIIOE pa3HOOOpa3ne MEeNTHI0B, 00Ta1ar0-
IMX B OCHOBHOM aHTHOAKTepHATHHOW W MPOTHBOTPHOKOBOH akTWBHOCTHIO (Ponnappan
et al., 2015). IlenTtuasl, TOTyYEHHBIE U3 MOPCKHX OPTaHHU3MOB, CIIOCOOHBI BBIICPKHUBATH
BBICOKHE KOHLIEHTPALUK COJIH, II03TOMY OHH MOTYT MMETh BHICOKYIO BEPOSTHOCTH ycCIexa
pu (U3HONOTHYECKUX KOHIEeHTpanusax coimu. K auM otHOCsaTcss AMII Mopckux ry6ox
(IMCKOIEPMUHBI, TATMLIIMHAPAMHUIBL, TEOHSIUIAMHIbL, IUKIOIUTU3HABI M (JOPHOCIIOHTHHBI),
Mely3, KOpaJuIoB U APYTrUX KHUAAPHUi (ypeuHbl, THAPAIN3UHBI, CTHOIH3UHEL), MOJUIFOCKOB,
BKJTIOUAS TOJIOBOHOTHX (MHTHITYC, MUTHJIMH W MULIAIMHEL), PAKOOOPa3HBIX (TIEHAdIHUHBI, Kal-
JIMHEKTHHBI, aCTAlUIHBI, TAXUIUIE3HH U TaXUCTATHHBI), MOPCKHUX 3B€31 (CTPOHI'MOIOLUHBI)
U KOJIBYATBIX YepBell (IeJUCTHH, IePUHEPHH, apEeHULNH, MALUHBI).

Ha cerogasamamii 7eHb B MEXIYHAPOIHBIX 0a3axX 3aperuCTpUpoBaHO mopsaka 20 AMII,
OMOXMMHYECKH BBIACICHHBIX U3 8 BHIOB IPECHOBOAHBIX aHHENH], BKIIOYas 4 MHUSABOK.
[lepBev anHenmuaaeiM AMII 6501 OGOTaTHIN MPOTMHOM JTIOMOPHUINH-1, BRIICICHHBINA H3
noxneBoro uepss Lumbricus rubellus (Cho et al., 1998), a 3atem ero aHamor ObIT HaiiieH
y msiBok (Schikorski et al., 2008). TpexmepHasi CTpyKTypa JTIOMOPHUITIHA MTPEICTaBICHA Ha
puc. 1. Mexanu3m aefictBus moMOpunnH-1ono0HEIXx AMII 1o cux mop He ommcansl. Mx
AQHTUMHUKPOOHAs aKTUBHOCTh OTHOCHTEJIEHO HE BEJIMKA. DTO ITO3BOJISIET MIPEIIIONOKHUTD, YTO
3alUTa OT IMATOTEHOB HE SBISETCS OCHOBHON OMOIOTHYECKON (BYHKIMEH JTIOMOpHIIMHA.

1 - 10 T RN 20 R NN S0 IR R 40 : & e oo e
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Secondary structure: —RAAAARA——ARAAAAAAA —AAA—AAA - -

g BT ow 0 S )
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Pucynoxk 1. TpexmepHast Mozelib TIOMOpUIIMHA MEAUIMHCKOM TusiBku Hirudo medicinalis,
norydennas ¢ nomounsto Phyre2 (Kelley et al., 2015) Ha ocHOBE aMHHOKHMCIIOTHOIT
nocjuenoBaresibHoCTH, TpancaupoBanHoi u3 k/IHK EU156756.

Figure 1. Three-dimensional model of lumbricin from the medicinal leech Hirudo medicinalis
obtained with Phyre2 (Kelley et al., 2015). The reconstruction was based on the amino acid
sequence translated from cDNA EU156756.
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CrenyromuM OTKPBITHEM OBUIN /IBA Pa3HBIX MENTHIA U3 NTHYbEeH HUABKU 1. tessulatum:
tepomusuH (aHnoHHBIH AMII) u Tepomanun (karnonnsiii AMII) (Tasiemski et al., 2004).

TepoMu3uH sIBISIETCS JIMHEHHBIM MOJUIENTUAOM, COCTOSIIUM U3 86 aMHHOKHCIIOT-
HBIX OCTaTKOB. B TpeTHMYHOH CTPyKType 3TOro MenTHja HPUCYTCTBYIOT TPH O-CIIHpaN
(puc. 2). D10 mepBBIil aHUOHHBIH AHTUMHUKPOOHBIA MENTH]I, OIMCAHHBINA y Oecro3BOHOY-
HBIX. TepOMU3HH MPOSIBISET aKTUBHOCTb, HANIPABICHHYIO IMPOTUB I'PAMIOIOKUTEIbHBIX
Oaxtepuii (Tasiemski et al., 2004). CuHTe3 monumenTHIa HAOTIOMACTCS UCKITIOUYUTEIHHO
B (hy3HOM TKAHM, COCTOSIICH U3 KPYITHBIX )KUPOBBIX KIIETOK, PABHOMEPHO PacIpe/ielIeHHBIX
B TeJI€ NHUSBKU M KOHTAKTHPYIOIIHX C [IEJIOMUYECKUMH TTOJIOCTSIMU. YPOBEHb TPAHCKPHITLHN
TEPOMH3HHA y MHUSBKU PErYJIUPYETCs UMMYHHBIM CTUMYJIOM U TIOBBIIIAETCS MIOCIIE IpHeMa
MUK WA OaKTepUalIbHOTO 3apaxkeHus. Kpome Toro, TepoMU3MH OblJI UMMYHO/IETEKTHPOBAH
B LEIOMUYECKON JKUIKOCTH U KumedHoM srutennn (Tasiemski et al., 2004).

: : w 2 O S ., > o o : » . ® .
T OHHHDHGHDDHEHEELTLEKI KEKI KDYADKTPVDQLTERVQAGRDYL L GKGARP SHLP ARVDRHLSKLTAAEKQELADYLLTFLH
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Pucynok 2. TpexMepHast MozieNIb TEpOMU3UHA NTHULCH MUSABKY Theromyzon tessulatum,
pexoHcTpynpoBaHHas ¢ nomompio Phyre2 (Kelley et al., 2015) Ha ocHOBe aMHHOKHCIIOTHOH
nocienosarensHocTH (MedGen UID: 265817).
Figure 2. Three-dimensional model of theromyzin from the bird leech Theromyzon tessulatum,
reconstructed with Phyre2 (Kelley et al., 2015) basing on the amino acid sequence (MedGen UID:
265817).

TepomanuH TpPUHAAICKHUT K CEMEHCTBY MAI[MHOB, BIIEPBHIC MACHTH(MHUIIMPOBAHHBIX
y ntuubpnx nusBok (Tasiemski et al., 2004). ManuHBI TIPEICTaBISAIOT COOOH CeMeHCcTBO
kaTroHHBIX AMII, Gorareix mcrenHoM. OHU UMeroT o0 MotuB CSof, Takke Xapak-
TEPHBIN IS 1e)eHCHHOB OECIIO3BOHOYHBIX M TOKCHHO-IIOOOHBIX MENTHIOB, HalCHHBIX
y ckoprioHoB (Jung et al., 2012). [IpexcTaBuTeny 3TOro ceMEeNUCTBa MENTHUAOB OBLIH OITMCAHBI
y usiBok Theromyzon tessulatum (Tasiemski et al., 2004) u Hirudo medicinalis (Schikorski
et al., 2008). O0e NUSIBKU SABJISIOTCS SKTOMAPA3UTHUECKUMH TeMaTodaraMu mo3BOHOYHBIX.
B otmmame ot medeHcHHOB, ManuHBI 00MagaroT HelpoTpodudecko u mponudepaTHBHON
AKTHBHOCTBIO B JIONIOJHEHHE K MX OakTepuuunHomy 3¢ ¢exry (Schikorski et al., 2008; Jung
et al., 2012). AMII mManuHOBOTO psiZia MPEACTABISIIOT COOOM TOBOJBHO JUIMHHBIC M CIIOXK-
HBIE MOJIEKYJIbI, B COCTaB KOTOPBIX BXOIAT He MeHee 60 ocrarkoB. TperuyHas cTpykTypa
MallMHOB OPraHM30BaHa B y3JIOBATYIO CKJIJIKy B COOTBETCTBHHU C PACIIOIOKEHUEM LIUCTEH-
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HOBBIX CBSI3€H, @ MOJIEKYJISIDHBIE TIOBEPXHOCTH IETTHIOB pa3/iesIeHbl Ha JBa THAPO(GOOHBIX
ToJTyIapust Graroziaps oJI0CO0OpPa3sHOMY pacIpeieICHHIO MONIOXKHUTENBHBIX 3apsanoB (Jung
et al., 2012). KoncepBaTHBHBIMU CTPYKTYPHBIMH OCOOCHHOCTSIMH IIETITHIOB MAallMHOBOTO
ceMelicTBa SABJSAIOTCA JOMOJHUTENbHAS O-CIIUpaib B N-KOHIIEBOM MOJIOKEHUU (puc. 3 u 4)
U JIBE JUTMHHBIC THOKHE NETiH (MOKa3aHbl B BUJC CTPEIIOK).

A
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Pucynok 3. TpexMepHble MOAEIH JBYyX TEPOMAIMHOB, PEKOHCTPYHPOBAHHbIE ¢ momolibio Phyre2
(Kelley et al., 2015). 4 — Tepomauunn ntuubeid nusaBku Theromyzon tessulatum (aMUHOKHCIIOTHAS
nocnenoBaresnibHocte AP01556). 5 — Tepomannt MeauuHcekol nusBku Hirudo medicinalis
(amunOKucnotHbI TpaHcaaT K AHK EU16497).

Figure 3. Three-dimensional models of two theromacins reconstructed with Phyre2 (Kelley et al.,
2015). A4 — theromacin of the bird leech Theromyzon tessulatum (amino acid sequence AP01556).
B — theromacin of the medicinal leech Hirudo medicinalis (amino acid translate of cDNA
EU16497).

Tepomarasl 006enx THABOK cocTosT u3 75 a. o. (Tasiemski et al., 2004; Schikorski
et al., 2008). Ha puc. 3 mokazaHbl OTKPHITBIC IIUKIMYECKUE CTPYKTYPhl TEPOMAIIMHOB W3
NITHYbEH U MEANIIMHCKON MHSABOK (pHC. 34 1 35 COOTBETCTBEHHO), KOTOPbIE MMEIOT CXO/HbIE
9JIEMEHTHI B TPETHUYHBIX CTPYKTypax, HECMOTpPsl Ha 8%-HyI0 pPa3HUIy B aMHHOKHCIOTHBIX
MTOCIIEIOBATENBHOCTIX. B oTimmume oT Apyrux mucrenH-0oratbix AMIT 6ecrno3BOHOYHBIX,
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TEPOMAIMHBI MHSIBOK MMEIOT APYrod HaOOp AUCYIb(OUIHBIX MOCTHKOB M3-3a OONBIIETO
konnyectBa ocrarkoB nucrenHa (Bulet, Stocklin, 2005). TepoMalHbl MPOSIBISIOT aHTH-
MHUKPOOHYIO aKTMBHOCTb B OTHOIIEHHM I'PaMIOJIOKUTEIbHBIX Oakrepuil (B. megaterium
n M. luteus) (Jung et al., 2012) u HuU3KyI0 aHTHOAKTEPHATIBHYIO AaKTHBHOCTH IIPOTHB I'pa-
MOTpHIATeNbHBIX npoTeobakrepuit (E. coli) (Tasiemski et al., 2004). Ix anTuMuKpoOHas
AKTHBHOCTH CHIDKACTCS C YBEJIMUCHUEM KOHILIEHTparmu conieit (Jung et al., 2012), uto MOkeT
CBUJIETEJILCTBOBATh O HAJIMYMU TEPOMALIMHOB HUCKIIOYUTENBHO y MPECHOBOAHBIX MUSABOK.

Hefipomarus (puc. 4), BBIICICHHBIN 3 MEIUIIMHCKON MHSIBKH, COCTOHT U3 59 a. 0. 1 Ha
CETOHSAIIHIN IeHb ABISETCA CaMbIM KOpOoTKUM AMII MartiiHOBOTO psima. DTOT MENTHI UMEET
o01ryro cxemy crpoerus ¢ Apyrumu AMIT manmHoBOTO psifa. HefipomarivH BeipabaThiBaeTCS
HelpoHaMu 1 00J1a1aeT BEICOKOI aKTHUBHOCTBIO B OTHOIICHUH TPAMITONIOKUTENBHBIX OaKTepuii
(Schikorski et al., 2008). B omnune ot TepoMariiiHa B IEpBUYHON CTPYKType HeHpoMarHa
COIEPIKUTCS YETHIPE OCTaTKa THCTHIMNHA, YTO MOBBIIIAET €r0 AHTUMHUKPOOHYIO aKTHBHOCTH
B cllaboIIesIouHol cpene. B jononHenne Kk aHTHOAKTepHaabHbIM CBOMCTBAM HEHPOMAIMH
JICUCTBYET KaK MPOMOTOP PEreHepaTHBHOIO Ipoliecca IeHTpaibHoi HepBHOU cuctemsl (LTHC)
musiBkU. O6men3BectHO, uTo [[HC KombuaTsIx 4epBeid, BKITFOYast MHABOK, B oTnaue ot [IHC
JIPYTUX JKABOTHBIX, 00JIaaeT CIIOCOOHOCTHIO JOBOJIBHO OBICTPO PETeHEPHPOBATH HEHPUTHI
U CHHAIITUYECKUE CBS3M, KOTOPBIC MOCJIE TPaBMbl BOCCTAHABIMBAIOT HOPMAJIbHYIO (PyHK-
nuto. ConIacHO dKCHEPUMEHTAIbHBIM JAHHBIM, PET€HEPaTUBHBIN MPOLECC Y METULIMHCKON
MMUSBKA YCUIIMBACTCs OakTepraibHON MH(EKINeH, a HHIYKINS pereHepaui HOpMalIbHON
¢yakonu [THC B 3HAYNTENHHON CTENEHH 3aBHCUT OT OTHOBPEMEHHOTO HEHPOMMMYHHOTO
orsera (Schikorski et al., 2008).
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Pucynok 4. TpexmepHast Mozienb HelipoManHa MUSABKU Hirudo medicinalis, peKOHCTpYUpPOBaHHAS
¢ nomourpio Phyre2 (Kelley et al., 2015) Ha 0CHOBE aMHHOKHCIIOTHO# TOCIIE0BATEIBHOCTH
AP02025.

Figure 4. Three-dimensional model of neuromacin from the leech Hirudo medicinalis reconstructed
with Phyre2 (Kelley et al., 2015) basing on the amino acid sequence AP02025.
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Taxkum oOpaszom, Tepomanu u3 1. tessulatum (Tasiemski et al., 2004), HefipoMarua u
tepomanud u3 H. medicinalis (Schikorski et al., 2008) BEITONHSAIOT HECKONBKO (DyHKITHIA,
BKJTIOYas 3alUTy OT MAaTOT€HOB BHEITHEH cpejibl, oOecTeueHne KUIIEeYHOTo cuMOnocTas3a 1
MMMYHHYIO 3allIUTY, @ TAK)K€ Y4aCTBYIOT B PETeHEpPAIMU ITOBPEKACHHOI HEPBHOIN CUCTEMBI.

HenasHo B CIIFOHHOM jKejie3e a3Marckoil remarodaroBoit nussku Hirudo nipponica
Ob11 0OHapyxeH HoBbIH AMII rupynomaiyH, mociaenoBaTeIbHOCTh KOTOPOrO COCTOUT U3
61 amuHOKHCTOTHBIX ocTaTkoB (Ding et al., 2019). 'mpynomManuH cOOepX HUT 8 OCTaTKOB
LUCTENHa, 00pa3yomux 4 1ucyab(GUIHBIX MOCTHKA, U CTPYKTYpHO AEMOHCTPHPYET HaH-
OosbIliee CXOJCTBO C WICHAMH CEMeiicTBa MAIMHOB. BomoposaHble CBSI3M CTAOMIN3NPYIOT
KOH(OpMaLUIO IUPpyAOMalHa ¢ 00pa30BaHMEM BTOPUYHBIX CTPYKTYP, TAKHX KaK (L-CITUPab
U B-muct (puc. S5). 3penblid NONUIENTH]] TPOSBISIET aHTUMUKPOOHOE JISHCTBHE NIMPOKOTO
CHEKTpa MPOTHB I'PAMIOIOKHUTEIBHBIX U TPaMOTPUILIATENbHBIX OakTepuil. CuHTE3 Tupy-
nomanuHa 'y Hirudo nipponica akTUBHPYETCSl Ha CTaJWU MUTAHMUSA B MPUCYTCTBUU KPOBH
TTO3BOHOYHOTO XO3SHHA.
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Pucynok 5. TpexmepHast Mojieb TUPYIOMAIMHA MUSBKU Hirudo nipponica, mpencka3aHHas
¢ nmomotrsio Phyre2 (Kelley et al., 2015) Ha 0cHOBe aMUHOKHCIIOTHOM MOCIIEIOBATEIIBHOCTH,
TpanciuposanHoi n3 K IHK MH686152.

Figure 5. Three-dimensional model of hirodomacin from the leech Hirudo nipponica predicted
with Phyre2 (Kelley et al., 2015) basing on the amino acid translate from cDNA MH686152.

Hpyram cemetictBom AMII, GoraThIX ICTEHHOM M 00HAPYKEHHBIX Y aHHENU], SBISCTCS
BRICHOS, nepBbIM y4acTHHKOM KOTOPOTO ObLT apEHUIIMH, BBIJICICHHBIN U3 LETOMHYECKON
KHUJIKOCTH MOPCKO# monmuxeThl Arenicola marina (Ovchinnikova et al., 2004). B HacTostiiee
Bpemst jomed BRICHOS onucan s npenmectBeHHUKOB Takux AMII, kak anbBUHEIAUH
n kanuresranuH (Tasiemski et al., 2014), a taxxe nukomunuH (Panteleev et al., 2018).
Bropu4Has cTpykTypa OOJBIIMHCTBA MENTHIOB STOI0 CEMEHCTBA XapaKTepU3yeTCsl Hall-
YueM [-IIMWIBKH, CTA0OMIN3UPOBAHHON OIHUM HIIM JIByMSI AMCYJIB(UIAHBIMH MOCTHKaMHU
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(Tasiemski et al., 2014), ogHako mMeroTCs cBeAeHUs 0 HaxoxaeHuu gomeHa BRICHOS
B COCTaBe INPEIIECTBEHHUKOB a-crupaibHbiXx AMII, B cTpyKType KOTOPBIX OTCYTCTBYIOT
B-mmunbku (Panteleev et al., 2018).

benku-npenmectBeHHUKN 3TUX AMII yyacTBYIOT B OCHOBHOM B XEMOTAKCUCE KJIETOK.
Nmerores ceunetenscTsa Toro, yto BRICHOS yuacTByeT B ClI0KHOM MOCTTPAHCIIALIUOHHOM
IIPOLIECCUHTE OENKOB U (PyHKIIMOHUPYET KaK BHYTPHMOJIEKY/SPHBIN IIAIlepOHHBINA TOMEH,
KOTOPBI MOXKET CBS3bIBATh MOTHBBI -IINMIEK U NPEIOTBPAIIATh UX CaMOarperamuio ¢ 00-
pa3zoBannem ammtonHbIx Guodpuint (Tasiemski et al., 2014). IpucyrcrBue nomena BRICHOS
MOYKET OBITH HBOJIOIOHHO OOYCIOBICHHOW aganTarieil MUABOK, 00eCIICUHBAIONICH KOp-
pexTHoe cBopaunBaHue UX AMII B 3KCTpeMasbHBIX YCIOBHSX, HAIPUMEP IPH HEJOCTaTKe
KHCIopoaa (TUIIOKCHU) U TePMUYECKHUX HarpysKax.

MexaHu3M JelicTBUA

OcHoBHble usnueckue coiictBa AMII — kaTHOHHBII 3apsii ¥ 3HAYUTEIbHAS JIOJIS
ruapodoOHBIX ocTaTkoB. [lepBoe CBOMCTBO CIOCOOCTBYET CENEKTHBHOCTH OTPUIATEIHHO
3apsUKEHHBIX MUKPOOHBIX IUTOIIA3MaTHYECKMX MEMOpaH 110 OTHOLICHHIO K I[BUTTEPH-
OHHBIM MEMOpaHaM MHOTOKJIETOYHBIX, TOIJ]a KaK BTOPOE CIIOCOOCTBYET B3aHMMOJICHCTBHIO
C alMIIBHBIMU TETIAMH KHUPHBIX kucioT (Lohner, 2001).

Mmuorue nuseitasie AMII He cTpyKTypHpOBaHBI B BOJHOM PAacTBOpE M TPeOyIOT MeM-
OpaHHOMW Cpefbl AJIsl MPUHSTHSI CTabWwIbHOW amdunaruyeckoll koHpopManuu. XoTs Mexa-
HU3M Aerctust MHOTHX AMII BKitodaeT B ce0st pa3Hble crocoObl HAPYIICHNUS [EJIOCTHOCTH
OaKkTepuaIbHON LUTOIIA3MaTHYECKOM MeMOpaHBbl, CTAJIM U3BECTHBI U JIPyrHe aHTUMHKPOO-
HBIE MEXaHNU3MBbI, KOTOPbIE HAIEJICHBI Ha KITFOYEBbIE KJIIETOUHbIC IIPOLIECCHI, BKIIIOUAsi CHHTE3
JHK wu Genxa, yxinanky Oenka, pepMEHTATHBHYIO aKTHBHOCTh M CHHTE3 KJICTOUYHOH CTCHKH
(Brogden, 2005; Nicolas, 2009). JleiictBurenbHo, kKaTnoHHBIE cBoiicTBa AMII criocoGcTByIOT
B3aUMOJICHCTBHIO C OTPHUIATEIBHO 3apsUKEHHBIMH ()parMEHTaMH APYTUX OMOMOJIEKYIT, TAKHX
Kak JIMIU/IbI BHEIIHEH MeMOpaHbl, HyKJICHHOBBIE KUCJIOTH U (POCOpHINPOBaHHbBIC OCIIKH.
VY MHOUIUPOBAHHOTO )KUBOTHOTO MOYKET OJHOBPEMEHHO BBIACIATHCS HECKOJIBKO H30(opM
WINA CTPYKTYpHO cXOonHBIX AMII, KOTOpbIE JEHCTBYIOT C MOMOIIBIO Pa3HBIX MEXaHW3MOB
JUTS TOCTHIKEHUsI ob1iero cuaeprerudeckoro 3¢ ¢dexra (Mangoni, Shai, 2009). Kpome toro,
Hekotopele AMIT MOTyT MMETh HECKOJIBKO BApHAHTOB ACHCTBUSA (CTpAaTETHsl MHOKECTBEHHBIX
TIOTIa/IaHNH ), YTO TOBBIMIACT UX 3()(HEKTHBHOCT M CIIOCOOCTBYET YKJIOHCHUIO OT MOTCHIH-
QJIBHBIX MEXaHM3MOB PE3UCTEHTHOCTH.

Taxum oOpazom, AMII mo MexaHH3MY NEHCTBUS MOXKHO YCJIOBHO Pa3/leiNTh Ha JBa
KJ1acca: MeMOpaHoakTUBHBIC (membrane disruptor) u BHeMeMOpaHOaKTHBHBIE (non-membrane
disruptor) (Huerta-Cantillo, Navarro-Garcia, 2016); 1 B TOM 1 Ipyrom ciiyyac U3Ha4aIbHOM
LEJIBIO SIBJISICTCS B3aMMOJIEHCTBHE C IUIa3MaTHUECKOH MeMOpaHOH MOCPEACTBOM 3JIEKTPO-
CTaTHYECKHX 3apsi/IOB.

[lentunel, pazpymaroniye MeMOpaHy, COCTABIISIIOT MOAABIISIONIEE OONBIINHCTBO, U MHO-
THe U3 HUX MMEIOT O-CHHPaJIbHbIE CTPYKTYPbI, KOTOPhIE HEIIOCPEACTBCHHO JIEHCTBYIOT Ha
YPOBHE IU1a3MaTHYeCKOH MeMOpaHbl, U3MEHSISI TPOHUIIAEMOCTD KJICTOK HJIH JIN3UPYS KIETKU
TTOCPEICTBOM 00pa3oBaHus mop. MemoOpanoakTuBHbIe AMII MOXHO TTOIpa3aenuTh Ha JIBE
IPYIIIBl B 3aBUCUMOCTH OT MX OMOJIOTMYECKOH aKkTHBHOCTH: (1) CEIEeKTHBHBIC, KOTOpbIC
AKTHBHBI B OTHOIICHUM OAaKTEepPHUH, HO HEAaKTUBHBI B OTHOIIECHUH KJIIETOK JKUBOTHOTO, U (2)
HECEIICKTUBHbIE, KOTOPBIE 00JIa/Ial0T AKTUBHOCTHIO B OTHOIIEHUH OOOMX THIIOB KJIETOK.

MexanusM JeictBus o-crnupaibHbix AMII onpenensercs cienyOUUMU dTanaMu
(mo: Huerta-Cantillo, Navarro-Garcia, 2016):
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1. Dmexrpocrarnueckoe csa3piBanue AMII ¢ pochomumuoamu MmeMOpaHBI.

AMII pacnonaratorcsi Ha MeMOpaHe Tak, YTOObI UX IOJIOKHUTEILHO-3aPSKEHHBIE aMU-
HOKHCJIOTBI CIIPSATAICh C OTPULATENIbHO-3apSHDKEHHBIMU ToJIoBKamMu (ocdonunuios. I1o
no3Bossier AMIT ocTaBaTbest mapajulebHO OPUEHTHPOBAHHBIMU Ha MeMOpaHe NMpU HU3KOH
JIOKaJIbHOM KOHUEeHTpauuu nentuja. B takom coctossnun AMII octaroTcsi HEaKTUBHBIMHU.

2. Korna sokanbHasi KOHIEHTpALHS TeNTHA YBEIIMUMBACTCS, Y HEro BOSHUKAET TEHCH-
LSl TPUHUMATh NEePIEeHANKYISPHYIO OPHEHTALNIO 110 OTHOILICHUIO K MeMOpane. B Takom
TIOJIO’KEHUH TETITH]] CTAHOBUTCSI aKTHBHBIM U BHEJPSETCS B MEMOpaHy.

3. Hakonern, BBeICHNE NENTHI0B M3MEHIET MPOHUIAEMOCTD JHUITUAHOTO OHCIIOS, WIN
JIM3KC KIIETOK TIPOMCXOIUT IyTeM 00pa3oBaHusl OPbl 60YKOOOPA3HOI0 THIIA MK HAPYIICHUSI
CTPYKTYPBI TOPOUAAIBHBIX HOP.

AMII, He cBs3aHHBIE ¢ MeMOpaHaMH (BHEMEMOpaHHBIC), HCIIONB3YIOT Pa3sHOOOpPa3HEIC
MeXaHHU3MBI ICHCTBUS, CPEAN KOTOPHIX: CBSI3BIBAHKE ¢ HYKJIenHOBBIMHU KuciaoTamu (JIHK mmm
PHK), BMemarenscTBo B CHHTE3 HYKJICMHOBBIX KHCIJIOT, HHTMOMPOBaHUE CHHTE3a OEJIKOB,
MHruOMpoBanue (pepMEHTATUBHOM aKTUBHOCTh, MHTHOMPOBAHUE CHHTE3a KJIETOYHON CTEHKH,
MIOBPEKACHUE KJIETOK B Pe3yJbTaTe HAKOIUICHHS NENTHIOB BHYTPH KICTKH, (IOKYJISAIHS
BHYTPHKJIETOUHBIX KOMIOHEHTOB, CTPYKTYpHBIE U3MEHEHHE B IEPEropoJKax M OIOKHpO-
BaHHME HEKOTOpBIX (akropoB BupyiaeHtHocTH (Brogden, 2005; Nguyen et al., 2011), uto
TIO/IABIISICT ITOJBIYKHOCTD OAKTEPUU MJIM CHUXKAET €€ MaTOreHHOCTh, TEM CaMbIM I103BOJISIET
KOHTPOJIMPOBAThH 3apa)KEHHE.

[Tomumo cBoOEi TpsAMON aHTUMUKPOOHOH akTuBHOCTH, AMII MOTYT BBRITIONHATE (QyHK-
MO 3aIMThI OPraHU3Ma MUSBKH C IOMOILBI0 KMMYHOMOAYJIMPYIOLIUX MEXaHH3MOB (Zhang,
Gallo, 2016), TakuX KaK XeMOTaKCHYECKast aKTHBHOCTb, IIPUBJIEKAIOIIAs UMMYHHBIE KJIETKH;
MOJYJISIINST 9yBCTBUTEIBHOCTH KJICTOK IHSBKU K JINTAH/aM TOJUI-TIOJOOHBIX PEENTOPOB;
CTUMYIISLMSA aHTHOTEHE3a MPU PEreHepaliy MOBPEXKAEHHBIX TKAaHEH, TUKBUIAINN OYaroB
BOCIIAJICHHs, 00pa30BaHKUMU pyOlla U APYTUX MOJOOHBIX MPOLECCaX BOCCTAHOBICHHMS; MOMLY-
JISIIMSL OKCIIPECCUH IPOTHBOCIIAIUTENBHBIX IMTOKMHOB MIIM XEMOKHHOB.

Oco0yrto postb AMIT nrpatot B KauecTBe BpOXKICHHBIX PETYIISITOPOB B KUIIeYHUKE (Muniz
et al., 2012). Kumeunsrii snuTeniii mogBepraeTcs BO3ISCHCTBUIO MHOKECTBA MaTOTEHOB,
nostomy suj0reHHbie AMIT HeoOX0AMMBI 3/1eCh YIS 3AIUThI OT YY)KEPOJHBIX BHEIPEHHI
u uH(peknuii. CtaHoBUTCSI BCe Oonee oueBUaHbIM, yT0 AMII (hopMHPYIOT COCTaB KOMMEH-
CaJIbHOH MHUKPOOMOTHI M TIOMOTAIOT MOAJEP)KUBATh KUIIEYHBIH TOMEOCTa3 y MHUSBOK U HE
tonpko (Tasiemski et al., 2015). Dxcnpeccuss AMII cTporo KOHTPOIHPYETCS BOBICUCHHEM
PELenTOpOB pacio3HaBaHUsA 00Pa30B, M X HAPYIICHHE CBSI3aHO C aHOMAIbHBIMU PEaKIMAMHU
opranuaMa Ha MH(EKIHIO ¥ BOCHAIUTEIbHbIC 3200JICBaHUS KUIICUHHKA.

MexaHu3Mm JeHCTBUS MAllMHOB, KaK M ApYruX KaTMoHHbIX AMIIL, BKiltoYaeT noBblllieHue
MIPOHUIIAEMOCTH MEMOpPaHBI TPAMIOJIOKHUTEIBHBIX OAKTepHil, a TakKe 00pa3oBaHUE TMOP
(Boidin-Wichlacz et al., 2012). bnarogapsi cTpyKTypHbIM 0COOSHHOCTSIM M JBOHHOMY aM(u-
MaTHYECKOMY JICHCTBHIO (J1Ba THAPOPOOHBIX TOJIYLIAPHS, 3a)KaThIX MOSICOM TOJIOXKUTEIBHBIX
3apsI0B), MALMHBI CIIOCOOCTBYIOT arperauu 0akTepyii, a 3aTeM IPOHHUIAIOT OAKTEpUATbHYIO
MeMOpaHy. B mononHeHne K aHTHOAKTepHAIbHON aKTHBHOCTH HEHPOMAIMH M TEPOMAIuH
YUYacTBYIOT B pereHepanyy HepBHBIX BoJokoH (Jung et al., 2012; Schikorski et al., 2008).
VY meauuuHckod nusBku H. medicinalis TepOMalyH BBIIENSETCS B KPOBb, OKPYKAIOILYIO
HEpPBHYIO CUCTEMY, a HEHPOMAIIMH TIPOILYIUPYETCsS HEPBHBIMHU KJIETKAMH M HAKAIUTMBACTCS
B MMOpakKeHHOM YYacTKe IeHTpaibHOI HepBHOH cuctemsl (Tasiemski, Salzet, 2010), Torna
KaK TEPOMAalMH NTHYbeil NUBKU 1. fessulatum dKCIPECCUPYETCsl B KPYIHBIX KUPOBBIX
KJIETKaX M cpasy K€ BBICBOOOXKIAETCS B LIEJIOMHUUECKYIO JKUAKOCTh IOCe HHPEKINH HiH
TTOBPEXKICHUI TICHTPabHON HepBHOI cucteMsl (Jung et al., 2012; Tasiemski et al., 2004).
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IIpumenenne AMIT

CrpyKkTypHBIE U QYHKIIHOHAIBHEIE XapakTepucTuku AMII, a Takke Takue MX CBOWCTBA,
KaK HA3Kasi TOKCHYHOCTD JUIS 3YKaPHOTHUECKHUX KIIETOK, ITMPOKUH CIEKTp AeHCTBHS IPOTHB
Pa3IMYHBIX MAaTOT€HHBIX MHKPOOPTaHM3MOB M MMMYHOMOAYIHUpYIomue 3(h(eKTsl AenatT
AMII neHHBIMH TepaneBTHYSCKUMHE 1 TpodruiakTdeckumu arearamu (Dubin et al., 2005).
HecmoTtpst Ha TO, YTO OCTAIOTCSI HEKOTOPBIE OrpaHUYEHUs, KOHTPosIb ypoBHS AMII moxeT
MIPEACTABIATh COOO0M BaXKHYIO MapagurMy AJsl JICUCHUS MIMPOKOTO CHEKTpa 3a00jaeBaHUM
YeJIOBEKa M )KUBOTHBIX.

Koceennbie gynkmmn AMII, ogHO# M3 KOTOPBIX SIBISETCS MX ydacTHE B (POPMHpPOBaA-
HHUM COCTaBa KOMMEHCAJIbHOW MHKPOOHMOTHI KMBOTHBIX M YEJIOBEKA, TOKE MHTEPECHBI JUIS
MIPAaKTHYECKOT0 IPUMEHEeHUs B MeaunuHe. Hapymenne cTabniIbHOCTH MUKPOOHOMa MOXKET
TIPUBECTH K CEPbE3HBIM ITOCIIEACTBUSIM [UIS 3710POBbS, BKIIIOUast O’KHPEHHE, PELUINBUPYIOIINE
MH(EKINH ¥ TaKUM 3a00JIeBaHUSM, KaK CHHAPOM BOCHAJIEHHOTO KUIIEYHUKA U aTONTUYECKUN
nepmaruT. Kak oka3anock, 3a4acTylo NMEpEYHCICHHBIE CUMIITOMBI KIMHUYECKN CBSI3aHBI
¢ e eKTHRIMA aHTHOAKTEPHUATFHBIMIA MEXaHU3MaMH, B YaCTHOCTH C Ae(pumTom neeH3nHOB
(Zhang, Gallo, 2016). N30sITOunBI cuaTe3 AMIL, B CBOIO OYepenb, MOXKET HHUITMHPOBATH
BOCTIAJINTENbHBIC 3a00neBanms. Takue 3a001eBaHNs KOXKH, KaK IICOPHA3 U po3aliea CorpoBo-
JKTAlOTCS MTOBBIIEHHBIM ypoBHeM dkcripeccnn AMII karenumuouna (Zhang, Gallo, 2016).
YuureiBast posib NENTUIOB B KAYECTBE MOIYJIITOPOB BPOXKIEHHOI'O HMMYHHOTO oTBeTa, AMII
MOTYT OBITh IMOTEHINAIBFHO MPHUTOIHBI A1 pa3pab0OTKH MMMYHOMOIYIHPYOIIUX METO0B
JIEYEHUs WU JJIs1 KOPPEKIUHU MOZOOHBIX HAPYIICHUH.

OcHoBHOM nHTEpeC, MposBiseMblid kK AMII, cBsi3aH ¢ EPCIEKTHBOM MX UCIIOIB30BAHUS
B Ka4€CTBE KapAWHAIGHO HOBBIX NPOTHBOMH(EKIIMOHHBIX CPE/ICTB CIEAYIOLIETO TIOKOJICHHS 1
HOBBIX METOJIOB Ooliee n30uparenbHol OOpBOBI ¢ TTATOT€HAMH, YTO, HECOMHEHHO, BYKHO JIJIS
penreHus o0IIeveoBeUecKuX MpoliieM, CBI3aHHBIX CO CHIDKEHHEM d(P(PEKTHBHOCTH OOBIY-
HBIX aHTHOHMOTHKOB M3-32 BO3POCIIEH JIEKapCTBEHHON YCTONYHUBOCTH MMATOTCHHBIX OaKTEPHIA.
MexaHu3M, ¢ OMOIIBI0 KOTOPOTO AEHCTBYIOT 3TH HENTH/IbI, OYEHb 3aTPyAHSICT BHIPAOOTKY
YCTOWYMBOCTH OaKTEpHUH, YTO OTKPBHIBAET MHOTOOOCIIAIONIYI0 MEPCIIEKTUBY MPUMEHEHHUS
AMII B kagecTBe Ooyilee CTOWKHX TEPANeBTHUECKHUX areHTOB. BakHBIM IPEUMYIIECTBOM
AMII sBasieTcss OTCYTCTBHE Y MUKPOOPraHM3MOB MEXAaHU3Ma HACJEACTBEHHOW mepeayu
YCTOHYHMBOCTH K HUM; B OTIIMYHE OT TPATUIMOHHBIX aHTHOMOTHUKOB, mpuMeHeHne AMII
B JIeUeOHBIX IENIX He BIUSCT Ha €CTECTBEHHYIO MuKpodiopy manueHToB (Afacan et al.,
2012). Eme oganm rurrocom AMIT siBIsieTCst BX CIIOCOOHOCTh PaclO3HABATh ONPEIeIeHHBIC
THITBI TUIA3MAaTHYECKIX MEMOpaH, 1 3Ta CEIEKTHBHOCTH MO3BOJIAET UM AU PEepeHIIPOBAHHO
pacno3HaBaTh HOPMaJIbHbIE KJICTKH, KJIETKH HE3JI0Ka9€CTBEHHON OITyXOJIM 1 KJIETKH 3JI0Kade-
CTBEHHOU omyxoiH, motoMmy AMII MOTYyT OBITh HCITOIB30BAHBI B JICUCHHH OHKOJIOTHIECKAX
3aboneBannii (Huerta-Cantillo, Navarro-Garcia, 2016).

AMII COOTBETCTBYIOT MHOTHUM TPeOOBaHHUAM (PapMaIleBTHUSCKONW MPOMBIIUICHHOCTH,
CEJIbCKOTO XO3SHCTBA, aKBAKYJIbTYpPBl M NPOU3BOJICTBA NMPOAYKTOB MHUTaHUs. Hexoropsre
AMII yxe Hanmm cBoe mpuMmenenue. AMII 6akrepuii (OaKTepHOLIMHBI) HCIIOMB3YIOTCS IS
MHTUOMPOBAaHMS BaKHBIX NATOTCHOB JKMBOTHBIX, JIIOICH U PaCTeHUIl, B TOM YHCIIE SHTEPO-
TOKCHHOTEHHOH E. coli, pe3UCTEHTHBIX CTA()MIOKOKKOB U YHTEPOKOKKOB, Agrobacterium
u Brenneria spp. (Yang et al., 2014). Hanpumep, GakTepHanbHBI TENTHA HU3UH IIHPOKO
HCIIONB3YeTCsl B Ka4eCTBE OE30ITaCHOTO MUIIEBOTO KOHCEPBAHTA, JUIS COXPAHEHHUS CBEXKECTH
po3 u nedeHus poi0. Jle(heHCHHBI U KaTeTUIUANHBI MICKOTUTAIONINX OKA3aJIHCh aKTUBHBI
MIPOTUB BHpyca mMMyHoneunuTa yenoseka (BUY) n mpyrux BeHepmueckux 3aboieBa-
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Huit (Brogden, 2005). AMII u3 KOXH JATYIIKA 007aJal0T CHEPMHUIMIHON aKTHBHOCTHIO
U MOTYT HallTH NPUMEHEHHE B KaueCTBE HEI'OPMOHAIBHBIX IPOTHBO3a4aTOYHBIX CPEICTB
(Zairi et al., 2009). B pacTeHneBoACTBE Ha 3aMEHY TOKCHYHBIX /IS YEIOBEKa M OKpY’Karo-
mieil cpeabl NeCTULHMIOB IPUXOAAT TPAHCTCHHBIC PACTEHUS, HKCIIPECCHPYIOLINE aHTHMH-
kpoOHbIe nentuabl (Nawrot al., 2014). ManunynupoBanne reHamu, Konupyromumua AMIT
y KpaOoB, KPEBETOK M MU, IIO3BOJISET MOIYYaTh IPUTOAHBIE JUIs KyIETUBHPOBAHHS Op-
TaHU3MEI, Oosiee ycToitunBeie kK 6onesnsaMm (Ponnappan et al., 2015).Yrto xacaercs NHABOK,
UX aHTHKOAryJaupymoliee AeicTBHe ObUIO M3APEBIIe M3BECTHO M J0 CHX MOP HCIOJIb3YeTCs
B THpyAOTepanuu Kak B EBporre, Tak u B A3un (Singh, 2010). B Hamm qam npakTHgeckuit
HHTEpeC K NHUsABKaM Bo300HOBHICA. Kak okaszaioch, B mporecce KpOBOCOCAHUS MUSBKH-
remaro(ary BbIIEISIOT HE TOJIBKO THPYIUH, HO U Jpyrie GHOJIOTMYeCKH aKTHBHBIE BEIECTBA
JUTA TIpeOTBpalieHns koarymsanun u rareHus (Ding et al., 2019). [lenTuas musBOK AMEIOT
MHOTO Ba)KHBIX IIPEUMYLIECTB, Hanooee crieMu(UIHbIM U3 KOTOPBIX SBIISETCS CIIOCOOHOCTD
MIPEoI0TIeBaTh IMMYHHBIA OTBET IIPHU BOCCTAHOBICHNN HEPBHOH cucteMsl (Boidin-Wichlacz
et al., 2012). K npenmymecTBam (apmaneBTHIECKUX pazpadorok Ha ocHoBe AMII musBok
OTHOCATCS OMOXMMHYECKAsk COBMECTHMOCTD € II03BOHOYHBIM XO35IMHOM, HETOKCHYHOCTD JUIS
KOMMEHCaJIbHOI MHKPO(IIOPBL, TEPMOCTAOMIEHOCTD, COJICYCTOWYUBOCTD U LINPOKUH CIIEKTP
AaHTHUMUKPOOHOH akTuBHOCTH (Bruno et al., 2019). HecmoTps Ha pasHOOOpa3ne KU3HEHHBIX
CTpaTeruii, UMEIOHNXCs Y NUABOK (IIapa3UThl/HeIapa3uThl; CIEHUAIHCTh/TeHEePATHCTHI;
9H/IEMUKH/KOCMOTIONIUTHI; SKCTPEMODIITBI/ HEUTPOPHITHI U T.1.), AMII nccnenoBaHbl TOIBKO
y OTPaHWYEHHOTO YHCIJIa TeMaTo(aroBbIX BHIOB, IApasUTHPYIOLIMX Ha MO3BOHOYHBIX. DTO
OTKPBIBAET IIMPOKYIO MEPCIEKTUBY JUIsl IOMCKA HOBBIX, BO3MOXKHO, YHHKAJIBHBIX AMIL.

BIIATOJAPHOCTH

ABtOp BBIpaxaeT O6maromaprocTh Openn Tasmemckn u @pancya Maccomo (MHCTHTYT
[Tactepa, @pannus) 3a HHALNKAINIO U TONACP)KaHHEe WHTEpeca K JaHHOW TeMe.

PaGora BemmonHena B pamkax [ocymapctBenHoro 3amganus 0279-2021-0011 npu ¢punan-
coBoif mognepxkke PODU (rpant Ne 17-29-05097 odu m).

CIIMCOK JIUTEPATYPbI

JluBanoB H. A. 1905. Acanthobdella peledina Grube, 1851. Mopdonorndeckoe UccaeaoBaHne. YUCHbIC 3aTUCKU
Kazanckoro ynusepcutera 72 (5-8): 1-266. [Livanow N. 1905. Acanthobdella peledina Grube, 1851.
Morphological Study. Uchenye Zapiski Kazanskogo Universiteta 72: 1-266. (in Russian)]

Afacan N.J., Yeung A.T., Pena O.M., Hancock R.E. 2012. Therapeutic potential of host defense pep-
tides in antibiotic-resistant infections. Current Pharmaceutical Design 18 (6): 807-819. https://doi.
org/10.2174/138161212799277617

Ageitos J.M., Sanchez-Pérez A., Calo-Mata P., Villa T.G. 2017. Antimicrobial peptides (AMPs): Ancient compounds
that represent novel weapons in the fight against bacteria. Biochemical Pharmacology 133 (6): 117-138.
https://doi.org/10.1016/j.bcp.2016.09.018

Baskova I.P., Zavalova L.L., Basanova A.V., Sass A.V. 2001. Separation of monomerizing and lysozyme activi-
ties of destabilase from medicinal leech salivary gland secretion. Biochemistry 66: 1368—1373. https:/doi.
org/10.1023/A:1013333829196

Beschin A., Bilej M., Brys L., Torreele E., Lucas R., Magez S., De Baetselier P., 1999. Convergent evolution of
cytokines. Nature 400: 627-628. https://doi.org/10.1038/23164

Boidin-Wichlacz C., Vergote D., Slomianny C., Jouy N., Salzet M., Tasiemski A. 2012. Morphological and func-
tional characterization of leech circulating blood cells: role in immunity and neural repair. Cellular and
Molecular Life Science 69 (10): 1717-1731. DOI 10.1007/s00018-011-0897-x

Bowdish D.M.E., Hancock R.E.W. 2005. Anti-endotoxin properties of cationic host defence peptides and proteins.
Journal of Endotoxin Research 11 (4): 230-236. https://doi.org/10.1177%2F09680519050110040801

Brogden K.A. 2005. Antimicrobial peptides: pore formers or metabolic inhibitors in bacteria? Nature Reviews
Microbiology 3 (3): 238-250. https://doi.org/10.1038/nrmicro1098

27



Bruno R., Maresca M., Canaan S., Cavalier J.F., Mabrouk K., Boidin-Wichlacz C., Olleik H., Zeppilli D., Brodin
P., Massol F., Jollivet D., Jung S., Tasiemski A. 2019. Worms’ antimicrobial peptides. Marine Drugs 17:
512. https://doi.org/10.3390/md17090512

Bulet P., Stocklin R. 2005. Insect antimicrobial peptides: structures, properties and gene regulation. Protein and
Peptide Letters 12 (1): 3—11. https://doi.org/10.2174/0929866053406011

Burrell B.D., Sahley C.L., Muller K.J. 2003. Progressive recovery of learning during regeneration of a single synapse
in the medicinal leech. Journal of Comparative Neurology 457: 67-74. https://doi.org/10.1002/cne.10530

Cho J.H., Park C.B., Yoon Y.G., Kim S.C. 1998. Lumbricin I, a novel proline-rich antimicrobial peptide from
the earthworm: Purification, cDNA cloning and molecular characterization. Biochimica et Biophysica Acta
(BBA) Molecular Basis of Disease 1408 (1): 67-76. https://doi.org/10.1016/S0925-4439(98)00058-1

Cooper E.L., Cossarizza A., Suzuki M.M., Salvioli S., Capri M., Quaglino D., Franceschi C. 1995. Autogeneic
but not allogeneic earthworm effector coelomocytes kill the mammalian tumor cell target K562. Cellular
Immunology 166: 113—122. https://doi.org/10.1006/cimm.1995.0013

Cooper E.L., Kauschke E., Cossarizza A. 2001. Annelid humoral immunity: cell lysis in earthworms. Advances
in Experimental Medicine and Biology 484: 169-183. https://doi.org/10.1007/978-1-4615-1291-2 15

Cossarizza A., Cooper E.L., Quaglino D., Salvioli S., Kalachnikova G., Franceschi C. 1995. Mitochondrial mass
and membrane potential in coelomocytes from the earthworm Eisenia foetida: studies with fluorescent
probes in single intact cells. Biochemical and Biophysical Research Communications 214 (2): 503-510.
https://doi.org/10.1006/bbrc.1995.2315

Davidson D.J., Currie A.J., Reid G.S.D., Bowdish D.M.E., MacDonald K.L., Ma R.C., Hancock R.E.W., Speert
D.P. 2004. The cationic antimicrobial peptide LL-37 modulates dendritic cell differentiation and dendritic
cell-induced T cell polarization. Journal of Immunology, 172 (2): 1146-1156. https://doi.org/10.4049/jim-
munol.172.2.1146

de Eguileor M., Grimaldi A., Tettamanti G., Valvassori R., Cooper E.L., Lanzavecchia G. 2000. Different types
of response to foreign antigens by leech leukocytes. Tissue and Cell 32 (1): 40—48. https://doi.org/10.1054/
tice.1999.0085

de Eguileor M., Tettamanti G., Grimaldi A., Congiu T., Ferrarese R., Perletti G., Valvassori R., Cooper E.L.,
Lanzavecchia G. 2002. Leeches: immune response, angiogenesis and biomedical applications. Current
Pharmaceutical Design 9: 133—147 https://doi.org/10.2174/1381612033392198

Dhainaut A., Scaps P. 2001. Immune defense and biological responses induced by toxics in Annelida. Canadian
Journal of Zoology 79: 233-253. https://doi.org/10.1139/z00-196

Dinarello C.A. 2000. Proinflammatory cytokines. Chest 118 (2): 503-508. https://doi.org/10.1378/chest.118.2.503

Ding A., Shi H., Guo Q., Liu F., Wang J., Cheng B., Wei W., Xu C. 2019. Gene cloning and expression of a partial
sequence of Hirudomacin, an antimicrobial protein that is increased in leech (Hirudo nipponica Whitman)
after a blood meal. Comparative Biochemistry and Physiology, Part B: Biochemistry and Molecular Biology
231: 75-86. https://doi.org/10.1016/j.cbpb.2019.02.005

Dubin A., Mak P., Dubin G., Rzychon M., Stec-Niemczyk J., Wladyka B., Maziarka K., Chmiel D. 2005. New
generation of peptide antibiotics. Acta Biochimica Polonica 52 (3): 633-638. http://www.actabp.pl/#File?./
html/3_2005/633.html

Hanusova R., Bilej M., Brys L., De-Baetselier P., Beschin A. 1999. Identification of a coelomic mitogenic fac-
tor in Eisenia foetida earthworm. Immunology Letters 65 (3): 203-211. https://doi.org/10.1016/S0165-
2478(98)00111-4

Hoffmann J.A., Kafatos F.C., Janeway C.A.Jr., Ezekowitz R.A.B. 1999. Phylogenetic perspectives in innate im-
munity. Science 284: 1313-1318. DOI: 10.1126/science.284.5418.1313

Huerta-Cantillo J., Navarro-Garcia F. 2016. Properties and design of antimicrobial peptides as potential tools against
pathogens and malignant cells. Investigacion en Discapacidad, 5 (2): 96-115. https://www.medigraphic.
com/pdfs/invdis/ir-2016/ir1 62d.pdf

Hultmark D., Engstrom A., Andersson K., Steiner H., Bennich H., Boman H. 1983. Insect immunity. Attacins, a
family of antibacterial proteins from Hyalophora cecropia. The EMBO Journal 2: 571-576. https://doi.
org/10.1002/j.1460-2075.1983.tb01465.x

Jung S., Soénnichsen F.D., Hung C.-W., Tholey A., Boidin-Wichlacz C., Hacusgen W., Gelhaus C., Desel C., Pod-
schun R., Waetzig V., Tasiemski A., Leippe M., Grotzinger J. 2012. Macin family of antimicrobial proteins
combines antimicrobial and nerve repair activities. Journal of Biological Chemistry 287: 14246—14258.
doi: 10.1074/jbc.M111.336495

Kauschke E., Pagliara P., Stanbili L., Cooper E.L. 1997. Characterization of proteolytic activity in coelomic
fluid of Lumbricus terrestris (Annelida, Lumbricidae). Comparative Biochemistry and Physiology, Part B:
Biochemistry and Molecular Biology 116 (2): 235-242. https://doi.org/10.1016/S0305-0491(96)00248-9

28



Kaygorodova I.A. 2012. A revised checklist of the Lake Baikal Hirudinida fauna. Lauterbornia 75: 49-62.

Kaygorodova L.A., Bolbat N.B, Bolbat A.V. 2020. Species delimitation through DNA barcoding of freshwater
leeches of the Glossiphonia genus (Hirudinea: Glossiphoniidae) from Eastern Siberia, Russia. Journal of
Zoological Systematics and Evolutionary Research (in press) https://doi.org/10.1111/jzs.12385

Kaygorodova [.A., Dzyuba E.V., Pronin N.M. 2012. Leech-like parasites (Clitellata, Acanthobdellida) infecting
native and endemic Eastern Siberian salmon fishes. The Scientific World Journal 2012: 652827. https://
doi.org/10.1100/2012/652827

Kaygorodova I.A., Sherbakov D. Yu. 2006. Molecular phylogenetic study of systematic position of Baika-
lian oligochaetes in Clitellata. Russian Journal of Genetics 42 (12): 1390—1397. https://doi.org/10.1134/
S1022795406120052

Kelley L.A., Mezulis S., Yates C.M., Wass M.N., Sternberg M.J.E. 2015. The Phyre2 web portal for protein
modeling, prediction and analysis. Nature Protocols 10: 845-858. https://doi.org/10.1038/nprot.2015.053

Lassegues M., Milochau A., Doignon F., Du Pasquier L., Valembois P. 1997. Sequence and expression of an
Eisenia-fetida-derived cDNA clone that encodes the 40-kDa fetidin antibacterial protein. European Journal
of Biochemistry 246 (3): 756-762. https://doi.org/10.1111/j.1432-1033.1997.00756.x

Lefebvre C., Cocquerelle C., Vandenbulcke F., Hot D., Huot L., Lemoine Y., Salzet M. 2004. Transcriptomic
analysis in the leech Theromyzon tessulatum: involvement of cystatin B in innate immunity. Biochemical
Journal 380 (3): 617-625. https://doi.org/10.1042/bj20040478

Lohner K. 2001. The role of membrane lipid composition in cell targeting of antimicrobial peptides. In: Lohner
K., (ed.) Development of Novel Antimicrobial Agents: Emerging Strategies. Wymondham, Norfolk, Horizon
Scientific Press, 149-165

Loker E.S., Adema C.M., Zhang S.M., Kepler T.B. 2004. Invertebrate immune systems — not homogeneous,
not simple, not well understood. Immunological Reviews 198 (1): 10-24. https://doi.org/10.1111/j.0105-
2896.2004.0117.x

Macagno E.R., Gaasterland T., Edsall L., Bafna V., Soares M.B., Scheetz T., Casavant T., Da Silva C., Wincker
P., Tasiemski A., Salzet M. 2010. Construction of a medicinal leech transcriptome database and its applica-
tion to the identification of leech homologs of neural and innate immune genes. BMC Genomics 11: 407.
https://doi.org/10.1186/1471-2164-11-407

Macke E., Tasiemski A., Callens M., Decaestecker E., Massol F. 2017. Life history and eco-evolutionary dynamics
in light of the gut microbiota. Oikos 126 (4): 508-531. https://doi.org/10.1111/0ik.03900

Mangoni M.L., Shai Y. 2009. Temporins and their synergism against Gram-negative bacteria and in lipopolysac-
charide detoxification. Biochimica et Biophysica Acta (BBA) — Biomembranes 1788 (8): 1610-1619. https://
doi.org/10.1016/j.bbamem.2009.04.021

McDougall C., Hui J.H.L., Monteiro A., Takahashi T., Ferrier D.E.K. 2008. Annelids in evolutionary developmental
biology and comparative genomics. Parasite, 15 (3): 321-328. https://doi.org/10.1051/parasite/2008153321

Milochau A., Lassegues M., Valembois P. 1997. Purification, characterization and activities of two hemolytic and
antibacterial proteins from coelomic fluid of the annelid Eisenia fetida andrei. Biochimica et Biophysica
Acta (BBA) — Protein Structure and Molecular Enzymology 1337 (1): 123—132. https://doi.org/10.1016/
S0167-4838(96)00160-4

Mookherjee N., Hancock R.E.W. 2007. Cationic host defence peptides: innate immune regulatory peptides as a
novel approach for treating infections. Cellular and Molecular Life Sciences 64 (7-8): 922-933. https://
doi.org/10.1007/s00018-007-6475-6

Muniz L.R., Knosp C., Yeretssian G. 2012. Intestinal antimicrobial peptides during homeostasis, infection, and
disease. Frontiers in Immunology 3: 310. https://doi.org/10.3389/fimmu.2012.00310

Nawrot R., Barylski J., Nowicki G., Broniarczyk J., Buchwald W., Gozdzicka-Jozefiak A. 2014. Plant antimicrobial
peptides. Folia Microbiologica 59 (3): 181-196. DOI: 10.1007/s12223-013-0280-4

Nguyen L.T., Haney E.F., Vogel H.J. 2011. The expanding scope of antimicrobial peptide structures and their
modes of action. Trends in Biotechnology 29 (9): 464—472. https://doi.org/10.1016/j.tibtech.2011.05.001

Nicolas P. 2009. Multifunctional host defense peptides: intracellular targeting antimicrobial peptides. The FEBS
Journal 276 (22): 6483—6496. https://doi.org/10.1111/j.1742-4658.2009.07359.x

Nissen-Meyer J., Nes LF. 1997. Ribosomally synthesized antimicrobial peptides: their function, structure, biogenesis,
and mechanism of action. Archives of Microbiology 167 (2-3): 67-77. https://doi.org/10.1007/s002030050418

Ovchinnikova T.V., Aleshina G.M., Balandin S.V., Krasnosdembskaya A.D., Markelov M.L., Frolova E.I., Leonova
Y.F., Tagaev A.A., Krasnodembsky E.G., Kokryakov V.N. 2004. Purification and primary structure of two
isoforms of arenicin, a novel antimicrobial peptide from marine polychaeta Arenicola marina. FEBS Letters
577 (1-2): 209-214. https://doi.org/10.1016/j.febslet.2004.10.012

29



Panteleev P.V., Tsarev A.V., Bolosov I.A., Paramonov A.S., Marggraf M.B., Sychev S.V., Shenkarev Z.0., Ovchin-
nikova T.V.. 2018. Novel Antimicrobial Peptides from the Arctic Polychaeta Nicomache minor Provide
New Molecular Insight into Biological Role of the BRICHOS Domain. Marine Drugs 16 (11): 401. https:/
doi.org/10.3390/md16110401

Pasupuleti M., Schmidtchen A., Malmsten M. 2012. Antimicrobial peptides: key components of the innate immune
system. Critical Reviews in Biotechnology 32 (2): 143—171. https://doi.org/10.3109/07388551.2011.594423

Perin J., Jolles P. 1972. The lysozyme from Nephthys hombergi (annelid). Biochimica et Biophysica Acta (BBA)
— Protein Structure 263 (3): 683-689. https://doi.org/10.1016/0005-2795(72)90051-7

Pfeiffer 1., Brenig B., Kutschera U. 2005. Molecular phylogeny of selected predaceous leeches with reference to
the evolution of body size and terrestrialism. Theory in Biosciences 124 (1): 55-64. https://doi.org/10.1016/j.
thbio.2005.05.002

Ponnappan N., Budagavi D.P, Yadav B.K., Chugh A. 2015. Membrane- active peptides from marine organisms-
antimicrobials, cell-penetrating peptides and Peptide toxins: applications and prospects. Probiotics and
Antimicrobial Proteins 7 (1): 75-89. https://doi.org/10.1007/s12602-014-9182-2

Prochazkova P., Roubalova R., Dvorak J., Navarro Pacheco N.I., Bilej M. 2020. Pattern recognition receptors in
annelids. Developmental & Comparative Immunology 102: 103493. https://doi.org/10.1016/j.dci.2019.103493

Quaglino D., Cooper E.L., Salvioli S., Capri M., Suzuki M.M., Ronchetti I.P., Franceschi C., Cossarizza A. 1996.
Earthworm coelomocytes in vitro: cellular features and “granuloma” formation during cytotoxic activity
against the mammalian tumor cell target K562. European Journal of Cell Biology 70 (3): 278-288.

Salzet M., Capron A., Stefano G. 2000. Molecular crosstalk in host-parasite relationships: schistosome- and leech-
host interactions. Parasitology Today, 16 (12): 536-540. https://doi.org/10.1016/S0169-4758(00)01787-7

Salzet M., Tasiemski A., Cooper E. 2006. Innate Immunity in Lophotrochozoans: The Annelids. Current Pharma-
ceutical Design 12(24): 3043-3050. https://doi.org/10.2174/138161206777947551

Sawyer R. 1986. Leech biology and behavior, Vol. II. Feeding Biology, Ecology, and Systematics. Suffolk, Clar-
endon Press, Oxford, 793 p.

Schikorski D., Cuvillier-Hot V., Leippe M., Boidin-Wichlacz C., Slomianny C., Macagno E., Salzet M., Tasiemski
A. 2008. Microbial challenge promotes the regenerative process of the injured central nervous system of
the medicinal leech by inducing the synthesis of antimicrobial peptides in neurons and microglia. Journal
of Immunology 181 (2): 1083-1095. https://doi.org/10.4049/jimmunol.181.2.1083

Silver A.C., Graf J. 2011. Innate and procured immunity inside the digestive tract of the medicinal leech. Inverte-
brate Survival Journal 8 (2): 173—178. http://www.isj.unimo.it/index.php/ISJ/article/view/246

Singh A.P. 2010. Medicinal leech therapy (Hirudotherapy): a brief overview. Complementary Therapies in Clinical
Practice 16 (4): 213-215. https://doi.org/10.1016/j.ctcp.2009.11.005

Sket B., Trontelj P. 2008. Global diversity of leeches (Hirudinea) in freshwater. Hydrobioligia 595: 129-137.
https://doi.org/10.1007/s10750-007-9010-8

Suzuki M.M., Cooper E.L. 1995. Allogeneic killing by earthworm effector cells. Natural Immunity 14 (1): 11-19.

Tasiemski A., Jung S., Boidin-Wichlacz C., Jollivet D., Cuvillier-Hot V., Pradillon F., Vetriani C., Hecht O., S6n-
nichsen F.D., Gelhaus C., Hung C.W., Tholey A., Leippe M., Grotzinger J., Gaill F. 2014. Characterization
and function of the first antibiotic isolated from a vent organism: the extremophile metazoan Alvinella
pompejana. PLoS ONE 9: €95737. https://doi.org/10.1371/journal.pone.0095737

Tasiemski A., Massol F., Cuvillier-Hot V., Boidin-Wichlacz C., Roger E., Rodet F., Fournier 1., Thomas, F.,
Salzet M. 2015. Reciprocal immune benefit based on complementary production of antibiotics by the
leech Hirudo verbana and its gut symbiont Aeromonas veronii. Scientific Reports 5: 17498. https://doi.
org/10.1038/srep17498

Tasiemski A., Salzet M. 2010. Leech immunity: from brain to peripheral responses. In: Séderhéll K. (ed.) Inver-
tebrate Immunity. Advances in Experimental Medicine and Biology. Boston, MA., Springer., Vol 708,
80-104. https://doi.org/10.1007/978-1-4419-8059-5_5

Tasiemski A., Vandenbulcke F., Mitta G., Lemoine J., Lefebvre C., Sautiere P.E., Salzet M. 2004. Molecular
characterization of two novel antibacterial peptides inducible upon bacterial challenge in an annelid, the
leech Theromyzon tessulatum. Journal of Biological Chemistry 279: 30973-30982. https://doi.org/10.1074/
jbe.M312156200

Trontelj P., Sket B., Steinbriick G. 1999. Molecular phylogeny of leeches: Congruence of nuclear and mitochon-
drial rDNA data sets and the origin of bloodsucking. Journal of Zoological Systematics and Evolutionary
Research 37 (3): 141-147. https://doi.org/10.1111/j.1439-0469.1999.00114.x

Tuckova L., Rejnek J., Bilej M., Pospisil R. 1991. Characterization of antigen-binding protein in earthworms
Lumbricus terrestris and Eisenia foetida. Developmental & Comparative Immunology 15 (4): 263-268.
https://doi.org/10.1016/0145-305X(91)90019-U

30



Wiesner J., Vilcinskas A. 2010. Antimicrobial peptides: the ancient arm of the human immune system. Virulence,
1(5): 440-464. https://doi.org/10.4161/viru.1.5.12983

Wu WK., Wong C.C., Li Z.J., Zhang L., Xiang S.X., Cho C.H. 2010. Cathelicidins in inflammation and tissue
repair: Potential therapeutic applications for gastrointestinal disorders. Acta Pharmacologica Sinica 31 (9):
1118-1122. https://doi.org/10.1038/aps.2010.117

Yang S.C., Lin C.H., Sung C.T., Fang J.Y. 2014. Antibacterial activities of bacteriocins: application in foods and
pharmaceuticals. Frontiers in Microbiology 5: 241. https://doi.org/10.3389/fmicb.2014.00241

Yeaman M.R., Yount N.Y. 2007. Unifying themes in host defence effector polypeptides. Nature Reviews Micro-
biology 5: 727-740. https://doi.org/10.1038/nrmicro1744

Zairi A, Tangy F., Bouassida K., Hani K. 2009. Dermaseptins and magainins: antimicrobial peptides from frogs’
skin-new sources for a promising spermicides microbicides-a mini review. BioMed Research International
2009: 452567. https://doi.org/10.1155/2009/452567

Zasloff M. 2002. Antimicrobial peptides of multicellular organisms. Nature 415: 389-395. https://doi.
org/10.1038/415389a

Zhang L.J., Gallo R.L. 2016. Antimicrobial peptides. Current Biology 26 (1): R14-19. https://doi.org/10.1016/j.
cub.2015.11.017

Zhang M., Zhao J., Zheng J. 2014. Molecular understanding of a potential functional link between antimicrobial
and amyloid peptides. Soft Matter 10 (38): 7425-7451. https://doi.org/10.1039/C4SM00907]

THE ROLE OF ANTIMICROBIAL PEPTIDS
IN THE IMMUNITY OF PARASITIC LEECHES (ANNELIDA, HIRUDINEA)

I. A. Kaygorodova
Keywords: parasitic leeches, immunity, antimicrobial peptides
SUMMARY

Antimicrobial proteins and peptides (AMPs), essential components of the immune system, represent
a diverse class of natural molecules produced by all living organisms in response to pathogen attacks.
AMPs can possess a wide range of antibiotic activity against foreign and opportunistic bacteria, fungi,
and viruses. AMPs play an important role in the selection of colonizing bacterial symbionts, which
helps multicellular organisms to cope with certain environmental problems. AMPs are especially
important for invertebrates due to the absence of an adaptive immune system. Although many AMPs
have similar physical and chemical properties (common total length varying from 10 to 100 amino
acids, total positive charge, or high cysteine content), their immunomodulatory activity is specific for
each AMP type. The present review summarizes current state of knowledge on leech immunity, with
emphasis on the special role of AMPs, and indicates the wide variety of primary AMP structures,
which seems to correlate with a variety of life strategies and ecology of ectoparasites.
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B nanHoli pabote mpencTaBieHbl COBPEMEHHbIE MOAXObI ISl MOJICKYIIApHOM quarHoctuku 7heileria
spp. OGHapyKeHHe U JIedeHHe Teilieprno3a — 3a00J1eBaHMs, BBI3bIBAGMOTO STUMHU HPOCTEHIIMMH, SIBIIS-
10TCSL HEOOXOAMMBIM HHCTPYMEHTOM ISt €10 KOHTPOJIs. BaxkHOCTh TOUHOM MaeHTH(HUKALUK BO30yAU-
Telns ISl AMUAEMHOTIOTHUECKHUX HCCIIEOBAHUHM M ANArHOCTHUECKUX IIeIel ONpeensieTcs TAKECThIO
3a00J1€BaHys U PAa3HOI BOCHPHUMYHMBOCTBIO K JICKAPCTBEHHBIM HperapaTaM. JTH paboThl JOJDKHBI
BECTHCh C y4ETOM BHJOCHELM(DUUESCKUX CBOMCTB M IIMPOKOrO pasHooOpasus Bunos Theileria, a Tax-
e 0COOEHHOCTEHl MX MO3BOHOYHBIX X03€B M WIEHHCTOHOTUX BekTOpoB. IlonomHenue 6a3 maHHBIX
CUKBEHCAaMH HOBBIX Theileria sBnsiercst ctumynoMm amst cosnanus [ILIP tecT-cucrem, KOTOpble HaroT
BO3MOKHOCTB OIPEJEIATh OJIHOBPEMEHHO HECKOJIBKO BHIOB U PerucTprpoBars kouHpekuio. Cope-
MEHHBIE CPEICTBA KOHTPOIIS 3 BBISIBIICHUEM U PACHPOCTPAHEHUEM 3a00JICBaHHUs HE BCET/Ia O3BOJIAIOT
BOBPEMS PACIIO3HATh €r0 Ha PAHHUX CTAAUSX, YTO IPH BHICOKOH CKOPOTEUHOCTH OOJIE3HU MOKET IPH-
BOJIMTH K IOTEPSIM B JKMBOTHOBOJCTBE. OTCIOIa BO3HUKAET MHTEPEC K OBICTPBIM M 4yBCTBUTEIBHBIM
METOaM OOHApYKEHUSI Ha PAHHHUX CTAAMSAX PA3BUTHS 3a00IEBaHMS.

KunioueBsie cioBa: Theileria, Teinepnos, KpyIHbBIA pOraTelii CKOT, MOJIEKYJISIpHAsT THAarHOCTHKA

DOI: 10.31857/S0031184721010038

Teiinepuos kpymHoro poraroro ckora (KPC) sBrsieTcst TpaHCMHUCCHBHBIM 3a00JICBaHHEM,
BBI3BIBACMBIM TEHICPHAMH — OOJIMIATHBIMHU MPOCTCHINUMU NApa3HuTAMH, OTHOCSIIHUMHCS
K Ty Apicomplexa, nopsiaky Piroplasmida, cemeiictBy Theileriidae, pox Theileria. Benen-
CTBHE TTOTEPb MOJIOYHOM 1 MSCHOM MPOJYKTUBHOCTH U THOCITH CKOTA - 3TO KpOBemapasuTap-
HOe 3a00JIeBaHNE MOKET HAHOCHTh 3HAYUTENbHBII SKOHOMHUUYECKHUI YIepO KUBOTHOBOJICTBY.

Bosoyautenu Theileria spp. crieliudUyHbI A1 Pa3HbIX BHIOB U MOPAKAKOT KaK IUKHX,
TaK W JIOMAIIHUX JKHBOTHBIX. VICHTUDHUIIMPOBAHO HECKONBKO BUOB Theileria spp., mapa-
3uTHpyromux y kpymnuoro poraroro ckora (KPC): Theileria parva, T. annulata, T. buffeli/
orientalis, T. mutans, T. velifera, T. sergenti, T. taurotragi n T. orientalis. Haubosnee naro-
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TeHHBIMHU BJsTIOTCS 1. parva n T. annulata, KOTOpbIE OTIMYAIOTCS] BBICOKOH JIETATLHOCTHIO
Y MHIYLUHUPYIOT TpaHCHOpMaLnio HHUIMPOBAHHBIX KIETOK JIMM(OILMTOB WK Makpoharos
/ monormToB (Nene, 2016). [Ipyrue BuAbI Teinepuil He BBI3BIBAIOT HEKOHTPOIHPYEMOIt
nposnudepanyu HHPUIUPOBAHHBIX JICHKOIIMTOB, @ BMECTO 3TOTO PAa3MHOXKAIOTCS HIPEHMY-
IIECTBEHHO B MH(UIIMPOBAHHBIX APUTPOLUTAX.

HauOonee naroreHHbIMU BO30YyIUTENSIMH 3a00I€BaHMUSI MEIKUX KBAYHBIX >KUBOTHBIX,
HMMECIOIIMMHU KOHOMUYECKOC 3HaueHue, sBistorcs Theileria lestoquardi (T. hirci), koTopas
BBI3BIBACT 3JI0KAYECTBEHHBIN Teilnepnos oBem, a Ttaxke 1heileria uilenbergi n Theileria
luwenshuni. ITomumo nopox KPC u Menkoro poraroro ckota, K 3TOMY 3a00JICBAaHHIO BOC-
TIPUUMYHBEI TaKKe OyHBOJIBI.

VcToYHNKOM MHBA3KU SIBISIFOTCS] OOJIbHBIE JKUBOTHBIE U TelneproHocutenu. CocTosHIe
HOCHUTENBCTBA JUISl TUPOTUIA3MHUIBI XapaKTEPU3YIOT KaK JJOJITOCPOYHOE COXPaHEHHE Iapa3nuTa
B €T0 X035iMHE. BO3MOXXHOCTD Nepenadn IpyruM Xo3sieBaM depe3 BEKTOPHYI0 HH(EKIHIO ATIs
MOJAePKaHMsI LIUKJIA MIePeadn TaKxKe SBIAETCS ero HeoTheMJIeMo yacThio. Jlonrocpounas
YCTOHYMBOCTH MOAPA3yMEBACT, YTO Mapa3uT MOXKET IOJICPKUBATHCS W PACTIPOCTPAHATHCS
B [T03BOHOYHOM XO3sIMHE, n30eras IMMYHHO# cucTeMbl. CYMTAETCsl, YTO MOCIE 3apayKeHHs
JKUBOTHBIC MOTYT TIOKU3HEHHO OCTaBaThCcsl Hocutessimu Teiepun (de Waal, 1992).

Teiinepro3 BBISBIEH BO MHOTUX cTpaHax 3amanHoi EBpomsl, Asuu, Adpuku, B cTpa-
Hax Cpenneit Asuu. Teppuropust Poccuiickoit denepanuu cuautactes OJIAromoydHOU IO
TeiIlepro3y, ¥ COOTBETCTBEHHO JaHHBIC TI0 PAacIpOCTpaHeHHIO HToro 3aboneanus y KPC
Ha Tepputopun P® orpannuensl. O4aru pacrnpocTpaHeHHs PACIIONOKEHbl B OCHOBHOM Ha
tore Poccun. OgHako BCTBIMIKK Teiiiepruo3a (PUKCHPOBAIM BO MHOTHX pernoHax Poccuii-
ckoii dexaepanuu, B PoctoBckoii odnactu, [larecrane, Ha J[amsHeM BOCTOKe, B MOCKOBCKOM
obmactu u np. (Camoitnosekast u ap., 2015; Bursakov, Kovalchuk, 2019). ITostomy omuen-
Ka CTENCHM PACHPOCTPAHEHHS M CBOEBPEMEHHAsl TMArHOCTHKA WUTPAIOT PEIIAIONIYI0 POJIb
B IIPEJIOTBPAILCHNH CITyyaeB 3a00J1eBa€MOCTH, OCOOCHHO B CBSI3H C YBEJIMYCHUEM M U3MEHE-
HHUEM apeaja paclpoCTPaHEHHs KIICIIEH, KOTOPhIE TIEPEHOCST, B YACTHOCTH, BO3OyAUTENCH
JTAHHOM OO0JIe3HN.

Telinepust Ha Tepputopun PO nepenaercs pa3IuUHbBIMU BHAAMM KJIELIEH, B TOM YHC-
JIe MIKCOOBBIMH KilemaMu Dermacentor reticulatus, D. marginatus, Boophylus annulatus,
Hyalomma anatolicum, H. detritum, Haemaphysalis punctate v H. sulcate (3ydapuHoBa u Jip.,
2017; HoBak u ap., 2019; Florin-Christensen et al., 2009), HananaromuMu Ha )KHBOTHBIX BO
BCEX aKTHUBHBIX (pazax pa3BuTHus. broTornamm 3THX HACEKOMBIX SIBIISIIOTCS CTEITHBIE M MPE.-
TOpHbIE IeTUHHbIE TTacTONIa. [T0CKOIbKY KIIEHH Mepe3nMOBBIBAIOT B IIOMEIICHHSX, TO HE
HCKJIIOYEHA BO3MOKHOCTh 3a00JI€BaHMsI CKOTa TEHIEPHO30M HE TOJIBKO B MACTOMIIHBIN, HO
U B CTOMIIOBBIH neprosi. Ce30HHOCTD U IMHAMHKA TeHIepro3a ONpeAesIIOTCSl BUIOBBIM CO-
CTaBOM M OMOJIOTHIECKUMHU OCOOCHHOCTSIMU NTEPEHOCUNKOB, a TAKKE MOTOAHBIMU YCIOBHSAMH.
MakcuMalbHOE KOJINYECTBO OOJIBHBIX JKMBOTHBIX PETHCTPUPYIOT OOBIYHO B HIOHE-HIONE, YTO
CBSI3aHO C BBICOKOW aKTHBHOCTBHIO MMAaro KJemeH-IIepeHOCUNKOB.

B cBsi3M ¢ MEHSIIOMIMMHUCS YCIOBUSIMH KJIMMAaTa M IMOBBIIICHUEM CPEIHETOI0BOH TeM-
repaTypbl Ha 3emJiie apeas paclpoCTpaHeHUs Kielel cMmemaercs Olmke K ceBepy, 4To
B CBOIO OYEpEb MOXKET YXyAMIaTh B 9THX PErMOHAX 3MU300TOJIOTHUECKYI0 OOCTaHOBKY IO
teineproldy KPC (Tokarevich et al., 2017).

Omnmcansl Tonpko 91 rerorun u ~ 40 BunoB Theileria spp. cpenu ~6000 M3BECTHBIX BHIOB
Apicomplexa, coctapmstomux juiib 0.1% 0T mpeamnosaracMoro 4uciia MpUCyTCTBYIOIINX Ha
3emite BugoB Apicomplexa (1.2—-10 mun.) (Morrison, 2009). B cBsi3u ¢ TakuM OOIIMPHBIM
TeHEeTHUEeCKUM pa3HooOpasueM 7heileria spp. B IPUPOIHBIX MOIMYIISIIAIX HEOOX0ANMA pa3pa-
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00TKa cCTIeIU(IYHBIX aHATH30B WM 30HI0B JJIs reorpadudecku pazHOOOPa3HBIX MO
(Gubbels et al., 2000; Chaisi et al., 2013; Perera et al., 2015). CooTBeTCTBEHHO, IS COBEp-
IIEHCTBOBAHUSI METOZOB MOJICKY/SIPHOI TMarHOCTHUKH C MCIOJIB30BAHHEM YHHBEPCAIBHBIX
MpaifMepoB W/WIIM 30HJI0B, COBEPLIEHHO HEOOXOANMO IONOoHeHue 0a3bl naHHbIX heileria
u Apicomplexa HOBBIMU BHaMHU.

[ToaToMy B laHHOM 0030pe NPEACTABICHBI MOJIEKYJSIPHbIE METO/Ibl, UCIOJIb3yeMbIC
B IIPAaKTHKe MICHTH(HUKALNN Teiliepro3a.

JAuarnocTuka teiijiepuo3a

TpaanuMOHHBIH METO BBISIBICHUSI BO30yIUTENel Y HHQUIIMPOBAHHBIX )KUBOTHBIX MUKPO-
CKOIIMYECKOE MCCIIEI0BaHIE MAa3KOB KPOBH, OKPAIIEHHBIX 110 [ MM3e, MO-TIpeKHEMY SIBIISETCS
CaMbIMH JICIIEBBIM U OBICTPBHIM METOAOM, MCIOJIB3YEeMbIM ISl WACHTH(UKAIMY Napa3uToB
Theileria. MeTon TIOIXOANT YISl BBISIBICHHS OCTPbIX MH(QEKIMH, HO HE Iyl 0OHApYyKEHUs
JKUBOTHBIX-HOCHUTEJEH, Y KOTOPBIX MAPA3UTEMHUSI MOXKET ObITh HU3KOM, MTOCKOJIBKY UX HyB-
CTBUTEIBHOCTh U CIIEUPUIHOCTH orpanmdcHbl (Altay et al., 2008).

OnHaKo, TOMHUMO MPSIMOTO MUKPOCKOITMYECKOTO HCCIIEIOBAHMS, TEHIIEpPHO3 MOKET ObITh
JMarHOCTUPOBaH MyTeM HMICHTU(PHUKALNU MH()EKIMOHHOTO BO3OYIUTENS C TOMOIIBIO Ce-
POJIOTHYECKHMX TECTOB C MCIOJIb30BaHHEM (DIIyOPECIIEHTHBIX aHTUTEN, KYJIBTYPBI in Vitro u
MHOKYJISILIMH KUBOTHBIX, & TAKXKE C TIOMOIIBIO MOJIEKYJISIPHO-IMArHOCTUYECKUX aHAIU30B Ha
6a3ze HykiIenHOBBIX kKucioT (Mans, 2015; Lampereur et al., 2017; Sivajothi, Reddy, 2018;
Gebrekidan et al., 2020).

Ceponornyeckre METObl IMarHOCTHKH — peakius cBs3biBaHus KomrummMmenrta (PCK),
peakuyst nTenbpHoro ceszbiBanms kommummenTa (PACK), peakuuns nmmyHoduryopecteHImu
(PN®) ¢ anTHrEeHOM, IPUTOTOBICHHBIM M3 «TPaHATHBIX TE» WIA 3PUTPOILMTAPHBIX (HOpPM
TeJIepHid, — UCIIONB3YIOT ISl PAHHEH TUATHOCTHUKH CyOKIMHUYCCKHX MH(MEKIUI B MUIe-
MHOJIOTHYECKUX HCCIECOBAHUSAX M YCTAHOBJICHHsI TeiiepuoHocuTeabctBa. OHU OMOTalOT
o0OHapykuTh antuTena K Theileria y BbI3JOPOBEBIIMX KUBOTHBIX HIIH XHBOTHBIX, MPOIIE/I-
[IMX BaKIMHAIMIO, UCIIONb3Ysl AHTUTE€HBl NIM30HTA, IPUTOTOBJICHHBIC B KYJIBTYpEe KIETOK
MICYCHHU IKCIICPUMEHTAILHO 3apa)kKeHHOTo )UBOTHOTO (Burridge et al., 1974). [lepekpecTHbIe
peaKIuy TeHeTHYEeCKH OJIM3KMX BHUIOB WM OclablieHne crenudpuIecknx MIMMYHHBIX OTBe-
TOB MPUBOJAT K HOSIBICHUIO JIOKHOTIOIOKUTEIBHBIX U JIOKHOOTPULATEIBHBIX PE3YJIbTaTOB,
YMEHBIIAIONMX UCIIOJIL30BAHUE HEMPSIMOTO CTaHIAPTHOTO MeTo/a (hIyopeCUpYIOIINX aHTH-
ten (HM®A). PazpaboTka aHTHUTEH-CTIENN(UICCKIX aHAIM30B HE PEIIacT 3Ty MpodiiemMy,
TaK Kak OJM3KOPOJCTBEHHBIE BU/BI MOT'YT MMETh aHAJOIMYHBIC aHTUIeHBL. TeMm He MeHee
JIMIIEHHBIE BEICOKOW CIIEIM(UUHOCTH CEPOIOTHIECKUE aHAIM3bI OCTAIOTCS Ba)KHOH COCTaB-
JISIFOLIEH B DITUIEMHUOJIOTUUECKHUX UCCIIEIO0BAHHSX 32 CUET CBOCH AKCIPECCHOCTH M MPOCTOTHI
(Li et al., 2020). TTosToMy TIpOAOIDKAIOT pa3padaTkiBaTbC HOBBIE MMMYHOJIOTHYECKHE Me-
TOJBI, TIpeanararomue Oosee ObICTpEIC, Ooyiee TyBCTBUTENBHBIE U OoJee crenupuIHbe
BapHaHThI, YeM TPAJAUIUOHHBIC METOJbI, XOTS MPsIMas UMMYHOJIOTUYECKas TUArHOCTUKA
Mapa3uTapHBIX AHTUTECHOB B TKAHHU XO3SMHA BCE eIl OTCYTCTBYET.

MoutekyJsipHasi AMarHOCTHKA Teiiepno3a

Mertozpl ooHapyxenust Theileria spp. Ha OCHOBE HICHTU(DHUKAIIMK HYKICMHOBBIX KHCIIOT U
UX aMIUTN(UKALHN SBISIOTCS HanOoee 4yBCTBUTENILHBIMH, CIICLIM(HIHBIMH, HaJICKHBIMU 1
JOCTYITHBIMH B HACTOSILIEE BPEMs. DTH METO/bI OBICTPBI, CBOOOJHBI OT UMMYHOKOMITIETEHTHO-
CTH Y MO3BOJISIFOT Pa3inyaTh MOP(OIOTHISCKH CXOIHBIX ITapa3uToB. MONIEKyISIpPHBIC METOIbI
C YJIy4LIEHHOI YyBCTBUTEIBHOCTBIO M CIIEHU(DUYHOCTBIO, HATPUMEP aHAIU3 THOPUAN3AIIH
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JHK, nomumepasnoii nenHoit peaxrmu (I1LP) u ee Mogndmkanmii, 00ecIieunBarOT NETEKIINIO
uHpekuu B CKpbITOi (haze 3aboneBanus. KoimuecTBo TakKMX JANArHOCTHYECKUX aHAJIN30B,
LIEJIBI0 KOTOPBIX SIBIISIETCS! BBISIBJICHUE CHENU(PUUYECKUX T€HOB U BHJIOB, SKCIIOHEHIIMAIBHO
Bo3pacraet (Criado-Fornelio, 2007). [list GONBIIMHCTBA YKOHOMUYECKH BaXHBIX Theileira
spp., Takux kak T. annulata, T. equi, T. lestoquardi, T. parva, T. uilenbergi n apyTux,
MEHee OIaCHBIX BUJIOB CYIECTBYET IIMPOKUH CIIEKTP IUArHOCTHYECKUX TECTOB,UEMY CIIO-
COOCTBOBAJIO CEKBEHUPOBAHKE ICHOMOB TIPEJICTABUTENCH psina Bo3Oynuteneit: 1. orientalis
Shintoku (Hayashida et al., 2012), 7. equi WA (Kappmeyer et al., 2012), 7. annulata Ankara
(Pain et al., 2005) u 7. parva Muguga (Gardner et al., 2005) (maHHBIE TEHOMOB JTOCTYITHEI
B OaHKe JJaHHBIX MHPOILIa3M, KOTOpBIH siBisiercst yacTbto Eukaryotic Pathogen Bioinformatic
Resource (EuPathDB) http://eupathdb.org).

Junst obnapyxenust Theileria spp. y TO3BOHOYHBIX U KJICLICH-X035€B OIMCAHO HECKOJIBKO
BapuanToB aHanu3oB [IL[P u I[P B peamsHOM BpeMeHH, KOTOpbIE O0Jiee TyBCTBUTENBHBI,
YeM MHUKPOCKOIIMYECKUI METOJI M B 3aBUCUMOCTH OT MUILIEHU M pa3Mepa reHa MOy T [103BO-
JIMTH BBIIOJIHUTH MJICHTU(HKAIMIO HA YPOBHE poja mwin Bunaa. Tecr-cucremsl it Theileria
spp. Ha 6a3ze JJHK ocHOBaHBI Ha CIEAYIOLINX METOAAX: KIACCHYECKasi, WM TPAIULHOHHAS
[P ¢ mocnenyromum 31ekTpodopeTnuecknuM aHanmm3oM araposnoro rens (Bishop et al.,
1992; Pienaar et al., 2011; Wang et al., 2018), pnoxxennass-PCR (Odongo et al., 2010), mysib-
turutekcHas [1LP (Kundave et al., 2018); I[P B peanmpHOM Bpemenu (Jeong et al., 2003;
Kim et al., 2008; Sibeko et al., 2008; Pienaar et al., 2011b, 2014); [1LIP-ananu3 B pearsHOM
BpemeHH ¢ ncnonb3oBanreM SYBR green (Pienaar et al., 2013); ITIP-mommmopdusm mmmH
pectpukionsbix ¢pparmentoB (ITL[P-IT/IP®) (Bishop et al., 1992; Geysen et al., 1999;
Heidarpour Bami et al., 2009; Zaeemi et al., 2011); I1L{P ¢ nocienyromumM TO4€UHBIM
OJIOTTHHIOM, KAlWJLIAPHBIM HJIHM CJIOT-OJOTTHHIOM M FHOpHIM3aLUel C UCIIOJIb30BAHHEM
pannon3oTomHO-MeueHBIX 30H10B (Bishop et al., 1992; Allsopp et al., 1993; Collins et al.,
2002; Skilton et al., 2002) win XeMHJIIOMUHECIICHIUEH (THOpUAM3AIMS METOIOM 00pat-
noro Onorrunra [TIIP-RLB) (Gubbels et al., 1999; Schnittger et al., 2004); netneBas u3o-
tepmuaeckas amromudukanus (Loop mediated isothermal amplification, LAMP) (Alhassan
et al., 2007; Thekisoe et al., 2010; Wang et al., 2010; Salih et al., 2012; El-Ashker et al.,
2015; Shirozu et al., 2020); aHanu3bl HA OCHOBE PE30HAHCHOM mepenayn sHeprun dopcerepa
(Forster resonance energy transfer - FRET) (Chaisi et al., 2013; Perera et al., 2015; Yang
et al., 2014) u aHaMM3 KPHUBBIX IUIABICHUS ¢ BEICOKUM pa3pemicaneM (HRM-ananms, High
Resolution Melting) (Salim et al., 2013; Wang et al. 2020).

MosekyIsipHble METO/IbI BBISIBIISIIOT TEHOMHBIH MaTepuall apa3uToB (yKa3bIBalOT Ha IPH-
CYTCTBHE HMX JKUBBIX (DOPM Y )KHUBOTHOTO B MOMEHT O0TOOpa Mpood) sABISIOTCS 3P PEKTHBHBIM
HMHCTPYMEHTOM HAOJIIOCHHMS 32 30POBbEM JKHMBOTHBIX M BBISBICHHS PA3IMYHbBIX 3200JICBaHMIL.
Mertoapl, HaunHast oT TpaauuuoHHou TP no BiroxenHoi-I1LP u no IILP B peansHOM Bpe-
MEHH, TI03BOJISIIOT YJIYUIIUTh YyBCTBUTEIBHOCTb, IOCTOBEPHOCTh KOJIMYECTBEHHOM OLEHKU U
MOBBICUTH CKOPOCTh 0OHapyskeHust. [Ipu aTom Takue merosp! kak RLB, aHanu3bl ¢ ncrnoss-
30BaHHEM PE30HAHCHOU Iepenaqn sHepruu nmaH-dopcrepa U aHAIN3 IUIABICHHS C BBICOKHM
pa3pelIeHneM TapaHTHPYIOT BBISBICHHE MHOXKECTBA BUJIOB MJIM T€HOTUIIOB OJHOBPEMEHHO.

KoMmruiekcHbIe TOX0/IbI /ISl ISTeKTUPOBaHHUsI, HAIIPUMEDP, HECKOJIbKUX BUIOB Theileria
spp. wiu Babesia spp. oqHOBpeMeHHO B omHOM ananu3e (Allsop et al., 1993) unrepecHsl
TEM, 4TO MO3BOJISIFOT O0XOAUTHCS Oe3 POBeACHMS He3aBUCHMBIX peakimii [TLP mist kaxmoro
B030ynuTens 3aboneBannsa. Meroq RLB, nanpumep, o0beaunseT ponocnenudpuanyro TP
¢ ruOpuaM3aKei ¢ MeMOpaHOCBS3aHHBIM BUAOCTICIIM(DUYHBIM OJIMTOHYKICOTHIOM JUIs TU(-
(epeHIMaTLHOTO 00HAPY>KEHNUS U3BECTHBIX BUNOB Theileria spp. u Babesia spp. Ha ocHOBe
WX pa3NIniui B mocienoBarenbHOCTAX reHa 18S cyoremuaumsl pPHK (Gubbels et al., 1999).
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[P ananu3 Ha OCHOBE MpOduIeHi B peaTbHOM BPEMEHH UMEET NMPEHMYIIECTBO B TOM,
YTO U3MEHEHHE 30H 30H/1a MOXKET ObITh YCTAHOBIICHO 110 Pa3IMYMsIM B IPOQHIISIX [LIABICHUS,
KOTOPbIE MOTYT OBITh CBSI3aHBI C T€HOTHIIMYECKUMH WM BUAOBBIMH pasinuusiMu. Kpome
toro, [1LIP B peasibHOM BpeMeHHU NO3BOJISIET 1aTh KonuyecTBeHHY10 oueHky JJHK, ykazpiBas
JIOJTEO KXKJIOTO pojia WM BUAa B JaHHOM oOpasue (Bott et al., 2009).

Merop nerieBoii nzorepmudeckoit ammutrdukarn LAMP jyis paboTsl B H30TepMUUECKHX
ycaoBusIX (B anana3one temrneparyp ot 60 1o 65 °C) u 6e3 HCIoIb30BaHus ClIEHHATU3UPO-
BaHHOTO 00OPYIOBAaHMS MOXET OBITh IPHUMEHEH B MoJeBhIX ycimoBusax (Notomi et al., 2000).
Texnonorust LAMP mo3BomnsieT BU3yaiabHO 0OHAPYKUBATh MPOAYKTHl aMILTH(PUKAIIAN Ty TeM
no0aBieHust (IIyopeCleHTHBIX KpacuTelnei, Takux kak SYBR Green, u u3MepeHus: MyTHOCTH.
LAMP npumepHo B fecsth pa3 0ojiee 4yBCTBUTEINEH 110 CPaBHEHUIO ¢ Tpaauionnoi TTIP.
Kpome Toro, peakiuo MOXXHO MPOBOANTH Oe3 HeoOxomumocty Boinenenus JJHK.

B Tabn. | npuBeneHs! nmpaiiMepsl, HCIOJIL30BAaHHBIE VIS OTNPENEICHUS U NACHTU(UKAINN
Theileria spp., cnenuGUIHBIX IS POAa M BUAOB. MOJICKYISIPHBIC MHUIICHH BKIIOYAIOT I'CH
18S rRNA, CoxlIII, Tamsl, ITS, GAPDH, amal, hprtl, MPSP. braronapsi koHCepBaTHB-
HOW IIpUpPOJIE U TIOBTOPSIOMIEMYCSl PACIOIOKEHHUIO B TEHOME, T€H SIIEPHOW prOOCOMHON
18S pPHK, ob6ecneunBaer nocrarognoe konmmyectBo Marpuanoit JJHK ms [P u gacto
ucnob3yroTes s uaeHTudukanuu Buaos (Chae et al., 1998; Katzer et al., 1998). O# sB-
JsieTcsl HanboJIee YacTo MCIOJIb3yeMbIM FeHOM-MHUIIeHbI0. HecMOTpst Ha BBICOKYIO CTEIICHb
MeXBHUIOBOH KoHcepBaruBHOCTU reHa 18S pPHK Theileria spp., ocobeHHO Tipu padbote
C HOBBIMHU OPTaHU3MaMH, €0 HEOOXOANMO aMIUTU(UIIPOBATh U CEKBEHHPOBATH ITOTHOCTHIO
(Herwaldt et al. 2003), uro0b! HACHTH(OUIIUPOBATH BCE TCHETUYCCKHE BapHAIlHH.

Bunocneuuduynbie MOJICKYIISIPHBIE METO/IbI UCIIONB3YIOTCS [UIsl IMarHOCTHYECKUX Lie-
Jei, a TakXkKe NPH NPOBEICHNN SHISMHOIIOTHIECKUX HCCIIEeIOBAHUI PaCIpOCTpaHEHNUS
KOHKpETHBIX BUIOB 7heileria spp. B ciydae momo3peHust Ha IPUCYTCTBHE 3THUX BHJIOB,
KOTIa BUAOCHEHU(BUUSCKUE aHAIN3bl HE JAI0T Pe3ylbTaToB JU00 MUPOIUIa3Ma HE MOXKET
ObITh HICHTH(UIMPOBAHA, 11e7ecO00pa3HO POBE/ICHNE aHATIM30B, CIIEU(DUYHBIX ISl BCETO
pona. [Ipumepom MOXeT CIyXKuTh quarnoctuka 1. annulata o reny Tams], kogupyromemy
OCHOBHOM INOJMIENTH A HA MOBEPXHOCTH MEMOpaHBI IMHUPOIUIA3Mbl HAa CTaJUM MEPO3OUTA.
H3-3a BBICOKOTO ypOBHSI BHYTPUICHHOW BapuaOeibHOCTH, mpaiimepsl Ha Tamsl moryT He
oOHapyXMBaTh Bce IeHoTuInbl 7. annulata, 9T0 MOXXET NPHUBECTH K HEIOOLEHKE Paclpo-
cTpaneHHOCTH dTOoro maroreHa (Kirvar et al., 2000; Katzer et al., 2006, Santos et al., 2013).
B Taxux ciy4asx 0OBIYHO HCTIONB3YIOT OJHBIN aHa M3 TTocnenoBarensHocTy reHa 18S pPHK.

[P B peanbHOM BpeMEHHU CIIOCOOCTBOBAIA OoJiee MIMPOKOMY pactpocTpaHenuto TP
U3-3a €€ TOBBIIIEHHOW CKOPOCTH, YyBCTBUTEIBHOCTH, BOCIIPOU3BOAUMOCTH U CHUXKEHUS
pucka 3arpsizHeHus1. [Ipumepom MoXeT cilyKuTh konmdecTBeHHbIM aHanu3 [1LP B peaib-
HOM BpeMeHU Ha ocHOBe reHa cox III ¢ ucronb30BaHuEM aHanM3a KPUBOW IUIABJIEHUS MPU
cmemannbix uH(pekuusx (Chaisi et al., 2013), mo3Bosnstomnii 0OHapY)KUBATh U HUICHTH-
¢unuposars ogHoBpeMeHHo MHorue Buabl Theileria (70 parva, T. taurotragi, T. buffeli,
T. mutans, T. velifera). Ananusz Cox Il ceruduuen ms nerexnun wHGekuuit 7. parva
y KPC u OyiiBoIOB ¥ BBISBISICT OOJBINE MOJOKHUTEIBHBIX 00Pa3IoB dTHX BO30yAHUTENEH,
yem aHanu3 RLB u anamm3 18S pPHK. Onnako Hu3Kkuil ypoBeHb BbIssBIeHHS reHa cox 111
0OBsICHSICTCS HAJIMYUEM OOLIMPHBIX MEXBHMJOBBIX W BHYTPHBMOBBIX Bapualuil B 00ia-
CTAX IOCJIEJOBATEIILHOCTEH MPUCOCIUHEHNS 30HA0B. [IpyruM IPUMEpPOM MOXKET CITy>KHTh
metox [ILIP B peanmbHOM BpeMeHH, Uil TUAaTHOCTUKH M KOJIWYECTBEHHOTO OINPEICIICHHS
T. sergenti ¢ ucrnonp3oBaHueM crenuduueckoro npaiimepa st resa 33 k/la (Jeong et al.,
2003). FRET-qPCR mnan-Theileria no3Bonser oOHapyXuTh Bce uzBecTHole Theileria spp.
JKBaYHBIX JKHBOTHBIX B OfHOM peakmmu (Yang et al., 2014).
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Crienu(puYHOCTD MOJIEKYJISPHBIX HCCIIEI0BAHUI

BonbIIMHCTBO MOJIEKYJISIPHBIX aHAJIM30B 3aBHCHUT OT NpaiiMepoB W/WIIM 30HOB, Halle-
JICHHBIX Ha HEOOJbIINE, KOHCEPBAaTUBHBIC 00JIACTH TC€HOB, XapaKTEPHBIX ISl BCEX YJICHOB
BUJIa WM poja. B ciyyae ¢ reHamMu, KOOUPYIOIIMMH OCJIKH, BEIPOXKICHHBII XapaKkTep reHe-
THYECKOTO KOJia 3aTPyJHSAET pa3pabOTKy KOHKPETHBIX MpaiMEpOB WIJIM 30HJIOB, CHIDKAS UX
YyBCTBUTEIBHOCTh 110 CPABHEHMIO C 0OJIee KOHCEPBAaTUBHBIMU PUOOCOMANIbHBIMUA I'€HAMHU
(Pienaar et al., 2011a, 2013). OnHako reHbl OEJIKOB MOTYT 00€CIIEYUTh OONBIIYIO CrieU(pUY-
HOCTH 32 CYET OTAaJICHHOCTH OpTOJOrHMYHBIX oTHomreHui (Odongo et al., 2010; Pienaar
et al., 2011a). B ycnoBusix orpanndeHHOI HHPOPMAIMU O Pa3HOOOPa3HH reHa WU OrPaHu-
YEeHUS JOCTYIHOCTH 001el nH(OopMayy o0 TeHOME, 3a]1a4a pa3pad0TKH KOHKPETHBIX METO-
JIOB aHaJIM3a 3aKJIOYaeTCsl B NACHTH(UKAINY YHUKAIBHBIX PETHOHOB B TEHAX HMJIM TCHOME.
[IpumepoM 3TOMy MOTYT CIy’KUTh IpaiiMepsl RLB 111 onHOBpeMEHHOTo 0OHapy KeHHUs
Theileria n Babesia. Onn nHauenens! Ha paiions! 18S pPHK, ¢ 3akmoueHHON MexTy HUMA
001acThIO THIIEPIIEPEMEHHON V4 1 0CTaloTCs Ha CETOAHSIIHUEN JIeHb XapaKTePUCTHIHBIMHI
JUIsl Bcex wieHoB 3Tux ponoB (Gubbels et al., 1999). Ocobo ciienyeT OTMETHTB, YTO ITOT
MeToq OBLT pa3paboTaH I OomeHKH pasHooOpasus 18S pPHK y nmoMamrHMX KUBOTHBIX
Y B IMKOW TIPUPOJIE 330JITO JI0 TOTO, KaK cTajia IOCTyMHA OOIIMpHAasi TeHOMHAst WHPOpMAaIns
st pona Theileria (Gubbels et al., 1999). 3onapl, ucnonb3yemsie B Metoge RLB, siBisitoTcs
BHIOCTICIN()UIHBIMH, OCHOBAaHHBIMHI Ha TIOCIIEIOBATEIBHOCTIX TeHOB prudbocomHoii PHK
(Allsopp et al., 1993; Bishop et al., 1995). Onu MoryT oOHapyKUBaTh BCEX WICHOB BHJA,
COIIACHO ITOCTYJIMPOBAHUIO COXPAHHOCTH OOJIACTH TUIIepIIepeMeHHOM 18S B npernenax BUIOB.
UyscturensHocTh JJHK-30H10B 3HaunTERHO yBeMuuuBaetcs Onaromgaps [P ammmuka-
K MUHUMaIbHBIX KosmaecTB JIHK Bo3OyauTens 3aboneBanus, MPUCYTCTBYIOIINX B KPOBU
*KuBOTHBIX (Allsopp et al., 1989). Bunocnemmduansie JIHK-30H151 ObLTH pa3paboTaHbl A1
T. parva (Allsopp and Allsopp, 1988; Conrad et al., 1987; Morzaria et al., 1999), T. mutans
(Morzaria, 1989) u T. annulata (d’Oliveira et al., 1995).

YyBCTBUTEJILHOCTh MOJIEKYJISIPHBIX METOAO0B MCCJIECI0BAHMIT
U IUAaNa30Hbl Napa3suTeMHH

BoJbIIMHCTBO MOJIEKYJISIDHBIX aHAJIM30B HalleIeHO Ha oOHapykeHue reHomuoi JTHK
W, CIIEIOBATEIHHO, UX YYBCTBUTEIBHOCTH 3aBUCHT OT d(PPEKTHBHOCTH €€ H3BICUCHUS,
T. €. BBIX0/Ia, KOJJMYECTBA KO T€HOB B TEHOME, KOJIMUECTBE Mapa3uTOB (TCHOMHBIX KOIIHI)
Ha BBIOOPKY KJICTOK M YPOBHS NapasuTeMHH (T.€. IPOLEHTa WHPHUIMPOBAHHBIX SPUTPOLIH-
ToB). OOpasumamu, HanboJee MOAXOAALINMHE ISl MOJEKYISIpHON aetekuuu 1heileria spp.
y MO3BOHOYHBIX XO35€B, SBJISIOTCSI KPOBb M celiedeHka. [lociie oTOopa OHM JOIKHBI OBITH
oxnaxaeHsl 10 + 4 ° C. OgHako, eciiu 00pasIlbl He HCIOIB3YIOTCS B TCUCHUE ONMKANUTIIIX
72 gacoB, ux cienyet xpanuth npu -20 © C. OOpasibl KPOBU B TOJEBBIX YCIOBUSIX MOKHO
CyIIUTh Ha OyMakHBIX HocuTessix (kaprax FTA), 4ro ynpomiaeTr TpaHCIOPTHPOBKY M A0JITOE
xpanerne (Rahikainen et al., 2016).

BONBIIMHCTBO MOJIEKYISIPHBIX aHAJIH30B, OCHOBAHHBIX HA TPAJUIIMOHHONW TEXHOJOTHH
[P wmu [P B pexxume peallbHOTO BPEMEHH, COOTBETCTBYET HEOOXOIUMOMY YPOBHIO
TpeOOBaHUI B OTHOIICHWN aHAIUTHYECKON WyBCTBHTEIbHOCTH (>400000 mapa3uToB/IuTp
KPOBHU KMBOTHOT0). COITIACHO €CTECTBEHHOMY paclpe/IeIeHUI0 Tapa3suTeMUH Y KUBOTHBIX-
HOCHTEJCH, 3TH aHAJU3bI TO3BOJISIOT OOHAPYKUBATH OOJIBITMHCTBO WH(PHUIIMPOBAHHBIX 0CO-
Oeil B sHAEMHUYECKHX ycaoBHAX. OMHAKO MOTEHIHAN JIOKHOOTPHUIIATEIBHBIX PE3YIIbTaTOB
BO3MOYKHO OIIEHUTD TOJILKO B IpejiesiaXx OMOJOrn4ecKoi MOJIeNH, KOTAa apa3uT HaXoIuTcs
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BHYTPH €r0 IT03BOHOYHOTO XO35IMHA, T.€. MApa3UTEMHH B NIEPEHOCUUKE, KOTOpOEe OyzeT moj-
JIepKUBATh 3apakeHUE BEKTOpa W MOCIeqyonryto nepenady (Mans et al., 2015).

KoHKpeTHBIH anarna3oH napasuTeMHUH BU/Ia MOXKET OPE/ICIATh €ro MPAaKTHIECKUH TTpeaes
nerektupoBanus. [lockonbky OoJbIIMHCTBO BUIOB Theileria Spp. 0ObIYHO MMEIOT OoJjiee
BBICOKHE JINATIa30HbI MAPa3UTEMUH B COCTOSHUM HOCUTeabcTBa (Mans et al., 2015), MoxHO
c/enarb BbIBOJ, uTo aHanu3bl [1L[P B peanbHOM BpeMeHH JIOJDKHBI MO3BOJISITH BBISBISATH
OONBIIMHCTBO MH(HUIMPOBAHHBIX KUBOTHBIX B cTajse. OAHAKO, B CIydasx KojeOaHMs ma-
pasUTEMHHN HIDKE ITPEAEIOB OOHAPYKEHHsI, HEOOXOANMO IPUMEHEHNE HECKOIBKUX PAYH/IOB
tectupoBanust (Ueti et al., 2012).

Koundexunu

Hawuboree CIOXKHBIMU ISl TMATHOCTUKHU MPEJICTABISIIOTCS CIIy4Yan, KOTjla YyBCTBUTEIb-
HOCTh aHallM3a 3aBUCHT OT HAJINYMs CMEIIaHHbIX MH(EKuui. [[eficTBUTENBHO, KICNH-
MIEPEHOCUYNKN MOTYT OBITh KOMH(HUIMPOBAHBI MHOXKECTBOM Pa3HOOOPA3HBIX IATOI€HOB U
HEIaTOTeHHBIX CHMOMOHTOB, KOTOPBIE MOTYT MEIIaTh MOJJIEPKaHHIO U Nepe/iade MaToreHoB
WK MOTYT crocoOcTBOBaTh ux coxpanenuto (Moutailler et al., 2016; Lempereur et al.,
2017). KomnaectBo comyterBytonmx nHopekmii KPC MoxeT BappupoBaTh OT ABYX /IO IIe-
cTH win OoJiee pa3TMYHBIX ITaTOTEHOB, MepenaBaeMbIX kirenamu (Hailemariam et al., 2017;
Ringo et al., 2018), X0Ts GOIBIIMHCTBO CMEIIAHHBIX MH(EKINH BCTPEUAIOTCS KaK JBOWHBIC
nHdekunn (Hailemariam et al., 2017). KorpancMmuccnst HECKOIBKHUX MAaTOT€HOB MOXKET IPH-
BECTH K KOMH(EKIINH, KOTOPasi YBEIIMUUBACT TSHKECTh U MPOJOIIKUTEILHOCTD 3a00JICBaHUS,
pucku nepenaun (Vaumourin et al., 2015) win 1aBath pa3BUTHE aTUIIUYHBIX CHMIITOMOB,
YTO co3/aeT AuarHoctudeckue TpynHoctu (Moutailler et al., 2016).

B cny4yae kOMH(EKINU 4yBCTBUTEIBHOCTh MOJICKYJISIPHBIX METOOB, HAIIPUMEP METO/a
RLB, B 3HaYMUTENIHHON CTENEHU 3aBHCUT OT HMCIOJNb30BAHUS YHHUBEPCAIbHBIX MPAiMEpOB,
rockonbKy oHM B Xoze [P ucromarores mpeobnaiaronMy BUAAMH, ITPUCYTCTBYIOIIUMH
B 0o0paslie, OJHOBPEMEHHO JaBasi cja0blii CUTHAJI OT MEHEe paclpoCTPaHEHHOW MaTpHIlbI
(Pienaar et al., 2011a). PerienueM 31o# 1mpo0iieMbl MOXKET ObITh pa3paboTKa Oojiee crerupuy-
HBIX NIpaiiMEpPOB U COOTBETCTBYIOIIMX ycioBUi ipoBeaeHus 1P, ymeHpIa0mux onucaHHoe
BBIIIIE SIBJICHHE, 32 CYET HEOOBINOrO CHIKEHHS aHAIUTHYECKONW UyBCTBHTEIBHOCTH, HO
¢ moBhIIeHneM o01el 3¢ dekruBHOCTH I TONIeBEIX 00pasios (Pienaar et al., 2011b).

Jns peiieHust aHaJOrHYHOW MPOOJIEMBI, MOAABICHHSI YyBCTBUTEIBHOCTH MPU HCIIONb-
30BaHUM YHUBEPCAJIbHBIX MpaiiMepoB Jisl aHamu3a cox III, Oblia mpeanokeHa cTpaTerus
BiiokerHoro [1LP (Chaisi et al., 2013), noBbliaroriero o0y 0 4yBCTBUTENLHOCTD (Schnittger
et al., 2004; Odongo et al., 2010; Ueti et al., 2012). Ognako MeToa TpeOyeT 0CTOPOKHOCTH
B CBSI3H C IpoOieMaMu J1ab0opaToOpHOTO 3arpsA3HEHHS FITH HE TOCTATOYHOM CIICIU(PHIHOCTH
paiiMepoB, uTo NPUBOAUT K nojasieHuio [TLIP Hanbonee TOMUHUPYIONIMMHU TEHOTUIIAMH.

3AKJIIOYEHUE

Taxum 06pa3oM, HECMOTPS Ha HATMYUE OOLTUPHBIX PECYPCOB JIst AMarHOCTUuKU Theileria
Spp., A UX YBEpEeHHOH AMArHOCTHUKH HEOOXOMMMO COYETaHHE METOMOB HICHTH(HUKAIIUI
BO30yaMTEINS 3200I€BaHUs, IPUMEHICMBIX Ha OTHOM M TOM ke 00pasIie, ITOCKOIBKY MHOTHE
U3 JIOCTYIHBIX aHAJIH30B OTPAHUYCHBI M0 CHCIU(DUIHOCTH U YyBCTBUTEIBHOCTH. [loaTOMY
MOJIOKUTEIBHBIN IMAarHO3 B PsJie CydYaeB BO3MOMKEH TOJIBKO KaK PE3yNbTar 1o KpaiiHel mepe
JIByX HE3aBUCHUMBIX METOJIOB MJIM HECKOJIbKUX aHanu30B. Jlydiee moHMMaHue OHOIOrHye-
CKHX XapaKTEPUCTHK MHOTUX «HOBBIX» BHJIOB ITapPa3lTa, a TAK)KE HAKOIUICHHE HH(POPMAIUH
0 HOBBIX CHKBEHCAaX B 0a3aX JaHHBIX MMO3BOJHUT B OyIyIIeM YIydIINTh TAATHOCTUYECCKHUE
BO3MOKHOCTH, YTO TIOJIOKUTEIHFHO CKAXKETCS Ha IMHUICMHUOIOTHH OOJIC3HH.
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