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Genetic organization and cellular specificity of S. aureus leukocidins

Currently, infections produced by the gram-positive bacteria S. aureus represent a significant healthcare bur-
den throughout the world. This is attributed to the ability of this bacterium to develop antibiotic resistance
and efficiently evade human immune response. Therefore, research effort of many scientific laboratories
worldwide is directed toward characterization of the genetic organization and molecular mechanisms respon-
sible for S. aureus pathogenesis. This report is aimed to describe the growing body of evidence related to our
understanding of the genetic organization and molecular interactions of the S. aureus leukocidins with the
human cells that play an important role in bacterial pathogenesis, and represent a significant healthcare bur-
den. Understanding of the genetic organization linked with additional mechanisms responsible for the realiza-
tion of toxic potential, can help us to develop a better personalized approach for therapy against S. aureus in-
fections. Thus, improved understanding of the molecular interactions between S. aureus leucocidins, and cell
surface receptors may lead to the development of the alternative anti-microbial agents, that either inde-
pendently or in combination with the current antibiotic treatment regimens will be used as an effective treat-
ment strategy in clinic.
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Introduction

Staphylococcus aureus (S. aureus) is a gram positive cocci-shaped bacterium responsible for one of the
most predominant bacterial infections in the world. The range of diseases produced by S. aureus encom-
passes the infection of many human tissues and organs, including the skin, nares, bones, joints, muscle, heart
and lungs. Currently, the standard treatment for these infections includes the use of antibiotics.

Historically, S. aureus infection was sensitive to many common antibiotics. In the early 1940™, ampicil-
lin was the antibiotic of choice, being highly effective against the infection. Later, penicillinase — producing
strains emerged, which manifested in the first widespread distribution of antibiotic-resistant bacteria world-
wide, due to the uncontrolled use of'penicillin [1]. The spread of penicillin-resistant S. aureus manifested in
the pandemic of the 1950s and early 1960s. This pandemic was attributed to a single strain of S. aureus,
known as phage-type 80/81/[2]. The pandemic associated with this strain was reported to decline in 1959,
after introducing the methicillin antibiotic as a primary choice for treatment of the infection. Not for long, as
the emergence of methicillin-resistant strains (MRSA) in hospital settings was reported in 1964 [3].

The statistics reflecting S. aureus infection in Kazakhstan is scarce or not available at all. However, if
we consider the statistics:from the US, S. aureus has the highest rate of hospital-associated infections, with
increasing prevalence attributed to MRSA strains as compared to other bacterial pathogens [4, 5]. The mor-
tality rate of MRSA-associated infections in US is approximately 20 %. It is the highest among the death rate
attributed to a'single infectious agent, and surpasses the death rate associated with HIV/AIDS [6, 7].

The next important step in the historical chain of events related to S. aureus infection evolution was the
reporting of the first case of community-associated MRSA (CA-MRSA) infections in Australia in 1990 [8].
Since then, CA-MRSA underwent a massive spread throughout the world [8]. This spread of infection repre-
sents a rather unusual event, since prior identified S. aureus infections in the population were exclusively
attributed to the methicillin-sensitive strains [9]. In conjunction with the increasing prevalence of CA-
MRSA, these strains can cause fatal disease, and affect virtually any tissue. However, approximately 90 % of
the cases constitute infections of skin and soft tissue [10]. This has become a significant burden for the
healthcare system and human health and requires the development of new anti-microbial agents capable to
effectively combat this infection.

According to the Center for Disease Control (CDC), the transmission of S. aureus is accomplished
through five major factors, which are abbreviated as «Five C’s» [11]: the Contact with the infected person;
the lack of Cleanliness in the surrounding environment; Compromised skin integrity; Contaminated objects
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and surfaces; and the Crowded living conditions. Therefore, individuals of young age, low socioeconomic
status, drug users and ethnic minorities are predicted to be the most susceptible groups for CA-MRSA infec-
tion in the US [12].

The standard methods for isolation of S. aureus include the culturing of the pathogen from blood, body
fluids or the focal sites of infection. Antibiotic sensitivity is determined by a standard disc diffusion essay, or
an automated method. Therefore, the identification of CA-MRSA strains is fairly simple and efficient. This
efficiency unfortunately does not translate into an effective treatment, since the prevalence of the CA-MRSA
is increasing throughout the world every year. The current treatment usually includes second-line antibiotics
such as trimethoprim-sulfamethoxazole, clindamycin and vancomycin [13]. However, the use of vancomycin
is often associated with recurrent bacteremia during therapy, high rates of clinical failure, nephrotoxicity and
increasing prevalence of non-susceptible strains [13-16]. According to increasing evidence, the majority of
antibiotic-resistant genes and genes encoding virulence factors reside on mobile genetic elements, such as
plasmids, transposons and prophages [17]. In S. aureus, the repertoire of these factors has been studied ex-
tensively, due to the increasing urge for the identification of the new treatment strategies. Virulence factors
include cell surface bound and secreted factors that may inhibit the complement and antimicrobial peptides,
promote colonization, induce or suppress leukocyte recruitment or induce leukocyte lysis [18].

Human neutrophils are the primary line of defense capable to phagocytose S.-aureus bacteria. However,
a significant number of bacteria phagocytosed by neutrophils remain viable and either trigger new infections
or kill the neutrophils by lysing them [19]). Recent data demonstrates that CA-MRSA/strains are most effi-
cient in evading neutrophil killing, and they do so by inducing the neutrophil lysis faster than any other
health care-associated strain [20]. This is a strong indication that some of the CA-MRSA strains are more
virulent than any other strain of S. aureus and represents an example of successful evolutionary adaptation of
S. aureus to the human host defense system. This adaptation is likely the reflection of an enhanced repertoire
of virulence factors located in the bacterial genome as well as on extra-chromosomal elements.

The entire genome of S. aureus can be subdivided into the core genome, comprising approximately
75 % of the genes, and the auxiliary genome (25 % of the genes). The core genome is largely represented by
housekeeping genes, while the auxiliary genome consists.of mobile genetic elements(MGE), including bacte-
riophages, chromosomal cassettes, pathogenicity islands, transposons, and genomic islands [21]. Each bacte-
rial strain may carry a unique variety of mobile genetic elements [22, 23]. This variability is often the result
of horizontal gene transfer of mobile genetic elements between bacteria and have important clinical implica-
tions (e.g., different antibiotic resistance and/or various degree of pathogenicity) [21, 24]. The entire reper-
toire of S. aureus virulence factors is described in details in a large body of scientific literature. In this review
we focused on the group of secreted pore-forming toxins called leukocidins that S. aureus uses to destroy
immune cells and evade the immune system.

S. aureus pore-forming leukocidins in human pathogenesis

As mentioned above, S. aureus possesses a multitude of virulence factors used by the pathogen to evade
the human immune system. This repertoire may be subdivided into three main groups. The first group in-
cludes cytotoxins .such as hemolysins, cytolytic peptides and leukocidins. The second group includes
immunomodulatory proteins such as superantigens, superantigen-like proteins and complement-inhibitory
proteins. The third group includes proteases and factors involved in evasion of immune cell recognition and
killing [25<29]. Allthese three groups of factors make S. aureus virtually «bulletproof» by allowing it to
combat human innate and adaptive immune systems (see below), and represent a significant challenge in the
development of new effective antimicrobial agents and vaccines against the pathogen [30-32]. Pore-forming
leukocidins are the main focus of this review.

Pore forming leukocidins and their mechanism of action

Six pore-forming leukocidins (also called leukotoxins) have been identified to date. They acquired their
names based on their ability to destroy leukocytes such as, phagocytes, natural killer cells, dendritic cells and
T lymphocytes, and therefore affect innate and adaptive immunity [29]. Leukocidins include: HIgAB,
HlgCB, LukAB/HG, Panton-Valentine leukocidin (PVL) consisting of LukS-PV and LukF-PV subunits,
LukED and LukMF. HIgAB, HlgCB and LukAB/HG are produced by all strains of S. aureus. The most viru-
lent strains often produce two additional leukocidins, PVL and LukED. LukMF has been found in isolates
from ruminants and other mammals but not in strains infecting humans [29]. Pore formation depends on the
production of bi-component, oligomeric pores, consisting of two separate polypeptides known as S and F
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subunits [33, 28[. There are six S subunits (HlgA, HigC, LukA, LukS-PV, LukE and LukM) and four com-
plementary F subunits (HIlgB, LukB, LukF-PV and LukD), resulting in the six different combinations of bi-
component leukocidins described above [28].

One of the first suggestions that S. aureus toxins such as PVL may produce pores on the surface of hu-
man leukocyte membranes have been proposed by Rogolsky et al., in 1979 [34]. Subsequently, a significant
number of experimental data accumulated and supported the notion that pore formation is the major mecha-
nism underlining cell death induced by S. aureus leukocidins [29].

According to a proposed model [29], S. aureus secretes water soluble toxins as monomeric S and F
subunits. In the majority of cases the S subunit (and only in some cases the F subunit) recognizes the target
cell surface by binding to either specific receptors or lipids. Once bound to the cell surface, the S subunit re-
cruits its partner F subunit, followed by subunit oligomerization leading to the octameric pre-pore confor-
mation, consisting of four S and four F subunits. Next, the pre-pore leukotoxin octamer undergoes a dramatic
conformational change with the insertion of the stem domain of both subunits into the plasma membrane of
target cells, leading to the formation of a functional pore. Toxin pores on the plasma membrane lead to os-
motic balance disruption (osmotic shock), ultimately causing cell lysis and death [35-37, 29]. Generally, eu-
karyotic cell death may have a dual nature either necrotic or apoptotic. Necrotic cell death is usually due to
physical or chemical cell injury and it is considered to be a passive process. Conversely, apoptosis is consid-
ered to be an active process induced by extracellular stimulior genetic programming, regulating various
intracellularsignals or both. Taking this information together, it is plausible to suggest that pore formation
produces the necrotic like damage to the cell surface and eventually cell death; likely, without activation of
apoptotic signaling cascade. However, the latter statement is yet to be confirmed. Depending on the
leukotoxin concentration, a large number of pores may kill the target cell predominantly by necrotic damage,
however S. aureus leukocidins activate apoptotic cascades as well, therefore this type of S. aureus-induced
cell death is a concerted mechanism [38, 29].

HigAB/HIgCB (y-hemolysin)

Genetic organization

The genes encoding y-hemolysin (also known as HlgAB/HIgCB), are present in 99.5 % of human
S. aureus isolates. The expression of these proteins is significantly upregulated during in vitro culturing with
human blood and phagocytosis by neutrophils [39].

Bacterial genes are organized in operons where genes that are involved in similar processes or have
complementary function are co-transcribed from the same promoter. Indeed, the genetic architecture of the
genes hlgC and hlgB encoding HlgCB y-hemolysin is represented by a classical operon organization and
controlled by a single promoter [40-42]. On the other hand, the higA gene is located upstream of higC and
hlgB and controlled by an individual promoter, making the entire organization of these three complementary
genes an exception among leukocidins. It is important to note that all three genes hlgA, hlgC and higB are
located in the core genome of S. aureus, unlike many other toxins that locate on extrachromosomal elements
[41]. The expression of these genes leads to the formation of two S subunits, HigA and HlgC, and one shared
F subunit, HIgB [40]. This locus is highly conserved among S. aureus strains (99 % of all strains analyzed)
[43, 44], however the degree of sequence homology differs between the different strains [43].

Cellular specificity

HlgAB and HIgCB act as classical leukocidins, forming pores on the surface of target cells which in-
ducercell lysis. However, the formation of these pores depends on the initial binding of the leukocidins to
chemokine receptors on the surface of phagocytic cells [39]. Currently, three receptors (CXCR1, CXCR2
and CCR2) have been identified as targets for HIgAB and two (C5aR and C5L2) as targets of HlgCB [39].
Phagocytes express the above-mentioned receptors at high level and are the major cellular target of HIgAB
and HlgCB, in contrast to other immune cell types that do not express those receptors or express them at
lower level. Interestingly, in addition to the cytolytic function, HigAB and HIgCB possess pro-inflammatory
and immunomodulatory properties. Both toxin complexes act through the same receptors during priming and
inflammasome activation [29, 39].

LukAB/HG

Genetic organization
LukAB (also known as LukHG), is encoded by the core genome of S. aureus. The [ukA and lukB genes
have classical operon organization [29]. The level of conservation for these genes among different S. aureus
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strains has not been extensively characterized, however this operon is present in the majority of laboratory S.
aureus isolates [28]. A certain degree of genetic diversity seem to exist in small subsets of the bacterial iso-
lates, although the information available is scarce [29].

Cellular specificity

LukAB is one of the most recently identified leukotoxin and it is able to kill primary human neutro-
phils, monocytes, macrophages and dendritic cells [45]. The binding of LukAB to its target cell types is de-
termined by the presence of CD11b, a component of the CD11b/CD18 integrin complex [46] that functions
as a cell surface antigen, plays a critical role in leukocyte adhesion and is required for host defense [47]. The
glutamic acid at position 323 of the C-terminal domain of LukA engages the I-domain of CD11b and this
binding is an important prerequisite for pore formation and cell lysis [48]. LukAB production by.S. aureus is
also required for the escape from neutrophil induced phagocytosis, which indicates that thistoxin is likely
playing an important role in evading host defense and survival [46].

LukED

Genetic organization

LukED operon is located on a pathogenicity island found in the genome of S. aureus, known as vSap.
Pathogenicity islands are an example of extrachromosomal elements that possess different degree of stabil-
ity. This genetic element is likely a result of phage integration into the host genome of . aureus, which later
underwent a number or recombination, as well as insertion/excision eventsand that now is considered to be
stable [49]. This extrachromosomal element is the result of a horizontal gene transfer and integration into the
S. aureus genome. It has been predicted to be present in only 70.% of all isolated S. aureus strains [50, 44].
Its presence is strictly lineage dependent and some lineages do.mot have this gene. The lineages possessing
this island demonstrate strong sequence conservation suggesting a common origin [50]. IukE and lukD repre-
sent a small fraction of the genes located on vSap [49], among the other genes there are different virulence
factors such as serine proteases, enterotoxins, bacteriocins and a hyaluronate lyase [49].

Cellular specificity

LukED is a well characterized leukocidin and it possesses lytic activity against leukocytes from several
species, including human, murine, rabbit, canines and even fish [51-54]. LukED can target human macro-
phages, T-cells and dendritic cells via its binding to CCRS5, which functions also as co-receptor for human
immunodeficiency virus (HIV) [53]. LukE, the S subunit, is the ligand for CCR5-expressing cells. LukED
mechanism of action satisfies previously proposed models where the S subunit initiates the binding and re-
cruits the F subunit to proceed with pore formation [53,55]. In addition, it was shown that the FDA-approved
CCRS5 antagonist maraviroc can block the interaction between LukE and CCRS5 [53], and recently developed
potent CCL5 derivatives are presently being investigated in this context [56, 57]. These data confirm the
specificity of this interaction.and proves that a drug currently used as HIV-1 inhibitor has repositioning po-
tentials as a treatment option for S. aureus infections [53].

LukED can also kill:polymorphonuclear leukocytes (PMNs) that do not express CCRS, indicating an
additional mechanism of PMNs targeting [51, 52, 58, 59]. This mechanism has been revealed, as two addi-
tional receptors, CXCR1 and CXCR2, expressed on the surface of primary human neutrophils, monocytes,
natural killer (NK) cells, and a subset of CD8" T-cells cells, appear to be alternative binding partners for
LukED [59]. In an elegant set of experiments, it was demonstrated that only LukE, but not LukD is able to
specifically bind to CXCR1 and CXCR2 in a similar manner to CCRS. The LukED binding to PMNs in-
creases the pathogenesis and immune escape capabilities of S. aureus [59]. LuUkED binding to CCRS positive
cells eliminates T-cells (such as memory and Th1/Th17 cells) and antigen presenting cell. On the other hand,
LukED binding to CXCR1 and CXCR2 eliminates PMNs, monocytes, and NK cells [59]. Thus, by the
recognition of specific receptors on particular cell subsets via LukED, S. aureus is able to target the adaptive
and innate branches of our immune system, making this pathogen highly efficient at avoiding the immune
system response of humans and other vertebrates.

Panton-Valentine leukocidin (PVL)

Genetic organization

PVL is one of the most characterized S. aureus leukocidins. It was originally purified by Woodin in the
1960s and since then it has been extensively studied [60, 61]. PVL toxin formation requires the expression of
two genes, [ukS-PV and [lukF-PV, located on the prophage ¢pSa2. Unlike other leukocidins, that are stably
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associated with the S. aureus chromosome, $Sa2 can be transmitted vertically and horizontally during the
lysogenic and lytic cycles respectively [62]. This is a classical example of mobile genetic element that can
increase the genetic diversity for this particular locus and its associated genes, and lead to the acquisition of
new virulence factors by S. aureus. PVLis present in a rather limited number of S. aureus isolates (2-3 % of
the total) [63]. However, in pathogenic strains including CA-MRSA and strains causing severe necrotizing
pneumonia the percentage of the isolates carrying PVL has an extremely high frequency, reaching up to
90 % [64-67]. Therefore, it seems likely that enhanced virulence of community-acquired infections is partly
associated with the ¢Sa2 phage acquisition, although pathogenicity of these strains is not connected to the
presence of PVL leukocidin only, and the extent of its influence is yet to be identified [68].

Cellular specificity

PVL has more than 75 % sequence identity to the LukED, however the two leukocidins do not target
the same cellular receptors (28). This is likely due to the significant sequence diversity in the rim domains of
PVL and LukED. The rim domain is responsible for receptor recognition, and PVL has a reduced range of
cell targets in comparison to LukED (59, 69-71).

PVL, similarly to other leukocidins, forms an octameric pore consisting of LukS-PV and LukF-PV sub-
units on the surface of myeloid cells, in particular granulocytes and macrophages of different animal species
and humans; toxin pores lead to cell lysis [72]. Interestingly, in rabbits and mice, PVL is not lethal albeit it
can cause transient granulocytopenia followed by marked granulocytosis [73, 74]. Sub-lytic PVL concentra-
tion causes human neutrophil to undergo apoptosis within six hours, while higher concentrations cause cell
lysis in one hour [75].

A report by Spaan et al. suggests that the LukS-PV subunit is able to displace a fluorescently-labeled
antibodies from two leukocyte cell surface receptors (C5aR and C5L2) [76]. This was the first demonstration
of PVL cellular specificity in which the toxin was able to bind the receptor core, membrane spanning por-
tions as well as the extracellular N-terminal region. Interestingly, CXCR2 which, in addition to CCRS, serves
as LukE receptor, was used as a negative control. Indeed, it was shown that PVL was not able to bind to the
cell surface of cells expressing CXCR2 [76]. These findings confirm the idea that LukE and PVL do not
share the same receptors, regardless of their significant sequence conservation [76, 59].

LukMF

Genetic organization

LukMF is the most recently identified leukocidine, predominantly found in strains isolated from bovine
mastitis [77]. It is encoded by the temperate phage ¢Sal, which can be transmitted vertically and horizontal-
ly during both the lysogenic and lytic cycles [78, 79]. The frequency of LukMF in strains isolated from bo-
vine infections varies significantly (fromas low as 10 % to as high as 90 %), depending on the site of isola-
tion and geographic origin of the strains [68, 78, 80, 81]. It is important to mention that cattle mastitis is as-
sociated with the presence of LukMF genes in the S. aureus strains producing infection [81]. Other cell types
affected by LukMF include bovine monocytes and macrophages, but not B cells [82].

A report by Vrieling et al. shed light onto the mechanisms of LukMF cell targeting, with the identifica-
tion of CCR1 as the main receptor [83]. CCR1 is abundantly expressed on bovine neutrophils, the main cell
type preventing intramammary inflammation [84]. It has also been demonstrated that the divergent region 4
(DR4) of LukM is required for the specific binding to the extra-cellular loop 2 (ECL2) and extra-cellular
loop 3 (ECL3) of CCRI1. In addition, several amino acid residues of CCR1 ECL2 have also been identified to
contribute to'LukM binding, including E177, F178 and H181, while the entire ECL3 has been shown to be
essential for toxin binding [83]. Interestingly, DR4 has also been identified in LukE to be required for CCR5
recognition [59]. The overall homology between LukE and LukM is 77,5 % [29]. This data provides an in
depth understanding of the molecular interaction between the LukM and CCR1, expressed on the surface of
bovine neutrophils.

In addition to CCR1, the most prominent target of LukMF, two other receptors have been identified as
targets of LukMF (CCR2 and CCRSY) [83]. It has been shown that the presence of LukMF in the culture su-
pernatant was sufficient to kill CCR2 and CCRS expressing cells, likely leading to the elimination of subsets
of T-cells, inflammatory macrophages and dendritic cells. Unfortunately, the receptor moieties critical for
the interaction with LukMF have not been identified yet.
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Conclusion

In this review we described the current understanding of the genetic organization and molecular interac-
tion of S. aureus leukocidins with human cells. Leukocidins play an important role in bacterial pathogenesis
and represent a significant healthcare burden. Understanding the genetic organization, sequence similarity
and location of S. aureus leukocidin encoding genes can help us improve diagnostic methods educating more
personalized antibacterial treatments. Furthermore, improved understanding of the molecular interactions
between S. aureus leukocidins and human cell surface receptors may lead to the development of alternative
antimicrobial agents that, either independently or in combination with currently used antibiotics, may pro-
vide new effective weapons in the combat of antibiotic resistance.

This research was funded by the Science Committee of the Ministry of Education and Science of the Re-
public of Kazakhstan (Grant No. AP05134810).
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J. bynanun, E.A. Mapuenko, ['.K. AGutaesa, JI. Banrenucra

S. aureus neMKOUMAUH/IEPAiH reHETUKAJBIK Y BIMbI
JKOHE KACYIIAJIBIK epeKIeiri

Kasipri yakpiTTa S. aureus rpaMoH OakTepusi TyAbIpaThIH MHOEKIHsIIAap OYKIUISIEMICT! NeHCAYIbIK CaKTay
YUIIH aybIpTHaiblK Ooibin TaObLIaabl. byl OakrepusuiapIblH aHTHOHOTHKTEPre. Kapchl TYPAKTBUIBIKTHI
KaJIBINTACTBIPY JKOHE aJAMHBIH HMMYHJIBIK PEaKLHsACHIHAH THIMII TYpJE jKaitapy KabineriHe GailllaHBICTBI.
CoHABIKTaH oJIeMIeri KoNTereH FEUIBIMH 3ePTXaHANAPAIH 3ePTTEY JKYMBICTaphl TeHETHKAIIBIK YHBIMIIBI JKOHE
S. aureus maToreHe3iHe xayan OepeTiH MOJICKYJAIIBIK MEXaHU3MICPAl CHIIaTTayFa OarbrTTanrad. by momyna
OaKTepHsIBIK TATOTCHE31H/IE MaHBI3/Ibl POJI aTKAPAThIH XKOHE JSHCAYINBIK CAKTAy YIUIH aybIPTHabIK TyAbIpa-
TBIH S. aureus NEAKOLMANHICPIHIH a/laM XKacylIalapbIMEH MeHETHKAIIBIK YHBIMBI KOHE MOJICKYJIAJIbIK 63apa
OpeKeTTecyl Typasibl TYCiHIriMi3re GaliIaHBICTBI OCII JKaTKAH IJIeIAeMeNep KHUBIHTHIFBI CHIATTaIFaH. YbIT-
ThI KACHETTEP/IiH achIPbUTYbIHA JKayall OepeTiH KOChIMIA MeXaHU3M/IepMEH OalJIaHBICTBI TeHETHKAIIBIK YHbIM
TyciHiri 6isre S. aureus WHQEKIUAIapbHA KapChl JKEKe TepalnsHbl JaMbITyFa keMekTeceni. Ocwuiaiiia,
S. aureus NeHKOIMAWHAEPIMEH JKacylla O€TIHAEri pemenTopiiap apachIHIAFbl MOJIEKYJIANbIK —©3apa
OpEeKeTTeCyAi JKaKChIpaK TYCiHy MHKpOOKaKapChl OalaMalbl areHTTEpAiH JaMyblHa oKelyl MyMKiH. Omap/st
©3JIiTiHeH HeMece KOJIaHBICTAaFbl aHTHOMOTHKAIIBIK EMJICY peXXUMIepiMeH Oipre THIMII eMIey CTpaTerusCchl
peTiHae KoJAaHa bl

Kinm cesoep: Staphylococcus aureus, TEHETUKAIBIK YHBIMBI, JTEHKOUUANHACD, OAKTEPUSIIBIK HH(EKIHUS, TOK-
CHHJEp, M30JIATTap.
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I'enermueckasi opranu3anms U KJICTOYHAA CIeUU(PUIHOCTH
JICHKOLUAMHOB S. aureus

B HacTosiiee BpeMst HHQEKIHHU, BHI3BIBAEMbBIC TPAMIIONIOKUTCIBHBIMU OaKTEPUSIMHE S. aureus, MPEICTABISIOT
co00i Cephe3HyI0 TPOOIIEMY ISl 3[PABOOXPAHEHUST BO BCEM MHpPE. DTO OOBSICHICTCS CIIOCOOHOCTBIO THX
GakTeprii pa3BUBATh YCTONYMBOCTH K aHTHOMOTHKAM M 3()()EKTUBHO YKIOHATHCS OT MMMYHHOT'O OTBETa de-
noBeka. Takum 00pa3oM, HCCIEIOBATENbCKUAE YCHIIMS MHOTHX Hay4HBIX Ja0OpaTOpHii 1O BCEMy MHpPY Ha-
MpaBJeHbl Ha OMpee/ICHHe TeHETHYSCKONW OPraHU3alMd U MOJICKYJIIPHBIX MEXaHH3MOB, OTBETCTBEHHBIX 32
naroreHe3 S. aureus. JlanHOe COOOIICHIE OIMCHIBACT PACTYIINil 00BEM 10Ka3aTEIbCTB, CBA3aHHBIX C HAIINM
IMIOHUMAHUEM TCHETHYECKON OpraHHM3allii W MOJCKYJISAPHBIX B3aUMOJCUCTBUN JICHKONUAWHOB S. aureus ¢
KIJIETKaMH 4eJIOBEKa, KOTOPHIC UTPAIOT BAXKHYIO POJIb B OaKTepHaIbHOM MAaTOTEHE3€ W MPEICTABISAIOT COO0M
3HAYHUTENFHYIO HArpy3Ky Ha 31paBooxpaHeHue. [loHMMaHHe TeHETHYECKOH OpraHH3alliH, CBSA3aHHOM C JI0-
MTOJTHUTENFHBIMA MEXaHU3MaMH, OTBETCTBCHHBIMH 33 PEATH3AIMI0 TOKCHYCCKOTO IMOTEHIIMANa, MOXET IO-
MOYb HaM pa3paboTaTh 0ojiee MepCOHATM3UPOBAHHBINA MOAXO K Tepamuu NpoTHB uHGpekuuit S. aureus. Ta-
KAM 00pa3oM, yiydIlieHHOe TIOHHMaHHEe MOJICKYJIIPHBIX B3aUMOCHCTBUI MeX Iy JEeHKOLMANHAME S. aureus
U PeLenTopaMH KJICTOYHOH MOBEPXHOCTH MOXET MPHUBECTH K Pa3pabOTKe albTepPHATHBHBIX aHTUMUKPOOHBIX
areHTOB, KOTOPBIE JTMOO0 HE3aBUCUMO, TM0O0 B COYETAaHUHU C TEKYLIMMHU CXEMaMH JIUeHUs: aHTHONOTHKaMH Oy-
JIyT MCIOJBb30BaThCS B KAUECTBE CTPATETHI (P (PEKTUBHOTO JICUCHHS B KIIMHHUKE.

Kniouesvie cnosa: Staphylococcus aureus, TICHETUYCCKas OpraHusanus, HeﬁKOIIPIZ[PIHbI, 6aKTepI/IaJ'H)Ha$I
I/IH(i)eKL[I/ISI, TOKCHHBI, U30JIATHI.
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