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Abstract

Actinomycetes are universal producers of a variety of secondary metabolites, including antibiotics.
According to the World Health Organization (WHO), antibiotic resistance is currently one of the biggest
threats to human health, food security and development. This review summarizes information about
actinomycetes and their ability to produce antibiotics. The search for a variety of natural compounds
provides the opportunity to obtain antibiotics with different chemical structures and mechanisms of
action. Many ecological niches remain unexplored and need to be explored to increase the diversity of
new actinomycetes. Recent advances and promising directions for future research in this area are
reviewed. Since different strains of actinomycetes produce different compounds, it is necessary to
intensify research on screening and isolating new strains to find new biologically active substances.
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Initially, the classification of actinomycetes caused difficulties. Some scientists classified
them as Eubacteriales or higher bacteria, while others believed that they were closer to
hypomycetes or lower fungi. After much speculation and the collection of vast amounts of data,
actinomycetes are now classified as the phylum Actinomycetota, formerly known as
Actinobacteria [1]. These are gram-positive bacteria that form extensive branching substrates
and aerial mycelium.

For bacteria, they have a relatively large genome (size up to ~12 Mb), consisting of DNA
with a high content of guanine-cytosine (up to 74 mol. %). Their growth is characterized by the
formation of branching filaments and rods that form a typical unicellular mycelium, especially in
the initial stages of growth [2]. Usually, the hyphae do not form septa, but under certain
conditions they can become septate. When grown on agar nutrient medium, actinomycetes
branch, forming a network of hyphae growing both on and under the surface of the agar. Hyphae
on the nutrient medium surface are called aerial hyphae, and hyphae below the surface are called
substrate hyphae. Streptomycetes, for example, are characterized by the presence of aerial
mycelium in laboratory conditions, while the aerial mycelium of Nocardia may be invisible.
Actinomycetes reproduce by special sporulating bodies or parts of vegetative mycelium [2].
Most actinomycetes are immobile. If motility is present, it is limited to flagellated spores.

Actinomycetes are primarily soil dwellers, but they are also found in a wide variety of
aquatic ecosystems, including sediments from the deep sea and even the Mariana Trench. Their
presence has been reported in extreme conditions, especially in cryophilic regions, such as in soil
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taken from Antarctica and even in desert soil [3,4]. Comparative studies have shown that the
population of actinomycetes is most numerous in soils of the surface layer and gradually
decreases with increasing depth; individual strains of actinomycetes are present in all soil layers

[5].

Actinomycetes are heterotrophs. Many of them are aerobic, and some, such as
Actinomyces, are anaerobic. Most are strict saprophytes, and some are the result of parasitic or
mutualistic relationships with plants and animals. Actinomycetes grow on conventional
bacteriological media, such as nutrient, tryptone, blood, starch-casein agar, Gause 1, Gause 2,
etc. (Figure 1). Sporoactinomycetes require special nutrient media to differentiate and form
characteristic spores and pigments. Some of these media are not commercially available and
must be prepared in the laboratory. Pale, shiny, hard colonies of Streptomyces species on nutrient
agar can transform into bright yellow colonies with powdery white aerial mycelium and
arthrospore spirals when subcultured on more suitable media such as oatmeal or inorganic salts
and starch agar.

Figure 1 — Colonies of Streptomyces spp. isolated from soil, grown on agar nutrient media after 7-day
incubation at +28°C

Genes involved in the biosynthesis of antibiotics and other metabolites related to secondary
metabolism are in the genome of the microorganism and in plasmids. They are grouped into very
long operons. It is usually possible to identify coding and regulatory sequences that can stimulate
or inhibite gene expression in response to specific environmental changes. These genes encode
enzymes involved in the assembly and editing of a bioactive compound, protecting the cell from
its toxicity, and facilitating its expulsion into the environment [6,7].

It is worth noting that the production of secondary metabolites in actinomycetes strictly
depends on the morphological and physiological differentiation of cells. Such factors as nutrient
concentration and availability, presence of competitors in the environment, metabolites and cell
density can influence gene expression and the set of enzymes within the cell [8].

Antibiotics are truly called “miracle medicine” for their success in the fight against
pathogenic microorganisms. They attack almost all types of microbial activity: DNA, RNA and
protein synthesis, membrane function, electron transport, sporulation [9]. Before the discovery of
antibiotics, it was impossible to treat people with infectious diseases. Antimicrobial resistance
has now become a major public health problem. This has compromised the effective prevention
and treatment of a wide range of diseases caused by various pathogens that are no longer
sensitive to commonly used antibiotics. To combat the problem of resistance, studies are
constantly being conducted to discover new medicines.

The antibiotic activity of a molecule depends on its chemical structure and therefore on its
affinity for a specific biological target. Antibiotics produced by actinomycetes are divided into
several main classes: aminoglycosides (streptomycin and kanamycin), ansamycins (rifampin),
anthracyclines (doxorubicin), B-lactams (cephalosporins), macrolides (erythromycin) and
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tetracycline [10-12]. Table 1 shows examples of antibiotics with different mechanisms of action
and their producers. The specificity of the action of antibiotics is due to the disruption of the
most important processes associated exclusively with the survival of bacteria.

Table 1 — Antibiotics with different mechanisms of action and a variety of genera of actinomycete
roducers

Actinomycetes Antibacterial Activity spectrum
compound
Nocardia sp. [13] Thiolactomycin Inhibition of fatty acid synthesis
Verrucosispora AB- Abyssomycins Abyssomycin C is active against gram-positive bacteria,
18-032 [14] including Enterococcus faecalis, vancomycin-resistant
Staphylococcus  aureus,  Bacillus  thuringiensis,
Micrococcus luteus and MRSA
Streptomyces sp. Chaxamycin D Effective against gram-positive bacteria, including
[15] Staphylococcus aureus
Streptomyces griseus Streptocin Inhibits bacterial protein synthesis
[16]
Streptomyces sp. Gilvocarcin HE Effective against Escherichia coli, Bacillus subtilis,
QDO01-2 [17] Staphylococcus aureus
Actinopolyspora [18] Erythromycin Effective against gram-positive bacteria, including
Listeria monocytogenes, Streptococcus —pyogenes,
Corynebacterium diphtheria, Streptococcus
pneumoniae, Corynebacterium  minutissimum  and
Staphylococcus aureus, also against gram-negative
bacteria, including Neisseria gonorrhoeae, Bordetella
pertussis and Legionella pneumophila
Streptomyces Spiramycin Inhibits protein biosynthesis due to the rapid destruction
ambofaciens [19] of polyribosomes by binding to the 50S ribosomal
subunit
Micromonospora Rifamycin Effective against mycobacteria
rifamycinica [20]
Streptomyces sp. Anthracymycin Effective against Bacillus anthracis, MRSA, and VRSA
strain CNH365 [21]
Amycolatopsis Vancomycin Inhibits cell wall synthesis
orientalis [22]
Streptomyces Formicamycins A-L | Effective  against MRSA,  vancomycin-resistant
formicae KY5 [23] enterococci, but does not show activity against gram-
negative bacteria

The current arsenal of antimicrobials mainly consists of natural substances derived from
either actinomycetes or fungi [24,25]. Among actinomycetes, about 7600 compounds are
produced by Streptomyces species. Some of these secondary metabolites are potent antibiotics.
About 70% of antibiotics are produced by this group of actinomycetes. Moreover, Streptomyces
produce a variety of non-antibiotic bioactive metabolites, including enzymes, enzyme inhibitors,
immunological regulators, antioxidants, and other substances [26,27]. The genus Streptomyces
includes more than 1100 tested species that produce specialized metabolites that form the basis
of ~50% of clinically used antibiotics [28].

In Kazakhstan, the antibiotic roseofungin was developed, the producer of which is the
strain Streptomyces roseoflavus var. roseofungini AS-20.14. The antibiotic produced by this
strain is called “roseofungin” by analogy with the name of the producer culture and the presence
of antifungal activity. It was discovered and studied in the 70s of the 20th century by a group of
Kazakh scientists. Based on this antibiotic, the antifungal medicine “Roseofungin-AS, ointment
2%” is produced, introduced into clinical use in 2017. The antibiotic is active against pathogens
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of superficial and deep mycoses — trichophytosis, microsporia, favus, candidiasis,
cryptococcosis, sporotrichosis, chromomycosis, aspergillosis and others [29].

The ability of members of Streptomyces genus to produce commercially valuable
antibiotics remains unsurpassed, perhaps due to the very large DNA content of these bacteria
[30]. Currently, more than 625 genome sequences of Streptomyces genus alone are available
[31]. Genomic analysis shows that less than 10% of the genetic potential of antibiotic producers
is currently being exploited [32], implying the existence of a huge untapped genetic reservoir for
drug discovery.

In 2002, the first genome sequence of Streptomyces was published [33]. This was the
genome sequence of the actinomycete Streptomyces coelicolor. The analysis revealed that S.
coelicolor contains 22 secondary metabolite gene clusters but produces only four of the encoded
metabolites under laboratory conditions. Thus, new methods are needed to access the
biosynthetic potential of these compounds, including modification of nutrient conditions in the
medium, cocultivation with other microorganisms or chemical elicitors, and genetic
recombination of biosynthetic gene clusters.

Modern methods of molecular biology and genetics provide researchers with tools to
increase the efficiency of searching for new microbial specific molecular targets and biologically
active compounds. Screening methods are becoming more sophisticated and accurate and are
mainly based on [34]:

(1) using antisense RNA;

(ii) new adjuvant molecules;

(iif) new natural microorganisms resistant to antibiotics;

(iv) new cultivation methods of microorganisms;

(v) activation of silent operons responding to secondary metabolism.

Over the past two decades, the proportion of non-streptomycete actinomycetes (rare
actinomycetes) has increased significantly and amounted to 25-30% of all known antibiotics
[35].

The term "rare” actinomycetes represents the group of all actinomycete genera excluding
Streptomyces. The ABL database describes the relative distribution of strains producing
bioactive compounds among rare actinomycetes according to the number of bioactive
metabolites they produce (Figure 2).
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Figure 2 — Distribution of producing strains among rare actinomycetes (according to the classification
published in the atlas of actinomycetes of Japan) [36]

Contrary to popular belief, the name “rare actinomycetes” does not reflect their abundance
in nature, but the fact that they are relatively little studied compared to Streptomyces genus.
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Increasing evidence suggests that the “rare” ones should be excluded, as studies of, for example,
the genera Amycolatopsis, Micromonospora, Pseudonocardia, Saccharopolyspora and
Salinospora have revealed chemically diverse and novel specialized metabolites. The potential
of these genera has been the focus of recent review articles [37-39]. Thus, in the search for new
antimicrobial agents, it is necessary to expand research into these underrepresented genera.

The relevance of rare actinomycetes can also be confirmed by the fact that many of the
successful antibiotics currently available on the market are produced by them. For example,
rifamycin is produced by Amycolatopsis mediterranei, erythromycin by Saccharopolyspora
erythraea, teicoplanin by Actinoplanes teichomyceticus, vancomycin by Amycolatopsis
orientalis, and gentamicin by Micromonopsora purpurea.

The longest clinically used antibacterial drug based on rare actinomycetes is the macrolide
antibiotic erythromycin, produced by Saccharopolyspora erythraea, introduced more than 70
years ago [40]. Macrolide antibiotics inhibit protein synthesis of the pathogen and are
particularly useful in the treatment of upper respiratory tract infections. However, erythromycin
Is susceptible to acid instability, which is associated with common gastrointestinal side effects
[41]. To overcome these limitations, semisynthetic variants have been developed, with
clarithromycin and azithromycin standing out as the most successful [42].

Vancomycin, a glycopeptide antibiotic produced by Amycolatopsis orientalis, inhibits cell
wall biosynthesis by binding to a lipid-1l precursor [43]. It is an antibiotic with a narrow
spectrum of antimicrobial activity. Active against gram-positive microorganisms:
Staphylococcus spp. (penicillinase-forming and methicillin-resistant strains), Streptococcus spp.,
Streptococcus pneumoniae (including penicillin-resistant strains), Corynebacterium spp.,
Enterococcus spp., Clostridium spp., Actinomyces spp. [43]. Of all the listed gram-positive
microorganisms, resistance to vancomycin can be detected in certain strains of enterococci, but it
is extremely rare. Vancomycin is not active against gram-negative microorganisms, since its
large molecule is not able to penetrate the outer membrane of the microbial cell.

The latest approved antibacterial drug produced by a rare actinomycete is the antibiotic
fidaxomicin [44]. Since fidaxomicin contains an 18-membered lactone ring in its structure, it is
called a macrocyclic lactone antibiotic. This is a new macrolide drug effective for the treatment
of diarrhea caused by Clostridioides (formerly Clostridium) difficile in adults and children over 6
months of age. Fidaxomicin has a bactericidal effect and inhibits RNA synthesis by bacterial
RNA polymerase.

Conclusion

Microbial diversity is known to represent enormous potential, and it is reliably estimated
that less than 1% of this diversity is currently represented in the world's microbial culture
collections. Of particular interest are previously unexplored substrates, ecological niches and
regions. These regions are biodiversity hotspots, where it is believed that local environmental
influences may lead to the development of new secondary metabolic pathways.

Actinomycetes are among the most important prokaryotes in biotechnology and represent a
major reservoir of key secondary metabolites. Diverse genera of rare actinomycetes, which
previously could only be discovered by chance using conventional dilution methods, can now be
successfully isolated.

Undoubtedly, in the near future we will see new advances in the field of biotechnology and
microbiological methods aimed at optimizing the discovery of new antibiotics. The development
of new strategies for screening actinomycetes, studies of the mechanisms of antibiotic action and
the identification of new targets, as well as the application of new genetic methods and
optimization of relevant biosynthetic pathways are expected to expand the production of
bioactive compounds.
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AKTHHOMUHETTEPAIH SPTYPJILJIIT'T )KOHE OJIAPJIBIH AHTUBUOTHUK
OHAIPYIIUUIEPI PETIHJAEI'T POJII

Tyidin

AKTHHOMUIIETTED OpTYpJl KaiTanama MeTaOONUTTEePAiH, COHBIH IlIHJAE AaHTUOMOTHKTEPIiH
omOeOan eHaipymriiepi Oonbin TaObUIagbl. JYHHEKY3LMIK JAeHcaylblK cakTay yibIMbIHBIH (/1Y)
MoJTiMeTTEPl OOMBIHINA, AHTHOMOTHKTEPTe TOIMILTIK Ka3ipri yaKeITTa agaM JICHCAYIIBIFBIHA, a3bIK-TYIIK
Kayilci3lmirine >koHe JaMyblHa €H YJKeH KayinrepniH Oipi Oomeim  TaObutagsl. byn momyna
AKTUHOMHILIETTEP KOHE OJIApIBbIH aHTHOMOTHKTEP MIbIFApy KaOileTi Typajbl MONiMETTep KMHAKTaJFaH.
OpPTYpii TaOWFW KOCBUIBICTApbI i37Iey TYPJI XUMHSIIBIK KYPBUIBIMBI MEH ocep €Ty MeXaHu3Mi Oap
aHTUOMOTHKTEPII aTyFa MyMKiHTIK Oeperni. KenrereHn 3KOJOTHIIBIK Tayamaiap 9J1i 3epTTEIMETCH KOHE
KaHa aKTHHOMMLETTEPIiH OPTYPNITIriH apTThIpy YIIIH 3epTTenyi kepek. Ocbl camagarbl Oomnalmak
3epTTEYNICPIAIH  COHFBI  JKETICTIKTEpI  MEH  TEpPCICKTHUBAIBIK  OaFbITTapbl  KapacTHIPHLIAIEL.
AKTHHOMMIIETTEP/IIH OPTYp/l INTaMMAAphl SPTYPJi KOCBLUIBICTAp TY3ETIHMIKTEH, XKaHa OHOJOTHSUIIBIK
Oencenai 3aTTapApl Tady YIIiH )KaHa [ITaMMAAPAbl CKDHHUHITIK KOHE OKIIaynay OOoibIHIIA 3epTTeyaepai
KYIIEHTy KaKeT.
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AHHOTALUSA
AKTHHOMUIICTHl ~ SIBJISIFOTCS  YHUBEPCAJIbHBIMHU MPOAYICHTAMHU PAa3HOOOPA3HBIX BTOPUYHBIX
MeTaOO0JIUTOB, B TOM YHCIEe U aHTHOMOTUKOB. 1o maHHBEIM BceMupHO# opraHusanuu 31paBOOXpaHCHUS
(BO3), ycTOMYNBOCTH K aHTHOMOTHKAM B HACTOSAIIEE BPEMS SBJISETCS OHOM M3 CaMBIX OOJIBIIHMX yTPo3
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JUTSI 37I0POBBS YEJIOBEYECTBA, TPOAOBOJILCTBEHHON 0€30MacHOCTH U pa3BUTH. B aToM 0030pe 00001IeHbI
CBelleHUs 00 aKTHHOMHIIETaX W MX CITOCOOHOCTH MPOMYITUPOBATh aHTHOMOTHKH. [Tonck pazHooOpa3HbIX
NPUPOJHBIX COCIUHEHUI MPEJOCTAaBIsSET BO3MOXHOCTh TIOJNYYCHHUS aHTHOHMOTHKOB C Pa3IHYHOM
XUMHUYECKON CTPYKTYpPOH W MEXaHH3MOM JISHCTBHSI. MHOTHE SKOJIOTHYSCKUE HUIIU BCE €IIE OCTAIOTCS
HEUCCIICIOBAHHBIMU, U MX HEOOXOIMMO U3YyUUTh JJISl YBEIUYCHUS Pa3HOOOpa3nsl HOBBIX aKTHHOMHUIICTOB.
PaccmarpuBaroTcsi mocieqHHE JIOCTHXKEHUSI W TEPCICKTHBHBIC HAlpaBlieHHS HCCIEJOBaHUN B 3TOU
obmactu. B cBsi3u ¢ TEM, YTO pa3IMYHBIC HITaMMbl AKTUHOMHIECTOB MPOAYLIUPYIOT PAa3HBIC COCANMHCHN,
HEOOXOJMMO aKTHBU3MPOBATH HCCIEAOBAHUS IO CKPUHWUHTY W BBIJCICHUIO HOBBIX IIITAMMOB IS
N3bICKAaHH HOBBIX 6I/IOJIOFI/I‘ICCKI/I AKTHUBHBIX BCIICCTB.
KuoueBble c1oBa: AKTUHOMMIICTHI, aHTI/I6I/IOTI/IKI/I, BTOPUYHBIC MeTa0O0IUTEI.

[lepBoHauanbHO KiIacCH(PUKAIMA aKTUHOMUIIETOB BbI3bIBasia 3aTpyaHeHus. OHU ydYeHbIe
orHocuan ux K Eubacteriales wiu BeicimM OakTepusiM, a Apyrue Mojarajid, 9To OHH OJIMKE K
ruoMuUIleTaM WM HU3MIMM rpubaM. B HacTosmiee BpeMs akTHHOMHULETHI KIacCU(UIUPYIOTCS
kak Tun Actinomycetota, panee u3BecTHbIi Kak Actinobacteria [1]. DTo rpaMImoNoKUTEIbHbIE
OakTepuu, 00pa3yrolye OO PHBIE BETBAIMECS CyOCTpaThl U BO3AYIIHBIA MULICTHIA.

st Gaktepuii oHM 00JIATAI0T OTHOCUTEIBHO OOJIBIIMM TeHOMOM (pa3zmepoM a0 ~12 MO),
cocrossmuM u3 JIHK ¢ BeicokuM copepxaHueM ryaHMH-LMTo3uHa (1o 74 moin. %). Mx poct
xapakrepusyercs (OpMUPOBAHMEM BETBAIIMXCS HUTEH M manodek, oOpa3yroIMX TUINYHBIN
OJTHOKJICTOYHBIN MUIIENUi, 0COOEHHO Ha HaudalbHBIX cTaausx pocrta [2]. OOBIYHO TH(BI HE
00pa3yIoT Neperopoiok, HO MPU ONPEAETIEHHBIX YCIOBUAX MOTYT CTaTh neperopoadarsiMu. [lpu
BBIpAIlMBAaHUH Ha arapu30BaHHOW MUTATEILHOU cpelle aKTHHOMUIIETHI Pa3BeTBIAIOTCS, 00pa3ys
ceTb TU(. ['ndbl HA TOBEPXHOCTU MUTATEIBHON Cpebl Ha3bIBAIOTCS BO3AYIIHBIMM, a TH(BI 101
NOBEPXHOCTBI0O — Tudamu cyocrpara. CTpenTOMHULETH, HANpUMeEp, XapaKTepU3yIOTCS
HAJINYMEM BO3JyLIHOIO MHLENHUS B JJAOOPAaTOPHBIX YCIOBUSAX, B TO BpeMsl KaK y HOKapAuH
BO3AYIIHBIA  MHUIEIUH  MOXKET OBITh  HEBHIUMBIM. AKTHHOMHLETHl  Pa3MHOXKAIOTCS
CHELMATbHBIMY CIIOPYJIUPYIOIIMMHU TeJaMH MM 4YacTAMH BereTaTMBHOro Munenus [2].
BonbmMHCTBO aKTMHOMHULETOB HEMOABIMKHBL. ECIM  MOABMKHOCTH TNPHUCYTCTBYET, OHA
OTPaHUYMBAETCS KI'YTUKOBBIMH CIIOPAMH.

B OCHOBHOM AaKTHHOMHMILETHI SBISIOTCS OOUTATEISIMU TIIOYBBI, HO TaKXe OHH
00HapyKUBAIOTCS B CAMBIX Pa3HBIX BOJAHBIX IKOCUCTEMAX, BKIIIOYAs OTJIOKEHMS], IOJydEHHbIE U3
ryOuH Mops, u gaxe u3 Mapuanckorr Bnaguubl. CooOmiamock 00 WX MPHUCYTCTBUU B
9KCTPEMAIBHBIX YCIOBUAX, 0COOEHHO B KpHO(DUIIBHBIX PETHOHAX, HAIIPUMED, B I10YBE, B3ATOM U3
AHTapKTUABI, U Jaxe B NouBe MyCThIHU [3,4]. CpaBHUTEIbHBIMU MCCIEAOBAHUAMU IIOKA3aHO,
YTO MOMYJALUS aKTUHOMHIIETOB Han0oJjiee MHOTOYMCIIEHHA B MTOYBAX MOBEPXHOCTHOIO CJIOS U
IIOCTETNICHHO CHMKAETCS C YBEIMYCHHEM TIJIYOWHBI; OTIENbHBIE IITAMMBl AKTHHOMHIIETOB
MIPUCYTCTBYIOT BO BCEX CJIOSAX MOYBHI [S].

AKTUHOMHUIIETBI ~SABISIOTCS TeTepoTpodamu. MHOrme OTHOCATCA K a’dpodaM, HO
HEKOTOphIe, HampuMep Actinomyces, aHa’spoObl. BONBIIMHCTBO U3 HUX CTPOTHE canpodUTHI, a
HEKOTOpBIE SIBIISIOTCS PE3YJNbTaTOM MAPa3UTUYECKUX WIM MYTYaJTUCTHYECKUX CBSA3EH ¢
pacTEHUsIMH M )KMUBOTHBIMH. AKTHHOMHULIETHI PACTYT HA OOBIYHBIX OAKTEPHOIIOTUYECKUX CPEax,
TaKWX KakK MUTATEIbHbIMA, TPUIITOH-COEBBIM, KPOBSHOW, KpaxMmaao-Ka3emHOBbIM arap, ['ayse 1,
l'ayse 2 u 1. 1. (Pucynok 1). Sporoactinomycetes TpeOyrOT OCOOBIX MHUTATEIBHBIX CPEI ISt
muddepeHanuy 1 GopMUPOBaHUS XapaKTEPHBIX CIIOP U MUIMeHTOB. HekoTopele u3 3THX cpex
KOMMEPUYECKH HEIOCTYIHBI M HMX TOTOBAT B Jlaboparopuu. brnenusle, Onecrtsiue, TBEpIble
KOJIOHMM BUIOB Streptomyces Ha NUTAaTelNbHOM arape MOTYT TpaHC()OPMHUPOBATHCS B SAPKO-
KeJNThIe KOJIOHUU C IMOPOIIKOOOPa3HBIM OENIbIM BO3AYIIHBIM MUIIETUEM U CIUPATSIMUA apTPOCIIOP
Opyu CyOKYyJIbTHBUPOBaHMM Ha Oojiee NOAXOAALIEH cpede, Kak OBCAHas WM arap ¢
HEOPraHMYECKUMH COJIIMU M KPAaXMaJIOM.
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Pucynok 1 — Kononuu Streptomyces spp., BBIZICTIEHHBIX U3 TTOYBHI U BHIPAIIICHHBIC HA arapu30BaHHBIX
MATATEILHBIX CPEaX, MOCIe 7-THEBHON nHKyOauu npu +28°C

['ensl, yuacTBytomnye B OMOCHHTE3€ aHTUOMOTUKOB U IPYTUX METa00IUTOB, OTHOCSAIINXCS
K BTOPUYHOMY METa0O0JIM3MY, PACIOJOKEHBI B T€HOME MHUKpOOpraHm3ma u riazmugax. OHu
CIpyNIUPOBaHbl B OYEHb JUIMHHBIE ONEpOHBL. OOBIYHO MOXHO HACHTU(ULIUPOBATH
KOJUPYIOIINE U PETYISATOPHBIE TIOCIEIOBATEIBHOCTH, KOTOPhIE CIIOCOOHBI CTUMYJIHPOBATh WIIH
MHTHOMPOBATh SKCIPECCHI0 TEHOB, pearupys Ha OINpeiesieHHble HM3MEHEHHsS OKpY)Karolen
Cpelnpl. OTH TEHBl KOAUPYIOT (DepMEHTHI, Yy4YacTBYIOIIHE B COOpPKE U pPEJaKTUPOBAHUU
OMOaKTUBHOI'O COEAMHEHHUS, 3aIIUTE KIETKH OT €ro TOKCHYHOCTH U OOJIETYEHUU €€ BBITECHEHUS
B OKpYJKaroIyto cpeay [6, 7].

CTOUT OTMETHTbH, YTO MPOIYKIHUS BTOPUYHBIX METAOOJUTOB y aKTHUHOMMIIETOB CTPOTO
3aBUCUT OT Mopdosiorndyeckoil u (dusnonorudeckon audpdepeHIupoBKH KIETOK. Takue
(hakTOpBI, KaK KOHIIEHTPALIUS U JOCTYITHOCTh MUTATEIHHBIX BEIIECTB, MOSIBICHUE KOHKYPEHTOB B
cpelne, MeTa0OIUThl U IUIOTHOCTh KIJIETOK, MOTYT BIMSTh Ha JKCIPECCHUI0O T€HOB U Habop
(hepMeHTOB BHYTpH KIETKH [8].

AHTHOMOTUKHM TIOMCTUHE HA3bIBAIOT «4yIO-JIeKapcTBaMU» 3a HMX ycmex B 0Oopbbe ¢
NATOTEHHBIMU MHKpoopranm3MamMu. OHU aTakylOT MPAKTUYECKH BCE BHUIBI MHKPOOHOMU
aktuBHOoCcTH: cuHTe3 JIHK, PHK u Genka, memOpanHyto (DyHKITHIO, TPAaHCHIOPT AJIEKTPOHOB U
cnopynsituto  [9].  JIo OTKpBITHS aHTUOMOTUKOB JIEUHTh JIOJEH C WH(GEKIHOHHBIMU
3a00yIeBaHUAMHU OBLIIO HEBO3MOXKHO. B HacTosiee BpemMsi yCTOWYUBOCTh K MTPOTUBOMUKPOOHBIM
mpermapaTaM crajga OJHOW W3 OCHOBHBIX MpOOJieM OOIIECTBEHHOTO 3/IPaBOOXpPAaHEHUS. ITO
MOCTaBUJIO MO Yrpo3y d3(PGEeKTUBHYIO TPOPUIAKTAKY U JICUEHHWE IIMPOKOTO CIIEKTpa
3200JIeBaHUI, BEI3BAHHBIX PA3TUYHBIMU BO30YIUTENSIMU, KOTOPBIE OOJIbIIE HE YYBCTBUTEIBHBI K
YacTO HCIOJb3YeMbIM aHTHOMOTHKAM. JJis OOphOBI ¢ MPOOIEMON PE3UCTEHTHOCTH MOCTOSTHHO
MPOBOSITCS] UCCIIEIOBAHUS TIO OTKPBITUIO HOBBIX JIEKAPCTBCHHBIX BEIIESCTB.

AHTHOHOTHYECKAas] aKTHUBHOCTh MOJEKYJbl 3aBUCUT OT €€ XMMHUYECKOH CTPYKTYpHI H,
CIIEIOBATENIbHO, OT €€ CPOJCTBA K KOHKPETHOW OMOJIOTHYECKOW MUIIEHH. AHTUOMOTHKH,
OpOAyLUUpYEeMble aKTUHOMHULIETAMH, TMOJAPA3ACNSIIOTCS Ha HECKOJIBKO OCHOBHBIX KIJIACCOB:
AMUHOTJIMKO3UABI (CTPENTOMHUIIMH W KaHAMUIIMH), aHCAMUIIUHBI (pU(daMUIIIH), aHTPAITUKIHHBI
(moxcopyounuH), B-maktambl (11ehaJoCIOPUHBI), MAaKPOJUIbI (3PUTPOMHUIIMH) U TETPAIUKINH
[10-12]. B Ttabmune 1 mpuBeneHbI MPUMEPhl AHTHOMOTHKOB C Pa3IMYHBIMH MEXaHHU3MaMH
JIeHcTBUsI M ¢ WX mnpoayneHTtamu. CrnenuduyHOCTh ACHCTBUS aHTHUOMOTHKOB OOYCJIOBJICHA
HapYIICHUEM BOXHEHIIIUX MPOIIECCOB, CBA3aHHBIX UCKIIOUYNUTEILHO C BEDKHBAHHEM OaKTEPHIA.
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Tabmua 1 — AHTHOMOTHKM C pa3IMYHBIMM MEXaHH3MaMH JCHCTBHS M Pa3HOOOpa3HeM pOJIOB
MPOYIICHTOB-AKTHHOMHUIICTOB
AHTHOAKTepHATBHO
AKTHHOMHIIETHI CriekTp aKTHBHOCTH
€ COeJIMHCHUE
Nocardia sp. [13] | Twuwomakromurnun | MHruGHpoBaHNe CHHTE3a JKUPHBIX KUCIOT
Verrucosispora AOuccomuruabel | AGHCCOMUTINH C aKTHBEH B OTHOIIICHUHT
AB-18-032 [14] TpaMIIOJIOKUTENbHBIX OakTepuii, Bkowas Enterococcus
faecalis, ycrodumeeiii k BamkomumuHy Staphylococcus
aureus, Bacillus thuringiensis, Micrococcus luteus » MRSA
Streptomyces sp. XakcamunuH D O¢d¢exTuBeH B OTHOLIEHWH  TPAMIIOJIOXHUTEIBHBIX
[15] Oakrepwuii, B ToM yncie Staphylococcus aureus
Streptomyces Crpenronux Wurubupyet cuHte3 6akTepHaibHOro OenKa
griseus [16]
Streptomyces sp. T'unekapiua HE | DddexruBen B ormomenuu Escherichia coli, Bacillus
QDO01-2 [17] subtilis, Staphylococcus aureus
Actinopolyspora DpUTPOMULIUH D¢dekTuBeH B OTHOIICHHH  T'PaMIIOJIOKHTEIBHBIX
[18] Oaxrepuii, Bkrouas Listeria monocytogenes, Streptococcus
pyogenes, Corynebacterium diphtheria, Streptococcus
pneumoniae, Corynebacterium minutissimum "
Staphylococcus  aureus, Takke B  OTHOIIEHHH
TpaMOTpHUIATENbHBIX ~ OakTepuii, Bkmowas  Neisseria
gonorrhoeae, Bordetella  pertussis wu  Legionella
pneumophila
Streptomyces CrnmpaMuniiH Narnbupyer OwocuHTe3 Oenka 3a cdeT OBICTPOTO
ambofaciens [19] paspylieHus MOIHMPHOOCOM IyTeM CBs3bIBaHHS  50S-
cyObeauHuIeH pudocoM
Micromonospora Pudpamnuun Oco6eHHO 3P PeKTHBEH MPOTHB MUKOOAKTEPHIA
rifamycinica [20]
Streptomyces sp. Antpammmuime | O6naznaer aktuBHOCTBIO poTHB Bacillus anthracis, MRSA
mramm CNH365 n VRSA
[21]
Amycolatopsis BankomuIus HHrnbupyeT CUHTE3 KIETOUHOM CTEHKH
orientalis [22]
Streptomyces ®opmukamunuiel | OpdexTuBHEl B oTHomieHMM MRSA, BaHKOMHIUH-
formicae KY5 A-L PE3UCTEHTHBIX  DHTEPOKOKKOB, HO  HE  IIPOSBIISIET
[23] AKTHBHOCTHU B OTHOIIICHUH TPAMOTPHIIATENILHBIX OaKTepUit

Texymuii apceHan MPOTUBOMUKPOOHBIX MpPENapaTtoB B OCHOBHOM COCTOUT M3 MPUPOTHBIX
BEIIECTB, TMPOAYIUPYEMBIX JHOO aKTHHOMHUIIETaMH, Jubo rpubamu [24,25]. Cpenu
aKTUHOMHUIIETOB okoJjio 7600 coemmHeHwit mpoaynupyroTcs Bugamu Streptomyces. HexoTtopsie
U3 OTUX BTOPUYHBIX METAaOOJMTOB SABIAIOTCS MOIIHBIMU aHTHOMOTHKaMu. Oxomno 70%
AHTUOMOTUKOB CHHTE3UPYIOTCS MMEHHO JTOW TpYNIoOW akTuHOMHIETOB. Kpome Toro,
Streptomyces nmpoaynupyrT pa3HOOOpa3Hbie HEAHTHOMOTHUYECKHE OMOAKTHUBHBIE METAOOJHUTHI,
BKIItoYass  (PEpPMEHThI, = UHTHOUTOPHI  (EPMEHTOB, HMMYHOJIOTUYECKHE  PETYISITOPHI,
AHTUOKCHJIaHTHI W Tmpoune BemectBa [26,27]. Pom Streptomyces Bkmrouaer 6Gomee 1100
MPOBEPEHHBIX BUJIOB, MPOAYIUPYIONIUX CHEIHATU3UPOBAHHBIE META0O0IUTHI, COCTABIISIONINE
0CHOBY ~50% KIMHHYECKU UCIIOJIb3YEMbIX aHTHOMOTHUKOB [28].

B Kazaxcrane pa3zpabotran aHTHOMOTHK PO3€O(YHTHH, MPOAYLIEHTOM KOTOPOTO SIBIISETCS
mramm - Streptomyces roseoflavus var. roseofungini AS-20.14. AuTHOHOTHK, 00pa3yeMblii
JAHHBIM [ITAMMOM Ha3BaH «p03€0(QyHTHHOMY TI0 aHAJIOTUH C Ha3BAaHUEM KYJIbTYphI POIYIICHTA
Y HaJIM4ueM aHTU(YHTaabHON akTMBHOCTH. OH OBUT OTKPHIT U M3ydeH B 70-X romax XX Beka
TPYNNol Ka3axXxCTaHCKUX YUYeHBIX. Ha OCHOBE [aHHOTO aHTUOWOTHKA TPOU3BOAMTCS
npoTUBOrpUOKOBEIM mpenapar «Pozeopynrun-AC, masp 2%y, BBEIEHHBIH B KIMHHYECKOE
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npuMeHerre B 2017 r. AHTUOMOTHK aKTUBEH B OTHOIICHUHM BO30YAWTENEH MOBEPXHOCTHBIX U
IyOOKHX MHKO30B — TPUXO(MUTHUH, MHUKpPOCHOpHH, (aByca, KaHIUIO030B, KPUITOKOKKO3a,
CIIOPOTPHUX03a, XPOMOMHUKO3a, aciepruiiesa u ap. [29].

CnocobHOCTh TIpeACTaBUTENCH poma Streptomyces mnpoaynupoBaTh KOMMEPUYECKH
3HaYMMble AHTHOMOTHUKU OCTAeTCs HENPEeB30WICHHON, BO3MOXHO, H3-3a OYEHb OOJIBILIOTO
Habopa JIHK o»tux Oakrepuit [30]. B Hacrosmee Bpems pgoctymHo Oomee 625
MOCIIeI0BATENBHOCTEN TeHOMa TONBKO pona Streptomyces [31]. AHanu3 reHoma MOKa3bIBaeT,
YTO B HACTOsIIee BpeMs Hcnoib3yeTcss MeHee 10% reHeTndeckoro noTeHnHala IpoayLieHTOB
aHTUOMOTUKOB [32], YTO mMOApa3yMeBaeT CYIIECTBOBAHHE OTPOMHOTO HEHUCIIOIb30BAHHOTO
TEeHEeTUYECKOTO pe3epByapa AJisl OTKPHITUS HOBBIX JIEKapCTB.

B 2002 r. Obua omyOJIMKOBaHA IepBas MOCIEIOBATEILHOCTh TeHoMa Streptomyces [33].
Dro ObUTa MOCIEIOBATEIBHOCTh TI'eHOMa akThHOMHIeTa Streptomyces coelicolor. Anamus
nokaszai, 4yro S. coelicolor comepxut 22 kiacrepa T'€HOB BTOPUYHBIX METaOOJIMTOB, HO B
JNEHCTBUTENBHOCTH MPOU3BOAUT TOJIBKO YETHIPE U3 KOJUPYEMBIX META00IUTOB B Ja0OPAaTOPHBIX
ycnoBusix. Takum 00pazom, HEOOXOIUMBI HOBBIE METOJBI ISl TOCTyHa K OMOCHHTETHYECKOMY
NOTEHLMATY ATHUX COEAMHEHUH, BKIIOYas MOAM(UKAINIO MUTATENbHBIX YCIOBHIl B Cpele,
KOKYJIbTUBHPOBAHHUE C APYTUMU MHUKPOOPTAaHW3MAMH WJIM XUMUYECKUMH JIHCUTOPAMH, & TAKKe
FeHETUYECKYI0 PEKOMOMHAIUIO KJIACTEPOB OMOCUHTETUYECKUX T€HOB.

CoBpeMEHHBIE METOJIBI MOJIGKYJSIPHOM OHONOTMHM U TEHETUKH MPEAOCTaBISIOT
HCCJIEIOBATENSIM BO3MOYKHOCTU TOBBIIIEHUS 3(QQPEKTUBHOCTH MOUCKA HOBBIX CHEIU(PUUYECKUX
MUKPOOHBIX MOJIEKYISPHBIX MHIIECHEH M OWOJOTMYECKH aKTHUBHBIX COCIUHEHWH. MeTosl
CKpUHMHTA CTAaHOBSTCS 00Jiee CJI0KHBIMU U TOUHBIMH U B OCHOBHOM 0Oazupytorcs Ha [34]:

(1) UCIIONIb30BaHUU aHTHCMBICTIOBOM PHK;

(i)  HOBBIX MOJIEKyJIaX-aIbIOBAHTAX;

(ill)  HOBBIX IPUPOAHBIX MUKPOOPTaHU3MaX, YCTOMYHMBBIX K aHTHOMOTHKAM;

(iv)  HOBBIX MeTOJaX KyJbTHBHPOBAHUS MUKPOOPTaHU3MOB;

v) AKTHBAILIUM MOJTYAIIUX OMEPOHOB, OTBEYAIOIINX HA BTOPUYHBIA METaOOIH3M.

3a mociegHUe J1Ba ACCITHIETUS J0JISI HECTPENTOMHUIETHBIX aKTMHOMHUIETOB (PEIKHUX
AKTMHOMMIIETOB) 3HAUUTENbHO YyBeluWuyuiaach U coctaBwia 25-30% oOT BceX HM3BECTHBIX
MPOIYIICHTOB aHTHOMOTUKOB [35].

TepMuH «penkue» aKTUHOMHUIIETHI TPEACTABISeT COOOW TPYIIy BCEX POJOB
aKTHHOMMIICTOB, 3a UCKII0YeHueM Streptomyces. B 6a3e nanubix ABL onrcano oTHOCUTENbHOE
pacmpenelieHne  IMTaMMOB-TIPOAYIICHTOB ~ OMOAKTUBHBIX ~ COCAMHEHHH  CPEeIu  PEAKUX
AKTHHOMMIICTOB I10 KOJUYECTBY MPOAYIIUPYEMBIX MU OMOAKTUBHBIX METAOOIUTOB (PUCYHOK 2).
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Pucynok 2 — Pacnipenenienrie mraMMOB-IIPOAYIICHTOB CPEN PEKUX aKTHHOMHIIETOB (COTJIACHO
KJ1accu(uKaIiy, ormyoJIMKOBAaHHON B aTiiace akTHHOMHUIIETOB Smonnn) [36]
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Bompekn pacnpocTpaHEHHOMY MHEHHIO, HAMMEHOBAaHUE «PEIKHE aKTHHOMHIICTHI
OTpakaeT He X oOuJIue B MPUPOJE, a TO, YTO OHU CPABHUTEIHLHO MaJl0 U3yYEHBI M0 CPAaBHEHUIO
¢ pogom Streptomyces. Bce Gonbliie JaHHBIX CBHIETEIBCTBYET O TOM, YTO «PEAKUE» CIEIYET
UCKJTIOUNTh, IMOCKOJBKY HCCIeI0OBaHMs, Hampumep pomoB Amycolatopsis, Micromonospora,
Pseudonocardia, Saccharopolyspora u Salinospora BeISIBUIN Y HUX XUMHUYECKH Pa3HOOOpa3HbIe
Y HOBBIE CIIEIUAIU3UPOBaHHBIE MeTa00onuThl. [loTeHnman 3Tux poaoB ObLIT B LIEHTPE BHUMAaHUS
HelaBHUX 0030pHBIX craredl [37-39]. Takum oOpa3oM, B MOMCKaX HOBBIX MPOTHBOMHUKPOOHBIX
areHTOB HEOOXOAMMO paCIIUpSATh HCCIEAOBAaHUS B OTHOLIEHUM JTUX HEAOCTATOYHO
MPEJICTABICHHBIX POJIOB.

AKTYalbHOCTh PEIKUX AKTUHOMHIIETOB TaKXe MOATBEPXKAAETCS TEeM, YTO MHOTHE U3
YCIENIHBIX AHTUOMOTUKOB, MOCTYMHBIX B HACTOSIIEE BPEMs Ha pPBIHKE, MPOU3BOISATCS HMH.
Hanpumep, pudammuumua npoxyuupyercs Amycolatopsis mediterranei, sputpomMunuH —
Saccharopolyspora erythraea, teiikorutanua — Actinoplanes teichomyceticus, BankomuImMH —
Amycolatopsis orientalis, reatamunina — Micromonopsora purpurea.

CaMbIM TOJITUM KITMHUYECKH HCIIOIh3yeMbIM aHTHOAKTEPUAIBHBIM MPErapaToM Ha OCHOBE
pPEAKUX aKTUMHOMHULIETOB SIBJISIETCSI MaKPOJIUIHBIN aHTHOMOTHK SPUTPOMUIIMH, TPOAYLUPYEMBIii
Saccharopolyspora erythraea, BBeacHHBIE B mnpuMmeHenue Oonee 70 mer nHazam [40].
Makponuaaple aHTHOMOTUKM WHTHOUPYIOT CHHTE3 OelKka BO3OYIUTENs] W OCOOCHHO TOJIE3HBI
JUISL JIedeHusT WH(EKIUH BEpXHHUX [bIXaTelbHBIX myTed. TeM He MeHee, IPUTPOMHIINH
MOJABEPKEH KHCIOTHOM HECTaOWMJIBHOCTH, 4YTO COMPOBOXKAACTCS OOMMMHU MOOOYHBIMU
sbdekraMu B 00IACTH >KETYJOYHO-KHMIIEYHOTO TpakTa [41]. Jlns mnpeomoneHus >STHX
orpaHuueHui ObulM  pa3paboTaHbl MOJYCUHTETUYECKHUE BAapUAHTBL, CpeAu  KOTOPBIX
KJIApUTPOMMLIMH M a3UTPOMHUIIMH BBIJCISIOTCS Kak HanOomee ycrennble [42].

BankoMuIMH — TIMKOMENTHAHBIA aHTHOMOTHK, MpOoAyIMpyeMbiii  Amycolatopsis
orientalis, mHrHOMpyeT OMOCHHTE3 KIETOYHOM CTCHKH ITyTEM CBS3BIBAHUS C MPEIIICCTBEHHHKOM
munrga-11 [43]. D10 aHTHOHOTHK ¢ Y3KUM CIEKTPOM IMPOTHBOMHKPOOHOM aKTMBHOCTH. AKTHBEH
B OTHOILICHHUH T'paMIIOJIOKUTCIIBHBIX MMKPOOPIaHU3MOB: Staphylococcus Spp.
(meHUIMIUIMHA3000pa3ylonMe 1 METUIMUTMHOPE3UCTEHTHBIC ITaMMBbI), Streptococcus spp.,
Streptococcus  pneumoniae  (BKJIOYas — IITAMMBI, PE3UCTEHTHBIE K  MNEHULWUINHY),
Corynebacterium spp., Enterococcus spp., Clostridium spp., Actinomyces spp. [43]. U3 Bcex
MEPEYUCIICHHBIX TPaMIIOJIOXKHUTEIBHBIX MHKPOOPTAaHU3MOB PE3UCTCHTHOCTh K BAaHKOMUIIMHY
MOKET OBbITh BBISIBJIEHA Y OTAENBHBIX IITAMMOB JHTEPOKOKKOB, OJHAKO KpaiiHe peako. B
OTHOIICHUH TPAMOTPUIIATETHHBIX MUKPOOPTaHU3MOB BAaHKOMUIIMH HE aKTHUBEH, MOCKOJBKY €ro
KpyIHasi MOJIEKYJIa He CITOCOOHA IMTPOHUKATH Yepe3 BHEUTHIOI MEMOPaHy MUKPOOHOM KJIETKH.

[Mocnennuit on00peHHBIN aHTHOAKTEpUATBHBIA NpenapaTr, MNPOAYIUPYEMbIH pEeaKUM
AKTUHOMHIIETOM — aHTHOMOTHK (pumakcomunv [44]. TlockonbKy GUIAKCOMHUIIMH COJEPIKUT B
CBOEH CTpyKType |8-ujleHHOE€ JIAaKTOHHOE KOJBIIO, €ro Ha3bIBAIOT MAKPOIMKIMYECKUM
JAKTOHHBIM aHTUOMOTHKOM. DTO HOBBIM MAaKpOJMIHBIA mpenapar, 3pGEeKTUBHBIN i JTECUCHUS
nuapew, BeizBanHoi Clostridioides (panee Clostridium) difficile, y B3pocibix u gereii B Bo3pacte
ctapuie 6 mecsneB. OUAAKCOMUIIMH OKa3bIBaeT OAKTEPUITUIHOE NCHCTBHE U TOPMO3UT CHUHTE3
PHK 6akrepuansaoit PHK-mmonmmmepassi.

3akiaoueHue

N3BecTHO, 4TO MUKpPOOHOE pa3HOOOpa3ue MPeACTaBIseT COOOM OrpOMHBIN MOTEHIHAI U,
M0 JJOCTOBEPHBIM OIICHKaM, MeHee 1% 3Toro pasHo0Opa3us B HACTOSIIEE BpEeMsI TIPEJICTABIICHO B
MHUPOBBIX KOJUICKIUSAX KYJIBTYp MHKpOOpraHu3smMoB. OcoOblii HMHTEpec BBI3BIBAIOT paHee
HEW3BEJaHHBIC CYOCTpPAThl, SKOJIOTHYECKHE HHUIIM W PETHOHBI. OTH PETHOHBI SBIISIOTCS
«TOPSYUMH TOYKaMU» OMOpa3HOOOpasus, /i€ BIUSHUE MECTHOW OKPYXKAIOUIeH cpeabl MOKET
MIPUBECTU K PA3BUTHIO HOBBIX BTOPUYHBIX META0OJIMUECKHUX MyTEH.

AKTI/IHOMI/IHGTBI ABJIAOTCA OAHUMU U3 HaH60nee Ba>XHBIX HpOKapI/IOTOB B 6HOT€XHOHOI‘I/II/I
W TPENCTaBIAIOT COO0OM OCHOBHOW pe3epByap KIIOYEBBIX BTOPHYHBIX METAaOOJIMTOB.

18



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Nel (44) 2024 www. imv-journal.kz

Pa3HooOpasHble poJibl pEAKHX AKTHHOMHUIIETOB, KOTOPBIE paHbIIE MOXKHO ObLIO OOHAPYXHTbH
TOJBKO CIy4alHO C TIOMOINBIO OOBIYHBIX METOJOB PAa3BEICHUS, TEMEepPh MOXKHO YCIEIIHO
U30JIUPOBATh.

Hecomuenno, B Ommxkaiiiem OyayIieM Hac SJKIyT HOBBIE JOCTHKEHHS B 001acTe
OMOTEXHOJIOTHI U MUKPOOHUOIIOTHYECKUX METO/IOB, HAIPABJICHHBIE HA ONTHUMU3ALINIO N3bICKaHUS
HOBBIX aHTHOMOTHKOB. OxmHIaercsi, 4YTO pa3padOTKa HOBBIX CTPAaTeTMid CKPUHUHTA
AKTUHOMHUIIETOB, UCCIIEIOBAHUN MEXaHU3MOB JCUCTBUS aHTUOMOTHKOB U YCTAaHOBJICHHE HOBBIX
MHIICHEH, a TaKkKke NPUMEHEHHE HOBBIX T'EHETHYECKHMX METOAOB U  ONTHMH3AINA
COOTBETCTBYIOIIUX MyTei OMOCHHTE3a PACIIUPAT MOTy4eHNE OMOAKTUBHBIX COSAMHEHUH.
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