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TYPES OF TRANSPOSONS AND
THEIR USAGE IN BIOTECHNOLOGY

Manure-derived antibiotic resistance genes (ARGs) pose a significant
environmental concern, and understanding their dynamics in soil is crucial
for effective management. This study examines both short- and long-term
ARG accumulation in soil with a 40-year history of manure application.
While initial manure introduction led to a spike in ARG abundance, resident
soil bacteria eventually out-competed manure bacteria, resulting in ARG
dissipation within a year. Over four decades of annual manure application,
linear or exponential ARG accumulation occurred, with shifis in associated
bacteria compared to short-term dynamics. Discontinuing manure
application led to a decline in most ARG levels eleven years later, though
they remained elevated. This systematic exploration of historical ARG
accumulation provides insights into factors influencing their persistence
in manure soil. Bacterial transposons, mobile genetic elements, play
pivotal roles in biotechnology, facilitating precise gene manipulation for
synthetic biology, genetic engineering, and industrial applications. These
tools enable the development of microbial organisms with enhanced traits,
impacting agriculture, environmental cleanup, and biofuel synthesis. In
synthetic biology, bacterial transposons serve as gene delivery vehicles,
allowing the creation of artificial circuits and pathways, revolutionizing
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pharmaceuticals, bio-derived chemicals, and other biological products.
Additionally, they contribute to directed evolution studies, accelerating the
discovery of new enzymes and the development of strains with desired traits.
In medical biotechnology, bacterial transposons play crucial roles in gene
therapy and therapeutic protein production, offering potential solutions
for genetic abnormalities and diseases. The ongoing advancements in the
biotechnological applications of bacterial transposons underscore their
indispensability for diverse research and development efforts.

Keywords: Transposons, Transposase, Insertion sequences, Antibiotic
resistance, and Horizontal Gene Transfer.

Introduction

DNA segment known as a bacterial transposon, also referred to as a
transposable element, could move around inside the bacterial genome. This
mobility is coordinated by enzymes as the transposases, which are the catalysts
of transposition. This is where bacterial transposons play an essential role in
bacteria evolution driving genetic variability, adaptations, and acquisition of
new attributes [1]. At their core, bacterial transposons can be broadly classified
into two main types: simple transposons, mostly composed of IS elements, and
more complicated transposons that frequently carry a variety of additional genetic
material. The development of these elements reflects the variety of their functions
and methods of action. The mechanisms governing transposition can be categorized
into two main types: cut and paste and copy-paste. In cut-and-paste transposition,
the piece of DNA (transposon) is removed from where it was found and inserted
into another location in the genome along with target site duplications. In copy-
and-paste transposition, a duplicate of the transposon is produced and inserted
elsewhere on the genome which leads to increase in transposon copies.

Bacterial transposons do not limit their effects to the reorganization of
a genome. They are critical for the evolvement of genetic diversity among
bacterial populations and allow them to adapt quickly to different environments.
Furthermore, transposons are essential for horizontal gene transfer, which allows
genetic material to be transferred from one organism or species to another [2]. This
introduction to bacterial transposons covers their structural diversity, transposition
methods, and uses in bacterial evolution and adaptation as a preamble to a thorough
study of these organisms. Indeed, understanding the functioning of bacterial
transposons is essential for deciphering the intricacies of bacterial genetics, with
implications spanning from fundamental microbiology to biotechnology and
medical fields [3].
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Materials and methods

A cell biologist studying this important and fundamental topic Transposons,
or «jumping genes,» are mobile DNA sequences that reposition themselves within
a genome; they play a role in genetic evolution and adaptation in organisms such
as bacteria. They are categorized into simple and complicated arrangements and
can travel through cut-and-paste or copy-and paste modes of motion. The catalyzer
of transposons excision and insertion is the enzyme transposase which serves as
a target for the manipulation in biotechnological practice. Such tools allow for
genetic modification, functional genomics, vector creation, metabolic pathway
enhancement and site-specific insertion. The way I performed the research was by
referring to different scientific and academic sources, such as academic articles,
and other research information, so mostly I used the scholarly essay method.

Results and discussion

Bacterial transposons are genetic elements, which help in maintaining
the genetic diversity and adaptation of the bacterial genome. Transposons are
categorized according to their structure and function with the principal forms being
insertion sequences (IS elements) and complex transposons. These transposons
have inverted repeats and target site duplications. Their size range and type of
content differ, with their input methods being cut-copy or copy-paste [1].

Simple Transposons

IS Elements, or Insertion Sequences

ARE elements being a necessary part of bacterial transposons, which
contributed significantly to mobility and recombination of genetic material in
bacterial genomes. They include TIRs and a transposase gene, which are short,
inverted DNA sequences located at each end of the IS element. The transposase
is one of the essential enzymes encoded by the IS element and functions in
catalyzing excision of the IS element from its original genomic site and insertion
into a new target location. The TSDs are the result of IS elements by creating
targets site duplications within a genome through cut-and-paste and copy-and-
paste mechanisms [4, 5].
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Figure 1 — The IS element carries a single ORF encoding transposase, which
cuts and removes it from the chromosome or plasmid. As it moves, it finds
target sites for insertion, producing staggered cleavage and sticky ends.
This DNA proofreading mechanism results in target site duplication,
with one copy of the target DNA on either side

Composite Transposons

Genomic rearrangement occurs due to the transposons, which are mobile
genetic elements found in the DNA of some species. Mobile genetic elements
or ‘jumping genes’ are the transposons, which are DNA segments that can hop
around in the genome. It is a unique variety of transposon which integrates two
IS elements along with the core region. These transposons typically encode many
genes for metabolism, pathogenicity, or even antibiotic resistance [7].

Composite Tns reported to include the sequential, composite transposon, Tn5,
Tnl10, Tn9 and so on; The four major composite Tns are including the Tn903,
Tn9, (ampicillin), and also tetracycline in bacterial antibiotic resistance especially
of Escherichia coli [6].

TnS

Tn5 is a gene comprising resistance genes to neomycin/kanamycin, bleomycin,
and streptomycin which are present in Gram-negative bacteria like Methyl
bacterium, Agrobacterium, Caulobacter, Acinetobacter and Pseudomonas. By
inhibiting the IS50 Tase activity, Hfq molecule as an RNA binding protein and
gene expression regulator can stop Tn5 transmission in E. coli. It could also block
Tn10 transfer and act as an IS10 Tase inhibitor, thus reducing drug resistance in
E. coli [6].
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Tn10

Tn10 is a tetracycline-resistant gene controlled by ISIOR and IS10L, which
include tetA, tetR, tetC, and tetD resistance genes. It establishes a Shigella flexneri
efflux system and is present in Proteus, Pseudomonas, Salmonella, Klebsiella,
and Vibrio. Non-replicative transposition mechanism is found in Tn5 and Tn10,
while IS50 and IS6 make up the family of IS4. Additionally, Tn10 transposition
regulation is accompanied by H-NS and IHF processes depriving Tns from its
abilities to shift and determine the antibiotic resistance of bacteria [8].

Transposon, Tn10
L
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Figure 2 — Tn10 Composite transposition occurs when adjacent IS elements
form, enabling transposition when working together, like Tn10, which includes
transposase and antibiotic resistance genes

Tn9

Tn9 is a transposon that carries the cat resistance gene - chloramphenicol
acetyltransferase, and IS1 flanks this. Besides, IS1 represents one of the first and
smallest ISs in bacteria (having less than 770bp). IS1 contains two ORF named
insA and insB and carries resistance to chloramphenicol [8].

Non-composite transposons

Apart from composite Tns, different members of the Tn3 family are “non-
composite” and represent carriers of antibiotic resistance genes such as tnpA and
tnpR flanked by IRs. Such Tns are extremely important in the genome evolution of
bacteria and the spread of antibiotic resistance. The majority of the non-composite
Tns are members of the Tn3 family that has subfamilies such Tn21, Tn501, Tn5393,
Tn7, Tn5403, and Tn1721. Important non-composite Tns include Tn5053, Tn5041,
Tn5652, Tn1013, Tn5036, Tn5541, Tn5090, Tn5060, Tn5051, Tn1331, Tn4430,
Tn5044, Tn5563, and Tn402 [6].
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Tn3

Tn3 is an important bacterial Tn that has two genes, tnpA and tnpR, and a
length of 5000 bp. It has the ampicillin-resistant gene and is found in both Gram-
negative and -positive bacteria. Tn3 also has blaTEM-1 B-lactamase genes in
Gramnegative bacteria. It has a recombination site and is bordered with IRs [6].

Transposon, Tn3

e 4,957 bp >

| tnpA tnpB bla ;

! | \ | )

il . gl

Transposase p-lactamase

Left inverted Resolvase Right inverted
repeat (38 bp) repeat (38 bp)
mRNAs

Figure 3 — Tn3 is a non-composite transposon of Skbp which contains three
gene for beta-lactamase (bla), transposase (tnpA) and resolvase (tnpB)

Tn7

Tn7, identified in E. coli 97 is a protein that is 14,000 basepairs long with
sequences of Tn7R and Tn7L. It produces five transposition proteins: TnsA, B,
C, D and E. Tase contains two subunits, which are TnsA and TnsB, indicating
the terminal sequences in Tn7. ATP hydrolysis, TnsC regulates transposition of
Tn7. TnsD and TnsE proteins mediate the recognition of the target site for Tn7
transposition, encouraging Tn7 recombination by promoting its transposition.
Most antibiotic resistance genes are transported by Tn7 that leads to trimethoprim,
streptomycin and spectinomycin resistances [6].

Complex Transposons

Complex transposons are a class of mobile genetic elements and as complex
transposons, they take part in the transmission of gene material across the
genome Transposons that are complicated are larger and more complex in their
structure than simple transposons. They frequently harbor other genes, including
those involved in enzyme-related processes [9].

Multiple genes: Unlike simple transposons, which generally comprise
a transposable gene and repetitive sequences, complex transposons include
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additional genes within the structure of the transposon. These supplementary
genes are highly contrasting and could encode processes that include antibiotic
resistance, virulence aspects or metabolic enzymes [9].

Reversed Repeats: Just like other transposons, complex transposons often
have inverted repeat sequences at their termini the excision and integration of the
transposon are facilitated through recognition by the transposase enzyme [10].

Transposase: Complex transposons as simple transposons that rely on the
activity of enzyme transposase to catalyze their movement in the genome [10].

Direct Repeats: Besides the inverted repeats at transposon ends, some
complex transposons form direct repeats at the target site after insertion. This
is brought about by staggered cuts that are made in the integration process [9].

Integration and Excision: Like all transposons, complex ones undergo
a process of excision from one position within the genome and insertion into
another. This mediation is done by the transposase enzyme [11].

Large Size: Complex transposons are significantly bigger than simple
transposons and they sometimes reach over 10 kilobases in length. The
incorporation of more genetic information is possible thanks to their larger size [9].

Complex transposons are widespread among different organisms, such as
bacterial kingdom where they have been widely investigated for their contribution
in transmission of antibiotic resistance genes. Complex transposons harbor several
more genes which help in making the host organism adapt well in different
environments by giving them a selective edge [12].

Mechanisms of Transposition

Cut-and-Paste Transposition

Cut-and paste move is a conservative means where transposon moves in
genome without copying. This process is mediated by the transposase enzyme
and incorporates recognition and excision, transposon-excision complex formation
and integration. The original DNA sequence retains its integrity and hence, no
duplication occurs. This mechanism is prevalent in bacteria where transposons
carry the antibiotic resistance genes and adaptive traits. It differs from replicative
transposition, which constructs a duplicate of the transposon. The understanding
of cut-and-paste transposition is essential in studying genome dynamics and
evolution [13].

Copy-and-Paste Transposition

Transposition by copy-and-paste is a replicative mechanism, in which
transposons migrate within the genome, leaving behind a double-stranded DNA
copy of the original transposon. The transposase enzyme facilitates this reaction,
which leads to amplification of the transposon. This mechanism is widespread
in eukaryotic organisms such as plants fungi and animals and represents critical
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data for evolution genome diversity and trait spread. It also has consequences for
the field of genetic engineering and biotechnology that makes use of transposons
to insert foreign genes [13].

Function of Transposons in the Genomes of Bacteria

Transposons contribute importantly to the evolution of bacterial genomes;
they also help in competence in adaptation and genetic transmission. Transposons
play the following important roles in the genomes of bacteria [15].

Genome Evolution: transposons promote the genome rearrangements and
mutations that can increase the plasticity of a bacterial genome. Transposon
mobility may generate the genetic diversity needed for the bacteria to adapt to
the changing circumstances [15].

Antibiotic Resistance: The most clinically important transmitters of
antibiotic resistance genes to the bacterial populations include the transposons.
These transposons that bear antibiotic resistance genes can switch between
the chromosomes of bacteria and hence they lead to rapid dissemination of
refractoriness [16].

Virulence Factors: Transposons that encode for the virulence genes promote
the bacteria pathogenicity. Transferring transposons with the virulence genes can
enable bacteria to colonize and infect host livings [17].

Metabolic Adaptation: The transposons can also have many genes linked to
the metabolic pathways so that it is possible for the bacteria in changing nutritional
environments. This is the foundation of bacterial metabolic versatility in the
fluctuating habitats. Thanks to transposons, the genomic islands can sometimes
contain gene clusters that are associated with special functions such as symbiosis;
pathogenicity or even metabolism [15].

Horizontal Gene Transfer: Horizontal gene transfer is the mechanism of
the genetic material in other organisms which is promoted by transposons. This
mechanism allows the bacteria to acquire new features, promoting their adaptation
and evolution [18].

Regulation of Gene Expression: Due to insertion or excision they could
control the expression of genes that neighbor them by laying an influence on
adjacent genetic matter [18].

Applications and Implications of bacterial transposons

Bacterial transposons can be successfully used in many areas such as genetic
research, medicine and biotechnology, agriculture. They are broadly utilized for
insertional mutagenesis, which is possible to study the gene function. They also
have a vital function in antibiotic resistance research, which helps to comprehend
and combat the spread of antibiotic-resistant genes. Essential genes in bacterial
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genomes can be identified through transposon mutagenesis, giving information
about the physiological processes of bacteria and thus potential drug targets.

Transposons have applications in biotechnology where they are used for
genetic manipulation, injecting foreign genes, or modifying native ones, depending
on the purpose. They also create mutant libraries of bacteria that are genetically
diverse and may be selected for desired phenotypes or utilized in large scale
experiments [20].

Research about transposons in bacteria helps us learn about bacterial evolution
and genome dynamics. Horizontal gene transfer studies also benefit from the
use of engineered transposons for targeted gene delivery in genetic therapy
experiments. Transposon-transferred modification through engineered bacteria
can help in bioremediation processes for improving the degradation of pollutants
or contaminants.

Scientists have developed transposon-based genetic tools, enabling greater
precision and control over manipulating bacterial genomes. It is important to
understand these applications as they are a source of scientific [19].

Conclusion

Applications of bacterial transposons range widely across many scientific,
medical, and biotechnological practices. In genetic studies, antibiotic resistance
mechanisms, biotechnology, and genetic engineering they have been used. They
have significantly contributed to defining bacterial physiology and genes
essential to their functionality by insertional mutagenesis. They are also applied
in biotechnology for genetic engineering, allowing the addition of alien genes
or the change of native ones. They have also been applied in horizontal gene
transfer, shedding a light on the genome evolution of bacterial cells and the
acquisition of new traits through genetic transfer. They have also been used
to generate mutant libraries, which are important tools for selecting necessary
phenotypes and elucidating gene function as well as aiding in bacterial composition
analysis. In addition, transposons have been essential in the understanding of
evolutionary events in bacterial genomes owing to their function of relocation
and altering genomic architecture that drives adaptation by bacteria to changing
surroundings. They are also studied for bioremediation and environment, as well
as gene therapy that serves to deliver therapeutic genes into target cells. But
transposons use presents ethical concerns about the long-term effects, unintended
consequences and genetically modified organism release biosecurity risk.
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TPAHCHO30OHOJAPABIH TYPJIEPI )KOHE OJIAPJIBIH
BUOTEXHOJOI'UAJA KOJJAHBIJTYBI

Koenynen anvinean anmubuomuxmepee mesimoinix cendepi (ARGs)
anumapablKmai 9K0A02UANBIK ANAHOAYUBLILLE MYOblpaAObl JHCOHE
0n1apobly MonvlpaKmazvl OUHAMUKACHIH MYCIHY MUiMOi dackapy yuin
eme manwi30vl. Byn sepmmey KoHOI Kor0anyOowiH 40 J#culioblK mapuxol
bap monvipakma Kvlcka dcone y3ax mep3imoi ARG dcunagmanywin
sepmmetioi. Bacmankel koyoi encizy ARG moaublivi2biHblY 6cyiHe
oKenodi, bipax pe3udeHmmix monvipax O6axmepusiapsvl AKbIpbIHOA
KOH OAKMepusiapvlH JHCeHin WblKmol, HOMuUdicecinoe Oip KHcoll iwiHoe
ARG ouccunayuscol 6010vl. Koipbix dtcoln 00UbL ol calibiHabl KOHOT
KONOAHY, KbICKA Mep3iMOi OUHAMUKAMEH CAIbICMbIP2AHOA OAlIAHbLCIbL
baxmepusIapobiy bleblCybIMeH Cbl3bIKMbIK Hemece IKcnonenyuanovt ARG
HCUHAKMATYbI OPbIH al0bl. KoHOI Ko10aHyOobl moKmamy o Oip J#culioaH
retiin ARG Oeneeiinepiniy Kenwinieiniy memenoeyine okendi, oipak orap
arcoeapel bonvin Kana 6epoi. Tapuxu ARG scunakmayvinoly Oyn scyiieni
sepmmenyi o1apovly KOHOI MONLIPAKMA CAKMALYbIHA dcep ememin
¢daxmopnap mypaner mycinix bepedi. bakxmepusnvlk mpaHcno3oHoap,
JHCHLIIICHIMABI 2EHETMUKANBIK dAeMEeHmmep OUOMEXHONI02UA0A MAHbBI30bl
PO amKapaovl, CUHMEMUKANBIK OUON02UA, 2eHOIK UHIICEHEPUs IHCOHE
OHepKOCInmMIK KoA0anbaniap yulin HaAKmvl 2eHOIK MAHUNYIAYUAHD
arcenindemedi. Byn Kypanoap ayvin wmapyaublivleblHa, Kopulaean Opmanbsl
maszapmyea JHcone OUOOMbIH CUHME3IHe dcep ememin AHcaKcapmoli2at
beneinepi bap MUKpoOmvlK az23anapovl 0amvlmyaa MyMKIHOIK Oepeoi.
Cunmemuxanevlk 6u0n02UA0a O6AKMEPUATLIK MPAHCHO3Z0HOAD 2eHOl
JHCEMKIZY Kypasivl peminoe Kbizmem emeoi, Oy Hcacanovl mizoexmep MeH
aHcon0apobl KHcacayeaa, papmayesmuKaIblk npenapammapobl, OUo-myvliHOb
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XUMUSLTBIK 3ammapobl HcoHe 6acKa 0a OUOI0UANBbIK OHIMOepOI 632epmyee
MYMKIHOIK 6epedi. Conbimen Kamap, oaap 6a2blmmanzan 3801I0YUIbIK
sepmmeynepze yaec Kocaovl, HCaya epmeHmmepoiy auibliyblH HCOHE
Kaosicemmi Oeneinepi 6ap wmammoapovly 0amyvin dcedendemeoi.
Meouyunaneix 6uomexnonoeus0a OAKMePUALIbIK MPAHCHO30HOAD 2eHOIK
mepanusoa dHcone emOiK aKyvl3 6HOIpICiHOe MAKbI30bl PON amKapaobl,
2eHEeMUKANbIK AYbIMKYAAp MeH aypyiapad bIKMUMA uewimoep yColHaobl.
baxmepusnvix mpancno3onoapovly 61OMexHOI0UANBIK KOTOAHYbIHOA2b]
JACAN2ACHIN AHCAMKAH JCEMICMIKmMep 0aapObly dpmypii 3epmmeyiep
MeH MaHCIPUOENiK-KOHCMPYKMOPJIbIK, HCYMBICIAD YUIH Kadcem eKeHiH
Kepcemeoi.

Kinmmi ce3oep: Tpancnoszonoap, Tpancnosasa, eneizy pemminikmepi,
Anmubuomuxmepee me3imOiniK, 2eHO0epOiH Kel0eHeH Mpanchepmi.

*Amuxynna Capeapu’, Moxammao Xacan Xacano?,

A60yn Bapu Xeoocpar?®, YVzaup Moxammao Kaxap?
3Vuusepcurer ['mibmenna, Adranucran, ['mibMen/;
*Kanparapckuii yausepcurtet, Adranucran, Kanmarap;
4Vuusepcuret Jlorap, Adranucran, Jlorap;

1.234Ka3axCKUil HAIIMOHABHBINA YHUBEPCUTET UMEHH aib-Dapadu,
Pecny6imka Kazaxcran, T. AlMaThI

IMoctynuino B penakuuio 31.01.24.

Ioctynuino ¢ ucnpasnenusimu 05.02.24.

IIpunsTo B nevars 27.03.24.

THUIIBI TPAHCIIO30HOB U UX UCITOJIb30BAHUE
B BUOTEXHOJIOTUH

Tenvr ycmotiuusocmu x anmudbuomuxam (ARG), nonyuenuvie us
HAaB03a, NPeocmasusiom coooll cepbe3nylo IKOI02UYECKYIo npobiemy,
U nonumanue ux OUHAMUKU 8 NouGe uMeem peuiaiouee sHavenue Ol
ahpexmuenozo ynpasnenus. B smom uccredosanuu uzyuaemcs Kax
Kpamkocpounoe, maxk u ooazocpouroe naxonienue ARG 6 nouse c
40-nemneti ucmopueti 6HeceHus HAB03A. XOMsl NEPEBOHAUANLHOE GHECCHUE
HAB03a NPUBeno K peskomy yeeaudenuio yuciennocmu ARG, pesuoenmmuvie
nougenHvle bakmepuu 6 KOHEYHOM UMO2e GblMEeCHUIU HABO3HbLE
bakmepuu, umo npugeino K pacceusanuio ARG e meuenue cooa. 3a uemvipe
Odecamunemus exnce200H020 6HeCeHUsl HAB03d NPOUCXOOUNO TUHEUHOe UTU
akcnonenyuanvroe naxonienue ARG co cosueamu 6 accoyuupo8anHolx
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baxmepusx no cpagHenuo ¢ Kpamrkocpounou ounamuxou. Ilpexpawenue
BHECeHUsl HaB03d NPUGeno K CHudceHuro bonvuurncmea yposnei ARG
00UHHAOYAMb Jem CHYCcms, XOms OHU OCMABANUCH NOGLIUEHHBIMU.
Omo cucmemamuyeckoe uUcciedo8anue UCMOPULECKO20 HAKONIEHUS
ARG oaem npedcmasnenue o (hakmopax, AUAIOWUX HA UX CHOUKOCHb
8 YHAB0JICEeHHOU nouge. bakmepuanbrvle mpancno3onsl, MoOOUIbHbLE
2enemuyecKue 1eMeHmol, Uepaiom Kiovegyio poib 8 OUOMexHOI02Ul,
obnecuas mouHvble MAHURYIAYUU C 2eHAMU O CUHMEemUu4ecKou
buonozuu, 2eHHOU UHIICEHEePUU U NPOMBIULCHHO20 NPUMeHeHUs. Dmu
UHCMPYMENMbL NO3BOJAIOM PA3ZBUBAMb MUKPOOHbIE OP2AHUIMbL C
VAVUUWEHHBIMU XAPAKMEPUCMUKAMY, 6AUSASL HA CeNbCKOe XO03AUCMEBO,
OUUCIKY OKpYIcaloweli cpeobl u cunmes buomonausa. B cunmemuyeckoil
ouonoeuu bakmepuaibHvle MPAHCHO30HbL CLYHCAN CPeOCMBaMU O0CABKU
2eH08, N0360JIA CO30A6AMb UCKYCCBEHHbIE YeNnl U NYymu, npou3e00s
PeBoNIoyuUIo 8 hapmayesmure, XUMUYECKUX 8eUecmaax OUoI02UecKo2o
npouUcxodxcoenus u opyaux ouonocuueckux npooykmax. Kpome moeo,
OHU CNOCOOCMBYIOM HANPABIEHHBIM UCCIEO08ANUAM IBOTIOYUU, YCKOPSIS
OMKpbIMUe HOBbIX hepMenmos u paspabomxy WmMamMMO8 ¢ HCelaemMblmMu
Xapaxmepucmukamu. B meouyunckoii 6uomexunono2uu 6akmepuanbHle
MPAHCRO30HbBL USPAIOM PEWAIOWYI0 POlb 6 2eHHOU mepanuu u
npoussoocmee mepanesmuieckux Oeikos, npeoiazds NomeHyuaIbHble
peuteHus 015 2eHemu4eckux aHomanuil u 3abonesanuil. [poooaicarowuecs
docmudiceHuss 8 OUOMEXHONOSUNECKOM NPUMeHeHUU OaKmepualbHbix
MPAHCNO30HO8 NOOYEPKUBAIOM UX HE3AMEHUMOCMb OISl PA3HOOOPA3HbIX
uccied08anuil u paspadomox.

Kntouesvie crosa: mpancno3onsi, mpancnosasda, UHcepyuoHHbie
nOC1e008amenbHOCIU, YCIMOUYUBOCTb K AHMUOUOTUKAM, 20PU3OHMATbHBIU
nepenoc 2eHos.
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