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DISEASES CAUSED BY BACTERIA OF THE AEROMONAS AND
PSEUDOMONAS GENUS WHEN REARED FISH
IN CONTROLLED SYSTEMS

Agquaculture represents a higher share of world fish supply and a strong influence on price forma-
tion in the sector overall (both production and trade). The total sale value of fisheries and aquaculture
production in 2016 was estimated at USD 362 billion, of which USD 232 billion was from aquaculture
production. Between 1961 and 2016, the average annual increase in global food fish consumption (3.2
percent) outpaced population growth (1.6 percent) and exceeded that of meat from all terrestrial ani-
mals combined (2.8 percent). By creating optimal growing conditions such as temperature, oxygen and
hydrochemical regimes, the growth and sexual maturation of fish is significantly reduced, which contrib-
utes to the development of industrial aquaculture. However, the rapid development of aquaculture is ac-
companied by outbreaks of diseases caused by bacterial infection, which lead to high mortality and cata-
strophic economic losses. Mass outbreaks can occur suddenly under the influence of stress factors arising
in connection with a sharp change in conditions of detention, as well as an increase in planting densities
of rearing objects. The most severe bacterial diseases in aquaculture are infections caused by members
of the Aeromonas and Pseudomonas genus. Bacteria of the Aeromonas and Pseudomonas genus are the
causative agents of hemorrhagic septicemia (Aeromonas hydrophila, Pseudomonas fluorescens), furun-
culosis (Aeromonas salmonicida), which annually cause economic losses in aquaculture. Nowadays, due
to widespread and often uncontrolled use of antibiotics, the number of bacteria resistant to antibiotics
has increased dramatically and is the main cause of morbidity and mortality. This phenomenon can not
only lead to the failure of antimicrobial therapy, but also raise concerns about the safety of fish products.

This review examines the current data on fish diseases caused by bacteria of the Aeromonas and
Pseudomonas genus, dominant virulence factors, problems of identification and antibiotic resistance.

Key words: aquaculture, bacterial diseases, Aeromonas spp., Pseudomonas spp., resistance.
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PeTTeAeTiH XyieAep araaiblHAA 0aAbIK, ©cipy Ke3iHae Aeromonas XoHe
Pseudomonas TyKbIMAQApPbIHbIH, 6aKTePUSIAApPbI TYAbIPATbIH aypyAapbl

OAEMAIK DaAblK, BHAIPICIHAEr aKBaKyAbTypaHblH YAECi ©Te >KOFapbl >XOHEe OCbl 3KOHOMMKA
CEeKTOPbIHAAFbI (BHAIPIC >X8He cayAa CaAacbliHAQ) OHIMHIH >KaArMbl KYHbIHbIH, KaAbINTacyblHa acepi Ae
KETKIAIKTI agpexeae. 2016 XKbiAbl GaAblK, ayAdy >KoHe akBaKyAbTypa OHIMAEpPIH caTyAblH >KaArmbl
KYHbl 362 mMApa AKLL aoarapbiH Kypaca, oHblH 232 MApA AKLLL AoAAapbl akBakyAbTypa eHiMiHeH
TYCKeHi aHbIKTaAAbl. 1961-2016 >XblAAAp apaAbIFbIHAQ a3blK-TYAIK GAAbIKTapblH OAEMAIK TYTbIHYAbIH
opTatla XbIAAbIK, 6cyi (3,2 naibi3) NOMyASUMSHbIH ecyiHeH 1,6 naiibi3ra acbin, G6aAPAbIK, KYPAbIKTaFbl
>KaHyapAapAblH, €TiH TYTbIHyAaH 2,8 narbi3fFa acbin TyCTi. Temnepartypa, OTTeri XaHe rmAPOXMMUSIABIK,
PEXMMAEP CUSKTbl OHTAMAbI BCIPY XKaFAaMAapbIH Xacay apKblAbl GaAbIKTapAbIH 6CYi MEH XbIHbICTbIK,
XKETIAY YaKbITbl €A8YIp KbICKapaAbl, OYA OHAIPICTIK akBaKyAbTYpa CAaAaCbIHbIH, AAMyblHA bIKMAA €TEAI.
AAanaa, akBakKyAbTypaHblH KapKbIHAbI AaMybl GAKTEPUSAbIK, MH(EKUMSIAAH TybIHAAFaH aypyAapAblH
epulyiMeH YIMAECIN OTbipAbl, OYA 6GaAbIKTapAblH >KOFapbl AEHIEMAE OAYiHE, aA OA 63 Ke3eriHae
LIEKTEH TbIC 3KOHOMMKAAbIK, LbIFbIHAAPFA SKeAAl. MHMEKUMSIABIK aypyAapAbiH epluyi, 6aAbiKTapAbl
ecipy >KaFAarAapblHbIH, KYPT e3repyiHe, COHAaM-aK, OGaAbIKTapAblH, OEAriAi 6ip KeAemre KatbICTbl
ThIFbI3AbIFbIHBIH apPTYblHA 6aMAQHBICTbI TYbIHAAQWTbIH CTPECCTIK (DaKTOPAAPAbIH, 8CepiHEH Te3 apaaa
namaa GOAYbl MYMKiH. AKBaKyAbTypaAarbl eH ayblp 6GakTepusiabiK, aypyAap 6y Aeromonas >keHe
Pseudomonas TykpbIMAACbIHA >KaTaTbiH GakTepPUs TYPAEPI TyAblpaTbiH MHdeKUuMsAAap. [emMopparnsAbik,
centuuemns (Aeromonas hydrophila, Pseudomonas fluorescens), dypyHkyao3 (Aeromonas salmoni-
cida) aypyAapblH K03AblpaTbiH Aeromonas >kaHe Pseudomonas TyKbIMAACbIHbIH GakTepust TypAepi
aKBaKyAbTYpa OHAIPICIHAETT WEKTEH ThIC 3KOHOMMKAABIK, LIbIFbIHAAPAbIH, cebentepi 60AbIN TabblAaAbl.
Kasipri yakbITTa aHTMOMOTUKTEPAIH, el 6AKbIAQYCbI3 KEHIHEH >KoHE XKUi KOAAAHbIAYbIHA GaiAaHbICTbI,
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aHTUOMOTHKTEPre TO3IMAI OAKTEPUSIAAPABIH CaHbl KYPT ©CTi >koHe OCbl GakTepmsAap akBakyAbTypa
eHAjpiciHaeri 6aAblk, ©AIMIHIH Heri3ri cebebi 60AbIN TabbiraAbl. ByA KyObIAbIC MMKPOOKA Kapcbl
TepanmsiHbIH, COTCI3AIriHe FaHa emMec, COHbIMEH KaTap 6aAblK, OHIMAEPIHIH aAamFa KATbICTbl Kayinci3Airi
AAQHAQATYLLBIABIK, TYABIPbIM OTbIP.

bya woayaa Aeromonas >xaHe Pseudomonas TyKbIMAACbiHbIH OakTepust TYpAepi TyAblpaTbiH
aypyAap, BUPYAEHTTIAIKTIH AOMMHAHTTbI (DAaKTOPAApbl, OAKTEPUSIAAPAbI MAEHTU(MUKALUMSIAAY XKOHE
aHTMOMOTHKTEPre TO3IMAIAIKTIH KaAbINTacybl TypaAbl npobAemasapra KaTbICTbl Kasipri 3amaHfbl
MBAIMETTEP KapaCTbIPbIAAAbI.

Tyiin cesaep: akBakyAbTypa, OaKTepUSIAbIK, aypyAap, Aeromonas spp., Pseudomonas spp.,
TO3IMAIAIK.

C.C. bakmes*, A.K. bucex6aes

HAO “Kasaxckuit HauMoHaAbHbI YHUBEPCUTET UMeHM aab-Dapabu”, KasaxcraH, r. AAMaThbl
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3aboAeBaHMsl, Bbi3biBaeMble OaKTepusiMu POAOB Aeromonas v
Pseudomonas npu BbipalLMBaHWUU PblO B YCAOBUSIX PErYAMPYEMbIX CUCTEM

AKBaKyAbTypa NpeAcTaBAsieT 60Aee BbICOKYIO AOAID MUPOBOrO NMPOU3BOACTBA PbiObl 1 OKa3blBAET
CUAbHOE BAMSIHME Ha LieHoOOpa3oBaHME B CEKTOpPE B LIEAOM (Kak MPOU3BOACTBE, TaK U TOPrOBAE).
YCTaHOBAEHO, UTO 06Las CTOMMOCTb NMPOAAXKM MPOAYKLMM PbIGOAOBCTBA M aKBAKYAbTYPbI B 2016 roay
oLeHmBaAacb B 362 MApA aoarapoB CLLA, n3 koTopbix 232 MApA aoAarapoB CLLIA npuxoaMAoch Ha
NPOAYKUMIO aKBaKyAbTypbl. B meproa ¢ 1961 no 2016 roa CpeAHEroAoBoe yBEAMUYEHME MUPOBOIro
notpebAeHus nuwesor pbibbl (3,2 NpoueHTa) onepexkaao pocT nonyAsumu (Ha 1,6 npoueHTa) u
MPEeBbILLAAO MOTPEBAEHME MSCa BCEX HA3EeMHbIX >KMBOTHbIX, BMeCTe B3sTbiX (Ha 2,8 npoueHTa). 3a
CUET CO3AaHMS OMTUMAAbHbBIX YCAOBMI BbIPALMBAHMUS TaKMX KakK TemrepaTypHbli, KUCAOPOAHbIA
N TMAPOXMMMUYECKMIA PEXUMBI, 3HAUMTEABHO COKPALLAOTCS CPOKM POCTa M MOAOBOrO CO3pPEBAHMS
pblb, UTO CNOCOGCTBYET PA3BUTUIO MHAYCTPMAALHOM akBakyAbTypbl. OAHaAKo OblCTpoe pasBuTHe
AKBaKYyAbTYPbl COMPOBOXAQAETCS BCrbllKamM 3a60AeBaHUiA, BbI3BAHHbIX GAKTEPUAALHON MHDEKUMEN,
KOTOpPbIE NPUBOASAT K BbICOKOM CMEPTHOCTU M KaTaCTPONYECKMM SKOHOMUYECKMM NoTepsiM. MaccoBble
BCIbILLIKM MOTYT MPOUCXOANTb BHE3AMHO MNOA AENCTBMEM CTPECCOBbIX (haKTOPOB, BO3HUKAIOLLMX B CBSI3M
C PE3KMM M3MEHEHUEM YCAOBUI COAEPIKAHUS, a TaKXKE YBEAMYEHMEM MAOTHOCTEN NMOCAAOK OObEKTOB
BblpalumBaHus. Hanboaee TsxkeAbiMy GakTepuabHbiMK 3a00AEBAHMSMM B aKBAKYAbTYpPE SIBASIOTCS
MHGEKLMM, BbI3blBaEMble MPEACTaBUTEAIMU POAOB Aeromonas u Pseudomonas. baktepun poaos
Aeromonas 1 Pseudomonas sBASl0TCSl BO3GYAUTEASIMM remopparmueckoin centuuemmn (Aeromonas hy-
drophila, Pseudomonas fluorescens), dypyHkyaesa (Aeromonas salmonicida), exkeroAHO SBASIOLLMECS
NpUYMHaMM 3KOHOMMYECKMX MOTepb B akBakyAbType. B HacTosilee Bpems M3-3a LUMPOKOro M
YaCTO HEKOHTPOAMPYEMOIO MCMOAb30BaHMS AHTUOMOTUKOB KOAMYECTBO GakTepuii, YCTOMUYMBBIX K
AHTMOMOTMKAM, PE3KO BO3POCAO U SIBASIETCS OCHOBHOM NMPUUMHONM 3a60AEBAEMOCTU 1 CMEPTHOCTU. DTO
SBAEHME MOXET He TOAbKO MPUBECTU K HEyAaye aHTUMMKPOOHOW Teparuu, HO U Bbi3BaTb OMaceHus
OTHOCUTEAbHO 6€30MacHOCTU PbiBGHBIX MPOAYKTOB.

B HacTosllemM 0630pe paccMaTpMBAIOTCS COBPEMEHHbIE AaHHbIE O 3a60AEBaHMSX Pbl6, Bbi3blIBaeMble
6akTepusMu posoB Aeromonas 1 Pseudomonas, AOMUHUPYIOLLMX haKTOpax BUPYAEHTHOCTH, MTPOBAEMbI
MAEHTUMKALMM U YCTOMUYMBOCTM K aHTUOMOTUKAM.

KAtoueBble cAOBa: akBakyAbTypa, GakTepuasbHble 3ab6oaeBaHus, Aeromonas spp., Pseudomonas
SPP., PE3NCTEHTHOCTb.

Introduction

Growing fish in aquaculture contributes to the
conservation of biological diversity, and is also
aimed at providing the world’s population with ad-
ditional protein as a necessary daily nutritional com-
ponent of the human diet.

It should be noted that aquaculture represents
a higher share of world fish production and has a
strong influence on pricing in the sector as a whole
(both production and trade). Thus, the total sales
value of fishery and aquaculture products in 2016

was estimated at US $ 362 billion, of which US $
232 billion accounted for aquaculture products. Be-
tween 1961 and 2016, the average annual increase in
global food fish consumption (3.2 percent) outpaced
population growth (1.6 percent) and exceeded the
consumption of meat of all land animals combined
(by 2.8 percent) [1].

The most severe bacterial diseases in sturgeon
aquaculture are infections caused by bacteria of the
genera Pseudomonas and Aeromonas. Today, due to
the widespread and often uncontrolled use of antibi-
otics, the number of antibiotic-resistant bacteria has
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increased dramatically and is the leading cause of
morbidity and mortality. This phenomenon can not
only lead to the failure of antimicrobial therapy, but
also raise concerns about the safety of fish products.
For this reason, new strategies to combat these drug-
resistant pathogens are urgently needed.

In the conditions of industrial aquaculture,
where artificial conditions for fish farming are cre-
ated, there is no dependence on the climatic and
geographical characteristics of the area, which al-
lows fish to be raised in fairly optimal conditions
[2]. The main fish species that are objects of culti-
vation in industrial aquaculture are representatives
of the families: sturgeon (Acipenseridae), salmon
(Salmonidae), cyprinids (Cyprinidae), catfish (Silu-
ridae), etc. [3-6]. The objects of cultivation — fish
are cold-blooded animals, the body temperature of
which depends on the temperature regime of the
habitat, thus water as a habitat for fish has a direct
effect on their general physiological state. In aquatic
conditions, bacteria spread faster than in soil and
air [7], in this regard, fish are most vulnerable to
bacterial pathogens that cause fish diseases. In the
conditions of industrial aquaculture, when fish are
constantly in a confined space limited by pools and
other containers, the risk of bacterial diseases in fish
increases by several orders of magnitude [8]. In this
regard, enterprises focused on the artificial repro-
duction of fish pay special attention to measures for
the prevention and treatment of fish. Identifying a
pathogenic agent takes a lot of time and money. It is
often impossible to clinically identify the pathogen,
since bacteria can have an indistinguishable nega-
tive effect on the fish organism. Unqualified identi-
fication of the pathogen followed by inappropriate
treatment can negatively affect the development of
the disease and lead to the death of fish.

Biology of bacteria of the Aeromonas genus

Aeromonas hydrophila is one of the most
widespread representatives of the Aeromonas ge-
nus, which includes 36 species [9]. Bacteria of
the Aeromonas genus are characterized as non-
spore-forming gram-negative bacilli, the major-
ity (A.hydrophila, A.caviae, A.sobria, A.veronii)
are mobile except for A.salmonicida, facultative
anaerobes, oxidase-positive, the optimal tempera-
ture is in the range from 22 to 28°C, grow at 37°C
[10]. In a study by Altwegg M. et al. (1990), it was
found that 96% of A.hydrophila, 96% of A.sobria,
94% of A.caviae showed motility. About 80% of
A.hydrophila and A.sobria and only 5% of A.caviae
are capable of fermenting glucose to form gas [11].

Bacteria of the Aeromonas genus are ubiqui-
tous in soil, in water, and are also found in food
[12]. The soil serves as a so-called reservoir for
cytotoxic and invasive strains of bacteria of the
Aeromonas genus. Bacterial strains A.hydrophila,
A.caviae, A.sobria being in the soil are able to
maintain virulence factors for up to 5 months,
and therefore there is a risk of human infection,
directly related to land work [13]. While the risk
of human contamination through soil may be in-
direct, food has a direct impact on health. Bacte-
ria of the Aderomonas genus inhabit foods such as
raw meat, raw fish, milk and dairy products. It has
been shown that bacteria isolated from 56.8% and
43.1% products are identified as A.hydrophila and
A.sobria, respectively [14].

In the studies of Burke V. et al. (1984), bacteria
of the genus Aeromonas were identified in the sam-
ples both from open water bodies and from drinking
water, and it was also shown that chlorination un-
der drinking water standards reduces the number of
bacteria, but does not completely exclude them [15].

The bacteria are well adapted to aquatic life,
making them dangerous to most aquatic animals.
Fish species exposed to diseases caused by aeromo-
nads are presented in Table 1.

Table 1 — Fish species exposed to diseases caused by bacteria of
the Aeromonas genus in aquaculture

Causative Refer-
agent of the Object of study
. ences
disease
Acipenser baerii [16]
Acipenser gueldenstaedtii [17]
Acipenser schrenckii [18]
Aeromonas . . .
Ivdrophila Acipenser sinensis [19]
varop Oncorhynchus mykiss [20]
Cyprinus carpio L. [21]
Clarias gariepinus [22]
Aeromonas Clarias gariepinus [23]
caviae Oreochromis niloticus [24]
Aeromonas Acipenser baerii [17]
sobria Clarias betrachus [25]
Acipenser stellatus,
[26]
Aeromonas Huso huso [27]
veronii Oreochromis niloticus [28.29]
Carassius gibelio ’
Oncorhynchus masou [30]
Aeromonas .
. Oncorhynchus kisutch [31]
salmonicida .
Carassius auratus [32]
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Virulence factors of bacteria of the 4eromo-
nas genus

The pathogenicity of bacteria of the Aeromo-
nas genus is due to the presence of virulence genes
encoding a large number of extracellular proteins,
such as aerolysin (AerA), hemolysin (HlyA), cyto-
tonic heat-labile enterotoxin (Alt), cytotonic heat-
resistant toxin (Ast), cytotoxic heat-labile enterotox-
in (Act), lipase (Lip), elastase (Ela), serine protease
(Ser), DNase (Exu), polar flagellum (fla), and lateral
flagella (laf) [33]. The pathogenic mechanism of
their action is based on the use of a special protein
secretion system (T2SS and T3SS), which exports
virulence factors directly into the host cells. The
widely conserved T2SS secretion system is present
in all known representatives of A. hydrophila and
is an integral part of the extracellular secretion of a
wide range of virulence factors, including aerolysin,
amylases, DNases and proteases [34, 35].

Type IIl Secretion Systems T3SS, or injec-
tosome, one of several types of bacterial secre-
tion systems, is a protein complex found in sev-
eral gram-negative bacteria, including members
of the Aeromonas genus. Through the needle-like
structure, the secreted effector proteins toxins are
transported directly from the bacterial cell to the
eukaryotic host cell, where they have a number of
effects that help the pathogen to survive and avoid
an immune response. The T3SS secretion system is
more common in clinical Aeromonas isolates than in
aqueous isolates [36, 37].

Isolates of A.hydrophila isolated from fish are
characterized by the presence of the following viru-
lence genes: Lip (100%), Ela (100%), Exu (30%),
Ast (30%), Act (95%), Hly (76), Aer, Ser (100%)
[34]. Six virulence genes (aer, alt, ahyB (Ela), gcaT
(gene encoding cholesterol acyltransferase), lip
and ser) were found in the isolated A.veronii strain
(CFJY-623) from infected with Carassius auratus
gibelio [29]. It is noted that the most common viru-
lence factors among bacteria of the Aeromonas ge-
nus are pore-forming toxin — aerolysin and exotoxin
— hemolysin [36, 38].

Fish diseases caused by bacteria of the
Aeromonas genus

Aeromonosis (bacterial hemorrhagic septice-
mia, motile Aeromonas septicaemia (MAS)) and
furunculosis are among the most common diseases
of fish, both in the natural environment and in artifi-
cial conditions. The causative agents of aeromono-
sis (also hemorrhagic septicemia, rubella of the fins

and tail) are the following types of bacteria of the
Aeromonas genus: Aeromonas hydrophila, Aeromo-
nas sobria, Aeromonas caviae, etc., Aeromonas sal-
monicida (furunculosis). Bacteria can enter the fish
organism through open damage to the skin and gills,
as well as during food consumption [39, 40].

When sturgeons are infected with the
A.hydrophila bacterium, mortality can reach 100%,
which represents large economic losses in the fishing
industry [41]. For example, for the Amur sturgeon
(Acipenser schrenckii) the lethal dose of Aeromonas
hydrophila was 1.17x10” CFU/ml! [18], the mean
lethal dose of the Aeromonas veronii isolate (CFJY -
623) for the silver Prussian carp (Carassius auratus
gibelio) was 1.31x10” CFU/ml [29].

Aeromonosis or bacterial hemorrhagic septice-
mia (motile Aderomonas septicaemia, MAS) in fish
can manifest itself clinically as bleeding, abscesses
in different parts of the body, mainly in the fins and
tail, accumulation of ascitic fluid in internal organs,
anemia, and also in more severe cases of infection,
the formation of numerous ulcers on the fish body
is noted [39]. The formation of ulcers on the body
is a consequence of muscle necrosis, which occurs
due to the presence of the virulence factor exotoxin
A in representatives of bacteria of the Aeromonas
genus, which promotes tissue decomposition [42].
It is noted that in the USA from motile Aeromo-
nas septicaemia (MAS), which is characterized by
a massive outbreak in catfish raised in aquaculture,
the losses amounted to § 12 million [43]. Among
the bacterial isolates isolated from sturgeon fish,
the largest percentage 38.71 falls on Aeromonas hy-
drophila, 13.98% Aeromonas sobria, 13.98% were
representatives of the Pseudomonas genus [44]. In
sturgeon fish infected with Aderomonas hydrophila,
the following clinical signs are noted: darkening of
the skin, numerous hemorrhages in the head and ab-
domen, as well as on the fins [45]. When Ictalurus
punctatus is infected with the bacterium Aeromonas
hydrophila, 50% of the mortality is achieved within
12 hours after infection, and by 72 hours the mortal-
ity rate increases to 95% [46].

Furunculosis is a disease of mainly salmonids
(Salmonidae) caused by the bacteria Aeromonas
salmonicida, a member of the Aeromonas genus.
As well as Aeromonas hydrophila, Aeromonas
salmonicida causes economic losses in fish farm-
ing, especially in the cultivation of Atlantic salmon
(Salmon salar) in offshore farms, as well as in open
water [47]. Furunculosis is characterized by a high
proportion of morbidity and mortality rates in fish.
During the period of infection with Aeromonas sal-
monicida, so-called boils are formed in fish, which
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are necrotic formations with a purulent exudate in-
side. In sick fish, there is a darkening of the skin,
hemorrhages in the internal organs and on the fins,
as well as a noticeable decrease in activity, a drop in
the consumption of compound feed [40].

The serine protease encoded by the AspA gene
in Aeromonas salmonicida liquefies the muscle tis-
sue of diseased fish, thereby facilitating the forma-
tion of boils [48].

Thus, in the studies of Lin Q. et al. (2019),
the death of the Chinese perch (Siniperca chuatsi)
occurred within 2 weeks, with infection at a dose
of 1.2x10° CFU/fish, the mortality rate was about
70%, 90% of the mortality rate occurred at a dose of
1.2x107 CFU/fish [49].

The risk of fish contamination with Aeromonas
spp. increases when the objects of cultivation are in
a state of stress, which can arise in connection with
the occurrence of many factors, including abrupt
changes in temperature, hydrochemical composition,
high planting densities, etc. Wedemeyer G. (1970),
Mateus A.P. et al. (2017) state that during the period
when the fish is under stress the risk of infection with
bacterial pathogens increases several times, so-called
outbreaks of mass infections occur [50, 51]. There-
fore, in the studies conducted by Gao J. (2019) it was
shown that the stress hormone norepinephrine affects
the virulence of the bacteria Aeromonas hydrophila.
It was also determined that norepinephrine has a posi-
tive effect on the expression of the following viru-
lence genes (ompW, ahp, aha, ele, ahyR, ompA, fur)
Aeromonas hydrophila, which increases the level of
bacterial pathogenicity [52].

Biology of bacteria of the Pseudomonas genus

Bacteria of the Pseudomonas genus represent a
large group of 144 species. Pseudomonas are char-
acterized as gram-negative movable rods, the mobil-
ity of which is carried out due to the presence of a
single or several polar flagella. Representatives of
the Pseudomonas genus are able to survive in a fair-
ly wide temperature range from 4 (P.fluorescens) to
41°C (P.aeruginosa). P.aeruginosa, P.fluorescens,
P.putida are united in the group of bacteria with
fluorescent diffusing pigments [10, 53]. Thus,
P.aeruginosa, P fluorescens, and others are capable
of producing a yellow-green fluorescent pigment
known as pyoverdin, this feature is often used to dif-
ferentiate bacteria of the Pseudomonas genus [54].
Bacteria of the Pseudomonas genus are ubiquitous
in soil and water. And also bacteria are causative
agents of various diseases in plants, animals and hu-
mans [55].

P.aeruginosa is one of the most widespread spe-
cies of bacteria of the Pseudomonas genus in the soil.
Therefore, in the studies of Green S. et al. (1974), 58
soil samples were taken in various agricultural ar-
eas of California, of which 24% of the sample con-
tained the P.aeruginosa bacterium. Thus, the soil is
a reservoir for bacteria of the Pseudomonas genus
[56]. The authors note that the widespread preva-
lence of bacteria of the Pseudomonas genus in soil
represents a large community of bacteria, which is
an important factor in stimulating plant growth and
biological control of pathogenicity [57, 58].

Bacteria of the Pseudomonas genus are also
common in water, for example, P.aeruginosa iso-
lates were isolated from rivers, lakes, and open
ocean waters [59]. Besides natural bodies of wa-
ter, Pseudomonas spp. quite often found in drink-
ing water and water supply systems, and therefore
there is a risk of human infection with a bacterial
pathogen. In addition, isolates isolated from drink-
ing water samples often exhibit a high level of
antibiotic resistance, which is the cause of many
clinical diseases [60, 61]. For example, bacte-
ria, Pseudomonas aeruginosa and Pseudomonas
maltophilia, represent about 80% of all clinical
human diseases caused by representatives of the
Pseudomonas genus [53].

Bacteria of the Pseudomonas genus, being
widespread inhabitants of water, pose a great danger
to most aquatic organisms, for example, such fish
species (Table 2) and marine mammals (Zalophus
californianus, Phoca vitulina) [62]. In fish, the most
common pathogens from the Pseudomonas genus
are the following species: P.fluorescens, P.putida
and P.aeruginosa.

Table 2 — Major pathogens causing pseudomonosis disease in
aquaculture

Causatlvc'e agent of the Object of study Refer-
disease ences
Pseudomonas Cyprinus carpio,
aeruginosa Oreochromis niloticus,
Clarias gariepinus [63]
Pseudomonas Acipenser baerii [64, 17]
fluorescens Clarias gariepinus,
Oreochromis niloticus,
Liza ramada [65]
Pseudomonas putida Acipenser baerii [17]
Oncorhynchus mykiss [66]
Liza ramada [65]
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Virulence factors of bacteria of the Pseudo-
monas genus

As pathogenic microorganisms of many animals
and humans, bacteria of the Pseudomonas genus are
characterized by the presence of the following viru-
lence factors: endotoxin, thermostable hemolysin,
proteases (elastase, alkaline), exoenzyme S, toxin
A, etc. About 90% of all species of bacteria of the
Pseudomonas genus are capable of producing toxin
A, the most dangerous from virulence factors [53].
In the studies of Haghi F. et al. (2018), the isolated
P.aeruginosa isolates contained 14 virulent genes.
For example, 97.8% of the strains contained toxA
(encoding toxin A), 96.7% plcH (hemolytic phos-
pholipase C), 96.7% phzl (phenazine operons),
93.1% exoY (adenylate cyclase), 20.4% exoT (exo-
toxin T) [67]. Studies of P.aeruginosa isolates from
food are also pathogenic. So isolates isolated from
meat contained the following virulence genes 96.7%
of the strains studied contained the lasB (LasB elas-
tase) and exoS (exozyme S) gene, 74.5% algD (al-
ginate), 72.1% plcH (phospholipase C). Strains iso-
lated from fresh fish contained 71.4% lasB, 77.5%
algD, 75.5% plcH and 67.3% exoS [68].

Fish diseases caused by bacteria of the Pseu-
domonas genus

Pseudomonosis (also fin rot, hemorrhagic sep-
ticemia) is characterized as an infectious disease of
fish that live in natural reservoirs, as well as those
grown in regulated systems. The main causative
agents of pseudomonosis are bacteria: Pseudomo-
nas fluorescens, Pseudomonas putida, Pseudomo-
nas aeruginosa, Pseudomonas plecoglossicida,
Pseudomonas anguilliseptica [69, 70]. Bacteria of
the Pseudomonas genus are representatives of the
intestinal microflora of many fish. Sivakami R. re-
vealed that in the studied species of cyprinids (Catla
catla, Labeo rohita, Cirrhinus mrigala, Cyprinus
carpio), more than 50% of intestinal bacteria are
bacteria Escherichia coli and Pseudomonas aeru-
ginosa [71]. Under these conditions, there is a risk
of mass fish diseases caused by stress in connection
with changes in the environment, which include
changes in temperature, oxygen, and hydrochemical
regimes [72].

Hemorrhagic septicemia is the cause of high fish
mortality in aquaculture. The pathogenicity of most
bacteria of the Pseudomonas genus is character-
ized by the presence of virulence factors (protease,
elastase, phospholipase C, and exotoxin A), which,
in turn, are the main agents in the destruction of

muscle tissue and the occurrence of bleeding in fish
[73]. When rainbow trout (Oncorhynchus mykiss) is
infected with the bacterium Pseudomonas putida,
darkening of the skin, exophthalmia, and deep pen-
etrating ulcers in the back are noted in fish, while no
changes from the norm in the internal organs were
noted. The mortality rate of rainbow trout in water
contaminated with a bacterium (Pseudomonas pu-
tida, 5x10% CFU/ml!) was 35% [66].

Pseudomonosis and aeromonosis caused by
bacteria of the Pseudomonas and Aeromonas ge-
nus are one of the most common diseases in stur-
geon rearing in recirculating aquaculture systems
(RAS). Thus, in the studies of Sergaliyev N. et al.
(2017), of all the studied species of sturgeon fish
(Acipenser gueldenstaedtii, Huso huso, Acipenser
ruthenus, Acipenser baerii, Acipenser nudiventris
and their hybrids), about 43.7% of diseases account
for aeromonosis and pseudomonosis. In the studied
sturgeon fish with pseudomonosis, the following
clinical signs are noted: blood clots on the body, pu-
pillary constriction, and in severe forms of the dis-
ease, necrosis of muscle tissue and deep penetrating
tongues are found in fish [74]. In addition, it is noted
that the mortality of the Siberian sturgeon (Acipens-
er baerii) from the disease caused by the bacterium
Pseudomonas fluorescens in 2005 was 40% in one
of the fish farms in Italy. At the same time, the Si-
berian sturgeon (Acipenser baerii) shows changes in
internal organs, namely, swelling of the swim blad-
der and hemorrhages in the intestine [64].

Identification of bacterial pathogens of fish

In microbiology, one of the main research tasks
is to determine the belonging of microorganisms and
their systematization [75]. Identification is compli-
cated primarily by the size of the microorganisms. In
aquaculture, microorganisms are widespread, some
of them are used purposefully to solve the problems
of purification, mineralization, and disinfection of
water, others are less useful or have a completely
negative effect on fish, which often include bacteria
[76, 77]. The main methods for identifying bacterial
pathogens are the determination of morphobiologi-
cal (staining followed by microscopy), biochemical
characteristics (response chemical reactions of bac-
teria), as well as the use of molecular genetic analy-
sis (PCR, sequencing) [78].

For example, identification of bacteria of the
Aeromonas and Pseudomonas genus at the level of
morphology is quite difficult, the difficulty lies in the
fact that bacteria of these genera have almost iden-
tical morphology, since bacteria of the Aderomonas
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and Pseudomonas genus are characterized as gram-
negative rods, stained pink and red (staining by the
method Gram), bacteria are also characterized by
the presence of flagella [79]. Therefore, for a more
detailed study of pathogenic bacteria in aquaculture
with pseudomonosis and aeromonosis of fish, along
with morphobiological signs, biochemical charac-
teristics are determined. For example, standard tests
and responses are used to identify gram-negative
bacteria, which include: oxidase and indole tests,
determination of carbohydrate fermentation, ONPG
test, amino acid decarboxylation and hydrolysis
tests, gelatin dilution test, Voges-Proskauer test, ox-
idative-fermentative (OF) test, etc. [10]. In addition,
to determine the taxonomy, bacteria use differential
(selective) nutrient media, with which you can sepa-
rate bacteria by genus. For example, Aeromonas agar
is used to identify aeromonads (proteose peptone,
yeast extract, lactose, inositol, sorbitol, xylose, ly-
sine monohydrochloride, arginine monohydrochlo-
ride, sodium chloride, bile salts no. 3, sodium thio-
sulfate, ammonium iron citrate, bromolthymol blue,
thymol blue, ampicillin and agar). When Aeromonas
hydrophila grows, colonies are presented as green
with a dark center; fermentation of trehalose is also
noted [80, 81]. Pseudomonas agar (gelatin peptone,
casein hydrolyzate, potassium sulfate, anhydrous,
magnesium chloride, anhydrous, agar, cetrimide, fu-
sidic acid and cephaloridin), King’s A medium (gel-
atin peptone (pancreatic), magnesium chloride and
agar) the principle of media is based on the produc-
tion of blue-green pigment by bacteria (fluorescent
pyoverdin) [82-85]. Biochemical characteristics of
bacteria of the Aeromonas and Pseudomonas genus
isolated from diseased fish are presented in Table 3.

Table 3 — Biochemical characteristics of isolates of bacteria of
the Aeromonas and Pseudomonas genus from sick fish [65]

Characteristics (tests) Aeromonas | Pseudomonas
Gram stain - -
Cell shape rod Rod
Motility + +
Colony color dark green | yellow-green
Oxidase test + +
Indole production + -
Methyl red - +
Voges-Proskauer + -
Hydrolysis of gelatin + +/-
Utilization of glucose + -
Mannitol + +
Maltose + +
Catalase + +
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The most effective method for differentiat-
ing bacterial pathogens is molecular genetic, as it
is characterized by high identification accuracy at
the genus and even species level. Since today there
are many databases with the nucleotide sequences
of most microorganisms, the use of the polymerase
chain reaction (PCR) method is one of the most
common, time-consuming method for determining
the genus and species of microorganisms. The use
of universal bacterial primers helps differentiate
bacteria from other microorganisms. The principle
of PCR identification is based on the use of spe-
cially synthesized primers (for example, genus- or
species-specific), which, by means of complemen-
tarity between the studied template and primers,
amplify the studied gene region for further research.
For PCR identification, the most commonly used
primers of the 16S rRNA gene, virulent genes, etc.
For example, to identify such bacterial pathogens of
fish as Aeromonas hydrophila, Aeromonas veronii,
Pseudomonas aeruginosa and Pseudomonas putida,
specific primers are used to amplify 16S rRNA and
16S rDNA genes [20, 29, 86]. In addition, to build
a phylogenetic tree of the studied bacterial strains, a
specific gene (16S rRNA, gyrB, etc.) or a complete
genome is sequenced. It is noted that the sequence
of the gyrB gene encoding the B protein of DNA
gyrase, like the 16S rRNA gene, can be used to con-
struct a phylogenetic tree and species identification
of bacteria [87]. It was also determined that the rate
of molecular evolution of the gyrB gene is higher
than that of 16S rRNA; in turn, the gyrB gene is
ubiquitous among bacterial species [88]. So in the
studies of Di J. et al. (2018), Chen F. et al. (2019)
to determine the relationship and origin of isolated
strains of bacteria Aeromonas hydrophila, Aeromo-
nas veronii, they sequenced certain regions of the
16S rRNA, gyrB, and rpoD genes [19, 29].

Antibiotic resistance of bacteria

The acquisition of genetic resistance by bacte-
ria to antibiotics used against them and therapeutic
agents based on them is today one of the leading
problems not only in aquaculture, but also in medi-
cine, as well as in the food industry. In this regard,
the increasing level of bacterial resistance poses a
serious danger to humans, animals, and plants [89].
The high resistance of bacteria to antibiotics is due to
the presence of antibiotic resistance genes (ARG) in
the genome of microorganisms, which are responsi-
ble for resistance to a specific antibacterial agent. It
is noted that one of the main genetic mechanisms for
the propagation of ARG is mobile genetic elements,
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the so-called integrons, which are capable of propa-
gating antibiotic resistance genes through transmis-
sible plasmids and transposons [90]. Thus, bacterial
resistance to antibiotics is increasingly observed in
bacterial pathogens of fish reared in recirculating
aquaculture systems, the main reason being the ex-
cessive unregulated use of antibiotics in the preven-
tion and treatment of fish. The authors of Lulijwa
R. et al. (2019) note that in the period from 2008 to
2018, from 15 countries with developed fisheries in
11 countries (China, Indonesia, India, Vietnam, the
Philippines, Bangladesh, South Korea, Egypt, Nor-
way, Japan, Chile, etc.) 67 antibiotics were used,
of which 73% were oxytetracycline, sulfadiazine
and florfenicol [91]. Bacteria of the 4eromonas and
Pseudomonas genus are representatives of multire-
sistant organisms that exhibit resistance to several
antibiotics [73, 92]. Thus, in studies conducted by
Matyar F. et al. (2010) it was determined that 66.6%
of isolates of the Aeromonas genus showed resis-
tance to cefazolin, 66.6% to trimethoprim-sulfa-
methoxazole, at the same time, isolates of the genus
Pseudomonas showed a high level of resistance to
nitrofurantoin (86, 2%), cefazolin (84.8%) and ce-
furoxime (71.7%) [93]. According to the latest re-
sults of the analysis carried out by Preena P. et al.
(2020), it is noted that among bacterial pathogens in
aquaculture that exhibit antibacterial resistance are
bacteria of the Vibrio (23%), Aeromonas (20%), En-
terobacteriaceae (10%), Pseudomonas (5%) genus
and others (Figure 1) [94].

Figure 1 — Percentage of antimicrobial resistance exhibited
by various fish pathogens [94]

Thus, the presented review characterizes bac-
teria of the Aeromonas and Pseudomonas genus as
one of the most common causative agents of bacte-
rial diseases of fish grown in industrial aquaculture,
possessing a wide arsenal of virulence factors and
high resistance to antibiotics, as well as increasingly
showing multiresistance.
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TPYAHOPA3PELUMUMDIE TTAPAAOKCbI 9BOAIOLMNN -
BCEOXBATbIBAIOLLUMM B3OPOM HATYPOUAOCODA

XOT9 MO MHOTMM KpaeyroAbHbIM AAS Hayku Borpocam AapBUH AENCTBUTEAbHO OMepeAUA CBOEe
BPEMS, OAHAKO €CAU FOBOPUTb O MOAAMHHBIX MEXaHM3Max 3BOAIOLMK (KaK, Bpoyem, M 06 OTCyTCTBMM
nepexoAHbIX (OpPM), TO OHW 1 MO CeNn AeHb OCTAIOTCS 06 BEKTOM OCTPbIX HECMOAKAEMbIX AUCKYyCccuid. To
>Ke caMoe KacaeTcs M TaKOro MOAHOTO HblHYe (PMAOCOMCKOro NMoHATMS, Kak «BCeAeHCKast Hoocdepay:
€ero BeAb MHOIrMe ceryac TPaKTYIOT KTO BO UYTO ropasa (B TOM UMCAE M KakK BMOAHE peaAbHble Bellle-
CTBEHHble 06pa30BaHng, (OYHKLIMOHMPYIOLLME, MPaBAA, MO HE COBCEM MOKa ellle AOCTYMHbIM Ham 3a-
KOHOMEPHOCTAM). SICHO AMLLb OAHO: 3aKOHbI 3TU ABASHOTCS €AMHBIMU KaK AASl KMBOWM, Tak M 0ObIYHON
KOCHOM Matepun. A KpOME TOro, B NMOCAEAHME FOAbl GOABLUMHCTBO COBPEMEHHDBIX YUEHbIX CTaAM CKAO-
HSATbCS K BbIBOAY, YTO BO3HUKHOBEHME U MPOrpecCcMBHOE Pa3BUTUE >KMBbIX CYLLLECTB BO3MOXXHO TOABKO
AVLb NMPU HAAMYMKM COOTBETCTBYIOLLIEN MPOrpamMmsl (MAaHa, NpoekTa).

CraTbg MOCBSLLEHA CTEP>KHEBLIM U HanbOAee AMCKYCCMOHHbIM NpobAaemam 6uoaormm. [AaBHas ee
MAest COCTOMT B MOCTYAMPOBAHUM MHAMBUAYAAbHOIO MEHTAAQ U MPOU3BOAHOM OT HEro KOAAEKTUMBHOM
Hoocdbepbl B KayecTBe BeAyLIMX hakTOPOB 3BOAOLMK. BeAb, Tak MAM MHAYe, UMEHHO MpU UX «3anH-
TEPECOBAHHOM» Y4YaCTMM OCYLLECTBASIOTCS Al0Oble HabAIOAdEMbIE B MPUPOAE AMHAMUYECKME CABUIN.
To ecTb NoAe3Hble SMOLMOHAAbHbIe BreYaTAeHUs, HAaKOMAEHHbIe B OHTOreHe3e MEHTAAOM, CAY>KaT UH-
hopMaLIMOHHOM Ga30M AAS YCOBEPLUEHCTBOBAHMS MOBEAEHYECKMX PEAEKCOB Y AQHHOIO KOHKPETHOro
BMAQ. M AMLLb NPU KaKMX-TO PEAKMX CaAbTaumax (Hanoaobue, ckaxkem, Npeobpa3oBaHUs Yelllyr B Nepo
VAW MEepeAHMX Aam B KPbIAbS) MOXKHO CYAUTb O HampaBASiOLLE AeSITEAbHOCTM BbICLLErO BCEAEHCKOro
pasyma. XoTs peub MAET MMEHHO 06 OCTaTOUYHOM («MOCMEPTHOM») YHU-Chepe, KoTopas TePMUHOAOT M-
YeCcKM KpaiHe MaAo CBSi3aHa C OOLIENPUHATON, Aa U KyAa 6oAee 3HaKOMOM (PUAOCOdaM «LLIAPAEHOB-
cKoM»., E& MOXHO OXapaKTepr3oBaTb KaK MMraHTCKMIA PacCesiHHbIA B KOCMOCE OMOKOMIbIOTEP, Aeit-
CTBYIOLLMIA XOTb U MEAAEHHEI MO CPAaBHEHMIO C HbiHelHMMM DBM, HO BCE ke obaasatowmin (Yepes
MOCPEACTBO CBOMX MOCAYLIHbIX BE3AECYLUMX MCTIOAHUTEAEN — BUPYCOB) MOKa YTO ropas’po GOAbLLEN
CMAOM 1 BAUSIHUEM Ha CYAbObl COBPEMEHHbIX MUPOBbIX LIMBUAMBALMIA,

KAloueBble cAoBa: BMAOOOpasoBaHue, HaTypdUAOCOMUS, CUCTEMHAs MepPapxusi, SMUTEHOM,
NPOTOBUOHTBI, 3H(OPCOreHes, MyAbTUdAa3HAS IBOAIOLIMS, TAOOAAbHBIA 3BOAIOLIMOHN3M.

E. E. Ashursky

Institute for Scientific Prognosis, Ukraine, Kiev
e-mail: e.ashursky@gmail.com

Intractable paradoxes of evolution — with all-encompassing gaze
of a natural philosopher

Although Darwin was really ahead of his time on many of the most fundamental issues for science,
however, if we talk about the true mechanisms of evolution (as, indeed, about the absence of transitional
forms), they still remain the object of sharp, incessant discussions. The same applies to such a fashion-
able philosophical concept as the “universal noosphere”: after all, many people now interpret it in differ-
ent ways (including as quite real material formations that function, however, according to laws that are
not yet completely available to us). Only one thing is clear: these laws are the same for both living and
ordinary inert matter. And in addition, in recent years, most modern scientists have begun to tend to the
conclusion that the emergence and progressive development of living beings is possible only if there is
an appropriate program (plan, project).

The article is devoted to the core and most controversial problems of biology. Its main idea is to
postulate the individual mental and the collective noosphere derived from it as the leading factors of
evolution. After all, one way or another, it is with their “interested” participation that any dynamic shifts
observed in nature are carried out. That is, useful emotional impressions accumulated in ontogenesis by
the mental serve as an information base for improving behavioral reflexes in this particular species. And
only with some rare saltations (such as, say, the transformation of scales into feathers or forelegs into
wings) can we judge the guiding activity of the higher universal mind. Although we are talking about
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3.5. Ammrypcekuit

the residual (“posthumous”) uni-sphere, which is terminologically very little related to the generally ac-
cepted, and much more familiar to philosophers,”Chardin’s”. It can be described as a giant biocomputer
scattered in space, operating at a slower pace compared to current computers, but still having (through
its obedient ubiquitous performers — viruses) so far much more power and influence on the fate of mod-
ern world civilizations.

Key words: speciation, natural philosophy, system hierarchy, epigenome, protobionts, enforsogen-
esis, multiphase evolution, global evolutionism.
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DBOAIOLIMSHDIH, LUELLIIAMENTIH NapaAOKCTapbl —
HaTYpPPUAOCOTbIH, XKaH-XKaKTbl KO3KapacbIMeH

AQpBUHHIH 0MAApPbI FbIABIM YLUIH KOMNTEreH 63eKTi MoCeAeAePAEH 03FaHbIMEH, SBOAIOLMSHBIH LLbIHAMbI
MExXaHM3Mi TypaAbl TaAKblAQyAap (HEMECE, MbICaAbl, eTreAi dopmarapAbiH 6oAMaybl) 9AI Ae ©3eKTi
60AbIN TabblAaabl. Kasipri kesae Ombeban FapbllTbik, HoochepaHbiH, 63i KeH TapaaFaH (OUAOCODUSABIK,
TY>KbIpbIMAAMaFa »aTtaabl. ByriHri KyHi KenwiAik OHbl 8PTYPAI XKOAAAPMEH TYCIHAIpeA| (aTan anTKaHAQ,
KOAAQHbICTaFbl TY3iAIMAEP CHSIKTbI, Oipak, 6i3re Al TOAbIK, TYCIHIKCI3 3aHAapmeH). Tek 6ip Hapce aHbIK;:
OYA 3aHAbIAbIKTAp Tipi XKaHe KapanaibiM MHepTTi 3aTTap yiiH 6ipaer. COHbIMEH KaTap, COHFbl XKbIAAAPbI
FaAbIMAAPABIH KOTLWIAIT 6ipTiHAEN Tipi TIPLLIAIK MeAepiHiH NanAa 60AYbl MEH NMPOrPECCHBTI AaMybl TUICTI
GaraapAama (kocrap, xKo6a) 6OAFaH >kaFAanAa FaHa MyMKIH AereH Ty KbipbiMFa 6eT 6ypa 6acTaAbl.

Makana 6MOAOTMSIHbIH €H AQYAbl MBCEAEAEPiHE apHAAaAbl. OHbIH eH 6ACTbl AESIChI, SBOAIOLMSIHbBIH
XeTekui hakTopAapbiHa KOAAEKTUBTI HOOChepaHbl XaTKbi3y. TabWUFaTTaFbl KE3 KEAreH AMHAMMKAADIK,
aybICyAap ASA OCbIAA Hemece HacKaLla TYPAE OAAPAbIH, «MYAAEAI» KATbICYbIMEH >KY3ere acblpbiAaAbl.
SFHM, NCUXMKAABIK, AEHEHIH OHTOreHe3Ae >KMHAKTaAFaH NanAaAbl SMOLMOHAAABIK, 8cepAepi GepiAreH
HaKTbl TYPAEPAEri MiHE3-KYAbIK pPedAEKCTEPIH XKETIAAIpyre aknapartTbiK, Heriz GOAbIM TabblAaAbI.
Kernbip cvpek ke3aeceTiH CaAbTaLUMSIAAPAQ FaHA (MbICaAbl, KABbIPLWIAK TbIH KAYbIPCbIHFA ANHAAYbI HEMECE
AAAbIHFbI ASIKTApPAbIH KaHATTapFa e3repyi) xxorapbl oambeban akbIA-0MAbIH XeTekuli peaiHe Gara 6epyre
60raabl. Co3 KAAABIKTbIK, («OATEHHEH KeRiHri») yHU-cpepa TypaAbl, TEPMUHOAOTUSIAbIK, TYPFbIAQH a3
KabbiapaHFaH, uAocOdTAp YILIH «lapAeH» aTaybiMeH GeAriai. OHbl KOCMOCTa aAblin LialliblpaFaH
6MOKOMMbIOTEP TYPiHAE, Kasipri 9BM-meH caabiCTbipraHaa 0asty Kbi3MeT aTtkapartbiH, 6ipak, (e3iHiH
aTKapYLLbl TETIKTEPi — BUPYCTap apKblAbl) KA3ipri AYHMEXY3iAIK epKeHMETKE YAKEH KYLUMNEH acep eTyLui
Aen cunatTtayFa 6oAaAbl.

TyHiH cesaep: TypTy3iAy, HaTypduAocodms, XKYMEAIK Mepapxus, 3MMreHom, npoTobUoHTTap,
3HpopcoreHes, MyAbTU(A3aAbIK, IBOAIOLMS, dKahaHABIK, 3BOAIOLIMOHN3M.

BBenenune

CKOJIBKO BEKOB CYIIECTBYET Ha 3eMJje Hayka,
CTOJIBKO CTOJIETUH M HMIYT OecrpepbIBHBIE CIOPHI
MEXIY CTOPOHHHKAMHU KpEallMOHM3Ma M 3BOJIO-
nrmoHm3Ma. [lepBbie B cBomX aoBojax [1], ymuparoT
OOBIYHO Ha TIOPa3UTENbHYI0 HEPYKOTBOPHYIO
CIIOKHOCTh JKUBBIX CHCTEM, YTO aBTOMATHYECKU
Kak OBl yBA3BIBA€TCS C JIOCTATOYHO TMPHU3IPAYHOU
BEpPOSATHOCTBIO HMX CaMOBO3HUKHOBeHHs. B To
ke Bpems apyrue [2]; [3] Ko3bIpstoT abCOMOTH-
Ol €CTECTBEHHOCTHIO CBOMX apTyMEHTOB, HE Tpe-
OyIOIIMX BBEJCHUS TOTOJHUTEIBHBIX CYIIHOCTEH.

ITockonmpky Ha TIOBEpKY B OIPENeIEHHON
CTETICHH BCE M3 HUX OKAa3bIBAIOTCA TMPaBBI, TO,
NpOaHaIU3UPOBaB UMEIOIIUecs Y Hac (hakThl [4, c. 8
=37 1[5, ¢.198 —203], MBI peIInI, 4TO IPABUIbHEH
BCEro OyIeT TMOMBITaThCI CHHTE3UPOBATh JTHU
NOJISIpHBIE, HA MEPBbIA B3I, KOHLUENIUN B €OH-
Hoe nernoe. [Ipuuém mpuopureT octaércs, KOHEUHO

7K€, 3a OBOJIOLIUOHU3MOM, ITIO3TOMY €MY MBI B 1aJIb-
HEHIIIeM KaK pa3 1 yacinuM rjiaBHOC Halll€ BHUMAaHUC.

OcHoBHAafl YacThb

1. Hy u Teneps OykBanbHO HECKOJIBKO CIOB 00
HCKYCCTBEHHOM BO3JICHCTBUM Ha OOBIIEHHO-Pa3-
MEpEHHBIN X011 COOBITHI B IPUPOE. 3AeCh CIEAYET
MMETh B BUJAY TPEeX/e BCEro TaKUX JBa BapuaHTa:
00 STHM 3aHHMAaETCs DBOJIONHMOHHASA dUTa [6],
oTiepenyBIIas BCEX Ha MPUBBIYHOM JUIA HAC C BaMU
AQHTPOTMIOTCHHOM MYTH Pa3BHUTHUS , JTUOO K€ HEKHE
MIOTYCTOPOHHUE  /»IIapajuleNbHbIe»/  CYIIHOCTH,
COCTOSIIIINE, HANpPUMEpP, M3 HHBIX 3JIEMEHTapHBIX
YACTHUI], MOIIHBIX CIYCTKOB DJHEPIHH, JIEHTO-
TJTFOOHOBBIX KOHTJIOMEPATOB, KBa3HAJIEMEHTOB U T.IT
[7]. Bopouem, 06a 3Tu ciay4as XapakTepU3yIOTCS
TaKKe W HAJIMYUEM HEKOTOPBIX OOINUX JUIS HUX
«Touek mepeceueHus». llpexme Bcero, camu
NPOM3BOMTEINH IPYTHX MPUPOTHBIX (HOPM, TIO Hjee,
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JOJDKHBI OBITH 00s13aHBI CBOMM CYLIECTBOBAaHHEM
HCKIIFOUUTEIBHO JIMIIb €€ BEJIIMYECTBY 3BOJIOLUU,
TaK KaK €CJIM MBI IPEANONI0XHUM, YTO M OHU B CBOE
BpeMs OBUIM KEM-TO CO3[aHbl, TO IIOJy4aeTcs
MOPOYHBIA KpPYyT, U3 KOTOPOTO B paMKaxX HayKu
BBIXO0/1a HE BHJIHO.

Janee, co3uparenbHas [EATENBHOCTh BCEX
MOMOOHBIX HMepapXOoB HaBepHIKA YX OIDKHA
HampaBisATBCS Ha  YJOBJIETBOPEHHE  KaKUX-TO
CBOMX Cyry00 JIMYHBIX 3alpoCOB H IOTpeO-
HocTel. Tak, «mapajuieNbHbIe» [IUBUIIU3AIUH,
BEPOSITHO, C HEMAJIOH 0XOTOI BOCIIOJIB30BAIIUCH OBl
SMaHAlMOHHBIMHU TOJISIMH >KUBOTHBIX U UEJIOBEKa
JUTS TIOTIOJTHEHHS CBOETO MHTEJUIEKTYaIbHOTO Oara-
’Ka CBEXHMMH MOJIC3HBIMH HABBIKAMH WM XOTS OBl
C LEJBbI0 HCIONIE30BAHUS NEMIEBOI pabodel CHIIbI
B JIMIIE HAIIMX MOCMEPTHBIX AyXOB-dMaHauuil. U
€CITM UCXOJHUTh U3 HeOE3bI3BECTHOTO Te3uca, OyATo
4enoBeK ObUT co3maH O0oroMm mo o0pa3y CBOEMY H
MoJI00HI0, TO B TIEPEBOIC HA S3BIK HAYKU 3TO CKO-
pee Bcero OyneT 03Ha4aTh, YTO Kakaas HOBas pas-
HOBUIHOCTh TPAHCIICH/ICHTHOTO OOKecTBa, aH-
refia Wik aaxe «0eca», MOSBIAIONIASACS HA CBET B
pe3ysbTaTe pa3BepPTHIBAHUSA HEKOETO IMOJACITYIHOIO
BEKTOpa HHEPreTUUECKOM 3BOIIOLMHU, TOTYAC KE
OyZeT mpou3BOINTH U HanboJee MOAXOAAIIYIO s
CBOUX HYXJ ()OPMY 3€MHOT'O OpraHU3Ma.

Yto xe KacaeTcs pOIHOM Ui HacC MaTepHuaib-
HOW «cepbl BIUSIHUS», TO TYT BCE B 9TOM IIaHE 00-
CTOHUT M BOBCE Ipole npocToro. 100, kak BUPYCHI
HCIIONB3YIOT 3YKapUOTHYECKUE TEHOMBI JIJIs1 CBOETO
6e33a0oTHOr0 modus vivendi, Tak e B TOYHOCTH
YTHIIUTAPHO U UX BCECUIIbHBIE TPO3HBIE IPEEMHUKH
110 CHCTEMHON wWepapxuu OyIayT oOpamarbes ¢
HOBOCO3JJaHHBIMU «OOXBHMH TBapsiMu». KieTkw,
KaK H3BECTHO, B OOJIBIIIMHCTBE CIIyYaeB HE 3aMEYar0T
3aMaCKUpPOBAHHBIX B HUX YYXEPOIHBIX BUPYCOB,
a MOJIEKYJIbl — MHOTOUYMCIIEHHBIX MPHUCOCABLINXCS
cOOKy MPOTOHOB Bojopona. To ke camoe, cys 1o
BCEMY, MPOUCXOANT W C JIFOJABMH, KOTJa BBICIIHE
3BOJIIOLIMOHHBIE UEPAPXU ITPOCTO-HAIPOCTO YKE U3-
HayalbHO BCTPAUBAIOTCS B UX TENA.

Ho Bcé x Takm KakuM HWMEHHO o0O0pa3oMm
3TH TOCHIAHIbl  «UHO-3JUTHD  BHJIOU3MEHSIOT
CyIecTBytome (OpMbI JKUBOTO: C TIOMOIIBIO
PEKOMOWHAITMM TEHOB WM TMyTEM  IIEJICBOU
MEPEeCTPOUKU OETKOBO-KOMITBIOTEPHBIX MPOrpamMm?
A, MOXET, HUCHOJB3YIOT Uil 3TOr0 KOPPEKIUIO
rapaMeTpoB 3JEKTPOMAarHuTHOro kapkaca? [lns
[IOJIy4YEHHUs] MCUEPIBIBAIOLIETO OTBETAa Ha JAHHBIN
BOIIPOC HEOOXOTUMO TPOBECTH €IIe MHOXKECTBO
JIOTIOJTHUTENIbHBIX KPOIOTIUBBIX HCCIIEI0BaHUIH,
B KOTOPBIX HauOoJblllee BHUMaHHUE JOIKHO OBITH,
[O-BUAUMOMY, YICIEHO HMMEHHO BuUpycaMm. Benp
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Omaromapsi cBoeMy BHYTpPEHHEMY OeccMepTHio,
OHH WMeNH, B OOIIEM-TO, HEOTrPaHUUYCHHYIO
BO3MOXXHOCTb IIOCTOSIHHOTO yCOBEPIIEHCTBOBAaHMS,
T.€. IPEACTABIISIIOT CO00# (OTHOCUTETHHO CPETHETH-
MOTETHYECKOTO YPOBHS HYKJIEMHOBBIX KHCIIOT) MUK
PasBUTHS CPEeOH BCEX JKUBBIX CHCTEM, KOTOa-Iu00
CYLIECTBOBABIINX MM OYAYIIMX CYLIECTBOBATE.

Koe-kT0 31€CH, IpaBIa, MOXKET BO3PA3UTh, UTO
MOJIEKYJIbI, MOJI, KDEMHHUEBOW KHCIIOTHI U HATypPalb-
HOT'O KaydyKa TakKe crocoOHBI K OecrpenenbHo-
My POCTY M Pa3MHOKEHHIO MOCPEICTBOM percHe-
pauuu. Ho Tem He MeHee OHH BeAyT, BO-IIEPBBIX,
HEaKTHBHBIN 00pa3 )KU3HH; BO-BTOPBIX, CTAPEIOT; HY
Y HaKOHEL, JUIs UX Pa3MHOXKEHHsI TpeOyeTcs 4TO-TO
BpOJIE METEOPUTHOTO OIS (a TOAOOHBIE YCIOBHS
y Hac Ha 3emJie BpsiI JIM KOTJa-11u00 UMEIH MECTO).

Tak 4TO, KaK BUIUM, KPUCTAJUIONOAOOHBIEC BU-
PYCBI JaX€ W TYT OKa3aJnMChb BHEC KOHKYPCHIIUH.
Bo BcdxkoM ciyuae, uenoBeK 3aBEOMO HHUKOTAA
HE JOCTUTHET MX BEJIMKOJICITHO PAa3BUTBHIX aJanTa-
[IMOHHBIX BO3MOXHOCTEH; 3TO MOJ CHITy pa3Be UTO
poboTam, He SBISIOLIMMCS, OHAKO, KUBBIMH 00B-
CKTaMH.

B xome cmoeil momcropmueckol (HO 3aTO YK
MOUCTHHE DJIOXAIBHON!) KOJBONIOLMH YCOBEp-
LIEHCTBOBAJIMCH BUPYCHI BIIOJIHE OOBIYHBIM U Oec-
XUTPOCTHBIM ITyTEM — 3a CUET IOCTENEeHHOTo Ha-
KOIUICHHS JKU3HEHHO HEOOXOIUMBIX CTPYKTYPHBIX
3BeHbeB. HO mpu 3TOM camble OpeBHHE HMX TEHBI
(a OBITH MOXeET, ¥ OTHENbHBIC HYKJICOTHHBI) SIB-
JIIOTCSL B TO K€ BPEMsI U CaMbIMH TJIaBHBIMH, T.€.
perynaTopHbIMHU. Tako# X0 COOBITHI, MO KpaHEeH
Mepe, TIpeicTaBuTh cebe ObuTo O, HaBEepHOE, ecTe-
CTBEHHEM BCero.

2. Bce 0e3 ucaoYeHUS MPUPOTHBIC CHCTEMBI
CIOCOOHBI  ABOJIOIMOHUPOBATh TOJIBKO B CBOEM
CcBOOOJHOM CcaMOpa3BUTHM — Ojarojapsi Jydiien
[IPUCIOCOOJIIEMOCTH K OKPY’KAIOIIUM YCIOBUAM U
3a CYET HEOTHEMIIEMOTO JJIsl CUCTEM JIF0OOTO YPOB-
HS (akTopa maMATH. Tak, HBOJIOUMS TETEPOLH-
KJIMYECKMX OCHOBAaHUM 3aKOHYMIACH C BO3HUKHO-
BCHUEM MOHOHYKJICOTHI0B, COBCPHICHCTBOBAHUC
TPEXCTYNEHYATHIX HYKICOTUAOB — ¢ 00pa3oBaHHEM
JUIMHHBIX ICIIOYCK, HAa3BAHHBIX 3aTCM I'CHAMH, Ha-
KOHeEll, TOCJIeAHNE, OOBEINHUBILUCH B TEHOM, MIPH-
BEJIM K POXKICHUIO HOBBIX U CYIIECTBEHHO BaXKHBIX
KUPIIUYUKOB OYXOTBOPEHHON MaTEPUH.

Ho, comocraBisiss Mexxay coOOi U aHaIM3HPYS
pas3In4HbIE ATl JOKICTOYHON OMOXKHU3HH, CIIEay-
€T UMETh B BUJY, YTO CTPYKTYPHO-UEPAPXUUECKUI
Mporpecc OTHIOJb HE CTOMT Ha Mecte. 1 ecnu Ha
TEIIoN 3emile MONHONPAaBHBIMH X034€BaMHU I10JIO-
xenns 6p11 PHK, To ceffuac yxe TakOBBIMH cTanu
4yThb-4yTh YKOpOUYCHHBIE (IO caxapy), HO 3aTO YK



3.5. Ammrypcekuit

Kyza Oosee mMpodHbIe U pa3BeTBICHHBIE (TI0 00IIeH
Macce) UX HyKJIeOTHAHbIe npeeMHuKu. Hampuwmep,
JUTSL TIPUIICIBHONM TOMUYECKON HICHTHU(QUKAIIMH Y
YeqoBeKa TIJIaBHOW pEryJlATOPHOM XpPOMOCMOMBI
CeroJHs HeOOXOAUMO IMPEXkKAE BCETO TOCKOHAIBHO
pazo0paTbcs ¢ HaIUM BHUAOCTICHU(UYHBIM SIIHTE-
HOMOM U POICTBEHHBIM €My KJIacTEpOM OETKOBOTO
romeo010ka. ITocKoIbKY k€ 00€ 3TH CTPYKTYPHI, TI0
MMEIOIIMMCS TaHHBIM, TTOJTHEE BCET0 MPE/ICTaBIEHbBI
BO 2- XpOMOCOME, TO UMEHHO Ha HEE U CIEeHIyeET,
OUYEBHJIHO, YKa3aTh KaK HA IOJJIMHHOTO KOMaHIHO-
ro nuaepa kietkd. Ho ato eme He Bcé. 160 nroboii
0e3 MCKIIOUEHHs XpOMOCOME IpHCyL] (GeHOMEH
ONIyIIEBJICHHOCTH, pPeau3yeMblil uepe3 obiaganne
cobctBeHHBIM «S». KoTopoe, kcratn, 1o cBOUM
CTPYKTYpHBIM HapamMeTpaM Bps JH MOXET OBITh
0o0BEMHCTEN BBIIIEO3HAYEHHOTO KiacTepa, HO B
TO K€ BpEMSI 3aBEJOMO JOJDKHO COJepXKaTh B cede
(mmm XoTs OBl MOTEHIHMAIbHO KOAMPOBATH) TOJH-
kom0-6enkn, mukpo-PHK u npyrue Bakneiimme
pBIYaru NpsMOro yIpaBiIeHUYEeCKOT0 BO3IEHCTBUS.

Taxum o6pa3oM, 1o xoxy UHTep(ha3bl TIABHBINA
TeHOMHBIH JIOKYC CBSA3BIBAETCSI, pacChliasi CBOH LieJe-
BbI€ AUPEKTUBBI, MPEXK]IE BCETO C TIIaBHBIMU F€HAMHU
nepudepuiHbIX XPOMOCOM, a T€ YK€ Iepeanpeco-
BBIBAIOT €r0 KOMaH/bI JAaJIbIlle — COTJIACHO CITyKe0-
HOMY TpeiHa3HadeHu1o. [Ipn 3ToM eAMHCTBEHHBIM
Oonee-MeHee pealbHBIM THIIOM CBSI3U CIEAYET B
JTAHHOM cJly4yae MpU3HAaTh, Cy/As IO BCEMY, 3BYK. A
BIIPOYEM, KaKUMH Obl, B KOHILIE KOHIIOB, HU OBUIN
IepeaBaeMble CUTHAJBl: BHOPOAKyCTHUCCKHMHU,
OMOMMITYJILCHBIMH, DJIEKTPOMAarHUTHBIMHU HJTH JJaXKe
9KCTPACEHCOPHBIMH,- BPSAJ JIH 3TO CIIOCOOHO UTPaTh
3/1€Ch HEKYIO [IEPBO3HAYNMYIO POJIb.

..Ho BooOme-tro craHoBieHHE  3eMHOH
OUBWIM3AIMM  HAYWHAJIOCh, KakK M3BECTHO, C
PHK. TIlpuueM camMOCOBEpPIIEHCTBOBAHUE  HX
MOJIEKYJI TPOUCXOAUIO B OCHOBHOM Ha YPOBHE
HYKJICONPOTEUAOB, TaK KakK BpsA JIM OHH JOCTa-
TOYHO JUIMTEIBHBI UCTOPUYECKUI OTPE30K MOIJIN
MPOCYILECTBOBATh O€3 CTOJb BEPHBIX M HACKHBIX
CBOUX KHCJIOTHBIX IOy TYUKOB.

PuGonykienHoBbIe MIPOTOOMOHTEI
pa3sMHOXaNKUCh peruidkamnueit ¢ momormisio PHK-
9aTpaBKH, MOCJIE YEro BeJU OOBIYHO AKTUBHBIN
«mpuycaneOHblil» 00pa3 XKU3HU (TO €CTh TOBOPS
MO-HAYYHOMY, SKCIPECCHPOBAIHNCH) — HCIONB3YS
co3manHbie uMH ke PcG-Oenku. Ilocnemnme mpu-
YeM CTaJlM OTBEYaTh Kak 3a ()epMEHTATUBHbIE PeaK-
UM, TaK U TPOJIOHTUPOBAHHYIO JOXPOMOCOMHYIO
namsITh. KpaTkoBpemeHHas e naMsTh (1 He TOJIBKO,
kcraTtH, camux PHK, HO 1 Bcex mpupoaHBIX cUCTEM)
00ycioBIIeHa HU3JICKAIUMH CTPYKTYpaMH; TO €CTh
B KOHEYHOM CHETE — MOHAJHBIM BOCIIPHSTHEM.

Bnpodewm, kak 3T0 4acTo ObIBaeT, MambHEHIIIAsL
HWHTErpalys MEPBUYHBIX IEMOYEK KU3HU» B €lIU-
HBI TPOTOTE€HOM OTHIObh HE TIPUHECIIA IM TTOJB3HI.
Benp nocne onpoMeTUYMBOTrO BHEAPEHUS B CBOE J10-
MalllHee XO34HUCTBO YCOBEPILIEHCTBOBAHHBIX MOJIC-
KYJSIPHBIX POOOTOB (THCTOHOB) M TOCJEAYIOMISH
KOMITaKTU(HUKAINN OCHOBHOTO HACJIEJCTBEHHOTO
Matepuana B Buje JIHK oHM mOTHOCTBIO, YBBI, JH-
IIMIINCH COOCTBEHHOM CBOOOIBI.

TakuM 00pa3oM, TOCTOSHHO CTPEMSICh K
YeMy-TO HOBOMY, HYKIIEOCOMBI HEBOJIBHO (Kak, B
TIPUHITATIE, U JTIO0BIE CHCTEMBI BOOOIIIE) TEM CaMbIM
3aKpbUIM JOPOTY CBOEH 3BOJIIOLIMH, TaK KaK C MOSIB-
JICHWeM KJIETKH OHH CTalld OOCIy>KHWBaTh MOTpPEO-
HOCTH COBCEM YK€ MHOTO KoJulekthBa. M Tem He
MEHEE HaZ0 OTMETUTh, YTO Koe-Kakue Manbie PHK
BC€ K TaKW CyMelld OCTaThCsl MPH TJIaBHOM KO-
MaHgHoM mtade. [Ipuuem, BeposTHee Bcero, OHH
BBITIOJIHSTA TaM PSJT BaXKHBIX SKCTPACECHCOPHBIX
3a/1a4, a BIOCJEICTBUU CTAlld BIUATH TaKKe M Ha
UPKATHAHHYI0 PUTMHKY KJIETOK (YTO, pa3yMeeTcs,
HalpsIMyIO0 CBSI3aHO C aJICKBATHBIM BOCIPHUSITHEM
MU cBeToBoW oHeprum). llo kpaifHelr wMepe,
COBEPIICHHO OYEBHIHO, 4YTO Iepudepuieckne
LIEHTPUOJU HE MOTYT UrpaTh PEIIAIOIIYI0 POJb B
Ipoleccax KIIETOYHOTO CO3pPEBaHUS U JeNICHUS.
Bce HyxHBIE A7 3TOTO KOMaHIBl OHU TOTYYaroT
13 A1pa, T, COOTBETCTBEHHO, PACIONOKEH U caM
PUTMOBOJIUTEIb. XOTS, C IPYTrOd CTOPOHBI, OH MPHU
9TOM HE MOXET, KOHEYHO e, U OBITh BCELENO 3a-
BHCHM OT CBOUX «IITATHBIX» XpoMatuj (0COOCHHO
€CJIM BCIOMHUTB, CKOJIb IEMOHCTPATHBHO OHH YIIH-
palOTCs MPU pacTACKUBAHHUHU 10 Pa3HBIM IMOJIIOCaM).

[lepexonss Temeppr Kk oOwmieMy MpeaenbHO
CKaTroMy 0030py SBONIOIHMHA MHOTOKJIETOYHBIX
OpraHU3MOB, YTOUHUM JIJIsl HaYayia, 4TO UMEHHO Ha
ATOM 3Tare BO3HUKAET MUTO3, MEH03, KOHBIOTAITVS,
TUTUTOHTAS, TIOJHTIIOU VS ¥ IPYTHE CTOIb aKTyallhb-
HBIE 7151 HAC TIpoLiecchl U popMbl pa3BuTus. Ho Bce
JKE€ CaMBbIM, TOXKaNyd, IEHHBIM TBOPYECKHUM YCIIe-
XOM B 3TOM IUIaHE CJenyeT, OYeBHIHO, MPHU3HATH
npuoOpeTeHre B KauecTBE CBOMX Oymymmx 0e3-
OTKa3HBIX TIOMOIHUKOB OJHHUMH HYKJIEOCOMaMHU
PUKKETCUH (TmpudeM, KaKk HH CTPaHHO, 3a9acTyIO
yK€ HBIHYE MATOTCHHBIX), HY W, COOTBETCTBEHHO,
HUTYATHIX [IHAHOOAKTEPHIA — IPYTHMHU.

Co BpeMeHEM KIETKH CTall OOBEIUHSATHCS B
COJPY>KECTBA, KOTOPbIe 00Pa30BHIBAIICH HA OCHOBE
JIEJIEHUS OJTHOM MaTEPUHCKOM KIIETKH — BCIIEJICTBHE,
HaJI0 TI0JIaraTh, aAr€3UBHOCTH JOYEPHUX.

XoTs panbHeilee MOCTyHnaTeNbHOE DPa3BUTHE
Pa3MMYHBIX 3€MHBIX BHJIOB WMEET, KOHEYHO K€,
KaKHe-TO CBOM OTpeiesIeHHbIe 0COOEHHOCTH, HO BCE
K TAKU OCYIIECTBISIIOCH OHO IO €IUHOMY IIPUHIIUITY
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— Ha 0a3e HEKOero KOHKPETHO B3STOTO TeHOMa,
yTpaTuBLIEro paHee (T.€. Ha MPEKHUX, TEIEPhb YKe
Kak OBl «apXan4ecKux» CTYIMEHbKaX OSBOJIOIIH)
CIOCOOHOCTh K caMOycoBeplieHcTBoBaHMI0. Hy u,
KpOMe TOr0, HEOOXOIMMO TaKXKe 37€Ch yUUTHIBATD,
YTO B PaHHIOI 3€MHYIO 310Xy (a TeM Oonee — npu
OTCYTCTBHHU TOTJa eife MPUBBIYHBIX IS HAC Callb-
Tanuid) cpear NPENCTABUTEIEH pacTHTEIbHO-KU-
BOTHOT'O IIapCTBa CIIOJIHA, CYJI 110 BCEMY, MPaKTH-
KOBJIUChH €IlIe M KaKUe-TO IPyTue pbluaru BUAOBO-
ro nporpecca. M XxoTs MHOTHe U3 HUX KaXKyTCsl HaM
ceroHs BecbMa 3 (HEeKTUBHBIMY U JTIOTUYECKHU, BPO-
ne Obl, HeTPOTUBOPEUUBBIMHU, OJHAKO )K€ HCTOPHS,
YBBI, pEIIia T0YeMy-TO B TaHHOM CIIy4ae pacrio-
pAAUTbCA MHAYe. A BO3MOXHO, BOBCE U HE HCTOPHS
naxe, a odmeBcenenckas [8] Hoochepa?..

CkazaHHOE TPeX/Ie BCEro KacaeTcsl aBTOPCKON
KOHIICTIIH SH(POPCOTeHe3a, a TAKKE pereHepaTHB-
HOTO, IIaroBoro u A1} @y3Horo BEKTOPOB IBOJIOLH-
OHHOTO pa3BuTHs. llepBas M3 HUX MOJpPa3yMEBaET,
B YacTHOCTH, 00s13aTeNIbHOE (M B 3TOM €€ KOPEHHOE
OTIIMYKE OT KyZa 0ojee MATKOW JTaMapKOBCKOH [9]
(hopMyTUPOBKH) yHACIIEIOBAHUE BCEX OJIaronpuo0-
PETEHHBIX POIUTEIBCKUX CBOWCTB MPSAMBIMHU KH3-
HECTIOCOOHBIMHU MOTOMKaMHU. UT0 X A0 TPEX Apyrux
«TOOOYHBIX» OMIMA, TO OHU OyIyT PacCMOTPEHBI
HUXKE.

Bkpatune  roBops, CyIIHOCTh  IIaroBOrO
MIPUHIKITA COCTOUT B CIEAYIOMIEM: [ TOTO, YTOOBI
MIPOM30LIEN XOTh HEOOJIBIION KaueCTBEHHBIH CKauOK
(HEe3aBHCHMO OT €r0 ydJacTKa, BUAA TKaHW W T.I1.),
HaJ0, YTOO Ha 3TOM MECTe KOJINYECTBO KIETOYHBIX
JeneHui OblI0 KaK MUHUMYM Ha OJTHO OOJIbIIE TI0
CPaBHEHHIO C IIPEbIAYINNM HoKoeHneM. Eciu ke
MepelTH KOHKPETHO K MHTEpECYIoLIeMy Bcex Lap-
cTBy Metazoa, rae caMblM aKTyadbHBIM IJIsi HAC
JIOKYCOM SIBJISIETCSl, KOHEYHO K€, HEpPBHAs TKAHb,-
TO HMMEHHO K IIIaroBOM OJBOJIOLUHN 3KTOIEPMBI
(xoTs1, BIpoUeM, B KaKOM-TO CTENEHU M MeE30.ep-
MBI) JIOJDKHO OBITH, TIO HIee, TPUKOBAHO OCHOBHOE
Harle BHuMaHue. [lpu 3Tom nuiiHee aeseHue cro-
COOHO MPOM3OUTH, MOXKATYH, JIUIIh B MATEPUHCKON
yTpoOe (100 Ha cBETy HEHPOHBI HE JAEMOHCTPHUPY-
10T 00OBIYHO 0CO0OH MHUTO3HOW aKTHMBHOCTH) — UTO,
B CBOIO OY€pellb, MOXKET OBbITh PEaTM30BaHO TOJb-
KO TIpH TMOCTENICHHOM YOBICTPEHHHU /»CMUHAHUI»/
HaYalbHBIX CTagui pa3BuTvs mwioma. K cioy,
BapHaHT, CBSI3aHHBIA ¢ OoJblueil sSKOOBI MPOIOI-
JKUTETHPHOCTBIO CaMOW 1O ce0¢ JTYHHO-MECSIHOU
JeKalbl, BpSAI JIU 3/1€Ch MPAKTHUYECKH NPUMEHUM;
0COOEHHO €CJIM €CTh BO3MOXHOCTb OOBSICHUTH BCE
KyZa OoJiee mpoiie: HapyuMep, ¢ MO3UIMI HoMoTre-
Hesa [10, ¢.470] unu xe, cKaxeM, pa3HOYPOBHEBOTO
roHuManus Bpemenu [11, ¢.8 — 12].
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TakuMm 00pa3oM, IIArOBBIA THN 3BOJIOLHU
SIBIISIETCS], HA II€PBBIN B3IVISA, BIIOJIHE IPUEMIIEMBIM
BEKTOPOM HE TOJILKO JJI51 XOPAOBBIX, HO M 1711 MHOTHX
JIpYTUX HBIHEIIHUX WM UICKONAeMbIX BUAOB, CKOJIb-
HAOYIb TPHYACTHBIX K (EHOMEHY IOCTaIUHHOTO
pa3BUTHUSA (AULO-TUYNHKA-KYKOJIKA U T.11.). Cyas 1o
BCEMY, IPUMEPHO TO )K€ CaMO€ MOKHO CKa3aTh U
OTHOCUTENBHO PACTEHUH, POPACTAOIIUX U3 CIIOP
u cemsH [12, ¢.58 — 71]. U ecnu mpupoja He mo-
11J1a 10 3TOMY IIPOCTOMY €CTECTBEHHOMY ITyTH — TO
JTAHHOE 00CTOSITENBCTBO MOXKHO pacCMaTpUBaTh HE
VMHA4ye KaK JOINOJHUTENbHBIA CUIbHBIA apryMEHT
MPOTHUB HOMO- M OPTOT€HE3a.

[TouTtH Bce mporpeccuBHBIE MAaKPO-CKAIKH (Kak
TO: MpeoOpa3oBaHKE YCIIyH B MEPbs, a IIABHUKOB
B KOHEYHOCTH; CO3JIaHHE KOJJICKTUBHOT'O pazyma y
MypaBbeB U IYEJ; PaJAWKAIBHBIA OTKa3 OT XBOCTa
W TIOJATOTOBKA apTUKYJSIMOHHOTO ammapaTta K oc-
MBICJIEHHOH PE€YH y AOMCTOPHUUECKUX TOMHHOHIOB)
TaK WM MHAYE CBS3aHBI C HANIPABICHHBIM «BMeIla-
TEJIbCTBOM M3BHE», aJICKBAaTHOW TPAKTOBKE KOTOPO-
rO aBTOP MOCBATUJI B CBOE BPEMsI LIENTYI0 KHUTY [13,
c.69 — 78]. Tak 4TO B MaHHON COKpAIICHHOW Bep-
CHH CTaTbH MMEET, OXallyl, CMBICI OCTAHOBHUTbHCS
JIATITH Ha HEKOTOPBIX O0JIee-MeHee OUeBHIHBIX (hak-
Tax ¥ 00CTOSTENIHCTBAX IMOBCEIHEBHOTO MPUCIIOCO-
OUTENFHOTO YCOBEPILICHCTBOBAHUS OPTaHU3MOB.

B coBpeMeHHOM Hay4dHOM COOOIIECTBE KaK-TO
YK HErjlacHO yTBepAWJach OaHalbHas, HO BIIOJHE
3aKOHOMEpHAsl MBICJIb, YTO BCE OHHM IMPOUCXOAST
SIKOOBI Oyaromapsi M30MPaTeTbHOMY METHIIHPOBaA-
HUIO T€HOB (€CIM He MPUHUMATh 37IeCh, IPaBia, BO
BHUMaHHUE Cyry0o jamapkuctckux [9] maeit). Uto
XK, AJ1s1 OOJIBIIMHCTBA 3€MHBIX BHJOB, IIOXO0XE, TaK
OHO M €CTh. A BOT JUIsl KHUJapHii, TpeOHEBUKOB U
HEKOTOPBIX JAPYIMX O€CHO3BOHOYHBIX BEIYIIUM
(akTOpOM MX YCHELIHOI'O BBDKHMBAHUS SIBHJIACh —
HE UCKITI0YeHO — AU (Hy3HOCTh HEPBHOH CHUCTEMBI,
MO3BOJIAIONIAsl TEHEpaTHMBHOW KIETKE 3HaThb 00
OCHOBHBIX COOBITHSIX, TIPOTEKAIOMINX KaK BHYTpH,
TaK U BOKPYT, IEPEHOCS 3aT€M HAKOIUIEHHBIN OIBIT
B HOBOE TOKOJIEHHE. B CBOIO oYepelns, UITIOKOXKHE
WMEIOT TIPUBBIUKY Pa3MHOXKAThCS TIOCPEICTBOM
pereHepanyu 1eiIoil 0cobu BCEro JIMIIb U3 OJHOTO
Jy4MKa, a 3TO, 110 BCEH BEPOSTHOCTH, TAKKE BEAET
K COXPaHEHHIO 32 IIOTOMKOM OJarornproOpeTéHHbBIX
poauTenbcKkuxX KadecTB. UTo ke KacaeTcs THIa
YICHUCTOHOTHX, TO HH Yy OJHOIO 3E€MHOI0
OpraHM3Ma HE OTJIaKEHO OOJIBIIE CTOJbh YETKOTrO
ApPXUCIIOKHOTO PYKOBOJACTBA BCEH CHCTEMOH €O
CTOPOHBI MEPBUYHON PETYIATOPHOM XPOMOCOMBI
(4To MPHUEM SBCTBEHHO_MPOTIISAABIBAET YXKE B XO/1€
OoHTOTreHe3a). BcmoMHUM XO0Ts OBl B 3TOW CBS3U
YpEe3BBIYAMHO MMyHKTYaJbHbIX, CMEKAJIUCTHIX U IO-
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CBOEMY JlaKe YMYAPEHHBIX OIBITOM OOLIECTBEHHBIX
HaceKOMBIX!.. A 3HAYUT, OHH OJIULIETBOPSIOT COOOI0
HEKUH CrnenuUIecKrii BEKTOpP 3BOJIFOIMOHHOIO
pasBUTHA, CyMEB NPU 3TOM A0OpaThCsi MOYTH 10
CaMBIX €TO BEpIIVH.

Hakonen, wu3BecTHO, 4YTO IUIA3MUIHO-
SMUCOMHBIA MNEPEeHOC TEeHOMHOTO MaTepuana
[14, c.146] oT omHOW KIETKM K APYTOH HIrpaeT
3HAYUTENBHYIO POJIb B KM3HU NMpOKapuoT. MoxHO
BBIIBUHYTHh THUIOTE3y, YTO W Ha OoJiee BBICOKUX
CTa[MAX Pa3BUTHSA PACTUTEIFHOTO MHpa YHacTCs
3a()UKCUPOBAaTh TIOAOOHBIC SIBICHUS TOMO- WU
JlaXXe TeTepo-OpraHu3MEHHOro mnepeHoca [15, c.
249-255]. Benp, kak yxe OBIJIO OTMEYEHO B Ha-
yaje, MOJICENCHNE B pa3Hble KIETKH KaueCTBEHHO
pasHBIX XJIOPOIUIACTOBBIX W MHUTOXOHIIPHAIBHBIX
OakTepuil-CHMOMOHTOB TOXKE, OYEBHIHO, CHITPAIIO
HEMaJIOBXXHYIO POJIb B IJIAHE PA3BUTHUS KOPECHHBIX
OTIIUYHAN MEXIYy PACTUTENBHBIMH W KHUBOTHBIMU
kineTkamMu. CpogHM IIa3MUAHOMY TIEpeHOCYy U
(heHOMEH TPaHCAYKIIMOHHON MHTErPalliyd TEHOMOB
[16, c.117 — 123], rnaBHbBIMH ACHCTBYIOIIUMHU
JUIIAMH ~ KOTOPOTO  SIBJISIIOTCSI  PETPOBHPYCHI,
JKUBYIIME W pa3MHOJKAlOIIMecs Ha  OCHOBE
MHUPHOTO COCYIIECTBOBaHHS C Ooyiee pa3BUTHIMU
OpraHU3MaMHU.

MyTanuu NpruHATO CYUTATH CICTIBIM U Maodd-
(heKTHBHBIM (PAKTOPOM DBOJIOIHH, XOTS OHH TOXKE
UMEIOT ONpEICICHHYI0 IEHHOCTh M JIaXKe CIOco0-
Hbl TIPUBHOCHTH HEKYI0 CBOK HWH(GOPMATHBHYIO
JIETITY B OKpyXatoluid Hac mup. I[IpaBna, BmosjHe
BO3MOJKHBIE ITOJIOMKH Ha CYOHYKJIEOTHAHOM YPOBHE
MOYEeMY-TO B HBIHEIIHEH HAy4yHOH JUTepaType
YIOMHUHAIOTCS BechMa CKyIHO (HaBEpHOE, H3-3a
CJIMIIIKOM YacTOT'0 X €CTECTBEHHOT'0 0TCeBa). XOTs,
CyIlsl TI0 BCEMY, IMEHHO TaKasi BOT paHHss TIyOoKast
MyTalus MpHuBea K BOSHUKHOBEHHIO 2-/1€30KCHPH-
00361 (a BMeCTE € HEIO — U CTOJIb BOCTPEOOBAHHBIX
ueiHue JIHKoBBIX cynepcnupaneii).

seokosk

[Nocnenyromuiue pa3aessl MOTHOCTBIO yKe OyayT
MOCBSIIIIEHBI aHAJIOTUYHBIM_HHAMUYECKIM MPOIIeC-
caM, IPOTEKAIOIINM B MaciTadax BeemeHHoi.

A 371ech MOKa, TOJBITOKMUBAs BCE MPUBECHHBIE
BEIIIIE Pa3HOPOJIHEIE, a TIOPOH U BeCbMa CyOhEeKTHB-
HBbIE BBIKJIAJKH, TaK WK WHAYE CBSI3aHHBIE C Opra-
HU3MEHHOMW 3BOJIIOLMEH (Hy ¥ HOMYTHO Kak OBl 3a-
paHee ympexaas BCAKHE HEIpPYyKeTIOOHBIE CTPEITbI
B CBOH aJpec), XOTeI0Ch ObI aKIIEHTHPOBATh BHUMa-
HUE Ha TPEX CaMbIX BAXHBIX KPACyroJbHBIX BeXaxX
aBTOPCKOTO MOAX0/1a, 3 UMEHHO!

a) NPUHYUNUATILHOU — B03MOXNCHOCMU  Cyuje-
CMBEHHBIX AHAMOMO-MOPPON02UYECKUX USMEHEHUT
Ha yposHe ocobu (Oadxce Npu HCECMKOM CHIPYK-

MYPHOM NOCMOSIHCMEBE 2eHOMA Y JI00bIX eé CKOJlb-
HUOYOb 0003PUMBIX NPEOKOE).

0)  enasencmsyrowel  poau  Gakmopos
BHYMPEHHE20 CamMOpa38Umus U ecmecmeeHHO20
0mobOpa Kax OCHOBHBIX OBUINCYWUX CUTL NPOSPeccd.

8) 6noJHe 04eBUOHOU KOHYENMYAIbHOU A6MOo-
HOMUU OGHHBIX IBONIOYUOHHBIX HOCHLYIAMO8 Om
00ue20 CMoXacmuyeckoeo wyma (Mymayuti); uiu
arce, npouge 2080ps — POPMANLHOU HE3ABUCUMOCTU
omux 08yX HanpasieHutl opyz om opyaa.

3. HabnroneHus 3a XOAOM DBOIIOLUU CHUCTEM
MTO3BOJISIOT C(hOpPMyNIHPOBAaTh HAM 3aKOH Upe3map-
HOTO /CHHOHHUMBL' NepeMexncaione2ocs, mpuaouo-
2o/ moaobwus. IlpakTnyeckas ero EHHOCTh B TOM,
YTO OH PAacKpbIBaeT TOPWU3OHTHI MO3HAHUS, JaBast
BO3MOKHOCTB IPOHUKATh B TaKKE Cephl, KOTOPHIC
TTOKA eII€ HEJOCTYITHBI IS IeNIEBhIX 1a00paTOPHBIX
nccnenoBannid. OcoOEHHO 3TO KacaeTcsl HadaIbHbBIX
3TarioB BCEOOINEro MPUPOJHOTO PAa3BUTHS, TaK
KaK TpsAIyIee C ero OJIM3KUMHU K COBEPIICHCTBY
3BOJIIOIIMOHHBIMH MaKpOCTPYKTYpaMH, IO HIeEe,
BITOJIHE ITPOTHO3UPYEMO U C TIOMOIIBIO0 UHBIX, XOPO-
110 y>K€ UCTIBITAHHBIX CPEJICTB.

Bxpatiie cymHOCTh 3aKOHA IEepeMeKaroIIero-
¢Sl TOAO0US MOKHO CPOPMYIIHPOBATh TaK: Kaxjaas
HOBas CHCTEMa TOSBISIETCS Ha CBET U3 CyOheTUHHUII
IPEAIIECTBYOMEH € CUCTEMBI COIVIACHO IUIAHy
(unu, ecnu yrojHo, aaropuTMy), apoOMPOBAHHO-
My [17, ¢.596] [18] Ha mepapxudecku emie Oojee
paHHHX cTyneHsx. IMenHo pedys uagt mump 00 00-
memM crieHapuu [19, ¢.306 — 308] mocTpoenus, Tak
KaK Jr00as TOMBITKA Y3PETh B PETPOCIEKTHBHBIX
OMO-KOHCTPYKTaX HEKOErO MPSIMOro MpejKa HbIHE
JKUBYIIUX BUJIOB OYJIET BBITJISAETh MUCTHUECKOU H
Jlake KOMUYHOUW. B wacTHOCTH, ckakeM, IIPUAETCS
nmpu3HaTh, 4To uenosedeckas JIHK mpousomuia ot
BaHaJMs, a KJIETKA — OT KaKOTO-TO €ro CII0KHOTO
BOZOPOIHOTO COEAMHEHUS Hanoo0ue ruapuaa. Ha
CaMOM e JIeJIe YeJIOBEUecKasi KJIeTKa UMEET KOH-
KpPETHOE T€HETHYECKOE POJICTBO TOJBKO C COOTBET-
CTBYIOIIMMH XPOMOCOMaMH W MHTOXOHAPHUIMH,
HO TICPBBIC JUILIOMIHO YJIBOWIUCH B PE3yJIbTaTe
BCTPEUYH W KOHBIOTAIIUH JIBYX TalUIOUIHBIX KIETOK
(T.e. Mo mpuMepy oOpa3oBaHUS IBYXaTOMHBIX MO-
JICKYJI TIPOCTBIX BEUIECTB); a BTOPBIC MPUCOCIUHU-
TUch 1o mepudepun MoJ00HO MOHAM BOJOPOJA B
MOJIEKYJIE ATHIICHA.

Comnocrapiisisi yKa3aHHBIH 3aKOH C TEMH WU
UHBIMU pacxoxumu Tteopusimu [20], Kak, BIpO-
yeM, U ¢ (peHOMEHaMHU, MOAJAIOIIMMHUCSA HEIIO-
CPEICTBCHHOMY HAOJIFOJICHUIO, MBI UMEEM BO3MOXK-
HOCTH KO€-YTO YTOYHATH U KOPPEKTUPOBAThH B ITUX
OOIICNPUHSATHIX HbIHE KOHIIEMIHUAX (OCOOCHHO YTO
KacaeTcsi CTPYKTYp M IMPOIECCOB, IApAIINX B He-
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JOCTYIIHOM [JIsl HAIllero HEBOOPY>KEHHOTO Trias3a
MuKpoMupe). Tak, Hampumep, MBI MOXXEM C TIO-
JTHOU YBEPEHHOCTHIO MOATBEPAUTH, YTO HNPOTOH U
HEHTPOH IO YHCIY W XapakTepy COCTABIIAIOIINX
WX CcyOuacTHIl JeHCTBUTEIHHO BHEIIHE Majo 4YeM
OTIMYAIOTCS IpyT OT Apyra. Ho BMecTe ¢ TeMm, Kak
BCEM H3BECTHO, BpeMsl KH3HU HEHTPOHA B CBOOO/I-
HOM COCTOSTHMHM HECOM3MEPHMO KOpOUe, YEM Y €ro
SIIEPHOTO «COOpaTa»; a 3HAYHT — TJIaBHAS 3arBO3/I-
Ka TYyT B HEKUX CIEIU(PUUESCKUX MUHYC-(HaKTOpax,
YCYTYOIIAIOMUX TOPHKYIO YYacTh TMEPBBIX M3 HUX
(ln6o — uTO, BOOOIIEC TOBOPS, KyJa MEHEE peajlb-
HO — KaK-TO «IIOKPOBUTENHCTBYIOMINX» BTOPBIM).
W npudem (akTopbl 3TH HABEPHSIKA YK SBISIOTCS
«adduxistis deforis»; x0T, mpaBaa, TaHHOE 0OCTOS-
TEJBCTBO MOXKET OBITh, KPOME TOTO, BEI3BAHO U HE-
YCTOHYHBOCTHIO OMPEIENIEHHOTO COYETaHUsI MOHA/T
(T.e. MO cyTH JAena — KBapKOB) WIIU K€, JOIMYCTUM,
WX pa3IMIHBIM TOJIOKEHHEM B TpocTpaHcTBe. Of-
HaKO €CJIM MPHHATh BO BHUMAaHHE CIOCOOHOCTH
YyJI0TBOPIIEB OOXOAUTH (IIyTEM ITOCBHUIKH BOJIEBBIX
HMITYJILCOB) 3aKOHBI TPaBUTALINH, TIpeHEOperas 11o-
PpOii 1aXke BHYTPUSAACPHBIMA «CHUIBHBIMHE CBS3SIMID»,
TO, MOXAITYH, NPUAETCI-TAKH B UTOT€ COTJIACUTHCS
C BEpCHEeHl 0 JENTOHHON MPUPOAE TOJOOHBIX B3aH-
MoOAeHCTBUI.

Janee, oT4ETIMBO BHUIHO, YTO KaXK/Iash MOHajaa
HMMEET IO KpaifHel Mepe TPU HEe3aBHCHUMBIX XapaK-
TEPUCTHUKH, HE CUUTAST MEKTECHICPHOH TOJSIPHOCTH,
00yCIIOBIIMBAIOIIEH B3aMHOE MMOMApHOE MPUTSIKE-
HHE MEXIYy HUMH, YTO BCE OHH MOTYT U3IydaTh U
MIOTJIONIATh PHEPTHIO; YTO B3aUMO/ICHCTBHE MEXKITY
MOHaJaMH B KBAPKOBBIX TPOMKAX HA MHOTO MOPSII-
KOB CHJIbHEH, YeM MX CMEKHBIE CBSI3H B spE.

[IpencraBisier W3BECTHBIM HHTEpEC TOT (axT,
YTO OJIHW aHAJIOTH U30TOITHOTO BOJOPO/A CBOpayH-
BalOTCA B KOJIbIIA, COBEPIIEHHO OJHO3HAYHO Iepe-
XOJIs1 TIPH 5TOM K CyTy00 co3epriatensHoMy «modus
vivendi»; Apyrue e — TMHEHHbIE — XapaKTePHBIMU
MIPEICTABUTEINSIMU KOTOPHIX SIBIISTFOTCS BCEMOTYIITHE
BHPYCHI, BEJlyT T'MIICPAKTUBHBIN, YyTh JIM HE TIHPAT-
CKkuii 00pa3 u3HH. POopMaNbHBIX TPUYUH 37ECh
MOKHO OTBICKaTh HECKOJIBKO: MEPBbIC (KOJIBIICBHIC)
JHK BxomsT B coCTaB KJIETOUYHBIX CTPYKTYp, Y
BTOPBIX K€ B 3TOM IUIaHE JOCTATOYHAs CaMOCTOSI-
TENBHOCTh. Y HHUX TaKXe OTCYTCTBYIOT, KCTaTH, H
THCTOHOBBIE OKTaMEpbl, YTO TOXE CIIOCOOHO IO-
BIIUATh HA MPOCTPAHCTBEHHYIO KOH(PHUTYpAIUIO H
OCHOBHBIE XapaKTEPUCTUKHU BUPYCHBIX KuciaoT. Ho
WCTUHHAS TPWYWHA, KaK TPaBHIIO, OJHA — U BOT
OHA-TO KaK pa3 OT HAC U CKPHITA.

Kcratm,  HeMarompl, TEHOMBI  KOTOPBIX
MTOCTPOEHBI aHAJIOTUYHO TIPOCTEUIITM BOIOPOIHBIM
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MOJIEKYJIaM, MPOIBETAIOT BO BCEX YACTIX CBETA H
B JIIOOBIX Cpefax, HO, KaK U CaMH 3TH MOJIEKYJIbI,
OHH TOXe€, YBBI, HE BEYHBI. TO €CTh OIpe/IeIEHHbIC
cnenu(uIecKkue OCOOCHHOCTH CTPOCHHUS  Kak
cy0aTOMHBIX, TaK M CYOMOJEKYJSPHBIX CTPYKTYP
00s13aTeNbHO TOJDKHBI 37IeCh IPUCYTCTBOBATh. 11060
TPYZIHO NOBEpPUTh, YTO 3aMmblkanue JHK B xonbio
(y Oaktepuii, apxei, CHHE-3€JICHBIX BOJOPOCIICH,
a TaKkXke y COBPEMEHHBIX IUIACTH[) MOTJIO OBITH
CBSI3aHO TOJBKO C MEPEeXOJ0M K KIETOYHOH Qop-
Me cymectBoBanus [21, ¢.194-201]. B stoii cBs3u
OTMEYy, YTO XapaKTep MEKHYKICOTHIHBIX KOHTAK-
TOB B MUTOXOH/IPHUSX SIBIISIETCS XOTS U NAJIEKUM, HO
abCOJIOTHO BEPHBIM aHAJOroM KPYTOBOW HOPYKH,
MaHUOpaTCTBa, JIETKOTO OCTYMHOTO CEKCa M TOMY
NoJOOHOH OTHOCHUTENBHOH Pa3yHopsIIOYeHHOC-
TH, WMEIOMEH MEeCTO BO MHOTHX HE()OpPMaTbHBIX
penurno3subix obmuHax. He roBopst yxe 00 ocHO-
BHOW (PYHKITMH JTIOOBIX 0Opa30BaHHMM TAaKOTO Pojia
— AKTUBHOM IIOIVIOIIEHWH HEHCUeprnaeMou >KHBO-
TBOpPHOI1 3Hepruu [22] [23, c.16] U3 oKpyKaromiero
KocMmoca.

4. Utak, B KadecTBe TJIABHOW MPHUYMUHBI €CTe-
CTBEHHOT'O BHJIOBOTO MOJUMOpP(H3Ma ¢ TOUKH 3pe-
HUS UMEIOIINXCS Y HAC HAYYHBIX JAHHBIX CIEIyeT
MoJlaraTh MMEHHO IPOTPECCHBHOE CaMOpPa3BUTHE
ocobeil ¢ anm3oanYeckuM (HO BCE JKe TOBOJIILHO-TA-
KH PEIKUM) TIOJICTETUBAaHUEM YKa3aHHOTO TTpoIecca
W3BHE.

Hy a MoHO 711 MONBITaThCS YTO-IUOO0 TIPOTH-
BOIIOCTaBUTH 3TOMY — ITyCKall Ja)ke ¢ 3JIieMEHTaMHU
3npaBoit ¢danTazuu? Uto K, Takue BapHaHTHI Qop-
MaJbHO B HAllleM DPACIOPSKEHUH TOXKE UMEIOTCS.
Bo-nepBrIX, 3T0 npuaaHue caMOAOBIEIOLIEH, YyTh
T HE MHUCTHYECKOW OpraHU3allMOHHON ponu Oel-
KaM, CaMOCTOSITENIFHO SIKOOBI TEepECTPanBAIOIINM
COOCTBEHHYIO KOMIIBIOTEPHO-YIIPaBICHUECKYIO
CeTh, — YTO B CBOIO OYEpeh HEMOCPEICTBEHHO
yBSI3bIBa€TCA C a/JE€KBaTHBIM 3allyCKOM CIIOXKHEH-
Iero MeXaHn3Ma OHToreHe3a. B momoOHOTO poma
uzaero 1000My TPE3BOMBICIALIEMY YYEHOMY IOBE-
PUTH, KOHEYHO, HEJIETKO, HO — TEM HE MEHEE...

Bropast anprepHaTHBHAs BEpPCHS BBIJIAHUT
B O3TOM IUIaHE KyJa TMpuUBIIeKaTeIbHed. Peub
uAET O Iepenavye poJid AKTUBHO JAEHCTBYIOIIETO
DBOJIIOIMOHHOTO CyOBekTa OT OaHaIBHO-001IIe-
MPU3HAHHOTO OPraHU3MEHHOro (akTopa camoMy
mo ce0e BcenmeHckoMmy Bpemeru [12, ¢.12 — 26], mo
OTHOIICHUIO K KOTOPOMY JKHU3Hb B 3TOM CIIy4ae aB-
TOMAaTUYECKH 3alMET TO3UIIMI0 aTpuOyTa MEPBO-
ro mopsaaka. Yto ke Kacaercs UCTUHHOTO (T.e. HE
CBA3aHHOTO C MPOCTPAHCTBOM) BPEMEHH, TO OHO
B JIaHHOW CHTyallld, KaK JIETKO 3aMETHUTbh, YIOJO-
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Onsietcst emuHOMY OOKeCTBEHHOMY Hawamy. Ho
3TO YK€ HE TOT CJIENON CXOIACTUYECKUNA OJIXO0 K
TPaKTOBKe MOHATHUS «AJutax» [24, c. 57], KOTOpsId
TaK XOPOILIO 3HAKOM MHOTUM €1, MOKHO CKa3aTh,
C caMoro JeTcTBa, a Oojiee-MeHee BCE K TaKu Ha-
yuHo obocuoBannbiii [25]! Kcratu, mobaBum 1mo-
MIyTHO, YTO CTOJb K€ MPHUBBIYHOE AJI1 HAC BpeMs
NBIDKEHUS, CBSI3aHHOE C IPEOJI0JICHHEM (a2 MHOTIa
— Y 4yIOTBOPIICB — U TIpeoOpa3oBaHUeM ) IPOCTPAH-
CTBa, OTHOCHUTCS K UCTUHHOMY, KaK (yHKIUS K ap-
TYMEHTY,

K coxanenuto, onHako, 00€ pacCMOTPECHHBIC
TOJIBKO YTO BEPCHM HE SIBIIAIOTCS AJIs1 HbIHEIIHEU
HayK{ JTOCTAaTOYHO aKTYaIbHBIMHA — XOTS OBI TIPO-
CTO TOTOMY, YTO WX, MO-BUANMOMY, B MPUHITUIIC
HEBO3MOXHO HU MOATBEPAUTH, HU ONPOBEPIHYTb.
KpeanmonucTckass mO3UIUS ¢ 3TOH TOYKH 3PEHUS,
KaK-HUKaK, METOJOJIOTHYSCKH OoJiee mpHeMIe-
Ma, TaK KaK BBICHIMX 3BOJIIOLIMOHHBIX UEPAPXOB CO
BPEMEHEM HHCTPYMEHTAJIbHBIM IIYTEM MOXHO OY-
JIeT, TIo uzee, ooHapy uth [8]. Jla u, kpome Bcero
MPOYEro, TOJBKO 3Ta KOHLEMIHUS MOMOIaeT pa3pe-
HINTh W3BEUHBINH Qunocodcekuit Bompoc «B 4ém xe
BCE-TaKH COCTOHUT BCEIICHCKMI CMBICI HaIlleW SBHO
0OeCCMBICIEHHON >KM3HU?» U, Kak HU IIeYalIbHO,
OTBET TYT IMOHEBOJIC HATIPANITUBACTCS OHO3HAUHEIN:
B MIPUCITYKUBAHUHU BBICIIMM Hepapxam!

3akiIouyenune

Urak, BUAMMBIN TPUPOTHBIN MTOTUMOP(U3M OT-
HIOJIb HE CBOAMTCS — CJIEIys] aBTOPCKOMY MHUPOBOC-
MIPUATHUIO — K IPOCTEHIITNM HEOAAPBUHUCTCKUM KOH-
cTpykiusm [2]; [3], a mpeanonaraet o0si3aTenbHOES
NPUBJICYEHHE B  KAdyeCTBE IPOBOLUPYIOLIETO
(hakTOpa TaK Ha3bIBAEMOE «BMEILATEIbCTBO U3BHEY.
Ho Tem He MeHee GeccriopHas OCHOBOINOJIAraloIias
pOJIb 3BOJIIOIMOHHOTO Hauana [26] Bc€ paBHO
MPOTJISAABIBACT OyKBAJFHO Ha KaXKIOM IIary. JTo
Y BECbMa 3aMbICIOBaTasl IeHEaJorusl MPHUOHOB, U
MHUKPO3BOIIOLMOHHBIE  CABHUIH, MHPOHCXOASIIINE,
KCTaTH CKa3aTh, Y BCEX Y HAC Ha TJ1a3ax (HalIeCTBHA
HEBUJIAHHBIX paHee KOMapoB U KpbIC; 00pa3oBaHHe
HOBBIX ILITAMMOB PE3UCTEHTHBIX K JIEKapCTBaM
U sgaM OakTepwii; BBIBEJICHHE CENEKINOHEPaAMHU
LEHHBIX KyJIbTYPHBIX COPTOB W TIOpOA), Hy H
B KOHIIE KOHIIOB Ja)k€ IIPECIOBYTHIE PAacOBBIC
pasnuuus  JIIONeH, KOTOphIe, CyAs 10 BCEMY,
JydIle IpYyTUX CyMel Kak pa3 OOBSCHUTH OTBEp-
THYTBII [TOTOM 4yTh JIM HE BCEM YYEHBIM MHPOM
K.-IT. JTamapk.

Tak 4ro BceoOmas MynabTh(azHas SBOIIOLUS
— IpEeXIe BCEro, a KPealnoHU3M AOIYCTHMO pac-
cMaTpHuBaTh, 1O HJIEe, JHIIb KaK OAHO M3 BIIOJIHE
3¢ PeKTUBHBIX €€ BCTIOMOTaTEIbHBIX CPEICTB.
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STRUCTURE AND FUTURE PROSPECTIVE
OF MATRIX METALLOPROTEINASES

Matrix metalloproteinases (MMPs) are group of enzymes responsible for the collagen, and protein
degradation in extracellular matrix (ECM). Collagen is the main structural component of connective
tissue, and its degradation is an important process in the tissue development, remodeling, and repair.
MMP family is divided into 6 groups: collagenases, gelatinases, stromelysins, matrilysins, membrane-
type MMPs, and non-classified MMPs. The MMPs, and MMP inhibitors (MMPI) have multiple biological
functions in stages of cancer development. MMPs, and MMPI are extensively examined as potential
anticancer medications. The need for selective and metabolically stable MMPs and MMP inhibitors
determined the effect of their activity on biological systems. In particular, the relationship of MMPs with
the immune system has revealed the potential for the use of MMP inhibitors in therapy. As is known, the
degree of invasive growth and metastasis of tumor cells are determined by their ability to cleave all ECM
structures of the extracellular matrix — only MMPs can do this. It is important to note that ECM affects
the behavior of both cancer cells and stromal, endothelial and immune cells in the environment. The
fundamentally important role of ECM is dynamism during tissue homeostasis and the ability to regulate
the activation of immune cells.

Key words: Structure, Prospective, Matrix Metalloproteinases, MMPs.
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MatpuuaAbIK, MeTaAAONpPOTEMHA3AAAPADIH,
KYPbIAbIMbI MEH AaMy NepcrneKTUBaAapbl

MaTpuLaabiK, MeTaAAoNpoTenHasaAap (MMIT) — xacywaaaH Teic MaTpmuasa (P)KTM) koarareH meH
aKybI3AblH, 66AIHYiHe >xayanTbl chepmeHTTEp TOObI. KoArareH AsHekep TiHiHIH Heri3ri KypbIABIMABIK,
Kypamaac Oeairi 60AbIN TabblAaAbl XXOHE OHbIH AErpaAauMsCbl TIHAEPAIH AaMyblHAAFbl, KanTa
KAABINTACYbl KOHE KAAMbIHA KEAYIHAETT MaHbI3AbI Mpouecc 6oAbIN Tabbirasbl. MMIT Typaepi 6 Tonka
GOAIHEAI: KOAAAreHa3Aap, XKeAATMHA3aAap, CTPOMEAU3MHAEP, MAaTPUAMBUHAEP, MembpaHaAblik, MMI
XoHe XikteamereH MMIT. MMIT >xeHe MMIT uHrubutopaapbl (MMIIM) kaTepAai icik caTbiCbiHAQ
GipHewe OMOAOTMSAbIK, yHKUMgFa Me. MMI-aap xeHe MMPUM  noTeHumaaApbl icikke Kapchbl
npenaparTap petiHAe KeHiHeH 3epTTeayae. CeAeKTUBTI XoHe MeTabOAMKAAbIK, TypakTbhl MMP >xeHe
MMP MHIMOUTOPAAPBIHBIH KAXKETTIAIN OAapAbIH OEACEHAIAITIHIH GMOAOIUSABIK XKyHeAepre acepiH
aHbIKTaAbl. ATan anTkaHAa, MMIT MMMYHABIK, XKyemeH 6ariAaHbiCbl Tepanusaa MMIT MHrMGUTopAapbiH
KOAAAHY SAEYETIH aHbIKTaAbl. beAriai 60AFaHAQM, iCiK XacylaAapbiHbiH, MHBA3MSAbIK, ©6CY ABPEXeci
JK&HEe MeTacTasbl OAAPAbIH, >KACYLIAAAH ThIC MaTpuuaHbiH, 6apAblk, DKM KypbIAbIMAAPbIH blAbIpay
KabireTiMeH aHbIKTaAaAbl — MyHbl Tek MMIT FaHa >kacan anaabl. ECM pak KAeTKaAapbliHbIH, COHAAN-aK,
KOpLUaFaH OpTaAafFbl CTPOMAAbAbI, SHAOTEAMAAbAbI XBHE UMMYHADIK, >KacyLllaAapAbIH MiHE3-KYAKbIHA
acep eTeTiHAIMH atan eTy MaHbI3Abl. IKM-HiH MaHbI3Abl POAI — TIHAIK roMeocTa3 Ke3iHAEeri AMHaM13M
JK&HE MMMYHABIK, YKacyllaArapAbIH aKTUBTEHYIH PeTTey MYMKIHAITI.

Ty#iH ce3aep: KypblAbIM, NEPCreKTMBa, MaTPULIAABIK, METaAAOMNpOTenHa3arap, MMIT.
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CTpyKTypa 1 nepcneKTuBbl
pPa3BMTUS MaTPUKCHBIX METAAAONPOTENHA3

MaTtpukcHble MeTaaronpoTerHasbl (MMI) — 3To rpynna pepMeHTOB, OTBETCTBEHHbIX 3a pactie-
MAEHME KOAAareHa n 6eaka BO BHEKAETOUYHOM MaTpukce (IKM). KoAaaareH SIBASIeTCS OCHOBHbIM CTPYK-
TYPHbIM KOMIMOHEHTOM COEAVMHUTEAbHOM TKaHU, U ero AerpaAaumsi NpeACcTaBASeT BaXkHbIA MpoLecc
B Pa3sBUTUM, PEMOAEAMPOBAHMM M BOCCTaHOBAeHWMM TkaHen. CemerictBo MMIT aeAnTcs Ha 6 rpynn:
KOAAQreHasbl, XeAaTMHa3bl, CTPOMEAM3MHbI, MAaTPUAM3UHDBI, MembpaHHble MMIT 1 HekAaaccumumpo-
BaHHble MMIT. MMIT 1 uHrnbmTopbl MMIT (MMITM) UMEIOT HECKOABKO BMOAOTMYECKMX (DYHKLMIA Ha
CTaaMsIX pasBuTus paka. MMPs 1 MMPI wunpoko m3yyaloTcst Kak noTeHLMaAbHblE NMPOTUBOOMYXOAE-
Bble npenapaTbl. HEO6XOAMMOCTb CEAEKTMBHBIX M MeTaboAMYeckr CTabnAbHbIX MMIT 1 MHrMbMTOpPOB
MMI1 onpeaeAnAn BAMSIHWE X aKTUBHOCTM Ha GMOAOTMUYECKME CUCTEMbI. B YacTHOCTM, B3aMMOCBSI3b
MMI1 ¢ MMMYHHOM CMUCTEMOW BbISIBUAA MOTEHLMAABbHbIE BO3MOXXHOCTU MPUMEHEHUS UHIMOUTOPOB
MM B Tepanmu. Kak n3BecTHo, cTeneHb MHBA3UMBHOIO POCTa M MeTacTa3MpoBaHME OMyXOAEBbIX KAe-
TOK OMPEAEASIIOTCS MX CMOCOBHOCTbIO PACLLENASTL BCE CTPYKTYpbl IKM 3KCTPAKAETOUHOIrO MaTpuKca
— 3TO MOryT ToAbko MMTI1. BaxxHo otMeTnTb, uTo ECM BAMSET Ha NoBepeHME KakK PAKOBbIX KAETOK,
Tak M CTPOMAAbHBIX, SHAOTEAMAABHBIX MU UMMYHHBIX KAETOK OKpy>kaiower cpeabl. DyHAAMEHTaAbHO
BaxkHasi poAab ECM — AMHaMMUHOCTb BO BPEMS FOMeOCTasa TKaHe 1 CroCoBHOCTb PeryAMpoBaTth akTy-

BalUMIO MMMYHHbIX KAETOK.

KatoueBble cAoBa: CTPYKTYpa, NepcrnekTMBa, MaTPUKCHbIE METAAAONPOTeNHa3bl, MMI.

Abbreviations

MMPs — matrix metalloproteinases; ECM — ex-
tracellular matrix; MMPI- matrix metalloproteinases
inhibitors; UVR — ultraviolet radiation; TNF — tu-
mor necrosis factor; TGF —transforming growth fac-
tor; EGF — epidermal growth factor; PDGF — plate-
let-derived growth factor; FGF — fibroblast growth
factor; VEGF — vascular endothelial growth factor;
EMT - epithelial to mesenchymal transition.

Introduction

The main function of the extracellular ma-
trix (ECM) is to maintain tissues mechanical, and
biochemical specific properties. The tissue build-
ing cells are responsible for the synthesis of ECM
components, and ECM has direct impact on the cell
function [1].

Cell-matrix interactions occur due to the pres-
ence of specific receptors located on the matrix
molecules, and on the surface of binding cell. The
receptors play a dominant role in cells connection,
migration, regulation of the cell’s differentiation,
and proteins expression. Pericellular matrix cre-
ates a physiological micro-environment for the cell
protection against harmful, physical factors, and fa-
cilitates the transmission of signals [2]. Collagen is
the main structural component of connective tissue;

26

it maintains the organs stability and support their
structural integrity. The collagen, and collagen-de-
grading enzymes family are characterized by a re-
peated tripeptide domain rich in proline, which is
necessary to form a triplet-helix of collagen. This
group of proteins is responsible for ECM forma-
tion [3]. The molecular structure, and metabolism
of various collagen in tissues is important to under-
stand the process of the embryo development, and
pathogenesis human diseases. In addition, the ex-
pression and function of various types of collagen
allow better understanding diseases that result from
the molecular defects in the gene encoding differ-
ent collagen structure (including osteogenesis im-
perfecta, Alport, and Ehlers-Danlos syndrome, and
epidermolysis bullosa). The disorders of collagen
metabolism occurs in osteoarthritis, osteoporosis,
and oncogenesis. The properties of different colla-
gen, and enzymes that participate in collagen degra-
dation is important for possible therapeutic use [4]

Collagen degradation

The degradation of collagen as one of ECM
components is important process in the development
of diseases such as cancer, rheumatoid arthritis, ne-
phritis, chronic ulcers, and fibrosis. The ECM deg-
radation involves different types of proteases, and
matrix metalloproteinase (MMPs) called matrixins
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are the major group of proteases [5]. They belong to
group of endopeptidases, whose enzymatic activity
is determined by Ca?*and Zn*'ions.

The first enzyme identified in this group was
collagenase-1 (now referred to MMP-1), discovered
by Gross and LaPiere in the tissue material from the
tail of a tadpole of North American frog species [6].
Till now there are 24 known MMPs identified (23 in
humans). Common classification distinguishes sev-
eral MMPs, starting with MMP-1, and ending with
MMP-28, but it does not include MMP-4, MMP-5,
MMP-6, MMP-22. MMPs are involved in tropho-
blast implantation, embryogenesis, bone growth,
angiogenesis, wound healing, and tissue regenera-
tion. The expression of MMPs’ genes is observed
in the connective tissue, fibroblasts, neutrophils,
monocytes, macrophages, and endothelial cells [7].
The biological activity of MMPs is regulated at the
level of gene transcription, mRNA half-life modula-
tion, regulation of secretion by cells, pro-enzymatic
activation, inhibition of active enzymes, and en-
zyme activation.

MMPs are also subjected to neuro-immuno-
hormonal control. The expression of MMPs is
maintained in the tissues at a low level. Regula-
tion of MMPs transcription at the cellular level is
influenced by growth factors, cytokines, hormones,
cell-cell interaction, and physical factors such as
ultraviolet radiation (UVR). Factors that increase
MMPs expression are inflammatory cytokines (in-
terleukin-1, interleukin-6, tumor necrosis factor
(TNF)), hormones and growth factors (transform-
ing growth factor (TGF), epidermal growth factor
(EGF), platelet-derived growth factor (PDGF), and
fibroblast growth factor (FGF). The expression of
MMP inhibitors (MMPI) influenced by cortico-
steroids, retinoic acid, heparin, and interleukin 4.
MMPs are directly activated by proteases (plas-
min, trypsin, and elastase), and certain metallo-
proteinases (MMP-1, MMP-2, MMP-8, MMP-9).
Membrane-MMPs (MT-MMPs) are responsible for

local activation of the inactive enzyme. In plasma,
the largest part of the protease inhibitors are al-
antiprotease, and a2-macroglobulin. TIMPs may
inhibit the active MMP and/or inhibit the activa-
tion of the pro-MMP into active MMP. The expres-
sion of TIMP is regulated by the growth factors,
and cytokines [7].

MMPs structure

MMPs are ECM proteins, although some of
them (MMP-1, MMP-2, and MMP-11) are found
within cells, and their activity toward to the intracel-
lular proteins has been confirmed as well.

MMP consists of several distinct domains. pre-
domain, propeptide, catalytic, and hemopexin do-
mains. Figure 1

Predomain absent in MT-MMPs. Propeptide
domain, which usually consists of 80 AAs, contains
highly conserved sequence PRCGVPDV. Catalytic
domain consists of 170 AAs, and contains a three-
histidine sequence, which is required for zinc chela-
tion. A typical MMP contains a linker peptide (hinge
region) of variable length, and hemopexin domain
of 200 AAs, which is required for interactions with
other MMPs, and TIMP [1]. MMP-7 (matrilysin-1),
MMP-23, and MMP-26 (matrilysin-2) do not have
hinge region and hemopexin domain.

MMP-23 has a unique cysteine-rich, and im-
munoglobulin domains. For MMPs activity, they
require zinc ion in catalytic site, and proteolytical
activation because they are secreted in an inactive
form (pro-MMPs) [8].

MMPs family

On structure basis and substrate specificity,
MMPs were divided into six groups including col-
lagenases, gelatinases, stromelysins, matrilysins,
membrane-type MMPs (MT-MMPs), and other
non-classified MMPs [1]. Table 1 and Figure 2.

Predomain | Propeptide

domain

Catalytic
domain

Hinge
region

Transmembrane
domain

Hemopexin
domain

Figure 1 — Matrix Metalloproteinases structure
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Table 1 — Matrix Metalloproteinases (MMPs) family

Numerical

MMPs classification

Biological effect

Collagenase-1 MMP-1 The migration of keratinocytes, re-epithelialization.
Cell migration, and proliferation.

Platelet aggregation.

Pro-inflammatory effect.

Cancer progression.

Proteolytic activity, degrade physical barriers.

The activation of osteoclasts.

Enhancement of collagen affinity.

Anti-inflammatory activity.

Cancer progression.

Cleavage of chemokines and regulation of their mobilization.

Collagenase-2 MMP-8

Collagenase-3 MMP-13 In cancer progression and induction and cell migration.

Gelatinase A MMP-2 Growth of axons, cell migration, and proliferation.
The differentiation of mesenchymal cell.

Increase in the bioavailability of TGF.

Neuronal apoptosis leading to neurodegeneration.
Cancer progression.

Cleavage of IGF binding proteins, proliferation.

Gelatinase B MMP-9 Collagen affinity enhancing, and tumor cell resistance.
Pro-inflammatory and anti-inflammatory activity.
Chondrocyte apoptosis and incorporation of new osteoblasts.
Cancer progression.

Activation of TGF.

Stomelysin-1 MMP-3 Migration of cells, and epithelial cells apoptosis.
Epithelial-mesenchymal conversion.

Angiostatin-like elements generation.

Cell proliferation, pro and anti- inflammatory activity.
In cancer progression.

Upregulation of angiogenesis.

Stomelysin-2 MMP-10 =  In cancer progression
= Degradation of collagen.
= Generation of endostatin, and angiostatin.

Stomelysin-3 MMP-11 = In cancer progression.
= Release of al-proteinase inhibitor.
=  Decrease cancer cell sensitivity to NK cells.

Matrilysin-1 MMP-7 Adipocyte differentiation.

Collagen affinity enhancement.

Increase the bioavailability of IGF and TGF.

Cell differentiation, and abnormal cell aggregation.
Increase cells invasiveness.

Pro-inflammatory activation of osteoclasts.

Vasoconstriction and cell growth.

Metalloelastase MMP-12

Matrilysin-2 MMP-26

MT-MMP MMP-14 =  Anti-inflammatory
=  Epithelial cell migration, and adhesion reduction.
= Trailers embryo to the uterine epithelium.

MT-MMP 2 MMP-15 = Adhesion and cell flattering reduction

MT-MMP 3 MMP-16 = Adhesion and cell flattering reduction

MT-MMP 4 MMP-17

MT-MMP 5 MMP-24
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Figure 2 — Matrix Metalloproteinases (MMPs) family

MMPs and cancer

Interactions of the cells with ECM are important
for pathological changes occurring during cell trans-
formation, and carcinogenesis. Some ECM proteins
affect the tumor through their effect on cell migra-
tion or angiogenesis. MMPs were associated with
metastasis facilitation by breakdown of ECM physi-
cal barriers. However, now it is confirmed that they
have multiple biological functions in all stages of
cancer, from initiation to outgrowth of clinical me-
tastases [9]. MMPs are connected with cancer cells
survival, expansion, and they are synthetized by
cancer cell in small amount. Cancer cells stimulate
surrounding host cells to produce required MMPs.
MMPs secreted by normal cells can bound to cancer
cell surface and used by them [10].

MMPs influence on tumor growth

Several different mechanisms by which MMPs
regulate the growth of cancer cells including release
of cell membrane bound growth factors, modula-
tion of bioavailability of growth factors, and indi-
rect regulation of proliferative signals by integrins.
MMPs may also inhibit tumor growth through TGF-
b activation and/or stimulation of pro-apoptotic
molecules production [11].

The degradation of ECM by different MMP
members not only removes the physical barriers for
growing tumor, but also releases a biologically active
molecules, and reveals the hidden sites in the ECM.
Especially the invasive cancer cell can find the actin-
rich protrusions of the plasma membrane associated
with ECM degradation, called invadopodia. Soluble
MMPs attach to adhesive molecules such as integ-

rins located on the surface of invadopodia. MMPs
degrade different ECM ingredients, releasing various
types of molecules affecting cells behavior [12]. One
of the major factors connected with tumor growth is
TGFb. Which is released after fibronectin degrada-
tion by MMP-9. In normal epithelial, and cancer cells
at an early stage of tumor growth, TGF-b causes an
inhibition of cell proliferation. It was observed, that
85% of all human cancers become resistant to the
TGF-b inhibitory effect on proliferation [13]. Many
growth factors are connected to the cell surface in in-
active form, and the MMPs are responsible for growth
factors activation. MMPs release TNF-a, one of the
most important pro-inflammatory cytokines that is
expressed as a membrane bound precursor (pro-TNF-
a) on the macrophages, and T-cell surface. TNF-a
promotes the survival of tumor cells [14]. MMPs
interact with integrin, and cadherins (cell adhesion
molecules), which belongs to cell surface receptors
group present on the surface of the neighboring cells
or in ECM. Receptors on cell surfaces belong to a
five major classes: integrin, cadherin, immunoglobu-
lin (Ig-CAMs) family, selectins, and CD44 receptors.
Tumor cells have an increased number of CD44 iso-
forms. CD44 receptors bind to MMP-9, and the re-
sulting complex involved in the type IV collagen deg-
radation. Activation of MMP-9 with CD44 produces
changes in tumor angiogenesis, and invasiveness. In
contrast, MT1-MMP is involved in the degradation of
CD44, and promotion of cell migration [15].

MMPs influence on apoptosis
MMPs lead to apoptosis by cleaving adhesion

molecules. MMP-3 induces apoptosis in case of its
over-expression in epithelial cells [16].
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MMPs influence on angiogenesis

Angiogenesis is a process of development of
new blood vessels from the existing blood vessels.
MMP2, MMP9, and MMP14 may stimulate or in-
hibit the angiogenesis process [17]. MMPs promote
angiogenesis in basement membrane, and ECM
components degradation. The basement membrane
disruption allows the migration of endothelial cells
from existing vessels to the newly created. MMPs
stimulates angiogenesis through VEGF (vascular
endothelial growth factor). VEGF is mitogen factor
specific for endothelial cells, that stimulates forma-
tion of new blood vessels from preexisting blood
vessels [1]. On the other hand, MMPs can also in-
hibit the process of angiogenesis by releasing an-
giostatin caused by plasminogen cleavage, and by
endostatin production caused by collagen cleaving.
Especially MMP-2, MMP-7, MMP-9, and MMP-
12 are capable of plasminogen digestion, and an-
giostatin releasing. However, endostatin, which is
produced under the influence of MMP-3, MMP-7,
MMP-9, MMP-12, MMP-13, and MMP-20, creates
stable complexes with pro-MMP-9 and MMP-13,
and blocs their activation [18]. The major role in
angiogenesis played by MMP-2, MMP-9, and MT1-
MMP [19].

MMPs role in invasion and metastasis

The process of metastasis is a multistage mecha-
nism, starting from losing the intercellular connec-
tions, ECM degradation, and releasing of single
cells of the tumor through anoikis prevention, cell
migration, penetration into the blood or lymphatic,
adhesion to endothelial cells, and finally a second-
ary growth in the new location [20]. Anoikis is an
epithelial to mesenchymal transition (EMT). In
this process, epithelial cells change their phenotype
from epithelial to mesenchymal with loss of their in-
tegrity. One of the main inducers of EMT is TGF-b,
which is activated by MMPs. The cells of mesen-
chymal phenotype produce more MMPs which in-
creasing their ability to metastasize. After moving
to the metastatic locations, cancer cells can return to
their original epithelial phenotype [21]. Two ways
for cancer cell migration were described: moving
of single cell or moving as a group of cells. Dur-
ing group of cell movement, cells connections are
preserved, however when cells migrate individually,
they move in a way that’s called ‘‘mesenchymal’’
or ‘‘amoeboidal’’. Mesenchymal type of migra-
tion occurs after phenotype change form epithelial
to mesenchymal cells. MMP involved in this pro-
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cess, and limited to connecting, and disconnecting
phases of mesenchymal type of migration. During
single cells migration, MMPs are involved with ad-
hesion molecules on the cell surface. MMPs digest
the ECM components, and therefore facilitate the
movement of cells [1].

MMPs inhibition strategies as an anticancer
target

MMPs play an important role in all stages of
tumor progression including migration of tumor
cells, escape from apoptosis, and immune surveil-
lance, metastasis, and angiogenesis. The drugs with
better antitumor activity should had specific inhibi-
tors to MMPs members which has the pro-cancer-
ogenic properties. The MMPs play a major role in
the early stages of tumor growth suppression, and it
could lead to tumor growth inhibition, and degrada-
tion. In contrast, in the fully formed, and vascular-
ized tumor, the MMP activity is not critical. This
may explain the lack of good results of therapy us-
ing MMPI, in advanced stages of cancer. The effect
of MMP varies depending on the tumor type and/or
stage of tumor [22]. The obvious relation between
MMPs activity, and cancer development suggests
the possibility of blocking of MMPs enzymatic ac-
tivity. There are three main strategies of MMPs in-
hibition: at the level of transcription, activation, and
inhibition.

At the transcription level, the MMPs inhibition
can be achieved by extracellular factors (MMPs
transcription can be inhibited by interferon), and by
blocking transduction pathways. The next important
issue in MMPs activity regulation is their activation
because they are secreted as inactive enzyme form
(pro-MMPs). This explains the role of anti-MMPs
monoclonal antibodies as an effective MMP inhibi-
tors. Active MMPs can be inhibited by exogenous,
and endogenous factors, such as specific TIMMP
or nonspecific a-2 macroglobulin [23]. The MMPI
can be divided into synthetic, and natural inhibitors.
Selected synthetic inhibitors are in clinical trials in
human (synthetic peptides, non-peptidic molecules,
chemically modified tetracyclines, and bisphospho-
nates). Peptidomimetic MMPI are pseudopeptide
derivative, act as a competitive inhibitor that inhibit
MMPs activity mainly by interacting with Zn*"ions
in catalytic sites of MMPs.

Hydroxypyrones are alternative zinc binding
groups (ZBGs) that combine with peptidomimetic
forming a novel class of MMPI (Batimastat (BB-
94), Marimastat (BB-2516), Prinomastat (AG-
3340), and Tanomastat (BAY 12— 9566). The other
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category of MMPI include the chemically modified
tetracycylins (Metastat (COL-3, CMT-3), Minocy-
cline, and Doxycycline). It inhibits MMPs by bind-
ing to zinc ions, and it entered phase II trials for Ka-
posi’s sarcoma. Doxycycline is currently the only
FDA officially approved MMPI for the prevention
of Periodontitis [24].

Bisphosphonates besides their inhibition of the
osteoclast activity, and bone resorption, it also in-
hibit selected MMPs activity. Bisphosphonates in-
fluence the protein expression of several MMPs, and
TIMPs in breast cancer. Letrozole which is a nonste-
roidal aromatase inhibitor, inhibits the gelatinases
(MMP-2 and -9) released by breast cancer cells, and
limits metastatic potential [25].

Genistein (soy isoflavonoid) is a natural sub-
stance with anticancer properties, it interferes with
the expression of several MMPs, and TIMPs [26].

Relationship of MMPs with ovarian cancer

MMP-1 is the commonest expressed enzyme
among the members of MMPs family. It is widely
found in mesenchymal, epithelial, and endothelial
cells. Overexpression of MMP-1 has been impli-
cated in various malignant tumors and linked to
early metastasis, and poor prognosis. The associa-
tion of MMP-1 with the invasion of tumor cells
involves the G protein-coupled receptor, protease-
activated receptor-1 (PAR1). Agarwal et al, found
that MMP-1 activates PAR1, which is an impor-
tant signal transducer in angiogenesis in peritoneal
mouse model of ovarian cancer. The activation of
MMPI1-PARI induces the secretion of angiogenic
factors of interleukin-8 from the ovarian carcinoma
cells, which act on endothelial receptors, leading
to endothelial cell proliferation, and migration.
Therefore, MMP1-PAR1 pathways have been sug-
gested as new targets for ovarian cancer therapy
[27]. Wang et al, found increased expression of
MMP-1 is closely correlated with the increased
invasion of epithelial ovarian cancers. It was sug-
gested that MMP1-PARI1 axis may be a future tar-
get for inhibition of metastasis in ovarian cancers.
MMP-1 expression in ovarian cancer cell lines also
requires other regulators as mixed lineage kinase
3 (MLK3) [28]. MMP-2 is 72 kDa. MMP-2 de-
grades type IV collagen (the primary component of
basement membrane and ECM). The invasion and
metastasis of tumors depend on the degradation of
ECM, expression of MMP-2 plays a positive role
in the progression of ovarian cancer. Overexpres-
sion of MMP-2 in peritoneal implants of ovarian
cancers is related to risk of death [29].

The expression of MMP-2 in serous and muci-
nous ovarian cancers is significantly higher com-
pared with benign and borderline ovarian tumor
[30]. Huang and Sui showed that the positive rate
of MMP-2, vascular endothelial growth factor C
(VEGF-C) and E-cadherin was higher in ovar-
ian cancers than in benign and borderline ovarian
tumors [31]. MMP-2 level is positively correlated
with clinical stage and metastasis of ovarian can-
cers, but not with pathologic grading [32]. MMP-2
expression predicts a lower overall survival rate, and
MMP-2 is considered a prognostic factor for ovarian
cancer [33]. Several studies attempted to evaluate
the role of MMP-2 as a therapeutic target for ovarian
cancer. Wang et al, showed that epigallocatechin-
3-gallate inhibits the proliferation and migration of
ovarian cancer cells by down-regulation of MMP-2
expression [34]. Zoledronic acid exerts robust in-
hibitory activity on ovarian cancer cells invasion
through decreasing the intracellular level of MMP-
2 [35]. MMP-7 is the smallest member in MMPs
family. MMP-7 overexpression was detected in can-
cer cells and it plays a critical role in both early and
later stages of tumors [36]. Wang et al, showed that
overexpression of MMP-7 in EOC is stimulated by
VEGF and IL-8 [37]. Moreover, MMP-7 promotes
the metastasis of ovarian cancer cells by activating
gelatin enzyme. MMP-7 also promotes the metasta-
sis of ovarian cancer through mesothelin (MSLN)
pathways [38]. Therefore, blocking the MSLN-re-
lated pathway might be a therapeutic measure for
the inhibition of ovarian cancer progression. Zhao
et al, showed that triptolide inhibits the invasion of
ovarian cancer cells through suppressing the expres-
sion of MMP-7 in vitro, and concluded that triptolide
can be used as a candidate for treatment of ovarian
cancer [39]. Increased metabolites of 5-lipoxyge-
nase from hypoxic ovarian cancer cells can facili-
tate the invasion of macrophages, which is achieved
via overexpression of MMP-7 through p38 path-
way [40]. MMP-9 has 92 kDa molecular mass and
belongs to the type IV gelatin. MMP-9 capable of
basement membrane type IV collagen degradation,
which plays an essential role in the malignant tumor
invasion and metastasis. Wang et al, demonstrated
that platelet-derived growth factor-D promotes the
ovarian cancer invasion and metastasis through up-
regulating the expression of MMP-9 [41]. Hu et al,
found that MMP-9 level in ovarian cancer is higher
compared with normal ovarian tissues and benign
ovarian tumors. Furthermore, the postoperative lev-
els of MMP-9 in ovarian cancer are significantly re-
duced compared with preoperative levels [42]. Con-
sequently, MMP-9 was suggested as a potential se-

31



Structure and Future Prospective of Matrix Metalloproteinases

rum marker for the diagnosis of ovarian cancer, and
high serum MMP-9 level might be a predictor for
refractory tumors. MMP-9 expression is positively
correlated with FIGO staging, and lymph node me-
tastasis in ovarian cancer, suggesting that increased
MMP9 expression is associated with poor prognosis
of ovarian cancer [43]. MMP-9 was suggested as a
therapeutic target for ovarian cancer therapy. It has
been shown that filamin B can suppress the ovarian
cancer metastasis by down-regulation of MMP-9,
and secretion of VEGF-A [44].

Bisdemethoxycurcumin can inhibit ovarian
cancer growth through inhibition of MMP-2 and -9
expression [45]. MMP-8 can promote the ovarian
cancer metastasis via up-regulation of IL-1b [46].
MMP-14 (membrane-type 1 MMP (MT1-MMP))
plays an important role in cancers invasion and me-
tastasis through activation of proMMP-2, and ECM
degradation [47].

MMP-14 overexpression was associated with
low progression rate, and better prognosis of ovar-
ian cancers [48]. Moreover, patients with double
expression of MMP-14 and CD44 have a poor prog-
nosis [49]. Kaimal et al, showed that a monoclo-
nal antibody, which selectively blocks MMP-14,

can restrain the growth, and angiogenesis of ovar-
ian cancer [50]. Human leukocyte antigen G-G was
associated with the tumor invasion and metastasis
through mediating MMP-15 overexpression in ovar-
ian cancers [51].

Future Considerations

Cancer is a leading cause of death worldwide,
and therefore the research on the new agents with
potential anticancer properties are important. MMPs
play crucial role in ECM remodeling, and cancer
progression, so MMPS and MMPI could be a target
for newly synthetized anticancer drugs.

The link of MMPs with the apoptosis, cell mi-
gration, and angiogenesis, allows the use of MMPs
as tumor markers. An increased expression of
MMPs in both tissues, and blood of patients with
various cancers observed. MMPs have potential val-
ue as marker of invasiveness, and distant metastasis.
There are few studies examining the concentration
of MMPs in vivo, but the possibility of MMPs in-
hibition by synthetic inhibitors could offer the hope
to implement new therapeutic strategies for treating
cancer patients.
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GENOME-WIDE ASSOCIATION STUDY
OF GRAIN QUALITY TRAITS IN SPRING BARLEY
COLLECTION GROWN IN KYZYLORDA REGION

Barley, among many other crops, has better resistance to harsh environmental conditions. Still, high
temperature, drought, and soil salinity prevent the formation of high-quality grain, especially for the
malting and brewing industry. In this study, spring barley accessions were tested in conditions of high-
salinity soil of Kyzylorda region and analyzed for major grain quality traits, including protein, B-glucan,
and starch contents, plumpness, grain hardness, and extractivity. Based on the results, the list of ac-
cessions optimal in the region for malting and the list for livestock feeding was made using the above-
mentioned traits. Genome-wide association study revealed 20 marker-trait(s) associations combined
into 7 quantitative trait loci (QTLs). Three QTLs demonstrated pleiotropic effect affecting grain protein,
B-glucan, and starch content and extractivity, two QTLs were identified for grain protein and starch
content and extractivity, one QTL was for grain hardness index, and one QTL for plumpness. Identified
pleiotropic QTLs were genetically mapped in the vicinity of known barley flowering genes. QTLs identi-
fied in the study, as well as promising accessions, can be integrated into the barley breeding process in
stressed conditions of Kyzylorda region.

Key words: Hordeum vulgare L., malting, livestock feed, genotype x environment, molecular mark-
ers, single nucleotide polymorphism.

tO.A. Tennesckas'?, LLI.C. Aabmepekosa', A.N. Abyraamnesa?, C.1. Abyraavesa'

'OciMAIKTEP BUOAOTUSACHI XKOHE BUOTEXHOAOTMSCHI MHCTUTYThI, KasakcTaH, AAMarbl K.
2Ka3ak, eriHLiAiK K&He eCiMAIK LapyallblAbIFbl FbIAbIMU-3€PTTEY MHCTUTYThI,
KasakcTaH, AAMaAbiOakK, AAMaTbl OOAbICHI
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KbI3bIAOPAA 06ABICHI XKaFAQMbIHAQ OCIPIATEH )Ka3AbIK, apna KOAAEKLMSICbIHDbIH,
ASH carnacbl 6eAriaepiHiH, accouMaLMAAAPbIH TOAbIK, TEHOMADIK, TAAAQY

Apna — O6yA 6acka MOAEHM OCIMAIKTEPMEH CaAbICTbIpFaHAQ KoOplUaFaH OpTaHblH KOAQMChl3
>KaFAarAapblHa TO3IMAIAIT )KOFApbl AAKbIA. AAAiAQ, KOFapbl TEMMEPATYPA, KYPFakLLbIAbIK, >X8HE Ty3Abl
TOMbIPAK, >KOFapbl caraAbl ABHHIH, KaAbIMTacyblHa >XOA Gepmeitai, acipece cbipa KanmHaTy eHepKacioi
yuwiH. ByA 3epTTeyae xa3ablk apna yAriaepi Kbi3bIAOpAa 0OAbICbIHbIH XKOFapbl Ty3AaHYbI >KaF AaibIHAA
eCipiAin, ABH canacblHbIH HETi3ri epeKklleAiKTepiHe, OHbIH, iLLIHAE, aKybl3 KypaMblHa, KpaXMaA, B-rAIOKaH,
CbIFbIHAQAFBILITHIFbI, ASH HATYPAChl KOHE OHbIH KATTbIAbIFbl OOMbIHLLIA TAAAAHAbI. AAbIHFAH HOTUXXEAEP
HerisiHAE Cbipa KanHaTy eHepKacioi yLIiH OHTaMAbl KOPCETKILITEPre Me YATIAep Ti3iMi, COHbIMEH KaTap
>KEeM BHAIPICI YILiH Ae Ti36e KypbiAAbl. TOAbIK, FEHOMAbIK, TaAAQy 7 CaHAbIK, 6eariaep AokycbiHa (CBA)
TonTacTbipbiAfaH 20 mMapkep-6eAri accoumaumsiaapbiH aHbikTasbl. Y CBA A8HHIH KypambIHAAFbI
aKybl3Ffa, KpaxMaaAfa, P-rAIOKaHFa >K8He CblFblHAbIFA MAeOTpONnTbl acepiH kepceTTi, eki CBA akybi3,
KpaxMaA MeH CbIFbIHABI YLUiH aHbIKTaAAbl. ASHHIH KATTbIAbIFbI MEH HATypachl YLUiH, 8pKancbiCbiHa 1
CBA aHbikTaaAbl. TabbiAraH naernotponTtbl CBA apriaHbiH GeAriAi ryAAeYy reHAEepiHe XKaKblH OPHAAACTbI.
Ocbl xxymbIC BGapbicbiHAa TabbiaraH 6apAbik, CBA, coHaali-ak, nepcrnekTrBabl apra yAriaepi Kpisbiaopaa
0OAbICbIHbIH CTPECCTIK KaFAalblHAQ apra CEAEKLMSChl MPOLECiHE MHTErpaLUMsIAaHY bl MYMKIH.

Ty#in cesaep: Hordeum vulgare L., cbipa KaiHaTy, K€M OHAIPICi, reHOTUIM X OpTa, MOAEKYAAAbIK,
Mapkepaep, 6ip HYKAEOTUMATIK MOAMMOPU3M.
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"MHCTUTYT BUOAOTMM U BUOTEXHOAOTUM pacTeHmit, KaszaxcTaH, r. AAmartbl
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MoAHOreHOMHbDIN aHaAM3 accoLMalmi NMPU3HAKOB Ka4veCTBa 3€pHa
KOAAEKUUHU SAPOBOro s4MeHs, BblpallleHHOro B Kbl3bl/\0pAMHCKOﬁ obaacTn

SlumeHb — 3TO KYAbTYpa, KOTOpasi B CPaBHEHWMU C APYTUMM KYAbTYPHbBIMU PacTEHWUSIMN 0OAAAAET
AyULLER YCTONUMBOCTBIO K HEOAArONMpPUSTHLIM YCAOBUSM CpPeAbl. TeM He MeHee, BbICOKasi TeMMnepaTypa,
3aCyxa M 3aCOAEHHAs N0YBa HE MO3BOASIOT (DOPMMPOBATHCS BbICOKOKAYECTBEHHOMY 3€pHY, OCOGEHHO
AAS TMBOBAPEHHOM MPOMbILLAEHHOCTU. B AaHHOI paboTe 06pasLbl IPOBOro gUMeHs ObIAM BbipalleHb!
B YCAOBMSIX BbICOKOI 3aCOAEHHOCTU KbI3bINOPAMHCKOM 06AACTM M NPOAHAAM3MPOBAHbI MO OCHOBHbIM
npu3Hakam KayecTBa 3epHa, B T. Y. COAepXaHue 6eAka, KapxmaAa, B-rAtoKaHa, 3KCTPAKTMBHOCTH,
HaTypbl 3epHa M ero TBepAOCTU. Ha OCHOBe MOAyYeHHbIX pe3yAbTaToB OblA CCHOPMMPOBAH CMMCOK
006pa3sLOB C ONTUMAAbHBIMU MOKA3aTEASMU AASI MMBOBAPEHHON MPOMbILLAEHHOCTH, a TakXe CrMCOK
AAS KOPMOMPOM3BOACTBA. [MOAHOreHOMHbI aHaAM3 BbiBMA 20 accoumaumini  Mapkep-npusHak
CrpynnMpOBaHHbIX B 7 AOKYCOB KOAMYECTBEHHbIX NMpr3HakoB (AKI). Tpu AKIT nokazaAm nAernoTponHbIn
3(ppekT B OTHOLIEHWM COAEp>KaHWs B 3epHe GeAKa, KpaxmaAa, B-rAlokaHa M 3KCTPAKTMBHOCTM, ABA
AKT1 6bIAM 06HAPY>KEHbBI AAS COAEPIKAHMS HEAKA, KPAXMAAQ M SKCTPAKTUBHOCTU. AAS TBEPAO3EPHOCTU
M HaTypbl 3epHa ObIAO MAeHTMdMUMPoBaHo no 1 AKI. HanaeHHble naernotponHbie AKIT HaxoAMAMUC B
HernocpeACTBEHHON 6AM30CTU K M3BECTHbIM reHam LBeTeHus siumens. Bce AKI, o6Hapy>keHHbIe B Xoae
AQHHOM paboTbl, @ TAK)Ke NepcrneKkTUBHbIE 06pasLibl FUMEHS MOTYT ObITb MOTEHUMAABLHO UHTErPUPOBAHBI

B MPOLIECC CEAEKLIMU SUMEHS B CTPECCOBbIX YCAOBUSX KbI3bIAOPAMHCKOM 06AACTY.
KatoueBble caoBa: Hordeum vulgare L., nuBoBapeHue, KOPMOMNPOM3BOACTBO, FEHOTUI X CPEAQ,
MOAEKYASIPHbIE MapKepbl, OAHOHYKAEOTUAHbIN MOAMMOPU3M.

Abbreviations

GPC — grain protein content, GBGC — grain
B-glucan content, GSC — grain starch content, GPL
— grain plumpness, GH — grain hardness index, GEX
— grain extractivity.

Introduction

Barley (Hordeum vulgare L.) is one of the wide-
ly produced cereal crops in the world (156.41 mil-
lion metric tons in 2019 /2020) [1]. In Kazakhstan,
it is the third mostly-cultivated cereal after wheat
and rice (18.25 % in 2020) [2]. Barley production in
Kazakhstan has three basic directions: for the live-
stock feeding (43.3 % from total barley production),
for the food industry (36.5 %), and for grain deposi-
tory or export (20.1 %) [2]. Barley plays an impor-
tant role in Kazakhstan’s economics. The country
was the 7™ largest barley exporter in 2019 /2020 [1].

In Kazakhstan, barley is annually cultivated in
all grain sowing regions. There is a list of highly
productive cultivars developed for each particular
region and approved by the State register of breed-
ing achievements of the Republic of Kazakhstan
[3]. Many regional breeding programs are focused
on the development of highly productive cultivars
with good grain quality. Although barley grain qual-
ity indicators may vary depending on the direction

of'use, the content of protein, starch, and extractivity
are very important. For example, barley grain used
for malting require low protein content (less than 12
% according to the GOST 5060-86 [4]) and high ex-
tractivity, while grain for livestock feeding, on the
contrary, have to be enriched with protein (more
than 13 % according to the GOST 53900-2010 [5]).
Most barley quality traits are complex quantitative
traits with polygenic control [6]. In addition, there is
a great influence of both genotype and environment
on barley grain quality, as well as productivity. In
this regard, the agricultural industry needs a large
assortment of modern barley cultivars oriented on
different usage directions for all grain-sowing re-
gions of Kazakhstan.

Akmola and North Kazakhstan regions tradi-
tionally are leaders in spring barley production in
Kazakhstan [2]. Together these two regions pro-
duced 46.6 % of the total barley yield in 2020 [2]. It
is explained by high fertility of the soil and optimal
climatic conditions in the northern Kazakhstan. At
the same time, high ecological and genetic plastic-
ity of barley allows developing cultivars adapted to
drought and hot climate of the southern Kazakhstan
too. One of the southern regions — Kyzylorda region
— produced less than 1 % of the total spring barley
in the country in 2020 [2]. The climate of Kyzy-
lorda region is sharply continental; summers are hot
and dry; winters are cold with unstable snow cover.
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The average annual air temperature is 9.8 ° C. The
soil in the region is meadow-boggy, typical for rice
growing (the region is a leader in rice production in
Kazakhstan), with less than 1 % humus content and
chloride and sulfate salinity [7]. High soil salinity in
combination with arid land results in poor protein
synthesis and inhibited growth processes [8]. Thus,
arid climate and barren soil have a great negative
influence on both productivity and grain quality of
barley in the region.

Previously, due to the collaborative projects be-
tween Institute of Plant Biology and Biotechnology
and breeding organizations from the Ministry of Ag-
riculture, barley accessions from Kazakhstan were
studied for morphological traits and yield compo-
nents in 7 different regions of Kazakhstan [9]. It was
shown that some cultivars initially developed for the
northern regions, for example, for the Kostanay re-
gion, in Kyzylorda region had a higher yield than
the cultivars traditionally cultivated here [10]. Part
of those local lines and cultivars were additionally
studied in Kazakh Research Institute of Rice-grow-
ing (KRIRG) for morphological and productivity
parameters in order to identify cultivars resistant to
abiotic stresses [7], and for protein and starch con-
tent [8]. Promising lines from the world barley col-
lection were also selected and recommended for the
cultivation in Kazakhstan’s Aral region, including
Kyzylorda region [11]. Due to a collaborative study
between IPBB and KRIRG (2009-2014) a new cul-
tivar Shakhristan was developed and approved for
cultivation in 2017 [3]. Nowadays, several barley
cultivars with the yield of 2.5-3.5 t/ha, such as Ro-
sava winter, Baishek, Saule, Zhuldyz, Asem, Arna,
Shakhristan, and Syr Aruy, are officially approved
for mass cultivation in Kyzylorda region [3, 12].
Still, it is possible to increase the yield and grain
quality of spring barley in the harsh environment of
Kyzylorda region by introducing new early ripening
genotypes with good grain quality potential.

Modern crop breeding is an effective combina-
tion of traditional breeding and genomic technolo-
gies, such as marker-assisted selection (MAS) and
genetic modifications (GMO) [13]. One of these
technologies, called genome-wide association study
(GWAS), has been successfully applied to identify
the causative loci used in the breeding of crops for
adaptation, productivity, and quality improvement
by molecular breeding gene modifications [14-16].
This method is based on the searching of associa-
tions between genotypic and phenotypic variability
resulting in the identification of molecular markers
for the trait(s) [17]. Previously, in Kazakhstan, this
approach was effectively used for a wide range of
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crop studies: productivity of barley [19-20], wheat
[20], and soybean [21], as well as diseases resistance
in wheat [22], barley [23], and soybean [24]. Barley
collection used in this study was already involved
in GWAS analysis for productivity and adaptation
[19-20]. However, this study is the first attempt to
identify loci in barley genome associated with bar-
ley grain quality traits.

Materials and methods

Barley collection used for the study. The bar-
ley collection used in this study was composed of
two-rowed and six-rowed spring barley cultivars
and breeding lines from the USA and Kazakhstan.
USA'’s part of the collection included 557 acces-
sions. Kazakhstan’s part included 103 accessions
originated from 6 agricultural institutions: 17 ac-
cessions from Aktobe Agricultural Experimental
Station (AES) (Aktobe region), 15 accessions from
Karabalyk AES (Kostanay region), 20 accessions
from Karaganda AES (Karaganda region), 16 acces-
sions from Kazakh Research Institute of Agriculture
and Plant Industry (Almaty region), 20 accessions
from Kazakh Research Institute of Rice-growing
(Kyzylorda region), and 15 accessions from Kras-
novodopad AES (Turkestan region) [9]. In to-
tal, 660 accessions were used for genotyping and
phenotyping.

Phenotyping and genotyping of barley col-
lection. Cultivation of 660 barley accessions was
performed in the field of Kazakh Research Institute
of Rice-growing (Kyzylorda region) [9]. Each line
was grown in tripled one meter plots at each site.
Grains of each accession were analyzed on the con-
tent of raw protein (GPC, %), f-glucan (GBGC, %),
and starch (GSC, %), plumpness (GPL, g/L), grain
hardness (GH, SKCS units), and extractivity (GEX,
%) in the laboratory of grain quality (Kazakh Re-
search Institute of Agriculture and Plant Industry).
The GPC was determined by near-infrared spectros-
copy using calibration equations based on Kjeldahl
method [25] using FOSS 1241 and FOSS 2500. The
GBGC was determined by the spectrofluorimetric
method [26]. The GSC was analyzed using polari-
metric method [27]. Also the collection was tested
for indicators of plumpness, grain hardness index,
and extractivity. GPL levels were determined us-
ing methods described in GOST 1084064 [28]; the
hardness index (HI) measured by Single Kernel
Characterization System 4100 (SKCS 4100; Perten
Instruments, Huddinge, Sweden) according to the
manufacturer’s mannual: GEX was calculated us-
ing method described in GOST 12136-77 [29]. The
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correlations between quality traits and productiv-
ity components, such as thousand kernels weight
(TKW, g) and yield per m? (YM2, g/m?) were also
analyzed.

Accessions from Kazakhstan were genotyped
using the 9K SNP chip by GoldenGate [llumina at
the TraitGenetics company (TraitGenetics GmbH,
Gatersleben, Germany). The SNP genotyping data
of BOPA1 and BOPA2 (Barley Oligo Pool Assay)
sets from Illumina assays [30] for USA’s accessions
were obtained from Triticeae toolbox (Www.triti-
ceaetoolbox.org). In total, 2344 polymorphic SNPs
with MAF (minor allele frequency) > 0.05 and with
SNP’s call rate > 0.90 were selected for GWAS
analysis.

GWAS analysis and statistics. The genetic
structure of 660 studied barley accessions was de-
termined in order to obtain Q-matrix for GWAS
analysis. Based on the AK method [31], the K was
set at 3. The Kinship matrix (K-matrix) was ob-
tained using TASSEL 5 software [32]. The Mixed
Linear Model (MLM) with K- and Q-matrices was

used for GWAS analysis. The significant associa-
tions were selected after the application of a thresh-
old at P<1E-3.

Pearson correlation and PCA analysis were per-
formed using R statistical platform [33]. A genetic
map with significant SNPs was constructed based
on physical positions in barely genome [34] using
MapChart 2.32 software [35].

Results and Discussion

Grain quality and productivity of barley
grown in Kyzylorda. Analysis of basic barley grain
quality traits had showed a wide range of GH and
GPL, while GPC, GSC, and GBGC had demonstrat-
ed a moderate level of variability (Table 1). Barley
productivity measured as yield per m? varied greatly
from 63.0 g/m? (USA’s line FEG148-16) and up to
1336.0 g/m? (USA’s line FEG142-16). Among Ka-
zakhstan’s accessions, the best yield was observed
for the cultivar Nurinskiy 1 (655.0 g/m?) originated
from Karaganda AES.

Table 1 — Grain quality traits of USA’s and Kazakhstan’s barley grown in Kyzylorda 2010

Quality trait Minimum Maximum Mean = SD
Grain protein content (GPC) 10.2 15.5 12.6 £0.9
Grain starch content (GSC) 50.6 57.0 540+ 1.1
Grain B-Glucan content (GBGC) 2.9 4.9 41+£0.2
Grain hardness (GH) 67.0 132.0 92.8+8.6
Grain plumpness (GPL) 300.0 704.0 585.4 £38.8
Grain extractivity (GEX) 70.2 76.2 73.4+£1.0
Yield per m*(YM2) 63.0 1336.0 599.5 +£234.7
Notes: SD — standard deviation.

The correlational analysis had demonstrated
strong positive relations between GEX and GSC.
The concentration of B-Glucan was moderately pos-
itively associated with GPC and weakly associated
with GH. GH was also positively associated with
GPC. GSC and GEX were negatively correlated
with GBGC, GH, and GPC. As for the GPL, a weak
negative correlation was observed for GH only. Bar-
ley productivity (YM2) had positive associations
with GBGC and GPC and negative correlations with
GEX, GSC, and GPL.

Promising barley accessions for Kyzylorda
region. The lists of promising lines and cultivars for

livestock feeding (Table 2) and for malting (Table
3) were made using the indicators of grain quality
and productivity in Kyzylorda region 2010.

The list of accessions that had demonstrated
promising levels of grain quality and yield for live-
stock feeding included 6 cultivars and breeding
lines from Kazakhstan and 6 breeding lines from
the USA (Table 2). All selected accessions had
showed a high GPC level and good productivity;
however, GPL close to the GOST was observed
for USA’s accessions only. Accessions from Ka-
zakhstan exceeded GOST’s requirement for GPL
by 10% on average.
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Figure 1 — Pearson correlation among grain quality traits and productivity.
Red color denotes negative correlation, blue color — positive.
Color intensity increases with the increasing of significance (P<0.05).

Table 2 — Promising accessions for livestock feeding according to grain quality traits and productivity of barley in Kyzylorda region

# Barley accessions GPC (%) GPL (g/L) | YM2 (g/m2)
Livestock feeding (GOST R 53900-2010, first class) >13 590 -
1 Accession-1 (USA) 15.1 592 546
2 Accession-2 (USA) 15.0 598 314
3 Accession-3 (KAZ, Kazakh Research Institute of Rice-growing) 15.4 661 566
4 Accession-4 (USA) 14.5 597 770
5 Accession-5 (KAZ, Kazakh Research Institute of Rice-growing) 14.5 669 555
6 Accession-6 (KAZ, Krasnovodopad AES) 14.5 665 449
7 Accession-7 (USA) 14.5 592 392
8 Accession-8 (USA) 15.5 512 528
9 Accession-9 (USA) 15.5 590 369
10 | Accession-10 (KAZ, Aktobe AES) 14.6 658 396
11 | Accession-11 (KAZ, Krasnovodopad AES) 14.8 627 418
12 | Accession-12 (KAZ, Krasnovodopad AES) 14.8 655 347

The list of barley accessions that are promising
for malting according to their grain quality and yield
performance included 13 breeding lines from the
USA only (Table 3). All of them had protein con-
centration less than 12% as required by GOST, but
their average GEX was 3.3 % lower than the recom-
mended level.
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Results of Kazakhstan’s and USA’s barley phe-
notyping in Kyzylorda region had demonstrated a
wide range for studied grain quality traits. One of
the crucial barley quality traits for both malting and
livestock feeding is protein. Generally, barley lines
from the USA used in this study expectedly show
lower GPC (Table 3), since the majority of them are
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malting-oriented. As for Kazakhstan’s accessions,
promising lines were observed only for livestock
feeding with relatively high GPC (Table 2). It is ex-
plained by the specialization of these accessions for
the livestock. At the same time, the combination of
accessions from Kazakhstan and the USA provided
a good range for the GWAS.

For malting and brewing, low GPC has to be
combined with low GBGC [36] and high level of
GSC providing high GEX. Accessions grown in
Kyzylorda region had demonstrated a strong posi-
tive correlation between GPC and GBGC, as well
as the strong negative correlation between GPC and
GSC / GEX (Figure 1). GH is another important
trait for malting quality. Usually, GH declines with
the increasing GSC and decreasing GPC [37]. Usu-
ally, the good grain quality of barley is associated
with low productivity and low grain yield [38]. The
same correlation was observed in the current study,

where high YM2 was associated with increased
GPC, while high levels of GSC / GEX were nega-
tive correlated with the yield (Figure 1). Still, bar-
ley cultivars with high GPC and YM?2 are a great
raw material for livestock feeding [39]. GPL levels
had showed absence of correlation with other qual-
ity traits except for weak negative correlation with
GH (Figure 1), which confirms the small impact
of GPL on other grain and malting qualities [40].
Generally, 6 grain quality traits of barley grown in
Kyzylorda region had demonstrated good variabil-
ity for GWAS analysis. In the studied collection,
the majority of accessions from the USA had good
grain quality levels for malting and brewing, while
accessions from Kazakhstan fitted requirements
for livestock feeding. The list of USA’s accessions
from table 3 is good candidates for the introduc-
tion into potential malting barley breeding in Ky-
zylorda region.

Table 3 — Promising accessions for malting according to grain quality traits and productivity of barley in Kyzylorda region

# Barley accessions GPC (%) GEX (%) YM2 (g/m2)
Barley for malting (GOST 5060-86) <12 >178 -
1 Accession-13 (USA) 10.9 75.8 493
2 Accession-14 (USA) 10.9 73.8 439
3 Accession-15 (USA) 10.8 75.6 669
4 Accession-16 (USA) 10.8 75.4 420
5 Accession-17 (USA) 10.7 75.9 383
6 Accession-18 (USA) 10.7 75.1 490
7 Accession-19 (USA) 10.7 75.5 758
8 Accession-20 (USA) 10.6 75.5 840
9 Accession-21 (USA) 10.2 76.2 421
10 | Accession-22 (USA) 11.0 75.7 342
11 | Accession-23 (USA) 11.0 75.5 408
12 | Accession-24 (USA) 11.0 75.0 515
13 | Accession-25 (USA) 11.0 75.4 482

Marker-trait associations (MTAs) identified
for barley grain quality traits. In total, 20 MTAs
for studied grain quality traits were identified on 6
out of 7 barley chromosomes (Table 4). Their posi-
tions on the barley physical map are demonstrated
in Figure 2.

Seven SNPs associated with the different num-
ber of traits were positioned on all barley chromo-
somes, except chromosome 4H. Chromosome 6H
contained 2 trait-associated SNPs. Several markers
had demonstrated multiple associations. Markers

11 20971 (1H), 11 21505 (3H), and 12 31509
(6H) were associated with 4 quality traits: GPC,
GSC, GBGC, and GEX. Markers 11 21414 (2H)
and 11_21103 (7H) were associated with 3 traits:
GPC, GSC, and GEX. Marker 12 10408 on chro-
mosome 5H was associated with GPL only, and
marker 1210199 on chromosome 6H only with
GH. All 20 MTAs had demonstrated significant
associations at P < 0.001 (Table 4). The total phe-
notypic variation explained by MTA (R2) varied
from 1.9 to 3.4% (Table 4).
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Table 4 — Marker-trait associations for barley grain quality traits identified in Kyzylorda in 2010

# Trait SNP Chr.! Pos. (cM)! Pos. (bp)* P-value R2 (%) | All Effect
1 GEX 11_20971 U (1H?») U 496,660,040 1.04E-04 2.9 A -1.035
2 GEX 11 21414 2H 158.15 761,624,420 4.73E-04 2.3 A -0.733
3 GEX 11_21505 3H 87.24 580,635,994 2.17E-04 2.3 A -0.869
4 GEX 12 31509 6H 55 203,509,034 1.29E-05 32 A 1.021
5 GEX 11 21103 U (7TH?) U 582,767,743 7.59E-04 1.9 A -0.718
6 GBGC 11_20971 U (1H?) U 496,660,040 4.17E-04 3.0 A 0.202
7 GBGC 11 21505 3H 87.24 580,635,994 5.48E-04 2.3 A 0.168
8 GBGC 12 31509 6H 55 203,509,034 1.44E-04 2.8 A -0.184
9 GH 1210199 6H 45.44 66,485,252 1.28E-04 2.5 A 8.655
10 GPC 11 20971 U (1H?) U 496,660,040 1.29E-04 2.8 A 0.932
11 GPC 11 21414 2H 158.15 761,624,420 2.62E-04 2.4 A 0.685
12 GPC 11 21505 3H 87.24 580,635,994 3.94E-04 2.1 A 0.764
13 GPC 12 31509 6H 55 203,509,034 2.10E-05 3.1 A -0.915
14 GPC 11 21103 U (7TH?) U 582,767,743 4.78E-04 2.1 A 0.677
15 GSC 11_20971 U (1H?») U 496,660,040 4.20E-05 32 A -1.208
16 GSC 11 21414 2H 158.15 761,624,420 3.24E-04 2.4 A -0.822
17 GSC 11_21505 3H 87.24 580,635,994 1.21E-04 2.5 A -1.002
18 GSC 12 31509 6H 55 203,509,034 7.34E-06 3.4 A 1.165
19 GSC 11 21103 U (7H?) U 582,767,743 3.32E-04 2.2 A -0.843
20 GPL 12 10408 S5H 102.06 547,771,176 4.74E-05 3.0 A -51.508
Notes: ! — Position according to 9K GoldenGate Illumina; 2 — Physical position according to Morex 2016 map. Chr. — chromosome;
Pos. — position; R2 —phenotypic variation explained by MTA; All. — effective allele.

Twenty MTAs identified in this study were com-
bined into 7 QTLs (Figure 2). Five out of those 7
QTLs had demonstrated pleiotropic effect since they
were associated with several traits. It may indicate
the presence of strong pleiotropic genes in these loci
or in close regions. Grain quality traits are highly
influenced by major heading and flowering genes.
For example, SNP 11 20971 (GPS, GSC, GBGC,
GEX) on the chromosome 1H was previously iden-
tified as associated with adaptability traits (time of
heading and grain maturity, plant height) and with
thousand kernels weight [18], which is also qual-
ity trait. Heading time genes HvCMFé6a [41], HvC-
MF6b [41] and EsplL /| HVELF3 | eam8 [42] are lo-
cated in the region close to SNP 11 20971 and may
be linked. The SNP 11 21414 (GPS, GSC, GEX) on
the chromosome 2H was also previously mentioned
as associated with the time of heading and grain ma-
turity, plant height, and peduncle length [18]. Head-
ing time gene HvAP2 located on 126.7 cM [43] may
be linked with this SNP; however, the distance be-
tween them is relatively large (about 31 cM) [44].
The SNP 11 21505 (GPS, GSC, GBGC, GEX) on
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the chromosome 3H was also earlier described as
highly pleiotropic associated with both yield and
adaptability traits [18]. This SNP is probably linked
with the heading time gene HvCMF'I [41]. The next
pleiotropic SNP is 12 31509 (GPS, GSC, GBGC,
GEX) on the chromosome 6H reported as associated
with yield and adaptability traits [18] is more likely
linked with the group of heading and flowering genes
densely located in this region of the chromosome
[44]. The last pleiotropic SNP 11 21103 (GPS, GSC,
GEX) on the chromosome 7H previously associated
with yield and adaptability traits [ 18] may be connect-
ed with flowering gene HvCO6 [44] located in this
chromosome region. Thus, SNPs with the pleiotropic
effects described above and associated with highly
correlated grain quality traits GPS, GSC, GBGC, and
GEX are most likely linked with known heading /
flowering genes of barley. The mixed effect (nega-
tive and positive) on different traits may be used for
more effective breeding of barley for either livestock
feeding or malting. For example, SNP 1231509 may
help to increase GSC and GEX, but decrease GPC
and GBGC, which is good for malting barley.
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The last two QTLs were single-trait associated
(Table 4). The only SNP for GPL was 1210408
on chromosome 5H (Figure 2). The flowering gene
HvPRR95 is located in 5cM apart from this SNP [41,
44], and they may be linked. The SNP 12 10199
on chromosome 6H was the only one identified for
GH in this study (Table 4). There is no information
about barley quality-related genes or QTLs located
in this region in the literature.

Results obtained in this study give a basis for the
development of new barley cultivars, as well as for
the integration of germplasm with good grain qual-
ity from the USA. A number of promising USA ac-
cessions may be used in crosses with local standard
cultivars. MTAs for the studied grain quality traits
can be used in MAS for the identification of promis-

ing genotypes.

Conclusion

Grain quality traits studied in this work had
demonstrated a wide ranges of variability. Acces-

sions from the USA showed good level of quality
for malting, while accessions from Kazakhstan had
quality levels better for livestock feeding. Two lists
of promising barley accessions for malting (13 ac-
cessions) and for livestock feed (12 accessions) in
Kyzylorda region were formed. In the course of
GWAS analysis, 20 MTAs combined into 7 QTLs
for grain quality traits were identified. Three QTLs
demonstrated pleiotropic effect affecting grain
protein, B-glucan and starch content and extractiv-
ity, two QTLs were identified for grain protein and
starch content and extractivity, one QTL was for
grain hardness and one QTL for plumpness.
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STUDY OF THE HEAVY METALS EFFECT
ON THE PIGMENT SYSTEM OF CORN VARIETIES

Heavy metals are metals that are toxic to organisms when released into the environment in large
quantities. In recent years, this term refers only to the following elements: lead, zinc, cadmium, mercury,
molybdenum, manganese, nickel, tin, cobalt, titanium, copper, vanadium.

The article deals with the current pollution of the environment, as well as the use of measures to
combat plants that are resistant to this herd. In addition, the adaptation degree of plants to changes in
environmental factors, new environmental conditions depends on the composition of chlorophylls and
carotenoids, which are the main photoreceptors of photosynthetic cells. However, the exposure degree
of plants to the pigment complex depends on the type of plant, growth conditions, the composition and
concentration of toxicants and the duration of their action. An overview of the research presented in the
general article shows that heavy metals have a significant negative impact on plant growth. The study of
plants, especially those used for food purposes, is very important in the maximum prevention of these
processes. In this regard, the purpose of the study was to determine the effect of heavy metals on the pig-
ment system of corn varieties. We observed the effect of heavy metal ions on photosynthetic pigments,
resistant and intolerant varieties of 14-day-old corn varieties (Turan-170, Turan-480, Kazakhstan-435,
Tauelsizdik-20). During the experiment, we concluded that the varieties Turan-170, Turan-480, Tauel-
sizdik-20 are resistant to corn in terms of the content of carotenoids, chlorophyll-a, chlorophyll-b pig-
ments in corn varieties, and Kazakhstan-435 is intolerant. This is because Kazakhstan-435 may have
varietal characteristics.

In general, heavy metals have a negative effect on plants, reduce the content of chlorophyll and ca-
rotenoids, cause shifts in the structure of chloroplast membranes, which negatively affects the intensity
of photosynthesis.

Key words: chlorophyll, carotenoids, pigment, heavy metal, photosynthesis, cadmium, corn, plants.
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JXKyrepi copTTapbIHbIH, MMIMEHT XYieciHe
aybIp METaAAAPAbIH, dCEpiH 3epTTey

Ayblp MeTaApap — KOpLUaraH opTaFa Ker MeALlepAe TYCKEHAE OpPraHM3MAEpPAi YAaHAbIPATbIH
MeTaAAap. byA TepMMHMEH COHFbl XXbIAAAPbI TEK KaHa MblHAAAM SAEMEHTTep: KOPFaCbiH, MbIpbIL,
KaAMMM, CbiHar, MOAMOGAEH, MapraHel, HUKeAb, KaAaibl, KOGAAbT, TUTAH, MbIC, BaHaAMIM aTaAaAbl.

Makanaaa Kasipri TaHAQ KOpLlUaraH OpTaHblH, AaCTaHybl, COHbIMEH KaTap OCbl OpTasa TO3IMAIAIK
GepeTiH eCiMAIKTEPMEH ayblALLIAPYaLIbIAbIK AAKbIAAAPBI APK bIAbI KYPECY LapaAapbiH KoAsaHy. CoHbIMeH
KaTap ecCiMAIKTep KopllaFaH opTa (haKTOPAAPbIHbIH, ©3repyiHe, >KaHa 3KOAOTUSIAbIK, >KarAanAapra
GenimaeAy Aspeskeci (DOTOCUHTETMKAABIK, XacyLlaHbIH Heri3ri (hoTopeuentopAapbl GOAbIN TabbIAATbIH
XAOPOMUAAAEP MEH KApPOTUHOMATApPAbIH KypamblHa 6aiiAaHbICTbl. AAalAa ©CIMAIKTEPAIH MUIMEHT
KeLleHiHe acep eTy ABpeXKeci eCIMAIKTIH TypiHe, ecy >KaFAaAapbliHa, TOKCMKAHTTAPAbIH, Kypambl MeH
KOHLIEHTPALMSICbIHA YK8HE OAAPAbIH, 8Cep eTy y3aKTbiFbliHa 6aiAaHbICTbI. XKaArbl MaKaAasa KeATIpiAreH
3epTTey >KYMbICTapblHa LLOAY >Kacay 0apbiCbiHAQ, ayblp METAAAAPAbIH ©CIMAIKTEPAIH ecin-pamybiHa
anlTapAbIKTank Kepi acepi 6arkaraabl. Ocbl NpoLecTepAiH 6aprHUJa AAAbIH aAyAQ, acipece asblK-
TYAIKTIK MaKcaTTa namaasaHblAaTbiH 6CIMAIKTEPA 3epTTey eTe 3eKTi 60AbIN Tabbiraabl. OcCbl opaiaa
3epTTey XKYMbICbIHbIH MaKCaTbl — XKYrepi COPTTapbIHbIH, MUrMEHT XKYHeCiHe ayblp METAAAAPAbIH, 8CepiH
aHbiKTay. 14 KyHAIK >xyrepi coptTapbiHa (TypaH-170, TypaH-480, KasaxcraH-435, Tayeaci3aik-20)
ayblp MeTaA WMOHAAPbIHbIH, (POTOCMHTE3 MUIMEHTTEPiHEe BCepiH, TO3IMAI >XeHe Te3iMCi3 copTTapAbl
Garkaablk. Texipnbe >Kyprizy 6apbiCbiHAQ >KYyrepi CopTTapblHAQ KapaTMHOMA, XAOPOQMAA-a,
XAOPOOUAA-D  MUIrMEHTTepiHiH KepceTkiwTepiHi MeAwepi 6ombiHwa TypaH-170, TypaH-480,
ToyeAci3aik-20 copTTapbl Te3imai, KasaxcrtaH-435 copTbl Te3iMCi3 aAen TyXblpbiIMAaAbIK. Cebebi
KasaxctaH-435 copTTbIK, epekLieAiri Ae 6OAYbl MYMKIH.
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JKaAnbl ayblp MeTaapap eciMAiKTepre Kepi acep eTeAi, XAOPOMUAA MeH KapOTMHOWMATapAbIH
KYPaMbIH TOMEHAETEA], XAOPOMAACTTAp MeMBpaHaAapbIHbIH, KYPbIAbIMbIHAA bIFbICYAAP TYAbIPaAbl, OYA
(POTOCUHTE3AIH KAPKbIHABIAbIFbIHA TEPIC BCEP eTeAl.

TyiiH ce3aep: XAOPO(MAA, KaPOTMHOMA, MUIMEHT, ayblp MeTaA, POTOCUTE3, KaAMWM, XKyrepi,
eciMAiKTEp.
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N3yyeHne BAUSIHUSA TSDKEAbIX METAAAOB
Ha NMUIrMEHTHYI0 CUCTEMY COPTOB KYKYpY3bl

TsKkeAble MeTaAAbl — 3TO METaAAbl, KOTOPblE€ TOKCMYHbl AAS OPraHWM3MOB MpW MOMaAaHMM B
OKPY>KaloLLylo cpeay B GOAbLUMX KOAMYECTBAX. B nocaeaHee Bpemsi 3TMM TEPMMHOM 0603HavatoTCs
TOABKO CAEAYIOLLME DAEMEHTbI: CBUHEL, UMHK, KAAMUIA, PTYTb, MOAMOAEH, MapraHel, HUKEAb, OAOBO,
KOBAAbT, TUTAH, MEAb, BaHaAWM.

B cTaTtbe paccmaTpurBaeTcs CoBpeMeHHOE 3arpsi3HeHWe OKpY KatoLLLer CpeAbl, a TakXKe NPUMeHeHne
Mep 60pbObI C paCTEHMUSIMU, YCTONUMBbBIMM K 3TON cpeae. Kpome Toro, cTeneHb aaanTaumm pacTeHni K
M3MeHeHNIM (DakTOPOB OKpPY>KatoLLLer CpeAbl, HOBbIM YCAOBMSIM CPEAbI 3aBUCUT OT COCTaBa XAOPOUAAOB
M KapOTMHOMAOB, KOTOPbIE SIBASIOTCS OCHOBHbIMW (hoTOopeLenTopamm (OTOCUHTETUYECKMX KAETOK.
OAHaKo CTerneHb BO3AEMCTBMS Ha PACTEHMS MUIMEHTHOIO KOMMAEKCA 3aBMCUT OT BMAQ pPacTeHus,
YCAOBMIA POCTA, COCTABA M KOHLEHTPALMM TOKCUKAHTOB U NMPOAOAKUTEABHOCTU UX AencTeus. O63op
WUCCAEAOBAHWI, MPEACTABAEHHbIX B OOLLEN CTaTbhe, MOKA3blBAET, UTO THAXKEAbIE METAAAbl OKa3blBAOT
3HAUUTEAbHOE HEraTMBHOE BAMSIHWE HA POCT pacTeHuit. M3yueHure pacteHunii, 0CO6EHHO UCMOAb3YEMbIX
B MULLEBBIX LEASIX, O4YE€Hb BaXXHO AAS MAaKCMMAAbHOM NPOMUAAKTUKM 3TUX NpoLeccoB. B cBg3u ¢ aTum
LIEABIO UCCAEAOBaHMS ObIAO OMPEAEAEHME BAUSIHUS TISKEABIX METAAAOB Ha MUTMEHTHYIO CUCTEMY COPTOB
KYKypy3bl. Mbl HaBAIOAAQAU BAMSIHUE MOHOB TSXKEAbIX METAAAOB HA (DOTOCUMHTETUYECKME MUTMEHTbI,
yCTOMUMBbIE W HerepeHOCKMMble copTa 14-AHeBHbIX copToB KyKypy3bl (Typan-170, TypaH-480,
Kazaxcrtan-435, Tayeacmsamk-20). B xoae akcnepuMmeHTa CaeAaH BbIBOA, 4TO copta Typan-170,
Typan-480, TayeAcn3amk-20 yCTOMYMBBI K KYKYpy3€e MO COAEP>KaHMIO KapOTMHOMAOB, XAOPO(DMAAA-],
MUrMeHToB XA0porAAa-b B copTax Kykypy3bl, a KasaxcraHn-435 — HeTeprnmmbl. ITO CBSA3aHO C TEM, UTO
KazaxcraH-435 MOXeT MMeTb COPTOBbIE XapaKTEPUCTUKM.

B ueAoM Ts>KeAble MeTaAAbl HEFaTMBHO AEMCTBYIOT HA PacTeHMSs, CHUXKAIOT COAEpyKaHWe XAOPO-
hMAAQ U KAPOTMHOMAOB, BbI3bIBAIOT CABUMM B CTPYKTYpe MeMOpaH XAOPOMNAACTOB, YTO OTPULLATEABHO

CKa3blBa€TCq Ha MHTEHCUBHOCTU CbOTOCl/IHTe?:a.

KAloueBble CAOBa: XAOPOMUAA, KAPOTUHOMA, MUIMEHT, TSXKEAbIM MEeTaAA, (POTOCUMHTE3, KaAMUHA,

KYKYpY3a, pacTeHusl.

Introduction

One of the main pollutants currently observed
in all natural environments is heavy metals. This
is partly due to the biological activity of metals. In
addition, they do not undergo transformation like
organic compounds, and are stored for a long time
when entering the biochemical cycle [1].

Contamination of the soil over the natural level
by Pb, Zn, Cr and Co could be one of the indica-
tors of anthropogenic environmental pollution. Fast
development of industry, continuously increasing
population, and intensification of road traffic are re-
garded as the foremost causes of ecosystem pollu-
tion in urban areas [2].

Heavy metals, such as cadmium, copper, lead,
chromium and mercury are major environmental
pollutants, particularly in areas with high anthropo-
genic pressure. Heavy metal accumulation in soils

is of great concern in agricultural production due to
the adverse effects on food safety and marketability,
crop growth due to phytotoxicity, and environmental
health of soil organisms. The influence of plants and
their metabolic activities affects the geological and
biological redistribution of heavy metals through
pollution of the air, water and soil. A common con-
sequence of heavy metal toxicity is the excessive
accumulation of reactive oxygen species (ROS) and
methylglyoxal (MG), both of which can cause per-
oxidation of lipids, oxidation of protein, inactivation
of enzymes, DNA damage and/or interact with other
vital constituents of plant cells. This review focuses
on effect of heavy metals on plant growth, yield and
their mode of toxic effects in plants[3].

In the case of certain eco groups of the environ-
ment, the highest concentration of heavy metals is
in the soil, which is primarily caused by the atmo-
sphere. Heavy metals often enter the atmosphere
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as dust that rises from the ground. Therefore, when
snow and rain fall from the atmosphere to the earth’s
surface, they often contain lead, cadmium, arsenic,
etc. elements. The main pollutants are power plants,
smelters, the oil industry, construction metals com-
panies and automobiles. Nitrogen, lead oxides, hy-
drocarbons, etc. are used during the operation of in-
ternal combustion engines. substances are released
and fall to the soil surface. In this case, after the
substances enter the soil, the substance enters the
circulation through the food chain.

Toxins accumulate in the soil, causing changes
in its chemical composition, which disrupts the uni-
ty of living organisms and the environment [4].

Common source of soil and plant contamination
with heavy metals is traffic [5].

Heavy metals are among the most serious en-
vironmental pollutants due to their high toxicity,
abundance and ease of accumulation by various
plant and animal organisms. Persistent increase of
heavy metals in harbour sediments can be attribut-
ed to the contribution of effluent from waste water
treatment plants, industries, mining, power stations,
agriculture [6]

Studied environmental risk assessment and re-
mediation of soils contaminated due to waste dis-
posal from tannery industries in Tamil Nadu and
Kanpur (India), [7].

The accumulation risk of heavy metals in soil
and vegetable crop irrigated with sewage water in a
specific area of Saudi Arabia [8]. The contaminated
soil effected by pollutants and toxic metals on ed-
ible plants irrigated by sewage water in their various
studies [9-10].

Heavy metals are metals that poison organisms
when released into the environment in large quan-
tities. In recent years, this term refers only to the
following elements: lead, zinc, cadmium, mercury,
molybdenum, manganese, nickel, tin, cobalt, tita-
nium, copper, vanadium. When these elements en-
ter the environment, they do not decompose in the
process of self-cleaning of ecosystems. They accu-
mulate in the soil, pass on to plants and then enter
the biological cycle. Biological chain: soil — plant
— man, soil — water — man and soil — atmospheric
air — are known to pass through the human body and
cause various diseases.

Many regions of the country are polluted with
gaseous, liquid and solid industrial wastes, sulfates
and heavy metals. Due to the high pollution level
of the environment with harmful substances, spe-
cial attention is paid to the study of their impact on
soil, water, air, damage and biological role. Large
amounts of various chemical compounds and heavy
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metals fall into the soil of the areas where the pro-
duction centers are located. Soil resources are one
of the most important prerequisites for life on earth.
However, we do not appreciate its true significance
and role. Soil is one of the components of the bio-
sphere, a biochemical environment for humans,
animals and plants, which is a very high energy re-
serve, a very important reserve of mechanisms of
self-cleaning processes that can balance the direct
and indirect effects of soil biota and humans. The
conditions necessary for the production of food for
humans and animal feed are created only through
the soil. Soil is a natural resource that cannot be ex-
changed for anything. To date, science has not yet
been able to find artificial material that can replace
soil. No method of growing plants without soil can
play the soilrole. Therefore, the most important is-
sue facing human society and still remains impor-
tant is to create the best conditions for the spontane-
ous regeneration and preservation of soil in the soil
formation process [11].

The accumulation of heavy metals in plants
depends on the specifics of each species. Studies
have shown that the amount of heavy metals in soils
and plants in the area close to copper smelting is
much higher than in the control area. The amount
of copper increases up to 12 times, and the amount
of other elements increase up to 2-5 times. In addi-
tion, the content of heavy metals other than zinc is
much higher in the soil than in plants. However, if
the amount of heavy metals in the soil increases by
2-3 times, their content in plants increases by 5-6
times. According to statistical analysis, there is a
direct correlation between soil and plants [12]. Mor-
phopatho genesis of leaves and all plants is observed
in the ventilated area of harmful residues. Damage
to the leaves is observed in the form of necrosis with
changes in shape and color, as well as chlorosis,
jaundice, loss of turgor, withering without discolor-
ation, falling without change or slight external dam-
age [13].

The presence of heavy metals in water degrades
their quality, which eventually affects human health
[14].

Industrial dust in heavily polluted areas also
has a significant negative impact on plants. Large
particles of dust (5-10 m / km) mechanically affect
the surface organs of plants. In addition to dam-
aging the buds, flowers, and leaves (cutting), the
dust can also damage the bark, causing it to crack
and peel. Peeled wood loses water in the body and
begins to dry out, the function of potassium is im-
paired, ie the viability of the whole plant organism
decreases [15].
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Heavy metals in the soil refers to some signifi-
cant heavy metals of biological toxicity, including
mercury (Hg), cadmium (Cd), lead (Pb), chromium
(Cr), and arsenic (As), etc. With the development of
the global economy, both type and content of heavy
metals in the soil caused by human activities have
gradually increased in recent years, which have re-
sulted in serious environment deterioration

The toxicity of heavy metals is manifested in
many ways when plant cells accumulate them at
high levels. Heavy metals can be divided into two
groups: redox active (Fe, Cu, Cr, Co) and redox in-
active (Cd, Zn, Ni, Al, etc.). The redox active heavy
metals are directly involved in the redox reaction in
cells and result in the formation of O2¢— and subse-
quently in H202 and *OH production via the Haber-
Weiss and Fenton reactions (Schutzendubel and
Polle, 2002). Exposure of plants to redox inactive
heavy metals also results in oxidative stress through
indirect mechanisms such as interaction with the
antioxidant defense system, disruption of the elec-
tron transport chain, or induction of lipid peroxida-
tion[16].

Recently, self-cleaning of ecosystems, even if
the influx of heavy metals into them has stopped,
is due to the excessive amount of metals that have
accumulated in the soil and are fixed in its stable
components.

Plants with weakened immunity due to natural
stresses are highly sensitive to anthropogenic pollu-
tion. When alfalfa is exposed to a solution contain-
ing zinc and cadmium, its growth slows down, caus-
ing symptoms of chlorosis and necrosis between the
nerves [17].

Metals cause a wide range of genetic changes.
One metal cell can damage several places. For ex-
ample, cadmium damages DNA molecules, destroys
lysosomes, inhibits DNA repair, disrupts the synthe-
sis of replication enzymes, changes the structure of
DNA. High levels of copper alter conformation and
stimulate DNA and RNA synthesis [18,19]. The re-
action of plant species to heavy metals is observed at
all levels of organization, i.e. at the cellular, organic
and population levels. At the cellular level, there is a
change in the activity of cell membrane damage as a
common stress associated with excess heavy metals.
At the organismal level, morphological and physio-
logical lesions are observed in individual parts of the
plant, i.e. necrosis of leaves, changes in shape, shoots
withering, plant growth slowing. In damaged leaves,
the covering tissue and mechanical tissue, the cell
layer of the epidermis is weakly developed and the
cuticle is thin, the full development cycle is disrupted
under the industrial pollution influence [20].

It can be concluded that, besides the anthropo-
genic pollution, which is reflected in the excessive
use of plant protection products and fertilizers, and
also the impact of air pollution from motor vehicles
in certain sections of the examined area, the domi-
nant influence on concentration of some examined
elements comes from geochemical composition of
parent material from which the soils were devel-
oped. [21].

Copper is a trace element necessary for plant
life. However, excessive accumulation of copper
in the plants body slows down the development
and growth of the root system, slow growth of
above-ground plants parts and pale leaf tips. As
a result of pathological changes caused by excess
copper, the yield of cultivated plants decreases
sharply [22].

Large amounts of cadmium have been found in
plants growing along highways. A similar situation
is observed in plants grown near industries that pol-
lute the environment with this toxicant. Accumula-
tion signs of excess cadmium are reddish-brown col-
or of the tips and tips of the plant leaves. The leaves
shrink or fall off, the plants growth slows down. If
the amount of cadmium in the soil exceeds 30 mg /
kg, it destroys plant life. Large amounts of cadmium
are released into the soil during the extraction and
processing of zinc ores [23,24]. Plant growth inhibi-
tion due to cadmium is due to the weakening of the
photosynthesis process. The presence of 96 mg of
cadmium in 1 kg of leaves reduces the growth rate
by 50% [26].

A review of the above research shows that heavy
metals have a significant negative impact on plant
growth. In the maximum prevention of these pro-
cesses, the study of plants, especially those used for
food purposes, is very important. In this regard, the
purpose of the study is to study the effect of heavy
metals on the pigment system of corn varieties.

Object and method of research

Object of research: varieties of corn (Zea mays):
Turan-170, Turan-480, Kazakhstan-435, Tauelsiz-
dik-20.

As heavy metals: copper — CuSO4 and CdSO4
— solutions of cadmium of different concentrations
(3mg/1,5mg/1, 10 mg /1) and 175 ml of distilled
water H20 were obtained in each container.

In order to determine the effect of heavy met-
als in water on the corn plant, copper -CuSO4 and
CdSO4-cadmium are grown, the required amount
of seeds from 4 varieties is taken for control and
cleaned several times with distilled water. In addi-
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tion, in order to clean the grain from harmful mi-
croorganisms, corn seeds are soaked in a solution
of potassium permanganate (KMnO4) for 10 min-
utes and shaken again with distilled water. Grains
of corn varieties are prepared in three versions in
50 pieces in containers filled with salt solution of
different concentrations. The germination ener-
gy was monitored for 3 days, 5 days and 7 days
from the date of sowing of corn varieties, and the
amount of pigment was determined for 14 days of
germination.

To obtain an alcoholic solution of pigments, 20
mg of leaf was crushed in a porcelain dish to obtain
a light and homogeneous mass. The precipitate was
poured into centrifuge tubes, shaken with 2 ml of
90% alcohol, and centrifuged for 7 minutes at 6-7
thousand revolutions. The liquid on the surface of
the centrifuge tubes was poured into a 10 ml test
tube and all the liquid in the test tube was made up to
the same volume, and the pigment content of this so-
lution was determined spectrophotometrically [26].
Chlorophyll concentration was determined by spec-
trophotometric analysis on a photometer-KFK-3,
chlorophyll “a” and chlorophyll “b” according to the
following Vernon formula.

C, ,=11,63*D,-2.39*D,,,
C_, 8=20.11%*D-5.18*D_

an A+xnB :6'45*D665+17'72*D649
where: C — a, b chlorophylls and carotenoid
concentrations mg / 1,

D-wavelengths 440.5; 649; 665 nm,

The amount of carotenoids was calculated
according to the Holm-Vetstein formula.

C,,,= 4.695D ,, -0.268C

440.5 (xi.atxib)

After determining the concentration of pigments
in the extract, taking into account the weight (mass)
of the test material and the volume of the extract, the
amount of pigments in the test material was deter-
mined by the following formula:

A=C*V/P*1000
where, the concentration of pigments obtained in

C-mg/1;
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Volume of V-pigment extract in ml;
A-mg / g weight of pigments in plant material,
P-weight of plant material / gram.

In the laboratory, the yield and growth energy
of corn varieties were determined 14 days after
planting.

Results and Discussion

In general, heavy metals have a negative effect
on plants, reduce the content of chlorophyll and ca-
rotenoids, cause shifts in the structure of chloroplast
membranes, which negatively affects the intensity
of photosynthesis [27].

Toxic effects of heavy metals on plants: disrup-
tion of growth processes, cell division, develop-
mental disorders and morphological structures; free
radical oxidation and lipid peroxidation, inhibition
of photosynthetic processes in plants and damage to
the photosynthetic apparatus [28].

Of great importance in the study of the state
of plants is the study of the amount of pigment
during photosynthesis and its ability to adapt to
changes in environmental conditions. Certain
indicators of the plant’s response to changes in
environmental conditions, the degree of their
adaptation to new environmental conditions, the
presence of the main photosynthetic photorecep-
tors in the cell, the amount of chlorophyll and
carotenoids [11].

The amount of pigment in the leaves obtained
from 14-day-old shoots of Turan-170 variety was
significantly lower than in the control variant (con-
trol 3.3>3 mg/g. 2.63>5mg/g. 1.81>10mg/g.
1.41). . It is obvious that the value of chlorophyll-a
depends on heavy metal ions, because the value of
chlorophyll-a began to decrease (control 14.85> 3
mg/g. 1491>5mg/g. 13.7> 10 mg / g. 13.48. >).
Chlorophyll-b was reduced compared to the control
version and at a concentration of 10 mg / g chloro-
phyll-b pigment 5 mg / g con. (control 15.12> 3 mg
/g 12.5>5mg /g 7.4> 10 mg/ g. 9.59). That is,
Turan-170 variety is resistant to heavy metal ions
(Figure 2).

The amount of pigment in the 14-day leaf
growth of Turan-480 was declining. Caratinoid,
chlorophyll a and b pigment levels decreased from
top to bottom with control values of 4.78> 3 mg /
> 3.89, 5 mg/ g>348, 10 mg/ g> 2.92. Due to
the action of heavy metal ions, Turan-480 is resis-
tant (Figure 3).
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Figure 1 — The course of experimental work to determine the effect
of heavy metals on the pigment system of corn varieties in the laboratory

Control. Turan- 170 3mg/g CdSO4 Smg/g CdSO4 10mg/g CdSO4

E carotenoid
E chlorophyll-a
O chlorophyll-b

Figure 2 — The effect of cadmium sulfate on photosynthetic pigments in 14-day-old seedlings of Turan-170.
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control Turan-480 3mg/g CdSO4

Smg/g CdSO4

10mg/g CdSO4

@ caratinoid

E chlorophyll-a
O chlorophyll-b

Figure 3 — The effect of cadmium sulfate on photosynthetic pigments
in 14-day seedlings of Turan-480.
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Kazakhstan-435 B caratinoid
H chlorophyll-a
O chlorophyll-b

Figure 4 — The effect of cadmium sulfate on photosynthetic pigments
in 14-day seedlings of Kazakhstan-435 variety.

Pigment levels in the leaf samples of Kazakh-
stan-435 varied, the chlorophyll-b value increased
compared to the control version, because during the
experimental control, the leaves of Kazakhstan-435
variety began to turn yellow after 10 days, i.e. intol-
erance to heavy metal ions (Fig. 4).

The pigment in the leaves of the Tauelsizdik-20
corn variety decreased in the amount of carotenoids,
chlorophyll-a, chlorophyll-b (Figure 5).
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As can be seen from the data in the diagram, it
is clear that the photosynthetic pigments in the seed-
lings of corn varieties depend on the concentration
of heavy metals.

Compared to the control version, it is clear that
the synthesis of photosynthetic pigments in the seed-
lings of cadmium sulfate Turan-170, Turan-480,
Tauelsizdik-20 varieties decreased under the influ-
ence of heavy metals.
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25+

control. Tauelsizdik-
20

3mglg CdSO4

Smglg CdSO4

10mg/g CdSO4

[ carotenoid
M chlorophyll-a
O chlorophyll-b

Figure 5 — The effect of cadmium sulfate on photosynthetic pigments
in 14-day seedlings of Independence-20 variety.

Compared to the control version, the concentra-
tion of carotenoids decreased from 3.3 to 1.18-1.41
ug / g. However, as the concentration of the heavy
metal increased, the effect of the heavy metal be-
came more pronounced.

Such indicators are clearly reflected in the
varieties Turan-480, Tauelsizdik-20. Only, an
increase in the synthesis of FS (photosynthetic)
pigments of Kazakhstan -435 variety (caratinoid
control from 3.14 to 4.74-4.47 pg / g) and (HI-
v from 15.97 to 20.74-19.72 pg / g) may have
varietal characteristics of plants. In general, we
observed in experiments that the growth and
germination of corn varieties undergo 10mg / g
of cadmium sulfate is subject to physiological
changes. It can occur due to dehydration of the
leaf blade under the influence of salts of heavy
metals. Such physiological processes need to be
identified by individual studies. So, to summarize,
the corn varieties include Turan-170, Turan-480,
Tauelsizdik-20 heavy metal-resistant varieties.
Kazakhstan-435 variety exceeded the control ver-
sion, as mentioned above, the leaves were dark

green, pink-brown, ie did not show resistance to
heavy metal ions.

Conclusion

The effect of heavy metal (CdSO4) on the com-
position of photosynthetic pigments in corn variet-
ies. In general, heavy metals were obtained to de-
termine the composition of photosynthetic pigments
and resistant and non-resistant varieties of corn
(Turan-170, Turan-480, Tauelsizdik-20, Kazakh-
stan-435). Due to the increase in the concentration
of CdSO4, the concentration of chlorophyll a and
b, carotenoids decreased. We noticed that the pho-
tosynthetic pigments Turan-170, Turan-480, Tauel-
sizdik-20 had a higher content of resistant corn than
Kazakhstan-435, which is not resistant to heavy
metals. The composition of photosynthetic pigments
directly affects the rate of photosynthesis, ie deter-
mines the productivity of crops. The composition
of photosynthetic pigments is an indicator of plants
resistant to growing in an unfavorable environment
(control version 3 mg/g, 5mg/g, 10 mg/ g).
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PRIMARY INTRODUCTION RESULTS OF THE GENUS DACTYLORHIZA
NECKER EX NEVSKI IN THE ALTAI BOTANICAL GARDEN

The article presents the results of the primary introduction of species of the genus Dactylorhiza
Necker ex Nevski in the Altai Botanical Garden. The primary introduction resulted in a stable col-
lection of 4 species of the genus Dactylorhiza: D. fuchsii (Druce) Soo, D. incarnata (L.) Soo, D.
maculata (L.) Soo, D. umbrosa (Kar. & Kir.) Nevski. Individuals of D. incarnata showed plasticity
and good adaptability to conditions of culture. Their morphometric indicators of the length of the
inflorescence increased by 14%, and the number of flowers in the inflorescence by 52%, indicators
of the length and width of the basal leaves by 108% and 23 % respectively. In the case of D. umbrosa
almost all morphometric parameters were reduced. There is an increase of the number of flowers
per inflorescence — 73%. The rest of the indicators were reduced by an average of 29%. D. fuchsii
showed a 57% increase in flowers per inflorescence; the indices of the length of the basal leaves
and the length of the stem leaves remained almost unchanged, and the width of the stem leaves
increased by 23%. Indicators of D. maculata decreased very significantly. The height of the plant
decreased by 43%, the length of the inflorescence by 41%, the length of the basal leaves by 27%
and the length of the stem leaves by 30%. The main limiting factors for the introduction were identi-
fied: strong solar insolation, dry air, poverty and soil acidity. The results of the study have of great
importance for the development of introduction agricultural technology of rare and endangered
plants in the mountain taiga zone of East Kazakhstan, contribute to the preservation of biodiversity.
Due to the short-term observation, more detailed analyzes of the results will be obtained with the
further continuation of the introduction experiment.

Key words: Dactylorhiza Necker ex Nevski, introduction, collection, conservation, rare species.
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AATaii 6oTaHukanblk, 6arbiHa Dactylorhiza Necker ex Nevski
TYKbIMAQCbIHbIH, TYPAEPiH aAFaLLIKbl €Hri3y HaTHIKeAepi

Makanapa Aatain 6oTaHuKaablk, 6arbiHaa Dactylorhiza Necker ex Nevski TykbIMAQCbIHbIH
TYPAEPIH aAfallKbl eHridy HeTu)KeAepi kepceTiareH. bacrtankbl eHrisyaiH HeTuxxeciHae Dacty-
lorhiza TykbIMAQCbiHbIH 4 TYPiHIH TypakTbl KOAAEKUMSICbl KaAbinTactbl: D. fuchsii (Druce) Soo,
D. incarnata (L.) Soo, D. maculata (L.) Soo, D. umbrosa (Kar. & Kir.) Nevski. )Xaraanaapra nkemaiaik
neH >kakcbl 6enimaiaikti D. incarnata Typi kepcetTi. OAapAbIH T'YA LOFbIPbIHBIH Y3bIHAbIFbIHbIH,
MopoMeTPUSABbIK, KepceTkilTepi 14%-Fa, aA F'YALIOFbIPbIHAAFBI TYAAEP CaHbl 52%-fa, 6a3aAbAbl
>KarnblpakTapAblH Y3bIHAbIFbI MEH eHiHiH kepceTkiwTepi cankeciHwe 108% >xaHe 23%-fa ocTi.
D. umbrosa-ae MOpPOMETPUSIAbIK, KOPCETKIlUTEPAIH 6apAblFbl  AEPAIK TeMeHAeAi. 73%-ra
ecy Tek 6ip ryAworbipAarbl T'YAAEP CaHbiHAQ 6airikaaAbl. KaaraH MHAMKaTOpAap opTta ecenrneH
29% TemeHaeai. D. fuchsii 6ip rya worblpbiHa TYAAEPAIH 57% ecyiH kepceTTi; 6a3aAbAbl
>KarnblpakTapAblH  Y3blHAbIFbI MeH cabak —>KarblpakTapbiHblH, Y3bIHAbIFbIHbIH ~KOpCeTKilTepi
e3repiccis KaaAbl, aa cabak, >karbipakTapbiHbiH eHi 23% ecTi. D. maculata keibip nHAMKaTOpAapbl
anTapAbIKTan TOMEHAEA . OCIMAIKTIH OMIKTITi — 43 %, r'YALIOFbIPbIHbIH, Y3bIHABIFbI — 41%, 6a3aAbAbl
>KarnblpakTapAbiH Y3bliHAbIFbI — 27% >©8He cabak, >karblpakTapbiHbiH y3blHAbIFbI 30% TOMEHAEAI.
EHrisyaiH Herisri wekTeywi (akTopAapbl aHbIKTAAAbI: KYLWITI KYH MHCOASLMSACHI, KypFfak, aya,
KEAEMAIK YKaHe TOMbIPaKTbIH, KbILWKbIAAbIFbI. AAbIHFAH HaTuMXKeAep LLbiFbic Ka3akcTaHHbIH TayAbl
Taira 30HacblHAQ CMPEK KE3AECETIH XKaHe KypbIr KeTy Kayrni 6ap eCiMAIKTEPAIH aybIALLIAPYaLUbIAbIK,
TEXHOAOTMSICbIH €Hri3y >XeHe 3epTTey YLIiH YAKEH MaHbl3fa ne, 6MOoBPTYPAIAIKTI cakTayFa bIKMNaA
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NUToru nepBUYHON MHTPOAYKLIMK BUAOB poaa Dactylorhiza Necker ex Nevski
B AATalCKOM 0OTaHMYECKOM CaAy

B cratbe npeACTaBA€Hbl pe3yAbTaTbl MEPBUYHOM MHTPOAYKLMM BUAOB poaa Dactylorhiza Necker
ex Nevski B AATaiCKOM GOTaHMYECKOM CaAy. B pesyAbTaTe nepBMUHON MHTPOAYKLMM BbiAa MOAyYeHa
ycTonumBast KOAekumst n3 4 BuaoB poaa Dactylorhiza: D. fuchsii (Druce) Soo, D. incarnata (L.) Soo,
D. maculata (L.) Soo, D. umbrosa (Kar. & Kir.) Nevski. [TaacTuHOCTb 1 XOpOLLYiO NPUCNocabAMBaEMOCTb
K YCAOBMSIM KYAbTYpbl MokasaAnM ocobu D. incarnata. Mx mopdomeTpuueckme nokasateAm AAMHbI
COUBETUS BbIPOCAM Ha 14%, a KOAMYECTBO LIBETKOB B couBeTMM — Ha 52%, nmokasaTeAn AAMHbI
W LWIMPUHbI NPUKOPHEBbIX AUCTbeB — HAa 108% u 23% cooTtBeTcTBeHHO. Y D. umbrosa noutu Bce
MOPOMETPUYECKME MOKa3aTeAU ObIAM CHMXKEHbI. YBeAndeHue Ha 73% ObIAO 3aMEYeHO TOAbKO B
KOAMYECTBE LIBETKOB B OAHOM coLBeTnn. OCTaAbHble NMoka3aTeAmn ObIAM CHUXKEHbI B cpeaHeM Ha 29%.
D. fuchsii nokasaa yBeAnueHmne LUBETKOB, HAXOASLLMXCS Ha OAHOM COLIBETMM Ha 57 %; MokasaTeAn AAMHbI
NPUKOPHEBBIX AMCTBEB M AAMHbI CTEOAEBBIX AMCTLEB MOYTU HE M3MEHWMAMCb, a LUIMPUHA CTEOAEBbIX
AUCTbEB yBeAMUMAACH Ha 23%. HekoTopble nokasatean D. maculata cHM3MAMCD OYeHb 3HAUUTEABHO.
BbicoTa pactenmnst cHmusmaacb Ha 43%, AAMHa couBeTus — Ha 41%, AAMHA NPUKOPHEBbLIX AMCTbEB —
Ha 27% v AAMHa cTebAeBbix AMCTbeB — Ha 30%. BbISIBAEHbI OCHOBHbIE AMMUTMPYIOLIME (DAKTOPBbI
NPV MHTPOAYKLIMM: CUAbHAs COAHEYHAs MHCOASLMS, CyXOM BO3AYX, OEAHOCTb M KMUCAOTHOCTb MOUBbI.
[ToAyyeHHble pe3yAbTaTbl UMEIOT BbICOKOE 3HAaUYEHME AASI M3YydeHMs M pa3paboTKM MHTPOAYKLIMOHHOM
arpoTeXHUKM PEAKMX W MCUYe3alolMX PacTeHU B rOpHO-TaexxHoi 30He BoctouHoro KasaxctaHa,
CrnocoOCTBYIOT COXpaHeHMio 6uopasHooOpasusi. B CBS3M C  KPaTKOCPOYHOCTbIO HABAIOAEHMIA,
6oAee MOAPOOGHbIE aHaAM3bl PE3YAbTATOB OYAYT MMOAyYEHbl TMPU  AAAbHENLIEM MPOAOAXKEHMM

MHTPOAYKUMOHHOIO 3KCNepruMeHTa.

KatoueBble caoBa: Dactylorhiza Necker ex Nevski, MHTpoAyKumMS, KOAAEKLMS, COXPAHEHUE, PEAKMIA

BUA.

Introduction

The most universal method in the study, conser-
vation of rare and endangered plant species in botani-
cal gardens is the introduction [1]. The use of the in-
troduction method for reconstruction (restoration) of
natural populations is one of the most effective ways
to maintain the reproduction of populations and a reli-
able tool for the biodiversity conservation [2].

The basis for the cultivation and conservation of
rare orchid species is the development of effective
methods for their reproduction. This is relevant for
species that have a wide disjunctive range and re-
produce well by seeds or vegetative way [3, 4, 5].
Reconstruction by the method of reintroduction by
seedlings or translocation by adult plants in such
species may give better results than sowing with
seeds [6]. Germination of terrestrial species have re-
quirements that are more specific and they are little
researched [7, 8, 9, 10].

Terrestrial orchids may be more dependent
on mycorrhizal fungi than on epiphytic species

[11]. As for Dactylorhiza, the rate of vegetative
reproduction is very slow, and seed germination
in nature is very low — from 0.2 to 0.3% [12].
One capsule contains millions of seeds without a
metabolic mechanism and endosperm. Despite the
very large number of produced seeds, only a few
seeds germinate in nature [13]. Introduction of
Dactylorhiza matters for many botanical gardens
in many countries interested in the manufacture of
salep [14, 15].

The rarity of Dactylorhiza, like all orchids, is due
to habitat loss and climate change, but many orchids
are also threatened by unsustainable (often illegal)
collection of ornamental, food and medicinal spe-
cies. In addition, it is difficult to compete with inva-
sive species of grasses [16, 17]. Whereas during the
introduction, conditions are created to correspond
ecological requirements of the species. Moreover,
the method of sod transplantation is chosen as the
most successful way of transportation species into
new growing conditions. The method is described in
numerous literary sources [18, 19] and has proven
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itself in creating artificial cenoses with the highest
degree of adaptation.

According to the results of the introduction of
the Komarov Botanical Institute of the Russian
Academy of Sciences (BIN RAS), it was confirmed
that D. fuchsii grows well in culture (in partial shade
and in open areas), without requiring special sub-
strates. This species is easily grown in vitro culture
from mature seeds. The seedlings develop well.
Individuals easily adapt after disembarking in non-
sterile conditions. They bloom 5-6 years after sow-
ing [20].

There are 8 species of Dactylorhiza in Kazakh-
stan, among which 4 were selected for primary in-
troduction, including D. fuchsii listed in the Red
Book of Kazakhstan. All species are economically
valuable, representatives of the biodiversity of the
flora of Kazakhstan.

C

The beneficial properties and potential of many
Dactylorhiza species are still being actively studied
(21,22, 23].

The purpose of this work is to analyze the results
of the primary introduction of species of the genus
Dactylorhiza to identify the most promising species
and forms.

Materials and methods

The objects of the study were representatives of
the genus Dactylorhiza (Fig 1): D. fuchsii (Druce)
Soo, D. incarnata (L.) Soo, D. maculata (L.) Soo,
D. umbrosa (Kar. & Kir.) Nevski during introduc-
tion in conditions of mountain forest zone — Ridder
«Altai Botanical Garden”.

Primary introduction tests were carried out in
2018 —2020.

D

Figure 1 — Species of the genera Dactylorhiza in the primary introduction:
A —D. fuchsiiy B — D. incarnata; C — D. maculata; D — D. umbrosa
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The collection of material was carried out dur-
ing 3 expedition trips by the route-reconnaissance
method. Studies of natural habitats were carried out
in the Kurchum and Katon-Karagai administrative
regions. The routes of the expeditions through the
territory of South Altai passed through flat, low-
mountain and mid-mountain territories, covering
the ranges: South Altai, South Altai Tarbagatai,
Azutau, Kurchum, Narym; Bukhtarma mountains,
Chundogatui mountains; depressions: Bobrovs-

kaya, Karakabinskaya, Katon-Karagayskaya and
Markakolskaya. The valleys of the next rivers were
studied: Bukhtarma, Akkaba, Kurchum, Sogornaya,
Sarymsakty, Kaldzhir, Narym, Karakaba, Basterek-
ty, Tau-Tekeli. The total length of the expeditionary
routes was 4925 km.

The material was transplanted into the culture
from natural habitats by living plants. Places for at-
traction to culture are indicated on the map-scheme

(Fig. 2).

Figure 2 — Schematic map of the habitats of the species involved in the introduction.

The selection of material, principles and meth-
ods of introduction research were studied according
to the method of K.A. Sobolevskaya [24] and based
on the existing methods of cultivating rare plants in
botanical gardens [25-30].

Individuals transported by a block of sod for
better preservation of the planting material and were
planted in the ground with a lump of earth to pre-
serve mycorrhiza.

On the experimental territory of the laboratory
of natural flora in the Altai botanical garden were
created conditions close to natural for each plant
species. The plants were planted in open areas since
in nature these species grow in overly humid mead-
ows, in moderately humid meadows with full illu-

mination throughout the day. During planting to the
planting pits was added soil from the sample col-
lection point to enrich them with microflora, includ-
ing mycorrhizal fungi, which are necessary for the
growth and development of orchids.

Severity of the climate in the region affects to
the plants collection safety. That is why agrotech-
nical and maintenance measures carried out from
early spring to the establishment of snow cover
very important. Orchids are not able to compete
with the powerful weed. Therefore, during the
growing season, weeding with shallow loosening
was carried out on the collection of orchids. Dur-
ing the summer period, there were often periods
without precipitation for more than 10 days. There-
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fore, the collection site has an artificial irrigation
system. For the winter at the end of October, the
site was covered with 3-5 cm thick linden and birch
leaves to protect it from freezing and replenish the
soil with organic matter.

Well-developed individuals of medium size,
without signs of diseases and pests were selected
for measurements. According to method of Vakh-
rameeva M.G. [30] for each coenopopulation, the
following were determined: the number of genera-
tive and vegetative individuals, the height of the
generative shoots, the number of leaves on the
generative shoots, the length of the peduncle, leaf
sizes, the size of the inflorescence, and the number
of flowers. These indicators were determined in 20
replicates.

Due to the short duration of the study and the
rather long period of ontogenesis of the studied spe-
cies, such introduction parameters as: the passage
of seasonal phenophases, seed productivity and seed
viability were not included in the objectives of this
study. The study of these parameters is foreseen at
the next stage of the introduction tests.

Research results and discussion

Republican state enterprise “Altai Botanical
Garden” is located in the Leninogorsk intermoun-
tain basin of the Ubinsky (1967 m) and Ivanovsky
(2776 m) ridges. The erosion-tectonic trough of the
Leninogorsk depression is a consequence of the al-
pine orogenesis. Its structure involves rocks of the
Upper Paleozoic age — clay and siliceous shales,
sandstones, tuffs, limestones, granites, etc. The ter-
ritory of the basin is composed of deluvial-proluvial
deposits and is a slightly hilly surface [31].

The soil of the garden belongs to mountain
chernozems. The humus content ranges from 6 to 8
(10%) with a high percentage of nitrogen and potas-
sium. In the upper horizons, the soil reaction is neu-
tral or slightly acidic; in the lower layers, it acquires
an alkaline reaction. Parent rocks are the loess-like
loams of various genesis [32, 33].

The climate is sharply continental, characterized
by long cold winters and hot short summers.

The limiting factors for the introduction of
plants in the Altai Botanical Garden are the sharp
changes in temperature and humidity during the
year, season and day, and a short growing sea-
son. The air temperature during the day fluctuates
sharply, in winter the drop can reach 25 °C, and
in summer up to 20 °C. The growing season be-
gins with the establishment of a stable transition of
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air temperature through +5 °C, and ends with the
manifestation of the first autumn frosts — in the first
decade of September.

The beginning of the growing season in our
zone is considered to be April. Unusually warm
weather in the 1st decade of April: up to +9, caused
complete snow melting, and early release of the soil
from snow. The average monthly air temperature
was positive +5.8° C. The snow completely melted
on 13 April. A stable transition of the average daily
temperature through 0° C occurred on April 16, 2
weeks earlier than the long-term average date. The
amount of precipitation for the month is above the
norm — 71.7 mm.

Warm weather was observed in the first ten
days of May. In the afternoon, the air temperature
reached +24.5° C. The soil thawed violently, which
completely ended at the end of the decade. There
was a sharp drop in day and night temperatures.

In June, the weather was rainy. Abundant pre-
cipitation was observed: 149.2 mm, 3 times higher
than the norm. The air temperature remained mod-
erately warm: 16.8° C. The air humidity was high:
72-74%. There were no frosts in June.

In the first half of July, the weather was hot and
sunny. In the first and second decades, there was
practically no precipitation, and the air temperature
reached +28.8° C. The top layers of the soil were
dry. It rained in the third decade of the month. But
they practically did not replenish the moisture re-
serves in the soil, and therefore the plants experi-
enced a lack of moisture.

The weather remained hot in the first half of Au-
gust. The air temperature was kept within +29.2° C.
Little precipitation was noted. In the third decade of
the month, the first slight frosts were observed up to
—1° C on the soil surface.

Observations of the seasonal rhythm of develop-
ment showed that all Dactylorhiza species emerge
under the snow without signs of sub-snow growth.
All species go through a full cycle of seasonal devel-
opment and complete the growing season naturally
in the first or second decades of September. The per-
centage of boll formation is low — 10-17.6%, due to
the dry growing season.

Information about the life of these plants, the
bioecological characteristics of species, the pecu-
liarities of their relationship with the conditions of
the edaphic environment reveals more fully study of
the morphological structure of underground organs
of Dactylorhiza.

Dactylorhiza species are tuberoid orchids.
The root part of the tuberoid has finger-split tu-
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bers, consisting of thickened accrete root bas-
es, while their bases remain thin and reach up
to 5-8 cm. In addition to root tubers, there are
non-thickened adventitious roots of the first and
second order. The seasonal development of the
stem-root tuberoid is accompanied by the annual
replacement of the old tuber, which is functioned
in the current year, with a young one, bearing a
renewal bud, from which next year will develop

an underground shoot. During the growing sea-
son, the old tuber, which functioned in the last
year, shrivels, turns brown. Therefore, despite
the perennial life cycle, the plant is renewed an-
nually.

During the introduction to the site of the Altai
Botanical Garden from 2015 to 2019 were involved
7 species of Dactylorhiza. For 2020, the collection
is represented by 4 species (Table 1).

Table 1 — Attraction of Dactylorhiza for introduction

Registration
number

Species name

Year of attraction

Places of attract settlements

13-19

D. fuchsii

2017

Southwestern Altai, Ivanovsky ridge, Gray meadow tract, Bolshaya
Poperechka river valley, southwestern foothills, fir-birch edge,
moistened meadow covered with moss. 50°20°38»N, 83°53’34» E,
1212 m above sea level.

26-18

D. incarnata

2018

Kalbinsky Altai, Kalbinsky ridge, Koktau mountains, Shat tract,
Toganas environs, wet meadow; 49°35’45»N, 82°31°07» E, 634 m
above sea level.

15-18

D. maculata

2018

Kalbinskiy Altai, eastern part of the Kalbinsky ridge, southwestern
periphery of the Koktau mountains, the vicinity of the village Algabas.
49°26°21»N, 82°33'42»E, 696 m above sea level.

19-17

D. umbrosa

2017

Kalbinsky Altai, Kalbinsky ridge, in the region of Sibinsky lakes,
before reaching the third upper lake, intermountain valley; the coastal
zone of the Sibinka river. 49°22°55»N, 82°38°41» E, 705 m above
sea level.

The first results of the primary introduction of
the genera already make it possible to identify the
most promising species for introduction (Table 2).

The species D. fuchsii showed a 1.6-fold in-
crease in flowers per inflorescence; increase in the
length of the basal leaves by 1.01 times; an increase
in the length and width of stem leaves by 1.2 and 1.3
times, respectively (Fig. 3).

During introduction D. incarnata species
showed an increase in inflorescence length by 1.14
times; increase in flowers in the inflorescence by 1.5
times; an increase in the length and width of basal
leaves by 2 and 1.2 times, respectively (Fig. 4).

D. maculata and D. umbrosa performed slightly
less well. The species D. maculata showed an in-
crease in flowers in one inflorescence by 1.8 times
and an increase in the width of basal leaves by 1.08
times (Fig. 5).

Individuals of D. umbrosa showed 1.7-fold in-
crease in flowers in one inflorescence (Fig. 6).

All Dactylorhiza species that were intro-
duced in the Altai Botanical Garden showed a
decrease in plant height by an average of 1.52
times and a decrease in inflorescence width by
1.1 times. The species D. fuchsii, D. maculata,
and D. umbrosa showed a decrease in inflores-
cence length by an average of 1.7 times. The
species D. maculata and D. umbrosa showed
a decrease in the length of basal leaves by an
average of 1.4 times. In the case of species D.
umbrosa and D. fuchsii, we noted a decrease in
the width of basal leaves by an average of 1.9
times. In almost all species except D. fuchsii,
was noted a decrease in the length and width of
stem leaves by 1.2 and 1.5 times, respectively
(Figure 7).
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Figure 3 — Indicators of D. fuchsii in nature and during introduction

Figure 4 — Indicators of Dactylorhiza incarnata in nature and during introduction.

Figure 5 — Indicators of Dactylorhiza maculata in nature and during introduction.
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Figure 6 — Indicators of Dactylorhiza umbrosa in nature and during introduction

Figure 7 — Comparison of indicators of all Dactylorhiza species

The main limiting factors for the dispersal of the
species in natural habitats are high competition in
phytocenoses, anthropogenic load, and strict eco-
logical confinement. During introduction, the limit-
ing factors are strong insolation, dry air, soil poverty
and insufficient acidity.

For D. fuchsii and D. maculata species, direct
sunlight and dry air is destructive. In nature, these
species grow in thickets where the air is humid and
direct sunlight does not enter. Due to the periodic
weeding of the area Dactylorhiza species will de-
crease in height due to the abundance of sunlight.
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In nature, all soils are poor in nutrients. During in-
troduction, the plants were planted in soils enriched
with nutrients and minerals. This gave an impetus
to increase the number of flowers per inflorescence,
fruiting and productivity. The overall indicators are
also decreasing due to dry air and insufficient irri-
gation. In the future, watering of this area will be
intensified. A decrease of indicators D. maculata, D.
umbrosa, and D. incarnata were noted due to in-
sufficiently acidic soil. It is important to take into
account the species plasticity. The species D. incar-
nata adapts well to the cultivation conditions.
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Based on the obtained data, can be drawn the
following conclusions:

1. Individuals of the species D. incarnata are
plastic and adapt well to the culture conditions; they
showed the best results in terms of introduction. In-
florescence length indicators increased by 14%, and
the number of flowers per inflorescence by 52%.
The length and width of basal leaves increased by
108% and 23%, respectively.

2. Individuals D. umbrosa showed poor results.
Almost all morphometric parameters were reduced.
An increase of 73% was only seen in the number of
flowers per inflorescence. The rest of the indicators
were reduced by an average of 29%.

3. The species D. fuchsii showed an increase in
flowers per inflorescence by 57%; indicators of the
length of basal leaves and the length of stem leaves
remained almost unchanged, and the width of stem
leaves increased by 23%.

4. Some indicators of D. maculata species have
decreased significantly. The height of the plant de-
creased by 43%, the length of the inflorescence by
41%, the length of the basal leaves by 27% and the
length of the stem leaves by 30%. And the number of
flowers per inflorescence has increased by 80%. The
width of the basal leaves increased slightly by 8%.

Conclusion

Primary introduction of species of the genera
Dactylorhiza in the Altai Botanical Garden resulted
as stable collection of 4 species of the genera Dac-
tylorhiza: D. fuchsii, D. incarnata, D. maculata
and D. umbrosa. The species D. incarnata proved

to be more plastic and adaptable to the cultivation
conditions, the indicators of the length of the inflo-
rescence, the number of flowers per inflorescence,
the length and width of the basal leaves increased
significantly. D. umbrosa reduced all parameters ex-
cept the number of flowers per inflorescence. Due to
the high nutritional content of the soil, the number
of flowers per inflorescence increased in all 4 spe-
cies. In addition, the indicator of plant height, due to
the receipt of more sunlight decreased in all species.

The results of the study have of great impor-
tance for the development of introduction agricul-
tural technology of rare and endangered plants in the
mountain-taiga zone of East Kazakhstan, contribute
to the preservation of biodiversity.

Due to the short-term observation, more detailed
analyzes of the results will be obtained with the fur-
ther continuation of the introduction experiment.
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INTRODUCTION AND COMPARATIVE CHARACTERISTIC
OF MALUS SIEVERSII VARIETY CLONES
OF THE DZHUNGARIAN POPULATION

Malus sieversii is a mountain-steppe and valley tree species widespread in the mountains of south-
east Kazakhstan. The aim of this work is to study the structure of variability and intraspecific differentia-
tion of Malus sieversii (Ledeb.) M. Roem. based on a complex of morphological features of generative or-
gans and the characteristics of the seasonal rhythm of apple trees in natural and introduction conditions.
Malus sieversii is a mountain-steppe and valley tree species widespread in the mountains of southeast
Kazakhstan. The introduction collection of Malus sieversii’s forms growing in the Main Botanical Garden
of Almaty (GBS) is a source of global genetic resources. According to the research data, the intraspecific
variability of the studied apple tree forms was characterized by heterogeneous morphometric parameters
of the generative organs. The studied apple trees are distinguished by heterogeneous morphometric
parameters. Large-flowered forms were observed both in natural populations and in GBS. In the condi-
tions of the Dzungarian Alatau, the large sizes of flowers were characteristic of the forms in the gorges
of Pikhtovaya and Mushabay. Among the variety clones the sample TP-19 selected in the Pikhtovaya
distinguished itself by the large size of the corollas.

Kew words: flowering of the apple tree, flowering period, generative organs, Malus sieversii forms.
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JKoHFap nonyAsiumMsacbiHbIH, CMBEPC aAMACbIHbIH, COPT-KAOHAAPbIHbIH,
YKEePCIHAIPIAreH XXoHe CaAbICTbIPMAAbI CUIMATTaAMachl

CuBepc aama aratbl — Ka3akCTaHHbIH OHTYCTIK-LUbIFbICbIHAQFbI TayAQpAQ KEH TapaAfaH aFallTbiH,
TayAbl-AdAQ XOHe aAKanTblK, Typi. Xabarbl aama opMaHAApbIHbIH, Taburu (in-situ) apeaAAapbiHbIH
TO3Ybl, COHAQM-AK, TABUFU MOMYASUMAAAPbIHbIH KATa KAAMbiHA KeAYiHIiH TeMeH GOAYbl XKaFAaibiHAQ
CuBepC aAMaChIHbIH XXEePCIHAIPIATEH KOAAEKLMSChbI SAEMAIK MaHbI3bl 6ap reHeTUKAAbIK, PECYPCTAPAbIH
K63i 6OAbIN TabblAaAbl. BYA XXYMbICTbIH, MaKcaTbl — TaBUFK KOHE MHTPOAYKLIMS XafFAarbiHAaa Malus
sieversii (Ledeb.) M. Roem TypiHiH e3reprilTik KYpbIAbIMbIH >XOHe TypiliAik AMddepeHumaumscbiH
AAMaHbIH TeHepaTMBTI MyLUEAEpiHiH MOPQOAOTMIABIK, epeKkLIeAiKTepi MeH MayCbIMADBIK, blpFaFbl
HerisiHae 3eptTey. CuBepc aamMa araiubl (Malus Sieversii (Ledeb.) Roem.) — KasakcTaHHbIH, OHTYCTiK-
WbIFbIC TayAapblHAQ KEH TapaAFaH TayAbl-AaAd OeapeyiHAE >KeHe aAkarnTapaa eceTiH arawurtap.
AAMaTbI KaAacbiHbiH, bac boTaHukaablk, 6arbiHAaFbl CMBEPC aAMACbIHbIH, XXePCIHAIPIATeH KOAAEKLIMSICHI
SAEMAIK reHEeTUKAAbIK, PECYPCTAPAbIH KO3i 60AbIN TabblAaAbl. 3epTTEY HOTUXKECI GOMbIHILA 3ePTTEAreH
aAMa  afraullbl  (POPMAAApPbIHbIH,  TYPIWIAIK  ©3repriwTiri reHepaTuMBTI  MYLLUEAEPAIH TeTeporeHA|
MOPOMETPUSIABIK, MAapaMETPAEPIMEH epeKLLIEAEHA. Ipi ryaAl dhopmanap Taburu nonyasumsaAapaa AQ,
GBS-ae Ae 6arkanabl. )KoHFap AAaTaybl XaFAanbiHAQ [TrxToBasg xxeHe Mywaban waTkasAapbiHAAFbI
hopManapra yAKeH rya eaulemaepi ToH 60Aabl. XKepciHaipiareH Koaaaekumsaa MNMyxToBast lWaTKAAbIHAH
ipikTeAreH TI1-19 COPT-KAOHbIHbIH, KYATE >KarbIpakTapbl YAKEH OALLEMAEPIMEH ePEKLLEAEHA|.

Tyiin cesaep: Malus sieversii hopmanapbl, reHepaTMBTI MylLEAepi, T'YAAEY Ke3eHi, aAMaHblH
r'YAAEpi, COPT-KAOH.
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MHTPOAYKUMOHHAS U CPAaBHUTEAbHAsl XapaKTepUCTUKA
COPT-KAOHOB 516A0HM CHBepca AXKYHIapCKoM NnonyAsiMm

A6A0Hs CuBepca — FOPHO-CTEMHOM M AOAMHHBIN BUA AEPEBa, LWMPOKO PaACMpPOCTPAHEHHDbIN B
ropax toro-soctoka KasaxcraHa. B ycAoBMaX AerpaAMpoBaHMS eCTECTBEHHbIX apeaAoB (in-situ) AMKMX
AOAOHEBbIX AECOB, a TaKXXe HU3KOro BO30OGHOBAEHMSI B MPUPOAE, MHTPOAYKUMOHHAS KOAAEKLMS
96A0HM CuBepca SBASIETCS UCTOUYHMKOM FrEHETUUYECKMUX PECYPCOB, MMEIOLLMX MUPOBOE 3HaueHue. Lleab
AaHHOM PabOTbl — M3YUYeHMe CTPYKTYpPbl M3MEHUMBOCTM M BHYTPUBMAOBOM AudbdepeHumaumm Ma-
lus sieversii (Ledeb.) M. Roem. Ha ocHOBe KOMMAeKCa MOPOAOrMUYECKMX MPU3HAKOB reHepaTUBHbIX
OpraHoB M 0COBEHHOCTEN CE30HHOM PUTMMKU AEPEBLEB SOAOHM B MPUPOAHbBIX U MHTPOAYKLIMOHHbIX
ycaoBusx. S16aoHs Cueepca (Malus Sieversii (Ledeb.) Roem.) — ropHo-CTenHom u AOAUHHbBIA BUA
A€peBa, LUMPOKO pacnpoCTpaHeHHbIM B ropax ioro-Boctoka KasaxcrtaHa. WMHTpoAyKUMOHHas
KoArekumns popm s16A0HM CuBepca, npom3pacTalolleil B rAaBHOM OOTaHMYECKOM CaAy . AAMATbI,
SBASIETCS MCTOYHMKOM TFeHeTUUYECKMX PecypcoB, UMeEIOLLMX MMPOBOe 3HaueHne. COoraacHo AaHHbIM
MCCAEAOBAHUS, BHYTPUBMAOBAS WM3MEHUMBOCTb M3yueHHbIX (HOPM SIBAOHM XapakTepr3oBaAacCh
HEOAHOPOAHBIMW MOP(OMETPUYECKMMM MOKa3aTEASIMU TeHepaTUBHbIX OpraHoB. KpymnHougeTKoBble
hopMbI HAOAIOAQAMCH KaK B MPUPOAHbIX nonyAsumsx, Tak u B F'BC. B ycaoBusax AskyHrapckoro Aaartay
KPYrHble pa3mepbl LBETKOB ObIAM CBOMCTBEHHbI hopMaM B yuieAbsix [MxToBas n Mywabait. M3 copt-

KAOHOB OTAMYMACSI KPYTHbIMW pa3mepamu BeHUMkoB TI1-19, oto6paHHbIn B [TMXTOBOM.
KaloueBble caoBa: popmbl Malus sieversii, reHepaTuBHblE OpraHbl, NMepuoA LBETEHUs, LIBETKM

96A0HM, COPT-KAOH.

Introduction

There are several traditional ways to preserve
phytocenotic diversity: — protecting the species and
populations in natural conditions by growing them
in reserves and national parks; — conservation in
cultural conditions by perfecting the propagation
methods, creating the introductive populations as
well as widespread introduction into landscaping or
production. An important direction of preservation
of general phyto-diversity, rare and economically
valuable plant species is their artificial reservation
by cultivation in botanical gardens [1; 2].

In Almaty in the Main botanical garden (MBG)
as well as in the laboratory for the protection of the
gene pool and the introduction of wild fruit plants
named after A. Dzhangaliyev has got a collection
of wild fruit plants of Kazakhstan (more than 1000
specimens) including the unique Malus sieversii
gene pool [3].

Malus sieversii is a mountain-steppe and valley
tree species widespread in the mountains of south-
east Kazakhstan. In natural conditions it is a large
tree up to 14 m high with a wide spreading crown.
Flowers are in umbrella-shaped inflorescences by
3-7, pinkish or pink, 5-11 cm in diameter; a calyx
is grey and pubescent; hypanthia and pedicels are
thick and pubescent [4; 5]. Malus sieversii blossoms
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in the middle of May and bears fruit in August-Sep-
tember.

A unique (ex-situ) introductive collection cre-
ated by Academician A. Dzhangaliyev gave rise to
the gene pool preservation of wild Malus sieversii in
cultivated conditions and the allocation of promis-
ing forms for various practical purposes according
to the results of introduction [6].

In conditions of degradation of natural habitats
(in-situ) of wild apple forests, as well as their low
regeneration in nature, the collection Malus sieversii
is a source of genetic resources of global importance
[7-13].

The study of wild-fruit apple tree includes the
followings: — expeditionary and introductive sur-
veys with the selection of the most valuable wild
forms and their subsequent placement in collections
in the territory of the MBG; — identification of some
laws of their development; — determination of mor-
phological parameters of flowering of individual
trees and the most valuable forms of apple trees by
ecological and morphological features. Agrotechni-
cal measures in the introduction garden satisfy to re-
quirements and recommendations of agrotechnical
care for gardens [14-16].

The purpose of this work is to study the struc-
ture of variability and intraspecific differentiation of
Malus sieversii based on a complex of morphologi-
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cal features of generative organs and features of sea-
sonal rhythm of the trees in natural and introductive
conditions.

Objects and methods of investigation
The objects of our research are new apple va-
riety-clones of the Dzungarian population (variety

clones TM-1, TM-2, TM-5, TM-7, TM-8, TM-9
were selected in the Mushabay gorge; variety-clones

Table 1 — Characteristics of the sampling site of Malus sieversii

TP-19 — TP-25 were selected in the Pikhtovoye
gorge) and forms currently growing in the gorges
Pikhtovaya (FP), Mushabay (FM) and Krutoye (FK)
of the Dzungarian Alatau.

The studied plants have been of artificial (vari-
ety clones) and natural origin (seed, shootings). The
location of the trees in natural populations has been
marked by a GPS navigator (Table 1). Phenological
phases of development and morphological features
of generative organs were also investigated.

Populations Location Altitude of explored location, Geographical coordinates
m above the sea level

. . The Main Botanical Garden of N43°13'12"
Introduction collection MBG Almaty 877-892 E76°54'54"
Forms qfa wild apple tree Alqng the Mushabay water NA45°2401 3" ER0°23'17.0"—
in the Pikhtovaya gorge, divide on the left bank of the 1124-1140 NA45°24'13 4" £R0°23'46.9"
Dzhungarskiy Alatau river of Terekty ’ ’
Forms of a wild apple tree in | Along the Mushabay water N45°23'56.0" E80°23'14.1"—
the Mushabay gorge, Dzungar | divide between the rivers of 1131-1149 45°24'47.9"
Alatau Soldatskaya and Pikhtovaya E80°23'13.0"

o vushabay gotge, Lzungar | Sciement of e Tig © N45°33'22.4" E80°44'02.4"

Alatau the Lepsa river

Conventional techniques were used during the
research implementation [17; 18; 19]. Statistics data
were calculated for each parameter [20; 21]. Math-
ematical analysis of the results was carried out using
Microsoft Excel software.

Collection of morphometric characteristics of
the features of each sample was carried out in the
field conditions using a vernier caliper with an ac-
curacy of 1 mm during the 2017-2019 period.

Results and discussion

Depending on the research conditions the date
of the developmental phases and their duration dif-
fered for different forms of Malus sieversii.

While early spring the vegetation can begin in
the middle of March; while late spring it can start
in the middle of April. So, during the years of re-
search, the beginning of vegetation in most forms
under MBG conditions was noted at the end of
March when the daytime air temperature rose above
+ 12°C. Under in-situ conditions, it usually started
at the end of April, in some years at the first decade
of May.

Generative buds in apple tree start blooming si-
multaneously with vegetative ones.

Apple flowering in the botanical garden be-
gins in early April, in some years at the end of
the month. The earliest is the variety clone TP-
23, the latest are the variety-clones TM-1 and
TM-9. The duration of the period from budding
to flowering is 10-12 days. Flowering lasts an
average of 7-10 days depending on air tempera-
ture. With temperature increasing the flowering
period decreases.

For comparative analysis the phenophases of
Malus sieversii forms under natural conditions were
also studied. So, it was noted the later flowering
of the apple tree in the gorges of the Dzungarian
Alatau.

Malus sieversii flowering in natural conditions
began in early May, in the southern expositions and
in the expositions with a sufficient level of solar
insolation; at the end of the first decade of May it
started in the northern expositions.

As the height of the tree growth site increases,
flowering began for 2 days later per every 100 m
above the sea level.
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According to data of A.D. Dzhangaliyev, the
temperature of the environment is one of the main
factors affecting the dates of beginning and duration
of inter phases periods of the apple tree [5]. The veg-
etation period of Malus sieversii in natural condi-
tions is shorter than the vegetation period of trees
growing in MBG. It can be explained by the adapta-
tion of plants to mountain environmental conditions.

Generative organs of woody plant species, as it
is known, are less dependent on environmental fac-
tors [22; 23]. The flower is less subjected to environ-
mental changes compared to vegetative organs of
the plant. During the flowering period, the apple tree
has the most decorative qualities, which are formed
from the features of the flower structure [24; 25].

Morphometric characteristics of the flowers of
variety clones in the collection plot and selective
forms of wild apple trees in natural conditions are
presented in Table 2.

The mean arithmetic (M) and its error were de-
termined, as well as the coefficient of variation (CV,
%) was also determined. Almost all the studied pa-
rameters of the flowers varied.

According to Table 2, intraspecific variability of
studied apple forms was characterized by heteroge-
neous morphometric indices of generative organs.

The coefficient of variation of the corolla values
of flowers in different forms ranged from 10 to 20%;
the values of the diameter of the flowers and the
length of the petals varied within the “upper” norm
(39 and 19%); the length of the pestles and stamens
of the flowers varied within the “lower” norm (8 and
10%, respectively).

Note: these tables contain data of the forms of
the Dzungarian population selected according to
their economically valuable features for replenish-
ment and fixation in the introduction collection.

In the natural population, the forms differed
from the variety clones in the MBG collection by
large flowers. Large-flowered forms were observed
in the Pikhtovaya population. The maximum di-
ameter of the flowering corollas was noted in the
forms FP-15 and FP-16. Among the variety clones
the TM-19 sample selected in the Mushabay gorge
distinguished itself by the large sizes of the corollas.
Also, the large sizes of the flowers were characteris-
tic of natural forms in the gorge Mushabay. (FM-20,
FM-21).

Under GBG conditions, the maximum diameter
of the corollas was observed in the variety clone
TM-9 (max 50.11 mm) selected in the Mushabay

gorge.
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The minimum flower size was noted in variety
clones TP-22 and TM-7 (22.7 mm and 24.3 mm,
respectively). The average width of the corollas
of flowers in variety clones of Malus sieversii was
11.83 + 0.5 mm, while the width of the corolla pet-
als from natural populations was on average 14.72
+0.58.

The maximum length of the stamens was noted
in the forms FK-28 and FP-14 (20.4 and 9.8 mm),
under MBG conditions these were variety clones
TM-1 and TM-8 (9.8 and 9.7 mm); the minimum
values were in the forms FP-16, FK-25 (7.2 and 7.4
mm) from the gorges Pikhtovoye and Krutoye and
the variety clones TP-20 and TP-24 (7.2 mm each)
from the MBG.

The maximum pestle length was noted in the
forms FK-28 and FK-24 (16.4 and 12.6 mm) from
the Krutoye gorge and in the variety clones TM-9,
TM-1 (10.4 and 10.2 mm) selected in the Mushabay
gorge; minimum dimensions were in the forms FM-
23 and FP-15 (6.9 and 7.6 mm) from the Mushabay
and the Pikhtovoye gorges, and the variety clone
TP-25 (7.5 mm) under MBG.

The values of the calculated average values by
the diameter of the corolla were closest to the form
FK-24 and variety clone TM-1; by the length of the
petal — to the form FK-27 and variety clone TM-1;
by the width of the petal — to the form FP-15 and
variety clone TM-7; by the length of the stamens —
to the form FM-23 and variety clone TM-7; by the
length of the pestle — to the form FM-20 and variety
clone TP-21.

It can be noted that the observed diversity of the
morphological parameters of flowers suggests the
seed origin of the trees in the studied population (or
populations) of the Mushabay and the Pikhtovoye;
while in the gorge Krutoye the flowers of apple in-
florescences were smaller and had a lower level of
variability due to a significant altitude above sea
level, indicating that vegetative (shootings) repro-
duction prevailed in this population.

Observations of the flowering of variety clones
in MBG and the forms in the natural population
showed that flowers also varied in quality (corolla
color, margins and type of petal attachment) (Table
3). Analysis of the table 3 demonstrated that in the
gorges of Pikhtovoye and Mushabay the corollas
of flowers of the researched forms were painted in
white and pink colour.

The materials reviewed indicated that in the
gorge Pikhtovoye of the Dzungarian Alatau flowers
are large and the forms of apple trees in flowering
are more decorative.
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Table 3 — Qualitative traits of wild apple forms’ flowers depending on populations

Corolla coloring The edges of the petals Petal attachment type
Populations nug)lﬁirs of Whitue/;pink, White, % Smooth a/d:‘ii;:lgz 3;;32%/?, Ocliaeiys’l}]zrt Ocllla?x/ {c;zg
GBS 13 61,54 38,46 8,5 59,4 32,1 84,4 15,6
Pikhtovoye 30 74,3 25,7 6,7 64,7 28,6 62,9 37,1
Mushaabay 30 53,84 41,16 15,3 60,5 242 89,5 10,5
Krutoe 40 16,52 83,48 28,7 442 27,1 22,6 77,4

Thus, the materials reviewed indicated that the
parameters of the apple flowers were in close con-
nection with the origin of the population, as well as
the absolute height of the tree plot.

Conclusion

The morphological characteristics of the gen-
erative organs of apple trees varied significantly by
years. In the years with early spring the vegetation
could begin in the middle of March; with belated
spring it could start in the middle of April. So, dur-
ing the years of research, the phase of vegetation
occurred in March, when the air temperature rises
above +12°C. The end of the vegetation period (yel-
lowing the leaves) for wild apple trees was noted
at the beginning of the third decade of September.
In 2020, despite the protracted autumn and air tem-
perature of + 20°C, the complete fall of leaves and
the end of the growing season for studied trees were
marked at the end of October.

A comparative morphological analysis of
flowers allowed us to reveal the intraspecific

variability of the Malus sieversii. The studied
trees of Malus sieversii were distinguished by
heterogeneous morphometric parameters. Large-
flowered forms were observed both in natural
populations and in MBS. In the conditions of
the Dzungarian Alatau, the large sizes of flow-
ers were characteristic of the forms in the gorges
of Pikhtovaya and Mushabay. Among the variety
clones the sample TP-19 selected in the Pikhto-
vaya distinguished itself by the large size of the
corollas.

The average width of the corollas of flowers in
variety clones of Malus sieversii was 11.83 + 0.5
mm, while the width of the corolla petals from
natural populations was on average 14.72 + 0.58
mm. The smallest morphometric values of flower
corollas were set for the variety clone TP-22. Dur-
ing flowering the most decorative were the variety
clones with larger flowers: TM-9 and TP-19. In the
gorge Krutoye the apple flowers were smaller and
had a low level of variability, indicating that vegeta-
tive (shootings) reproduction prevailed in this popu-
lation.
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NMPOM3BOACTBO 0E3AAKTO3HbIX KMCAOMOAOUHBIX MPOAYKTOB Ha pbiHke KasaxcTaHa HabAoAaeTcs B
HE3HAUMTEAbHOM KOAMYECTBE. B CBA3M C 3TUM, LiIeAb HACTOSILLLErO HAYYHOTO MCCAEAOBAHMS 3aKAIOYAETCS
B pa3paboTke 3aKBacku Kak NpobuoTmMyeckoro 6uonpenapara, CO3AAHHOM Ha OCHOBE MOAOYHOKUCAbIX
6aKTEPUIA, BLIAEAEHHbIX M3 Ka3aXCKMIM TPAAMLIMOHHBIX MPOAYKTOB MiTaHus. [pakTryeckas 3HaYMMOCTb
MCCAEAOBAHMS 3aKAIOUAETCS B BO3MOXKHOCTU MPOU3BOAUTL OE3AAKTO3HbIE KMCAOMOAOUHBIE MPOAYKTbI
B TMPOMbILIAEHHbBIX YCAOBMSIX, HAa OCHOBe pa3paboTaHHOW TeXHOAOrMWM. B KauecTBe 3akBacku
MCMOAb30BaAMCH WiTammbl Lactobacillus acidophilus, Enterococcus faecium. INpoBeaeHHble HamK paHee
MCCAEAOBAHMSI MOKA3aAM, UYTO AAKTOOAKTEPUMM OOAAAAIOT AAKTO30YTMAMBMPYIOLLMMM CBOMCTBAMM.
leHeTMYeckylo MAeHTUDMKaUMIO GakTepuii MPOBOAMAM Ha oOcHoBe reHa 16S rRNA, npumeHsAn
NepUOAMYECKOe KYAbTMBMPOBAHWE MpW pasanuHbix AmanasoHax NaCl, pH. SkcnepuvmeHTbl no
AVMHAMMKM POCTa M3YyYaAM B 3aBUCMMOCTM OT BPEMEHMU KYAbTMBUPOBaHMUS. MccaepaoBaHMs Mokasaawm,
yto Lactobacillus acidophilus, Enterococcus faecium paseusatotcsi B kncaom cpeae pH<7. CeArekTUBHOM
CPeAO AAS PA3MHOXEHWMS M PasBUTUS SBASIOTCS OAQromnpusiTHbIMK, A€ KOHLEHTPALMS COASIHOWM
KMCAOTbI COCTaBASIET OKOAO 5%. [PUMEHMMOCTM MOAYYEHHbIX PE3YAbTATOB MCCAEAOBAHUI aKTyaAbHA
AAS MUKPOBMOAOTMYECKON, GMOTEXHOAOTMUYECKOM M MOAOYHOWM MPOMBILAEHHOCTU. [lpakTuueckoe
3HauYeHWe WTOrOB MPOBEAEHHOM pPaboTbl 3aKAOYAETCS B MMIMOPTO3aMELLeHMU  AOPOrOCTOSILLMX
NpooMoTUYECKMX Mpenapartos. Pa3paboTaHHbii NMPOOMOTUK MO LEHOBOMY MPEAAOXKEHMIO AELIEBAE
3apy6exxHbIX aHAAOTOB, TaK KakK CO3AaHa Ha OCHOBE MUKPOOPIaHW3MOB, BbIAEAEHHbIX Ha TEPPUTOPUN
Pecnybamkm KasaxcraH.

KAtoueBble cAOBa: NEPUOAMYECKOE KYAbTUBMPOBAHME, AaKTOOaKTepuM, 6E3AAKTO3HAs 3aKBackKa.
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Creation of a probiotic biological product based
on lactose-utilizing microorganisms

Today 60% of the population of Kazakhstan suffers from hypolactasia. In addition, the produc-
tion of lactose-free fermented milk products in the Kazakhstan market is observed in an insignificant
amount. In this regard, the purpose of this scientific research is to develop a starter culture as a pro-
biotic preparation based on lactic acid bacteria isolated from Kazakh traditional food products. The
practical significance of the research lies in the ability to produce lactose-free fermented milk products
in an industrial environment, based on the developed technology. Strains of Lactobacillus acidophilus,
Enterococcus faecium were used as a starter culture. Our earlier studies have shown that lactobacilli
have lactose-utilizing properties. Genetic identification of bacteria was carried out on the basis of the
16S rRNA gene; batch cultivation was used at different ranges of NaCl, pH. Experiments on the dy-
namics of growth were studied depending on the time of cultivation. Studies have shown that Lactoba-
cillus acidophilus, Enterococcus faecium develop in an acidic pH<7 environment. Selective breeding
and development media are favorable, where the concentration of hydrochloric acid is about 5%. The
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applicability of the research results obtained is relevant for the microbiological, biotechnological and
dairy industries. The practical significance of the results of this work lies in the import substitution of
expensive probiotic preparations. The developed probiotic is cheaper than foreign counterparts at the
price offer, since it is created on the basis of microorganisms isolated in the territory of the Republic
of Kazakhstan.

Key words: batch culture, lactobacilli, lactose-free starter culture.
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AQaKTO3aHbl XXOSITbIH MUKPOOPraHU3MAEP Heri3iHAe
Npo6MOTHKAAbIK, GMonpenaparbiH OHIMAT KYpy

ByriHri kyHi KasakcTaH XaAKblHbIH 60% runoAakTasmgameH aybipasbl. CoHbiMeH kaTtap, KasakcrtaH
HapbIFbIHAQ AAKTO3aChI3 alLbITbIAFAH CYT OHIMAEPIHIH 6HAIPICI WaMaAbl MeAlLepae 6arkarasbl. OcbiFaH
opar, OCbl FbIAbIMW 3epPTTEYAIH MakcCaTbl — Ka3akKTblH ASCTYPAI TaFaM 6HIMAEpPIHEH OKlUayAaHFaH
CYT KbIWKbIAAbI GakTepusAapFa HerispeAreH npo6UMOTUKAAbIK, MpernapaTt peTiHAe CTapTepPAIK
AAKbIAAAPAbI AAMbITY. 3epTTEYAIH MPaKTUKAAbIK, MaHbI3AbIAbIFbI AAMblFaH TEXHOAOTUSIFA HEri3AEAreH
OHAIPICTIK >KaFAaliAa AAKTO3acChI3 alliblFaH CYT OHIMAEPIH LblFapy MyMKiHAiriHAe. CTapTep AaKblAbl
peTiHae Lactobacillus acidophilus, Enterococcus faecium wramaapbl KOAAAHBIAABL. Bi3AiH aAAbIHFbI
3epTTeyAepiMi3 AakTobakTepPUSIAaPAbIH AaKTO3aHbl KOAAAHATbIH KacueTTepi 6ap ekeHiH kepceTTi. 16S
rRNA reHiHiH HerisiHae 6akTepusAnapAblH reHETUKaAbIK, MAEHTUMKaUMSChI XKyprisiaai; NaCl, pH ep
TYPAI AManasoHbIHAQ TOMTaMaAbIK, ©Cipy KOAAAHbIAABI. ©Cy yakbITbiHa 6GalAaHbICTbl 6CY AMHAMMKAChI
boribiHIWa Taxipnbeaep 3eptTeapi. 3eptreyaep Lactobacillus acidophilus, Enterococcus faecium
pH<7 KplLWKbIA OpTaAa AAMUTbIHbIH KepceTTi. CeAEKTUBTI 6Cipy >K8He AaMbITy OpTaAapbl KOAAMAbI,
MYHAQ TY3 KbILWKbIAbIHbIH KOHLEHTPALMSACH! WaMaMeH 5% Kyparabl. AAbIHFaH 3epTTey HOTUXKEAEPIHIH
KOAAQHbIAYbl MUKPOBMOAOTUSIABIK, BMOTEXHOAOTUSABIK, XKOHE CYT eHepkacibi ywiH MaHbi3abl. OCbl
SKYMbIC HOTUXKEAEPIHiH MPaKTMKAAbIK, MaHbI3AbIAbIFbI  KbIMOAT MPOOMOTMKAABIK, MpenapaTTapAbl
MMIMOPTMEH aAMACTbIPYAQd. O3ipAeHreH NPoOMOTHK LETEAAIK aHaAOrTapFa KaparaHaa 6ara GoiblHLIA
ap3aH, ewnTkeHi oA KasakctaH Pecry6AMKacbiHbIH ayMaFblHAQ OKLUAYAQHFaH MMKPOOPraHU3MAEP

HerisiHAe >KacaAaAbl.

Ty#iH ce3aep: Mep3imAai ecipy, AakTob6akTepusiaap, AaKTO3achl3 aLlbITKbl.

BBenenune

T'unonakrasus — xapakTepu3yercs HapylIEeHU-
eM abcopOImMK MOJIOYHOTO caxapa JIaKTO3bl, TOCIIe
npreMa JaKTO30COAEPKAIUX MOJOYHBIX MPOIYK-
ToB [1]. KoroptHoe uccnenoBanus no pauvoHy mu-
TaHUS BBIABUIM B3aMMOCBSI3b PACCTPONCTBA KENTY-
JIOYHO-KHIIIEYHOTO TPAKTa M HU3KOW aKTUBHOCTBHIO
pacIIeruieHuss MOJIOYHOTo caxapa (1akTo3bl). Cum-
MITOMaMH, KOTOPOTO SIBJISFOTCS OOJb B KHUBOTE, JTHa-
pesi, moteps Beca [2].

Kak m3BecTHO MOJIOKO M MOJIOYHBIE MPOIYK-
TBl siBIsitOTCS ucTouHukamu Ca, K, paznumaasix
rpyni BUTaMHHOB Takux kak: D, B. Jlrogu ctpa-
JAIOLINe TUIOJIaKTa3uel, CTaIKUBaTCs ¢ aedu-
IIUTOM JaHHBIX MHKPO W MaKpOdJIEeMEHTOB [3].
I'pynnoii y4eHsIXx ObUI MPOBEACH MeETa-aHaU3,
rIe W3ydald CBIBOPOTKY KPOBH JIIOJIEH cTpazia-
IOIIUNX TUIOJAaKTa3uel. B0 ycTaHOBIEHO, 4TO
HU3KUU [TI0Ka3aTeab BUTaMuHa D CBA3aHO CO CHU-

JKEHHOW MHUHEpalbHOM IUIOTHOCTHU KOCTHOM TKa-
Hu [4]. Takxe Obuta OOHApPYXKEHA, MOJOKHUTEIIb-
Hasi KOppeJSIus ¢ 00Je3HBI0 MUIIEBAPUTEITHLHON
CHCTEMEI U 4acTOTOU nepenomMoB [5,6,7]. B cBsa3u
C TEM, YTO BOCTIIAJIUTENIbHEIC 3a00IeBaHUsI KHAIITCY-
HHUKa U CHIDKCHUE TUIOTHOCTU KOCTEH CBSI3aHBI C
TUMNO0JIAKTO3UEeN. YUueHble MpemiaraloT uCIoiab30-
BaTh MPOOUOTHUKYU HA OCHOBE KOHCOPIIUYMOB JIaK-
TOOAKTEepHU C IETBI0 yYMEHBIICHUS CUMIITOMOB
HETIEPEHOCUMOCTH JIAKTO3HI [8].

Psing uccnenoBanuii mokasajn, 4To ONpEIeICH-
HbIE [ITAMMBI MOJIOYHOKUCIBIX OaKTepui, BO3-
MOXHO HCIIOJIH30BaTh B MIPOOMOTHUYCCKHUX TEIIX B
KaueCcTBEe NHIIEBBIX I00aBOK, y MAIEHTOB C He-
MMePEHOCUMOCTHIO JIAKTO3BI. Tak Kak MHKpOOpra-
HU3MBI TPOSBISUTN CHEIH(PHUECKYI0 aKTUBHOCTh K
B-ramakro3umaze [9]. [IpoOMOTHKK ONpENCIAIOTCS
KaK JKHMBBIE MHUKPOOPTaHU3MBI, TTOJIE3HBIE JUIS 3]10-
POBBS TIPU YNOTPEOJICHUH B MHIY C BHICOKMM KO-
JTUYECTBOM JKH3HECTIOCOOHBIX KJICTOK. JlakToOak-
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TepUU HanOoJee YacTo HCIOJBb3YIOTCS B KauecTBe
npobuoTukoB [10,11]. MHorue yueHsle U3 pa3nnd-
HBIX CTPaH BBIACTISIIOT HOBBIE MOJIOYHOKHUCIIBIE OaK-
Tepud ¢ (PyHKIIMOHAIHHBIMU CBOWCTBAMHU U3 €CTe-
CTBEHHBIX MCTOYHUKOB, TaKWE€ KaK TPaTUIMOHHBIC
MOJIOYHOKHUCIIBIE (PEPMEHTHPOBAHHBIE TPOAYKTHI
muTaHus. BeiOop B kadecTBe NPOOMOTHYECKOTO
MHUKpPOOpPraHHU3Ma OCHOBBIBA€TCS Ha HECKOJBKUX
WCCIIEIOBAHNN: YCTONYHUBOCTH K YKEITYHBIM COJISIM,
YCTOMUYMBOCTH K HU3KOMY WJIM BbICOKOMY pH, non-
BEpraloTcs aJre3uy, MOJCTUPOBAHIE YCIOBHUH XKe-
JYJOYHO-KHIIEYHOTO TPAKTa ¥ CIOCOOHOCTH UMETh
BBICOKYIO KH3HECTIOCOOHOCTH [12].

B cBoux uccienoBaHuSX psii yUEHBIX OOHapy-
KUIIA OMpEJENIEHHBIe INTaMMBl MOJOYHOKHCIBIX
Oaktepuli, (GEepPMEHTUPYIOIINX JIAKTO3Y, TAKUX Kak
Faecaibacterium, Bifdobacterium u Lactobacillus
[13].

Ha ceropssimnuii 1eHb, Bce OOJBIIE HCCIEIO0-
BaHUH HANPAaBIICHO Ha CO37aHue (PYHKIMOHATBHBIX
MPOAYKTOB THTAHUS JUISA JIIOJIEH CTpagaloux T'H-
noniakrasued. Tak Tpymma ydeHbIX pa3padoranu
0e371aKTO3HBIN (QYHKITMOHAIBHBIN HOTYpPT, (pepMeH-
TUPOBAHHBIA NMPOOHMOTHYECKUMHU KyJbTypamu [14].
Hpyras rpynmna y4eHbIX TPUMEHSIIH METO/ XPOMO-
TeHHOTO KyJbTHBHpOBaHHUA. B mporecce coBmecT-
HOTO KYJBTHUBUPOBAHUS PA3IUYHBIX aCCOIMAIIHA
MOJIOYHOKHUCIIBIX OakTepuil. Ha ocHoBe moxpcue-
Ta >KU3HECHOCOOHBIX IITAMMOB JIAKTOOAKTEepHil B
(hepMEHTHPOBAaHHOM MOJIOKE CEJIEKTHBHO BHIOpaH-
HBIX Ha OCcHOBe au(depeHINaTbHON aKTHBHOCTH
b-ramakro3umassl U b-rirroko3uaasel [15].

[Monwp3a ¢epMEeHTUPOBAHHBIX TPOJYKTOB 3a-
KITFOYaeTcs B M3MEHEHUH MUKPOOUOTEHI eIy T09HO-
KHUILIEYHOTO TPaKTa, YTO OKA3bIBAET IMOJOKHUTEIb-
HOE BIIMSHUE TO TPEIOTBPAIICHUI0 OCTEONOpO3a
U Ipyrux 3a00JieBaHUN acCOUUMPOBAHHBIX C THIIO-
JakTasueit [16 ].

brnaromapss coBpeMeHHBIM MeETOJaM Hccle-
JOBaHUS, CETOAHS JOCTYIHBIE IHArHOCTUYECKIE
METOJIbl OCHOBAaHHBIE HA HECKOJBKHX IOAX0JaX,
BKJIIOYAs TecT Ha Jlakto3Hoe apixanue (LBT), Tect
Ha ToJiepaHTHOCTH K jakrose (LTT), renernueckuii
TECT ¥ OIICHKY aKTHBHOCTH JIAKTa3bl B 00pasmax Ou-
oricuu Toriei kumku [17].

CornacHO CTAaTUCTHYECKWM MJaHHBIM, CaMBIH
BBICOKHMH TOKa3aTelb BCTPEUAEMOCTH JAaHHOIO 3a-
OoneBaHusa 3aukcupoBaHo B crpaHax HOro-Boc-
TouHOH A3um oT 15% no 100%, CeBepHoit AMepH-
ke 79%, Jlatunckas Amepuka 51%, EBpomneiickue
ctpanbl ot 5% 10 50% [18].

Ha ceroansimiHuil IeHb BCTPEUYAEMOCTh THUIIO-
naktazun B Kazaxcrane coctaBuser 60 %. B cBs-
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3M C 3TUM pa3paboTka 0e3/1aKTO3HON 3aKBACKH Ha
OCHOBE MITAMMOB BBIJICJICHHBIX U3 TPaJUIIMOHHBIX
Ka3aXCKHUX MOJIOYHBIX POTYKTOB MUTAHUS SIBIISICT-
cq akTyanbHOMU. [lomydyeHHBIE pe3ysbTaThl UcCie-
JOBaHUH MOTYT IPUMEHATHCS B TaKUX OTPACIIX
KaK: MUKpOOHUOJIOTHYecKast, OMOTEXHOIOTHYECKas
U MOJIOYHAs HpPOMBILUIEHHOCTh. PaspabatriBae-
Masi TEXHOJIOTUSI UMEET COLUANBHBIA U SKOHOMH-
geckuid 3¢ dext. OCHOBHOHN PBIHOK 0€37aKTO3HBIX
MOJIOUHBIX MPOJYKTOB KCIIOPTUPYETCS U3 CTPaH
ONMMKHETO W JanbHero 3apybOexbs. Takum oOpa-
30M, UTOTOB MTPOBEJCHHON pa0OThI 3aKII0UAETCs B
HUMIIOPTO3aMELICHUH AOPOrOCTOALINX NPOOUOTH-
YecKuX mpenaparoB. Pa3zpaboTaHHBIN MPOOHOTHK
[0 IICHOBOMY IIPEUIOKEHHUIO JIEIIEBIe 3apyOex-
HBIX aHaJIOTOB.

Marepuajibsl 1 MeToas!

Bvidenenue u uzyuenue xyromypanoHo-mopgo-
JI02U4eCKUX C80UCME MOJIOYHOKUCTLIX bakmepuil

sl mOJTy4eHUs YUCTHIX KYJIbTYP U3 KHIAKUX
Y TOJIYXKXUJIKAX TOMOTE€HHBIX MPOAYKTOB (KyMBIC,
aiipaH 1 cMeTaHa) OBUT HCTIONB30BAH METOJ Aecs-
THYHBIX Pa3BEIEeHHH C TOCIEIYIONUM ITePECEBOM
Ha TBepaylo nutatenbHyio cpeny (MRS, HiMe-
dia), koTopas ABIAETCS CEICKTUBHOMN IO OTHOIIE-
HUIO K MOJIOUHOKHCIBIM OakTepusim [19]. Tsep-
JIble TIPOAYKTHI MUTaHUSA (TBOPOT, MAacCio, KypT)
pacThpany CTYNKOH 10 OJHOPOIHON Kamieobpas-
HOHM Macchl, MOCJe Yero TakKe MOoJydanHu pa3Be-
JIEHUsI ¥ TIPOM3BOIMIIN ITOCEB TAa30HOM Ha YaIllKH.
Yamku momMeniaii B TEPMOCTAT Ha 2-€ CYTOK IIpH
37 °C. Otbop u ompeneneHne MPUHAICIKHOCTH
BBIJICNICHHBIX M30y1TOB K MKDB mpoBoaunu oxpa-
ckoif mo ['pammy, TOBIYKHOCTH, H MUKPOCKOITHH
MaskoB [20].

Tenemuueckas uoenmughuxayus Oaxmepudans-
HbIX KyIbmyp Ha ocHoge 2era 16S rRNA

Brinenenne JJHK mpoBoaunu mMeToaom, OIU-
cannbiM Kate Wilson, koTopslii mo3soiisieT 3 dek-
TuBHO BbIIENATh JIHK U3 rpamoTrpuiiatenbHbIX U
IPaMIOJIOKUTEIBHBIX KYIbTYP.

Avmmdukanus dparmenra 16S rRNA rena
s Oaktepuit. Peaknwms [II[P Oblna BeITONHE-
Ha C YHHBEpCadbHBIMH mpaiimepamu [21] 8f 5’
— AgAgTTTgATCCTggCTCAg-3 u 806R- 5’
ggACTACCAgggTATCTAAT B o0mem 00b-
eme 30 mku. ITP cmecs comepxkana 25 ur JHK,
1 Ex. Maxima Hot Start Taq DNA Polymerase
(Fermentas), 0,2 mM kaxngoro nfHT®, 1-x IIIIP
oydep (Fermentas), 2,5 mM MgCl2, 10 mMoan
kaxaoro npaiimepa. Ilporpamma TP ammmmdu-
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Kalli¥ BKJIIOYaNa JUIMTEIbHYIO IeHaTypauuioo 95
°C B teuenue 3 muHyT; 32 mukmna: 95 °C — 30 ce-
KyHz, 55 °C- 40 cexynn, 72 °C — 60 cekyHn; 3a-
KIrounTeNbHas dnonranus 10 munyT npu 72 °C.
[P nporpammMa Obljia BBIIOJIHEHA C IPUMEHEHH-
em ammmudukaropa GeneAmp PCR System 9700
(Applied Biosystems).

Omnpenenenue HYKJICOTHAHOMN IOCIIEIOBATENb-
HocTH. Ouuctky I[P npoayKTOB OT HECBA3ABIIMX-
cs1 IpaiiMepoB MPOBOIMIN (pepMEHTATHBHBIM METO-
nmom, ucronb3ys Exonuclease | (Fermentas) u mie-
nounyto gocdarazy (Shrimp Alkaline Phosphatase,
Fermentas) [22 ].

Peakunio  cexkBeHHMpOBaHHWS  MPOBOJMIM  C
npuMmeHeHneM BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applide Biosystems) cormacHo
MHCTPYKLUUH TIPOU3BOAUTENS, C IOCJIEAYIOIINM
paszzaenenueM GparMEeHTOB Ha aBTOMAaTHYECKOM Te-
HetmdeckoMm ananmmsarope 3730xI DNA Analyzer
(Applide Biosystems).

[Tomy4yeHHYI0 HYKIECOTHIHYIO IOCIEIOBATEIb-
HOCTh COIIOCTAaBJISUIM C HYKJIEOTHAHBIMH IOCIENO-
BaTEJIbHOCTSMU MEXIyHapOAHBIX 0a3 NaHHBIX.

Onpedenenue onmumanbHo2co OUANA30HA KUC-
nomuocmu, konyenmpayuu NaCl npu memnepamy-
pe 37 C° npu nepuoduteckom Kyabmusupo8anuu

Buomaccy KynpTyp MHUKpPOOPTraHH3MOB KYJb-
TUBHPYIOT B XUAKOM muTarenbHOil cpeme MRS
npu t 25 C° Ha meiikepe B Teuenue 72, 120, 168
4acoB. 3aTeM TOTOBAT 9 MpOOMPOK C aBTOKIABH-
POBaHHOW CTEPUIBHOMN AUCTHIIUPOBAHHON BOJOM
00bemMoM 9 M. JIiist moceBa Ha MIIOTHBIC TUTATEINb-
HBIC Cpeabl IPOU3BOAUTHCS U3 paszpeaeHui 1:10,
1:100, 1:1000, 1:10000, 1:100000, 1:10000 u 1.1
[23]. CBexenpuroToBIEHHYIO arapupOBaHHYIO MTH-
TaTeNbHYIO cpeny oxnaxaarot q0 48—50 C°. Jlamee
POBHBIM CJIOE€M paCTPEEsisl 10 TOBEPXHOCTHU CTe-
puwibHOU yamku [lerpu TommmuaOoN 3—5 Mm. Cre-
pPUIBHOM NMHIETKOW BHOCAT 12 MI uccienyemoit
KyJIbTYphl M3 COOTBETCTBYIOIIETO pa3BEeACHHUS,
npeaBapuTeIbHO IepeMerianHoro. Pacmpenene-
HUE€ MUKPOOPTaHU3MOB OCYIIECTBISAETCS CTEPHIIb-
HBIM ImaTesieM. [Ipu moceBe u3 pa3HBIX pa3Beje-
HUN TPUMEHSIOT HOBYIO CTEPUJIBHYIO ITHIIETKY.
Heo0xoauMo ocymecTBiATh 2 — mapaiesbHbIX
BriceBa. Yamku IleTpu momemaror B TepMocCTar,
YalllKaM{ BHU3, YCTAHABIMBAsl ONTHUMAJIbHYIO TEM-
nepatypy Jid KyJIbTUBHUPOBAHMS HCCIELYEMBbIX
MHUKPOOPIaHU3MOB [24].

Hanee 100 M cBEXENpPUTOTOBICHHOM KUIKOM
nuTarenbHON cpensl MRS OynboH crepuinn3oBaH-

Hot mipu t 120 C° mox maBieHueM 1A B aBTOKIIaBe
«Crepmmzarop mapoBoit BK- 75-01» B Teuenme
yaca. 3aTeM B CTEpUIN30BaHHBIC TUTATEIbHBIE Cpe-
1l B tamuHap 00kce « LAMSYSTEM» mob6asisumu
NaOH (runpokcuy HaTpusi) Al YBEIWYCHHS Ua-
nazona pH, HNO3 (a30THY10 KUCIIOTY) IJIsT YMEHb-
meHust quanazona pH. Jluanason pH xungkoit nu-
TaTeNIbHOW cpeibl aHanmu3upoBainu Ha pH-merpom
Mettler Toledo SevanCompact. KynsTuBupoBaHue
OCYIIECTBIISIOCH TTpu Temmepatype 25 C°, B konbax
o0beMoM 250 Mil Ha mIEHKepe B TEYEHHE 3 CYTOK
(72 gaca), 5 cyrok (120 gacos), 7 cyrok (168 ua-
COB). DKCHEPUMEHT OCYIIECTBIISIICS B TPEX MTOBTOP-
HOCTsX [19].

3aTeM B CTEpWUIM30BAaHHBIC JKUIKUE MUTATEIh-
Hble cpenbl MRS Oynbon B namuHap 6okce «LAM-
SYSTEM» no6asnsum 2 rp. NaCL, 5 rp. NaCL, 7
rp. NaCL. [lanee mo0aBisii MaTOUHYIO KYJIBTYpPY
naktobakrepuit Lactobacillus acidophilus B koH-
neHTpammu 5% oT o0mero odbeMa MUTATEIbLHOM
cpensl. KynpTuBHpOBaHWE OCYIIECTBISIOCH TpHU
temnepatype 25 C°, B konbax oobemom 250 mi Ha
mieiikepe B TeueHue 3 cyTok (72 vaca), 5 cyrok (120
gacoB), 7 cyTok (168 gacos). s 06pabOTKH MOITy-
YEHHBIX CTATUCTUYECKUX JAHHBIX HCIIOIH30BaIIH:
YameyHblii METOJ] KOJIMYECTBEHHOTO YY€Ta MUKPO-
opranuszmoB. Meton Koxa.

OO011yI0 MUKPOOHYI0 00CEMEHEHHOCTh PacCUH-
THIBAIOT 10 KOJHYECTBY BBIPOCIINX KOIIOHHH T.€.
kommmyectBo KOE B 1 mut onpenensiiu o hopmyiie:

(M

I7e, a — KOJIMYECTBO BBIPOCIIMX KoJoHMM; 10n —
pasBenenue; V — nmoceHas no3a (0,1mi) [25].

Pe3yabtarsl 1 O0cyxaeHus

Buloenenue u uzyuenue KynrbmypaivHo-mopgho-
JIO2UYECKUX CBOUCTNE MOJIOYHOKUCAbIX baKkmepuil

Kommeknusa 4YUCTBIX MOJOYHOKHUCIBIX OakTe-
puii OblIa BBIIEIICHA U3 Ka3aXCKUX TPAAUIIMOHHBIX
KHCJIOMOJIOYHBIX TIPOJYKTOB TMHUTAHHS TAKHX Kak:
aiipaH, KyMbIC, ITy0aT, HPUMIIUK, KypT, JTIOMaIlIHee
Macino. CornacHo tabauie 1 mTaMMbl OTOUPATIHCH
COTJIACHO CJIEAYIONIMM TPH3HAKaM, XapaKTePHBIM
JUISL MOJIOYHOKHCITBIX OaKTEpHii: OJHOPOHBIE KO-
JIOHMH O€eJloro miaud 0eI0BaTO-MOJIOYHOIO I[BETA
C POBHBIMH KpasMH W BBIMYKJIOH MOBEPXHOCTHIO.
H30mupoBaHHbBIE OTACIBOHO CTOSIIIHE KYJIBTYPHI,
BO3MO’KHO, OBLJIO IOTYYHTh Ha 3 WK 40M IepeceBe.
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Taﬁ.lmua 1 — HakorieHue uncToi KYJbTYPbl MUKPOOPIaHU3MOB BBIJICJICHHBIX U3 IIPOAYKTOB JOMAIIHETO MMPUTOTOBJIICHU ST

IToces

PesynbTaThl nepeceBa

MHKpOOpFaHI/IBMLI BBIICJICHHBIC U3 KyMbICAa

dopma kpymIast ¢ IaAKAM KpaeM, IIOBEPXHOCTh MaToBast, IPO(MIIb IUIOCKHUIL.
CpeznHue KOJIOHHMH JHamMeTpoM 4 MM, uMeroT Oetblid 1BeT. OJJHOpPOIHAs CTPYKTYpA.
HMeeT MATKYIO CIU3HCTYIO KOHCUCTEHITHIO.

MPIKpOOpFaHI/ISMBI BBIACIICHHBIC U3 aﬁpaHa

®dopma Kpyriasi ¢ BOJTHHCTHIM KpaeM MOBEPXHOCTh MaTOBasl, H30THYTHIA PO(HUIIb.
OpnHopozHas CTPYKTypa,uMerolas MIrkyto koncucteHuuu. Kononuu cpeanue
JIUAMETPOM 3 MM, UMEeT OBl I[BET.

MuKpoOopraHu3MBbI BBIIEICHHBIE U3 IIy0Oarta

dopma Kpyrias ¢ IaJAKUM KpaeM, IOBEPXHOCTh MaToBas, MPOQHIb IIIOCKUH.
CpenHre KOIOHUH JHaMeTPoM 4 MM, HMEIOT Oenblii 1iBeT. OHOPOIHASI CTPYKTYDA.
HmeeT MATKYIO CIU3UCTYIO KOHCHCTCHITHIO.

MHuKpOOpPraHU3MBbI BBIIEICHHBIE U3 HPUMIIHK

®dopma oKkpyIIas ¢ HempaBeJbHBIMau KpaeMu, TPOQHIIb IIIOCKUH TOBEPXHOCTH KO-
JIoOHUHM OnecTAlee, CpeHHEe KOJIOHUH AUaMETPOM 3 MM, HMeeT cepo-0eoro 1sera.
OnHOpoaHas CTPYKyTypa. FIMeeT MATKyIo CIM3UCTYI0 KOHCUCTEHIIUIO.

MPIKpOOpI‘aHI/BMI)I BBIZICJICHHBIC U3 JOMAalIHETO MOJIOKa

dopma Kpyriasi, Kpast BOJIOKHUCTbIE, TPOGHIIb IVIOCKHH, KOJOHUHM OnecTsalnue,
MEJIKHEe To9euHble fuaMeTpoM 1 MM. OmHOpOoaHas CTPYKyTypa. FiMeeT XpynKyro
KOHCHCTEHIIUIO, PACCHIIAIONIIECS IIPU IPUKOCHOBEHUH HETIICH.

Mukpoopranu3msl BeIIEIEHHBIE U3 aifpaHa

dopma Kpymias ¢ BAJIMKOM I10 Kparo, Kpasi ¥ IOBEPXHOCTh INIAJIKUE, IIPOQHIb H30-
CHYTBII, MaTOBBIH, Oenoro 1sera. J{uamerpom 4 MM.
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Tpooonocenue mabauywr 1

IMocen

Pe3yJILTaTbI nepecesa

MuKpoOpraHu3MBI BBIIETIEHHBIE 3 KypTa

OBaJbHOH WM KPYII0it (hOpMBI, HOBEPXHOCTH IMIaJKasi, MPOMUIb IIOCKH, Olte-
ctamas, Oenoro nsera. Jlnamerpom 3 mMm.

dopma KpyIias,IoBepXHOCTH IMIaIKa, MPOPHIH UIOCKHUA, OnecTsmii, 6emoro nse-
Ta. luamerpom 6 MM.

MHuKpOOpPraHU3MBbI BBIIEIEHHBIE U3 UPUMIINK

Kpyrnas ¢popma, Dopma Kpyriiasi, Kpasi BOTOKHUCTBIE, TPOGHIIb INIOCKHUA, KOJOHUH
Onectsmue, cperHne KOJIOHUU TUaMeTpoM 3 MM, Oeroro nBeta. OmMHOpOIHAS CTPY-
KyTypa. FIMeeT MATKYIO CITH3UCTYI0 KOHCUCTEHIIHIO.

dopma kpyrias ¢ IAJAKUM KpaeM, TOBEPXHOCTh OIecTsIast, TPOQHIb TI0CKHHI.
CpenHue KOJOHUH AUAMETPOM 2 MM, UMEIOT Oenblii iBeT. OIHOPOIHAS CTPYKTYpa.
VIMeeT MSATKYIO CIU3HCTYI0 KOHCHCTEHIHIO.

MHuUKpOoOpraHu3MBI BBIICNICHHBIE U3 MaciIo (JoMaliHee)

@Dopma Kpyras ¢ BAIMKOM I10 KpasiM, Kpast BOJHHCTbIE, TIOBEPXHOCTh IEPOX0OBa-
Tas1, MaTroBasi, Oenoro npera.luaMeTpom 5 MM
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T'enemuyeckas udenmughuxayus bGaxmepuaiv-
HBIX KyTbmyp Ha ocHoge 2cena 16S rRNA

B pesysbraTe reHeTHUECKOW WACHTH()UKALIUY C
MOMOIIBIO HYKJICOTUAHOW TOCIIE0BATEIbHOCTH Ha
ocHoBe reda 16S rRNA, 6bu10 ycraHoBieHo, 4to 13
MOJYYCHHBIX IITAMMOB MOJIOYHOKHUCIIBIX OakTepuid
otHocsaTcs K Enterococcus u Lactobacillus. Pe3yins-
TaThl TCHETHUYECKOW HJCHTU(DHUKAINU MPEICTABIIC-
HEI B Ta0auIe 2.

Onpedenenue onmumanbHO20 OUANA30HA KUC-
nomnocmu, konyenmpayuu NaCl npu memnepamy-
pe 37 C° npu nepuoouieckom Ky1vmusuposanuu

B kayecTBe 00BEKTOB, BXOASIIMX B COCTaB 3a-
KBaCKH JIJIsl IPOHU3BOICTBA OE3TaKTO3HBIX KUCIIOMO-
JIOYHBIX MPOAYKTOB OBUTM HCIONB30BaHBI IITAMMBI
Lactobacillus acidophilus, Enterococcus faecium.
B mporecce meproauvecKoro KyJIbTHBUPOBAHUS

Ta6auna 2 — Pe3ynbrarel TeHETHIECKOH HICHTH(OUKALIIH

ompeJesieHbl ONTHMAlbHBIE AMANAa30HBl KUCIOT-
HOCTH (pH), COJIEHOCTH Cpenbl U TeMIIepaTypHOTO
pexuMa 00BEKTOB HCCIICAOBAHHSI.

OOpamiasi BHUMaHWE HA MYTHOCTb JKHIKOM IH-
TaTeJIbHOW Cpelbl MOXHO BH3YaJIbHO IMArHOCTHUPO-
BaTh TMOJIOKUTENBHBIA TIPOLIECC  KYJIbTUBUPOBAHHS
Lactobacillus acidophilus, Enterococcus faecium Ha
3-ue cytku (72 4aca), Seie cytku (120 gaco), 7-bie
cytkd (168 wacoB). Takum 06pazom, B Kosdax, Te Ipo-
BOAWIM KyJBTUBUPOBAaHHE B JKHIKAX HHUTATEIBHBIX
cpemax MRS, ormewaercst momyTHeHHe W mieHa. Urto
CBUJICTETILCTBYET O MOJIOKUTEIBLHON TMHAMUKE POCTa
Lactobacillus acidophilus, Enterococcus faecium.

Ha 72 cyTku ObUIH B3THI MUKPOOPTaHNU3MEI U3
pasBeneHuii noj npodbupkamu Ne 6,7,8. [Ipu mocan-
ke Ha 120 cytkum u3 mpobupok Ne 5,6,7, 3aTem Ha
168 cytku u3 mpodupok Ne 4,5.6 (pucyHok 1).

YcnoBHBIE 0003HAYEHUS HanmenoBanue CyOcTpart BbIACICHUS % MASHTUIHOCTH
P1 Enterococcus thailandicus ryoar 99,84
P2 Enterococcus lactis KyMBIC 100
P3 Enterococcus durans UPUMILIHIK 99,68
P4 Enterococcus faecium aiipan 99,54
P5 Lactobacillus zeae ZIOMAaIIHEE MaCJIO 100
P6 Lactobacillus paracasei KyMBIC 100
P7 Lactobacillus rhamnosus KypT 99.48
P8 Lactobacillus fermentum ryoar 99,65
P9 Lactobacillus gorillae aiipad 100
P10 L. reuteri ryoar 99,59
P11 L. johnsonii MPUMILIAK 100
P12 L. helveticus KypT 99,74
P13 L. curvatus alipan 99,81

PI/ICyHOK 1- HpI/IFOTOBJIeHI/IH pa3BeACHUA I IEPUOJUICCKOIO KyJIbTUBUPOBAHUSA

CornacHO ONHCaHHOMY MpPOLECCY, MPOBEACH-
HBIE UCCIIEZIOBAHUS 1Al BO3MOKHOCTb YCTaHOBUTH
BBICOKUI, HU3KUI TUTP KIIETOK B PA3JIMUHBIX YCIO-
BUSIX Cpebl (arana3oHa KUCJIOTHOCTH, COJICHOCTU U
TEMITePaTypPHOTO PEKUMA).

86

Omnpenenero, 4To Ha 72 yacy pa3BUTHS IITAMMBI
Lactobacillus acidophilus, Enterococcus faecium
MOKa3aJIi He3HAYUTEIHHOE YHCI0 00Pa30BaBIIUXCS
KOJOHMM. /IaHHOE SIBJEHHE CBSA3aHO C ajanTanuei
BHOCHUMBIX OAaKTEpWii B MUTATEIBHBIC CPEIBI C 3a-
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JTAHHBIMU YCIIOBUSIMU U BXOXKJICHHUEM MHKpPOOpTa-
HU3MOB B JIar-(hazy CBOEro pocTa.

OO6patuB BHUMaHUE HAa KOJWYCCTBEHHBIA IIO-
kazarenb KOE\Mr B0O3MOXHO cJienaTh 3aKIode-
Hue 4to, Lactobacillus acidophilus, Enterococcus
faecium MMEIOT MaKCUMAaJIbHOEC 3HAYCHUE Ha SkIe
cytku (120 yacoB). buomacca O6akTepuii ¢ HU3KUM
THTPOM KJIETOK BBIsSBIIeHA Ha 168 CyTKH.

B mnponecce mepuoanyeckoro KyJabTHBHUpPOBA-
HUSl OMpEeJeNeHbl ONTHMaJbHBIE THANAa30HBI KHC-
nmotHOCTH (pH), KOHIIEHTpAITUs COMSTHOMN KUCIOTHI U
BBIX0J1 OMOMACCHI NP KYJIbTUBUPOBAHUH TeMIIepa-
TYpHOM pEXHME COOTBETCTBYOIEMY 37 C°.

[lomrydenusie qanaple OyAYT HEOOXOIUMBI IS
TIOJTYYEHUS KUKOW U CyXOi ()OPMBI 3aKBACKH IS
MPOU3BOICTBA OE3TAKTO3HBIX KUCIOMOJIOYHBIX TIPO-
nykToB. Ha ocHOBe, XUBBIX KyNnbTyp Lactobacillus
acidophilus, Enterococcus faecium.

Kak wu3BeCTHO, OCHOBHBIM IIOKa3aTeleM JIst
€CTECTBEHHOTO pocTa OAKTEepHil SIBIAETCS peaKIus
cpenpl. B pesynbrare m3MeHEHUS KHUCIOTHOCTH B
KPUTHUYECKYIO CTOPOHY HAONIOMaeTCs CHUKCHHE
MoKa3aTeNiell JKU3HEAESTeIbHOCTH IITaMMOB MH-
Kpoopranu3zmMoB. HecMoTpst Ha Jpyrue onTuMaib-
HBIC YCIIOBHS OKPYKAIOIIEH Cpebl.

B Hamem wuccnemoBaHuu, ObUT U3y4YeH MPO-
necc quHaMuku pocrta Lactobacillus acidophilus v

Enterococcus faecium 8 MRS nurarensHOl cpene,
HUMEIOIIMNA pa3IM4HbIM JAUana3oH KUciaoTHOCTH pH
5,64, 8,5.

CornacHO pUCYHKY 2 MaKCHMallbHasl TUHAMH-
ka pocrta Lactobacillus acidophilus nabmomaercs
Ha 5-pie cytku (120 gacos), KOE/Mr 7,8x108, rae,
YCTAHOBJICH ONTUMAJbHBI YPOBEHb KHCIOTHOCTH
cpensl (pH), koTopsIif IMeeT ToKa3areis 5. B nua-
nazone pH 6,4 — 8,5 mo cpaBHenuto ¢ pH 5 umeroT
MEHBIIYIO CTENIEHb POCTA.

Taxkum 00pazoM, OBIIIO OMpPEmeseHO, YTO KHC-
Jble cpeqbl OJIaromnpusTHO BIUSIOT Ha pocT Lacto-
bacillus acidophilus, uem HeHTpanabHBIE U ILENOY-
HbIE TUTaTeIbHBIE CPEIbI.

HauGonee OnaronpusiTHBI YpOBEHb KHCIIOT-
HOCTH JIJISl SHTEPOKOKKOB Enterococcus faecium siB-
nsercs pH 6,4. I'me, Taxoke HaOromaeTcs Jrorapud-
muueckuit pocT. [Ipu sTom Ha 3ue cyTku (72 4daca)
3apukcupoBanHbix KOE/Mr 5,5 x10°, makcumans-
Hoe uyuciao KOE/mr 5,8 x10® obHapyeHO Takke
Ha 120 cyrku. Ha 7pie cytku KOE/mr 3,8x107, 4ro
CBHUJICTENILCTBYET O CHIDKEHHME IOKa3aTelel Ku3-
HEESITeNFHOCTH MUKPOOPTaHH3Ma, IPUBOISIINN K
YMEHBIICHUIO AMHAMUKH pocta Enterococcus fae-
cium. llomydeHHble NaHHBIE CBHICTEIBCTBYIOT O
TOM, 9TO 1t Enterococcus faecium pa3BuBaeTcs B
kucioit cpene (pH <7).

Pucynok 2 — OntumanbsHble quana3oHs KUCIoTHOCTH (pH)

BbDKMBaeMOCTh M IMHAMHUKA POCTa TPOOUOTH-
YEeCKMX MUKPOOPTaHM3MOB B KUCIIBIX YCIOBHUSIX Cpe-
JIbl SIBIISIFOTCSL KJTFO4YeBbIM (hakTopoM. McciemoBa-
HUS TI0 KYJIBTUBUPOBaHUIO Lactobacillus acidophi-
lus, Enterococcus faecium B CEIEKTUBHOU cpefie ¢
kounentparmeit NaCL 2%, 5%, 7%.

[ItamMMbl OIArONPHATHO PA3BHBAIOTCS B MUTA-
TEIBHOH cpelie MMEIOIHN KO GUITUSHT COICHOCTH

B 5% (pucynok 3). Ha 120 cyTku KyJIbTUBHpOBa-
HUsI O0BEKTOB MCCIIEIOBAHUS, MOXKET XapaKTepHU30-
BaThCA KaK 3KCIIOHEHIMaIbHas (paza pocta. Tak kak
Lactobacillus acidophilus nmeer 6,7x10° KOE\mr,
Enterococcus faecium 4x108 KOE\wmr. KynbTuBupye-
MbI€ MUKPOOPTaHU3MBI 110 Mepe PUOIIKEHHS K CTa-
uuoHapHoi dasze (168 yacoB) moka3bpIBaeT CHHIKCHHE
pocta no cpaBHeHuto ¢ 120 yacamMu KyJbTUBUPOBA-
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nus. Lactobacillus acidophilus ot 6,7 KOE\wMr (120
4) mo 4,3 KOEWwr (168 1), Enterococcus faecium ot
4 x108 KOE\wr (120 1) 1o 2,5x10” KOE\mr (168 u).

[lomyueHHBIE JaHHBIE MEPHOAHYECKOTO KYIb-
TUBUPOBAHUS MPU YCTAHOBJICHHOM TEMIIEPATypPHOM
pexume cooTBeTcTBYIomEeMy 37C°.

Pucynok 3 — OntiMaibHEIE TMana30Hbl KOHIEHTpanus constHoi kucioTsl (NaCL)

U3zBecTHO, 4TO TTIAaBHBIM (PAKTOPOM IS KYJIBTH-
BHPOBAaHUS MUKPOOPTaHU3MOB BaXXKHYIO POJIb UTpa-
€T TeMIlepaTypHbIil pexxuM. HopManbsHas Temnepa-
Typa KeITyT0YHO-KUIIIEYHOTO TPAKTa COCTABIISAET 37
C°. KymeruBupoBanue Lactobacillus acidophilus,
Enterococcus faecium npu Temmneparype 37 C° ocy-
IIECTBIIIIOCH TaKXKe B TeueHue 72, 120 u 168 gacos.

beuto  ycraHoBneHo, dWTO IorapudMmuUecKoe
YBEJIIMYCHUE YHMCICHHOCTH KYJIBTYPHI 3a()UKCHPO-
BaHO /IO CTAI[MOHAPHOU (ha3bl pOCcTa HA S5-ble CYTKH
MIPH TEPUOINIECKOM KyIbTHBHUPOBaHWH. UwciieH-
Hocth Lactobacillus acidophilus ¢ 5,5x10° KOE/mMr
(72 gaca) yBennuuBanock 10 6,8x10% KOE/mr (120
qaca), Enterococcus faecium AMeeT aHAIOTHIHYIO
TEHJICHIIMIO K MaKCUMAJIbHOMY POCTY KOJIOHHUH OT
72 yacos 1,9x10° KOE/Mr go 120 wacos 2,5x10%
KOE/mr. K 168 gacam (7 cyTKW) yKa3bIBalOT Ha
CHIDKEHHUE KOJIOHHEOOPa3yOIIUX SAMHHIIL.

3akJiioueHue, BLIBOJbI

B pamkax peammzanuu mpoekra «TexHomorus
MIPOM3BOACTBA  OE3JAKTO3HBIX  KHCJIOMOJIOYHBIX
MIPOJYKTOBY» B J1abopaTopuu «MHUKpPOOUOJIOTUS |
OMOTEXHOJIOTHS TPOBEICHBI HCCIEIOBAHUS TI0 H3-
YUCHHUIO JTUHAMHU POCTa C IS0 CO3MaHMs MPOoOH-
OTUYECKOTO OHOoTpenapara Ha OCHOBE JIAKTO30yTH-
JTU3UPYIONIMX MHUKPOOPTaHU3MOB.

B pesynmpTaTe Ha OCHOBAaHHMHM TPOBEACHHBIX
HAMH HCCIIEIOBAHUI ObLTa CO3/MaHa KOJJICKIUS W3
13 mTaMMOB MOJIOYHOKHCIBIX OaKTepuil BBIJE-
JIEHHBIX W3 Ka3aXCKHUX JIOMAITHUX TPaAUIIHOHHBIX
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KHCIIOMOJIOYHBIX TPOAYKTOB. Ompe/eneHa TeHeTH-
Yyeckasi HAeHTH(UKAIHS TaKTOOAKTepUH U U3yUEHBI
KYJIbTYPajIbHO-MOP(OJIOTHYECKIE CBOUCTBA.

Y cTaHOBJIEH ONTHMAJIBHBIN TOKA3aTeh KUCIOT-
Hoctu cpensl (pH) mma Lactobacillus acidophilus,
Enterococcus faecium sBisieTcss Kucias cpena.
Lactobacillus acidophilus — pH 5, Enterococcus
faecium — pH 6,4.

HaubGonee OnaronpusTHOW Cpenod misi TO-
JIepKaHUs KU3HENIEATEIbHOCTH MUKPOOPTaHN3MOB
Lactobacillus acidophilus, Enterococcus faecium
ABIISIETCSL Ccpelia, MMEIOIIas KOHIEHTPALUIO COJIs-
HOH KUCHO0THI 0KOJI0 5%.

Ha BrIpamenHoit nutatensHoit cpeme MRS-
arapa c KoHLeHTpauuei consHol kucinotsl (NaCL)
— 2% u 7 % paccMaTpuBaeMble W30JATH OaKTepHit
Lactobacillus acidophilus, Enterococcus faecium,
MOKa3aJy IJI0XO0H pocT Ha 3uH, Sl U 76l CYyTKHU.

[lepeuncnennble Hccaen0BaHus CIOCOOCTBOBA-
JIM OTIPEJENICHHIO ONTHMYMOB, Pa3UYHBIX AHara-
30HOB KHCJIOTHOCTH, COJICHOCTH, IIPH KOTOPBIX BBI-
SIBIISTIOTCS. MAKCUMAITBHBIA POCT U BBIXO]T OOMAacChl
Lactobacillus acidophilus, Enterococcus faecium.

Ha ocHOBe mosydeHHBIX JaHHBIX OBUIH YCTa-
HOBJICHBI TTapaMeTpsl KyJIbTHBHPOBAaHWSA Ha (ep-
MEHTEepe IS MOyYeHUs1 Oe3/IaKTO3HOM 3aKBACKH B
xunkoi popme. [IpoBeieHHBIC HCCIIEIOBAHUS CITO-
COOCTBYIOT pa3paboTKu O€37aKTO3HOM 3aKBACKH B
MOPOIIKOOOPA3HOM U JKUAKOM BHUJIE.

Ha nanHOM 3Tame BemyTcs paboTHI IO BHeIpe-
HUIO ¥ TIPUMEHEHNH TTOTYYCHHOH 0e31aKTO3HOi 3a-
KBAaCKH{ B IIPOU3BOJICTBO.
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Kon¢paukt narepecon

Bce aBTOpBI 03HAKOMIICHBI C COEPIKAaHUEM CTa-
THU U HE UMEIOT KOH(IMKTa HHTEPECOB.

Baaroaapuoctu

ABTOpHI cTaThu OnaromapHsl mpodeccopy,
JIOKTOPY OMOJIOTHYECKUX HayK ApbhIHOBOW Paiixan
AXMETOBHE 3a PyKOBOJICTBO HaJl Hay4HO-HCCIEN0-
BaTEIbCKUM IIPOEKTOM « TE€XHOJIOTHS MPOU3BOCTBA
0e3JTaKTO3HBIX KHCIOMOJOYHBIX MPOAYKTOBY 32
LCHHBIC PEKOMCHAAIIMU 10 BLINNOJHCHUIO OJAHHOT'O
MPOEKTa.

HMcrounuku puHaHCHpOBAHUSA

HccnenoBarensckass pabora NpoBOIWIACH B
pamKax HayyHo-TexHu4eckoi mporpammsel (HTII)
Ne BR05236766 «Co3naHne mpoayKTOB 3740POBO-
ro NUTaHUs ¢ PYHKIMOHAIBHON HANPaBICHHOCTHIO
Ha OCHOBE CEJIbCKOXO3SHCTBEHHOI'O CBIPbS» IO
NIPUOPUTETHOMY HampaBieHnto «Hayka o ku3HH
u 31a0poBhey Ha 2018 -2020 romp! Mo OIOHKETHON
nporpamme 217 «Pa3Butne Haykn», MOAIpOTrpam-
me 101 «lIporpammuo-1IeneBOr0 (hHHAHCHPOBAHHS
CyOBEKTOB HAY4YHOW W/MJIM Hay4YHO-TEXHUYECKOU
JesITeNbHOCTHY» MuHHCTEpCTBa 00pa3oBaHUs U Ha-
yku PecyOonmku Kazaxcras.
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OHTYCTIK KABAKCTAHHbIH, MYHAMMEH AACTAHFAH
TOIbIPAFbIHAH BOAIHIT AAbIHFAH
KOMIPCYTEINH TOTbIKTbIPYLLbI
MUKPOOPIAHU3IMAEPAI UAEHTUOUKALIMAAAY

Kasipri TaHAQ ©AeMHiH KenTereH eapepiHAe >aHe KaszakcraHaa MyHall eHAipici casachl
3KOHOMMKAAbIK, KOPCETKILUTEPAIH ©CYiHiH Heri3ri 6arbiTbl OOAbIN TabblAaAbl. AAaiaa, MyHait
OHAIPICIHIH KapKbIHAbI AaMYybl KOpLUAFaH OpTaFa aiTapAbIKTalk Kepi acepiH Turisyae. MyHait eHaipy
TEXHOAOTMSCBIHbIH, >KaKCbl >XXeTiAAIpiAMeYi, TacbIMaAAdy Ke3iHAeri anaTTap >keHe MyHan eHiMaAepiH
caKTay OpbIHAApbl aTMOCepa, aFblH CyAap MeH TOMbIPakKTblH AACTaHyblHA aAbin KeAeai. MyHarimeH
AQCTaHFaH OpTaHbl Ta3apTy MaCEAeAepiH LWeLly YWiH Kasipri TaHAQ MyHai >XeHe MyHal eHIMAEpiHiH,
MUKPOOBUOAOTMSIABIK, AECTPYKLMSICbIHA HETi3AEATeH OMOAOTUSIABIK, BAICTEP COTTI KOAAAHBIAYAQ. OAEM
FAAbIMA@PbIHbIH 3epTTeyAepi 6OMbIHLLA, KOMIPCYTEriH TOTbIKThIPYLLbI MMKPOOPraHU3MAED MYHai KaHe
MYHai eHIMAEPIH blAbIPATA AaAATbIHABIFbI ADAEAAEHIT, XOFapbl HOTUXKEre KOA XeTKi3iAreH.

ByA >KYMbICTbIH Heri3ri MakcaTbl KypFakK, KAMMaTTbl OHTYCTiK Ka3akCcTaHHbIH, MyHAaliMeH AaCTaHFaH
TOmMbIpakTaH GOAIHIN aAbiHFaH KOMIPCYTeriH TOTbIKTbIPYLLbl MUKPOOPraHM3MAEPAI MAEHTHUdMKALMSAAY
60AbIN TabblAAADI.

OHTycTik KasakCTaHHbIH MYHaliMeH AacTaHFaH TOMbIpaFblHAH MyHal KAAABIKTApbiH Ta3aAayAa
naaasaHyra 6GOAATbIH KOMIPCYTEriH TOTbIKTbIPYLLUbl MMKPOOPraHM3MAEPAIH 6eAceHAl 5 LwTambiHa
MAEHTUMMKALMS KacarAbl. MUKPOOPraHM3MAEPAIH KyAbTYPaAABI-MOP(OAOTUSABIK, K8HE TaKCOHO-
MUSIAbIK, GEATIAEPI aHbIKTaAADI.

MonAekyASIPAbIK-TeHETUKAABIK, 3ePTTey HOTUXKEAEPi 6OWbIHLLIA OOAIHIMN aAbIHFAH MUKPOOPraHU3MAED
BPTYPAI (PM3MOAOIMSABIK, TOMTapFa XaTKbi3biAAbl: Pseudomonas thivervalensis KMA4.1, Devosia nep-
tuniae RMA7, Glutamicibacter arilaitensis MMA4, Aspergillus flavus Mach1, Penicillium chrysogenum
Mach2. 3epTTeAreH WTaMAAPAbIH, €H >KaKblH TybICTAC LITAMAAPMEH (DUAOTEHETUMKAABIK, TAaAAQYAAPbI
KYPBIAABI.

Ty#in ce3aep: MyHait xxeHe MyHan eHimaepi, Pseudomonas thivervalensis KMA4.1, Devosia nep-
tuniae RMA7, Glutamicibacter arilaitensis MMA4, Aspergillus flavus Mach1, Penicillium chrysogenum
Mach2.

A.Z. Mametova'*, A.A. Uspabaeva', A.S. Babenko?, A.K. Adenbayeva'

'M. Auezov South Kazakhstan University, Kazakhstan, Shymkent
2National Research Tomsk State University, Russia, Tomsk
*e-mail: Akmaral_mametova@mail.ru

Identification of hydrocarbon-oxidizing microorganisms isolated
from oil-contaminated soils of South Kazakhstan

Currently, one of the main sources of environmental pollution is oil and oil products. To solve the
problems of soil cleaning, methods of biological reclamation have recently been successfully used,
which are based on the activation of microbiological destruction of oil and oils products. The use of
mixed strains of microorganisms allows the complete utilization of oil and oil products. The use of active
hydrocarbon-oxidizing microorganisms in the cleaning of oil-contaminated objects is a promising and
effective method. The aim of the work is to identify hydrocarbon-oxidizing microorganisms isolated from
oil-contaminated soils of South Kazakhstan.

From the oil-contaminated soils of South Kazakhstan, 5 active strains of hydrocarbon-oxidizing mi-
croorganisms have been isolated and identified, which can be promising for the disposal of oil-contain-
ing waste. Cultural-morphological and taxonomic features of microorganisms were revealed. Identifica-
tion of the isolated cultures by molecular genetic characteristics were assigned to different physiological
groups: Pseudomonas thivervalensis KMA4.1, Devosia neptuniae RMA7, Glutamicibacter arilaitensis
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MMAA4, Aspergillus flavus Mach1, Penicillium chrysogenum Mach2. A phylogenetic analysis of the stud-
ied strains was carried out.

Key words: oil and oil products, Pseudomonas thivervalensis KMA4.1, Devosia neptuniae RMA7,
Glutamicibacter arilaitensis MMA4, Aspergillus flavus Mach1, Penicillium chrysogenum Mach2.
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MaeHTUDUKALMUS YTAEBOAOPOAOKUCASIIOLLUX MUKPOOPraHU3MOB, BbIAEAEHHbIX
u3 HedpTe3sarpssHeHHbIX no4B KOxHoro KasaxcraHa

C KaXXAblM TOAOM BO3pacTaeT Aobblua M nepepaboTka YrAeBOAOPOAHOTO ChiPbsl AAS peLLeHus
TOMAMBHO-3HEpreTMyecknx notpebHocTen pecrnybamkn. OAHAKO MHTeHCUdUKaums nepepaboTku
M AOObIUM HEMTU COMPOBOXAAETCS 3arpS3HEHMEM OKPY>KAlOLLEeR CPeAbl M, B YaCTHOCTM, MOMBbI.
3arpsisHeHue nouBbl HEPTHIO M HEPTEMPOAYKTAMU BbI3bIBAET AETMPECCHIO MOYBEHHON MUKPOQAOPSI,
M3MEHSIETCS CTPYKTypa 6MOLIEHO30B. 10 pesyAbTaTamM MCCAEAOBAHMS YYEHbIX MUpA AOKa3aHO YTO
YIAEBOAOPOKMCASIIOLLIME MUKPOOPTaHM3Mbl MOTYT MCMOAb30BaTh HE(Th M HEITEMPOAYKTbI B KaUecTBe
MCTOYHMKA 3Heprun. [MpuUMeHEeHMEe aKTUBHbIX YFAEBOAOPOAOKUCASIIOWIMX MUKPOOPraHM3MOB Mpu
OUMCTKE HedhTe3arpsi3HEHHbIX 0OBEKTOB SIBASETCS MEPCMNEKTUBHDBIM M 3(D(HEKTUBHBIM METOAOM.

LleAb paboTbl — MAEHTUMMKALMS YTAEBOAOPOAOKUCASIIOLLIMX MUKPOOPraHM3MOB, BbIAEAEHHBIX U3
Hed Te3arpsa3HEHHbIX MOYB B YCAOBMSX apUAHOTO Kanmmara FOxHoro Kasaxcraxa.

M3 HedTesarpsisHeHHbIx nous KOxHoro KasaxcraHa MAEHTU(UUMPOBAHbI 5 aKTUBHbIX LUITAaMMOB
YIAEBOAOPOAOKUCASIOLIMX MUKPOOPraHWM3MOB, KOTOPbIE MOTYT GbiTb MEPCMNEKTUBHDBI AASl YTUAM3ALIMM
HedpTecoAepXKallMx OTXOAOB. M3ydeHbl KyAbTYPaAbHO-MOPMOAOrMYECKME M  TaKCOHOMMYECKME
0COBEHHOCTM MMKPOOPraHM3mMoB. Ha OCHOBaHMM pe3yAbTaTOB M3yUeHWs KYAbTYPAAbHbIX MPU3HAKOB
M AaHHbiX [MLP-aHaAM3a BbIAEAEHHbIE LITaMMbl BGbIAM OTHECEHbI K TakMM BUAAM GakTepuu, Kak:
Pseudomonas thivervalensis KMA4.1, Devosia neptuniae RMA7, Glutamicibacter arilaitensis
MMA4, k mnkpommuetam — Aspergillus flavus Mach1, Penicillium chrysogenum Mach2. INposeaex

CbVIAOFeHeTVI‘—IECKVIl;I dHaAMN3 N3YYEeHHbIX WTaMMOB.

KaroueBblie caoBa: HedpTb 1 HedTenpoaykTbl, Pseudomonas thivervalensis KMA4.1, Devosia nep-
tuniae RMA7, Glutamicibacter arilaitensis MMA4, Aspergillus flavus Mach1, Penicillium chrysogenum

Mach2.

Kipicne

Taburu opTaHBIH MYHAl >kKoHE MyHail ©HIM-
JiepiMeH JIaCTaHybl, KOpIIaFraH OpTara Kayill TyIbl-
paTbIH KypAeni MocenenepAid 6ipi Oomnbin TabbLIa-
mel [1, 2].

MyHaii s)xoHe MyHali eHIMIepiHIH Y3aK Mep3iMIi
aHTPONOTeHIK ocepi ¢uiopa MeH (ayHaHBIH, OHO-
IIEHO3 KYPaMBIHBIH ©3repyiH TyFbzamel [3]. Co-
HBIMEH Oipre, TONBIPaK MUKPOQIOPACEIHBIH (YyHK-
LIMOHANABIK OEJICeHIUITIHIH TONBIFRIMEH IEpIiK
JETPECCHSACHIH  TYIBIPHIN, TOIBIPAKTHIH — (QH3H-
KO-XUMHSIIBIK KacueTtepi e3rependi [4,5]. Kasipri
TaH/a TaOUFU OpPTaHBI MYHal )kKoHE MyHail eHiM/Ie-
pIHEH Ta3apTyIbeIH OipHEeIIe >Koimaphel Oap. Aaii-
Ja, Oy oJiCTepAiH KOMINLIiri KbIMOAT jKoHE Ja-
CTaHyAbl TOJBIK JKOKFa aibll KenMehmi [6-9].
MyHnaif JkoHe MyHall OHIMJIIEpIHEH JlaCTaHFaH
TaOUFH OpTaHBl Ta3apTyAa OapblHINA O3BIK OJiC
0OJBIT — OHMOJOTHSIBIK omic ecerrenem [10,11].
buonoruanelk  (MHKpPOOHMONOTHABIK)  SmicTepai
KOJIJIaHy, JJaCTaHFaH DKOXKYHeNIep/ieri MyHail ®oHe
MyHail ©HIMJEPIHIH NerpajalusiChHBIH €H THIMII
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JKOHE €H Kayimci3 ojictepaiH Oipi Ooubim TaObI-
maapl. bBHONOTHWSIBIK omicTep MHKpPOOPTaHU3M-
JIeCTPYKTOpJIApIbIH (pepMEeHTATHBTI OeJICeH TUTIrHE
Herizmenrexn [12,13].

MyHaiiMeH JlacTaHfaH TOIBIPAKTHl Tazajay
Macelesiepine apHanFaH OipkaTap 3epTTeynep Oap.
N.E. KsacuuxoB >xone T.M. KirounukoBa 3epT-
Tey JKYMBICTApbIHIAa MyHaill KeMipCyTeKTepiHiH
OpTYpJl KYypaMbIH, OpPTYPJi TOMNTapFa KaTaThIH
MHUKPOOPTraHU3M/JIEP BbIABIpaTa aJIaTBIHABIFEl Kepce-
TinreH. by TonTapra MEKpOMHIIETTED, allTBITKBLIAP
XKoHe OakTepusiiap sxkarausl [14].

MyHaifi muamMbel MeH 0acka Oa KeMipCyTek
KOCBUTBICTapBIHBIH Cya TOMCH EPITIIITITi OJIapabIH
Ouopemenuanusi Ke3iHAETl KypAedl Macenenepi
Ooubin TaObUIAABL. 3epTTey KyMbicTapeiHaa (Bez-
za et al., 2015) kpeo3oTneH xoHe Oacka Aa KeMip-
CyTeKTEpPMEH JIacTaHFaH TombIpakTaH CN3 ImTaMbl
Oeuinin anemnei, 6y Ochrobactrum intermedium
IITaMbl €KeHl aHBIKTAJIFaH. 3epTTey JKYMBICHIHAA
Ochrobactrum intermedium ITaMbIMEH YTHIIN3a-
[UsTAY HOTHXKEI eKeHIH KepCeTir, Oy mpoIeccTi
MaTeHTTeH oTKi3reH [15].
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A.3. MameToBa xoHe T.0.

Onedu nepekTepre cyiieHe OTBIPHIN, MyHaHMEH
JacTaHFaH opTama kebinece Rhodococcus, Arthro-
bacter, Pseudomonas, Acinetobacter TYBICBIHBIH
eKingepi ke3zmecerin kepyre 6onansl [16]. Byriniri
KYHTe IeHiH MHKPOOPTaHM3MICPIIH MYHAMIBIH
TYpJIi KOMIpPCYTEKTEpiH BIABIpaTa aANaThIHABIFBI
TypaJbl KeNITEereH JepeKTep KUHaKTanrad [17].

byn xympIcTeIH MakcaThl — OHTycTiK Kazak-
CTaHJIaFbl MYHaliMEH JIaCTAHFaH TOIBIPAKTHl KailTa
OHJIEy MaKcaTblH/Ia OeIliN aJblHFaH KeMIipCYTeTiH
TOTBIKTHIPYIIIBI ~ MHUKPOOPTaHM3MIEPAI  WICHTH-
¢dukanmsay O0obII TAOBUIAABI.

3epTTey MaTepua aapbl MeH dicTepi

3epTTey HBICAHBI PETiHIE MYHall XKoHE MyHau
OHIMCPIMEH JIACTaHFaH TOIBIPAKTaH OO abIH-
FaH KOMIPCYTETiH TOTHIKTBIPYIIBI MUKPOOPTaHH3M-
JIEp U30JIATTAPhI AJIBIHIBL.

Mukpoopranu3smMaepAiH MOJIEKYJIaJIBIK-Te-
HETHUKaJbIK uaeHTuuKanusicel 16S r DNA koH-
CepBAaTUBTI JIOKyCTap OOWBIHIIA TEHOTHUIITEY
apkputel xyprizingi. I'emomasik JAHK-#BI Oein
aly eHIIpyIl HYCKayublFbl OoiibiHa PureLink
Genomic DNA Kit >XHUBIHTBIFBIHBEIH KOMETIMEH
OakTepHsUTApABIH TOYJIKTIK AaKbUIIAPBIHAH OHII-
PYIII HYCKayJIBIFBI OOWBIHIIA KYPTi3iUIIi.

baktepusi mTamMaapbIHBIH MOJEKYIATBIK-TEHE-
TUKaJIBIK uaeHTuukanusacel PureLink Genomic
DNA Kit JIHK-HbI GeJin any ®KHUBIHTHIFBIHBIH KOMe-
rimed reHomMaslk JTHK OeniHin anelHABL YNrigeri
JHK xonuentpanusicel MeH ITTP-enimai Qubit®
2.0 payopumerpinge Qubit™ dsDNA HS Assay Kit
(Life Technologies, Oregon, USA) KypbUIFBICHIHBIH
KOMETiMEH aHBIKTaJIJIbI.

16S rRNA renzaepi ¢hparmeHTTepin amrudu-
Kanyslay yiiH omOeOan mpaiiMepiep >KyObIMeH
IITP peakmuscer xacamsiaabl: 8F (5°-AGAGTTT-
GATCCTGGCTCAG-3’) JKOHE 806R
(5’-GGACTACCAGGGTATCTAAT-3’) [22].
Amvmmmndukarus pexumaepi 95 °C — 30 cek, 55 °C
—40 cek, 72 °C — 50 cek. xaoHe 30 mUKJI, JIOHTAIUS
72 °C —1ta 10 MUHYT apaJbIFbIHJIA KYPri3iai.

IITP eniMi ympTpaduoNeT TpPaHCHIIOMUHA-
TOPBIHA BU3YyATH3aUsIIaHab )koHe 1,2% arapo3asl
renpae OemiHmi, JKOIaKTap OpOMIbI ATHIUHMEH
oosutmer. 1 x TBE — 6ydepi kommansuinel. Clean
Sweep™ (Thermo Ficher Scientific, AKIII) pearenti
KOMETIMEH TP OHiMi Ta3apTHUIJIBL.

Big Dye Terminator v3.1 Cycle Sequencing
Kit kuHaFbIH KOJIJIaHy apKbUIbI OaKTEPUSHBIH 16S
rRNA reHi ¢parMeHTTEpiHIH CEKBEHHUPIICHY1 KoHE
BigDye® XTerminator™ Purification Kit >xuHars
KOMETIMEH CEKBEHHUpJEy OHIMAEpiH Ta3zajay

OHJIIPYIIIHIH XaTTaMallapbl OOWBIHINA >KACATBIH]IBL.
ABI 3500 DNA Analyzer (Applied Biosystems,
AKIII) reHeTHKAIIBIK aHAIN3aTOPHIH/IA KATAJLISPIIBI
thopes xyprizinmi [23].

Seq A (Applied Biosystems) Oarmapiamach
OOlbIHIIA CEKBEHHpIICY HOTIDKENIEPI  OHACNII.
AKII OHOTEXHOJOTHSIBIK aKmapaTTaphl ¥ JITTHIK
opranbiFbiHblH  Gene Bank Xanbikapanblk Ko-
peiaaarsl BLAST (Basic Local Alignment Search
Tool) OarmapmamMachkl KOMETIMEH TOMOJIOTHS-
JIBIK HYKJICOTHUATIK OIpi3AUIIriH aHBIKTAy JKY3ere
aceippiiiel.  MEGA 6  Oarmapiamalnblk — Kam-
TaMachI3/1ay 16l KOJIJIAHY apKbLTBI QHUITOTEHETHKAITBIK
tangay xyprizingi. Clustal W anropurmin Koi-
JaHy apKbUIBl HYKJICOTHATIK Oipi3aimiKTi Ty3eTy
xacanbHIbl. (DHIOTCHETHKANBIK aFallThl Kypac-
TeIpY YIiH Neiighbor-Joining (NJ) «ykcac TybicTap-
IIbI OIPIKTIPY» 9Iici KOJIaHBUIIEI [24].

MUKpOMUIIET YIATICIHIH MOJIEKYJIaIbIK-TeHe-
TUKAJBIK ~ ujacHTH(ukanmsacel. Kymbicta  3-7
TOYMIKTIK MHKPOMHIET IITAMbI  KOJIAHBIIJIBL.
Munenuiinep -20°C TemmepaTypaaa KaTbIPBUIIBL.
Coman keHiH YHTaK Topi3mi Kyire nmeiin 1,5
min  Eppendorff  mpoOupkackiHma — KeJcarreH
yritingi. Aneiaran  maccagaH  «Plant /  Fungi
DNA Isolation Kity» xkomnanusceielH JIHK-
HBl ©CIMIIKTEpJeH / MHKPOMHUIECTTEpACH Oein
aJaThIH JKUBIHTBIKTHIKTEIH KeMeriMeH JIHK Oeminin
anBIHIBl koHe Oy skymbeic Norgen Biotek Corp.
(Ontario, Canada) eHaipyIn xarramacblHa CoHKec
xyprizingi. Ynrigeri [JHK xonuentpamuscer Qu-
bitTM dsDNA HS Assay Kit (Life Technologies,
Oregon, USA) dnyopumerpi kemerimen dsDNA
HS mkanacer OofibiHIIA aHBIKTANABL. KymbIcTa
ITS-alfimarbIHIaFEl  MEUKPOMHIICTTEPAIH oMOeban
npaiimepiepi  Konmansuiner:  ITS1  (5,-TCCG-
TAGGTGAACCTGCGG-3,) xone (5,-TCCTC-
CGCTTATTGATATGC-3,). Ammmpukanuanay
YIIIiH peakiuoH sl Kocnanapsr: 1,25 mkn Forward
mpaiimep (10 MmxM), 1,25 mxn Reverse mpaiimep (10
MKM), 12,5 mxa Q5 Hot Start High-Fidelity 2X
Master Mix 1,5 mxn JIHK »xone 8,5 cynan Typast
[25].

Eppendorf ProS (Hamburg, Germany) amriu-
¢duKaTOpbIHIA NTP AMIUTU(QUKALUS DPEXKHUMI XKYp-
rizingi: 94 °C —30 cex; 72 °C—40 cek, 55 °C — 1 muH;
Oapierrel 30 nukir;, 72°C — 10 mua. Clean Sweep™
PCR Purification reagent (Applide Biosystems,
USA) pearenTiMeH OTp eHiMIepi Ta3apTbUIIbI.

Big Dye Terminator v3.1 Cycle Sequenc-
ing Kit (Applide Biosystems, USA) konnanymeH
OHIIpYII HYCKaylbelFbiHa colikec (Big Dye®
Terminator v3.1 Cycle Sequencing Kit Proto-
col Applied Biosystems AKII) cexBenupiey
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peakumsIChl XKYPTi3ingi, apel Kapail ¢pparmeHTTEep
3500 DNA Analyzer (Applide Biosystems, USA)
FEHETHUKAJIBIK aHaIM3aTopbhiHAa OeniHmi. Seq
A (Applide Biosystems, USA) Oarmapiamacsl
OOWMBIHITIA CEKBCHHUPJICY HOTHIXKEIEpI OHACIII.
ITS-aiimakreiH JIHK MukpoMuneTTep/iiH ajibiIHFaH
Hykaeorunrep Oipisginiri BLAST Oarmapiamacsl
kemerimen Gene Bank (www.ncbi.nih.gov)
KOPBIHJAFbl MAIIMETTEPMEH CabICTBIPBUI/IBI.

Hotmxenepai craTCTHKANBIK eHIEY apupme-
TUKQJIBIK OpTalla MOH/ JKOHE CTaHIAPTThI AybITKY
MOHIH €cenTey apKbUIbl KY3ere achbIpbUIIBL
Bapnpik anpIkTaynap 3 peT KalTaiaHbI KYPri3ijii.
Mamnimertep IBM “Pentium” nepOec KOMIbIOTEpAIH
kemerimen “Excel” konmaHOanbl OargapiaMaibik
MaKeTTEePiHiH HeTi31H e OHIeII].

3epTTey HITHKeIePi :KOHe TAIKbLIAY

OnrycTik KazakcTaHHBIH MYHalMEH JIacTaHFaH
TOMBIpaKTapblH KalTa eHJeY MaKcaThlHAa MyHal
KOHE MyHall eHIMIEpiMEH JIaCTaHFaH TOIBIPAKTaH
0eJtin aJIbIHFaH KOMIPCYTETiH TOTBHIKTHIPYIILI MH-
KpOOpraHu3Mepre HACHTUPUKALNIAY KYPri3iai.

KemipcyTeriH TOTHIKTBIPYIIBI MHUKPOOPTaHU3M
W30JISITTAPBIHBIH, MHKPOMOPQOJIOTHSACHIH aHBIKTAY
ywin BUOME/-5, Nel11050112129 »snektpon-
Ibl JKapblK MHKPOCKOOBI apKblJIbl MHKPOCKOII-
Tay xoHe «bepmxu aHbpIKTaybBIIIBIHY (1997KB1T)
KOJIJaHBUTYbIMEH MUKPOOPTaHU3M H30JIATTapbIHBIH
TaKCOHOMUSICBHI MEH KYJIbTYpPalAbl-MOP(OIOT HUSAIIBIK
KacHeTTepi 3epTTeliHil, HoTKenepi 1-kecrene
KOepCeTi.

1-kecTe — MuKpoopraHu3MIep/IiH KyJIbTypanbl-MOP(OIOTHSIBIK CHITATTaAMACHI

W3zonar . . L MUKPOCKOITHSIBIK CypeTi
Kikrenyi TaKCOHOMUSIITBIK Oenrinepi .
aTaysl (100x ymraiity)
. ET-nenToH/IbI KaTThl KOPEKTIiK
Bacteria opTaja XBUITHIP, JOHTEJICK, aKIIBUT
Proteobacteria p P, N
. KOJIOHUSI Ty3e/i. A3 FaHa UiNTreH, 6ackl
Gammaproteobacieria JIOHTENIEKTEHT€H MOJISPIIBI JKIMIIenepi
KMA4.1 | Pseudomonadales 6ap Tagkmamap. Ad oléTa I'pamre pic
Pseudomonadaceae p p- A9p p-1p pic.
Awmmniasa, karajnasa, IpoTenHa3a YIIiH
Pseudomonas .
. . 6encenai. OnTUManAbl TEMIIEPaTyPachl
Pseudomonas thivervalensis 0
25-30°C.
Bacteria KosoHusIaps! capFbIlll TYCTi, JOHTEINCK,
Proteobacteria OeTi Teric, JKBUITBIP, AUaMeTpi 7-9mMm
Alpharoteobacteria xononusuap. Kpicka Taskima topisi,

RMA7 | Rhizobiales KO3FanFeil. Aspoorap. [pamrepic
Hyphomicrobiaceae Oakrepus. Karanasa, okcuiasa, ypeasa
Devosia *KoHe OeTa-raJlakTo31a3a YIliH OelceH .
Devosia neptuniae Ornrumansl Temreparypa 26-28 °C.

KoJtoHusiiap neHrenexk, reric, 1eHec,
Bacteria KYMCaK, aKIIbLI-Capbl TYCTi, KOMIOHHUS
Actinobacteria nuametpi 2mm. XKacyra gpopmacer
Actinobacteria map Tapi3ai, KOKKauap. A3poOTsl,

MMA4 | Actinomycetales KO3FalIMailThIH, criopa Ty30eHTiH
Micrococcaceae rpamrepic 6akrepusiiap. ['enarunasa,
Glutamicibacter Oera-ranakro3uzasa, ¢pocdarasa yiriH
Glutamicibacter arilaitensis | 6encenai. OnTUMaAbl TEeMIEpaTypachl

25-28 °C.
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1-kecmeniy dHcanzacwi

M3onsar . . N MUKpPOCKOTHSITBIK CypeTi
Kikrenyi TakcoOHOMUSIIBIK Oenrinepi .
aTaysl (100x yurraiity)
Funci Araprsl Yareka KOpeKTiK opTachblHIa
gt KOJIOHHSICHI CapFbIII JKachl TYCTi, 7-I1i
Ascomycota. . .
i KYHi KOJIOHHS ArameTpi 37MM. AIIBIK
Eurotiomycetes. KOHBIp TYCTi 3Kccynar 6ap. ['udamaps
Machl | Eurotiales. P Ty yRar bap. p
. OemmekreHreH, Tyccis. Konnamanmsr
Trichocomaceae.
: 6acs! paguanasl. Korunusinap popmacer
Aspergillus. . .
. mapTopizai. OcyiHe OnTUMaIIbI
Aspergillus flavus N
temmeparypa 35-37 °C.
Funei Karrsl Yanexa KOpekTik opTachiHaa
gt KOJIOHHS TYCI1 KachUl, CAPFBIII ITATMEHTI
Ascomycota. . . .
. Oap, 7-1i KyHi KooHus auaMerpi 34-
Eurotiomycetes. 35¢cMm. Konuausiiaps! yiu geHreini
Mach2 | Eurotiales. e J'Iana o HHHHF:{H YTQ i3Hi ’
Trichocomaceae. Y p D TopI3al,
Ry KOHMNS DJUIMNTHKAJIBIK. [ ndanapst
Penicillium. .
e OeexTeHreH. Ocyine OnTHMaIbI
Penicillium chrysogenum N
temneparypa 35-38 °C.

Bencenni 5 nzonsrka [1TP-rannaysr GolibiHIa
uaeHTuuKanusay Kyprizingi. bemcenni kemip-
CYTEriH TOTBIKTBIPYIIBI MUKPOOPTaHHW3M ITaMa-
PBIHBIH HAeHTUGUKaIMACEH [6S ¥RNA reHi ¢par-
MCHTIHIH HYKJICOTHATIK PETiH aHBIKTay oici
aPKBLIBI JKYPTi3UIIi.

Kamumnspneik  dopesnin, yariepaiy  dope-
rpamMmacs! (1-cypeT) xoHe CEeKBEHHpJEY Ke3iHaeri

HYKJICOTUATEPAIH PETTUNriHIH (2-Cyper) 3eprrey
HOTIDKENepi KeNTipiIi.

3eprreninren mramaapasiH 16S rRNA reni
Oipi3AiNiriHiH (UIOTEHETHKANBIK Tal1ay HOTHXKECI
Neiighbor-Joining TEHETHKANBIK  aJIIAKTHIKTHI
AHBIKTAY/BIH KJIACTEPIIiK ONICIH KOJJaHy apKbl-
a1 MEGAG6 OarnapnamacbiHa KYpbUIFaH (HIIO-
FCHETUKAJIBIK aralll TYPiHIE KOPCETIIreH.

1-cyper — ABI 3500 KypbUIFBICEIHAH aJIBIHFaH (operpamMma yiariiepi
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2-cypet — CexkBeHHpIICY Ke3iHAE aJbIHFaH HYKJICOTHATEPAIH PETTUIIri

BLAST anroputmiH KoinaHa OTBIPHII, (QHIIO-
FCHETUKAJIBIK TaJIayIbIH YKOHE XalIbIKapajblK Je-
pextep 0Oa3achlHIa TalNaHATBHIH JIOWEKTITIKTIH
coiikec Keiy mNalbB3BIHBIH HoTIKeciHae KMA4.1
mramel Pseudomonas thivervalensis-ke »xaTaTbIHbBI
AHBIKTAJIBII, TOMOJIOTHSUIBIK Jopexeci NR 024951.1
Pseudomonas  thivervalensis strain SBK 26
ITaMMEH JKaKbIHIBIFE 99,4% kypanmbl (3-cyper).

RMAT7 wramel Devosia neptuniae, TOMOJOTASIIBIK
nmopexeci 98,62% eH skakpiH mTaMm NR 028838.1
Devosia neptuniae strain J1 eKkeHI aHBIKTAJIIbI
(4-cyper).

MMA4 mtamel Glutamicibacter arilaitensis-xe
JKaTaThbIHBl AHBIKTAJIBI, TOMOJIOTUSIIBIK JOpexeci
eH xakeld NR 074608.1 Glutamicibacter arilaiten-
sis Rel 17 mtambina 98,83% kypansl (5-cyper).

NR 029042.2 Pseudomonas lini strain DLE411J

NR 028929.1 Pseudomonas kilonensis strain 520-20

NR 024950.1 Pseudomonas brassicacearum strain DBK11

NR 024951.1 Pseudomonas thivervalensis strain SBK26

@ KMA4.1

3-cypet — Pseudomonas thivervalensis IITaMbIHBIH (PUIOTCHETUKAIBIK TAJIAYbI

@ RMA7

NR 028838.1 Devosia neptuniae strain J1
— NR 117516.1 Dewvosia psychrophila strain Cr7-05

NR 042324.1 Devosia limi strain R-21940

| NR 114252.1 Devosia yakushimensis strain NBRC 103855

0.002

INR 112715.1 Devosia yakushimensis strain Yak96B

4-cyper — Devosia neptuniae ITaMbIHBIH (PUIOT€HUKANBIK TaJaybl
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—1_

—L

NR 025613.1 Glutamicibacter mysorens strain DSM 12798

NR 114924.1 Glutamicibacter mysorens strain LMG 16219

NR 026190.1 Glutamicibacter nicotianae strain DSM 20123

NR 156872.1 Glutamicibacter halophytocola strain KLBMP 5180
NR 025611.1 Glutamicibacter arilaitensis Re117

@ MMA4

NR 074608.1 Glutamicibacter arilaitensis Re117

5-cypet — Glutamicibacter arilaitensis IITAMBIHBIH (DHIOTEHETUKABIK TAJIaY bl

MK809932.1 Aspergillus flaws strain HSL17

MK791661.1 Aspergillus flaws strain C
[

MK714922.1 Aspergillus flaws isolate FIRG1S2

MK714921.1 Aspergillus oryzae isolate PxIL

MK680242.1 Fungal sp. isolate DC-F6 small

6-cypet — Aspergillus flavus punocenemuxanvix mandayoa caypipayKyiaKmapobiy OpHALAC) b

{ MKO088499.1 Penicillium chrysogenum strain 22S5A3
MK088497.1 Penicillium chrysogenum strain 24R5A1

MKO088501.1 Penicillium rubens strain CC2CD4-2

MK088509.1 Penicillium chrysogenum strain P23Y5A5
MK256453.1 Penicillium commune strain 8Y5B5

MK256474.1 Penicillium chrysogenum strain 3S5A1

—
MK088496.1 Penicillium chrysogenum strain 4S41

7-cypet — Penicillium chrysogenum GbuaoreHeTHKaIIBIK TalJayblH/Ia CAaHBIPAYKYIaKTap IblH OPHANIACYbI

JKypriziaren Ttanmaymap HOTHXKECIHIE 3epT-
TeTIHETIH caHplpayKyiak yuarinepinig ITS —
aiiMarplHaH HYKJICOTHATIK PETTUIIri anplHFaH 0o-
nateH. Ansiarad manimertep NCBI Xanbkapamsik
JIepeKTep KOPBIHBIH MOIIIMETTEPIMEH CaJbICThI-
PBULABL. 3epPTTENreH MTaMIaP IbIH TAKCOHOMHUSITBIK
UACHTU(UKANUACHIH JKacayFra MYMKIHIIK Oepe-
TiH, €H KaKblH TYBICTAC INTaMJapMEH (UIIOTCHE-
TUKAJBIK Talaay Kypbulel. Machl caHbIpayKyJ1ak
IITaMbIHBIH UACHTUGUKAUACH Aspergillus flavus
IITAMbIHA  JKATATBIHIBIFBIH ~ KOPCETTI, MYHJa
TOMOJIOTHSIIIBIK, JIopexeci eH xakblH MK791661.1
Aspergillus flavus strain C xone MK809932.1
Aspergillus  flavus  strain  HSL17 mramumapsl
Machlmramer ymin 100% kypagsr (6-cyper).
Mach2 mTaMBIHBIH TaKCOHOMUSIIBIK, HIACHTH(H-

KaITMsACHI, €H JKaKbIH TYBICTHIK mTam MK088496.1
Penicillium chrysogenum strain 4S41 ekeHiH
KepceTeni. 3epTTeNlylli IUTaMHBIH Oysl Typre
JKaTKBI3yFa MYMKIHIIK O€peTiH TOMOJIOTHSIIBIK
nmopexeci 100% xypazst (7-cyper).

KopbIThIHABI

MyHaiiMeH JacTaHfaH TONbIpAaKTapAaH OeiHim
ajpIHFaH OEJICeHMII KOMIPCYTETiH TOTBIKTHIPYIIIBI
MHUKPOOPTaHU3M/IiH KYJIBTYPaAbI-MOPQOTOT USITBIK
KacHeTTepi 3epTTeTiHII.

Monekyaspiabl-reHe THKAIBIK 3epTTeyep
HOTHXKECIHAE  KOMIpPCYTEeriH  TOTBIKTHIPYLIBI
MUKpPOOpPTaHW3M  INTaMJapbl  dpTypii  ¢wu-
3UOJIOTUSIITBIK TONTapra KATKBI3BIIJIBI:
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Pseudomonas thivervalensis KMA4.1, Devosia Mynnesiep KaKThIFbICHI

neptuniae RMA7, Glutamicibacter arilaitensis

MMA4, Aspergillus flavus Machl, Penicillium MakanaHblH KYPBUIBIMBIH OapiblK aBTOpJIap

chrysogenum Mach?. OKBIII, TAHBICTHI J)KOHE MYJJICIEP KAKTHIFBICHI KOK,.
XKyprizinren 3epTTeynep HOTIKENepi MyHai

KOHE MyHall OHIMJEpIMEH JIaCTaHFaH OpTaJIap.bl AJrbic co3

KaiiTa OHJCYy TEXHOJOTHACHIHAA KeJeai OOJbII

TaOBUIATBIH KOMIPCYTETiH TOTBIKTBIPYIIBl MHKPO- Maxkana  aBtopmapsl  YammeBa  Ilepmsar

OpTaHu3M IMITaMJAapbl TYpre AcHin uaeHtupukanu-  CepUKKa3ueBHara MaKaia a3y OapbICbIHIa OepreH

SUTAH/IBI. KYHJIbI KEHECTepi YLIIH anfbic Oinaipesi.
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FTEEHOTUTTMPOBAHUE BEPBAIOAOB AAMATUHCKOM OBAACTU
MO F’EHY CSN2 MOAOYHOMU INMPOAYKTUBHOCTH

BepbAioskbeMy MOAOKY mpuaaetcs ocoboe 3HadyeHue M3-3a ero ueAebHbIX CBOMCTB M BbICOKOM
NULLEBOM LIEHHOCTU. B cpaBHEHWM C MOAOKOM APYIMX CEAbCKOXO3SMCTBEHHbIX YXMBOTHbIX, MOAOKO
BEPOAIOAOB, & TAKXKE MOAYYAEMbIE U3 HETO MPOAYKTbI AEMKO YCBaMBAIOTCH OPraHM3MoM YeAoBeka. Takmm
00pa3oM, M3yYeHUe reHeTMUYECKOro pa3Hoobpasns 1 ceaekumst BEPOAIDAOB MO «MPEANOUYTUTEAbHbIM»
FeHOTHMaM SBASETCS BaXKHbIM COCTaBASIOLMM BepOAIOAOBOACTBA KasaxcTaHa.

BeAok f-kazemH coCTaBAsieT HaMbOAbLLYIO YacTb Ka3eMHOBOM (DpakLMM BEPOAIOXKLEFO MOAOKA, a
Koampytowmi ero red CSN2 cunmtaeTcss OCHOBHbIM F€HOM HaAMUMS aAAEAe, CBS3aHHbIX C Pa3AMYHbIM
YPOBHEM 3KCMPeccumn KasemHoBbIX OeAKoB. TpaH3uums g.2126A>G, pacroAoXKeHHas B pernoxe
TATA-6okca npomoTtopa reHa CSN2, Mo NpeAnoAOXEHUSIM, BAMSIET Ha aKTMBHOCTb CBS3blBaHWA
drakTopa TPAHCKPUNLUMK, UTO B AQAbHENLLIEM OMNpeAeAsieT MHTEHCMBHOCTb 3KCMNPeCccum AaHHOro reHa. B
M3YYEHHbIX HaMM MOMYASLMAX BEPOAIOAOB, PAa3BOAMMbIX B AAMAaTMHCKOM 06AaCTH (53 roAOBbI), YacToTa
anneas G coctaBmaa 0,36, Toraa kak yactota aareast A coctaBuaa 0,64. Takke, BbISBAEHO paBHOBecCHe
Xapamn-Banu6epra, kotopoe 6bIA0 paBHO 8,589. YpoBeHb noanmopdmama GbiA BbICOKMM B 1-, 2- 1
4-nonyasumax, coctasns 100%, Toraa Kak B 3-MONyAsiLMM AAHHbIA MOKasaTeAb OblA paBeH 66,67 %.
AASl VM3yUeHHbIX MOMYASUMIA ObIAM YCTAHOBAEHbI TakMe CTaTUCTMYECKMe MoKasaTeAM, Kak 4acroTta
BCTPEYAEMOCTMN reHOTUMNOB, BbIIBAEHHOE 1 3(h(PeKTUBHOE KOAMUYECTBO aAAEAeN, pasHoobpasune reHoB
no Nei 1 Ap., KOTOpPble AQIOT MOMYASLMOHHO-TEHETUUYECKYIO XapaKTEPUCTUKY MOMYASLMIA.

KAtoueBble cAoBa: BepOAlOAbl, BepOAlOXKbe MOAOKO, f-kasemH, PCR-RFLP aHaams, SNP,
reHetmyeckoe pasHoobpasme.
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Genotyping of camels of Almaty region
by CSN2 dairy productivity gene

Camel milk is especially important for its healing properties and high nutritional value. Compared
to milk of other farm animals, camel milk, as well as products obtained from it, are easily absorbed by
the human body. Thus, the study of genetic diversity and selection of camels according to “preferred”
genotypes is considered as a principal part of camel breeding in Kazakhstan.

The B-casein protein makes up the largest part of the casein fraction of camel milk, and the CSN2
gene encoding it is considered as the main gene for the presence of alleles associated with different
levels of expression of casein proteins. Transition g.2126A> G, located in the TATA box region of the
CSN2 gene promoter, is supposed to affect the activity of binding of the transcription factor, which fur-
ther determines the expression intensity of this gene. In the populations of camels bred in Almaty region
studied by us (53 animals), the frequency of the G allele was 0.36, while the frequency of the A allele
was 0.64. Also, the Hardy-Weinberg equilibrium was found to be 8.589. The polymorphism was high
in 1-, 2- and 4-populations, amounting to 100%, while in the 3-population this indicator was 66.67%.
For the studied populations there were identified such statistical indicators as the genotypes occurrence
frequency, the observed and effective number of alleles, gene diversity by Nei etc., which give the popu-
lation genetic characteristics of populations.

Key words: camels, camel milk, p-casein, PCR-RFLP analysis, SNP, genetic diversity.
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AAMaTbl 0OAbICbI TYHeAepiH CYTTIAIKTIH,
CSN2 reHi 60¥bIHLLA FeHOTUNTEY

Tyne CyTiHe OHbIH LIMMAAbIK, KACMETTEpPi MEH TaraMAbIK, KYHAbIAbIFbIHbIH >KOfapbl 6GOAyblHA
GanAaHbICTbl epekiie MaH bepireai. backa ayblAlLlapyallbIAbIFbl >XaHYapAApPbIHbIH CYTIHE KaparaHAa,
TyWe CyTi >XOHe OAaH AAMbIHAAAATbIH BHIMAEP aAaM afF3acblHa >KeHIA CiHipiaeai. Ocblaaiiia,
TYMEAEPAIH, FEHETUMKAABbIK, SPTYPAIAITIH 3€pTTEy >KOHE OAAPAbl «KafblMAbl» FeHOTUNTeP 6OMbIHLLA
CYpbINTay >KYMbICTapbIH >YpPridy KasakcraHAarbl Ty/e LapyallblAbIFbIHbIH MaHbI3AbI KYpamMAacC OGeAiri
60AbIN TabblAAADI.

f-kKasenH 6GeAorbl TyiMe CYTiHIH KaseMHAI (pakumsCbiHbiH 6acbiM GOAIriH KypaniAbl, aA OHbI
KoATanTbiH CSN2 reHi ka3enH GEAOKTapbIHbIH 3KCMPECCUSHbIH SPTYPAI AEHrenAepiMeH GainAaHbICTbl
60OAATbIH AaAAEAbAEPAIH 60AY-60AMaybIHbIH, HEri3ri reHi 60AbIN caHaAaabl. g.2126A > G TpaH3ULMSIChI
CSN2 reHiHiH npomoTopbiHbiH TATA-O60OKC armarblHAQ OpHaAackaH >oHe 60AXam 6OoMbIHLIA,
OCbl TEHHiH 3KCMNPEeCCUSICbIHbIH  KAPKbIHABIABIFBIH  @HbIKTAMTbIH ~ TPAHCKPUNUMS  (DaKTOPbIHbIH,
GanaaHbICy BeAceHAiAITiHe acep eTeai. 3epTTeyre aabiHFaH AAMaTbl OBAbICBIHAQ ©CIpPIAETIH TyeAep
nonyasumsinapbiHaa (53 6ac) G aareAiHiH xuiairi 0,36 kepceTkilliHe ne GOAAbI, aA A aAAAIHIH >KUIAIT
0,64 kypaabl. CoHbiMeH KaTap, XapAu-BaitHOGepr Tene-TeHAIri aHbIKTaAAbl XXOHE OHblH MoHi 8,589
TeH, 60AAbI. [loAnmopunsm aeHreiti 1-, 2- xeHe 4-nonyasumsaapaa >korapbl 60Abin 100% Kypaca,
3-nonyasumsiaa 6yA kepcetkiw 66,67% TeH G0AAbl. 3€pPTTEAreH MOMyASUMSIAAPAQ TEHOTUMTEPAIH
KE3AECY >KMIAIr, aHblKTaAFaH >XoHe 3(deKTMBTI aareAbaep caHbl, Nei 6OMbiHLIA TFeHAEPAiH
SPTYPAIAITi XaHe T.6. CTaTUCTMKAABIK, KOPCETKILITEP aHbIKTaAAbl. byA KepceTkiuTep nonyAsumsiaapra
NOMYASLMSAbIK-TEHETMKAABIK, CMMaTTama Oepea,.

TyiiH cesaep: Tyreaep, Tyie cyTi, f-kazemH, PCR-RFLP aHaAM3, SNP, reHeTUKaAbIK, 9pTYPAIAIK.

BBenenune

Cpenn Begymmx B MUpe MPOU3BOAUTEIEH Bep-
omoxkpero mMosyioka KazaxcraH 3aHuMMaeT JUOUPY-
Ione no3unuu. B HacTosiee BpeMs IOT0JI0BbE
BepOmonoB B Pecnybnmke Kazaxcran cocraBis-
er 243,2 TeIic. royoB, yBenuuuBmuCch Ha 4,1% 3a
2019-2020 roxei [1]. Hanbonee octpoii mpobiemoit
BepOJIIOA0BOICTBA CETOAHS SIBISIETCS IOBBIIICHHE
NPOJYKTHUBHOCTH U IUIEMEHHBIX KadeCTB >KHUBOT-
HBIX, & UMEHHO, HAaIlPaBIIEHHOE Pa3BUTHE MOJOY-
HOTO BEpOIIOOBOMICTBA, KOTOpPOE OOYCIOBIICHO
OBICTPOPACTYLIMM CIIPOCOM Ha BEPOIIOKBE MOJIOKO
HaJ (PaKTHYECKOH BO3MOMXHOCTBIO €ro MPOU3BOJ-
ctBa. K oCHOBHBIM Mpo0iieMam, MPensTCTBYIOIINM
YBEJIUYEHHIO TPOU3BOJICTBA BEPOIIOKBETO MOJIOKA,
KOTOPOE YJOBIETBOPHIIO OBI TOTPEOHOCTH PHIHKOB
Kazaxcrana u 3apyOeHBIX CTpaH MOXHO OTHE-
CTH: HE3HAYUTEIbHYIO MOJIOUYHYIO IPOILyKTUBHOCTh
BepOII00B, HEOOIBIIYI0 YHUCIEHHOCTH TTOTOJIOBbS
HAIMpPaBJICHHOTO MOJIOYHOT'O THIA Ka3aXCKHX Oak-
TPUAHOB, APOMENAPOB, a TAKKE, UX THOPUIIOB B CO-
OTHOIIIEHUH C OOIINM MOTOJIOBHEM MTOMYJISIIIAIA BEp-
omonoB Kazaxcrana. OqHako, CTOUT OTMETHTh, UTO
JKUPHOCTH BEpOIIIOKBEr0 MOJIOKA, IPOU3BOANMOTO
B PecniyOnmke KazaxcraH, ouens Boicokas (4,0% u
BBIIIIE) I10 CPABHEHHUIO C MOJIOKOM ITPOU3BOJUMEIM B

IpyTHux BepOmogopa3Boaannx crpanax (3,2-3,5%).
U cBs3aHO 3TO C TEM, YTO MOJIOKO, IOJy4aeMoe OT
OTEYECTBEHHBIX MOPOJ BEpOIIOAOB, a UMEHHO, Ka-
3aXCKUX OaKTpHaHOB, O0JNamaeT XUPHOCTBIO 5,0-
6,0%, y TYpPKMEHCKHX OJHOTOpPOBIX BepOJIIOI0B
9TOT MoOKa3zarenb paBeH 3,2-3,5%, a y ruOpuaos
OakTpuana u npomenapa 3,8-5,0%. BepOmroxbe
MOJIOKO C TaKUM BBICOKMM IPOICHTOM >KHPHOCTH
HCTIONB3YeTCs Ul IPOU3BOACTBA KAa3aXCKOW HaIH-
OHAJIBHON MOJIOYHOH MPOYKINH — IITy0aT U KEIMBI-
paH, KOTOpbIE HE MMEIOT aHAIOTOB B MHPOBOIl WH-
JIyCTPUU MOJIOYHON MPOSYKTUBHOCTH [2].
Kazaxcranckue mopos1 BepOIIio10B, TaKXKe, OT-
JUYAIOTCS OMOJIOTMYECKUM Pa3HOOOpa3ueM CBOETO
reHo(oH/1a, B CPAaBHEHHUH C OOJBIIMHCTBOM CTPaH
HentpanpHoit A3un. Tem He MeHee, B MOCIEIHES
BpeMsi HaOI0Aal0TCs HEKUEe U3MEHEHUSI B TIOPOTHO-
MIOMYJISIIMOHHOM acCIIeKTe, KOTOPhIe YKa3bIBAIOT Ha
TEHETUYECKYIO yTpaTy Pa3zHOOOpa3usi BepOFOIOB.
U3 yero cnenyert, yTo AN coxpaHeHUs Onogoruye-
CKOTO pa3HooOpa3usi BepOIIo0B B CTpaHe HEOOXO-
JIIMO TTPOBECTH PSIJI MEP IO OLIEHKE COCTOSIHUS BEP-
OII0IOBOJCTBA B CTPaHE, peaIn30BaTh OMUCH CKOTA,
MIPOBOANTH PAOOTHI IO COXPAHEHUIO MPHUPOIHBIX H
MOJYYEHHBIX OJarogapsi BO3MOKHOCTSIM CEJIEKIINU
MOMYJISIHHA YUCTOIOPOIHBIX BEPOJIIONOB U UX T'H-
OpWIOB, IPU STOM YUYWTHIBAs MMPOUCXOISIINE TPO-
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LIECCHI IPUPOIHOTO ¥ aHTPOIIOTCHHOTO MPOUCXOXK-
neHus. TakuMm o0pa3oM, 0COOCHHOCTBIO CEJIEKIIH-
OHHO-TEHETHYECKOW paboThl B BepOJIOI0BOJICTBE
Kazaxcrana mOMKHO SIBIATHCS TPHMEHEHUE Ha-
MIPABIIEHHBIX CEIEKIIMOHHBIX pa0OT 110 YBETNICHUIO
[IOTOJIOBBSI JKUBOTHBIX C JKEJIAEMBIM T'€HOTHUIIOM,
BBUAY JOCTYIHOCTHU COBPEMEHHBIX METOJOB [2].

BepOimoxbe MOJIOKO OTJIMYAETCS CBOMM CIIEIl-
U(UISCKUM COJIOHOBATHIM BKYCOM, OOTaT Makpo W
MUKpO3JEMEHTAaMH, COYeTaHHE aMHUHOKHCIIOT, CO-
JepKAIUXCS B HEM, CIMTACTCS WICATbHBIM IS Op-
raHM3Ma 4ejaoBeKa, U4To JejlaeT ero Hanbosee Oms-
KHM K MOJIOKY 4denoBeka. CuuTaercs, 4To BepOIIro-
JKbE MOJIOKO 00J1aJaeT JIedeOHBIMA CBOMCTBAMH I10
OTHOILICHUIO K TaKuUM 3a00JICBAaHUSIM, KaK IelaTHT
C, Oone3Hp AnbIreriMepa u Ap., 6marogaps couep-
JKQaHWIO B HEM aHTUTeIN. Takxke, HMEIOTCS MCCIEIO0-
BaHUs HANpaBJICHHBIC Ha OMpECIICHUE POJH BEp-
OJIF0YKBETO MOJIOKA B COKPAIICHUH CUMIITOMOB JTHA-
OeTa u psifa cepaeuHbIX 3a001eBanuii. B cpapHeHNHN
C MOJIOKOM KPYITHOTO POTraToro CKOTa, COACpKAHUE
ButamuHa C U copeprkaHue jKene3a B MOJIOKE Bep-
0JIF0/TI0B B HECKOJIBLKO pa3 BhIIIE [2].

CxoxecTh BepOJbIOKBETO MOJIOKA C 4YeJIo-
BEUECKUM TakKe OOBSICHAETCS €ro YHHKAIbHBIM
COCTaBOM, B KOTOpPOM 0oJiee BBICOKYH) KOHIICH-
TpaLIo cocTaBisieT f-kasenH (65%) u Oonee HU3-
Kyto k-kazeuH (3,5%), asl-xazenn (22 %), u os2-
kazeuH (9,5%) [3]. U3 4 reHOB KOOUPYIOMIUX NaH-
Hble Oenku, nmonumopdusm Obun mzyueH y CSN2,
CSN3 u CSNISI. SNP g.2126A>G B rere CSN2 u
£.1029T>C B rene CSN3 urpaioT BaxHYyIO poJb B
W3MEHEHUN KOHCEHCYCHBIX IOCIIE0BATEIHHOCTEH
(haxTopoB Tparckpunuu (TATA-box m HNF-1, co-
OTBeTCTBEHHO) [4, 5]. Hanpotus, nns rena CSN1S2
HMMeeTCsl MPOTUBOpeUrBasi HHQOpMAIUs O KOJIHYe-
CTBE DK30HOB, H JI0 CHX TIOp HE coolmmanocs o SNP
JUTSL s 2-Ka3eruHa, HECMOTPS Ha TO, YTO PSIT albTep-
HATUBHBIX BAPHAHTOB CIIACHHTa OBLT YK€ OMTUCaH
[6]. OmHako, B 3TOM OTHOIIICHHUH ITOJIC3HBIC TaHHBIC
MOTYT OBITh MMOJIYYCHBI U3 aHAJIM3a reHoMa, COOpKa
KOTOPOTO JOCTYITHA OHJIAWH /ISl OMYABIINX, JIBY-
ropOBIX W OJHOTOPOBIX BEPOIIOIOB, a TAKXKE IS
anpraku. [loyHas MOCIEA0BaTEIIEHOCTh TEHOMA CO-
ctouT u3 nmpumepHo 2000 Mbase ni1st Kaxma0TO BUA,
HO W30JUPOBAaHHbIE T€HOMHBIC IIOCIIEI0BATE b~
HOCTH BCE €Ille HE Pa3MEIIeHBI B OOIIECIOCTYITHBIX
0a3ax JaHHBIX W UX aHHOTAIUS TOYTH MOIHOCTHIO
OTCYTCTBYET [7]. OT0 HabOMIOMEHNE TOTICPKUBACT
HEO0OXOJMMOCTh cOOpa JOMOJHUTEIBHBIX JAaHHBIX
JUIS aHHOTAIMM TeHoMma BepOmonma. Kpome Toro,
YUUTBIBasE TECHYIO CBSI3b MEXJy I'€HaMHU Ka3euHa,
OIICHKY B3aMMOCBSI3M MEX]y BapHaHTAMU Ka3CHHA
M XapakTepUCTHKAMH MOJIOYHOH MPOIYKTHBHOCTH
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MOJKHO YJIYYIIUTh, pacCCMaTpUBas ralIOTUIIBI Ka3e-
HWHa BMECTO OT/ICJIbHBIX TEHOB [8&].

Cooblmaercs, 4YT0 Ha pacHupeAeseHue KajabLus
U CTaOMIILHOCTh MHIEIT Ka3eMHA BIUSIOT pa3HbIe
ypoBHH (HOCHOPUINPOBAHUS [-Ka3ernHa, MOATOMY
JaHHBIA O€NOK SIBISETCS Ba)XKHBIM KOMIIOHEHTOM
BEpOIIOKBETO MOJIOKA, WUTpasl KIIOYEBYIO POJIb B
ONpeNIeJIeHNH €r0 NHUTATEeNbHBIX U TEXHOJIOTWYe-
CKkux cBoicTB [9]. Y BepOMomoB reH [-Ka3zenwHa
(CSN2) coctout u3 9 sk30HOB U 7819 HyKieoTu-
noB [4]. Heckonbko ucCCleNOBaHUN Yy >KBAauHBIX
KUBOTHBIX IIOKa3alM CBsI3b IOJIMMOpP(QHU3MA IeHa
f-KazenHa ¢ BaXHBIMH C 3KOHOMHYECKOW TOYKH
3pEHHUS XapaKTEPUCTUKAMHU, TAKUMH KaK yJIOH U CO-
CTaB MOJIOKa KPYITHOTO POraToro CKOTa, OBEIl U JIp.
[10, 11]. Panee, Pauciullo ¢ coaTopamu [4] uzy4dui
Tpam3unuio g.2126A>G B mpoMOTOpHO# 00sacTi
CSN2 y deTsipex NOIYJISALUN CyTaHCKUX OJHOTOP-
Ob1x BepOronoB. O1oT SNP 2126A/G pacnonoxeH
Ha Tpu Hykieotuaa Hmwke TATA-Ookca u Moxer
BIUATH Ha cBa3biBanne PHK-monmmmepasst k TATA-
OoKCy, moaBepras K U3MEHEHHUIO SKCIPECCHIO TeHa
[12].

®pakuus f-kazenHa Oblaa IIyOOKO M3yueHa y
JKBAQUHBIX JKUBOTHBIX M XOPOILO OXapaKTepHU30Ba-
Ha Kak Ha ypoBHe Oenka, Tak u Ha yposHe J[HK.
MHorue anjenu, CBI3aHHbIE C Pa3HOW CKOPOCTHIO
cuHTe3a Oelika, ObUIH HICHTU(UIMPOBAHBI B COOT-
BeTcTByMOmeM Komupytomiem reae (CSN2). Coob-
1agoch O 1O MEHbIIeH Mepe 6 TeHeTHYecKHX Ba-
puaHTax y oser [13], Torga Kak 1mo MeHbIIEH Mepe
8 ammenei, coorBeTcTByromuX 7 BapuantaMm [-CN,
ObLTH MACHTHGUIUPOBaHK! Y K03 [14] 1 o kpaiineit
Mepe 17 annenei, COOTBETCTBYIOIMX 12 BapuaHTaM
S-CN, 6putr HIeHTH(GUIIPOBAHBI Y KPYITHOTO poTra-
Toro ckora [15, 16, 17]. Y BepOt070B ke f-Ka3zeuH
ObUT MOAPOOHO OXapaKTEepU30BaH Ha OEIKOBOM
YpOBHE, T'€HETHYECKHE BapUaHThl I'€Ha [-Ka3euHa
OBLTH N3yUYeHBI y 3apyOEKHBIX MOIMYJISUHA BEpOITIO-
IoB [4], Torma kak mofo0Hasi TeHeTHYeCcKas Xapak-
TEPUCTHKA OTCYTCTBYET JUIS IOILYJISILNH Ka3axCTaH-
CKHX BEpOJIIOJIOB.

B mpoBeneHHbIX HamMM paHee paboTax Mo u3-
VYEHHIO TEHOB MOJIOYHON MPOJYKTHBHOCTH MBI
omucany 4 MomyNsuuu BepOIOJ0B, Pa3BOIMMBIX
B AnMmaTuHCKON obnactu o reny CSN3 k-ka3zenHa
BEpOJIBIOKBETO MOJIOKA, TAE Jajl XapaKTepUCTH-
Ky OTHOCHUTEIBHO PACIpEeIEHUIO JKEIaeMOoro re-
HOTHUNA 1Mo 3ToMy TreHy [18]. B nanHoi cTaThe u3-
y4€Ha 4acTOTa paclpeneieHns TeHOTUIIOB 0 TeHYy
f-xazenHa CSN2 v poBeAeH CTaTUCTUYECKUN aHa-
73, TOE OIpEeIeNeHbl 4acTOTa BCTPEUYAeMOCTH Te-
HOTUIIOB, BBISIBJICHHOE H 3P QEKTUBHOE KOITUIECTBO
ajuieneid, paznooOpasue reHoB 1o Nei u ap.
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MaTepI/laJ'lbI U ME€TOJbI

Coop mamepuanog. JIns wccnenoBaHus OBLTH
coOpaHbl 00pasiibl KPOBH y 53 0TOOpaHbBIX I'OJIOB U3
4 nomynsAnui BepOIr010B, Pa3BOIUMBIX B AJIMAaTHH-
ckoit oomactr. OOpa3itel OBLTH COOpaHBI B BAKYyyM-
Heie DJITA npoOUpKH I IPEAOTBPAILICHHS CBEp-
THIBAaHHS KPOBU ¥ TPAHCIIOPTHPOBAHEI B JIaOOpaTo-
PUIO B CTIEIMATBHBIX OXJIaTUTEIFHBIX KOHTEHHEepax
(4°C-8°C). OO6pasubl XpaHHUINCH B MOPO3HUIBHOM
KaMmepe J0 ucronb3oBaHus A Beiaenenus JJHK.

Buvioenenue cenommnoni JJTHK. BeineneHne reHOM-
Hoit JIHK u3 o0pasiioB kpoBu OBUIO MPOBEICHO C
UCTIIONb30BaHWeM HaOopa st skcrpakiun JHK
n3 kpoBu u TKaHed «JIHK-cop6-B» (AmmmuCenc,
Poccust), mo pekoMeH10BaHO# TPOU3BOIUTEIEM Me-
tonuke. Beinenennsie oopasnsl JJHK xpanwmmucs B
MOpPO3WIBHUKE TIpH Temiteparype -20°C [19].

Onpedenenue kawecmaa u konyenmpayuu JJTHK.
Mns onpenenenus kayectBa U KonueHtpanuu JHK
OnuTn ucnonb3oBanbl JIHK-hoToMetp (Biofotometer
Plus, Eppendorf, 'epmanus) u MeToJ arapo3HOTO
renb-anektpodopesa [20]. Uzyuenue kauecta JJHK
u npoBepka Ha npucyrceue PHK mpoBoauiiocs B
0,8% arapo3Hom reib-3ekTpodopese. Buzyanuza-
uus monekyn JJHK npoBoaunack ¢ HOMOIIbIO Telb-
nokyMeHTupytomei cucremsl (Quantum-ST5-1100
Vilber Lourmat, ®pannus).

PCR-RFLP-ananus.  Amiumdukanus  reHa
CSN2, nmHaa KOTOpOTo cocTaBiseT 659 m.H., ¢ 11e-
nbto onpenenenus g.2126A/G SNP npoBoauiack ¢
ucnons3oBanueM Mastercycler (Eppendorf, Thermo
Fisher Scientific, CLIA) B cleayrImuX yCIOBUAX:
95°C (4 mun), 35 muxioB npu 95°C (60 c), oTxur
npu 53°C (45 c¢), 72°C (90 c¢) u 72°C (10 muHn). Tu-
nrgHas cMmech s peakruu [P (20 pl) cocros-
na u3 PCR Master Mix (Thermo Fisher Scientific,
CILIA) u cnenyromied napoil npaiitMepoB, CHHTE3U-
poBaHBIX Ha 0a3e «VMHCTHTyTa TeHETUKH U (DHU3HO-
norum»: cMmeiciaoBoit mpaiimep 5'-GTT TCT CCA
TTA CAG CAT C-3' u aHTHCMBICIOBOH Tpanmep
5'-TCA AAT CTA TAC AGG CAC TT-3". IIpo-
nyxtsl [TIP nposepsiuck B 1,5% arapo3HoMm reib-
anekTpodopese, s OKpaIuBaHUS UCIIOIB30BAIICS
Opomucteiil dtuauit [20]. Jlamee oOpas3isl mpoayK-
toB [1L[P ObLTH MCTIOIB30BAHBI I TEHOTUITUPOBA-
HUS KUBOTHBIX 110 g.2126A>G SNP metoaoM PCR-
RFLP. Pectpuxnus [P nmpomykTa Obl1a mpoBeAcHA
C HCII0JIb30BaHuEM dHAOHYKIeassl Hphl (5'...GGT-
GAN,|...3") (ThermoScientific, CILIA) npu Temre-
parype 37°C. CMech IS pECTPUKIIHU COCTOSIIA M3
Sul TIIP mpoxykra, 9ul dH,0, 1,25ul 10xBuffer
B u 0,75pl pecTpukunMoHHON 3HAOHYKIEa3bl Hphl.
IIpoayKTHl pECTPUKIINU OBLIH MPOAHATU3UPOBAHBI

C HCIIOJIb30BaHUEM 5% MONHAKPUIIAMUATHOTO Teih-
anekTpodope3a TPU OKPAIIMBAHUH KpacHTEIeM
SYBR Gold Nucleic Acid Gel Stain (ThermoSci-
entific, CIIA) B 1XTBE Oydepe. Busyanuzanus
pe3yibTaTOB TMPOBOJWIACH C TIOMOIIBIO TE€lb-
JIOKYMEHTHpYIoIiero obopynoauus (Quantum-
ST5-1100 Vilber Lourmat, ®panums). Bo Bcex
HCCIIEIOBAHBIX MOMYJSIHUAX OBbUTH  PacCYUTaHBI
yacToTa ajienell u paBHoBecue Xapau-BaiinOepra
(x2). Tlpu poBeIeHUN CTATUCTHYECKUX PACCUCTOB
JUIsSl YCTaHOBIICHUSI TAKUX TIOKa3aTelei, KaKk 4acTo-
Ta BCTPEYaeMOCTH I'€HOTUIIOB, pa3HOOOpa3ue reHOB
mo Nei, BbisIBIEHHOE U 3((EKTHBHOE KOJUYECTBO
aliened W np. ObUTa HMCHOJB30BaHA MPOTrpaMMa
POPGENE Software.

Pe3y.m,TaT1)1 H UX 06cym21elme

[Ipon3BOACTBO BBHICOKOKaYECTBEHHOTO MOJIOKA
1 TepepaboTaHHBIX MOJIOYHBIX MPOAYKTOB SIBIIS-
€TCsl BAKHBIM IIIarOM Ha MYTH K YCIEXYy Pa3BHTHUS
MOJIOUHOTO BepOmoaoBoacTBa [21]. Dto wmccne-
JIOBaHHE OBUIO HAINPABICHO HA BBISBICHHE MOJIH-
Mopdusma rena CSN2 y 4 nmomynsuuii BepOIto0B
AnmaruHckoit obnacTtu. Pesynbrate! ananmnza PCR-
RFLP nioka3ainy HAIMYKUE TPEX pa3iIuvHbIX MaTTep-
HOB PECTPUKIINH Y UCCICAOBAHHBIX JKUBOTHBIX. Pe-
ctpuknus npoxykra [1IP pazmepom 659 m.H. dep-
MeHTOM Hphl npuBeno K MoJyueHUIo IBYX ¢par-
MeHTOB pa3mepom 608 u 51 m.H. 1 06pas3nos A/A,
Torma kak gparmMeHT 608 I1.H. JOTOTHUTEIBHO OBLT
pasnenieH Ha j1Ba (parmMeHTa pasmepom 352 u 256
IL.H. B ciryyae oopasuoB G/G. IlartepH pectpukiun
TETEPO3UTOTHBIX 00pa3ioB A/G Moka3an dYeThIpe
¢parmenTa (608, 352, 256 u 51 n.H.). Ha pucynke 1
BH/THO, YTO B U3YYEHHBIX HAMH TOITYJISALUAX BBISB-
nensl Bce 3 reHoTuna rera CSN2: resorunt GG ObLT
BBISBIICH N0 ()parMeHTaM JIHHOIO B 352 m.H., 256
n.H. 1 51 m.H.; reHotunr AA — 608 m.H. u 51 m.H.; re-
Tepo3UTOTHRIM TeHoTHHn AG — 608, 352, 256 u 51
.H. ®parMeHT JUIMHOIO B 51 I.H. MPUCYTCTBYET BO
BCEX TpeX TeHOTHUIIAX, HO CJIa00 BHU3YyaJH3UPYETCS
Ha PUCYHKE M3-3a 0Y€Hb KOPOTKOW JJINHBI.

[lo monmyuyeHHBIM HaMU pe3yJjbTaTaM HCCIeNo-
BaHUS MOXHO 3aMETHTh, YTO B 4 MOMYJALUAX BEp-
OJIFO/IOB, Pa3BOAMMBIX B AJIMAaTHHCKOH 00JacTH
TeHOTHIBI 10 n3yyaeMomy reny CSN2 BcTpevaroT-
cs1 HepaBHOMepHO. Cpenu 53 mpoTeCTUPOBAHHBIX
BepOJII0JI0B TeHOTHIT A/A BCTpevalicsi ¢ CaMOil BbI-
coKoi1 yactoroit — 52,8%, B TO BpeMsl Kak T€HOTHU-
el G/G u A/G Bcrpevanuch ¢ yactoroi 24,6% u
22,6%, coorBeTcTBeHHO (Tabmuma 1). OTu pe3yib-
TaThl 3HAYUTEILHO OTIIMYAIOTCS OT JIAHHBIX BBISB-
neHHBIX Pauciullo n ero coaBTOPOB, KOTOPHIE HICH-
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TU(GUIMPOBAIN BBILIEyKa3aHHbIe TeHOTUNBl CSN2
- A/G (51%), A/A (40%) u G/G (9%) — B ueThIpex
MOMyJISIUAX cynaHckux BepOmonoB (Illanbanm,
Kamu, Jlaxaoit u Apabu) merogom PCR-RFLP [4].
Ilo 3TMM JaHHBIM MOKHO 3aMETHTh, YTO IO CPaB-

HEHUIO C TMOMYJSIMSIMH CYJaHCKHUX BEpOIIIOJIOB,
B M3YYCHHBIX HAMH TMOMYJSAIMIX MpeoOiagaeT re-
notun A/A (52,8%), 3atem renotun G/G (24,6%),
TeTePO3UTOTHBIN XKe TeHOTUI NMEET HAMMEHBIIIYIO
gacToTy pacnpeneneHus (A/G).

Pucynok 1 — ['eHOTHTIMPOBaHKE BEPOMIOIOB AMMAaTHHCKOW 00IacTH
o reHy CSN2 g.2126 A>G pecrpukrazoit Hphl TILIP-IIAP® meTomom.
M — monekynsapusiid Mmapkep (ThermoScientific, CLLIA). Onucanue B TeKcTe.

Ta6auna 1 — Pacnpenenenue renotunos ro reHy CSN2 n gacToTa ajuienell B HOMy/SIUSIX BepOmonoB AJIMaTHHCKOH obnacTu

Honysiuuu BrIsBIEHHBIC T€HOTHIIEL Yacrora anmnenei, %
BepOTIoNI0B AA AG GG Bceero A G
1 2 1 8 0,75 0,25
2 4 3 9 0,6 0,4
3 18 2 0 20 0,95 0,05
4 1 9 16 0,25 0,75
Bceero 28 12 13 53 0,64 0,36
v2 = 8,589 pJ

Yro KacaeTcs OTACIbHEBIX aJlICIICH, ITOKa3aTeIu
4acTOThI ayienst A BapbupoBanuch ot 0,25 mo 0,95,
[I0Ka3aB HAWBBICIICE 3HAYUCHHUE B IMEPBOM IOITYJIIs-
MM ¥ HauMeHbllee B yeTBepToi. YacTtoTa BCTpe-
gaemocTH aysienss G B U3yYEeHHBIX TOMYJIAIHUAX KO-
nebnack ot 0,05 (B Tperweit nomynsanuun) 1o 0,75 (B
YETBEPTOU MOIYJISALINN).

BaxxHO OTMETHUTB, UTO B TEPBBIX TPEX MOMYJISIIH-
sIX Tpeo0aaeT reHoTun A/A, Toria Kak B 4-1ory-
TSN OOJIBIIE BCETO BCTPEUASTCS IPOTHBOIOIOK-
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HbIi reHoTun G/G, 4TO MOKAa3bIBAET T'€HETHUECKOE
oTIu4re 4-MOMyJSIIAA OT IPYTHX MO M3y4aeMOMY
reHy. Bropoii Hambosiee yacTo BCTpEUAIOLIHHCS
TEHOTUIl B STOM K€ MOMyJSIUUU — STO TeTepO3U-
roTHbIA reHotrn A/G, 4TO Tak)Ke OTINYAET €ro OT
JIPYTUX TOMYJISAIUN. Y )KUBOTHBIX U3 3-TIOMYJISALIAN
roMo3uroTHbeId reHoturt G/G BOBCE OTCYTCTBOBAJ,
a TeTepPO3UTOTHRIN TeHOTHTT A/G BCTpedaics TOb-
KO y 2 u3 18 u3yuyeHHBIX KUBOTHBIX, YTO TOBOPUT
0 HHM3KOM ypoBHe aiienss G B JaHHOW MOMYJISIHH
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(0,05). U3 atoro crienyer, 4TO JaHHAS TOMYJISIIAS
HY>XKJIa€TCS B HANPABJICHHON CEJIEKUMOHHOW pa-
0ote mo yBenuueHuro amtenst G, Ui yBEIUYCHUS
JKenaTeNnbHOTo reHotuna A/G U COXpaHEHUs TeHe-
TUYECKOTO pazHooOpa3wst momyssnuu. HampoTus,
M0 TEM K€ MPHUYMHAM 4-TIOMYJISAIUS HYXIaeTcs B
YBEIIMUYCHHUH aJiens A.

PaBnoBecue Xapmm-BaitnOepra mo BceM 4 mo-
myJAnusaM coctaBuiio 8,589. CTOUT OTMETUTH, YTO

Ha 9TOT TOKa3aTellb MOTJIH MOBIHUATH PAJ TaKUX
(hakTOpOB, KaKk HEAOCTATOYHOE KOJMYECTBO BBI-
OOpKH, OTPaHUYECHHOCTh CHCTEMBI CIIAPUBAHUS, T.J.
WA JIP.

Kak mnokazan craTucTHYecKUd aHalu3, ypo-
BeHb MoiauMopdu3zMa ObUT BBICOKMM B 1-, 2- u
4-nonymsnusix coctaBuB 100%, Torna kak B 3-mo-
IYJSITAA TAaHHBIN TTOKa3aTeNnb ObLT paBeH 66,67%
(Tabnuna 2).

Taomuma 2 — AHanu3 reHeTHISCKOro pa3Hoo0pasus 4 momyJisinuii BepOItoI0B Ha OCHOBE U3y4eHUs moauMopdusma reaa CSN2

Honmynsiuun KosnuyectBo T — Na Ne h I
Bep0.11010B JKMBOTHBIX
AA 2.0000 1.9038 0.4747 0.6677
AG 2.0000 1.3022 0.2321 0.3939
1 8 GG 2.0000 1.1374 0.1208 0.2394
iﬁiﬁiiﬁ 2.0000 1.4478+0.4337 | 0.2759+£0.1810 | 0.4034+0.2169
AA 2.0000 1.6119 0.3796 0.5674
AG 2.0000 1.2631 0.2083 0.3631
2 9 GG 2.0000 1.4279 0.2997 0.4767
iﬁiﬁiiﬁ 2.0000 1.4343+0.1745 | 0.2958+0.0857 | 0.4690+0.1024
AA 2.0000 1.7620 0.4325 0.6240
AG 2.0000 1.1079 0.0974 0.2024
3 20 GG 1.0000 1.0000 0.0000 0.0000
iﬁiﬁﬁiﬁ 1.6667+0.5774 | 1.2899+0.4123 | 0.1766+0.2269 | 0.2755+0.3184
AA 2.0000 1.0655 0.0615 0.1408
AG 2.0000 1.4951 0.3311 0.5132
4 16 GG 2.0000 1.8112 0.4479 0.6401
;‘;f’g‘:;ee 2.0000 1.4573+0.3743 | 0.2802+0.1982 | 0.4314+0.2595

* Na — HaOnmrogaeMoe KOJIM4eCTBO ajeeit
Ne — DddexTrBHOE KONMUUeCTBO ayutenei [22]

h — Pa3noo6pasue rexos no Nei [23]
I — Undopmaunonusiii unaekce [lennona [24]

I'eTepo3uroTHocTh cunMTaeTCs HamboJiee MO-
MYJISIPHBIM KPUTEPUEM OIEHKH TeHEeTUYECKOU U3-
MEHUYHBOCTH B MOMYJIAUUA. DPHEKTUBHOE YUCIIO
ajjieyed cuMTaeTcs MEepod TeHETHYECKOTO pas-
HOOOpa3usi Kak OTAENbHBIX BHJIOB, TaK U TOIY-
JIALMEA, TPEACTaBNIsIS CO00H (YHKIIMIO OT JOJIH
noMMOPp(HBIX JOKYCOB, YHCIA allieied Ha Jo-
KyC U BBIPAaBHEHHOCTM 4acToT ajuieneil. Mepa,
oOpaTHasi TOMO3UTOTHOCTH olleHuBaeTcs 3ddek-
TUBHBIM 4ucioM amieneil. [Ipu ogunakoBoil ya-

CTOTE 3THX aJUlelied B MOIMYJSAIHHA TETEPO3UTOT-
HOCTb OyZIeT B paBHOM Mepe ¢ hakTudeckoit [25].
Cpennee 3HaueHUE HAONIOAEMOT0 KOJUYECTBA
amneneii (Na), KOTOpoe MOKa3bIBaeT (PaKTUIECKOE
KOJIMYECTBO ajulesiel oOHapyKeHHOe B H3ydae-
MBIX MOMYJISIUAX, ObUI0 oxuHakoBbIM (2.0000)
BO BCEX HM3yYCHHBIX HaMH MOIMYISAIHUAX 110 BCEM
TEeHOTHUIIAM, TTOKa3aB OTINYHE TOJIBKO B TPEThEH
nonynsuu (1.6667+0.5774) n3-3a HU3KOTO TO-
kazarensa revotuna GG.
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Cpenuuii  mokaszarenb 3(P(QEKTHUBHOTO KO-
mrdectBa amrenedt (Ne) OBIT  HaWBBICIINM B
I-mommymsitmu (1.4478+0.4337) 1 HauMEHBLINM B
Tpetbeit (1.28994+0.4123). DTOT noKa3aTenhb OMKCHI-
BAECT KOJMYECTBO ajulejied € OJMHAKOBOW 4YacTo-
TOHM, KOTOpOE MOTpeOyeTcsl JUIsl JOCTHIKEHUS TOU
K€ 0KUIAeMOU TeTepO3UrOTHOCTH, YTO U B HCCIIE-
TyeMor momyismud. UTo KacaeTcs pa3zHooOpas3us
TeHOB, 3TOT IMOKAa3aTellb UMEJI MOYTH OJMHAKOBOE
3HaueHue B 1-, 2- u4-nonynanuusx, c MaKCUMaJIbHbIM
3HageHueM (0.2958+0.0857) Bo BTOpOH MOMYIIAIIAN
n muHuManbHBIM  (0.1766+0.2269) B TpeTheil.
WNunekc IlleHHOHa, KOTOpBIM MOKAa3bIBAE€T MEPY

pazHoOOpaszus TEHOB, TaKke ObIT Hanbomee
BBICOKMM BO BTOpoii momyssiimu (0.4690+0.1024) n
HauMeHbIIUM B TpeThei (0.2755+0.3184).

[anee HamMu OBLIO COCTaBJICHO (UIOTCHETH-
4ecKoe JIEPEeBO ISl OIICHKH POJCTBEHHOW OJIN30-
CTH TOMYJSIIMHA MO pa3sHOOOpa3Wio reHa MoJou-
Hoit mponykruBHOCTH CSN2 (Pucynok 2). Ilo
HEMY MOXHO YBHUJIETh, YTO Hanuboiee OIU3KOPOI-
CTBEHHBIMH SIBIISIIOTCS momyssinuu 1 u 2, manee
OHHM MMEIOT CXOACTBO C IOMyJsiLuel 4, Toraa Kak
MOMYJIAMMUS 3 HAXOAUTCS HA CaMOW OTIAIICHHOM
OT BCEX MOMYJAUHHA BeTKe (DUIOTeHETHYECKOTO
Jepesa.

— Popl

L——— Pop2

Pop 4

Pop 3

Pucynok 2 — ®unoreneTudeckoe AepeBo, HOCTPOCHHOE Ha OCHOBE CTaHAAPTHON
reHeTH4YecKoi qucTaHnuu Nei MexX/Iy YeThIPbMsI HOMIALUSIMHI BepOIoI0B

M3Mmepenne reHeTHYecKux W3MEHEHUM ompene-
JIieTCsl ByMsl MapameTpamu: IeHeTUdecKas HJICH-
tuaHOCTh (I), KOTOpas olleHWBaeT MO0 TEHOB, KO-
TOpBIC UJICHTUYHEI B ABYX IMOMYJISIIUAX, U TCHETU-
yeckoe paccrosaue (D), KoTopoe olleHHBaeT AOJIO
U3MEHEHUH T€HOB, KOTOPBIE MPOU3OIILIU B XOJIE€ 3BO-
JIIOLIMU IBYX TOMyysauuid. 3HaueHue | MoxxeT umeThb
pazmax oT 0 1o 1, 4TO COOTBETCTBYET IKCTPEMaib-
HBIM CHUTYAaIVsIM, B KOTOPBIX HH OJMH I BCE TEHBI
HE UJCHTUYHEI, COOTBETCTBEHHO; 3HaUcHKe D MoxKeT

HAXOJIUTHCS B JIMAITA30HE OT HYJSI JI0 OECKOHEYHO-
ctd. D MoeT mpeBbIath 1, IOTOMY YTO KaxKAbIA
TeH MOXET H3MCHATHhCS Oojiee OJHOTO paza B OJI-
HOU WM 00EUX MOIMYJISAIUAX, MOCKOJIBKY BOJFOIIHS
MPOJOJDKAETCSl B TEUEHUE MHOTHMX IOKOJEHUHU [26].
JL1st TpOBEpKU TOCTOBEPHOCTU TIOCTPOSCHHOTO HAMU
(PMITOTEHETUYECKOTO JiepeBa OBLTU KCIOIB30BaHbBI
AaHHBIE PACCUCTOB TEHETUYECKOH WICHTHIHOCTH
Y TEHETHUYECKOW JTUCTAHIMUA MEXIy TOIMYJISIHUIMHY,
MpeJICTaBICHHBIC HIKE B Tabmuiie (Tabnuma 3).

Ta6auna 3 — OpuruHanabHbIE MEPbl TEHETHYECKON HASHTUYHOCTH U TeHeTHYeCKON auctanuuy 1o Nei [21]. I'eHeTnueckast HISHTHY-

HOCTH (BBEPXY 110 TUATOHAIIN) U TCHETHYECCKAs AUCTAHIHS (TI0/1 AUArOHANBIO).

Honyasinus 1 3 4
1 ok 0.9851 0.9595 0.9042
2 0.0150 Hakk 0.9058 0.9616
3 0.0414 0.0990 oAk 0.7577
4 0.1007 0.0391 0.2774 oAk
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K npumepy, reHeTnyeckas UIEHTUYHOCTD 1- U
2- nonynsauuid paBHa 0,9851, a reneruueckas nuc-
tanius papHa 0,015, 4To moKa3pIBacT UX OJIU3KO-
POJICTBEHHYIO CBSI3b, NOKa3aHHYIO B (DHIIOTCHETH-
geckoM nepeBe. Jlanee, Hambosee poOICTBEHHBIMU
SIBJISIFOTCS 2- ¥ 4-TIOMYJISIUS C TCHETUYECKON UICH-
THIHOCThIO 0,9616; 3atreM 1- 1 3- ¢ reHeTHYECKOH
uaeaTudHocThio 0,9595. I'enernueckass MOEHTHY-
HOCTh 1- ¥ 4-, a Takke 2- U 3-MOMyJIAUil UMe-
I0T TpuUMepHO oauHakoBoe 3HadeHwe (0.9042 u
0.9058). HampotuB, caMbIMH OTHAJICHHBIMH IIPYT
OT JApyTra MOMYyJSAUUIMH SIBISIOTCS 3- U 4-TIOMyJsi-
[IMH, TaK KaK TCHETHYECKAsA UACHTUYHOCTD 3TUX I0-
mysswid paBHa 0,7577, a reHeTHYeCKast TUCTAHITHS
coctasiseT 0,2774.

3akjroueHmne

BrisBiieHHEe TEHETHYECKOTO MoIuMopdu3Ma
M0 TeHaM MOJIOYHON MPOIYKTUBHOCTH BepOITIo-
JIOB SIBJISICTCS HauboJiee IMOJIC3HBIM METOJO0M Ha-
MIPaBJICHHON CENIEKIMH I YIydIIeHUs KOJUYe-

CTBEHHBIX U KaueCTBEHHBIX IMMOKa3aTelled MOJIOKaA.
HOJ’Iy‘IeHHBIe HaMH OaHHBIE MOTYT OBITH HCIIOJNE-
30BaHBl JUIsl OMUCAHWHM T'€HETUYECKOTO TOTCH-
nyajga W3YYeHHBIX MOMYJISAIUH MO TeHYy MOJIOY-
HOl mponyktuBHOCTH CSN2. PesynbpTaThl HaroOT
BO3MOXXHOCTh  NPEIOCTaBUTh  PEKOMEHIAIHNU
BepOITFOI0BOAYECKIM X03sHUCTBaM o
MPOBEICHUIO JAJbHEHIINX CEJICKIIMOHHBIX padoT
BHYTpH monyisnuid. Takxke, 3TH JaHHBIE MOTYT
MTOCITYHUTh TIOJIE3HBIM MaTEPHAIOM TSI U3yICHUS
FeHETUYECKOTO Pa3HOOOpa3us JPYTHUX MOIYIISIIHN
BepOmtonoB no reHy CSN2. [lanbHelimme paboThI
OyIyT HampaBJICHBl Ha WU3YYCHHE MOJUMOpPQU3Ma
reda CSNIS1, xogupyromiero 0eJok Ka3enH-o-sl,
Ha TPOBEJCHUE CPABHUTEIHLHOTO aHAIM3a U Xa-
PaKTEpUCTUKHU 4 MOMYJISIUN MO BCEM U3YUYECHHBIM
HaMH reHaM OEJIKOB Ka3eHHa.
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BbIAEAEHME U U3YYEHUE MOP®OAOTUYECKHUX U
OPU3INOAOTO-BMOXUMHNYECKNX CBOUNCTB
MNCUXPOPUAbHLIX MUKPOOPIAHN3MOB

3a nocAeAHME HECKOABKO AET BO3POC MHTEPEC K MUKPOOPraHUM3Mam, 0OMTAIOLLMM B 3KCTPEMAAbHbIX
akocucTemax. CTaAO0 OYEBMAHBIM, YTO OHU MOFYT CAYXMWTb BaXKHbIMM OObEKTaMM AAS M3YyUeHus
CaMblX TAYOOKMX aCMEKTOB KAETOYHOM M MOAEKYASPHOWM OMOAOTMU M MOTYT MCMOAb30BaTbCsl B
Pa3AUUHBIX OTpPaAcAIX OuoTexHoAornu. Kpome TOro, MCCAEAOBaHWS TakMX MMKPOOPraHUM3MOB
PaCLLUMPSIOT MPEACTABAEHMS O MHOr006pasmmn UCMOAb3YEMbIX XKMBbIMU CYLLECTBaMM (DU3MOAOTNUECKMX
M OUOXMMMUYECKMX MEXaHW3MOB. Ha CeropHsWwHWin AeHb NCUXPOOUAbHbIE U NICUXPOTPOMHbIE
MMKPOOPTraH13Mbl MMEIOT BOAbLLIOE 3HAUYEHUE B MULLEBOM NMPOMbBILLAEHHOCTU, XUMUYECKON MHAYCTPUMU,
CeAbCKOM Xx03aMcTBe. [1cmxpodrabHble M NCUXPOTPOMHbIE MMKPOOPraHM3Mbl MWKPOOPTaHM3MbI
MpU3HaHbl MOTEHUMAAbHBIM MCTOYHUKOM XOAOAOAKTUBHBIX (PEPMEHTOB M OMOAKTUBHbBIX COEAMHEHWIA.
Takne napameTpbl MOMOraloT AAHHbIM (bepMeHTam BbIMOAHSTb KaTaAUTUUECKME AEACTBUS MPU HU3KOM
KMHETUYECKON 3HEeprumM B XOAOAHbIX CpeAax. DH3WMbl NCUXpPoduAoB 3pekTMBHO paboTaloT B
Pa3AUYHbIX 0BAACTSX MPOMbILAEHHOCTU MPU HU3KMX Temnepatypax. baaroaapsi 6oAbLien rmbkocTm
B CTPyKType 6GeAaka m OGoAee BbICOKOM CBSI3bIBAIOLLEN CMOCOOHOCTbIO C cybcTpaTtamu, B LIEAOM,
NCMXPOMUAbHBIE  (DEPMEHTbI  (IKCTPEMO3MMBI/MCUXPO3UMbI)  0OAAAAIOT  BGOAbLLENR KATAaAUTUUECKOM
aKTUMBHOCTBIO (MpmmepHo B 10 pa3 6oAblLe, yem Me30(MAbHbIE (DEPMEHTbI) NMPM HU3KOM Temreparype.
Hamn 6biAM npoBeAeHbl UCCAEAOBaHMS MOP(OAOTMUECKMX, (DM3UOAOTMYECKUX 1 BUOXUMUYECKUX
CBOMCTB 14 KyAbTYpP MMKPOOPraHM3MOB, BbIAEAEHHbIX M3 palioHOB BocTouyHoM AHTapkTuAbl M 12
KYAbTYP, M30AMPOBaHHbIX € BbICOT 3000 M H.y.M. 1 3500 M H.y.M. MaAOaAMaTMHCKOrO yLLEAbS.
MpoBeaeH OT6OP KyAbTYP BbIAEAEHHbBIX MMKPOOPraHW3MOB Ha MPUCYTCTBME BaXKHbIX SH3MMOB,
06OHapy>KeHbl MOTEHUMAAbHblE OUOTEXHOAOTMUYECKM 3HAUMMbIE MPOAYLEHTbI TPOTEOAMTUYECKMX,
AMUAOAMTUYECKMX, AMMIOAMTUYECKNX (DEPMEHTOB, ONPeAEAeHa OKCMAA3HAs M KaTaAa3Has aKTMBHOCTb.
KAtoueBble cAoBa: NcMXpoUAbHbIE MMKPOOPTaHM3Mbl, SKCTPEMAAbHbIE S3KOCUCTEMbI, AHTAPKTUAA.
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Isolation and research of morphological, physiological and
biochemical properties of psychrophilic microorganisms

Over the past few years, the interest in microorganisms living in extreme ecosystems has increased.
It is obvious, that the microorganisms can be research objects of the deeper aspects in cell and molecular
biology. Moreover, research of such microorganisms expand the understanding of the variety of physio-
logical and biochemical mechanisms used by living things. Currently, psychrophilic and psychrotrophic
microorganisms are significant in the food industry, chemical industry, and agriculture. Psychrophilic
and psychrotrophic microorganisms are recognized as a potential source of cold-active enzymes and
bioactive compounds. Psychrophilic enzymes work effectively in various industries at low temperatures.
Due to the greater flexibility in the protein structure and higher binding capacity with substrates, in gen-
eral, psychrophilic enzymes (extremozymes / psychrozymes) have a higher catalytic activity (about 10
times more than mesophilic enzymes) at low temperatures.

We have investigated the morphological, physiological and biochemical properties of 14 cultures
of microorganisms isolated from the regions of East Antarctica. Additionally, there has been isolated 12
cultures from altitudes of 3000-3500 metres above sea level in Maloalmatinsky gorge.

The cultures of the isolated microorganisms were screened for the presence of biotechnologically
important enzymes. Furthermore, potential producers of proteases, amylases and lipases were identified.
Oxidase and catalase activity was determined.

Key words: psychrophilic microorganisms, extremal ecosystems, Antarctica.
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McuxpopuabAi MUKpPOOpraHM3MAEpAiH, OM3UOAOTHA-OUOXMMUSIABIK,
MOpPOAOTUSIABIK, KACUeTTepPiH 3epTTey XxaHe 6oAin ary

CoHfbl OipHelle >XbIAAQ 3KCTPEMAAAbI 3KOXKYMEAEPAE OMIp CYPeTiH MMKpoar3aAapFa AEreH
KbI3bIFYLLbIAbIK, apTTbl. OAap >KACyLUAAbIK, >XOHE MOAEKYAAAbIK, GMOAOrMSHbLIH TepeH acnekTiAepiH
3epTTey YWiH MaHbi3Abl 06bEKT G0Aa aAaTbIHABIFbI >KOHE OAAPAbl OMOTEXHOAOTMSIHBIH SPTYPAI
CaAaAapblHAQ KOAAAHYFa GOAaTbIHAbIFbI GeAriAi 6oAAbl. COHbIMEH KaTap, MYHAAN MUKpPOar3aAapAbl
3epTTey Tipi TIPIWIAIK MeAepi KOAAQHATbIH (PUBMOAOTUSIABIK, XKOHE BUMOXMMUSIABIK, MEXAHM3MAEPAIH
SPTYPAIAITE  TypaAbl TYCIHIKTI KeHenTeai. byriHri TaHAa nCMXpodUAbAi K8He MNCUXpoOTPOdThI
MMKpOarF3aAap Tamak, ©HEPKaCiBIHAE, XMMMS OHEpPKaCiOIHAE >KOHEe ayblA  LUapyallblAbIFbIHAA
YAKEH MaHbI3Fra me. [cuxpodurabai >koHe MNCMXpoTPodThbl MMKPOOPraHUM3MAEP CYbIKKa OeACEHA]
dhepMeHTTEP MeH GMOAKTMBTI KOCbIAbICTAPAbIH TMIMAI KO3 peTiHAE TaHbIAFaH MMKPOOPraHM3MAEP.
MyHAa napameTpAep ocbl hepMeHTTepre Cyblk, OpTa >KaFAalblHAQ TOMEH KMHETMKAABIK SHeprusiaa
KaTaAUTMKAABIK, 9peKeTTEPAI  OpblHAAyFa KemekTeceai. [1cnxpoduabai  epMeHTTep TemeH
TemnepaTypaaa 9pTYPAI OHAIpIC caAacbiHAQ TUMIMAI >KYMbIC aTKapaAbl. AKYbI3 KYPbIAbIMbIHAQFbI
MKEMAIAIK >XoHe cybcTpaTTapMeH GaiAaHbICy >KOFapbIAbIFbl €CEOIHAE, XKAATbl aAFaHAQ, MCUXPOMUABAI
hepMeHTTEp (3KCTPEMO3MMAEP/TICMXPO3MMAAAP) TOMEH TEMIEPATYPaAa KaTAAMTUKAABIK, OBACEHAIAIKKE

ve (Me3ohmabai hepMeHTTEpre KaparaHaa WwamameH 10 ece ken).

bi3 LUbiFbic AHTapKTMAQ aMMakTapblHAH OKllayAaHFaH 14 MuKpoar3aAap AAKbIAbIHBIH, >K8He
3000 M T.AK. X8He 3500 M T.A.K. Kiwi AAMaTbl WATKAAbIHbIH, OMiKTiriHeH 66AiHreH 12 AaKbIAAbIH,
MOPMOAOTHSIABIK, XKOHE (PM3NOAOTUSABIK-OMOXUMMSIABIK, KACMETTEPIH 3ePTTEAIK.

beAiHreH MmMKpoar3aAap AaKbIAAAPbIHbIH GMOTEXHOAOIUSIABIK, MaHbI3Abl (DEPMEHTTEPIHIH OOAYbIHA
CKPUHMHT XKYPri3iAai, MpoTeasarapAblH, aMMAa3aAapAblH, AMMA3aAAPAbIH BAEYEeTTi MPOAYLEHTTepI
aHbIKTaAAbI, OKCMAA3AAbIK, KOHE KaTaAa3a GEACEHAIAITT aHbIKTaAAbI.

TyiiH ce3aep: NCUXPOUAbAI MUKpPOAF3aAap, SKCTPEMAAADI SKOXKYMEAEp, AHTAPKTHAA.

BBenenue

MHUKpOOpraHu3Mbl MOT'YT PACTH B IIUPOKOM [T~
ama3zone temmeparyp. CoOTBETCTBEHHO, OHU OBLTH
paszeneHsl Ha TPU WIHMPOKUE KAaTETOPHH — TEPMO-
¢wunbl, meodunsr u ncuxpodunsl. [locnenuss ka-
TEropusi NoApasAemseTcss Ha TICUXPO(UIIOB C OITH-
MalbHOH TemmnepaTypoi pocta Hike 15°C u Bble
(mpenen 20°C), u IcUXpoTPOOB (IICUXPOTONECPAH-
TOB) CO cIOCOOHOCTRIO pacTu npu 0°C wnm HIDKE,
HO ONTHUMAJbHO JAaHHBIE MHUKPOOPTaHU3MBI MOTYT
pactu npu TemrepaTrype okosno 20-25°C. Apamn-
TUPOBAHHBIE K XOJOAY MHUKPOOPTaHH3MBI TaKXkKe
MOTYT OBITH KiacCH(HUIHUPOBAHBI KAaK CTCHOICHX-
poduIIBl, KOTOPBIE PACTyT B Y3KOM AHMANa30HE HU3-
kux temmeparyp (Tmax ~ 20°C u Topt 5-15°C) u
IBPUIICUXPOQHUIIBI, KOTOPbIE MOTYT pacTd B LIHPO-
KOM JTnamna3oHe Temreparyp (ICuxpoTpodsl / mcux-
poronepants; Tmax> 20°C u Tmin <0°C ¢ Topt>
20°C). 1 ncuxpoduisl, 1 NCUXpOTPOPHI BasKHBI B
ri100anbHOM SKOJIOTHH, TaK KaK OOJIBIIMHCTBO BO-
JHBIX M Ha3eMHBIX DKOCHCTEM Halllel IJIaHeThI M0-
CTOSTHHO MJIM CE30HHO IO/IBEP>KEHBI HU3KUM TEMIIe-
patypam [1].

[cuxpodunpHbple MHUKPOOPTaHU3MBI  ITUPOKO
pacIpocTpaHeHbl B MUPE U MIPAIOT 3HAYUTEIEHYIO

POJb B 3BOJIOUMM M MOJJAEpKaHWU OamaHca OHO-
cthepsr 3emumn. [Icuxpoduiasl 0OUTAIOT B 30HAX BEU-
HOW Mep3JI0ThI, 3aMep3llIell MouBe, OKeaHaX, O3e-
pax, JIeAHUKax u T.1I0. [2].

Panee cuurtanock, 4To ropHbsie palloOHBI HE CO-
JiepKaT HUKAKOM *KU3HH, HO TOCTHXKEHHS B 00JIaCTH
HayKd W TEXHUKH OTKPBLUIM MHOXXECTBO MHKPOOP-
TaHU3MOB, OOWTAIOMINX B YCIOBHSAX 3KCTPEMAIBHO
HU3KUX TeMrepaTyp (JIeJHUKH, CHET, JIe[ U T. 1.) U
WTPAIOIINX KIFOYEBBIE POIH B IKOJIOTHIECKUX TIPO-
neccax. Kpuocdepa B menom crana 3HAUNTENBHON
4acTelo ro0anbHOM 3kojoruu. K mpumepy, mu-
KpoOHOe pa3HooOpasue [ 'mManaeB mposSBUIIO CXO-
CTBO C 3aCYIUINBBIMH MTOYBaMU AHTApKTHKH H APY-
TUMH BBICOKOTOPHBIMHM PETHOHAMH, YTO YKa3bIBAET
Ha TECHYIO B3aUMOCBS3b HX KIIMMATHYECKUX YCIIO-
Buil. Takue cpaBHUTENbHBIE UCCIIEIOBAHUS UMEIOT
MIPEUMYIIECTBO JJIsl IOHUMaHUs pacpOCTPaHEHUS
OMOTeOXMMHUYECKIX TIPOIIECCOB IO BceMy Mupy [3].
XONOJOAKTHUBHEIE 3H3UMBI (3KCTPEMO3UMBI/TICHX-
PO3HUMBI), HPOLYLUPYEMbIE ICUXPO(UIBHBIMU U
MICUXPOTPO(MHBIMA  MHUKPOOPTaHU3MAaMH, OTJIHYa-
IOTCSI OT H3UMOB, CHHTE3HPYEMbIX Me30(WIaMi U
TepMo(drIaMu, BBUAY MX CHOCOOHOCTH KaTaJH3H-
pOBaTh OMOXMMHUYECKHE PEAKIHH TPU HUZKUX TEM-
neparypax [4]. baarogaps mmpokoMy OHOTEXHOIO-
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THYECKOMY NOTEHLIUAIY, SH3UMBI ICUXPOQHUIBHBIX
MHUKPOOPTraHU3MOB IPUBJIEKAIOT 0CO00€ BHUMAaHHUE.
[lepcnekTHBBI TpPUMEHEHUs AJalNTHPOBAHHBIX K
xonoay (hepMEeHTOB BKIIOYAIOT NEpepadOTKy IH-
IEBBIX MPOIYKTOB, MPeoOpa3oBaHme OMOMACCHI U
OuopemMenuanuio Okpyxkaromei cpensl. [lomumo
MpPUMEHEHUS! B OMOTEXHOJIOTHH, Ba)KHO BBIICHHUTH
MEXaHU3M MOJEKYISIPHON ajanTalud K XOJOLY.
Pannme wuccnenoBaHus MexaHHM3Ma ajganTaldd K
HU3KAM TeMIepaTypaM B OCHOBHOM OBIIM cocpe-
JOTOYEHBI HA BBIACICHUH U XapaKTePUCTUKaX aJarl-
TUPOBAHHBIX K X0JoAy ¢epMeHTOB. DepMeHTHI,
aJIaTUPOBAHHBIE K XOJIOAY, AEMOHCTPUPYIOT OoJiee
BBICOKYIO KaTalIMTHIecKylo 3¢dexTnBHOCTh U 00-
Jiee HU3KME 3HAUCHHS KOHCTAaHThI Muxasnuca mpu
HU3KUX TemIiepaTypax. biaronaps BelcOKo# ruOKo-
CTH CTPYKTypa IMO3BOJIsIET (EepMEHTY NMETh Ooee
BBICOKYIO a)MHHOCTH — CIIOCOOHOCTH CBSI3BIBAHUS
cyOcTpara 1 TepMHUUYECKYIO HECTAaOUIBHOCTb.

[cuxpodunbHble U TICHXPOTOJEPAHTHBIE MHU-
KpOOPraHU3Mbl UMEIOT ONpEeeIeHHBIH OHOTEXHO-
JIOTUYECKHUH NOTEeHIHal, 0Jaronapst 0COOBIM 3H3H-
Mam. [lcuxpoduiasHble MUKpOOPTaHU3MBI BEIpada-
THIBAIOT ()EPMEHTHI, KOTOPBIE MOTYT BBLIEP)KUBAThH
HU3KHE TeMIepaTyphl U APYTUE CTPECCHI XOIOAHBIX
KJIMMAaTHYECKUX YCIOBUU. B mocieaHue rojasl mo-
BBICHJICS MHTEPEC K HM3YYCHHIO XOJOJOaKTHBHBIX
9H3UMOB. XOJIOJOAKTHBHBIC 3H3UMBI 00JaJaOT
OTPOMHBIM MOTEHIUANOM AJisi QyHIaMEHTAIbHBIX
HCCIEeOBaHUN, MHHOBALIMOHHBIX MPOMBIIIICHHBIX
1 OMOTEXHOJOTUYECKUX NPUIIOKEHUH, BCIEACTBHE
XapaKTEePUCTUK JaHHBIX YH3UMOB M UX aJalTHB-
HBIX QYHKIHHA. DH3UMBI ICUXPOpUIoB 3 HeKTHB-
HO pa0OTaIOT B Pa3IMIHBIX 00JIACTIX MTPOMBIIIIIICH-
HOCTH NpH HU3KUX Temreparypax [5]. biaarogaps
Oonbleil THOKOCTH B CTPYKType Oenka u Ooiee
BBICOKOM CBSI3BIBAIOIIECH CITOCOOHOCTBIO C CYO-
CTpaTaMH, B LEJIOM, NCHXPOQUIbHbIE (PEepMEHTHI
(3KCTPEMO3UMBI/TICHXPO3UMBI)  00JIafIatoT  O0JTh-
meil KaTaluTHYeCKOW aKTHBHOCTHIO (TPUMEpPHO
B 10 pa3 Gonbiie, yem Me30(uiIbHbIE (EPMEHTHI)
pu HU3KOHM Temmnepatype [6]. dpyrue cBoiicTBa,
TaKye KaK cTa0MILHOCTh M aKTUBHOCTh B OTIpejie-
JIEHHOM auamnaszoHe pH, amanTamus K coleHOCTH
U TUAPOCTaTUYHOCTh, ABJICHHUE U T. J. SBISIOTCS
BaXHBIMHU IapaMeTpaMH JJIsl aJanTalud MCUXpo-
(UIBHBIX MUKPOOPTaHU3MOB [7].

PentabenpHOCTh Oarofapsi MEHbLIEMY KOJH-
YecTBY TpeOOBaHMU, OTCYTCTBHE TpeOOBaHHH 10-
MOJTHUTEJIFHOW TEIJIOBOW MOMOIIH, CeNeKTHBHAsS
HMHAKTUBALUsI MSTKUM >KapoM, BBICOKasl yZAeJbHas
AKTHUBHOCTH — BOT HEKOTOPBIC U3 TIPEUMYIIECTB XO-
JOAOAKTUBHBIX ()epMEHTOB. ISl TaKHUX >KEeNaeMbIX
CBOMCTB IICHXPO3UMBI MPEACTABIIIOT COOOH IMHUPO-
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KWW CIEKTp OMOTEXHOJIOTHUECKIX areHTOB, HAIPH-
Mep, 100aBKH B MOIOIIUE CpeCcTBa [§], B MHIIEBOM
MIPOMBITIUICHHOCTH  ((hepMeHTaIus, Xji1eb00ymou-
Hble m3nenus) [9], B Ouopemeananuu (KOMIOCTH-
poBaHue, Ouoaerpagaiys KceHoOHnoTukoB) [10] u
OuoTpaHchopManusi W TIPHUIOKEHUS MOJICKYIISIP-
HOU OWOJIOTHH, JKCIPECCHsI TeTEPOJIOTHYHBIX Te-
HOB B nicuxpodunax [5]. Kommepuecku noctynHsie
(hepMEeHTHI TaKe KaK MpoTeas3bl, aMUIa3bl, JUIA3hl
WCIIONB3YIOTCSL TIpH HU3KUX TemriepaTrypax [10].
[loBbIlIeHHOE BHUMaHHE YyAENseTcs 00padoTKe
MUIIEBBIX TPOAYKTOB IMPH HU3KHUX TEMIEpaTypax
UL COXpaHEHHs BKYCa, TEKCTYpBl U MUTATEILHON
[IEHHOCTH, a TaKXe JJIsi YKOHOMHH SHEPTUH TIPO-
M3BOJICTBEHHBIX ITIPOIIECCOB. B 11€10M, OCHOBHBIE
MPEUMYIIECTBa XOJOJOAKTUBHBIX (PepMEHTOB 3a-
KITFOYArOTCsl B UX 3()(PEKTUBHOCTH MTPU HU3KOU TEM-
repaType OKpyKaroIiei cpepl TeEM caMbIM n3berast
HarpeBa BO BpeMsl Ipoliecca, a Takke Onaromaps
WX TEepPMOJIA0MIILHOCTH. B muIeBodl mpoMBINIIIeH-
HOCTH (EpMEHTHI, aJaNTHPOBAaHHBIE K XOJOIY,
MPEACTABIAIOT 0COOBI MHTEpeC I mepepadoTKu
M3-32 WX BBICOKON KaTaIUTHYECKON aKTHBHOCTH
NpU TEMIIEPaTypax, KOTOPbIE CBOJSAT K MUHUMYMY
Mop4Yy W M3MEHEHHS BKyCa IHINEBHIX MPOJYKTOB
[11]. depMeHTHI LIMPOKO UCHOJB3YETCS B MUILIEBOU
MPOMBIIIUIEHHOCTH JIJIsl IPUTOTOBIICHHUS HAITUTKOB,
MOJIOYHBIX TPOJYKTOB, BHITICUKA U TTHBOBAPEHHBIX
NPOIYyKTOB. B MOJOYHOM HPOMBIIUIEHHOCTH HC-
MOJB3YIOTCS b-raylakTo3uaa3bl, Ui MPOU3BOJCTBA
0€37aKTO3HBIX NPOAYKTOB — b-D-ramakro3nmasbl
WIH JIaKTa3a, Cenn(UIeCcKH THAPOIUIYIOIMas MO-
JIOYHBIN caxap JIAKTO3y [0 TIIOKO3Bl U TaJaKTO3bI.
OTO TMONE3HO NPU HEMEPEHOCUMOCTH JIAKTO3BI, IS
THIPOJIH3a JAKTO3BI, NMPH XPAaHEHHH MOJIOKa MpPH
HU3KUX Temreparypax [12]. Cnemyer OTMETHUTH,
YTO MHTEPEC K M3YUYCHUI0 MHOT000pa3usi TAKCOHOB
1 OMOTEXHOJIOTHYECKOTO MOTEHIIMATa MUKPOOpra-
HU3MOB, HACEJSIIOIUX 3KCTpEeMajibHbIE 3KOCUCTe-
MBI, Bo3pactaeT. TeM He MeHee, CTPYKTYpHBIHA CO-
craB 1 QyHKIIMOHATBHBIC 0COOCHHOCTH MHKPOOHBIX
co00IIECTB MHOXKECTBA YHHKAJIbHBIX OHOTOIOB
OCTalOTCA MOYTH HE M3y4YeHHBIMHU. B ocoOeHHOCTH,
B JINTEpaType MAIOYHCICHHBI CPaBHUTEIIbHBIE CBE-
JIeHHs1 0 MUKpoOnoTe BocTouHoi# YacTH AHTapKTH-
bl ¥ TOPHBIX MecTHOCTeil. Taxke, OTCYyTCTBYIOT
CBeIeHUsI 00 HWCCIeTOBAHUSAX MHUKPOOHBIX CO00-
niectB ManoaaMaTHHCKOTO yienbs u rop Pecmy-
omuku Kazaxcras B 1iemnom.

LleneBbIMH 331a4aMH HACTOSIIIEH paOOTHI OBIIIO
BbIJIEJIeHHE, (U3HONIOTHYECKasi, OMOXMMUYecKas
XapaKTEepPHUCTHKA, PACCMOTPEHHE MEeTabOIMYeCKOH
AKTUBHOCTH M MJCHTU(HUKAINS MUKPOOPTaHH3MOB,
Hacelsonmx Boctounyo AHTapKTHILy U ropsl Ma-
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JI0AJIMaTUHCKOTO yIienbs Ha BeicoTax 3000M H.y.M.
1 3500M H.y.M.

MarepuaJjbl 1 METOABI UCCIETOBAHUS

14 xynbpTyp OBUIO BBIIEICHO ¢ BocTtouHoli wa-
CTH AHTapKTUABI B paMKaX Hay4YHO-HCCIIE0Ba-
TenscKkol aKcrenuiuu Kazaxckoro ['eorpadude-
ckoro Oo6mecta «Ilomoc HezaBucumoctu.

C Boicotsl 3000M H.y.M. ObIIO BbLAENEHO 9
KYJbTYp, 3 KyJbTYpbl — C BBICOTHI 3500M H.y.M.
ManoanMaTHHCKOTO ymemnbs (puc.1).

Matepuanom AJis U30JTHPOBAHUS YUCTHIX KYJIIb-
Typ TICHXPOQWIBHBIX W TCUXPOTOJIEPAHTHBIX MHU-
KPOOPTraHU3MOB TTOCITY>KHITU MTPOOKI, B3ATHIE U3 pa3-
HOOOpA3HBIX MPUPOJHBIX HCTOYHUKOB: CHEr (TIpo-
OBI OBLTM OTOOPAHBI METOZIOM «KOHBEPTA» ), BO3IYX.
Ot6op mpoO TPOBOAWIH, CIEAYS COOIHOACHUIM
CTepUIIBHBIX YCIOBUHA. UHCTBIE KYIBTyphl MHUKPO-
OpPraHW3MOB TOJyYalld OOIEyCTaHOBIEHHBIM Me-

toaoM [13]. [Jns BeiIEdaeHUS U KyJIbTUBUPOBAHUS
MUKpPOOPTaHU3MOB TPUMEHSIIM THTATENBHYIO Cpe-
oy MITA — msiconenToHHBIA arap B BHJIE MOpPOIIKa
(TMMEDIA, NUnnus), a Takxe cpexy CaOypo B 1mo-
pomkoBoMm Buze (TMMEDIA, Unnns); KyIbTHBHU-
posanue nposouiu npu 30 °C B Teuenue 72—140uy.
Mopdonorust KoJI0HUH U3yyanach BU3yalbHO.

MukpoMophOIOTHIO KIIETOK KYJIETYP H30JIMPO-
BaHHBIX MHKPOOPIaHMW3MOB HCCIEAO0BAIM C IOMO-
LIbI0 CBETOBOM MHUKPOCKOIIMM IIPENapaToB, OKpa-
meHHsx 1o ['pamy [13]. Jmst marHOTO MEeTOnA OBLIT
ncnons3zoBad Mukpockon «MOTIC B1-220 A» npu
HHCTPYMEHTaIbHOM yBennyeHuu x100.

bouto  mpoBeZeHO MUKPOCKOMUYECKOE Ofpe-
JeNICHHE CIIOpOo0Opa30BaHUsl MyTeM OKpaIlUBaHUs
npernapara METHIEHOBOM cMHbIO. CHIOpHI B KJIETKaxX
MHUKPOOPTaHU3MOB MOKHO OOHapYyXHTh B OKpa-
LIEHHBIX Mpenaparax. [loABMKHOCTE MHUKpoOpra-
HU3MOB ObliIa OIpenesicHa TPaIUuLMOHHBIM METO-
JIOM «HaOJIo/IeHHE B BUCSYCH KaIuiey.

Pucynox 1 — mecta or6opa npo6: 1 — Boctounas Anrapkruaa [15]; 2 — Manoanmaruackoe ymense [16]

OU3NONIOr0-ONOXUMHUYECKHE XapaKTEPHCTUKU
MHUKPOOPTaHH3MOB BKIJIIOYAIOT B ce€0sl OTIMCaHHE HC-
MOJIb30BAaHUS MUKPOOPTaHU3MaMH Pa3IUYHBIX COE-
JTUHEHWIA MaKpO- © MUKPOAJIEMEHTOB, OTHOIIIEHUE K
MOJIEKYJISIPHOMY KHUCIIOPOJTY, POCT Ha IHTATEIbHBIX
cpellaXx W peakiuy MPEBpAIlCHUs BEIIECTB, BXOJS-
IIFX B COCTaB 3TUX Cpe[l.

OO0pazoBaHue My3BIPHKOB rasa Moclie HaHece-
HUs 3% pacTBOpa MEPEKUCH BOJOPOJA HA KYJIbTY-
Py CBHIETENTHCTBOBAJIO O KaTajJa3HOH aKTHBHOCTH.

OKcHUIa3HBIM TECT MPOBOJUIICS TPHU HCIOJIb30Ba-
Huu okcuaasueix quckoB TBLO30 (VELD, Kazax-
cTaH) U3 GUIBTPOBAIHLHOW OyMaru, MpPOMUTAHHBIX
okcamatoM N,N-gumerui-napad)eHIICHIHAMUHA,
acKOpOMHOBOM KUCIOTOH U a-HadTonoM. Tect Ha
OKCHJa3y ObLI MPOBEAEH MyTEM CHATHS KOJOHWUHU
MHKPOOPTaHN3MOB W PACTHUPAHHS €€ MO OKCHJIa3-
HOMY JHCKYy. AHalu3 pe3yslbTaToB MPOBOAMICS
B TeueHue 5—10 cexynn npu 24-30 °C. ITonoxu-
TeIbHBIC PeaKITNH BO3HUKAIHN uepe3 15—60 cekyH.
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[Ipu oTCyTCTBMM N3MEHEHHUS I[BETA Ha OKCHIa3HOM
JIUCKE, a TaKXKe MPHU HaJTUYUHA OKPACKU 4epe3 MH-
HYTy ¥ Oollee OIEHHWBAJIOCh KaK OTpHIlATEeNbHAS
peakmus.

AKTHBHOCTh TIPOTEOIHTUYECKHX (EPMEHTOB
OTIPEIETISUIN, MCTIONB3YS )KEeJATHHY B Ka4eCTBE CyO-
ctpara (puc.3). KynsTypbl BEICEBATHCH B TPOOHP-
KM Ha MsconenToHHyo xenaTuHy (MIDK). IToces
MPOBOJIMIICS YKOJIOM. Bu3yanbHO OTMeuanu pas-
KIDKEHHE JKeNIaTHHBL. TakxKe, yKa3aiu CTeleHb pa3-
KWKEHUS U GopMy (KpaTepoBHIHOE, PEIIOBUIHOE,
BOPOHKOBHTHOE, MEIIKOBUIHOE, TIOCJIOWHOE).

JlumonuTHyeckass aKTUBHOCTh ObLIA Ompele-
JIeHa TyTeM J00aBlicHUsI B THTATEIBHYIO Cpeay
Tween-80 — adupa onennoBoii kucioTel. Croco0-
HOCTB K THJIPOJIN3y cyOCTpaTa oTMedanu mpu oopa-
30BaHUU BOKPYT KOJIOHHM HETMPO3payHON 30HBI He-
PaCTBOPUMBIX KAIIBITUEBBIX COJIEH KUPHBIX KHUCIOT,
BBICBOOOKICHHBIX U3 TBUHA.

AMUIONATHYECKYIO aKTUBHOCTD BBISIBIISLIIH ITY-
TEM TI0CeBa KYJIBTYp Ha arapu3oBaHHYIO CPeIy C
noOaBieHneM kpaxmaina. CoctaB cpefpl ObLT Cley-
tommi (r/m): nenron — 10,0; KH,PO, — 5,0; pactso-
pumblit kpaxman — 2,0; arap — 15,0; pH cpenst 6,8-
7,0. T'uaponu3 kpaxmaia yCTaHABIUBAIA METOIOM
o0OpabaThIBaHUs TUTACTUHKHU arapa pactBopoM Jlro-
rons. O6macTh THAPOJHM3a CTAHOBWIIACH OECIBET-
HOM, MO0 KpacHOW, MPHU pacIIeTIeHuH Kpaxmaia
JI0 IEKCTPUHOB.

Jis Ttoro, 4ToOBI OMpEeAeNnuTh CIOCOOHOCTH
a’pOOHBIX MHKPOOPTaHU3MOB (DHKCHPOBATH MOJIC-
KYJISIpHBIA a30T, Oblla MIPUTOTOBIICHA cpeia DMIou,
HE cofeprKaias a30T ¥ UMEIOIIas CIEAYIONuil co-
cras (r/m): mannut — 20,0; arap — 20,0; K, HPO, —
0,2; MgSO,*7H,0 — 0,2; NaCl - 0,2; K,SO, - 0,1;
CaCO, -5,0; pH - 7,1-7,3. OOWIBHBIN POCT HA Cpe-
e Onidu CBUAETENBCTBOBAT O NPUHAICKHOCTH
MHUKPOOPTaHU3MOB K a30T(HKCaTOpaM.

CpaBHHUTENBHOE WCCIEIOBAHUE H30JIMPOBAH-
HBIX KYJIBTYP MPOBOAMIN IO MOP(HOIOTHIECKIM,
KYJbTYPaJbHBIM, (PH3HOIOTHYECKAM 1 OMOXHMHYE-
CKUM CBOMCTBaM, IPUMEHSIS ONpeeuTens bepmku
[14].

Pe3y.]'leaTbl HCCJICA0OBAHUA U UX oﬁcyswlemle

HccnenoBanue Makpo M MHUKpoMOpgosIoruye-
CKUX, (PHU3MONOro-OMOXUMUYECKUX O0COOCHHOCTEH
KYJBTYP BBIJEJICHHBIX MHUKPOOPTraHU3MOB OOHapy-
WO, PACTOJIOXKEHHEe MUKpPOOPTraHHU3MOB B BHUJE
KOKKOB, KOpPOTKHMX IajO4eK, pPACIIOJIOKEHHBIX B
BUje rpynm u ueneit (puc.2). Onupasich Ha JIUTe-
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paTypHbIC JJaHHbBIC, BBISBJICHO, YTO OOJBIIAS YacTh
MUKPOOPTaHMU3MOB, HACEISIONUX IKCTPEMaIbHEBIE
SKOCHUCTEMBI, B TOM 4ucie u Boctounyro AHTap-
KTUJYy U BBICOKOTOPHBIE OMOTOIIBI, 00pa3yroT Ono-
JIOTUYECKHUE TICHKH C Pa3BUTHIM BHEKJICTOYHBIM
MaTPUKCOM BHE KJIETKH, (DYHKIIMOHAIHHOCTH KO-
TOPBIX COCTOUT B O0ECTICUSHUH PETYIISIUN POCTa U
Pa3BUTHS KJIETOK, UX 3aILUTHI OT YCIOBUI BHEIIHEN
cpensl Oarofapst «9yBCTBY KBopyMa»|17].

I'pam-okpacka MHMKpPOOPraHU3MOB BBISIBUJIA,
4yTO 9 aHTapKTHYECKUX KYJIbTYp U 10 KyInbTyp, BbI-
JIEIEHHBIX C Pa3HbIX BBICOT MalioaaMaTHHCKOTO
VITCNbSI SIBJISTFOTCST TPAMITOJIOKUTEIIEHEIMU M OKCH-
Ja300TPUNIATCITLHBIMA, 5 aHTAPKTUICCKUE KYIIBTY-
pBI U 2 KyJbTYpBbI, BBIIETICHHBIE C BHICOT Maoai-
MAaTHHCKOTO YIIENbS SIBJISIIOTCS TPaMOTPHUIIATENb-
HBIMH, OKCH/Ta30TI0JIOKUTCITbHBIMH.

PesynpTaTel HMccneqoBaHUS MakKpo- U MHKPO-
MOP(}OJIOTUYECKUX, (U3NOJIOTUYCCKH U OUOXH-
MUYECKUX XapaKTEPUCTUK BBIACIEHHBIX KYIbTYP
MpencTaBieHsl B Tabmunax 1, 2. BwisaBneHo, uyTo
KYyJbTYphl BBIIEICHHBIX MHUKpOOpranu3sMoB Boc-
TOYHOW AHTapKTHABI 00JaNaloT BBICOKOM Kara-
JIA3HOM, JIUMOJUTUYECKOM U MPOTEOTUTHUECKOU
aKTUBHOCTBIO. Kak BUIHO M3 TAaONMIIBI 2, U30JIATHI
BbIAENEeHHbIE ¢ BBICOT 3000M H.y.M. 1 3500M H.y.M.
Maj0aTMaTHHCKOTO YIIEThs TaKXKe 001amaroT BBI-
COKOM KaTajla3HOM, JIMMOJUTUYECKOU, TPOTEOTUTH-
YEeCKON U aMHJIOIMTHYCCKON aKTHBHOCTBIO.

MexaHu3Mbl afanTaul MUKPOOPTaHU3MOB K
YCJIOBHSIM OKPY>KaIOIIEeH Cpeibl MPUBICKAIOT BHHU-
MaHHE B TIOMCKE HOBBIX DH3UMOB, TAKUX KaK aMH-
JIa3bl U APYTHUE CTAOWIBHBIC MIPU XOJIOTHON TeMIIe-
paType OMOMOJICKYJIbI, Ha3bIBAEMbIC SKCTPEMO3H-
Mamu, unu ncuxposumamu [18], [19], [20]. Tlcux-
podHIIbHBIC M ICHXPOTOJICPAHTHBIE MUKPOOPTaHH3-
MBI, TPOAYIIUPYIOIINE YH3UMBI 00J1aJJAaI0T 0OCOOBIMH
MEXaHU3MaMM aJanTaluu K XOJOIHBIM YCIOBHSIM
Cpellbl, BEICOKOM TeKy4eCThI0 MEMOpaH M CHHTE30M
OCJIKOB, OTBETCTBCHHEIX 3a aJalTalui0 K HU3KHM
temneparypam [21]. CraOunbpHOCTh ammia3s, Mpo-
Tea3 W JuIa3 [pU HU3KUX TeMIEeparypax sBIsETCA
OYEeHb BAXKHOW XapaKTEPUCTUKOW JUIsi IIPOIIECCOB
COXpaHEHUs PHEpPruu B uHAycTpuu. HaydHbiid UH-
TepeC K XOJIO0I0aKTUBHBIM (l-aMIJIa3aM YBEITUIFIICS
BCIIEZICTBHE BO3MOXKHOCTEH MX OOIITHUPHOTO IMpUMe-
HCHHS B aHAJTUTHYCCKOM, MEIUIIMHCKOM, KITMHUYC-
CKOW XUMHH, TIPOU3BOJICTBE Kpaxmaia, eTepreH-
TOB, MHUILIEBON M TEKCTUIILHOMW MPOMBILIJIEHHOCTH,
OYMCTKE CTOYHBIX BOJ, Pa3MSITYEHUU APEBECHHBI
MpH MIPOU3BOCTBE OyMaru, OMOpeMenalu B X0-
JToaHOM Kinumate [22], [23].
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Pucynok 2 — Mukpodororpadun KI€Tok H30JIMPOBAaHHBIX KYJIBTYp: 72 4 KyIbTUBHPOBaHUS Ha cpene MITA
npu 30 °C, cBetoBast Mukpockonus, *100: 1 — u3onst E-2 (Anrapkruaa); 2 — mzomst 3-3000A
(MerrxmiIky, MajgoalMaTHHCKOE YIIEThe)

Pucynok 3 — Ou3noioro-6noXxuMuIecKast XapakTepHUCTHKA BbIIEIEHHbBIX KyJIbTYp:
1 — aMuToNUTHYECKast aKTUBHOCTh (KPACHBIM BBIJIEJIEHBI 30HbBI THAPOJIM3a Kpaxmara);
2 — (ukcanus MOIEKYIIIPHOTO a30Ta (POCT Ha 0e3a30TUCTOM cpene Dmion);
3 — JIMMONMTHYECKAS. AKTUBHOCTD (CTPEJIKON YKa3aHbI 30HbI PACHIEIUICHUS OJIEMHOBOM KUCIIOTHI);
4 — npOTEONUTHYECKAS! AKTUBHOCTh
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Kak BumHo u3 Tabmui 1 u 2, Bce 14 aHTapkTH-
YECKUX KYJIBTYP ABISAIOTCS a30TPHUKCATOPAMU, JTHOO
CIIOCOOHBI yCBaMBaTh HUYTOXHOE KOJIMUECTBO a30-
Ta U3 BO3LyXa, YTO HAXOJUT CBOE OTPaKEHHE B JIU-
TepaTypHBIX JAaHHBIX [24].

Hayka u WHOyCTpUsI CKOHIICHTPUPOBAIUCH HA
MCCIIeIOBaHUU HOBOTO ITOKOJIEHUS amMMja3, CUHTE-
3UPYEMBIX TCUXPOGUIBHBIMI MHUKPOOPTaHH3MaMHU
[25].

Wcrnons3oBanue aMmia3, akKTUBHBIX TpU HU3-
KHX TeMIIepaTypax MOXET OBITh BBEITOJHO B OWO-
TEXHOJIOTHYECKHX W WHAYCTPHAIBHBIX MpoIeccax
Oyarozapsi COKpaIieHHIo 3aTpaT Ha OTOIICHHE, PH-
CKOB MHUKpPOOHOW KOHTaMWUHAIIMU € Me30(HIaMu.
OCHOBBIBasICh Ha JIUTEPATYPHBIX JaHHBIX, JIUTIOIH-
THYeckue (epMEeHTHI ICUXPO(UIHHBIX U IICUXPOTO-
JIEPAHTHBIX MHUKPOOPTAHU3MOB SIBIISIIOTCS YHHBEP-
CaJIbHBIMH OMOKaTaIN3aTOPaMH, UCTIONB3YEMbIMU B
sHeprodp(HEeKTUBHBIX Mpoleccax. B cooTBeTcTBHA
C OTHUM, JIUIIOJIMTHYECKHIE TICUXPO3UMBI — TIEPCIICK-
TUBHbIE OMOWHCTPYMEHTHI Ui PAaCIICTUICHUS 3a-
TPSI3HAIOIIMX BEUIECTB [26].

bonee 50% wu3ydaeMbIX aHTapKTUYECKUX U
TOPHBIX M30JITOB UMEJH JIMIOJIUTHYECKYIO U MPO-
TEONUTHYECKYI0 aKTHBHOCTh. AMUIONATHIECKAS
aKTHBHOCTb, B CBOIO Ouepe/lb, ObLIa OOHApYKEHA Y
6 aHTapKTHYECKUX KYJIBTYpP U 5 KYJIbTYP, BBIICTICH-
HbIX ¢ BbIcOT 3000M H.y.M. 1 3500M H.y.M. Mano-
AIMaTUHCKOTO YIIETbsI.

JlurepaTypHble JaHHBIC CBUIETEILCTBYIOT 00
OTHOCHTENFHO Y3KHX TUAa30HaX MECTOOOHTaHHN
NCUXPOQHUIBHBIX U ICHXPOTOJIEPAHTHBIX MHUKPOOD-
TaHW3MOB — JICIHUKH, TIIyOMHBI OKEAaHOB U MOpeEH
[27]. lcuxpoTonepaHTHBIE MHKPOOPTAaHU3MEI, Ha-
CKeJSIoNINe MOBEPXHOCTh 3eMIlM, 00NanaloT Me-
XaHU3MaM# aJanTaldd K TOMOBBIM KOJICOAHHSIM
TEeMIEepaTypsl. B Temisie ce30HbI MEKPOOPTaHU3MBI
MOKAa3bIBAIOT OBICTPBIN pocT (onTumyMm oT 20 1o 30
°C). Takxe, ICUXPOTOIEPAHTHI MOTYT PACTH U MPH
Hu3kux Temmeparypax (1-15 °C), xorma apyrue
opraHu3Mbl HeakTHBHBI [28], [29]. [lanHble (akTh
MOJITBEP)KIAOT HCCIIEIOBaHMsI, ITOKA3bIBAIOIINE
yto 25-70% MHKpPOOPTaHU3MOB, BBIJICICHHBIX W3
MHOTOOOPAa3HBIX AaHTAPKTHUECKUX OWOTOIMOB, SIB-
JISTFOTCS TICUXPOTOJIEPAHTAMHU U MOTYT PacTH B IIH-
poxom TemmieparypHom auanazone (1-30 °C). Ilpu
Oonee HU3KOH Temmeparype KyJIbTHBHPOBaHUs MO-

BBIIIAETCS TMPOJOJDKUTENBHOCTD JIar-ha3bl pocTa u
pa3BHUTHI MUKPOOPTaHU3MOB AHTapKTH Bl Hecmo-
Tpsl Ha JaHHBIA (DaKT, ypOBEHb CHHTE3a OMOMACCHI
He mensiercs [30], [31].

BbiiesieHHbBIE IITAaMMBI SBISIOTCS MPOAYLCH-
TaMU BHEKJIETOYHBIX aMHIIOJUTHYECKUX, MPO-
TEOJIUTUYECKUX M JUTOIUTHIECKUX (EPMEHTOB.
Ha ocHOBe MOJIy4eHHBIX JaHHBIX M aHAIH3a MOP-
(doyorMuecKx XapakTEPUCTHK KIETOK MHKPO-
OpraHU3MOB, HHTEpBaJla pocTa TeMIEparyp, Me-
Ta0OIMYECKUX OCOOEHHOCTEH, ITaMMBlI pacupe-
JIENICHBI TI0 WX MPUHAJICKHOCTH K CIEIYIOIIUM
ponam: Psychrobacter (8 kynbTyp), Azomonas
(2 xynbrypsl), Amphibacillus (2 xynsTypsl). B
CBSI3U C TEM, YTO B pe3ylIbTaTe CXOMXKECTU OHO-
XUMHYECKUX XapPaKTEPUCTUK MPHU yCTAHOBJICHUHU
BUJIOBOW MIPUHAIICKHOCTH KYJIBTYD BbIICICHHBIX
MUKpPOOPTaHU3MOB MOTYT MOSIBISITHCS TPYIHO-
CTH, HEOOXOMMO MPOBECTH MOJICKYJISAPHO-TEHE-
THYECKUE UCCIICIOBAHUS.

3akiIouyenne

Taxum 00pa3oM, MOJIyuCHHbIE JaHHbBIC [IOKA3a-
T MEPCHEKTUBHOCT U OMOTEXHOJIOTHYECKHUH IT0-
TEHLIUAN KyJIbTYDP BbIACICHHBIX MUKPOOPTaHU3MOB.

Hamn Obma mpoBenena Mopdomorudeckas,
¢$u3n0I0rO-0MOXUMHUYECKasT HIACHTU(PHUKALNS BBI-
JENCHHBIX KYyJIbTYp M TIOJNy4yeHbl 26 IITaMMOB
MCUXPOPIIBHBIX M TMCHUXPOTOJEPAHTHBIX MHKPO-
oprann3MoB. Taxoke ObUTH ONpeieIeHbl TAKCOHBI 12
KYJBTYP.

[anbHeilliee ucciaen0BaHUE INaHHBIX KyJIbTYpP
OTKPBIBAET BO3MOKHOCTH U HMCIOJB30BaHUS HX
B Pa3JInUHBIX 00JacTAX OMOTEXHOJIOTHHU, TAKUX KaK
— OmopemMeamanys, MUIIEeBass U TEKCTHUIIbHAS MPO-
MBILICHHOCTb.

KoHdumKT HHTEpECcoB

ABTOpBI HE UIMEIOT KOH(QIMKT HHTEPECOB.
BbaaropapHocTn

ABTOpBEI cTaTthu OnaromapHbl EpHazapoBoit

Anue KynaXMeTOBHC 3a OCHHBIC PCKOMCHAAIIUU 10
HaITMCaHHIO CTaTbH.
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BMOAOTUYECKUIA CMEKTP AKTUBHOCTH
A3ATETEPOLUMNKANUYECKNX COEAMHEHNU

MoTpebHOCTb B MMMYHOCTUMYASITOPAX M MMMYHOMOAYASITOpax Ha (papMaLeBTUUYEeCKOM pbIHKe
wrpokas. OHU MPUMEHSIOTCS MPU A€YEHWUU BPOXKAEHHBIX, MPUOOPETEHHBIX MMMYHOAEMULMTHBIX
COCTOSIHUSIX, B A€4EHMM OHKOAOTMUECKMX BOABHBIX, B AEUYEHNUU BOABHDBIX, MPOXKMBAIOLLMX B SKOAOTUUECKM
HebAaronoAyUHbIX perMoHax CTpaH U T.A. M nepea COBpeMeHHOM MMMyHO(apMakoAormen CTouT
rnobasbHas 3apada B paspaboTKe  MMMYHOCTMMYASITOPOB  HAMpPaBAEHHOTO  AENCTBUS.  Takum
06pasoM, MPeACTaBAEHHbIA CMEKTP UMMYHOCTUMYAMPYIOLLMX MpernapaToB MOKa3blBaeT, YTo KaxAas
rpynna MMMYHOCTUMYASITOPOB OOAAAQET OMPEAEAEHHbIM CMeKTPoM MobouUHbIX 3hhekToB U Hoaee
nepcrneKkTUBHOM rPynno IBASIOTCS npenapatbl CUHTETUKM. [103TOMY, CKPUHMHI HOBbIX MEPCreKTUBHbIX
MMMYHOCTUMYASITOPOB  CMHTETMKOB HArpaBAEHHOrO AENCTBUMS OGOCHOBaH. AAS UCCAEAOBAHMS
remMorpammbl nepugeprueckorn KpoBU UCMOAb30BaAK 48 B3POCAbIX AABOPATOPHBIX KPbIC-aAbOMHOCOB
YKEHCKOro MOA3, a TakXXe (PeHOTMNMpPOBaHWE AMMMOLIMTOB MPOBOAMAM OOLLENPUHSTHIM METOAOM
HenpsiMor (hAyOpecUEeHLIMM C NPUMEHEHNEM MOHOKAOHAAbHBIX aHTUTEA. B pesyAabtaTe Aelikorpamma
KPOBM M3MEHMAACh B CTOPOHY pasBUTUI AEMKOMEHMYeCcKMX npoueccoB. B psay mnccaepoBaHHbIX
COEAMHEHUI CPABHUTEABHO HU3KYIO AMMMOMO33CTUMYAMPYIOLLYIO aKTUBHOCTb MOKAa3aA0 COeAMHeHWe
2. CpaBHUTEABHO BbICOKYIO AMMCMOMO33CTUMYAMPYIOLLYIO aKTMBHOCTb B PSIAY COeAMHeHuin 1, 2
M 3 MNposSIBUAO COEAMHeHWe 3. DpUTPOMNO33CTUMYAMPYIOLLAs M TPOMOOLIMTOMOI3CTUMYAMPYIOLLAs
aKTMBHOCTb Yy COeAMHeHMI 1 1 3 Oblaa Ha YPOBHE Mpenapara CpaBHEHUS! METUAYPaLIMAQ.

KAloueBble cAOBa: VIMMYHOCTUMYASITOP, MMMYHOMOAYASITOP, 3pPUTPOMN033, AMMMOLMTOMNEHUS,
rpaHyAOLIUTOMNEHUS.
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Biological spectrum of the activity of azheterocyclic compounds

The demand for immunostimulants and immunomodulators in the pharmaceutical market is wide.
They are used in the treatment of congenital, acquired immunodeficiency states, in the treatment of
cancer patients, in the treatment of patients living in ecologically unfavorable regions of countries, etc.
And modern immunopharmacology faces a global challenge in the development of targeted immuno-
stimulants. Thus, the presented spectrum of immunostimulating drugs shows that each group of im-
munostimulants has a certain spectrum of side effects and synthetic drugs are a more promising group.
Therefore, the screening of new promising immunostimulants of targeted synthetics is justified. To study
the hemogram of peripheral blood, we used 48 adult female albino laboratory rats, and phenotyping
of lymphocytes was carried out by the conventional method of indirect fluorescence using monoclonal
antibodies. As a result, the blood leukogram changed towards the development of leukopenic processes.
Compound 2 exhibited comparatively low lymphopoiesis-stimulating activity among the compounds
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studied. Compound 3 showed comparatively high lymphopoiesis-stimulating activity in the series of
compounds 1, 2, and 3. The erythropoiesis-stimulating and thrombocytopoiesis-stimulating activity of
compounds 1 and 3 was at the level of the reference drug methyluracil.

Key words: immunostimulant, immunomodulator, erythropoiesis, lymphocytopenia, granulocyto-
penia.
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A3areTepouMKAAi KOCbIAbICTApADBIH, GEACEHAT OMOAOTUSIABIK, CMIEKTPI

DapMaueBTUKaAbIK, HapblKTa MMMYHOCTUMYASTOPAAP MeH WMMMYHOMOAYASTOPAAQPFa  CYPaHbIC
oTe keH. Oaap Tya GiTKEH XaHe Ae >Kype nanaa GOAFaH UMMYHMTET TaruiblAbiFbl JKaFAANAAPbIH
eMAEYAe, OHKOAOTMSIABIK, HayKacTapAbl EMAEYAE, EAAEPAIH IKOAOTUSABIK, KOAANCHI3 aliMaKTapbliHAA
TypaTbiH HayKacTapAbl eMAeyAe >kaHe T.6. KafaalAapAad  KOAA@HbIAAABL.  AA,  3amMaHayu
UMMYHOMDapMaKOAOTUSIHbIH, aAAbIHAAFbI >KahaHABIK AEHrerAeri MakcaT — MMMYHOCTUMYASITOPAAPAbI
eHaey, OyA e3ekTi maceAae 60AbIN OTbIp. OCblAaNiLIA, MMMYHOCTUMYASILMSIAQYLLLI MPenapaTTapAbiH
YCbIHbBIABIM OTbIPFAH CMEKTPi MMMYHOCTUMYASITOPAAPAbIH, 8p TOObiHAQ GeAriai-6ip >kaHama acepAep
cnekTpi 6ap eKkeHiH >KaHe Ae CUHTETMKAAbIK, NpenapaTTapAbiH GoAalaFbl 30p TOM eKeHiH KepCeTeAi.
COHAbIKTaH AQ >aHa CUMHTETMKAABbIK, UMMYHOCTUMYASTOPAAPAbI CKPUHWMHITEH OTKi3y HEri3AeAreH.
3epTTey XXyMbIChl 6apbiChbiHAQ MEPUCEPUSIABIK, KaHHbIH remorpamMmacbiH 3epTTey yiuiH 48 epecek
AAbOMHOCTBIK,  38PTXAHAAbIK, ereyKympbIKTapAbl KOAAQHABIK, aA  AMMQOUMTTEPAI eHoTUnTey
MOHOKAOHAAABI aHTUAEHEAEPAI KOAAAHA OTbIPbIM, XaHama (PAyopecLleHUMSIHbIH SAETTEri aAiCiMeH
XKYPri3inAi. HaTumkeciHAe, KaH AeMKOrpamMmachl AeMKOMEHMSIAbIK, MPOLECTepAiH AamyblHa Kapai
©3repAi. 2-KOCbIAbIC 3epTTeAreH 6ipKaTap KOCbIAbICTAPMEH CaAbICTbIPMAAbI TYPAE XKOFapbl AM(ONo33-
bIHTAAQHABIPYLUbI GEACEHAIAIKTI KepceTTi, 1, 2 x8He 3 KOCbIAbICTapAA 3-KOCBIABIC CAAbICTbIPMAAbI
TYPAE >KOFapbl AMMMONO33-bIHTAAAHABIPYLLbI GEACEHAIAIK KopceTTi. 1 aHe 3 KOCbIAbICTAPbIHbIH,
3PUTPONOI3AI bIHTAAQHABIPYLLbI KOHE TPOMOOLIMTOMO33A1 bIHTAAAHABIPYLLI GEACEHAIAITT METUAYPALIMA

npenaparbl AeHreniHAe GOAABI.

TyiiH  cesaep: VIMMYHOCTUMYASITOD,
rPaHyAOUMTONEHUS.
BBenenne

CoBpeMeHHBIE aNTOPUTMBI JIEYEHHUS] MHOTHX
3a00JIeBaHUI BKJIIOYAIOT B ce0sl MPUMEHEHUE HM-
MyHOMOAyIHpytomux cpencts [1, 2]. K uMmMmyHO-
MOJAYJSTOpaM OTHOCAT JIEKAPCTBEHHBIE CPEJICTBA
Pa3IMYHOTO MPOUCXOXKIACHHS, OKa3bIBAIOIINE Pa3-
HOHAIIPaBJIEHHOE JeHCTBUE HA UMMYHHYIO CHCTE-
My, B 3aBUCHMOCTH OT €€ UCXOJHOTO COCTOSHHSL.
NMMYHOMOIYJSTOPBl HUCHOJB3YIOT B KOMILIEKC-
HOH Tepamuu 3a00JeBaHUM, COMPOBOXKIAAIOIINXCS
[IpU3HAKaMU BTOPUYHOM MMMYHHOM HEAOCTATOY-
HOCTH, KOTOpasi XapaKTePU3yeTCs YacTO PeLUau-
BUPYIOUIMMH OaKTepUaTbHBIMH, BHPYCHBIMH U
rPUOKOBBIMH HMH(EKIUSAMH, TUIOXO TMOAAAIONIH-
MHUCS TPAAULMOHHBIM MeToAaM jieueHus [3]. Bme-
cTe ¢ TeM, TpeOyeT yTOUYHEHHS HEeCKOJIbKO 00CTO-
ATENbCTB. Bo-nepBeIX, cienyeT MOHMMATh, YTO
IPHUPOJa UMMYHOAEC(QHUINUTOB JBOSIKA: OHHU MOAPA3-

MMMYHOMOAYASITOD,

3pUTPONO033, AMMQOLMTOMNEHMS,

JIeJISIIOTCS Ha TIEPBUYHBIE U BTOpUYHEBIE. B ocHOBe
MEePBUYHBIX IMMYHOJE(QHUIIMUTOB HAPYIICHHS JOKa-
JU3YIOTCS Ha F€HETUYECKOM YPOBHE, YTO M IpPH-
BOJUT K Hed(p(PeKTUBHOMY (YHKIIMOHUPOBAHHUIO
HMMYHHO# cucTteMbl. B 3TOM ciyyae roBoputh 00
HMMYHOMOIYJUPYIOIIEH Tepanuu 6ecCMbICIEHHO,
MIOCKOJIbKY BO3JICHCTBHSI Ha UMMYHHYIO CHUCTEMY
OCYILECTBIISIOTCS C 3aMECTUTENBbHOMN Lenbro. Ha-
IpUMep, NPH araMMarioOyJIMHEMUH BBOIST Ha-
CBILIAIOIIUE JIO3bI BHYTPHUBEHHBIX MMMYHOTJIOOY-
nuHOB [4, 5]. B mpormecce pa3BUTHS MMMYHHOU
peakiuy MPOUCXOIUT B3aUMOJIECTBUE KIIETOK 3
BUOB: Makpodaros, T-nmuMdonuToB xenmepo u
3¢ (HEKTOPHBIX KIETOK KIECTOYHOTO WM TyMOpab-
HOTO 3BeHa MMMyHHUTeTa [6-11].

C mpaxkTH4YecKOl TOYKHM 3peHHs YIOOHA cIely-
omas  KiaccupUKauus HMMYHOMOIYJIHPYIOLINX
cpencts [12].

I. CpenctBa 6akTepUaNIbHOTO POUCXOKICHUS:
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buonornueckunii CIICKTP aKTUBHOCTU a3are¢TCPOUUKINICCKUX COEIMHECHUH

1. JIuzaTel GakTepuii: OpOHXO-MyHaJI, UMYIOH,
pubomynun, MPC-19; 2. MukpoOHbEIE MaKpOMOJIe-
KYJISIpHBIE CO€MHEHHUS: MYPaMIIIUIETITHA, THPO-
reHaJl, MPOJUTH03aH, HyKJIenHaT Hatpus [13].

II. CpencTBa pacTHTENHLHOTO TPOUCXOMKICHHS:
axuHales mypmypHas [14].

III. Huroxuuel u Meauatopsl: 1. Tumudeckue
TOPMOHBI: TaKTUBUH, TUMajuH, TUMoreH; 2. Ilemn-
TUABI KOCTHOTO Mo3sra: muenonui; 3. MHAyKTopsl
nHTep(dEepoHa: KPUIAHUMOJ], TUIOPOH, METITyMHH
akpujoHarerar, apoumoin, amuson; 4. UaTepdepo-
HBI: HHTEpEepoH o, uHTtepdepoH P; 5. Murepneii-
KWHBI: HHTEpIeHKuH-1[, uaTepneiikun-2; 6. Komo-
HUECTHMYJHpYonue (GakTopsl: GUITPacTUM, MOJ-
rpaMoCTuM, caprpamoctum; 7. MOHOKIIOHaJbHbIE
aHTHTeNa: MHQPINKCUMA0, amanuMymad, oMaiu3y-
mab [15].

IV. Cunrernueckre HUMMYHOMOYJISTOPBL: Jie-
BaMHU30J, TAJABHUT, MOJUOKCHIOHUN, HUMYHOPHKC
[16].

PactutenpHble J€KapCTBEHHBIE CPEACTBA BECH-
Ma TIOMYJISIPHBI Y HAceNeHWs, OIHAKO J0Ka3aTelb-
Hasi 0a3a SXMHAIEW OTPaHHYCHA Pa3pO3HEHHBIMU
HEPaHJIOMHU3UPOBAHHBIMH WCHBITAHUSMH, 4YacTO
BBITIOJTHEHHBIMH C OTPEXaMH B METOAOJIOTHH HFICCTIe-
JIOBaHUS U HAJIMYUEM KOH(]IUKTa HHTEepecoB [17].
CuHTETHUYECKHNE UMMYHOMOZYJISATOPHI — MUJOTUMOJ
(ToproBoe Ha3BaHWe — VIMyHOPHKC) OTHOCHTCS K
IpyIIe XUMUYECKH YUCTHIX CHHTE3UPOBaHHBIX MPe-
MapaToB M MPEACTaBIsET COOOH MmpenapaT NenTUA-
HOW MPHUPOIBL, OIBIT TPUMEHEHHSI KOTOPOTO B CTpa-
Hax 3amagHoi EBponsl npesbimaet 15 net. OnHoit
U3 TOYEK MPUIOKEHUS ASHCTBUS MUAOTUMO/IA SIBIIS-
€TCA YCUJIEHHE SKCIIPECCUU T'eHa UHTepJehKnuHa-2,
4TO, MO-BUANMOMY, U IPUBOAMT K TOBBIIICHUIO KO-
nmuiectBa T- u B-muM@onuToB 1 UX QyHKIIMOHAIB-
Ho#t akTrBHOCTH [ 18]. Kpome Toro, B 9KCIiepuMeHTe
[I0Ka3aHo, YTO IpH NMpHeMe BHYTPh IIpenapar MOBbI-
maetr (pyHKIMOHAIHHYIO aKTHBHOCTH TPaHYJIOIH-
ToB u HelTpodmmoB [19]. In vitro mokaszano, 4To
[Munotumon cumxkaet axcnpeccuto CD30-anTurena
Ha uMdonuTax (CynepceMeiicTBO peenTopoB s
MIPOBOCIATUTENIFHOTO IIUTOKWHA — (pakTopa He-
kpo3a omyxosneit) [20, 21]. [Tomuokcunonuit — 310
(hM3HOIIOTHYECKN aKTUBHOE COSIMHEHUE C MOJIEKY-
nmsapHoit maccoit 100 x/la. Ilo cBoelt XuMHYECKOM
CTPYKTYpEe OH SBJseTcd comonuMepoM N-OKHCH
1,4-3tunennunepasuaa U (N-kapOokcudThn)-1,4-
STHJICHIUIEPA3uHUS OpoMHaa € MOJEKYJISIPHOU
Mmaccoit 80 k/la. [lonnokcunonuit obnagaer UMMy-
HOMOZYJIHPYIOIIUM JIeHCTBUEM,YBEIIMUNBAET PE3U-
CTEHTHOCTb OpraHW3Ma B OTHOIIIEHNH JIOKAJIbHBIX U
reHepan30BaHHBIXMH(EKIMH. OCHOBOI MexaHM3-
Ma WMMYHOMOJIYJIHPYIOIIETO NEHCTBHUS MOIHUOK-
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CHJIOHHUS ABJISIETCS MPSIMOE BO3JCHcCTBUE Ha Qaro-
LUTHPYIOIINE KJIETKH U €CTECTBEHHBIE KHJUIEPHI, a
TaK)Ke CTUMYJIALUS aHTHTEI000pa3oBanus [22].

B coBpemeHHOH (apMakoJIOrUu BBIIEISAIOT
CIEAyYIOIKE TPYNIBl UIMMYHOCTUMYJISITOPOB: IIpe-
napaTbl MUKPOOHOTO MPOUCXOMKACHUS (HyKJIEHHAT
HaTpHsi, pUOOMYHIJ, UMYIOH M [Ip.); HENTHIHbIC
npenapatsl (T-akTUBMH, MHENONM[I, THUMOTEH U
JIp.); IUTOKUHBI U TIpenapaThl Ha UX OCHOBE (MHTEp-
(epoHbl, MHTEPJIEHKNUHBI); MpenapaTbl HA OCHOBE
IPUPOAHBIX KOMIIOHEHTOB (3KCTPAKThl PACTCHUH U
T.J.); CAHTETHYECKHE Tpenapatsl (TIOTHMOKCUIOHU,
JUKOTIH/L U JIp.). XapaKTepHOH YepToi IpenapaTos
MHUKPOOHOTO TIPOUCXOKACHUSA SIBISIETCS aKTHBAIIHS
(aKTOpOB €CTECTBEHHOH PE3UCTEHTHOCTH — CUCTE-
MBI MOHOHYKJIEAPHBIX (paronuTos, HEUTPOPHUIBHBIX
TpaHyJONUTOB M HAaTypajbHBIX KuiepoB [23]. B
CHITy BBICOKOW MUPOTEHHOCTH HEKOTOpPHIE Mpenapa-
Thl MUKPOOHOI'O IIPOUCXO’KACHUS IIEPBOTO U BTOPO-
T'O MOKOJICHHSI He HaXO/ST MIPUMEHEHUS B KIMHHKE.
Celiuac moMy4YeHbl CHHTETHMUYECKHE IMPOU3BOAHEIE,
pa3paboTaHHBIE Ha OCHOBE HYyJIEMHATa HATpPUs:
Poludan, Inosine pranobex (Isoprinosine), Methy-
luracil and Riboxin [24, 25]. IIpenapatkl Ha OCHO-
B€ HYKJICMHATa HATPUs CHOCOOHBI CTHMYJIHPOBATH
nposuQepaIuo H pOCT IMMYHHBIX KJIETOK, KIETOK
KPOBH U T.JI., HO TAK)K€ COCOOCTBYIOT HHTEHCUBHO-
My JEICHHUIO OaKTepHaTbHOW MHKPOQIIOPHI, MeTa-
CTa3MpPOBAaHHBIX 0YaroB PaKOBBIX KJIETOK.

NMMyHOMOIYIATOPBI 3HAOTEHHOTO NTPOUCXOXK-
JICHHS MOXKHO YCJIOBHO Pa3/eNUTh HA IMMYHOpPETY-
JIATOPHBIC TIENTUAB U IUTOKUHEI [26]. Kak u3Bect-
HO, EHTPAJIbHBIMUA OPTaHAMH UMMYHHUTETA CIyXKaT
TUMYC M KOCTHBIH MO3T, PErYIHUPYIOIINE pa3BUTHE
KJIETOYHOTO M T'YMOpaJIbHOTO HMMYHHOTO OTBETa
COOTBETCTBEHHO. ['pyIna poccHiCKUX yUEHBIX MOJ
pykoBojictBoM akajeMuka P.B. IlerpoBa ncnomnb3o-
Baja 3T OpTraHbl /Ul BBIJEIEHUS UMMYHOPETYJIs-
TOPHBIX HENTHIOB C LEIbIO CO3/aHHS JIEKapCTBEH-
HBIX MPeTapaToB, BOCCTAHABIMBAIONINX KIETOYHBIH
u rymopaibHblii umMmyHuTeT [27-30]. Tomukom K
CO3JIaHHIO TIOZOOHBIX MPENapaToB CTal0 OTKPHITHE
HOBOTO KJlacca OHOJIOTHYECKH AaKTHBHBIX COEIH-
HEHUI MEeNTHIHBIX TOPMOHOB THMYCa, K KOTOPBIM
OTHOCHUTCSI CEMEHCTBO TUMO3HMHOB, THMOIIO3THHOB
U CBIBOPOTOYHBIN THMUYECKUI (aKTOp TUMYJIHH.
OTH NenTHUIbl NpU MOCTYIUIEHUH B KPOBb OKa3blBa-
10T BIMSIHHE Ha BCIO NepU(EepUIecKyr0 HMMYHHYIO
CUCTEMY, CTUMYJIAPYS POCT U MPOTH(EPAIUIO THM-
(dounHbIX KIeTOK [31].

Jis akTUBaIMU IESTEIBHOCTU KIETOK KOCT-
HOTO MO3ra M CTUMYJISIMM JieiKornos3a OblT pas-
pelIeH K MEAUIMHCKOMY NPUMEHEHHUIO HYKJIEHHAT
Hatpus [32]. DTOT mpenapar mpeacTaBiIseT coboit
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HaTPUEBYIO COJb HYKJIEMHOBOM KHCIOTBI, MOJY-
YEHHYI0 THAPOJIM30M U JaJbHEUIIEH OYMCTKOU U3
npoxokedt. [Ipenapar copepkut OO0JbIIOE KOJIHYe-
CTBO MpPEIIIECTBEHHUKOB HYKIEHMHOBBIX KHUCJIOT U
CIOCOOCTBYET POCTY M Pa3MHOKEHUIO IPAKTUIECKU
Bcex gensmuxcs kiaeTok [33]. B ganpHelmeM 0110
BBISBJICHO, YTO HYKJIEMHAT HaTpHs oOiafaeTr cIo-
COOHOCTBIO CTHMYJIHPOBATH (PAKTOPHI KaK BPOXK-
JIEHHOTO0, TaK M IPUOOPETEHHOTO UMMYHHTETA. JTO
BIIOJIHE €CTECTBEHHO, TAK KaK Pa3BUTHE HMMYHHOTO
OTBETa CBSA3aHO C aKTUBHOH mponudeparueit T- u
B-nmumdouuros [34]. Hyknennat Hatpuss — mep-
BBIM IpemapaTr B CBOEU IpymIle, NOJYyYMBIIUN pas3-
peleHne Ha MEANIUHCKOE IPUMEHEHHE He TOJIBKO
KaK CTUMYJISATOP JIEHKOM033a, HO U KaK CTUMYJIATOP
ummyHuTeTa. K npenaparam 3Toro psga OTHOCHT-
cs1 JlepuHat (marpuesas coyb HatuBHOHU JIHK, BBI-
JIeNICHHOM M3 MOJIOK oceTpoBbIX pbI0), [lomyman
(BBICOKOOUHMINIEHHAsI cMech HaTpueBbIx coneir JJHK
n PHK, Taxxe noiaydaeMbIX M3 MOJIOK OCETPOBBIX
pbI0), pubonykmneat Hatpus (PumoctuH) — mpe-
napat PHK, BeieneHHONW U3 MEKApCKUX IPOKKEH
[35-37].

B HacTosmee Bpems 3a pyOeskoM A1t CTUMYJISI-
MY UMMYHHUTETa AOCTATOYHO LIMPOKO HCIOJb3Y-
FOTCSl TIperapaThl pacTUTEIHHOTO MPOUCXOXKICHHUS,
B YAaCTHOCTH pAa3JIMYHbIE MPOM3BOJAHBIE 3XUHALIEH
myprypHoi [38].

Oco00i pa3HOBUIHOCTHIO BTOPUYHOTO HMMY-
HoJeQULUTA SBISIFOTCS OHKOJIOTHUECKHUE 3a00J1eBa-
HUL. 37I0KaueCTBEHHBIE OIIyXOJIH, C OAHOM CTOPOHHI,
UCIOJB3YIOT UMMYHHYIO CHCTEMY JUIS TMOJepkKa-
HUsI COOCTBEHHOI'O POCTa, a C APYroil — OJIOKHpY-
IOT T€ KOMIIOHEHTHI UMMYHHOM 3aIlUTHI, KOTOpbIE
MOTJIM OBl IPUBECTH K OTTOPXKEHHUIO ommyxoinu [39].
[Ipu oHKONOTHYECKUX 3a00JIEBAHUSIX 3HAYUTEIHLHO
YBEJIMYMBAIOTCS YUCICHHOCTh U aKTHBHOCTbH KJle-
TOK ¢ MMMYHOCYNPECCUBHON aKTHBHOCTHIO: MHE-
JIOWAHBIX CYIIPECCOPHBIX KIETOK M PEryJITOPHBIX
T-xieTok. OTH MOMyIAIUN KIETOK UMMYHHOM CH-
CTEMBbl TPEMSTCTBYIOT pa3BUTHIO 3(dexkTuBHOrO
MMMYHHOTO OTBETa IPOTHB omyxonu. IlosaTomy oc-
HOBHOM 3a/1a4eil UMMYHOTEpanuu IIPU OHKOJIOTHYe-
CKuX 3a00JIeBaHUAX SIBISICTCS MEPEBO] UMMYHHOR
CHCTEMBI U3 COCTOSIHMSA, CIIOCOOCTBYIOIIETO POCTY
37I0Ka4eCTBEHHON OITyXOJH, B COCTOSTHHE, CITOCO0-
cTByIOIIEE ee oTTopxkeHuIo [40].

Hamubonee nepcrekTHBHOM Irpyminoii B pa3padoT-
K€ HOBBIX HMMMYHOCTHMYJHPYIOIIUX IPErnapaToB
ABJISIIOTCA CHHTETHYECKHE Ipernaparhl (JTUKOMU,
uMyHO(aH, TOJTUOKCUAOHHH, JIEBAMHU30J1, T'aJIaBUT,
nukiaodepon u np.) [41, 42]. [Ipenapatsbl nepeoi
NOATPYNNBl — JieBaMH30J M AuylH(oH obsana-
0T KOPPUTHPYIOLIUM Bo3lelcTBue Ha T-cucremy

UMMYHHTETA. JIeBaMH30JI TakKe SBISCTCS MHIYK-
TopoMm MJI-2 n obnamaer cnocOOHOCTBIO CTUMYJIH-
poBath cucreMy NK-kmetok [43]. Ho meBamu3zon
SBIISIETCS. OYeHb TOKCHYHBIM mperaparoM. OTHO-
csIuiics KO BTOPOH NOATPYIIE TUKOMHU SBISIETCS
CHHTETUYECKIM aHaJIOTOM MYpPaMUJITPUIIETITHIA,
MHUHUMAQJIFHOTO KOMITOHEHTa KJIETOYHOW CTEHKH
Bcex Oakrepuil. DTOT mpemnapaT B HU3KHX J103aX
YCHJIMBAET TOTJIOMIEHNE U pa3pyIIeHne MUKPOOOB
U OIyXOJIEBBIX KJIETOK (harouuTamH in vitro, cTu-
mynupyeT cunte3 UJI -1 u ®HO. B cBoro ouepens
WJI -1 u ®HO aktuBupyior B- u T- mumboruTsr,
CIIEICTBHEM YETO SIBISETCS yCHUJIEHHE aHTUTEI00-
OpazoBaHUs U peakiuii KISTOYHOrO HIMMYyHHTETa. B
MocJeTHIE TOJbI B HIMMYHOJIOTHYECKON MPAaKTHUKE
JIOCTATOYHO 3(PPEKTUBHO HUCHOIB3YETCA MCITHJI-
HBI TIperapar 4YeTBEPTOTO MOKOJEHHS — UMYHO-
(an. B ornuume or TOpMOHOB THMYyca, UMyHO(aH
OKa3bIBaeT HMMMYHOpETYIUpYIolee ACHCTBHE Ha
KJIETKH UMMYHHOW CHCTEMBI BHE 3aBUCHMOCTH OT
MPOAYKIMH TpocTarnanauaoB. [IpemapatoM HOBO-
IO TOKOJICHHSI CHHTETHYECKUX UMMYHOMOIYJATO-
POB, TIOJYYEHHOTO B pe3yJbTaTe HAIPaBICHHOTO
XUMHYECKOTO0 CHHTE3, SIBIISICTCS TMOJMOKCUIOHHH.
3TO BBICOKOMOJIEKYJISIPHOE COelMHEHne, 001aaato-
€€ BBIPAXKEHHOH HUMMYHOTPONHOM aKTUBHOCTBIO.
K nmepcnekTrBHBIM IMMYHOMOYJIITOPaM OTHOCHUT-
Csl TAK)KE€ CUHTETHYECKOE JIEKAPCTBEHHOE CPEJCTBO
TaJllaBuT, TNpeACTaBIsioniee co0oil TPOM3BOIHOE
amuHo(dranruaposuaa [44].

MarepuaJjbl 1 METOAbI

Uccreoyemvie coeounenus.

A3zareTeponnKInIecKue COETMHEHHS
N,N-austun-2-(me3utunamMuHo)-N-meTun-2-
okcostaHamuuus woxaun (1), N,N,N-tpuatmn-2-
(Me3uTHIAaMUHO)-2-0KCodTaHAMUHUA ~ Homun  (2),
N,N-austnn-N-(2-(Me3uTUIaMUHO)-2-0KCOITHIT)
nponas-1-amuHus Hoaun (3) BrepBble ObUTH CHH-
Te3WpOBaHbl B JabopaTopuu «JIekapcTBEHHBIX CO-
equnenuit» JI'TI Ha IIXB MHCTUTYTa XUMHYECKUX
Hayk uMeHu A.bekTyposa.

Memoo uccnedosanusn cemoepammol nepugepu-
YecKoll Kposu

g uccienoBaHus TeMOTpaMMbl Tiepudepuye-
CKOM KpPOBHU HCIIONB30BaIH 48 B3pOCIBIX J1abopa-
TOPHBIX KpPBIC-AILOMHOCOB XEHCKOTo moia, 10-15
HenenbHoro Bo3pacra, maccoit 210-280 r. Kusot-
HbIe OBUTM TOJyYeHBl OJHOBPEMEHHO W3 OJIHOTO
MUTOMHHKAa — OWOJIOTHYECKOH KIMHUKH (aKyib-
Teta Ouonorun u OmorexHonornn KasHY wumenn
anp-Qapabdbu. MccnemoBaHus MPOBOAWINCH B CO-
orBeTcTBUM ¢ «[IpaBuinamMu TpoBeOeHUS JOKIHU-
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HUYECKNX (HEKIIMHUYECKHUX) HWCCIICJIOBaHUN Ono-
JIOTUYECKH aKTUBHBIX BEIIECTB» U «ITHUYECKUMHU
MIPUHLIMTIAMH ¥ PEKOMEHJIAIUSAMH 110 TPOBEACHUIO
Hay4YHBIX SKCIIEPUMEHTOB Ha *KHMBOTHBIX» [29]. Bee
JKUBOTHBIE COJIEPKAITHNCH B OJHOPOTHBIX YCIOBHUSIX
(mpeBecHas MMOACTUIIKA U3 OMWIJIOK, TEMIIEpaTypa B
nomemeHnn 22-24°C, pexuM eCTeCTBEHHOI'O OCBe-
IIeHN), TOTy4aly CTaHIapTHBIE KOPMOBEIE paIlil-
oHbl. JKHBOTHBIC OBLIM pa3/iEiCHBI Ha 6 TPYI IO
8 ocoleil. 6-s TpyIIa KUBOTHBIX ObLTa HHTAaKTHOM.
C 24-X 9aCOBBIM MHTEPBAJIOM ITPOBOIHITN BBEICHNE
BCEM DKCIIEPUMEHTANBHBIM TPYIIaM XHBOTHBIX
JIOKCOPYOHIIMHA THIPOXJIOpUA B no3e 10 MI/kr B
(dbm3monornyeckoM pactsope B ooweme 0, 2 — 0,21
M 1% pactBopa. Uepe3 72 yaca KUBOTHBIM BBO-
qunu: 1, 2, 3-i skcnepuMeHTaiabHOU rpymme 1o 0,
1- 0, 12 mir 1% pactBopa coemunenus 1, 2, 3 (mo3a
BEJICHUS 5 MI/KT Ha (PU3HOJIOTHYECKOM PacTBOPE);
4 — # rpymme miane6o — mo 0, 1- 0, 12 mu ¢puzno-
JIOTHYECKOI'0 PacTBOPa; 5 — OM KOHTPOJIBHOU Ipym-
ne — no 0,1- 0,12 M 1 % pacTBOpa METUITypaIy-
ma (7mo3a BBEAEHHS 5 MI/KT Ha (U3UOJIOTHIECKOM
pactBope). 3abop kpoBu mpoBoauiau B 09.00 ytpa
13 OpOUTAIBHOM BEHBI KPBIC B FeMaTOJOTMYECKHE
npobupku VF-052SDK ¢ S/ITA (K,) 4epe3 7 cy-
TOK TIOCJIE€ WHBEKIUH HCCIENyEeMBIX COeIWHEHHH
o] MSATKUM 3(UPHBIM HapKO30M. AHAaJIH3blI KPOBU
MIPOBOAMIN Ha TeMaTOJIOIMYECKOM aHaIu3aTope
«Abacus junior VET» (Diatron, [lanus). J{BoiiHo#t
LUTOJIOTHYECKUN KOHTPOJIb MIPOBOAMIN Ha Ma3Kax
KpoBU. Mas3Kku KpOBM MOJBEpPrajd OKPAaIIMBAHUIO
MeTtozoM Giemsa ¥ IOACYUTHIBAIM ITOA MUKPOCKO-
oM SA3300S nmox ummepcueii (ysenuderue 7-100)
mo 100 xi1eTox Ha KaxIbplid oOpaser; Maska, 3aTeM
OTHOCHTEIHHOE KOJIUYECTBO KIETOK KaKIOTO THIIA
MEPEBOTUIIN B a0CONIIOTHOE 3HAYCHHE.

Denomunuposarue TUMPOYUmMo8 Memooom He-
NPAMOU UMMYHOQDII0OpECYEeHYUU.

Paznenenne ¢pakumii KpoBH MPOBOIMIIN pac-
TBOpPOM  UKOIUI-ypoTpacTa. DeHOTHIHpOBaHUE
TUM(OITUTOB TPOBOAUIN OOIIECTIPUHATHIM METO-
JIOM HENpAMOW (IIyOpecUeHInd ¢ TpPUMEHEHHEM
MOHOKJIOHAJTBHEIX antuTen: KO 111(C3), UKO
101(C14), UKO 31(C18), UKO 180(CA20) (HIILL
«MenbuoCnextp», Mocksa) [30]. Kietounsie koM-
IJIEKCH C aHTUTENaMH CYCIIEHANPOBaTN B 20 MKI
pabouero pactBopa FITC-koHBIOTaTOB BTOPHYHEIX
antuten (FITC-antu-mpims, np-so: HIIL «Menbu-
oCnexTp», MockBa) 1 HHKyOupoBanu B TeueHue 30
muH Tpu 4°C BO BIIAKHOM TepMocTtare. Dukcarmio
KJIETOK MTPOBOJIIIIN PACTBOPOM ISl (PUKCALIUHU KJIIe-
ToK (8%-ii pactBOp (popmanuua u 4%-ii pacTBOp
mapadopmManpaeruna). Kireroanyio CycreH3uio 1mo-
MeIIaTu B JYHKH Ha MpeIMEeTHOM cTekiie. Tak Kak
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y4YeT pe3yibTaTOB PEaklUy MPOBOIMICS HA JIOMH-
HECLIEHTHBIX MUKPOCKOIIaX MPEIMETHBIE CTEK/Ia HEe
MOKPBIBAIH TMOKPOBHBIMH CTEKJIBIIIKAMH, a OCTO-
POXHO TOMEIIAIM OOBEKTUB B JIYHKY Ha CTEKJe,
nucnons3ys 50% pacTBop ThuMIlepMHA B KadecTBe
UMMEpPCHOHHOH cpenbl. Mcmonb3oBamu 00BEKTUB
mukpockona 100x u oxkynsp 10x. IloacuutsiBanu
CBETSAIINECS KIETKH B TedeHHne 24 4acoB MOCIIe T0-
CTaHOBKH PEaKIIUU, COXPaHss MpenapaTsl B TEMHON
KOMHaTe. MUKPOCKOIIMPOBaHUE MPOBOAMIOCH B
TeMHON KoMmHaTe. Cratuctudeckas oOpaboTka pe-
3yJIBTAaTOB MPOBOAWIACH C TIPUBEACHUEM CPEIHETO
3HAYEHUs], CPEAHEH OIIMOKY U TOBEPUTEIBHOTO HH-
TepBasia CThIOICHTA.

Pe3yabTaTthl 1 ux o0cy:kaeHue

buonozuueckas yvacmo uccredosanuii.

B pesynbrare TpexkpaTHONH MHTOKCHUKAIINH ITH-
TOCTATHYECKHM IPenapaToM JOKCOPYOHIIMHA TH-
JIPOXJIOPUAOM MPOM30MIIO CHIKEHHE JICHKOIUTAp-
HOT0, PUTPOIUTAPHOTO ¥ TPOMOOITUTAPHOTO TTOKA-
3arensi. PeructpupoBanich cienyromnpe mokasare-
JIM KPOBH: OOLIMI JEUKOIMTAPHBIH MOKa3aTellb CO
3Havenus (12,140,8)-10° /1 kpoBu CHU3MIICS Ha 6-0H
IeHp Habmoaenus 10 (5,6+0,5)-10° /i xpoBu u 1a-
nee Ha 9-bIif 1eHp HabmoaeHus 1o (2,37+0,16)-10°
/m xposw, T.€. B 5,11 paza (p<0,01). Jleiikorpamma
KPOBH M3MEHIJIACh B CTOPOHY Pa3BUTHS JIEHKOTIE-
HUYECKUX TMporeccoB. OTHOCHTENBHBIA JHUMQO-
LUTapHBIA MOKa3aTtenb cHu3wics ¢ 63,72+1,1% no
47,2+1,7%. IIpon3onuio CHIKEHUE OTHOCUTEIIBHO-
ro rpanyiouurapaoro nokaszarens c¢ 30,00+0,8%
no 26,18+4,5%. YpoBeHb MOHOLMTOB, 303UHO-
¢unoB u 6azodmnoB ysemmumicsa ¢ 6,28+0,1% no
26,7+£0,3%, T.€. B 4,25 paza (p<0,05). bonee 3Ha-
YUMBIE U3MEHEHUS MTPOU3OILIH B aOCOMOTHBIX T10-
Ka3aTemsax JIEHKOrpaMMbl KPOBU. 3HAYUTENFHO CHU-
3usIca a0COMIOTHBIN TMM(OLUTAPHBIH MTOKa3aTeNb C
(7,71£0,1)-10°/n xposu a0 (1,12+0,2)-10%/71 xpoBw,
T.e. B 6,88 paza (p<0,01). AGcomoTHBIA TpaHyIIO-
[UTAPHBIH TOKa3aTens causmics (3,63+0,01)-10%/n
kpou a0 (0,62+0,3)-10° /m kpoBu, T.e. B 5,85
pa3a(p<0,01). Taxxe, HECMOTpPsI HAa OTHOCUTEIBHOE
YBEIIMYEHNE OTHOCHTENLHBIX IOKa3aTeJed MOHO-
LUTOB, 303MHOGUIOB U 6a30()MIIOB, aOCONIOTHBIN
IMOKa3arellb PO3UHOMPMIOB, 0a30(MIOB U MOHOIIU-
TOB 3HAYUTEIBHO cCHU3MIICS. TakuM 0OpazomM, mocie
BBEJICHUS I[UTOCTATHKA JIOKCOPYOWIIMHA THIPOX-
Jopuia B JIEHKOTpaMMe KpPOBH PETHCTPHUPOBAJIACH
neiikonenus: Ha (oHe abCOMIOTHON TUM(OLUTOIIE-
HUU ¥ TPaHYJIONUTOIICHUH.

W3MmeHeHus Takke pPErnuCTPUPOBAIUCH B JPH-
TPOLMTAPHBIX MTOKa3aTesix Kposu. OOIMIK SpUTpo-
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UTAPHBIN MoKasaTenb causuics ¢ (7,5+0,9)-10'%/n
kpoBu 10 (4,93+0,5)-10'%/n kpoBu. OueHb OBI-
CTPO CHH3HJICS TEMOTJIOOMHOBBI TIOKa3aTelb C
(140,748,9) r/n xpoBu g0 (90,75+6,2) /1 KpoBU B
1,5 paza (p<0,05). EcrecTBeHHO, YTO CpemHEe CO-
JiepKaHue TeMOTJIO0MHA B 9PUTPOLIUTAX U [IBETHOM
MIOKAa3aTeNb TAK)Ke CHU3UWINCE.

OO0mwit TPOMOOIIMTAPHEIN TTOKA3aTeNlb CHU3UII-
¢ B 7,94 paza (p<0,01) ¢ (560,0+12,2)-10°/n xpoBu
1o (70,5+2,33)-10° /n kpoBu. YpoBeHb TPOMOOKPH-
Ta TaK)Ke CHU3UIICA.

Taxum 00pa3oM, MHTOKCHKAIINSL OPraHU3Ma -
TOCTAaTHKOM JIOKCOPYOUIIMHA THAPOXJIOPUAOM MPH-
BeJla K MAHIIUTOTICHUH Ha (POHE BHIPAKEHHOM JIeH-
KOIIEHUH, YPUTPOIICHUN U TPOMOOIIUTONIEHUH. JIek-
KOIICHHSI TIPOSIBUIIACH B BUJIC TPAHYIJIONUTOTICHUN U
UMD OITUTOTICHHH.

Ha ¢one McKycCTBEeHHO BBI3BAHHOW MaHIUTO-
TIEHUH JTA00PATOPHBIM KPhICAM BBOJIMIIH HCCIIETye-
Mble coenrHEeHHsST N,N-Iu3THiI-2-(MEe3UTHIaMIHO )-
N-metmn-2-okcostanamunusa Homun (1), N,N,N-
TPUITUI-2-(ME3UTHIAMHUHO )-2-0KCOATaHAMHHUSA
omun (2), N,N-guaTuin-N-(2-(Me3UTHIAMHHO )-2-
OKCOA3THII)IIponaH-1-aMuHus Hoauy (3) TpexKkpaTHO
¢ 3a00poM KpOBU Ha 7-0i JEHH MOCTE MOCIETHETO
BBEICHUSA COEIUHEHUI.

Coenunenne N,N,N-TpudTni-2-(Me3uTHIAMH-
HO)-2-0KCOdTaHAMUHUS HOAMI (2) HE MPEBBIIIAI IO
JIEMKOTIOA3CTUMYIIHPYIONIEH aKTHBHOCTH TIperapar
cpaBHEHHS MeTHiypauml. OOmmii TedKkonuTapHbIid
MOKa3aTellb B TPYIAaX C BBEACHWEM JaHHOTO CO-
enuHeHus ObuT B ipeaenax (4,8 +0,1) -10°/1 xposu
NP 3HAYCHUH B KOHTPOJIbHOH rpyme (5,2+0,8)10°
/1 xpoBH. Bce oTHOCHTENBHBIE M a0CONIOTHBIE T10-
Ka3aTenn JeWKOTpaMMBI KPOBH B HCCIEIyEeMBIX
rpyInax HE3HAYUTEIbHO YCTYINAId aHAIOTHYHBIM
MOKAa3aTessIM KOHTPOJIBHOHN IpymIibl. AOCOMIOTHBIN
TUMQONIUTAPHBIA TTOKa3aTeNlb B TPYIIIIE C BBee-
HUEeM uccaenyemoro coeauuenuss N,N,N-Tpustui-
2-(ME3UTHIIAMUHO)-2-0KCOdTaHAaMUHUS Homua (2)
661 B mpenenax (2,6+0,1)-10° /n xpoBu mpu aHa-
JIOTHYHOM TOKa3arene B KOHTPOJBHOW TpyIIe
(3,22+40,03)-10° /n kpoBU. AOCONIOTHBIH TpaHyIIO-
LUTapHBINA [TOKA3aTellb B UCCIEAYEMOM TpynIe co-
crasui (1,52+0,2)-10° /1 KpOBU MPOTHUB 3HAYCHUS B
KOHTpoJbHOU rpymme (1,7+0,2)-10°/n kpoBu (Pucy-
HOK 1(I)) .

Crnenyer OTMETHTh BBICOKYIO BPUTPOIIOI3- H
TPOMOOLIMTONOI3CTUMYJIMPYIOILYI0 ~ AKTHBHOCTD
coemuaeHUS  N,N,N-Tpu3THI-2-(ME3UTHIAMHIHO )-
2-okcoaTaHamMuHuUs Homun (2). OOmmid SpUTponH-
TapHBIN MOKa3aTesb B IPYIIE C BBEICHUEM COCIH-
Henus 2 coctasuia (7,2 +0,9)-10'%/n kpoBH IPOTUB
aHAJIOTHYHOTO IOKa3aTelsl B KOHTPOJBHOM Ipyriie

(5,69+0,36)-10'*/n kpoBH W 3HAUCHHEM HWHTAKT-
HBIX JKHBOTHBIX (7,5+0,9)-10'%/1 xpoBu. To ectb
coenquHenne bVB-118 B 10BONBHO KOPOTKHIA CPOK
CTUMYJHPOBAJIO MNPONU(PEPATUBHYIO aKTUBHOCTh
IPUTPOIO33HOTO IyJIa ¥ BOCCTAHOBUWIIO 3PUTPOLIH-
TapHBIN MOKAa3aTeNb O YPOBHS HHTAKTHBIX KHBOT-
HBIX. ['eMOrIOOMHOBEIN TOKA3aTeNb B IPYIIIE BBE-
JIEHUS COeIMHEHNs 2 He JOCTUT YPOBHS MHTaKTHBIX
JKUBOTHBIX, HO OBIJT BBIIIE 3HAYCHHS KOHTPOJIBbHON
rpynisl. 3HadeHue remornoduna (137,0 £12,2)r/n
ObUIO BBINIE IIOKAa3aTelsl B KOHTPOJIBHOM Ipymiie
(106,0 £12,1) r/n B 1,29 paza u KOppearpoBaio C
roKazaTtesnieM B MHTakTHOU rpymme (140,7 £8,9)r/n
(Pucynox 1(ID)).

Coenunenne N,N,N-TpusTHi-2-(Me3uTHIAMH-
HO)-2-0KcodTaHamuHUA Homuna (2) takke 3ddex-
TUBHO CTUMYJIPOBAJIO TPOMOOITUTOIIO033 B OPTaHU3-
Me KpbIC U TIOKa3aTesb coctaBun (639,0+13,8)-10°
/n.  TlokaszaTrenb SKCHEPUMEHTAIBHOW TPYIIIBI
[IPEBBIIIAJI  [I0KA3aTelb KOHTPOJBHOH TIPYIIIBI
(518,25+13,8)-10° /m kpoBU U ObLT HAa YPOBHE HH-
TaKTHBIX JKHBOTHBIX (660,0 +12,2)-10°n1 kpoBu
(Pucynok 1(II)). TpoMOOKpUTHBEIM TOKa3aTeIh
TaKKe KOpPEeIUpoBal ¢ 00eTpoMOOIUTaAPHBIM IT0-
KazaresieM U ObLT BRICOKMM. B hapmakonormueckux
HCCIICIOBAHMAX JJTaBHO 3aMe€YeHa CIIeIyIOIasl 3aK0-
HOMEPHOCTh — €CIIH COCIMHEHUE YCIEUIHO CTUMY-
JIUpYeT Mposnepalyio SPUTPOLUTAPHOTO ITyJia, TO
3HAYUAT OHO TaKkXke dP(HEKTUBHO OYIET CTUMYIHUPO-
BaTh 1093 TPOMOOLUTAPHOTO IyJna. Takasi 3aKOHO-
MEpPHOCTh MOATBEPANIACH B UCCIEIOBAHMUIX C COE-
nuaenueM 2. CoenHEeHNe OAMHAKOBO d(PPEKTUBHO
CTHUMYJTUPOBAJIO SPUTPO- U TPOMOOLIUTOTION3.

CoemuaeHust N,N-TudTHII-2-(ME3UTHIAMHHO )-
N-metun-2-oxkcostanamunus woaun (1) m N,N-
audTHA-N-(2-(ME3UTUIIAMUHO)-2-0KCOITHI)
nponas-1-amuans fiogua (3) odeHb APHEKTUBHO
CTHUMYJIUPOBANM JIGHKOIO033 W BOCCTAHOBJICHUE
JCWKOLMTAPHBIX TOMYJSIIUA 1UT0 Oojee BBIpaxke-
HO B JUMQOIUTAPHBIX cyOmomymsiusax. OOmuii
JEHKOLUTApHBIM IIOKa3aTejb B TPyINIE BBEACHUS
coemunenus 3 cocraBmwi (10,9+0,7)-10° /n kpoBw,
YTO OBUTO BBIIIE MOKAa3aTesisi KOHTPOJIBHOM TpyIl-
mel (5,2+0,8)-10° /m xposu B 2,09 pasza (p<0,05) un
NpUOIM3UIOCH K TMOKA3aTeNi0 WHTAKTHBIX JKUBOT-
HbIX (12,1£0,8)-10° /1 KpOBH KUBOTHBIX. AOCOIOT-
HBI TUMQOIUTAPHBINA TIOKa3aTenb cocTaBui (8,6
+0,2)-10° /n KpOBM TPOTHB MOKA3aTelsi KOHTPOJIb-
How rpummsl (3,22+0,03)-10° /1 KpoBH, TpeBbIIIas
B 2,67 paza (p<0,05) u koppenupoBain c moxasare-
jgeM uwHTakTHOW Tpynmsl (7,71+0,1)-10° /1 xpoBu.
OTHOCHUTENBHBIA ~ TUMQOLUTAPHBIA  TOKa3aTelb
JIEUKOTpaMMbl KPOBH JKHBOTHBIX TaK)Ke ITOJTBEPIK-
Jlall BBICOKUI aOCONIOTHBIA JTUMQOIMTAPHBINA ITO-
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Kazarenb. OTHOCHTENBHBIA JTUMQOLMTAPHBINA MO-
kazarens coctaBmi (78,55+2,1)% npu nokazarene B
KOHTpOJNBHO# rpymie (62,04 £3,93)% u 3HaueHuu B
uHTaKkTHOU Tpynme (63,72+1,1)%. CornacHo nute-
paTypHbBIM MCTOYHHMKAM I1OKa3aTeH JEHKOrPaMMbl
KpOBHU y OeNbIX J1a00paToOpHBIX HE TMHEHHBIX KPBIC
KOJIEOMIOTCS B mpeAenax: oOmui JeHKOUTapHbINH
mokasarens B npeaeiax (5,00+23,00)-10° /i kposu,
OTHOCHUTEJIbHBIA JIMMQPOLUUTAPHBIA TOKa3aTellb B
npenenax (50+70)% u rpaHynIoOnMTapHBIA MOKa3a-
tenb (10+50)%. CremoBarensHO, HECMOTPS Ha TO,
YTO OTHOCHTENBHBIA JTUM(OIUTAHHBIA NOKA3aTeNb
ObUI BEIPaKEHHO BBICOKHMH, HO OH HAaXOAWIICS B IIpe-
nenax HOpMbl. OTHOCUTEINIBHBIN IPaHyIOLUTaPHBINA
nokazarens Obut (11,7+0,9)% mnpotuB 3HaYeHHS
KOHTPOJIbHOU Tpymibl (32,68+1,6)% ¥ MHTAKTHOM
rpymmsl (30,0+£0,8)% wu mpessimman B 2,79 u 2,56
pasza cooTBeTcTBEHHO. [lanee abcooTHOE 3HaUCHHE
TUM(OIMTOB B TPyNIIEe C BBEACHUEM COCTUHEHUS 3
cocTtaBmio (8,6+0,2)-10° /1 KpOBH IIPOTUB 3HAYEHUSL
KOHTpOJbHOM Tpymisl (3,22+0,03)-10° /1 kpoBH U
nokasaTeis MHTakTHoW rpymmbsl (7,71+0,1)-10° /n
KpOBH, npeBbias B 2,67 u 1,11 paza cooTBeTCTBEH-
HO. AOCOJIOTHEIN TPaHyJIOIUTAPHBIN MOKa3aTeNb B
rpymnre ¢ BBezenueM coeaunenus 3 (1,25+0,01)-10°
/71 KpOBH KOPPEIUPOBAII C [OKA3aTeNeM KOHTPOJIb-
Ho# rpymmsl (1,7+0,04)-10° /1 kpoBU U ObLT HUXKE
noKasaTesss MHTakTHO# rpymmsl (3,63+0,31)-10° /n
kposH B 2,90 paza (p<0,05) (Pucynox 1(I))..
Coenunenne N,N-1udTHiI-2-(ME3UTUIAMUHO )-
N-MmeTun-2-okcosranamunus Hoaua (1) Taxke 3¢-
(hEeKTHUBHO CTUMYJIMPOBAJIO JIEHKOII033, HO yCTYIIAJIO0
coequHeHnI0  N,N-1u3Tun-N-(2-(Me3UTUIaMHIHO)-
2-okcoatun)nponan-1-amuans Homua (3). OOmwmii
JICUKOIMTAPHBIN TOKa3aTellb B TPYIINE BBEIACHUSA
coemunenus 1 cocraBun (8,97+0,8)-10° /n kposw,
YTO OBUTO BBIIE NOKA3aTesisl KOHTPOJIBHOW TpyIl-
el (5,2+0,8)-10° /m xpoBu B 1,72 pasa u HIDKE IT0-
KazaTedss HMHTAaKTHBIX JKUBOTHBIX (12,1£0,8)-10°
/1 KpoBH XHMBOTHBIX B 1,34 paza. AOCONIOTHBIN
mMQoOIUTapHBIA TIOKa3aTelnh B JAHHOW TPYIIINE
BBelIeHUsT Takke OblT BBICOKMi (7,1+0,4)-10° /n
KpPOBH, 4TO OBIJIO BBIIIE MOKA3aTeNasl KOHTPOJIbHON
rpymmsl (3,22+0,03)-10° /m xpoBu B 2,20 pasa u
KOppENUpOoBaJI0 C TOKa3aTeleM WHTAKTHOW TIpyI-
el (7,71£0,1)-10° /n xpoBU. OTHOCUTENBHBIN JTHM-
(ommrapupIii mokazatens coctaBun (79,3+0,8)%,
MpeBbIIasl OKa3aTellb KOHTPOJIBHOH  TPYIIIBI
(62,04 £3,93)% 1 3Ha4YeHUS B MHTAKTHOM Tpymie
(63,72+1,1)% B 1,27 1 1,24 pa3a COOTBETCTBCH-
HO. OTHOCHUTENBHBIN T'paHyJOLUTAPHBIN IOKa3a-
Tenb coctaBmi (8,5+£0,6)% u ObUT HIKE 3HAYCHHS
KOHTPOJIbHOU Tpymmbl (32,68+1,6)% n WHTAKTHOM
rpymmsl (30,0+0,8)% B 3,84 u 3,52 pa3za cooTBeT-
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ctBeHHO (p<0,05). AGCOMOTHBIH rpaHyTOLUTAPHBIN
MOKa3aTellb B TPYIIIE C BBEJACHUEM COETUHEHHS |
cocragisin (0,8+0,01)-10° /m kpoBH KOppETHPOBAT C
ToKa3aTesneM KOHTpOoJbHOM rpynmsl (1,7+0,04)-10°
/T KpOBH ¥ OBLIT HUKE MTOKA3aTeNs MHTAKTHON TPpyTI-
el (3,63+0,31)-10° /m xpoBu B 4,53 paza (p<0,05)
(Pucynoxk 1(D))..

DPpUTPOIIOI3CTUMYIHPYIOMAs U TPOMOOIIUTO-
MOA3CTUMYJIUPYIOIIAs. aKTUBHOCTh Y COCAWHEHUH
1 u 3 ObUTa HAa ypOBHE IpenapaTa CpaBHEHHs Me-
Trmypanuia. OOnuit 3puTPOIUTAPHBINA TOKA3aTEIh
B IpyMIax ¢ BBeAECHHEM coequHeHui 1 u 3 Obul B
npenenax (5,02+5,82)-10'/n kpoBU npH 3HAUYCHUU
B KOHTpoJbHOU rpymme (5,69+0,36)-10'%/n kpo-
BU, HO HW)XKE TOKAa3aTellsi WHTAKTHBIX »XHBOTHBIX
(7,5+0,9)-10'*/n xpoBH. YpOBEeHb reMOTIIO0MHA TaK-
ke 3(P(OEKTUBHO BOCCTAHABIHMBAICS M COCTABIISI
(107+116) r/n npu 3HaUYEHUN B KOHTPOJIBLHOU TPYII-
e (106,0+£12,2) /11, HO HIKe 3HAYCHUS HHTAKTHBIX
*)uBOTHBIX (140,7£8,9) r/nm B 1,30 u 1,20 pasa co-
orBerctBeHHO (Pucynok 1(II)).. TpomOGoiuTONo33-
CTUMYJIUPYIOIIAsi aKTUBHOCTb Y HCCIEAYyEMBIX CO-
eINHeHUIl ObUIa Ha YPOBHE IpemnapaTa CpaBHEHUS
MeTHiypanmia. OOmmii TpoMOOLUTAPHEIN MOKa3a-
TeJb B IpyNIax ¢ BBeICHUEM coeiuHeHui 1 u 3 co-
crasisn (503,5 +543,0)-10° /1 xpoBH, uTO GBIIO Ha
ypOBHE KOHTpOJIbHOU rpymmbl (518,25 £19,9)-10°/n
KpOBH, HO HIXE 4YeM B MHTakTHOHW rpymme (660,0
+12,3)-10°/n xpoBu (Pucynox 1(II1))..

Tak Kak COEIMHEHHs MPOSBUIN JTHUM(OII033-
CTUMYJIMPYIOIIYIO aKTUBHOCTh. Ha BTOpOoM 3Tame
(hapMaKoIOrHIeCKOT0 CKpUHUHTA OBbliIa TIPOBEACHA
OLICHKA BIIMSTHHS A3areTePOLUKIMYECKHX COCIUHE-
HUH Ha nponudepannio OTAeIbHBIX CyOnomyJsuui
CH3* =~ T-mumdonmros, CHA20° — B-mumponuTos,
Cl4* - T-xemmepos, C[8" - T —ImuTOTOKCHYECKHUX
KJIETOK.

CpaBHHTENHFHO BBICOKYIO JIMM(OIIOI3CTUMY-
JHUPYIOUIYI0 aKTUBHOCTh B PsIYy COCITUHEHWH 1,
2 m 3 mposBWIO coequHEHHE 3. AKTHBHOE CO-
equHeHWEe 3 yBeaumumBaio abcomoTHBIA CI3" -
T-numdormrapHslii okaszarens 10 (4,37+0,9)-10°
/T KpOBH, KOPpENUpys CO 3HAYCHHEM HHTaKTHBIX
XKHUBOTHBIX (4,29+0,6)-10° /1 KpoBH, IOCTOBEPHO
MPEeBBIMIAsl MOKa3aTeNb JKUBOTHBIX TPYIIIBI TUIaIle-
60 (0,6+0,01)-10° /n xposu B 7,28 pa3 (p<0,01) u
moKasateinb KOHTpoJjbHOU Tpymmsl (1,59+0,7)-10°
/m kpoBH B 2,69 paza (p<0,05). [Tokazatens C20"
— B-mumooruror (2,02+0,01)-10° /1 kpoBu ObLT
MpHOMIKEH K 3HAYEHWIO WHTAKTHBIX JKHBOTHBIX
(2,34+0,03)-10° /m KpoBH, TIPEBHIIIAs TOKA3ATEIH
KoHTponbHOU Tpymmsl (0,5240,00)-10° /n kpoBU B
3,88 paza (p<0,01) 1 mokazarenu TpymIbl Ianedo
(0,43+0,00)-10° /1 xpoBu B 4,69 paza (p<0,01). Ypo-
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Berb C/14" ~ T-xemmepos (1,07+0,01)-10° /n kpoBu
OpuOIKaICsS K 3HAUYCHUIO MHTAKTHBIX *XKMBOTHBIX
(1,26+0,02)-10° /1 KpoBM M 3HAYUTEIBHO OBLIO
BBIIIE 3HaueHus rpynmsl mianebo (0,12+0,00)-10°
/m xpoBu B 8,91 paza (p<0,01) u 3HaYeHHS KOH-
tposbHo# rpymmsl (0,57+0,00)-10° /n xposu B 1,87
pa3za. Yposenb C/I8" T —IIUTOTOKCHUYECKUX KIETOK
cocrasist (0,99+0,01)-10° /1 xpoBH 1 IPUOTUIUIICST

K 3HAUEHWIO MHTAKTHBIX )KUBOTHBIX (1,16+0,04)-10°
/T KpOBH, HO TIPEBBIMIAS TOKA3aTeNH TPYIIIHI IJa-
11e60 (0,13+0,00)-10° /1 xposu B 7,61 pasa (p<0,01)
u KoHTposbHOU Tpymmbl (0,344+0,00)-10°/m kpoBU B
2,91 paza (Pucynox 2). UMMyHOperynsTOpHbIE UH-
JIEKCHl B TPy BBEJACHUS COCAWHEHUS 3 ¥ B WH-
TAaKTHOW Tpynre ObLIM HISHTHYHBI JAPYT APYTY H
coctansanu 1,08 ycn.en.

Pucynox 1 — T'emorpamma KpoBH: OOLIHI JTEHKOIUTAPHBIN MOKa3aresb,  10%/1 (A),
abCOMIOTHBIN TUM(OIUTAPHBIN MOKa3arelb, * 10/ (B), abconOTHBI MOHOIUTAPHO-303WHODHUIIBHBII TOKA3aTeb,
-10°/71(C) u abCOMOTHBIN rPaHyIIOMUTAPHBIH TTOKa3aTens, - 10°/1 D) (Pucynok 1(1)); obmmmit sapurpounTapHslii mokasaress, - 10'%/n
(E) u remormno6us, 1/71 (F) (Pucysok 1(11)), obmuit TpomMGorTapHslii mokasarens, 10°/L
(Pucynok 1(II)). 1 — BBenenue coequaeHus 1; 2-BBeieHNe COSTMHEHNUS 2; 3 — BBEICHUE COCIMHEHHS
3; 4 — MHTAKTHBIE )KUBOTHBIE; 5 — KOHTPOJIBHAS TpyIa, 6 — TpyIa miamneoo.
['pyms! >KHBOTHBIX (OCh abLIKCC) VS TIOKa3aTeNd KIETOK (OCh OpANHAT).
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YcrynmaBmue 10 JIMMQONO33CTUMYJIUPYIO-
el aKTUBHOCTH COEOWHEHUI0 3 coequHeHHe |
CTHUMYJIUPOBAJIO JTUMQOI033, HO TIOKazaTenu T- u
B-muM¢pounuTOoB yMEpEeHHO MAOCTUTAIM CPEIHUX
rokazaTesield TUMQOIMTAPHBIX CYONOImyIsiuii. B
rpynne BBeaeHus coenuHeHus 1 yposenp CJI3* -
T-mumponutoB goctur 3Hauenus (2,22+0,3)-10°
/1 KpOBH, yCTyIlasi 3HAYCHHUIO MHTAKTHBIX YKHBOT-
HbIX (4,2940,6)-10° /1 KpoBH, TNpeBbIlIas IMOKa-
3atenu rpynmsl 1wiane6o (0,6+0,01)-10° /n kpo-
Bu B 3,7 paza (p<0,05) ¥ KOHTPOIBHOW TPYIIIHI
(1,59+0,7)-10° /m xpoBu B 1,39 pasa. ITokasatenn
CA3"~ T-mumQonuTOB OBUT HHXKE 3HAUCHHS TPYIIIIHI
BBelleHns coemuHenus 3 (4,37+0,9)-10° /n kpoBu
B 1,96 paza (p<0,05). Taxke ymepeHHO IUIO BOC-
cranosnenne CJ/120° — B-nmumdouuraproro mo-
kazarenss. O moctur 3Hadenus (1,9+0,01)-10° /n
KPOBH, YTO OBLIO HUKE 3HAYCHUH MHTAKTHOH IpyII-
bl (2,3440,03)-10° /1 KpoBH M TPYIIIBI C BBEICHHU-
eM coelnHeHns 3 co 3HadeHueM (2,02+0,9)-10° /o
kpoBH B 1,23 pa3a u 1,06 pa3a coorsercTBeHHO. Ho
CHA20" — B-nuMdounTapHOE 3HaYCHHE B TPYIIE
BBEJICHUS COEAMHEHUs | ObUIO 3HAYMTENBHO HUKE
mokasareneil KoHtposnbHo# rpymms! (0,52+0,0)-10°
/1 xpoBu B 3,65 pasza (p<0,05) u rpynmsl mare-
60 (0,43+0,0)-10° /n xposu B 4,41 paza (p<0,01)
(Pucynok 2). CootHomenue mnokaszareneir CH4" -

T-xennepoB, CA8" ~ T —IMTOTOKCUYECKUX KIIETOK,
T.€. UMMYHOPETYJISITOPHBIN MHIEKC B TPYIIE BBe-
JIeHHsl coelMHeHus | ObUT JIyulie, YeM B TpyIIe
BBEJCHUS coelMHeHus 3 u coctasisn 1,12 ycn. en.
Yposens CJI4* - T-xenmepoB B TpymIie BBEACHUS
coemuuenus 1 cocrasisut (0,46+0,00)-10° /i kpoBH,
4TO OBUIO HW)KE 3HAUCHUS TPYIIIHI BBEACHUS CO-
enunenns 3 (1,07+0,01)-10° /1 KpoBH M MHTAKTHOM
rpynmsi (1,26+0,02)-10° /1 kposu B 2,32 u 2,73 pa3za
cooTtBeTcTBeHHO. Ho mokaszarens CJ14"~ T-xenmepos
B TpymIie BBeAeHHs | ObUT OIM30K K 3HAYEHUIO KOH-
tponbro# rpymmsl (0,57+0,00)-10° /nm kpoBu U npe-
BBIIIIAJ 3HAUCHHUE Tpymbl mianedo (0,12+0,00)-10°/n
kpoBu B 3,83 paza (p<0,05). AHanOrH4YHEIA YpOBEHb
nokazarens Obut B cyonomymsamusix CA8 T —uro-
ToKcHuyeckux Kietok. [Tokazarens CJI8"~ T —mumdo-
IIUTOB B TPYIIIIE BBEACHUS COSAMHEHHS 1 COCTaBIISII
(0,41+0,00)-10° /m kpoBH, YTO OBUTO HUKE 3HAYCHUS
rpynmbl BBeeHus coenunenus 3 (0,99+0,01)-10° /n
KpoBH B 2,41 pa3a u nokazaresis UHTAaKTHOW IPyIIIbI
(1,16+0,04)-10°/nm xpoBu B 2,82 pasza. Ho mokasaress
CA8"~ T —MTOTOKCHYECKHX KIIETOK B TPYIIIIE C BBE-
JIeHHeM coelrHeHns | ObLI BBINIE 3HAYEHUI KOH-
tpossHOM rpymsl (0,34+0,00)-10° /n xpoeu B 1,20
pa3a 1 ObUT 3HAYMTENBHO BHINIE ITOKA3aTeNs TPYII-
mel miare6o (0,13+0,00)-10° /a1 kposu B 3,15 pasa
(p<0,05) (PucyHok 2).

Pucynok 2 — JlumdorpamMma KpoBH: aOCOTFOTHBIN JTMM(OLUTAPHEIH TOKAa3aTelNb,
-10%/1 (A), CD3" mumorutsr, -10%1 (B), CD20" mumdouutsr, - 10%/1(C) CD4",-10%/n
u CD8" mumdornwmrsl, -10%1 (D). 1 — BBefeHue coeuHeHus 1; 2-BBeICHHE COCIUHEHNUS 2;
3 — BBeleHHE COCANHEHHS 3; 4 — MHTAKTHBIC KUBOTHBIC; 5 — KOHTPOJIbHAS TPYIIIa,
6 — rpynmna mwiane6o. I'pynmbl )KUBOTHBIX (0Ch abIMCC) VS ITOKA3aTeNH KIETOK (OCh OPIIMHAT).

B psagy uccienoBaHHBIX COEAMHEHHMH CpaB-
HHUTEJIFHO HU3KYIO JHM(OI033CTUMYIUPYIONIYIO
aKTUBHOCTh TOKa3ayo coenuHeHue 2. OHO ycTy-
najo Mo akTHBHOCTH COeQUHEHUsM 3 u 1, mpema-
paty cpaBHeHHs MeTwrypammty. JlumponurapHse
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3HAYCHUS B TPYIIC BBEACHUS COCTUHEHUS 2 ObUIH
MPUOKEHBI K TIOKA3aTessIM TPYIIHI 1ianebo. B
rpynne BBeAeHHA coefuHeHus 2 ypoBeHb CJI3*
- T —mamdonuror coctasmsn (0,65+0,01)-10° /n
KpPOBU U OBLI HIDKE 3HAYCHHS WHTAKTHON TPYIIIBI
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(4,29+0,6)-10° /n xpoBU B 6,6 pasa, HIKE MOKa3a-
Tenei KoHTpodbHOW Tpymmel (1,59+0,00)-10° /n
KpoBu B 2,44 pa3za. Taxxe CHA3"~ T —nmumdornmrap-
HBI Tokazatens (0,65+0,01)-10° /m kpoBU ycTy-
Maj 3HAYeHWIO TPYIIBl BBEISHHS coeanHeHus |
(2,2240,3)-10° /n kpoBH M OCOOCHHO 3HAYCHHIO
rpynnsl BBeAeHus coeauHenus 3 (4,37+0,9)-10° /n
KkpoBHu B 3,41 u 6,72 pa3a coorBeTcTBeHHO. HU3kuit
MoKa3aTelb OB COMTOCTaBUM CO 3HAUYE€HUEM I'PYIIIIBI
wiare6o (0,6+0,01)-10°/n kposu. 3Hauenune CI20*
- B —nmmMdonuToB B rpymnme BBeIEHUS COCTUHEHHS
2 (0,6+0,00)-10° /n xpoBH OBUIO HMXKE TOKa3aTe-
niei nHTakTHOW rpymisl (2,34+0,03)-10° /1 kpoBH 1
IPYII ¢ BBeJAeHUEeM coenuHenuii 3 (2,02+0,04)-10°
/n xposu u 1 (1,9+0,01)-10° /m xposu B 3,9 u 3,36
pa3za coorBerctBeHHO (Figure 2). 3nauenune CJ[20°
- B —nmmMdonuToB B rpymnme BBeISHHUS COSTUHEHHS
2 KOppenupoBalo C TMoKa3aTelleM TpYMIbl BBeZe-
Hus npenapaTta mMetunypanuia. ITokazatenn C4"
~T —xennepoB u CJI8" T — HIMTOTOKCUYECKHUX JTUM-
(o1MTOB OBLIM HA OJHOM YPOBHE U COOTBETCTBCH-
HO HMMMYHOpPETYJISITOPHBIN uHAeKkc coctaBun 1,00
yen.en. Huzkne 3HadeHwms 0O0omX CyOMOMymsiinaid
T-muMGOUUTOB TPYNIBI BBEACHUS COCAMHCHHN 2
ObUIM HIMYKE 3HAYCHUH BCEX TPyl CPaBHEHUS: KOH-
TPOJILHOM, I1a1ie00 U HHTAKTHOM.

3akiaouenne

Takum o6pazom, coemuHeHust N, N-AUITHI-
2-(Me3uTUIaMiHO )-N-MeTHII-2-0KCO3TaHAMUHUS

vomuny wu  N,N-mudTun-N-(2-(Me3uTHIaMHuHO )-2-
OKCOXTHJI)IpOTIaH- 1 -aMUHUS Hou 00Iaaany Jiek-
KOIO33CTUMYIIUPYIOIICH aKTUBHOCTBIO, MPEBBIIIA-
IOIEel aKTUBHOCTH Tperapara CPaBHEHUS METHITY-
panuna. BeipaxkeHHOH JTeHKOM033CTUMYIUPYIOIIEH
aKTUBHOCTBIO OOJamano coeguneHue N,N-Iu3THi-
N-(2-(Me3uTHIIaMUHO)-2-0KCOITHII ) IpoTIaH-1-
aMUHUSL HOAUJ, YMEpPEHHOM N,N-nuaTIn-2-
(Me3uTunaMuHO)-N-MeTUI-2-0KCOITAaHAMUHU S
vonuna. Boccra”HoBieHHe JEUKOIUATOB IIJIO C
MPEeBaJUPOBAHUEM AKTHUBHU3AIUH JTUMQPOIUTO-
nos3a. BoccraHoBieHue a0OCONIOTHBIX IOKa3a-
tened B CJ/l-mumdbonurapHbIX CyOMOMyIAIHIX
oo 0e3 HapymieHHs HWMMYHOPETYISITOPHOTO
uHaekca. Taxkxke coemuHeHuss N,N-IHITHI-2-
(Me3uTunamMuHo)-N-MeTUI-2-0KCOATAHAMHUHUS
vomun u N,N-mudThia-N-(2-(MEe3UTHIaMUHO)-2-
OKCOATHJ)IPOIaH-1-aMuaus Hoaun o0iananu
SPUTPOIIOI3- U TPOMOOIUTOIOI3 CTUMYIHPYIO-
meid akKTUBHOCTRIO HAa yPOBHE Iperapara cpas-
Henus wmetwinypanmna. Coenunenne N,N,N-
TPUITHI-2-(ME3UTHIIAMHHO )-2-0KCOdTaHAMHUHHUS
Hoaua 1O JIEMKOMO33CTUMYIUPYIOIEH aKTHUB-
HOCTH ycTymnano coeauHeHusM N,N-musTui-2-
(Me3uTHIaMuHO)-N-MeTHI-2-0KCO3TaHAMUHU S
womun u N,N-mudTun-N-(2-(Me3UTHIaMUHO)-2-
OKCOATHJ)IPOIIaH-1-aMuHusS HOAMA, Tpernapary
CpPaBHEHHS METWIYpPAlWIy, HO TI0O 3PUTPOIIOI3- U
TPOMOOILMTONOI3CTUMYIMPYIONIEH aKTHBHOCTH
MIPEBBINIANO0 110 AKTUBHOCTH TIPEIapaT CpaBHEHUS
METHITY paIuil.
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