ISSN 1563-0218; eISSN 2617-7498

OJI-OAPABU ateinparst KASAK ¥YJITTBIK YHUBEPCUTETI

XADBAPIIIBI

buonorus CCPUSACHI

KA3AXCKHWI HALIMOHAJIbHBI YHUBEPCUTET nmenn AJIb-®APABU

BECTHHUK

Cepus Ouonoruveckas

AL-FARABI KAZAKH NATIONAL UNIVERSITY

EXPERIMENTAL BIOLOGY

Ne3 (92)

Anmatsl
“Kazax yauBepcureri”
2022



ISSN 1563-0218; eISSN 2617-7498

XAbAPLLUDbBI" *
A XABAPLUbI
azNU Science Kaayy FoinbiMbi - Hayka Kaal BECTHMK
e e e e BUOJIOTUSI CEPUSICHI Ne3 (92) keipkyiiex p e
BIOLOGY
ﬂ

04.05.2017 x. Kazakcran PecryOnukachIHBIH AKIIapaT »oHE KOMMYHHUKAIWS MUHUCTPIIITIHAC TIpKEITeH

Kyaaik Ne 16494-)K

JKypuan srcounvina 4 pem sicapvikka uibleadst
(Haypwi3, MaycoiM, KbIPKYUEK, HCenmoKcam)

KAYAINITHI XATIIbBI

Canapranuesa H.C., 6.5.x. (Kazakcman)
e-mail: bb.kaznu.kz@gmail.com

PEJAKLUSI AJTKACHI:

Bucenbaes A.K., 6.r.1., KP YFA akanemuri (FbUIbIMH
penaxrop) (Kasaxcmar)

Bexmanos b.0O., 0.F.K., TOIEHT (FBUIBIMU PEIAKTOPABIH
opsiHOacapsl) (Kazaxcmarn)

Teaeyxanos C.T., 6..1., mpodeccop (Kasaxcman)
Aiitamesa 3.I"., 6.r.1., npodeccop (Kasaxcman)
Kucray6aeBa A.C., 0.r.x. (Kazaxcman)

Konyc6aesa A.C., PhD, npodeccop (Kazaxcman)
MyxutaunoB H.M., 6.f.1., npodeccop (Kasaxcmar)
Hypra3un C.T., 6.7.1., npodeccop (Kazaxcmar)
Typycnexos E.K., 6.F.k., KaybIMaCTBIpbUIFaH podeccop
(Kaszakcmar)

Bepxumbaes P.U., 6.r.11., npodeccop (Kazaxcmar)
HUckakos B.K., 6.F.1., npodeccop (Kazaxcman)
Capbacos /1., PhD, npodeccop (AKLLI)
Opsinbaesa 3., PhD, npodeccop (AKLL)
Kypmamesa P.T., PhD (4K11])

Camnapoaes M., PhD, npodeccop (Ppanyus)
Wmenxo A., PhD (®Ppanyus)

Jlocs [, 6.F.1., npodeccop (Peceir)

Tames A.H., npodeccop (boreapus)
Kypmanranues E., PhD (CLLA)

TEXHUKAJBIK XATLIbI
CwmexkenoB Uzart, PhD (Kazaxcman)

JKypnan maTepuangapblHia ayKbIMIbl OHOIOTHSIBIK MOceneaepi — FhUIBIMH LIONY, TEOPHSIBIK KOHE DKCIEPUMEHTAIBIK

3epTTEYNICPAIH HOTHKENEePi KapaCThIPbLIAJIbL.

Makananap OHOOTHSHBIH Kesieci OemiMaepi OoiibIHIIA KapusiaHaabl: 00TaHHKa, OMOTEXHONOTHs, OMOXUMHUS, OCIMAIKTED
(hU3HOTOTHACHI, TCHETHKA KOHE MOJICKY/IAbIK OHOIOT UL, KICTKAIBIK OHOIOTHs, OHO(hH3NKa, afaM )KIHE KaHyapiap GU3HOIOTHSI-
Cbl, 300JI0TUsI JKOHE MXTHOJIOT UL, IUTONOT U JKOHE TUCTOIOTUsI, MUKPOOHOIOT Ul KOHE BHPYCOIOTHSL.

Kowirrer no oecnedentio avectsa
& cibepe 06pa0BaHMA W HayKH it

MOH PK Ragisration

KA3AK
YHUBEPCHUTETI

7Koda menemkepi

Tynvmupa [llaxkozoea

Tenedon: +7 701 724 2911

E-mail: Gulmira.Shakkozova@kaznu.kz

Pepaxropaapsr:
Tynomupa Bexbepouesa
Azuna Xacankpizv

Komnblorepne 6erreren
Atieyn Andawesa

2= Crossref ]

POCCUVCKIV MHAEKC
HAYYHOIO UMTUPOBAHWSI

mmasuawmes Scjence Index

HUB Ne 14804

TTimnimi 60x84/16. Kenemi 15,75 6.1. Tanceipsic Nel16390.
On-dapabu ateigarsl Kazak yITTHIK YHHBEPCUTETIHIH

“Kazak yHuBepcuTeTi” 6acma yiii.

050040, Anmartsl Kanacsl, an-dapabu JaHFbUIbL, 71.

“Kazak yHuBepcuTeTi” 6acma yHiHiH 6acrnaxaHachlHIa 0acbUIIBL

© On-dapabu arsianarsl KazYV, 2022



HIOJTY MAKAJIACHI

REVIEW ARTICLES

OB3OPHBLIE CTATBbH



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (92). 2022 https://bb.kaznu.kz

IRSTI 34.15.01 https://doi.org/10.26577/eb.2022.v92.13.01

A.K. Shametov

University of Minnesota, USA, Minnesota, Saint Paul
e-mail: shame012@umn.edu

THE IMPACTS OF HEAVY METALS ON THE GUT MICROBIOME
IN COMMON CARP (CYPRINUS CARPIO)

Pollution of freshwaters with heavy metals has become an acute problem in many countries includ-
ing Kazakhstan, and industrial progress is the primary source of toxic heavy metals. Since gut microbe
communities play a significant role in fishes’” homeostasis, immune regulation, metabolism, and disease
resistance, it is crucial to understand how heavy metals affect fish’s gastrointestinal microbiome diversity.
Applications of metagenomics using the 16S rDNA gene’s hypervariable regions allow researchers to se-
guence the gastrointestinal microbiota’s genome and identify the diversity of microorganisms, including
those that cannot be cultured with traditional microbiological methods. Common carp (Cyprinus carpio)
is resistant to highly polluted freshwaters with heavy metals and considered a bioindicator of freshwater
pollution. Thus, this paper aims to overview heavy metals’ influence on the gastrointestinal microbiome
diversity in common carp. Future directions are also discussed to enhance our understanding about the
relationships between different environmental factors and gut microbiome diversity of wild fish. Further,
it is crucial to understand how each bacterium would help common carp resist heavy metal toxicity.

Key words: common carp, heavy metal, resistance, gut microbiome, metagenomics.
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Ca3saH 6aabifbiHbIH, (Cyprinus carpio)
iluek MMKpodpAOpacbiHa ayblp METaAAAPAbDIH, 9cepi

TyLubl cyAapAbIH, ayblp METaAAAPMEH AACTaHybl KONTereH eAnpepAe, COHbIH ilwiHAe KaszakcTaHaa Aa
eTe ©3eKTi MoCceAere afHaAAbl. OHAIPICTIH KapKbIHAbI AaMybl ayblp METAaAAAPMEH AACTaHYAbIH 0aCTbl
Ke3i 60AbIN caHanaabl. lwek MukpodAopachl GaAblKTapAbliH, FOMEOCTa3blHAQ, MMMYHADBIK, >KYMEeCiH
peTTeyAe, 3aT aAMacy YAEPICIHAE YKaHe aypyAapFa TO3IMAIAINIHAE MaHbI3AbI KbI3MET aTKapFaHAbIKTaH,
ayblp METaAAApPAbIH GaAbIKTapAbIH ilIEK MMKPOMAOPACIHbIH, aAyaHTYPAIAIriHE ocepiH 3epTTey eTe
KaxeT. 16S pAHK reHiHiH runepesrepmeai ainmakTapbl HEri3iHAE >Ky3ere acblpblAaTblH METAreHOMMKA
BAICI 3epTTeyliAepre ileKk MMKPOMAOPaChl FEHOMbIH CEKBEHMPAEYTe MYMKIHAIK BGepeai. HaTmxkeciHae
ASCTYPAI  MMKPOOMOAOTUSIAbIK, DAICTEDP aPKbIAbl  aHbIKTAAbIHOAMTBIH  MMKPOaF3aAapAbIH  Ti3iMiH
aHbIkTayFa 6oAaabl. KapanaibiM Tykbl Hemece casaH 6aabiFbl (Cyprinus carpio) ayblp MeTaaAapMeH
KATTbl AQCTaHFaH TYLlbl CyAQpPAQ 6T€ TO3IMAI XOHE Tylbl CYAAPAbIH AACTaHYbIHbIH, GMOMHAMKATOPbI
60AbIN caHarasbl. COHAbIKTAH OCbl MaKaAaHblH MakcCaTbl ca3aH 6aAbifbl illeK MMKPOAOPACHIHbBIH
AAYaHTYPAIAIriHE ayblp METaAAAPAbIH, 9CepiHe LWOAY >acay. TabwFm opTaaarbl casaH OaAblfbl
MUKPOMAOPACHIHBIH, aAYaHTYPAIAIri MEeH 8pTYPAI KopllaraH opTa (pakTopAapbl apacblHAAFbl KapbIM-
KaTblHaCbl TypaAbl 6i3AiH GIAIMIMI3AI TOABIKTbIPYFa aAbil KeAeTiH 6arbiT TaAKbiAaHaAbl. COHbIMEH
Karap, ayblp METAaAAAPAbIH YAbIAbIFbIHA Ca3aHHbIH TO3IMAIAIriHE OH acep eTeTiH 6akTepusAap TYPAEPiH
6iAy ©Te MaHbI3AbI.

Ty#iH ce3aep: casaH, ayblp METAAAQP, PE3UCTEHTTIAIK, illeK MUKPOMAOpPAChl, METareHOMMKa.
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Bo3aeicTBME THXKEAbIX METAAAOB
Ha MMKPOOMOM KuLevHuKa cazaHa (Cyprinus carpio)

3arpsi3HeH1e MPECHbIX BOA TSXKEAbIMU METAAAAMM CTAAO OCTPOM NPOBAEMOI1 BO MHOTMX CTpaHax, B
TOM umncAe 1 B KasaxcTaHe, a MPOMBIWAEHHbIN NMPOrpecc SBASETCS OCHOBHbIM MCTOYHMKOM TOKCUYHBIX
TSXKEAbIX METAAAOB. [1OCKOAbKY COOOLLECTBA KMLLEUYHbIX MUKPOOPraHM3MOB MIPAIOT BaXKHYIO POAb B
roOMeocTase, UMMYHHOW PeryAsiimu, MeTaboAn3me M yCTOMUMBOCTM K BOAE3HSM pblO, KpaiHe BaskHO
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MOHSATb, KakK THXKEAble METaAAbl BAMSIOT Ha pasHoobpasve MUKPOOMOMA >KEAYAOUHO-KMLLIEYHOMO
TpakTa pbl6. [NMprMeHeHne MeTareHOMMKM C UCMOAb30BaHUEM runepBapuabeAbHblx OOAACTEN reHa
16S pAHK no3BoAsieT nccaeaoBaTeAsIM CEKBEHMPOBATb FEHOM MUKPOOMOTbI XKEAYAOUHO-KMLLEYHOrO
TpakTa U MAEHTUMDULMPOBaTb padHooOpasmMe MUKPOOPraHM3MOB, BKAIOYAs T€, KOTOPbIE HEBO3MOXKHO
KYAbTMBMPOBATb TPAAULMOHHBIMU MMKPOBUMOAOTMYECKUMU MeToAaMU. OObIKHOBEHHbI Kapn WAM
casaH (Cyprinus carpio) YCTOMYMB K CMAbHO 3arpsi3HEHHbIM TIXKEAbIMU METAAAAMM TMPECHbIM BOAAM M
cunTaeTcs 6UOMHAMKATOPOM 3arpsi3HEHMS MPECHbIX BOA. [1O3TOMY LIEAbIO AQHHOW CTaTbW SBASETCS
PacCMOTPEHUE BAMSIHUS TSXKEAbIX METAAAOB Ha pasHoobpasve KULIEUYHON MUKPOGAOPbI KaprnoBbIX
pbl6. ObcykaaeTcs cnocob paclumpeHms Halmx 3HaHWMIM O PasHooOpasum MMKPOMAOPbLI Kaprna B
€CTECTBEHHOWM CpeA€e M B3aMMOCBA3M MEXAY Pa3AMUHbIMK (DaKTOpaMm CpeAbl.

Kpome Toro, oueHb BaxKHO 3HaTb BUAbI OAKTEPWIA, MOAOKMTEABHO BAMSIOLME HA YCTOMYMBOCTb

Kapra K TOKCUYHOCTU TSXKEAbIX METAAAOB.
KAloueBble cAoOBa: ca3saH,
MeTareHoMuKa.

Introduction

Heavy metals are naturally occurring elements
with high atomic weights. Many of them are essential
for living organisms, mostly at lower concentrations
[1]. Nevertheless, high concentrations of heavy
metals can be toxic to living organisms, including
freshwater fish; even traces of some heavy metals
can have toxic effects. Since fish are the top
consumers in freshwaters, heavy metals accumulate
in different fish tissues through the food chain and
directly from the contaminated aquatic environment.
Human activities are the primary sources of heavy
metal pollution [2, 3]; their toxic effects on the
fish and other vertebrates are well-studied [4-
6]. High concentrations of heavy metals caused
histopathological damages in the gill structure
of common carp (Cyprinus carpio) compared to
control groups; damages included fusion of primary
lamella and thinning and shortening secondary
lamella [7]. Moreover, heavy metals exposure
resulted in glomerular necrosis, congestion, and
degeneration of tubules in the kidney of common
carp [7]. However, little is known to scientists about
the impacts of different heavy metals on fishes’ gut
microbiome composition.

Fish gastrointestinal microbiome, the collection
of all microbes living on the gut’s surface, has
enormous impacts on the host metabolism, nutrient
absorption, immune system regulations, and
pathogen resistance. Gut microbiome diversity
of fish considerably varies depending on their
phylogenetics, surrounding environment, and diet
[8-10]. Understanding the dynamics of the gut
microbiome diversity of fishes caused by heavy
metals is vital to maintain the health and disease
resistance of economically important fish species. It
is practically impossible to manipulate wild fish’s

TS9>KeAble MeTaAAbl,
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gastrointestinal microbiome composition in rivers
and lakes where pollution usually occurs. Thus,
preventing freshwaters from heavy metal pollution
could be a better solution to protect fish and other
aquatic organisms from heavy metals’ toxicity.
However, growing human populations in the world
can make it challenging to regulate heavy metals
concentrations in freshwaters because it can increase
human pressures on wildlife habitats. Due to these
limitations, it is crucial to estimate the concentrations
of heavy metals that can alter the gut microbiome
composition of fish, and especially, identify the
gut microbiome’s compositions associated with
the toxicity of heavy metals. Further, specific gut
microbiome communities associated with the
heavy metal pollution might be better indicators of
heavy metal exposure in fish. However, traditional
microbiological methods cannot identify the entire
microbiome diversity of environmental samples
collected directly from different environments [11].

Thanks to achievements in genome sequencing
techniques, scientists can study the biodiversity
of microorganisms, including those which cannot
be cultured using microbiological techniques, by
sequencing the entire genome or desired regions
of the genome using single-stranded nucleotide
primers. Metagenomics, as a young branch of
genomics, allow researchers to sequence the whole
genome of microorganisms sampled from the
environment and understand how their diversity
in the gut varies depending on endogenous and
exogenous factors [12-14]. Furthermore, PCR-
based studies can amplify targeted regions of 16S
rRNA of unculturable microorganisms using DNA
primers [6], including vertebrates’ gut microbiome.
The bacterial rRNA gene has conserved and
variable sequence regions, and each region can
have its importance in genomic studies depending



The impacts of heavy metals on the gut microbiome in common carp (Cyprinus carpio)

on the aim of the research. Variable regions of the
16S rRNA gene can help identify microorganisms
down to genera level [15, 16] because the sequences
of these regions differ across microorganism
species. Thus, primers designed based on highly
variable 16S rDNA regions are applied to identify
operational taxonomic units (OTU). OTUs are a
group of microorganisms that share at least 97-99%
identical sequences of the 16S rDNA gene [17-19].
These species can be considered as phylogenetically
close relatives if a 16S rRNA (rDNA) sequence of
OTUs differ by less than 1% [18] or 3% [19] across
identified species. Fish that consume relatively
similar food resources might share the same OTUs.
However, OUT composition can vary considerably
among fish species depending on their guilds
and digestive system morphology, physiological
behavior [20]. However, the existence of the core
gut microbiome across fish species is required
further investigation.

Since the gut microbiome communities of fish
affect physiological and biochemical homeostasis
and disease resistance of fish, it is essential to
understand how their diversity will change after
exposure to heavy metals. Obtained results
would be beneficial for future studies on each
operational taxonomic unit’s roles in common
carp’s ability to live in heavily polluted waters with
heavy metals. Thus, this paper aims to overview
heavy metals’ influence on the gastrointestinal
microbiome diversity in common carp. Because gut
metagenomics is a recent field, there are relatively
few studies available. Therefore, I will describe
each in detail and follow with recommendations for
future studies.

Common carp is an economically significant
cyprinid (Cyprinidae) species, and it generated 7.7 %
of total aquaculture production in the world in 2018
(SOFIA, 2020). Moreover, common carp is highly
resistant to polluted waters with heavy metals [21],
and it is an interest of this study how the diversity
of the gut microbiome changes because of heavy
metal pollution. The gut microbiome diversity of
common carp was thoroughly described in one study
[8]. This paper compared the fecal microbiome
diversity of three carp species captured from wild
and laboratory-housed using the V6 hypervariable
region of the 16S ribosomal RNA (rRNA). They
found that Proteobacteria, Firmicutes, and
Fusobacteria were the most abundant phyla
among studied species and their habitats. However,

there were significant differences between wild
and laboratory-housed groups regarding the
beta diversity within the species. Wild captured
common carp had significantly higher amounts of
Clostridiales than laboratory-housed common carp,
whereas the abundance of Fucobacteriales was
higher among laboratory-housed samples of the
same species. Bacterial communities clustered by
the environment of fish underlying the importance
of the environment in shaping the gut microbiome
composition of fishes. However, these authors did
not find the significant effects of diet on the fecal
microbiome diversity in common carp.

Applications of metagenomics in studying
gastrointestinal microbiome diversity

In one experimental study [22], the authors
randomly assigned juvenile common carp to different
cadmium concentrations, 0 pg L', 50 ug L', and 500
pg L. This study used the V3-V4 variable regions
of the 16S rRNA to compare the gut microbiome’s
diversity among control and treatment groups.
The results showed that cadmium (Cd) exposure
considerably decreased the gut microbiome diversity
of common carp and revealed an increased abundance
of Cd-resistant microorganisms (Methylobacterium
and Methylophilus). Increasing the abundance
of Cd-resistant bacteria species in response to
high cadmium concentrations might explain the
resistance of the common carp in highly polluted
waters, but it needs to be investigated. Furthermore,
a hierarchical clustering tree demonstrated that
microbial communities clustered into two groups:
the microbiome compositions of the control and 50
pug L' group clustered, while 100 pg L' clustered
separately. Despite the hierarchical clustering, the
control and 50 pug L' groups had relatively different
operational taxonomic units. Metagenomics using
16S rRNA may not be sufficient in studying the
role of each OTUs in the host immune system and
heavy metal tolerance. However, this study stated
that metagenomics allows researchers to identify the
community of the gut microbiome associated with
cadmium’s toxicity.

Chronic copper exposure also negatively
affected the gut microbiome composition and
lipid metabolism in common carp in the treatment
groups (0.07 mg/L, 0.14 mg/L, 0.28 mg/L)
compare to control [23]. The decreased abundance
of Lactobacillus, Bacillus, and Akkermansia in the
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common carp’s gut was observed from treatment
groups (table 1). For example, the widely applied
probiotic  Lactobacillus  prevents  pathogen
invasions and activates the nutrition intake of fishes.
The abundance of Lactobacillus lowered to 0.82 %
in the 0.07 mg/L Cu treatment group from 1.04 in
control group. However, it decreased to 0.25 in the
0.28 mg/L Cu treatment group. Consequently, the
risk of pathogen invasion increased in the gut of
copper-exposed common carp following reduced
abundance of beneficial bacteria. On the other
hand, pathogen-related bacteria (Pseudomonas and
Acinetobacter) were abundant from the gut samples
of treatment groups (table 1). The presence of these
genera in the gut of copper-exposed common carp
might suggest that the gut’s functional barrier was
disrupted, and those fish are vulnerable to pathogen
invasion.

Furthermore, Meng and others study found
out that the gut microbiome communities
associated with lipid metabolism and immunity
were disturbed due to waterborne chronic copper
exposure [24]. The expression of five genes related
to lipid metabolism in common carp’s liver was
investigated using 18s mRNA primers and the
results revealed suppressed expression of lipogenic
enzymes. Lipogenic enzymes involve in energy
storage through synthesis of triglycerides and fatty
acids and their suppressed expression can indicate
organism’s reduced growth. These findings
positively correlated with taxonomic composition
analysis. Allobaculum, Blautia, Faecalibacterium,
Roseburia and Ruminococcus are well-known as
short chain fatty acid (SCFA) producers and the
abundance of these microorganisms decreased in
copper-exposed common carp’s gut. Since SCFAs
protect intestinal epithelial cells from pathogen
invasion and the reduction of SCFA synthesis
can indicate the energy disbalance and metabolic
dysfunction in analysis of taxonomic composition
supported this conclusion.

Kakade and others first studied the impacts of a
mixture of different heavy metals [chromium (Cr),
cadmium (Cd), copper (Cu)] on the gut microbiome
communities of common carp collected from the
Yellow River, China [7]. Gut contents were sampled
for DNA extraction and PCR amplification from the
control, 0.8mg/L, and 3.2 mg/L treatment groups. For
PCR amplification, they used the V3 and V4 variable
regions of the 16S rRNA gene. The sequencing

results demonstrated that high concentrations of
heavy metals have led to significant changes at
the phyla level in the treatment groups after 7
and 28 days of exposure. On day 14, Firmicutes
(99.16%) were only phyla present in the 3.2 mg/L
group, while on day 7, Firmicutes was 3.54%. On
day 7, in the 3.2 mg/L group Proteobacteria was
the most abundant (82.45%) phyla; however, this
phylum disappeared from the gut content on day 14
(Figure 1). The authors think that Firmicutes could
be highly resistant to high concentrations of heavy
metals, especially Cr because its concentration was
the highest among heavy metals in the mixture. It
showed high accumulation compare to Cu and Cd
at the end of the study. Also, the disappearance
of other taxa in the 3.2 mg/L groups suggest that
they might have a limited tolerance to exposure
to extreme chromium concentrations. Another
study found that Bacteroides abundance increased
following cadmium exposure. [24]. However, this
study indicated that supplementing probiotics
such as Bacillus coagulans can alleviate cadmium
toxicity and relieve intestinal barrier damage
resulted cadmium exposure.

Chupani et al. (2019) studied the effect
of food-borne ZnO nanoparticles on common
carp’s gastrointestinal microbiota [25]. For PCR
amplification, they targeted the V4 variable region
(515F-806R) of the 16S rRNA. They did not
find significant differences in the gut microbiota
compositions between the control (no added ZnO
nanoparticles) and treatment groups (500 mg/
kg feed ZnO nanoparticles). However, treatment
group individuals had a relatively high abundance
of Flavobacterium, Chryseobacterium, and
Aeromonas compared to control group individuals.
Flavobacterium and Aeromonas are associated
with bacterial pathogens of fish in the wild, for
instance. The presence of Flavobacterium and
Aeromonas might indicate the disturbance of
the balance of the gut microbiome of common
carp after exposure to ZnO nanoparticles. It can
lead to thriving opportunistic pathogens in the
gastrointestinal tract of fish when exposed to
toxic heavy metals in the wild and aquaculture.
Moreover, this study showed that gastrointestinal
microbial species diversity differs among
individuals studied but did not significantly
change in the gut microbiome diversity between
the control and treatment groups.
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Figure 1 — Effects of heavy metal exposure on the gut microbiota at 7, 14,
and 28 days in control, 0.8 mg/, and 3.2 mg/L groups;
a) Relative abundance of identified gut microbiota at the phylum level
(adapted from Kakade et al. 2020)

Conclusion and future directions

In the future, understanding the role of each
operational taxonomic unit of the gut microbiome
in the host physiology, homeostasis, metabolism,
and disease resistance would be more beneficial
for regulating the diet of fish in hatcheries and
aquaculture. Changes in the gut microbiome
composition caused heavy metal exposure helps to
estimate threshold concentrations of heavy metals
in freshwaters. Future studies should also use wild
fish because other environmental factors such as
temperature, habitat usage, and food availability are
different from laboratory conditions. The effects of
heavy metals interacting with other environmental
factors might affect the gut microbiome composition
of fish differently. With regard to heavy metals,
it is understandable to conduct experiments in
a laboratory where other variables are under
control to distinguish heavy metals’ real impacts
on the gut microbiome composition. Moreover,
using different DNA extraction methods [26] and

different 16S rDNA primers might result in bias in
microbiome diversity analysis. Thus, I recommend a
comprehensive evaluation of methods for assessing
fish gut microbiomes to develop standards that will
allow direct comparisons across studies.

Heavy metal exposure alters the gut microbiome
composition and decreases the diversity of the gut
microbiota at phylum and genera level in common
carp. The influence of heavy metals varies depending
on a type of heavy metal exposed. Nevertheless,
heavy metals resulted in gut dysbiosis and increased
pathogen invasion. Metagenomics allow researchers to
identify the gut microbiome diversity and composition,
however it limits to understand how microorganisms
help common carp to resist highly polluted waters.
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THE INFLUENCE OF ORGANIC AND BIOLOGICAL FERTILIZERS
ON GROWTH PROCESSES, PRODUCTIVITY AND QUALITY
OF MELON FRUITS IN THE SOUTH-EAST OF KAZAKHSTAN

Melon cultivation is an important feature of agriculture in Kazakhstan. According to Kazakh Acad-
emy of Nutrition, the rate of melon field consumption per 1 inhabitant per year is 26 kg.

In 2019, the cucurbits in the country were cultivated on an area of 102.1 thousand hectares, the
gross harvest amounted to 2382.1 thousand tons, i.e. 132.3 kg per inhabitant per year. These data show
the high export potential of the melon industry in Kazakhstan.

As we know, 95-97% of melons are consumed fresh. In this aspect, there is a need to produce natu-
ral, high-quality melons of particular relevance. The organic melon products can be grown in the climate
of maximum biologization of agricultural technologies.

In Kazakhstan, the production of organic melon products is at the beginning of development. The
most open and regulated elements of biological melon cultivation in the production environment in-
clude the use of organic fertilizers and biological products instead of chemical ones. The data received
in the process of scientific research showed that the use of organic and biological fertilizers helped to
raise fresh plants and process acceleration of fruit ripening by an average of 3-5 days. The productivity
of melon grew to 37.32% with biologized fertilizer systems. So, the quality of melon fruits has increased
for the non-fertilized control. Providing the low cost and high payback of organic fertilizers, the positive
influence on the productivity and ecological purity of the cultivated products, we can do a conclusion
about the potential transition of the melon industry of the country from traditional ways of cultivation to
alternative ones.

Key words: melon, phenology, biometrics, organic and biological fertilizers, variety research, bio-
chemical composition, productivity, quality.

A.T. Airt6aesa’, XK. OK. Mambip6ekos'?, T.E. Antbaes'?,
b.A. 3op>xaHos'?, M.)K. KowmarambeTosa'
«Kazak, »keMic ykeHe KeK6eHIC LapyallbIAbIFbl FbIABIMU-3epTTey MHCTUTYTbl» XKLLIC,
KasakcraH, AAMaTbl 06AbICbI, Kapacait ayaaHbl, KanHap n.

2Kasak, YATTbIK arpapAblK 3epTTey yHuBepcuTeTi, KasakcTaH, AAmaThl K.
*e-mail: *aitbaeva_a 86@mail.ru

Ka3akCTaHHbIH, OHTYCTIK-LUbIFbICbI XKaFAQibIHAQ OPraHUKaAbIK,
YKdHe OMOAOTUSIABIK ThIHAMTKbILUTAPAbIH, KayblH AAKbIAbIHbIH, ©CY YpAiCTepiHe,
OHIMAIAIri MeH canacblHa acepi

bakiwa wapyatbiAblFbl — KasakcTaH ayblA LApyallbIAbIFbIHBIH MaHbI3Abl caAachl. Kasak, Taram
aKaAEMMSICbl MOAIMETTepI GoMbIHIIA 1 TypFbiHFa KEAETIH 6aKlia TYTbIHY MOALLIEPI XKblAblHA — 26 Kr.

2019 XbIAbl eAiMizAe 6akua AakbiAAapbl 102,1 MbiH reKTap XXEPAE OHAIPIAIMN, >KaAMbl XXMUbIH-TEPIH
KeAeMi 2382,1 MbIH T, 9FHU 8p >KEpriAiKTi TypfbiHFa WakkaHAa 132,2 kr Kypaabl. bBya MeAiMeTTep
KasakcraHaarbl 6akiia caAaCbIHbIH XKOFapbl 3KCMOPTTbIK, MOTEHLMAAbIH PaCTaiAbl.

bakwa eHimaepiHiH 95-97 % 6GaAFbiH KYMAE TYTbIHbIAATbIHbLI 6eAriAi. Ocbl opaiiaa, Taburm, >KOFapbl
canaabl 0aklia eHIMAEPIH OHAIPY ©3eKTi 6OAbIN TabbiAaabl. DKOAOTMSIAbIK, Ta3a 6akiua eHIMAEpPiH
arpoTEXHOAOTUSIABIK, LUapaAapAbl GapbiHLLa GMOAOTM3aLMsIAAY aPKbIAbl OHAIPYre 60AaAbI.

KasakcraHAa 3KOAOTMSAbIK, Tasa 6Gakiiua eHAIpICi AaMyAblH 6acTankbl CaTbiCbiHAA TYp. OHAIpic
>KaF AAMbIHAA XMMMSIAbIK, OaK LI LLIAPYaLLbIAbIFbIH GBMOAOTUSIABIK, 6aFbITKa OYPYAbIH €H KOAXKETIMAI XKoHe
peTTeAMEAl TOCIAAEPIHE OPraHMKaAbIK, ThIHAMTKbILITAP MEH GMOAOIMSIABIK MpernapaTTapAbl KOAAAHY
>KaTaAbl.
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fbiAbIMM-3epTTEYAED 6apbICbIHAQ aAbIHFAH MOAIMETTEDP OpraHMKaAbK, >KoHe OMOAOTUSIAbIK,
TbIHAMTKBIWITAPAbl KOAAQHY, OCIMAIKTEPAIH, >KAaCbIA MACCACbIHbIH, YAFAIObIHA >KOHE >XeMICTepAiH,
opTawa ecernneH 3-5 TayAikke epTe MiCin-KeTiAyiHe biKnaA eTTi. BUOAOTMAABIK TbIHANTY XXyneciHAe
KayblH 6HIMAIAIr 37,32%-Fa apTTbl. TbiHaMTbIAMaFraH GakblAay HYCKACbIMEH CaAbICTbIpFaHAA KayblH
>KeMiCTepiHiH 6apAbIK, CanaAblK, KOPCETKILLTEPI XKakcapAbl.

JKoFapblaa alTbIAFAHAQPAbBI TY>KbIPbIMAQM OTbIPbIMN, OPraHUKAAbIK, TbIHAMTKbILUTAPAbBIH, TOMEH
63iHAIK KYHbl MEH >XXOFapbl 6TIMAIAITH XX8He 6HAIPIAETIH OHIM BHIMAIAIT MEH SKOAOTMSABIK, Ta3aAbIFbIHA
OH BCepiH eckepcek, eAIMI3AIH ABCTYPAI 6aklia LuapyallbiAbIFbIH aAbTEPHATMBTI OHAIpIC GaFbITbiHaA
OYPY MYMKIHAIM TypaAbl KOPbITbIHADI )KacayFa OOAaAbI.

Ty#in ce3aep: KaybiH, (DEHOAOT S, BUOMETPUS, OPraHUKAAbIK, XKOHE BMOAOrMSABIK ThIHAMTKbILITAP,
OMOXMMMSABIK, Kypam, BHIMAIAIK, cana.
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BAusiHMe opraHM4YecKkMx M OMOAOTMUYECKUX YAOOpeHuiH
Ha POCTOBbIE NMPOLLECCbI, MPOAYKTUBHOCTb M Ka4e€CTBO NAOAOB AbIHU
Ha toro-soctoke Kasaxcrana

baxueBOACTBO — BaXkHasi OTpPaCAb CeAbCKOro Xxo3siictBa KasaxctaHa. Mo aaHHbiM Kasaxckoi
aKaAEMMM MUTaHMs, Hopma noTpebAeHns 6axum Ha 1 XKUTEAS B TOA COCTaBASIET 26 Kr.

B 2019 roay 6axueBble KyAbTYpbl B CTPaHE BO3AEAbIBAAMCH Ha nAowaam 102,1 TbiC. ra, BaAOBble
cbopbl cocTaBram 2382,1 TbiC. T., T.€. 132,3 KI Ha K&XKAOT0 XKUTEAS B TOA. DTU AQHHbIE CBUAETEABCTBYIOT
0 BbICOKOM 3KCMOPTHOM MoTeHUmane 6axueBoit oTpacam KasaxcraHa.

M3eecTHO, UTo 95-97% 6axum yrnoTpedAsieTcs B nuily B CBeXem Buae. B 3Tom acnekTe Heo6-
XOAMMOCTb MPOM3BOACTBA HATYpPaAbHOM, BbICOKOKAUYeCTBEHHOM 6axum npuobperaet ocobyio
aKTyaAbHOCTb. DKOAOTMUYECKM UUCTYID 0GaxueBylo MPOAYKLMIO MOXHO BbIPaCTUTb B YCAOBMSIX
MaKCUMaAbHOM BMOAOrM3aLMM arPOTEXHOAOT M.

B KasaxcTtaHe nNpov3BOACTBO 3KOAOMMYECKM UMCTOM GaxueBOM MPOAYKLMM CTOMT Ha HAaYaAbHOM
3Tane pas3eutus. K Hanboaee AOCTYMHbIM U PEryAVPYEMbIM B YCAOBMSIX MPOM3BOACTBA IAEMEHTAM
6MOAOTMYECKOro 6Hax4eBOACTBA OTHOCUTCS MCMOAb30BaHME OPraHMUeCcKnX yA0BpeHnii n brornpenaparos
B3aMeH XMMMUUYECKMM.

[MoAyyeHHble B XOAE HAyUHbIX MCCAEAOBAHMII AQHHbIE MOKa3aAM, UTO BHECEHMEe OpraHMyeckux u
6MOAOTMYECKMX YAOBPEHMIT CMOCOBCTBOBAAO YBEAMUEHMIO 3EAEHOM MacCCbl PACTEHWI M YCKOPEHMIO
NPOLLECCOB CO3PEBaHMS MAOAOB B CpeAHEM Ha 3-5 cyToK. Ha 6MOAOrM3MpPOBaHHbIX CUCTEMAX yAOBpeHUit
NMPOAYKTMBHOCTb AbIHM BO3POCAQ@ Ha 37,32%. YAYULIMAMCL BCE KAQYeCTBEHHbIE MoKa3aTeAn MAOAOB
AbIHU K HEYAOOPEHHOMY KOHTPOAID. MICXOAS M3 BbILLIEU3AOXKEHHOI O, YUUTbIBAs HEBLICOKYIO CTOMMOCTb
M GOAbLLYIO OKYMAeMOCTb OpPraHUYeckmnx YAOOPEHUI, MOAOKUTEABHOE BAMSIHME HA MPOAYKTUBHOCTb
M 3KOAOTMYECKYI0 UMCTOTY BO3AEAbIBAEMOW MPOAYKLIMM, MOXKHO CAEAATb BbIBOA O BO3MOXKHOCTM
nepexoasa 6axueBor 0TpacAM CTPaHbl OT TPAAMLIMOHHBIX COCOOOB BO3AEAbIBAHMS HA AAbTEPHATUBHbIE.

KatoueBble cAOBa: AblHSI, (heHOAOIMSI, BUOMETPUS, OpraHMyeckme u BroAornyeckme yaobpeHus,
OUOXMMNYECKMIA COCTAB, MPOAYKTUBHOCTb, KAYeCTBO.

Abbreviations

N — nitrogen, P — phosphorus, K — potassium,
t — ton, ha — hectare, t/ha — ton per hectare, kg —
kilogram, g — gram, mg — milligram, m? — square
meter, mg% — milligram/percent, % — percent, MPC
— maximum permissible concentration.

Introduction

Biological or alternative agriculture is
given particular emphasis and huge financial

resources are allocated around the world. All
the world’s major economies are developing
organic farming more focused and balanced
than ever before. And the reason for this one is
the comprehensive factors, such as the health
of the nation and the agricultural state of the
environment [1-3].

The rapid growth of the world’s population
and, as a result, the urbanization of small towns
into megalopolises leads to a global demand of
food products followed by the forced expansion of
agricultural land [4].
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There has been a sharp rise in the use of mineral
fertilizers and chemical plant protection products
over the past 50-60 years due to the increase in
planting acreage, as well as to increase the yield
of agricultural crops [5]. There is also an active
anthropogenic influence on the soil cover by raising
the number of mechanical processing operations.

The annual growth of crops drives up the volume
and frequency of agrochemicals application. Every
year, 10 to 15 types of chemical protection products
are synthesized in the world. Hundreds of thousands
of different types of pesticides are used on crops in
volumes of more than 2-2. 5 million tons per year
[6].

The negative effects of agricultural chemica-
lization are making scientists and consumers of
agricultural products more and more wary. There
are calls for a partial and even total rejection of
chemical agents. However, except for the nutritional
value of the cultivated products, in recent decades,
the more frequent use of synthetic fertilizers,
pesticides, hormones, etc. in traditional production
in some cases leads to a lower quality and safety
of products and a violation of natural relations in
ecosystems [7].

In 2017, UN experts reported 200,000 fatal
pesticide poisonings per year, and that fixed contact
with pesticides is related to cancer, Alzheimer
and Parkinson’s diseases, endocrine diseases,
developmental disabilities, and sterility [8-9].

A series of events in 2020 related to the
coronavirus pandemic shows that the main well-
being of all countries lies in the health of the people.

The organic farming system is widely considered
to be a more sustainable and safe agricultural
system, as it aims to produce healthy food while
preserving the soil. The stability of such agrocenoses
is guaranteed by minimizing the negative influence
on the agricultural ecosystem (avoiding the use
of pesticides and other plant protection products,
chemical fertilizers, GMOs, ionizing radiation)
and introducing an environmentally sound farming
system with obligatory monitoring of the state of the
entire agrobiocenosis in the system of ecological-
meliorative and agroecological monitoring [10-12].

The organic farming is conducted in almost
all countries of the world. The share of farms
that supply natural agricultural products is under
constant growth in the total land area and in the
structure of agricultural enterprises. The market for
these products is also rapidly expanding, not only in
Europe, North America and Japan, where the largest
markets are located, but also in developing countries
[13].
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According to the Research Institute of Organic
Agriculture (FiBL) and the International Federation
of Organic Agriculture Movements (IFOAM), the
area with organic farming has increased 6-fold
over the past 20 years, reaching 1% of the world’s
agricultural land area or 71.5 million hectares of
cultivated land [14-16].

Australia has the largest area of organic
agriculture in the world — 35.7 million hectares. In
Europe, organic products are cultivated on an area
of 15.6 million hectares. It is followed by Latin
America (8 million ha), Argentina (3.6 million ha)
and China (3.1 million ha). Switzerland, Denmark
and Sweden are the world leaders in terms of organic
food consumption per person [17-18].

And Kazakhstan is no exception among the
countries that practice organic agriculture. However,
the production and market of organic products are
still at an early stage of development, despite the
adopted law of the country “On the production of
organic products”, introducing the “Rules for the
production and turnover of organic products”, the
approval of the list of permitted products, as well
as the certification of organic products under ST
RK 1618-2007, adopted in the country in 2015. All
organic products are imported to Kazakhstan mostly
from Europe, which leads to high prices for them.

There is also a drop in the area occupied for
organic farming by almost 2 times in comparison
with 2016 (303.4 thousand hectares). Today, the
land with organic production in Kazakhstan is about
192 thousand hectares [19].

Melon cultivation is one of the main agricultural
sectors in Kazakhstan that is largely come into play
to organic farming. It should be noted there is no
organic melon cultivation in the country at all even
if the traditional production is quite high.

The edaphoclimatic conditions of Kazakhstan
make it possible to produce high volumes of
vegetable and melon crops, thus providing the
national market with a full range of agricultural
products [20-21]. Our country has a great export
potential for cucurbits. According to the statistics of
2019, in Kazakhstan, the cucurbits were cultivated
on an area of 102.1 thousand hectares, the gross
harvest was 2382.1 thousand tons. Based on the
above data, Kazakhstan may well turn into a
producer and supplier of organic melon products in
the global society.

The transition of the melon industry in
Kazakhstan to purely organic production becomes
complicated by the lack of scientific research
in this direction, which provides for a complete
rejection to use agrochemicals and GMOs. In this
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aspect, research on the biologization of the main
agrotechnological elements of melon cultivation, as
well as the study and selection of tolerant varieties
of melon to harmful objects are most important.

So, taking the above mentioned into
consideration, under the grant project of the
Ministry of Education and Science of the Republic
of Kazakhstan for young scientists “Production
technology of organic melon products (watermelon,
melon) in the south-east of Kazakhstan” for 2020-
2022, URN project AP 08052493, we conducted
field and laboratory research to study the influence
of various types of organic and biological fertilizers
on biometric indicators, quality and productivity of
melon fruits, as well as the selection and study of
new adaptive and green varieties of melon and melon
with the best economically valuable characteristics
for organic melon cultivation.

Materials and Methods

The experiments were conducted at the Experi-
mental Clinic of the Laboratory “Selection of veg-
etable and melon crops” and in the laboratory “Bio-
safety and Biocontrol of vegetable and melon crops”
of Regional Branch “Kainar” of the LLP “Kazakh
Research Institute of Fruit and Vegetable Growing”
which is located in the foothill zone of the south-
east of Kazakhstan (43°09°32.8”N 76°26’57.3”E)
North Slope of Zailiyskiy Alatau Mountains (Al-
titude : 1000-1050 m) during the growing season
2020 with a view to finding out the melon expo as
well as determining the different organic fertilizers
such as biohumus, manure, poultry manure, grain
straw, biohumus and recommended chemical NPK
fertilizers. The locations of the evaluations were
characterized by the continental climate (large daily
and annual fluctuations in air temperature, charac-
terized by cold winters and long hot summers), the
air temperature reaches minimum values in January
(-32 -35°C), and maximum values in July (37-43°C).
The warm period lasts 240-275 days, the frost-free
period is 140-170 days and an annual amount of pre-
cipitation is 350-600 mm.

The soil belongs to the general soil type of dark
chestnut. The land was medium high with loamy.
Before conducting the experiment, the soil sample
was analyzed from Kazakh Research Institute of
Soil Science and Agricultural Chemistry named
after U.Uspanov. The soil was characteristically
slightly alkaline (pH 7.3-7.4), soil organic matter
2.9-3.0% (moderate), total N 0.18-0.20% (high),
available P,O, 35-40 mg kg' (moderate), available
K,0 360-390 mg kg'' (low), cation exchange capac-

ity 20-21 me 100g™" soil, bulk density 1.1-1.2 gr cm’,
field capacity 26.6%.

The sources of chemical fertilizers utilized
were: ammonium nitrate 34.5% N, double super-
phosphate 46%P,0, and potassium chloride 60%
K,O. The source of the organic fertilizer utilized
was biohumus, manure, poultry manure, grain
straw, biohumus, whose contents of organic mat-
ter, nitrogen, phosphorus and potassium are pre-
sented in Table 1.

Table 1 — Composition of organic wastes, measured variables

Org;‘i‘;:‘a' n?:t%:f‘c/ CN | N,% | PO, % | K,0,%
Manure 21 0,5 0,25 0,6

Poultryma-| =, 56 16 | 15 0.8
nure

Grain Straw 35-40 0,5 0,25 0,8

Biohumus 40-60 2,2 1,8 1,6

Treatments and Experimental Design

The experiment was performed using a
completely randomized block design with four
replications. The soil was ploughed, harrowed, and
flat seedbeds measuring 28 m? (2,8 m x10 m). were
made. Each plot was separated from the other by a
one-metre alley. Fertilizer was applied using grain
drill. The design of the experiment was a randomized
complete block replicated thrice. Treatments
comprised control, biohumus, manure, poultry
manure, grain straw, biohumus and recommended
chemical NPK fertilizers. The experimental field
was prepared in accordance with a standard practice
used by RB Kainar of LLP Kazakh Research Institute
of Fruit and Vegetable Growing. Other agronomic
practices and data collection were conducted based
on the recommendations (N, P K, ) of Kazakh
Research Institute of Fruit and Vegetable Growing.
The experiment was performed with the following
8 treatments.

- T1: Control (non-fertilization)

- T2: Control No. 2 (fertilized -N , P, K,.,)

- T3: Biohumus (10 t ha')

- T4: Biohumus (15 t ha!)

- T5: Manure (40 t ha!)

- T6: Poultry manure (5 t ha!)

- T7: Poultry manure (10 t ha!)

- T8: Grain Straw (3 t ha!) + Recommended fer-
tilizer dose (N,,P, K, )
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The trial was implemented on April-May and
and the harvest began in the first decade of August
and Trial was well protected against insects and
weeds during the season.

Melon expo was planted on 22 May 2020. The
size of each elemental plot was 28 m? and included
seven planting rows 1.5 m apart with eight plants per
row, with a distance of 1.5 m between plants. The
irrigation system, which was similar to that used by
farmers in the area, consisted of one drip line per
crop row and emitters of 2 1/h — 1, 0.5 m apart.

Melons were harvested by hand when the fruit
matured. Melons were picked by experienced
persons and in general fruit were considered mature
when the tendril nearest to fruit start to dry, and
color of fruit on the bottom side changed from
creamy white to yellowish. Fruits were measured
and weighed during harvest and total yield and
phenological observations were determined. In
addition, the total sugar content was determined
using the Bertrand method vitamin C determined
according to Murri, nitrate content was determined
potentiometrically with ion-selective electrodes.

The following classical methodologies
were used in the research: Methodology of
Field Experience (B.I.Dospekhov, 1985) [22];
Methodology of Experimental Work in Vegetable
Growing and Melon Cultivation (V.F.Belik, 1992)
[23]; Methodology of Watermelon and Melon
Breeding (Moscow, 1998) [24].

Results and Discussion

The further yield of cucurbits is defined by the
degree of vegetative biomass development of plants.
A decrease in the assimilation surface of melon
leaves at the intensive development and formation
of vegetative organs can have a negative effect on
the productivity level. The low volume of the leaf
area leads to a decrease in photosynthesis, in the
process of which the plants are suppressed and the
size of the fruit is reduced. The leaves of cucurbits
are the main conductor of nutrients to the fruits [25-
27]. Therefore, the longer and greener the leaves,
the larger and tastier the fruits.

So, taking the above mentioned into consideration,
we have studied the influence of organic and biological
methods of fertilization on the beginning of the main
phenological phases of development and biometric
parameters of melon plants. As a comparison, 2 control
options were set: control No. 1 — without fertilizing;
control No. 2 — with fertilizing (N , P, K ).

The results of phenological observations at
the experimental plots showed that according to
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the possible experiments, where different types of
organic and biological fertilizers were applied to
the melon, the main phases of plant development
occurred a few days earlier than in control No. 1,
where fertilizers were not used at all.

The process acceleration of plant growth and
development is explained by the positive influence
of biological fertilizers on the dynamics of the root
system development and the underground mass of
plants as a whole. The periods of the beginning
and finishing of a certain phenological phase on
melon passed faster in the variants where manure
was introduced under the culture — at the rate of
40 t/ha, biohumus — 15 t/ha and poultry manure —
10 t/ha. There was also an improvement in growth
processes in the second control variant, where the
plants were fertilized with the full rate of mineral
fertilizers (N P, K,,,)- As to nonfertilized control,
all the processes of watermelon plant development
were delayed and occurred on average 3-5 days
later than the samples (Figure 1 — Phenological
observations in experiments with melon culture,
2020).

To identify the intensity of growth and
development of melon plants, the formation of its
biomass and food organs, biometric studies were
conducted at all experimental plots in the phases:
wattle formation — the beginning of flowering and
mass flowering — the formation of fruits. According
to the results of the research, it was found that the
biometric indicators of plants in the variants with
different combinations of organic and biological
fertilizers exceeded the first (non-fertilized)
control in all parameters. During the period of
wattle formation, the most intensive growth in
the development of the green mass of melon was
recorded in the variants where manure was applied
at the rate of 40 t/ha, biohumus — 15 t/ha and poultry
manure — 10 t/ha (Table 2).

In order to more objectively assess the influence
of the studied fertilizer systems, the second
biometric measurements were made in the phases
of development-mass flowering — fruit formation.
When using biofertilizers, melon plants showed the
lengthening and thickening of the main stem on the
melon culture — from 84,10 cm in control No. 1 to
89,15-110,51 cm and from 2,44 cm to 2,70-2,96 cm,
an increase in the quantity of side shoots — from 5,65
pcs. to 6,05 pcs., the length of internodes — from 6.30
to 6.53-8.60 cm and Leafstick length — from 5.81
cm to 6.05-10,42 cm, leaf apparatus — from 7.66 to
8.54-10.42 cm in width and from 6.88 to 7.30-8.68
in length. There was an increase in the quantity of
ovaries — from 13.35 pcs. to 16.7 pcs.
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Figure 1 — Phenological observations in experiments with melon culture, 2020.
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Table 2 — The influence of various types and combinations of organic and biological fertilizers on the formation of melon plant

biomass (wattle formation — the beginning of flowering), 2020.

. Length of . Base Male Female . Middle
Experience . Quantity of . Internode Ovaries,
. the main thickness, flowers, | flowers, mass of
options stems, pcs. length, cm pcs
shoot, cm cm pcs pcs plants, g
Control No. 1 (non- 56,30 5,65 1,40 5,40 535 0,82 0,42 193,3
fertilized)
Control No. 2 (fertilized 69,80 6,92 1,76 6,31 7,77 1,35 0,95 2354
'N120P120K150)
Biohumus, 10 t/ha 61,92 5,82 1,49 5,82 6,67 1,0 0,7 2242
Biohumus, 15 t/ha 66,32 5,95 1,59 5,94 6,97 1,25 0,80 229.4
Manure, 40 t/ha 70,65 6,25 1,69 6,28 6,95 1,22 0,85 238,6
Poultry manure, 5 t/ha 60,50 5,67 1,48 5,43 6,47 0,9 0,62 230,8
Poultry manure, 10 t/ha 66,30 5,90 1,59 5,91 6,85 1,05 0,75 238,5
Grain Straw, 3 tha + 60,37 5,42 1,40 5,74 5,97 085 | 0,50 210,5
N90P60K60

The average weight of melon was equal to
286,5 g on the non-fertilized control variant, and
530,6 g on the variant fertilized with full min-
eral fertilizer, and 382,5-510,25 g on the variants
with organic fertilizers and biohumus. The larg-

est fruit mass was formed in the variants where
“Manure, 40 t/ha — 510,25 g”, “Grain Straw,
3 t/ha + N, P, K . — 458,90 g and “Biohumus,
15 t/ha” — 413,95 g were added for cucurbits

(Table 3).
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Table 3 — The influence of various types and combinations of organic and biological fertilizers on the formation of melon plant
biomass (mass flowering — fruit formation), 2020.

. Length of| . Quanj Base |Internode|Leafstick| Leaf | Leaf Q.uantlty Quan Fruit Avetrage
Experience . |tity of side| , . . of inflores- | tity of | .. weight
. the main thickness, | length, | length, |width, |length, . diameter, ]
options shoots of cences, fruits, of the 1%
ShOOt, cm cm cm cm cm cm cm .
stems, pcs. pcs. pcs. fruit, g
Control No. 1 84,10 5.65 2.44 6,30 581 | 7,66 | 6,88 | 1335 1.4 8,37 | 286,50
(non-fertilized)
Control No.
2 (fertilized 110,78 | 6,25 3,14 8,81 7,75 | 1028 879 | 2000 | 225 | 10,66 | 530,60
'N120P120K150)
]13(1)‘11/1}‘;;‘1“5’ 89,15 5,80 2,71 653 | 605 | 854 | 730 | 13,65 1,55 | 920 | 382,50
]135‘0:/‘;11;‘“5’ 95,90 5,90 2,88 6,67 636 | 9,03 | 759 | 14,05 1,7 941 | 413,95
Manure, 40 t/ha | 110,51 6,05 2,96 8,60 | 7,66 |1042| 868 | 16,70 20 | 1036 | 51025
E‘:}ﬁgy Manure, |- g1 35 5,65 2,74 6,65 611 | 878 | 733 | 12,88 1,55 | 9,14 | 384,95
Il)g‘ilﬂtg manure, |- g3 35 5,65 2,77 6,73 622 | 887 | 732 | 13,10 1,65 | 927 | 392,15
Grain Straw, 31\ 105 40 | 575 2,70 797 | 712 | 993 | 806 | 13,75 19 | 963 | 45890
ha + N90P60K60

The biochemical composition of fruits is closely
related to the plant nutrition conditions.

The optimal nutrition greatly improves the qual-
ity of the grown products, and excessive fertilizer
rates, on the contrary, degrade the quality of the
grown products.

To assess the influence of various types and
combinations of organic and biological fertilizers
on the quality indicators of melon, we conducted
biochemical analyses of the fruits in the laboratory.

The results of analytical research showed that
the content of dry substances in rmelon fruits var-
ied in the range of 9.74-14.96%. At the same time,

higher rates were registered in the variants where
poultry manure, 5 t/ha (14.96%), poultry manure, 10
t/ha (13.02%) and manure, 40 t/ha (10.17%) were
applied for crops.

The use of biological fertilizers contributed to
an increase in total sugar and ascorbic acid in the
fruit. In the variants where biohumus, manure and
poultry manure were added to the melon, the fruits
were the sweetest — 16.82-17.28%. The highest con-
tent of vitamin C was recorded in experiments with
mineral fertilizers (Control No. 2) —21.1 mg %, ma-
nure (40 t/ha) — 25.0% mg and poultry manure (10 t/
ha) — 25.0 mg % (Table 4).

Table 4 — The influence of various types and combinations of organic and biological fertilizers on the quality indicators of rmelon

fruits, 2020.
Experience options Dry substance, % | Total sugar, % | Vitamin C, mg% | Nitrates, mg/kg (MPC-90)
Control No. 1 (non-fertilized) 11,18 15,23 18,4 242
Control No. 2 (fertilized -N , P, K, ) 15,08 20,66 21,1 130,4
Biohumus, 10 t/ha 7,39 16,82 18,4 54,8
Biohumus, 15 t/ha 9,78 17,28 17,1 74,2
Manure, 40 t/ha 10,17 17,44 25,0 87,2
Poultry manure, 5 t/ha 14,96 17,04 18,4 60,8
Poultry manure, 10 t/ha 13,02 17,22 25,0 85,6
Grain Straw, 3 t/ha + N, P K 9,74 16,12 18,4 99,4
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The research results showed that the content of
nitrates in melon products was much lower than the
maximum permissible concentration (MPC for melon
—90 mg/kg of raw mass) on variants where organic and
biological fertilizers were applied to the crop — 54.8-
87.2 mg/kg. In experiments where mineral fertilizers
were used, the excess of nitrates is more than 1.5 times
the maximum permissible concentration.

According to the conclusion of the Test Center
of Phytosanitary Laboratory Analysis of the Kazakh
Research Institute of Plant Protection and Quarantine
named after Zh.Zhiembayev LLP, the Protocol of
toxicological tests of soil samples showed that the
content of the residual amount of pesticides was
not detected in the soils of the experimental plots
(Protocol No. 112-05 dated September 03, 2020).

The agricultural yield is the main efficiency
indicator of agricultural technologies. Allowing for

this, we defined the productivity of melons, along
with other important indicators, in our research
during the development of biological fertilizer
systems, depending on the conditions of its nutrition
in the south-east of Kazakhstan.

According to the research, the lowest yield of
melon fruits was recorded at the non-fertilized
control (Control No. 1) — 17.31 t/ha. As to the
mineral background, where a full mineral fertilizer
was applied to the melon in the norm N, P, K .,
23.96 t/ha of fruit was produced. All experience
options with biological fertilizer systems exceeded
the standard fruit yield of the non-fertilized control.
The highest increase in yield — 23.77 t/ha was
registered in the variant where manure was applied
to cucurbits at a rate of 40 t/ha. As to all other
variants, the increase to the control varied from 5.45
to 6.65 t/ha (Table 5).

Table 5 — The influence of various types and combinations of organic and biological fertilizer systems on melon yield, 2020.

; Fruit harvesting, t/ha Increase in fruit yield
Control No. 1 (non-fertilized) 5,25 5,89 6,17 17,31 - -
Control No. 2 (fertilized -N , ;P . K .)) 6,61 8,42 8,93 23,96 6,65 38,42
Biohumus, 10 t/ha 6,67 8,22 8,14 23,03 5,72 33,04
Biohumus, 15 t/ha 6,24 8,56 8,49 23,29 5,98 34,55
Manure, 40 t/ha 6,70 8,73 8,34 23,77 6,46 37,32
Poultry manure, 5 t/ha 6,13 9,0 7,73 22,86 5,55 32,06
Poultry manure, 10 t/ha 6,04 8,71 8,22 22,97 5,66 32,70
Grain Straw, 3 t/ha + N P K 6,50 7,37 8,89 22,76 5,45 31,48
P, % 3,95
HCP ,, 1/ra 0,92

Conclusion - The biochemical analysis showed a positive in-

Following the results of our research, we can
conclude:

- The application of organic and biological
fertilizers improves the phenological and biometric
indicators of melon during the intensive growth
and development of crops. It was found that all the
growth parameters of melon plants occurred on
average 3-5 days earlier in comparison with the non-
fertilized control (No. 1) and were slightly lower
than the fertilized control (No. 2). The most influ-
ential biomass of melon plants in the system of bio-
organic fertilizers was formed on the variants with
manure (40 t/ha), biohumus (15 t/ha) and poultry
manure (10 t/ha).

fluence of various combinations of organic and bio-
logical fertilizers on the quality indicators of melon
fruits. An increase in the content of dry substances,
total sugar and ascorbic acid in the products for non-
fertilized control was defined.

- The soil analysis for the content of the residual
amount of pesticides showed the lack of toxicologi-
cal residues (Protocol No. 112-05 dated September
03, 2020) in the experimental plots. Laboratory
studies melon fruits showed that NO, content did
not exceed the maximum permissible concentration
in all variants with bio-organic fertilizers.

- It was found that the application of bio-organic
fertilizers substantially increased the productivity of
cucurbits. The highest yields of melon are formed
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on variants with manure (40 t/ha) and biohumus
(15 t/ha). Thus, the increase to the yield was 31,48-
37,32% to the non-fertilized control (No. 1).
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XO34MCTBEHHO-MHTPOAYKLIMOHHAS OLLEHKA
COPTOB 11 ®OPM YEPEMYXU PADUS MILL.
B AATAUCKOM BOTAHUYECKOM CAAY

B AATanckoM 60TaHUMYECKOM CaAy WM3ydeHbl 3KOAOro-6uoaoruueckume ocobeHHoctTr y 32
copToB U hopm uepemyxu. B pesyabrate GbIAO YCTAHOBAEHO, UTO COBpEMeHHble POpMbl M CopTa
yepemMyxu MPeBOCXOAIT HallM AMKOpacTylme (OpMbl MO YPOXKaMHOCTM, pa3Mepy U BKYCY MAOAOB,
AekopatuBHOCTM. OueHKa Yepemyxu Mo KOMIAEKCY XO3SMCTBEHHO-BMOAOTMUECKMX 1 AEKOPATUBHbIX
NPr3HaKOB MOKa3aAa NMOAHYIO BO3MOXKHOCTb BO3AEAbIBAHUS €e B KAMMATUUeCKMX yCAOBUSIX BocTouHoro
KasaxcraHa. AAs BHEApeHUWS B NpUycasebHble, KOAEKTUBHbBIE CaAbl M B 03EAeHEHNE PEKOMEHAYIOTCS
cAaeayiollme copTta U hopMbl: ABrycTrHa, BaaeHcusi, [paHaToBas rpo3ab, [NMamsatn CaramatoBa, MaBpa,
Mo3aHas papocTtb, INypnypHasi cBeva, CamonaoaHasi, 14-1-51, 14-2-34, 13-8-60, 14-1-62, 13-14-1,
14-3-31, 54-1-34.

Hauato u3yyeHune BHYTPMBMAOBOM WM3MEHUYMBOCTM 4Yepemyxm OObIKHOBEHHOM (KMCTEBOM) B
NpUpoAe, BblaeAeHO 4 hopMbl. Bce oHM ¢ Geaoit okpackoit Aenectkos, 8-10 MM B AvameTpe, cobpaHHble
B MAOTHbIE KUCTU. AAS MECTHOTO BUAQ XapakTepPHbl MEAKME MAOAbI C BSXKYLLMM, KMCAbIM BKYCOM.

LleAb ccaepAOBaHMS 3aKAOYAAACH B BbIAEAEHMM XOPOLLO aAANTUPOBAHHbIX K MECTHbBIM YCAOBMSIM
BbICOKOAEKOPATMBHbBIX U MULLEBLIX (POPM M COPTOB YEPEMYXU, MHTPOAYLIMPOBAHHbIX 13 LleHTpaAbHOro
cubupckoro 6oTaHuyeckoro capa Cubupckoro otaeaeHns Poccuiickoit akapaemumn Hayk (LICBC CO
PAH) r. HoBocnbupcka, otéope hopm B MPrpoAE.

KAtoueBble caoBa: hopma, COPT, M3MEHUMBOCTb, KOAAEKLIMS, Yepemyxa, NMpU3HaK.

T.A. BaoBurHa, O.A. Aaryc”

KasakcraH Pecriy6avkachl BiAiM >KaHE FbIAbIM MUHWUCTPAITT FbIAbIM KOMUTETIHIH,
«AATaM 60TaHMKaAbIK, Gafbl» LWAPYALLbIABIK, XYPri3y KyKbIFbIHAQFbI
Pecny6ArKablK, MEMAEKETTIK KaCinopHbl, KasakcraH, Puaaep K.
*e-mail: lelik_ridder1994@mail.ru

AATal 60oTaHuKaAblk 6arbiHAA Padus Mill.
KYC LUMECiHiH COpTTapbl MeH (hopmarapbIH
LIAPYaLUbIAbIK-MHTPOAYKLMSIAbIK, OaFraray

AATait 60TaHMKaAbIK, 6aFbIHAQ KYC LUMECIHIH 32 COpTbl MEH (popMaAapbiHbIH SKOAOTUSIABIK, JKOHE
OGUMOAOTMSIABIK, epPeKLLIEAIKTEepPI 3epTTeAreH. HaTumkeciHAe KyC WMECiHIH 3amaHayum ropmMaAapbl MeH
COpPTTapbl >KEMICTEPAIH LWbIFLIMABIAbIFbI, MOALIEPI MEH ABMI, COHAIAIrN 6GonbliHWA 6i3AiH >kabarbl
TYPAEPIMI3AEH acbin TYCETiHI aHblKTaAAbl. KyC WIMECiHIH, WapyallblAbIK-GUOAOTUSABIK, JKOHE COHAIK
GeAriaepiHiH keleHi 6oMbiHIWa 6aFasay oHbl LLbiFbic Ka3akcTaHHbIH KAMMATTbIK, KaFAalbIHAQ 6CIPYAiH
TOAbIK, MYMKIHAITIH KepceTTi. Yi1 6aklaAapbiHa, YXKbIMABIK GakTapra XKeHe KeraaAaHAbIpyFa eHrisy
YLWWiH KeAeci copTTap MeH hopMaAap YCbIHbIAaAbl: ABr'yCTWH, BaaeHcns, AHap worbipbl, CaraMaToBThI
ecke aAy, MaBp, Kell KyaHblIll, KYATiH LWaMm, e3AiriHeH KyHapabl, 14-1-51, 14-2-34, 13-8-60, 14-1-62,
13-14-1, 14-3-31, 54-1-34.

TaburaTra KapanambiM (KapraAbabl) KyC LUMECIHIH, iWKi e3repriwTiriH 3epTTey 6actasAbl, oA 4
dopmara 6eAiHal. OAapablH GapAbIFbl XKarblpakKlaAapAblH, aK, TYCiMeH, AMameTpi 8-10 MM, TbiFbI3
LweTkaAapAa >KUHaAFaH. JKepriAikTi TypAep TYTKblp, KbIWKbIA ASMi 6ap KillKeHTan >XemicTepmeH
cunaTTaraAbl. 3epTTeyaiH Makcatbl HoBocMOMpCK KaaacbiHAarbl Pecer FbiabiM akaaemusicbiHbib, Cibip
raranbiHbiH, OpTaablk, Cibip 60TaHMKaAbIK, GaFblHaH EHri3iAreH >KOFapbl COHAIK XXOHE TaraMAbIK,
hopManap MeH KyC LUMeCi COPTTapbIH >KEPTiAIKTI XKaFAaAapFa >kakcbl 6erimaey 60AAbl. TaburFaTTarbl
dopmanrapabl TaHAQY.

Ty¥iiH ce3aep: MiliHi, BPTYPAIAIri, ©3reprilTiri, KOAMEKUMSICbI, KYC WIMEC], epeKLLeAiri.
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Economic and introduction assessment of varieties
and forms of bird cherry Padus Mill.
In the Altai botanical garden

Abstract. Ecological and biological features of 32 varieties and forms of bird cherry have been stud-
ied in the Altai Botanical Garden. As a result, it was found that modern forms and varieties of cherry
trees surpass our wild forms in yield, size and taste of fruits, decorative. The assessment of bird cherry by
the complex of economic, biological and decorative features showed the full possibility of its cultivation
in the climatic conditions of Eastern Kazakhstan. The following varieties and forms are recommended
for introduction into household, collective gardens and landscaping: Augustine, Valencia, Pomegranate
bunch, Memory of Salamatov, Moor, Late joy, Purple candle, Self-fertile, 14-1-51, 14-2-34, 13-8-60,
14-1-62, 13-14-1, 14-3-31, 54-1-34.

The study of the intraspecific variability of the common bird cherry (carpal) in nature has begun, 4
forms have been identified. All of them have white colored petals, 8-10 mm in diameter, collected in
dense brushes. The local species is characterized by small fruits with astringent, sour taste.The purpose
of the research was to identify highly decorative and edible forms and varieties of bird cherry, well
adapted to local conditions, introduced from the Central Siberian Botanical Garden of the Siberian
Branch of the Russian Academy of Sciences (CSBS SB RAS) in Novosibirsk. Selection of forms in nature.

Key words: form, variety, variability, collection, bird cherry, feature.

BBenenune

WnTponykuust u uzydeHue uepeMyxu — Padus
Mill. umerot GoibIioe X03IHCTBEHHOE W SKOHOMH-
yeckoe 3HaueHwne. Cenexius 4epeMyxu, Kak IUIo-
JIOBOH KyJIbTYpHI, OblIa HaUaTa B NEPBOM YETBEPTH
XX Bexka U.B. Muuypunsim u W.II. benpo [1, c.
826]. imu mosydeHbl KpyTHOIUIOAHBIE THOPHTHBIC
¢dopmbl yepemyxu BUpruHckoi. [1o3xke, Bo BTOpOi
yeTBepTH XX BeKa, paboTa 10 CeNeKIINN YepeMyXH
BUPIMHCKOM HayaTa Ha bakyapckom OIOpPHOM ITyH-
kte ceBepHoro cagoojactsa HUNCC um. ML A. Jlu-
CaBeHKO. 37iech OBLIN MOTyYEHBI MIEPBBIC COPTA Ue-
pemyxu — Pacceet, Hapbim, Taiira. Pacimupennsie
paboThl IO THOPUAM3ANUN YEPEMYXH MPOBOISATCS
B lleHTpampHOM CHOMpPCKOM OOTaHHYECKOM cCany,
Cubupckoro otaenenust Poccuiickoil axageMun
Hayk (LICBC CO PAH) r. HoBocubupcka, B ['ocy-
JTAPCTBEHHOM HaydHOM YyupexneHun «KpeMckast
OTIBITHAS CENICKIIMOHHAs cTaHmms» T. Kpeimck-4 [2,
3]. B mocnenHue roasl 3A€ch CO3aHO MHOTO Jie-
KOPAaTUBHBIX ¥ THIIEBBIX COPTOB 3TOW KYJIBTYPHI,
HEKOTOpHIE U3 HUX (B KOJIHUYECTBE 32 COPTOB U OT-
0OpHBIX (hOpPM) BIIEPBIE TPUBIICYEHBI B KOJLIEKIIUIO
TUTOAOBBIX U ATOTHBIX KyIbTyp Anrtaiickoro 6oTa-
HUYECKOTO caia. Otu oTOOpHBIC (GOPMBI M copTa
CO3/IaHbl Ha OCHOBE TEHETHYECKOTO ITOTEHIHAa
MECTHOTO BHJIa YepeMyXH OOBIKHOBEHHOU (KHCTe-
Boil) — Padus avium Mill. u ceBepoamMepruKaHCKO-

r'o BUJA YepeMyXu BUPTHHCKOM — Padus virginiana
(L.) Mill. [4].

Uepemyxa (Padus Mill.) uconb3yeTcst B Jie-
KapCTBEHHBIX, JIEKOPATUBHBIX U MHUIIEBBIX HEIAX.
Bcenencteue comepkaHus JOBOJIBHO OOJBIIOTO
KOJIMYECTBa TyOWIBHBIX BEMIECTB M (DUTOHITUIOB
yepemyxa 00J1aJIaeT APKO BRIPAKCHHBIM BSDKYIIHM
U NPOTUBOBOCHAIUTENbHBIM AeicTBUEM [5—7]. B
MEIUIIMHE [TUPOKO HCIIOIB3YIOTCA IBETKH, ILIO-
JIbI, TUCThSI M KOpa 3TOTr0 pactenus. JleueOHo-mpo-
(hunakTUyecKkre U TUETUYECKUE CBOWCTBA IUIONOB
gyepeMyXu OOYCIIOBIICHBI COJEpKAaHUEM B HHX
OOJIBIIIOr0 KOJIMYECTBA OMOJOTUYCCKH AKTHUBHBIX
BemiecTB. [lo nutepaTtypusiM gaHHBIM A.B. Jlok-
teBa, R.G. St. Pierre [8—10] B miogax yepemyxu
OOBIKHOBEHHOH conepxkarcs caxapa — 7 — 17%
(m3 mHuX: Ppykrosza — 4,4 — 6,4%, rmoko3a — 5,3
— 6,3%, caxaposza — 0,06 — 0,62%), IEKTHHOBBIE
BemecTtBa — 0,5 — 1,3%, opranmdeckue KUCIOTHI
(muMoHHas, 0M09YHAS U Mp.), aCKOPOMHOBAs KIC-
nota — o 32,7 mr%, P-akTuBHbBIC BemecTBa — 1,5
— 8%, Tokodepoibl (Butamun E), kapotunsr — 0,2
— 0,5%, TMKo3uIbl, KUPHBIE U dGUPHBIC Macia,
MuUKpo3sieMeHThl (pochop — 94 mr%, xamuit — 63
mr%, xanmpumii — 33 Mr%, a Tak e B 3aMETHEIX
KOJIMYECTBAX HATPUM, MarHui, »*ele3o, MapraHel,
aJIOMUHUHI, KPEMHHUI; B MEHbIIEH CTENEHU MElb,
Wox, CTpOHLUMMU, Oapui, CBUHEN, MOJHOJEH, KO-
OaneT, TUHK) [11-14].
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X03sCTBEHHO-MHTPOXYKIIMOHHAS OLICHKA COPTOB U (hopM depemyxu Padus Mill. B Anraiickom 60TaHHIEeCKOM camy

MarepuaJibl H METOABI

OOBEeKTOM HCCIeIOBaHMUS IOCTYXKWIH 32 OT-
OOpHBIX QOPMBI U COpTa YepeMyxu cenekiuu Llen-
TPAIBHOTO CHOMpCKOro OoraHmdeckoro cama Cu-
oupckoro otnenenusi Poccuiickoil akageMun HayK
(ICBC CO PAH) r. HoBocubupcka, KoTopble ObLTH
HHTpOIyIMpoBaHbl B 2012 1. M3ydyeHune Omoiorn-
YECKUX U XO3SHCTBCHHBIX IPU3HAKOB YEPEMYXH
npoBoauiH 1o «lIporpamme U MeToIMKE COPTOU3Y-
YEeHUSI TUI0JOBBIX, SITOJAHBIX U OPEXOIIOTHBIX KYJIh-
typ» [15, ¢. 303], a Takke y4yeOHOMY MOCOOHIO —
«Cerneknys ¥ COPTOBEJCHNE TUIOIOBBIX U STOIHBIX
KyJIsTyp» o1 pemakiueii mpodeccopa A.C. Tara-
puniesa [16, c. 366].

J1J1s OIIeHKY CTEeTIeHN N3MEHYHBOCTH IPU3HAKOB
HCIIOJIB30BaIN YHU(DUIIUPOBAHHYIO 1Ky YPOBHEH
M3MEHYHMBOCTH, pa3padborannyr C.A. MamaeBbIM,
JL.®. IIpaBaunabiM, M.A. Illep6akoBem [17, c. 31].
CornacHo mIKajie aMIUTUTYAy U3MEHYHBOCTH OIle-
HUBaJIM 10 BEIUYMHE KOX(D(PUIIMCHTA BapHUAIlVIH:
MeHblIe 12% — ypoBeHb M3MEHUYMBOCTH HHU3KHIA,
13% — 20% — cpeanmii, 21% — 40% — BBICOKHIA,
oonee 40% — oveHp BbicOKMi. [Ipu TOBBIIICHUH
ko3 UIMeHTa BapHallud TPH HWHINBUIYAITbHON
M3MEHYMBOCTH TMOBBIIIACTCA INAHC OTOOpa mep-
CHEeKTUBHBIX QopMm. [1o KaxIOMy pacTeHHIO IOITY-
YeHHBIC MU(DPOBBIC TaHHBIE 00pa0OATHIBAIH, IIPUME-
HsISI METOABI MaTEMATUYECKON CTAaTUCTHUKH 1O B.A.
Hocnexony [18, c. 412].

CreneHp NBETEHUS W TUIOAOHOIIEHUS OICHH-
BaJlk 1O 5 - GanpHOM cucTeme: 1 — odeHs ciaaboe;
2 — cnaboe; 3 — cpennee; 4 — xoporiee; 5 — 00UIb-
Hoe. OKpacKy moOeroB, IBETKOB, JINCTHEB YCTAaHAB-
nuBanu o mkaine nsetoB A.C. bonmapresa [19, c.
28], mpu 3TOM yKa3bIBaJud HHTEHCUBHOCTh OTTEHKA.
OreHka BKyca IUI0A0B OMPEeNsIach OPTaHOIEITH-
YECKUM METOJIOM.

Pacnipenenenne pacteHuil 1Mo KadyeCTBEHHBIM
MpU3HaKaM TMPOBOAMIN Ha OCHOBAHHWU OOJBIIOTO
(dakTHUECKOro MaTepHaia, MOJyYeHHOTO TpH H3-
y49eHUU depeMyxu. [lJid BBIJENEHUS MEePCIEKTHB-
HBIX (DOpPM MO KaKIOMYy M3y4aeMOMY IMOKAa3aTellto
JIlaHHBIC OBUTM Pa30MTHI Ha KJIAcChl C HAMMEHBIIH-
MU, CPETHUMHU W HAaUOOJNBIINMH 3HaYeHHSIMH. Tak,
YUUTBIBasE TUMHTBI 110 Macce IUIOJOB Y PaCcTCHHMA
yepemyxu ot 0,38 r go 1,10 r, B rpamanuu ObuLI
npuHAT uHTepBal B 0,24 r, NOJIy4eHbl TPU TPYIIIIbL:
menkue — 0,38 — 0,62 1; cpenuue — 0,63 — 0,87 1;
kpymHble — 0,88 — 1,10 . Y OonbiimHCTBA MIOAOB
HE OYeHb Pa3HATCS AJTUHA U TUAMETP, TIOTOMY IS
3TUX MPHU3HAKOB NMPUMEHSJIM OJHY U TY € rpaja-
LUI0: HEOOMBINON pa3Mep ioaoB — 7,5 — 8,7 mwm;
cpemamii — 8,7 — 10,0 mm; 6ompmioi — 10,03 — 11,29
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MM. Bapuaruu cocrasmsumm ot 7,5 MM g0 11,3 mwm.
XapakTtep OTphIBa IIOOB C KUCTU CYXOH U ¢ MAKO-
Th10 [20].

Pacnipenenenne pacTeHuil yepeMyxu O JUIMHE
KHCTH OBUIO CIIEAYIONIMM: JuTnHHAs oT 12,4 no 15,3
cM; cpeassis ot 9,7 1o 12,4 cm; kopoTkas oT 6,7 110
9,6 cM. B rpaganmu Ob11 MpUHAT UHTEpBaT B 2,86
CM, UCXOJISl U3 Bapyalui MO AJMHE KUCTU OT 6,7 10
15,3 cm. 1o xonuyecTBy 1IBETKOB B KUCTHU Bapua-
nuu coctapmin ot 19,3 mo 33,6 mr. B rpagamuun
Obu1 TpuHAT MHTEpBan B 4,7 wT. Pacnpenenenue
BBITIOJTHCHO TI0 TPEM TPYIIIaM: MaJloe KOJHYECTBO
uBetkoB — 19,3 — 24,0 wt.; cpeanee 24,1 — 28,7
mT.; 6ompmoe 28,8 — 33,6 mT. YuuThIBas TUMUTEI
10 KOJIMYECTBY IJIOJIOB B KUCTH — 4,6 — 12,2 mT., B
rpajamnuy ObLI IPUHAT UHTEpBaI B 2,53 wt. Taxke
MOJTyYEHO TPH TPYIIITEI: MaJIO€ KOJINYECTBO TUIOA0B
—4,6 —7,1 mr.; cpenree — 7,2 — 9,7 mT.; GonbIIoe
-9,8 —12,3 mr.

[To pazMepam TUCTOBOW IMJIACTUHKH IOTyYEHBI
cuemyromue TUMUTEL — 5,86 — 8,71 cM, B Tpamanuu
Obu1 mpuHAT HHTepBan B 0,95 MMm. B pesynbrate
MOJTy4eHO CIEMyIollee pacIipeelieHue: IINHHAS
ot 7,77 — 8,71 cwm; cpenusis ot 6,82 — 7,76 cM; KO-
poTkas — ot 6,81 — 5,86 cm. Bapuaruu no mupuse
JIMCTOBOM MiIacTUHKU — 5,86 — 8,71 cM, B rpagauuu
ObuT ipUHAT nHTEpBad B 0,74 MM H MOJIy4YeHO ce-
Iyloliee pacmpeaeneHue: mupokas ot 4,26 — 4,99
cM; cpenHssa ot 3,51- 4,25 cm; y3kas — ot 2,76 —
3,50 cm.

Pe3yabTathl u 00cy:xneHue

N3zyuenne 3K0n0ro-OMOJOrHYECKHX OCOOCHHO-
cTell uepeMyxd B ANTaliCKOM OOTaHHYECKOM Cay
MO3BOJIMJIO TOJYYHTh CIIEAYIOIINE XapaKTePUCTH-
ku. JKuzHeHHast popMa cOpToB U QOpM depemyXu
MPEACTABIIAET KyCTApHUK WU AepeBo 10 5,0 M BbI-
coroil. Uepemyxa OTHOCHTCA K OBICTpOpacTyIIen
KyJbType. Jlerko pasMHOKaeTcsi BereTaTHBHO, Ce-
MEHaMH H in vitro [21-26]. B mepBsie roapl mocie
MOCA/IKH PACTEHHUI Ha OCTOSITHHOE MECTO y BCEX CO-
PTOB 1 POPM OTMEYEH HHTEHCUBHBINA POCT MOOETOB,
CpedHss UIMHA MOOEeroB B 3aBUCHMMOCTU OT COpTa
w ¢opmbl cocraBmia ot 28 g0 100 cM. Bricora
OOJIBIIMHCTBA PACTEHUI YepeMyXH B TEUEHHE TPeX-
geThIpeX JeT (Bo3pacT 5 — 7 neT) nocturia 1,5 — 2,3
M. B mocneayromue roapl, ¢ BO3pacToM, IPUPOCT
YMEHBIIWJICA U K IECSTU T0JlaM Y HEKOTOPHIX (popm
¥ COPTOB OTMEUEH B mpezenax 12 — 28 cm, BeIcOTa
nocturna 4,2— 5,0 m. CaMblii cmaObIil IPUPOCT OT
3 mo 18 cM nHabOmogancs B 2021 r, HCKIIOUEHHEM
auiics copT YepHsiit Kpect, mpupocT KOTOporo co-
ctasui 30 cMm. PocT mobOeroB HaunHaeTcst uepes Tpu
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HEZEH MoCIe PAcIyCKaHMsI OYEK U POI0JIKAETCS
2 — 3 mecsana. Hanbonee nHTEeHCHBHO MO0OETH yBe-
JIMYMBAIOT CBOIO JUIMHY B TEUEHHUE IIEPBOTO MeCsIIa,
B KOHIIE Masl — Havaje UIoHA pUpocT gocturaet 70
— 81% cBoeli OKOHUATEIBHOM JIUHBI.

IIpu oueHke ananTHBHBIX CBOWCTB YEPEMYXHU
B PE3KO KOHTHMHEHTAJILHOM KJIMMAaTe ¢ XOJOIHBIMU
MPOAOJKATENBHBIMHA 3UMaMH, HEPEAKO JOCTUTA0-
MU Kputudeckoit otmetkn 40 — 42°C u HeoaHO-
KpaTHBIMH OTTEMNENSIMH C NEpenagaMy TEMIIEPATYP
B 18 — 20°C moydeH BBICOKUH MMOKA3aTENb YKOJIO-
TUYECKOM IIACTUYHOCTU. BOJIBINMHCTBO COPTOB U
¢dopM uepeMyxu UMEIOT Hauboiee BBICOKYI0 MOPO-
30CTOWKOCTh Cpelr KOCTOYKOBBIX ITJIOJJOBBIX pac-
TeHnd. Huskast 3MMOCTOMKOCTh OTMEYEHA JIMIIb Y
nByx ¢opm 14-3-31, 14-7-14 ¢ nogmep3aHreM MHO-
rojeTHUX BeTBei. COCTOSHUE PACTEHHH YepeMyXH
NocJie 3MMHUX TIEpHOOB Xopoliee Ha 4 1 5 GayioB.

®deHonornueckre HaOMIONEHUS 33 IEPHOA HC-
CIIEIOBAaHWH TIOKA3aJId, YTO CPOKH HACTYIUICHHUS
¢denodas y coproB u oTOOpPHBIX (HOpM HepeMyxH
ONPEAETAIOTCS KOMIUIEKCHBIM B3aUMOJEHCTBHEM
METEOPOJIOTHYECKUX YCIOBHI To/a M OWoioruie-
CKUMH OocoOeHHOCTsIMH. Hawano Bererauuu B Ha-
IIMX YCJIOBUAX MPUXOIUTCS B CPEJHEM Ha BTOPYIO
TIOJIOBUHY ampeJisi, IBETEHHUE — Ha BTOPYIO MOJIOBH-
Hy Mas. IlepBoe enMHUYHOE LBETECHHE HA YETBEp-

TBIIl TOJl OTMEYEHO Yy Tpex coptToB: Po3zoas, ['pa-
HaToBasi rpo3ab, [lo3mHss pamocth W ABYX (opm
14-6-61, 14-4-37. Y paHHUX COPTOB ILIBETCHHE OT-
MedaeTcst B cepeaune mas (14 — 16) u mpomormka-
etcst 8 — 12 nueil. [lo3nHue copra BETYT B TpeThel
nexazae mMas (20 — 26 mas). Kak mpaBuiio, B 3TOT Tie-
pHOJ OTMEUAeTCs MOBBIIIEHUE TeMIIepaTyphl 10 25
— 28°C 1 mpoI0JKUTENHFHOCTD [IBETEHHSI COKpallia-
ercs Ha 3 — 4 qHA. BOoIbIIMHCTBO COPTOB YEpPEMYXHU
¢ Oesoif OKpackoi BeHUHKa. Y JAPYIHX JKE OKpacKa
BapbUpPYyeET MO0 TOHAJIBLHOCTH OT HEKHO-PO30BOH 110
CHUPCHEBOM.

ITo cpokam co3peBanms IUIOAOB copTa U Qop-
MBI pa3fiesieHbl Ha TpU TPYIIBI: paHHUE, CpeIHHE
u no3auue. K panHuM copram oTHOcATca Banen-
cusi, CaMOIUTIOTHAsA, K TIO3THECTIENTBIM — ABI'YCTHHA,
Magpa, [lo3aHusis pagocTs u oTOopHas gopma 14-1-
51. OcranbHbie copTa U (HOPMBI SBJISFOTCS CpEIHE-
crensiMi. Ha IpoTsKeHUH BCeX JIET UCCIIEJ0BaHUI
BBICOKas ypO>KalHOCTh OTMEYEHA y COPTOB: ABTy-
cTuHa, I'panaToBas rpo3as, Banencus, [lamsatu Ca-
namaroBa, [lypmnypHas cBeya, Maspa u gopm 14-1-
51, 147-2-34, nuskas — y popm 14-5-35, 14-7-14.

Macca mno10B — BaKHBII [TOKa3aTelb, OTpaXa-
IOIUN POJYKTUBHOCTh pacTeHuil. KpynHble 1mio-
1wl Maccoit 0,88 — 1,10 r, umerot dopmer 13-4-91,
14-2-34, 14-1-18, 13-8-60 (Tabnwuma 1).

Tadmuma 1 — XapakTepucTiKa X03sSiCTBEHHBIX B MOP(OIOrHYECKHX NMPHU3HAKOB MEPCIEKTHBHBIX (JOPM U COPTOB YEPEMyXH —

Padus Mill.
KommuectBo | Konmuuectso Pasmep monos, MM Pasmepsl sucrta, cMm
Jnuna ku- Macca mo-
Copr, hopma oTH, oM IIBETKOB B IIJIOJI0B B 110B, T Iimma | Jmamerp Jluna Ilupuna
KHCTH, IIT. | KUCTH, IIT.
1 2 3 4 5 6 7 8 9
ABrycruHa
(M=+m) 6,7+0,9 26,0+2,7 7,6+1,0 0,55+0,02 6,9+0,6 3,7+0,3
C% 21,5 15,6 24,1 4,7 8,9 9,0 11,3 9,9
P% 6,8 4,9 6,5 3,5 4,3 3,7
Banencus
(M=£m) 9,2+0,8 23,0+1,5 4,6+0,7 0,76+0,02 7,6+0,8 4,3+0,44
C% 13,9 9,8 23,4 4,9 9,8 9,9 17,8 16,9
P% 4,4 3,1 7,4 1,6 5,2 4,9
I'panaroBas
rpo3zb
(M=£m) 7,7 £0,4 29,3 £1,6 6,4+1,2 0,38+0,01 6,1+0,4 2,9+0,2
C% 6,9 8,4 23,5 4,2 7,5 7,5 9,1 10,1
P% 2,2 2,6 8,9 2,5 2,9 3,2
Masgpa
(M=£m) 10,7 £0,7 29,8 £1,4 12,2+1,2 0,49+0,02 6,6+0,4 2,8+0,1
C% 10,2 7,2 16,7 12,4 8,5 8,0 10,2 9,2
P% 3,2 2,3 4,8 4,7 2,7 2,4
[Tamsaru Canama-
TOBa
(M=£m) 12,9 +£0,9 33,242,1 4,24+0,6 0,40+0,01 6,9+0,4 3,8+0,3
C% 10,6 9,5 21,0 4,6 7,4 7,3 8,0 10,7
P% 33 3,0 6,8 2,8 2,5 34
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Ipooonsicenue mabauywvl

KommuectBo

KommuectBo

Pa3Mep IJI0A0B, MM

Pa3MepLI JIMCTa, CM

Copr, dpopma Jlmana ku- IIBETKOB B | IUIOZIOB B Macca nto-
CTH, CM KHCTH, INT. | KHCTH, IIT. J0B, T Jnuna | Jlnametp Jnna [Hupuna
1 2 3 4 5 6 7 8 9
[lo3nua4 panocTb
(M=£m) 7,0 £0,5 30,6 £1,6 11,8+1,1 0,42+0,02 8,7+0,9 4,6+0,3
C% 82 6,5 17,3 52 7,6 7,5 13,3 8,3
P% 3,1 2,5 6,0 5,0 5,0 3,1
[TypnypHas cBeua
(Néf/?) 12,0+0,7 27,9+1,5 9,29+1,0 0,54+0,01 5,9+0,4 3,5+0,4
P% 10,9 8,2 20,4 4,9 9,8 8,9 8,6 15,9
3,6 4,0 4,94 4,8 3,3 6,0
Po3zoBas
(M+£m) 7,9+0,4 26,0 +1,8 9,3+1,9 0,49+0,02 7,7£1,1 3,7+0,5
C% 7.8 10,7 30,9 5,6 8,8 8,0 17,8 17,1
P% 2,5 34 9,8 2,9 6,7 6,5
CamoriomHast
(M=£m) 13,2+0,6 19,3 £1,1 5,7+0,7 1,1+0,01 7,5+1,1 3,9+0,4
C% 7,4 8,5 27,9 6,0 10,7 11,3 10,2 16,2
P% 2,3 2,7 6,3 2,8 5,9 4,8
YepHblii KpecT
(M=£m) 8,8+0,9 28,0 +4,2 7,4+0,6 0,53+0,01 7,6+0,5 4,5+0,4
C% 15,4 22,5 22,0 4,9 8,0 7,9 10,6 12,6
P% 4,9 7,1 4,8 2,7 3.4 3,9
13-4-91
(M+m) 85+1,4 22,3434 8,7+0,6 1,04+0,02 6,9+0,7 4,6+0,4
C% 25,1 22,9 21,5 6,0 10,6 10,7 11,9 11,4
P% 7,9 7,3 6,4 6,2 4,5 4,3
14-1-51
(M=£m) 8,9 +0,7 23,7+2,7 8,5+1,3 0,68+0,01 6,8+0,5 3,4+0,2
C% 11,1 17,5 32,9 4,8 9,6 9,4 11,6 6,5
P% 3,5 5,5 7.4 3,6 3,7 2,0
13-8-60
(M=£m) 13,5+0,4 334 +2.8 6,4 £0,4 0,84+0,02 7,8+0,7 4,9+0,3
C% 4,9 12,6 14,7 8,7 11,5 10,6 11,6 6,8
P% 1,6 3,9 33 4,9 4,4 2,6
54-1-34
(M=£m) 10,8 +0,3 29,3423 6,9 +0,9 0,58+0,02 7,9+0,7 4,5+0,5
C% 3,9 11,8 27,7 7,2 7.9 8,0 12,8 15,5
P% 1,2 3,7 6,2 3,6 4,1 4,9
13-14-1
(M=£m) 11,9 +0,8 31,743.8 7,4+1,1 0,49+0,02 7,5+0,7 4,0+0,4
C% 10,7 18,2 27,9 7,9 7,8 7,7 14,5 15,2
P% 3,4 5,8 7,5 4,8 4,2 4,4
14-1-62
(M=£m) 13,8 +1,3 32,6 +1,9 6,2+0,9 0,44+0,01 8,4+0,6 4,9+0,3
C% 13,8 9,2 18,9 8,0 7,6 7,5 10,2 9.4
P% 4,4 2,9 10,0 6,7 3,2 2,9
14-1-18
(M£m) 11,1+0,9 30,9+2,4 5,3+0,7 0,85+0,02 7,9+0,6 4,8+0,5
C% 11,7 10,2 24,8 11,3 10,8 10,9 11,8 14,9
P% 4,0 6,0 6,0 4,3 4,9 2,7
14-2-34
(M=£m) 10,9+0,4 24,8+1,6 9,5+1,2 0,93+0,03 7,1+0,7 3,5+0,3
C% 7,8 10,0 26,0 20,1 10,5 10,9 14,2 11,9
P% 2,6 32 5,8 4,8 0,7 3,8
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Cpennue mnoasl, maccoit 0,63 — 0,87 r oTme-
4JeHbl Y copToB: Banencus, Camorutomgnas u GpopM
14-1-51, 54-1-34. Menkue miaoasl ot 0,38 mo 0,62
I XapakTepHbl Ana copTtoB: KpacHas, ABrycruHa,
[Iypnypnast cBewa, MaBpa, ['panatoBas rpo3ip,
PozoBorBeTkoBas. [uamerp mionoB uepeMyxu B
3aBUCHMOCTH OT cOpTa Wid (popMbl Kosebayics B
npexenax — 7,5 — 11,3 mm. Hanbomemuit nuamerp
mwioaoB (10,0 — 11,3 MM) umenu cnenyromue (op-
Mbl: 13-14-1, 14-2-34, 14-1-18 u copta: Banencus,
Camormmonnas. Hebomnpmmoit nuamerp miomos (7,05
— 8,75 MM) oTMeueH y copToB ABrycTHHa, Maspa,
I'panaroBas rpo3p.

3aBs3bIBAEMOCTD IIJIOZI0B YEPEMYXH B YCIOBHIX
CBOOOJHOTO OMBUICHHSI MTOKa3ajia BBICOKYIO BapHa-
TUBHOCTB JIAaHHOTO TMPU3HAaKa. bopIioe KoIu4ecTBo
IJI0/IOB B KUCTH OT 9,8 10 12,3 mIT. OTMEYEHO y CO-
ptoB: Kpacnas, Ilypnypnas cBeua, MaBpa, Pozo-
BoIBeTKOBast. CpeiHee KOJMIECTBO TUIOIOB B KUCTH
ot 7,2 mo 9,7 mt. umenu ABryctuHa, 14-1-51, 14-
2-34. Majnoe KOJMYECTBO IUIOA0B MeHbIe 7,1 IIT.
y ocTanbHbIX. JJnuHHBIE KucTH OT 12,4 1o 15,2 cm
OTMEYEHBI y copToB Po3oBonseTkoBas, [lypmypHas
cBeua, Camomoanas, 14-1-62 (deiiepsepk), 14-8-
35; cpennue ot 9,7 no 12,4 cm y coproB BaneHncus,
I'panaroBas rpo3ap, Kpachas, Maspa, 14-1-51, 14-
2-34, 14-1-18, 14-3-64, 14-1-51, 54-1-34, 13-14-1;
KOpOTKasi KUCThb OT 6,7 10 9,6 cM —y copToB ABry-
ctuHa, [lo3auss pagocts U Gopmer 13-4-91.

[Ipu monHOM CcO3peBaHMU y MJIOAOB Mpeodia-
JaeT YepHas OKpacka. 3penble miofasl copta I'pa-
HaTOBas Ipo31b — TEMHO-00pIOBEIE. LIBeT MsIKOTH
OOJBIIMHCTBA TUTIOIOB YKENTHIN WK 3€JIeHBIN C pa3-
JUYHBIMHA OTTEHKaMH M TIePeX0oqaMH MEXIY dTUMH
IByMsi IBetaMu. Hambonee BBICOKUMH BKYCOBBI-
MU KadecTBaMH OTIW4Yal0TCs ABrycTmHa, Maspa,
[To3muss pagocts, YepHsriii kpect, 14-2-34, 13-4-91,
14-1-18. Ha HeGoubIIyIO TOTI0 KOCTOYKH B TIOJAaX
npereHaytoT ['panaroBas rpo3nb, [lnoTHOKKCTHAS,
[o3musas panocts, CamoriogHasl.

Pe3ynbraThl MHOTOJIETHETO H3YyYEHUS MPOTYK-
TUBHOCTH COPTOB W OTOOpHBIX (hopM Hepemyxu
MOKa3aJii, YTO CTA0MIBHO BBICOKHE 3HAYEHHS IO
OONBLIMHCTBY TOKa3aTeNeld — ypOKalHOCTH, KO-
JUYECTBY IUIOJIOB B KHCTH, Macce IUIOIOB, UMEIOT
ciemyromue copra: ABryctuna, Bamencus, ['pana-
TOBas rpo3ab, [lo3auss pagocts, [lypnypHas cBeua,
Magpa, [lamaru CanamaTtoBa, Uepnsiii kpect, Ca-
MOIUTOIHAst ¥ 0TOOpHBIE Gopmbl 14-1-51, 14-2-34,
14-1-51.

OOHOBpPEMEHHO MPOBOAWIN OTOOP BBICOKO7IE-
KOpPaTHBHBIX (pOpM M COPTOB MO QOpME KPOHBI, 110
CTENEHU LBETCHUS, JIMHE KUCTU, BEIUYMHE U KO-
JUYECTBY IIBETKOB, TMAMETPY KHUCTH, OKPACKe IUIO-

OB M JIUCTHEB. YUUTHIBAJIU MPHUBIEKATEIHHOCTD
copta u (opMbI B pa3Hble da3bl pa3BuTHs. B Hamei
KOJUIEKIIMW €CTh OO0paslbl, COYETAIOIINE OpPHUTH-
HAJIBHOCTh KPOHBI C APYTUMH LIEHHBIMH JEKOpa-
TUBHBIMU KauyecTBaMU. PaHHEH BeCHOU HOMEpHOU
ruopun 14-1-52 umeet AeKOpaTUBHBIN BHUJ 3a CUET
00OpI0BOI OKpacKH CKEJIETHBIX BeTBeH, copT ['pana-
TOBasi IPO3/Ib BBIIEISIETCS MBIIIHON KPOHOM 3a cueT
OOJIBIIOTO KOJMYECTBA CTBOJIMKOB M TEMHO-00PI0-
BOI OKpacKoi moOeros.

HemanoBaxkHyto poib MpU OLEHKE JeKopa-
TUBHBIX KadeCTB HWrpaeT OKpacka Jymcrta. Hapsmy
C TUMWYHBIMH 3€JICHOJUCTHBIMH PACTEHUSIMHU CY-
IIECTBYIOT (JOPMBI C TIOBBIIICHHBIM COJIEPKaHHEM
aHTonMaHoB. Hawmbonee WHTEpECHBI pacTeHUs C
KPaCHBIMH M MYPIYyPHO-KPACHBIMU JIHCTBSIMU —
aTo copra: I'panaroBas rpo3nb, [lypmypHas cBeua
u gopma 13-14-12. 3eneHoBaTO-KapMUHHBIMHU JIH-
cThAMHU BbIAcasgeTcs 14-3-31, TeMHO-3eJ€HBIC JTH-
cThsl y coptoB: [lo3nHsas pagocts, UepHblil KpecT
u dhopm 13-8-60, 3-8-11. ¥V mocneaHero ¢ HWKHEH
CTOPOHBI JIUCThSl CBETJO-3€leHble. HTepecHas
okpacka iucrta y ¢popmsr 13-14-1, BepxHsist cTOpOHA
KOTOPOT'0 TEMHO-3€JIeHas1, a HUKHS 00pI0Bas.

[{BeTeHne uepeMyxu MO3BOIMIIO BBIIEIUTH He-
CKOJIBKO JIEKOPATHUBHBIX (OPM U COPTOB, KOTOPHIS
MOTYT HCIIOJIb30BaThCSl B IEKOPATUBHOM CaJI0BOJI-
ctBe. ExXeromqHo oOMIBHOE LIBETEHHE OTMEYEHO Y
coptoB ABryctuHa, Banencus, ['panaroBas rpo3ip,
Camormonnas, Maspa, [lo3nasst Pagocts, 13-8-60,
14-1-51, 14-2-34. ®opmser 13-8-60 u 14-1-62 ume-
FOT TIPUBJIEKATEIbHBIN JEKOPATUBHBIN BUJ 3a CUET
OJTHOBPEMEHHOTO Ha0yXaHUs KPYIHBIX OyTOHOB 110
BCell AnMHE KUCTH (3TUM OpMaM Mbl YCIIOBHO AN
Ha3BaHHS BOJIOTOJICKHE KpykeBa). HexHo-cupene-
BOM OKpacKoW IBETKOB BBIICISAIOTCA HOMEPHBIE
rubpunbl 13-14-1, 14-3-31 y mocneaHero auaMerp
KHUCTH TI0 BCe mymiHe paBeH 2,0 cM, a IBETKaM TIpH-
Cyll aMWIJOJIMHOBBIM, KOCTOYKOBBIM apomar. Y
thopmer 13-8-11 KUCTh aKypHas, TOHKas B IUaMe-
pe 1,8 — 2,0 cm. Copt Po3oBast BeIIEIsIETCS HEXKHO
po30BbIMH JenecTkaMu. O4eHb KpacHBbIe I[BETKH,
Oernbie ¢ TMMOHHOW cepenuHKOHN y hopmbr 54-1-34,
y HEe JICTIECTKH CJIeTKa 3aBEPHYTHI BHYTPh. baxpom-
yaToe pacceueHue JenecTkoB y copra [lamaru Ca-
JamMaToBa MPHUIAET BO3AYIIHOCTh KUCTH. M3yueHue
O0TOOPHBIX (HOPM U COPTOB YEPEMYXH 11O KOMITIIEKCY
X03AHCTBEHHO-OMOIOTHUECKIX MPU3HAKOB U JIEKO-
PaTHUBHBIM KadecTBaM MO3BOJIMIO BBIJEIUTH CIIEAY-
foIue copra u GOPMEI:

Asryctuna. Copt BeiBeneH B LICBC (r. HoBo-
cuOHpPCK). 3UMOCTONKOCTh copTa BhICOKast. JlepeBo
BBICOKOpOCIIOE, 2,8 — 3,2 M, ¢ IIUPOKOMTUpaMHUAAITb-
HOM kpoHoH. KonnvectBo cTBoimkoB 4 — 8 mrt. B
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TIEPBBIE TO/IBI HAOI0JAeTCS UHTEHCUBHBIA POCT I10-
6eros ot 28 1o 61 cm. B nanpHelinem HabmogaeTcs
3aTyXaHUE POCTOBEIX MPOIIECCOB, CPETHUM MPUPOCT
B noclegHue roasl coctapisieT 8§ — 12 cm. Okpacka
moOeroB cBeTo-0ypas. JIMCThs cpemHue, JTHHON
6,91+£0,62 cm, mupunoit 3,70+0,29 cM, oBanbHBIE,
C 3a0CTPEHHOMN BEPXYIIKON U MENKOW OCTPOM 3a3y-
OpeHHOCTHIO, 3eJIeHble. Pa3mephl mcTa BapbUpyIOT
HE3HAYUTETbHO, KodpuureHT Bapuanun 9 — 11%.
Uepeniku JUIMHHBIC, CPETHEN TONIUHBI HHTCHCUB-
HO OKpaIeHbl B OOpmoBEIM mBeT. llBeTeHME exe-
rogHoe Ha 4 Oamra, npoxoinkaercs 7 — 10 mHeit.
Kucte xopotkast, nmuao# 6,7+0,9 cM, koaddumm-
ent Bapuaruu 21,5%, y3kas 1,5 cM B amamerpe,
cBeTio-3eneHas. CopT OTIIMYAETCS PACIIOIOKECHIEM
KHCTel B MyTOBKax. [[BeTKkM MenKHe MX KOJHMIECTBO
cpennee 26,0+2,7 mr., Ko3¢pUIMEHT BapHaluu
15,6%. Ilnoxas! cpenueit Benuuunsl, Macca 100 mio-
moB 51,9 — 54, 0 r, mapoBuaHO#N (HOPMBIL, JUTMHON
8,9 MM, nnamerpom 9,0 Mm. KonmdaecTBo 1107108 B
kuctH cpegnee 7,6+0,1 wrT., ko3dhdunueHT Bapua-
mun 24,1%. Ypoxaitocts 4,2 kr/kyct. Ilo cBoum
XapaKTEPUCTUKAM COPT YHUBEPCAJICH.

Banencust. Copt BeiBenen B LICEC (r. Hoso-
cnbupck). CopT 3MMOCTOWKHH. BbIcoTa pacTeHMit
3,0 — 3,5 m. Cpennuii IPUPOCT B TIOCTCTHIE TOJIBI
30 cm. Jluctes kpynsble, niuuHO 7,66+£0,83 cM,
mpuHoit 4,25+0,44 cM, oBajbHbIE, C 3a0CTPEHHOMN
BEPXYIIIKON W MEITKOW OCTpOMl 3a3yOpeHHOCTHIO,
3eneHble. PasMepsl TUCTa BapbUPYIOT Ha CPEIHEM
ypoBHe uzmeHInBoCcTH 17 — 18%. Ilouku kpymnHbIe,
BBIJIB)KCHHE IIBETOYHBIX OYTOHOB HaOJIOJACTCS B
koHIle anpens (22-28). L[BeTenune exeromHoe Ha 5
OaytoB, 00BIYHO TIpomoinkaeTcss 10 — 12 muen. Y
3TOrO COPTa BECh KYCT CHU3Y JIOBEPXY yChINaH Oe-
JIBIMH, KPYTTHBIMH [[BeTKaMu. [[BeTkH ncTouaroT He-
MOBTOPUMBIN apoMar. KUCTh JIJIMHHas, MyIIUcTas,
¢ 3 — 4 nuctukamu, ToHKas. J{JTMHA KUCTU CPEIHSIS
9,2+0,8 cm, ko3pPunment Bapuammu 13,9%; mua-
meTp 1BeTka 2,0 cM. KonmdecTBo 1IBETKOB HHU3KOE
u cpeanee 23,0+1,5 mr., k03QHUIHEHT Bapuanuu
9,8%. Ilnoae! cpenneit BenuuuHbl, Macca 100 mio-
TOB KoJeOiercst B mpeaenax or 70 mo 76 . Ilno-
JIbI TIOYTH IIAPOBUIAHON (OPMBI, JIUHOU 9,8 MM,
nuamerpoM 9,9 mm. KonuuecTtBo miofoB B KUCTU
HeOosbImoe 7,6+0,7 1mT., KO3QQPHUIMESHT BapUalliu
23,4%. Ypoxaitnocts 3,0 — 3,8 kr/kycr. Bkyc mio-
OB ¢ kucinuHKOW. [lo cBOMM XapakTepucTHKaMm
COpPT YHHBEPCAJICH.

[o3ausist pagocts. Copt BeiBeAeH B LICBC (r.
HoBocnbupck) myrem ckpemuBanus B 1981 1. o1-
O6opHO¥ (QopMBI YepeMyXxHu BHUpPTHHCKOM 1-5-13 ¢
oTOOpHOU (hopMoii Yepemyxu KucteBor 5-28-10.

28

Agtoper: B.C. Cumarun, B.II. benoycora, O.B.
Cumaruna. [lepeBo BbICOKOpocioe, 3 M, ¢ mHpa-
MHJAQTHPHOW KpOHOW. BmepBbie roapl HaOIromaer-
¢ MHTEHCUBHBINA pocT moberos ot 30 1o 65 cm. B
JaJbHEHIIeM OTMEUYEHO 3aTyXaHHE POCTOBBIX IMPO-
IIECCOB, CPEIHUN MPHUPOCT B TOCIEIHUE TOABI CO-
crapinsietr 10 — 14 cm. [Toberu Oypsie. JInctes kpym-
Hble, anuHoi 6,91+0,62 cMm, mmupunoit 3,70+0,29
CM, TEMHO-3€JIEHbIE, OBAJIbHBIE, CO CPEJIHEN OCTpOi
3a3yOpeHHOCTBI0. PasMephl JiucTa BapbUPYIOT Ciie-
IyroIIuM 00pa3oM, JUIMHA JINCTa Ha CPEHEM YPOB-
He U3MEHYNBOCTH, K03 ummenT Bapuarmn 13,2%,
[IMPHHA JIUCTa Ha HU3KOM, KO QUIIMEHT Bapualuu
8,2%. IlepBoe 1BETEHHE OTMEUYEHO Ha YETBEPTHIN
rog. LlBerenne apykHOe, MO3qHEE B KOHIIE Masl.
Kucts kopotkas, 7,0+0,5 cm, ko3hdunuenT Bapua-
nuu 8,2%. KonnyecTBo nBeTKOB Oomnbioe, 30,6+1,6
mT., ko3 durmenT Bapuauu 6,5%. Y storo copra
13-3a OOJIBIIIOTO KOJIMYECTBA I[BETKOB (Ha 1 cM Jiiu-
HBI KHCTH TIPUXOIUTCS 4 — 5 IIT.) KUCTh TUIOTHAS.
YpoxaiiHocTh 4,8 kr/kyct. [To cBOoMM xapakTepu-
CTUKaM COPT YHUBEPCAJICH.

[ypnypuas ceua. Copt BbeiBeaeH B LICBC
(r. HoBocubupck). Kycr ¢ nupamunaibHOH Kpo-
HOH, BBICOKHH, 3,2 M. OnHoJIeTHHE MMOOErd TOH-
kre. COpT WMeeT WHTEHCUBHYIO MypIypHO-Kpac-
HYIO OKpacky JHCTheB. JINCT B MOJIOAOM BO3pacTte
OYeHb KPYNHBIM 10 12 cM B JuIMHY, B JalbHEU-
meM cpeaHuit — muHou 6,13+0,52 cM, mupuHOH
4,024+0,39 cM, IIMPOKOOBAIBHBIN, C 3a0CTPEHHOMN
BEPXYIIKOH W MENKOH OCTpoil 3a3yOpeHHOCTBIO.
Pasmepsl nrcra BaphUpPYIOT Ha CpegHEM YpPOB-
HE HM3MEHUYMBOCTH, Kod(dduuumeHt Bapuanmu 13
— 15%. Yepemku AnUHHBIE, CPEAHEH TOIIIMHBL,
WHTEHCUBHO OKpAIlleHBl B OOpPJIOBBIA IIBET, YKHUII-
KOBAaHHME TaKXKE BBIJEISACTCS MHTCHCUBHBIM OOp-
JIOBBIM [IBeTOM. [IpHpocT 1moOeroB BIIepBbIE T'OJbI
1o 58,7 cM, B mocaenyromnue — (8 — 12 cm). Kuctn
TSDKEJbIe, TOJICThIe, JuInHHbIe 12,0+0,7 cM, K03d-
¢unment Bapuanuu 10,9%. KonuvectBo mimomos
cpennee, 9,29+1,0 mT., Ko3duIMEHT BapHaIuu
20,4%. YpoxaitHocth 3,9 kr/kyct. Ilo cBoum xa-
PaKTEepUCTHKaM COPT YHUBEPCAIICH.

Magpa. Copt BbiBeneH B LICBC (r. HoBocu-
oupck). [lepeBo BeICOKOpOCIOE 4 M, C TUPaMUIaTb-
HoM kpoHo#. [lobern B MoIIo1oM Bo3pacTe JIMHOM
oT 28 o 61 cm, Oypsie. JIuCTes Menkue, JITMHON
6,55+0,36 cm, mmpunoit 2,76+0,14 cM, 3eneHsle,
JAHIIETOBUAHON (DOPMBI, ¢ MENKO ocTpoil 3a3y-
OpCHHOCTBIO, HA MHOTOJICTHHUX BETBSIX YacTO pac-
MOJIOKEHBl MYTOBKOW. l[BeTeHue exxeromHoe Ha
4 Gamna. Ero mpomomKHTENbHOCTE COCTaBISIET 7
— 9 nueit. Kuctu cBeTiio-3eeHbIe, TOHKHE, Ha T0-
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Oerax pacrmoijiokeHbl B MyToBKaX. KucTe minHHas
10,7+£0,7 cM, koaddunment Bapmanmm 6,9%. Ko-
JIMYECTBO LBETKOB OoJjbinoe 29,8+1,4 mT., KO3d-
¢unuent Bapuaryu 7,2%. Macca 1iog0oB cpemHss,
0,72 r. Ypoxaiinocts 3,0 — 4,1 kr/kyct. Ilo cBOMM
XapaKTePUCTUKAM COPT YHHUBEPCAJICH.

14-1-51. Coprt BeiBeneH B LICBC (r. HoBocu-
oupck). Bricota 3,0 m. JlucTes cpemHue, MIHHOMN
6,83+0,53 cm, mmpunoit 3,43+0,15 cwm, maHmero-
BHUJIHBIE, C 3a0CTPEHHOW BEPXYIIKOW M MEIKOH
OCTpO¥ 3a3yOpPEHHOCTHIO, 3€NIeHbIE. Pa3zMeps! mrcTa
BapBUPYIOT HE3HAYUTEILHO, HA HU3KOM YPOBHE U3-
MEHYHUBOCTH, KOX(PGUIIMEHT BapHalUd IO JJTHHE
mucta cocrasisieT 11,6%, mo mmpure 6,4%. LBete-
Hue ApyxkHoe 5 6aiioB. [IpoomKUTENBHOCTD 1IBE-
teHus 7 — 10 queit. Kucts cpenussa qnunout 8,9+0,7
cM, ko3 duument Bapuanmu 11,1%. Kommuecto
BETKOB, 23,7+2.6 wT., k03dduuuent Bapuanun
17,5%. I1noapl noyty mapoBUIHON (GOPMBI, KpyII-
HBbIE UX pa3Mephl: auHa 9,6 MM, quametp 9,4 MM.
KonuyectBo miiogoB B kuctu cpennee 8,5+1,3 mr.,
koaddumment Bapuaruu 32,9%. Ilmoxsr cpennue,
macca miogoB 100 mrogoB — 61,7 — 64,0 r. Ilmo-
Ibl BKYCHBIE. MakcumanbHasl yposkaitHoOCTb 5,8 Kr/
kycT. Ilo cBoum xapakrepuctukaM popma yHUBEp-
caJbHa.

14-2-34. ®opma nomyuena u3 LICBC (r. Ho-
BOCHOHpPCK). Bricota 3,4 M. PacteHns ¢ oBambHOI
KpoHOW. Jluctes cpeanme, mmuHOM 7,12+0,67 cwM,
mmpunont 3,50+0,28 cM, oBajibHBIC, C 320CTPEHHOMN
BEPXYITKOH M MEIKOW OCTpOH 3a3yOpEHHOCTHIO,
3eneHble. Yepeliku OKpallieHbl B OOPIOBBIN I[BET.
Pa3Mmepsl nucTa BappUpyIOT Ha CPeIHEM YPOBHE U3-
MEHYHMBOCTH, KodQdurnuent Bapuanuu 13 — 14%.
IlBerenue apyxuoe S5 Oamios. [Ipomormkurens-
HOCTb 1BeTeHust 8§ — 10 mHeil. [InuHa KUCTH cpel-
g 11,5+0,8 oM, koaddurment Bapuarun 14,4%.
Komnuect uBerkos, 31,742,6 wr., koaddumuent
Bapuanuu 18,6%. [Inoxer nourn maposugHOH op-
MBI, KPYIIHBIE WX pa3Mmepsbl: mmHa 10,5 MM, nua-
Metp 10,9 mm. KonnyecTBO M10/10B B KUCTU CPEII-
Hee 9,5+1,3 mr., koadpdunuent Bapuanuu 25,9%.
IInoasr kpynHbie, Macca iogos 100 miogos — 93,4
— 96,1 r, cnagkue UMEIOT JIETKUH OTPBIB. Y poXKai-
HOCTh — 2,6 kr/KkycT. [lo cBOMM XapakTepucTHkaMm
(dbopMa yHUBEpCaIbHA.

13-8-60. Copt BeiBemeH B LICBC (r. Hoso-
cubupck). Bricora 4,3 m. Kpona oampHas. Jlu-
CThsl KpymHbIe, mmmHON 7,84+0,72 cM, mmpuHOI
4,90+0,26 cm, oBaJbHBIE, C 320CTPEHHOIN BEpXyIl-
KO M MENKOil OoCTpoil 3a3yOpeHHOCTHIO, TEMHO-
3eneHble. PazMeps! JucTa BapbUPYIOT CIEITYIONTIM
o0Opa3oM, JUIMHA JTUCTAa Ha CPEHEM YPOBHE H3MCH-

quBOoCTH 12,5%, mmprHa Ha HU3KOM — 6,7%. L[Be-
TeHHe IpyxkHoe 4 — 5 6amnoB. [IpogomKuTeIbHOCTD
nBeteaus 9 guer. Kuers mmmmbas 11,8+0,6 cwm,
k03 unment Bapuanun 12,3%. KonnvecTso 1per-
KoB, 30,2+2,5 mrT., ko3 dunuent Bapuaruu 17,6%.
[Tmompr moYTH MApPOBUAHON (DOPMBI, KPYITHBIC, HX
pasmepsl: jummHa 11,5 MM, nuamerp 10,6 mm. Ko-
JUYECTBO IUIOAOB B KHUCTU cpenHee 11,5+1,2 mir.,
koad¢ument Bapuanuu 23,7%. WHorma miossr
OOpBIBAIOTCSl C KUCTOYKOW, M €€ TMPUXOIUTCS MpH-
nepxkuBatb. [lnoasl kpynHbie, Macca mionoB 100
mwiogos — 84,4 — 87,0 r, cnagkue, KamieBUIHOM
(dhopMmbl, UMEIOT Nerkuil oTphIB. KocTouka kpymnHas,
Ha KOCTOYKE OCTAETCS MSIKOTh. YpoxkaitHOCTh — 2,9
kr/kyct. [lo cBouM XapakTepucTHKaMm ¢Gopma yHH-
BepcallbHa.

B cBs3u ¢ TOBBIIIEHHBIM HHTEpPECOM K pabo-
TaM TIO CEJIEKIINH YepeMyXH HayaTo M3ydeHHUE XO-
3sTICTBEHHO-OMOJIOTHYECKUX TPU3HAKOB YepeMyXHU
O0OBIKHOBEHHOH (kucteBoit) - Padus avium Mill. B
MIPUPOJHBIX YCIOBUAX. YepeMyxa Ha y4acTKe IUIO-
JIOBBIX W SITOJIHBIX KYJbTYp (€CTECTBEHHas pac-
TUTENFHOCTh) TIPE/ICTABICHAa BBICOKUMH MHOTO-
CTBOJIHBIMU KYCTapHUKaMHu 70 6 — 7 M BBICOTOI,
paspocuiMMHCA 32 CYET MHOTOUYMCIIEHHBIX KOp-
HEBBIX OTHPBICKOB. JTOT BHUJ 3UMOCTOEK, JIUIIbH B
CypOBBIE€ 3UMBI OTMEYaeTCsl IMOAMEp3aHHe OJHO-
netHUX noberoB. deHoornYeckre HaOIIOCHNUS 32
yepeMyXoil Ha TeppUTOpuH ANTalcKOro OOTaHU-
YECKOT0 cajja MOKa3ajlu CHHXPOHHOCTh MO CPOKaM
HACTYIUICHHS OCHOBHBIX (Da3 pa3BUTHS C popMaMu
W COpTaMH YepeMyXH, BHIBEJICHHHIMH Ha OCHOBE
MECTHOT'O BHJa — YepeMyxH OOBIKHOBEHHOH. L[Be-
TEHHE OTMEUEHO B KOHIIE Mas - Hauane utoHs. [Ipo-
JOIDKUTETHHOCTH IIBETEHUS OOBIYHO B TeUeHHe 5 — 9
JTHE; co3peBaHMe IJI0JI0B B KOHIIE HIOJIS; pOCT I10-
OEroB ¢ MepBoii eKaIbl Mas 10 KOHIIA HIOHS — Ha-
yana urons. [loGern onpeBecHEBAIOT MOTHOCTHIO K
KOHITy uiojsi. BenuunHa mpupocTa 3a BereTanuoH-
HBII nepuof BapbupyeT ot 12,6 1o 24,3 cm. B KoH-
1€ CEHTSAOPS TUCTHSI HEPABHOMEPHO OKPAIIHBAIOTCS
B JKEJITHIN 1IBET, U B OKTAOpE OTMEYaeTCsl JIUCTOMAI.
B mpupone (momuoxkwee xp. MBaHOBckwid, [lepBbrii
KOpAoH) (heHonorudeckue (ha3pl OTMEUCHBI HA HE-
JIEJTIO TTO3/IHEE.

Ha Ttepputopun Adnraiickoro OOTaHHYECKO-
ro cajga M y MOJHOXKUSA Xp. VIBaHOBCKUU OTMEue-
HBI (OPMBI TOJIKO C OEJIOH OKpacKOW JIETIECTKOB,
8-10 MM B nuameTpe, coOOpaHHBIE B TUIOTHBIE KUCTH.
[Imons! okpyrible, cpeaHre 3HaYEHHUS IO GopMam
(nmuHA 7,6 MM, tuameTp 7,4 MM) — Ha TEPPUTOPUU
caza, y nonHoxus xp. MIBaHoBckuii, nepBbiii Kop-
noH - 7,1 - 6,9 MM cooTBeTcTBeHHO (Tabnura 2, 3).
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Ta6auna 2 — XapakTepHCTHKa XO3STHCTBEHHBIX M MOP(OIIOTHIECKUX MTPU3HAKOB YepeMyX1 0OBIKHOBEHHOI — Padus avium Mill. Ha
TEPPUTOPHH AJNTACKOTO OOTAaHUYECKOTO casa

Dopia Jnuna KonnuectBo minonos Pasmep o0, Mm Macca mionos,
P KHCTH, CM B KHCTH, LIT. JlnuHa Tluamerp r
ABC
(M=£m) 9,9+0,7 10,8+1,1 0,34+0,01
ABC - 1-15 C% 15,20 21,9 7,6 7.4 4,7
P% 1,72 2,60 4,5
im ) + ) k) + ) ] + )
(M*m) 9,8+0,5 4,0+0,6 0,38+0,01
ABC - 2-15 C% 10,41 31,42 7,7 7,5 6,9
P% 1,10 1,51 5,0
(M+m) 10,3+0,4 10,0+0,9 0,42+0,02
ABC - 3-15 C% 7,93 19,21 7.8 7,5 9,1
P% 0,91 2,22 5,2
(M=£m) 12,3+0,6 13,0+1,7 0,4140,02
ABC - 4-15 C% 10,20 27,11 7,4 7,3 7,9
P% 1,40 4,08 5.4
(M+m) 9,0+0,5 11,0+2,2 0,35+0,01
ABC - 5-15 C% 12,72 17,04 7,5 7.4 6,8
P% 1,27 2,19 4,5
M+m 9,9+0,7 7,0£1,2 0,31+0,01
(M=m)
ABC - 6-16 C% 14,01 35,20 7.4 7,5 10,3
P% 1,54 2,85 3.8
(M+m) 11,7+0,6 9,0+1,5 0,31+0,01
ABC - 7-16 C% 10,30 29,84 7,5 7.4 9,6
P% 2,57 7,50 4,8
(M=£m) 13,3+0,7 12,0+0,9 75 0,42+0,02
ABC - 8-16 C% 12,10 15,62 7,6 ’ 7,7
P% 1,72 2,13 3.9

Tabanna 3 — XapakTepuCTHKA XO3SHCTBEHHBIX M MOP(OJIOTNIECKHUX IIPH3HAKOB YepeMyXH 0OBIKHOBEHHOI — Padus avium Mill. xp.
WBanosckui, nepsslil Kopaox

Dopma JmHa kuctw, | KonrdectBo miiogos B Pasmep ru1on108, MM Macca oo,
M KHCTH, IIT. JlnuHa Jluamerp ?
(M£m) 10,620,6 5,0+0,9 0,31+0,03
Kopa-1-15 C% 10,7 18,9 7,8 8,0 16,9
P% 2,8 4,8 49
(M=£m) 8,5+0,5 5,0+£0,9 0,16+0,02
Kopn-2-15 C% 11,4 29,8 7,5 6,0 20,2
P% 2,8 7,9 5,0
(M£m) 10,5+0,6 8,0+1,3 0,26:0,01
Kopn-3-15 C% 12,5 35,7 7,3 7,0 10,8
P% 1,5 3,1 3,8
(M£m) 11,340,6 6,0+1,0 0,47+0,02
Kopa-4-15 C% 10,7 39,1 7,7 7.4 7,9
P% 1,4 2,5 4,0
(M£m) 10,8+0,4 5,0+0,8 0,27+0,01
Kopa-5-15 C% 6,9 29,9 7,2 6,9 9,9
P% 1,7 7,3 43
(M+m) 9,9+0,7 6,0+1,1 0,22+0,01
Kopu-6-15 C% 14,3 36,9 6,2 7,4 12,9
P% 1,6 2,6 5,1

30



T.A. Boosuna, O.A. Jlaryc

IIpooonacenue mabauyvl

Dopvia JmmHa xuctu, | KommdecTBo mionoB B Pasmep 10108, MM Macca oo,
cM KHCTH, ILIT. Jnaa Jlnamerp ’

(M=£m) 10,6+1,1 5,0+0,8 0,28+0,01
Kopn-7-15 C% 18,5 27,5 7,6 7,9 7,1
P% 49 7,4 4.4

(M#m) 9,0+0,9 5,0+0,6 0,29+0,01
Kopn-8-15 C% 18,6 19,4 7,6 7,8 7,2
P% 5,2 5,4 5,0

CpenHsas Macca TUIOOB Ha TEPPUTOPHUH Cajia
Boie moutu Ha 0,1 r, yem Ha Kopaone. Cpennee
3HaueHue no gopmam B caxy 0,37 1, Ha Kopmone
0,28 r. BapuatuaocTtb o popmam B cagy ot 0,31 1
y ¢dopm ABC-6-15 u ABC-7-15 o 0,42 r y popmsr
ABC-4-15, ma Kopmone ot 0,16 T y dhopmer Kopxa
-2 -15 0o 0,47 r y Kopn - 4-15. OnucansbiM dop-
MaM B 3TUX MECTOHAXOXKJIEHUSIX MPHUCYIIN MEIKHE
IUIOZBI C BSDKYILMM, KHCIBIM BKycoM. Ilo mimue
KHCTH OOJIBITMHCTBO (JOPM MMEET CPETHIOI0 KUCTB,
cpeaHee 3HaueHHeE Mo Gopmam B caxy — 10,8 cM, Ha
Kopnone — 10,2 cm. Ilo konrMuecTBy IJI0J0B B KU-
CTH OOJBIIMHCTBO (YOPM B cafy BXOJAT B TPYIITY CO
CpPEeIHUM KOJUYECTBOM IIIOAOB OT 7,2 10 9,7 mit., a
Ha Kopmone ¢ MmanbimM komaecTtBoM — 4,6 —7,1 miT.

MN3yueHue 5HJIOTEHHON WM3MEHYMBOCTH MOp-
¢donorudeckux M XO035SHCTBEHHO-OMOJIOTHMYECKUX
MPU3HAKOB IPOBOAMIIA B KpOoHE OmHOHN ocobu. 1o
JUTMHE KUCTH KO3 PHULKEHT BapUalliy B caly paBeH
11,6%, na Kopnone 12,9% — ypoBeHb H3MEHUUBO-
cty HU3KHi. [Tocne u3yueHus cpeiHero noxkasareis
MIpU3HAKa ¥ aMIIUTYABI €T0 BApbUPOBAHUS IS OT-
JeNBHBIX 0CO0EH, MePEeXOauan K U3YYEeHUIO MHIH-
BUIyaJIbHOM U3MEHYUBOCTH. ITpu nHAMBH Yy aTbHON
M3MEHYMBOCTH M3MEHEHHE XapaKTepU3yeT TOJIBKO
OTAENbHYI0 0co0b. MHIuBHMIyadpHas H3MEHUH-
BOCThH TI0 JUIMHE KHUCTH BbImIe B caxy, 14,3% mpo-
tuB 10,1% Ha Kopnmone. YpoBeHb M3MEHUYHBOCTH
cpenHuid 1 HU3KMM. [I0 KOIUMYECTBY MJIONOB B KU-
ct K03 UIMEHT BapHaluu B caxy paBeH 24,7%,
Ha Kopnone 29,7% — ypoBeHb U3MEHUNBOCTH BBICO-
Knid (9HIOTeHHas W3MEHYHMBOCTH). MHIWBUIyah-
Has U3MEHYHMBOCTH 10 KOJIWYECTBY IUIOAOB B KUCTU
TaK’Ke BBIIIE B cany, 32,4% npotus 19,5%, ypoBeHb
HM3MEHYMBOCTH BBICOKUI U cpeuuid. [To macce mio-
JIOB KO3 (HUIIMEHT BapHallkK B caay paBeH 7,9%, Ha
Kopnoune 11,6% — ypoBeHb U3MEHYUBOCTH HU3KUU
(’HIOTCHHAS M3MEHINBOCTD). HANBUAYaIbHAS H3-
MEHYHMBOCTh IO Macce IJ1070B Beimie Ha Kopaone
34,0% npotus 11,6% B caxy. YpoBeHb H3MEHYH-
BOCTH IO 3TOMY Hpu3Haky Ha KopjoHe BBICOKHA,

B cany cpenHuid. PaboThl MO M3y4YE€HUIO MECTHOIO
BHJA YepeMyXu OyIyT IPOJOKEHBI.

3akiIouyeHne

B Auraiickom 00OTaHHYeCKOM Caay H3Yy4YeHBI
JKOJIOT0-OHMOJIOrHYecKre 0COOSHHOCTH Y 32 COpTOB
u popm uepemyxu. B pesympTaTe Uero moydeHbBI
JIaHHBIE O €€ BBHICOKOI aJalTalMOHHOM CIOCOOHO-
ctu. Pactenus 3umocToiikue. 1{BereHne orMeuaercs
BO BTOPOM, TpeThEM AeKazax Mas, B 3TO BPEMS 4acTO
HaOJIIO/Ial0TCS BO3BPATHBIC 3aMOPO3KH, KOTOPBIC T'y-
OWTEITFHO BIHSIOT HA PENPOTyKTUBHBIC OPTaHEbI.

N3yuenne copToB u GopM depeMyXxH B KOJUICK-
[IUY U B IPUPOJIE CBUJETENBCTBYIOT O TOM, YTO CO-
BPEMEHHBIE COpPTa YEPEMYyXU MPEBOCXOAAT HAIIU
JUKOPACTYIIEe (POPMBI 10 YPOKAKHOCTH, Pa3Mepy
U BKYCy IUIOJIOB, CTa0WJIBHOCTU ILJIOJJOHOIICHUS.
OuLeHKa 4YepeMyXH MO KOMIUIEKCY XO34MCTBEHHO-
OMOJIOTHYECKUX W JEKOPATHBHBIX TPU3HAKOB TIO-
Ka3aja MOJHYI0 BO3MOXKHOCTH BO3/ICJIBIBAHUS €€ B
HareM pernoHe. /[ BHenpeHus B npuycaieOHbIe,
KOJUICKTHUBHBIC CaJbl U O3CJICHCHUE PEKOMEHIYIOT-
cs 15 coproB: ABryctuna, Banencus, I'panatoBas
rpo3an, Ilamaru CanamaroBa, Maspa, Ilozmnss
panocts, IlypmypHas cBeda, CamoruiomHas u OT-
6opueie ¢opmbl 14-1-51, 14-2-34, 13-8-60, 14-1-
62, 13-14-1, 14-3-31, 54-1-34. Jlna npuBiieueHUs
B KOJUICKITMIO U3 TPUPOJELI MPEACTABISIIOT HHTEPEC
yeteipe Gopmel: ABC -1-15, ABC -3-15, ABC -4-
15, Kop. - 4-15. OHM OTAMYAFOTCS KPYITHOTUIOAHO-
CTBIO, JIMHOM KHUCTH U KOJIMYECTBOM ILJIOJIOB B HEH.

[Inonpr yepeMyxu HYXHO HCIIOJIB30BaTh B Jie-
4eOHOM TIUTAHUH U TTHAIIEBOM MTPOMBITINIEHHOCTH, B
CBSI3H C 0OraThIM OMOXUMHYECKHUM COCTABOM.

Kondaukr untepecon
Bce aBTopbl mpouuTanu U 03HAKOMJIEHBI C CO-

Jiep)KaHUEeM CTaThU M HE MMEIOT KOH(IIMKTA WHTE-
pecoB.
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HcrouHuk ¢puHAHCMPOBAHUS 3oHax 3amagHoro u Boctounoro Kasaxcrana mis

paIMOHAIEHOTO M 3()PEKTUBHOTO MUCIIOIB30BAHMS)

Cratps Hammucana B pamkax HTII «Paspaborka  wa 2021-2022 rr. npu ¢puHaHCcoBoM moanepxke Ko-

Hay4YHO-TIPAKTUYECKUX OCHOB M HHHOBALIMOHHBIX  MHTETa Haykn MUHHCTEpPCTBa 00pa3oBaHUs U HAY-
MOJXO0/I0B MHTPOAYKUMH PACTEHHH B MPHUPOAHBIX  KH PecnyOnuku Kazaxcrah.
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CYT CAPBLICYbIHbIH MUKPOBTbIK KAYBIMAACTbITbIHbIH,
MUKPOBUOAOTUAADbIK KOPCETKILUTEPI
XKOHE TAKCOHOMMUSAADIK K¥PAMbIH 3EPTTEY

BrosTaHOAFa A€reH Kbi3bIFyLUbIAbIK, COHFbl OHXKbIAABIKTAPAQA alTAPAbIKTa apTThbl, OA TEK epiTKiLl,
aHTUPU3 HeMece BPTYPAI OPraHMKaAbIK, KOCbIABICTapPAbIH, KeH, CMEeKTPiH eHAIpYre apHaAfaH LuMKi3aTt
peTiHAe FaHa emec, CoHbIMeH Kartap 6eAriai 6ip Aspexeae eteyre GOAATbiH OMOOTHIH pETiHAE Ae
KapacTbipblAAbL. B1O3TaHOAABIH GeH3UHIe KapaFraHAQ KEAEC apThIKbIAbIKTApbl 6ap: 0A aTMOCepaHbl
a3 AacTanAbl, OHaM blAbIPANAbI, OKTaH CaHbl >KOFapbl XK&HE OHbl OHAIPY YLUIH XQHAPTbIAATbIH LUMKI3aTTbl
namaasaHa araabl. broaTaHoAFa YHeMI ecin KeAe >kaTKaH CypaHbIC acTblK, HEMece KapTornka KaparaHAa
ap3aH >kaHa cybctpattapabl i3aeyai Taaan eteai. OcbiHAaM cybcTpaTtTapAbiH, 6ipi peTiHAae Herisri
KOMIPCybl AaKTO3a 6OAbIN TabbIAATbIH CYT CApPbICYbIH MARAAAAHY YCbIHBIAAAbI.

3epTTey  XKYMbICbIHbIH ~ MakcaTbl:  CYT  CapbiCyblHblH, ~ MWKPOOTbHIK,  KAybIMAACTbIFbIHbIH,
MUKPOOMOAOTUSIABIK, KOPCETKILITEPI KOHE TAKCOHOMMSIABIK, KYPaMbIH 3epTTey.

3epTTey >Kymbicbl 6apbicbiHAa «Mepke ipiMiuik 3aybiTbi» KLUIC, «<Amupan» (cyT capbicybt) XLUC,
«Cteana Aabnntar XKLUC (ipiMitik capbiCybl) CyT CapbiCyAapblHbIH, MUKPOOTBIK, KAybIMAACTbIFbIHbBIH
MUKPOOMOAOTUSIABIK KEPCETKILLTEP] )KOHE TAKCOHOMUSIABIK, Kypambl 3epTTeaai. CyT capbicy yAriaepiHeH
ALbITKBIAAPAbIH, 3 LUITaMMbl XK8HE CYT KbIWKbIAAbI BakTepusinapAbiH 1 WTaMbl GOAIHIN AAbIHABI.
ALLBITKbIAQD MEH CYT KbILIKbIAbI GaKTEPUSAAPbIHBIH AAKbIAAAPbIH TYpre AeniH MAEHTUDUKALMSAAQY
HoTuxeciHae b xoHe T wrammaapbl Kluyveromyces marxianus Typide, M1 wrambl — Lactococcus
lactis, AT — Candida inconspicua TypiHe AeriH MAEHTUMDUKALMSAGHADI.

TyniH ce3aep: CyT capbiCybl, GMO3TAHOA, aAUILITKbI AAKbIAAAPbI, CYTKbILIKbIAABI OGAKTEPUSAAPD,
LUTaMM.

A.A. Zhubanova, G.Zh. Abdieva, P.S. Ualieva, A.M. Malik’

Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: azhar.malikkyzy@gmail.com

Study of microbiological indicators and taxonomical composition
of microbial association of milk whey

Interest in bioethanol has grown significantly in recent decades, not only as a solvent, antifreeze or
feedstock for the production of a wide range of different organic compounds, but also, to some extent, as
a biofuel. Bioethanol has the following advantages over gasoline: it is less polluting, decomposes easily,
has a high octane number, and can use renewable raw materials for its production. The ever-growing
demand for bioethanol requires the search for new substrates that are cheaper than grain or potatoes.
As one of these substrates, it is recommended to use whey, the main carbohydrate of which is lactose.

The purpose of the study: to study the microbiological indicators and taxonomic composition of the
microbial community of whey.

In the course of the study, the microbiological indicators and taxonomic composition of the micro-
bial community of whey of Merke Cheese Factory LLP, Amiran LLP (whey), Stella Alpina LLP (cheese
whey) were studied. From the serum samples, 3 strains of yeast and 1 strain of lactic acid bacteria were
isolated. As a result of prespecies identification of cultures of yeasts and lactic acid bacteria, strains of
GB and GT were identified as Kluyveromyces marxianus, strain M1 — Lactococcus lactis, A1 — Candida
inconspicua.

Key words: whey, bioethanol, yeast cultures, lactic acid bacteria, strain.
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N3yueHne MHMKPOOMOAOrMUYECKMX MOKa3aTeAen
M TAaKCOHOMMYECKOro COCTaBa MMKPOOHO#M accouMaumm
MOAOYHOM CbIBOPOTKM

MHTepec K 6MO3TaHOAY 3HAUMTEABHO BbIPOC B MOCAEAHUE AECITUAETUS HE TOALKO Kak K pacTBOPH-
TEeAI0, aHTU(PU3Y WMAM CbIPblO AAS MPOM3BOACTBA LUMPOKOrO CreKkTpa Pas3AMYHbIX OpraHMYecKmMx
COeAMHEHUI, HO M B HEKOTOPOM CTemeHu Kak K 6uoTonAuBy. buostaHoA vMmeeT caeayloume
npeumylecTsa nepes 6GEH3MHOM: OH MeHblle 3arpsi3HgeT aTtMocepy, Aerko pasAaraeTcs, MMmeer
BbICOKOE OKTAHOBOE UYMCAO M MOXKET MCMOAb30BaTb AAS CBOErO MPOM3BOACTBA Kak BO306HOBASIEMOE
cbipbe. [MOCTOSHHO pacTywmin cnpoc Ha 6uoaTaHoA TpebyeT noucka HOBbIX CybBCTpaToB, GoaAee
AELIEBbIX, YeM 3epHO MAM KapTodeAb. B kauecTBe 0AHOro M3 Takux Cy6CTPaTOB PEKOMEHAYETCS
MCMOAb30BaTb MOAOYHYIO CbIBOPOTKY, OCHOBHbIM YTAEBOAOM KOTOPOW SIBASIETCS AQKTO3a.

LleAab MCcAeAOBaHMS — M3YUUTb MMKPOOMOAOTMUYECKME MOKA3aTEAM M TaKCOHOMMYECKMIA COCTaB
MMKPOBHOro cooblLLecTBa MOAOYHOM CbIBOPOTKM.

B xoae MccaeaOBaHUS M3yUeHbl MUKPOOMOAOTMYECKME MOKa3aTeAM M TaKCOHOMMYECKMIA COCTaB
MUKPOBHOro coobwectsa MoOAOYHOM CbiBOpoTkM TOO «Cbip3aBos, «Mepke», TOO «AmupaH»
(cbiBOpoTKa), TOO «CTeara AAbMUHa» (CbipHas CbIBOPOTKA). M3 06pa3uLoB CbIBOPOTKM BblAEAEHO 3
LITaMMa APOXOKe U T LiTaMM MOAOYHOKUCABIX GakTepuil. B pesyAbTate npeABUMAOBOM MAEHTUDUKALMM
KYAbTYP APOXKEN M MOAOUYHOKMCAbIX GakTepuit wTammbl b u I'T naeHtndmumposatsl kak Kluyvero-

myces marxianus, wramm M1 — Lactococcus lactis, AT — Candida inconspicua.
KAloueBble CAOBa: CbIBOPOTKA, BGMO3TAHOA, APOXIKEBbIE KYAbTYPbl, MOAOYHOKUCAbIE BakTepum,

LUTaMM.

Kipicne

Conrpl OipHemie >KbUIIa MyHail MeH Ta3
OaracelHBIH KYpPT 6cCyiHe, COHJaif-ak OipkaTtap
SKOJIOTHSUIBIK TTpo0iieManapra 0aiiaHbICThI OMOOH-
JICJICTIH  IWKI3aTThl MMaljjalaHyFa HEeTi3/e/IreH
OMOATaHON OHIIPICIH TYTHIHYABIH JXbUIAAM apTyh
nyHue xy3inge aram etimai [1-3]. Kazipri Tagma
ouosTanonably 90%-1aH acTaMbl, 9JE€TTE, KaTalu-
3aTopiiap PeTiHIe ambITKBl KIeTKIaphiH (KebiHece
Saccharomyces cerevisiae) maiinamaHa OTBIPHII
eHpuipineni [4].

Kpaxmanapl MakcaTThl ©HIMI€ — ITaHOIIFa ai-
HaJNJbIpa OTBIPBIN, AMUJIOIUTHKAIBIK (QEepMEHT-
TEpPIiH  KOMETriMEeH  KpaxMalibl  TII0KO3ara
(hepMeHTaTHBTI TYPICHIIPY apKbLIBI OMOATAHOI ATy
YIIiH KOJJAHBUIATBIH KypaMbIHAA Kpaxmaibl Oap
mMKi3aTTaH 0acka, OMOTEXHOJOTHUSIIBIK OHIIPICTiIH
Tarel Oip IEPCIIEKTUBTI K631 0ap, 01 — CYT CapBICYHI.

Tamak eHepKaciOi xkoHe KaliTa OHIey OHEPKACiOi,
XaJTbIK [IapyanIbUIBIFBIHBIH KONITEreH 0acka canana-
PBI CHAKTHI, KOpIIIaFaH OPTAHBI JIacTay K©3i OOJIBIIT
tabbuaapl. CyT eHepkociOi YIIiH CYT HIMKi3aTThIH
HETi3Ti Ke3i OoibIl TaObLIambl, OipaKk OHBI KaiiTa
OHJIEy Ke3iHJe capbicy, MaiChI3JaHIbIPhLUIFaH
CYT, aiipaH, cenapaTop NUIAMBI XOHE T.0. CHSIKTHI
EKIHIIUTIK MUKI3aT TeH KalAbIKTap mnaima Oora-
nel. Omap aFbIHABI CyJIapAbl JacTayIbIH HETi3Ti
Ke3i 0obIn TabbuIaAbl. Kanaplk OHIipiCTiH OapibIK

JIEpIIK KE3CHJICPIHJEC TY3UICTIHIIKTEH, OapiIbiK
MIPOLIECTEP SPTYPIIi JacTayIIbl 3aTTAPABIH TY31ITyiHe
pikmman eremi [5]. JlacraHy Kypambl OoOHBIHIIIA
CYT ©HEpKACiOiHIH aFbIHABI CyJapbl TYPMBICTHIK
CapKbBIHBI Cyapra Kaparanzaa 10 ece kel macTaHFaH
JKOHE  Ta3apThUIMall  aFbI3bUIFaHNIa  KOpIIaFaH
opTara epekure Kayin teHaipeai. Cy KoimanapbsiHa
arpI3bUTFAH  Ke3/Ie Ta3apThUIMaraH aFbIHIBI Cy-
map  CcyAblH  (DM3WKA-XMMISUTBIK, — KacHETTEpiH
alTapipIKTall HamapiaTajabl, OHJAFBI OTTETiHIH
KYpaMbIH ToMeHieTei. benrini Oip KOHIEeHTpaIus-
Jap/a arblHAbI CYJNapIbIH allblK CyKoWMallapblHa
Tycilyl cyaarbl OWOJOTHSUIBIK PpECypCTapbIHBIH
TipHIiTiriHe Kepi acepiH turizexni. Taram xoHe Oacka
Jla OHEPKACIN OPBIHIAPBIHBIH KOIIILIIr el Me-
KCHJIEp ayMarblH/la OPHAIACKAHJBIKTAH, OJIaPIbIH
CapKBIHABI CyJaphl TEK KaHaJIM3aIls JXyleciHe
FaHa eMec, COHBIMEH Karap cy KyObIpiapbliHa na
OiTeTiHITI MpoOIeMaHbl KUbIHATAIbI.

Tazamay KypBUIBICTAPBIHBIH KYHBIH TOMEH-
JETYIiH JKoHE Cy aliIbIHIapbIHA CAPBICYAbI TOTYICH
KeJIeTiH 3USAHIBI XKOKWJbIH OipAeH-0ip KOJIbI — OHBI
VTHIMIBI Takganany. bynm eTe Kaxker, ©HTKeHi
CYTTIH KYpFakK OeIKTepiHiH »apTHICHI CYT Capbl-
CybIHa ©Te/i, HOTHXKECIHIE CYTTI OHIeYy Ke3iHue
mamMaMeH 15 ToHHaA cappICyabl KaOBUIIAI, OHBI
aFplHIBl CyJapFa kiOepeTiH 3aymlT 45 Kr Mai,
120 xr axysI3, 720 KT CYT KaHTbl, COHJAH-aK BU-
TaMUHIEP MEH MUHEpaIIapJblH anTapibIKTal
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Memuepin xorantaabl. CyT capbICyblH OHICYAIH
opTYpii omictepi Oap, ojap OmaH ©H KYHIBI
WHTPEIUCHTTEpAlI Oellin alyMeH HeMece OHBIH
OapibIK KOMITOHEHTTEpiH maiinanaHymeH Oaiina-
HBICTBI OOMybl MYMKiH. Byl MHUKpOOTHIK CHHTE3
OHIMJIEPIH aly YIIiH aKybI3Abl, CYT KaHTHIH aiy,
[III0K03a-TaJlakTO3a CHPOIIBIH, 9PTYPJi CyCBHIHAAp-
Il TaWBIHIAY, MHKPOOPTaHU3MIEPAl OCipy YIIiH
opta periHje maiinanany [6]. JlerenMeH, OapIibIK
HYCKAQJIapJbIH IIIiHAE CIUPT aly YIIIH CapbICyIIbI
JIAKTO3aHBl AIIBITATHIH AIUBITKbUIAPABIH SPTYPIi
KyJbTypajapblMeH allbITy OYTiHTi KYHi ©Te ©3eKTi
00JIBITI Kasia Oepe i JKoHe 3epTTeYIIiIep YIiH YIKeH
KBI3BIFYIIBUTBIK TYIBIPAJIBI.

Orun  cnupti  (3TaHON) —  KOMipcyJapibl
MUKPOOPTaHU3MAEPAIH aIllbITy TPOIECiHIH KeH
TapajFaH eHiMzaepiHiH Oipi 60mbmn TadbUTaABI. OTa-
HOJI CHHTETUKANBIK KaydyK OHIIpy YIIiH epiTKill
KOHE XMMUSUIBIK IIHUKi3aT peTiHae, MEAULUHAA, CO-
HBIMEH KaTap O€H3WH/I iIIiHapa anMacThIpa alaThlH
otbiH petinae (oHbl 10% *xoHE oJaH Ja Kem KOH-
LeHTpanusiaa OeH3MHTe KOCcyFa Ooiajapl) KeHiHeH
KOJIIaHbLIATBIHBI OeTii [7].

CrupT eHAIpiCiHIH JocTYpili IIMKi3aThl —
KYpaMBbIH/1a )KeTKUTIKTi allTBITHUTATHIH KAHTTap HEMe-
ce KaHTTaH/pIpyFa 00JIaThIH OacKa Kemipcyiap oap
opTYpIi ecimaik marepuainapsl. Kypambiaga kpax-
MaJ1 6ap MaTepHaIiapablH €H KOIl KOJIIaHbUIAThIHbI
acThIK (Kapa Owmai, Oupmai, Kyrepi, apma, CyJibl,
Taphl) )KOHE KapToIl, KypaMbIHJIa KaHT Oap MaTepH-
anmap — Menacca (KaHT oHe KpaxMail eHIIpiCiHIH
KaJIZBIKTAPhI ), Ie(EKTTI KAHT KbI3bLIIIACHI, COHBIMCH
KaTap araml KaJJIbIKTapbl )KOHE aybUIIAapyambUIbIK
KaJIbIKTapBhI.

Mukpooprauusmaep  y3aK  yakelT — OOHBI
CIHUPT XOHE CIHPTTIK CYCHIHAAPABI OHJIIpY YILIiH
KonmanelIFaH. Mocenen, Lleireicta Aspergillus
oryzae [8] [makeIbl Kypilml aparblH  (cakd)
OHJIpyJie CIUPTTIK albITY KO3ABIPFBILIBI PETiHIE
KOJITaHbUIaAbl, MeKcHkaga »oHe Oacka emjiep-
JIe OChIHIAW skarmaiinapna Zymomonas mobilis
[9] Oaktepusiiapbl KoimaHbUIaABL. bipak, opTypai
miapanrap/ipl, ChIpaHbl, apakTapAbl JoHE Oacka
Jla aJKOTOJNB/I JKOHE a3 aJKOTOJBAlI CYCBHIHAAPBI
OHIIpyle €H YJKEH MPaKTHKaJbIK MaHbI3bl 0ap
AIIBITKBI, OHBIH 3TAHOJBIHBIH HET13T1 OHIipyIIiiepi
Saccharomyces cerevisiae mramaapbl 00JbIT TaObI-
mazael [10, 11]. Onap, 6acka caHBIpayKYyJTaKTapAbIH
KOIIIIUIrT CUSKTBI, adpOO0Thl THIHBIC ajajbl, Oipak
ayacwl3, kemipcynapasl 3TaHona meH CO2-re peliin
aIbITAdbIL.

DTaHoNIFa YHEMi ecil Kelle KaTKaH CYpaHBIC
acTBIK HeMece KapToIllKa KaparaHIa ap3aH KaHa
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cyOcTparTapasl i3aeyai Tanman eremi. OcblHmai
cyOcTparTapaply Oipi peTiHIe Herisri Kemipcysl
J1aKkTOo3a OOJIBIN TAOBUTATHIH CYT CAPBICYBIH Makaana-
Hy ycbiHbIIabl. CoHFbI 30 )KbUTIA KOIITET€H aBTOP-
nap HerizineH Kluyveromyces fragilis, K. marxianus
xoHe C. pseudotropicalis aMIBITKBUTAPEIHA CIITEME
’acall OTBIPHIII, JIAKTO33JaH 3TaHOJ ajly TOCUIIEpiH
Kapactelpipl. «The Yeasts, a taxonomic study»
IeTeH 3epTTEeYIiH €H COHFBl OachUIBIMBIHAA [12]
onapapH OapnbiFel K. marxianus ambITKbICBIHBIH
cuHOHUMIEpi peTinae oepinreH. K. fragilis wone K.
marxianus ambITKBUIAPHI €XKEIICH )KeKe TYP OOJIBII
caHayael, Oipak Oyringe K. fragilis awwimxbicol
K. marxianus TypiHiH KypambiHa kipeni. Candida
pseudotropicalis (C. kefyr cunommmi) — K.
marxianus aHaMopQThl (3KbIHBICCHI3) TYPi. FhuTbiMu
3epTTeynepaeH Oacka, HeriziHeH Kluyveromyces
alIBITKBICHIH  TIAWJJaNlalbIll, CcaphICyJaH dSTaHOI
OHJIPETIH OHEPKACINTIK 3ayBITTapIblH OipHele
xargaiinapel 6ap [13-14]. S. cerevisiae almIBITKBICHIH
JIAKTO3aHbI AIIBITY YIIH KOJJAHyFa Ja Ker KOHLI
Oeminmi. bacrankel cTpaTerusiap ajAblH - ana
THIPOJVM3ACHIeH JIaKTO3a EepITIHIAIepiH, SFHH
TIIOKO32 MEH TalaKkTo3a KOCHAaJapblH AallbITy bl
KaMTblabl. COHBIMEH Katap, Jakto3a-pepTunbai S.
cerevisige TITaMIapbl TPOTOIUIACT CUHTE31 KOHE
TeTePONIOTHSIIBIK,  B-TajaKTo3ua3alapiblH  JKC-
MPECCHUSICHl CUSAKTHI OipHeIIe sicTepMeH JKacallFaH
[15-17].

COHFBl XKUBIpMa JKbLIJa OHOKATAIU3ATOP-
JapAblH JKaHa TYPiH — MHUKPOOPTaHM3MAEPIiH
MMMOOWIN3aIMsUIaHFaH KJIETKaJapelH aiy Oo¥i-
BIHIIIA 3epTTEyJep OelCeHAl Typae XKypriziiaynue
[18-21]. Onap MUKpOOpPTraHU3MAEPAiH KMMOONITH-
3alMsUIaHFaH  KJIETKaJlapblHbIH HETri3iHge ca-
pBICY HETI3IHJE OSTAHOJIBIH HSKOHOMHUKAIBIK
THIMZII OHJIpiCiH YHBIMAACTBIpYFa OOJIaTHIHBIH
kepceTeni. by cyOcTpaTThIH KYHBI ©6T€ TOMEH, all
MMMOOUIU3AIUAIaHFaH MHUKPOO KIIeTKajJapbhlHA
Heri3eNreH OMOpeakTOPAbIH OHIMIIIITT SpTYpIIi
aBTOPJAPABIH  IMiKipiHIIe, ©00C  KIeTKalapra
HETI3/ICJITeH JOCTYpJIi OMOpeakTopra KaparaHjia
3-50 ece »xorapbl. KenTeren xapusuiaHbIMIap
TUAPOGUIBAI TENbACPTe CHTI3IITEH AaIIBITKBI
KJIeTKanapsl 0ap OumopeakTopiaapabl CUIATTalIbI;
copOmus XKoHE XUMHSUIBIK UMMOOWIH3AIHS Typa-
1Bl ecentep Oap [22].

Ocbunaiiia, >KOFapblAa KeNTIipiireH Mblcal-
Iapaa  KepceTunreHael, WMMOOWIN3alrsIaHFaH
alllBITKBl KJIETKAJapel Oap Owopeakrop OHOATa-
HOJIZIBIH, YKOFAaphl IIBIFBIMIBUIBIFBIMEH  OHTAMIIBI
XKarJaimapaa — capeicyAbl  Y3Oikcis  pepmen-
TalusIayFa MYMKIHIIK Oepe/i.



A.A. XybaHnoBa xoHe T.0.

3eprTey daicrepi

Capuicy yneinepiniy Qu3uKa-xumMusiivlk Kep-
CemKiwmepin  dcone  MUKPOOMbIK — neusanicoa-
poin 3epmmey. Cym capulCyblHaH CblHAMA ALy
JHCOHE ONAPObIH DUUKA-XUMUSLTILIK IHCIHE OP2aAHO-
JIeNMUKAAbIK KACUemmepin 3epmmey.

CyT capbICybIH ipiKTey HpoueciHAe TY3UIEeTiH
arplHIOBl  cynapAaH cerHaManapael amy (COCT
33957-2016 «CyT capbICybl )9HE OHBIH HETI31HJeT1
cycerHnap. KaObuimay epesxenepi, cbhlHamamapisl
ipikTey JKoHE OaKbUIay 9IiCTEPi»).

Opaaronenmukamvly KOpcemriumepoi anvblKmay.

OpraHonenTHKAIBIK Oaramay ChIHaMa
alplHFaHHaH KeWin ne, 2°C-tan 6°C-ka AeHifri
TeMIepaTypaaa 8 caraTTaH aClalThIH CaKTay YKOHE
TaceIMajiayiaH KediH /e )Kyprizinemi.

Jomi MeH mici, KypbUIBIMBI, CBIPTKBI TYPi MEH
TYCl BU3ya[bl OHE CEHCOPJIBIK TaJay apKbUIbI
aHBIKTAJNIA/Ibl KOHE OJIAPJBIH CTaHJAPTTHI KaOBLI-
JlaFaH eJjIerl KOJJIaHBICTaFbl HOPMATHBTIK HEMECe
TEXHHUKAIIBIK KY)KATTapFa COMKECTITIH TeKCEepe/Ii.

OHIMIEpIiH CHIPTKBI TYPi MEH TYCi Kejeciaen
aHbIKTaNaAbl. BIpiKTIpireH YiATieH capbICybIH
HeMece CyChIHHBIH Oip Oeiri Tasa sxoHe Kyprak Ile-
TpH TabaKmIacklHa KYHBLTA B, OHBI BIIBICTHIH JKap-
TBICBIHA KYBIFbIHA TONTHIpabL. [leTpu Tabakuiackia
aK Kara3ra KOWBIII, IaFbUIBICKAH )KaPBIKTA BITBICTHIH
IOTIHACTICIH 3ePTTEH/I.

Wici MeH nIoMIiH OpraHoJIeNTHKAaJbIK Oaraiay
OHIM/II MICKEY XKOHE TOMJICY aPKBLIBI )KY3€Te aChIPhI-
naapl. OHIMHIH CBIHAK YITIC Oap cTakaH MYpBHIHFa
1-2 cM KambIKTBIKTA JKeTKizinenl. Mici KpIcKa
TEPEeH €Ki PeT THIHBIC ally apKbUIbl AHBIKTAIAMIbI.
Copan xeiiin, eHiMAl kem ngeresge 10 cm imeni,
OHBI aybI3 KyBIChIHA TiIIH TYOiHE JCWiH MKETKi3iI
JKOHE OHBI aybI3 KyBICBIHJA IIaMaMeH 7 CeKYHI
ycraiiael. ComaH KeiiH yiri TYKiprimke Teriiemi.
JKyTy KO3FaibIChl MYPBIHFA JE€M IIBIFAPY apKbLIbI
JKY3€Te achIpbUIaIbl )KOHE CHIHAK YITICIHIH Hici MeH
JTIOMiHE KOPBITBIHIEI OaFra Oepiniesii. AybI3 KyBICH 35
+ 5°C Temnepatypaja 9Jici3 KallHAThUTFaH IMaiMeH
MYKUST AABLTA IBL.

Capbicy MEH CYCBIHAAPJbIH KOHCHCTEHIIUSCHI
onappl CHIABIMABUTBIFEI amMamer 100 cM® Memmip
Tycci3 KostbajaH KYHbUTaThIH CYHBIKTBIKTHIH O1pTEK-
TiITiH OaKbUIal OTHIPHIIN, COJ TeKTi Oacka Konbara
KYIO apKbUThl aHBIKTaNanel. ComaH KediH olrap
OHIMIep KYWBUIFaH BIIBICTBIH IIIKI KaOBIpFagapblH
MYKHUST TEKCEpIll, aKybl3 YJIEKTepiHiH OOIybIH
XKoHE T.O.

Tumpaenemin KblUKbLIOLIKMbL AHLIKMAY.

TutpneHeTiH KHIIKBUIABIKTEI aHBIKTAY CYT
CapbICYBIHJIAFBl TY3AapAbI, OENOKTapAbl, KeMip-

KBIILIKBLI I'a3bIH koHE 0acKa KOCBUIBICTapAbl HATPUI
TUAPOKCHUIIMEH TUTpJIEyTe HEeTi3enreH. bactamkel
CBIHAKTApJAaFbl THUTPJCHETIH KBIIKBUIABIK Tep-
Hep rpanyceiMeH (°T) xepcerinren. TurprieHeTiH
KbIILIKbUIABIKTHI aHBIKTAY YIIIH CHIMBIMIBLIBIFEI 150
cM® KOHYCTBIK KoJi0aza yur Tamisl 1% ¢enomndra-
neuH epiTinaici 6ap 10 cM3 capbICy bl eniiey Kepex.
Epitinaini mykusat apaigacteipsi, 0,1 H tarpreiimni,
MBICANIbI, HATpUU (Kaluil) THAPOKCHII, TYPaKTHI
KBI3FBUIT TYC aJiblHFaHIIa. byl Tutpney npoueci yi
peT KalTajaHbIN, KbIMIKBUIABIKTEI aHBIKTAy YIUiH
OpPTaHFBl HYKTE MaiinanaHbuIIbl. KBIIKBULABIKTEL
ecenrtey gopmyinacsl (2.1).
. _ mxlon

M= —— 2.1)

Byn dopmynama: X — KBIIKBUABIK OIIEMi; N
— turpaeyre xymcanrad 0,1 H# NaOH kenemi, cm?;
100 — 100 r enimre TypieHaipyre KaxerTi ko3¢ du-
LUEHT; M — CapbICYIbIH MacCachl, I.

Bencennmi KpIIKBUIABIK — capbicyabiH pH
MoHzepi 3epTxaHanblk pH-metp — 150 MI kemerimen
aHpIKTANABL. pH emmey mpomeci op 3 KYH calbiH
KaiTananaapl. Capeicy KbIIKbULIBIFEI PH oHBI OpTa
perinae maiinanaHy KpuTepuiiepiHiH Oipi Oouibin
TaOBUIAIBI.

Capuicyoviyy MUKpoOmMulK KayblMOACMbISbIHbIHY
MUKPOOUONOUANBLIK, — KOPCEMKIWmMeEpin — JicoHe
MAKCOHOMUANIIK KYPAMbIH 3epIme).

Mukpoopranu3MaepAiH (QU3NOTIOTHSIIBIK TO-
TapblH JKOHE CAHBIH aHBIKTAay KaTThl KOPEKTiK Op-
Tamapaa TaOuFyd cyOcTpar yYiITLIepiH CYHBUITY
o/liciMeH Xy3ere achlpblULAbl. YIIriepaeri MUKpoop-
TaHM3MJIEP/AIH KOJIOHWS Ty3ymli OipJiKTepiHiH
TATPiH aHbIKTayma Kox omici KOJIAHBUIIHL.
OmicTiH MoHI 3epTTeNreH MHKPOOPraHW3MICPAiH
CYCIIEH3USACHIHBIH Oenrimi  Oip kememin Iletpm
Ta0aKIajapblHa KATThl OpTaFa ery JKoHe HHKY Oarus-
JlaH KCHiH OcCiIl IIBIKKAH KOJIOHHSIIAp/Ibl caHay 0o-
abin Tabbi1agsl. Ery Ilerpu TabakmanapeiHia arap
KOPEKTIK opTaja xyprizineai. MHOKymsusumapant
WHKYOanusayaaH KeiH eCipiireH KOJIOHUSIAPIbIH
CaHbl AHBIKTAIABI JKOHe | T yhrimeri KOJOHHS
Ty3yun Oipmiktepain (KTB) caHbl aHBIKTalIBbI.
Taburu  cyOcTparTapAblH ~ MUKPOQIOPACHIHBIH
canajblK JKOHE CAHIBIK KYpPaMbIH 3€PTTEY MHUKPO-
OMOJIOTHSIHBIH JIOCTYPJIi  O/IiCTEPIMEH KYPTi3iii.
MA®AHM MHUKpOOpraHM3MIEPiHIH >KaJllbl ca-
HBIH aHBIKTAy YIIiH eT-menToHnmbl arap (MIIA)
KOJIAaHbIIaAbl. MUKPOOPraHUu3MICPAIH OpTYpIi
(DU3MOJOTHSIBIK TONTAPHIHBIH CAHbIH aHBIKTAY
YIIiH 3JIEKTUBTI COMKEC KOPEKTIK OpTanapbl maw-
JanaHajgpl. AMIBITKBIHBL Oeinm anxy YIIiH YIIiH
KaTThl xoHe cyibik Cabypo, MPC, MIIA opra-
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Japel KOMAaHBUIABL. JlakpUigapabl ecipy TepMo-
crarta 28°C-30°C temnepatypana 2-5 kyH Ooiibl
KYPTi3UIai. AIIBITKBIIApABI ©Cipy YIIIH KOPEKTIK
opta perinne CalOypo opTachl (amBITKBl YIIiH),
(r/n): rmroxo3a-40,0; nmenron-10,0; arap 18,0-20,0
KYOBIp CYBI

Capubicy yneinepinen masa 0axwvlioapovl Oenin
any aoicmepi

Taza makpuImapael O6MIN any THIFBI3 KOPEKTIK
OpTaHbIH OCTiHJEC MEXaHUKAIBIK 06y apKbLIbl
JKy3ere achIpbUIAbl (TY3aKTbl KYWIIpyMEH IITPUX
omici) [23]. JKeke KOJOHUSIAPIBIH Ta3abIFbI
MHUKPOCKOITUSI apKbUIBl TEKCEPINli JKOHE ocipy
VIOiH KOPEKTIK arap KUFaIlTapblHA >KaOBUIIBI.
Mukpoopraau3mMIepIiH Taza JaKpUIapbl 2-5 KYH
00MBI KyJIbTHBAIHSIIAHIBI.

Mukpoopranu3maepiin  MoppoyIoTus — Ja-
KBUIIBIK, (pU3u0IOTHS — OMOXWUMUSIIBIK CUIATTa-
MajiapblH aHBIKTAy aJIbl KaObUIIaHFaH SJICTEP
OOMBIHIIIA KYPTi31Ii. AIIBITKEUIAPIBIH MOPGOII0-
THSUIBIK  JKOHE JaKbUIABIK —KacueTTepi Kelseci
Oenrijiep OOWBIHINIA 3EPTTENL: KJICTKaIapIbIH
MiIIiHI MEH OpHAaJacybl, KJIETKa OIIeMi, KaTTh
KOPEKTiK OpTaJarbl KOJOHUS CUIIATTaMachl, CYHbIK
KOPEKTIK OpTaja ecCy CHIaThl. ANIBITKbUIAP/BIH
(hM3HONOTHANBIK JKOHE OMOXMMUSIIBIK KacHeTTepi
KeJrecl oenrinep OOMBIHIIIA AHBIKTAJIIbI:
ambITKeLIapABIH 200C, 28°C, 37°C, 45°C temnepa-
TypajJarsl TEPMHUSUIBIK TYPaKThUIBIFBI, 2%, 4%
xoHe 6% NaCl oprypm KoOHIEHTpanusuiapra
TO3IMALIIr, SPTYPJIi KeMipcyiapabl ambITysl [24].

AUIBITKBI JaKbUIIAPhI MOPQOIOTHSI-IAKBIIIBIK,
(hbM3HONOTHA-OMOXUMUSIIIBIK,  KaCHETTEpiH  3epT-
TEY HETi3iHAEe ASCTYPJl OAiCTEpPMEH AaHBIKTAJJIBI.
AUIBITKBUIAPBl  AHBIKTAY VIIH aHBIKTAMAJbIK
HyckaynbslkTel  W.II. babueBa, B.M. T'omyGesa
«AWBITKbUTAPIBI OO aly jKoHEe MICHTU(HUKAL-
sTay 9nicTepiy» Kommaumsl [25].

ATIBITKBUIAP/IBIH SpOip TYpiHE KaTBICTHI IKCIIe-
pUMEHTTep 3 peT KalTajayMeH Kypri3iimi.

Jlakmo3zansl  awblimamein  nepPCNeKmuemi
AUBIMKbL WMAMOAPBIH OONLIN ALY HCIHE AHBIKMAY.

lenomapik JAHK enpipyminin (Invitrogen,
Carlsbad, AKIII) xarramaceiHa coiikec JIHK ok-
maynay ymiH PureLink renommeik JHK sxuna-
FBIHBIH KOMETIMEH OaKTepHsIapAblH KYHJIENIIKTI

MaKbUIMAphIHAH OOJIHIN ambIHABL. Y JTUIepAerTi
JHK xonnentpamusicel QubitTM  dsDNA HS
tangay okuHarbl (Life Technologies, Operon,

AKII) xemerimern Qubit® 2.0 dmroopomeTpe
aHBIKTANABl. ['eHeTHKaNmbIK Mapkep periHge 16S
pPHK reninin adiMarpl naiinanansuiasl. 16s PHK
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aliMarplH aMIUTMQUKALNUSUIAY YVIIH 25 MKI peak-
nusl Kocrachkl mabiHpanael: 12,5 mxn QS5S® Hot
Start High-Fidelity 2X Master Mix (New England
Biolabs Ins., AKIII); om6e6amn mpaiimep xyoOb1: 8F
(5’-AGAGTTTGATCCTGGCTCAG-3 °) xoHe
806R (5’-GGACTACCAGGGTATCTAAT-3’)
[Vegas E.Z.S., Nieves B., Araque M., Velasco
E., Ruiz J., Vila J. Outbreak of infection with
Acinetobacter strain RUH 1139 in an intensive care
unit // Infection Control and Hospital Epidemiology.
—2006. — Vol. 27. — P. 397-404.] 10 MkM KOHIICH-
tpammsana 1,2 mxn; JHK matpunacs! xone cy 25
MKk neiiin. Kommany pekumi keeci IuKigapaaH
Typabl: 95°C 5 munyT, conan keiiin: 95°C — 30 ce-
kyHI, 55°C — 40 cexynn, 72°C — 50 cex — 30 1uki;
y3apty 72°C temnepaTtypana 10 MUHYT.

I[ITP enimi CleanSweep ™ IITP Ta3ap-
Ty pearcHTiHIH KemeriMeH TazapTeulasl (Life
Technologies, Carlsbad, CA).

Bakrepusimapaein 16S rRNA reninin ¢par-
MEHTTEpIH CEeKBEHHpIIEy OHIIPYIIiHIH XaTTaMachl-
Ha (BigDye® Terminator v3.1 Cycle Sequencing
Kit Protocol Applied Biosystems, AKII) coiikec
Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, AKII) apkpuisl xy3ere
achIPBULABI, COJlaH KeiiH (parMeHTTepli aBToMat-
TH TeHeTHKATBIK ananmuzatop 3500 DNA Genetic
Analyzer (Applide Biosystems, Hitachi, Tokno Xa-
MOHUS) ilmiHe 06y Ky3ere achIpbUIIbL.

Tiz0ekTey HoTHXKENnepi SeqA OarmapiiaMaibiK
KypanbiabiH (Konpanbansr Onocucrema) keMeriMeH
enuenui. 16S pPHK renaepiniy roMoJiorTsl HyKJI€O-
tuarep Tizoerin izmey AKUI ¥aTThIK OMOTEXHO-
JIOTHSAJIBIK aKMapaT OpPTaJIBIFBIHBIH XaJIbIKapasbIK
reHJik OaHkiHiH aepekkopbiHaarsl BLAST Oarnap-
nmamacbeIHbIH (Herisri sxepriiikTi TeHecTipyai i3aey
Kypanbl) keMmeriMeH >xy3ere acwipbuianl (htpp://
www.ncbi.nlm.nih.gov) [Altschul SF, Madden
TL, Schéffer AA, Zhang J, Zhang Z, Miller W,
Lipman DJ. Gapped BLAST and PSI-BLAST: A
New Generation of Protein Database Search Pro-
grams. Nucleic Acids Research, 1997. Vol. 25,
No. P. 3389-3402]. ®unoreHeTHKanbIK Tajaay
MEGA 6 6armapiamansik Kypansa [Kumar, S., K.
Tamura, and M. Nei. MEGA3: integrated software
for molecular evolutionary genetics analysis and
sequence alignment. Brieffings in bioinformatics.
Vol. 5 No 2. 150-163. June, 2004. [PubMed]. Hy-
kieotuaTep Tiz0erid typanay ClustalW anroputmi
apKBUTBI OPBIHAANIBL. DUITOTeHETHKAIBIK KOPIIIep
BLASTN Neiigbor-Joining (NJ) Altschul omici
apKbUIBI aHBIKTAJIJIBI.
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Hotmikesnep xoHe TANKbLIAY

Cym capvicybinvly QUIUKA-XUMUSIBIK  JICIOHE
0p2aHONEeNMUKANLIK Kacuemmepi

Cyr capeicysl — ipimmiik, cy30e, Ka3ewH
eHJipiciHmeri KockiMia eHiM. CyT CapbICybIHBIH
KypaMbl alTapibIKTal e3repeai >koHe 01 OHAIpIIreH
IpIMITIIK TYpIHEH CaphICy YKOHE OHBIH MAMTBUIBIFHI;
cy30e yuiiH — cy30e eHIpy OMIiCIHEeH >KOHE OHBIH
MalBUIBIFBIHAH, Ka3eMH — OHIIPIITreH Ka3ewH
TYpiMEH TBIFBI3 OalJIaHBICTBI OoJansl. Maiis
IpIMIIIKTEpAl OHIIpYAe HETi3iHEeH Ka3eHH KOHE CYT
Maibl TYTHIHBUIAJbI, JKOHE KAJIFaH KOMIIOHCHTTEP
afTapIIBIKTall MOJIIIEPIe CYT CaphICYbIHA OTE/I.

1-kecte — CYT CapbICYbIHBIH OPIraHOJICITUKAJIBIK CUITaTTaMacChl

ExiHIni cyT MMKi3aTBIHBIH XUMUSIIBIK, KYPaMBI,
SHEPTeTHKAIIBIK HEMece TaFaMJIbIK KYHIBUIBIFBI
XKoHE (PU3UKAIBIK KacUeTTepi KobiHece OHbI OHIIPY
omictepine OaiimanpicThl. Kazipri yakeiTTa cyTTe
Ke3/1eceTiH 0apiIbIK AepiIik KOChUIBICTap Oenrini Gip
JIopexeie SKIHIIUTIK CYT MIMKi3aThiHA eTedl [26].

bi3 ©3 JKYMBICBIMBI3ZIa CYT CapbICybIHBIH
(U3NKa-XUMHSIIBIK ~ JKOHE  OPTaHOJIEITHKAIBIK
KacHeTTepiH 3epTTeliK. 3epTTey HbICaHBbl PETiHAe
«MepxeH ipimmrik 3aysiTeDy JKIIC cyT cappicybiH,
«Amiran» JKIIC (cyt capwicysr), «Stella Alpinay
KUIC (ipimwik capbicysl) naiganangslk. Capeicy
YATUIEPIHIH  OPTaHONENTHKANBIK KOPCETKIMTepi
kecte-1 OepinreH.

Capsicy

ATbI .
TOO Amiran (cyT capbICybl)

TOO Stella Alpina
(ipimMuIik capbICybl)

TOO «Mepxke ipimmrik
3ayBITED)

Oere a1oMCI3 JKOHE Hicci3 Ta3a

Uici xone gomi .
CYT IoMi

TY3/bI JI9M, ipiMIIIK Hici Tasa CYT JoMi MEH CYTTI Hic

CBIPTKBI TYPI JKOHE TYHOACKI3 KOHE KaOBIPIIAKCHI3

TyHOACHI3 OIpTEKTi MeNAIp | TYHOACKI3 )KoHE KaOBIPIIAKChI3

KOHCHUCTEHIIUACKI OipTeKTi MeJIIp CYHBIKTHIK CYHBIKTBIK GipTEKTi MOJIAIP CYIBIKTHIK
Tvei AKIIBLT Caprblll HEMECE 0O3FBLIT Canul
Y K HKAChLT P
Cyt CapbICYBIHBIH OPTaHOJICNTHKAIBIK  IpIMIIIK CAapbICYblH OHIIPYLIUIEpIiH ©HIMIEpiHiH

KAaCHETTepiH 3epTTey HOTHXKeCiHAe «Mepke 1piMIITiK
3aybITh JKIIC xone «Amirany» XIIC cyt capsi-
CYBI Ta3a CYT JOMi MEH CYT Hici 6ap, KOHCHUCTEHIHSI-
ChI TYHOACHI3 OIpTEKTI MOIIIIP eMeC CYHBIKTHIK, TYCl
aKTaH alibIK capbiFa Jeitin 6ommabl. «Stella Alpinay
JKIIC cyT cappicybl TY3IBI [9Mi, ipiMIIK wHici
0ap, KOHCHCTEHIMACH OipKenki, TyHOachI3 KoHE
YJIMEKCi3 MeJAip CYHBIKTBIK, TYCI CapFBIII HEMece
003FbUIT Kachll. HoTwkenep TaHnanraH CyT KoHE

2-kecte — CyT capbICybIHBIH (DH3HKa-XUMHSUIIBIK KOPCETKIIITepi

JKAKCHI CallaChlH KOPCETe/Ii XKOHE NalJalaHbUIFaH
capbICy/IBIH JKaKChI camachlH Kepcereai. Capbicyra
ColiKec KeJIETIH KOHCHCTCHLMSICHI MEH KaJbIIThI
CBIPTKBI TYDIi, 19Mi MeH Hici OipKeJKi O0JIybl caphbl-
CyZbl )KUHAY Ke3eHiH e OapIIbIK CAHUTAPIIBIK HOpMa-
Jap MEH epeskesIepIiH CaKTalyblH KyoJlaHIbIPabl.

Opi Kapail JKYMbICTa CYT CapbICYhl YATLIEPiHIH
(u3MKa-XUMUASUIBIK ~ KOPCETKIIUTepi  3epTTENi.
Hotmxkenep 2-kecTene KopCeTiNreH.

Kepcerkimrep
v | hwrs | oo | ol
Amiran (cy36e capbiCybl) 0.2 0,008 0,840,032 3,240,13 20+ 0,8
Stella Alpina (ipimrix capbIcysr) 0.2+0,008 0,8+0,032 3,5+0,14 20+ 0,8
«MepKeH ipiMIIK capbICybDy 0.2+0,008 0,8+0,032 3,2+0,13 20+ 0,8

CapbICyAbIH KYpFaK 3aTbhIH KYPaWThIH KOMIIO-
HEHTTEP OJIApBbIH TaFaMIBIK JKOHE TEXHOJIOTHSITBIK

KACHUETTEePIH aHBIKTAMJIbI.

ExiHmi pertik cyT

IIMKI3aTHIHBIH €H Oaraimbl KOMIIOHEHTTepi — Oe-
JOKTap, CYT Maijapel, KeMipcylap, MHUHEpal-
Il Ty37ap. 2-KecTere colkec OapiblK capbicy
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yiarinepinge: mainap — 0,2%, Genokxrap — 0,8%,
keMipcymnap 3,2-3,5% apanbIFbIHIa, YHEPTETUKATIBIK
KYHABUTBIFBI 20 KKaJI/T KYpaJbl.

CYT capbICYBIHBIH 9PTYPIIi TYPJIEpPiHiH KypaMbl
MEH KacHeTTepi ajblHFaH HETI3ri eHIMHIH TypiHe
OaiinanpicTel. CapbICyAbIH KypaMbIHAAFbl HETi3ri
KOMITOHEHT JIaKTO3a OOJIBIN TaObLIaAbl, 0J1 KYpFaK
3arta 70-75% xypaiinel. COHBIMEH Kartap, cy30e
CapBICYBIH/IAFbI JTAKTO32 CYT KHIIIKBIJIbIHA AIIBITYFa
OaifmaHpICTBl CoN a3 0ojambl, OYJ CapbhICYIbIH
KBIMKBUIABIFBIHA — ocep eremi. CyTTiH — Keke
KOMITIOHEHTTEPIHIH CYT capbICyblHA OTy Iopexkeci
reJbACHy JKOHE CHHEpe3uC IMpolecTepiMeH Oaii-
JMaHbBICTBL. MaiiaeiH 6,3 — 12,4%-s1 capeicyFa
eTe/li, aJl OHBIH a0COJIIOTTI MOJIIIEpi MIUKI3aT MeH
TEXHOJIOTUSHBIH MaMJIbUIBIFbIHA OalIaHBICTBl KEH
mekrepae — 0,05-0,5%-ra neiiin esrepemi. [27].

Opi Kapail KyMbIcTa 013 KYpFaK 3aTTBIH Mac-
CachlH YXKOHE CapbICy YJTUIEpPiHIH BUIFaIABUIBIFBIH
aapIkTaablK (Kecre-3). blnranapiisik MAC 110.X
Radwag pinFan aHaau3aTopbl apKbUIbl aHBIKTAJIBL.
Cyt enimzuepi (cyT, capeicy) 110 rpagyc Lenscuii-
JIe eJIIICHE I, OHIMHIH KesieMi S5 mut. Kyprak 3aTThiH

' oo

AR Kenarps s map Sladfiiap

Maccachl YATI TONBIK KypFaraHIla o7 OChUIai

AHBIKTAJIJIbI.

3-kecte — 100 r cyT capbICybIHAAFbl KYPFaK 3aTThIH CAJIMaFbl

MCH bUIFaJIABLIIBIFbI

[ = o ]

Capsicy blnranneubik % | Kyprak 3at (1)
Amiran XIIC (cy36e 92.067+1,8 8+0,16
CapBICYBI)
Stella Alpina JKIIIC 93.001+1,9 70,14
(ipimMIIiK capbICyBI)
«Mepki ipimmik 92+1,8 8+0,16
3aybITel» JKIIC

Kyprak 3aTTel aHBIKTay INWKI3aTTHIH carma-
ChIH Oaranay Ke3iHAE epeKIle MaHBI3Jbl KOHE
KOKETTI KOpPCETKIll OOJNBIN TaObIIambl. 3 KecTe-
JIEH KOpIiIll OTBHIPFaHBIMBI3IAM, CaphICy YJTLUIEpiHIH
bUTFAIABUIBIFEL 92-93,001% apanbiFbiHga OOMIBI,
100 r capbicynarbl KYpFaK 3aTThIH Maccachl 7-8 T.
CapriCy yaTiIepiHAeri Heri3ri KOMITOHEHTTEPIiH
Kypambl | cyperTe KepceTireH.

B Armeran ALK
el capndsiad)

u5iclla Alpina
EIC (ypavmnk
CHpAITY

u ISPl IpiNMIK
BT JSCELIC

Eypeax warrap

1-cyper — CyT capbICybl YITiIepiHACTi HEri3ri KOMIIOHEHTTEPAIH KypaMbl

l-cypeTTeH KepiHin TypraHai, CYT CapbhICybI-
HBIH OpPTYPHl TYpIEpiHiH KypaMbl MEH KacHeTTepi
LIMKI3aTTBIH OCBI TYpJIEpiHe apHAIFaH HOPMATHBTIK-
TEXHUKAJBIK KY>KaTTaMaHBIH TaJlalTapblHA COUKeEC
KeJe/Ii, Oy CYT CapbICYBIHBIH YIT1IEpiH OMO3TaHOT
OHJIIPICIH/IC MalallaHyFa JKapaM/bl JICTl CaHayFa
TOIIBIK KYKBIK Oepeti.

CyT capbICybIHbIH THTPJICHETIH KbIIIKBLI/IbI-
JIBIFBIH JKOHE OEJCEHJI KBIIKbUIBIFEIH aHBIKTAY.
TutpieHeTiH KbIIIKBUIIBIK CYT TIEH CYT OHIMJEPiHiH
OAIFBIHIIBIFBIHBIH €H MAaHBI3ABl KOPCETKIM 00-
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nein TaObwIaApl. JKanmbl KBIIKBUIABIK AET THTP-
JIey Ke3iHAE CUITIMEH OpEKETTECETIH OHIMJEri
0apybIK KBIIKBULIAP MEH OJIAPIBIH  KBIIIKBLI
TY3IapbIHBIH ~KYpamblH aitagel. TurprieHeTiH
KBIIIKBUIABIKTEL  aHBIKTAY  9JICi  WHAMKATOP
peTiHne QeHON(TANCHHHIH KaThICYybIMEH OHIMHIH
KYpaMbIHIaFbl KBIIIKBUIIAPBI HATPUH THAPOKCHII
epITIHIICIMEH OeWTapanTaHAbIpyFa HETI3CITeH.
On Tepuep rpanyceimen (°T) kepcerineni xoHe
JKaHa cayputFaH cyT ymmH 16-18 °T Kypaimsl.
TuTpsaeHeTiH KBIIKbUIIBIKTBI aHBIKTAUTBIH CYT



A.A. XKybanosa xoHe T.0.

OHIMICPIHIH  Herisri  Kypamaac  OeiikTepiHe
KaJBIUWIIH, HATPHHIIIH, KaTAHIIH KBIIIKBUT (oc-
daTThl TY31aphl, JMMOH KBIIIKBUIBI TY37aphl,
KOMIPKBIIIKBLUT Ta3bl, Oenokrap xarajael. CyTTiH
THTPJICHETIH KBIITKBUIIBIFBIH KYPyFa aKybI31apIbIH
Kateicysl 3-4 °T kypaitnpl. CyT meH capbICy/sl
caKray Ke3iH/Ie JIaKTO3aJaH CYT KbIIIKbIIBIHBIH
TY3UTyiHe OaiIaHBICTHI TUTPJICHETIH KBIMTKBIIIBIK
JKOoFapbutaiiipl.  bipak  CYTTIH  KbIIIKBUIJIBIK
KAaCHeTIH CYTTIH KYpaMbIHJAFbl KBIIIKBLUIAAD MEH
KBITITKBUT TY3IapABIH SJICKTPOJUTTIK JTUCCOITHAITHS-
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ChI HOTIDKECIHJIE TY3IJIETiH CyTeri MOHJaphl FaHa
aHBIKTaN Koimaiiasl [28].

Bencenai KpIIKBULIBIK — OYJI CYT TIEH capbICy-
IIBIH, cara KepceTKimTepiHiy Oipi. bencenni kpimi-
KeUIIBIK (pH) cyTeri MOHmAphIHBIH KOHIICHTpPA-
OUSICBIMEH  aHBIKTANaJbl. OHIM  aKybI3JIapbIHBIH
KOJUIOWATHIK, KYHi, Malasl jKoHE 3USHIBI MUKPO-
(hr1opaHbIH 6CYi1, TEPMUSIIBIK TYPAKTBUIBIK, (PepMEHT-
TepaiH Oencenainiri pH MoHiHe OalmaHbBICTHI 0O-
nansl. OceiraH OailnaHeIcTh 013 capbICy YATUIepiHiH
TUTPJICHETIH KBIIIKBULIBIFBIH 3€PTTEMIK (2-CypeT).

® Aninan AL [yl
CApRICY )

= Saclla Alpica SR1RC
{i pEIER, Capracyal)

wEepE ipEMiing MVEETRIG
ALLD

2-cypet — CyT capbICybl YATUIEPiHIH TUTPICHETIH KBIIIKBUIBIFBI

2-cyperTe KepCeTUIreHAeH, CapbhICyablH THTP-
JICHETIH KBILUKBUIABIFEl YaKbIT ©T€ KeJie >KOFa-
peutaiiaer. «Mepki ipiMinik 3aysITey JKIIC ipiM-
IIK  CapbICyBIHBIH  YITUIEpiHAEC  TUTPIEHETIH
KBIIIKBUTIBIKTBIH, JKOFaphl KepCeTKImTepi Oaiika-
naapl, Oy yiarigepaeri KulKeLIAbK 90-114°T
IIaMachlHIa aybeITKHIBL. «Amirany JXXIIC cy30e
CapbBICYBIH/IA TUTPJICHETIH KhIIKbUABIK 98-110°T,
an «Stella Alpina» JKIIC ipiMiik capbiCybIiHaa
19-23°T 6ongpl. Capbicy YATiAEpiHIH THUTPIICHETIH
KBIIKBUIABIFEL  19-man 114°T-re  neitin.  Hop-
MaTHBTIK KY)KaTTapFa ColiKec ipiMIIIiK capbICYbIHBIH
KaJBINThl TUTPJCHETIH KbIMKbULABIFEI 20°T Go-
ca, cy30e jkoHe Ka3eWH CcapbICybIHIa OYII IepeKTep
colikecinmre 70-75°T mamachiHa ayBITKHIBI.

Kebinece xemnreren ranbiMaapasl pH MoHiMeH
(opTamarel cyTeri MOHIAPHIHBIH KOHIIEHTPAIHSCH)
CHUITATTaNIaTbIH THUTpPJCHETIH KbIKbUIIBIK (Tep-

HEP J9PEKECIHICT] KBIIKBUIIABIK) JKOHE OeliceH i
KBIIKBUIABIK  (Hemece TIBIHAWBI  KBIIIKBUIJIBIK)
apakaThlHAChl KbI3BIKTHIpaAbl. Cy30e capbicybl
yiriH oprama OenceHmi KulKeiablK pH 4,0-meH
5,0 Oipnikke nmedinri auanazonaa Oonazawl. JlereH-
MEH, KBIIKBUIIBIK KOmTereH QaxTopnapra Oaii-
JIAHBICTBI: 0AacTanKbl CYT UIMKI3aThIHBIH CHIIAT-
Tamayapbl, TEMIleparypa, cakray y3akreirel (pH
temeHpeini). COHBIMEH Karap, KOPEKTiK OpTaHBI
JnaipiHaay yiniH (0aKTepUsUTBbIK — alIbITKBUIAP/IBI
OHJIIpY Ke3iH/ie) Cy30e caphICyhl Ta3apThUIAIbI )KOHE
Oenrismi Oip TeMmepaTypallblK KOPCETKIIIKe AeriH
JKETKI3UIe/l, MBICAJIBI, KbIIIKBUICHI3AaH IbIPbLIA b
(pH 6,0-6,5 xoHe omaH >xorapsl). Ocburaiimia,
TaOWFU cy30€ caphICybl MEH OHJIEITEH CapBICyIbIH
pH MoHi aliTapnbikraii epekiiencneni. biz capwicy
yarinepiHig OeliceHAl KbIIIKBUIIBIFBIH 3ePTTEIIK
(4-xecre).
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4-xecte — Benceni KbIMIKBUIIBIFEL — CYT CapbICYhI YIITUIEPiHiH
pH mani

Capsicy 24 carar | 48 carar | 72 carar
Amiran XIIC (cy36e 5 48 46
CapbICybl)

Stella Alpina XIIC 5.6 5.5 5.3

(ipiMIIiK capBICyBI)

«Mepki ipimiik

3aysITeDy JKIIC 4.9 47 4
4-xecreneH Kepim OTBIPFaHbBIMBI3AAM,

«Amiran» JXIIC cy306e capbIcyblHBIH OenceHni
KbIIKbUIABIFBIHEIH (pH) moni pH 5-ten pH 4,6-
ra geiiin esrepmi. «Stella Alpina» XUIC ipimmrik
capbICYbIHBIH OesiceHni KbIUKbUIABIFE pH 5,6 —
pH 5,3 Gonca, «Mepki ipimmrik 3aysitey JKIIC
ipiMinik capeicybiHbiH MoHI (pH) pH 5,6 — pH 5,3
LIETiHJIE ayBITKUIBL.

Ocepunaiimma, 0i3 63 JKYMBICEIMBI3Za CYT ca-
PBICYBIHBIH  (DU3UKA-XUMUSUIBIK ~ JKOHE OpraHo-
JENTUKAIIBIK KACHETTEPiH 3epTTeliK, OHO3TaHOI
OHIPICIHIE KOJJaHy VIOH CYT CapbICyBIHBIH
KacueTTepiHe cunarramanap Oepik.

Cym capvlcyvinbly MuKpoOmvlx KayblMoac-
MBIELIHBIY — MUKPOOUONIOSUANBIK —~ KOpCemKiumepi
JHCOHE MAKCOHOMUSLIBIK KYPAMbL

CyT capbICybl MHKpPOOPTaHMU3MAEPHAIH JaMybl
VIIiH JKakKChl KOPEKTIK OpTa OOJBIT TaOBUIAIBI,
OJIAPJIBIH IIBIFY TETi MACTEPJICHI'CH CYTTiH KaJIJIBIK
BICTBIKKA TO3IMJi oHE TepMO(MWIBII MHUKPOQIIO-
packIMeH e, OHIMIepAl OHAIpyAe KOJIaHBUIATHIH
aIIBITKBl  MHUKpOQJopackiIMeH Je OalnaHBICTHI.
Typni TocinmepMeH aiblHFaH Cy30€ CapbICyBIHBIH
MUKpPO(IIOPACBIHBIH ~ KYpambl  SpTypii  OOIysI
MyMKiH. CapbICy/ia ©3iHe TOH alIbITKBI MUKPOQIIO-
pacsl Oap, COHBIMEH Karap 0eTeH MUKPO(IOpaHsl,
MBICAJIBI, TACTEPIICYJIeH KeWiH KallaTbIH BICTHIKKA
TO3IMi TYHIpIIiKTi TasgKmanapas! Tadyra 6onambl.

’KanHa mickeH IpIMIIIK CapbICYBIHBIH MHKPO-
(opachl CYTKBIIIKBUIIBI MHKPOOPTaHU3MIEPMEH,
AIIBITKBUIAPMEH )KOHE CIIOpa TY3€TiH TasKIaIapMeH
YCHIHBUIFaH, COHBIMEH KaTap OJ1 KOKKTHI 13, TasKIIa
TOpi3Al J€ BICTHIKKA TO3IMII MHKPOQIOPAHBI
cakTaiapl. IpiMIIiK capbICybIHBIH MHUKpogiIopa-
CBHIHJIA ITTIEK TasKIIadapbl TOOBIHBIH OaKTepHUsIIAPHI,
JIAKTO3aHBl AlIBITATHIH CYTKBIIIKBUIIBI MHUKPOOP-
TaHU3MZEP CYTKBILKBUIABI MHUKPOOPTaHU3MIEDI,

rerepoepMEHTATHUBTI  CYT  KBIIIKBUIBI  Oak-
TEpUsUIapbl, BICTBIKKA Te3iMIi  MuKpodiopa,
MUKPOOPTaHU3MACPAIH  allbITKBl  JTaKbUIIapHI,

AIIBITKBI J)KOHE 3€H CaHBIPAyKYIaKTaphl aHBIKTATYbI
MyM™KiH. Cy30e capbICybIHBIH MHKPO(IOPAaCHIHBIH
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KYpaMBIH]Ia KOKK, JTUILTOKOKK JKOHE TasKIIa TOPi3i
MINTHHI aNIBITKBIHBIH Me30(UIbaI MUKPOQIIOPACH
Oap [29].

JKympicta 613 CyT capbICYbIHBIH 3 YITICIHIH
MHUKPOOHOIOTHSITBIK KepceTKimTepi MEH
MHKPOOTBIK ~ KOFAMIACTHIKTBIH  TAKCOHOMMSIIBIK
KypambiH 3eptrenik. CyT capbICysl YATUIEpiHIH
MHUKPOQIIOpaCHIH aHBIKTAY JKOHE AallbITKhl MEH
JAKTOOAKTEpUsUIapAblH Ta3a MAAaKbULAAPBIH Oeiy
ymin Kox omiciven MRS, Sabourand Dextrose
Agar xoHe EITA cHsKTBI KaTTbl KOPEKTIK OpTara
ceOy xyprizinai. CappICy yiarijaepiHiH MUKPOOTHIK
KayBIMJIACTBIFBIHBIH TAKCOHOMUSUTBIK, KYPaMBbl 3 Cy-
pETTE KOpCeTIreH.

MUKpOOMONOTHSIIBIK ~ Tanjay,  3€pTTENreH
YJITUIEpiH MHUKPOCKOIHUSICHL CapbICy YITiLIEpiHae
Oerne  MHUKpOQIIOpaHbIH  OOJybIH  aHBIKTaraH

KOK. OHIMAEPIIH MHUKPOOHOJIOTHSUIBIK KOpiHici
HETI3IHeH alllBITKbLIAP, JIAKTOOAKTEPUSIIAp KOHE
JIAKTOKOKKTap AaKbLJIIaphIMEH YCHIHBLIFaH. .

Cyper 3 -te kepcerinmrenneii, MRS xarTel
KopekTik oprackiHaa KTB  CyT  KBIIIKBUIBI
OaktepusutapbiHbl,  canbl  2,5-7,2X107  KTh/mn
Kypanel. Sabourand Dextrose Agar opracbiHaa
aIIBITKBI KOJTOHUSIAPBIHGIH canbl 2,8-3,9x107 KTH/
M 6onael. EITA om0Gebarr opTachiHga reTepoTpod-
TBI MUKpOOpranusmiepain caubl 1,2-2,8x10” KTB/
MJI KYpajbl, OYJI 3JIEKTUBTI OpPTaja 6CKEH MHKPO-
OpraHM3MJIEPMEH CaJIBICTBIPFaHAa TeMeH. by cyT
CapbICYBIHBIH MUKPO(IOpPAChIH/IA JAKTO3aHbI alllbl-
TaThIH alIBITKBI )KOHE CYT KBIIIKBUIBI OaKTepHsiia-
PBI CHSIKTBI CYT KBIIIKBUTBI MUKPOOPTaHU3MIEPIHIH
eKiyiepi 0achIM OONATHIH/IBIFBIHA OANIaAHBICTHI.

Byn kymbicTa CyT capbICybl YITlUIepiHEH
aITBITKBI KOHE CYT KBIIIIKBIIBI OaKTepUsIaphl 00 TiHITT
anbiabl. CyT CapbICYbIHAH alllbITKBI JAKbUIIapbiH
Oeinm amy A9CTYpil MHUKPOOHOIOTHSIIBIK OiCIICH
KYPri3iii.

AIIBITKBIHBIH JKWHAKTAYIIBI KYJIBTYPAChIH Ty
ONapIblH KypaMmblHAa KaHT Oap cyOcTpaTtTapaa
OJICi3 KBIIKBUIABIK pPEAKIUsIMEH ocy KalineTiHe
JKOHE STHJI CIUPTiHE TO3IMIIIIriHE HEri3/eNnreH.
AIIBITKBIHBIH,  J)KMHAKTalIybl KOPEKTIK opTaaa
TyHOQ MEH OJapIbIH OMIPIIK OCICEHAUIITIHIH ToH
OHIMJICPIHIH OONYBIMEH JXOHE MUKPOCKOIHUSIIBIK
KOJIMEH BU3YaIJbl TYpJE AHBIKTAJIBI, all JIAKTO-
OaxkTepusIIap MEKPOCKOMIIEH aHbIKTaab! [30].

AIIBITKBI J)KOHE CYT KBIIIKBUIBI OaKTepHsIIaAPhI-
HBIH IITAaMMIApPBIHBIH TYPIiK THICTIJITIH aHBIKTAY
YIIiH JOCTYpIIi dicTepMeH MOPQOIOTHSIBIK-KYITh-
TypanblK Kacuertepi 3eprrenmi [31, 32]. Tannanran
aIIBITKEI MEH CYT KBIIIKBUIBI OaKTepUsIIapbIHBIH
MOP(DOJIOTUSIIBIK, XKOHE KYJIbTYPaIbIK KaCUETTEPl 5
KecTezle KeNTipUIreH.
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3-cypet — OpTypii KOPEKTIiK OpTajiap/a TAKCOHOMHUSUTBIK TONTapAbIH MHKPOOPTaHU3MIEPIHIH ocyi

5-kecTe — AIIBITKB MEH CYT KBIIIKbUIBI OaKTEPHIapbIHBIH MOP(OIOTHsIIBIK-KYIIBTYPAJIBIK Oerinepi

JKBUITBIP, aK TYCTi, Cy30e-TYyHipIIiKTi KOHCHCTEHIUSICHI
HKBUITBIP

Ky . Bererarusri
Kosonusimapsiy cumarramMachsl KiteTkaHbIH MOP(hOTOTHSACH JKOHE MeIIIepi
Typa Kebero
. . Knerkanap kokka Topi3i, kenemi 0,8 MKM,
Kononusinap ak TycTi, HyKTeli JOHreIeK KOIOHHSIAp e . .
Ml IeTTepine Mol KJeTkanap 6ip-OipiHeH Oelek, Ky Hemece Exire Gemniny
P P Y3BIHIBIKTAPHI OPTYPIi Ti30eKTepae OpHANIACKaH
Al KonoHusHBIH 1meTTEepi TETric eMec MIBIPBIIITHI, Heri31 Knerkanap nummHIp Topi3ai, Y3bIHIIA, KOJIeMi BypLiKTen
aK, IOHEC, OCTi KBUITHIP 1,5 — 4,6 Mxm YP y
KononusimappIy miniHi 16HreneK, OpTaHFbl .. .
DIEIE TIITHI JOH » OpTaK Knetkanaps! >kyMbIpTKa Tapi3ai, kesemi 1,6 -5,2 .
I'B | xomonwusimap, ycTiHri GeTi [oHec KOJOHHSIIAPABIH e . . Bypuiikreny
. ’ MKM TYHipIIiKTep TypiHae
Oenepi KYHTIpT
Ipi kooHUsIIap, OpTaCchl IOHEC eMi3iK Topi3ai aK
TYCTIi KOJIOHHUsIIap Oeepi skoHe meTiHae poaukrTi, 6eti | Kememi 1,8 — 6,1 MkM JeHreeK mimiHal .
T | Y p Geztep ne p , ,8-6, TeH I Bypuixrery

KJIETKaJ1ap

S5-KecTeJIeH Kopil OThIPFaHBIMbBI3/Ial, alIbITKbI
ITAMMJIApbl KaTThl OpTaHbIH OeTiHIAE IeHreNeK
MIIHI, opTama KOMOHWANap, Tebeci eHec
KOJIOHUSUTAPJIBIH KYHTIpT O€TiH, COHBIMEH KaTap
YJIKeH KOJIOHMSAJTAp, eMi3iK Topi3ai IeHec ak op-
Tacel Oap KOJNOHHUSANAPIBIH penbedi JKoHEe MIeTKi
JKaFbIHAAFbl POJIMK CHUSKTBI, JKBUITHIP, aK, cy30e-
TYHIPIIKTI KOHCHCTEHLUSUIBI  XKBUITBIP — O€TiH
ty3exni. Karter MRS opTachHmars! cyT KbIIIKBLIBI
OakTepusyapsl aK, HYKTENi, IIETTepi MeIdip

JIOHIeJIeK KOJIOHUsUIap Ty3eli. Bereratusti kebeto
oxici 6otibrHma ambeITkeuIapaAsiy Al, I'T, I'b mram-
mapbl OypurikTeHy apKbuibl, M1 CYTKBIIKBUIIBI
OakTepusiap  KJICTKalapAblH  eKUTiKk  OeriHyi
apKbpUIbl  KeOeieni. AMIBITKBl KIETKAJIAPhIHBIH
emmemaepi 1,5-6,1 Mkm apanbIFeIHAa e3repemi, M1
IITAMMBIHBIH KJIeTKa eJieMi 0,8 MKM. ATIBITKbLIAD
MEH CYTKBIIKBUIIBI OakTepusiiap IITaMAapBIHBIH
MakKpo JKOHE MHUKPOMOPQOJIOTHACK 6-KecTene
KEJTIPUITEH.
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6-KxecTe — AIJ_H:ITKI)I mTaMJapbl MEH CYT KbIIIKbIIbI 6aKTepI/I${J'IapI>IHLIH MaKpO JKoHE MI/IKpOMOp(l)OJ'IOFI/IﬂCI)I

No AIBITKBI XOHE CYT KBILIKBUIBI OaKTepHsIapbIHBIH AIIBITKBI )XOHE CYT KBILIKbUIBI OaKTepHsIapbIHbIH
h IITaMIaPbIHBIH MAaKPOMOP(OIOrusich! LITaMIaPbIHBIH MUKPOMOP]OIOrUsACh
M1
1
2
3
4

Ocpuraiima, KYMBICTa CYT CapbICyBbIHBIH MHK-  TeJi. Opi Kapail 3epTTey YLIiH capbICy YITriiepiHeH
POOTHIK KaybIMIACTHIFBIHBIH MUKPOOHOJIOTHSJIBIK — AIIBITKBUIAPIBIH 3 IITaMbl JKOHE | CYT KBIIIKBLIBI
KOPCETKIIITePi MEH TAKCOHOMHSIIIBIK KypaMbl 3epT-  OakTepusuiapbl LITaMbl OOIIIHIT aTbIHIIBL.
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Awvimybl  MeH cym  KblKblLIbl  OaKmepusi-
Japuiubly  OONiHeeH WMAMOAPbIH MONEKYIAPIbIK-
2EHEMUKANBIK, UOEHMUDUKAYUSAAY

CyT KpIIIKBUIABI OakTepusuiapAbl MACHTU(H-
kanusiiay [TS aiiMarbIHBIH (TeHapaIBIK TPAHCKPHII-
[UsUIAaHFaH aiiMak) TikeneH HYKJICOTHUATEP Ti30eriH
aHBIKTAy OMICIMEH JKY3€re achIpbUIObI, COAaH
KeWiH HyKICOTHATEepHiH coikecTirin GeneBank
XaJbIKapalblK JepeKkTep 0a3achlHAa ACTIOHUPIICH-
reH Ti30eKTepMeH aHbIKTay Kyprizingi. (7-kecte)
[33].

CekBenupriey peakuusiceiHan — keiiin  [ITP
eHIMIH ekiHm Tazapty BigDye XTerminator
Purification Kit cekBeHUpIIEY peakiusIapbIiH Ta3ap-
Ty KUBIHTBIFBIMEH JKYPTi3iJil jKoHE KamuUIspIIbIK
¢opesni xyprizy ymria ABI3500 reneTukanbik aHa-
JU3aTOPBIHA JKYKTEII.

AHBIKTaJIFaH INTaMJap TEHiHIH 16s rrna HyK-
TMEOTUATIK Ti30eri Tanmanasl )xoHe SeqaA (Appllied

Biosystems) OarmapiaManblk —jkacaKTaMachIHIA
Kanmbl  Oipi3autikke  OIpikTIpiami. ¥ 3bIHABIFBI
mamamen 600 0. H. HYKICOTHATEDP PETTUITiH
anranHaH keifiH, GeneBank Xamnsikapanbix ne-
pexrep 6GasaceiHna BLAST anroputmi OofibiHIA
COMKECTeHIIpY  JKYPri3UIHIAHBIKTIFaH  IITaM-
nmap reHiHig 16s rRNA mykneotuarik Tiz0eri Taji-
nannabl sxoHe SeqaA (Appllied Biosystems) 6armap-
JaMalblK JKacaKTaMachIHIA JKajmbl Oipi3iliKKe
Oipikripinmi. ¥3eHABFB mamMamed 600 H.OK. Hy-
KJICOTUATEP PETTLIIrH airaHHaH keitid, GeneBank
Xanblkapanslk gepextep 0azaceiana BLAST anro-
pUTMi OOMBIHIIIA COMKECTEHAIPY XYprizinmi [34].
3eprreneTin mramMMaapasiH 16S rRNA ren
Ti30eriHiH HYKJIEOTUATEp Ti30eri >koHe Quiore-
HETHKANBIK Talfay HOTKENepl T'eHETUKaJBIK
KaIlIBIKTBIKTap bl ecentey yiuriH Neiighbor-Joining
KIIacTep oiciH Kongany apkeutel MEGAG6 Garmap-
JlaMachIH/Ia CAJIbIHFaH aFallTap TypiHe YCHIHBUIFaH.

7-kecte — TS aiiMarpIHBIH HYKJICOTHATI TaAAY 9IiCi OOHBIHIIA HACHTH(PUKAIIS HOTHKEIEpL

[lItamm arayst

ITS aiimMakThlH pparMeHTIHIH PETTLIIr

XasIKapablK Iepektep 6a3ackiHua HyKICOTHIATED
Ti30eriH anbIkTay (http://www.ncbi.nlm.nih.gov/)

BLAST anropur™mi

Gene Bank Tyrenzey
HOMIpi
(Accesion number)

IIItammMm arayst

%
COMKECTIK

2

M1

ACGCGTGGGGAATCTGCCTTTGAGCGGGGGACAACATT
TGGAAACGAATGCTAATACCGCATAAAAACTTTAAACA
CAAGTTTTAAGTTTGAAAGATGCAATTGCATCACTCAAA
GATGATCCCGCGTTGTATTAGCTAGTTGGTGAGGTAAAG
GCTCACCAAGGCGATGATACATAGCCGACCTGAGAGGG
TGATCGGCCACATTGGGACTGAGACACGGCCCAAACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGAC
GAAAGTCTGACCGAGCAACGCCGCGTGAGTGAAGAAG
GTTTTCGGATCGTAAAACTCTGTTGGTAGAGAAGAACG
TTGGTGAGAGTGGAAAGCTCATCAAGTGACGGTAACTA
CCCAGAAAGGGACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTCCCGAGCGTTGTCCGGATTTATTGG
GCGTAAAGCGAGCGCAGGTGGTTTATTAAGTCTGGTGT
AAAAGGCAGTGGCTCAACCATTGTATGCATTGGAAACT
GGTAGACTTGAGTGCAGGAGAGGAGAGTGGAATTCCAT
GTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACC
GGTGGCGAAAGCGGCTCTCTGGCCTGTAACTGACACTG
AGGCTCGAAAGCGTGGGGAGCAAACAGGAT

NR 113960.1:91-767

Lactococcus
lactis

100%
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Kecmeniy orcanzacor

Al

CAACAACACCTAAACATGAATACTTACTAGTCACTAAGA
AATCTAAAAGAAATAAAACTTTCAACAACGGATCTCTT
GGTTCTCGCATCGATGAAGAGCGCAGCGAAATGCGATA
CCTAGTGTGAATTGCAGCCATCGTGAATCATCGAGTTCT
TGAACGCACATTGCGCCCTCCGGCATTCCGGGGGGCAT
GCCTGTTTGAGCGTCGTTTCCTTCTTGCGCAAGCAGAG
TTGGGGTTGTC

MT136542.1:43-283

Candida
inconspicua

100%

I'b

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTT
CTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAA
CACAATGGAGTTTTTTCTCTATGAACTACTTCCCTGGAG
AGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTT
TGTATTATGAAAAACTATTATACTATAAAATTTAATATTCA
AAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATG
AAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAG
ATTTTCGTGAATCATCAAATCTTTGAACGCACATTGCGC
CCTCTGGTATTCCAGGGGGCATGCCTGTTTGAGCGTCAT
TTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACT
CGTCTCGGGTTAACTTGAAAGTGGCTAGCCGTTGCCATC
TGCGTGAGCAGGGCTGCGTGTCAAGTCTATGGACTCGA
CTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTG
GTAAGCTTGGGTCATAGAGACTCATAGGTGTTATAAAGA
CTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAAC
CAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGT
ACCCGCTGAACTTAAGCATATCAATA

MT187614.1:38-687

Kluyveromyces
marxianus

100%

I'T

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTT
CTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAA
CACAATGGAGTTTTTTCTCTATGAACTACTTCCCTGGAG
AGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTT
TGTATTATGAAAAACTATTATACTATAAAATTTAATATTCA
AAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATG
AAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAG
ATTTTCGTGAATCATCAAATCTTTGAACGCACATTGCGC
CCTCTGGTATTCCAGGGGGCATGCCTGTTTGAGCGTCAT
TTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACT
CGTCTCGGGTTAACTTGAAAGTGGCTAGCCGTTGCCATC
TGCGTGAGCAGGGCTGCGTGTCAAGTCTATGGACTCGA
CTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTG
GTAAGCTTGGGTCATAGAGACTCATAGGTGTTATAAAGA
CTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAAC
CAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGT
ACCCGCTGAACTTAAGCAT

MT187614.1:38-680

Kluyveromyces
marxianus

100%

OuIOreHeTHKAIBIK, aFalll 3epTTEICTiH YITiHIH
ITS aiimarein International Blast nepexkkopsinia
OpHAJIACTBIPBUIFAH pe(EepeHTTIK IITaMMIap/IbIH
PETTLTITIMEH CATBICTRIPY apKbUIbI KYPACTHIPHIIFaH.

NR 113960.1: 91-767 Lactococcus lactis mram-
MBI NBRC 100933 en »kaKbIH IITAMMBIMEH TOMOJIO-
rust mopexeci 100,00% xypanasr.

JKakpiH mITAMMMEH TOMOJIOTHS  JOpexkeci
MT136542.1:43-283 Candida inconspicua isolate
OM6 100,0% xypansr.

dunoreHeTHKANBIK arail 3epTTeeTiH YITiHIH
ITS aiimazwin International Blast nmepexkopbiaza
OpHAJIACTBIPBUIFAH  pedepeHTTiK ITaMMIapIbIH
PETTLTIrIMEH CalBICTBIPY apKbUIBI KYPAaCTBHIPBUIFaH.

Ex oxakpig 1mramm MT187614.1:38-687
Kluyveromyces marxianus strain Cbml mraMmMmbI-

48

MeH romosiorus aapexeci 100,0% xypassl.
OunoreHeTHKANBIK arall 3epTTeeTiH YITiHiH
ITS aiimarein International Blast gepexkopsiHma
OpHAIACTBIPBIIFAH pPe(QEePeHTTIK MITAMMIAPIbIH
PETTUIITIMEH CANBICTBIPY apKbUIbI KYPAaCTHIPHLIFaH.
Exn oxaxpix 1mramm  MT187614.1:38-680
Kluyveromyces marxianus strain Cbml mraMMbI-
MeH romosorus gapexeci 100,0% xypassl.
AIIBITKBUTAD MEH CYT KBIIIKBUTBIIEI OakTe-
PUSUTapBIHBIH  MOP(OJIOTUSIIBIK JKOHE JTAKBUIIBIK
KAaCHETTEpiH JSCTYPIi OMICTEPMEH 3epITey KOHE
[ITP Tanmay HoOTIWKeNepi ambITKBI MEH CYT
KBIIIKBLIBI OaKTePHsUIAPBIHBIH IITAMIAPBIH Keeci
TYpJIepre KaTKbI3yFa MYMKiHAIK Oepai: M1 mrambl
Lactococcus lactis, A1 Candida inconspicua, I'b
xone ['T mramaapet — Kluyveromyces marxianus.



A.A. XybaHnoBa xoHe T.0.

o M1

NR 113960.1:91-767 Lactococcus lactis strain NBRC 100933

NR 040955.1:91-767 Lactococcus lactis strain NCDO 604

NR 116443.1:112-788 Lactococcus lactis subsp. tructae strain L105

NR 113925.1:90-766 Lactococcus lactis subsp. cremoris strain NBRC 100676

NR 114327.1:113-789 Lactococcus taiwanensis strain 0905C15

NR 044358.1:72-748 Lactococcus plantarum strain DSM 20686

4|:NR 115147.1:1-638 Streptococcus dysgalactiae strain ATCC 43078

NR 116211.1:14-690 Streptococcus parasanguinis ATCC 15912

NR 134816.1:133-705 Sporolactobacillus spathodeae strain BK117-1
NR 115766.1:99-776 Enterococcus sulfureus ATCC 49903

NR 117813.1:96-774 Lactobacillus plantarum strain JCM 1149

0.01

4-cypet — Lactococcus lactis M1 hUIOTeHETHKATBIK aFallibl

—L o
MT136542.1:43-283 Candida inconspicua isolate OM6

MH545929.1:1656-1896 Candida inconspicua strain CBS 180
MN853728.1:172-412 Pichia cactophila strain E3-2
MK886696.1:55-295 Candida inconspicua isolate 63

— MT102867.1:19-265 Pichia kudriavzevii isolate K3
I LT719071.1:21-268 Cordycipitaceae sp. CS-2017
MW356865.1:57-282 Rhodotorula mucilaginosa isolate FSR

{ MN239507.1:71-296 Pichia kluyveri
MT988191.1:107-332 Pichia sp. isolate B141

5-cypet — Candida inconspicua A1 GpunoreHeTNKAIBIK aFaIllbl

[ Jel:
MT187614.1:38-687 Kluyveromyces marxianus strain Cbm1
MN985331.1:36-685 Kluyveromyces marxianus strain A2

LR738883.1:63-712 Kluyveromyces marxianus
LR738866.1:63-712 Kluyveromyces marxianus
LR738865.1:63-712 Kluyveromyces marxianus
KY103722.1:79-723 Kluyveromyces dobzhanskii culture CBS:10279

KY103761.1:55-697 Kluyveromyces lactis culture CBS:9060
KJ706930.1:78-715 Kluyveromyces lactis strain DBMY713

0.005

6-cypet — Kluyveromyces marxianus (Saccharomyces marxianus cunonumi) I'b GprnoreHeTUKAJIBIK aFallbl
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ocT

0.005

MT187614.1:38-680 Kluyveromyces marxianus strain Cbm1
MN985331.1:36-678 Kluyveromyces marxianus strain A2
LR738883.1:63-705 Kluyveromyces marxianus strain Kw2153/18
LR738882.1:63-705 Kluyveromyces marxianus strain Kw1075/18
LR738881.1:63-705 Kluyveromyces marxianus strain Kw3169/17
Ii MT187614.1:38-680 Kluyveromyces marxianus strain Cbm1

KY103737.1:76-711 Kluyveromyces lactis culture CBS:6169

|— KY558363.1:103-742 Kluyveromyces dobzhanskii isolate KT532 voucher DSM 104106

KJ706770.1:76-715 Kluyveromyces dobzhanskii strain DBMY553

7-cypet — Kluyveromyces marxianus (Saccharomyces marxianus cunonumi) I'T HpUIOT€HETHKAIBIK aFalibl

Awbimibl  K1emKaiapvl MeH CYm  KblUKbLIbl
bakmepusiiapeiubly — cyocmpam — —  capwlcyed
Kamvicmsl OUOXUMUSLIBIK DellceHOiNizl.

CyT capbICybl aKybI3Abl 3aTTapAblH CHHTE31
YIIH TOJBIK IINKi3aT OOJNBIN TaObLIAIbI, OUTKEHI
OHBIH KypaMmbIHAa KeMmipcynap (Jlakro3a), MUHe-
painael Ty3Aap JKOHE BUTAMHUHJIED aWTapJbIKTan
Memmepae Oonaabl. CapbiCyiarbl €H KOJAMIbI
MIPOTEHH MPOIYIECHTI JaKTO3aHbl TaMaKTaHy YIIiH
naiianany MyMKiHAIri Oap ambITKbl OONBIT TaObI-
naapl.Opraia ajnFaHaa abCoMOTTI KYPFaK amibITKbI
(AKA) xypambiaga 45-50% aszorTsel 3arrap, 2-5%
Maii, 25-35% kemipcynap, 6-8 kya Oomagel. Co-
HBIMEH KaTap KypaMbIHIa a30T 0ap KOCBHUIBICTap
OHOJIOTUAJIBIK JKarblHAH TOJIBIK OOJIBII TaObLIAbI,
eliTkeHi onap akybi3aap (70%), aMUH KbIIIKBUIAAPHI
xoHe Hykmeotunrep (15%), mypun (8-10%) xone
MUPUMUTUHIIK (4%) HETi3epACH TYpabl.

ATIBITKBUTAPABI KOJIaHY apKBUIBI CaphICYIaFbl
MHKPOOTBHIK  CHHTE3 OOWBIHITIA  MaKCaTTHI
3eprreynepai npod. M. B. 3anaiiko xoHe OHBIH
CTYINCHTTEpl Kyprizemi. 3eprrey HOTHXKEJIepi
o6mo-31IM  pemenTypanapbl  OOHMBIHINIA  KYHIIBI
a3blK OHIMJIEPIH jKacayra Heri3 Oosabl. by pe-
LEeNTTe HETi3ri KypamMaac CYT CapbICybl OOJIBII
TaOBUTABI, OHAA AapHAMBl aIIBITKBl IITAMMBI
ecipiie/ii, Te3 ecyre KabieTTi jkoHe OMOMAacCaHbIH
XKorapel eHiIMiH Oepeni. Capeicyna ecipiirexn
OyJ1 amIBITKBIHBIH aKybI3bl aMaCTBHIPHUIMANHTHIH
AMHUHKBIIIKBUIAPBIHBIH OONybIMEH FaHa eMec, CO-
HBIMEH Oipre oyapiablH Kypambl OOHMBIHIIA Ja CYT
MPOTEUHIHE YKcac. Bysl alibITKbLIap bl MaHbI3 bl
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KacHeTi capbICylbIH OapiblK TypiepiHae Oipaei
JKaKcH ecei [35, 36].

Opi Kapaii, 0i3 3 KYMBICBIMBI3AA CYT
CaphICYBIHBIH YITUIEpiHAE AaIlIBITKBl JKOHE CYT
KBIIIKBLIBl OaKTEPHUSUIAPBIHBIH ©CY JAMHAMUKACHIH
3eprrenik. Hotmkenep 4-cyperre KepCceTUITeH.

8-CypeTTeH KOpiHINl TypraHmal, CYT capbl-
CYBIH/IaFbl AlIBITKbl JAKbUIIAPbIHBIH ©CY ITHHAMHU-
KachblH 3€pTTeY HOTIDKECIHAE OapiblK IITaMjap
OroMacCaHbIH JKHHAKTATYBIHBIH JKOFaphl KapKbIH-
JIBLTBIFBIH KOPCETTIi. ANIBITKBI MITaMIAPBIHBIH 11T1H-
ne Kluyveromyces marxianus I'b mramel capbicyra
KAaTBICTBI  JKOFaphl OHMOXUMUSIIBIK — OEICEHILTIK
KOPCEeTTi, OJIapIblH KJIETKaJapbiHbIH caHbl 2,4x10°
KTb/Mn 6onast. An Candida inconspicua Al xone
Kluyveromyces marxianus I'T mrramaapbiHia Kiet-
kanap canbl 1,7-10° -1,9x10° KTB/mMi apanibirbiaga
6omnpl. CanpICTBIpMaNBl TYPAE JKOFaphl OeJCeH-
IUTIKTI  CYT  KBIIIKBUIBI  OaKTepUsIapbIHBIH
Lactococcus lactis M1 mTaMbl KepceTTi, Olapaby
KIeTkamapeiaeiy cansl 2,1 x 10° KTB/mi 6omabl.

Onebu aepeKkTepre coiikec, Oenrii MUKpoopra-
HUBMJEPIiH  IIIiHIE  allbITKBl  CaphICYBIHBIH
MHUKPOOTBIK aKybI3fa aWHAIyBIHBIH €H JKOFaphbl
KbUIIaMIbIFbIHA We. Kluyveromyces marxianus
AIIBITKBICHIHBIH KOMIPTETi Ke31 peTiHAe JaKTo3a
MEH WHYJIMH]II TTalJaTaHy XoHE >KOFapbl OesceH Il
B-dbpykTodypanosuaasa enaipy kabineri 6ap. Omnap
KOFapbl ©CYy KapKbIHBIMEH epeKIIelleHeTl KOHe
aKybI3 OHJIpici YIIIH OMOTEeXHOJOTHSIBIK caja-
nmapja KeHiHeH Konganeutansl [37]. Byn nepekrep
013iH 3epTTey HOTIKEIEePiMi30eH pacTanabl.
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AUIBITKBUIAD ©Cy TMpOIECiHAe DHEPrusi Kesi
peTiHAE capbICy JIAKTO3aHbI JKOHE CYT KBIIIKBUIBIH
naijanaHa  OTBIPBIN, KYpaMbIHAa MHHEPAJIbI
a30T 0ap Ty3Aapibl TOJBIK KJIETKAIBIK aKybI3Fa
ailHannpIpanel. ©Onebu  AepeKkTepre CyHeHcek,
AIIBITKBI CApBICYBIH/IAFEI aKybI3 MOJIIIEpi OacTarKbl
capbICyFa KaparaHza efoyip xorapsl [38].

CyT capbICybIH/Ia KCHLUI CIHIPIIETIH KOMIpTEK
KO3JIEPiHiH XoHe ocy (aKTOPIAPBIHBIH OOIYBI OHBI
OMOTEXHOJIOTHSUIBIK TIPOILIECTEP/IC MEPCIIEKTHBAIBI
IIMKi3aT Jen caHayra MyMKiHAik Oepeni [39]. Co-
HBIMEH KaTap, CapbICY bl TOJBIK KHE YTHIM/IbI Tali-
JasiaHy Mocelieci 9KOHOMHUKAIIBIK TYPFBIIAH Ja, KO-
JIOTHSJIBIK TYPFBIAAH /1 ©3€KTi OOJIBIN Ta0bLIa b

Ochuraiima, cappICyabl  OHACYIIH OpTYpii
omicrepi Oenriyi, AereHMeH OapiibIK HYCKANap.IbIH
IlIiHAEe CHUPT ajy YIIiH JIaKTO3aHbl allbITaThIH
AIIBITKBIHBIH OPTYPJI JTaKbUIIAPBIMEH CapBICYbI
ampITy OYTiHrl KYHTe AeWiH e3eKTi OONbIN Kaia
Oepeni JkoHE 3ePTTEYMIUIEPAIH KBI3BIFYIIBUIBIFBIH
TYZIbIpaIBL.

KopbIThIHIBI

1. XXIIC «Mepke ipimmrik 3aysiTey, KIIC
«Amupan» (cyt capsicysl), KIIC «Crenna Anb-
nrHa» (IpIMIIIK CapbICyBl) CYT CapbhICyJIapBIHBIH
(GU3NKa-XUMUSUIBIK ~ KOHE  OpPTraHOJETTHKAIBIK
KacHeTTepi 3epTTeNIi.

2. CyT capbICybIHBIH 3 YHTICIHIH MHUKPOOTBIK
KayBIMJIACTBIFBIHBIH, MUKPOOHOJIOTHSIIBIK KOpPCeT-
KIIITepi xoHE TAKCOHOMUSITBIK KYpambl 3epTTEIII.
Cyr caphicy MHUKPOOTBIK KaybIMJIACTHIFBIHBIH
TAaKCOHOMUSUTBIK ~KYpaMbIH/Ia JIAKTO3aHBI alllbl-
TaThIH aIMBITKBUIAD MEH JaKToOakTepwsuiap Oa-
ChIM eKeHi aHbIKTanael. CyT capbicy yariiepiHeH
ANIBITKBIIAPBIH 3 MITAMMEI JKOHE CYT KHIIIKBUIIBI
OakrepusutapAsiH 1 mrTamel  OemiHIN, OJapIbIH
MOP(DOJNIOTUSANBIK ~ -KYJIBTyPaIbIbIK  KaCHETTepi
3epTTENi.

3. AUIBITKBUIAP MEH CYT KBILIKbUIbI OaKTepHsi-
JapBIHBIH JaKbUIIAPBIH TYpre ACHiH HIeHTH(HKA-
mmsitay [ITP Tangay omicimen xyprizingi. I'b xone
I'T wrammaapsr Kluyveromyces marxianus TypiHe,
M1 mrramel — Lactococcus lactis, A1 — Candida
inconspicua TypiHe OeitiH WACHTH)UKAITASIAH L.

4. MUKpPOOPraHu3M AaKbUIIAPBIHBIH IMIIHIC
Kluyveromyces marxianus I'b mTaMMbl %oHE CYT
KBIMKBUTBI  O0akTepusacel Lactococcus lactis M1
JIAKBUIBI CYT CapbICYbIHJA JKOFApPbl OMOXMMHUSIIBIK
OeJICeH 1K KOpCeTTi.

3epmmey owcymovicet KP BFM  kapoicvinan-
ovipzan  Ne0221PK00252 HUPH AP09258285
«Hmmobunuzayusananzan aubimysbl KiemKaiapsl
He2i3iHOe cym capvlcybll Y30IKCi3 hepmenmayusi-
Ay HCONBIMEH OUOIMAHON ALY» HCOOACHL ASACHIHOA
arcacanosl.
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ANABAENA UMAHOBAKTEPUSADIK, TYPAEPIHIH,
CYTEI ©HAIPICIHIH, BOAALUATbI MEH MOCEAEAEPI

21 FacblipAa ASCTYPAI 3HEPrus Kes3aepiH 6akblAaycbi3 naaaraHy XKep GeTiHiH TemnepatypacbiH
coHfbl 1 Facbipaa 2°C-re >KOFapblAQTTbl. ASCTYPAI 3HEprus Ke3AepiHiH Tepic >kKakTapbl apTyblHA
6aiAaHbICTbl MMKPOOPraHU3MAEPAEH aAbIHATBIH CyTeri eHAIpici Te3 apasa KapKblHAbI 3epTrey
HbiCaHblHA aMHaAAbl. bipak, oAapAblH 6MOMaccaHblH TeMeH KOHUeHTpauusiCbiHa 6GanAaHbICTbI
MMKPOOPraHM3MAEPAEH aAblHaTbIH CyTekTiH (H,) KommepumsaAbik, eHAIpICE 8Ai ae xy3ere acnaabl. Ochi
TYPFblAQ, BMOTEXHOAOTMSAQ aKTUBTI TYPAE KOAAQHBIAATBIH CYTEK MPOAYLEHTTepi — umaHobakTepus
LUITAMMAQPbIH aHbIKTar, CyTek 6eAy MyMKIHAIKTEPIH apTThbipy >KYMbICTApPbIH >KY3€re acblpy MaHbl3Abl
GOAbIN  OTbIP. ByA wWOAY MakaracbiHaa Anabaena UMaHOGAKTEPUSChbIHBIH CyTeri eHAipiciHAeri
MaHbI3ABIAbIFbI XK8HE OAapAbIH CyTek 6eAy mexaHuamaepi 3epTTeaiHin, H, 6eainiciHe acep eTeTiH
Herisri cpakTopAapra woAy >acaspbl. COHfbl yakbITTapaarbl CyTeK OOAIHICIH >Ky3ere acblpaTblH
TEXHOAOTMSAQD KAMTbIAbIM, XUMUSIAbIK, >KoHe (M3MKaAbIK (PAaKTOPAAPAbIH 8cepi HeridiHae cyTek
MOALLEPIHIH apTybl TypacbiHAAFbl XKYMbICTap KaMTbiAAbL. Anabaena LWTaMMAAPbIHbIH, Ka3ipri TaHAAFbl
CyTeK MOAEKYyAAAapblH KaTaAM3AEY MYMKIHAIM TemeH OOAFaHAbIKTAH, OoAallakTarbl 3epTrey
>KYMbICTapbl TeK FeHAIK MHXXEeHepUsl TEXHOAOIMSIAAPbIMEH FaHa Xy3ere acaTbiH 60AaAbl. [eHEeTUKAAbIK,
TEXHMKAABIK, >kKoHE METabOAUTTIK 3ePTTEeY XKYMbICTapbiH KaTap >KYPri3y apKblAbl FaHa Kasipri TaHAafbl
BGU1OCYTEK MHAYCTPUSICBIHAA TYbIHAQFAH MOCEAEAEPAI Lelyre GOAaADI.

Ty#in ce3aep: umaHobakTepusiaap, Anabaena sp., H, eHaipici, 61osHeprus.
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Outlooks and challenges of hydrogen production
by cyanobacterial Anabaena species

Uncontrolled use of conventional energy sources in the 21st century has increased the tempera-
ture of the Earth’s surface by 2°C in the last 1 century. Due to the increasing negative aspects of tradi-
tional energy sources, the production of hydrogen from microorganisms has quickly become an object
of intense research. However, due to their low concentration of biomass, commercial production of
hydrogen (H,) from microorganisms has not yet been realized. In this context, it is important to identify
strains of hydrogen producers — cyanobacteria, which are actively used in biotechnology, and to carry
out work on increasing the possibilities of hydrogen separation. This review article examines the im-
portance of the cyanobacterium Anabaena in hydrogen production and their hydrogen release mecha-
nisms, and reviews the main factors affecting H2 release. Recent technologies of hydrogen separation
are included, as well as works on increasing the amount of hydrogen under the influence of chemical
and physical factors. Due to the low ability of Anabaena strains to catalyze hydrogen molecules at
present, future research will be limited to genetic engineering technologies. It is only possible to solve
the problems arising in the current biohydrogen industry by conducting genetic, technical and meta-
bolic research in parallel.

Key words: Cyanobacteria, Anabaena sp., H, production, Bioenergy.
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MepcnekTuBbl M NPO6GAEMBI NPOU3BOACTBA
BOAOPOAA LiMaHOOakTepusimmu Anabaena

becKOHTpPOAbHOE MCMOAb30BaHWE TPAAMLMOHHBIX MCTOYHMKOB 3Heprun B XX| Beke npuBeAo
K MOBbIWEHWIO TemrnepaTypbl noBepxHocTn 3emAnM Ha 2°C 3a nocaepHee ctoaeTne. B cBsa3m C
BO3PaCTalOWMMMN  HEraTMBHbIMM  acnekTamMu TPAAMLMOHHBIX MCTOYHMKOB 3HEPrMu MPOU3BOACTBO
BOAOPOAA M3 MUKPOOPraHW3MOB ObICTPO CTAaAO OOBEKTOM MHTEHCUMBHbIX MCCAeAOBaHui. OAHako
M3-3a MX HWM3KOWM KOHUEHTpauum OMoMacChl KOMMEpYecKoe MpPOM3BOACTBO Boaopoasa (H,) w3
MUKPOOPraHM3MOB elle He peaAn3oBaHO. B CBA3M C 3TMM Ba)KHO BbISIBUTb LUTaMMbl MPOAYLIEHTOB
BOAOPOAA — UMAHOBGAKTEPUIA, KOTOPbIE aKTUBHO MCMOAb3YIOTCSl B GBUOTEXHOAOT MU, U MPOBECTH PabOoThbI
MO YBEAMYEHUIO BO3MOXHOCTEN BbIAEAEHMS BOAOPOAQ. B 3To 0630pHOI CTaTbe paccMaTpuBaeTcs
BaXKHOCTb LinaHobakTepmit Anabaena B npon3BOACTBE BOAOPOAA U X MEXAHW3MbI BbIAEAEHMS BOAOPOAR,
a TakXKe pacCMaTpPMBAIOTCs OCHOBHbIe (hakTOPbl, BAUSIOLIME Ha BblAeaeHne H,. ABTopamm nccaeayioTcs
HOBEMNLLME TEXHOAOTUM BbIAEAEHUSI BOAOPOA], & TaKXKe PaboTbl MO YBEAUUYEHMIO KOAMUYECTBA BOAOPOAA
MOA BO3AEMCTBMEM XMMMUYECKMX M (hr3nueckmx akTopoBs. M3-3a HM3KOM CrOCOOHOCTM LWTAaMMOB Ana-
baena kaTaAM3npoBaTb MOAEKYAbl BOAOPOAQ B HACTOSILLEE BPEMS MPOBOAUMbIE MCCAEAOBAHUS OYAYT
OrpaHUYEHbl TEXHOAOTMSIMWU TEHHOM MHXKeHepuW. PelwnTb npo6aemMbl, BO3HMKAIOLIME B COBPEMEHHOM
61OBOAOPOAHON MPOMbILLAEHHOCTU, MOXKHO TOABKO MyTEM MapaAAEAbHOIO MPOBEAEHMS FTEHETUYUECKMX,

TEXHUYECKUX 1 METaBOAMYECKMX MCCAEAOBAHUMN.

KatoueBble caoBa: upnaHobakTepumn, Anabaena sp., INMponssoactso H,, 61osHepreTyika.

Kipicnoe

Ke3 kenreH TIpHITiKTI KO3FaldTaThlH SHEPIUs
OOJFaHABIKTaH, aJamMaap exenneH Oepi KOochIMIIa
SHEprus Ke3iH i37ey ycriame. Ochl HeTi3ne NocTypIIi
KOJIMEH aJbIHATBIH TEXHOJOTHSUIAP KaJBIITACKIII,
oNapabeH 09pi MyHaii j)kKoHE KeMip Ke3iHe Tikeren
KATBICTHl OOJBIN Kemi. AJl, COHFBI JKbUIIApIarbl
TEXHOJIOTHSJIaPAbIH IaMYbI XKeJl, CY, KYH KoHe Ono-
Macca CapKbIIMAHTHIH SHEPTUsUIApBIH MaiiTananyFra
KON acTel. Kazipri Tapma omeMIiK Kalmmbl dHEp-
TUs TYTBIHY MenuiepiHiH 35%-bH MyHai, 25%-b1H
Taburu ras, 28%-bIH KeMip xKoHe 7%-bIH Cy 3IEKTP
CTaHIUSIIAPHI Kypaca, aj KairaH 5%-bI aTOM DHEp-
TUACH MEH OajlamMajbl SHeprus Ke3JAepiHe Tuecini
Oomeim kememi [1].

JXKanmel, Oamamanbsl 3HEPrus Ke3i OOJBIN ca-
HaJIaThIH OMOTHIH 4 ypmakka Oemineni: 1-mi »oHe
2-m1i ypriak OMOTHIHAAPBIHBIH HETi3iHIE aJbIHFaH
OMoIM3eNb JKOHE DTAaHOJ OHIMIEpi Taza cy JKoHE
TBIHAMKBIIITAD KO3JepiH KOJAaHAAbl >XKOHE KeH
eTiCTIK aIKaOTapBIH KAXKET eTe . AJl, YIIiHII OYBIH
OUOTBHIHBI Tikened (GoTOTpodThl MHKPOOPraHHU3M-
nep (MukpoOangsipaap, (GoToTpodTsl OakTepHs-
JIap koHe IuaHo0aKTepusyIap) TypiiepiMeH TiKeIeH
OaitIaHBICTBI OOJIBIT Keye i [2].

lnanoOakTepusnapaplH  iMIiHAE H, 0oy
YUIH €H Kem 3epTTeNreH Typiepre Synechocystis
JKoHe Anabaena w™openmbIi oOBEKTUIEpl JKarTa-
nbl. By exi Typ e TONBIKKaHIBl TEHOMABIK CEK-
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BCHHPJICHTCH JKOHE OHMOTTHIHBIH 4-TIi YprHarbiHa
KOJIJaHyFa JIaUBIKTBI OpraHusmjaep OoJbln Ta-
obutamer. CebeOi, 4-m1i ypmakTarbkl OHOTBIHIAP
MUaHOOAKTepUSUIAPJIBIH, ~ JKaHAa  IITaMMJApbIH
TeHIIK WHKUHEPHS apKbUIbl MOoAU(UKAIMsIIAY
JKYMBICTapbIMeH OaillaHbICTBI. Anabaena mramm-
napel H, Monekymnanapein 0oty YIIiH rHapOrenesa
(H,a3a) sxone nutporenesa (N,aza) QpepMeHTTEpiH
ouodoronmuz mpodeciH Ky3ere acelpy YIIiH
KosinaHazapl. Kierkansik Typreina KyH sHeprusicst
¢doroxyiie 2 (DXK2) koMIUIeKCiHIE OpHAIACKAH
aHTeHHa MUTMEHTTEPi apKbUIbI CIHIPIMNIN alIbIHBIM,
CBI3BIKTHIK-3JICKTPOHIBIK TachIMaliay OeNOKTaphl
apkbutbl @XK1-re O6apanpl, 3MEKTPOHAAPIBIH CaHBI
apTKaH coH, QepponokcuH (Dmx) OGenoTsl apKHUIBI
KIIETKAITBIK dekTpoHmap AY®d Monexymamapsl
TYpiHIE KOpFa >XHMHAKTalaabl. Byn snekTpoHmap
KaXeT OonFaHAa CyTeK (epMEHTEpiHIH KhI3METiH
aKTHBTEHAIpyTe Koimaneutanbl. COHBIMEH KaTap,
KJIeTKanapaarsl H, MIBIFBIMBI TiKeNEH CBIPTKBI OpTa
(hakToprapeiHa TOyem i OOIBIN Kele i (TeMmepary-
pa, pH xomne 1.0.) [3].

Banamanbel oTeIH peTiHae OMOCYTeK OHIIpiciH
OHTAlNMaHIBIPYy YWWiH Anabaena mTaMMIApBIHBIH
KOMETIMEH KONTETeH 3epTTeyiep KYPri3iiai, MbI-
caJibl, OJIapAbl OCIpyAl XKakcapTy aaicTepi, pusnuka-
XMMUSUIBIK ©CY MapaMeTpIIepiH TiKeJeH >KoHe XKa-
HaMa OMOQOTONHM3 TPOIECTEPIHAE OHICY aAPKBLIBI
JKYpriziiare xxkymeictap [4]. lnanobakrepusimapIsiy
KOpIIaFraH opTara OeiliMzmenyi Te3 Xypeai KoHe
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OJIaPJIbIH KAPKBIHIBUTBIFEI KOFaphl OOJBINT KEJi.
CoHBIMEH Karap, OJapIblH ©cCyl YIIiH KOJaiIbl
Karmadnap  OonFaHAa, TYpiiep  THIFBI3ABIFBIH
OipHewie carar imiHAge, TinTi kaObIK (oTOOMO-
peakTopiapaa a eki ece apTTeipa amansl [5]. by
MUKPOOpTaHM3MJIEpAiH OMomacca ajy >KoJaa-
PBIH OHTaWJIaHIBIPY CyTeri OHJIpiciHe Tikeen
acep erenmi, oiTkeHi dpdextunTi H, emnmipici
YIIiH OMOMAacCaHbIH OHIMIUIIr OMOTEXHOJIOTHSAIA
MaHBI3ABIIBIK TAHBITAIBI [6-9].

By opranmsmaepniH ecyiH e3TrepTeTiH >KoHE
OroMaccaHbIH IIBIFBIMBI MEH CYTETi OHIIPICIH apT-
THIpaThIH Keibip ¢Qakropnapra pH xkepcerkini,
TeMIepaTrypa MeJepi, KapblK KapKbIHIBUIBIFEI
JKOHE OpraHUKaJIbIK KOMIPTEKTIH Ke3i jkara-
ner [10-12]. IlmanoOakTepusuiapia TIIFOKO3aHBIH
KOCBUTYBI MHKCOTPOQUSIBIK ©CyTe OKeNlemi, Oy
OroMaccaHbIH OHIMJUIIT MEH ©CYy KapKbIHBIHBIH
orapbutaybiHa bBIKHan ereni  [13]. ConbiMeH
Katap, I[ITaMMIapAa KIETKaIBIK  TYPFbIIAFbl
TUJIpOreHa3aHblH OCJICeH IUIIriH apTThIpyFa OoJia-
Il [ 14] sKoHE OpraHUKaIBIK KOMIPTEKTIH BIIBIPAYHI
cyreri enaipicin 6encengipe Tyceni[12]. Berberoglu
xkoHe T.0. [15], Sveshnikov xone T.6. [16], Vyas
and Kumar [17], Tsygankov xone T.0. [18], Yeager
xoHe T.0.. [12], Markov sxone T.0. [19] cweiHABI
seprreyuinep A.variabilis, A.cylindrica mramm-
IBIpBIMEH O€JICeH[I TYypJle CYTeK OHIIpICiH JKy3ere
aceIpael. OCBI 3epTTEyNepre CoWKec, CYTEKTiH €H
JKaKChl OHJIpICI aHa’poOTHI JKarjaiina, a30TThIH
OeyiHyiMeH, aproHABIK KEHICTIKTE€ >KapBIKTHIH
KaThICYbIMEH  anblHAbl.  [{nanoOakTepusiiapabiy
CyTeri eHIIpiCiHIH apTHIKIIBIIBIKTaphl 0ap, OMTKEeHi,
oJlap TOTHIKIIaFaH OpTaja €Ki OaFbITTHl THAPOTe-
Ha3aHbl KOJJaHa OTHIPHIN, TiKeled OHopOoTONN3
JKYpri3e anajibl, COHBIMEH Karap, HUTPOTCHa3aaH
*kaHama Ono(OTOIN3 TIPOIIECIH JKY3eTe acklpa aja-
nel [20].

Byn monyna Anabaena mrammeinein H, Gemy
napameTpiiepi TaKbUIaHBIN, OoJylamiakra op Typii
TEXHOJOTHAJIAPJBIH  TePCIEeKTHBAIAPHl  KEHiHEeH
Kozrasrad. COHbIMEH, CyTeK aTy IbIH OMOIpoLecTepi
KaMTBUIBINI, Op  TYpJiepi  MapaMeTpIIepiHiH
KOJTaHBUTY HyCKamapel kepcerinreH. COHFBI
Kbuinapel Anabaena mTaMMBIMEH SKapHsJIaHFaH
3epTTey  JKYMBICTapblHA  IIOJY  JKACaJIbIHBII,
Oomyamarsl MOJ TYpJEpiHE TEPEHIpEeK CcHIlaTTama
xKacainel. Anabaena IMTaMMBIHBIH OWOMAacCachiH
OHJIIpiCTe KONIaHy MYMKIHJIKTEPi KapacThIPBUIBI,
OoJamakTarbl MAHBI3IBUIBIFBI CHITATANIBL.

Buocmymex endipici — sxono2usiibly masa npo-
yecc

H, sHeprusicel — €H Ta3a, KaJlblHa KENETiH dHEp-
rust Ke31 00Jibin TadbuTa bl OJ1 aJIeM/Ie KeH TapaliFaH

JKOHE YBITTBUIBIFBI JKOK, TYCCi3 JKOHE IKOFaphl
JKaHFBIII Ta3 00IBIT TaObLIaabl. O SHEPTeTUKAIBIK
TYPFBIIAaH THIMALIITI XKOFaphl XoHE 0acka rasjiap-
MeH calbICThIpraHaa 3QQeKTuBTi OobIn TalOblIa-
nbl. CyTeK SHEpTHSCHIHBIH MaHBI3IBUTBIFBl — OHBIH
3NIEKTPOXUMHUSIIBIK JKaHy IpOIecCTepi OOJIBIN Ta-
Obutanbl. H, SHEPrUsCHIHBIH Tarbl Oip OH JKarbl —
OJI JKaHy OapbICBIHIA COHFBI KAJIBIK 3aT PETiHIC
CyIbl IIBIFapaabl. by mporiecc 3KOHOMHUKAIBIK
TYPFBIZIAH TUIMJ1 KOHE aTMOC(EpaHbIH JaCTaHYbI-
Ha xon Oepmeiini. H, smeprusicer ote addexTnBTi
0OJIFAaHBIMEH, OHBI TaOWUFHM OpTaaH OO aay/bIH
TEXHOJIOTUSACHI KBIMOAT OOJIBIT OOJBIT TaObLIA b
[21].

Kasipne H, oHepruscel keOiHe KypambIHIa
KOMIpCyTeKTepi 0ap KOCBUIBICTapJaH ajblHa-
IOpl: TaOWFW Ta3, KeMip XKOHE XHUMUSIIBIK Me-
Tamap. byn  KockUTbIcTapabl  eHaey KeOiHe
TEPMOKATATUTUKAJIBIK pedopMaIis KoHE KPEKUHT
omicTepi apKBUIBI XKY3ere acambl. bysl TeXHOIOTHs-
Jap/bl KOJJany oHall O0JIFaHbIMEH, YKOHOMHUKAIBIK
TYPFBIIaH KOMNTEreH IIBIFBIHAAPFA aJbIl KeJeIi.
byn xocemapuiapnan  H, OHIIPYIIH KEMIILIITi
— cyOcTpaTTThiH 0Oacka Ja HIMKi3aT Ke3i OO0kl
KOJIIaHBLTYHI 00BN TaObLTa bl JlocTypii xonmap-
MEH CYTEK OHIIpY IIHKi3aT Ke3iHe 0aKTaJacTBIKTHI
apTThIpaJbl KOHE KOpIIaraH OpPTAaHBIH JIACTaHY-
bIH JKoFrapeiiata tycemi. COHJIBIKTAH, aTallFaH
Mocelep/i MIenly MaKcaThlHAa CYTEK SHEPTHSCHIH
Oacka nma cyOcTpaTrapiaH Oeinm amy KYMBICTaphl
KapacTeIpbutafsl. O YOIiH Ka3ipri TaHga 3JIEKTPO-
u3, (OTOIIEKTPOIU3 KoHE OWOCYTEKTI OHIIpY
YIiIiH (OTOIU3UC TEXHOJIOTHSIIAPHI OMJIAT TA0BLIIBI.
Conapaply iminzge, GojamarslHaH YMIT KYTTipeTiH
omicTepiH Oipi — KYH JHEPIHACHIHA HETi3ACITeH
ouodepmenTaius Oobin Kenemi [22].

buo-H, snepruscer poropepmenTanus, KapaHrbl
(hepMeHTaIUsA TIporieccTepl  APKBUIBI  KAPKBIHIIBI
typae xyprizineai. Conrbl 50 xbuiga ortoTpod-
Tl MHKPOOOPTaHU3MACPAIH MBIHAaFaH TYpiMeH
TiKeNeH >oHe »aHama Ouodoronns apkeuibl H,
SHEPrusAchl Kemnten OeiHinm anbiHabl. COHBIH
iminae OakTepusuiap, HUaHOOAKTEpHUsIap MEH JKa-
CBUT OaymbIpiap €H 0acThl 3epTTEy HBICAHIAapbIHA
avtHanpl [23]. backa omicTepMeH cabICThIpFaH/a,
IMAaHOOAKTEPUSIAPbIH AKTHBTI IITAMMIAPBIHBIH
(>xkabaiibl >koHE MOIU(GUKAIMSUTAHFAH) KOMETiIMEH
H, emmipici Gacka oIiCTepMEH cabICTapraHia
epeKIIeICHe/T. Buonorusinbik MpoIecTepre
Herizaenren H, enaipy o/1ici SHEPTUAHBI a3 KaXeT
eTeli, ojap KYH CoyJeci CHUSKTHI JKaHAPTHUIATHIH
Ke3leplli TMaijanaHaibl KoHE CO2 KO31H TeK
KIIETKAIapAblH ©cCyiHe FaHa maiijmanananasl. buro-
doronm3 mporeci Ke3iHAE  MHKPOOPraHH3M-
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aep aybUIIapyalIblIbIFbI eciMIIKTepiMeH
Oocekere TYCIICHIII JKOHE KOpIIaraH opTara 3WSbIH
KeNTipMel i, KepiciHie, ayaHbl OTTErl Ke3iMeH
OalipITyFa yJIECiH KOCaIbl.

CoHBIMEH KaTap, IMaHOOAKTepHsIaap — KoMip-
Cy, JUIHATED, aMHUH KBIIIKbULAAPE], OHOJIOTUS
KaXeTTi JA9pyMeHIep, OHOOTHIHIAp >KOHE aKybI3-
JIap IpIFapyra KaOimeTTi oJeyeTTi MHKpoopra-
HU3MEep OOJbIN caHanmaabl. AlTa KeTy Kepek,
IMaHOOAKTepHUsIIap/AbIH OHMoMaccachlH KOCMETHKA-
I1a, a3bIK TYJIK ©HEPKOCIITEPiHE KAPKBIHIBI TYpIe
Konganyra  Oonagpl.  L{manoOGakrepusiiapibiH
imiane Anabaena TypnepiHiH 0achIM KeIIIUIITi-
HIH KieTKachiHbIH Kypambl 30-40%-b1  aKysI3-
JapAaH TYpFaHIBIKTAaH OJap aybUl IIapyallbUIbIFbI
JKaHyapJIapblHBIH ~ a3bIFbl  PETIHAE  KOJIAAHBLTY
ycrinme. Keitbip TtypnepiniH kieTka Omomacca-
ChIHBIH 5-10%-b1 Mall KBIIKBUIIAPBIHAH TYPaIbl,
on Typiuep keOiHe Ouomusenb eOHIIpiciHIE
Konmanbuiaael.  Conabikran, buo-H, enmipicin
OMIpILIeH YpAicKe alHaIABIPY YIIiH, OYHBI KaJFbi3
Ipolecc peTiHAe oiayasl TOKTaTy Kepek, Oipax
COJI JKacymiajapian KeOipek maiga anxy YIIH OHBI
OMOJIOTHSUTBIK,  Ta3apThUIFAH, HMHTETPallUsUIaHFaH
Mpolecc PeTiHae AaMBITYIbl OacTay MaHbI3Abl 00-
JIBITT TaOBLTAET [24].

MHuUKpoOpranu3MIepAiH MeTa0OoNU3MIHIH Ka-
HamMa ©HIMi Heri3iHAeri CYTeKTiH OHOXHMUSIIBIK
OHJIpici — OYJI KajambelHAa KENETiH pecypcTrapiaH
CyTeTi amyJblH jKaHa TEeXHOJOTHSUIBIK cajackl 0o-
aem Tabbutanml. Tipi arsamapaan H, Gemin amy
TEXHOJIOTHACHl JKApPThl FachIpaH acTaM YakbIT
OolibiHa 3epTTENreHIirine KapaMacTaH, oJli KyHre
JICHIH TOJIBIKKAHIBI )KOHE MOJI ©HIM OepeTiH Tex-
HOJTOTHSI KasbimTacnaasl. OCkl TypFeIIa IIMaHOOAK-
TepUsUIap JKYprizeTiH OHOGOTONU3E HETi3NEeNTeH
CyTeri aiy yaepici COHFBI 35 XKbII ilmiHae OeICeH T
3eprrenai [25]. Ochl yakBIT iTiHAe MAKPOOAIBIP-
Jap MeH nuanobakrepusiapaa H, Tysimyain Herisri
MOJIEKYJIaJIbIK ~MEXaHW3MJepi 3epTTelie  TYCTI.
dotocunTe3iH 3IIEKTPOH/IBIK-TPAHCIIOPTTHIK
Ti30eri, COHBIH INIHJIE, CYAbIH bIIBIPAYy MEXaHU3MI
MEH CyTeri TY3UIyiHiH KaTajau3aTopiiapbl CHUSKTHI
€Ki 3JIEMEHTTEH TYPaThIiH Cy OM0(hOTOIN3 XKyHenepi
KOHIICTITYal 6l TYpAE Tikeield OMo(OTONU3 KoHE
*KaHama OHO(OTONIM3 PETIHAE KapacThIPhLIabL.
benrini Gonranmait, Tikenmed OwodoTONMM3 yHepici
(hOTOCHHTETUKANBIK MUTMEHTTEP CiHIPreH >KapbIK
SHEPrHsACHIH TNalJaNaHbIl, KIETKa KypaMbIHIAaFbl
cynwin orreri (O,) men cyreri nporonaapeina (H”)
BIIBIpAaybIHA KOJJAHBUIAABL. AJl, Tikened Ouo-
¢doronusre HerizmenreH (QOTOCHUHTE3 YAEpiciMeH
XKy3ere acaTelH (peppeIOKCHH MEH THUIPOTeHa3aHbI
aktuBTeHaipeni. Kierka »anama OunodoTonmzie
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KOMIPKBIIIKBII Ta3blH Ty3y YLIH CyIbIH OemiHyi
JKoHE (EeppEIOKCHUHHIH TOMEHILYl yaepicTepiH
naiaanaHabl, aja HOTHIKECIHIC aJibIHFaH KOMIpTeri
KOCBIHJIBICBIH 0OJIeK peakiusi Ke3iHIe CYTeKTiH
OemiHyiH BIHTATAHABIPY YIIiH KOJITaHaIs! [26].

DoTOTOPODTH MUKPOPraHU3MAEPAETi TiKemeH
OonodoTonu3 yaepici KyH coyJlieciH SHeprus Kesi
peTiHze KOJJAHBIN, CYAbIH BIIBIPAYBIH TYJIBIPHII,
COHBIH HETI3iHJeri O6JIHIN MIBIKKAH 3JICKTPOHIAP
JKOHE TPOTOHJAP APKBUIBI CYyTEri MOJEKyalapbiH
KaTaln3ziey KbI3METIH aTKapaJibl.

®dorocuHTE3 YHACPICIHIH HOTHXKECIHIC maiaa
OoiFaH JJIEKTPOHAApP CyTeK (QepMmeHTTepi — TH-
poreHasa XoHEe HUTpOreHasza OCJICeHIUTITIH Ty-
IIBIPBIT, COHBIH HOTWXKECIHIE Ta3 TypiHaeri H,
optara OeiHin IbFansl [27]. AHa3poOTHI *Karaal
TYBIHJIAFaH/1a HEMECE apThIK SHEPTHs KUHAKTAIIFaH
Ke3Zie POTOCHHTETHUKAIBIK MUKpoopranumaep H-
abl H,-ke aliHanappaTbin epMEHTTEPIl KOJIaHbII
apTBIK DJHEPTWsSHBl KOpIIaraH opTara OeJim
HIBIFapajbl. 3epTTey HOTHXKeJIepl KOpCeTKEeHICH,
cynblH O6lliHy peaKIHsACHl HOTIXKECiHAe Maiaa
OOJIATBIH 3JICKTPOHAAP MEH NPOTOHIApP XJIIOPO-
IacTrapyia KuHakraieim, H, Tysymi depmentrep
HeTi3inae xoraphl canansl Tasa H, (99,9% neiiin)
raspiHa aiHamaasr [28-31].

2H,0 + xyn sneprusicel — 2H, + O, (1)

buocymex
Mmexanuzmoepi

nanob6akrepust Anabaena TypiepiHie Oapibl-
FBIHIA XJIOpPOQHMIUI a JXKoHe Oacka Ja IMUTMEHT-
Tep 0ap, omap KYH COyJNeCiHIH SHEPrHACHIH alry
VIOiH JKOHE OCIMIIK Topi3fi OTTETUIK (DOTOCHH-
TE€3 JKYPridy YIIiH (QOTOCHHTETHKAJBIK JKyHeraepai
(DXK2 xone DXKI1) maiinananager. OK2 (P680)
MMATMEHTTEP1 TOITKBIH Y3RIHABIFEI 680 HM-IeH KbICKa
(doTOoHIApABI CiHIpE OTBHIPBIN, CYIBbl MPOTOHAAPFa
(H"), snextponra (&) xone O, -re 6omayre KabineTTi
KYIITI TOTBIKTBIPFBIIITE OpTara OeJIin IIbIFapajbl.
doTocUHTE3 HOTIKECIHAE Maiijga OOoJFaH dHEPIus
CBI3BIKTHIK AJICKTPOH[IBI TaChIMAJIAYIIbUIAD MEH
IIATOXPOMJBIK KemieH apKbutel @XK1-re Oepimeni.
Anabaena mirammbiabiH Oapnbirbinaa XK1 (P700)
MUTMEHTTEPl TONKBIH Y3bIHILIFE 700 HM-AcH
TeMeH (POTOHAAPIBI CiHIpemi, OV TOTBIKKAH ¢ep-
penokcun (Dp) xoHe/HeMece HUKOTHHAMMUJ ajie-
HuHauayKieoTun ¢ocdarein (HAD) temennmery
VIOiH  DJCKTPOHIOAPABIH  DJHEpPTHs  JACHTeHiH
Korapputataabl.  JKacymanelk ~— MemOpaHamaH
Ty3iireH npotoH rpaaueHTi AY® cuHTe31 apKbLUIbI
SHEprusl OHAIPICIH JKy3ere acelpaabl. AJl, TeTepo-
nucTanel Kierkanapaa Tek ®XK1 OonraHabIKTaH,

OHOIpICIHIY Jcyseze acy



T'.K. Kammrsi6aesa xone T.0.

Oy kommuekc O, Genin mbIFapa anManbl, Oy
cyrek Oemymii  (epMeHTEepAiH  KYMBICHBIHBIH
s ¢extuBTinirin  tyapipaasl. ATP xone HAD
KOMETIMEH PeAyKTHBTI MeHTo30(ocdar KONl He-
Mece JKacymanapiaslH ecyi ymriH KamsuH nwmkii
apKbUIBI a3asi/ipl. Y AEpiCTEepAeH apTBUIBIN KallFaH
SHEPrusl TOTHIKCHI3OAHIBIPBUIFAH KOMIp jKacylia-
napna kemipcynap (CH,O) sxone munuarep Typinze
cakranazsl [32].

Keli karpmaiimapna kineTkanbslk — (eppenok-
cMH Oemori  MOJeKynmamblk cyTekTiH (2H™
2Fd—H,+2Fd) sBomonusacel yuiiH MIpoTOHIAp-
bl TOMEHAETY MakcaThIHAa THAPOreHa3a HeMmece
HUTpOTeHa3a (QepMEeHTTEepiH Karap KOJJaHabl.
Herisinen, Anabaena mramuapbiaaa cyTek 0esyre
JKayanTbl (EPMEHT «KaWThIMABI THApPOTeHasza» 0o-
JIBITT TaOBLIAbI, ce0ebi O peaKIHsIHBI €Ki OaFpITTa
na katammsgei amansl (H'<H?). Ocwl Typrbina
Anabaena 1ITaMMBIMEH KONTETeH IKYMBICTap
KenTipinreH, Meicanbl, Benemann jxone Weare
Anabaena cilindrica mtamMer OGipHeme caraT OOH-
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bIHa aproH arMoc(epacelHAa CyTeri MeH OTTeri
ra3plHBIH Taiga OonraHbiH Xabapianel [25]. Co-
HbIMEeH Katap, Kossalbayev sxoHe T.0. eki Oipieit
Anabaena MTaMMBIHBIH «KaWTBIMABD) THIPOTE-
He3a (epMeHTiI apKpUIBI CyTeK OeiryiH 3epTTeni
[33]. ConbiMeH KaTap, TETEPOIMCTAIBI KIIeTKalap-
Jla OpHajlacKaH HHUTporeHasa (epMeHTI Ie CyTeK
Oenyine xayam Oepemi. CyTeri SBONIOINHSACHIHA
KaThICaTBIH OY1 (hepMeHT Oip yakpITTa ayaaarsl 0oc
a30TThIH (N,) aMMHuakka (NHS) TOTBIKCBI3IAHYbIHA
xkayan Oepeni [34]. JlerenMeH, ruaporeHasa MeH
HUTpOTeHa3a (epMEHTTEpl OTTEri MEH a30TKa eTe
cesiMTaa Oomblln Kenenl. PoToCHHTE3 HOTHXKECIHIE
naina 6osran orreri (O,) KeTKa KaObIPFaChIH TECIIT
oTiN, cyTek (pepMeHTTepiHiH OeJICeHAUTITiH a3aiiTa-
IIbI/TOKTaTa bl [35,36].

HunanobakrepusimapasiH 6nodoTonmzi 35 Kbii-
JlaH acTaM YyakbIT OOWbIHA OCJICEH[I 3epTTEIye
[25-37] xoHe HOTHXKeEciHAE OipHelle omicTep *aca-
JIBIHABI, COHBIH iMIiHAE Tikemed OmodoTomms >xoHe
»kaHama Ouogoronus antyra 6omazel (Kecte 2) [38].
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1-cyper — Anabaena TypiepiHin cyTek 061y MexaHH3Mi
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Tikeneii ¢pomonus npoyecine nezizoencen H,
endipici

Anabaena Typnepinge Tikenei Ouodoronus
mporieci KyH coyneciHe Heri3fenreH CyTeKTiH
OHJIpICI YIIIH KOJIaHbUTambl. JKapblk dSHEPTHs-
ceiH DXK2, ®XKI1 nurmentrepi CiHipemi, Oy
anekrpoHgapasiH OXK2  apKpubl  eppeoOKCUH-
re PSI apkputel aybiCKaHIa TOTBIFYIBIH DHEPIHA
JICHIeHiH KorapbuiaTabl. JKapblK 3HEPTrUsACHIHBIH
Oip Oemiri cyreri ras3blH CBIPTKBI OpTara Oein
meiFpy yuria AY® monekynamapsl TypiHAe KOpra
kuHanmaas! [39].

Anabaena  TypnepiHiH ~ TaOuFaTTa = KEH
TapaJFaH MOPQOJOTHUSIBIK KOHE (DH3NOIOTHSITBIK
EPeKILEMIKTepl ONapAbl CYTEK OSHEPrHUSACHIHBIH
mecnekTuBTI oObekrinepi erexi [40]. Hwurpore-
Ha3a JKoHe/HeMece €Ki OaFbITTBI THIApOTreHa3a
(bepMeHTTEepi TypJiepJieri BEereTaTUBTI KOHE reTe-
poumcTanbl KieTkanapaa Aa makjga Oomamer [41-
42]. CounmwikTaH, Anabaena mTamMMAaphl CyTeTi
3epTTEyNepiHAeri a30TThl OCKITETIH MEePCIeKTHBTI
numaHoOakTepusiiap  Oombim  TaObutagel. by
TYPACPAIH HETi3T1 (QYHKIFSUIAPHl ayaJarbl a30TThI
TONBIPAK KypambIHa Oepy, all CyTeri 3BOJFOIHSICHI
OyJ1 TIpolecTe TeK jkaHamMa ©HIM OOJBIIT caHama-
1. Kenreren KenTipiireH 3epTTey KYMBICTapbIHA
ColiKec, MOJIEKyJIaNbIK a30T OojMaraH Ke3le
Ke0ipek cyTeri Ty3inyi MymKiH (hopmyna 2). Cyreri
3BOJIIOLIMSCHIHBIH HETI3r 3HEPreTHUKANBIK KO3i Ie-
TEPOLMCTAala HEMEeCe BEreTaTUBTI KJeTKajapia
naiina 6onran xkemipcynan (CH,O) anbimansr [43].
Anabaena TypnepiHOe CyTeK OHIpiCiHE >XOFaphl
TYPFBIZa DHEPTUs KakeT OOJFaHABIKTAH (CyTEKKe
4 AY®), nurporenasa QepmenTi Herizingeri H,
SHEPTHACHIHBIH THIMILIITI oTe ToMeH (<1%) Oobim
TabbuTazs! [44].

N, +8H"+8e+16ATP —2NH, +H,+16 ADP+16Pi (2)

Kanama gomonuz npoyecine nezizoenzen H,
endipici

[nanoOakTepusaapaslH OapiblK TYpJCpiHIC
¢dorocuHTe3 OapbichiHAa maiiga OonFaH 3SHEp-
TUSL  DHIOTEHAI KeMipcylap TypiHIe KJeTKa
inrHme cakramanael [45]. A, KOpFa *KUHAKTaJIFaH
KOCBUIBICTAp JKapblK JKOK Ke3[e Kpaxmal He-
Mece TJIMKOTeH TypiHIe CYTeK SHEprHschIHA
KoJganbuiaabl. JKapbIKThIH TiKelneld KaTbICYBIHCHI3
JKY3ere acaThblH YIepic )kaHaMa GOTOIU3 1 KypaiIbl.
Anramkeiapaee 0ipi 6omem [Naddpon meH Py-
OuH cyTek OemNiHICiHIH MeXaHU3MJEPiH 3epTTell,
HUTPOT€HE3a JKOHE TIHAporeHesa (epMeHTEpiHiH
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SHEPreTUKANBIK TY3UTyl KIeTKa IimIiHAeri CyMeH
TBIFBI3 OaliIaHbICThI ekeHiH amThl [46]. COHBIMEH,
KaTap, OCbl IPOLIECTEPTe )KaCyIailIIiK KeMipcyap
Jla KaThICaThIHbIH Aanenneai. Kopaa cakranrad sHep-
rust pepMeHTanurs HeTi3iHae KeMipCyTap/IblH alrysl
apKBUIBI CBIPTKBI OpTaFa MIBIFAPBUTBIT OTHIPAAbl. Al
apThUIBII KaJIFaH 3HEPrusl (TOTHIKCHI3AAHABIPYIIbI
KYII) ruaporeHe3a (QepMeHTIHIH HPOTOHAAPHI
epTiH/Ie CyTEeK OH/IIpICiHE KaThICAIbI.

CH,,0, + 12H,0 + wapsik — 12H, +6CO, (3)

JKachin MUKpOOanabIpIapMEH CalbICTHIPFAH/Ia,
0ip KJIeTKaJbl a30T OEKITeTiH IHaHOOAKTEPHsIIap
KaHaMa OMOQOTOMU3 apKbUIBI CYTEri OHIIpyre
KeOIpeK KbBI3BIFYIIBUIBIK —TYABIPABL. Anabaena
variabilis a30T IIEKTEYJi >Xarmaiimapma >KOFaphbl
rmkorenai (50 % Kkyprak Macca) KHHAKTauIbl
JKOHE KapaHFbI )KOHE a30TTHIK aTMocepaa HHITyK-
nusanad keiin 0,11 MMOIIB/T KYpFaK a/car KallbIIIThI
MOJIEKYJIAJIBIK CYTEKTi TaMbITaabl. bip Mok cyTeri
VIIIH Kacyliajap JJIEKTPOHIBI  KaOBLIIAFbIIT
periage 1,4 mons ametartsl, 0,65 MONb 3TaHOIN-
1el, 0,4 Mons popmateiH xoHe 0,1 MOIB TAKTATTHI
msiFapansl [47].

By nporecTiH KeMIIUTIKTepi HUTPOTeHE3aHbIH
ageHosuntymdocpar (AYD) MonexynanapeiHa
JlereH Korapel KakerTiniri. COHBIMEH Kartap, Oy1
ayKBIMIBI TIPOTIECTEPAE Y3IIKCi3 KOFAPHI JKAPBIK
KapKbIHJIBUIBIFBI KAXKET 00JIbIN Tabbu1as! [48-51].

1-kecte — Typa >xoHE >kaHaMa OHO(OTONU3 MPOLECTEPIMEH
AJBIHFAH CYTET1 OHIIPICiH CaIbICTRIPY

Ne Ynepic | Apreikmsisiktapsl | Kemmminmikrepi
KyHn sneprus- JKappIK xaKchl
CBIH MaKCHMAJI/TbI eteTiH HoToOHO-
TUIMALTIKIIEH peaxTopiiap Kaxer;
OunooTtsIHFa aitHanakl- | Cyteri/oTreri
pajsl; KOCBUIBICTAPBIHBIH

1 Tikeneit | KapamaiibiM TexHO- | aKbIpaTy
O6uodoTONN3 | TOUSIAPABI KOANAHY | KUBIHABUIBIFEI Oap;

apKBLITBI XKYy3ere I'unporenasan

acapl;
Merabonusaik
smicTep apKbLIbI
JKy3ere acajibl

JKOHE HUTPOTreHa-
3a (hepMeHTTEPI
OTTETiMEH 0achl-
JIazIbl

Ortreri MeH cyTeri

OKIIIAyJTaHBIIl

OeiHexnl; Op0Oip Ke3eHae

2 Kanama C Teriin’{ ipici a3parII) JHE 11"{1/?5{
ouodoronms y up A P

ap3aH ¢poToduope-
aKTOpIAp/a Ky3ere
acajisl.

JKOFanaabl
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Buocymex omndipicinde Koadanvliamvld Heeizel
depmenmmep

Anabaena Typnepinie a30T PUKCAIUSICHIHA KOHE
CYTEK eHJipiciHe KaTbIcaThlH 2 Typii (epMeHT Oap
— N,aza »xone H,aza. N, aza depmenTi rerepouucra-
sbl, anm H,a3a (epMeHTi TeK BETETATUBTI KIIETKAIap-
na xeszmeceni. Hurporenasa Oip yakpITTa ayagarbl
0oc a3oTTel OOWBIHA CiHIpE OTBIPBIN, CTPECCTI
JKaFmaiaa Kopra KMHAKTAIFaH DHEPTUSHBI CHIPTKA
cyTek Typinge Oeneni. Colikecinme, Oyt hepMeHTTiH
JKYMBICBI ©T€ KOIl SHEPrUsHbI KaxeT ereni. A, Ha-
3a (pepMeHTI BereTaTHBTI KJIETKaJlap/ia OpPHAIACHIII,
aHa’pOOTHI XKarnaiga KapKbIHABUIBIK TaHBITHII, CY-
TEK MOJICKYJIaJIapPbIH KaTaIn3AeH .

Buocymex ondipiciniy numpoeenasza gpepmenmi

Hutporenaza — umanobGakrepuss Anabaena
TYpJepiHAe a30T (UKCAIFsICHIHA JXKayar OepeTiH,
KOII Callallbl, MyJIbTUCYOCTPATTHI KYpJieii (pepMEHT.
Hutporenasza kemrteren cyOcrparrapabl (IIPOTOH-
JapJel KOCKaH/Ia) KallblHA KeNTipy YIIiH MarHui
aneHo3uH yudocdarsin (MgATP) xxone a1eKTpoH-
Japabl KonjgaHaasl [23].

Hutporenaza TypakThl a30TThIH Oip MoJie-
KyJachklHa Oip CyTeri MOJIeKYJAachlH IIbIFapaibl,

ol ymiH 8 31eKTpoH xoHe 16 AYD momneky-
JIaChIH KaKeT eTeli. AHa’poOThl Karaaimgarbl
KJIETKa OHEPTUsHbl OapiblK dSJICKTPOHIAPBIH
0ocaTy YLIIH HUTpOreHa3a apKbUIBI CYTEKTi
Oeuiinm IIbIFapazbl, OYJI OHBIH CYTEKTI ILMAaHO-
OakTepusIapMeH WLIBIFApyAarbl MaHBI3ABI POJiH
aHbIKTaiapl. HUTporeHa3aHbsIH OTTETIHIH ocepiHe
JKOFaphl CEe3IMTaJIbIFBl KEHICTIKTI Oeny (reTe-
pouucranapaa) xoHe (OTOCHHTE3 YAepiCTepiH
yaKpITIIa WIBIFAPY CHAKTHI OipKaTap KOpPFaHBIC
MexaHu3MJiepiMeH OeifTapantanaslpeuiran. Hut-
pOTeHa3a KYpBUIBIMBI KOHE OHBIH CYTEK Oey-
Jeri opTypii MexaHuW3MIEepi Typalbl 3epTTey
JKYMBICTAapbl COHYBI XbLIAAapbl KapKbIHALI TYPAC
3eprrenmi [52-54].

Anabaena Ttypnepinge ¢depMeHTTIH OenceHmi
OpTaJibIFbIHAAFbl METAJUJIABIH KYpaMblHA GaﬁHaHBI-
CTBI HUTPOTEHA3aHbIH YII TYpi Oap:

1. Mo-nutporenasa (Mo);

2. V-autporenaza (V);

3. Fe-nutporenasa (Fe).

OcHhI TYpJEpIiH iNTHAE aTbTepHATUBTI HUTPO-
renasza (Mo-HUTporeHasa) eH Ken 3epTrenreH dep-
MeHT OoutbIn TabbuTa b (3-Cyper).

3-cyper — CyTeri almMacyblHa KaThICATBIH IINAaHOOAKTEPHANBIK (hepMeHTTEp [55].
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HuTtpore-Ha-3a exi cienu(uKanbK aKybl3 KOM-
MMOHEHTiHeH Typajiel: Mo-Fe mporeunni, cydbcTparTs
KaJmbiHa kenripetiH P xone Fe-MoCo knactepiepi
0ap o, P kemenaepi xone Mo-Fe akysi3pina ToH Fe-
penykTa3a akybi3sl. COHBIMEH KaTap, CyTeri oHaipici
ayaaa a3oT OoiMaraH Ke3[e HUTPOTeHa3a apKbLIbI
cunre3nedtin AJI® rTHmponm3iH KaxkeT ereni,
Hup-runporenaza xypambiHIa CyTeri TOTBHIFyBIHA
apHaJIFaH HUKENb-TeMip KOMIIOHEHTI Oap, Hox-
THIPOTeHAa3a KYHeci HUKENbICH JIe TYPaJIbI.

An, Mo-HuTpOoreHa3a — OYJI a30T aroMpia-
pPBIH BIOBIpAaTaThIH, colkecinme, 220-240 x/la
MOJIEKYJIAJIBIK Maccackl 0Oap a,, rereporerpa-
MEpiHEeH TYpaThlH KYpbUIBIM. J[MHUTpoOreHas3a pe-
nykrasel mamamen 60-70 k/la romomumepi G0k
TaOBUTAJBI JKOHE CHIPTKBI AIIEKTPOHIBI JOHOPIAH
(beppemokcun Hemece (HIABOTOKCHH) DJICKTPOH-
JlapJIbl TMHUTPOTeHa3aFa aybICTHIPY Ke31HIE apajIbiK
TachIMaJJIayIIbl POIIiH aTKapaabl. Mo-HUTpOTreHas3a
TeTepOLUCTTepAE Je, BEreTaTUBTI JKacyImamap-
na nma cuHtesneneni [56]. Hutporenasa cuHTesi
kietkagarsl AY® rne”reiiae MeTaboIUu3MMEH
peTTeneni JKoHe TOTHIKCHI3AaHIBIPFRIITHIH SHAO-
TeHJIK MYJBIHBIH MeepiHe Toyenai GpepMeHTTiH
OencenninirimeH 6ackapsiansl [22,57,58].

Mo-auTpOoTreHa3aman 0acka, MHAHOOAKTEpHs-
JapJa BaHAJUA kKOHE TEMIpPJCH HUTPOTCHA3aHBIH
OeIceH 1l OpTaNBIKTaphl aHBIKTAIIB [59].

HunanoOakTepusanblK V-HUTPOTEHA3a aJFall peT
A. variabilis mTaMBIHIA aHBIKTAIBIHBII, TOJIBIFEIMEH
cunartanael  [60]. LlmaHoOakTepus KieTKamapsl
MOJHO/IEH JKETICTIEYIIUIIr JKaFaaibIHIa JKOHE Op-
Taja BaHAIWHJIIH KATBICYBIMEH alleTHJICHIl STH-
JIeHTe NeHiH TOMEHIETIN CyTeTiH KeIl MeIIIep/e
Oeminm meFapasl [61]. ConsiMeH Karap, BaHa-
Ul HUTPOTCHA3aCHIHBIH KYPBUIBIMIBIK TEeHJEPI
A. variabilis, Nostoc punctiforme MTaMIapbIH-
na cumartanran [62]. V-autporeHasanbsiH V-Fe-
AKyBI3BIHBIH T€TePOJUMEpPl KOCBIMINA Tarbl 20
CyOOIpIiKTEeH Typasbl.

Fe-nutporenasa zemn aTajgaThlH OHBIH OCJICEHII
opTanblFbiHAa Mo HeMmece V JKOK HHUTpPOTEHa3a
TYpi Typaisl aknaparrap eTe as. O HeTi3iHeH a30-
TOOAKTEp JKOHE KYJriH OakTepusiapAblH Kenloip
TYpJIEpiHAe Ke3aeceai. A, IHaHOOaKTepUsIapIbIH
imiage ek 4. variabilis KneTKanapbeIaaa 0eJICeHIUTIK
TaHBITATHIHBI AHBIKTAJIBI. Fe-HUTpOoreHa3a apKbUIbI
KIJIETKaJaFbl CyTeri OeNiHYiHIH >KbUIIaMIIBIFBI MO-
nub/leH HeMmece BaHagWil HHUTPOTeHa3alapblHa
KaparaHJa [IaManbl TOMEH OOJBIN Kellyl MYMKiH
[62].

Buocymex endipiciniy euopoeenasa gpepmenmi

Anabaena Typnepinze cyTeri 0eyre KaTbICaThIH
(hbepMeHTTEpIiH eKiHII TOOBI — THApOTreHa3anap.
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Byn rereporennmi depMeHTTEp TOOBI KYPBUIBIMBL,
KacueTTepi MeH (DyHKIUSIIAphl alyaH TYp:i OOJbII
keneni. DepMeHT KapamalblM XUMHUSIIBIK PEaKITHs-
HBI, SIFHU, TIPOTOHAAP MEH 3JICKTPOHIApJaH CYTEK
TY31UTyiH KaTaau3aeiai.

Kazipri yakpiTra Oenrim OonraHmail, OapibIK
ruporeHasanap OeJCeH I OPTAIBIKTHIH KYPhLIBIMBI
OolibIHIIA YIII K1acKa Oeinedi [63-65]:

1) NiFe-runporeHasa (HUKeb TEMipiHiH THAPO-
reHas3ajiapel);

2) FeFe-rumporenasa (temip ruaporeHasa-
JIapel);

3) Fe-rupporenasza («MeTaym emecy THUApPOTE-
Hazaap).

KenTeren ¢oTOCHHTETHKANBIK MHKpPOOpra-
HU3MJIEPJIe, OHBIH IIIIHIE [[MaHOOAKTepUIapAaFhl
rHAporeHasajap €Ki TONKa XikTeneni: 1 — TOTBIFY
ruaporenasanapsl (Hup), HUTporeHa3anaH ajabIHFAH
CYTETIHIH TYTBIHBUIYBIH KaTalnu3aeiii, 2 — CiHipy
KaOineri Oap KadTeIMabl ruzpporeHasanap (Hox)
[65].

Exi GarbiTThl HOX-THApOTeHa3a TeMip-HUKEbIi
ruaporeHasanapra >karaael ckoHe HoxE, HoxF,
HoxU, HoxY »xone HoxH akybI3mapbl KaMTHUTBIH
kemeHHeHn Ttypaabl. HoxYH xkemeninge HoxH
KYpaMbIH/Ia CYTEKTiH TOTBIFYBIH KaTallU3JCHTiH
KaTaJIUTHUKAIBIK OpTanslk Oap (cyper 3). HoxY
Kypambinja Fe,S, knactepi 6ap, 051 91€KTpOHIapIbIH
KaTaJIUTUKAIBIK OPTAIBIKKA OTYIH >KCHUIIETEI].
Onextponnapabl HoxH arbIMbIHIaFbl  OeniceH i
opranslk — HoxY kimi Oemimi xone HoxEFU
TeMip-KYKIpT KJTacTepiepi apKbLIbI IIBIFapasl [66].
byn H,asa HAJI(®)-nen Tikened opekeTTecen,
OHBI CyTeri OOJFaH Ke3Jle a3ailTazpl Hemece IH-

PUIVMH HYKICOTHATEPIHIH TOMEHIEYl apKbLIBI
CYTeKTI CBIPTKAa ImbIFapaabl. Hox-ruaporenasa
nUMaHoOaKTepUsUIapAblH ~ KeNiiirinae, Mopgo-

JIOTHACHI MEH a30TThl (uKcanusiay KabileriHe
KapaMacTaH aHBIKTAIIbl. Oneduertepne Oip Kiert-
KajJbl [uaHoOakTepusuiap — Synechocystis XoHe
ximmenm Anabaena KieTKamapblHIA aHBIKTATFAHBI
Typallbl KeNTereH JepekTep Kesneceni. Anabaena
variabilis, Anabaena PCC 7120, Synechococ-
cus PCC6301 xome Synechocystis PCC 6803
mramaapeinaarel H,a3a pepMeHTTepi TONBIFBIMEH
cunartanrad [21,66-69]. bipak Oyn depMeHTTIH
OTTETIre ce3IMTal EKEHIH XOHE OHBIH KYMBIC
icTeyl VIIIH MHKPOa’poOThl HeMece aHa’pOOThI
JKaFaiiapIbIH KaKeT eKeHiH atan eTy kepek [70].

Conpven karap, HupSL Hjasa exi Gemimuen
Typansl — ynkeH HupL cyOynwmrti sxoHe kimi HupS
cy00emikTepi, colikecinmie, mamamen 60 k/la xone
30 x/la (cyper 3). YJIKeH KOCaITKbI 06ITiKTe OeceH Il
opTabIK Oap xoHe Oumeraapl NiFe opTaibiFbIMeH
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KOpLIaJFaH, aj Kimi OemiMae >MeKTPOHIb Oepymi
KaMTaMachl3 eTeTiH TEeMIp-KYKIpPT KiacTepiepi
Oap. A30T Ty3ylll IMaHOOAKTEPUSUIAPIBIH KJIET-
kanmapeiHna keszmeceTin HupSL  rempepi  azot-
ChI3 OpTamarbl KJIETKA >KaFgalblHIa 1a KepiHemdl
JKOHE HUTpOreHa3a OCJICEHAUIINIMEH ThIFbI3 Oaki-
JaHeICTBl Oonbiml  kenemi [71,72]. CoHAabIKTaH,
HupSL rtmaporenazacel dK30TEHIIK JKOHE HH-
TporeHa3zaMeH OeNiHeTiH CYTeKTi CiHipy VIIiH
TeTepONUCTTEepAiH imiHae cuaTe3neneni. OHBIH
KaThICYBIMEH TETePOIMCTAIBIK [HaHOOAKTEpHsIap
a30TThl (PUKcalMsANay >KarnaiblHAa ayara CyTEKTi
mpIFapMaiinbel. Nostoc punctiforme KineTKalapbiHaa
HUTPOT€HA3aMEH ThIFbI3 OaianbicTa Oonarei H,a-
3a (epMeHTIHe KayanTbl aKkybl3gap Oap eKeHMIri
KepcerinreH. ['ereporcrrepneri MyHOail peak-
AT HUTPOTEHA3aFa yJIBI OOJIBINT KEJIETIH OTTETiHIH
KBICBIMBIHBIH JICHI'CHiH TOMCHJIETYI'e KOMEKTeCe/i,
COHBIMEH KaTap, HUTPOTeHa3aHbl JJICKTPOH-
JapMeH KamTamachkl3 eremi [73-76]. Meicaisl,
Anabaena variabilis-re HupSL a30TTbIH capKbLUTYbI
KarmaiibiHaa NtcA 1HaHOOAKTEPHSUTBIK a30TThI
pEeTTerimIeH acep €Ty apKbUIbl TPaHCKPHUIIIHLIIA-
Hazbl. Kei0ip xarnaitnapna, HupSL komruiekcinig
JKOFapbl WHAYKIUACHI CyTeTi OOJFaH Ke3Jie alKbIH
Oaitkanansl [77].

Cymex eoHiMOIniciHe acep ememin XUMUSLIbIK

gaxmonap
@omocunmes uneubumopaapul. CyTeri eHAipi-
ciumeri UAHOOAKTEPUSITBIK KJIETKaJIapIbIH

OHIMIIUTITIH apTTHIPYABIH Tarbl Oip THIMAL Tocini
— DJIEKTPOHIAP/Bl TachIMalay HMHIHOUTOPJIAPHIH
Kongany. Kasipri yakeitta 15-TeH actam op Typii
WHTHOUTOPNAP KOJNJAHBUIABI, OJAPABIH IIIiHAe
KeHiHEeH KoyigaHbutaTelH auypon DCMU, CCCP,
MeTu BuosioreH (MB), kanuii imanuai (KCN), ximo-
pamdeHnko, 2,5-mmopoMo-3-MeTHIT-6-H30TIPOITHII-
p-6enzokuHon (DBMIB), nenraxmnopdenon (PCP)
xoHe ManonaT OX uHruburopnapsl 60JbII TaObI-
nmanw (kecte 3).

Conbimen katap, DCMU (muypoH) — KeHiHEH
KOJIJIAHBLIATHIH 3JIEKTPOH TachIMANJIAy >KYHECiHiH
WHTHOUTOPJIAPBIHEIH Oipi OOJBITT TaOBIIadbI, OHBIH
MOJICKYJIaJIbIK KYPBUIBIMBI OipTiHAEN KBICKapFaH
TUTACTOKMHOHHBIH KYPBUTBIMBIHA YKCac KoHE Oyl
Mosekynanapabiy D2 peaxkuust aimarbIHIAFbI
XMHOH OalIaHBICTBIPY OpTaNbIFBIHIA OeNCeH Il
0ailIaHBICTHIPBUTYBIMEH  TYCiHAIpineni. Jnypon-
bl Konmany Qoroxkyiie 1 OelICeHmUTITiH Texey-
re >KoHE MOJIEKYJaJbIK CYTeK OHIIpyre KOsl
aHa’poOTHI JKaFjail skacayra OarbiTTanFad. OchI-
nmarimta, DCMU wHTHOWTOpHl XWHOHHBIH aHa-
norel peringe QB ®XK2-men Oaiinanbicansl na,
QA-maH  dJEKTPOHIAPIBIH  aybICYBIH  TEXeHi

(4-cyper). DCMU ocepiHeH ITMaHOOAKTEPHUSIIBIK
KIIETKaIapAarbl CyTeri OHIPICIHIH apTybl OipKaTap
FAIBIMIIAPJIBIH  KYMBICTapBIHAA KepceTinreH [37,
77-79]. Cournac orcone m.6. aBTOpiIap KapaHFbI, aHa-
3po0THI xkarnaiiaa 75 mmons DCMU KaThICybIMEH
Synechocystis sp. PCC 6803 kieTkamapsl CyTeKTi
YKOFapbIpak eHIipeTiHiH xabapmaasl [80].

@K wHrHOMTOpIAPBIHBIH 9CEpiHIH Herisri
HYKTeJepi jKoHe IHaHOOaKTepHsuIapaarbl CYTeTi
aNIMacybIHBIH Oenrini Oip >KyHeciHiH >KYMBICHIH
OyokTay Tocinmepi 7-cyperre KenTipinreH. 3epT-
TE€y KYMBICTapbl KOPCETKEeHMAEH, >KOFaphIIaFsl
MHTUOUTOPIIApAB! KOJIJITaHy IMaHOOAKTEPHS KIIET-
Kayapbl apKblIbl Ky3ere acarbid H, enmipicin
YIFalTabl.

Huanobakrepusuiapaa (otoxyiie 2-HiH TaFbl
Oip TaHBIMaJ WHTHOWTOPHI — KapOOHMII ITHAHWU]
M-xsopodenun ruapazonsl (CCCP) Gomnbi TaObI-
nanbl. byt naru6urop DCMU cusikThl, KapOOHUI I
nuaHun  M-xiopodernn  ruapaswH  OXK2-HIH
(bOTOXMMUSIIBIK ~ OCJICEHAUNITIH — TEXEHII KOHE
O, enpipicinin TemeHaeyiHe dKeneli. Nostoc sp.
woHe Lyngbya sp. mrammapeina CCCP wHTHOH-
ToppiMeH acep eTkeHae DXK2  (HOTOXMMHUSIBIK
OeJICeHAlNiri TeXeNeTiHAirt Typanbl xalapiaHabl
[81,82]. Commimen katap, Oscillatoria chalybea
meH Synechocystis sp. PCC 6803 mramaapsina
CCCP rexerimimen ocep eTkenne H, enmipicinin
JKOFapbUIaFaHbl Typalibl 3epTTey HOTIKenepi Oap.
Conpnaii-ak, CCCP unruouropsibi AT® cuHTEe31H
TEXEeyl Typasbl AEPEeKTEp KOINTEreH FaIbIMIapIbIH
JKYMBICTApBIHIA KENTIpiATeH JkoHe Anabaena
variabilis xone Anacystis nidulans naxKpUIIapbIHBIH
KapaHFbl OPTaJarbl THIHBIC ATy KbUIAAMIbIFbIHBIH
YKOFaphIIayblHa anbin kendi [81,82,84].

KCN xone PCP cusikTbl MHTHOUTOPJIAD XUHOI
OKCHJIa3aHbI OJIOKTaW I, 0YJ1 PQ MyTBIHBIH a3at0bIH
Tyapipybl. ConbiMeH KaTap, KCN WHTHOUTOPHI Cy-
Tek OeniHyai OokTaiinb Hemece DBMIB-re cusikTh
Bepr xane Kporman [84] ycbinran sxymbicta Cyt b f
KOMITIEKCiHEH (OTOXKYHe Oipre meiiH TONBIFBIMEH
SJIEKTPOH TPaHCHIOPTHIH OnokTaiinpl. CoHBIMEH
katap, DBMIB HUTpaTThlH aCCUMWIALMSIIBIK
TeHACPIHIH PETTeNyiHe BIKIANl €TeTiHI KOPCETIITeH
[85] ’xoHE HUTPATTHIH ACCUMMIIALIUACHIHBIH TEKEITY1
o3 Kkeserinae H, eHIipiCiHiH apTyblHa ajbll KEIi
[86].

[nanoOakTepusi KJIETKaJIApbl apKbUIBI CyTEK
OHJIIPICIHIH OHIMIINITIH KOFapbUIATYIbIH THIMII
METa0ONUTTIK TOCUTIHIH Oipi — oprara op Typdi
9K30TEH/1i 2JIEKTPOH IOHOPIIAPBIH KOCY OOJIBIT TaObI-
nanel. KeMipTekTiH ke31 HUTporeHasa (epMeHTiHIH
OenceHmimirine ocep eteTiHi Oenrimi. Kapamaitbim
OpTaHMKAIBIK KOCBUIBICTap OONFaH Ke3/le CyTeri
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OHJIpici apTaabl, OTKEH1, KOPAKTOP KOCHIIBICTAPHI
apKbUIBI  DJIEKTPOHIBI TapTy HHUTPOTCHa3aHBIH
KbI3MeTiH ~ Oencennipeni. CoHBIMEH, QpTYpIi

KaHTTap/IbIH KOCBUIBICHI JIa CyTeri OHIIpiCiH bIHTA-
JIAaHIBIPJBI, a1 MAHHO3aHbI KOCKAH/Ia CallbICThIpMa-
JIBI TYpJIE €H JKOFaphl KepceTkim Oaikanabl [87].
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4 cypert — LlnanoGakrepust OTOCHHTE3 HHTHONTOPIIAPBIHBIH dcep €Ty MEeXaHH3MIepi

Cyocmpammap. Anabaena nmaHoOaKTepuUsiIa-
pBI TeTepoTpOdThI META0OTH3M aPKBLIBI SHIOTCHTI
e, DK30reHni ae cyOctpar kemerimen H, Tyse
amanpl [88]. DHmoreHmikke KeleTiH OoJicak, €H
MaHBI3JIBICHl — KPaXxMaJl, OJ1 MPOLECTIH KapbIH KO3i
Oap Ke3eHiH/e Ty3i1e/ %aHe oj1an opi H, enjipicine
3NEKTPOH Oepy yuIiH xxymcanassl [89]. bapisik Ko
JKETIMIII KpaxMmasl TYTHIHBUIFAHHaH KeiiH, kacy-
IIaHBI JKaPBIK IIEH KOPEKTIK 3aTTapAblH KOMEriMeH
pereHepanusnay kepek, on ®XK2-mi kalita xaH-
TaHOBIpaZpl KoHE OWOMAcCaHBIH OCYiHIH JKaHa
nuukiiH 6acraiaer [90,91]. CyrteriHiy kuHanybiH N,
S KOpEKTIK OpTajiaH aJlblll TACTAy JKOHE KAPBIKTHIH
JKOFapbl KapKbIHABLUIEIFEI HeMece CO,-HiH KOFapbl
KOHIIEHTpAIMACBIMEH peTTeyre Oomansl. I erepo-
TPOQTHI KOHE MHUKCOTPO(THI TYpFBIAa ©CEeTiHIEep
YIIiH JIATUATEP CUAKTHI OacKa SHAOTEH/1 cyOcTpar-
TapJibl, TY3/bIH YKOFapbl KOHIICHTPALUSIBI OPTACHI
JKOHE TEMIPJIiH YKOFapbl KOHIICHTPALHUSACHI aAPKBLIbI
kebOeiryre 60masr [91].
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Taza OpTraHUKAIIBIK cyOcTparTap/isl
KOJJIAaHYJBIH €Ki YJIKeH KeMIITiri 0ap: rerepo-
TpO(THl MHUKPOOPTAaHU3MACPMEH TE€3 JIaCTaHYbI
JKOHE KO3/11 airyIbIH KbiMOaT O6aracel [92-94]. CoHFbI
3epTTeyJiep OPraHUKAIBIK KBIIIKBUIFA 0ail KapaHFbI
oprama QepmeHTTey aFbIHBIHBIH (oTorerepo-
TpOo(THl JlerpafallMsChIH OpBIHJAY YIIiH I[HaHO-
OakTeprsUTapAsl KOJNAaHy MYMKIHIITIH 3epTTeHi,
OWTKEHI KJIeTKaldap OCIMIKTEe XoHE OakTepHs-
Jmapjaa TY3UIETIH OpPraHUKaNbIK KBIIKbBUIIApIaH
KopekTeHeni, O2 OpTacBIHBIH TOMEH HeHreiiH
caktaii amagsl [95]. OpraHukaiblK KaIIbIKTapabl
naiganany KoJl KeTIMAUTIKTI, OaFaHbl, KeMipcyap
MeH OMOJIOTHSUTBIK BIABIPAYIbl €CKEPEe OTBHIPHII aii-
THUIabI, OYJI aybUT IIAPYyalbUIBIFBl KAJIBIKTApbIHA
KoceiMIa KyH Oepy xoHe CO, IbIFapbIHABLIAPLIH
a3aliTy CHUSKTBI apTHIKWIBUIBIKTapFa ue [96]. AKbIp
COHBIH/IA, KOMIPTET1 KOFaphl OHEPKACINTIK arbIH/IbI
Cylnapibel KOJJIaHy Typajibl aWTbUIa[bI, OJIAP-CYT
OHIIIPY, 39UTYH IWipMEHIi, HAayOaWlIIbl alIbITKBICHI



I'.K. Kammisi6aeBa xoHe T.0.

MEH ChIpa KalWHaTy CyJapblHaH anbHaThiH, H,
OHJIIPICIH apTTBIPATBIH ap3aH pecypc Kesmepi 00-
JIBIN TaOBLIAIEI.

Kobamer (Co), mpic (Cu), momubmen (Mo),
MBIpEIT (Zn) koHe HUKETh (Ni) CHSKTBI MHKPO-
3JIEMEHTTEP CyTeri eHipicine acep eremi [97]. byn
MeTaIIapblH KOIIIIIri CyTeri OHIipiCiHiH allKbIH
KOFapbUTAybIH KOPCETTi JKOHE OJIApIbIH HHUTPOTe-
Ha3za (epMEHTIHE KAThICyblHA OaiJIAHBICTBI eI
ecenteneni. Meicansl, Anabaena variabilis SPU003
Co, Cu, Mn, Zn, Ni, Fe nongapeiHa ete ce3iMran
JKoHE ochl MoHAap yuwiH 10 MM-1eH TeMeH KOH-
HEHTpausLIa cyTeri eHaipiciH OaikanmMazpl [98].
Anabaena cylindrica nakpuel mutpine 5,0 Mr Temip
MOHBIMEH aKchl eceli, 0ip mutpre 0,5 Mr temip
MOHJIApbI 0ap JaKpUIFa KaparaHJa eKi ece KbUIaaM
cyreri meirapazst [98].

KeMipTek ke37epi HUTporeHasa OeyiceHIUTIriHe
acep eTy apKbUIbl CYyTeri eHipiCiHe J1e ocep eTeTiHi
oenrini [99]. KemipTekTiH op TYpJii Ke3/epiHiH 00-
JYBl BIEKTPOH (haKTOpPJApPHIHBIH HUTPOTCHA3aFa
KOCBITY KaOiNeTiHiH e3repyiHe oKelei, ochuIaiIia
cyreri enpipiciae acep ereni [100]. Kemipreri ke3i
pertinae kebiHe 3eprTey kymbictapbinga NaHCO3
Ty3el KonmaHbutanwl. Kossalbayev koHe T.0.
s)kymbicTapeina 100 MKM cojla KOHIIEHTPAIHSICHI
cyTek OelryiHe OHTalIIbI OOJIFaHbI XKalbIHIa Xabap-
nmanel [33]. An, Zayadan xoHe T.0. )KYMBICTaphIHIA
50-100 MKM coma KOHIIEHTpalMsIChIHIA a30THUK-
canusiay IITaMMAap KOFaphl KapKbIHMEH CYTEK
oemmi [101].

BipHeiiie OefiopraHuKabiK a30TThl KOCBLIBICTAp
CYTEKTiH OHJIPiTY >KbUIJAMIBIFbIHA KO KaFbIHAH
ocep eremi. HutpuT, HHTpar XKoHE aMMHaK
Anabaena variabilis SPU003 sxone Anabaena
cylindrical TypiHIE HUTpPOTEHA3aHBl TEXKEHUTIHI
Typanmsl Xabapiauasl [77,99]. OpeTrTe 3K30TCHIII
TYpJAC KOCBUIFaH OapiblK a30T Ke3lepi HUTpO-
renaza cwmHTe3iH Texeimi [100,103]. Anabaena
cylindrical ammonniinin Koceutysl (0,2 mM NH,")
Oenrini Oip yakpITTa CyTeri eHaipicin 0acaapl, 6ipak
Mep3iMai Typae a3 menmepae Kocy (0,1 mM ammo-
HUM XJIOpHIi) CyTeri 3BONIOLUSCHIH TEXEMEHIi.
Anaiina, a30T Ke3iHiH ocepi opKalaH KOFapsl ocep.
Cyreri MeH OTTeTiHIH oHIipiTy K03ddunuenTi (4:
1) TONBIK a30TCHI3 kKaFjaila aMMOHHI HOHIAPBIH
KOoCKaHma TemeHaenmi [37].

Cymex emnOipicine acep ememin QuU3UKATIBIK
gaxmopnap

Kapelk — 1maHOOAKTEpUSIAPABIH OCYIHIE
MaHbBI3ABl poJ aTKapaThlH (akTop OoNbIl Ta-
ObLIAJIBI. nanoOakTepusIapIsIH KOIIIILTIT]
KBI3BLT KapbIKThl 680 HM-Te JKaKbIH CiHIpETIHiHE
KapamacTaH, I[MaHOOAKTePUSUIAPABIH op TYpiHE

CYTETiHIH OHIpiNTyiHe KQKETTLIIK op Typii O0oabl.
Cyreri OeniHy OapbICHIHIA JKaPHIK WHTCHCHUBTLIIT]
KJIETKanapAarbl CyTeK (EepMEHTEpiHiH KbI3METiHE
tikeneit acep erexi [104,105].

Vargas orcone m.6. Anabaena sp. UTEX 1448
IITAMMBIHBIH ~CYTeK OeJyre OHTAMJIbl KapPBIK
kepcerkimi 2220 mokc ekeHAiriH Tipkece [104],
Nyberg owcone m.6. xonaan xacairad ¢Gporoduope-
akropaa AhupW Nostoc PCC 7120 ecipim, cyTeri
OexiHyiHE €H ONTHUMAaNBAl Melmepi 3eprrer, 315
MKMOIIb M?/CeK 3KapblK Oepimyinme sxorapel H,
OeuiHeTiHiH alTTBI. Anabaena sp. strain PCC 7120
hupL wmytant mrammbel 0.6% 2.9 W m™ kapbik
WHTEHCHUBTUIITIHAC KapKBIHAA OCIM, CYTeK *KOFaphl
oemni [106]. An, Jeffries orcone m.6. 3epreryi 00ii-
piHa Anabaena cylindrica MTaMMBIHBIH CYTEK
Gonyire 32W/m? xaphIK KapKbIHIBUIBIFEI KOJIAMIEI
6omasr [107].

ConbiMen Katap, Anabaena variabilis ATCC
29413 xabaitel mTamMMel MeH OHBIH PK84 wmy-
TaHThl CYTEK 06y YIIIH 3CepPTTEIIHIIN, KapaHFbI
opTara Kaparanja »<apbikra Oencenai H, Generini
agplkTaabl  [108]. OcklFaH yKcac IKYMBICTap
Shah sxone T1.0. xkyprizai. Onap Nostoc muscorum
IITAMMBIHBIH, HUTpPOTEHEe3a OEJCEHIIr Tikemen
JKapBIKTHIH WHTEHCHUBTUIITIHE TOYeNIi eKCHIIriH
xa0apnanpl  [109]. Anabaena 1mTaMMaapBIHBIH
OipHemie  TYpJiepiHiH  apblKKa  TOYEJIUTIri
3eprreningi, Anabaena cilindrica mTamMbl CyTeriHi
aproH atmocdepacbiHna 30 KYH KapblK HIEKTEYIIi
(>xapbIK KapKeIHABUIBIFEI 6,0 BT/M?) xoHe 18 kyH
JKOFaphI JKapbhIKTa (GKapbIK KapKBIHABLUIBIFEI 32 BT/
m?) msirapaznl [110]. CoHbIMeH KaTap, KapbIKThIH
TOMEH WHTCHCUBTIUIII Keibip umaHoOakTepus
TypJiepiHe OH ocep eTETIHITi Typajbl aKmaparrap
0ap. Meicansl, Anabaena cylindrica MITaMMBIHBIH
cyTek OenyiHe a3aWTBUIFaH XapBIK MeJIepi a3oT
Ke3iHiH a3 maiiga OomyprHa ansim kenemi. COHBIH
HOTIDKECIHIC CYTeK ()epMEHTTEpiHIH OeICeHITIr
apTTaThlHbIH  3eprTedi. lluanoOakrepusiapIbiH
KOIIUTITIHIH HATPOTeHA3aJBIK CyTeri eHIipiciHe
KapBIKTBIH ~ ocepi kakcel 3eprrenreH [110]
Hallenbeck >xone T.06. ©3 3epTTeynepiHna IHaHO-
OakTepus MTaMMIAPBIHEIH CYTEK 0OTyiHEe OHTAMIIBI
xapbIK 20-60 W/m? apace! ekenairin aitrsl [110].

Anabaena TYpnepi KeNTEreH SKOXyHenep MeH
Karmamapaa keszeceni; omnap ogerre 4-7 pH nua-
na3oHbHAa eceni [165,170], xxoHe keibip Typiepi
TEHI3/iH TePeH aiiMaKTapbIHa Tipmiik erexi [170].
H,-re kateictel pH MaHbI3aBI mapamerp OO0JIbII
TaObUIabl, TINTI OpPTAagarbl KilIiripiM e3repictep
OromaccaHnbIH ocyiHe jie, 0no-H, sBosmonusceMen
0ailTaHBICTBI META0OTM3M JKOJIIAPBIHA 12 9CEp €TE/I],
on H, ewmiperin (epMeHTTEPIIH OENCEHITITIH
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Anabaena nuaHOGAKTEPUSIIBIK TYPIIEPIHIH CyTeri OHIIpICiHIH OoNamIarsl MEH Macemenepi

OaKbLIAM Bl )KOHE SHJOTCHII CYOCTPATTHIH BIbIpa-
yBIHA Kepepri xacaiiasr [30,170,179].

®otocuntes kesinge CO, MeH Cy/IbIH peakuus-
ChIHAH KeHiH maiia 00IaThlH KeMip KBIIIKBUTBIHBIH
ocepideH 6acrankel pH TemMenaei i, mpomecc xKypimn
KatKanaa, kinerkanap epiren CO, MeH KOCaKbl
eHIMJIEp Ty3inreHae opraga pH >xorapbuTalibI
[111,112]. pH Temen monzmepinae H, rugporenasa
nupyBat da-okcumopenyKkrasa >KOJIbIMEH TY31Ie/],
amaiina [FeeFe]-rumporenasanbeiy Texenyine Oaii-
maHbICThl anerat neH AT® H, ycringe Tysimeni.
Vargas xoHe T.0. 2018 Anabaena sp. UTEX 1448
LITAMMBIHBIH CyTeK Oemyre oHTainbl pH kepceTkini
8,2 exenmirin xabapmaner [104]. Ax, Jeffries xone
T.0. Anabaena cylindrical IITaMMBIHBIH CYTEK CYTEK
OenyiHe xapbIK xoHe pH kepceTkimTepiHin acepiH
3epTTey KYMBICTAPBIH XKYPri3il, eH ontuMaisai pH
KepceTkimi 7.4-9.4 apanbIiFbiHIa OOJFaHBIH JKa3]IbI
[107].

I'eTeporucTa Ty3ymr nraHOOAKTEpHs TypIepi
KOpLIaFaH oOpTaHbIH OapiblK dKO-KyHenepiHae
taOputFaH. OfaH ce0Oemn oNap/bIH OpTa KaraaibiHa
OeHimMaenrimTiri Ooaesin  TabbulaAbl. MbIcaisl,
Anabaena sp., Anabaena variabilis, Oscillatioria
Kutz, Typnepi mensi aitmakTapaarsl 6CiMIIKTEpAiIH
cabakrapsiHaH TaOBLIAEI [113] *KoHE OCHI TaOBUTFaH
MTaMMJapJaFbl CYyTeK Oely JKoHE KJIeTKallap.ibl
ecipy Temnepatypaiapsl 0ip-0ipiHe KaKbIH OOJIBI.

HuanoGakrepus Anabaena KieTKalapbIHBIH
CyTek Oeiy YVIIH KOJIAWIBI TeMIeparypackl 22-
35°C Gonpm TabbuTansl. JlereHMeH, 01 TYpIIepHiH
TIPIIUIIK €Ty OpTachblHJaFkl KOpIIaFaH opTa
XKaraaibplHa OaiiJIaHBICTBI 9p TYPJi OOJBIN KeJesi.
Meicanbl Nostoc (Anabaena) mrammbl 22°C TeM-
nepatypana 32°C [114] Temneparypara Kaparanmua
JKOFapbl H2 Oesie amazawl, OCHl »kardaiijga Nostoc
muscorum SPUO04 mTaMMBIHBIH CYTEKTi KOFaphl
Oemy Temriepatypackl 40°C ekeHi aHBIKTAJIbI.
Alita ety kepek, Anabaena variabilis SPU 003
IITAMMEIHBIH ©CyiHE JXOHE H, OexyiHe KOJAHIIbI
temneparypa 30°C kypamer [115]. Vargas xone
T.0. Anabaena sp. UTEX 1448 mTaMMBIHBIH CY-
Tek Oeyiyre OHTaillbl ecy Temmeparypachkl 24°C
ekeHmirin xabapmaca [104], ar Nyberg xoHe T.0.
seprreynepinae Nostoc (Anabaena) PCC 7120
mraMMbl 30°C TeMmiepatypaja *Korapbl MeJIIepAe
H, 6enni (4.85 mu H /car) [106].

buocymex  omnodipiciniy  cenemukanvix  6a-
eplmmapwl
leHeTHKanpIK ~ MaHUNYJANUSIIAY  9icTepi

KakpiHaa Anabaena typnepinge H, emmipicin
XKaKcapTy YILIH Kouganeuiabl, on (1) xmopoduin
aHTCHHANAPBIHBIH a3aloblH, (2) (orocuHTe3 MEH
TBIHBIC ayJbIH KOFaphl KBUIIAMABIFBH, (3) as-
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poOTBI (azama KeMipcylapAblH KOFapbUIAYbIH,
(4) ®XK2 wmHAKTHBANMSICHIHAH KOPFAUTHIH KCAHTO-
GWUT UK TUTMEHTTEPIHIH JKOFaphl CUHTE3IMEH
Tikened OaitnaHpicThl O0nbl. [IUrMeHTAIMSIHBIH
allBIpMANIBUTBIFBI,  JKACYIIAJarbl  AHTCHHAHBIH
KypaMbl, 9cepiHeH OOJIaThIH >KOFANITYJap, IIallbl-
pay, (OTOCHHTETHKAJBIK O€JCeHIl CcaylelieHy
aliMarblHAH TBIC  COYJIENEHY, (OTOXUMHUSIBIK
eMec peakUusiap >KOHE CHIPTKBl OPTaHBIH Oacka
(akTopiapel CHUSKTHI XapblK 3]dexTinepi KyH
MeH H, KOHBEPCHACBIHBIH THIMALIITIHE dCEp
eTyi MYMKiH. XJIOpOQHIUI a3 MYTaHTThl MHKpPO-
Oanapipmap OHMOpPEaKTOPHABIH TEpeH KabaThiHA
KoOIpeK >KaphIK TYCipy apKbUIBI KE€H ayKbIMJIBI
KOMMEPIHSUIBIK KOCBIMIIIANAP/IBI JKaKCapTy YIIiH
Oackapbutybl MyMKiH. ['eHOiKk uHXeHepus — Oy
nuanobakTeusapabiH H, oHaipicin KaHa neHrenre
KOTEPYAiH KyaTThl KYpaJibl, JETeHMEH KeH KoJIeM/li
Tangay Ke3inae JoMeKTi HOTHXKE ajly YILIiH KOChIMIIIa
TEOPHSUTBIK O1TIM aTy KaxkeT OOJIBIT TaObLTa b

Anabaena sp. PCC 7120 reHOMBIHBIH OapIibIK
Ti30eri Ka3ipri TaHma Ko xkeTiMi. ['erepoructanbiy
TEHOM/IBIK KCIIPECCHUSUTBIK 3ePTTEYIIepil reTepoIrc-
TaHBIH JIaMybl KE3iHJEC KOFaphl )KOHE TOMEH peT-
TEJICTIH KOMNTEreH T'eHACPIMEH ThIFbI3 OalTaHbBICTHI
oomei keneni. ['erepoructamapasl muddepenima-
LUsIaAyFa )KOHE YATUIeyre OipHelle reHuep KaThl-
cajpl )KOHE OJIapHbIH KeiOipeysepiHiH MyTaluschl
TETEPOITUCTTEPIIH KHUUTITIH >KOFaphLUIATATHIHBIH
kepcerti [114]. Terepoumcrepnin kem OOIybI
H, tysinyinin xpuinamaeirel MeH N, dukcanus-
CBIH JKOFapbUIATYbl MYMKIiH, COHJIBIKTaH T€TepO-
uuctrepain  H, ewmipicine ocepin  3epTTey
MaHBI3/IBUTBIK TAHBITAIBI.

Anabaena MITaMMIapBIHBIH TYPJICPiHIH KOTIIIIi-
niringe Hup rennepi, an keitGipinge Hox rennmepi
Oap. Aran aiitkanaa, Hup ©encenainirinig 60mysl
OCBbI Opranu3mjepre HerizaenreH Noaza Heri3iHzeri
H, aykeimipl OHJIIPICIH JaMBITyFa YIIKEH Keepri
Oonpim  caHamaapl. XUMESUIBIK MyTarcHes He-
Mece TeHIIK HWHXCHEpUs apKbUlbl anbiaFaH Hup
KeTicneymiiri 6ap Myrtantrapaein H,  cinipy
Oencenniniri 6omMaapl, AeMek (GOTOOHMOIOTHSITBIK
H, ennipy Gesncenainirin kepcerti. N aza CyTeKTiH
Oip OaFbITTHI 3BOJIOIUACHIH KaTaIM3ACHTIHAIKTCH,
Nostoc sp. mTaMMbIHBIH Hup MyTaHTTHI *kacyIia-
JIapbl SBONIOIMSTAHFAH KaFIalbIHaa OipHeNe KYH
1Hae H, KOHLIEHTpalMACEIH BHAI imigae 29%-ra
JeiiH xuHai amaer [111].

®orocunTeTHKANBIK Opranusmaepae H, emmi-
picin aKkcapTyabiH 6anama omici — Oy H, trimmi
eHIIpy KaOimeTi KoFapbulaFraH  MyTaHTTapra
JKYHelll TeHeTHKANBIK CyphInTay Xyprizy. ['enmik
VHKEHepUs lmMaHoOakTepusiapaa H, ewmipicin



I'.K. Kammisi6aeBa xoHe T.0.

WIFAUTYABIH MaHBI3IABUIBIFBIH KepceTTi. COHBIMEH
Karap, Anabaena XneTKamapblH TEHMAIK MaHUITY-
JSIMSIIAY apKbUIbl OTTETiHE TO3IMII Hemece, KeM
JIETeH/Ie, KAUTBIM/IBI TYPJIe MHAKTHBTEITEH KIIETKA-
nap Kpuryra 6omanel. H, ennipicinin eH Oonamarsl
MOJI JKy#eci KaHIai OpraHu3MIep €KeHIH aHbIKTay
kublH. ConablKTaH, umanobakrepusnapaarsl O,
Ce3IMTANIBIFBIH TOMEHIETY CTpPATeTHSCBIH Ka-
cay Maup3abl. Mpicanbl, O, MHaKTHBAIUACHIHA
te3iMai 1numanoOaktepust [FeFe]-ruaporenaszans
KypacTelpyFa Hemece (OTOCHHTETHKANBIK IIH-
aHOOaKTEepHaIIbI JKacylranapra TO3IMIiTIri
skorapeutaran [NiFe]-ruaporeHa3zanbl KOQTaWTHIH
TeH/l eHTi3yTe 00IaIbl.

lnanoOakrepusiap MeH 0Oacka KacyIIabIK
JaKbLIIapabl  Koiganyra Herisaenren H, ¢oro-
MPOAYKIHSA TIPOLECTEPI CaIBICTHIPMAIIBI  TYPJE
TOMEH TYpJEHIipy THiMITriH kepcerrti. COHBI-
MeH Karap, H, »koramyblH a3aliTy yIIiH aHTEHHa
emmemi Kimiperrinren Myranrrapmen H, Tysinyin
JKakcapTyFra 0oJiabl )koHe (iyopecteH st sxone H*
MEH 2JIEKTPOHBI ysnapiabl H, mbrapatein colKec
(dbepMeHTTEpre THIMII KaiiTa OareITTay.

buocymex eHOipicinoe KOOQHbLIAMbIH
Anabaena bencenoi wumammoapul

Kemnreren nmanoOakTepwsi MTamMaaphl CyTEKTi
KapaHFbl XOHE )KaphIK OpTajaa 0esyre OciiMIIeNnreH,
Ol ©3 KEe3€TiHJAe TYpJieplle Ke3[eCeTiH TeHAepAiH
OenmceHAUTITIMEH Tikeled OaillaHBICTBI  OOJIBII
keneni. CoHbIMeH KaTap, Anabaena nakbLIbl aHa-
3pobmo3 koHE KapaHfrhl karmaiina, 30°C Temme-
patypanga KapKbIHABI Typae cyrek Oemmi [1000].
Anabaena cylindrica IAMM-1 mtambiMeH cyTeri
OediHICI KapaHFBI OpPTaJaFrbl aHA3POOTHI JKaFmaia
Oaitkangsl. TemmepaTypa MeH pH kepceTkimTepin

OHTalNmaHmelpy  (epMeHTaTUBTI  peakuusiap-
Il peTTey apKbUIBI MeTa0oNmu3MIi  Oakpliaif
OTBHIPBIN, [HMaHOOAKTEePHsUIApIBIH CyTeriHi Ka-

Tanuzaey KaOiJieTiH apTThIpyJa MaHBI3IBl el
aTkapazapl. JKapusulaHFaH MoJiMeTTepre Cokec,
[IaHOOAKTEPHUSIIAPABIH TYpPIEPiHAE CyTeK Oemyre
TeMIIepaTypabIK alblpMaIIbUIBIKTaphl Oap [114].
Conpaii-ak, CyTeK KaTauu3aeymn QepMeHT-
TEPJIiH OCJICCH TN HE KOPEKTIK OpTa KYPaMbIHAFbI
KOMIPTEK Ko31 MEH 2JIEMEHTTEPAiH JIe TUT13€TiH acepi
b0ap. CoHBIMEH KaTap, KapamaiblM OpTaHUKAJBIK
KOCBUIBICTap/IbIH 9CEpIHEeH CYTeri eHIipici apra
TyceTiHi Oenrifi, eTKeHi, KopaKTOp KOCHUIBICTaphI
apKbUIBl 3JEKTPOHAAPIABIH aHHAJIBIMBIH KbUIIAM-
JIaTy >KYMBICTApbl HUTPOTCHA3aHbIH OCJICEHIUIITH
apTThIpanpl. Typili KaHTTapAblH KOPEKTIK OpTara
KOCBUTYBI CYTET1 OHIIPICiH BIHTAJaHABIpA alaibl,
MBICQJIBI, MAaHHO3aHBI KOJIIAHy CYTEri MeJIepiH

caraTblHa Oip Mr KypraKk OmMomacca MeJIIepiHie
5,58 HMOJIb CyTEKKe AeliH apTThIPABI.

®oToTpod T MUKpOOPTaHU3MACPIIH KIIETKATA-
PBI aPKBUTBI OPTYPIIi MEKPORJIEMEHTTEPIIH ocepiHe
0aifiyIaHBICTHI OMOCYTEKTI OHIIPY/Ie KONTEreH 910U
KambibikTap Oap. [erenmen, Fe, Cu, Co, Mo,
Zn xoHe Ni CHAKTBI 9pTYpJli MUKPOIJIEMEHTTEPIIH
KOPEKTiK OpTaFa KOCBUIYbIHA CYyTeri eHIipiciH
e/19yip apTThIPATHIHBI Oenriii Oomabl. Anaiaa, Ni*t
a3 KoHUEeHTpauuachbinbig H, ennipicine Anabaena
spp. CA xoHe Anabaena spp. 1F mrammapbIHBIH
KJIeTKaJapblHa Tepic acep eTeriHairi Zhang koHe
T.0. 3epTTEey KYMBICTaphIHAA Oaiikanmsr [115].

CoHbIMEH,  ITHAaHOOAKTEePUSIAPIABIH  KJICT-
KaJapbIMEH CYTCKTIH  KaTajiu3JCHyiHe  ocep
eTeTiH KemnTereH QaxTopiap 0ap, onapisl perTey
JKOHE ©3repTy apKbUIBl YJIKEH OH HOTIDKeIepre
KOJ KeTkizyre Oomamel. OCBl TYpFbIZa, CYTEK
0eJiHy KepCeTKINliH apTThIpyla HMuaHOOAKTepus
ITaMIapBIHBIH OMOMaccachl MaHBI3ABl POJre He
00ybr MymKiH. Ce0e0i, KiIeTKamap/ bl KapKbIHIbI
eCy JKBUIJAMJIBIFBI KOl MeIIIepJie CYTeK aiyra
myMKiHgiK 6epeni. Conrsl S0 KbUT 00MBIHA KOTITETEH
IMaHOOaKTepus MTaMIapbIMEH XKYPTi3ireH 3epT-
TEy J>KYMBICTapbl OChIFaH nanen Oomamgel. Cyreri
OHIPICIHIH  THIMAUII  MHKPOOPTaHU3MICPIiH
METa0OJIUTTIK TMOTCHIUATBIHA OalIaHBICTBI KOHE
OyJ1 o3 Ke3eriHJe MHaHOOaKTEePHsUIAPbIH aKTHUBTI
CcyTeK 0eJIeTiH ITaMAaphiH Taly KYMBICTapPBIHBIH
MaHBI3/IBl SKEHJIriH Kepceredi. bByrinri Ttanma
OpTYpIi JaKpUIAAY JKaFIalbIHIA CYTEeKTiI OHIIPETiH
l14-Ten acram 1MaHOOAKTEPUSIAPIBIH  KJIACCHI
Oenrimi. 2-kecTele CYTEKTI LIbIFapy KaOineTiMeH
EpeKITeNIeHreH  ITHaHOoOaKTepusIapIblH  OenceHi
HITaMJIapbl KENTipLUITeH.

Herizinen, a30TTel OEKITHENTIH IIHAHOOAKTE-
pusinapasin potoxyrenepinae H, emnipici nu-
TporeHe3a ykHeci OapirapMeH calbICTRIpFaH/a
TOMEHIpEK OOJIbIN Keyeni. Anabaena CUSKTHI Te-
TEPOIUCTANBl I[UAHOOAKTEepHUsIIap/ia BEreTaTUBTI
Kacymanapnad maiiga 6omran O2 3BOTIOMUSACH
HUTPOTEHA3a XYyieciH Oy30alibl JKOHE >KapbIK
kesinge H, Tyse anatein opranusmep 00JbIn Ta-
oputansl. JKapelkta Anabaena KeMipKBIIIKBIIT Ta-
3BIH TOJINCAXapuJIKe cakTaijel skoHe O2 Ty3eni.
AKCOHUKAIIBIK KapaHFbl Xarjailnapia HUTpOTe-
Haz3a Ty3iiendi, a30T ¢pukcanuscsl MeH H2 aBoirro-
LUACHl YINIH 3JEKTPOHIAPIbl KaMTaMachl3 €Ty
YIIiH HOJUCaxapuiTi cakTay KaTaOoJn3IeHENi.
Kenreren umnano6akrepusnapasin H, Tyserini
TypaJibl XabapjaaHFaHBIMEH, COJAPAbIH IIIHIE CH
KeH 3epTTenreHi Anabaena typnepi 60bIn TaObI-
JafbI.
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2-kecte — CyTekTik Oencenzi 0eneTiH nuaHOOAKTepHs TaMMAAPhI

ITamm araybl IITamm cunarramachl H, mourepi oneduerrep
Anabaena azollae Kabaiibt 38,5 mxmonb H,/Mr xi a/car [47]
Anabaena variabilis ATCC 29413 JKabaitbt 45,16 mmonb H, /mr xi1 a/car [47]
Anabaena variabilis PK17R YKabaiibt 6.32 mxkmonb H, /mr mpot/car [47]
Anabaena variabilis PK84 YKabaiibt 167,6 mmonb H,/Mr x a/car [47]
Anabaenopsis circularis IAM M-13 XKabaiibt 0,31 amonb H, /Mr xi1 a/car [13]
Anabaena variabilis PK84 YKabaiibt 20 umol/mgChl a/h 24
Anabaena variabilis ATTC 29413 YKabaiibr 34.5 mxmons H,/mMr xi a/car [71]
Anabaena azotica FACHB-118 JKabaiibl 24 mxmons H,/mr xn a/car [71]
Anabaena variabilis KabGaiibt 9 mxmons H,/Mr xi a/car [71]
Anabaena variabilis YKabaiibt 40 mxmons H,/Mr xim a/car [71]
Anabaena sp. PCC 7120 hupL/hoxL-MyTaHTEI 53 mMkmonb H /mr x11 a/car [13]
Anabaena variabilis Wmmobumm3anusianran xacymanap | 0.6 mxmons H,/Mr xi a/car [109]
Anabaena variabilis PK84 I'maporenasa MyTaHTBI 260 mxmons H,/mr xit a/car [24]
Anabaena variabilis PK84 I'maporenasa >xoK 19 mxmons H,/Mr xit a/car [94]
Anabaena variabilis ATCC 29413 YKabaiibl 0.9 1 H,/xr 6uomacca/car [15]
Anabaena siamensis TISTR 8012 hupS 30 mxmons Ho/mr xn1 a/car [45]
Anabaena PCC 7120 AhupL 60 mxmons H,/Mr xi1 a/car [10]
Anabaena sp. strain PCC 7120 AhupL 35 mxmoms H,/mr x a/car [10]
Anabaena PCC 7120 XKabaiibt 50 umons H,/Mr x a/car 721
Anabaena AMC 414 Kabaiibt 60 amoms H,/Mr xi a/car
Anabaena variabilis PK84 MyTaHT 20 mn H,/n/car [94]
Anabaena sp. strain PCC 7120 A Hup 29 mxmoms H,/mr xn a/car [13]
Anabaena variabilis SPU 003 JKabaiibt 3.15 amonb H,/mMr 6uomacca/car [109]
Nostoc punctiforme strain NHMS A hupL 14 mxmons H,/Mr xit a/car [65]
Anabaena sp. PCC 7120 A hupW 3.3 mxmoms H,/mr xit a/car [65]
A. variabilis ATCC 29413 AVM13 A hup 135 mxmonb H /mr xa1 a/car [71]
Anabaena sp. PCC 7120 A Hup 63 mxmonns H,/mr xn a/car [77]
Anabaena PCC 7120 A hupW 6.2 mut H /n/car [106]
b UTEX 1589 s eI SIS Kove] T e
Fe epMme oeAceHARHFHH-Op—abTadaH

Hutporenaza ¢epmeHTiHE Heri3NeNnreH rere-
porcTabl Anabaena mTammapel OacTamkel 2-3
TOYJIIKTE aKTHBTI TYpJ€ MoJeKynanbiK H, -ni Gei,
Te3 apaja KIeTKaJarbl KOpFa JKWHAJIFaH dHEPrHs-
HBl maiinanaHanbl. AJ TeTepoIMCTachI3 Typiep
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METa0ONINUTTIK KacuerTepi 3epTreminmi. OnapasiH
imriHge OeJCeHmUTiri JKorapbl KeHOip TypiepiH
atanm OTCeK. A30T (HKCalUAChIHA KAaThICATHIH
nuanoOakTepusuiapaslH, Anabaena Typnepi cyteri
OCJICEHIITITIHE KATBICTBI JKaFbl CaJILICTHIPMAITBI
TYpFBIAa Kakchl 3eprrenred. CoHbIMeH, Anabaena
cilindrica, mexTeyni xapbIK karnaibiaaa, 30 ToyITiK
imTiHAe, aproH aTMocdepachiHaa CyTeTi MeH OTTEeTiH
KaTap HIbIFapa alaThIHBI TipKeni. Anabaena sp. ken
MeJIIIep/ie CYTeK MIbIFapyFa KabineTTi, an Anabaena
cilindrica a3oT JKeTicHeymIuTri >kargaibIHIA
CYTEKTiH €H orapbl Mejiepin enaipai (30 mu/n
JaKpL1/car) sxoHe T.0. [71].

Ochl yakpITKa JAEWiH JKYPTi3iiTeH 3epTTey-
nep Anabaena AVMI13 (DhupSL) [71], Nostoc
punctiforme NHMS (DhupL) [65], Anabaena PCC
7120 (DhupL/DhoxH, DhupW) [65] mrammuaa-
PBIHBIH OapIBIFBI Ka0albl TYpJIEPIMEH CaIBICTHIP-
FaHJla aWTapJbIKTal JKOFapbl KbULIAMIBIKIEH
cyTeri eHAipy KaOijeTiHe We eKeHIIriH KepCeTTi
(2-kecre).

MonekynaiblK OTTETi THAPOTeHa3a MEH HUTPO-
reHasa (EpPMEHTTEpiHIH OCJICEHAUIITIH TEeKEHTIHI
oenrimi. Connppikran, ®XK2 kKoMImiekci apKbUIBI
Kysere acatbii H O TOTBIFYBIHBIH jXKaHama OHIMI
peTiHAe TY3UIreH OTTEriHiH OpTaFa MIbIFapblUTybIHA
KOHE JKapbhIKKa TOYeJl CyTeri eHipici yIIiH kay-
amn OepeTiH reHaepAl 3epTTeyIiH MaHbI3bI 30p. OChI
TYPFBI/Ia, TCHETHKAIBIK 3€PTTEYIICpIeH OacKa CyTeri
OHJIIpICIHIErT TUAaHOOAKTEPUSITAPABIH OHIMILIITIH
JKOFApbUIATYIBIH META0OUTTIK TICUIICPIHIH HET13r1
yaepictepi ®XK2 wuHrHOMpneyre OarbITTaNFaH,
JKOHE OJ1 OTTETrl KOK OpTa KYpy *KOHE COJI apKbUIbI
HUTpOTeHa3a OeJICeHIIITiH apTThIpyFa HeTi3AeNTeH
ozicTep JKyHeciHeH TYpajbl.

Ocbl  TypFbIAQ, X (hIIOKOHTAPBHIHBIH
IIHAe [MaHOOAKTEePHsl KIICTKANAPBIHBIH CYTEK
(epMeHTTepiHIH OENCEeHAIUNriH TyIsIpy Makca-
THIHJIa UHEPTTI ra3jap/sl CHri3yneH coH Anabaena
variabilis TnaHOOAKTEPHS M TAMBI CYTEKTIH )KOFaphl
MenepiH oHmipAl [24]. AproHasl KoyigaHy HH-
TporeHaza OCJICCHITITIHIH »XOFapblIayblHa >KOHE
nuanoOaKTepusIapJarsl TEeTepOLUCTATIapAbIH Ca-
HBIHBIH apTybiHa anbim kenmi. Ce0ebi, ayamarbl
JKOHE KOPEKTIK OpTaAarbl a30TTHIH KETiCMEYIIIiri
KIIETKAIapAbIH CTPECCTIK JKaFTalblH TYFbI3a OTHI-
PBII, TETEpOLUCTATAPIbIH CAHBIH apPTTHIPabI. AJTe-
TEepOIHCTAIAP ayaaFsl a30TThHI CIHIPY MaKCaThIHIA
HUTpOTeHa3a (EPMEHTIH aKTUBTEHAIpENi, ajl HH-
TporeHasa (hepMeHTI a30TTHl CiHIpY yAepiciMeH
KaTtap, CyTeKTi 0eily KbI3METiH A€ KaTap arKapasibl.
A.variabilis PK 84 maxkeuiel OnoMaccaHbl XHHAY
yuin eciprenyie 73% apros, 25% N xaue 2% CO,,

an cyTek aimy npoueaypacbiHaa 93% apron, 5% N
xxoHe 2% CO2 apa-KaThIHACHIHAAFEI Ta3IapablH
KOCIackIMeH adpauusuianraga 167,06 MKMOJb/MT
XJI a/caF MeJIIepiHIeri KOFaphl CyTeri eHIIpiCiH
KepcerTi [65].

buocymex ondipiciniy 6onrauass

Anabaena mTamMmuapbl HeETi3iHIE CyTeK aiy
KYMBICTapBIH/Ia TEK 3epPTXAHAJBIK HOTWKENEp TY-
paiiel XxabapyaHapl, O6ipaK 3ayBITTBIK MUJIOTTHIK Jie-
pexrep onebuerte keznecneiai. Cebebi, kenecinei
HETi3ri Mocenep ofi MIeHIiMiH TamIaraH: >KapblK
OpTAachl, KIMMAT 9HE Kep KEHICTIri, PeaKTOPIIbIK
KYpPBUIBIC MaTepHallapbl, OaKbUIABl apajacThIpy
MEXaHHU3Mi.

3eprxanansik Macmrabra 6uo-H, enmipici Te3
apaja »akcaplbl JXOHE MEepPCIEeKTUBANBI HOTIKE
KepceTTi, 0ipak HaKThl KOCHIMINAIAPABI aly YIIiH
IYpBIC OHTAMNAHABIPY >KOHE MacITadTay YIIiH
FBUIBIMU OLTIMJIEP/Ii OHAIPICTIK KAKETTUTIKTEPMEH
Iypeic OalIaHBICTBIPY KaKeT. XUMHSIIBIK IpO-
uecrepmen anbinran Ho-re xaparanga, Omo-H,
OHJIIPICIHIIE VIIKEH KHUBIHIBIKTApHl Oap, MbIca-
JBI: ©cipy MpOLECiHAE MOHOKYJIBTypaHbl CaKTay,
OHIMIUTIKTIH TOMEHJIrT MEH YHEPTUSHBIH aifHAITy
Tuimainiri, O, Texenyi, HMaHOOAKTEPHAIAPIBIH
CBIPTKBI (haKTOpJapra Ce3IMTaJIbIFbl, TYPaKTHI
ra3 TeHEepaluschl, CcolKec (OTOPEAKTOPIBIK
KYWEHIH JAW3aifHbI (KapbIK, apanacTelpy, TEM-
nepatypa, Oakpuiay KYpbUIFBUIAPBIH, MeJIIIEPiH,
H,-ti ycray »xoHe X010, KYpAEl HIBIFBIHAAP/IBI
€CKepe OTBIPBIN), (IOKYISALMS, KUHAY TEXHUKa-
Chl, Ta3 TazapTy OIiCTepi, caKray, TachkIMainay
ywiH Oapabap >xyihenep, KeTKizy, KOMMEpLHs-
JaHIBIPY, TpoIecTepai 0ackapy, IIBIFBIHAAD MEH
CEeHIMJUTIK YIIiH HakThl OeNrijeHreH eHAipic
TEXHOJIOTHSCHIHBIH 00JIMAYHBI.

Bapneik aBTOpnap >korapelga aTajfaH TEXHU-
KaJIbIK, 9JICYMETTIK OHE CasiCU KeIepriiepal ecKe-
Pe OTHIPHII, COHFBI OHIMHIH 0aFachkl 0acKka KOMMep-
SUTBIK, JKaHapMaiifa KaparaHla, SKOHOMHKAIBIK
TYPFBIZIAH THIMCI3 eKeHiTiH alTThl. Con cebenTeH,
ap3as ¢oroOHopeakTopIap bl xxobanayra sxoHe (ho-
TOCHHTETHKAHbI OHTANIaHIBIpYFa OarbITTay KaXKeT
JIeTI Keicesi.

KopbITBIHABI

CyTeri Ta3pl OoJIalIaKTaFbl YHEPIHS TaChIMaJ-
Jaymisl peTiHae KapacThIpbUIansl, cebedi o jxaHy
Ke3IH/e «MapHUKTIK Tra3 CO2 Ta3blH CHIPTKBI
opTara OeJIill IIbIFapMalIbl, SJICKTP IHEPTUSACHIHA
OHall aifHana/jpl KOHE TayCHUIMAHTBIH pecypc 0o-
nein Tabbutanel. CyTeri OMONOTHSIIBIK OHIIPICIHIH
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KomiMri cyrteri eHIipy mpouecTepiHeH OipHerie
apTHIKIIBUIBIFEI Oap. byt Menzip >kaObIK opTamars!
KapamnaiibiM (oToOHOpeakTopAbl KOJIAaHy Ikl Tajall
eTelli, O TOMEH DHEPrusl TaJanTapblHa W€ JKOHE
Oyn ere yHemui. KyH sHeprusicblHa HeriznenreH
Cylbl 06Jly apKbUIbl CYTEKTIH 3JICKTPOXHUMHUSIIBIK
OH/IIpiCi )KOFapBI PHEPT U TAJIANTaAPHI Kayar Oepei.
Buonorusieik KylenepiH TOMEH KOHBEPCUSIBIK
TUIMZIUNITT TOMEH DJHEPTrus  IIbIFBIHJAPEIMEH
XKoHE OacTarkbl WHBECTUIHMSIIBIK IIBIFBIHAAPIBIH
TOMEH/JIEyiMeH oTelryl MyMKiH. [{[naHo0aKTeprsIbIK
CYTETiHIH OHAIpilyl MEH K9Jere >KapaTbUIyblHa 9p
TYpai Kenmeprizep Ooyica nma, oanmeyerTi MIEHrMiep
Jie )KaKbIH Ooanrakra naiina 6omysl MymKiH. L{na-

MY,Z[Z[GJ'ICp KaKTBIFBICHI KOK..

HoOakTepus TypiepiHiH iminae Anabaena Typnepi
CyTeTi PHEPTHUSACHIH OOl IbIFapy YIIiH MaHBI3IbI
TYpiiep OonbIn TaObLUIaabl. bomamakra MapabMIbI
OHIIpicTe KOJTaHyFa MYMKIHIIK OEpeTiH ImTaMM-
JapApl JKacarl WbIFapy YIIiH MiHAETTI TypAe TeHe-
THKAJIBIK MAaHUIYJBILUSIIAY KYMBICTapBIH KYPrizy
KepeK.
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DIFFERENTIAL CYTOKINE RESPONSE
OF IMMUNOCOMPETENT CELLS TO THE INDUCTION OF RESISTANT,
REVERTANT AND SENSITIVE ESCHERICHIA COLI

The work is devoted to the study of the influence of the resistance phenotype of E. coli subcul-
tures on the functionality of evolutionarily conserved pathogen-associated antigens (PAMP) and
a special class of pathogen-associated molecular patterns indicating the viability of microbes (vi-
taPAMP) on immunocompetent human peripheral blood cells. In this work, we used the resistant E.
coli strain ATCC BAA-2523, the sensitive E. coli strain ATCC 8739, and the revertant subculture of
Escherichia coli obtained under experimental conditions from the E. coli strain ATCC BAA-196. Us-
ing enzyme immunoassay, we performed a comparative analysis of mononuclear (PBMC), monocytic
(MON), and lymphocytic (LIM) cytokine responses to the induction of resistant, revertant, and sus-
ceptible E. coli subcultures by living and fixed cells. It turned out that the PAMP structures of sub-
cultures of fixed E. coli cells are predominantly recognized by human PBMCs. While the pathogen-
associated molecular patterns of living E. coli cells are recognized by different target cells, therefore,
PBMCs primarily respond to the structures of the vitaPAMP-resistant subculture, while the structures
of the revertant E. coli — human MON react to the structures of the vitaPAMP, which is a sensitive
strain and PBMC — and MON respond to vitaPAMP. It has also been shown that, in response to fixed
cultures of E. coli S and E. coli R, there is a decrease in the threshold level of production of IL-1p,
IL-6 and TNF-a in both PBMCs and monocytes, compared with the level of cytokine production induced
by live bacteria. Whereas fixed cells of revertant E. coli caused a higher production of pro-inflammatory
cytokines PBMC than living cells of this culture.

Key words: Cytokines, resistant, revertant, sensitive.
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MMMYHOKOMMNETEHTTi )XacyluaAapAbIH, TO3iMAi, peBepTaHTTbI
)KOHe Ce3iMTaA illeK TasiKLLIAAAPbIHbIH, MHAYKLIMSICbIHA
AndpdpbepeHLMarAbl LMTOKMHAK peakiLUsiCbl

E. coli cybkyAbTyparapbiHbiH TO3IMAIAIK (DEHOTUMIHIH, 3BOAIOLMSIAbIK, KOHCEPBATUBTI, Gerae
aHTureHaepAiH (PAMP)  pyHKUMOHaAABIFbIHA BCEpPiH XX8HEe aAaMHbIH MnepudepUsAbIK, KaHbIHbIH,
MMMYHOKOMIMETEHTTI >KacyLlaAapbiHa MMKPOOTapAbIH, (VitaPAMP) emiplueHAiriH GiAAIPeTIH naTtoreHre
6anAaHbICTbl MOAEKYAAABIK, 3aHABIAbIKTAPAbIH €PeKLLIe KAACbIH 3epTTeyre apHaAfaH >XymbIC. YKyMbIC
6apbicbiiaa ATCC BAA-196 E. coli wtammbiHaH Taxxipmbeaik >karaanaa aabiHFaH ATCC BAA-2523 E.
coli TypakTbl wtammbl, ATCC 8739 E. coli cesimTan witammbl >kaHe E. coli peBepTaHTTbl CyOKYAbTYpaCh!
naaaAaHbiAAbl. MIMMyHOMEpPMEHTTIK Taaaay apkbiAbl E. coli Te3iMAi, peBepTaHTTbl XoHe ce3iMTaA
CybKYAbTYpaAapbIHbIH, Tipi XKeHe GeKITIAreH >KacyluaAapbiH MHAYKLUMSIAAYFa MOHOHYKAeapAbIK, (PBMC),
MOHOUMTTIK (MON) >xaHe AnmcoumnTTiK (LYM) UMTOKMHAIK peakumsaFa >kayanTapAblH, CaAbICTbIPMAAbI
TaAAaybl XKYprisiaai. 3eprtreared E. coli cyOkyAbTypaAapbiHbiH OekiTiAreH >kacyliaAapbiHbiH PAMP
KYPbIAbIMbI HeTi3iHeH apamHbiH PBMC TaHuTbIHbI 6eAriai 60AAbl. Tipi E. coli kacyluasapbiHbIH naToreH-
6anAaHbICTbl MOAEKYAAAbIK, 3aHABIAbIKTapbIH SPTYPAI MakCaTTbl >KacyllaAap TaHWAbI, COHAbIKTaH
Te3iMAI CybKyAbTYpaHbiH VitaPAMP KypbiAbiIMAapsbl HeriziHeH PBMC-meH, pesepTanTThl E. coli-MON
aAaMHbIH VitaPAMP KypbliAbIMbIHA, Ce3iMTaA WTaMMHbIH J)keHe PBMC-HiH vitaPAMP KypblAbIMbIHA >XeHe
MON-fa 6ipaeit KapkbIHAbIAbIKMEH >xayar 6epeai. E. coli S >aHe E. coli R TypakTbl AakbiAAapbiHa
JKayan peTiHae Tipi 6akTepusiaap KO3AbIPFaH LMTOKMHAEPAIH ©HIM AEHremiMeH CaAbICTbipFaHAA
PBMC-Te ae, moHountTepae Ae MA-1B, MA-6 sxxaHe DHO-0 6HIMAEPIHIH, LWEKTI AEHreili ToMeHAEereHi
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KepceTiareH. AA peeeptaHTTbl E. coli TypakTbl >kacyliarapbl OCbl AAKbIAAbIH, Tipi >KacyllaAapbiHa
KaparaHAa KabbiHyFa Kapcbl PBMC UMTOKMHAEPIHIH, )KOFapbl OHAIPICIH TYAbIPABI.
Ty#iH ce3aep: UMTOKMHAEP, TO3IMAI, peBEPTaHT, CE3iMTaA.

C.C. Kacbimbekosa®, T.A. bykeesa, M.E. bummosa,
C.T'. MypsareabamHoBa, M.C. KopoTeLkuni

AO «HayuHbIt LeHTp NPOTMBOMHMEKLIMOHHBIX NpernapaToB», KasaxcTtaH, r. AAMaTbl
*e-mail: s_kassymbekova@mail.ru

AmndpdpepeHumarbHbIi LMTOKMHOBbI OTBET MMMYHOKOMIETEHTHBIX KAETOK
Ha MHAYKLMIO PE3UCTEHTHOM, peBepTaHTHOM
u uyBcTBUTEeAbHOM Escherichia coli

PaboTa mMocCBSilLEHA WM3YYEHWMIO BAMSHUSI (DEHOTMMNA pPe3ncTeHTHOCTM cybkyAabTyp E.coli Ha
(PYHKLMOHAABHOCTb 3BOAOLMOHHO-KOHCEPBATMBHbIX MATOreH-aCCOLMMPOBAHHbIX aHTUreHoB (PAMP)
M 0cobOro Kaacca MaToreH-aCCoUMMPOBAHHBIX MOAEKYASPHbIX MATTEPHOB, KOTOpble 0603HaualoT
>KM3HECNoCcoBHOCTb M1KPOOOB (VitaPAMP) Ha MMMYHOKOMIMETEHTHbIE KAETKM neprdepryecKkoit Kposn
yenoBeka. B paboTe ncnoabsosaamn ycronumebin witamm E.coli ATCC BAA-2523, 4yBCTBUTEAbHBbIN LLITaMM
E.coli ATCC 8739 n peBeptaHTHyI0 cybkyAbTypy E.coli, moOAy4eHHYI0 B yCAOBMSIX 3KCMEpUMEHTa 13
wramma E.coli ATCC BAA-196. C nomolLbio MIMMYHO(EPMEHTHOIO aHaAM3a NMPOBEAEH CPABHUTEAbHbIN
aHaAu3 MoHoHykAeapHoro (PBMC), moHouuTapHoro (MON) u anmdoumnTapHoro (LYM) umTokMHOBOro
OTBETa Ha MHAYKLMIO XMBbIMM U (DMKCMPOBAHHBIMM KAETKaMM PEe3UCTEHTHOM, peBepTaHTHOM U
4yBCTBUTEABbHOM CYyOKyAbTyp E.coli. Okaszaaocb, uto PAMP cCTpyKTypbl (PMKCMPOBaHHBIX KAETOK
n3yueHHbIx cybkyabTyp E.coli npemmywectsenHo pacnosHatotcs PBMC yeaoseka. Toraa Kak natoreH-
aCCOLMMPOBAHHBIE MOAEKYASIPHbIE MATTEPHbI >KMBbIX KAeTOK E.coli pacnosHaioTcst pasHbiMm KAETKaMM-
muiieHsMu. Tak Ha VitaPAMP CTpyKTypbl pe3MCTEHTHOM CyOKYAbTYPbI PearnpyioT NpermyLiLeCTBEHHO
PBMC, Ha vitaPAMP ctpykTypbl peBeptaHTHOM E.coli — MON yeaoBeka, Ha vitaPAMP cTpykTypbl
4yyBCTBUTEAbHOrO WTtamma n PBMC, 1 MON pearnpyioT ¢ 0AMHAKOBOWM MHTEHCMBHOCTbIO. 1okasaHo,
4yTO B OTBET Ha (pmKcMpoBaHHble KyAbTypbl E. coli S u E. coli R nponcxoamT cHMeHne noporosoro
ypoBHs npoaykumu MA-18, MA-6 1 @HO-a kak B PBMC, Tak 1 B MOHOLMTAX, MO CPAaBHEHMIO C YPOBHEM
MPOAYKLMWN LMTOKMHOB, MHAYLIMPOBAHHbIX XMBbIMKW HakTepusmu. Toraa Kak pMKCMPOBaHHbIE KAETKM
peeepTaHTHOM E. coli Bbi3biBaAM GOAEE BbICOKYIO MPOAYKLMIO MPOBOCMAAMTEAbHbIX LMTOKMHOB PBMC,

YyeMm XKMBbIe KAETKM 3TON KYAbTYpbI.

KatoueBble cAOBa: LMTOKMHBI, PE3UCTEHTHBIN, PEBEPTAHTHbIN, UyBCTBUTEAbHbIN.

Abbreviations

PBMC - peripheral blood mononuclear cells,
MON - monocytes, PAMP — pathogen-associated
molecular patterns, LYM — lymphocytes, MIC —
minimum inducing concentration.

Introduction

The problem of antibiotic resistance and ways
to overcome it has been actively studied for the past
30-40 years. However, in most cases, by the time
bacterial infections cause symptoms and therefore
require antibiotic treatment, the bacterial population
is often so large that it probably includes a portion of
antibiotic-resistant mutants [ 1]. Therefore, treatment
with an antimicrobial drug alone can be expected to
fail. One of the reasons why this is often not the case is
the host’s immune defence, which promotes bacterial
clearance [2, 3]. Despite the general recognition of
the important role of host defence, most studies
of the dynamics of bacteria and antibiotics within
the body are focused almost exclusively on the
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pharmacokinetics and pharmacodynamics of drugs
and bacteria, without explicit consideration of the
patient’s immune response [4-6]. This omission of
the immune response also refers to models that are
specifically designed to develop treatment protocols
to combat the emergence of resistant mutants [7-9].

Resistant bacteria are selected in a concentration
range of drugs that is sufficient to kill a susceptible
population but not sufficient to kill a (partially)
resistant population. In the absence of an immune
response, such treatment will lead to an increase
in the number of resistant pathogens and treatment
failure [10]. Scientists have shown [11-13] that
the presence of an immune response can change
the selection process for resistant mutants. They
showed that an immune response that remains strong
despite a strong drug-induced reduction in bacteria
significantly reduces the emergence of resistance
and mitigates the consequences of non-compliance
with therapy.

Considering that a complex immunobiological
reaction of the body lies at the heart of the treatment
of a patient with antimicrobial drugs, it is important
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to study the nature of the specificity of immune
response to antibiotic-sensitive and antibiotic-
resistant pathogens. The results of studying the
differential role of various immunocompetent cells
in the initiation of an immune response to pathogens
with different antibiotic sensitivity profiles reveal the
mechanisms of the relationship between infectious
diseases caused by drug-resistant pathogens,
induction and regulation of the innate and adaptive
immune response, and antibiotics. Knowledge of this
kind can open new ways to combat drug resistance of
pathogens by developing more effective approaches
to complex immunotherapy of infectious diseases.

The experimental conditions we have chosen
allow us to perform a pairwise comparison of the
cytokine response of PBMC and monocytes from
the same donor to live and fixed cells of resistant,
revertant and sensitive E. coli. Thus, this allows us
to clarify the differences in PBMC and monocytic
response between different subcultures of E. coli,
as well as to assess the effect on these indicators of
bacterial viability and to determine the proportion
of the lymphocytic cytokine response in the total
PBMC response to E. coli, which are distinctive in
antibiotic sensitivity.

1. Materials and Methods

The experiment used peripheral blood
mononuclear cells (PBMC) isolated from 6 healthy
donors (with no acute diseases and severe chronic
diseases) male and females aged 28 to 38 years and
monocytes isolated from the PBMC fraction of the
same donors by immunomagnetic separation. The
non-monocyte PBMC fraction—lymphocytes (LYM)
was obtained after the isolation of monocytes on an
immunomagnetic separator (positive fraction — non-
monocytes). All manipulations with human cells
have been approved by the Ethics Commission. The
work was carried out following the Code of Ethics
of the World Medical Association (Declaration of
Helsinki) for experiments involving human subjects.

1.1. Isolation of mononuclear fraction of cells

Heparinized human peripheral blood was
premixed with 6 % dextran to precipitate erythrocytes.
Incubated at room temperature for 1.5-2 hours.
After the incubation time, the supernatant was
precipitated at 300 g for 10 min at room temperature
to obtain a cell suspension. The resulting cell
suspension was fractionated on a Histopaque-1.077
density gradient (Sigma, USA) corresponding to the
buoyant density of human PBMC at 4 °C at 3000
rpm for 20 min. After that PBMC were collected and
washed by centrifugation at 300g for 10 min at room

temperature, after which they were resuspended in
RPMI-1640 culture medium containing 10 % fetal
bovine serum and 2 % L-glutamine (all from Sigma,
USA). In all experiments, a PBMC suspension with
a percentage of viable cells greater than 90 % was
used.

1.2 Isolation of monocytes by immunomagnetic
separation

Isolation of monocytes from the PBMC fraction
was performed using the Monocyte Isolation Kit
11, following the manufacturer’s protocol (Miltenyi
Biotec, Germany). Isolation was carried out using
the “Deplete” program, which carries out a negative
selection with the release of enriched monocytes.
The resulting population of monocytes was
centrifuged at 300 g for 10 min at room temperature.
In all experiments, a suspension of monocytes with
a percentage of viable cells greater than 90 % was
used.

1.3 Test cultures of microorganisms

In a study of the following strains were used:
1) resistant strain of Escherichia coli ATCC BAA-
2523 (ATCC) was conventionally designated as
“R” culture in the experiments [14], 2) a sensitive
Escherichia coli strain ATCC 8739 (ATCCO),
designated as “S” culture [15] and 3) a revertant
subculture of Escherichia coli was obtained
under experimental conditions earlier [16, 17]
from Escherichia coli ATCC BAA-196 (ATCC),
producing extended-spectrum beta-lactamase. In
the experiments, the subculture was conventionally
designated as “Rev”.

The bacteria were cultured on a solid nutrient
medium until the middle of the logarithmic growth
phase at a temperature of 37 = 1 °C. Bacteria for
research were prepared as described [16]. The study
used the minimum inducing concentration (MIC),
which was previously determined [16]. For the
resistant E. coli R strain, the MIC value was 103
CFU/ml, for the sensitive E. coli S strain and the
revertant E. coli Rev — 10* CFU/ml. The exposure
time of bacterial cells to formalin was determined
from the results of microbiological control of the
cultural survival [16].

1.4 Co-cultivation of cells with test cultures

PBMC and monocytes were plated in 96-
well flat-bottom plates (BD Falcon, USA) at a
concentration of 1x103 cells/well. Then to PBMC
and monocytes was added a certain strain of
E. coli at a concentration of MIC, in a volume of
100 pl/well.

Immunocompetent cells and bacteria were co-
cultivated in RPMI-1640 culture medium containing
10 % PBS and 2 % L-glutamine without antibiotics
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for 4 hours at 37 °C, 5 % CO, and 95 % humidity.
At the end of the incubation time, the plates were
centrifuged at 300 g for 10 min at room temperature
and the supernatant was collected for analysis.

1.5 Determination of cytokine concentrations

The quantitative determination of cytokines
was carried out by enzyme immunoassay using
commercial reagent kits for alpha-TNF-ELISA-
BEST, INTERLEUKIN-6-ELISA-BEST,
INTERLEUKIN-1 beta-ELISA-BEST (all from
VECTOR-BEST, Russia) according to the
manufacturer’s instructions. Measurement of optical
density and calculation of cytokine concentration
was performed on a Sunrise RC.4 microplate reader
(Tecan, Austria) using Magellan 2.0 software
(Tecan, Austria) at a wavelength of 450 nm with a
reference filter at 620 nm.

1.6 Statistical Data Processing

All studies were performed in triplicate. For all
data, the arithmetic means and standard deviation
from the mean were calculated. The significance of
differences between experimental data was assessed
using GraphPad Prism version 6.00 for Windows
(GraphPad Software, La Jolla California USA), us-
ing One-way ANOVA, Column Statistics, and un-
paired t-test. Values of the confidence level P > 0.05
were considered insignificant.

2. Results and Discussion

Innate immune cells respond to a variety of
stimuli, including bacterial, viral, parasitic, or
fungal infections, through structurally related
receptors called Toll-like receptors (TLRs). TLRs
are evolutionarily conserved type I transmembrane
receptors that provide a critical link between innate
and adaptive immunity. TLRs can individually
respond to a limited, specific number of microbial
pathogen-associated molecular patterns (PAMP).
VitaPAMP, a subset of PAMP specifically
expressed by living microorganisms, are indicative
of microbial viability. VitaPAMP elicits a strong
inflammatory response to counter the heightened
threat posed by living microbes compared to
their dead counterparts [18]. The interaction of
these structures with TLR on innate immune cells
regulates the induction of more efficient adaptive
immune responses [19-21]. This recognition
initiates an intracellular signalling cascade, which
culminates in the activation of multiple genes
for the pro-inflammatory and immune response.
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Pro-inflammatory cytokines, in particular TNF-a,
IL-1p and IL-6, provide additional signals due to the
activation of co-stimulating and adhesive molecules,
which are necessary for the activation of adaptive
immune cells and the subsequent development of
protective immune responses against infectious
antigens [22, 23].

2.1 Production of IL-1 by immunocompetent
cells and IL-1p inducing activity of vitaPAMP and
PAMP structures of sensitive, resistant and revertant
subcultures of E. coli

As a result of a comparative study of the
inducibility threshold of cytokine production
by human mononuclear cells, monocytes and
lymphocytes under the influence of living and
fixed cells, sensitive, resistant and revertant
E. coli cultures, it was found that the level of
immunogenicity of PAMP and vitaPAMP structures
of these test cultures can differ significantly.

Our studies have shown that the proportion of
lymphocytic cytokine response in the total PBMC
response for all studied cytokines was insignificant
(from 2 to 7 %) and did not depend on the viability
and antibiotic sensitivity of the test cultures (data
not presented).

In response to stimulation by sensitive and
resistant E. coli living cells (Figure 1), lower
production of IL-1f by monocytes was detected
compared to PBMC. Induction by the revertant
culture of E. coli showed no significant difference.
Upon stimulation of immunocompetent cells by fixed
E. coli R and E. coli Rev, the threshold production
of IL-1P in PBMC was significantly higher than in
monocytes.

The threshold production of IL-1f was
significantly (P < 0.0001) higher in response to
stimulation of immunocompetent cells (PBMC,
MON) by living cells of test cultures, i.e. the
vitaPAMP structures of the cultures were more
immunogenic compared to their PAMP structures.
An exception was the induction of PBMC E. coli
Rev, where there was no significant difference
between the PAMP and vitaPAMP structures of this
strain. It was found that upon induction of PBMC
IL-1B, the inducing activity of vitaPAMP structures
of the sensitive strain is significantly higher than
that of the revertant E. coli strain, moreover, the
PAMP structure of this strain has significantly low
immunogenicity, except for E. coli Rev, where a
slight increase in IL-1p inducing activity of PAMP
structures (Figure 2).
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Figure 1 — IL-1 production by immunocompetent cells, induced by |
iving (A) and fixed (B) cells of sensitive (S), resistant (R) and revertant (Rev) E. coli subcultures. All data represent
means + SEM and are significantly different comparing PBMC and MON by fixed E. coli Rev structures
(**P = 0.004, ****P < 0.0001)
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Figure 2 — IL-1f inducing activity of vitaPAMP and PAMP structures
of sensitive (S), resistant (R) and revertant (Rev) subcultures of E. coli. All data represent means
+ SEM and are significantly different comparing vitaPAMP and PAMP E. coli subcultures (*P = 0.04, **P < 0.005,
**¥P =(0.0002, ****P < 0.0001 )

2.2 Production of IL-6 by immunocompetent
cells and IL-6 inducing activity of vitaPAMP and
PAMP structures of sensitive, resistant and revertant
subcultures of E. coli

Stimulation by living cells of a sensitive
and resistant E. coli culture caused comparable
levels of IL-6 production by PBMC and
MON. Whereas, the vitaPAMP structures of

the revertant culture were recognized mainly
by monocytes and led to a significantly (P <
0.0001) greater release of IL-6 (Figure 3).
The study of the threshold production of
IL-6 by immunocompetent cells under the
influence of fixed cells of test cultures did not
reveal a significant differential response by
immunocompetent cells (Figure 3).

79



Differential cytokine response of immunocompetent cells to the induction of resistant, revertant and sensitive Escherichia coli

N PELC AN

Ecof 5

[ E.codl R

A

. FEMAC E MOMN

IL-5, pg'm

E.coll 5

E ool R E ool v

B

Figure 3 — IL-6 production by immunocompetent cells, induced by living (A)
and fixed (B) cells of sensitive (S), resistant (R) and revertant (Rev) E. coli subcultures. All data represent
means + SEM and are significantly different comparing PBMC and MON by living E. coli Rev structures (****P < 0.0001 )

Comparison of IL-6 production by
immunocompetent cells showed that IL-6 inducing
activity of resistant and revertant E. coli cultures
does not depend on cell viability. In contrast, in
a susceptible strain, the loss of viability more
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than halves the production of IL-6 (Figure 4).
IL-6 inducing activity of vitaPAMP and PAMP
structures showed significant differences between
susceptible, resistant and revertant cultures
(Figure 4).
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Figure 4 — IL-6 inducing activity of vitaPAMP and PAMP structures of sensitive (S),
resistant (R) and revertant (Rev) E. coli subcultures. All data represent means + SEM

and are significantly different comparing vitaPAMP and PAMP E. coli subcultures (*P < 0.05, ****P < (0.0001)

2.3 Production of TNF-a by immunocompetent
cells and TNF-a inducing activity of vitaPAMP
and PAMP structures of senmsitive, resistant and
revertant subcultures of E. coli

The study of the threshold production of TNF-a
by immunocompetent cells showed a reliable (P
= 0.0008) differential response to the induction
of PBMC and MON by living cells only by
E. coli Rev culture (Figure 5).
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Analysis of the level of TNF-o production by
immunocompetent cells in response to a stimulus by living
and fixed cells revealed that the vitaPAMP structures of
test cultures are significantly more immunogenic than
their PAMP structures (Figure 6). In contrast, the opposite
picture is observed with the induction of PBMC E. coli
Rev, where the immunogenicity of PAMP was slightly
higher than with the stimulation of vitaPAMP structures
of this strain (Figure 6).
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Figure 5 — TNF-a production by immunocompetent cells, induced by living (A)
and fixed (B) cells of sensitive (S), resistant (R) and revertant (Rev) E. coli subcultures. All data represent
means + SEM and are significantly different comparing PBMC and MON by living E. coli Rev structures (***P = 0.0008)
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Figure 6 — TNF-a inducing activity of vitaPAMP and PAMP structures of sensitive (S), resistant (R)
and revertant (Rev) E. coli subcultures. All data represent means = SEM and are significantly different
comparing vitaPAMP and PAMP E. coli subcultures (**P < 0.009, ***P = 0.0004, ****P < 0.0001)

In general, activation of the mechanisms of innate
immunity and the induction of production of the main
proinflammatory cytokines are known to be caused
by the interaction of both PAMP and molecules
associated with virulence with the PRR receptors of
the cells of the natural immune system, as a result of
which a protective inflammatory response is induced
for an effective fight against infections [24-26]. It is
also known that living bacteria induce much more
pronounced immune responses than their preserved
(fixed) counterparts [27, 28]. This is explained by
the ability to live microorganisms to reproduce and
express specialized virulence factors and additional
antigens, such as mRNA (vitaPAMP), which activate
a pronounced host immune response [29].

Fixed bacterial samples contain only
conserved antigenic structures, of which the
LPS molecule (PAMP) is the main one. If it has
low immunogenicity, then such a fixed sample
does not cause proper activation of immunity, as
evidenced by our data on archival strains of E. coli:
antibiotic-susceptible strain — E. coli ATCC 8739
and antibiotic-resistant strain — E. coli ATCC BAA-
2523 (data not published).

It can be assumed that the phenomenon of the
revertant subculture of E. coli may be associated with
changes in the antigenic characteristics of bacteria. In
the present study, we used an £. coli subculture, whose
sensitivity to gentamicin was restored under experimental
conditions [17]. Previously, it was shown that as a result
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of long-term interaction of the FS-1 preparation with
bacteria, a “new or acquired” phenotype is formed,
which, possibly, as a result of changes in the genomics,
proteomics, and metabolomics of bacteria, leads to a
conjugate change in the expression and architectonics
of immunogenic molecular structures, and reversal of
antibiotic sensitivity [16].

Inaddition, acomparative analysis of the threshold
levels of cytokines produced by immunocompetent
cells in response to a stimulus from £. coli, which are
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distinct in antibiotic sensitivity, showed a different
orchestration of cytokines.

To determine the proportion of each cytokine
in the total cytokine response, the data obtained
were converted into percentage ratios, where a
shift was noted in the quantitative contribution of
each cytokine to the total cytokine response by
immunocompetent cells to a stimulus by life and
killed cells of sensitive, resistant and revertant E.
coli cultures (Figure 7).
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Figure 7 — Orchestration of cytokines (A) PBMC to live cells, (B) MON to live cells,
(C) PBMC to fixed cells, (D) MON to fixed E. coli cells
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It should be noted that both mononuclear
cells and monocytes reacted to stimulation by
living cells of sensitive E. coli S with emission of
~30 % (IL-1pB): ~40 % (IL-6): ~30 % (TNF-a), to
non-viable cells of this culture, a more anti-
inflammatory response was obtained. Whereas the
cytokine response obtained by immunocompetent
cells to a stimulus by fixed E. coli R and E. coli
Rev cells are characteristic of inflammasome
inflammation.

Such a change in the levels of early mediators of
the acute phase response may indicate a differential
response of cellular receptors and signalling
pathways of immunocompetent cells to antibiotic-
resistant and sensitive bacteria.

The orchestration of the cytokine response
is probably associated with the mechanisms of
induction and the features of the regulation of
signalling pathways. As is known, the effective
and sustained action of proinflammatory cytokines
depends on synergism with other cytokines and
antagonism of opposing cytokines, which are often
highly expressed in inflammatory foci [30].

Conclusion

Thus, the relationship between antibiotic
sensitivity and the cytokine-inducing potential of
E. coli has been studied. When studying the
cellular mechanisms of induction of an innate
immune response to archival living and fixed cells
of sensitive and resistant strains, as well as the
revertant subculture of E. coli, a difference in the
immunogenicity of PAMP and vitaPAMP structures

of test cultures was revealed. It has been shown that
in response to fixed cultures of E. coli S and E. coli
R, there is a decrease in the threshold level of IL-
1B, IL-6 and TNF-a production, both in PBMC and
in monocytes, compared to the level of cytokine
production, induced by live bacteria. Whereas fixed
cells of revertant E. coli caused a higher production
of proinflammatory cytokines PBMC than living
cells of this culture.
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OMPEAEAEHUE HOCUTEAEM TEHOB YCTOMUYMBOCTU
K AMCTOBOM PXXABUYMHE C UICITOAb3OBAHUEM
MOAEKYASIPHO-TEHETUMECKOTO AHAAU3A
B COPTAX MAATKOM U TBEPAOM MLUEHULIbI

Bypas nAM AMCTOBasl p>kaBuMHa SIBASIETCSI OAHOM M3 HanboAee BPEAOHOCHbIX GOAE3HEN MLLEHMLb,
BO36yAMTEAEM KOTOPOW BASeTCS rpmb Puccinia triticina, oTHocawmiics k cemencTBy Pucciniaceae. OHa
MO>KET MPUBECTU K MOTEPSM YPOXKasl, a TakKe K CHMXKEHMIO KayecTBa 3epHa. YCTOMUMBOCTb K Oypor
p>KaBUMHE MSTKOM U TBEPAOW MLLIEHWLbI IBASETCS MPEATNOCHIAKOM AAS MOAYYEHWS CTaOUABHO BbICOKMX
ypoxkaeB. MaTepraroM MCCAEAOBaHUI CAYXMAM 11 06pasuoB (oTedecTBeHHble U poccuitckune). C
LLeAbIO M3YYeHUs! YCTOMUMBOCTM MLUEHULb! K BYpon pxkaBumHe 6biAv BbibpaHbl 7 reHos — Lr9, Lr10,
Lr14, Lr22a, Lr28, Lr34 1 Lr67. Ha ocHOBe pe3yAbTaTOB MOAEKYASIPHOTO CKPUHMHIA ObIAO YCTAaHOBAEHO,
YTO CopTa MSrKOM MLLEHMLblI HECYT B CBOMX reHomax reHbl Lr10, Lr22a, Lr34 a takxke Lr67 n saBasiioTcs
HOCUTEASIMM KaK 3PP EKTUBHBIX, TaK M He3(pEKTUBHbBIX FrEHOB YCTOMYMBOCTM. Mapkep, CLENAEHHbIN
C reHoM Lr9, 6biA MAEHTMMUMPOBAH AMLLb Y KOHTPOAbHOro obpasua Hosocmbupckas 29, uto
YKa3blBalOT Ha OTCYTCTBME AQHHOIO Me€Ha y MaTepuasoB TBEpPAOM mnileHuubl. Ho obpasubl T. durum
3awmieHbl reHamu Lr10, Lr14 v BbicokoaddekTuBHbIM reHom Lr28. CopTa nieHul, y KoTopbix 6blAv
amMMAMULMPOBaHbI FeHbl YCTOMUYMBOCTU K OypO pyKaBUMHE, MOTYT ObiTb MMPAaMUAMPOBAHbI C APYTMMM
reHamm yCTOMUYMBOCTU K AMCTOCTEGEAbHBIM BGOAE3HSM U YCMELHO NPUMEHSTLCS B COOTBETCTBYIOLLMX
CeAEeKLIMOHHbIX MPOorpamMmax.

KAloueBble cAoBa: Msirkasi M TBepAas NieHnLa, yCTOMUMBOCTb, Lr-reHbl, STS, SSR, 6ypas p>kaBumHa.
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Detection of carriers of resistance genes
to leaf rust using molecular genetic analysis in varieties
of soft and durum wheat

Brown or leaf rust is one of the devastating wheat diseases, caused by the fungus Puccinia triticina
Pucciniaceae family, which can lead to crop losses and also to deterioration of grain quality. The brown
rust resistance of soft and durum wheat is a prerequisite for consistently high yields. Eleven samples (of
local and Russian selection) were used as a research material. In order to study wheat resistance to leaf
rust, seven genes were selected — Lr9, Lr10, Lr14, Lr22a, Lr28, Lr34, and Lr67. Based on the results of the
molecular screening, it was found that both soft and durum wheat varieties have Lr10, Lr22a, Lr34 and
Lr67 genes in their genomes and are carriers of both effective and ineffective resistance genes. The marker
linked to the Lr9 gene was identified only in the control sample Novosibirskaya 29, which indicates the
absence of this gene in durum wheat materials. Even so durum wheat samples are protected by genes Lr10,
Lr14 and highly efficient gene Lr28. Wheat varieties in which resistance genes have been amplified can be
pyramidized with other resistance genes and successfully used in appropriate breeding programs.

Key words: soft and durum wheat, resistance, Lr-genes, STS, SSR, brown rust.
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JXKymcak, xoHe KaTTbl OMAAN COpTTapbiHAA
MOAEKYAQAbIK-TeHETUKAABIK, TAAAQY KOMEriMeH KOHbIP TaTKa TO3iMAi
reH TaCbIMaAAQYLUbIAAPAbI aHbIKTay

KoHbIp Hemece >kanblpak, TaTbl GMAAN AAKbIAbIHBIH, 3USIHAbI aypyAapbIHbIH, 6ipi GOAbIM TaObIAAAbI.
Aypy K03AbIpyLWbICbl Pucciniaceae TybICblHa >KaTaTblH CaHblpaykyAak, Puccinia triticina, eHIMAIAIKTIH
KOHE ABH CanacblHblH TOMEHAEYiHe aAbin Keaeai. YKymcak >koHe KaTTbl GMAAMAbIH KOHbIP TaTka
TO3IMAIAITT YHEMI >KOFapbl OHIMAIAIKTIH aAFbIlLAPTbl GOAbIN TabblAaAbl. 3epTTEY MaTepuabl peTiHAe
JKYMCak, >XoHe KaTTbl 6uAarabiH 11 YArici (OTaHABIK, >K&He LWeTeAAIK) MariAaAaHbIAAbL. braaiaAbiH
>Kanblpak, TaTbiHa TO3IMAIAITIH 3epTTey ywiH 7 reH — Lr9, Lr10, Lr14, Lr22a, Lr28, Lr34 xaHe Lr67
TaHAAAAbl. MOAEKYAQABIK, CKPUHUHITIH, HOTMXKEeAepi GOMbIHLILA XKYMCAK, XXeHe KaTTbl GMAan copTTapsbl
reHombiHAQ Lr10, Lr22a, Lr34 >xeHe Lr67 reHAEepiH aAbin >XXYPETIHAIM XXaHe TUIMAI Ae, TMIMCI3 Ae
TYPaKTbIAbIK, T€HAEPiHIH TacbIMAAAQYLLbICbI E€KEHAIr aHbIKTaAAbl. Lr9 reHiMeH TipkeckeH Mapkep
HoBocmbupckas 29 6akbiaay YAFiCIHAE FaHa aHbIKTaAAbl, OYA KaTTbl 6uaait MaTepuassapbiHaa GyA
reHHIH >XOKTbIFbIH KepceTeai. Aaaiaa T.durum yariaepi Lr10, Lr14 reHAEpiMEH >KaHe Xofapbl TUIMAI
Lr28 reHiMeH KopfaaraH. XKanblpak, TaTblHA KApCbl TO3IMAIAIK reHAepi aHbIKTaAFaH Guaait copTTapbl
anblpak, TaTblHA TO3IMAIAIK TaHbITaTbiH 6acka reH TacbIMAaAAAYyLIbl YAriAepmeH 6yAaHAACTbIpyFa

(MMpammAMpoBaHmMe) GOAaAbI KOHE TUICTI CEAEKLMSIABIK, K00aAapAa KOAAAHBIAA aAaAbl.
TyitiH ce3aep: XXyMcak, XXoHe KaTTbl Onaait, Te3imMaiAiK, Lr-renaep, STS, SSR, KOHbIp Tar.

BBenenune

B coBpemeHHOM MuHpe TIPOJOBOIHCTBEHHAS
0e30MmacHOCTh SABIAETCS OJHON M3 3HAYUMBIX IPO-
OsleM MHOrMX TocynmapctB. Ilo oreHke 3kcrepToB
[IpoAOBOJILCTBEHHOW H  CEIIbCKOXO35MCTBEHHOM
opranmzaiiuu OOH (FAQO), oOumuM mokasareneM
HAI[MOHAIBHOM 0€30MmacHOCTH 000  CTpaHbI
CITY’KHT TIPOU3BOJICTBO 3€pPHA, B Pa3BUTHIX CTpaHaX
3T0T mokaszarenb cocraBisier 900-1000 xr nHa 1
yenoBeka. CornacHo ganusiM FAO, B 2014 ropy
MHPOBOE MPOU3BOICTBO MIIICHHUIIBI COCTABIISLIO 729
MJIH. TOHH, K 2024 roay Oyaer yBenudeHo a0 788
MJIH. TOHH [1].

ITmenunia — 3To HanMoOHANBHBIA Openx Kazax-
CTaHa, KOTOpBIA oOecrmeynBaeT MPOJIOBOJIILCTBEH-
HYI0 0€3011acTHOCTh HAIllel CTpaHbl, KAK OCHOBHOE
371aKOBO€ 3€pHO M 3KCHOPTHO-OPHEHTHUPOBOYHBIN
NpoAyKT. bonee onHOW TpeTu ypokas €XKerogHO
HampaBJsieTcss B 3apyOekHble cTpaHbl. HamOoib-
M TPOIIEHT 3epHa OTMPABISIETCTS B OMIDKHUE C
Kazaxcrtanom, ctpansl CHI'. Taxxe B cmucok oc-
HOBHBIX TOCY/IapCTB HMITOPTHPYIOIINX HAaIlle 36pHO
u Myky Bxoaat CIHIA, Ascrpanus, Kananga ctpans
EBponeiickoro Coro3a, bamknero Bocroka u Ce-
BepHOU Adpuku [2-3].

OCHOBHBIM OHOJIOTHYECKUM (haKTOPOM, CHEp-
JKUBAIOIIMM TPOU3BOJCTBO MIICHUIIBI U JIMMUTH-

PYIOIIMM TOJIY4YEHHE BBICOKHX YPOXKAeB SBISETCS
HEJIOCTaTOYHAs yCTOMYNBOCTh COPTOB MIIEHHUIIBI K
pasnuuHbIM 3abojeBaHusiM. VIMEHHO moaToMy 3a-
IIUTA [TOCEBOB OT PAa3JIMYHBIX NMAaTOTE€HOB U yCHIIE-
HUE paboOThl B 3TOM HAIIPaBIIEHUHU OJ[HA M3 OCHOB-
HBIX 3a/ad, CTOSAIIMX Iepe]l CEIEKIHUOHEpaMU H
TCHETHKAMH CTPaHBI.

PxaBunHHBIE TPUOBI SBJISIOTCS ONHUMH U3 HaU-
Oonee pacHpOCTPaHEHHBIX NAaTOTCHOB PAaCTCHUH
U BBI3BIBAIOT CEpPhE3HBIE 3a00JIEBAaHMS 3€PHOBBIX
KynbTyp. OHH MOTYT OBITH IIMPOKO PacIpOCTpaHe-
HBl Ha OOIIMPHBIX Teorpa)UuecKux TEPPUTOPHSIX
C MOMOIIBI0 NEPEHOCUMBIX BETPOM 0a3uauoCIop,
3IUOCIIOpP ¥ YPEAUHUOCTIOP U YacTO CHIIBHO I'eHe-
THYECKH Pa3sHOOOpA3HBI 110 pacaM WM MaTOTUIIAM,
Pa3JIMYaOIINMCS BUPYJIEHTHOCTBIO / aBUPYJICHTHO-
CTBIO 110 OTHOIIEHUIO K pAa3HBIM F'€HOTHIIAM XO35€B.
[loaToMy yCTOHYMBOCTH K piKaBUMHE — COBOKYII-
HOCTB CJIOXHBIX IIPU3HAKOB, OCHOBAaHHBIX HA MHO-
THX HE3aBHCHMBIX WUJIM B3aWMOCBS3aHHBIX T'€HETH-
4yecKkux (hakropax.

OmHMM W3 BpPENOHOCHBIX TPHUOOB, MOPOXKAA-
IONIMX PIKaBUYMHHYIO OOJe3Hb sBIsieTcst Puccinia
triticina Eriks. (Pt). llaroreH BbI3BIBaeT Oypylo
WM JTUCTOBYIO PXKaBYMHY MIIEHHUIIBI, TEM CaMbIM
MIOBJIEKAsl CEpbE3HbIE MOTEPU BO BCEX PETHOHAX
MHpa. TZI¢ BBIPAIMBAIOT MIIECHUILYy, B TOM YHCIE H
B Kazaxcrane.
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Exeronnele moTepu yposkas NIIEHUIBI H3-3a
Oypoii pxaBunHbl gocturator 3,5% u 4,5%, ecnu
SMUIEMHS Pa3BUBAETCS PaHO W MH(DEKIus coxpa-
HSETCS A0 MOJHOTO CO3pEBaHMs 3€pHA, MOTEpH
yBemmauBatotcst 10 40-60%. CoriiacHO CTaTHCTHKE
FAO, norepu ypoxast nu3-3a 60JIe3HU BO BCEM MUPE
cOCTaBJAIOT 0K0JIO 10% OT OCHOBHBIX NMPOJOBOIb-
CTBEHHBIX KYIBTYp [4-5].

Kak Obw10 BBIIIE CKa3aHO B MPUPOJIC WHIUBU-
IyallbHas nomynauus Puccinia triticina COCTOUT U3
MHOT'MX (PU3MOJIOTMYECKHUX PAC C Pa3HBIM YPOBHEM
BHUPYJIEHTHOCTH. OTUACTH 3TO CBA3AHO C NIEPEHOCH-
MOCTBIO IpHOKa 10 BO3AYXY, @ OTYACTU C MYTallH-
el mm oTéopoM. DTO TO3BOJNSAET TPUOKY pa3BUTh
BHUPYJIEHTHOCTh IO OTHOILIEHHUIO K COpPTaM, KOTO-
pble, O-BUANMOMY, HECYT OJHY MM OOJIbLIE TEHOB
ycroitunBocTH (R) Kk Hanbosee pacpocTpaHEHHBIM
pacaM rpu0OB B pa3aHyHBIX pernonax [11].

HawnbGonee »¢¢eKkTHBHBIM, SKOHOMHYHBIM H
9KOJOTHYECKH OE€30MacHBIM METOI0M OOpBOBI C
00JIE3HBIO CUYHMTAETCS WCIOJIb30BaHHE TEHETHYe-
CKH yCTOHYHMBBEIX copToB. Ommcano Oonee 80 re-
HOB YCTOMYMUBOCTH K OypoOH pikaBUMHE, HE TOJIBKO
13 MIIEHUIBI, HO U U3 POJCTBEHHBIX BUJOB, KOTO-
pele ObUIM BBEICHBI B T€HOM ILICHULBI C IOMO-
IO pPa3UYHBIX MeTojosoruii [6]. BBenenue B
copTa MUIEHUIIBI TEHOB YCTOWYMBOCTH K JTUCTOBOM
pxaBumHe (TEHOB Lr) — IydImuii Croco0 UX 3aiu-
TBHI C TOYKHU 3pEHHSI IKOJIOTHYECKOH 0e30macHoCTH
[7]. Ho MHOTHE U3 HUX MOTEPSIN CBOIO 3P PeKTHB-
HOCTh B 0Opb0Oe TPOTHB BO30YAWTENSI JTUCTOBOM
pKaBUMHBI.

[[Iupokxoe HCHOJB30BaHUE COPTOB MIIEHUIIBI
C pa3HbIMU T€HaMH YCTOWYMBOCTH K JUCTOBOU
pKaBYMHE NMPUBEJIO K TOMY, YTO B OCHOBHBIX pETH-
OHax BBIPAIIMBaHUS MIICHULBI OOHAPYKEBAIOTCS
Bce OoJiee pa3Hble M1 HAMHOI'O YCTOWYMBBIE Pachl
JUCTOBOM paBuMHBEL. [Ipu 3TOM MOTpeOHOCTH B
3epHe, KaK K OJHOMY M3 IJIAaBHBIX 3JIaKOBBIX M HC-
TOYHHKY CBHIPBS JJII OMOTOIUIMBA TOJBKO YBEJH-
yuBaercsa. [loaToM BHeApeHHE M HCIOJIb30BAHME
Pa3IMYHBIX OHMOTEXHOJOTMYECKHX MOIXOIO0B C
MIPUMEHEHUEM MOJIEKYJIIPHBIX METOAOB Ha PSAy C
TPaIUIUOHHBIM THOPHUIOJIOTHIESCKUM aHaTU30M U
(UTONATOIOTNYECKUM TECTUPOBAHHUEM MOXKET I10-
MOYb YCKOPHUTH U OOJIETYHUTH MPOIECC CEIEKIINOH-
HBIX IPOTPaMM IO YCTOMYUBOCTU K OypoOil prkaB-
yuHe [8].

B cBs131 ¢ IOCTOSIHHON FeHETUYECKON U3MEHYH-
BOCTBIO TaToreHa 3QQeKTUBHOCTh T€HOB HEJO0Jr0-
BEYHA, CJIEIOBATEJbHO, HEOOXOAMMO ITOCTOSIHHOE
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M3y4eHHE COCTaBa MOIyJISAIUHU TaTOTEHOB B pailoHe
BO3/EJBIBAaHMS KYJIBTYPHI, & TAaK)Ke HEOOXO0AUM MO-
CTOSIHHBIA IOMCK HOBBIX T€HOB YCTOMYHMBOCTH, IPU-
TOJHBIX [T CENEeKIMU MIIEHUIIBI.

Lenp uccaenoBaHusi — NPOBECTH HACHTU(HUKA-
LIUI0 TEHOB L7 K JTUCTOBOM prKaBUMHE COPTOB MSAT-
KOW M TBEPJOU MIIEHULBI C IPUMEHEHUEM MOJIEKY-
JIIPHO-T€HETHYECKOT0 METO/1A.

MeTO}IbI H MaTepHuaJibl

s BeIABIIEHUS TEHOB L OBLIHM MCIIONH30BAHEI
11 copToB MArkoil O3MMONH W TBEpIOH SPOBOU
TMIIEHUIBI 1 BBIOpaHb! 7 cCieUpHIECKIX MapKepOB.
HccnenoBanns npoBOIMIHCh B Ia00OPaTOpHUN MOJIe-
KyJsIpHOW reHeTukn HaydHO-uCCleI0BaTENnbCKOTo
Wnctutyra 'enetnkn u ®uszmonoruu. OOpas3msl
OBLTM TIpeAoCTaBlieHBl Jabopartopueil «l eHeTHKu
W CENEeKIMH pacTeHHi», (akyinpTeTa OUOJIOTHH U
ouorexnonornn KasHY um. anp-®dapabdu, a takxke
KazaxckuM arpoTexHHYecKUM YHUBEPCHUTETOM HM.
C.Celi¢yimna.

Oxkcrpakiuio reHomHoro JIHK u3 7-mHeBHBIX
MPOPOCTKOB MPOBOJWIH C ITOMOIIBI0O MOAU(HIIH-
poBanHoro CTAB-merona (Riede & Anderson).
[Ipu BrIOOpE Lr TEHOB MJIA UCCIIENOBAHUS YUUTHI-
BaJICSI yPOBEHb YCTOMUYUBOCTHU K Puccinia triticina
Eriks. (Pt), a Takke HMX JOKanu3alusi B TeHOMax
MATKOH W TBepIoH mmeHut. VaeHTudukannio re-
HOB OCYIIECTBIISJIM C HWCIOJIb30BAaHHEM IIOJIMMeE-
pasznoii nennoit peakiuu (I1L[P) ¢ mpatimepamu,
MapKUPYIOIIUMU OTAeNbHbIe reHbl Lr. [Ipalimepsl
OBUTH O0TOOpaHbl Ha OCHOBAaHUM JAHHBIX JUTEpa-
TypHBIX UCTOYHHKOB. HykneoTuansle nocienona-
TETFHOCTH JAaHHBIX MPalMepOB TPEICTABICHBI B
Tabnure 1.

AmMmunpuKanys IpoBOANIACE B aMIUTU(PHUKATO-
pe Master cycler nexus gradient Eppendorf (I'epma-
Hust). [Iporpammer ammndukanuy ObUTH BEIOpAHBI
B COOTBETCTBUU C KaXKIbIM HCCIEAYEMBIM T'€HOM
ycrouuBoctu. Mcnonb3dyembie ITIP-mporpamMmmbl
MpeJoCTaBIeHbI B TabnuIe 2.

[TponykTsl aMIUIMQUKAIMKA pa3leNsuld C HC-
mosik30BaHueM anektpodopesa B 1,4% araposzHom
rene B 1XxTBE. I'enu okpammBamum v JOKYMEHTH-
poBalii B yIbTPa(HUOIETOBOM CBETE€ C MOMOIIBIO
CHCTEeMBI Teib-mokyMeHTaruu  Vilber Lourmat
(®panuus). B xauecTBe Mapkepa Ui OLEHKH MO-
JIEKYJISIPHON MacChl aMILTU(HUIIOBAaHHBIX (PparMeH-
toB 1oun npumeHeH JJHK-mapkep GeneRuler 100bp
DNA Ladder (ThermoFisherScientific, CILIA).
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Taéanna 1 — XapaxrepucTHKa paiiMepoB, HCIIOIb30BaHHbIX IS HAeHTUGHKanuK Lr reHoB

Lr-rensl | Ha3Banue mapkepa Tun mapkepa Jlokanu3zanus | IlocnenosarenbHOCTh, 5'— 3’
JInst MSATKOM 03MMOM TIIICHUIIBI
GTG TAA TGC ATG CAG GTT CC
Lrio F1.22451r10-6/r2 STS 1AS AGG TGT GAG TGA GTT ATG TT
AAT TCAACC TAC CAATCT CTG
Lr22a WMS296 SSR 2Ds8 GCC TAA TAA ACT GAA AAC GAG
GTT GGT TAA GAC TGG TGA TGG
Lr34 csLV34 STS DS TGC TTG CTA TTG CTG AAT AGT
CAA TAA GTA GGC CGG GAC AA
Lr67 Xcfd23-4D CED 4D TGT GCC AGT TGA GTT TGC TC
Jnst TBEpOi SIPOBOI MIIIEHULIB
TCC TTT TAT TCC GCA CGC CGG
Lr9 T3 SCAR 6BL CCA CAC TAC CCC AAA GAG ACG
GTG TAA TGC ATG CAG GTT CC
Lri0 F1.22451r10-6/12 STS 1AS AGG TGT GAG TGA GTT ATG TT
CAA GGA AAT AGG CGG TAACT
Lri4 Xqwm344 SSR 7BL ATT TGA GTC TGA AGT TTG CA
CCC GGC ATAAGT CTATGGTT
Lras Lr28 STS 4AL CAA TGA ATG AGA TAC GTG AA
Taommnma 2 — YcioBusl MPOBEACHUS PEaKIMy aMIUTA(UKAIIUA
Lr Hauarsras I([,e_ KommuectBo Jenaryparust OTxwur, OKCTEeHIUS, Tocnenmas sxc-
[enbt Hatypauus, °C LUKJIOB °C (cex) °C (cex) °C (cex) TeHII
(MuH) °C (MuH)
Lri0 94 (3) 35 94 (60) 58 (60) 72 (120) 72 (5)
Lr22a 94 (2) 30 94 (60) 55 (60) 73 (50) 73 (5)
Lr34 94 (10) 30 94 (30) 60 (30) 72 (30) 72 (7)
Lr67 94 (2) 30 95 (60) 60 (60) 72 (60) 73 (5)
Lr9 94 (5) 35 92 (60) 58 (60) 72 (120) 72 (5)
Lri4 94 (3) 45 94 (60) 55 (60) 72 (120) 72 (10)
Lr28 94(6) 35 94 (60) 55 (60) 72 (60) 72 (5)

Pe3yJIl>TaTBI HCCJICAOBAHUA U UX 06cymeHne

KoHTuHEHTaNBHBIN U BIAXHBIM KIAMAT IOTO-
BOCTOUHBIX M CEBEpHBIX peruoHoB Kazaxcrana
co3/1aeT uaeadbHbIE YCIOBHS Ul pa3BUTHS Oypoi
pKaBYMHBI, UIMEHHO I10 dTOW NMPUYWHE BBISIBIICHUE
TE€HOB YCTOMYMBOCTU Lr y HCCIEIYyEeMMBIX COPTOB
TIIICHUIBI SBISETCS BaXXHBIM JIJISI OyIyIINX CEJeK-
MUOHHBIX mporpaMM. C KaabIM TOJIOMB MOSBIISIOT-
csice HOBBIE pachkl BO30yauTeneil Oypoil prkaBuHHEI.
B pesynbTare, MHOTHE T€HBI YCTOWUHUBOCTH TEPSIIOT
CBOIO 3(PPEKTUBHOCTB.

Hwxe omumcanel pe3yibTaTsl HISHTU(DUKALMN
Lr TeHOB Il COPTOB TBEPJION SPOBOM MIIEHUIIBI.
B kauecTBe KOHTpPOJLHOTO 00pa3iia ObLT B3SIT COPT
Msrkod mieHunsl HoBocuOupckas 29, xoropsiit
yKa3aH Ha CHUMKax 1oj Ne7.

ITpu ucnonszoBannu SCAR mapkepa rena Lr9
MPOJYKT aMIUTU(UKAIMU C MOJEKYJISPHBIM BECOM
200 map HyKJI€OTHIOB BBISIBICH TOJIBKO Y KOHTPOJIb-
HOro 00pa3ua. Y OCTaNbHBIX COPTOB IMIICHHUIIBI HE
UICHQHUIIMPOBAHO XapaKTePHBIX (ParMeHTOB, UTO
ITO3BOJIIET 3aKIIOYUTH 00 OTCYTCTBUH 3TOTO T€HA y
M3y4aeMbIX 00pa3IioB (PUCYHOK 1).
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1CHCHD B

M — monexynsipubiit Mapkep (GeneRuler 100 bp DNALadder, ThermoFisherScientific, CLLIA).
1 — Kopona; 2 — JIaBuHa; 3 — amcunckas 90; 4 — [lamcunckas 2017,
5 — lamcuHkas robuineitHas; 6 — JlamcuHckas ssHTapb;7 — HoBocubupckas 29 (KOHTPOIIb).

Pucynok 1 — IIponykrer ammudukanuu JJHK rena Lr9

I'en Lr9, nokaau30BaHHBIA HA JJIMHHOM ILJIE-
4e XpoMocoMmbl 6B, 3T0 oamH u3 Hambonee 3¢-
(DEKTHBHBIX TE€HOB YCTOHYMBOCTH MIIEHHUIBI K
Oypoii pxxapuuHe. OH MepeHECEH B TCHOM IIIIe-
Hutbl ot Aegilops umbellulata. B 2004-2005 r.r.
OBLIIO YCTaHOBIIEHO, 4TO L9 NMeeT BBICOKYIO 3(-
(heKTHBHOCTH K MPUPOAHON MOMyNsiuu Puccinia
recondita [14]

[IepBbie copra ¢ Lr9 cozmanbl B 60—70-x rT.
nponutoro cronerusi B CIHA. T'en Lr9 maccoBo
BKJIIOUYAJIH B CEJIEKI[IOHHBIE POTPAMMBbI BO MHOTHX
crpanax. 2014 r. I'ynsrsiea E.W. u ap. uccnenosanu
KOJUTIEKIIMIO U30JITOB BO30YyIuTENs Oypoil pikaByun-
HbI copToB nieHuIsl B CeBepom Kasaxcrane. n-
(heKITMOHHBIN MaTepuan coOHupan C COPTOB TBEP-
noit mmenutsl JJamcunckas 90 u XapbkoBckas 9 B
Hlopranaunckoi obnactu. Bee u3ydyeHHsle n30Is-
Thl OBUIM ABUPYJICHTHBIMU 110 OTHOILLIEHUIO K TeHaM
Lr9, Lri9, Lr24 [12, 13]. Tem He MeHee MOTyUYCH-
HBIE pE3yJIbTaThl OKa3aId OTCYTCBUE 3TOTO T€HA y
HCCIIEAyEeMbIX TBEPABIX COPTOB MIICHUIBI. Jo He-
JTaBHET0 BpeMeHH reH Lr9 OTHOCWIICS K TpyIIe BbI-
cokod(PeKTUBHBIX BO BCceM Mupe. BripamuBanue
COPTOB C HUM HIPEAONPEAEIHUIIO MOSIBICHUE BUPY-
JICHTHBIX M30JIATOB rpuda, KOTOphIC BIIEPBbIe ObLIN
orMeuensl B CIIIA B 1971 r., criyctd 4eTslpe rona
C HaJaja MaccoBOTO BO3JenbIBaHuA. B HacTosimee
BpeMs BUPYJIEHTHOCTH K reHy Lr9 oTMeuaeTcs Kak
B PErvOHAax BBIPALMBAHUS COPTOB C 3TUM T'€HOM,
Tak 1 3a ux npenenamu. [lo nanueiM ['ynpTseBoi
U Jp. COOaBTOPOB OOJIBIIMHCTBO POCCUHCKUX U Ka-
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3aXCTaHCKHUX U30JATOB P. friticina, BUPYJIEHTHBI K
JIMHAAM ¢ TeHamu Lr9 vim Lrl9, taxxke x Lrl, Lr3
u Lri0. Ilostomy 49TOOBI coxpaHuTh 3(PexTHus-
HOCTh B CEJIbCKOM XO3SHCTBE, TeH L9 Heo0X0IuMo
KOMOWHHPOBATH ¥ TUPAMUIUPOBATH C IPYTHMH -
(EKTUBHBIMHA U YaCTUYHO d()(HEKTUBHBIMU FeHAMU
ycToitunBocTH. TakuM mpuMepoM ABIseTCs coueTa-
HUeE reHoB Lr9 ¢ reHoM Lr26 uinu TeHOM YCTOMYHBO-
ctH B3pociubix pactenuii Lr37 [15]. Taxxe cooOmra-
JI0Ch, 4TO KOMOUHaIus Lr9 ¢ reHoM Lr24 puBOIUT
K BBICOKMM YPOBHSIM YCTOMYMBOCTH K JIMCTOBOH
prKaBunHE.

Lr10 siBnsercss ONHUM U3 MEPBBIX KIOHUPOBAH-
HBIX T€HOB YCTOHYHMBOCTH, KOJUPYEMBIX OEIKOM
turma CC-NBS-LRR. B GonpmuHCTBE Ciy4daeB ais
UACHTH(GUKALUN 3TOrO T€Ha HCIONb3YeT MOJEKY-
JSIPHBIA Mapkep, co3manHbiii Schachermayer et al.
(1997) [21]. B HpiHentHee BpeMsl M3-3a MOSBICHUS
BUPYJICHTHBIX M30JSTOB rpuba u morepu 3¢ddek-
THBHOCTH TeHa, Lrl() oOHapyXeH BO MHOTHX CO-
prax mmeHunsl. CiaenoBaTeNbHO, UCTOUHUKN TeHa
Lr10, uneHTU(UIMPOBAHHBIE B STOM HCCIIEI0Ba-
HUH, MOKHO PacCMaTpUBaTh IJIsl NCIIOJB30BAHUS B
KayecTBe POJUTENBCKON JMHMU HpPU CENEeKLUUU Ha
cusiHAe ¢ IpYruMH 3(QPeKTHBHBIMU TeHaMu Lr B
Kazaxcrane. [[ns nereknny reHa B HCCIEIOBaHUH
NPUMEHSIICS MapKep crenuuIndecKuid mpaimep
Lr10 F1.22451r10-6/r2. B pesynbrate ammnguka-
MU y Bcex 00pa3iioB kpome copTa JlaMcruHcKas sH-
TapHasi ObUI BBISIBIIEH (parMeHT ¢ AnuHHOoM 300 m.H.
(Pucynoxk 2)
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1000 Dy

M — monexynspHsrit Mapkep (GeneRuler 100 bp DNALadder, ThermoFisherScientific, CILIA).
1 — Kopona; 2 — JlaBuna; 3 — lamcunckas 90; 4 — Jlamcunckast 2017,
5 — NamcuHKas roOuneiinast; 6 — JlamcuHckas saTapbHast;7 — HoBocubupcekas 29 (KOHTPOITB)

Pucynok 2 — IIpoxyxtel ammuudukanuu JIHK rena Lr10

OreuecTBeHHbIe wucciaenoBaTenn Koxme-
ToBa A., ManenoBa A., YpazanueB P. u 1.1. B
2012-2014 romax B COBMECTHOM HCCJIEIOBAHUU
¢ Benrepckoli HEKOMMEpPUYECKOU opraHu3anueit
M0 HKCCIENOBaHUI0 3epHA U MexXIyHapOIHBIM
[MEeHTPOM MO YJIYUYIIEHHUIO KadeCcTBa KyKYypy3bl U
nmenut sl B Typuun (CIMMY T) takke ucromns-
3oBanu mpakimepsl F1.2245 u Lr10-6 / 12 npns
uneHTuukanuy resa Lr/( y IIUPOKO UCIIONb-
3yEMBIX COPTOB U B BEAYIIUX JIMHUSIX MIICHUIIBI
B Kazaxcrane [16].

Lr14 onun 3 Hanboiee 3 PEKTUBHBIX TCHOB
YCTOWYMBOCTH TBEPAOH W MATKOW MIIECHUIIBI.
CornacHo HUUTOTE€HETUYECKOMY aHalu3y, TEeHBI
YCTOMYMBOCTH K Oypod prKaBUYWHE MIICHHUIIBI
Lril4 pacmnoyioxxeHbl Ha JJIWHHOM IIJIe4e XPOMO-
combl 7B. Cumraercs, uto Lri4 Obln mepeHe-
CeH B reHoM mmeHWnsl u3 Triticum dicoccum.
Janubiii renumeet ayutenu Lrida u Lri4b. Ten
Lri4a cBs3aH c TeHaMU yCTOMYHMBOCTH K cTeOIIe-
BOH pkaBUWHE W MYYHHCTOW poce Sri7 m Pm5
cooTBeTcTBeHHO. [lo nUTEpaTypHBIM JAaHHBIM,
Lri4 moxHO paccMaTpuBaTh KaKk OJUH U3 LEH-
HBIX TeH yCTOWYMBOCTH K OypoH prkaBUWHE B
CTpaHax, BBIPAIIMBAIOMINX TBEPAYIO MIICHUIY
[17]. B pe3ynbTaTe uccuegoBaHus AJNUHA aMILIH-
¢unmpoBanHoro ¢pparmenrta resa Lr/4, Kak 1mo-
Ka3aHoO Ha CHHUMKe, cocTtaBuia okoio 100 u 150
n.H (Pucynok 3). BeiOpanHbIiiMapkep mO3BOJIHII
BBISBUTH XapaKTEPHBIH (pparMeHT aMIutupuka-
MU y BCEX COPTOB MieHul. B HayuHO#l tuTepa-

Type NMpeanoyiaraeTcs, 4To AUANa3oH 3TOro reHa
coctaBiget ot 100 xo 200 m.H.

I'en  ycroitumBoctn  Lr28  pacmoioxeH
Ha JIMHHOM Iuiede XxpomocoMbel 4A. On
TPAHCIIOPTUPOBAH B T€HOM TIIEHUIIBI OT Aegilops
speltoides m otHOCUTCA K Tpymne 3QQEKTUBHBIX,
3aIUINAIONIMX PACTEHUS MIIEHUIBI OT MOPaXKEHUS
Oypol p)KaBYMHON B pazIUYHBIX PETHOHAX MUpA.
Kymap A.A., Parxasaiis I1. [18] ormeTunu BwICO-
KYIO MPOAYKTHBHOCTH COPTOB M JIMHUH, HECYIUX
9TOT TeH. Lr28 ommcwiBaeTcs Kak 3(PQPeKTHBHBIN
B 3amaguoii EBpome, Munuu, [lakucrane, Kurae,
Poccun u xak HeahdextusHolil — B CILIA u Kanazne
[19].

B pesynabrare maeHTU(GUKAIUK ObLI BBISBICH
(parMeHT UMEIOINI MOJIEKYIISIPHYIO MacCy MEKAY
300 u 400 11.H., KOTOPBIH TOKA3bIBAET YTO MapKepc-
HEIJICHHBId ¢ TeHOM Lr28 amrmumduuupoaics y
Bcex ceMu copTax (PucyHok 4).

Hpanckne yuensie M. Kadkhodaei, A.
Dadkhodaie u ap. [20] B cBOMX HCCIIEAOBaHUSIX
UIeHTH(OUIUPOBAIN TeH ycroiumBocTH Lr28 Ha
mmHe 378 n.H. ['eH MoxeT OBITh PEKOMEHIOBaH
JUISL CEJIEKIIMOHHBIX IPOTpamMM, HalpaBiIeHHBIX Ha
BBIBEJICHHE COPTOB IIIICHHUIIBI, YCTOWYMBBIX K Oy-
poit p>kaBuuHe. B Hacrtosdilee BpeMsi B CEIEKIIMOH-
HBIX TporpaMmax Lr28 HCHONB3YIOT B COUYETaHUU
C JPYTUMH TE€HaMH YCTOWYHBOCTH, IOCKOIJIbKY B
OTINYre OT OOJBIINHCTBA YY>KEPOAHBIX T€HOB, OH
OTIpe/IeTsIeT MOBBIIIEHUE YPOKaHHOCTH U TOKa3bl-
BaeT XOPOIIYIO PKAaBYMHOYCTOWIHBOCTb.
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1000 bp

100 b

M — monexynspusiit Mapkep (GeneRuler 100 bp DNALadder, Thermo Fisher Scientific, CILIA).
1 — Kopomna; 2 — JlaBuHa; 3 — Jlamcunckas 90; 4 — lamcunckas 2017; 5 — JlamcuHCKas roOuneitHas;
6 — lamcuHCcKas ssHTapHAast; 7 — HoBocubupckas 29 (KOHTpOIIb)

Pucynok 3 — IIpoxykrs! ammumndukanuu JJHK rena Lr14

1RO gy

|.|_.|_.

100 D

M — monexynspusiit Mapkep (GeneRuler 100 bp DNALadder, Thermo Fisher Scientific, CLLIA).
1 — Kopomna; 2 — JlaBuHa; 3 — Jlamcunckas 90; 4 — lamcunckas 2017; 5 — JlamcuHCcKas roOuneitHas;
6 — lamcuHCcKas stHTapHast; 7 — HoBocubupckas 29 (KoHTpoIIb)

Pucynok 4 — IIpoxyxts! ammumndukannu JHK rena Lr28

I'en Lr10 upentuduupoBan B reHOME ITIICHU-
LBl ¥ KAPTUPOBAaH HA KOPOTKOM ILIEYE XPOMOCOMBI
1A. Schachermayr ¢ coaBTOpaMu BIIEPBHIC BBINIC-
JIWIA 3TOT T€H U OMHCAIH ero CTPyKTypy [21]. 'en
Lrl0 momy4yun IIUPOKOE PACIPOCTPAHEHUE B CO-
pTax IIICHHIB 110 BeceMmy Mupy. OH 0OHapykeH BO
MHOTHX aBCTPaIMHCKUX copTax, coprax CeBepHo
AMEpUKHM U JMHUAX, BEAYIIUX CBOE IPOUCXOXKIC-
HUE W3 CEJIEKLHMOHHBIX IpPOrpaMM MexnyHapoa-
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HOT'O IIEHTpa YJIyUYLICHUs KyKypy3bl W TIICHUIIBI
(CYMMIT). B cBsi3u ¢ OBICTpBIM alalTAITHOHHBIM
MPOIIECCOM BHPYJIEHTHBIX pac MaTOreHa HaIpaB-
JICHHBIW Ha Tpeojionenue 3 dexra TeHOB yCTOHYH-
BocTH Lr1( He siBaseTcs BEICOKOAPGeKTUBHBIM. 110
nmanaeIM uccnegoBanuss CIMMYT moka3aHo, 4To
coueTaHue 4-5 reHoB YCTOWYMBOCTH WIPaeT Bax-
HYIO POJIb B KOMOMHAIINY C IPYTHMH T€HAMH yCTOH-
YUBOCTH K Oypol pxaBumHe [22]. B pesymbrarte
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[MI[P-ananu3a ¢ WMCMONB30BaHUEM CHEIU(PUIHOTO
s maaHoro reHa F1.22451r10-6/r2 STS-mapkepa,
OBUI yCTaHOBJIEH (parMeHT AITHUHOM 0K0J0 290 T1.H.
Janneiii pparmMeHT HaOMIONANICS BO BCEX UCCIENO-
BaHHBIX 00pa3nax (Pucynok 5).

Hannune nByx ameneii (a u b) rena Bo3pacTHOU
yCTOMYMBOCTU K Oypoll pxaBumHe Lr22, JOKAIN30-
BaHHBIX B XpoMocome 2DS, Ob1o BHEpBBIC MOKa3a-
HO G.G. Rowland w E.R. Kerber [23]. Ncrounnkom
JAHHOTO TeHa sBisiercst Aegilops tauschii. Vnen-

1000 bp

B4 b

300 b
200 bp

100 b

tuukanua resa Lr22a npooaurcs mytem IILIP ¢
npuMeHerrneM SSR mapkepa WMS296 [10]. Pasmep
¢parmenta IHK Lr22a rena xomebmnercs ot 120 no
185 .. Ilo unentudukarmm gansoro resa B Kazax-
CTaHE NPOBOJWIOCH OTPAaHUYCHHOE YUCIIO HCCIIENO-
Baund. KoxmeroBa A.M. ¢ xoiuieraMy BBISIBIJIA Ba
(bparMeHTa 3TOTO TeHa C pa3nuuHON JuTMHOW. [Ipen-
CTaBJICHHOE pasimuaue Mexxay pasmepamu JJIHK dpar-
MEHTa OOBSICHSIETCSl TeM, UTO JIOKyc Lr22a sBnsieTcs
crnerpUIHBIM Y pa3HBIX cOpTOB (PUCYHOK 6).

M — monekynspusiit Mapkep (GeneRuler 100 bp DNALadder, Thermo Fisher Scientific, CIIIA).
1 — HoBocubupckas 29; 2 — Kazaxcranckas 19; 3 — Upens; 4 — Camray; 5 — XKenuc

Pucynox 5 — Ipoayxrer ammmudukannu JJHK rena Lrl0

1000 by

0¥ Expa

A0 b
200 bp

100 bp

M — monekynsipusiit Mmapkep (GeneRuler 100 bp DNALadder, Thermo Fisher Scientific, CIIIA).
1 — HoBocubupckas 29; 2 — Kazaxcranckas 19; 3 — Upens; 4 — Camray; 5 — XKenuc

Pucynok 6 — [Ipoxyxtsr ammumndukannu JHK rena Lr22a
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OnuH u3 Hanbonee 3¢ PEKTUBHBIX TEHOB YCTOM-
YUBOCTH K Oypoii pkaBunHe Lr34 mIMPOKO pacupo-
CTpaHeH Yy KOMMEpPYECKHX COPTOB MIIEHULIBI. DKC-
MIPECCUPYETCS OH MPEUMYIIECTBEHHO B JIHCTHSX,
OJTHAKO MOXXET (YHKIIHOHHUPOBATh M B 3apOJIBIIIAX
[9]. Lr34 ren oTHOCUTCS K TpyIllie TEHOB, obecIie-
YUBAIOIIKUX YCTOMYMBOCTh KaK Kau€CTBEHHOIO, TaK
1 KOJIMYECTBEHHOI0 MposiBiaeHus. K 310l HeMHOro-
YUCJICHHOW TPYIIEe TEHOB TaKXKe OTHOCITCS Lr46 u
Lr67. Kommuiekc reHoB Lr34 u Lr68 obecniedunBaeT
JUTATENBHYI0 W HeCTenn()UIECKYI0 yCTOHYHNBOCTD
B3pOCJIOro pacTeHus. BaykHo, 4TO Ha CerMeHTe Xpo-
MOCOMBI, cofepkameM TeH Lr34, pacnoyioKeHbl
TaK)Ke IPyTHe TeHbl YCTOMYMBOCTH, B YaCTHOCTH, K
crebuieBoii prkaBunHe (Y718) [25]. DTOT NOKYC Ha
xpoMocome 7D mpeactaBiseT NpakTUYECKUA UHTE-
pec IuiA perieHns 00CyX aaeMoi IpoOIeMBbl Y MsT-
KOM IIIIeHUIHI.

B nanHOM HccieqoBaHUM ISl BBISIBICHUS FE€HA
Lr34 6pu1 ucnons3oBan csLV34STS-mapkep. ['en
nokanu3oBaH B 7DS xpomocome. B pesynbrate

1000 bp

S00 bp

200 bp
100 bp

[P y coproB BbIsABIsETCS (HparMeHTHl pa3HOU
IHBL, 0T 185 10 258 m.H. CerMeHT XpoMOCOMBI, B
COCTaB KOTOPOTO BXOJIUT r'eH Lr34, copepKUT Tak-
K€ F'€H YCTOMYMBOCTH K XKENTOH pxaBuuHe Yrl8,
cTebneBoi prkaBUMHE, JKENTON KapIUKOBOCTH SU-
MeHst Bdvl [24]. OToT ¢akT ABIsIETCS YCHIUTEIEM
[IEHHOCTH JTAHHOTO JIOKYyCa.

Mapxkep csLV34 rena Lr34, 03BONISET OIICHUTH
aJUIENIBHOE COCTOSIHWE B 00pa3lax O3UMON MSTKOH
mireHnrpl.  Hanmame noOMHHAHTHOTO aurens Iof-
TBEPIK/IACTCS MPUCYTCTBHEM ()parMeHTa C MOJIEKY-
JsipHBIM BecoM 150 1.H., TorAa KaK pelecCUBHOro aj-
nienst GparMeHTOM ¢ MOJICKYJISIPHBIM BecoM 229 ILH.
B ciyyae rereporeHHOCTH MCXOJHOTO Marepuajia Ha
anekTpodoperpaMme NprcyTCTBYeT 00a pparMenTa.

[Tomygyennsie Hamu pe3ynabTaThl (PucyHOK 7)
CBUJICTENILCTBYIOT O HAIWYHU B MCCIEAYEMBIX 00-
pasuax resa Lr34 B pa3NIu4HbIX aJJICIBHBIX COCTOS-
HUSX: PEIeCCUBHOTO y copToB HoBocmOmpckas 29,
Cawmray u JKenuc, joMuHaHTHOTO y copToB Kazax-
craHckas 19 u Upens.

M — monexynspasiii Mapkep (GeneRuler 100 bp DNALadder, Thermo Fisher Scientific, CILIA).
1 — HoBocubupckas 29; 2 — Kazaxcranckas 19; 3 — Upens; 4 — Camray; 5 — XKenwuc

Pucynoxk 7 — I[Ipoxykrsl ammun¢ukanuu JJHK rena Lr34

I'en Lr67 B KOMINIEMEHTApHOM B3aUMO/IEH-
CTBHHM C APYTMMHU T€HaMU YCTOWYHMBOCTH o00e-
CIIEYMBAET IOJEBYK YCTOMYHUBOCTH K Puccinia
recondita B Buge APR rena. /[ns moucka rena
OBIT  HMCHOJIB30BaH T'CHETHYECKHUH  MapKep
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Xcfd23-4D. I'en Lr67 nokanu3oBaH B XpOMOCO-
Me 4D. Ha pucyHke 5 mpencraBiieHa 3J€KTpPO-
¢dboperpaMMa aMIIMKOHOB, JE€MOHCTPUPYIOIIAs
HaJu4Yue BO BCEX HCCIeqyeMbIX oOpaslax reHa
Lr67 (PucyHok 8).
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10040 Bp

500 bp

300 bp
200 bp

100 bp

M — monexymsapHsiit Mapkep (GeneRuler 100 bp DNALadder, Thermo Fisher Scientific, CILIA).
1 — HoBocubupckast 29; 2 — Kazaxcranckas 19; 3 — Upens; 4 — Camray; 5 — XKenuc

Pucynok 8 — IIpoaykrs! ammumdukanuu JJHK rena Lr67

Tadauua 4 — Hanmame uiiy OTCYTCTBHE CEMU TE€HOB YCTOHYMBOCTH K Oypoii p>kaBuiHE B 11 TeHOTHITaX MSTKOM U TBEPION MIIIEHUIIBI

Neo | Copra TBepnoii muieHuust | Lr9 Lri0 | Lri4 | Lr28 | Ne C?;Z}I:ZIIIZOIZ Lri0 | Lr22a | Lr34 | Lr67
1 Jamcunckas 90 - + + + 7 HoBocubupckas 29 + + + +
2 JlamMcuHCKas SHTapHAs - + + + Kazaxcranckas 19 + + + +
3 | JdamcuHcKas ro0uneiHas - + + + 9 Hpens + + + +
4 Hamcunckas 20-17 - + + + 10 Camray + + + +
5 Kopona - + + + 11 Kenuc + + + +
6 JlaBuHa - + + +

B pesynbraTe uccienoBaHus y COPTOB MSTKOM
MIIICHUIB UACHTU(OUIUPOBAHbI TeHbl Lrl0, Lr22a,
Lr34, Lr67, B copTax TBEpI0H MIICHUIIBI JOTIOTHH-
TEIBHO BBISIBIIEHEI TeHbl Lrl1(0, Lri4 u Lr28. B cBotO
ouepenb, MapKep, CUEIUIEHHBIA ¢ TeHoM Lr9, Obu1
aMIDTUGUITIPOBAaH UL y copta HoBocmOmpckas
29, B34TOr0 B KaUECTBE KOHTPOJIIBHOTO 00pa3Iia.

3akjaroueHmne

B pesynbraTe uccnenoBaHusl COPTOB MSTKOH M
TBEP/OI TIIEHUI] C TMPUMEHEHHEM MOJIEKYJISIPHO-
ro Merona ObUTM HIACHTU(QHUIMPOBAHBI HEKOTOPHIC
Lr rensl. Takum 06pa3om copTa MATKOW MIIEHUIIBI
Kazaxcranckas 19, HoBocubupckas 29, Hpens,
Cawmray, JXKenuc, a Taxke copTa TBEpAOH MIIIEHUIIBI
Hamcunckas 90, Jlamcunckas ssHTapHas, J[amcuH-
ckas roomnerinas, Jamcunckas 20-17, Kopona u

JlaBuHa MOT'YT OBITH IPEIOKEHBI B KAUECTBE JOHO-
POB I€HOB YCTOHYHUBOCTH K OypoOii p>kaBuMHE B pas-
JMYHBIX CEJEKIMOHHBIX Tporpammax. Ha ocHoBe
MOJTYYCHHBIX PE3YJIbTaTOB OBLIO YCTAHOBJIEHO, YTO
COpTa MSTKOM MIIEHHIBI HECYT B CBOMX I'€HOMAax
BCE BBIOpaHHBIE ISl HUX L# TeHBI U SIBISIFOTCSI HOCH-
TEJAIMU Kak 3 PeKTUBHBIX, TaK 1 HEIPPEKTUBHBIX
TeHOB YCTOMYMBOCTU. B menoM naeHTnuImpoBaH-
HbIE TEHBI IMOKa3bIBAIOT 3HAYHUTEILHYIO YCTOWYH-
BOCTb K MaTOreHaM Oypoil p)KaBUMHBI B YCIOBHSIX
1oxkHoro Kasaxcrana u Moryt ObITh IHUpaMHUIUPO-
BaHbI C JPYTUMH T'€HaMU YCTOMYMBOCTH, YTO MO3BO-
JUT JOJITO€ BPEMsl COXPAHATh WX 3HAYUMOCTD JUIS
CENICKIIMOHHBIX paboT. Pe3ynbTaThl MOJIEKYIIPHOTO
CKpPMHUHTA B JaHHOW pabOTe YKa3bIBAIOT HA OTCYT-
CTBHE y MaTepUajoB TBEPJOM MILIEHULbI reHa Lr9,
OJHAKO OOpa3Lbl TBEPAOW MIIEHHUIBI 3alUIEHBI
renamu Lr10, Lr14 v BpIcOk03()(hEeKTUBHBIM T€HOM
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Lr28. 'enetnka yCTOHYMBOCTH TBEPAOH MIIEHUIIBI
K OONe3Hs M HM3y4eHa He Ha TaKOM ypOBHE, Kak 1.
aestivum, TIOATOMY MOXHO IIPEAINOJNIOXKUTh, YTO Te-
HOMBI TBEpPABIX COPTOB MOTYT HECTH HOBBIE JHOO
JIpYTHE U3BECTHBIE T€HBI YCTOMYMBOCTH, AJISA KOTO-
PBIX HE OBLTH TOA00PAHBI MOJIEKYJISIPHBIE MAPKEPHL.
Copra MNIIEHULB], SBIAIOIUECS YCTOMUMBBIMHU Ha
MPOTSDKCHUU TIATH U Oonee JeT, TEPSAT 3Ty CIO-
coOHocTh. Takoe sBNIEHHE HAMpPSIMYIO CBA3aHO CO
CIOCOOHOCTBIO NATOTE€HHBIX BPEAMTENICH 3BOJIIO-
LUOHUPOBATH C BBICOKON CKOPOCTHIO (HOBBIE PACHL,
MaToTunsl). B cBs3u ¢ 3TUM mosiBiseTcs HEoOXo-

JIIUMOCTh YBEJIMYHMBAHUS YUCIA P>KAaBUNHOYCTONYH-
BBIX COpPTOB. [IpoBeA€HHBIN aHAIU3 IEMOHCTPUPYET
3HAYUMOCTh MPOBEICHUSI T€HETUUECKUX CKPUHUH-
roB L7 T€HOB y UCHOJB3YEMBIX JOHOPOB M HOBBIX
COPTOB TIIICHUIIBI, a TaKke HEOOXOIUMOCTh HC-
MOJIL30BaHUS ATOW HH(DOPMAIIUH MTPU UX PAHOHUPO-
BaHUU B PErMOHaX C IUIOXUM ITaTOT€HHBIM (DOHOM.

Paboma evinonnena ¢ PI'TI « Mucmumym cene-
muxu u ¢usuonoeuuy KH MOH PK, nabopamopus
«Monexynapnoii cenemuxuy. A6mopul 3a:167510m 00
OMCymcmeuy KOHGAUKMAa UHMepecos.
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DEVELOPMENT OF A PROTOCOL
FOR WHOLE GENOME SEQUENCING
OF THE SARS-COV-2 VIRUS

Whole-genome sequencing of the SARS-CoV-2 virus during the pandemic has become an essen-
tial part of the epidemiological control of the spread of coronavirus infection. This made it possible
to get actual data of circulating genetic variants and mutational changes of SARS-CoV-2 during the pan-
demic. The obtained results provided an opportunity for researchers to collect additional data to evalu-
ate the virulence, infectivity, and the likelihood of evading an immune response when using vaccines
and therapeutic monoclonal antibodies. There are different technological approaches for whole-genome
sequencing of SARS-CoV-2, but multiplex PCR amplification is used most often due to ease of imple-
mentation and cost-effectiveness. When performing research on viral genome sequencing, researchers
need to optimize existing sequencing protocols with available reagents or develop new approaches. This
study is devoted to the development of a protocol for whole-genome sequencing of the SARS-CoV-2
virus based on the use of RT-PCR amplification using 39 primer pairs in 3 reaction mixtures. The protocol
made it possible to obtain 15 complete genome data of the SARS-CoV-2 and can probably be used for
large-scale studies on viral genome sequencing.

Key words: COVID-2019, SARS-CoV-2, RNA, whole genome sequencing.
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SARS-COV-2 BUPYCbIHbIH, TOABIKT€HOMADI
ceKBeHepAey XaTTaMacblH a3ipAey

[MaHaemus keseHiHAe SARS-CoV-2  BUMpPYCbIH  TOAbIKFEHOMAbI CEKBEHEPAEY KOPOHABUPYC
MHMEKUMACBIHbIH TapaAybiH 6aKblAayAAFbl SMUAEMUOAOTMSHbIH, aXKblpaMac OOAIri 6OAbIN KAAbINTACTbI.
by naHaemms keseHiHAe SARS-CoV-2 BUPYCbIHbIH MYTaUMSAbIK, ©3repriliTiri MeH alHaAbIMAQ XKYPreH
reHETUKAAbIK, TYPAEPI TYypaAbl XKaHAPTbIAFAH AEPEKTED aAyFa MYMKIHAIK 6epai. AAbIHFAH HOTUXeAep
3epTTeylliAepre ekneaep MeH TepaneBTiK MOHOKAOHAAAbl aHTUAEHEAEpAl MapaAaHy KesiHae
BUPYAEHTTIAIK, MH(DEKUMSIABIK, )XOHE MMMYHADIK, >KayanTaH >KaATapy bIKTUMAAAbIFbl TYpPaAbl KOCbIMLLIA
AEpeKTepAi XKMHakTayra MyMKiHAIK Gepai. Kasipri taHaa SARS-CoV-2 BMPYCbIH TOAbIKF€HOMAbI
CEKBEHEepPAEYAIH 9P TYPAI TEXHOAOTMSALIK Taciaaepi 6ap, Gipak, MyAbTunAekcTi MTP amnandmkaums
63iHiH >XeHIA KOAAAQHbBIAYbl MEH YHEMLUIAAIM TYPFbICbIHAH XMi KOAAaHbIAQAbI. Bupyctap reHombiH
CEKBEHEPAEY aAAbIHAQ 3epTTEYLIIAEp CEKBEHEPAEY XaTTamacblH ©3AepiHe KOAXKETIMAI peareHTTepAl
KOAAQHa OTbIPbIMN, OHTaMAQHAbBIPbIN aAybl KAXKET HEMECE >KaHa TOCIAAEP B3ipAeyAepi Kepek. Makanaaa
JKYPri3iAreH 3epTTey >KYMbICTapbl, 3 peakumsiAblK, Kocrnasa 39 >kyn npanmepai KOAAAHY apKblAbl,
KT-MTP amnamndukaumscbliH KoaaaHy HerisiHAe SARS-CoV-2 BUPYCbIH TOAbIKITEHOMAbBI CEKBEHEPAEY
XaTTamacblH o3ipAeyre OarbiTTanFraH. Xattama SARS-CoV-2 BMPYCbiHbIH 15 TOAbIK, T€HOMABIK,
MOAIMETIH aAyFa MyMKIHAIK 6epeai )XoHe KeH, ayKbIMAbl BUPYCTbIK, FEHOMAbI CeKBEHEepAeyre apHaAFaH
3epTTeyAEPAE MarAaAaHbIAYbl MYMKIH.

Tyitin cesaep: COVID-2019, SARS-CoV-2, PHK, TOAbIKr€HOMAbI CEKBEHEPAEY.
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Pa3paboTka nNpoTOKOAA MOAHOTEHOMHOrO
cekBeHupoBaHus Bupyca SARS-CoV-2

NoaHoreHomMHoe cekBeHnpoBaHue Bupyca SARS-CoV-2 3a neproa naHAEMMKM CTAAO HEOTbEMAEMO
YaCTbiO 3MMAEMUOAOTMYECKOrO KOHTPOAS 3a PacrnpoCTpaHeHWeM KOPOHABMPYCHOM MHekumnn. ITo
MO3BOAMAO 06ECneUnTb MOAYUYEHUE AKTYaAbHbIX AQHHbBIX O LIMPKYAMPYIOLLMX FeHETUYECKMX BapuaHTax
M MyTaUMOHHbIX M3MeHeHusix Bupyca SARS-CoV-2 B nepuoa naHaemuu. [MoAyyeHHble pe3yAbTathbl
NPeAOCTaBUAM BO3MO>KHOCTb MCCAEAOBATEASIM HAaKOMUTb AOMOAHUTEAbHbIE AQHHbIE O BUPYAEHTHOCTH,
WMH(EKLMOHHOCTM, O BEPOSITHOCTU YKAOHEHWS OT MMMYHHOrO OTBeTa MPW WCMOAb30BaHWM BaKLMH
M TepaneBTUUYECKMX MOHOKAOHAAbHbIX aHTMTeA. CylleCTBYIOT pa3Hble TEXHOAOTMYECKME MOAXOAbI
AAS TIOAHOT€HOMHOro cekBeHupoBaHus SARS-CoV-2, Ho myabTunaekcHas [MLP  amnamndmkaums
MCMOAb3YETCS HaMbOAEe YaCTO M3-3a MPOCTOTbI BbINOAHEHUSI U 3KOHOMUYHOCTU. [pu BbINOAHEHUM
NCCAEAOBAHUI MO CEKBEHMPOBAHMIO FTEHOMOB BUPYCOB MCCAEAOBATEASIM HEOOXOAMMO ONTUMU3UPOBATh
CYLLECTBYIOLME MPOTOKOAA CEKBEHMPOBAHUS MOA AOCTYMHYIO peareHTUKy WAM paspabatbiBaThb
HOBblE MOAXOAbl. AaHHble MCCAEAOBaHUSI MOCBSLLEHbI Pa3paboTKe MPOTOKOAA MOAHOTEHOMHOIO
cekBeHnpoBaHusg Bupyca SARS-CoV-2 Ha ocHoBe wcnoAb3oBanns OT-TUP amnandmkaumm c
MCnoAb3oBaHmeM 39 nap npanmMepoB B 3 peakLMOHHbIX CMeCsX. [1pOTOKOA MO3BOAMA MOAYUNTb AQHHbIE
15 noAHbIXx reHomMoB Bupyca SARS-CoV-2 n MoXeT 6biTb MCMOAb30BaH AAS KPYMHOMACLITAOHbIX
NCCAEAOBaHMIN MO CEKBEHMPOBAHMIO FTEHOMOB BMPYCOB.

KatoueBble croBa: COVID-2019, SARS-CoV-2, PHK, noAHOreHomMHoe cekBeHMpoBaHue.

Introduction

Mankind throughout its history has repeatedly
faced various kinds of pandemics. One of the lat-
est pandemics that has affected all of humanity is
the COVID-2019 (Corona Virus Disease 2019)
pandemic caused by the SARS-CoV-2 (Severe
acute respiratory syndrome-related coronavirus 2).
SARS-CoV-2 belonging to the Coronaviridae fam-
ily, genus Betacoronavirus [1], is a single-stranded
positive-polarity RNA-genome virus.

The first information about unknown pneumonia
was made public on 31* of the December in 2019
in Wuhan, China. On the 3™ of January, 44 patients
were confirmed infected and the whole genome se-
quence of the SARS-CoV-2 (nCoV2019) virus was
obtained. Due to the exponential growth in num-
bers of infected people, the Chinese government
introduced unprecedented quarantine measures on
the 23" January, with the closure of cities and the
isolation of people. The number of new COVID-19
cases has decreased after a two-month surge. By the
end of March, China had 81,554 confirmed cases of
COVID-19, of which 50,007 were in Wuhan [2].
Nevertheless, the infection quickly spread beyond
China and as of April 4, 2020, a total of 1,051,635
people had a confirmed diagnosis of COVID-19 in
208 countries, in which more than 75,000 deaths
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have been reported [3]. On March 11% 2020, the
World Health Organization (WHO) announced that
COVID-19 should be characterized as a pandemic
[4]. At great economic cost, many countries have
taken unprecedented measures to restrict the spread
of the virus, including quarantines, closing borders,
imposing restrictions on crowds, and imposing na-
tionwide lockdowns [5]. As of February 20, 2022,
there have been over 422 million confirmed cases
and over 5.8 million deaths worldwide [6].

The control and fight against any virus outbreaks
directly depend on various activities, including ef-
fective diagnostic procedures. Knowledge of muta-
tional changes in the pathogen genome is crucial for
assessing the adaptive changes of the virus, which
can accumulate and affect its diagnosis, transmissi-
bility, and pathogenicity [7]. Sequencing plays an
important role in controlling the efficiency of anti-
viral drugs and vaccines, identifying determinants
of drugs resistance and variants capable of evading
vaccine-immunity, and detecting possible recombi-
nation.

Advances in genome sequencing technology
have resulted in an exceptionally large number of
SARS-CoV-2 genomes being sequenced during
the COVID-19 pandemic [8]. Genome sequences
have been made publicly available through several
repositories, including a data exchange service
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hosted by the Global Initiative to Share All Influenza
Data (GISAID) (https://www.gisaid.org/) [9,10].
In addition to public genome repositories, open
source platforms for real-time data visualization
and genomic data analysis also work, including
NextStrain (https://nextstrain.org) and CoV-GLUE
(http://cov-glue.cvr.gla.ac.uk).

Analysis of the genome-wide data from the first
months made it possible to differentiate genetic lines
and mutations that increase transmissibility which
led to rapid spread to all continents. For example,
the D614G mutation in the S protein of SARS-
CoV-2 was critical for S1 cleavage, facilitating
virus fusion with the host cell membrane [11,12].
The G614 mutant, which originated in Europe in
February 2020, quickly leaked to other parts of
the world and accounted for more than 74% of all
published sequences by June 2020 [13].

The rapid accumulation of genomic data required
the classification of the genotypes. Several attempts
have been made to classify circulating SARS-CoV-2
strains into lineages or genotypes, with potential
differences in transmissibility and disease severity.
A study on 103 genomes of SARS-CoV-2 provided
by Lu R. et al. showed the existence of two lineages,
named L and S [14]. A comparative study of the
160 SARS-CoV-2 virus genomes from different
countries identified three subtypes A, B and C, with
differences in geographical spread and distribution
[15]. However, such studies have been criticized for
possible sampling bias and misinterpretation of the
results [16,17,18,19]. Limited or incorrectly drawn
sampling would skew the inferences, potentially
hiding a part of circulation and resulting in inaccurate
estimates of mutation rates [20]. The World Health
Organization has decided to designate coronavirus
mutations with letters of the Greek alphabet. The
first four letters went to strains from Britain (Alpha),
South Africa (Beta), Brazil (Gamma) and India
(Delta), Botswana and the Republic of South Africa
(Omicron). During the pandemic, multiple variants
of the alpha-, beta-, gamma-, delta-, and omicron-
SARS-CoV-2 viruses were identified.

During molecular epidemiology studies and
implementing whole genome sequencing of
pathogens researchers face the need to apply a
suitable sequencing protocol which may need
adjusting. Several approaches have been proposed
for sequencing the SARS-CoV-2 virus. The
metagenomics approach is obtaining cDNA and
its total sequencing, its disadvantage is the need to
obtain a large number of high-quality reads which
is not always possible given low virus titers or
admixing human RNA in samples [21]. Another

approach is random amplification with one primer
for whole genome sequencing, it allows to identify
mixed variants, however much like metagenomics,
requires a deep sequencing [22]. Yet another
approach is multiplex-PCR-based enrichment
before whole genome sequencing on 2nd and 3rd
generation NGS sequencers [23,24].

The virus genome enrichment protocol based
on specific amplification is easy to conduct and it is
less costly. However, specific PCR-related points,
variety of instruments in different laboratories, and
different reagents, all require the optimization of the
published protocols. The aim of this work was to
develop a protocol for SARS-CoV-2 sequencing by
using the PCR-enrichment followed by sequencing
on the MiSeq platform (Illumina).

Materials and Methods

Clinical Samples and RNA Isolation

We used 30 RNA samples obtained from
patients diagnosed with COVID-19. The samples
were collected from the four regions of Kazakhstan.

The work with clinical samples was carried out
BSL-3 facilities at the local branch of the National
Center for Biotechnology (NCB) in Almaty
(Kazakhstan). RNA was isolated from the clinical
samples using the QIAamp Viral RNA Mini Kit (Cat.
52904, QIAGEN) according to the manufacturer’s
instructions. RNA was transferred to the NCB
central laboratory in Nur-Sultan, Kazakhstan.

Primer design

The selection of primers was carried out using
a consensus sequence created from the alignment
of 500 full-genome sequences of the SARS-CoV-2
virus. The primers targeted conservative regions
in the genome, with distance between primer-
binding sites 800-1200 bp. Planned PCR products
overlapped by 100-200 bp. Software FastPCR
and NCBI PrimerBlast (https://www.ncbi.nlm.
nih.gov/tools/primer-blast/) were used to compute
the specific primers. The primers were chemically
synthesized at NCB.

Primers check

cDNA was obtained using the Reverta-L kit
(Russia) in a total volume of 120 pl according to
the manufacturer’s instructions. With each matched
primers-pair, a PCR reaction was performed,
including: forward and reverse primers in a final
concentration 300 nM, 1U. SynTaq DNA polymerase
(Synthol, Russia), 0.2 mM of each dNTP, 1x PCR
buffer (Sintol, Russia), 2.5 mM MgCl2, 3% DMSO,
and 3 ul cDNA. The PCR amplification program is:
first denaturation at 95°C for 3 minutes; 35 cycles:
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95°C — 25 seconds, 59°C — 40 seconds, 72°C — 90
seconds, final elongation 72°C — 10 minutes.

Amplification products

The analysis of the amplified DNA fragments
was performed by electrophoresis in 1.5% agarose
gels stained with ethidium bromide. 1xTAE buffer
was used as electrophoresis buffer. The gels were
documented using the GelDoc (Bio-Rad) and
analysed in QuantityOne (Bio-Rad). PCR-products
sizes were compared to DNA Ladder 10kb (Thermo
Scientific, #SM 1293, 100-10000 bp).

Multiplex PCR Enrichment in Two-Step RT-PCR

For reverse transcription, RNAscribe RT kit
(Biolabmix, Russia) was used according to the
manufacturer’s instructions. After the reverse
transcription, 6 pl of cDNA was used for PCR.
The reaction mixture included 2 pl of primers, 2U
SynTaq DNA polymerase (Sintol, Russia), 0.2 mM
each dNTP, 1-x PCR buffer (Sintol, Russia), 2.5
mM MgCl2, 3% DMSO. The PCR amplification
program had denaturation at 95°C for 3 minutes; 42
cycles: 95°C — 25 seconds, 57°C — 40 seconds, 72°C
— 3 minutes, final elongation 72°C — 10 minutes.

Multiplex PCR Enrichment in One-Step RT-PCR

One-step RT-PCR was performed using the
BioMaster RT-PCR-Extra reagent kit (2x). The
reaction mixture was made in a volume 25 pl
including 1 pl of primer-mixture, 12.5 pl of 2x
manufacturer-supplied mixture RT-PCR-Extra, 1 ul
of BioMaster Extra-mix, 7 pl of RNA, and 2.5 pl
of DMSO. The PCR amplification program included
reverse transcription for 30 minutes at 50°C,
denaturation at 93°C for 3 minutes; 42 cycles: 93°C
— 15 seconds, 57°C — 40 seconds, 68°C — 2 minutes,
and final elongation 68°C — 10 minutes.

Preparation of DNA libraries
throughput whole genome sequencing

The preparation of DNA libraries from PCR
fragments was performed using the Nextera DNA Flex
Library Prep Kit (24 samples) (Cat. No. 20018704,
[llumina, USA) according to the manufacturer’s
instructions. Sequencing was performed on a MiSeq
sequencer platform (Illumina, USA) using MiSeq
Reagent Kit v3, 600 Cycles (Catalog #MS-102-3003).

Bioinformatics

Bioinformatics analysis was done on Ubuntu
19.04 LTS operating system. Raw data quality
control was performed using FastQC vO0.11.7
[25] and MultiQC v1.8 [26] programs. Raw data
trimming was performed using the Seqtk v1.3-r106
program [27].

The BWA v0.7.17-r1188 program [28] was used
to map the reads to the reference sequence imported
by accession number NC 045512.2 from the

and  high
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GenBank (NCBI) database. Variant identification
and consensus sequencing were performed using
FreeBayes [Garrison E, Marth G. Haplotype-based
variant detection from short-read sequencing. arXiv
preprint arXiv:1207.3907 [g-bio.GN] 2012] and
BCFtools [Danecek, Petr, et al. “Twelve years of
SAMtools and BCFtools.” Gigascience 10.2 (2021):
giab008.]

Results

For use in the PCR-enrichment, thirty-nine 39
pairs of primers were designed covering the entire
virus genome (Table 1).

The use of all selected primers-pairs in a
monoplex reaction resulted in expected fragments
varying in length by 800-1200 bp. Figure 1 shows
the electrophorerogram of 28 primer pairs.

The selected primers were divided into 3 sets
(Table 1). The primers were mixed in equal molarity
to 4 pmol/ul of each primer. The resulting mixtures
were used in one-step RT-PCR and for the 2nd step
of the two-step PCR. For reverse transcription in
two-step RT-PCR, a mixture of R primers was used,
at 2 pmol/ul of each primer. The PCR products from
amplifications with three primer-sets were mixed and
purified with AMPure XP magnetic beads (Beckman
Coulter) in a 1:1 ratio. The quality of the obtained
PCR products was checked by electrophoresis
(Figure 2) and measuring concentration using the
fluorimetric method.

No differences were found in the concentrations
of PCR-products produced in multiplexed reactions
on cDNA probes from different samples.

The results from whole-genome sequencing
using the MiSeq platform (Illumina) included from
300 thousand to 600 thousand reads per sample,
with average lengths from 172 bp up to 277 bp, and
duplicated sequences totaling 71.9% to 81.5%. A large
number of duplicated sequences can be explained by
the sequencing of PCR products as a DNA template.
The assembly of genomes by the mapping method
resulted in complete genomes of 30 isolates of the
SARS-CoV-2 virus. To evaluate coverage uniformity,
we calculated the average coverage of each amplicon
at a normalized depth of 500x reads per position. The
whole genome sequencing protocol using one-step
RT PCR resulted in a more uniform library (Figure
3A). However, two regions on the genome, i.e. the
nt.8500-10000 and nt.22000-23000 regions have the
coverage of less than 250x. The two-step RT PCR
protocol had 8 to 12 genome regions with less than
250 coverage regions, as well as an unsequenced
region (Figure 3B).
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Table 1 — Primers for PCR amplification of the SARS-CoV-2 genome

Primers set 1 Primers set 2 Primers set 3
F 4-29 aaaggtttataccttcccaggtaaca F 590 gaaataccagtggcttaccgca F 1498 ctettatgttggttgccataacaagt
F 2249 ggacaaattgtcacctgtgcaa F 2996 tetggtgagtttaaattggettcac F 3730 ttggtgctgaccctatacattctt
F 4591 tgaaactcttgttacaatgccactt F 5339 ccacctgctctacaagatgettat F 6091 ccagttaactggttataagaaacctge
F 6839 gcatctatgccgactactatagcaa F 7619 tgtgttaattgtgatacattctgtgct F 8385 acaacattgctttgatatggaacgtta
F 9230 acacacgttatgtgctcatggat F 9918 gtggagcaatggatacaactage F 10560 ggagttcatgctggcacagactta
F 11438 aatgctttagatcaagccatttcca F 12221 gtggctaaatctgaatttgacegt F 12991 acttggtagtttagctgccaca
F 13757 tagacggtgacatggtaccaca F 14630 cagtagctgcacttactaacaatgtt F 15376 tgtagcttgtcacaccgtttctat
F 16172 acacttcaaggtattgggaacct F 16915 | ctgacatcacatacagtaatgccatta | F 17667 gggtgttatcacgcatgatgtt
F 18439 tccagagttagtgctaaaccacc F 19196 attgcaatgtcgatagatatcctge F 19845 gggtgtggacattgetgetaat
F 20752 gatagtgcaacattacctaaaggcat | F 22480 ccctgceatacactaattctttcacac F 22898 ctccetcagggtttttcgeytt
F 23108 gaacttctacatgcaccagcaa F 23853 accgtgctttaactggaatagcet F 24608 gcagaaatcagagcttctgetaa
F 25350 cagtgctcaaaggagtcaaattaca F 26097 aattgttgatgagcctgaagaacat F 26844 tccatgtggtcattcaatccagaa
F 27612 cgtctatcagttacgtgccagat F 28402 aggtttacccaataatactgegtct F 29860 gattgaaccagcttgagagcaa
R_886 agtgcatgaagctttaccagca R 1733 tgctttataatccaaacctttcacagt R 2376 tgcgtgacaaatgtttcacctaaat
R 3132 gcaccaaattccaaaggtttacctt R 3872 cttcctetttaggaatctcagegat R 4632 gagcagcttcttccaaatttaage
R 5472 gcaagaatctaaattggcatgttgaa R_6228 cattgttaacatgccaaacaataggtt R_6980 ggttgagtagattaaagaacctaggea
R 7715 aacgatgtaagaagactggtcagt R 8530 accacccttaagtgctatetttgtt R 9650 | aacataaccatccactgaatatgtgctaa
R 10300 | gcatagaatgtccaataaccctgagtt | R 10792 | cagaaagaggtcctagtatgtcaaca | R 11656 gtctaaagtagcggttgagtaaacaa
R 12336 cattgtctgcatagcactagtaactt R 13100 | cccactagctagataatctttgtaage | R 13962 acgttcacctaagttggegtat
R 14659 aattaccgggtttgacagtttgaaa R 15521 ccgtgacagcettgacaaatgttaa R 16285 atggtctacgtatgcaagcacc
R 17063 tggtceetggagtgtagaatact R 17796 agtcccaaaatctttgaggctaca R 18575 gcccataagacaaatacgactetgt
R 20430 gccacattttctaaactctgaagtett R 20072 gtttgggacctacagatggttgta R 20874 ggtgcaactcctttatcagaacca
R 21640 | cacgtgtgaaagaattagtgtatgca | R 22512 agattctgttggttggactctaaagt R 23233 caaattgttggaaaggcagaaacttt
R 24029 atctgcaagtgtcactttgttgaa R 24730 gcaagaagactacaccatgaggt R 25495 ggagtgaggcttgtatcggtat
R 26227 gagtacataagttcgtactcatcagc | R 26983 atgtcacagcgtcctagatggt R 27838 cttgcagttcaagtgagaaccaaa
R 28496 tcatctggactgctattggtgtt R 29327 tgcgtcaatatgcettattcagcaa R 30760 cctaagaagctattaaaatcacatgg
IHipawem 7717
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Figure 1 — Analysis of SARS-CoV-2 amplification results. The produced PCR products cover the entire SARS-CoV-2 genome
(M), molecular weight marker (Thermo Scientific, #SM1293) (100-10000 bp, from 100-10000).
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Figure 2 — Electrophoresis of pooled samples. These products were produced
in multiplexed PCR with three primer-sets shown in Table 1.
(M), molecular weight marker; 1-15 PCR products obtained in one-step RT-PCR; 16-30 PCR
products obtained in one-step RT-PCR.
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Figure 3 — Histogram of the average depth of amplicon sequencing.
(A) using one-step RT PCR, (B) using two-step RT PCR
Discussion drug resistance factors and virulence after the

The reduction in the costs of whole genome
sequencing (WGS) facilitated the introduction of
WGS into genetic epidemiology. In the majority
of studies, the use of WGS data is retrospective.
With such use, epidemiologists obtain the data on
phylogenetic relationships, evolutionary changes,
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studied outbreak has been eliminated [29]. This
approach does not apply to pandemics or outbreaks
that pose a global threat or have the potential
to develop into a pandemic. The first real-time
genomic analysis of the behavior of the pathogen
was applied during the outbreak of the Ebola virus
in 2014-2015, by tracking changes in the structures
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of circulating lineages and distribution pathways
[30].

The COVID-19 pandemic mobilized the
healthcare system of all countries and highlighted
the need to introduce WGS into the pandemic
control and monitoring system. In Kazakhstan,
controlling genomic variability of the SARS-
CoV-2 virus was introduced fairly soon. However,
existing deficiencies in the infrastructure for
genomic research of dangerous pathogens resulted
in slowing down the research, because sequencing
protocols needed to be optimized. Actually, the
first sequencing-confirmation of SARS-CoV-2 in
Kazakhstan and the first local data submitted to
GISAID have been obtained by Sanger sequencing.
Subsequent genomes were sequenced on MiSeq, but
enrichment was required. The monoplex enrichment
needs a high-titer virus sample which or a large
amount of clinical sample, because each genome
required 28 to 30 OT-PCR reactions. The use of
prefabricated panels incurs high financial costs. In
this work, we have developed a protocol for NGS
sequencing of the SARS-CoV-2 virus with PCR
enrichment in three reaction mixtures.

The WGS monitoring of the SARS-CoV-2
virus allowed describing multiple mutations and
the discrimination of genetic lines, which when
juxtaposed to epidemiological and functional
data enabled predicting epidemic waves. The
first functional missense mutation D614G in the
gene encoding the spike protein (S-protein) was
identified in March 2020 in Europe and the mutation
rapidly propagated across the world. The D614G
change was shown to enhance the virus replication
in human lung epithelial cells and primary human
respiratory tissues by increasing the infectivity and
stability of virions, which explains the evolutionary

success of the mutant strains [31]. The emergence
of the “delta” variant has raised concerns about
the immune response evasion in vaccinated and
recovering individuals [32].

Active mutational dynamics in SARS-COV-2
highlights the importance of global genomic
surveillance of the virus and could lead to early
detecting of new emerging variants ahead of
a possible epidemic wave. The whole genome
sequencing method is currently being used to study
the genetic diversity of the SARS-CoV-2 virus
to supplement phylogenetic analysis, haplotype
network analysis and genetic diversity studies [32].

Conclusion

Methods for complete-genome sequencing
of SARS-CoV-2 were improved in this work.
Protocols were optimized to include the PCR-
enrichment with 39 designed primer-pairs. The
enrichment of genomic sequences allowed using for
WGS low-copy-virus samples or limited quantities
of clinical samples. The results enable using 2nd and
3rd generation sequencing platforms for WGS with
SARS-CoV-2 samples. This article presents the
improved protocols and the utilization to conduct
monitoring of SARS-CoV-2 genetic diversity in
Kazakhstan.
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AKTUBHOCTb U KOMIMOHEHTHbIN COCTAB
SALUUTHbBLIX BEAKOB B 3EPHE 1 INPOPOCTKAX
MWEHULbI, AMMEHA 1 OBCA

LleAblo paboTbl SIBUAOCH CPaBHUTEAbHOE MCCAEAOBAHWME YPOBHSI aKTMBHOCTM M coctasa B-1,3-
rAlOKaHasbl, XWTMHa3bl, NEPOKCUAA3bl U MHIMOUTOPOB MpOTeas B 3epHe M MPOPOCTKAxX MLIEeHULbI,
SUMEHSI M OBCA. DTU OEAKM BbIMOAHSIOT BaXKHYIO (PU3MOAOTMUYECKYID POAb, @ TakXKe y4yacTBYIOT B
3alMTe PacTeHU OT MAaTOreHoB. DKCMEPUMEHTbI MO MPOPALLMBAHUMIO, BBIAEAEHUIO W aHaAM3y GEAKOB
NMPOBOAMAMCb B OAMHAKOBbBIX YCAOBMSIX, YTO CMOCOOGCTBOBAaAO OOBEKTMBHONM OLEHKE 3alMTHOMO
MOTEHLMAAQ Y UCCAEAYEMbIX 3AaKoB. HanboAblueil akTUBHOCTbIO M CTEMeHbl0 reTePOreHHOCTH Mpw
MID B-1,3-rAiokaHasbl OTAMYAAMCb 3epHa M MPOPOCTKM SUMEHS, TOrAQ KaK AAS OBCa XapakTepeH
OTHOCUTEABHO HU3KMIA YpOBEHb (hepMeHTa. BbICOKYIO aKTUBHOCTb XMTMHA3bl UMEAW 3EPHA M MPOPOCTKU
0BCa. AKTMBHOCTb M M30(hepMeHTHbIN cocTas MO CMABHO BapbMPOBAA Yy TPEX 3AAKOB, Kak B MOKOSILLIMXCS
3epHax, Tak M B opraHax rnpopocrtka. HanboAblwmM coaep>kaHMemM MHIMOUTOPOB npoTeas obAasanm
3epHa MLeHWLbl, 2 HanmMeHblMM — oOBca. WM3yueHHble cBoicTBa epmeHTOB [-1,3-rAtoKaHasbl,
XUTMHA3bl, NEPOKCUAA3bI M MHIMOUTOPOB CEPUHOBBIX MpoTeas Cy6TMAM3MHA M TPUMCMHA B HOPME B
KayecTBe KOHCTUTYTMBHbIX MOFYT ObiTb MOAE3HbIMU MPU M3YUYEHUM KX M3MEHUMBOCTU M UHAYKLIUK
HOBbIX M30(POPM NPW CTPECCOBbIX BO3AENCTBUSX, B TOM UMCAE, BbI3BaHHbIX MaToreHamm. 3TN AdHHble
MOTYT ObITb MCMOAb30BaHbI U AASI OLLEHKM HEKOTOPbIX KaYeCTBEHHbIX XapakTepUCTMK 3epHa.

KAroueBble cAOBa: MieHuLa, SUMeHb, 0Bec, B-1,3-rAlokaHasa, XMTUHa3a, NepokcuAasa, MHFMOUTOpPbI
nporeas.

V.A. Kuzovlev, A.O. Abaildayev*, A.A. Khakimzhanov
Institute of Molecular Biology and Biochemistry
named after M.A. Aitkhozhin SK MES, Kazakhstan, Almaty
*e-mail: abaildayevaset@gmail.com

Activity and component composition of defense proteins
in grain and seedlings of wheat, barley and oats

The aim of the work was a comparative study of the activity level and composition of p-1,3-
glucanase, chitinase, peroxidase and protease inhibitors in grains and seedlings of wheat, barley and
oats. These proteins play an important physiological role and are also involved in plant defense against
pathogens. Experiments on germination, isolation, and analysis of proteins were carried out under the
same conditions, which contributed to an objective assessment of the defense potential of the studied
cereals. Barley grains and seedlings were characterized by the highest activity and degree of heterogene-
ity at IEF B-1,3-glucanase, while oats were characterized by a relatively low level of the enzyme. Oat
grains and seedlings had high chitinase activity. The activity and isozymic composition of POX varied
greatly among the three cereals, both in dormant grains and in the organs of the seedling. Wheat grains
had the highest content of protease inhibitors, whereas oats had the lowest content. The studied proper-
ties of the enzymes B-1,3-glucanase, chitinase, peroxidase and serine protease inhibitors subtilisin and
trypsin in norm as constitutive can be useful in studying their variability and induction of new isoforms
under stressful conditions, including those induced by pathogens. These data can also be used to evalu-
ate some quality characteristics of grain.

Key words: wheat, barley, oats, B-1,3-glucanase, chitinase, peroxidase, protease inhibitors.
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AKTHBHOCTH M KOMIIOHEHTHEIN COCTaB 3aIlIUTHBIX 0EIIKOB B 3€pHE U MMPOPOCTKAX NIICHUIIBI, AYMECHS U OBCa

B.A. KysoBaes, ©.0. Abanapaes*, A.A. XakiMxaHoB

KP BfM fK M.O. AINTKO>XMH aTblHAAFbl MOAEKYAQAbIK, GMOAOT S
>KaHe OMOXMMMS MHCTUTYTbI, KasakcTaH, AAMaThbi K.
*e-mail: abaildayevaset@gmail.com

buaaii, apna XoHe CyAbl ASHAEPiI MeH OCKiHAepiHAeri
KOpPFaHbILL aKybI3AAPbIHbIH, 6@ACEHAIAINT MeéH KOMMOHEHTTIK KypamMbl

KyMbICTbIH MakcaTbl 6uAaii, apra XXeHe CyAbl ASHAEPI MeH ecKiHaepiHaeri B-1,3-rAlokaHas3aHbiH,
XMTMHA3aHbIH, MepoKCMAA3aHblH >KOHE MpoTeas’a WMHIMOUTOPAApbl BGEACEHAIAIrIHIH AeHreni meH
KYPaMbIH CaAbICTbIPMaAbl 3epTTey 6OAAbL. ByA aKybi3aap MaHbI3Abl (PUBMOAOTUSIABIK, POA aTKapaAbl,
COHAAM-aK, 6CIMAIKTEPAI KO3AbIPFbILUTApAAH KOpFayfa KaTbiCaAbl. ©Cipy, aKybl3papAbl OKLIAyAady
KoHe TaAaay 6GorbliHLa Toxipubeaep 6ipAen >arAalAapAa >KYPrisiaai, OYA 3epTTeAreH ABHAI
AAKBIAAAPABIH, KOPFaHbILL 9AeyeTiH 06bekTUBTI GaFaAayFa biKMaA eTTi. Apra ASHAEpi MeH eckiHaAepi
B-1,3-ratokaHaszaHbid, MO@ GoMbiHILA eH >KOFapbl OEACEHAIAIK MEH reTepPOreHAIAIK ASpeXXeciMeH, aa
CYAbl aKybI3bIHbIH CaAbICTbIPDMAAbI TYPAE TOMEH AeHreiMeH cunatTasabl. CyAbl ABHAEPI MeH ecKiHAEpI
XMTUHA3aHbIH, >KOFapbl OeACeHAiAIriHe ne Goaabl. [lepokcnaasa GeAceHAIAIri MeH M30MepMEeHTTIK
Kypambl YLI ASHAI AAKbIAAQ, KAABINTbl XAaTKaH ABHAEPAE A€, OCKiHHIH MylleAepiHAe Ae KaTTbl
e3repai. [MpoTeas MHrMOUTOPAAPbIHBLIH, €H Kern MeAllepi 6uaal ASHAEpiHAE, aA eH asbl CYAblAQ
60AAbl. KOHCTUTYTUBTIK KAAbINTbI KyAeri akybi3aap B-1,3-rAokaHasa, XMTMHA3a, NepoKCcMAA3a >kaHe
CYOTUAUBMH MEH TPUMNCUH CEPUHAIK MHTMBUTOPAAPAbIH 3€PTTEATEH KaCMeTTepi OAAPAbIH ©3reprillTiriH,
CTPeCcC >arFAarblHAQ >X8He KO3AbIPFbILLTAP TYAbIpaTbiH >KaHa M30opMarap MHAYKUMSIAAQHFAHAQ
namAaAbl GOAYbl MYMKiH. ByA AepekTepai acTbIKTbIH Keinbip canaAblk, cMnaTtTaMasapbiH GaFasay yiuiH

A€ naraasaHyra 60AaAbl.

Tyiin cesaep: Oupait, apra, cyAabl, B-1,3-TAlOKaHasa, XMTMHA3a, MNEPOKCMAA3a, MpoTeasa

MHIMOUTOPAAPSI.

CokpameHusi 1 0003HAYEHUS

PR — cBs3annbie ¢ matorenezom; [10 — mepok-
cunaza; ADOK — aktusnble popmbl kuciopona; bBU —
oenkoBwii mHTHONTOP; JIHC-3,5 — nuaUTpOCanIn-
noBas kucnoTa; [IAl' — momuakpuIaMuIHBIN Telb;
DD — nzosnextpo-poxycuposanue; pl — u303mek-
TpUYEcKas TOUKa.

BBenenune

B-1,3-I'mrokaHa3bl, XUTUHA3KI, MEPOKCHIIA3BI U
HHTUOUTOPBI POTEa3 BBHIIIOJHIIOT PasHOOOpa3HbIC
(hm3nonornyeckre PyHKINH B paCTUTEIHLHOM OpTra-
Hu3Me. B HacTosmee BpeMs MX M3y4EHHIO ynems-
eTcs MPHUCTAIbHOE BHUMAHUE B CBS3U C Y4acTHEM
B 3allIUTE PACTEHUH NPOTUB PA3JIMUHBIX [IATOI'€HOB,
OHM SIBJISIFOTCSL BaXXHBIMHM WiIeHaMH ceMelictsa PR
(pathogenesis-related) 6enxos. Ilomumo ¢dyHKIH-
OHAJILHBIX OCOOEHHOCTEH, pa3nuyHble (OPMBI U
THUINBI 3THX (EPMEHTOB M MHIHOUTOPOB OTIMYAIOT-
Csl 110 CBOUM (PH3HMKO-XMMHUYECKUM CBOMCTBaM, pe-
TYJSIAY aKTUBHOCTH M OPTaHHOM JIOKaTH3aIIHH.

B-1,3-T'mokanaza (K® 3.2.1.39) pacmerser
BHyTpeHHHE B-1,3-cBs3u B f-D-rimokanax v mpuHU-
MaeT yJacTue B TaKUX (PU3NOJTIOTHIECKHX MPOIIeCccax
KaK NpopacTaHue CeMsSH M Pa3BUTHE IPOPOCTKOB,
CTapeHHe OpraHoB, 00pa30BaHUE MBUIBIEI, (POPMHU-
poBaHMe KaJuI03bl IpU opaHenuu u 1p. [1,2]. Hpy-
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roi BaXXKHOH pyHKIHEH (hepMeHTa SBISIETCS y4acTHe
B 3aII[UTE PACTEHUI OT pa3INUYHBIX MATOI€HOB — BH-
pycoB, bakTepuii U rpruOOB. AKTHBHOCTH 3TOTO (ep-
MEHTa 3HAYUTENbHO W3MEHSETCS NMPHU MaTOTeHHOU
aTake M MOKET YBEIMUYMBATHCS MHOTOKpaTHO [3].
BrrsiBniena ctporast KOMIapTMEHTALUs ABYX OCHOB-
HBIX (opM [-1,3-rImoKkaHa3bl — BHyTPHKIETOYHAS (B
BaKyoOJISIX M LUTO30JI€) U BHEKJIETOUYHAs, COCPENO-
TOUYCHHAsl B MEKKJIETOUYHOM IPOCTPAHCTBE (B amo-
wiacre). s odenx Gopm mokazaHbl OTINYUTEIb-
HBIE CBOWCTBA M OCOOEHHOCTH (YHKLMOHUPOBAHUS
B HOopMe W Tipu matoreHese [4]. B-1,3-I'mokanassr
MOJABIISIOT POCT OOJIE3HETBOPHBIX TPUOOB, TaK KaK
uX cyOcTparhl — B-IIOJUIITIOKAHbI SBJSIIOTCS OJHH-
MH U3 OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHTOB KJ€-
TOYHBIX CTEHOK MaToreHoB. Jpyroi mosiucaxapui
I'PUOHBIX CTEHOK XWUTHH Pa3pylIaeTcsl XUTUHA3aMU
(K® 3.2.1.14). B psnme uccienoBaHui TTOKa3aH CH-
HEpru3M B J€HCTBUU (HEPMEHTOB, yCHUIMBAIOLIMN
mu3ucHBIN 3 dexT [5,6]. Kpome Toro, B pe3ynbraTe
THIPOJH3a 00pa3yroTCsl OMUTOCaXapyuIHbIe DITUCH-
TOpBI, 3aIyCKaIOIIME OTBETHBIE 3aIlUTHBIE peak-
uu pacrenus [7]. O6a ¢pepMeHTa BXOAAT B COCTaB
PR-6enkoB, nipu 3ToMm B-1,3-rmokaHassl 00pa3yoT
rpynny PR-2, a xutunassel — 4 rpynmnst u3 17 (PR-3,
-4, -8, -11) [8].

B cocraBe pacturenpHbix [-1,3-rmroxkaHa3 Ha-
CUMTHIBaeTCsS HeCKOJbKO (1o 10) mzodopm, nmero-
LIMX IIUPOKUH TUana3oH U303JIEKTPUIECKUX TOUCK
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B KHCJIOH, IIETOYHOW W HeWTpaiapHOH obmactu pH
(ot 3,5 mo 10), a MonekynsapHasi Macca BapbHpPyeT
ot 30 no 40 x/la. Ha ocHOBe CTpYyKTypHBIX pa3iu-
ynii B-1,3-rmokaHassl pacTeHUH MOAPa3AEAIOTCS
Ha Tpu ocHOBHBIX Kiacca (I, II, III), oTmuaarormmmx-
cs1 1o (pepMEHTHOM U aHTU(YHTANbHOW aKTHBHOCTH
[9]. Ctonb BeIcOKMIi TOTMMOphU3M pepmenHTa 00y-
CJIOBJIEH B IIEPBYIO OYEPEb CIOKHON OpraHu3alu-
el ecTeCTBEHHBIX BBICOKOTIOJIIMMEPHBIX CyOCTpaToB
— B-TMIOKaHOB M UX Pa3HOOOPA3HBIX OJIUTOCaAXaAPUI-
HBIX TTpOon3BOAHEIX [10].

B cBA3M ¢ BaXHOW 3alIUTHOM pOJBIO, W3-
YUCHHIO XHUTHHA3 Takke yHensercss Ooiblioe
BHUMaHHE, O YeM CBUJICTEIBCTBYET pPsia 0030-
poB [11,12]. V pacTeHuil xuTuHa3za, KaK U MHO-
rUe TUAPOJIa3hl MOJUMEPOB, MPEACTaBIeHa MHO-
KECTBOM MOJEKYJSIPHBIX (GOpPM U KOIAUPYETCS
MYJIBTHCEMEHCTBOM TEHOB. JlomOmHUTENbHBIE
TPYIHOCTH NPU HUCCIEAOBAHUM BO3HHUKAIOT HU3-32
HAJIWYUSg KOHCTHTYTUBHBIX W HWHIYIHOETHHBIX
dbopMm depmeHTa, a TakKe TKaHEBOW crenuduy-
HOCTH UX 3KCIPECCHU. 3HAYNTENbHBIH OIUMOP-
¢u3M XUTHHA3bl B MEPBYIO OYEpEIb CBS3aH CO
CJIOKHOW OpraHM3alMel MPUPOAHBIX CyOCTpaTOB
— XUTHHA U €ro MPOU3BOJIHBIX OJMIOCaxapuios,
YTO TMpeAroaraeT paslndyusi B cTpyKType dep-
MEHTOB, UX CyOCTpaTHON crieunpUIHOCTH, KUHE-
TUYECKUX XapaKTePUCTHUKAaX U APYTHX CBOWCTBAX
[13,14]. [Io Tumy neicTBUsS Ha CyOCTpaT cpenu
XUTUHA3 BBIACISAIOT YHAOXUTHHA3Bl U IK30XHUTH-
Hazbl. [lepBble paciienisieT XUTUH BHYTPH MOJIU-
Mepa CiIydyaliHbIM 00pa3oM ¢ 00pa3oBaHHEM pac-
TBOPUMBIX HHU3KOMOJEKYJISIPHBIX MYJIbTUMEDPOB
N-aneTunaraoko3aMuHa, TAKUX KaK XUTOTPHO3a,
XUTOTETpPao3a M AUMEp JUALCTHIXUTOOMO3U[A.
Bropsie ciocoOHBI OTIIETISATh TOABKO KOHLIEBOH
YTJIEBOIHBIA OCTAaTOK mosmmMmepa [15].

Bru1o nmokaszaHo, 4To HET OmpeeIeHHON Koppe-
JSIIMU B paclipelesieHNH XUTHHA3 110 BUAAM pacTe-
HUIA, UX OpraHaM W TKaHsM, HO ObIJIO YCTaHOBJICHO,
YTO TOJIBKO HEKOTOPBIE M3 HUX 00JIaAal0T POTUBO-
rpubKkoBeIMU cBoicTBamu [16, 17]. Ilo mepBudHOIA
CTPYKType XUTHHA3HI AemsaTcs Ha 7 kiaaccoB (I-VII).
Ora xiaccuuKanys OCHOBaHAa Ha HAIWYMK WU
OTCYTCTBHM N-KOHIIEBOTO CHUTHAJIBHOTO JIOMEHA U
CXOJICTBE TIOCIIEJIOBATEILHOCTEH KaTalIUTHYECKO-
ro JoMeHa. XUTHHA3HBIA KOMIUIEKC HauOojee W3-
ydeH B Ta0ake, a Cpelyl 31aKOB — y PKH. XUTHHA3A
371aKOB CoJIepKUT okojo 10 m3odopm ¢ mupoxkum
JMana3oHoM HM303JIEKTPUYECKUX TOYEK B KHUCIBIX,
OCHOBHBIX W HeuTpanbHbIX pH ot 3,1 mo 9,7. 310
IIpeArnoiaraeT pasiniue B onTuMyMe aeicteus pH,
YTO OYEHb BAYKHO IS IPOSIBJICHUS aKTUBHOCTH IPH
maToreHHo# arake [18,19].

Krnaccuueckne mnepokcumassl pacrenuit (KO
1.11.1.7), otHOCsIHECH K Kinaccy L1 sBnsitoTcst rem-
COJIepKAIllMMHU TIIMKOTPOTEHHAMH, X MOJEKYJIISIpP-
HBIM Bec JeXUT B mpeaenax 28-60 x/la [20]. Ot
(epMEHTBI CEKPEeTUPYIOTCA 3a TMpeleNbl KIETOK,
WM TPAHCIIOPTUPYIOTCS B BAKyOJIH, OKUCIISIOT Pa3-
JIMYHBIE COETUHEHNS OT MAJIBIX MOJIEKYJI 10 MAaKpO-
Monekys. OcHOBHasA ¢u3Honornyeckas QyHKIHUs B
pactenusx — Herrpammarust ADK, obpazyrommuxcs
IIPU Pa3IMYHOrO PojAa cTpeccax abMOTHYECKOTo U
ouornyeckoro xapakrepa. I1O ornocsarcs x PR-
OenkaM W cocTaBlsToT Tpynmy 9 [8]. YV 3makoBbIX
[1O npexncraBneHa MHOXECTBEHHBIMH MOJIEKYJISP-
HbIMH (OPMaMH M MOXET HACUUTHIBATH y Pa3HBIX
Bua0B okosio 10 u 6ornee nzopopm. epmentsr 111
KJlacca SBISIFOTCS CaMbIMM MHOTOYHCJIEHHBIMH U
JIOKaITM30BaHbl TMPEUMYIIECTBEHHO B aIloIUIaCTe,
KJIETOYHOH cTeHke U Bakyonu. [1O kmaccudumpy-
0T TI0 THUITYy WX B3aMMOJAEHUCTBUS C KJIETOYHOM CTEH-
KOH — CBOOOJTHO-PACTBOPUMBIE, CIIA0OCBS3aHHBIC
W WOHHO- WJIM KOBaJIEHTHO cBs3aHHbIE [21]. T1O
TaKKe JENAT MO AIEKTPOPOPETHUECKON TOIBUK-
HOCTH Ha aHWOHHBIE, HEHTpaIbHBIE U KaTHOHHBIE.
®dusunonorundeckue ¢yukiuu [10 MHOrooOpasHbI
U Ka)KAas U3 HUX CBs3aHa CO crequduyeckoil u3o-
(hopmoii pepMeHTa, OJHAKO OYEHb TPYTHO ONpere-
JIMTh KOHKPETHYIO PYHKIMIO OTAETHHOHN N30(hopMBI
in vivo [22]. WHayuupoBaHHBIE NMAaTOT€HOM WU
siucutopamu 1O OKHCIAIOT MHUPOKUH CTIEKTp (e-
HWITIPOTIAHOWUIOB, MOHOJIMTHUHOB, MPUBOIAIINN K
YKPEIUICHHUIO KJIETOYHBIX CTEHOK ¥ (POPMHUPOBAHHUIO
murHAHA [23,24].

B 3epHe 311aK0OBBIX cOJIepKATCs pa3HOOOpa3HbIC
0eIKoBbIE HHTUOUTOPHI SK30T€HHBIX ()EPMEHTOB, B
TOM 9Hclie (PUTOMATOTEHHBIX MHKPOOPTaHU3MOB.
OTu OelKH OTHOCATCS K KOMIIOHEHTaM 3allluTHOU
CUCTEMBI PaCTeHUH, IOCKOJIBLKY OHH MOJIaBISIOT aK-
TUBHOCTD IMTECTUBHBIX (DEPMEHTOB U MPETSITCTBY-
0T pocTy matoreHa [25,26]. OnHUMHU U3 TIaBHBIX
(hepMeHTOB y TpUOOB U OaKTepuil SIBIAIOTCS TPO-
Teasbl, MEePEeBOAININE HEPACTBOPUMBIN TMPOTEHH B
JErKoycBosieMble BemiectBa [27]. Buexnerounsie
MpoTea3bl TPUOOB B OCHOBHOM CEPHUHOBOTO THUIIA H
MIPEICTaBIEeHbl CyOTMIIM3UH W TPUIICHH ITOJI00HBI-
mu Oenkamu [28,29]. B 3epHe suMeHsI ycTaHOBIIC-
HO Hanmmune BU ceprHOBBIX mpoTeas, cojepKaHue
KOTOPBIX y Pa3HBIX COPTOB CYIIECTBEHHO BapHHPO-
Baso [30]. s mimeHuisl U OBca TaKUX CBENICHUMN
He nMeeTcs. B HacTosmee BpeMsi HHTHOUTOPHI TIPO-
Tea3 (rpymma 6 PR-0enkoB) kinaccuuupoBaHsl B
HECKOJIbKO CEMEMCTB Ha OCHOBE WX CTPYKTYpHI U
CBOMCTB. DTH OeNkH ¢ HeOOIBIINM MOJIEKYIAPHBIM
BecoM OT 6 110 24 x/la 1 B OCHOBHOM COCpEI0TOYE-
HEI B 3pesioM 3epHe [31].
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Bce Bbime onucanHble (epMEHTHl M HUHTHOH-
TOPHI BEIIOJHSIOT ONpeeNieHHbIe (DYHKIIMH y pac-
TEHHH B OOBIYHBIX HOPMAIBHBIX YCJIOBUAX. [pyroi
X (PU3MONOTHYECKON POJIBIO SIBISACTCS ydacTHE
B 3aIllUTE PACTEHHWH OT MATOT€HOB, OHH SBISIOTCA
BakHbIMU wieHamMu PR-OenkoB. Bee tpu depmen-
Ta, a TAK)KE MHTHOUTOPHI MPOTEA3 UMEIOT CIIOKHBIH
COCTaB M TIPENCTaBICHB MHOKECTBEHHBIMHU (Op-
MaMH, 4TO 00yCIIOBJICHO pa3HO0OpasneM ux (yHK-
nui. 9TO 0OCTOATENBCTBO CEPHE3HO TMPETISITCTBYET
M3YYEHHIO UX CBOWCTB M PETYIALNN aKTHBHOCTH B
HOpPME U TIPU CTPECCOBBIX ycnoBusAx. HecMoTps Ha
OUEBUIHBIN yCIeX B 3TOH 0OJIACTH, OCHOBHASI Mac-
ca paboT HampaBiieHa Ha MCCIIEIOBAaHHUE ITOBEACHUS
9THX OENKOB B YCJIOBHUSX Pa3IUYHOIO POja CTpec-
coB 1 npu naroreneze. OHAKO IJIs1 TOYHOH HIIEH-
TUQUKALMKA KOHCTHUTYTHBHBIX M HHAYIHOCIBHBIX
(hopM (epMEHTOB M MHTHOUTOPOB, UX AKTUBHOCTHU
Ba)KHBIM TIPEACTABISIETCS N3YUYEeHUE OENKOB B HOP-
me. Kpome Toro, B mutepaType He UMEETCs YETKUX
JaHHBIX 00 aKTUBHOCTHU, U30()epMEHTHOM COCTaBE U
coniepkaHnu aHHBIX PR-0enkoB B cpaBHUTETHHOM
IUTaHE Y BKHBIX Tpex 37aKkoB. [IpopocTku u 3epHa
(mpu xpaneHur) HanboJIee YA3BUMBI K MOPAXKEHHUIO
MHKPOOHBIMH (DUTOTIATOTCHAMH, B CBS3H C JTUM,
HCCIIEIOBAHNE WX HCXOIHOTO 3alIUTHOTO TOTEH-
yaga UMeeT HECOMHEHHOE HayqHOE U MPUKIIaTHOE
3Ha4YEHHE.

Lenpro paboThl SBUIOCH CPABHUTEIBHOE W3-
y4€HHE YPOBHSI aKTUBHOCTH M KOMIIOHEHTHOTO
cocraBa [-1,3-TirrokaHa3bl, XWUTHHA3BI, IIEPOK-
CUJa3bl U UHTUOUTOPOB MPOTEa3 B 3€pHE U MPO-
POCTKaX Ba)KHBIX 3€PHOBBIX KYJIbTYpP — MIIECHUIIHI,
AYMEHS M OBca B HOpMe. B paboTe mcmonp3oBan
Hanbosee >PQPEKTHBHBIH METOJ M3YUYCHHsS H30-
(hepMEeHTHOTO cocTaBa — HM303JIEKTPOPOKYCUPO-
BaHUE B COUYETAHUU C H3MEPEHHEM OOIIEro ypoB-
HS aKTHBHOCTH. DKCIEPHUMEHTHI 1O BBIACICHUIO
Y aHanu3y OEJKOB MPOBOAIINCH B OJIMHAKOBBIX
YCIOBUAX, YTO AAET BO3MOXXHOCTh OOBEKTHBHOM
CPaBHUTEJIBHOH OLEHKH KOJWYECTBEHHOTO U Ka-
YECTBEHHOTO COJIEpXKAHUS 3allUTHBIX OEIKOB.
[Momy4yenHble NaHHBIE MOTYT OBITH MOJIE3HBIMU
MpU U3yYEHUHU ITHX (PEPMEHTOB U UHTHOUTOPOB,
X QYHKIMOHUPOBAHMUS MPU CTPECCAX, B TOM YHC-
JIe TaTOIr€HHOW aTaKu.

MarepuaJibl 1 METOABI HCCJIETOBAHUS

OOBbeKTaMHU HCCIIEAOBAHHS CIYXKHIU 3€pHa,
KOPHU U CTEOIH MPOPOCTKOB mineHubl (7riticum
aestivum L., copt Hloprauast 98), sumens (Hordeum
vulgare L., copt Typan 2) u oBca (4vena sativa L.,
copt Kynarep).
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2.1. Ilpucomosnenue pacmumenbHo2o mamepu-
ana u 6enK08020 IKCMpAKma

s mony4deHus MpOpOCTKOB 3€pHA CTEPHIIN30-
Bany 5% MEPEeKHChI0 BOJAOPOAa B TedeHne 15 MuH,
MPOMBIBAJIM TUCTUIUIMPOBAHHON BOJOW M Tpopa-
mBaiu B TeMHOTe npu 24°C B TeueHHE 5 NHEH.
®epmenTs! akcTparupoBamm 1 1 mpu 4°C 0,05 M
Na-anerataeiM 0ydepom pH 5,0 B cooTHOIIEHUN
pactutenpHBI MaTepuan/Oydep 1:3. I'omorenar
nenTpudyruposaiu npu 12000 g B TeueHue 5 MuH,
CyMepHATaHT UCTIOJIh30BANIM B KAUECTBE UCTOYHUKA
dhepmenTos. [lepen namepeHneM akTUBHOCTH [3-1,3-
TJIIOKaHa3bl W XUTHHA3bl 3KCTPAKTHI MPOIYCKAIU
yepe3 koyoHKy CentryPure («Serva», ['epmanust)
JUTSL yajeHuss CBOOOAHBIX caxapoB. s Bwlmene-
HUSI MTHTHOUTOPOB TpoTea3 | T MmoKosmerocs 3epHa
pa3ManbIBaM B MeNbHUIE, no0asmsimy 3 mi 0,05 M
arteratHoro Oydepa pH 5,5. Cmech HactanBamu 2
4 Ha xosiozie u nentpudyruposanu npu 3000 g 15
muH. CynepHatanT nepeBoguid B 10 MM docdart-
He1it Oydep pH 7,0 Ha komonke CentryPure.

2.2.  Onpeoenenue  aKmusHOCMU
2NIIOKAHA3bL

AKTHBHOCTP [3-1,3-TIIFOKaHa3bl OIPEIEIIUTH KO-
nmopumMeTpudeckuM metogom [32]. s storo 0,8 mu
0,05 M ameratHoro 0ydepa pH 5,2 u 0,1 mi o6pasz-
na pepmenta godasmsumm K 0,1 M 0,5% mamuHapU-
Ha («Sigma-Aldrichy, CILIA), cMech HHKYOHpOBaIU
B TeueHue 1 u npu 30°C. Peakuuio ocraHaBIMBagIu
nob6asnenneM 1 mn JIHC, cmech kunsatunu 10 MuH,
oxyaxaanu u neHrpudyruposanu 10 mu npu 3000
g. OnTruyeckyro MIIOTHOCTh CyINEpHAaTaHTa H3Me-
psim Ha cnektpodoromerpe Ultrospec 7000 («GE
Healthcarey, lIBenns) npu 540 am. O6pa3zoBasiie-
€Cs KOJIMYECTBO TIFOKO3bI OTPEASIISIIN 110 KaTnopo-
BOYHOI KpUBOH. AKTUBHOCTH (pepMEeHTa BBIpayKaIn
B MTI IJIFOKO3BI B 1 M1 ' 3a 1 4!,

2.3. Onpedenenue akmu8HOCMuU XUMUHA3bl

AKTHBHOCTh XWUTHHA3bl ONpPENEISIM KOJIOpHUMe-
TpuyeckuM MetogoM [32]. Jmsa storo 0,8 ma 0,1 M
Na-aneratHoro 0ydepa pH 5,2 u 0,1 M o6pasma dep-
MeHTa nodasisum K 0,1 mi 5% KOIOMIHOIO XWUTHU-
Ha («Sigma», CILIA), cMech HHKYOUpOBanu 5 4 mpu
37°C npu nepeMeImmBaHuy. Peakimnio ocTaHaBIMBaIIH
1 M JHC, cmech kursatunm 10 MuH, oXJIaXKIanu H
uentpudyruposanu 10 mut npu 3000 g. OnTuyeckyto
TUTOTHOCTh CyTIEpHATaHTa U3MEPSUTH TPH JJIMHE BOJI-
Hbl 540 HM. O6pa3oBasieecs: KonuuecTBO N-areTHII-
D-rmoko3aMuHa Ompenersui 10 KaTuOPOBOYHOM
KpUBOH. AKTHBHOCTH (pepMeHTa BBIpOKAIA B MT
N-anerui-D-rimroko3amuna Ha 1 Mo ' 3a 1 9 7.,

2.4. Onpedenenue akmusHOCMU NEPOKCUOA3DL

AxtusHOCTE [1O omnpenensim criekTpodoToMe-
TPUYECKHM METOJIOM C HEKOTOpOH Moaudukaiu-

B-1,3-
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eit [33]. Peakuuonnas cMech B KBaplLEBOM KIOBETE
Ha 2 M comepkana 10 MK dKcTpakTa epMeHTa,
1 mi 0,05 M aneratHoro Oydepa pH 5,5, 0,5 mn
0,5% O-denunenanamuna («Sigmay, CIIA). Peak-
A0 MHUIMUpoBay mobasienneM 0,5 M 15 MM
H,O,. Kaxpie 10 cex u3Mepsiin yBeIMICHHUE T10-
rnouieHus npu 420 HM B TEYEHUE IBYXMHUHYTHOIO
Meproia MO0 CPaBHEHHIO C XOJOCTHIM 00pa3IoM.
KomuuecTtBo hepmenTa, HeoOxoauMoe st 00pa3o-
BaHUs 2,3-nuaMuHO(EeHA3WHA, TPUHUMAIHA 32 OJTHY
€IMHUIYY aKTUBHOCTH M BBIpAXKaaH Kak e1./mMia ' B
MUH !,

2.5. Hzoonexkmpogoxycuposanue

Harupupii KMDO® mnpoBoamad B INIACTHHE
6% mnonuaxkpunamugHoro rens (ITAIY) pasmepom
90x120x1 MM ¢ 1% Servalyt pH 3-10 («Servay,
T'epmanmst) mpu 500 V B Teduenne 5 4 B Kamepe s
anekrpodopesa Multiphor 11 («GE Healthcarey,
LBerus).

2.5.1. Buvisisnenue [-1,3-enoxkanasol 6 ceine

ITocne UD® mnactuny ITATT momemanu B 0,1
M pactBop anerataoro Oydepa, pH 5,0, Ha 10 MuH.
3areMm renp nepeHocwau B 1% pacTBop JaMHHAPH-
Ha B TOM ke Oydepe Ha 30-40 MuH (B 3aBUCUMOCTH
OT aKTHUBHOCTH (hepMeHTa) U WHKYyOMpOBaIM TpHU
40°C. I'emp IBaXKIBI TTPOMBIBATHN JUCTHILTAPOBAH-
HOI BOJIOH, mepeHoCcHd B 7% YKCYCHYIO KHUCTIOTY
Ha 10 MUH ¥ mOMeIIaNu B OKPALLIMBAIOIIMNA pac-
tBOp 0,15% 2,3,5-TpueHnnTeTpa3onus XIJIOPHI
(«Sigma-Aldrich», CIIA) 8 1 M NaOH. Oxpamm-
BaHWE NMPOBOVIIN HarpeBaHUEM B BOJISTHOM OaHe 710
TOSIBIIGHUSI KPAcHOBATHIX 30H aKkTWBHOCTH f-1,3-
rrokaHassel (0T 3 1o 10 mun) [34]. B kadecTBe map-
kepoB pl umcmnonp3oBamu HabOp OenkoB («Sigma-
Aldrichy, CIIIA): 9.3 — Tpuncusores, 8.8, 8.6, 8.2
— JICKTHH, 6.8, 7.2 — muornoduH, 6.6, 5.9 — kapOoaH-
ruzapasa, 5.1 — B-makrornodynuH, 4.6 — UHTHOUTOP
TPHIICHHA, 3.6 — aMUJIOTIIIOKO31/a3a.

2.5.2. BuvisgneHue XumuHasvl 8 2eie

AKTHUBHOCTh XWTHHAa3bl BBIABISUIA C IIOMO-
b0 TEJIEeBOM PEIIMKHU C 3aroJMMePHU30BaHHBIM
cyoctpatom 0,02% rnukonb-xutuHa («Sigmay,
CHIA) [35]. Tocne UDD pazpensromuii [TAIT u
pemwuky nmoMemany Ha 15 mua B 0,05 M amnerart-
HBIl Oydep, pH 5,0. [IBa remnst mioTHO IpHXUMAaIn
JIpyT K IpYTy U HHKYOHWpOBAJIM B BH/I€ COHABHAYA 2
gy npu 40°C. 3aTeM Telb-periuKy MepeHOCUIN B
0,5 M tpuc-HCI 6ydep pH 8,9 ¢ 0,01% dayopec-
IeHTHBIM OpukTeHepoM 28 («Sigmay, CIIA) u
BeIepkuBanu 10 muH. ['ens ocTaBIsIM Ha HOYb B
Boze npu +4°C. 30HBI aKTUBHOCTH BU3YaJIU3HUPO-
Banu B Y ®-cete (365 HM) C MOMOIIBIO T'elbI0KA
Quantum ST5 Gel Doc System («Vilber Lourmaty,
Opanmms).

2.5.3. Buviasnenue nepoxkcuoaswvl 6 2eje

ITociie DD renp BeiMaunBanu 10 muna B 0,05
M amneraraom Oydepe pH 5,0, nakyoupoBamu 20
muH B Oydepe ¢ 0,15% Oensuaunom u 15 MM H O,
110 TOSIBJICHUS! CUHUX I10JI0C, 3aTeM (MKCUPOBAIN B
7% yxcycHoi kucmore [36].

2.6. Onpedenenue axmugHOCMU UHSUOUMOPOS
npomeas

[IpenBapurensHo Obuia MOAOOpaHa KOHIICH-
Tpauusi GaKTepHaIbHOTO CyOTHIM3MHA U OBIYBETO
tpuncuHa («Sigma-Aldrichy, CIIA) ans ompene-
JICHUs UX aKTUBHOCTU — 2 MKI/Mi. PeaknuoHnas
cMmechb coctosa u3 0,1 mu ¢epmenra (U3 pacuera
20 mxr/min) + 0,1 M (0,5 M docdarHoro Oydepa
pH 7,8) + 0,2 mn H,O + 0,1 M 20 MM CaCl, + 0,1
M1 3KcTpakTa (u3 pacueta 0,2 umu 0,5 Mr Oenka/min)
+ 0,5 Mt 1% azokazenna («Sigmay, CIIIA). Cmech
uHKyOupoBanu 1 4 npu 30°C, mocine 4ero peakiuio
octanasiuBany 1,0 Mma 10% TpuxnopykcycHOH Kuc-
notel. OOpa3Iel BRIAEPKUBAIN Ha xoyioae 20 MUH
u ueHrpudyruposanu 15 mun npu 3000 g. OnTu-
YeCKyIO INIOTHOCTh (uibTpara uzmepsiu npu 340
HM. 3a €MHUIy aKTUBHOCTU NPUHUMAIIN PA3HUILY
onrtuyeckor motHoctu (OI1 —— OIT _)B 1M1
3a 1 u (en. aktuBHOCTH I/Ma 4.). KoHTponem ciy-
KW 3HAYEHUS aKTUBHOCTH cyOTmmm3uHa (9,40 en.
aKTUBHOCTH/MII 4) U TpurcuHa (4,49 en. akTUBHO-
CTH/MII 9).

OKCIEPUMEHTH U U3MepeHUsT (epMEHTHON aK-
TUBHOCTH IMIPOBOJMIN B TPEX MOBTOPHOCTSX. JlaH-
HBIE TPEACTaBJICHB B BUJAE CPEAHUX apupMeTHye-
CKHX 3HAYEHUI U UX CTaHJAPTHBIX OTKIIOHEHUHN.

3. Pe3ybTaThl M X 00Cy:KIeHHE

Axmuenocms u usoghepmenmuulii cocmas p-1,3-
2/IIOKAHA3bL 8 3ePHe U NPOPOCTKAX

M3ydena akTuBHOCTH [3-1,3-TIIFOKaHAa3bl II0-
KOSIIIErocs 3€pHa M Pa3IUYHBIX OPraHOB 5-TH Cy-
TOYHBIX MPOPOCTKOB IMIIEHUIBI, SUMEHS U OBCA.
[Toxostmuecs: 3epHa MIIEHUIBI © OBCA COJEPIKaIH
NPUMEPHO OAMHAKOBBIE YPOBHH aKTUBHOCTH (ep-
MeHTa. B 3epHe suUMeHs akTUBHOCTH (pepMeHTa Oblia
HEMHOTO BBIIIE (PUCYHOK 1 — A, a). 3HaYUTEIbHOE
BO3pacTaHue akKTUBHOCTH [3-1,3-TrokaHa3bl Ha-
Omomanock npu npopactaHuy. CamMoil BRICOKOH ak-
THBHOCTBIO [3-1,3-TIfOKaHA3bl XapaKTepHU30BAIUCH
MPOPOCTKHU STYMEHS, B 0COOCHHOCTH MTPOPACTAIOLIHE
3epHa W POCTKU. HamMeHbIas akTUBHOCTH (ep-
MEHTa cofep)Kajlach B MPOPOCTKaxX OBCA — MOYTH
BTPOE MEHbIIIE 110 CPAaBHEHUIO C ssuMeHeM. B mpo-
pOCTKax TMIIEHHWIBI MaKCUMAaIbHOE COJIepIKaHuE
B-1,3-rmrokaHa3sl MPUXOMWIOCH HA KOPHH, MpPH-
OmKasich K akTUBHOCTH (pepmeHTa U3 ssumens. He-
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CKOJIKO MEHBIIYI0 aKTHBHOCTH [-1,3-TIroKaHasbl
[I0Ka3ajy MPOPACTAIOLINe 3epHAa U POCTKU, TEM HE
MeHee, UX COJepKaHue B ITUX OpraHax BJIBOE Ipe-
BBIIIANIO (hepMEHT U3 MPOPOCTKOB oBca. [IpopocTku
OBca o0Jlajaii HanMEHBIIUM KoJrdecTBoM B-1,3-
TJIFOKaHa3bl U HE OTJIHNYAJINCh OT aKTHBHOCTHU (1)ep-
MeEHTa MOoKosIIerocs 3epHa (pucyHok 1 — b, a).

[Ipu pazmenenun B-1,3-rrokanas3sl TPEX 3JIaKOB
MeToaoM MDD Hanbomnbinas akTHBHOCT U T€TEPO-
TCHHOCTh COCTaBa Oblila BBISBJIEHA BO BCEX Opra-
HaX MPOPOCTKA SYMEHS — B IIPOPACTAIOIIEM 3EpHE,
pocTtke u KopHe. OTHOCHUTENBHBI MakcuMyM Qep-
MEHTa COCPEJOTOYECH U B MOKOSIIEMCS 3epHE 3TO-
ro 31aka (pucyHok 1 — A, 6). B mpopocTkax oBca
3HAYHUTENIbHAS aKTUBHOCTH [3-1,3-TIII0OKaHA3bI TAKKE
MpOsIBJIAIaCh B 3€pHE, OJHAKO HAMHOI'O MEHBIIIE
[I0 CPAaBHEHUIO C SUMEHEM. Y IIIEHUIbl HauOOIb-
1e 4ucio u3opepmMeHToB f-1,3-rmokaHa3sl UMenn
kopHu. Cnextp DD B-1,3-rmrokanassl U3 pasiny-

A

I abekoin, aroey-ioag-l
Tossaoaia, sroan Do

40

EprieHe

HBIX OPI'aHOB 3JIAKOBBIX BKIIIOYAJl HECKOJIBKO IPYTII
aKTUBHOCTH ()EPMEHTA B KHUCIJIOHM, HEHTpaNbHON M
mienounoi oomactu pH ¢ pl 3.2-5.4, 5.8-6.8, 8.0-
9.3. JIns Bcex BHIOB 3J7aKOB XapaKT€pHA AKTUB-
HOCTB 9TOTO (pepMeHTa B Kucioi obmactu pH 3.2-
5.4 un B menoynoit — 8.0-9.3. V oBca NMOJHOCTBIO
oTcyTcTBOBaim m30(epmMeHTsl  [-1,3-rmroxaHa3sl
co cnabokuciabpIMU U HeWTpanbHbIMU pl (5.8-6.8),
TOTAa KaK JJIsl POPOCTKOB IIIEHUIB! (OCOOEHHO
B KOPHSX), HAIIpOTUB, XapaKTE€PHbI BBICOKAs IeTe-
POTEHHOCTh M aKTUBHOCTH (pepMeHTa TOM obnacTu
pH (pucynok 1 — B, 6). Cnegyer oTMeTHTB — y BCeX
3JIaKOB M BO BCEX OPraHax COIAePKajIuch H30(hOpMbI
cpl 3.2, 3.6, 4.6, 5.2. B menounoi odnactu B-1,3-
TJIFOKaHa3a ObuTa Hanbosee OOMIIbHA B 3epHE siuMe-
HA 1 BKITtodania 3-4 mzodepmenta ¢ pl 8.0-8.2, 8.9 u
9.3. Oc060 Ha/I0 BBIIEIUTH YPE3BBIUAIHO BEICOKYIO
akTUBHOCTH n30¢opm c pl 8.0-8.2 Bo Bcex opranax
IIPOPOCTKA STUMEHS.

L] 1

B

- 4 4

LR Sbe B [T

A — nokosiiieecs 3epHo: | — nenuna, 2 — sYMeHsb, 3 — oBec. b- mpopocTku:
1 — mpopacraroiee 3epHo, 2 — pOCTKH, 3 — KOPHHU.
a — akTMBHOCTb, 0 — UD® depmenTa, M — Mapkeps! pl.
Pucynok 1 — AKTUBHOCTB U KOMITIOHEHTHBIH cocTaB -1,3-TirokaHasbl
B IIOKOSIILIEMCS 3€PHE U OpraHax MpopOCTKa 3JIaKOBBIX

Axmusnocmv u uszogepmeHmuwili cocmag xu-
MUHA3LL 8 3ePHE U NPOPOCMKAX

W3yyeHue XuTHHa3bl OKa3aJI0 CYIIECTBEH-
HBbIE pa3Hyusl B aKTUBHOCTH (hepMeHTa y TOKO-
SIIUXCST 36PEH MEXAY Pa3HbIMHU BHIAMH 3JIaKOB.
Upe3BpluallHO BBICOKHM YpPOBEHb XUTHHA3bl Ha-
Ononancsi B 3epHE OBca. 3HAYUTENBHO MEHBIIE
(dbepMeHTa coaeprKaay 3epHa MIIECHUIBI, & TIMEHb
10 3TOMY MOKAa3aTeN0 3aHUMaJl TIPOMEKYTOUHOE
nosioxkeHue (pucyHok 2 — A, a). Ilpu npopacra-
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HUW aKTHBHOCTHh XWTHHAa3bl B 3€pHE MIICHHUIBI U
0COOCHHO OBCa yBEJIMYHBAJIACh, OJHAKO B TUMCHE
ypOBeHb (epMeHTa 3aMeTHO CcHKajcs. OueHb
BBICOKOW aKTHBHOCTBIO XMTHHA3bl B LIEJIOM 00-
JaJjau MPOPOCTKHU OBCa, T1e (epMeHT Hanboiee
o0uJIeH B MpopacTaoleM 3epHe W ObUI MOYTH B
10 pa3 OosplIe O CPaBHEHHIO C NIICHULEH H S4-
MeHeM. B mpopocTkax MIIeHnIsl MaKCHMaIbHBIM
co/iepKaHNEeM XHUTHHA3bl OTIWYAINCH POCTKH, B
KOTOPBIX aKTUBHOCTH (epMmeHTa Obuta 2-3 pasa
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BBIIIE, YeM B KOPHSIX M MPOpacTalolieM 3epHeE.
CpaBHUTENBHO HHU3KYI0 AKTHBHOCTb XUTHHA3bI
HMECIIN HPOPOCTKU AYMEHA C HAMMCHLIIHUM CO-
JIepkaHueM (epMeHTa B MPOpacTalolleM 3epHe
(pucynok 2 — b, a). I3 mpeacTaBIeHHBIX JaHHBIX
OTUYCTJINBO BUACH 3HAYHUTEILHBIN KOHTPACT MCK-
Iy KOJIM4eCTBOM (pepMEHTA B MOKOSIIMXCS U MIPO-
pacTalolINX 3epHax y TPEX 3JIaKOB.

ND® xuTHHA3 MoKa3ajio HauOOJBIIYIO TeTe-
pPOreHHOCTh (hepMEeHTa B MOKOSIIUXCS 3€pHax, a
TaK)X€ BO BCEX YaCTAX [IPOPOCTKOB OBCA — B MPO-
pacraromieM 3epHe, pocTKax M KOpHsX. Makcu-
MajbHas aKTUBHOCThH ()epMEHTa MPUCYTCTBOBAJA
B 3€pHE ITOTO 3JIaKa U OHa ObLJIa HAMHOTO OOJIBITIE
M0 CPABHEHHUIO C MUICHUIIEH 1 SUMEeHEM (PHCYHOK
2 — A, 6). OnHako B pOCTKax MIIEHUIBI T€TEPO-
F€HHOCTh M aKTHBHOCTb XUTHHa3bl ObUIM TOXeE
JIOCTaTOYHO BBICOKH. B cocTaBe XUTHHA3BI U3 pa3-
JUYHBIX OPraHOB 3JaKOBBIX OBLIM BBISABJICHBI HE-
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CKOJIbKO TPYIII aKTHUBHOCTH (PEpPMEHTA, JIOKAIH-
30BaHHBIX 0 Bcemy UDD cmektpy ¢ pl 3.6-5.4,
5.8-6.8 u 8.0-9.3. [l Bcex BUIOB U BO BCEX OpP-
raHax oOHapyXeHbl KOMIOHEHTBI XUTHHA3BI ¢ pl
3.6-4.5, a Takxe c pl 5.2 (kpome oBca). Cinengyet
OTMETHTH, YTO AKTUBHOCTH KOMIIOHEHTOB 3TOTO
(hepMenTa B cnaboOKHCIION W HEWTpambHOU 00Ma-
ctu crnekrpa (pl 5.8-6.8) Obuta cabo BhIpaXkeHa
BO BCEX OpraHax MPOPOCTKOB siluMeHs. B mienod-
Ho# oOmactu pH Beime 8.0 xuTnHa3a ObLTa TIpea-
CTaBJieHa HECKOJIbKMMH KOMIIOHEHTAaMH, OJHAKO
y MIIEHUIBI OTCYTCTBOBAJIN (pEpMEHTH B paiioHe
pl 8.9-9.3. UpesBbI4aiiHO BBICOKYIO aKTHBHOCTH
HMETU KHCIbie (POPMBI XHUTHHA3bl Y MPOPOCTKOB
OBCa, a TaKXe OJMH HEUTpaIbHBI KOMIOHEHT B
3epHe ¢ pl okomo 6.5 (pucynok 2 — b, 6). Hanme-
Hee BBIPaKCHHBIMH 110 aKTUBHOCTH M YUCITY KOM-
MMOHEHTOB OKa3aJUCh XUTHHA3BI MPOPACTAIOLIETO
3epHa SYMEHS U MIICHUIIBI.

W TR PR 1

A — mokosimeecs 3epHo: 1 — mmennna, 2 — s9MeHs, 3 — oBec. b- mpopocTku:
1 — mpopacraromee 3epHO, 2 — POCTKH, 3 — KOPHH.
A — akTHBHOCTB, 0 — UD®D depmenTa, M — Mapkeps! pl.
PucyHok 2 — AKTUBHOCTb M KOMIIOHEHTHBIH COCTaB XUTHHA3BI B MOKOSIIIEMCS 3epHE
1 OpraHax IpOpOCTKa 37TaKOBBIX

Axmugnocms 1 U30epMeHmublll COCMas ne-
POKCUOA3bL 8 3ePHE U NPOPOCMKAX

W3ydenrne aKTUBHOCTH TIEPOKCHAA3bl TOKOS-
HIMXCA 3€pEH HE BBIIBUIIO SIBHBIX Pa3IMuuil MEXIY
TpeMs 37akaMu. B 3epHe Bcex BUIOB YpOBEHb (ep-
MeHTa Obl1 HE3KMM. OJHAKO TpH MPOpACTaHUHU
(epMeHT mpeTeprieBa 3HAYUTENbHBIE W3MEHEHUSI.
HawnbGonsmum cogepxannem 1O ormudanuce mpo-
POCTKM stuMeHsl, e (GepMEeHTOM OBUIHM OCOOCHHO
0oraTel KOPHH U POCTKU. B MIIEHWYHBIX MPOpOCT-

kax makcumyM [10, kak u y saMeHsl, 00HapyKHUBaJ-
Csl B KOPHSX M 3aMETHO MEHBIIIE B MPOPACTAIOIIEM
3epHe U pocTKax. CaMbIM HU3KHM COJEp>KaHHEM
(hepMeHTa xXapaKTEpPU30BAIUCH MPOPOCTKU OBCA, B
O0COOCHHOCTH TPOPACTAIOIIee 3€PHO ATOTO 3IlIaKa
(pucynoxk 3 —A,aub, a)

ND2® mepokcupas mokazano HU3KYIO TeTepo-
TE€HHOCTh CTeKTpa (epMeHTa B MOKOSIINXCA 3ep-
Hax MIICHUIIBI U TYMEHS — 110 2 30HBI aKTUBHOCTH
B IIEJOYHOU oOmactu criekTpa. B 3epHe oBca Jo-
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MOJHUTENBFHO TPUCYTCTBOBANK 4 n30depMeHTa B
kuciom pairione pH (pl 3.6-5.4), a Takxke cimabo
BBISIBJSLIACH TPYIIa U30(EPMEHTOB HEUTpaIbHOU
oOnactu cnekrtpa (pucyHok 3 — A, 6). B mpopocr-
KaX HamOOJIbIIass aKTHBHOCTH (epMeHTa ObLIa
oOHapy)XeHa BO BCEX OpraHax — MPOpacTaroleM
3epHe, POCTKE M KOpHE Yy IMUICHHULBI U siuMeHs. B
OTIIMYHNe OT TUX BUAOB, crekTp 11O mpopocTkos
OBCa OKa3aycs HaMHOTO OeZiHee ¥ B OCHOBHOM OBIIT
MIPEACTaBICH HEUTpadbHBIMH (JOpMaMH B palioHe
pH 5.9-7.0 (kopHU U POCTKH), & TAKKE ABYMS HU30-
(dhepmenTamu B 3epHe ¢ pl 3.6 u 4.1. u cnabo npo-
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SBJISITIACH B KUCJIOHM M IIETOYHON 00JIACTH CHEKTPA.
B npopocTkax suMeHs M MIIEHHIBI BBICOKOH aK-
TUBHOCTBIO 3TOTO ()epMEHTa OTIMYAINCH POCTKU
u KopHU. CrexyeT 0cob0 OTMETUTbh HPUCYTCTBUE
B coctase 1O saMeHs ABYX CHIBHO BBIPaKEHHBIX
(MaxxopHBIX) n30pepmenToB ¢ pl 7.2 u 8.2 (xopHH,
poctkn) (pucysnok 3 — b, 6). B orinuane ot menou-
HBIX W HEWTpaIIbHBIX, KHCIbIE U30(OPMBI Y Tpex
371aKOB UMENH OONBIIOE CXOACTBO MO CBOEMY CO-
craBy W 3HaueHwsiM pl. B menom, m3zodepmeHTH!
I1O pacnpenensnuce B ciektpe MDD B oueHb -
poxom nuamnaszone pH ot 3.0 1o 9.3.

A — nokosinieecs 3epHo: | — mieHuna, 2 — sYMeHs, 3 — oec. b — npopocTku:
1 — mpopacTaromiee 3epHO, 2 — pOCTKH, 3 — KOPHH.
A — aktuBHOCTB, 6 — UD®D depmenta, M — Mapkeps! pl.
PucyHoK 3 — AKTHBHOCTD M KOMIIOHEHTHBIH COCTAB MEPOKCH/Ia3bl B HOKOAIIEMCS 3epHE U
opraHax IpopocTKa 3JIaKOBBIX

Axmugnocms uH2uOUMOPO8 nPomeas @ 3epue

WzyueHre THrHOUTOPOB NPOTEa3 371aKOBBIX I10-
Ka3ajo, 4To HauOoJbllell aHTUCYOTHIM3HHOBOH U
AQHTUTPUIICUHOBON AaKTUBHOCTHIO OOJIafaiy 3epHa
MIICHUIIBI, & HAUMEHBIIEH — OBCa. 36pPHOBOM JKC-
TPaKT MIUEHULBI Tpu KoHUueHTpauud 20 u 50 Mkr/
MJT O€JTKa ITOAABIISUT aKTUBHOCTH CyOTHIN3MHA Ha 47
u 86% u TpurncuHa — Ha 48 1 84% COOTBETCTBEHHO.
HamHOTO MEHBIIYyI0 aHTHIIPOTEa3HYI0 aKTHBHOCTH
HMEU 3€pHa OBCA, IKCTPAKTHI U3 KOTOPBIX IOJA-
BISUTM cyOTHNM3UH Mk Ha 19 1 30%, a Tpuncux
— Ha 30 u 66%. MHruburopHast akTUBHOCTH 3€p-
Ha SYMEHS TPOTUB CYyOTHIM3MHA W TPUIICHHA MPU
KOHIIEHTpaIuu Oenka 3KcTpakra 20 MKI/MJI OYCHb
OJM3Ka 1O CBOMM 3HAYEHHUSIM K IILEHHLE, OJHAKO
npu OoJibliel KoHIeHTparuu (50 MKr/mi1) ee ypo-
BEHb OBbLT 3aMETHO HUXE (PUCYHKH 4 1 5).
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TakuMm 00pa3oM, B CPaBHUTEILHOM ILIaHE H3-
Y4€HBbl YPOBHU aKTUBHOCTH M KOMIIOHEHTHBIE CO-
cTaBbl (JEPMEHTOB B 3€PHE U MPOPOCTKAX B HOPME
y TpeX BaXKHBIX 3€PHOBBIX KYJIbTYp — IIICHHUIIBI,
auyMeHs ¥ oBca. s 3TOro Bce HKCHEPHUMEHTHI
[0 TNPOPAIIMBAHUIO, IMOJYYEHHIO HKCTPAKTOB U
aHanM3y (epMEHTOB MPOM3BOAUINCH B MICHTHY-
HBIX yCIOBHSX. B pesynbTare ObLTM yCTaHOBIE-
Hbl CYIIECTBEHHBIE pa3iM4uusl B AaKTUBHOCTU U
KOMIIOHEHTHOM COCTaBe (PEepMEHTOB Yy TpeX BH-
noB 3nakoB. Haubonpmmm coxepkanuem B-1,3-
[IIOKaHa3bl OTIMYAINCh 3€pHA U IPOPOCTKH S4-
MEHSI, BBICOKOH aKTHBHOCTBIO U [E€TEPOTEHHOCTHIO
XapaKkTepHU30BAIUCH TaKXKe KOPHU S5-IHEBHBIX MPO-
POCTKOB HILEHUIBI. B cpaBHEHUH ¢ 3THMU BUAAMU
OBeC UMeJ HU3KUH ypoBeHb pepmenTa. OOpariaer
BHUMaHHe (HaKT HATUYMS MaKOPHBIX H30()epMEH-
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TOB y STYMEHS KaK KUCJBIX, TAaK U HEUTPaIbHBIX U
HICTIOYHBIX, HANIPOTUB, y OBCa Mpeodiajain KHc-
Jiie U30(OPMBI. 3JIaKOBBIC KYJIBTYPhI CYIICCTBEH-
HO OTJIMYAIOTCS 10 COJCPKAHHWIO [-TIIFOKaHA B
3epHe, ero PU3NKO-XMMHYECKUM CBONCTBAM U pac-
TBOpUMOCTH. Tak, Hampumep, y OBca Impeodiaia-
€T pacTBOPHUMBIN [(-TIFOKaH, TOrJa KaK y SYMEHS
OH B OCHOBHOM He pactBopumsiid [37]. [lomyden-
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Hble HaMU JIaHHBIE TOKa3aJH OOJBIIKE Pa3Iudus
B aKTHUBHOCTH U H30(epMeHTHOM coctase [B-1,3-
[JIFOKaHAa3bl SYMEHS U 0BCa. B CBS3M C 3THM, MOXKHO
MIPEATIOIO0KUTh, YTO WHIUBUyaIbHBIE H30()OPMBI
B-1,3-TmrokaHa3sl MOTYT BBICTYIIaTh B KadeCTBE
MapKepOB KOJIMYECTBEHHOT'O M KaYECTBEHHOTO CO-
JepKaHus B-TIOKaHa y pa3iuvHBIX BHIOB H CO-
PTOB 3EpHOBBIX KYJIBTYP.
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a ¥ 6 — akTHBHOCTH ()epMEHTA, BRIPAKCHHAS B €IMHUIIAX M IPOIEHTAX.
Pucynok 5 — BiusiHue 5KCTpaKToOB 3¢pHA Ha aKTHBHOCTb TPUIICHHA

OTIHYUTETbHOH 0COOCHHOCTBIO XHTHHA3BI SB-
JISIETCSI OTCYTCTBUE CyOCTpaTa B pacTeHusx. B Ha-
cTofIIee BpeMsl UMEIOTCS JIUIIb KOCBEHHBIE CBEIe-
HUS 00 yJ9acTHH JTAHHOTO pepMeHTa B (PU3UOJIOTHU
camoro pacteHus. OCHOBHOE Ha3HAYCHHE 3TOTO
(hepMeHTa, MO-BUIUMOMY, 3aKJIIOYACTCS B 3aIllUTE
OT XMTHH-COACPIKAIIUX (PUTOMATOICHOB, B YaCTHO-
cti TprOOB. B HaiieM ucciie1oBaHUM Mbl TTOKa3aJIn

YHUKaJIbHbIE CBOMCTBA 3€pHa U IIPOPOCTKOB OBCA,
3aKII0YAIONINECs B OUYEHb BBICOKOM COJACPKaHHU
XUTUHA3bl [0 CPABHEHHUIO C TAKUMHM 3JIaKaMH, Kak
IIIEHUNA U SYMEHb.

AKTUBHOCTb U H30()E€pPMEHTHBIN COCTaB MEPOK-
CHIa3bl TAK)KE CUIBHO BapbUPOBAN y TPEX 3J1aKOB,
KaK B IOKOSIIUXCS 3€pHAaX, TaK U B OpraHax IIpo-
poctkoB. depMeHT ObUT 3HAUNTEIHLHO AKTUBHEE B
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MIPOPOCTKAX STUMEHS U MIICHUIIBI [0 CPABHEHUIO C
OoBcOM. B pszae mccrnenoBanuii Obljla yCTaHOBJICHA
pons annoHHOW [1O B 3amuTHBIX (YHKIHSIX pac-
tenuit [38]. B Hamieii pabote MBI MOKa3anM HaJU-
gme 3TOH u30(pOopMBI B HOpME B KOPHSX M POCTKAX
U OTCYTCTBHE B 3€pHE y BCEX TpeX 371aKoB. IMeroT-
Cs1 Takoke paboTHI, T/I€ MTOKa3aHO CBSI3b KATHOHHOM
(menounoit) 10 c Ga3anpHON YCTOWYMBOCTBIO K
rpubHoMy mopaxkenuto [39]. Ilo HammM AaHHBIM
3TH U30(POPMBI XOPOIIIO BEIPAXKEHHI B 3epHE U KOP-
HSAX IIPOPOCTKOB MIIEHUIIBI U SYMEHS, HO HE OBCa.

HecmoTtpst Ha Hamn4me CymeCTBEHHBIX OTIIH-
gnii B DD crektpe GpepMEHTOB U3 TpeX 3JaKo-
BBIX KYJBTYpP, BCE K€ MOXKHO TIPOCICIUTH U PSI
cxozactB. Hanmpumep, MHOTHE KOMIOHEHTHI XUTHHA-
3BI ¥ IEPOKCHA3bI KUCIION 00J1acTU CIIEKTPa UMETTH
onuHakoBble 3HaueHus pl. Iloxoxkue mo nokanu-
3l KOMIIOHEHTHI UMEIOTCS U B IIEJIOYHOM JHa-
mazone MO® cnekrpa. Hambomnee 3HaUMTENHHBIC
OTINYHUS MEXy 3JIaKaMU UMEJIHICh B cocTase f-1,3-
[IFOKaHa3bl MPOPOCTKOB, 0COOCHHO B COOTHOILICHUH
AKTUBHOCTH KHCITBIX U MIEIOYHBIX TPYIIIT epMEHTA.
B 31011 CBA3U peACTaBIsAET UHTEPEC UCCIIEI0BAHUE
BHYTPUBHUIOBEIX M COPTOBBIX OCOOEHHOCTEH W30-
(dhepmenToB B-1,3-Tmr0KaHa3bl U XUTHHA3BL B 3TOM
HaIIpaBJICHUH YKe MMPOBEACHBI paOOTHI Ha MIIIEHUTIS
Y TPUTHKAJE, TJe ObUIH HaWJeHBl KOPPEIATUBHEIC
CBSI3M MEX]y OTJACIbHBIMU M30(OpMaMu U ILIOU/I-
HOCTRIO [40,41].

AHanu3 HMHrUOWTOPOB MPOTEa3 BBISBUI Hau-
OOJNBITYI0 WX AaKTHUBHOCTh B 3CpHE IIICHHUIIHI, a
HavVMEHBIIYI0 — Y OBCA. 3€PHOBOM SKCTPAaKT MIlIe-
HUIpl Tipu KoHIeHTparuu 20 u 50 Mkr/mi Oenka
MTO/IaBIISUT aKTUBHOCTH cyOTHmM3nHA Ha 47 11 86% u
TpurcuHa — Ha 48 u 84% COOTBETCTBEHHO. 3aMeT-
HO MEHBIIYIO aHTUIIPOTEA3HYI0 aKTHUBHOCTh UMEIH
3epHa 0BCa, SKCTPAKTHI U3 KOTOPHIX IMOAABIISLIIH CYO-
Tru3uH s Ha 19 1 30%, a TpurncuH — Ha 30 u
66%. VHruOuTOpHasi akTUBHOCTb B 3€pHE SUMEHS
ObLIa OJIM3KA 10 CBOMM 3HAYEHUSIM K MIIIECHUIIE.

3akiouenune

B pabote uccnemoBaHbl aKTUBHOCTh M KOM-
MMOHEHTHBIA cOCTaB [3-1,3-riIoKaHa3bl, XMTHUHA3BI,
MepPOKCHIa3bl W WHTHOMUTOPOB IPOTEa3 3epHa H
MIPOPOCTKOB TIICHMIIBI, STAMEHSI U oBca. Jlyia pas-
neneHnsl n30hepPMEHTOB OB HCITOJIB30BaH METO/T
HaTUBHOTO U303JIEKTPO(OKYCHPOBAHUS.

CpaBHHUTETBHBIA aHAIN3 TIOKA3ajl, YTO, HECMO-
Tpsi Ha OJHM3KOE POJICTBO HCCIENYEMBIX 3JIaKOB, B
YpOBHE aKTHBHOCTU W crekTpax NUO®D depmeHToB
MMENHNCh 3HAYHUTEIbHBIE BHIOBBIE OCOOEHHOCTH.
HauGonpieii akTUBHOCTBIO U CTEICHBIO TeTEpPO-
regHocTH Tipu MDD B-1,3-raroKaHa3bl OTINYAIHCH
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3epHa U MPOPOCTKH STUMEHS, TOT1a Kak JUIs OBca Xa-
paKkTepeH OTHOCHTEIILHO HU3KHUI ypOBEHb (hepMeH-
Ta. BBIsSBIEHBI yHUKAIbHBIE CBOWCTBA 3€pHA U MPO-
POCTKOB OBCa, 3aKJIIOYAIOIINecs B OUY€Hb BBHICOKOM
COJEePKaHUM XUTHHA3bI IO CPABHEHUIO C ITIIEHULIEH
U sS’TYMEHEM. AKTUBHOCTD U U30()epMEHTHBIN COCTaB
1O cunpHO BapbHUpOBal y TPEX 37MaKOB, KaK B MOKO-
ALIUXCSI 3ePHAX, TaK U B OpraHax npopoctkos. O6e,
AHMOHHBIC ¥ KaTHOHHBIE (POPMBI ObIIT 3HAYUTEIBHO
AKTHUBHEE B 3€PHE U [IPOPOCTKAX SUMEHS U MIICHULIBI
10 CPaBHEHUIO C OBCOM. Y CTAHOBIIEH U PSiJl CXO/ICTB
B H30()epMEHTaX y TPeX 3JIaKOBBIX KyJlIbTyp. Hampu-
Mep, MHOTHE KOMITOHEHTHI XUTHHA3bI U 110 kucmoin
o0JacTy crieKTpa UMeNTH OJUHAKOBBIE 3HadeHHS pl.
[Toxoxwue 1o JToKaIn3aui KOMIOHEHTHl UIMEINCh U
B IeioyHOoM nuanaszone MO crekrpa.

HanGompmmuMm  comepikaHMeM  HWHTHOWTOPOB
nporeaz o0Jiafaidd 3€pHA MIICHUIBI, a HAUMEHb-
MM — OBCa. 3€PHOBOW SKCTPAKT MIIEHHUIBI MPH
koHneHTparmu 20 1 50 MKr/mi 6enKa moaBIsiI ak-
TUBHOCTH cyOTHIM3uHa Ha 47 1 86% U TpurcuHa —
Ha 48 n 84% CcOOTBETCTBEHHO. 3aMETHO MEHBIIIYIO
AHTHUIPOTEa3HYI0 aKTMBHOCTh MMENIM 3€pHa OBCa,
9KCTPAKThI U3 KOTOPBIX MOAABIIUIN CYOTUIN3HH Ha
19 u 30%, a Tpuncun — Ha 30 u 66%. Nurudurop-
Has aKTHBHOCTH B 3epHE siUMEHs Oblna OJH3Ka 10
CBOMM 3HAUYCHMSM K MIICHUIIE.

W3zyuennsle napameTpsbl (GepMEHTOB U HHTHOU-
TOPOB B HOPME B Ka4€CTBE KOHCTUTYTUBHBIX MOTYT
OBITH MOJIE3HBIMU NIPH U3YYEHHH WX U3MEHUYNBOCTH
Y MHIYKIIUH HOBBIX M30()OPM IIPH CTPECCOBBIX BO3-
JEHCTBUSX, B TOM YHCIIE, BHI3BAHHBIX NATOI€HAMH.
OTH nHaHHBIE MOTYT OBITh HWCIIOJNB30BaHBI M JIJIS
OLIGHKM KaueCTBEHHBIX XapaKTEPHUCTHK 3€pHa, Ha-
npuMep Ha cojepikaHue P-INIIOKaHa, a TaKKe MpH-
MEHEHUS 36pPHOBBIX KYJIbTYDP U UX SKCTPAKTOB B CO-
XPaHHOCTH MUIIEBHIX MMPOYKTOB U, B YaCTHOCTH, OT
MOpaXeHU MUKPOOHBIMHU TIATOT€HAMH.
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UNIVERSAL PRIMERS AND FLUORESCENT
PROBE DETECT REFERENCE 18S RRNA
GENE IN ALL VERTEBRATES

Detection of target genes via real-time PCR-based test-systems requires simultaneous detection of
the internal control gene to avoid false negative results. Endogenous Internal Control genes (reference
genes) have an advantage over the Exogenous Internal Controls (IC) as they are part of the cellular chro-
mosomal DNA of an organism. Reference genes however have a disadvantage because they vary for
each biological species causing additional development of primers and fluorescent probes for each sepa-
rate biological species, which requires additional time and funds. In recent years, a significant number of
studies are devoted to development of universal sets of primers / probes capable of detecting a reference
gene in a wide range of biological objects — a whole class or even a living kingdom. Such universal sets
of primers / probes will lead to unification of gPCR-based tests used in diagnostic purposes. This paper
presents such a set for 18S rRNA reference gene determination in species included in the Vertebrata
subtype. Using the developed set, the 18S rRNA gene was detected during the study in DNA samples of
Mammals, Sauropsids, Amphibians, and Bony fishes; it showed 100% specificity. The set was also tested
in different multiplex gPCR and kept specificity and sensitivity in tetraplex assay.

Key words: Real-time PCR, 18S rRNA, reference gene, vertebrates, internal control gene.
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YHuBepcanApbl nparimepaep xaHe pAyopecU,eHTTi
30HA, 6apAbIK, oMbIpTKaAbiAapaa 18s pPHK reHiH aHbIKTaAbl

HakTbl-yakbITTarbl-[1TP Heri3iHAeri cbiHak, >yleAepi apKblAbl MakCaTTbl FEHAEPAI aHblKTay
>KaAFaH Tepic HaTMXKeAepAl GOAAbIpMay YLIIH ilWKi GakpiAay reHiH 6ip Me3riaAe aHbIKTayAbl TaAarn
eTeal. DHAOTEHAIK iWKi GakblAay FeHAEPIHIH (peepeHCTik reHAep) 3K30reHAIK ilki GakblrayAapra
(Ib) KaparaHAQ apTbIKWbIAbIFbI 6ap, BMTKEHI 0Aap aF3aHblH, >KacylwaAblK, Xxpomocomanbik, AHK Geairi
6OAbIN TabblAaAbl. PedhepeHcTik reHAepAiH Kemuliairi 6ap, enTkeHi oAap ap GUOAOTUSABIK TYP YLUiH
e3repeai, 6yA apbip xeke GUMOAOTMSABIK TYp YLIH NpanmepAep MeH (PAYOPeCUEeHTTI 30HATapAbIH
KOCbIMLLIA AaMYbIH TyAbIpaAbl, 6YA KOCbIMLIA YaKbIT MeH KapaXkaTTbl KaxeT eTeAi. COHFbl XbIAAAPbI
KernTereH 3epTreyAep GUMOAOTUSABIK, OObEKTIAEPAIH KeH ayKbIMbIHAQ — TyTac KAAccTa Hemece TinTi
Tipi MaTWaAbIKTA aHbIKTaMaAblK, F€HAI aHblKTayFa KabiAeTTi nparimepAepAiH/30HATapAbIH, embeban
>KMbIHTBIKTapbIH 83ipAeyre apHaAraH. [1parimepAepAiH/30HATAPAbIH MyHAA ambGeban >KMHaKTapbl
AMArHOCTMKAAbIK, MaKCaTTapAa KOAAAHbIAATbIH HaKTbl-yakbITTarbl-[MTP  HerisiHaeri cblHaKTapAbl
GipikTipyre okeAaeai. ByAa KyaT OMbIPTKAAbIAAP KOCAAKbl TypiHe KipeTiH Typaepaeri 185 pPHK
aHbIKTaMaAbIK, FeHiH aHbIKTayFa apHaAfaH OCbIHAAM >KMHAKTbl YCbIHAAbl. O3ipAEHreH >KMbIHTbIKTbI
namaasaHa otbipbin, 18S pPHK reHi 3epTrey 6apbiCbiHAQ CYTKOPEKTIAEPAIH, CaBPOMCUMATEPAIH,
KOCMeKEeHAIAepAiH, XXaHe cynekTi 6aabikTapAbiH AHK yAriaepiHae aHbikTaaAbl; oA 100% epekiieAiriH
KepceTTi. )KubIH COHbIMEH KaTap 8pTYPAI MYAbTUMNAEKCTI HakTbl-yakbITTarbl-I1TP-Ae CbiHaAFaH >KaHe
TETPANAEKCTIK TaAAQYAQ epPeKLLEAIK MeH Ce3iMTaAAbIK, CaKTaAAbl.

Tyiin cesaep: HakTbl-yakbiTtarbl-[MTP, 18S pPHK, pedepeHCTiK reH, OMbIPTKAAbIAAp, iLLKi
GaKblAay reHi.
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YHuBepcaAbHbie npaimepbl U (PAyOpeCcL,eHTHbINI
30HA, BbisiBASOT pechbepeHTHbIH reH 18S pPHK y Bcex no3BoHOYHbIX

AeTekums reHOB-MULLEHEN C MOMOLLIbIO TECT-CUCTeM Ha ocHoBe [LIP-B-PeaAbHOM-Bpemern TpebyeT
OAHOBPEMEHHOr0 0OHAPY KEHUS reHa BHYTPEHHEr0 KOHTPOAS!, UTOObI M36e5KaTh AOXKHOOTPULIATEAbHbIX
pe3yAbTaToB. ['eHbl 3HAOreHHOro BHYTPEHHErO KOHTPOAS (peddepeHCHble reHbl) MMEIOT NPENUMYLLECTBO
nepes 3K30rMe€HHbIM BHYTPEHHUM KOHTpoAeM (BK), MOCKOAbKY OHM SBASIOTCS 4acCTblO KAETOUHOM
xpomocomHon AHK opraHmnsma. OaHako pedepeHCHble reHbl MMEIOT M HEAOCTATOK, MOCKOAbKY OHM
PaA3AMYAIOTCS AAS KQKAOMO OGMOAOIMYECKOro BMAQ, UTO MPUBOAMT K AOMOAHUTEAbHON pa3spaboTke
npanMepoB 1 (HAYOPECLIEHTHbIX 30HAOB AASI KAXKAOTO OTAEABHOTO GMOAOTMYECKOro BUAQ, UTO Tpedyer
BPEMEHM M CPEeACTB. B nocaeaHne roabl 3HaUMTEABHOE KOAMYECTBO WMCCAEAOBAHWMIA MOCBSLLEHO
paspaboTke yHMBEPCAAbHbIX HABOPOB NMPAMEPOB/30HAOB, CMIOCOGHBLIX 0BHAPYXXMBATL pedepeHCHbIi
reH B LUMPOKOM Kpyre GMOAOrMUECKMX OObEKTOB — LIEAOr0 KAACCa UAM AQXKe >XMBOTO LIApPCTBa. Takue
YHUBEpCaAbHble HaboPbl NPaNMepoB/30HAOB BEAYT K yHU(UKALMKM TECTOB Ha ocHoBe [L|P-B-PeaabHOM-
BpemeHu, MCMOAb3yeMbIX B AMArHOCTMUECKMX LieAsiX. B aaHHOM paboTe npeacTaBaeH Takow Habop
AAS onpeaeAeHus pedpepeHcHoro reHa 18S pPHK y Buaos, Bxoasimx B noatvn Vertebrata. B xoae
NCCAEAOBAHMS C MOMOLLBIO paspaboTaHHoro Habopa B o6pasuax AHK maekonuTaloumx, 3aBporncma,
amcmbuii U KoCTHbIX pbib red 18S pPHK aetektupoBaacs co 100%-HOM crneumduyuHOCTbiO. DTOT
Habop OblA Tak>Ke UCCAEAOBAH B PA3AMUHbIX MYAbTUMAEKCHbIX peakumsx [1L|P-B-PeaabHom-Bpemenu
— CneumdUUHOCTb U YYBCTBUTEABHOCTb HABOP COXPAHSIA BMAOTb AO YBEAMUEHUS YMCAQ MULLIEHEN AO

YeTbIPEX B TecTe (TeTpanAekc).

KatoueBble caoBa: NLIP-B-PeanbHoM-Bpemenn, 18S pPHK, pedepeHcHbIN reH, Nno3BOHOYHbIE, FeH

BHYTPEHHErO KOHTPOAA4.

Introduction

Currently, the vast majority of rapid diagnostic
methods for determining viral and bacterial diseases
are based on real-time PCR (qPCR). Diagnostic test
systems that use real-time PCR for their functioning
work with pico- and femtomolar amounts of matrices
(both DNA and RNA), which often leads to false-
negative results [1], especially in flow diagnostics
laboratories.

False-negative results can occur in two cases: in
the absence of the actual nucleic acid (NA) in the
sample or because of the suppression (inhibition)
of the PCR reaction [2]. The first option is possible
both due to errors in the isolation of NA, and due
to the low quality of the initial sample — there may
be a temperature regime violation of the samples
upon delivery to the laboratory, or an initially small
amount of the original sample material. The second
option is most often caused by the presence of
inhibitors in the isolated NA, or by the failure of one
of the components of the test system (possibly due
to violations of its storage and use conditions).

In order to level up the listed reasons for the
occurrence of false-negative results, the ability to
detect an additional non-target gene is usually added
to the test-systems. An additional gene is either
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the Exogenous Internal Control (IC) gene, which
is added to all samples when NA is isolated [3],
or the Endogenous Internal Control gene (aka the
reference gene), which is contained in the sample by
default, since it is part of the genome of the studied
organism.

The detection of IC cuts off only the second
variant of the qPCR failure, since IC is artificially
added to the samples it does not give an answer
whether the samples actually contain the studied
NA. At the same time, the detection of the
reference gene allows not only stating the working
status of the test-system, but also shows the
presence of the desired NA in the sample. Despite
such an advantage of the reference gene over the
IC, it is IC that is used in most commercial test-
systems, since IC is added to the sample during the
experiment and works equally well for samples of
any type and from any kind of organisms, including
environmental samples [4].

The reference genes of eukaryotic organisms
most frequently mentioned in the scientific literature
are the following: 18S rRNA, 28S rRNA, TUBA
(a-tubulin),4 CTB(B-actin),f2M (B2-microglobulin),
ALB (albumin), RPL32 (ribosomal protein L32 ),
TBP (TATA-binding protein), CYCC (cyclophyllin
C), EFIA (elongation factor 1la), GAPDH
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(glyceraldehyde-3-phosphate dehydrogenase),
HPRT (hypoxanthine phosphoribosyl transferase),
RPII (RNA polymerase II) [5]. In each individual
case of the target gene determination, its own
reference gene is selected with a species-dependent
sequence.

There are a number of commercial products
designed to identify reference genes in various types
of organisms. Thus, “Quiagen” produces a number
of products under the general name “QuantiTect
Primer Assay (200)”, designed to determine the
endogenous reference gene in the sample — these
products are produced separately for each species.
At the same time, “Eurogentec” produces the
product “18S rRNA Control kit FAM-TAMRA”,
which is designed for real-time PCR detection of the
human, rat, mouse, and rabbit 18S rRNA gene. In
addition to this kit, “Eurogentec” produces a number
of control kits that determine other reference genes,
but in a smaller number of host species — “23S
rRNA Control kit” (E. coli), “28S rRNA Control
kit” (human and mouse) and ten more kits for human
specimens only.

In research community is increasing the number
of attempts to create universal sets for determining
reference genes. In particular, a primer set was
created for SYBR-based qPCR to determine the
avian homologue of the hydroxymethylbilane
synthase (HMBS) gene, which showed universality
for a wide range of different birds’ species [6]. There
are also data on the development of a set of primers
and a fluorescent probe to determine the gene for
core subunit 5 of mitochondrial NADH:ubiquinone
oxidoreductase (MT7-NDJ5) for all species of the
Canine family [7]. The most universal set of primers
and probe, which determines the 28S rRNA gene in
all eukaryotic organisms, was successfully tested
on 43 animal species belonging to insects, fish,
mammals, and plants [8].

The reference gene for a universal set must
meet certain requirements — it must not only be
present in all organisms belonging to the target
group, but also be present in their genomes
in several copies. Such a multicopy cluster
organization is characteristic of ribosomal RNA
(rRNA) genes in absolutely all living cells [9].
One 45S rDNA cluster can contain several dozen
copies of the 18S and 28S rRNA genes; Thus,
the average number of copies of an individual
ribosomal gene in homothermal animals is about
200 [10], while the average human genome
contains from 200 to 600 copies [11].

A number of patents is known regarding the 18S
rRNA gene as a reference gene. In particular, the

patent [12] specifies a number of reference genes
for Chinese spruce, including the 18S rRNA gene.
In the patent [13], the 18S rRNA gene is included
in the combination of reference genes (along with
28S, GAPDH, HSP90, HSP70, RP49) to determine
the stable expression of a number of proteins in the
Asian ladybug. In the patent [14], the expression of
the 18S rRNA gene (along with the IP-10 and CD3¢
genes) is considered as a target for the detection
of rejection states in renal transplantation. In the
patent [15], the 18S rRNA gene is proposed as an
endogenous internal control gene, which expression
level is stable before and after hypoxic stimulation
of ovarian cancer cells. But at the moment there is
not a single study devoted to the development of a
universal set of primers and a fluorescent probe for
the detection of 18S rRNA.

The aim of the proposed work is to design
primers and a TagMan fluorescent probe that
are universal for 18S rRNA gene sequence of all
organisms belonging to the Vertebrata subtype,
which will make it possible to use this universal set
of primers / probe as an endogenous internal control
for a wide range of diagnostic and research test-
systems.

Materials and methods

Bacteria cultivation. B. cereus and B. subtilis
strains were obtained as vegetative cells of
cultivation controls “CultiControl” (“Liofilchem”,
Italy). E. coli (DH-5a)) and 4. tumefaciense (EHA-
101) strains were present in the laboratory. All
bacteria were plated on sterile LB agar medium
without antibiotics in a biosafety cabinet (class II).
Plates were cultured at 37°C for 16 hours.

Isolation of total bacterial DNA. Isolation
of DNA samples was carried out by the standard
method of phenol-chloroform extraction according
to [16]. The determination of the nucleic acids
amount was carried out by measuring ultraviolet
absorption on a ‘“NanoDrope 2000” (“Thermo”) at
a wavelength of 260 nm.

Samples for eukaryotic DNA isolation. Total
DNA of eukaryotic organisms was isolated from
blood samples of the following animal species: cow
(Bos taurus), sheep (Ovis aries), goat (Capra hircus),
chicken (Gallus gallus), duck (4nas platyrhynchos),
camel (Camelus dromedarius), pig (Sus scrofa).
DNA samples of the muscle tissue were isolated
for: edible frog (Pelophylax esculentus), salmon
(Salmo salar), pollock (Theragra chalcogramma).
Animal blood samples were obtained in the
framework of cooperation from the Almaty branch of
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the “National Center for Biotechnology” (“NCB”).
Muscle tissue samples were taken from commercial
food samples purchased from supermarkets.

Total eukaryotic DNA isolation. DNA
samples were isolated using the “M-sorb-
OOM” (“Synthol”) isolation kit according to the
manufacturer’s instructions. Muscle tissue samples
were homogenized after freezing in liquid nitrogen
by grinding in a mortar.

Primers and TaqMan fluorescent probe.
The primers and the probe were synthesized
in the organic synthesis laboratory of “NCB”.
The primers and probe for 18S rRNA gene
detection had the following  sequence:
CCGGACACGGACAGGATTG (forward primer),
CGCTCCACCAACTAAGAACG (reverse primer),
ROX-ACGGCCATGCACCACCACC-BHQ2
(TagMan probe).

Real-time PCR (qPCR). qPCR was carried
out on “QuantStudio 5” and “QuantStudio 6
Pro” instruments (“Applied Bioscienses”) in the
following mode: 1) 95°C 7 min, 1 cycle; 2) 95°C
10 sec, 59°C 30 sec (data acquisition), 72°C 10
sec — 40 cycles. For real-time PCR, HotStart-
Taq polymerase (“SibEnzyme”) was used with a
standard HS-Taq buffer (“SibEnzyme”) additionally
containing 0.15 mg BSA (“Thermo”), 0.5 mM dNTP
(“SibEnzyme”), 2 mM MgCl, (“SibEnzyme”).
Primers and TagMan probe were added at 250 nM
and 180 nM, respectively. From 10 pg to 10 ng of
total DNA was used as a template in the reaction.

Results and discussion

Computer analysis of the 18S rRNA gene
sequence

BLAST analysis of the reference 18S rRNA
gene was carried out for the presence of minimal
polymorphism among vertebrates (Vertebrata). For
each of the classes of modern chordates, a separate
BLAST analysis of a selected region of the 18S
rRNA gene was performed (the original sequence
belonged to the human 18S rRNA gene). The
generalized results of the analysis of the selected
region of the 18S rRNA gene in six classes of
modern vertebrates are shown in Figure 1.

As can be seen from the results of the BLAST
analysis, the selected sequence of 18S rRNA gene
showsthe greatestpolymorphisminthe Cyclostomata
class, however, the primers were selected in such a
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way that there was only one nucleotide substitution
in the forward and reverse primer sequences (along
with a non-homologous insertion in some species).
The region of the 18S rRNA gene complementary to
the fluorescent probe for all classes of vertebrates was
the most conservative: there were no polymorphic
variants in it. Also, polymorphisms were absent in
the sequence complementary to the reverse primer
(with the exception of Cyclostomata class). As
for the forward primer, its sequence had a single
nucleotide substitution (SNP — single-nucleotide
polymorphism) in most representatives of the
classes of cartilaginous and bony fish, amphibians,
and reptiles.

Thus, we determined the region of the 18S
rRNA gene sequence with the minimum possible
polymorphic variants: SNPs for the mammals
and birds (as part of the class Sauropsida [17])
were absent; for the cartilaginous and bony fishes,
amphibians and reptiles, one SNP was present in
the forward primer; for the cyclostomes, one SNP
was presented in the forward and reverse primers.
BLAST analysis of the sequences of the selected
primers and samples among prokaryotic organisms
(separately for each class) showed a complete
absence of homologous sequences.

All primer sequences were selected (“Vector
NTI Suite 11.0”) so that the average annealing
temperature (Therm.Tm) was from 59°C to 60°C,
and for the TagMan probe it was 61°C. In the
“RNAstructure 5.0” program, an analysis of forming
duplexes both between primers and between the
probe and primers (singly) was made; the results of
the analysis are shown in Figure 2. The maximum
allowable duplex size was limited to 5 bp, with free
energy not higher than -7 kJ.

Specificity and sensitivity determination

To analyze the specificity of the selected primers
and probe, we used DNA samples isolated both
from vertebrate animals (cow, sheep, goat, chicken,
duck, camel, pig, edible frog, salmon, pollock) and
from prokaryotic organisms (E. coli, B. cereus,
B. subtilis, A. tumefaciense). Graphical results of
real-time PCR of all DNA samples from vertebrates
(in one repetition) are shown in Figure 3.

Graphical data of real-time PCR for all replicates
of prokaryotic DNA samples are presented in Figure
4. Generalized data (the number of repeats n= 10) for
the specificity study of the set for the determination
of 18S rRNA are presented in Table 1.
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Note: several of the most characteristic representatives are shown for each class. In the upper part
of the figure, on the target sequence of 18S rRNA are shown: forward primer (primer
F), reverse primer (primer R), and fluorescent probe (probe).

Figure 1 — Results of BLAST analysis of the 18S rRNA gene region for some vertebrate species
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Note: forward primer and probe (A), forward and reverse primers (B),
reverse primer and probe (C).

Figure 2 — Double-stranded interactions between oligonucleotides designed
for 18S rRNA gene detection
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Note: Numbers indicate DNA samples of the following ani-
mals: 1 — cow, 2 — sheep, 3 — goat, 4 — chicken, 5 — duck,
6 — camel, 7 — pig, 8 — pollock, 9 — edible frog, 10 — salmon.

Figure 3 — qPCR results for the reference 18S rRNA gene
on DNA samples from a number of vertebrates.
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Figure 4 — RT-PCR results for the reference 18S rRNA gene
on DNA samples from prokaryotes organisms

Table 1 — The results of qPCR specificity study for the primer
and probe set

Species Ct value, cycle number
cow 20.52 £2.28
sheep 26.72 +4.46
goat 22.15+3.10
chicken 28.40 £2.95
duck 28.65 +3.01
camel 30.97 +1.33
pig 24.65+1.25
pollock 24.08 +1.04
edible frog 25.89 +3.66
salmon 26.08 +£2.64
E. coli —_—
B. cereus _—
B. subtilis —_
A. tumefaciense _—
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Thus, the specificity of the primers and
probe set for the 18S rRNA gene detection in a
number of vertebrates turned out to be absolute
(the desired sequence was detected in 100% of
the studied samples). Moreover, there were no
problems with the determination of the 18S rRNA
gene for the species from the classes of Bony fish
(salmon, pollock) and Amphibians (edible frog),
despite the fact that their sequence of the 18S
rRNA gene complementary to the forward primer
contains SNP (Figure 1). At the same time, in
chromosomal DNA samples of both gram-positive
(B. cereus, B. subtilis) and gram-negative (E. coli,
A. tumefaciense) bacteria, the 18S rRNA gene was
not detected in 100% of cases either.

To calculate the efficiency of the qPCR
reaction and the sensitivity of the developed set of
primers / probe, a series of dilutions of domestic pig
genomic DNA (Sus scrofa) was used, a graphical
representation of the results in the form of Ct is
shown in Figure 5.

hmpasla e Fid

Figure 5 — qPCR results for the 18S rRNA reference gene on a
series of dilutions of domestic pig DNA samples

According to [18, 19], the size of the domestic
pig genome is about 2.7 Gbp, which made it possible
to convert the dilutions of DNA samples into the
number of whole genome copies and construct a
standard curve shown in Figure 6.

Data analysis was performed in the Q-Gene
program according to [20]. The sensitivity of the
developed set of primers / probe determined by
us was 10 fg of total pig chromosomal DNA. In
terms of the genomes number [18], the sensitivity
limit was 1.64 genomes. Thus, we have shown
that the linear dynamic range (LDR), at which the
approximation coefficient R* was equal to 0.99,
had a length from 1.64 to 1642.5 genome copies
per reaction [21]. The efficiency of the qPCR
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reaction ranged from 87% to 113% (slope = -3.68)
according to [22]. The exact number of copies of
the 18S rRNA gene in the pig genome has not yet
been established [23]; the number of 45S clusters

is known to be from 4 to 6 [24, 25], which, by
analogy with the human genome, which has 10
clusters, limits the number of copies of the pig 18S
rRNA gene within 300 per genome.
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Figure 6 — qPCR data of the series of dilutions of domestic pig chromosomal DNA samples. Q-Gene program.

In order to determine the possibility of using
primers and a probe for the 18S gene in a multiplex
reaction, we carried out qPCR in parallel with the
detection of several porcine genes most often used as
reference: f-actin (TagMan probe labeled with FAM),
23S ribosomal protein (TagMan probe labeled with
JOE), GAPDH (TagMan probe labeled with Cy5).

The obtained results are presented in Table 2, where
the first row shows the average threshold cycles for
the singleplex reaction, from second to fourth rows
show different variations of the duplexes, and the fifth
row shows the tetraplex. There were no significant
differences between the results for the 18S rRNA
gene in different variations of qPCR.

Table 2 — Comparative analysis of qPCR performed in singleplex and multiplexes

. Average values of threshold cycles (n = 5) from fluorescence detection channel
qPCR variants -
ROX (18S) FAM (B-actin) JOE (RPS23S) Cy5 (GAPDH)
1 22.13+£0.89 - - -
2 22.20+£0.91 (0.90) 35.04 +£0.60 - -
3 22.14+1.05 (0.99) - 36.46 +0.58 -
4 22.00 £ 1.10 (0.83) - - 36.99 +0.53
5 21.45+1.35(0.32) 34.25+0.30 37.16 £0.33 36.96 + 0.44

Note: In brackets is the actual t-test calculated in Microsoft Excel as a two-sample t-test with unequal variances and two-tailed
distribution; the number of measurement repetitions was 10 or more (each of the multiplexes was compared with a singleplex).
The significance level, indicating that the difference between the samples is significant, was taken as p < 0.05.
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Since the use of multiplex real-time PCR
may be associated with the selection of optimal
conditions for the operation of all components of
the multiplex, we studied the working range of 18S
primers / probe depending on the concentration
of Mg?* (Figure 7). Previously, we established
the optimal concentration of Mg?* equal to 2
mM. The study was conducted on DNA samples

from domestic chicken; the minimum established
working concentration of Mg?* was 1.2 mM, the
maximum was 3 mM. At a concentration of Mg*
below 1.2 mM, the qPCR reaction did not occur;
at a concentration above 3 mM, the specificity of
the reaction decreased. Thus, to select the reaction
conditions in the multiplex, it is possible to vary
the concentration of Mg?* within 1.8 mM.

Amplification Plot

® Afg 1.2 mM ® g 1.5 mM

& Mg 1.7 mM

¥ Mg 18 mM & Mg 1.9 mM

Figure 7 — qPCR results with varying Mg?* concentrations on samples of chicken DNA.

Conclusion

The set of fluorescent probe, forward and
reverse primers that we constructed showed 100%
specificity for the eukaryotic 18S rRNA gene. DNA
samples of cow, sheep, goat, chicken, duck, camel,
pig, pollock, edible frog and salmon were examined
— the reference gene was detected in all samples. At
the same time, the 18S rRNA gene was not detected
in the DNA samples of prokaryotic organisms,
both gram-negative (E. coli, A. tumefaciense) and
gram-positive (B. cereus, B. subtilis) bacteria. The
versatility of the developed set for the detection
of 18S rRNA in vertebrates from the classes of
mammals, sauropsids (including birds), amphibians,
and bony fishes was confirmed by the conducted
qPCRs. The detection limit of the set, measured on
the genome of the domestic pig, was 1.6 genomes
(about 450 copies). The developed set can be used
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in multiplex qPCR without reducing sensitivity to
the reference 18S rRNA gene, the number of target
genes could be increased up to four. We also showed
the possibility for varying the reaction conditions of
the qPCR by the concentration of Mg*" within 1.8
mM (from 1.2 mM to 3.0 mM) without reducing the
specificity of the set.
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CRYOPRESERVATION OF REPRODUCTIVE CELLS
OF MALE RUSSIAN STURGEON

Currently, cryopreservation of sperm is recognized as one of the promising ways to preserve the
genetic diversity of fish, not only rare and endangered species, but also aquaculture objects. Scientific
research was carried out in the scientific research center “Fisheries” of the S. Seifullin Kazakh Agro Tech-
nical University and the JSC “Republican Center for livestock breeding “Asyl Tulik” in 2022. The purpose
of the research was to study methods of cryopreservation of Russian sturgeon sperm using cryoprotectors
using dimethyl sulfide oxide with a concentration of 5% and 10% and methanol with a concentration
of 3% and 8%. In the course of the research, generally accepted methods for assessing and freezing
the sperm of the studied object were used. During the experimental work, the method of freezing the
reproductive cells of the Russian sturgeon with a 15-minute exposure to -21°C in a box with subsequent
immersion in a Dewar vessel was studied. The survival and lifetime of spermatozoa after defrosting were
also studied. According to the results of the assessment of the quality of defrosted sperm of the Russian
sturgeon, it was found that the most effective cryoprotective medium for cryopreservation is based on
methanol with a concentration of 8%. The number of spermatozoa with translational movements in the
three groups ranged from 23.8% to 31.2%. At the same time, the lifetime of spermatozoa in this cryopro-
tective medium was 118s. Methanol with a concentration of 8% provides the best resistance to oxida-
tive stress experienced by cells during freezing. The results of the research make it possible to create a
cryobank of the Russian sturgeon gene pool at fish hatcheries to preserve genetic diversity.

Key words: cryopreservation, cryoprotector, reproductive cells, sperm, Russian sturgeon.
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Opblic Gekipeci aTaAbIKTapbIHbIH, PENPOAYKTUBTI
)KaCyLUAAApPbIHbIH, KPMOKOHCEPBALUSIChbI

Kasipri yakbITTa cMpek KE3AECETIH >KOHE >KOMbIAbIN Gapa >KaTkaH TYPAEPAIH FaHa eMec, COHbIMeH
Karap akBaKyAbTypa OObEKTIAepiHiH Ae OaAbIKTApAbIH, T€HETMKAAbIK, SPTYPAIAIriH CakTayAblH,
MepcrekTMBTI  XKOAAAPbIHbIH,  6ipi  WByeTTi KpMOKOHCepBaumMsiaay OOAbIM  TabbiAaAbl.  FblAbIMM
3eptTeyaep 2022 xbiabl «C. CetdpyAAMH aTbiHAaFbl Ka3ak arpoTexHMKaAbIK, YHUBEPCUTETIHIH» «baAbIk,
LIapYyaLlbIAbIFbl»  FbIAbIMUM-3epTTey OpTaAbifbiHAa KeAK >kaHe «ACbIA TYAiK» pecrnyOAMKaAbIK MaA
LLIAPYaLLbIAbIFbIH aCbIAAQHABIPY OpTaAblFbl» AK >Kyprisiaai. FbiAbIMK 3epTTeyAepaiH MakcaTtbl 5% neH
10% KOHUEHTpauMsIChl 6ap AUMETUACYAbPUAOKCUA, KBHE 3% rneH 8% KOHLEHTpaumMscbl 6ap METaHOA
Heri3iHAEri KpMonpPoTEKTOPAAPAbI KOAAQHA OTbIPbIN, OPbIC GeKipeCiHiH, WayeTiH KPMOKOHCEpBaUMsIAay
aAicTepiH 3epTTey 60AbIN TabblAAbL. 3epTTey GapbiCbiHAQ 3ePTTEAETIH OObEKTIHIH WayeTiH Gararay
>K8HE My3AaTy GOWbIHLLA >KaAMbl KAObIAAAHFAH BAICTEP KOAAAHBIAAbL. IKCMEPUMEHTTIK XKYMbICTApPADI
XKYPrisy kesiHae opbiC 6GeKipeciHiH pernpoAyKTMBTI »acylwaAapbiH 15 MuHyT -21°C aeitiH ycran,
KeriHHEeH Abloap blAbICbIHA OGaTbIpbin KaTblpy 8Aici 3epTreasi. CoHaan-ak, AedpocTaumsiaaH Keui
CNepMaTo30MATAPAbIH OMIp CYpPY AEHreii MeH emip cypy YakbiTbl 3epTreAai. Opbic 6ekipeciHiH,
AedPOCTUPAEHTEH LLIBYETIHIH canacbiH 6araAay HaTHXeAepi GoMbIHLWA KPMOKOHCepBaumsiAay yiH 8%
KOHLEHTPALMSICbl 6ap METaHOA Heri3iHAEri KpMokopFay opTachl HEFYPAbIM TMIMAI GOAbIM TabbIAATbIHbI
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aHbIKTaAAbI. Yul Tomn GoWbIHLLA iArepiAeMeAl KO3FaAbICbl 6ap CriepMaTo30MATapPAbIH CaHbl 23,8 %-AaH
31,2%-Fa periiH aybiTKblAbl. COHbIMEH KaTap, OCbl KPMOMPOTEKTOPAbIK OPTaHbl KOAAQHA OTbIPbIM,
CrepmMaTo30MATapAbIH 6Mip Cypy YakpbiTbl 118 ¢ Kypaabl, 8% KOHLEHTpauMscbl 6ap METaHOA My3AaTy
Ke3siHAe >Kacywaaap 6acTaH KewipeTiH TOTbiFy CTPECCiHE >KaKCbl KAPCbIAbIKTbI KaMTamacbl3 eTeAi.
3epTTey HOTMXKEAEPI FreHEeTUKAAbIK, BPTYPAIAIKTI cakTay yiuiH 6aAbIK, 3aybITTapblHAQ OPbIC GeKipeciHiH
reHAIK KOPbIHbIH, KPMOOAHKIH KypyFa MYMKIHAIK 6Gepeai.

TyiiH ce3aep: KPMOKOHCEpBaUMs, KPUOMPOTEKTOP, PEMPOAYKTMBTI >KacyllaAap, LWSYET, OpbIC
6exipeci.
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KpuokoHcepBauus penpoAyKTUBHbBIX KAGTOK
CaMLLOB PyCCKOro oceTpa

B HacToslliee BpemMsi OAHUM 13 MEPCMNEKTUBHBIX MyTei COXPaHeHWsl FreHeTMUYeCKoro pasHoobpasus
pbl6 He TOAbKO PEeAKMX W MCYe3alolMX BMAOB, HO M OObEKTOB aKBaKYAbTYpbl MpM3HaHA
KPMOKOHCEpBaLMs crepmbl. HayuHble MCCAEAOBaHWS NMPOBOAMAMCH B HAYyYHO-MCCAEAOBATEAbCKOM
ueHTpe «PbibHoe xo3arcTtBo» HAO «Kazaxckui arpotexHuyeckmin yHusepeutet um. C. CeitdpyAanHas u
B AO «PecnyB6AMKAHCKUIA LLEHTP MO MAEMEHHOMY AEAY B KMBOTHOBOACTBE «ACbIA TYAiK» B 2022 roay.
LleAblo HayuHbIX MCCAEAOBaHWI SBASAOCb M3YYUTb METOAblI KPWMOKOHCEpPBALMM CMEPMbl PYCCKOro
oceTpa C MCMOAb30BaHMEM KPUOMPOTEKTOPOB HA OCHOBE AMMETUACYAb(MAOKCMAA C KOHLEHTpaLMen
5% 1 10% M MeTaHoAa C KOHuUeHTpaumern 3% u 8%. B xoae mccaeaoBaHMil GbIAM MCMOAb30OBaHbI
06LIENPUHSTbIE METOAMKM MO OLIEHKE U 3aMOPO3KE CriepMbl UCCAEAYEMOro obbekTa. [Mpu npoBeaeHmm
3KCMEePUMEHTAAbHbIX PAaBOT M3yueH METOA 3aMOPAXKMBAHUS PENPOAYKTUBHBIX KAETOK PYCCKOro 0CeTpa
C 15-MMHYTHOI BblAEp>KKOM B silmke A0 -21°C C MOCAeAYIOLWMM MOFPYy>KEHUMEM B COCyA Abtoapa.
Tak>ke OblAM U3yUeHbl BbIKMBAEMOCTb U BPEMS XKM3HWM CMEpMaTo30MAOB nocAe AedpocTtaumn. o
pesyAbTaTamM OLEHKM KayecTBa Ae(POCTUPOBAHHOM CMEpMbl PYCCKOro oceTpa ObIAO YCTAHOBAEHO,
yto Hamboaee 3hPEKTUBHBIM AAS KPMOKOHCEPBALMM SIBASETCS KPMO3aWIMTHAS CPeAa Ha OCHOBe
MeTaHOAa C KoHLUeHTpaumen 8%. KoAnyecTtBo cnepmMaTo30MAOB C MOCTYNATEAbBHbIMW ABVMXKEHUSAMM MO
Tpem rpynnam koaebarocb B npeaerax oT 23,8% a0 31,2%. [Mpu 3TOM Bpemst XM3HWU CIEPMUEB C
MCMOAb30BaHMEM AQHHOM KPMO3ALUMTHOM CpeAbl cOCTaBnAO 118 c. MeTaHOA C KoHueHTpauuein 8%
obecrneyrBaeT HaMAYULIYIO YCTOMYMBOCTb K OKCMAQTMBHOMY CTPECCY, MCTIbITLIBAEMOMY KAETKaMM BO
Bpemsl 3aMOpO3KM. Pe3yAbTaTbl MCCAEAOBAHMI AQIOT BO3MOXHOCTb CO3AaTbh KPMOBGAHK reHooHAQ

PYCCKOro ocetpa Ha pbl6OBOAHbIX 3aBOAAX AASl COXPAHEHUS FTEHETUUYECKOro pasHoo6pasus.
KAroueBble cAOBa: KPMOKOHCEPBALLMS, KPUOMPOTEKTOP, PENPOAYKTUBHBIE KAETKM, Criepma, PyCCKUi

oceTp.

Introduction

The Caspian Sea is the richest reservoir in
the world in terms of the abundance and number
of sturgeon species. Of the 26 known species of
sturgeon, 6 live here — beluga (Huso huso), Rus-
sian sturgeon (Acipenser giildenstddtii), Persian
sturgeon (Acipenser persicus), stellate sturgeon
(Acipenser stellatus), sterlet sturgeon (Acipenser
ruthenus), barbel sturgeon (Acipenser nudiven-
tris). The Russian sturgeon, stellate sturgeon and
beluga are of the greatest commercial importance.
Throughout the history of the Caspian fishery, stur-
geon catches have varied significantly depending on
the reproduction and intensity of fishing. The cur-
rent catastrophic decline in the number of sturgeon
in the Caspian Sea, due to irrational fishing, reduc-

tion of migration routes and natural reproduction,
determines the need to take effective measures to
preserve them. These measures should take into ac-
count the species-specific adaptation complexes and
migration mechanisms of sturgeon. The discovery
of the patterns of the formation of sturgeon popula-
tions living in the Caspian Sea is crucial not only
for the preservation of natural reproduction, but also
for the improvement of the biotechnics of industrial
sturgeon breeding[1-5].

Currently, the increasing anthropogenic impact
on aquatic ecosystems not only affects the physio-
logical state of aquatic organisms, but also leads to a
decrease in the number of species. This is especially
noticeable on such species as sturgeon, whitefish
(endemic to the Caspian Sea), walleye, etc. If ear-
lier Russian sturgeon, stellate sturgeon and beluga,
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as well as barbel stugeon in the Caspian and Azov
basins had commercial significance, nowadays their
capture is prohibited. Beluga and stellate sturgeon in
these reservoirs have become so rare that they have
become endangered species, and the populations of
Russian sturgeon have sharply decreased. At pres-
ent, the barbel sturgeon and the native species of
the Caspian Sea, the inconnu, can be attributed to
rare species, the number of which has decreased to a
critically low level [6-8].

Preservation and increase of stocks of rare and
endangered species of fish is possible only with
the development of factory breeding. However,
the efficiency of population recruitment based on
artificial reproduction is reduced due to a sharp de-
crease in the number of producers [9]. There is a
need to develop various approaches to the use and
preservation of the population gene pool of natural
generation producers for the purposes of artificial
reproduction. Cryobiotechnology methods for hy-
drobionts have been actively used for the last 10-15
years and the effectiveness of their implementation
with a reduction in the number of natural popula-
tions and a shortage of producers can be quite high
[10-11].

Cryopreservation remains one of the most ef-
fective and rapidly developing areas for preserving
the genetic diversity of fish, not only rare and en-
dangered species, but also aquaculture objects. The
presence of genetically representative collections of
fish genomes from breeding herds at sturgeon hatch-
eries and from natural populations in the cryobank
makes it possible to preserve the genetic diversity
of these valuable commercial objects with maxi-
mum effect [12-13]. Cryopreservation of biological
objects involves a certain composition of the pre-
serving solution as well as freezing and defrosting
conditions. In the experiments of foreign scientists
on the cryopreservation of fish sperm, the preserv-
ing solution is a cryoprotective medium, which is a
solution of a cryoprotector in a diluent. Cryoprotec-
tors are understood to be cryoprotectors penetrating
through the cell membrane, such as glycerin, eth-
ylene glycol, dimethyl sulfoxide (DMSO), metha-
nol, dimethylacetamide, etc., while non-penetrating
cryoprotectors (most often sucrose) are part of the
diluent [14-22].

The aim of the research is to study methods of
cryopreservation of Russian sturgeon sperm using a
cryoprotective medium based on DMSO and metha-
nol with different concentrations.
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Materials and methods of research

The research was conducted in 2021-2022 at
the scientific research center “Fisheries” of the
Department of Hunting and Fisheries, S.Seifullin
Kazakh Agro Technical University. The research
material was the sperm of a Russian sturgeon
(Acipensergiildenstddtii), harvested at the Ural-
Atyrau sturgeon hatchery during the spawning
campaign. Also, the biomaterial after freezing
was studied for quality in the laboratory of JSC
“Republican Center for livestock breeding “Asyl
Tulik™”.

When studying the quality of sperm, a visual
assessment was carried out by color and consistency
directly during roe straining. The quality of sperm
was determined by the number of sperm with
translational movement and the lifetime of sperm
after its activation. A drop of sperm was applied to
the microscopic slide, then diluted with water in a
ratio of 1:300, thereby activating sperm cells. For
cryopreservation, sperm with a mobility of 90-100%
was used.

Low-temperature preservation of reproductive
cells of male Russian sturgeon was carried out
according to the generally accepted method [13].
However, in the cryoprotective solution, the content
of cryoprotectors and the introduction of the base
solution were adjusted due to the fact that the Russian
sturgeon was chosen as the object of the study.
During the freezing process, several cryosolutions
containing a multicomponent base solution of 0.1%
sucrose, 0.08% potassium chloride, 5-10% dimethyl
sulfoxide (DMSO) or 3-8% methanol were used.
The cryosolution was prepared in a cool room
16-18°C. The seminal fluid was mixed with a 1:1
cryomedium, and then frozen.

Defrosting of cryovials with cryopreserved
sperm was carried out in a water bath at a temperature
of 38-40°C for 1 minute. The mobility of defrosted
sperm was recorded on a personal computer
monitor using a video setup under a microscope at
magnification from 180 to 400 times when activated
with distilled water.

The following materials were used for the
experimental work: a Dewar vessel for storing
biological material in nitrogen, a trinocular
microscope with a camera and CEROS software of
CASA computer technology (IMV-technologies,
France) for assessing the quality of defrosted fish
sperm, a microscope at x40 magnification for
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assessing the quality of native sperm, cryovials,
a water bath, a stopwatch, a micropipette. During
freezing, Eppendorf cryovials with a volume of
0.2ml and 0.9ml and polypropylene straws with a
volume of 0.25ml were used.

Statistical processing was carried out according
to the guidance of G.F. Lakin [23] and on a PC using
the Excel program [24].

Research results and their discussions

To conduct research after assessing the quality of
freshly obtained sperm, groups of fish were formed,
which included 2-3 males. Before freezing, semen
cooled to 10-12°C was diluted with a cryoprotective
medium cooled to the same temperature in a volume
ratio of 1:1. The medium was added slowly, drop
by drop, with continuous stirring. The resulting
suspension of sperm — cryoprotective medium was
poured into cryovials with a volume of 0.2-0.9 ml
for 5-10 minutes. The cryovials were placed on
a raft of foam with a size of 14.5 x 14.3 cm with

Table 1 — Results of cryopreservation of Russian sturgeon sperm

a thickness of 4 cm. Next, the raft was immersed
in a foam box measuring 33.5 x 21cm, 26cm high
from the outside and 20cm inside filled with liquid
nitrogen. The raft with cryovials was kept for 15
minutes until the temperature dropped to -21 ° C,
then all cryovials were transferred to a Dewar vessel
for long-term storage at a temperature of -196°C .

The speed and methods of freezing are of
great importance, using a programmable freezer
for cryopreservation of Persian sturgeon sperm
(Acipenserpersicus) in the cryoprotective medium
MT (modified Flower diluent) + 10% methanol,
the authors achieved the best results at a maximum
freezing rate of — 40°C/min [25]. We used the field
method of freezing on a raft proposed by Russian
scientists.

Sperm defrosting was carried out by removing
test tubes with frozen sperm from liquid nitrogen
and placing them in a water bath with a temperature
of 38-40°C, then activated with distilled water. The
number of motile spermatozoa and the lifetime were
determined in defrosted samples (Table 1).

Sperm volume Mobility of defrosted sperm, %
Group of fish ) >
m DMSO 10% DMSO 5% Methanol 3% Methanol 8%
1 (semen mixture of 3 males) 20 ml 10,2+0,3 24,340,24 22,1+0,18 31,2+0,12
2 (semen mixture of 2 males) 14 ml 7,4+0,11 14,3+0,21 12,6+0,16 23,8+0,17
3 (a mixture of sperm from 3 males) 17 ml 8,6+0,14 18,6+0,2 19,3+0,13 27,2+0,26

E
L=

a

Lifetirve of spermatozos, 3

DMSO 10%:

5
i l | |

DAISO 5%

Aethanol 3% Methanol 8%

Basiz of the orvo. enviyosment

Figure 1 — The time of activity of Russian sturgeon sperm, s
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Special attention during the main research was
paid to optimizing the qualitative and quantitative
composition of the protective medium as the
most important factor in ensuring the protection
of spermatozoa from the damaging effects of
low temperatures. The authors, based on their
results, found that methanol is the most suitable
cryoprotector for sperm of sturgeon fish (sterlet),
providing the best resistance to oxidative stress [26].

In the experiments on cryopreservation of
Russian sturgeon sperm, 4 types of cryoprotective
medium were used: DMSO with a concentration
of 5%, 10%, methanol with a concentration of 3%,
8%. The motility of sperms after defrosting was
studied. High results were obtained when using
DMSO with a concentration of 5% and methanol
with a concentration of 8%, where sperm motility
was in the range of 14.3-24.3% and 23.8-31.2%,
respectively. In this regard, when comparing the use
of DMSO, a high effect was obtained when using
DMSO with a concentration of 5%, and when using
methanol with a concentration of 8%.

According to the average values of the
cryoprotective medium, graphs of the lifetime
of sperms after defrosting were constructed.
Figure 1 shows that different compositions of
the cryoprotective medium act on spermatozoa
in different ways. The greatest activity of sperm
was shown under the action of methanol at a
concentration of 8% and amounted to 118s. When
conducting experiments using DMSO, the highest
result was obtained when used at a concentration of
5%, which is 12% higher than using DMSO with a
concentration of 10%. When using a cryomedium
based on methanol with a concentration of 8%,
the result was 22% higher than methanol with a
concentration of 3%. According to the conducted
experiments, the optimal cryoprotective medium is
methanol 8%.

Conclusion

In the conducted studies, a field method of
freezing the sperm of Russian sturgeon was used
with 15 minutes in a box on rafts up to -21°C with
subsequent immersion in a Dewar vessel. This raft
method showed a good result, where the survival
rate of motile spermatozoa ranged from 7.4 to
31.2%.

When assessing the quality of the defrosted
sperm of the Russian sturgeon, it was found that
the cryoprotective medium based on methanol
with a concentration of 8% is the most effective
for cryopreservation. The number of sperm with
translational movements in the three groups ranged
from 23.8% to 31.2%. At the same time, the lifetime
of spermatozoa in this cryoprotective medium was
118s.
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CTPYKTYPA MNMOMYASIUUN MOPCKOTIO CYAAKA
(SANDER MARINUS CUVIER, 1828)
B MAHITMCTAYCKOM MNOBEPEXbBE CPEAHEIO KACIINA

XulLHble pbiObl B BOAHBIX 3KOCUCTEMAaX PEryAMPYIOT YMCAEHHOCTb APYTMX BUAOB, UYTO OCAAOAsIET
Hanpsi>KEHHOCTb KOHKYPEHTHbIX OTHOLWEHUI M cTabuamsmpyeT coobuiectBo. Cyaak OTHOCUTCS K
KPYMHbIM MeAarnyeckum XULHWKaM, KOTOpble MPU BbICOKOM YUCAEHHOCTU 3(HEKTUBHO BbleAaloT
MEAKMX M MAAOLIEHHbIX MPOMBICAOBBIX Pbl6, OCYLLECTBASS OMOMEAMOPATUBHYIO (DYHKLMIO B pbIGHOM
yactm coobuiecTsa.

B T0 e Bpems CyAak NMoAb3yeTcst G0AbLLMM CMIPOCOM KaK Ha BHELLIHEM, TaK M Ha BHYTPEHHEM pbIHKE.
Ero msco cuuTtaeTcs AMETMUYECKMM MPOAYKTOM — XXMPHOCTb €ro MmHUMaAbHa. [uieBas LEeHHOCTb
CyAaKa OuYeHb BeAMKa — CoAep>kaHue 6eAKOB B HEM rnpesbiwaeT 18 %. B Msice cyaaka npucyTcTeytoT
20 aMMHOKMCAOT, 8 M3 KOTOPbIX — HE3aMeHMMbIe (TO eCTb He CUHTE3MPYIOTCS OPraHnM3MOM YeAoBeKa),
KpPOME TOro, COAEP>KMTCS Macca MMHEPAAbHbIX BELLECTB, HEOOXOAMMbIX YeAoBeKy (poccop, Kaamn, i
0A, MOAMBAEH, MapraHew, 1 Apyrue).

HeobxoaMMO TakxXe oTMeTUTb, YTo B KasaxcTaHe BbIAABAMBAETCS M MAET Ha 3KCMOPT TOAbKO
0ObIKHOBEHHbI1 CyAaK, 3amnacbl KOTOPOro wucrowaiotcs. [Mo3ToMy B KauyecTBe aAbTepHaTMBbI
npeAnoAaraeTcsl MCNoAb30BaTb MOPCKOrO CyAaka. broaormueckme pecypcbl MOPCKOro cyAaka M
APYTMX MOPCKMX BUMAOB pblb Kacnmickoro Mopsi 3KCNAyaTMpylOTCS HEAOCTAaTOYHO, TaK Kak MOPCKOe
pbIBOAOBCTBO B Hallei CTpaHe MAOXO Pa3BUTO, a MPOMbICAOBAs MOMYASILMS 3TUX BUAOB Pbi6 MO3BOASIET
HapawmBatb BbIAOB B Ka3axcTaHCKom cektope Kacnuiickoro mops. B aaHHoi paboTte aAaétcs
onMcaHne KayeCTBEHHbIX XapakTepMCTUK MOPCKOrO CyAaKa, BbIAOBAEHHOTO B MCCAEAOBATEAbCKMX
yAaoBax Manrucrayckoro nobepexbs CpeaHero Kacnusi, Takke CTeneHb W3YUYeHHOCTM 3TOro
BMAa B Kacnuiickom Mope 1 Apyrnx Bopoemax. B ctatbe onmcaHa meToAMKa NMpOBEAEHUS MOAHOTO
6GMOAOIMYECKOro aHaAM3a pbib M NpeAcTaBAeHa cTaTMcTuyeckas obpaboTka aaHHbiX. B pabote aaHa
XapakTepuncTuKa CAEAYIOLLMM MOKa3aTeAsIM: Pa3MepHO-BECOBbIM, BO3PACTHbIM, COOTHOLLEHME MOAOB.
PaccunTaHa ynMTaHHOCTb M OnpeAeAeH Temr pasmMepHOro M BeECOBOrO PoCTa y MOPCKOro cyaaka. o
pe3yAbTaTamM 3TUX MCCAEAOBAHMIA OblAQ BbIIBAEHA BbICOKAsi KOPPEASILLMOHHAS CBSI3b MEXKAY Pa3MeEPHO-
BO3PACTHbIM, Pa3MEPHO-BECOBbLIM M BECO-BO3PACTHbIM.

KaoueBble caoBa: Mopckoi cyaak, nobepexxkbe Cpeatero Kacnvs, AAMHA, BeC, ynMTaHHOCTb,
BO3pacT.

B.I. Barbol'? *, N.N. Popov 3, A.M. Abdybekova*

"Institute of Zoology KS MES RK, Kazakhstan, Almaty
2Al-Farabi Kazakh National University, Kazakhstan, Almaty
3Atyrau branch of «KazEcoProject» LLP, Kazakhstan, Atyrau

4«KazSRVI» LLP, Kazakhstan Almaty
*e-mail: bekzhan.barbol@zool.kz

Population structure of sander marinus cuvier,
1828 in the Mangistau coast of the Middle Caspian

Predatory fish in aquatic ecosystems regulate the abundance of other species, which weakens the
tension of competitive relations and stabilizes the community. Walleye refers to large pelagic predators,
which, with a high number, effectively eat small and low-value commercial fish, performing a biomelio-
rative function in the fishing part of the community.

At the same time, pike perch is in great demand, both on the foreign and domestic market. Its meat
is considered a dietary product — its fat content is minimal. The nutritional value of walleye is very high
— the protein content in it exceeds 18%. Zander meat contains 20 amino acids, 8 of which are irreplace-
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CTpyKTypa HOIyJIALHH MOPCKOTO cynaka (Sander marinus cuvier, 1828) B Manrucrayckom nobepesxxse Cpenuero Kacrms

able (that is, they are not synthesized by the human body), and, in addition, contains a lot of minerals
necessary for humans (phosphorus, potassium, iodine, molybdenum, manganese and others).

It should also be noted that in Kazakhstan, only ordinary pike perch is caught and exported, the
reserves of which are being depleted. Therefore, as an alternative, it is supposed to use a sea walleye.
The biological resources of sea pike perch and other marine fish species of the Caspian Sea are not
sufficiently exploited, since marine fisheries in our country are poorly developed, and the commercial
population of these fish species allows increasing the catch in water areas under the jurisdiction of Ka-
zakhstan. This paper describes the qualitative characteristics of sea zander caught in the research catches
of the Mangistau coast of the Middle Caspian, as well as the degree of study in the Caspian Sea and
other water bodies. The article describes the methodology for conducting a complete biological analysis
of fish and presents statistical data processing. The paper gives a description of the following indicators:
size-weight, age, sex ratio. Calculated fatness and determined the rate of size and weight growth in sea
zander. Based on the results of these studies, a high correlation was found between age and weight, age
and size of fish, and size and weight.

Key words: Sea pike perch, Middle Caspian coast, length, weight, fatness, age.
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Opra Kacnuiiaii, MaHFbICTayAbIK, JKaFaAayblHAAFbl
TeH{i3 KekcepkeciHiH (Sander marinus cuvier, 1828)
NONMYASILMSABIK, KYPbIAbIMbI

Cy 3KOXKYMeAepiHAETT XKbIPTKbILL GaAbIKTap Gacka TYPAEPIHiH CaHbIH peTTenAl, Gy GacekeAecTik
KaTbIHACTapAbIH LUMEAEHICIH OACIpeTeAl >XaHe KaybIMAACTbIKTbl TypakTaHAbIpaAbl. Kekcepke ipi
neAarusiAAbl >KbIPTKbILITAPFa >KaTaAbl, OAAp Ker MOALIepAE YCaK >K8He KYHCbI3 6aAblKTapMeH
KOPEKTEHE OTbIPbIM, GaAbIK, KaybIMAACTbIFbIHAQ BUOMEAMOPATMBTI (PYHKLMSHbI XKY3€re acbipaAbl.

CoHbIMeH KaTtap, Mait MeALIepi MUHMMaAAT 60AYbIHA GaMAAHBICTbI KOKCEPKE CbIPTKbI >KaHE iLLKi
HapbIKTa YAKEH cypaHbicka me. Kekcepke TaFaMAbIK KYHABIAbIFbI ©T€ XKOFapbl — OHAAFbl AKYbl3 MOALLEDI
18%-aaH acaabl. Kekcepke eTiHAe 20 aMMHKbILLKbIAAAPBI 6ap, OAAPAbIH 8-i AAMACTbIPLIAMANTbIH (FFHK
aAaM aF3acbl CUHTE3AEAMENAI), COHbIMEH KaTap asamra KaxkeT KernTereH muHepasaap 6ap (dpocdop,
KaAMI, MOA, MOAMOAEH, MapraHel, >kxaHe H6ackaAapsbl).

CoHpait-ak, KasakcTaHaa KopAapbl TayCblAbin 6apa >KaTKaH, KOAIMIi KeKcepke FaHa ayAaHbir,
3KCMOPTKA LbIFapbIAATbIHbIH aTan eTy KaxkeT. COHAbIKTaH 6aArama PETIHAE TEHi3 KOKCEPKECIH NaAaAaHy
YCbIHblAaAbI. Kacnnin TeHisiHAeri KekcepkeHiH XeoHe 6acka Aa TeHi3 6aAblK TYPAEpPiHiH GMOAOTMSAbIK,
pecypcTapbl KETKIAIKTI TypAe MaiAaAaHbIAManAbl, ©MTKeHi BGi3AiH eAiMi3ae TeHi3aik 6Gablikayaay
JKETKIAIKTI AEHreraAe AambiMaraH >XoHe OCbl OGaAblK, TYPAEPiHiH KacinTik nonyAsumscsl KasakcraH
IOPUCAMKUMSIAQFBI CY alAbIHAAPBIHAQ ayAayAbl apTTbipyFa MYMKIHAIK 6epin oTbip. ByA >kymbicTa opTa
Kacnminaib, MaHfbICTay >KaFaAayblHAQ 3epTTey >KYMbICTApPbIH >KYPri3y MakCaTblHAQ ayAaHFaH TeHi3
KOKCepKeCiHiH, canaAblk, cMnaTTamaAapbl, coHaar-ak, Kacnmii TeHisi meH 6acka aa Cy anabiHAAPbIHAQ
OHbIH, 3€PTTEAY ABPEXKECI cunaTTaAraH. Makaaaaa GaAbIKTbIH TOAbIK, GMOAOTUSIAbIK, TAAAQYbIH >KYPri3y
BAICTEMECI MEH CTATUCTMKAABIK, MOAIMETTEPAI OHAEY >KYMbICTapbl TOAbIK, CuMaTTaAraH. XKymbicTa
KEAeCi KepceTKillTepAiH cunaTTamacbl GEPIATEH: BALIEM-CaAMaK, >Kac, XXbIHbIC apakaTbliHACbl. TeHi3
KOKCEPKECIHIH, KOHADIAbIFbI, MOALLEpPI, CAAMaFbIHbIH, ©6CYy KapKblHbl aHbIKTaAAbl. OCbl 3epTTeyAepAiH
HOTMXeAepi GoMbIHLIA GAABIKTbIH >Kacbl MEH CaAMarbl, >KaCbl MEH MOALLEPi, MOALLEPI MEH CaAMarbl
apacblHAQ >KOFapbl KOPPEASLIMS aHbIKTAAAbI.

Ty¥iin ce3aep: kekcepke, OpTta Kacnuii karaaybl, y3bIHAbIFbI, CAAMaFbl, CEMI3AIri, >Kachl.

BBengenne

B nepgoit nonoBune XX cronerus B Kacnuii-
CKOM MOpPE MOPCKOU Cyaak ObUT BTOPOCTEIIEHHBIM
o0BexTOM mpoMeicia. B 1936-1942 rr. ero yios
Ha Kacrnuu cocTaBiisi 0KOJIO 2,5 TBIC. TOHH B T'OJ
[1,2]. B mocaemytomiue roasl YUCISHHOCTh MOPCKO-
ro cynaka Ha Kacouu pesko cHuzmnace. OnHON U3
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MPUYUH CHI)KEHUS YUCIEHHOCTH MOPCKOTO Cy/laKa
SBIISIETCS. 3arPSI3HEHUE €r0 HEPECTIIIUIL Yy Oeperos
Azepbaitkana [3,4].

Kpome Kacnuiickoro mops MOPCKOH cynak
BCTpeUaeTcs ellle U ceBepo-3anaaHoi yactu YEpHo-
ro Mops (B ocHOBHOM B /IHenpo-byrckom nnmane,
U B YCTbSIX BIaAaouux pex). B UepHom mope mop-
CKOH CyJlaKk MaJIOUWCIICH, U B yJIOBaX BCTpeYaeTcs
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B CIMHUYHBIX dK3eMIULsIpax. [IpUUnHBI ecTeCTBeH-
HOM HHM3KOW YHCJIEHHOCTH 3TOro Buja B UepHom
MOpE HESCHBI; B MOCIEIHUE JIBa-TPH ACCATHIICTUS
OCHOBHBIM OTPHIIATEIIEHBIM ()aKTOPOM 37eCh SBIIS-
JIOCh CHITFHOE 3arps3HEHNE CEBEPO-3aIaHON YaCTH
MOpsI CTOYHBIMH BOJAMH HPOMBIIUICHHBIX TMPE-
MPHUATUAN U OTXOIaMH CEIbCKOXO03SIHCTBEHHOTO TIPO-
n3BOJICTBA [5].

Mopckoii cyiak UMEeT MaJIeHbKHE TJ1a3a, MIEKH
0e3 yemryw, kibkd. Temo TémHOro npera. CrivHa U
rojoBa TEMHO-KOpryHeBasi. CIMHHBIE M XBOCTOBOM
IIJIaBHUK TEMHBIE. J[MaMeTp ria3a MEHbIIE IIUPUHBL
n6a. CrivHHBIE TUTABHUKH OOBIYHO HE COTpHUKaca-
forcs. B GoxoBoit muanm 76-87 vemtyil. B mepBoit
xabepHoii gyre 12-18 TerunnoK [3].

Mopckoii cynak -XUIIHWK, TTHTAETCS TJIABHBIM
o0pa3oM OBIYKaMU, a TaKXKe aTepPUHON M KHUIBKOIA,
pakamu u kpabom. Pacter memienHee, yeM OOBIK-
HOBEHHBIN cynak. [lomoBast 3penocTs HacTymaeT y
OoipImmMHCTBa 0cobOeli Ha 3-4 ron xu3Hu. Hepectut-
csl B ampernie-Mae y 6eperoB Ha rixyouse ot 2,5 o 15
METpPOB, Ha KaMEHHUCTOM TPYHTE TIPU TeMIIepaTrype
Bozbl oT 0 mo 10° C. Jlumkasi UKpa OTKJIabIBACTCS
B «THE3/1a» — MEIIEPKU WM Ha OTKPBITHIA KaMEHH-
CTBIN TpyHT. DMOpuorene3 npoxommkaercs 150-200
gacoB. [ImogoBuTOCTh 45-47 THICSY UKPUHOK [3].

B kaszaxcranckom cextope Kacmuiickoro mops
3TOT BUJ Maylo n3y4eH. Tak, aBTOpPHI HAIIIH BCETO
onny nyomukanuto M.B. Opnosoit u A.C. [lanb-
KO MOCBALUIEHHYIO MOpCKOMY cyzaaky. Hamo ot-
METUTbh, UTO MMHU OBLJIO 00CIEAOBAHO BCEro 517K3.
sToro Buja, BeUIOBICHHLIX B 2007 1 2010 rr okoj10
nopra Axray. Takke OJIWH SK3EMIUISIP MOPCKOTO
cynaka B 2010 romgy ObLT BBUIOBIIEH Ha CTPYKTYpE
«Hyp-Cynaran» [6]. [losToMy n3ydeHHe OHOIOTHN
MOpcCKoTo cynaka B KazaxcraHe BechMa akTyaib-
HO. HeoOxoanMo Takyke OTMETHTh, U4TO apeaj pac-
MIPOCTPaHEHHs] MOPCKOTO Cy/aKa, He 0XBaThIBaeTCs
WCCIIEJIOBAaHUSMH, B paMKax MpPOTPaMMBI TOCyIap-
CTBEHHOT'O 3aKa3a 10 W3YYECHUIO COCTOSHUS THAPO-
OMOHTOB B Ka3axCTaHCKOM cekrtope Kacnwuiickoro
MOpH.

B Kazaxcrane, B COBpeMEHHbIN MEPUO/I, 3TOT
BUJ] HE HWCIIOJIb3YETCS TPOMBICIIOM, HO SIBJISICTCS
00BEKTOM IFOOUTEIHCKOTO M CIIOPTUBHOTO PHIOO-
noBcTBa. B Azepbaiimxane n Ha YKpanHe MOPCKOM
cynak 3anecéH B Kpacnyro Kuaury [7,8,9].

MaTepna.m,I U METOAbI uccnenonanm‘i

UccnenoBarenbckue padoOThl HNPOBOAMINCH B
2018-2020 rr., B BeCeHHE-JIETHUE TIEPHUOIBI HA T10-
Oepexxpe Kacmmiickoro mopst B MaHTucTaycKoi
obmactu (tabmuma 1, pucyHok 1). Ha cemn Toukax

HMXTHOJIOTUYECKOTO MOHUTOPHHTA C PHIOAIIKUX JIO-
JIOK BBICTaBJISUICS MOPAZOK KOHTPOJIBHBIX CETEH, C
pasmepom stuen 30,40 u 50 Mm.

Taouuna 1 — CTaHIMKM UXTHOJIOTHYECKUX HAOTIOMCHHIA

Ne JHonrora [upora
1 43°45700 50°5500
2 43°35”00 51°05°00
3 43°25700 51°15°00
4 43°15700 51°15°00
5 43°05”00 51°35°00
6 42°55700 51°4500
7 42°45”00 52°05°00

Pucynok 1 — CTaHIIMU UXTHOIOTUYECKUX HaOMIONEeHUH

CO6op u 00paboTka MaTepraa MPOBOIMIUCH CO-
[JIACHO OOMIETIPUHSTHIM B UXTHOJIOTUN METOJUKAM
[10,11]. Usmepsiiack mMpOMBICTIOBAsT JUIMHA, OIpe-
JISIISICS UHAVBUIYALHBIA BEC PHIOBI, PUKCUPOBa-
Jach CTaaus 3pesocTu roHaz. Bospact peid onpene-
JISUTM TI0 Yellye, B3ATOM BbIllle OOKOBOW JTMHUH MO/
CIIMHHBIM IUJIABHUKOM, C IMOMOIIBIO ONTHYECKOTO
npubopa (6uaOKYIsIp — MBC 10) B COOTBETCTBHHU
metoauku H.JI. Uyrynosa [12]. Bcero 3a mepuon
WCCIICIOBAaHUN B35TO HA TIOJHBIA OWOIIOTHYECKUIMA
ananmm3 150 3x3. Mmopckoro cyaaka (tadmuma 1).

Taéanua 1 — O6béMm cobpanHoro marepuana 3a 2018-2020 rr.

Toner Konunuectso
2018 50
2019 50
2020 50
Bcero 150
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[lomydenHble pe3ynbTaThl (MIEPBUYHBIC MaTe-
pYagsl TOJHOTO OHMOJIOTHYECKOTO aHajan3a) ObLIH
MOJIBEPTHYTHI CTATHCTHUECKON 00paboTKe 1Mo CTaH-
JapTHeIM Metoaukam [13,14]. BeruucneHust ocy-
IIECTBSUTH € TIOMOIBIO TporpaMMbl  «Microsoft
Excel» u ucnonesys naker mporpammel MAKET.
Jlis onucaHus 3aBHCUMOCTEN <«JITTMHA-BECY, «JIJTH-
Ha-BO3PacT» M «Macca-BO3pacT» MPUMEHWIN ypaB-
HeHue cteneHHou ¢yukiuu [15]. [lapamerpsl ou-
HelHoro pocra ypaBHeHUs bepramandu [16] mis
MOPCKOTO CyAaKa MOJyYeHBl C HCIOJIb30BaHHEM
nakera FSA ver. 0.8.32 [17], rne B — koadduriueHt
B YpaBHEHUH pPOCTA.

Pe3y.]'leaTI>I HCCJIeI0BAHUI M UX Oﬁcy)KIIEHHﬂ

B nHacrosiiee Bpemsi, K CEMEICTBY OKYyHEBBIE,
POl — CyJlaKu, OTHOCUTCS 5 BUIOB pbI0. 13 HUX 1Ba
BH/Ia, XKENTHIA U KaHAJCKU cynaku, oourarot B Ce-
BEpHOH AMepurKe. ApeasioM pacIpoCTpaHeHUs Oep-
ma ¥ OOBIKHOBEHHOI'O Cy/IaKa SIBJISFOTCS BOJOEMBI
BocTtouHoM EBponbl 1 A3un. OguH BUI — MOPCKOU
cyJak BcTpedaeTcsi Toibko B UepHom u Kacnwuii-
ckoM Mopsix. B Bogoémax Kazaxcrana obutaror 3

ka B Manrucrayckoii oomactu 3a 2018-2020 rr.

BUZA PBIO, OTHOCAIIKECS K poly cyaaku. OOBIKHO-
BEHHBI CylaK BCTPEYAeTCs BO BCEX KPYITHBIX BO-
noémax Kaszaxcrana. bepmia MOXXHO BCTpPETUTH B
JKaiipik-Kacrmiickom Oacceiine, B pekax JKaibIk 1
Kurau. Mopckoii cygak oOuTaeT TOJIbKO BIIOJb TT0-
Oepexbsi MaHrucTayckoil o0nacT, B peKHd OH He
3aXOMMT.

Mopckoil cymak BemeT OceIUIblii 00pa3 Ku3-
HU, OONBIIMX MUTpauMii He coBepuiaeT. B Temnoe
BpeMs I'0fia 4acTO NOAXOIUT K Oeperam, rie CTaHo-
BHUTCS JIETKOW TOOBIYEH M pHIOAKOB JTIOOUTEIICH.
3umoii yxoaut Ha riyouny 30-50 metpos [18-24].

[To MmaTrepuasiam HaIIUMX UCCIIE0BAaHUMN pPa3MEPHI
MOPCKOT'0 CyZlaka B IpUOpexkHOI 30He MaHrucTay-
CKOM 00J1acTH M3MeHsuIUCh oT 22,6 1o 37,0 cM, co-
craBuB B cpeqHem 30,88 cM u Becom ot 173710 934 T,
B cpenHeM 497,8r. Heo0X0IuMO OTMETHTB, UTO pa3-
MEpPHO-BECOBBIE TI0KA3aTeNN CaMOK OBbUIM HEMHOTO
BBIIIIE II0 CPABHEHUIO C caMIaMu. Tak cpeaHss Aiu-
Ha y CaMIIOB 3a MEpHO]| UCCIIEIOBaHUN COCTaBUIA
30,5 cM, B TO BpeMs Kak y caMok — 31,3cM. Cpeanue
ITOKa3aTesId MacChl CaMITOB cocTaBwin 479,21, ay
camok 519,0 T coorBeTcTBeHHO (TabnMUIA 2).

Ta6una 2 — Pa3MepHO-BECOBbIE TOKa3aTEIN MOPCKOTO Cy/1a-

. Pa3mepst, cm Macca, T
on
Camirsr Camku O6a nona Camiisl Camku O6a mosna
2018 22,6-31,5 26,5-32,0 22,6-32,0 173-464 290-520 173-520
28,2+0,4 29,7+0,3 28,6+0,3 329,3+11,1 381,0+12,5 349,0+9,0
2019 25,0-35,0 23,0-37,0 23,0-37,0 261-934 190-776 190-934
31,2+0,5 31,9+0,5 31,6+0,4 534,6+28.6 541,3+£21,3 538,1£17,4
2020 26,0-37,0 30,0-35,0 26,0-37,0 299-860 447-797 299-860
32,5+0,5 32,3+0,4 37,4+0,3 611,8+26,8 600,6=19,1 606,2+16,3
2018- 2020 22,6-37,0 23,0-37,0 22,6-37,0 173-934 190-797 173-934
) 30,5+0,3 31,340,3 30,9+0,2 479,2+18,7 519,0+15,1 497,1+12,1

* BBery MUHHUMAJIbHBIE U MAKCUMaJIbHBIC ITOKA3aTECJIU, BHU3Y — CPCIAHUE.

Marepuansl 1o pa3MEepHO-BECOBOMY COCTaBY
MTOJTHOCTBIO COTJIACYIOTCS, C Pe3yiIbTaTaMH HCCIIe-
JIOBaHWI BO3PACTHOTO COCTaBa MOPCKOTO Cyaaka.
CpenHuil Bo3pacT 3TOro BUJA MOCTOSHHO IOBBI-
maycs. Tak B 2018 roxy cpemuunii Bo3pact cocra-
Bua 4,22 net, a B 2020 moBwicuics mo 5,68 ner.
JlaHHBIN MTOKa3aTeNbh CBUJCTENBCTBYET O CTA0WIIb-
HOM COCTOSTHIH YHCIIEHHOCTH MOITYJISIIUN MOPCKO-
ro cyJaka.
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ITponomKNUTENEHOCTD KU3HH MOPCKOTO Cy/AaKa
10 JaHHBIM JIMUTEPATYPHBIX UCTOUHUKOB MOKET J10-
crurath 15 met [25,26]. OgHako, Mo mMaTepuazam
HaIllUX MCCIEJOBAaHUH BO3PAacT MOPCKOIO Cylaka
m3MeHsuIcs oT 2 10 8 nmeT. CpemHuii BO3pacT 3a BECh
nepuoj HabmoaeHuit coctaBun 5,06 ner. OcHOBY
YJIOBOB COCTAaBHJIM PBIOBI B Bo3pacte 4-6 ser. Ux
JIOJISL B MCCIIEIOBATENbCKUX yioBax 74,0% (Tabmu-
na 3).
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Tadmuua 3 — Bo3pacTHoli cocTaB MOPCKOTO Cynaka

Bo3pacr, ner Cpenuuit
Toner
2 3 4 5 6 7 8 BO3pPAacT
2018 2,0 18,0 42,0 32,0 6,0 - - 4,22+0,13
2019 4.0 6,0 18,0 22,0 32,0 16,0 2,0 5,28+0,19
2020 - 4,0 16,0 20,0 34,0 20,0 6,0 5,68+0,18
2018-2020 2,0 9,3 25,3 24,7 24,0 12,0 2,7 5,06+0,18

CooTHoIIIEHHE TIOJIOB B TOMYJISIIIAM MOPCKOTO
cyaaka OJM3Ko K oTHoueHuto 1:1, XoTs y peIO pas-
HBIX BO3PACTHBIX TPYIIIT OHO Pa3HOOOPa3HoO (PUCYHOK
2). Ecnu paccMaTpuBaTh MOIYJISAIHIO B IIEJIOM, TO KO-
JIMYECTBO CAMOK B HCCIIEAYEMOM MIEPHO/IE COCTABUIIO
48,0 %, a cammoB — 52,0 %. Camupl peobnamany B
MITQJIIIUX BO3PACTHBIX Tpymmnax ot 2 1o 4 net. Hons
UX B YJIOBax 10 Mepe YBEIHMUYEHHUS BO3pacTa, COKpa-
manack. MakcuManbHble 3HaueHns (82,3 %) Obum

OTMEUEHBI Y TPEXJICTOK. B msTUeTHEM BO3pacTe 1o-
JIOBOE COOTHOIIICHUE cocTaBWIIO 1:1, HaumHasi ¢ 6 JIeT,
CaMOK CTaHOBHTCS OOJIBIIIC YeM caMIIOB. B Bo3pacte
8 1eT, 1071 cCaMI[OB CTAHOBHUTCS MHUHUMAJILHOM U CO-
craBisieT 33,3%. [TomoOHOE COOTHOIIEHHE TIOJIOBOTO
COCTaBa B MOMYJISITUHN OOBSICHIECTCSI TEM, YTO CAMIIBI
CO3PEBAIOT PaHbIIIE CAMOK, PaHbIIE BCTYMAIOT B CO-
CTaB HEPECTOBOTO CTaJa U 00JIaIaf0T MEHBIIEH MPO-
JTOJDKATEIBHOCTHIO JKH3HH.
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PucyHok 2 — ITonoBas cTpyKTypa cyJaka B 3aBUCHMOCTH OT BO3pacTa.

TeMIbl BECOBOTO M JTUHEWHOI'O POCTa y PhIO
HEOJAWHAKOBBl W 3HAYUTEIBHO H3MEHSIOTCA B
OHTOTEHE3€, YTO CBSA3aHO C BO3PACTHBIMH OCO-
OeHHOCTAMH OOMEHa BEIIECTB. YYHUTHIBas, 4TO
KO3(pPUIMEHT YyITUTAaHHOCTHU Y PHIO OTpa)kaeT co-
OTHOIIIEHUE MEXAY JJIMHOU U MAacCOW, Mbl BIIPaBe
OBLTM 0XUJATh €r0 U3MEHEHUHN Y CyJaKa 1mo Mepe

yBEJIMYEHHS IJIMHBI U Bo3pacTa phIObL. sl BBI-
SICHEHHUS 3TOTO BOIIPOCa HAIILTH cpeHne Koddu-
LHUEHTHl YIIUTAaHHOCTH PbIO, CTPYIITUPOBAaHHBIE TIO
Bo3pacty. IlonyueHHbIe TaHHBIE CBUICTEIbCTBY-
IOT O TOM, YTO C YBEJIHYEHHEM Bo3pacta K03 du-
OUEHT YOIUTAHHOCTHU UMECT TCHACHIUIO K BO3pac-
TaHUIO (PUCYHOK 3).
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Pucynok 3 — 3aBCHMOCTB YIINTAHHOCTH MOPCKOTI'O Cyaka OT ero Bo3pacta (1o ®ynsrony)

Ha ocHOBaHMM perpecCHOHHOrO aHajlu3a
HaMU ObUTa yCTaHOBJIEHa (QyHKIMOHAJIbHAS CBS3b
MEXIy pPa3MEpPHO-BO3PACTHBIM, pPa3MEPHO-BECO-
BBIM M BECO-BO3PACTHBIM IIOKAa3aTejleM CyaakKa.
Bo Bcex cnyuasx kKo3(h(UIHUEHT IeTepMHHAIMH
OBL1 JOCTAaTOYHO BBICOKMM. 3aBHCHUMOCTH [JIH-
HBbI OT BO3pacTa allpOKCUMHUPOBAJIN YPaBHCHHEM
CTENEHHOW ()YHKIIUU POCTa, MAacChl OT BO3pacTa —
SKCIIOHEHIIHATBHONW (yHKIMEH, rae KodduireH-
THI nerepMuHaIuu O0blu paBHbl 0,88 1 0,91. 3Ha-
yeHus Kod(pPUIeHTa B B CTENEHHOM YpPaBHEHHUU

pocta — 0,3. Takoe ypaBHEHHE WMEET BOTHYTYIO
rpagudeckyto GpopMy, CKOPOCTb pocTa C BO3pac-
TOM yMeHblnaeTcs. CHUKEHHE JTMHEHHOTO pocTa
y peIO CTapmIuX BO3PACTHBIX TPYHI OOBSICHIETCS
T€M, 4TO y CyAaKa C BO3PAcCTOM YBEJIMUYHBAIOTCS
3aTparhbl SHEPIUH Ha TeHEPaTUBHbIN 00OMEH, ClIe0-
BaTENbHO, YBEIUYHBACTCS KOPMOBOU KO3 Ppumm-
eHT, T. €. yMeHbIIaeTcsi Y3PPEKTUBHOCTh HUCIOIb-
30BaHUs NMUIIK Ha pocT. CpaBHUTENBHBIA aHAIN3
JMHEHHOTO ¥ BECOBOTO POCTA IMpeACTaBlIeH Ha PH-
cyHKax 4 u 5.
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Pucynox 4 — JIuneiinslii poct Mopckoro cynaka B 2018—2020 rr.
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Pucynox 5 — BecoBoii poct Mopckoro cygaka B 2018—2020 rr.

C yBenmd4eHHeM JUIMHBI Tella Macca MOPCKOro  3ToM KoadduimeHt aerepmuHanuu paseH 0,90.
cyJlaka 3aKkoHOMepHO yBeiuuuBaetcs. ConpsbkeH- — Bennuuna B B ypaBHeHUH cocraiser 3,2. 3To ro-
HOC M3MEHEHHUE CPEIHMX 3HAUCHUH MacChl M UIM-  BOPHUT O TOM, YTO BECOBOM POCT Y PHIO MPOUCXOIUT
HBl CBUJETENBCTBYET O TECHON (DYHKIMOHAIHHOW B cpegHeM B 3,2 pa3a WHTEHCHBHEE JMHEIHOTO
3aBUCHUMOCTH MEXIy ITUMHU IOKa3aTelsMH, MPH  (PUCYHOK 6).

1000 g = 0 Ot 2 8
R = 080G

LI L

X -

Macea, 7p

HX)

Xd

] 3 10 15 Fi i A0 15 40

ALTHrE eni

Pucynok 6 — CooTHoOIIEHIE MEKAY JUIMHOM U Maccoi Tena Mopckoro cynaka B 2018—2020 rr.

3akmoueHue. Takum O6p2130M, BBITIOJTHCHHBIC 1. PaSMCpHO — BCCOBBIC U BO3PACTHLBIC ITOKA3aTEC-
HUCCIICIOBAHHA ITO3BOJIMIIN HprITPI K CJIEAYHOIUM JI1 MOPCKOT'O CyJaKa B UCCIICOBATCIBCKUX YJIOBaX
BBIBOJJaM: CTaOUILHEI U HUMEET TCHACHIHNIO K YBCIIMYCHUIO.
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2. 3amacel MOPCKOIO Cy/JaKa B HACTOSIIEE Bpe-
MsI HAXOJIATCS B OJIaromnoiyYHOM COCTOSTHUH, U TIPO-
MBIIIJICHHBIM PHIOOIOBCTBOM HE UCTIONB3YIOTCS.

3. HeoOXxoauMo TpPOBECTH JOMOJHUTEILHBIC
HCCIIC/IOBAHUS 0 W3YYCHHUIO YHCICHHOCTU TMPH-
OpeXHBIX BHIOB B MaHTHCTAayCKOH 0071acTH (KyTY-
Ma, MOPCKOTO CyJaKa, CHHTHJIS) IJIsl ONpeeTIeHUs

DuHAHCHPOBAHHE
Pesynomamul, npusedénnvie 6 cmamve
nONYyYeHbl 6 pamKax yereeo2o npoekma no
memamuxu. «Paspabomkxa Hayuounarvrozo
971eKMPOHHO20 OAHKA OAHHBIX NO HAYYHOU 30-
onozuueckou Kkoanekyuu Pecnybauxu Kazax-

cman, obecneyusarueco ux spgexmusnoe
ucnoav3oeanue 6 Hayke u oobpaszosanuuy UPH
OR11465437.

WX YHCICHHOCTH, OMOIIOTHYECKHX XapaKTePUCTUK
U BO3MOXXHOW PEKOMEHIAIMA MOPCKOTO CyJaKa K
MIPOMBIIIUICHHOMY OCBOEHHUIO.
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A3USAADBIK, LUETPTKE AEPHOCIAAEPIHIH,
CAH MOALLEPI ﬂ TUIMAI TOMEHAETY YLUIH
MHOKYAIOMHIH OHTAUAbI KOHUEHTPALUMACBIH TAHAAY

Y.T.KymaraeBa' , B.A. [lyiicem0eKxoB>

Makarapa asusAbIK, WEripTKeHiH Taburn NONyASUMSAApPbIHbIH, Killli >KacTarbl AEpHaCiAAEpiHAE
B. bassiana caHblpayKyAakTapbiHbiH TaHAaAFaH 10 WTamMMbl (TayAbl XK8HE AaAaAbIK, aliMak) YWiH A03a
— OAIM TAYEAAIAITIH aHbIKTay GoMbIHLLIA XXYPri3iAreH Taxipnbe HaTUXKeAepi KepceTiAreH. TepT TypAi
KOHMAMS TUTPi 6ap >KYMbIC CyCreH3msiAapbl KOAAAHbIAAbI (1x10°, 5x10°, 1x107, 5x107). A3MSIAbIK,
LeripTke AepHaciAAepiHe KaTbICTbl 6APAbIK, ChiHaK, >KYpPrisiareH wtammaap 1x107 >kaHe 5x107 >KyMbiC
CYCMNEH3USICbIHbIH, TUTPAEPIHAE >KOFapbl YbITTbIAbIKTbI KepceTTi. KoyablH OpraHu3MHiH, eAimre
ylwblpay AEHremi MeH >KbIAAAMAbIFbl OOMbIHIIA GAPAbIK, KOHLEHTPAUMSAAQ Ad €H >KaKCbl 8cep erTin,
wrammaap iwinae BSc,-15, BSc,-15, BTr,-16, BPit-16, BCa,  -09 epekiueAirii KopceTTi. AA eH >KOFapFbl
OMOAOTUSIABIK, BeACEHAIAIK BSCT-15 WiTaMMbiHAA 15-1i TAYAIKTE HaKaAbIM, TECT-OYHaKAEHEAIAEPAIH,
OAYy AeHreni 6apAblk, Hyckarapaa 100% kypaabl. EH TemeHri 6eaceHaiaikti BHy-09 wtammbl 47,5-
82,5% apaAblfblHAQ KOPCETTI. AA KQAFaH WITaMMAAP OpTalla AEHrernAe GUOAOTUSIAbIK, GEACEHAIAIKTEDPIH
kepcetTi. CoHbIMEH KaTap, 6GakblAay HYCKACbIHAAFbI (BHAEYCI3) asMSIAbIK LIEripTKe AEPHICIAAEpPiHiH,
17-toyAikTe oAy aeHreni 17,5+4,78% 6ankasnspbl. Taxipubeaep HaTuxeciHae 6i3 CaAbICTbIPMaAbI
TYPAE TOMEH KOHUEHTpaumsAapabiH e3iHae (1x10° >xeHe 5x10° KOHMAMS/MA) asusAbIK, LIeripTke
AepHaciasepiHe (75-100%) »KoFapbl YbITTbIAbIKKA ME TayAbl XX8HE AAAAAbIK aiMakTaH 6ip-6ipaeH BSc,-
15, BCa3(m)—09 LWITaMMA@pbl TaHAAAbI. OCbl 3KCNEPUMEHTTIH MBAIMETTEPIHE CYIMEHE OTbIPbIN, a3USIABIK,
LieripTke AepHBCIAAEPIHIH CaHblH OaKblAayFa apHaAFaH CaHblpPayKyAaKTbiH XKYMbIC CYCMEH3MUSCbIHbIH,
OHTaiAbl TUTpAepi 1x107 xeHe 5x107 KypanAbl A€reH TY>XXbIPbIM >KacaAAbl, OATKEHI TOMEH TUTPAEPAI
(1x108 »kaHe 5x10°) KOAAQHFAH Ke3AE SHTOMOMATOrEHAI CaHblpayKyAaK, LUTAMMAAPbIHbIH ©Cepi YaKbIT
eTe KeAe CO3bIAaTbIHAbIFbIH KepceTTi. COHbIMEH KaTap, OEACEHAIAINH XXOFapbl KOPCETKEH WTaMMAApP
KEAEWeKTe OHAIPICKE YCbIHbIAbIM, 3USHAbI LUEripTKeAepre Kapcbl KOAAAHbIAATBIH OMOAOTMUSIAbIK,
npenaparTapAbiH Herizi 60Aa araAbl.

Ty¥iH cesaep: caHblpayKyAak, KOHMAMS, Cropa, SHTOMOMATOrEH, YbITTbIAbIK, Beauveria bassiana,
wTamMm, Locusta migratoria migratoria L., MHOKYAIOM, KOHLLEHTpauus.

U.T. Zhumatayeva'”, B.A. Duisembekov?

'South Kazakhstan University named after M. Auezov, Kazakhstan, Shymkent
2Kazakh Scientific Research Institute of Plant Protection and Quarantine
named after Zh. Zhiembayev, Kazakhstan, Almaty
*e-mail: doni_uli@mail.ru

Choosing the optimal concentration of inoculum
for effective reduction of the number of asian locust larvae

The article presents the results of experiments to determine the dose-mortality relationships for 10
selected strains of the fungus B. bassiana (mountain and steppe) on younger larvae of natural populations
of Asian locusts. Working suspensions with four different titers of conidia (1x10°, 5x10°, 1x107, 5x107)
were used. All tested strains related to Asian locust larvae showed high toxicity on the titers of working
suspensions 1x107 and 5x107.According to the mortality rate and the rate of death of the organism, the
host had the best effect even at all concentrations, showing the specificity of BSc1-15, BSc2-15, BTr1-
16, BPit-16, BCa3(m)-09 among the strains. And the maximum biological activity was observed in the
BSc1-15 strain on the 15th day, and the mortality rate of test insects in all variants was 100%. The low-
est activity was shown by the strain BHy-09 in the range of 47.5-82.5%. The remaining strains showed
moderate biological activity. At the same time, the mortality rate of Asian locust larvae in the control
variant (without treatment) for 17 days was 17.5+4.78%. As a result of the experiments, we selected
strains BSc1-15, BCa3(m)-09 from one of the mountainous and steppe regions, which have high toxicity

148 © 2022 Al-Farabi Kazakh National University


https://orcid.org/0000-0001-7852-1074
https://orcid.org/0000-0001-8572-9906
mailto:doni_uli@mail.ru 
mailto:doni_uli@mail.ru 

V.T. Kymaraesa, b.A. JlylicembexoB

(75-100%) to Asian locust larvae at relatively low concentrations (1x10° and 5x10°¢ conidia/ml), because
when using low titers (1x10° and 5x10°), the effect of entomopathogenic fungal strains showed that they
stretch over time. Based on the data of this experiment, it was concluded that the optimal titers of the
working suspension of the fungus for controlling the number of larvae of Asian locusts are 1x107 and
5x107.

Key words: fungi, conidia, spore, entomopathogen, virulence, Beauveria bassiana, strain, Locusta
migratoria migratoria L., inoculum, concentration.
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Bbl6Op ONTMMAAbHOM KOHLLEHTPaLMM MHOKYAIOMA
AAS 3(PPEKTUBHOrO CHUXKEHUSI YMCAEHHOCTH AMMMHOK a3MaTCKOW CapaH4u

B cratbe npeacTaBA€Hbl pe3yAbTaTbl SKCMEPUMEHTOB MO OMPEAEAEHMIO 3aBMCMMOCTEN AO03a
— CMepTHOCTb AAS 10 0TOOpaHHbIX LWiTaMMoB rpmba B. bassiana (ropHbIii M CTEMHOM) Ha MAQALIMX
BO3PAacTOB AWMUMHOK MPUPOAHBIX MOMYASIUMIA  a3MaTCKOM capaHuu. McnoAb3oBaAuch paboune
CYCMeH3MM1 C YEeTbIPbMS Pa3AMUHbBIMU TUTPaMm KoHnamni (Tx10°, 5x10°, 1x107, 5x107). Bce ucnbiTaHHble
LITaMMbI, OTHOCSLUMECS K AMYMHKAM a3MaTCKMX CapaHYOBbIX, MOKA3aAW BbICOKYID TOKCMYHOCTb Ha
™mTpax paboumx cycnensmin 1x107 n 5x107. Mo ypoBHIO CMEPTHOCTM M CKOPOCTU TMOBEAM OpraHM3ma
XO35IMH OKa3blBaA HauMAyuULMin 3hekT Aaxke Mpu BCEX KOHLEHTPALMSX, MPOSIBASS CPEAM LUITaMMOB
cneuncpmuHocTs BSc,-15, BSc,-15, BTr,-16, BPit-16, BCa,(m)-09. A mMakcumaabHasg Groaormyeckas
aKTMBHOCTb HabAloAaAach y wtamma BSc1-15 Ha 15-e CcyTkM, a ypOBEHb CMEPTHOCTM TECT-HACEKOMbIX
BO BCex BapmaHTax cocTaBuA 100%. HanmeHblylo akTMBHOCTb nokasaa wramm BHy-09 B AnanasoHe
47,5-82,5%. OcCTaAbHbIE WITaMMbl MOKa3aAM YMEPEHHYIO BMOAOrMUYECKYI0 akTMBHOCTb. B TO >ke Bpems
YPOBEHb CMEPTHOCTM AMUYMHOK a3MaTCKMX CapaHYOBbIX B KOHTPOAbHOM BapuaHTe (6e3 06paboTkm) 3a
17 cyToK HabAopancs 17,5+4,78%. B pesyAbTare OnbiTOB Hamu OblAM BblbpaHbl Wwtammbl BSc1-15,
BCa3(m)-09 no oAHOMY M3 rOPHbIX M CTEMHbIX PafioOHOB, 0OAAAQIOLLIME BbICOKOM TOKCMYHOCTbIO (75-
100%) K AMMMHKAM a3MaTCKMX CAPaHYOBbIX NMPU OTHOCUTEABHO HU3KMX KOHUeHTpaumax (1x10° n 5x10°
KOHMAMSI/MA), Tak KaK Mpu UCNOAb30BaHMM HU3KMX TUTPOB (1x10° 1 5x10°) BAMSIHME SHTOMOMATOreHHbIX
rprbKOBbIX LITAMMOB MOKA3aA0, YTO OHM PaCTArMBalOTCS CO BpemeHeM. Ha 0CHOBaHMM A@HHbBIX 3TOMO
3KCMepUMEHTa ObIA CAEAAH BbIBOA, YTO OMTHMAAbHbIE TUTPbI pabouert cycrieH3nm rpuba AAS KOHTPOAS
KOAMYECTBA AMUMHOK a3MaTCKoM capaHum coctaBagioT 1x107 n 5x107.

KaroueBblie cAoBa: rpubbl, KOHMAMSI, CrOPa, SHTOMOMATOreH, BUPYAEHTHOCTb, Beauveria bassiana,
wtamMm, Locusta migratoria migratoria L., MHOKYAIOM, KOHUEHTpaLums.

KbickapTyaap men OearisieyJiep

T.o.0K.M — TEHI3 IeHreiiHeH >KOFapbl METP

B. bassiana — Beauveria bassiana

Ka3zOKxK 13U — Kazak eciMaik Kopray »oHe
KapaHTHH FBUIBIMH 3€PTTEY UHCTUTYTHI

Kipicne

Kazipri yaxpiTra Kazakcranma — a3usuibik
meriprkeHin (Locusta migratoria migratoria L.) ca-
HBIH 0aKpLIay YIIiH TeK XUMUSIIBIK HHCEKTHIHIITED
KOJTaHbUIAAbl. Anaiia, MEeCTUIUATEPI KEHIHEH
KOJIZIaHy IbIH OipKaTap MaHbI3bl KEMIIUTIKTEPi Oap,
ONIapJIbIH IIIHJETI €H MaHBI3IbICHl 3USIHKECTEP/iH
TO3IMII  TOMYJIAIMSIAPBIHBIH — Taiiga  Ooysl
JKOHE KOpIIaFaH OpPTaHBIH JIACTaHYBI, OCBIHJAM
KYIUTI KOpFaHbBIC KypalJapblH KOJAaHy OipkaTtap
’KaFBIMCBI3 CalAApNIapbl TYABIPIbI: TONBIPAKTHIH,

Cy OOBEKTUIEpiHIH JIaCTaHybl, aJaM MEH JKaH-
yapJiapblH JCHCAYIBIFBIHBIH Hamapiaybl, maniia-
JBI OPTAaHM3MIEPIIH OiMi, COHNal-aK XUMHSITBIK
WHCEKTHUIMITEpre TO3IMiI OyHaKJACHEIep MOITy-
JSAIVSICBIHBIH Makiaa 6omysl [1-3]. Byn xarnaiinap
TaburaT IeH ajaMra 3UsiH THI130eiTiH Oacka
KOpFaHbIC ~Kypajapbl MeEH oJiCTepiH i3aey
JKOHE JTAMBITYy KaKeTTUNriH Tyasipael [4,5]. byn
JKYHEHIH JaMyblHIa MHUKPOOHMOJOTHSIIBIK — OIIIC
MaHBI3JIBI pea aTkapaael [6,7]. L. migratoria L.
CaH MeJIIEPiH TOMEHJIETY YIIiH KOpIIaFaH OpTara
Kayirciz OMOJIOTHUSIIBIK TIperapaTTapabl Taigana-
Hy ©T€¢ ©3eKTi Macese 0ombin TadbuIaabl. OcChbiFaH
0aifmaHBICTBl OCIMIIKTEP/II KOpFayAblH OaraMais
SKOJIOTHSIIBIK KAYiTICi3 OJICTEePiH 13/1ey KaXKeT. 3UsH-
Iel putodartapel OacybIH OCBIHIAN 9iCTEPiHIH
0ipi — MEUKPOOHONOTHSUITBIK KOopFay ofici. Oceramai
TOCULIZIEpl JkKacay >KONBIHAA MHKPOOHONOTHUSAIIBIK
9/1ic MaHBI3/IEI pel aTkapyna [8,9].
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ABHSUITBIK MIETIPTKE ASPHICUTICPIHIH CaH MOIIIEPIH THIM/I TOMEHIETY YIIIiH HHOKYJIIOMHIH ...

MuKpOOHONOTHSIIBIK TIPeapaTTap XUMUSIBIK
MTECTUIIUATEP/IIH OPHBIH ayBICTBIpa ajaibl. DHTO-
MOTIATOTEHICPIH IIIHAE CaHbIpayKyJIaKTap Ouo-
JOTHSJIBIK HEri3/eri MeCTULMATEP PETiHAE YIKEH
Hazap ayaapttel [10]. Kasipri yakeiTTa emimisme
SHTOMOIATOTEH/I1 IITaMM HETi31HAETI 3UsSHKEeCTep-
re ocepi *orapbl Keprumikri Oipae-0ip mpemapat
JKOKTBIH Kachl aeyre 6omamsl [11].

DHTOMOMATOTEH/IIK CaHbIpayKyJIaKTap >KOFaphl
MaMaHIaHbIPBUTFAaH O0JyBl MYMKIiH, SSFHH TEK Oip
HECiH, TINTI OHBIH TaMYBIHBIH OeTisi Oip Ke3eHiH e
napasuTTiK Oonagsl. Anaiaa, caHpIpayKyJIaKTapIblH
KOIIIIUTIT SPTYPII TYPIEPIiH, TyBICTaApABIH, OTPSI-
TapAblH OyHAaKICHENUISPIHIH YJIKeH IeHOepine
ocep eTeTiH KeH MaMaHAaHABIPBUIFaH MapasuTTep
Oomein TabbLIAIR! [12].

CoHbIMEH, JHTOMOIIATOTEHAIK  CaHBIPAYKY-
Jakrap — Oy Onocdepa Tene-TeHIIrH CaKTaiThIH
JKOHE JICHCAYJBIKTHl KAKCapTaThH MaHBI3BI Oap
[IApYalIbUIBIK ~ KbI3METKE  KaThICATBIH ~ OHOIIO-
THSUIBIK pecypce (YJIbI CHHTETUKAIBIK WHCEKTHIIU/-
Tepli TaOWraTTaH aJbIHFaH areHTTep Heri3iHze
OMOJIOTHSUTBIK, 3aTTapMEH anMacThIpaibl). «buomno-
THSUIBIK PECYPCTapy YFBIMBIHBIH Ka3ipri 3aMaHFbI
TYCiHIipMeci OHMOpecypcTHIK 0a3aHbl KEHEWTY,
TaOUFH >KOHE KacaHAbl KYpbUIFaH OuoXyienep
pecypcTapbslH OacKapyasl OHTaHIaHABIPATHIH OHO-
TEXHOJNOTHUSIAPABl JaMBITy MIiHIETTEpPiH KOSIBI.
CoHMBIKTaH  CaHBIPAYKYJIAKTBIH  OHMOpPECYPCTHIK
MMOTEHIIUANBI, OHBIH IMIiHAC TAOWUFU IITaMMJIAP.IbI
TaHAay, CaHBIPAYKYJIAKTHIH YBITTBUIBIFBIH JKOHE
OHBIH OHIM/ILJIITiH OaFanay bl 3epTTey OUOIOT USITBIK
OHIMJII JKacay YIIiH Kaxer [13].

DHTOMOTIATOTCH/IIK TIperaparTap — OHOJIOTHSI-
JIBIK OHIMJICPJIIH €H KOTl TapaFraH Typi. DHTOMOIATO-
TeHJIep 9MIETTe, aybUIIAPYaIIbUIBIK 3USHKECTEpiHe
Kapchl OHMOJIOTHSIIBIK OHIMIEP VINIH HETi3 00-
JnaThlH TaOuru 14 OWOIICHO3/BIH DIIEMEHTTEPI.
DHTOMONATOTeHEP/IiH TaOWraThiHA OaIaHBICTHI
OaKTepUsIIBIK, BHUPYCTHIK, CaHBIPAyKYJIaK IKOHE
Oacka mpemnapartap Jen OeiHeni. BUOIOTUSIIBIK
MperapaTTapablH ~ MaHbBI3[ABl  apTHIKIIBUTBIFBl  —
onmapasl TMaiganaHy Taburu OWOaTyaHTYPIUTIKTI
caKTayfa bIKIall eTe/li, OYJI 3UsH/IbI 00BEKTLICPIiH
CaHBIH peTTeyre TaOWFU areHTTEPHAiH KAaThICYBIH
KaMTaMachl3 eTejli JKoHe OMOIICHO3apIbiH TaOuFu
©31H-031 peTTenyiH KannbiHa kentipeai [ 14-16].

OneMze caHbIpayKyJIakTapAslH 12 Typrepine
gerizgenred 150-neH acraM  SHTOMONATOTEHIIK
caHplpayKylaK IpenapaTrTapsl sxacanasl [17-19].
CaHpIpayKyJIaKTapblH KEeKeJIereH TYpPJIEepiH amy
TEXHOJIOTHSCHI OJIapJIbIH cUNIaTTaMalapbiHa Oaiia-
HBICTHI.
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Byrinri Tanaa 613111 enimizae, TM/] aymarbiaaa
JKoHe Oacka emupepae Beauveria bassiana (Balls)
Vuill., Verticillium lecanii Zimm. ocone Metarhizium
anisopliae  (Metsch.) Sor. >HTOMOIATOreHII
CaHBIpayKYJIaK INTaMMJIAPBIH 3epTTey OOMbIHIIA
OerceHi >KyMbIcTap xanracyna [20-31].

buosorusnblk eHIMAI KOJJIaHy TEXHOJIOTHsI-
CBIH jKacay Ke3iHJe NaTOTCHHIH OHTAalIbl J03a-
JIApbIH aHBIKTAy MAaHBI3[bI 3JIEMEHT OOJIbIN TaObI-
nanpl. OcklFaH OalIaHBICTHI 3USHKECTED OIIMIHIH
KOJITAHBUTFAH M30JIATKA J1a, KOHUIWS THUTPiHE JI¢
TOYENIUIITIH aHBIKTay MakcaTtblHma B. bassiana
OH TaOWFM H3OJIATTapbl A3WSUIBIK IIETiPTKEeHIH
nepHocimaepine cemHanapl (1x108, 5x10°, 1x107,
5x107).

3epTTey MaTepuagapbl MeH dicTepi

Taoxipubenepae 2009-2016 xpurnapsr XK. XKu-
embaeB areiHOarbl Kazak eciMaik Kopray KoHE
KapaHTHH FHUIBIMHU-3€PTTEY HHCTUTYTHIHBIH OHO-
TEXHOJIOTHS  3€PTXaHACBIHBIH  KbI3METKepiepi
Kazakcran meH KBIpFBI3CTaHHBIH OPTYPII TaOWFH-
KIIMMATTBIK aiiMaKTapbIH/a )KHHAFaH TaTOJIOT HsLIIBIK
MaTepHaiiad OemiHreH B. bassiana TybICbIHA KaTa-
TBIH SHTOMOTIATOTEH/Ii CaHBIPAyKYJIaFbIHBIH TaHAI
anpiaFal 10 mTaMMaapsl ipiKTeNin mnaiganaHbul-
nel. Cranpapt perinze Pecell aypummapyalbiibk
FBUIBIMAAPEl  aKaJIEeMUSICBIHBIH  byKinpeceiik
OCIMIIK KOpFay FBUIBIMU-3€PTT€y WHCTUTYTBIHBIH
(C. IlerepOypr) xomnekuusaceiHad BBK-1 mrammbl
(B. bassiana) xonmausuias! (kecte-1).

B. bassiana canpipayKkyjiak TaHaan anbiHrad 10
MITAMMJAPbIH ChIHAY YIIiH AJIMaThl OOJBICBIHBIH
bankam aynanel, bakaHac ayJaHbIHAH a3USIIBIK
HIeTipTKeNepiHiH 2-3 jKacTarbl JepHOCULACP] KH-
HaJJIBI.

MoHoCTIOpanbIK H30JATTAp JKaJIMbl KaObLI-
MaHFaH ojicTeMe OoOHBIHINIA anbIHABL [32].
A3UANBIK METipTKere KaTBICTHI TaHAAl allbIHFaH
10 mrrTaMMmaapAbBlH OMONOTHSUTBIK OEJICeHIITITiH
Oaranay YIUiH CyCHeH3Usap dadblHOANAbI. 3a-
nanmay tatpin 1x10°, 5x10%, 1x107, 5x107 xo-
HUAWH/MII neHredinae Memmepiaey B.M. I'opans
oxicreMeci OOWMBIHINA JKy3ere achipbUIAbl [4].
Cnopa tutpi ['opseB kamepacblHBIH KeMeTriMeH
aHBIKTaNIE! [33].

3anangay AepHICUIIEPAl CycleH3Husra OaThIpy
apKBLIBI JKY3€Te achIpbUIAbl. bakputayra anbIHFaH
IepHACUIIEep MUCTWIACHTEH CyMeH eHmenmi. Erep
0ip yakpITTa MHOKYJIIOMHBIH OipHeIlle KOHIICHTpa-
UsCHI OaFaiaHca, aJbIMEH TUTPi TOMEH HYCKalap
eraeneni. Kafitamama 4-perTik.



V.T. Kymaraesa, b.A. JlylicembexoB

1-kecTe — A3HSUTBIK IICTIPTKEHIH CaH MOJIIIEPiH THIMJII TOMEHIETY YIIIiH HHOKYJIIOMHIH OHTAHJIbI KOHIICHTPAIMSICHIH TaHay 00ii-
BIHIIIA SKCTICPUMEHTTEP/IC MailalaHbUTFaH B. bassiana mTaMMaapbl

Ne [lrammrsix Bemnin ansraran o0bekTici Bemnin anslHFaH OpHBL, KBUTBI
araysl
1 2 3
1 BCo-14 Coleoptera Kocranaii, opmanasl ganains Janamadtsl, Toosut e3eHi, 2014 x, 22 MaycsiMm
2 BSc,-15 Scolytidae (Ips hauseri) |Meney Ine-Anaraysr 1200-1500 T.1.x.M Omikrirines, 2015 x
3 BSc,-15 Scolytidae (Ips hauseri) |Meney Ine-Anaraysr 1200-1500 T.1.0x.M OuikTirines, 2015 x
4 BTr-16 Trypodendron cirratum | Kelpreizctal pecmyonukacel, 2016 5k, MaychIM
5 BPit-16 Pityogenes spesivtsev | Kpiprbidctan pecmybnukackl, 2016 %k, Maychim
6 BCa, -09 Carabidae OKO, Makrapan aynausl, Ecenraes aysurtsr, 2009 ¢, 30 mayceim
7 BCa3(m)—09 Carabidae OKO, Makrapan aynansl, Ecenraen aybuibl, 2009 x, 30 maycbim
8 BCo,-09 Coleoptera Kam6su1 06mBIcH], Kopaait aynanst, 2009 x, MaycsiM
9 BScar-09 Scarabidae XKam6bu1 06mbIch!, Kopnait aynansr, 2009 x, minge
10 BHy-09 Hymenoptera YKamO6b11 06mbIchl, Kopaait aynansl, 2009 x, miinne
11 BBK-1 Calliptamus italicus Peceit, XKanaci6ip o6mnbick, Kapacy aymanst, 2000 k.

Toxipubenik MoIIMETTEpPAI MaTeMaTHKAIBIK
OHJICY BapHaIlysl CTATUCTUKACHIHBIH JKaJIIbl KaObLI-
JIAHFaH OJMIICTePiH KOJJaHy apKbLIbl JKY3ere achl-
PBUIIBL.

3epTTey HOTHIKeJIePi JKIHe 0J1apAbI TAJIKBLIAY

Buonpenaparrapibl KOJJIaHy TEXHOJOTHSICHIH
OHJIeY OaphICBIHAA TMATOTCHHIH CYCIECH3USCHIHBIH
ONTUMAJJIBI TUTPIH aHBIKTAy MAaHBI3bI JJIEMEHT-
TepAin Oipi 6obi TabbLTAnBI34].

Ocpiran OalmaHBICTBI 013 a3WSUIBIK IIETIPT-
KCHIH TaOWFW TOMyJSIASIAPBIHBIH KiIlli  JKac-
Tarbl JepHocuIIepigae B. bassiana caHbIpayKy-
JaKTapbIHbIH TaHaanran 10 mraMmbl (Taysbl KOHE
JMaJaJbIK aifMak) YIIH 7032 — OJIM TOYeIAUIriH
aHbIKTay OOMBIHIIA TOKIpHOE KYPTi3IiK.

CoHBIMEH KaTap, DHTOMOIATOTCHI CaHbI-
payKyIaK YVIIH <«J103a-eJiM» TOYCJIUIr 9IeTTe
pEerpecCUsiHBIH TOMEH Kendey MoHiHe wue. byn
KYOBUTBICTBIH MOHI THIMIUTIKTI TIPOTOPIIHOHAIIBI
TYp/ie apTTHIPY YIIiH CIOpanap CaHBIHBIH €I9yip
aptybl Kaxer [35]. Tepr Typni KoHHIuil TUTpi
0ap KYMBIC CyCHEeH3HsIIapbl KomamaHbuiasl (1x106,
5x10°, 1x107, 5x107). Xyprisiaren 6akpuIaymap
KOPCETKEHJICH, SKCIICPUMEHTTIH OapJiblK HYCKa-

JMaphIHIA JEPHICUINEpHiH exiMi  OaKpUTayMeH
caJBICTRIpFaHAa JKoFraphl Oosran. COHBIMEH KaTap,
WHOKYJIIOM  KOHIICHTPALUSAChIHA  OailJIaHBICTHI

OJIIMHIH COHFBI ICHTEH1 MEH OJIIM KbUIIaMIBIFBIH/IA
alTapiIbIKTall albIpMaIIBUIBIKTAD OalKamaer [16].

CoHbIMeH, 3ayTanaanFanHal Kerinri 11-mmi ToymikTe
BSc,-15, an 13-mi toynikre BTr -16, BSc,-15, 17-
i Toynikre BCa,(m)-09 mrammpaapsr ymin 1x107
oHe 5x107 KOHIIEHTPAIIMACH KE3iHIe OJIiM JIeHT el
coiikecinme 100%, an 13-mi Toymikre BPit-16
JKOFapbl €Ki KoHmeHTpanuscel kedinae 70-100%
Kypanasl comaH Keiin MuHHMamasl taTp (1x10°)
Ke3inge Oy kepceTkimTiH MoHI 40-67,5%-nan
acnansl (kecre-2). Jepracinmepni BBK-1 mramMMer-
MeH 3ajaigaran ke3ue 9-msl Toyimikre 1x10° TuTpi
Oap caHpIpayKyJlakTapjiaH OyHaKICHEIIePIiH
emimi 70% OGonapl, anm 5x107 KOHIEHTPAIUSICHI
100% »xerTi.

BSc,-15 mTamMMbIMEH 3ananjaraHHaH KeHiHri
15-mi ToymikTiH e3iHAe OapiBIK KOHIIEHTPALUS

HycKamapeiHaa mpapaktap 100% emmi. Mynzaa
JNEPHOCUIEPIiIH ~ MHUKO3Fa  CE3IMTaJIJIbIFbIHBIH
CAHBIPAYKYJIAKTBIH ~ JKYMBIC  CYCIECH3UACHIHBIH

TuTpine Tayenainiri ansikranrad [31]. Conbimew,
erep nepuocimaepai 1x107 sxome 5x107, 5x10°
tutpiepimeH BScl-15 mrammbiMeH 3ananparan
Ke31le, WHOKYJAIMUAAaH KeHiH 9-mpl KyHI oM
JIeHreii corikecinme 87,5 xone 97,5%-ra xetce,
an KOHIEHTpaIMsHbiH 1x10° neifin ToeMeHaeyiMeH
Oyn1 xepcerkimTiH MoHI 40%-maH acmanmpl. Opi
Kapai, Oy allbIpMalIbUIBIKTap TEHECTIPUIAl XKOHE
15-mi xyHi OapibIK HJAENTEH aapakTap CyCIeH-
3Wsl TUTPbIHA KapamacTaH eJiai. ByJl IITaMMHBIH
HECIHIH 61y >KbUIJaMJIbIFbl OOWBIHINA €H KAKCHICHI
OoxbI MIBIKTEI JkoHe BBK-1 (3TanoH) mraMMbrHaH
aiftapiblkTail epekmencHOemi.
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2-kecte — JKyMBIC CyCIIEH3MSCHIHBIH op TYpii THTpiepinae L. migratoria L. 2-3 >xacrtarsl nepHacinnepinneri B. bassiana
CaHBIPayKYJIaKTaphl TaMMIaPBIHBIH OHOJOTHSIIBIK OeNICeH TUTITHIH TuHaMuKackl (Anmarsl Kanacel, KasOKxK F3U Guorexnomno-
rus 3eprxanacsl, 2019 x.)

Oy xarnaiisl %, 3ananiaHFaHHAH KEHiHT1 TOYIiK
[Hramm Tutp
3 5 7 9 11 13 15 17
Taynbl aliMax
1x10° | 5,0+5,0 5,0+£5,0 5,0+5,0 7,5+4,7 12,4432 27,542,5 30,0+4,08 | 35,0+4,03
5x10° | 15,0£2,8 | 20,0+4,08 | 22,5+2,5 22,5+2,5 22,5+8,5 30,0+9,1 35,0+6,4 40,0+£7,07
BCol-14
1x107 | 20,0+£7,07 | 27,5+7,5 27,5£7,5 37,5 £6,2 45,0+5,0 50,0£8,1 |55,0 £2,4 [60,0 +9,1
5x107 | 35,0+2,88 | 50,0+4,08 | 52,5+2,5 |70,0 +4,08 80,0+7,0 85,0+5,0 90,0 +5,7 | 95,2+10,3
1x10° | 15,0428 17,542,5 25,0+6,4 40,0 +8,1 60,0+9,1 87,5+4,7 100 100
5x10° | 15,0 £2,8 | 25,0+8.,6 50,049,1 92,5+4,7 90,0+5,7 100 100 100
BScl-15
1x107 [22,5 +8,5 | 32,585 | 52,5£11,0 87,5+7,5 100 100 100 100
5x107 | 27,5€10,3 | 52,5+19,7 | 90,0+=10,0 97,5+2,5 100 100 100 100
1x10° | 12,5+4,7 17,5+4,7 17,5+4,7 20,0+£5,7 30,0 £7,07 | 40,0+7,07 52,5+7,5 60,0+4,8
5x10° | 22,5+£2,5 | 30,0£7,07 | 35,0+6,4 50,0+10 72,5494 95,0+5,0 100 100
BSc2-15
1x107 | 20,0+£7,07 | 32,5+9,4 | 45,0£11,9 65,0+12 95,0+5,0 100 100 100
5x107 | 25,0+£9,5 | 35,0+14,4 | 50,0+12,2 | 80,0+10,8 97,5+2,5 100 100 100
1x10° | 22,5+6,2 | 27,5+4,7 30,0+6,1 45,0+9,5 62,5+6,3 67,5+4,7 77,5+6,2 90,0+5,72
5x10° | 25,0+£2,8 | 30,0+8,1 45,0+6,4 92,5+4,7 97,5+2,5 100 100 100
BTrl-16
1x107 | 40,0+4,08 | 57,5+13,7 | 92,5+4,7 97,5+£2,5 97,5+2,5 100 100 100
5x107 | 45,0£5,0 | 57,5+6,2 80,0+5,7 92,5+7,5 100 100 100 100
1x10° | 22,5+8,5 37,5+2,5 42,5+4,7 42,5447 45,0+6,4 50,0+7,07 55,0+6,4 75,0+6,45
5x10° | 22,5+13,1 {22,5 +8,5 | 27,548.,5 30,0+9,1 37,5+11,1 45,2452 50,0+£7,07 | 52,5+4,78
BPit-16
1x107 | 27,544,7 | 25,0£13,2 | 35,0£12,5 |55,0 +8,6 67,5+4,7 70,0+£7,07 | 77,5+6,21 | 80,0+6,31
5x107 | 40,0£9,1 | 46,0+£14,0 | 55,5+11,2 95,0+2,8 97,5+2,5 100 100 100
Jlamansr aimMak
1x10° | 15,0+6,4 | 25,0+£2,8 25,04,8 32,5+6,2 35,0£5,0 37,5+4,7 47,5+£8,5 52,5+8,5
5x10° | 10,0+4,0 12,5+2,5 17,5+4,7 25,0+9,5 32,5+6,2 37,5+6,2 47,5+6,2 52,5+8,5
BCO,-09
: 1x107 | 15,0£2,8 | 20,0+4,0 30,0+4,0 50,0+4,0 57,5+6,2 62,5+£2,5 72,5£7,0 72,5£7,5
5x107 | 25,0+10,4 | 47,5+£10,3 | 62,5+11,0 72,5+8,5 85,0+£2,8 85,0+2,8 87,5+4,7 87,5+4,7
1x10° | 22,5+8,5 | 25,0+10,4 | 30,0+7,0 32,5494 35,0£9,5 37,5£8,5 45,0+6,4 47,5+4,7
5x10° | 32,5+11,8 | 37,5£7,5 40,049,1 47,5+£7,5 52,5£11,0 | 60,0£10,8 70,0+4,0 72,5+4,7
BHy-09
1x107 | 12,5+7,5 22,5+7,5 35,0+£2,8 47,5+11,0 62,5£8,5 67,5+4,7 77,5+8,5 87,5+4,7
5x107 | 25,0+10,4 | 32,5+6,2 32,5+6,2 32,5+6,2 45,0+8,6 57,5+4,7 65,0+5,0 82,5+7,5
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Kecmeniy orcanzacwi

Oy xarmaiiel %, 3anangaHFaHHaH KeHiHT1 TOYIK
[Hramm Turp

3 5 7 9 11 13 15 17
1x10 | 2,5£5,7 12,5+4,7 17,5+2,5 25,0+8,6 32,5£7,5 | 40,0£10,8 | 55,0+6,4 55,0+6,4
5x10° | 5,0+2,5 20,0+9,1 22,5+8,5 | 37,5+16,5 | 50,0+10,8 | 57,5143 | 65,0+13,2 | 67,5+14,9

BScar-09
1x107 | 10,0+5,0 | 10,0+4,0 22,5+6,2 32,5+7,5 47,5+4,7 60,0+8,1 70,0+9,1 75,0+8,6
5x107 | 7,5¢4,7 | 27,5¢11,8 | 35,0£11,9 | 57,5¢17,5 | 65,0£17,5 | 75,0£15,5 | 80,0+14,1 90,0+5,7
1x10% | 5,0£2,8 10,0+4,0 17,5+4,7 20,0+4,0 22,5+2,5 22,5£2,5 | 40,0£10,8 | 57,5+17,0
5x10° | 12,5€12,5 | 42,5+7,5 | 47,5£10,3 | 57,5£7,5 65,0+8,6 75,0+6,4 80,0+9,1 82,5+8,5
BCa2(m)-09
1x107 | 10,0+7,0 | 17,5+8,5 22,5+6,2 37,5+6,2 45,0+2,8 55,0+6,4 62,5+4,7 80,0+4,0
5x107 | 30,0+4,0 | 35,0+6,4 | 45,0+8,6 | 52,5+11,0 | 75,5+7,5 77,5+4,7 82,5+4,7 90,0+7,0
1x10° | 7,5+4,7 15,0+£5,0 | 20,0+7,0 27,5+2,5 30,0+4,0 42,5+4,7 57,5+4,7 75,0£7,0
5x10° | 12,5422 | 27,5+2,8 32,5+3,6 50,0£4,9 | 50,0+5,19 | 60,0+5,9 65,0+6,6 87,5+7,4
BCa3(m)-09

1x107 | 7,5£7,5 20,0+4,0 33,5+4,7 39,048,1 47,5+7,5 52,5+4,7 | 75,0+11,9 100

5x107 | 22,548,5 | 40,0+9,1 | 50,0+£4,08 | 60,0£7,0 70,0+7,0 82,542,5 85,525 100
1x10° | 5,0+5,0 8,0+£5,8 50,0£12,9 | 70,0+8,2 88,0+£5,0 88,0+£5,0 88,0+£5,0 90,0+5,8

BBK-1 (o1a- 5x10° 0,0 0,0 52,0+9,6 83,0+£8,2 95,0+5,0 95,0+5,0 95,0+5,0 100

TIoH) 1x107 | 5,0£5,0 19,0+9,6 55,0+9,6 97,0+5,0 100 100 100 100

5x107 0,0 5,0£5,0 75,0+5,8 100 100 100 100 100
Baxpinay 0,0 0,0 0,0 1,1£2,1 2,0£2,8 3,8+2,5 5,0+£2,8 17,5+4,78

HCP, 18,2 22,2 22,4 24,1 23,4 23,8 23,8 244

Turpaiy 5x10°-ra neiin TOMeHIEYiHIE TEK YIII
mramum (BSc1-15, BSc2-15, BTr1-16) nunokynsums-
MaH KediHnri 15-mi Toymikte Tect-mecinig 100%
enimiH kepcerTi. OCbl U30NATTAp YIIH OJIM JTUHA-
MHUKaChIHJA KOFapblia aTajfaH YII THUTPAIH apa-
CBIHJ]A aWTapIBIKTall alBIPMAIIBUTBEIKTApD TaOBLUTFaH
HKOK.

Bapneik cpiHaK ImITaMMIapsl TOMEH KOHLIEH-
TpaLusiia XKOFapbl YBITTBUIBIKTBI KOPCETKEH JKOK:
1x10° kormenTpanusiceiHaa oM 100% meHreiinmge
Tek BScl-15 (enaeyaen keiiin 15-1i ToymiK) mram-
MBIH/IA FaHa OalKaJabl.

ConbiMeH Oipre Oakplnay KesiHIe OyKil
Oakpulay HYCKalapblHIAFbl eniM aeHreii 17,5%
-J1aH acraspl.

XKyMmbIc CcyCreH3HsICBIHBIH THTpiHE OailaHBICTBI
Killl jKacTarbl a3usUIbIK ILIETipTKENepiHe KaTbICTHI
B.  bassiana  caHplpayKyIarbl — IITaMMAApPBIHBIH
1x107 skome 5x107 xommentpanwstiapsiama  100%
OencenaiTiKk KepceTkeH mrammaap 6omasl (BScl-15
11-mmi Toynix, BSc,-15 13-mi Toymik, BTr -16 13-mmi
toynik BCa, -09 17-mmi Toyuik, BBK-1 (oranon)11-mi
Toynik) (1-cyper). BScl-15 mrammer 11-mmi ToymikTe
(1x107 xxone 5x107) 100% GenceHIiTiK KOPCETTi.

OcBbl SKCIEPUMEHTTIH MOJIMeTTepiHe cylieHe
OTBIPHIN, a3UsUIBIK IIETIPTKE IEPHICUINCPIHIH ca-
HbIH OakpljayFa apHaJFaH CaHbIPAYKYJIAaKThIH
KYMBIC CYCIECH3USCBIHBIH OHTaIIbI THTPIEPi 1x107
xoHe 5x107 KypaiiJpl AereH KOPBITHIHIBI jKacayra
0OoJIabL.
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1-cypet — XKyMbIc CyCTIeH3USCHIHBIH TUTPiHE OaiiTaHBICTHI Killli )KaCTaFbl
A3MSUTBIK LICTIPTKENepiHe KaThICThI B. bassiana caHbIpayKyJIaFbl ITaMMAAPBIHBIH
(BScl1-15, BSc2-15, BTr1-16, BCa3(m)-09, BBK-1 (3Tanon)) 6nonorusibIk OernceHaimiri
CoHbIMEH, KOXXaWblH OpraHu3MHIH ejiMre  15-mi ToysikTe OGaiiKaibIi, TeCT-OyHAKICHEIIePAiH

yIiplpay JAEHIredi MeH >KbUIIaMIbIFbl OOWBIHIIA
OapiBIK KOHIIEHTpAIUAAa 1a €H YKaKChl 9cep eTir,
wrammap inringe BSc -15, BSc,-15, BTr -16, BPit-
16,BCa, -09 €pEeKLIETIriH KOpCeTTi. AJleH KOFapFbI
ononorusuislk Oemcenmimik BScl-15 mrramMMmeiana
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eny neHreii Oapnbeik Hyckamapna 100% xypanisl.
En Temenri Gencenpinikti BHy-09 mrammer 47,5-
82,5% apanbIFbIH/Ia KOPCETTi. AJI KaIFaH TaMMIap
opraiia aeHreiae OMONMOTHSIIBIK OeNCEeHAUTIKTEPiH
kepcerTi. CoHbIMEH KaTap, OaKplIay HYCKaChIHIAFBI
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(emzeyci3) asWsUIBIK IIETIPTKE JepHaciamepiHiy — skoHe 5x107), eiitkeni Temen tutpiepai (1x10°

17-ToymikTe ey nexreii 17,5+4,78% Oaitkanmbl. xoHe 5x10°) KommaHFaH Ke3[oe SHTOMONATOTCHII
CaHbIpayKyJIaK IITaMMIAPBIHBIH 9CEpPi  YaKbIT
KopsIThIHABI eTe Kelle CO3BUIATBIHIBIFBIH KepcerTi. Ochuiaii-

ma, TOXKipudenep HOTHXKeCiHAe 0i3 canmbpICThIpMa-
KopbITbIHbUTAH  Kele, a3WsuIblK — IIEeTipTKe  JIBl TypA€ TOMEH KOHIECHTpalMsIapAblH ©3iHIe
JepHocinaepine  KatbicThl  Oapiblk  chiHaK  (1x10° sxone 5x10° KOHUAMS/MIT) Q3USUIBIK IIETIPTKE
Kyprizinred  mrammaap  1x107  skone  5x107  mepuocurgepine (75-100%) orFapbl YBHITTBUIBIKKA
JKYMBIC CYCIICH3USCHIHBIH THTpPJIEpIHAE JKOFaphl KM€ Tayibl JKOHE Jalallblk aliMakTaH Oip-OipieH
YBITTBIIBIKTEI KOPCETKEHIH aTan ©TKEH XOH. DJKC- BScl—15, BCa3(m)—O9 IITaMMAAPbIH TaHJAIl aJJbIK.
MEPUMEHT HOTIDKECI a3WsUIBIK — IIeTipTKenepre  AJIarbl yakbpITTa OCHI €Ki Typii aiiMak mraMmpja-
apHaIIFaH TOKIpHOenepe )KYMBIC CYCIICH3UJIapblH  PBIMEH CANIBICTBIPMANBI TYPJE KYMBICTap jKacala-
JKOFapbl TUTPII cropanapmeH amy TaiMai (1x107  TbiH Gonajasl
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SEASONAL DYNAMICS OF ENVIRONMENTAL VARIABLES
AND ZOOPLANKTON STRUCTURE IN WASTEWATER RESERVOIRS
OF THE RIGHT-BANK SORBULAK CANAL SYSTEM

The annual increase in wastewater volumes necessitates comprehensive studies of water bodies
subsidized by anthropogenic activities. An example of such reservoirs is Sorbulak and a system of shal-
low ponds into which pre-treated wastewater from Almaty and its environs is discharged. The published
works provide fragmentary data on the hydrochemical and hydrobiological regimes of Sorbulak and
ponds. There is no information on the seasonal dynamics of these variables. Our paper, aimed at studying
the seasonal dynamics of pollutants and the zooplankton structure, partially fills this gap. Environmental
and biological samples were taken in Sorbulak and two ponds by standard methods once a month, from
April to September of 2021. The content of nutrients was high, and the heavy metals concentrations,
except for copper, were low. The seasonal dynamics of pollutants in reservoirs were determined mainly
by their entry from wastewater, with a more negligible contribution of natural factors. Zooplankton was
represented by 80 species with an average abundance of 177.3-834.4 thousand ind./m* and average
biomass of 9.6-10.4 g/m?3. The values of the Shannon index were 1.98-2.12 bit/ind and 0.88-1.76 bit/
mg, the average mass of an individual was 0.0140-0.0853 mg. The seasonal dynamics of zooplankton in
the surveyed water bodies were different. The obtained results and comparison with the data of previous
studies testified to the instability of the species composition of zooplankton communities both during
one year and in individual years. Contradictions between the structure of zooplankton communities and
the chemical variables of the studied reservoirs were identified. The results obtained to make a theoreti-
cal and practical contribution to understanding the formation of water quality in reservoirs with mixed
pollution emphasize the need for further comprehensive studies of reservoirs of this type, and show
specific differences between anthropogenic and natural successions of aquatic ecosystems.

Key words: waste water reservoirs, pollution, seasonal dynamics, zooplankton.
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CapKpbIHABI CY XXMHAKTaYbILL COPOYAAK, KaHAAbI OH, XKaFaAaybl )KeTeKTepiHiH,
TMAPOXMMMSIAbIK, KOPCETKILUTEPiMEH 300NMAQHKTOH KYPbIAbIMbIHbIH,
MayCbIMADBIK, AMHAMMKAChI

CapKbiHAbI  CyAap KOAEMIHiH >KbIA CaiblHFbl YAFalObl AHTPOMOrEHAIK KbI3MeT ecebiHeH
CyOCMAMSIAQHATBIH CYy KOMMAAAPAbl KaH->KaKTbl 3epTTey KaXeTTiAiriH Herizaenai. MyHaain cy
KOMMaAapAbIH 6ipi — AAMaTbl KaAaCbl MEH OHbIH, MaHaMbIHAH aAAbIH aAd Ta3apThIAFAH CapKbIHAbI CyAap
keAin TycetiH CopbyAak, capkbIHAbI CYKOMMaAap >yieci. ByAa cy KonMMaaap yakpIT 6Te KeAe e3repeTiH,
AACTaHYAbIH, apaAac TypiMeH cunaTTaraAbl. OcbiFaH AeRiHri >kapusAaHFaH kymbictapaa Copbyaak,
MeH CapKbIHAbI CYy >KMHAKTAyblll TOFAHAAP >XYMECIHIH TMAPOXUMMSIABIK, >K8HE TMAPOOUOAOTUSIAbIK,
pPEeXUMI TypaAbl Y3iHAI AepekTep KeATipineai, Oipak 6yA KOPCETKILITEPAiH MayCbIMABIK, AMHAMMKACDI
TypaAbl MBAIMETTEp >KOK. AacTayllbl 3aTTapAblH MayCbIMAbIK, AMHAMUKACBIH >K8He 300MAAHKTOHABIK,
KAYbIMAQCTBIKTAPAbIH  KYPbIAbIMbIH  3epTTeyre GarbiTTaAFaH OyA >KYMbIC >KOFapblAa aTaAfaH
OAKbIAbIKTbIH OpPHbIH TOATbIpaabl. COpOYAaK, MeH CapKbiHAbI Cy >KMHAKTAYbIL €Ki TOFAHHbIH, KELIEHA]
3epTTeyAepi 2021 XbIAbl XKYPri3iAAi, OHbIH XMMMSABIK KypPamblH, KOPEKTiK 3aTTap MeH AacTayllbl
3aTTapAblH KypamblH 3epTTey YIUiH Cy YATiAepi, COHAait-ak, 300MAAHKTOH CblHAaMaAapbl CTAaHAAPTTbI
aAicTepMeH aibiHa 6ip peT, coyipAeH KbIPKYMeKKe AeniH ipikTeaai. TaaaayAbiH op6ip TypiHe GapAblFbl
84 cbiHama ipikTeAAi. 2021 XbIAFbI 3epTTeyAep HOTUMXKECI KOPEKTIK >XKoHe OpraHMKaAbIK, 3aTTapAblH
MOALLIEPI XKOFapbl EKEHAIMH, aA MbICTaH 6acka ayblp METAAAAPAbBIH MOALLEPI TOMEH eKEHAIMH KOPCEeTTI.
3epTTeAreH capkblHAbI CyAapAbl >KMHAKTaybIll CYyKOMMaAapAa AacTayllbl 3aTTapAblH MayCbIMABIK,
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AVHAMMKACbI Heri3iHeH oAapAblH Taburn (PakTOpAApAbIH YAECI a3 GOAFaH Ke3AE afblHAbI CyAapMeH
KEAIN TYCYiMeH aHbIKTaAAbl. 300MAQHKTOH 80 TypMeH cunaTTaAAbl, OAAPAbIH opTala caHbl 177,3-
834,4 MbIH 3K3/M? xoHe opTata 6romaccacbl 9,6-10,4 r/m3. LLIEHHOHHbIH aAyaHTYPAIAIK MHAEKCIHIH
MoHi 1,98-2,12 6ut/3k3 >oHe 0,88-1,76 6GUT/Mr, aAapaHbiH opTawa casmarbl 0,0140 — 0,0853 mr
GOAABI. 3€PTTEATEH CY KOMMaAapPAbIH, 9PKaMCbICbIHAA 300MAAHKTOHHbIH CaHABIK, )XOHE KYPbIABIMABIK,
KOPCETKILLTEPIHIH MayCbIMAbBIK, AMHAMMKACbl SPTYPAI OOAAbI. AAbIHFAH HOTUMXKEAEP MEH aAAbIHFbI
3epTTeyAEpAIH AepeKTepiMEH CAAbICTbIPY 300MAAQHKTOH KaybIMAACTbIKTAPbIHbIH TYPAEP KypPaMblHbIH,
6ip KbIA iLIHAE A€, >KEKEAEreH >KbIAAAPbl Ad TYPAKCbI3AbIFbIH KOPCETTI. 300MAAHKTOHAbIK,
KaybIMAACTbIKTAPAbIH KYPbIAbIMbI MEH 3ePTTEAreH Cy OObEKTIAEPIHIH XMMMUSABIK, KepceTKiwTepi
apacblHAAFbl KAMLIbIABIKTAP aHbIKTaAAbI. AAbIHFAH HOTUXKEAEP apaAac AaCTaHybl 6ap Cy KOMMaAapAarbl
Cy canacblHbIH, KQAbINTACYbIH TYCiHYyre TEOPUSIAbIK, XXBHE MPakKTMKAAbIK YAEC KOCaAbl, OCbl TUMTEri Cy
00bEKTIAEPIH 0AAH 9pi KELLEHAT 3epTTey KaXKEeTTIAIrH aTarn KepceTeAi, COHAAM-aK, Cy SKOXKYMEAepiHiH,
AHTPOMOreHAIK XoHe TabuFK CyKLIeCCHsl apacbiHAAFbl OEATIAL Oip arblpMalLIbIAbIKTapAbI KOPCETEA.
Ty#iH ce3aep: CapKbIHAbI CY >KMHAKTAYbILITAP, AACTAHY, MayCbIMAbIK, AMHAaMMKa, 300MAAHKTOH.
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Ce30HHas AUHAMUKA KOAUYECTBEHHbIX
U CTPYKTYPHbIX rnokasareAei 300MAAHKTOHA B CTOYHbIX BOAAX
CUCTEMDI npaBoﬁepe)KHoro C0p6YI\aKCKOr0 KaHaAa

ExxeroaHoe yBeAnyeHue 06beMOoB CTOUHbIX BOA 06YCAOBAMBAET HEOOXOAMMOCTb BCECTOPOHHMX
MUCCAEAOBaHMII BOAOEMOB, CYOCMAMPYEMbBIX 3a CYET aHTPOMOreHHOM AesTeAbHOCTM. [lprumepom
Takmx BopoemoB siBasioTcs CopbyAak M cMCTeMa MEAKOBOAHBIX MPYAOB, B KOTOpble cHpachiBaloTCs
npeABapUTEAbHO OUMLLLEHHBIE CTOUYHbIE BOAbLIT. AAMaTbl M ero okpecTHocTel. BoaooeMbl xapakTepu3yloTcs
CMELIaHHbIM XapaKTepoM 3arpsi3HeHus, KOTOpOe WM3MEHSeTCS BO BpemeHu. B onyOGAMKOBaHHbIX
paboTax MPUBOASTCS OTPbIBOYHbIE AAHHbIE O FMAPOXMMMYECKOM M TMAPOOMOAOIMUYECKOM pexkume
CopbyAaka 1 NpyAOB, HO CBEAEHMS O CE30HHOM AMHAMMKE 3TMX MoKasaTeAein OTCYTCTBYIOT. AaHHas
paboTa, HarnpaBAEHHas Ha MCCAEAOBAHUE CE30HHOM AMHAMMKM 3arpSa3HSIOLLMX BELLECTB U CTPYKTYpbI
300MA@HKTOHHbIX COOOLECTB, YaCTMYHO BOCMOAHSIET 3TOT npobeA. KOMMAEKCHble MCCAeAOBaHMS
Copbyaakau AByXnpyA0B Gbian npoBeaeHbi B 2021 . O6pasLibl BOAbI AASI MCCAEAOBAHMS €€ XUMMYECKOTO
COCTaBa, COAEP>KaHUSI MUTATEeAbHbIX M 3arpsA3HSIOUMX BELWECTB, a TakXKe MpoObl 300MAAHKTOHA
oTOMpaAn CTaHAAPTHBIMM METOAAMU OAMH Pa3 B MECsILL, C arnpeAs Mo CeHTS6pb. Bcero Ha KaxkAbl BUA,
aHaAm3a 6bIA0 0TOOpaHo Mo 84 npobbl. bbiro nMokasaHo, uto B 2021 . coaepskaHMe MUTaTeAbHbIX U
OPraHNYEeCKUX BELLLECTB BbIAO BbICOKMM, a COAEPXKAHME TSIKEAbIX METAAAOB, 3a MCKAIOUEHMEM MEAM,
HaXOAMAOCb Ha HU3KOM ypoBHe. Ce30HHast AlHaMMKa 3arpsa3HSIOLLIMX BELLECTB B BOAOEMAX CTOYHbIX BOA,
OonpeAeAdAaCb B OCHOBHOM MX MOCTYMAEHMEM CO CTOYHbIMM BOAAMM MPW MEHBLLIEM BKAAAE NMPUPOAHbBIX
hakTopoB. 300MAAHKTOH ObIA MpeacTaBAeH 80 BUAAMM CO CPEAHE YMCAEHHOCTbIO 177,3-834,4 ThbiC.
3K3./M® 1 cpeaHeir Guomaccon 9,6-10,4 /M. 3HaveHust MHAeKca pasHoobpasus LllenHoHa 6biAn
paBHbl 1,98-2,12 6ut/MHA 1 0,88-1,76 GUT/Mr, cpeaHss macca ocobu — 0,0140-0,0853 mr. Ce3oHHas
AVHaMMKa KOAMYECTBEHHbIX M CTPYKTYPHbIX NMOKa3aTeAer 300MAQHKTOHA B K&KAOM M3 00CAEAOBAHHbIX
BOAOEMOB OblAa pasAMYHON. [oAyueHHble pe3yAbTaTbl M CPaBHEHUME C AAHHbIMM TMPEABIAYLLMX
MCCAEAOBaHMI CBUAETEABCTBOBAAM O HECTAabMAbBHOCTM BMAOBOIO COCTaBa COOOWIECTB 300MAAHKTOHA
KaK B TEYEHME OAHOIO roaa, Tak U B OTAEAbHbIE TOAbI. BbISBAEHbI NMPOTMBOPEUNS MEXAY CTPYKTYpPOM
300MAQHKTOHHbIX COOBLIECTB Y XMMUYECKMMM NMOKa3aTEASIMU MCCAEAOBAHHbBIX BOAOEMOB. [MOAyYeHHble
pe3yAbTaTbl BHOCIT TEOPETUYECKMIA M NMPaKTUUECKUIA BKAQA B MOHWMaHWe (DOPMMPOBAHMS KavecTBa
BOAbl B BOAOEMax CO CMELLAHHbIM 3arpsi3HEHMEM, MOAYEPKMBAIOT HEOOXOAUMOCTb AAAbHEMLLIMX
KOMIMAEKCHbIX MCCAEAOBAHUIT BOAOEMOB TAKOro TUMA, a TAKXKe MOoKa3blBalOT ONPeAEAEHHbIE pa3AMyMs
MEXAY aHTPOMOreHHbIMU 1 eCTECTBEHHBIMU CYKLLECCUSAMU BOAHBIX 3KOCUCTEM.

KAtoueBble cAOBa: HAaKOMUTEAM CTOUHbIX BOA, 3arpsa3HeHne, CE30HHas AMHaMMKA, 300MAQHKTOH.

Introduction

The growth of the earth’s population causes
an annual increase in the volume of wastewater
containing a complex set of organic and toxic
compounds [1-4]. A significant part of wastewater
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is discharged into natural water bodies [5-
6], causing considerable damage to biological
resources and human health [7-8]. The growing
practice of reusing wastewater in agriculture and
drinking water [9-10] increases environmental and
human health risks.
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Pollutants entering aquatic ecosystems with
wastewater undergo transformation. These processes
are determined by a complex of natural and climatic
factors [11], chemical and physical interactions [13-
15], morphometric characteristics of water bodies
[16], as well as accumulation in living organisms
[17-20]. The impact of wastewater on aquatic
ecosystems depends both on its origin [industrial,
agricultural, livestock, domestic wastewater] and
on the composition of biological communities [21-
25]. Depending on the concentration, pollutants can
stimulate or inhibit living organisms [26-28].

Anthropogenic  activities almost entirely
subsidize artificial reservoirs created to store
wastewater (wastewater reservoirs). The continuous
influx of organic and toxic compounds with
wastewater causes differences between wastewater
reservoirs and natural water bodies, characterized
by a seasonal supply of nutrients and pollutants
[29-30]. In emergency discharges, the content of
contaminants in wastewater can increase many
times over a short period, which is also not typical
for natural water bodies.

The natural processes of eutrophication of
water bodies associated with the accumulation of
organic matter are distorted by toxic compounds
in wastewater. By suppressing the reproduction
of primary producers [31], toxicants disrupt the
transformation of nutrients and directly or indirectly
affect the entire trophic pyramid. As a result,
traditional bioindication methods based on the
relationship of species to organic pollution [32-
33] become ineffective under conditions of toxic
or mixed pollution of water bodies. It should also
be taken into account that the diverse nature of
chemical interactions between pollutants [34] does
not allow one to assess water quality based on
chemical methods alone.

Hydrobiological studies of wastewater reservoirs
expand our knowledge about the formation
features of biological communities’ structures
under conditions of organics together with toxic
pollution. According to the feedback principle, the
results obtained can be used to assess the ecological
state of artificial and natural water bodies with
mixed pollution. Considering the annual growth of
wastewater volumes [1,4], there are more and more
such water bodies [5-6].

Sorbulak is one of the largest wastewater
reservoirs in Kazakhstan and the world [35].
Sorbulak and ponds store pre-treated wastewater
from the city of Almaty and its environs, with a

total population of about 2 million people. Even
after preliminary treatment, wastewater contains
organic, biogenic, suspended solids, surfactants,
metals, phenols, fats, dyes, oil products, cyanides,
formaldehyde, and heavy metals [35-38].

Zooplankton studies in the Sorbulak reservoir
were carried out in 1998, 2000, 2001, and 2017
[36, 39-41]. The cited papers provide information
on the species composition, quantitative and
structural variables of zooplankton communities in
the Sorbulak reservoir and ponds. The interannual
dynamics of zooplankton in ponds are analyzed
in connection with external factors [37]. Still,
there is no information on the seasonal dynamics
of pollutants and the structure of zooplankton
communities. This work partially fills this gap. Its
purpose is to analyze the seasonal variability of
environmental and biological variables in conditions
of mixed pollution of wastewater reservoirs of the
Right-Bank Sorbulak Canal system.

Materials and Methods

Description of Study area. Sorbulak is located
50 km northwest of Almaty. It was formed in 1973
by filling the natural lowering of the relief with un-
treated sewage. Sorbulak has the shape of an irregu-
lar triangle. The island (former peninsula) divides
the reservoir into two parts (Figure 1). The water
area is about 58 km?. Depths range from 19.0-25.0
m in the northern part to 1.5-5.0 m in the southern
and southeastern parts. The wastewater canal flows
into the southeast of the reservoir. From the western
bay of Sorbulak, water is periodically taken through
the canal for irrigation of industrial crops.

By the end of the 80s of the last century, the
filling of Sorbulak reached a critical level, and
there was a threat of the dam breaking. In 1995, the
emergency Right-Bank Sorbulak Canal (RSC) was
built. Through this canal, part of the wastewater,
bypassing Sorbulak, can be discharged into a sys-
tem of 8 shallow ponds (RSC ponds). Ponds have
an indented coastline (Figure 1). The largest of
them is the penultimate one (No. 7) and the last one
(No. 8), with an area of 3.5 and 0.4 km?, respec-
tively. The maximum depths do not exceed 7-8 m,
with average depths of 2.7-6.0 m. Water transpar-
ency is often low. The water level in wastewater
reservoirs mainly depends on the volume of incom-
ing wastewater. During the observation period of
2021, the water level in all wastewater reservoirs
has dropped significantly.
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Figure 1 — The layout of sampling stations in wastewater reservoirs of the Right-Bank Sorbulak Canal system, 2021

Field studies. Hydrochemical and biological
sampling was carried out once a month from April to
September 2021 using a grid of 15 stations (Figure 1).
The coordinates, depth, temperature, pH value, and
water transparency at each station were determined.
The pH value and water temperature were measured
using a portable waterproof instrument AMTAST.
Water transparency was determined using a Secchi
disk. Water samples were taken to assess total
dissolved solids (TDS), the content of nitrites,
nitrates, phosphates, ammonium, total iron, silicon,
manganese, phosphorus, oxygen, easily oxidized
organic substances (PI), heavy metals (Cd, Pb, Zn,
Cu, Cr, Co). At depths less than 3 m, hydrochemical
samples were taken from the surface and at greater
depths, layer by layer, using a bathometer. Samples
for determination of TDS were taken in plastic
containers with a volume of 1 1, heavy metals — 0.5
1, nutrients — in glass containers with a volume of
0.5 I, permanganate index (PI) — 0.25 I, oxygen — in
oxygen bottles with a ground stopper with a volume
of 0.25 1. Zooplankton samples were taken using a
Judy net by pulling it from the bottom to the surface
[42]. All zooplankton samples were fixed with 4%
formaldehyde solution. A total of 84 samples were
taken for each type of analysis.

Laboratory analysis. Chemical analysis of
water was carried out according to guidelines
[43,44]. Nitrogen compounds, phosphates,
silicon, manganese, and iron were determined
photometrically using Griess, Nessler, metallic
cadmium, ammonium molybdate in combination
with ascorbic and sulfosalicylic acids. The content
of easily oxidizable organic substances was
determined under acidic conditions by the Kubel
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method. The total hardness of water was determined
by the volumetric complexometric method with the
black eriochrome indicator. The determination of
heavy metals in water was carried out by inductively
coupled plasma mass spectrometry on an ELAN-
9000 quadrupole mass spectrometer USA (ST
RK ISO 17294-1-2011) in the low-background
measurement laboratory of the Institute of Nuclear
Physics (Almaty).

Identification of planktonic invertebrates
species was carried out according to keys [45-48].
According to [49], the abundance of organisms was
calculated. The sample was concentrated to a certain
volume, depending on the abundance of organisms.
After thorough mixing, three subsamples were
taken from the sample using a 1 ml pipette. In this
subsample, all encountered individuals and age
stages of individual species (the most numerous)
were counted. Next, the sample was concentrated to
a smaller volume of 125-150 ml. Three subsamples
were again taken from it; less abundant age stages
or species were counted. In the end, the sample,
with its volume of 20-25 ml, was examined to count
large and rare species of planktonic invertebrates.
The results obtained were recalculated per 1 m’.
We used an individual mass of individuals/species
determined by the formulas to calculate the biomass
[50]. The average number of species per sample, the
Shannon index (Shannon Ab, bit/ind and Shannon
Bi, bit/mg), and the average mass of an individual
(mg) were determined to characterize the structure
of zooplankton. The Shannon index was calculated
in the Primer Software based on a logarithm with
base two. Graphs of the seasonal dynamics of
variables were plotted in the R program [51-52].
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Statistical analysis. The calculation of the
similarity of the species composition of plankton
communities was performed as a network analysis in
JASP 0.9.0.0 (Jeffrey’s Amazing Statistics Program,
University of Amsterdam, Amsterdam, The
Netherlands) in the botnet package in R-Statistica
(R Core Team, Vienna, Austria) at a similarity level
of 50% at p<0.05 [53]. Blue lines mean positive
correlation, red lines mean negative correlation. The
thicker the line, the stronger the connection strength.
Descriptive statistics were performed in Excel. The
frequency of species occurrence was found by
dividing the number of samples in which the species
was encountered by the total number of samples.

Results and Discussion

Hydrophysical and hydrochemical
characteristics. All wastewater reservoirs are
thermal. The ponds, as a rule, warmed up more
strongly compared to Sorbulak. The water is alkaline,
with maximum pH values in ponds. The water in the
ponds is slightly mineralized (Table 1). In Sorbulak,
the value of the variable is more than twice as high.
According to its chemical composition, the water
belonged to the chloride class, the sodium group of
the second type. Only in April, sulfates prevailed in
Sorbulak. The oxygen content in the surface was at
a high level.

Table 1 — Physical-chemical variables of wastewater reservoirs of the Right-Bank Sorbulak Canal system, 2021 (average values with

standard error)

Variable Sorbulak RSC7 RSC 8
temperature, ° 21.7+0.6 25.7+£0.01 22.7+0.7
pH 9.41£0.03 9.51+0.05 10.00+0.07
oxygen, mg/dm® 11.95+0.70 11.50+1.61 12.20+1.00
TDS, mg/dm? 1340.0+£20.3 546.2+26.9 464.5+16.0
hardness, mg-eq/dm? 6.20+0.03 3.70+0.12 2.64+0.09
PI, mgO/dm? 19.07+0.54 17.36+1.04 16.22+1.03
N-NO,, mg/dm’ 0.05+0.01 0.13+0.05 0.03£0.01
N-NO,, mg/dm’ 0.68+0.07 3.00+1.31 1.28+0.57
N-NH,, mg/dm? 0.30+0.04 0.37+0.12 0.53£0.13
PO,, mg/dm’ 0.26+0.01 0.39+0.05 0.14+0.02
Si, mg/dm? 3.69+0.15 8.26+0.57 7.03+0.38
Mn, mg/dm? 0.03£0.003 0.05+0.01 0.07+0.01
Fe, mg/dm? 0.34+0.02 0.37+0.03 0.38+0.03
Cd, mg/dm® 0.0001+0.000002 0.0001+0.000002 0.0001+0.000002
Co, mg/dm? 0.0002+0.00001 0.0003+0.00004 0.0002+0.00001
Cr, mg/dm® 0.0070+0.0003 0.0060+0.0009 0.0050+0.0005
Cu, mg/dm? 0.0115+0.0011 0.0255+0.0090 0.0359+0.0041
Pb, mg/dm? 0.0010+0.0032 0.0008+0.0003 0.0007+0.0002
Zn, mg/dm? 0.0053+0.0004 0.0110+0.0027 0.0085+0.0014

The average content of nitrates, ammonium,
phosphates, silicon, and manganese in the ponds
was higher, and easily oxidized organic substances
were lower than in Sorbulak. The contents of Cd,

Co, Cr, and Pb were low or very low. A somewhat
increased amount of Zn was recorded in RSC 7. The
Cu content was universally high, with maximum
values in RSC 8.
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The following features characterized the sea-
sonal dynamics of hydrochemical variables. The
surface water temperature gradually increased from
April to August and decreased in September (Fig-
ure 2). In Sorbulak, water transparency increased

from 0.4-0.5 m in spring to 1.9 m in autumn. In
RSC 8, the average value of the variable fluctuated
within 0.1-0.4 m. In RSC 7, the maximum water
transparency was noted in April, the minimum — in
July.
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Figure 2 — Seasonal dynamics of hydrophysical variables in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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Figure 3 — Seasonal dynamics of hydrochemical variables in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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The minimum oxygen content in the surface in
Sorbulak and RSC 7 was recorded in July and RSC
8 in August. The maximum TDS water in all waste-
water reservoirs was recorded in September against
a decrease in water level (Figure 3).

Concentration, mgh
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The most considerable amount of easily oxi-
dized organic substances (21.07-25.00 mg/dm?)
entered the wastewater reservoirs in May, with a
minimum in April and September (11.67-15.00
mg/dm?).
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Figure 4 — Seasonal dynamics of nutrients in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021

The seasonal dynamics of nitrogen and phos-
phorus compounds in Sorbulak did not follow clear
patterns, with a weakly expressed trend of decreas-
ing their concentrations from April to September. In
RSC 7, this trend was more pronounced: the content
of nitrogen compounds and phosphates decreased
from spring to autumn (Figure 4). In RSC 8, the
maximum concentrations of nutrients were recorded
in June, and ammonium nitrogen — in July.

During the study period, the content of zinc,
copper, and lead changed to a certain extent
synchronously (Figure 5). The Pearson correlation
coefficient values were statistically significant
between Zn and Cu (r=0.657), Zn and Pb (r=0.682),
Cu and Pb (r=0.432, p<0.05). In Sorbulak, the
highest amount of copper was recorded in June,
in ponds — in August. In August, a relatively high
amount of chromium was detected in Sorbulak.

Zooplankton

Aspartofzooplankton, 80 species were recorded,
including 53 rotifers, 16 cladocerans, 9 copepods,
and 2 others (Table 2). The most significant number

of species was found in RSC 8, and the minimum in
RSC 7.

During the entire observation period, the
zooplankton species composition was characterized
by a relatively high similarity between Sorbulak
and ponds (Figure 6). The allocation of RSC 8 to
a separate cluster indicated an almost complete
change in the species composition of planktonic
invertebrates in August and September relative to
other periods of research.

According to the average values, the
quantitative variables of zooplankton communities
were at a high level, with a maximum in RSC 8
and Sorbulak (Table 3). Copepods dominated.
Rotifers and cladocerans subdominated. In
RSC 7, the distribution of taxonomic groups by
abundance was relatively uniform. The average
zooplankton biomass did not differ in water
bodies. Cladocerans dominated in Sorbulak and
RSC 7, while copepods subdominated. In RSC
8, the ratio of groups in the total zooplankton
biomass was reversed.
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Figure 5 — Seasonal dynamics of heavy metals and silicon in wastewater reservoirs
of the system of the Right-Bank Sorbulak Canal, 2021

Table 2 — Species composition and frequency of occurrence (%) of planktonic invertebrates in wastewater reservoirs of the Right-
Bank Sorbulak Canal system, 2021

Species name Sorbulak RSC7 RSC 8

Rotifera

Anuraeopsis fissa (Gosse) 17
Asplanchna brightwelli (Gosse) 33
Asplanchna girodi (Guerne) 41 33
*4splanchna herricki (Guerne) 2

*Asplanchna intermedia (Hudson) 7 6
Bdelloida gen.sp. 4 22
Brachionus angularis (Gosse) 50
Brachionus angularis bidens (Plate) 33
*Brachionus calyciflorus (Pallas) 2 17
Brachionus calyciflorus amphiceros (Ehrenberg) 44
Brachionus forficula (Wierzejski) 20 67
*Brachionus plicatilis (Muller) 6 6
*Brachionus quadridentatus ancylognathus (Schmarda) 4 33
Brachionus quadridentatus hyphalmyros (Tschugunoff) 17
*Brachionus urceus (Linnaeus) 2 22
Brachionus variabilis (Hempel) 11
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Table continuation

Species name Sorbulak RSC7 RSC 8
Colurella colurus (Ehrenberg) 22
*Euchlanis deflexa (Gosse) 2
Euchlanis dilatata (Ehrenberg) 2 6
Euchlanis lyra (Hudson) 6
*Euchlanis phryne (Myers) 4 10
Euchlanis pyriformis (Gosse) 6
Filinia longiseta (Ehrenberg) 2 50
*Filinia major (Colditz) 37 10 50
*Filinia terminalis (Plate) 35 83
Hexarthra mira (Hudson) 19 40
*Hexarthra intermedia (Wiszniewski) 63 20 17
Keratella cochlearis (Gosse) 22
*Keratella quadrata (Muller) 96 60 83
Keratella tropica (Apstein) 11
Keratella tropica reducta (Fadeew) 6
Lecane (Monostyla) bulla (Gosse) 22
Lecane (Monostyla) closterocerca (Schmarda) 17
Lecane (s.str.) luna (Muller) 13 44
Lepadella (s.str,) triptera (Ehrenberg) 11
Leydigia leydigii (Schoedler) 2
*Lophocharis oxysternon (Gosse) 2
*Mpytilina ventralis (Ehrenberg) 6 22
*Notommata collaris (Ehrenberg) 2
Notommatidae gen.sp. 2 20 28
*Polyarthra dolichoptera (Idelson) 22 17
Polyarthra major (Burchhardt) 13
Pompholyx sulcata (Hudson) 17 50
Synchaeta kitina (Roussel.) 37
Synchaeta stylata (Wierzejski) 19
*Trichocerca (s.str.) caspica (Tschugunoff) 11 33
Trichocerca rattus (Muller) 17
Trichocerca similis (Wierzejski) 28
*Trichocerca stylata (Gosse) 2
Trichotria similis (Stenroos) 2
Trichotria truncata (Whitel.) 6
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Table continuation

Species name Sorbulak RSC7 RSC 8
Tripleuchlanis plicata (Rodew.) 6
Cladocera
*4lona rectangula (Sars) 11 30 17
*Bosmina (Bosmina) longirostris (O.F. Muller) 98 10 94
*Ceriodaphnia dubia (Richard) 2
Ceriodaphnia pulchella (Sars) 2
*Ceriodaphnia reticulata (Jurine) 17
Chydorus sphaericus (O.F. Muller) 31 100 22
Daphnia (Daphnia) galeata (G.O. Sars) 96 39
*Daphnia (Daphnia) longispina (O.F. Muller) 20
Daphnia (Ctenodaphnia) magna (Straus) 78 80 17
Daphnia (Daphnia) pulex (De Geer) 74 100 44
Diaphanosoma cf. dubium (Manuilova) 72
*Diaphanosoma mongolianum (Veno) 63 10 6
Macrothrix hirsuticornis (Norman et Brady) 10
Moina brachiata (Jurine) 2
Moina sp. 6
Pleuroxus aduncus (Jurine) 4 20
Copepoda
Acanthocyclops robustus (Mirabdullayev et Defaye ) 100 80 67
Cyclops scutifer (Sars)
*Cyclops strenuus (Fischer) 31 22
*Cyclops vicinus (Uljanin) 98 50 89
*FEucyclops serrulatus (Lilljeborg) 2 40
*Mesocyclops leuckarti (Claus) 10
*Thermocyclops vermifer (Lindberg) 61
Sinodiaptomus sarsi (Rylov) 20 67
Diaptomidae gen.sp. 10 28
Ergasilidae gen.sp. 7
Others
Oligochaeta gen.sp. 2 10
Ostracoda gen.sp. 2 90 17
Nematoda gen.sp. 2 6
Total: 52 23 57

Note. *Species not previously recorded in Sorbulak and ponds.
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Abbreviation. Sorb — Sorbulak, RSC 7 and 8 — pond 7 and 8. Roman numbers (IV-IX)
denote the months of April-September, respectively.

Figure 6 — The similarity of the species composition of planktonic invertebrates
in wastewater reservoirs of the Right-Bank Sorbulak Canal system, 2021

Table 3 — Quantitative variables of zooplankton communities in wastewater reservoirs of the Right-Bank Sorbulak Canal system,

2021
Variable Water body Variable Water body
Sorbulak | RSC7 | RSCS8 Sorbulak | RSC7 | RSCS8
Rotifera Abundance 152.1 51.9 334.6 Copepoda Biomass 2.89 0.47 6.55
Cladocera Abundance 140.7 69.3 83.2 Total Biomass 9.62 10.37 9.72
Copepoda Abundance 405.0 56.6 416.5 Average Species Number 12.0 8.5 17.4
Total Abundance 697.8 177.3 834.4 Shannon Ab 2.01 1.98 2.12
Rotifera Biomass 0.12 0.05 0.74 Shannon Bi 1.76 0.88 1.31
Cladocera Biomass 6.61 9.83 2.44 | Average mass of an individual 0.0175 0.0853 | 0.0142

The seasonal dynamics of the quantitative indica-
tors of zooplankton had their characteristics in each
water body (Figures 7, 8). In Sorbulak, after the maxi-
mum in April, an abundance of planktonic inverte-
brates decreased in May and June, followed by a rise
in July and a further decline by September. In RSC
7, the quantitative indicators of zooplankton gradu-
ally increased from May to September. In RSC 8, two
zooplankton abundance peaks (May and September)
and one biomass peak (June) were recorded.

The composition of the dominant species in the
zooplankton of the surveyed reservoirs included
the cyclopoid copepods A. robustus everywhere,

in Sorbulak together with C. vicinus (Table 4).
As the water temperature rose seasonally, the role
of heat-loving species of cladocerans increased in
the zooplankton community, while the importance
of rotifers S. kitina decreased. The composition of
the dominant species in the zooplankton of RSC 8§
was the most peculiar and variable. In addition to
the cyclops A. robustus, the rotifers F. major, F.
terminalis, K. quadrata, and the cyclops C. vicinus
played a significant role in the zooplankton of this
reservoir in spring, and the predatory rotifer A.
brightwelli, crustaceans B. longirostris, D. dubium,
and S. sarsi.

169




Seasonal dynamics of environmental variables and zooplankton structure in wastewater reservoirs ...

170

“
|

750000 | | 3008 i
500000 [ 201
E;:sumu- J [ teeps- Motk
- L TR
— | i "'F‘ B s
R S B
2 REC_T RBC_A  Sorbulak R2C_T B Sobulsk
.
‘ . . — B jone
| der0a
TE0000 | . - -
F sisnad B seplember
500000 L
* o | 2usps4
T A .rl.
™ - ol ¥
ey TR T o
BEC T HECE  Eobulak BEC T Ra:.s Euf'l:rula.l:
Waterhody

Figure 7 — Seasonal dynamics of zooplankton abundance in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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Table 4 — The composition of the dominant species in the zooplankton of wastewater reservoirs of the Right-Bank Sorbulak Canal
system, 2021

Water body Month Species name Abundance, % Biomass, %
Synchaeta kitina 12.5 1.1
April Daphnia (Daphnia) galeata 1.5 13.8
Cyclops vicinus 17.5 76.4
Acanthocyclops robustus 58.9 5.1
Filinia major 17.1 0.5
Keratella quadrata 41.5 1.9
May Daphnia (D.) galeata 7.7 57.3
Acanthocyclops robustus 11.6 0.9
Cyclops vicinus 16.5 335
Daphnia (C.) magna 3.6 64.4
Sorbulak June Acanthocyclops robustus 53.1 9.9
Cyclops vicinus 22.5 11.7
Bosmina (B.) longirostris 24.8 13.5
Diaphanosoma mongolianum 19.4 453
Tuly Daphnia (D.) pulex 1.0 13.3
Acanthocyclops robustus 33.7 12.1
D. mongolianum 12.9 43.7
August Daphnia (Daphnia) pulex 3.7 313
A. robustus 55.5 7.3
Acanthocyclops robustus 26.4 7.8
September Daphnia (Daphnia) pulex 15.9 50.7
D. mongolianum 2.5 26.2
Daphnia (C.) magna 17.5 61.2
May Daphnia (D.) pulex 30.1 38.2
Cyclops vicinus 32.1 0.17
Acanthocyclops robustus 70.2 24.1
June Daphnia (C.) magna 2.9 347
Daphnia (D.) pulex 15.1 39.3
Chydorus sphaericus 29.6 8.6
RSC 7 July Daphnia (D.) pulex 21.7 84.6
Acanthocyclops robustus 36.4 3.5
Hexarthra mira 31.4 1.1
August Daphnia (Daphnia) pulex 29.1 93.3
A. robustus 22.0 3.1
Keratella quadrata 36.1 0.9
September Chydorus sphaericus 19.6 10.5
Daphnia (Daphnia) pulex 15.9 87.5
Acanthocyclops robustus 18.0 0.6
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Table continuation

Water body Month Species name Abundance, % Biomass, %

Filinia major 16.2 0.3

April Filinia terminalis 11.0 0.1
Cyclops vicinus 62.4 96.7

Keratella quadrata 42.5 4.5

May Acanthocyclops robustus 17.6 43
Cyclops vicinus 22.2 77.9

Bosmina (Bosmina) longirostris 16.0 5.7

Tune Diaphanosoma cf- dubium 19.3 58.5
Acanthocyclops robustus 324 10.7

RSC 8 Sinodiaptomus sarsi 7.6 10.3
Asplanchna brightwelli 5.8 25.7
July Diaphanosoma dubium 46.9 57.4
Acanthocyclops robustus 13.9 2.7
Sinodiaptomus sarsi 7.8 12.4

Brachionus forficula 35.0 0.7
September Thermocyclops vermifer 46.3 30.2
Sinodiaptomus sarsi 3.8 59.7

Brachionus forficula 36.2 23
September Asplanchna girodi 1.9 19.3
Thermocyclops vermifer 49.1 69.9

Figure 9 shows the seasonal dynamics of the

of zooplankton communities

in the surveyed

structural variables of zooplankton communities.
The highest values of the Shannon index and the av-
erage mass of an individual in all reservoirs were re-
corded in the summer months. In Sorbulak, the spe-
cies richness of zooplankton communities increased
from April to September, and it was at its maximum
in the summer months in the ponds.

The seasonal dynamics of nitrogen and
phosphorus compounds in the surveyed wastewater
reservoirs did not follow clear patterns, which is
associated with the predominant supply of biogenic
elements to the reservoirs with wastewater. A
weakly pronounced downward trend in nitrogen and
phosphorus concentrations from April to September
indicates a specific contribution of surface runoff,
the volume of which is associated with seasonal
variability in precipitation [54]. In the absence of
seasonal patterns, the synchronous change in the
concentrations of heavy metals is also associated
with their joint inflow with wastewater.

With territorial proximity and feeding on
one source, the structure and seasonal dynamics
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wastewater reservoirs had specific features. With
a relatively high commonality of the species
composition of planktonic invertebrates, the
composition of the dominant species was specific
in each of the reservoirs and unstable over time.
Species compounds also changed compared with
previous data [37,41]. By 2021, the species richness
of zooplankton in Sorbulak increased due to 18
species of rotifers, three species of cladocerans, and
one species of copepods that were not previously
recorded (Table 3). All species of rotifers recorded
in 2017, except for Hexarthra mira, fell out of the
composition of the zooplankton of the ponds; and
the composition of rotifers was completely renewed.
Previously unrecorded, three species of cladocerans
and four species of copepods appeared. A possible
reason for a significant increase in the species
richness of zooplankton in reservoirs may be the
excessive supply of biogenic elements that stimulate
the development of phytoplankton. Favorable
trophic conditions allow a more significant
number of planktonic invertebrate species to
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exist simultaneously [55]. This conclusion is also
supported by an increase in zooplankton species
richness due to rotifers from the genera Brachionus,
Keratella, and Filinia, which are characteristic
of water bodies enriched in biogenic elements

Wl

Wmterbody

[37]. Seasonal and interannual variability in the
species composition of planktonic invertebrates is
a reflection of unstable environmental conditions,
which is generally typical for water bodies fed by
wastewater [10].
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Figure 9 — Seasonal dynamics of structural variables of zooplankton in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021

The constant influx of nutrients contributed
to maintaining a high abundance and biomass of
zooplankton in the surveyed wastewater reservoirs,
which is generally typical for water bodies of this
type [56-57]. The decrease in the level of toxic
pollution of reservoirs in recent decades played a
significant role [37,41]. At very low concentrations
of all metals in 2021, the copper content increased
from 0.001 mg/dm?® in 2017 [37] to 0.0117-0.0359
mg/dm?® in 2021. The primary source of heavy
metals in wastewater is an activity of industrial
enterprises [58], including the textile industry. From
2019 to 2021, the production of textiles in Almaty
increased from 5.0 to 23.7% [59]. The use of heavy
metals and, in particular, copper for fabric dyeing
may be one of the reasons for the sharp increase in
the content of this metal in wastewater in the past
few years.

Except RSC 8, the dominant zooplankton
complex did not change in all wastewater reservoirs.
In RSC 8, only the cyclops A. robustus remained
among the dominants of previous years. In contrast,
the previously dominant rotifers Hexarthra mira

and cladocerans D. pulex and D. magna dropped
out of the composition of dominants. The number
of species resistant to organic pollution (Asplanchna
girodi, A.brightwelli, B. forficula, Keratella
quadrata, B. longirostris, D. dubium, C. vicinus, S.
sarsi, T. Vermifer) increased [37, 60-62]. Changes
in the composition of dominant complexes can be
associated with the variability of hydrochemical
conditions [63] and antagonistic relationships
between planktonic invertebrates. For example,
in a mesotrophic lake in Brazil, B. longirostris
cannot coexist with rotifers Hexarthra [64]. Due
to the great competition, rotifers are forced to
look for additional sources of food. Hexarthra
uses the food contained in the filtration apparatus
of B. longirostris, thereby negatively affecting
the population of this crustacean. Perhaps for this
reason, in 2017, B. longirostris was not recorded in
the zooplankton of RSC 7 and 8 during the period
of dominance of the rotifer Hexarthra mira [37,41].
The absence of B. longirostris in Sorbulak [37, 40]
may also be related to its inability to compete for
food with large D. magna [65-66].
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The Shannon diversity index and the average
individual massareintegral variablesthatcharacterize
the structure of biological communities [33]. In 2021,
the average values of the Shannon index (1.98-2.12
bit/ind and 0.88-1.76 bit/mg) indicated a moderate
and low diversity of zooplankton communities in
the wastewater reservoirs. Such index values are
typical for zooplankton in eutrophic lakes [33, 67],
where several small-sized species dominate and for
oligotrophic conditions when several large species
dominate [62]. High values of the average individual
mass (0.0142-0.0853 mg) in the zooplankton of all
wastewater reservoirs corresponded to the values
characteristic of oligotrophic conditions [33].
Taking into account the long-term accumulation of
pollutants [35] and the results of chemical analysis
in 2021, it can be concluded that the values of the
integral variables of zooplankton did not fit into the
existing classifications [33, 62]. Our results once
again confirm that the successions of water bodies
differ significantly under the influence of natural
and anthropogenic factors. The differences are not
only in the multiple accelerations of anthropogenic
eutrophication of water bodies [68], but also in the
stochastic effect of toxic compounds that shift the
aquatic ecosystem to earlier stages of successional
development [69]. Obviously, it is the main reason
for the contradictions described above between
the structure of zooplankton communities and the
chemical parameters of the studied water bodies.
Undoubtedly, our results are preliminary and aimed
at drawing attention to the study of the succession
of wastewater bodies as a particular type of aquatic
ecosystem.

Conclusion

The seasonal dynamics of pollutants in the
wastewater reservoirs of the Right-Bank Sorbulak
Canal system are determined mainly by their inflow
with wastewater, with a smaller contribution of

natural factors. Zooplankton was represented by
80 species, of which the most common rotifers
Keratella  quadrata, cladocerans  Bosmina
longirostris, Daphnia magna, D. pulex, cyclopoid
copepods Acanthocyclops robustus, and Cyclops
vicinus. High quantitative variables of zooplankton
(177.3-834.4 thousand ind./m* and 9.6-10.4 g/m?)
are mainly characteristic of reservoirs enriched
with nutrients. The composition of the dominant
complexes included species that endure an
increased amount of organic matter. Shannon
diversity index values ranged from 1.98 to 2.12
bits/ind and 0.88 to 1.76 bits/mg. The average
individual mass in zooplankton was 0.0142-0.0853
mg. The seasonal zooplankton dynamics had their
characteristics in each surveyed water body. The
obtained results and comparison with the data of
previous studies testified to the instability of the
species composition of zooplankton communities,
which may reflect the variability of environmental
conditions. The identified contradictions between
the structure of zooplankton communities and the
chemical parameters of the examined water bodies
emphasize the need for further comprehensive
studies of water bodies with mixed pollution and
show certain differences between anthropogenic
and natural successions of aquatic ecosystems.
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RUMEX TIANSCHANICUS L. HETI3IHAETI
BUOAOIUNAADbIK BEACEHAI KELUEHAEPAIH,
KACUETTEPIH CO3bIAMAADI YbITTbIAbIK,
TOXIPUBECIHAE 3EPTTEY

Rumex tianschanicus L. — xaAblk MeAMUMHACbIHAQ acKasaH-ileK >KOAAApbl, Gaybip, Avapes, il
KaTy, Tepi aypyAapblHAQ KOAAQHBIAQTbIH ABPIAIK eciMaik [1,2]. AeCTypAi MeamLMHasa ABPIAiIK
OCIMAIKTEPAIH KEeH TapaAFaHblHA KapamacTaH, OAapAbIH KernbipeyAepi FaHa TUIMAIAIM MeH Kayinci3airiHe
TekcepiareH [3]. OcbiraH 6arAaHbICTbl OYA >KYMbICTbIH MakcaTbl Rumex tianschanicus L. TambipAapbl
MEH TamblpcabakTapbiHaH aAblHFaH CbIFbIHABIHbIH GMOAOTMSIABIK, OEACEHA KelleHAEpiHiH KacneTTepiH
CO3bIAMaAbI YbITTbIAbIK ToxipnbeciHae 6araray 60AAbl. DUTOXUMMUSIABIK, TaAAQy OHIMAIAITT >KOFapbl
CymMbIKTbl xpomoTorpadums (OXKCX) saicimeH xyprisiaai. CbIFbIHAbIHBIH, OMOAOIMSABIK BEACEHAI
keweHiH ©XXCX saiCiMeH TaaAdy HOTMXKECIHAE OHbIH Kypambl aHbIKTaAAbl: 84,9% aHTpaxmHOH
ravkosunaTepi, 14,7% aHTpaxvMHOH arAMkoHaapbl, 0,4% HadTaxmHoHAQp. Texxipmbe TonTapblHbIH,
>KaHyapAapbiHa Rumex tianschanicus L. cbiFbiHAbICbI 10 Mr/kr, 25 mr/kr, 50 mr/kr, 100 Mr/Kr apTypAi
A03aAa 21 KyH 6orbl peros 6epirai. AeHe caaMarbl, TaMmak, MeH CyAbl KabblAAAY, KaHHbIH OMOXUMMUSIABIK,
JKOHE TeMaTOAOIMSAbIK KepceTkiwTepi 6araraHAbl. CbIFbIHABI aCKasaH-illeK >KOAAAPbIHbIH >KoHe
GayblpAbIH KbI3METIHE >KaHama acep eTKEeH >KOK, OYA ereykympblKTapAarbl FeMaTOAOTMSIAbIK, >KOHE
OMOXMMMUSIABIK, KaH TaAAQybIHbIH HaTHXKeAepimeH aHbikTaaabl. CoHAbIkTaH Rumex tianschanicus L.
Heri3iHAeri CbIFbIHAbI PEros eHri3iAreHAe Kayincis keHe TepaneBTiKk KOAAQHY YIUiH 3epTTeAYi KaxKeT.

Ty#in ce3aep: Rumex tianschanicus L., ybITTbIAbIK, €reyKymnpbIK, reMaToAOr1sl, GMOXUMMS.
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Study of the properties of biologically active complexes based
on Rumex tianschanicus L. in the experience of chronic toxicity

Rumex tianschanicus L. is a medicinal plant used in folk medicine for diseases of the gastrointesti-
nal tract, liver, diarrhea, constipation, and skin diseases [1,2]. Despite the widespread use of medicinal
plants in traditional medicine, only a few of them have been tested for efficacy and safety [3]. In this
regard, the purpose of this work was to evaluate the properties of biologically active complexes isolated
from the roots and rhizomes of Rumex tianschanicus L. in the experience of chronic toxicity. Phytochem-
ical analysis was carried out by HPLC. As a result of high-performance liquid chromatography (HPLC)
analysis of the phytocomplex, its composition was established: 84.9% anthraquinone glycosides, 14.7%
anthraquinone aglycones, 0.4% naphthaquinones. Animals of the experimental groups were adminis-
tered Rumex tianschanicus L. extract orally at different doses of 10 mg/kg, 25 mg/kg, 50 mg/kg, 100 mg/
kg for 21 days. The extract had no direct effect on the functions of the gastrointestinal tract and liver,
which is confirmed by the results of hematological and biochemical blood tests in rats. Thus, the extract
based on Rumex tianschanicus L. was found to be safe when administered orally and should be studied
as a therapeutic agent.

Key words: Rumex tianschanicus L., toxicity, rat, hematology, biochemistry.
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MN3yuyeHne CBOMCTB OMOAOIrMYECKM aKTUBHbIX KOMITAEKCOB
Ha ocHoBe Rumex tianschanicus L. B 3KcriepMmeHTe no XpOHUYECKOH TOKCUYHOCTU

Rumex tianschanicus L. — AekapCTBEHHOE pacTeHMe, UCMOAb3YEMOE B HAPOAHOM MEAULMHE Npu
3a60AEBAHMSX KEAYAOUYHO-KMLIEYHOrO TPaKTa, MeYeHu, NnoHocax, 3anopax M KOXKHbIX 3a60AeBaHMSIX.
HecmoTpg Ha WwMpokoe pacnpocTpaHeHMe AeKapCTBEHHbIX PAacTEHWI B HAPOAHOM MEAMLIMHE, AMLLb
HEKOTOpble M3 HUX MPOLWAM UCTbITaHMs Ha 3(EKTUBHOCTb M 6E30MacHOCTb. B CBSI3M C 3TUM LieAbIO
HacTosulern paboTbl IBMAACh OLIEHKA CBOMCTB GMOAOrMYECKM aKTMBHbBIX KOMIMAEKCOB, BbIAEAEHHbIX
M3 KOpHen M KopHeBwul, Rumex tianschanicus L. B 3KkcnepumeHTe Mo XPOHUMUYECKOWM TOKCUYHOCTMU.
DUTOXMMMYECKMIA aHAAU3 MPOBOANAM METOAOM BbICOKO((DEKTUBHOM >KMAKOCTHOM XpomaTtorpacmm
B3>KX. B peayabtate B2XKX aHaAm3a huToKOMNAEKCA yCTAaHOBAEH ero cocTas: 84.9 % aHTpaxXMHOHOBbIX
rAMKO31AOB, 14.7% aHTPaxmMHOHOBbLIX arAMKOHOB, 0.4% HaTaxMHOHOB. )KMBOTHBIM OMbITHBIX TPyMM
BBOAMAM NMEepopasbHO 3KCTpakT Rumex tianschanicus L. B pa3Hbix Ao3ax — 10 mMr/kr, 25 mr/ kr, 50 Mr/ kr,
100 Mr/ kr B TeueHue 21 CyTKM. DKCTPAKT He OKasblBaA MPSMOro BAMSIHUS Ha pyHKUMK XKKT 1 nevyenu,
YTO MOATBEPXKAAETCS PE3YAbTaTAMM FEMATOAOTMYECKOTO M BUOXMMMUYECKOrO aHaAM30B KPOBM Y KPbIC.
Takum 06pa3om, IKCTpakT Ha ocHoBe Rumex tianschanicus L. okazaacs 6e30nacHbIM Mpu nepopasbHOM
BBEAEHMM M AOAXKEH ObITh M3yUeH Kak CPEACTBO AAS TEPANEBTUYECKOrO NMPUMEHEHMS.

KatoueBble caoBa: Rumex tianschanicus L., TOKCMYHOCTb, KpbICa, FeMaToOAOrUsl, GUOXUMMS.

Kipicme

Kemnreren aypymapasl eMIeymiH THIMIUIITIH
apIThIPy JKOJIJApPBIHBIH Oipi  JOPUTIK  ©CIMIIK
NIMKI3aThIHAH aJIBIHFaH MperaparTtapibl KOJJIaHy
OoubIm TaObIIaab! [4-6]. COHFBI JKBIIAAPHI ATFAIITKEI
ME/IMIIMHAIBIK-CAHUTAPIIBIK ~ KOMEKTE  JIOPUIIK
OCIMIIIKTEep/Ii KOJITaHYIbIH MaHBI3JABUIBIFEI  apTa
TycTi [7], cebebi, kep MmapbIHBIH TYPFBIHAAPBIHBIH
80% opTypiti aypyiapipl eMJey YIUIiH eCIMIIKTeH
JKacalFaH Jopinepai naimanananel. Jloctypri me-
MUTIMHAA JOPLTIK 6CIMIIKTepAiH KEeH TapaJraHbIHA
KapaMacTaH, OJapJblH KeiOipeynepi FaHa OHBIH
TUIMZIUTINT MEH Kayirci3lirine TekcepiireH |[8-
10]. Ocpr cebemnke OailaHBICTBI COHFBI OipHeIIe
KBUIIA JOPLTIK ©CIMIIKTEPIiH, OJapiblH CHIFbIH-
JBIIAPBIHBIH, COHAAM-aK OCIMAIKTepIiH Ouoo-
TUSUTBIK O€JICeH[I 3aTTapbIHBIH TOKCHUKOJIOTIHSIIBIK
JKoHE (apMaKoJOTHSIBIK NPO(UIIH 3epTTeyAiH
cansl Kypr ocri [11].

JKanmbl  yBITTBUIBIK —~ KACHETTEPIH  3epTTey
JIOPUTIK 3aTTapAbIH OapJIbIK TONTAPhI YIIiH MiHIETTI
OoJIBIIT TaOBLIAABI JKOHE €Ki Ke3eHre OeHesdl:
JKe/IeT YBITTBUIBIKTBI 3epTTey (Oip /103a1a Heme-
ce KeIl peTTiK Jo3ama 24-48 caraTTaH aclanThIH
yaKpITTa CHTI3UITeH 3aTTapIblH TOKCUKAJBIK ocepi
¢GusnonorusblK - QYHKIUSUIAPABIH  OY3bLIYbIHIA
HeMece TOKIpUOeNiK XKaHyapiapIblH MYILIEIepiHiH
MOpP(QOJIOTUACHIHEIH ~ OY3BUTYBIHIA,  COHAa-aK
JKaHyapJIbIH JIIMIMEH OalKasiajibl); ajl, CO3bLIMAIbI
YBITTBUIBIKTHI 3€PTTEY-TOKIPUOEITIK )KaHyapIIapIbIH

ar3ayiapbl MeH JXyHenepiHiH (QyHKITMOHAIIBIK )KOHE
MOP(DOJIOTUSIIBIK  OY3bUIBICTAPBIHBIH  JKUBIHTBIFBI,
3aTThl KalTallal y3aK yakKbIT €HTi3y apKbUIbI aHBIK-
tanaapl. OckIFaH OalIaHBICTHI, KAYIIICi3 IepopaTbIi
JI03aHBl AHBIKTAYy VIIH YBITTBUIBIK ChIHAKTAphI
Kaxer [12].

Polygonaceae TyKbIMmachlHA J>KaTaThIH ©CIM-
JIKTep aHTpaxWHOHAAp, HadTaxWHOHAAp, CTUII-
OeHnep, crepouaTap, (IABOHOUITHI TIUKO3ZUATED,
JeHKOAaHTONMAHUANHAEDP, (EHONM KBIIKbUIIApHI
CUSIKTHI OHOJIOTHSUIBIK MaHBI3[bI CKIHII PETTIK
MeTabONHUTTEPII KOl MeIepAe TY3eTiHi Oenrim
[13].

Byn 3eprreynmiH MakcaThl — Ka3aKCTaHIBIK
Iopinik eciMaik R.tianschanicus L. CHIFBIHIBICHIHAH
aJbpIHFaH OWOJIOTHSIIBIK OCJICeHII KeIICHIEPiHIH
KaCHeTTepIH KJIMHUKara JCWIHIT  CO3bLIMAIBI
VBITTBUIBIK TOXKIpHOECIHIE 3epTTEY.

3epTTey MaTepHaJgapbl MeH dicTepi

Tsup-11lanp KBIMBI3ABIFEI OCIMIITIHIH IIHKI-
3aThl, TambIpiapbl MeH TamMblpcabakTapsl 2021
KBUIIBIH MayChIM alibIHAa AnMatel 00JibIck TanFap
aynansl, Oif-Kaparaii maTkaiaslHAarel TaOUFH Ocy
OpBIHIaPbIHAH KUHAIbI.

OcCiMJIIK  IIWKI3aTBIHAAFBl  AHTPATIUKO3U/I-
TEep HETI3IHACeT] OWOJOTHSIBIK OENCeH Il KeleH
013 o3ipieren omic OoOWbIHIIA anmbIHABL: Rumex
tianschanicus L. TaMbIpbl MEH TaMbIpcaOaKTapbl
ayanbl-KeJIeHKe ojiciMeH Kemtipingi, 3-7 MM
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OeJIeKTepIiH eJIIIeMiHe JeHiH ycaKTallFaH, Ta3ap-
TBUIFaH Cy KyibpurFaH, pH 8,5 meiiH cinTijacHTeH,
HATpUH THIPOKAPOOHATHIHBIH KaHBIKKAH epiTiH-
miciMeH, Keojemi OoiibiHIa 1:8 KaTbIHACHIHAA,
Henan MCR-3 MHKPOTOJNKBIHIBI SKCTPAKTOPHIHA
KYKTenreH, skctpakius 600 BT MHUKPOTOIKBIH/IBI
nemrte 4 MUHYT OOMBI KYPri3iii.

AneraFaH CHIFBIHAB Cy3inai, IKA RV 10 aiinan-
Mansl OynauasipreimbiHaa 400C TeMnepaTypana eH
a3 KeyieMre JeiiH KOHIIEHTPJCHl. AJIBIHFaH KOO
CBIFBIHIIBIFA KoJieM OoifpiHmma 1:1 KaTbiHachIHAA
Marauii aneraThlHbiH 20% CHOUPTTIK epiTiHaici
KOCBUIABI. AHTPArIMKO3UIATEP KOCHIHIABICHIHBIH
TyHABIpY poreci 0°C temmepaTtypana 2 carat 00ibl
KYPri3iami. AHTPaXxMHOH TY3JIAapbIHBIH TYHOACHIH
uentpudyranay (1500 aitn/muH), comaH KeliH Je-
KaHTAIW XKOHE KENTipy apKbUIBI epiTiHAIICH 0011,

AHTpariauKo3uATep HETi3iHAe ajblHFaH (UTO-
KOMIUIEKCTIH TYIMHYCKAJIbIFbl (PUTOXUMUSIIBIK Taj-
JayIBIH PECMH KOHE JOCTYPJIL omicTepiMeH OaKhI-
mauasl  [14,15], cranmaprray OXKCX (HPLC)
apkpUIBl Spherisorb ODS-1 xomoHKackIHAa, aeTo-
HUTPUII-CYABIH 65:35 amioeHT KyleciH maiaanaHa
OTBIPBIN KOHE TYIHYCKA YJITUIEp/i MakjjalaHbIIl
254 am YK aHbIKTay apKbUTBI XKYprizinmi [16].

Co3bUIManbl  YBITTBUIBIKTBL  3€PTTCY  MIHCI-
pubecinne camvarel 200-250 r OonateiH 36 ak
TYKBIMIIBI 3€PTXAHAIBIK AaTallbIK ereyKYHpBIKTap
naigananbuiasl. JKaHyapiap KbIHBICBIHA COMKeC
6 tonTtaH (4 Toxipubenik xkoHe 2 OakpuIay) OeeK
Topjlapia ycrannmbl. BuBapuit  GenmMenepinmeri
aya bpurrangsUIbiFel 60-70%, anm TemmnepaTypacsl
18-20°C ngmamasonbiHga caktangpl. Kamyapiap
BHBAapUil JMETACHIHBIH CTaHJAPTTHl JKaFJaibIHIA
yeranapl. Toxipube TONTaphIHBIH KaHyapJiapbIiHA
Rumex tianschanicus L. CBIFBIHIBICHI OPTYPIIi 103a-
ga, sead 10 mr/kr, 25 mr/xr, 50 mr/kr, 100 mr/xr
21 xyH O01BI peros O6epinai. A, 6aKpLIaY TOOBIHBIH
YKaHyapJiapbl HHbEKIIMSFa apHAIFaH ¢y KaObUIIa bl
JKOHE WMHTAaKT TON OOJABI. YBITTHI ocepli Oaranay
VIOiH JKaHyapJapIblH KBl JKaFmaibl, MiHEe3-
KWIBIK peakiusiapbl, TaMak TeH Cy KaObuIIaybl
eckepingi. Co3buUIMaibl YBITTBUIBIK JKCIIEPHUMEHTI
agKTaTFaHHAaH KeWiH >KaHyapjapAbl YHBIKTATHIM,
reMaToJIOTUAJIBIK KOHE OMOXUMHUSIIBIK KaH aHau31
YIIiH nepudepusuIbIK KaH YATijaepi albIH b,

CoHBIMEH Katap, 3epTXaHANbIK JKaHyapiapIblH
IIITEpiH albI, aCKa3aHHBIH, 0aybIPABIH, OYHPEKTIH,
KYPEKTIH, YHKBI 0€31 KyphUTBIMBIHIAPBIHBIH MaKpPO-
MopdoJorHsIIbIK e3repictepal Oaramanapl. ComaH
keilin mMatepuan 10% dQopmanpaerun epitingicine
OexiTimi.

I'emaTonmorussik 3eprreynep Sysmex XS 550-
i (OKamoHus1) aBTOMATTBI T'eMaTOJIOTHUSIIBIK aHa-
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TU3aTOPBIHAA KYPTi3inmi. 3epTrey HOTHXKeNepi
BioChem-200 aBTOMATTHl OMOXUMUSIIBIK AHAIU3A-
TOPBIHA Ka3bUIbI.

TonThIK Al BIPMAIIBUTBIKTAP IBIH CTATUCTHKAIIBIK
MaHbI3ABUIBIFBI CTBIOJCHTTIH t-KpUTEPUii KOMeTi-
MEH aHBIKTAJIJIbl, OHBIH CeHIM I p < 0,05 Gonmbl.

3epTTey HITHIKeIePi )KIHE 0J1apAbI TAIIAY

Rumextianschanicus L. CBIFBIHIBICHIH OHIMILTITI
KOFapbl CYHBIKTH XpomoTorpadus OXKCX snicimen
TaJiayblH HOTHIKECIH/IE OHBIH KYPaMbl aHBIKTAJIIbI:
84,9% anTpaxuHOH TimMKo3unaTepi, 14,7% aHTpa-
XMHOH arnmukoHaapsl, 0,4% HadTaxuHOHIAp. byn
KOMITOHEHTTEp acKa3aH-ilIeK JKoJIgapsl, OaysIp, il
KaTy, Iuapest )KoHe Tepi aypyJiapblHaa OeJIceH I Me-
TabOJUTTEP PETIHIE acep eTe anajsi [1, 2].

KaH Ty3y y¥eci yibl KOCBUIBICTAp/IbIH dCepiHe
oTe cesimran kemeni [17, 18]. CoHmbIKTaH ©CIMIIK
CBIFBIH/IbLIAPBIHBIHKAHY AP IbIH KaH KYHECIHE dCEPiH
aHBIKTAy YIIIH TeMaTOJIOTHSUIBIK KOPCETKIIITEep i
Oaramay aca MaHbp3el [19, 20]. Ocwiran Oaitma-
HBICTBl CO3BIJIMAJIBl  YBITTBUIBIK TOXKIpHOECIHET]
Rumex tianschanicus L. CBIFBIHABICBIH OpPTYPIIi
Memepae  KaOBUIMAWTBIH — €TeyKYHPBIKTApIbIH
reMaTOoJIOTUSIJIBIK KOPCETKIIITEPIH 3ePTTey Ke3iHjIe
(moTmxkenepi l-kecrege KOpPCETNTeH) WHTAKT,
0aKblIay TONTAPbIHBIH €ICYKYHPBIKTAPIMEH CaJIbIC-
TBIPFaHJIa, IPUTPOIIUTTEP/IiH KAJIIIbI CAHbI, TEMOTJIO-
OWH neHreili, HeUTpOohUIIEepAiH, MOHOIUTTEPIIH,
s03uHOGMIIEPAIH XKoHe Oazodmaepain abCoTIOTTI
JKOHE CaJBICTBIPMAIIBI  KYpPaMbl CTaTHCTUKAJIBIK
e3repreH koK (p < 0,05). A, JIeHKOIUTTEpiH Kaj-
TTbI CAHBIHBIH KOPCETKIMITeP1 OOMBIHIIIA CHIFBIHBIHBI
50 mr/kr xoHe 100 Mr/Kr KaOBUTIANTHIH TONTAFbLIAP
MEH WHTaKTTBl TOIN AapachlHIa AaWTapibIKTai
CTaTUCTHUKAIBIK e3repictep (p < 0,05) 6onmab.

TpomOOIUTTEp/AiH JKajlmbl CaHbl OOWBIHIIA
CO3BIIMAIIBl  YBITTBUTBIKTBIH ~OapIibIK TOITapbIH-
Jla MHTaKT JoHE OakKblUlay TOMNTApPblHA KATBHICTHI
HakThl apipMainbUibikTap (p < 0,05) MIBIKTHL
On  afielpMamsUIBIKTap: Rumex  tianschanicus
L. cerpiaapicelH 10 MI/Kr KaOBULHAWUTBIH TOII-
1a-390,94+22,7*%, 25 Mr/Kr KaObLIAAWTHIH TOITA
— 372,0£15,8*%/** 50 mr/kr KaObUIZAWTBIH TOII-
Tta-381,8 + 18,3* xome 100 MI/Kr KaOLUIIaWTHIH
TonTa-376,0+19,6*/** Gonasl.

l-xkectere colikec JmmMdonuTTepmiy abco-
JIIOTTI KypaMbl OOWMBIHIIIA HMHTAKT JKOHE OaKbI-
Jay ~ TONTAphIMEH  CaJbICTBIpFaHAa  Rumex
tianschanicus cvieblHObICHIH KAOBLIOAUMbIH  CO-
3BUIMAJIbI  YBITTBUIBIKTBIH ~ OapJIbIK  TOMNTapbIHIA
CTaTHCTUKAJIBIK MaHBI3/IBI alBIPMAIIBIIBIKTAD (P
< 0,05) meikTel. On alBIpMAIIBUIBIKTAp: Rumex
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tianschanicus CIFBIHABICHIH 10 MI/KT KaObUIIANTHIH
tonTa-3,8 + 0,05%, 25 Mr/kr KaObUITAHTHIH TOII-
Ta-4,33+0,39*/** 50 Mr/kr KaOLUIJaWTBIH TOIITa-
4,11+£0,2%/**xone 100 MI/Kr KaOBUIIANTHIH TOII-

Ta-4,2 + 0,7*/** Gonapl.

(1-xecre).

1-kecTe — CO3BUIMAIBI YBITTBUIBIK TOXKIPHOECIHET] ereyKYHphIKTapIbIH I'eMaToI0T MSUIBIK KOPCEeTKIITepi

AJBIHFAaH MOJIMETTEpAl Talgay HOTHXKeNepi
TOXKIPUOETIK  KaHyapapIarsl
KepceTKilTepi (U3MONOTHSIIBIK HOpMaJaH acra-
IIbI JIET€H KOPBITHIHABI )KacayFa MYMKIHAIK Oepei

KaHHBIH HETri3ri

Rumex Rumex Rumex Rumex
L. baxpinay . . . . . . . .
KepcerkiTiy arbl, WHTaKT tianschanicus | tianschanicus | tianschanicus | tianschanicus
Lo MC (MHBEKIHSIFa
eneM Oipimiri ) L. coirbiapl- | L. coiFbIHABICH | L. ChIFbIHABI- | L. CHIFBIHIBICHI
APHATFAR V) 011 10 mMr/kr 25 mr/kr cbl 50 Mr/kr 100 mr/kr
JICHROWITTEPIR AT | Wpe | 632002 | 654005 | 72+£09 6,740,7 7,3+0,6* 7,4 £0,4*
el canbl 10%/1
OPHTPOUHTTEPAIR RBC | 63+0,08 | 6,1£0,07 7,120,1 6,540,1 6,940,6 7,140,5
anmsl cansl 10"/
EZMOWMH ACHICHL | HGB | 138,0+4,7 | 136,552 | 142,058 | 1452+43 136,5+4,5 140,0 + 4,8
Tpoubounrrepain PLT |410,5£23,0 | 397,6£17,5 | 390,9+22,7% |372,0 £ 5,8%/%* | 381,8 + 18,3* | 376,0419,6%/**
>Kajnel cansl, 10%/1
Heitrpodunnepnig
aOCOIIOTTI KypaMmsl, Neut | 5,7+0,04 5,2+0,09 4,7+0,3 5,0+0,05 5,5+£0,8 4,84+0,06
10%/n
JlumdbonutTepaiyg
abCoIOTTI Lymph | 2,5+0,01 2,9 +0,08 3,8+0,05% | 4,33+£0,39%/** | 4,1120,2%/** | 4,24 0,7%/**
Kypamsr, 10%/71
MoHouutTepain
abcomoTTi Mono | 0,5+0,01 0,6+0,01 0,8 +£0,03 0,5+0,1 0,6+ 0,4 0,9+0,5
Kypamsr, 10%/11
D03uHOPHUIIEPIIH
a0COJIOTTI KYpaMBbl, Eos 0,2+0,01 0,3+0,01 0,3+0,1 0,4+0,1 0.5+ 0,02 0.5+ 0,01
10°/n
Bazodunaepain 0.03 +
i ’ + + +
211(6)5/(J)IJ1}0TT1 KYpaMBbl, Baso 0.001 0,02+0,005 0,01£0,001 0,02 +£0,003 0.0240,001 0,030,002
Heiitpodunaepnin ca-
JIBICTBIpMAIIBl Kypamsbl, | Neut 49,0+ 3,6 46,2+ 7.4 455+7,4 43,8+8,6 43,75+5,6 42,7+7,3
%
Jlumdpouutrepaiy ca-
JBICTHIpMAJIbI Kypamsl, | Lymph | 43,4 +2.3 44,5 +£3,9 46,2 £ 6,5 49,2432 48,45+8,6 50,1 £ 6,4
%
MoHommTTepaiH
CaJIBICTHIPMAJTBI Mono 6,8 £0,9 5,5+0,8 5,7+0,6 6,2+0,4 6,6 +0,9 6,3+ 0,9
Kypamsr, %
D03uHOPUIIEPIiH ca-
JIBICTBIpMaIIBI Kypamsl, | Eos 2,6 £0,09 2,55 0,01 1,6 £ 0,01 1,7+£0,09 2,0+0,01 2,1+0,015
%
basommaepin camt- | g, 1024003 | 0,1740,09 | 0,15£0,01 | 0194005 | 030,05 0,22+0,09
CTBIPMAIBI KYpambl, %o

Eckepry: ¥ — HHTaKT TOOBIHA KATBICTHI CTATUCTUKAJIBIK MaHbI3bI 03repictep (p < 0,05).
** _ eKIHIII TOTKA KaTBICTHI CTATHCTHKAJIBIK MaHbI3IBI e3repictep (p < 0,05).
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buoxumusiaplk  Tanmaynap OOMBIHIIA CO3BLI-
MaJbl YBITTBUIBIK TOXKIPUOECIHET] KaHyapiapIblH
OMMMpyOMH >KOHE OHBIH (pakIusUIapbl, TpaHc-
aMHMHa3anap JCHreiHiH KOpCEeTKIIITEpiHiH 3epT-
TE€y HOTHXKeENepi 2-KecTele KepceTumreH. baywip
XUMMSUIBIK 3aTTap/IbIH dKOUbLTYbIH/Ia MaHbI3/IbI PO
aTKapajpl XOHE OChl AreHTTEPJiH YBITTHUIBIFbIHA
cesiMTan. bayplp (QYHKIMACHI MEH OaybIpIbIH
TYTACTBIFBIH TEKCEPY KaH capbiCybiHaarsl AT,
AcT, OunupyOuH neHreinepin Oaranayel OipikTi-
pexni. bayeipabiH Ka3ipri KyiiH Oaramay VIIiH KAl
KOJIIaHBLIATBIH KaJIbl KepceTkimTepre AnT xoHe
AcT xipeni [21, 22]. Ocwiran OaitnaHbICThI, Rumex
tianschanicus L. ceirpiaapicelH 50 Mr/kr xone 100
MI/Kr KaObuigaiTeiH Tonrapna AcT Oencenaimiri
xorapbeuaasl (p < 0,05). by Hotnxke UHTAKT, OAKbI-
nay, Rumex tianschanicus L. coIFbIHABICEH 10 M/
KT JKOHE 25 MI/KT KaOBUIIAaThIH TONTAPFa KATHICTHI
enrizingi. AcT OelceHAUTITIHIH >KOFaphUIAyBI
napeHxuMa  JKacylialapblHIa  JKOHE  JKYpeK
OYJILIBIKETIHET] ©3repicTepli KOpCceTyl MYMKIH.

ConbIMeH KaTap, OaybIPABIH XOJIECTATHKAIBIK
aypyblH aHbIKTayJda cinTin (ocdara3aHbiy peli
aca MaHpI3bl [23]. MHTaKT *)0HE Oakpuiay TOITA-
pBIMEH canbIcThIpFanga Rumex tianschanicus L.
CHIFBIHABICBIH 25 Mr/kr, 50 mr/kr sxone 100 mr/kr
KaOBUTIAWTHIH CO3BUIMAJBl YHITTHUIBIK TOITAPHIH-
ma cintimi docdaraza MoHAEPIHIH >KOFapbLIayhI
(p < 0,05) anbikranael. Ocel e3repicTepre Oaiina-

HBICTBI OPTYPIi CHIFBIHABI ajiFaH TONTApJbIH OT
KOJNJApblHAa KaObUIaraH Meuiepre OaiiaHbl-
CThl (PU3UOIOTHSIIBIK HOpMa HICTIHIETI e3repicTep
OOJIIBI.

Rumex  tianschanicus L.  CBIFBIHIBICHIH
KaObu1galThIH 10 MI/KT, 25 MI/KT, 50 Mr/kr xoHe 100
MT/KT TOKIpUOECITiK TOTITapia MHTAKT KoHe OaKbuIay
TONTAPBIMEH  CAJIBICTBIPFAHNA 39p  KbIIIKBUIBI
KepceTkimti aiiTapibikrail TomeHaei (p < 0,05). by
HOTIKE Rumex tianschanicus L. CBIFBIHABICBIHAAFBI
OHMOJIOTUSIIBIK OCJICEH/I KEeIISHACPIIH 39D IIbIFapy
KYyHeci MyIIeNnepiHe Tepic OCEepiHiH KOKTHIFbIH
HAaKTBI KOPCETE/I.

MoueBrHa >KOHE KpPEaTHMHHH METabOJIM3MHIH
a30TTHI COHFBI OHIMJEPi OoJbI TabbuTa Rl Moye-
BUHA TaFaMJIbIK HEMeCe YJIITIa aKybI3bIHBIH aJIMacybl
Ke3iHjie naiina 60omasel. A, OYJIIIBIKET KpeaTHHHHI
BIIbIpaFaH/a KpeaTnHUH Ty3ieai. ModeBrnHa KoHe
KpeaTHHHH Taijaybl — OyHpek KpI3MeTiH Oaranay
VIIIH KOJJIAaHBUIATBIH CKPUHUHITIK CHIHAKTap.
CoHIBIKTaH capbICyAaFbl KPEaTHHHH MEH MOYEBHHA
JICHTeHiHIH KOorapbuiaybl OyHpek (YHKIUSICHIHBIH
BIKTUMaJI OY3bUTYBIHBIH KOPCETKillli 0okl TaObl-
magel [24, 25]. An, 6i3miH 3epTTeyae MOYEBHHA
YKOHE KpPEaTHMHUH OMOXHUMHUSIIBIK KOPCETKIIITEePIiH
HOTIXKeJNepi TaXIpUOeNiK KaHyapiapaa adKbelH
JKOK, TeMeK Ovi Rumex tianschanicus L. CBIFBIH-
JBICBIH Y3aK YaKbIT CHII3y Ke3iHae 3aT aiMacy
OY3BUIBICTApBIHBIH KOKTHIFBIH KopceTei (Kecte 2).

2-kecte — CO3BIIMAJIBI YBITTBUIBIK TOXKIpHOECIHIET] XKaHyapIapaslH OMIHNPYOUHIHIH %KoHE OHBIH (YpaKLUMSUIAPBIHBIH, TPaHCAMUHA-

3ajap IeHreiiHiH KOpCeTKImTepi.

Kammer
XKanyapaap ToObI AnT, AcT, MoueBuHa, | 39p KbIIKbUIBL, | KpeaTuHuH,
Oumpyou, ME/n ME/n C®, ME/n MMOJIB/J MMOJIB/J MKMOJIB/JT
MMOJIB/TT
HHrakr 0,9+0,4 22,0+£3,6 | 11,4£2,0 | 316,4+12,49 3,9+0,5 340,80+35,9 54,0+3,6
bakpuay (beKmara | o o5 | 930435 | 10,844, | 318,0464,9 3,740,3 335,8436,8 | 53,844,
apHAJIFaH Cy)
Rumex tianschanicus L.} 6 3| 540193 | 11,8459 | 2204+37,1 4,140,5  [316,9434,8%/** | 512443
CHIFBIHABICEI 10 MI/KT
Rumex tianschanicus L. | 3,06 | 95319 5 |10,840,73 | 2390517,3%/%% | 4,0:08 | 311,5625,5%/%% | 52,3+4.7
CBIFBIH/IBICHI 25 MI/KT
. . 31,2+4,0*
Rumex tianschanicus L. |y 56 4 | 56 0133 | pes puan | 2417104 44+1,0  |314,5827,5%%% | 553457
CBIFBIHBICHI 50 MI/KD e ’ ’ e, *hx T ’ ’ T
. . 33,4+4,1%*
Rumex tianschanicus L. 1.6£0.2 26,5435 | o pros 245,6+10,8 45412 320.5431.5%/%% | 56345.9
ChIFBIHABICEL 100 MI/Kr T ’ ’ e *[kE 7 ’ ’ T
Eckepry: * — HHTAKT TOIKA KATHICTHI CTATUCTUKAJIBIK MAHBI3/IbI aiibipMambuibikTap, p< 0,05 ke3imze;
**. GaxplIay TOOBIHA KATBICTHI CTATHCTHKAIBIK MAaHBI3/bl Al BIPMAIIBLIBIKTAp (MHBEKIUSFa apHaJFaH cy), p< 0,05 xe3inze;
*%%_ 10 Mr/Kr TOOBIHA KaThICTBI CTATHCTHKAJIBIK MaHBI3IbI albIpMAIIbUIBIKTAp, p< 0,05 ke3inne;
*&*¥ _ 25 MI/KT TOOBIHA KaTBICTHI CTATUCTHKAIBIK MAHBI3/IbI alBIPMAIIBUTBIKTAP.
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3-KeCTe KOpPCETIATeH CO3BUIMANBI YBITTHUIBIK
ToXipubeci tonTapeiHAarel (Rumex tianschanicus
L. cemrpiaapiceir 10 mr/kr, 25 mr/kr, 50 Mr/kr xoHe
100 Mr/kr KaOBUITANTHIH) XKaHyapiaapblH JIATUI-
Tep aJIMaCyBIHBIH HOTIDKeepi OOMBIHINA TPUTITHIIC-
punarep, xanmnsl xonecrepus, JINIBIT xonecrepuHi,

JIIHIT xomecTepuHi joHE aTEPOTEHIIK KOA(]-
(unmeHT  OOWMBIHINIA  CTATUCTUKANBIK  MAaHBI3-
nel aiipipMambiibikTap (p < 0,05) OosiFaH JKOK.
ColikeciHIe, TUMUATEP aTMACYbIHBIH KOPCETKIll-
TepiHiH HOTIKeIepi GHU3HOIOTHIIBIK HOpMasa 00J1-
1wl (Kecte 3).

3-kecte — JKanyaprapAbIH TOKipUOETiK TONTAPBIHAAFHI TUITUATEP aIMAaCybIHBIH KOPCETKIIITEPi

Kanmsr JITIBIT JITTHIT .
Tpurnuuepunrep, . . Ateporenik
YKanyapnap To0OBI XOJIECTEPHH, XOJIECTEPHHI, XOJIECTEPHHI,
MMOJIB/TI K03 ULIUCHT
MMOJIB/JI MMOJIb/JT MMOJIB/JT
Wurakr 0,8 £0,02 1,6 £ 0,03 1,0 £ 0,02 1,0 £ 0,02 0,7 +0,02
Baxpulay (MHBEKIUSIFA apHAJIFAH CY) 0,6 0,05 1,8 £ 0,04 0,9+ 0,01 0,9+0,04 0,6 0,3
Rumex tianschanicus L. CBIFBIHIBICHI 0.9 +0,03 1.9+ 0,05 11402 10403 0.8+ 0,04
10 Mr/kr
Rumex tianschanicus L. CBIFBIHIBICHI 0.840.1 1,7 40,06 124003 1.3+ 0,05 0.9+ 0,05
25 Mr/kr
Rumex tianschanicus L. CBIFBIHIBICHI 10406 1.8+ 0,07 1.3+ 0,04 144005 0.7+ 0,06
50 mr/kr
Rumex tianschanicus L. CBIFBIHIBICHI 124007 2.0+ 0,09 1.4+0.,05 15406 0.8 40,07
100 mr/xr
Eckepty: * — MHTaKT TOIKA KaThICThl CTATUCTHKAJIBIK MaHBI3IbI allbIpMaIIbuIbIKTap, p< 0,05;

3epTTeyiMizliH HOTHXKeepi OnnmpyOwH IeH-
TeiiHIH TeMAaTOJOTHSIBIK, OMOXMMUSUIBIK KOpCEeT-
KiITepl >KoHe OHBIH ()PaKUMsIAPBIHBIH, COHIAN-
aK JUMHUATIK amMacy KepCeTKIITepiHiH Heri3iHae
in vivo xarmaWelHOarel Rumex tianschanicus L.
CBHIFBIHIBICBIHBIH ~ KYPaMbIHAAFBl  OMOJOTHSUIIBIK
OenceH Tl KeMIeHAepiH aiiKbIH YBITTH KACHETTEPiHIH
JKOK €KCHJIITIH KopceTe/Ii.

KopbIThIHABI

bizmin 3eprreynepain HoTHKeci OoibIHIIA
Rumex tianschanicus L. CBHIFBIHABICHIH eTeyKYH-
pbikTapra optypmi nosanapaa (10 mr/xr, 25 wmr/
kr, 50 mr/kr xone 100 MI/Kr) peros eHrisreHie
JKaHyaplapabelH Tipi kKamy aerreii 100% kepcerTi.
ChIFBIHAIBI aCKa3aH-IIeK JKOJAapbIHA JKOHE OaybIp-
IOblH  (yHKOMATapeIHA TiKeJNeH ocep €TKEH MKOK,
Oy ereykyipbIKTaparbl I'€MaTOJIOTHSUIBIK JKOHE
OMOXMMHMSIJIBIK KaH aHAJIM31HIH HOTHXKEJIEPIMEH pac-
tanazapl. COHBIMEH KaTap, ChIFBIHIBIHBI KaOblUIAaFaH
CO3BUIM@JIBI YBITTBUIBIK TONTApbIHAAFbl JKaHyap-

Japaa TaraMIsl KaObIIaayaa, Cy KaOsuiaaya KoHe
JICHe CcaJIMarblHJa CIIKaHIai e3repicrep 00J-
ra" koK. CoHjali-ak, BU3YyaJIJbl TEKCEpy Ke3iHe
ereYKYHUPBIKTAPIGIH OpTaHIapAblH MaKpOKYPBIIBI-
MBIHJIa afKbIH ©3TePICTEePiH KOKTHIFbIH OaiiKa-
neIK. CoHnpIkTan Rumex tianschanicus L. CBIFBIH-
IBICHIHBIH KYPaMBIHIAFBl OMOJIOTHSIIBIK OCIICEeHII
KEeIISHIeP/IiH iIKe KaObUIIaFaH/a Kayirci3 eKeH T
TIOJIETIICH 1 )KOHE TePaIUSIIBIK KOJIaHyFa apHaIIFaH
TIOPIJIIK 3aT peTiHAe 3epTTeNyi Kepek.

Kap:kblianabipy Kesi

3eprrey xkymbichl Kazakcrtan Pecmy0Ouum-
Kacel bBimiM jkoHE FBUIBIM MUHHUCTPIIri FrureiM
Komurerinig MKbB (IIL[®) OGarmapinamaceina
coiikec kyprizingi  (NoOR11465435). «Opra-
HU3MJIEpi MYTareHAiK oCepleH KOpFay, TaOufH
pecypcTapablH  OHIMAUTITIH — apTTBIpy  KOHE
XaIBIKTBIH OMIp CYpPY camachlH jKakcapTy YIIiH
JKaHA TEHOM/IBIK TEXHOJOTHSIIAPIBI 93ipIiey KoHE
Konmany» 2021-2022 xx..
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