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Study of biological properties of Lactobacillus helveticus strains
isolated in the Karaganda region for the design of the consortium

In the leading scientific centers of the world, research in the field of microbiology of dairy products for healthy
nutrition production and probiotics containing live cultures of lactic acid bacteria, which are antagonists of
various representatives of opportunistic-pathogenic and pathogenic microflora of the human intestinal tract,
becomes particularly relevant. The effectiveness of probiotic preparations and products of milk functional nu-
trition depends primarily on the properties included in their species of different strains of bacteria. In this con-
nection, at present the priority is given to the study of lactic acid strains isolated from natural sources, having
high probiotic activity. One of the main components of starter cultures for dairy products and probiotic drugs
is most often bacteria of the genus Lactobacillus. This article presents the study of morphological, culture
properties, acid-forming ability, antibiotic sensitivity Lactobacillus helveticus isolated in the Karaganda region,
having antagonistic activity towards test strains: Staphylococcus aureus NCTC 12973/ATCC ® 29213 ™
Escherichia coli NCTC 12923/ ATCC® 8739™, Salmonella typhimurium NCTC 12023/ ATCC® 14028™
Pseudomonas aeruginosa NCTC 12903/ ATCC® 27853™ Klebsiella pneumonia NCTC 9633/ ATCC®
13883™. The use of modern microbiological methods allowed screening of isolated cultures and selecting of
biological active strains: Lactobacillus helveticus-17, Lactobacillus helveticus-20, Lactobacillus helveticus-14,
Lactobacillus helveticus-15. According to the obtained results, strains Lactobacillus helveticus promising ap-
plicants for the consortium Lactobacillus spp. And it makes possible to judge the competitiveness of these
strains.

Keywords: cultivation, strain, Gram color, Lactobacillus helveticus, antagonistic activity, acid formation activ-
ity, antibiotic sensitivity.

Introduction

Today the market of Kazakhstan uses various compositions of probiotic cultures to prepare probiotics
and functional food products. The effectiveness of probiotic preparations and functional food products depends
primarily on the properties included in their species of different strains of bacteria.

One of the main components of starter cultures for similar products is most often bacteria of the genus
Lactobacillus [1].

Bacteria of the genus Lactobacillus are Gram-positive, non-pore-forming, fixed sticks, bond or optional
anaerobes, with high enzymatic activity. They are very demanding to food sources and need rich complex
nutrient environments. Acid resistance of lactic acid sticks is their hallmark. Lactic acid stick growth in alkaline
and neutral medium is slowing down. The second distinctive feature of lactic acid sticks is their alcohol re-
sistance. Lactic acid sticks are able to reproduce in nutritional substrates at high concentrations of alcohol.

Lactobacteria form round, smooth, convex with flat edges, opaque and non-pigmented colonies on nutrient
medium. They well grow on the semi-fluid nutrient medium containing 0.15-0.75 % of concentration of an agar.
The agar creates the low oxidation-reduction potential of the environment and microaerophilic conditions.

6 BecTHuk KaparaHgmMHCKoOro yHusepcureTa
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Lactic acid sticks differ in their biochemical and physiological properties. Lactic acid sticks have a brood-
ing type of metabolism, cleave carbohydrates, and at least half of the carbon of the end products of fermentation
is lactate. Lactobacteria are found in conditions of excess carbohydrates: for example, in foods (lactic acid
products) and substrates of vegetable origin. In addition, they occupy many niches inside (normal phlora) and
on the surface of the human body [2].

The importance to the organism of these bacteria lies in their metabolic functions; they can suppress the
growth of various pathogenic and opportunistic microorganisms by creating an acidic medium due to the pro-
duction of lactic and acetic acid, hydrogen peroxide, ethanol as a product, etc. [3].

Bacteria of the genus Lactobacillus have always attracted and attracted the attention of scientists and
researchers around the world due to their great practical value. To date, the general biological properties of
certain species of the genus Lactobacillus have been studied in detail by scientists and researchers abroad, CIS
and Kazakhstan.

On the study of biological properties and correct identification of lactobacilli, the works of scientists and
researchers in this field from Kazakhstan are devoted: K.Kh. Almagambetov, A.R. Kushugulova, 1.S. Savit-
skaya, S.A. Saduahasova, etc. [4-5].

Although the study of the biological properties of lactobacteria strains cannot be considered complete:

— First, it is very likely that the biological properties of lactobacteria will change during long-term storage
as industrial crops.

— Second, the physiological variability of human disease agents has often been observed recently, and
many studies have shown an increasing virulent of opportunistic strains. Therefore, the antagonistic effects of
lactobacteria on opportunistic strains may also change and require adjustments.

— Third, variability of opportunistic bacteria also affects the increase of antibiotic resistance. The pro-
duced resistance, supplemented by plasmid transmission to sensitive strains, occurs in bacteria faster than
expected, a trend that undoubtedly affects lactobacteria as well. However, it is necessary to constantly study
the antibiotic resistance of lactobacteria, as already existing antibiotics are constantly being improved and new
antibiotics are being created.

— Fourth, lactobacteria are largely naturally resistant to a range of antibiotics, allowing them to be used
as a probiotic in the process of antibiotic therapy. Since, when taking probiotics, lactobacteria enter into the
human body in the state of antibiosis, it undoubtedly affects their biological properties [6]. Therefore, accord-
ing to literary data, it was concluded that under the action of gastric juice and bile probiotics lose more than
90 % of their activity even before entering the intestine directly. It is a disadvantage which is considered in-
sufficient resilience when exposed to factors such as temperature, bile salts, etc.

Therefore, the study and influence of various factors on the growth and biological properties of lactobac-
teria is relevant. The aim of the research is to study biological properties in order to design a consortium of
lactobacteria isolated in the Karaganda region with the most optimal characteristics.

There were isolated 6 strains of lactobacteria from milk product (cheese, brynza, suluguni- cooked at
home) produced in the Karaganda region (in vitro study). The tests were carried out in accordance with aseptics
regulations.

Methodology

Sampling: At the intended sampling site, the surface of cheese, brynza, suluguni was burned by heated
scalpel. A sterile probe was inserted obliquely into the middle of the head at 3/4 of its length. From a piece of
cheese on the probe, 15 gm of cheese was taken with a sterile spatula and placed in a sterile petri dish. After
10 g of cheese was weighed on a petri dish, transferred into sterile porcelain mortar with a pestle, and thor-
oughly rubbed [7].

Study of morphological and cultural properties, mobility and test for catalase: Further, ten-fold dilutions
from each product in sterile saline were prepared before sowing, followed by seeding on petri dishes with agar
MRS medium. The plates were cultured at 37 °C for 2 days. After incubation, 18 strains of lactic acid bacteria
were isolated from the milk product (cheese, brynza, suluguni), of which 6 isolated colonies were typical of
lactobacilli, assessed through microscope (Gram coloring) and seeded on MRS broth. After 2 days of incuba-
tion control smears were made from all tubes with broth, after which to extract the isolated colonies by ten-
fold dilution method, followed by seeding on Petri dishes with agar MRS medium. Crops were incubated at
37+£1 °C temperature during 48 hours [8; 119].

After incubation, isolated colonies were determined with respect to Gram color, mobility, catalase pres-
ence and identified on MALDI BioTyper.

Cepus «buonorusa. MegmuuHa. Meorpadus». Ne 2(98)/2020 7
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To determine the ratio of isolated strains to Gram color, smears were prepared from the colonies, stained
by the Gram method, and microscoped using a digital ocular USB camera ToupcamTM Industrial digital cam-
era, 14 Mpix.

Catalase Activity Test: Catalase activity of cultures was determined about the ability of catalase to de-
compose hydrogen peroxide with the release of gas bubbles. The reaction was set with a daily culture cooled
to room temperature on a sterile slide. An isolated colony taken from the surface of the nutrient medium was
rubbed on glass and a drop of 3 % hydrogen peroxide solution was pipetted. If gas bubbles appeared on the
glass in 30 to 60 seconds, the reaction result was considered as positive. There was placed a test sample in
parallel [9].

The mobility of the isolated cultures was determined by the “crushed drop” method [10; 7].

Grown cultures were identified using MALDI Bio Typer. Samples were prepared by direct transfer of
fresh unit colony to polished steel target MSP 96 (Bruker Daltonik) and dried. The 1pl saturated a-cyano-4-
hydroxy-cinnamic acid (HCCA) matrix solution was coated in 50 % acetonitrile — 2.5 % trifluoroacetic acid
(Bruker Daltonik) and dried at room temperature [11].

Criteria of identification validity were judged by value of coincidence coefficient (Score values) —
2,300-3,000 — highly probable identification of species, 2,000-2,299 — reliable identification of genus, prob-
able identification of species, 1,999-1,700 — probable identification of genus, 1,699-0 — identification failed.

The study of antagonistic activity of antagonist strains in relation of test strains to pathogenic and oppor-
tunistic microorganisms of different groups was determined by method of delayed antagonism. For research
there were used test — stains: Staphylococcus aureus NCTC 12973/ ATCC® 29213™, Escherichia coli
NCTC 12923/ ATCC® 8739™, Salmonella typhimurium NCTC 12023/ ATCC® 14028™, Streptococcus py-
ogenes NCTC 12696/ ATCC® 19615™, Klebsiella pneumonia NCTC 9633/ ATCC® 13883™, Pseudomonas
aeruginosa NCTC 12903/ ATCC® 27853 ™, Streptococcus pyogenes NCTC 12696/ ATCC® 19615™ Can-
dida albicans NCPF 3179/ ATCC® 10231 ™ (stains taken from «Human microbiome and longevity «National
Laboratory Astana” Nazarbayev University).

2-day cultures of lactic acid sticks grown on MRS-1 medium were looped onto Petri dishes with MRS-5
medium. After 2 days incubation at 37 °C, lactic acid stick strains were inhibited by UV rays for 30 minutes.
Then, the surface of the plates was poured with a second thin layer of molten and cooled to +46 °C MRS-5
containing agar 0.7 % and mixed with the suspension test strains (0.1 ml of 1*10° mCFU/ml bacteria test strain
suspension) [12].

Antagonistic activity was judged by the zone of no growth of test strains around the colony of the tested
strain lactobacilli: zero — at the width of the zone of no growth, low — 11-15 mm, average — 16-20 mm,
high 21 mm and more. The study was performed in triplicate and the results were expressed as arithmetic
mean.

Method involves extracting antibacterial factors — complex products, a component of which is a protein
or polypeptide component responsible for bactericidal activity. After inhibition of bacteria by chloroform pairs
or UV rays, semi-liquid agar with test cultures of pathogenic and opportunistic bacteria is laminated followed
by incubation at 37 °C for 18-24 hours. Antibacterial substances delay the growth of test strains and a clear
zone is recorded above the plaque of studied microorganisms on the background of continuous growth [13].

Determination of acid formation activity. Two tubes of each culture were removed and put into a refrig-
erator for rapid cooling to prevent further acid production. Then, 10 ml of culture liquid was added to glass
flasks, and phenolphthalein was added as an indicator 1 drop.

The total acidity was determined by titration of decinormal alkali NaOH, which was added dropwise from
the burette to the retorts with the poured culture liquid until a stable pink stain appeared. The amount of deci-
normal alkali that was used for titration corresponds to the amount of decinormal acid produced in 10 ml of
culture liquid [14].

Data of acid formation activity, expressed in degrees Turner /°T/, was calculated by the formula:

°T=axkx 10,
where a — is the number of milliliters of 0.1M caustic soda solution to be titrated; k — is correction to the
titre of 0.1M caustic soda solution; 10 — is a correction factor for the mass of the analyzed sample.

The sensitivity of probiotic bacteria to antibiotics was determined by disk- diffusion test. From the test
cultures, there were prepared the suspensions conforming to the optical turbidity standard of 5 units (with a
microbial body content of about 1,5x108 CFU/mI), 1 cm® of the culture suspension was applied to each agar
medium dish, uniformly distributed over the surface by lawn method and slightly dried in laminar flow. Fur-
ther, the antibiotic discs of 5 pieces were applied to the surface of the nutrient medium seeded with a suspension

8 BecTHuk KaparaHguHckoro yHnsepcuteTta
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of lactobacteria cells. Inoculated plates with discs were incubated at 37+1 °C for 48 h. The antibiotic graph
was formed by the diameter of the growth retardation zone of microorganisms. The study was performed in
triplicate and the results were expressed as arithmetic mean.

Results and discussion

Studies carried out on cultural and morphological signs show that they belong to the genus Lactobacillus

(Table 1).
Table 1
Identification of isolated strains by morphological properties, mobility and test for catalase
Symbol . I The name of the strain after | The microscopic drawings
No. of strains Morphological characteristics of cells identification on MALDI-TOF of the isolated strains
1 13 Gram positive and rod-shaped bacteria,| Lactobacillus helveticus — 13 —( /JY
non-motile, bacteria have no spores, \ /
cells are located single, in pairs, in clus- p—— -~ f
ters, or short chains. Catalase-negative : / \( '
/ S
A
2 14 Gram positive and rod-shaped bacteria,| Lactobacillus helveticus — 14
non-motile, bacteria have no spores, sin- & #
gle cells and in pairs. Catalase-negative
\-
N
3 15 Gram positive large rods-shaped bacte-| Lactobacillus helveticus — 15
ria, non-motile, cells arranged in pairs —
or short chains. Bacteria have no spores, Y
Catalase-negative {
4 17 |Gram positive, long thin rods-shaped| Lactobacillus helveticus — 17 | [ <= /TA
bacteria, cells are located single, in clus- 3 ;\V e/
. ! N/ N
ters, or short chains. Bacteria have no (57 i
spores, non-motile. Catalase-negative o TS
/T
: -\
//’\V\/
5 20 Gram positive large rods-shaped bacte-| Lactobacillus helveticus — 20
ria, non-motile, cells arranged short
chains. Bacteria have no spores, Cata- -
lase-negative A \\_\
v/
6 22 |Gram positive, long thin rods- shaped| Lactobacillus helveticus —22 | [\ /,\'/\_“\‘ \
bacteria, cells are located in clusters. [ in N
Bacteria have no spores, non-motile. %o Y
Catalase-negative -

Using a digital ocular USB camera Toupcam™ Industrial digital camera, 14 Mpix, reproduced high-qual-
ity photomicrographs to create a photo atlas of probiotic cultures isolated in the Karaganda region.

Isolated strains on the second day at t —37 °C grow well on MRS nutrient medium (Table 2). These are
optional anaerobe bacteria, micro aerophylles.
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Table 2

Cultural characteristic of selected strains Lactobacillus helveticus

The name of the strain after
identification on MALDI-TOF

Lactobacillus helveticus — 13 [Colonies on MRS agar colonies white, with uneven edges,
are convex, 2-4 mm in diameter, non pigmented

Cultural characteristic of strain Morphology of colonies

Lactobacillus helveticus — 14 |Colonies on MRS agar colonies white small, medium colo-
nies, with uneven edges, are convex, 1-2 mm in diameter,
non pigmented

Lactobacillus helveticus — 15 |Colonies on MRS agar colonies white small, medium, large
colonies, convex colonies with smooth edges, 1-3 mm in
diameter, non pigmented

Lactobacillus helveticus — 17 |Colonies on MRS agar colonies white medium, large colo-
nies, with uneven edges, are convex, 1-4 mm in diameter,
non pigmented

Lactobacillus helveticus -20  |Colonies on MRS agar colonies white small, medium, large
colonies, with uneven edges, are convex, 1-3 mm in diam-
eter, non pigmented

Lactobacillus helveticus — 22 |Colonies on MRS agar colonies white small, medium, large
colonies, with uneven edges, are convex, 1-3 mm in diam-
eter, non pigmented

All cultures were identified using MALDI BioTyper, with Score values ranging from 1.700 to 2.000
indicating a high degree of reliability. All 6 isolated strains were identified as Lactobacillus helveticus.

According to the literature data [15], lactobacilli have high antagonistic activity against pathogenic and
opportunistic microorganisms. They are able to produce substances with antibiotic activity during their growth
and development, the resulting antibiotic substance provides the dominance of lactobacteria and suppression
of pathogenic microflora. Therefore, the use of lactic acid sticks with pronounced antagonistic activity in pro-
duction has practical importance.

For probiotic purposes were used 6 isolated strains of lactic acid sticks in the study. It should be noted
that most isolated strains showed good antagonistic activity. Table 3 and Figures 1-6 show the results of the
study of antagonistic activity of isolated strains.

10 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Study of biological properties of Lactobacillus helveticus strains ...

Table 3
Antagonistic activity of Lactobacillus isolates against different test-strains
The diameters of the zones of growth inhibition (mm)
. Lactobacillus|Lactobacillus |Lactobacillus|Lactobacillus|Lactobacillus|Lactobacillus
Test strains . . . . . .
helveticus — | helveticus — | helveticus — | helveticus — | helveticus — | helveticus —
15 22 17 20 14 13
Staphylococcus aureus NCTC
12073/ ATCC® 2921 3™ 14+1 16£1 2341 34+2 11£1 13£1
Escherichia coli NCTC 12923/
ATCC® §739™ 0 0 0 19+1 29+2 13+1
Salmonella typhimurium NCTC
12023/ ATCC® 14028™ 0 0 0 21l 311 191
Klebsiella pneumonia NCTC
0633/ ATCC® 13883 ™ 13+1 11+1 32+1 0 0 0
Pseudomonas aeruginosa NCTC
12903/ ATCC® 27853™ 45+3 0 25+l 0 0 0
Streptococcus pyogenes NCTC
12696/ ATCC® 19615™ 0 0 0 0 0 0
Candida albicans NCPF 3179/
ATCC® [023]™ 0 0 0 0 0 0

Figure 1. Antagonistic activity of Lactobacillus
isolates against test-strains Staphylococcus aureus
NCTC 12973/ ATCC® 29213™

Figure 2. Antagonistic activity of Lactobacillus
isolates against test-strains Staphylococcus aureus

NCTC 12973/ ATCC® 29213™

Figure 3. Antagonistic activity of Lactobacillus
isolates against test-strains Salmonella typhimurium
NCTC 12023/ ATCC® 14028™

Cepusa «Bbrnonorusa. MeguumHa. Meorpacmsa». Ne 2(98)/2020

Figure 4. Antagonistic activity of Lactobacillus
isolates against test-strains Escherichia coli
NCTC 12923/ ATCC® 8739™
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Figure 5. Antagonistic activity of Lactobacillus Figure 6. Antagonistic activity of Lactobacillus
isolates against test-strains Pseudomonas aeruginosa isolates against test-strains Klebsiella pneumonia
NCTC 12903/ ATCC® 27853™ NCTC 9633/ ATCC® 13883™

The studies revealed that only 6 strains of lactic acid sticks have low antagonistic activity to the test-
strain:
— Staphylococcus aureus NCTC 12973/ATCC® 29213™ — |actobacillus helveticus — 15 —
(14+1 mm), Lactobacillus helveticus — 14 — (11+1 mm), Lactobacillus helveticus — 13 — (13+1 mm).
— Escherichia coli NCTC 12923/ATCC® 8739™ — Lactobacillus helveticus — 13 — (1341 mm).
— Klebsiella pneumonia NCTC 9633/ATCC® 13883™ — Lactobacillus helveticus — 15 — (131 mm),
Lactobacillus helveticus — 22 — (111 mm).
With respect to test strains, the following cultures have average antagonistic effect:
— Staphylococcus aureus NCTC 12973/ ATCC® 29213™ — [ actobacillus helveticus —22 —
(16+1 mm).
— Salmonella typhimurium NCTC 12023/ ATCC® 14028™ — Lactobacillus helveticus —20 —
(19£1 mm).
— Escherichia coli NCTC 12923/ ATCC® 8739™ — Lactobacillus helveticus — 13 — (191 mm).
The following lactic acid stick cultures are active antagonists to test-strains:
— Staphylococcus aureus NCTC 12973/ ATCC® 29213™ — [ actobacillus helveticus —17 —
(231 mm), Lactobacillus helveticus — 20 — (34+2 mm).
— Escherichia coli NCTC 12923/ ATCC® 8739™ — Lactobacillus helveticus — 14 — (29+2 mm).
— Salmonella typhimurium NCTC 12023/ ATCC® 14028™ — Lactobacillus helveticus —20 —
(21£1 mm), Lactobacillus helveticus — 14 — (31+1 mm).
— Klebsiella pneumonia NCTC 9633/ ATCC® 13883™ — Lactobacillus helveticus — 17 — (321 mm).
—Pseudomonas aeruginosa NCTC 12903/ ATCC® 27853™ — Lactobacillus helveticus — 15 —
(45+3 mm), Lactobacillus helveticus — 17 — (25+1 mm).
With respect to test strains, the following cultures were not antagonistic effect:
— Escherichia coli NCTC 12923/ ATCC® 8739™ — Lactobacillus helveticus — 15, Lactobacillus hel-
veticus — 22, Lactobacillus helveticus — 17.
— Salmonella typhimurium NCTC 12023/ ATCC® 14028™ — Lactobacillus helveticus — 15, Lactoba-
cillus helveticus — 22, Lactobacillus helveticus — 17.
— Klebsiella pneumonia NCTC 9633/ ATCC® 13883™ — | actobacillus helveticus — 20, Lactobacillus
helveticus — 14, Lactobacillus helveticus — 13.
— Pseudomonas aeruginosa NCTC 12903/ ATCC® 27853™ — | actobacillus helveticus — 22, Lactoba-
cillus helveticus — 20, Lactobacillus helveticus — 14, Lactobacillus helveticus — 13.
All 6 cultures of lactic acid sticks Streptococcus pyogenes NCTC 12696/ATCC ® 19615 ™ Candida
albicans NCPF 3179/ATCC ® 10231 ™ — showed no antagonistic activity (no growth retardation zones).
Analyzing the experiment for antagonistic activity of isolated lactic acid stick strains, it can be concluded
that Lactobacillus helveticus — 17, Lactobacillus helveticus — 20, Lactobacillus helveticus — 14, Lactobacillus
helveticus — 15 strains have high antagonistic activity.
Acid formation activity formation is a normalized indicator of biological activity of lactobacteria and
accordingly a criterion for selection of lactobacteria strains with high-active probiotic properties. The results
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obtained (Table 4) in the study show good acid-forming ability in most isolated lactic acid stick strains. Strains
of lactic acid sticks, titrated acidity of which varies within 20-80 °T — are considered inactive, 90-110 °T —
medium, and parameter 120 ° T and higher are considered highly active.

Table 4

Acid formation activity formation of Lactobacillus selected strains

Strains of the genus Lactobacillus spp. Results, °T
Lactobacillus helveticus — 13 128,75
Lactobacillus helveticus — 14 131,33
Lactobacillus helveticus — 15 170,47
Lactobacillus helveticus — 17 183,86
Lactobacillus helveticus — 20 187,46
Lactobacillus helveticus — 22 100,94

The resistance of bacteria to antimicrobial preparation is a characteristic feature of a particular strain of
the microorganism and this should be taken into account when selecting cultures, products and preparations
with probiotic properties used in biotechnology. In this regard, we have conducted studies to determine the
spectrum of antibiotic resistance of isolated strains of lactobacteria, to various most common antibiotics in
medical practice. The obtained data on antibiotic sensitivity of lactobacteria are shown in Table 5.

Table 5

Antibiotic sensitivity of Lactobacillus selected strains

The diameters of the zones of growth inhibition (mm)
Antibiotics, pg/disc | Lactobacillus | Lactobacillus | Lactobacillus | Lactobacillus | Lactobacillus | Lactobacillus
helveticus — 13| helveticus — 14 | helveticus — 15 | helveticus — 17 | helveticus — 20 | helveticus — 22
- No zone of in- | No zone of in- | No zone of in-
Benzylpenicillin, 10 33+2 31+1 hibition hibition hibition 37+1
Gentamycin, 10 30+1 3442 21+1 20+1 19+1 35+1
Amoxyclav, 10 32+1 25+1 2242 20+2 18+2 35+1
Tetracycline, 10 33+1 27+2 18+1 23£2 19+£2 41+1
Levomycetin, 10 28=+1 32+1 19+£2 19+1 18+1 39+1
Cefuroxime, 30 3242 25+1 16+2 No zone of in- | No Zone of in- 1542
hibition hibition
Ciprofloxacin, 30 20+1 25+1 14+1 No Zone of in- | No Zone of in- 20+1
hibition hibition
Clindamycin, 10 38+1 30+1 29+1 26+1 20+2 42+1
. No zone of in- | No zone of in- No zone of in-
Colistin, 25 201 hibition hibition 2042 hibition 3042
Metronidazole. 5 No zone of in- | No zone of in- | No zone of in- | No zone of in- | No zone of in- 1041
' hibition hibition hibition hibition hibition

The study found that 5 strains had metronidazole resistant except Lactobacillus helveticus — 22.

Lactobacillus helveticus — 15, Lactobacillus helveticus — 17, Lactobacillus helveticus — 20 strains
showed resistance to benzylpenicillin.

Growth retardation was not observed in Lactobacillus helveticus — 17 strain, Lactobacillus helvet-

icus — 20 cefuroxime, ciprofloxacin.

The following strains of Lactobacillus helveticus — 14, Lactobacillus helveticus — 15, Lactobacillus hel-
veticus — 20 possess resistance to colistin.
Most strains of lactobacilli were sensitive to the following antibiotics: 3 strains to benzylpenicillin,
levomicetin, cefuroxime, ciprofloxacin, colistin, gentamycin, 5 strains to amoxyclav, 4 strains to tetracycline,
all 6 strains to clindamycin.
The following strains of lactic acid sticks showed considerable resistance: Lactobacillus helveticus — 20
to gentamycin, amoxyclav, tetracycline, levomycetin. Lactobacillus helveticus — 17 showed considerable re-
sistance to levomitsetin. Lactobacillus helveticus — 15 showed considerable resistance to tetracycline, levomy-
cetin, cefuroxime, ciprofloxacin.

Cepus «buonorusa. MegmuuHa. Meorpadus». Ne 2(98)/2020
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According to literary data [16], in vitro lactobacteria sensitivity tests are still poorly standardized. The
evaluation of antibiotic sensitivity of these bacteria is extremely difficult because the size of the zones recom-
mended for other bacteria are not applicable to them. To these reasons are added specific conditions of culti-
vation: enriched medium, complex composition of atmosphere, prolonged incubation.

Domestic microbiologists K.Kh. Almagambetov, 1.S. Savitskaya with co-authors do not give the clear
criteria for classification of strains of lactobacilli to sensitive or resistant [17]. Therefore, empirical concentra-
tions in the antibiotic disc (pg/disc) that delayed the growth of at least one of the strains studied were selected
as boundary minimum inhibitory concentrations (MIC).

Conclusions

1. Isolated strains of Lactobacillus helveticus are promising applicants and competitive strains for con-
struction of the Lactobacillus spp consortium.

2. The use of modern microbiological methods allowed screening of isolated cultures and screening of
biological active strains: Lactobacillus helveticus — 17, Lactobacillus helveticus — 20, Lactobacillus helvet-
icus — 14, Lactobacillus helveticus — 15, which will form the basis of a consortium of microorganisms for wide
use in our region. The relevance of the creation of new high-activity consortium based on strains of lactobac-
teria, extracted mainly from local sources, dictates the continuation of this study.
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Koncopuuym qu3aiinbl ymin Kaparanabl 00J1bICbIHAH 06JIiHT€H
Lactobacillus helveticus mramMmaapbsIHbIH GHOTOTHSIJIBIK KACHETTEPIiH 3epPTTEY

OJIeMHIH JKETEKII FBUIBIMU OPTAIIBIKTAPBIHA aJAMHBIH 1IIEK JKOJIAPBIHBIH [APTTHI-ATOTCH/IK JKOHE MaTo-
TeH1 MUKPO(MIOPACHIHBIH SPTYPJIi OKUIAEPiHIH aHTarOHUC1 OOJIBIN TaOBUIATHIH CYTKBIIIKBLIAB OaKTepUsIap-
JIBIH Tipl JaKbULAAPhI Oap MPOOHOTUKTEPAIL KOHE TYPHIC TAMAKTaHyFa CYT OHIMIEPiH alyAblH MUKPOOHOIOTUS
caJlaChIHJIAFbl 3epPTTEyJIep epeKiIe O3eKTiliKke 1e. [IpoOMOTHKANBIK IpenapaTTap MeH (YHKIMOHAIIBIK CYT
OHIMIEPiHIH THIMALTIT OipiHII Ke3eKTe oapAbIH KypaMbIHa KipeTiH opTypJi OakTepusuiap mTaMaapsl Typlie-
piHiH KacueTTepiHe OaiimanpIcTel. OChbFaH OailyIaHBICTHI Ka3ipri yakbITTa MPOOHOTHKAIBIK OEICEHIUIIT jKo-
Fapbl TAOUFU Ke3JepleH OeNiHreH CYTKBIIIKBUIIBI IITaMAApAbl 3epTTey OolbIHIIA GachMIBIK apTyna. Cyr
OHIMJIepl MEH MPOOHOTHKAJIBIK ITperapaTTapra apHainFaH OacTaIKsl JaKbULIAPIBIH HET13Ti KOMITOHCHTTEpPiHIH
6ipi Lactobacillus TysicTacTbirbiHblH OakTepusiiapsl Gonbin Tabbutansl. Makanaga Staphylococcus aureus
NCTC 12973/ ATCC® 29213™, Escherichia coli NCTC 12923/ ATCC® 8739™, Salmonella typhimurium
NCTC 12023/ ATCC® 14028 ™, Pseudomonas aeruginosa NCTC 12903/ ATCC® 27853™, Klebsiella
pneumonia NCTC 9633/ ATCC® 13883 ™ Ttecr-IuTamaapblHa aHTArOHKUCTIK OenceHiiiri 6ap, Kaparauast
OOJIBICHIHIA OHAIPLIETIH CYT oHiMIepiHeH Oeminin amsiran Lactobacillus helveticus mrrameiabie Mopdoio-
THSUTBIK, JaKBUIABIK KACHETTEpi, KBIIKBUI TY3y KabOineTi, aHTHOMOTHKTEPre Ce3IMTaNIBIFBIHBIH 3€pTTEYiIepi
yceiHbUFaH. Ka3zipri 3aMaHFbl MUKPOOHOJIOTHSIIBIK 3epTTey 9/icTepi OeiHIeH JaKbUIiapFa CKPHHUHT JKYPri-
3yre oHe OHOJIOTHSUIBIK OesiceHi mraMaapibl ipikreyre mymkinaik Gepai: Lactobacillus helveticus — 17,
Lactobacillus helveticus — 20, Lactobacillus helveticus — 14, Lactobacillus helveticus — 15. Anbiaran HoTH®Ke-
nep Ooibiama, Lactobacillus helveticus mramumapsr Lactobacillus spp. KOHCOpLYMBIHA YMITKepIiep GOJIBIN
TaObUIa Il )KoHE OYIT mTamaap O6ocekere KaOUIeTTi Aen alTyFa MYMKIHIIK Oepill OTBIp.

Kinm co3dep: naksUmaHappy, mramm, I pam opicimen 6osty, Lactobacillus helveticus, antaronucrik 6encen-
IIUTIK, KBIIKBUITY3Y OCNICeHMIINIT1, aHTHOMOTHKKE CE3IMTaIIBIK,

K.T. Amupxanosa, P.T. boneesa, C.b. Axmerosa, A.P. Kymryrynosa

HN3yuyenune 6monornyeckux cpoiicts mrammon Lactobacillus helveticus,
Bbl/leJIeHHbIX B Kaparanauuckoi 00y1acTu 1/ Iu3aiiHa KOHCOpIMYyMa

B Benyumx HaydHbIX LEHTPAaX MHpa 0COOYI0 aKTyallbHOCTh IPUOOPETAIOT UCCIICI0BAHMUS B 00IaCTH MHKPO-
OUONIOTHH MOTyYESHHS MOJIOYHBIX TIPOIYKTOB 3/I0POBOTO MIUTAHUS M IPOOUOTHKOB, COJCPIKAIHX JKHBBIE KYyJIb-
TYPBI MOJIOYHOKHCIBIX OaKTepui, SBISIOIMXCS aHTarOHUCTAMH PA3IMYHBIX HPEACTABUTENCH YCIOBHO-TIATO-
TEHHOW W MaTOreHHOH MUKPOQIIOPH! KUIIEYHOTO TPAKTa YeIoBeKa. DPPEKTUBHOCT MPOOUOTHIECKHX TIpera-
paToB U NPOAYKTOB MOJIOYHOTO ()YHKIIMOHAIBHOTO MIUTAHUS, B IEPBYIO OYEPE/ib, 3aBUCUT OT CBOHCTB, BXO/IS-
IIUX B UX COCTaB BHJOB PAa3JIMYHBIX IITAMMOB OakTepuii. B CBS3M ¢ 3THM B HACTOsIEE BPEMsI IPHOPUTET OT-
JIACTCsI M3yUYCHHIO MOJIOYHOKHCIIBIX [ITAMMOB, BBIICICHHBIX U3 IPUPOJHBIX HCTOYHHKOB, 00JIaIaf0LINX BBICO-
KO MPOOHOTHYECKOH aKTUBHOCTHIO. OTHUM U3 OCHOBHBIX KOMITOHEHTOB CTAPTEPHBIX KYJIBTYP ISl MOJIOYHBIX
MPOAYKTOB W MPOOHOTHYECKUX IMpErnaparoB yaiie Bcero ssisitorcs Oakrepuu poxa Lactobacillus. B cratbe
HpecTaBIeHbl MOP(OIOrHYecKre, KyJIbTypajibHbIe CBOMCTBA, KUCIOTOOOPAa3yromiasi ClIoCOOHOCTh, aHTHOHMO-
tukouyBcTBUTEeIpHOCTH Lactobacillus helveticus, Beinenenupix B Kaparanauuckoii 061actu, 061a1aiommx aH-
TarOHUCTHYECKON aKTHBHOCTHIO MO OTHOIIEHMIO K TecT-mutammam: Staphylococcus aureus NCTC 12973/
ATCC® 29213™, Escherichia coli NCTC 12923/ ATCC® 8739™, Salmonella typhimurium NCTC 12023/
ATCC® 14028™, Pseudomonas aeruginosa NCTC 12903/ ATCC® 27853™, Klebsiella pneumonia NCTC
9633/ ATCC® 13883 ™. Jcrionp30BaHIE COBPEMEHHBIX MUKPOOHOJIOTMYECKHX METO/I0B ITO3BOJIMIIO IIPOBECTH
CKPHHHHT BBIJICJICHHBIX KYJIBTYD M OTCENEKTHPOBaTh OHOJOTHYECKHe akTHBHbIC mTamMmsbl: Lactobacillus
helveticus — 17, Lactobacillus helveticus — 20, Lactobacillus helveticus — 14, Lactobacillus helveticus — 15. Co-
IJIACHO TTOJTyYCHHBIM pe3yiibTartam, mrammMel Lactobacillus helveticus sisisirorest mepcneKTHBHBIMH IPETEHICH-
TaMu Ha KoHcopuuyM Lactobacillus spp. v TO3BOJISIOT CYAUTh O KOHKYPEHTOCIIOCOOHOCTH JaHHBIX IITAMMOB.

Kniouesvie cnosa: KynpTUBHpOBaHHE, IITaMM, OKpacka mo I'pamy, Lactobacillus helveticus, anraronucruye-
CKast aKTHBHOCTb, KUCIIOTOOOPAa3yIolias akTHBHOCTD, aHTHOMOTHKOYYBCTBHTEIBHOCT.
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Assessment of water-retaining capacity of wheat seedlings
after exposure to laser radiation

The article presented the results of assessing the effect of hydration and water-holding capacity of soft wheat
seedlings after preliminary treatment of seeds with a laser with a wavelength of 632,8 nm. The processing timer
anged from 15 seconds to 15 minutes. The watering of raw seedlings during drying and air-dry weight was
higher than the control values. Thus, the water content of 3-week-old wheat seedlings in all experimental vari-
ants exceeded the control by 12.5-45.2 %. The weight of the experimental seedlings after 2 hours of drying
exceeded the control value by 23.5-159.4 %, after 4 hours — by 5.6-74.5 %. The dry weight of the seedlings
turned out to be 6.7-44.4 % higher than the control in the experimental variants. The water-holding capacity of
wheat seedlings according to the experimental variants turned out to be approximately at the control level or
higher than the control values. These parameters indicated a positive effect of laser processing of a certain
duration on the increase in drought resistance. The best indicators of seedling water content and water-holding
capacity were noted for pre-sowing treatments with laserir radiation — 1 minute, 2 minutes, 2 minutes 30 sec-
onds, 4 minutes, 10 minutes.

Keywords: seed material, seedlings, wheat, watercontent, water-holding capacity, laserir radiation, experi-
mental options

Introduction

Water is an internal environment where all the processes of vital activity take place actively; it is a
transport link between various structures of a living organism.

The territory of Kazakhstan differs in the amount of precipitation, and most of it is in the arid climate
zone [1]. The climate of Central Kazakhstan (Karaganda region) is characterized by sharp continental, arid in
the summer months and a small amount of precipitation from 180 to 310 mm [2]. The greatest harm is caused
by drought in the spring and summer, during which there is an active growth of crops and the formation of
generative organs [3].

In natural conditions, a favorable combination of soil-climatic and agrometeorological factors is ex-
tremely rarely achieved throughout the growing season. Often crop failures in the Central and the Northern
Kazakhstan are caused by frequent droughts in the first half of summer [4], which determines the need to find
ways to increase drought tolerance of agricultural plants.

The resistance of plants to drought is determined by a number of factors, the most important of which is
the water regime of plants [5-7], that is, the ability of the plant’s aboveground organs to retain water. As noted
by a number of authors [8-12], the rate of water return is often used as an indicator of drought tolerance of
plants; therefore, plants with high water retention capacity are highly resistant to adverse environmental con-
ditions. Therefore, when establishing the resistance of plants to drought, this indicator is used as a diagnostic
sign.

The aim of research is to study the dynamics of changes in water content and water holding capacity of
wheat seedlings irradiated with different doses of coherent laser radiation.

Methodology

The object of the study was soft wheat seeds (Triticale aestivum L.) of “Karaganda-29” variety, obtained
in 2018 from the Karaganda Research Institute of Plant Growing and Breeding of the Ministry of Agriculture
of the Republic of Kazakhstan. Seed samples were irradiated with a helium-neon laser; a wavelength of 650
nm was used, the irradiation time varied from 15 seconds to 15 minutes. The control was seeds that were not
exposed to laser irradiation.

All irradiated seed samples were planted in boxes with standard soil for growing seedlings. Each version
of the experiment was in 6 replicates, in each repetition — 50 pieces of seeds. After 3 weeks of cultivation in
closed ground, plant seedlings were dug up, washed from the ground and weighed on wet weight.
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The water content of plants was estimated by the ratio of the wet and dry weight of the seedlings. Water
retention capacity was determined after 2 and 4 hours of wilting (in % of fresh weight) according to the method
of M.D. Kushnirenko [13] and Yu.V. Makarova [14].

In the final phase, the plants were placed in filter bags and dried in weights to constant weight at 100 °C.
Mass fraction of moisture (%) was calculated by the formula:

100 % — 4,
where, A is the mass of absolutely dry matter, %.
A=(m-m1)x100 % / my,
where, m is the mass of the seedling drying, g; ms is the mass of the seedling after drying, g; m; is the mass if
fresh seedling weight, g.
The water-holding ability of seedlings (%) was estimated by the formula:
B:—CED*loo%,
where E is the absolute water content; C is the raw mass of seedlings before drying; D is the dry mass of
seedlings.
Statistical processing of the results was carried out according to the method of N.L. Udolskaya [15].

Results and discussion

The results of the experiments showed that the content of free water and the water-holding ability of
wheat seedlings differed in the experiment variants (Table 1).

Table 1

Indicators of the water-holding ability of wheat seedlings after laser irradiation of various durations

Experience options Wetweight, g Weightdaft_er 2 hours of| Weight aﬂgr 4 hours Air-dry yveight

rying, g of drying, g of seedlings, ¢
Control 0.239+0.001 0.170+0.001 0.110+0.001 0.045+0.001
15 seconds 0.290+0.002 0.190+0.002 0.135+0.002 0.060+0.002
30 seconds 0.299+0.002 0.207+0.003 0.132+0.002 0.055+0.002
1 minute 0.322+0.003 0.252+0.002 0.168+0.002 0.067+0.002
1 min 30 sec 0.243+0.002 0.157+0.001 0.118+0.002 0.048+0.002
2 minutes 0.333+0.001 0.270+0.001 0.192+0.002 0.064+0.001
2 min 30 sec 0.306+0.002 0.225+0.002 0.165+0.002 0.058+0.002
3 minutes 0.340+0.003 0.251+0.002 0.182+0.002 0.064+0.002
3 min 30 sec 0.269+0.002 0.174+0.001 0.116+0.002 0.050+0.001
4 minutes 0.272+0.001 0.206+0.002 0.152+0.001 0.056+0.002
4 min 30 sec 0.369+0.003 0.271+0.001 0.186+0.002 0.067+0.002
5 minutes 0.309+0.003 0.219+0.001 0.151+0.002 0.059+0.002
10 minutes 0.33940.001 0.241+0.001 0.176+0.002 0.065+0.001
15 minutes 0.347+0.002 0.237+0.001 0.165+0.001 0.060+0.002

An analysis of the results shows that the wet weight of 3-week-old wheat seedlings was higher in all
variants of experiments with laser irradiation, exceeding the control values by at least 12.5 % (3 minutes 30
seconds) and a maximum of 45.2 % (15 minutes) (Fig. 1). Similar results were obtained when drying after 2
(with the exception of the experiment with a processing time of 1 minute 30 seconds) and 4 hours. After
2 hours, the weight of the seedlings exceeded the control values by 0.04-0.1 g, that is, from 23.5 to 159.4 %.
The maximum excess values are noted in the processing options 1 minute, 2 minutes, 4 minutes 30 seconds,
10 minutes.

After drying for 4 hours, all experimental options exceeded the control, showed from 0.06 to 0.082 g, or
5.6 to 74.5 %. At this stage of the experiment, the maximum showed the weight of the seedlings marked for
variants with a processing time of 1 minute, 2 minutes, 3 minutes, 4 minutes, 4 minutes 30 seconds, 5 and 10
minutes.

The dry weight of plants in all cases exceeded the control; the difference was 0.003-0.02 g or 6.7-44.4 %
(Fig. 2). That is, we can observe an increase in plant water content after laser treatment, which is a sign of an
increase in the ability of plants to tolerate drought [16, 17].
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Figure 1. Indicators of fresh weight of seedlings and data of excess over control for experimental options
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We have determined the water holding capacity of seedlings. Significant differences were expressed in
terms of hydration (water content) of seedlings before drying in the range of 43 and 58 %. A more significant
decrease in humidity was observed during irradiation in the indicated interval: 3 min 30 seconds. In this irra-
diation interval, the water holding capacity decreased by 3 % (from 33 % to 30 %) compared with the control.
The second peak of the water holding capacity of the seeds was observed in the intervals of 2, 3, 4 minutes. At
these doses of laser radiation, the values increased by 10-18 % (from 30 to 40-48 %) (Table 2).

Compared with the control, the water-holding ability increased by 10-15 % in samples that were under
the influence of laser radiation for 2, 3, and 4 minutes. The indicated irradiation time intervals are the most
optimal for water retention in wheat seedlings.

However, laser radiation of seeds not all variants of the experiment led to an increase in water retention
capacity. So, samples those were irradiated for 15, 30 and 210 seconds showed values below the control. For
example, wheat seedlings in the control variant had indicators of water holding capacity of 33 %, and in some
variants this value slightly decreased by 2-3 % (Fig. 3).
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Table 2

Water content and water holding capacity of wheat seedlings at different laser irradiation times

. . Water content, % Waterholding
Experience Options In 2 hours | In 4hours | Dry seedlings capacity, %

Control 71 46 18 33
15 seconds 66 47 21 32
30 seconds 69 44 18 31
1 minute 78 52 21 40
1 min 30 sec 65 49 20 36
2 minutes 81 58 19 48
2 min 30 sec 74 54 19 43
3 minutes 74 54 19 43
3 min 30 sec 65 43 19 30
4 minutes 76 56 21 44
4 min 30 sec 73 50 18 39
5 minutes 71 49 19 37
10 minutes 71 52 19 41
15 minutes 68 48 17 37

60
50
4
3
2
1

o O O o

control 15sec 30sec 1min 1min 2min 2min 3min 3min 4min 4min 5min 10 min 15 min
30 sec 30 sec 30 sec 30 sec

o

Figure 3. Indicators of the water-holding ability of wheat seedlings
according to the experimental variants after laser irradiation

In general, the results show that most variants of pre-sowing treatment of seeds with a coherent laser lead
to an increase in the water content of seedlings and an increase in water retention capacity.

Conclusion

Processing of seeds of agricultural plants leads to an increase in germination and activates the growth of
seedlings. We carried out pre-sowing treatment of seeds with a laser with a wavelength of 650 nm and the
duration of 15 seconds to 15 minutes. The irrigation of 3-week-old seedlings obtained in closed ground in all
experimental variants using laser treatment turned out to be higher than the control values. The excess over
control was 12.5-45.2 %. The loss of moisture during drying took place approximately the same in all variants
of the experiment. The weight of the seedlings after 2 and 4 hours of drying exceeded the control by 23.5—
159.4 % and 5.6-74.5 %, respectively.

The dry weight of the seedlings turned out to be 6.7-44.4 % higher than the control in the experimental
variants.

The water-holding ability of wheat seedlings according to the experimental variants turned out to be
approximately at the control level or higher than the control values. The best indicators of seedling water
content and water-holding ability were noted for pre-sowing treatments with laser irradiation — 1 minute,
2 minutes, 2 minutes 30 seconds, 4 minutes, 10 minutes.
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J.M. Omenosa, /[.B. Arees, M.IO. NmmypaToBa, A.K. 3eiiHnAMHOB

Jlazep coyJieciH KOJIIaHFAHHAH KeiliH Ouaai 1aKkblJIbl 6CKIHAEPiHiH
CyIbl YCTANl TYPY Ka0ijieTin Oaranay

Maxanazia TOTKBIH Y3BIHIBIFEI 632,8 HM JTa3epMeH alJblH aa eHJIENTeH )KyMcaK Oumail oCKiHIepiHiH Cyabl
ycTan Typy KabineTi MeH CyJIaHABIpYyFa ocep eTyiH Oarajnay KenrtipinreH. OHaey yakpITol 15 cexyHarad 15 mu-
HYTKa JIeWiHT1 apaybIKThl KaMTHABL KenTipy Ke3iHae bUFan eCKiHAEP/IiH CyIaHybl MEH OJIap/IbIH ayaaarbl Kyp-
FaK Maccajapbl OaKpUIay YITICIMEH CalbICTBIPFaH/a )KoFapbIpak 6osiibl. COHbIMEH, OUIaliabIH 3 anTaibIK ec-
KiHJIepiHiH CyJIaHybl OakblIayMeH caybicThipranaa 12,5-45,2 %-ra aprTol. Toxxipuberik MaccanapablH 2 caraT
KeNTipUIreHHeH KeiiHri MoHaepi GakputaymeH canbicThipranaa 23,5-159,4 %-ra, an 4 caraTran Keifin 5,6—
74,5 %-ra xorapsl Oomabl. Toxipubeneri ecKiHIEpIiH KYpFaK Maccalapbl OaKbUIayMeH CalbICThIpFana 6,7—
44,4 %-ra aptThl. bugait eckiHIepAiH CyAbI YcTal Typy KadineTi 0akpllayMeH TEH JKOHE KOFapbl MOHEPTe e
6omapl. Bepinren kepcerkimrep Genrii Oip Y3aKTHIKTa Jla3ep CoyJeCiMEH ajJblH alla OHACY IIOJre TYPaKThI-
JIBIK KOPCETKIMTEPiH apTTHIPHII, OH ocep Oepei. OCcKiHAepAiH CyIaHysl MEH CYIbl YCTAl TYpyFa KaOineTTimi-
TiHIH eH )aKChl KOPCETKILITEepi J1a3ep cayiIeciMeH aTKbUIaHFaH MbIHA HycKanapaa: | MUHYT, 2 MUHYT, 2 MUHYT
30 cexyHn, 4 MunyT, 10 MUHYTTa GalKaIgbl.

Kinm ce30ep: TYKbIM MaTepHallbl, ©CKiHAep, OUnaii, cyaaHy, CyIsl YCTal Typy Kabineti, 1a3ep coylieci, Taxi-
pube HyCKaIapsbl.
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OueHka BoaOyAep:KUBAKOIIEN CITOCOOHOCTH MPOPOCTKOB MIIEHUIIbI
nocJjie NpUMeHeHUs JIa3ePHOro 00 1yYeHus

B cratbe npuBeieHb! OIIEHKH BIVSTHUSL OBOJJHEHHOCTH 1 BOJIOYIEPKHUBAOMIEH CIIOCOOHOCTH IIPOPOCTKOB MIIe-
HUIBI MATKOI IOCNe npeaBapUTeIbHON 00paboTKU CeMSH J1a3epoM ¢ JUIMHOH BOJHEI 632,8 HM. [ITUTenbHOCTD
00paboTku cocTapisia oT 15 cex 10 15 MuH. OBOIHEHHOCTH CHIPBIX MIPOPOCTKOB B IPOLIECCE BBHICYIIMBAHUS U
Ha BO3/YIIHO-CYyXOH Bec OKa3alach BbIIIE KOHTPOJIBHBIX 3HaueHHH. Tak, OBOAHEHHOCTh 3-HEJIEIbHBIX MPO-
POCTKOB ILICHHUIIBI II0 BCEM BapHaHTaM OIIbITA IIPEBbICHIIAa KOHTPOIb Ha 12,5-45,2 %. Bec onmbITHBIX IPOPOCT-
KOB IIOCJIe 2-X 9 BBICYIIMBAHUS NPEBBINAN 3Ha4eHHUsT KOHTpois Ha 23,5-159,4 %, mocie 4-x 4 — Ha 5,6—
74,5 %. Cyxoii Bec IpOPOCTKOB OKa3aJICsS B ONBITHBIX BapHaHTaX BBIIIE KOHTPOJS Ha 6,7-44,4 %. Bonoynep-
JKUBAIOIIasl CIIOCOOHOCTH IPOPOCTKOB IIIEHUIIB! 110 BApHAHTaM OIIBITa OKa3alach MPUMEPHO Ha YpOBHE KOH-
TPOJISL WJIM BEIIIE KOHTPOJIBHBIX 3HAUCHUH. JlaHHBIC TIOKAa3aTeNl CBUACTENBCTBYIOT O ITOJIOXKATEIEHOM BIHSI-
HHH JTa3epHOI 00paboTKM ONpeIeNIeHHOH JUTMTEIFHOCTH Ha MOBBIIICHNE TTI0Ka3aTeNell yCTOMINBOCTH K 3acyXe.
Jlydmmue nmokasaTenu OBOJHEHHOCTU IPOPOCTKOB U BOAOYIEP>KUBAIOIIEH CIIOCOOHOCTH OTMEUEHBI IIPU BapH-
aHTax MPEANOCceBHOI 00pabOTKHU a3epHBIM 00ayueHneM — 1 MuH, 2 MuH, 2 MuH 30 cek, 4 muH, 10 MuH.

Kniouesvie criosa: ceMeHHON MaTepHall, IPOPOCTKH, MIIEHHUIA, OBOJHEHHOCTH, BOJIOYIEPKUBAIOIIas CII0CO0-
HOCTb, JTa3epHOe 00TydeHHe, BAPHAHTHI OITBITA.
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Identification of new strains of lactic acid bacteria from south region of Kazakhstan

The article describes the process of isolation and identification of lactic acid microorganisms derived from
traditional homemade dairy products of the Southern region of Kazakhstan. During the study, 10 samples were
selected. Of these, 5 separate isolates were selected: 2 koumiss isolates (Al-2, Al-3) and 3 ayran isolates (Al-1,
Al-4, Al-5). A microscopic observation of koumiss isolates showed that they were cocci, isolated and collected
in chains, and ayran isolates were large long rods. Spores were not formed. Bacteria were gram-positive facul-
tative anaerobes. Colonies were convex with a solid edge, opaque and not pigmented. Optimum growth tem-
perature was 37 °C. Identification was done by the MALDI-TOF method of mass spectrometry using the Mi-
croflex device based on the Maldi Biotyper database. Mass spectra were compared using Biotyper 3.0 RTC
software. Based on the results, the Score value of the analyzed strains ranged from 2.096 to 2.449. As a result,
it was found that isolates Al-2, Al-3 extracted from koumiss belong to the species Lactococcus lactis and iso-
lates Al-1, Al-4, Al-5 extracted from ayran to Lactobacillus plantarum. The data obtained by us indicate that
the results of microbiological identification are consistent. Antagonistic activity of cultures was studied by 2
test strains (S. aureus and E. Coli) using agar block method. The results showed that the lysis zone around the
wells with Staphylococcus aureus culture was in the range from 12.00+1 mm to 18.00+1 mm, and Escherichia
coli in the range from 13.00+1 mm to 17.00=1 mm. The isolates have an inhibitory effect on the indicator test
strains: Staphylococcus aureus and Escherichia coli.

Keywords: lactic acid products, lactic acid microorganisms, isolates, strain, Lactobacillus spp., Lactococcus
spp., antagonistic activity, mass spectrometry.

Introduction

Preservation of biodiversity is a pressing challenge of modern time. This is reflected in the International
Convention on Biological Diversity [1], which has been ratified by the Republic of Kazakhstan. The conser-
vation and sustainable use of biological diversity is crucial to meet the food and healthcare needs, as well as
other needs of the world's growing population. Thus, access to and sharing of both genetic resources and tech-
nologies are essential to handle these challenges.

Bio resource centers based on collections of microorganisms, viruses, cell cultures of plant and animal
tissues, are the basis for the development of biotechnology. Interest in the collections has particularly risen
since the second half of XX century. When, with the establishment of new biotechnological production facil-
ities, the need for strains of microorganisms with certain properties has sharply increased, which has intensified
work on obtaining highly active producers, a deeper study of supported microbial collections and the creation
of data banks [2-4].

The effective use of modern biotechnologies in health care, agriculture, pharmacy, processing and food
industry is an important prerequisite for the development and solution of problems in these sectors, as well as
for environmental protection [5].

The issues of production and consumption of milk and dairy products are becoming more urgent and
increasingly dependent on general trends of the world food market development.

Recently, there is an increased interest in studying lactic acid bacteria. This is largely due to the rapid
development of the dairy industry worldwide, production of new fermented milk products, and the search for
new strains of lactic acid bacteria suitable for use in fermentation starter.

Dairy products are an essential component of the human diet. They account for satisfaction of up to 20 %
of human protein and up to 30 % of fat intake [6].

Today, from a wide range of food products, the customer often chooses those that have additional prop-
erties and advantages, such as naturality, health benefits, unusual taste, convenience and others.

Many international manufacturers strive to follow these trends and offer new solutions for people who
want to improve their health. Products that help reduce fat tissue and contain pro-biotic ingredients, vitamins,
minerals, dietary fiber, fatty acids, etc. are becoming increasingly popular.
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Thus, the variety of dairy products is due to the use of bacterial ferments, the composition of which is
represented by different types of lactic acid bacteria. The specific taste, consistency and several other proper-
ties of milk products depend on the strains that make up the bacterial starters.

The purpose of this project was to isolate and identify lactic acid bacteria from various traditional dairy
products of the Southern region of Kazakhstan.

Materials and research methods

Samples of home-made dairy products (ayran, koumiss) selected in the southern region of Kazakhstan
were used as study materials.

In order to obtain the accumulation culture of lactic acid strains, the following nutrient medium was used:
skimmed milk powder (87 g/L); yeast autolysate (3 ml). Cultivation was carried out at 37 °C, during
16-24 hours.

Pure cultures were isolated by tenfold dilution followed by inoculation on Petri dishes with MRS agar
medium. Grown isolated colonies were transferred with a loop to slant agar in tubes and cultivated at 37 °C
for 48 hours. Culture purity was observed for absence of extraneous growth in the beef-extract broth.

The cultures of isolates were visually observed using a phase contrast microscope.

Mass spectrometric identification of lactic acid bacteria was performed by the MALDI-TOF mass spec-
trometry method using the Microflex device based on the Maldi Biotyper database (Bruker Daltonics, Ger-
many).

Antagonistic activity of cultures was studied by 2 test strains: Staphylococcus aureus and Escherichia
coli using agar block method [7].

Results and discussion

During the study 10 samples were taken from traditional homemade dairy products. Of these, 5 separate
isolates were obtained, including: 2 koumiss isolates (Al-2, Al-3) and 3 ayran isolates (Al-1, Al-4, Al-5).

Identification of the isolates was made on the basis of cultural, morphological and physiological features
using “Bergey’s manual”. A microscopic observation of koumiss isolates showed that they were cocci, isolated
and collected in chains, and ayran isolates were large long rods. Spores were not formed. Bacteria were gram-
positive facultative anaerobes. Colonies were convex with a solid edge, opaque and not pigmented. Optimum
growth temperature was 37 °C [8].

As a result of the study of cultural and morphological properties, the isolated bacteria were identified as
representatives of the genus Lactobacillus spp. and Lactococcus spp.

Proteomics using matrix-assisted laser desorption/ionization and time-of-flight mass-spectrometry
(MALDI-TOF) has been rapidly developing in microbiology in recent years. The basic principle of MALDI-
TOF technology is the use of a matrix solution which crystallizes from the sample and matrix substrate after
evaporation of the solvent. The formation of the matrix-sample will absorb energy when exposed to laser and
transfer ion charge from matrix to sample. When charged samples enter the vacuum tube and the accelerating
electric field of the system, fragments of charged samples will be separated based on their mass-to-charge ratio
and the flight detector will analyze this separation based on mass and charge and generate what is known as
mass spectra. Using software and algorithmic analysis, the mass spectra for a sample are compared with the
mass spectra for known species contained in the system database [9].

Identification by the MALDI-TOF method of mass spectrometry has been carried out using the Microflex
instrument based on the Maldi Biotyper database (Bruker Daltonics, Germany). As a matrix, a a-cyano-4-hy-
droxycoric acid in 50 % acetonitrile with addition of 2.5 % trifluoroacetic acid was used. For identification,
microbial colonies were used after primary inoculation. The colony was applied to a metal target, covered with
a matrix solution, and after drying, microorganisms were identified in a mass spectrometer by ribosomal pro-
tein spectra. The results are presented in Table 1.

The mass spectra were compared using the Biotyper 3.0 RTC program (Bruker Daltonics, Germany). The
degree of identification reliability was assessed using the obtained Score values, comparing the spectra data
from the Biotyper 3.0 reference database. Cases with Score <1.7 were considered as unreliable and were not
considered as cases of successful determination of taxonomic properties of an isolate [10].

The results presented in Table 1 show that the Score value of the analyzed strains varies from 2.096 to
2.449.
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Table 1

Mass spectrometric identification results

. . Number from NCBI
Ne | Sample Homologous bacteria Score value | Quality database
1 AL-1 |Lactobacillus plantarum DSM 2601 DSM 2.19 ++ 1590
2 AL-2 |Lactococcus lactis ssp. lactis DSM 20661 DSM 2.449 +++ 1360
3 AL-3 |Lactococcus lactis DSM 4366 DSM 2.096 ++ 1358
4 AL-4 |Lactobacillus plantarum DSM 2601 DSM 2.152 ++ 1590
5 AL-5 |Lactobacillus plantarum DSM 1055 DSM 2.206 ++ 1590

Notes. 1 “+” identification of the genus (1.700...1.999); 2 “++” genus identification, identification of probable species
(2.000...2.999); 3 “+++” species identification (2.300...3.000).

As a result, it was found that isolates Al-2, Al-3 derived from koumiss belong to the species Lactococcus
lactis and isolates Al-1, Al-4, Al-5 resulted from ayran to Lactobacillus plantarum. The data we have obtained
indicate that the results of microbiological identification are consistent with the following.

When creating products based on several strains, an attention should be given to studying antagonistic
properties. The antagonism of Lactic acid bacteria (LAB) is caused by the production of lactic acid, which has
a certain bactericidal effect and, besides, causes the pH of the medium to drop to values unfavorable for many
microorganisms [11].

Antagonistic activity of cultures was studied by 2 test strains: S. aureus and E. coli by agar blocks method.
The test strains were obtained from the collection of microorganisms of the Branch of RSE “National Center
of Biotechnology” of the Academy of Sciences of the Republic of Kazakhstan in Stepnogorsk.

Inoculants of Staphylococcus aureus and Escherichia coli cultures were mixed with heated and cooled to
50 °C agar and poured into Petri dishes. The dishes were cultivated at 37 °C for 20 min. Symmetrically ar-
ranged discs with a diameter of 10 mm were cut out of the agar plates obtained by the deep method, and a
suspension of selected cultures was introduced into the wells. After the suspension was introduced into wells,
the tested plates were incubated at 37 °C for 24 hours. Antagonistic activity was judged by the absence of zone
of test strains growth around the colony of the tested isolate. The antagonistic activity was differentiated by
4 degrees: zero in the zone of no growth up to 1.0 mm, low 1.1 4.9 mm, average 5.0 8.9 mm, high 9.0 mm and
more (Table 2).

Table 2
Antagonistic activity assessment results
Staphylococcus aureus | Escherichia coli
Sample -
Zone diameter, mm

Lactobacillus plantarum AL-1 14,0+1 13,01
Lactococcus lactis AL-2 13,01 12,01
Lactococcus lactis AL-3 12,0+1 13,01
Lactobacillus plantarum AL-4 15,0+1 14,0+1
Lactobacillus plantarum AL-5 18,0+1 17,0+1

The results showed that the lysis zone around the wells with Staphylococcus aureus culture is in the range
from 12.00+1 mm to 18.00+1 mm, and Escherichia coli is in the range from 13.00=1 mm to 17.00=1 mm. The
results of the study of antagonistic activity showed that the studied isolates have an inhibitory effect on the
indicator test strains: Staphylococcus aureus and Escherichia coli.

Financing

This study was carried out within the framework of the scientific and technical program 0.0809 “Creation
of a biobank of microorganisms, cell cultures, genomic and genetically engineered materials for biodiversity
conservation and provision of the resource base of biotechnologies” for 2018-2020.
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JIK. baiipon, A.O. Ucenosa, H.K. XKannap, B.M. lllaiixyTauHos

Onrycrik KazakcraH eHipiHeH aJbIHFaH
CYTKBIIIKBLIIbI 0aKTePUSIAPAbIH KAaHA IITAMIAPbIH HIeHTHQUKANMAIAY

Maxkanaga OHryctik KazakctaH eHipiHIH TYpii IOCTYpJi CYTKBIIKBUIABI ©HIMAEpiHEH OOIiHIN alblHFaH
CYTKBIIIKBUIABl MUKPOOPTaHU3MAEPIiH OelliHyi MeH MICHTU(HUKALUACH CHMATTaIFaH. JKYMBICTB OpBIHAAY
OappicbiHa 10 yuri ipikTeniHin anbiaFad. Onapaan 5 )KeKeJICHTeH N30IATTap O6IiH i, OHBIH IIIiHAe: 2 H30JIAT
(Al-2, Al-3) keimb3aan xoue 3 usonar (Al-1, Al-4, Al-5) aiipanHad. KpIMBI3 H30JITTapbIH MUKPOCKOITHSUITBIK
0aKpLIay HOTHXKECIHJIE, ONap IbIH Oip-OipiMeH JKeKe JKOHE Ti30CKTEN OpHANIACTHIPBUIFAH KOKTAp, all alipaHHaH
KacaJlFaH M30JATTap YJIKEH V3bIH TasKiiagap ekeHiH kepcerti. Cropa maiima OonraH koK. DakynbTaTHBTI
aHadpoOTap. ['pamon. KonoHusmap Tyrac mieri IeoHEC, MOJIIp eMecC KoHE MUTMeHTTenMereH. OHTaIbl ecy
temmeparypacsl 37 °C. Maldi-TOF macc-ciektpomerpust oaicimer, Maldi Biotyper nepexrep 6a3acel Heri-
3iHne Microflex KypaiblH KOJIaHa OTBIPHII, HACHTH(GUKAIIAIAY KYpri3inred. Macc-CrieKTpiaep i CalbICTEIpY
Biotyper 3.0 RTC 6arnapiamacbIHBIH KeMeTiMeH Xyprizinai. HoTmxke OoifpIHIIa Tangay skacajiFaH mTamaap-
IeIH Score MoHi 2.096-1eH 2.449-Fa feiiin e3repi. Kyprizijrex Tangaynap HOTH)KECIHIE, KbIMBI3IaH AIbIHFaH
Al-2, Al-3 msonsrrap Lactococcus lactis, an aiipannan ansiaran Al-1, Al-4, Al-5 uszonstrapsr Lactobacillus
plantarum TypiHe jxaTaThIHIBIFbl AHBIKTAIBI. AJIBIHFAH MOTIMETTEP MUKPOOUOIOTUSIIBIK CONKECTEHIIPY HO-
THKEJIEPiHIH CoMKeCTiriH pacTanbl. OcCipiHIiHIH aHTaroHucTiK Gencenmimiri S.aureus sxone E. coli Tect-
mITaMMJIapbIHA OJIOKTHI arap diciMeH 3eprrenred. Hotmkecinae, S. aureus ecipiHaiciMeH MIYHKBIPIBIH aifHa-
nmaceIHAarel au3uc aMarsl 11,00+1 mM-gen 18,00+1 mM-re gefiinri auamazonga, an E. coli 11,001 mMm-gen
17,00£1 mm-re meiiinri auamna3oHaa eKeHiH KopceTTi. 3eprreninren u3omstrap Staphylococcus aureus sxone
Escherichia coli urarkaropisik TecT-mramaapra KaTbICThI TEKEYII dcepre ue eKeHiH KOPCeTTi.

Kinm ce30ep: CYTKBIIIKBUTIBI OHIMJIEP, CYTKBIIKBUIABI MUKpOaF3anap, u30Jstrap, mramm, Lactobacillus spp.,
Lactococcus spp., aHTarOHUCTIK OENICEHIITIK, MacC-CIIEKTPOMETPHSL.

JI.K. Baiipon, A.O. Ucenona, H.K. Kannap, B.M. llaiixyTanHos

Nnentudguxanusi HOBbIX IITAMMOB MOJIOYHOKHMCJIBIX OaKTepuil
u3 FOkHoro peruona Kasaxcrana

B crarbe omucaH MpoIEce BBIASICHAS U HACHTU()UKAIINA MOJOYHOKHCIIBIX MUKPOOPTaHU3MOB, TIOJTyIeHHbIX
U3 TPAAUIHOHHBIX MOJIOYHOKHUCIIBIX TMPOIYKTOB JOMAIIHEero npurotosienus IOxHoro pernona KazaxcraHna.
B xoze BbImoMHEHHS paboTh! 66110 0TO6paHo 10 06pa3ioB. M3 HUX GBLUIO BBIAENCHO 5 OTASIbHBIX H30JIATa, B
TOM yncie 2 u3oisra u3 kymbica (Al-2, Al-3) u 3 usonsra u3 aiipana (Al-1, Al-4, Al-5). Mukpockonuyeckoe
HaOJIIOICHIE M30JISITOB M3 KyMbICa IIOKA3alo, YTO OHHU MPEACTABIIIOT CO00# KOKKH, PACIIOIOKEHHEIC eIH-
HAYHO W COOpaHHbIE B IICMOYKH, a HW30JIATHl M3 ailpaHa — KpYIHbIC IMHHBIE manoukd. Crop He
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o6paszoBsiBany. PaxynbTaTHBHBIE aHA3POOEL. [ paMmnonoxuTenbHble. KOJOHNH BBIMYKIIbIE, C LEIBHBIM KPaeM,
HeIpo3payHble U He MUTMeHTHPOBaHbl. OnTrManbHas Temnepatypa pocta — 37 °C. IIpoBeneHa naeHTuuka-
ust MerogoM MALDI-TOF macc-criekTpoMeTpru ¢ mpuMeHeHneM npubopa Microflex Ha ocHoBe 6a3bl qaH-
HbIx Maldi Biotyper. CpaBHeHHe Macc-CIIEKTPOB IPOBOIMIIOCH ¢ MOMOLIBIO Tporpammel Biotyper 3.0 RTC. Tlo
pe3yJsibTaTaM 3Ha4eHHs SCOre MpoaHaNM3UPOBAaHHBIX MITAMMOB BapsHpyroTcst oT 2,096 no 2,449. beuto ycra-
HOBIIEHO, 4TO H30sAThl Al-2, Al-3, BBIICICHHBIC U3 KyMBbICa, OTHOCATCS K By Lactococcus lactis, a usonsatsr
Al-1, Al-4, Al-5, Beienennnie u3 aiipana, — k Lactobacillus plantarum. Tlonydentble 1aHHBIE CBHIETEb-
CTBYIOT O COOTBETCTBUH PE3yJIbTaTOB MHKPOOUONIOTHIECKON HAEHTU(HUKAIIMK. AHTArOHUCTUYECKYIO aKTHB-
HOCTB KyJIBTYp HCCIEIOBAIN K 2 TecT-mTammam: S. aureus u E. coli meromom arapoBbix 6:10k0B. Pe3ynbraTs
MOKa3aJlH, YTO 30Ha JIM3KCa BOKPYT JIYHOK ¢ KyisTypoit Staphylococcus aureus maxoautest B AnamasoHe OT
12,0041 mm 1018,00+1 mm, a Escherichia coli — B mpeamenax ot 13,00+1 mm g0 17,001 mm. Hccnenyembie
M30JATHl  OOJIAAlOT WHTHOMPYIONIMM  JEHCTBHEM B OTHOIICHWH HHAWKATOPHBIX — TECT-IITAMMOB:
Staphylococcus aureus u Escherichia coli.

Knroueevie cnoa: MOJOYHOKUCIBIC TNPOJYKTBI, MOJOYHOKHCIBIE MHKPOOPTaHHU3MBI, H30JATHL, IITaMM,
Lactobacillus spp., Lactococcus spp., aHTaroHUCTHYECKast aKTHBHOCTb, MacC-CIICKTPOMETPHSI.
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Pa3pa0orka npoToK0/71a MacCOBOI0 MOJIy4YeHUs] KAJUTYCHBIX KYyJbTYP
(acosm Ka3axXCTAaHCKOM U 3apy0esKHOM ceJIeKIUHN

CoBpeMeHHBIM HaIpaBJIeHUEM JUTS CO3JaHMS SKOJIOTHIECKH 0€30acHbIX KOMIUIEKCHBIX OHOIIPEnapaToB sBIIs-
€TCsl UX MOJIyUeHNE Ha OCHOBE KyJIbTYPHI KIICTOK U TKaHeH pacTeHui. Bo MHOTOM NpOIyKTHBHOCTH KyJIbTHBH-
PYEMBIX KJIETOK 3HAUUTENIBHO IPEBBIAET IPOAYKTUBHOCTh PACTCHUH IS BBIIEICHUS OHOJIOTMYECKH aKTHB-
HBIX BEIIECTB, [ICHHBIX UL MEIHIMHBI, CEIbCKOI0 XO3SHCTBA, MUIIEBOH MPOMBIIUIEHHOCTH. [{ens naHHOTO
HCCIIeI0OBaHMsl — Pa3paboTKa IPOTOKOJIa MAacCOBOTO TOJIyYEHHsT KAJUTYCHBIX KYJIBTYpP (acoy, sBISIOMUXCS
AIbTEPHATUBHBIM HCTOYHHKOM IOTyYCHUS JISKTUHOB, UCIOIB3yEMBIX B IIPOM3BOJCTBE OHONpPENapaToB I
CENBCKOTO X035#cTBa. ONTHMU3UPOBAHEI YCIOBUS BBEACHHS B KYJIBTYPY iN Vitro mecti coprooOpasuos da-
COJIM Ka3aXCTAHCKOW M 3apyOeKHOH CeIeKIIH, yCTAaHOBJIEH ONTHMAIBHBIN COCTAB MUTATENbHBIX CPEH AN HH-
IYKIUHU KaJUTyCOTeHe3a, OMpeNesieHbl cOpTO00pasIbl, 00IalaroNIie BEICOKOH KalurycooOpasyromeld crnoco0-
HOCTBIO. Y CTaHOBJIEHA 3aBHCUMOCTh YaCTOTHI KaJUTyCOTeHe3a OT MHHEPaJIbHOTO COCTaBa MUTATEIHLHON CPeIIbl
W TUMa SKcruianta. Haubonplnas dactoTa kamutycooOpa3oBaHus HaOmomanack B cpene YM (80-100 %), a
Han6oJjee MOIXOSIIMM SKCIUIAHTOM ST HHIYKIMU KaJUTyca SIBISIETCS SMUKOTHIIb. [lokazaHa 3aBHCHMOCTD
4acTOTHl (POPMHPOBAHHS MOP(POTESHHOTO KaJTyca B 3aBUCHMOCTH OT THIIa M KOHLCHTPAIUH (UTOTOPMOHOB.
O6paszoBaHre MOP(HOTCHHBIX KaJLTyCOB HAOMIOJAIOCh TOJIBKO B MPUCYTCTBUH 2,4-/1. MakcHManbHBIN BBIXO]
MOP(OreHHOTo KaJLTyca OTMEUeH PpH KOHIeHTpamu 2,4-]1 2 Mr/71. BEIABICHBI TEpCHIEKTUBHBIE COPTOOOPA3IBI
(haconu, oOmagaromye BEICOKOH CITOCOOHOCTBIO K HAKOIICHUIO KaJUTyCHOW OHOMAacChl 1 ()OPMHUPOBAHUIO MOP-
(orenHoro kamryca: «AkratTi», «Pen oitsy, «KypaBymkay n «Kamenus». PazpaboTanHblii mpoToKom mo-
Jy4eHns1 MOP(OreHHBIX KaJLTyCHBIX KYJIBTYP (acosiit MOKET OBITh HCIOJIB30BaH B KAUECTBE AJIbTEPHATUBHOTO
OMOTEXHOJIOTHYECKOT'0 TTOAX0/Ia IS BBIIEICHUS JISKTHHOB U MOJYYEHHSI Ha UX OCHOBE OHOIpErnapaToB IS
CEJIbCKOTO X03sIHCTRa.

Kniouesvie cnosa: Gpacomnb, KALTyCHBIC KyJIbTYpPbI, ONTHMHU3AIMS MUTATSIBHBIX cpel, 2,4-J1, HYK, mopdoren-
HBIH KaJuTyC, IEKTUHBI, OHOMpenaparsbl.

Bo Bcem mupe mpobiema npo10BOIBCTBUS OCTAETCSI OAHOM U3 TVIABHBIX M HACYIIHBIX HA CETOXHSIIHUMI
JieHb. B cBsA3M C 3THM B pa3BUTHIX CEJICKOXO3SIMCTBEHHBIX CTpaHaxX OOJbIIOe BHUMAHHUE YHAEISIETCs paspa-
00TKEe OMOJIOTHYECKUX U SKOJIOTHUECKH 0€30TaCHBIX METOJIOB 3aIIUThl PACTEHHH, HANPaBJICHHBIX HA COKpa-
HIeHne 00bEMOB HCIIOIB30BAHMS SINOXUMHKATOB [ 1, 2]. [To xumMuyeckomy coctaBy cemeHa (hacoia YHUKaJIbHbI
U BKJIIOYEHBI B TPYIILY BaXKHBIX MPOJIYKTOB, 0OECIIEUHBAIOIINX HACEJICHUE MTOJHOLEHHBIM OenkoM. OaHako
OEIIKOBBII KOMIUIEKC (acoii COJACPIKUT PsIJl TOKCHYHBIX H aHTHATUMEHTAPHBIX (aKTOPOB MMUTAHUS, OJIOKHPY-
IOIIMX aKTUBHOCTD MUINEBAPUTEIHHBIX (DEPMEHTOB, KOTOpPhIEC, BO3MOXKHO, IPHHUMAIOT YYaCTHE B 3aI[UTHBIX
MexaHu3Max pacTeHuid. Hanuune aHTHIIMTAaTeNbHBIX BEIIECTB (MHIMOMTOPOB THAPOJa3, JIEKTUHOB U LIUAHO-
TeHHBIX IJIMKO3HMJIOB) C BEICOKON aKTHBHOCTBIO B CEMEHaX (hacoiin IeIaeT €€ MEePCIEKTUBHOM C TOUKH 3pEHUs
OMOTEXHOJIOTHYECKOW TIepepabOTKH U MONTyueHUs] PUTONPENapaToB sl 3alUThl PaCTEHHUI, HalPaBICHHBIX
Ha COKpalleHie 00bEMOB UCIIOIB30BaHUS SAOXHUMHUKATOB [3-5].

o onlenkam y4eHsIx, ¢ 2014 mo 2019 rr. poct peiHKa OO0y I00peHuit Bo3poc Ooree ueM B 1,6 Mip 10I.
CBs13aHO 3TO C YBETWYECHNEM YNCIIAa IPEANPUATHI OpraHMYECKOH MUIIEBOI MPOMBINIIEHHOCTH, UX TTOTpebiie-
HUS U OCBEJOMJIEHHOCTHIO OOIIIECTBA B OTHOLIEHHUH 30POBbS U YIPO3, BO3HUKAIOIINX B PE3yJIbTaTe MpHMe-
HEHMS XMMUYECKUX BEIIECTB B CEJILCKOM X03sHCcTBE [0]. OmHAKO B HACTOsIIEe BPeMs UCIIOJIb30BaHKE U MPU-
MEHEeHHe OMOJIOTHYECKOTr0 METO/1a 3aIuThl pacTeHnid B Kazaxcrane pa3Butel HenoctatouHo. CerofHs co3aan
W YCHEITHO MPUMEHSETCSI NI CIeKTP MHKPOOHOJIOTHYECKUX MPEnapaToB JJIsl HYXJ| IPOMBIIUICHHOCTH,
CENIbCKOTO X03AHCTBa, KUBOTHOBOJCTBA U OXPaHBI OKpY>Karollel cpeasl. B To xe Bpems pazpaboTka u mpo-
W3BOJICTBO OMONpEnapaToB PaCTUTENBHOTO MIPOUCXOXKIECHHS HaX0AATCS Ha HadaubHOM 3Tane. B Kasaxcrane
MIPOM3BOANTCA JIUIIH 2 % OHOnpenapaToB OT MUPOBOTO MPOM3BOACTBA, HECMOTPS HA TO, YTO HAIlla PECIyO-
JMKa o0nagaeT OONbLIIMM PHIHOYHBIM HOTEHIMAIOM IS UX 3((GEKTUBHOTO IPUMEHEHHS B TAKMX 00JacTsX,
KaK He(Tera3oBblil CEKTOP, CENbCKOE X03HCTBO, MEIUIIMHA, KUBOTHOBOACTBO U Jp. [loTpedHOCTH B GHompe-
mapatax s Kazaxcrana mMeeT OOJBINIOE HAPOIHO-XO3IMCTBEHHOE 3HAYCHHE, TTOCKOIBKY okoio 9000 ra
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3eMeJIb CEIbCKOXO03SCTBEHHBIX YTOANH 3apaXeHO BPEAUTENAMH, OoJiee 2,5 MITH T'a — COPHBIMHU PacTCHHUSAMU;
pactpoctpaneHo 0ko10 70 BUIOB 60s1e3HEH MUKPOOHOTO TPOUCXOXKISHHUS [7].

CoBpeMeHHBIM HalpaBIECHUEM ISl CO3JaHHS IKOJIOTHIECKH 0€30MaCHBIX KOMIUIEKCHBIX OMOTIpenapaToB
SIBIISIETCSL pa3paboTKa METOJOB KYJIbTUBUPOBAHUS N30JMPOBAHHBIX KJIETOK U TKaHEH Ha UCKYCCTBEHHBIX IH-
TaTeNbHBIX cpefax. Bo MHOTOM MPOAYyKTHBHOCTH KYJIBTHBHPYEMBIX KIETOK 3HAYUTEIHFHO MPEBBIIIAET TPOH3-
BOAMTEIHHOCTH PACTCHUH JIJISI BBIJIENIEHUST OMOIOTHIECKH aKTUBHBIX BEIIECTB, IIEHHBIX JIJISl METUIIIHEI, CElTb-
CKOT0 XO3HCTBa, MUILEBON MPOMBILIEHHOCTH. KpoMme Toro, monydeHne BEIeCTB BTOPUIHOTO OMOTEXHOJIO-
THYECKOT0 CHHTE3a U3 KaLUTYCHBIX KyJIbTYp CO37aeT BO3MOXHOCTD HCIIOJIB30BaHUS PACTCHUH, HE IPOU3pacTa-
IOIUX B JAHHBIX MPHUPOJHBIX YCIOBHSX, W CIIOCOOCTBYET MPOBEACHUIO HCCIECIOBAHUA B TEYEHHUE BCETO
roxa [8].

B cBsi31 ¢ 3TUM aKTyalbHBIM IPEACTABISETCS MOMYyYeHNE KaTyCHBIX KYJIBTYp 000OBBIX C MaKCHMallb-
HBIM COJIep’KaHueM KOMIUIEKCa OMOJIOTMYeCKH aKTHBHBIX BemiecTB. K HUM OTHOCATCS, HalpuMep, JTEKTUHBI
(hacomu, KOTOpPBIE MPUHUMAIOT AKTHBHOE YYacTHE B 3aIIUTHBIX PEAKIMIX PACTEHUH MPOTHUB HACEKOMBIX, Bpe-
nuTenel U nopaxeHus: puronaroreHHbiMu rpubamu [9—12]. Panee B Hamumx paboTax MpoOBEICH aHAIH3 CO-
Jiep KaHusl JIEKTMHOB B KOJUIEKLIWH (pacoiu, mpeACTaBIeHHON COpTooOpa3liaMi MECTHOM U 3apyOesKHOH ce-
neknuu [ 13]. BHOCKpHHUHT TTO3BOJIWII OTIPENETUTh EPCIIEKTUBHBIE COPTOOOPA3IIHI, XapaKTEPUIYIOIIHECS TT0-
BBIIIICHHBIM COJICPYKaHUEM JICKTHHOB. MHOTHe 0000BBIC YK€ BBEJCHBI B KYJIBTYPY TKaHEH M UMCIOT BBICOKYIO
TCHOTHUITUYECKYI0 criennpuaHOCTh [14]. [lonydyeHue KauryCHBIX KYJIbTYp — BaXXHBIH HHCTPYMEHT B OHOTEX-
HOJIOTHUHW PAaCTeHHN, KOTOPBIH MO3BOIISET HCIIOJIb30BaTh KIETOUYHYIO OMOMACCY JUIS POM3BOJICTBA Pa3TUIHBIX
MeTa0O0JINTOB M OMOJIOTHYECKH aKTUBHBIX BemecTs [15].

Takum 00pa3om, 1eNb TaHHOTO HCCIIEA0BaHHUs — pa3padoTKa MPOTOKOJIA MACCOBOTO MOMYYEHUS Kall-
JYCHBIX KYIBTYP (hacOIH, SBISIFOIIUXCS ATbTEPHATUBHBIM HICTOYHUKOM ITOJTy9IEHUS JIEKTHHOB, HCIIOIB3YEMBIX
B ITPOM3BOICTBE OMOIPENIapaToB AJIsl CETLCKOTO X03SCTBA.

Memoowt u mamepuansl

B xauecTBe 00BEKTOB HCCIIEA0BAHHS HCIIOIB30BaIHN 6 COpTOOOPa3OB (acoar 3epHOBBIX OOOOBBIX KYJIb-
Typ (cemeiictBo Fabaceae) ka3axcranckoi, poOCCHICKON U 3apyOexHoi cenekimu: «Axtartiny» (Kasaxcran),
«bwuituanka» (Poccus), «Kypasymka» (Poccust), «Upanckas» (HUpan), «Kamenus» (CILIA) u «Pen T'oiis»
(CIIA). Cemena wucciemyeMbix oOpa3IoB ObUIM TOJIYYCHBI M3 KOJUIEKIMH arpoOuoctannuu KasHY
umM. anb-Papabu. B kauecTBe 3KCIUIAHTOB UCIOIB30BAIN SMUKOTHIIN U TUIIOKOTWIN 7—14-1HEBHBIX acenTH-
YECKHX MTPOPOCTKOB. 15 MOJTyueHHs aCeNITHUECKUX MMPOPOCTKOB CEMEHA MTPOMBIBAIIN TEIUIOW NPOTOYHON BO-
JIOW U BBIZIEPKUBAIIN B pACTBOPE XO3HCTBEHHOTO MbliIa B TedeHre 30 MuH. 3aTeM ceMeHa OTMBIBAJIU OT MbLIb-
HOTO pacTtBopa u crepmwin3oBan 10 muH B 20 %-HOoM rumoxnopune Harpus ¢ 2—3 karmsmu | WIN 20;
5 MuH — B 5 %-HoM H205; 5 Mur — B 70 %-HOM criMpTe M TPHXKABI TPOMBIBAITN CTEPUIHHON TUCTHILIHPO-
BaHHOHM BOjioH. CeMeHa mpopaiuBaiu B MpoOupKkax Ha 0e3ropMOHANLHOM MUTATeNbHOM cpene Mypacure-
Ckyra B uHKy0aTope nipu 24-26 °C.

s mosryueHns: MepBUYHOM KYJIBTYPBI KaJTyCOB SKCIUIAHTHI Pa3MepOM 2—3 cM KyJIbTUBHUPOBAJIM Ha Cpe-
nax Ymmmus-Mypacure [16], Mypacure-Ckyra [17] u I'amOopra-OBenenra B 5 [18]. DkcranThbl BeICaKHU-
Bany Ha yamku Ilerpu mo 10 skcriaHToB Ha Kaxayro damky. [TutarenasHble cpenbl aBTOKIABUPOBAIN TPU
121 °C u | at™. B Teuenne 20 MuH. B kadecTBe HHAYKTOPOB KaJUTyCOT€HE3a UCIIOJIb30BaIM ayKCHHBI (2,4-/] n
HVYK) n uutokununs! (kuHetrH). Kammycsl KyabTHBHpOBaIM Ha CBETY IipH Temiiepatype 23—-25 °C, 16-gyaco-
BOM (hoTorneprojie ¢ MHTEHCUBHOCTRIO ocBerieHus 10000 jokc. DKCIePUMEHTHI ObLIM BBIMIOJIHEHBI B TPEX-
KpaTHoU noBTopHocTH. Havasno kamrycooOpa3oBanus HaOroanu yepe3 7—10 nueit. [Iporece kamrycorenesa
OLIEHMBAJIH IO TPEM IOKa3aTelsiM: 1) 4acToTa KalTycoreHe3a — J0JIs1 3KCIUIAHTaTOB, 00pa30BaBIIUX KaJLTYC;
2) MHTEHCUBHOCTb KaJUTyCOOOPa30BaHUsI — CTENCHb HAKOIUICHHS KAJUTyCHOM Macchl; 3) Mopdoorndeckuit
TUM Kayutyca. MTHTEeHCHBHOCTD KayuTycooOpa3oBaHMS OIEHHWBAJAch 1O OayutbHOM cucteme: 0 — OTCyTCTBHE
KaJuryca; 1| — KaJurycoreHe3 0XBaThIBAET JI0 TIOJIOBUHBI IKCIUIAHTA; 2 — KaJUTYCHOM TKaHBIO MOKPHITO 110 2/3
9KCIUIAHTA; 3 — SKCIUIAHT BUACH JIMIIb YACTHYHO; 4 — JKCIUIAHT MOJTHOCTHIO OKPBIT KaJUTyCOM.

WHaekc pocTa KaTyCHBIX KyJBTYp OMpPEIEIscs depe3 Kaxaple 28 AHel KyJTbTUBUPOBAHUS U BBIYHUC-
JsICs 110 popmyie

| — Wo-Wt
Wo
rae W0 — HauanbHast Macca Kanyca, T; Wt — macca kamiyca B KOHIIE IIMKJIa BBIPAIIMBAHUS, T.

st HapamuBaHUs KaJUTyCHOW OMOMAcChl KaJIJIyChl MACCHPOBAIM Kaxable 28 JHEW Ha MHUTATeIbHOM

CpeZe TOro ke MHHEPaJbHOTO M TOPMOHAIBHOIO cocTaBa. [l maccupoBaHusi Opain KyCOUKH KaJUTyCHOM
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TKaHH BecoM He Oonee 7—10 . J{ns mony4eHus J0CTaTOYHOTO KOJUYECTBA KaJTyCHON OMOMAaCCh TPOBOIMIH
5—7 maccaxei Iy Kaxaoro coproodpasma. M3ydenne BIUsIHNS TOPMOHAIBHOTO COCTaBa Cpelbl Ha MPUPOCT
KIIETOYHOW OMOMACCHI U MOTydeHrne MOp(HOTreHHBIX KaJUTyCOB IpOBOIMIM Ha cpefax ¢ 2,4-J1 m HYK B xon-
neHTpanusx 2, 4, 6 u 8 mr/n. Konnenrpanus kunetuHa coctapisia 0,25 mr/n. CTaTuCTUYECKUiA aHaIu3 ObLT
BBITIOJIHEH C HMCIOJB30BAaHUEM IIPOTPaMMBI OJHO(MAKTOpPHOTO amcrnepcroHHoro aHamm3a ANOVA u mpo-
rpammel STATISTICA.

Peszynomamer u ux ob6cyscoenue

Hunoyxyus xannycoeeneza. Ha nmepBom 3tane ucciaeJoBaHUH MPOBOAWIN U3YUYeHUE BIUSHUS MHHEPAb-
HOTO COCTaBa MUTATEIHHOM CpeIbl Ha HHAYKIUIO KaJurycoreHesa. J{ist moiy4eHus KaryCHOW OMOMACChI dKC-
TUTAHTHI (SMTUKOTHITL ¥ THIIOKOTHUIIB) KYJBTUBUPOBATHM HA MHTATEIBHBIX CPElaX Pa3UdHOI0 MHHEPATHHOTO
coctaBa, conepxaniue 2 mr/a 2,4-J1 u 0,25 mr/n kunetuna. B uccinenoBanue OblIi BKIIOUEHBI HAHOOJIEE YacTo
WCTIONB3YyeMble JUTS KYJTbTHBHPOBaHUS 0000BBIX KYJNBTYp MUTATEIbHBIC cpebl: Ymumus-Mypacure (YM),
Mypacure-Ckyra (MC) u 'ambopra-Osenenra (B5). YcranoBneHo, 9T0 9acTOTa M HHTEHCUBHOCTD KaJUTyCO-
reHe3a 3aBUCAT OT COCTaBa MUTATENBbHOW Cpedbl M TUMa dKCIulaHTa. CpaBHUTEIBHBIM aHAN3 3aBUCHMOCTH
Y4acTOTHI KaJUTycoTreHe3a OT THMa JKCIUIaHTa MOoKa3all, 4To 00a 3KCIIaHTa 00JaIaloT KaTycooOpasyromei
CIOCOOHOCTHIO, IPUYEM Ha BCEX MUTATEIBHBIX CpellaX HanOOJbIas KauTycoo0pasyromias CiocoOHOCTh OT-
MCUCHA Ha 3KCINIAHTC SIMMUKOTUIIb, XOTAd UHAYKIUA KaJUTyCOI€HE3a Ha SKCIUIAHTC TMIIOKOTUJIb HAYMHAJIaCh Ha
2-3 nmus panbiie (Tabm. 1).

Tadobnuma 1

YacroTa Ka/LTycorene3a y coproodpas3mos (pacojii Ha pa3JIMIHbIX NUTATEJBHBIX cpeaax, %o

CopToobpasir [luTaTenbHbIC CPe/ibl, SKCIUTAHTHI
(bacom YM MC B5
SIUKOTHIIb THIIOKOTHIIb SIMUKOTHITb THIIOKOTHIIb SMUKOTHIIb THIOKOTHIIb
«AKTATTH» 100 £1,40 90+1,24 92+1,34 80+£1,25 35+0,80 30+0,64
«buituanka» 95+1,28 84+1,22 90+1,28 68+1,16 30+0,56 2540,40
«Mpanckasy» 85+1,34 80+1,17 88+1,35 76+1,18 28+0,40 20+0,30
«Kamenus» 97+1,20 82+1,14 90+£1,15 82+1,25 32+0,34 30+0,33
«Pen I'otis» 100£1,17 87+£1,16 95+1,14 84+1,30 35+0,44 28+0,39
«KypaBymikay 90+1,23 85+1,14 87+1,19 75+1,12 32+0,56 26+0,42

B pe3ynbrate npoBeIeHHBIX UCCIIC0BAHNIN YCTaHOBIIEHA 3aBUCUMOCTh YacTOThI KaJUTyCOI'€HE3a OT MU-
HEPAJILHOIO COCTaBa NMUTATEIbHOW cpenbl. Hawmbosblnas vacToTa KaJllycooOpa3oBaHMs HaOJIOJallach Ha
cpene YM u coctaBisiia Ha 3kcruianTe: SnukoTmis 85—-100 %, rumokotms — 82-90 %.

Ha murarensHoii cpene MC yactota 00pa3oBaHusl KaUTyCOB ObLIa TOXKE BBICOKOW, HO HIDKE, YeM Ha

cpene YM. Ha cpene BS uwacrora kamtycorenesa Obljia caMoli HU3KOW U He npeBbiana 35 %. HauGospmas
MHTCHCUBHOCTH KaJITyCOT€HEe3a TaKKe OTMEUEHa MIPH KyIbTHUBHpOBaHUH Ha cpeae YM. Ha cpenax MC u BS
WHTEHCHBHOCTH KaJTycOTeHe3a He mpeBbiana 3,45 u 1,84 6amia cooTBeTCTBEHHO (Tabd. 2).

Tabnuma 2

HNHTEeHCUBHOCTH KaJliIycorenesa y COpTOOﬁpafﬂ[OB (l)aCOJ'll/l Ha pa3sInYHbIX NUTATEJBbHBIX Cpeaax, 0aJLTbI

CopToobpasir [TuTatenbHbIC CPebl, SKCIUIAHTHI
baconn YM MC B5
SMUKOTHIIb THUIIOKOTHIIb SMUKOTHIIb THUIIOKOTHIIh SMUKOTHITb THIOKOTHJIb
«AKTATTH» 4,0 £0,48 3,77+0,45 3,20+0,89 2,80+0,72 1,84+0,70 1,45+0,26
«buituanka» 3,27+0,98 3,12+0,58 3,25+0,45 2,70+0,30 1,35+0,75 1,28+0,95
«Hpanckas» 2,45+0,38 2,30+0,78 2,72+0,65 2,70+0,30 1,45+0,46 1,35+0,62
«Kamenusy 3,75+0,48 3,42+0,78 2,58+0,88 2,15+0,28 1,44+0,46 1,15+0,18
«Pen I'obis» 4,0 £0,52 3,50+0,44 3,45+0,28 3,25+0,45 1,72+0,69 1,4540,68
«KypaByika» 3,12+0,52 2,35+0,35 2,52+0,98 2,41£10,42 1,13+0,43 1,124+0,40

HawnGonbmas kamrycooOpasyrolas CiocoOOHOCTh U3yYEHHBIX COPTO0OpasoB (haconu Ha cpeae YM, mo-
BUJIUMOMY, CBSI3aHA C TEM, UTO cojJiep:kanue ButaMuHOB B, Bs u PP B cpene YM, no cpaBHeHUIo co cpenoit
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MC, yBennueno B 10 pa3. Cpenst YM u MC umeroT oJuHaKOBBIA MUHEpPaNbHEIN cocTas [16, 17], B cBs3u ¢
YeM KaJulycooOpa3yromasi ClIoCOOHOCTh N3yUEHHBIX COPTOOOPA3LOB HA JAHHBIX MUTATEIbHBIX CPEAAX OTIH-
yaeTcsl HesHauuTenbHO. Ilockonbky cpena BS umeer apyroii coctaB Makpo- 1 MUKPORJIEMEHTOB 10 CpaBHE-
Huto ¢ YM, MC, MOXHO MPEATOJIOKUTh, YTO KalTycooOpa3ylolias ciocOOHOCTh 3aBUCHT HE TOJBKO OT CO-
JeprKaHWsl BATAMUHOB, HO M OT MUHEPAJIBHOTO COCTABA.

WHpeke pocTa KaIyCHBIX KYJBTYp CBA3aH TaKK€ ¢ MHUHEPAJIBHBIM COCTABOM IUTAaTENbHBIX cperd. Ha
nuTaTenpHol cpene YM uHnekc pocta BappupoBaiics oT 3,2 10 6,9. MakcuManbHasi CKOpOCTh pOCTa OTMEYEHA
st coprooOpasuoB «Pen [oits» n « AkTarTi», MUHUManbHas — 15 copTa «Hpanckas». Ha cpexax MC u
B5 nnnexc pocra He npessiman 2,0 u 1,7 coorBeTcTBeHHO (pHC. 1).
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«AKTaTTH» «buituanka» «paHckas» «Kamemmsa» «Pen Toits» «KypaBymka»

B Ymmmus-Mypacure Mypacure-Ckyra M Tam6Gopra B5

D — 3MHUKOTHIIb; [" — T'MIIOKOTHIBL

PI/IcyHOK 1. 3aBHCHUMOCTD HHJCKCAa pOCTa KaHHYCHOﬁ KYJbTYPbl OT MUHCPAJIBHOI'O COCTaBa MMATATSILHOU Cpeabl

Cpenu M3y4eHHBIX 00pa3oB MOKHO BBIIENNTh « AKTaTTH» U «Pen [olisy, i1 KOTOPBIX 4acToTa U WH-
TEHCHBHOCTb KaJTyCOr€He3a ObIITM MaKCUMAaJIbHBIMUA Ha 000MX SKCIUIAHTAX.

Mopdooorndeckas CTpyKTypa Kajulyca ONpeZensiach BU3yalbHO MO oOuienpuHsaToid Meroauke [19].
[pu xyneTuBHpOBaHNH Ha cpeae YM u MC gopmupoancs 0eno-xKenTbli, TIo0yISpHBIH, PHIXJIBII KaJlTyc ¢
XJIOPOQUIII-COIEPKALUMY YIaCTKaMH, KOTOpBIE MPEACTABISIIOT cO00M 30HBI MopdoreHesa. JaHHBINA THI
KaJuTyca ObLT ompesiesieH kKak MopdoreHsbiil. Ha cpene BS popmupoancs 1ioTHbIN, KOMITAKTHBIN, MajI000-
BOJIHEHHBIN KaJTyC, KOTOPBI OBLT OXapaKTepu30BaH Kak HeMOp(hOreHHbIH. M3yueHue BIUSHUS MUHEpPaAIb-
HOT'O COCTaBa Ha MHAYKIMIO KaJIyCOI€He3a 0KA3aJl0, YTO ONTUMAJILHOM Cpefoy sBIIsIETCs cpena Y IUMHUS-
Mypacure. OcHOBa 1aHHO#! cpeapl — cpena Mypacure-Ckyra, KOTOpas yallle BCero HCIoIb30Baach Jis HH-
JYKIMH KaJUTyCHBIX KYJIBTYP Pa3IMYHbIX BUAOB (hacosu u Ipyrux 6000BbIX KyabTyp [20, 21].

Onmumusayust 20pMOHANLHO20 COCMABA NUMAMENbHBIX cped 01 NOLYYeHUs KIeMOYHOU OUOMACChL pas-
JUYHBIX COpmMO0Opazyos aconu

B nanHO# cepun KCTIEPUMEHTOB W3y4€HO BIMSHHUE ABYX BHI0B ayKcuHOB (2,4-J 1 HYK) B koH1IeHTpa-
nusx 2, 4, 6 1 8 Mr/J1 Ha IPUPOCT KIIETOYHOU OMOMACCHI U MOJTy4YeHHEe MOP(POTeHHBIX KaiycoB. B pe3yibrare
nu3ydeHus 6 coproodpas3noB ¢acosu nokazaHo, 4YTo yactora GopMupoBaHus MOP(HOTeHHOTO KaJlTyca 3aBUCUT
OT TUIa U KOHIEHTpauuu GuroropmoHoB. Ilpu konuenrpaunu 2,4-/1 2 Mr/n BeIxoJ MOP(OTreHHOro Kamiyca
ObL1 HanOOJBIIKUM U BapbupoBajcs oT 80 mo 87 %. YBenuuenue konuentpauuu 2,4-J1 no 4 mr/m u 6 mr/n
HE3HAYUTEIHHO BIIHSIIO HA IPHUPOCT OMOMACCHI, HO CONPOBOXKIAIIOCH CHUKEHHUEM YaCTOThl 00pa30BaHUs MOP-
(orennbix kamrycoB. Konnentparus 2,4-J1 8 Mr/n oka3zanack JIETAILHOM JIJIsl KAJUTYCHBIX KYJIBTYP BCEX 00-
pasmoB dacomm.

IIpn ncrionp3oBanny B kauectBe nHAYKTOpa HYK wacrora xammycorenesa 6bi1a ropaszo HIKe, YeM Ha
cpeaax c 2,4-J1. MakcuManbHBIH OPUPOCT KaUTyCHBIX KYJBTYp OoTMeueH npu koHueHTpanuu HYK 4 mr/m,
OJTHaKO, B 3aBUCMMOCTH OT T€HOTHIIA, YaCTOTa KaJurycoreHesa He npesbimana 20—-40 %. IIpu sTom noss Mop-
(horeHHBIX KaJUTycoB cocTansiia He 6onee 15 %. [Ipu konnentpanun HYK 2 Mr/n MHIYKIMK KaJurycoreHesa
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3.[4. DxaHranuHa, B.A. XXymabaesa u ap.

He Habmoaanock. YBenunuenne konentpauun HYK B cpene kynpTuBupoBanus 10 6 MI/J ¥ 8 MI/J BBI3BIBAIIO
pe3Koe CHIKEHHE YacTOTHI KaJUTycoreHe3a u ()OpMUpPOBaHIE PU3OTEHHOTO KauTyca. B pesynbraTe mccneno-
BaHWH HAMU TaKXe BBISBICHBI COPTOBBIC PA3JIMUMS MO CIIOCOOHOCTH K (POPMUPOBAHIIO MOP(HOTEHHOTO Kall-
nyca. MopdoreHHsie CTPyKTypbl (POpMUPOBATNCH HA KATYCHBIX KyJIbTypax 4eThIpeX cOpTooOpas3loB: «AK-
TarThy, «Pex [oits», «KypaBymka» n «Kamenms»y. MakcumabHas 4acToTa 00pa3oBaHus MOP(OTEHHBIX KaJl-
JIyCOB OTMEYEHa ISl COPTTO00pa3ioB «Akrartuy» (87 %) u «Pen Toitsi» (83 %) (puc. 2).
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Pucynok 2. YactoTa popmupoBaHusi MOPYOTEHHBIX KaLTyCOB B 3aBUCUMOCTH OT KoHIeHTpanuu 2,4-D (a) u HYK (6)

B GonpimHCTBE MCCIe0BaHUN 110 U3YyUYCHHIO IPOLIECCOB MHAYKIMHA MOP(OTreHHBIX KaJUTyCHBIX KYJIBTYD
(hacomu rmoka3aHo, 4TO B KAUeCTBE MHAYKTOPa 3MOPHO- U OpraHOreHe3a Jalle Bcero uernoiib3yor BAIl u TDZ
[22-24]. B pabote A.M. Gatica ¢ coaBTopamu oKa3aHo, 4YT0 Y KOCTAPUKAHCKHAX COPTOB (hacosin (hopMupoBa-
HUE SMOPHOTreHHBIX KaJUTyCOB 3aBHce0 OoT KoHUeHTpauuu BAIl u ageHuH cynbgaTa, HO TEHOTUIINYECKON
3aBHCHMOCTH YCTaHOBJICHO He ObL10. HezaBucuMo ot coprta, cpesa, coaepkarias 5 mr/ia BAIT u 20-40 mr/n
ajJleHuH cyibdara, CocoOCTBOBaIa HHAYKIMKA 00pa3oBaHus moderos [25]. B Hammx ncciie0BaHUAX ycTa-
HOBJICHO, YTO y MU3Y4aeMbIX cOpTO00pa3uoB ¢acosn yacTtota GOopMUPOBaHHUS MOPPOTEHHBIX KAJIIyCOB 3aBH-
celna oT Tumna (PUTOrOpMOHOB U KOHIIeHTpaluu 2,4-J1. Vi3yuenne BIUsIHUS pa3InIHbIX BUJIOB M KOHIIEHTPAIIUH
ayKCHHOB TI0Ka3aJI0, YTO HanboJiee ”HTEHCUBHO MOP(OTEHHbIE KALTYChl (JOPMUPOBATUCH HA SKCILUIAHTE JI1U-
KOTHWJIb Ha cpejie, coaepxaei 2 mr/n 2,4-]1.

Konnentparnus 2,4-J1 8 Mr/i okazanach JeTalbHOW ISl KAJUTYCHBIX KynbTyp (acomu. [lpeanonaraercs,
YTO MPU BBICOKUX KOHIEHTpanusx 2,4-J CHIbHO yBENTMUMBAETCS CKOPOCTh 00pa30BaHUs ATHICHA U YMEHb-
LIaeTCsl CKOPOCTh PACTSDKEHHSI KJIETOK. BeposiTHO, y IBYIOJBHBIX PACTCHUH MOJABIEHUE POCTa BBICOKUMHU
KOHIIEHTpaUUsIMU ayKCUHa ONOCPEAOBAHO UX JEUCTBHEM Ha cuHTe3 3TwieHa [26]. Ucnonb3oBanue HYK ne
JIAJI0 TIOJIOKUTEIBHBIX PE3YIbTaTOB.

Psin mccnenoBaTeneit oTMeuaroT CBSI3b MOPQOIOTHHU KAJUTYCOB € MX CIIOCOOHOCTBIO K PEreHepalny pac-
TEHUH ¥ CHHTE3y OMOJIOTMYECKU aKTUBHBIX BellecTB. KylibTHBHpOBaHNE KaJTyCHOM TKaHU B YCIIOBHSAX N Vitro
BBI3BIBAET M3MEHEHNE METa0O0MYECKOW aKTHBHOCTH KJIETOK W BBIPAXKAaeTCsl B MOJIU(PHUKAIIMHA KOIUIECTBA U
cocTaBa OMOJIOTMYECKH aKTHBHBIX BEIIECTB B KAIUTYCHOM TKaHH 10 CPABHEHHIO C UCXOJIHBIM pacTeHuem [27,
28]. B pabdore U.®. [llasxmeToBa Moka3aHO, YTO MOP(QOTreHHBIN KAJUTYC OTINYAETCS BEICOKUM COJIEpKAHUEM
JIEKTHHOB, YTO ABJISIETCS CIEICTBHEM MOP(OreHeTHIEeCKUX mpoieccos [29].

Panee npoBeieHHBIE HAMU HCCIIEIOBAHNA TI0 OI[EHKE JIEKTHHOBOI aKTHBHOCTH MEPCIEKTHBHBIX COPTO-
¢dopm daconu nmokazanu, uto copra «KypaBymka» U « AKTaTTH» OTINYAIOTCS HanOoJiee BEICOKUM COZEpIKa-
HUeM JIeKTHHOB [13]. Pe3ynbTarhl, mogydeHHbIE B X0/1€ HACTOSIIIUX UCCIIEIOBAHUH, TIO3BOJIMIIN ONPEACIHTS,
9TO COPTOOOPA3Ibl «AKTATTY, «XKypaBymikay u «Pen-I"ois» sBISIIOTCS Hanbosee MepCreKTUBHBIMUA JJIS T10-
Jy4YeHUs! KaJUTyCHBIX KYJIBTYP U MOTYT B JbHEHIIIEM MPUMEHSATHLCS ISl pa3paOdOTKH OHMOTEXHOIOTUIECKUX
MOJIXO/I0B BBIIEJIECHUS JEKTHHOB.
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Takum o0Opa3om, pa3pabOTaHHBINA MPOTOKOI MAacCOBOTO TMONYYCHUS KAJUTYCHBIX KYJIBTYpP MOXKET OBITh
MPEUIOKEH B KAYECTBE aAJIbTEPHATHBHOTO YTH JIJISl BBIJCIICHUS JICKTHHOB (DaCOJH ¥ TIOTYUCHHSI Ha X OCHOBE
OmompenapaToB st HOBHIIIEHUS YCTOWYMBOCTH PACTEHUH K PA3TMIHBIM OMOTHYECKAM U a0HOTHIECKUM (hak-
TOpam.

Baxnouenue

CoBpeMeHHBIM HalpaBICHUEM ISl CO3JJaHHS IKOJIOTUIECKH 0€30MaCHBIX KOMIUIEKCHBIX OHOTIpEeapaToB
SIBJIICTCS MIX TTOJTYYCHHUE Ha OCHOBE KYJILTYPBI KJICTOK U TKaHel pacteHwuid. J[aHHas paboTa MmocBsIIeHa pa3pa-
0OTKE TIPOTOKOJIOB MaCCOBOTO TIOJTYUYCHHS KaJLUTyCHBIX KYJIBTYP (acoyii Ka3axCTaHCKOH U 3apyOeKHOM Cellek-
mu. Ha ocHOBe onTMU3aIini MUHEPATBHOTO ¥ TOPMOHAIBHOTO COCTaBa MUTATEIBHBIX Cpe pa3paboTaH Ipo-
TOKOJI ITOJTy9eHUST MOP(OTEHHBIX KAJUTYCHBIX KYJIBTYP MEPCIIEKTHBHBIX COPTOOOPA3IIOB (PacOIH, KOTOPHIA MO-
KET OBITh UCIIOJIB30BaH B KAYECTBE aIbTCPHATHBHOIO OMOTEXHOJIOTMYECKOTO TOAX0/1a JUIS BHIICICHUS JICK-
THUHOB M TIOJTyYeHUs Ha WX OCHOBE OMOTPEnapaToB ISl CEIbCKOTO X03SHCTBA.
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Ka3zakcTaHBIK KoHe HIeTeAIK ceJleKIus YPMeOypluIaKkTapblHAH
KAJUTYC JaKbUIBIH JKanmnai ajdyablH TICUTIH OHIEY

DKOJIOTHAIBIK KAyilci3 KelleHAi OHompernaparTapAbl jKacayIblH Ka3ipri 3aMaHfFbl OarbITTapbhIHBIH Oipi —
oNapAbl 6CIMAIKTEPIiH JKacyIIaiapbl MEH YINanaphl Heri3inae amy Oounbin Tadbuansl. Kem sxargaiina Meau-
[IHA, aybUT [apyaIlbUIBIFbL, TAMAK OHEPKACiOl YIIIiH ecipijieTiH xKacymaaapAbH OHIMAUIIrT KYHABl ONOJIOTHS-
JBIK OeJIceH Il 3aTTapAbl OeJIil amyFa KOJIIaHbUIATHIH ©CIMIIKTEP/IiH OHIMAITINHEH e1ayip achI Tyceai. 3epT-
TeyAiH MaKcaThl — aybUIIapYaIlbUIBIFE YIIIH OHOIIpenapaTTap eHIipy/e KONAaHbUIaThIH JIEKTHHHIH Oaja-
MaJtbl KO3i peTiHe YpMeOyYpIIAKThIH KaJTy CTHIK JaKbUIBIH JKaMIai ary XaTTaMachlH eHzey. IN Vitro rakeuisiHa
Ka3aKCTaHIbIK JKOHE MIETENIIK CEeeKIMAaFbl YPMeOYPIIAKThIH aJIThI COPT YITJIEPiH HTi3y MIapTTaphl OHTal-
JaHJBIPBUIFaH, KallyCOreHe3 HHAYKIHUACH YIIiH KOPEKTIK OpTalap/blH OHTAaiIbl KypaMbl OeNriIeHreH, kKo-
Faphl KaJUTyc TY3YLIUTIK KaOineti 6ap copt yariiepi TabpurraH. KammycoreHes KHiTITriHiH KOPEKTiK OPTaHBIH
MHHEpaJZIBIK KYpaMbIHa )KOHE 9KCIUIAHT TYpPiHe 0aiiIaHbICTBUIBIFEI aHBIKTANABL. Kamnyc Ty3yiH eH YJIKeH Xui-
niri YmuMus-Mypacure optacsiaga (80—100 %) 6Gaiikanabl, an KamTyc HHAYKIMSACH! YIIH €H KOJAHIbl 3K-
CIUTaHT 3MUKOTHIG OOk Tabbutaasl. MopdoreHai KamrycTapIslH KJIBIITACy KUUIIT (UTOrOPMOHAAP/IBIH
TYPi MEH KOHIIEHTPAIMsChIHA OaliIaHbICTBUIBIFEI KOpceTireH. MopdoreHai KaJuryCTapibpIH Haiiia 00JIysl TeK
2,4-]1 kaTpIcybIMeH Oalikanrad. MopgoreHi KaJuTyCThIH eH jKoFapbl HoTikeci 2,4-J] 2 Mr/m KOHIeHTparus-
cbiHa TabbuFad. Kamnyc OnomaccachiHbIH )XUHATYBIHA JKOHE MOP(OTeHTi KalTyC KaIbITACTBIPYFa JKOFaphI
KaOieTTi YpMeOYpIIaKThIH TEPCIIEKTHBAIBI CYPBINTHIK YATUIepi: «AKTOTTI», «Pen oiisy, «KypaBymikay
xoHe «Kamenusi» anbIkransl. JaiblHaanFad ypMeOypIIakTeiH MOpGOTeH Al KaJuTyc AaKbULIapbIH ajly XaTTa-
Machl JISKTHHEPAI 061y KoHe OJlapAbIH HETi31H/e aybll IapyallbUTBIFEl YIIIH OHONpenapartap airyabH Oa-
JaMabl OMOTEXHOJIOTHSUTBIK TOCLTI PETiH/IE MaiilaaHbLTy bl MYMKIH.

Kinm ce30ep: ypmeOypIak, Kauyc TaKbUIbl, KOPEKTIK OpTa KypaMblH OHTaiIauaepy, 2,4-J1, HCK, mopdo-
reHJIK Katyc, JeKTHHAEp, Oronpenaparrap.

E.D. Dzhangalina, B.A. Zhumabayeva, Z.G. Aitasheva, L.P. Lebedeva

Development the protocol of mass production calluscultures
of beans of Kazakhstan and foreign selection

A modern direction for the creation of environmentally friendly integrated biological products is their prepara-
tion based on the plant cell and tissue cultures. To a large extent, the productivity of cultured cells significantly
exceeds the productivity of plants for the isolation of biologically active substances valuable for medicine,
agriculture, and the food industry. The purpose of this study is to develop a protocol for the mass production of
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callus beans, which are an alternative source of lectins used in the production of biological products for agri-
culture. The conditions for introducing six varieties of beans of Kazakhstan and foreign breeding into the in
vitro culture were optimized, the optimal composition of nutrient media for the induction of callusogenesis was
established, varieties with high callus-forming ability were determined. The dependence of the frequency of
callusogenesis on the mineral composition of the nutrient medium and the type of explant has been established.
The highest frequency of callus formation was observed on the UM medium (80-100 %), and the most suitable
explant for the induction of callus is epicotyl. The dependence of the frequency of morphogenic callus for-
mation is shown, depending on the type and concentration of phytohormones. The formation of morphogenic
callus was observed only in the presence of 2,4-D. The maximum yield of morphogenic callus was noted at a
2 mg/l 2,4-D. Promising varieties of beans with a high ability to produce callus biomass and the formation of
morphogenic callus have been identified: “Actatt”, “Red Goya”, “Zhuravushka” and “Camellia”. The devel-
oped protocol for the production of morphogenic callus bean cultures can be used as an alternative biotechno-
logical approach for the isolation of lectins and the production of biological products based on them for agri-
culture.

Keywords: beans, callus cultures, optimization of the nutrient media, 2,4-D, NAA, morphogenic callus, lectins,
biological products.
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Analysis of representatives of Lamiaceae family in the flora of the Central Kazakhstan

The work presents the results of research of Lamiaceae family’s plants of flora of vascular plants of the Central
Kazakhstan (Karaganda region). Studies have found the growth of 48 species belonging to 20 genera. This
composition is 29.6 % of the total number of species and 42.6 % of the total number of genera of Kazakhstan’s
flora. The largest number of species recorded in the genera Thymus and Scutellaris. In the territory of the Cen-
tral Kazakhstan there is a growth of 6 endemics (Hyssopus ambiguus, Lagochillus acutilobus, Thymus lavren-
koanus, Th. crebrifolius, Th. rasitatus, Th.eremita), 9 species are defined as objects for protection in nature.
Life forms are dominated by perennial herbaceous plants, and environmental groups include mesophytes and
xerophytes. Among members of Lamiaceae family are allocated 9 practical-useful groups: fodder — 28 species,
technical — 6, medicinal — 32, honey — 46, ornamental-decorative — 17, food — 7, vitamin — 5, essential-
oil — 43, insecticidal — 6. The distribution of species in the territory of Karaganda region, which depends on
soil and climatic conditions, has been determined.

Keywords: Lamiaceae family, flora, Karaganda region, distribution, life forms, ecological groups, endemics,
THYECKHe TPYIIbL, SHAEMHUKH, phytosecurity status, practical-used species.

Introduction

The study of flora of certain regions of the Republic of Kazakhstan has important theoretical and applied
significance. The last comprehensive studies on flora were carried out in the 60—70 years of the 20th century
[1], so it is necessary to study the flora of separated regions with a detailed characteristic of taxonomic groups.

Our attention has been drawn to the family Lamiaceae, many species of which have value as virtually
potential valuable species [2-5]. For this family in the flora of Central Kazakhstan there is no full data on the
full species and morphological composition, there is no information on the general distribution of species,
places of localization and phytoprotective status [6]. It is of great importance to identify promising species, as
this will allow to fully exploring the possibilities of using individual species in different industries.

The study of plant resources of certain regions of the Republic will allow creating a complete character-
istic of valuable and rare plants, which will ensure the preservation of species diversity [7]. New botanical data
and comprehensive research on selected species will allow them to be applied in new fields of science and
industry, providing the local population with the necessary plant stocks.

The aim of present research is to carry out the analysis of family Lamiaceae of flora of the Karaganda
region, including the taxonomical analysis, the analysis of vital forms and ecological groups, distribution, the
phytosecurity status and economic and valuable properties.

Obijects and methodology

The material for carrying out the research was the herbal duties stored in the herbarium funds of JSC
“Scientific and production holding “Phytochemistry”, Department of Botany of Ye.A. Karaganda State Uni-
versity, Zhezkazgan Botanical Garden and Zhezkazgan University named after O. Baikonurov, as well as the
results of its own long field.

The species of the family Lamiaceae have become objects of study. Field studies in the territory of Ka-
raganda region have been carried out by route method with the aim of the most complete detection of taxo-
nomic composition, study of their areas, peculiarities of ecological development and biological factors [8].
Determination of species was carried out according to conventional determinants [1, 9-11], names of taxa were
indicated in accordance with S.K. Cherepanov's summary [12].

The species belonging to the ecological group was determined in relation to the humidification conditions
[13], life forms were indicated by the method of 1.G. Serebryakov [14].
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The allocation and justification of the status of rare endangered species of the region was carried out on
the basis of the own materials and works of M.S. Baytenov [15], the Red Book of Kazakhstan (2014) [16], the
list of rare and endangered plants of Karaganda region [17]. The status of the species characterizes the state of
populations in nature and corresponds to the designations adopted in the IUCN Plant Red Data Book (1978):

1 (E) are species found in single instances, known from one or two or more places, endangered — endan-
gered species.

2 (V) are species whose populations are declining due to natural causes or human-induced effects of
habitat change (destruction) and other factors — vulnerable species. These species are not directly threatened
with extinction, but are found in either small numbers or limited territories and in specific ecological niches.

3 (R) are species whose distribution is restricted to small territories or scattered in significant territories
not currently endangered, but whose numbers are declining — shrinking species (10 species).

Practical-useful groups of species are identified according to the data of scientific publication [18-26].

Results and discussion

The territory of the Central Kazakhstan (Karaganda region) is located within the continental West Sibe-
rian steppe zone and occupies a middle position in the republic. The following floristic districts are located on
the territory of the Central Kazakhstan: Western small-scale miner, Eastern small-scale miner, Ulytau,
Kararaly, Betpakdala [27, 28]. The climate of the Central Kazakhstan is sharply continental. Summers are hot
and dry; winters are low-white, harsh, with winds and burans. The territory of the region is almost all year
round in the region of high pressure.

Taxonomic analysis. At the present stage, the family Lamiceaea of the Central Kazakhstan’s flora is
represented by 48 species belonging to 20 genera (Table 1), which is 29.6 % of the total number of species of
the flora family of Kazakhstan and 42.6 % of the total number of genera.

Table 1

Taxonomical structure Lamiceaea family in the flora of the Central Kazakhstan

No Genus Tf;:'g:nﬂgf?;z{ﬁzg:n Total number of species in| % fro_m t_otal number of
pieces Kazakhstan, pieces species in Kazakhstan

1 |ThymusL. 10 22 45.5
2 |Scutellaria L. 5 35 14.3
3  |Dragocephalum L. 4 20 20.0
4  |Nepeta L. 5 14 35.7
5 |Mentha L. 3 8 375
6  |Phlomoides Moench. 3 4 75.0
7  |Galeopsis L. 2 3 66.7
8  |Hyssopus L. 2 4 50.0
9 |Lycopus L. 2 2 100.0
10 |SalviaL. 2 8 25.0
11  |Ziziphora L. 1 7 14.3
12 |Glechoma L. 1 1 100.0
13 |Lagochillus Bunge 1 16 6.3
14 |Lallemantia Fisch. et Mey 1 1 100.0
15 |Lamium L. 1 3 33.3
16 |Leonurus L. 1 4 25.0
17 |Lophanthus Adans. 1 3 33.3
18 |Prunella L. 1 1 100.0
19 |Sideritis L. 1 1 100.0
20 |Stachys L. 1 5 20.0

By species diversity, 2 genera are central positions: Thymus L. and Scutellaria L.

So, genera Thymus L. in the flora of the Central Kazakhstan has 10 species: Th.mongolicus (Ronn.) Ronn.,
Th.crebrifolius Klok., Th.eremita Klok., Th. guberlinensis Iljin, Th.kirgisorum Klok., Th. lavrenkoanus Klok.,
Th. marschallianus Willd., Th. minussinensis Serg., Th. rasitatus Klok., Th. roseus Schipz. (Fig. 1).
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By vertically — number of species (in pieces); genus: 1 — Thymus, 2 — Scutellaria, 3 — Dragocephalum,
4 — Nepeta, 5 — Mentha, 6 — Phlomoides, 7 — Galeopsis, 8 — Hyssopus, 9 — Lycopus, 10 — Salvia,
11 — Ziziphora, 12 — Glechoma, 13 — Lagochillus, 14 — Lallemantia, 15 — Lamium, 16 — Leonurus,

17 — Lophanthis, 18 — Prunella, 19 — Sideritis, 20 — Stachys

Figure 1. Distribution of species in genera of Lamiceae family of the Central Kazakhstan's flora

Genus Scutellaria L. consists from 5 species: S. dubia Taliev et Sirj., S. galericulata L., S. grandiflora
Sims., S. scordiifolia Fisch. ex Schrank., S. supina L.

The most of the genera are arranged in descending order as follows:

— genus Dragocephalum L. — 4 species (D. nutans L., D. peregrinum L., D. ruyschiana L., D. thymiflo-

rumL.);

—genus Nepeta L. — 4 species (N. cataria L., N. micrantha Bunge, N. pannonica L., N. ucranica L.);

— genus Mentha L. — 3 species (M. arvensis L., M. longifolia (L.) Huds., M. micrantha (Fisch. ex Benth.)

Litv.);
—genus Phlomoides Moench. — 3 species (Ph. agraria (Bunge) Adyl., Ph. puberula (Kryl. et Serg.)
Adyl., R. Kam. et Machmedov; Ph. tuberosa (L.) Moench.);

— genus Galeopsis L. — 2 species (G. bifida Boenn., G. ladanum L.);

— genus Hyssopus L. — 2 species (H. ambiguus (Trautv.) Iljin, H. macranthus Boriss.);

—genus Lycopus L. — 2 species (L. europaeus L., L. exaltatus L.);

—genus Salvia L. — 2 species (S. nemerosa L., S. stepposa Schost.);

The remaining genera are represented by only 1 species:

— genus Ziziphora L. (Z. clinopodioides Lam.).

— genus Glechoma L. (G. hederacea L.);

— genus Lagochillus Bunge (L. acutilobus (Ledeb.) Fisch. et Mey);

— genus Lallemantia Fisch. et Mey (L. royleana (Benth.) Benth.);

—genus Lamium L. (L. amplexicaule L.);

—genus Leonurus L. (L. glaucescens Bunge);

— genus Lophanthus Adans. (L. schrenkii Levin);

—genus Prunella L. (P. vulgaris L.);

— genus Sideritis L. (S. montana L.);

— genus Stachys L. (S. palustris L.).

Among the 48 species, there is a growth of 6 endemic species (Hyssopus ambiguus, Lagochillus acuti-
lobus, Thymus lavrenkoanus, Th. crebrifolius, Th. rasitatus, Th. eremita), which is 14 % of the total species
composition.

The largest species diversity of Lamiaceae family grows in the northern, north-eastern and central regions
of Karaganda region (the Central Kazakhstan), smaller number of species grows in the southern and south-
western regions, which is due to the existing difference in soil, temperature conditions and annual precipitation.

Regionally rare 8 species are proposed by us to be added to the list for protection (Table 2).
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Table 2
List of the Central Kazakhstan rare vascular plants and the plants in need of protection
Ne Species Status Condition 0 f the Protection measures Comment
population
.| Monitoring the condition of the . .
1 [Thymus lavrenkoanus 2(V) Vulnerable specie oopulation. Protection of habitats Endemic specie
2 |Th. crebrifolius 3(R) Rare specie Protection of habitats Endemic specie
3 |Th. eremita 3(R) Rare specie Protection of habitats Endemic specie
. . . .| Monitoring the condition of the . .
4 |Th. minussinensis 2(V) Vulnerable specie nopulation. Protection of habitats Endemic specie
) Monitoring the condition of the . .
5 |Hyssopus macranthus 3(R) Rare specie nopulation. Protection of habitats Endemic specie
. | Monitoring the condition of the . .
6 |Glechoma hederacea 1(E) Endangered specie oopulation. Protection of habitats Relict specie
7 |Lophanthus schrenkii 3(R) Rare specie Protection of habitats
. .| Monitoring the condition of the . .
8 |Prunella vulgaris 1(E) Endangered specie oopulation. Protection of habitats Relict specie

Analysis of life forms. As a result of the ranking of plants by life forms, it was found that the following
groups grow on the territory of the Central Kazakhstan: herbaceous perennials, annual, biennial and semi-
shrub plants (Table 3).

Table 3
Distribution of Lamiaceae plants of the Central Kazakhstan’s flora by life forms
(according to 1.G. Serebryakov)
Life form Number of species, pieces % from total number of species
Perennials herbaceous plants 27 56.3
Annual and biennial herbaceous plants 8 16.6
Semi-shrub plants 13 27.1
Total: 48 100.0

Most species in the flora of the Central Kazakhstan are represented by herbaceous plants — 35 species
or 72.9 %. Share of perennials herbaceous plants is 27 species or 72,9 % (Mentha arvensis, M.longifolia, Nep-
eta cataria, Nepeta pannonica, Nepeta ucranica, Lycopus europaeus, Phlomiodes tuberosa and other); annual
and biennial herbaceous species are 8 or 16,6 % (Galeopsis bifida, Lamium amplexicaule, Galeopsis ladanum,
Sideritis montana).

The rest of the species belongs to semi-shrub life form — 13 species or 27,1 % (Hyssopus ambiguus,
H.macranthus, Thymus lavrenkoanus, Th.rasitatus, Th. minussinensis and others).

Ecological analysis. Analysis of species by degree of alignment with different humidification conditions
allowed to distinguish 5 groups: xerophytes and mesophytes — by 14 species, xeromesophytes — 5 species,
mesoxerophytes — 6 species and hygrophytes — 9 species (Table 4).

Table 4

Distribution of Lamiaceae plants of the Central Kazakhstan’s flora by ecological groups

Ecological group Number of species, pieces % from total number of species
Xerophytes 14 29.1
Xeromesophytes 5 10.4
Mesoxerophytes 6 12.5
Mesophytes 14 29.1
Hygrophytes 9 18.9
Total: 48 100.0

Mesophytes include species such as Nepeta micrantha, Dragocephalum nutans, Lophanthus schrenkii,
Phlomoides agraria. Among xerophytes are Thymus rasitatus, Th. crebrifolius, Hyssopus macranthus. Among
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hygrophytes are Mentha arvensis, Mentha micrantha, Prunella vulgaris, Lycopus europaeus and other. Group
of xeromesophytes includes 5 species, among them Ziziphora clinopodioides, Phlomoides tuberosa, Thymus
marschallianus. The remaining species are classified as mesoxerophytes.

Analysis of practical-useful plants. Studying of plants of Lamiaceae family have revealed that most spe-
cies exhibit not one but several useful properties. Thus, mint species are fodder, decorative, food, medicinal,
essential oil plants, contain vitamins, can be used to stain wool and fabrics.

It has been revealed that among 48 taxa 43 species are classified as essential oil plants, 32 species are
medicinal plants, 46 species are honey plants, 28 species are fodder plants, 6 species are technical plants,
7 species are food plants, 17 species are decorative plants and 5 species are vitamin plants (Table 5).

Table 5

Distribution of Lamiaceae plants of the Central Kazakhstan’s flora by practical-useful groups

. Number of species, | % from total number | Number of genera, |% from total number
Practical-useful group . . .
pieces of species pieces of genera
Fodder 28 56 14 70
Technical 6 12 4 20
Medical 32 64 16 80
Honey 46 94 18 90
Ornamental-decorative 17 36 11 55
Food 7 14 6 30
Vitamin 5 10 4 20
Essential oily 43 86 17 85
Insecticide 6 12 4 20

Of greatest practical importance is the representative of the genera Mentha, Thymus, Dragocephalum,
Phlomis.

Based on the extent and value of species, we have attempted to assess the possibilities of practical use of
plants of Lamiaceae family, growing in the flora of the Central Kazakhstan.

Thus, pharmaceutical, food, perfumery and cosmetic industries are promising directions in developing
Kazakhstan at the moment. One of the most important components for them is the use of their own renewable
and environmentally friendly raw materials. As a supplement, the use of natural agents, that is, not of chemical
origin, as the basis for the preservation of human health.

According to the available literary information [16-20], practical interest for medicine and pharmacy as
medicinal plants has Ziziphora clinopodioides, Thymus marschallianus, Th.crebrifolius, Th. rasitatus, Nepeta
cataria, Nepeta ucranica. These species are quite widespread in the territory of the Central Kazakhstan, there
are semi-industrial reserves of raw materials.

Essential and other volatile compounds from Nepeta, Thymus and Mentha can be used to aromatize lol-
lipops, candy, creams, soft drinks and liquor products.

Last researches [2, 4, 21] showed the possibility of using essential oils from Hyssopus ambiguus,
Glechoma hederaceae, Thymus roseus for the pharmaceutical industry as the sources of antimicrobial and
antifungal ointments, mixtures for inhalation, in aromatherapy, as well as for making flavors and flavorings.

Conclusion

Thus, 48 species of plants from Lamiaceae family grow in the natural flora in the territory of the Central
Kazakhstan, which belonging to 20 genera, which is 29.6 % of the total number of species of the flora family
of Kazakhstan and 42.6 % of the total number of genera.

Among the 48 species, 6 endemic species (Hyssopus macranthus, Lagochillus acutilobus, Thymus la-
vrenkoanus, Th. crebrifolius, Th. rasitatus, Th. eremita), which is 12.5 % of the total species composition.

The leading genera are Thymus and Scutellaria. The ecological spectrum is dominated by mesophytes
and xerophytes; among the life forms are herbaceous perennial, annual and biennial plants. By practical-useful
species the largest group belongs to medicinal, fodder, essential oil and honey plants. The largest species di-
versity of Lamiaceae family’ plants locate in the northern, north-eastern and central regions of Karaganda
region (the Central Kazakhstan), less diversity — in the southern and south-western regions, which is due to
soil and climatic conditions.
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The research work, analysis of literary data and herbal materials allowed for the first time to make a
complete conspectus of the flora of Lamiaceae family of the Central Kazakhstan and maps of areas of identi-
fied plant species.
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M.IO. UmmyparoBa, M.K. Byrymbaesa, JI.A. TaxanoBa, K.b. XKonneibaesa, M.M. CunantreBa

Opragasik Kazakcran ¢paopacsingarbl Epinrysaisiep TYyKbIMIAChIHBIH
eKijIiepiH Tanay

Makanana Opransik Kasakcranusiy (Kaparauasl 00IbICH ) TaMBIPIIEL ciMaikTep dutopackiHbiH Lamiaceae Ty-
KbIMJac 6CIMIIKTEpiH 3epTTey HOTIXKeepl KenTipiaren. Herisri xypri3iirex 3epTreyaepAiH capanTamackl 60-
ipiHIma OpTanblk KasakcTaHHBIH (opacklHaH anblHFaH ecimuikTepAin 48 TypiHiH 20-Cbl epiHryiaiiep Ty-
KbIMJIAChIHA >KaTafabl. By Kypam TypiepiH *Kanmbl CaHBIHBIH 29,6 % *oHe TYKbIMIACTAPIbIH MKAaJIbl CaHbI-
HbIH 42,6 % xypaiiael. Ocel 50 TypaiH imringeri 6-b1 SHAEMHUK ociMaik 6oubin Tabbutanst (Hyssopus ambiguus,
Lagochillus acutilobus, Thymus lavrenkoanus, Th. crebrifolius, Th. rasitatus, Th. eremita), 9 Typi Kopray 00b-
ekTinepi perinie anpikraisrad. OChl TapajFaH TYpJEPIiH ilIiHIe MaHbI3bI OPBIH anatelHbl Thymus L. xoHe
Scutellaria L. 3eprrey KOpBITBIHIBICH GOMBIHIIA Oy ayMakTa eCiMIiKTepAiH OipHelle SKOIOTHSIIBIK TOOBI
AMKBIHIANIBI, OJIApABIH IIIiHE KOl Ke3ueceTiHi Me3o(huTTep sxoHe kcepodurrrep. Onmap kebiHece KOIDKbLI-
IBIK MeH Oip >KBUIIBIKTAp MIeNTeciH eciMaikTep. by aymakra Epinrynainepain 9 5KoHOMUKAJIBIK KYH/IBI TOII-
Tapbl aHBIKTAIIFaH, oJap: Iopitik — 32, sxemien — 28, TeXHUKAIBIK — 6, 3¢up Mmaiiel — 43, 6an eciMIik-
Tep — 46, kongan6anel — 17, nopyMenai — 5, Tamak — 7, HHCEKTULUATEP — 6. TOmbIpak MmeH KIMMAaTThIK
arnaitnapra GaitmanbicTbl KaparaHbl OOJBICHIHBIH ayMaFbIHAA TYPJICPAIH Tapalybl aHBIKTAJFaH.

Kinm coe30ep: Lamiaceae tyksiMaacel, ¢puiopa, Kaparauasl 06JIBICkI, TApaTybl, TIPUILTK (OPMAChI, IKOJIOTHS-
JIBIK TONTAp, SHIEMHUKTEP, SKOHOMHKAIIBIK KYH/IBI TYpJIep.

M.IO. UmmyparoBa, M.K. bByrymbaesa, JI.A. Taxanosa, K.b. XKonnpeibaesa, M.M. CunantseBa

AHanu3 npeacrasurese cemeiicrsa I yooyeemnoie
BO (psiope LlenTpanbuoro Kazaxcrana

B craThe mpHBeIEeHBI PE3yIIbTAaThl HCCIICOBAHHUS PaCTeHUI cemeiicTBa Lamiaceae ¢iopbl cocyanCThIX pacTe-
Huii LlentpansHoro Kazaxcrana (Kaparananackas o0sacts). Y CTaHOBICHO Ipon3pacTaHue 48 BUIOB, OTHOCS-
mwmxcs k 20 pogaM. JlaHHbIA coctaB cocTaBiseT 29,6 % ot obmiero uncna BuIoB u 42,6 % ot obmiero dncna
ponoB. HauGoubiiee ducino BuaoB 3adukcipoBaHo B pogax Thymus u Scutellaris. Ha reppuropun LenTpans-
Horo Kasaxcrana ormeueno npouspacranue 6 sugemon (Hyssopus ambiguus, Lagochillus acutilobus, Thymus
lavrenkoanus, Th. crebrifolius, Th. rasitatus, Th. eremita), 9 BunoB omnpe/eneHbl B KauecTBE OOBEKTOB IS
oxpanbl. Cpein *KU3HEHHBIX (OPM IPeoOIafnaloT MHOTOJICTHHE TPABSHUCTBIE PACTEHUs, B SKOJOTHUECKUX
rpynmnax — Me30(puTs 1 kcepoutsl. Cpeau nmpencraBuTeneit ceMeicTa I y6oygemusie BBIIEICHO 9 X0351ii-
CTBEHHO-IIEHHBIX TPYTIIT: KOPMOBBIE — 28 BHIOB, TEXHUUECKHE — 6, JEKapCTBEHHBIE — 32, MEIOHOCHBIE —
46, nekopaTuBHBIE — 17, MUIIEBbIe — 7, BUTAMUHHBIE — 5, 3UPHO-MacIn4Hble — 43, HHCEKTUIAIHBIE —
6. OmpeniesieHo pacnpocTpaHeHHe BUIOB 110 Tepputopun KaparananHckoii 061acTH, KOTOPOE 3aBUCHT OT T10Y-
BEHHBIX M KIIMMaTHYECKUX YCIOBHU.

Kuioueswle crosa: cemeiictBo Lamiaceae, ¢nopa, Kaparanauackast 061acth, pacnpocTpaHeHne, KU3HEHHbBIE
(OpPMBIL, SKOIIOTHYECKHE TPYIINBI, SHIACMHKH, (PUTOOXPAHHBIN CTATYC, XO3IHCTBEHHO-ICHHBIC BU/IBI.
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Scientific and legal aspects of preservation of rare representatives
of dwarf almond section of flora in East Kazakhstan

This work includes the review of materials and different sources for the presence of chronological information
on representatives of Chamaeamygdalus (Amygdalus ledebouriana and Amygdalus nana) and its legal status.
Information analysis methods in various literature sources, such as illustrations in scientific articles and etc.,
were used in this study. Legal aspects of preservation (laws, decrees and legal acts, that have direct or indirect
connection with the research topic, object of research and its preservation at the state level) of dwarf almond
representatives were studied for the first time in Kazakhstan. The uniqueness of this work is the integration of
interdisciplinary researches in the field of botany and law (environmental law) into the study of an object.
Samples collected on the territory of East Kazakhstan region and various literature sources were used as mate-
rial for this study. The results are presented in the form of a comparative table and illustration with notes and
links to competent sources. The results of the study can be used for species identification and development of
preserving actions for the rare plant species Amygdalus ledebouriana Schlecht., as well as for the training of
specialists in the field of environmental protection in East Kazakhstan and for the development of new legal
standards for the conservation of rare and endangered plant species. The studied herbarium samples of
A. ledebouriana (IPBB) were transferred to the herbarium fund in the Institute of Botany and Phytointroduction
(Almaty).

Keywords: almond, Chamaeamygdalus, Amygdalus ledebouriana, Amygdalus nana, plant preservation, plant
identification, taxonomy.

Introduction

The floral composition of East Kazakhstan is rich in species diversity with various genetic and ecotypic
forms of higher and lower plants that need to be studied. Two very close almond species — Amygdalus
ledebouriana Schlecht. and Amygdalus nana L. grow on the territory of East Kazakhstan region. Both species
belong to the section of dwarf almonds (Chamaeamygdalus Spach.). A. ledebouriana is a rare and endangered
species (Figure 1), while A. nana is widespread on the territory of the Eurasian continent (steppe zone) [1].

In the European plant systematics, Amygdalus L. is not a separate genus, it is considered as the subgenus
Prunus subgen. Amygdalus L. in Kazakhstan, according to the USSR’s systematic of flora (1941), Amygda-
lus L. is an individual genus of the subfamily Prunoideae, family Rosaceae.

The plant called A. ledebouriana was identified and described for the first time by German botanist and
mycologist Diederich Franz Leonhard von Schlechtendal. The first materials on that species were published
in 1854: Schlecht. in Abh. Naturf. Ges. Halle 2 [2]. The species was described in the 10" volume of USSR
Flora [3], in the 4" volume of Flora of Kazakhstan [4] and in the first part of the illustrated identifier of plants
in Kazakhstan (Fig. 2). A. ledebouriana is included in the Red Book of Kazakhstan as rare and endangered
plant species [5]. In all abovementioned sources, A. ledebouriana is positioned as a separate plant species with
the narrow endemic characteristics.

The second species (A. nana) was firstly described by Carl Linnaeus in 1753. The first mentions of this
species were in Sp. pl. [6]. There is a full description of A. nana in the 10" volume of USSR Flora published
in 1941 [7]. For the book Flora of Kazakhstan, this species was described 1961 in the 4" volume [8]. The major
differences between two species are ecological area of growing and the shape of seed (seeds of A. ledebouriana
are aslant-elongated).

Similarity of two species and different approaches in systematic of the genus create the problems for
identification of plant samples. Ambiguity of systematic also inhibits processes of its preservation and rational
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use. In the current study, we consider the scientific aspects of the identification of studied plants, as well as
questions on their legal status.

Methods and materials

The list of methods used in this work included analysis of different literature sources, scientific publica-
tions, laws, decree and legal acts directly or indirectly connected with the topic of research, studied object and
its preservation on the state level. Samples collected on the territory of East Kazakhstan were used as the
materials of the study.

e ———

Figure 1. Herbarium samples of Amygdalus ledebouriana Schlecht.
(IPBB) transferred to the herbarium fund in the Institute of Botany and Phytointroduction (Almaty)

After the survey of Naryn ridge (South Altai), geographical locations of A. ledebouriana populations
were determined. The largest population was found in Katon-Karagai region near Kokterek village. Plants of
A. ledebouriana were detected in northeastern bush slope of Sary-Shoky Mountain, Naryn ridge, South Altai,
close to Kokterek village. GPS coordinates: N: 49°05', E: 84°29', 724 m above sea level. Almond plants were
relatively large, 150-170 cm height with branched shoots. Samples were transferred in 2019 to the Institute of
Botany and Phytointroduction for the verification of species, digitization and further storage in herbarium
fund [9].

Results and discussion

Analysis of literature sources and herbarium samples had showed the presence of contradictions in the
identification of two species, which had interfered species determination. Short comparative analysis of liter-
ature sources is presented in Table 1.

Table 1
Mentions of two representatives of dwarf almond section in historical sources
A. ledebouriana (rus. A. nana (rus.
Ne Sources Mindal ledebura) | Mindal nizkiy) Notes
1 2 3 4 5
1 |Lat. Species plantarum. Carl |Absent Amygdalus indica |The Amygdalus genus and some of its
Linnaeus, 1753. nana representatives were described for the
first time
2 |Ger. Abhandlungen der Amygdalus Amygdalus nana L. [The species Amygdalus Ledebouriana
naturforschenden gesell- Ledebouriana was firstly described on Irtysh and
schaft zu Halle 2. Schlecht., Bukhtarma rivers. Close species: Amyg-
1854 dalus nana, Altaica Ledeb. From Altai
flora. Differences in seeds shape. No il-
lustrations
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Continuation of Table 1

1 2 3 4 5

3 |USSR Flora. Eds. Komarov |A. ledebouriana A.nana L. A. ledebouriana have aslant-elongated
V.A, Vol. 10, 1941 Schlecht. (rus. (rus. M. nizkiy) on the base seed (Altai, Tarbagatai). No

M. ledebura) illustrations of A. ledebouriana. A. nana
and A. petunnikowii L. are presented
(Fig. 2).

4 |Flora of Kazakhstan. Eds.  |A. ledebouriana A.nana L. A. ledebouriana have 7-9 mm calyx

Pavlov N.V., Vol. 4, 1961  [Schlecht. (rus. (rus. bobovnik; tube; higher, up to 2 m height bush. The

M. Lebeburovskiy)  [kaz. ishik-sabak) base of seed is aslant-elongated. Distri-
bution (endemic): 22 Altai, 23 Tarbaga-
tai, 24 Dzungarian Alatau. Illustrations
of close species (Fig. 2)

5 |lllustrated identified of plant |A. ledebouriana A.nana L. A. ledebouriana have 7-9 mm calyx
in Kazakhstan. Eds. Golos- |Schlecht. (rus. bobovnik; tube; the base of seed is aslant elon-
kokov V.P. Part 1, 1969 (rus. M. Lebeburov- |kaz. ishik-sabak)  |gated. Bush 1.5-2 m height. Flowering

skiy) V-VI, ripening VI-VII. Grow on
meadow and steppe mountain slopes in
river valleys of Altai, Tarbagatai, Soon-
gari Alatau. Endemic, ornamental plant.
Ilustrations of close species in Figure 2

6 |Flora of China. Gu Kyingi  |Mentioned as syno- |Amygdalus nana L., |[Seed has oval or spherical shape, 1-2
and co-authors. Vol. 9, 1974, [nym for Amygdalus |Amygdalus (-2.5) x 1.2-1.8 (-2) cm, thick straw-
1985 and 1986 nana L. ledebouriana yellow hairs; mesocarp is dry, split after

Schlechtendal; ripening; endocarp is oval-spherical

Prunus nana 0.8-1.8 (-2.2) x 1-1.5 (-1.7) cm. Thick

(Linnaeus) Stokes |curved ventral and dorsal area. Surface

(1812), not Du Roi |with irregular net-like shallow furrows.

(1772); P. tenella  |The base of seed is aslant with blunt

Batsch. apex. lllustrations of close species in
Figure 2

7 |llustrated identified of plant |Absent in the list, but |Amygdalus nana L. |Fruits are thick covered with yellow-
in Russia. Gubanov I.A. with|characteristic trait of gray hairs, round, slightly flattened.
co-authors. Vol. 2, 2003 A. ledebouriana Seeds have irregular net-like shallow

“stone-fruit aslant- furrows with aslant-elongated base. 1l-
elongated” is used for lustrations of close species in Figure 2
A. nana

8 |Plants of Kazakhstan. Tradi- |Amygdalus ledebouri-|/Amygdalus nana  |The first published Kazakh names of
tional and scientific names. |ana L. (rus. Mindal nizkiy, |two species. Contradiction in traditional
Arystangaliyev S.A. and or bobovnik; names of A. nana (kaz. Alasa badam)
Ramazanov E.R., 1977 kaz. Alasa badam) |with Flora of Kazakhstan (kaz. ishik-

sabak) and Illustrated identified of plant
in Kazakhstan (kaz. ishiksabak)

9 |[The list of vascular plants of |A. ledebouriana A.nana L. A. nana L. is marked with “?”. Probably
Kazakhstan. Abdulina S.A., |Schlecht. doubtful species
1999

10 |Decree of the Government of Amygdalus ledebouri- |Absent Abstract name of the species without au-
the Republic of Kazakhstan |ana thor’s name and its synonymous
from 31.10.06 N 1034 “On
Approving the Lists of Rare
and Endangered Plant Spe-
cies”

11 \www.theplantlist.org Amygdalus ledebouri-|Amygdalus nana L. [Amygdalus is synonym to Prunus. In

ana Schltdl. — syno-
nym to Prunus
ledebouriana
(Schltdl.) YYYao

— synonym to
Prunus tenella
Batsch.

other words, Prunus subgen. Amygdalus
(L.) Focke, 1894

Illustrations of dwarf almonds representatives in various competent sources also have contradictions. II-
lustrations of almond seeds and fruits in various sources are highlighted in red. For example, in USSR Flora,
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the shape of seed in the fruit of A. nana does not match with A. nana in Flora of Kazakhstan. In Flora of China
(1986) this trait was ignored, and A. ledebouriana was named as A. nana (Fig. 2).

4
4 4
)
i’A. ledebouriana
A. nana xocrowxa A, Ladebo

e yuriana Schlechl -
1) lllustration from Table #XXXIII 2) lllustration from Table #LXIII 3) lllustration from Table #94 of 1 Volume
of 10 Volume, Flora of USSR (1941) of 4 Volume, Flora of Kazakhstan (1961) lllustrated determinant to Plants of Kazakhstan (1969)

4) lllustration from Table #161
of Volume 9, Flora of China
(1974, 1985, and 1986)

5) lllustration from Table #724
of Volume 2 of the
illustrated determinant of
Plants in central Russia (2003)

Figure 2. lllustration of dwarf almonds section representatives in various competent sources

Abovementioned contradictions between two species cast doubt on the presence of A. nana among the
flora of East Kazakhstan, as well as jeopardize A. ledebouriana. According to the Law of the Republic of
Kazakhstan dated July 7, 2006 No. 175 “On Specially Protected Natural Territories”, A. ledebouriana, if pre-
sent on specially protected natural territories, is an object of the state nature reserve fund of the Republic of
Kazakhstan [10]. Species and subspecies mentioned in the list of objects in the state nature reserve fund are
also listed in the Red Book of the Republic of Kazakhstan of different publication years. Abovementioned
almond species can be considered within its distribution population or may be unique individual objects of the
plant world with the unique scientific significance. According to the decree of the Government of the Republic
of Kazakhstan from October 31, 2006 No. 1034 “On approval of the lists of rare and endangered plant and
animal species”, A. ledebouriana has a special status [11]. The extraction procedure is allowed only for prop-
agation under specially created conditions, for scientific research and for breeding. Separate organisms (a
whole plant), its various organs or derivatives (a substance that occurs in the process of biochemical reactions
from another substance and, thus, is called derivative) can serve as an object for the extraction procedure.

According to the decision of the Council of the Eurasian Economic Commission from January 26, 2018
No. 15 “On approval of the rules of good practice for the cultivation, collection, processing and storage of raw
plant originated materials”, it is not allowed to collect and harvest raw materials from endangered medicinal
plant species (A. ledebouriana) without the permission of the authorized bodies of member-countries in ac-
cordance with the provisions of the Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) [12].

According to Article No. 339 of the Criminal Code of the Republic of Kazakhstan from July 3, 2014
No. 226-V ZRK, illegal treatment of rare and endangered species, as well as species of plants or animals pro-
hibited for usage, their parts or derivatives, provides various penalties depending on severity of the crime: from
a fine of three thousand monthly calculation indices to imprisonment for 7-12 years with deprivation of the
right to occupy certain positions or engage in certain activities up to five years with confiscation of property
[13].

The development of criminal penalties or organization of events and measures to protect these plants are
based on accurate species identification (according to the approved list of plants) of the plant biological objects
(A. ledebouriana). During the classification, plant biological objects are assigned to the officially accepted
taxonomic group of the current rank with accepted synonymic names in the state (Kazakh) and Russian
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languages with the binary Latin nomenclature of the family, subfamily, genus, subgenus, section, species and
subspecies of rare and endangered plants. Vegetative (leaves, stems, organs of the root system, etc.) and gen-
erative (inflorescences, sporangia, fruits, seeds, spores, etc.) organs, tissues, and cells serve as a biological
object of plant origin. Also, this term includes various synthesized chemical and organic compounds, primary
and secondary metabolites, etc.

The traditional procedure for identification of the sample under study is based on different apparent ana-
tomical and morphological characteristics of species forming the keys for determination (described or imple-
mented algorithm for the work with theses and antitheses). Usually, Flora of Kazakhstan [14], illustrated iden-
tifier of plants [15] and other scientific and methodological works are used as the main tool for determination.

These scientific and methodological works are unique multi-volume instruments for the study and iden-
tification of all plants growing on the territory of the Republic of Kazakhstan. Unfortunately, these works were
published in Russian under the auspices of the Academy of Sciences of Kazakh SSR and are outdated at the
moment. The information is not relevant for an accurate identification of species, which casts doubt on the
procedure of traditional identification of rare and endangered plants growing on the territory of the Republic
of Kazakhstan. names of taxonomic groups and their systematic structure do not correspond to international
information databases of plants, such as World Flora Online [16], The Plant List [17], International Plant
Names Index (IPNI), Royal Botanic Gardens Kew [18], and etc.

Official confirmation of the presence of a certain plant species is regulated by legal acts and its official
and scientific public recognition without rebuttal. The main legal acts governing the recognition of a species
and its scientific justification are listed in International Code of Nomenclature of algae, fungi, and plants. This
code is a set of rules and recommendations governing the formation and use of the scientific names of plants,
fungi and some other groups of organisms. The purpose of the code is to ensure that each taxonomic group has
only one correct legal name that is used throughout the world. The remaining names are recognized as illegit-
imate and can be equated with synonyms or an erroneous definition (erroneous concept or outdated interpre-
tation). Changes or additions to these taxonomic names is the main function of International Botanical Con-
gress, which issues decisions of the plenary session on the basis of the resolution of the Congress’ nomencla-
ture section.

The absence of a constantly updated international system of taxonomic names for various groups of bi-
nary nomenclature in Kazakhstan complicates the international integration in the protection of rare and endan-
gered plant species of Kazakhstan. A substantial and structural update of the approved list of rare and endan-
gered plants taking into account the above-mentioned problems is required. It is also necessary to develop an
updated electronic system (like Denali Flora and others) for identification of rare and endangered plants with
different variations of anatomical and morphological characters depending on growing conditions. This system
becomes popular in foreign countries, but, unfortunately, there is no analogue for identification of rare and
endangered plants growing on the territory of the Republic of Kazakhstan.

Identification of biological plant objects, belonging to rare and endangered plants, is also based on the
determination of its geographical distribution area. The distribution area of certain plant populations provides
additional information for decision making. The geographical relief with various environmental factors and
the availability of the necessary resources to support the vital functions of an organism serve to identify a
limited distribution area. This information on the limited range is relevant for endemic plant species with a
narrow ecological niche. Also, a large distribution area with the low density generates the presence of different
ecotypes of one plant species with various anatomical and morphological characters in ontogenesis or vice
versa. Unfortunately, in Kazakhstan, there are no information systems with specialized maps and updated in-
formation on the distribution of rare and endangered plants of national flora.

Another unique method for the identification of plant species’ correspondence to the section of dwarf
almonds in East Kazakhstan is barcoding based on the nucleotide sequence of certain sections of the plant
genome. The use of DNA barcoding based on the identification of intra specific and inter specific polymor-
phism via DNA markers is a necessary tool for solving problems of identification and classification plant
objects. Similar and different positions in nucleotide sequences are revealed in certain sections of the chloro-
plast and other plant genomes.

During the identification of samples, this method compares the obtained nucleotide sequences with an
international database of various genomic parts of the plant. To improve this procedure, it is necessary to create
a national database of complete genomes of rare and endangered plants based on all known markers. This
scientific field actively develops on the basis of “Laboratory of molecular genetics” in Institute of Plant
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Biology and Biotechnology belonging to the Committee of Sciences of the Ministry of Education and Science
of the Republic of Kazakhstan (Almaty).

Exact classification and identification of the plant species is carried out by the competent authorities of
the Center for Forensic Expertise under the Ministry of Justice of the Republic of Kazakhstan and its branches
in various regions of our country. The type of accredited examination is No. 16.1 “Forensic Biological Exper-
tise: Forensic Biological Investigation of Plant-Based Objects”. However, the official list of this organization
does not include a forensic botanical examination. As a separate type of this examination, biological research
of plant objects is used in the Russian Federation and the countries of the European Union, only in specially
accredited laboratories. Works on the study of the systematic and classification of rare and endangered plants
is carried out by various methods on the basis of scientific centers, universities and institutes of the Ministry
of Education and Science, the Ministry of Agriculture, the Ministry of Ecology, Geology and Natural Re-
sources of the Republic of Kazakhstan.

Conclusion

It is necessary to develop new legal norms and special training programs for training specialists-research-
ers not only for the organization of environmental protection of natural resources and environmental manage-
ment, the organization of specially protected natural territories of various significances, but also for supervi-
sory bodies and internal affairs bodies in the field of environmental protection. Specialists of this group should
be competent in the field of botany, geobotany, geography, ecology, and molecular genetics of rare, agricul-
tural and medicinal plants. They also need to know the basics of forensic science and forensic examination of
wild flora objects. The presence of these specialists with natural-scientific and legal competencies in the field
of environmental protection in various organizations will increase the level of preservation of rare and endan-
gered plants of the flora in East Kazakhstan.
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A.E. Opazos, A.b. Meip3aranueBa, .M. Xanroxuna, [11.T. TycrybaeBa, A.C. KaparaeBa

HIeirbic KazakcTan piopachbIHbIH eprexeiisii 0agaMmaap ceKuusiCbIHbIH CUPeK
Ke3/1eceTiH OKiIepiH KOPFayAblH FHUIBIMHY K9HE KYKBIKTBIK acneKTiiepi

Maxkanana Chamaeamygdalus exinnepinin (Amygdalus ledebouriana sxone Amygdalus nana) KyKbIKTBIK MOp-
TeOeciH aHBIKTANTHIH JKOHE XPOHOJIOTHSIIBIK MaTiMeTTepl Oap JepekTep ke3nepi 3eprrenreH. Makamana ap-
TYPJ1i 91eOHeT KO3/IepiHeH )KOHE FhUIBIMU MaKallaaap/IblH HILTIOCTPALHsIAPbIHAH albIHFAH MOJTIMETTEP/I Tal-
Jay omictepi KoymaHbUFaH. KasakcTaHHBIH eprexeiini 6agamaap eKingepiH KOprayIblH KYKBIKTHIK aCIeKTi-
nepi (MEMJIEKETTIK JeHIelIeri Kopralybl YIIiH TikeJIeld HeMece kaHama OaiiylaHbICHl Oap 3aHIap, sKapJbIKTap
JKOHE KYKBIKTBIK aKTiJepi) ajFalml peT 3epTTeNreH. 3epTTey HbICaHbl YIIiH O0TaHHMKA KoHE KYKBIK (3KOJOTHA-
JIBIK) CaJTaChIHAAFbI IOHAPAJIBIK 3€PTTEYNepAiH Oipiryi Oy >KYMBICTBIH ©31HAIK epeKIIeniri 00bIn TabblIa bl
Isrreic KazakcTan oONBICHIHBIH ayMaFbIH/a XKHHAJIFAH ONOJOTHSUIBIK YITIIep JKoHe apTYpill oe0ueT Ke3e-
PIHCH aJIbIHFaH JAEPEKTEp 3ePTTEIAreH. 3ePTTCY HOTHXKEIEPi KY3bIPETTi 91eOueTTep KO3AepiHe cinrtemenepi 6ap
CaJIBICTHIPMAJIBI KECTEe JKQHE OpTYPIi WUIIOCTpAlMsuIapFa eCKepTyiiepi 0ap cyperrep TYpiHAE YCHIHBUIFAH.
3epTTey HOTHIKENIEPIH CHPEK KEe3JIECETiH XoHe >KOWbUIbI Oapa jkarkan Amygdalus ledebouriana Schlecht.
JKoHe OacKaza OChIHIAH CHPEK OCIMIIKTEp TYpJIepiH caKTay OOHBIHINA IIapaiapAbl YHBIMIACTBIPY OaphICHIHAA
KoJmanyra 6onansl. 3eprrenren (OBBU) A. ledebouriana kenmemen yirinepi Boranuka xoune huTO)KEpCiH-
Iipy MHCTUTYTHIHBIH KENIMeen KOpbIHa jKioepinreH (AJIMaTHI K.).

Kinm ce3dep: 6amam, Chamaeamygdalus, Amygdalus ledebouriana, Amygdalus nana, ecimuikrepai Kopray,
OCIMIIIKTep/i aHbIKTay, COUKECTEHIIPY, TAKCOHOMHSI.

A.E. Opa3os, A.b. Meip3aranuea, .M. Xanroxwuna, [11.T. Tycrybaesa, A.C. Kaparaea

Hay4Hnble 4 mpaBoBbIe aCNEKThHI OXPAHbI PEeAKUX NMpeAcTaBUTe el
CeKIMM KAPJIMKOBBIX MUHAaNel (p1opbl BocTounoro Kazaxcrana

B craTbe M3y4YeHbl MaTepHaNbl ¥ Pa3INYHbIC HCTOYHUKH Ha HAJHYHE XPOHOJIOTMYCCKON MH(pOPMAIUK Mpe/-
crasureneit Chamaeamygdalus (Amygdalus ledebouriana u Amygdalus nana) u ero mpaBoBoro craryca. [Tpu-
MEHEHBI TaKHE METO/Ibl aHaIn3a HHPOPMAIIMK B PA3IMYHBIX JINTEPATYPHBIX HCTOYHUKAX, KaK MILTIOCTPALIHHU B
Hay4HBIX CTaThsX U Jp. BriepBble n3y4eHb! MPaBOBbIC aCIIEKTHI OXPAHbI (3aKOHBI, IOCTAHOBJICHHS H IPABOBbIC
AKTBI, UMEIOIINE NPSIMYIO HIIN KOCBEHHYIO CBSI3b C TEMOIT MICCIIeIOBaHMSI Ha ITPEAMET CBSI3U C 0OBEKTOM HCCIIe-
JIOBaHUs ¥ €T0 3alllUIIEHHOCTH Ha FOCYIapCTBEHHOM YPOBHE) NIPEACTaBUTEINECH KapIMKOBBIX MUHAanei Kazax-
craHa. OpHUIMHAIBHOCTBIO JTAaHHOM pabOTHI SBISETCS MHTErpalys MeXIUCIHUIUIMHAPHBIX HCCIeOBAaHUI B
cdepe 60TaHUKM U IpaBa (IKOJIOTMYECKOTO MPaBa) VIS H3Yy4YEHUsl uccieryeMoro oobekra. B kagectse mare-
pHana Ui u3y4eHus ObUTH HCIIONb30BaHbl 00pasiel, coOpaHHble Ha Tepputopun BKO, u paznuynabie netod-
HHKH. Pe3ysbTaThl IpHUBeICHBI B GOpME CPAaBHUTEIEHON TaOJNHIBI M HILTIOCTPAUK C NPUMEYaHUSIMHU U CChLI-
KaMH Ha pa3jIMyHble KOMIIETEHTHBIC HCTOUHUKH, KOTOPbIE MOTYT ObITh MCIIOJIB30BaHbI AJIs BHIOBOH MIICHTH-
(uKayu ¥ opraHU3aIi Mep M0 COXPaHEeHHIo peakoro Buaa pactenus Amygdalus ledebouriana Schlecht., a
TaKoKe JUIS TIOJITOTOBKHU CIIEUATIMCTOB B cepe 0XpaHbl OKpyxkatomel cpeasl Bocrounoro Kasaxcrana u st
pa3paboTKH HOBBIX IPABOBBIX HOPM MO COXPAHEHHIO PEAKUX U MCUE3aI0IINX BUJOB pacTeHui. Mccnenyemble
repGapubie o6pasisl A. ledebouriana (MBBP) 6suti iepenansl B I'epbapHbiit dona MHCTHTYTa GOTAaHUKK K
¢$uToMHTpOLYKIMH (T. AJIMAThI).

Knioueswie cnosa: munnans, Chamaeamygdalus, Amygdalus ledebouriana, Amygdalus nana, oxpana pacre-
HPII71, OIpeacICHUC paCTeHHﬁ, I/IZ[CHTI/Iq)I/IKaHI/ISI, TaKCOHOMUA.
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Geoecological assessment of the dynamics of pollution
of the Nura river and Samarkand reservoir

The ecological state of water bodies is formed as a result of the interaction of factors of self-purification. An-
thropogenic load and is determined mainly by stationary and field studies. An actual task is to systematize
theoretical and methodological approaches to the use of geo information technologies in the process of envi-
ronmental research and the cartographic presentation of their results. The article discusses and analyzes the
data of Kazhydromet for the period from 2008 to 2018, and assesses the quality of water by complete of hydro
chemical indicators of four points. Chart diagrams were built on the analyzing data, priority substances and
enterprises that make the greatest contribution to the pollution of the reservoir and river are identified.

Keywords: ecological cartography, surface water quality, pollutants, hydro chemical indicators.

Introduction

Indicators of the ecological state of water bodies include a significant number of hydro chemical and
hydro biological characteristics. There are the numbers of water classifications by combining numerous phys-
ical, hydro chemical and biological characteristics. The possibilities of using complex classifications for car-
tographic purposes are in significant due to the high cost and laboriousness of relevant studies and, as a result,
small number of definition points. For mapping purposes, the simplest indicators are needed, defined in as
many points as possible and providing the ability to compare different water bodies. As such indicator, the
most commonly used index of water pollution (WPI) [1].

The monitoring of surface water pollution is carried out using stationary posts. Water pollution, as well
as atmospheric pollution, is a complex, multifactorial and highly dynamic process. The concentrations of var-
ious pollutants present in the aquatic environment are characterized by complex temporal dynamics and de-
pending on the intensity of entry into water bodies, the rate of self-cleaning and sedimentation processes, the
volume of the water mass, the nature and speed of its movement. Each of the listed pollution factors is relatively
independent of the others and has its dynamics. Pollutant center water bodies with sewage from industrial and
agricultural enterprises, public utilities, with surface run off due to flushing from contaminated areas, during
precipitation from the atmosphere, from secondary chemical processes of the transformation of pollutants,
from natural sources. Waste water volumes are determined by the process of their formation and accumulation
in enterprises and everyday life. A feature of the pollution of water bodies is the sharp variability associated
with the possibility of volley discharges from storage tanks, both technologically determined and emergency.
Flushing from contaminated areas is also extremely uneven in time and occurs during rain water and melt
water run-off, as well as during floods. Precipitation from the atmosphere is determined by the presence of
precipitated (leaching) impurities in it and the presence of appropriate meteorological conditions. Precipitation
from the atmosphere is determined by the presence of precipitated (leaching) impurities in it and the presence
of appropriate meteorological conditions [2].

One of the major artificial reservoirs in the Central Kazakhstan is the Samarkand. Its construction began
in 1934 and ended in 1940. Significant volumes of water from the Samarkand reservoir are used for their
activities by the Arcelor Mittal Temirtau Metallurgical Plant JSC, Bassel Group LLP, Temirtau Electrometal-
lurgical Plant JSC, Aktau Cement Plant, Aktau village, take water for irrigation horticultural partnerships.
Located on the Nura river, the Samarkand reservoir is the center of large enterprises in the chemical, metallur-
gical and coal industries, which are distinguished by high water consumption and there lease of waste into the
environment. In the river basin, Nura has many environmental issues. With the development of industry in the
20th century, water intake for industrial needs and the discharge of industrial waste into rivers began in the
basin. Because of this, now the Nura river and its tributaries are contaminated with mercury compounds and
oil products [3].
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It should be noted that the quality of surface waters is determined by hydrochemical and hydrobiological
indicators. Similar studies in the Central Kazakhstan will be used to analyze the state of surface waters of the
Nura River basin. These studies are carried out by a branch of RSE Kazhydromet for the Department of Envi-
ronmental Monitoring.

Now GIS technology is the main method of aggregation and visualization of geospatial data, as well as
the technical basis of thematic maps based on them. Since data on environmental pollution are often very
voluminous (for example, the results of long-term results of environmental monitoring) their analysis and
mapping without the use of technical means of data bases and geodata banks and GIS are difficult. Environ-
mental pollution is usually defined as the introduction into the environment or the appearance in it of charac-
teristic physical, chemical or biological agents, or as an excess of the natural long-term average concentration
of agents in the period under consideration.

An urgent task is the systematization of theoretical and methodological approaches to the use of geo-
graphic information technologies in the process of environmental research and the cartographic presentation
of their results. The article presents a solution to this scientific problem. The purpose of environmental map-
ping is to analyze the environmental situation and its dynamics, i.e. identification of spatial and temporal var-
iability of environmental factors affecting human health and the state of ecosystems. To achieve this goal, it is
necessary to collect, analyze, evaluate, integrate, territorial interpretation and create a geographically correct
cartographic representation of a very diverse, often difficult to compare environmental information [4]. The
largest negative impact on the condition and quality of water in the Nura River is exerted by the combined
waste water discharge channel of Arcelor Mittal Temirtau JSC and the Chemical and Metallurgical plant
Temirtau Electro-Metallurgical Plant LLP. The main pollutants in this section of the river are nitrite nitrogen,
copper, zinc, phenol, sulfates and petroleum products, several times higher than the maximum permissible
concentrations. The purpose of the study was to identify the dynamics of changes in the water quality of the
Samarkand reservoir and the Nura River in the period from 2008 to 2018.

Research and methodology

The initial information for mapping was data on the total emissions of pollutants into the water from
stationary sources, the number of these sources for 2008-2018, according to the data of the State Hydromete-
orological Service Kazhydromet. Based on this information, ananalysis was made of the state of the surface
water of the Samarkand reservoir and the Nura river of the Central Kazakhstan and map diagrams of data for
2008 to 2018 from 4 posts were compiled:

1. Samarkand reservoir, 7 km above the dam of Temirtau (Karaganda);

2. Samarkand reservoir, 0.5 km along the alignment from the southern coast of the river. Within the city
of Temirtau (Karaganda);

3. Nura River, 1 km above the combined waste water discharge of Arcelor Mittal Temirtau JSC and the
Chemical and Metallurgical plant Temirtau Electro-Metallurgical Plant LLP, Temirtau (Karaganda);

4. Nura River, 1 km above the combined waste water discharge of Arcelor Mittal Temirtau JSC and the
Chemical and Metallurgical plant Temirtau Electro-Metallurgical Plant LLP Temirtau (Karaganda) [5].

One of the most advanced mapping programs at the moment is Arc GIS, along with it, SAS. Planet is
used to obtain satellite images with reference to the coordinate system. Using the SAS Planet program, you
can create high-quality foundation for a future map; using the Arc GIS software modules, the map itself is
created. Data on pollutants were placed in the database. This GIS has ample opportunities for working with
internal and external databases, and in particular, it implements the standard Pyton language. Python extends
to the entire Arc GIS system, turning into a language for analysis, data transformation, automation of carto-
graphic processes and allows to increase the productivity of these works.

To work with spatial data, the Arc GIS10.1 software package was used. To obtain satellite images in
conjunction with the coordinate system, the SAS. Planet program was used.

To determine the assessment of the temporary state of water in the Nura River and the Samarkand reser-
voir, one of the methods for assessing the quality of water bodies using a complex of hydrochemical indicators
is used-the hydrochemical index of water pollution (Fig. 1). This index represents the average proportion of
excess TLV for a strictly limited number of limited ingredients [6].
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Figure 1. Diagram map of zinc emissions (Zn) in the Samarkand reservoir and the Nura river

Research results and discussion

Cartographic diagrams were compiled on the dynamics of pollution of individual elements. According to
the data analysis of the RSE “Kazhydromet” in the upper part of the object, the zinc content varies from
0.012 mg/dm? (2013) to 0.025 mg/dm?® (2014) (Fig. 1), the average level is 0.0174. It exceeds the MPC by
1.7 times. Over the entire period under observation, the level of pollution increases from 1-point to 4-point.
This is due to the number of industrial facilities using water is increasing. The pollution concentration de-
creased in 2013 to an average of 0.014 mg/dm?, but by 2014 it increased to 0.025 mg/dm?. The zinc concen-
tration at the 4-point exceeds the annual average of the previous points, their difference is 0.01 mg/dm?. At the
same time, the sequential cumulative increase in the concentration of zinc during movement downs tream the
Nura River is also preserved. For example, the indicators of the four points under consideration were as fol-
lows: 0.019-0.021-0.020-0.024 mg/dm?.

The analysis of sulfate pollution data (Fig. 2) shows that since 2008, from 248 mg/dm? by 2018, it has
decreased to 183 mg/dm?® (1.8TLV). Against this background, a single excess of concentration in 2012 to
367 mg/dm? stands out, which amount to 3.6 TLV.

For the observation period under consideration, data are available from 2014 to 2018, the level of man-
ganese pollution (Fig. 3) decreased at 1 point to 0.148 at 0.046, 2 points from 0.16 to 0.055, 3 points 0.162 to
0.62 and 4 points from 0.191 to 0.021 which is an average of 28.6 %.

The analysis of copper pollution (Fig. 4) shows a down ward trend at the first point: the average copper
concentration decreased from 0.0031 in 2008 to 0.0019 in 2018; at the second point, there were no changes in
the same period; at the third point, they changed from 0.0024 to 0.0025; at the fourth point, there is also a
decrease from 0.0031 to 0.0024. As with other polluting agents, there is a gradual increase in concentration
from 2012 to 2014.

The next chart diagram (Fig. 5) shows that the waters of the Samarkand reservoir and the Nura river
above the sewage discharge channel throughout the entire period belong to the third class of water quality, that
is, to “moderately polluted”. Water in the waste water discharge area has long belonged to the fourth quality
class, but in recent years water quality has improved.
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Figure 2. Diagram map of sulfate (SO4) emissions into the Samarkand reservoir and the Nura river
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Figure 3. Diagram map of manganese (Mn) emissions into the Samarkand reservoir and the Nura river
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Figure 4. Diagram map of copper (Cu) emissions into the Samarkand reservoir and the Nura river
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Figure 5. Diagram map of the water pollution index (WPI) of the Samarkand reservoir and the Nura River
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The lowest WPI value is characteristic of the Nura River above the waste water discharge channel; a
fairly low WPI value is also characteristic of the Samarkand reservoir. A significant polluting effect on the
river is exerted by the channel of the combined discharge of waste water, both in the discharge area itself and
downstream.

Using the example of surface water pollution for the period from 2008 to 2018, the WPI indicators were
calculated.

Based on surface water pollution data, chart diagrams were compiled reflecting the dynamics over
10 years for common pollution since zinc, sulfates, copper and manganese, as well as for estimated water
pollution index of water pollution index.

Conclusion

The state of surface water quality of the Samarkand reservoir shows an excess of the TLV for copper,
zinc and manganese.

According to data from 2008 to 2018 water quality is estimated by a set of hydrochemical indicators of
four points. As the results of the study showed, the average annual concentration of sulfates, manganese, cop-
per, zinc has increased values at 2 and 4 points compared tol and 3. They are characterized by maximum TLV
values with a large spread in all indicators for the period under consideration. On the example of surface water
pollution for the period from 2008 to 2018 using initial data, they prove that industrial facilities affect the
quality of water in a reservoir and a river. As can be seen from the list, the greatest danger to the object under
consideration is metal pollution. The main pollutants for these substances are Arcelor Mittal Temirtau JSC and
the chemical and metallurgical plant Temirtau Electrometallurgical Plant JSC. As the calculations showed, the
state of the quality of water resources can be attributed to the class of moderately polluted waters.
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A.A. PaxmeroBa, P.P. Belicenosa, K.M. Akmamb6eToBa

Hypa o3eHi :xoHe CaMapKaH/ Cy KOMMACBHIHbIH JIACTAHY
AUHAMMKACBIH Fe03KO0JIOTHAJIBIK 0aFajaay

Cy 00BeKTiNepiHiH 3KOJIOTHSITBIK JKaFJaibl ©31H-031 Ta3apTy (GaKTopIapeIHBIH 63apa iC-KUMBUTB HOTIDKECIH e
KaJIbINTacaabl. AHTPOIIOrCHIIK )KYKTEME HEri3iHeH CTAllMOHAPJIBIK )KOHE JalalblK 3epTTeyJIepPMEH aHbIKTa-
Tazpl. DKOJIOTHSIIBIK 3epTTeyiep OapBICHIHIA T€0aKIAPATTHIK TEXHOJIOTHSIIAPIBI Al IanaHy AbIH T€OPHSIIBIK-
9/liCHaMAJIBIK TSCIIIEpiH Kylieney xKaHe oapAblH HOTIKeIepiH KapTorpaHsIIbIK YCIHY ©3€KTi 00JIbIN TalObl-
nanel. Makanana Kasruapomerriy 2008 xputnan 6actam 2018 xputra AeiiHri Ke3eHAEr AepeKTepi KapacThl-
PBUIFaH jKoHE TaJlIaHFaH, COHAl-aK THAPOXUMHUSIIBIK KOPCETKIIITEP/IiH JKUBIHTBIFBI OOMBIHIIA CYIBIH Carachl
TepT OGalIMeH OarananraH. AJIBIHFaH MAJIIMETTEp/i Talay Heri3iHae rpaduKajblK JuarpaMmmanap jKacairaH,
Cy KOWMachl MEH ©3€HHIH JIACTaHYbIHA YJIKSH YJIeC KOCAThIH 0aChIM 3aTTap MEH KOCIOPBIHIAP aHBIKTAIFaH.

Kinm ce30ep: s5KONOTUSIBIK KapTorpadus, )KepycTi CyIapblHbIH Carachl, JIACTAFbIITAP, THIPOXUMHUSIIBIK KOp-
ceTKimTep.
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I'eo3kos0ornyeckast OlEHKA TUHAMMKH 3arpsi3HeHus: pexku Hypbl
u CamMapKaHJICKOro BOJA0OXpPaHUIMINA

DKOJIOTNYECKOE COCTOSHHUE BOJOEMOB (popMupyeTcs B pe3yibTaTe B3anMOACHCTBHS (AaKTOPOB CaMOOYHIIIE-
HHA. AHTPOIIOT€HHAs! Harpy3Ka ONpPEeNseTcss B OCHOBHOM CTAI[MOHAPHBIMU U MOJEBBIMU HCCIECIOBAHUSIMHU.
AKTyanbHOH 3a/1aueil ABIAIOTCS CHCTEMATU3aLUsI TEOPETUKO-METOIO0IOTMIECKHUX MTOIX0/I0B K HCIOJIb30BaHUIO
reonH(OPMAIIMOHHBIX TEXHOJIOTHH B MPOILIECCEe IKOJIOTUUECKHX MCCIIEIOBAHHUI M KapTorpaduyeckoe mpes-
CTaBJICHHE UX PE3yJbTaTOB. B cTaThe paccMOTpeHBI U poaHaMU3UPOBaHbl JaHHbIe Kasruapomera 3a nepuon
¢ 2008 no 2018 rr., a TaKKe OLIEHEHO KaueCTBO BOJBI [0 COBOKYIIHOCTU I'MIPOXUMHYECKUX MOKa3aTeneld u3
yeTsIpex 6aioB. JlparpaMMbl HOCTPOEHBI Ha OCHOBE JJAHHBIX aHAJIN3a, OIPe/IeIeHbl IPHOPUTETHBIE BENIECTBA
U IIPEANPHUSITHS, KOTOPBIE IPUYNHSIOT HanOOJBIINI Bpe B 3arps3HEHUHN BOJOXPAHIIININA H PEKH.

Knrouegvle cnosa: sKonoruveckas KapTorpa(i)I/m, Ka4€CTBO NMOBEPXHOCTHBIX BO/, 3arpsA3HUTCIIN, TUAPOXUMU-
YECKHUC IMOKa3aTCIIn.
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AHajan3 (pJIopbl TPABSAHUCTBIX PACTEHUI ropoaa AJIMaThl

B craTthe mpuBeneH TakCOHOMHYECKUH, OHOMOP(OIOTHUECKHA, TeorpaduuecKiii aHamu3 OnopasHooOpasust
(IIOpBI TPABSIHUCTHIX BUJIOB YEThIPEX PailOHOB I'. AIMaThl, KOTOpas npeacTaBieHa 174 BuiaMu, KOTOpBIE OT-
HocsTest k 132 ponam u 39 cemeiicTBam, Iie IBYAONIBHBIX pacTeHuil HacuuTseiBaeTcs 149 Bunos (85,6 %), ox-
HOOONBHBIX — 24 (13,7 %). AHamu3 KpynHEHIIHX CeMEHCTB (IIOpbl TPABSIHUCTBIX BHIOB ITOKA3all, 4TO BEIy-
mmmu siBistiotest Asteraceae (37; 21,2 %), Poaceae (27; 15,5 %), Brassicaceae (15; 8,6 %), Scrophulariaceae
(12; 6,9 %), Lamiaceae (9; 5,1 %), Fabaceae (8; 4,6 %), Polygonaceae (5; 2,8 %), Malvaceae (5; 2,8 %),
Ranunculaceae (5; 2,8 %), Rosaceae (5; 2,8 %), conepxamiue B cBoeM coctase 128 Bumos, win 73,5 %. Bora-
TBIMH 110 YHCITY BHIOB OKazaiuchk poasl: Veronica (11 Bumos; 6,3 %), Artemisia (5; 2.8 %). Ilpu ananuse sxus3-
HEHHBIX (OPM JHIUPYIOLIEE TTOJIOKEHNE TPYIIT TPABIHUCTHIX MOJHKAPIIMKOB OOHApykeHO y 138 BumoB, win
79,3 %, cpenu KOTOPBIX TOCIOJICTBYET IpyINa JIMHHOKOPHEBUIIHBIX pacteHuit (42,0 %). 3yuenue reorpa-
(hruecKuX >IEMEHTOB TO0Ka3ao MpeodIagaHie BUIOB C IIMPOKHMH apealaMy, T1e JOMHHHPYIONEee MOI0XkKe-
HUE 3aHUMAIOT BU/Ibl FOJAPKTUYECKOH, MaJeapKTUYECKON, KOCMOIIOJIUTHOM, €Bpa3uaTcKoi, IpeBHECPEU3EM-
HOMOPCKOH, CPeTM3eMHOMOPCKOH M TOPHOCPEAHEa3naTCKOM IPyIIL.

Knioueswvie cnosa: GnopasHoodpasue, TpaBsHUCTas (iopa, ropos AnMaTsl, COPHBIE PaCTECHHSI.

Beeoenue

B nocnennee BpeMs BIHSHUE Pa3IMUHBIX (AKTOPOB YEIOBEUECKOH JIEATETHHOCTH Ha MPUPOAY IPUBEIIO
K HEOOpaTUMBIM M3MEHEHUSIM M TpaHchopMauusaM (UIopel U PaCTUTEIBHOCTH B KPYIHBIX TOpOJax Halien
CTpaHbl, KaKuM sBisieTcs T. AnaMartsl. [InanomepHbie paboThl O M3y4eHUIO (IIOPHI Ka3aXCTAaHCKUX TOPOJIOB
HavaJiMch JIUIIb B nocheanee aecarmierne X XI Beka [1].

B Anmatsl — ropoje pecnyOimkanckoro 3HadeHus Pecyonuku KazaxcraH, IMeIoeM MHOTOJIETHIOKO
UCTOPHIO, IPEKAE HE TPOBOIMIIOCH 1IEJICHAPABICHHOTO U3YYEHHUS TOPOJCKON TPaBSIHUCTOM (IIOPHI.

B nocnennee necaruneTrre poct HOBOCTPOEK B UEPTE TOPOJa U €ro OKPECTHOCTSIX YCHIIHI TPOLIECCHI aH-
TPONIOTEHHOT'0 BO3/IeHCcTBUS Ha ypOaHodopy. B cBs3u ¢ HegocTaTkoM HHPOPMAIMH MO TPAaBIHUCTOM (iope
r. AJIMaTBl BO3HUKIIA HEOOXOAUMOCTh €€ AETAIBHOIO U3YUECHHUS C IPUMEHEHNEM COBPEMEHHBIX METOAMK.

I'opon AiMaThl pacriosioKeH y MOAHOXKUS rop 3aunuiickoro Anaray Ha KpaifHEM I0r0-BOCTOKE pecityO-
JIUKU C JOBOJIBHO MATKUM KIUMAaTHYECKUM peknMOM. Kimnmat AnmMaTsl KOHTUHEHTAIbHBIN U XapaKTepu3y-
€TCs BIMSTHUEM FOPHO-JOJIMHHON LIMPKYJISLIUH, YTO OCOOCHHO MPOSBIISIETCS B CEBEPHOI 4acTH ropoja, pactio-
JIO’KEHHOM HENOCPEACTBEHHO B 30HE MEPEX0/1a TOPHBIX CKJIOHOB K paBHUHE [2]. CTpYKTypa NOYBEHHOIO I10-
KpoBa AJMAaThl IOJTHOCTBIO OMPE/ENAETCs] BEPTUKAIBHOW 30HAIHOCTHIO 3aMIMHCKOTO AJartay, Tie ¢ u3Me-
HEHHUEM BBICOTHI MEHSIOTCS U MPUPOJTHO-KIMMATHYECKHE 30HBI, U 105Ca, COOTBETCTBEHHO, 1 MTOYBEHHO-pac-
TUTEJBHBIN OKPOB. BepxHss yacTs — ypouniie Meneo pactonokeHo B JIyroBO-JIECOCTEITHOM 30HE ¢ BBILIE-
JIOUYEHHBIMU 4epHO3EMaMH, TEMHO-CEPBIMHU JIECOCTEITHBIMU 1 TOPHBIMH JIECOTYTOBBIMU To4YBamMH. Hike Ha
BbIcOTE OT 1000 10 1200—-1400 M Haj y.M. pacIoIoKeHa CTeIHAS IPETOpHAsi 30Ha CO CIICTYIONTUMU MOSCaMU
(moa30HaMM), 3TO MOSIC BBICOKUX NpeAropHuid (IpMJIABKOB) C YepHO3EMAaMH U TOSIC PEATrOPHBIX TEMHO-KAIl-
TaHOBBIX M0YB, KOTOpbIe HaunHatoTcs oT 750 1o 1000 M [3]. HeoOxoauMo OTMETHTE, UTO U3yUEHHUE TPaBsSHH-
CTBIX pacTeHHH ypOaHWU3UPOBAHHBIX TEPPUTOPHUI OCIIOKHSIECTCS TEM, YTO IMOYBHI I'. AJIMATBI MOJIBEPTaiCh
JUTATENBHOMY aHTPOIIOT€HHOMY BO3/I€HCTBUIO. ECTECTBEHHBIE TOUBEHHBIE TOPHU30HTHI B TOPOAAX MEPEKPHITHI
MPUBO3HBIMH IPYHTaMH, H30JIMPOBAHBI OT aTMOC(HEPHOT0 BO3AyXa Pa3IUUYHBIMU TBEPABIMHU MOKPHITUSIMH, Ta-
KHMH Kak acanbt, 0eToH, Opycyarka u T.1. VI3BecTHO, 4TO rOpOJICKHE TTOYBbI TOTJIONIAI0T XUMUYECKUE 3a-
TPA3HHUTEH U3 BO3LyXa. TeMIIbl CAMOOYHINIEHHUS [TOYBHI 3HAYMTEIHHO HIDKE, YeM Y TIOJBHIKHBIX CPEJ] — BOJIBI
U BO37yXa, 1 OJHOKPATHO MONABIINE B HEE BEIIECTBA MOTYT HAHOCHTB BPEJl PACTEHUSM B TEUEHHE JUIUTENb-
HBIX NIEpHOAOB BpeMeHHU. [1o/1 BINSHUEM BBIXJIONHBIX Ta30B COAEP)KAHUE CBUHIIA B TPABIHUCTBIX PACTEHUIX
yBenuauBaetcs B 50—100 pas [4].

Hamu nposenens! uccnenoBanus (Gaopbl TPaBIHUCTHIX PACTEHUH I'. ATMAThl, KOTOpast COCTOUT U3 § paid-
onoB (Meneyckuii, boctanapikckuid, TypkcuOckuit, Anarayckuii, JKeTbIcycKuit, ATMamTuHCKUN, Aye30BCKUM
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AHanus dpnopbl TpaBAHUCTLIX pacTeHun ropoga Anvarhbl

u Haypeiz0aiickuit) (puc. 1). OOmas miomanp 8 uccieayeMbix paioHOB T. AlMaThl cocTaBisieT 529,52 kv?.
[Tnomane Megneyckoro paiiona paBusercs 99,4 kB. kM, boctanmsikckoro paiiona — 93,6, AlMaIHHCKOTO paii-
oHa — 18,2, Aye3oBckoro paiiona — 77,6, XKetbicyckoro padiona — 34,5, Anarayckoro paiiona — 75,76,
Haypsi36aiickoro pationa — 69,76 u Typkcubckoro pationa — 60,7 kB. kM (tadi. 1) [5].
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Pucynoxk 1. Cxema-kapTa r. AnMaTsl

Tadobnuma 1

Oo0mast xapakTepucTHKA UCCIeAyeMbIX PaiilOHOB I'. AJIMATBI

N , | UncmeHHOCTH Hacee-

Paiion JlaTta ocHOBaHHS [Imomanp, kM HISL, THIC. HelL. [Ipuponnas 30Ha
ANMaIMHCKAN 1936 18,2 200,408 CrenHas
Ketpicyckuit 1936 34,5 141,9 CrenHas
Meneyckuit 1936 99,4 181,085 JlecoctenHas
Typxcubckuit 1938 60,7 188,437 CrenHas
Bocrannpikcknit 1966 93,6 302 750 CrenHas
Aye3oBckuit 1972 77,6 309,478 CrenHas
Anarayckuid 1993 75,76 158,300 [IycTeIHHO-CTEHAS
Haypsiz0aiickmii 2014 69,76 157,0 CrenHas

Hwxe npuBoautcs o01ee KOJIUYSCTBO MAPKOB, CKBEPOB, OYJILBAPOB, 3€JCHBIX 30H B T. AnMathl (Ta0.

2).
Tabnuma 2
Oo0u1ee KOJINYECTBO NAPKOB, CKBEPOB, 0YJIbLBAPOB, 3€JIEHbIX 30H B I. AJIMAThI
PaiioHss HaumeHnoBanue
[Mapxu Pomwu Anneu BynbBapsl Cksepnl 3eneHble 30HbI
AnManuHCKU 1 - — 9 21 4
Aye30Bckuii 1 - — 1 6 15
XKetsicyckuil 2 1 - — 6 13
Anarayckuii - - 1 16 14
Bocranabikckuit 3 - — 5 10 2
Meneyckuit 3 1 - 9 30 7
Haypei30aiickuit - - - — 1 2
Typxcubckuii 2 - 2 1 10 1
Bcero 12 2 3 25 100 58
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I".A. CagbipoBa

Mamepuansl u Memoobl UCCIEO08AHU

OCHOBHBIMH METOJIaMH HCCIIEIOBAHMSI TOPOACKON (hIOPHI TPAaBIHUCTHIX BUJOB PACTEHUI I'. AJIMATHI SIB-
JISUTACH OOIIETPUHSATHIE KIIACCHYECKHUE METOANKY 0OTaHWYECKUX U (IIOPUCTUIECKUX UCCIEAOBAHUI: B TIOJIe-
BBIX YCIIOBHSIX UCTIONB30BAJICS TPAAUIMOHHBIN METOI MAapLIPyTHO-PEKOTHOCHUPOBOUHBINA. COOp 1 00paboTKa
repOapHOTo MaTepHuala MPOBOAMINCH MO OOIIETPHHATON METOANKE. JK3EMILUISPHI JPEBECHBIX, KyCTapHUKO-
BBIX U TPABSIHUCTHIX PACTEHHI COOMPATNCH B TepOapHbIe ITANKH ¢ OMFCaHueM MecT cOopa (3auKCUpPOBaHHEBIE
¢ nomomibto GPS), nater u komnekropa. Coop u 06paboTka repdapHOro MaTepuaia ObLIN IPOBEACHBI MO 00-
menpunsaToid Meronuke A.K. CkBoproa [6]. B mponecce onpenenenus: repbapusi B Ka4eCTBE UCTOYHHUKOB
OB MCTIONTF30BaHBI MHOTOTOMHEIE CBOAKH: «/lepeBbs u kyctapauku CCCP» [7], «Dmopa Kazaxcranay [§],
«/epeBbs u kycrapauku Kazaxcrana» [9], «Pacrenus Liearpansroit Azum» [10], «OnpenenuTens pacTeHAN
Cpenneit Asum» [11], «nmoctpupoBaHHbIi onpeaenuTens pactennid Kazaxcranay [12]. [{ng yrounenus Bu-
TOBBIX M POJIOBBIX Ha3BaHU mpuMeHsuch nmocneanne ceoaku C.K. Uepenanosa [13], C.A. AOaynuHOi# [ 14],
AJL TaxrtamxsHa [15]. Tunsr apeanoB ucciieyeMbIX BUIOB PaCTEHHUH BBIIEIICHB HAMU COTJIACHO KIIACCH(H-
KarusM, padpadoranHsiM E.M. JlaBpenko [16], A.W. Tonmmauessim [17], P.B. Kamenuusim [18] u B.I1. Tomo-
CKOKOBBIM [19].

Pesynomamor uccredosanus u ux oocysicoenue

B pesynbpraTe npoBeaeHHBIX HaMU HccaenoBanuil B Tedenne 2015-2019 rr. Ha Tepputopusax 8 paiioHOB
r. AnMaTsl OblTH 00HApYKeHbI 1 74 TpaBIHUCTBIX pacTeHH, OTHOcsAmuXcs K 132 pogam u 39 cemelicTBam.

AHanu3 TaKCOHOMUYECKOU CTPYKTYPHI (PIIOPHI TPABSIHUCTHIX BHUIOB PAacCTeHUH B § paiioHax T. AnMatsl
MO0Ka3aJl OTCYTCTBHE IIayHOBUIHBIX PACTEHUH U c11a0yI0 MPEICTaBICHHOCTh COCYIUCTBIX CIIOPOBBIX XBOLIEH-
nanopotHukoB — Dryopteris filix-mas (L.) Schott. OcHOBY (0pbI TPaBIHUCTBIX BUOB PACTCHUIA, KAK BUIHO
U3 pucyHka 2, cocrapisior Magnoliophyta (mokpbIToceMeHHbIE), Ha IO KOTOpOro npuxomurcs 86,2 %, u
COBCeM HUYTOXHBIN mporeHT K Polypodiophyta (mamoporauku), Bcero 1 Bun, win 0,5 %. Kmacc Liliopsida
(omHOMONBHBIE) TIpeACTaBiIcH 3 cemeiicTBamu, win 7,7 % OT OOILIEro KOJMYecTBa CeMEHCTB, 24 pomamu
(18,8 %) u 24 Bumamu (1,3 %), Magnoliopsida (aBymonbusie) — 36 cemeiictBoM (92,3 %), 107 pomamu
(81,0 %) u 149 Bumamu, wium 85,6 % (puc. 2).

7,7% 0,5%

92,3 %

B NBYNOJIbHBIE,
OJTHO/IOJILHBIC;
¥ roJIOCEMEHHBIE B MTallOPOTHUKOOOpa3HbIe

Pucynok 2. O6muit coctaB (IOpHI TPaBSIHUCTHIX BUAOB PACTCHUH I'. AJIMATHI

N3yuenne kpymHEHIINX ceMEHCTB (IIOpBI TPABSHHUCTHIX BUJIOB B 8 MCCIEyeMbIX palioHaxX T. AMAaThl
MOKa3aJio, YTO BEIYIIMMH 10 YUCIY POIOB ceMeiicTBamu okaszanuch Asteraceae (37; 21,2 %), Poaceae (27;
15,5 %), Brassicaceae (15; 8,6 %), Scrophulariaceae (12; 6,9 %), Lamiaceae (9; 5,1 %), Fabaceae (8; 4,6 %),
Polygonaceae (5; 2,8 %), Malvaceae (5; 2,8 %), Ranunculaceae (5; 2,8 %), Rosaceae (5; 2,8 %), comepxarirre
B cBoeM coctase 128 Bunos, uinu 73,1 %, oT Bcero cocraBa (hiopbl TPaBIHUCTBIX pacTeHuit (Tadu. 3).

OcrasbHbIe ceMEUCTBa coepkar B cBoeM coctase oT 4 o 1 Buna. Tak, cemeiicTBo Apiaceae comepxuT
4 Buma, win 2,3 %. CemeiictBo Chenopodiaceae — 3 Buma, win 1,7 %. JIBeHaamaTs ceMeWCTB comepKar B
cBoeM coctage 1o 2 Buza, win 1,1 %. K Hum otHOCATCS cnemyrontie cemeiicta: Fumariaceae, Solanaceae,
Plantaginaceae, Boraginaceae, Papaveraceae, Cannabaceae, Rubiaceae, Violaceae, Euphorbiaceae,
Cuscutaceae, Urticaceae, Balsaminaceae. 1 15 cemeiicTB copepkaT B CBOEM cocTaBe mo 1 BUy, YTO COCTaB-
aser 0,5 %. K aum otnocsarcs: Primulaceae, Urticaceae, Paeoniaceae, Thymelaeaceae, Crassulaceae,
Zygophyllaceae, Geraniaceae, Solanaceae, Convolvulaceae, Portulaceae, Caryophyllaceae, Amaranthaceae,
Apocynaceae, Liliaceae, Cyperaceae u Dryopteridaceae.
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Tabnuma 3

KpynHeiimmue cemeiicTBa TPaBAHUCTBIX BU/I0B, IPOU3PACTAIOIIUX B I'. AJIMATHI

CewmelicTBa KonunuectBo ponos, wmir. KomnaectBo BoB, mT. % oT 001ero yucaa
Asteraceae 25 37 21,2
Poaceae 22 27 15,5
Brassicaceae 14 15 8,6
Scrophulariaceae 2 12 6,9
Lamiaceae 8 9 5,1
Fabaceae 6 8 4,6
Polygonaceae 4 5 2,8
Malvaceae 4 5 2,8
Ranunculaceae 4 5 2,8
Rosaceae 3 5 2,8
Bcero 92 128 73,1

AHanu3 KpymHEWIINX poJ0B TPaBIHUCTHIX BUIOB PACTEHUH I'. AIMaThl MOKa3al, 4To MO YHCIY BUIOB
CaMbIM KPYIHBIM POJIOM OKa3ajcs pox Veronica, kotopsiii coaepxut 11 Bugos, niu 6,3 %. Ha Bropom mecte
pacnonokuiicst pox Artemisia 5 suos (2,8 %). Ha tpetbem Mecte HaxomsiTes poasl: Poa, Centaurea, Tarax-
acum, Potentilla u Centaurea, comepxarire 1o 3 Buaa Kaxiapli, uto coctasister 1,7 % oT Bcero uucia BUIOB.
24 poja cofiepKaT B CBOEM COCTaBeE 10 2 BUJA, YTO cocTaBisieT 27,5 % oT Bcero cocTara (hopbl TPaBIHUCTHIX
pacrenuii (puc. 3). K uum otHocsitesi: Bromus, Festuca, Euphorbia, Hyoscyamus, Agrostis, Hordeum, Arc-
tium, Sonchus, Cirsium, Matricaria, Plantago, Mentha, Vicia, Trifolium, Impatiens, Viola, Brassica, Malva,
Urtica, Chenopodium, Aquilegia, Polygonum.

6,30 % 2,80 %

57,40 %

m \eronica
2750 % ..
m Artemisia

24 pona
=100 pomos

Pucynok 3. CooTHoOLIEHHE BEYIIMX POJIOB TPABSIHUCTOM (IIOPHI T'. AJIMATBI

100 pomoB copepkaT B cBOeM cocTase 1o 1 Bufy, uTo coctaBisieT 57,4 % oT Bcel (IIopbl TPaBSIHUCTHIX
BuzoB pactennii. K uum otrnocstest: Anizantha, Lolium, Echinochloa, Dactylus, Agropyrum, Bromopsis, Alo-
pecurus, Eremopyrum, Avena, Elytrigia, Carum, Triticum, Phleum, Phragmites, Echium, Sorghum, Cynodon,
Setaria, Carex, Gagea, Aegopodium, Daucus, Conium, Ambrosia, Ligularia, Tanacetum, Xanthium, Inula,
Datura, Filago, Abutilon, Galinsoga, Carduus, Cichorium, Lactuca, Pyrethrum, Crepis, Achillea, Typha, Dry-
opteris, Onopordon, Apocynum, Rubia, Galium, Ranunculus, Ceratocephalus, Papaver, Chenopodium, Car-
damine, Stellaria, Amaranthus, Atriplex, Fallopia, Persicaria, Rumex, Anagallis, Descurania, Erysimum,
Berteroa, Cardaria, Thlaspi, Sisymbrium, Sinapis, Lepidium, Capsella u ap.

I/I3y‘leHI/IC (1)J'IOpI>I TPaBAHUCTBIX BUJJOB HC MOKCT 6BITI> ITIOJIHBIM 663 aHaJIn3a XU3HCHHBIX (bOpM, I10-
CKOJIBKY ee Oromopgosiornueckasi CTpyKTypa OTpaXkaeT XapakTep afanTalliid pacTeHUH K HaOopy YCJIOBHH
cpem)l, CJIIOXKUBIIIUXCS B OHpG}IeHeHHHX DKOTOIIax. HOBTOMy cc I/I3yT-IeHI/Ie C.]'Iy)KI/IT HaIC)KHBIM I/IHCTPYMCHTOM
[MO3HAHUS SKOJIOTHH MecTooOnuTaHus (Tadi. 4).
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Tabnuma 4

CooTHOIIEHHE KU3HEHHBIX ()OpPM ()JIOPHI TPABSITHHCTHIX BUIOB PACTEHHI I'. AJIMATHI
no U.I'. CepedpsikoBy (1962)

JKuzuennas popma KonunuectBo BUI0B [IporeHT OT 00IIero Yrciia BUIOB

1. HazemHbIe TpaBbl

1.1 TpaBsHUCTBIC TOTUKAPIIHKH 138 79,3
1.1.1 Ctep>XKHEKOpHEBBIC 25 14,3
2.1.1 KopOTKOKOpHEBHIITHBIC 21 12,0
3.1.1 JITMHHOKOPHEBHUIITHBIE 73 42,0
4.1.1Kny6HeoOpasyronie 3 1,7
5.1.1 JlykoBuma 1 0,5
2 TpaBSHUCTBIC MOHOKAPITUKH 51 29,3
2.1. OgHOJIETHUKH 40 23,0
2.2 JIByJICTHUKHA 11 6,3
Bceero 174 100

OcHoBOM /7151 aHANIM3a KU3HCHHBIX (DOPM B HAIIMX UCCIICIOBAHUSX TIOCIY>KWIIN CUCTEMBI KH3HEHHBIX
¢dhopm N.I'. CepebdpsixoBa u K. Paynkuepa [20]. Heo6x0auM0 OTMETHTB, 9TO MIPOCTPAHCTBEHHOE pacIpe/iene-
HHUE HKOJIOTMYECKHUX TPYMI TPABSIHUCTBIX PACTCHUI M0 OTHOLICHUIO K YCJIOBUSIM YBJIQXHEHHUS B I. AJIMaThl
orpeeseT HeboIbIIoe pasHOOOpa3ue HKOTONOB. B HampaBieHUH OT OKpauH K LEHTPY ropoja, OT 30HHI K
30HE BO3pacTaeT AOJII ME30KCepo(UTOB, a ydacTHe OIM3KHMX K HUM TPYII MPOYMX 3KOMOP(] CHIKAETCs,
HamnpuMep, TaKuX Kak KcepoMe3opuThl u kcepodutsl. Kak n3BecTHO, Ha ypOaHM3MPOBAHHBIX TEPPUTOPHIX
o0e/lHEeHHEe BUJIOBOTO pa3HO00pa3us HAET B OCHOBHOM 32 CUET BBINAACHUS PACTCHUI €CTeCTBEHHON (DIOPEHI.
Tak, ganeko He Bce Me30KcepoUIIbHBIC BU/IBI PACTCHU, 1aKe IPY HATMYMH ONITHMATBHBIX YCIIOBHH YBIaX-
HEHMS, BBIACP)KUBAIOT 3arpsA3HEHHOCTD CPEAIbl, BBITANTHIBAHUE, BBICOKYIO INIOTHOCTH MIOYB, XapaKTEPHbIE IS
30H ropoja.

Amnanu3 xu3HeHHbIX GopM o W.I'. CepeOpsakoBy mokasai, 4To BO GJiope TPaBIHUCTHIX BUJOB PACTCHUIH
r. AIMaThl JUIUPYIOIIEE MOJO0KEHHE 3aHUMAET TPyINa TPaBIHUCTHIX mojaukaprnukoB (138 BumoB, wim
79,3 %), cpean KOTOPBIX T'OCIIOACTBYET IPyINa JIHHHOKOPHEBUINHBIX pactenuii — 42,0 % (Bromopsis
inermis, Dactilys glomerata, Festuca pratensis u mp.), KOTopbie 00JaIaF0T MAKCUMAIILHOM CITIOCOOHOCTBIO K
BEreTaTUBHOMY pa3pacTaHUIO M PAa3MHOKEHHIO M OTIMYAIOTCA OBICTPBIM 3aXBaTOM TeppUTOpHH. [pyryro
IPYMITy COCTABISIOT BUABL, HECIOCOOHBIE K AKTUBHOMY BET€TaTUBHOMY Pa3MHOKEHHUIO: CTEP)KHEKOPHEBBIE,
KOPOTKOKOPHEBHIIHBIC U KITyOHEe0oOpa3sytomme — 49 BuioB (28,1 % oT 0011Iero KojMyecTBa BUI0B). YyacTue
BO ()JIope KOPHEKITYOHEBBIX pAaCTeHUH He3HaunTenbHO. Cpei HUX OTMEUYAIOTCsI B OCHOBHOM IPEJCTaBUTEIH
cemeiictBa Fumariaceae. Jlanee Beayiiee IOJIOKEHHE 3aHUMAIOT TPABSIHUCTBIE MOHOKApIHUKH, KOTOPBIX
HacuuTbiBaercs 51 Bup (29,3 %), cpean KOTOPBIX BRLACISIIOTCA ogHONeTHUKYA — 23,0 %. I'pyna MmoHOKapmnu-
KOB BCTpevaeTcs B ceMeiicTBax Brassicaceae (5 sumos), Poaceae (7 Bunos), Asteraceae (8 sumon), Boragina-
ceae (2 suma), Malvaceae (2 Buma), Balsaminaceae (2 suna), Chenopodiaceae (2 suna), Scrophulariaceae (5
BujioB), Caryophyllaceae (2 Buma), Solanaceae (2 suma), Cuscutaceae (2 Buzaa) u ap. CBOM KU3HEHHBIH [IUKJT
OHH MPOXOJIAT 32 OJIMH WJIM JIBa TO/Ia, 3aBeplliasi ero IBEeTCHHEM, IUIOI0HOIIEHHEM H oTMUpaHueM. [loist yJa-
CTHS 3TOH TPYNIBI B COCTaBe (PIOPHI TPaBSHUCTHIX BHJOB PACTCHUN OOBSICHSAETCS JUIMTEIBHBIM U HHTCHCUB-
HBIM aHTPOIIOT€HHBIM BO3/ECHCTBHEM Ha PACTUTEIBbHBIA MOKPOB M3ydaeMoi Tepputopuu. Kak mpasuio, 310
COpHBIE pacTeHHs1. B HallleM paifoHe nccie0Banus IMUPOKO pacipocTpaHeHb! ojHONIeTHHE TpaBsl — Capsella
bursa-pastoris, Lepidium ruderale u xp. Me3okcepoduTsI SIBISIOTCS HarnboJIee MHOTOUNCIIEHHOMN DKOJIOTHYe-
CKOM TpyIImoi Bo Bcex 8 paifoHax ropona. B HampaBieHHH OT OKpauH K LHEHTPY TOpojia UX A0JIs BO3PAcTaerT,
TaK Kak K 3TOH IpyNIe OTHOCUTCA OOJBLUIMHCTBO HENPUXOTJIMBBIX COPHBIX PAaCTEHHid, HE BBIMAJAIOIINX U3
cocTaBa (JIOpHI ¢ YBEIMICHUEM aHTPOIIOTEHHOT0 BIHsIHUSA. Kpome Toro, B BEpXHUX 30HaX ropoja abCoIITHO
npeo01agaroT Me30MOpQHbBIE MECTOOOUTAHUS — YaCTHBIE IBOPHI M OTOPOIbI, KITyMOBI, Ta30HBI, CKBEPHI U T.I1.
B ropozie 0CHOBHBIM HCTOUYHMKOM 3aHOCA COPHBIX BUIOB SBIISIETCS >KEJIE3HOJOPOKHBIN BOK3aJl, 17151 KOTOPOTO
XapaKTepHBI CBOE0Opa3HbIE IKOJIOTHIECKHE yCIOBHSL.

Ha ypOaHn3upoBaHHBIX TEPPUTOPHSIX BCETIIa PUCYTCTBYIOT COPHBIC BUIBI, YHCIIO KOTOPBIX 3aBHCUT OT
CTEIIEHH aHTPOIIOTEHHOTO BO3ACUCTBHS Ha (Iiopy: 4eM Oouibliie HapymeHa (opa, TeM BbIIIE B HEW MPOLEHT
COPHBIX BUIOB [21], 9TO THIWYHO U AJis T'. AnMatel. HecCMOTps Ha CHIDKEHHWE YrCia BUIOB TI0 HAIPABICHUIO
OT OKpaumH K UEHTPY ropojia, JI0Jisi COPHBIX BO3pACTAaeT. BHICOKHM MPOLEHT COPHBIX BUIOB B I'. AJIMAaThl
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00BSICHSICTCS KaK IIPAKTHYECKH OTCYTCTBUEM €CTECTBEHHBIX MECTOOOUTAHHM, TaK 1 HEMAJIBIM HaTMYHEM 4acT-
HBIX JOMOB C OTOPOJHO-Cal0BBIMH yYaCTKaMH, Ha KOTOPBIX PACTYT COPHSIKHU.

[1o npoaOIKUTENHHOCTH KU3HH COPHBIE BUABI PACTEHUH I. AJMaThl OAPA3ACSIOTCS Ha IBYJICTHUKHY,
OJTHOJIETHUKH WM MHOTOJETHUKH. OCOOCHHOCTSIMH OIHOJIETHUX W JBYJIETHUX COPHBIX PACTCHHUHU SIBIISIOTCS
HeTpeOOBATETLHOCTH K AHTPOTIOTEHHBIM MECTOOOUTAHUSAM U OBICTpPast MPUCITOCAOINBAEMOCTE K H3MCHSICMBIM
YCIIOBHSAM CpeZbl OOUTAHUSI.

CopHbIii 37IeMEHT TpaBSHUCTOW (IIOpHI T. AnMaThl mpeacTasieH 68 Bugamu (17,7 %), KoTopsie OTHO-
catcs k 54 ponam u 20 cemeiictBam (Tadim. 5).

Tabnuma 5

CemeiicTBa COPHBIX BH/I0B PaCTeHHUIl I'. AIMATBHI

CemeiicTBa KomaunuecTtBo ponos, wir. KonmaecTBo BUIOB, MIT. % OT 0011Iero uncia
Asteraceae 12 17 9,7
Poaceae 13 15 8,6
Brassicaceae 7 9 51
Fabaceae 2 3 1,7
Chenopodiaceae 2 3 1,7
Polygonaceae 2 2 1,1
Urticaceae 1 2 1,1
Balsaminaceae 1 2 1,1
Solanaceae 2 2 1,1
Plantaginaceae 1 2 1,1
Boraginaceae 2 2 1,1
Ranunculaceae 1 1 0,5
Papaveraceae 1 1 0,5
Portulacaceae 1 1 0,5
Amaranthaceae 1 1 0,5
Primulaceae 1 1 0,5
Malvaceae 1 1 0,5
Cannabaceae 1 1 0,5
Convolvulaceae 1 1 0,5
Apiaceae 1 1 0,5
Bcero 54 68 100

AHaJ'II/IS BEAYIIUX CEMENCTB COPHBIX BUAOB B UCCIICAYEMBIX paﬁOHax F.AIIMaTBI ImoKasall, 4YTO CaMbIMH
KPYIHBIMH CEMEWCTBaMH CpPEelld COPHBIX pacTeHuil seistorcst Asteraceae (17; 4,3 %), Poaceae (15;3,7 %),
Brassicaceae (2,2 %), Fabaceae (3; 0,75 %), Chenopodiaceae (3; 0,75 %). ITo 2 Buza (0,5 %) comepxart 6 ce-
meiict: Polygonaceae, Urticaceae, Balsaminaceae, Solanaceae, Plantaginaceae, Boraginaceae. M o 1 Buay
comepskat 9 cemeiicts, ato Ranunculaceae, Papaveraceae, Portulacaceae, Amaranthaceae, Primulaceae,
Malvaceae, Cannabaceae, Convolvulaceae u Apiaceae.

Cpe,I[I/I COPHBIX paCTCHI/Iﬁ IO CTCIICHU HATypaJInu3allnun npeoGnazLa}OT BHUbI, 3HAYHUTCIIbHAA 4aCTh KOTO-
PBIX pa3HOCHUTCA HEMPEIHAMEPEHHO M aKTUBHO pacCessieTCs] Ha HapyIIeHHBIX MECTOOOUTaHUAX. DTO UIUPOKO
pacrnpocTpaHéHHbIE COPHBIE U pyAepalibHbIe pacTeHus, Takue kak Amaranthus retroflexus, Atriplex calotheca,
Chenopodium album, Ch. hybridum, Sisymbrium loeseli, Plantago major, P. lanceolata, Cirsium arvense,
Cichorium intybus, Bromus japonicus, Hyoscyamus pusillus, Ambrosia artemisiifolia, Thlaspi arvense, Datura
stramonium, Abutilon theophrasti, Solanum nigrum, Cynodon dactylon, Urtica dioica, Capsella bursa-pas-
toris, Artemisia vulgaris, Artemisia annua, Artemisia absinthium, Arctium tomentosum, Eragrostis minor,
Convolvulus arvensis, Xanthium strumarium u ap.

Brlenenue TUIIOB apeasoB HAMU CTPOWIIOCH Ha aHAIU3€ COBPEMEHHOI'O pacpoOCTpaHEeHUs BUAOB. THIbI
apcajioB UCCIICAYCMbIX BUJI0OB paCTeHI/Iﬁ BbIACJICHBI COI'JIACHO KJ'IaCCI/I(l)I/IKa]_[I/ISIM, pa3pa60TaHHBIM E.M. Jlas-
penko [16], A.W. Tonmauessim [17], P.B. Kamenunbsim [18] u B.I1. 'onockokoBsiMm [19]. Criektp reorpadu-
YECKUX DJICMCHTOB TpaBﬂHHCTOﬁ @HOpBI r. AJIMaTel IOKa3kLIBaeT npeoGnanaHHe BUIOB C HNIMPOKHMMU apc€a-
JlaMHy, TAC JIMJUPYIOHICC MOJIOKCHUEC 3aHUMAOT BUAbI FOHapKTHHCCKOﬁ, HaﬂeapKTPI‘IeCKOfI, KOCMOHOJ’H/ITHOﬁ,
€BPa3HaTCKOH, APEBHECPEAU3EMHOMOPCKOM, CPeTM3EMHOMOPCKOI M TOPHOCPEIHEa3HaTCKOM rpyn (Tada. 6).

Cepus «buonorusa. MegmuuHa. Meorpadus». Ne 2(98)/2020 65



I".A. CagbipoBa

Tabnuma 6

Pacnpeue.ﬂenne BHUAOB TpaBﬂHHCTOﬁ (l)JIOpI)I r. AJIMAaThI 110 THIIAM apeaJjioB
B 3aBUCHMOCTH 0T reorpaqmqecm)ro MPOUCXO0KACHUSA

Twume! apeanos KoauuecTBo BHIOB, IIT. % OT 0011ero Yrcia BUI0B
lonapkrrueckuit 45 25,8
[TaneapkTryecKuid 45 25,8
KocmomnomnTHb 26 15,0
T'opHOCpETHEea3naTCKO-UPAHCKHM 14 8,0
Cpenn3eMHOMOPCKHIt 9 51
EBpazunarckuit 8 4.6
JlpeBHECPEAM3EMHOMOPCKHI 7 4,0
EBpornetickuii 5 2,8
TsHBIIAHO-TTAMHUPOAITAHCKHH 3 1,7
TsaHbpIIaHCKUIA 3 1,7
CpenHea3naTcKuit 2 1,1
TypaHo-upaHCKUH 2 1,1
TapOararae-ceBepOTSHBITAHCKUH 1 0,5
FO)xHOCHOMPCKO-Ka3aXCTAHCKHIH 1 0,5
EBpocHOupcKo-Ka3axcTaHCKHAN 1 0,5
[TaHHOHO-Ka3aXCTaHCKHI 1 0,5
CeBepoaMepHUKaHCKHI 1 0,5
Hroro 174 100

Kak nmokazan reorpaduueckuii aHaau3 TPaBIHUCTOH (Gopsl 8 palloHOB T. AJIIMaThI, pacTeHHS TOJNAPKTHU-
yeckoii (45 BumoB; 25,8 %), maneapkrudeckoii (45; 25,8 %) u kocMonoautHO# rpymi (26; 15,0 %) npecTas-
JICHBl B OCHOBHOM TPAaBSIHUCTHIMH PACTCHUSIMH, K KOTOPBIM OTHOCATCS OOJBIICH YacThIO COPHBIC BUIBI:
Ambrosia artemisiofolia, Tribulus terrestris, Conium maculatum, Veronica anagalloides, Sisymbrium loeselii,
Xanthium strumarium, Descurainia Sophia, Datura stramonium, Stellaria media, Urtica dioica u ap. Cpemu-
3emHoMopckas (9; 5,1 %) u apeBHecpean3zemMHomopckasi (7; 4,0;) rpynmsl npeacTasiens! 15 Bugamu (8,6 %):
Brassica campestris, Cardaria draba, Lepidium ruderale, Lavatera thuringiaca, Abutilon theophrasti,
Agrimonia asiatica, Geranium rectum, Impatiens brachycentra, Veronica cardiocarpa, Rubia tinctorum u map.

Toprocpenueasuatckoupanckas (14; 8,0 %) u cpenneasuarckas (2; 1,1 %) rpynmbl npeacTaBieHbl 6 BU-
mamu, win 9,2 %, — Aquilegia atrovinosa, Corydalis schanginii, Potentilla pedata, Populus tremula,
Eremostachys speciose, Veronica persica, Rochelia leiocarpa, Taraxacum monochlamydeum u sp.

EBpasuarckas rpymma npeactasiena 8 puaamu, win 4,6 %, sto: Ceratocephalus orthoceras, Trifolium
repens, Potentilla erecta, Vicia tenuifolia u mp.

EBpomeiickas rpynmna npeactasiena 5 Bugamu, win 2,8 %: Brassica elongata, Asperugo procumbens,
Cirsium arvense u jip.

Tsupmranckas rpymma (12; 3,0 %) npecraBieHa ceBepOTSHbIIAHCKUMH, TSHBIIAHO-TTAMUAPOATTAUCKUMHE
Bugamu — Viola acutifolia, Euphorbia lamprocarpa, Mentha interrupta, Taraxacum multiscaposum,
Veronica cardiocarpa u ap.

TypaHo-upaHckas rpymna npejacrtasiena 2 sugamu (1,1 %) Papaver pavonium.

HOxHOCHOMpCKO-Ka3axcTaHCKas, E€BPOCHOMPCKO-Ka3axCcTaHCKas, MaHHOHO-Ka3aXxCTaHCKas TPYIIIbI
npencrasiens! 3 Bugamu, unu 1,7 %, — Gagea bulbifera, Cannabis sativa.

KaBka3zo-kpbIMcKast Tpynna Bkitodaet B ce0s Bcero 2 Buaa, wim 0,5 %, — Amelachier ovalis u Pinus
pallasiana.

EBpocuOmpcko-ka3axcTanckas rpymia mnpeacraBieHa 6 Bumamu, win 1,5 %: Caragana arborescens,
Rubus idaeus, Euphorbia virgata, Humulus lupulus, Cannabis sativa, Cuscuta europaea u mp.

CeBepoamepHKaHCKas TpyIina npejicTaBieHa Bcero ogHuM BujoM — Galinsonga parviflora.

Baxnrouenue

B pesynprate riccienoBaHmii, IPOBEACHHBIX HA TEPPUTOPHUH I'. AMaThl, ObLUTO BBIsSIBICHO 174 BHaa Tpa-
BSIHUCTBIX paCTeHUH, oTHOCcsMXCs K 132 pomam u 39 cemerictBam. TakcOHOMUYECKU aHATN3 QJIOPHI TPABsi-
HUCTBIX BHJIOB PACTCHUH XapaKTepU3yeTCs! BBICOKUM MPOLEHTOM HEOOJBIIOro YHCIa CEMEHCTB, Te Ha JIOJI0

66 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



AHanus dpnopbl TpaBAHUCTLIX pacTeHun ropoga Anvarhbl

NepBbIX AecsaTu npuxoautcs 73,5 %. Huzkas pomoBas W BUAOBas HACHIIIEHHOCTh CEMEICTB TPaBIHHCTOMN
(b70pBI T. AIIMaTHI SBISETCS MMOKA3aTeeM aHTPOIIOT€HHOW HAPYIIIEHHOCTH UCCIIEAYEMON TEPPUTOPHH.

AHanu3 COpHOM PacTUTENFHOCTH TPABSHUCTOM (hJIOPHI . AIIMATHI TOKAa3aJl HIPHUCYTCTBUE 3HAYUTEIEHOTO
KOJIMYECTBA COPHBIX 3ieMeHTOB (17,7 %), KOTOphIe, B CBOIO OYEpEe.lb, BEAYT K OOCTHEHUIO BHIOBOTO Pa3HO-
00pa3ust QIIOphI HUCCIIEYEMOH TEPPUTOPHH.

I'eorpadmyeckuit aHanmm3 (IOpBI TPABIHUCTHIX BUAOB PACTEHUH BBISIBIUI, YTO 3HAYUTENHHYIO POIb HT-
paroT (GIIOPUCTUYECKHE JIEMEHTHI ¢ apeajaMu 00PEeaIbHOTO THITA: TOPHOCPETHEA3UAaTCKOTO, TOPHOIICHTPAITh-
HOA3UaTCKOr0, NAJICAPKTHYSCKOTO U TOJIAPKTUIECKOT0, COCTaBIIstoNe 92,6 % OT UX 00IIEero 4ncna.
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I'.A. CagpipoBa

AJIMATBI KaJIaCbIHBIH II6NTI ociMaikTep ¢uIopachiH TaaAay

Makanazna AMaThl KaJacklHBIH 4 ayJaHBIHIIAFGI IIOIITIK OCIMIIKTED TYPJiepi GIOpackIHBIH OHOOPTYPIILIIriHe
TaKCOHOMUSITBIK, OMOMOP(OIOTHSIIBIK, reorpadusuIsK Tanaay kentipitred. Oxnma 132 TyxpiMaacka skone 39
oT0achIHA KaTaThIH 174 TypAeH TypaThiH, KOCKAIBIPAKTH eciMaikTepain 149 typi (85,6 %), Oip>KarbIpaKThI
ecimuikrepain 24 typi (13,7 %) ycemburran. llen TypiepiHiy ipi TYKBIMIACTaphIH Tajay JKETEKII OOJIBIIT
TabbUIATHIHABIFBIH KepcerTi: Asteraceae (37; 21,2 %), Poaceae (27; 15,5 %), Brassicaceae (15; 8,6 %),
Scrophulariaceae (12; 6,9 %), Lamiaceae (9; 5,1 %), Fabaceae (8; 4,6 %), Polygonaceae (5; 2,8 %),
Malvaceae (5; 2,8 %), Ranunculaceae (5; 2,8 %), Rosaceae (5; 2,8 %) kypambinma 128 Typi Gap Hemece
73,5 %. Veronica (11 typi; 6,3 %), Artemisia (5; 2.8 %) Typsepain canbl OolibiHIIa Gaii. OMipiik Gpopmanapbl
TaJjiay MIeITi MoJIuKapnuKTep TOOBHBIH (138 Typ, 79,3 %) »KeTeKir OpHBIH KOPCeTTi, OJTap/bIH iIIiH/e Y3bIH-
TaMBIPIIBI ©CIMIKTepiHIH ToOB 6ackM Gonasl — 42,0 %. 'eorpadsuIbIK 31€MEeHTTepAl Talay ToJapKTHKA-
JIBIK, MTaJIeapKTHKAJIBIK, KOCMOIIONNTTIK, eypasusiIbIK, exenri Opra XKepopra Tenisi, XKepopra TeHisi xone Tay-
KEH OpTaa3HsUIbIK TONTAP/bIH TYpPJIepi 6achbIM OpBIH ajJaThiH KEH Tapaily aiiMarbl 0ap TYpiepAiH 0achIMIbIFbIH
KOPCETTI.

Kinm co30ep: GroanyaHTYpIiliK, IIONTI 6CIMAIKTEP, AJIMaThl KAJIAChl, apaMILION 6CIMIIKTep.
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G.A. Sadyrova
Analysis of flora of herbal plants of the city of Almaty

The article provides a taxonomic, bio morphological, geographical analysis of the biodiversity of the flora of
herbaceous plant species in 4 districts of the city of Almaty, which is represented by 174 species that belong to
132 genera and 39 families. Dicotyledonous plants have 149 species (85.6 %), monocotyledonous plants 24
species (13.7 %). The analysis of the largest families of flora of herbaceous species showed that the leading
ones are: Asteraceae (37; 21,2 %), Poaceae (27; 15.5 %), Brassicaceae (15; 8,6 %), Scrophulariaceae (12;
6.9 %), Lamiaceae (9; 5.1 %), Fabaceae (8; 4.6 %), Polygonaceae (5; 2.8 %), Malvaceae (5; 2.8 %), Ranun-
culaceae (5; 2.8 %), Rosaceae (5; 2.8 %) containing 128 species or 73.5 % containing 128 species or 73.5 %.
The genera was rich in the number of species: Veronica (11 sunos; 6.3 %), Artemisia (5; 2.8 %). The analysis
of life forms showed the leading position of groups of grassy polycarps (138 species, 79.3 %), among which
the group of long-rhizome plants dominates — 42.0 %. An analysis of geographical elements showed the pre-
dominance of species with wide ranges, where the dominant position is occupied by species of the Holarctic,
Palearctic, Cosmopolitan, Eurasian, Ancient Mediterranean, Mediterranean and Mountain Middle Asian
groups.

Keywords: biodiversity, grassy flora, Almaty city, weed plants.
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Parameters of biochemical serum test of pigs in sarcosporidiosis

Sarcocystoses (sarcosporidioses, sarcocystoses) are invasive diseases caused by protozoa — coccidia of the
genus Sarcocystis, the family Sarcocystidae. The main damage the disease causes livestock. Being localized in
the muscles and heart of intermediate hosts (cattle and small cattle, pigs) cause exhaustion, anemia, decreased
productivity and even death. In 1843, the German scientist Miescher first described characteristic intramuscular
formations in the skeletal muscles of a domestic mouse, believing that these were clusters of parasites of un-
known nature. Subsequently, similar formations in the muscles of other animals began to be described under
different names: “Misher's bags”, “Rhine bodies”, “psorospermia” (ie scabies sperm). It was only in 1882 that
Lankester began to call them meat cysts, or sarcocists, and proposed for their designation the corresponding
generic name — Sarcocystis. A change in the level of iron, zinc, total and ionizing calcium in pig blood was
observed during the clinical symptoms of sarcosporidiosis, when the disease is transmitted to the muscle. The
article analyzes the changes in minerals and the activity of enzymes in the blood.

Keywords: sarkosporidiosis, hyperthermia, hypercupremia, hypercalcemia, enzymes, dynamics, sarcocysto-
sis, blood serum.

Introduction

Porcine sarkosporidiosis causes serious economic damage to livestock. With sarcosporidiosis, the growth
and development of piglets deteriorates, fertility decreases, the death of young animals is often observed, and
meat products also worsen. To date, clinical manifestations and pathological changes have been described
[1, 2], but the dynamics of biochemical parameters are not well understood.

The aim of our research is to study the changes in minerals in pig blood and the catalytic activity of
enzymes in sarcosporidiosis.

Materials and method of study

The experiments were carried out in 2018 in a peasant farm in the Almaty region on 10 piglets of large
white breed of 3—-4 months of age, divided into 2 groups: 6 experimental animals were infested with Sorcocystis
suicanis sporocysts at a dose of 75x10° parasites (1), 4 control ones did not infect (11). Keeping and feeding of
the animals were the same. Blood was taken for examination before infection (2—4 times), then on 7, 14, 21,
30, and 40 days after infection. Biochemical studies included: determination of total calcium according to
F. Umland, K.l. Meckenstok, ionized calcium — by calculation method according to I. Todorov, chlorides —
by Levinson, copper — by I.W. Landers, V. Zak, iron — by W.T. Caraway, activity alkaline and acid phos-
phatases — by Bodansky, aspartic (AST) and alanine (ALT) transaminases — according to Reitman and Fren-
kel. The obtained data were statistically processed using the constant method [3].

Results and discussion

Data on the dynamics of mineralization in the blood serum of experimental invasive piglets with spores
of sarcocystis suicanis are shown in Table 1. The severe period of the disease was characterized by an increase
in the total calcium content and subsequently, a decrease in the transitional stage. The actual increase in the
index compared to the initial data was observed on the 7th day (+69.1 %, P>98.8). Subsequently, the lowest
levels of total and ionized calcium were recorded at 53.9 and —63.3 % (P<99.9), respectively, compared with
data 30 days before infection [4, 5].

At the end of the experiment (40 days), the level of total calcium normalized, while ionized calcium
decreased from the initial level by 61.9 percent (P>98.8). Serum iron and copper levels increased, and the
maximum value was determined after 14 days, i.e. during clinical manifestations of the disease gradually de-
creases to 21-30 days by 111.0 and 62.4 % (P>99.9). During the parasitic period (40 days), the initial level of
iron was recorded, and the copper content exceeded the initial level by 29.5 % (P>92).
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Table 1

The dynamics of the content of minerals in the serum of the pancreas with sarcoporroidosis (M+m), n=10

Days Total calcium, lonized calcium, Iron, Copper, Chlorides,
of observation mmol/L mmol/L mmol/L mmol/L mmol/L
Before infection 1.5240.32 1.2140.13 11.10+2.10 25.80+2.30 73.72+5.93

1.43+0.21 0.98+0.03 9.40+2.30 27.30+£3.21 74.80+4.20
7 days after 2.57£0.10 1.28+0.06 17.40+2.70 32.104£2.70 86.85+3.88
infection 1.84+0.18 1.00+0.12 11.8+1.40 28.0+2.10 80.0+1.24
14 days after 1.36+0.07 0.69+0.06 25.50+3.80 41.90+3.20 79.84+5.24
infection 1.26+0.04 1.18+0.10 11.40+£2.30 29.10+1.71 60.46+6.21
21 days after 1.01+0.07 0,61+0,07 21.70+£2.62 27.404+2.20 75.42+4.34
infection 1.18+0.23 1.23+0.21 9.50+2.41 31.0+£2.31 84.20+3.25
30 days after 0.70+0.23 0.42+0.11 15.67+1.50 36.40+3.80 96.86+3.86
infection 1.20+0.31 1.74+0.21 8.70+1.73 25.40+2.61 93.0+2.36
40 days after 1.24+0.09 0.46+0.05 10.004+2.20 33.40+2.80 75.69+1.13
infection 1.17+0.33 1.70+0.14 8.7+£2.32 30.10+2.36 64.2+2.35

Note. In the field of the test group, figures for the control group are indicated.

Changes in the amount of chloride in the blood serum in the experimental and control groups were not
observed during the experiment, an average of 64.20+2.35 mmol/L.

The enzymatic activity of aspartic and alanine transaminases, alkaline and acid phosphatase in serum of
pigs significantly changed with sarcosporidiosis (Table 2).

Table 2

Change in the activity of enzymes in the serum of pigs in experimental sarcosporidiosis (M £ m), n =10

Aspartate Alaninamino Alkaline Acidic
Days of observation aminotransferase, transferase, phosphatase, phosphatase,
nmol/s. L nmol/s. L nmol/s. L nmol/s. L
Before infection 30.9+1.9 9,1+3.4 2.46x1.04 0.78+0.16
31.4+1.1 8,4+2.8 3.81+1.2 0.84+0.14
7 days after infection 25.543.8 14,2+3.1 11.19+1.84 0.59+0.19
31.3+06 6,2+1.7 4.04+2.1 0.81+0.22
14 days after infection 55.946.3 33.545.5 15.16+£1.98 4.11£1.05
31.3£1.8 13.2+£2.4 39423 0.81+0.10
21 days after infection 59.34£2.5 17.8+£2.9 16.61£2.67 1.64+0.17
32.5+2.1 10.2 £1.5 2.7£1.7 1.7+0.12
30 days after infection 51.4+4.2 57.8+1.8 11.61+1.52 3.06+1.85
32.7+1.9 15.8£2.4 6.5+1.3 1.6+0.14
40 days after infection 40.2+3.8 29.2+6.04 9.03+1.52 1.3840.33
26.0+4.1 19.1£2.8 5.5+1.2 1.21+0.32

Note. In the field of the test group, figures for the control group are indicated.

Thus, the actual growth of ACT and ALT — 67.6 and 268.1 % (P>99.9) was determined within 14 days,
and the catalytic activity of alkaline and acid phosphatase in comparison with the initial data was 516.0 and
426, respectively, 0 % (all P>99.9). The highest activity of AKT and alkaline phosphatase on the 21st day was
observed in the range from +91.6 to +575.2 % (P>99.9). High activity of these enzymes on the 40th day
(+30.1 %, P>94); (+220.9 %, P>98); (+261.1 %, P>99) and acetic phosphatase remained in the original data.
Actual changes in the control group of animals were not detected during the control.

Discussion of the study results

Thus, in a severe period of the disease, pancreatic disorders occur in the form of hyperkalemia, hyperbili-
remia, hypercupremia. Detected hypercalcemia is a consequence of a kidney and urinary tract disorder; the
decrease in the content of ionized calcium is due to a decrease in the biosynthesis of albumin proteins in serum,
as well as a violation of the water balance and acid-base balance.

70 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Parameters of biochemical serum test of pigs in sarcosporidiosis

Hyperbiliremia can be associated with high hemolytic erythrocytes and, as a result, the growth of the
gallbladder in the blood serum, hypercupremia, major muscle fibrosis due to liver damage, is the result of a
high level of ceruloplasmin product. A sharp increases in the activity of transaminases. According to Y. Musil,
the liver has deep lesions before necrosis [6]. Fluctuations in the chloride content in the experimental and
control groups of animals were not observed.

Conclusions

Disruption in mineral metabolism in blood serum such as hyperdemia, hypercupremia, hypercalcemia, in
the severe stage of sarcosporidiosis of the pig; an increase in the enzymatic activity of aspartic and alanine
transaminases, alkaline and acid phosphatases is observed.

When the disease transitions into the chronic stage, the activity of AST, ALT, and alkaline phosphatase
is maintained at a high level; the amount of ionized calcium is lower than the initial one; other indicators also
are normalized.

A comparative study of the morphology of sarcocysts, cystozoites, and sporocysts under a light micro-
scope of the sarcocysts we have identified from different mammalian species shows the presence of a wide
variety of shapes and sizes of cysts, merozoites, and the structure of the cysts wall.

The size and shape of cysts depend largely on their age and degree of maturity.

The most stable diagnostic sign of Mature sarcocysts in different species of animals under a light micro-
scope is the structure of the cystic wall and the size of Mature asexual stages of development of sarcocysts-
merozoites.

The most stable diagnostic sign of mature sarcocysts in various animal species under a light microscope
is the structure of the cyst wall and the size of the mature asexual stages of development of sarcocysts —
merozoites.

According to the morphological characteristics of the cystic wall and Mature merozoites, in some cases,
it is possible to distinguish species only with the help of an electron microscope.

When determining the type of sarcosporidium, the type of intermediate and definitive host is of great
importance, along with the morphological and biological properties of the parasite.

Sarcosporidia, like other eimeriid spores, are parasites that are strictly specific to the intermediate host.

The dependence of the size of merozoites on the taxonomic affiliation of the final host was noted.

Analysis of morphological features of different types of sarcosporidia shows that the morphology of these
parasites depends largely on the taxonomic affiliation of the final host.

In sarcosporidia, the final hosts of which are predatory mammals (Fox, Korsak, cat), merozoites are large,
the wall of the cysts is thick with transverse striation, (under a light microscope).

The exception is sarcocysts from the house mouse, in which the wall of the cysts is smooth.

In sarcosporidia, the final hosts, which are birds of prey (Buzzard, owl, Kestrel), are merozoites smaller
in size, the wall of the cysts is thin, smooth without transverse striation.

The selection of probable final hosts-predatory animals for setting up experiments to clarify the develop-
ment cycle of detected sarcocysts is not an easy task, especially in wild animals.

Some help in selecting the likely final hosts of the sarcocysts under study can be provided by the regu-
larities of the dependence of morphological features on the final host.
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Capkocnopuano3 Ke3iHje MOIMKAHBIH KaH CAPbICY bIHAFbI
OMOXMMHSIIBIK KOpCceTKilTep

Capkorpicto3ap (CapKOCIIOPUINO3ap, Sarcocystoses) — OyJI KOKIMIMSIAPABIH Sarcocystis TYBICHIHA,
Sarcocystidae TyKbIMIIachIHA JKaTaThIH KaparaibIMABLIAP TyIbIPAThIH HHBA3USIIBIK aypyiap. Herisri 3usHbIH
MaJl IapyalibUIBIFbIHA TUT13eI1. ApalbIK HeldepiHiH OYIIBIK eTTepi MeH Xyperinze (ipi koHe ycak Magapa,
IIOIIKAJa) OKIIayJaHa OTBHIPBIN, MAaJIbIH apbhIKTayblHA, aHEMHSAFa, OHIMALUTIKTIH TOMEHIEYiHe KOHE TilTi
erimre okesemi. 1843 sxpuibl Hemic FampiMbl Mumtep (J.F. Miescher) yit teimkangapsiasie (Mus musculus)
OWIIIBIK €T TaJIIIBIKTapbIHAH CapKoIMcTanapasl TanTel. KeliHipek ochHaall mucranap skaHyapiIapbH 0acKa
Jla TYpJIepiHiH OYIIBIK eTTepineH Ta0buFaH. Onap apTypuli aTayaap/a cunarrana 6acTagsl: «MUIIEp KaIllIbIK-
Tape», «PEHHIIK IeHelep», «IcopocrepManapy» (SFHH, KbIIbIMa crepManapsl). 1882 xeuel Jlankectep
IIOIIKA CapKOCTIOPHIMSCHIH CHITATTAll, OJapasl Sarcocystis mischeri Jien aTajabl xaHe ocblIaiiima Sarcocystis
TYBICHI aTayhl eHri3iireH. CapKoCIOpHANO3 aypyBIHBIH KIMHAKAIBIK Oenriiepin Oalikar, aypy OYIIIBIK eTKe
aybICKaH Ke3eH/IE IIIOIIKA KaHbIH/Ia TeMIp, MBIPBILLI, JKaJIITbl )KOHE MOHIaHFaH KaJIbLIMH MeJIIepin/ie e3repicTep
GonaThIHbI aHBIKTaFaH. Makanaia KaHJarbl MUHEPaJIIbIK 3aTTap MeH (pepMeHTTep/IiH OeICeHAUTIKTepiHiH 03~
repicTepi TaJgaHFaH.

Kinm ce3dep: capkocopuan03, THIIEPCUAEPEMHUS, THIIEPKYIPEMUs, TUIIepKanbIueMus, GepMeHTTep, AUHA-
MHKa, CApKOIHCTO3, KAH CapBICYHI.

J.Y. Cekcenona, b.K. Ecumos, 3.A. UGparumoBa

buoxuMuuyeckue nmoka3areju B CbIBOPOTKE KPOBH CBHHEH IpHu CapKoCImopuano3e

CapKomucTo3bl (CapKOCHOPHUINO3BI, Sarcocystoses) — 3TO MHBA3HOHHBIC OOJIC3HH, BBI3BIBAEMBIC MPOCTEH-
IMINMH — KOKIUAMSIMU pojia Sarcocystis, cemelicTBa Sarcocystidae. OCHOBHO# ypoH 00JI€3Hb HAHOCHT JKHBOT-
HOBOJCTBY. JIOKaIn3ysCh B MBIIILAX U CEp/Ie IPOMEXKYTOUHBIX X034€B (KPYIHBIH M MEJIKUH POTaThIi CKOT,
CBUHBH), BBI3BIBAIOT UCTOILCHHE, aHEMHUIO, CHI)KEHHE MMPOAYKTHBHOCTH U Jaxke manex. B 1843 r. nemenkuit
yuaeHblit Mumep (Miescher) BepBbie omucan XapakTepHble BHY TPHUMBILICYHbIE 00pa30BaHUs B CKEICTHOH My-
CKyJaType JOMAaIIHEH MBIIIN, T0JIarasi, 4T0 3TO ObLIN CKOIUIEHHS Tapa3suTOB HEN3BECTHOM Mpupo bl Bnocnen-
CTBUM CXOJHBbIe 00pa30BaHMUs B MBIIIIAX JPYTHX KUBOTHBIX CTAIN ONMHCBHIBATHCS 0] Pa3HBIMH Ha3BaHHUSIMU:
«MHILEPOBBI MEIIOYKHY, «PEHHOBCKHUE TEJIay, KIICOPOCTIEpMHNY (T.€. YecoTouHbIe criepmun). W s B 1882 1.
JlankecTep cTai Ha3bIBaTh MX MSCHBIMU IIMCTAMHM, WM CApPKOLMCTaMH, U MPEJIOKUI JUI1 UX 0003HAuUSHUS
COOTBETCTBYIOLIEE POJOBOE Ha3BaHHEe — Sarcocystis. 3aMeTHB KJIMHHYECKUE NMPU3HAKN 3a00JIeBaHMs CapKO-
CIIOPHJIF03a, OH OOHAPYXKWII, 9TO B TIEPHO/] TIepexo/a 3a00JIeBaHNs K MBIIIIAM B KPOBH CBHHEN IPOUCXOAUT
U3MEHEHHUE COJIep)KaHus XKene3a, IIMHKA, 0OIIero ¥ HOHUPOBAHHOTO KajlbIysA. B craThe mpoaHanm3mpoBaHbI
M3MEHEHUs aKTUBHOCTH MHHEPAJIbHBIX BEIIECTB U ()ePMEHTOB B KPOBHL.

Kniouesvie cnosa: capkociopuINo3, THIIEPCHIEPEMUS, THIIEPKYIPEMHUS, THIIEPKaIbIIeMHs, HepMEHTEI, THHA-
MHKa, CApKOLIUCTO3, CBIBOPOTKA KPOBH.
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The influence of atmospheric pollution on the growth and development
of pine in the conditions of the Irtysh Semipalatinsk region

The wide range of common pine (Pinus sylvestris L.), its growth in different climatic zones and environmental
conditions led to changes in morphological differences. The object of study is a ribbon woods population of
pine (Pinus sylvestris L.) within the Irtysh region of the Semipalatinsk region. The article presents data on the
growth dynamics of annual shoots of Pinus sylvestris in conditions of various gas contamination. The compar-
ison of morphometric parameters of growth of pine shoots on three test areas, including the control area, was
carried out. The pilot site was located within the city of Semey, the area of the Silicate plant (pilot site, Semey
N 50.468442, E 80.212024) is considered the most polluted, two control areas were laid at a distance of 35 km
(control area, Kashtak village, N 50.3983, E 80.6248) and 60 km from the city along the Borodulikha highway
(control area, Borodulikha village, N 50.7336, E 80.8865). In an article describes the morphometric method of
studying trees. For quantitative estimates of anthropogenic impact on the environment, data on the growth of
woody plants are used, namely the study of the growth dynamics of annual shoots and pine needles. Based on
this, 10 model pines were selected for the study at each site, aged 25-30 years, 6-9 meters high, d 24-36. The
study of the length of the needles of experimental and control plants gave a clear characteristic of the changes
arising under the influence of industrial pollution. As for the Pinus sylvestris growing in Priirtyshye, defined
terms of the beginning, the termination, duration of visible gain.

Keywords: pine, shoots, trunk, skeletal roots, periodicity of growth, linear and radial growth, morphometric
method.

Introduction

Emissions of harmful substances are concentrated mainly in industrial areas, where factories, transport,
boilers are concentrated. Transport and thermal power plants account for a significant share of emissions in
large cities. Emissions from industrial enterprises are one of the main causes of disruption of the sustainable
functioning of ecosystems, including forests, causing their partial or complete degradation [1, 2].

In the new ecological situation plants play an important hygienic role, many plant species have the ability
to extract from the atmosphere and accumulate various toxic gaseous compounds [1, 2].

The main object for assessing the state of forests in the Semipalatinsk region is the common pine (Pinus
silvestris L). This is due to its wide range, as well as an important ecological role and economic importance.
One of the most frequently used parameters for assessing the impact of industrial pollution, diagnostics of
forest ecosystems is the morphometric method of the plant organism, since the morphological parameters of
the plant are very sensitive to changes in growing conditions.

The degree of damage to species is directly dependent on the rate of absorption of gas and the intensity
of gas exchange. Depending on the gas absorption, there are 2 types of damage, acute and chronic. Acute is
noted with short-term exposure to plants of high concentrations of phytotoxicant, chronic — at low concentra-
tions, but a long period of action [1, 2].

Pine is a qualitative bioindicator of the environment, so the choice of pine as a bioindicator is not acci-
dental. To assess the state of atmospheric air for many years (2015-2019), we use the bioindicator pine (Pinus
sylvestris L.). It is well known that it is a species that responds to pollution. This phytoindicator is widely
distributed throughout the North-Eastern part of Kazakhstan, grows both on dry sands and in conditions of
excessive humidity. In this regard, pine is a convenient object for bioindication of pollution levels in any area.
Reactions of Pinus sylvestris L. to the presence of pollutants in the air reflect the overall level of environmental
pollution with chemicals of various types. To assess the chemical load on the plant, its different characteristics
are used. The morphological approach is the most common and easiest to implement [3]. In various literature
sources as indicative signs it is recommended to use the value of the annual growth of the main shoot, the
length of the leaf blade, the size of the generative organs [4]. Morphological and anatomical characteristics of
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pine needles can also be used for indicative purposes. According to the authors, pine needles can be used as a
bioaccumulator of aerogenic pollution [5, 6]. This is due to the fact that pine needles have the ability to effec-
tively absorb pollutants, in particular, metal compounds, in the form of aerosols due to the diffusion deposition
of the latter in the cavities and air channels of the leaf blade.

Recently, data on the growth of woody plants, namely, the study of the growth dynamics of annual shoots
and pine needles, have been used more often for quantitative assessments of the anthropogenic environmental
impact [7].

Materials and methodology

Our research was aimed at understanding the nature of the growth and development of pine (Pinus syl-
vestris L.) due to air pollution. In the spring of 2019, we began a study of the growth and development of Scots
pine in the conditions of the Irtysh region of the Semipalatinsk region. The study was carried out at certain test
sites (Ne 1, 2, 3). Site Ne 1, the area of the Silicate Plant (experimental site, Semey N 50.468442, E 80.212024)
is considered the most polluted. According to the data of the stationary observation network, the level of air
pollution in the city is characterized as a high level of pollution, it is determined by the values of highest
repeatability = 21 % (high level) and ST equal to 3 (high level) for phenol in the area of post Ne 4 (343 district,
the area of the Silicate Plant 13/2) [8, 9].

Two areas (control site Ne 2, 3) were laid in a pine forest, they were located at a distance of 35 km (control
plot, the area of the village of Kashtak, N 50.3983; E 80.6248) and 60 km from the sources of pollution along
the Borodulikha highway (control plot, the area with Borodulikha, N 50.7336, E 80.8865). There are no large
industrial facilities near the control plots, therefore, these research points were chosen. There is no data on air
pollution in these areas.

For the study, we selected trees aged 25-30 years, height 6-9 meters, diameter 24-36 cm. The measure-
ment was carried out with a measuring fork (pachymeter). The measuring fork serves to measure the diameters
of the trunks of trees (Fig. 1) [10].
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Figure 1. Measuring plug (pachymeter)

It can also be used to measure the height of trees (Fig. 2). At all sites (control and experimental), the
studies were carried out on the same days.
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Figure 2. Measuring the height of a tree with a measuring fork
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The influence of gas pollution on the growth and development of pine was studied by measuring the
annual growth of shoots. For this purpose, took shoots in the middle part of the crown (repeatability 5 — fold,
and in some cases 10 — fold).

Statistical data processing was performed using the Student's t-test calculation method [11].

Experiments and discussion

Morphological analysis
A comparative study of the annual growth showed that the value of the growth of shoots in experimental
plants is less than in control plants (Table 1).

Table 1

Annual growth of shoots of common pine in the experimental and control sections
of the pine forest of the Irtysh region of the Semipalatinsk region

Annual growth of shoots, cm

Nessite Place of growth 2015 2016 2017 2018 2019
Ne 1 (experimental The area of the Silicate Plant
S Semoy N 20460442, £ 80 210024| 07208 | 9362065 | 7.6:0.1 | 76603 | 732021

The area of Borodulikha village
N 50.7336, E 80.8865
The area of the village of Kashtak
N 50.3983, E 80.6248

Ne 2 (control site) 11,5+£0,12 | 10,8+ 0,11 | 8,2+0,1 8,8+0,1 8+0,1

Ne 3 (control site) 11,5+£0,11| 10,9+0,11 | 8,4+0,1 8,7+0,12 8,7+0,1

Among the control plants, the highest growth was found in model pine trees growing on the territory of
the pine forest control area of the Borodulikha village, GPS coordinates: N 50.7336, E 80.8865 (plot hum-
ber 2). Length of annual shoot growth of trees on this site in different years varies from 8 to 11.5 cm (p <0.05)
while the second control section, the area of the village Kashtak (section Ne 3), the GPS coordinates:
N 50.3983, E 80.6248 shoot growth of trees from 8.4 to 11.5 cm (p <0.05), and the smallest shoot growth
shows experimental plot area Silicate plant, the GPS coordinates N 50.468442, E 80.212024 from 7.3 to
9.7 cm. According to the data, given in table 1, we can say that as the degree of anthropogenic load increases,
the length of the shoot of pine decreases. Thus, from the data obtained, it can be determined that the ordinary
pine has not completely lost its ability to respond to changes in external conditions, and also that the pine has
morpho-metric limits of viability, which also depend on the external load.

Terms of growth of shoots and needles of Pinus sylvestris L.

The analysis of phenological data shows that under the influence of industrial pollution of the atmosphere,
the annual growth of the pine tree is slowed down.

In the conditions of Semey of Irtysh, the growth of shoots of common pine begins on May, 10-12, and
ends in mid-July. 10-15 days after the start of shoot growth, the beginning of the growth of needles is noted.
The maximum duration of shoot growth is 64 days, needles 68 days.

A comparative study of the growth of shoots and needles by season showed that atmospheric pollution
has a certain impact on the seasonal development of vegetative organs.

The growth of shoots in experimental plants began 5-6 days later compared to the control. In addition,
we noted that the experimental plants are characterized by a reduction in the duration of growth of shoots and
needles. So have pine, growing in city of (experienced) period growth 50 days, in the same time have in control
sites 62—64 days.

When analyzing the phenological phase of pine, we noted that the experimental and control plants have
different periods of development phases. In experimental plots the phenological stage occurs at 5-6 days later
and ends by 8-9 days earlier.

The work of a number of researchers indicates the effect of gas contamination on the anatomical and
morphological structure of leaves of woody plants [1, 2].

In this regard, we conducted a quantitative and qualitative study of the morphological and anatomical
changes in the needles of common pine growing on the territory of the city of Semey (experimental plots Ne 1,
Silicate Plant area) and pine forest (control plots Ne 2, Kashtak village, Ne 3, Borodulikha village).

Needles for study were selected from year to year from the middle part of the crown, from various
branches. Studying the length of the needles of the experimental and control plants gives a rather distinct
characteristic of the changes that occur under the influence of industrial pollution (Table 2).
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Table 2
The growth dynamics of pine needles
Length of needles by years (cm) Duration of
Ne site Place of growth preservation of
2015 2016 2017 2018 2019 needles (years)
Ne 1 (experimental The area of the Silicate
siie) P Plant Semey N 50.468442, - 6,60+0,05|4,14+0,05|4,50+0,04|4,62+0,09 4
E 80.212024
The area of Borodulikha
Ne 2 (control site) village N 50.7336, 6,12+0,14(6,96+0,11| 4,3+0,04 | 5,7+0,17 | 5,5+0,18 5
E 80.8865
The area of the village of
Ne 3 (control site) Kashtak N 50.3983, 6,06+0,19(6,22+0,13| 6,72+0,6 [6,02+0,14|5,20+0,09 5
E 80.6248

A comparative study of the growth dynamics of pine needles showed that the sizes of experimental and
control plants differ significantly. The length of the needles of the experimental trees in different years varies
from 4.14 to 6.60 cm, while the trees of control area of the Borodulikha village have a length of needles from
4.3106.96 cm (p <0.05) and the second control section, the area of the village Kashtak have a length of needles
from 5.20 to 6.72 cm (p <0.05), although the climatic conditions in the growth zones of the control and exper-
imental plants were the same.

Table 2 shows that the inhibition of the growth of needles is directly dependent on the habitat, that is the
higher the air pollution, the shorter the length of needles. As for the regions under study as anthropogenic
loads, it is possible to observe the duration of survival of needles on a pine tree. Since the needles of model
pines were preserved on the experimental site only until 2016, needles were observed mainly in the trees until
2017. In the control areas, needles were preserved for up to 5 years. Some pines could be found needles in
2015. The fall of needles also shows the bio indication properties of pine.

Conclusions

Thus, a fatal decrease in the growth of shoots and needles in the conditions of the Semipalatinsk region
is observed in 2015-2019.

An analysis of the presented indicators confirms the response of individuals of common pine to anthro-
pogenic pollution: with an increase in the degree of anthropogenic load, the number of needles on the shoot
decreases with a decrease in the length of the shoot itself and the length of the needles.

Based on these data, we can talk about the presence of morphometric limits of pine viability. Here, it is
necessary to indicate that viability can be identified at different levels of the plant organism. However, we
single out the morphological limit since the actual complex of physiological reactions of the plant usually finds
its total expression in the actual growth rate, a certain orientation of which is ensured primarily by changing
external conditions.

Thus, it can be seen from the obtained data that the annual growth of shoots and pine needles in the
conditions of gas pollution in the city have not yet completely lost their ability to respond to changes in external
conditions. Obviously, if we take the path of reducing harmful emissions, then a certain part of the pine stands
can still be preserved. Conversely, if the level of pollution increases, urban pine plantations will die, certain
sections of pine forests located near the city, within a radius of 20 km, may suffer, since the strongest impact
of technogenic pollution on forest stands occurs on annual growth. Deterioration in the state of annual growth
of shoot and pine needles is a sign of instability.
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Epric 0oiibinaarsl Cemeii oHIpiHaeri K9AiMri KaparaibiH ocyi
MeH JaMyblHa aTMOC(epaJIbIK JIACTAHYAbIH dcepi

Konimri kaparaiineia (Pinus sylvestris L.) keH Tapaity aitMaFbl, OHbIH OPTYpJIi KIUMATTHIK aiiMakrapiaa xoHe
9KOJIOTHSUIBIK JKaFaaiiiapyia ecyi, OHBIH MOP(GOIOTHSIBIK albIpMaIIbUIBIKTAparsl ©3repicTepre aibl Keymi.
3eprrey obobekricine Epric GoiibiHaarsl Cemeit eHipinaeri komiMri Kaparaiineis (Pinus sylvestris L.) Tiz0exri
Kaparail MOy IIUACH AbIHFaH. Makaiazia opTYpJli ra3JaHybl )KaFJaibIHIa ©CETIH KOAIMI1 KaparaiJbIH sKbLI-
IBIK ©Cy KOPCETKITEPiHiH AMHAMUKACHI Typajbl JepeKTep KeNTipiireH. bakpuiay y4ackeciH Koca anFaHa,
YII ChIHAK alaHAapblHAa Kaparail eciMiHiH MOP(GOMETPHIBIK MapaMeTpIIepiH CABICTRIPY Kyprisired. To-
Kipuberik yuacke CeMeill KanachlHbIH IIeriHae 00iapl, CUITUKAT 3ayBITBIHBIH ayJIaHbl (TOKIPHOEIiK yJacke,
Cewmeii; N 50.468442, E 80.212024) GapsIHIla TaCTaHFaH JICT CaHABI, €Ki 0aKplIay yyackeci 35 kM (Oakpuiay
yuackeci, Kamrak aysutsl aynansl, N 50.3983, E 80.6248) xone Boposynnxa Tpaccackl OOibIHIIA KajaJaH
60 kM (bakputay yuackeci, bopomynuxa aysuiel aynansl, N 50.7336, E 80.8865) kamibIKThiKTa cambiHabL. XKy-
MBICTa aFamTap/sl 3epTTeyAiH MOPGOMETPHSUIIBIK 9IICiHIH cumaTTaMackl oepinreH. Kopmaran oprara aHTpo-
MOTeHIIK 9CepiH CaHABIK Oaraiay YIIiH aFanl oCiMIIKTEpiHiH eciMi OOMBIHINA IepeKTep MaiiianaHbUIIb, aTarl
alTKaH/a KBUIIBIK ©6CY MEH KOIIMTi KaparaiIblH KbIUIKAH JKalbIpaKTapbIHBIH 6cy cepriHiH 3epTrey. OchiFaH
OalTaHBICTHI 3epPTTEY YILIIH op yuyackeae 25—30 jxac apaibIFbIHAAFEI, OHIKTIrT 6—9 MeTp, d 24—-36 Mozaenbai oH
Kaparail TaHJan ajabiHIbL. ToxipruoOenik skoHe 6aKpUIay 6CIMIIKTEpiHIH KbUTKAHIAPBIHBIH Y3bIH/BIFBIH 3¢PTTCY
OHEPKACINTIK JIaCTaHYAbIH dCEPiHCH Maiiaa 00IaThIH ©3repiCTepIiH alKbIH cUmaTTaMachiH oepai. CoHmaii-ax,
EpTic eHipiHze eceTiH KoIiMri Kaparail YIIiH ecyaiH 6acTaiy, askTaly Mep3iMaepi )koHe KepiHeTiH eCiMHIH
Y3aKTBIFbI QHBIKTAJI/IBI.

Kinm ce30ep: xomiMri Kaparaii, eciM, IiHI€K, ©PKEH, 6Cy MEp3iMi, CBHI3BIKTHIK )KOHE paJlalibl 6CiM, KbUIKaH,
MOP(POMETPHSIIBIK dIiC.

b.3. Enbkenona, P.P. beiicenosa, H.I1I. Kapun6aera, B.B. [ToneBuk

Bausinue 3arpsizHeHnsi aTMocdepbl Ha POCT ¥ Pa3BUTHE COCHbI 00bIKHOBEHHOM
B ycjoBusixX [Ipunpreimbsa CeMUNATATHHCKOTO PeruoHa

[upokwuii apean cocHbl 00bikHOBEeHHOH (Pinus sylvestris L.), npouspacranue e€ B pasHBIX KIMMaTHYECKUX
30HaX U SKOJIOTUYECKHUX YCJIOBUAX MPUBEIIA K U3SMECHCHUSAM B MOpd)OHOFl/ILIQCKl/IX OTJINYHUAX. O6’]>eKTOM nsyde-
HHS SBIISIETCS JICHTOUHO-00pOBast MOMYJISIIUST COCHBI 00BIKHOBEHHOM Pinus sylvestris L. B npenenax [Tpuuptsi-
1165t CEMHITANAaTHHCKOTO PErioHa. B cTaThe MpUBEICHBI JaHHBIEC O JHHAMUKE POCTA TOJUYHBIX TT0OETOB COCHBI
OOBIKHOBEHHOM B YCIIOBHSIX Pa3IMYHON 3ara30BaHHOCTH Bo3yXa. [IpoBe/ieHO cpaBHEHHE MOPHOMETPHIECKUX
HapaMeTpoB IPHUPOCTa MOOETOB COCHBI Ha TpeX MPOOHBIX IUIOIIA X, BKII0Yas KOHTPOJIBHBIN y4acToK. OmbIT-
HBII y4acToK Haxonauics B yepTe ropoaa Cemes, B paiioHe CHIMKaTHOTO 3aBojia (ONBITHBIN yyacTok, Cemeii;
N 50.468442, E 80.212024), xoTopslit cunTaeTcsi HauOOIIee 3arpsI3HEHHBIM; 1B KOHTPOJIBHBIX y4acTKa ObLIH
3aJI0’KeHBI Ha PacCTOSIHUM 35 KM (KOHTPOJIBHBIN y4acTok, paiion c. Kamrak, N 50.3983, E 80.6248) u 60 xm
oT ropoma mo BopomynmuxuHCcKoM Tpacce (KOHTPONBHBIM yd4acTok, paiion c. Bopomymuxa, N 50.7336,
E 80.8865). B manHoit pabore maHO omucaHue MOP(HOMETPUIECKOTO METOIa UCCIACIOBaHMs aepeBbeB. st
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KOJIMYECTBEHHBIX OIICHOK aHTPOIOTEHHBIX BO3JEHCTBUI Ha OKPYIKAIOLIYIO CPEeLy MCIOIb30BaHbl JAHHBIE 1O
HIPUPOCTY APEBECHBIX PACTEHHH, a UMEHHO. M3yYeHHE AWHAMHKM POCTa FOAWYHBIX MOOETroB M XBOM COCHBI
0oObIkHOBEeHHOH. Mcxons u3 3TOoro, /Ui McciefoBaHus ObUIM BBIOpaHBl 10 MOIETBHBIX COCEH Ha KaXIOM
ydacTke, B Bo3pacte 25-30 1net, BeicoToi 69 M, quamerpom 24-36 cMm. M3ydeHue AMMHBEL XBOU OIBITHBIX U
KOHTPOJBHBIX PACTEHHUIT 1aJI0 OTYCTIMBYIO XapaKTePUCTUKY N3MEHEHHH, BOZHUKAIONIHX 110 BIMSIHUEM IIpO-
MBIIIUICHHOTO 3arpsi3HeHUsL. Taxoke Ul COCHBI OOBIKHOBEHHOH, pacTyIei B [IpuupThIIIbe, ONpeIeiiIn CPOKH
Hayaja, OKOHYaHUs IPOJO0JDKUTEIFHOCTH BUIIMOTO IIPAPOCTA.

Knioueswvie cnosa: cocHa OOBIKHOBEHHAsI, TOOETH, CTBOJ, CKEJIETHBIE KOPHH, IEPHOANYHOCTD POCTA, TMHEHHBII
U paJHalIbHBINA IPUPOCT, MOPHOMETPUIECKHI METOI.
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Biodegradation and bioconversion of cellulose containing waste
using bacterial and fungal consortium

In this paper, the results of study of the cellulose biodegradation using cellulolytic microorganisms are given.
Aspergillus awamori VUDT-2, Bacillus subtilis 82 and consortium consisted of named strains were used in the
enzymatic hydrolysis. Morphological features of these microorganisms were described using optical micros-
copy and by inoculation of suspensions on meat peptone agar. Initially, cellulose-degrading activity of micro-
organisms was tested in the medium containing reagent grade cellulose. The cultivation was carried out on a
shaker-incubator in 750 mL Erlenmeyer flasks at a temperature of 30 °C and a stirring speed of 200 rpm for
6 days. As a result, the consortium showed better cellulolytic activity and 49.2 % of total cellulose was degraded
in the end of the experiment. Then, the growth conditions of the consortium were optimized in terms of tem-
perature, stirring speed and the initial pH of the medium. For further experiments, the dried distillers grains
with solubles (DDGS) after alcohol production was used as a source of cellulose-containing waste. The content
of the cellulose in the DDGS is 20.78 %. Under the conditions of temperature 30 °C and the stirring speed at
200 rpm the biodegradation level of cellulose using consortium of cellulolytic microorganisms was 70.24 %
after 6 days.

Keywords: cellulose, bioconversion, biodegradation, reducing sugars, Aspergillus awamori, Bacillus subtilis.

Introduction

From the all biopolymers with carbohydrate structure, cellulose is the most common organic substance
in the world. Different natural materials such as cotton and wood are mainly constituted by cellulose. Annually,
there are more than 75 billion tonnes of this compound produced worldwide [1].

The applications of cellulose-based materials have been described in uncountable number of research
papers in the fields of manufacturing new materials and nano-composites [2—4], biomedical [5, 6], environ-
mental [7, 8], bio energy and bio ethanol production [9-11] and many other. Another application is that cellu-
lose-containing materials can be used as a source for hydrolytic production of carbohydrates.

The molecular structure of cellulose is a linear polymer chain, consisted of an hydroglucose units which
are linked with B-1,4-glucoside bonds. The number of monomeric units in the macromolecules of cellulose
can be more than many thousands [12]. Nowadays, cellulose conversion to carbohydrates is mainly conducted
using acid and enzymatic hydrolysis. Generally, acid hydrolysis is carried out using sulfuric acid or hydro-
chloric acid, while enzymatic hydrolysis is occurred by catalyzing with cellulolytic enzymes [13].

To this time, there are many microorganisms that have been described to catalyze the hydrolysis of pol-
ysaccharides. Namely, they are strains of Bacillus pumilus, Pseudomonas sp., Trichoderma reesei, Tricho-
derma harzianum, Penicilliume chinulatum, Aspergillus phoenicis, Phanerochaete chrysosporium, Aspergil-
lus niger and other. All of them are considered as producers of cellulases [14].

Various types of cellulose-containing waste after pulp and paper industry as well as secondary products
from sawmilling and wood processing, waste from agricultural crops and a countless number of wild plants
can be used as a raw material for the hydrolytic production of carbohydrates. The cost, size of reserves and the
possibility of their transportation to the area of hydrolytic production are the main criteria for the use of certain
materials.

Thus, it should be noted that if even a small part of the listed sources is converted into useful products, it
will give a very tangible and important renewable source of carbohydrates as well as starting compounds for
microbiological synthesis.

At the present work, we carried out the enzymatic hydrolysis of cellulose using bacterial consortium,
which is consisted of strains Aspergillus awamori VUDT-2 and Bacillus subtilis 82. The fraction of dried
distiller grains with soluble (DDGS) is used as a source of cellulose-containing waste.
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Materials and methods

The microbial cultures used in this study are Aspergillus awamori VUDT-2 and Bacillus subtilis 82,
which are deposited in the official collection of the Branch of RSE “National Center for Biotechnology” under
the Science Committee of Ministry of Education and Science of the Republic of Kazakhstan.

Bacillus subtilis 82 on Petri dishes with MPA forms rod-shaped colonies of white or yellowish color with
a smooth or scalloped edge and a powdery surface. It is a gram-positive, aerobic bacterium, which is repre-
sented by single or associated cells. Spores are oval and located eccentrically, mostly closer to the center.
According to the registration document, the optimum temperature for bacterial growth is 30 °C.

From morphological perspective, Aspergillus awamori VUDT-2 is a highly branched mycelium, divided
by partitions. Conidia formed by micromycetes, covered with spikes. Conidia are round shape of brown color
with a dark brown shade. On the medium with MPA, Aspergillus awamori VUDT-2 forms rounded colonies
with a diameter of 18-20 mm with a smooth white edge and the surface is folded to the edges of the colony.
The color is dark brown with an olive tint and exudate on the surface. According to the registration document,
the optimum temperature for growth of Aspergillus awamori VUDT-2 is 30 °C.

The samples of the cellulose-containing waste were obtained from malt distilling plant “Alfa Organic”
LLP in Stepnogorsk. The content of cellulose in the DDGS is 20.78 %.

Pure cellulose and anthrone reagent were purchased from Sigma-Aldrich Co. Unless otherwise stated, all
reagents were of analytical grade.

The pH was determined by the analyzer “Mettler Toledo Seven Multi S47-K”.

The concentrations of cellulose and reducing sugars were determined by anthrone method. Firstly, the
sample with cellulose was digested with concentrated sulfuric acid. Then, anthrone reagent was added and the
green color mixture was measured spectrophotometrically on Bio Mate 3S (Thermo Scientific, USA) at wave-
length A = 620 nm [15].

Method of serial dilutions was used to count the number of the colony forming units.

Cell counting of the aerobic fungi Aspergillus awamori VUDT-2 was carried out by the method described
in [16], an approximate method of serial dilutions with the calculation of the power of the number of microor-
ganisms.

The morphological, cultural properties of microorganisms were studied by inoculating suspensions on
MPA medium with incubation at 30 °C for 48 hours. Microscopic investigations were performed on an Olim-
pus 56BX microscope.

The following nutrient media were used in the experiments:

— Meat peptone broth (MPB), g/L: peptone — 10, glucose — 5, meat extract — 5, NaCl — 5, pH 7.2—
7.4.

— Meat peptone agar (MPA), g/L: peptone — 10, glucose — 5, meat extract — 5, NaCl — 5, agar — 20,
pH 7.4-7.6.

— Cellulose containing medium (CCM), g/L: cellulose — 100, peptone — 5, yeast extract — 2, MgSO, —
1, KH,PO,— 1, pH 6.2.

— DDGS medium, g/L: DDGS —150, MgSO4 — 1, KH,PO4 — 1, pH 6.

Results

Natural cellulose is an insoluble, semi crystalline polymer (Fig. 1). Polymer alignment formed its crys-
talline sections and they held together by hydrogen bonding and Van der Waals interactions [17].

OH OH

HO OH ) HO OH
o o 0 OH
0) HO OH 0

= OH n OH
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Figure 1. Chemical structure of cellulose

In nature, aerobic and anaerobic cellulolytic microorganisms degrade a major part of cellulose materials.
Enzymatic degradation of cellulose occurs in several steps. Firstly, cellobiohydrolases acts on the reducing
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and non-reducing ends and endoglucanases hydrolyze internal bonds, then b-glucosidase converts the cellobi-
ose to glucose [18].

From the literature data [19, 20], both Aspergillus awamori and Bacillus subtilis are capable for producing
cellulolytic enzymes.

At the present work, Aspergillus awamori VUDT-2 and Bacillus subtilis 82 were initially cultivated in
the MPB medium. They were used to increase the reducing sugars because of their ability for bioconversion
of cellulose. For this purpose, the inocula of Aspergillus awamori VUDT-2, Bacillus subtilis 82 and a consor-
tium composed of strains of Aspergillus awamori VUDT-2 and Bacillus subtilis 82, were added in the amount
of 10 % on the cellulose-containing medium.

The cultivation was carried out on a shaker-incubator in 750 mL Erlenmeyer flasks at a temperature of
30 °C and a stirring speed of 200 rpm for 8 days. The results of the experiment are shown in Figure 2.
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Figure 2. Bioconversion of cellulose to reducing sugars

During the experiment, in all cases, a decrease in the amount of cellulose and an increase in concentration
of reducing substances were observed. This indicates the growth of Aspergillus awamori VUDT-2 and Bacillus
subtilis 82. The number of microorganisms on the 6th day of the experiment increased to 10° CFU/ml and
began to decrease on the 7th day of the experiment to 108 CFU/ml and on day 8 was 10’ CFU/ml. Therefore,
the optimal cultivation period was 6 days.

As it can be seen from Figure 2, in the case of the microorganism Aspergillus awamori VUDT-2, the
cellulose content decreased to 58.0 g/L on day 6, and for the microorganism Bacillus subtilis 82, the decrease
in cellulose content reached 65.5 g/l on day 6. When consortium was utilized, the cellulose content decreased
to 50.8 g/L on day 6 and remained constant until the end of the experiment. The content of reducing sugars on
the 3rd day increased and reached 7.0 g/lI, 11.5 g/l and 13.63 g/l for Aspergillus awamori VUDT-2, Bacillus
subtilis 82 and a consortium of microorganisms, respectively. However, during the experiment, the content of
reducing substances was significantly reduced due to consumption by microorganisms, accordingly, the titer
of cells decreased.

Therefore, the optimal option for biodegradation of cellulose is a consortium of microorganisms consist-
ing of Aspergillus awamori VUDT-2 from Bacillus subtilis 82.

A study of the bioconversion of the cellulose-containing waste with a cellulose content of 20.78 % was
conducted. For this, a consortium of microorganisms Aspergillus awamori VUDT-2 and Bacillus subtilis 82
was inoculated into medium with DDGS. The cultivation was carried out on a shaker incubator in 750 mL
Erlenmeyer flasks at a temperature of 30 °C and a stirring speed of 200 rpm. The results of the experiment are
presented in Figure 3.

According to the data presented in Figure 3, the cellulose content of the medium with DDGS decreased
from 31.25 g/L to 9.3 g/L within 6 days. The content of reducing sugars increased in the first 3 days and
reached 4.94 g/L, however, after that the content of reducing substances decreased due to the consumption of
reducing sugars by microorganisms. On the 6™ day of the experiment, the cell titer was 108 CFU/mL. Further
incubation led to a decrease in cell titer to 106 CFU/mI, which indicates a decrease in carbohydrate sources.

As a result of the bioconversion of a sample of cellulose-containing wastes using a consortium of cellu-
lolytic microorganisms, the cellulose level decreased by 70.24 % over 6 days and did not change significantly
on days 7 and 8.
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Figure 3. Bioconversion of cellulose-containing waste into reducing sugars
using consortium of cellulolytic microorganisms

Thus, the consortium of microorganisms Aspergillus awamori VUDT-2 and Bacillus subtilis 82 is demon-
strated high capability for the biodegradation of cellulose in waste from alcohol production.

Conclusion

As a result of growth of microorganisms Aspergillus awamori VUDT-2 and Bacillus subtilis 82, as well
as a consortium on CCM, the cellulose content decreased to 58.0 g/L, 65.5 g/L and 50.8 g/L, respectively. The
optimal incubation time is 6 days. Using a consortium of microorganisms Aspergillus awamori VUDT-2 and
Bacillus subtilis 82, it was possible to lower the cellulose content in waste products of alcohol production to
70.24 % within 6 days. Furthermore, experiments will be conducted to reveal the mechanism of biodegradation
and to study the cellulolytic enzymes of these strains.
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A.E. Xacenona, E.H. Kanadpun, H.K. XKannap, B.M. llaitxyraunos, A.K. llnbaesa

BakTepusiiap MeH caHbIPayKYJ1aKTap/AblH KOHCOPIUYMBbIH NaiilajlaHa OTHIPBII,
KYPaMbIH/A 1eJJII0J103a 0ap KaJAbIKTapabl OMoaerpaaanusiay
’KOHe OMOKOHCepBaALMSIIAY

Makaiaza HeJUTI0I030MTHKAIBIK MUKPOOPTaHU3MIEP/ i MafiaaiaHa OThIPHIIL, LEJUTI0II03a OHOIer palaliusIChIH
3eprrey HoTHKenepi kenripinren. Aspergillus awamori VULT-2, Bacillus subtilis 82 sxore ocbl Mukpoopra-
HU3MJIEPJCH TYPAThIH KOHCOPIUYM KOMEriMeH (pepMEHTATUBTI THIPOIIU3 XYpTi3iired. by Mukpoopranusm-
JepiH MOp]OJIOTHsUTBIK CHIIATTaMachl MUKPOCKOIINS apKBUIBI JKOHE €T-TIENTOHABI arapra ce0y JKOJIBIMEH CH-
narTainFaH. bacTankelna MUKpOOpraHU3MIEpAiH LEUTI0N030IUTHKAIIBIK OSNICeH 1IN KypaMblHIa aHAIUTHKA-
JIBIK EJUTI0JI03a Gap opTaaa tecrinenai. Ocipy 30 °C-na xoHe apanacTeipy *KburaaMIbFsl 200 aifH/MuH 60I1-
FaH#a 6 kyH 6oiter 750 mMu DpneHMmeliep KOJIOACHIHBIH HIeHKep-HHKYOaTOpbIHAa Kyprisinren. Hotmxkecinne
KoHCOPIHYM 49,2 % IEeNTI0N03aHb!I BIIBIPATHII, KaKChI IEJITI0N030IUT OeNceHauiriH kepceTTi. OnaH api 3Kc-
MEPUMEHT YIIiH KypaMbIHa [EeIUTIOI030JIUTHKAIBIK KAIIBIKTAPAbIH K631 PeTiHIe CIUPTTEH KeifiHT1 OapIaHbIH
KaTThl (pakiuscel 6ap oprana ecipy xyprisinres. Llemmronosa kypamsr 20,78 % xypanst. 30 °C-na xoHe apa-
nacTeIpy KeurgaMAbFel 200 aitH/MuH OoNFaHIa LEIUTION03aHbIH OHOeTrpafanusicel 6 KyH OOHBI LIEJUTI0I030-
JIMTUKAJIBIK MUKPOOPraHU3M/Iep KOHCOPLUYMBIH Nainanana oTeipbin 70,24 % Kypassl.

Kinm ce30ep: GUOKOHCepBalysl, KalIblHA KeleTiH kautTap, Aspergillus awamori, Bacillus subtilis.

A.E. Xacenosna, E.H. Kanadun, H.K. Xannap, B.M. [laiixytnunos, A.K. [llu6aesa

Buoaerpananusi u 6MoKOHCepBaNUsl HEJLTHJI030COAEPKAIMX 0TX010B
C UCIOJIb30BAHNEM KOHCOPUMYMA U3 0aKkTepuii U rpudoB

B cratse npuBeeHb! pe3ynbTaThl HCCIIEA0BAHMS OHO IETpalalliy IEJUTION03BI C UCTIOTb30BAHIEM IIEIITION030-
JMUTHYECKHX MHUKPOOPraHu3moB. [IpoBeneH (¢epmeHTaTHBHBIA ruaponn3 ¢ nomompio Aspergillus awamori
VUDT-2, Bacillus subtilis 82 u koHcopIimyMa, cOCTOSIIIIEro U3 ITHX K& MUKpOOprann3MoB. Mopdooruueckast
XapaKTepHCTHKA JAaHHBIX MUKPOOPTaHM3MOB ObUIa ONHKCAaHA C MOMOIIBI0 MUKPOCKOIHMU M IMyTEeM 3aceBa Ha
MSICO-TIETITOHHBIN arap. BHadase NeIroI030JUTHYECKYI0 aKTHBHOCTh MHKPOOPTaHW3MOB TECTHPOBAIN B
cpere, cozepiKalllell aHATUTHYECKYIO Le/uTionioly. KyabTHBHpOBaHHE NMPOBOAWIIM B IleHKepe-HHKyOaTtope B
Kos6ax Dpnenmeiipa Ha 750 mu npu Temneparype 30 °C u ckopoctu nepemernBanus 200 00/MHUH B TeUCHHE
6 nueil. B pesynprare KoHCOpIUYM pa3noxui 49,2 % Iemtono3s! ¥ MOKa3all JIyYIIyo HeJUTI0I030INTHIECKY IO
aKTUBHOCTG. J{JI manbHeHIero SKCIepuMeHTa ObIIO MPOBEAEHO KyJIFTHBHPOBAHUE Ha CpeJie, CoAepIKaIlei
OTXOJIBI TBEPOH (ppakiy mocaecIpTOoBON Gap/bl B KA4eCTBE HCTOYHHKA [EUIIOI030JIUTHIECKUX OTXOJIOB.
Conepxanne memmono3sl coctaBmio 20,78 %. Ilpu Ttemmeparype 30 °C m CKOpPOCTH HepeMENINBaHUS
200 o6/mMuH GHoeTpamaIys 1e/uT0I03sl coctaBuna 70,24 % B TeueHue 6 THEH C UCTTOIB30BAHUEM KOHCOPIIU-
yMa [EJUTION030IUTHIECKUX MUKPOOPTaHH3MOB.

Kniouesvle cnosa: Uemnonosa, OHOKOHCepBalus, peayuupyromue caxapa, Aspergillus awamori, Bacillus
subtilis.
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Determination of Helicobacter pylori by ELISA: single-center experience

Identifying the causes of helicobacteriosis, their timely diagnosis, and the choice of the correct treatment tactic
will help improve the population health and increase life expectancy. This article is devoted to studying the
presence of Helicobacter pylori antigens in the blood plasma of patients living in the Zhezkazgan city. The aim
of the project is to determine the distribution of Helicobacter pylori by ELISA method. The result of our re-
search shows that the presence of antibodies to Helicobacter pylori was found in 20 blood plasma samples from
45 analyzed, which is 44.45% from overall samples number. The majority of positive results among
Zhezkazgan city residents were detected in female samples (54.5 %), then in male (34.7 %) while in two pre-
vious studies the prevalence of positive results was in men or identical percentages in men and women. The
most of positive results were detected in the residents at the age from 0 to 18 (50 %) and at the age who over
60 (66.6 %). The results identified that in Zhezkazgan city the Helicobacter pylori infection prevailed in the
category of preschoolers and scholars and also among the old people, while the working population has the
lower positive results (39.2 %).

Keywords: Helicobacter pylori, distribution, ELISA, antibody.

Introduction

Conducting a study on the presence of infectious disease pathogens such as Helicobacter pylori (HP) in
Kazakhstan is becoming an increasingly relevant topic. HP pathogen is one of the most serious problems of
gastroenterology due to the fact, that the prevalence of HP infection is progressively increasing, the disease is
increasingly detected in people of young working age, as well as the fact that the microorganism is recognized
as a first-order carcinogen. Consequently, the development of algorithms for early and accurate diagnosis of
HP pathogens will improve the quality of treatment and follow-up of this category of patients. As well, more
and more attention is being paid to the problem of re-infection, in connection with which it is necessary to
clarify the timing of the control tests for HP to differentiate the re-infection and the failure of eradication
therapy. HP is a helical gram-negative, microaerophilic bacterium that infects the areas of the stomach and
duodenum [1-3]. For the last twenty five years, HP has been at the center of attention of scientists and gastro-
enterologists of the world. According to A.S. Bazhikova Kazakhstan belongs to countries with a high level of
infection with HP — from 67.5 to 92 %, therefore, the solution of the issues of prevention and eradication of
HP infection. It is an urgent medical and biological task for the country. For comparison, in Russia, the infec-
tion of the adult population ranges from 50 to 80 %, and in some regions it approaches 100 %. In Almaty,
among adults with chronic gastritis, HP infection was 70 %, among adolescents — 60 %, HP-associated peptic
ulcer disease in adults was found in 90 %, in adolescents — 98 %, HP etiology had 90 % of cases of duodenal
ulcer disease intestines and 70 % of gastric ulcer. If in the southern region CagA-positive strains of HP were
detected in 49.5 %, in the western region, Cag-A infected with HP were detected in 83 % of patients [4].
Unfortunately, there is no data on the frequency of infection with cytotoxic strains among ethnic populations
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and indigenous people of Kazakhstan. The aim of the project is to determine the distribution of HP in
Zhezkazgan city by ELISA method.

Research materials and methods

For detection of Helicobacter pylori by ELISA method human blood plasma of residents who applied to
the “Zhezkazgan medical center” were used. Blood plasma samples were isolated by centrifuging 2300 rpm
for 15 minutes. ELISA was carried out by using “Helicobacter pylori-CagA-antibodies-ELISA-BEST” reagent
set (Vector-best, Russia). Optical density was measured on a spectrophotometer (BIO-RAD). The results of
the analysis were checked through the analyzer and sent to the laboratory information system.

Research results and their discussion

In order to study the prevalence of Helicobacter pylori in the Zhezkazgan city, we determined the pres-
ence of antibodies to these pathogens in the blood plasma of residents who applied to the “Zhezkazgan Medical
Center” within 2 months from March 4 to April 27, 2019.A total number of tested samples for HP were 45,
from which 23 belong to men and 22 to women. The average age was 33.9+18 years old. 14 people of 45 tested
were at the age from 0 to 19, 28 — at the age from 19 to 60 and 3 — at the age of over 60 years old (Table 1).

Table 1

Patients’ characteristics and results of the analysis

No Age Sex Helicoba_cter Ne | Age | Sex Helicoba_cter
pylori pylori
1 67 F + 24 57 M —
2 44 M + 25 40 F —
3 12 M + 26 65 M +
4 29 F + 27 12 M —
5 4 F + 28 51 F —
6 46 F + 29 31 F —
7 44 F + 30 54 M —
8 20 F — 31 20 M —
9 32 M + 32 | 15 F +
10 49 F + 33 | 47 M
11 27 M — 34 14 F _
12 18 F — 35 27 M —
13 49 M - 36 16 F +
14 16 F — 37 14 M +
15 47 F - 38 54 M -
16 40 F + 39 55 M -
17 15 M — 40 70 F —
18 13 F + 41 12 M —
19 25 M — 42 16 F —
20 37 M + 43 59 F +
21 34 M + 44 51 M —
22 21 F - 45 45 M +
23 11 M +

Helicobacter pylori was found in 20 plasma samples from 45 analyzed, which are 44,45 % from overall
samples number. This was 23 cases per 100,000 people. Our result was similar with the analogical study in the
southern region of Kazakhstan where positive results were detected in 49.5 % of tested samples, while in the
western region of Kazakhstan positive results were detected in 83 % of samples [4]. In Atyrau city HP was
detected in all patients (100 %) who applied to medical center Ne 1 [5].

Further studies suggested determining the prevalence of this pathogen among men and women.

The positive results on the presence of HP infection was determined in 8 men blood of 23 tested (34,7 %)
and in12 women blood of 22 tested (54,5 %). According to our result the majority of positive results were
detected in female samples.

Our result were different from the result received from the study conducted in the southern region of our
country where the prevalence of Helicobacter pylori showed the similar percentages of positive result among
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males and females for 2001 and the prevalence of positive result in middle-aged men (41.0 % of cases) than
in women of the same age (24.5 %) for 2011 [6].

Further results suggested the determination of the prevalence of this pathogenin the different age catego-
ries. We divided all residents in three age categories: children, workers, and old people.lt has been tested 14
people at the age from 0 to 18 years, 28 people at the age from 19 to 60 years and 3 people over 60 years
old.The results are presented in figure.

Our study showed that 7 of all tested samples were with positive results in the residents at the age category
from 0 to 18 which is 50 %, 11 positive results — at the age category from 19 to 60 which is 39.2 % and 2
positive results — over 60 years old which is 66.6 %.

The results received in our study were different from the result of the study conducted in the southern
region of Kazakhstan where the prevalence of HP was found in the age group from 10 to 19 years (67 %) and
in the age group from 49 to 59 years (93 %) [6].

Our study showed that 7 of all tested samples were with positive results in the residents at the age category
from 0 to 18 which is 50 %, 11 positive results — at the age category from 19 to 60 which is 39.2 % and 2
positive results — over 60 years old which is 66.6 % (Fig. 1).

80+
60+
40+

204

Positive results (%)

0-18 19-60 over 60
years old

Figure 1. Positive results of Helicobacter pylori determination in different age categories

The results received in our study were different from the result of the study conducted in the southern
region of Kazakhstan where the prevalence of HP was found in the age group from 10 to 19 years (67 %) and
in the age group from 49 to 59 years (93 %) [6].

The results of our researches showed that in Zhezkazgan city the HP infection prevailed in the age cate-
gory from 0 to 18 and among the old people, while the working population has the lower positive results.

The prevalence of this infection in children category is the big problem, because if it is left untreated, the
bacteriumlives in the body indefinitely, which lead to the gastric and duodenal ulcers, gastritis, duodenitisor
even stomach cancer in adult age. Incidence of Helicobacter pylori infections in children from 2 to 8 years in
developing countries is 10 % per year and reaches almost 100 % of adult age [6].

In addition to age, an important factor in Helicobacter pylori is the socioeconomic position. Low socio-
economic status of the population causes the higher risk of infection.

Conclusion

So, the result of our research shows that the presence of antibodies to Helicobacter pylori was found in
20 blood plasma samples from 45 analyzed, which is 44.45 % from overall samples number. The data of our
study show the similarity of total positive results with the southern region of our country.

For the detection of Helicobacter pylori were tested 23 men and 8 of them showed positive results
(34.7 %) and 22 women and 12 of them showed positive results (54.5 %).The majority of positive results
among Zhezkazgan city residents were detected in female samples, while in two previous studies the preva-
lence of positive results were in men or identical percentages in men and women.

Additionally, our study showed that most of positive results were detected in the residents at the age from
0 to 18 (50 %) and at the age who over 60 (66.6 %). The results identified that in Zhezkazgan city the Helico-
bacter pylori infection prevailed in the category of preschoolers and scholars and also among the old people,
while the working population has the lower positive results.
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JLY. Bakpit, A.I'. Kymuna
HN®A anpicimen Helicobacter pylori anbikTay: 6ip opTanbIKTBIH TIKipnodeci

XenmnkoOaKTepHO3IbIH Maiiia 601y ceOenTepiH aHbIKTay, OJIapAbl YaKTBUIBI TUarHOCTUKANIAY JKOHE eMACYIiH
JYPBIC TAKTUKACHIH TaHAAY XaJbIKTBIH JCHCAYJIBIFBIH )KaKCapTyFa jKOHE OMip CYPY Y3aKThIFbIH apTTBIPYFa Ke-
MekTeceai. Makaia JKe3KasraH KaqachlH/Ia TYpaThIH HayKacTapIbiH KaH Iuiasmackinaa Helicobacter pylori-re
aHTHICHENepIiH 00JybIH 3epTTeyre apHanraH. XKobansiH Makcatsl MDA onicimen Helicobacter pylori Tapa-
JIyBIH aHbIKTay GOJibI Tabbutagsl. Bi3miH 3epTreynepimizain HoTmKenepi kepcerkenaeit, Helicobacter pylori
aHTHUJICHeJIepiHiH 00JyBI capanTanraH 45 KaH m1a3MackiHbIH 20 YITICIHAE aHBIKTaFaH, OyJ1 YT Iep IiH JKaJiibl
CaHbIHBIH 44,45 %-bIH Kypaiinsl. JKe3ka3raH KaaachIHbIH TYPFBIHIAPHI apAChIHIA OH HOTHKEIEP IiH KOTIILIIr
epiaep ToObIHa Kaparauna (34,7 %) oliennepaid chiHamanapbiaaa (54,5 %) aHBIKTaIAbI, T AIBIHFBI €Ki 3¢pT-
TeyJepae OH HOTWXKENepaiH OachkiM 0eJiri ep amamaapra Hemece dWenzep MeH epkekTepae Oipaeit OonraH.
Koraper on HoTIOKeNep 0—18 xac apanbiFsiHAars! (50 %) xoHe 60 xactan ackaH (66,6 %) TypFhIHAApAA AaHBIK-
tanrad. Horwkecinne Xeskasran kanaceinga Helicobacter pylori skykmacer Mexrenke jeifinri 6ananap MeH
OKYWIBLIap, COHMAl-aK KapT agaMaap apachlHAa 6acbiM OOJIEI, all eHOCKKe KAaOIeTTi XanbIKThIH OH HOTHKE-
nepi (39,2 %) TemMeH O0JIbL.

Kinm ce30ep: Helicobacter pylori, Tapanysi, UDA, anTHICHE.

JLT. bakeit, A.I'. )Kymuna

Onpeneaenne Helicobacter pylori meromom UMA: onibIT OTHOTO IIEHTPA

BeIsiBieHne NPUYMH BOZHUKHOBEHHUS XEIMKOOAKTEpHO3a, CBOEBPEMEHHAs MX AMAarHOCTHUKA M BBIOOP NMPaBHUIIb-
HOM TaKTHKHM JICYEHHUS CIIOCOOCTBYIOT YITy4LICHUIO 370POBbS HACETICHUS U YBEITMYCHUIO IIPOIOKUTEIBHOCTH
sKu3HU. JlaHHAsI CTaThs MOCBAIIEHA H3yUeHnIo Hamn4aus antuten k Helicobacter pylori B ma3me kpoBu 60116~
HBIX, OpoXuBaromux B T. JKeskasrane. Lledblo NpoeKTa SBISETCS ONpPEACNICHHE PaclpOCTPaHEHHs
Helicobacter pylori merogom U®A. Pe3ynprarsl HAlIMX KCCICIOBAHUI MOKA3AIH, YTO HAIHYHE AHTHTEN K
Helicobacter pylori 66110 06HapyxeHo B 20 o6pa3iax mia3mMbl KpoBH U3 45 MpoaHAIH3UPOBAHHBIX, YTO CO-
craBisieT 44,45 % oT 001ero KouMyecTBa 00pa3oB. BONBIIMHCTBO MOJIOKHUTENBHBIX PE3yJIBTATOB CPEIH KHU-
Tenei T. JKe3kasrana ObUIO BBISBIEHO B )KEHCKUX BbIOOpKax (54,5 %), yuem B Myxckux (34,7 %), B TO Bpems,
KaK B JBYX MPEABIIYIINX UCCIIETOBAHUIX, 3aMETHO NpeodiiajaHue MOJ0KUTEIbHBIX Pe3yJIbTaTOB y MY>K4NH
WM HAaOJTI0IaIMCh OIMHAKOBBIC MTPOLIEHTH! Y MY)KYHH M JKeHIMH. HanOoJIbIIme MonoXuTeNIbHbIE Pe3yIIbTaThl
ObUTH BBISIBIICHBI Y skuTeNei B Bo3pacte oT 0 1o 18 net (50 %) u B Bo3pacte crapiie 60 set (66,6 %). Kpome
toro, B I. XKe3kasrane ungexuust Helicobacter pylori 6pu1a mupoko pacnpoctpaHeHa B KATErOPHHU JOIIKOIb-
HHMKOB ¥ LIKOJGHHUKOB, a TAKXE CPE/H MOXKUIBIX JIFOJCi, B TO BpeMs KaK y TPYAOCIIOCOOHOTO HACENeHHs HO-
JIOKHUTENbHBIE Pe3ybTaThl ObuTH HIKE (39,2 %).

Knrouesvie cnosa: Helicobacter pylori, pactnpoctpanenue, MDA, anturena.
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Okmay/IaHFaH renaToUMTTEPAIH KACYIIAJIBIK TOMEOCTA3bIH
caKkrayaa ayroarusiHbIH poJii

Makasnazna oKllayJaHFaH TenaToOLUTTEPAIH YIbTPaKypbUIBIMABIK YHBIMBI 36PTTEIreH JKOHE OJIapJIbIH 6CY AHu-
HaMHKACBIH/IAFbl )KACYIIAINIIIIK ©3TepiCTep/IiH CUNIaTHl aHBIKTaNFaH. HaTUBTIK KacueTTepi caKTajFaH remnaro-
LOUTTEPl ©cipy SAICIH a3ipiey, OpTYPIIi CHIPTKBI (PaKTOPIapIbIH, XUMHSIIBIK KOCBUIBICTAPIBIH XKOHE KaHa J10-
piIiK IpenapaTTapIblH renaTOTOKCUKAIIBIK dCepIIepiH 3epTTey YIIiH jkKoHe OaybIp/IbIH TYKBIM KyaJaHThIH He-
Mece TepMUHAIIBI aypyJapblH eMAey/e JKacylanblK TPaHCIUIAHTAIMSHEL J)KYPri3yre MyMKIHIIK OepeTiH Ka-
JKETTUIriMEH aHbIKTaBl. bacTamkel renaTtoruTIepal ecipy yiriiepi 6ayblp MeTabOJIHM3MIH, CeKpEIUsIChIH
JKOHE pereHepanysiChIH 3epTTey YIUiH KOIIaHbUIAABL. bacTamkel remaronurTepi ocipy CTaHAapTThl KOPEKTIK
opTaja JKYpri3iireH, ajl ecy JHHAMHKACHI aFbIHIbI UTO(IYOPUMETPHS, XKAPBIK HKOHE IEKTPOHIBI MUKPOC-
KOTTap apKbUIBI 3epTTenreH. CTaHAapTTHI KOPEKTIK OpPTaja ecipiireH 0acTamKbl remaTOUUTTEP Il 3epTTey Ho-
TH)KECIHJIE, TeNaTOIUTTEPAETi 6a3anbbl ayTOParusTHHBIH KOFapbUIAY bl TIIUKO(parus MeH MUToQarus TypiHae
KepiHic Oepri. AyTrodarus cTaHAapTTH OCIPIITeH XKaFaaiia OKIIayJIaHFaH renaTOMUTTEPIiH KacyIIalbIK TO-
MEOCTAa3bIH CaKTayFa MyMKIHIIK Oepei.

Kinm ce30ep: oKlayllaHFaH renaToLUTTEp, Oa3anbbl ayTodaris, xKacyIaiblK UKL

Kipicne

CoHFBI yaKpITTa 0aCTaIIKbl TeMaTOUUTTED KacyIAIapbIH ocipy O0aybIpJblH TYKbIM KyaJalThIH HeMece
TEPMUHAIIBIK aypyJIapblH eMJICy Ie TPAHCIUTAHTALNS JKYPri3y KaXeTTUIIr TybIHIayblHA OaiIaHbICThI Kapac-
TeIpbUTy /A [1]. BaybIpbIH epeKIIeniri - maToJorusIbIK (akTopiaap *KOUFaHHAH KEHiH, OaybIpIbIH KAJTBIITHI
KYPBUTBIMBIHBIH KaJlibiHA Keyi [2]. Baybipia kenrereH (GyHKIMsIIapIbl — MapeHXUMATO3/bl JKacyanap He-
Mece TeNaToluTTep aTKapaabl [3]. baysIp/blH napeHXuMaTo3bl Kacymackl — IelaTOUUT KYpAei, dHepre-
TUKAQJIBIK KAPKBIH/IbI, MOJIIPU3AIUSIIAHFAH STUTEIHANBIBI Kacyimanap 0obin Tadbbuiansl [1]. Tenarouutrep
pereHepanus Ke3iH/e ar3aHblH TIPIILUIITIH KaMTaMachl3 eTeTiH OaybIpblH MaHbI3Abl (DYHKIIUAIAPBIH CaKTal
otbIpbin, 1000-HaH acTaM reHaep Il SKCIpeCcCustan s [4].

baybip MeTaboIM3M MEH 3alaJIChI3IAHIBIPYABIH OPTABIK OpraHbl OOJBIN TAOBUIATHIHBIKTAH, OKIIIAY-
JIQHFaH renaTonUTTep NOPLTIK mpenapaTTapasiH hapMaKoJOTHSIIBIK XKOHE TOKCUKOJIOTHSIIBIK PeakIusIapbiH
aHBIKTAy YIIiH YIri peTiHae naimaanansuiaas! [S5]. CoHbIMEH KaTap, 0acTanKbl TemaTolUTTEP Il OCIpyaiH OH-
TaIIBI 9JTici MEH THIMALIITIH aHBIKTay Macelienepi cakraitya [6].

JKacymrainminik Hemece JKacyIiajaH ThIC MUKPOOPTaHbIH 63repyi karaaibiH/ia xKacyanapplH roMeoc-
Ta3blH CaKTay MEXaHN3Mi ayTodarus 00JIbIN TaObUIaTHIHBI Oeriii [7]. AyTodarusiblk MEXaHU3M JKacyllaiaH
ThIC MUKPOOPTaHBIH METa0OIHUKAJIBIK ©3repiCTepiHe OTe ce3IMTAall KOHE CTPECTIK JKaFJaiaapabl *KeHy YIIiH
Oeliimaenren ayTodarusuiblk ayar MaHbI3Ibl Oomaasl [8]. AyTodarus *oHe anonTo3 — jKacylIailIiiK exi
Kapama-Kapchl ypaic. AyTodarus — jxacymaHblH TIPIIUIITiH caKkTal Kaiy Tocim [9], an anonto3 — acyia-
HBIH XOWBLTY TYpiHiH Oipi [10]. AyTodarus xacymaiblk TOMEOCTa3 bl CaKTay XKoHE YHEPTHUs OHJIIPyTe apHa-
FaH cyOcTparTapAbl KAMTaMachl3 €TEeTiH JIM30COMaIapAarbl JyPhIC OpalMaraH aKybl3ap MEH 3aKbIMIaiFaH
LUTOIIa3MaJIBIK KOMIOHEHTTEPAIH TO3Y XOJbIH Olnmipeni [11].

3epmmey sicymbicbinbly MaKcamvl — OKIIAyJIaHFaH TeaTONUTTEP IiH UTOIUIA3MACHIHIAFbl Oa3alIbIbl
ayTodarusiHel, OJap/bl 6Cipy AMHAMHKACHIHIA 3€PTTEY.

3epmmey mamepuanoapwl dxcamne a0icmepi
T'enamoyummepoi Oonin any ocone ocipy. 3epTrey OacTalKbl O©CIPUINeH I'eMaTOMUTTEPAC KYPri3iii.

Canmarsr 180—200 r. Bucrap canachlHIarbl aTajiblK ereyKyHpbiKTapasiH remarorurrepi 0,03 % konnareHasa

90 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



OKLIJayJ'IaHFaH renaTou,vlTTep,u,iH XacyuwanblKk roMeoCTasblH ...

epitinzicid («ICN Biomedicals, Inc», AKIL) naiinanana oTBIphIN, pEUUPKYIATOPIB (PepMEHTATHBTI epdy-
37T 9ICIH KOJIAHbIT, Au(depeHnanis IeHTprudyranay apKbuIbl MapSHXUMIBUTBIK eMec xKacyInaaapaad 6e-
JHIT aneIHABL. XKacymanapablH TIpIIUTiK Y3aKTRIFR TPUTIAHIBI KOKTI («Servay, I 'epManus) xacymranap Kypa-
MBIHAH HIBIFApy oficiMeH OaraiaH/pl. DKCIIEPUMEHTKE TipIIUIiK y3akThIFbl 90 %-1aH KeM eMec jkacymianap
aBIHBL AJIBIHFaH JKacyanapas KoHneHTpanusacsl 10-10% sxacymma/olbIK KOUTareHMEH kKaObUIFaH 6-0MbIFbI
0ap mianmerrepre (Corning) oThIpreI3bULALL ['ematorurTep Keneci Kopektik opraga RPMI-1640 (Gibco,
AKI), pH 7,4, kypambiaaa 10 % cusipasiy sMOopuoHanasl capeicysl (Gibco, AKI), 100 6ip:r./mn neHULnI-
yuH, 50 MKT/MJ TeHTaMUIIMH CTaHAAPTTHI karnainapaa (5 % CO2, 37 °C temneparypana xoue 95 % burrai-
IBUTBIKTA) ©CIpLIIi.

Ocipinemin cenamoyummepoil HcACyuanblK YUKIblH 6azaiay. OCipiiareH renaTouTTepiH )KacyIaTbIK
UUKIBIH Tanaay yuid [Iponuaunii ionuainin (PI) natepkanudpneymi dayopecuentti 6ostrpin JJHK konpany
apKbUIBI, aFBIHABI TUTO(IyopruMeTpurs dici Konnausuiabl. JKacymanap 1, 24 sxoHe 48 carat 00iibI ecipini.
Kacymanapae! mractukred any yiiH TrypLE pearentri (Gibco, AKI) maiimanansuinel, neHTpudyramaymMeH
xacymianap TyHbIn, Gocdartei-Ty3asel 0ydepmen (PBS) sxybuinst sxxone my3nateuiran 70 % 3TaHonMeH Oeki-
tinai. AHK skcrpakuusice! ymiH OydepMer HHKyOanusaaH KeliH )kacymanap KaiTanaH HeHTpu(yraiaHbIn
xoHe PBS-nien xysuiael. [ponunnit ionuaimen 6osurran sxacymanap CytoFlexS (Beckman Coulter, AKII)
aFBIHJBI TUTO(IYOPUMETPMEH TaIJAHIBL.

Tpancmuccusanvly, 31eKmpoHObl Mukpockon. ['enaToONUTTEpAiH yIbTPaKYPBUIBIMIBIK YHBIMIACTHIPHI-
JYBIH 3epTTey YLIiH XeHKC OpTachlHAa JaibiHaanran napadopmansaeruaTiy 4 % epitingicinge skacymiana-
PBIHBIH Oenrini Menmiepi ¢huKcanusuIaHabl, onaH kehin 1 carat imiHnme docdarter 6ydepne (pH=7,4) 1%
OsO4 epitinaicinae Tarbl Ja QUKCAIUS KYPTi3Uii, AeTHIpaTallsIHbl STHI CIUPTIHIH YJIFal0 KOHIEHTpalus-
CBIHJA XKYPTi3in, smonmeH (Serva, ['epmanwust) kanTanapl. KanbrHaerer 1 MKM OONATBIH JKapThUTAN JKiHIIIKE
keciaginep Leica EM UC7 (Leica Microsystems, ['epmaHusi) yIbTpaMHKPOTOMBIHIA JalbIHIAI/BI, TOTYH-
JOUHJI KeKieH Oosutbl, cayneni mukpockon «LEICA DME» (Leica Microsystems, ['epmaHust) apKbLUIBI 3€pT-
tenai. Kaneiaeirer 70-100 HM G0JaThIH yIBTPaXIHIIIKE KECIHAIEPAl CYIbI epiTiHAiAe KaHBIKKAH YpPaHUII-
areTar ’kKoHe KOPFAChIH IUTPAaTHIMEH KOHTPACTBUIBIFBIH KENTIpIM, 3IeKTpoHab Mukpockomnmned JEM 1010
(JEOL, XKarmoHnwust) 3epTTeii.

Mopgomempus osicone cmamucmuxanvl manimemmepoi enoey. MopdomeTpusiblk Tanmay Imagel
(Wayne Rasband, AKIII) xommnbproTepik OarmapiaMaHblH KeOMETiMEH Xyprisiinmi. ['enmarorurrepnain sipo-
Japbl MEH HUTOIIa3MaChIHBIH IMaMETPi, SApoJiap MEH HUTOIUIa3MaHbIH KeJIeMi )KOHE S/IPOJIBIK-IIUTOILIa3Ma-
JIBIK apaKaTbIHACKI aHBIKTANBI. JKacymaiiniinik opraHeuianap e KOHIIeHTpanusicbiH 500 HYKTeIeH TYpaThiH
#aObIK TecT )KyHeciH maiaanana oTeipbin, X30000 yraiiran ke3ne O6arananapl. OpTama MoH (M) )koHE CTaH-
naptThl ayeITKy (SD) Microsoft Excel (Microsoft, AKIII) 6armapimaMaibIk )kacakTaMachlH Maiiiajgany apKbLIbl
ecenTtesi. 3epTTEICSTIH MapaMeTpiiep apachliHaarbl albIPMAIIbUTBIKTAPABIH aHBIKTRIFBL 95 % (P<0,05) cenim-
nimik aenreiinge U-kputepus ManHa-YUTHH KOPCETKIIIIH KOJaHy apKbuisl Statistica 6.0 (StatSoft, AKLL)
OarapiamMaiblK KAMTaMachl3 €Ty KOMETiMeH aHBIKTaJIIbI.

3epmmey Hamudicenepi dicone OHbl Maioay

OkayjiaHFaH IermaToUTTep Il ocipy Ke3inae 48 carar iliHe jKacylanapablH a0COIMIOTTIK KOJIEMiHiH
OipTiHzen TeMeHAereHI OaiiKanmel. OCIPINTeH TENmaTOUTTEp >KACYIIAChIHBIH Keyemi 24 caraTTaH KeHiH
57 %-ra xeMifi, an 48 carartan keiiH 76 %-ra kemini, | carat eTKeHIeT1 Kacyanap KeJeMiMeH CalbICThIP-
raHga. bys perTe remaTtouuTTep SAPONAPBIHBIH A0COMIOTTIK KOJIeMi HaKTHl ©3repreH JKOK. SIAposbIK-1iuTO-
TuIa3MabIK apakaTbiHac 24 caraTTaH KeifiH 2 ece, 48 carartaH keitin 4 ece aptthl (1 A-b cyper). Jlemek, ecipy
MPOLIECiHAE TeNaTOUUTTEP KeJIEMiHIH TOMEH Y], JKacyanap/blH HUTOIUIa3MaChIHBIH KOJIEMIIK YJIeCiHiH To-
MeH/Ieyl eceOiHeH XKYP/Ii.

JKacymanbIk UKl OaFaiay CTaHAapTThl KOPEKTIK OpTaaa ecipy kesinae 24 cararran keiin GO/G1-ae
renaToOUUTTEPAiH TOKTaybIH KOpCeTTi. 48 caraT imIiHae 3epTTey alonTo3 CaThICHIHIAFbI Kacylanap HaibI3bl-
HBIH KOTEpiIMEreHiH, TenaTouuTTep ©3/ACPiHiH TIPIIUIIK Y3aKThIFbIH CAKTall KAJIFaHbIH alKbIHIABI (2-CypeT).

lenaTonutTepiH yIbTPaKYPhUIBIMIIBIK YHBIMIACYBIH 3epTTey e 24 CaraTThIK OCIpyACH KelliH remnaro-
LUTTEPIiH HUTOIIa3MachlHAa TadaKma Topi3al TIMKOreHAep MeH HUToIuIa3Ma (hparMeHTTepinae ayrodaro-
comanap (3A cyper) *oHe illiHapa TO3FaH MaTePHAIMEH ayTOJIM30COM aHBIKTaI B (30 cyper).

Erep 24 caraTTsIK ecipyjieH Keliin ayTodarocoM KypaMbIHIa IIIMKOTEHHIH TYHipIIiKTepi 6alikanca, oHIa
TeraToMUTTEP/IH YIbTPaKyphUIBIMIAPEIH 48 caraTTaH KeWiH 3epTTey Ke3iHJe IMTOoIIa3Ma KOHE MHTOXOH-
ApusiHBIH (pparmeHTTepi 6ap ayrodarocomanap ansikranasl (3b, B cyper). MutoxoHapusuiap TyHipuIikTi 2H-
JIOTUTa3MabIK PETHKYIIYM IUCTEepHANapbiMeH sui Kopmairad (3I° cyper). CoHbIMEH KaTap, MUTOXOH/IPHS-
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JapAarbl KpUCTajiap KYPBUIBIMBIHBIH OY3bITY JKOHE BIABIPAIl-Oy3bUTyAbIH 9PTYpPJIi CaThICBIHAAFEl MeMOpaHa-
JIBIK KYPBUIBIMAAPIBIH KOCBIIYBIMEH ayTOJIM30COMAaJIapAbIH CaHbIHbIH XKOFapbuIaybl Oaiikannel (3] cyper).
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A, ©, F— 1, 24 xone 48 caraTTaH KeliiH, FelaTOIUTTEPAl COUKECIHIIIE Ocipy.
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2-cyper. 'enarouutrepi CTaHIAPTThI KOPEKTIK OpTaja ecipy Ke3iHae
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Apoptosis

l'emaTouuTTepAiH yIbTPaKYpBUIBIMIBIK YHbIMIacyblHa 48 caraT imriHIe MOp(OMETPUSUIBIK 3epTTey
KYPri3y, 6CipilirTeH renatounuTTep/ie MUKOTeHHIH )KOHE MUTOXOHIPHUSIHBIH KOJIEMIIK THIFBI3IBIFE 84 % KoHe
27 % (p<0,05) coiixec TemenereHin kepcetTi (1-kecre). by perre, ayrodarocom xoHe ayTOTU30COMHBIH
KeJeMIIiK THIFBBABIFEI 50 % xone 7 ecere (p<0,05), coiikec apTThI (1-Kecte).

l-xecrte
I'enaTouuTTepai ecipy AMHAMUKACBIHAAFBI MOP(OMeTPUSIHBIH HITH:Keaepi (M£SD)
[Mapamerpnepi Icarar 24 carat 48 carat

I'enarorurrep, V (Mkm°) 8089,77+3465,86 7322,782+3682,01* 4154,77£1904,82*
Tenatouurrep sapockl, V (Mxm®) 423,04£137,21 427,73£127.91 514,83+124,8
AU 0,052+0,0215 0,074+0,0515 0,179+0,0315*
Muroxounpus, Vv (%) 14,2+2.72 14,7+1,78 10,4+2,38*
OIP, Vv (%) 4,41+0,43 3,92+1,04 2,02+0,56
AyTtodarocomaap, Vv (%) 5,87+1,45 21,2+5,13* 8,78+3,56*#
Aytommzocomaap, Vv (%) 0,94+1,22 2,65+£2,51%* 6,88+2,21%#

5,41+1,14 1,42+1,08* 0,86+0,84*

['muxoren, Vv (%)

Eckepmne. 'V — KypbUIBIMIApABIH KOJIEM i THIFbIBIBIFEI; DIIP — srpomnazmarukansik petukyrym; AW — saponsik-nuTo-
iasManslk uaAekc (VV sapo/VV muromnasManap). 1, 24, 48 caraT — rematomuTTepi ocipy yakbsITL. * — 1 car. ecipy apKbUIbI
colikec MmamanapaaH ailblpMaIibUIBIFbL, # — 24 caF. ecipy apKbUIbI coiikec mamanapaaH aifbipMabuibEs! (p<0,05).
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A — 24 caraTTbIK ecipyeH KelliH ayrodarocomaaarsl TadakiIa Tapi3ai IMKorenep; © — 24 caraTTbIK 6CipyieH
KeHiH imiHapa To3FaH Marepuaiiapsl 0ap ayronuszocoma; b — 48 caraTThIK ecipy/ieH KeiiH nuroriasMa gpparmeHTi
6ap ayrodarocoma; B — 48 caraTThIK ecipy/ieH KeiliH MUTOXOHAPHSCH Oap ayTodarocoma; I — 48 cararThIK ecipy-

JICH KeHiH IUTOIIa3Ma ia TINKOTEHHIH 60IMaybl JKOHEe MUTOXOH/IPHS aifHATACHIH A SHIOMIIA3MAIBIK PETUKYITYM
CaKMHAJIAPBIHBIH Maiina 6omysl; /] — 48 caraTThIK eCipyeH KeiHri Oy3bUTy IbIH SPTYPJIi CATHICHIHIAFbI
MeMOpaHabIK KYPBUIBIMAAP/Ibl KOCYMEH ayTOJIM30COMHBIH KOFaphl CAHBI

3-cyper. Ocipy mporieci Ke3iHeri renaToUTTepIiH yIbTPaKYPhUIBIMIIBIK YHBIMIACY bI

Cepusa «Bbronorusa. MeguumHa. Meorpacpms». Ne 2(98)/2020 93



P.C. JocbimbekoBa, H.I. Bratosa T1.6.

Anvinzan manimemmepoi maikwiiay

AyToharus MaKpOMOJIEKYIaJbIK aKybI3 arperaTTapblH, KOCATKbI KOPEKTIK 3aTTap IbIH jKaCyIIaIbIK Opra-
HeJUTaNapsH (TIIMKOTEH MEH JIUIHITED ) KOI0Fa KOHE TO3ybIHA OaFrbITTANFaH, )KaCyIIaIbIK TOMEOCTAa3/Ibl YCTaI
TYpyFa )KoHe CTpece XKaFAaiblHAa OeJICeHIIPeTiH, KaTaboIMKaNbIK Oaraapiama 0oibIn Tadbuta sl AyTodarus
HOTIDKECIHE TU30coMaapia TY31IeTiH MeTaboIuTTEp MaKPOMOJIEKYIajIapAsl CHHTE3IEy VIIiH YHEPTHS KO3-
Iepi HeMece KYPBUIBIC OJI0KTaphl peTiHe KalTa maigamansurans [12].

I'enaTonuTTep SHEPrETUKANBIK PECYpC — TIMKOTEHHIH TY3UIyl MEH CaKTadyblHAa MaHbBI3/bI, ISy
pen aTkapathiHbl Oenrini [13]. OnedueT nepekTepi ayrodarus MeH KeMipcyliap aiMacybl apachlHAaFbl ©3apa
OpeKeTTecy/li JkoHe ayTodarus MeH KacyIIajblK YHEPTeTUKAIBIK OajlaHC apachIHIAFbl JMHAMUKAIBIK Kepi
OaifmaHpICTHIH O00MyBIH Kopcereni [12]. ['mukoren ayrodarocoMarapMeH TaHBUIYBI KOHE CIHIPUTYl MYMKiH,
CO/IaH KeifiH bIabIpay YIIiH Tu3ocomara Oepineni. by npouecce «rnmukodarus» nen atanans [14]. Bizaix 3ept-
Tey/ie TeNaToIUTTeP Il ocipy Ke3iHae 24 caraTTaH KeiiH riaukoreHi 6ap ayrodarocomanap 6aceiM OOIBI, all
48 cararTaH KeiliH MUTOXOHIPHACH Oap ayTodarocomarnap naiina 6ommel. by ke3eH e jxacymanbIK TUKIIIH
S-(dazaceiHars! )KacymanapAbH caHbl eH a3 6omnca, GO/G1 caThICBIHAAFHI JKaCyIaIapAblH KOFaphl MalbI3bI-
HBIH OOJyBl aHBIKTANABl. AMUHKBIIIKBUIIAPBIHBIH KETICICYIIUTIr KaFqaiblHaa aKybl3 CHHTE31 MEH MHTO3
TOKTANTHIHBI OENTiIi, a ayTo(arusuIbIK CUTHAIIBIK KOJ TipIIUTIKKE MaHBI3/IbI aKybI3AapAbl CHHTE3 ey YIIiH
AMUHKBIIIKBUT ITYJIBIHBIH KOJDKETIMALIITIH KAMTaMachl3 €Ty MaKCaThIHJA aKybI3Iaplbl BIABIPATY KOJBIMEH
AMUHKBIIIKBUIIAPBIH OocaTy yiuiH Oencenaipiieni [14].

I'emaronuTTep iy XKaCyIIaNbIK KyJIbTypalapblH MEIUIIMHANA MMaidaTaHy (bl IMIEKTEHTIH Mocelenepain
0ipi ecipy Ke3iHe jKacymanapablH MUTO3IBIK OeJICeHAUTITIHIH KOFaTybl 00161 TabbuTas! [15]. XKacymansik
LUKJI TOKTATy Oi3/1iH 3epTTeyae e kepcerinred. COHbIMEH KaTap, ocipyiH 48 caraThIH]Ia TeNaTOIUTTePAIH
0a3zanbapl ayTodarus ASHreii oCTi XKoHe aloITo3 JKaFIalbIH/aFbl JKacyIIaap CaHbl YIIFaiFaH oK. by xar-
naiina aytodarus, renaTonuTTepAin tuddepeHnusIany JeHreliH KoIanm, )kKacymanblK TOMEOCTa3/ bl CaKTay-
JIBIH, THIMII TOCLIi 00JIBIN TaOBLIAEI [16].

Kopvimuinowl

bi3nin anran MomiMeTTepiMi3 OKIIayJIaHFaH renaToUTTepAl TEHAECTIPITeH KOPEKTIK OpTaa ecipy Ke-
31HJIe JKacyllanapAblH UTOILIa3MackiHAa 0a3aiblbl ayToharusHblH ocyiH kepceteni. TaxipubeneH cox 24
caraTTaH KeHiH rmukodarus AaMblIbl, OUTKEeHI ayTodarocoManapia HEri3iHeH jKacylla YIIiH dHeprus Kesi
0O0JIBITT TAOBLTATHIH MaTEPHAIl — TIIMKOTeH TYHipikTepi 601mbl. [ mukodarusra KoceiMina, 48 caraTTad KeHiH
JKacyIranap/IbIH aMHH KBIIIKbULIapbIHA JIETeH KKETTUTIrHE )KOHE aKybI3 KelIeH/IepiHiH bIpIpaybiHa Oaiina-
HBICTBI MUTO(arust 6aikanpl. AJBIHFAH MOTIMETTEP TeNaTOIUTTEP/AiH 0acTanKbl KyJIbTyPachIHBIH TipIIiTiK
eTyiHe ayTo(harusiHpIH KOCKaH YJIECiH KopceTel )KoHe OIapAbl ecipy KaraaiiapbIHbIH KEeTKUTIKTUTITHIH Kep-
CETKIII peTiH/Ie Naijananyra 0oabl.

CoHBIMEH, aFbIHIIBI TUTO(IYOPUMETPHSL, JKAPBIK KOHE TEKTPOHIBIK MHKPOCKOIHUS 9JIICTEPIMEH CTaH-
JAPTThI KOPEKTIK OpTaia 0acTankbl renaToUTTEeP/IiH 6Cipy IMHAMUKACHI CUIIATTaIbl. 24 caraTTaH KeiiH ka-
cymanslk Hukiaig GO/G1 caTbicbiHOa ©CipUIreH TenaTolUTTePAiH TOKTAYhl )KOHE arloNTo3 CaTBICBIHAA COJI
JKacyIIanap/IbIH MaibI3bl KeOeHMeH, oJapIbIH TIPIIUTIK Y3aKTHIFBI CAKTAIFaHbl aHBIKTAIIBL. JKacymaaap sy
UTOIIa3MaChIH/Ia 0a3alb/ibl ayTOParusiHbIH apTybl — TIIHKO(arus MeH MUTO(QarusHbIH 6acbiM 0OIYHI, Te-
MATOLUTTEP/Ii O6Cipy MPOIIECiH/IE KACYIIAIBIK TOMEOCTa3bl CAKTay MEXaHU3Mi OOJIBIT TaObLIa kL.

OnebuerTep Ti3iMi

1 Ogoke O. Bioengineering considerations in liver regenerative medicine / O. Ogoke, J. Oluwole, N. Parashurama // J. Biol. Eng.
—2017. — Vol. 11. — P. 46. — https://doi.org/ 10.1186/s13036-017-0081-4.

2 Leevy C.B. Abnormalities of liver regeneration: a review/ C.B. Leevy // Dig. Diseases. — 1998. — Vol. 16(2). — P. 88-98.
https://doi.org/10.1159/000016852.

3 IMamkos A.H. KynsTuBHpOBaHHE TenatonuToB Ha TBepaoM Hocutene / A.H. [Mamkos, I1.U. Komenes, K.A. Canun // Mare-
puansl MexxayHap. koHd. xupypros-renaronoros. — M., 2003. — C. 65.

4 Michalopoulos G.K. Hepatostat: Liver regeneration and normal liver tissue maintenance / G.K. Michalopoulos // Hepatology.
— 2017. — Ne 65(4). — P. 1384-1392. — https://doi.org/10.1002/hep.28988

5 Robust A.S. Long-term culture of endoderm-derived hepatic organoids for disease modeling / A.S. Robust, G.G. Seving, N. Er-
soy, O. Basak, K. Kaplan, K. Seving, E. Ozel, B. Sengun, E. Enustun, B. Ozcimen, A. Bagriyanik, N. Arslan, T.T. Onder, E. Erdal //
Stem Cell Reports. — 2019. — Vol. 13, No.4. — P. 627-641. — https://doi.org/10.1016/j.stemcr.2019.08.007.

94 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



OKLIJayJ'IaHFaH renaTou,vlTTep,u,iH XacyuwanblKk roMeoCTasblH ...

6 Nicolas C.T. Concise review: liver regenerative medicine: from hepatocyte transplantation to bioartificial livers and bioengi-
neered grafts / C.T. Nicolas, R.D. Hickey, H.S. Chen, S.A. Mao, M. Lopera Higuita, Y. Wang, S.L. Nyberg // Stem Cells. — 2017. —
Vol. 35, No. 1. — P. 42-50. — https://doi.org/ 10.1002/stem.2500.

7 SicaV. Organelle-specific initiation of autophagy / V. Sica, L. Galluzzi, J.M. Bravo-San Pedro, V. Izzo, M.C. Maiuri, G. Kroe-
mer // Mol. Cell. — 2015. — Vol. 59, No. 4. — P. 522-39. — https://doi.org/10.1016/j.molcel.2015.07.021.

8 Kroemer G. Lysosomes and autophagy in cell death control / M. Jéitteld // Nat. Rev. Cancer. — 2005. — Vol. 5, No. 11. —
P. 886-897. — https://doi.org /doi: 10.1038/nrc1738.

9 Klionsky D.J. Guidelines for the use and interpretation of assays for monitoring autophagy (3rd edition / D.J. Klionsky, K. Ab-
delmohsen, A. Abe, M.J. Abedin, H. Abeliovich, Acevedo Arozena // Autophagy. — 2016. — Vol. 12, No. 1. — P.1-222. —
https://doi.org_/ 10.1080/15548627.2015.1100356.

10 Edinger A.L. Death by design: apoptosis, necrosis and autophagy / A.L. Edinger, C.B. Thompson // CurrOpin Cell Biol. —
2004. — Vol. 16, No. 6. — P. 663-669. — https://doi.org/10.1016/j.ceb.2004.09.011

11 Malik B.R. Autophagic and endo-lysosomal dysfunction in neurodegenerative disease / B.R. Malik, D.C. Maddison,
G.A. Smith, O.M. Peters // Mol. Brain. — 2019. — Vol. 12, No. 1. — P. 100. — https://doi.org/10.1186/513041-019-0504-x.

12 HaJ. AMPK and autophagy in glucose/glycogen metabolism / J. Ma, K.L. Guan, J. Kim // Mol. Aspects Med. — 2015. —
Vol. 46. — P. 46-62. — https://doi.org/ 10.1016/j.mam.2015.08.002.

13 Cao L. Effects of hypoxia on the growth and development of the fetal ovine hepatocytes in primary culture / L. Cao, J. Wang,
L.Bo, D.W. Li, N.Yin, AW. Zhou, C.P. Mao // Biomed. Environ. Sci. — 2019. — Vol. 32, No. 8. — P. 592-601. —
https://doi.org/10.3967/bes2019.077.

14 He L. Autophagy: the last defense against cellular nutritional stress / L. He, J. Zhang, J. Zhao, N. Ma, S.W. Kim, S. Qiao,
X. Ma /l Adv. Nutr. — 2018. — Vol. 9, No. 4. — P. 493-504. — https://doi.org/ 10.1093/advances/nmy011

15 Krause P. Cultured hepatocytes adopt progenitor characteristics and display bipotent capacity to repopulate the liver / P. Krause,
K. Unthan-Fechner, I. Probst, S. Koenig // Cell Transplant. — 2014. — Vol. 23, No. 7. — P. 805-817. https://doi.org/10.3727/
096368913X664856.

16 Olsavsky Goyak K.M. Hepatocyte differentiation / K.M. Olsavsky Goyak, E.M. Laurenzana, C.J. Omiecinski // Methods Mol.
Biol. — 2010. — Vol. 640. — P. 115-138. — https://doi.org/10.1007/978-1-60761-688-7_6.

P.C. HoceimbekoBa, H.I1. braroBa, 3.b. Tynrymo6aesa, K.O. lllapurmos,
K.K. Omup3zakoBa, M.M. Ucmaunona, JI.111. XKernucoaii

Posib ayTodaruu B COXpaHEHHUH KJIETOYHOI0 rOMeocTasa
M30/IMPOBAHHBIX IeNaTONMTOB

B crarbe nccnenoBaHa ynpTpacTpyKTypHas OpraHU3aUs H30JMPOBAHHEIX TEIIATOIUTOB M ONpeeTeH Xapak-
Tep UX BHYTPUKICTOYHBIX H3MEHEHNII B TUHAMUKE UX KyJIbTHBHPOBaHHA. Pa3paboTka METONONIOTHN KyIbTH-
BUPOBAHUS TeNAaTOLUTOB C COXPAaHUBLIMMUCS HATUBHBIMU CBOICTBaMH NO3BOJISIET M3Y4YMUTh eNaTOTOKCHYE-
ckue 3G PEeKTH pa3IMIHBIX BHEITHUX (PaKTOPOB, XUMHUUECKUX COCAMHEHUH N HOBBIX JIGKAPCTBEHHBIX Mperapa-
TOB, YTO HEOOXOAMMO AJIsI KJIETOYHOM TpaHCIUIaHTALUMK IPY JICYSHUU HACIECICTBEHHBIX WU TePMUHAIBHBIX
3abosieBaHUH NedeHU. MoJenn NMepBUYHON KyJbTYpHI T€HaTOLMTOB MCIOJIB3YIOTCS Ul M3y4YeHUs MeTabo-
TM3Ma, CEKPEeIMH U pereHeparyy rnedenu. [lepprdHas KyIbTypa relaTonUToB ObIIa HCCIE0BaHa B THHAMUKE
KyJIbTUBHPOBAHHS B CTAaHIAPTHON MHUTATENBHON Cpeie ¢ MOMOIIBIO METO/Ia IIPOTOYHOH NUTO(ITyopuMeTpHH,
CBETOBBIX M JIEKTPOHHBIX MHKPOCKOMOB. AyTOo(harus H30JIMPOBAaHHBIX TeIATONNTOB MIPH CTAaHIAPTHBIX YCIIO-
BUSIX KyJIBTUBHPOBAHUS CIIOCOOCTBYET HOANEPKAHHMIO KIETOYHOTO TOMEOCTa3a.

Kniouesvie cnosa: H30JIMPOBAHHBIC I'€TIaTOUTHI, OazampHas ayTocparm{, KJIETOYHBIA ITHKJI.

R.S. Dossymbekova, N.P. Bgatova, Z.B. Tungushbaeva, K.O. Sharipov,
K.K. Omirzakova, M.M. Ismailova, D.S. Szhetpishay

The role of autophagy in maintaining cellular homeostasis of isolated hepatocytes

The article investigates the ultrastructural organization of isolated hepatocytes and determines the nature of
their intracellular changes in the dynamics of their cultivation. The development of a methodology for the
cultivation of hepatocytes with preserved native properties allows us to study the hepatotoxic effects of various
external factors, chemical compounds and new drugs, which is necessary for cell transplantation in the treat-
ment of hereditary or terminal liver diseases. Primary hepatocyte culture models are used to study liver metab-
olism, secretion, and regeneration. The primary culture of hepatocytes was studied in the dynamics of cultiva-
tion in a standard nutrient medium using flow cytofluorometry, light and electron microscopes. Autophagy in
isolated hepatocytes under standard culture conditions contributes to the maintenance of cellular homeostasis.

Keywords: isolated hepatocytes, basal autophagy, cell cycle.
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On the chemical mechanisms of interaction of diabetogenic toxic substances
with zinc in the pancreas and methods for its prevention

Article presents data on chemical mechanisms of binding of Zinc in pancreas of animals and human by dia-
betogenic chelate active chemicals (DZC) that result destruction and death of pancreatic B-cells within a few
minutes and of developing of diabetes mellitus. Authors presented and described a few mechanisms for pre-
vention of binding of Zinc in pancreas that result prevention developing of experimental diabetes in
95-100 % of animals. The authors analyze and substantiate in details on the basis of own investigations (1964
2018), the chemical mechanisms of zinc blocking in cells, which prevents the possibility of their destruction
caused by diabetogenic zinc-binding substances, the possibilities of human contact with which have signifi-
cantly increased over the past decades. According to the results of our own studies and literature data, the
chemical mechanisms of the preventive action of derivatives of Dithiocarbamic acid, amino acids — reduced
glutathione, cysteine and histidine, as well as the possibility of chemical neutralization of the blood of the DCS
before they reach the pancreas, were investigated.

Keywords: zinc, B-cells, Diabetogenic zinc binding chemicals, Glutathione, Diphenylthiocarbazone (Dithizon).

Abbreviationes: DZC — Diabetogenic zinc binding chemicals; DZ — Diphenylthiocarbazone (Dithizon);
GRF — Glutathione restored form; GOF — Glutathione oxidised form; NaDDCA — Na salt of Diethyldithio-
carbamic acid; 8TSQ — 8-para(toluenesulphonylaminoquinolin).

Introductrion

More than 80 years ago Scott and Fischer were separated insulin from the native pancreas as Insulin-Zn
complex and supposed that the presence of Zn-ions determined physiological activity of insulin [1, 2]. Interest
for this problem is increased after reporting that in pancreas of diabetic patients total amount of Zn is not more
than 50 % in compared with non diabetic men. They found 0.07 mg of Zn per 1g of pancreas tissue of diabetic
patients comparatively with 0.14 mg per 1g pancreas of healthy persons. Analogical result was obtained by
Eisenbrandt and coll. [3]. A large amount of Zn*?-ions was found in human pancreas of healthy men.
Okamoto K. discovered in pancreatic B-cells a large amount of Zn*? [4]. It is supposed today the important
role of Zn-ions in processes of storage of insulin in B-cells [5, 6]. There are proportional dependence between
content of Zn-ions in B-cells and in cytoplasm. Decreasing of content of deposited insulin accompanied by
decreasing of amount of Zn-ions in B-cells. It is known that Zn-ions take part in processes of synthesis as in
cristallization of insulin. It was showed that pancreas of mammals-animals, human, birds and in earth-water
animals contained a large amount of Zn-ions.

Today, more than 20 chemicals are known that can selectively damage B cells in the body, which leads
to their rapid death. Of these, 18 substances belong to the group of diabetic zinc-binding substances that form
in complex B cells intracellular salts (chelates) with zinc contained in B cells, which leads to their rapid death.
The authors investigated the chemical mechanisms of the formation of zinc-chelator complexes [7]. It was
shown which parts of the DCS molecules and through which atoms they form chelates with zinc. Based on the
studies, it was shown that the preventive effect of zinc blocking by non-diabetogenic substances is realized
through interaction with the sulfur and nitrogen atoms of the DZC, that is, through the same atoms with which
the DCS form complexes toxic to cells. Regarding the preventive action of the amino acids glutathione and
cysteine, it was shown that their preventive effect is due to the blocking of the zinc atom through the sulfur
atoms of SH radicals, which prevents the interaction of zinc with DZC. The Zn-ions in cytoplasm of B-cells
have the coordinate number 4 and 6 and interacted with chemicals which formed with Zn-ions chelat salts in
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which atom of Zn*?is fixed between a few other atoms [8]. The affinity of Zn-ions to formation of chelates is
evidently more high comparatively with other metals of main group.

Diabetogenic activity of Zinc-binding chelators Dithizon and derivatives of 8-oxyquinoline

From the more than 20 chemicals that cause selective destruction of B-cells, 18 are represented by deriv-
atives of 8-hydroxyquinoline and Dithizon (Diphenylthiocarbazone) (Fig.1).

Dithizon (diphenylthiocarbazon) is one of most active chelators [4, 9]. Dithizon formed various
modifications of red colour chelates with 18 metals. It possesses a marked high affinity to Zn-ions and formed
very rapidly past injection chelate 2:1 that accompanied by destruction and death of B-cells within 15-30 min.
and developing of 1 type of diabetes 24-48 h later. It was showed that first changes in cytoplasm of B-cells
appeared 5 min past injection of DZ as small zones of destruction of cytoplasm. More detail analysis using of
transmission electron microscopy showed that process of destruction of B-cells started by destruction of

B-granules.
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From above: 1) red granules; chelat complex Zinc-Dithizon in B-cells and disposition of atom of Zinc in complex; re-
sult destruction and death of B-cells; 2) green fluorescence of chelat complex Zinc-8PTSQ in B-cells and disposition of
atom of Zinc in complex; result destruction and death of B-cells; 3) white granules: chelat complex Zinc-NaDDCA;
protect B-cells of destruction

Figure 1. Various chelat complexes Zinc-chelator

For the first, the 2—-3 B-granules are destructed with forming of small zones of destruction of cytoplasm
of B-cells [10], not more than 3-5 % of total surface of section of B-cells. 15 min later the sizes of these zones
rapidly increased until 30—40 % of surface of B-cells and 1-2 h past injection almost all cell’s matrix, 80—90 %
of section’s surface, is destroyed completely. It is showed that these changes are not visible on light microscopy
but very well discovered by transmission electron microscopy. Destructive histological changes developed a
few days later — are secondary changes as result of not visible destroying of B-cells within first few minutes
after forming of chelate complex in cytoplasm of B-cells. Thus, it was concluded that destruction of B-cells
past injection of diabetogenic doses of Dithizon and of 8TSQ is determined by action of complex Zn-DZ and
Zn-8TSQ on structure, for the first, on B-granules of B-cells, where is concentrated zinc as deposited form
“zinc-insulin complex” within first 15-30 min. past forming of complex in cytoplasm of B-cells (Fig. 1).
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Diabetogenic derivatives of 8-oxyquinoline

A. Albert in 1947 reported that 8-oxyquinoline which usually belong to not toxic substances, is very toxic
for cells in the presence of metals and for the first time — of Zn-ions. It was showed that this fact determined
by ability of 8-oxyquinoline to form with metals the chelate metal-complexes which are toxic for B-cells [11,
12] as complexes formed in B-cells by other chelate active substance as Dithizon. Studying of toxicity of
8-oxyquinoline for B-cells K. Okamoto [9] reported that injection of it to animals accompanied by developing
of experimental diabetes. Later it was showed that injection of 18 derivatives of 8-oxyquinoline and of
8-oxyquinaldin accompanied by rapid developing of heavy diabetes in animals. It was noted that all these
chemicals have in position 8 of quinoline ring OH-group or any other radical contained atom of S or atom of
O. Six isomers of 8-oxyquinoline not contained in position 8§ of the active group are not able to form chelate
complexes with Zn-ions and not induced experimental diabetes. Experimental diabetes is induced by deriva-
tives as 8-para(toluenesulphonylamino)quinoline /8PTSQ/, 8-para(benzenesulphonylamino)quinoline
/8PBSQ/, 8-para(methansulphonylamino)quinoline /8PMSQ/, 5-para(acetaminophenylazo)-8-oxyquinoline
/5A80X/, 8-hydroxyquinaldin, 5-amino-8-hydroxyquinoline and others (Fig. 2, 3). It was demonstrated [9]
that injection of these derivatives result selective necrosis of B-cells and developing of diabetes. Injection of
these chemicals in doses of 30-100 mg/kg accompanied by developing within a few days of heavy diabetes
with marked degenerative changes in islets.

On the chemical mechanisms of binding of Zinc-ions by derivatives of 8-oxyquinoline

It is known that most stable complexes are formed when atom of Zn is fixed between 2 atom of N, S and
O of molecule of chelator. Later it was reported that only derivatives of 8-oxyquinoline contained in position
8 of quinoline ring of the hydroxyl or other radical contained atoms of S, N or O possess diabetogenic
properties. Atom of Zn is fixed between atoms of O in position 8 and of N in position 1 or between two atoms
of O in positions 2 and 8 (xanthurenic acid) (Fig. 3).

It was reported, what is more, that extraction of these radicals from position 8 accompanied by complete
disappearing of diabetogenic properties of chelators [9]. Formation of chelats by atoms of O and N of chelator
result usually forming of pentagonal or hexagonal rings [8, 9] (Fig.3). Pentagonal rings are more stable. The
most stable are quadrangular complexes with atom of S. Electrons of indivisible pair are displaced from donor
atom of N in position 1 to Zn atom.

On the base of data obtained by A. Albert, it was supposed that toxic effect of 8-oxyquinoline is deter-
mined by its ability to bind and eliminate ions of metal from B-cells. But later this hypothesis was not
confirmed: it was showed that long time prolonged elimination of Zn-ions from B-cells result any effect on
the state of histostructure and function of B-cells [10].

Finally, S. Rubbo and A. Albert established that toxic effect of 8-oxyquinoline determined by its ability
to form in cells toxic complexes with metals [11] that many times was confirmed later. It was showed that
presence of chelate a short time in cytoplasm of B-cells accompanied by alteration of cells. In experiences with
using derivatives of 8-oxyquinoline — a various isomers of the azaoxyquinoline (azaoxyn) — it was
demonstrated dependence: most toxic are isomers formed chelats 1:1 with metal have logarithm of constant of
stability as 7.6 and more high, until 9.4. Meanwhile toxicity of chelats of other isomers of azaoxyn with
constant of stability 5.8-6.7 were clearly more less [12]. It was showed that very toxic chelats of derivatives
of 8-oxyquinoline with Zn-ions have a more high logarithm of constant of stability as 8.5. Weitzel G. and coll.
showed that complex 1:1 contained 1 molecule of 8-oxyquinoline and 1 atom of ion of Zn is most toxic for
cells [13].

Stability of formed complexes 2:1, as complex Dithizon-Zinc, is depended not only of affinity of chelator
to metal but in added — by 2 properties of chelator and metal: 1) presence of additional radicals in para-
positions molecule of chelator, especially — in zones which contacted with part of molecule, reacted with ions
of metal conduce to forming of the steric effect; as result, two molecules of chelator are not able to approach
for to put atom of metal in stable ring; 2) size of diameter of atom; in case if atom of metal have a small
diameter, ring may be not formed; atom of Zn have radius as 0.74 nm between Berillium (0.31 nm) and Ru-
bidium (1.49 nm). A high stability of complex Zn-Dithizon is determined by stretch form of molecule of Di-
thizon and by location of 2 phenol rings on the 2 ends of molecule. That is why atom of N and S are easy
approach to atom of Zn. More over, atom of Zn is fixed between atoms of N and S. Meanwhile it is known
that affinity of Zn to N and S is more high comparatively with affinity of Zn to O. In added, complex is formed
by two molecule of Dithizon each of two have a great number of double couplings (Fig. 3).
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Figure 2. Mechanisms of damage of B-cells caused by diabetogenic chelat active chemicals
(& — synthesized in human) (by Meyramova A.G. and Meyramov G.G., 2016)

Stability of complexes 1:1 formed by derivatives of 8-oxyquinoline is determined by a: 1) great number
of double coupling in molecule of chelator; 2) forming of quadragonal ring; 3) derivatives of 8-arensulphonyl-
aminoquinoline formed chelat-complex by aid of atom of S. Stability of the complex Zn-Xanthurenic acid is
determined in added by fixation of the atom of Zn between 2 atom of O [9] (Fig. 3).
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Compounds: 1 — 2,4-dimethyl-8-oxyquinoline, 35 mg/kg; 2 — 5-phenylazo-8-oxyquinolin, 20 mg/kg;

3 — 5-para(toluene)-8-oxyquinoline, 20 mg/kg; 4 — 5-orto(toluene)-8-oxyquinoline, 40 mg/kg; 5 — 8-oxyquinoline,
50-60 mg/kg; 6 — 5-para(diethylaminophenylazo)-8-oxyquinoline, 20 mg/kg; 7 — 5-meta(hydroxyphenylazo)-8-
oxyquinoline, 30 mg/kg; 8 — 5-para(dimethylaminophenylazo)-8-oxyquinoline, 45 mg/kg;

9 — 5-para(acetylaminophenylaso)-8-oxyquinoline, 50 mg/kg; 10 — 8-oxyquinaldin, 10 mg/kg;

11 — 5-para(aminophenylazo)-8-oxyquinoline, 10 mg/kg; 12 — 5-amino-8-oxyquinoline, 30 mg/kg;

13 — 5-para(diethylaminophenylazo)-8-oxyquinoline, 40 mg/kg; 14 — 9-oxy-7-jodoquinoline, 50-60 mg/kg;
15 — 4,8-dihydroxyquinolin-2-carboxylic acid (xanthurenic acid);

16 — 8-para(toluenesulphonylamino)quinoline, 30-50 mg/kg; 17 — 8-(benzenesulphonylamino)quinoline,
30-100 mg/kg; 18 — 8-(metansulphonylamino)quinolin, 40-81 mg/kg;

19 — diphenylthiocarbazone (Dithizon), 45-50 mg/kg

Figure 3. Complex salts of Diabetogenic zinc-binding chelate active chemicals with Zn-ions
and its Diabetogenic doses (by Meyramova A.G., 2003)

Using of transmission electron microscopy method it was established that 2h past injection of Dithizon a
strongly marked destruction of B-cells was developed: total devastation of cytoplasm of cell’s matrix;
destruction of mitochondria, endoplasmic reticulum and B-granules were discovered in the most parts of cells
with remained matrix [7, 12]. Same results were obtained 1h later injection. Shortening of period since starting
of injection showed that 15 min past injection in the contrary to 2h cell’s matrix was remained on 80-90 % of
B-cell’s surface but 30—40 % appeared as zone free of matrix or zone of complete destruction of ultrastructures
of B-cells [10]. Mechanisms of diabetogenic action of DZC are presented at Figure 2.
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Chemical mechanisms of the methods for prevention developing of diabetes caused by chelators.
Mechanisms of protective effect of aminoacids Gluthathione and Cystein

The aminoacids Glutathione and Cystein formed not toxic chelates with atoms of heavy metals due to
sulfhydril radicals which have high affinity to ions of Zn*?, Pb*2, Cd*? and Hg*?. It is suggested that by these
radicals aminoacids formed not toxic chelates with Zn-ions. The constant of stability of complex Zn-Gluta-
thione is very high — 17.1-18.2.

Diabetes caused by DZC is prevented by Restored form of Glutathione (GRF). Preventive injection
GRF,1000 mg/kg protect B-cells of rabbit’s pancreas of binding of Zinc ions by DZ (Fig. 4) and from
destruction and of developing of diabetes in all animals: normoglycemia and B-cells — without changes [14].
Meanwhile, oxydation of GRF result: two molecules of GRF formed one molecule with formation of disulfide
connection (Fig. 5). Thus, oxidized form of glutathione (GOF) have same structure but contrary to GRF not
contain in structure of molecule of SH-radical not protect B-cells of formation of complex Zn-DZ that result
destruction of cells. Injection to animals of 1000 mg/kg of GOF not protect B-cells of destruction by DZC and
diabetes developed in all animals [15, 16].

1 2 3
1 — Negative fluorescent reaction for Zinc in B-cells (absence of fluorescence) as result of binding of Zinc with GRF;
high specific for Zinc reaction with 8PTSQ; x140; 2 — Injection of GRF and 3 — 10 min later of DZ; prevention of
formation of complex Zn-DZ as result of blockingof Zinc by GRF; darc microscopy; x280

Figure 4. Red granules of complex Zn-DZ in B-cells of rabbit; staining by DZ; darc microscopy; x280
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Figure 5. Disposition of Zinc atom between 2 atoms of S of two SH-groups from 2 molecules of GRF
(by F.M. Rubino. Toxicity of Glutathione-Binding Metals: A Review of Targets and Mechanisms.
Toxics, 2015, 3(1), 20-62)

The GREF easily reacts with free radicals among which it should be noted hydroxylic and carbon radicals,
giving Hydrogenium atom. Similar interactions provide protection, neutralizing the fissile OH™ radical which
is considered as the most dangerous among the free radicals. Decrease of amount of GRF increases suscepti-
bility of animals to cytotoxins [17]. SH-radical possess chemical resistance against influence of peptidases.

Its polygonality determined by chemical properties and allows to be simultaneous both the nucleophilic
agent and the fissile reducer, interacting with numerous elektrofilny and oxidizing components, such as N2O,
0, and OH". GRF as active reducer plays an important role in processes of a detoxification.

Glutathione is used for prevention and treatment of diabetic neuropathy in the streptozotocin-induced
diabetic rat [18]. It was supposed that inactivation or change of SH-group of sulthydril radicals in molecules
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of Glutathione result complete disappearing of protective properties of the formed in result of Oxidized form
of Glutathione.

It is evidently easy and clear to suppose that preventive effect Restored form of Glutathione is determined
by inactivation of SH-radicals of two molecules of GRF and fixation of atom of Zinc between two atoms of S
to which Zinc possess a high affinity (Fig. 5).

Injection of Cystein, 1000 mg/kg prevent formation in B-cells of toxicchelat Zn-DZ an complete pre-
vention of diabetes in all animals within 6 h; 12 h past injection diabetes was prevented in 6 animals from §
and 24 h past injection of Cystein — in 2 animals from 4. Cystein protect B-cells of destruction caused by
diabetogenic derivatives of 8-oxyquinoline [19]. Aminoacid Serin, which contains hydroxyl radical in
molecule instead of sulthydril radical in molecule of Cystein, not possess diabetogenic properties.

H H
O\\ | /H o\\ I /H
JC—C=N, AT
HO CH2 H HO (I:Hz H
|
SH OH
Cystein Serin

Aminoacid Hystidine formed with Zn-ions high stable complex 2:1 which logarithm of constant of sta-
bility is 12.0. Contrary toother aminoacids chelat activity of Hystidin is determined by the presence in molecule
of the imidazol ring [8]. Injection to animals 1000 mg/kg of the Hystidin Hydrochloride (HH) result complete
prevention of diabetes past injection of Dithizon followed 5 min past injection of HH and — in half of total
number of animals injected of Dithizon 0.5-1 h past injection of HH [20].

Chemical mechanisms of protective effect of derivatives of Dithiocarbamic acid

Derivatives of Diethyldithiocarbamic acid (DDC) possess a high affinity for Zinc ions as EDTA were
conducted. Na salt of DDC is able not only to prevent developing of diabetes caused by DZ but to displace of
DZ from formed in B-cells complexes as Zinc-DZ due to more high affinity to Zinc. EDTA as chelator possess
more high affinity to Zn and constant of stability of its chelats with Zn is 13.1 meanwhile with ions of Mg*?,
Ca*? and Fe*® correspondly 5.4, 7.3, and 10.9 (10). It was showed that EDTA prevent diabetogenic action of
streptosotoCin by binding of Zn-ions. More detail investigation of processes of interaction of Zn-ions contained
in B-cells with NaDDC showed that injection of 1000 mg/kg to rabbits result complete binding of all amount
of Zn-ions in B-cells that accompanied by formatuion in B-cells of not toxic chelate complexes 2:1 as Zinc-
NaDDC (10) (Fig. 6). Atom of Zinc is fixed between of two atoms of S from the two molecules of NaDDC.
Followed injection of DZ not accompanied by formation of toxic Zn-DZ complex in cytoplasm of B-cells and
diabetes not developed. Thus, finally it was confirmed that presence of toxicchelat complexes of DZ and dia-
betogenic derivatives of 8-oxyquinoline in B-cells within first 15-30 min after its forming result not visible
for the first a few hours incorrigible destructive changes in B-cells. Formed more later degenerative
histological changes in islets is result of action of chelators in the first 15 min.

CaHs AOHs

N S S N
CIH;/ \i_/ \Zn/ \(_'/ \(—sz5

5 ]

Figure 6. Fixation of atom of Zinc between two atoms of S of the two molecules of NaDDC

It is known that Streptozotocin possess chelate properties and have high affinity to Zn-ions. Alterative
action of Streptozotocin may be prevented or eased by preventive action of EDTA [21].

Investigation of diabetogenic properties of Dithizon and derivatives of 8-oxyquinoline have theoretical
significance because these chemicals are not formed in human and really. In added peroral administration of
its is not effective because they are not soluble and not absorbed in intestinum. Parenteral injection of dia-
betogenicchelators result developing of diabetes only. Solutions of all these chelators are not stable and only
injection of the fresh prepared solutions (ex tempore) result diabetogenic effect. Meanwhile some antimicrobial
drugs widely used for treatment of skin diseases contains derivatives of 8-oxyquinolin as main antimicrobial
component.
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Among 18 diabetogenic derivatives of 8-oxyquinoline the Xanturenic acid (XA) only is formed in animals
and elderly humans in deficiency of Pyridoxine. It is known that XA is accumulated in organism of old human
as result of disturbances of Tryptophan metabolism. Low doses of the XA accumulated in human gradually.
May be that is why diabetes caused by XA developed gradually as type 2 in opposite to type 1 diabetes caused
by injection of diabetogenic doses of other chelators. High concentration of XA in the urine decrease by long
time prolonged using of Pyridoxine [22] that accompanied by decreasing of blood glucose concentration as
weakening of symptoms of diabetes.

The number of diabetogenic chelators human have contacts is increased year by year. As example
Tetracycline hydrochloride is active chelator which have high affinity to Zn-ions and formed with it complex
1:1 and 2:1 with high constant of stability as 9.0 [11]. Direct action on B-cells of high doses of tetracycline
result hyperplasia and degeneration of cells. Isoniazid, a drug for treatment of tuberculosis, formed pentagonal
stable chelats with Zn-ions. May be more high frequency of diabetes among patients treated by Isoniazid de-
termined by this fact? This interest is increased taking into consideration fact that in this case concentration of
the Xanturenic acid in urine is high because Isoniazid in antagonist of Pyridoxal-5-Phosphate.

Dehydroascorbic Acid (DA) which is formed me symptoms of diabetes on animals as of solucose level
id in organism as result of metabolisation of Ascorbic Acid, possess diabetogenic properties and result direct
alterative effect on B-cells. Concentration of DA in organism of diabetics is evidently increased in opposite to
decreasing concentration of Ascorbic acid.

It is known that chelators which formed with Zn-ions tetragonal or pentagonal rings possess diabetogenic
properties. Chelators contains in molecule as least 4 or 5 double chemical connections possess diabetogenic
properties also in opposite tochelators contained 1-2 or not contained its which not possess analogical
properties. As example — derivatives of Diethyldithiocarbamic acid of Dimethyldithiocarbamic acid,
aminoacids Cystein, Glutathione and Hystidine. Complexes formed by noted above protectors not contains in
molecule tetragonal or pentagonal rings and not containsor contains minimal number (1-2) of double
connections. Administration of large amount of these chelators not result destruction of B-cells and protect, in
opposite, B-cells of destruction caused by diabetogenicchelators.

Noted above data put us to look on these chemicals as on one possible factor in ethiology of human
diabetes. The significance of this possibility is increased taking consideration fact that human pancreas con-
tains large amount of Zn-ions possess to form chelat complexes with diabetogenic chelators.

Obtained results demonstrated that Glutathione reduced form's protective activity determined by its abil-
ity to prevent formation of toxic chelate complexes with DZC due to high affinity for Zinc and more suitable
for to elaborate of methods for prevention of diabetes caused by DZC synthezised in human.

Conclusions

1. Diabetogenic zinc binding chemicals formed toxic for cells intracellular chelate salts with zinc in pan-
creatic B-cells by fixation of zinc atom between oxygen and nitrogen atoms, between two atoms of oxygen or
between sulfur and nitrogen atoms due to high affinity of zinc for high affinity of zinc in relation to these
chemical elements.

2. Non-diabetogenic zinc binders as derivatives of Dithiocarbamic acid, as well as amino acids — a Re-
stored form of Glutathione and Cysteine formed intra-complex salts with zinc by fixation of zinc between two
sulfur atoms of two molecules of the aminoacids in all cases; such complexes do not cause damage and death
of B-cells, preserving their function.
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I'.T". Meiipamos, B.W. Kopuun, A.2K. [llaitbek, A.Il. Aunpeesa,
I'.0. XKy36aeBa, /I.A. Meiipamosa, A.I'. A6npanmoBa-MeiipamoBa

J{uabeTorenaii ybITThI 3aTTAPABIH YHKbI 0€3iHiH MBIPBIIIBIMEH 03aPa IPEKeTTEeCYiHiH
XUMHUAJIBIK MeXaHU3M/EePi K9He OHBIH AJ/IbIH aJ1y dicTepi

OJe0neTKe MOoMyJa COHFBI OHKBUIIBIKTA alaMMeH OailaHbICy MYMKIH/IT1 OipTiHAET apThII, XUMUSIIBIK MbI-
PHIIOAITaHBICTHIPYIIBI 3aTTap TYBIHAATATHIH SKCTIEPUMEHTANB B! THA0CTTIH JaMybIH AJIIBIH Ay dicTepi Ty-
paJibl gepekTep KenTipinren. OnapablH apachlHa, HeTi3Ti Ha3ap OyphIH/Ia MaHBI3IBUIBIFBIHA a3bIpak KOHLT 06-
JIHTeH TIFOTATHOHHBIH aMHHKBIIIKBLUIIBI TONTHIH aJIbIH aly OeHiMaiTiK KabineTi 6ap eKeHIIri ecKepiireH.
Makanazna KepceTiinreHaei, MII0TaATHOHHBIH MBIPBIIIKA JIETeH JKOFapFbl OSJICEHAUTIN OHBIH KYPBUIBIMBIHIA
SH-Morekyna TonThIH OOJTyBIMEH, OCBI apKbLIbl HAa0ETOTeHAl eMeC MBIPBIITHIH OyFaTTalybl IHabeToreHai
XenaTopiapMeH OaiTaHBICHIH TYBIHAATIIANIbI, HOTHKECIHAE WHCYINH oHAiIpynI B-xacymanapst 15-30 MuHyT
nramasa sxoibiansl. Conmaii-ak, 1nabeToreH Al MBIPBIIOaiIaHbICTRIPY B 3aTTap (JAM3) TysIHAATATHIH AHA-
OeTTIH JaMybIHa KOJI OEpPMEHTIH, MOJIEKYJIa KYPBUIBIMBIHIA CYTbOTUAPIIBII TONTAPIAaH TYPATHIH TaFbl €Ki
AMUHKBIIIKBUIIBIH MYMKIH/IT] TypaJibl AepekTep OepiireH. One0ueTke Moy/Ja MBIPBIIIKA KaTHICTHI KEIIeH i
KaJIBIITaCTHIPYIIBI KacueTTepi Oap keitbip nopinik mpenapaTrap Typajbl aKmapaTTap KelaTipiiareH.

Kinm co30ep: Mpipbii, B-xxacymanap, 1uabeToreH i MpIpbIIOaiIaHbICTHIPY B XeaTTap, TITATHOH, Aude-
HUITHOKApOa30H (AUTH30H).
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I'.T". Metipamos, B.U. Kopuun, A.)K. [lait6ek, A.Il. Aanpeesa,
I'.0O. XKXy3baeBa, /I.A. MeiipamoBa, A.I'. AGnpanmoBa-MelipamoBa

XuMH4YecKHe MeXaHNu3MbI B3aUMOdeCTBUA TUA0ETOreHHBIX TOKCHYECKHX BellecTB
¢ HMHKOM MO/IZKeJTyI0YHOM Kejie3bl M METOAbI €ro NMpeaoTBpaIleHus]

B 00630pHOIt cTaThe MpUBEAEHBI JaHHBIE O METOAAX MPENOTBPALICHHS Pa3BUTHUs YKCIICPHMEHTAIBHOTO AUa-
OeTa, BEI3BIBAEMOT0 XUMHIECKIMH ITUHKCBS3bIBatoMu BemectBaMu (J{LIB). Ha ocHOBe naHHBIX MHOTOJIET-
HUX uccnenoBanuii (1964-2018) aBTopamun geTanbHO IPOAHATM3HPOBAHBI M 000CHOBAHBI XUMHYECKHE MeXa-
HHU3MBI OJIOKMPOBAHUS IIMHKA B KJIETKax, OJarojmapsi 4eMy IpeloTBpaIaeTcss BOSMOXKHOCTD MX Pa3pylIeHHs
Ma0eTOreHHBIMH IMHKCBSA3BIBAIONIMMH BemlecTBaMu. [1o pe3yiabpraraM COOCTBEHHBIX MCCIIEIOBAHHN M JlaH-
HBIX JIUTEPATYPbl U3yUEHBI XUMHUYECKHE MEXaHU3MBbI IPEIYIPEXTAIOIIEro AeHCTBHS IPOU3BOJHBIX JUTHOKAP-
6aMHHOBON KHCIIOTBI, IMHHOKHCIIOT — BOCCTAHOBJIEHHOTO IIFOTaTHOHA, IUCTENHA M THCTUANHA, a TAKXKE BO3-
MOKHOCTH XUMUYecKoi HeliTpanu3anuu B kpoBu JLIC 1o Toro, Kak OHU JOCTUTHYT MODKEITY IOYHOM jKeIe3bl.

Knioueswvie cnosa: nuHK, B-kieTku, 11abeTOreHHbIe IUHKCBSI3BIBAIOIINE BEIIECTBA, TIIOTATHOH, JH(EHUITHO-
Kap0a30H (JUTU30H).
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