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Abstract

The study of changes in the microbial community structure is essential for understanding ecological
processes and the bioremediation of oil-contaminated soils. The research revealed significant differences
in the number and taxonomic diversity of cultured microorganisms in soil collected from the Dossor
deposit. Soil with a low level of contamination exhibited a higher count and diversity of cultivated
microorganisms. The abundance of microorganisms in soils containing 3,990-4,158 mg oil kg™ was two
orders of magnitude higher than in soils with 58,770-61,589 mg oil kg . The investigation identified the
predominant bacterial phyla as Proteobacteria (47.5%), Firmicutes (18.0%), Actinobacteria (18.9%),
Bacteroidetes (12.5%), and other phyla (3.31%). Microorganisms from the genera Micrococcus,
Arthrobacter, Mycobacterium, Achromobacter, Gordonia, Ochrobactrum, Microbacterium, Nocardia,
Streptomyces, Rhodotorula, Trichosporon, Candida, and Aureobasidium were detected. The microbial
diversity of cultivated forms is diminished in soil with elevated levels of contamination. The findings
demonstrate that long-term oil contamination significantly impacts the soil, acting as a stressor that alters
the structure of the microbial community.

Keywords: soil, oil contamination, bioremediation, hydrocarbon - oxidizing microorganisms,
microbial community.

Alterations in the quantity and species diversity of the microbial community are typical
characteristics of contaminated soils. Different groups of microorganisms exhibit varied responses
to contamination: some may increase in number, others may decrease, while some remain nearly
unaffected. Notably, certain taxa capable of degrading hydrocarbons often become prevalent in
oil-contaminated soils [1,2].

Bacteria, actinobacteria, and fungi represent the three principal groups of soil
microorganisms essential for the ecological processes and biodegradation of hydrocarbons in oil-
contaminated soils [3,4]. Native microbial communities play a pivotal role in the degradation of
oil contamination. Consequently, characterizing these microbial communities in oil-contaminated
soils and evaluating their capacity to degrade oil could offer valuable insights for the
bioremediation of contaminated environments.

Long-term soil contamination in oil fields presents a significant environmental challenge, as
restoring such soils to their original condition is exceedingly difficult. However, microbial
communities adapted to prolonged contamination conditions are likely to emerge in these soils.
Literature suggests that these soils accumulate decomposition by-products of petroleum
hydrocarbons, including polycyclic aromatic and aliphatic hydrocarbons. This accumulation leads
to changes in the biodiversity of microorganisms and soil functions [5,6].

Therefore, this study aimed at assessing the abundance and diversity of the microbial
community in soils with prolonged exposure to hydrocarbons. It is proposed that understanding
the structural changes in microbial diversity could aid in identifying strains that are effective for
bioremediation purposes.

231


mailto:Ramza05@mail.ru

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024  www. imv-journal.kz

Material and methods of research

This study utilized various soil samples from the Dossor field, classified into heavily and
slightly contaminated categories, to examine microbial abundance. The samples were collected
from the 0-20 cm depth of the AOAL horizon. The soil in this area is identified as desert solonchak.

Standard nutrient media described in the manuals were used in this work (Table 1).
Determination of the number of microorganisms in soils was carried out using standard methods
[7,8].

Table 1 - Cultivation characteristics

Heterotrophic | Yeasts Mlcroscqplc Spor_e- Actmpbac MIN HOM
Parameter fungi forming teria

King | LB S MSM S+ LB | Starch-casein | CAA Evans
Day 3-10 7 5-7
pH 6.0 7.0 7.0-7.2 7.0-7.2
Starch 10.0 20.0
Casein 0.3
NaCl 0.5 2.0 1.0
(NH4)2SO4 0.1 1.0
NaNO3 0.2
M@gSO;, X
7320 0.025 0.05 05 0.3
KoHPO, X
3H,0 10
KH,PO, 0.4 2.0 0.4 1.0
KNOs3 2.0 55
ZnSO4 0.002
FeSO, X
7H,0 0.01 0.002 0.02
CaCOs 0.02
CaCl, 0.1
Agar-agar 20.0 20.0
Oil 1%
Ref. [8] [10] [9] [10] [11]

Notes: MIN — microorganisms involved in mineralization of inorganic nitrogen; HOM -

hydrocarbon-oxidizing microorganisms; LB — Luria Bertani; S — Sabouraud; MSM — mineral salt
medium; CAA - casaminoacid medium.

Cell numbers were expressed in the number of colony-forming units (CFU) per 1 g of an air-
dry sample [12].

The residual hydrocarbon content in the soil was quantified using a gravimetric method after
extracting the hydrocarbons with chloroform [13].

To determine the qualitative composition of the soil microbial community, the colonies of
micromycetes and bacteria that had grown were categorized into morphological types.
Subsequently, the colony count of each type per dish was recorded. These colonies were then
classified based on their cultural characteristics, and criteria were established that were sufficient
to ascertain their genus affiliation. Identification was carried out employing classical
microbiological techniques, following the isolation of microorganisms in pure culture. This
process involved the assessment of morphological features, as well as cultural and physiological
properties, utilizing modern identifiers for the respective groups and genera [14-16].

Statistical analysis of the data was conducted using the arithmetic mean (M) and its standard
error (m). Mean values were differentiated using the Least Significant Difference (LSD) test, with
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the analysis performed on Infostat analytical software designed for Windows. A significance level

of 0.05 was applied across all statistical analyses [17].

Results and discussion

The structural and functional diversity of the main ecological and trophic groups of soil
microorganisms in the oil-contaminated soils of the Dossor field has been thoroughly investigated.
The number of microbiological communities serves as the most objective indicator for
characterizing the overall ecological condition of contaminated territories. Quantitative data on the
groups of microorganisms involved in the cycles of carbon and nitrogen transformation in
hydrocarbon-contaminated soil samples are presented in Table 2. Notably, a high number of
heterotrophic bacteria was observed in soil with low oil content, regardless of the nutrient medium
used. For example, on King's medium at a depth of 0-10 and 10-20 cm, the counts were 43.2 £ 2.3
x 108 and 6.3 + 0.89 x 10° CFU g' of soil, respectively. As contamination increased, this index
decreased by 100 times. A low level of this group of microorganisms was noted across all samples,
irrespective of the soil horizon. For instance, in samples with high contamination levels, the counts
were 0.37 +0.012 and 0.085 + 0.010 x 10° CFU g' of soil, respectively.

Table 2 - Quantity of ecology-trophic microbial groups oil-contaminated soil collected from Dossor field

Oil concentration, mg kg ™!

Ecological-trophic | 3990+8.87 | 4158+7.31 | 58770+19.8 | 61589+23.1
and taxonomic Depth, cm
groups 0-10 | 1020 | 0-10 | 10-20
Microbial abundance, CFU ¢! soil
("}Lﬁgggmphs 432+23%10° | 6.3+0.89x 106 | 0.37+0.01x10° | 0.085+ 0.010 x 10°
Heterotrophs (LB) | 53.2+2.7 x 10° | 8.3+ 0.69 x 10° | 0.57 + 0.04 x 10° | 0.045 + 0.004 x 10°
('éeAt%’”Ophs 123+93x10° | 13.2+0.27x10° | 0.27 +0.05 x 10° | 0.031 + 0.005 x 10°
é"FtX‘)‘)baCte”a 6.30 +0.56 x 10° | 0.45+0.10 x 10° | 0.36 + 0.0290x10° | 0.023+0.0012 x 10°
(Sl_pé’)re'form'”g 0.52+0.02 x 10° | 0.93+0.02 x 10° | 0.009+0.0005x10° | 0.002:+0.0001 x 10°
Yeast organisms | 0.72 +0.04 x 10° | 0.65+0.02 x 10° | 0.006£0.0003 10° | 0.0040.0003 x 10°
Microscopic fungi | 9.20+0.21 x 10° | 0.80 0.02 x 10° | 0.031%0.0039x10° | 0.005£0.0005 x 10°
Hydrocarbon- 32.7+23x10° | 452+5.6x 10° | 0.32 + 0.01x10° 0.027 + 0.003 x 10°
oxidizing

In samples with a high level of contamination, low numbers of all groups of microorganisms
were recorded compared to soil samples with low levels of contamination. The number of spore-
forming bacteria, for instance, significantly differs at different levels of contamination, decreasing
by 100 times in samples with contamination above 5%. The population of heterotrophic
microorganisms that utilize mineral forms of nitrogen, represented by bacteria and actinobacteria,
was predominantly bacterial (Table 2). The number of actinobacteria on starch-casein medium
varied according to the level of hydrocarbon contamination. In highly contaminated soil, the count
of actinobacteria was an order of magnitude lower compared to soils with less than 1%
contamination. At oil concentrations of 58,770-61,589 mg kg™!, micromycetes quantity were two
orders of magnitude lower than in soils with 3,990-4,158 mg kg ! of hydrocarbons. A comparative
analysis of yeast populations showed higher numbers in soils with low levels of contamination,
ranging from 0.013 + 0.003 x 10° CFU g ! soil.

Hydrocarbon-oxidizing microorganisms are a critical ecological group, with their response
to oil contamination influenced by the duration and quantity of oil exposure. A high count of
hydrocarbon-oxidizing microorganisms was observed in all samples with low oil content, up to
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4,158 + 7.31 mg kg'. In contrast, in soil where the oil concentration increased by an order of
magnitude (61,589 + 23.1 mg kg!), the number of these microorganisms was significantly
reduced, by one to two orders of magnitude (Table 2).

The main groups of soil microorganisms (bacteria, actinobacteria, and micromycetes) were
quantified using conventional culturing methods. Microbial colonies were isolated from various
nutrient media, including King's, LB, Sabouraud, MSM, Sabouraud + LB, CAA, and starch-casein.
The taxonomic composition of the isolated colonies was determined through microscopy and the
assessment of certain physiological and biochemical properties.

The soil of the Dossor field exhibited limited diversity in colony morphotypes across all
analysed media, with the highest variety of morphologically distinct colonies observed on CAA
medium. Notably, a considerable number of identifiable colonies were found on acidified
Sabouraud and Sabouraud + LB media. Conversely, King's and LB media demonstrated minimal
colony diversity. In total, 1382 isolates of cultured bacterial forms were identified. The majority
of these isolated bacteria were gram-negative, and the variety of bacterial morphotypes was
limited, with no more than 35 types observed. Most morphotypes were characterized by mycelial,
bacilliform, rounded, oval cells, or short rods, very small in size (<1.5 um). These cells formed
rapidly or slowly growing colonies on media, which were either flat and spreading, transparent or
translucent, and sometimes brightly coloured in red, pink, yellow, and orange, or colourless, beige,
or muddy-white.

An analysis of the total number of isolates derived from various nutrient media revealed that
the primary bacterial phyla included Proteobacteria 47.46%, Firmicutes 17.96%, Actinobacteria
18.86%, Bacteroidetes 12.46% and 3.31 % other phyla (Figure 1).
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Figure 1 — Main taxonomic microbial groups in oil-contaminated soils collected from Dossor field

Studying microorganisms at the genus level provides a deeper insight into the functional
roles of specific genera in oil-contaminated soils. Analysis of the cultured microbial community
in soil from the Dossor field reveals a diverse array of bacteria and actinobacteria, though diversity
within the micromycetes community remains low. Soil with a high oil content exhibit a reduced
diversity of bacteria and actinobacteria, a notable absence of microscopic fungi, and a minimal
presence of yeast organisms.

Regardless of the oil contamination level, the most commonly identified bacterial genera
across all soil samples include Pseudomonas, Bacillus and Rhodococcus (Figure 2). In soil with
low levels of contamination, the presence of the genera Micrococcus, Arthrobacter,
Mycobacterium, Achromobacter, Gordonia, Ochrobactrum, Microbacterium, Nocardia and
Streptomyces was confirmed. Among yeast organisms, in soils with low levels of contamination,
yeasts from the genera Rhodotorula, Trichosporon, Candida, and Aureobasidium were detected.
Conversely, in soil with high hydrocarbon contamination, a scant presence of yeasts was observed,
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with isolates belonging to the genera Rhodotorula and Trichosporon. Microscopic fungi, identified
in soils with low levels of pollution, were categorized into the genera Penicillium and Aspergillus.
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Figure 2 — Diversity of cultivated microorganisms in soil with different levels of hydrocarbon
contamination

Conclusions

Dossor is an oil field located in the Makat district of the Atyrau region in Kazakhstan,
situated approximately 90 km east of Atyrau city. The development of this field commenced in
1911 and it is currently in a state of conservation. The majority of the area within the field is
covered by solonchaks and soils which, according to the literature, are characterized by a relatively
low diversity of cultivated forms of microorganisms. In the territory of the field, the hydrocarbon
content in the soil ranges from 0.003 to 4.32 mg kg™! in the spring and slightly decreases in the
fall. However, certain areas exhibit hydrocarbon content that is hundreds or thousands of times
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higher [18]. In the context of long-term contamination spanning decades, it is hypothesized that a
stable microbiota complex capable of sustaining the necessary level of biogenic exchange has
developed in the soils.

The variation in the number and ratio of ecological-trophic groups of microorganisms is a
sensitive indicator of soil change or contamination [19]. Our findings indicate a marked difference
in the number of ecological and trophic groups of microorganisms across the studied soils. In soil
with up to 1% hydrocarbon contamination, the count of all groups of cultivated microorganisms
was two to three orders of magnitude lower than in soils with a higher hydrocarbon content (over
5%). Oil contamination’s impact on soil microbial communities can either stimulate the growth of
some species or inhibit others, altering the microbial community structure. This change in
composition and diversity depends not only on the concentration and duration of oil exposure but
also on the soil type and the pre-exposure state of the microbocenosis [20].

Current study highlighted significant disparities in the bacterial diversity within soils of the
Dossor field, which have been contaminated with oil over an extended period. Soils exhibiting low
levels of contamination featured a rich diversity of cultivated bacterial forms, encompassing more
than 10 different genera, including Micrococcus, Arthrobacter, Mycobacterium, Achromobacter,
Gordonia, Ochrobactrum, Microbacterium, Nocardia and Streptomyces.

The high lability and dependence of various groups of microscopic fungi on polluting
factors, including hydrocarbon content, is known [21, 22]. Exposure to hydrocarbons resulted in a
reduction in both the quantity and activity of microscopic fungi. Similar outcomes were observed
in the diversity of microscopic fungi in soils from the Dossor field, where no cultured forms of
micromycetes were detected in soils with a high hydrocarbon content, except for yeasts belonging
to the genera Rhodotorula and Trichosporon.

In conclusion, our research uncovered substantial variations in the abundance of various
ecological-trophic and taxonomic groups of cultivated microorganisms. Soils with lower levels of
contamination displayed a greater biodiversity of cultivated forms of bacteria and microscopic
fungi. Determining the microbial composition of contaminated soil lays the groundwork for further
studies on identifying microbial strains active in bioremediation.

References:

11joma G.N., Tekere M. Potential microbial applications of co-cultures involving ligninolytic fungi
in the bioremediation of recalcitrant xenobiotic compounds. J. Environ. Sci. Technol. 2017; 14(8):1787—
1806. (d0i:10.1007/s13762-017-1269-3)

2 Sutton N.B. et al. Impact of long-term diesel contamination on soil microbial community structure.
Appl. Environ. Microbiol. American. 2013; 79(2): 619-630. (doi:10.1128/aem.02747-12)

3 Debora de Souza P.S. et al. Bio-removal of diesel oil through a microbial consortium isolated from
a polluted environment. International. Biodeterioration & Biodegradation. 2015; 9:85-89.
(doi:10.1016/j.ibiod.2014.09.021)

4 Shekhar S.K. et al. Growth Potential Assessment of Actinomycetes Isolated from Petroleum
Contaminated Soil. J. Bioremediation Biodegrad. 2014; 5(7): 259. (doi:10.4172/2155-6199.1000259)

5Cho C. et al. Recent advances in microbial production of fuels and chemicals using tools and
strategies of systems metabolic engineering. Biotechnol. adv. 2015; 33(7):1455-1466.
(doi:10.1016/j.biotechadv.2014.11.006)

6 Lawniczak L. et al. Microbial Degradation of Hydrocarbons - Basic Principles for Bioremediation:
A Review: 4. Molecules. 2020; 25(4):856. (doi:10.3390/molecules25040856)

7lkuesan F. Evaluation of Crude Oil Biodegradation Potentials of Some Indigenous Soil
Microorganisms.  Journal  of  Scientific  Research and  Reports. 2017;  13(5):1-9.
(doi:10.9734/jsrr/2017/29151)

8Jahangeer J., Kumar V. An overview on microbial degradation of petroleum hydrocarbon
contaminants. International Journal of Engineering and Technical Research (IJETR). 2013; 1(8):34-37.
(doi:10.4061/2011/941810)

9 Al-Hawash A.B. et al. Isolation and characterization of two crude oil-degrading fungi strains from
Rumaila oil field, Irag. Biotechnol. Rep. 2018; 17:104-109. (doi:10.1016/j.btre.2017.12.006)

236


http://dx.doi.org/10.1007/s13762-017-1269-3
http://dx.doi.org/10.1128/AEM.02747-12
http://dx.doi.org/10.1016/j.ibiod.2014.09.021
https://doi.org/10.1016/j.biotechadv.2014.11.006
http://dx.doi.org/10.3390/molecules25040856
https://journaljsrr.com/index.php/JSRR/index
https://doi.org/10.9734/JSRR/2017/29151
https://doi.org/10.4061/2011/941810
https://doi.org/10.1016/j.btre.2017.12.006

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024 www. imv-journal.kz

10 Bertani G. Lysogeny at Mid-Twentieth Century: P1, P2, and Other Experimental Systems.
Bacteriol. American Society for Microbiology. 2004; 186(3):595-600. (doi: 10.1128/JB.186.3.595—
600.2004)

11 Evans C. The continuous cultivation of microorganisms. Construction of a Chemostat. Methods
Microbiol. 1970; 2(4):277-327. (doi:10.1016/S0580-9517(08)70227-7)

12 Marin C., Roberto G. Functional land-use change effects on soil fungal communities in Chilean
temperate rainforests. Journal of Soil Science and Plant Nutrition. 2017; 17(4):985-1002.
(doi:10.4067/s0718-95162017000400011)

13 Luria Yu.Yu. Analytical Chemistry of Industrial Wastewater. Moscow: USSR Chemistry, 1984:
448. (doi.org/10.1002/aheh.19860140513)

14 Holt J.G. Bergey’s Manual of Determinative Bacteriology. 9th ed. New York: Lippincott
Williams & Wilkins, 1994:824.

15 Kurtzman C., Fell J.W., Boekhout T. The Yeasts: A Taxonomic Study. 5th ed. Elsevier, 2011:
2363.

16 Barnett H.L., Hunter B.B. Illustrated Genera of Imperfect Fungi. 4th ed. Burgess Publishing
Company, 1998:254.

17 Sheffe G. Dispersion analysis. - Moscow: USSR Chemistry, 1980: 512.

18 Saparov A.S. et al. Petrochemical pollution of soils of the territory of the pipeline routes in Atyrau
region. Soil ecology. 2009; 4:56-62. (https://journal.soil.kz/jour/article/view/174/166)

19 Zhao D. et al. The influence of different types of urban land use on soil microbial biomass and
functional diversity in Beijing, China. Soil Use Manag. 2013; 29(2):230-239. (d0i:10.1111/sum.12034)

20 Liu Q. et al. Aerobic degradation of crude oil by microorganisms in soils from four geographic
regions of China. Sci. Rep. Nature Publishing Group. 2017; 7(1):14856. (doi:10.1038/s41598-017-14032-
5)

21 Jiao S. et al. Bacterial communities in oil contaminated soils: Biogeography and co-occurrence
patterns. Soil Biol. Biochem. 2016; 98:64—73. (doi:10.1016/j.s0ilbio.2016.04.005)

22 Galitskaya P. et al. Response of bacterial and fungal communities to high petroleum pollution in
different soils. Sci. Rep. Nature Publishing Group. 2021; 11(1):164. (doi:10.1038/s41598-020-80631-4)

K.E. ECEHTAEBA?Y, P. K. BEP)KAHOBA!, T.M. MYKAIIIEBA!, A. MIKOLASCH?,
AK. KYJABAEB?
19J1-CDapa61/1 aTeiHaarel Kazak ¥ 1TTeIK yHUBEepcuTeTi, Anmatel, KazakcTan
%Bioclean, Anmatsl, Ka3axcran
3I'paitdcBans YHUBEpCHTETI, MUKPOOHOIOTHS HHCTUTYTI, I'paiidcanba, I'epmanus
*e-mail: ramza05@mail.ru

AOCCOP KEH OPHbIHBIH TOIIBIPAYbIH/IAT Bl MUKPOBTBIK
KAYBIMJIACTBIKTAPABIH OPTYPJIIVII'THE MYHAUMEH JIACTAHY JIbIH
I9CEPI

Tyiiin

MyHaiiMeH JTaCTaHFaH TOMBIPAKTHIH JKOJOTHSUIBIK IMPOIECTepi MEH OMOpeMenuaIlisIChlH TYCIHY
YIIiH MUKpPOO KaybIMIACTHIFBIHAAFBl KYPBUIBIMBIHBIH ©3repyiH 3epTTey KakeT. HoTmxkenep op Typii
JneHreiine  jacranFaH Jloccop KeH  OpHBIHIAFBl  TONBIPAK — YATIICpIHIETT  MHKPOOPTaHU3M
KaybIMJACTHIFBIHBIH CAHABIK JKOHE TAaKCOHOMUSIIBIK alyaHTYPJUIITT MaHBI3IABl  aWbIPMAIIbUIBIKTaP
KepceTTi. JlacTaHy AeHTrelii TOMEH YITLIep - MUKPOOPTaHW3M CaHBI MEH OOJTIHIN aTbIHFaH MUKPOOPTAaHHU3M
AIyaHTYPJLIITiHIH )KOFapbUIBIFBIMEH CHIIATTANABL. TOMBIPaK KypaMbIHAAFbl KeMipcyTek aeHreii 58770 -
61589 Mr/kr yiarijgepiMeH CajabICThIPFaHIa TOMBIPAKTaFbl MyHal KypaMbl 3990 - 4158 Mr/kr yirijaepinaeri
MHUKPOOpPraHu3M CaHbl 2 €ce JKOFapbl eKeHIIrH kepcerTi. Jloccop KeH OpHBIHAAFbI Y/TLIEpiHAC HETi3ri
Oaktepusianel  punmymaap: Protobacteriad7,46 %, Firmicutesl7,96%, Actinobacteria 18,86%,
Bacteroidetes12,46%, u 3,31% — 6acka ¢punuymuap. Jlacrany neHreiii ToMeH yarinep/e OeliHiI aabIHFaH
MHKpOOpraHu3Mmjep  anyantypuiimiri  kebipek.  Micrococcus,  Arthrobacter,  Mycobacterium,
Achromobacter, Gordonia, Ochrobactrum, Microbacterium, Nocardia, Streptomyces, Rhodotorula,
Trichosporon, Candida »xone Aureobasidium mukpoopranusm Typsepi Oeminin anbiHabl.  JKorapsl
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JICHTel/Ie JTacTaHFaH TONBIPAK YJTUIEpiHAEC MHKPOO KaybIMIACTHIFBI a3blpak. MyHaliMEH y3aK YakbIT
JacTaHy TOIBIPAKKa alTapibIKTall ocep eTelll, SFHU, MEKPOO KaybIMIACTBIFBIHBIH KYPBUIBIMBIH ©3T€pTill,
CTpECTiK (haKTOP PETiHIE BIKIAT eTeIi.

Kinrrik ce3mgep: MyHaii, TONBIPaK, KOMiPCYTETiHTOTBIKTBIPYIITBI MUKPOOPTaHU3MIIEP, MUKPOOTHIK
KaybIMIACTHIK, J0CCOp KEH OpHBI.
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BJIMAHUE HE®TAHOI'O 3ATI'PASHEHUSA HA PASHOOBPA3HUE MUKPOBHbIX
COOBHIECTB B IOYBAX MECTOPOXKJAEHUA 1OCCOP

doi:10.53729/MV-AS.2024.02.14

AHHOTANUA

W3yueHne wu3MEHEHHS CTPYKTYpPhl MHKPOOHOTO cCOOOINecTBa HEOOXOAUMO Ui TIOHUMaHUS
9KOJIOTHYECKUX TPOLECCOB M OHMOpeMeaHnanuy TMOYB, 3arpsS3HEHHBIX He(Thio. Pe3ynmpTaThl Mokazanu
CYIIIECTBEHHBIE Pa3IN4usl B YHCICHHOCTH U TAKCOHOMHYECKOM Pa3HOO0pa3uu KyJIbTHBHPYEMBIX (opM
MUKPOOPTaHU3MOB B IOUYBEHHBIX 00pa3iax MectopoxaeHus JJoccop. OOpa3isl OYBBI C HU3KUM YPOBHEM
3arps3HEHUs]  XapaKTepPHU30BaJIMCh 0oJiee  BBICOKOW  YHCIEHHOCTBIO U pa3HooOpasueM  (opm
MUKpoopranu3MoB. [Ipu coxepxkannn HedhTH 3990-4158 MI/KT TIOUBBI KOJIMYECTBO MHKPOOPTaHU3MOB
Obulo Ha 2 mopsAKa BBINIEC, YEM B IMOYBAX, coAepXamux yrieBogoponsl 58770-61589 Mr/kr moussl.
VYcTaHOBIIEHO, YTO OCHOBHBIE OakTepmaiabHble (GrIMyMbl mpeacTaBieHbl Protobacteria 47,46 %,
Firmicutes 17,96%, Actinobacteria 18,86%, Bacteroidetes 12,46%, u 3,31% — apyrue GUIHYMBI.
Beigenensl  MuKpoopranu3Mel  pomoB  Micrococcus, Arthrobacter, Mycobacterium, Achromobacter,
Gordonia, Ochrobactrum, Microbacterium, Nocardia, Streptomyces, Rhodotorula, Trichosporon, Candida
u Aureobasidium. MukpobHoe pasHooOpashe KyJIbTHBHPYEMBIX (OPM MEHbIE B oOpasiax ¢ 0oiee
BBICOKMM YPOBHEM 3arpsizHeHus. [lokazaHo, 4TO JIIUTEIbHOE 3arps3HeHUe HE(ThIO 3HAYUTEIBHO BIHSET
HAa TI0YBY, IEHCTBYS KaK CTPECCOBBIN (DaKTOp, U3MEHSSA CTPYKTYPY MHKPOOHOTO COOOIIEeCTBa.

KnwueBble cioBa: HedTh, 1OYBa, YIJICBOJOPOJOKUCIISIONINE MHKPOOPIaHU3MBI, MHKPOOHOE
€00011IeCTBO, MecTOpoXkIeHue [Joccop.

W3MeHeHre YMCIEHHOCTH M BHJIOBOTO Pa3sHOOOPa3Hsi MUKPOOHOTO COOOIIECTBA SBIISCTCS
o0meil  OCOOCHHOCTBIO  IOYB, 3arpsA3HEHHBIX  MNOJUIIOTAHTAMHU.  Pa3muuHBIe  TPYMIIBI
MHUKPOOPTaHU3MOB I10-pa3HOMY pearupyloT Ha 3arps3HeHHE, UYUCIEHHOCTh OIHHMX MOXKET
BO3pacTaTh, IPYTUX — CHIDKATHCS, TPETHH — OCTAIOTCS MMPAKTHYECKH HEU3MEHHBIMU. Pa3nnaneivMu
UCCIIEOBAaTEsIMA  OTMEUYEHO, 4YTO HEe(TSHOE 3arps3HEHHE HW3MEHSET OOIIyI0 CTPYKTYpPY
MHUKpOOHOTO cooOlmiecTBa. [IpeacTaBuTenu HEKOTOPBIX TAKCOHOB, pa3jiararoliue yriieBoI0pOIbL,
CTAHOBATCS TOMUHUPYIOIIMMU B He(Te3arps3HEeHHbIX movBax [ 1,2].

bakrepun, axTuHOOAaKTEpMM W TPUOBI - TPU OCHOBHBIE TPYIIBl MOYBEHHBIX
MHKPOOPTaHU3MOB, KOTOPBIE HT'PAIOT PEIIAIOITYIO POJIb B SKOJIOTHYECKHX MPOIeccax U Mporeccax
OMOpa3IoXKEHUsT YIIEBOJOPOAOB B TOYBaX, 3arps3HeHHbIX HedThio [3,4]. CoobmecTBa
a0OpUTeHHBIX MUKPOOPTAaHN3MOB UMEIOT OCOOEHHO Ba)KHOE 3HAYCHHUE B JIETPaJalliél HEQTIHBIX
3arps3HeHui. B CBsI3M ¢ 3TUM, XapaKTepUCTHKA MHKPOOHBIX COOOIIECTB, OOHMTAIOUINX B
HedTe3arps3HEHHBIX TOYBAX, U OI[EHKA UX CIIOCOOHOCTH pasyiaraTh He()Th HOTCHINAIBEHO MOXKET
CIIY’)KUTh PYKOBOJICTBOM [Tl OMOpEMEINAIINH 3arpsI3HEHHBIX CPEJIbI.
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Cepbe3HOl 9KOIOTUYECKOH MPOoOJIeMON SBISAETCS JOJATOCPOYHOE 3arpsi3HEHHE MOYBHI Ha
HE(TAHBIX MECTOPOXKJIEHUSAX W BOCCTAHOBJIEHHE ATHUX MOYB JI0 MEPBOHAYAILHOTO COCTOSHUS
SIBJIIETCSl IPUOPUTETHON 3aJaueil oXpaHbl OKpyskarolel cpenbl. OgHako, BECbMa BEPOSITHO, B
TaKUX T04YBax (OPMUPYIOTCS MHUKPOOHBIE cCOOOIIEeCTBa, aJanNTHPOBaHHBIE K IMTEIbHBIM
ycloBusM 3arpsasHeHus. [lo JuTepaTypHbIM [aHHBIM, B TakMX I0YBaX HaKaIJIMBAIOTCA
COCIMHEHUS! PA3JIOKEHHS HE(TIHBIX YIIEBOJAOPOJOB, U B TOM YHCIE MOJUIUKINYECKUE
apoMaTU4ecKue M aauQarudeckue yriieBoJOpoabl. B pesynbTaTe MX HAKOIJICHUS WU3MEHSETCS
O6uopa3zHo0Opa3ue MUKPOOPTaHU3MOB B (PYHKITUH TIOUBHI [5,6].

Lenpio qaHHOTO HCCIeNOBAaHUS OBLIO OICHUTHh YUCICHHOCTh U Pa3HOOOpa3ne MUKPOOHOTO
co00I1IeCTBa B MTOYBAX C JAJTUTEIBHBIM CPOKOM BO3JE€UCTBUE yriieBoopo1oB. [Ipennonaraem, 4ro
CTPYKTYpPHBIE U3MEHEHHsI pa3HO00pa3usi MUKPOOPTraHU3MOB MOTYT CIIY>KUT OCHOBOH JUIs BBIOOpa
[ITAMMOB, aKTUBHBIX B OMOpeMeTuaIiu.

Matepuan u MeToAbI HCCIIeI0BAHUS

Jnist u3ydeHus YUCICHHOCTH MUKPOOPTaHU3MOB ObUTH HCITOJIb30BaHbl HECKOJIBKO 00pa3IoB
MOYBBI C MECTOPOXKAeHUs Jloccop, CHIIbHO3arpsi3HEHHBIE U cllabo3arps3HeHHbIe. O0pasisl mpod
oroupanu ¢ riryounsl 0-20 cMm ¢ Topu30HTOB AoA1. TUI MOYBHI - COJTOHYAK MTYCTHIHHBIMN.

B paGotre ObuM HCHONB30BaHbl CTaHAAPTHBIE NHUTATEIbHBIE CpEIbl, ONMUCAHHBIE B
pykoBojcTBax (Tabmuma 1). OnpeneneHue YuCIEHHOCTH MUKPOOPTaHU3MOB B TIOYBAX IPOBOIMIIH
CTaHIapTHBIMU MeToxamu [7, 8].

Tabmuma 1 — IlurarenpHble cpeabl sl KyJIbTHBHPOBAHUS MUKPOOPTaHIU3MOB

Muxkpocko | Cnopo
I'erepotpodsr Hposk HI/Iqu:)CKI/Ie 06paI;y Aximobax | MMH YOM
[TapameTpsr o rpuOBI 1001005 (6] reput CA
Kunr | Jlypus C MSC C + JTE KKA KAA EBanc
bepranu a
CyTtku 3-10 7 5-7
pH 6.0 7.0 7.0-7.2 7.0-7.2
Kpaxman 10.0 20.0
Kazeun 0.3
NaCl 0.5 2.0 1.0
(NH4)2SO4 0.1 1.0
NaNO; 0.2
MgSO4x7H,0O 0.025 0.05 0.5 0.3
KoHPQO4x
3H;0 10
KH,PO, 0.4 2.0 0.4 1.0
KNO:3 2.0 5.5
ZnSO4 0.002
FeSO, x 7H,0 0.01 0.002 0.02
CaCOs3 0.02
CaCl; 0.1
Arap - arap 20.0 20.0
Heds 1%
Ccpuiku [8] [10] [9] [11]
[pumedanne: MMHCA - MUKpOOpraHH3MBI, YYacCTBYIOIIME B MHHCPAIU3AIMYA HEOPTaHMYSCKHX
coenuHeHn azota; YOM — yraeBomopomokucisitomue Mukpoopranmsmsel; JIb — Jlypust bepranu; C —
Cabypo; MCM — munepanbpHo-coneBas cpena; KAA — kpaxMan-aMMuadHasl cpeaa.

YHCIEHHOCTh KJIETOK BBIPAKAIU B KOJMYECTBE KOJIOHMEOOPA3yIOUIMX CIUHUI] Ha | T
BO3/IyIITHO-CYXOTro oOpasma [12].
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OcrarouHoe conep)KaHHe YIIEBOJOPOJIOB OIPEACNISIIM BECOBBIM METOJOM TIOCHe
SKCTPAKIIUHU YIJIEBOJI0POI0B Xopodopmom [13].

Jns  ompeneneHuss KadyeCTBEHHOI'O COCTaBa IOYBEHHOTO MHUKPOOHOTO COOOIECTBa
0oTOMpany KOJOHUU MUKPOMHIIETOB U OakTepuil. aeHTudukanmuo MUKpOOPraHu3MOB 0 pojia
POBOJWIN KJIACCHYECKUMU MHUKPOOHOJIOTHYECKMMHU MeToAaMu. M3yyanu MopQoiaoruyeckie u
HEKOTOPbIe OMOXMMUYECKHE XapaKTEPUCTUKH H30JTOB [14-16].

Cratuctuyeckyro  00OpaOOTKY  pe3yslbTaTOB  IPOBOAMIM €  YU4ETOM  CPEIHETrO
apudmernueckoro (M) u ero ommbku (m). CpenHue 3HaYeHUs OBUIM pa3JieieHbI C MOMOIIBIO
LSD-tecta ¢ MCHOJIB30BaHMEM aHATUTHUYECKOTO IMpOorpaMMHOro obecmnedyenus Infostat s

Windows. J[ist BceX CTaTHCTHYECKUX aHAIM30B MCITOJIb30Bacs mopor 3Haunmocta 0,05 [17].

Pe3yabTaThl u 00Cy:KIeHHE

N3ydeHo cTpykTypHO-(DYHKIIMOHAIBHOE Pa3HOOOpa3ue OCHOBHBIX JKOJIOTO-TPOPUIECKIX
TPy TOYBEHHBIX MUKPOOPTaHU3MOB B 3arpsi3HEHHBIX HE(PTHIO MOUBAX MeCTOpOXKIeHus Jloccop.
UnCcneHHOCTh  MHUKPOOHMOJIOTHYECKOTO  COOOIIecTBa  SIBISETCS HaubOoliee OOBEKTUBHBIM
MOKa3aTeleM, XapaKTepU3yIOIUM 00I1Iee IKOJIOTHUECKOE COCTOSIHUE 3arpsiI3HEHHBIX TEPPUTOPU.
B Tabnume 2 mnpeacraBieHbl KOJWYECTBEHHBIE XAPAKTEPUCTHKH TPYII MHKPOOPTAaHU3MOB,
YYacTBYIOUIMX B I[MKJIaX IMpeBpallleHusi yriepoia M a3oTa B 3arps3HEHHBIX YIJIEBOJOPOJaMU
MOYBEHHBIX 00pa3iax. Beicokas YMCIIEHHOCTh TeTepOTPO(HBIX OAKTEpU OTMEUEHA B TTOUBEHHBIX
oOpa3lax ¢ HU3KUM COjepKaHHeM He(pTH He3aBHUCHUMO OT HCIOJIb3YeMOW MUTATEIbHON CPEelbl,
Hanpumep, Ha cpeae Kunra cocrasuna npu rayoune 0—-10 u 10-20 cm. 43,2+2,3 x 10° u 6,3+0,89
x 108 KOE/r mouBsl, cootBeTcTBeHHO. C yBEIMUEHHEM 3arPA3HEHMS 3TOT I0KA3aTeNb CHIKAETCS
B 100 pa3. Hu3kuil ypoBeHb YMCIEHHOCTH JAHHOM I'PyNIIbl MUKPOOPTaHU3MOB ITPOCIIEKUBAIICS BO
Bcex o0Opa3lax He3aBUCHMO OT TOPU30HTA MOYBLI. Tak, HarpuMmep, B 00pa3ax Mo4yB ¢ BBICOKUM
YPOBHEM HX UMCIEHHOCTH coctaBuma 0,37+0,012 u 0,085+£0,0096 x 10° KOE/r moussl,
COOTBETCTBEHHO.

Tabmuma 2 - YHCIEHHOCTH 3KOJIOrO-TPOPHUYECKUX TPYIHI MHKPOOPTaHM3MOB B He(Te3arpsi3HEHHBIX
MOYBEHHBIX 00pa3uax mectopoxienus Joccop ( X +0)

DkoJjoro-rpoduueckue KomuuecTBo HeTH, MI/KT
W TAKCOHOMMHCCKHC [T "3090+887 | 4158+7,31 | 58770198 [  61589+23,1
TPYHIRT ['my6una, cM
0-10 | 10-20 | 0-10 | 10-20
Yucnerarocts MukpoopraamMon, KOE

Teteporpodsl, Ha Kunra | 43.2 £ 2.3x10° | 6.3 +0.89x 10° | 0.37 + 0.01x10° | 0.085 + 0.010 x 10°
T'ereporpod, na 53.2+2.7x10° | 8.3 +0.69x 10° | 0.57 + 0.04x10° | 0.045 + 0.004x10°
Jlypusi- bepranu
Tereporpodbr, na KAA | 123 +9.3x10° | 13.2+0.27x10° | 0.27 % 0.05x10° | 0.031 + 0.005x10°
RITUHOOUCIEPHL, M2 | 6 304056 x 10° | 0.45£0.10x 0° | 30092900 0.09340 0012 x 10°
Criopoobpasyromme, Ha | 55, .09 x 108 | 0.93+0.02x10° | %-009£0-0005x1 1 505.16.0001 x 102
Jlypus- Beprana 0
IPOICKEBLS OPTAMIMEL | 77 40,04 % 10° | 0.65£0.02x10° | 000995 110,004+0.0003x107
?gﬁggocmnmecme 9.20+0.21 x 10° | 0.80+0.02x10° 0'0311“%?039"1 0.00520.0005x10°
YPACBONOPOIOKKCIIO | 3974 2.3x10° | 45.2¢5.6x10° | 07T 0L 10,027 £0.003x10°
11005 (S

HpI/IMC‘-IaHI/IC. 3( CPCAHCC 3HAUYCHUC, +o - CpCAHCC KBAAPATUIHOC OTKJIOHCHUC.

B npo6ax mo4B ¢ BBICOKUM YPOBHEM 3arps3HEHHsI PETUCTPUPOBAIA HU3KYIO YHUCIEHHOCTD

BCEX IPYINI MUKPOOPTaHU3MOB IO CPABHEHUIO C MOYBEHHBIMH O0pa3zlaMH C HU3KHUM YPOBHEM.

Tak, 4nMcCIEHHOCTh CHOPOOOpa3yroluX OaKTepuil CTATUCTUYECKH 3HAYMMO pPAa3IMYyaeTcsl Mpu
240



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024 www. imv-journal.kz

pasHOM ypoBHE 3arpsizHeHus. B oOpasmax c 3arpssHeHHeM Bbiie 5 % O3TOT IOKa3areib
ymenbmwiicss B 100 pa3. I'pynma reTepoTpoHBIX MHKPOOPTaHU3MOB, HCIOJIB3YIOITUX
MHUHepaJibHble (OpPMBI  a30Ta, NpEACTaBIeHAa OaKTepUsIMU M aKTUHOOAKTEpUSMH, IO
KOJMYCCTBEHHOMY COOTHOIICHUIO JIOMHUHUpOBaMHM OakTepum (Tabmmma 2). YHCIEHHOCTH
aKTUHOOAKTEepHIl Ha KpaxMaj-Ka3eMHOBOW cpene ObUIa pa3iMyHON B 3aBHCHMOCTH OT CTEICHU
3arpsi3HEHUs]  yriaeBojopofamMu. B cHIbHO3arps3HEHHBIX NpoOax TMOYBBI  KOJIUYECTBO
aKTUHOOAKTEepHil OBLJIO Ha MOPSIOK HIKE 1O CPAaBHEHHMIO C OOpas3laMH IOYBHI C YPOBHEM
3arpsisHeHus 1% (tabmuua 2). B obpasue, comepxkameit 58770 - 61589 mr/kr nmoussl HedTH
KOJINYECTBO MUKPOMHUIIETOB OBUIO Ha 2 TMOpsAIKa MEHbIIE, YeM B IOYBaX TJE COJEp)KaHHe
yrieBoopoaoB Obuto B mpenenax 3990 - 4158 mr/kr mousbl. [Ipu cpaBHUTETHEHOM aHaW3Ee
YHCJICHHOCTH JPOKKEH OBUIO YCTAHOBJICHO, YTO X KOJIMYECTBO OBLIO BBIIIE B ITOYBAX C HU3KUM
YPOBHEM 3arpsi3HEHUS M Haxoaunock B npenenax 0,013+0,0029%10° KOE/ r mousbL.

VYTI1eBOIOPOIOKUCISAIOIINE MUKPOOPIaHU3MBI SBJISIIOTCA BaXKHOM 3KOJIOTMYECKOM IPYIIION
MUKpPOOPTraHU3MOB, XapakTep BO3JACHCTBUS HEPTSIHOrO 3arps3HEHHs] Ha YHUCICHHOCTh
YTJIEBOAOPOAOKUCIISIONINX MUKPOOPTaHU3MOB OMNpEIENsAeTCS UIMTENBHOCTRIO BO3ACUCTBUS U
KonuuecTBOM HepTH. Tak, BbICOKasi YUCIEHHOCTh YIIIEBOJAOPOJOKUCIISIOMINX MUKPOOPTaHU3MOB
OTMEYEeHa BO Bcex oOpaslax ¢ He3HAYUTEIbHBIM cojiepx)anueM Hedtu - 1o 4158+7,31 mr/kr. B
o0Opasiax moys, Ii¢ KOHIICHTpals HePTH YBETUIMBACTCS HA OJUH TOPpsIoK (61589+23,1 mr/kr),
YHCJICHHOCTh YTJIEBOJOPOJOKHUCISIONIMX MUKPOOPTAaHU3MOB Ha OJUH M JIBa IOPSAIKAa HUXKE
(Tabmuma 2).

C wuCrosib30BaHUEM TPAJAULMOHHBIX KYJIbTYpalIbHBIX METOJIOB YUUTHIBAIM OCHOBHBIC
TPYIIIBI TOYBEHHBIX MHUKPOOPTaHU3MOB (OaKkTepuid, aKTHHOOAKTEPUH, MHUKPOMHMIICTOB). bbutn
U30JIUPOBaHbl KOJIOHWHM MHKPOOPTaHU3MOB, BBIPAIIEHHBIX Ha Pa3HBIX MUTATEIbHBIX Cpenax:
Kunra, JIypus-bepranu, Cabypo, MuHepanbHO-cosieBoit, Cabypo + Jlypus-bepranu, kpaxmaio-
ammuauHoil (KAA) u kpaxmano-ka3zenHoBod. OmpeznesneHne TaKCOHOMHUYECKOTO COCTaBa
M30JIMPOBAHHBIX KOJIOHUH 10 poja MPOBOJWIM IYyTEM UX MUKPOCKOIUPOBAHUS U OMpEesIeHuEM
HEKOTOPBIX (PU3UO0IOr0-OMOXUMHUECKUE CBOMCTB.

[TouBsr MecTopoxnenust Jloccop oTauyanuch HEOOIBITUM pazHOOOpazreM MOp(OTHUIIOB
KOJIOHM Ha BCeX aHaIu3UpyeMmbIX cpenax. HaumbOonbliee komuyecTBO MOP(HOIOTHYECKU
pa3HooOpa3HbIX KoJoHWK oTMeueHo Ha cpene KAA. Ha momkucnennoir Cabypo u Cabypo +
Jlypus-bepranu BcTpeyannch MHOTO OHOTUIHBIX KosloHui. Ha cpenax Kunra u Jlypus-bepranu
YCTAaHOBJICHO HE3HAYUTENIIBHOE pa3HooOpa3ue KojJoHui. Bcero Bwimeneno 1382 wu3ossta
KyIbTUBUpYEeMbIX  (opM  OaxkTepuil. bBoJBIIMHCTBO  BBIAENEHHBIX  OakTepuid  ObUIH
rpaMoTpulaTeIbHbBIMU. Yrcio MOpGOTHIIOB OakTepuii OBLIO HEBEIMKO U COCTABIISLIO He O6oee 35
TUNOB. BONBIIMHCTBO MOP(OTHIIOB NpeACTaBIsIM cO00M MHIIETHAIbHBIE, MAJIOYKOBUIHBIC,
OKpYTJIbIE, OBAJIbHBIE KJIETKHU WM KOPOTKUE MMaJ0YKU, 0O4eHb Menkue (<1,5 MkM), oOpasyromiuie Ha
cpenax OBICTpOpacTyIUE WJIM MEAJICHHOPACTYIINE, TUIOCKUE M CTENIONIUeCs, IPO3payHble WK
MOJIYTIPO3pavHbIe KOJIOHUHU, OKpAIlIEeHHbIE HHOT/IA JJOBOJIBHO SIPKO (KPAaCHOTO, PO30BOTO, JKEITOrO
¥ OPaH)KEBOT'O I[BETOB) UJIM OECI[BETHBIC, OCKEBbIC MU MYTHO-OEIIBIE.

HccnenoBanue oO0IIEro KOJIWYECTBA HM30JIATOB, BBIIEICHHBIX Ha Pa3HBIX MHUTATEIbHBIX
cpezax MmoKa3alo, 4TO OCHOBHbIC OaKkTepualbHbIe PHINYMbI IpeacTaBieHbl Protobacteria - 47,46
%, Firmicutes - 17,96%, Actinobacteria - 18,86%, Bacteroidetes - 12,46%, u 3,31% — mpyrue
¢mmymsl (pucyHok 1).

241



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024  www. imv-journal.kz

k=

O Protobacteria
@ Firmicutes

O Actinobacteria
m Bacteroidetes
EFiliomes

Pucynok 1 — OcHOBHbIE TAKCOHOMHYECKHUE TPYIIBI KyTbTHBUPYEMBIX (OpM OakTepuii
He(Te3arps3HeHHBIX TIOYB MecTopoxkaeHus Jloccop

N3yuenne Oosiee HU3KOTO TAKCOHOMHUYECKOTO YPOBHS, POJA, MO3BOJUT IIAPE IOHSTH
(GYHKIIMOHATBHYIO POJb ONPEASIEHHBIX POJOB MHUKPOOPTraHM3MOB B HedTe3arpsa3HEHHBIX
MOYBEHHBIX OOpasiax. Tak, aHaTu3 KyJIbTHBHPYEMOI'O MHUKPOOHOTO COOOIIECTBA MOYBEHHBIX
0o0pa3oB MecTopoxaeHus Jloccop mokasan, 4To 3TO MHKPOOHOE COOOIIECTBO COCTOUT U3
pa3HooOpa3us Tpynn OakTepuil W aKTHHOOAKTEpHWM, HU3KOE pa3HOOOpa3ue OTMEUCHO Y
MUKPOMHIIETHOTO Co00IecTBa. B MOYBEHHBIX OOpa3lax ¢ BBICOKHM cojaepkaHueMm HedTu
YCTaHOBWJIM HU3KOE pa3HOOOpa3ue rpymnm OakTepuil 1 akTHHOOAKTEpHiA, HAOII0JaTl OTCYTCTBUE
MUKPOCKOITMYECKUX TPHOOB M HE3HAUUTEIHHOE COJIEPIKAHUE IPOKKEBBIX OPTAHU3MOB.

Bo Bcex moyBeHHBIX 00pa3ioB, HE3aBUCUMO OT YPOBHsI 3arpsi3sHEHHOCTH He(ThIO, Hanbosee
TUIWYHBIC MTPEJCTaBUTENN OakTepuil oTHeceHbl K pogam Pseudomonas, Bacillus u Rhodococcus
(pucynok 2). B o0pa3max ¢ HU3KUM YpPOBHEM 3arpsi3HEHHUS YCTAHOBICHO HAJIMYHUE POJIOB
Micrococcus, Arthrobacter, Mycobacterium, Achromobacter, Gordonia, Ochrobactrum,
Microbacterium, Nocardia u Streptomyces. Cpeau 1poxiKeBbIX OPraHH3MOB BO BCEX ITOUBEHHBIX
o0pasiax ¢ HU3KUM YPOBHEM 3arpsi3HEHUS] OTMEUESHO PUCYTCTBUE Apoxokeit poros Rhodotorula,
Trichosporon, Candida u Aureobasidium. B mo4BeHHBIX o0Opasiax ¢ BBICOKHM YpPOBHEM
3arpsi3HEHUsS] YIIIEBOJOPOJaMH YCTAHOBJICHO HE3HAYMTEIHHOE COJEpIKAHUE IPOXOKEH, ObLIn
BBIJICIIEHBI Aporku pomoB Rhodotorula u Trichosporon.

Muxkpockonuyeckre rpuObl ObUTH 0OOHAPYKEHBI B TOYBEHHBIX 00pa3iax ¢ HU3KUM YPOBHEM
3arps3HeHus u ObUTH oTHECEeHBI K pogaam Penicillium u Aspergillus.

/ Bacillus\.

Rhodococcus

Micrococcus

e

/ Arth robacter\

P Y

/ Gordonia\

58770+19,8 -
61589+23,1 mg/kg

Rhodotorula Pseudomonas

/ . Mycobacterium
Trichosporon |

W,
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Pucynok 2 - PazHooOpasue KyIbTHBHPYEMBIX MEKPOOPTaHU3MOB B TIOYBE C Pa3HBIM YPOBHEM
3arps3HEHUs YIIIEBOIOpPOAaMHU

3akiiroueHue

Hoccop - HeTssHOE MECTOPOXKIEHUE, PACTIONOKEeHHOEe B MaKaTCKOM pailoHe AThIpayCKOM
obmactu Kazaxcrana, B 90 kM K BOCTOKY OT ropojia ATeipay. PazpaboTka mecTopoxacHus Oblia
Hayata ¢ 1911 roma, ceiluac HaxoAWTCS B KOHCEpPBALMH. BOJIbIIYIO YacTh MECTOPOXKICHUS
3aHUMAIOT COJIOHYaKd U COpbI, KOTOpbIe IO JAaHHBIM JIUTEPATyphl XapaKTepU3YIOTCS
OTHOCUTEIILHO HEBBICOKUM pa3zHOOOpa3ueM KyIbTUBHpPYEMbBIX (opm Mukpoopranm3mon. Ha
TEPPUTOPUU MECTOPOKICHUS COJAEp)KaHHUE YTIIEBOJAOPOJOB B MOYBE HAaXOIWJIOCh B Ipenenax
0,003-4,32 mr/kr B BeCEHHHW MEpPHOJ W HE3HAYUTEIHLHO YMEHbBINAJIOCh B OCCHHUN MEPUOI.
OnHaKO €CTh YYacCTKH, TJI€ COAEPKaHUE YIIIEBOAOPOJOB B HUX BBIIIE B COTHU U ThICAYM pa3 [18].
[Ipenmonaraercs, 4To B YCIOBUSX JUIMTEIHHOTO (JIECATKH JIET) 3arpsA3HEHUs B IOYBaX
dbopMHUpyeTCS YCTOMUMBBIA KOMIUIEKC MUKPOOHMOTHI, CIIOCOOHBIN MOEPKUBATh HEOOXOIUMBIN
YpOBEHb OMOTEHHOTO OOMEHa.

BappupoBanue  YHMCIEHHOCTM M COOTHOILIEHHE  JKOJIOTO-TPOPHUUECKUX  TPYII
MUKPOOPTaHU3MOB OTHOCSTCSI K YHCITY YyBCTBUTEIHHBIX MapaMETPOB, CBUIACTEILCTBYIOMUX 00
W3MEHEHUU WM 3arps3HeHud 1ouBbl [19]. Hamm mnokazaHo J0CTOBEpHOE pazivvve B
YUCIIEHHOCTH HKOJIOTO-TPOPHUUECKUX TPYNI MHKPOOPTAaHW3MOB B HCCIIEIYyEMBIX MOYBEHHBIX
oOpa3uax. B o6pasnax ¢ ypoBHEM 3arpsi3HEHUs YIIeBOJOPOIOB 110 1 %, 4HCIEHHOCTh BCEX TPYIII
KYJIbTUBHPYEMBIX (POPM MUKPOOPraHM3MOB Ha 2 WM 3 TOpSAKA HIKE IO CPAaBHEHHUIO C
oOpa3uamu ¢ 0oJiee BRICOKHM COJIEp)KaHUEM YTIIeBOI0poaoB (bosee 5 %) B mouse.

BosneticTue HeTH Ha COOOIIECTBA TOYBEHHBIX MUKPOOPTAHU3MOB MOKET CTUMYIUPOBATH
POCT OAHMX BHUJIOB U MOJAABIATH pa3BUTHE Apyrux. B pesynbrare nonananus HehTu U3MEHSIETCS
CTPYKTypa MHUKPOOHOTO COOOIIEeCTBa, €ro COCTaB U CTEMEeHb pPa3HOOOpa3us 3aBHCAT KaK OT
KOHIEHTPALUU U IJIUTEILHOCTH BO3ACUCTBHUS, TAK U OT TUIIA [TOYBHI U COCTOSIHUSI MUKPOOOIIEHO3a
710 Hayana Hedre3arpsa3HeHus noussl [20].

Pe3ynbrarhl Hallero ucciaelnoBaHUSl IMOKa3alu CYHIECTBEHHBbIE pa3inuvs pa3HOoOpasus
OakTepuil B mouBax MecTopokaeHus Jloccop mIuTenbHOe BpeMs 3arpsi3HEHHBIX HedThio. Tak,
MOYBHI C HU3KUM YPOBHEM 3arpsi3HEHUS] OTIUYAIUCH OONBIINUM pazHooOpazreM OakTepuii, 6omee
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https://ru.wikipedia.org/wiki/%D0%90%D1%82%D1%8B%D1%80%D0%B0%D1%83
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10 pasueix pomoB: Micrococcus, Arthrobacter, Mycobacterium, Achromobacter, Gordonia,
Ochrobactrum, Pseudomonas, Microbacterium, Nocardia u Streptomyces.

M3BecTHa BBICOKAsA JIaGI/IJILHOCTI: U 3aBUCUMOCTL PA3JIMYHBIX TI'PYIIIT MHUKPOCKOMUYCCKHUX
rprOOB OT 3arps3HAIOMUX (AKTOPOB, B TOM YKCIIE OT IPUCYTCTBHS YIIIeBO10po0B [21, 22]. ITpu
I[CﬁCTBI/II/I YrjeBOAOPOAOB OTMCUCHO CHUKCHHUEC YHUCIICHHOCTU U aKTUBHOCTHU MUKPOCKOIMMYCCKUX
rpuboB. Takue ke pe3ysNbTaThl MOJYYEHBI NMPU H3YUYCHHH Pa3HOOOpa3wsi MUKPOCKOIMMYECKUX
rpubOB B TOYBEHHBIX OOpas3max MecTopoxiaeHus Jloccop. B mouBax ¢ BBICOKHM YpOBHEM
COJIEpKaHUsl YTIIEBOJOPOJOB KYJIbTUBUPYEMbIe ()OPMBI MUKPOMHUIIETOB HE OOHAPYKEHBI, OBLITH
u30JIMpoBaHbl Ipoxoku poxos Rhodotorula u Trichosporon.

Takum oOpa3oM, pe3ynbTaThl HCCIACAOBAHUS ITOKA3aIM: CYIIECTBEHHBIC pa3Inyus B
YHCJICHHOCTH PAa3HbBIX 3KOJIOTO-TPO(YUYECKHX U TAKCOHOMUYECKHUX TPYMIBI KYJIbTUBUPYEMBIX
GhopM MUKpPOOPTraHW3MOB; 00pa3Ilbl MOYB ¢ HU3KUM YPOBHEM 3arpsi3HEHHUS XapaKTEPU30BAIHCH
Oosiee BBICOKMM OHOpa3HOOOpa3ueM KyJIbTUBHUPYEMbIX (opM OakTepuil ¥ MUKPOCKOIMHMYECKUX
rpuboOB; OmNpeeieHne MUKPOOHON CTPYKTYPHI B 3arpsi3HCHHOW IOYBE SIBIISCTCS OCHOBOM IS
HaHBHCﬁMHX I/ICC.HGI[OBaHI/Iﬁ 0 BBIABJICHUIO AKTUBHBIX MTaMMOB MHUKPOOPraHU3MOB B
OuopeMeTaIum.
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