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MICROBIAL DIVERSITY OF ENVIRONMENTAL OBJECTS IN THE TERRITORY
ADJACENT TO THE BURIAL SITES OF PESTICIDES AND THE STUDY OF
BIOCOMPATIBILITY OF DESTRUCTOR STRAINS

Annotation: Among the various chemical ecotoxicants of anthropogenic origin, organochlorine pesticides are

among the most stable and dangerous for the environment and humans. One of the major environmental problems is the
contamination of natural objects with organic pesticides, which are highly toxic and persistent. In addition to places of
intensive use of pesticides, the potential danger to the environment and humans is caused by their burial sites — special
underground concrete bunkers or wells. Toxic substances can enter the environment from storage facilities and pose a
threat to all living organisms, including soil and aquatic microbial populations. Most of the conducted studies are
devoted to the study of the effect of pesticides on the populations of microorganisms in the soils of agrocenoses, while
the issues of studying soil microbial complexes in the areas of pesticide burial are not sufficiently covered. At the same
time, microorganisms isolated from ecosystems exposed to long - term exposure to pesticides have the potential for
faster decomposition of these compounds, which makes it necessary to study microbial communities of soils
contaminated with pesticides, both for assessing biological risk and for selecting promising destructor microorganisms
for bioremediation technology of natural objects.

Key words: microorganisms, strains, destruction, bioremediation, persistent organic pollutants, pesticides.

Introduction. Pesticides are chemical compounds used to control pests, weeds and plant
diseases in agriculture, as well as pests of wood, products made of wool, leather, cotton, ectoparasites
of domestic animals, vectors of human and animal diseases. The use of pesticides is primarily due to
the desire to ensure maximum efficiency of agriculture. It is believed that if successful pest control
in the world, it would be possible to annually collect an additional 200 million tons of grain, which
would be enough to feed 1 billion people. However, the downside of the use of pesticides was the
serious negative consequences for the environment in general, and human health in particular.

Organochlorine pesticides are widely used in agriculture. They are poorly soluble in water,
highly soluble in organic solvents and fats, and extremely stable in the environment. Pesticides such
as dichlorodiphenyl-trichloromethylmethane (DDT), aldrin, and heptachlor can be detected in soil 10
years or more after their use. They linger for a long time in the upper layers of the soil, slowly migrate
to the depth, accumulate in products of plant and animal origin [1].

It is generally recognized that the main factor causing the conversion of pesticides in the soil
is the action of microorganisms that are capable of destroying a wide range of compounds. The
reverse process is also natural - the effect of pesticides introduced into the soil on the composition
and vital activity of the microflora.

The direct effect of pesticides on soil microbial communities depends on the chemical
properties of the preparation and the species of microorganisms. However, according to the available
data, it is not of decisive importance, since the concentrations of agrochemicals that are critical for
such an impact are tens or hundreds of times higher than the doses used in practice [2].

Thus, pesticides, entering the soil, have a direct or indirect impact on the communities of
microorganisms. According to modern concepts, microbiological monitoring is one of the priority
areas of environmental quality control. Currently, the best developed methods for assessing the
impact of pollutants are based on the study of the structural rearrangements of communities and taking
into account different groups of microorganisms [3].

Materials and methods

Methods for studying the microbial diversity of environmental objects in the territory adjacent
to the sites of pesticide disposal.

The determination of the number of different groups of soil microorganisms to identify
physiological groups resistant to the pollutant and to compare the microbiological composition of the
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soil and water microflora in the areas adjacent to the storage facilities was carried out by the method
of successive dilutions of the soil suspension on dense nutrient media. The number of cells was
determined by the Koch method.

The essence of the method consists in seeding a certain volume of the studied suspension of
microorganisms on a dense medium in Petri dishes and counting the colonies grown after incubation.
Sowing is carried out on agarized media in Petri dishes. To determine the total number of
microorganisms, meat - peptone agar (MPA) is used, to determine the content of fungi in the soil-
wort-agar (CA), to determine the number of different physiological groups of microorganisms,
appropriate nutrient media are used. Mold fungi were taken into account on the agarized medium of
Chapek—Doxa, ammonifying bacteria were detected on GRM agar, nitrogen-fixing bacteria-on Ashby
medium, aerobic cellulolytic bacteria were taken into account on the dense nutrient medium of
Hetchinson and Clayton.

Methods study of biocompatibility of destructor strains

The vast majority of representatives of the microbial system realize the potential for
biodegradation in natural conditions in combination with other microorganisms. An important
condition for the effective transformation of xenobiotics is the absence of antagonism between
destructive organisms [4].

N. A. Glushanova and others modified the drop method as follows: a daily strain culture grown
on a liquid nutrient medium is applied to the surface of a dense medium in Petri dishes with a
bacteriological loop with a diameter of 2-3 mm and left at room temperature until the drop is
completely absorbed. After that, retreating 1-2 mm from the edge of the first spot, apply a drop of the
daily test culture grown on the same nutrient medium. Spreading out, the second drop enters the
culture spot about half the diameter. In the superimposed part, cultures develop in mutual presence
(co-cultivation), competing with each other.

The free parts of the spots of each crop serve to control the viability of each crop and the
germination of the nutrient medium. After drying, the drops of the second culture of the cup with the
crops are incubated with the lid down at the optimal temperature. Preliminary accounting of the
results is carried out after 18-20 hours of incubation, the final accounting - after 48 hours. The result
of the experiment is taken into account visually by the presence of signs of suppression of one culture
by another. The antagonistic activity of bacteria is evaluated by the number of strains of the tested
microorganisms that they suppress [5].

Results and discussion

In the work, soil samples were taken from the following points: Amangeldy No. 1, Amangeldy
No. 2, Belbulak, Kyzylkairat, Beskainar settlements adjacent to the pesticide burial sites of Talgar
district of Almaty region. Soil samples from the village of Basshi, Kerbulak district, Almaty region,
served as a control.

The results of the study of the qualitative and quantitative composition of the native
microbiota in the studied water and soil samples are shown in Figure 1.

The microbial diversity of soil samples contaminated with pesticides was studied. Data on the
quantitative and qualitative composition of the microflora of the studied soil samples were obtained.
The total number of mesophilic aerobic and facultative anaerobic microorganisms (MAFAnM) of the
control sample of the soil and water of the village of Basshi was 1.8x10%-4. 7x108 CFU/g.
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Fig. 1 - Microbial diversity of soils in Amangeldy village-Brigade 1 (warehouse 1 and warehouse
2), Belbulak village, Kyzylkairat village, Beskainar village

According to the analysis of the microbial diversity of the soil in the samples of the village of
Amangeldy No. 1, the number of heterotrophic bacteria was 3. 2x108 CFU/g, the number of spore-
forming bacteria of the genus Bacillus and bacteria of the genus Pseudomonas, as well as
ammonifying bacteria was 5.4x10° CFU/g,while the number of aerobic cellulose - decomposing
bacteria and mold fungi was an order of magnitude lower. In the soil samples of Amangeldy No. 2,
the number of heterotrophic bacteria was 6.3 x 10’ CFU / g,including representatives of ammonifying
bacteria in the amount of 2.7 x 10° CFU/g.

As a result of studying the microbial diversity of the soil of the wvillage of
Belbulak,microorganisms of the following physiological groups were identified: heterotrophic
bacteria - 3. 5x107 CFU/g, nitrogen — fixing bacteria — 1. 7x10° and ammonifying bacteria — 5. 9x10°
CFU/g,as well as mold fungi-1. 3x107 CFU/g and yeast-4. 5x107 CFU/g. In soil samples, p.
Kyzylkairat revealed heterotrophic bacteria in the amount of 5.1 x 107 CFU/gas well as
microorganisms of the following physiological groups: nitrogen — fixing bacteria — 1.1 x 10°,
ammonifying bacteria — 2.6 x 10’ CFU/g, as well as mold fungi-1.1 x 10’ CFU/g and yeast-2.5 x 10’
CFU/g,aerobic cellulolytic bacteria-1.8 x 10° CFU/g. In the soils of Beskainar, the number of
heterotrophs was 4.2x107 CFU/g, aerobic cellulolytic bacteria-2.7 x10” CFU/g, ammonifying
bacteria-3.2x107 CFU/g, yeast -2.8 x10” CFU / g, and mold fungi - 3.5x10’ CFU / g .

The vast majority of representatives of the microbial system realize the potential for
biodegradation in natural conditions in combination with other microorganisms.

An important condition for the effective transformation of xenobiotics is the absence of
antagonism between destructive organisms. This was the basis for the next stage of work — the
identification of biocompatibility between bacterial and yeast cultures, taking into account their
further compatibility in the consortium.

In this regard, the antagonistic relationships of the destructor strains in relation to each other
for the purpose of joint cultivation were determined. Figure 2 shows the results of joint cultivation of
bacterial and yeast strains.
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Figure 2 - Biocompatibility of microbial strains isolated from contaminated soils by pesticides

Culture Joint growth on nutrient media Cell morphology

Bacillus amyloliquefaciens
AK3 - Pseudomonas
koreensis AK1

Bacillus pumilus AK4 —
Rhodotorula sp.

Alkanindiges illinoisensis
BP7 - Pseudomonas
plecoglossicida K2

Bacillus aryabhattai K3 -
Rhodotorula sp.

Bacillus paramycoides
CA1I - Rhodotorula sp.

Bacillus subtilis AK 5 -
Pseudomonas
plecoglossicida K2
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As can be seen from Figure 41, antagonism between bacterial and yeast strains was evaluated
by the value of the diameter of the inhibition zone. Antagonism between Bacillus aryabhattai K3,
Bacillus pumilus AK4, Bacillus paramycoides CAI and yeast cultures of Rhodotorula sp. he was
absent.

On culture media, antagonism between bacterial strains Bacillus amyloliquefaciens AK3-
Pseudomonas koreensis AKI, Alkanindiges illinoisensis BR7 - Pseudomonas plecoglossicida K2,
Bacillus subtilis AK 5-Pseudomonas plecoglossicida K2 was not established.

The study of antagonistic properties in these strains did not reveal inhibitory properties in
relation to each other. This allows them to be cultured together and used in a consortium to create a
biological product.

Conclusion. The characteristic of the diversity of microbial and fungal flora of the studied soil
and water samples is given. The total number of mesophilic aerobic and facultative anaerobic
microorganisms (MAFAnM) of the control sample of the soil and water of the village of Basshi was
1.8x10%-4. 7x10® CFU/g. As a result of the study of the qualitative and quantitative composition of
the microflora, mold fungi dominated in the soil samples of Amangeldy No. 1 (31%), and
heterotrophic bacteria dominated in the soil samples of Amangeldy No. 2 (34%). In the soils of
Kyzylkairat, the number of heterotrophic bacteria was 34%, ammonifying bacteria 23%, and in the
soils of P. Belbulak the number of ammonifying bacteria was -35%.

Micro-organisms of the following physiological groups were detected in the water microflora
of Kyzylkairat, Beskainar, Amangeldy No. 1, Belbulak, Brigade — 2-Almaty Plemzavod JSC, Basshi
(control): micromycetes, actinomycetes, heterotrophic bacteria, nitrogen-fixing and ammonifying
bacteria.

During the screening, 25 promising strains were selected, and as a result of molecular genetic
analysis, up to a species was identified.

The biocompatibility of destructor strains selected from contaminated soils with pesticides was
studied. Antagonism between Bacillus aryabhattai K3, Bacillus pumilus AK4, Bacillus paramycoides
CA1I and yeast cultures of Rhodotorula sp. he was absent.

This allows them to be cultured together and used in a consortium to create a biological product.
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MUKPOBHOI'O PABHOOBPA3HUA OB BEKTOB OKPYKAIOIIEN CPEJbI HA
TEPPUTOPUN, ITPUIETAIOIIENU K MECTAM 3AXOPOHEHUA IIECTULHNAOB U
N3YYEHUE BUOCOBMECTUMOCTHU IITAMMOB JECTPYKTOPOB

Annomayusi: Cpeou pasiuiHbIX XUMU4ECKUX 3KOMOKCUKAHMOE AHMPONO2EHHO20 NPOUCXONCOCHUS

XNI0pOpeaHuyecKue necmuyuobl A8IAIOMCA OOHUMU U3 HAUOOIee CTNAOUTILHBIX U ONACHBIX OJI OKpYdcatoujell cpeosl u
yenosexa. OOHOU U3 OCHOBHBIX IKOJLO2UYECKUX NPODIEM SN Sl 3a2PSA3HeHUe NPUPOOHBIX 00BEKMO8 OP2AHUYECKUMU
necmuyuoamu, KOmopwle s18s0mMcst 6bICOKOMOKCUYHbIMU U cMOuKumu. TIoMumo mecm uHmeHCcusHo20 nPuUMeHeHuUs.
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necmuyuo08, NOMEHYUAILHYI ONACHOCMb OJIsl OKPYICarouell cpedsl U 4en08eKd npedCmagisiion Mecma ux
3aXOPOHEHUsl — CneyuaibHble N0O3eMHble OemoHHble OYHKepbl Uil KOooybl. ToKcuuHble geujecmsea Mocym nonaoams 6
OKPYIAHCAIOUYIO CPEQY U3 XPAHUIULY U NPEOCMAGISMb YepOo3y OIS 8CEX HCUBBIX OP2AHUZMOB, GKIIOUAS NOUGEHHbIE U
600HbLE NONYSIYUU MUKPOOP2AHUIMOS. BOIbUuUnCmeo npoeedeHHbIX UcC1ed08aHULl NOCEAUEHO USYYEHUIO GIIUSIHUS
neCmuyud08 Ha NONYIAYUU MUKPOOP2AHUIMOE 8 NOYBAX AZPOYEHO308, 8 O 8PEMSL KAK BONPOCHL U3YYEeHUsl NOYEECHHBIX
MUKDOOHBIX KOMNIEKCO8 8 PAUIOHAX 3AXOPOHEHUSI NeCMULUO08 0CEeUieHbl HeOOCMAamoyuHo. B mo dice epems
MUKDPOOP2AHU3MbI, BbLOCTEHHbBIE U3 IKOCUCEM, NOOBEPIUUXCS OTUMETbHOMY 8030€UCMBUI0 NeCMUYUO08, 0o1aoarom
nomeHyuanom 0jist 6oaee 6bICMPO20 PAZNONCEHUSL IMUX COCOUHEHUN, MO Oelaem HeoOX0OUMbBIM U3VHeHUe MUKDPOOHBIX
Cco0OWecms no4e, 3a2PA3HEHHbIX NeCMUYUOAMU, KAK OISl OYeHKU DUON0SUHeCKO20 PUCKA, MAK U 015 ombopa
NEPCREeKMUBHBIX MUKPOOP2AHUZMOB - OeCMPYKMOPO8 OJisl MeXHOL02Uuu OUuopemeouayuy npUpoOHbIX 00beKmMos.
KiroueBbie CJI0Ba: MUKPOOP2AHUZMYL, WIMAMMBL, 0eCMPYKYUsl, buopemeouayusi, CmouKue opeanuiecKue
3a2psAzHUmenu, necmuyuobl.
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NECTULHUATEPII KOMY OPBIHJIAPBIHA JKAKBIH AYMAKTAFBI KOPIIAFAH
OPTA OFBEKTIJIEPIHIH MUKPOBTBIK ATTYAHTYPJILIITH 3EPTTEY JKOHE
JECTPYKTOP IITAMM/APBIHBIH BHOCOMKECTITTH 3EPTTEY

Annomayus: aumpono2enoiK ap mypii XUMUSLIbLK, IKONMOKCUKAHMMAPObLY [UIHOe OP2AHOXA0PIbL neCmuyuomep
KOPWAagamn opma men a0amoap yulin ey mypaKmol scane Kkayinmi 601vin mabwvliadwl. Heeizei sxonocusiivik
npobaemanapoviy 6ipi-mabudu HeiCaAHOAPObIH OMe Yilbl HCIHE MOIIMOI OP2AHUKANBIK NeCTUYUOmepMeH J1ACMAaH)bl.
Vvt 3ammap kopwazan opmaza goumanapoan mycin, 6apivik mipi opeanuzmoepze, COHbIY iuinoe
MUKPOOP2AHUIMOEPOiH MONBIPAK HCIHE CY NONYIAYUSIAPLIHA KAYin mOHOIpYi mymKin. JKypeizineen sepmmeynepoiy
Kenwiniei necmuyuomepoiy azpoyeros monvblpabiHOagbl MUKPOOP2AHUIMOEP NONYIAYUACHIHA ICEPIH 3epmmeyee
apHaneaw, an neCmuyuomepoi Kemy ayoaHoapblHOAzbl MONbIPAK MUKDOOMbIK, KeWeHOEePIiH 3epmmey Maceienepi
arcemxinikmi mypoe kammulimagan. Convimen Oipee, necmuyuomepoiy Y3ax acepine yulblpazan dKodxicylienepoeH
OKWAYIAHRAH MUKDOOP2AHUZMOED OCblL KOCBLIbICMAPOblY mMe3 blObIPAYbIHA MYMKIHOIK bepedi, 0¥ necmuyuomepmeH
JACMAaHeaH MONbIPAKMbIH MUKPOOMBIK, KAYBIMOACMbIKMAPLIH OUONOSUANLIK Kayinmi 6azanay yulin 0e, mabuau
0bvexminepoi buopemeouayUusnay MmexHoI02UACHl YUiiH NepCneKmusmi 0ecmpyKmuemi

MUKPOOpeaHusmoepOi manoay yuin oe sepmmeyoi Kasxcem emeol.

Tyiiinai ce3aep: muxpoopeanusmoep, wimammoap, oecmpykyus, ouopemeouayuss, mypaKmol OpeaHuUKaIbly
Jaacmagviuumap, necmuyuomep.
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IRSE «National Center for Biotechnology» SC MES RK, Kazakhstan, Nur-Sultan city
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BIOSYNTHESIS OF ALGINATE BY BACTERIAL STRAINS AZOTOBACTER
CHROOCOCCUM

Abstract. In the present work, the ability of fifteen strains of Azotobacter chroococcum for biosynthesis of alginic

acid polysaccharide was investigated. As a result, 6 most promising bacterial strains capable of alginate synthesis were
selected. They are A. chroococcum 1/3 Ac, A. chroococcum 1/5 Ac, A. chroococcum 10, A. chroococcum 13, A.
chroococcum 22 and A. chroococcum 37. The proportion of capsular alginate was determined during the work. It
varied from 4.4% to 30% of the total amount of synthesized alginate.

Keywords: Azotobacter, alginate, polysaccharide, biosynthesis, biopolymer

Introduction
Alginate is a linear unbranched biopolymer. This polysaccharide consists of two monomers -
mannuronic and guluronic acids, which are linked by a glycosidic bond [1]. The main producers of
alginates are various types of brown algae of the class Phaecophyceae, as well as bacteria of the genus
Pseudomonas sp. and Azotobacter sp. [2].
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