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IDENTIFICATION OF MICROORGANISMS ISOLATED  
FROM OIL RESERVOIR WATER OF THE AKINGEN FIELD,  

KAZAKHSTAN

Currently, there is a continuous growth of deposits in Western Kazakhstan that are in the late stage 
of development. Deposits often have a complex heterogeneous structure with hard-to-recover reserves, 
so for their effective development it is necessary to apply methods of increasing oil recovery. One of 
the most effective methods of enhanced oil recovery is microbial enhanced oil recovery (MEOR). Mi-
croorganisms of the developed oil-reservoir waters, adapted to the extreme underground conditions of 
the reservoirs, are promising objects for the development of microbiological methods for increasing oil 
recovery, based on their ability to displace and dilute oil. The article presents the identification of aero-
bic microorganisms, waterlogged oil reservoir waters of the Akingen field. The aim of this study was to 
identify microorganisms of oil-reservoir waters of the Akingen field isolated under aerobic conditions. 
Traditional microbiological and genetic methods of identification of microorganisms are used in the 
research work. The enzymatic activity of the isolated strains (lipase, amylolytic, proteolytic activity) was 
evaluated. The emulsification index was carried out according to the Cooper method. As a result of mi-
crobiological and genetic studies of the nucleotide sequence of the 16S rRNA gene fragment, 14 aerobic 
strains of microorganisms were identified as representatives of the genus Pseudomonas and Bacillus, in 
particular, Bacillus paramycoides-M1; B. subtilis subsp. spizizenii-S1; Bacillus sp. – M2, A1, A2, A3, A4, 
A5, S2, S3, D-1X; P. aeruginosa-D5, D6, D7. The evaluation of emulsifying activity allowed us to iden-
tify 4 strains of microorganisms with a high oil emulsification index: P. aeruginosa-D5, D6, D7 (40-49 
%) and Bacillus sp. D1X (32 %). Isolates P. aeruginosa – D5, D6, D7 and Bacillus sp. D1X are promising 
objects for use in enhanced oil recovery technologies.

Key words: microorganisms, oil reservoir water, identification, bacteria Bacillus, Pseudomonas ae-
ruginosa, oil emulsification index.
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Ақінген мұнай кен орнының мұнай пласт суларынан бөлініп алынған 
микроорганизмдердің идентификациясы, Қазақстан

Қазіргі уақытта Батыс Қазақстанда мұнай игерудің соңғы сатысында тұрған кен орындары 
үздіксіз өсуде. Кен орындары көбінесе қиын өндірілетін қорлары бар күрделі гетерогенді 
құрылымға ие, сондықтан оларды тиімді игеру үшін мұнай шығуын арттыру әдістерін 
қолдану қажет. Мұнай шығуын арттырудың ең тиімді әдістерінің бірі – микроорганизмдер 
негізінде мұнай шығуын арттыру (MEOR). Экстремалды жер асты жағдайларына бейімделген 
мұнай пласт суларының микроорганизмдері мұнайды ығыстыру және сұйылту қабілетіне 
негізделген пласттардан мұнай шығуын арттырудың микробиологиялық әдістерін әзірлеу үшін 
перспективті объектілер болып табылады. Мақалада суландырылған Ақінген кен орнының 
мұнай пласт суларынан білініп алынған аэробты микроорганизмдердің идентификациясы 
берілген. Зерттеудің мақсаты Ақінген мұнай кен орнының мұнай пласт суларынан аэробты 
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жағдайда бөлініп алынған микроорганизмдердің идентификациясы анықтау болды. Зерттеу 
жұмысында микроорганизмдерді идентификациялаудың дәстүрлі микробиологиялық және 
генетикалық әдістері қолданылды. Бөлінген штаммдардың ферментативті белсенділігіне (липаза, 
амилолитикалық, протеолитикалық белсенділік) бағалау жүргізілді. Эмульгирлеу индексі Купер 
әдісімен жүргізілді. Геннің 16S rRNA фрагментінің нуклеотидтер тізбегін микробиологиялық 
және генетикалық зерттеу нәтижесінде микроорганизмдердің 14 аэробты штаммдары Pseudo-
monas және Bacillus тұқымдарының өкілдері ретінде анықталды, атап айтқанда Bacillus paramy-
coides – M1; B. subtilis subsp.spizizenii – S1; Bacillus sp. – M2, A1, A2, A3, A4, A5, S2, S3, D-1x; P. 
aeruginosa – D5, D6, D7. Эмульгирлеу белсенділікті бағалау барысында мұнай эмульсиясының 
жоғары индексіне микроорганизмдердің 4 штаммы ие болды: P. aeruginosa – D5, D6, D7 (40-49 
%) және Bacillus sp. D1X (32 %). P. aeruginosa изоляттары – D5, D6, D7 және Bacillus sp. D1X 
пласттардан мұнай шығуын арттыру технологияларында пайдалану үшін перспективті объектілер 
болып табылады.

Түйін сөздер: микроорганизмдер, мұнай пласт суы, идентификация, Bacillus, Pseudomonas 
aeruginosa бактериялары, эмульгирлеу индексі.
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Идентификация микроорганизмов, выделенных из нефтепластовых вод  
нефтяного месторождения Акинген, Казахстан

В настоящее время непрерывно растет месторождений, в Западной Казахстане которые 
находятся в поздней стадии разработки. Месторождения часто имеют сложную неоднородную 
структуру с трудноизвлекаемыми запасами, поэтому для их эффективной разработки необходимо 
применять методы увеличения нефтеотдачи. Одним из наиболее эффективных методов 
повышения нефтеотдачи является микробное повышение нефтеотдачи (MEOR). Микроорганизмы 
разработанных нефтепластовых вод, адаптированные к экстремальным подземным условиям 
пластов, являются перспективными объектами для разработки микробиологических методов 
увеличения нефтеотдачи пластов, основанные на их способности вытеснять и разжижать 
нефть. В статье дана идентификация аэробных микроорганизмов, заводненных нефтепластовых 
вод месторождения Акинген. Целью настоящего исследования явилась идентификация 
микроорганизмов нефтепластовых вод месторождения Акинген, выделенных в аэробных 
условиях. В исследовательской работе использованы традиционные микробиологические и 
генетические методы идентификации микроорганизмов. Проведена оценка ферментативной 
активности выделенных штаммов (липазная, амилолитическая, протеолитическая активность). 
Индекс эмульгирования проводилась по методу Купера. В результате микробиологических 
и генетических исследований нуклеотидной последовательности фрагмента 16S rRNA гена, 
идентифицированы 14 аэробных штаммов микроорганизмов как представители рода Pseudo-
monas и Bacillus, в частности, Bacillus paramycoides -М1; B. subtilis subsp.spizizenii -S1; Bacillus 
sp. – М2, А1, А2, А3, А4, А5, S2, S3, D-1X; P. aeruginosa – D5, D6, D7. Оценка эмульгирующей 
активности позволила выделить 4 штамма микроорганизмов с высоким индексом эмульгирования 
нефти: P. aeruginosa – D5, D6, D7 (40-49 %) и Bacillus sp. D1X (32 %). Изоляты P. aeruginosa – D5, 
D6, D7 и Bacillus sp. D1X являются перспективными объекты для использования в технологиях 
повышения нефтеотдачи пластов.

Ключевые слова: микроорганизмы, нефтепластовая вода, идентификация, бактерии Bacillus, 
Pseudomonas aeruginosa, индекс эмульгирования.

Introduction

One of the rapidly developing areas of mod-
ern microbiology is the study of the microflora of 
underground ecosystems [1]. Interest in the mi-
croorganisms of deep ecosystems is determined 
by the need to clarify the features of microbial 
diversity and establish the lower boundary of the 

biosphere, as well as the patterns of geochemical 
activity of microorganisms in the lower layers of 
the earth for the rational management of biogenic 
processes [2, 3].

Microbiological methods in the oil industry at-
tract attention with low investment demand, high 
efficiency and environmental safety. Oil reservoir 
microorganisms have great biotechnological poten-
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tial and are used in technologies for microbiological 
enhanced oil recovery [4].

Microorganisms of oil reservoirs have been the 
object of research since 1926. Oil reservoirs are gen-
erally characterized by oxygen-free conditions or 
low oxygen content. Anaerobic acetogens and meth-
anogens of sulfate-, sulfur-, thiosulfate-, iron-reduc-
ing and fermenting prokaryotes have been identified 
in reservoir waters [5, 6, 7]. Aerobic bacteria of oil 
reservoirs are relatively poorly studied. However, 
aerobic microorganisms also live in oil reservoirs, 
where they usually enter with injected water, drilling 
mud, and as a result of natural hydrodynamic flows 
[8]. The injected water often contains dissolved ox-
ygen, and an aerobic or microaerobic zone is created 
in part of the reservoir, where a group of bacteria 
can develop [9, 10]. In oil fields that are exploited 
using flooding, aerobic microorganisms are the ini-
tial link in the aerobic-anaerobic microbial trophic 
chain that performs microbial transformation of oil 
[11, 12]. It is known that the vital activity of micro-
organisms in reservoir waters with the formation of 
oil-substituting compounds, apparently, is the basis 
of microbiological methods for increasing oil re-
covery in flooded reservoirs [13]. Microbiological 
methods of enhanced oil recovery can increase cur-
rent oil production by 10-15 %, which is comparable 
to the discovery of a new field [14]. Microbiologi-
cal oxidation of residual heavy oil and its conver-
sion to oil-displacing agents such as carbon dioxide, 
methane, and surfactants such as polysaccharides, 
alcohols, and fatty acids increase the mobility of the 
oil. These substances form an oil shaft and migrate 
through the reservoir with the water flow, displacing 
oil from the host rocks [15]. An important stage in 
the development of such technologies is the selec-
tion of bioagents capable of active life in extreme 
conditions of oil reservoirs.

The aim of this work was to identify the micro-
organisms isolated from the flooded reservoir water 
of the Akingen field.

Materials and methods

The Akingen oil field is located in the Atyrau 
region of Western Kazakhstan. The field was dis-
covered in 1980, development began on September 
1, 1992, and the productive horizon of the oil res-
ervoir is located at a depth of 700-900 m. Oil res-
ervoir water sample collected in spring 2018 From 
an active well in the Akingen oil field. The initial 
reservoir pressure is 6.2-12.8 MPa, the tempera-
ture is 34-470C, the pH of the oil reservoir water is 

6.34±0.31. The oil density is 842-905 kg/m3. Low-
sulfur oils (0.15-0.28%), low-paraffin oils-0.88%. 
The regime of oil deposits is elastic-water-pressure. 
Formation waters of the chlorocalcium type, with a 
density of 1078-1105 kg/m3 and a mineralization of 
127.1-162.5 g/l. It is currently in the late stage of 
development, and the remaining amount of oil in the 
reservoirs is up to 60% of the original reserve.

The objects of the study were 14 strains of mi-
croorganisms isolated by the Koch method under 
aerobic conditions from the flooded reservoir waters 
of the Akingen field. The field, in turn, is at a late 
stage of development and needs to develop micro-
bial methods to improve oil recovery. 

To study the biological properties of microor-
ganisms, the following nutrient media were used: 
Nutrient Agar, Actinomycete Isolation Agar, Sab-
ouraud Dextrose Agar, Nutrient Broth, MPG, Ash-
by medium (HiMedia Laboratories, Mumbai, India). 
Aerobic microorganisms were cultured in stationary 
conditions at a temperature of 40 °C for 24-48 hours.

The study of the isolated microorganisms: mor-
phological, cultural, physiological and biochemi-
cal properties of microorganisms. The purity of the 
isolated cultures of microorganisms was controlled 
by the generally accepted methods of 3-segment 
depletion stroke [16]. The phenotypic properties 
of microorganisms (macro -, micromorphology of 
microorganisms, cell morphology, motility, pres-
ence of spore formation, Gram color, physiologi-
cal and biochemical characteristics) were studied 
using traditional (standard) methods [17, 18]. Mi-
croscopic studies were performed using a MOTIC 
B1-220A light binocular microscope (Spain) [19]. 
The identification of microorganisms was carried 
out by determining the direct nucleotide sequence 
of the 16S rRNA gene fragment, followed by de-
termining the nucleotide identity with the sequences 
deposited in the international Gene Bank database, 
as well as constructing phylogenetic trees with the 
nucleotide sequences of the reference strains. Ge-
nomic DNA from bacterial cultures was isolated 
using the method of K. Wilson [20]. Quantitative 
DNA analysis was performed using a NanoDrop ND 
2000 spectrophotometer at a wavelength of 260 nm. 
For amplification of the 16S RNA site, a reaction 
mixture of 25 µl was prepared: 12.5 µl Q5 ® Hot 
Start High-Fidelity 2X Master Mix (New England 
Biolabs Ins., USA); a pair of universal primers: 8F 
(5’-AGAGTTTGATCCTGGCTCAG-3’) and 806R 
(5’-GGACTACCAGGGTATCTAAT-3’) of 1.2 µl 
at 10 µM concentration; DNA matrix and water up 
to 25 µl. The aplication mode consisted of the fol-
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lowing cycles: 95°C for 5 minutes, then: 95°C for 30 
seconds, 55°C for 40 seconds, 72°C for 50 seconds 
for 30 cycles; elongation at 72°C for 10 minutes. 
PCR products were separated in 1 % agarose gel, 
the strips were stained with ethidium bromide and 
visualized in a UV transilluminator. A 1xTBE buf-
fer was used as the electrode buffer. The PCR prod-
uct was purified using the CleanSweep ™ cleaning 
reagent (ThermoFicher Scientific, USA). The 16S 
rRNA gene fragments were sequenced using the 
Big Dye Terminator v3.1 Cycle Sequencing Kit 
(Applied Biosystems, USA) according to the man-
ufacturer’s protocol [BigDye ® Terminator v3.1 
Cycle Sequencing Kit Protocol Applied Biosystems 
USA]. To clean the sequencing products, the Big-
Dye ® XTerminator ™ Purification Kit was used 
according to the manufacturer’s protocol. Capillary 
phoresis was performed on a genetic analyzer ABI 
3500 DNA Analyzer (Applied Biosystems, USA). 
The sequencing results were processed in the SeqA 
(Applied Biosystems) program. The search for ho-
mologous nucleotide sequences of 16S rRNA genes 
was carried out using the BLAST program (Basic 
Local Alignment Search Tool) in the International 
Gene Bank Database of the US National Center for 
Biotechnology Information (htpp://www.ncbi. nlm. 
nih.gov). The nucleotide sequences of 16S rRNA 
gene fragments obtained during the study of 14 
bacterial strains are placed in GenBank under the 
numbers: MW386831; MW386832; MW386833; 
MW386834; MW386835; MW386836; MW386837; 
MW386838; MW386839; MW386840; MW386841; 
MW386842; MW386843; MW386844;

Phylogenetic analysis was performed using 
MEGAX software. The alignment of the nucleo-
tide sequences was performed using the Clust-
alW algorithm. To construct phylogenetic trees, 
the Neiighbor-Joining (NJ) method was used 
[21].

The emulsification index was carried out ac-
cording to the Cooper method [22]. Synthetic glyc-
erin and sterile crude oil from the Akingen field 
were used to determine the oil emulsification index 
by microorganisms. 

Experimental studies were conducted on the ba-
sis of an accredited laboratory of the Research Insti-
tute of Ecology of Problems.

Results

The Akingen oil field is located in the Atyrau 
region of Western Kazakhstan, in the south-eastern 
part of the Caspian Basin. Visual characteristics of 
the oil reservoir water of the Akingen field two-
phase liquid, the upper layer is oil, brown color, the 
lower one is water. The initial reservoir pressure is 
6.2-12.8 MPa, the temperature is 34-470C. Forma-
tion water of the chlorocalcium type, with a density 
of 1078-1105 kg/m3 and a mineralization of 127.1-
162.5 g/l.

Previously, as a result of studies conducted un-
der aerobic conditions, 14 strains of microorganisms 
were isolated from the flooded oil reservoir of the 
Akingen field. Table 1 presents the results of mor-
phological and cultural characteristics of microor-
ganisms of oil-reservoir waters.

Table 1 – Differentiating characteristics of aerobic microorganisms isolated from water-flooded

№ Strains
The conditions 
of cultivation,

t 40 0C
Cell shape Gram 

stain
Spore 

formation Mobility Colony morphology

1 М1 aerobic Long sticks, in pairs G+ + - Shape round, surface smooth, flat, shiny, 
color white, edge smooth, 10 mm

2 М2 aerobic Long and thin sticks 
that exist separately G+ + +

The edges of the colonies are smooth, 
round, the color is white, shiny, the top is 
flat, 3mm

3 А1 aerobic
Long sticks that exist 
separately, in pairs, 

and strepto
G+ + +

The edges of the colony are rhizoid, 
cream color, forms mucus, the surface is 
convex, 10 mm

4 А2 aerobic Short sticks that exist 
separately G+ + -

The colony is round, the color is white with 
a yellow tinge, the edges of the colony are 
smooth, the surface is smooth, shiny

5 А3 aerobic Short sticks, 
separately and in pairs G+ + - Colony with irregular edges, cream color, 

uneven surface, mucus forms, 7 mm
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№ Strains
The conditions 
of cultivation,

t 40 0C
Cell shape Gram 

stain
Spore 

formation Mobility Colony morphology

6 А4 aerobic Long sticks that exist 
separately G+ + + Colony with irregular edges, color white, 

matte, surface smooth, 5 mm

7 А5 aerobic Long sticks that exist 
separately G+ + -

The colony is round, the edges are 
smooth, matte, the color is white, the 
surface is smooth, 8 mm

8 S1 aerobic
Short sticks that exist 
separately, in pairs, 

and strepto
G+ + -

The edges of the colonies are uneven, 
wavy, the surface is bumpy, the colony is 
matte, 4 mm

9 S2 aerobic Long sticks that exist 
separately G+ + - The colony is round with irregular edges, 

the surface is smooth, the colony is shiny
10 S3 aerobic Long sticks that exist 

separately G+ + - The edges of the colonies are wavy, 
matte, white color, smooth surface, 6 mm

11 D-1X aerobic Short sticks that exist 
separately, in pairs G+ + - Colony round, folded surface, matte, 

slimy, wavy edge, 3 mm
12 D5 aerobic Short sticks existing 

separately and in pairs G- - + Colonies are irregular, convex, shiny, 
slimy, with blue-green pigment, 2 mm

13 D6 aerobic Short sticks that exist 
separately G- - + Colonies are irregular, convex, shiny, 

slimy 2-3 mm

14 D7 aerobic Short sticks that exist 
separately G- - + Colonies are irregular, convex, shiny, 

slimy, with blue-green pigment, 2 mm
Note: «+» – the sign is present, «-» – the sign is absent

Table continuation

As can be seen, from 14 aerobic strains of mi-
croorganisms isolated from the reservoir water 
of the Akingen field: 11 strains of spore-forming, 
gram-positive (M1, M2, A1, A2, A3, A4, A5, S1, 
S2, S3, D1X) and 3 strains of non-spore-forming, 
gram-negative (D5, D6, D7), mono -, diplobacteria 
with different cell connections (Fig. 1). Cell motility 

is observed in 6 strains (M2, A1, A4, D5, D6, D7). 
Aerobic microorganisms were cultured in stationary 
conditions at a temperature of 40 °C for 24-48 hours

Table 2 shows the results of the physiological 
and biochemical characteristics that are necessary to 
determine the systematic position of various repre-
sentatives of bacteria.

   

                    T1                                              T5                                               T6 

          

                       D5                                               D6                                           D8                                                                                                                                                                                                                        
      

                     T4                                                      D9                                          D7            

M1 S1 D7

Figure 1 – Morphology of gram-negative (D7) and gram-positive (M1, S1) bacterial cells  
(nutrient Broth medium, 48 hours of growth, type of Gram staining, 1000x)
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Table 2 – Physiological and biochemical characteristics of aerobic microorganisms isolated from water-flooded 

Strain
Signs М1 М2 А1 А2 А3 А4 А5 S1 S2 S3 D1X D5 D6 D7

Catalase activity + + + + + + + + + + + + + +
Amylolytic activity + + + + + + + + + + + - - -
Proteolytic activity + - - + + - + - - - + + + +

Use of molecular nitrogen - - + - - + + - + - + + + +
Lipolytic activity - - - - - - - - - - - - - -
Oxidaseactivity - - - - - - - - - - - + + +

Note: «+» – the sign is present, «-» – the sign is absent

As can be seen, all 14 aerobic strains of micro-
organisms are catalase-positive. 11 strains (M1, M2, 
A1, A2, A3, A4, A5, S1, S2, S3, D1 X) hydrolyze 
starch, hydrolysis zones vary from 1-7 mm, 3 strains 
(D5, D6, D7) do not hydrolyze starch. Proteolytic 
activity is observed in 8 strains (M1, A2, A3, A5, 
D1 X, D5, D6, D7), 6 strains of non-diluting gelatin 
(M2, A1, A4, S1, S2, S3). Molecular nitrogen uses 
8 strains (A1, A4, A5, S2, D1, D5, D6, D7). Oxidase 
activity was detected in 3 strains (D5, D6, D7), ox-
idase-negative-in 11 strains (M1, M2, A1, A2, A3, 
A4, A5, S1, S2, S3, D1). Lipolytic activity was not 
detected in all 14 strains. 

As a result of studying the main morphological, 
cultural, physiological, and biochemical character-
istics of 14 strains isolated under aerobic conditions 
from oil-reservoir waters, we were able to identify 
them to their generic identity, so 11 strains of mi-

croorganisms (M1, M2, A1, A2, A3, A4, A5, S1, 
S2, S3, D1) were assigned to the genus Bacillus, 3 
strains of microorganisms (D5, D6, D7) to the genus 
Pseudomonas.

To determine the species identity of these iso-
lates, genotyping was performed at the conservative 
16S rRNA locus (Table 3). Taking into account the 
literature data (Kumar et al., 2018), indicating the 
presence of GeneBank nucleotide sequences in in-
ternational banks (http://www.ncbi.nlm.nih.gov/), 
we additionally constructed phylogenetic trees 
with the nucleotide sequences of the 16S rRNA 
gene of the reference strains of these species. The 
analysis included the nucleotide sequences of the 
16S rRNA gene, the most phylogenetically related 
to microorganisms (Fig. 2, 3). Table 3 shows the 
results of identification of strains of microorgan-
isms.

Table 3 – The results of the identification of strains by fragment 16S rRNA gene

№ Strains Closest taxon (GenBank accession no.) Percent identity % Identification
1 М1 NR_157734.1 92 Bacillus paramycoides

2 М2 NR_041794.1
NR_148786.1 97

Bacillus sp.
B.safensis/
B. pumilus/

3 А1 NR_118996.1
NR_157609.1 99

Bacillus sp.
B. licheniformis/

B. haynesii

4 А2
NR_157609.1
NR_137421.1
NR_118996.1

100
Bacillus sp.

B. haynesii/ B.paralicheniformis/ B. 
licheniformis/

5 А3 AY842869.1
NR_157609.1 98

Bacillus sp.
B. licheniformis/

B. haynesii

https://www.ncbi.nlm.nih.gov/nucleotide/NR_157734.1?report=genbank&log$=nucltop&blast_rank=1&RID=18WF9ZVW016
https://www.ncbi.nlm.nih.gov/nucleotide/NR_157609.1?report=genbank&log$=nucltop&blast_rank=1&RID=1AX142RB01R
https://www.ncbi.nlm.nih.gov/nucleotide/AY842869.1?report=genbank&log$=nucltop&blast_rank=1&RID=1DTP3K0D016
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№ Strains Closest taxon (GenBank accession no.) Percent identity % Identification

6 А4
NR_137421.1
NR_116023.1
NR_157609.1

99
Bacillus sp.

B.paralicheniformis/ B. licheniformis/
B. haynesii

7 А5 NR_075005.2
NR_118383.1 100

Bacillus sp.
B. velezensis/

B. subtilis
8 S1 NR_112686.1 99 Bacillus subtilis subsp. spizizenii

9 S2 NR_157609.1
NR_116023.1 98

Bacillus sp.
B. haynesii/

B. licheniformis

10 S3 NR_157609.1
NR_113993.1 99

Bacillus sp.
B. haynesii/

B. sonorensis

11 D1X
NR_113945.1
NR_112637.1
NR_148786.1

99
Bacillus sp.

B.safensis/B. pumilus/
B.zhangzhouensis

12 D5 NR_113599.1 100 P.aeruginosa
13 D6 NR_117678.1 97 P.aeruginosa
14 D7 NR_117678.1 99 P.aeruginosa

Figure 2 – Phylogenetic tree that reflects the position of nucleotide sequences  
of isolated organisms among related sequences of the genus Bacillus. The sequences obtained  

in the course of the work are highlighted in bold. The sequence numbers in GenBank are shown in parentheses

https://www.ncbi.nlm.nih.gov/nucleotide/NR_137421.1?report=genbank&log$=nucltop&blast_rank=1&RID=18SCZWMK016
https://www.ncbi.nlm.nih.gov/nucleotide/NR_075005.2?report=genbank&log$=nucltop&blast_rank=1&RID=1AXWDFHB014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_112686.1?report=genbank&log$=nucltop&blast_rank=1&RID=18XCRER0016
https://www.ncbi.nlm.nih.gov/nucleotide/NR_157609.1?report=genbank&log$=nucltop&blast_rank=1&RID=1E2JX1B9016
https://www.ncbi.nlm.nih.gov/nucleotide/NR_157609.1?report=genbank&log$=nucltop&blast_rank=1&RID=1E52ZDMC014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113945.1?report=genbank&log$=nucltop&blast_rank=1&RID=18UAW7WB014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_117678.1?report=genbank&log$=nucltop&blast_rank=1&RID=1E4EXZZM01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_117678.1?report=genbank&log$=nucltop&blast_rank=1&RID=1DVSPA5C016
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As can be seen from the tabular data, genotyp-
ing of 14 aerobic strains of microorganisms based 
on the analysis of the nucleotide sequence of the 
16S rRNA gene 1 strain S1-Bacillus subtilis subsp. 

spizizenii (99 %) and 1 strain M1-Bacillus paramy-
coides (92 %); 9 strains A1, A2, A3, A4, A5, S3, S2, 
M2, D1X – Bacillus sp. (97-100%); 3 strains D5, 
D6, D7 – P. aeruginosa (97-100%).

Figure 3 – Phylogenetic tree reflecting the position of nucleotide sequences of isolated 
strains Pseudomonas aeruginosa. The sequences obtained in the course of the work are 

highlighted in bold. The sequence numbers in GenBank are shown in parentheses

Figure 2 shows a phylogenetic tree based on the 
analysis of the 16S rRNA nucleotide sequences of 
the isolated strains among the related sequences of 
the genus Bacillus.

Figure 3 shows a phylogenetic tree based on 
the analysis of the 16S rRNA gene nucleotide se-
quences from the strains that had the maximum 
identity to Pseudomonas aeruginosa when identi-
fied in BLAST.

Figure 3 shows that the nucleotide sequences 
from samples D5, D6, and D7 are located on the 
same branch as representatives of Pseudomonas 
aeruginosa. Taking into account the maximum per-
centage of coincidence of the analyzed sequence in 
the international database using the BLAST algo-
rithm, as well as the results of phylogenetic analy-
sis (Fig. 2, 3), it was found that 14 aerobic micro-
organisms isolated from oil-reservoir water, 11 
strains belong to the genus Bacillus, in particular: 
S1 (MW386842) – Bacillus subtilis subsp. spizize-
nii; M1 (MW386841) – Bacillus paramycoides; M2 
(MW386840), A1 (MW386831), A2 (MW386832), 
A3 (MW386833), A4 (MW386834), A5 
(MW386835), S2 (MW386843), S3 (MW386844) 
D1X (MW386836) – Bacillus sp. 3 strain D5 
(MW386837), D6 (MW386838), D7 (MW386839) 
– P. aeruginosa.

In their vital activity, microorganisms form me-
tabolites that have the necessary properties to increase 
oil production. Metabolites: acids, gases (CO2, CH4, 

N2), solvents, bioavailants that affect the processes of 
oil displacement in reservoir systems, including res-
ervoir fluids and porous media [3].

It is known that the presence of hydrocarbons 
in the culture medium, some microorganisms syn-
thesize surfactants that can affect the processes of 
oil displacement by forming the smallest oil emul-
sions. Such microorganisms-producers of bioemul-
sifiers of petroleum hydrocarbons contribute to the 
dispersion of oil, which increases the effectiveness 
of the contact of bacteria with oil. Determination of 
the emulsifying activity of the culture liquid is an 
important characteristic of microbial strains as pro-
ducers of surfactants.

The ability of microorganisms to form surfac-
tants was evaluated by the emulsification index, 
based on the property of various microbial surfac-
tants to form the smallest emulsions at the “liquid-
hydrophobic substrate”phase boundary. The deter-
mination of the emulsification index is an important 
characteristic of microbial strains as producers of 
surfactants. Biofuels dilute the oil, making it more 
mobile and reducing the tension between the oil and 
the reservoir [3, 23].

Earlier in our studies, it was shown that the 
studied strains of microorganisms have endogenous 
emulsifying activity, i.e., the ability of microorgan-
isms to form cell-bound biosurfactants. Oil was used 
as hydrophobic substrates for the determination of 
emulsifying activity.
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The ability of microorganisms to produce bio-
emulsifiers that disperse oil, increasing the bioavail-
ability of petroleum hydrocarbons for microorgan-
isms, was studied by determining the endogenous 
oil-emulsifying activity after 24 hours in a culture 
liquid without centrifuging the cells of microorgan-
isms [22]. The results of the study of the oil-emul-
sifying properties of the studied bacterial strains are 
shown in Fig. 4.

As can be seen, all strains have the properties of 
oil emulsification. The maximum index of emulsi-
fication is observed in 3 strains: P. aeruginosa-D5, 
D6, D7 and is 40-49%, in other strains the index of 
emulsification is in the range of 2.8-32%. It should be 
noted that, among others, the maximum emulsifica-
tion index was 32% for the Bacillus sp. D1X strain.

According to the literature data, microorgan-
isms with an emulsification index of more than 50% 
are considered promising producers of surfactants. 
Since the microbial cell oxidizes hydrocarbons by 
adsorbing on their surface, as a result, the oil-oxi-
dizing activity of cultures depends on its ability to 
utilize the hydrocarbon substrate [24].

Discussion

Representatives of the following microorgan-
isms of the genus Pseudomonas, Bacillus were de-
termined under aerobic conditions.

It is known that allochthones bacteria coming 
from the injected water and native microflora are 
present in the developed oil reservoirs [3].

The presence of microorganisms of the genus 
Bacillus shows in the developed oil reservoirs is 
due to the fact that they are facultative anaerobes. 

Representatives of this genus have a significant po-
tential for use in processes affecting oil reservoirs, 
including due to their ability to form spores, and are 
also resistant to stressful changes in environmental 
conditions that are inevitable when microorganisms 
are injected from the surface into the oil reservoir 
[23, 25].

In high-temperature oil reservoirs of Russia, Ka-
zakhstan and China, hydrocarbon-oxidizing bacte-
ria are essential components of the biocenosis of the 
bottom-hole zone of injection wells, through which 
dissolved oxygen enters the reservoir [26].

The presence of the bacterium P. aeruginosa in-
dicates an active gas exchange of the layers with the 
surface. Fluorescent aerobic bacteria from the genus 
Pseudomonas have been found in the reservoir wa-
ters of many oil fields. Many authors have shown that 
members of the genus Pseudomonas are permanent 
inhabitants of reservoir waters. Bacteria of this genus 
are well adapted to exist in aerobic conditions [11, 27]. 

Conclusion

The results obtained indicate that aerobic micro-
organisms live in the reservoir waters. It was revealed 
that 14 microorganisms isolated under aerobic condi-
tions from the developed oil-reservoir waters of the 
Akingen field, according to morphological, cultural, 
physiological, and biochemical properties and the de-
termination of the direct nucleotide sequence of the 
16S rRNA fragment of the gene, made it possible to 
identify strains S1 (MW386842) – Bacillus subtilis 
subsp. spizizenii; M1 (MW386841) – Bacillus para-
mycoides; M2 (MW386840), A1 (MW386831), A2 
(MW386832), A3 (MW386833), A4 (MW386834), 

Figure 4 – Definition of the emulsification index
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A5 (MW386835), S2 (MW386843), S3 (MW386844) 
D1X (MW386836) – Bacillus sp. 3 strain D5 
(MW386837), D6 (MW386838), D7 (MW386839) – 
P. aeruginosa. 

It was found that the evaluation of the emulsify-
ing activity allowed us to identify 4 strains of micro-
organisms with a high oil emulsification index: Ps. 
aeruginosa-D5, D6, D7 (40-49 %) and Bacillus sp. 
D1X (32 %).

The isolates of Ps. aeruginosa-D5, D6, D7 and 
Bacillus sp. D1X are promising objects for use in 
microbial enhanced oil recovery.
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