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Abstract—Microorganisms isolated from water and soil of
Kazakhstan to identify potential high-effective producers of the
arachidonic acid, exhibiting a wide range of physiological activity
and having practical applications were screened. Based on the results
of two independent tests (the test on the sensitivity of the growth
processes of microorganisms to acetylsalicylic acid - an irreversible
inhibitor of PGH-synthase involved in the metabolism of arachidonic
acid and its derivatives, the test for inhibition of peroxidase activity
of membrane-bounding fraction of PGH - synthase by acetylsalicylic
acid) were selected microbial cultures which are potential high-
producer of arachidonic acid. They are characterized by a stable
strong growth in the laboratory conditions. Identification of
microorganism cultures based on morphological, physiological,
biochemical and molecular genetic characteristics was performed.
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[. INTRODUCTION

RACHIDONIC acid (AA) — a polyunsaturated fatty acid

(PUFA), is a substrate needed for the synthesis of
eicosanoids (prostaglandins, leukotrienes, thromboxanes). It
shows a wide range of physiological activities, including
controls the activity of various protein kinases, G-proteins,
adenylate and guanylate cyclase, it’s also involved in the
regulation of gene expression at the transcriptional level and
in the modulation of calcium-cell responses to thrombin and
adenosine triphosphate, regulates the intracellular levels of
calcium and potassium induces apoptosis [1], [2]. AA is an
active ingredient of drugs and diet components, preventing
atherosclerosis, coronary heart disease and other diseases [3],
[4].

Fungi Phycomycetes of the genus Mortierella are highly
efficient producers of AA [5], [6]. At present,
biotechnological method of obtaining arachidonic acid on the
basis of the strain Mortierella alpina has developed.

Broaden scope of AA application and its low content in
natural sources (porcine liver, adrenal gland, egg yolk)
dictates the need for the development of microbial production
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of AA. Microorganisms have a distinct advantage over the
plant and animal raw materials. These advantages include: the
rapid growth of cultures in different conditions; the ability to
collect and synthesize large amount of lipids (70%), including
50% PUFA from them; the ability to increase the biomass in
areas unsuitable for seeding.

Screening of microorganisms isolated from water and soil
of Kazakhstan was carried out for identification of the
potential high-effective producers of arachidonic acid.

II. MATERIALS AND METHODS

The objects of study were culture of microorganisms
isolated from water and soil of Kazakhstan by limiting
dilution in the universal solid medium (MPA) [7], [8]. The
purity of isolated cultures was monitored by seeding onto
nutrient agar and microscopic examination [9]. Primary
screening of microorganisms for the ability to synthesize
arachidonic acid carried out by Eroshin V.K method [10].
Bacteria were cultured in medium supplemented with different
MPA concentrations of acetylsalicylic acid (ASA) (0.42g/L;
0.84g/L; 1.68g/L). For control we used the medium without
adding ASA. The definition of cultural, morphological,
physiological and biochemical properties of microorganisms
was carried out by common methods [7]-[9]. Preliminary
identification of isolated cultures were performed using the
"Bergey's Manual of Systematic Bacteriology" [11]-[13].

Identification of cultures by the method of determination of
nucleotide sequence of 16S rRNA gene fragments with
subsequent determining the nucleotide sequence identity with
the sequences deposited in the international database Gene
Bank was performed for clarify the species accessory of
aspirin-sensitive cultures. For extraction of chromosomal
DNA the method of Kate Wilson was used [14].

DNA concentration was measured using a NanoDrop
spectrophotometer at 260nm. For the amplification of 16S
rRNA gene fragment was performed PCR with universal
primers [15] 8f 5 '- AgAgTTTgATCCTggCTCAg-3 and 806R
- 5" ggACTACCAgggTATCTAAT. The program of PCR
amplification included long denaturation of RNA in 95°C for
7 min; 30 cycles of 95°C - 30 seconds, 55°C-40, 72°C - 1min,
final elongation of 7min at 72°C, the PCR program was
performed using a thermocycler GeneAmp PCR System 9700
(Applied Biosystems).

Purification of PCR products from the unbound primers
performed by the enzymatic method using Exonuclease I
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(Fermentas) and alkaline phosphatase (Shrimp Alkaline
Phosphatase, Fermentas) [16].

Sequencing reaction was performed using BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applide Biosystems)
according to the manufacturer's instructions, by followed
separation of the fragments on an automatic genetic analyzer
3730x1 DNA Analyzer (Applide Biosystems).

The nucleotide sequences of 16S rRNA gene of identified
cultures were analyzed using software SeqScape 2.6.0
(Applide Biosystems) that allowed selecting the length of the
nucleotide sequences of 730bp, which were identified in the
GeneBank by algorithm BLAST
(http://www.ncbi.nlm.nih.gov/blast).

Bacterial cells were precipitated by centrifugation (5000
rpm, 15min.) for extraction of membrane-bound fraction of
PGH-synthase. The precipitate was responded in a minimum
volume of 0.1M Tris-HCI (pH 8.2), transferred to a porcelain
mortar, filled with liquid nitrogen and incubated for 2h at 4°C.
Damaged cells further triturated, centrifuged (10 000rpm, 10
min) and precipitate was used to determine peroxidase activity
of membrane-PGH-synthase. Peroxidase activity was
measured by spectrophotometric method and expressed in
terms of the amount of oxidized tetraguaiacol [17]. Total
protein concentration was determined according to Lowry et
al [18]. Experimental results were processed statistically
calculating the arithmetic mean and standard deviation [19].

III.RESULTS AND DISCUSSION

From the samples of water and soil taken in different
regions of Kazakhstan 45 cultures of microorganisms
characterizing by consistently strong growth in the laboratory
conditions were isolated.

Screening of cultures - potential producers of arachidonic
acid was carried out by microbiological method based on the
selective effect of ASA on the growth of microorganisms [10].
It is known that aspirin is an irreversible inhibitor of the first
enzyme of prostaglandin-synthase bi-enzyme system,
prostaglandin H-synthase, the main substrate of which is
arachidonic acid [20]. Therefore a preliminary research was
performed for 45 selected cultures in the test for sensitivity to
aspirin to identify producers of AA. Microorganisms are
seeded by Koch's method in medium containing various
concentrations of ASA (0.42g/L; 0.84g/L and 1.68g/L), from
which selective concentration was 0.84g/L [10] and then
analyzed the degree of microorganism growth. The medium
without adding ASA used as a control. From 45 cultures of
microorganisms taken in experiment, 4 cultures of bacteria
were resistant to aspirin and showed stable growth, which
coincided with control in all experimental variants. The
growth of 24 cultures was completely suppressed by adding to
the medium 0.84g/L aspirin, for 12 cultures - at a
concentration of ASA in the medium equal to 0.42g/L (Figs.
1-3).

To confirm the ability of cultures sensitive to the presence
of ASA in the medium to synthesize AA the peroxidase
activity of membrane-bound forms of the enzyme PGH-
synthase for which AA is a substrate and ASA acts as an
irreversible inhibitor was determined. Studies were performed
on 12 cultures, the growth of which was inhibited by the
addition of ASA in the medium at a concentration of 0.42 g/L.

It was found that all studied cultures showed peroxidase
activity within the limits of a 14.37 £ 0.2 — 68.44 + 0.42uM of
tetraguaiacol at 1mg of protein per 30min, that was inhibited
by the addition in the incubation medium ASA (Table I).

(@) (b)

© (d)

Fig. 1 Effect of aspirin on the growth and development of the aspirin sensitive culture (a) control (b) medium supplemented with ASA 0.42 (c)
0.84 (d) 1.68g/L
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Fig. 2 Effect of aspirin on the growth and development of the aspirin sensitive culture (a) control (b) medium supplemented with ASA 0.42 (c)
0.84 (d) 1.68g/L

(a) (b)

(©) (d

Fig. 3 Effect of aspirin on the growth and development of the culture aspirin sensitive culture (a) control (b) medium supplemented with ASA
0.42 () 0.84 (d) 1.68g/L

TABLEI
INVESTIGATION OF PEROXIDASE ACTIVITY OF PGH-SYNTHASE FOR
MICROORGANISM CULTURES

Peroxidase activity (uM of tetraguaiacol at 1 mg

Ne-culture of protein per 30 min)
1 17.48+0.24
2 54.32+0.39
3 14.37+0.2
4 17.25+0.21
5 34.68+033
6 14.84+0.25
7 68.44+0.42
8 15.4+0.21
9 18.21+0.28
10 2005+0.3
11 15.86+0.22
12 29.26+0.32

Thus, based on the results of two independent tests we have
selected AA-producing microorganism cultures.

To determine the genus affinity of selected cultures their
morphological and cultural, physiological and biochemical
characteristics were investigated. To clarify the bacteria
species affinity the molecular-genetic identification of the
aspirin sensitive cultures was carried out.

It was established that 5 aspirin sensitive cultures belong to
the genus of Bacillus, 3 — to Pseudomonas, 4 — to
Flavobacterium, Enterobacter, Ochrobactrum, Kocuria (Table
).

TABLE II
THE RESULTS OF BACTERIAL CULTURES IDENTIFICATION

Ne cultures

Results of identification
Pseudomonas peli

—_

2 Pseudomonas mandelii

3 Pseudomonas migulae

4 Bacillus safensis

5 Ochrobactrum thiophenivorans
6 Bacillus pumilus

7 Flavobacterium saliperosum
8 Enterobacter asburiae

9 Bacillus thuringiensis

10 Bacillus endophyticus

11 Bacillus simplex

12 Kocuria erythromyx

Obtained data testify that selected cultures are promising
for further study as sources of arachidonic acid.

This work was supported by the Ministry of Education and
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REFERENCES

[11 A. R. Brash, “Arachidonic acid as a bioactive molecule” J. of Clinical
Investigation, vol.107, no. 11, pp. 1339-1345, 2001.

[2] M. G. Sergeeva, A. T. Varfolomeeva, The cascade of arachidonic acid.
Moscow: Public education, 2006, 256 p.

[3] S. H. Mitmesser, C. L. Jensen, “Roles of long-chain polyunsaturated
fatty acids in the term infant: developmental benefits”, Neonatal
Network, vol. 26, no. 4, pp. 229-234, 2007.

[4] G. Bernardi, New comprehensive biochemistry: Biochemistry of lipids,
lipoproteins and membranes, Amsterdam: Elsevier, 1996, pp. 141-152.

496



(5]

[10]

(1]

[12]
[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:7, No:7, 2013

E. G. Deduhina, T. I. Chistyakova, M. B. Vainshtein, “Biosynthesis of
arachidonic acid by Micromycetes” (review), Applied biochemistry and
microbiology, vol. 47, no. 2, pp. 125-134, 2011.

K. Higashiyama, S. Fujikawa, E. Y. Park, S. Shimizu, “Production of
Arachidonic Acid by Mortierella Fungi”, Biotechnology and Bioprocess
Engineering, vol. 7, pp. 252-262, 2002.

Edited by A. N. Netrusova M. Workshop on Microbiology, Academia,
2005, pp. 448- 597.

E. Z. Tepper, V. K. Shilnikova, Workshop on Microbiology, Moscow:
Drofa, 2004, 256 p.

Edited by N.S Yegorov, Guide to practical training in Microbiology:
Textbook, 3rd ed., Moscow: Moscow State University Press, 1995,
224p.

V. K. Eroshin, E. G. Dedyukhina, T. I. Chistyakova, V. P. Zhelifonova,
C. P. Kurtzman, R. J. Bothast, “Arachidonic-acid production by species
of Mortierella”, World Journal of Microbiology & Biotechnology, vol.
12, no. 1, pp. 91-96, 1996.

J. G. Holt, Noel. R. Krieg, Peter H. A. Sneath, James T. Staley, Stanley
T. Williams, Bergey's Manual of Determinative Bacteriology”, 9-th. Ed,
vol.1-2, 1997.

I. N. Scvortcova, Identification of soil bacteria of the Bacillus, Part 1,
Moscow: MSU, 1983, 43 p.

O. A. Nesterenko, E. N. Kvasnikov, T. M. Nogina, Nocardio and corine-
similar bacteria, Kiev, 1985, 331 p.

K. Wilson, “Preparation of genomic DNA from bacteria”, Current
Protocols in Molecular Biology, (F. M. Ausubel, R. Brent, R. E.
Kingston, D. D. Moore, J. G. Seidman, J. A. Smith, et al.), New York:
Wiley, 1987, 650 p.

R. A. Clayton, G. Sutton, P. S. Hinkle, Jr. C. Bult, C. Fields,
“Intraspecific variation in small-subunit rRNA sequences in GenBank:
why single sequences may not adequately represent prokaryotic taxa”
International Journal of Systematic Bacteriology, vol. 45, pp. 595-599,
1995.

E. Werle, C. Schneider, M. Renner, M. Volker, W. Fiehn, “Convenient
single-step, one tube purification of PCR products for direct
sequencing”, Nucleic Acids Research, vol. 22, pp. 4354-4355, 1994.

H. Maciel, C. Gouvéa, M. Toyama, M. Smolka, S. Marangoni, G.
Pastore, “Extraction, purification and biochemical characterization of a
peroxidase from Copaifera langsdorffii leaves”, Quimica Nova, vol. 30,
no. 5, pp. 1067-1071, 2007.

O. H. Lowry, N. J. Rosebrough, A. L. Farr, R. J. Randall, “Protein
measurement with Folin phenol reagent”, Journal of Biological
Chemistry, vol.193, no 1, pp. 265-275,1951.

P. I. Terentyev, N. S. Rostova, Workshop on Biometrics, Leningrad: S-
P.U,, 1977, 234 p.

J. R. Vane, R. M. Botting, “The mechanism of action of aspirin”,
Thrombosis Research, no. 110, pp. 255-258, 2003.

497



