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GLUCOSE AND GLUTAMINE DEPRIVATIONS AFFECT THE
EXPRESSION OF MAP3K5, MAP4K3, CIB1, RIPK1, AND RIPK2 GENES IN
U87 GLIOMA CELLS WITH BLOCKADE OF ERN1 SIGNALING ENZYME
FUNCTION

T. V. BAKALETS', D. 0. MINCHENKO'? O. 0. RATUSHNA',
0. 0. RIABOVOL', 0. H. MINCHENKO'

'Department of Molecular Biology, Palladin Institute of Biochemistry,
National Academy of Sciences of Ukraine, Kyiv, Ukraine;
’Department of Pediatrics, National Bogomolets Medical University, Kyiv, Ukraine;
e-mail: ominchenko@yahoo.com

Protein kinases play an important role in malignant tumor growth as key regulators of different metabolic processes.
We studied the effect of glucose and glutamine deprivation conditions on the expression level of mitogen-activated protein
kinase kinase kinase kinase 3 (MAP4K3), mitogen-activated protein kinase kinase kinase 5 (MAP3KS5), receptor
(TNFRSF)-interacting serine-threonine kinase 1 (RIPK1), and RIPK2 as well as protein kinase interacting protein CIBI
mRNA in U87 glioma cells. It was shown that the suppression of both enzymatic activities of sensor and signaling enzyme
ERNI (endoplasmic reticulum to nucleus signaling 1), the major component of endoplasmic reticulum stress signaling,
decreases the expression level of genes encoding MAP4K3, RIPK2, and CIBI in U87 glioma cells, but increases — RIPK1
gene expression. At the same time, no significant changes were observed in MAP3K5 gene expression in glioma cells with
blockade of ERNI signaling enzyme. Glutamine deprivation condition leads to increase the expression level of RIPK1 gene
and to decrease — CIB1 gene in control glioma cells, but ERN1 knockdown modifies the effect of glutamine deprivation on
the expression most of these genes. It was also shown that the expression level of MAP3K5, RIPKI, RIPK2, and CIBI
genes did not change significantly in control glioma cells at glucose deprivation condition, but in cells with ERNI
knockdown glucose deprivation enhances the expression of RIPK1 and RIPK?2 genes. Thus, suppression of ERNI enzyme
Sfunction also changes the effect of glucose deprivation on the expression of most studied genes in glioma cells. Results of
this investigation clearly demonstrated that the expression of MAP4K3, RIPKI, RIPK?2, and CIBlgenes in U87 glioma
cells is dependent from blockade of ERNI1-mediated endoplasmic reticulum stress and is mostly regulated by glutamine
and glucose deprivation in dependence from ERNI signaling enzyme function.

Key words: mRNA expression, ERNI knockdown, MAP3KS5, MAP4K3, RIPKI, RIPK?2, CIBI1, glutamine deprivation,
glutamine deprivation, U87 glioma cells

Introduction. Nutrient deprivation conditions as
well as hypoxia are important factors of malignant
tumor growth and as many other factors induce the
endoplasmic reticulum stress and change the
expression of many genes, which control different
metabolic processes and proliferation (Denko et al.,
2008; Johnson et al., 2008; Lenihan and Taylor, 2013;
Moenner et al.,, 2007). The endoplasmic reticulum
stress is associated with unfolded protein response
and accumulation of unfolded proteins in the
endoplasmic reticulum (Moenner et al., 2007; Wang
and Kaufman, 2012). This adaptive response is
activated upon the accumulation of misfolded
proteins in the endoplasmic reticulum and is mediated
by three endoplasmic reticulum-resident sensors
named PERK (PRK-like ER kinase), ERNI
(Endoplasmic Reticulum to Nucleus signaling 1) also
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known as IRElalpha (Inositol Requiring Enzyme-
lalpha) and ATF6 (Activating Transcription Factor
6), however, endoplasmic reticulum to nuclei-1 is the
dominant sensor (Bi et al., 2005; Fels et al., 2006;
Zhang and Kaufman, 2006; Minchenko et al., 2013).
Induction of endoplasmic reticulum stress is the early
cellular response to the accumulation of misfolded
proteins in the lumen of the endoplasmic reticulum
and tends to limit the de novo entry of proteins in to
the endoplasmic reticulum and facilitate both the
endoplasmic  reticulum  protein  folding and
degradation to adapt cells for survival, occurring
under both physiological and pathological conditions
(Hetz et al., 2013; Minchenko et al., 2014; Schroder,

2008).
The ERNI1 has two distinct catalytic domains: for
serine/threonine kinase and endoribonuclease, which
99



contribute to ERNI1 signalling. The ERNI-
associated protein kinase activity
autophosphorylates and dimerizes this enzyme,
leading to the activation of its endoribonuclease
domain, which responsible for initiation of the pre-
XBP1 (X-box binding protein 1) mRNA splicing
and degradation of a specific subset of mRNA
(Acosta-Alvear et al., 2007; Korennykh et al., 2009;
Pluquet et al., 2013; Romero-Ramirez et al., 2004).
Mature XBP1 mRNA splice variant encodes a
transcription factor that stimulates the expression of
hundreds of unfolded protein response-specific
genes (Aragon et al., 2009; Hollien et al., 2009).
Moreover, XBP1s has some additional functions,
which are important for the regulation of glucose
homeostasis (Lee et al., 2011; Park et al., 2010;
Zhou et al., 2011). Thus, Zhou et al. (2011) shown
that XBP1s interacts with the Forkhead box O1
(FOXO1) transcription factor and directs it toward
proteasome-mediated degradation. Moreover, the
p38 MAP kinase phosphorylates the alternative
spliced form of XBP1 and enhances its nuclear
translocation. Moreover, the regulatory subunits of
phosphatidyl inositol 3-kinase interact with XBP1
and also increase its nuclear translocation (Park et
al., 2010). At the same time, it was shown that a
kinase inhibitor activates the ERN1
endoribonuclease to confer cytoprotection against
ER stress. It is possible that this activation of the
ERNI1 endoribonuclease is a result of its interaction
with other sensor-signalling systems of endoplasmic
reticulum stress.

Previously was shown that the complete blockade
of ERNI signal transduction pathway had anti-tumor
effects both in glioma and lung cancer (Auf et al.,
2010, 2013; Drogat et al., 2007). Thus, the
endoplasmic reticulum stress response-signalling
pathway is tightly linked to cell proliferation process
and tumor growth. Malignant gliomas are highly
aggressive tumors and are characterized by marked
angiogenesis and extensive tumor cell invasion into
the normal brain parenchyma (Bi et al., 2005).
Moreover, nutrient deprivation condition is
associated to glioma development and locally induce
an adaptive response which confers to tumor cells an
enhanced survival and a more agressive behaviour.

In malignant tumor growth an important role
plays different protein kinases, including casein
kinases, SNF1/AMP-activated protein Kkinases,
mitogen-activated protein kinases MAP3KS5 and
MAPA4K3, receptor (TNFRSF)-interacting serine-
threonine kinases RIPK1 and RIPK2, the key
regulators of different metabolic processes
(Minchenko et al., 2012a, 2012b). There is data that
stimulation of human aortic endothelial cells with
TNF-alpha led to an increased expression of p73
protein and a reduction in the levels of p53 involving
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MAP3KS5, which is an apoptosis signal-regulating
kinase (Rastogi et al, 2012). Moreover, high
glucose-induced cell apoptosis and activation of
ASK1 in mesangial cells is prevented by knockdown
of thioredoxin interacting protein (TXNIP) may be
via reduction of oxidative stress (Shi et al., 2011). It
is interested to note that apoptosis signal-regulating
kinase 1 and cyclin D1 compose a positive feedback
loop contributing to tumor growth in gastric cancer
(Hayakawa et al., 2011). It was also shown that
SERTAD1 (SERTA domain containing 1), also
known as CDK4-binding protein P34SEI or SEI-1,
inhibits ROS-induced cell death through by
indirectly inducing ubiquitination of MAP3KS5
(Hong et al.,, 2011). Protein kinase MAP4K3
activates key effectors in cell signalling, has relation
to migration and invasion of cancer cells, and is
required for leucine-induced mTORCI1 activation
(Schriever et al., 2013; Yan et al., 2010; Zhao et al.,
2014). Moreover, this protein kinase orchestrates
activation of BAX via the concerted
posttranscriptional modulation of PUMA, BAD, and
BIM (Lam et al., 2009).

Receptor-interacting  serine-threonine  kinase
RIPK1 transduces cell-death signals the C-terminal
domain of c-FLIPL specifically inhibits the
interaction of the caspase 8 prodomain with the
RIP1 death domain and, thereby, regulates caspase
8-dependent NF-kappaB activation (Matsuda et al.,
2014). It is interested to note that TNFSF12 (tumor
necrosis factor (ligand) superfamily, member 12),
also known as TNF-related weak inducer of
apoptosis (TWEAK), induces apoptosis through a
death-signaling complex comprising receptor-
interacting protein 1 (RIPK1) as well as Fas-
associated death domain (FADD), and caspase-8
(Ikner and Ashkenazi, 2011). Recently was shown
that shikonin mediated necroptosis in glioma cells is
associated with the up-regulated expression of
protein kinase RIPK1 and oxidative stress (Fu et al.,
2013; Huang et al., 2013). It was shown that
knockdown of receptor-interacting serine/threonine-
protein kinase 2, also known as CARD-containing
IL-1 beta ICE-kinase or receptor-interacting protein
(RIP)-like interacting caspase-like  apoptosis
regulatory protein (CLARP) kinase, down-regulated
nuclear factor kappa B (NF-kB)-dependent PAIl
(plasminogen activator inhibitor type 1), also known
as SERPINE] (serpin peptidase inhibitor, clade E,
member 1), and VIM (vimentin) gene expressions
(Wu et al., 2012). Protein kinase RIPK2 might play
an important role in hepatic cell migration and
inhibition of its tyrosine kinase activity limits
NOD2-driven cytokine responses (Tigno-Aranjuez
etal., 2010).

Protein kinase interacting protein CIB1 is a novel
mediator of PKD2 (polycystic kidney disease 2)-
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driven carcinogenesis, may play a role in regulation
of apoptosis and angiogenesis and functions as a
negative regulator of stress activated MAP kinase
signaling pathways as well as POLO-like kinase 3
(Armacki et al., 2014; Leisner et al., 2013; Naik and
Naik, 2011; Naik et al., 2011).

The main goal of this study was investigation the
role of the blockade of both kinase and
endoribonuclease activity of ERNI1 signaling
enzyme on the expression of MAP3KS5, MAP4K3,
RIPKI, RIPK2, and CIBI genes in glioma U87 cells
and its regulation by nutrient (glucose or glutamine)
deprivation condition.

Materials and Methods. The glioma cells U-87
MG (ATCC HTB-14) was obtained from ATCC
(USA) and grown in high glucose (4.5 g/l)
Dulbecco’s modified Eagle’s minimum essential
medium (DMEM; Gibco, Invitrogen, USA)
supplemented with glutamine (2 mM), 10% fetal
bovine serum (Equitech-Bio, Inc., USA), penicillin
(100 units/ml; Gibco) and streptomycin (0.1 mg/ml;
Gibco) at 37°C in a 5% CO, incubator. In this study
we used two sublines of this glioma cells. One
subline was obtained by selection of stable
transfected clones with overexpression of vector
(pcDNA3.1), which was used for creation of
dnERNI1 (ERN1 dominant/negative constructs). This
untreated subline of glioma cells (control glioma
cells) was used as control 1 in the study of effects of
nutrient (glutamine or glucose) deprivations on the
expression level of different protein kinase and
associated with kinase genes. Second subline was
obtained by selection of stable transfected clones
with overexpression of dnERN1 and has suppressed
both protein kinase and endoribonuclease activities
of ERNI1 signaling enzyme (clone 1CS5, which
initially was obtained from prof. M. Moenner,
France) (Auf et al., 2010; Drogat et al., 2007).

The expression level of mitogen-activated protein
kinase kinase kinase 5 (MAP3KS5), mitogen-
activated protein kinase kinase kinase kinase 3
(MAP4K3), receptor (TNFRSF)-interacting serine-
threonine kinase 1 (RIPK1), RIPK2, and calcium
and integrin binding 1 (CIB1; calmyrin) mRNAs in
cells with ERN1 knockdown was compared with
cells, transfected by vector (control 1). The glioma
cells with blockade of ERN1 was also used as
control 2 for investigation the effect of glutamine
and glucose deprivation conditions on the expression
level of these genes upon ERNI1 knockdown.
Nutrient deprivation conditions were created by
changing the complete Dulbecco’s modified Eagle’s
minimum essential medium on the medium without
glutamine or glucose and culture plates were
exposed to these conditions for 16 hrs.

The suppression level of ERN1 both enzymatic
activity in glioma cells that over express a dnERN1

Bionoriuni cucremu. T. 6. Bum. 2. 2014

was previously shown by analysis of ERNI
autophosphorylation and the expression of XBP1
alternative splice variant (XBP1s), a key transcription
factor in ERNI1 signaling, upon induction of
endoplasmic reticulum stress by tunicamycin (0.01
mg/ml, 2 hours) (Minchenko et al., 2014).

Total RNA was extracted from glioma cells using
Trizol reagent according to manufacturer protocols
(Invitrogen, USA). The RNA pellets were washed
with 75 % ethanol and dissolved in nuclease-free
water. For additional purification RNA samples
were re-precipitated with 95 % ethanol and re-
dissolved again in nuclease-free water. QuaniTect
Reverse Transcription Kit (QIAGEN, Germany) was
used for cDNA synthesis. Polymerase chain reaction
was performed in triplicate.

The expression levels of MAP3KS, MAP4K3,
RIPK1, RIPK2, and CIB1 mRNA were measured in
glioma cell line U87 and its ERN1 knockdown
subline (clone 1C5) by real-time quantitative
polymerase chain reaction using ,,Mx 3000P QPCR”
(Stratagene, USA) and SYBRGreen Mix (AB gene,
Great Britain).

The amplification of MAP3K5 also known as
apoptosis signal-regulating kinase 1 (ASK1) cDNA
was performed using forward primer (5-
aaagaggcttgctggecataa —3’) and reverse primer (5°—
tctgcagacatggactetgg —3°). These oligonucleotides
correspond to sequences 2839 — 2858 and 3090 —
3071 of human MAP3KS c¢DNA (GenBank
accession number NM 005923). The size of
amplified fragment is 252 bp. For amplification of
MAP4K3 also known as germinal center kinase-
related protein kinase (GLK) cDNA we used
forward (5’— gcatggagttttgtggaggt —3° and reverse
(5°— cactgcccagagatcacaga —3°) primers. The
nucleotide sequences of these primers correspond to
sequences 591 — 610 and 925 — 906 of human
MAP4K3 cDNA (GenBank accession number
NM_003618). The size of amplified fragment is 335
bp. The amplification of RIPK1 also known as cell
death protein RIP c¢cDNA for real time qRCR
analysis was performed using two oligonucleotides
primers: forward — 5°- tggaaaaggcgtgatacaca —3’
and reverse — 5°— gacttctctgtgggetttge —3°. The
nucleotide sequences of these primers correspond to
sequences 390 — 409 and 626 — 607 of human
RIPK1 c¢cDNA (GenBank accession number
NM_003804). The size of amplified fragment is 237
bp. For amplification of RIPK2 also known as
CARD-containing IL-1 beta ICE-kinase or receptor-
interacting protein (RIP)-like interacting caspase-
like apoptosis regulatory protein (CLARP) kinase
cDNA we used forward (5’ ttccaattttgggaatttge —3’
and reverse (5’— atgcgccactttgataaacc —3’) primers.
The nucleotide sequences of these primers
correspond to sequences 550 — 569 and 829 — 810 of
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human RIPK2 cDNA (GenBank accession number
NM_003821). The size of amplified fragment is 280
bp. The amplification of calcium and integrin
binding 1 (CIB1; calmyrin) also known as SNK-
interacting protein 2-28 (SIP2-28) cDNA was
performed using forward - 5°— cattatgccttccgcatctt —
3> and reverse - 5’— gctggcaaagtctggagaac —3’

primers. These primers nucleotide sequences
correspond to 487 — 506 and 717 — 698 of human
CIB1 cDNA (GenBank accession number

NM_006384). The size of amplified fragment is 231
bp. For amplification of beta-actin (ACTB) cDNA
was used forward - 5’— ggacttcgagcaagagatgg —3’
and reverse - 5°— agcactgtgttggcgtacag —3’ primers.
These primers nucleotide sequences correspond to
747 — 766 and 980 — 961 of human ACTB cDNA
(GenBank accession number NM_001101). The size
of amplified fragment is 234 bp. The expression of
beta-actin mRNA was used as control of analyzed
RNA quantity. The primers were received from
“Sigma” (USA).

An analysis of quantitative PCR was performed
using special computer program “Differential
expression calculator” and statistical analysis using
program OriginPro 7.5. The values of MAP3KS5,
MAP4K3, RIPK1, RIPK2, and CIB1 mRNA
expressions were normalized to the expression of
beta-actin mRNA and represent as percent of control
(100 %). All values are expressed as mean = SEM
from triplicate measurements performed in four
independent experiments.

Results and Discussion. In this work we studied
the effect of glucose and glutamine deprivation
conditions on the expression level of two MAP
kinases (mitogen-activated protein kinase kinase
kinase kinase 3 and mitogen-activated protein kinase
kinase kinase 5 and two RIP kinases (receptor
(TNFRSF)-interacting serine-threonine kinase 1 and
2) as well as protein kinase interacting protein CIB1
mRNAs in U87 glioma cells with knockdown of
ERN1, the major component of endoplasmic
reticulum stress signaling. As shown in Fig. 1, the
suppression of both enzymatic activities of sensor
and signaling enzyme ERNI did not change
significantly the expression level of MAP3K5 gene
in U87 glioma cells. Moreover, glucose as well as
glutamine deprivation condition also did not change
significantly the expression level of mRNA for this
protein kinase in control glioma cells, but in cells
with blockade of ERNI1 signaling enzyme function
the expression level of MAP3K5 gene is decreased
upon both glucose and glutamine deprivation
conditions: -27 % and -13 %, correspondingly (Fig,
1). Thus, blockade of ERNI signaling enzyme
function did not change the expression level of
MAP3K5 mRNA, but modifies the effect of glucose
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as well as glutamine deprivation condition on the
expression level of this gene in U87 glioma cells.

In this study we did not find any changes in
mRNA expression level of protein kinase MAP3KS,
which is an apoptosis signal-regulating kinase, in
glioma cells with ERN1 knockdown; however, this
kinase and cyclin D1 compose a positive feedback
loop contributing to tumor growth in cancer
(Hayakawa et al., 2011) and decreased expression of
cyclin D1 in these cells (Minchenko et al., 2011) as
well as up-regulated expression of MAP3K5 mRNA
upon glucose and glutamine deprivation (Fig. 1)
possibly contributes to suppression of cell
proliferation after blockade of ERN1 (Auf et al.,
2010).

Investigation of the expression of another
member of mitogen-activated protein kinases,
MAP4K3, demonstrates that knockdown of
signaling enzyme ERN1 leads to significant (close to
2fold) decrease of its mRNA expression level in
U87 glioma cells (Fig. 2). Moreover, the glutamine
deprivation condition does not affect the expression
level of MAP4K3 gene in control glioma cells, but
increases (+25 %) in cells with suppressed function
of ERNI1 signaling enzyme. At the same time,
glucose deprivation condition up-regulates (+27 %)
the expression level of MAP4K3 mRNA in control
glioma cells, but blockade of ERNI signaling
enzyme function eliminates this effect of glucose
deprivation (Fig. 2).

Thus, the regulation of MAP4K3 mRNA
expression in glioma cells both by glucose and
glutamine deprivation conditions is strongly
depended upon ERNI1 signaling enzyme function.
Protein kinase MAP4K3 is multifunctional pro-
proliferative kinase and decrease of its expression
after knockdown of ERN1 signaling enzyme as well
as elimination of this mRNA up-regulation upon
glucose deprivation (Fig. 2) can contribute to anti-
proliferative effect of ERN1 knockdown (Auf et al.,
2010; Lam et al., 2009; Zhao et al., 2014).

As shown in Fig. 3, the RIPK1 gene expression is
up-regulated (almost to 2fold) in glioma cells with
suppressed function of ERN1 signaling enzyme of
endoplasmic reticulum stress. the expression level of
this gene in glutamine deprivation condition is also
increased (+25 %) in control glioma cells only;
ERN1 knockdown eliminates this effect. At the
same time, glucose deprivation condition does not
affect the expression level of RIPK1 mRNA in
control glioma cells, but up-regulated the level of
this mRNA in glioma cells after blockade of ERNI1
signaling enzyme function (Fig. 3). These results
clearly demonstrated that knockdown of ERNI1
modifies the dependence of RIPKI gene expression
upon glucose and glutamine deprivation conditions.

Biological systems. Vol. 6. Is. 2. 2014
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Fig. 1. Effect of glutamine and glucose deprivation on
the expression level of mitogen-activated protein kinase
kinase kinase 5 (MAP3K5) mRNA also known as
apoptosis signal-regulating kinase 1 (ASK1) in U87
glioma cells, transfected with vector pcDNA3.1 (Vector)
and cells, transfected with dominant/negative constructs
of ERNI signaling enzyme (dnERNI) into vector
PcDNA3. 1, measured by quantitative real-time PCR. The
level of this mRNA expression was normalized to the
expression of beta-actin. The changes in the expression
of MAP3K5 mRNA in the glutamine or glucose
deprivation conditions in both types of glioma cells were
compared with control 1 (100 %), but in cells,
transfected with dnERN1, — with control 2; n = 4; *— P
< 0,05 as compared to control 1, ** — P < 0,05 as
compared with control 2.
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Fig. 2. Effect of glutamine and glucose deprivation on
the expression level of mitogen-activated protein kinase
kinase kinase kinase 4 (MAP4K3) mRNA also known as
germinal center kinase-like kinase (GLK) in U87 glioma
cells, transfected with vector pcDNA3.1 (Vector) and
cells, transfected with dominant/negative constructs of
ERNI1 signaling enzyme (dnERNI) into vector
pcDNA3. 1, measured by quantitative real-time PCR. The
level of this mRNA expression was normalized to the
expression of beta-actin. The changes in the expression
of MAP4K3 mRNA in the glutamine or glucose
deprivation conditions in both types of glioma cells were
compared with control 1 (100 %), but in cells,
transfected with dnERNI1, — with control 2; n = 4; * - P
< 0,05 as compared to control 1, ** — P < 0,05 as
compared with control 2.

Note: In fig. 1 — 5: Control 1 represents cells, transfected with vector pcDNA3.1 and Control 2 — cells, transfected with

dnERNI.

Ikner and Ashkenazi (2011) shown that TNF-
related weak inducer of apoptosis (TWEAK or
TNFSF12) induces apoptosis through a death-
signaling complex comprising receptor-interacting
protein 1 (RIPK1) as well as Fas-associated death
domain (FADD), and caspase-8. This data correlates
with our results that ERN1 knockdown strongly up-
regulates the expression of RIPKI gene (Fig. 3) and
suppressed proliferation rate of these cells (Auf et
al., 2010).

We have also studied the expression level of
RIPK?2 gene in glioma cells with ERN1 knockdown.
As shown in Fig. 4, the expression level of RIPK2
mRNA is strongly down-regulated (more than 4fold)
in glioma cells with suppressed function of signaling
enzyme ERNI1. It was also shown that the expression
level of RIPK2 gene did not change significantly in
control glioma cells at both glucose and glutamine
deprivation conditions, but in cells with ERNI1
knockdown both glucose and glutamine deprivation
enhances the expression of this gene (2.5fold and
+22 %, correspondingly) (Fig. 4). Thus, the
blockade of ERN1 enzyme function induces the up-
regulation of RIPK2 gene expression in glioma cells
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both in glucose and glutamine deprivation
conditions. These results is argued with anti-
proliferative effect of ERN1 knockdown because
there is data that protein kinase RIPK2 plays an
important role in hepatic cell migration and
inhibition of its tyrosine kinase activity limits
NOD2-driven cytokine responses and down-
regulated NF-kB-dependent plasminogen activator
inhibitor type 1 gene expression (Tigno-Aranjuez et
al., 2010; Wu et al., 2012).

Moreover, the suppression of ERNI1 enzyme
function in U87 glioma cells leads to decreases
(almost to 2fold) mRNA level of protein kinase
interacting protein CIB1 (Fig. 5). At the same time,
glucose deprivation condition does not affect the
expression level of gene encoding CIB1 protein both
in control and ERN1 knockdown U87 glioma cells,
but glutamine deprivation causes slight, but
statistically significant, decrease of this mRNA
expression level in both types of studied glioma cells
(Fig. 5). Thus, the suppression of ERNI1 enzyme
function does not change significantly the effect of
glucose as well as glutamine deprivation on the
expression of CIBI gene in glioma cells.
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Fig. 3. Effect of glutamine and glucose deprivation on
the expression level of receptor (TNFRSF)-interacting
serine-threonine kinase 1 (RIPK1) also known as cell
death protein RIP mRNA in US87 glioma cells,
transfected with vector pcDNA3.1 (Vector) and cells,
transfected with dominant/negative constructs of ERNI
signaling engyme (dnERNI1), measured by quantitative
real-time PCR. The level of this mRNA expression was
normalized to the expression of beta-actin. The changes
in the expression of RIPKI mRNA in the glutamine or
glucose deprivation conditions in both types of glioma
cells were compared with control 1 (100 %), but in cells,
transfected with dnERN1, — with control 2; n = 4; *— P
< 0,05 as compared to control 1, ** — P < 0,05 as
compared with control 2.

Down-regulation of the expression level of
protein kinase interacting protein CIBI in glioma
cells ERN1 knockdown possibly also contributes to
suppression of tumor growth from these cells (Auf et
al., 2010) because this protein is a mediator of
carcinogenesis and participates in regulation of
apoptosis and angiogenesis (Armacki et al., 2014;
Leisner et al., 2013).

Results of this investigation clearly demonstrated
that the expression of MAP4K3, RIPKI, RIPK2, and
CIBlgenes in U887 glioma cells is dependent from
blockade of ERN1-mediated endoplasmic reticulum
stress and is mostly regulated by glutamine and
glucose deprivation in dependence from ERNI
signaling enzyme function. Significant increase of
the expression of RIPKI as well as decrease of
MAP4K3, RIPK2, and CIBI genes in glioma cells
with knockdown of signaling enzyme ERNI
correlates with suppressed proliferation rate of these
cells and possibly contributes in this effect, because
encoded be these genes proteins are multifunctional
and play an important role in the regulation of
proliferation and apoptosis (Armacki et al., 2014; Fu
et al., 2013; Hayakawa et al., 2011; Lam et al., 2009;
Leisner et al., 2013; Minchenko et al., 2014; Naik et
al., 2011; Schriever et al., 2013).
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Fig. 4. Effect of glutamine and glucose deprivation on
the expression level of receptor-interacting serine-
threonine kinase 2 (RIPK2) also known as receptor-
interacting protein (RIP)-like interacting caspase-like
apoptosis regulatory protein (CLARP) kinase mRNA in
U87 glioma cells, transfected with vector pcDNA3.1
(Vector) and cells, transfected with dominant/negative
constructs of ERNI signaling enzyme (dnERNI),
measured by quantitative real-time PCR. The level of
this mRNA expression was normalized to the expression
of beta-actin. The changes in the expression of RIPK2
mRNA in the glutamine or glucose deprivation
conditions in both types of glioma cells were compared
with control 1 (100 %), but in cells, transfected with
dnERNI, — with control 2; n = 4; * — P < 0,05 as
compared to control 1, ** — P < 0,05 as compared with
control 2.
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Fig. 5. Effect of glutamine and glucose deprivation on
the expression level of calcium and integrin binding 1
(CIB1) also known as SNK-interacting protein 2-28
(SIP2-28) mRNA in U87 glioma cells, transfected with
vector pcDNA3.1 (Vector) and cells, transfected with
dnERNI1, measured by quantitative real-time PCR. The
level of this mRNA expression was normalized to the
expression of beta-actin. The changes in the expression
of CIBI mRNA in the glutamine or glucose deprivation
conditions in both types of glioma cells were compared
with control 1 (100 %), but in cells, transfected with
dnERNI1, — with control 2; n = 4; * — P < 0,05 as
compared to control 1, ** — P < 0,05 as compared with
control 2.
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Conclusions.

1. It was shown that suppression of both
enzymatic functions of sensor and signaling enzyme
ERN1 (endoplasmic reticulum to nucleus signaling
1), the major component of endoplasmic reticulum
stress signaling, decreases the expression level of
genes encoding MAP4K3, RIPK2, and CIBI in
US87glioma cells, but increases — RIPKI gene
expression.

2. Glutamine deprivation condition leads to
increase the expression level of RIPK/ gene and to
decrease — CIBI gene in control glioma cells, but
ERN1 knockdown modifies the effect of glutamine
deprivation on the expression most of these genes.

3. It was also shown that the expression level of
MAP3KS5, RIPKI, RIPK2, and CIBI genes did not
change significantly in control glioma cells at
glucose deprivation condition, but in cells with
ERN1 knockdown glucose deprivation enhances the
expression of RIPKI and RIPK2 genes. Thus,
suppression of ERN1 enzyme function also changes
the effect of glucose deprivation on the expression
of most studied genes in glioma cells.

4. Results of this investigation clearly
demonstrated that the expression of MAP4KS3,
RIPKI, RIPK?2, and CIBlgenes in U87 glioma cells
is dependent from endoplasmic reticulum stress
mediated by ERN1 and that glutamine and glucose
deprivation conditions mostly affect these gene
expressions in dependence of ERNI signaling
enzyme function.
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JAE®IINUT I''TIOKO3U TA I'VTYTAMIHY 3MIHIO€ EKCITPECIIO I'EHIB MAP3KS,
MAP4K3, CIB1, RIPK1, AND RIPK2 Y KJIITUHAX I'TIOMM JIHII U87 3
BUKJ/IIOYEHOIO ®YHKIIE€IO CUT'HAJIBHOT'O EH3UMY ERN1

T. B. bakaneus, [{. O. Minuenko, O. O. Parymna, O. O. PsiooBoa, O. I'. MiHueHko

Ipomeinxinasu gidieparoms 6axiciugy pojb ¥ POCMI 3/05SKICHUX NYXAUH K KIHOYOSL pe2yisimopu Pi3HOMAHIMHUX
Mmemaboniunux npoyecie. Mu eusuanu egpexm Oepiyumy 2moKo3u ma 2Aymaminy Ha pisens excnpecii MmPHK
npomeinKinasu KiHasu Kinazu Kinasu 3, wo akmugyemvcs miocenom, 3 (MAP4K3), npomeinkinaszu kinasu xinasu 3, wo
akmugyemucsi miocenom, 5 (MAP3KS), cepun-mpeoninosoi kinaszu 1, wo e3aemodic 3 peyenmopom TNFRSF (RIPKI),
ma RIPK2, a makoxc npomeiny CIBI, wo 63aemodie 3 npomeinxinazoro y knimunax eniomu ainii U87. Becmanogneno,
WO NpucHiYeHHs 000X eH3UMAMUYHUX AKMUBHOCMEU CeHCOPHO-CUucHanbHo2o ensumy ERNI (cuenanmosannsa 6i0
EHOONNA3MAMUYHO20 PeMUKYIYMY 00 A0pa-1), 0CHOBHO2O CEHCOPHO-CUSHATILHO2O eH3UMY CIMPeCy eHOONIA3ZMAMUYHO20
PemUKyIymy, 3HUNCYE pigeHb excnpecii eeHis, wo kooyroms MAP4K3, RIPK2 ma CIB1, ane 36inbuiye excnpecito ceHa
RIPKI. B moii xce uac, He cnocmepizanocs icmomHuux 3min 8 excnpecii eena MAP3KS5 y xnimunax eniomu 3a ymo8
npuenivents cuenaibhozo ensumy ERNI. 3a ymos deghiyumy enymaminy cnocmepicanocs 30iibuents pighs ekcnpecii
eena RIPKI i snuoicenns — cena CIBI y konmponvhux knimunax eniomu, ane npuenivennss ERNI moougbixyeano egpexm
Odeiyumy anymaminy Ha excnpecito yux 2emie. byno maxooic noxasano, wo pisens excnpecii eenie MAP3KS5, RIPKI,
RIPK2 ma CIBI icmomHno He 3MIHI08ABCS Y KOHMPOIbHUX KIIMUHAX 2Mi0MU 3a YMO8 Oeqhiyumy 20K03U, 8 MOl Yac SK )
xkaimunax 3 npueHivenum ERNI depiyum enoxosu npuzeooue 0o nocunenns excnpecii eenie RIPK1 ma RIPK2. Taxum
yuHoM, npucHivenus Qyuxyii ensumy ERNI maxooc sminoe egexm Oediyumy enokosu Ha excnpecito OLnbuiocmi
docniodcenux eeHie y kuimunax eniomu. Pesynomamu yici pobomu 4imko 6Ka3yiome Ha me, WO eKCHpecis 2eHie
MAP4K3, RIPKI, RIPK2 ma CIBI y knimunax eniomu ninii U87 3anescums 8i0 npucrivenHs onocepedkoganozo ERNI
cmpecy eHOONAAZMAMUYHO20 PEMUKYIYMY [ NePedadcHO 3MIHIOEMbCA 3d YMO8 Oeiyumy 2uoKo3u i eiymaminy 6
3anexcnocmi 6i0 yHKyii cuenanrbHozo eHzumy ERNI.

Kmiouosi cnosa: excnpecis mPHK, 6nokada ERNI, MAP3K5, MAP4K3, RIPKI, RIPK?2, CIBI, degiyum eniokosu,
Oepiyum enymaminy, knimunu eniomu ninii US7.

Ooepoicano pedxonezicio 07.07.2013

107
Bionoriuni cucremu. T. 6. Bum. 2. 2014



VIIK [577.152.1+577.164.3] : 577.121.7:58.081.1

XAPAKTEPUCTHKA ®YHKIIIOHYBAHHSA JTEAKAX KOMIIOHEHTIB
AHTHOKCUJIAHTHOI CHCTEMHY POCJIMH B TKAHMHAX LIGULARIA
GLAUCA (L.) HOFFM. I L. SIBIRICA (CASS.) 3A PI3HUX YMOB
BUPOIIIYBAHHS

A. €. HEJIUOPICT, M. 1. A3BIHUVK

Yepniseyvkuil Hayionanvrutl yHieepcumem imeri IOpia @edvrosuua,
Incmumym 6ionoeii, ximii ma 6iopecypcis, kaghedpa bioximii ma 6iomexnonozii
syn. Koyrobuncoroeo, 2, m. Yepnisyi, 58000
e-mail: antonina_shel@mail.ru

Ha ocnosi ananizy xinekichoeo emicmy cymu nonigheHonié [ pnagonoioie ma nonigheHON0KCUOA3HOI AKMUGHOCHI
excnnanmie Ligularia glauca (L.) J. Hoffm. i L. sibirica (Cass.) npoananizoeani ocobaueocmi (yyHKYiOHY8aHHS cuUcmemu
AHMUOKCUOAHMHO20 3AXUCMY POCIUH 34 HAAGHOCMI Ma GIOCYMHOCMI Y Cepedosuwyi pocmy eK302eHHO20 YUCTHEIH).
Jlocnioocennto nionseanu excnnanmu L. glauca i L. sibirica, eupoweni 6 ymogax in vitro 3a naseHocmi y cepedoguuyi 60
me/n yucmeiny ma 6e3 Hbo020. OCHOB0I0 071 NPUSOMYBAHHS NONCUBHUX Cepedosuly CyxcuIo cepedosuiye Mypaciee-Ckyea.
Bwmicm cymu nonigpenonie ma ¢nagonoiois susnauau cnekmpo@pomomempusHo y nepepaxyrKy Ha pymur ma Xiopo2eHosy
Kuciomy 6ionogioxo. Enexmpoghopemuune docnioxcenns i3ogpopm nonigpenonokcudasu npogoouu 8 HaAmueHUX yMo8ax y
5% ronyenmpyrouomy i 12% po3oinarouomy noniakpuiramionux 2ensx. Ak enekmpoonuil Oygep suKopucmosysaiu mpuc-
eniyunosuti oypep pH 8,3. [na ioenmugbixayii pepmenmy eeni inkyoysanu ¢ 0,1% L-JODPA y nampii-gochamnomy
6ygepi pH 7,0. B pobomi noxasamno, wo excnaawmu L. glauca i L. sibirica 30amui nazpomaoxcysamu 00Cmamubo 8eluKi
Kinbkocmi nonighenonvrux cnoayk. OOHax, 3a HASBHOCMI Y CepedosUlfi POCIY eK302eHHO20 YUCTEIHY IX 6MICM 8 CUPOBUHI
L. glauca y 0siui nuxcuuii. Buicm ¢uasonoidis 6 excnaanmax L. sibirica binbwe Hidic y 08a pasu nepesaxcae 3a makuil
iHwoeo eudy. Lla pisnuys cymmego 3pocmac 3a ymosu ix KyibmMugyeanHsa y NPUCYMHOCMI eK302eHH020 yucmeiny. Bio
ocobnusocmei  Kyibmugy8anHs 3ANedHCUMb  MAKOJC NOMIDEHONOKCUOAsHa aKkmugnicmy  excnaanmis.  Minivanvua
Gepmenmamuena axmugnicmv ecmanosniena Oas excnaawmie L. glauca, eupowenux 3a 6iocymmocmi 8 NOMCUBHOMY
cepedosuyi exzozennozo yucmeiny. Ii smauenns ons obox Oocnioacysanux eudie eiopisHsAOmMbea matiice y 20 pasie.
Tokazano, wo izopepmenmuuii cnekmp nonigpenonokcuoasu L. sibirica ckradaemocs 3 decamu KOMNOHeHmMis, modi AK
L. glauca 3 wecmu. Busenena tioco 3anexchicms 6i0 ymos Kymvmugyeauhs. Tax, Ha erexmpogopeepami L. sibirica
cmabiibHO BUABTAIOMBCS 08 siMb KOMHOHeHMI8, modi AK Ha erekmpogopeepami L. glauca — yvomupu. Komnonenm 3 Rf 3a
cmpecogux ymo8 pocmy Haby8ae Maxcoprozo 3abapenenus y L. sibirica i 3’aénaemoca y L. glauca. Ha ocnosi akicHozo i
KibKiCHO20 aHanizy KOMNOHEHMI6 (epMeHmamueHoi i HepepmMeHmamuenoi JaHOK CUCMeMU aAHMUOKCUOAHMHOZO
saxucmy L. glauca i L. sibirica moscna cosopumu npo 6inbu sucoxuii aoanmusHuti nomenyian L. sibirica.

Kmiouosi cnosa: Ligularia glauca, Ligularia sibirica, nonigpenonoxcuoasa, nonigpenonu, ¢nasonoiou, yucmein, in
vitro, enekmpogopes, excnianm.

Beryn. OnHuM i3 cydyacHUX METOAIB 30€peKeHHs]  KHHTa VYkpainuy, 2009). BpaxoByroun

PIAKICHUX POCIHMH € KyJbTUBYBaHHS iX B YMOBAax in
vitro. JIBoMa 4YepBOHOKHIKHUMH Bufamu L. glauca
(L.) J. Hoffm., L. sibirica (Cass.) y ¢nopi Ykpainu
npencraBineHuit  pin  Ligularia (Cass.) poawHH
Asteraceae. 3 wux L. glauca € 3HUKAIOYHAM,
MOHOKApIIYHUM BWJIOM, YHCEIBHICTH SKOTO 32
ocranHi 30 pokiB 3HM3WiIace Ha 50-60%. Bin
3yCTpiYaeThes B 130JbOBAHUX JIOKATITETaX Ha ITH.-
cX. Mexi apeary (B VYkpaini - UYepHiBenbka,
JIbBiBCchKa Ta 3akapraTchKa obuacti).
[Ipuponooxoponnuit craryc Bupy L. sibirica —
BpAa3JIMBHHA, PENIKTOBHH, IW3’FOKTUBHO IMOIIAPEHUI
Ha Mexi apeany. bingpmiicte Horo momymnsmii
IpeAcTaBlIeHa  JMIIE  KiIbKOMa  JECATKaMH
TeHEpAaTUBHUX OCOOWH. Apeal TONIMPESHHS B
Vkpaini - Kapnatu ta Mane Ilomiccs (YepBona

108

MaJIOYHCEIbHICTh BHUIB B MPUPOIAHUX ITOMYJIALISAX,
Oy TipoBejieHi poOOTH IO 1X BBEICHHIO B KYIBTYPY
in Vitro 3 METOI0 PO3POOKH METOJUKU PO3MHOKCHHS
i3 3amydeHHsIM OioTexHONOTiYHMX mmiaxomiB. Ha
IIOMY €Talll JOCIHIHKEHb 3’SICYBaJloCs, IO YCITITHE
PO3MHOXEHHS eKCIUIaHTiB L. glauca 1 L. sibirica
Yyepe3 IHTEHCH(]IKALII0 OKHCIIOBATGHUX MPOLECIB
MOJKJIMBE JIMIIE 33 YMOBH BBEIEHHS 0 CKIAAY
MOKUBHUX CEPENOBUIL LIUCTEIHY, IKUH € NOTYKHUM
anTrokcugantoM (Kymip, 2005).

Y mpomeci KUTTEMISUIBHOCTI B KIIITHHAX
YTBOPIOIOTBCA ~ BUIBHI  pagukamd, ski € ix
MeTa0O0JIIYHO-aKTUBHUMH ~ KOMIIOHEHTaMH, 110
NOPYIIYIOTh OOMiH PEUOBMH. IX 3HEIIKOIKEHHS, K
MMOKa3yIOTh Pe3yJIbTaTd 0araThbOX  JOCIIIKECHB,
3a0e3MmeyeThes (YHKIIOHYBaHHSM
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AHTHOKCHUIAHTHOI CHCTEMH, IO CKJIAJAEThCA 3
¢depmenTaTiBHOT 1 He()EepMEHTATUBHOI  JIAHOK,
BH3HAYAIOYHM 3HAYHOIO MIPOIO CTiHKICTh POCIUH IO
HectpusaTIMBUX BIunBiB (Kasnageera, 2011).

Ho He(hepMEeHTaTUBHOL JIAaHKU cUCTEMU
AQHTUOKCHIAHTHOTO  3aXUCTy BXOJSTH  CIHONYKH
(heHOBHOT TTPUPOAH, SIKUM HAICKHUTH BKIUBA POIb
y TATPUMIT POCIMHHOTO OpraHi3My B HEOOXiTHOMY
JUTSL JKUTTS BIJHOBJIEHOMY CTaHi. 30KpeMa, OJIHHM 3
HallBOXIMBIMMX  KJIAciB  OIOJNIOTIYHO  aKTUBHHUX
PEYOBHH POCITMHHOTO TOXOIKCHHS € TOi(eHONbHI
Croykd Ta (IaBOHOIAM, SIKI B CBOEMY CKJIaji
MICTATh IIBi 1 OinblIe rizpokcwibHuX Tpyn (Kapmun
ta l[BimmHiok, 2009). [lama rpyna pe4yoBUH B
(hi310JI0TIYHUX yMOBaX YTBOPIOE OKHCHO-BIHOBHY
cucteMy «(EHON <«> CEeMIXIHOH <> XIHOH»,
KOMIIOHEHTH SIKOi JIETKO MepPeXOo/IsiTh OJAWH B OJHHA.
Bona Bimirpae ponb OydepHOi CHCTEMH, a TaKOX
CHHEpricTa ackopOiHOBOI KHCIOTH Y MiATPUMII
penokc-piBHOBarn (AnsBuHa W 3arockuna, 2010;
Perro and Brumaghi, 2010).

OnHuM i3 (hepMEHTIB aHTHOKCHIIAHTHOTO 3aXUCTY
€ ToJTi(eHONOKCUIa3a — METAJIOCH3UM, SIKUI MICTUTD
OistmepHi nentpu Mmigi (Fand, 2007). [Jannit pepment
BUKOPHUCTOBYE MOJIEKYJSIDHUN KHCEHb UIA KaTallizy
OKHCIIEHHS ~ (JEHOJBHUX  CIOJNYK, YTBOPIOIOYH
BIJMIOBiIHI XiHOHW. AKIENTOPOM BOJHIO B IHX
PEAKITisIX CITY>KATh MOJIEKYJSIpHUH KrceHb (Rozzaque
et al., 2000; Sae-Soon and Woo-Yean, 2013).

[HTeHCHBHE OKHCIIEHHS TKAaHMH EKCIUIAHTIB
BHUSIBUJIOCST HAHOUTBII CKIIQTHOIO TIEPEIIKOI0I0 TPH
BBEJICHHI B KyNbTYypy in vitro BumiB L. glauca i
L. sibirica. CyTTe€BO TPOSBISLUTUCS OKHCIIOBaJIbHI
mporecH i Oe3nocepeHb0 Ha eTarli PO3MHOMKEHHS.
[lomomat ix mposiBM BHamocs 3a JOMOMOTOIO
BKJIFOUECHHS JIOJaTKOBOT 00pobOKu HAaCIHHI
CTEepWIBbHUM PO3YHMHOM aCKOPOIHOBOI KHCIOTH IIiJT
gac CTepWii3amii, a TaKoXX BBEIEHHSM 0 CKJIaIy
MOXXMBHUX CEPEAOBUII IIUCTETHY.

VY 3B’a3Ky 3 MM MeTor Hamoi pobotu Oyio
mociiauta BMicT mormideHONB 1 (praBoHOIAIB, a
TaKOX 3pOOUTH MOPIBHAJIBHHUN aHaNi3 KUTBKICHOTO i
SIKICHOT'O BMICTY MOJi(DeHOJIOKCHIa3H B EKCIUIAHTaX
L. glauca ta L. sibirica, KyTbTUBOBaHHX 33 YMOBH
HassBHOCTI B TIO)KMBHOMY CEPEIOBHUII IHCTEIHY Ta
3a F0T0 BiJICYTHOCTI.

Martepiaau Ta MmeToau. J{OCTIKSHHIO i UISTATH
excroiantd L. glauca Tta L. sibirica, BUpOIIEeHI B
YMOBAaX in Vitro 3a HasBHOCTI cepefoBHII 60 Mr/a
mcTeiny Ta 6e3 Hporo. OCHOBOIO ISl TPUTOTYBaHHS
MMOKUBHUX  CEPENIOBHUIN  CIYXXKWUJIO  CEpelOBHIIE
Mypacire-Ckyra (Kymsip, 2005).

Bmict cymm momipenonmiB i
BH3HAYaId  CHEKTPO(GOTOMETPUIHUM
nmepepaxyHky Ha pyTtuH (Yeuyi,

(haBoHOINIB
METOIOM
2011) Ta
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xnoporeHoBy kucnory (Kapmma ta L[BimmMHIOK,
2009) BiAMOBIAHO.

Hns orpumanHs (EpPMEHTATUBHOTO Mpernapary
nomdeHomokcuaasn BukopuctopyBamn 0,05 M Na-
docharuuit 6ydep 3 pH 7,0, mo mictus 0,35 M KCl
i 0,5 % tpuron X-100 (Thygesen et al., 2000).
AKTUBHICTD TIONMiI()EHOJOKCHAA3M BH3HAYAIH TIPU
moBkuHi XBwii 420 HM, BHUKOPHCTOBYIOUH SIK
cyocrpar 100 MM karexon B 0,1 M docharnomy
oydepi pH 7,0 (Sae-Soon and Woo-Yean, 2013;
Zivcovic, 2010).

®epMeHTHUN Ipermnapar, 110 Misran
eJIEeKTPO(OPETUIHOMY PO3IUIEHHIO, OTPUMYBAIH 3
BukopuctanHsaM 100MM Tpuc-riinmHOBOTO Oydepa
pH 8.3, mo wmictuB 0,1% ackopOiHOBY KHCIOTY,
15% caxapo3y Ta 0,1% mumcrein. Enexkrpodopes
MPOBOJMIIN B HATHBHUX YMOBaX 3 BHUKOPHUCTAHHSM
4% xonuentpytodoro (C 3%) i 12% pozninstodoro
(C 4%) reniB y tpuc-rminmHoBoMy Oydepi pH 8,3.
Hnsa inentudikamii depMeHTy Tenmi iHKyOyBaau B
0,1% L-3, 4 - gurigpoxcudeninananin (L-JJODA) y
Hatpiii-pochatHomy Oydepi pH 7,0 (Fand, 2007;
Mayer, 2006).

ExcrieprMeHT BUKOHYBaJIM y MIECTH O10JIOTIYHUAX
MOBTOPHOCTSX. CTaTHCTHYHY OOpPOOKY OTpHUMaHUX
pe3yibTaTiB MPOBOAMIN 3a JOMOMOIOI0 NPOrpaMu
Microsoft Excel Ta ouiHIOBaIX 3 BUKOPHUCTaHHIM
kpurepito CThIOfCHTA.

Pe3yabTaTu Ta ix 00roBopeHHs. Y ToMNepeaHix
HAaIUX JOCHI[PKEHHSX OyJlI0o BCTaHOBIEHO, IO
edekTHBHE KYyIBTHBYBaHHS B yMOBax in vitro L.
glauca i L. sibirica MOXJHBE JIMIIE TTPU HASIBHOCTI Y
MOXXUBHOMY CEpEIOBHILI LIUCTETHY. Y 3B 53Ky 3 UM
3a HOpMaJbHi, TOOTO Ti, IPH SKUX HiBEIHOBAHA Iis
cTpecoBoro Gaktopy, OyiM TPUAHATI MMOKA3HHKHW,
BJIACTHBI pOCIMHAM caMe€ 3a TaKuX YMOB
BHUpOIIyBaHHA. [lpm  mocmimkeHHI  KiTBKICHOTO
BMICTY CyMH TOJTipeHOIIB OyI0 BCTAHOBJICHO, IO B
CTPECOBUX YMOBaX OOW/IBa BUIU XapaKTEPU3YIOThCS
MPaKTUYHO OJHAKOBUMM iX 3HAYEHHAMH. Y TOU XKe
Yyac, TpH JOJaBaHHI B TIIOXXHBHE CEPEIOBHILE
UCTETHY B eKcIutaHTax L. glauca BiH 3MEHIIyBaBCS
Maibke y [ABa pasd, TOAI SK M  iHIIOTO
JOCTDKYBAaHOTO BHIy BIIMIHHOCTEH BHUSBICHO HE
Oymo. HaromicTs mpu 3MiHI YMOB KyJbTHBYBaHHS B
cupoBuHi L. glauca 3anuinaeTbesi MOCTIHHUM BMICT
¢naponoiniB. Ciijy 3ayBakWTH, IO BIiH € JOCUTh
HE3HaYHUM 1 MEHIIUM 3a Takuil L. sibirica. 3a
HOPMAaJIbHAX YMOB BHUPOIYBaHHS BIIMIHHOCTI Y
BMIiCTI  (uaBOHOIOiB B  eKCIJIaHTaXx 000X
JOCTDKYBAaHUX BHIIB CYTTEBO TOTJIAOIIOIOTHCS.
Tak, Ha 71O m[HCTEiHY, BMICT (QIIABOHOINIB B
TKaHUHAX L. sibirica mepeBaxae 3a Takuil L. glauca
y 100 pa3iB (Tadu.).
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Puc.1. Honigpenonoxkcuoasna axmuenicms eKcniaHmie
L. glauca i L. sibirica 3a pi3nux ymoe Ky1omugyeaHHs

Tabnuus

Bmicm nonigpenonis i gprasonoioie ¢ excnianmax

L. glauca i L. sibirica 3a naasnocmi / giocymnocmi 6
cepedosuuyi yucmeiny (Mxm, p<0,05)

Table

The content of polyphenols and flavonoids in L.
glauca and L. sibirica explants in the presence / absence

of cysteine in the medium (M £ m, p < 0,05)

Bwmict % Cys + L. glauca | L. sibirica
S r—— + 9,5+0,7" | 18,3+0,19"
- 16,9409 | 17,6+0,91
PR— + 0,07+0,009 6,6310,50*;1*
- 0,08+0,008 | 0,18+0,02

Bigomo, mo HakomuuyeHHS ()EHONIB Y TKaHWHAX
pOCIHH BiOYBa€eThCS 3a il HU3KH EKCTPEMalbHUX
30BHIMHIX (hakTopiB. lle mo3BOJILE TOBOPUTH TIPO
Hecrienr$ivHi peakuii BiANOBiAlI POCIHH Ha iX BILUIUB,
IO TIPOSIBIIIETBCS B IMiBUILNEHHI BMICTY (hEHOIBHIX
CIIONIyK Ta 3abe3medye cTiiikicte pocnuH (KymmHip,
2005; IomosaukoBa u Bockpecenckas, 2008).

llono ¢naBoHOINIB B cHCTEMI in Vitro OKa3aHo,
0 BOHHU € OIBII TOTYXKHUMHU aHTHOKCHIAHTaMH,
uix Bitaminu C i E (Iltuuem, 2007), Tomy, Ha
OCHOBI TOPIBHSJIBHOTO aHaNi3y KUIbKICHOTO BMICTY
(hmaBoHOINIB, MOXKHA TPUITYCTUTH, O L. sibirica
BOJIOZI€ OUTBII BUCOKUM aJalTHBHUM ITOTEHIIIaJIOM.
e Y3TOJIKY€EThCS i3 Bi3yaJIbHUMU
CTIOCTEPSIKCHHSAMH 32  CTAHOM  CKCIUIAHTIB,
KyJBTUBOBAaHUX 0e3 mucTeiny. 30kpeMa, 3’sCOBaHO,
[0 OKUCJICHHSI TKAaHMH EKCIUIAHTiB AaHOTO BUAY B
CTPECOBUX yMOBax BigOyBaeTbcs Ti3HiE Y
CepeIHLOMY Ha JIeCSTh JTHIB.

OCKiTbKM ~ OKHCICHHS  (DEHOJNBHUX  CIOJYK
HanpsMy OB’ s13aHE 3 (yHKLIOHYBaHHSAM
MoJi(eHONOKCHIa3K, HACTYIHHM €TaroM HAIlNuX
JOCITIKeHs OyB aHami3 il KUIBKICHHX Ta SKiCHHX
noka3HWKiB. Tak, TpH BHPOIIYBaHHI EKCILIAHTIB
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Fig.1. Polyphenol oxidase activity in explants L. glauca
and L. sibirica under different culture conditions

000X [JOCHIIKyBaHWX BHUIIB 3a BIJACYTHOCTI Yy
MOXXHUBHOMY  CEPEIOBHIN  AHTHOKCHJAHTYy,  iX
MoJi()eHONIOKCHIa3Ha ~ aKTHBHICTh  BIJIPI3HAETHCS
Maibke y 20 pasiB i3 mepeBaxaHHsM y L. sibirica.
JlonaBaHHs ~ IUCTEIHY B  CEPEIOBHUINE  POCTY
MPU3BOIUTEL JO CYTTEBUX 3MiH, HACIIIKOM SIKUX €
Mai’ke CTOBIJCOTKOBE BHUPIBHIOBAHHS KiJIbKICHUX
MOKA3HUKIB: 32 PaXyHOK Pi3KOTO 3pOCTAHHS 3HAYCHb
y L. glauca 1 3amwxkenns y 2,5 pasu B L. sibirica
(puc.1). OmauM i3 cyOcTpariB mosiheHOIOKCH a3 €
nonidenonn. VIMoOBipHO, mO came uepe3 HHU3BKY
MOTI(PEHOIOKCHUAA3Hy aKTUBHICTh B EKCIUIAHTax
L. glauca y cTpecoBHX yMOBaxX CIOCTEPIra€ThCs
MiBUINCHHS  BMICTY TOJI(EHONBHUX  CIIOJYK.
Bucoka (epMeHTaTHBHA aKTHBHICTh B EKCIUIAHTAX
IHIIOTO ~ JAOCHI/DKYBAHOTO BHIY CBITYHTH IIPO
aKTHBHY, X04a i HE IOCTaTHIO 3 OTJIALY Ha KiHLEBUH
pe3ynbTaT, y4acTb MOMI(EHONIB y 3HEMIKOKEeHHI
BUTBHUX paauKaiiB. MoO)XKHA TPUIYCTHTH, IO B
ekciuiantax L. glauca 3a BIICYTHOCTI B CEPEIOBHMIIT
pocty  mmCTeiHy,  MONi()EHOIUW  BUCTYIAKOTh
MPOOKCHIAHTAMH, TPUAMAIOYHM YYaCTh B OKUCIICHHI
TKaHWH, (AKTUYHO NPU3BOAAYM JO iX OUIBIIOT
ypasznuBocTi. B Tol ke wac, mns L. sibirica He
BUSIBIICHO TIOMITHUX 3MiH Y KiJIbKOCTI TOJi(hEeHOIIB,

ONMHAK  MOJi()CHOJIOKCHIA3HA  aKTHBHICTH  3a
HAsSBHOCTI IUCTETHY 3HAYHO HUXKYA.
Bimomo, mo 'y BumiB, sKi  BOJOIIIOTH

T IBHIIEHOIO CTIHKICTIO 0 Mii CTPECOBUX YNHHUKIB,
noJjieHoNoKcHaa3a NPUCYTHS 1 y Tak 3BaHii
«mpuxoBaHii ¢opmi». Ilig BmIMBOM CTpecoBUX
¢akTopiB Moke BimOyBartucs 30imbIIeHHS (QOHTY
BUTEHUX (opM (QepMEHTy 3a paXyHOK iX BHUXOIY i3
3B’s3aHOr0  cTaHy. KpiM [pOro, MiJIBUILEHHS

aKTUBHOCTI BiJIOYBa€THCS napasensHO 31
301IBIIEHHSIM CTyIEHA TE€XHOTEHHOT'O
HaBaHTakeHHs Ha pociauau ([lonoBHUKOBa W

Bockpecenckas, 2008).
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1 2 3 4 % L. sibirica L. sibirica L. glauca, L. glauca
cys+ (1) cys- (2) cys- (3) cyst (4
‘ 1 0,25 0,25 0,25 -
2 - 0,33 -
3 0,38 - 0,38
4 0,40 - - -
5 0,56 0,56 0,56 0,56
6 0,65 0,65 - 0,65
7 0,71 0,71 - -
8 0,78 0,78 0,78 0,78
9 0,83 0,83 0,83 0,83
10 0,90 0,90 0,90 0,90
11 0,94 0,94 - -

Puc. 2. Enekmpogopemuyunuii poznooin
nonigenonokcuoas L. glauca i L. sibirica 3a haasenocmi /
GIOCYMHOCHI eK302€HH020 WUCMETHY 6 cepedosunyi
Ky/1bIMugy6ans

Bimomo Takox, 1110 BHCOKa (epMEeHTaTHBHA
aKTHBHICTh TPHU3BOJUTH 1O MOCHJIEHOTO BHUXOIY
nonieHoniB 13 wmicup nenonyBaHHs (Perro and
Brumaghi, 2009). Bimomo, 10 B CTpECOBUX YMOBaAX,
3MIHIOETBCS  130()€pMEHTHUI CIEKTP KIITHHHUX
(hepmeHTiB, 30KpeMa, 3SIBIIOTHCS HOBI 130opMH Un
3MIHIOETBCS aKTUBHICTh YK€ icHylounx (MapueHko
ta iH., 2008). 3 MeTOW OTpUMaHHS BiJOMOCTEH
LI0A0 y4acTi pi3HHUX i30¢opM nodipeHonoKcuaasu B
3aXMCTI TKAHWH EKCIUIAHTIB BIJ X MOIIKOIKECHHS
BHACJIIOK OKHCIIEHHS, MIPOBEIH ix
enekTpoopeTuuHe  po3mineHHs.  Tak,  Oymno
BCTaHOBIIEHO, W0 TomideHonokcunasza L. sibirica
MIPEACTABIICHA JIeB’AThMa KOMIIOHCHTAMH 3 Pi3HOIO
eNEeKTPOPOPETUYHOI PYXJIMBICTIO. [3 HUX BiciM
MPUCYTHI Ha eNeKkTpodoperpami He3aleKHO Bij
YMOB BUpOITyBaHH: (puc. 2). BiIMIHHOCTI SKiCHOTO
XapakTepy CTOCYIOThCS TIJIBKU JIBOX KOMIIOHEHTIB 3
Rf 0,38 Ta 0,40. EnexrtpodopernyHuii CcmekTp
i30hopMm 0T (D eHOIOKCUTa3H L. glauca
MPEACTaBICHUN TIMICThMAa CHOJAYKaMH. 3  HHUX
CTaOUILHO BUSBIAIOTBECS 4YOTHpH. Ha ocoOmuBy
yBary 3aciIiyroBye KOMITIOHEHT 3 Rf 0,25, oCKilbKH 3a
CTPECOBHX yMOB POCTy BiH Ha0yBae Ma)KOPHOTO
3abapBiieHHs y L. sibirica i 3’sBnserscs y L. glauca.

OTxe, Ha TMiACTaBi OTPUMAHUX pE3YJIHTATIB
MOKHa CTBEP/KYBatd, mo L. sibirica MOpiBHSIHO i3
L. glauca Bonopmie 3HAYHO BHIIMM aJalTHBHUM
MOTEHI1aJIOM. 3a CHPUSATIUBUX YMOB
KyJIbTHBYBaHHS I BUPAKAETHCS y 3HAYHO BHUILOMY
BMicTi momidpeHonTiB 1 ¢aaBoHOIMIB. Po3BHUTOK
cTpecy B eKcIulaHTax L. glauca cynpoBOMIKY€ETbCS

Biosoriuni cucremu. T. 6. Bum. 2. 2014

Fig. 2. The electrophoretic division of L. glauca and L.
sibirica polyphenol oxidase in the presence / absence of
the exogenous cysteine in the cultivating medium

CyTTEBUM 3HIKEHHSIM 1oJ1i(heHOIOKCHIa3HOT
aKTHUBHOCTi, Y TOH e dYac SK B eKcIUIaHTax L.
sibirica BoHa 1icTOTHO 3poctae. [30¢epMeHTHHIA
CIIEKTp TONI(EHONIOKCHIA3W B eKCIUIaHTax L.

sibirica MIpEACTABICHUN OUIBIIUM YUCIIOM
KOMIIOHEHTIB. I3 HHX OCOONMBY poOib B
iHTeHCH(iKaIii TMpoIeciB  OKHUCICHHS  TKaHWH

EKCIUIAHTIB Y CTPECOBUX YMOBaX BiJlirpae crojiyka 3
Rf0,2.
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THE CHARACTERISTIC OF THE FUNCTIONING OF THE SELECTED COMPONENTS
OF PLANT ANTIOXIDANT SYSTEM IN LIGULARIA GLAUCA (L.) HOFFM. AND
L. SIBIRICA (CASS.) TISSUES UNDER THE DIFFERENT GROWING CONDITIONS

A. E. Shelyfist, M. D. Dzvinchuk

The quantitative content of the amounts of polyphenols, flavonoids and polyphenol oxidase activity of Ligularia
glauca (L.) J. Hoffm. and L. sibirica (Cass.) explants was observed by analyzing the functioning of the antioxidant
protection system of plants. The plants were grown in the presence and absence of the exogenous cysteine in the growth
medium. The research subjects were L. glauca i L. sibirica explants which were grown under in vitro conditions in the
presence of 60 mg/l cysteine in medium and without it. The Murasihe-Skoog medium was the base for the preparation of
the culture mediums. The content of the amounts of polyphenols and flavonoids was determined spectrophotometrically
in terms of routine and chlorogenic acid accordingly. The electrophoretic studies of the polyphenol oxidase isoforms
were performed in native conditions in the 5% concentrating and 12% sharing polyacrylamide gels. The tris-glycine
buffer pH 8,3 was used as the electrode buffer. The gels were incubated in 0,1% L-DOPA in the sodium phosphate
buffer pH 7,0 for the identification of enzyme. It is shown that L. glauca and L. sibirica explants are able to accumulate
large enough number of the polyphenolic compounds. However, their content is twice lower in L. glauca raw in the
presence of in the growth medium. In L. sibirica explants the flavonoids content is more than twice predominated by
such a different species. This difference increases significantly under their cultivating condition in the presence of
exogenous cysteine. The polyphenol oxidase activity of explants depends also on the cultivating peculiarities. The
minimum enzyme activity is set for L. glauca explants, which were grown with the absence of exogenous cysteine in the
culture medium. The activity values for both explored types are different almost in 20 times. It is shown, that the
isozyme spectrum of L. sibirica polyphenol oxidase consists of ten components, while L. glauca of six. It was discovered
his dependence on the cultivating conditions. Thus, L. sibirica consistently shows nine components, while L. glauca
electrophoretogram — four. The component with Rf becomes majeure colour under stressful growth conditions in
L. sibirica and appears in L. glauca. Now we can talk about higher adaptive capacity of L. sibirica based on the
qualitative and quantitative analysis of components of the enzymatic and nonenzymatic part of the antioxidant L. glauca
and L. sibirica protection system.

Keywords: Ligularia glauca, Ligularia sibirica, polyphenol oxidase, polyphenols, flavonoids, cysteine, in vitro,
electrophoresis, explant.

Ooepoicano pedxonezicio 23.12.2013

112
Biological systems. Vol. 6. Is. 2. 2014



YK 634.232:577.213.3

MNPOPLIIOBAHHA TEHOMY COPTIB UEPEIIHI YKPAIHCHKOI
CEJIEKIII 3A JJOMOMOI'OIO IRAP-ILIP TA REMAP-ILIP MAPKEPIB

. 1. IBAHOBUY, H. B. TPAIILMHA

Tuemumym cadisnuymea HAAH, 6i00in 8ipyconozii, 0300posnents i poO3MHONMCEHHS NI0008UX MA AIOHUX KVIbMYD,
Kuis-27, 03027, c. Hosocinku, eyn. Cadosa, 23, YVrpaina,
e-mail: ivanovych.yar@gmail.com

Buxopucmanna 00HOPIOHO20 €aOUBHO20 mamepiany 3 NiOMEepPONHCeHOI 2eHeMUUHOI0 I0eHMUYHICmIo — OOHa 3
20/IOBHUX BUMOZ NpU CMEOPEeHHI caldie iHmeHcusHoeo muny. Epexmusnicms memody idenmugbikayii ma auanizy
2eHeMUYHUX GIOMIHHOCIEL MIJIC PIBHUMU COPMAMYU NA000BUX KYALIMYP 3 O0ONOMO2010 MPAOUYIIHUX (PEHOMUNOBUX O3HAK
€ HEOOCMAMHbBOIO, OCKITbKU 3HAUHUM YUHOM 3ALeACUMb 6i0 BNIUBY (PaKkmopis 308HiuNHbO20 cepedosuwya. TIpoginosannsa
2€HOMIB 3 BUKOPUCIAHHAM MONEKVIAPHO-2CHEMUYHUX MAPKeEPI6 € Hatbinb MOYHUM Ma HAOIIHUM CHOCODOM BUBHEHHS
2EHEMUYHO20 DIZHOMAMIMMS eyKapiomMUuYHUX 2eHOMi6. Buxopucmanns pempompancno30HHUX 2eHemuiHUX MapKepie €
HOMYICHUM 3ACOO0M ONIsL 2eHEMUYHO20 NPOPINIOBAHHS eYKAPIOMUUHUX 2eHOMIB, OCKIIbKU GOHU € HAUDINbUWL YUCTIEHHOIO
2PYNOI0 MOOIbHUX e/leMeHMI8 8 2eHOMI POCIUH ma 8idieparomyv 8AX*CIUBY POIb 8 1020 peop2aHizayii y 6ionosios na 0iro
NpUpPoOH020 Ma wmy4Hozo 00oopy. Ilpobrema nowyky HatbinbuL iHGHOPMAMUSHUX MAPKEPHUX CUCTEM O 2eHeMUUHO20
npOQIiNIOeanHsa 2eHoOMi6 COpmis Yepewti € 0coOnU80 aKmyarbHolo 3 02710y HA OOCUMb HU3LKUL Pi6eHb ceHemUiHO20
nonimopizmy y yiei kynomypu. Le € 8i000pasiceHHsIM 00MeNCEeHOT 2eHeMUUHOT MIHIUBOCME 2EHONIA3MU COPMIE YePeLiHi
BHACTIOOK cucmemu eamemoghimuoi camonecymichocmi. B pobomi 0ocniosxceno 13 copmie uepewni ykpaincokoi cenexyii
ma 08a copmu 3aKOPOOHHOI cenekyii 6 skocmi konmpomo. 3azanvhy eenomuy JJHK euoinanu [[TAB-wemodom 3 desxumu
moouixayismu. TIJIP  npoeoounu memooamu IRAP ma REMAP. Ilpodykmu amnuigpixayii posoinanu 6
NONIAKPUNAMIOHOMY 2eni. [JUCKPUMIHAYITIHI MOMCIUBOCT] BUKOPUCTNAHUX MAPKEPHUX CUCHEM OYIHIOBANU 30 00NOMO20I0
PDI3HUX NOKA3HUKIE noaimMopismy 0ns nopieHanua ix iHgopmamusnocmi. Ilposedena poboma 00360aunad OYiHUMU
OUCKPUMIHAYIIHT MONCTUBOCE A MEXHIYHI 0CODIUBOCMI 3ACMOCYBAHHS OEKLIbKOX CUCHEeM 2eHeMUYHO20 NPOPiTo8ants
2eHOMI6 cOpmig uepewiHi yKpaincokoi cenexyii 3 euxopucmanuim IRAP- ma REMAP-ITJIP mapkepie ma susgumu cepeo
HUX HAUOITbW NepCneKmusHi Ol PYMUHHO20 aHANi3y8anHA. Bukopucmanna n'amu npaiimepis (IRAP-IIJIP) ma o0sox
Kombinayiu npatimepie (REMAP-ITVIP) Oosgonuno 6 cymi ompumamu 63 mapkepu, 3 axux 23.8 % eussunocs
nonimopguumu. Byno nokasawo, wo 01 ceHemuiHo20 NPoQIntO8aHHsA COpMIE Yepewti NepCReKMUSHUM € 3aCTNOCYBAHHSL
xombinayii npaiimepie TRIM K002 +8565 1 oxpemux npatimepie TRIM K002, iPBS 2272 ma iPBS 2077.

Kniouosi crosa: IRAP-IIJIP mapkepu, REMAP-IT/IP mapkepu, eenemuuHuii NOMMOpQizm, eeHemuine npoqiiioeants,
CoOpmu YyepeutHi.

Beryn. YUepemns (Prunus avium L.) — 3a3Buuait
mumioigaa (2n = 2x = 16; 3x = 24; 4x = 32)
IUIO/IOBA TIOPOAA, TMOXOIDKEHHS SIKOI IMOB'S3YIOThH 3
bmuspko-Cximaum  1teHTpom  Ta  KaBkaspkum
perionoM (Ganopoulos, 2011). YUepemrns sk 1uiogoBa
KyJbTypa KYJIBTUBYETHCS y IOMipHOMY
KJIIIMAaTHYHOMY TI0OSICI Ta BUCOKO IIIHUTBHCS 4Yepes
wiogn. B Ykpaini 3a nanumu FAOSTAT B 2012 p.
YepelrHs BUpoIlyBaiach Ha twromi B 12500 ra, a
OPOAYKIiS Ii€el  KyJapTypu ckianma 72600 T
(FAOSTAT). CrBopeHHsS Cy4YacHHX I1HTEHCHBHHX
HacapkeHb dYepemrHi moTpedye  BUKOPUCTAHHS
OTHOPITHOTO  CaJUBHOTO Marepialy COpTiB 3
MiATBEPPKEHOI0 TEHETUYHOIO iJCHTUYHICTIO. IcHYe
HEOOXIiTHICTh 3aXHUCTy MpaB cenekuioHepiB. Coptu
YepemrHi  YKpaiHChKOi  CENIeKINii  CTBOPIOBAJIHCS
mepeayciM 3 OISy Ha  BHCOKHH — piBEHb
aJaNTUBHOCTI 0 YMOB BHPOINYBaHHSI B Pi3HHUX
30HaxX IUIOMIBHUITBA B VYKpaiHi. Jlo mux mip ix
FCHETUYHE PI3HOMAHITTS Ta CENCKI[IHHUI MOTeHITial
MPaKTUYHO HE BHUBYAIKMCS HA  MOJICKYJISPHO-

Bionoriuni cucremu. T. 6. Bum. 2. 2014

TEHETUYHOMY piBHI, 1[0 TEBHUM YHHOM OOMEKYE
MpaBa BITYM3HIHUX CEJICKITIOHEPIB T4 MOMKIMBOCTI
MapKepHO-0TIOCEPEIKOBAHOI CEJIEKIlii HOBUX COPTIB
YepeIrHi.

Jns  igenTndikamii Ta aHamizy TeHETHYHHX
BIIMIHHOCTEH MDK pI3HUMH COPTaMH YepelrHi
TPagULiiHO BUKOPUCTOBYIOTH ()EHOTHIIOBI O3HAKH,
Ha SKIi 3HAYHUM YHHOM BIUTHBAIOTH (HAKTOPH
HaBKOJIMIIHBOTO cepeloBUIa. Takuii BIUIMB MOXE

MiIBUIIYBAaTH  MIHJIMBICTh  arpoOHOMIYHO-I[IHHUX
O3HaK, 1[I0 MOTipulye  HafgifHICTE  METOXy
(Ganopoulos, 2011).

[MpodintoBaHHsS TEeHOMIB 3 BHUKOPHCTaHHSIM

MOJIEKYJISIPHO-TEHETUYHUX MapKepiB € HaiOiIb
TOYHUM Ta HAAIHHAM  CIOCOOOM  BHBYEHHS
TEHETUYIHOTO PI3HOMAHITTS €YKapiOTUIHUX T'€HOMIB.
CphorojiHi JJIs TEHETUYHOI MacmopTHU3allii COPTIB
IUIOZIOBUX Ta ATIMHWUX KYyJbTyp B TOMY YHCHi 1
YepeliHi  3aCTOCOBYETHCS ~ LIMPOKHHA  CIIEKTP
MapkepiB, 30kpema: RAPD-, AFLP-, SSR-, ISSR-,
SNP-mapkepu Ta iH. Bubip mapkepHoi cucremu
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3QJIC)KUTH BiJl KOHKPETHOTO 3aBIaHHA. 30KpeMa s
TCHETUYHOTO  MNPOQIIOBaHHS T'€HOMIB  COPTIB
YeperrHi npobiema MIOIIYKY HaOLIbII
iHQOPMATUBHUX MAapKEPHUX CHCTEM € 3aBXKIH
aKTyaJIbHOK0, OCKUIBKM  BiZIOMO, 1[0  piBEHb
MIXKCOPTOBOTO  mosiMopdi3My OULIBIIOCTI  THUIMIB
TeHETUYHUX MapKepiB y Li€i KyJbTypH € OOCHUTH
HU3BKAM, M0 € BiJOOpakeHHSIM O0OMEKeHOT
TEHETHYHOI  MIHIMBOCTI  TEHOIUIa3MH  COPTIB
yepemmHi (Kappel, 2012) Ta HacmigkoMm cucreMu
rameTtoditHOi camoHecymicHocTi (Iezzoni, 2008).
3aBmaHHsAM JaHOi poOoTm Oyna mepeBipka
npumaTtHocTi  nekinmbkox tumiB  IRAP-  (Inter-
Retrotransposon  Amplified Polymorphism) Ta
REMAP (REtrotransposon-Microsatelite Amplified
Polymorphism) - wmapkepiB 118 TE€HETHUYHOTO
npo(itoBaHHS  COPTIB  4YepemIHi  BiTYH3HSIHOI
CEJICKIlii, CTBOPEHMX Ha ApPTEMIBCHKiH TOCIITHINA
cTaHmii po3cagHunTBa Ta Ha JlocmigHiil craHIil
3pOLIYBAaHOI0 CaJiBHULITBA B M. MeJIiTOIONb.

Marepianu i meroam. PocnmmmaHMII MaTtepian
COPTIB YepeliHi BigOMpaBcs B  HACAJPKCHHSX
Menitononscbkoi  JICC  im. M.®D. Cugopenka,
AptemiBcpkoi JICP Ta IHcTHTYTY CanmiBHMIITBA
HAAH (tabm. 1). Bukxopucrano 13 copriB
YKpaiHCBKOI CeJeKWii Ta [Ba COPTU 3aKOPAOHHOI
CeJIEeKIIii B IKOCTI KOHTPOJIIO.

3arameny renomHy JHK sumimsum  I[TAB-
metoaom (Doyle, 1987) 3 neskumu Moaudikamismu.
Konuentpauiro  mpemnapatie  [IHK  BuszHawanm
eneKTpoopeTHIHO.

Peaxniro ammigikanii 3 BukopuctanHsm [RAP-
mpaiimMepiB  mpoBoguiaM B 00’emi 15 Mk, 1o
Bkmodann 50 Hr resmomuoi JHK, 0.8 mxM
mpaitmepa, 0.1-0.3 MM koxuoro ntHT®, 2-2.25 MM
MgCl,, 1.5 mxan 10x Tag OHK mnoniMepa3Horo
oydpepy ta 0.5 OA Taq JHK mnomimepasu
(Cub2m3mum, Pocis).

Tabauuys 1.
Ilepenix npoananizoeanux copmie uepewti

Table 1.
List of analyzed sweet cherry cultivars

[IJIP mpoBommim Ha amrutiikaropi Tepruk 3a
HACTYITHOIK CXEMOIO: TEpBHHHA JAeHaTypamis — 5
XB., 32-36 nukiis, mo Briovanu 30 ¢ npu 94°C s
nmenatypamii, 60 c¢ mpm 40-60°C (3anexHO BiI
mpaiiMepa) ans aHemroBaHHs, 2 xB. 30 ¢ mpu 72°C
JUTSL €JIOHTAIliT; KiHIIeBa eoHTalis 5 xB. nmpu 72°C.

B po6oTi BuKOpuCcTaHO 1Ba MpaliMepH IO TOBTUX
KIHIIEBUX MTOBTOPiB MiHIaTIOPHHUX
PETPOTPAHCIIO30HIB TRIM (Terminal-Repeat
Retrotransposons in Miniature) (Antonius-Klemola,
2006) Ta Tpm mpalMepH OO CalTy 3B'I3YBaHHSI
3BOpOTHBKOI TpaHckpunTazu - iPBS (Primer Binding
Site) LTR-BmicHux petporpancnosonis (Kalendar,
2010). Hns REMAP-IUIP Buxopucrano ISSR-
npaiiMep 8565 3 skipHUMH 5' TIOCTIIOBHOCTSMHU
(Antonius-Klemola, 2006) (Ta6:1.2).

Enexrpodopernunnii anamiz mnpoxykti [1JIP
3mificHioBam B 2%  araposHomy Ta 10%
noJliakpuiiaMigHoMy remi. 3abapBiieHHs 000X THUIIB
relliB TPOBOJWIA 3 BHKOPHCTAHHSM OpPOMHUCTOTO
eTufito. B sAKkocTi Mapkepa MOJCKYISIPHHX Mac
BukopuctoByBaimu 100 m.H. a6o 1 t.m.H. (Thermo
Scientific) JHK-mapkep.

Copr

Opurinarop

Micrie 360py

AHOHC

Mernitononscpka JJCC

Mermitononschka JJCC

KpynHommigHa

Mernitornonscska JICC

Mernitomnonscska JICC

Banepiii Ykanos

Mermnitononscbka JJCC

Mermnitononscbka JJCC

Ckaska

Mernitononsceka JICC

Mernitononscska JICC

TayicMan

Menitonoabcbka JJICC

Meunironoabcbka JJCC

MeniTonoabchka YopHa

Mernitononscpka JJCC

Mernitononschka JJCC

MenitomnoibchbKa

Mernitononscbka JJCC

IC HAAH

MHpHa

TeMIopioHn Memnitonosnsceka ICC [IC HAAH
[IpomanbHa Aptemiscbka JICP Aptemiscbka JICP
Bacuitica mpexpacHa | ApremiBcbka JICP Aptemisceka JICP
Otpaza Aptemiscbka JICP Aptemiscbka JICP
Jonenpka kpacaBunsg | Apremiscbka JICP IC HAAH

AHHyIIKa Aptemiscbka JICP IC HAAH

Perina Himeuunna IC HAAH

Birappo Xartid Bypnar |®panuist Memnitononsceka JICC
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Tabnuus 2
Buxopucmani komoéinauii npaiimepis
Table 2
Combinations of primers used
Hazga T,,°C IocnigosuicTs (5 — 3')
TRIM K002 59.4 |AGCTCCCAAAAGGCCTCGTGC
TRIM K008 | 59.1 |GCGGACAATATCGTGCTACGGTG
TRIM K002 504
+8565 ) 8565:
TRIM K008 GTCACCACCACCACCACCACCAC
59.1
+8565
iPBS 2272 40 |GGCTCAGATGCCA
iPBS 2077 34.7 |CTCACGATGCCA
iPBS 2237 56 |CCCCTACCTGGCGTGCCA
Enexrpodoperpamu  mpoaykriB  amrumidikarii

aHaji3yBaJguCs 3a Jomomororo mporpamu TotalLab.
KoxxHa peakiist mpoBomwiiacsi y TpPbOXKPaTHOMY
MOBTOPEHHI AN  TEpeBIpKM  BiATBOPIOBAHOCTI
amruridikariitanx ~ gparmentiB. [lpu  cTBopeHHI
OlHapHMX MaTpHIb BIATBOpPIOBaHI (QparMeHTH B
cnekTpax amiuridikanii omiHioBanucs sk HasBHI (1)
gn BigcyTHi (0). B ananiz Oyno BKIFOUEHO JUIIE Ti

CIIGKTpH, B SKHX OyJlI0 BHABICHO TOJIIMOpdHI
MapKepH.

Hust MOPIBHSHHS iH(OpMaTHBHOCTI
BUKOPHCTAaHUX MapKepHUX CUCTEM ix
JUCKPUMIHAI[IAHI ~ MOXIMBOCTI  OIIHIOBAJIK 3
BUKOPHCTaHHSIM JEKITBKOX MMOKA3HUKIB

noniMophi3My: BIZCOTOK mMomiMopHUX JOKyciB P
(%), ximpkicTh BigMmiHHEX anemiB (N,), KiJTbKICTh
epextuBHuX anemiB (N.), iHIEKC 1HHOPMATUBHOCTI
Illennona (I), ouikyBaHa rereposurotHicTh (H.) Ta
TeTePO3UTOTHICTh, 10  cmoctepiraetees  (H,).
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OO0paxyHKH TIePBUHHUX
NPOBOAWIM B Iporpami
JOMiHaHTHHX MapKepiB.

Pe3yabTaTu Ta ix 00rosopenHsi. Buxoprcranus
n'stu npaiimepiB (IRAP-ITJIP) Ta nBox komOiHamii
npaiimepiB  (REMAP-IIJIP) no3Bonmmio B cymi
oTpumatu 63 mapkepu, 3 sAkux 23.8 % BUABMIOCH
nomiMmopbHME  (Tabn.  3). B Oimpmocti
aMILTiQiKalifHUX CIEKTPIB MepeBa)xkalll aMILTIKOHH
cepenaboi moxuHu — Big 400 mo 1000 m.H. Jlume B
aMIUTiQiKamifHaNX ~ CIEeKTpaX, OTPUMaHUX IIPH
3actocyBanHi mpaiimepie TRIM K002 ta TRIM
K008+8565, Oynu BHsBICHI BHCOKOMOJEKYISAPHI
amrutiikariiiai ¢pparMeHTH 3 po3MipamMH BUIIE 3a
2000 m.1.

IRAP-IIJIP ta REMAP-IIJIP wmapkepu €
AHOHIMHUMH JUISSHKAMH TE€HOMY, o (IIaHKOBaHi
NOBTOPIOBAaHMMHU  IIOCIIIOBHOCTSIMH, 30KpeMa B
Hamiii po6oti IRAP-TIJIP mapkepu - 1e reHOMHI
IUISHKH, IO 3HAaXOAAThCA MK 1HBEPTOBAHUMHU
crienmuivHUMA caiiTamMu amruridikamii Ha JOBTHUX
KiHI[EBHX MOBTOPAxX JIBOX MiHIaTIOpHUX
perpoTpancno3oHiB (mpaiimepu TRIM K002 Ta

OiHapHHUX
GenAlEx 6.501

aHUX
JUISE

5 7 & I Toren

10000 -

3000 -
2000 -
1500 -
1200 -

S W 1000 —
900 -

800 -
700 -

600 — -
500 -

[

N

300 -

A

Puc. 1. Enexmpodghopezpamu npooykmis amnnigixauyii.
Tlpumimka: A — npatimepu TRIM K002 ma eenomnoi JHK

copmig uepewmni: I — Banepiti UYkanos, 2 —
Menimononvcoka uwopna, 3 — Kpynwonniona, 4 -
Temnopion, 5 — Ckaska, 6 — Awuomc, 7 — mapkep

monexynsipuux mac 1 m.n.n. (Thermo Scientific), 8 —
Tanicman, 9 — [oneyvka xpacasuysa, 10 — Pecina, 11 —
Ipowanena;, b — napu npaiimepie TRIM K002+8565, B —
TRIM K008+8565 ma eenomnoi AHK: 1, 7 — Banepii
Ykanos, 2, 8 — Menimononvcora uopna, 3, 9 — Anonc, 4,
10 — Tanicman, 5, 11 — Yyoo-euwns (0wx), 6 — maprep
monexyasipruux mac 100 n.n. (Thermo Scientific).
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TRIM KO008) Ta Mk 1gBOMa iHBEPTOBAHUMH
caiiTaMu 3B'A3yBaHHS 3BOPOTHHOI TPAHCKPHUIITA3U Y
NPUKOPOBHUX IUISHKAaX TaKOXX JABOX MiHIaTIOPHUX
peTpoTrpaHcno3oHiB (mpaiimepu iPBS 2272, iPBS
2077 Ta iPBS 22037). IloTeHUiiHO BUKOPUCTAHHS
Opyroi Trpymu mpaiMepiB Moxe OyTH Oinbir
yHiBepcaaTbHUM crocoooM TeHETHYHOT'0
MapKyBaHHS POCIMHHHX TE€HOMIB 3aBISIKHA BHCOKIii
KOHCEPBATUBHOCTI IMX JIISHOK Yy BCIX THIaxX

PETPOTPAHCIIO30HIB,  OCKUTBKH  BiIOMO, IO
PETPOTPAHCIIO30HH  3aBIAJKH  iX  IHCEpIIHHIN
AKTUBHOCTI  BIIrparOTh  BAXKJIMBY  POJb B

CTPYKTYpHili eBomtoLlii reHoMy 0araThOX BHUJIIB
pocnuH (Kalendar, 2010). ns orpumanass REMAP-
ITJIP mapkepiB OyJud BHUKOPUCTaHI KOMOIHYBaHHS
npaiimepie. TRIM K002 +8565 ta TRIM KO008
+8565 (puc. 1, b, B). BiamosigHo oTpuma#ni y Takuit
CIoci0  MOJEKYJSIpHO-TEHETHYHI MapkKepuw — IIe
ninstaky  aHonimuoi JIHK  ¢ankoBaHi 3 omHOrO
OOKy TpaHCHO30HHMMH IIOCHIZIOBHOCTSIMH, a 3
IHITIOTO — MIKPOCATETITHUMH, a TAKOX JUITHKH MiX
JIBOMa 1HBEPTOBAHUMH TPAHCIIO30HHUMH 200 ABOMA
IHBEPTOBaHUMH MIKpPOCATENITHUMU TOBTOPAMHU.
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Pic. 1. Electrophoregrams of PCR-producrs.

Note: A — primer TRIM K002 and genomic DNA of sweet
cherry cultivars: 1 — Valeriy Chkalov, 2 — Melitopol’s ’ka
chorna, 3 — Krupnoplidna, 4 — Temporion, 5 — Skazka, 6 —
Anons, 7 — molecular weight marker 1 kbp (Thermo
Scientific), 8 — Talisman, 9 — Donets'ka krasavytsia, 10 —
Regina, 11 — Proschal’na; B — primers TRIM K002+8565
and C — TRIM K008+8565 and genomic DNA: 1, 7 —
Valeriy Chkalov, 2, 8 — Melitopol’s’ka chorna, 3, 9 —
Anons, 4, 10 — Talisman, 5, 11 — Chudo-vyshnia (duke), 6
— molecular weight marker 100 bp (Thermo Scientific).
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Taonuysa 3.

Huckpuminauiiini xapaxmepucmuku nepesipeHux MapKepuux cucmem 011 2eHemuyHo20 npoginrweanns 13 copmie
yepeutni yKpaincoKoi cenekyil

Table 3.
Discriminative characteristics of tested marker systems for fingerprints of 13 Ukrainian sweet cherry cultivars
Posmip KinekicTh
MapkepHa cucreMa | (parMeHTiB, | BHSBICHHX P (%) N. N, I H. H,
IL.H. JIOKYCiB
TRIM K002 210-2100 12 25.00 1.250 1.136 0.123 0.081 0.084
TRIM K002 +8565 175-990 12 33.33 1.333 1.236 0.202 0.138 0.158
TRIM K008 +8565 535-2460 19 21.05 1.211 1.164 0.132 0.092 0.105
iPBS 2272 545-1300 9 22.22 1.222 1.137 0.114 0.076 0.079
iPBS 2077 635-1420 8 25.00 1.250 1.250 0.173 0.125 0.143
3a BukopuctanHs npaiimepa TRIM KOO8 B3arami  MapkyBaHHs, Uid  aMmIDIiQiKamiiHUX — CIIEKTPiB

He Oylno OTpUMaHO UiTKAX CIEKTPiB TpH
amrorigikamii JIHK gepemrni, xo4a BioMo, M0 TEH
npaiiMep J03BOJISIE BUSIBISATH MapKEpH 3 BUCOKUMH
JUCKpUMIiHALITHIMHU MOYJIUBOCTSIMH npu
TeHEeTUYHOMY MPOQiIFOBaHHI IHIINX MPEICTABHUKIB
pomunu  Po3oBi (Rosaceae) (Antonius-Klemola,
2006) B ToMy umcii i copTiB S0MyHI BiTYM3HAHOL
cemekmii (KucemboB, 2011; Tpsamimuaa, 2012).
Buxopucranasa 1ux npaiMepiB y komoOiHarii 3 ISSR
mpaiiMepoM 8565 m03BONMMIO OTPUMATH 3HAYHO
OlnbIn iHpOpMaTHBHI crekTpu amiumidikanii. Xoua
ISSR-TJIP mapkepu, oOTpuMaHi 3a IOTIOMOTOIO
omHOro TmpaiiMepa 8565 y mepeBipeHHX COpTiB
BUSBWIINCS ~ BHUKJIIOYHO  MOHOMOpPQHHMH.  3a
BHKOpHcTaHHs mapu npaitmepiB TRIM KO008+8565
BHSIBJIICHO HaAHOUTBITYy KUTHKICTH JIOKyciB (19), ame
JUCKPUMIHALIHI XapakTepUCTUKU Li€i MapKepHOI
CHCTEMH IOCTYNAJMCS XapaKTepHUCTUKAM MapKepiB,
OTpUMAaHHX  TIPH  3aCTOCyBaHHI  KOMOiHamil
npaiimepie.  TRIM K002+8565, skxa BusBHIacs
HaiOLIbII BAAJOI0 cepex mpoaHaizoBaHuX. Kpim
TOro, mepeBakHa Oiumbmricte (>80%) reHeTHYHHX
MapKepiB MpU eNeKTPOPOPETHIYHOMY PO3ILICHHI
YTBOPIOBAJIM B CIEKTpi A mapu mpaiiMepis TRIM
KO008+8565 mocuTh IMIIMBHUHA KiIacTep B TPaAHUIIIX
Bix 500 mo 1000 mH. (puc. 1, B). Taka
3rPYNOBAaHICTh MapKepiB B CHEKTpaX TEXHIYHO
JOCUTh YCKJIQJHIOE OLIHKY KOXXHOTO OKPEMOTO
aMIUIIKOHY fK y aBTOMaTHYHOMY TaK 1 y py4yHOMY
PpeXuMi 1 IpH TeHETHYHOMY TPO(DLTIOBaHHI TEHOMIB
€ HeOaXKaHOIO.

[Ipaiimep iPBS 2237, 3acTocoBaHmii OKpeMO
JIO3BOJIMB BUSIBUTU JiHIIe 3 MOHOMOpP(HI JIOKycH,
ki He OyJO BpaxoBaHO MPH CTBOPEHHI OiHApHHX
MaTpHlb. 3a BUKOPUCTAHHS JIBOX 1HIIMX MpaiMepiB
13 1€l Tpymwm OTPUMAaHO CIIEKTPH 3 MEHIIO0
KiJbKicTIO amriutidikaninux ¢parmenrtis. Tum He
MEHIIE piBeHb AWCKPUMiHALIHHUX MOXKIMBOCTEH
IUX MapKepHUX CHCTEM BHSABHCS CIIIBCTABHUM 3
cHCcTeMaMy MapKyBaHHS 3a JIOTIOMOTOIO MpaiMepiB
TRIM K008+8565 ta TRIM KO002. B uinomy, y
HNOPIBHSAHHI 3  BHUIIC3raJaHUMHU  CHUCTEMaMH
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npaiimepie  iPBS 2272 Tta iPBS 2077 Oinbm
XapaKTEPHOIO € CTPYKTYpPHA PIBHOMIPHICTH IIpH
eJNEeKTPO(OPETUIHOMY PO3JIUICHH], IO CIPOILYyE iX
agamiz. OTxe, AN MOMIMBOCTI  PYTHHHOTO
TeHETUYHOTO  MpO(]ITIOBaHHS TEHOMIB  COpPTIB
YeperiHi 1[I MapKepHi CHUCTEMH 3aCIyrOBYIOTh Ha
yBary.

BucnoBku. IlpoBesena poGora 03BOJIHIA
OITIHUTHU AUCKPUMIHAIIHHI MOXJIMBOCTI Ta TEXHIYHI
0CO0JINBOCTI aHaJizy JEKITBKOX CUCTEM
TEeHETUYHOTO  NpOQINIOBaHHS TEHOMIB  COPTIB
YepellHi BITYM3HSAHOI CENEKIlii 3 BUKOPHUCTAHHSIM
IRAP- Ta REMAP-ITJIP mMapkepiB Ta BUSBUTH cepe
HUX HaiOINbII TMEpCHeKTHUBHI Ui PYTUHHOTO
3aCTOCYBaHHS,  30KpeMa, Uil  TeHETHYHOTrO
poLTFOBAaHHS COPTIB YEPEITHI MEPCIEKTUBHUM €
3acTocyBaHHs KomOiHamii mpaiimepis TRIM K002
+8565 Ta okpemux mpaiimepisB TRIM K002, iPBS
2272 ta iPBS 2077.
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FINGERPRINTING GENOMES OF UKRAINIAN-BREED CULTIVARS OF SWEET
CHERRY BY USING IRAP AND REMAP MARKERS

Y. L. Ivanovych, N. V. Triapitsyna

The using of uniform plant material with confirmed cultivar identity is the most critical factor for creating gardens
of intensive type. The efficiency of identification method and analysis of genetic diversity between different fruit
cultivars with traditional phenotypical traits are insufficient taking into account its high dependence from
environmental factors. Genomes fingerprinting with molecular-genetic markers is a most accurate and reliable method
of eukaryotic genomes studying. Retrotransposon markers have been demonstrated to be powerful tools for genetic
fingerprinting of eukaryotic genomes because they are the most abundant mobile elements in the plant genome and
seem to play an important role in genome reorganizations induced by natural and artificial selection. The problem of
searching of most informative marker systems for genetic fingerprinting genomes of sweet cherry cultivars is always
actual due to rather low level of genetic polymorphism in this culture. This is a reflection of limited genetic variability
of sweet cherry germplasm due to system of gametophytic self-incompatibility. In our investigation 13 Ukrainian sweet
cherry cultivars and two foreign cultivars as a control were analyzed. Total genomic DNA was extracted by CTAB-
method with some modification. PCR was conducted in IRAP- and REMAP- modifications. Amlification products were
separated in PAAG. A discriminative possibility of marker systems used was assessed by different indices of
polymorphism for comparing their informative content. This study allowed to evaluate discriminative possibilities and
technical peculiarities of some systems for molecular-genetic fingerprinting of Ukrainian sweet cherry cultivars using
IRAP- and REMAP-PCR markers and to select among them the most perspective ones for routine analysis. Applying of
five primers (IRAP-PCR) and two combinations of primers (REMAP-PCR) allowed to obtain 63 markers, among which
23.8 % were polymorphic. In was demonstrated that for genetic fingerprinting of sweet cherry cultivars the application
of primers combination TRIM K002 +8565 and single primers TRIM K002, iPBS 2272 and iPBS 2077 are perspective.

Key words: genetic fingerprinting, genetic polymorphism, IRAP—-PCR markers, REMAP-PCR markers, sweet cherry
cultivars.
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INSULIN RESISTANCE AFFECTS THE EXPRESSION OF GENES
RELATED TO THE CONTROL OF CELL GROWTH AND SURVIVING IN
BLOOD CELLS OF OBESE BOYS

0. V. TIAZHKA', D. 0. MINCHENKO'?, V. V. DAVYDOV”, O. A. BUDREIKO’,
0. S. MOLIAVKO?, D. K. KULIESHOVA®, O. H. MINCHENKO*’

!National O.0. Bohomolets Medical University, Kyiv 01601, Ukraine;
’Palladin Institute of Biochemistry National Academy of Sciences of Ukraine,
Department of Molecular Biology, Kyiv, Ukraine;
ST “Institute of children and adolescent health care National Academy of Medical Science of Ukraine”,
Kharkiv, Ukraine;
* e-mail: ominchenko@yahoo.com

The development of obesity and its metabolic complications is associated with dysregulation of numerous intrinsic
mechanisms, which control most key metabolic processes, including insulin sensitivity as well as cell growth and surviving.
We studied the expression of genes, which responsible for control of cell growth and surviving, in the blood cells of obese
boys with normal and impaired insulin sensitivity as compared to the group of normal individuals (control). It was shown
that the expression level of DUSPI, LOX, and HSD17B10 genes is decreased in blood cells of obese boys with normal
insulin sensitivity as compared to control group. Insulin resistance in obese boys leads to down-regulation of DUSPI,
LOX, KRT18, HSD17B2, and HSD17B10 gene expressions in blood cells as compared to obese patients with normal
insulin sensitivity. Results of this study provide evidence that obesity affects the expression of the subset of genes related to
cell growth and surviving in blood cells and that impaired insulin sensitivity in obesity is associated with changes in the
expression level of DUSPI, LOX, KRT18, HSDI17B2, and HSD17B10 genes, which contribute to the development of

obesity and glucose intolerance and possibly reflect the changes in fat and other tissues.

Key words: mRNA expression, LOX, DUSP1, KRT18, HSD17B2, HSD17B10, blood, obesity, insulin resistance.

Introduction. The development of obesity as well
as its metabolic complications, the most profound
public health problems, is associated with
dysregulation of numerous intrinsic mechanisms,
which control basic metabolic processes, including
cell growth, surviving and insulin sensitivity (Bray
and Young, 2009; Bray and Young, 2011; Huang et
al., 2011; Kovac et al., 2009). Moreover, obesity as
well as metabolic syndrome results from interactions
between genes and environmental factors and is
associated with changes in regulatory network
preferentially in adipose tissue (Duong et al., 2011;
Ruderman et al., 2013; Shimba et al., 2011). Adipose
tissue growth is tightly associated with obesity and
controlled by different regulatory factors as well as
interconnected with various organs and tissues
including blood (Lee and Ozcan, 2014; Ozcan et al.,
2004). Obesity is a well-known risk factor for the
development of secondary complications such as type
2 diabetes; however, only a part of the obese
population develops secondary metabolic disorders
(Meissburger et al., 2011).

The obesity and its metabolic complications have
been linked to cell growth, insulin resistance, and
glucose in tolerance through changing of numerous
gene expressions, which control basic metabolic
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processes (Bashta et al., 2014; Minchenko et al.,
2013; Oberauer et al., 2010; Ratushna et al., 2012).
Special interest represents protein phosphatases
including a family of dual specificity phosphatases
(DUSP), which play an important role in the
regulation a wide array of different physiological
events, including cellular growth and proliferation,
mitochondrial function and biogenesis, and activity
of numerous factors and enzymes (Bray and Young,
2011; Cagnol and Rivard, 2013; Groschl et al., 2013;
Piya et al., 2012). These phosphatases participate in
the control of cell cycle progression and cell
proliferationas well as apoptosis by very precisely
changing a multitude of enzymatic reactions among
which  protein  dephosphorylation both  the
phosphoserine/threonine  and  phosphotyrosine
residues their target proteins, especially kinases,
which are tightly associated with cellular
proliferation (Bray and Young, 2011; Cagnol and
Rivard, 2013; Groschl et al., 2013; Piya et al., 2012).
Thus, protein phosphatase DUSP1 is essential for
the prevention of apoptosis induced by
deoxynivalenol in the epithelial cell line HepG2
(Cagnol and Rivard, 2013). It is interesting that
DUSP6, as a novel transcriptional target of TP53,
regulates TP53-mediated apoptosis by modulating
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expression levels of BCL2 family proteins (Piya et
al., 2012).

Lysyl oxidase (LOX) plays an important role in
the regulation of cell proliferation and death,
because LKBI1 loss of function promotes lung cancer
malignancy through remodeling of extracellular
matrix microenvironment (Gao et al., 2010). Keratin
18 (KRT18), also known as cell proliferation-
inducing gene 46 protein, is a multifunctional
protein and controls both cell proliferation and
apoptosis and is a potential cell death biomarker
(John et al, 2013; Koruk et al.,, 2012). The
hydroxysteroid  (17-beta)  dehydrogenase 10
(HSD17B10) also known as mitochondrial
ribonuclease P protein 2 (MRPP2) as well as
HSD17B2 is a multifunctional protein, which
catalyzes the oxidation of a wide variety of fatty
acids, alcohols, and steroids as well as participates in
cleavage of tRNA molecules in their 5'-ends and is
required for mitochondrial integrity and cell survival
(Rauschenberger et al., 2010).

Endoplasmic reticulum stress is also recognized
as an important determinant of obesity, insulin
resistance, and impaired glucose tolerance and
contributes to the expression profile of many
regulatory genes resulting in peripheral insulin
resistance and other obesity complications (Lee and
Ozcan, 2014; Minchenko et al., 2014; Ozcan et al.,
2004; Wang and Kaufman, 2012; Yuzefovych et al.,
2013), although detailed molecular mechanisms
cannot be ruled out.

It is possible that identification of real
mechanisms of metabolic abnormalities in obesity as
well as its complications at molecular and cellular
levels helps to better understanding why obesity
develops and why only a part of the obese
individuals develops secondary metabolic disorders.
However, a detailed molecular mechanism of the
involvement of different genes of regulatory
network in the development of obesity and its
complications are not clear yet and remains to be
determined.

The main goal of this work was to clarify the role
of the subset of gene expressions, encoding for
important cell growth and surviving factors and
enzymes, in blood cells of obese boys for evaluation
of its possible significance to development of
obesity and insulin resistance.

Materials and Methods. The 15 boys participate
in this study. They were divided into three equal
groups (5 subjects in each group): normal
individuals as control and patients with obesity and
with or without insulin resistance. All participants
gave written informed consent and the studies were
approved by the local research ethics committees of
Institute of Children and Adolescent Health Care of
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the National Academy of Medical Science of
Ukraine.

Clinical characteristics of the study participants
are shown in Table 1. The normal (control)
participants were individuals with mean age 14 + 0.7
years and mean body mass index (BMI) 18.7 £ 0.12
kg/m*. The obese participants with normal insulin
sensitivity as well as the patients with insulin
resistance were individuals with mean age (14 = 0.6
and 14 + 0.4 years, correspondingly) and mean BMI

(31.0 + 040 and 342 =+ 239 kg/m’
correspondingly).
Table 1.
Characteristics of the study participants
Variable Control | Obesity Obe|s|g[y +
Age at visit (years) 14+0.73 1406 | 14+0.38
(n) ) ®) (&)
Body mass index (BMI) | 157,012 [314040%|342+239%
(kg/m”) ) ) ©)
(1)
Insulin resistance index 5704028 |8.70 2 L41%A
236+0.17 |2 28 8. :
EHH)OMA) Q) ®) ©)
Fasting insulin pIU/ml) | 13.0+095 |14.1£1.3543.4=6.70 *"
(n) Q) ®) ©)

Note: Data are means = SEM; IR — insulin resistance; * -
P < 0.05 versus control group; ™ - P < 0.05 versus obese

group.

Thus, BMI, which is a main criteria of obesity, in
these last two groups of patients was significantly
higher (+66 and +83 %, correspondingly; P<0.05 in
both cases) as compared to control individuals (Table
1). Moreover, no significant changes were found in
insulin resistance index in obese individuals as
compared to control group, but in obese patients with
impaired insulin sensitivity, versus control boys as
well as obese subjects with normal insulin sensitivity,
the insulin resistance index is significantly increased
(3.7 and 3.2 fold, correspondingly; P<0.05 in both
cases), but decreased (almost two fold; P<0.05)
(Table 1). Similar results were observed in the fasting
insulin levels: no significant changes in obese
individuals and strong increase in obese children with
insulin resistance (3.3 fold; P<0.05) as compared to
control group.

RNA isolation. Trisol reagent (Invitrogen, USA)
was used for RNA extraction from blood of lean
(control) and obese individuals with or without
insulin resistance.

Reverse transcription and quantitative real-time
polymerase chain reaction analysis. The expression
levels of genes related to regulation of an
angiogenesis (DUSP1, LOX, KRT18, HSD17B2, and
HSDI17B10) were measured in blood cells by real-

119




time quantitative polymerase chain reaction of
complementary DNA (cDNA). QuaniTect Reverse
Transcription Kit (QIAGEN, Germany) was used for
cDNA synthesis. The 7900 HT Fast Real-Time PCR
System (Applied Biosystems), Absolute QPCR
SYBRGreen Mix (Thermo Scientific, UK) and pair
of primers specific for each studied gene
(Sigma/Aldrich, USA) were used for quantitative
polymerase chain reaction.

The expression levels of genes related to
regulation of an angiogenesis (DUSPI, LOX,
KRTI18, HSD17B2, and HSD17B10) were measured
in blood cells by real-time quantitative polymerase
chain reaction of complementary DNA (cDNA).
QuaniTect Reverse Transcription Kit (QIAGEN,
Germany) was used for cDNA synthesis. The 7900
HT Fast Real-Time PCR System (Applied
Biosystems), Absolute QPCR SYBRGreen Mix
(Thermo Scientific, UK) and pair of primers specific
for each studied gene (Sigma-Aldrich, USA) were
used for quantitative polymerase chain reaction.

For amplification the cDNA for DUSP1 (dual
specificity phosphatase 1), which also known as
MKP1 (mitogen-activated protein kinase
phosphatase 1), we used next primers: forward 5’—
ctgccttgatcaacgtctca —-3° and  reverse @ 5'—
acccttcctecageattett —3°. The nucleotide sequences of
these primers correspond to sequences 850 — 869
and 1009 — 990 of human DUSP1 ¢cDNA (GenBank
accession number NM 004417). The size of
amplified fragment is 160 bp.

The amplification of cDNA for LOX (lysyl
oxidase) was performed using forward primer (5°—
cagaggagagtggctgaagg —3’) and reverse primer (5°—
ccaggtagctggggotttaca —3°). These oligonucleotides
correspond to sequences 1309 — 1328 and 1531 —
1512 of human LOX cDNA (GenBank accession
number NM 002317). The size of amplified
fragment is 223 bp.

For amplification the cDNA for KRT18 (keratin
18) also known as cell proliferation-inducing gene
46 protein was used next oligonucleotide primers:
forward — 5’ t -3’ and reverse — 5’— ¢ -3’. The
nucleotide sequences of these primers correspond to
sequences 5 — 585 and 8 — 595 of human KRT18
cDNA (GenBank accession number NM_000224).
The size of amplified fragment is 2 bp.

The amplification of c¢DNA for HSD17B2
(hydroxysteroid (17-beta) dehydrogenase 2) was
performed using forward primer 5-
agtctgectgetcatectgT —37) and reverse primer (5'—
ttatctgcactggettcgtg —3’). These oligonucleotides
correspond to sequences 310 — 329 and 608 — 589 of
human HSDI17B2 c¢cDNA (GenBank accession
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number NM 002153). The size of amplified
fragment is 299 bp.

For amplification of cDNA for HSD17B10
(hydroxysteroid (17-beta) dehydrogenase 10) also
known as mitochondrial ribonuclease P protein 2
(MRPP2) we used forward 5’— ccagcgagttcttgatgtga
-3’ and reverse 5°— catcacccggatacctatgg -3’
primers. The nucleotide sequences of these primers
correspond to sequences 373 — 392 and 613 — 594 of
human HSD17B10 cDNA (GenBank accession
number NM_004493). The size of amplified
fragment is 241 bp.

The amplification of beta-actin (ACTB) cDNA
was  performed  using  forward @ - 5—
ggacttcgagcaagagatgg -3’ and reverse 5—
agcactgtgttggecgtacag —3’° primers. These primers
nucleotide sequences correspond to 747 — 766 and
980 — 961 of human ACTB c¢DNA (GenBank
accession number NM 001101). The size of
amplified fragment is 234 bp. The expression of
beta-actin mRNA was used as control of analyzed
RNA quantity. The primers were received from
“Sigma” (USA).

The expression of beta-actin mRNA was used as
control of analyzed RNA quantity. The amplified
DNA fragments were analyzed on a 2 % agarose gel
and that visualized by 5x Sight DNA Stain
(EUROMEDEA). An analysis of quantitative PCR
was performed using special computer program
“Differential expression calculator”.

Statistical analyses were performed according to
Student's t-test using OriginPro 7.5 software. All
values are expressed as mean = SEM from four
independent experiments; P < 0.05 was considered
as significant difference.

Results and Discussion. We studied the
expression of DUSPI, LOX, KRTI18, HSD17B2, and
HSDI7B10 genes, which preferentially responsible
for control of cell growth and surviving, in the blood
cells of obese boys with normal as well as impaired
insulin sensitivity and compared to control lean
individuals. As shown in Fig. 1, the expression level
of DUSPI gene is decreased (-14 %; P < 0.05) in
blood cells of obese boys with normal insulin
sensitivity as compared to control group. Insulin
resistance in obese boys leads to down-regulation of
DUSPI gene expression (more than in 2 fold; P <
0.05) in blood cells as compared to obese patients
with normal insulin sensitivity. These data
correlates with previous result concerning DUSP/
gene expression in fat tissue of obese men with
normal glucose tolerance (Bashta et al., 2014),
because in subcutaneous fat tissue as well as in
blood cells obesity decreases the expression level of
DUSPI gene.
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Fig. 1. Relative expression level of dual specificity
phosphatase 1 (DUSP1) mRNA in blood cells of lean
boys (control) and obese individuals without (obesity)
and with insulin resistance (obesity + IR). The values of
DUSP1 mRNA expression were normalized to the beta-
actin mRNA and are expressed as mean + SEM and
represented as a percent of control (100 %); n=4; *-P
< 0.05 vs group of control individuals; ** - P < 0.05 vs
group with obesity and normal insulin sensitivity.

It is possible that decreased expression of DUSPI
gene in obesity contributes to fat tissue growth
through control of cell cycle and apoptosis (Cagnol
and Rivard, 2013) as well as to insulin resistance,
because in obese children with insulin resistance we
observed additional two-fold down-regulation of this
gene expression. Results of LOX gene expression is
presented in Fig. 2. The expression level of LOX
gene is also decreased (-16 %; P < 0.05) in blood
cells of obese boys with normal insulin sensitivity as
compared to control patients. Moreover, in obese
boys with insulin resistance we observed additional
down-regulation of LOX gene expression (-12 %; P
< 0.05) in blood cells as compared to obese patients
with normal insulin sensitivity (Fig. 2).

Decreased expression of lysyl oxidase gene, that
plays an important role in the regulation of cell
proliferation and death, also agrees to data of other
researcher, which have been shown increased lung
cancer malignancy through remodeling of
extracellular matrix microenvironment in case of
LKBI1 loss of function (Gao et al., 2010). Thus, our
results demonstrate that down-regulation of LOX
expression may contribute to development of obesity
and possibly to impairment insulin sensitivity,
because insulin resistance is associated with
additional decreasing of this gene expression.

As shown in Fig. 3, the expression level of
KRTI8 gene does not change significantly in blood
cells of obese individuals with normal insulin
sensitivity as compared to control group.

At the same time, development of insulin
resistance in obese boys leads to down-regulation of
KRTI18 gene expression (-20 %; P < 0.05) in blood
cells as compared to obese children with normal
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Fig. 2. Relative expression level of lysyl oxidase (LOX)
mRNA in blood cells of lean boys (control) and obese
individuals with and without insulin resistance (obesity +
IR). The values of LOX mMRNA expression were
normalized to the beta-actin mMRNA and are expressed as
mean + SEM and represented as a percent of control
(100 %); n = 4; * - P < 0.05 vs group of control
individuals; ** - P < 0.05 vs group with obesity and
normal insulin sensitivity.

insulin  sensitivity. Decreased expression of
multifunctional protein keratin 18, which controls
apoptosis and is a potential cell death biomarker,
possibly also reflects its contribution to obesity
through down-regulation of cell apoptosis (John et
al., 2013).

We also studied the expression of HSD17B2 gene
in blood cells of obese boys with normal insulin
sensitivity and compared this data to control group
(Fig. 4). As shown in Fig. 4, the expression level of
HSDI7B2 gene does not change significantly in
blood cells of obese boys with normal insulin
sensitivity as compared to control group, but insulin
resistance in obese boys leads to down-regulation of
HSDI7B2 gene expression (-22 %; P < 0.05) in
blood cells as compared to obese patients with
normal insulin sensitivity.

As shown in Fig. 5, the expression level of
HSD17B10 gene is also decreased (-14 %; P < 0.05)
in blood cells of obese boys with normal insulin
sensitivity as compared to group of control children.
Furthermore, impaired glucose tolerance in obese
individuals induces additional suppression of
HSDI17B10 gene expression (-37 %; P < 0.05) in
blood cells as compared to obese patients with
normal insulin sensitivity.

Decreased expression level of HSDI7B2 and
HSDI17B10 genes in obesity with impaired insulin
sensitivity possibly reflects dysregulation of
numerous metabolic processes at this disease
including mitochondrial dysfunction as a result of
endoplasmic reticulum stress (Casteel et al., 2010;
Duong et al., 2011; Rauschenberger et al., 2010;
Wang and Kaufman, 2012).
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Fig. 3. Relative expression level of keratin 18 (KRT18),
also known as cell proliferation-inducing gene 46
protein, mRNA in blood cells of lean boys (control) and
obese individuals with and without insulin resistance
(obesity + IR). The values of KRT18 mRNA expression
were normalized to the beta-actin mRNA and are
expressed as mean £ SEM and represented as a percent
of control (100 %); n = 4; * - P < 0.05 vs group of
control individuals; ** - P < 0.05 vs group with obesity
and normal insulin sensitivity.
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Moreover, the development of endoplasmic
reticulum stress in obesity and its metabolic
complication as well as changes in the expression
level of genes, which control cell growth and
apoptosis, have some similarity with that in cancer
initiates hypothesis that obesity is a major risk factor
for cancer (De Pergola and Silvestris, 2013).

Thus, insulin resistance in obese boys leads to
down-regulation of gene expressions in blood cells
as compared to obese patients with normal insulin
sensitivity. Results of this study provide evidence
that obesity affects the expression of the subset of
genes related to cell growth and surviving in blood
cells and that insulin resistance in obesity is
associated with changes in the expression level of
DUSPI, LOX, KRT18, HSD17B2, and HSD17B10
genes, which contribute to the development of
obesity and glucose intolerance and possibly reflect
the changes in fat and other tissues.
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Fig. 4. Relative expression level of hydroxysteroid (17-
beta) dehydrogenase 2 (HSD17B2) mRNA in blood cells
of lean boys (control) and obese individuals with and
without insulin resistance (obesity + IR). The values of
HSD17B2 mRNA expression were normalized to the
beta-actin mRNA and are expressed as mean + SEM and
represented as a percent of control (100 %); n=4; *-P
< 0.05 vs group of control individuals; ** - P < 0.05 vs
group with obesity and normal insulin sensitivity.

Fig. 5. Relative expression level of hydroxysteroid
(17-beta) dehydrogenase 10 (HSD17B10), also
known as mitochondrial ribonuclease P protein 2
(MRPP2), mRNA in blood cells of lean boys
(control) and obese individuals with and without
insulin resistance (obesity + IR). The values of
HSD17B10 mRNA expression were normalized to
the beta-actin mRNA and are expressed as mean *
SEM and represented as a percent of control (100
%); n =4; * - P < 0.05 vs group of control
individuals; ** - P < 0.05 vs group with obesity and
normal insulin sensitivity.

Conclusions. 1. It was shown that the expression
level of DUSP1, LOX, and HSD17B10 genes is
decreased in blood cells of obese boys with normal
insulin sensitivity as compared to control group.

2. Glucose intolerance in obese boys leads to
down-regulation of DUSP1, LOX, KRTIS,
HSD17B2, and HSD17B10 gene expressions in
blood cells as compared to obese patients with
normal insulin sensitivity.

3. Results of this study provide evidence that
obesity affects the expression of the subset of genes
related to cell growth and surviving in blood cells
and that insulin resistance in obesity is associated
with changes in the expression level of DUSPI,
LOX, KRT18, HSD17B2, and HSD17B10 genes,
which contribute to the development of obesity and
glucose intolerance.
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Ishige K., Ito Y., Komiyama K., Okamatsu-Ogura Y.,

PESUCTEHTHICTb O IHCYJIIHY 3MIHIO€ EKCIIPECIIO I'EHIB, IO
KOHTPOJIIOIOTD PICT TA BUJKUBAHHA KJITHH, Y KIIITHHAX KPOBI JITEN
YOJIOBIYOI CTATI 3A YMOB OKHUPIHHA

O. B. Tskka, /I. O. Minvenko, B. B. /lasunos, O. A. Bypaeiiko, O. C. MoasiBko,
A. K. Kyaemosa, O. I'. MinueHko

Poszsumox oorcupinnsa ma iioco memabONiyHUX YCKAAOHEHb ACOUTIOEMbCA 3 OUCPe2YNAYIEI0 YUCTEHHUX BANCTUBUX
MeXaHizmia, wo KOHMpPONOIOmMs OiNbWICMb KAYOBUX MEeMAOOIIUHUX NPOYeCis, 8KIIOYAIOYU YYMAUBICIb 00 [HCYNIHY
ma picm i eudicusanHs Kiimun. Mu eueuanu excnpeciio 2eHis, wo 6i0Nn06i0arms 3a KOHMPOIb Npoyecié pocmy i
BUIICUBAHHS KIIMUH, V KIIMUHAX KpoGi y Oimell Y0N06iH0l cmami 3 ONCUPIHHAM | HOPMATbHOK abo NOPYUEHOIO
YYMAUBICMIO 00 [HCYNIHY Y NOPIGHSIHHI 3 OimbMU 0e3 0XHCUPIHHS (KOHMpPoab). Bemanosneno, wo pisens excnpecii eenis
DUSPI, LOX ma HSD17B10 smenutyemocs y Kiimunax Kposi Oimetl 3 OXWCUPIHHAM 3 HOPMAJbHOK YYMAUSICMIO 00
IHCYNIHY NOPIGHAHO 3 KOHMPOIbHOIO 2pynoio. Pesucmenmuicms 0o incyniny y dimeil 3 0MCUPIHHAM NPU36OOUMb OO0
npuenivenns excnpecii eenie DUSP1, LOX, KRTI18, HSDI17B2, ma HSDI7BI10 y xnimunax Kpogi npu nopieHAHHI 3
JimbMu, WO MANU ONCUDIHHA [ HOPMATLHY uymaugicme 00 IHCYniHy. Pesynomamu ybo2o 00CaiOHCeHHs
NPOOEMOHCIPYBANU, WO OHCUPIHHS NOPYULYE eKCNPECIto SPYRU 2eHi8, AKI KOHMPOIIOIOMb NPOYecu pOCmy i 8UNCUBAHHS
KAIMUuK i Wo pe3sucimeHmuicms 00 HCYIIHY acoyitoemvbcs 3i 3minamu 6 pisHi excnpecii eenie DUSPI, LOX, KRTIS,
HSDI17B2 ma HSDI7BI10, aki 3a0iaui y pO36UMKY ONMCUDIHHA MdA pPe3UCMEeHMHOCMI 00 IHCYNIHY i MOXCIUBO
8i003epKANIOIOMb 3MIHU Y HCUPOBILl MA THUUX MKAHUHAX.

Knouosi  cnosa: excnpecia mPHK, LOX, DUSPI,
Pe3UCMEHMHICMb 00 THCYIHY.

KRTI18, HSDI7B2, HSDI7BI10, kpos, oocupinns,

Ooepoicano pedxonezicio 01.09.2014
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Ackopbamnepokcuoasa (APX) sensie cobow ¢epmenm, wo 6bepe yuacmv y 3aXucmi pPOCIUHHUX KIIMUH 6i0
oxcudamusrnozo cmpecy. Y Arabidopsis thaliana, APX kodyemubcs Manor mynibmueenHo poOUHOK, U0 6KIIOHAE 8 2eHig.
8 i3o¢hopm APX npucymHi @ X10poniacmax, nepoKcucomax i yumo3soni ma Ou@epenyiiino akmugyromucs y 6i0nogiob Ha
abiomuunutl cmpec. Apx2 € munosum cmpec-iHOyKOBAHUM 2eHOM, SKULL eKCHpeCyEmbCs MINbKU 3a cmpecosux ymos. /s
moeo, wob 3'acyeamu cmpec-3anedxicHy excnpecito npomomopa eeHy Apx2 6 pisnux opeanax i mxkanunax A. thaliana, ya
oinanka oyna amnuighikosana 3a donomozoro ILJIP ma kionosana. I[Ipomomop 6ys 06 '€Onanuil 3 penopmeprHum 2eHOM
uidA, wo xoodye p-entoxoponioasy ma esedenuti 6 pociunu A. thaliana ouxozo mumny, 3 UKOPUCMAHHAM MeEMOOY
azpobaxmepianvhoi mpancgopmayii. Tpanceenni pocnunu o6ynu idenmugbixosani 3a donomozcoio 2epoiyudy BASTA.
Hasiericme pexombinanmuoeo Koncmpykmy y pociun 0yno niomeepodicero 3a 0onomozoro IJIP. B yinomy 6yno sidiopano
7 He3aNedCHUX ML, 8 CKIAO0L SIKUX MICIMUScst pekombinanmuuil konempykm Pro-APX2: GUS.

Kniouosi cnosa: npomomop Apx2, 6inapruii eexmop, mpanceenni pociunu, BASTA, penopmepnuii een

Beryn. [ns pocnMHHHX OpraHi3MiB XapakTepHa
HAsBHICTh MYJBTUTCHHHUX POJMH. [[pHYHUHOIO IIOTO
€ Te, mo (EPMEHTH SAKI KOMYIOThCS WICHAMH IHX
pOOMH  (QYHKLIOHYIOTH y  PI3HMX  KIITHHHHX
KOMITAPTMEHTAX Ta y Pi3HUX POCIUHHHUX TKaHMHAX
(Arondel et al., 2000; Li et al., 2002; Chen et al.,
2011; Grégoire et al., 2012).

OnHy 3 MYJBTUTCHHHX POJAWH YTBOPIOKOTH I'CHH,
o0 KOIYIOTh ackopOar mepokcumazy (APX) —
(epMeHT, M0 pO3UICIUIIOE TEPOKCHA BOIHIO 1
Biflirpa€ BaXJIMBY POJb Yy 3axXHUCTI KIITHHU Bix
OKCHJATUBHOTO cTpecy. Y apabimoricucy Bimomo 8
TeHIB, IO KOIYIOTH ITUTO30JIbHI, XJIOPOIUTACTHI Ta
MikpocomanbHi i30popmu APX (Shigeoka et al.,
2002; Dabrowska et al., 2007). HasBHICTh IeKiTBKOX
i3obopm APX Bkazye Ha iX IHIUBIAyaJIbHY
crierianizaiiio, sika MoB’si3aHa 3 (YHKI[IOHYBaHHSIM Y
PI3HHMX KIITHHHUX KOMOAapTMEHTax, qudepeHuiiHowo
ekcripecieto B oHTOoreHesi (Dabrowska et al., 2007;
Panchuk et al., 2002). 3rigHo cy4acHUM YsIBICHHSIM
Apx2 € THIIOBUM CTPECOBHUM TI€HOM, SKHH KOAY€E
muto30ibHy  i30popmy APX. Tpanckpunru Apx2
MIPAKTHUYHO BiACYTHI Y KIIITHHI 32 ONTHMAIBHAX YMOB
KyJIbTUBYBaHHS, ajie pPiBeHb IX pIi3KO 3pOCTaE B
yMOBax cTpecy. 30KpeMa 3a ii TErIOBOro IIOKY
excripecis Apx2 MOXKe 3pOCTaTH y THCSIYI pasiB
(Panchuk et al., 2002). Byno noka3aHo, 1110 KpiM TOro
excnpecist Apx2 3pocrae 3a Aii aOCIU30BOi KHUCIOTH,
CONBOBOTO T4 OCMOTHYHOTO CTPECiB, & TaKOX Y
BIIMIOBIZIb HA TIOPaHEHHS Ta B YMOBax HaJMipHOTO
oceimiienns (Karpinski et al.,, 1997; Chang et al.,
2004; Rossel et al., 2006; Galvez-Valdivieso et al.,
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2009; Suzuki et al., 2012). [Topsix 3 1M HU3KA HIIHX
abioTmyHnx  (akTopiB,  30KpeMa  IIiIBHIIEHI
KOHIICHTpAIlii I1OHIB BaXKHUX MeETaIiB Ta Jis
repOilMy MapakBar He BIUIMBAE Ha EKCTpecito Apx.2.

BBaxaetncs, 0 eKcIpecis Apx2
KOHTPOJIIOETHCS ~ TPAHCKPUIIIHHUMEA  (haKTOpamMu
HSF (Heat Shock Transcription Factor) (Panchuk et
al.,, 2002) ta Zatl0 (Mittler et al., 2006). Ilpote,
perymsIisa ekcupecii reny Apx2 y pi3HHUX OpraHax Ta
TKaHMHAX POCIIMH 3JIMIIAETHCS HE BUBYCHOIO. TOMy
MeToro  Hamoi  pobotm, Oylo  CTBOpEHHS
pPEeKOMOIHAHTHOTO  KOHCTPYKTY, IIO0  MICTHTh
penopTepHUil TeH i KOHTPOJIeM mpoMoTopa Apx?2
Ta TpaHchopMmalis OTPUMaHOi PEKOMOIHAHTHOI
JAHK y A. thaliana nns monanpioro BUBYEHHS
XapakTepy WOro ekcmpecii y pi3HHX OpraHax
POCIHHHY 3a Aii TETIOBOTO CTpPeECy.

Marepiain Ta Merogu. Pocimany JHK
BHIUISUTH BUKOPHCTOBYIOUH JIi3yIounil Oydep, sKumit
mictuB: 3% uetasnon; 20 MM EJITA; 5M NaCl Ta
IM tpuc-HCI. Orpumany JIHK BukopucroByBanu
gk warpuiro y [UIP. s ammomidikarii
MIPOMOTOPHOI IIJITHKH TeHY Apx2 BUKOPHCTOBYBAIH
npaiimep  APX2-DON (GATATGCTACGTTTT
TACATCTCCATTTCTTACTTCG) Ta APX-PB
(CTATACGCGTTTTTTCAAATTCGCTTCCTTC),
SKi MICTMIM Ha 5 KIHIOl JOJATKOBUH  caiiT
BITi3HABaHHA UIA pecTpukrasu Mlu 1, HeoOximHmii
JUTSL KIIOHYBaHHS Yy BEKTOpHY ImiasMiny pLitmus38.
Kinpkicte JJHK nmnst mpoBenenns I1JIP ckmamana
ommspko 50 Hr Ha peakunito. Ammumidikanito JJHK
MIPOBOJIMIIN B CEPEIOBHUIII TAKOTO CKIaay: 1x Oydep
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st TIJIP (Phusion HF Buffer, Finnzymes), cymimn
dNTP — 0.2 MM koxHoro, mpaiimepu — 1 MM
koxkHoro, JIHK-momimepaza  (Phusion DNA
Polymerase, Finnzymes) — 1 ox. akTUBHOCTI Ha
peakmito Ta 25 MM MgCl,. 3araneHuii 00’€M
peakuiiiHoi cyMinn ckiagas 50 MK

IUUIP mpoBonunacss 3 BUKOPUCTAHHSM HIpPUIALy
MiniCycler (MJ Research Inc, CIIIA) 3a Takoro
nporpamoro: (1) mouarkoBa akrtuBaiis JIHK-
nmonimepazu — 95°C, 2 xB; (2) genarypamis JHK —
94°C, 45 c; (3) ribpuamzariis npaiimepiB — 56°C, 50
c; (4) cunres JJHK — 72°C, 1 xB; (5) 3akiHueHHSA
amrridikauii — 72°C, 1 xB; (6) mpUIIUHEHHS peakwii
— 4°C. 3aranpHa KUTBKICTh IUKIIB amrutidikamii —
35. Hanst aHamizy pe3yabTaTiB 1P
BUKOPHUCTOBYBaIM enekTpodope3 y 1% arapozHomy
remi. Ilpomyktu IIJIP  peakmii  oOpoOsn
pectpukTtazoro Mlu 1, miryBaym y pLitmus38 Ta
nepeBipsIHn 1IGHTHYHICTh KJIOHOBaHO{
MOCIIZOBHOCTI  CHKBeHyBaHHsAM. llicms  1poro
MIPOMOTOPHY IUISHKY Apx2 TEepeKIOHOBYBAIU
Oinapuuii  Bexktop  pGPTV, skuit  wmictus
penopTepHuii reH uidA, Mo KOAye B-TII0KOpOHiAazy
(GUYS).

JliryBanns npooawm 3 Bukopuctanasam T4 JIHK

mirasu  (Fermentas, JlurBa). JlirasHy cymimn
inkyOyBamm 3a 22°C  mpoTATOM JBOX TOVH.
[IpoxyxTr JITYBaHHS TpaHcHopMyBaITH y

KOMIICTEHTHI KIITHHU JiHil Escherichia coli ninii
XL-blue abo Agrobacterium tumifaciens niHii
GV3101 meromom enekTpomnopariii 3 BUKOPUCTAHHIM
npunany E. Coli Pulser (BioRad, CIIIA).
[IpucyTHiCTH BCTaBKM y CKJIaai peKOMOIHAHTHHX
IIa3MiJl MiATBEPAMIM METOJOM PECTPUKTa3HOTO
KapTyBaHHS a00 3 BUKopucTanasM [1JIP.

BusHaueHHs JJOBXKHMHU MPOAYKTIB PECTPUKTA3HOT
peakuii abo IIJIP 3niiicHioBanu B 1 % arapozHomy
rem. B saxoctri JIHK-mapkepa BUKOpHCTOBYBaIu
GeneRuler™ DNA Ladder Mix (Fermentas).
Bizyamizauito JHK MIPOBOINIH B
ynbTpadioreToBOMy  CBITIi 3  BHUKOPUCTAHHSIM
nporpamHoro 3abesneueHus npuiaxy GelDoc 2000
(BioRad, CIIIA).

CukBeHyBaHHS OTPUMAaHUX PEKOMOIHAHTHHUX
IJIa3MiJl TPOBOAWIN 3 BHUKOpHCTaHHAM Big Dye
Terminator Cycle Sequencing Kit Ha cukBeHaTopi
ABI Prism 310 (PE Applied Biosystems, CLLA).
[TepBuHHY 00pOOKY Ta aHATI3 OTPUMAHOI TEPBUHHOT
HYKJICOTHIHOI ~ TOCTIJOBHOCTI ~ HPOBOAMIH 34
JOTIOMOT010 KOMIT 1oTepHOi mporpamu Chromas Ta
[aKeTy MporpaM KoMII'IoTepHOi 0OpoOKHM HaHuX
DNASTAR. Ilomyk mocmimoBHOCcTel y Genbank
31iHCHIOBaJH 3a gonioMorolo nporpamu BLAST.

Hns tpanchopmarlii BUKOPHCTOBYBaJ M KBIiTyd il
pociuau  Arabidopsis thaliana, exotun Col O.
Tpanchopmaniro ramMeTodiTiB pOCIHH TPOBOAMIH
METOAOM BaKyyMHOi iHQineTpanii. Tpancdopmariiro
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MPOBOJMIM 3 BHUKOPUCTAHHAM iH(UIBTpAIiitHOTO
cepeloBuIia, B CKiIaa sKkoro BxomuTh: 0.5X
noxuBHe cepenosuine Mypacire-Ckyra; Bitamin B5
112mr/mm; 5% caxapo3za; 0.005% Silwet Gold; 0.44
MKM BAII (Bechtold et al., 1993).

Hns CKPHHIHTY pOCIUH-TpaHC(HOPMAHTIB
BUKOPHCTOBYBAIN repOoim BASTA y
KOHIIeHTpartii 1 mi/m.

PesyabTaTu Ta 00rosopenns. Ilepmum Kpokom
Hamoi  pobotm  Oyno orpumanas  JHK
MTOBHOPO3MIipHOTO TpoMoTOopa Apx2 mumixom I1JIP
ammutidikargii. [lyig 1mporo Hamu OyJI0 MPOBEICHO
MOUIYK HYKJICOTHIHHUX TOCTIOBHOCTEH I TeHY
Apx2 apabimomcucy y 6a3i  manmx Genbank.
3HaliJiecHy MOCIiIOBHICTE OyJI0 TpOaHali30BaHO,
BU3HAUYEHO TpaHMLi NPOMOTOpa Ta CTBOPEHO
mpaiiMepu [T aMIuTiikarii.

Enexrpodopernannii anamiz orpumanmux I1JIP-
MPOAYKTIB TIOKa3aB HAsBHICTh JIMIIE OJHOTO
amrutiikary. Horo nosxuna cranosmia 741 IH, 1110
BIJIITOBIZIa€ TEOPETHUIHO OUIKYBAHOMY PO3MIpy.

OTtpumani amInTiQikaTu 00pobusanu
pectpuktazoro Mlu 1 Ta  KIOHYBamM Yy
OaktepianpHuil BekTop pLitmus38. BukopucranHs
Merony blue-white colony selection niis CKpUHIHTY,
II0 Jajlo MOXJHMBICT iJeHTU(IKYyBaTH cepex
OakTepiii-tpancopmaHTiB 25 OLMMX KONOHIHA, 4 3
skux (A-01, A-02, A-03, A-04) Oymo BimiOpaHo mys
nonanbmol  podortu. [licms BuANeHHSA 13 IMX
KOJIOHI peKOMOIHAaHTHHX MJa3Mil iX oOpoOmsaIH
pectpukTazoro Mlu 1. Ilicns enexTpodopeTHdaHOTO
aHaizy OTPUMaHUX MPOAYKTIB PECTPUKIIi B
KO)KHOMY BHUNaAKy OyJio igeHTHU(IKOBaHO MO JABa
(parMeHTa, JOBXKHHA OJHOTO 3 SKHX BiAIOBimana
JIOBXKHWHI BEKTOpa, a IHIIOTO — OYiKyBaHIH JTOBXKUHI
[JIP mpoaykTy mpomoTopa Apx2, 10 KIOHYBaBCH.

Jus mepeBipku imeHTH4HOCTI KioHoBaHoi JITHK
npoMoTopa Apx2 OyIo TPOBEIACHO CHKBEHYBAHHS
JIBOX pPEKOMOIHaHTHHX TuiasMig — pApx2 A-01 Ta
pApx2 A-02. TlopiBHSHHS OTPHUMaHHX CHKBEHCIB
MOKa3ayio, MI0 IOCIiJOBHICTE 000X KIOHIB Oyina
IZICHTUYHOIO 3 HasBHOIO y Genbank, 1m0 J03BOJIHIIO
BUKOPHUCTATH i KIOHH AJIS MOAANBLIOT pOOOTH.

Hus TtpanchopMarii pociuH HEOOXigHO Oyio
MaTd TIOCTIAOBHICT TpoMoTOopa Apx2, sKa
KOHTPOJIIOE E€KCIIPECII0 PEMOPTePHOro TeHy uidA.
o6 cTBOpUTH BiNNOBIZHMH pPEKOMOIHAHTHUI
KOHCTPYKT (puc. 1), HeoOXximHO Oyno y OaxkaHiit
Opi€HTAIli] MepeHeCcTH KIOHOBAaHUH HAMH MPOMOTOP
Apx2 no cknagy OinapHoro Bektopy pGPTV-BAR
(Becker et al., 1992). J[lna 3abe3ncueHHS
HaIlpaBJICHHOTO KJIOHYBaHHS OyJIO pO3pobiieHo mapy
npaiiMepiB sIKi JOJATKOBO HECIH Ha S-KiHII 13
caiiTaMu BIi3HaBaHHS PI3HHUX pecTpukras. [Ipsamuit
mpaiiMep MICTHB CalT BITi3HABAaHHS PECTPUKTA3H
Nhe 1, a 3BopoTHiit — st Mlu 1.
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Puc. 1. Pexomobinanmuuii koncmpyxkm Pro-APX2:GUS.

Jlunki KiHLi, IO YTBOPIOIOTBCS B pPE3YJbTaTi
poswermnennss  JHK — noumMum  pectpukTtazamu
KOMIUIEMEHTapHI [0 TakWX, L0 YTBOPIOIOTHCS B
pe3ynbraTi aii pecrpukrtas Xba I ta Asc 1, siki HasBHI
y MOJNIHKEPHOMY CaiiTi GiHapHOTO BEKTOpA.

Sx matpumto mis [1JIP Gyno BUKOpHCTaHO KIIOH
pApx2_A-01. Otpumanunit ITJIP mpomykt Oyno
PO3LICIJICHO  BiANOBIJHMMH PECTPUKTA3aMH  Ta
niroBaHo y Oinapauii Bektop pGPTV-BAR (Becker
et al., 1992). lleit Gimapuuii BekTOp Oinsd TIpaBoOi
rpanuui  T-JIHK  Mictute  pemoprepHuMii  TeH
rimoKopoHinasu (uidA), a 6ins misoi rpanuni T-JAHK
— CEJIGKTHMBHUH Mapkep — Te€H CTIAKOCTI [0
repOituny BASTA, sikuii BUKOPUCTOBYETBCS IS
CKPUHIHTY TpaHC(OPMOBAHHUX POCIIHH.

[lepexioHyBaHHSI POMOTOPHOI AUNSHKU Apx2 y
OlHapHHMI BEKTOP MPOBOIWIN MDK IHMH TeHaMH.
Kpim Ttoro, Bextop pGPTV-BAR Hece reH, skuii
3a0e3redye CTIMKICTh 10 aHTHOIOTUKY KaHaMII[UHY.

[licms  Tpamcdopmariii y  arpobakrepii  Ha
CEJICKTUBHOMY CEPEeIOBHIIL, SKE MICTHJIIO
aHTUOI0TUKHA KaHaMILWH, reHTaMIIUH Ta

pudammminuH Oyio BimiOpaHo 6 KOJOHINW, 3 SKHX
oyno suaiteHo JJTHK. Meronowm ITJIP 6yna mokazana
MPUCYTHICTD iHcepwii (puc. 2), ska sBise co00r0
MOCIIOBHICTE TpoMoTOopa Apx2. Jns momambIioi
TpancdopMmaiii y pociuan Oyina BifgiOpaHa KOJOHIS
pApx2_ A-01-1.

Jns npoBeneHHs Tpacopmariii pocIuH KIITUHU
IBOACHHOI KyIneTypu Agrobacterium tumifaciens
miaii GV3101, mo wMicTuin peKoMOIHAHTHUN
KOHCTPYKT, 1HKyOyBaJu TMpPOTAroM 2 JHIB MpH
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Fig. 1. Recombinant construct Pro-APX2:GUS.

temneparypi 28°C. CepenoBuiue ans iHKyOyBaHHS
Mmictiiio 10 r menToHy; ST IpiKIHKOBOTO €KCTPAKTY;
10r NaCl Ta anTuGioTMKKM KaHaminuH 50 wMr/mi,
reataminnd 40 wr/mn, pudamminuH 50 Mr/mi.
Knituau ocamkyBanm neHTpudyryBaHHsIM mpu 4
THC.00/xB. mpoTsiroMm 10 XB. Ta BHOCHIM B
iH}BTpaniiiHe cepenoBuile Takoro ckimamy: 0.5 X
noxuBHe cepenoBuiie Mypacire-Ckyra; BiTamiH
B5 112 wmr/n; 5% caxaposa; 0.005% Silwet Gold;
0,44 w~mxM BAIl. KoHmeHTparito KITHH B
IHQITBTpAifHOMY  CEepeOBUINI  BH3HAYalIH 32
ONTUYHOI TYCTUHOK KIITHH TIPH JOBXWHI XBHIII
590 am. HeoOximHa onTWYHA TYCTHHA TOTJIMHAHHS
craHoBuwiaa  0,9. Iliero  arpoGakTepianbHOIO
KyJBTYPOIO TpaHC(HOPMYBaIH TaMeTO(ITH.

3 pociuH, rameToQiTi SIKUX Oymo
TpaHc(hOpPMOBaHO, 30upanu HaCiHHA Ta
BUCQUKYBAIM HMOro y TpyHT. Jus 3pydyHOCTI

MPOBEJICHHS MAHIMYJANIA Ui BUCAJIKH HACIHHS
BHKOPHCTOBYBAIM €EMHICTh 3 HU3BKUMHU OOpTaMH Ta
BEJIMKOIO mionieto. Jlecsatu- ta 14- geHHi MpOpPOCTKH
obmpuckyBanu repoinugom BASTA. B pesynbrati
Takoi 00poOKM Oy0 BHUABIECHO 7 PE3UCTCHTHHX
pOCIIMH, IO TIPEACTABISAIOTH COOOK  Ieplie
MOKOMiHHS pocnuH-TpancdopmanTis (T1).

Jlns miaTBepUKeHHS TOTO, M0 POCIMHU JiHCHO
MICTATh OakaHWH PEKOMOIHAHTHHM KOHCTPYKT, 3
KOXKHOI 1HOWBiZyanbHOI pociuHu Oyna BUALICHA
JHK, saxa cnyryeana matpuuero nus IUUIP. Ilpu
IEOMY Oyio BHKOPHCTaHO mpaiiMepH,
KOMITJIEMEHTAPHI 10 TeHy uidA.
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Puc. 2. Ckpuninz kononin Agrobacterium tumifaciens,
mMPAHCPHOPMOSAHUX PEKOMOIHAHMHUM KOHCIMPYKHOM
Pro-APX2:GUS.

Ipumimrka: 1 — mapxep monexynspuux mac GeneRuler
Smo331;, 2-7 — IL/IP-amnuighixamu npomomopy 2eny
Apx2, ompumani 3 BUKOPUCMAHHAM 8 SAKOCMI MAampuyi

JIHK azcpobaxmepiil.

Fig. 2. Screening colonies of Agrobacterium
tumifaciens, transformed with a recombinant construct
Pro-APX2: GUS.

Note: 1 — molecular weight marker GeneRuler Smo331; 2-
7 — PCR amplification products of Apx2 gene promoter,

when agrobacteria DNA was used as a matrix.

Takuii  gu3alin ~ mpaiiMepiB  3a0e3reuyyBaB
yrBopeHHs [1JIP-nipoayKTy TiNbKKM B TOMY BHIIQJKY,
SIKITIO POCHTMHA MIHCHO MICTHIIa peKOMOIHAHTHUN
KOHCTPYKT. AmHamiz mnpoaykrie [IJIP  micns
eJIEKTPOPOPETUYIHOTO PO3MOJINy [JO3BOJMB HaM
imeHTHdIKyBaTH 7 JiHIA pocnuH: ProAPX2-3,
ProAPX2-4, ProAPX2-5, ProAPX2-6, ProAPX2-8,
ProAPX2-10, ProAPX2-13 (puc. 3), mo MicTuiau

KOHCTPYKT Pro-APX2:GUS, y ckmami sKoro
MIPUCYTHIH Apx2 IPOMOTOp Ta TeH uidA.
BucnoBku. Hnst JIOCTIDKEHHS crpec-

IHAyKOBaHOI eKcrpecii reHy Apx2 y pi3HHX opraHax
Ta TKaHWHax apabimorcucy Oylo  CTBOPEHO
PEKOMOIHAHTHUH KOHCTPYKT, SIKUH CKIIQJA€ThCS 3
moBHOpo3MipHOTO TpoMoTopa Apx2 (Pro-Apx2) Ta
reny PB-rmokoponizazu (GUS). Ilicis mpoBeneHHS
TpaHcdopmaitii rameTodiTiB A. thaliana xiiTHHAMU
Agrobacterium tumifaciens ninii GV3101 orpumano
ninii pocnuH T1, ciM 3 SKHX HeCIN peKOMOIHAHTHUMA
KOHCTPYKT Pro-APX2:GUS.
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OBTAINING TRANSGENIC PLANTS BEARING REPORTER GENE UNDER CONTROL
OF APX2 PROMOTER

T. O. Rusnak, 1. I. Panchuk

Ascorbate peroxidase (APX) represents an enzyme involved in plant cell protection against oxidative stress. In
Arabidopsis thaliana, APX is encoded by a small multigenic family comprising 8 genes. The 8 isoforms of APX present
in chloroplasts, peroxisomes and cytosol are differentially activated in response to abiotic stress. Especially, Apx2 is a
typical stress-inducible gene, which is transcriptionally active only upon stressful conditions. In order to elucidate
stress-dependent expression of Apx2 in different organs and tissues of A. thaliana promoter region of the gene was
amplified by PCR and cloned. The promoter was fused with uidA reporter gene coding for p-glucuronidase and
introduced into A. thaliana wild type plants applying Agrobacterium-mediated transformation. Transgenic plants were
identified using treatment with herbicide BASTA. Presence of the recombinant construct in plants was confirmed by
PCR. In total, 7 independent lineages bearing Pro-APX2:GUS fusion construct were isolated.

Key words: Apx2 promoter, binary vector, transgenic plants, BASTA, reporter gene.
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Identification of humoral immune responses to 60 kDa heat shock protein of Chlamydia trachomatis (HSP-60) is of
great diagnostic value, as evidence of probable autoimmune process and risk of pathology of female reproductive system.
To develop a highly ELISA kit for the detection of anti-HSP-60 antibodies should be used recombinant antigen of the
pathogen. A methodological development of biotechnology of recombinant HSP-60 (rHSP-60) with its accumulation in the
cytoplasm of E. coli in soluble form has been performed: the optimal parameters of cultivation producer (growth medium,
temperature, concentration of expression inducer and biosynthesis duration) providing a preferential (79%) accumulation
of the target protein in a soluble form. Purification technology was based on the usage of affinity chromatography on
glutathione-sepharose and enzymatic hydrolysis of GST-containing proteins using a clotting factor Xa, and gel filtration
on Sephadex G-75 for final purification. We carried out comparative studies of the activity of the obtained rHSP-60 as a
part of immunosorbent in ELISA for detecting specific IgG antibodies in human serums. The experiment results for the
group of positive serums were assessed based on the positivity index (a ratio of the average arithmetic value of optical
density in ELISA for positive and negative (cut off) serums). At the same recombinant protein concentration in the
immunosorbent for our obtained rHSP-60, we obtained a 30% higher PI compared to the analogue commercial protein.
Of interest were the results of a comparison of the immunological activity of our obtained HSP-60 and its conjugate with
GST — positivity indices using these two proteins in the immunosorbent composition were comparable — 2.2 and 2.4,
respectively. At the same time, no interaction between serum immunoglobulins and GST enzyme was detected. Such data
indicate on absolute possibility of the use of the GST-conjugated rHSP-60 protein for immunodiagnostic purposes. It has
been proven that the obtained rHSP-60 preparations as well as its GST-conjugate were highly effective when used in the
immunosorbent composition in ELISA for the detection of specific IgG-antibodies.

Keywords: heat shock protein, Chlamydia trachomatis, recombinant protein, biosynthesis, chromatographic
purification.

Introduction. Urogenital chlamydiosis (UC) is
one of the most common sexually transmitted
infections. According to the World Health
Organization data, approximately 90 million people
are infected sexually with the pathogen Chlamydia
trachomatis every year (I'omuapyk, 2008). In
Ukraine, UC incidence is 80 people per 100
thousand residents. About 16% of pregnant women
are infected with Ch. trachomatis. The etiological
role of chlamydia has been established in 50-60% of
tubal infertility cases. A quarter of the cases of
ophtalmopathology and respiratory diseases in
newborns and young children are related to
chlamydia infection (McakoB u ap., 2010). One of
the most important components of the fight against
the UC spread is effective diagnostic of this disease,
which is carried out by both direct (detection of
antigens, nucleic acids, microscopy, and cultivation
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of the causative agent) and indirect (detection of
specific antibodies) methods. One of the methods,
which became widely used in UC diagnostics, is the
enzyme-linked immunosorbent assay (ELISA),
application of which allows differential diagnostics
to determine the stage and nature of the disease
course. For this purpose, studies of human blood
serum (plasma) and biological secrets for the content
of IgM, IgA, and IgG antibodies specific to the
causative agent antigens are conducted. With long-
term persistence of Ch. trachomatis, there is an
increase in the expression of a 60 kDa heat shock
protein (HSP-60), which has high homology degree
with the analogue protein of human cells. Its
production results in a molecular mimicry
phenomenon that in its turn frequently causes
autoimmune processes. An increased level of the
immune system stimulation by the heat shock
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protein that occurs in a reinfection or persisting
infection results in chronic inflammation and tissue
cicatrization and can play a role in the pathogenesis
of endometrium and uterine appendage lesions. Such
immunopathological reactions can be a cause of
extrauterine pregnancy and tubal infertility (Mcakos
u 1p., 2010; Maspos u ap., 2010; MykanTaes u ap.,
2012). Therefore, an examination of patients
infected with Ch. trachomatis for the presence of
IgG antibodies to HSP-60 is of great importance. It
is obvious that for the creation of an appropriate
high informative ELISA test-kit, reference antigens
of the causative agent are necessary to have. The
most modern way to obtain the antigen proteins is
genetic engineering and molecular biotechnology
methods that ensure not only the standardization of
the obtained protein but also give an opportunity to
develop progressive technologies of protein
extraction and purification.

The goal of this study was to develop a
technology for obtaining and purification of
Ch. trachomatis recombinant HSP-60 as well as to
evaluate its use in immune diagnostics.

Materials and methods. Plasmid. The
recombinant pET42a/ChtHSP-60 plasmid used in
our work was constructed based on the pET42a(+)
expression vector (Novagen, USA) and contains a
full-size insert of the Ch. trachomatis HSP-60 gene
under control of the lac-operon promoter. The
recombinant pET42a/ChtHSP-60 plasmid also
contains the kanamycin resistance (Kan) gene, a
sequence encoding the glutathione-S-transferase
(GST) enzyme and T7 transcription terminator.

Growth media. Three variants of growth media
were used in the study: LB medium (0.5% yeast
extract, 1.5% tryptone, 0.5% NaCl); TB medium
(10% yeast extract, 10% peptone, 0.94% K,HPOy,,
0.22% KH,PO,4, 0.8% glycerin), medium no. 3
(2.4% yeast extract, 1.2% tryptone, 0.5% glucose,
0.0195% MgSOy4). The antibiotic kanamycin (50
png/ml) was added to each growth medium.

Recombinant Ch. trachomatis HSP-60 expression
in the E. coli bacterial system. E. coli BL21 (DE3)
strain cells transformed with the pET42a/ChtHSP-60
plasmid were cultivated in different growth media
and at different temperatures in the presence of
kanamycin (50 pg/ml) and with intensive shaking
(250 rpm) until obtaining optical density ODgy =
0.4. To induce the recombinant protein expression,
isopropyl-p-thiogalactoside (IPTG) solution was
added. After incubation, the cells were collected by
centrifugation at 4000 g for 20 min, the cell pellet
was washed with chilled buffered saline, frozen and
stored at —70 °C. Cultivation parameters such as
temperature, time, IPTG concentration and growth
medium composition were the study objects.
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Affinity  purification of the recombinant
Ch. trachomatis HSP-60. The purification was
performed at 4°C. The cell pellet (2.0-2.5 g) was re-
suspended and lysed in 15 ml of lysing buffer (10
mM tris-HCI, pH 7.5, 150 mM NaCl, 50 mM NaF, 5
mM EDTA, 1% tryptone X-100, 1 mM
phenilmethylsulfonyl fluoride) in the presence of the
protein kinase inhibitor set (Roche, France). The
cells were homogenized by mechanical grinding
with sand; the obtained lysate was centrifuged at
17000 g for 20 min. A 50% glutathione-sepharose
suspension (GE Healthcare Bio-Sciences AB,
Sweden) in lysing buffer was added to the
supernatant and incubated for 2 hours while stirring.
Glutathione-sepharose was intensively washed with
50 mM tris-HCIL, pH 7.5, 150 mM NaCl with 0.05 %
Twin-20 three times for 5 min and twice with 50
mM tris-HCI, pH 8.0. The proteins were eluted from
the affinity sorbent with 50 mM reconstituted
glutathione in 50 mM tris-HCI, pH 8.0, 150 mM
NaCl while stirring for 5 min. The glutathione-
sepharose was precipitated by centrifugation at 3000
rpm for 1 min. This operation was repeated three
times. The obtained eluates were pooled and
dialyzed against a buffer containing 20 mM tris-
HCI, pH 7.5, 150 mM NaCl, 1 mM dithiothreitol for
glutathione extraction. Concentration of GST-
conjugated protein was measured by Bradford
method. Proteins were stored at —20 °C in 50%
glycerin.

For isolation of the recombinant Ch. trachomatis
HSP-60 (rHSP-60) from the GST-conjugate (rHSP-
60-GST) Xa factor (Sigma, USA) was used. The
GST-conjugated protein bound to the glutathione-
sepharose and equilibrated with a buffer containing
50 mM tris-HCI, pH 8.0, 100 mM NaCl, 2 mM CaCl,
was subjected to proteolysis. The factor Xa was
added to the sorbent suspension at a quantity of 2 ug
per 100 pg of protein. The reaction was performed at
room temperature for 5 hours while stirring. The
sorbent was precipitated by centrifugation at 3000
rpm for 1 hour. The supernatant was collected and
transferred to the ultracentrifugation column Ultracel
YM-50 (Millipore, USA) and centrifuged for 20 min
at 10000 rpm. The filtrate was collected, the protein
concentration was measured by Bradford method, and
protein electrophotometric analysis was carried out.

Gel-filtration. This type of chromatography was
used to transfer the protein into another buffer and as
a method for purification of the target product from
minor proteins. The procedure was carried out on a
1.5 x 20 cm column with sephadex G-75 (Sigma,
USA). The elution of the preparation was performed
at a rate of 1 ml/min. Protein peak retention time
was registered spectrophotometrically at 280 nm,
buffer retention time was measured
conductometrically.
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Electrophoresis and densitometry. Electrophoretic
analysis of cell biomasses and proteins was carried
out in a 15% polyacrylamide gel (PAAG) in the
presence of 1% sodium dodecyl sulfate (SDS) in tris-
tricine buffer system (Paxmarymuna u ap., 2012).
Following molecular weight (MW) markers (Sigma,
USA) were used: trypsin inhibitor, soybean (20.0
kDa), trypsinogen, bovine pancreas (24.0 kDa),
carbonic anhydrase, bovine erythrocytes (29.0 kDa),
glyceraldehyde-3-phosphate dehydrogenase, rabbit
muscle (36.0 kDa), ovalbumin, chicken egg (45.0
kDa), glutamic dehydrogenase, bovine liver
(55.0kDa), albumin, bovine serum (66.0 kDa),
phosphorylase B, rabbit muscle (97.0 kDa), B-
galactosidase, E. coli (116.0 kDa), myosin, porcine
heart (200.0 kDa). Scanning of stained
polyacrylamide gels and calculation of the target
protein content were carried out by TotalLab 1.10
software.

Indirect ELISA procedure. Antigen sorption was
done in 0.05 M carbonate-bicarbonate buffer (pH
9.6) overnight at 4 °C at a concentration of 4 pg/ml.
Free areas of the well plate were occupied by
incubation with bovine serum albumin solution. One
hundred pl of the studied human sera were added
into wells, incubated for 1 hour at 37°C, and washed
three times with phosphate buffered saline with
addition of 0.05% twin-20 (PBST), pH 7.2-7.4. For
detection of the conjugated antibodies, the
monoclonal anti-human IgG antibodies conjugated
with horseradish peroxidase were added to the plate
wells and incubated for 30 min at a 37°C. The plate
was washed three times with PBST and once with
water. As a substrate we used a 0.003% hydrogen
peroxide solution in 0.15 M citrate buffer, pH 5.0,
and 3,3’,5,5’-tetramethylbenzidine as a chromogen.
The reaction was stopped with 2 M sulfuric acid.
The absorbance at a wavelength of 450/620 nm was
measured on a spectrophotometer.

Results and discussion. E. coli BL21 (DE3)
strain cells were transformed with the recombinant
pET42a/ChtHSP-60 expression plasmid as well as
with a vector without the Ch. trachomatis HSP-
60 fragment. Kanamycin-resistant bacterial
transformants were examined for their ability to
synthetize the recombinant protein in the presence of
0.1 mM IPTG by electrophoretic analysis. The
analysis of the obtained results showed that the
protein with a MW of 85 kDa (corresponds to the
MW of the GST-conjugate of Ch. trachomatis HSP-
60) was presented in the soluble and insoluble
protein fractions in the detergent solution (Fig. 1).
Thus, the target product was accumulated both in
inclusion bodies and in a soluble form. In this
regard, we conducted studies aimed to optimize the
cultivation conditions for the recombinant protein
producer and to increase its expression in E. coli
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cells in the soluble form. Among optimization

parameters, we determined the followings:
temperature and  cultivation time, inducer
concentration (IPTG) as well as the growth medium
composition.

First of all, we conducted studies to determine an
optimal cultivation temperature based on the
maximum output of the target product in soluble
form. From described in literature different
temperature schemes for the cultivation of the
prokaryotic producers of recombinant proteins, two
basic approaches can be highlighted: first of them
proposes the cultivation of recombinant bacteria at a
stable temperature of 37°C (both for biomass
accumulation and for the target product synthesis)
(CnaBuenko u ap., 2003), another — transition from
the temperature of biomass increase (37°C) to the
temperature of recombinant protein synthesis (25-
28°C) (Yinos, 2005) that ensures more optimal
conditions for folding of the polypeptide chain of the
recombinant protein and can have effect on its
solubility degree and thus on further strategy of its
extraction and purification. Another methodological
approach is the so-called thermal shock (40-43°C)
using a strain with thermoinducible recombinant
gene (Gardella et al., 1990), which was not
applicable in our case.

1 2 3 4 5 6 7 Mw

205 kDa

116 kDa

97.4 kDa
84 kDa

66 kDa

55 kDa

46 kDa

36 kDa

29 kDa
24 kDa

20.1 kDa

Fig. 1. Electrophoregram of rHSP-60-GST expression
results in E. coli BL21 (DE3) strain cells.

Note: 1 — cells transformed with the vector without insert;
2 — culture without expression induction, 3 — fraction of
total cell proteins; 4 — fraction of triton-soluble proteins,
5-7 — cells after 2, 3, and 4 hours of expression induction,
MW — molecular weight markers.
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A study of the effect of cultivation temperatureE. coli cell concentration in the cultural fluid
regime on target protein accumulation in the soluble(ODgy decreased by 30%) and gradual increase in the
fraction was conducted in parallel with thesoluble recombinant protein content up to the maximum
determination of optimal concentrations of thevalue of 0.41 mg/ml. When IPTG concentration was
expression inducer: a series of parallel studies wasincreased in a range of 0.3+0.5 mM, we observed a
carried out at different temperature regimes (37°C;decrease in not only the biomass output but also in the
37°C/28°C) and different IPTG concentrations (0+0.5target product concentration. We relate such a
mM). Herein, the inducer was added when ODg¢y = 0.4phenomenon to an increase of the toxic effect of the
was reached and cultivation proceeded for 2 morerecombinant product on producer cells: extremely high
hours; LB medium was used. The process was assessedaccumulation rate of the target protein (foreign for
based on cultural fluid optical density values and targetE. coli) results in not only a switch of the recombinant
protein concentrations in the soluble fraction calculatedprotein accumulation predominantly in the form of
by the densitometry method (Fig. 2). The study resultsinclusion bodies but also in a delay of the accumulation
showed that the most effective temperature regime atof the biomass itself. Fig. 3 shows results of the
almost all IPTG concentrations was bacterial culturecalculation of the total cell-produced recombinant
growing at a stable temperature of 37°C. Theprotein (at a stable cultivation temperature of 37°C) and
recombinant protein concentrations at differentits soluble fraction ratio. As it is seen from the obtained
temperature regimes after adding 0.4 mM IPTG wereresults, the highest portion of the target protein in the
statistically equivalent. However, this concentration ofsoluble form (almost 79%) is identified at an IPTG
the IPTG was not optimal — the highest output of theconcentration of 0.3 mM. Thus, the results of this stage
soluble recombinant protein (0.41 mg/ml) was recordedof the study showed that the optimal cultivation
after adding 0.3 mM IPTG. It is important that with anconditions were a temperature of 37°C and IPTG
increase of the inducer concentration in the medium in aconcentration of 0.3 mM.
range of 0+0.3 mM, we observed a gradual decrease in
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Fig. 2. Determination of the optimal IPTG concentrations and temperature parameters for the cultivation of the
recombinant protein producer strain
Note: 1 and 2 — ODygy for temperature regimes of 37°C and 37°C/28°C, respectively; 3 and 4 — dynamics of the
accumulation of a soluble form of the target protein for temperature regimes of 37°C and 37°C/28°C, respectively.
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Fig. 3. Dependence of the recombinant protein content in a soluble form on the IPTG concentration.
Note: 1 — total content; 2 — soluble form concentration, 3 — portion of the soluble form.

The following block of the studies was aimed to
determine the optimal cultivation time and optimal
growth medium. These studies were conducted at a
stable cultivation temperature of 37°C and IPTG
concentration of 0.3 mM. The results of respective
experiments are shown on the Fig. 4. A significant
increase in the concentration of the soluble form of
recombinant product was observed within the first 3
hours upon addition of the inducer; therefore we can
make a conclusion that the optimal cultivation time
in this case is 3 hours. The best medium for producer
cultivation was LB medium; the worst results were

obtained using TB medium. The dynamics of the
change of a part of the target product in a soluble
form in time (Fig. 5) confirms the correctness of the
established optimal temperature for producer
cultivation. The absolute content of a soluble
fraction of the recombinant protein gradually
increases within 1+3 hours of the cultivation upon
inducer addition; however, its portion starts to drop
after the 2™ hour of the cultivation. Thus, it is not
advisable to carry out the biosynthesis stage for over
3 hours.
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Fig. 4. Determination of the optimal growth medium and cultivation time for the recombinant protein producer
strain

Note: histograms — OD 4 for the growth media LB, TB, and Ne3; graphs — accumulation dynamics for a soluble form of

the target product in the growth media LB, TB, and Ne3
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Fig. 5. Dependence of the recombinant protein content in a soluble form on the cultivation time of the producer strain
on LB medium
Note: 1 — total content; 2 — soluble form concentration, 3 — portion of the soluble form)

The following block of the experiments was
aimed to develope the technologies of the target
product extraction and purification. It is necessary to
note that the recombinant pET42a/ChtHSP-60
plasmid used in our work assumed obtaining rHSP-
60 in the form of a conjugate with GST that implied
the use of affinity chromatography on glutathione-
sepharose as a basic element for extraction and
purification of the target product. Purity control of
rHSP-60-GST after the affinity purification
procedure was carried out by electrophoresis in
PAAG with SDS. The obtained results (Fig. 6)
showed that besides a minor block with a MW close
to 85 kDa, several additional bands of minor
proteins with lower MWs were detected in the
preparation after affinity chromatography. Such data
also could indicate on the non-specific binding of
minor proteins with the affinity column. For
verification this assumption, we carried out an
additional  experiment, which involved the
incubation of the affinity sorbent with a solution of
tryptone-soluble proteins of a non-transformed F.
coli strain and electrophoretic analysis of the eluted
solution (fig. 6). The obtained results ruled out the
non-specific interaction of bacterial proteins with the
affinity sorbent. An alternative explanation of the
presence of minor protein components in the eluate
after affinity chromatography is the partial
hydrolysis of the obtained recombinant protein or
incomplete tHSP-60-GST translation. A study of the
stability of the recombinant protein stored at a
temperature of 4°C for 7 days showed no
accumulation of the minor protein portion (data are
not presented), hence, the most probable explanation
of the accumulation of a certain amount of minor
proteins is incomplete translation. This assumption
was confirmed at the following stages of the work —
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when assessing the perspective of the use of the
obtained recombinant protein for human anti-HSP-
60 IgG detection in ELISA. To do this, a fraction of
minor proteins was preliminarily separated from the
major protein by gel-filtration on Sephadex G-75

(fig. 7).

1 2 3 4 5 6 7 8 Mw
— — " w84 kDa
— " 66 kDa
e — ——
-— et . W= 55 kDa
— — — e 24 kDa
—

Fig. 6. Electrophoregram of preparations during

purification of recombinant protein
Note: 1 — rHSP-60-GST before chromatographic
purification, 2 — cells in 2 hours after expression
induction, 3 — GST,; 4 — proteins from lysates of non
induced cells which were adsorbed on the affine sorbent;
5 — proteins from lysates of induced cells which were
adsorbed on the affine sorbent; 6, 7 — cleavage of rHSP-
60-GST, proteins after 1 h and 6 h, respectively; 8 —
reference preparation of rHSP-60;, MW — molecular
weight markers.
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When constructing the pET42a/ChtHSP-60
plasmid, we introduced a nucleotide sequence
coding the amino acid sequence, which is a specific
site for the recognition of the factor Xa. The
activated coagulation factor Xa (Stuart-Prower
factor) is a serine proteinase, which specifically
recognizes and hydrolyzes the amino acid sequence
Ile-Glu (Asp)-Gly-Arg-|-X (X # Pro) (Ludeman et
al, 2003). Taking into account that factor Xa
recognition site is absent in the amino acid sequence
of Ch. trachomatis HSP-60 (GenBank:
AAS19618.1), there is a possibility for enzymatic
cleavage of the synthetized recombinant rHSP-60-
GST conjugate and extraction of rHSP-60.
Hydrolysis of the recombinant conjugate was carried
out on an affinity sorbent: factor Xa was added to
glutathione-sepharose suspension with immobilized
rHSP-60-GST protein conjugate. During this
procedure, Ch. trachomatis HSP-60 passed into
solution and eluted from the column. Enzyme
separation was done by ultracentrifugation with the
use of the commercial set Ultracel YM-50.

Within the framework of additional experiments,
we determined optimal conditions for the
recombinant protein proteolysis. The proteolytic
enzyme was used at a concentration of 10 pg per 1
mg of the rHSP-60-GST conjugate. At the same
time, at a temperature of 37°C, which was reported
by other authors (Nagai and Thogersen, 1987;
Schagger and von Jagow, 1987), we observed an
insignificant ~ accumulation = of  non-specific
hydrolysis products (the possibility of non-specific
protein cleavage was reported in the information
provided by the enzyme manufacturer). When the
enzymatic reaction temperature was decreased to
room temperature, it was possible to neutralize the
non-specific proteolysis. When studying the degree
of the recombinant conjugate hydrolysis in time, it
was found that full rtHSP-60-GST cleavage occurred
within 6 hours (Fig. 6): after 6 hours of the
proteolytic cleavage, a band corresponding to MW
of the recombinant conjugate disappeared — only two
bands corrresponding to tHSP-60 and GST proteins,
were recorded on the electrophoregram. Output of
rHSP-60 after the protein conjugate proteolysis
composed 59% of the quantity of the protein
immobilized on the affinity sorbent that composed
84% of the theoretical output.

To assess the perspectives of the use of the
obtained rHSP-60 for the creation of highly sensitive
and specific means for in vitro diagnostics, we
carried out comparative studies of the activity of the
obtained Ch. trachomatis HSP-60 as a part of
immunosorbent in  ELISA  for  detecting
corresponding specific antibodies of the IgG class in
human serums.
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Fig. 7. Gel-filtration of rHSP-60-GST conjugate on
Sephadex G-75

During preliminary stages, we created an
evaluation serum panel (10 samples), including
samples preliminarily tested in commercial
immunoenzyme sets for the content of [gG-antibody
to the major protein of the Ch. trachomatis outer
membrane and IgG-antibodies to Ch. trachomatis
HSP-60.

As immobilization antigens in plate wells we
used: the obtained rHSP-60 and its protein conjugate
rHSP-60-GST, commercial recombinant
Ch. trachomatis HSP-60 protein (Bioclone Inc,
USA) and GST. Additionally, we carried out an
assessment of the immunological activity of minor
protein fractions contained in the eluate after the
affinity chromatography on glutathione-sepharose.
The experiment results for the group of positive
serums were assessed based on the positivity index
(PI) — a ratio of the average arithmetic value of
optical density in ELISA for positive and negative
(cut off) serums. Fig. 8 shows the results of this
study block: using the same recombinant protein
concentration in the immunosorbent, for our
obtained rHSP-60, we obtained a 30% higher PI
compared to the analogue commercial protein. Of
interest were the results of a comparison of the
immunological activity of our obtained rHSP-60 and
its conjugate with GST — positivity indices using
these two proteins in the immunosorbent
composition were comparable — 2.2 and 2.4,
respectively. At the same time, no interaction
between serum immunoglobulins and GST enzyme
was detected. Such data indicate on absolute
possibility of the use of the GST-conjugated HSP-60
protein for immunodiagnostic purposes. These
experiments also confirm our previous assumptions
on the nature of minor proteins contained in the
eluate after the affinity chromatography on
glutathione-sepharose: presence of insignificant
immunological activity (PI = 1.12) unambiguously
evidences that these proteins are products of the
incomplete translation of the recombinant protein.
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Fig. 8. Comparative evaluation of the immunological
activity of Ch. trachomatis rHSP-60 and rHSP-60-GST
conjugate

Conclusions.

1. We have developed and justified optimal
technological parameters for obtaining and
purification of the recombinant Ch. trachomatis
HSP-60. It has been shown that the recombinant
protein accumulates in E. coli BL21 (DE3) strain
cells both in a soluble form and in inclusion bodies.
We determined optimal cultivation conditions for
the producer-strain for maximum accumulation of
the soluble form of the target product (79%): LB
medium, stable temperature of 37°C, IPTG
concentration 0.3 mM, and cultivation time 3 hours.

2. The developed method for the target product
purification is based on the use of the affinity
chromatography on glutathione-sepharose (obtaining
the rHSP-60-GST protein conjugate) and enzymatic
hydrolysis of the GST-containing protein using the
coagulation factor Xa (obtaining rHSP-60) as well as
gel-filtration on Sephadex G-75 for final
purification.

3. It has been proven that the obtained rHSP-60
preparations as well as its GST-conjugate are highly
effective  when wused in the immunosorbent
composition in ELISA for the detection of specific
IgG-antibodies that makes possible their use for the

development of highly specific and sensitive
immunodiagnostic methods.
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BIOTEXHOJIOI'IAA OTPUMAHHA PEKOMBIHAHTHOI'O BLJIKA TEIIOBOTI'O
HIOKY (HSP-60) CHLAMYDIA TRACHOMATIS TA OUHIHKA INEPCIIEKTUB UOT'O
BUKOPUCTAHHSA Y CEPOJIOTTYHIN JIATHOCTHIII

0. 10. I'aakin, O. b. becapa0, A. C. I'pumuna, O. M. [lyran, 0. M. I'yp:xenko

Busenenus eymopanvroi imynnoi 8ionogidi na 6inok meniosoeo wioky macoro 60 x/la Chlamydia trachomatis (HSP-
60) mae senuke diaeHOCMUYHe 3HAYEHHS, A0Jce C8IOYUMb NPO UMOSIPHUL AYMOIMYHHULL Npoyec ma pusux namoaoeii
PenpooyKmueHoi cucmemu y HCiHOK. [ po3pobKu 6UCOKOIHGOPMAMUEHO20 IMYHOEpMEeHmHO20 HAOOpY Oas
susagnenns aumu-HSP-60 anmumin Heob6Xiono mamu y po3nopsaoicenHi i0n08ioHi 0iono2iuni KOMHOHEHmMU, nepedyCim
ouuwgenuti oinox HSP-60. Haiubinows cywacHum € OmpumanHsi OLIKIG-AQHMUSEHI8 3 00NOMO2010 MemoOie 2eHHOT
iHoICeHepil ma MoNeKyIapHol OiomexHon02il, wo 3abe3neyye He MINbKU CMAHOAPMU3AYII0 OMPUMYBAH020 OLIKA, ane U
0a€ MONCIUBICMb PO3POOIAMU NPOSPECUBHT MEXHON02I] UOLIeHHA MA OYUWeHHA ocmanHboeo. 1Iposedeno naykoso-
MemoouuHy po3pooKy biomexHonozii ompumants pekomobinanmnuozo HSP-60 (rHSP-60) i3 HakonuyeHHsM 0CMAaHHb020
Y yumonaasmi xnimun E. coli y pozuunnomy euciAadi: 6cmano6leHi OnmuManbHi napamempu  Kyaibmueye8aHHs.
npooyyenmy (nodicusHe cepedosuye, memMnepamypa, KOHYeHmpayis IHOykmopa ekcnpecii ma mpugaiicms 6iocunmesy)
3abe3neyyioms nepesadicne (79%) naxkonuuenns yinbogozo Oinka y posuunnin gopmi. Texnonozia ouucmku rHSP-60
bazyemvcs Ha BUKOPUCTIAHHT apinHOl Xxpomamoepahii Ha enymamion-cegpaposi ma gpepmenmamugroeo 2ioponizy GST-
BMICHO20 OLIKY i3 BUKOPUCTNAHHAM (DaKmopa 320pmanHs Kposi Xa, a maxodxc cenv-ginempayii na Sephadex G-75 ons
Odoouuuenus. J{nsa oyiHKu nepcnekmus euxopucmanusa ompumanoeo rHSP-60 namu Oyau npogedeni nopieHANbHI
Odocnioacenusa akmusnocmi ompumanozo HSP-60 Ch. trachomatis ax wacmunu imyHocopbenmy y IPA Ons eusasnenus
8i0n08ioHuUx cneyugiunux anmumin xnacy IgG y cuposamxax Kposi noounu. Y axocmi anmuzenie 0 immoobinisayii' y
JIYHKAX RIQHWiemy euxopucmosysanu. eiacho ompumani rHSP-60 ma iioco 6inkosuu kowu'roeam rHSP-60-GST,
rkomepyitnui ananoe ma GST. JJooamko6o npogoounu OyiHKY iMyHOIO02IYHOT AKMUBHOCMI (PaKyii MIHOpHUX OLIKI6, U0
Micmuaucs y enroami niciisi aginnol xpomamozpadii Ha enymamion-cegpaposi. Pesynomamu excnepumenmie 0Jis epynu
NO3UMUBHUX CUPOBAMOK OYIHIOBANU 30 THOEKCOM NO3UMUBHOCMI — CNIGEIOHOUWIEHHAM CEePeOHbO20 apUPMEemMuyHO20
3HayenHs onmuyHoi eyemunu y IQA ons nosumusHux ma neeamusnux (cut off) cuposamox. /[na ompumarozo rHSP-60
oyno ompumano inoexc nosumuenocmi Ha 30% euwiti y NOPIGHAHHA i3 AHANO2IYHUM KOMEPYIUHUM HPOMEiHOM.
Hopieusannsa imynonociynoi akmugnocmi ompumarnoco rHSP-60 ma tioeo kou’toeamy i3 GST 3aceiouunu, wo inoexcu
NO3UMUBHOCMI NpU BUKOPUCMAHHI 080X OaHux OILIKi8 y ckiadi imyHocopbewmy Oyau 3icmaguumu — 2,2 ma 2,4,
8ionogiono. Byno oogedeno, wo ompumani Hamu npenapamu rHSP-60, a maxoxc tioeo GST-kow’tocamy €
BUCOKOAKMUBHUMU NPU iX BUKOPUCIMAHHI Y CKIAOT IMYHOCOpOEHmY V IMYHOEepMEeHMHOMY aHaNi3i 01 UABNIEHHS
cneyughiunux IgG-anmumin.

Kmiouosi  cnoea: 6inok mennosozo woky, Chlamydia trachomatis, pexombinanmuui 6i10K, Oiocunmes,
Xpomamozpagiuna owucmxa.
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HIGH-CALORIE DIET AS A FACTOR OF OBESITY DEVELOPMENT IN
RATS
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Taras Shevchenco Kyiv National University, NEC “Institute of Biology”,
Biochemistry department
e-mail: konopelnyuk@rambler.ru

Increase intake of foods with high calorie content can carry some risk of obesity, and to provoke the emergence of such
pathological conditions as pereddiabetic condition, type 2 diabetes and metabolic syndrome. Discovery of the mechanisms
underlying the violation of metabolic processes in the body when receiving a significant amount of high-calorie foods, can
afford to offer a new and promising approach to the correction of pathological conditions associated with these disorders.
Given the preliminary data on the involvement of serotoninergic system in the development pereddiabetic status and type 2
diabetes, is of some interest analysis of the components of this system in the development of obesity, which is caused by the
consumption of large quantities of high-calorie foods. The analysis of the development of obesity in rats that were on high-
calorie diet, which consisted of a standard feed (60%), animal fat (10%), eggs (10%), sugar (9%), peanuts (5%), milk
(5%) and sunflower oil (1%). Shown a significant change in parameters such as feed intake, final body mass index Li,
body mass index, in the group of rats treated with high-energy diet. Found changes in these indicators show the excessive
accumulation of body weight in rats of the experimental group as a result of hyperphagia. Analyzed the content of
serotonin in blood serum and brain of experimental animals using ion-exchange method of chromatography on CM-
sepharose. Shows the change in the content of serotonin in the brain and serum of animals that eat high-calorie foods,
indicating a direct involvement of serotoninergic system in the pathogenesis of obesity. Past studies have shown some
promising a more in-depth analysis of individual components of the metabolism of serotonin by obesity caused by

consumption of excessive amounts of energy-dense foods.

Key words: obesity, high-calorie diet, body mass increase, feed consumption, serotonin.

Introduction. Obesity is a complex and
multifactorial disease characterized by the high
weight accumulation due to excessive accumulation
of adipose tissue, which could significantly impair
health. This disease is prevalent in both developed
and developing countries; affects people of all ages
and social classes, and is a major factor in the
development of chronic and disabling diseases
(OBcsnnaukoBa, 2010). According to the latest WHO
estimates (World Health Organization, 2013),
obesity in the world today affects about 1.5 billion
people and 350 million more prone to this disease.
In Ukraine, obesity affects about 15% of the
population and every year the number of new cases
of obesity is steadily increasing (IToHOMaphOB,
2009). Today the epidemic increase in the number of
new patients with obesity is the result of high-energy
diets consumption alongside with a reduction in
energy use due to sedentary lifestyle (Astrup, 1994;
Lissner, 1995). It is known that obesity is an
endocrine disease, development of which is
associated with an imbalance in the system of
serotonin — a neurotransmitter and a hormone that
regulates the processes of vasoconstriction, smooth
muscle contraction, pain reception, sleep control,
emotional and eating behavior and energy

Bionoriuni cucremu. T. 6. Bum. 2. 2014

homeostasis of the organism. The secretion of
serotonin is crucial in the formation of a feeling of
satiety: it was shown that an increase of its level in
hypothalamic structures causes a feeling of satiety
and the reduction of eating behavior, and a decrease
— on the contrary (Kang, 2004). Today the
relationship between the serotoninergic system
malfunction and the development of obesity and
related diseases such as: hypertension, coronary
heart disease and type 2 diabetes mellitus, is clear,
but the mechanisms of this connection remain poorly
understood.

Therefore, the aim of this study was to
investigate the development of obesity and the
content of the central and peripheral serotonin in rats
that were on a high-calorie diet.

Materials and Methods. Experiments were
carried out on white nonlinear female rats with
initial weighing of 135-140 g in compliance with the
standards of the Convention of Bioethics of the
Council of Europe in 1997, European Convention
for the protection of vertebrate animals that used for
experimental and other scientific purposes, the
general ethical principles of animal experiments
approved by first National Congress of Bioethics of
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Ukraine (September 2001) and other international
agreements and national legislation in this field.

During the first week, all rats received standard
food «Purina rodent chow» and water ad libitum. On
the 8th day the animals were randomly divided into
2 groups. Animals of the first group (“Control”)
have been fed with a standard food and water for 10
weeks. Animals of the second group ("Ob") were on
a high-calorie diet, which consisted of a standard
meal (60%), pork fat (10%), eggs (10%), sugar
(9%), peanuts (5%), dry milk (5%) and sunflower oil
(1%) (Xiu-Hua Shen, 2010). Body weights were
recorded once a week and feed intake were recorded
daily in all animal groups.

The content of serotonin in the brain and serum
analysis was performed by the ion-exchange
chromatography on  KM-Sepharose = method
(Makcumenko, 2000). Measurement of serotonin
was performed on Shimadzu fluorescence
spectrophotometer at an excitation wavelength of
295 nm and absorption wavelength of 550 nm
against samples containing distilled water
(Weissbach, 1957).

Statistical analysis was performed using statistical
analysis applications of Microsoft® Excel. To assess
inter-group differences the parametric Student test
was used. The difference between the parameters was
considered statistically significant at p<0,05.

Results and Discussion. Studies indicate the
development of key indicators of obesity in rats that
consumed high-calorie food compared to the control
group. Figure 1A shows the dynamics of body
weight increase in rats throughout the study period.
The initial weight of the animals in the control group
was 142+2,081 g, after 10 weeks of an experiment a
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gradual increase of this indicator was shown. On the
last week of studies the weight of the animals in the
control group was 229+1,154 g, which was 87 g
more than the initial. It was shown that in the group
of rats that were on a high-calorie diet the increase
of weight was significantly higher and was 118 g
more than the initial after 10 weeks of an
experiment. The dynamics of food consumption in
the form of average accumulation in animals of
control and experimental groups is shown in Figure
1 B. Our results revealed that for 10 weeks daily
food consumption of rats of the control group was
unchanged and amounted to 13,5+1g of consumed
feed by one rat per day. The total amount of
consumed feed by rats of the control group at the
end of the experiment was 950 g per rat. We have
shown a significant increase in daily feed intake in
the group of animals that were on high-calorie diet
starting from the 10th day of the experiment. After
10 weeks of consumption of high-calorie foods the
total amount of consumed feed by animals of the
experimental group was 1200 g per rat that is 250 g
more than the control group (Fig. 1 B).

The data shown in a Table 1 summarize the daily
food intake and body weight dynamics of control
and HCD groups, that were displayed on the Figures
1 A and 1 B. Also, the Table 1 shows the body mass
index (BMI) as a body weight (g) /nose-to-anus
length2 (cm2) and Lee index as cube root of body
weight (g) /nose-to-anus length (cm) of control and
HCD animals. Studies showed the increase of BMI
of HCD group animals in almost 0,1 point compared
to control after 10 weeks of experiment. The Lee
index of HCD group was also increased on 0,02
points compared with control rats.
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Fig. 1. The dynamics of body mass increase (A) and feed consumption (B) of the control animals (*'Control™") and
rats that were on a high-calorie diet (“Ob”) (M £ m; n = 10)
Note: * - p <0.05 differences credible with respect to the control

140

Biological systems. Vol. 6. Is. 2. 2014



Table 1. General characteristics of the control animals
(""Control™) and rats that were on a high-calorie diet

(“HCD”)
Food intake | Initial body | Final body | BMI | Lee
(g/day) weight () | weight (g) |(g/cm?)|index
Conrtol | 15,741,283 | 142+2,081 | 229+1,154 | 0,49 | 0,28
HCD |18,9+2,795%|145+17,481|263+13,631*| 0,58* | 0,3*

These results suggest the development of obesity
in rats of experimental group. Excessive body weight
of the "Ob" rats is probably associated with the
accumulation of adipose tissue. This accumulation
may be the result of an imbalance between the
amount of energy consumed by rats and the amount
of energy spent, because alongside with the
increasing amount of consumed feed by the animals
of the experimental group, the amount of energy
received was increased either due to high caloric
content of food. Based on these data, it can be argued
that the development of obesity in rats of
experimental group arises from the phenomenon of
hyperphagia, which is probably the result of an
imbalance of a number of neurotransmitter and
hormonal systems, including serotoninergic system
and number of gastrointestinal hormones. It is known
that leptin, a hormone that is synthesized and secreted
by the adipose tissue, is involved in the regulation of
appetite and energy metabolism. Leptin binding to the
corresponding receptor causes intracellular signaling
and allocation of serotonin in the ventromedial
nucleus of the hypothalamus (satiety center), which in
turn signals the brain that an adequate amount of food
was consumed and reduces appetite (Trayhurn, 2001).
Development of hyperphagia in the "Ob" rat group
refers to a possible breach of serotonin signaling
system, leading to a lack of a feeling of fullness and,
consequently, to an increase in food intake. So the
next stage of our work was to determine the content
of serotonin in the brain and serum of rats of studied
groups.
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Our results show a reduction of serotonin content
in the brain of rats that consumed high-calorie food
by 1.42 times (p <0,05) compared to the control
group (Fig. 2A). Determination of peripheral
serotonin content showed an increase of this
parameter in serum of "Ob" rats by 2.09 times (p
<0,05) compared with controls (Fig. 2 B).

These results suggest the possible development
of an imbalance in the functioning of the central and
peripheral serotonergic systems in rats that were on
a high-calorie diet. Decrease in the amount of
serotonin in the brain of “Ob” rats can be caused by
a decrease in production of the neurotransmitter,
resulting in an imbalance in the system of its
synthesis, and violation of metabolic processes
aimed at maintaining physiological levels of
serotonin in the body. Also, reduction of serotonin in
the brain of animals of the experimental group could
be due to the increasing catabolism of serotonin.
Since serotonin does not pass the blood-brain
barrier, the peripheral synthesis of the hormone has
no effect on the content and functioning in the brain.
Increase of serotonin levels in the serum of “Ob”
group rats may be related to dysfunction of
enterohromaffin (EC) cells of the gastrointestinal
tract, which release serotonin in response to the
consumption of food. From the literature it is known
that EC dysfunction is observed in the diabetes
mellitus. It was shown that during this disease the
morphological changes occur in the structure of
these cells, resulting in their enhanced synthesis and
secretion of serotonin (Glisi¢, 2006). Peripheral
serotonergic system is also closely linked to the
metabolism of glucose and insulin system. Thus, it is
known that the selection of serotonin by EC
stimulates the release of insulin by B-cells of the
pancreas and reducing blood glucose (Sugimoto,
1990).

40

mkg/ml blood

B

Fig. 2. Contents of serotonin in the brain (A) and serum (B) of the control animals (**Control'") and rats that were
on a high-calorie diet (“Ob”) (M £ m; n = 10).
Note: * - p <0.05 differences credible with respect to the control
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Therefore, the increase in the content of serotonin from a cross-sectional study. // The American Journal
in the blood serum of rats that were on a high-calorie of Clinical Nutrition. — 1994. — Ne59. — P. 350-355.
diet may be related to the violation of glucose 3 Glisi¢ R, Koko V., Todorovi¢ V., Dmdarevic N,
metabolism in these animals due to the development Cviji¢ G. Serotonin-producing enterochromaffin (EC)

. . . . cells of gastrointestinal mucosa in dexamethasone-
of insulin resistance and prediabetes that have been treated rats // Regulatory Peptides. — 2006. — No 64, —

shown in our previous studies (Karpovets, 2014). P. 30-39

Concll.lsion. Thus, it iS' shown that a 10.-Week 6. K.arpove.ts T. P., Konopelnyuk V. V., Galenova T. 1.,
consumption of high-calorie food resulted in the Savchuk A. N., Ostapchenko L. I. High-Calorie Diet
development of obesity in rats of experimental group as a Factor of Prediabetes Development in Rats //
due to excessive food consumption and, based on the Bulletin of Experimental Biology and Medicine. —
increased caloric content of HCD group feed, 2014. — Ne156. - P. 639-641
excessive energy accumulaﬁon and Causing an 7. Lissner L., HeltmannBL Dletary fat and ObeSity:
imbalance in the functioning of the central and evidence from epidemiology. // European Journal of

Clinical Nutrition. — 1995. — Ne49. — P. 79-90.

8. Sugimoto Y, Kimura I, Yamada J, Watanabe Y,
Takeuchi N, Horisaka K. Effects of serotonin on
blood glucose and insulin levels of glucose- and
streptozotocin-treated mice. // Japanese Journal of

peripheral serotonergic systems. These results
suggest a direct involvement of serotonin in the
pathogenesis of obesity and its complications,
indicating the need for in-depth study of the

functioning of the central and peripheral Pharmacology. — 1990. — Ne54. — P. 93-96

serotonergic systems for the development of new 9. Trayhurn P., Beattie J.H. Physiological role of adipose

methods of correction and prevention of obesity. tissue: with adipose tissue as an endocrine and
References: secretory organ. // Proceedings of the Nutrition

1. Makcumenko EJI.  VYpoeenp Tpuntopasna wu Society. —2001. — Ne60. — P. 329-339.

CEpOTOHHHA B YCIOBMAX CyaopoxHoi aktupHoctu 10. Weissbach H. A simptified method for measuring
rojoBHoro mosra. // Bicauk XapbKiBCbKOro Hall. serotonin in tissue; simultancous assay of both
yuiBepcuteTa uM. B.H. Kapasuna. Memurmna. — 2000. serotonin and histamine // The Journal of Biological
—No 494. — C. 40-43. Chemistry. — 1957. — Ne 230. — P. 865-871.

2. OscsunukoBa  T.B.Boposkosa  E.W.Illemykosa 11. World Health Organization. Obesity and overweight //
H.A.Kymikoe W.A. CoBpeMeHHBI B3NS Ha WHO Fact sheet. —2013. — Ne311. —P. 1-2.
npo6neMy M30BITOUHOM Macchl Tena u oxupenus. /  12. Kang, Y.M. et al. Serotonin modulates hypothalamic
Poccuiickuii BecTHHK akyepa-ruaekonora. — 2010. — neuronal activity // International Journal of
Ne2. - C.72-76 Neuroscience. —2004. — 114, Ne 3. —P. 299-319.

3. Tlonomapro II. X. Tlorenuiiina mneGesneunicts 13. Xiu-Hua Shen, Qing-Ya Tang, Juan Huang, Wei Cai.
mBKuAKoi ki // BicHuk JIbBIBCBKOI KOMEpLIHHOI Vitamin E regulates adipocytokine expression in a rat
akagemii. — 2009. — Ne10. — C.6-10 model of dietary-induced obesity. // Experimental

4. Astrup A., Buemann B., Western P., Toubro S., Raben Biology and Medicine. —2010. — Ne235. — P. 47-51.

A. Obesity as an adaptation to a high-fat diet: evidence

PO3BUTOK OKUPIHHS Y IYPIB BHAC/IITOK CIIO’KUBAHHS
BUCOKOKAJIOPIMHOI JIETU
T. I1. Kapnoseus, H.B. lllabanosa, B. B. KononenbHwok,

O. M. CaBuyk, JI. I. Octan4enko

36invuienns cnosicueanta npooyKmis, wo Maioms 6UCOKY KANOPIHICMb MOdice Hecmu 6 cO0i negHUll pUsUK PO3BUMKY OJICUPIHHSL,
Mma npoeoKyeamu GUHUKHEHHS MAKUX NAMOJOSIYHUX CMAHIE OpeaHi3My, AK nepeddiabemuunuil CmaH, yykposuil diabem 2 muny,
Mmemaboniunuii cunopom. Poskpumms mexanizmis, sKi aedcamv 8 OCHOGI NOPYWEHHS MemaboniuHux npoyecié 6 opeawizmi npu
HAOXOOMHCEHHI 3HAUHOT KITbKOCMI 8UCOKOKAIOPIUHOL iDIC, MOJice 00360UmMU 3aNPONOHYEAMU HOGI, NePCHEeKMUGHI Ni0Xo0u 00 KOPeKyii
NAMONOSIMHUX CIAHIB, MO8 SI3AHUX 3 YUMU NOPYUIEHHAMU. 36adcaiouu Ha nonepeoHi OaHi No 3ay4eHHIO CePOMOHIHEPSIUHOL cucmemu y
Ppo3sumok nepeddiabemuyno2o cmawy ma oiabemy 2 muny, npeocmasisic NnesHull iHmepec amaniz KOMNOHEHmIe yici cucmemu 3a
PO3GUMKY OICUPIHHA, WO CNPUYUHEHE CROJICUBAHHAM 3HAYHUX KilbKOCmell 6UCOKOKANopitinux npooykmis. IIpogedeno ananiz po3eumxy
OJICUPIHHA Y WYPIB, AKI 3HAXOOUNUCL HA GUCOKOKANOPItiHILl Oiemi, aka ckaadanacs 3i cmanoapmmuozo kopmy (60 %), meapunnozo sncupy
(10 %), aeys (10%), yyxpy (9 %), apaxicy (5 %), cyxoeo monoka (5 %) ma conawnuxogoi onii (1 %). Ilokazano suaumy sminy maxux
napamempie, AK CHONMCUBAHHA KOpMY, KiHyeea maca mina, indexc JIi, imdexc macu mina, y epyni wypie, wo Ompumyeaiu
BUCOKOKANOPIUHY Oiemy. 3uailoeni 3Minu Y Nepepaxo8aHux NOKA3HUKAX 2080psimb NPo HAOMIpHe HAKONUYEHHs MAcu mina y wypie
00COHOI epynu 6HACTIOOK po3eumky cinepgacii. Ilpoananizosano emicm cepomoHiny y cuposamyi Kpogi ma MO3KY NiOOOCAIOHUX
MBAPUH, GUKOPUCIMOBYIOUU MemOo0 [0HO-00Mminol xpomamoepaii na KM-cegpaposi. Tlokazano 3miny émicmy cepomoHiHy 6 MO3Ky ma
cuposamyi Kpogi meapum, sKi CHONICUSATU BUCOKOKWIOPIUHY 1Y, W0 ceiouums npo 0e3n0CcepeoHe 3any4eHHs. CePOMOHIHEePSIUHOT
cucmemu 6 namoecene3z odxcupinus. Ilposedeni O0CHiONHCeHHA NOKA3VIOMb NeSHY NEePCHeKMUSHICb y Oiibd NO2IUONIEHOMY aHANI3i
OKpeMUX KOMHOHEHMI6 Cucmemu MemabonizmMy CepomoHiHy 3a PO3GUMKY OJCUPINHA, CHPUHUHEHO20 CNOJICUBAHHAM HAOMIPHUX
KiTbKOCmell 6UCOKOKANOPIUHUX NPOOYKMIG.

Knrouosi crnosa: oswcupinns, sucokoxanopiiina diema, iHOeKc mMacu mind, CHOMCUBAHHS 1JICI, CEPOMOHIH.

Ooeporcano peokoneeicio 25.08.2014
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E®PEKTUBHICTDb BUPOILLYBAHHA ANABAENA HASSALII (KUTZ.)
WITTR. 3A PI3HUX YMOB KYJbTUBYBAHHAA

JI. M\.UEBAH, 1. B. MAJIIIIYK, B. P.JINCAK, M. M. MAPYEHKO

Yepniseybkutl HayionaneHuil yHisepcumem imeni FOpis @eovkosuua,
Yrpaina, 58012, m. Yepnisyi, eyn. Koyrobuncoxozo, 2
e-mail: larisa.cheban@mail.ru

Poboma npucsesuena oyinyi epexmugnocmi Kynibmugy8auHa anbeono2iyHo uducmoi kynvmypu Anabaena hassalii
(Kutz.) Wittr. Ha pisnux cepedosuwax. IIpooykmueHicmv Kynbmypu aHALI3y8anu 34 HAKONUYEHHAM OLIKYy ma
gomocunmesyroyux niemenmis (xa0poginy a ma KapomurHoidig). Jlocnioxcysany 8000pOCmib  GUPOULYBANU HA
wmyunomy cepedoguwyi Dimyoacepanvoa Ne 11 6 moougpixayii Llendepa i I'opxema ma ma 600i i3 ycmanogok
3AMKHYMO20 800ONOCMAYAHHA, CMAHOAPMU308aHTll 3a nokasHukamu pH ma 3aeanenoi minepanizayii. E¢exmusnicmo
KVIbMUBY8AHHA MIKPOB0OOPOCMI HA CKUOHIll 800i He GiOpI3HANACL 8i0 MAKOI 3a YMO8 GUKOPUCMAHHA WMYYHO20
cepedosuwja. B npoyeci xynomugysanusi Ha 000X O0CHIONCYBAHUX CEPeOOsUUax GiOMiueHe Nocmiline 30L1bUleHH s
biomacu, wo cseanra c6o2o makcumymy Ha 40 000y. I100i6ni mendenyii 6cmanosieni i npu 6USUEeHHI OUHAMIKU MICIY
3aeanvHo2o Oinka ma xaopoiny a. MaxcumanoHum emicmom Oinka, wo 3Haxoouscs 6 medcax 22-23 %, kynomypa A.
hassalii xapaxmepu3syeanacs Ha 40 000y eupougyeanns. Takoosic 00 30 000U Kyibmugy8aHHs 6KIIOYHO CHOCMEPIeanoch
nocmynoge 30LIbUleHHA KITbKOCmi X10po@iny a, wo cseano piens 17-21 me/e cyxoi 6iomacu Ha 060x cepedosuuyax
KyIbmugy8anHs. Biomiuene ninitine HakonuueHHs Kapomuroidie ¢ kiimunax A. hassalii enpodoesic 6cboco mepminy
Kynomugygauus. Maxcumanvhuti émicm kapomuHoioie npunadae na cmayionapHy ¢azy pocmy xyaemypu A. hassalii na
000x srcusunbHUX cepedosunax. Kyiemusyganus mikpogooopocmi A. hassalii six na cepedosuwi @imydorcepanvoa, max
i Ha 600i i3 pub0BOOHOI YCMAHOBKYU MAE NOJIOHI meMnu pocmy ma 0036019€ OMPUMAMU AKMUBHO POCMYYY KYIbMYDY,
WO Xapaxmepuzyemvca NOCMIUHUM NPUPOCMOM 0IOMACU, BUCOKUM BMICTIOM 3A2albHO20 OLIKA A OCHOGHUX
gomocunmesyrouux niemenmie. OmMpumany maxum YUHOM NPOOYKMUGHY KYAbMYPY MONMCHA SUKOPUCTHOBYSAMU O
no0anLWOi nepepodKU 4 HPOOOBIHCYBAMU NACANCYEAMU HA CEIHCOMY HCUBUTLHOMY CepedosUlYyi.

Kmiouosi cnosa: Anabaena hassalii, 6iomaca, xnopo@in a, kapomunoiou, cKUOHI 600U I3 pubOBOOHOI YCMAHOBKU
3AMKHYMO20 8000NOCMAYAHHS.

Beryn. [lepeBaroro 6ioTexHOMOTIH € Te, 10 TpU
KOHTPOJIbOBAaHOMY KyJIbTUBYBaHHI
(OTOCHHTE3YIOUHX  MIKPOOPraHi3MiB  MPaKTHYHO
HeMae BTpaT LiHHOI 0ioMmacH, SKy BUKOPHCTOBYIOTbH
SK B HAaTUBHOMY, TaK 1 B MepepoOJICHOMY CTaHi
(3omoraproBa, 2008). BaknmuBuM TIpH IIOMY €
HETOKCHYHICTh OTPUMAaHOI aJlbroMacH, IO JA03BOJISIE
3aCTOCOBYBATH ii B SKOCTi Xap4OBUX Ta KOPMOBHX
nmob6aBok uu mpemikcis (Makaposa, 2009).

MoXIHUBICTh BCeOIYHOTO BUKOPHUCTaHHS
MIiKpOBOJOPOCTEH TOTpedy€e aKTUBHOTO CKPUHIHTY
BHCOKOTIPOTYKTHUBHUX INTaMiB i ONTHMi3aIlif0 yMOB
iX KyJIbTHBYBaHHS 3a MOKa3HUKaMU IPOYKTHBHOCTI
IBroKyneTyp. s BCTaHOBICHHA €(EeKTHBHOCTI
KyJIbTUBYBaHHA  MIKpPOBOJOPOCTEH  BH3HAYAIOTh
npupict OiomMacw, CyMapHUH BMICT OiNKiB Ta
MITMEHTIB, SKIi € CTPOr0  BUIOCHEIH(IYHOIO
o3Hakoro (Kapmam, 2010). MinepanpHuii CKJIan
KUBHUJIBHOTO CEPEJOBUINA 1 YMOBH KyJIbTHBYBaHHS
3MIHIOIOTh  CIIiBBIJHOIIEHHS  (DOTOCHHTETUYHUX
HirMeHTiB, (pakuidHui ckiuax OUIKIB Ta 3HAYHO
BIUIMBAIOTh Ha IPOAYKTHBHICTH MiKpPOBOIOPOCTEH
(Mymmak, 2007).

Bionoriuni cucremu. T. 6. Bum. 2. 2014

HaliBaxxnuBinmMu eJeMEHTaMU  MiHEpaJIBbHOTO
KUBJIEHHS aJIbTOKYJNBTYp € HEOPTaHIYHWU BYTJIEb,
pisai popmu aszory (NH, ", NOs”, NO,) Ta docdop.
B Toif ke wac, MMPOKHUI Jianma3oH ajanTaliifiHuX
MOKJTMBOCTEH MIKpOBOJOpOCTEH JIO3BOJISIE
BUKOPHCTOBYBaTH I iX  KyJbTHBYBaHHS
KOMIUICKCHI JKUBUJIbHI CEPEJIOBHINA Ta CTIYHI BOJIU
pizHoro moxomxenns (['omy6, 2013, Makaposa,
2009). B sKOCTi XUBHIBLHOTO CEPEIOBHINE MOXHA
po3rasaatd 1 CKMAHI  BOAM i3 PUOOBOJHHUX
YCTaHOBOK, sIKi 30araueHi OiOreHHUMH €JIEMCHTaMH,
30KpeMa pi3HUMH QopMaMu a30Ty. Takwid Mmiaxin
JIO3BOJIUTH 3HAYHO 3MEHIIUTH BUTPATH Ha KUBHIBHI
cepelioBHIA 1 TpPH LBOMY OTpHUMaTH Oiomacy
MIKpOBOJIOPOCTEH, 30araueHy IiHHUMH CIIOTYKaMH.

Meroro gaHoi poboTtu Oyna omiHKa e(heKTHBHOCTI

BUPOIIYBAaHHS  aJbrOJIONIYHO YHCTOI  KYJIBTYypHU
Anabaena  hassalii  (Kutz.) Wittr. 3a  ymoB
3aCTOCYBaHHS INTYYHOT'O TOXKHBHOTO CEPEIOBHUIIA
Ta CKUOHMX BOA 13 pPHOOBOJHOI YCTaHOBKHU
3aMKHyTOro Bojonoctadanus (Y3B).

Marepianiu Ta  metoam.  JlochmimkeHHS

MPOBOJAWIIHM 3 BHKOPHCTAHHSAM aJblOJIOTIYHO YHCTOT
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KyJIbTypH CHHBO-3€JIeHOI BomopocTi A. hassalii
(HPAP), otpumanoi 3 kosekuii [HCTHTYTY
rizpobionorii HAH Ykpainu.

MikpoBOIOPOCTh KYJIBTUBYBAJIM B CTEPUIBHHUX
yMoBax Ha cepezoBuini dDitiypkepanbaa Ne 11 B
momudikanii Llengepa i [opxema (3omoraprosa,
2008) Ta Ha ckumHEX Bomax i3 Y3B. Boay
aBTOKJIaByBaim Tipu Temreparypi 121 °C mpoTtsirom
30 xB Ta cTaHAAPTHU3YBaAIH 3a rokasHukamu pH (7,5 —
8) Ta 3arampHOi MiHepamizamii (4955 ppm).
KynsTuBYyBaHHS MpoBOAMIN B Koji0ax Epnenmeiiepa
o6’emom 500 mn mpum Temmeparypi 21 £ 2°C,
OCBITJICHHI JIFOMIHECIICHTHUMH JIaMIIaMH OJIN3BKO
2500 5k ta 16-ti roquaHOMY (oTorepioni ("alicuHa,
2008). IHOKymAlif0 MPOBOAMIIM Y CIiBBIIHOIICHHI
THOKYJIAT : )UBHJIbHE cepenopuiie - 1:10.

Kinekicte Oiomacn BH3HaYanmu 3a TYCTHHOIO
KyJlbTYypH 3 BUKOPHCTaHHAM ONTHYHMX IIOKa3HUKIB
npu 450 ta 750 um (I'ynsunosud, 2005) na CD-46.
[lepexin Big omuHUIB onTUYHOI rycTUHU (D7s0) 10
BENIWYMHU abcomoTHO cyxoi Oiomacu (ACBH)
3IIHACHIOBAJIH Yepe3 eMIIpUIHUHN KOeQIIieHT k:

ACb=kx D75().

Koediuienr k£ (kK = r/n/op.onT.rycTuHu) mms
KynbTypu A. hassalii BU3HAYaIH eKCIIEPUMEHTATBHO
y TpbOX He3anekHuX nmoBropax (I'opbyHosa, 2010).

CycrieH3ito  MIiKpOBOJIOPOCTI IEHTpU(YTYyBaIn
npu 8 THc. 00./xB. mporarom 15 xB Ha Biofuga
stratos  “Herauses”. Y  OBOAZHEHMX KIITHHaXx
BU3HAYAIU KiNbKicTh OuIKy (Bioximis rizpo6ioHTiB,
2009), xnopodiny a (Campbell, 1998) Ta cymapHux

KapOTHHOIIiB (Sanchez, 2008), OTpUMaHi
[IOKa3HUKHM IIepepaxoByBald Ha aOCOJIOTHY CyXy
Macy. Micns HeHTpUyTyBaHHS 6iomacy

MiKkpoBoJopocTeli nesinterpyBanu Ha Y3IH-2T.
[lirMmeHTH excTparyBajil i3 KIITHH MiKPOBOIOPOCTI
100 % aneroHoM. CIIEKTpH EKCTPAaKTiB IITMEHTIB
BUMIipIOBaiM crnekrpodoromerpuuHo Ha CD-46 B
niamaszoHi qoBxkuH xBuib 400 — 800 aM. Po3paxyHok
KOHIIEHTpaIlii MIrMEHTIB MPOBOIWIN 32 QOpMyJIaMH
(Geffrey, 1975) 3a 3Ha4YE€HHSMHU ONTUYHOI T'yCTHHU

Opu  JIOBXKHHAX  XBHJb, M0  BIAMOBIIAIOTH
MakCUMyMaM TIOTJIMHaHHS  xjopodiry a Ta
CyMapHUX KapOTHHOIIiB.

B mpomeci KyInbTHBYBaHHS — KOHTPOJIFOBAIU

¢dhizuko-ximiuHi mokazHuku: pH (iomomerp U-160
MU) Ta 3arajgbHy MIiHEpaTi3allil0 CEepPeIOBHINA
(xormykTometp Water Quality Tester COM — 100).

Bwmict y Boai pO3YMHEHOr0 KHCHIO, aMOHilO,
HITPUTIB, HITpaTiB Ta (QocdariB BH3HAYATH 3a
3arajlbHONPUHHATUMHA TigPOXIMIYHUMH METOJAMH
(Metomu, 2006).

EdexTuBHICTE BHpONIYBaHHS OIIIHIOBAIA B
IVHAMIIl KyJbTHBYBaHHS Ha 5, 10 Ta HacTymHi
koxHi 10 1i6 1o 60-0i 106K BKIIOUHO.
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CratuctnaHy OOpoOKy OTPHUMAaHHX pe3ylbTaTiB

MIPOBOJIMIIH 3a JIOTIOMOT'OFO POrpaMHOro
3abesneueHHss ~ Microsoft  Exel.  BimminHocTi
OTPUMAaHHUX pE3yJbTaTiB, BIPOTIAHI TPH PiBHI

3HauumMocTi p < 0,05 3a kpurepiem Ct’10/eHTA.

PesyabTatn Ta oOroBopenns. OnHuM i3
MOKa3HUKIB CTaHy allbTOKYJIBTYpP € MPOIAYKTHBHICTh
(dboTocuHTE3Y, AKY MO>KHA OITIHUTH 3a
HaKOMMYEHHSIM TepBUHHOI Oilomacu (OTypuHa,
2010). lIBuakicte pocTy OiomMacw B TEpIIy Yepry
3aJIeKATH Bifl CKIIaAy >KHBHJIBHOTO CEepeloBHIIA Ta
YMOB KyJIbTHBYBaHHS (IHTCHCHBHICTh OCBITJICHHS,
TPHUBAIICTH (OTOMEPIONy, TEMIIEPATYpa, TOIIO).

Hamri nociimkeHHsT 3acBiMYuMIIN, O BIPOIOBK
nepmux S5 ai0 BupouryBanHs A. hassalii Ha
cepenosuil diTiypKkepalbia Ta HA CKUIHUX BOJAX 3
VY3B, cnoctepiraeThcsi HU3bKa POCTOBA aKTHBHICTh
KyJIbTYpH, IIIO, OYEBUIHO, 3YMOBJICHO aJaNTaIli€io
MIKpOBOJIOPOCTI 10 HOBUX ymoB (puc.lA). 3 10-i
nOoOM  KyJIbTHBYBaHHS  BiIMiY€HO  TIOCHJICHHS
pPOCTOBHX TIPOIECIB B JOCIHIDKYBaHIN KyJIbTYypi.
HaiiinTeHcuBHIIIME picT OiomMacu crioctepiraBes y
nepion 3 10-i go 40-i 1oOu KynbTUBYBaHHS, Ha SIKY
MIpHITaJa€ MaKCUMAallbHA MPOIYKTUBHICTE KYJIbTYypH
A. hassalii. Ilounnatoun 3 40-i 100K EKCIIEPUMEHTY
KUTbKICTh  OioMacu MOHOKYNbTypu A. hassalii
MOYMHAE 3HWKYBATHCS, OCKUIBKHA allbIOKYJIbTypa
mepexoauTh y (asy BimMupaHHsa, a ii  picT
JIMITY€EThCS 3MEHIICHHSM JOCTYIHUX >KUBHIbHHUX
€JIEMEHTIB Ta HaKOIMYEHHSIM MPOAYKTIB
MeTaboJIi3My B KYJIbTypaabHIN PiaHHI.

Y  ekcnioHeHUiWHIM (a3l mapanensHO 3
IpUPOCTOM OiOMacH aKTHUBYIOTBHCS TaKOX IPOLIECH
OiocuHtesy. Ha mpoMy erami MiKpOBOAOPOCTI
MIPaKTAIHO HE 0OMeXeHi KOMITOHEHTaMH
MiHEpaJIbHOTO  JKHMBJIICHHS, TOMY SKICHUH Ta
KUIBKICHUH CKJIaL OlIKa B KJIITAHAX
XapaKTePHU3y€ETHCS HaBUIINM BMiCTOM
(MikpoBomopocti, 2007). Hamu  Big3Hauene
MOCTyIoBe 30iIbIIeHHA BMicTy Oinka (puc. 1B) B
kimitiHax A. hassalii 3 10-i mo 40-By mo0y
KyJIBTUBYBaHHS, sIK Ha cepenoBuii DiTiypkepaibaa,
Tak i Ha Bogi i3 Y3B, mo Ha 40 100y excriepuMeHTy
cAralii  MaKCHMalbHMX 3HadyeHb. Kpim ToOrO,
MTOCTIMHUI KOHTPOJH (Pi3UKO-XIMIYHHX IMTOKA3HUKIB
CTaHy KYJIBTYPabHOTO cepeoBHIIa JaB
MOXJIMBICTh BCTAHOBUTH OITUMAJIbHY TPUBANICTh
KyIbTUBYBaHHA A. hassalii, ska ctaHoBUTH 40 mi0.
Came 3a Takuil TepMiH BIA€TbCS OTPUMATH aKTUBHO
pOCTY4y  KYyJNBTYpY, IO  XapaKTepU3yeThCS
MaKCHUMAaJIbHOIO KUIBbKicTIO Oiomacm (4-5 1/1) Ta
BMicTOM Oinka y cyxiii maci Ha piBHi 23 %.
OTpuMaHy TakuM YUHOM MPOIYKTHBHY KYJIbTYPY
MOXHA  BHKOPHCTOBYBATH  JUIA  TIOAAJBIIOL
nmepepoOKd YW TPOAOBXKYBATH TIMacakyBaTH Ha
CBI)KOMY >KHBWIILHOMY CEPEIOBHILI.
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Puc. 1. Pigenv diomacu (A) ma kinekicmo 3a2aibH0o20
oinka (B) ¢ kynomypi A. hassalii

[IpoayKTHBHICTE  QNBrOKYJIBTYP  OI[IHIOIOTh
TaKOXK 3a MOKa3HUKAMHU HAKOTTUYCHHSI
(hOTOCHHTE3YIOUHMX TITMEHTIB, 30KpeMa XJIopodiTy

a, SKWA € €IMHUM TUOOM XJopodity vy
HiaHOOAKTEePiid. 3anexHicTh e(eKTUBHOCTI
(dboTocWHTE3y  Bil  €IIEMEHTIB  MiHEpPaJIHHOTO

JKUBJIEHHS BU3HAYAETHCS 1X HEOOXIAHICTIO SK JUIA
(hopMyBaHHS POTOCHHTETHYHOTO amapary, TaK i JUIs
HOr0 OHOBJIEHHS B Ipoueci (QyHKIIOHYBaHHS
(Sanchez, 2008).

3a3Buyail TMHaMika KOHLEHTpauii xJopodiny a B
mporeci KyJIbTUBYBAaHHS CITIBIIAZa€ 3 JUHAMIKOIO
30UTBIIEHHST KOHIIGHTparii KIITHH y KyJIbTypi
(bopoBkos, 2012). Ilpu kyneruByBaHHi A. hassalii
TaKOX  CIOCTEpirand MOCTYNMOBEe  30UIbILCHHS
KITBKOCTI  XxJopodily @, [0 CATald  CBOTO
MaKCHMyMy B CTalllOHapHii ¢a3i pocTy KyJIbTypH
(puc. 2A). Tak, «kinekicTh XxJopodiny a B
MOHOKYIBTYpi A. hassalii mig dac iHOKyJsmii Ta
MPOXOKEHHS [ag-ha3m Maibke He BiIpi3HSIIACE.
[Hounnatoun 3  10-i goO6u  KyJIbTHUBYBaHHS

H cepeoBune
DiTyrKepaIbaa

25

20 YCTAHOBKH

15 -

MI/T CyX01 CHPOBHHH

10 -

60 Aobda

1 5 10 20 30 40 50
A

Puc. 2. Bumicm xnopoghiny a (A) ma kapomunoiois (B) ¢
kynomypi A. hassalii.

Biosoriuni cucremu. T. 6. Bum. 2. 2014

BO/1a i3 pHOOBOAHOT

B

Fig 1. The level of the biomass (A) and protein content
(B) in the culture of A. hassalii

CIOCTEpIranoch MOCTYNOBE 30iJbIICHHA KiTBKOCTI
mirmenty. Ha 30 mo0y ekcriepuMeHTy 3Ha4eHHS
BMicTy xjopodiny a B wmtuHax A. hassalii 0ymm
MaKCUMaJbHUMHU, 1 csramu 21,2 Mr/r cyxoi MacH 3a
YMOB KyJIbTUBYBaHHS Ha CepeIoBHILI
diTiypkepanpna Ta 17,2 Mr/r cyxoi Macu TpH
BUpOILyBaHHI Ha Bofi 13 Y3B.

[lpu mnopmanpmiOMy KyJIBTUBYBAaHHI BigMiueHe
HE3HAYHE 3MEHINEHHS KIIBKOCTI XJopodiny a Ha
000X JKMBWIBHUX CEpEIOBHINAX. TaKy JIWHAMIKY
MNIrMEHTIB B LHMKJ POCTY aJblrOKYJIBTYPH MOXKHA
MOACHUTH  OCOONMBOCTSMH  HAKOIHMYYBaJIbHOT'O
KyJIbTUBYBaHHS. Tax, npu TPUBAJIOMY
KyJbTHBYBaHHI  30UIbIIEHHS  KUIbKOCTI  KIIITHH
NPU3BOAUTH OO  BHCHAXKEHHS  KMBHWJIBHOTO
cepemoBuma Ta AedinmuTy OeSTKAX MiHEPaTbHUX
peudoBuH. B Toif ke yac, crocrepiraeTbes 3aTiHEHHS
KyJIBTYPH MIKPOBOJOPOCTE BHACHINOK i BHCOKOi
LIJIBHOCTI, 10 MHOCTYNOBO  HPU3BOIUTH IO
BCTAHOBJICHUX HAaMM 3aKOHOMIPHOCTEH pPO3BUTKY
MOHOKYJIBTYpH A. hassalii.

10
MW cepenoBuie DiTiKePaIbaa

9

BOJA i3 puOOBOIHOT
YCTAHOBKH

MI/T CyX0i CHPOBHHH

n06a

Fig. 2. The content of the chlorophyll (A) and
carotenoids (B) in the culture of A. hassalii
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3MiHM  KUIBKOCTI  CyMapHUX  KapOTHHOIMIB
BiIOOpakaloTh  aJalTHBHI  BJIACTUBOCTI  KJIITHH
MIKpPOBOJIOPOCTEH Ta 3HATHICTh aIbTOKYJIBTYPH
MPUCTOCOBYBAaTHUCh  JIO yMOB  KYJbTHBYBaHHS
(I'ynBunosuy, 2005). KinpkicHuii CKJIaj
KapOTHHOIMIB B KIITHHAX I[iaHOOAKTepili Moxke
KOJIMBATUCS B 3aIOKHOCTI SK Big ¢asm pocty
ANBbrOKYJbTYPH, TaK 1 BiA KUIBKOCTI JOCTYITHHX
OIOTeHHHUX €JIEeMEHTIB KHBHIIGHOTO CEpEeIOBHIIA,
30kpema azory Ta (ochopy (Komapucras, 2010).
Tak, HaMM BiIMIYEHO, IO MaKCHUMAaILHUHA BMICT
KapOTHHOIIIB MPUIIAJIA€ HA CTAIliOHApHY (a3y pocTy
kyabrypu A. hassalii (puc. 2B). Ha 30 moOy
KyJIbTHBYBaHHS 1I€H MOKa3HUK csAraB 6,23 Mr/T cyxoi
Macu npu 3aCTOCYBaHHI cepeIoBHIIa
ditmmkepanpna i 5,58 Mr/r cyxoi macu mpu
BHUpOINyBaHHI A. hassalii ma Bomi i3 Y3B. Ilpm
MOIaTBIIOMY KYJIbTUBYBaHHI KiJIBKICTB
KapoTHHOINIB B KiithHaX A. hassalii  pemo
30UTBIITyBaJIach, OAHAK JOCTOBIPHO HE BiIpi3HSIACS
BiJl MaKCHMaJbHUX 3HA4Y€Hb, BCTAHOBJIEHHX Ha 30
no0y KyneTHBYBaHHs. [lpum 1mpomMy nuHamika
HaKONHMYEHHS KapoOTHHOINIB HE KOopemooBana i3
TaKOI0 TPHU BU3HAYEHHI KUTBKOCTI Xjiopodiny a Ta
KUTbKOCTI OioMacu. Ha BiaMiHy Bij ABOX OCTaHHIN
[MOKA3HUKIB HAMHU BiIMideHE JIiHIHE HAKOIMUYECHHS
KapOTHHOINIB B KITHHAX A. hassalii BIPOIOBXK
BCHOTO  TEPMiHY  KyJbTHBYBaHHS Ha 000X
JKUBWJIBHUX CEPEIOBUIIIAX.

Otxe, KynbTUBYBaHHS A. hassalii Ha CKUTHUX
BoJiax i3 Y3B 103Bosisic OTpUMATH aKTHBHO POCTYUY
KyJAbTYpy, 1[I0 XapaKTEePHU3YEThCH  IMOCTIHHHUM
IIPUPOCTOM OiOMacH, BHCOKAM BMiCTOM 3arajbHOTO
Oilka Ta OCHOBHMX (OTOCHHTE3YIOUMX IIITMCHTIB.
[pu 1BOMYy edeKTUBHICTb KyJIbTHBYBaHHS Ha
3BOpOTHiH Boi i3 Y3B npakTu4Ho HE BiApi3HIETHCS
Bill Takoi 3a YMOBH BHKOPHCTAaHHS INTYYHOTO
cepenoBuia DiTIypKEpabIA.

3acrocyBaHHs B SIKOCTI JKUBUIIBHOTO
CepeIOBHINA CKUIHUX BOJI i3 pHOOBOIHOI yCTAHOBKH
JaCTh MOXKIIMBICTh 3HAYHO 3HU3HMTH COOIBAPTICTh
010TEeXHOOTIi OTPUMAaHHS aJbrOMacH Ta IPU HBOMY
JIO3BOJIUTHh 3BUIBHUTH CKHIHI BOIW PHOOBOIHHX
CUCTeM BijJ 010T€eHHUX EJIEMEHTIB.
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THE EFFICIENCY OF GROWING ANABAENA HASSALII (KUTZ.) WITTR.
UNDER DIFFERENT CULTIVATION CONDITIONS

L. M. CHEBAN, I. V. MALISCHUK, V. R. LYSAK, M. M. MARCHENKO
Chernivtsi National University named after Y. Fedkovych,
Ukraine, 58012, Chernivtsi, Kotsiubynsky 2 Str.
e-mail: larisa.cheban@mail.ru

This paper is devoted to the estimation of cultivation efficiency of the unialgal culture Anabaena hassalii (Kutz.)
Wittr. on the different kinds of medium. The productivity of culture was analyzed by the accumulation of protein and
photosynthetic pigments (chlorophyll a and carotenoids). The investigated algae was grown on the Fitzgerald’s
artificial medium number 11 in the modification of Zehnder and Gorham and on the water from RAS (Recirculation
Water System), that was standardized with the indicators pH and total mineralization. The efficiency of A. hassalii
cultivation on the waste water did not differ from the efficiency of cultivation on artificial medium. During the
cultivation on both investigated media it was noted the constant increase of algae biomass, that has reached its
maximum on the 40-th day. The similar tendencies were set also during the study of total protein content dynamics and
chlorophyll a dynamics. The culture of A. hassalii was characterized with maximum content of total protein, that was
within 22-23% on the 40-th day of cultivation. It was also observed a gradual increasing of the number of chlorophyll
a, which have reached the level of 17-21 mg / g of the dry biomass till the 30-th day of cultivation inclusive on both
culture media. It was noticed a linear accumulation of carotenoids in the cells of A. hassalii during the whole period of
cultivation. The maximum content of carotenoids is observed in the stationary growth phase of culture A. hassalii on
both nutrient media. The cultivation of microalgae A. hassalii on the Fitzgerald’s medium and on the water from RAS
has similar growth rates and allows to get the actively growing culture that is characterized by constant increase of
biomass, high content of total protein and major photosynthetic pigments. The resulting so productive culture can be
used for further processing or can continue to cultivate of the fresh culture medium.

Keywords: Anabaena hassalii, biomass, chlorophyll a, carotenoids, waste water from recirculation water system
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BMICT ECCEHIUAJIBHUX MIKPOEJIEMEHTIB VY NIIIIIJIYHKOBIA
3AJ1031 LIIYPIB B YMOBAX TPUBAJIOI HIJTYHKOBOI
T'IOXJIOPI'IAPII TA ITPU BBEJAEHHI MYJIbTUITPOBIOTUKA

K. O. IBOPILIEHKO

HIJI «bioximiiy 6iodinenns bionociynux i 6iomeduunux mexwonoiu HHIL] «Incmumym 6ionozii»
Kuiscvroeo nayionanvnoeo ynieepcumemy imeni Tapaca Illesuenxa,
e-mail: k21037@gmail.com

Iamonoeciuni cmanu 6epxHb020 800Uy ULTYHKOBO-KUULKOBO20 MPAKIMY, SIKI CYRPOBOONCYIOMbCSL 3HUINCCHHAM CUHME3Y
2I0POXTIOPUOHOI KUCTIOMU, MONCYMb NpU3secmu 00 2inepeacmpunemii, oucbiozy ma Hasimv NyXauHam uityhka. bitbwe
mo2o, mpueand 2inoayuoHicmv, GUKIUKAHA IH2IOImopamu NPOMOHHOL NOMAU, € (PAKMOPOM PU3UKY OIS PO3GUMKY
20CMpo2o NAHKpeamumy ma Hasimv MmanieHizayii niownyrkogoi 3anosu. Ha cboeooniumil 0env 3azanvui paxmopu ma
MEXAHIZMU CIMPYKIYPHO-(DYHKYIOHAbHOL peopeanizayii niOuIyHKOGOT 3a03u npu MpUeanitl WLyHKOSIU 2INoXaopeiopil
susueHi  Hedocmammuvo. [[na  GIOHOBNEHHA — 20MeOoCmdA3y  ULIYHKOBO-KUWIKOBO2O — MPAKMY  3ACMOCO8YIOMb
MYTbMUNPOOIOMuUKY, SKi 80100iI0Mb WUPOKUM CheKmpom 0ionoziunoi axmuernocmi. Baowcnuey izionoziuny ponv 6
Opeauizmi  BUKOHYIOMb MIHEpAIbHI pedosuHu, AKi 3abe3neyyioms 6ci npoyecu dcummeoianvhocmi. JlocnioxceHno
mikpoenemenmuuii cknao (V, Cr, Mn, Fe, Co, Cu, Zn ma Se) niOuisiyHKO80i 3an03u wypie npu mpusaiomy npueHiueHHi
KUCTIOMHOI  ceKpeyii WIYHKA ma npu 88e0eHHi Myrbmunpobiomuyno2o npenapamy. Jlocniou npogoounu Ha Oinux
HeLHITHUX cmamego3pinux wiypax-camysix. 1inoayuonuii cman Mooeniosanu HympiuiHbouepegnum eedenusim 14 me/ke
omenpazony 1 paz na 006y npomsicom 28 0i6. Ilfypam inwoi epynu 0OHOYACHO 3 6BEOCHHAM OMENPA30LY NEPOPAILHO
6800unu mynemunpodiomux y 003i 0,14 mn/ke. Konmponvnum wyypam 28 0i6 e6oounu eHympiwnvouepesno 0,2 mn ma
nepopanvro 0,5 mn 600u 0ns iH exyiil. Busnauenns emicmy MiKpoenemMenmis y mKaHuHi NiOULTYHKOBOT 3a7103U NPOBOOUIU 3
BUKOPUCIAHHAM Memoody MAac-cnekmpomempii. Bcmanosneno, wo y wypie npu mpusaiill ULIYHKOGIL 2inoxaopeiopii y
NIOUWLTYHKOBI 3a1031 3HUIICYEMBCSL BMICH MAP2AHYIO, MIOL, YUHKY MA CelleHy, NPU YbOMY 3POCHAE PIBeHb BAHAOII0, XPOMY,
saniza ma kobanvmy. Ilokazamo, wo MmyIbMunpoOiOMUK CHpUse BIOHOGIEHHIO NOPYULEHO20 MIKPOeIeMeHMHO20
2omeocmasy 8 O00CHONHCYBAHOMY OpeaHi Wypie 3 SINOAUUOHUM CMAHOM ULIYHKA, WO 6KA3YE HA BANCIUSE 3HAYEHHS
HopMmoghnopu y niompumyi QhizionoeiuHo2o pieHs 00CTIOHCYBAHUX MIHEPATLHUX PEUOBUH.

Kniouosi cnosa: mpusana winynkosa 2inoxaop2iopis, NiOULIyHKO8A 3471034, MiKpoenremMeHmu, Myiomunpooiomux

Beryn. YV cmekTpi 3axBOpIOBaHb IITYHKOBO-
kutkoBoro Tpakty (LIKT) 3HauHe micue 3aiiMaioTh
rirmoanuaHi CTaHU. 3HWKEHHS  KHUCJIOTHOCTIL
LIUTyHKOBOIO  COKYy  MNpPHU3BOAMTH 10  TaKuX
HETaTHBHUX HACHIJIKIB SK TOPYIICHHS TpaBJICHHS,
rinepracTpuHeMis Ta AUCOiO3U, SKI CHPHUSAIOTH
(dhopmyBaHHIO 3amaJIbHAX MIpoIIeCiB Ta
HEOIUIACTUYHUX 3MIH y OpraHaxX TPaBHOI CHUCTEMH.
BaraTto ¢axiBIliB po3risgar0Th TPUBAII TiMOAIMIHI
CTaHU LIUTyHKA K BAXJIMBY Cy4acHy HpoOiemy, 1o
norpedye po3poOku e(PEeKTUBHUX METOMiB st ii
npodilakTUKH Ta JIIKyBaHHS. 30KpeMa, AJIsl KOPeKIii
OUX PO3NIAAIB BApTO BUKOPHCTOBYBATH MPOOiIOTHYHI
mpenaparu, ski 37aTHI eQeKTHBHO Ta Oe3medHo
BiZTHOBJIIOBATH MOpYIIEHHH MiKpo0ioIeH03
OpraHi3My Ta CIPHUATH BIIHOBJICHHIO CTPYKTYPHO-
(hyHKITIOHATTFHOTO CTaHYy OpTraHiB TPaBHOI CHCTEMH
(Lu et al., 2010; Gratz et al., 2010). 3rigHo gaHUX
JiTepaTypH Ta NPOBEACHUX HaMH JOCIIIKEHb iCHY€

3B’SI30K MIK TPHUBAJIOIO IITYHKOBOIO
TITOXJIOPTiAPI€I0  Ta  MOXJIMBHM  PO3BUTKOM
MaTOJNIOTIYHUX 3MIH Yy HiANUTYHKOBIH  3ano3i
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(Sundstrom et al., 2006; Youssef et al., 2005;
JBopienko Ta iH., 2013).

Baxnupe izionoriuHe 3HaYeHHS B OpraHi3mi
BHKOHYIOTh MiHEpaJibHI PEYOBHHH. BOHHM BXOIATH
0 CKJany KIITHH 1 TKaHMH Ta 3a0e3MeuyroTh BCI
MPOIECH JKUTTEIISUIBHOCTI: OOMIH PEYOBHH, PicCT,
MUXaHHSA, KPOBOTBOPEHHS, POOOTY LIEHTPaIbHOI
HepBOBOi cuctemMu Ta iH. (Haropuas u mp., 2008) 3a
cTyrneHeM  (hi3i0JIOTIYHOTO 3HAYCHHSI CJICMEHTHU
MOMIUIAIOTh Ha JKUTTEBO BaXKIWBI (€CEHITIAIbHI), 10
SKUX HaynexaTh Bci Makpoenementu (H, O, N, C, Ca,
Cl, F, K, Mg, Na, P, S) Ta 8 mikpoenementis (Cr,
Cu, Fe, I, Mn, Mo, Se, Zn) Ta yMOBHO ecCeHIliallbHi
(B, Co, Ge, Li, Si, V), sKi € )KUTTEBO HEOOX1THIMH,

ale 3a YMOB HQUIMINKY 3/4aTHI BHUKJIWKATH
MATOJIOTIYHI 3MiHH B opraHi3Mmi. ToMy BiIXuiIeHHS B
KOHIIGHTpaIlii  XIMIYHUX  €JIEMEHTIB  MOXYTh
BUKJIMKATH MOPYIIEHHS pi3zHOTO CTYHCHS
BUP@XEHOCTi:  (i3iojoriyHi 3MiHM B  Mexax
3BUYAHOT  peryJsuii; 3HaYHI  TOPYIICHHS
MeTabonizMy Ta  cuermudiuHi  3aXBOPIOBAHHS

(Fopenora u ap., 2005; Mononogeis, 2008).
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B 3B’SI3Ky 3 BWINEBHKIANCHUM METOIO POOOTH
OyIo BUBYUTH MiKpOeJIleMeHTHHUH CKIIaj
MiAIUTYHKOBOI 3ajl03M LIypiB NpH TiNOAUIHOMY
cTaHi MIUTYHKA Ta pu BBEJICHHI
MYJITUIIPOOIOTHYHOTO ITperapary.

Marepianu Ta METOIH. Hocmimxenus
MpOBeZIeHI Ha OUTMX HENiHIHHUX CTaTeBO3PLINX
nrypax-cammsgx Macoro 160-200 T 3 moTpUMaHHIM
3arajJbHUX CTUYHUX TMPHUHIUIIB SKCIIEPHUMEHTIB Ha
TBapuHaX, yXBajJeHUX llepmmM HaliOHANBHUM
KOHTpecoM Ykpainm 3 Oioetukm (Bepecenb 2001
POKY), IHIIMX MDXKHAPOJHHUX YTOJ Ta HAIliOHAJIHHOTO
3aKOHOAABCTBA y Wi ramy3i. 3a go0y 1o
MIPOBENEHHS EKCHEPUMEHTY TBAapUH MiAgaBaju
Xap4oBiii JeMPUBAI] 3 BIIBHUM JOCTYIIOM JIO BOJIH.

Ycix  TBapuH ~ poO3OiIANIM Ha  YOTHPH
eKkcriepuMeHTanbHi Tpymu. llepmmiit rpymi TBapuH
(KOHTPOJTH) BBOIWIIH iHTparepuToHeabao 0,2 M Ta
nepopansHo 0,5 Ml BoAM A iH’€KIild OJHWH pa3 Ha
no0y ympomoBxk 28 nmi6. [pyriii rpymi TBapuH
(KOHTpOTHF HAa BBEACHHSI NPOOIOTHKY) BBOIUIH
nepopanbHo 0,14  MI/Kr  MyIBTHIPOOIOTHK
“CI/IM6iTep® anuaopiIbHUNA”  KOHIICHTPOBaHUH
(«CumbiTep®»), posunHennii y 0,5 M1 BOAM A
iH €Ki, omwH pa3 Ha 00y 28 mi6. Tpetiit rpymi
TBapuH (Monenb TpUBaNoi HITYHKOBOT
rinoxJyopriapii) BBOAWIM IHTparepuToHeampHO 14
MI/KT OMETpa3ojl OJUH pa3 Ha mo0y ympomoBx 28
ni6. Yersepriii rpymi TBapUH CYMICHO BBOIHIIH
iHTpamepuToHealkHO 14 MI/Kr  OMempasou,
posumHeHnit y 0,2 M Bomu ms  iH €KINiH, Ta
nepopanbHo 0,14  MI/KT  MyJIbTHNAPOOIOTHK
«Cumbitep”™, posummenmit y 0,5 M1 Bomu s
iH’eKIIil, omuH pa3 Ha 100y 28 mib.

KinpkicHUH aHami3 BMICTY MIiKpPOEJIEMEHTIB B
TKaHWHI MIIIDIYHKOBOT — 3aJI03M  MPOBOAMIH 3

Tao6n. 1. Bmicm mikpoenemenmie y niouinyHKogiil 3a103i
wiypie 6 ymoeax mpusanoi wiiyHKoeoi 2inoxnopziopii,
-1
M2 X2 (Mxm, n=10)

BUKOPHUCTAHHAM METOXy Mac-CIeKTPOMeTpii 3
IHYKTUBHO 3B’s3aHOIO TIa3MOI0 Ha mpuiai Gipmu
Varian (USA), monens 820-MS. BMicT eneMeHTIB
BH3HAYaJd  3a  JIOIOMOTOI  KalliOpyBaJbHUX
rpagikiB, ski Oyau MoOymoBaHI 3 BUKOPUCTAHHSIM
BIMOBIAHUX  PO3YMHIB  CTAaHJAPTHHX  3Pa3KiB.
BumiproBanHs Uit KOXHOI NPOOW TPOBOIHIM HE
MEHIIIe TPhOX paziB. Pe3ynmbTaTn aHamizy BHUpaXkaiu
B MKT X I cyxoi peuoBnnn (Hsiung et al., 1997).
CratuctuuHy OOpOOKY pe3yibTaTiB JIOCIHIKEHHS
NPOBOJIMIN  3arajJbHONPHHHATAMH  METOJaMu
BapialiiHOl CTaTUCTHKH 3 BUKOPUCTAaHHIM t-
kputepiro Ct’roaenta (Jlakun, 1990).

PesyabTatn Ta 00roBopenHsi. BcraHoBieHo,
IO TIPY TPUBAJIOMY 3HMKCHHI HUTYHKOBOI CEKpemii
TiIpOXJIOPUAHOT  KHCIOTH  OMEINpa3oyioM, Y
MiIDTYHKOBIH 3251031 3HIKYETBCS BMICT HACTYITHHX
MiKpoeJIeMeHTIB: MapraHitto — B 1,3 paza (p < 0,05),
Migi — B 1,6 pasza (p<0,01), quaky — B 1,4 paza
(p<0,05) ta cemeny — B 1,9 paza (p<0,01)
MTOPIBHSHO 3 KOHTPOJBHOIO TPYIIOI0 TBapwH (Tabil.
1). 3a mux xe yMOB EKCHEPHUMEHTY Y TKaHHHI
MiAIUTYHKOBOI 3aJI03M 3pOCTa€ pPIBEHb BaHATilo 1
3amiza — B 2,2 paza (p <0,01), xpomy — B 2,1 pa3za
(p<0,01) Ta kobampry — B 1,4 paza (p<0,05)
BiJTHOCHO KOHTpOJIO (Tabm. 1).

VY TBapHH, SKUM Pa3oM 3 OMENpPa30JI0M BBOIMIH
MyIbTHIIPOGioTHK «CHMGiTep™», y MiALLTyHKOBIi
3a7031 JIOCTIMXKYyBaHI MIKpOEIEMEHTH YacTKOBO
MOBEPTAIOTECSI A0 KOHTPOJBHHUX 3HAueHb. Tak,
3pocTae BMicT MapraHio — B 1,3 paza (p <0,05),
Mmigi — B 1,2 paza (p <0,05), umaky — B 1,4 pasa
(p<0,05) ta cemeny — B 1,7 pasza (p<0,01)
HOPIBHAHO 3 IMIypaMd 3 TiNOAUIHUM CTaHOM
DTy HKA.

Table 1. Microelement content in the pancreas upon
long-term gastric hypochlorhydria,
megx g (M+m, n=10)

I'pynu meapun
. Omenpaszon +
Konmpons  |Mynemunpobiomux| Omenpa3zon .
Hoxaznux Myﬂbmunpoﬁwmuk
\" 0,41 + 0,03 0,43 + 0,04 0,91 + 0,08 0,64 + 0,06
Cr 1,17 + 0,09 1,25+0,12 2,42+022" 1,83+0,17"
Mn 1,51 +0,14 1,62+0,16 1,16 + 0,09 1,54 +0,13"
Fe 23,71 +2,28 23,04 +2,27 52,73 +5,19" 37,31 +3,69"
Co 0,011 + 0,001 0,011 + 0,001 0,015 + 0,001 0,011 +0,001"
Cu 1,72+0,15 1,62+0,16 1,08 +0,08" 1,34 + 0,09
Zn 18,33 + 1,81 19,01 + 1,84 13,41 +1,28" 19,01 + 1,87
Se 0,36 + 0,03 0,37 + 0,03 0,19+0,017 0,33 + 0,03

Hpumimra: *—p < 0,05, **—p < 0,01 gionocno xoumponw, #—p < 0,05, ##—p < 0,01 6ioHOCHO epynu meapum,

SAKUM 6800UNU omenpason
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IIpu BBeACHHI MYJIBTHIIPOOIOTHIHOTO TIpeIIapaTy
Ha (oHI TpHBayOi ILIYHKOBOI TiMOXJIOPTiApii Y
TKaHWHI TiANUTYHKOBOI 3aJI03U 3HUXKYETHhCS PIBEHb
BaHait0, 3ami3a i kobamsTy — B 1,4 paza (p < 0,05)
ta Xxpomy — B 1,3 pasa (p <0,05) BiZHOCHO Tpymu
TBapUH, SKUM BBOJMJIH JIMIIE OMeMnpa3o (Tadm. 1).

30iMpIICHNT BMICT BaHAQMII0 Yy MiANUTYHKOBIH
3aJ1031 IypiB 3 TIMOAMIHUAM CTAaHOM IUTyHKA MOJXKE
CIPUYHMHIOBATH T'€HOTOKCHUYHY [0 Ha KJIITHHHU.
Bimomo, 110 comi BaHaIit0 BOJOAIIOTH MyTareHHUMH,
KaHIIEPOTCHHUMH Ta eMOPIOTOKCHIHAMH
BJIACTUBOCTSIMH. KpiM TOro, miABUINECHUH piBEHb
BaHAJil0 MOXK€ BIUIMBaTH HAa  IPOHUKHICTbH
MITOXOH/IpiaIbHUX ~MeMOpaH Ta TIPUTHIYyBaTu
cuHTe3 xosectepuny. [loniOHMH HeraTHBHUHA e(eKT
Ha KJIITHHH MiAIUTYHKOBOT 327031 MOKE CIIPUYMHUTH
30LTBIICHNH BMICT XpOMY, SIKHHA TIPH BHUCOKHHA
KOHIIEHTpaITii BOJIOJII€E MyTareHHAMH Ta
KAaHLEPOrC€HHUMHU BIACTUBOCTIMU. ['€HOTOKCHUYHUI
eeKT XpoMy TIOB'SI3aHHI 3 MPUTHIYCHHSIM TPOIIECiB
crabimpHOCTI cmHTe3y JIHK Ta 3 akTuBamiero
OKCHJATUBHOTO  (CyHmepoKCHA- Ta  TiAPOKCHII-
omocepeakoBanoro) momkomkenus JHK. Ionm
xpomy (Cr'" Ta Cr®) nososanexso BHKIMKAIOTH
IHAYKITFO armonTo3a abo 3aTpUMKY KJIITHH Ha TEBHIM
CTaAii KITITHHHOTO LUKITY, [I0 MA€ BAKIMBE 3HAYCHHS
y IIOETallHOMY MEXaHi3Mi  MeTal-iHIyKOBaHOTO
karmeporenesy (Kynpun u I'pomona, 2007).

BcranoBnene  mpu  TpuBadiii  IUTYHKOBIH
rimoxJjopriapii 3HIKEHHA y MiANUTYHKOBIH 3ano3i
BMICTY MAaprafmi0 CBIIJYATH TPO  MOXKIIHBE
3HIKEHHS AKTHUBHOCTI MITOXOHIpiaJbHOT
CYIIEPOKCHIUCMYTa3l, KO(aKTOPOM SIKOTO BiH €.
KpiMm Toro, 3MeHIIEHHS piBHS MapraHmio MOXKe
BIUIMHYTH Ha CTa0Ti3aIifo 1 KOMITAKTH3AIiI0
monekyn JHK, na Ginkosuit Ta dpochopHuil 0OMiH,
OKHCHO-BIIHOBHI MpOoIecH B KIITUHAX
MIIMUTYHKOBOI  3a703u. Takok MOXKe 3MIHUTHCH
aKTHBHICTh 0araTtb0X IHIMX (EepMEHTATHBHUX
MPOIIECiB, B AKUX Oepe y4acTb JaHUH MiKpOEIEeMEHT
(Kynpun u I'pomoga, 2007).

B yMmoBax rimoanugHOTO CTaHy UDIyHKa
MiABUIICHHS PIBHS 3ajli3a y MiAUUTYHKOBIH 3alo3i
MOXKE CHPHUSTH aKTUBALil BiJIbHOPaAHMKaIbHUX
MIPOIIECIB V NTAHOMY OpraHi, OCKITBKH BiJOMO, IIIO
IOHM  JIBOBAJICGHTHOTO 3ali3a € IHIYKTOpamH
nepekucHoro okucHeHHs niminis (ITOJI) (peaxmii
Xabep-Yetica). KpiM TOro HamJIHAIIOK 3aji3a MOXE
cnpusti iHaykuii pozpuBiB JJHK, myrarenesy Tta
kanueporenesy (byxkun u [payaun-KpeuieHko,
2000; Koc et al., 2008).

Y mAnuTyHKOBiIM 3a7031 B yMOBax TPHBAaiOL
LUTYHKOBOI TiNOXJIOPTiApii BMICT KOOANbTy 3pOCTae,
OI0 MOXE HEraTMBHO BIUIMHYTH Ha KJIITHHH
JOCITimKyBaHoro oprady. lomm koGamsty (Co®")
noxi6Ho iomam 3amiza (Fe’") aktusyiors ITOJI,
npurHiyytots cuHTe3 JHK y ndimdommrax Ta
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IHIYKyIOTh CHHTE3 JaHWUMH KIITHHAMU (QakTopy
HEKpo3y NyXJHH-o. TpuBajda eKCHO3HUIS COJeH
KOOAJIBTY CHpUSE PO3BUTKY IMyXJHH. TaKUM YUHOM,
KOOambT € TEeHOTOKCHYHUM MeTanoM. OpHuM 3
MEXaHI3MIB il KOOaJlbTy Ha KIITHHH € aKTUBAIlis
iHgyKoBaHoro Timokcieto ¢akropa — HIF. Kobanst
iMiTye B KIITHHI CTaH TINOKCii, IO TOTIM
MPU3BOAUTH 1O AaKTUBAIlii amonTo3y, TIiKOIi3y,
aHrioreHe3y Ta EpUTPOTIOE3Y. Takox
inentudikoBani 85 TreHIiB, eKcmpecii  AKHX
3MIHIOETBCS Y BIAMOBITh Ha BHCOKI 03U KOOAIBTY.
Jlo OinkiB, 10 KOAYIOTh Ili T€HH HaJNeX,aTh OLIKH-
MEPEHOCHUKH KOoOanbTy, CyIpecopu i
TPaHCKPUMIIHHI (akTopu MyXJIUH Ta OUTKH, IO
MPOAYKYIOTECS y BiAmoBine Ha ctpec (Bruick, 2003;
Malard et al., 2007).

3HIDKEHHS BMICTY Miji y MiIUITYHKOBIH 3aio3i
pu TPUBAJIOMY 3HIDKEHHI KHCIIOTHOCTI
IITYHKOBOTO COKY MOXE CIPHATH TOPYIICHHIO
Oaratpox MerabomiuHMX TmporeciB. ['0J0BHOIO
OioymoriuHol0  QYHKINIE0O Migi € y4JacTh y
TKaHUHHOMY JUXaHH1 Ta KPOBOTBOPEHHI.
®i3ion0oriyHi KOHIEHTpalil Mili TaKoXX CHPHUSIOTH
crabimizallii KITHH 332 paXyHOK iX MPHCYTHOCTI SIK
Ko(akTopy B AaKTUBHOMY IIEHTPI ITUTO30JBHOT
CYTIEPOKCHIANCMYTa3H, sIKa € BaYKJINBUM
(epMEeHTOM aHTHOKCHIAHTHOTO 3aXUCTy. BuHHKae
moTpeba B Mifli TIpU PO3BUTKY 3allaJbHUX IPOIIECIB,
aHeMii, JeWKo3i Ta IHQEKIIHHUX 3aXBOPIOBAHHSX.
Bigomo, 1m0 Mige Ta IUHK € CUHEpricTaMmu, sKi
MOCWIIOIOTE Nif0 ommH onuoro (Haropmas m np.,
2008; Kyapun u I'pomosa, 2007).

Hamu BcTanoBneHO, 1m0 B yMOBax TpUBAJIOL
IUTYHKOBOI TIHOXJIOPTiApii y MiANUTYHKOBIH 3a5103i
TaKOXK 3HIDKYEThCS BMICT LMHKY. Hecraua mnuHKy
HEraTUBHO BIUIMBAE HAa METaOONIYHI TpoIecH B

KJIITHHI, OCKIIBbKH e MIKpOETIEMEHT €
KOMIIOHEHTOM 0araTtbox METAJI03AJIEKHUX
(depMeHTIiB  (IIUTO30JIbHA  CYNEPOKCHIIUCMYTa3a,

ankoronpaeriaporenasa, JJHK- i PHK-momimepasu
Ta 1H.) Ta TpaHCKPUMNIIHHUX QakTopiB. llpu
JeQinuTi IUHKY TOPYIIYETHCS KIITHHHUHA IIHKII,
npornecu aenarypanii JJHK craroTh He3BOpOTHHMH,
BiIMI9a€ThCSl 3HWKEHHS CTIHKOCTI siiep KIITUH 0
HETraTUBHUX YUHHUKIB, TTOCHITIOIOTHCS
BiJIbHOpaJMKaibHI mpomecH. Kpim Toro Hecraua
IIMHKY B KIITHHAaX MOXXE 3HU3UTH aKTHUBHICTh

OKHCHO-BiTHOBHHX dbepmeHTiB
(CyKUIMHATAETIAPOreHa3n 1 I[HUTOXPOMOKCHIA3M),
3MEHIIUTA  3arajlbHUil  PIBEHb  EHEPreTUYHUX

NpOLECiB  Ta MOPYIIUTH MPOLECH TKAHUHHOTO
nuxanas (Pedpor u I'pomona, 2008; Maret, 2013).
IcroTHe  3HWKEHHA  BMICTYy  CeJeHy B
MiJUDTYHKOBIH  3a7031  TpW  BBENEHHI  Iypam
OMETpa3oily MOXE BIUIMHYTH Ha CTPYKTYPHO-
(GYHKLIOHANBHUI CTaH KIITHH, OCKUIBKH BiH
B3aeMozie 3  (depMeHTaMHu, BiTaMiHAaMH  Ta
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OloOTiYHUMH MeMOpaHaMH, TPHHUMAaE y9acTb y
peryusiii Metabomi3My, B 0OMiHi OLJIKiB, BYTJICBOIB
1 J)KUpIiB, a TAKOXX Y OKHCHO-BITHOBHHX PEaKIisiX.
CeneH BXOmUTh [O CKJIALy AaKTHUBHOTO LEHTPY
AHTHOKCUIAHTHUX €H3UMIB, (bepMeHTiB
MeTaboNi3My  HYKJICTHOBUX  KHUCJIOT,  JIIIJIB,
TOPMOHIB (TJTyTaTiOHIEPOKCHIA3H, WOIOTHPOHIH-
neiiononuHasH, TIOpEIOKCUHPENYKTa3H,
dhochocenendocdarasmy, dbochomimia-
TiApOTEePOKCHI-TIYTATIOHNIEPOKCHAA3H  Ta  iH.).
CereH € BOXITUBAM T€HOTIPOTEKTOPOM, KU OJIOKy€E
nowmkokeHHs JJHK npoxykramu [10JI, metanamu
Ta PEryJloe NpoUecH iX CHUCTEMHOI emiMiHamii B
opranizmi (Beckett and Arthur, 2005; Boosalis,
2008; Bera et al., 2013).

BusiBnene mpu BBeIEHHI MYJIbTHUIPOOIOTHKA
<<CI/IM6iTep®)> BIIHOBJICHHS JOCTIIKYBaHOTO
MIKPOEJIEMEHTHOI'O CIIEKTPY TKaHWHH IMiAIUTYHKOBOL
3aJ103M IIypiB MOB’S3aHO 3 BAXKJIUBOI (PYHKIIIEO
MIKpOJIOpH TPaBHOTO TPAKTy — PETYJALIEI0
3aCBOEHHS BCIX OCHOBHHUX €CCEHI[IaJIbHUX XIMIYHUX
eneMeHTiB (ApseB u ap., 2006; Bepexxnoir u ap.,
2004). 3okpemMa, MOJIOYHAa  KHCIOTa,  fKa
YTBOPIOETHCS MOJIOYHOKUCITUMH OakTepiaMu
(Lactobacillus, Streptococcus, Bifidobacterium)
cupusie OLIBII TOBHOMY 3aCBOEHHIO  3aii3a,
tdhochopy Ta xampmiro. JloBeneHo, mo mpoOioTHUHI
mpernapatd YWHATH BHPKEHY Mif0 Ha OOMiH
MiHepaJIbHUX pPE4YOBUH. SK cBimyarh JiteparypHi
JaHHi, TPOOIOTHKM MOXYTb CYTTE€BO BIUIMBAaTH Ha
(hyHKIIOHYBaHHS €JIEMEHTHOTO TOMEOCTa3y
OpraHi3My SK 3a yMOB HOPMH, Tak i 3a YMOB
PO3BUTKY pi3HUX MaTOJIOTIYHUX CTaHiB
(TpankoBckas u ap., 2003; AukoBckuit u ap., 2009;
SuakoBckuit u J{piment, 2006). Kpim Toro, 6akrepii,
0 BXOASATH JO CKJIaay MPOOIOTHKIB, BOJOIIIOTH
IIMPOKUM CITEKTPOM Oi0JIOTIYHOI [ii: KOperyroTb
MIiKPOEKOJIOTIYHIH craryc, CTUMYJTIOIOTh
HecreuiuHuid IMYHITET, PEryJOIOTh TPaBICHHS
MaKpoOpraHizmy, 3a0e3lmeuyloTb CHHTE3 OaraTbox
Makpo- 1 MIKPOHYTpIEHTIB Ta 3aJ0BOJBHSIOTH
notpebu opraHizmy y Bitaminax rpymu B (B;, B,
Bs, Bs, Bpz), Bitamimax K, C, HIKOTHHOBOI,
(hormieBoi, MAHTOTEHOBOI, JTiMO€eBOI KucIoTax. Lle Bce
B  IIIJIOMy  MOXE  CIOPHUATH  BiTHOBJICHHIO
MIKpOEJIEMEHTHOTO CTaTyCy MiJIUTYHKOBOI 3aJl03U
LIypiB 3 TIMOALXAHAM CTAaHOM LILUTYyHKA.

BucnoBku. TakuMm 9WHOM, TIOPYIICHHS OajaHCy
JOCTIDKYBaHUX €CCEHIIATbHUX MiKpoesieMeHTiB (V,
Cr, Mn, Fe, Co, Cu, Zn ta Se) y OiIUIyHKOBIiH
3a;031  IIypiB TpW  TPHUBAIIA  TilOAIMIHOCTI
LIUTyHKOBOIO  COKY MOXeE OyTHM  BUKJIMKAHO
HAasSBHICTIO XPOHIYHOTO 3alallbHOTO WPOIEeCY Y
KT, skuidk B CBOIO Yepry MOXE 3yMOBHUTH
MOPYIIECHHS  3aCBOEHHS  MIKPOEJICMEHTIB  Ta
cpuunMHUTH ix gedinur B opranismi. Pozmaam
MiHepalbHOro OOMiHYy B TKaHHMHI MiJIUTYHKOBOI
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3aJ1031 B YMOBax TPUBAJIOI  HIIYHKOBOI

rimoxJjopripii  MOXyTh  MOPYHIIMTH  OayaHC

NpakTUYHO  BCiX ~ OOMIHHMUX  MpOULECiB Y

IOCITIDKYBAHOMY OpTaHi, M0 MOXE CIPHATH

PO3BUTKY Ba)KKUX MATOJOTIYHUX CTaHIB. BBemeHHs

TBapUHAM 3 TinoaIuIHUM CTaHOM

MYJIETUIPOOIOTHYHOTO npenapary crpusie

BiTHOBJICHHIO piBHOBaru JTOCITI Ky BaHHX

MIKpOEJIEMEHTIB, IO CBIAYUTH MPO BaXKIUBY POJb

MUCOIOTHYHUX TOPYIIEHh y PO3BHUTKY IUCOANaHCY

MIKpOEJIEMEHTIB Yy MiANUTYHKOBIM 3amo3i Ha ¢oHi

TPUBAJIOTO  TPHUTHIYEHHS  KUCIOTHOI  CeKpelii

HUTYHKA.

Cnucok Jiteparypu:

1. Gastric juice acidity in upper gastrointestinal diseases
/ P.-J. Lu [et al.] // World J. Gastroenterol. — 2010. —
Vol. 16, Ne 43. — P. 5496-5501.

2. Gratz S.W. Probiotics and gut health: A special focus
on liver diseases / S.W. Gratz, H. Mykkanen, H.S. El-
Nezami // World J. Gastroenterol. — 2010. — Vol. 16,
Ne 4. —P. 403-410.

3. Acid-suppressing drugs and gastroesophageal reflux
disease as risk factors for acute pancreatitis — results
from a Swedish Case-Control Study / A. Sundstrom
[et al.] // Pharmacoepidemiol. Drug Safe. — 2006. —
Vol. 15, Ne 3. — P. 141-149.

4. Acute pancreatitis associated with omeprazole /
S.S. Youssef [et al.] // Int. J. Clin. Pharmacol. Ther. —
2005. — Vol. 43, Ne 12. — P. 558-561.

5. Jeopmenko K.O., Bakan C.€., [panummna A.C.,
Cenin C.A., Ocramuenko JII.Ctpec-pecnoHCHBHI
CHCTEMH IIIUIYHKOBOI 3aJ03d IMypiB B yMOBax
TPUBAJIO] IITYHKOBOI TiMOXJIOPTiApii Ta 3a BBEICHHS
MysIbTHIIPOGioTHKa  «CumGitep™» //  VkpaiHChKuii
6ioximivHmiA xKypHat. — 2013. — T. 85, Ne 2. — C. 62-
71.

6. Makpo- ¥ MHKPOIJIEMEHTBI: 3HAYCHNE LISl OPraHU3Ma
yejoBeka B HopMme W matosiorn / Haropuas H.B. [u
ap.] // Mixuapon. BicH. mea. — 2008. — T. 1, Ne 3-4, —
C.209-215.

7. Topenosa KIO. Hapymenue oOmeHa
MHKPODJIEMEHTOB TpH 3a00JNEBaHUSIX IKEIYIOUHO—

KHIIIEYHOTO TpaxkTa / K.YO. T'openosa,
C.b. AnekcanapoBckuii, O.N. OpioBa /I
Muxkposnementsl B MeauuuHe — 2005. — Nel. —
C.21-22.

8. Moionosens O.b. Brums MIKpOEJIeMEHTHHIX

MOPYIICHb Ha CTaH MEPEKUCHOTO OKMCHEHHS JIMIAIB 1
AQHTHOKCHAAHTHOTO 3aXHCTy Y XBOPHX HA XPOHIYHHH
atpodiunuii ractpur / O.b. Mononoseus // Apxis
kiiniyHOT Meanimau. — 2008. — T. 13. - Ne 1. — C. 70—
72.

9. Minimizing interferences in the quantitative
multielement analysis of trace elements in biological
fluids by inductively coupled plasma mass
spectrometry / C.S. Hsiung [et al.] / Clin. Chem. —
1997. — Vol. 43, Ne 12. — P. 2303-2311.

10. Jlakun I'.®. buomerpus: Yue6HOE ocoOue st OHOI.
cnel. By30B / I.®. JlakuH. 4-e u3z., nepepad. u Jom. —
M.: Beicmias mikoia, 1990. — 352 c.

151



11.Kynpua A. MuKpo3IeMeHTHl B HMMYHOJOTHH U
oukonmornu /  A.Kympun, O.IpomoBa. — M.:
I'D0TAP-Menua, 2007. — 548 c.

12. bykun 10.B. MonekynsipHO-0noIOTHYECKHE
MCXaHU3MBbI TaCTPOKaHICPOTr€H3a W MIOoAXOAbl K
npodunaktuke paka xenyaka / FO.B. Bykun, B.A.
Jpayaun-Kpsutenko // Yen. 6uon. xum. — 2000. — T.
40. - C. 329-356.

13. Koc M. Gastroprotective and anti-oxidative properties
of ascorbic acid on indomethacin-induced gastric
injuries in rats / M. Koc, H. Imik, F. Odabasoglu //
Biol. Trace. Elem. Res. —2008. — Vol. 126. — Ne 1-3. —
P. 222-236.

14. Bruick R.K. Oxygen sensing in the hypoxic response
pathway: regulation of the hypoxia-inducible
transcription factor / R.K. Bruick // Genes Dev. —
2003. - Vol. 17. - P. 2614-2623.

15. Global gene expression profiling in human lung cells
exposed to cobalt / V.Malard [et al.] / BMS
Genomics. —2007. — Vol. 8. — P. 147-164.

16. PebpoB B.I'. BuramuHbl, Makpo- 1 MUKPO3JIEMEHTHI. /
B.I". Pe6pos, O.A. I'pomoBa. — M.: TDOTAP-Menna,
2008. - 960 c.

17.Maret W. Zinc biochemistry: from a single zinc
enzyme to a key element of life / W. Maret / Adv.
Nutr. — 2013. — Vol. 4. — P. 82-91.

18. Beckett G.J. Selenium and endocrine systems / G.J.
Beckett, J.R. Arthur // J. Endocrinol. — 2005. — Vol.

19. Boosalis M.G. The role of selenium in chronic disease
/ M.G. Boosalis // Nutr. Clin. Pract. — 2008. — Vol. 23.
—P. 152-160.

20.Does a role for selenium in DNA damage repair
explain apparent controversies in its use in
chemoprevention? / S. Bera [et al.] / Mutagenesis. —
2013. - Vol. 28. - P. 127-134.

21. Knunnueckoe 3HaYCHUE pOoOHOTHKOB B
IpOoQHITAKTHKE n JIeYeHUHN AHTHONOTHK—
accounupoBaHHOW nuapen y aereir / H.JI. ApsieB [u
np.] // CoBpemennas meamatpust. — 2006. — T. 3. — Ne
12.—C. 148-151.

22.Mukpodnopa dUenoBeka U POJb COBPEMEHHBIX
mpoOHOTHKOB B ee peryisiiuu / B. BepexHoit [u np.]
// 3nopoBbe xenmmubl. — 2004, — Ne 1 (17). — C. 134—
139.

23. Tpankosckas JI.B. OcobeHHOCTH MHKPOAJIEMEHTHOTO
romMeocrasa y JeTeil ¢ XpOHHUECKUMH 3a00JIeBaHUsIMU
KEITyAKa W JIBeHAJUATHIIEPCTHOW  KWIIKH  /
JI.B. TpaukoBckasi, B.H. Jlyuanunosa, I'.I'. FiBaHOBa
// Poccuiickuii nenuarpuaeckuit xypaain — 2003. — Ne
5.—-C. 14-17.

24, SlakoBckuit  J[.C. OcoOEHHOCTH OTE4eCTBEHHBIX
myiabrunpoouoruko  /  JI.C. SlukoBckuii, P.A.
Mouceenko, I'.C. Jpiventr // CoBpeMeHHas

neauatpus. —2009. — Ne 3, T. 25. — C. 79-86.
25. SfIuxoBekmit  JI.C. IlpoGuotukm — nekapcrBa XXI
cronerus / JI.C. SAukoBckuit, I'.C JIpiMeHT // 310poB's

184. — P. 455-465. Vkpainu. —2006. -T. 140. - Ne 7. — C. 1-11.

THE CONTENT OF ESSENTIAL TRACE ELEMENTS IN THE RAT PANCREAS UPON
LONG-TERM GASTRIC HYPOCHLORHYDRIA AND WITH ADMINISTRATION OF
THE MULTIPROBIOTIC

K. O. Dvorschenko

The pathological conditions of the upper gastrointestinal tract, which are accompanied by reduced synthesis of
hydrochloric acid, may lead to hypergastrinemia, dysbiosis or even gastric tumors. Moreover, long-term hypoacidity
evoked by proton pomp inhibitors is the risk factor for acute pancreatitis development or even pancreatic malignization.
But common factors and mechanisms of pancreatic structural and functional reorganization upon long-term gastric
hypochlorhydria are still poorly understood. Probiotics are widely used for restoration of gastrointestinal tract
homeostasis, since they have a broad spectrum of the biological activity. The microelements perform the important
physiological role in the organism providing all the vital processes. The microelement composition (V, Cr, Mn, Fe, Co,
Cu, Zn and Se) of the rat pancreas tissue with long-term inhibition of gastric acid secretion and upon administration of
the multiprobiotic substance was investigated. Experiments were carried out on white non-strain male rats.
Hypochlorhydria was induced by 28-day long abdominal omeprazole injection (14 mg/kg once a day). The rats of
another group simultaneously with omeprazole were treated with multiprobiotic (0.14 ml/kg per os). Control animals
were treated with water: 0.2 ml abdominally + 0.5 ml orally during 28 days. The content of analyzed microelement was
determined in pancreatic tissue with method of mass spectrometry. The content of manganese, copper, zinc and
selenium were decreased, while the level of vanadium, chromium, iron, and cobalt were increased in the pancreas upon
long-term gastric hypochlorhydria. It was shown, that multiprobiotic promotes restoration of the microelement
homeostasis in investigated rat’s organ indicating the important role of normal flora in the maintaining of
physiological level of studied minerals.

Key words: long-term gastric hypochlorhydria, pancreas, microelements, multiprobiotic.
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BMICT PI3HUX ®OPM I'EMOI'JIOBIHY B EPUTPOLIUTAX HLIYPIB 3A
YMOB BIJIKOBOI HETOCTATHOCTI

I'. II. KOIIJIBY VK, I. M. BYUKOBCBKA, M. I'. CKPUITHHK

Yepriseyvruil Hayionanvnuil yHieepcumem imeri FOpis @edvkosuua, yn. Koyrobuncovroeo, 2, m. Yepnisyi, 58000
e-mail: kopilchuk@gmail.com

Y pobomi oocniosceno pisenv 3acanvhoco 2emo2niobiHy ma 1020 OCHOBHO2O 0epusamy — OKCULEMO2N00IHY 6
2eMoni3amax epumpoyumie Kposi wypié 3a yMo8 aniMeHmapHoi Oenpueayii npomeiny. Boowouac smauna yeaea
NPUOLTIANACS BUSHAUEHHS BMICIY 2NIKO3UTLOBAHO20 2eMO2N0OIHY — MapKepy NOPYUleHb 8y2le600H020 0OMIHY 8 Op2aHi3Mi
3a ymo8 0inkoeoi Hedocmamuocmi. 3 Memor O0CHONHCeHHsT 0coOnU8ocmell OaHUX OIOXIMINHUX NOKA3HUKIE 3d YMO8
animenmapuoi denpugayii npomeiny OOCHIOHUX mMeapuH npomseom 28 OHI6 YmMpUMyeanu HA HANIGCUHMEMUYHOM)
HU3LKONPOMEIHOBOMY DAYIOHI 3 YPAXYBAHHAM NPUHYUNY NAPHO20 XapuyeauHs. Iemonizam epumpoyumie ompumyeanu
Mmemoodom [[pabkina i3 nooanvuium GUOANEHHAM IX pemuKkyisapHoi cmpomu. Busnauenus kowyenmpayii 3aeanvHozo
2eMO2NI00IHY NPOBOOUNU  2eMO2NOOIHYIAHIOHUM MemoOOM, OKCU2eMO2N00IHY — CNeKmpo@dOmMoMempuyHUM Memooom
WIAXOM  CNiBBIOHOWEHHSA MONAPHUX KoeqiyicHmie eKcmuHKYyii npu OOCASHEHHi MAKCUMANbHO20 DiBHA OKCU2eHayii
monexynu. Pisens enikozunvosanozo cemoenobiny (HbA;.) 6 eemonizami epumpoyumie 6UsHayanu 3a peaxyicio 3
miobapbimyposoio Kuciomoio. Bemanosneno, wo 3a ymos 0inkoeoi HeOocmamnocmi 6 2emonizami epumpoyumie Kpogi
wypie 8i06Y8AEMbCsl 3HUIICEHHS KOHYEHMpayii 3a2aibHo20 2emMo2n00iny ma oxcuzemoznobiny 6 1,4 pasu nopisusno 3
nokaznuxkamu Koumpomo. Cnio iOMIimumu, w0 3HUNCEHH 6MICMY 2eMO2NI00IHY 3a YMO8 OLIK080I HedoCmamHocmi, 3
00HO20 OOKY, MOdCce bymu nog’si3aue 3 NOPYWEeHHIMU CUHME3Y NOANeNMUOHUX JAHYI02I8 2100iHY 6HACTIOOK deiyumy
AMIHOKUCIOM, 3 THUWO020, — NOPYULEHHAM cunmesy 2emy. Boonoyac y 0ocniouiti epyni meapun cnocmepicacmucst 3HUNCEHHS
6MICHY OCHOGHOI NI2aHOHOI hopmu 2eMO2N00IHY — OKCUSEMOTOOIHY, WO MOdce CGIOYUMU NPO NOPYULEHHS NpoYecis
36’A3y8anHA ma 8i00aui KUCHIO i, K HACTIOOK, 3MIHU CROPIOHEHOCMI 2eMO02l100iHY 00 KUCHI0. Boonouac Hamu docniodiceno,
wo 8 cemonizami epumpoyumie Kpoei wypis, AKi nepeOy8anu Ha HU3LKONPOMeiHosill Oiemi, 8i00ysacmuvcs 080KpamHe
nioBULWeHHs PIGHs 2NIKO3UTbOBAHO20 2eMON00IHY NOPIGHAHO i3 NOKA3HUKAMU KOHMPOTIO, WO pPO32IA0AEMbCs K
NPOSHOCMUYHULL NOKA3HUK MemAaboNiuHOi 2inepenikemii, OCKiNbKU 8i000paxcae 8i0ComKo8y KilbKicmb 2eM02100iHy KpO8i,
HEe360POMHO 3 €OHAHO20 i3 2NI0K03010). I IKO3UNb08aAHUN 2eMO2TI00IH BHACTIOOK MIYHO20 38 A3KY 3 KUCHEM 8AHNCKO 8i00a€
11020 MKAHUHAM, MOMY NIOBUUEHHS 1020 6MICTY 8 KPO8i CNPUYUHIOE BUHUKHEHHS MKAHUHHOI 2INOKCil, wo nos sa3aHo i3
HeOOCMAamHIM HACUYEHHAM KUCHEM Oa3abHUX MeMOPaH

Kniouosi  cnosa:  eemoenobin,  oxcuecemoenobin, — eniko3uNbO8AHULl  2eMO2I00IH,  2eMonizam, — epumpoyumu,
HU3LKONPOMeiHOoGUL payioH

Beryn. ['emorno6inu (Hb) — rereporenna poguHa  OKCUTeMOTJIOOiHY —  OCHOBHOTO — KOMIIOHEHTY
3aJTi30BMICHUX (PYHKITIOHATFHUX O1KiB €PUTPOLUTIB, TeMOTJIO0IHOBOI CHCTEMH, OCKUIBKA 33 YMOB
OO0 MICTITh B SKOCTI INPOCTETHYHOI TPYMH  BHPAKEHOTO Je(iIUTy EK30TC€HHOTO HAIXOJIKEHHS
npotonopdipun IX (rem). OkpiM TpaHCHOPTY KUCHIO,  MPOTEIHY BiZOyBa€eThCs IHTeHCU(IKaLis

BOHM BHUKOHYIOTb HHU3KY BaXJIMBUX (YHKLil: OKMCIIOBAIbHUX IpoueciB y TkaHuMHax (Kommipuyk

3B’SI3YBaHHS OKCHAY a30Ty Ta CyIb(idiB, B3aEMOIII0
3 akTuBHUMH MeTtabomitamu Okcureny Ta Hitporeny
tomo (Boas and Franceschini, 2011; Ocurio u ap.,
2007). Croromui B mitepatypi (Tomynos u Ilerposa,
2001; dymok, 2010; Shibayama et al., 2014) gacto
0OTOBOPIOETHCA MUTaHHS CTPYKTYpHO-
(hyHKITIOHATTFHOTO CTaHy MOJIEKYJIM TeMOTJIO0IHY Ta
KUTBKICHOTO CITIBBIHOIICHHS HOTO JiranaHux Qopm,
30kpeMa, nesokcu- (RHb), oken- (HbO,), kapOokcu-
(HbCO), cympdo- (SHb) Ta merremormoOiHy
(MetHb) 3a yMOB pO3BHUTKY MATOJIOTIYHHX CTaHIiB
PpI3HOTO TeHE3Y.

He Buxmmkae cyMmHiBYy, MO 32 yMOB OiJKOBO-
enepretnyHoi HemoctatHocTi (BEH) akTyampamM
3aJMINAETHCSI BU3HAUCHHS PIiBHS T'eMOTJIO0IHY Ta
Horo OCHOBHHUX JepUBaTiB, 30KpeMa

Bionoriuni cucremu. T. 6. Bum. 2. 2014

Ta byukoBchbka, 2013), mo BUABIAE HETaTHBHUH
edekt Ha cryninb aucorianii HbO, i, 1k Hacmimok,
MOXX€ CHOpUYMHIOBATH  IuUcOamaHC  KHUCHEBOTO
TOMEOCTa3y Ta PO3BUTOK TKAHWHHOI TiMOKCIil
(Bacunbesa, 2005).

VY cydyacHux HaykoBuX kepenax (Martin and

Tomlinson, 2014; Ladyzynski et al, 2014;
Pamuenkxo, 2008; Wmbur u np., 2008) mmpoko
0oOroBOpIOETBCS  OAHA 13 MIHOPHHX  (opM
reMOrjao0iHIB — TJIIKO3WIHOBAHHUH T'eMOIVIOOIH

(HbA |.), KinbKicTh sIKOTO cKiamae Omu3bko 5-10%.
Bwmict HbA . BBaaeTbcss MapKepHUM MOKa3HUKOM
nmopyimieHs ByraeBogHoro o6OMmiHy (Ckubuyk Ta
Conomenuyk, 2005; Kammman, 2008). IlepeBaxHo
caitamu [TIKO3WJTIOBAHHS reMoryio0iny €
amiHorpynu N-KiHLIEBOi aMiHOKHCIOTH BaJliHy 000X
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B-maHIIOTiB, a TaKOX €-aMIHOTPYNH  JICSIKUX
3aJMIIKIB  JI3HMHY O- 1 [-TaHIOIOTiB TII0OIHY
(Ladyzynski et al., 2014). TI'mixo3unboBaHHiA

reMOrjo0iH Mae TiIBUIMICHY CIIOPIAHEHICTh 10
KUCHIO, 1 30UIBIIEHHS] HOTO PiBHS MOXE TOTipIIUTH
OKcUreHalliro TkaHuH. OpHak, 3 IHIIOTO OOKY,
YTBOPEHHS HbA . TaKOX MOXKe Oyt
MIPUCTOCYBAJLHOIO  PEAKIIEI0  OpraHi3My s
301IBLICHHST KUCHEBOI €MHOCTI TIEpUQEPHUIHOI KPOBI
(Pamuenxo, 2008; Nibun u mp., 2008).

Mertoro maHoi poboTH OyI0 AOCTIIHKEHHS PIBHSA
3arajibHOTO, OKCH- Ta TIIIKO3UIILOBAHOTO
reMorio0iHy B TeMoJji3aTax epUTPOLUTIB KpOBi
IIypiB 32 YMOB HU3BKOIIPOTETHOBOI'O pallioHy.

Martepianu i MeToau. J{ociimKeHHs TPOBOIUIH
Ha OuInx 0e3mopoAHUX IIypax BikoM 2,5-3 micsui Ta
macoto 100-120 r. TBapuH yTpumyBadu Yy
IUTACTMACOBUX KIITKaxX i3 MIIIAHOI MiACTHIKOK Ta
BUIBHUM JIOCTYTIOM JI0 Bojii. HopMmyBaHHS 1060BOTO
pauioHy NPOBOAWIM 3 YpaxyBaHHSIM MHPHUHLUITY
mapHoro xapuyBaHHs (Mashiko et al., 2007) VYci
MaHIMyJIAIi] 3A1IMCHIOBAIM 3TiIHO 13 «3araJbHUMHU
MPUHIHAIIAMH poboTtu Ha TBapUHAX,
3arBepkeHMMH | HamionanbHuM KOHrpecoMm 3
oioetmkn  (Kuwi, 2001) 1 moromkeHUMHu 3
MOJIOKEHHSAMH «EBPONEHChKOI KOHBEHLIT 13 3aXHCTY
XpeOeTHUX TBapHWH, S$Ki BUKOPHCTOBYIOTHCS B
eKCIEPUMEHTAJIbHUX Ta IHIINX HAayKOBUX LIJIIX»
(Crpacoypr, 1986).

Hocnigni TBapuHH Oy/IM NOAIIEHI HAa TPYIIH:

1 — TBapuHH, SKi yTpUMyBajgucsi Ha
HAIlBCHHTETUYHOMY pallioHi, 30amaHcoBaHOMY 3a
Bcima HyTpieHTamu — rpymna kontpoiio (K) (Reeves
et al., 1993);

2 — TBapWHH, SAKi TIPOTATOM 28 NHIB JO MOYATKY

EKCTIEPUMEHTY  OTPUMYBAIM  HAIliBCUHTETHYHHH
HU3BKOIPOTETHOBUI parttion 173
3arajJbHOTIPUMHATOI  HOPMH  1000BOI  MOTpeOH

npoteiny) (HIIP).

leprikanabHy JUCIOKAIIO JOCHTITHUX TBAPHH ITiJ{
nerkuM e(dipHIM HapKO30M MpPOBOIWIH Ha 28 100y
EKCIIEPUMEHTY. Hast JTOCIIJDKEHHS
BHKOPHCTOBYBAIIM LIUTPOBaHY KpPOB, B3ATY 13 vena
portae hepatis 3aralbHONPUNWHSATAM  METOJIOM.
Eputporutapry Macy BIiIOULUIA  Big  IUTa3MHU
ueHtpudpyryBanaam npu 500 g.  Epurpountn
BIIMUBAIM BiJ OUIKIB TUIa3MH KpOBI 130TOHIYHHUM
PO3YMHOM NaCl. Bigmuri EPUTPOIUTH
reMOJi3yBaJid 3 TMOJAIBIINM ICHTPU(PYTYBaHHIM
JUIS  BHUJQICHHS iX PETUKYJSAPHOI CTPOMHU 3a
metonoM [padkina (Drabkin, 1949).

Busnauenns KOHIEHTpaIlii 3arajsbHOTO
reMoriao0iny (Hb) MIPOBOMIIH
reMorNIo0iHIIaHITHUM METOJOM 3 BHKOPUCTAHHSIM
CTaHAApTHOTO  HaOOpy  peakTWBiB  «DimiciT-
Hiarnoctuka» (YkpaiHa). Bwict remornobiny
BUpaXkaju B T/11.
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KinpkicHe  BU3HAYEeHHA  JraHmHoi  GopMmH
remoriobiny  —  okcuremoriiobiny  (HbO,)
MPOBOAMIAN  CHEKTPO(YOTOMETPUYHHM  METOJOM

(JIorsunenko A.I', Jlorsuaenko C.H., 1990), mo
IPYHTYETBCSI ~ HAa  CIIBBIJHOIIEHHI  MOJISIPHUX
koedinientis ekctunkiii (E;) BubpaHoi aHamiTHIHOT
TOBXKHHHA XBHI (D’ o = 560 — 580 aM; D' 1oy = 535
— 560 HM) mpW MOCSATHEHHI MaKCHMAaJILHOTO PiBHS
OKCHUTEHAIll MOJIeKyJH. Pe3ynbraTd BiJIHOCHOTO
BMicTy HbO, oTpuMmyBaiy HUIIXOM PO3paxyHKy Ta
BHpaXXaJId y BiICOTKAX J0 KUIBKOCTiI TeMOTJIO0IHY.

BwicT riikosunboBanoro remorno6iny (HbA ) B
reMoJIi3aTi epUTPOLIUTIB BU3HAYAIM 32 PEakKIicio 3
Tio0apOiTypOBOK KHCIOTOK 3 BHUKOPUCTAHHSAM
tecT-cuctemu «Pearent» (Ykpaina). Crilika popma
TJIIKO3UIIBOBAHOTO TEMOTTI00IHY MICTUTH |-I€30KcH-
1-(N-Bauin)-hpyKTo3y. [Ipu  HarpiBaHHI 3
(hochOpHOIO KHCIOTOI0 BYTJICBOJHHHA  3aJUIIOK
T1IPONI3YEThCS A0 S-OKCHMETHI-2-(Qypanbaeriny,
o TpU B3aeMOil 3 2-Tio0apOiTypaToM MpOSBIISLE
3a0apBiIcHHS, IHTEHCHBHICTH SKOTO BHU3HAYATIH
¢doromerpuuno. Bmict HbA . po3paxoByBanu 3a
CHIBBiIHOWIEHHSAM KOHIEHTpauii ¢pykro3um Ta
KUTBKOCTI TeMOTJI00iHy B T€MOIIi3aTi i BUpaXkalld B
MKMOJTb (hPYKTO3H/T TEMOTIIO0IHY .

CrarucTiyHMi  aHalmi3  OTPUMaHUX  JaHUX
MPOBOJMIN 3 BHUKOPHCTaHHSM 3arajlbHONPUHHITHX
METOMIB BapiamiitHoi cTaTUCTHKHU. [IOpiBHSIHHS MiX
JBOMa Tpynamy 3[IiHCHIOBaIH 3a JOIOMOTOIO
nporpamu  Microsoft  Excel, BUKOpUCTOBYIOUH
IBOBUOIpKOBUH  f-kpuTepii  CTpiofeHTa IS
He3aJIe)kKHUX  BUOIpok.  BiporimHummu  BBaxkanu
BiAMiHHOCTI M rpynamu npu P < 0,05.

Pe3yabTaTtn Ta ix oOroBopeHHsi. Pesympratu
JTOCTTIPKEHB TTOKa3ajIH, 10 B TEMOJII3aTi ePUTPOIIUTIB
KPOBI LIypiB, sIKi MepeOyBaan Ha HU3bKOIIPOTETHOBIH
IIETi, CHOCTEPITacThCs 3HIDKEHHA KOHIIEHTpAIlii
3arajbHOTO TeMOTrJo0iHy B 1,4 pa3u TOpIBHSAHO i3
MOKa3HMUKaMHU KOHTPOJIBHOI rpynu (puc. 1). Bizomo,
10 YCI KOMIIOHEHTH TeMOTIIO0IHY — 0~ Ta B-TaHIIOTH,
IeM CHHTE3YIOThCAd Y 30aJaHCOBAaHMX KiNBKOCTSIX.
BiporigHo, 3HIWKEHHS BMICTY TeMOTJI00iHY 32 yMOB
O1JIKOBOi HEJOCTATHOCTI, 3 OJJHOTO OOKY, MOXe OyTH
MIOB’s[3aHE 3 MOPYLICHHSIMU CHHTE3Y MHOJIINCNTHIHNX

JIQHITIOTIB I00iHY BHACJIJIOK nedirmuTy
aMIHOKHUCIIOT, 3 IHIIOTO, — TIOPYIICHHSIM CHHTE3Y
remy.

3a gmamumu sitepatypu  (Schechter, 2008;
Vinogradov and Moens, 2008; Wajcman and
Moradkhani, 2011) HaiiBaxxuBilIe 3HaYCHHS B
CUHTE31 rII00iHy HAJIEXKUTD €CEHIIaJIbHUM
aMIHOKHCJIOTaM, 30KpeMa, TiCTHOWHY, I3UHYy Ta
TpunTodaHy, BiACyTHICTb 200 HEAOCTATHICTh SIKUX Y

XapuoBOMY paitioHi, CYIIPOBO/KY€ThCSI
MOPYIICHHSIM  TeMaromoe3y, 1, SK HAaCIiJIOK,
SHIDKEHHAM KIJIBKOCTI CPUTPOILIUTIB Ta

MPUTHIYCHHSM CUHTE3Y MOJIEKYJI TeMOTI001HY .

Biological systems. Vol. 6. Is. 2. 2014
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Puc. 2. Bumicm okcuzemoznobiny 6 zemonizami
epumpoyumis wiypie 3a ymoe HU3bKOnpomeino60zo

pauiony

Tpumimxa (mym i naoani): K — meapunu, sKi ympumyeanucs Ha HANiGCUHMEMUYHOMY PAyioHi, 30a1AHCOBAHOMY 34
ecima Hympieumamu;, HIIP — meapunu, AKi npomszcom 4 mudicHi@ 00 NOYAMKY eKCHNepUMEHMY Ompumysaiu
HaniscunmemuyHull Huzbkonpomeinosuil payion (1/3 3azanvnonpuiinamoi nHopmu 006060i nompebu npomeiny); * —
cmamucmuyHo 00CMOGIpHA Pi3HUYA NOPIGHANO 3 noKasHukamu konmpoio, P < 0,05.

Fig. 1. The content of total hemoglobin in the hemolisat
of the rats erythrocytes on condition of the low-protein
ration

Fig. 2. The content of total oxyhemoglobin in the
hemolisat of the rats erythrocytes on condition of the
low-protein ration

Note (here in after): K — animals that were kept on a semisynthetic diet balanced in all nutrients ; HIIP — animals that
received a semisynthetic low-protein diet (1/3 of the conventional rules of the daily requirement of protein ) are within 4
weeks before the experiment, * — statistically significant difference compared to control values, P < 0,05

Cmim  BIOMITUTH, IO TICTHOWH  BHUCTYIIA€
3B’SI3YIOUOI0 JIAHKOK0 MDK TJIOOIHOM Ta TeMOM
(Uymox Tta in., 2002; Nabil, 2008), ockinabku 3aiimMae
IIeBHE KOOPAHMHAI{iHE TMONOXKeHHs ioHa Fe’™ B
ckiani  ¢GeponpoTonopdipuHy — NPOKCUMAIIbHUH
samuinok His F8 Tta gucramenmit His E7, skwuit
3HAXOAWTHCS TOOJM3Y KHCEHB3B SA3YIOUOi MUISTHKA
reMy, ajie He Mae 3 Hel Oe3MOCepeHBOTO 3B’SI3KY
(Zhao et al, 2014). OkpiMm TOro, CcHHTE3
TIOJIIMENTHIHUX JIAHIIOTIB TJ00IHY BigOyBaeThCs
TITBKH TIpU HAsABHOCTI TeMy, SKHHA Biapazy X
3B s3yethes 3 OimkoM (Clark and Thein, 2004). Jlani
nitepatypu (Jones et al., 2012; Jackya et al., 2012)
3aCBIUyIOTh, IO CyOCTparamMu IS CHHTE3Y
nopQipUHOBOTO MKy TeMy € TIILIUH Ta CYKIHHIJ-
KoA — iHTepMeniaT UMKy TPUKAPOOHOBHUX KHCIOT.

MoskHa OpPUNYCTHTH, M0 3HWKCHHS  BMICTY
3arajilbHOr0 TeMOINIO0IHYy 3a YMOB IepeOyBaHH:
TBAPMH  Ha  HU3BKONPOTEIHOBOMY  palioHi

0e3mocepeIHbO MOB’A3aHO 13 MOPYIICHHSAM CHHTE3Y
reMy, OCKUTbKH Iyd CyKnuHUI-KOA B opraHizwmi,
OKpiM HOro YyTBOpEHHS i3 O-KETOTJIyTapary,
MOTOBHIOETHCS MUISIXOM META00IIYHUX MTEPETBOPEHb
METIiOHIHY, 130JIeHIInHy Ta BasiHy. OKpiM TOTO, TeM
Mic/ist 3BUIBHEHHS 3 TeMOrJo0iHy MOBTOPHO HeE
BUKOPUCTOBYETBCS Il PECUHTE3Y HOBOI MOJIEKYJIH

Biosoriuni cucremu. T. 6. Bum. 2. 2014

Oinka, a Horo mopQipUHOBHH ITUKIT IEPETBOPIOETHCS
B )KOBUEBI IITMEHTH, IKi BUBOJSTHCA 3 OPTaHI3MYy.

VYHIKaIbHOIO OCOOJIMBICTIO TeMOrNIo0iHy € HOTo
3MaTHICTh 3BOPOTHRO 3B’s3yBaTH (O, BHACIIIOK
MO3UTUBHOI ~ KOOMEPAaTHUBHOI  B3aeMOJil  Mik
CyOONMHUIIMH, sIKA TPOSBISIETECA B 30UTBIICHHI
criopimHeHocTi Hb i3 KOXHOIO  HACTyITHOIO
MOJIEKyNIOl0 KucHIO (AptioxoB u np., 2004;
Kocmauesckast u TorynoB A.®., 2009; Jlrora 12 iH.,
2013).

B xomi ekcnepuMeHTAIbHHUX MOCTIIKEHb HaMH
BUSIBJIGHO, IO B TE€MOJI3aTi EPUTPOLUTIB KPOBI
IIypiB, SAKi MpoTsAroM 28 AHIB 3a3HaBaIM OiTKOBO-
€HEPreTHYHOI  HEJOCTATHOCTI,  CIIOCTEPIraeThes
3HIDKEHHSI BMICTY OKcuremMoriobiny B 1,5 pasu
MOPIBHSHO 3 MOKa3HUKaMH KOHTPOJ0. Bimomo, 110
KOOpAWHAIIIWHI BJIACTUBOCTI TE€My BH3HA4YaIOTh
3MATHICTh MOJIEKYJIM TeMOTJIO0IHY 10 MpHETHAHHS
MOJICKYJISPHOI'O ~ KHCHIO  3aBJISKH  YTBOPEHHIO
3B’s3kiB MK iomoM Fe’™ i amiHOKHMCIOTHHMH
3QIMITKAMHA  TIOTMINMENTUAHNX JIAHITIOTIB  TJI00iHY.
VIMOBIpHO, HEJOCTATHICTH Oika B XapuyOBOMY
pamioHi TPU3BOOUTH HE TIIBKK A0 Aedopmarii
CTPYKTYPHO-TIPOCTOPOBOI OpraHizaiii reMorio0iHy,
a i b1 (0] MOPYIIEHHS (YHKLIOHYBaHHS
KHCEHB3B SA3YI0UOi JUISTHKH.
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3a manumu Jiteparypu (Bacunbesa, 2005; dynok
Ta iH., 2010) 6mm3pko 7-10% remornoOiHy 3B’s3aHO
3 MeMOpaHOI0 epuUTpouuTa. Y CBOIO 4Yepry,
MoaudiKaris CTPYKTYpH KOMITOHEHTIB
EPUTPOILIUTAPHUX MEMOpaH € MPUYUHOK IXHBOT
(hyHKIIIOHANBHOT AecTaldinmizaiii, 3 SKOKW IOB’s3aHa
cuctema tpancnopty ionis (Cl, H') Ta rasis (O,
CO;). VY mHamoMy BHIIAOKy 3HIDKCHHS pPiBHS
OKCHUT'eMOTJIO0iHy MOKe OYTH TIOB’SI3aHO HE JIUIIE 31
3MEHIIICHHSIM KOHIIeHTpamii 3aragpHoro Hb, ame i
MIOPYIIECHHSM TIPOIIECiB 3B’S3yBaHHSA Ta Bimmadi
reMorao0iHOM  KHCHIO, a4  TakoX  3MIHOIO
CHIBBiIHOLICHHS! BMICTY OKpPEMHUX JIiraHAHUX (GOpM

remMorno0iHy, HaIPUKIIA] OKCH- Ta
kapOokcuremornobiny (Boas and Franceschini,
2011).

Bimomo (Ryter and Tyrrell, 2000; Jlrora Ta iH.,
2013), mo xoHdopMarliiiHi TOPYyIICHHS B OTOYCHHI
remy, 3MiHa Horo rigpodoOHOCTI, MOsIBa aHIOHIB Y
LBOMY IMPOCTOpi NPHU3BOOUTH JAO BiJIIICIUICHHS
Okcureny y ¢opMi CYNMEpOKCHIHOTO aHioHa i
nepexony Fe’” — Fe’". MoHa NpHIIyCTHTH, W10
YTBOpEHHH cynepokcua mnpu Biaemomii 3 NO,
HaJMipHa KUIBKICTh SKOTO TNPOIYKYETHCS 32 YMOB

OiKOBOL HEJOCTaTHOCTI (Kompumsayk u
byukoBckas, 2014) Moxke NOPU3BOIUTH 10
YTBOPEHHSI  OUTBII ~ TOKCHYHOTO  TPOAYKTY —

niepokcuHiTpUTY (ONOO").
Hani mitepatypu (3unuyk, 2003) 3acBiIdyroTh,
[0 TEMOIpPOTEIHM € TPIMUMHU MIMICHAMHU il

nepokcuHiTpuTy. Ilpm  B3aemomii ONOO™ 3
OKCHT'€MOTJIO0iHOM BiZIOyBa€eThCA YTBOPEHHS
MeThopMu TeMOTIPOTEIHIB, MOLIKOKEHHS

op(ipHHOBOTO KUTBIS 3 TOMANBIION JIErPaJallicto
reMy, 0 CYHpPOBOKYETHCS OKHCHEHHSM 3ajliza Ta
HITpYBaHHS 3QJIMINKIB TUpO3uHy. HiTpyBaHHS
reMoriio0iHy TMPHU3BOAUTH A0 3MiHM KoH(popmarrii
OiKa, BHACTIAOK SKOI TeM BUXOIUTH i3 TimpodoOHoT
KHIICHI, ¥, OTXe, MiJBHIY€EThCS WMOBIPHICTh HOTO
BUBIJIbHEHHs Ta pyiiHyBanHs (Ocumnos, 2007; biarom
ta iH., 2009). BiporizHo, BUSBICHE HaMHU
3MEHIIICHHSI BMICTY OKCHTEMOTJIO0IHY — OCHOBHOTO
nepuBaty Hb moke Oyt HacmiakoM Momudikarrii
[JI00IHOBOTO KOMIIOHEHTa, a TaKOX IOpPYIICHHS
3B’SI3Ky TeMy 3 TJIOOIHOM, IO CYHpPOBOIKYETHCS
3MIHAMH CIIOPIJHEHOCTI TeMOTJIOOIHY [0 KHCHIO
(Poratkun, 2012).

Bigomo, mio OumpmiicTe OiIKIB  OpraHi3My,
30KpeMa, TeMOTJI00iH, TpaHC(hEepUH, KOJareH TOIIO,
i JUIATaI0Th MpoIIeCy He(hepMEHTATUBHOTO
rmiko3wtoBaHHs (Benbkos, 2008; Kamuman, 2008).
I'miKko3wIOBaHHA ~ TEMOTJIO0IHY  IPOJOBXKYETHCS
MPOTATOM YChOTO JKUTTS EPUTPOLIUTA 1 TPUBAE B
cepenqaboMy 120 mHiB. Y Mexax LbOTO TEpPMiHY
HaWOIIBIIMIA TPOTHOCTUYHUM BBAXKAETHCS PiBEHB
HbA,. 3a ocranni 30 pmHIiB, KoaH (QOPMYETHCS
npubmuzHo 50% nmaHoro mpoteiny. Y cydacHii
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miteparypi (Paguenko, 2008; Ckpumamk, 2012)
piBEeHb TIIIKO3UIILOBAHOTO reMorio0iny
pO3TISAAAOTh K IHTETPOBAaHHMN  TMOKa3HUK
KOMIICH CAIlii BYTJIEBOAHOTO OOMIHY, OCKUTBKH BiH
BiJOOpaka€ BIJICOTKOBY KUIBKICTH TeMOTIIOOiHY
KPOBi, HE3BOPOTHBHO 3’ €IHAHOTO 3 TIIOKO30I0.

Y  Hammx  JOCHI/DKEHHSX  BCTAHOBJICHO
IBOKpaTHE TIABUINCHHS PIBHA TIIKO3WILOBAHOTO
reMorio0iHy B TeMolli3aTi KpoBi IMypiB, §Ki
CTMOKUBAIH HU3BKOMPOTETHOBHUI PAIliOH, MOPIBHIHO
31 3HAYEHHSIMH KOHTPOJBLHOI TPYNH TBapHH.
BiporimHo, 3pocTaHHS JaHOTO IMOKa3HHWKa 32 YMOB
O1IKOBOT HEMIOCTATHOCTI, BiNOYBAa€THCS BHACIIJIOK
MOPYIICHHS. TONEPAHTHOCTI JO TJIOKO3H, IO
CYTIIPOBOIKYETHCS PO3BHUTKOM MeTabomuHOT
rinepriikemii (Goldstein et al., 2004; Wnsun u np.,
2008). I'miko3umpoBaHWUH TIeMOTJIO0IH BHACTIIOK
MIIIHOTO 3B’SI3Ky 3 KHCHEM Ba)KKO Bimmae #oro
TKaHUHaM, TOMY ITiJIBUIIEHHS HOTO BMICTY B KpOBI
CIPUYUHIOE BUHUKHEHHS TKAHWHHOI TIMOKCii, 10
MOB’S3aHO 13 HEJOCTaTHIM HACHYEHHSIM KHCHEM
6azanpHux MeMOpaH (Ckubuyk Ta CoJOMEHUYK,
2005). Takum  YMHOM,  3pOCTaHHS  PIBHA
TIIIKO3WJIBOBAHOTO T'eMOrNo0iHy 3 OJHOYaCHUM
3HIDKCHHSAM HWOTO  OKCOMOPMH  CBITYHTH  TIPO
MOPYIIEHHS! KUCEHBTPAHCIIOPHOI (YHKLIT B IJIOMY,
110, B CBOKO Y€Pry, MOKE MPU3BECTH JI0 MOPYIICHHS
pIBHOBarm MiX TIpoIlecaMd BUTEHOPAIUKAILHOTO

OKUCJICHHS 1 aHTHOKCHJAHTHOTO 3axXHCTy B
OpraHi3Mmi.
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Fig. 3. The content of total glycosylated hemoglobin

in the hemolisat of the rats erythrocytes on condition of
the low-protein ration.
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THE LEVEL OF DIFFERENT FORMS OF HEMOGLOBIN IN THE HEMOLISAT OF
THE ERYTHROCYTES OF RATS BLOOD ON CONDITION OF THE LACK OF
PROTEIN

G. P. Kopylchuk, I. M. Buchkovska, M. G. Skrypnyk

In this work has been researched the general level of hemoglobin and its main derivative - oxyhemoglobin in
hemolisates of the rats' erythrocytes under conditions of nutritional deprivation of protein. At the same time
considerable attention was paid to the determination of glycosylated hemoglobin content - marker of disruptions of
carbohydrate metabolism in the body under conditions of protein deficiency. In order to study the characteristics of
these biochemical indicators under conditions of nutritional protein deprivation experimental animals were kept for 28
days on a semi-synthetic low-protein diet on the principle of pair food. Hemolisate of erythrocytes was obtained by
Drabkin method with subsequent removal of the reticular stroma. Determination of total hemoglobin was made by a
hemoglobincyanide method, oxyhemoglobin - by a spectrophotometric method by means of the molar extinction
coefficient at achieving the maximum level of oxygenation of the molecule. The level of glycosylated hemoglobin in red
blood cells' hemolisate was determined by reaction with the thiobarbituric aicid. It was found out that under conditions
of protein deficiency in rats' blood hemolisate is a decrease in the concentration of total hemoglobin and
oxyhemoglobin 1,4 times compared to the control indicators. It should be noted that the decrease of hemoglobin under
conditions of protein deficiency on the one hand, it may be due to impaired synthesis of globin polypeptide chains due
to a deficiency of aminoacids, on the other hand - a disruption of heme synthesis. At the same time in the experimental
group of animals has been observed the decrease of main ligand form of hemoglobin - oxyhemoglobin, which may
indicate the disruption of binding and kickback of oxygen and the resulting changes in the affinity of hemoglobin for
oxygen. At the same time we studied that hemolisate of red blood cells of rats who were on a low-protein diet has
double increase in glycosylated hemoglobin compared to control indicators, which is considered as a prognostic
indicator of metabolic hyperglycemia, because it reflacts percentage of hemoglobin, irrevocably conncted to glycose.
Glycosylated hemoglobin due to a strong relationship with oxygen gives it hard to tissues, so increasing of its content in
the blood causes the occurrence of tissue hypoxia, which is related to insufficient oxygenation of basal membrans.

Keywords: hemoglobin, oxyhemoglobin, glycosylated hemoglobin, hemolisate, erythrocytes, low-protein ration
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BIOIH®OPMAIIMHUN AHAJII3 3BOPOTHOI'O 1 HE3BOPOTHOI'O
HAKOITMYEHHA 3AJII3A B PROTEOBACTERIA TA ACTINOBACTERIA

C. B. 'OPOBELLb, O. I0. 'OPOBELD, I. B. AEM’AHEHKO, O. B. CJIUBELIb

Hayionanvnuti mexuiunuii ynigepcumem Yxpainu « K111y,
gakynbmem biomexnono2ii ma 6iomexuixu,
03056, Kuis, np. Ilepemocu 36,
e-mail:pitbm@ukr.net

Memooamu bioingopmayitinoco ananizy 6yno kiacugikosano npedcmasnuxie munie Proteobacteria i Actinobacteria
Ha Yomupu 2pynu no GIOHOWEHHIO 00 HaseHOCMI OLIKie 2omonocie Mam-0inkie MacHIMOMAKCUCHUX b6akmepii, sKi
3abe3neuyoms cunmes 0io2ceHHUX MacHimHux Hanoyacmunox (BMH), ma gepumuny ma/abo ¢gepumu-nodionux OLIKis.
Ipoananizosaro nacmynui gpaxmopu, sKi 6U3HaYarOmMv mou yu iHwul genomun y daxmepit munie Proteobacteria ma
Actinobacteria: cepedosuwje iCHY8aHHA, YMOBU ICHYBAHHA, PYXAUBICIb, HAABHICMb MASHIMHOI asu 6 cepedosuuyi,
MexXaHizmMu Mixckuimunnoi e3aemooii. Iloxasano, wo BMH moocyms 3abesneuysamu MazHimomaxcuc, 8UCmMynamu 6
AKocmi  cneyupiyHoi  MIDCKIIMUHHOT  83A€EMOO0ii ma 63a€MO0ii 3 NAPAMASHIMHUMU KOMNOHEHMAMU Cepedosuiyd,
3abe3neyysamu 3ax6am ma HAKONUYEHHs eqheKmuUBHONAPAMASHIMHUX —mMda NAPAMASHIMHUX SHYMPIUHbOKTIMUHHUX ma
306HIUHbOKIMUHHUX KOMNOHEHM (2PAHyll, 6€3uKYl, 8aKyoO.el, MIKpo- ma HAHOOYIbOAUIOK MOWO0), 3aXUCH KIiMUH
MIKPOOP2AHizMi6 6I0 HAOMUWIKIE [OHIE 3a1i3a ma OJsl NAMO2eHie ma YMOGHUX namozenié Hasenicmv BMH 3abesneuye
saxucm 610 IMYHHOI 6i0no6ioi xazsina. Taxum uunom nasienicme BMH y mikpoopeanizmie € pakmopom, sxuil niosuuye

IMOBIpHICIb IX BUNCUBAHHS HA PSOY 3 THUUUMU MIKDOOPSAHIZMAMU.

Kniouosi  cnoea: 0Oio2enni  MacHimHi

oioinpopmayitinuil ananiz

Beryn. biorenni marniTHi Hanowactuaku (BMH)
€ 00’€KTOM IHTEHCHBHHX JOCTikeHb 3 1975 poky,
KOJIM  BOHM  BHOepme Oyniu  BUSIBICHI B
MaraiToTakcucHux Oaxtepisx (MTB) (Frankel et al.,
1979). 3a neit wac po3mmudpoBano renomu MTh Ta
BHUI1JIEHO IeHH, K1 BIAIIOBiAAIOTH 3a
OioMiHepamizallito BMH, TaK 3BaHUM
mar"iTocoMmani octpiBenrb (MO) MTB Tta ommcano
nporiec  Giominepanizanii BMH  (M.Winklhofer,
2005; Matsunaga et al, 2007). B MTb
Oiominepamizaiis kpuctaniB Maraetuty (Fe;O4) abo
rpeiirity (Fe;S,;) BimOyBaeTbcsi B MarHiTOCOMHiM
opraseni, 1o SBISE€ COOOI0 JIMiIHY BE3UKYIY, i
JIOKAJTi3YEThCS B TIPHUCTIHHIN obacri
nuTorurazMaTuaHoi  MemOpann  (M.Winklhofer,
2005; Matsunaga et al., 2007; Griinberg et al., 2004;
Richter et al., 2007; Arakaki et al., 2008).

BMH BusBIE€HO y TNpENCTaBHUKIB YCIX TpPHOX
[apCTB OpraHi3MiB: MpOKapioTax, eykapioTax Ta
apxesx (Frankel et al., 1979; M.Winklhofer, 2005;
Matsunaga et al., 2007; Griinberg et al., 2004; Richter
et al., 2007; Arakaki et al., 2008; Hsu et al., 2007;
Maher, 1998; Hsu and Chan, 2011; Cranfield et al.,
2004; Mann et al, 1988; Lowenstam, 1973),
30kpema, B komaxax (Hsu et al., 2007; Mabher, 1998;
Hsu and Chan, 2011; Cranfield et al., 2004:), nTaxax
(Frankel et al., 1979; Walcott et al., 1979), pubax
(Mann et al., 1988) y ccasiB (Lowenstam, 1973) ta B
TkaanHax monuan (Kobayashi et al., 1997; Brem et
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HAHOYACMUHKU,

munu  Proteobacteria i Actinobacteria, epumun,

al., 2006; Moos, 2004; Bartzokis and Tishler, 2000;
Lovell et al., 1998; Burdo and Connor, 2003; Grassi-
Schultheiss et al., 1997; Kirschvink, 1981; Beyhum et
al., 2005; Collingwood and Dobson, 2006;
Kirschvink et al., 1982; Brem et al., 2006). Y monuan
BMH 3Haiineno B HagHupKoBuUX 3an03ax (Kirschvink,
1981), cepui, meuinmi, cenesinmi (Grassi-Schultheiss
et al., 1997) ta B romoBHOMY MO3Ky (Collingwood and
Dobson, 2006; Brem et al, 2006). B pobGorax
(Gorobets et al., 2014; Gorobets and Gorobets, 2012;
T'opoGenp Ta iH., 2013) Bepme nependaveHi GyHKI
BMH sx B Oakrepisx, Tak i B OaraTOKIITHHHHUX
OpraHi3Max 3a JIOIOMOTOI0 MeTOIiB OioiH(opMaTHKH
Ta  MOJIENFHUX  EKCIepUMEHTIB B  00IacTi
Maraitoximii. Ilokazano, mo BMH cayryrote He
JIMIIIE JUIS HABITAIl B reOMarHiTHOMY TIOJi, aJie ¥ Jyis
peryisiii MeTaboIIYHUX MPOIIECiB B KIITHHI IIISIXOM
BIUIUBY  HEOJHOPIMHOTO  MArHITHOTO MO,
crBoperoro BMH, Ha kmactepHi KOMIOHEHTH B
kiituHi (Gorobets et al., 2014). Jlo HenaBHBOTO yacy
ICHyBaJO JIBi TOYKH 30Dy, Meplia — M0 3a MpOILeC
OiocuaTesy BMH B kimithHax BimmoBimae ¢GhepUTHH
(Hsu and Chan, 2011) i npyra — mo ¢pepuTuH He Ma€e
BiJJHOIIEHHS JI0 1Iboro Tporecy (Brem et al., 2000).
Ane nociimkeHHS poBeneHi B poooti (I'opobens Ta
iH., 2013) mnokazamu, mo OiomiHepamnizauis BMH
BiZIOYBA€ThCA HE3AIEKHO BiJl HAasIBHOCTI (EpUTHHY,
Tak sk He y Bcix MTbB e ¢epurun ta/abo depurun-
momiOHi  OimkM, Xo4ya  (EHOTHUIOBHHA  TPOSIB
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oiomineparizartii BMH mpucyTriit y Bcix MTh. Ha
JaHUi MOMEHT 3 IBOrO THUTAHHS BHUBYCHHMH €
MikpoaepodinbHi Ta aHaepoOHi Oaktepii (I'opobenpb
Ta if., 2013).

Bimomo, mo (¢epuTHH 3IOiHCHIOE 3BOPOTHE
HaKOIMYEHHS 10HIB 3aii3a, TOOTO 3a0e3mneuye Horo
IIBUJIKE 3B’sS3YBaHHSI-BUBUIBHEHHS B METaOOIIYHIX
mporecax (Elizabeth, 2003). Ommak, B mporeci
Olominepamizanii  BMH  3amizo  3B’s3yeThes
He3BopoTHO (Nudelman and Zarivach., 2014) B
CKIIani XIMIYHO CTIiHKHX MiHepaniB (MarHeTury,
rpeiirity Tomo (Arakaki et al., 2008). IIpu upomy
TCHETHYHOI0 OCHOBOIO Oiominepanizauii BMH 'y
0araTOKIJIITHHHUX OpraHi3MiB € OLIKH TOMOJIOTH
mam-6inkie MO MTbB (Gorobets et al., 2014). Ane
HE3BOPOTHE HAKONMMYEHHS 3ami3a B  Ipoleci
Oiominepamizanii BMH BrumBae He TiBKM Ha
MeTtabomiuHi mportecu B kiitnHax (Gorobets et al.,
2014; Topobenp Ta iH., 2013), a i Ha B3a€EMOIII0
KIIITUH Ta MiKpOOPTaHi3MiB Mk cO00I0 Ta 3 IHIIMMHU
KIIITHHAMY, BEKTOPHUMH CHUCTEMaMH JIJISI JJOCTABKH
nikiB Ta iH. (Gorobets et al., 2014; 'opobGen u np.,
2013; Topobens Ta iH., 2014). [ocnimkeHo
(Kobayashi et al., 1997; Brem et al., 2006; Moos,
2004; Bartzokis and Tishler, 2000; Lovell et al.,
1998; Burdo and Connor, 2003; Beyhum et al.,
2005; Collingwood and Dobson, 2006; Kirschvink et
al., 1982; Brem et al., 2006), 1o OiIKH THOIUHU (SKi
€ rtomoinoramu Oinkie MO MTB) 3amisHi B
maToreHe3i  HU3KM  HEWpOJEeTreHepaTMBHUX  Ta
OHKOJIOTIYHHX 3aXBOPIOBAHbB, SKi XapaKTePU3YIOThCS
mijBuiieHoo Kinbkictio BMH. 3aranom Oananc
3ajyi3a B OpradisMi — BaXJIuWBUU  (akTop
MeTaboIi3My B HOpMi 1 maTosorii, 6e3 BpaxyBaHHS
HE3BOPOTHOTO HAKONMHWYEHHS 3aii3a (B MpoIleci
Oiominepanizaiii BMH) HeMOXIHUBO 3MOAEITIOBATH
roMeocras 3ajiza B opra”izMmi. J{iag po3yMiHHS
TIPOTIECIB, K1 BIUTUBAIOTH Ha piBeHB
Oiominepanizanii BMH y mronman B HOpMi 1 mpu
[aToJIOrigX, a  BIANOBIZHO  BIUIMBAIOThH  HA
MeTa0oITi3M, KIITHH-KIIITHHHY B32€MOJIII0, BaYKIIMBO
JOCTIIUTH  METa0OJIIYHI IUIAXH 3BOPOTHOTO Ta
HE3BOPOTHOTO HAKONMHMYEHHS 3aji3a sl pi3HUX
THUIIB MiKpOOpraHi3MiB (MOJeNbHI 00’ €KTH).

Metoro  nmaHoi  poOOTH €  BCTAHOBJICHHS
noTeHuinHunx nponyueHtie BMH 0Oakrepiii THIiB
Proteobacteria Tta Actinobacteria, (cepem sSKUX
OUTBIIIICTE HAJNSXKWUTHh N0 aepoOiB), Kiacudikaris
MPEJICTABHUKIB [UX THINB 332 HASBHICTIO TOMOJIOTIB
o0inkis MO MTB Ta HasBHicTIO ¢epuTHHy i
(hepuTHH-TIONIOHMX OLNKIB B X TIpOTEOMax, a TAKOXK
aHami3 ¢akTopiB, SKi MOXYTh BH3HAYaTH TOW YH
iHImMi Genorum.

Bioindopmaniiianii  aHamdi3 cmiBicHyBaHHS
romoJiorie Oiikie MO MTB T1a ¢epuruny y

npeactaBHuKiB  TumiB  Proteobacteria  Ta
Actinobacteria. Jns LILOTO METOJaMH
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MTOPIBHSUTHFHOI TEHOMIKH JOCTIIKEHO MPEACTaBHUKIB
TaniB  Proteobacteria T1a  Actinobacteria  Ha
HasBHICTP B iX TeHOMax TeHiB (epuTuHy Ta/abo
reHiB-romosorie mam-0inkisB MTDB, 0Oe3 sgxux He
MOxJIMBa OiomiHepamizaiiss BMH. s anainizy 0yso
oOpaHo nume Ti OakTepii, sIKI MalOTh IOBHICTIO
posmmppoBanuii reHoMm B 0a3i maHmx GeneBank
(http://www.ncbi.nlm.nih.gov/genbank/) TUTS
YHHUKHEHHS OTPUMaHHS HEJJOCTOBIPHUX Pe3yJIbTATIB.
[ToBHMIT TepesTik MiKPOOPraHi3MiB MPEICTaBICHO Y
Tabymi 1.

JocnimkeHHss mpoBOawiiM B JBa eTanu. Ha
MepuioMy etami OyJ0 BHUSBICHO NOTEHI[IHHUX
npoayueHTiB BMH OioiHpopMamiHIMA MeTOAaMH.
Hnst uporo OyJio MPOBEACHO BHPIBHIOBAHHS mam-
OinkiB Oakrepii Magnetospirillum gryphiswaldense 3
TPaHCIHOBAaHUMHU TIOBHUMH Te€HOMaMHu  OakTepiit
ponuH THHIB  Proteobacteria Ta Actinobacteria,
BUKOPHUCTOBYIOYH Tporpamy blastp «BLAST on-
line» 3a craHmapTHUX TapaMmeTpiB, IO € BLIBHUM
MporpaMHUM pecypcoMm HarioHampHOTO HEHTpPY
OiotexHonoriynoi iHdopmaii (National Center for
Biotechnology Information;
http://blast.ncbi.nlm.nih.gov/Blast.cgi). ['omomnorito
MOCHIDKYBAIM 3  HACTyHHUMH  Oinkamum M.
gryphiswaldense, a came mamB, mamM, mamA,
mamE, mamO, mamN (06e3 sxux Tnpolec
OlomiHepamizamii He € MOXIUBHMH) Ta mamkK,
mamQ, mamZ, mamH (perymnaropni Oinku). Bei mi
OiIKM € JpeBHIMH OiTkamMH TOMY, LIO MaroOTh
TOMOJIOTIB y TIPEJCTAaBHUKIB yCiX TPhOX IApCTB

OpraHi3MiB:  MpPOKapioT, e€yKapioT Ta  apxei
(Topobems T1a in., 2013).
Ha mwactynHomy erami OyJo  HpoBeIeHO

Kimacuikariro Ha HasABHICTH (QEpUTHHY Ta/abo
(bepuUTHH-TIONI0HUX O1nTKiB y npoTeomi
nociimkyaaux Oakrepiit (Tabm. 1).

B pe3ymbTaTi MpOBEAEHOTO MOCIHIMKEHHS OYII0
BCTaHOBJIEHO, 10 MIiKpOOpTaHi3Mu THTIB
Proteobacteria ta Actinobacteria MOXHa yMOBHO
knacudikyBatn Ha 4 rpynu. B mepmry rpymy (15
MIKpOOpTaHi3MiB) YyBIMIUIM Ti NPENCTaBHUKH, SIKi
MICTSTh TOMOJIOTH mam-0inkiB M. gryphiswaldense,
TOOTO BOHHU € MOTEHIiitHMMHU TTpoayueHTamu bMH,
Ta MICTATh OUTOK ¢eputnHy Ta/abo QepuTHH-
nonioni Oinku (Tabmuus 2). B apyry rpymy (9
MIKpOOpraHi3MiB) yBIHILIM MIKpOOpTaHi3Mu, sKi
MICTITh  TUTBKA  TOMOJOTM  mam-OinkiB M.
gryphiswaldense, T00T0 (GepuTHH Ta/ab0 (QepUTHH-
noxi6ui Oinku BimcytHi (Tabmuus 3). o Tperwoi
rpynu (3 MiKpoOOpraHi3MH) BiHECEHO OakTepii, sKi
MaroTh BiIacHWM (pepuTuH Ta/ab0 hepuTHH-TOMIOHI
OliJKHM, ajae He MAaloTh OLJIKIB TOMOJOTIB mam-OiJIKiB
MO MTB. B mpomeci A0CTiIKEHAS BHSIBHIOCH, 110
Oaxrepil Acidimicrobium ferrooxidans DSM 10331,
Brucella abortus bv. 1 str. 9-941 ta Catenulispora
acidiphila DSM 44928 BiTHOCSTBCS A0 IIi€] TPYITH.
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Taén. 1.
Hocnioamceni mikpoopzanizmu

Proteobacteria
Bartonella bacilliformis KC583
Brucella abortus bv. 1 str. 9-941
Brucella abortus S19
Brucella melitensis bv. 1 str. 16M
Brucella suis 1330
Caulobacter crescentus CB15
Caulobacter sp. K31
Mesorhizobium ciceri biovar biserrulae WSM1271
Phenylobacterium zucineum HLK]
Asticcacaulis excentricus CB 48
Bartonella clarridgeiae 73
Beijerinckia indica subsp. indica ATCC 9039
Brevundimonas subvibrioides ATCC 15264
Brucella abortus A13334
Caulobacter crescentus NAI1000
Caulobacter segnis ATCC 21756
Hyphomicrobium denitrificans INES1
Hyphomicrobium denitrificans ATCC 51888
Hyphomicrobium nitrativorans NL23
Mesorhizobium australicum WSM2073
Mesorhizobium loti MAFF303099
Ochrobactrum anthropi ATCC 49188
Parvularcula bermudensis HTCC2503
Pelagibacterium halotolerans B2

BiamoBinHO ocTaHHS (Y4eTBepTa) Tpyma OakTepii
(13 MikpoopraHi3MiB), sKi HE MawTh TOMOJIOTIB
mam-0inkis MO MTB Ta He MICTATH BJIAaCHOTO
(eputnny Ta/abo (¢epuruH-moAiOHMX OiNKiB, a
came: Bifidobacterium bifidum BGN4,
Bifidobacterium bifidum PRL2010, Bifidobacterium
bifidum S17, Brucella abortus A13334, Brucella
abortus S19, Brucella suis 1330, Caulobacter
crescentus  NAI1000, Caulobacter sp. K31,
Gardnerella  vaginalis  409-05, Gardnerella
vaginalis ATCC 14019, Gardnerella vaginalis
HMP9231, Mesorhizobium ciceri biovar biserrulae
WSM1271, Mobiluncus curtisii ATCC 43063.

Bimomo, mo mua  3a0e3meueHHs  CBOEl
JKUTTE3TATHOCTI BCI MIKPOOpPTaHI3MH MAaloTh Pi3Hi

MeXaHi3MH JUIS B3a€EMOI{ 3 IHIIUMH
MiKpoopraHizMamMu  ab0  KJIITHHaAMHU-Xa3sgiHaMu
(cumObioT Ta Tapa3WTHM) Ta Pi3HI MEXaHi3MHU

pyxoMoi peakmii y BiJIOBib Ha CTUMYJH: CBITIIO
(poToTakcuc), Temnepatypy (TEpMOTAKCHC), BOJIOTY
(rimpoTakcuc), 3MiHy KOHIEHTpallii XiMIiYHHX
pe4oBUH (xemoTakcuc), MarHiTHe rose
(MarniToTakcuc) i T.4. 3 1i€i TOUKH 30py QYHKLIIMH
BMH e:

1) Marnitotakcuc sk pisHoBHI Takcucy (Frankel,
1981). Hanpuknan, marnitorakcuic MTB — me pyx
MO JIiHISIM T€OMAarHiTHOTO TOJs B MYyJ, A€ Oiibiie
noxuBHUX pedoBuH (Frankel, 1981).
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Tab. 1
The studied microorganisms

Actinobacteria

Bifidobacterium bifidum BGN4
Bifidobacterium bifidum PRL2010
Mobiluncus curtisii ATCC 43063
Magnetococcus marinus MC-1
Cryptobacterium curtum DSM 15641
Gardnerella vaginalis ATCC 14019
Gardnerella vaginalis HUP9231
Acidimicrobium ferrooxidans DSM 10331
Arcanobacterium haemolyticum DSM 20595
Atopobium parvulum DSM 20469
Bifidobacterium bifidum S17
Bifidobacterium dentium Bdl

Catenulispora acidiphila DSM 44928
Coriobacterium glomerans PW2
Gardnerella vaginalis 409-05

Streptomyces hygroscopicus subsp. jinggangensis 5008

2) Bzaemomis BMH, sk 3 MarHiTHUMH CKJIaJOBUMH
CaMoro cepe/ioBHINA TaK 1 3 MarHiTOYYTJIMBUMH
CTPYKTypaMH B CKJali iHIIMX KJITHH Ta
MIKpOOpPraHi3MiB K  pi3HOBHJI  crenudiqHol
B3aemogii (I'opoGen u np., 2013). Hanpuximan, mis
MarHiTOYyTIUBUX INTaMiB CHUMOIOHTIB JIOOUHU —
B3a€EMOJIiSI 3 PAaKOBUMH KIITHHAMH, IO MICTATh
BMH (T'opobernb Ta iH., 2014).

3) MarniTHui 3aXBaT Ta HAKOMUYEHHS e()EKTUBHO
napaMarHiTHUX  BHYTPIIIHBO  Ta  30BHIIIHBO
KIITHHHAX ~ KIACTEPHUX  KOMITOHEHT  (TpaHy,
BE3WKYJI, BaKyoJiel, MIKpO- Ta HaHOOYJIHOAIIOK
toio) (Gorobets et al., 2014; Cranfield et al., 2004).
Hampuknaza, MartiTHe KOHIEHTPYBaHHS MOXe OyTH
3amisHE B CKJIANI IMYHHOI, TpaHCIOPTHOI Ta
CEHCOPHOT CHCTEM.

4) 3axucT KJITHH MIiKpOOPTaHi3MiB Bijl HaJJIHIIKIB
ioHIB 3aiiza, TaK SK BiOMO, [0 B TIpoIleci
Oiominepanizaiii BMH, oprani3am Hamaraetbcs
3aXHCTUTHCH BiJI HAUIUIIKY 10HIB 3aJ1i3a (HE3BOPOTHE
HAKOTIMYEHHS 3aii3a), TaK SK BiJOMO, IO MpOIeC
Oiominepamizanii BMH moB’s3aHmii 3  piBHeM
pPCaKTUBHUX (OPM KHUCHIO Ta 3aJICKHUTH BiJl YMOB
icHyBaHHs ~ OakTepii Ta  ocoOmmBocTed  ix
MeTaboImi3My, OCKUTBKH 10HH 3aj1i3a, IMOTPAITUBIIHN Y
KpucTaniuyny pemritky BMH, He OepyTh ydwacTth B
peakmii ®deHTOHa YTBOpPEHHS pEaKTUBHUX (QopM
kucHIO (Nudelman and Zarivach., 2014).
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Taon. 2.

uauumi eupienrosanusn mixc oinkamu MO MTh
oaxmepii M. gryphiswaldense ma npedocmasnuxamu
munie Proteobacteria ma Actinobacteria (nepwia zpyna).

Tab. 2.

Significant alignments among MO MTB proteins of M.
gryphiswaldense bacteria and Proteobacteria and
Actinobacteria species (the first group).

E-value (I, % / P, %)
[IFam MiKpoOpragisMy Proteins of Magnetospirillum gryphiswaldense MSR-1 TvTT (epuTHEY
MamA MamB MamM MamO Mam
E

Asticcacaulis excentricus - 9e-17 8e-19 2e-08 4e-31 BFR S1

CB 48 (24/48) (31/46) (31/49) (42/61) BFR S2
DPS

Bartonella clarridgeiae 73 2e-06 Se-14 Se-12 3e-09 le-35 BFR S1

(21/46) (27/51) (24/46) (27/47) (45/64) BFR S2
DPS

Beijerinckia indica subsp. 7e-10 2e-22 2e-18 le-13 le-35 BFR S1

indica ATCC 9039 (30/47) (26/53) (27/45) (32/51) (42/59) BFR S2
DPS

Brevundimonas - 2e-10 3e-17 4e-09 le-33 BFR S1

subvibrioides ATCC 15264 (22/49) (26/44) (27/47) (42/62) BFR S2
DPS

Caulobacter crescentus le-06 5e-09 2e-16 3e-15 5e-39 BFR S1

CBI5 (22/38) (22/42) (30/48) (35/51) 937/54) BFR S2
DPS

Caulobacter segnis ATCC 6e-07 3e-10 3e-19 2e-13 2e-27 BFR S1

21756 (25/45) (25/45) (29/47) (34/50) (37/53) BFR S2
DPS

Hyphomicrobium 2e-06 4e-12 Se-15 8e-13 3e-37 BFR S1

denitrificans INES1 (28/46) (22/48) (22/45) (30/53) (44/59) BFR S2
DPS

Hyphomicrobium 4e-06 2e-16 2e-19 3e-08 le-37 BFR S1

denitrificans ATCC 51888 (27/46) (23/49) (25/47) (26/43) (45/60) BFR S2
DPS

Hyphomicrobium 4e-08 2e-16 2e-15 le-07 6e-39 BFR S1

nitrativorans NL23 (29/50) (25/50) (27/45) (30/44) (44/61) BFR S2
DPS

Mesorhizobium 2e-11 Te-21 Se-17 2e-09 9e-38 BFR S1

australicum WSM2073 (27/43) (25/51) (27/46) (30/46) (50/63) BFR S2
DPS

Mesorhizobium loti 7e-11 2e-24 Se-18 1e-09 4e-38 BFR S1

MAFF303099 (26/44) (27/51) (26/45) (30/47) (42/55) BFR S2
DPS

Ochrobactrum anthropi 7e-10 4e-17 2e-10 4e-11 5e-38 BFR S1

ATCC 49188 (30/49) (27/50) (27/43) (27/44) (39/58) BFR S2
DPS

Pelagibacterium 9e-09 3e-14 2e-16 3e-12 9e-35 BFR S1

halotolerans B2 (27/51) (26/49) (27/49) (31/47) (46/62) BFR S2
DPS

Phenylobacterium - 4e-11 le-15 le-10 2e-31 BFR S1

zucineum HLK1 (27/48) (27/45) (31/50) (38/52) BFR S2
DPS

Streptomyces - le-18 8e-17 le-07 3e-25 BFR S1

hygroscopicus subsp. (25/49) (28/44) (26/42) (37/53) BFR S2
Jinggangensis 5008 DPS
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Taon. 3.

uauumi eupienrosanusn mixc oinkamu MO MTh
oaxmepii M. gryphiswaldense ma npedocmasnuxamu
munie Proteobacteria ma Actinobacteria (Opyza zpyna).

Tab. 2.

Significant alignments among MO MTB proteins of M.
gryphiswaldense bacteria and Proteobacteria and

Actinobacteria species (the second group).

E-value (I, % / P, %)
IlTram Mikpoopramizmy Proteins of Magnetospirillum gryphiswaldense MSR-1
MamA MamB MamM MamO MamE
Arcanobacterium  haemolyticum - 2e-17 2e-12 1e-06 6e-30
DSM 20595 (26/48) (25/48) (28/50) (42/59)
Atopobium parvulum DSM 20469 - 4e-20 2e-15 - Se-27
(24/51) (29/58) (42/61)
Bartonella bacilliformis KC583 4e-06 2e-20 le-16 8e-10 7e-39
(20/47) (27/52) (26/46) (25/46) (47/65)
Bifidobacterium dentium Bdl - 4e-07 5e-07 6e-08 2e-24
(28/48) (26/56) (31/53) (43/60)
Brucella melitensis bv. 1 str. 16M - 2e-16 6e-11 - -
(26/50) (25/44)
Coriobacterium glomerans PW2 - 9e-16 8e-16 2e-11 2e-28
(25/50) (23/45) (26/51) (40/66)
Cryptobacterium curtum DSM - 2e-20 9e-21 6e-08 2e-30
15641 (26/47) (27/46) (24/43) (35/57)
Magnetococcus marinus MC-1 9e-47 2e-99 2e-95 le-110 2e-74
(38/58) (46/73) (48/69) (35/51) (33/46)
Parvularcula bermudensis | 2e-07 Se-16 2e-14 4e-09 2e-33
HTCC2503 (27/47) (28/54) (27/45) (28/44) (40/53)
B  mpomeci  anamizy  ymoB  icHyBaHHS BMH. Tak sk 3 niTepaTypHHX JKepel HE € BiJOMUM

MpeICTaBHUKIB Hepiioi rpynu, Oyiao BCTaHOBIIECHO,
110 THIIOBHM CEPENOBUILEM iX ICHYBaHHS € IPYHT Ta
BOJIOWMH, IO  XapaKTEePU3YETbCS  MIUPOKUM
CHEKTpOM (Pi3MKO-XIMIYHHUX BIACTHBOCTEH. AHami3
3aTHOCTI [0 CaMOCTIHHOTO pPyXy IpEICTaBHUKIB
nepmoi Tpynu TokaszaB, mo 87% 3 HUX PyXIIUBI.
ToOTO TpeACTaBHHKH 1€l TPyNH MiKpOOPTraHi3MiB
MaloTh pi3HOMaHITHI MeXaHi3MH TaKCcHUCy
(JDKTYTHKH, XEMOTaKCHC) B 3aJICKHOCTI BiJ yMOB
ICHYBaHHS, OJJHUM 3 SIKHX € MarHitotakcuc. Bimomo
(TonoBukoB, 1983), moO NpPakTU4YHO BCi TPYHTH
MICTSITh Y CBOEMY CKJaai MmarHity ¢azy (deputw,
dbepomaruiTi), TOMy TIp HasBHOocTi BMH 'y
NpEeACTaBHHUKIB TEepIIoi TPy MOXe BHKOHYBaTHCh
IOpyra 3 HaBegeHHMX (yHKOiH. Tak sk cepenosuiie
ICHyBaHHS ITi€i TPyIH XapaKTEePHU3YEThCS PI3HUM
XIMIYHUM CKJIaJIOM KJIACTEPHHX KOMIIOHEHTIB, TO
BMH MoxyTh BUKOHYBaTH (YHKLIiIO MarHiTHOTO
3axBary Ta HaKOITMYEHHS e(eKTHBHO
napamMarHiTHUX KOMITOHEHTiB, TOOTO BHKOHYBAaTH
tpetto Pynkniro. Okpim BMH nani npeacraBHuKu
XapaKTEePU3YIOThCS HASBHICTIO HIMPOKOTO CHEKTPY
MEXaHI3MiB aare3ii, o B CBOIO Yepry 3ade3medye ix
BI)KMBaHHS B PiI3HOMaHITHHX YMOBaX OTOYYIOHOTO
CepeIOBHILIA.

Jpyra  Tpyma  XapaKTepHU3Y€ThCS  OUIBII
cnennpiYHUMH YMOBAaMH iCHYBaHHS, TakK fK A0 ii
CKJIaJy YBIWIUIM BHYTPIIIHHOKIITUHHI MapasuTH, 3
saxux jume 44 % e pyxJiuBUMH, TOOTO MPHOIM3HO
MIOJIOBHHA MOXE BOJIOMITH TEPIIOD (PYHKITIEO

Bionoriuni cucremu. T. 6. Bum. 2. 2014

(akT HASBHOCTI MAarHiTOCTPYKTypoBaHoi ¢a3u B
CepeNIOBHINI 1X iCHYBaHHS, TO CTBEP/PKYBATH PO
HasBHICTh a00 BiACYTHICTH Apyroi (yHKIiI HE €
nmouiteHUM. Bigomo (Kpacinbko, 2007), 110 KIITHHA

opraHizmy-xassiHa MICTATh KJIacTepu
MmapaMarHiTHEX  Ta  e(eKTUBHOMapaMarHiTHUX
KOMIIOHEHTiB, = ToOTO  HasBHicTh BMH vy
BHYTPIIIHBOKIITHHHUX napasuTiB crpusie
HaKOIIUYEHHS MOXXUBHHUX €JIEMCHTIB Ui
3a0e3MeYeHHS HOpPMaJIbHUX YMOB ix

KUTTEISUTBHOCTI (TpeTs PYHKIIis).

OxpiM  ¢yHKIiT  B3aemofil maToreH-xassiH,
MOXHa TIPUITYCTHUTH, IO HASIBHICTH JIAHITIOXKKIB
BMH y mnarorena, 3axuilae KIITHHH BiJ peakiiii
IMyHHOI CHCTEMH Xa3siiHa, HUIIXOM HE3BOPOTHOTO
3B’ s13yBanHs 3aii3a (Nudelman and Zarivach., 2014)
a00  OUIIXOM ~ MAar”HiTHOr0  KOHLEHTPYBaHHS
e(eKTHBHO MapaMarHiTHUX KJIACTEPHUX KOMIOHEHT
kiituan (Gorobets et al., 2014). Hampuxian, npu
aKkTWBallii IMyHHOI  BIANOBIJAI HA  AHTHUICH,
Makpodard BHKHIAIOTh Yy CEpPENOBHIIC 3HAYHY
KUTBKICTh aKTHUBHUX (OpPM KHCHIO (Tak 3BaHUU
kucHeBuil BuOyxX) (Takahashi at al., 1991). Bigomo,
1[0 KUCEHb — NTapaMarHeTUK, TOMy JaHU0XKku bMH
MOXYTh TpPUTATATH JO cebe HaHOOYIhOAIIKN
KHCHIO, TAaKUM YHHOM HEHTPali3yloud aKTHBHI
¢dopmu kucHio (Gorobets et al., 2014).

IIpencraBHUKHA TpeTbOi Ta YETBEPTOI IPYNH

XapaKTePU3YIOThCS EKCTpEeMaTbHUMU yMOBa
ICHyBaHHS, HAIPUKIIAT, y BoAax reizepiB. OCKUTEKH
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CEPEIOBUIIE X ICHYBaHHS € BiIIHOCHO OJTHOPITHUM,
TO Oijgbllla 4YacTWHA MPEJACTABHHMKIB  BOJIOJIE
cneunpiuyHUMH MeXaHi3MaMHu aaresii 1o cyocTparty i
JIAIIE TPETHHA 3 HUX € PYXJHBa, TOOTO BOJOIIE
MIEBHUM Pi3HOBHJIOM TaKCHUCY.

B mporeci pocnimkeHHs 0ysio MPOBEACHO aHATi3
HACTyImHUX (aKTOpiB: CepeloBUINE ICHYBaHHA,
YMOBH iCHYBaHHS, pyXJIUBICTh, HASIBHICTH MarHiTHOT
dbasu B cepeloBHUIN, MEXaHI3MH MDKKIITHHHOT
B3aemomii (Tabn. 4). B pesynprari Oyno mokazaHo,

crienm(igHOTO MEXaHi3My MDKKITITHHHOI B3aeMOZIT
Ha psaay 3 aaresiero; HasBHicTh BMH y Gakrepisx
3a0e3revye OJIMH 3 BUIB TAKCUCY — MarHiTOTAKCHUC;
HakormueHHss BMH  3abecmeuye  akyMyJIsIiro
napamMarHiTHUX  Ta  e(eKTHBHOIapaMarHiTHUX
KJIACTEPHUX KOMIIOHEHTIB, III0 TOJETIIyE TPOIEC
KUBJIGHHS 32 PaxyHOK MarHiTHHX cmi. Kpim Toro,
JUTS TTATAar€HHUX Ta YMOBHO-TIATaT€HHUX OPraHi3MiB
BMH 3a0e3neuytoTh 3aXHCT Bifl IMyHHOI BiJIOBIiIi
Oprasizmy xassiHa.

mo BbMH MoXyTh BHCTymaTdé y  SKOCTI
Taon. 4. Tab. 4.
Xapaxkmepucmuxa gpaxmopis icnyeanns The characteristics of environmental factors for the
MIKpoopzanizmie pizHux zpyn microorganism of different groups
I (EMH+®) 1T (EMH) 111 (D) IV(-)
BHYTPIIIHBO-
Cepenoswuiie BHYTPIIIHBO-KITITHHHI . KITITHHHI
. BOJA, IPYHT EKCTPUMAaNbHI YMOBHU
ICHYBaHHS napasuTu MapasuTy Ta
CUMOIOHTH
Taxkcuc 87% pyxnuBi 44% pyxiuBi 33% pyxuuBsi 30% pyxJuBi
B32a€EMOJIis 3
MarHiTHOIO L . MAarHitHoi ¢a3u B
. MarHitHoi ¢a3u B MarHiTHa (a3a He .
Bzaemonist dbazoro . cepeoBHIIi
CepeIOBHIIII HEMAE THUIIOBA JIJIs1 CEPEAOBHIIA
cepeoBHIIa HeMae
(rpyHTy)
BMH nonermye ICHYIOTb B
€HJIOLIUTO3 32 BMH nonermrye ymie 33% iCHYIOTh B BiJJHOCHO MaJTUX
Kusnenns paxyHOK €HJIOLUTO3 33 PaXyHOK | CEpeJOBHILI 3 MarHiTHOI | 00’e€Max, MarHiTHa
MarHiTHOT MarHiTHOI B3a€EMOIT (hazoro B3a€EMOJIIS HE
B3aeMOii XapakTepHa

BucnoBku. Metoamu TOPiBHSJIBHOT TEHOMIKH
BIIEpIIIE MPOBEACHO KiIacH(DiKaIlito MiKpoOpraHi3MiB
HAa YOTUPU TpynH 3a TAKHMH O3HAKaAMH SIK
HasABHICTB/BiACYTHICTH romoorie 6inkie MO MTh
Ta HasBHICTH/BIACYTHICTh (eputnHy Ta (QepuTHH-
noaiOHMX OUMKIB B iX MNpOTeOMax Ha TNPHKIALL
Oakrtepill TuniB Proteobacteria ta Actinobacteria 3
BIIOMHMH TOBHMUMH TeHOMaMu. IlokazaHo, M0
mepIra Trpyna MIKpOOPTaHi3MiB MICTHTh — OiIKH
roMOJOTH mam-0ilkiB Ta QeputuH /pepuTuH-
monmiOHI  OiNKW, MO0 CBiAYUTH MPO 3BOPOTHE 1
HE3BOPOTHE HAKOITUYCHHS 3aiiza
MiKpoopraHi3Mamy; Jpyra rpyna — MIiCTUTh TiIbKH
rOMOJIOTH ~ mam-0inkiB, ©0e3  SKuUX  Tpolec
oiominepanizanii BMH He € MoxmuBuM, TOOTO Mae
MeXaHi3M He3BOPOTHOTO HAKOTIMYCHHS 3aii3a; TPeTs
rpyna — MICTUTh JMIIe BiIacHUil QeputuH Ta/abo
(heputnuH-TIOAiIOHI OiNKH, TOOTO BOJNOAIE 3BOPOTHIM
MEXaHI3MOM HAaKOIIMYEHHS 3a1i3a; 4eTBepTa Ipymna —
HEMae HI TOMOJIOTIB mam-OiNkiB, HI (epUTHHY
Ta/abo QepuTHH-MONIOHMX OiUMKiB, TOOTO MdaHi
MEXaHi3MH HaKOITMUYEHHS 3ajTi3a BIJICYTHI.

3 IOCHIPKEHUX MIKPOOPraHi3MU OUIBIIICTE Mae
Oinkm  Tomonorm  mam-6imkie  MTB (24
MIKpOOpTaHi3MH), I€ CBiAYUTH MPO BAXKIMUBICTH
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nporecy 6iominepanizamii BMH mns Hux. MosximBso,
mo B Tporieci  Oiomidepamizamii BMH, opranizm
HAMaraeThCsl 3aXUCTUTHUCH Bijl HAJJTUILKY 10HIB 3aj1i3a
(He3BOPOTHE HAKONHMYEHHs 3ali3a), TaKk AK BiIOMO,
mo mnporec OiomiHepamizarii BMH moB'szanuit 3
piBHeM peakTuBHHX GopM kucHio B MTB (Nudelman
and Zarivach.,, 2014) Ta 3aJeXuTh BII YMOB
icHyBaHHs  OakTepii Ta  ocoOmuBocTed  ix
MeTaboITi3My, OCKUTBKHA 10HH 3aj1i3a, IMOTPAIUBIIHN Y
KpucTainiyny pemitky BMH, He OepyTh ydwacTtb B
peakmii DeHTOHa YTBOpPEHHS peaKTUBHUX (opM
kucHIO (Nudelman and Zarivach., 2014). OgaogacHo
3 yTBOpeHHsM JaHmokkiB BMH wmikpoopraHizm
OTPUMYE MOXJIMBICTb HAKONMHMYYBaTH  KIacTepH
nmapaMarHiTHHX Ta e(eKTUBHO IapaMarHiTHUX
peuoBMH B OKOJi JaHIiokkiB BMH, 1mo Ttakox
BIUIMBae Ha MeTabouiuni mpouecu (Gorobets et al.,
2014; Gorobets and Gorobets, 2012).
[IpoanamizoBano  HacTymHi  (akTopu,  sKi
BU3HAYAIOTh TOM YW 1HIIWK QeHoTun y OaxTepiit
THUTIB Proteobacteria Ta Actinobacteria:
CepeloBUINlE  ICHYBaHHS, YMOBH  ICHYBaHHS,
PYXJIUBICT, HasBHICTH  MarHiTHOI (asu B
CEPEIOBHII, MEXaHI3MU MIDKKIITHUHHOI B3aEMOJII.
Ilokazano, mo BMH w™oxyTs 3abesmeuyBaru

Biological systems. Vol. 6. Is. 2. 2014



MarHiTOTaKCUC, BHCTYIIAaTH B SKOCTI crerudigHol

MDKKIIITHHHOI ~ B3a€MoOXii  Ta  B3aeMomii 3

napaMarHiTHOHMH ~ KOMIIOHEHTaMH  CEpeAOBHILA,

3a0e3redyBaT  3aXOIUIEHHS Ta  HAKOMWYEHHS
e(eKTHBHOMapaMarHiTHUX Ta MapaMarHiTHUX

BHYTPIIIHBOKIITUHHUX Ta 30BHILIHbOKJIITUHHUX

KOMIIOHEHT (TpaHyJI, BE3UKYJ, BaKyoJel, MiKpo- Ta

HaHOOYITL0AIIOK TOIIIO), 3aXUCT KIIITHH

MIKpOOpraHi3MiB BiJl Ha/UIMIIKIB 10HIB 3ajIi3a Ta s

MaTareHiB Ta YMOBHHX IaTareHiB HasBHicTh BMH

3abe3medye 3axXWCT Bill IMyHHOI BiJITOBiI Xa3siHA.

Taxum uynHOM HasiBHicTE BMH y MikpoopraHi3miB €

(dakTopoMm, SIKMI ~ MiABHINYE IMOBIPHICTH  iX

BIDKUBAHHS Ha PSIy 3 IHITUMH MiKpOOPTaHI3MaMHU.
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BIOINFORMATIONAL ANALYSIS OF REVERSIBLE AND IRREVERSIBLE IRON
ACCUMULATION IN PROTEOBACTERIA AND ACTINOBACTERIA

S.V. Gorobets, O. Yu. Gorobets, I. V. Demyanenko, O. V. Slyvets

The representatives of Proteobacteria and Actinobacteria were classified into four groups according to the presence
of homologues of Mam-protein magnetotacticum bacteria that provide a synthesis of biogenic magnetic nanoparticles
(BMN), and ferritin and/or ferrite-like proteins by methods of bioinformatics analysis. In this work were fnalyzed the
following factors that define a particular phenotype in bacteria types Proteobacteria and Actinobacteria. habitat, living
conditions, mobility, presence of magnetic phases in the environment, mechanisms of cell-cell interactions. It is shown
that BMN may provide magnototaxis, act as factor of specific cell-cell interactions and interactions with paramagnetic
components of the environment, to ensure the capture and storage of efficiently paramagnetic and paramagnetic
intracellular and externacellular components (granules, vesicles, vacuoles, and micro nanobulbashok etc.), protection
of microorganisms cells from excess of iron ions and for patahens and conditional patahens availability of BMN
provides protection against the host immune response. Thus the presence of BMN in microorganisms is a factor that
increases the likelihood of their survival along with other organisms.

Key word: biogenic magnetic nanoparticles, Proteobacteria and Actinobacteria, ferritine, bioinformatics analysis
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EFFECT OF SODIUM NITROPRUSSIDE ON ACTIVITIES OF
ANTIOXIDANT AND GLUTATHIONE-RELATED ENZYMES IN LEAVES
OF MAIZE SEEDLINGS
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Sodium nitroprusside was used as nitric oxide (‘NO) donor to investigate effects of "NO on the activity of antioxidant
enzymes in leaves of maize seedlings. Seeds of maize hybrid Kharkivskyj 195 MB (Zea mays L.) were used for the
experiments. Leaves of 10-day old seedlings were cut off and transferred into round-bottomed flasks with distilled water
or 0.1, 0.5 and 1.0 mM sodium nitroprusside solution (SNP). They were incubated for 24 h at constant shaking at 150 rpm
and illumination with an 18 W fluorescent light, giving 800 lux of light intensity (16/8 h day/night regime and 26°C). The
equimolar concentrations of potassium hexacyanoferrate (II) (PCF), were used as an additional control to SNP, since it
has a chemical structure similar to SNP but lacks the ability to produce "NO. It was shown that treatment of leaves with
SNP did not affect catalase activity, but PCF exposure enhanced it by 38-49%. The activity of ascorbate peroxidase was
increased by 44-60% in leaves treated with all three concentrations of PCF, while only 0.1 and 0.5 mM of SNP enhanced
it by ~60%. Guaiacol peroxidase activity was substantially suppressed by 71-80% and 45-69% in leaves incubated with
both effectors, PCF and SNP, respectively. Potassium hexacyanoferrate (Il) at all concentrations used did not affect
glutathione-S-transferase activity in the leaves of maize seedlings, while 0.5 and 1.0 mM SNP increased it by 18 and 28%,
respectively. Glutathione reductase activity was higher in leaves treated with 0.1 and 1.0 mM PCF by 16 and 39%,
respectively, whereas 0.5 mM PCF did not change it. At the same time, SNP at all concentrations used increased GR
activity by 40-60%. The increase of enzyme activity might result from mild nitrosative/oxidative stress induced by "NO

donor, and/or to some extent by iron and cyanide ions, which released at SNP decomposition.
Keywords: Zea mays, maize seedlings, antioxidant enzymes, nitric oxide.

Introduction. Nitric oxide donors are widely
used to study NO role in living organisms,
particularly in plants. Some of them, such as

S-nitrosoglutathione (GSNO), S-nitroso-N-
acetylpenicillamine (SNAP), and sodium
nitroprusside ~ (SNP), release  'NO  during

decomposition. The latter is broadly used for
investigation of 'NO effects on different biochemical
parameters of plants (Floryszak-Wieczorek et al.,
2006; Bethke et al., 2006). It is known that
exogenously added 'NO in low levels acts as an
antioxidant and delays programmed cell death in
barley aleuron cells (Beligni et al., 2002). It also
decreased oxidative injury induced by drought and
UV-B radiation in wheat seedlings (Tian and Lei,
2007). Pre-treatment of roots with ‘NO increased the
activity of leaf superoxide dismutase, catalase,
ascorbate peroxidase and glutathione reductase in
citrus plants (Tanou et al., 2009).

This work aimed to investigate the effect of "NO-
donor sodium nitroprusside on the activity of
antioxidant and associated enzymes in the leaves of
maize seedlings and to compare it with effects of
potassium hexacyanoferrate (II), which has a
chemical structure similar to SNP, but lacks the
ability to produce 'NO.
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Materials and methods. Seeds of maize hybrid
Kharkivskyj 195 MB (Zea mays L.) were used for
the experiments. All chemicals were obtained from
“Sigma” (USA), “Fluka” (Germany). Other
chemicals were obtained from the local suppliers
(Russia, Ukraine) of the highest purity available.
Maize seeds were germinated in moist chambers
during 5 days. The germinated seeds with the same
length of roots were transferred in Hoagland solution
(Hoagland and Arnon, 1950) and grown for 5 days
at 6700 lux of light intensity, 16/8 h day/night
regime and 26°C.

Experimental design. Leaves of 10-day old
seedlings were cut off and transferred into round-
bottomed flasks (Arasimowicz-Jelonek et al., 2011)
with distilled water or 0.1, 0.5 and 1.0 mM sodium
nitroprusside solution (SNP, Na,[Fe(CN)sNO]).
They were incubated for 24 h at constant shaking at
150 rpm and illumination with an 18 W fluorescent
light, giving 800 lux of light intensity (16/8 h
day/night regime and 26°C) (Lyn D. and Williams
H., 2003). The -equimolar concentrations of
potassium hexacyanoferrate (II) (PCF, K4[Fe(CN)¢],
were used as an additional control to SNP, since it
has a chemical structure similar to SNP but lacks the
ability to produce ‘NO (Bethke et al., 2006).
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Determination of enzyme activity and protein
content. Leaves of maize seedlings were ground in
liquid nitrogen and stored until use. Leaves powder
was supplemented 1:10 (w/v) with 50 mM

potassium-phosphate  (KPi) buffer (pH 7.0)
containing 0.5 mM EDTA and 1.0 mM
phenylmethyl-sulfonylfluoride. = The  extraction

buffer for APX contained 1 mM ascorbic acid. The
homogenates were centrifuged (Eppendord 5415R,
Germany) at 13200 g during 15 min at 4 °C. The
resulted supernatants were used for measurement of
enzyme activity and protein concentration.

Catalase (EC 1.11.1.6) activity was measured
spectrophotometrically at 240 nm (Aebi, 1984). The
activity of ascorbate peroxidase (APX) (EC
1.11.1.11) was monitored by following the decrease
of absorbance at 290 nm wavelength (¢ = 2800 M
cm™) (Chen and Asada, 1989). Guaiacol peroxidase
(GuPX; EC 1.11.1.7) activity was assayed
spectrophotometrically following the increase in
absorbance at 470 nm due to guaiacol oxidation (¢ =
26.6 mM" cm™) (Ali et al., 2005). Glutathione-S-
transferase (GST; EC 2.5.1.18) activity was
measured by monitoring the formation of adduct
between GSH and 1-chloro-2,4-dinithrobenzene at
340 nm (e = 9.6 mM™' cm™) (Lushchak et al., 2005).
Glutathione reductase (GR; EC 1.6.4.2) activity was
determined as the decrease in absorbance at 340 nm
(e = 6.22 mM™" cm™) due to oxidation of reduced
NADPH (Lushchak et al., 2005). One unit of
enzymatic activity is defined as the amount of the
enzyme consuming 1 pmol of substrate or
generating 1 umol of product per minute; the
activities were expressed as international units (or
milliunits) per milligram of protein. Protein
concentration was determined with Coomassie
brilliant blue G-250 according to the method of
Bradford (Bradford, 1976) with bovine serum
albumin as a standard.

Statistics. All experiments were carried out in
three analytical and three independent biological
repeats. Experimental data are expressed as mean =+
SEM, and statistical testing was carried out with
ANOVA followed by Dunnett’s test.

Results and discussion. Hydrogen peroxide-
detoxifying enzymes. Hydrogen peroxide (H,O,) is
one of reactive oxygen species which also is a
signaling molecule in plants and other living
organisms (Lushchak, 2014). In plants H,O, is
eliminated via different mechanisms including
enzymes, such as catalase, ascorbate peroxidase
(APX), and guaiacol peroxidase (GuPX) (Gill and
Tuteja, 2010). In our study the activity of catalase in
control leaves of maize seedlings consisted of
19.9 + 0.4 units/mg protein. It was not changed in
leaves treated by SNP, at any concentration used,
but PCF exposure enhanced it by 38-49% (Fig. 1A).
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It can be suggested, that NO released at SNP
decomposition either attenuated, or nullified effects
of compounds, released at SNP and PFC
decomposition. In our study the activity of APX in
control leaves of maize seedlings consisted of
182.7 = 13.9 units/mg protein. It was increased by
44-60% in leaves treated with all three
concentrations of PCF, while only 0.1 and 0.5 mM
of SNP enhanced it by ~60% (Fig. IB). Similar
results were observed in detached Arabidopsis
leaves, incubated with SNP (Semchuk et al., 2011).

It was supposed that "NO-donors could increase
the activity of abovementioned enzymes by the
stimulation of H,O, producing system(s) (Ederli et
al., 2009).

Guaiacol peroxidase (GuPX) also uses H,O, as a
co-substrate to oxidize different compounds,
particularly phenols, and the enzyme is supposed to
be a stress-inducible one (Ghamsari et al., 2007). In
our experiments, GuPX activity in control leaves of
maize seedlings consisted of 1.16 = 0.07 units/mg
protein.  Interestingly, GuPX activity was
substantially suppressed by 71-80% and 45-69% in
leaves incubated with both effectors, PCF and SNP,
respectively (Fig. 1C), i.e. SNP decreased the GuPX
activity to smaller extent than PCF. It is known, that
‘NO can inhibit peroxidases by binding to their
prosthetic heme group, resulting in heme
nitrosylation which, in turn, prevents interaction of
H,0, with the iron ions (Ferrer and Barcelo, 1999).
However, in our experiments it really protected
GuPX against inhibition by PCF.

Glutathione-related enzymes. Glutathione is
inevitable component of virtually all living
organisms (Lushchak, 2012). It is used for
detoxification of reactive species either via direct
interaction with them, or as a cofactor of specific
detoxifying enzymes, such as glutathione-S-
transferase (GST) and glutathione reductase (GR)
(Gill and Tuteja, 2010; Lushchak, 2012). The
activity of GST in control leaves of maize seedlings
consisted of 89.1 + 2.2 units/mg protein. Potassium
hexacyanoferrate (II) at all concentrations used did
not affect GST activity in the leaves of maize
seedlings, while 0.5 and 1.0 mM SNP increased it by
18 and 28%, respectively (Fig. 2A). Previous studies
demonstrated that 'NO stimulated the expression of
GST gene in soybean (Delledonne et al., 1998) and
tobacco (Durner et al., 1998) plants exposed to
pathogens and this mechanism could be involved in
our case. So it can be that 'NO enhanced GST
activity via synthesis of new enzyme molecules. The
activity of GR in control leaves of maize seedlings
consisted of 34.0 + 1.1 units/mg protein. It was
higher in leaves treated with 0.1 and 1.0 mM PCF by
16 and 39%, respectively, whereas 0.5 mM PCF did
not change it (Fig. 2B).
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At the same time, SNP at all concentrations used
increased GR activity by 40-60%. These data well
confirm the idea concerning the protective effect of
both compounds used, SNP and PCF, against free
radicals in the leaves of maize seedlings via increase
of the activities of antioxidant and glutathione-
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Fig. 1. The activities of catalase (A), ascorbate
peroxidase, APX (B), and guaiacol peroxidase,
GuPX (C) in detached maize seedling leaves

incubated with different concentrations of
sodium nitroprusside (SNP) or potassium
hexacyanoferrate (1) (PCF) during 24 h.

Data are means £ S.E.M (n = 9).*Significantly
different from water control and *PCF with P <

0.05.

related enzymes. Uchida and colleagues (2002)
showed that pre-treatment of rice seedlings with
SNP during two days augmented GR activity. SNP
treatment also increased GR activity under stress
induced by NaCl treatment of the leaves of citrus
plants (Tanou et al., 2009).
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Fig. 2. The activities of glutathione-S-transferase, GST (A) and glutathione reductase, GR (B) in
detached maize seedling leaves incubated with different concentrations of sodium nitropruside (SNP) or
potassium hexacyanoferrate (11) (PCF) during 24 h.

Data are means + S.E.M (n = 9). *Significantly different from water control and *PCF with P < 0.05.
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It seems that treatment of different plants with
SNP enhances their antioxidant potential via
increment of activities of antioxidant and associated
enzymes.

Conclusions. It can be concluded that both
compounds used, SNP and PCF, similarly affected
investigated parameters in detached leaves of maize
seedlings, but in the case with SNP these effects
were more pronounced. The latter could be
attributed to nitric oxide released at SNP
decomposition due to several reasons. The first,
‘NO, as a signal molecule, might enhance the
expression of genes encoding antioxidant enzymes
measured here. The second, 'NO might influence as
a direct antioxidant and prevent protein oxidation.
Therefore, 'NO is supposed to affect leaves either
directly as the antioxidant, or via diverse regulatory
pathways and these "NO effects can ameliorate plant
potential to survive detrimental environmental
conditions.
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BIIJIMB HITPOITPYCHUAY HATPIIO HA AKTUBHICTb AHTUOKCUJAHTHUX TA
'IFOTATIOH-3B’A3AHUX ®EPMEHTIB Y JINCTKAX NIPOPOCTKIB KYKYPY /31U

0. B. Bacuux™’, H. M. Cemuyk', Ok. B. .JIymaK2

'Kageopa Gioximii ma Giomexnonozii,
Bomaniunuii cad, Ipuxapnamcvkuii nayionanenuii yniepcumem imeni Bacuna Cmeganuxa,
eyn. Lllesuenxa, 57, 760235, lsano-Ppanxiscok, Yrpaina
*e-mail ons nucmyesanns: juliavasylyk@ukr.net

Himponpycuo nampiio suxopucmanuii six donop oxcuoy azomy ((NO) ons oocniosicenns ennugy "NO na axmuenicme
AHMUOKCUOAHMHUX (DEPMEHMIE y JUCMKAX Npopocmkie Kykypyosu. Hacinws xyxypyosu (Zea mays L.) eibpudy
Xapriscoxkuu 195 MB 6yno euxopucmarno ons excnepumenmis. Jlucmru (1 2) decssmuoennux npopocmiie KyKypyo3u
3pizanu ma NepeHOCunu y KpyenoO0OHHI Koaou, saxi micmunu pisHi konyenmpayii (0,1, 0,5 ma 1,0 mM) nimponpycudy
nampiio (HIIH) y oucmunvoganiti 600i. Jlucmku inkyoyeanuce npomsieom 24 200 npu nocmiunomy nepemiutyganni 150
00/x6 ma yinodobosum ocsimenHam @ayopecyenmuumu ramnamu (18 Bm) npu inmencusnocmi oceimnenns 15 mxmons
pomonie m” ¢ @epuyianio xaniro (PLK) euxopucmosysascs ax 000amKo6uii KOHMPOTb, OCKITbKU il MAE XIMiUHy
CMpYKmypy nooioHy 00 Himponpycuoy Hampii, 0OHAK He eudinic okcudy asomy. byno nokaszarno, wo obpodoxa HITH He
enausana Ha akmueHicms kamanasu, npome obpooxa PLK niosuwysana ii akmuenicme na 38-49%. Axmuenicme
ackopbamnepokcuoasu oyna euworo na 44-60% 6 nucmrax, obpobaenux mpvoma konyenmpayismu PLK, ¢ moii uac ax
auwe 0,1 ma 0,5 mM HIIH niosuwysana ii akmusnicmo na ~60%. Axmugnicme 2easxonnepokcuoasu Oyna 3HauHo
snudrcena Ha 71-80% ma 45-69% 6 nucmxax, inkyoosanux 3 oboma pevosunamu, PLK ma HIIH, sionogiono. Bci
BUKOPUCMAHI KOHYeHmpayii Gpepuyianioy Kauilo He 6nIUeAIU HA AKMUGHICIb 2IOMAMIOH-S-mpancgepasu, 6 moi wac
sk o0opoobra 0,5 ma 1,0 mM uimponpycudy nampiro nidguwiysana axmusHicme O0anoco gepmenmy Ha 18 ma 28%
6i0nosiono. Excnosuyis npopocmrie do 0,1 ma 1,0 mM @ILIK nidsuwgysana axmusnicme enromamionpedykmasu Ha 16
ma 39%, oonak oopooxa 0,5 mM ®@IIK ue npuzeodunra oo it smin. B mou e uac, 6ci konyenmpayii Himponpycuoy
Hampiio niosuwgyeanu it akmusHicme Ha 40-60%. ITiosuwenns ghepmeHmamusHoi akmueHocmi Mo2no Oymu GUKIUKAHE
CRAbKUM HIMPOUMUGHUM/OKCUOAMUBHUM cmpecom, cnpudunenum oonopom NO, abo wacmkoso ionamu 3aniza i/abo
yiaHioy, AKi BUBIILHAIOMbCA 8 NPOYEC PO3KIAOY HIMPONPYCUOy HAmpiro.

Kniouosi crosa: Zea mays, aumuokcuoanmui pepmenmu, OKCuo azomy.

Ooepotcarno pedxonezicio 20.11.2014
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BIOXIMIYHI OCOBJIUBOCTI I'EITATOCTEATO3Y IIPU BIICYTHOCTI
3AITACIB BITAMIHY A

I. O. LIMAPAKORB, B. JI. BOPIHOBELIbKA, O. M. KOBMJIIHCBKA

Yepriseyvruil Hayionanonuil yHieepcumem imeri FOpis ®edvkosuua
ITnemumym 6ionoeii, ximii ma 6iopecypcis, 8yi. Koytobuncokozo, 2, m. Yepuisyi, 58012
e-mail: igor.shmarakov@gmail.com

Poboma npucesiuena docnioscentio ocodorusocmerl po3sUmKy 2enamocmeamosy ma iHCyniHoOpe3sUCmenm1Hocmi npu
siocymnocmi 3anacié eimaminy A. [[na cmeopenus eimamin-A Oeiyumnoeo cmany 6 eKCnepumeHmi 6UKOPUCMAIU
MpAH2eHHUX Muwlell, He 30amHUX emepuikysamu pemunos y Hnedinyi 6HACTIOOK HOKAYMY 2eHad JeYUmuH:
pemunonayunmpancgepasu (Lrat”), a momy nosbaenenux neuinkosux pemunin egipis. I'enamocmeamos indykysanu
WIAXOM YMPUMAHHA eKCNePUMEHMANbHUX MEAPUH Npomscom 16-mudicHie Ha 6UCOKOXNCUpositl Oiemi, 30acaueHili
Mpanc-sicupamy ma 3 8UcCoKkum emicmom @pykmosu. OYiHKYy po36UMKYy 2enamocmeamosy Npo8ooUlU HA OCHO8I
KIMbKICHO20 BU3HAYEHHs DIGHS MPUAYUIeTIYeponie ma Xoaecmepory 6 CUuposamyi Kposi ma MKAHUHi newinku (i3
nonepeonvol0 excmpaxyilo  inioHoi  gpaxyii 3a  memooom Donua), AKICHO2O (3 BUKOPUCMIAHHAM  MEMOOY
enekmpoghopesy)  ma  KilbKiCHO20 — aHanizy — Jinonpomeinie  cuposamku — Kpoei.  bBioximiunuu  aHaniz
iHCYNiHOpe3UCMEHMHOCINE NPOBOOUNU HA OCHOBI BU3HAYEHHST NOKAZHUKIG DIGHS 2NI0KO3U Hamuje ma CHOBIIbHEeHHI
memnie il KIPeHCy, BUHAYEHUX y mecmi MONePAHMHOCMI 00 2I0KO3U, MA PI6Hs 2IKO3ULbOBAHO20 2eMO2N00IHY.
Pesyromamu nposedenux 00criodcenb NOKA3AMU, WO VMPUMAHHS MEAPUH OUKO20 MUNY HA SUCOKONCUPOSIU Oicmi,
npU3B00UMb 00 PO3BUMKY 2eNAMOCMEAmosy, Wo GUPAICACMbCA Y 3POCMAHHNT PIGH MPUAYUNLTIYEPOTiE I XOIeCmepony 6
neuinyi ma cuposamyi kKpogi meapur. Ilposedenutl aKicHUl ma KiibKICHUL AHALE3 TiNONPOMeiHie cCuposamKu Kpogi 6UsAGUE
3pocmanns  inonpomeinie Huzokoi cycmunu Ha 50 %. OOHOUACHO GuUsGIEHe HAMU 3POCMAHHS PIGHS 3A2ATIbHOO
xonecmepony na 30 % ceiouuno npo HakonuueHHs 1020 amepocenHoi gopmu. CYRymuim npossom 2enamocmeamosy
BUABTIAEMbCA  THCYNIHOPE3UCTNEeHMHICMb ma  po3eumok oiabemy Il muny, sKi npoaenawmvcsi y OOCHMOBIPHO GUUYUX
NOKA3HUKAX PIGHA 2NIIOKO3U HAmMuje, CROBIIbHEHH] MeMni6 il KIipeHCy, GUSHAYEHUX Y meCmi MOoAepaHmHOCmi 00 2HKO3U,
ma y 3pOCmaHHi piGHs 2niKO3unbo6ano2o 2emoznobiny na 30 %. Biocymmuicmb enoo2enHo-0enoHO8aHUX pemuHoioig y
muweri Lrat”, 3abe3neuysana pe3uUcCmeHmHiCms Wo00 pPO3GUMKY HEAIKO2OIbHO20 OXNCUDIHHA Nedinku. 3okpema
00CNiONHCY8aHI NOKA3HUKU. DiGeHb MpUayuniiyeponie i xonecmepony 6 mneuinyi ma cuposamyi Kpoei meapuH .He
BIOPIZHANUCDH 6i0 GEIUYUH, XAPAKMEPHUX OISl MEAPUH, SIKUX YIMPUMYEAIU HA cmanoapmuill oiemi. Boowouac y meapum-
HOKAYymié He CROCMEpI2anacs nosieéa O3HAK [HCYNIHOPE3UCMEHMHOCMI, a4 pPIBeHb 2IIKO3UIbOBAH020 2eMO2N00IHY |
MOAEPAHMHICIMbG 00 2NI0OKO3U He GIOPI3HAMUCL G0 GeIUYUH, XAPAKMEPHUX OJsi MEAPUH, SKUX YMPUMY6dlu Ha
cmanoapmHui diemi.

Kniouosi crosa: ecenamocmeamo3s, pemunoiou, iHCyIiHOPe3sUCmeHmHICMb, HeAIKO20IbHA JHCUPOBA XBOPODA NEUiHKU.

Beryn. Ha  cporomgmi  3pocTae 9acTKa  TKaHHMHAMHM, 1 CYNPOBOIKYETHCS PO3BUTKOM HU3KH
HYTPI€EHTHUX TATOJIOTiH, CYMyTHIM IpPOSBOM SIKUX  KIIHIYHUX IpOsIBIB - rimepriikemii,
BHCTYIIAa€ HEaJKOTojbHA XMPOBAa XBOpoOa MEYiHKH rinepiHcyniHemii,  auchimigemii,  apTepiaibHOI

(amrn. nonalcoholic fatty liver disease, NAFD) —
iHTerpanbHe, 0araToQakTOpHE YPaKCHHS ICUiHKH
NPy OXKHMPiHHI Ta MeTabomigyHoMy cuHpomi (Tomita
et al, 2014). AxryampHicTb  mpoOieMu
HEAJTKOTOJIPHOTO OKHPIHHSA TEUiHKH 3yMOBJICHA
nporpecyBaHHsAM Iii€i maroJorii Bij remacreaTosy,
o0 BUHHMKA€ BHACIIOK MOPYILIEHHS TPAHCIIOPTY,
aKyMYJISAIi1 Ta MeTaboTi3My HEHTpaJbHUX KHPIB, 10
HEaJIKOTOJBHOTO CTEATOTENAaTUTy, IMPOTPEeCcyrUoro
¢$i6po3y, LMpo3y Ta TenaToLETONAPHOT KapIHHOMH
(Tetri et al., 2008; Targher et al., 2007).

[latorenes NAFD TicHO m1OB’s3aHUil 13
CHUHIPOMOM THCYJTIHOPE3UCTEHTHOCTI, 110
XapaKTepU3YETbCS HHU3BKUM PIiBHEM IOTIMHAHHS
TIIOKO3W  TepUDEePUIHIME  1HCYJIIH3aJICKHUMHI
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rineprensii Ta oxupiaaa (Pooranaperundevi, 2010;
Saini, 2010).

Hanzsuuaiino aKTyaJIbHUM
PO3KPHUTTS MEXaHi3MIB  3alydeHHS
OioperynsaTopiB 'y po3BuUTOK NAFD 3 MeToro
3acTocyBaHHS  HAOyTMX 3HaHb B KOPEKIIil
METa0OIIYHUX MOpYyIIeHb. B IbOMy acnekTi 3HauHy
yBary mpHUBEpTaOTh PETHHOIAM (BiTaMiH A Ta ¥oro
METa0OoIITH), 3alach SIKUX IPOTPECHUBHO BTPAYAFOCS
npu po3BUTKy matonoriid newinku (Chen, 2013). Ha
CBOTOZHI LIJIKOM JOBEIEHOI0 € POJb aKTHBHUX
MeTa0oJITIB BiTaMiHy A SK TE€HHHUX PETYJATOPIB
JinigHoro oOMiHy Ta oOMiHy Byrieroxi (Brun et
al., 2013). 3okpeMa peTHHOIIU 3AaTHI MOAYJIOBATH
eKCIIPECiio TeHiB, 3AIyYCHNX Y MITOXOHApiaabHE Ta

BUSIBIISIETHCA
MPUPOAHUX
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NEPOKCUCOMAIIBHE OKHUCJICHHA JKHPHHUX KHUCIOT,

(Bxmovaroun  anmn-KoA  mirazy 2, KapHITHH
naJbMiTOIITpaHchepasy 1, aru KoA
nmerigporeHasy Ta ammia KoA oxkcummazy 1) Ta
[JIFOKOHEOTeHE3 (pocdoenonmipysat

KapOOKCHKiHa3a).

Y 3B’M3Ky 3 1mUM MeTor pobotu Oyio
BCTAaHOBUTH OCOOJMBOCTI PO3BHUTKY T'eMaTOCTEATO3y
Ta  IHCYJIHOPE3UCTEHTHOCTI NpPHU  BIICYTHOCTI
€HJIOTEHHO JIeTIOHOBAHWX PETHHOINIB y ¢opMi
MIEYIHKOBUX PETHUHII edipiB.

Marepiaau Ta meroau. Jlocniau npoBoauian Ha
mutnax Jinii C57BL/6J (mukuii tun, WT), Bikom 8
TWXHIB, Baroto 20-25 1. YTpuMaHHS TBapuH Ta
MaHIMyJAii 3 HUMHA TOPOBOJAWIM  3TIAHO 3
MOJIOKEHHAMHU CTaTTi 26 3akony Ykpainu Ne 3447-1V
Big 21.02.2006 «IIpo 3aXuCT TBapHH Bill }KOPCTOKOTO
TTOBOKCHHS», «ECBPOIEHCHKOT KOHBEHITIT PO 3aXUCT
XpeOETHUX TBAapWH, IO BUKOPUCTOBYIOTBCS IS
JOCHiTHUX Ta HaykoBux Iinei» (CtpacOypr, 1986),
«3aragpHUX €THYHUX IPHUHIUIIB EKCIIEPUMEHTIB Ha
TBapuHax», 3arBepikeHux 20.09.2001 Ilepmum
VYKpaiHCHKMM HaliOHAIEHUM KOHTpecoM 3 0i0eTHKH,
Ta 3 YpaxyBaHHSM IIOJIOKEHb, BUKIAACHUX y NIH
Guide for the Care and Use of Laboratory Animals
(Guide..., 2011).

3 MeTOI0 iHIYKyBaHHs TelaToCcTeaTro3y TBapHH
YTPUMYBaJIN Ha BUCOKOXXUPOBIiH mieti (high fat diet,
HFD, xanopiiinicts 23,4k/[x/r), 30aradeHiii mparc-
KHpaMH Ta 3 BHCOKMM BMICTOM (pYKTO3H,
MIPEACTABIICHOI y BUDIISANI cupony (high-fructose
corn syrup, HFCS) 13 MacoBOIO 9acTKOI0 (hPyKTO3U
Ta TIoKo3u 55 % ta 45 % pigmosimno (Tetri et al.,
2008; Sorhede and Ahren, 2004). KoHTpoipHY
Tpyly CKIajald MM, ski TepeOyBaaum Ha
cTaHmapTHid naieti (chow diet, CD, xanopiliHICTh
12,6x/1x/T) (Reeves et al., 2009) (Taom. 1, 2, 3).

Jisi  BCTaHOBICHHA  BHECKY  €HJIIOTCHHO
JICTIOHOBAaHUX PETUHIT e(dipiB B JOCIIIKCHHSX
BUKOPUCTAHO TBapWH, HE 3JaTHUX eTepu]iKyBaTH
peTHHON y TIEYiHIlI BHACIIJOK HOKAyTy TeHa
JenuTUH: peruHonaiTpanchepasu EC 2.3.1.135
(Lrat”), a ToMy 1030aBIEHHX MEUiHKOBUX PETHHIN
edipis.

Jocmimai TBapuHU OyIIH MOICHI HA TPYIIH:

» rpyna [ (WT/CD) — TBapuHU TUKOTO THITY, SIKi
3HAXOJIWIINCh Ha CTAHJAPTHIN €T,

» rpyna Il (WT/HFD) — TBapuHU OUKOTO THITY, SIKi
3HAXOIUIINCH Ha BHCOKOYKUPOBIH €T,
30aravueHiil mpauc-KUpaMH Ta 3 BHCOKHUM
BMiCTOM (DPYKTO3H;

> rpyma III (Lrat”/CD) — TBapuHH, HOKayTHi 3a
TeHOM JICUTHH: PETHHOJALMITpaHCcepasH, [Ki
3HAXOJIMJINCh Ha CTAaHAAPTHIN €T,

> rpyna IV (Lrat"/HFD) — TBapuHH, HOKayTHi 3a
TCHOM JICLMTHH: PETHHOI almiTpancdepasu, sKi
3HAXOJUIIUCH Ha BHCOKOKUPOBIH J€eTI

Bionoriuni cucremu. T. 6. Bum. 2. 2014

30aradeHiii mpanc-KupaMu Ta 3

BMIiCTOM (PPYKTO3H.

[Micns 16-TwXHEBOTO YTPUMaHHS TBApUH HA JI€TI
MPOBOJMIM  €BTaHA3il0 MMa JIETKUM  edipHIM
Hapko3oM. TBapWH 3Ba)KyBasld, MPOBOIMIN 3a0ip
KpOBI Ta BHAamsud mnewiHKy. CHpOBaTky Kposi
OTPUMYBaJH NULIXOM neHTpudyrysanus npu 3000 g
npotsirom 10 xB.

Jist KifbKICHOT OI[IHKY PiBHS TPHALMITIIILEPOITiB
Ta XOJECTepONy B TKAaHMHI NEYIHKH HPOBOIAMIH
MOTIEPETHIO  CKCTPaKIlitfo JimimHol ¢pakmii 3a
metogom ®Pomua (Folch et al., 1956). Jlns uporo
Oomuzpko 100 Mr TkanwmHM noMimanmu y S50 wmi
npoOipku, ski mictwmu 5 mim 1,0 M NaCl, Ta

BHCOKHUM

roMoreHizyBanu. Jlo OTpUMaHOrO TOMOTEHATY
MEeYiHKN JoJaBajn 10 M cyMini
xsopodopm:meranon (2:1). 3pa3ku  iHTEHCHBHO

TepeMilTyBaJii  TIPOTATOoM 1 XB 70 1iX ITOBHOI
romorenizamii. [licias nenrpudyrypanns npu 800g
npotsroM 10 XB HWXKHIO XJIOpoQopMHYy a3y
BiIOMpany y CKISIHY TPoOipKy. 3 METOI0 IOBHOTO
BUXOJy JIMIAIB J0 3aJHUIIEHOI HUXHBOI (asu
JnomaBai 5 mi cymimi xsmopodopm:meranon (2:1),
nepeMillyBaii Ta HeHTPUGYTYBAIU K MOMEPEIHBO
OTIFICAHO. O0'ennani xyopodopmHi hazmu
BunapoByBaim  migx  N,. Ilicms  moBHOro
BUIIAPOBYBaHHS XJIOpoHopMy y 3pa3ku aomaBamu |
M1 2 % Ttpurony X-100 y xiopodopmi Ta
IHTCHCHUBHO MepeMIITyBasIu. Xnopohopm
BUTIApOBYyBaM mif N,, a ocaj JiMiiB PO3YUHSIIH,
JIOJAIOYH Y CKJISHI TpoOipku 1 M1 JeioHi30BaHO1
BOJIH.

BwMicT TpuanuiariineposiB y OTpUMaHii JimiaHii
¢pakmii Ta cHUpoOBaTIi KpOBI BH3HAYAId 3
BHKOPHCTAaHHSM CTaHIapTHOTrO Habopy «DimiciT-
JliarHOCTHKa» 3TiIHO 3 IHCTPYKII€I0 BUPOOHHKA, Ta
BHpaKaJW B MMOJIB/T Ta MMOJIB/JT BiIlIOBiqHO. BMicT
XOJIECTEPOIy Yy OTPHMAaHIM JmmHIA Qpakiii Ta
CHUpPOBATIl KpPOBI BH3HAYaJld 3 BUKOPHCTAHHSIM
crangaptHoro  Habopy  «®imicir-JliarHocTHKa»
3TiTHO 3 IHCTPYKIII€I0 BUPOOHHMKA Ta BUpPaXald y
MMOJIB/T Ta MMOJIB/JI BIAIIOBIHO.

OpakuiiHuii aHami3 JIMONPOTEiHIB CHUPOBATKH
KpPOBI MPOBOAMIMA METOAOM eliekTpodopesy B
MTOJTIaKPHIIAMITHOMY T 3 TPaieHTOM KOHIICHTpaIlil
Bim 3 % no 10 %. AJmnKBOTY mNONEPEIHBO

3aapOOBaHUX CYJaHOM YOPHHM JHIONPOTEIHIB
CHpPOBAaTKA  KpOBI  PO3MUBUIA  TICIA  HYOTO
iIeHTndiKyBaM  pi3Hi  ¢Qpakmii  JTNONpoTeiHiB

(Herbert et al., 1973).

PiBerp minompoTeiHiB HU3BKOI TYCTHHH Ta
TTIKO3WILOBAHOTO  TeMOTJIO0IHY  BH3HAYalId 3
BUKOPUCTAHHSIM CTaHgapTHoro Hadopy «Pimicit-
JiarHocTrKa» 3TigHO 3 IHCTPYKII€ BHUPOOHWKA Ta
BHpQXaJId B YM. OA. Ta MKMOJb (pykrosm / T
reMoryio0iHy BiJIIOBIIHO.
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Tabauuyn 2.

Cymiw éimaminie, sukopucmana ¢ cmanoapmmuii (CD)

Table 2.

Vitamin mix used in chow (CD) and high fat (HFD)

Komnonenmnuii cknad cmanoapmnoi (CD) ma
sucokoxmcupoeoi (HFD) oiem

ma sucoxoxcuposin (HFD) diemax diets
MacoBa yacTka,
MacoBa yacTka, I/Kr
KommnonenT Kommnonent /KT
HFD CD HFD CD
Kpoxmainb 200 365 Lemnronosza 50 50
JlexeTpuHizoBamii 100 154 CyMimm BiTaminis 10 10
KpOXMallb
Kazein 223.5 195 Cywmim MinepaiisB 35 35
Caxapo3za 80 100 L-umcrein 1,8 1,8
Coesa odist 180 40 XomiH XJIopU 2,5 2,5
Maprapun 180 - Tepr- 0,008 0,008
OYTHIT1APOXIHOH
Tabnuuys 1. Table 1.

Component composition of chow (CD) and high fat
(HFD) diets

KommnoHeHT MacoBa 4yacTka, r/Kr KommnoHeHnT MacoBa 4acTka, I/Kr
Hikoruriosa 3 Biravin E 15
KHUCJIOTa
[Mipunokcuu 0,7 Biramin A 0,8
Tiamin 0,6 Biramin D 0,25
Pubodnasin 0,6 Biramin K 0,075
®doieBa KUCIOTA 0,2 IlanTOTEHOBA KMCIIOTA 1,6
Biotun 0,02 Caxapo3sa 974,655
Bitamiu B, 2,5 Bitamin E 15

Tabnuuys 3. Table 3.

Cymiw minepanis, euxopucmana ¢ cmanoapmuii (CD)

Mineral mix used in chow (CD) and high fat (HFD)

ma eucoxoxcuposin (HFD) diemax diets
KOMITOHEHT MacoBa 4yacTka, KOMIOHEHT MacoBa 4acTka,
I/KT I/KT
Kanpmiit kapbonaT 357 Kauriii fiomut 0,01
Kauiit dpocar 250 Harpiii cenenar 0,01025
Harpiit ximopun 74 AMoHi mapamomi0aar 0,00795
Kauiit cynsdar 46,6 Harpiii meTacemnikar 1,45
Kani#i iutpar 28 Bopna kucnora 0,0815
Oxkcuj MarHiro 24 Harpiit dryopun 0,0635
®epym nutpar (Fe I1I) 6,06 Hikens xap6oHat 0,0318
Iunk xapboHaT 1,65 JliTi#t xnopun 0,0174
Mamnran kapboHaT 0,63 BananaTt aMoHiI0 0,0066
Kynpywm xapbonat 0,3 Xpowm Hatpiit cynbdar 0,275
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Jns  BCTAaHOBIEGHHSA  pIBHS  3aXOIUICHHS
MO3aMeYiHKOBUMH 1HCYJIIH3AIC)KHUMH TKaHHHAMH
[JIIOKO3W  MPOBOJIWIIM  TECT TOJEPAHTHOCTI IO
rmoko3u (Sorhede and Ahren, 2004). s msoro y
TBapHH Micist 12 TOJUHHOTO OOMEKEHHS TOCTYITY JI0
ki BU3HAYaJIM PiBEHb TJIIOKO3U B KPOBi, BEJIMYMHA
SKOTO CIyryBaja B IOAAJBLIIOMY pe(epeHTHOIO.
TBapuHaM BBOAMIM IHTPANEPUTOHEABHO PO3YMH
rimoko3u (0,5 r/mi) 3 po3paxyHKy 3 MKI/T Baru Ta
MIPOBOJMIN BU3HAUEHHS PiBHS TJIIOKO3M udepe3 15,

30, 60, 90 Ta 120 XBWIWH, BHKOPHUCTOBYIOUH
rmokxometp IME-DC.
A WT/CD
100 + -
m WT/HFD
b O Lrat’/HFD
75 J L 0 Lrat!/CD

(MMonbIr)
3

N
8]
4

04

Puc. 1. Buicm mpuayunzniyeponie (A),ma xonecmepony (b)

6 MKAHUHI neYinKU Mmeapun

Ilpumimka:  eeruyunu  NO3HAYEHI  PI3HUMU

byKeeHuMU
iHOekcamu cmamuyno 0ocmosipto 8iopisHaomucs, P < 0,05.

CratucTHYHUN ~ aHai3  OTPUMAaHWX  JaHHX
MPOBOJMIN 3 BHKOPHCTaHHSM OJHO(MAKTOPHOTO
mucnepciiHoro  anamizy  (ANOVA).  Piznumi
BBaKaJk JocToBipHUME 1ipr P < 0,05.

PesyaibTatn Ta 00roBOpeHHs. YTprUMaHHS
mumeir gukoro Tumy (rpyna  WT/HFD) Ha
BHCOKOXKHPOBIA  JI€TI TNPU3BOAHMIO [0 TOSBU
KIaCHYHUX  O3HAK PO3BHTKY  HEAJKOTOJHHOTO
OKUpIHHS Te4iHKH. Y TBapuUH JaHOi Tpynu
criocrepiranocs 3pOCTaHHs piBHSA
TpHANWITIIINepoiB  mewinku ©Ha 35 % Ta
xojecrepoiny Ha 25 % (Puc.l.), mo cBiquuiao mpo
aKyMYJISILII0 HEUTp aJbHUX JMiliB B reNaTouuTax.

b @ WT/CD
250 b @ WT/HFD
O Lrat/ /HFD
200 - O Lrat//CD
T a a
B a
T 150 |
——
0
5
= 100 s
Z
50 —
0

Fig. 1. The content of triacylglycerols (A) and
cholesterol (B) in the liver tissue of animals

Note: values are indicated by different letter index
statistically significant difference, P < 0,05
r

Y

B — Lrat’//HFD
— WT/HFD

=

)

T o ¥

Puc. 2. @paxyitinuii po3nodin ninonpomeinis
cuposamku Kpogi
Ipumimka: xinomikponu - chylo (a), ninonpomeinu Oyxice
Huzvkoi eycmunu — VLDL (6), ninonpomeinu Husbkoi

eycmunu — LDL (8) ma ninonpomeinu 8ucoxoi eycmuHu —
HDL (2)

Biosoriuni cucremu. T. 6. Bum. 2. 2014

v
Fig. 2. Fractional distribution of serum lipoproteins
Note: chylomicrons — chylo (a), very low density

lipoproteins — VLDL (b), low density lipoproteins — LDL
(c) and high density lipoproteins - H DL (g)
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75 m WT/CD
b m wi/HFD
O Lrat!/HFD
O Lrat!/CD
50 -
g a
E‘ a
> T
25 -
0

Puc. 3. Buicm ninonpomeinié HuU3bKo0i 2ycmunu ¢
cuposamuyi Kpogi meapun
Tpumimka:eenuuunu nosHaveni pisHumu OYKEeHUMU

[HOeKkcamu cmamuiHo OOCMOBIPHO GIOPI3HAIOMbCS,
P <005

Fig. 3. The content of low density lipoproteins in the
blood serum of animals

Note: values are indicated by different letter index

statistically significant difference, P < 0,05

A
a @ WT/CD
@m WT/HFD
b o lrat//HFD
O Lrat!/CD
i 4
5
L
5 a a a
= = i
2
2 =
0

Puc. 4. Buicm mpuayunzniyeponie (A) ma xonecmepony
(b) 6 cuposamui Kpoei meapun

Ipumimka: GeruyuHu nNO3HAYEHI PISHUMU HOEKCaMu
cmamuyHo 00cmogipHo siopiznsaiomocs, P < 0,05.
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BigoMo, mo mpu HagMipHOMY HAIXOKEHHI B
OpraHi3M Xap4oBHUX JIMIAIB 3pOCTa€ PiBEHb BiJIBHUX
KUPHUX KHCJIOT, SKi BHACTIIOK [-OKHCIECHHS B
MITOXOHIPISIX ~CTalOTh KepesoM  aneThi-KoA.
IIpote  yTBOpeHi  KiIBKOCTI  TEpPEBUIIYIOTH
MOXKIIUBOCTI OKHCIeHHs B mukim Kpebca, a Tomy
CHIpSIMOBYIOTBCSL Ha JinoreHe3 de novo. Bomnowac
HAaKOIIMYEHHS HEWTpaJbHUX JKUPIB B TKAaHMHAX
MeYiHKH CYTIPOBOJIKYETHCS MOPYIICHHM
CHIBBIIHOIICHHSI TPAHCIOPTHUX (QOPM IIMiJiB Ta
HaJMIpHOI cekpelii TPUALMITIILEPONiB y CKIami
JNONpoTEiHIB Oye HU3bKOI rycTuHH. [IpoBeaeHuit
HaM# (DpaKIiHWA aHaJi3 JIMOMPOTEIHIB CHPOBATKH
KpOBi IOKa3aB, [0 y TBapHUH 3 TeNaTOCTEaTO30M
(rpyna WT/HFD) Ha meHcuTOrpaMi criocTepiranocs
PO3IIUPEHHS 30HH, IO BIIIOBITAE JIITOMPOTEiHAM
HU3BKO1 ryctunu (Puc. 2.).

I[lpu mpoBexmeHill KiNbKICHIH OWIHLI CTaHy
mucmimigemii HamMu Oyo 3agiKCOBaHO 3pPOCTaHHS
PIiBHS JIIONIPOTETHIB HU3BKOI T'YCTHHU B CHPOBATIII
kpoBi Ha 50 % (Puc.3.). 3 muMu pesynpTaramu
Y3TOMKYEThCS 3pOCTaHHS PIBHS TPHUALMIITIIILEPOTIB
y cupoBatii kpoBi Ha 50 % (Puc.4.A). IlpoBenene
BU3HAUEHHsSI  PIiBHA  3araJlbHOTO  XOJIECTEPOIY
MOKa3ajo 3poctaHHs Horo Bmicty Ha 30% (Puc.4 b).

Ockinbku HaMu He 0yI10 3adhikKCOBaHO 3POCTAHHS
piBHS  JINONPOTEIHIB  BHUCOKOI  TYCTHHH, SK
OCHOBHOTO TPaHCIIOPTEPa XOJECTEPOy IO MEYiHKH
(Uehara and Saku, 2014), Ta BusBneHO 30i1bIICHHS
piBHS  JIMONPOTEIHIB  HWU3bKOI  TYCTHHH,  SK
TpaHCTOpTepa 10 Mo3amediHkoBux TkaHuH (Harisa
and Alanazi, 2013), 3pocTaHHs piBHA 3arajibHOTO
XOJIECTEPOTy  HaAWIMOBIpHINIE  CBITYHTH  TIPO
HAKOIMUYEHHS HOro aTeporeHHol (hopMu.

@ WT/CD

m WT/HFD

2 b o Lrat”/HFD
o Lrat’/CD

12

o
_1

(Mmonb/n)
[+7]

0
Fig. 4. The content of triacylglycerols (A) and
cholesterol (B) in the blood serum of animals

Note: values indicated by different letter index are
statistically significant different, P < 0,05
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30 -
—— WT/HFD

25 | —8— Lrat!/HFD

20 4

15 4

(MM onb/n)

10 A

Puc. 5.Tecm monepanmuocmi 0o 2nioxo3u (A) ma
emicm 2niKo3unb06an02o 2emoz2onooiny (b) 6 kposi
meapun

IHpumimka: eenuduHu MNO3HAYEHI pPIZHUMU OYKBEHUMU
iHOekcamu  cmamuuyHo  OOCMOGIPHO  GIOPIZHAIOMbCA,
P <0,05.

Bopnouac y TBapuH, mM030aBIEHUX EHIOTCHHO
JICTIOHOBAaHNUX ~peTnHin edipiB (Lrat ™~ ) He
CriocTepiranocs HaKOMUYEHHs TPUAIMITIIIEPOTiB B
MeyiHi, a  JIOCH/DKyBaHI  TOKa3HUKH  HE
BIPI3HSUIMCS Bil BENWYMH, XapaKTEpPHUX IS
TBapWH, SKUX YTPUMYBaJIM Ha CTAaHOAPTHIA Ii€Ti
(Puc. 1, 2,3, 4).

Ockinbku BiJIOMO, 1o remnaTocTearos
CYTIPOBOIKYETHCS PO3BUTKOM ITYKPOBOTO Iiabery 2
TUIy, HaMH MpPOBEACHO OIOXIMIYHWMH  aHai3
iHCymiHOpe3ucTeHTHOCTI. Y TBapuH (rpyna WT/HF)
IHCYJIIHOPE3UCTEHTHICTh MPOSBIISIIACE Y IOCTOBIPHO
BUIIMX TIOKa3HUKax pPIiBHA TJIIOKO3W HATHIC Ta
CHOBUTBHEHHI TeMIIiB ii KIIpPEeHCY, BH3HAYCHUX Y
TECTI TOJIEPAaHTHOCTI 70 Toko3u (Puc. 5 A).

Jisi  miaTBepKEHHS TOCTYIOBOTO 3POCTAHHS
piBHS TIIOKO3M B KpOBI Hamu OyJO TPOBEICHO
BHU3HAUYCHHS PIBHS TJIIKO3WIBOBAHOT'O T'€MOTJIOO0IHY,
o0  BimoOpakae BIICOTOK TIeMOTJIO0IHY KpOBI,
HEOOOPOTHO CIIOJIyYEHOTO 3 MOJIEKYJaMHU TIFOKO3H.
ITinBuIneHnit piBEeHb IIIKO3WIHLOBAHOT'O
remorno6iny Ha 30 % (Puc. 5 B) cBimumB mpo
MIEPCUCTEHTHICTh TPOIECIB, SKi XapaKTEPHU3YIOTh
niaber 2 tumy.

BopHouac y TBapuH, M030aBICHUX EHIOTCHHO
nenoHoBaHnX petuHin edipis (Lrat 7 ), (rpyma
Lrat” /HFD) HE criocTepiranocs O3HAK
1HCYJTIHOPE3UCTEHTHOCTI, a piBeHb
[TIKO3WIIFOBAHOTO TeMOTJIO0IHY 1 TOJIepaHTHICTH 10
[JIFOKO3W  HE  BIAPI3HSUIMCh  Bil  BEJIMYMH,

Bionoriuni cucremu. T. 6. Bum. 2. 2014

=g

° b
a WT/CD
@ WT/HFD
g Lrat//HFD
6 g Lrat’/CD
a
a_

(MKMoOnb thpyKTO3W/T remor nobiHy )

Fig. 5. Glucose tolerance test (A) and glycosylated
hemoglobin content (B) in the blood of animals

Note: values indicated by different letter index are
statistically significant different, P < 0,05

XapakTepHUX MJI1 TBApHUH, SKUX yTPUMYyBajlud Ha

crannaptHi gieri (Puc. 5).

Orxe, €HJIOT€HHO-IeII0HOBaH1 peTuHOIIH
3alydeHi B MATOTCHE3 HEaJTKOTOJLHOTO OXHPIBHHS
MEYiHKH, Ta MOXYTh BHCTYNATH MOAYIATOPAMHU
JIAHO1 TIaTOJIOT1i.
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disease and its association with cardiovascular

BIOCHEMICAL FEATURES OF HEPATIC STEATOSIS UNDER THE
ABSENCE OF VITAMIN A STORES

I. O. SHMARAKOYV, V. L. BORSCHOVETSKA, O. M. KOBYLYANSKA

Y. Fedkovych Chernivtsi National University
Institute of Biology, Chemistry and Natural Resourses, Kotsyubynskyi str, 2, . Chernivtsi, 58012
e-mail: igor.shmarakov@gmail.com

The work is devoted to the research of the characteristics of nonalcoholic hepatic steatosis and insulin resistance
under the absence of vitamin A s.tores. To develop a vitamin A-deficient state transgenic mice were employed in the
studies, which are unable to esterify retinol in the liver (as a result of lecithin: retinol acyltransferase gene knockout
(Lrat ~'"), and therefore deprived of liver retynil esters. Hepatic steatosis was induced by keeping the experimental
animals on a high-fat diet enriched with trans fats and high fructose for 16 weeks. Assessment of hepatic steatosis was
based on the quantitative determination of triacylglycerol and cholesterol in serum and liver tissue (with prior lipid
fraction extraction by Folch method), qualitative (PAGE) and quantitative analysis of serum lipoproteins. Biochemical
analysis of insulin resistance was based on the determination of fasting glucose levels, its clearance determined in a
glucose tolerance test, and glycated hemoglobin levels. Our studies showed that keeping wild-type animals on a the high
fat diet enriched with trans-fats and high fructose leads to the hepatic steatosisdevelopment, resulting in the increase of
triacylglycerol and cholesterol levels in the liver and serum. The performed analysis confirmed increase of low-density
lipoprotein level by 50%. At the same time an increase in total cholesterol level by 30 % was found, indicating the
accumulation of its atherogenic form. The absence of endogenous retinoids stores in Lrat ™ "mice, as a result of lecithin:
retynolacyltransferase gene knockout, provides resistance for the development of nonalcoholic fatty liver. In particular
the studied parameters: the level of hepatic and serum triacylglycerol and cholesterol did not differ from the values
characteristic for animals kept on a standard diet. Simultaneously, in knockout animals the appearance of signs of
insulin resistance, the level of glycosylated hemoglobin and glucose tolerance did not differ from values characteristic
for animals kept on a standard diet.

Keywords: hepatic steatosis, retinoid, insulin resistance, nonalcoholic fatty liver disease.
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Ipomszom 2011-2014 pp. susuenuii xapakmep 2OpU30HMATLHUX MI2DAYIT YOPHOMOPCHKUX KPEeBemoK 8 NpUOepesiCHill
30mni OdecbKoi 3amoku 6 nepioo 0o i nicasa ceimauxy. ¥ 2011 p miepayii 30iticHioganu mpu euou pakonoodionux. Crangon
crangon, Palaemon elegans i Palaemon adspersus. Y nacmynni poku 6 npubepedicHiti 30Hi 0y6 susaeneHutl auuie P.
adspersus. Xapakxmep 11020 20pU30OHMATLHUX Micpayill Nojasea8 y HACMYNHOMY: MAKCUMAIbHI KITbKICHI NOKA3HUKYU 0Yau
8i03HaueHi 6 npubepedxchiti 30Hi 3a 1 200uny 0o ceimanky. [lomim baudcue 0o C8IMAHKY i NICAA HbO2O HUCETbHICNG i
biomaca pakonodibHux NOCMYNo8o 3HUNCY8ANACA. Y Hepecmoguii nepiod MAKCUMAbHI KiIbKICHI NOKA3HUKU KpPE8emoK
maxooic 6ynu 8i03Hayeni 3a 200uny 00 ceimaHky. Ilpu yvomy Kinkicmo AuyenocHux camox P. adspersus cmanoguno 0o
92% 6i0 3azanbHOl wucerbHocmi pakonodionux. Ilomim, nio uwac ceimauky i nicis Hb020, 6I06Y8AEMbCS NOCMYNOge
SHUJICEHHSL YUCENbHOCMI ma Oiomacu pakonodibnux. Y yeil nepiod KinbKicmov SUYEHOCHUX CAMOK KOIUBAEMbCSL HA PIGHI
NPUONU3HO PIBHOMY HUCTY camyils, aie edce uepes 2 200uHU NICIs C8IMAHKY PI3KO 3HudCyemobcsi 00 3,7% 6i0 3a2aibHoc0
yucia kpegemok. Y nimmuini nepioo 2014 60yno 3zaghixcosano pizke 30UIbUUEeHHS KIMbKICHUX NOKA3HUKIE KPEBEemoK.
Maxcumansui uucensnicmo (10071 ex3.-100 ym*) i Giomaca (8056,8 2100 m™) P. adspersus Gynu 8ioznaueni 3a 200uny 00
ceimanky. Ilomim yi NOKA3HUKU NOCMYNOB0 3HUICYBANUCS, I Gice uepe3 2 200UHU NIC/is C8IMAHKY YUCETbHICMb KPEGEeMOK
cmanosuna 1019 exs.-100 m”, a 6iomaca — 550,3 2-100 m™. Hoesxcuna P. adspersus konuganacs 6 mexcax 6io 17,1 oo 65,6
mm. Juuamixa po3mipHoi cmpyKmypu KpesemoK y 6Ci 8usyeni poku Hocuna nodionuti xapaxmep. Tak, 3a 200uny 0o
CBIMAanKy 8 npubepedcHil 30Hi Mops 6YIU NPUCYMHI 8 0CHO8HOMY dopoci meapunu. Ilomiv Oaudcue 0o cxo0y couys
3'aenanaca Moaoob, a KilbKicmb O00pOCIUX OCOOUH NOCMYNnoso 3meHuiysanaca. Yepe3 2 200umu nicisi c8imaHky 6
npubepescHill 30Hi 3aNUUANACA TUlle MONI0O0b.

Kniouosi crosa: wopromopcovKi Kpeeemxu, 2opu3oHmMaivHi miepayii, nepiod 00 i niciisi C6IManKy, npubepelicHa 30Ha,
Ooecvra 3amoxa..

BBemenne. M3BecTHO, 4YTO MHOTHE BUIBI
KpPEBETOK B TeUEHHE JKU3HEHHOTO [IUKJIA COBEPIIAIOT
pasnuuHble Murpanuu. Hawmbonee wW3ydYeHHBIMHU
SIBJISIIOTCS peryyspHbie BEPTHUKAIBLHBIC
MepPEeMENIeHNsT 3TUX PaKOOOPa3HBIX B TOJIIE BOIBI.
Tak, maccoBbli BHUJ KpeBeTOK bepuHroBa mops
Pandalus goniurus maem oburtaer Ha JHE, a HOYBIO
MOJHUMAeTCs K TMOBepXHOCTH. [Ipuuem oOpaTHOe
JIBUKEHUE B CTOPOHY JTHA MPOUCXOUT Y 3TOTO BUA
B npenpaccBeTHble yackl (bapcykos, iBaHoB, 1979).
Xopomo wusydeHHwli Bun Crangon crangon,
oOWTarOmMi BO MHOTUX MOPSX, B TOM YHUCIE U
UepHOM, JHEM 3aKaIlbIBae€TCS B TIECOK, a HOYBIO
BBIXOJIUT U3 IPYyHTA U MOJHUMACTCS B TOJIIY BOBI
(3akyrckuii, 1965; Baan, 1975; Janssen, Kuipers,
1980). OTOT BHI BO MHOTHX CTpaHax MHpa HUMEET
npomeicioBoe 3Hadenue (Viegas et al, 2007). Tak, B
Oro-BOCTOYHONH yacTu CeBepHOro MOpsi  €ro
€XKETOIHBIH BBUIOB COCTaBIsAeT OKOjgo 20 ThIC. T
(Temming, Damm, 2002).
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Ce30HHBIE MHUTpallUd KpPEBETOK IPOUCXOIAT
Takke W B TOPHU3OHTAIILHOM HampasieHud. Mx
MaccOBBIE OUKITNIECKHe TepeMeIIeHAS B
HampaBlieHUH Oeper — Mope — Oeper SBISIOTCS
OMHOM W3 BaXHEHUINMX aanTaluid K XU3HU B
MPUOPEKHOW 30HE MOps, TJe ICHCTBHE MHOTHUX
(baxkTOpoB Ccpedpl TPOSBISETCS B HanOONbLICH
cTerneHu. Takue BUAbl YepHOMOPCKHUX KPEBETOK, Kak
Palaemon adspersus wn Palaemon elegans B
XOJIOJHOE BpeMs To/1a IepeMeIaTcsa Ha OOJbIIyIo
riyOuHy, a B BECEHHE-JIETHUI MEpUOJ MOIXOAAT K
Oepery, rJe Ha MEJIKOBOJbE BBIHAIIUBAIOTCA U
CO3PEBAIOT WX AWIA, a TaK >X€ BBIKIEBBIBAIOTCS
nuanHKA (Makapos, [lumseckas, 1951; Makapos,
2004). IIpu atom P. adspersus MOXeT IIaBaTh CO
ckopocteio oT 10 10 30 cm-¢’ (Urnatses, 1982).
W3BecTHO, YTO W B JpYrHX MOpSAX 3TOT BHI
KpEBETOK  COBEpIIAeT  CE30HHblE  MHTIpaluu
(Hagerman, Ostrup, 1980).

Tpetuit  BUJ  YEPHOMOPCKUX  JECATUHOTHUX
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Crangon crangon TaKXe COBEpIIACT IOAOOHBIC

MuUrpanyuy, KOTOpPBIC BIIPOYEM, HE CBA3aHbI C
MPOIIECCOM  PAa3sMHOKEHHS, a BBI3BAHBI  JIMIIb
CE30HHOH HN3MEHYUBOCTHIO TEMIIepaTypHOTro

pexxuma npubpexxHbsix Boxa (Makapos, 2004). Bce
9TH TPH BUJIa KPEBETOK YaCTO OOMTAIOT COBMECTHO U
B JIPYTUX MOpsX, Hampumep, B banTtwiickoM, XOTs
[P 3TOM OHHU 3aHUMAIOT DPa3HBIE IKOJOTHIECKHE
aumm (Lapinska, Szaniawska, 2005).

[IpubpexxHble  TOPH3OHTAIBHBIE  MHUTPAIUN
JNECSITHHOTUX PAaKOOOpa3HBIX B IMPEIpacCBETHBIN
HepuoJ] 3HAYUTENBHO MeEHee wucciienoBanbl. Llenb
HACTOAIICH  pPabOThI  COCTOMT B  BBISCHCHUHU
xapakrepa TOPU30HTATBHBIX MUTpaIyii
YEepHOMOPCKMX KPEBETOK B MPUOPEKHOW 30HE
Opecckoro 3anuBa B IEPUOJT 10 U TIOCIIE paccBeTa.

Martepuansl 1 MeToibl. Matepuanom it paboThl
TIOCITYXXWIH TPOOBI, COOpaHHBIE B JICTHHHA TEPHOT
(aBryct) 2011-2014 rr. B mnpuOpexHONH 30HE
Opecckoro 3ammBa. Jlns w3ydeHHst XapakTepa
TOPU30HTAJIBHBIX MUTpalMi  SIMIIEHOCHBIX CaMOK
KPEBETOK JIOTIOJIHUTEIILHO OBUTH B3AThI MPOOBI BO
BpeMs UX MAacCOBOTO HepecTa BecHOH (ampens) 2014
r. IIpoOel coOupamu Ha TmlecyaHOM TpyHTE Ha
rryomae 1,3 M ¢ TIOMOIIBIO JECATUMETPOBOMH
BOJIOKYIIIA ¢ pasmepoM siuen 4 mwm. Jlns otOopa
KaXKI0H POOBI BOJIOKYTITY MIPOTATUBAIH
rmapajyuieIbHO OeperoBoil JIMHMHM Ha paccTostHue 50
M. Takum oOpasom, obrmaBnuBaeMas IUIONIAAb B
KaXJI0M CiTyuae coctaBsiia 500 M.

OCHOBHBIM OPHUEHTHPOM IIPH OTOOpE MPoO ObLT
Bocxon Comuna. Matepuan  oTOupanu 1o
crenylomeii cxeme: mpoba Ne 1 Bzdra wac 1o
Bocxona Comnaia, mpoda Ne 2 — 3a mongaca, mpoba
Ne 3 Bo Bpems Bocxona, mpoba Ne 4 — gepe3 morgaca
mociie Bocxoja, mpoda Ne 5 — wepe3 2 yaca mocie
Bocxona Comana. CoaepXuUMoe KaXIou MpoOsl
¢ukcupoBamm 4 % dopmanmaomM. B maboparopuu
ONMpeAe/sUId  BUA ~ OTOOPaHHBIX  JKUBOTHBIX,
MOJICYUTHIBAIA WX KOJIHYECTBO, U3MEPSUIH JUTUHY U
Maccy. B kauecTBe KOMHMYECTBEHHBIX XapaKTEPUCTHK
paKooOpa3HbIX HCIIONB30BATH WX YHCIEHHOCTh N,
3K3.-100 M 1 6Gromaccy B, r-100 m™ .

Pesynpratel m mx obOcyxneHue. B pesyiprare
obpabotkn marepuana 2011 r. B mpobax ObuH
oOHapyXeHbl 3 BHAa TMpencTaBUTeNeil oTpsna
Decapoda: Crangon crangon (Linne, 1758),
Palaemon adspersus Rathke, 1837 u Palaemon
elegans Rathke, 1837. [lepBbie ABa BUja, 2 UMEHHO:
recyaHass M TpaBsHas KpPEBETKU TNpeolnananu B
KOJJMYECTBEHHOM OTHOIIEHWH, TaK KaK OHOTOII
MIPUOPEIKHOTO TIecka, Tme ObuIM CoOpaHBl TPOOHI,
SIBJIICTCS. TPUBBIYHBIM MECTOM WX OOWTaHWUs.
Tperuit Buja, kaMeHHas KpeBeTka Oblila HaiieHa B
3HAYUTENFHO MEHBIIEM KOJHYECTBE, B BHIY TOTO,
YTO JJIS HEe MPEANOYTUTEIICH KaMEHHUCTBIA TPYHT
(Maxapos, 2004).

180

Kak BUIHO 13 aHHBIX, IPEACTaBICHHBIX HA PHUC.
1, YHWCICHHOCTh JABYX BHIOB pakoobOpaznbix C.
crangon u P. adspersus, u3MeHsieTCS 32 U3YYEHHBIX
HEepUOJ B IPSAMO NPOTHBOIOIOKHOM HAIPABICHUH.
Tak, 3a omMH dYac [0 paccBeTa MAaKCHMAaJbHOU
YHUCIEHHOCTH B NPHOPEKHOH 30HE HU3YyUSHHOTO
paitona mocturaer C. crangon (N = 2,4 3x3.-100 M
%). KonuuecTBEeHHbIE ITOKA3aTeNM APYroro Buma P.
adspersus B 310 BpeMms B Tpu pasa Huxe (N = 0,8
5k3.-100  M7). 3arem 6mmke K paccBery
qucieHHocTh C. crangon MOCTENeHHO CHIbKaercs. U
yKe depe3 mondaca mocie Bocxona CojHIIa 3TOT
Bua Oonpiie He OOHApYKMBAaeTCs B TMPHOPEKHOM
30He Mops (puc. 1). UnucnenHnocte P. adspersus 3a
3TO BpeMsI HaoOOpOT BO3PACTAET, IOCTUTasi CBOETO
MakcHUMyMa uepe3 nomiuaca nocie paccsera (N = 5,4
9K3.-100 M?).

JuHamuka OuomMacchl 3THX JABYX BHIOB 3a
W3YYEHHBIH TEPHUOJ COOTBETCTBOBAIA H3MEHEHHIO
uX yHuciaeHHocTH. Tak, MakcuManbHas Ouomacca C.
crangon OoTMedYeHa 3a Jac Jo paccBera (B = 1,46
r-100 M?), a P. adspersus — depes3 modaca mocie
mero (B = 3,15 r-100 m) Tperuii Bua kpeBeTok P.
elegans ObLT 0OHAPYKEH B SAMHUYHBIX IK3EMILIIPaX
TOJIBKO 3a ITIoJdaca J0 PaccBeTa M yepe3 Iojdaca
nmocne Hero. Yepe3 jaBa dwaca mocie paccBeTa
pakooOpasHble B IPUOPEkKHON 30HE OOHAPYKEHBI HE
obLTH (puc. 1).

N3ydeHne JuHAMUKHM pa3sMEPHOH CTPYKTYpHI
paxooOpa3HbIX MoKaszalo, 4TO JUTHHA
00HapYXEHHBIX 0co0eit P. adspersus xonedamach B
npexenax ot 26,0 mo 54,1 mm. B mpoGe, oTroOpaHHO#
32 4Yac 0 paccBeTa, B NPHOPEXKHOH 30HE
NPUCYTCTBOBAJIM TOJBKO B3POCHBIC 3K3EMILIIPHI
3THX KpeBeTok mmuHou oT 40,3 mo 50,1 mm. 3atem,
3a Tojdaca 10 paccBeTa MOABIAIOTCSA Ooyiee MeNIKHe
sk3eMIULsIpbl, anuHoit 30,1 — 353 MM, Xo0Ta
KOJTMYECTBEHHO TIpeodiramatoT ocodu, mmuHoi 40,2 —
45,4 mM. B crenyromeid mpobe, B3SITOW BO BpeMms
paccBeTa, MOSIBIAETCS MOJOAb, NIMHON a0 30 MMm.
UYepe3 moiuaca IOCIIE paccBeTa B3pOCIBIE OCOOH
MOKUAAI0T MPHOpPEXHYI0 30HY. B 3TO Bpems 3mech
0CTaeTCs JIUIIb MOJIOb.

HnuHa oOHapyxkeHHBIX B mpobax C. crangon
Kojebamacek B mpenenax ot 31,1 MM mo 50,3 mm.
W3meHeHne pa3MEpHOR CTPYKTypbl 3TOrO BUa 3a
M3yYEHHBIH NEepUOJ MO CpaBHEHHUIO ¢ P. adspersus
IPOMCXOAMIIO B IPOTUBOIIOJIOXKHOM HAaIPaBICHUM.
Tak, 3a 1 wac m0 paccBeTa B NPHUOPEIKHOU 30HE
NPUCYTCTBYIOT KaK B3pOCible OCOOM AJIMHOU 110 46
MM, TaK U MOJOIb — JMHOH mo 30 mMm. 3areM, 3a
mojgyaca A0 paccBeTa  MOJOAM  CTAHOBUTCS
3HAYUTENIFHO MeHbIne. V, HakoHel, BO BpeMs
paccBeTa B NpPUOPEKHOH 30HE OBUIM OTMEYEHBI
IuIb B3pocible dk3eMiunsipsl C. crangon, AIMHOU
ot 38,6 10 50,3 MM.
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Puc. 1. Jlunamura yucnennocmu P. adspersus, C.
crangon, P. elegans ¢ npubpescnoii 30ne Oodecckozo
3anuea Yepnozo mops 6 nepuod 0o u nocie pacceema
nemom 2011 2.

B mpoGax, coOpaHHBIX B TOCIEAYIOIINE TOABI
(2012-2014 rr.) Obul OOHapyXeHBI KPEBETKH
TOJIBKO OJTHOTO BHIA, a UMEHHO: P. adspersus. Kak

MoKa3anu  TPOBENEHHBIE  HCCIENOBaHMS, B
OTCYTCTBHE KOHKYpPEHTOB MHUTPALlMOHHOE
[IOBEJIEHHE JTOr0  PAaKOOOpPa3HOIO0  HECKOJBKO
u3MeHmwnocb. Tak, mo wMartepumamam 2012 T

MaKCcUMaJbHass YUCIACHHOCTh P. adspersus (N = 56
5k3.-100 M?) 6bima 3aduKCHpOBaHA 3a wac J0
paccBera. UYepe3 momdaca ITOT  IOKa3aTelb
cHmxaica 10 15 3k3.-100 M2, 3arem MIPOUCXOIUIIO
MIOCTETIEHHOE YMEHbIIIEHHE YUCIIEHHOCTH
pakooGpasubix (N = 7 5k3.- 100 M, gepe3 2 4 mocie
pacceera). B 2013 r. maGmromanack aHalIOTHYHAS
KapTUHA — YHCICHHOCTh P. adspersus CHH3WIACH C
66 x3.-100 M (3a wac o paccseta) 10 0,6 3k3.-100
M~ (depe3 2 4 TIoCIIe HEro).

Junamuka  Ouomaccel  P.  adspersus  3a
W3YYCHHBI TIepUOJl, TIOKa3aHHAas Ha puc. 2,
COOTBETCTBOBAJA  XapakTepy  HM3MEHEHWS WX
yucineHHoctd. Tak, mo Marepuamam 2012 1.
MaKCcUMaJbHAas Oonomacca KpPEBETOK ObLTa
3adukcupoBaHa 3a dac go pacceera (B = 43,06
r-100 m?). UYepes momuaca OSTOT IIOKa3aTelb
cHu3mics go 11,98 r-100 M2 3arem MIPOUCXOIUIIO
IIOCTETIEHHOE yMEHbIIIEHHE Oromacchl
pakoo6pasubix (B = 3,04 r-100 M, uepe3 2 4 mocie
paccera). JluHamuka Ouomaccel P. adspersus B
2013 T ObuTa aHANOTUYHOM — TOKaszaTenu 3a
M3YYeHHbI Mepro CHE3MICH ¢ 49,5 1100 M7, (3a
gac 710 paccera) 10 0,36 r-100 M~ (uepes 2 4 mocie
HETO).
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2 4 riocre
paccBeTa

Fig. 1. The dynamics of P. adspersus, C. crangon and
P. elegans population in the coastal zone of Odessa Bay
of the Black Sea in the period before and after sunrise in
summer, 2011

ConocraBnenne maHHbIX 3a mepuon 2011-2013
IT. MOKAa3ajo0, YTO MaKCHUMallbHas YUCIIEHHOCTh P.
adspersus B 2012 1. Bo3pocia o cpaBHeHHIO ¢ 2011
r. 6onee uem B 11 pa3, a Ouomacca — B 13 pas.
Jpyrumu crnoBaMu, KOJWYECTBEHHBIE IOKA3aTeNIu
3TOTO BH/Ia KPEBETOK B OTCYTCTBHE KOHKYPEHTOB 3a
nepuon ¢ 2011 mo 2012 rr. yBemwymwinch Ha
nopsinok. B 2013 r. 3Tu mokaszaTenu mo cpaBHEHUIO
¢ 2012 r. u3MEHUITUCHh He3HAYUTENBHO (puc. 2).

Jmna P. adspersus, oOHapy>XeHHBIX B cOOpax
2012-2013 rr. konebanack B mpenenax ot 26,5 1o
68,5 wMM. JluHamuka pa3MEpHOH CTPYKTYpHI
KPEBETOK B OTH TOABI HOCHJIA CXOJHBIN XapakTep.
Tak, 3a yac 10 paccBeTa B MPUOPEIKHOM 30HE MOpS
MPUCYTCTBOBAJIM B OCHOBHOM B3pOCJBIC >KMBOTHBIE
JuHOU oT 45,1 mo 68,5 mMm. 3aTem yepes mosyaca
KOJMYECTBO  KPYIHBIX  DK3EMIUISIPOB  3aMETHO
yMeHbIIIoCh. Bo Bpemst paccBeTa u yepes moiyaca
II0CJIC HEro IMOSBHJIACh MOJIONb JUIMHOHW 26,5-32,2
MM. U yxe gepe3 2 9 mociie paccBeTa B MPHOPEIKHOM
30HE OCTAJIUCH JUTITH MOJIOJTBIC ocoou
pakooOpasHEbIX.

ITo maTtepmanam, cobpanusiM BecHoOU 2014 T. B
MEePUOJT MacCOBOTO pa3MHOXeHuss P. adspersus
ObUIa M3y4YeHAa JMHAMHMKA KaK KOJIMYECTBEHHBIX
MoKa3aTellel, TaKk W IOJIOBOTO COCTaBa KPEBETOK,

COBEpINAIONINX TOPH30HTAIBHBIE MHIPAllMd B
npudpexxHold 30He Mopa. B atux mpobax Obum
OOHapy KEHBI TOJBKO B3pOCIIBIC ocobu

pakoobpasHeIX mHONH OoT 36,5 o 68,3 mm. Ilpum
OTOM MNPAaKTUYCCKU BCC CaMKH HECJIN SII>'IHa Ha CBOUX
IJICOTOaxX.
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Puc. 2. Jlunamuxa éuomaccot P. adspersus
npuopesicnoii 30ne Oodecckozo 3anuea Yepnozo mopsa 6
nepuoo 0o u nocie pacceema semom 2012 u 2013 22

[TapameTpsl X MakcUMallbHOM uncieHHocTH (N
= 24 5k3.-100 M%) u 6uomaccsi (B = 68,78 r-100 m™?)
OBITH 3aUKCHPOBAHBI 32 4ac IO paccBeTa. B aToT
MEPUO]] KOJTHYECTBO SIMIIEHOCHBIX CAMOK COCTABIISIIO
91,8 %, a camuoB — 8,2 % oT oO0mlero 4mcia
kpeBeTok (puc. 3). Uepes moiyaca YHCIEHHOCTH
KPEBETOK CHM3MIACh 10 6 9K3.-100 M™, a Gmomacca
— 10 9,02 1100 M>. B 3TO Bpems KOIHYECTBO
CaMIIOB HEMHOTO TIPEBBIMIAIO YHUCIO SHIEHOCHBIX
camoxk (puc. 3).

3areM, BO BpeMsi paccBeTa U TIOCJIE HEro,
MPOMCXOMUIIO IOCTENIEHHOE CHU)KEHNE YHCICHHOCTH
(N = 2 5k3.-100 M7, uepe3 2 4 TocIe paccBeTa)
6uomaccel (B = 1,76 1-100 M7, uepe3 2 u mocie
paccBera) pakooOpasHeix. B srtor  mepuon
KOJIMYECTBO SIMIIEHOCHBIX CaMOK Koje0anioch Ha
YpOBHE TPUMEPHO PAaBHOM HUHCIYy CaMIIOB, HO yXKe
yepe3 2 yaca IMocjie paccBeTa CHU3MIOCH 10 3,7 %
oT 00111ero ymncia KpeBeTok (puc. 3).

B mpobax, coOpannbix jetom 2014 1. OBLIO
3a(hUKCUPOBAHO peskoe yBEJUUCHHE
KOJINYEeCTBEHHBIX rmokasaresen KpPEBETOK.
Makcumanbhble yuciieHHOCTh (N = 10071 2x3.-100
M) 1 Gromacca (B = 8056,8 r-100 M) P. adspersus
ObUTM OTMEUYEHBI 3a 4Yac A0 paccBeTa. 3aTeM JTH
MTOKA3aTeNN MMOCTETIEHHO CHIDKAIKCH, H YXKe depes3 2
9 TOCTe  paccBeTa  YHCIEHHOCTh  KPEBETOK
cocraBisiia 1019 5x3.-100 M, a 6Guomacca — 550,3
r-100 ™. Jnuua P. adspersus, oGHAPYXCHHBIX B
aTHX cbopax konebamack B mpexenax ot 17,1 mo
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Fig. 2. The dynamics of P. adspersus biomass in the
coastal zone of Odessa Bay of the Black Sea in the
period before and after sunrise in summer, 2012 and
2013.

65,6 wMM. JluHamMuKa pasMEpHOM  CTPYKTYpBI
KpEBETOK 3a MepuoJ 10 U mocie pacceera B 2014 .
Oblla aHaJOTHYHOW TaKOBOM 3a TPEHBIIyIIHe
W3yYEHHBIC TOMBI.

I[Ipy  cpaBHEHMM TOCIEOHMX  MOJTYYECHHBIX
JaHHBIX C MaTepuaJaMH 3a MPEIbIAyIIHe TObI
MOJKHO CJIeJIaTh BBIBOA O TOM, 4To jieroM 2014 r.
MPOM30IIIJIa BCIBIIIKA YHUCIEHHOCTH P. adspersus B
uccienyeMoM paiione mMops. Tak, B 3TOM Toxy IO
CPaBHEHMIO  C  IPOLUIBIM  KOJIMYECTBEHHBIE
MOKa3aTeNll KPEeBETOK YBETNUMIIUCH Ha JBa MOPAIKA.
Jeno B TOM, YTO TpaBsHasi KPEBETKa MOXKET PE3KO

YBEJIMYMBATh  CBOIO  UYHUCIEHHOCTh 33  CYET
3HAYUTEIBHON HWHAUBUIYAIbHOM IUIOJOBUTOCTH.
Tak, B3pocmas camxa P. adspersus MOXeT

BBIHAIIIMBATh Ha CBOWX TIEOINOAAX B CPETHEM OKOJIO
1300 smm, a makcuMansHO — A0 3600 (3amsTuHa,
2012; Makapos, 2004). Ilpu OGrarompusTHBIX
YCIIOBUSIX, H 0COOEHHO, B OTCYTCTBUH KOHKYPEHTOB,
3TO MOXET TPHBECTH K TMOJOOHBIM BCITBIIIKAM
YHCIEHHOCTH PaKoOOpasHbIX.

Kak BUIHO ©3 TpPEJCTAaBICHHBIX JIAaHHBIX,
MUHAMHKA YHCICHHOCTH KPEBETOK B MPHUOPEKHOU
30HE MOpSI B MEPHOA JI0 W TIOCIE PaccBeTa BO BCe
W3YYCHHBIC TOJbl MMEJa CXOJIHBIH XapakTep. Tak,
€CIIH BBIPA3UTh OTY HU3MEHYHBOCTh YHCIEHHOCTH
pakooOpa3HBIX B MPOIEHTaX OT WX OOIIEro 4Ymcia,
TO BBICHSIETCS, YTO HanOoJee pe3koe CHIKCHUE UX
OTHOCUTENFHON YUCICHHOCTH MMPOUCXOIUT B TIEPHOA
Mexay 1 1 go paccsera u 0,5 4 10 paccBera.
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Puc. 3. Coomnowenue camox c ukpoii (memuas
WmpuxoeKka) u camyo6 (ceemnas wimpuxoexa) P.

adspersus 6 npuopescnoii 3one Odecckozo 3anusa Yepnozo

MopAa 6 nepuod 00 u nocie pacceema eecnoii 2014 2.

OTO XOpOLIO BUAHO MO YCPEAHEHHBIM JTAHHBIM 32
2012-2014 rr. (Puc. 4). 3atem Bo Bpems paccBeTa U
IIOCJIE HEro MPOUCXOJIUT MOCTENEHHOE YMEHBIICHUE
OTHOCHUTEIbHON YHNCIEHHOCTH KPEBETOK.

BeiBoabl. B pesyiabTare = mpoBeAEHHBIX
I/ICCJIe)J;OBaHI/Iﬁ GI)UI BBIICHCHO, YTO B ClIy4dae
COBMECTHOTO OOWTaHUS TpeX BHJOB KPEBETOK, Kak
310 OBUIO OTMeueHo B 2011 r., onMH W3 HHX, a

Fig. 3. The ratio of females with eggs (dark shading)
and males (light shade) of P. adspersus in the coastal
zone of Odessa Bay of the Black Sea in the period
before and after sunrise in spring, 2014

UMEHHO: P. adspersus MaccoBO TMOSBISUICA B
npuOpeXHOH 30HE, JHIIb IOCIe TOro, Kak ee
nokunan apyroi Bup C. crangon. Tpetuil BuUI
paxooOpa3HbIX P. elegans MOABISUICS B IPUOPEKHOM
30HE JIUIIb MHU30ANYECKU.

B nocnenytomiue ronbsl B IpUOPEKHON 30HE MOPSE
B TpPEApPAcCCBETHBIE 4Yachl OBUI OOHApYKEH JIHIIb
onuH Bua — P. adspersus.
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Puc. 4. /lunamuka omnocumenvHoil YucjieHHocmu
P. adspersus 6 nepuoo 0o u nocie pacceema 6
npuobpesicnoii 30ne Qodecckozo 3anuea Yepnozo mops.
Ycepeonennvie oannvie 3a 2012-2014 2.

Fig. 4. The dynamics of P. adspersus relative abundance
in the period before and after dawn in the coastal zone of
Odessa Bay of the Black Sea. Averaged data for 2012-
2014.

Ipumeuanue: Bepmuxanouvimu aunuimu ommedenvt 95 %  Note: Vertical lines indicate 95% confidence intervals

008€pumeﬂbl~lbl€ UuHmepedalol.
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XapakTep €ro TrOpU30HTaJIbHBIX MUIpalUil B
OTCYTCTBHE KOHKYPEHTOB COCTOSUI B CIIEAYIOLIEM:
MaKCHUMaJbHBIE KOJIMYCCTBCHHBIC TOKA3aTelN ObLIN
OTMEUEHBI B TPHOpPEKHOM 30He 3a 1 Hac 1o
paccBeta. 3areM OJmKe K paccBeTy M IOCJIE HETO
MoKa3aTenu YUCJICHHOCTHU u Oromacchl
PaKooOpa3HbIX OCTENEHHO CHIKAIIACH.

B HepectoBriii mepmon (ampems 2014 1))
MAaKCHMAJIbHBIC KOJINYCCTBCHHBIC IIoKaszaTeian
KPEBETOK TakKe OBUIM OTMEYEeHHl 3a dYac JIo
paccBera. Ilpu 5TOM KOJIMYECTBO SUIIEHOCHBIX
caMok P. adspersus coctaBisuio 10 92 % ot o0mei
YUCICHHOCTH pPakooOpa3HbIX. 3aTeM, BO BpeMs
paccBeTa W TOCJe HEro, MPOMCXOTUT MOCTEIIEHHOE

CHIDKEHUE YHCIIEHHOCTH u OHUOMAacChI
pakooOpa3HpIX. B 3TOT Tepuom  KOIHYECTBO
SWIIEHOCHBIX ~ CaMOK  KoJeOyieTcss Ha  YpOBHE

MIPUMEPHO PAaBHOM YHCIYy CaMLOB, HO yXe 4epe3 2
gaca Mmocje paccBeTa pe3Ko CHmkaercs a0 3,7 % ot
00I11eTo Yrciia KpeBeTOoK.

JnHaMuka pa3MepHON CTPYKTYpbl KPEBETOK BO
BCE M3YUYCHHBIE TOJbI HOCHWJIA CXOTHBIA XapakTep.
Tak, 3a yac 10 paccBeTa B NMPUOPESIKHOW 30HE MOPS
NPUCYTCTBYIOT B OCHOBHOM B3POCIHbIE >KHBOTHBIE.
3arem Onrke K BOCXOJy COJTHIIA TIOSBIISIETCST MOJIOAD,
a KOJMYECTBO B3POCIBIX 0cCO0CH MOCTEeNeHHO
yMmeHblnaercs. Yepe3 2 4 mocne paccBera B
MIPUOPEKHON 30HE OCTAETCS JIUIIH MOJIOIb.

Bbaaroaapuocru. ABTOp BbIpaXaer
0JIaroflapHOCTh CTapIIEMy HAYYHOMY COTPYIHUKY
UMb HAHY, k.6.n. KO.B. Kpauy 3a momomis B
cbope maTepuarna.
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HORIZONTAL MIGRATION OF THE BLACK SEA SHRIMPS IN THE ODESSA BAY BEFORE
AND AFTER SUNRISE

A. Yu. Varigin

During the years 2011-2014 the character of the horizontal migration of the Black Sea shrimps in the Odessa Bay in the period
before and after sunrise was studied. In 2011 three species of crustaceans: Crangon crangon, Palaemon elegans and Palaemon
adspersus were observed. In subsequent years in the coastal zone only P. adspersus was detected. The nature of its horizontal
migration was as follows: the maximum quantity indicators were observed in the coastal zone for 1 hour before sunrise. Then,
around sunrise and after, the abundance and biomass of crustaceans were gradually decreased. In the spawning period the
maximum quantity indicators of shrimps were also noted an hour before sunrise. In this time the number of oviparous females of P.
adspersus was up to 92 % of the total number of crustaceans. Then, during sunrise and after, the number of oviparous females
ranged at about an equal number of males, but 2 hours after sunrise was sharply reduced to 3,7 % of the total number of shrimps. In
summer 2014 a sharp increase in quantitative parameters of shrimps was recorded. The maximum abundance (10071 ind.-100 m™)
and biomass (8056,8 g-100 m?) of P. adspersus were marked by an hour before sunrise. Then, these figures were gradually
declining, and within 2 hours after sunrise the abundance of shrimps was 1019 ind.-100 m™, and biomass — 550,3 g-100 m™. The
length of P. adspersus was ranged from 17,1 to 65,6 mm. The dynamics of the size structure of shrimps in all years studied was of a
similar character. So, an hour before sunrise in the coastal area was mainly attended by adult animals. Then, closer to sunrise the
young individuals were appeared, and the number of adults gradually decreased. Two hours after sunrise in the coastal zone only
Jjuveniles were remained.

Keywords: Black Sea shrimps, horizontal migration, period before and after sunrise, the coastal zone, Odessa Bay.
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BIIV/IUB CYBCTPATIB BIIBAJTY BYI'VIbHUX IHAXT HA BMICT
INEPOKCHUAY BOJAHIO TA AKTUBHICTDb IEPOKCHIA3N Y
SORGHUM HALEPENSE (L.) PERS

3. BELIUIEN', C. BEILUIEN %, B. BAPAHOB ', O. TEPEK '

! ITvsiscoruii nayionansnuii ynicepcumem imeni leana ®panka, eyn.Ipywescorozo 4, m. Jlvsis, 79005, Vipaina.
e-mail: zirka_blb2@ukr.net
2 Inemumym exonozii Kapnam HAH Ykpainu, eyn.Cmeghanuxa 11, m. Jlveis, 79005, Vrpaina.

Y pobomi docniosceno 3minu emicmy nepoxcudy 600HI0 i akmushocmi nepokcuoasu 6 30- ma 120-00606ux pociun
Sorghum halepense (L.) Pers (0ogzokopenesuuino2o 31aKy poounu monkonozosux (Poaceae), sxuii pozmnosicyemocs sk
HACIHHAM, MAK [ KOpeHesuwamu) 3a ymoe pocmy Ha cyocmpamax eioeany Llemmpanvhoi 36aeauysanvroi gadbpuxu
«Yepsonoepadcokay », i3 000ABAHHAM Y HUX HeMPAOUYILIHUX OPSAHIMHUX MA MIHEePATbHUX 000pue — 2nayKoHimy i
8I0X00i6 OpidIcOIHC08020 UPOOHUYMEA. Y pe3yibmami npoeedeHux eKCnepUMeHmMie 8CIMAHOBNICHO 0OEPHEHY 3a/eHCHICMb
MIDIC QKMUBHICTIO NEePOKCUOA3U ma GMICIOM HepoKcudy 6oouio y mkanunax 30- ma 120-0obosux pociun copeo
AnencvLko20, SIKL pOoCiu Ha pizHux cyocmpamax. Ll 3akonomipHicms € npupooHoIo adice 8 YMO8AX CHpecy 30LIbULyEMbCst
AKMUBHICMb NEPOKCUOA3U, SIKA AKMUBYE POUENIEHHS NEPOKCUAY 800HIO 00 KUCHIO Md 800U, 3anobiealouu mum camum
tioeo moxcuunomy egpexmy. Ilokazano, wo y 120-0o60sux pociun S. halepense emicm nepokcudy 600HI0 ma aKmMuHicms
nepoxcudasu 'y Oinbwocmi eapianmie Oyau NPAKMUYMHO HA DIGHI KOHMPONIO, WO NO8’Sa3aH0 i3 (hopMyeanusim
adanmayitinux nepemeopeHs y pociun NPOMsI2oM MpUeaio20 iCHy8ants 6 ymosax cmpecy. Ilpu enecenni HempaouyiiHux
0obpus y cybcmpamu 8i06any 6i00Yeanucs 3MiHu ix QI3UKO-XIMIMHUX 6ACMUBOCMEN, WO GNJIUHYIO HA 6MICH NEPOKCUOY
600HIO MA AKMUBHICIb NEpoKcUudasu y pocaut. Ompumani eKCnepuMenmanbti 0ani ModiCyms Oymu 0CHOB0I0 OJisl AHAIZY
CMIIKOCMI  pOCIUH mMa CMGOPEHHs. CUCmeMU 3ax00i8 i3 KOpU2YBaHHsi NPOOYKMUGHOCMI YUX POCIUH 8 YMOBAX
mexHoeKocucmem, HNOKpawjeHns ix imopemediayitinux 61acmugocmeti 3a OONOMO20I0 BUKOPUCMAHHA He Juule
mpaouyiiiHux 0obpus a il K NOKA3VIOMb HAuli 00CTIONCEHHS T HempaouyitiHux 000pue, SKI 3MeHwams codisapmicmo
PEKYIbMUBAYILIHUX POOIM.

Knrouosi cnosa: nepokcud 600wI0, nepokcuoasza, cyocmpamu 6i08aNi6 BY2IIbHUX WIAXM, 2AAYKOHIM, 8i0X00u
8UpoOHUYMEa Opixcoxcis, Sorghum halepense.

Beryn. IlpoGiema pekynbTHBAIll TEXHOTCHHHX
naHgmadTiB  OCOONMBO akTyajdbHa Yy paioHax
BHIOOYTKY MPHUPOJHUX PECypCiB, 30KpeMa BYTiJLIA.
BigBanmm mmaxTHUX TOpPiA CTBOPIOIOTH CEPHO3HI
EKOJIOTIUHI TpOOJIEMH, OCKUIBKM iX cyOcTpaTh
MalOTh KHCJIY PEaKIlilo CEepeJOBHINA, MICTATh BaxKi
METaJld Ta IHIN KCEHOOIOTMKH 1 TIONIOTaHTH B
KOHIICHTpAI[isiX, 10 [EPEBUINYIOTh TPAHUYHO
JOMYCTUMI KOHIIEHTpalii y Kibka nopaakis (Kawm,
Xapkesu4, 2003; bapanos, 2008). OgauMm i3 gieBHX
€KOJIOTIYHUX CIIOCOOIB BiJIHOBIEHHS TEXHOTEHHHX
nangmadTie € ¢itopekynpruBanis (I'enuk, 2008).
I[Ipu  ¢iropexynpTHBalii TOPOJHUX  BiABAJIB
30aragyBasbHUX (AOpPUK 1 IIAXTHUX TEPHUKOHIB
POCIUHM MiJIaI0ThCS KOMIUIEKCHOMY BIUIUBY PSIIY
cTpecoBuX (DaKTOpiB: MiJBUIICHIA KHUCIOTHOCTI
cepeloBHINa, il KCEHOOIOTHKIB, MPOMUCIOBHUX
MOJIIOTAHTIB, HE30aJIaHCOBAaHOCTI MaKpoO-, ME30- Ta
MIiKpOEJIEMEHTHOT'O CKJIay CEepe/IOBHIIIA,
HEJIOCTaTHROTO 1 HEPIBHOMIPHOTO 3BOJIOKEHHS,
niepenaay temmeparyp (Peikrop u mp., 2011).

CgitoBuii HOCBiA (HiTOPEKYIBTUBALIT MTOPYIICHUX
3eMelb BKa3ye Ha Te€, [0 MOXXHA BUKOPHCTOBYBATH
pi3HI KyJIbTYpH, B TOMY uHchi i 3makoBi. Y CHIA i
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Kanani (mposinmii OnTapio, Ansbepra, bpurancbka
Komym0ist) 371aKkoBi TpaBOCyMilli BHCIBalOTH IS
3aKpiIJIeHHs TOBEPXHI  BifBalliB, 3amoOiraHHs
BOAHIN 1 BiTpoBOi eposii. Ilocamka Ta pict Ha
BiJjBaJIaX 37JaKOBUX KYJIGTYpP MPHIIBHUIIIIYE PO3BUTOK
TPYHTOYTBOPIOBAJIBHOTO MpOLECy, 1HTEHCH(IKYyE
HarpoMaJKCHHS rymycy, 3abe3nedye
mudepeHuianio «rpyHroBoroy npodimto (Jlykuna u
op, 2008). Jns mokpaimieHHs YMOB enadoToiy
TEXHOTCHHOTO JaHAAadTy i CTUMYISAIii POCTOBUX
MIPOIIECIB POCIMH — (HiTOMEIIOPAHTIB P aBTOPIB
MPOIOHYE BUKOPHCTOBYBATU SK TPAAMIINHI, TaK 1
HeTpaaumiiHi 1o0puBa (bapanos ta iH., 2010).

Hamri momepemni poOotm  Oyau  TpHCBSIYCHI
JOCIIDKEHHIO y4acTi 3JakoBUX Yy (iToMemiopaii
cyOcTpariB BiZBaJIiB BYT1IBHUX IaxT
YepBOHOIPaACKKOr0 TPHUYOIPOMUCIOBOTO PaioHy
(Bapanos Ta iH., 2012). Pe3ynpTati 1uX JOCTIIKEHB
MOKa3ajii BUCOKHUHU aJanTamiiHui MOTEHIII A
3JIaKOBHMX B YMOBax IIAaXTHHUX BixBamiB. Pociuuu He
JIUIIIC BYDKUBAIA 32 TOKCUYHOTO BIUIMBY CyOCTpaTiB
BiZBaNiB, a W 30epirajm JOCUTh BHCOKI POCTOBI
MOKa3HUKU. BpaxoBytoun mitepaTypHi aaHi, Oyio
BHPIIIECHO AOCTiAUTH MOphOMETpHUHI Ta Oi0XiMidHI
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MTOKa3HUKHA POCHuH copro Sorghum halepense (L.)
Pers 3a ymMoB pocty Ha cy0OcTpaTax MOPOIHOTO
BigBany LlentpanbpHoi 30arauyBanbHOi (abpuxu
«YepBoHOTpajichkka», 13 JOAaBaHHSIM Yy HHUX
HETPAIUI[IHHUX  OpraHiuHUX Ta  MIHEPATbHHUX
JOOpHB — TJHAyKOHITY 1 BIIXOMIB APIXIKOBOTO
BHPOOHUIITBA.

Marepiaju Ta MeTOAH AOCTiTKeHb. OO0’ €KTOM
JOCHIDKEHHSI OyJH pOCIHHHA COpPro  alleliChbKOTO
Sorghum halepense (L.) Pers, 1OBrOKOpEHEBUIITHOTO
3J1aKy ponauHu ToHKOHoroBuX (Poaceae), sxuit
PO3MHOXYEThCS SIK HACIHHSM, TaK 1 KOPEHEBHUIIIAMHU
(Warwick, Black, 1983).

Jns MonenmoBaHHS TEXHOTEHHOTO enadoTomy
BHUKOPUCTOBYBaJIM CyOCTpaTH IOPOJHUX BiJBaJiB
Hentpansuoi 30arauyBanbHoi ¢abpuku (L3D).
Komnip cyOctparis, 3 sikux copMoBaHUil BinBal, €
gepBOHMIA (TIeperopijia Topoaa 31 3MiHCHUMH
CTPYKTYPHO-TEKCTYpPHIUMHU 0COOJIMBOCTSAMH,
PI3HOMaHITHUX BIATIHKIB, IO CBIMYUTH NP0 CKIIAJIHI
JTOJIOTIUHI Ta merporpadidHi TEpeTBOPEHHS, SKi
BinOyBamnmcs y nporeci TE€PMaJILHOTO
“meramopdizmy”) 1 HOpHUIL (He meperopina mopoja,
JUIS KO XapaKTepHUH NPUPOJHUA YOPHO-CipHUid
xodip) (bapanos Ta in., 2012) (Puc.1).

Jo 1mmMx TexXHOreHHO 3a0pyAHEHHX CcyOCTpaTiB
JOoAaBajid HETpaguUiiHi JoOpuBa — TJAYKOHIT i
BiIXOoOM BHPOOHWITBA JPUKIKIB  JIBBIBCHKOTO
IpiXIDKOBOrO 3aBoAy (y cmiBBimHomeHnHi 50 T Ha
1000 r cybcTpaty Bigsany). CyOcTpar 3MilllyBaiiu 3
ToOpUBaMHU, BHOCHIJIH Y IEPEB’ STHI SMTAKH 1 BUCIBAITN
HaciuHs S. halepense. AmnamizyBamu 30- ta 120-

nmo0oBi pocnuau. KoHTposem ciyryBanmu pOCIHHH,
10 pOC)i Ha TOP(i.

AKTUBHICTD  TIEpOKCHAA3W  BU3HAYamd  3a
IMBUJIKICTIO peakilii OKHUCHEHHs OCH3MAMHY. i
aKTHBHICTh BUpaXXall B YMOBHHX OJIMHHISNX Ha
rpaM MacH CHpoi pedoBHMHH (YM. OJ./T Macu CHUpOi
peuoBunu) (I'aBpmiienxko u np., 1975). Bwict
MEPOKCHITY BOJIHIO BU3HAYAIN
CHEKTPO(YOTOMETPUYHO Y POCIMHHOMY EKCTPaKTi
micis peakuii i3 cynedaroM tutany (Di Toppi et al.,
1999). Bupaxanu Bmict H,O, y Mr Ha rpam macu
cupoi pedoBunu (Li-Men Chen, Ching-Huei Kao.
1999). Otpumani JaHi ONpanbOBYBald METOIAMH
crarucTiaHOTO anamnizy (Jlakun, 1990).

PesyabTaTH Ta 06roBopenHsi. B ymoBax mii
cTpecopa 30EpeXCHHS JKUTTE3IATHOCTI OPraHi3My
BiIOYBa€ThCS MUIAXOM ITiBUIICHHS HecHeugpiqHol
OMIPHOCTI B pe3yNbTaTi MPOSBY aJanTaIiifHOTO
CHUHIIPOMY SIK 3aXHCHOi peakiii opraHiaMy B CTaHi
ctpecy. OTpuMaHi eKCIepUMEHTAIbHI 1aHI MOXYTb
OyTH OCHOBOIO ISl aHAJI3y CTIMKOCTI POCIHMH Ta
CTBOPEHHSI CHUCTEMH 3aXOJ(iB 13 KOPHI'YBaHHS
NPOAYKTHBHOCTI ~ LWUX  POCIMH B  yMOBax
TexHoekocucteM (Peikrop u np., 2011).

[Tepokcun BOIHIO € CHTHAJIOM JUIS aKTHBAIii
3aXMCHHX CHCTEM, aKTUBATOPOM eKCIpecii TeHiB i
MPOLECIB, 10 NPU3BOAATE 10 (HOPMYBaHHS CTIHKOCTI
y pocmuH (Polidoros, Scandalois, 1999). Pesynbratn
JIOCITI/DKSHHSI BMICTY TIEPOKCHIY BOJHIO B TKaHWHAX
HajeMHux opraHiB 30- Ta 120-m000BUX pocivH S.
halepense 3a yMOB pocTy Ha cyOcTpaTax BiIBaiiB 3
JNOAaBaHHSAM Y HUX TJIAyKOHITY Ta BiJXOJiB
JIPIXKKOBOTO BUPOOHUIITBA HABE/ICHI HA PUCYHKY 2.

Puc.1. 30eniwnin eéuznad uopnoi (A) ma uepsonoi (b)
nopio
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Fig. 1. The appearance of black (A) and red (B) rocks
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Puc. 2. Buicm nepoxcudy 6éoonio y 30- ma 120-00606ux
pochun  Sorghum halepense 3a ymoé pocmy na
cyocmpamax 6i0eany 3 000A6AHHAM 21AYKOHImMY ma
6i0X00i8 OPiIICOICO80T NPOMUCTIOBOCHI.

Ipumimxa (mym i Haoani): Kk — Koumponv, k+en —
KOHmpoasv + enaykonim, K+0dxc — KOHmMponb + 8i0xoou
OpidCOAHCOBOT NPOMUCTIOBOCII, HOp — HYOpHA Nopodq,
yop+en — yopHa nopoda + enayKowim, 4op~+odc — YopHa
nopoda + 6i0xo0u OpidNcONHCO80I NPOMUCIOBOCTI, Uep —
uepeoHa Nopooa, yep+en — uepsona nopooa + enaykouim,

uep+0odc — uepgoHa nopooa + 8i0X00u OpPINCOHCOBOL

NPOMUCTIOBOCHII.

Y pe3ympTari  NPOBEACHUX  JOCHIIKEHb
BCTAQHOBJICHO, III0 Y JEAKHX BapiaHTaxX JJOCIHIJIB
BigOyBasocss  3MEHIIEHHS  BMICTY  CHUTHANBHOL
monekymn H,O, y 120-mo0oBUX pOCIHH COpPro
ajernchkoro, TmopiBHAHO 3 30-moOoBumu. Ilg,
MOKJIMBO, TTOB’A3aHO SIK i3 301IBIIEHHIM aKTUBHOCTI
(hepMeHTIB aHTHOKCHAAHTHOTO 3aXHUCTy (30Kpema
TIepOKCUAa3N), TaK i 3 GOPMyBaHHIM amanTaIliiHuX
NEPETBOPEHb MPOTATOM TPHBAIOTO Yacy pOCTY
pOCIMH B yMOBax cTpecy. 3a yMOB pocTy S.
halepense Ha dYOpHIi Ta depBOHIH mOpOmi
crocTepirayiach  IPOTHWICKHA  TEHACHINS 0
30inbmenHs Bmicty H,O, y TKaHUHAX POCIHH: HOTO
BMICT 3pOCTaB Ha YOPHIii MOPOJIi Ta 3HIKYBABCS Ha
YEpBOHIA, IO, MOXJIMBO IOB’s3aHO i3 (pi3uKko-
XIMIYHAMH BJIACTHBOCTSAMHU LUX cyOctpariB. [Ipu
JOJIaBaHHI TJIAyKOHITY Ta BIiAXOJIB IPIMIKOBOTO
BUPOOHHIITBA Yy Pi3HI CyOCTpaTd B OUIBIIOCTI
BapianTiB y 30-mo0oBux pociuH S. halepense

cnocrepirasiocss  3MeHmeHHs — Bmicty  Hy0,,
mopiBHAHO 13 120-m000BUMH  pOCIHHAMH, IO,
BOYCBU/Ib, OB’ I3aHO i3 COpOIiHHIMHU

BJIACTHBOCTSIMU T4 3HAYHUM BMICTOM OPTaHOTCHHHUX
PEYOBHH, MaKpo- Ta MIKpPOEIEeMEeHTIB, y CKJaui
HETPaIHAIIHHAX TIOOpUB. [Iporunexna
3aKOHOMIpPHICTh ~CIIOCTepirajach NpW J0/JaBaHHI
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Fig. 2. The content of hydrogen peroxide in the 30- and
120-day plants of Sorghum halepense under the
conditions of growth on dump substrates with a trace of
glauconite and waste yeast industry.

Note (hereinafter): k — control, xk+en — control +
glauconite +, k+0c — control + waste yeast industry, yop
— black rock, wop+aen — black rock + glauconite, yop+oorc
— black rock + waste yeast industry, uep — red rock,
yep+en — red rock + glauconite, uep+ooic — red rock +
waste yeast industry.

TJIayKOHITY Ta BiIXOJIB MPi’KIKOBOTO BUPOOHMIITBA
J0 cyOCTpaTy 4epBOHOI'O KOJNBOPY (CHOCTEPIranoch
30inpimienHss  Bmicty H,0O, 'y  30-moGoBux i
3MeHmieHHs y  120-1000BUX  pOCIHH). [Ipu
JIOJaBaHHI TIAYKOHITY Ta BIIXOIIB IPikKIKOBOTO
BUPOOHUIITBA 10 CyOCTpaTiB BiJBalliB y TKaHHHAaX
120-moboBux pociuH S. halepense, sixi pocnu Ha

X CcyOCTparax cIocTepirajgach MPOTHIICKHA
TEHJICHIIIS 32 BMICTOM MEPOKCUIY BOJIHIO.
JlocmimKeHHS ~ OCHOBHHUX  MeEXaHi3MiB il

TEXHOT€HHUX CyOCTpaTiB Ha PpOCIMHH Ta PO
AHTHOKCHJIAHTHOI CUCTEMH OCTaHHIX Yy Mporecax
ajanrarii JacTh 3MOTY PO3POOUTH HOBI IIAXOIU AJIS
MiJBUIIEHHS CTiHKOCTI POCIUH 1 PO3pOOKH HOBHX
METO/IIB (dhitopememiarmii (ITarmyna, 2008).
Ilepoxcuaaza € (epMEHTOM aHTHOKCHIAHTHOT
CHUCTEMH, TETEPOTCHHOIO 3a CKJIaJIOM, IO 3a3Ha€
3HAYHOT MIHJIMBOCTI TIiJ] Ti€}0 HECIIPUATIMBUX YMOB
CepeloBHIlla, B TOMY 4YHCII  TEXHOTCHHOIO
3abpyauenns (Cranenko u ap., 2008). Bigomo, 1o
Taki (epMeHTH, SK TMepoKcHIa3a Ta KaTajasa
MOXYTh MOJICTIIOBATH FOME0OCTa3 MEPOKCHIY BOJHIO,
i, BIAMOBIAHO, ¥Oro CHUTHAJIBHY  3aTHICTb.
IMepokcugasa axkTUBYe PO3IICIUICHHS TMEPOKCHITY
BOJIHIO JI0 KMCHIO Ta BOJIH, 3aII00Iral0qy THM CaMUM
HOro0 TOKCUYHOMY €(EKTY.
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Puc. 3. Axmugnicmv nepoxcuoasu y 30- ma 120-
00006ux pocaun Sorghum halepense 3a ymoe pocmy na
cyocmpamax eidgany 3 OOMIWKOI 21AyKOHimy ma

810x00i8 OpixcOIHc080T npomucosocmi.

OTtpumaHi pe3yabTaTH, MPEICTaBICHI Ha pHC. 3,
3aCBIAYYIOTh, [0 AKTUBHICTh MEPOKCUIA3U 3pOCTaia
y 30-m000BUX POCIHH COPro ajerchbKoro 3a YMOB
pocTy Ha pi3HHMX cyOcTpaTax, MopiBHsAHO i3 120-
JI0OOOBUIMH POCIIHHAMM, IO TTOB’S3aHO 13 aKTHBAIII€I0
(bepMEHTIB ~ aHTHOKCHIAHTHOTO  3aXHUCTy  Ha
MOYaTKOBMX eTamax fii cTpecoBux (aktopi. 3a
pocty S. halepense Ha 4OpHili Ta 4epBOHiIN Mopoxi
CIIOCTEpirayy 30UThIIIEHHST aKTUBHOCTI TIEPOKCHIA3H
y HOro TKaHWHAX TOPIBHSHO i3 KOHTPOJIEM.

Haiibinbma aKTUBHICTH MEePOKCUAA3U
3adikcopana y  30-moOOBHMX  POCIMH  COPro
AJICTICBKOTO 3a POCTYy Ha YOpHOMY cyOcTparti i3
JIoJTaBaHHAM ApLKIKIB (6,42+0,39 y.o0./r Macu cupoi
pedoBuHm). Y 120-m000BUX POCIHH CHOCTEpiraiu
3MEHIIEHHS  aKTUBHOCTI  IEPOKCHUAA3H  IIpH
JonaBaHHi y  cybctpatm  BimBamy — L[30
HeTpaAuLiHUX T00pUB, 110, MOXKJIHMBO, IOB’S3aHO
i3 3MiHaMH  (I3UKO-XIMIYHMX  BIIACTHBOCTEH
TeXHOCYOCTpaTiB.

BucHoBok. Y Xx04i AOCHiIKEHb BCTaHOBJIECHO
Oo0epHEHY KOpEJAIil0 MK BMICTOM NEPOKCHUAY
BOJHIO Ta AaKTHUBHICTIO MNEPOKCHIA3H y TKaHHHAX
JOCIHIDKYBAaHOTO 00’€KTY 32 YMOB POCTY Ha DPi3HHX
cybctparax. Ilokazano, mo y 120-10060BUX pociuH
S. halepense BMiCT TTEpOKCUAY BOJTHIO Ta aKTHBHICTh
MEepOKCHIa3H y OUTBIIOCTI BapiaHTIB Oyl MEHITUMH
HiK y 30-1000BHX, 10 MOB’s3aHO i3 (hOpMYBaHHIM
aJanTalifHUX IE€PETBOPEHb Y POCIHMH MPOTIrOM
TPUBAJIOr0 ICHYBaHHSI B YyMoBax cTpecy. llpu
JOJaBaHHI HeTpaguLidiHUX A0OpHB y cCyOcTpaTH
BimBany mpotsaroM 120 nHiB BimOyBaimucs 3MiHH
(hi3UKO-XIMIYHAX BIIACTUBOCTEH TexHOEAahOTOITy,
IO BIUIMHYJIO HAa BMICT MEPOKCHIY Ta aKTHBHICTb
niepokcuaasu y S. halepense.
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Fig. 3. Peroxidase activity in the 30- and 120-day plants
of Sorghum halepense under the conditions of growth
on dump substrates with a trace of glauconite and waste

yeast industry.

Cnucok JiTeparypu:

1. BapanoB B. 1. Exojoriuamii ommc mOpPOTHOTO
BizBaITy BYTUTBHUX IIaxT 3D 3AT
"JIpBiBcHCTEMEHEPro" K 00°€KTa I 03€IICHEHHS
// BicH. JIpBiB. yH-Ty, Cep. 6ion. 2008 Bum. 46. C.

172-178.
2. Bapanor B., benuteit C., Teneryc . [eski
OlOXiIMIYHI TMOKAa3HUKW ajanTauii KyHHYHHKa

HaszemHoro (Calamagrostis epigeios (L.) Roth) mo
yMOB enadoTONy BifBaJiB BYTUIBHUX MIaxT //
Bicauk JIHY. 2012. Bum 58. C. 292-299.

3. bapanos B. 1., I'aBpunsik M. ., Teneryc . B.
3MiHH BMICTY CipKH, BITBHAX aMiHOKHCIOT i Oinka
B pociarHaxX pinaky, T PKUBIICHUX
KallCyJbOBaHMMHM JOOpHMBaMH Ha cyOcTpaTax
MOPOIHOTO BiIBaly BYTUIbHUX HIaxT // Biojorivxi
ctyxii / Studia Biologica. 2010. T. 4(Ne 1). C. 53—

62.
4, Bapanos B. 1., Kuum I. M., bnaiina I. A Tta iH.
Oueper 3BHUAlHWII — QiTOpeMemiaHT BaXKKHX

METaJliB Y JPECHAKHUX KaHABaX MOPOIHUX BiIBalliB
ByrutbHUX maxt // Biomoriuni crynii / Studia
Biologica. 2012. T6(Nel). C. 93-100.

5. laBpmienko B. @. Jlagpiruaa M. E., XanmoOuna
JI. M. bompimoii mpakTHKYM 110 (U3UOJIOTHU

pacTeHuil. DOTOCUHTES. [pixanue. M.:
Bricmi.mkoia, 1975. 392 c.
6. l'eank . B. Iopymeni teputopii JIpBiBIIMHE Ta

IUsixu 1X  Qitomernmiopamii Ta pexynbTUBaLii. //
Haykosuii Bichuk HJITY Vkpainu. 2008. Bum.

18.10. C. 22-26.
7. Kuum 1. B., Xapkesuu B. B. Posnoxin Bwmicry
XIMIYHAX €JIeMEHTIB Yy TMOpojax TEpUKOHIB

YepBOHOTPAZCHKOTO TiPHAYO-TIPOMHUCIIOBOTO
paiiony // BicH. JIBiB. yH-Ty. Cep. reon. 2003.
Bum. 17. C. 148-158.

8. Jlakma I'. ®@. Buomerpus: YuebHOe mocobue s
Omon. crer. By30B, 4-¢ u3n. M.: Bricmas mkona,
1990. 352 c.

9. Jlykuna H. B., Yuopuk T.C., 'maseipuna M.A.,
OuwimmMonosa E.W. buosnoruyeckast peKyabTUBaLMs

Biological systems Vol. 6. Is. 2. 2014



13. Di Toppi L., Lambardi M., Pazzagli L. et al.
Response to cadmium in carrot in vitro plants and

10. TITamyna O., Koowmnenmpka M., Tepek O. Ta iH. cell suspension cultures // Plant Science. 1999.
OxcuatuBHI  peakuii POCIMH  HPUPYCIOBOI Vol.137. P.119-129.
nusiakn piku Tuca // Bicu. JIeBiB. yH-Ty. Cep. 14. Li-Men Chen, Ching-Huei Kao. Effect of excess
6iom. 2008. Bum. 48. C. 201-204. copper on rice leaves: evidence for involvement of
11.  Pwixrop U. A., 3y6xosa 1O. H., bytiornn A. B. lipid peroxidation // Bot. Bull. Acad. Sin. 1999.
BnusiHre OypoyrosbHBIX TYMHUHOBBIX YHOOpeHHIH Vol. 40. P. 283-287
Ha CHIKEHHE cTpeccoBOoW peakumu y pactennid  15.  Polidoros A. N., Scandalois J. S. Role of hydrogen
Festuca pratensis Huds // Bicaux JoHenpskoro peroxide and different classes of antioxidant in the
HAI[IOHAJIEHOTO YHIBEPCHUTETY, Cep. A: regulation of catalase and glutathione-S-transferase
[pupoganui vayku, 2011. Ne 1. C. 115-122. gene expression in maize (Zea mays L.) //
12.  Cranenxko A. I1., Tyxwunosa JI. 1., Berorosckuii A. Physiologia Plantarum. 1999. Vol. 106. P. 112—
A. PactuTenpHble TNEpPOKCHIA3bl — MapKepbl 120.
XMMHUYECKOTO 3arpsi3HeHus] NpHpoAHBIX cpex //  16.  Warwick, S.I., Black L.D. The biology of Canadian
Bectauk OI'Y. 2008. Ne10(92). C. 188-191. weeds. 61. Sorghum halepense (L.) Pers. Canadian

Journal of Plant Science. 1983. 63(4):997-1014.

THE EFFECT OF COAL MINES ROCK DUMP ON THE HYDROGEN PEROXIDE
CONTENT AND PEROXIDASE ACTIVITY IN SORGHUM HALEPENSE (L.) PERS

Z. Beshley, S. Beshley, V. Baranov, O. Terek

The research is devoted to changes of hydrogen peroxide content and peroxydase activity in 30- and 120-days-old
Sorghum halepense (L.) Pers plants (long-rhizomed cereal from Poaceae family, which reproduces both by seeds and
rhizomes) under growth on substrates from Central enrichment plant "Chervonogradska" dump, with the addition of
non-traditional organic and mineral fertilizers - glauconite and wastes of yeast production. As a result of experiments it
was established inverse relationship between the peroxidase activity and hydrogen peroxide content in the tissues of 30-
and 120-days-old Johnson grass plants that were grown on different substrates. This pattern is natural because under
stress conditions is peroxidase activity increased, which activates cleavage of hydrogen peroxide to oxygen and water,
thus preventing its toxic effects. It is shown that the 120-days-old S. halepense plant content of hydrogen peroxide and
peroxidase activity in most variants were almost at the level of control that is associated with the formation of adaptive
changes in the plant for a long existence under stress. After addition non-traditional fertilizers into dump substrates,
there were changes in their physical and chemical properties that influenced the content of hydrogen peroxide and
peroxidase activity in plants. The experimental data can be the basis for the analysis of plant resistance and creation of
performance measures for the adjustment of these plants under technoecosystems, improve their fitoremediation
properties by using not only traditional fertilizers but, as shown by our study of non-traditional fertilizers, which will
reduce the cost of remediation.

Keywords: hydrogen peroxide, peroxidase, substrates of coal mines dumps, glauconite, residues of yeast, Sorghum
halepense.
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ICTOPISI BUBUEHHS JIEBEIB (P11 CYGNUS) HA TEPUTOPII
YKPAITHHA

0. 0. YHOBAH, B. O. AHEHKO

Kuiscoruii nayionanvnuil ynisepcumem imeni Tapaca Llleguenka,
HHI] «Incmumym 6ionoziiy Kuis, Yxpaina
e-mail: alexchov@mail.ru, baggirr@gmail.com

Pio Jlebiob (Cygnus) y ¢hayni Vkpainu npeocmagnenuti mpvoma suoamu — ye nediov-wunyn (Cygnus olor), ne6ios-
xaukyn (Cygnus cygnus) i ne6iov manuu (Cygnus bewickii). Bci mpu npedcmasnuxu pooy maoms He 00HAKO8UI CMamyc
nepedyeanns na mepumopii Kpainu. AkmyanbHicms 021300601 pobomu, AKA XapaKkmepuzye cmam eugueHocmi nededié 6
Ykpaini nonaeae y momy, wjo uucenvricme nebedie 8 ocmanti decamupiuys e € CmabilbHO0 U NOCMILIHO 3MiHIOEMbCA. 3a
ocmanti 50 poxie 8i00ysacmuvcs picm yucenbHOCHI 1ebedsa-uunyHa i 1ebeda-Knukyna. B oaniti nyonikayii Mu y3a2ansHuiu
8i0oMi Odicepena no nowupenHio, 6ionoeii ma exonozii 1ebedie 6 Yxpaini, ompumasuiu NOsHy iCMopito OOCHIONCEHHSL YUX
nmaxie. Bcvozo byno euseieno ma onpayvosaro 301 nimepamyphe ddxcepeno, de xoua 6 32a0yemuvcs npo 1ooull iz 3 6udie
nebedie Ha mepumopii Yxpainu 6 nepiood 1850-2012 pp. Busnauanu cmyninb u8ueHOCHI KOJNCHO20 8UOY 00CHIONCYBAHUX
nmaxis, 6ci O0Jcepena pemenvHO GUSYANU MA CUCMEMAMUZYBANU 8 KAMAN02 NO KOJHCHOMY 6udy. 06’ emuux pobim no
BUBUEHHIO 1eDedi6 Ul 00H020 NPeOCMABHUKA Yb020 pooy NO 6ci mepumopii Yipainu He nposoounocs. Ichyromo auwe
@pazmenmapHi U 3a2anvHi 0aHI NO NOWUPEHHIO YUX 8UOI8 ) PISHUX Pe2iOHax KpaiHu, maxodic 1ebedis sueuan napaieibHo
3 [HWUMU 2YCenodiOHUMU Ni0 4ac 0OMIKIE@ B00ONIABHUX NMAXIE, OLILUICMb OAHUX HABEOEHO ) 3A2aNbHUX (AVHICHUYHUX
pobomax, 3amimKax npo 3ycmpiyi mo2o uu iHwo2o eudy 8 pisHux pecionax Ykpainu. Becv nepiod 0ocniocenv nebedis
MOdHCHA NoOiumu Ha oea emanu: nepuiuii — 3 cepeounu XIX cm. 0o 70-x pp. XX cmonimms i opyauti — 6io 70-x pp. XX
cmonimms 00 cvbocooenus. Hauibinow pe2ynapmi i nogui 0ocniodcents 1ebedig npoeoounucsa Ha nieoHi Yxpainu, oe eonu
oYU i € NOKU o HAOINbUL YUCETbHUMU 8 NOPIBHAHHI 3 iHWUMU pecionamu Yrpainu. Ha mamepuxogiti yacmuni Yxpainu
HAUOIIbWL peyIApH O0CTIONCEHHS NPOBOOUNUCS HA 3aX00i ma 6 yewmpi VKpainu, wo noe’sa3ano 3 ocodonueocmamu
poscenenns nebeds-wunyna. B ocmanne oecamupivua mamepianu no uucenbHOCMi ma nowupennio 1eb6edig Moxicemo
SHAUMU Y 3HAUHIU KilbKocmi 00ikosux ma gaynicmuunux nyorikayisx. Haumenw docnioscenumu pecionamu Yxpainu
sanumaromocs Yepuiziscvka, Cymcoka oonracmi ma Cxio kpainu. Hacamnepeo, ye nosacHioemucs we 00CUmy He3HAUHOW
yucenvbHicmio 1e6edié 8 OaHUX PeciOHAX.

Kmouosi crosa: pio Jle6iov (Cygnus), icmopis eusuenns, Yxpaina, emanu 00CHiOHCeHHS.

Beryn. Pin JleGins (Cygnus) y dayni Ykpainu
IpeACTaBICHUH TPhOMa BHIAMH — 1€ JIeOiJb-IIHITyH
(Cygnus olor), nebinp-xiukyn (Cygnus cygnus) i
ne6ine mamuit (Cygnus bewickii). JleOinp-mmmyH €
THI3TOBUM, TEPENiTHAM 1 3UMYIOYHM INTaxoM Ha
TEpUTOPIi KpaiHu, NeOiIb-KINKYH 3yCTPIYaEThCS i
yac Mirpamii Ta Ha 3UMIiBII, a 1ebiap Mamuil €
PIIKICHAM 3QJIITHAM Ta 3UMYIOYNM BUA0M (DeceHko
ta bokoteit, 2002). Bci Tpu mpeacTaBHUKH POy
MaloThb HE OJHAKOBHUH cTaTyc mepeOyBaHHA Ha
Teputopii kpaiau. HaiGinpm dnucenbHUM € J1e0iab-
IIUTYH, M0 BimMoOpakaeTbes 1 y WOTO BUBYCHOCTI.
JIeGimp-KNMKYH 3YCTpi4aeTbcsi JIMINE MiJ — 4ac
MEPeNbOTIB 1 HA 3WMIBI, XO4Ya BBaXAE€THCA, IO Y
XIX cr. Mir THi3OUTHCS B nenbTax JHicTpa i JyHaro
(JIeicenko u I'yceoOpasubie, 1991). Ane meit Bupg
TaKOXK PO3LIMPIOE apeall, 30KpeMa, B binopycii Bin
MPOCYBAETHCA HA MMBACHD, MIMIMTOBIIM IO IIBHOYI
Ykpaiau (lamaxk, 2005). MosxuBo, y
HaiOmmKIOMy MaiiOyTHBOMY  J1€0iIb-KIMKYH
MaTUMe CTaTyc THi3I0BOro BHAY (ayHH YKpaiHH.
Jle6inp wmammii 3aHeceHmit a0 YepBOHOI KHHTH
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VYkpaiHu # 3ycTpidaeTrhcs Habararo pigme 3a
nornepeHi Buau. MoxHa crioctepiraTd B YKkpaini i
yopHoro nedens (Cygnus atratus) — ASKOPaTUBHUN
BHJI, IPEJCTABHUKH SIKOTO YTPUMYIOThCS B MapKax y
HaITiBBUIBPHOMY CTaHi MO BCIH TepuTopii YKpaiHw,
MpoTe HOoro akjaiMaru3ailii He BigOYyBa€ThCs, X04a y
1994 p. B oxomuisix c. JmurpiBka KipoBorpamcekoi
007acTi peecTpyBaBCsS BUMAIAOK THI3MyBaHHS CaMIIS
BOT0 BHIY 3 CAMKOIO JieOe/IsI-IUITyHa, KOJM NMTaxH
ycmimuo BuBenu S5 nrameHat (IlleBmo Ta iH..,
2004). VY3aranpHIOIOYHM ICHYIOYl MaTepiand 110
KOXKHOMY BHAY MM 3HaxXOIWMO HEIOCIIHKEeHI
acrekTd B 010J10Tii Ta eKoJorii UMX MpeACTAaBHUKIB.
ExosoriyHa 3HaYMMICTh TaKUX AOCIHIKEHb MOJSATAE
Yy BUSIBJICHHI Ta CHCTEMAaTH3allii 3MIH Y MTOMYJIAIIsIX
00’€KTIB  JOCHIDKEHHS HA  TPOTI3i  yChOTO
3aJJOKyMEHTOBaHOrO mepiony ix BuBueHH:S. Llomo
neOeMiB TaKWil IMOXixg € me OLIBIN aKTyalbHUM Y
3B’SI3KY 3 IXHIMH pi3KHMHU 3MiHAMH B MOMYJISLIAX 1
PO3IIMPEHHI apeais.

Metoto Hamoi poOOTH CTal0 BHU3HAYEHHS 1
CHCTeMAaTH3allis OCHOBHHX €TalliB JOCIHIKeHHS
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nmebemiB y perioHax YKpaiHW, BCTAaHOBIEHHS iX
HaHOUIBIII BHBUECHUX ACIEKTIB 010JIOTil Ta €KOJIOTii
JUIS  TIOJANBINOI  OpraHizamii  JOCHIIKEHb  Ta
MOHITOPHHTY IIUX BUJIIB.

O0’exr i meroam. IlyOmikamis cTBOpeHa Ha
OCHOBiI JaHWX, 3i0paHux mixg yac 0OpOOKH
JMTepaTypHUX JDKEpen 3 TEMaTHKH TOIIUPEHHS
nebemiB Ha TepuTopii YKpainu. Mu onpamnbOBYyBad
Jokepena, mnouuHaroud 3 kiHng XIX  cr. g0
choro/ieHHs. 3 KOXKHOI Tpami Oynu BimiOpaHi naHi,
SKi CTOCYIOThCS JiebenmiB. Bmu3Hauamm CTymiHb
BHUBYEHOCTI KOYKHOTO BHY JOCIHIPKYBaHUX NTaxiB,
BCI JoKepera peTenBHO BUBYAIIN Ta
CHCTEMATU3yBAIM B KATajloOl MO KOXXHOMY BHIY.
Beboro Oyino 3Haiimeno Ta ompanboBaHo 301
JiTepaTypHe JpKEpeno, e Xoda O 3raayerhes IMpo
mobwuii 13 3 BUAIB eOeniB Ha TepuTopii YKpaiHu B
mepion  1850-2012 pp.  IHTEHCHBHICTH  TIOSBH
nyOuikamiii 3 peecrpamnisiMu jeOeliB MOKa3aHa Ha
rpadiky (Puc. 1). Bymo B3sito Bci ompalpoBaHi
myoumikariii 3 1850 p. mo 2010 p. Ta mpopaxoBaHO
KiJIBKICTB TIpallb Ha KoxHi 10 pokiB.

Pesyabratn Ta  o0roBopenHsi. Perymapi
JIOCTi/DKEeHHS Oioyiorii, eKoyorii Ta MOmUpeHHs
nebeniB movanmucs 3 KiHmg 80-x pp. XX cr. e
IOB’SI3aHO 13 HE3HAYHOIO YHCEIBHICTIO NTaxiB 10
cepenua XX CT., 30Kpema IeOes-IIUIMyHa Ta

nebens-kimkyna. B VYkpaimi n1e0ime-mmmyH B
OCTaHHI JeCATHpIYYS 3HAYHO 30UIBIIUB  CBOIO
yucenbHicTh. Y XII-XX cr. BigOymacs 3miHa

YUCENBHOCTI 1 CKOPOYCHHSI THI30BOTO apealy BHUIY.
B napyriit nonoBuni XIX cr. BiH OyB 3BHYaiiHUM B
noHusssax Juictpa, Jdynato ta [{xinpa, a B mepurii
nonoBrHI XX cT. — nume Jlaictpa Ta JlyHaro
(JIpicenko m I'yceoOpasueie, 1991). J[lami #oro
YUCEJBHICTh IMoYaja pi3ko mamaT. [lounHaroum 3
opyroi  mojmoBuHM XX CT. 332  CYKYITHOCTI
CIIPUATIINBUX YMHHHKIB (3MiHa KJIiMaTy, 3a00poHa
NOJIOBaHHS Ha Je0eniB, eBTpoQiKalis BOHOIM,
ajanraiis 0 JIFOJUHH) YHCENBHICTh UIMITyHA
nmouana 3poctatu (I'puruenko, 2012; JIsicenko u
I'yceoOpaznsie, 1991; llérones u Llérones, 2011).
O0’eMHUX pOOIT MO BUBYCHHIO JICOCOIB YU
OTHOTO TIPEeICTaBHUKA IHOTO pOAY TIO BCiH
TepuTOopii YKpaiHU HE MPOBOIUIOCA. ICHYIOTE JIHTIe
(parMeHTapHi ¥ 3arajibHi JaHi MO MOUIUPEHHIO IHX
BUIB Yy PI3HUX perioHax KpaiHu, Takox JeOexiB
BHBYAJIN TMApajeIbHO 3 1HIIMMH TYCETIOAIOHUMH TTiT
yac OOJIKIB BOJOIUIABHUX IITaxiB, OUIBIIICTE JAaHUX
HaBeIEeHO Yy 3araJpHUX (ayHiCTUUYHHX poOOTax,
3aMiTKax MpO 3yCTpid4i TOTO YM IHIIOTO BUAY B
pi3HEX perioHax Ykpainu. Bech mepion mocmimKkeHb
neOe/iB MOXKHA TIOJIUIUTH Ha JIBa €TaIu: eI — 3
cepeqan XIX cr. mo 70-x pp. XX cromitta #
npyruit — Big 70-x pp. XX CTOJITTSA 10 CHOTOJICHHS.
3aranom e CTOCYETBCS nebens-IuIyHa,
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YUCEIBHICT SKOTO IoYajia 3pOCTaTh caMe y NpYTid
nojoBuHi XX CT.

[Nepi mucepMOBi 3raiku Mpo JebeaiB AaTYIOThCS
kiamem XVIII cr., a came y Bimomocti 1782 poky
«IcTopuko-craructTuyHoro  omucy  XapKiBCHKOi
€mapxii» BKa3yeThCsl MPO MPUCYTHICTH JiebeniB B
okomuiix Yyryesa (Comos, 1897). Takox, B
icropuuHit moBiami kiams XVIII cr. 30epermocs
IOSICHEHHS I[IOXO/DKEHHSA Ha3zBu Micra Jlebenuua
XapkiBCbKOi 00JIaCTI — «TYT € 03epo, Ha SKOMY
panime Oymo 6araro nmedeniBy (Ilangenko, 1996). ¥
HAYKOBHX MpalsX THX YaciB MepIi JOCTOBIpHI JIaHi
no Oiomorii Ta KimbKOCTI 3ycTpiueil nebeniB
3’ABNSAIOTEC B cepenuni XIX cT. y 3arambHHUX
¢daynictnyanx mpansgx  LlentpansHoi  Ykpainu
K.®. Keccnepa  (Keccmep, 1850), XapkiBchKoi
ryoepHii A. Uepnas (Yepnaii, 1853), M.M. ComoBa
(Comos, 1897), XepcoHChKOT ryOepHil
A.A. bpaynepa (bpaynep, 1894), IlonraBchkoi
ry6epuii M.I. I'aBpunenka (I'aBpmnenko, 1929). ¥
[IAX TPAISX HABOIATHCS BiJOMOCTI IO TOITUPEHHIO
Ta Olojorii edeas-KIuKyHa Ta jeOeas-IumyHa. A.
UYepnaii mumie, mo JIeOiAp-IIMIYH Ha TEPUTOPIl
XapkiBCbKOi TyOepHii 4acTKOBO MITpye, YacTKOBO
THI3IUTHCA Ha o3epax B monwHi p. JloHens 1 p. Mxa
(Yepnait, 1853). Ha Bimminy Bim A. YepHas,
M.M. ComoB y mpami «OpHuTONOrHYecKas ¢ayHa
XapbKOBCKOW TYOSpHHHM» BKa3ye IICH BHI SK JTyXKe
piAKiCHUI 3aliTHUN Ta HENMPaBUILHO MPOJITHHN. A
neOens-KIMKyHa  BIZHOCHTH OO0  3BHYAKHOTO
MPOJIITHOTO BUIY TMiJ Yac OCIHHBOI Ta BECHSIHOI
mirpamid. M.I TaBpunenko B mpami  «[ITwmsr
[MonTaBuMHBEY BKa3ye Ha 3ycTpidi JeOeas-IIumyHa
MiJ] 9ac Mirpamiid Ta 3aTpUMKYy JESKUX IMPOJITHUX
0COOWH IO TpaBHSA MICSIl, Ha THI3AYBaHHI HE
BimMidaBcs. JIeOib-KIMKYH 3a3HAYA€ThCS SAK JBidi
MIPOJITHUHN Ta 3piJKa 3UMYIOUHN BUIL.

[Tepmri gocToBipHI 3HAXimKK Mauoro Jiedeas B
Vkpaini pmatyrotees 1952 pokom, komam 13
mucronana M.1. I'aBpunenxo (I"aBpunenko, 1960) Ha
«Bemukomy  bBomoti», mo Ha IlomTaBmmHi,
cnoctepiras 16 nedenis, i3 SKux onuH OyB OOYTHIt
1 BusBHBCS ManuM jebeaem. Y 1938 p. Buxoauthb
nepma (QayHicTHYHa Tpais, NPHUCBSYCHA MNTaxam
Bciei Tepuropii Ykpainn M.B. llapnemans «I[ltaxu
YPCP» (lllapnemann, 1938), nme myxe CTHCIO
BKa3ye€TbCSl Ha MOLIMPEHHSA 1 craTyc nebemiB B
KpaiHi. JleOimb-IMUIyH 3a3HAYAETHCS SK 3aTiTHHH
BUJ B pi3HUX uacTWHax Ykpaiau, Y 1952 p.
BuUxoauTh 4-ii Tom «IItuier Coerckoro Coros3ay, B
sakomy €.C. [Itymenko (IItymenko, 1952) ommcye
moImmpeHHss W Oiojorito sebeniB. st Tepuropii
VkpaiHu 3a3HaualOTbCcA 3araibHi BiZOMOCTI TPO
3UMIBITIO JIeOeq-KINKYHA B Pi3HUX perioHax KpaiHu
Ta fesKi (peHoIoTiuHI TaHi.
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KiJIbKicTh My OJHKA i, e BKAZYE€ThCS PO NPHCYTHICTD JTedediB Ha
TepHTOPil VKp ainn

Puc. 1. Inmencuenicmo 0ocnioxicens n1evedie na
mepumopii Yxkpainu

3a Mamoro jebems BKa3yeTbes JHINE Te, IO
noO0yTuil Ha BecHSHOMY mponboTi B IlonmTaBchkii
o0nacri. JIeOip-IIMIyH HABOJUTHCS K 3QIITHUHN Ta
MPOJIITHUN TITaX JdEIKuX oOnacteid YKpaiHnu, B
ocHOBHOMY Ha miBaHi. Jlo cepemuaun XX CT.
nmyOmiKamii, sSKi CTOCYIOThCS JeOeNliB He BHSABIICHO,
JIUIIIe OKpPeMi 3aMiTKH B 3araibHUAX poboTax. B 1958
p. vy «lIparti YopHOMOPCHKOTO 3aIrOBiTHUAKA»
3’sBnseTbest  myOmikaiis b.B. CabineBcbkoro «QO
HUKHETHETIPOBCKOW TOMYJISIAN  JIeOeASI-IITHITYHa)
(CabuneBckuid, 1958). Ilicms  3amoBHEHHS
JTHIIPOBCHKUX BOmOCXOBHIN ¥ 1960-x — 1970-x pp.
B.JI. BynaxoB 3aiimMaeTbcsi BUBUCHHSIM OpHITOQayHH
HOBOYTBOPEHHMX  BOJOCXOBHWIN, B  pe3yJibTarTi
BUXOJUTH psiJ myOmikalliii, 1e BKa3yeThCsi W CTATyC
nebenie Ha 1ux tepuropisx (bymaxos, 1968;
Bymaxos, 1972). YV meit xe dac 3 ABISIOTHCA
myOJikamii Mo 3WMIBIII BOJOIUTABHUX MTaxiB Ha
niBaHi YKpainu, B ToMy 4Hchi i ebeniB (AHIOHE U
ap., 1965; Jleicenko, 1972; Apnamankas, 1975). I3
1970-x pp. pO3MOYMHAIOTHECS aKTHUBHI JOCIIiIKCHHS
neOeI-UIyHa Ha MiBIHI KpaiHU, ¢ YHMCEIbHICTh
BUJy nowana 3poctatu (Apaamankas u JIbICEHKO,
1980; Koctun, 1976; Kocrun, 1979; Hazapenko u
Huxonaesckuit, 1975). ¥ 1979 p. BUXOIUTH TOM
«Murpanun nrun Boctounoit Esponst u CeBepHoit

Asun (ancTo00Opa3HBIE-TIIIACTHHYATOKIIOBBIE )
(Murparuun nran...,  1979), nme mno  maHmM
CIIOCTEPEXKEHh  Ta  KUJIBIIOBAHHS  JETalbHO

OTMCYIOTBCS Mirpamii Ta 3uMiBIi JeOeas-IunyHa i
nebens-kirkyHa y A30Bo-HopHOMOPCEKOMY perioHi
VYkpainu. [lo 1bOro MOMEHTY HaHaKTHBHIIIE
BUBYAETHCS MOMYJIALisl eOeaiB Ha MiBAHI YKpaiHH.
31 CTBOpPEHHSIM JHIMPOBCHKUX BOJOCXOBHI 1 SK
HACIiOK 3pOCTaHHS YHCENBHOCTI JieOemiB Ha
MaTEepHKOBil 4acTWHI YKpaiHW, BHUBYCHHS MTaXiB
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Fig. 1. The intensity of swan studies at the territory of
Ukraine

npoBomuThess 1 B llenTpanpHiit Ta [liBHIUHIMN
Vkpaini. Baromuii BHECOK Y  JOCIHIHKCHHS
BonormyiaBHux mnraxiB Cepennboro JlHimpa 3poOuB
M.JIL. KitectoB  (KnectoB, 1983; KiuectoB, 1983;
KmecroB, 1984; KiuecroB, 1985). Takox,
MPOBOAUTECS poboTa 1o 300py iH(opmamii 3a
JTIOTIOMOTOF0 aHKETHOTO MeTOny, ()eHOJOTIvHI naHi
mo wirpamii jebemiB B YKpaiHi ITyOJiKYIOTHCS
B.B. CepebpsikoBum (Cepebpsiko, 1984). V 1987 p.
BUXOJIUTh  30ipHUK  MartepiamiB  KOHQepeHIil
«9komorus u murparnuu iedeneit B8 CCCPy», y sxuit
BXOJUTh Psa NyOmikamiii 1o 4YHCENIbHOCTI Ta
MOUIMPEeHHIO JebeniB y A30Bo-UOpHOMOPCHKOMY
perioHi T.b. Apramanskoti, 10.B. KocriHa,
A.L. KopsiokoBa, I'.A. KpuBonocosa, B.I. Jlucenka.
B 1neit yac BHBUEHHSM BOJOIUIABHUX NTaxiB Ha
miBaHI Kpainu 3aiimaerscs T.b. Apnamanbka, psin
mpars Kol MpHUCBIYeHU nedemsm (Apmamarikas,
1990; Apmamankasi, 1990; Apnamarkast u JIbiceHKO,
1980). VY 3B’s3Ky 3 pO3LIMpPEHHSIM apeany Jebemus-
munyHa, B 1980-x — 1990-x pp. #oro 4ucCeNnbHICTH
HEBIMHHO 3pOCTa€ Maibke IO BCid TepUTOpii
VYkpaiHu, CHoCTepiraerbcsi po3CeleHHS Ha 3aXomi
YkpaiHu Ta B IEHTPI 1O  JHIIPOBCHKHUX
BOJIOCXOBHIIAX Ta JiBOOEPEKHUX MpUTOKax JlHirmpa
y MiBHIYHO-CXiJHOMY HAampsMKy. 3’ SIBIISIOTBCS
myOikamii mpo 3HaXiKU Ta YUCENBHICTh MTaXiB y
perionax (I'op6anp, 1990; I'pumenko n CopokyH,
1990; I'y6xun, 1990; I'ymaii, 1990; Komenes u ap.,
1990; CepebpsixoB u [Tonmyna, 1990; Tanmnom, 1994;
Tatapuno, 1990; llltupkamno ta Bacumpuyk, 1990).
Y 1988 p. y M. Ogeca mpoBoauthcsi «Bcecoro3na
KoH(]epeHLis, mpucBiueHa nebemam». lle nepmi
3HAaYHI pe3yNbTaTH y BUBYEHHI JieOeniB B YKpaiHi.
bimpmicte  MarepiaiiB  crocyerbes LleHTpanmbHOI,
3axigHoi Ta IliBmennoi VYkpainu. Y 1991 p.

Biological systems. Vol. 6. Is. 2. 2014



MTyOJTIKYIOTBCS TIEPIi y3arajabHEeHi JaHi 1Mo Jiedeasm
Ha Tepuropii YkpaiHm B kypHam «Wildfowl»
(Korzjukov et al., 1991; Serebryakov et al., 1991).
Takox, y 1991 p. Buxomuth 3 JpyKy 5- TOM
«®Payna VYkpaunbl. ['yceoOpasubie» B.I. JIucenka
(JIpicenko u T'yceoOpasuwle, 1991). B wmiii mpami
y3araJlbHeHO MakCHMYM BiZIOMUX Ha TOH 4ac JaHHUX
mo JebensM  YkpaiHu, BKIIOYalOuUd W yCHI
MOBITIOMJIGHHSI Pi3HUX MHCJHBIIB Ta BUCHHX. Y
1990-x pp. aKTUBHO TPOBOIATHCS JTOCIIIKEHHS
monyismii  nebeng-mmmyHa Ha [IpaBobepexHiit
VYxpaiHi, 30kpema y TepHOMiNbCHKil, BiHHHIBKIH,
XwmenbHunbkit, JIbBiBChKiH, KipoBorpaacekiii Ta
UepHiBenpKii o0acTax (I'omoBaHenb Ta
Ckinbcbkuid, 1994; I'ynaii, 1994; Mareiiuuk, 1994;
[orpanuynuit Ta Ilaykx, 1994; Tanmom, 1994;
[esmoB, 1996; Illkapan, 1998). Came B meil uac
MIPOXOJHUTh TIK PO3CENCHHS M POCTYy YHCEITHbHOCTI
nebeas-IMIyHa Ha 3aX0/i YKpaiHH Ta MOsBY IIOTO
nraxa Ha HOBHX Tepuropisx. Ha JliBoGepexoki
Ykpaiau posceneHHS JieOeas-IUITyHa TPOXOIUTE Y
MIBHIYHO-CXIJTHOMY  HampsMKy [0  JOJWHAM
JliBoOepeskHMX TPUTOK JIHINpa, pPeecTpyeTbes y
[MonraBcekiii obmacti Ha p. Karammmk (Porosuwit,
1996). Oxkpemux myOmikamiii mo Jnebemsx B
JTiBOOEPEKHUX perioHax Ha TOH Yac HeMae, aje €
psan BimomocTed y QayHICTHYHUX MTyOiKamisax Ta
3aMITOK TIPO peecTpallii NTaxiB SK B THI3MOBUH
nepiof, Tak 1 Mg Yac Mirpamii Ta Ha 3uUMIBII
(dsamuaeBa u np., 1999; Jlebeny u MepanukuH,
1996; Ilucapes u ap., 1994; fAunenko Ta iu., 2012). YV
1996 p. 3’sBisA€THCS MyOMiKaLis MPo Mepury 3ycTpid
manoro aebens A.M. Ilonynoro y KuiBcbkiii o6macTi
(IToxyma, 1996). ¥ 2000-x pp. HOPOIOBKYETHCS
BUBUCHHA JebemiB y A3oBo-UopHOMOpPCHKOMY
perioni (I'punuenko, 2012; JsmuueBa u Komenes,
2006; Xwmyn, 2003; Illérones u Ilgromnes, 2011).
3HavYHA KITBKICTh JAHHUX IO JeOemsIX MaTepPHKOBOI
YacTUHH YKpaiHu MyOJNiKyeTbcs y Pi3HOMaHITHHUX
00mikoBUX Ta (ayHICTHYHHX POOOTax, y BUIIIAAIL
3aMiTOK 10  A30BO-UOpHOMOpPCHEKOMY  perioHy,

JKutoMupchbkii, [TonraBChKii, BomnuHchkii,
Cywmcekiid, KwuiBcbkiif, Yepkacpkii Ta 1HIINX
obmactax. Y 2002 p. B xkypHam «Kazapka»

ONyOTiKOBaHUN 3arajJbHUN OTJIAN YHUCEIBHOCTI 1
po3nonity nebens-munyHa Ha TepUTOPii
komumHboro CPCP  (Ky3HemoB W AH3UTUTOBA,
2002). 3 po3mmpeHHAM apeany JIeOiab-IIHITYH
3’BJIIETHCS B 30BCIM HOBHX I ceOe MiCLSX — Ha
3akapnatTi, YKpaincekoMy Po3Touui Ta TripchKoMy
[lepenkapnarti, 0 BiqoOpa)KeHO B Psii MyOIiKamini
(I3usrox Ta JI3usrok, 2005; Jlyrosoit u Ilotwmmn,
2012; Yepemapuk Ta iH., 2003). ¥V 2005 p. Bmepiie
peECTpYEThCS  THI3AyBaHHS JieOeAs-KIMKyHa Ha
tepuTopii Ykpainu, a came B UopHOOHILCHKIHM 30H1
C.IL l'amakom (T'amax, 2005). Y 2007 p.
3’ABJISIETHCS 3aMiTKa MPO 3YCTpid Majioro jedens B
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XapkiBcekin oOmacti (bamwmk, 2007). BuBueHHSIM
rizpogineHux nraxie Kpumy, B TOMy uumchi i
s1e0eniB, 3aliMa€ThCSA M.M. be3kapaBaiinuii,
MaTrepiaii JOCTIDKEHb SKOTO BHCBITIICHI Y psfi
poGit (beckaparaiinbiii, 1999; beckapaBaiiHblii,

1999; beckapaBaiinbiii, 2007; beckapaBaiiHbIi,
2008; beckapaBaiinbiii, 2010; beckapaBaiiHblii,
2012).

BucHoBku. 3 anamizy jiTepaTypHHUX JDKEpEN
BUIUIMBAE, MI0 HAWOUIBII peryispHi 1 TOBHI
JOCIIDKEHHST J1eOeMiB  TPOBOAMIIMCA Ha TIiBIHI
VYkpainu, e BOHM OyJM 1 € MOKH IO HaWOIIbII
YHCENbHUMH B TOPIBHSHHI 3 IHIIMMH peTiOHAMH
VYxpaiau. o 1970-x pp. XX cT. cmocrepiraemo
NOCHIUKEHHST nebemiB B KOHTEKCTI 3arajibHUX
¢dayHicTHYHHX pOOIT AK MO perioHax, Tak 1 B
VYxpaini B minmomy. Y apyriii momoBuHi XX CT. i3
3HAYHUM POCTOM YHCEIHHOCTI JIeOeAS-IIUITyHA Ta
PO3IIMPEHHS HHUM apeaixy BiIOyBA€ThCS aKTHUBHE
BUBYEHHs] I[HOTO TTaxa Ha OUIBIIA TepuTOopii
Ykpaiau, mo BinoOpakaeThes y IMyOiKaIlisIX TOTO
yacy Ta TpOBEJeHHI KOH(]epeHUii Ha TepuTopii
VYkpainu, mnpucBsueHii came JaeOeaam. B
MOIaJBIIOMY BENHKA KiTbKICTh BUCHUX 3aiiMa€ThCs
BHBYCHHSM IMX NTaXiB HAa MAaTCPUKOBIA YaCTHHI
kpainn.  HaiiGinpmn — perymsipHi  JOCHIIKEHHS
MPOBOJATECS Ha 3axoJli Ta B UEHTPI YKpaiHw, IO
IIOB’S13aHO 3 OCOOJMBOCTSIMH PO3CEJICHHS JieOes-
munyHa. B ocraHHe necsaTupiyds Martepiaid o
YUCEIBHOCTI Ta TIOUIMPEHHIO JeOediB MOXKEMO
3HAUTH y 3HAYHIA KUIBKOCTI OOJIKOBHX Ta
(daynicTnyaux — nyOmikamisx. 31 30LIbIIEHHSIM
YHCENBHOCTI Je0eNiB Ha 3UMIBISX Y BHYTPIIIHIX
obnactax VYkpaiHW, [0 HE B OCTaHHIO Yepry
ITOB’S13aHO 3 TIOM SKIICHHSIM KJIIMaTy, MyOIiKyeThCs
BEJIMKa KIUIBKICTh pOOIT MO 3HMOBHM OOJiKaMm
BOJIOIUIABHMX mTaxiB. HalimMeHI pmociikeHIMHU
perioHamMu YKpalHU 3aldIMIaloThCsa YepHiriBchbKa,
CymMmceka obnacti Ta Cxin kpainu. Hacammepen, e
MOSICHIOETHCS TI€ JOCUTh HE3HAYHOK) YHCEIIBHICTIO
nebe/iB B JaHUX peTioHax.
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THE HISTORY OF SWANS (CYGNUS) RESEARCHES IN UKRAINE
A. Chovan, V. Yanenko

The Genus Swan (Cygnus) includes three species - Mute Swan (Cygnus olor), Whooper Swan (Cygnus cygnus) and
Bewick’s Swan (Cygnus columbianus bewickii). All three members of the genus are not have the same status in the
country. Actuality of this publication that has devoted to the studying of swans in Ukraine has consisted is that the
number of swans in the recent decades is not stable and often changes. Over the 50 years the number of Mute Swan
(Cygnus olor) and Whooper Swan (Cygnus cygnus) has increased. In the present article we have summarized well-
known literary data about distribution, biology and ecology of swans in Ukraine and have received a complete history
of studies of these birds. There were found and analised 301 references about swans for 1850-2012. We have
determined the degree of the studying of each species. All sources have studied and noted in the catalog for each of
them. There were not carried out of systematic fieldworks of studying of swans overall in Ukraine. We have only
fragmentary and general data about the distribution of these species in different regions of Ukraine. We have also data
about swans during studying other Ansiriformes. We have divided a whole period of studying of swans into two stages:
the first - from the mid XIX century to the 1970s and the second - from the 1970s to the present time. The most regular
and full studies of swans were conducted in the south of Ukraine, where they were the most numerous in comparison
with other regions of Ukraine. Inland in Ukraine the most regular studies were conducted in the Western and Central
Ukraine. In recent decades the literature data we can to find in a large number of counting and faunistic publications.
The most less studied regions of Ukraine are Chernigiv, Sumy regions and the East of our country. It is primarily
explained by the lower number of swans in these regions.

Keywords: gender Swan (Cygnus), history of research, Ukraine, stages of the study.
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CE30HHA IMHAMIKA BMICTY BAXKKUX METAJIIB Y BOJI
KOJIOJA3IB HA TEPUTOPII IPUKAPIIATTA

I. B. BPUH/34, B. B. [PYBIHKO?

! ipoeobuywruii deporcasnuii nedazoziunuii ynieepcumem imeni leana ®panka, Gionoziunuii gaxynsmem,
Kagedpa exonozii ma ceocpaii, gya. llleguenxa,23, m. [[poecoouu, 82100, Vrpaina,
Teproninscokuii nayionanshuti nedazoziunuii ynisepcumem imeni Bonooumupa I'namioka,
Ximixo-6ionoziunuil gaxyismem, Kagheopa 3a2anbHoi 6i0102ii Ma MemoOUKY HAGYAHHS RPUPOOHUYMUX OUCYUNTIIH,
eyn. M. Kpusonoca, 2, m. Tepnoninw, 46027, Yxpaina,
e-mail: 'ira_3107@ukr.net, *v.grubinko2@yahoo.com

Memoro nawozo docniodcenns 6y6 ananiz piuHoi OUHAMIKY BMICIY 8AJICKUX Memanig y numniti 600i Ilpuxapnamms
Ma NOPIGHAHHI IX 3 HOPMAMUBHUMU NOKAZHUKAMU 6MICmY y npupoOdHux eooax. 00’ ekmom eucmynaia 600a 3 KpUHUYb
0aHO20 pecioHy, mepumopiio sIK020 M YMOGHO NOOLIUIU 3d XAPAKMEPOM AHMPONO2EHHO20 HABAHMAICEHHS HA YOMUPU
YACMUHU — MEXHOLEeHHA, PeKpeayiliHd, a2pOHABAHMANCEHd MA YPOOHABAHMANCEHA MepUmopii, wo BIOPIZHAIOMbCA 34
pisnem i xapaxmepom 3a0pyOHeHHs noomanmamu. [ eusnauents eanogozo emicmy Zn, Mn, Fe, Cu, Pb, Co, Ni ma Cd
npobu 6oou 8iobupanu Ha enubdbuni 1-2 m, konyenmpysanu y 10 pazie sunaposgyeannam i eusHauanu emicm BM memodom
amomHo-abcopbyiinoi cnexmpogomomempii na cnexmpogpomomempi C-115 npu 0oeacunax xeunv, wo 6ionogioanu
MAKCUMYMY NOTUHAHHA KOXCHO20 3 00CNiOxHCy8anux memanig IIpoeedeni 0ocniodxcenHss nokasamu, wo Oas 0ioceHHUx
Memarnie XxapakmepHo 3pOCMAHHSA IXHbO2O 8MICMY Y 800i KPUHUYL PeKpeayitinoi mepumopii panHbol0 6ecHO0, 8 KiHyi
aima ma pauHboi oceni. I[l[o0o Hebiocennux memanis, mo iXHili emicm y 600I KPUHUYb XAPAKMEPU3YEMbCS
PAHHLOBECHANUM, CEPEOHbONIMHIM MA PAHHLOOCIHHIM nikamu. TexnozeHHa mepumopis Xapakmepu3yemocs 3pOCMAaHHAM
emicmy bio2eHHUX Memainie y 600 KpUHUYb 610 JUNHS Ma 00 KiHys 00C1iodceH020 nepiody. Lljooo nebiocennux memanis,
mo ix emicm y 800i KpUHUYb 3pOCMAE HAUOIbULE Y TUNHI, OOHAK XAPAKMEPUZYEMbC MEHWUMU NIKAMU Y JCOBMHI mda
nicasazumosutl nepiood. Boonouac mexuozenna OisabHicmb He CHPUYUHALG NOABU Y 6001 KPUHUYbL MEMAnie HA PIGHI, Wo
nepesuwysanu IJIK. Buwuii emicm y 600i KpUHUYb MEXHO2EHHOI MepUmopii 6iOHOCHO peKpeayitiHoi 6CMAHOBIEHO Oisi
Gepymy i nikemro. Hamomicme yunky mym e6useneHo meHute. Y 6001 KpuHuyb ypOOHABAHMAdCEHOI mepumopii ymicm
Memanie, ocobauso epymy i HiKenro, € BUCOKUM JulUe HABECHI i BOCeHU, 80OHouAc iX emicm 0y Ha pi6Hi, W0 He
nepesuwgysanu I/IK. Konyenmpayis memanie y 600i KpUHUYb aASPOHABAHMANCEHOI Mepumopii maka i, AK i 014
MexHO2eHHOI ma YpOaHi308aHOI, 3 NEPeBaANCAHHAM YMICIY Memaiie y OCIHHbO-3UMOBUI NePio0 ma 3 He3HAYHUM NIKOM Y
sunti. OCHOBHY Macy ceped 6CiX Memanig CMAaHoGIsmy gepym, Hikenvb i kobarbm. Ykpati moxcuuni céuneyv i Kaomitl
BUABIIEHT CIO0BUX KLIbKOCMAX. BHACIIOOK nposedeHux 00CHioNceHb 6CMAHOBNCHO. WO YMICM Memanie y 600i KPUHUYb
BUBHAYAEMBCS 1K HAOXOOJCEHHAM 3 [PYHMOBUMU 800aMU, MAK | € HACTIOKOM MPUanoi akymynsyii y abiomuunux ma
biomuynux Komnonenmax 2iopoexkocucmemu. IIpocmedicyemvcss cninbna 0N Oiibwocmi Memanié MeHOeHYiss 00
SHUJICEHHsL IX 6MICMY 8 AOIOMUYHUX KOMNOHEHMAX 8000UMU NPOMSZOM 8e2eMayitiHoeo nepiooy 6000pOCmell i B0OSTHUX
pocnun ma 3pocmanis nicis Hozo 3axinuenns. Heecamusnum seuwem € nepeguiyenns oHOBUX NOKAZHUKIE GMICTTY Y 6001
KpuHuys ioHie Kynpymy, pepymy, Kobaiwmy, HiKeo.

Kmouosei crosa: easwcki memanu, éooa, I JIK, ¢ponosi nokasnuxu, Ilpukapnamms.

Beryn. Baxki metammm (BM) — omni 3 Ha#OLIBIT
HeOe3neuHnx KOMITOHEHTIB 3a0pyaHEeHHS
MMOBEPXHEBUX BOJA Ykpainu. He mimgmaroumch, Ha
BiIMiHY BiJ] OpraHiYHUX PEUOBHH, ACCTPYKIii, BOHU
MTOCTIHO MICTATBCS B TiH 9M TiH GopMi y BOJHHX
€KOCHUCTEeMaX i TOMY CYTTEBO BIUIMBAIOTH Ha SIKICThH
BoAW Ta (YHKIIOHYBaHHS OiOTH. AKyMYIIOBaHHS
BM y BopmoiiMax 3aJeKHTh HE TUIBKH BIT
T'eOJIOTIYHOT CTPYKTYPH MOPiA, aye i TUIy BOJOMMH,
il TiAPOJOTIYHOTO PEXHUMY, CE30HHUX KOJIUBAHb
(hi3UKO-XIMIYHAX TIOKa3HWKIB BoAW. HaiOimbmm
0lo10CTYTHUMH 1 HEOE3MEUHUMH € PO3UMHEHI Y BOJI
cnonyku wmertaniB (Jlunauk u HaOuanen, 1986;
Myp u Pamamypru, 1987; Xomnonos, 2003).

Bionoriuni cucremu. T. 6. Bum. 2. 2014

Huni mocuts mobpe mocmimkeno Bmict BM y
MOBEPXHEBHX BOJAX PIUOK, 03€p, CTABKiB, MIIKHX
BOJIOTOKIB 1 BojoroniB (Jlumauk u HaOuawer,
1986; Myp u Pamamyptn, 1987; Pomanenxo 2001).
[Ipore OMM3BKO TPETHHHW HACENCHHA YKpaiHu
KOPHCTYETHCS BOAOK0 3  MiA3EMHHUX  JDKEpEll,
3pebimpmoro  konomasiB  (Pomamenko,  2001;
®denopenko Ta iH., 2006).

IHTeHCHMBHE TEXHOJIOTIYHE, arpoTeXHIYHE Ta
peKpeartiiine HaBaHTAKEHHS TEPUTOPIH i
HEJOCTAaTHIH KOHTPOJH 3a SKICTIO BOJIU B KPHUHHUIIIX
1 JpKepejax CTaHOBIATH 3arpo3y Ui 3J0pOB’s

HaceJIeHHS. Hanpuxmnan, HITPUT-HITpaTHE
3a0pyIHEHHS BOOM KPUHHLB €  [PUYHHOIO
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BHHUKHEHHS MeTTreMoriiobineMii B 1i cIOXXWBadiB
(HaBbinoBa u Taracos, 2002; Kynenxo, 2002).

Baxki  wmetamu, o0co0AMBO 31 3MIHHOIO
BaJICHTHICTIO, BHUSBJSIFOTH TPSAMY TOKCHYHY JIil0 Y
OpraHi3MiB Ta MOXYTh OpaTdh yd4acTh y Ipolecax
xiMiyHOro Ta  OiOXiMIYHOIO  YTBOpEHHS 1
MEPETBOPEHHSI CMONYK HiTporeHy. ToMmy mpobiema
HaOyBae OIUTBINIOI aKTyadbHOCTI TPH CYMICHOMY
3a0pylHEHHI Takoi BOOM CIIOJIyKAaMH Ba)KKHX
METalliB, IKi MOXXYTh Pa3oM 3 CIIOIYKaMH{ HIiTPOTeHY
BYSIBJIATH OO0 OPTaHi3MiB CHHEPTCTHYHI TOKCHIHI
edpextn (Kyuenko, 2002).

3 ormmsay Ha 3a3HaYCHE MeETa  HaIloro
JOCTIKEHHS — BUBHAYUTH BMICT BaXXKUX METAIIB Y
BOJIi KPHHUIb Ta 3iCTaBUTH OTpPHMaHi JgaHi 3
(oHoBuMu mokasHukamu 1 3HaueHHsMu [JIK, a
TaKOX OKPECIUTH OCHOBHI YNHHUKH, IO BIUTUBAIOTh
Ha  BMICT MeTaliB y  KpHUHHYHIA  BoOmi
[IpukapmaTchbKoro periony.

Martepianu i Mmetogu. O0’€KTOM JOCIIKEHHS
Oynma Bojma 3 KpWHHUIH llpWKapriaTTs, TEpUTOPItO
SKOTO MH YMOBHO TOIUIMJIM 33 XapaKTepoM
AHTPOIIOTC€HHOT0 HABAHTAXXCHHS HA YOTUPU YaCTUHU
— TEeXHOTCHHA, peKpealliiiHa, arpoHaBaHTaKEHa Ta
ypOoHaBaHTaXe€Ha TEPUTOPIii, MO BiIPI3HAIOTHCS 3a

piBHEM 1 XapakTepoM 3a0pyAHEHHS TOJIIOTaHTAMHU
(Bpunmzsa, 2010; depkaBHiI caHiTapHi NpaBWwia Ta
HopMmu, 1999). VYci moCHiKeHI KPUHHIN MaloTh
OONIHMIIOBaHHS 3 OCTOHHMX KIJEllb, a IXHSI IIMOMHA
IO BOJTHOTO J3€pKaia KOJUBAETHCS B 5 10 12 M.

JocnimkenHs 37iiicHeHI B 3 Oepe3Hs 10 MKOBTHS
2011 p. s BU3HAYEHHS Y BOJAI KPUHHIIb BaJOBOTO
BMicTy Zn, Mn, Fe, Cu, Pb, Co, Ni Ta Cd npobu
BOJM BigOMpayid Ha rIMOUHI 1-2 M, KOHIEHTPYBaJIN
y 10 pasiB BumapoByBaHHSM 1 BH3Hadanu BMictT BM
METOJ0M aTOMHO-a0COPOMIiHOI crieKTpodoToMeTpil
Ha cnektpodoromerpi C-115 mpu 1OBKUHAX XBHIIb,
IO BiAMOBiaNM MAakCUMyMY IMOTJIMHAHHS KOKHOTO
3 gochimkyBanux wmertaiiB (Myp u Pamamyprn,
1987). YmicT MeraniB Bupakamd B Mr Ha 1 am’
JOCHI Ky BaHUX 3pasKiB. CratuctuyHe
OTIpAITIOBaHHS OJlepIKaHUX pe3ynbTaTiB
3miicHIOBaIM 3a MeTosoM (Jlakun, 1990).

PesyabTaTu Ta ix 00roBopenHs. Y pesynbraTi
MPOBEJCHUX JOCTI/DKEHh BCTAHOBWUIM 3arajbHUAN
BMICT B&XKHX METANIB Yy BOMI JOCIIIKEHUX
kononsziB  (Puc. 1-8) Ta mopiBHsim  iX 3
HOPMATHUBHUMH MMOKa3HUKAMH BMICTY y TPUPOIHHUX
Bojax (Tabm. 1.).

Tabnuys 1 Table 1
DoHOBI NOKAZHUKU 6MICHLY 8ANCKUX MEMAlie ma Background quantity of heavy metals and their MPC in
3nauenns ix I'/IK y 600i water
'K, mr/am°
Meran | ®OHOBI MOKa3HUKH, Mr/aM° [2] Tocronapcrko-mirTese Ta
KYHI)TypHO-HO6YTOBe [12] PI/I6OFOCHOI[apCBKC[ 1 2]
/n 0,015 1,0-50 0,01
Mn 0,1 - -
Fe 0,1 - -
Cu 0,002 0,1-0,5 0,001-0,01
Pb 0,003 0,03-0,1 0,03-0,1
Co 0,008 1,0 0,01
Ni 0,003 0,1 0,0002
Cd 0,0001 0,01 0,005
0,05
0,045
0 0,04 —@=Cu
Et 0,035
s 003 -—=Mn
0,025
0,02 —f—
0,015 e
0,01 .\ \
0,005 — — —.-z n
0 : ' ‘
3 5 6 o 7 8 10
micauj

Puc. 1. Ymicm biozennux sarickux memainie y 600i
Kpunuus pexpeauiiinoi mepumopii Ilpuxkapnamms.
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Fig. 1. Content of biogenic heavy metals in well water of
the recreational area in Precarpathian region
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VYMicT Kympymy BiIl TOYaTKy CIOCTEPESKCHHS
(Oepe3eHb) 70 JIMITHS 3HMKYBABCS 10 MIHIMAJIBHOTO
3HAYEeHHS TPOTATOM TEPMIHY AOCIIIXKEHb, MOTIM
BMICT METaly ITiIBUIIUBCS, & B CEPITHI-)KOBTHI IeH
MMOKa3HUK OyB MakcuMambHUM (puc. 1). 3HMKEHHS
BMICTY KyNpyMy y BOJI KpUHHLb HaBECHI i BIITKY
MOXJIMBA 33 paxyHOK 3B’S3yBaHHS  MeETaly
OlOTHYHMMH  KOMIIOHEHTaMH, IO  aKTHBHO
pPO3BHBAIOTECS B IIeH TepioJ, Ta YTBOPEHHSM 1
OCa/DKCHHSIM  HEPO3YMHHHX  KOMIUIEKCIB 3
3aBUCIMMHM YacTKaMH OPTaHIYHOI Ta MiHEepaabHOI
npupoan (Pomanenko, 2001; COopHHK caHUTapHO-
TUTHEHUYECKUX HOPMATHUBOB ..., 1991). YHacmimok
BiIMUpaHHS BOCEHH BOJSHUX POCIHH KOHIIEHTpAITis
MiJli Y BOJIi 3HOBY 301IBITY€THCSI.

YMicT MaHrany y BOJI MpOTATOM OepesHs —
TpaBHS OyB CTaOUIHLHHUM, Yy YEpPBHI BiH 3MEHIIUBCS 10
MiHIMaJIHHOTO 3HAYCHHS, B JIMITHI 3HOBY ITiIBHIITABCS
Ta OyB CTaOUTbHUM MIPOTSITOM pemTu
JOCIIIKYBaHOTO TIepiofy. YMICT MaHTaHy y BOAI HeE
nepeBuIyBaB (POHOBHUX 3Ha4YeHb Ta moka3Hukis ['JIK
(puc. 1).

YuMict depyMy mpoTsarom OepesHs-TpaBHs OyB
CTalluM, PI3KO 3MEHIIMBCS Y KiHI[ TpaBHS 1 3HOBY
MiOBUIIMBCS,  [OYMHAIOYM 3 YepBHA, 1O
MaKCHUMaJbHUX TIOKa3HUKIB Yy JKOBTHI. YMicCT
(hepyMy y Boi He MepeBHIyBaB ()OHOBUX 3HAUCHB 1
I'’IK (pmc. 1). Pazom 3 TuM, ioHH depymy
BIIrpalOTh  HAA3BUYAMHO  BAXKIMBY pOJIb Y
KUTTEIISUTBHOCTI BOJHUX OPTaHi3MiB Ta 3HAYHOIO
MIpOK0 3aCBOIOETBCS HHMH, YHM IOSCHIOEMO
3HIDKEHHSI WOTO KOHIIGHTpAIil y BOAI MPOTITOM
nepiony Bererauii Ta 3poctanHs BoceHH (I'yMeHIOK,
2003; Konogeris 1a iH., 2009).
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Fig. 2. Content of non-biogenic heavy metals in well
water of the recreational area in Precarpathian region

YMicT THMHKY 3 Oepe3Hs 3HU3HWBCS 1 JOCAT
MiHIMaJTbHAX 3HaY€Hb Yy YEpPBHI. 3  JIMIHA
KOHIICHTpAIlisl I[bOT0 METaly Iodana 3poCcTaTd i y
CepIHi JocsTia MaKCUMaNbHUX 3Ha4eHb, MO0 B
JeKiJIbka pasiB TepeBHITyBaia (OHOBI 3HAYCHHS
(puc. 1). IIporsrom HaACTymHOrO MicsIs e
MOKa3HUK TaK CTPIMKO TIOYaB 3HIKYBATHCSH, IO
OyJ10 BUSBJICHO JIMIIIE CIiAV IIMHKY.

Konnenrpariis  kaamiro 'y  Oepe3ni  Oyina
HE3HAYHOI0. Y HACTYMHI MiCALll JOCTIKEHHS IX
yMmicT OyB Ha PpiBHI CIIJIOBHX KUIBKOCTEH.
[lepeBumens ¢onoBux 3Hauenb Ta [JK He
cnoctepiranu (puc. 2).

[IporsiroM ycbOTO MOCIHIIKYyBaHOTO MEPiOAY
BMICT IIIOMOyMy OyB HaWBHIUM y Oepe3Hi 1
nepeBuIyBaB GOHOBI 3HAYCHHS Yy JIeKibKa pa3iB. Y
HACTYITHI MicsIi HOro KOHIIEHTpAIis 3HU3WUIIACS 10
MiHIMQJIbHAX TIOKa3HUKIB (puc. 2).

VYmict koOanbTy y BOAl pekpealiinoi TepuTopii 3
OepesHss O YepBHS JEHi0 30LIBIIUBCA 1 JOCST
MaKCHMaJbHHX 3HAa4eHb Yy YepBHI, M0 3HAYHO
MEepeBUIIMIM  (OHOBI 3HAYEHHS YMICTY IIBOTO
MeTany. [Iporsirom HACTYITHUX MICSIIIB
JTOCTPKEHHST KOHIIEHTpaIlisl KOOAIbTy 3HIKYBaIacs
1 JocATIIa MiHIMAJIBHUX 3HAYeHb Y KOBTHI (puc. 2).

KonreHTpariist HiKeII0 BiJi MOYATKY MOCITIIKEHHS
B Oepe3ni Oyma HaWOIMBIIOW 1  3HAYHO
repeBuIyBasa (DOHOBI 3HA4YCHHS, ayie Oyna JeIio
menma [JIK. Ilporsrom HacTymHOro MicsIs
CIIOCTEPITa€eThCs Pi3KEe 3HMKEHHS I[LOTO MOKa3HUKA
0 MiHIMaJIBHUX 3Ha4YeHb Yy 4YepBHi. Hamami
CITOCTEPITAETHCS baykTyariitae 301TBIITIEHHS
(7rMmeHs) 1 3HWKEHHS (CepIeHb) BOro MOKa3HUKA, a
B ’KOBTHI — 3HOBY CTpiMKe 3pOCTaHHs (puc. 2).
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Fig. 3. Content of biogenic heavy metals in well water of
the industrial area in Precarpathian region
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Puc.4. Ymicm nebiozeHHux 8axckux memania y 600i
KPUHUUb MEXHOHABAHMANCEHOT mepumopii
Ipukapnamma

3aranoMm, Iuisi OIOTEHHUX METaJiB XapaKTepHO
3pOCTaHHS IXHBOT'O BMICTY Y BOA1 KPHHHUIb PAHHBOIO
BECHOIO, MOJIMBO Y 3B’A3Ky 3 MaBOJKOBHM
SBHUIIEM, Ta B KiHII JIiTa — PaHHBOI OCEHI, KOJHU
PO3MOYNHAETHCA AKTUBHE BiJMHPaHHS POCIHH, IO
MOXYTb CTaTH JDKEPEIOM HAIXOIKEHHS METaliB Y
BomHi Topu3oHTH. Il{omo HEOioreHHUX MeTaliB, TO
iXHI BMICT y BOJI KpUHHIb XapaKTePHU3YEThCS
PaHHBOBECHSHHUM, CepeIHBONITHIM Ta
PaHHBOOCIHHIM TiKaMH, 110 MOXKe OyTH TIOB’s3aHO 3
JOIOBUMH Ta TaJIUMH 3MHBAaMH 3 IPYHTOBOI
MOBEpPXHI. YMICT KynpyMmy MpoTsSroM OepesHsi-
YepBHS NPaKTHYHO He 3MiHroBamacs (puc. 3). Y
MMOAANBIIOMY BMICT MeTaly IIBHINAIACT IO
MaKCUMaJIbHOTO TIOKa3HUKA y CEpIHi, a MPOTITOM
HACTYIHOT'O MiCAI CIIOCTEpiragocs He3HauyHe HOTro
3HIDKEHHs. B yci  MicAmi  yMICT — KyIpymy
nepeBHIyBaB ()OHOBI 3HAYCHHS, & Y CEpITHI BiH OYyB
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Fig. 4. Content of non-biogenic heavy metals in well
water of the industrial area in Precarpathian region

Ha piBHi 3Hadenp [JIK. BigcyTHiCTh 4iTKO
BU3HAUEHOI JUHAMIKM BMICTy Mimi y mepuIii
MOJIOBWHI  JIOCTI/DKEHHSI CBITYUTH TIPO  BEIUKY

KUIBKICTh YWHHHKIB, VINIUB SKHX HE 3aBXKIH
MOJJIMBO OI[IHMTH, aji¢ OCHOBHUMU cepell Hux € pH,
HAsSBHICTh PO3YMHEHHX OPraHIYHUX PEYOBHH Ta
3aBUCIIMX  OpraHiyHMX dacTtok (JIMHHWK U
Habupanen, 1986; Pomanenko, 2001).

VYwmict MaHTaHy y BOJI MIPOTATOM
JOCT/DKYBAaHOTO  Tepiofy  3MIHIOBaBCS — Mallo,
CIoCcTepiraiocss He3HadyHe Woro 30iIbIICHHS Y
TpaBHi Ta BepecHi (puc. 3). IIpoTsirom HacTymHHX
MICSAIIiB, y BOJIi OYJIO BUSIBJICHO JIUIIIE CIIAN METaTy.
YMicT MaHTaHy y BOJAI HE TEPEBUINIYBaB (OHOBHX
3HayeHb Ta mokasHukiB [JIK. Manran wMae
HEBUCOKHIA MTOKa3HUK KOMIUIEKCOYTBOPCHHS
(JIurank m Habusaner, 1986), a #oro 3B’s3yBaHHS
3anekuTh Bil pH BoaM, HAasSBHOCTI OpPTraHIYHHMX Ta
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IHIIHAX KOMILIEKCOY TBOPIOBAIBHUX PCUOBHH,
KOHIICHTpAIlll 3aBHCIUX KOMIIOHCHTIB Ta OKHCHO-
BimHOBHOI 3matHocTi Boxa (Pomamenko, 2001).
3uamwkenas pH chopusie BUBUIPHEHHIO MaHTaHy 3
nouHux Binknanie (Jlunnuk u HaGusanem, 1986),
HACJIIIKOM YOTO MOTJIO OyTH MiJABHUINEHHS BMICTY
METaly Yy BEepecHi, KONU BHSIBICHO 3MeHIieHHs pH
JOCITIIKEHOT BOH MPUOIM3HO HA OMUHHUIIO (10 6,5-
6,7) MOPIBHSHO 3 MONEPEAHIMH MICAIIMHU.

Yumict pepyMmy y TpaBHI MiJBUIINB MOKa3HUKH

Oepe3Hs, a TMPOTATOM  HACTYIHOTO  MICSIIS
IIOCTYIIOBO 3MEHIIYBaBCs o HalHUXKYOTO
3HAYCHHs, OJHAaK YK€ B JHUIHI 3pic  J0

MaKCHMaJbHOTO 3HAYEHHS, MPOTATOM HACTYITHOTO
MICSIIIS CIIOCTEPIraigocs Horo He3HaYHe 3HUKCHHS; Y
JKOBTHI BiH 3HOBY 3piC 110 MaKCHUMaJbHOTO
nokasHuka (puc. 3). Ymict depymy y BoOmi He
repeBunTyBaB (hoHoBHUX 3HaueHb 1 ['JIK.

VYMICT I1WHKY BiJf TOYaTKy JOCIIDKEHHS
(Oepe3eHb) 0 YEpBHs MOCTYIOBO 3HIDKYBABCH, a 3
HAaCTyITHOTO  MICAIlA  CIIOCTEpIirajgocs  CTPIMKe
30UIBLICHHST HOTO KOHUEHTpalii y Bomi. Y ceprHi
el MOKa3HWK JOCSAT MaKCHUMajbHOTO 3HAa4YeHHS,
IICJsT 9OTO CTPIMKO 3HMXKYBaBCA. YMICT Zn y BOmi
HEe TIEPEBHUINYBaB (OHOBHX TIOKA3HUKIB, KpiM
ceprns, i 3HaueHb [JIK (puc. 3). OCKiIbKU IIUHK €
OiOTeHHUM MEeTaloM, TO MOXHa TepeadayuTu Horo
aKTUBHE 3aCBOEHHS POCIMHAMH, YV SKUX 10HU IUHKY
0epyTh y4acTh y KIIFOUOBHX peakiisix (GoTocuHTE3y
(Pomanenko, 2001), 3 4yuM NOB’SI3y€EMO 3MCHIICHHS
BMICTY TIIhOTO METAJIy y BOAI 3 HACTaHHIM
BEreTaliiHOro Mepioy.

[IpoTsiroM ychoro mepiony MOCHIIKEHHS Kaamiit
1 TmoMOyM y BOJMI KPHHHIB OyJIH Yy CIiJOBHX
KITBKOCTSIX.

Hlomo BMicTy KOOanbTy, TO HPOTATOM YCHOTO
JOCTDKYBAHOTO TEPiofy, KpiM CepITHS Ta YKOBTHSA,
BiH mepeBHIIyBaB (OHOBI 3Ha4eHHS (puc. 4).
MakcuManbHi 3HAYEHHsI TOKa3HUKA BHSBICHO Y
TpaBHi, HACTYNHOIO MICSIs HOro KOHLEHTpamis
3HHM3UIIACS y JIBa Pa3H, a BXKe Yy JIMITHI 3HOBY 3pOCIa.
[poTsirom ceprHS BMICT KOOanbTy 3HU3UBCS JIO
MiHIMaIbHOTO MMOKa3HHWKA, a MPOTArOM HACTYIHOTO
Micssl 3adikcOBaHO HE3HayHE WOTO 30ibIICHHS.
3pocTaHHs BMICTY KOOAnbTy Y BOXI B JHUITHI MOTJIO
OyTH 3yMOBJICHE BEJIMKOK KIUIBKICTIO OMAJiB,
YHACHIJOK YOTO MeTaj MOTPaIuIie€ 3 JOUIOBUMH
BOJaMHU. 3MCHIICHHS KOHIICHTpaAIlii KOOalIbTy ¥
BereTalliHuN nepioj MMOSICHIOETHCS Horo
3B’s13yBaHHAM Tigpobiontamu (Pomanenko, 2001).

Konnenrparmiss Hikemo y  Oepe3Hi  Oyna
HaWO1IBIIO0, TIEpEeBUITyBaia (GOHOBI 3HAUCHHS, ajie
Oyna Hmwk4voro Bix 3HaueHb ['JIK (puc. 4). [Iporsrom
HAaCTYITHOTO  MICALI  CIOCTEPIraeTbCs  pi3ke
3HIDKEHHSI 1OTO BMICTY 110 MiHIMaJIbHUX 3HAYEHBb Y
yepBHi. Hamani criocrepiraeTbest 30UIbIIEHHS IBOTO
MOKa3HWKA y JIMMHA Ta Pi3Ke 3HWKCHHS y CEpIIHi.
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[IpoTsiroM >KOBTHS IIeW IOKa3HWK 3HOBY CTPIMKO
3poctaB. @nyKkryaniiiHa JUHAMIKA BMICTY HIKEIO Y
BOJIi MOXe OyTH TIOB’sI3aHa 3 HEBUCOKUM CTYyIEHEM
HOro KOMIUIEKCYBaHHs, OCKUIBKM B  YMOBax
JOCII/PKEHUX TPUPOJHHUX BOJ ICHYE KOHKYpPEHTHE
3B’sI3yBaHHS (DYJIBBOKUCIOT IHIIMMH MeTajlaMu, i3
SIKMX HalO1IBbIINHA BKJIaJ B yTBOPEHHS KOMILJICKCHUX
CIIOJIYK BHOCATH ¢epyM Ta KynpyMm (JIMHHUK u
HaGupaner, 1986).

VY minmomy ans OiOreHHUX METalliB XapaKTepHO
3pOCTaHHSA iXHBOTO BMICTY y BOAI KPWUHHIIL Bif
JIUITHS, KOJIM PO3IIOYUHAETHCS aKTUBHE PO3KIIATaHHS
POCIHH, IO MOXYTh OyTH JKEpPEJIOM HaAXOKEHHS
MetaniB y BomHi ropu3oHtd. lllogo HeOGioreHHHMX
MeTaliB, TO iXHId BMICT y BOJi KpUHHIb 3pOCTa€
Haii0inplie y JIMIHI, aje  XapaKTepU3yeThCs
MEHIIMMHU TiKaMH Y KOBTHI Ta TMIiCII3UMOBUN
mepioJ, Mo MoXe OyTH IMOB’S3aHO 3 IOIMIOBUMH Ta
TIMMH 3MHBaMH 3 TPYHTOBOI MOBEepXHi. Pazom 3
THUM TE€XHOTCHHA AisIbHICTh HE CIIPUYUHSIIA [TOSIBU Y
BOJI KPUHHITL METAJIIB HA PiBHI, 10 TIEPEBUIITYBaTIH
I'’IK. Bumuii BMICT y BOJI KPHUHMIb TEXHOT'CHHOT
TEpUTOPii BITHOCHO peKpealiiHoi BCTAHOBICHO IS
¢depyMy 1 HiKemo, MO MOXe OyTH TOB’s3aHe 3
XapaKkTepoM BHPOOHHUIOT TSITEHOCTI —
MeTanoobpodkoro (bpunmzs, 2010; Konosens Ta iH.,
2009). HaTtoMmicTh UMHKY TYyT BHUSBJICHO MEHIIIE.
VYMicT KynpyMy 3 IMOYATKy JOCHIDKEHHS 10 TPaBHS
Jemo 3MEHIIyBaBCcS, a 3 YEPBHS BHSBIICHO
3pOCTaHHS MOKa3HHUKA 10 MaKCUMaJIbHOTO 3HaUYEHHS
y cepmHi. Hamani BiH 3HOBY 3HHXKYBaBCS.
KoHueHTparist  KynmpymMy  BIOPOAOBX  YCBHOTO
JOCHIDKYBAaHOTO TEpioAy MepeBullyBaia (OHOBI
3HaueHHs, ane He nokasauku ['JIK (puc. 5).

3 Oepe3Hs KOHIIGHTpAIis MaHTaHy Y BOII
JIOCTIDKYBaHOT TEPUTOPIl 3HMKYBAJIacs Ta JOCATIIA
MiHIMAJIBHUAX 3HAa4YeHb y 4epBHi. lIporsrom mwmHs-
CepIHS BMICT MapraHIi0 3pOCTaB, a B YKOBTHI IICH
MOKAa3HUK 3HOBY 3HIKYBaBCS. YMICT MaHraHy Yy
BOJIi HE IepeBHINyBaB (POHOBUX 3HAYEHb Ta
noka3nukiB ['JIK (puc. 5).

VYmict 1uHKY 3 Oepe3Hs [0 TpaBHA [eIo
MiJBUIIMBCSA, a Y HACTYIMHHUM MiCAllb Big0OyBaiocs
HOro pi3Ke 3HIKEHHS 0 MiHIMAJIBHOTO 3HAYEHHS Y
YepBHi. Y JMITHI — CEpITHI KOHIIGHTpAIlis ITUHKY
Pi3KO 3pociia 10 MaKCUMaIbHUX 3HAYEHb (puc. 5). Y
HACTyIHOMY  MICsIli  CIIOCTEPIraeThCcst  pi3Ke
3MEHILIEHHS LbOr0 IIOKa3HuKa. IIpoTsirom ycboro
JOCIIDKYBAHOTO TEPioNy BMICT IIMHKY Y BOJAI HE
nepeBUIyBaB (OHOBHX 3HAUYE€Hb Ta MOKAa3HHUKIB
I'’ZIK.

Ywuict KaJIMif0 TIPOTSITOM YCBOTO
JOCIIIKYBaHOTO Iepiony OyB MiHiManbHUM (pHC.
6). ILimroMOy™M y He3HaUHIN KiJTbKOCTI OyB MPUCYTHIH
y Oepe3Hi, a MPOTATOM HACTYITHHX MIiCSIIiB
JNOCTIDKEHHSI ~ 3HU3WBCS  Ta  repedyBaB  y
MiHIMaJbHHUX KUTBKOCTSIX (pHC. 6).
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Fig. 5. Content of biogenic heavy metals in well water of
the urban area in Precarpathian region
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Konrenrpariisi ko6aibTy y BoAl B OepesHi Oyia
HAafBUIIOIO Ta 3HAYHO IepeBHIIyBaida (HOHOBI
3HaueHHs. [IpoTsarom TpaBHA 1ed MOKa3HHUK
3MEHIIMBCS 1 10 JUMHS BiH OyB cranmum (puc. 6). Y
HACTYyMHI MicsAlll JOCHI[KEHHS CHOCTepiranocs
3MEHIIIEHHS BMICTy KOOambTy 10 MiHIMaJbHHUX
3HAYEHb.

VYwmicr Hikemo y 6epe3Hi OyB MaKCUMAIIbHUM, 11O
3HaYHO IIEPEBHULIYBAIO (OHOBI 3HAYEHHS, a [0
TpPaBHA Il MOKa3sHUK PpI3KO 3HU3UBCS IO
MIiHIMaIbHOTO 3HAa4YEeHHS 1 B TaKHX KUIBKOCTSX
nepedyBaB MPOTATOM HACTYHHOTO Micsls. 3 JIUIHS
110 )KOBTHS 1Ie¥ TIOKa3HUK 3HOBY 3pocTaB (puc. 6).

3arajoM yMIiCT MeTajiB, 0COOMWBO QepyMy i
HIKeNM0, Yy BOAI KpPUHHLL YpOOHaBaHTa)XeHOI
TEPUTOPIi € BUCOKHUM JIHIIIE HABECHI i BOCEHH, KOJH
Ma€ Miclle AaKTHBHE pO3KJIaJaHHS PpOCIMH, IO
MOXYTh OYTH JKEpEIIOM HaIXOJDKCHHS METaliB Y
BOJIHI TOpPH30HTH. Pasom 3 TuUM, Yy HOCHimIXKEHHX
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Fig. 6. Content of non-biogenic heavy metals in well
water of the urban area in Precarpathian region

KPHHHUIIX ypOOEKOCUCTEMH BMICT MeTaiiB OyB Ha
piBHi, mo He mepeBuinyBanu ['JIK. Konumentpamis
KynpyMy 3 TIOYaTKy JociipkeHHS (Oepe3eHb)
3MEHIIyBajacs Ta JOCsria MiHIMaJIbHUX 3HAYEHb Y
4YepBHi. 3 JIMMHS CHOCTEPIraii MiJBUIICHHS LHOTO
MOKA3HHUKA JI0 MAKCUMaJIbHUX 3HaYEHb Y YKOBTHI, L0
3HAYHO TEPEBUITYyBaIN (OHOBI 3HAUYCHHS (pHC. 7).

VYwmict ¢epymy y Boai 3 OepesHs 10 YepBHS
3MEHIIYBaBCs, a MPOTSIrOM HACTYIHHX MICSILiB
CITOCTEpIraiy pi3Ke 30UTBIIEHHS ITHOTO TOKa3HUKA 3
MaKCHMYMOM Y YKOBTHI, IIO IEPEBUITyBaIN (OHOBI
3HaueHHs (puc. 7).

Konnenrtpariis wmanrany y Oepe3ni Oyna
MaKCHUMAaJIbHOIO, a Y HACTYIHI MICSII JOCIiHKCHHS
crocTepiranocs 3Ha4yHe 3HWKEHHS [[bOTO MMOKa3HHUKa
10 MiHIMaJIBHUX 3HAa4eHb y YepBHI Ta JuMHI. Y
ceprHi BigOyBaocs IMiIBHIEHHS BMICTy MaHTaHy Y
BOMi, XO4Ya I[i IMOKA3HUKU HE NEPEBUIIYBAIH Hi
¢onoBux 3Havens, Hi [ IK (puc. 7).

Biological systems. Vol. 6. Is. 2. 2014
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Kagmiro Ta mmoMOymy MpoOTSIroM — yChOTO
JIOCTI/DKYBAaHOTO TIEPiOJy BHSBICHO Yy CIiJOBHX
KUTBKOCTSIX (pHC. 8).

MakcuManbHUN BMICT KOOAnbTy 3aiKCOBaHO B
OepesHi 3 TEpeBUIICHHSAM (OHOBUX 3HaueHb (puC.
8). IlpoTsiroM TpaBHA-YepBHS HOTO BMICT y BOAi
JICIIO 3HU3UBCS, & y JIUIHI 3HOBY 30UIBIIMBCS.

YMicT HiKen0 B Oepe3Hi AOCAT MaKCHMalbHHX
3HAUeHb, a4 MPOTATOM  HACTYIHOro  Tepiomy
JOCTIDKEHHST HOTO KOHIICHTPAIliS Pi3KO 3HH3HIIACS
JI0 MiHIMaJIBHUX 3HAa4eHb y YepBHi. [IpoTsrom nmumnHs-
JKOBTHS HIOT0 BMICT 3HOBY 3pOCTaB JI0 MAKCHMAITbHUX
3HAYEHb Yy JKOBTHI, X04a BOHU OYyJH JEIIO HIKYAMH
Bi7 hoHoBUX 3HaueHb Ta ['JIK (puc. 8).

3arajioM JWHAMiKa BMICTY MeETalliB y BOIL
KPHHHUIb arpOHABAHTAXKCHOT TEPUTOpPIl Taka cama,
SK 1 I TeXHoreHHol Ta ypOaHi3oBaHOi, 3
nepeBakaHHsIM yMICTy METaJliB y OCIHHbO-3UMOBHI
mepios] Ta 3 HE3HAYHUM TMiKoM y juiHi. OCHOBHY
Macy cepell BCiX METaJliB CTAHOBJIATEH (hepyM, HiKeTh
i KoOanmbT. YKpalh TOKCHYHI CBUHEIb 1 KaaMmii
BHSBJIEH] CJIIOBUX KIIBKOCTSX.

Bionoriuni cucremu. T. 6. Bum. 2. 2014

Fig. 8. Content of non-biogenic heavy metals in well
water of the agricultural area in Precarpathian region

BucHoBkH. AHami3 pe3ynbTaTiB JOCHIIKEHHS
3aCBiTYMB, IO 3HIDKEHHS a0 IMiIBUIIECHHS yMICTY
MeTaly B BOAI KPHWHHIIb MOXHa TIIOB S3aTH 3
CE30HHMMH YMHHUKAMH, HacamIepela, BECHIHUM
BOJIONULISAM, IO CIIPUYMHSE HAIXOJKCHHS METAIB,
3MHUTHX 3 IPYHTOBUX ITOBEPXOHb, Ta BErCTAIIE0
BOASHUX POCIMH Yy KPHHHLSAX. [IpOCTeKyeThes
COlIbHA I OUIBIIOCTI METallB TEHJAECHIUA [0
3HIDKEHHSI X BMICTy B a0iOTHYHHMX KOMIIOHEHTax
BOJOWMH TIPOTSTOM BETeTAIlifHOrO TMepiogy Ta
3pOCTaHHs Michs #Horo 3akiHueHHs. HeratuBHUM
SBUIIEM € TMEPeBUIICHHS (OHOBUX IMOKA3HUKIB
BMICTY y BOII KpPWUHHIb KyIpymy, depymy,
KoOanbTy 1 Hikemo. Hebe3neky cTaHOBUTH yMicCT
kynpymy Ha pieai [JIK y Boal KpuHUIb
arpoHaBaHTAXXEHOI  TEPUTOpIii, Ta HIKEIO Y
KpUHHUIAX ypOOHaBaHTakeHOI Teputopii. Oxpim
ILOTO, TICPEBUIIICHHS ()OHOBUX 3HAYCHb HIKEIIO Ta
KOOaNbTy crocTepirajocs y KPHUHHIAX  YCix
TOCITIIDKEHUX TEPUTOPIH.

3a BMICTOM BaXKHX METAIIB CTaH KOJIOIA3HOL
BOJIM TIpIIMI HABECHI Ta BOCCHH, a MOKPAIYEThCS
BiH YJITKY.
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SEASONAL DYNAMICS OF HEAVY METALS CONTENT IN THE WELL WATER OF
PRECARPATHIAN REGION

I. V. Bryndzya, V. V. Grubinko

The purpose of our study was to analyze the annual dynamics of heavy metals content in drinking water of
Precarpathian region and to compare it with the standards of heavy metals content in water. The object of our study
was well water in the region, where four areas depending on the specifics of the anthropogenic loading: industrial,
recreational, agricultural and urban were defined for convenience. Each area differs by its level and type of pollution.
To estimate the gross content of Zn, Mn, Fe, Cu, Pb, Co, Ni and Cd, the water samples were taken from 1-2 m depth,
10-fold concentrated using evaporation, and the content of heavy metals was determined with the method of atomic
absorption spectrometry on the spectrometer C-115 at the wavelength corresponding the maximum absorption for each
analyzed metal. The conducted researches showed that it is typical for the content of biogenic metals in the well water
of recreational areas to increase in early spring, in the end of summer and in early autumn. The content of non-
biogenic metals in the well water has peaks in early spring, in the midsummer and in the early autumn. On the
industrial area, the concentration of biogenic metals in the well water increases from July till the end of studied period.
The concentration of biogenic elements increases mostly in July but has the small peaks in October and in the end of
winter period. The industrial activity do not result in exceeding the MPC of heavy metals. The well water of industrial
area contains more iron and nickel comparing recreational area. On the other hand, the water of industrial area
contains less zinc. The concentration of metals in well water of urban area, especially iron and nickel, is high in spring
and in the autumn, but their concentrations does not exceed MPC level. The concentration of heavy metals in the well
water of agricultural area is the same as for the industrial and urban areas with the increasing of metals content in
autumn and winter and with the small peak in July. Iron, nickel and cobalt are mainly found in the water. Lead and
cadmium, which are extremely toxic, were found in trace quantity. The conducted study permitted to find that the
concentration of heavy metals in well water is determined by both the groundwater intake and by long-term
accumulation in the biotic and abiotic components of water ecosystems. The general tendency is the decreasing the
heavy metals concentration in abiotic components of water ecosystems during vegetation period of algae and
hydrophytes and the rising of the concentration of metals in the end of the vegetation period. The exceeding of the
background content for copper, iron, cobalt and nickel ions in the well water is the negative phenomenon.

Keywords: heavy metals, water, MPC, background quantity, Precarpathian region.
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BOTAHIKA. 3bEPE’KEHHS BIOTHU I BIOPECYPCIB

YK 582.524.635.965.283.

EKOJIOI'O-b10JIOI'TYHI OCOBJIMBOCTI HPEJCTABHHUKIB
POAY HEMEROCALLIS L. I1PA IHTPOAYKIIII B
KPUBOPI3bKNU BOTAHIYHUU CA/l HAH YKPAIHU

T. ®©. YUITAIIAK

Kpusopiszvruii 6omaniunui cad HAH Ykpainu, m. Kpueuii Pie
e-mail: chipiljak@rambler.ru

Jocnioxceno exono20-6i0n02iuyHi 0coOIU80CMI PO3BUMKY MaA pigeHsb adanmayiinoi naacmuynocmi 9 eudie ma 110
copmig poody Hemerocallis L. 6 exonoziunux ymosax m. Kpusuii Pie. [louamok eéecemayii 1initiHuKie npunaoae Ha neputy
dexady keimmus konu cyma eexmusnux memnepamyp éume 0°C docseana 125,05 — 166,07. Bcmanoeneno, wo mepminu
nouamxy ezemayii naibinbw sanexicui 6io0 cymu memnepamyp suwe 0°C, Xoua neGuCOKuUi NOKA3HUK KOPerayii 6Ka3ye
Ha 6a2amogakmopHy 3aneldcHiCme noYamky 0anoi ¢penogasu. Busnaueno, wo nouamox 6ymouizayii 0ocumo 4imko
nos'szanuii 3 cymoio memnepamyp euwe 5'C. Ileii 36130k eupascenuii xoegiyicumamu kopenayii 6io +0,898 0o
+0,980. Ane, axwjo iHmMpoOOyyeHmMu PAHHLO2O KGIMYSAHHA NOYUHAIU OYMOHI3ayito npu cymi memnepamyp 778,7 —
899,1°C, mo ons cepednvonisuix yeii nokasuux 6ye 60siui Ginvwuii — 1570,6°C. B ymosax Kpusozo Pozy nepuiumu
nouuHanu Keimyeawus pociunu eudig¢ H. middendorffii (kineyv mpasna — nouamox uepens) ma H. dumortieri (I-1]
Odexkaoda uepsHs), modi ax HaunizHiwe 3aysimanu H. citrina i H.thunbergii (Il dexada nunwus). Macose xkeimysanus
IHMPOOyYyeHmie AINiUHUKY Npunadaio Ha auneHs. Keimyeanws Oydce pauHix RiniHUKIE NOYUHANOCSA, KOIU CyMA
epexmusnux memnepamyp euwe 0°C cmanosuna 967,2°C, mooi sk onsn éudis i copmie cepednix ma cepeonbonisHix
mepminie yi nokasnuku docsieanu 1685,2 ma 1811,3°C sionosiono. Ananiz sanexcnocmi gasu xkeimyeanns 6io cymu
epexmusHUX memnepamyp NoKasas, WO KEIMYS8aAHHA DPAHHIX NINIUHUKIE OYI0 HAUOINbUWL 3ANEeHCHUM 8i0 8ECHAHO20
nepexody memnepamypu nogimps uepes 0°C (xoeiyicumu ropenayii + 0,945 — +0,981), moodi sx y ninitinuxie
CcepedHbo20 | CepeOHbONIZHbO20 MEPMIHIB, NOYAMOK KGIMYSAHHS MICHO NO8 SI3AHULL 3 CYMOIO epeKmueHuUxX
memnepamyp suwe 3a 10°C, wo niomeepocyemvcs eucokumu (r = +0,863 — +0,907) nokasnuxamu xoeiyicnmy
Kopenayii. B ymosax Kpueozo Poey pociunu 6udié cepednbopannbo20 KGIMyG8aHHs 6i0MEOPIGaAly pUmmu po36uUmKy
npumamanui im 6 npupoonux apeanax. Tooi ax panvoxeimyouuti H.dumortieri ma cepeonvozco mepminy xeimyeanns H.
citrina i H. thunberdii nouwunanu xeimysanns na 12-15 0i6 paniwe. Tpusanicme KgimysanHs JNIUHUKIE 8 HAWUX YMOBAX
Konusanacs 8 medcax 15-55 0i6. Cmitikicme RiniiHUKY 00 HECHPUAMAUBUX YUHHUKIE 8 HAWMUX YMO8AX 3aDe3neyyemuvcs
34 paxyHox nepexody 00 CmaHy cnokow (3aseputenns gecemayii Ha 30-40 Ouie pawiwie, Hid*C 8 yMOBAX NPUPOOHUX
apeanig), abo 3minu penopummomuny, wo xapakmepuo Oisi eiuHo3enreHo2o eudy H. aurantiaca (3mina
Genopummomuny na uanigcniauuil). Ilepesasicna Oinvwicme 6udie ma copmig NiNIUHUKY 6 eKOJO2IYHUX YMO8ax
Kpusoeo Pozy matoms sucoxuii ma cepeoHiii pigenv adanmayii. [lpumamanna ninitiHuKam eKono2iuna nAacmuyHicms 8
NOEOHAHHI 3 HesUbAIUGiCMIo 00 YMO8 GUPOUWYBAHHA MA WUPOKUM CHEKMpPOM DIZHOMAHIMHUX OeKOpAmueHUMU
sKocmetl 00360JI5€ BUKOPUCTNOBYBAMU IX OJisl ONMUMI3ayil mepumopiti nPOMUCLO8UX PeiOHIS.

Kmiowosi cnosa: pio Hemerocallis L., penopummira, egpexkmueni memnepamypu, eKono2o-0ion02iuni ocooiueocmi,
pisenv adanmayii.

ajanTaliiHUX Ha  3MiHM  yMOB  BHpPOIIyBaHHi Ta IS
MPOTHO3YBaHHS  YCIINIHOCTI  IHTPOIYKIIIHOTO

Beryn. B gkocTi  OMIHKH
MOXJIMBOCTEH Ta CTIHKOCTI OpTraHi3MiB B HOBUX

yMOBaxX 3pOCTaHHS BUKOPHCTOBYIOTh ITOKa3HHKH
€KO0JIOr0-0i0JIOTIYHMX ~ OCOONMMBOCTEH pocTy Ta
PO3BUTKY pociuH. [Iporiec po3BHTKY MalOTh SIBHO
BU3HAUYCHUHA PUTMIYHHHA XapakTep, 3aliexaTh Bif
0araTboX BHYTPIIIHIX Ta 30BHIMIHIX YHHHHKIB 1 €
pe3yJIbTaTOM NPHUCTOCYBAHHS POCIHH JIO YMOB
ICHyBaHHSI. Haii0inpmr  4iTKO  amamTariiHui
MOTEHIIaT POCIMH BUSBIAETbCS [PH  aHaIi3i
0araTopi4yHHX CIIOCTEPEKECHb, KOJM POCIMHH B
CBOEMY PO3BHUTKY MpPOHIUIM P EKCTPEeMaIbHHX
nepiogie  (Bymax, 2005). Pe3yabratm  Takux
JIOCHIPKEHb  MOXYTh OyTH  BHKOPHCTaHi  SIK
JIarHOCTHYHI O3HaKH HIOJ0 PEaKIlil IHTPOIYIEeHTIB

Bionoriuni cucremu. T. 6. Bum. 2. 2014

BUTIPOOYBaHHS BUJIB 1 COPTIB, AKi 3aIy4alOThCs LIS
ITOIMOBHEHHS OOTaHIYHMX KOJIEKIM, 30araueHHs
Oiopi3HOMaHITTS KyJIbTYp]iTOIIEHO31B
(bazuneBckas, Maypunb, 1984). 3naqn010 Mipoto 1€
CTOCYETBCS KYJbTYpH JIIIHHUKA, sIKa 1Ie He Halyna
JOCHTh IIHPOKOTO 3aCTOCYBaHHS B O(OPMIICHHI
MIiCBKUX Ta TIPOMHUCIIOBUX TepuTopiii Ykpainu. Taxk,
y CydacHOMY CBITOBOMY CaJiBHUIITBI
BUKOPUCTOBYETbCS ~ LIOHaliMeHme 6  BUJIB
TMTHHAKIB 1 6mm3bko 30 THCAY COPTIiB, TOMI K B
AHTPOTIOT€HHUX nangmagpTax KpuBopixokst
3ycTpivaetbes Tinmbku Hemerocallis fulva L. i 3a
pinkum  BukmoueHHsMm  H.  lilioasphodelus L.
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(Yamunmssk Ta iH,  2014). Buxomsum 3
BUIIIEO3HAYEHOTO, JOCITiPKEHHS €KOJIOTO-
OiosorivHNX oco0nuBocTeit PO3BUTKY

MIPEACTaBHUKIB POAOBOTO KOMIUTIeKCY Hemerocallis
B ymoBax Crenmy VYkpaiHM € axkTyaJlbHUM 1
BHU3HAYMJIO METy Hamoi poOOTH — OIiHKa piBHA
aJanTaiifHoi IIAaCTHYHOCTI BHIIB Ta COPTIB POAY
Hemerocallis L. B ymoBax m. Kpuswii Pir.

Marepianu ta meroau. OO’€KT MOCITIKEHb —
€KOJIOT0-010JIOTiYHI  0COOMMBOCTI  pO3BUTKY  H.
aurantiaca Baker, H. citrina Baroni, H. dumortieri
Morr, H. esculenta Koidzumi, H. fulva, H.
lilioasphodelus, H. middendorffii Trautv. Et Meyer,
H. minor Miller, H. thunbergii Baker ta 110 copris
pony Hemerocallis.

Komnexkuisi mpencTaBHUKIB POAOBOIO KOMILIEKCY
Hemerocallis KpuBopizpkoro OoTaHIYHOTO cany
HAH VYxpainu (mam KBC) Oyma chopmoBaHa 3a
pPaxyHOK POCIHH, SKi Oyl OTpHMAaHi 3 MPHPOJHHUX
apeaniB Ta reorpadiyHUX pallOHIB BiIMIHHUX BiJ M.
Kpuswmii Pir 3a rpyHTOBO-KITIMATHYHUMH YMOBaMHU.
Tak, Buay OyJv BUPOLICHHI 3 HACIHHS OTPUMAHOTO 3
ix mpuponmuux apeaniB — fAmonii (M. Kananzasa),
Kurato (M. Ilekin), Pocii (M. CuktuBkap) Ta
3aKOPIOHHUX IEHTPiB iHTpomykmii — [lompma (M.
Jlon3e) 1 Icmangis (M. Peiik’sBik). [lonoBHeHHs
KUBUMH pOCIMHAMH JUTIHHUKY BigOyBamocs 3
IHTPOIYKITIHHIX IIEHTPIB: HaIllOHATHHIH
Ootaniuanit can iMm. M.M. I'pumka HAH Vkpainu,
M. KwuiB; JloHeupkuii Ooraniunuii cax HAH
VYkpaian, M. JloHEIbK; OoTaHIYHMH  caf
UepHiBEI[BKOTO HAI[IOHAIBHOTO YHIBEPCUTETY 1M.
Opis ®enpkoBuua, M. UYepniBui; HikiTchkuii
Ooraniunuii can YAAH — HanionanpHmii HayKOBHI
meHtp, M. Sira; OoraHiuHui cax boraHigHOTO
inctutyty PAH, m. HoBocubipchbk; LeHTpanbHHHA
ooraniununii can AH binopyci, M. MiHCBK.

Micro Kpusnii Pir 3HaX0auThCS Ha MIBICHHOMY
3axoni JIHINpOMETPOBCHKOI 00JacTi B CTEMOBIH
npupoaHid 30Hi. KpuBoOpixoks BiZHOCHUTBCA IO
MOCYIUTUBUX paiioHiB Ykpainn (mo 400 — 430mMm
OomajiB  Ha  pIK), XapaKTepU3yeThCS  JOCHTH
CKJIaJJHUMH KITIMAaTHYHUMHU YMOBAaMH 3UMH, JJIS SIKOT

Taébn. 1.

3anesxcnicms 6i0 memnepamypHozo YuUHHUKY NOYAMKY
eezemauii OKpemux pyn JiniiHUKIE

3BHYAMHNAM SIBHIIEM € OXKeJledb, 3acTii BOAM Ha
MOBEPXHI TIPYHTY, BIIJIMIH, MICIS SKHX, 3a3BUYAH,
OyBalOTh KOPOTKOYACHI, aje BEIUKi BiJ €MHI
temnepatypu (Kazakos ta iu., 2005).

deHoNOriYHl  AOCHIKCHHS POBOAMIOCS 34
3araJIbHONPUAHATOI0  METOJUKOI  CIIOCTEPEIKEHb
(Metomuka..., 1975). CridkicTh JIUIIHHUKIB [0
MOCYIITUBUX YMOB BH3HAYAIIN METOJIOM
Bi3yaJIbHOTO OOJIIKY 1 OL[IHIOBAJH 32 1 SITHOAIBEHOIO
mkajgoro  (Illectauenko,  danpkoBa, 1974).
3UMOCTIMKICT  JTUTIHHWKIB ~ BWU3HA4Yalld  3TiTHO
pexomenpaniii  (Pexomenmaruu..., 1990). PiBens
ajanTanii BHU3HAYalM 3 BUKOPUCTAHHSIM INKAIU
M.O. Cwomincekoi (CmomuHcbkas, 2002), ska
CKIafaeTbcss 3 7 KpuTepiiB (IHTEHCHBHICTH POCTY
MOHOKapHi4HOTO [aroHy, NepioJNYHICT
KBITYBaHHS, MePiOANYHICTD TUTOZIOHOIIICHHS,
IHTEHCHBHICTh ~ BEreTaTUBHOTO  PO3MHOXKEHHS,
CTIMKICTh 1O XBOPOO Ta IIKIAHUKIB, KUTTE3IATHICTH
1 CaMOBIIHOBJICHHS) OIMIHEHHMX Bim 1 mo 5 Oais.
OmiHKa JEeKOPAaTUBHUX SKOCTEH TIPOBOIMIACS 3a
100-6ansHOIO IITKAJIOI0 (bBL10B, 1971).
[aTpomyneHTH  KOJeKwii  3rigHO  MDKHApOIHOI
knacudikanii (Catalog .., 2002) Oynu mofineHi 3a
TepMiHaM{ KBITyBaHHS: Iy>)Ke paHHI (KBITyBaHHS
nounHaeTbes B | nmexani uepBHs); panni (I mekana
yepBHs); cepeanpopanHi (III nmexama wepBHs — 1
JIUTTHSA ); cepenHi (KiHeIlh JIMITHSI — TOYaTOK CEePITHS) 1
cepennporizHi (II nexana ceprmHs).

PesyabTaT Ta iX o0OroBopeHHs. AHami3
pe3yJbTaTiB (heHocnocTepekeHb JIO3BOJINB
BH3HAYUTH THI iHTPOMYIICHTY 3aJIS)KHO Bill TEPMiHY
MOYaTKy Bereramnii (ITenpTHxHHA, 2005):
panboBererytoui — H. citrina, H. lilioasphodelus Tta
46 copriB (III mexama GepesHs); cepeTHHOBETETYIOU1
— H. fulva, H. aurantiaca, H. dumortier, 19 copris (I
JIeKa/ia KBiTHS); Mi3HbOBereTy04l — H. middendorffii,
H. minor, H. esculenta, H. thunbergii, 45 copriB (Il —
III nmexama kBiTHs). 3a CepeHIMH TMOKAa3HUKAMH,
MOYaTOK BereTallii NpUNajaB Ha MEpHry JAeKaay
KBITHS KOIIM CyMa €(EeKTHBHUX TEMIIepaTyp BHIIE
0°C mocsirama 125,05 — 166,07 (ta6u. 1).

Tab. 1
The dependence of growing season beginning on
temperature factor for certain groups of daylilies

Jo0a, Y remmeparyp > 0°C Y temnepartyp > 5°C Y remmeparyp > 10°C
M+m M+m | r M+m | r M+m | r
Hyxe pansi
8IV+20 | 151,11+1698 | 0336 | 11589+15,83 0303 | 38671122 [ 0,160
Panni
9IV+20 | 16607+1679 | 0,655 | 13081+1580 | 0,652 | 5295+1251 | 0,617
CepenHbopaHHi
50V+20 | 12554+13,60 | 0549 | 91,16+1260 | 0534 | 2518+7,03 | 0411
Cepenni
6IV+20 | 13728+1324 | 0539 | 103,04+1257 | 0524 | 3906+971 | 0414
CepeaHpoITi3Hi
7IV+1,0 | 13858+14,16 | 0,609 | 10441+1331 | 0590 | 4022+854 | 0422
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Taén. 2.
3anexcuicmp 6i0 memMnepamypHozo YUHHUKY ROYAMKY
OymoHnizauii oKpemux zpyn niniiHuKie

Tab. 2
The dependence of flower budding beginning on
temperature factor for certain groups of daylilies

Jlo6a, > temneparyp > 0°C > Temneparyp > 5°C > temnepatyp > 10°C
M+m M+m | r M+m | r M+m |
Jyxe panHi
4VI£50 | 967,15+9243 | 0981 | 94137+96,63 | 0979 | 76221+91,66 | 0958
Panni
13.VI£3,0 | 1139,13+4575 | 0945 | 111518+4553 | 0942 | 93342+4378 | 0912
CepeaHbopaHHi
30.VI£2,0 | 147825+3447 | 0844 | 1441813351 | 0847 | 1272053145 | 0,857
Cepenni
10.VII£2,0 | 168518+34,68 | 0748 | 1650,50+3421 [ 0,762 | 1500,00+38,74 | 0,863
CepelHbOITI3HI
16.VII£2,0 | 181129+3592 | 0,748 | 1776,03+3486 | 0810 | 1619,11+3577 | 0,907

Tpumimra: «r» — koegiyicum xopenayii

JocnigkeHHs BILTUBY TeMIEpaTypPHOTO YHHHUKY
Ha TEpMiH TIOYaTKy BereTarlii BUSABHUIO HAHOLIBII
CHIBHY 3aJieXHICTh JaHoi (asu Big cymH
temneparyp Bume 0°C. IIpore  IOKa3HHK
koedinienty kopemnsmii +0,336 — +0,655 Bkazye Ha
OararoakTOpHy 3aJIe)KHICTh TEPMIHIB IOYATKY
Bereranii. bByToHi3alil0o mepmMMH  MOYMHAIH
TUTIHHUKA JIyX€ PaHHBROTO Ta PAHHBOTO TEPMiHY
kBiTyBanHs — 1me Il mexama TpaBHs, OyTOHi3aIlis
cepeaHbopaHHixX BimOyBaiacs B Il gekamy depBHs,
cepennbomizHix — Il mekamy depBHs — | nmexamy
munHg. BcTaHOBNEeHO, 1m0 TowaTtok OyToHi3arlii
JOCUTH YiTKO TOB'S3aHUI 3 CYMOIO TeMIlepaTyp
e 5°C. Lleit 3B'130K BUpakeHHil KoedirienTamMu
kopensmii Bim +0,898 mo +0,980 (tabm. 2). Amne,
SKIIO  IHTPOMYICHTH  PaHHBROTO  KBITYBaHHS
noYrHaIK OYTOHI3aIli0 pH cyMi Temmeparyp 778,7
— 899,10C, TO JUISl CEPEeTHBOINI3HIX Ied MOKa3HUK
OyB BABIYI OLITBITIHI — 1570,6OC.

B ymoBax KBC nepmmumu nmoYnHanmy KBiTYyBaHHS
pocnunu BuniB H. middendorffii (xineup TpaBHS-
mouatok 4epBHs) Ta H. dumortieri (I-1l nexana
4YepBHsI), TOMI K HaWmi3Hie 3auBitanu H. citrina i
H.  thunbergii (IIl pexama numHs). Macose
KBITYBaHHS iHTPOIYIICHTIB JLTIHHUKY TpUTIaAajio Ha
JIATIEHB, TaK sIK 72,5% 3pa3KiB KOJEKITii BiTHOCATHCS

Taon. 3.

3anexcnuicmo 6i0 memMnepamypHozo YUHHUKY ROYAMKY
K@imy6anHs oKpemux zpyn aiiliHuKie

JI0 TPYIIH CepeIHbOPaHHBOTO TEPMiHY KBITYBaHHS (B
Tomy umcni Bumu H. esculenta, H. fulva, H.
aurantiaca). HocnipkeHHs — TOKasand, 11O
KBITyBaHHSl Iy>K€ PaHHIX JUTIHHHUKIB MOYMHAIOCS,
KOMM cyma edekTuBHMX Temmeparyp Bume 0°C
cranoBmna 967,2°C, tomi Ak i BHAIB i COpTiB
CepeHIX Ta CEPEAHBOITI3HIX TEPMIHIB Il MOKA3HUKU
mocarany  1685,2 Ta 1811,30C BIJIIIOBITHO.
HeoOximgHo 3ayBakWTH, IO B YMOBaxX ITOMIipHO-
MOCYIIJTUBOTO CcTey AnTaichbkoro kparo (bXUIKuX,
2009) nmns KBiTyBaHHS paHHIX BHIIB JiJIHHUKIB
notpibna cyma Temmeparyp 538,7°C, mo Maiike
BABiui MeHme HibK B ymoBax KBC, Tomi sk
KBITyBaHHSl 3pa3KiB CepelHiX Ta CepenHbOMi3HIX
TEepPMiHiB BigOyBanocs 3a OJIHAKOBOT'O
TEMIIEPATypHOT'O PEXUMY.

AmHami3 3anexxHocTi a3y KBITYBaHHS BiJl CyMH
e(eKTUBHUX TEMIIepaTyp IMOKa3aB, L0 KBITyBaHHS
paHHIX JTIHHAKIB OyJ0 HAaWOIBII 3aJIEKHUM Bill
BECHSIHOTO IEPEeXoay TeMIeparypu TOBITps depes
0°C (roedimientn xopemsmii + 0,945 — +0,981), Toxi
K y JUTHHUAKIB CEPEeTHBOTO 1 CepeIHBOI3HBOIO
TEpMiHIB, IOYaTOK KBITyBaHHS TICHO TOB’S3aHUI 3
cymoro edpeKTHBHEX Temmeparyp Bume 3a 10°C, mio
migTBepAKy€eThess Bucokumu (r = +0,863 — +0,907)
MMOKa3HUKaMHU KoedimienTy kopensii (Taoi. 3).

Tab. 3

The dependence of flowering beginning on temperature
factor for certain groups of daylilies

Jlo6a, > temneparyp > 0°C > temneparyp > 5°C > remnepatyp > 10°C
M=m M+m | T M+m T M+m T
Jyxe panHi
4VI£50 [ 967,15+9243 | 0981 | 94137+96,63 | 0979 | 76221+91,66 | 0,958
Panmni
13.VI+£3,0 | 1139,13+4575 | 0945 | 111518+4553 | 0942 | 93342+43,78 | 0912
CepenHpopaHnHi
30.VI£2,0 | 147825+3447 | 0844 | 144181+3351 | 0847 | 1272,05+3145 | 0,857
Cepenni
10.VII+£20 | 1685,18+34,68 | 0,748 | 1650,50+3421 | 0762 | 1500,00+38,74 | 0,863
CepelHbOIII3HI
16.VII+20 | 181129+3592 | 0,748 | 1776,03+3486 | 0810 | 1619,11+3577 [ 0,907
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3a naHUMHU (QEHOJIOTIYHUX CIIOCTEPEKEHb OyiH
BU3HAYEHI OCOOJMBOCTI PO3BUTKY JITIHHHUKIB B
MIPUPOTHO-KIIIMATHIHUX yMoBax M. KpuBwmii Pir.
Tak, TOpIBHAHHS OTPUMAaHUX HAMH JaHUX 3
(deHopuTMaMu PO3BUTKY BHIIB JUTHHUKIB B
npuponaux ymoBax (Taxramksa, 1987; Bsarkun,
2000; CenenpaukoBa, 2014) mae MOXIJIHBICTH
KOHCTaTyBaTH, IO PaHbOKBiTYHOUUil H. dumortieri
Ta CepelHbOr0 TepMiHy KBiTyBaHHS H. citrina i H.
thunberdii B ywmoBax KpuBoro Pory mnounHamm
KBiTYBaHHs Ha 12-15 ni0 panime. Tomi sk Buau
CepeIHROPAHHBOTO  KBITYBaHHS  BiATBOPIOBAJIH
PUTMH PO3BUTKY INPUTaMaHHI iM B MPHUPOAHUX
apeasax. Y OKpeMHX COpPTIB CEpPEeJHBOTO Ta
CEPeHBOITI3HBOTO KBiTyBaHHS (Hemerocallis x
hybrida hort. cv. Luxury Lace, Stagecoach, Varsity
Ta 1iH.), B TIOPIBHAHHI 3 XapaKTEPUCTHKaAMHU
BU3HaueHnMHU opwurinatopamu (Catalog .., 2002),
3aikcoBaHe KBITyBaHHA y OiJbII paHHI TepMiHU
(mepexin 3 cepmas Ha [-II mexkamm JUTIHS).
TpuBalticTh KBITYBaHHS JIUTIHHUKIB B HAIIMX YMOBaX
KoJuBanacs B Mexax 15-55 110, mo xapakTepHo ajist
HUX 1 B yMOBax Anrtaiichkoro cremy ta Y $u, Tofi sIK
Ha Jlamekomy Cxomi kBityBaHHA pnocsrae 70 1mi0

(BaitHeTMHOBA, 2009; Kpecroga, 2010;
CenenpHukoBa, 2014).
B ymoBax KBC cmocrepiranmm —perymspHe

mwiogoHomeHHs v H. lilioasphodelus, H. dumortieri
ta H. middendorffii, Tomi sk nBa OCTaHHI B
MIPUPONHUX apeaniax He TuromoHocATs (TaxramksH,
1987; Bsarkun, 2000). H. thunbergii, H. esculenta,
H. citrine Ta H. minor BiA3Ha4amucs HEe PETyJISIPHUM
IUIOJIOHOIIEHHSM 1 YTBOPEHHSAM HE BHIIOBHEHOTO

Taon. 4
Oyinka piena adanmayii i 0eKOPpAmMuUGHUX AKOCMeEll 6Udi6
ma copmie niniitnuxy 6 ymoeax m. Kpueuii Piz

Hacimgsg. He miomonocwn H. aurantiaca ta H.
fulva, mo xapakTepHO JUIi HHUX 1 B TEPBUHHUX
MiCIIe3pOCTaHHX.

BusHaueHHs pIiBHSA 3WMOCTIMKOCTI JIUTIHUKIB
JIOBOJIUTH, IO TEpeBaXkHa OUIBIIICTE 3pa3kiB (H.
lilioasphodelus, H. middendorffii, H. thunbergii, H.
esculenta, H. citrina, H. fulva ta 81% KynpTHBapiB)
¢ sumocTiiikumu. HeoOximHo Bigsmaunmtm, mio H.
aurantiaca, SIKA B yMOBax MPHUPOJHUX apealiB IO
dbenoputmy € BiuHO3emeHuM, B KBC po3BuBaeThcs
no HamiBcrusiaomy tuny (Chung, 1997; Bsrkuw,
2000). 3a pe3yapTaTamMu JOCHIUKCHHS CTIHKOCTI
JMUTIHHUKIB 10 TIOCYIIUTMBUX YMOB BU3HAYEHO, 10 H.
lilioasphodelus, H. fulva, H. citrina, H. esculenta, H.
minor, H. dumortieri Ta 78 cOpTiB B HalllMX yMOBax
BUTPUMYIOTh HETPUBANI IOCYXH, NPHU BUCOKHX
JTHIX TeMIIepaTypax TOMKOMKEHHS POCIUH He
HOCSITh MACOBOT'O XapakTepy i 3HAYHO HE BIUIMBAIOTH
Ha PICT i reHepaTHBHUIA PO3BUTOK. TakuM BUJaM, SIK
H. aurantiaca, H. thunbergii, H. middendorffii
MIPUCBOEHO CEpeHiH piBEHb MOCYXOCTIMKOCTIi, TaK
gk pociuHu Ha 30-40 ni6 panime, B MOpPIiBHSAHHI 3
CepeIHIMH MOKa3HUKAMHU IO KOJEKIlii, 3aBepIIyIOTh
POCTOBI IPOTIECH.

I[lpu  Bu3HaueHHi  piBHA  ajanramii  Ta
JIEKOPaTUBHOCTI NMHHUKY 3pazkam konekiii KbC
MIPUCBOEHO BUCOKI Oamm (Tabm. 4). Amnam3
MPUPOJHUX apeajiiB BHJIB MOKa3aB, IO BUCOKUI

piBeHp  ajanTamii  OOYMOBIIOETHCA  IIHPOKOIO
CKOJIOTIYHOI0 ~ aMIUTITYy/I0I0, SKa JIO3BOJISIE 1M
YCHOIITHO ~ 3pOCTaTd B yMOBaxX  MiHJIMBOTO

HABKOJIMITHHOTO CEPEJIOBUINA 1 MIATBEPIDKYE iX
BHCOKY ITacTU4HicTh (Ynmmsik, 2013).

Tab. 4.
Estimation of adaptation level and decorative qualities
species and varieties of daylilies in the conditions of

Krivyi Rig
Orinka Orinka
PiBens amanTarii Ta JIEKOPATUBHUX piBHS . .
. N KinbkicTs 3paskiB
JIEKOPATHBHICTh SIKOCTEH ajanTarii
(6am) (6ax)

Haiipumuii piBeHb aganramii H. citrina, H. esculenta, H. fulva,
(BUI / COPT IEPCIIEKTUBHUIA, 80-100 28-35 H.middendorffii, H. thunbergii,
BHCOKOJICKOPATHUBHUI, CTIHKHI) H.lilioasphodelus, 59 coptis
Cepenniii pisent, az[anTalum H. aurantiaca, H. dumortieri, H. minor,
(BHJ / COPT MEpPCHEKTUBHUH, 60-80 21-27 42 copri
BHCOKOJICKOPATUBHUH, HE JOCUTH CTIMKHN)
Hu3sbknuii piBens aganTamii
(BUI / COPT MaJIO EPCICKTHBHUM, 40-60 14-20 9 coptiB
HE JIEKOPAaTHUBHUM, HE JOCUTh CTIMKHIA)
He agantyBaBcs
(BHJ / COPT HE MEPCIIEKTUBHU, 1-40 7-13 -
HE JICKOPATUBHUHN, HE CTIHKUI
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BucHoBkmu. Y3arajibHIOY1 OTpHUMaHi
pe3yibTaTH, MOXHa KOHCTAaTyBaTH  HACTYITHE.
TepMmian TO4YaTKy KBITYBaHHS TPEICTaBHUKIB

pomoBoro kKoMmrimiekcy Hemerocallis B €KOJOTTYHHX
ymoBax Kpusoro Pory BH3HA4arOTbCA CyMOIO
e(eKTUBHUX TEeMIIEpaTyp — TMOYaTOK KBITYBaHHA
paHHIX JUTIHHUKIB HAWOIIBII 3aJeXKHUN Bi CyMH
temmeparyp Bume 0°C, Tomi sSK JTiHHMKIB
CEPeHBOr0 1 CEePEAHBOII3HBOTO TEPMIHIB BHIIE
10°C. Jlo 0co6GIMBOCTEH PO3BUTKY BiIHOCHTHCS
npuckoperas (a3m kBiTyBaHHsS (Ha 12-15 #i6) y
BUJIIB PAaHHBOTO 1 CEPEIHHOTO TEPMiHIB KBITYBaHHS
Ta OKpeMHX COpTiB CepeIHBOTO Ta
CEPeIHBOITI3HPOTO TepMiHiB. CTIHKICTh NUTIHHUKY
JI0 TIOCYIUTUBUX YMOB 3a0€3MeUyEThCs 38 PaxyHOK
nepexony 0 CTaHy CIIOKOIO — 3aBEpILIEHHS BereTamii
Ha 20-30 mi6 panimre, HiXXK B yMOBax HPUPOJTHHUX
apeamiB. AgamTallis BidHO3eJIeHOro Bumy H.
aurantiaca 10 YMOB 3UMH TPOSIBISIETBCS B 3MIiHH
(heHOPUTMOTHITY Ha HAITIBCIUISYUH.

AHamiz piBHA amanTarii Ta JEKOPAaTHBHHUX
SKOCTEH BH[IB 1 COPTIB JITIHHUKY B YMOBax M.
KpuBmii Pir pmoBoauth, 00 mpUTaMaHHa iM

€KOJIOTIYHa  INIACTUYHICTE B IMOEJHAHHI 3
HEBHOATJIMBICTIO IO yMOB BHpPOINYBaHHA Ta
HIHPOKUM CIICKTPOM Pi3HOMaHITHUX

JIEKOPaTUBHUMH SKOCTeH poOIsATh iX HE3aMiHHIMH B
03¢JIeHeHH] JIaHMMAadTIiB MiCBKUX Ta TPOMHCIOBUX
TEPUTOPIH HAIIIOTO PETiOHY.
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ECOLOGO-BIOLOGICAL FEATURES OF THE SPECIES OF HEMEROCALLIS L.
GENUS UNDER THEIR INTRODUCTION INTO BOTANICAL GARDEN OF KRYVYI
RIG NAS OF UKRAINE

T. F. Chipilyak

The ecological and biological characteristics and adaptive plasticity level of 9 species and 110 varieties of the
genus Hemerocallis L. were studied. It is investigated in ecological conditions of Krivyi Rig. The beginning of
vegetative season daylily falls on first decade of April when the sum of effective temperatures above the 0°C reaches
125,05 — 166,07. It is established that the terms of vegetative season beginning are most dependent on the sum of
temperatures above 0'C, although low correlation index indicates multifaceted dependence of this phenophase
beginning. It was established that the beginning of flower budding quite clearly related with the sum of temperatures
above 5°C. This relationship is expressed by the correlation coefficients from 0,898 to 0,980. But if the introduced
species and varieties very early flowering started flower budding at the sum of temperatures 778,7 - 899,1°C, then for
midseason this index was twice as much - 1570,6°C. In the conditions of Krivyi Rig first started flowering plants of
species H. middendorffii (the end of May - early June) and H. dumortieri (I-Il decade of June), while the latest
blossomed H. citrina and H. thunbergii (third decade of July). The massive flowering of daylily introduced plants there
were for July. Flowering of very early daylilies began, when sum of effective temperatures above the 0°C was 967,2°C,
while for species and varieties midseason and late midseason these indicators reached 1685,2 and 181 1,3°C
respectively. Analysis of the relationship phase of flowering and sum of effective temperatures showed that early
flowering daylilies was most dependent on spring transition temperature over 0°C (correlation coefficients 0.945 + -
0.981), while the daylilies midseason and late midseason terms of flowering beginning closely related to the sum of
effective temperatures above 10°C, as evidenced by high (r = +0,863 - +0,907) correlation coefficients meanings. In
the conditions of Krivyi Rig plants of early-midseason species reproduced rhythms inherent of their natural areas.
While plants of very early species H. dumortieri and midseason terms of flowering H. citrina and H. thunberdii began
to flowering for 12-15 days earlier. Duration of daylilies flowering in our conditions fluctuated within 15-55 days.
Daylilies resistance to unfavorable factors in our conditions is provided by the transition to dormant state (ending
growing season for 30-40 days earlier than in a natural areas) or by change of phenorhythm type, which is typical fer
evergreen specie H. aurantiaca (change of phenorhythm type on semi evergreen). The vast majority of daylily species
and varieties in Krivyi Rig ecological conditions are had a high and medium adaptation level. Daylilies inherent
ecological plasticity combined with the unpretentious to growing conditions and wide range of different decorative
qualities allows to use them to optimize of industrial regions.

Keywords: genus Hemerocallis L., biorhythms of the development, effective temperatures, ecologo-biological
features, level of adaptation.

Ooepoicano pedxonezicio 22.12.2014
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YIIPABJIHHS COLIAJIBHOIO CKJAJTOBOIO EKOJOITYHOI
BE3INEKHU KAJTYCBKOI'O IPOMUCJIOBOI'O PAMOHY

JI. 5I. CABUVYK

Isano-@pankiscvkuil HAYIOHATLHUL MEeXHIYHUL YHIBepcumem Hagmu i 2a3y
eyn. Kapnamcoka, 15, m. Isano-@panxiscok, 76019
e-mail: bzhd@nung.edu.ua

bacamopiuna mexnoeenna dianvricme ipHuyo-ximiunux nionpuemcma y Kanycokomy npomuciosomy pe2ioti npusgena
00 Cymmeeux 3MiH NPUPOOHO20 CMAHY O0BKLLISL Ma 0ecpadayii 1020 CKIadosux 00 e€Kmis, wo NPOosSGISEMbC Y GUCOKOMY
PI6HI MeXHO2EHH020 3a0PYOHEHHsT amMOChepHo2o nogimpsi, 600HUxX 00 ckmie Ui ipynmy. Lle npuzgodums 00 noHudICeHHs
PIBHS eKONI02IYHOT be3neKu ma 3HAYHO20 3POCMAHHS 3aX80PIOBAHOCME HaceneHHsl. [[is 2icieHIuHOI OYiHKU 6NIUEY YUHHUKIS
Ha coylanvbhy CKIA008Y eKONO2IYHOL Oesneku Oyau GuOPaui Memoou GUGHEHHs 300P08 Sl HACENEHHs, SIKI MOJCYMb
30IUCHIOBAMUCS Y POPMI MAK 36aHUX NONEPEYHUX MA NO3008HCHIX docaiodxcens. [lonepeuni 0ocniodicenHs nousieaomo y
CNOCMEPedCeHHl 3a 8NIUBOM YUHHUKIE HABKOIUWUHBO2O Cepedosuuya Ha 300pP08°s HACeNeHHs Y Oanull MomeHm, Oe3
8PAXYBAHHA OUHAMIKU 3aX80prOGaHOCMI. Jlani 0oCniOdcenHs NOOLIAoms HA nepcnekmusHi ma pempocnexkmusHi. Ilpu
npoBedeHHi NepCneKmusHUX 00CIONHCeHb NPOBOOSAMb NOPIBHAHHS 080X 2PV JIH00elL: nepuia — 00U, W0 3a3HAIOMb GNIUGY
€KOI02IYH020 YUHHUKA, Opyed — 00U, WO He 3a3Haiomv makoeo enaugy. Ilpu pempocnekmusHoMy OO0CHiONHCeHHI
nopieHiolome 08i iHwii epynu nooei, a came: X6opux i 300posux. Cymv n0300824CHbO20 MeMo0y OOCHIOHCEHHS NONAAE Y
nposedeHHi Mpusano20 OUHAMIYHO20 CHOCMEPENCEeHHs 3a NeSHUM KOHMUHLEHMOM J00ell i MAaKoic Moxce mMamu 08a
euou. napanenvhi i Henapaneivri. 11i0 yac npoeedeHHss napaneibHo20 OOCIIONCEHHT MPUBANICIb NPOBEOCHHSI CAMO20
QoCniddCceH s ma nepioo, NPOMsIZOM K020 30Upacmucsi HeobXiOHa iHghopmayis, cnienaoaoms, a NPu HenapaleibHOMy
docnidvicenni  guxkopucmosyiomo  apxieni mamepianu. Kinyesoro memoro  aneopummy MeOUUHO-KOHCMPYKMUGHO-
EKON02TYHO20 OYIHIOBAHHS GNIUGY EKONO2IYHUX YUHHUKIE HA 3aX80PIOSAHICMb HACENEHHA € GCMAHOGNEHHS MIJC HUMU
36 A3KY, PO3POOIEHH M GNPOBANIICEHHS NPOPDINAKMUUHUX 3aX00I8 T 3ac00i8 3MEHUEHHS BNIUGY HA COYIANbHY CKIAO08Y
exonoeiunoi besneku. B pobomi ecmanoeienull nepenix acnekmig, sAKi HeOOXIOHO 6paxogyeamu Npu YAPAGIIHHI
COYIanbHOK CKIA0080I0 eKonoeiuHoi besnexku. I[lokazani OCHOBHI WLIAXU MPAHCNOPMYBAHHS XIMIYHUX DEUOBUH Y
HABKOMUWHE cepedosuie ma HA0X00XHCeHHs iX 8 opaaHizm toounU. Pospobnenuil areopumm 018 ynpasninusa coyianbHO0
CKa008010  eKONI02IuHOI besneku. [lna Koperayii MeouuHo-0emozpagiunux ma exoNoSiMHUX YUHHUKIE po3pobieHa
cneyianona npocpama. Ilposedeno oyiHIOBAHHA 6NAUBY EKONOIYHUX YUHHUKIB HA 3AX60PIOBAHICHb HACENeHHA €
BCTNAHOBNICHHS MIdC HUMU 38 A3KY, PO3POOIEHHSA MdA 6NPOBAONCEHHS NPOQDIIaKMUUHUX 3ax00i8 1 3aco0ié 3MeHUuleHHs
Yb020 8NUBY HA COYIANBHY CKIAO0BY.

Kniouosi cnosa: exonociuni wuHHUKY, COYIAIbHA CKIAO06A, KOPEIAYIs, Al20PUmMM YRPAGIIHHS, MEemoOu OOCHIONCECHHS,
CMamucmuyHi Xapakmepucmuxi.

Exonoriuni mpobiaemun Kamyceroi mpomucioBo-
MICBKOi ~ arjoMeparii TEpMIHOBO  BUMarawThb
pPO3pOOJISHHS YMPaBIiHCEKUX METOMIB MiHIMi3aIlii

BIUIMBY C€KOJIOTIYHMX UYMHHUKIB Ha JIOBKLLIA,
HacamIepeJl Ha COIalbHY CKJIAJOBY, IO €
TIePIIOYEPTOBUM, aKTyaJIbHUM 3aBIaHHIM.

[MutanHsM ynpaBiiHHS —COLIAILHOIO  CKJIJ0BOIO
€KOJIOT1UHOI Oe3meku mpucBsueHi podotu (bepaHuk,
2001, Ao6pamoB, 2004, Heiika, 2001, T['omy0eus,
1997, llleBuenko, 1994, Mimenko, 2003).

Jlis  3MeHIIEHHS TEXHOTGHHOTO THCKY Ha
comiajbHe CepefoBUINEe HEOOXiTHO BH3HAYUTH
MEePETiK OCHOBHUX MIIOYMX B PETiOHI €KOJIOTIYHUX
¢dakrtopis (Demrenbepr, 1997). Ha panmii yac
PO3pO0JICHO JeKiIbKa MAXO/IB 10 iX Kiacudikarrii.
3okpemMa 3a dYacoM (TepiomWYHICTIO) mii, 3a

Bionoriuni cucremu. T. 6. Bum. 2. 2014

XapakTepoM BIUIMBY, 32 00 €KTOM, IO € JKEPeIoM
BIUIMBY, CTAaHOM HaBKOJIMIITHBOTO CEPEJOBHINA, 3a
CTyIIeHEM BIUIMBY Ha JOBKULIL, 3a CIEKTPOM
BILTUBY. Po3pobiiena cXeMm YUHHUKIB
HaBkoymIHboro cepenosua ([lamenko, 1994), ski
NETepMIHYIOTh  3/0pOB’S  JIOAWHU. Y  CBOId
CYKYITHOCTI YCi YHMHHUKMA BU3HAYAIOTh COILIaJIbHI
YMOBH JKHTTS 1 MarOTh Oe3mocepenHidl BILUTUB Ha
(dopMyBaHHA  IHAMBIIyalbHOTO 1 CYCHUIBHOTO
310pOB’st. EKOJIOTIUHI YHHHUMKY, 110 BILUIMBAIOTH Ha
3aXBOPIOBAHICTb, PO3TJSNAIOTH K  CYKYIHICTb
CTaHiB OO0’€KTiB Yy paMKaxXx TII€BHOI TepuTopii
(mapmmadT, pidkoBHHA OacelH, aJMiHICTPAaTHBHHIA
paiioH, TPUPONHHWHA PErioH YW aJAMIHICTpaTHBHA
00JIacTh) y TMEBHUHM NPOMDKOK dYacy Oe3 aHami3y
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€KOJIOTIYHHX IMOKa3HUKIB YA XapaKTEPUCTHK KEPETT
3a0pyIHECHHS JOBKIJLISL.

3rigHoO 3 NPOBEACHUMU JOCHTIKCHHSIMH IIiJT Yac
VIPaBIIHHS COITIATPHOIO CKIIAIOBOIO EKOJIOTIdHOT

Oesmekd HEOOXiMHO BpaxyBaTH Taki AacHeKTH
3aXBOPIOBAHOCTI HACEIEHHS:

1) mpu4nHOIO MOPYIICHHS HOPMaJbHOT
KUTTEMSUTBHOCTI  OpraHi3sMy 1 BHHHKHEHHS

MATOJIOTIYHOTO MPOIeCy MOXKYTh OyTH abioTH4HI
YUHHHUKH. [CHye 3B's30K reorpadigHoro po3momity
3aXBOPIOBAHOCTI, IO TOB'SI3aHUN 3 KIIMaTHIHO-
reorpadiuHMMH 30HaMH, 3 BHCOTOIO MICIIEBOCTI, 3
IHTEHCHBHICTIO 1HCOJISILIH, 3 aTMOCHEPHUM THCKOM;
2) BIAXWIIEHHS BiJ HOPMAJIBHOTO CTaHy OPraHi3My
MOXYTb OyTu BUKJIMKaHI O010THYHUMH
KOMIIOHEHTAaMH HABKOJIMIIHBOTO CEPeAOBHILA Y
BUIUIAAI TPONYKTIB  MeTaboNi3My  pOCIHH 1
MIKpPOOPTaHi3MiB, TATOTCHHUMH MIiKpOOpTaHi3MaMH,
OTPYHHHMH DPOCIMHAMH, KOMaxaMu HeOe3neuHHMHU
IULSl JIFOJJMHU TBapUHAMU;

3) maToNOTivHI CTaHM TOB'SA3aHI 3 aHTPOITOTCHHUMH
YHHHUKAMU 3a0pyTHEHHS HaBKOJIMIITHHOTO
CepeoBHILA: MTOBITPS, IPYHTY, BOJH; B MIEPLIY Yepry
3 010M0OTiYHUM 3a0pyJHEHHSM BiJ TBapUHHHIITBA,
BHPOOHHMIITBOM  OIiOJIOTIYHO aKTUBHHX PEUOBHH
(apMalleBTHYHUMH MiATIPUEMCTBAMH;

4) BUHMKHEHHSM TNaTOJIOTIYHUX CTaHIB 3YMOBIIEHO
BIUIMBOM cepenoBHIIa 1 HETPaBUJIbHUM
Xap4yBaHHSM, MPOSIBISETHCS Y TIOPYIICHHSX OOMiHY
PEYOBHH B OpraHi3Mmi;

5) HasgBHICTH MIMPOKOTO CHEKTPY TpymHa XBOpPoO
3yMOBJICHUX TOTaHUM IPHCTOCYBAHHSAM OpraHi3zMy
JI0 YMOB 30BHIIIHBOTO CEPEAOBHILA Yepe3 TeHETHYHI
nedextu abo 0COOIUBOCTI IMYHITETY.

BceraHoBUBIIN B3a€MO3B'SI30K MIK €KOJIOTIHHUM
CTaHOM JIOBKULIS 1 30pPOB'SIM HACEJCHHS, MOXXHA
3MIACHIOBATH  TEPBHHHY  NPOQLIaKTHKY,  sKa
MMOBUHHA OYTH MacoOBOIO i BitoOpaxae HaCTyHaJIbHY
CTpaTerir0 CUCTEMH OXOPOHH 310pOB's. BTopuHHa
npodinaktuka  OibII  CKJIagHa, TOMYy  IIO
MPOBOAUTRCS HAa  IHOUBiAyaldbHOMY  piBHI 1
IPYHTYETBCS HA TECTYBaHHI KOXKHOTO TaIliEHTA.
CucremMa OXOpOHM 370pOB'S sIBIsiE cOOOI0 3ax0aH
CIpsMOBaHi s 3a0e3redeHHs HEeOoOXiqHOTO pPiBHS
TITIEHIYHHX, CaHITapHO-TITiEHITHUX i
NICUXOJIOTIYHUX TIOTPeO, It PO3POOKH KOMILIEKCY
3ax0fiB, fKI peani3yloTh (QYHKLIIO ONTHMATbHOL
KUTTEMISUTEHOCTI 33 KPUTEPISIMH 3I0POB'Sl iHINUBIAY,
KOJICKTHBIB, MOITYJISIIIIH.

[lig yac BU3HAYEHHS CTaHy 310pOB’Sl HAacEIeHHS
HeoOXiTHO BpaxOBYBaTH, 10 a0COIOTHOTO 3/I0POB's
HE iCHye — IIe 3arajbHoIaroyorigne (dimocodcrke)

31I0pOB's HaceJIeHHSI. 3araqpHONATOJIOTiUHE
3I0pOB’S — IHTEpBAJN, y MeXKax SKOTO KUTbKiCHI
KOJMMBAaHHA TCHXOQI3WYHAX  TPOIECiB  37aTHI
yTpUMYBaTH KUBY CUCTEMY Ha piBHI

(YHKIIOHATIBHOTO ONTHUMYMY (ONTHUMajbHA 30HA, Y
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MeXax sIKOT OpTaHi3M He BUXOIUTH Ha TaTOJIOTITHII
piBeHb camoperyJsiii). J[pyruM MoJOKeHHSM € Te,
IO iHAWBiAyaJIbHE Ta MOMYJsiLiiiHEe (3A0POB'S TPyIH
JOIEeH TTOMYJIAIIN HACEIICHHS) 3I0POB's] HEMOIITBHI.
[MomysiiiiHe 3M0pOB'S 116 yYMOBHE CTaTUCTHYHE
MOHATTS, SKE JOCHUTh IOBHO XapaKTePU3YEThCS
KOMIUIEKCOM JIeMOTpadivHuX TOKa3HHKIB, piBHEM
(GIBUYHOTO  PO3BUTKY, PIBHEM 3aXBOPIOBAHOCTI
MeBHOI Tpynu HaceneHHs. KpiM Toro, BU3HAYCHHS
3MIOpOB'ST HAacelleHHS HEMOXJIIMBEe 0e3 OIliHKU
B3aeMOii iHAMBiTA Ta HaBKOJIMIITHHOTO
Cepe/IoBHIIA.

BrmnuB cTaHy HaBKOJMITHBOIO CEPENOBHINA HA
3IIOpOB’ A JOMHA MOJKHA MIPOTHO3YBaTH
BU3HAYMBIIKA TICPEBUIICHHS T'PAHHMYHOOMYCTHMOT
konueHtpauii  (I'IK)  3abpynmroBaua.  SIkmo
nepeumieHas [JIK 3a0bpyaHrorounx pedoBUH He
BHSIBJICHO, TO 3MIiHH 370pPOB'S, 3yMOBJICHI iX i€f0,
BIICYTHI; TMpH TEpeBHINEeHHI y 2+3 pasu
BiOYBalOThCS 3MIHH Yy CTaHi 3IOpOB'S 32 NESKUMU
(YHKIIOHATHPHUMH  TIOKa3HWKaMHu; y 4+7 pasiB
¢ikcyroTbecs BUpaxkeHi (¢izionoriuni 3MmiHm; y 8+10
pa3iB BigOyBaeThcs 30iMbIICHHS CcHEMU(iYHOT Ta
Hecnenudiunoi  3axBoproBaHocTi; 'y 100 pasis
peeCTpyroThesl TocTpi oTpyeHHS, a v 500 pasiB i
Oinpmie — JsetanbHi oTpyeHHsA. JlaHuit Meron
MPOCTHH 1 HAOYHWUIA. Horo HemomkoM € Te, 10 BIiH
HE Ja€ MOXIHNBOCTI BH3HAYUTH IIPIOPUTETHI
3a0pyaHIOBAYI.

3 METol0 yNpaBJiHHSA COLIANBHOI CKIaJ0BOIO
eKoJIoriyHOi Oe3rmekn KaaychbKkoro aBTOpOM CTaTTi
pO3pO0JCHO  ANrOPUTM  JUISl  OI[IHKA  BIUIMBY
CKOJIOTIYHMX YHHHUKIB Ha 370pPOB’S HAaCEIICHHS.
3rifHO 3 aNrOpUTMOM  MEIUYHO-EKOJIOTidHe
BUBYEHHS  TEepUTOpii  TMPOBOAWUTHCA  HUIIXOM
CKCIIEAMIINHUX, CTAI[lOHAPHUX, AaCPOKOCMIYHHX,
IUCTaHIIHHIX, Ta00paTOpHUX MOCIimKeHb. OKpemMo
PO3TIIANAIOTECS Kepena 3a0pymHeHHs. Kamychkuit
MPOMUCIIOBUI PETiOH BITHOCHUTHCS O MPOOJIESMHHX

paiioHiB, TEPUTOPIs SIKOTO BiJJ3HAYAETHCS
HaHOUTBIIINM piBHEM MIPUPOTHO-TEXHOTEHHOT
HeOesneku. PojramyBaHHs y  Mexax — MicTa

NOTY>KHUX MiJNPUEMCTB TipHUYO-BUAOOYBHOI Ta
XIMI9HOT TPOMHCIOBOCTI Ta iX CHPOBHHHOI 0asu
(pomoBmIma  KaJgifHUX  coJiei), pO3TallyBaHHA
KOHTYPIB 3aJsiTaHHS Ta30BUX POJIOBUIL HE TIIbKH
BIUIMBAE HA MPUPOJIHE CEPEIOBUIIE, aJle 1 IPUTHIUYyE
KUTTEIISIIBHICT,  HacelleHHS. JInsg  TirieHigHol
OIIIHKW BIUIMBY YHMHHHUKIB Ha COIIAJbHY CKJIJOBY
exosoriuHoi  Oesmeku Oynam  BUOpaHi MeTOOH
BUBYCHHS 3JI0OPOB’S  HACENCHHS, SKi MOXYTh
3MIHCHIOBATUCS ¥ (POPMi TaK 3BAaHUX MOTIEPEUHUX Ta
MO3J0BXKHIX JOCIIIKEHD.

IMomepeuni  MOCHIMKEHHS  MONATAIOTH Yy
CITOCTEePEIKEHHI 3a BILTHBOM YUHHUKIB
HaBKOJIMIIHBOTO  CEPelOBUINA  Ha  370pOB’S

HACCJICHHA Yy JaHUN MOMCHT, 0e3 BpaxyBaHHA

Biological systems. Vol. 6. Is. 2. 2014



IUHAMIKW  3aXBOPIOBAaHOCTI. JlaHi JMOCTimHKCHHS
MOJUISIOTh HAa TEPCIEeKTUBHI Ta PETPOCIICKTUBHI.
[Ipu mpoBeneHHI MEPCIEKTHBHUX  JIOCIIIKECHb
MIPOBOJISITH TIOPIBHSHHS JIBOX TPYII JIFOACH: mepia —
JIOAM, 110 3a3HalOTh BIUIMBY  E€KOJIOTIYHOIO
YUHHHKA, Jpyra — JIIOJH, 10 HE 3a3HAI0Th TAaKOIrO
BIUIUBY. [Ipy pETPOCHEKTHBHOMY JOCIIKEHHI
MTOPiBHIOIOTH JIB1 1HIII TPYIIN JIIOACH, a caMe: XBOPHUX
1 370POBHX.

CyThb TO3J0BXHBOTO METOAY  JOCHIKCHHS
MOJIATAE Y TIPOBEACHHI TPUBAJIOTO IUHAMITHOTO
CIIOCTEPEIKEHHSI 3a TICBHUM KOHTHHTCHTOM JIIOJICH 1
TaKO)XK MOXKE MaTd [(Ba BHJW: MapayieibHi 1
HernapanenbHi. [1i yac mpoBeleHHs MapaneIbHOro
JMOCTI/DKEHHS ~ TPUBAIICTh MPOBEACHHS  CaMoro
JNOCTI/DKEHHS  Ta  MepioJ, MPOTATOM  SKOTO
30upaeThcst HEOOXinHa iH(OopMaIllis, CIiBIIaJaI0Th, a

pu HeTapaJeTbHOMY JTOCITIIKEHH1
BUKOPHUCTOBYIOTh apXiBHI MaTepiau.
KiHmeBoro  MeTOI0  anroput™My — MEIU4YHO-

KOHCTPYKTHBHO-CKOJIOTIYHOTO OITIHIOBaHHS BILTUBY
Cnucok Jitepatypu:
1. Abpamos WM. Bb. Ouenka Bo3acicTBUS Ha
OKPYXKAIOUIYI0 Cpelly IUIAaHUPYEMOH XO3SHCTBEHHOU
eI TETBHOCTH. HopmaTusHOE obecrieucHwHe.
OCHOBHBIC TIOJIOKEHHSI OICHKH BO3ICHCTBHA Ha
TEOJOTHYECKYI0 U BonmHyHo cpeny / . b. Abpamos //
Exomoris moBkiist Ta Oe3mexka XUTTEMISUTBHOCTI. —
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MANAGEMENT OF THE SOCIAL COMPONENT OF THE ENVIRONMENTAL SAFETY
IN KALUS INDUSTRIAL REGION
Savchuk L. Ya.

Significant changes in the natural environment leading to its degradation are reported in Kalus industrial region as a result of
prolonged functioning of various local mining and chemical factories. These changes result in high air pollution emission,
contamination of water bodies and soils, causing worsening in the local environmental safety and increase in the general population
sickness rate. So-called lateral and longitudinal investigation models were selected to provide the hygienic estimation of influence of
some factors on the social component of environment safety. The lateral investigation assumes research of the environmental
parameters influence on the population sickness rates but with no consideration of the sickness rates dynamics. Such a research can
be subdivided into the two classes: prospective and retrospective. Two indicative groups should be compared within the prospective
research: the group one is under influence of some negative environmental factors while the control group is free of this influence.
Another two groups are compared in the retrospective research: the “sick” and the “healthy” individuals. The longitudinal method
assumes the long-lasting dynamic observations of some group of individuals. This method can also be subdivided into two
categories: parallel and non-parallel observations. The parallel observations consider actual current information while the non-
parallel methods work with the archival data. The medical-constructive-ecological assessment is targeted on finding dependencies
between the population sickness rate and the environmental parameters as well as development and implementation of some
prophylactic and mitigation actions to decrease the negative effect on the social component of environmental safety. The list of
influential parameters that should be accounted at management of the social component of environmental safety is found. The main
ways of the chemical pollutants emission and their ingress into human organism are discussed. A management procedure has been
developed for social component of environmental safety. Correlation between the medical-demography and environmental
parameters can be controlled by the specially developed software.

Key words: environmental factors, social component, correlation, management algorithm, research method, statistical
characteristics. Ooeporcano peoxoneciero 25.12.2014
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JIETst, TTCIS YOro aBTOPY HAJICWIIAETHCA MPUMIPHHK PYKOIIHCY CTATTI 13 3ayBaxKe-
HHSIMH PELICH3EHTIB. Y BHIIA/IKY, KOJIM MaTepiaiv IOBEPHEH] Ha JIOONPAIOBAHHS,
ABTOp HaJja€ apryMEHTOBAHY Bi/IIOBi/Ib, TIEPEAPYKOBYE 1 HAICHIIAE MaTepiaid HA
apecy pelaKIiHHOI KoJerii KypHasia He ITi3HiIle BOX TYDKHIB.

VY pasi BIIXIICHHS CTaTTi peLieH3eHTaMI aBTOPY HaJICHIIAETHCS ITHCEMOBE
TIOBITOMJICHHSI.
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BinnosinansHicTs 3a 3MicT MaTepiasiB HecyTh aBTOpPH.

Martepiaau He IOBEPTAIOTHCH.

Anpeca penkonerii: UepHiBeIbkHi HAI[OHAIGHUI YHIBEPCUTET iMeHi
Opis  ®enproBuya,
Korrobuncekoro 2, M. YepHity, 58012, Ykpaina.

e-mail: vb@chnu.edu.ua

Tenecon s nosinok: 0372-584838

IHcTuTyT Olosorii, ximii Ta OiopecypciB, Byl

INSTRUCTIONS FOR AUTHORS

Jounral «Scientific Herald of Chernivtsy University. Biology
(Biological Systems)» publishes the results of the studies on actual problems of
biochemistry, biotechnology, molecular genetics, ecology, botany, soil science,
biota and bioresources preservation.

Unpublished previously and completed experimental works drawn up as
articles, reviews, short communications, materials from congresses and
conferences are published.

The total volume for the entire paper (including tables, references, figures
and their legends, abstracts in three languages, and key words) of an
experimental article should not exceed 6 pages, review — 12 pages, short
communication — two pages. The papers of a larger size are submitted to the
journal after previous agreement with the editorial board.

The papers are published in Ukrainian, English and Russian (in some cases
it is possible to be published in German, Polish, Romanian and Slovakian).

One author is allowed to have only one single-author publication in a
particular issue.

Materials for publishing (text, references, figure legends etc.) are submitted
in paper (2 copies) and identical electronic version, typed:

in Microsoft Word format;

> single line spacing, without hyphenation;

> page format A4;

> font — Times New Roman 14 (references, text in tables and
abstracts — 10);

> all margins 2 cm.

Each manuscript must have:

1. Title page, where to provide in Ukrainian and English:

> title;

> UDC (Universal Decimal Classification) code;

> authors’ surnames and initials;

> institution, where the study was performed (including department or
faculty);

> full postal address, telephone and e-mail, indicating corresponding
author;

» abstract (no less than 300 words), which has to describe briefly
performed studies, including aim, methods, results and main conclusions;

> key words (no more than 10).

2. Experimental part (for experimental studies), structured into
chapters:

»  introduction, where the urgency and novelty of the performed
studies are indicated;

»  materials and methods, where the reproducible description of used
methods is provided;

»  results and discussion;

»  conclusions.

3. Tables, which have to be numbered according to their citation in
the text, each one — on a separate sheet; brief description of each table is
provided on the top (in Ukrainian and English), statistical or other details are
provided at the bottom in the notices; text font in the tables is Times New
Roman 10.

4. Ilustrations, numbered according to their discussion in the text
and typed on a separate sheet (legends in Ukrainian and English); all
illustrations have to be qualitative and readable after their scaling in 50 %; on
the top of illustration underside the author and article title are provided.

The repeat of table content with illustrations is inadmissible; illustrations
(figures) are primary under equal circumstances.

Illustrations must have two electronic copies in Tiff- 4.0/5.0 (*.tif) or Paint
(*bmp) formats; formulas and equations have to be provided by made in
special equation editors and saved as separate files (Windows metafile, *.wmf),
final quality of the illustrations after their scaling has to be no less than 200-300
pixels per inch.

S. References, which is provided with single line spacing, Times
New Roman 10; works of the recent years should prevail in references with
digital object identifier (doi) provided; references in the list are numbered in an
alphabetical order, and in the text author and year are provided in round
brackets (if the number of authors is one or two, all of them are indicated in
references, if there are three or more authors, only one name is given with
following et al.).

Examples of references:

1. Sambrook J., Fritsch E., Maniatis T. Molecular cloning: a
laboratory manual, 2nd ed. — Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press, 1989 — Vol. L. - 682 p.

2. Taub R. Liver Regeneration: from Myth to Mechanism // Nature
Reviews. —2004.— Vol. 5. — P. 836 — 847.

3. Kopylchuk H.P., Shmarakov 1.O., Marchenko M.M. A possible
mechanism of antitumor activity of 5-(5°,6’- benzocoumaroyl-3’)-methyl-
aminouracil in vivo // Exp.Oncol. —2007. — Vol. 29, No. 4. — P. 123 — 125.

All the designations and denominations of physical and chemical units of
measurement should be given in SI system.

Official assignment from the institution where the studies were performed
is required. The manuscript has to be signed by all authors on the last page.
Single-author papers of post-graduate students (aspirants) must be accompanied
with the scientific advisor sanction.

The articles are reviewed by the independent experts, who are selected by
the editorial board, and then a copy of the manuscript with reviewer’s remarks is
sent to an author. If the paper is returned for the completion, the author gives a
reasonable answer, reprint and send all the required materials to the editorial
board of the journal no longer than in 2 weeks.

If the manuscript is rejected by the reviewers, a written notice is sent to the
author.

Editorial board is allowed to edit the text of the articles, figures and their
legends, coordinating the edited version with the author, and also reject
manuscripts, if they don’t meet the requirements of the journal «Scientific
Herald of Chernivtsy University. Biology (Biological Systems)».

The authors are responsible for the contents of their articles.

Materials are not returnable.

Editorial board address: Chernivtsy National University named after Yuriy
Fed’kovych, Institute of Biology, Chemistry and Natural Resourses,
Kotsyubynskyyi Str. 2, Chernivtsy, 58012, Ukraine.

e-mail: vb@chnu.edu.ua

telephone: 0372-584838

[Mignucano no apyky 22.04.2014. dopmar 60 x 84/8. Iamip odcernuii. Jpyk pizorpadiunuii.
YMm.-apyk. apk. 13,1. O61.-Bua. apk. 14,1. 3am. 3-002.
BunaBHuuTBO Ta ApykapHs YepHiBelbKOro HaliOHAILHOTO YHIBEPCUTETY
58012, Yepwisui, Byn. Korirobuncskoro, 2
CaimonrBo cy6’exra BugaBHr4oi cripasu JJK Ne§91 Bin 08.04.2002 p.

216

Biological systems. Vol. 6. Is. 2. 2014



	ADP5A29.tmp
	10. Sorhede Winzell M. The High-Fat Diet – Fed Mouse. A Model for Studying Mechanisms and Treatment of Impaired Glucose Tolerance and Type 2 Diabetes / M. Sorhede Winzell, B. Ahren // Hepatology. – 2004. – Vol. 53, № 3. – P. 215-219.
	11. Targher G. Prevalence of nonalcoholic fatty liver disease and its association with cardiovascular disease among type 2 diabetic patients/ G. Targher, L. Bertolini, R. Padovani [et al.] // Diabetes Care. – 2007. – Vol. 30, № 12 – P. 1212-1218.

	Титул
	Страница 1




