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EXPRESSION OF PROTEIN PHOSPHATASE DUSP GENES IN
SUBCUTANEOUS ADIPOSE TISSUE OF OBESE MEN WITH NORMAL
AND IMPAIRED GLUCOSE TOLERANCE

UDC 577.112.7

Y. M. BASHTA?!, D. 0. MINCHENKO"?, 0. 0. RATUSHNA®,
0. V. KOVALEVSKA!, 0. H. MINCHENKO"

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

We studied the expression of genes encodes the family of DUSP protein phosphatases in subcutaneous adipose tissue
and isolated adipocytes of two groups of obese men: with normal and impaired glucose tolerance as compared to control
group (lean men). It was shown that the expression level of DUSP1, DUSP4, DUSP6, DUSP22, and PTEN genes is
decreased both in subcutaneous adipose tissue and in isolated adipocytes of obese men with normal glucose tolerance as
compared to control group. Magnitude of obesity-mediated changes in expression levels of these genes was gene specific
and more robust in the case of protein phosphatase DUSP4. In the group of obese men with glucose intolerance the level
of DUSP1, DUSP4, DUSP6, and DUSP22 gene expressions in subcutaneous adipose tissue and isolated adipocytes was
also decreased as compared to control group, but was significantly higher than in obese patients with normal glucose
tolerance. Results of this study provide evidence that the expression of protein phosphatase family DUSP and PTEN genes
is decreases in subcutaneous adipose tissue and isolated adipocytes of obese men with normal glucose tolerance and these
changes possibly associated with developing of obesity and metabolic abnormalities. However, impaired glucose tolerance

in obesity is associated with up-regulation of DUSP1, DUSP4, DUSP6, and DUSP22 gene expressions.

Key words: mRNA expression, DUSP1, DUSP4, DUSP6, DUSP22, PTEN, subcutaneous adipose tissue, adipocytes,

obesity, glucose intolerance.

Introduction. The obesity and its metabolic
complications are the most profound public health
problems and associated with dysregulation of basic
metabolic processes, including cell proliferation and
sensitivity to insulin action (Bray and Young, 2009;
Huang et al., 2011; Kovac et al., 2009; Scott et al.,
2008). In obese individuals adipose tissue is at the
center of metabolic complications and increased
body weight. Moreover, obesity as well as metabolic
syndrome results from tight interactions between
genes and environmental factors. Several molecular
and cellular studies have demonstrated relationships
between the development of metabolic abnormalities
and the disruption of circadian rhythms through
dysregulation of circadian and numerous other gene
expressions, including genes encoding protein
kinases and protein phosphatases for
phosphorylation and dephosphorylation of different
regulatory factors (Green et al., 2008; Ramsey et al.,
2007; Ando et al., 2011; Shimba et al., 2011; Duong
et al., 2011; Lombardi et al., 2012; Shaw et al.,
2009; Ozcan et al., 2004).

Protein phosphatases regulate a wide array of
different physiological events, including cellular
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growth and proliferation, mitochondrial function and
biogenesis, and activity of factors that have been
linked to insulin resistance, obesity and its metabolic
complications (Ruderman et al., 2013; Wang and
Kaufman, 2012). Cell cycle progression is a key
player in the cell proliferation and is very precisely
controlled by a multitude of enzymatic reactions
among which protein dephosphorylation, carried out
by a family of dual specificity phosphatases
(DUSP), plays an important role (Song et al., 2012;
Groschl et al., 2013). The family of these protein
phosphatases inactivates their target kinases by
dephosphorylating both the phosphoserine/threonine
and phosphotyrosine residues, controlling its activity
during the meiotic cell cycle, especially kinases,
which are tightly associated with cellular
proliferation (Casteel et al., 2010; Cagnol et al.,
2013; Degl'Innocenti et al., 2013; Piya et al., 2013;
Li et al., 2010).

Thus, expression of the MAP kinase phosphatase
DUSP4 is associated with increased cell
proliferation (Groschl et al., 2013). Moreover,
protein phosphatase DUSP1 is essential for the
prevention of apoptosis induced by deoxynivalenol
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in the epithelial cell line HepG2 (Casteel et al.,
2010). It is interesting that DUSP6, as a novel
transcriptional target of TP53, regulates TP53-
mediated apoptosis by modulating expression levels
of BCL2 family proteins (Piya et al., 2013). This
protein phosphatase is overexpressed in thyroid
carcinoma and contributes to neoplastic properties of
thyroid cancer cells (Degl'Innocenti et al., 2013).
Recently was shown that activation of the
MEK/ERK signaling pathway promotes expression
of dual-specificity phosphatase 4 resulting in nuclear
ERK1/2 inhibition (Cagnol et al., 2013).

Moreover, JNK pathway-associated phosphatase
(dual specificity phosphatase 22 also known as
mitogen-activated protein kinase phosphatase X)
activates the JNK signaling pathway by
dephosphorylation  of  stress-activated  protein
kinase/c-Jun N-terminal kinase (SAPK/JNK) as well
as focal adhesion kinase and suppresses cell
migration (Li et al., 2010). Tumor suppressor gene
PTEN (phosphatase and tensin homolog) represents
dual-specificity protein phosphatase and
phosphatidylinositol 3,4,5-trisphosphate 3-
phosphatase. It contains a tensin like domain as well
as a catalytic domain similar to that of the dual
specificity protein tyrosine phosphatases. Unlike
most of the protein tyrosine phosphatases, PTEN
preferentially dephosphorylates phosphoinositide
substrates and is involved in the regulation of the
cell cycle, preventing cells from growing and
dividing too rapidly as well as controls insulin
signaling and glucose homeostasis (Kechagioglou et
al., 2014; Dean et al., 2014). It was also shown that
effect of PTEN mutations is an apparently divergent:
increased risks of obesity and cancer but a decreased
risk of type 2 diabetes (Hodakoski et al., 2014; Pal et
al., 2012).

It is possible that identification of the
mechanisms of metabolic abnormalities in obesity
and its complications at molecular and cellular levels
will be wuseful for better understanding the
developing of obesity and associated with obesity
metabolic complications. However, a detailed
molecular mechanism of the involvement of DUSP
protein phosphatase regulatory networks in the
development of obesity and its metabolic
complications are not clear yet and remains to be
determined.

Because the function of some protein
phosphatases is closely linked to metabolic
homeostasis and these enzymes can modulate the

intracellular signaling network and lead to
development of obesity and its metabolic
complications (insulin resistance and glucose

intolerance), the main goal of this work was to study
the role of the expressions of DUSP protein
phosphatase genes in subcutaneous adipose tissue of
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obese individuals for evaluation of its possible
significance to development of human obesity and
glucose intolerance.

Material and Methods. The 18 male subjects
participate in this study. They were divided into
three equal groups (6 men in each group): lean
individuals as control and patients with obesity and
with or without glucose intolerance. Subjects studied
were recruited from the patients’ cohort at Institute
of Experimental Endocrinology Slovak Academy of
Sciences. All participants gave written informed
consent and the studies were approved by the local
research ethics committees of Institute of
Experimental Endocrinology.

Clinical characteristics of the study participants
were previously described (Ratushna O.0. et al.,
2012). The lean (control) participants were
individuals with mean age 45 + 8 years and mean
body mass index (BMI) 23 + 1.4 kg/m°. The obese
participants with normal glucose tolerance as well as
the patients with glucose intolerance were
individuals with mean age (45 + 8 and 44 + 7 years,
correspondingly) and mean BMI (32 + 1.4 and 34 +
1.4 kg/m?, correspondingly). Thus, BMI, which is a
main criteria of obesity, in these last two groups of
patients was significantly higher (+39 and +48 %,
correspondingly; P<0.05) as compared to the group
of control individuals. Moreover, obese men with
normal glucose tolerance have significantly lower
insulin sensitivity index (-35 %; P<0.05). In obese
individuals with impaired glucose tolerance, versus
obese subjects with normal glucose tolerance, the 2h
OGTT (oral glucose tolerance test) and fasting
insulin level were significantly increased (+47 and
+62 %, correspondingly; P<0.05). At the same time,
insulin sensitivity index was decreased almost two
fold; P<0.05. Thus, a group of obese patients with
impaired glucose tolerance has insulin resistance.

RNasy Lipid Tissue Mini Kit (QIAGEN,
Germany) was used for RNA extraction from
subcutaneous adipose tissue or isolated adipocytes
of lean and obese individuals with normal or
impaired  glucose tolerance  according to
manufacturer’s protocol. Adipocytes were isolated
from subcutaneous adipose tissue as described
(Considine et al., 1997).

The expression levels of genes related to
regulation of an angiogenesis (DUSP1, DUSP4,
DUSP6, and DUSP22) were measured in
subcutaneous fat tissue 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
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for each studied gene (Sigma, USA) were used for
guantitative polymerase chain reaction.

For investigation of serine/threonine specific
protein phosphatase DUSP1 (dual specificity
phosphatase 1), also known as MKP2 (mitogen-
activated protein kinase phosphatase 2), gene
expression we used next forward and reverse
primers: (5°—ctgccttgatcaacgtctca—3’) and (5
acccttcctccagceattctt—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 DUSP4 (dual specificity
phosphatase 4) also known as MKP2 (mitogen-
activated protein kinase phosphatase 2) cDNA was
performed  using forward  primer  (5'-
aggcggctatgagaggtttt —3’) and reverse primer (5°-—
cactgccgaggtagaggaag —3’). These oligonucleotides
correspond to sequences 904 — 923 and 1094 — 1075
of human DUSP4 cDNA (GenBank accession
number NM_005923). The size of amplified
fragment is 191 bp.

For amplification of serine/threonine specific
protein phosphatase DUSP6 (dual specificity
phosphatase 6), known as mitogen-activated protein
kinase phosphatase 3 (MKP3) cDNA we used
forward (5°—ccggctttacttctgtctcg—3’) and reverse
(5’—tgtgcgacgactcgtatagc—3°) primers. The
nucleotide sequences of these primers correspond to
sequences 310-329 and 628-609 of human DUSP6
cDNA (GenBank accession number NM_001946).
The size of amplified fragment is 319 bp.

The amplification of DUSP22 (dual specificity
phosphatase 22), known as mitogen-activated protein
kinase phosphatase X (MKPX) and JNK-stimulatory
phosphatase-1 (JSP1), cDNA was performed using
forward (5’—tcctectecctgtaacatgc—3) and reverse (5°—
gctgggatgcacaggtattt—3’) primers. The nucleotide
sequences of these primers correspond to sequences
366-385 and 603-584 of human DUSP22 cDNA
(GenBank accession humber NM_020185). The size
of amplified fragment is 238 bp.

For amplification of PTEN (phosphatase and
tensin homolog), known as dual-specificity protein
phosphatase  and  phosphatidylinositol ~ 3,4,5-
trisphosphate 3-phosphatase PTEN, cDNA we used
forward (5’—accaggaccagaggaaacct-3° and reverse
(5’—gctagcctctggatttgacg-3’) primers. The nucleotide
sequences of these primers correspond to sequences
1871-1890 and 2111-2092 of human PTEN cDNA
(GenBank accession humber NM_000314). The size
of amplified fragment is 241 bp.

The amplification of beta-actin (ACTB) cDNA
was  performed using forward - 5’
ggacttcgagcaagagatgy —3° and reverse - 5'—
agcactgtgttggcgtacag —3° primers. These primers
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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 mMRNA was used as control of analyzed
RNA quantity. The primers were received from
“Sigma” (USA).

The expression of beta-actin mMRNA 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 six
independent experiments; P < 0.05 was considered
as significant difference.

Results and Discussion.The expression of genes
encodes several dual specificity protein phosphatases
was studied in subcutaneous adipose tissue and
adipocytes, isolated from this tissue, of two groups of
obese men (with normal and impaired glucose
tolerance) and control group (lean individuals) for
estimation of its possible significance in the
development of obesity and metabolic complications,
including glucose intolerance. As shown in fig. 1, the
expression level of mMRNA of dual specificity protein
phosphatase DUSP1, also known as MKP1 (mitogen-
activated protein kinase phosphatase 1), in
subcutaneous adipose tissue of obese men with
normal glucose tolerance is decreased (-28 %, P <
0.05) as compared to control group, but in adipocytes,
isolated from this tissue, these changes were stronger
(more than two fold, P < 0.05). At the same time, in
the group of obese individuals with glucose
intolerance the level of protein phosphatase DUSP1
gene expressions in subcutaneous adipose tissue and
isolated adipocytes was significantly higher than in
obese patients with normal glucose tolerance (+17
and +20 %, correspondingly; P < 0.05).

Investigation of the expression of protein
phosphatase DUSP4, also known as MKP2 (mitogen-
activated protein kinase phosphatase 2), clearly
demonstrates that in subcutaneous adipose tissue of
obese men with normal glucose tolerance this protein
phosphatase mRNA expression level is decreased
(close to three fold, P < 0.05) as compared to control
group (Fig. 2). Moreover, in adipocytes, isolated from
this adipose tissue, more robust changes were
observed in the expression level of DUSP4 mRNA
(four fold, P < 0.05). As shown in Fig. 2, both in
subcutaneous adipose tissue and in isolated
adipocytes we found an increased level of this protein
phosphatase = mRNA  (+18 and +36 %,
correspondingly; P < 0.05).
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Fig. 1. The expression level of serine/threonine specific
protein phosphatase DUSP1 (dual specificity
phosphatase 1), also known as MKP1 (mitogen-activated
protein kinase phosphatase 1), mRNA in subcutaneous
adipose tissue and adipocytes, isolated from this tissue,
of lean men (control) and obese individuals with and
without impaired glucose tolerance (IGT).

The values of DUSP1 mRNA expressions were normalized
to the expression of beta-actin mRNA, are expressed as
mean + SEM and represented as a percent of control
(Lean, 100 %); n = 6; * - P < 0.05 vs group of control
individuals; ** - P < 0.05 vs group with obesity and

normal glucose tolerance test (NGT).

The expression level of genes, encoded the dual
specificity protein phosphatases DUSP6 and
DUSP22, also known as MKP3 (mitogen-activated
protein kinase phosphatase 3) and MKPX (mitogen-
activated  protein  kinase  phosphatase  X),
correspondingly, is also decreased with similar
magnitude both in subcutaneous adipose tissue and
in adipocytes, isolated from this tissue, of obese
individuals with normal glucose tolerance as
compared to the group of men without obesity: -40
and -27 % for DUSP6 and DUSP22 genes in adipose
tissue and -48 and -26 % for DUSP6 and DUSP22
genes in adipocytes, correspondingly; P < 0.05 (Fig.
3 and 4). At the same time, in obese men with
impaired glucose tolerance the level of these two
gene expressions is also increased in subcutaneous
adipose tissue (+20 and +15 % for DUSP6 and
DUSP22 genes, correspondingly; P < 0.05) and in
adipocytes, isolated from adipose tissue (+42 and
+22 % for DUSP6 and DUSP22 genes,
correspondingly; P < 0.05).

It was shown that the expression level of gene,
encoded the dual-specificity protein phosphatase and
phosphatidylinositol 3,4,5-trisphosphate 3-
phosphatase PTEN (phosphatase and tensin
homolog), is also decreased both in subcutaneous
adipose tissue (-30 %; P < 0.05) and in isolated
adipocytes (-35 %; P < 0.05) of obese individuals
with normal glucose tolerance as compared to the
group of control men (Fig. 5).
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Fig. 2. The expression level of serine/threonine specific
protein phosphatase DUSP4 (dual specificity
phosphatase 4), also known as MKP2 (mitogen-activated
protein kinase phosphatase 1), mRNA in subcutaneous
adipose tissue and adipocytes, isolated from this tissue,
of lean men (control) and obese individuals with and
without impaired glucose tolerance (IGT).

The values of DUSP4 mRNA expressions were normalized
to the expression of beta-actin mRNA, are expressed as
mean + SEM and represented as a percent of control
(Lean, 100 %); n = 6; * - P < 0.05 vs group of control
individuals; ** - P < 0.05 vs group with obesity and

normal glucose tolerance test (NGT).

Moreover, magnitude of obesity-mediated
changes in the expression levels of PTEN gene was
similar to that of DUSP1, DUSP6, and DUSP22
genes and more robust only in the case of DUSP4
gene. At the same time, in the group of obese
individuals with impaired glucose tolerance the
expression level of PTEN gene was also decreased
in subcutaneous adipose tissue and isolated
adipocytes as compared to control group, but did not
changed in statistically significant manner as
compared to obese patients with normal glucose
tolerance (Fig. 5).

Protein phosphatases as well as protein kinases
play an important role in different diseases
associated with proliferative processes, including
obesity and its metabolic complications, the most
profound public health problems (Huang et al.,
2011; Scott et al., 2008; Green et al., 2008; Ando et
al., 2011). We investigated adipose tissue because in
obese individuals this tissue is at the center of
increased body weight and metabolic complications
and shown that expression level of several dual
specificity protein phosphatases is decreased in
subcutaneous adipose tissue of obese individuals.
These protein phosphatases regulate a cellular
growth and proliferation, activity of regulatory
factors that have been linked to insulin resistance,
obesity and its metabolic complications (Ruderman
et al., 2013; Wang and Kaufman, 2012).

Biological systems. Vol. 6. Is. 1. 2014
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Fig. 3. The expression level of serine/threonine specific
protein phosphatase DUSP6 (dual specificity
phosphatase 6), also known as MKP3 (mitogen-activated
protein kinase phosphatase 3), mMRNA in subcutaneous
adipose tissue and adipocytes, isolated from this tissue,
of lean men (control) and obese individuals with and
without impaired glucose tolerance (IGT).

The values of DUSP6 mRNA expressions were normalized
to the expression of beta-actin mRNA, are expressed as
mean + SEM and represented as a percent of control
(Lean, 100 %); n = 6; * - P < 0.05 vs group of control
individuals; ** - P < 0.05 vs group with obesity and

normal glucose tolerance test (NGT).

It is possible that decreased expression of DUSP1
and DUSP4 protein phosphatases has relation to
development of obesity because it is a key player in
the regulation of cell proliferation through protein
dephosphorylation, because these protein
phosphatases inactivates their target kinases by
dephosphorylating both the phosphoserine/threonine
and phosphotyrosine residues, controlling its activity
during the meiotic cell cycle, especially kinases,
which are tightly associated with cellular proliferation
(Song et al., 2012; Groschl et al., 2013; Casteel et al.,
2010; Cagnol et al., 2013; Degl'Innocenti et al., 2013;
Piya et al., 2013; Li et al., 2010).

Moreover, the decreased expression of protein
phosphatase DUSP4 in subcutaneous adipose tissue
of obese individuals possibly contributes to adipose
tissue growth, because recently was shown that
increased expression of dual specificity phosphatase
4 resulting in nuclear ERK1/2 inhibition (Cagnol et
al., 2013). Thus, our results concerning decreased
expression of protein phosphatase DUSP4 in
subcutaneous adipose tissue of obese individuals
should result in nuclear ERK1/2 activation. It is
interesting to note that protein phosphatase DUSP6
may participate in adipocyte proliferation in obesity
through regulation of TP53-mediated apoptosis and
changing the expression levels of BCL2 family
proteins, because DUSP6 is a transcriptional target
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Fig. 4. The expression level of serine/threonine specific
protein phosphatase DUSP22 (dual specificity
phosphatase 22), also known as MKPX (mitogen-
activated protein kinase phosphatase X) or JNK-
stimulatory phosphatase-1 (JSP1), mRNA in
subcutaneous adipose tissue and adipocytes, isolated
from this tissue, of lean men (control) and obese
individuals with and without impaired glucose tolerance
(IGT).

The values of DUSP22 mRNA expressions were
normalized to the expression of beta-actin mRNA, are
expressed as mean = SEM and represented as a percent of
control (Lean, 100 %); n = 6; * - P < 0.05 vs group of
control individuals; ** - P < 0.05 vs group with obesity

and normal glucose tolerance test (NGT).

of tumor suppressor TP53 (Piya et al., 2013).
Moreover, we have shown that the expression level
of dual specificity phosphatase 22 is also decreased
in subcutaneous adipose tissue of obese individuals
and possibly induces cell migration, because this
protein phosphatase activates the JNK signaling
pathway by dephosphorylation of stress-activated
protein  kinase/c-Jun  N-terminal kinase and
suppresses cell migration (Li et al., 2010).

We have also shown that developing of glucose
intolerance in obese individuals usually leads to
slight but statistically significant increase of
expression level of different dual specificity protein
phosphatase genes in subcutaneous adipose tissue of
obese individuals. It is possible that these changes in
DUSP gene expressions are connected to the
development of insulin resistance and metabolic
complications, including glucose intolerance, but
functional significance of this increased expression
of DUSP genes is not clear yet and warrants further
investigation.

Investigation of the expression of tumor
suppressor gene PTEN, which represents two

enzymatic activities: dual specificity protein
phosphatase and  phosphatidylinositol ~ 3,4,5-
trisphosphate  3-phosphatase, we have shown

suppression of its expression in subcutaneous

adipose tissue of obese individuals.
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Fig. 5. The expression level of tumor suppressor PTEN
(phosphatase and tensin homolog), also known as dual-
specificity protein phosphatase and phosphatidylinositol
3,4,5-trisphosphate 3-phosphatase PTEN, mRNA in
subcutaneous adipose tissue and adipocytes, isolated
from this tissue, of lean men (control) and obese
individuals with and without impaired glucose tolerance
(IGT).
The values of PTEN mRNA expressions were normalized
to the expression of beta-actin mRNA, are expressed as
mean + SEM and represented as a percent of control
(Lean, 100 %); n = 6; * - P < 0.05 vs group of control
individuals.

These changes in PTEN gene expression can also
contribute to developing of obesity, because unlike
most of the protein tyrosine phosphatases, PTEN
preferentially dephosphorylates phosphoinositide
substrates and is involved in the regulation of the
cell cycle, preventing cells from growing and
dividing too rapidly as well as controls insulin
signaling and glucose homeostasis (Kechagioglou et
al., 2014; Dean et al., 2014). With our results is
consistent data that effect of PTEN mutations is an
apparently divergent: increased risks of obesity and
cancer but a decreased risk of type 2 diabetes
(Hodakoski et al., 2014; Pal et al., 2012).

It is possible that our results clarifies some
molecular mechanisms of adipose tissue growth in
obesity and will be useful for better understanding
the developing of obesity and associated with
obesity metabolic complications, because protein
phosphatases is closely linked to metabolic
homeostasis, can modulate the intracellular signaling
network and leads to development of obesity as well
as its metabolic complications such as insulin
resistance and glucose intolerance.

Results of this study provide evidence that the
expression of protein phosphatase family DUSP and
PTEN genes is decreases in subcutaneous adipose
tissue and adipocytes, isolated from this tissue, of
obese individuals with normal glucose tolerance;
however, impaired glucose tolerance in obese men is
associated with up-regulation of DUSP1, DUSP4,
DUSP6, and DUSP22 gene expressions.
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Conclusions. 1. It was shown that the expression
level of DUSP1, DUSP4, DUSP6, DUSP22, and
PTEN genes is decreased both in subcutaneous
adipose tissue and in isolated adipocytes of obese
men with normal glucose tolerance as compared to
control group.

2. In the group of obese men with glucose
intolerance the level of DUSP1, DUSP4, DUSP6,
and DUSP22 gene expressions in subcutaneous
adipose tissue and isolated adipocytes was also
decreased as compared to control group, but was
significantly higher than in obese patients with
normal glucose tolerance.

3. Impaired glucose tolerance in obese
individuals is associated with up-regulation of
DUSP1, DUSP4, DUSP6, and DUSP22 gene
expressions.
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EKCHPECISI TEHIB TIPOTEIH®OCPATA3 Y NIIIIKIPHIN )KUPOBIA TKAHUHI Y
YOJIOBIKIB 3 O’ KUPIHHSIM TA HOPMAJIBHOIO ABO MIOPYHIEHOIO
TOJEPAHTHICTIO JO I''TIOKO31
10. M. Bamra, /. O. Minuenko, O. O. Patrymna, O. B. KoBaneBcbka, O. I'. MiHueHko0

Ilposedeno eueuenmns excnpecii eemis, wo xkooyrome npomeingocpamasu poounu DUSP y niowkipuin orcuposiu
MKAHUHI MA [30/1b0BAHUX AOINOYUMAX 080X ZPYN YONO0BIKIE 3 OJNCUPIHHAM. 3 HOPMALLHOI I NOPYUEHOK MOJEPAHMHICINIO
00 27I0KO3U V NOPIBHAHHI 3 KOHMPOIbHOK 2PYNnoio ocib Oe3 03HaKk oxcupinHsi. Bemawnoeneno, wo pisens excnpecii eenie
DUSP1, DUSP4, DUSP6 ma DUSP 22 suuoicyemucst sk y niOwiKipHitl #cupogiti mKaHuHi Yoa08IKi6, MAK i 8 i301b08AHUX 13
Hel adinoyumax, 3a yMO8 OACUPIHHAM I HOPMAIbHOT MONEPAHMHOCHI 00 2IOKO3U V NOPIGHAHHI 3 KOHMPOTLHOIO 2PYNOI0
YON0BIKIB, NPUYOMY GEIUYUHA OOYMOGIEHUX ONCUPIHHAM 3MIH 6 DIBHI eKcnpecii 2eHi6 € 2eHO-CneyuqhiuHow I Upadicend
6inb1010 Mipoio 05 2ena npomeingocpamasu DUSP4. 3a ymoe osicupinms, yCKiaoHeHo20 nopyweHow moiepanmHicmio
0o emoxosu, pieenv excnpecii eenis DUSP1, DUSP4, DUSP6 ma DUSP22 y niowxipniii stcupositi mxkanuni ma
13071608aHUX A0NOYUMAX OY8 MAKOIIC ZHUICEHUM )Y NOPIBHAHHI 3 KOHMPOIbHOW SPYNOoIo, ane Oy8 Oitbuum 6i0 3Ha4eHb
PpisHsL eKChpecii yux eemis, GUAGIEHUX Y SPYNI HONO0BIKIG 3 OJNCUPIHHAM I HOPMATLHOIO MOJEPAHMHICIIO 00 2TIOKO3U.
Pesynomamu 0anoi pobomu exazyromv Ha me, wjo y NIOWKIPHIU HCUPOBILk MKAHUHI MA I3071b08AHUX A0INOYUMAX YOI0BIKIE
3 OJCUPIHHAM NpUSHiYyemvcs excnpecis eenie npomeingpocgpamaz poounu DUSP ma PTEN i, wmosipno, yi 3minu
NO8 A3aHI 3 PO3GUMKOM OJNCUDPIHHA A Memaboniunux nopyuiens. Pasom 3 mum, 3 nopyuiennam monepanmuocmi 00
2NIH0KO3U acoyiroembvcs nioguuenns piens excnpecii muwe eenie DUSPL1, DUSP4, DUSP6 ma DUSP22.

Kmouosi cnosa: excnpecis mPHK, DUSP1, DUSP4, DUSP6, DUSP22, PTEN, niowxkipna scupoéa mkaHnuHa,
aodinoyumu, ONACUPIHHA, NOPYUIEHA MOIEPAHMHICMb 00 2NIOKO3U.

Ooepoicarno pedxonezicio 10.01.2014
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AKTUBHICTb EH3UMIB CUHTE3Y TA KOH’IOT'ALIII TJTYTATIOHY B
TENATOLIMTAX LIYPIB 3A YMOB HU3bKOIIPOTEIHOBOI'O PALIIOHY
TATOCTPOI'O YPAXKEHHSA HIEYIHKA

I'. I1. KOITMJIBY VYK, I. M. BYUKOBCLBKA, H. JI. BOPIIIOBEIIbKA,
H. B. HOIIMK

Yepniseybkutl HayionarwHuil yHisepcumem imeni FOpis @edvrosuua,
syn. Koyrobuncwvroeo, 2, m. Yepnisyi, 58000
e-mail: ivannabuchkovska@mail.ru

Y pobomi oocniosxceno axmugnicms en3umie cunmesy ma KOH t02ayii 2iymamiony 6 2enamoyumax meapuH 3a ymos
aniMeHmaproi denpugayii npomeiny ma 20CmMpozo Napayemamon-iHOyKO8AHO20 YPAdXiCeHHs Nedinku. 3 memor 0ociui-
0dicentsi ocobnueocmell PYHKYIOHYBAHHA OAHUX eH3UMIE 3 YMO8 AliMEeHMAapHOi denpusayii npomeiny 00CHOHUX MBAPUH
npomszom 28 OHi8 ympumyeanu Ha HaANiGCUHMEMUYHOMY HU3bKONPOmeiHosomy payioni. I ocmputi mokcuunui cenamum
MOOETOBANU WIISIXOM B6C0CHHS WYpam per oS napayemamony 3 pospaxyuky 1250 me/ke (0,5 LDsy) macu meapunu y 6u-
2150t cycnensii 2% pozuuny kpoxmanto npomseom 2 0i6. Bemarnoesneno, wo nepedysants meapun Ha HU3LKONPOMEIHO80-
MY PAYiOHi CYRPOBOOICYEMbCS SHUICCHHAM Y-2/lyMaMITYUCMeiHCUHMemasHoi akmusHocmi 6 cenamoyumax 6 1,3 pasu no-
PIBHAHO 3 NOKAZHUKAMU KOHMPOMO. AHAN02IYHA MEeHOeHYis 3MIH OUHAMIKU OOCHIONCYBAHOI eH3UMAMUYHOL AKMUGHOCTE
8I0MIYaAnNACcy i 6 epyni MEApuH, AKUM MOOe08anu cocmpe ypaxcenus neuinku. OOHax, 3a ymog nepedy8anta meapun Ha
HU3bKONPOMEIHOBOMY PAYIOHI 3 OOHOUACHUM BEE0EHHAM MOKCUYHUX 003 NAPAYEMAMONy 8 2enamoyumax 3a@ikcoeano
HAUHUNCYT 3HAYEHHS AKIMUGHOCMI eH3UMY CUHME3Y 2IyMamiony — y-21ymamiiyucmeincunmemasy NOPIiGHAHO 3 KOHMPO-
sem. Ll{ooo piens enymamion-S-mparncghepaznoi akmueHocmi 6 cenamoyumax meapuH, sAKi 3a3Haganu Oiikosoi Heoocma-
MHOCMI, HAMU BCMAHOBNIEHO 3HUNCEHHA OAHO20 NOKA3HUKA NOPIGHAHO 3 Konmpoaem 6 9 pazis. Boonouac eeedenuss mox-
CUYHUX 003 Ayemaminopery maxodic cynpogoorHcyeanocs 00cmogipHum 3nudicennam axmusnocmi GSH nopienano 3 noka-
sHuxkamu koumpoaro. Cnio giomimumu, wo SUSHAYATLHUM (AKMOPOM 8 OAHOMY BUNAOK) HE3ANEHCHO 8i0 YMO8 PaAYiOHY €
came eocmpe MeOUKAMEHMO3HE YPANCEHHA KIMUH NeYiHKl, OCKITbKU NOKAZHUKU 2TyMAMIOHMpPancdepasHoi akmusnocmi
6 epyni meapum, SAKUM 6600UNU NAPAYENAMON HA QOHI PO36UMKY DIIK0BOI HedoCmamuocmi ma nid u4ac MoOeuo8anHs
MOKCUYHO20 2enamumy 3d yM0G NHOGHOYIHHO20 XAp4y6aHHs OOCMOGIPHO He GIOPI3HANUCA. 3i 3HUIICEHHAM AKMUGHOCMI
2IYMamion-S-mpancgepasu 6 2enamoyumax ycix O0CHOHUX 2PYn Wypie 6i00y8acmbcsi 00CMOBIPHE 3HUNCEHHST 6MICIMY 8-
OHOo8eH020 eymamiony. Pe3zynomamu 0ocnidoicenv 3acgiouyioms, wo 3a ymMos animeHmapHoi denpugayii npomeiny pi-
eenv GSH sussuecs Hudicuum 3navens konmpoaio 8 1,4 pasu. Boonouac 8éedentss MOKCUYHUX 003 ayemaminoghery cynpo-
8002ICYBANOCH ZHUICEHHAM BMICMY BIOHOGIEHO20 2ymamioHy 6 1,6 pasu nopieHAHO 3 NOKAZHUKAMU KOHMPOIbHOI 2pynu
meapun. Takum yuHom cunepeiuna Oisi 080X HECHPUAMMUBUX DAKMOPIE — OLIKOBOT HEOOCMAMHOCHIE MA MeOUKAMEHMO3-
HO20 YpAadiCeHHs NEYIHKU — CYNPOBOOICYBANACH SHUNCEHHAM 6 KIIMUHAX NeUiHKU AKMUBHOCI KIIOU0B020 eH3UMY NPoyecis
KOH 'toeayii enymamion-S-mpaucgepasu 3 00HOUACHUM 3MEHULeHHAM MICMY IOHOGIEHO20 2TYMAMIOH) .

Knrouosi crosa: enymamion, y-enymaminyucmeincunmemasa, 2nymamion-S-mpancgepasa, nusbKonpomeinosa diema,
2ocmpe YpasiceHus newinKu

Beryn. AniMeHTapHi OpylieHHS OOMiHY TpoTe-
1HIB, TOB’sA3aHI 3 HEJOCTATHICTIO, OJHOMAHITHICTIO,
nedinnToM abo ITOMiHYBaHHSIM OKPEMHUX aMiHOKHC-
JIOT, BIZIIrpalOTh BXKIHUBY poiib Yy (GopMyBaHHI pi3-
HUX IaTOJIOTiH Ta BH3HAYAIOTh OCOOJIMBOCTI iX Iie-
pebiry (Tumodeesa u ap., 2004; I'pomosa, 2006).
Binmomo, mo 3a yMOB TpuBasioi OLTKOBOT HEJOCTAT-
HOCTI Pi3KO MOPYIIYEThCS 010CHHTE3 OUIKIB Y Pi3HUX
opraHax, 3okpema y neuinui (backakosa, 2007). Ho-
CHUTb 4acTO HepalioHaJbHe XapuyBaHHsI, AucOanaHc
BiTaMiHIB Ta aMiHOKHUCIIOT MPHU3BOISTH IO PO3BUTKY
TOCTPUX YH XPOHIYHUX MOJIETIONOTIYHUX 3amalib-
HHUX 3axBoproBaHb mevinku (Bemeur et al., 2010).
OKpiM TOTO, IPHUYNHOIO PO3BUTKY T'OCTPHUX TOKCHY-
HAX YPaXEHb ICUIHKH MOXKE€ OYTH 3aCTOCYBAaHHS
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BHCOKHX JI03 TEpaleBTHYHHUX IKapChKUX 3aco0iB,
30KpeMa maparieramony (James et al., 2003).
I'emaToToKCHMYHI BIAaCTUBOCTI MapaueraMmoiy pe-
QII3YIOThCS NUISIXOM YTBOPEHHS AKTUBHHUX KHCHE-
BHX MeTaboIiTiB, HAAMIPHE YTBOPEHHS SKHX CYIpO-
BOJIKYETbCS PO3BUTKOM E€HIOTEHHO! iHTOKCHKALi
(IlenTiok u ap., 2001). Tomy 0coOIMBO BAKIUBUM
BBaXKA€ThCSI 3’ICyBaHHS POJIi IPOTEKTOPHUX MEXaHi-
3MiB OpraHi3Mmy, siIKi MOTJIM O 3aXUCTHTH HOTO Bij il
cTpecopiB. Bimomo, mo koomneparuBHa pobOoTa €H-
3MMIB aHTHOKCUIAHTHOI TIIyTaTiOHOBOI CUCTEMH BU-
CTyHa€ BaXJIMBUM YHHHUKOM ITiITPUMAHHS KOHIICH-
Tpauii BUIbHUX paJNKaliB.
I'myration-S-tpancdepasza (GST, KO 2.5.1.18) —
OararodhyHKIIOHATHHUN €H3UM, IO Oepe ydJacTb B
Iporecax JeTOKCHUKAIii KCeHOOIOTHKIB Ta €HJOTCH-
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HHUX TOKCHYHUX PEUOBHH, 3B’S3yBaHHI Ta TPaHCIIOP-
Ti TiAPoPOOHUX MOJIEKYII, 30epiraHHi OKCUIY HITpO-
reHy, MOIYJsUii BHYTPIIIHBOKIITHHHOI mepeaadi
CUTHANy 4Yepe3 B3aeMOJII0 €H3UMYy 3 KiHa3aMu Ta
ajanTepHUMU INPOTEIHAMH CHUTHAIBHUX HUISXIB
(Kymunackuit u ap., 2009). 3a paxyHOK BiTHOBIIEHO-
ro rinyrariony (GSH) eHsum 31iiicHIOE ipsiMy pere-
HEpAIio JMOMEePOKCHIIB y MEMOpaHax, 3HIDKYIOUN
HACIIJIKH OKCHIaTUBHOTO CTPECy Ta €HJOTEeHHOI iH-
Tokcukanii. Kon’toraumis 3 riyTaTioOHOM TOKCHYHHX
MPOAYKTIB mepekucHoro okucieHHs mimais (I1OJI)
Ta OKHCIIOBaNbHOT Momudikarii OinkiB (OMB)
CHpHsi€ iX BUBEICHHIO 13 OpraHi3My.

ExcnepuMeHTanbsHAMHU JOCHTIPKEHHSIMA BCTaHO-
BIIEHO, II[0 CHICTEMA TIIyTaTioHy Oepe ydJacTh B Me-
XaHi3Max perymsmii mpomidepariii Ta armonrtosy, sKi
3aJy4eHi B MATOT€He3 XPOHIYHUX 3aXBOPIOBAHb IIe-
ginkn (Sherratt et al., 2002, CepBeupkuii Ta iH.,
2009).

MeTtorw poGoTu OyJI0 TOCIITUTH aKTHBHICTH CH-
3MMIB CHHTE3y Ta KOH FOTallii INIyTaTioHy B T'€MaTo-
[UTaX MIypiB 32 YMOB HU3HKOIIPOTEIHOBOTO PaIliOHY
Ta TOCTPOTO MapareTaMoi-iHAYKOBAaHOTO YpakKeHH:I
MEYiHKH.

006’ekT i Mmetoau. [lochimKkeHHS TPOBOAMIN HA
Oinmmx Oe3mopomHUX IIypax BikoMm 2,5-3 micsmi Ta
Mmacoto 90-100 r. YTpumanHs TBapuH Ta MaHiITyJs-
1ii 3 HUMU TIPOBOJMJIM 3TiIHO 3 MOJIOKCHHAMHU «EB-
poreiicbkoi KOHBEHIIT PO 3aXUCT XpeOeTHUX TBa-
PHH, III0 BUKOPUCTOBYIOTBCSI ISl IOCIITHUX Ta Hay-
koBux Iiiei» (CtpacOypr, 1986) Ta «3arajibHUX
CTUYHMX NPHUHLMUIIB €KCIIEPUMEHTIB Ha TBAPUHAX,
yxBaneHuXx llepmum HalioHaJTbHUM KOHIPECOM 3
6ioetuku (Kuis, 2001).

TBapuH yTpuMyBaiH y IJIACTMACOBHX KIITKAaX i3
MIIIAHOO ITiJICTHUIIKOIO Ta BUIBHUM JIOCTYTIOM JIO0 BO-
. HopmyBaHHS 1000BOTO palfioHy MPOBOIWIN 3
ypaxyBaHHSIM IPHHIUIY [ApHOTO Xap4yyBaHHS
(Mashiko et al., 2007).

MogenoBaHHS TOCTPOTO YpPaKEHHS TEYIHKH
3MIACHIOBAIM IIIJITXOM BBEICHHS Per 0S JOCIiIHUM
TBapHHaM IMapaneTaMmoly 3 po3paxyHky 1250 mr/kr
(0,5 LDsp) Macu TBapuHH y BUIIISAAL cycrieH3il B 2%
PO3UYMHI KPOXMAIBHOTO TENI0 OJMH pa3 Ha JIeHb
npotsiroM 2 ai6 (Credanos, 2001, ITokoTtuino Ta iH.,
2009).

JocniHi TBapuHH OyJY TOINICHI Ha TPYITH:

1 — TBapuHWU, SKi YTPUMYBaJHCs Ha HAIIBCHHTE-
TUYHOMY palioHi, 30aJaHCOBAaHOMY 3a BCiMa HYTpi-
erramu — rpyna koutponmo (K) (Reeves et al., 1993);

2 — TBapWHH, SIKi IPOTATOM 4 TIKHIB JIO TIOYATKY
EKCHEPUMEHTY OTPUMYBAaJM HAIlliBCUHTETHYHHN HU-
3bKONPOTEiHOBUH pauion (1/3 3arambHONpUIHATOTL
HOpMH 71000BOI oTpedu nporeiny) (HITP) (Reeves
etal., 1993);

3 — TBapUHHU, SIKUM BHKJIMKAJIM TOCTPE yPaKCHHS
rreuinku(l);
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4 — TBapvHU, SIKAM TIICJISI yTPUMaHHS Ha HU3BKO-
MPOTETHOBOMY pAITiOHI, MOACITIOBAIH ITapareTaMo-
ingykoBaHe ypaxenHs nevinku (HITP+IT).

LepBikanbHy AMCIOKAIIIO JOCHTITHUX TBAPHH ITiJ|
JerkuM eipHIM HapKO30M MPOBOAWIHN Ha 28 100y
eKCTIEPUMEHTY.

BuninenHs: renatouTie NpoBOIWIA HehepMEH-
tatuBHEM MeTonoM (Hemenoma, 1972, Ilerpenko u
Ip., 1991). TkaHWHN NIEHiHKH CHOYATKy mepdy3yBa-
mu po3unHoM XeHkca (37°C) 6e3 EDTA nmsixom
BBeJICHHS 4yepe3 V. portae mis BUIaneHHs KpoBi i3
cyauH, a motiM 3 momaBaHHAM 2 MM EDTA mns
ociaa0aeHHs MDKKIITHHHAX KOHTAKTIB BHACIIIOK
Buanenns ionis Ca”* Binmepdysopany neuinky rme-
peTHpany 3 MOJAJbLIINM EHTPU(PYTYBAaHHAM MpPHU
100 g mpotsirom 10 xB. OTpumanuii ocaj aBidi Bij-
MUBaJU. ['enaTonuTi pecycreHayBail 10 KOHIICHT-
pauii 2-3¢107 x1/m Ta miapaxoByBamu B kamepi I'o-
psieBa nusixom 3adapboByBanHs B 0,2% TpunaHo-
BOMY CHHbOMY. JKUTT€3IaTHICTh KIITHH CTaHOBHIIA
94%+2%. YV mogaliblinX AOCIIKEHHAX TEIaTOIUTH
BHOCHIIA B P00y B Kibkocti 3+10° kmiTHH.

y-I'myTaMinuucTeiHCHHTETa3Hy AaKTUBHICTH (Y-
I'tC, K® 6.3.2.2,) Bu3Hauanu 3a yTBOPESHHIM HEOP-
ra"igaoro docdopy (P;) B peakmiitHiid cymiri, 0
mictwra 0,01 M L-rmyramar, 0,01 M L-
aminooyrupar, 0,02 M MgCl,, 0,005M Na-ATP, 0,2
M Ttpuc-HCI, pH 8,2 (Orlowski et al., 1971). Peak-
mito 3ymuHsDH goaasanasM 10% pozuuny TXO. Ki-
JBKICTh HeopraHidyHoro ¢ochopy B HAIOCAIOBIN pi-
nuHi Bu3Hadaiu Metonom Dicke-Cyobapoy (Fiske et
al., 1925). Konnentpariito P; B mpo6i po3paxoByBain
3a KaliOpyBaJIbHOIO KPHUBOIO, BUKOPUCTOBYIOUH PO-
3unH KH,PO,4 (500 mkr/min).

I'myrartion-S-Tpancdepa3Hy axkTHUBHICTh peeECT-
pyBaJIM [UIIXOM €H3MMATHYHOTO yYTBOPEHHS TITyTa-
TiIOH-S-2,4-TUHITPOOSH30JIy B peakilii BiJIHOBJICHHS
riryrationy 3 1-xiop-2,4-guniTpodenzonom (XJIHB)
(Bnacosa u ap., 1990). AxruBnicts GST pospaxo-
ByBaJIi 3 BHUKOPHCTAaHHAM MOJISIPHOTO KoedilieHTa
CBITJIOTIOTTHHAHHS rIyTaTioH-S-2,4-
muriTpoGensony 9,6 MM™-cm' Ta Bupaxamu B
MKMOJIb TIPOAYKTY, YTBOpeHoro 3a 1 xB Ha 1 Mmr
nporeiny (MapTuauuk u ap., 1986).

BMicT BiIHOBIEHOro TNIyTaTiOHY BH3HA4Yald 3a
3IATHICTIO HOTO TIOMOBHX TPYN HpPU B3aEMOJIl 3
5,5 -nuTio-0ic-2-HITPOOECH30MHOK KHCIIOTOK YTBO-
proBaTH 3a0apBiieHy  CIOIyKy  —  Tio-2-
HiTpoOeH30iiHy kucnoty (Ilytununa, 1982).

KonuenTpariiro nporeiny BU3Ha4YaIN 32 METOAOM
Jloypi (Lowry et al., 1951).

CratuctuuHy 0oOpOOKYy pe3ynbTaTiB IPOBOAWIH
3a pornomoroto nporpamu Microsoft Excel, Buxopuc-
ToBytoun t-kpurepiii CthioneHTa. BiporigHoro BBa-
au pizauIo mpu P < 0,05.

PesyabTratH Ta ix o0roBopenHs. Pesynbrartn
JIOCITIKEHb TIOKAa3ajy, M0 B TeMaTOIHWTax IMypiB,
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MKMOJIB/(XB*MT MIPOTETHY)

sIKI TIepeOyBany Ha HANiBCUHTETUYHOMY HHU3BKOII-
POTETHOBOMY PAIliOHi, CIIOCTEPITa€ThCS 3HIKESHHS Y-
TITyTaMiIMUCTETHCUHTETa3HO1 aKTUBHOCTI B 1,3 pasu
MOPIBHIHO 3 KOHTPOJBHOIO TPYIOI0 TBapuH (puc. 1).
Bimomo, mo y-I'TIC karamizye nepury ATP-3anexny
CTaNil0 CHHTE3Y IIIyTaTiOHY 3 IHCTEIHy Ta TIyTaMa-
Ty. 3a manumu mditepatypu (Shepherd et al., 2000,
Scharf et al., 2003) s cTamis € TMITYIO90I0, OCKi-
JIbKY BU3HAYA€THCS] aKTUBHICTIO TaHOTO eH3uMy. Pe-
rymauis y-I'HC BinOyBaeTbes JBOMA NIISIXaMH: KOH-
KYpEHTHUM 1HTIOyBaHHSM TJIyTaTIOHOM TIO THUIY
3BOPOTHOIO 3B’A3KY, IO SABJISIETHCS aJOCTEPHUYHUM
Ta 3anmyyae GSH y 3B’s13yBaHHs 3 TITyTaMaTHUM caii-
TOM €H3UMY a00 AOCTYMHICTIO IHCTeHy, (izionori-
YHA KOHIICHTPAIIS SIKOTO B KIITHHAX B 2 TOPSIKH
Hmk4a, HOK rayramary (Kymuackuit u ap., 2009).
BiporinHo, 3a yMOB ajiMeHTapHOI JenpuBallii mpo-
TeiHy 3HIDKEHHS aKTUBHOCTI Y-TIyTaMii-
LUCTEIHCUHTETAa3! IIOB’A3aHE caMme 31 3MEHILEHHS
BMICTy LIUCTEIHY, SIKUH HAaJXOJIUTh BHACIIJIOK PO3-
najy eK30reHHOro Oijika, a B MIEYiHIli, B OCHOBHOMY,

50 Ok
T
20 1 * AHNP
*
T @ar
30 * kk

6%
553
S5

N
o

IR

33
T s

SEETEEEEELLSS

333

SSSAANSRR RN

=
o

S8

ST
RNRNNANRN

SRR

%
%
3
%
%
3
3
3

RN

R R R R S R R RSN RNRRS
RIS

-
foss
533

EIAAATLLLELAATIATTLLLELRRR LR T LSRN
SRR

B
E\‘\\

%

Puc. 1. y-I'nymaminyucmeincunmemasna akmugHicms 6
2Enamoyumax wiypie 3a ymoe Hu3bKonpomeinogozo pa-
YIOHY ma 20CmMpozo ypasrcenHs nevinku
Fig. 1. y- Glutamyl cysteine synthase activity in rat
hepatocytes under conditions of low-protein diet and
acute liver injury
Ipumimxa (mym i nadani):K — meapunu, axi ympumyea-
JIUCA HA HANIBCUHMEMUYHOMY DPAyioHi, 306a1aHCOBAHOMY
3a ecima Hympienmamu, HIIP — meapunu, axi npomscom
4 mudicnie 00 nouamxKy eKcnepumMenmy ompumMyeaiu Hani-
scunmemuunull Husbkonpomeinosuii payion (1/3 3azane-

HONPUUHAMOI HOpMu 0060601 nompebu npomeiny),

I'— meapunu, AKUM GUKTUKAIU 20CMPE YPANCEHHS NEUTHKU,
HIIP+I" — meapunu, akum nicis ympumaHuHs Ha HU3bKON-
pomeinosomy  payioui, MoOeneal  napayemamoi-
IHOYKOBAHe YPAdICeHHs NeYiHKU; * — cmamucmuyHo 00c-
MOBIpHA Pi3HUYA NOPIEHAHO 3 NOKAZHUKAMU KOHMpOTio, P
< 0,05; ** — cmamucmuuno docmogipHa pizHuys nopis-
HAHO 3 NOKASHUKAMU MBAPUH, AKUM 6B0OUNU NApayema-
mon, P <0,05.
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YTBOPIOETBCS 13 METIOHIHY IIIAXOM TPaccyibdy-
Bauns (Stipanuk et al., 2006, ITenTiok Ta iH., 2003).

AHayoriuHa TeHJICHIIIS 3HWKCHHSI aKTUBHOCTI Y-
I'IC cnocrepiraeTscsi B KIITHHAX MEYiHKA TBapHWH,
SIKHM BBOJWJIM TOKCHYHI 03U maparieramorny. Ciin
BIIMITHTH, IO B TEMATOIMTaX IIyPiB 32 YMOB MOJIe-
JIOBaHHS TOCTPOrO MEIMKAMEHTO3HOTO Yypa)KeHHS
Me4Yinky Ha (OHI HU3BKOIPOTEIHOBOI MIi€TH, HaMH
3apeECTPOBAHO HANHIDKYI 3HAYEHHS TOCIIIKYBaHOI
€H3UMAaTUYHOI aKTUBHOCTI, SIKi BUSIBUIIUCS B 2 pasu
MEHIIUMH TIOPiBHSHO 3 MOKa3HHKAMH KOHTPOJIIO
(puc. 1). 3a manmnmu mitepatypu (Shepherd et al.,
2000, ITentrok u ap., 2001, TToxoTwmo Ta in., 2009)
pearizalisi TOKCHYHOCTI MapaneTaMmoiy XapaKTepu-
3y€TbCSI HAAMIPHUM YTBOPEHHSM aKTHBHHX (HopM
KHCHIO Ta OKCHIY a30TY, II0 IPU3BOAUTH JI0 PO3BH-
TKYy OKCHIATHBHOro ctpecy. OKpiM TOro, BiZOMO,
10 BHACIIOK BUHUKHEHHS HECTIEIU(IYHIX CTPECco-
BHUX peakuiid BinOyBaeTbcs (OCOPHUITIOBAHHI BaXK-
kol cybonuuuii ensumy y-I'LIC Ta 3HmkeHHs 1 ak-
tuBHOCTI (Kynunckuit u ap., 2009).
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Puc. 2. Buicm 6i0H061€1020 2lymamiony ¢ zenamouyu-
max wiypie 3a ymoe Hu3bKOnpomeino6o20 pauiony ma
20CmMPO20 ypaxcenns neyinKu
Fig. 2. The level of reduced glutathione in rat hepato-
cytes under conditions of low-protein diet and acute liver
injury
Note (hereinafter): 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; 7" - animals, which caused acute liver injury ;
HIIP+I" - animals, which modeled acetaminophen-
induced liver injury after receiving low-protein diet.

* - Statistically significant difference compared to control
values, P < 0,05, ** - Statistically significant difference
compared to animals which were acetaminophen
administered, P < 0,05.
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He BuximodeHo, MmO 3HIKEHHA Y-TIIyTamii-
LIUCTETHCUHTETa3HO1 aKTUBHOCTI B TeNaTonuTax mry-
piB 32 YMOB ajliMeHTapHOI JienpuBalii NpoTeiHy Ta
MapamneTaMoi-iHAyKOBaHOTO  ypPaKeHHA TEYiHKH
MIPU3BOIUTHUME IO 3MCHIIICHHS KITBKOCTI BiZHOBIIE-
HOro TiyTariony. Tak, pe3yibTaTH AOCIHiIKEHb 3a-
CBITUMIM JOCTOBipHEe 3MeHIIeHHa BMmicTy GSH B
yCiX JOCTIIHUX TPyTax TBAPUH MOPIBHSIHO 3 IMOKa3-
HUKaMH KOHTpOJIO (puc. 2). MokHa HpPUIYCTHTH,
0 32 yMOB aJiMEHTapHOi JenpuBalii MPOTEiHY
3HIDKEHHS PIBHS BiIHOBIIGHOTO TIYyTaTiOHY B Tema-
TOLXTAX IIypiB 3yMOBIICHO HE JIMIIE 3HIKEHHAM aK-
TUBHOCTI Y-TAyTaMiJIIUCTETHCUHTETa3u, a ¥ HeJo-
CTaTHICTIO TIOTIEPEIHHUKIB-aMIHOKHACIOT. 3arajibHO-
BiJIOMO, III0 CaM TIYTaTiOH MOXKE BUCTYIATH pe3ep-
BOM IIMCTEIHY, a KUIbKICTh BIJIBHOTO IMCTEIHY € OJ1-
HUM 3 JIMITyI0unX (hakTOpiB CHHTE3Yy NaHOTO TPH-
nentuay de novo (Dickinson et al., 2002, Townsend
et al., 2003). Tomy, iiMoBipHO, 32 YMOB O1JTKOBOI He-
noctatHocTi 3MeHmieHHs: BMicty GSH moB’s3ano 3
HOro YacTKOBHM PO3IAJOM 3a/JIsl BHJIYYCHHS aMi-
HOKHCJIOT, 3 TIOAAJBIIUM 1X BUKOPUCTAHHSIM JJIS CHU-
HTE3y TKAaHMHHUX OiNKiB. 3 iHIIOTO OOKY, 3HIKEHHS
BMICTy TJIyTaTioHy B KIIITHHAX TMEYiHKHA TBapvH 3a
YMOB aJiMEHTapHOI JeNpHBaIii MPOTeiHy MOXKe iHi-
LIIOBATH PO3BUTOK OKCHJIATHBHOTO CTpECy Ta IOT-
JIMOJIIOBATH TIPOIICCH MEPOKCUIAIIIT JIiMTI IR Ta OiIKIB
(Cepseupkwii Ta iH., 2009).

Binomo, 1110 B meviHIli mapareraMmol MeTabotizy-
€TbCS 3 YTBOPEHHSM aKTHBHOro Metabomity N-
aneTui-p-0en3oxinoHimMiny. Kon'toramis #oro 3 riy-
TaTiOHOM CIIPHSE MEPETBOPEHHIO JTAHOTO METadoi-
Ta B MEPKAaITYpOBY KHUCIOTY, IO E€KCKPETYEThCS
HupkamMu. OnHaK BBEICHHS AOCIIJHUM TBapHHAM
TOKCHYHHUX 703 MapameTamoiy CYIpPOBOJDKYETHCS
sHmwkeHHsIM piBHa GSH B mewiHini, 110, BipOTriJIHO,
00yMOBJICHO (POPMYBaHHSIM KOBAJICHTHHX 3B'SI3KiB
MDK [ucTeiHOM riyTatioHy Ta  N-amerwn-p-
OenzoxiHoHaminoMm. Komnm 3amacu riryTaTioHy BH-
CHaXYIOTBCS, METa0OJITH MapaneTaMoiy apuiIioTh
HYKJIe0(D1IbHI MAaKPOMOJIEKYJIN, HEOOX1IH1 AJIS KUT-
TEAISUTBHOCTI TEMATOLUTIB, BUKIUKAIOYN TaKUM YH-
HOM HEKpo3 KiituH mnedinku (James et al., 2003).
BopHouac 3MeHIIeHHS PiBHS BiJHOBJIEHOTO IIyTaTi-
OHY B TelaTOLMTaX HIypiB 32 YMOB TOCTPOIO MEIH-
KaMEHTO3HOI'0 Ienaro3y Moxe OyTH 3yMOBIIEHO HO-
ro iHaKTHBAIII€}0 BHACIIIOK MapaleTaMoyIoBol rema-
totokcuuHocTi ([lenTrok 1 n1p., 2001).

B opranizmi riuyraTioH Mo)e BHKOPHUCTOBYBa-
THCH K KOCYOCTpaT TIyTaTiOHMEPOKCHAA3H Ta TITy-
tationTpanchepazu (Kopxos u ap., 2007, Kynunc-
kuii 1 1p., 2009). Hamu BcTaHOBiEHO, IO B Tpymi
TBapHH, SIKi yTPUMYBaJINCh Ha HU3bKOIPOTETHOBOMY
pallioHi, CIIOCTEPIraeThCA 3HIDKEHHS aKTHBHOCTI
riytaTioH-S-TpaHcdepasun B 9 pa3iB MOpIBHSHO 3
MTOKa3HUKaMH KOHTPOJILHOI TpyIH TBapuH (puc. 3).
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OHY MA 20CMPO20 YPaIHCEHH NEeYiHKU

Pic. 3. Glutathione-s- transferase activity in rat hepato-
cytes under conditions of low-protein diet and acute liv-
er injury

JIMOBipHO, TIPHUYMHOIO 3HMKEHHS [JIyTAaTiOHTpa-
Hc(hepa3HOoi aKTHBHOCTI 32 YMOB aJiMEHTapHOI fe-
MpHBaIlii MpoTeiHy Moke OyTH HETOCTAaTHICTH ami-
HOKHCJIOT, B TOMY YHCJI 1 HE3aMIHHHMX, JIJIS1 CHHTE3Y
MOJIINIENTHIHUX JIAHIIOTIB eH3uMmy (Sherratt et al.,
2002, Hikituenko Tta iH., 2008). 3 iHmoro OOKy,
MIPUTHIYEHHS aKTHUBHOCTI TIyTaTioHTpaHcdepasu
MOYe BiJOyBaTHCS BHACHIIZOK MOPYIICHHS CTPYKTY-
pHO-(OYHKITIOHATBHOI IUTICHOCTI €H3WMY, BHUKJIHKA-
HOTO MiJBUIIEHAM BMICTOM €HJIOTOKCHHIB 32 yMOB
MeTa0O0JIIYHUX TOPYIICHb O1JIKOBOTO OOMIHY.

AHajioriuHa TEHCHIIIS 3MIH JOCIIKYBaHOI C€H-
3UMAaTUYHOI aKTHBHOCTI BiIMI4a€ThCS 1 32 yMOB Be-
JICHHS] TOKCUYHUX JI03 mapaneramony (puc. 3). Bi-
poringHo, 3HwKeHHsT GST-akTUBHOCTI MpHU TMEpeno-
3yBaHHI mapareTaMmojoM Oyie MPU3BOAUTH OO TIO-
PYLIEHHS TPOIleciB KOH forarlii, BHacIigok 4oro N-
areTHUI-P-0CH30X1HOHIMIH BHUSBIISTUME TTOMTKOIKY-
ounii edexr (James et al., 2003, IlenTiok u np.,
2001).

BucHoBku. TakiM YHMHOM 3a YMOB aJIiIMEHTApHOT
JenpHUBallii IPOTETHY Ta TOCTPOrO YpaXKCHHS MediH-
K1 BigOyBaeTbCcSd 3HWKEHHS Y-TJIyTaMiILUCTETH-
CHHTETa3HOI Ta TIyTaTioH-S-TpaHcepa3Hoi aKTUB-
HOCTEH 3 OJHOYACHUM 3MEHILIEHHSIM BMICTY BiJHOB-
JICHOTO TIyTaTiOHY.
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THE ACTIVITY OF GLUTATHIONE SYNTHESIS AND CONJUGATION ENZYMES IN
RAT HEPATOCYTES UNDER CONDITIONS OF LOW-PROTEIN DIET AND ACUTE
LIVER INJURY

G. P. Kopylchuk, 1. M. Buchkovska, N. L. Borschovetska, N. V. Chopyk

The activity of enzymes of glutathione synthesis and conjugation were studied in rat hepatocytes under conditions of
protein nutritional deprivation and acute acetaminophen -induced liver injury. Experimental animals were kept at a
semisynthetic low-protein diet for 28 days to study the features of functioning of enzymes under conditions of protein
nutritional deprivation. Acute toxic hepatitis modeled by acetaminophen administration per os at the rate of 1250 mg /
kg (0,5 LDsy) of the rats in the form of a suspension of 2% starch solution for 2 days. A significant decrease in to gluta-
thione synthesis enzyme activity — y-glutamyl cysteine synthase by 1.3 times compared to control group values was de-
termined in hepatocytes under conditions of low-protein diet. A similar trend changes the dynamics of the studied
enzymatic activity was observed in the rat group which modeled acute liver injury. However, the least values of the glu-
tathione synthesis enzyme activity compared to control group values were fixed in rat hepatocytes hepatocytes under
conditions of low-protein diet while and acetaminophen administration in toxic doses. We found decrease in to
glutathione-S-transferase activity by 9 times compared to control group values in rat hepatocytes under conditions of
protein deficiency. However, the acetaminophen administration in toxic doses is also accompanied by a significant
decrease in the GST activity compared to control group values. As indicators glutathione-S- transferase activity was
not significantly different in the rat group wich were acetaminophen administered on the background of protein defi-
ciency and during the modeling of toxic hepatitis in conditions of nutrition, it should be noted that the acute liver cells
injury is a determining factor in this case, regardless of the diet. A significant decrease in to level of reduced
glutathione was determined in all experimental groups of rat hepatocytes takes place with a decrease in the
glutathione-S-transferase activity. The research results indicate that level GSH was lower in 1.4 times than the control
value under conditions of protein nutritional deprivation. At the same time the acetaminophen administration in toxic
doses was associated with a decreased level of reduced glutathione in 1.6 times compared to control group values.
However, synergistic effect of two negative factors - protein deficiency and drug - induced liver iniury were accompa-
nied with a decrease in glutathione-S- transferase activity as well as with the decreased level of reduced glutathione in
liver cells.

Keywords: glutathione, y-glutamylcysteine synthetase, glutathione S-transferase, low-protein diet, acute liver injury
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OO0HUM 3 OCHOBHUX (DAKMOPIE PO3GUMKY 3ANAIbHUX Md OHKOJIOSIYHUX NPOYECi6 € HAOMIPHA AKMUBAYILHA Oist NAA3MIHY
- KI0406020 epmenmy gibpunonimuynoi ianku cucmemi xkposi. Taka 3nauna akmusayis odymosnena 36 a3y6aHHAM nia-
3MiHO2eHY He auule 3 nosepxHelo Qibpunosoi cimxu, a i 3 NosepxHeI0 CYOUH, 30Kpema, 3 OUNOTLHUMU NAPAMU AMIHOKUC-
JOMHUX 3ATUWIKIB, KT € CIMPYKIMYPHUMU GHAT02AMU Ni2AHOT8 Ni3UH-368 A3VI0UUX OLISIHOK NAA3MIHO2EHY I eKCHOHYIOMbCS HA
B06HIUHIT OIK KIIMUHHUX MeMOPar npu ix 63aeMo0ii 3 OUIKOSUMU MA NENMUOHUMU NPOOYKMAMU eHOO2EHHOT IHMOKCUKA-
yii. [ocniosxceno akmusayitiny 0ito cneyudiuno copbo8anoeo HA Mi3UH-A2APOIHOMY HOCIEGI NAA3MIHY NO 8IOHOWEHHIO 00
PO3UUHHO20 NPOMPOMOIHY naasmu Kposi. Tlokazano po3eumox 3HauHOI mpomOiH-nOOiOHOI amiOONIMUYHOI AKMUBHOCHII,
SKA He NPUSHIYYEMbC HAAGHUM 8 cucmemi anmumpombinom III. Odepacani pezyromamu ciouams npo 30amMHICIb COp-
608aH020 NI3UH-36 A3VIOYUMU OLIAHKAMU NAA3MIHY 00 NPOMEOTIMUYHO20 YUKOONCEHHST MA HeQ)YHKYIOHANbHOT akmuéayii
posuunnux Oinkie kpogi. O62060pI0IOMbCI MeXaHizMu (Hopmysants nodibnol axmusayii in VIVO ma ii mosicnuea poiv 3a

PO3BUMKY RAMONIOLIYHUX CIAHIB, 30KpeMd, CUHOPOMY OUCCEMIHOBAHO20 BHYMPIUHbOCYOUHHO20 3CIOAHHS KPOSI.

Kmouosi crosa: naasmin, mpomoin, [[B3-cunopom.

Beryn. @epmenTatuBHUiA rifpoi3 GiKiB cTaHO-
BUTH HEBIiJl'EMHY CKJIaJIOBY IIPOIIECiB OOMiHY pedo-
BUH — MOJICKYJISIPHOI OCHOBH XHUTTs. Bimomo nmonax
II’SITCOT MPOTeTHa3, sIKi Pi3HATBCS 3a OYZOBOKO ak-
TUBHOTO IIEHTPY, HAMPABJIEHICTIO Mii Ta JIOKai3ari-
€10 B KoMmMmapTMeHTax opranizmy (Puente, Lopez-
Otin, 2004). Oxkpim gerpamariii BiAmpamnbOBaHUX,
JICHaTYpOBAaHHUX Ta Xap4YOBHX OLIKIB, IPOTEONITHYHI
(hepMEeHTH OTOCEPEIKOBYIOTh aKTHBAIIHI TPOIECH
32 PaxyHOK BHCOKOBHMOIPKOBOTO PO3MICIUICHHS TaK
3BaHUX aKTUBAIIHUX 3B’s3KiB B MpodopMax Haipi-
3HOMaHITHImMX OinkiB. Hepimko mpoakTuBoBaHa
MOJIEKYJIa TaKO>K BUABJISIE aKTUBALHHI BIACTUBOCTI,
IO MPU3BOJAUTH 10 (GOPMYBaHHS CKIAJHUX Ta PO3-
rajly’)keHUX akKTHUBAIliHMX KackamiB. Ilpu 1pomy
Ha/JIMipHa MPOTEONITUYHA aKTUBHICTH Ta aKTHBALlil-
Ha 3JIaTHICTh OOMEXKYEThCsl OJOKyBaHHSIM (pepmeH-
TiB BIAMOBIAHUMH BUCOKOCHCHHM(DIUHUMHU OIJIKOBH-
MU iHridiropamu. CHopMoBaHuil TAKUM YMHOM IPO-
TEOJITUYHO-1HT10ITOpHUI OanaHc 3a0e3neuye Hae-
HE (QYHKI[IOHYBaHHS HE3NIYEHHUX CHCTEM OpTraHi3-
My. OfHaK 3a pi3HUX MaTOJIOTIYHUX CTaHiB BiIOyBa-
€TbCSl ICTOTHMM 3CyB OasaHCy B OiK HaIMipHOTO
MPOTEOITi3y 3 MOJAIBIINM PO3BUTKOM KOMILICKCHHUX
MOPYIIEHb Ha MOJIEKYJIIPHOMY Ta TKAHHHHOMY PiB-
HAX. 30KpeMa, HagMipHa aKTHBALisl MPOTEONi3y €
HEBIJI’EMHOI0 PHCOI0 3alajbHUX IMPOIECIB HaMpi3-
HoMamiTHimoi eriomorii (Lindstedt et al., 2004) Ta
BU3HAETHCS OJTHUM 3 MIPOBIIHMX YUHHUKIB KaHLIEPO-
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rene3y (Kassenbrock et al., 2010). Ilpu 1pomy Ha
0COOJIMBY yBary 3aciyrOBYIOTh ()€PMEHTH CHCTEMHU
reMocTa3sy, 3a/lisfHi B pPI3HOMaHITHUX (i310JIOTI9HUX
Ta MaTrodi3ioyIOriYHUX Mpolecax, MO BUXOAATh Ja-
JeKo 3a Mexi 3a0e3neYeHHsT HOPMAJIBHOTO KPOBOO-
o6iry (Bosnkos u ap., 2005). Tak, HaaMipHa aKTHBa-
miitHa Jist Kio4oBoro GepMeHTy ¢iOpHHOITHIHOT
cucrtemu kposi masminy (IIm, K® 3.4.21.7) BuzHa-
€THCSI OJTHUM 3 OCHOBHHMX YMHHHKIB PO3BHTKY 3ara-
JTBHUX Ta OHKomoriyHmx mporeciB (Mc Intyre J.,
Matrisian L., 2003). 3ymoBiieHa BOHa 3/aTHICTIO
npodepmenty tmasminy — miasmiHoreny (IIr) ta
roro TkaHMHHOTO akTuBaTopa (T-11A, KD 3.4.21.68)
10 He(DYHKIIOHATBHOTO 3B’SI3yBaHHS 31 CTPYKTYypa-
MH, YTBOPEHUMH OUTKOBHMH KOMITIOHEHTaMHU €HJIO-
FeHHOI 1HTOKCHKAIII MiJ BIUIMBOM KJIITHHHHX MEM-
OpaH. 3aKOHOMIPHOCTI B3a€MO/IIi KIITHHHUX MEM-
OpaH 31 CTPYKTYpHO-HEe30aJaHCOBAaHUMU OiTKaMH Ta
MenTUAaMy NPU3BOIATH A0 (popMyBaHHS Ha 30BHi-
LIHIA MOBEPXHI KIITUH JWNOJBHUX Tap aMiHOKHC-
JIOTHUX 3aJIMIIKIB, 1110 PO3MI3HAIOTHCS Ta CPEKTUBHO
3B’SI3YIOTBCS JII3UH-3B’A3YIOUMMH JUITHKAMH LUP-
KyJII0I0uux B Kpo’sitHoMy pycii IIr ta TIIA 3 mona-
JBIIUM PO3BUTKOM HE(PYHKI[IOHATBFHUX aKTHBAIIIN-
HUX Ta mporeoditnuHux mporeciB  (Verevka,
Grinenko, 2011). 3a ¢izionoriyHux ymoB mojiOHE
3B’sI3yBaHHs BiJIOYBa€ThCsl HAa MOBEpxHi (HiOpUHOBOT
CITKH, TIPU3BOANUTH O TepeTBopeHHsa IIr B IIm Ta
MOCTiIOBHOTO po3ieruieHHs Gidpuny (Pn), mix yac
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sikoro [Im 3a mormomMororo crerudigHuX JUITHOK Mi-
YKMOJIEKYJIIpHOL B3aeMoii Mirpye 1o moepxHi ®H 3
PO3IIETICHHSAM OCTaHHBOTO Ha BiJJHOCHO BEIIUKi PO-
3unHHI (parmentu. HatomicTh, aktuBamis IIr Ha
MTOBEPXHI CyIMH MOXKE MPHU3BECTH 0 HE(PYHKITIOHA-
JTBHOI aKTWBAIlll Ta TMPOTEONITUIHOTO YIITKOKSHHS
HalpizHOMaHITHIIKMX OiNKiB KpoBi. Bimomo, mio co-
pOmist Turasminy Ha DH 3aXwWIIae HOTO BiJ iHAKTHBA-
mii HAaTUBHUM IHTIOITOPOM — O-aHTHILUIA3MIHOM
(Bonxkos u ap., 2005). Bugaetscest 3a nouinbHe nepe-
BipUTH, 4¥ 31aTeH copOoBanuii [Im o akTHBalii po-
3YMHHAX OuTKiB. UM He HaWOIIBIIMIA iHTEpeC IMpH
BOMY CTaHOBHUTH NMHUTAaHHS MPO MOKJIHMBICTH aKTHU-
Balii copOOBaHKMM IUIA3MIHOM TPOTPOMOIHY — TpO-
(hopMu KITIOYOBOTO (pepMEHTY 3CiNar0voi JIAaHKH CH-
ctemu remocrtazy Tpombiny (K@ 3.4.21.5). Tomy
METOI JaHOi poOOTH OYJIO €KCIEPUMEHTAIBHO Iie-
PEBIPUTH MOXKIIUBICTh aKTHBAIii TPOTPOMOIHY IIa-
3MH KPOBi IUTa3MiHOM, CIENU(IYHO 3B’SI3aHUM Ji-
3MH-3B’S3YIOYMMH JUISHKaMU 3 HEPO3UMHHUM JIi-
3MH-arapo3HUM HOCIEM.

Marepiaau Ta Metoau nociaimkenHs. [lmazmi-
HOTEH JIIOJWHU OTPUMYBAJIM 3 LUTPATHOI IJIa3MH
KpOBI 32 CTaHJAPTHUM METOJOM aiHHOI XpomaTor-
padii Ha mizuH-araposi (Deutsch, Mertz, 1970). Ak-
tuBauito IIr B [Im 3aiiicHIOBanu BinnmoBigHO 10 cTa-
HAApPTHOI METOJUKY 3 BUKOPUCTAHHIM CTPEINTOKiHa-
3H, KOBaJIEHTHO IMMOOIIi30BaHOi Ha aKTHBOBaHIi
BrCN-araposi (Wiman, Wallen, 1973). Cneuundiuny
copbuito [IM Ha mi3uH-arapo3i MPOBOIWINA HACTYII-
HUM 4rHOM: po3uuH [Im (2,5 mr/mi) 3a yMOBH TOC-
TIHHOTO TIEpeMillyBaHHS Ha melkepi iHKyOyBain
BIpogoBkK 5 xB mpu 20°C 3 cycreHsi€o Ji3uH-
araposu B 0,05 M tpuc-HCI 6ydepi, pH 7,4, mo wmi-
cru 0,2 M NaCl. Tlicns inky6artii ji3uH-araposy 3
copOOBaHMM TUTA3MIHOM TMOMIMIANIHA B XpPOMAaTOTpa-
(iYHYy KOJOHKY, SIKY TIocigoBHO mpomuBaiu 0,05 M
tpuc-HCI 6ydepom, pH 7,4 ta 0,05 M tpuc-HCI
oydepom, pH 7,4, o mictus 0,2 M NaCl. [lis goc-
JDKEHHS TIPOIlecy aKTUBAIlil MpoTpoMOiHy BUKOPH-
CTOBYBaJIM IIUTPATHY TUIa3My KPOBI JIFOJMHU, BiJITe-
CTOBaHy 3a IapaMeTpamMHu TPOMOiIHOBOTO, IPOTPOM-
01HOBOTO Yacy Ta aKTHUBOBAHOTO YAaCTKOBOI'O TPOM-
OOIIACTHHOTO Yacy, MPH IOMY 3HAYCHHS BKa3aHUX
MOKa3HMKIB 30€pirajimcs B Mexax, XapakTepHHUX s
HOPMaJIbHOTO  (PYHKLIOHYBaHHS TE€MOCTaTHYHOTO
Kackajay. 3 METO OJIepXaHHs Iia3MHu, 3011HeHOT Ha
IIr, i mnpomyckanmu 4depe3 KOJOHKY 3 IIi3WH-
arapo3oro, ypisHoBaxkeHy 0,05 M tpuc-HCI Oyde-
pom, pH 7,4, mo mictuB 0,2 M NaCl. Tlepesipky
MOBHOTH OYHIICHHS 1iazmu Bij [Ir mpoBojwmm 3a
CTaHAAPTHUM METOJIOM BH3HAYEHHS aMiJoJIiTHYHOI
aKTHBHOCTI 3 BUKOPHCTaHHSIM XPOMOTEHHOTO CYO-
cTpary Sy MiCHsl aKTUBAIi TUIA3MIHOTEHY CTpel-
tokinazoro (Fareed et al., 1983). Jlns Bu3HaueHHS
aKTUBAIiiHOI Nii crenugiyHO copOOBAHOTO Ha JIi-
suH-arapo3si [IM, miasmy, nozbasieny IIr iHkyOyBa-
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JM 3 JI3MH-arapo3oro 3 copbosanum IIm mpu 37°C
BrpoaoBxk 15 xB. Ilicnsa 3akindeHHs iHKyOarlii ara-
P03y OCaJKyBaJIi IIUIAXOM LEHTPUPYTYBaHHSAM MPH
10 000g, 15 xB Ta BigOupanu HaJOCAJOBY PiAMHY.
Jns omiHKM aKkTHBAIIKHOI Aii copOOBaHOTO Ha JIi-
3uH-arapo3i [IM B JIyHKY MIKpOIDIaHIIETY IMOCIiIOB-
Ho BHocwin 0,05 M tpuc-HCI 6ydep, pH 7,4, 3 MM
XpOMOTEHHHI CyOcTpaT TpOMOIHY Sz Ta JoCIi-
mwKkyBany miasmy (Fareed et al., 1983). Peectpariro
MOTJIMHAHHS BUBUIBHEHHS M-HITPOAHLIIHY POBOAU-
¥ B JIBOXBHJILOBOMY PEXHMIi 3a IOBKWHH XBUJIb
405 ta 492 HM Ha creKTpOohOTOMETPI IS MIiKPOTI-
nanmier Biotek (Bio-Tek Instruments, CIIA). Sk
KOHTPOJIb BUKOPUCTOBYBaIM IUIa3My, OJEpKaHy 3a
AQHAJIOTIYHOIO TPOLEAYPOI0 3 JII3HH-arapo30i0, M0
He Mictina [IM. MaTematnaay oOpoOKy TaHUX TIPO-
BOJIWJIM 3 BUKOPUCTAHHSIM KOMIT IOTEPHOI MPOrpamMu
Origin 7.0. JIocTOBipHIiCTh Pi3HHMII MMOKA3HHUKIB OIli-
HIOBAJIH 32 JforoMororo t-kputepiro CThIOICHTA.
Pe3yabTaTu Ta ix 00rosopenss. Sk BUIIMBae 3
JAHWX, HAaBEIEHUX Ha puc. 1, 3acTocoBaHa MpoLeay-
pa OYUCTKH TIA3MH BiJl TUTA3MIHOTE€HY € JOCTATHHO
e(eKTHBHOIO, JIUIIAIOYN B PO3YHHI JIMIIE HOTO CIIi-
JIOB1 KiJbKOCTi. Pa3oM 3 TUM BHUHO, IO 32 TPUBAJIOT
iHKyOaIii pO3BUBA€THCS MEBHA aMiIONITUYHA AKTH-
BHICTh CTOCOBHO XPOMOT€HHOTO CYyOCTpaTy Spps;.
[IpakTH4HO TIOBHA BIJCYTHICTh IUIA3MiH-TIOIOHOT
aMiIONITHYHOT aKTUBHOCTI BIPOJOBXK Nepimux 15
XBWJIMH iHKyOarii Ta i1 mocTyrmoBe HapOCTaHHSA 3 Ya-
COM MOXKHa TIOSICHUTH PO3BUTKOM MOJIEKYJISIPHUX
3MiH €X ViVO, 1110 X0Y i CTBOPIOIOTH MEBHI YCKJIaj-
HEHHS 3a KJIIHIYHOI JIarHOCTHUKH, OJHAK 3a HaJekK-
HOTO BUBUYECHHS MOXYTbH CIIyTYBaTH DKEPEJIOM IiH-
HOi iH(opMarii 10/10 MPUTaMaHHUX MATOJIOTTYHUM

mporecaM  MOJIeKyJIsipHuX — nopymiens  (Liotta,
Petricoin, 2006).
Ha pwuc. 2 HaBeneHO TOKa3HUKH TpPOMOIH-

MOAIOHOT aMiZOJITUYHOI AKTUBHOCTI I1030aBJIEHOT
BracHoro IIr rurasmu kpoBi micis iHKyOarii 3 JTi3uH-
araposor, M0 MICTHJIa TMONEPEHbO COPOOBaHMIA
[IM. ¥V mopiBHAHHI 3 KOHTPOJIEM CIIOCTEPIraeThCs
PO3BHUTOK 3HAYHOI TPOMOIH-TIOAIOHOT aMiIOMITHYHOT
aKTUBHOCTI. XapakTepHO, L0 5K 1 y BUIMAAKY OCTa-
TOYHO!I IIIa3MIH-IIOAI0HOT aMiOJITHYHOI aKTUBHOC-
Ti (puc. 1), Tigposi3 XpOMOreHHOTro cyOCcTpaTy Sposs
BiZOyBa€ThCSl HE3BAXKAIOUM HA NMPUCYTHICTH AOCTAT-
HiX KUTBKOCTEH OUTKOBHMX I1HTiOITOpPIB IUIa3MiHy Ta
TpoMOiHYy.

Binomo, 1110 po3BUTOK 3amajbHUX Ta OHKOJIOTiY-
HUX TIPOLIECIB CYNPOBOJIKYETHCS 3POCTAHHIM TPOM-
OIH-TIOI0HOT aMiZOJIITUYHOI aKTUBHOCTI HE 3BaXka-
FOYM Ha IIUTKOM JIOCTATHIH PiBeHb iHTIOITOPY TPOM-
0iny — anturpomOiny III (BeppoBka u np., 2012).
[oniOue siBuie MoXe OYTH MOSCHEHO 33 PaxyHOK
YTBOPEHHS MPOTCONITHYHO YIIKO/DKEHUX MOXITHUX
TpoMOiHy, SIKi BUABJISIOTHCS 32 0araThbOX MaToJOriy-
uux npouecis (Chen, Dorling, 2009).
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Fig. 1. Plasmin-like amidolytic activity in human plasma

OTxe, HaBeJCHI JaHi OJHO3HAYHO CBIiIYaTh MPO
3IATHICTH COPOOBAHOTO JII3UH-3B’A3YIOUUMH JILISTH-
kamu [Im 110 edekTHBHOT MPOTEOMITHYHOT aKTHUBAITiT
Ta YIIKO/DKEHHS PO3YNHHUX OLIKIB KPOBI.

Bapro 3a3HaunTH, 110 BUSBICHUN HaMH €QEKT
MOXKe MaTtu Oe3MOCepe/IHE BIAHOMICHHS JI0 TAKOTO
YCKJIAJHEHHSI TeMOCTa3y, K JUCCEeMiHOBAaHE BHYT-
pilHbOCYIMHHE 3cimanHHs Kposi (JB3-cunmpom).
Sk Bimomo, JIB3-cunapom criocTepiraeThes 3a Oara-
ThOX 3aXBOPIOBaHb, IO CYMPOBOKYIOTHCS PO3BHT-
KoM eHjiorenHoi inTokcukaiii (Rak et al., 2006). bi-
JIKOB1 Ta MENTHUIHI KOMIIOHEHTH €HJIOI€HHOI 1HTOK-
CUKaIlil PO3MOAUISIOTECA MiX TKAaHUHAMH Ta Piau-
HaMU OpraHi3My, COpOYIOThCS Ha KIITHHHHUX MEM-
OpaHaxX eHIOTENi0. 3aKOHOMIPHOCTI B3aEMOJIT pO3-
0allaHCOBaHUX MENTUAHUX CTPYKTYP 3 aCUMETpPHY-
HUM NOABiHUM (ocdominiAHUM MapoM KIIITHHHUX
MeMOpaH 3a0e3NedyloTh EKCIIO3UIII0 Ha 30BHIII-
HbOMY 0OIli MEeMOpaHH B3a€EMHO KOMIICHCOBaHHX
nap aMiHOKUCIOTHUX 3alUIIKIB — CTPYKTYpPHHUX
AHAJIOTIB JITaHJIB JII3WH-3B’sI3yr0unX insHoK [Ir.
CopOiris IIr Ta #oro akrusaigis g0 IIMm Moxe npus-
BOJUTH 1O HEeQYHKUIOHAIBHOI akTUBalii mpodep-
MEHTIB Ta MPOTEOJIITUYHOIO YIIKOKEHHS PO3UMH-
nux OinkiB (Verevka, Grinenko, 2011). 3rigHo 3
HalTUMHU JTaHUMH, TPOTEONITUYHA JIisi cCOpOOBAHOTO
[Im 3abe3neuye He JMIe aKTUBALIiIO MPOTPOMOiIHY B
TpoMOiH, ajie ¥ HOTr0 MPOTEONITHIHE YITKOIKEHHS,
0 BHKJIIOYAE ab0 ICTOTHO OOMEKye HOro iHrioy-
BaHHS NPUCYTHIM B Iu1a3mi adTtuTpomOGinom III.
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Fig. 1. Thrombin-like amidolytic activity in human
plasma

Sxoro Miporo MoAiIGHI POLIECH PO3NOBCIOIKYIOTHCS
Ha 1HII pOo34MHHI O1IKHM KPOBi, 30KpeMa, Ha (iOpuH,
HACKINbKH €(EeKTUBHO PO3IICIUTIOETHCS YTBOPEHHUM
3a y4acTi MPOTEONITHYHO YIIKOPKEHOTO (hiOpuHO-
reHy ¢iOpuHOBH 3rycToK? Po3B’s3aHHS JaHUX ITH-
TaHb MOXe€ HPOJIMTU CBITJIO HA MPUYMHHU YTBOPEHHS
cTabiTpHOTO ¢i0prHOBOTO 3TyCTKY 3a
JB3-cunapomy (Standeven et al., 2005). 3 tux xe
MipKyBaHb 3aCIyTOBY€ Ha yBary i Taka BIacTHBICTb
KIIITHHHUX MEeMOpaH, 5K 31aTHICTh 0 MOIMIAapoBoi -
arperanii copbopanunx OunkiB (Verevka, 2013). ¥V
BUNAJIKy TPOMOOYTBOPEHHS II€ CTBOPIOE TEeperLyMO-
BH A7 (OPMYBaHHS ‘“NPUKOPAOHHOrO mapy” ¢io-
PHUHY, CTPYKTYpa SIKOTO BiI3HAYAETHCS MiABHUIICHOO
omipuictio 10 ¢ibpunomnizy (Savchuk et al., 2009).
Bapro migxpeciuTy, 1mo 3 OrjsiAy Ha T€OMETpHYHI
MPUYMHHU BIUIUB BCiX HMX (AKTOPIB 3pocCTae 3i 3Me-
HIICHHSIM PO3MIpy CYIWH, OCKUIbKH BH3HAYAETHCS
CIIBBIAHOIIECHHSAM TEPUMETPY CYAUMHH O HOro
IIOIUHU (2nR/JtR2 = 2/R). He MeHII Ba)IHBOIO
00CTaBHHOIO € 3MEHIIECHHS IIBUAKOCTI MOTOKY 3i
3MEHIICHHSIM MPOCBITY cyauHU. TooTo (iznuHi Biia-
CTHBOCTI caMe MIKpOCYAUH 3a0e3NnedyioTh (Gopmy-
BaHHs CBOEPITHOI “KaMepHOCTI” 3 PO3BUTKOM IIpO-
LEeCiB, /ISt OUIBIINX CYIMH HEXapaKTePHHUX.
BucooBku. TakuM 49WHOM, HaBEIEHI AaHi CBi-
YaTb NpO  3JaTHICTE  COpOOBaHOro  JIi3WH-
3B’ SI3YIOYMMH TUISTHKAMH TUTa3MiHy 70 TIPOTEOJITH-
YHOI'O YIIKOKCHHS Ta aKTHBALlil PO3UYMHHHUX OlJIKIB
KpoBi. OOroBOpIOIOThCS (DYHKLIIOHATBHI HACIiAKH

Biological systems. Vol. 6. Is. 1. 2014
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ACTIVATION EFFECT OF THE SORBED PLASMIN. MODELLING IN VITRO
S. V. Verevka, N. G. Raksha, A. N. Savchuk

One of the major factors of cancer and inflammatory processes development is excessive activation action of plas-
min - a key enzyme of the fibrinolytic system. Such significant activation was caused not only physiological plasmino-
gen binding on the fibrin mesh surface but also pathological-mediated interaction of plasminogen with dipole pairs of
amino acid residues on the vessels surface. These amino acid pairs are structural analogues of ligands for lysine-
binding sites of plasminogen. Their exposition on external side of cell membranes is result of interaction of protein and
peptide products of endogenous intoxication with membranes phospholipids. Activation action of plasmin specifically
sorbed on lysine-agarose state against soluble plasma prothrombin had been studied. The development of significant
amidolytic thrombin-like activity that was insensitive to antithrombin Il inhibition was noted. The obtained results
show the ability of sorbed plasmin to proteolytic damage and non-functional activation of soluble proteins of blood.
Mechanisms of formation of such activation in vivo and its possible role in the development of various pathologic
states, particularly at disseminated intravascular coagulation were discussed.

Key words: plasmin, thrombin, disseminated intravascular coagulation.

Odepoicano pedkoaezicio 15.12.2013

19
Biostoriuni cucremu. T. 6. Bum. 1. 2014


http://cancerres.aacrjournals.org/cgi/pmidlookup?view=long&pmid=17108099
http://cancerres.aacrjournals.org/cgi/pmidlookup?view=long&pmid=17108099
http://cancerres.aacrjournals.org/cgi/pmidlookup?view=long&pmid=17108099
http://www.ncbi.nlm.nih.gov/pubmed/4270055
http://www.ncbi.nlm.nih.gov/pubmed/4270055
http://www.ncbi.nlm.nih.gov/pubmed/4270055

YAK 577.152.1:591.133.11

AKTHUBHICTD NAD'-3AJIEXKHUX ®EPMEHTIB [IUKJIY KPEBCA 3A
YMOB AJTIMEHTAPHOI JENNPUBALII MPOTEIHY

O. M. BOJIOLIVYK, T'. II. KOIIMJIbBYYK, O. M. KOMIHKO

Yepniseyvkutl HayionanrvHuil yHisepcumem imeni FOpis @edvrosuua,
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Poboma npuceauena susuennio izoyumpamoe2iopocenasHoi, a-Kemoaiymapamoeziopo2eHasHol, Maiamoe2iopoceHas-
Hoi peaxyiti yuxny Kpebca ma cnissionowennio NAD/NADH y mimoxonopiansuiti ppaxyii neuinku wypis 3a ymos anive-
HmapHoi denpusayii npomeiny. /locniocennss nposedeni Ha Oinux be3nopodnux wypax macoio 90 — 100 e, éikom 2 — 2,5
MICAYL, NOOINEHUX 8 3aNedCHOCMI 8I0 Kitbkocmi binka y payioni na 2 epynu. I epyna — wypi, ki nepedyséanu Ha NOGHOYIH-
HOMY HANIBCUHMEMUYHOMY PAYIOHI, 30ANAHCOBAHOMY 3a ycima nympicnamu, 1l epyna — wypi, siki nepebysanu Ha HANIGCU-
HMeMUYHOMY HU3bKONpOmeinoeomy payioni. Busnauenns axmuenocmi NAD -3anesicnux deziopocenas yuxny Kpebea
npoeodunu cnekmpogpomomempuuro. Pepmenmamueiy axmuenicmo NAD-sanescnoi izoyumpamaoeziopoeenasu peccm-
pysanu 3a Haxonuuenusm NADH npu nepemeopenni izoyumpamy 0o a-xemoziymapamy, axmusnicmos NAD"-3anescnoi
Mmanamoeziopozenasu — 3a naxonuwenuam NADH npu oxucnenni manamy npu =340 um. Axmusnicmo NAD"-3anescnoi a-
Kemo2nymapamoe2iopozeHasyu GUHAYANU CREeKMPOPOMOMEMPULHO 3a [THMEHCUBHICIMIO OKUCHEHMS O-KemOo2Lymapanmy
npu A=417 um. Busnauenus pepmenmamusrux axmugerHocmeli npogoouiu y MimoxoHOpianvriti ¢ppakyii neuinku wypis,
OMPUMAHTTL MEMOOOM OUDePeHYitiHo20 YyeHmpuyeyeanHs. Bcmanoeneno, wo y meapun, ki ympumy6aiucs 3a yMos ai-
MeHmapHoi denpusayii npomeiny, He cnocmepicaemovcs 00CMOGIPHUX 3MIH I30YyUmMpamoe2iopo2eHasHol ma mMaiamoezio-
POCEHA3HOT aKMUHOCHel NOPIBHAHO I3 NOKASHUKAMU KOHMPOIbHOL 2pynu meaput. Boonouac y mimoxondpianenit ¢pax-
Yii neyinku OOCHIOHUX MBAPUH 0-KemOo2ymapamoe2iopo2eHasHa akmusHicmo sHuscyemocsi y 2,2 pasu. Okpim moeo, no-
KA3aHO, WO 34 OaHUX eKCHNepUMEHMAIbHUX YMO8 CHOCHepieacmuvcs meHoenyia 00 NiOGUWeHHS CRIB8IOHOWEHH
NAD*/NADH, wo € 6asiciusum nokasHukom eHepeemuuHo20 Cmany Kiimun ma Kiouo6uM peyismopom eHepemuuHo0
Memabonizmy, OCKIIbKY BUSHAYAE WEUOKICY | HANPAM peakyill enepeosabe3neyents ma KOHmpoIOe PYHKYIOHY8aHHA 3a-
2anbHUX MemaboiuHux wsxie y kiimuni. CRi6GIOHOUWEHHSI MINC OKUCTICHOIO MA BIOHOGIEHOI0 (OPMAMU HIKOMUHAMIOUX
kogepmenmie (NAD'/NADH) susnauanu 3a koncmanmoto pisnoéazu maramoeziopozenasuoi peaxyii. Hacriokom scma-
HOGIEHUX 3MIH, UMOBIPHO, OYOe NOpPYUeHHs HA0X00JdCeHHs cyocmpamig 07 I Komniekcy enrekmpoHOmpPaHCROPMHO20 JAH-
y102a Mimoxonopii. 3pobneHo 8UCHOBOK, WO GUPAJICEHEe 2ANbMYBAHHS O-KEMOILYMapamoe2iopo2enasHoi akmusHocmi ma
niosuwenns cniesionowenns NAD"/NADH y mimoxonopianvhiii (ppaxyii newinku ujypie 3a yMos animenmapHoi oenpusa-
yii npomeiny ceiouumsv nPo NOPYUWEHHSA NOCMAYAHHS IHMepMediamis 0 pooomu OUXAIbHO2O TAHYI2A MIMOXOHOPIL, ma
MOdHCe PO32NA0AMUCs K 0OUH I3 MeXaHizmie oucoanauncy pobomu cucmemu diompancgopmayii enepeii y Mimoxonopisx 3a
VMO8 HeOOCMAMHOCHI OIIKA )Y PAYIOH.

Knmiouosi crosa: neuwinka, izoyumpamoeziopoeenasa, manamoeciopoeenasa, o-Kemoanymapamaoeziopo2enasa, cniggio-
+ . . .
nowennst NAD"/NADH, arimenmapna oenpusayis npomeiny

Beryn. 3a ymMoB 00MeXEeHOT0 HAXOKEHHS O1JI-
KiB Ta eHeprii MeraboiiyHa ajanTallisi CrpsiMOBaHa
Ha 3a0e3Me4eHHs OpraHiB Ta TKAHHH OpraHi3My eHe-
pri€ro i CTPYKTYpHHMH CyOcTparaMH 3a paxyHOK
yTHIi3amii BIACHUX 3amaciB, IO CYMPOBOKYETHCS
PO3BUTKOM cTaHy rinepkatabonizMy (AHTOHOB H
ap., 2006, Xapuenko u np., 2012). Cunnpom rinep-
KaTaboJi3My XapaKTepU3yeTbCS PI3KUM 301JIbIICH-
HSIM MOTPEeOH y AOHATOpaxX €HEeprii Ta MIacTUYHOMY
Matepiali, pe3yJbTaToM Y0T0 € NepeBakaHHs Kara-
OOJIIYHOTO THITY peakiiii MepeTBOPEHHS OCHOBHUX
MakpoMmoJjekyn opraizmy ([ynmapos, Maiiopos,
2009). 3aranpHa peakiiisi OpraHiamMy 3a yMOB O1JIKO-
BOT'O TOJIOJTYBAaHHSI 3BOJMTHCS JIO TIOETAITHOTO BiJIK-
JIIOYEHHS PsIly €HEepPro3ajeKHUX MPOLECIB, CIPSIMO-
BaHOT'0 Ha MOOLNI3aLiI0 HASBHUX €HEPTETHYHHUX pe-
CYpCIB IJI1 BUKOHAHHS JKHTTE€BO BOKIUBUX (HYHKITIHA
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(Kamrypos u ap., 2010). Ile#i craH JiexUTh B OCHOBI
YUCIIEHHUX (YHKI[IOHATBHUX Ta METa0OJIYHUX I10-
pYIIEHb, TPOTE TOCHIJOBHICTh OlOXIMIYHMX peak-
i, sIKI BU3HAYAIOTh PO3BUTOK Ta peai3allifo eHep-
TFeTUYHOro aucOallaHCcy B OpraHi3mi 3a yMOB HecTadi
MpoTeiHy B paliOHi, 3aJUIIAETHCS BIIKPUTHUM IIH-
TaHHSAM Ta MOTpeOye AeTATEHOTO BUBYEHHS. 3 OJJHO-
ro OOKy, BU3HAYaJIbHUMH y TIOPYLICHH] QyHKIIOHY-
BaHHs cucTeMu OioTpaHcdopmalii eHeprii MOXKYTb
OyTH 3MIHM Ha PIiBHI CTPYKTYpPHO-(pYHKIIOHAILHOT
opranizaiii ()epMEeHTaTUBHUX KOMILICKCIB JIHXalb-
HOTO JIaHITIOTa MIiTOXOHJpIiH, a 3 iHmoro — aedirur
cyOctpariB okucieHHs. ToMy MeToro Hamoi poboTH
Oyno BU3HaYeHHs akTUBHOCTI NAD'-3anexuux Qe-
pmenTiB nukiy Kpebca — i3ouurparaerizporenasu,
O-KEeTOTJIyTapaT-IerigporeHass Ta MalaTaerigpore-
Hasu i cniBBigHomenHs NAD'/NADH y mitoxoHa-
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pianbpHiN PpaKkIlii MeuiHky MIypiB 32 YMOB aJliMEHTa-
pHOI AenpuBalii mpoTeiny.

Marepiamu i meroau. JlocmipkeHHST MTPOBOIH-
JCch Ha OMx 6e3nmopoaHuX mypax macoro 90 — 100
T, BikoMm 2 — 2,5 micsmi. Bei maninmyssmii 3 TBapuHa-
MH TIPOBOAVIIA BIiJIOBITHO 10 BUMOT MiKHapOIHOI
KOHBEHLIIT PO 3aXUCT XPeOSTHUX TBAPHH, SIKi BUKO-
PHUCTOBYIOTBCS ISl €KCIIEPUMEHTAJIbHUX Ta I1HIIMX
mitei. Mojenb IOCHiKEHHS Tepembadana ITOIi
TBapuH Ha rpynu: | rpyna — mypi, siki nepeOyBaiu
Ha MOBHOLIIHHOMY HamiBcUHTeTHYHOMY pamuioHi (K);
II rpyma — mrypi, sxi nmepeOyBanyu Ha HAMIBCHHTETH-
YHOMY  HH3bKOmpoTeinoBomy  pamioni (HIIP)
(Reeves, 1993). HopmyBanHs 100OBOTrO palfioHy
30IMCHIOBAIM 3 ypaxyBaHHSM MPUHLMUILY IIAPHOTO
XxapuyBaHHS. TpHUBaiCTh €KCIIEPUMEHTY CTaHOBMJIA
28 nuiB. llepBikanbHy IUCIIOKAIliI0O TBAPHH MPOBO-
JIWITH TI11 JIeTKUM eipHIM HapKO30M.

MiTtoxoHapiansHy (paKIlifo 3 TOMOTEHATy Tedi-
HKH  OTPUMYBAaJd  METOJAOM  JU(EPEHIIHHOrO
nentpudyryBansas (Makcumuyk Ta iH., 2010). Bu-
3HAa4YeHHsI aKTUBHOCTI AeriaporeHas nukiay Kpebdca y
MITOXOH/IpialibHIi (pakiii MPOBOIMIN CIIEKTPOdO-
ToMeTpuuHo. AkTuBHicTH NAD'-3anexHoi i301mT-
patmeriiporeHasy peecTpyBajd 3a HAKONUYECHHSIM
HAJIH mpu mneperBopeHHi i3omuTpary MO0 O-
keTormyTapary (AHapeemieBa u ap., 2006), a akTuB-
Hicth NAD'-3a1e5H01 MaaTaeriAporeHasu — 3a Ha-
konnueHHssM NADH npu oxucnensi manaty (Cetica,
2003) mpu A=340 um. AxtuBHicTs NAD'-3anexH0I
0-KEeTOTJTyTapaTAeriiporeHas BU3HAYAIN CIIEKTPO-
(hOTOMETPpUYHO 32 IHTEHCHBHICTIO OKHCHEHHS O-
Ketornyrapary npu A=417 HM Ta BHpaxkamm y
HMoJb/xBMr Oinka (Kiss, 2013). BmicT 6inka Bu-
3Havyany 3a metojoM Jloypi (Lowri, 1951). CmiBBin-
HOIIIEHHSI M)XK OKHCIJICHOIO Ta BiJTHOBIIEHOK (opma-
MU HikoTHHamigux kodepmentis (NAD/NADH)
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Puc. 1. Boyumpamoeziopozenazna akmugHicmy 3a ymos
animenmapuoi denpueayii npomeiny .
Fig. 1. Isocytrate dehydrogenase activity under
conditions of nutritional deprivation of protein.
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BH3HAYaJIM 3a KOHCTAHTOIO PIBHOBarW MayaTAEril-
poreHasHoi peakii (Jang, 2012).

CratuctuuHy oOpOOKYy pe3yJbTaTiB JOCIiIKEHb
MPOBOAMIIN 3a JIOMIOMOTOI Tporpamu Microsoft
Excel, BuxopuctoBytounm t-kpurepiii CTbIOJEHTA.
Biporimaumy BBaKasi BiAMIHHOCTI MDK TpyIIaMu
mpu p < 0,05.

Pe3yabTaTu Ta o0roopenHnsi. Pesyneratu mpo-
BEJIEHNX IOCTI/DKEHb MMOKa3allk, 10 Yy TBapWH, SKi
YTPUMYBAJIUCh 32 YMOB alliMEHTapHOI JIenpuBaiii
MpoTeiHy, HE CIOCTEPIraeThCsl JOCTOBIPHUX 3MiH
130IUTpaTAETIAPOTeHA3HOT Ta MajaTaeTiaporeHas-
HO{ aKTMBHOCTEH TMOPIBHSIHO i3 MOKa3HUKaMH KOH-
TposibHOI Tpynu TBapuH (puc. 1, 2). BpaxoByrouu,
10 130IMTPATIAETIAPOTeHa3Ha peakilisi € IIMITYFo-
yor y mukim Kpebdca (Chang et al., 2011), To miarT-
PUMaHHS JAOCIiIKYBaHOi (pepMEHTaTUBHOI aKTUBHO-
CTi Ha PiBHI KOHTPOIIIO 32 YMOB O1JTKOBOi HEIOCTAT-
HOCTI, IMOBipHO, BimoOpaxae 30epexeHHs (QyHKITio-
HAJIBHOI aKTUBHOCTI OCHOBHOTO MeETaboJi4HOTO
UISIXy KITHHE 32 JaHUX eKCIIePUMEHTaIbHUX
yMOB. BomHouac migTpuMaHHS aKTHBHOCTI MITOXO-
H/piaTbHOI MajaTAeriporeHasy, Mo KaTami3ye Te-
pMmiHanbHy peakuito nukiay Kpebca (Shi, 2008), Ha
PiBHI 3Ha4eHb KOHTPOIIO, MOXKE OyTH TOB’S3aHO 3
MTOCHWJICHUM HAJIXOPKEHHSAM y MITOXOHAPII i3 IHTO-
30JI10 MajiaTy 3a y4acTi MaJlaT-aclapTaTHOTO IIYHTa
a0o (ymapary i3 OpHITHHOBOTO LUKIY. BomHodac y
MITOXOHIpiaNlbHIN (paKiii MeYiHKK TOCIiTHIX TBa-
PUH  O-KEeTOTJIyTapaT[eriiporeHa3Ha aKTHBHICTh
3HWKYeThCS y 2,2 pasu (puc. 3). 3HIKEHHS O-
KeTOTJTyTapaT/AeTiIpOreHa3Hoi aKTUBHOCTI 32 YMOB
aTIMEHTapHOI JlenpuBallii NpoTeiny, 3 OHOTO OOKY,
MOXe OyTH TOB’s3aHE i3 TIOCHJICHHM TIOTOKOM Ol-
KETOTJIyTapaTy Ha BUKOPHCTAHHS Y METa0OJIYHUX
nuUsixax mepeTBopeHHs amiHokuciaor (McCammon
et al., 2003).
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Puc. 2. Manamoeciopozenasna aKkmugHicmy 3a ymMos
animenmapuoi oenpusayii npomeiny.
Fig. 2. Malate dehydrogenase activity under conditions
of nutritional deprivation of protein.
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Puc. 3. a -Kemoznymapamoeziopozenazna akmuenicmo
3a ymoe animenmapnoi oenpusauii npomeiny.
Fig. 3. a-Ketoglutarate dehydrogenase activity under
conditions of nutritional deprivation of protein.

3 iHmoro OOKy, 3HIKEHHS AOCTIIDKyBaHOI (hep-
MEHTATUBHOI aKTMBHOCTI MOX¢e OyTH 3yMOBJICHE I10-
pymeHHsIME  (DYHKIIOHATBFHOI aKTHBHOCTI Oesmoce-
PEIHBO 0-KEeTOTITyTapaT/AeriAPOreHa3HOro KOMILIEK-
cy, ockibku BimoMo (Starkov et al., 2004), mo uei
(epMEHTHHI KOMIUICKC € TPOIYLEHTOM AaKTHBHHX
(hopM KHICHIO 1 caM MOKe IHaKTHBYBaTHCA 3a 1X Jii.

BpaxoBytoun, 1o MpoayKTOM i301UTPaTAETIiAPO-
TeHa3HO1, 0-KeTOTIyTapaTIeriiporeHa3Hoi Ta Masa-
Taerigporenasnoi peakmii € NADH, Oiomoriuna
POJIb SIKOTO TMOJISIra€ y MOCTa4aHHI MPOTOHIB Ta elle-
KTPOHIB Il poOOTH JUXATBHOTO JIAHIFOTA MITOXO-
HIpiA, TO Hajali aKkTyalbHUM OyIl0 BU3HAYEHHS
crieigmomenns NAD/NADH Yy MITOXOHJPIsIX, IO
€ BXIMBUM TOKAa3HUKOM EHEPTeTHYHOIO CTaHy
KIIITHHU Ta KIIFOYOBUM PETYISTOPOM CHEPTETHYHOTO
MeTaboImi3My, OCKUTBKM BU3HAYa€ MIBHAKICTH 1 Ha-
NpsM peakiiid eHepro3zadesnevyeHHs] Ta KOHTPOIIOE
(YHKIIIOHYBaHHS 3araJlbHUX METaOOJIIYHUX HLISAXiB
y kuituHi (Stein, Imai, 2012). 3miHa criiBBigHOIIECH-
HSI OKHCJIGHUX Ta BiIHOBIIEHWX (OPM HIKOTHHAMI-
HUX KO(EpPMEHTIB TOB’s3aHa 3 OPYIICHHSIMH OKHC-
HO-BiJIHOBHHX pPEaKIiid y MUK TPUKapOOHOBUX KH-
CJIOT 1 CHPSHKEHOTO 3 HUM OKHCHOTO (hoC(OopHITIO-
BaHHI, T4 € MATOr€HETUYHOK OCHOBOKO PsIY MaTo-
noriunux craHiB (Tpetbsikosa, 2003).

PesynpTaTtn Hammx AOCHiIKEHb MTOKA3alH, 1110 3a
YMOB alliMEHTapHOI JienpuBallii MpoTeiHy crocrepi-
racTbCs TEHIEHIS 10 MMIABUILEHHS CIIIBBIJHOIIECHHS
NAD*/NADH (puc. 4). Bcranosienuii $akT Bkasye
Ha TiiBuIneHHs piBHs NAD' a60 3HUKEHHs BMicCTy
NADH y MITOXOHJIpisIX MEYiHKK 32 YMOB HEJIOCTaT-
HOCTI Oinka y pamioni. HaciigkoM BcTaHOBICHMX
3MiH, HMOBipHO, Oyne NOpYIIEHHS HaJAXOIKEHHS
cyocTpatiB fiist | KOMILIEKCY eNeKTPOHOTPaHCIIOPT-
HOTO JIAHI[FOTa MITOXOH/IPIH.

BucnoBku. OTxe, 32 yMOB aliMEHTapHOI Aenpu-
Ballii MpPOTEiHy HE CHOCTEPIraeTbcsi IOCTOBIPHUX
3MiH 130IUTPaATACTIAPOTeHA3HOT Ta MajaTaeriapore-
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Puc. 4. Cnigsionowenns NAD'INADH 3a ymoe anime-
HmapHoi oenpueayii npomeiny.
Fig. 4. NAD*/NADH ratio under conditions of
nutritional deprivation of protein.

Ha3HOi aKTMBHOCTEH Ha (OHI TrampMyBaHHS O-

KETOTJIyTapaTIeriAporeHa3Hoi akTMBHOCTI. BoaHouac

CIIOCTEPITa€eThCsl TEHACHIIIS 0 TiIBUIIEHHS CITiBBi-

nomennss NAD/NADH, 110, iMOBipHO, CBiT4MTb IIPO

NOPYIICHHS TIOCTauaHHs iHTEpMeiaTiB Jjsl poOOTH

JIUXATBHOTO JIAHITIOTa MITOXOHAPiH, Ta MOYKE PO3TJIs-

JATHCS SIK OJVH 13 MEXaHi3MIB MOPYIIEHHS po0OTH

cucteMu OioTpancopMallii eHeprii y MiTOXOHIPisAX

3a YMOB aJiMEHTapHOI JIepHUBallii NpOTeiny.
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THE ACTIVITY OF KREBS CYCLE NAD*-DEPENDENT DEHYDROGENASES UNDER
CONDITIONS OF PROTEIN ALIMENTARY DEPRIVATION

O. M. Voloshchuk, G. P. Kopylchuk, O. M. Kominko

The work is devoted to study of the isocitrate dehydrogenase, a-ketoglutarate dehydrogenase and malate dehydrogen-
ase reactions of the Krebs cycle and the NAD*/NADH ratio in the mitochondrial fraction of the rats’ liver under the condi-
tions of the alimentary deprivation of protein. Research was carried out on non-linear white rats in weight 90-100 g, at the
age 2-2.5 months, divided into 2 groups according to quantity of the protein in a ration: | group — rats maintained on the
full value semisynthetic ration, balanced by all nutrients; Il group rats maintained on the low-protein semisynthetic ration.
Activity of the NAD*-dependent dehydrogenases of the Krebs cycle was determined spectrophotometrically. Enzymatic ac-
tivity of the NAD"-dependent isocitrate dehydrogenase was measured by the accumulation of NADH during the converting
of isocitrate to a-ketoglutarate, NAD*-dependent malate dehydrogenase - by the accumulation of NADH during the
oxaidation of malate at A=340 nm. Activity of NAD"-dependent a-ketoglutarate dehydrogenase was determined
spectrophotometrically by the intensity of the oxidation of a-ketoglutarate at A=417 nm. Determination of the enzymatic
activities was carried out in the mitochondrial fraction of the rats’ liver, received by the differential centrifugation method.
It is estimated that in animals, maintained under the conditions of the alimentary deprivation of protein, the significant
changes of isocitrate dehydrogenase and malate dehydrogenase activities aren’t observed comparing to control group. At
the same time a-ketoglutarate dehydrogenase activity in the mitochondrial fraction of rats’ liver decreases by 2.2 times.
Moreover, it is indicated that under the given experimental conditions the tendency to increase of the NAD*/NADH ratio is
seen, being the important index of the energetic state of cell and key regulator of the energetic metabolism, because it de-
termines the rate and direction of the energy supply reactions and controls the functioning of the general metabolic path-
ways in the cell. Ratio between oxidized and reduced forms of the nicotinamide coenzymes (NAD*/NADH) was determined
by the equilibrium constant of the malate dehydrogenase reaction. The result of the observed changes, probably, will be
the disturbance of the supply of substrates for | complex of the electron transport chain of mitochondria. The conclusion is
made that significant inhibition of the a-ketoglutarate dehydrogenase activity and increase of the NAD*/NADH ratio in the
mitochondrial fraction of the rats’ liver under the conditions of the alimentary deprivation of protein evidences the dis-
turbances of the intermediates supply for the respiratory chain of mitochondria, and can be considered as one of the
mechanisms of imbalance in the functioning of the energy biotransformation system in mitochondria under the conditions
of the deficiency of protein in ration.

Key words: liver, isocitrate dehydrogenase, a-ketoglutarate dehydrogenase, malate dehydrogenase, the
NAD*/NADA ratio, alimentary deprivation of protein

Ooepoicarno pedxonecicio 20.02.2014

23
Biostoriuni cucremu. T. 6. Bum. 1. 2014



YK 581.526.325:582.282.23

3ACTOCYBAHHSA KAPOTUHCHHTE3YIOYHUX APIK/KIB
RHODOTORULA GLUTINIS AJA KYJBbTUBYBAHHSA SIMOCEPHALUS
VETULUS (MULLER, 1776) Y JABOPATOPHUX YMOBAX

O. B. KYIIHIPUK, M. M. MAPUYEHKO, O. I. XYI1H, JI. M. BACIHA,
JI. B. XY IA, O. M. KABVIJIA

Yepniseyvkutl HayionanrbHuil yHisepcumem imeni FOpis @edvrosuua,
eyn. Koyrobuncwvroeo, 2, m. Yepnisyi, 58012
e-mail: khudij@email.ua

Bukopucmanna scueux xopmie Ha nouamko8ux emanax nocmemMOpiOHAIbHO2O PO3BUMKY PUO NOZUMUBHO BNIUBAE
Ha BUNCUBAHICTNG MANbKIE Ma iX pocmosi npoyecu. 300N1aHKMOH, AKUU 3a38UYall BUKOPUCTNOBYIOMb ) AKOCHI HCUBO2O
KOPMY, He 30amHuutl 00 CUHMmMe3y KapomuHoioie, a auwe 00 ix HaKonuuyeHHs. V 38 'aA3Ky 3 YyuM, aKMyaibHUM € RUMAHHSA
000 PO3POOKU MEXHONO2I] NPUNCUMMEBO2O HACUYEHHSI KOPMOBUX Op2anizmie kapomunoidamu. [Ipomuciosumu npo-
OyyeHmamu Kapomunoioie MO*CYyMb UCIYNAMU PI3HI 2PYNU Opeanizmie, 30kpema ooopocmi pody Haematococcus ma
opidcoaci podis Rhodosporidium, Rhodotorula i Phaffia. Bpaxosyrouu me, wo ons eupowysanms rabopamophux xyib-
Myp NIAHKMOHHUX PAKONOOIOHUX Mpaouyitino euxopucmogyioms Opiocosci Saccharomyces cerevisiae, ooyinonum y
biomexnon02ii Kyibmugy8anusa 300NJIAHKMOHY € 3aCMOCY8AHHS OPIAHCOACIB, alle 30amHuUx 00 Kapomunozenesy. Oonum i3
maxux eudie ¢ Rhodotorula glutinis. Ilpu oyinyi sxicrnozo cknady kapomunoiois R. glutinis 6yau sacmocosani pisni cu-
cmemu pO3YUHHUKIE V HACMYNHUX KOMOIHayisax: ayemon-Oen3on-nemponeinul egip-eexcan (10:10:3:10), 6enzon-
ayemon-xnopoghopm (5:5:4), zexcan-6enzon (9:1) ma xnopogopm. Ix euxopucmanns dozeonuno 3agikcysamu Hasne-
Hicmb 00Hi€el Xxpomamoecpagiunoi 301U, sKa 8ionogioae f-kapomuny. Ilpu 6ukoOpucmanHi iHWoT cucmemu pO3HUHHUKIE —
eexcan-denzon (29:1) — e0anocs ioenmuikysamu mpu nieMeHmHi cmyau, wo 8i0nosioanu f-kapomuny ma cneyugiy-
HUM 0151 Y5020 POOY OPINHCOHCI8 KAPOMUHOIOAM, NPUCYIMHICIb AKUX OY1a NiOMeepoNtCceHa CheKmpopomomempuyHumMu
Odocnioxcenuamu. Tlpu 0ocniodxicenni niugy pemuHony ayemamy, Hampino ayemamy ma nepoxcudy 800HIO HA OIOCUH-
memuuny 30amuicmo R. glutinis siomiveno cmumyniorouy 0ito cnoayk Ha kapomunozenes, npu YoMy MAKCUMALbHI 3MiHU
NPOAGIANUCH NPU SUKOPUCIAHHI NepoKkcudy 800HI0. Bemanoesneno, wo sacmocysanna R. glutinis y sxocmi kopmosoeo
cybecmpamy 00360J1€ 30LbUUMU Y ICUBUX KOPMAX MICH Kapomunoioie maiixce y 2 paszu, a makoilc cynposooiCcyemo-
€5l NIOBUWYEHHAM BMICIY 3A2ANlbHUX NPOMEIHI8 MA 3HUNCCHHAM YACMKU 3a2aNbHuX 1inidie. Bapmo eiomimumu, wo 3a-
Mina Opiscoicie S. CErevisiae na kapomuncunmesyioui 00OCMOGIPHO He 8I000PA3UNAC HA OUHAMIYT HAPOCMAHHA K)lb-
mypu S. vetulus. Ananiz gisuxo-ximiunux NOKA3HUKIE KYIbMYPAIbHO20 Cepedosuuyd 3ac8iouus HesHAUHI KOTUBAHHS EMi-
CcMy pO34UHEH020 KUCHIO ma cmabinbHiui nokasuuxku pH, okucHo-6i0H06HO20 nomenyiany, eiekmponpogioHocmi ma
3azanvHoi minepanizayii npu eupowgyeanni S. vetulus na R. glutinis. e symosmoe moaciusicmos ckopouenns xinbkocmi
onepayiti KOHMPOIO AKOCMI KYIbMUBAYIIHO20 Cepedosuyd, o 003601A€ ICMOMHO CNPOCMUMU MEXHOI02IH0 HACUYEH-
H51 300NIAHKMOHY KAPOMUHOIOamMu MIKPOOHO20 NOXOOHCEHHL.

Kniouosi cnosa: kynemusysanns, Simocephalus vetulus, opiowcoaci, Rhodotorula glutinis, Saccharomyces cerevisiae,
KapomuHoiou.

Beryn. J)KuBi KOpMH € BaXXITUBIM Ta HEOOX1THUM
KOMIIOHEHTOM Y pauioHi Moozl pud i iX HopMa-
JILHOTO PO3BUTKY TPHU MEPEXO0Jli Ha eK30TeHHE Xap-
gyBanHs (Bogut et al., 2010; Lavens, Sorgeloos,
1996). BuxkopuctaHHs >XKUBHX KOPMIB Ha TOYaTKO-
BHUX €Tamax IOCTeMOPIOHAIBHOTO PO3BHUTKY pHO
CTHUMYJIOE pOOOTY NIITYHKOBO-KHIIKOBOTO TPAaKTY,
110 IMO3UTUBHO BIJIMBAE HA BMXKMBAHICTh MAJIbKIB Ta
ix pocroBi mporecu (buonorudeckn axTHUBHBIE..,
2009; bxaara Ta in., 2008).

BaxxmuBy poitb Uit pocTy Ta pO3BHTKY pHO Bifi-
TPalOTh  KapOTHHOIAW. 3aBASKA  BitamiH  A-
MPEKYPCOPHiil i, a TAKOXK aHTHOKCHIAHTHOMY, aH-
TUMyTarecHHOMY Ta Y D-IpOTEKTOPHOMY e(dEeKTy,
BOHHM BOJIOZIIOTH BHCOKOIO Oi0JIOTiYHOIO IIHHICTIO
(Carotenoids.., 2009; Stahl, Sies, 2005). Takox 3Ha-
24

YHOIO € POJIb KApOTHHOIJIB y MpPOIecax CTaTeBOTO
J03piBaHHA Ta CTUMYJIALIl po3BUTKY ikpu. Hesmat-
HICTH pU0 IO CHHTE3y B OpraHi3Mi IIUX mirMeHTiB de
NOVO CrpUYUHSIE HEOOXIIHICTh BKIIOUSHHS KapOTH-
HOTIB J10 X pallioHy.

Binomo, 1110 300I1aHKTOH, KUK 3a3BUYail BUKO-
PHUCTOBYIOTh Y SIKOCTI )KHBOTO KOPMY, TAKOXK HE 3J1a-
THUH 710 CHHTE3y KapOTHUHOI/IB, a JIUIIE JI0 1X HaKO-
MUYEHHS. Y 3B’SI3KYy 3 MM, aKTyaJlbHUM € MUTaHHS
LI0A0 PO3POOKH TEXHOJIOTii MOro HACHYEHHS LUMH
crionykamu. [IpOMHCIIOBUMHU TPOAYIICHTAMH Kapo-
TUHOIIIB MOXXYTh BUCTYIATH Pi3HI I'PyNH OpTaHi3-
MiB, 30KpemMa BoAopocTi poxy Haematococcus ta
apbxmki  poxie  Rhodosporidium, Rhodotorula i
Phaffia (Frengova, Beshkova, 2009; Moline, 2012).
BpaxoBytouu Te, 110 I BUPOLIYBaHHS 1ad0paTop-
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HUX KyJbTYp IUIAHKTOHHUX paKOIOAIOHMX Tpaliu-
IIHO BHKOPHMCTOBYIOTH ApiXKMIKI Saccharomyces
cerevisiae, AOLIJIBHUM Yy OIOTEXHOJOTIT KYJIbTHUBY-
BaHHsI 300IJIAHKTOHY € 3aCTOCYBaHHS IPIKIKIB, aje
30aTHUX 0 KapoTHHOreHe3y. IlepcriekTuBHICTH BU-
KOPHCTaHHS KAPOTUHCHUHTE3YIOUNX IPIKIKIB K KO-
pMOBOTO CyOCTpaTy AJisl 300MJIaHKTOHY IOB’s13aHa 3
MIiKpOOiOJIOTIYHAM IIIITXOM OTPHUMAaHHS KapOTHHOI-
IliB, IO € €KOHOMIYHO moriumpHImmM (Mata-Goémez
et al., 2014, Latha et al., 2005).

[Ipomec GiocuHTE3y KapOTHHOIMIB MiKpPOOPTaHi-
3MaMH 3HaYHOIO MipOI0 3aJIE)KHUTh BiJ CKIIany MOXKHU-
BHOrOo cepenosuma (El-Banna et al., 2012). Tomy,
KUIBKICHUN Ta SKICHUW CKJIaJ KapOTHHOIIIB MOXXHA
KOPEryBaTH LUIIXOM J0JaBaHHS B CEPENOBHUILE Ky-
JBTUBYBAHHS MONEPEIHUKIB OTPUMYBAHOTO MPOIY-
KTy, iHAykTOpiB abo crtumynstopiB (Liu, 2006;
Chanchay, 2012).

BinmoBigHo, METOI HAMIOTO AOCHTIIKEHHA OyIIO
BCTaHOBJICHHSI €()EKTHBHOCTI KyJIbTUBYBaHHS 300II-
JAHKTOHY 3a yYMOB BHUKOPHCTaHHS SIK KOPMOBOTO
cyOcTparty KapOTHHCHUHTE3YIOUNX TIPIKIKIB
Rhodotorula glutinis.

Marepiaau Ta MeToau. J{ociimKeHHs TPOBOIH-
v Ha KyaeTypi Simocephalus vetulus (Miiller, 1776)
(Cladocera). KyneruByBanas madHii 3aiiicHIOBaIN
3TiIHO 3aranbHONPUUAHATHX MeTonuk (BuotexHoo-
TSl KyJTbTUBUPOBaHUS.., 1999) B eMHOCTSIX 00’ eMOM
0,5 m 3a 16-roguHHOTO (hOoTOMEPiOAY TA TEMIIEpATy-
pu 22+1°C B yMOBaxX KIIMaTHYHOI KiMHATH.

B sixocti xapuoBoro cyocTpaty Juist 300TUIaHKTO-
Hy BUKOPHCTOBYBaJM BOJHI CYyCII€H3ii JABOX BHJIIB
JPLKIDKIB (Saccharomyces cerevisiae Ta
Rhodorotula glutinis), crangaptu3oBani 3a KijbKic-
Tr0 KimiTiH 24x10° Ha 1 71 SKMBMJIBHOTO cepeoBuIIa.
[ligpaxyHOK KiIBKOCTI KIIITHH 3IHCHIOBAIH 3 BHKO-
pHUCTaHHSIM Kamepu [‘opsieBa mij OIHOKYJSPHUM Mi-
kpockorioM MicroMed XS-3300. ITonepeasso mpo-
BEJCHUMH JAOCHIKCHHAMH OyJia BH3HA4Y€Ha OITH-
MaJIbHa TPUBAIICTH Maca)KyBaHHsI, IO CTAHOBHJIA 28
10, 3 IHTEPBAJIOM BHECEHHS CYCIEH311 IPIKIKIB 56
TOJMH.

Hpixmki R. glutinis kynpTHByBanu Ha piaKOMy
KUBWJILHOMY CEpEJIOBUIII TJIMOWHHUM CIIOCOOOM.
KynsTuByBaHHs moOCiBHOrO Marepiany TpuBaio 48
rO/IMH, a OCHOBHA (epMeHTauis — 5 1i6 npu t=28°C
Ha meiikepi JIAB-TTY-01 (160 06./xB). Jns cTumy-
JIFOBaHHS OIOCHMHTETUYHOI aKTWBHOCTI HIDKYUX TPH-
0iB BUKOPHCTOBYBA&JIM: PETHHOJNY aleTaT, HaTpilo
arerar, mepokcusl BoaHO. Ilicist gecTpykiii apix-
oxoBuX KaithH Ha Y3JIH-2T ta excrpakiii mirMeH-
TiB, 3MIHCHIOBAIIN iX KiJIbKICHE BH3HAYECHHS CIIEKTPO-
¢doromerprunum MeronoM (Frengova, 1994).

BusHaveHHs ¢pakmiiHOTO CKJIaqy KapOTHHOINIB
MIPOBOIMIIN METOJIOM TOHKOIIapoBOi XxpomaTorpadii
y TOHKOMY HIapi copOeHTy Ha mactiuakax “Silufol —
UV —254” (Yexis) 3 BUKOPUCTAHHIM Pi3HUX CHCTEM

Biostoriuni cucremu. T. 6. Bum. 1. 2014

PO3UMHHHKIB: aleTOH-OeH30JI-TIeTpoichiHui  edip-
rexkcad (10:10:3:10), OeH3o0-arieTOH-XJI0pOGOPM
(5:5:4), rexcan-6enzon (29:1), rekcan-6enszon (9:1)
Ta xnopodopm (Yeuera u ap., 2008).

BusHaueHHs BMICTY 3arajbHHX IMPOTEiHIB, 3ara-
JBHUX JHIIIB Ta KapoTHHOIAIB y S. vetulus 3mitic-
HIOBAIM 3TiHO 3arajJbHONPHUHHATHX METOAMK Ta
oOpaxoByBanu Ha | T cyxoi pedoBunu (bioximis ri-
npo6ioHTiB.., 2009; Zooplankton methodology..,
2000; IIpoaykTs! numeBsle.., 2011).

[IpoTsirom mepiofy KyJabTHBYBaHHHS BH3HAYAJH
TUHAMIKY OCHOBHHX (DI3MIKO-XIMIYHUX TOKa3HHKIB
cepenoBuma. Pisens pH ta OBII dikcyBanu 3a go-
moMoror ionomipy 1-160 MU 3 BUKOPUCTAaHHSM Bi-
JMOBITHAX CEJICKTHBHHUX €JEeKTpoXiB. BusnaueHHs
€JIEKTPOIIPOBITHOCTI Ta 3arajbHOI MiHepami3allii ce-
pEeNoBHIA KyJIbTHBYBaHHS MPOBOJWIN i3 3aCTOCY-
BaHHsAM KoHAykToMmeTpa SX-650 «ULaby». KonTpons
BMICTy PO3YMHHOTO KHCHIO TPOBOIIIA TMOTEHIIIO-
METPUYHUM METOJOM i3 3aCTOCYBAaHHSIM KHCHEMIpy
PDO-607.

CratuctuuHy oOpoOKy pe3ynbTaTiB 37iHCHIOBA-
T 32 JONOMOIOI0 TPOrpamMHOro 3abe3rnedeHHs
Microsoft Excel. BigmiHHOCTI pe3ysbTarTiB, 0 00-
TOBOPIOIOTHCS B POOOTI, BIpOTiIHI TPH PiBHI JOCTO-
BipHOCTi p<0,05 3a xpurepiem CrtriogenTta. Ha pu-
CYHKaXx MpeCTaBICH] TUIIOBI XpOMAaTOT PaMHU.

PesynbTaTn it ooroBopenns. [Ipu omiHmi sKic-
HOTO CKJIJy KapoTHHOIAiB apixmkiB R. glutinis Oy-
JI¥ 3aCTOCOBAaHI Pi3HI CUCTEMH PO3YMHHHKIB. BHko-
pUCTaHHsI OUIBIIOCTI 3 HUX JTO3BOJHIO 3adiKCyBaTH
HasBHICTh OJHI€I XpoMmaTorpadiuyHOi 30HH, i€HTH-
(hikoBaHOT SIK TaKOi, [0 HAIEKUTH [-KapOTHHY.

[lpu BUKOpHCTAaHHI CHCTEMH PO3YHHHHKIB T'eK-
caH-OenH3o1 (29:1) BigMideHO TIOSBY TPHOX IITMEHT-
HHX CMYT: JKOBTO-OpamxeBoro koibopy (Rf 0,56),
IO CBIIYWUTH MPO HASBHICTH [-KapOTHHY, KOBTOTO-
poxkeBoro (Rf 0,43) Ta 4epBOHO-OpPaHKEBOTO KO-
aeopy (Rf 0,37). OcranHi BKa3ylOTb Ha MOXKIHBY
nosiy crnenubiunux g Rhodotorula mirmentis

(puc. 1).

Rf 0,56
Rf 0,98

Rf 0,43

Rf 0,37

Puc. 1. Xpomamozpagpiunuii po3noodin kapomunoioie

Rhodotorula glutinis
Ipumimxka: 1) xropoghopm; 2) eexcan-benzon (29:1).

Fig. 1. The chromatographic distribution of

Rhodotorula glutinis carotenoids
Note: 1) chloroform; 2) hexane-benzene (29:1).
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Puc. 2. Chnekmpanvna xapaxmepucmuka KapomuHoio-
nux niznenmie Rhodotorula glutinis

Pesynpratn xpomarorpadiunoro anamizy Oynu
MiATBEPIDKEHI  CIIEKTPOPOTOMETPUYHUMHU  JTOCTi-
okeHHsaMu y aiamazoni 400-550 um (Britton, 2004).
Taxk, OyB 3adikcoBaHMii MAKCUMYM TIOTJIMHAHHS TIPU
A = 450 HM, XapakTepHUH AJs B-KapOTHHY, 1HIIHMA
nik (mpu A = 480 HM) — IpUTaMaHHUI TOpyIiHY. 3a-
PEECTPOBAaHUH TPETii MAKCHMYM TIOTJIMHAHHS y Jia-
nmazoHi 510-520 HM [03BOJISIE TIATBEPAWTH HASB-
HICTBh TOpYJIapoauHy (puc. 2).

Jns ominku O10CHMHTETHUYHOI 34ATHOCTI IITAMIB-
MPOJYIEHTIB Oi0JOTIYHO aKTUBHUX PEYOBUH 3aCTO-
COBYIOTH HE JIMIIE iX SIKICHYy XapakTepHCTHKY, a U
KipKicHy. [Ipy BU3Ha4YeHHI BMICTY 3araJlbHUX Kapo-
TUHOINIB Ta iX okpemux (ppakuiil 3adikcoBaHuit pi-
BeHb KapoTHHOIAIB y KiithHax R. glutinis 65 mxr/r
CyXOl pEYOBHHH, 3 SIKUX Ha P-KapOTHH NpUTIAJIAE
52 MKT/T CyX0i peuOBHHH.

IIpn mocnimxeHHI BIUIMBY PETUHONY, aleTaTy
HATPil0 Ta TMEPOKCHIY BOIHIO Ha OIOCHHTETHYHY
3gatHicTs R. glutinis BigmiueHo cTHMYyJIHOOUY IO
yCiX BUKOPHCTaHMX CHOJYK Ha KapOTHHOTECHE3, IPU
4OMY MaKCHUMaJIbHi 3MiHHU MPOSBISUTUCH 32 BUKOPHC-
TaHHS TIEPOKCUAY BOJHIO. JlaHWil OKHCIIOIOYUN
areHT BUKJIMKAaB 301JIbIICHHS 3aralbHOrO BMICTY Ka-
pOTHHOIAIB y 2,3 pa3u, B-kapoTuHy — y 2,5 pasu, To-
pyniny — 1,7, Topynaponuny — y 2 pasm.

3a yMOB J0JjaBaHHS alleTaTy HaTpil0 3apeecTpo-
BaHO 3POCTAaHHS CyMapHOTO BMICTY KapOTHHOIZIB,
MPOTe HE BUSBICHO 3HAYHMX 3MIH Yy KUIBKOCTI 4ep-
BOHHX III'MEHTIB (TOPYNiHYy, TOPYJIApOJAWHY), IiH-
HUX y NPOMHCIIOBOMY BiJHOILIEHHI Ta XapaKTEPHUX
came ISl JTAaHOTO POy JAPIKIDKIB. BukopucraHHs
JIAHOT CIIOJYKH, OYEBHUJIHO, JIOLIJIbHE Y BUTIAJIKY Ha-
npaBiieHOro cuHTe3ly apikmkamu Rhodotorula f-
KapoTHHy. HaliMeHIIOI0 Mipol CTUMYIIOIOUHU
BIUIMB Ha CHHTE3 IITMEHTIB HPOSBIAB PETHHOIY
arerar.
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Fig. 2. The spectral characteristic of carotenoid
pigments of Rhodotorula glutinis

[lonepenniit aHami3 BMICTy KapOTHHOINIB ¥
R. glutinis mo3Bosnsie nependaunTH X BUKOPHUCTAHHS
SK JpKepena KapoTuHoimie s S. vetulus. Tak, Bu-
kopucrtanus R. glutinis sik anbTepHATHBHOIO Xap4o-
BOTrO cyOcTpaTy 3amicTh S. Cerevisiae 3zade3nedusio
301IBLICHHS] BMICTY 3arajlbHAX KapOTHHOIJIB Maiike
B 2 pa3W Ta 3MiHY BiJHOCHOI KiJIbKOCTI iHIIUX HYT-
pienTiB y oprani3mi S. vetulus (ta6m. 1).

[Nokazano, 1m0 3pOCTaHHA BMIiCTy KapOTHHOITIB
MOJK€ CYIIPOBO/KYBATHCh CTHMYJIFOBAHHSIM TPaHCK-
puniitnoi akruHocti MPHK (Ben-Dor et al., 2005),
10, IMOBIPHO, MOJXKE 3YMOBIIIOBAaTH BCTAHOBJICHE
HaMH MiJBUIIEHHS 3arajibHUX TPOTEIHIB y nadHii
IIPH BUTOJIOBYBaHHI KapOTHHCHHTE3YFOUUMH JIPiK-
Jokamu. Tlopsin 3 UM, YacTKa 3arajibHUX JIMiIiB Ha
(oHI MiIBUIIIEHHS] BMICTY KapOTHHOI/IB CKOPOTHJIA-
cs Maibke Ha 65%. BimoMo, 1o criokuBaHHS Kapo-
THUHOIJIIB MOK€ TIPU3BOJUTH 10 MPUTHIYeHHS aude-
peHIfialii aJMIOIMTIB 13 KJIITHH-TIONEPEIHUKIB
(Tourniaire et al., 2009).

Taén. 1.
Hympicumnuii cxknao S. vetulus npu euxopucmanni ¢
AKocmi xapuoeozo cybocmpamy S. cerevisiae ma
R. glutinis
Tab. 1.

The nutritional composition of S. vetulus while using

as a food substrate S. cerevisiae and R. glutinis

Hvrol . XapuoBuii cydcTpar
€
chpIZ ;:l“"m Saccharomyces Rhodotorula
A . .
cerevisiae glutinis

Kaporunoian, | 148542363 | 355,6+25,66
MK2/2

Hpoteinn, me/e 501,7 + 43,79 861,3 + 79,01
Jlimim, me/e 179,3+5,27 114,5+ 13,40

Tpumimra: Yci giominnocmi € docmogipnumu npu p<0,05.
Note: All differences are significant at p<0,05.
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Puc. 3. Tunamika xinbkocmi ocooun S. vetulus y mono-
Kynbmypi npu 6upouy6anHi 3 6UKOPUCIMAHHAM OpPidic-
oaicie S. cerevisiae ma R. glutinis

Kopek1ist HyTpieHTHOTO CKJazy KOpMOBUX Opra-
HI3MIB MOX€ CYIPOBOKYBATUCH 3HIDKEHHSM TIOKa-
3HUKIB TEMIIB POCTy KYJIbTYpu. 3a pe3ysibTaTaMu
MPOBEJCHUX  JTOCIIPKEHb 3aMiHa  JIPDKIDKIB
S. cerevisiae Ha KapOTHMHCHHTE3YIOUi SIK Xap4OBOTO
cyOcTpaTy He NpH3BeNna 0 MPUTHIYEHHS KYJIbTYpH

Fig. 3. The dynamics of S. vetulus individuals’ amount
in monoculture during the growth while using the yeast
S. cerevisiae and R. glutinis

S. vetulus (puc. 3). TTO3UTHBHUM TaKOX € Te, 10 BH-
roJoByBaHHs NadHI KapOTHHCUHTE3YIOUNMH JIPiK-
JPKaMH HE TIPU3BOJUTH JI0 ICTOTHUX 3MiH OCHOBHHX
(i3UKO-XIMIYHMX TOKa3HUKIB KYJIBTHUBAIIIHOTO Ce-
pEeNOBHINA Y MOPIBHAHHI 3 KOHTPOJIHOIO TPYIIOIO,
BUPOIIEHOO Ha S. cerevisiae (puc. 4).
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Fig. 4. The dynamics of physicochemical parameters of the
culture medium during cultivation of S. vetulus while using

the yeast S. cerevisiae and R. glutinis
Note: 1) pH; 2)redox potential (mV);3) conductivity (uS/sm?),; 4) total
mineralization (mg/l).
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Tak, mpoTsAroM BCHOTO TMEPiOAY KyIbTHBYBAaHHSI
BMICT PO3UMHEHOT0 KHCHIO 3aJIMIIaBCcs y Mexax 5,0-
6,5 mr/n. CTaOinpHINIMMU BUSBUIUCS TIOKa3HUKU
pH, enexTponpoBigHOCTI Ta 3araabHOi MiHEpaizamil
npu BupornryBanHi S. vetulus ma R. glutinis. Ie 3y-
MOBJIFOE MOXKJIMBICTh CKOPOYCHHS KUIBKOCTI orepa-
i KOHTPOIIIO AKOCTI KYJbTHBAI[IHOTO CEpelOBH-
a, IO JO03BOJSIE iICTOTHO CIPOCTHUTH TEXHOJIOTIIO
HAaCHYEHHS 300TUIaHKTOHY KapOTHHOIAaMHU MiKpoOi-
OJIOTIYHOTO TIOXOJPKCHHSI.

BucHoBku. 3acTocyBaHHS KapOTHHCHHTE3YIOUHX
apixmkiB R. glutinis y skocti kopmMoBoro cyoctpaty
s S. vetulus mo3Bosisie 30araTUTH JKHUBI KOPMH Ka-
pOTHHOINAMU Maiike y 2 pas, 0 MOXKE i IBUIITUTH
iX Xap4oBYy IIHHICTH IS TUIUHOK pub. OKpiM TOTO,
BukopucTanHs R. glutinis 3abesneuye moiOHMI
MIPUPICT MOHOKYIIBTYPH, 5K 1 B OCIiaX 3 BUKOPHC-
TaHHAM S. Cerevisiae, ogHak B MEHIIIH Mipi crpu-
YHHSE 3MiHY (i3MKO-XIMIUYHMX MOKa3HHKIB cepeao-
BHIIA KyJIbTUBYBaHHS.
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THE APPLICATION OF YEAST RHODOTORULA GLUTINIS FOR CULTIVATION OF
SIMOCEPHALUS VETULUS (MULLER, 1776) UNDER THE LABORATORY
CONDITIONS

O. V. Kushniryk, M. M. Marchenko, O. I. Khudyi, L. M. Vasina, L. V. Khuda,
O. M. Kavulya

The usage of live feeds on the early stages of fish post-embryonic development has a positive effect on the fry
survival and growth processes. Zooplankton which commonly used as live food is not able to synthesize such important
groups of substances for normal development of animal organism as carotenoids, but only to their accumulation. In this
regard, the important issue is the development of technology in vivo saturation of forage organisms by carotenoids. The
different groups of organisms, including algae of the genus Haematococcus and yeast of genera Rhodosporidium,
Rhodotorula and Phaffia, can serve as industrial producers of carotenoids. Given that for growing laboratory cultures
of planktonic crustaceans the yeast Saccharomyces cerevisiae is traditionally used, the appropriate trend in the
biotechnology of zooplankton cultivation is application of yeast, but capable of carotenogenesis. One of such species is
Rhodotorula glutinis. In assessing the qualitative composition of carotenoids in R. glutinis it was used a variety of
solvents in the following combinations: acetone-benzene- petroleum ether-hexane (10:10:3:10), benzene-acetone-
chloroform (5:5:4), hexane-benzene (9:1) and chloroform. Their use has allowed to detect the presence of one
chromatographic zone — S-carotene. When using an another system of solvents — hexane-benzene ( 29:1) — it was made
able to identify three pigmented bands, corresponding f-, y-carotene and xanthophylls torulin and torularodyn whose
presence was confirmed by spectrophotometric studies. In the study of retinol, sodium acetate and hydrogen peroxide
influence on the biosynthetic ability of R. glutinis it was observed the catalytic effect of compounds on the
carotenogenesis, with maximum changes shown when using hydrogen peroxide. It was established that the usage of R.
glutinis as feed substrate causes an increase the carotenoid content in live feeds almost 2 times, and is accompanied by
an increase in total protein content and a decrease in the share of total lipids. It should be noted that the replacement of
the yeast S. cerevisiae to carotene-productional yeast do not significantly impacts on the growth dynamics of the culture
S. vetulus. Analysis of physical and chemical characteristics of the culture medium showed minor fluctuations of
dissolved oxygen and stable pH, redox potential, conductivity and total mineralization when growing S. vetulus on R.
glutinis. This leads to the possibility of reducing the number of operations by control the quality of cultural medium,
what can significantly simplify the technology of zooplankton saturation by carotenoids of microbiological origin.

Keywords: cultivation, Simocephalus vetulus, yeast, Rhodotorula glutinis, Saccharomyces serevisiae, carotenoids.

Ooepoicano peoxonezicio 10.03.2014
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ACUTE L-GLUTAMINE DEPRIVATION AFFECTS THE EXPRESSION OF
G6PD, GPI, TKT, TALDO1, PGLS AND RPIA GENES IN U87 GLIOMA
CELLS: EFFECT OF ERN1 KNOCKDOWN

A. GARMASH!, D. 0. MINCHENKO"?, D. 0. KOMPANIETS?,
0.

l.
A. 0. KULINICH', O. V. KOVALEVSKA', 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;
* g-mail: ominchenko@yahoo.com

Pentose-phosphate cycle of glucose metabolism plays an important role in malignant tumor growth, including glioma.
We have studied the expression level of mRNA of basic enzymes of this cycle (G6PD, TKT, TALDO1, PGLS and RPIA) as
well as glucose-6-phosphate isomerase (GPI) in U87 glioma cells with knockdown of ERN1 (endoplasmic reticulum to
nucleus signaling 1), the major sensor and signaling enzyme of endoplasmic reticulum stress, upon glutamine deprivation
in the growing medium. It was shown that suppression of ERN1 signaling enzyme function leads to significant decrease of
the level of TALDO1 and PGLS gene expressions in glioma cells, but the expression level of GPI gene is increased. At the
same time, the expression level of other genes of pentose-phosphate cycle enzymes did not change significantly at this
experimental condition. It was also shown that upon glutamine deprivation condition the expression level of G6PD and
GPI genes is increased and decreased, correspondingly, but other pentose-phosphate cycle genes does not changed
significantly in glioma cells. Moreover, the changes in the expression level of these genes upon glutamine deprivation is
clearly dependent upon ERN1 signaling enzyme function. Thus, these results demonstrate that suppression of ERN1
signaling enzyme function in glioma cells affects the expression level of three studied genes only and that glutamine
deprivation condition induces variable changes in the expression of most investigated genes but preferentially in glioma

cells with ERN1 knockdown.

Key words: gene expression, ERN1 knockdown, G6PD, TKT, TALDOL, PGLS, RPIA, GPI, glutamine deprivation, U87

glioma cells

Introduction. Pentose phosphate pathway of
glucose metabolism plays an important role in the
regulation of various processes both in normal and
pathological conditions, especially in glioma growth,
and depends of endoplasmic reticulum stress, which
is obligate component of cancer growth (Hetz et al.,
2013; Moenner et al., 2007; Minchenko et al., 2013).
Malignant gliomas are highly aggressive tumors and
are characterized by marked angiogenesis and
extensive tumor cell invasion into the normal brain
parenchyma. Previously was shown that blockade of
ERN1-mediated signaling pathway of endoplasmic
reticulum stress leads to suppression of cell
proliferation and tumor growth through changing in
the expression level of genes, which responsible for
control of glycolysis, cell cycle, apoptosis,
angiogenesis and many other processes (Auf et al.,
2010, 2013; Drogat et al., 2007; Minchenko et al.,
2010, 2012a, 2012b, 2012¢, 2014; Pluquet et al.,
2013). Nutrient deprivation condition is also an
important factor of cancer growth and participates in
the induction of endoplasmic reticulum stress (Bi et
al., 2005; Drogat et al., 2007).

30

The endoplasmic reticulum is a key organelle in
the cellular response to ischemia, hypoxia, and some
chemicals which activate a complex set of signaling
pathways named the unfolded protein response. The
endoplasmic reticulum stress is associated with

accumulation of unfolded proteins in the
endoplasmic  reticulum and  controls  both
neovascularization and proliferation processes

(Moenner et al., 2007; Zhang and Kaufman, 2004).
This adaptive unfolded protein response is activated
upon the accumulation of misfolded proteins in the
endoplasmic reticulum and is mediated by three
endoplasmic  reticulum-resident sensors named
ERN1/IRE1 (Endoplasmic Reticulum to Nucleus
signaling 1 / Inositol Requiring Enzyme-1), PERK
(PRK-like ER kinase), and ATF6 (Activating
Transcription Factor 6); however, ERN1 is the
dominant sensor (Aragon et al., 209; Bi et al., 2005;
Fels et al., 2006; Korennykh et al., 2009). Activation
of the unfolded protein response tends to limit the de
novo entry of proteins in to the endoplasmic
reticulum and facilitate both the endoplasmic
reticulum protein folding and its degradation to
adapt cells for survival or, alternatively, to enter cell
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death programs through endoplasmic reticulum-
associated machineries (Aragon et al., 209; Moenner
et al., 2007; Zhang and Kaufman, 2004). As such, it
participates in the early cellular response to the
accumulation of misfolded proteins in the lumen of
the endoplasmic reticulum, occurring under both
physiological and pathological situations (Moenner
et al., 2007; Zhang and Kaufman, 2004).

The signaling enzyme ERNL1 is bifunctional and
has two distinct catalytic domains: a serine/threonine
kinase and an endoribonuclease. Both domains are
contributed to ERN1 signaling (Moenner et al.,
2007; Zhang and Kaufman, 2004). The ERN1-
associated protein kinase autophosphorylates and
dimerizes this enzyme in the endoplasmic reticulum
membrane, leading to the activation of its
endoribonuclease domain. It is possible that ERN1-
associated protein kinase has some additional
functions (Bakalets et al., 2013; Garmash et al.,
2013). Endoribonuclease activity is responsible for
degradation of a specific subset of mRNA and
initiation of the pre-XBP1 (X-box binding protein 1)
mMRNA splicing (Acosta-Alvear et al., 2007; Hollien
et al, 2009; Romero-Ramirez et al., 2004). Mature
XBP1 mRNA splice variant (XBP1s) encodes a
transcription factor that stimulates the expression
more than five hundreds of unfolded protein
response-specific genes (Acosta-Alvear et al., 2007).
Moreover, XBP1s has several additional functions,
especially in the regulation of glucose homeostasis.
Thus, the p38 MAP kinase phosphorylates the
spliced form of XBP1 and enhances its nuclear
migration. Zhou et al. (2011) shown that XBP1s
interacts with the FOXO1 (Forkhead box O1)
transcription  factor and directs it toward
proteasome-mediated degradation. Moreover, the
regulatory subunits of phosphatidyl inositol 3-kinase
interact with XBP1 and also increase its nuclear
translocation (Lee et al., 2011). At the same time, it
was shown that an ERN1 kinase inhibitor activates
the ERN1 endoribonuclease to confer cytoprotection
against endoplasmic reticulum stress. It is possible
that this activation of the ERN1 endoribonuclease is
a result of its interaction with other sensor-signalling
systems of endoplasmic reticulum stress.

Recently, there has been a renewed interest in the
role of the pentose phosphate pathway in cancer (Du
et al.,, 2013; Tsouko et al., 2014). This metabolic
pathway is advantageous for rapidly growing cells
because it provides nucleotide precursors and helps
regenerate the reducing agent NADPH, which can
contribute to reactive oxygen species (ROS)
scavenging. Pentose phosphate pathway genes, such
as G6PD (glucose-6-phosphate dehydrogenase),
TKT (transketolase), TALDO1 (transaldolase 1),
PGLS (6-phosphoglucolactonase) ta RPIA (ribose-5-
phosphate isomerase), as well as DPI (glucose
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phosphate isomerase) gene play an important role in
malignant tumor growth. These genes encode
enzymes related to pentose formations, which are
needed for nucleic acids synthesis and
intensification of cell proliferation.

Glucose-6-phosphate dehydrogenase is the rate-
limiting enzyme of the pentose phosphate pathway
and is involved in apoptosis as well as angiogenesis
(Hu et al., 2013; Samland et al., 2009; Stanton et al,
2012; Zhang et al., 2014). Moreover, G6PD may
regulate apoptosis and expression of cell cycle-
related proteins through phosphorylation of
transcription factors STAT3 and STATS5, thus
mediating formation and growth of malignant cells
(Hu et al., 2013). It is interesting to note that TAp73,
a structural homologue of the pre-eminent tumor
suppressor TP53, enhances the pentose phosphate
pathway and supports cell proliferation through
glucose-6-phosphate dehydrogenase, which has a
critical role of in TAp73-mediated cell proliferation
(Du et al., 2013; Jiang et al., 2013). Recent data
indicates that the transcription factor NRF2 is
responsible for regulating G6PD and TKT gene
expressions and oncogenes can realize its effect via
stabilization or degradation of the transcription
factor (Shelton and Jaiswal, 2013).

Transaldolase is a key enzyme of the
nonoxidative pentose phosphate pathway providing
ribose-5-phosphate for nucleic acid synthesis and
NADPH for lipid biosynthesis (Basu et al., 2011;
Samland and Sprenger, 2009). This enzyme is
involved in mitochondrial homoeostasis, Ca(2+)
fluxing, oxidative stress, apoptosis, multiple
sclerosis, and cancer (Berry, 2008; Qian et al., 2008;
Samland et al., 2009).

Phosphoglucose  isomerase  (PGI) is a
multifunctional enzyme that functions in glucose
metabolism as a glycolytic enzyme catalyzing an
interconversion between glucose and fructose inside
the cell, while it acts as cytokine outside the cell, with
properties that include autocrine motility factor
(AMF)-regulating tumor cell motility. AMF/PGI
mediates epithelial and mesenchymal phenotype
conversions in breast cancer and its overexpression
induces epithelial-to-mesenchymal transition with
enhanced malignancy (Funasaka et al., 2009; Niinaka
et al., 2010). Recent studies have revealed that
silencing of AMF/PGI resulted in mesenchymal-to-
epithelial transition of human lung fibrosarcoma cells
and breast cancer cells with reduced malignancy. It
was shown that overexpression of AMF/PGI
significantly contributes to the aggressive phenotype
of human colon cancer, but downregulation of its
expression and subsequent abrogation of AMF/PGI
secretion, which resulted in morphologic change with
reduced growth, motility, and invasion (Niinaka et al.,
2010; Tsutsumi et al., 2009).
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Phosphoglucose  isomerase also  regulates
endoplasmic reticulum stress and cell death through
control of endoplasmic reticulum calcium release as
well as promotes cell survival by the pAKT survival
pathway (Fu et al., 2011). Its receptor, AMFR, is an
E3 ubiquitin ligase implicated in endoplasmic
reticulum-associated protein degradation (Fairbank
et al., 2009). Moreover, AMF/PGI also protects
against tunicamycin-induced endoplasmic reticulum
stress and apoptosis (Fu et al., 2011). Furthermore,
HER2 expression and AMF/PGI secretion were
inversely related in breast carcinoma cells. Thus,
AMF/PGI may contribute to HER2-mediated breast
cancer progression (Kho et al., 2013).

The main goal of this study was investigation the
role of the expression of pentose phosphate pathway
genes (G6PD, TKT, TALDOL1, PGLS. and RPIA) as
well as glycolytic enzyme gene (GPI), those protein
products participate in the regulation of cell
proliferation, in glioma U87 cells with ERN1
knockdown and its regulation upon glutamine
deprivation and to study the contribution of
endoplasmic reticulum stress sensor ERN1 to fine
tune their expression.

Materials and Methods. The U87 glioma cell
line 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 work we used two sublines of
this glioma cell line. One subline was obtained by
selection of stable transfected clones with
overexpression of vector (pcDNA3.1), which was
used for creation of dominant-negative constructs
(dnERNZ1). This untreated subline of glioma cells
(control glioma cells) was used as control 1 in the
study of effects of glutamine deprivation condition
on the expression level of G6PD, GPI, TALDO1,
TKT, PGLS, and RPIA genes. Second subline was
obtained by selection of stable transfected clones
with overexpression of dnERN1 construct and has
suppressed both protein kinase and endoribonuclease
activities of ERN1 signaling enzyme. These cells
were obtained from prof. M. Moenner (France)
(Drogat et al., 2007; Auf et al., 2010). The
expression level of G6PD, GPI, TALDO1, TKT,
PGLS, and RPIA genes in these cells was compared
with cells, transfected by wvector (control 1).
Moreover, glioma cells with blockade of ERNL1
signaling enzyme function was also used as control
2 for investigation the effect of glutamine
deprivation condition on the expression level of
studied genes under blockade ERN21 function.
Glutamine deprivation condition was created by
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changing the complete Dulbecco’s modified Eagle’s
minimum essential medium on the medium without
glutamine and culture plates were exposed to this
condition for 16 hrs.

The suppression level of ERN1 both enzymatic
activity in glioma cells that over express a dominant-
negative construct of endoplasmic reticulum-nuclei-
1 (dnERN1) was previously shown by analysis of
the expression of XBP1 alternative splice variant
(XBP1s), a key transcription factor in ERN1
signaling, and phosphorylated isoform ERN1 using
cells treated by tunicamycin (0.01 mg/ml during 2
hours) (Minchenko et al., 2014).

Total RNA was extracted from glioma cells
according to manufacturer protocols (Invitrogen,
USA). RNA pellets were washed with 75 % ethanol
and dissolved in nuclease-free water. For additional
purification RNA samples were precipitated with 95
% ethanol and re-dissolved again in nuclease-free
water. For synthesis of complementary DNA
(cDNA) was used QuaniTect Reverse Transcription
Kit (QIAGEN, Germany).

The expression levels of G6PD, GPI, TALDOL1,
TKT, PGLS, ta RPIA mRNA were measured in
glioma cell line U87 and its sublines (clone 1C5) by
real-time quantitative polymerase chain reaction of
cDNA using ,,Mx 3000P QPCR” (Stratagene, USA)
and SYBRGreen Mix (AB gene, Great Britain).
Polymerase chain reaction was performed in
triplicate. For amplification of GPI (glucose-6-
phosphate isomerase) cDNA we used forward (5’—
cgcccaaccaactctattgt -3 and  reverse (57—
ggtagaagcgtcgtgagagg —3°) primers. The nucleotide
sequences of these primers correspond to sequences
1554 — 1573 and 1766 — 1747 of human GPI cDNA
(GenBank accession number NM_000175). The size
of amplified fragment is 213 bp.

For amplification of G6PD (glucose-6-phosphate
dehydrogenase) we were used forward (5°—
gaggccgtgtacaccaagat —3° and  reverse (5
tacccaaggccgtacttgtc —3”) primers. The nucleotide
sequences of these primers correspond to sequences
1430 — 1439 and 1644 — 1625 of human G6PD
cDNA (GenBank accession number NM_000402).
The size of amplified fragment is 215 bp.

The amplification of TALDOL (transaldolase 1)
cDNA for real time RCR analysis was performed
using two oligonucleotides primers: forward — 5°—
ggctgtgacttcctcaccat -3’ and reverse — 5'—
ctcagggatgcgctactttc —3°. The nucleotide sequences
of these primers correspond to sequences 795 — 814
and 1076 — 1057 of human TALDO1 cDNA
(GenBank accession number NM_006755). The size
of amplified fragment is 282 bp.

For amplification of TKT (transketolase) cDNA
we used forward (5’— gacaaccttgtggccattct —3° and
reverse (5°— tctgctcagecatgtttttg —3°) primers. The
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nucleotide sequences of these primers correspond to
sequences 1530 — 1549 and 1834 — 1815 of human

CCN2 cDNA (GenBank accession number
NM_001901). The size of amplified fragment is 283
bp.

The amplification of PGLS (6-

phosphogluconolactonase), also known as 6-
phosphogluconolactone  to  6-phosphogluconate
(6PGL) cDNA for real time RCR analysis was
performed using two oligonucleotides primers:
forward — 5°— ctgctcactcttcccagacc —3° and reverse
(5’— tccagttgccacaaagatga —3°). The nucleotide
sequences of these primers correspond to sequences
515 — 534 and 665 — 646 cDNA of human PGLS
(GenBank accession humber NM_012088). The size
of amplified fragment is 151 bp.

For amplification of RPIA (5-phosphate
isomerase A) cDNA we wused forward (5°-
agtgctgggaattggaagty -3’ and reverse (57—
cgatcacgatgaagcgacta —3’) primers. The nucleotide
sequences of these primers correspond to sequences
335 — 354 and 627 — 608 of human RPIA cDNA
(GenBank accession number NM_144563). The size
of amplified fragment is 293 bp.

The amplification of beta-actin (ACTB) cDNA
was  performed using 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 mMRNA was used as control of analyzed
RNA quantity. The primers were received from
“Sigma-Aldrich” (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 G6PD, GPI,
TALDO1, TKT, PGLS and RPIA mRNA
expressions were normalized to the expression of
beta-actin mRNA and represent as percent of control
(100 %). All values are expressed as M £ m from
triplicate measurements performed in 4 independent
experiments.

Results and Discussion. ERN1 modulates effect
of glutamine deprivation condition on the
expression of pentose phosphate genes in glioma
cells. To test the effect of ERN1 on expression
levels of glucose-6-phosphte dehydrogenase gene,
we used the U87 glioma cells line, which
constitutively expresses dominant-negative mutant
of ERN1, the major component of endoplasmic
reticulum stress signaling. Expression of this
dnERN1 mutant was shown to have an inhibitory
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effect on ribonuclease and kinase activity of
endogenous ERN1 (Minchenko et al., 2012¢). Fig. 1
demonstrates that inhibition of ERN1 gene function
in U87 glioma cells does not change significantly
the expression level of G6PD gene, the rate-limiting
enzyme of the pentose phosphate pathway.

To test whether ERN1 modulates expression of
G6PD gene during acute L-glutamine deprivation
condition, control glioma cells and cells harboring
dnERN1 were cultured in the medium with L-
glutamine (regular growing medium) and without L-
glutamine (glutamine free medium) and expression
level of G6PD gene was analyzed by gPCR. We
found that expression levels of G6PD gene is
significantly increased (+24 %) under acute L-
glutamine deprivation condition in control glioma
cells (stable transfected by vector), but did not change
significantly in cells expressing dnERN1 (stably
transfected with dnERN1) (Fig. 1). We therefore
concluded that ERN1 down-regulation eliminates
effect of acute L-glutamine deprivation condition on
G6PD gene expression in glioma cells. It is possible
that this effect of L-glutamine deprivation on the
expression level of G6PD gene is realized through
ERN1-mediated pathway of endoplasmic reticulum
stress in U87 glioma cells. Moreover, nutrient
deprivation condition is necessary component of
tumor growth and induction of glucose-6-phosphate
dehydrogenase, the rate-limiting enzyme of the
pentose phosphate pathway, can be responsible for
cancer growth through the activation of nucleotide
precursor synthesis and regeneration the reducing
agent NADPH (Hu et al., 2013; Samland et al., 2009;
Stanton et al, 2012; Zhang et al., 2014). At the same
time, inhibition of ERN1 signaling enzyme function
eliminate an induction of G6PD gene expression,
which correlate  with suppressed glioma cell
proliferation (Auf et al., 2013).

As shown in Fig. 2, the level of TKT gene
expression does also not change significantly in
glioma cells expressing dnERN1 as compared to
control glioma cells. No significant changes in the
expression level of this gene were also found under
L-glutamine deprivation condition in control glioma
cells (stable transfected by vector). At the same
time, acute L-glutamine glutamine deprivation
condition leads to significant upregulation of TKT
gene expression level in U87 glioma cells with
ERN1 knockdown (Fig. 2). It is possible that ERN1
down-regulation induces effect of acute L-glutamine
deprivation condition on TKT gene expression in
U87 glioma cells and that this effect of L-glutamine
deprivation is negatively realized through ERN1-
mediated pathway of endoplasmic reticulum stress
in these cells.
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Fig. 1. Effect of glutamine deprivation on the expression
level of G6PD (glucose-6-phosphate dehydrogenase)
mRNA in U87 glioma cells stable transfected by
dominant-negative construct of ERN1 in pcDNA3.1
vector (dnERN1) as compared to the cells transfected by
vector pcDNA3.1 (Control), measured by quantitative
polymerase chain reaction. The values of G6PD mRNA
expression levels were normalized to the expression of
beta-actin mRNA.
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Fig. 2. Effect of glutamine deprivation on the expression
level of TKT (transketolase) mRNA in U87 glioma cells
stable transfected by dominant-negative construct of
ERNL1 in pcDNA3.1 vector (dnERN1) as compared to the
cells transfected by vector pcDNA3.1 (Control),
measured by quantitative polymerase chain reaction.
The values of TKT mRNA expression level were
normalized to the expression of beta-actin mRNA.

Note: in Fig. 1 — 6 the changes in the expression of different mRNA in both types of glioma cells were compared to
control 1 (Vector, 100 %); n = 4; * — P < 0,05 as compared to control 1, ** — P < 0,05 as compared with control 2

(dnERN1).

Fig. 3 demonstrates that inhibition of ERN1 gene
function in U87 glioma cells affects the expression
of transaldolase gene, where the expression of this
gene is decreased (-35 %) at this experimental
condition as compared to control glioma cells,
transfected by pcDNA3.1 vector. Analysis of mMRNA
expression of TALDO1 gene has shown that acute L-
glutamine glutamine deprivation condition does not
affect this gene expression in control glioma cells in
statistically significant manner, while cells harboring
dnERN1 show slight but statistically significant
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Fig. 3. Effect of glutamine deprivation on the expression
level of TALDO1 (transaldolase) mRNA in U87 glioma
cells stable transfected by dominant-negative construct
of ERN1 in pcDNA3.1 vector (dnERN1) as compared to
the cells transfected by vector pcDNA3.1 (Control),
measured by quantitative polymerase chain reaction.
The values of TALDO1 mRNA expression level were
normalized to the expression of beta-actin mRNA.
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increase (+17 %) in the expression of TALDO1 gene
during this experimental condition (Fig. 3). These
results demonstrate that effect of acute L-glutamine
deprivation on the expression level of TALDOL gene
is also depended on endoplasmic reticulum stress
mediated through ERN1signaling pathway in U87
glioma cells.

As shown in Fig. 4, the level of PGLS gene
expression is slightly but statistically significant
decreased (-22 %) in glioma cells expressing
dnERN1 as compared to control glioma cells.
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Fig. 4. Effect of glutamine deprivation on the expression
level of PGLS (6-phosphogluconolactonase) mRNA in
U87 glioma cells stable transfected by dominant-negative
construct of ERN1 in pcDNA3.1 vector (dnERN1) as
compared to the cells transfected by vector pcDNA3.1
(Control) , measured by quantitative polymerase chain
reaction. The values of PGLS mRNA expression level
were normalized to the expression of beta-actin mMRNA.

Biological systems. Vol. 6. Is. 1. 2014



120

100

80

60

40

20

Relative mRNA expression, % of control 1

Control 1 Glutamine depriv. Control 2 Glutamine depriv.

Vector dnERN1

RPIA

Fig. 5. Effect of glutamine deprivation on the expression
level of RPIA (5-phosphate isomerase A) mRNA in U87
glioma cells stable transfected by dominant-negative
construct of ERN1 in pcDNA3.1 vector (dNERN1) as
compared to the cells transfected by vector pcDNA3.1
(Control), measured by quantitative polymerase chain
reaction. The values of RPIA mRNA expression level
were normalized to the expression of beta-actin mRNA.

At the same time, no significant changes in the
expression level of this gene were also found under
L-glutamine deprivation condition in control glioma
cells (stable transfected by vector). However, acute
L-glutamine glutamine deprivation condition leads
to significant upregulation of PGLS gene expression
level (+42 %) in U87 glioma cells with ERN1
knockdown (Fig. 4). It is possible that ERN1
knockdown induces effect of acute L-glutamine
deprivation on PGLS gene expression in U87 glioma
cells and that ERN1-mediated pathway of
endoplasmic reticulum stress protects glioma cells of
glutamine deprivation.

We also demonstrate that inhibition of ERN1
gene function in U87 glioma cells does not affect the
expression level of 5-phosphate isomerase A gene as
compared to control glioma cells (Fig. 5). Moreover,
the level of RPIA gene expression was resistant to
acute L-glutamine deprivation condition both in
control and ERN1 knockdown glioma cells.

Thus, results of this study demonstrate that acute
L-glutamine deprivation condition affects the
expression of G6PD gene only in control glioma
cells and TKT, TALDOL1, and PGLS genes in ERN1
knockdown glioma cells and that inhibition of ERN1
signaling enzyme function modifies expression level
of studied pentose phosphate pathway genes at this
experimental condition. Moreover, inhibition of
ERN1 signaling enzyme function leads to down-
regulation of two pentose phosphate pathway genes
(TALDO1 and PGLS) and these changes can
contribute to the suppression of glioma cell
proliferation, which was shown previously (Auf et
al., 2010, 2013; Minchenko et al., 2014). This data
correlates to dysregulation of the expression of
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Fig. 6. Effect of glutamine deprivation on the expression
level of GPI (glucose-6-phosphate isomerase) mRNA in
U87 glioma cells stable transfected by dominant-negative
construct of ERN1 in pcDNA3.1 vector (dnNERN1) as
compared to the cells transfected by vector pcDNA3.1
(Control), measured by quantitative polymerase chain
reaction. The values of GPI mRNA expression level were
normalized to the expression of beta-actin mRNA.

different genes of phosphoribosyl pyrophosphate
synthetase in glioma cells with inhibition of ERN1
signaling enzyme function as well as to changes in
these gene expressions under acute L-glutamine
deprivation condition (Minchenko et al., 2013).

Expression of glycolytic enzyme gene glucose-6-
phosphate isomerase in ERN1 knockdown glioma
cells under glutamine deprivation condition. Fig. 6
demonstrates that inhibition of ERN1 signaling
enzyme function in U87 glioma cells significantly
increases (+30 %) the expression level of glucose-6-
phosphate isomerase gene, a multifunctional enzyme
that functions in glucose metabolism as a glycolytic
enzyme catalyzing an interconversion between
glucose and fructose inside the cell, while it acts as
cytokine outside the cell, with properties that include
autocrine motility factor regulating tumor cell
motility.

To test whether ERN1 modulates expression of
GPI gene during acute L-glutamine deprivation
condition, control glioma cells and cells harboring
dnERN1 were cultured in the medium with L-
glutamine and without L-glutamine. We found that
expression levels of GPI gene is decreased under
acute L-glutamine deprivation condition in
statistically significant manner both in control and
ERN1 knockdown glioma cells (-26 and -30 %,
correspondingly) (Fig. 6). We therefore concluded
that ERN1 down-regulation does not change
significantly the effect of acute L-glutamine
deprivation condition on GPI gene expression in
U87 glioma cells. It is possible that this effect of L-
glutamine deprivation on the expression level of
G6PD gene in these cells is not realized through
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endoplasmic reticulum stress signaling pathway
mediated by ERN.

Phosphoglucose isomerase as a multifunctional
enzyme promotes cell migration in an autocrine
manner in various tumor cells (Niinaka et al., 2010;
Tsutsumi et al., 2009) can contribute to enhanced
metastasis of glioma cells with ERN1 knockdown
(Drogat et al., 2007; Auf et al., 2013). It is also
possible that increased expression of GPI gene in
glioma cells with blockade of ERN1 signaling
enzyme function can modulate the endoplasmic
reticulum stress as well as cell death through control
of endoplasmic reticulum calcium release and
protects cells against endoplasmic reticulum stress
(Fu et al., 2011). Phosphoglucose isomerase can also
participate in endoplasmic reticulum stress through
its receptor, AMFR, which is an E3 ubiquitin ligase
implicated in endoplasmic reticulum-associated
protein degradation (Fairbank et al., 2009).

Thus, results of this investigation clearly
demonstrate that inhibition of ERN1 signaling
enzyme function affects the expression level of GPI,
TALDO1, and PGLS genes and that acute L-
glutamine deprivation condition changes the
expression level of G6PD and GPI genes in control
glioma cells and that ERN1 knockdown modifies the
effect of glutamine deprivation on G6PD, TKT,
TALDO1, and PGLS gene expressions. However,
detailed molecular mechanisms of participation the
pentose phosphate pathway genes as well as
glycolytic enzyme gene GPI in suppression of tumor
growth from ERN1 knockdown glioma cells
warrants further study.

Conclusions.

1. It was shown that the expression level of
TALDO1 and PGLS genes is decreased in ERN1
knockdown U87 glioma cells, but GPI gene is
increased.

2. Glutamine deprivation condition does not
affect the expression level of TALDO1, TKT, RPIA,
and PGLS genes, but increases G6PD and decreases
GPI gene expressions in control glioma cells.

3. The changes in the expression level of
TALDO1, TKT, G6PD, and PGLS genes upon
glutamine deprivation is clearly dependent upon
ERN1 signaling enzyme function.

4. Results of this study clearly demonstrated that
suppression of ERN1 signaling enzyme function in
glioma cells affects the expression level of GPI,
TALDO1, and PGLS genes and that glutamine
deprivation condition induces variable changes in
the expression of most investigated genes but
preferentially in glioma cells with ERN1
knockdown.
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T'OCTPUM JE®IIUT I''TYTAMIHY 3MIHIO€ EKCIPECIIO I'EHIB ITIEHTO30-
®OCHATHOI'O LHIAXY Y KIAITAHAX [JIIOMU JIIHIT U87: EOEKT
BUKJ/IIOYEHHSA ERN1

Tapmam 5. A., Minuenko /1. O., Komnanieus . O., Kyainiu A. O., KoBasescska O. B.,
Minuyenko O. I'.

Ilenmo3so-ghocpamuuil yukn memabonizmy 2moKo3u i0izpac 6adCIUBy poab y pocmi 310aKicHux nyxau. Hamu
npogedeno sueuenns excnpecii MPHK ocnoenux ensumie yvoeo yuxiy (G6PD, TKT, TALDO1, PGLS ma RPIA) a
maxodic  2moxo30-6-gpocpamizomepasu (GPl) y wnimunax eniomu ninii U87 3 npuenivenow ¢yuxyicio ERN1
(cuenantosants Gi0 eHOONIAZMAMUYHO20 PEMUKVIYMY 00 A0pa-1), 0CHOBHO20 CEHCOPHO-CUCHANTLHO20 eH3UM) CMpecy
EHOONNA3MAMUYHO20 DPEMUKYIYMY, 6 3ANedHCHOCMI 6I0 piGHSA 2IYyMAaMiHy y cepedo8UUl GUPOUYBAHHS KIIMUH.
Bemanosneno, wo 3a ymos npuenivenns Qynxyii cuenanvnozo ensumy ERNI pisenw excnpecii eenie TALDOI ma PGLS
v Kaimuxax eniomu icmomuo 3uudcysascs, a eena GPl s0invuysascsa. B mou sice uac, pisenv excnpecii 2enie iHuux
EH3UMIB NeHmOo30-ochamuoco YUKy npu ybomy iCMOMHO He 3MIHI08ascs. Taxodc Noxkazamo, wo pieeHb excnpecii
eenie G6PD ma GPI nidsuwyemocsa i 3nuscyemocs, 6i0nogioHo, y KIIMUHAX 2niomMu 3a yMos oe@iyumy 2iymaminy, da
2€HI8 THWUX eH3UMI8 NeHMO030-Pochamnozo YUKty npu ybomy iCmomuo He 3Mini08ascs. binbuwe mozo, eusasneni sminu 6
excnpecii 00CniOHceHux 2enie 3a ymos oepiyumy enymaminy 3anexcanu 8io @yukyii cuenanvrozo ensumy ERNI. Taxum
YUHOM, pe3yibmamu 0aHoi pobomu exazylome Ha me, wo y kimunax uiomu ainii U87 3a ymos npuenivenuss Qynxyii
cuenanvroeo ensumy ERNI sminoemocs pisenv excnpecii auue mpbox 00CHiONCEHUX 2eHi8 [ W0 3a yMo8 oediyumy
2IYMaminy 'y cepeoosuwyi GUPOWYBAHHA KAIMUH 2iOMU NO-PI3HOMY 3MIHIOEMbC pigeHb excnpecii Oinbuiocmi
docnidoiceHux 2enis, ane yi 3Minu BUABAIUCA NePeBadCHO Y Kaimunax 3a ymog suxmoyenns ERNL.

Kniouosi cnosa: excnpecis eenis, bnoxaoa ERN1, G6PD, TKT, TALDO1, PGLS, RPIA, GPI, degiyum erymaminy,
wimunu eniomu ainii U87.

Odepoicarno peoxoneciero 10.06.2014

38
Biological systems. Vol. 6. Is. 1. 2014



YK 616.329-001.37-053

EKCIHHEPUMEHTAJIBHA MOJEJIb JIYKHOI'O OIIIKY I TA II-TO
CTYIEHIO CTPABOXOAY Y CTATEBOHE3PLJIMX LHIYPIB

A. b. PACIIBKA, T. B. IITVK, O. I. JUKYC, O. M. CABUVYK, JI. . OCTAITYEHKO

HHI] «Incmumym 6ionoziiy Kuiscvkoeo nayionanvrhoeo yHisepcumemy imeni Tapaca Illesuenka,
Kagpeopa bioximii, 03127 Kuis, Yxpaina, np-m I'nywkosa 2/12
e-mail: raetska@ya.ru

Exz0cenni ompyenna nyeamu 3aiimarome nposioHe micye 8 CMPYKMYpi 20CMpux OmMpY€eHb, WO APAMO 38'A3AHO 3
HAABHICMIO 8eMUKOI KiTbKOCMI NOPIBHAHO OOCMYNHUX MEXHIUHUX [ NOOYMOBUX aAcpecuBHUX DIOUH, CUHME308AHUX Y
pe3vibmami HayKo8o-mexHiuno2o npozpecy moocmed. Bunaokosuil abo nasmuchuil nputiom iOKUX peuosun € 8aiCIUBoI0
COYIanbHOI | MEOUUHOIO NPOOIEMOIO Uepe3 00820MPUBATL YCKIAOHEHHS, GKIIOUAOYU Kposomeyy, nepghopayiio, cucmemi
VCKIIAOHEHHs.  (HUpPKO8a HeOOCMAmHICmb, NOPYWEHHS. (YHKYIL NeyiHKu), 36YJiceHHs cmpagoxody, ceuwyi, pyoyi,
obcmpykyiio ma pax wiynka. Ceped nocmpaxcoanux nepesadxcro oimu gikom 6id 1 0o 8 pokis. Ha cboeooni icnye pso
EeKCNepUMEHMANbHUX MoOelell XIMIYHUX ONiKi@ cmpagoxody, dne 80HU € HEeOOCMAMHbLO KOPEeKMHUMU Ol NPO6eOeHHs
00CTiodceHb, OCKIIbKU NpU IX CMBOPEHHI 3aCOCO8YIOMbCsL XIMIYHI PeuosuHuU, sKi, cami no cobi, eNiusaroms Ha pso
OIOXIMIYHUX NOKA3HUKIB, 3yMOGIII0UU NOXUOKY 6 pe3yibmamax. B excnepumenmi Ha wypax Hamu 8i0MEOpeHo Mooelb
JYHCHO20 OniKy cmpagoxody I ma II-eo cmynento, axka cynpo8ooiicy8anace 8iON0GIOHUMU MOPDONIOSTUHUMU YDAIHCEHHAMU
CU3060i 000M0HKU cmMpasoxody. [lociodiceHHi NOKA3HUKU: PIBeHb 3a2albHO20 DLIKA, albOYMIHY, CeYO8UHU, IOHI8 KA,
xkpeamuniny, ACT, AJIT, axki € OCHOBHUMU OIOXIMIUHUMU NOKASHUKAMU CUPOBAMKU KPOGI, 34 AKUMU MOICHA
oxapaxkmepu3yeamu (QYHKYIOHATbHUNL CMAH OP2aHI3MYy Md OYIHUMU CMYNIHb MemaboNiuHUX NOpyuleHb 3a YMO8
docnioacysanoi namonoaii 3a ymos mooenoganna JIOC I-eo0 cmynento — pieenb 00CHiONHCY8AHUX DIOXIMIUHUX NOKAZHUKIG
(3azanvHo2o OiIKaA, aMbOYMIHY, CEUOBUHU, KPeamuHiHy) HaAubiibie 3MIHIO8ABCS HA 7-My 000y O00CHONCeHb, RICIs
mooemosanns JIOC II -20 — na I-wy 006y. Axkmusnicmoe ACT ma AJIT 3a ymos moodeniosannus JIOC I-e0 cmynenio
Hatbinvwe 3pocmana Ha 7-my 000y excnepumenmy, wooo moodeni JIOC [l-eo0 cmynenio axmusHicms guuye 32a0anHux
Gepmenmie 6yna Havsuwoio Ha 1-uy 006y. Ompumani pesyibmamu uje pas niomeepoONCyiomn, ujo 3MO0eIbOBAHU CIMAH
€ A0EKBAMHOI0 MOOEJLIIO JIYIHCHO20 ONIKYy cmpagoxody I, II-eo cmynenio y dimeti gixom 6i0 1-20 0o 8-mu poxie. [lanuti
nioxio mooice Oymu BUKOPUCMAHULL Y OOCTIONCEHHI DIOXIMIUHUX MA IMYHONOSIYHUX MEXAHI3MIE NamozeHesy XiMIYHO20
oniky cmpasoxooy L 1I-eo cmynento na meapunax.

Knrouosi crosa: nysichuti onik cmpagoxody, 0ioxXiMiuHi NOKAZHUKU.

Beryn. Ex3oreHHi oTpyeHHS Jyramu 3aiiMaroTh
MPOBiJHE MicCIle B CTPYKTYpi TOCTPHX OTPY€Hb
(dopxueB u jap., 2012; PasymoBckuii u jp., 2011).
Cepen mocTpaxnanux mepeBakHO AiTH - 5%, BikoM
Bix 1 mo 8 pokiB (lopxwueB u mp., 2012; MpamikuH,
Tpyxmanos, 2000). TnubuHa oMKy CTpPaBOXOIY
3aJIeKUTh BiJl KOHIIEHTpAIii XiMi4HOI pedoBWHH, il
MPUPOJIH, KUTBKOCTI Ta 9acy KOHTaKTY 31 CIM30BOIO
000I10HKOF0. ICHYE psifl MaTOJIOTiIH Ta YCKJIAaIHEHb B
MaToreHe3i OMIKiB CTPaBOXOJY: TiMOKCis TKaHUH
(CamoxxnukoBa, 1978; Mattos, 2006), HaOpsx
TOpTaHi, TOKCHYHHUHN IOK, KPOBOTEYA, HEKPO3 CTIHKH
cTpaBoxojy abo IUTyHKa, MEIacTeHIT 1 OpMyBaHHS
pyoueBoro crenosy (Camoxuukosa, 1978; Dakshesh
H. Parikh. et al , 2009; Mattos et al, 2006),
racrpoe3odareanbunii  peduntokc  (Camaxos, 2007;
Mutaf et al., 1996), nopymenns motopuku (Boskos u
ap., 2005), xanmumo3 (YepunoycoB u ap., 1998),
MaJirsisaiis y Bigmanenomy nepioxi (Ziegler et al.,
2003) Ta ixmi. OTxe, omiKoBa XBOpoOa € BaXKJIMBOIO
po0IIeMOI0, siKa MOTpedye HeraltHOTO BUPIIICHHSI.

Ha croromni icHye psn eKCIIEpUMEHTAIBHUX
MoJIelell XiMiYHMX OIiKiB cTpaBoxoay (Bustamantel
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et al., 2013; Ekingen et al., 2005; Guven et al.,
2008; Ocakc et al., 2006), ae BOHH € HEJOCTATHBO
KOPEKTHUMH sl  TIPOBEACHHS  JOCIHIDKEHb,
OCKLUIBKH TIPH iX CTBOPEHHI 3aCTOCOBYIOTHCS XIMiUHI
pEYOBUHH, sKi, caMi 1O cOO0l, BIUIMBAIOTh Ha P
010XIMIYHHX TOKa3HHKIB, 3yMOBIIIOIOYN MOXHOKY B
pesyabratax. KpiM TOro aisi Hammx JOCHIKEHb
MPUHIUIIOBIM OYJIO pO3pOOUTH MOJIETh OTIKY, sKa O
BIJIMTOBIaj1a Tii, 1110 € XapaKTEPHOO JJIs aiTel Bif 1
no 8 pokiB. TpaguuiiHO TpH CTBOPEHHI MOAENi
OTIKYy CTPaBOXOJY BHKOPHUCTOBYIOTH CTATEBO3PIINX
IIypiB, IO 3a BIKOM, fK IPaBUJIO, BiIIOBIIAIOThH
nopoctiit moauni (I'emamsumun, 2008).

Jnst BIiATBOPEHHS JIy’KHOTO OMIKY CTPaBOXOLY
(JIOC) mamu Oysio odpano po3urn NaOH, ockinbku
OUTBIIICTh OTPYWHUX PEUOBHH, SIKi BUKIHKAIOThH
XiMIYHI YIIKOIKEHHS CTPaBOXOAY Yy JiTeH, €
JYTOBMICHI (€JIEMEHTH >KMBJICHHS, MHUIOYI 3aco0wu,
PEYOBHHU JUISI OUUCTKH).

Metoto Hamoi poOotu Oyno  CTBOpEHHS
azekBaTHOI ekcrnepuMmeHtanbHOi mozaeni JIOC I Ta
II-ro crymento, sKi MOXXHa 3aCTOCOBYBATH IIJIS
IOTAPOKOT0  CHEKTPY MAOCTIKEHb 0COOIMBOCTEH
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OTIIKOBOTO TIATOTEHE3Y B MEPIIY YSPTy y TITEH BIKOM
Bix 1-ro Mo 8-MU POKIB.

Marepianm i METO/H. N Jociiax
BHUKOPUCTOBYBAJIM Oimx HeJHIHHUX
crateBoHe3piuX 1ypiB (1-Micsunmnx) macoro 90-110
I, SKAX YTPUMYyBaJW Ha CTaHIAPTHOMY paIlioHi
BiBapito. TBapuHaM eKCIepUMEHTAIBHO MOETIOBAIIH
omik crpaBoxony po3unHoM 10% Ta 20% NaOH: y
CTPaBOXiJlT BBOAWJIM 30HI 3 3alasHUM TOPIEM i
OTBOPOM Ha BIJICTaHi 2 MM BiJl HhOTO. 30H/I BBOIHIU
Ha rubuHy 4,0 cM Bif BepxHiX pi3uiB mypa. I[licis
IHOTO Yepe3 30HI MoBiIpHO BBOmWIM 0,1 Ta 0,2 M
po3uuny 10% NaOH ta 20% NaOH. KonTtponsaum
rypaM ofgHopas3oBo nepopanbHo BBoawau 0,1 ta 0,2
MII Boaum i in’exiii (Paerpka Ta in., 2013).

JocmipkeHHss  craHy — CIHM30BOi  OOOJIOHKH
CTpaBOXOAy HpoBoawiIM Ha 1, 3 Ta 7-My no0y micis
BBEJICHHS  pO3UMHY Jyry. Bubip  TtepmiHiB
JIOCITi KEHHS 00yMOBIIEHHN PO3BHTKOM
MaToMOPQOJIOTIYHUX TPOIECIB 332 XIMIYHUX OIIKIB
ctpaBoxoay (BanmsH, Tomakos, 1971). Hanpukinii
eKCIICPUMEHTY ~ TBapUH  YMEPTBILUIM  METOJOM
JMCIOKalii IMUHHUX XpeOuiB. OTpruMaHUi CTPaBOXij
po3pi3aid  TMO3JOBXKHBO, TNPOMHBAIN  XOJOAHUM
¢iziomorivanM  po3umHOM. Jlns  MopdomorigHorOo
JOCTIPKeHHS BUKOPHCTOBYBAJIH [IMaTOYKA
CTPaBOXOy JOBKMHOKW Ommsbko 1,5 oM. Ix
¢ikcyBanu B po3unHi 12% QopMaiidy i 3aiuBanu B
napacdin. JlenapadinoBaHi 3pi3u TOBIIUHOI 5 MKM
(dapOyBaii reMaTOKCHIIIH-€03MHOM 3a Ban ['i30HOM.
HocmimkeHHs ~ CTaHy  CIHM30BOi  CTPaBOXOMdY
TPOBOMIIOCS Bi3yallbHUM METOJIOM. MaKpOCKOMIYHO
3a JIONIOMOTOI0 JIYNHM TPH SICKPaBOMY OCBITJICHHI
BU3HAYAIN KIJIBKICTB 1 IJIOILY JECTPYKIIIH.

BbioximiuHI MOKa3HWKM BHU3HAYAd B CHPOBATII
KpOBi, SIKy OTPUMYBalIH IEHTPU(PYTYBaHHSIM KpPOBI
npu 2000g 40 xB. Y HamioMmy JOCIHiPKEHHI
BUKOPHCTOBYBAJIU OioxiMiYHUH aHayi3aTop
Humalyser 3000. BusnaueHHsT BMiCTy 3araibHOTO
OlJIKa TPOBOAMIIOCS] 3 BHKOPUCTAHHSIM HaOO0py JUIs

KOJIOPUMETPUYHOTO (hOTOMETOMETPUYHOTO
BU3HAYCHHS  KOHIIGHTpAllii 3arajpHOTO  OlnKa
OlyperoBuM  MeTojgoM.  Bu3HaueHHs — piBHSA

ATLOYMIHY TIPOBOJIMIIOCS 3 BUKOPHCTaHHSM Habopy
JUI KOJIODUMETPUYHOTO BH3HAYEHHS KOHLEHTpALii
alp0yMiHy 3 BHUKOPUCTaHHSIM OpPOMKPE30JIOBOTO
3esieHoro. BusHauenHs pisHs ionis K npoBoausiocs
3 BUKOPHUCTaHHsIM Habopy Juis (OTOMETPUYHOTO
TypOiTUMETPUYHOTO  BU3HAYCHHA  KOHIEHTpaLii
10HIB K" Busnauenns AKTUBHOCTI
ananiHaminorpancdepasu (AJIT) npooamiocs 3
BUKOPUCTAHHSIM Ha0Opy Al KOJIOPUMETPUYHOTO
BuzHaueHHss  AJIT. BusHaueHHs  aKTHUBHOCTI
acnaprataminoTpancdepazu (ACT) nposoauiiocs 3
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BUKOPUCTAHHSIM Ha0oOpy A KOJIOPUMETPUYHOTO
BusHaueHHs ACT.

CratuctuuHy 0OpOOKY OTpUMaHUX pe3yibTaTiB
MPOBOAMIIN 32 JIOMOMOTOI0 METOJIIB BapialiitHoi
CTATHCTUKA Ta  KOPENAMIMHOTO  aHam3dy 3
BUKOPHCTAHHSAM KOMITIOTEpHOI mporpamu EXxcel.
Jlyis BU3HAYCHHS JIOCTOBIPHOCTI BiIMIHHOCTEH MikK
IBOMa BHOIpKAMH BUKOPHUCTOBYBAIM KpUTEpid
Cretomenta (f). Ilpm wpoMy  mOCTOBIpHUMH
BBaXKaIKCh pizHuIl P<0,05.

Pe3ynbTaTn Ta 06roBopenHs. Bigomo, mo ayru
MTOIIKOKYIOTh CIIM3 1 OITKOBY CyOCTaHINO KIIITHH,
OMUWJIIOIOTH JKHPH, YTBOPIOIOYM IYXHI anbOyMiHH,
PO3MYIIYIOTH 1 PO3M'SIKIIYIOTh TKAHUHH, SIKI CTAIOTh
O1IpII OCTYNIHUMM [JIsI IPOHUKHEHHSI PEYOBUH Y
b mapu - crpaBoxony. Jlyrm  3anmmarors
IIIMOOKI OMKK B CTPAaBOXO[, Y TOM Yac SIK IITYHOK
CTpaXkJ1a€ MEHIIe, HiK MPH OTPYEHHI KUCIOTaMH, Y
3B’SI3Ky 3 YACTKOBOKO  HEUTpamizali€ro Jyry
uyHkoBuM cokoM (Jlyskaukos, 2007). Ilokasano,
mo 10% Ta 20% NaOH npoHunkae B TKaHUHHU 1
MPU3BOANUTH 10 3HAYHUX YP@KEHb  CIHM30BOL
crpaBoxony (puc. 1. A, b, B, I'). Bussneno HaOpsIK,
rinepeMito, MOIIKO/DKEHHS] TIOBEPXHEBUX IIApiB
eIiTelNit0, KPOBOBWJIMBH B TTiJICITM30BUH IIap.

MikpodoTorpadist cnm3oBoi cTpaBoxony (puc.2,
A) JEeMOHCTpye YpakeHHS TKaHUH CTPaBOXOAY
HIypiB 32 YMOB €KCIIEPUMEHTAJIHLHOTO MOJICIIOBaHHS
JIOC 10% NaOH: peckBamaruBHHII e30darit,
rinepemis, HaOpsK, MiJIBUIIEHA PAaHUMICTh CIM30BOL
obononku. Ha wMikpodororpadii (puc.2, b)
MOKa3aHO Ypa)KEHHS TKaHUH CTPaBOXOAY ILIYpiB 3a
YMOB €KCIEpUMEHTabHOTO MojaemoBanHa JIOC
20% NaOH: ¢iOpuHO3HUH, epo3uBHUE e30dariT
(TIOTIIKOKEHHST CIIM30BOI Ta TMiACIU30BOTO IIapy)
BupaxeHUH HaOpsk. [lopiBHSHHA  BHABJICHHUX
ypakeHb Ta JOCHTIJDKEHb CTaHy CIHM30BOi OOOJIOHKH
cTpaBoxoay nitedt 3 omikom I Ta Il-ro crymnento
[OKa3ajo  BIAMOBIAHICTh  E€KCHEPUMEHTAIBLHUX
moneneir (3a TepHoBckuid, 1963, i 3a Banuss,
Tomakos, 1991).

Sk BiIOMO, OMIK CTPaBOXOAY CYNPOBOKYETHCS
TPUBAINMHU NOPYIICHHSIMHU BYTJIEBOJIHOTO,
JIIIHOTO Ta GIIKOBOr0 OOMIHIB, 1110 IPU3BOAMTH J0
MaTOJNIOTIYHUX 3MIH Yy (QYHKUIOHYBaHHI Pi3HHX
opraniB Ta cuctem (Jlyxxuukos, 2007). Tomy onHNM
3 OCHOBHHX JIarHOCTHYHHX KPHUTEPIiB THKKOCTI
JIOC € Bu3HaueHHs 0i0XiIMIYHHX TOKa3HWKIB. Hamu
Oysn oOpaHi Taki IOKA3HUKH, SIK PIBEHb 3arajibHOTO
Oinka, anpOyMiHy, CEYOBHMHH, IOHIB  KaJilo,
kpeatuniny, ACT, AJIT, 1mo € OCHOBHUMH
010XiMIYHHMH TOKa3HUKAaMH CHPOBAaTKU KpOBi, 3a
SIKUMH MOJKHAa OXapaKTepu3yBaTH (YHKLIOHATIbHUN
CTaH OPraHi3My Ta OI[IHUTH CTYIiHb METaOOJIYHUX
MIOPYIIIEHB 32 YMOB JTOCITIIKYBAaHOI ITaTOJIOT 1.
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Puc. 1. Makpogomozpaghia cnuzo60i 06010nku
CMpagoxooy wypie npu eKcnepumMeHmaibHoMy
MO00ent08anHi 1yxHcHozo oniky cmpasoxody 10% NaOH
(A- 1 006a, b - 7 006a) ma 20% NaOH (B- 1 oo6a, I - 7
ooba).

Hpumimra: 1 — nowkoOdceHHs noGepXHEGUX WAPI8

enimenito; 2 — Kpososuiusu, 3 — HaOpsiK.

Hamum  Oyno  BU3HAUYe€HO  KOHIICHTPAIIO
3arajJpHOrO Oijka B cupoBaTLi KpoBi mypis 3 JIOC
(10% NaOH) crpaBoxoay, B XOAi JOCIiKSHHS
Oynu OTpUMaHi HACTYIHI JaHi, SKi [To/IaHi B TaOJUIl
1. BcraHOBIEHO, WLIO EKCIIEPUMEHTAJIbHUN OIMiK
ctpaBoxony 10% NaOH mpusBoauTh 10 3HAYHHX
3MiH BMicTy 3aranpHoro Oimka. Ha 1, 3 1 7 noOy

2

Puc. 2. Mikpoghomozpaghia cnuzoeoi o6o10nku
CIMpagoxooy wiypie 3a ymos eKCnepumMeHmaibHozo
MOOeNI0BANHA TYIHCHO20 ORIKYy cmpaeoxody 10% NaOH

(A) ma 20% NaOH (b).
Ipumimka: 1- HOWKOOIHCEHHSL
2 - NOWKOOIICEHHs NIOCIUZ08020 ULADY.

CNIU3080i,
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Fig. 1. Macrophotography of the rats esophageal
mucosa after experimental simulation of an alkali burn
with 10% NaOH (A- 1% day, 5 — 7" day) and 20% NaOH
(B- 1% day, I—7" day).
Note: 1- damage to the superficial
epithelium; 2 — hemorrhages; 3 — edema.

layers of the

CTIIOCTEPEKEHb MOTO BMICT MOCTYIIOBO 3HM)KYBABCS,
BimmoBigHo, B 1,2, 1,5 ta B 1,6 pasiB, mOpiBHSAHO 3
KOHTPOJIbHUMH 3HaYCHHSIMH.

[okazano, mo Ha 3 i 7 100y BigOyBaeThCs
[IOCTYIIOBE  3HIKECHHS BMICTYy  anbOyMiHy,
BimmoBigHo, B 1,7 1 2,1 pa3iB MOpiBHAHO 3
KOHTPOJIbHUMHU 3HAUYCHHAMMU.

Fig. 2. The micrograph of the rat esophageal mucosa
after experimental simulation of an alkali burn with
10% NaOH (A) and 20% NaOH (b).

Note: 1- damage to the mucosa, 2 - damage to the

submucosa.
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OTxe, Ma€e MicIe TITONPOTEiHEMIs, IKa BUHUKAE
MEPEBAKHO 3a paXyHOK 3MEHIICHHS KUIBKOCTI

aIbOyMiHiB.
VY xuiHiuHIA 7a00paTOpHiil MiarHOCTHUIN BEIUKY
poNb  Bimirpae BHU3HAYEHHS BMICTY KIiHIIEBHX

MPOAYKTIB 0OMiHY OifiKa, SIKi IPUIHATO PO3TISAATH
SIK CHUCTEMY 3aJIMIIKOBOro a3oTy. Malie MOJIOBUHA
KOMITOHEHTIB i€l CHCTEMH TPHUIAJA€ HA CEUOBUHY.
Y  KJiHIOI TOKa3HUK PIBHS CEYOBHHH  Ma€
BUpIIIAEHE 3HAYEHHS IUIst JarHOCTHKH
3axBoproBaHb HUPOK. 3a ymoB JIOC 10% NaOH mu
criocTepiranu miaBuiieHHs: Ha 1, 3 Ta 7 1o0y piBeHb
ceuoBunu B 1,3, 1,9 ta 2,1 pa3u, BiANOBIAHO, IO
MOXE  CBIIUMTH  TPO  PO3BUTOK  BAXKKOTO
MATOJIOTIYHOTO TIPOIIECY.

Hamu Oyno BU3HaueHO pIBEHb KpeaTWHIHY B
CHUpPOBATIi KpOBI MiJOCIITHUX TBapuH. B xomi
nochipKkeHHs Oynm orpuMadi nadi (tabn. 1), ski
CBIUaTh TMPOTE MO0 CKCIEPUMEHTAIBLHUN OIK
cTpaBoxoay B mepiox 1, 3 i 7 moOu mpu3BOIUTH JI0
3HaYHUX 3MIH pIBHA KpeaTuHiHy, KWW, 3a3BUYAld,
BUKOPHUCTOBYETHCS SIK MapKep TOKCHYHOTO BILUIUBY
Ha OpraHi3M Ta MOXE BKa3yBaTH Ha HUPKOBY
HEJOCTaTHICTb. ExcriepumenTansHuit OITiK
CTpaBOXOAYy 3yMOBIIOBaB  ITIBHINEHHSI  PiBHSA
KpeaTuHiHy B CHpOBAaTIi KpOBi B TepioJi BCHOTO
TepMiHy JociikeHHs, Ha 1, 3 Ta 7 no0y B 1,5, 2,1
Ta 2,3 pasu, TOPIBHAHO 3 KOHTPOJIHHUMH
3HAYEHHSIMH, IO BIAMOBIJIAE JIITEPATYPHUM JaHUM.
OTxe, omiKoBa XBOpoOa XapaKTePU3YEThCSI TOCTPOIO

Taén.1. bioximiuni napamempu cuposamxu Kpoei uiypis
30 yM0O6 eKCREPUMEHMAIbHO20 MOOENIO8ARHA TIYHCHO20
oniky cmpaeoxody 10% ma 20% NaOH (M+m, n=10)

IHTOKCHKAITI€I0, TIOPYIICHHSIM B OpraHi3Mi BOJHO-
COJILOBOIO OOMiHY, MIO0 YacTO NPU3BOJUTH JIO
ypaxenass Hupok (Bamnsn, Tomakos, 1971;
I'oncekuit Ta iH., 2001; Jlyxuaukos, 2007).

JocnimkenHs piBHa ionis K B cuposarmi Kposi
urypiB 3 JIOC 10% NaOH n03Bonmio BCTaHOBHUTH
vioro migBumienas 1,4, 2,4, 2,9 pa3u B yci TepMiHH.

Busuenns JTUHAMIKH AKTUBHOCTI
amiHoTpaHc(epa3 y CHpOBaTLi KpOBi LIypiB MpH
MOJICTIIOBaHHI OMIKy CTPaBOXOJy TMOKa3aio, IO
aktuBHicTh AJIT mimBummyBamace y 2,5, 2 1 B 1,5
pasu, aktuBHicTh ACT 3pocrana y 1,5, 1,3, 1,2 pa3my,
BigmoBigHo, Ha 1, 3, 7 100y eKCIepUMEHTY.
BceranoBneni  3MiHM ~ OCHOBHHX  II€YiHKOBHX
TpaHcdepas 3a ymos monemroBanss JIOC 10% NaOH
BKa3ylOTh Ha CYTTEBI MOPYNICHHA (PYHKIIOHYBaHHS
pI3HHX OprafiB, IO MOXe OYTH MiATBEPIKEHHIM
(hopMyBaHHSI CTIHIKOTO CTaHy OMIKy cTpaBoxoay I-ro
CTYICHIO Y AOCIIHAX TBAPHH.

Otxe, 3a ymoB wmonemoBanns JIOC I-ro
CTYNIEHI0O — piBeHb JOCHIKYBAaHUX Ol0XIMIYHIX
NOKa3HUKIB  (3araspHOTO  Oinka,  anbOyMiHy,

CEUOBHMHH, KpEaTHWHIHY) 3MIHIOBABCS HaHOIIBIIOI0
Miporo Ha 7-my o0y mocmimkenb. AktuBHICTE ACT
ta AJIT 3a ymoB mozemoBanss JIOC I-ro cTyneHro
HaANOLUIBIIIE 3pocTana Ha 7-My 100y SKCIIEPUMEHTY.

Takox Hamu OyJ0 BH3HAYEHO KOHIEHTPALIIO
3arajJpHOro Oijka B cupoBaTLi kpoBi mypis 3 JIOC
(20% NaOH), B xozai mocmimkeHHsT Oynu OTpUMaHi
HACTYITHI J1aHi, SIKi ojaHi B Ta0uii 1.

Tab. 1. Biochemical parameters in blood serum of rats
under experimental modeling of an alkali esophagus
burn with 10% and 20% NaOH (M £ m, n = 10)

JIOC, 10% NaOH JIOC NaOH 20%

Toxasmux | Kontpor 1 noba 3 noba 7 noba 1 moba 3 noba 7 noba
Saramuui | op 0100 1 | 510000 1% | 44.842,1% | 41.201.0% | 43.141.9% | 50742,1% | 523+12%
o110k, (/1)

AHI()S/?IR)MH’ 37,5+0,12 | 21,9+1,6% | 20,942,4*% | 183+1,3% | 20,01+0,9% | 21,9+1,02* | 23,6+1,12*
Ceuosma, | g g,y | 1224123 |18.3£1,01% | 20,7413% | 21441,12% | 20,741 2% 17,140,7*
(MMOIIB/1T)

KpeaTithitt, | gg .01 | 130,8+44.2% |140,6+5,02%(178,8+3.98%| 153.9+3.01% | 153,6+1,1% | 145,01+2,1%
(MKMOJIB/1T)

K', (mmons/m)| 5,0£0,1 | 5,7+0,1*% |11,8+1,01* | 14,6+0,9* | 13,8+1,1* 13,4+1,2% 8,0+0,5*
AT, on/n | 27,7+0,1 |68,3141,03%|70,99+1,11*|78,12+1,33*| 86,5+1,87* | 77,98+1,22% | 71,142,2*
ACT, o/n | 55,540,13 | 61,3+1,2% | 62,12+£0,9% | 67,1+1,7* | 79,7433 71,6+1,47% | 70,142,3*

IIpumimxa: * - P<0,05 no gionouienHo 00 KOHMpoio.
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BcTanoBimeHo, 1O eKCIEpUMEHTAILHUN  OTIK
ctpaBoxoay 20% NaOH mnpussoauTs A0 3HAYHHX
3MiH BMICTy 3arajgpHoro Oinka. Ha 1, 3 1 7 moOy
CIIOCTEPEkKEHb HOT0 BMICT 3HHXKYBABCSI, Bi/ITOBIIHO,
B 1,5, 1,3 Ta B 1,2 pa3u, mOpiBHIHO 3 KOHTPOIHLHUMHU
3HaueHHsMu. [lokazamo, mo Ha 1,3,7 moby
BimOyBaeTbCsl  3HW)KEHHS  BMICTY  anbOyMiHy,
BiamoBimHo, B 1,8, 1,6 1 1,5 pa3iB mopiBHSAHO 3
KOHTpOJbHUMHU 3HaueHHsMU. 3a ymoB JIOC 20%
NaOH mu criocrepiranu migsuimeHHs: Ha 1, 3 ta 7
no0y piBeHb ceuoBuHU B 2,4, 2,3 T1a 1,9 pasmy,
Bignosigno. JIOC 20% NaOH 3ymosmroBaB
MiABHUILEHHS PiBHS KpeaTHHIHY B CHPOBATIi KPOBi B
Mepioj] BChOr0 TEPMiHY JOCIHIKeHHS, HA 1, 3 ta 7
nooy B 1,73, 1,72 ta 1,63 pasu, TOpiBHIHO 3
KOHTPOJIBHUMHU 3HaueHHSIMH. JlOCHipKeHHS piBHSA
ionis K* B cuposatii kpopi mypis 3 JIOC
JI03BOJIMJIO BCTAHOBUTU MHOro MiABHINEHHS 2,72,
2,71, 1,56 pasu B yci TepMiHd. BuBueHHS TuHAMIKK
aKTHUBHOCTI aMiHOTpaHcdepa3 y CHpOBATIi KpOBi
IIypiB TpH MOJCIIOBaHHI OIIKYy CTPaBOXOAY
mokazano, mo aktuBHiCTh AJIT migBumryBamace y
3,1, 2,8 i B 2,6 pasu, aktuBHicTh ACT 3pocTana y
1,4, 1,3, 1,2 pa3u, BignosigHo, Ha 1, 3, 7 moOy

excriepuMeHTy. Takum YHHOM, 3a YMOB
moxemtoBanHs JIOC II-ro crymeHo — piBeHb
JIOCTIIJDKYBaHUX 010XIMIYHUX MHOKa3HUKIB
(3aranpHOrO0  Oinka,  anpOyMiHy,  CEYOBHHH,

KpeaTHHiHY) 3MiHIOBaBCS HANOIIBIIOI MIpPOI BXKE
Ha l-my o0y nmociimkenb. AxtuBHicth ACT Ta
AJIT 3a ymoB nyxHoro omiky II-ro crynento
HaRO1IbIIe 3pocTaia Ha 1-1ry 100y eKCiepuMeHTy.
Bucuosku. Otxe, 3a nonomoror 10% NaOH Ta
20% NaOH namu Oyno BiaTBopeHo mojens JIOC
LI-ro CTYIICHIO, sIKa CyIpPOBOIKYBaJlIach
BIIMTOBITHUMH ~ MOP(QOJIOTIYHUMHU  ypaKCHHIMHU
CIIM30BOi  OOOJIOHKM CTPaBOXOAYy Ta 3MiHAMH
OCHOBHUX OiOXiMiYHMX TmMOKa3HUKiB. OTpuMaHi
pe3yibTaTH  O3BOJSIIOTH  CTBEPDKYBATH, IO
3MOJICIbOBAaHUH CTaHW € aJIeKBaTHOIO MOJIEILTIO
JIOC I Ta Il-ro crymeHto y miTeit BikoM Big 1-ro o
8-mu  pokiB. Jlammii  miaxig  Moxe ~ OyTm
BUKOPUCTaHWUN Yy JOCHi/DKEHHI OioXiMiYHMX Ta
IMYHOJIOTIYHMX MEXaHi3MiB IAaTOreHe3y XiMIYHOTO
omiky crpaBoxony LII-ro cryneHro Ha TBapuHaXx.
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EXPERIMENTAL MODELING OF 1°" AND 2"° DEGREES ALKALI ESOPHAGUS BURN
IN IMMATURE RATS

Ya.B. Raetska, T.V. Ischuk, O.1. Dzhus, O.M. Savchuk, L.I. Ostapchenko

Exogenous poisoning with alkalis takes the leading position among causes of acute poisoning. There are many
pathologies and complications following an alkali esophageal burns: swelling of the larynx, toxic shock syndrome,
necrosis of esophageal and stomach tissue, dysmotility, scar stricture, esophageal deformations, corrosive esophagitis,
gastroesophageal reflux, malignization in a remote period and others. Esophageal burns as a result of accidental
swallowing of caustic material are seen frequently in children ages 1 to 8 years. Today there are a number of
experimental models of an alkali esophagus burns (AEB) which require the use of chemicals for their creation where, in
itself, they affect the certain biochemical parameters, which complicates the interpretation and analysis of the
experimental results. The comparison of the detected lesions and researches of status of the esophageal mucosa of
children with 1% and 2" degree burns specified the experimental model conformity. Therefore, one of the major
diagnostic criteria of the AEB severity is to determine biochemical parameters. We selected the following indicators as
the level of total protein, albumin, urea, potassium ions, creatinine, AST, ALT, which are the main biochemical
parameters of blood serum. Thus, we have reproduced the model of the 1% and 2™ degree an alkali esophageal burns
using 10% and 20% NaOH which was accompanied by corresponding morphological lesions of esophageal mucosa
and changes in basic biochemical parameters. This approach may be used in the study of biochemical and
immunological mechanisms of pathogenesis of the 1 and 2™ degree an alkali esophageal burns of on animals.

Key words: alkali burn, esophagus, biochemical parameters
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V]IK 597.556.15 (282.243.7.05)(477.74)

KUBJIEHHSA KAPACSH CPIBJIAACTOI'O CARASSIUS GIBELIO B
MPUIYHAVICBKUX O3EPAX SIJIITYT 1 KYT'YPJIYH

M. I1. 3AMOPOBA?, B. B. 3AMOPOB?

Biomexnonoziunuii naykoso-naguansnuii yenmp,
’Kagpedpa 2idpobionozii ma 3azanvhoi exonozii
Ooecwvruil HayionanvHuil yHisepcumem imeni I. 1. Meunuxosa
65082, m. Ooeca, 8ya. [{eopsncoka, 2,
e-mail: hydrobiologia@mail.ru, bio@onu.edu.ua;

Ipudynaiicvki o03epa — naibinbuuti o3epruti kovnaexc Yipainu. Ozepo Snye came senuke ceped nux. Hozo niowa
Guzbko 149 km?, a 06'em — 6rusvro 387 man. m>. Ha nieoui SAnnye 3'eonyemocsa 3 03epom Kyeypayii wiupokum npomokoro
nepecuny, (QakmuuHO YmMeEOpIwUYU €0uHy 03epHy cucmemy. 38'a3ox fnnyea 3 [[ynaem 30ilicHIOEMbCa uepes 03€po
Kyaypayii, a maxoac 6esnocepeonvo uepes npomoky. Ozepo Kyaypayii mae maiiice 6 08a pasu menuty niowy (82 km°) i
Oinvw HidiC 6 womupu pasu 00'em (82 man. Mg), 3 ynaem ozepo Kyeypayii 3'eOnyemuca 06oma kanaramu i npomoxoio. Lfi
03epa Maiomv 3HAYHUL pUOO2OCROOAPCHLKULL NOMEHYian, sKUll 3apaz Noeuicmio He peanizosano. B pesyiomami
6yoienuymea cucmemu 0amb ¢ opyeitl nonoeuni XX cmopiuus 36’5130k 03ep 3 [ynaem nomimuo smenuuscs. Lle npusseno
00 nepebyoosu exocucmem o3ep I 6NIUHYIO HA ix pubonpodykmushicms. 3apas kapacw cpibnscmui Carassius gibelio e
YUCTIEHHUM NPEOCMABHUKOM IXMIOpayHu npuOYHAICbKUX 03ep, 6iH 3atmac opyze micye 8 NPOMUCTI NICIs MOBCMON0OUKA
6inoco Hypophthalmichthys molitrix. 3a ocmanni decsimo poKie cepeOHs 6euyURA YI08I8 Kapacs CpibNacmozo 8 03epHOMY
xomnnekci Annye-Kyaypayii dopienioe 200,6 monu 3a pix. B oszepax Hinye i Kyeypayu y 2011 poyi 6 scusnenni kapacs
€pibnacmozo 3Hal0eHo Opeanizmu 3000eHmocy i niaHkmony (38 makconis), Axi Hanesxcams 00 4 munis, 7 knacis, 17 psoie
i 23 pooun. B payioni pu6 3a macoro naubinbu éadxciueumu oy opeticena Dreissena polymorpha, moniocku poounu
Cardiidae, a maxooc npedcmaeHuxu niaHkmoHy — 2iuisicmogyci paxonodioni (Cladocera). 3ziono eenuuun indexcy
8IOHOCHOI 3HauUMOcmi Opelicena JoMinyeana 8 idci xapacs 8 ozepi Aunye npomseom 8cvozco poky. Brimky i eocenu
maxkodc sasxcausumu 6yau momocku poounu Cardiidae. Cepeo paxonoodionux ¢ obox oszepax 6 payioni pub, maiidice
3a621c0U, nepute Micye 3atmany iIACMO8YCi pakonodioni. B yci ce30HuU POKY 8 03epHOMY KOMNIAEKCE Kapaceh cpioscmuil
aKmueHo cnodicugas opeticeny. Jlimom 6 Amnysi 11020 ymoOIeHUM KOPMOM MOJCHA 88adcamu am@pinod i yepesoHo2ux
momiockie poounu Cardiidae. B Kyeypayi kapace maxosic akmugho excusas pisnono2ux paxonooionux (Amphipoda).

Kniouosi crosa: Carassius gibelio, npudynaiicvki osepa, scusnenms.

Beryn. Ilpunpynaiiceki o3epa — HalOUmbIIMNA
03epHM KoMIuleKC Ykpaimu. Ilnoma camux
Benmuknx 3 HuX — Karyma, Smmyra, Kyrypmys,

Kotnabyxa i Kutas craHoButs 61m3pk0 450 kM, a
ix 06’eM — Gimpm 800 mmH. M° (JxypryGaes,
IxypTy0aes u ap., 2012). L1i o3epa MaroTh 3HAUHUIA
puborocrnogapchbKuii  TMOTEHIiall, sSKAH  3apa3
MOBHICTIO HE  peamizoBaHo. B pesynbrari
OyJIBHHUIITBA CUCTEMH JAaMO0 B Ipyrii mojioBuHi XX

cTopiudsi 3B’S30K o03ep 3 JlyHaeM IOMITHO
smeHmuBcs.  lle  mpusBeno g0 mepebynoBu
eKOCHCTeM  03ep 1  BINIMHYJIO  Ha  iX
PpUOONPOYKTUBHICTS.

Kapacp cpiomscrtuit Carassius gibelio (Bloch,
1782) BaxnMBHI B TOCIOAAPCHKOMY BiJHOILIEHHI
IPOMHCIIOBHIT BH. Moro GioneHOTHYHA pOJIb Yy
BOJIOIIMax JOCTaTHRO BEIWKA. 3aBISIKA CBOIH
BUCOKIM  CTIMKOCTI 10 KOJHMBaHb  (haKTOPiB
HaBKOJIMIITHROTO CEPEOBHUINA BiH 3YCTPIYA€THCS B

Biostoriuni cucremu. T. 6. Bum. 1. 2014

Oinpimocti BomoiiM VYkpainu (MoBuaH, CMipHOB,
1983).

Hdo 60-x pokiB MHHYJIOrO CTOpiYYS B
MPUTyHANCEKUX o3epax YHCIICHHUM OyB
abopureHHuii BHJ — Kapach 3ojotuid Carassius
carassius (Linnaeus, 1758). Tloummaroun 3 70-x
POKIB Kapach CpIOJIICTHH CTaB OJHMM 3 T'OJIOBHUX
00'€KTiB pPO3BEJICHHA B CTAaBKOBHX T'OCIIOAapCTBAX
[punyHaBbsi, BiH  TOYaB  JIOMIHyBaTd B
MIPOMHUCIIOBUX yJIOBax Haj kapaceM 3om0tuM (I1Iekk,
2001). 3apa3 kapach CpiONSCTHH € YHCICHHUM
MPEICTaBHUKOM iXTioayHH NpHIYHAHCHKHX 03ep,
BiH 3aiiMae Jpyre Micle B TIPOMHUCII MicHs
ToBcTosobuka Oinoro Hypophthalmichthys molitrix
(Valenciennes, 1844). 3a ocTaHHI JecsTh pPOKIB
Cepe/Hs BENMYWHA YJIOBIB Kapacs CpiOJIsICTOrO B
o3epHoMy Komruiekci SAmmyr-Kyrypnyit nopisHioe
200,6 Tonm 3a pik. biomoris nporo Bumy pud
BUBUCHA JIOCHTH JIOCKOHAJIO, 30KpeMa, JOCITiKeHA
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BIKOBa,  pPO3MIpHO-MacoBa  CTPyKTypa  Horo
TIOMYJIAIINA, >XKUBICHHSA, T.n1. OmHaK, eKoJoridHa
cUTyalis y BOJOHMax, y TOMy 4YHCIi 1 B
NPUAYHAHCHKAX 03€pax, MOCTIHHO 3MIHIOETHCA, B
Hepuly 4epry MiJ aHTPOIOI€HHUM BILIMBOM. Tomy,
HE3BAXKAIOYM HA TPUBAIMHA IMepioJl BUBYEHHS
ixTiopayHH IIUX BOAOIM, 3JIMIIAETHCA aKTyaJIbHUM
MIPOIOBXKEHHS TOCTIKEHb TIPOMHUCIOBUX BUIIB pHO
o3ep. 3HAUCHHA TaKWX JOCTIDKEHb 3pOCIIO B
OCTaHHI pOKH Ha 0araTbOX BOJOWMAaxX y 3BSI3KY 3
MiABUIICHHSAM BIUIMBY Ha HUX PHUOOTOCTIONApCHKOL
TSTTEHOCTI CITeIiai3oBaHuX mianpueMcTs. [lomioHa
CUTYyallis, 30KpeMa, CKJIAJa€eThcs 1 Ha OLIbII
BEIMKHX 3a IUJIOMICI0 MNpPUAYHAWCBKUX O03epax —
Ammyr i Kyrypnyit. Y 3B'3Ky 3 IuM, METOI0 poOoTH
OyJ0 BHWBYMTH JKUBJICHHSA Kapacs CpiOisacToro B
o3epHOMY KomIuiekci SAnmyr-Kyrypnyi.

O6’ekr i wmeromm. Martepian IS 1HOTO
JOCTiDKeHHS 3i0paHo cmiBpoOiTHHKaMu Kadeapu
rizpobionorii Ta 3aranpHOi ekoisorii  OnechKkoro
HallloHaJBHOTO yHiBepcuTeTy iMeHi 1. I. MeunukoBa
(OHY) =na mnpunyHalicekux o3epax Smmyr i
Kyrypnyit nporarom tprox ce3oniB y 2011 pori.
Puby noBuim HEBOAOM 1 35I0pOBHUMH CITKaMHU.

[loBHmit Gionoriuamii aHami3 pud i BUBUEHHS iX
JKUBJICHHS 3[IACHIOBAJM 32 3arallbHOTPUIHITHMUA
ixtionoriunumu  Metogukamu  (IIpaBmun, 1966;
Metoandeckoe..., 1974). ¥ xoni aHanmizy BUMIpsIIH

CTaHIApPTHY JOBXWHY (cMm), w™macy Tina (T),
BCTaHOBJIIOBAJIM CTAaTh pUOH, 11 BiK.

3a wac pocmipkeHb TpoaHanmizoBano 114
XapyoBUX TPYAOK Kapacs-cpiosicToro.

TakcoOHOMIYHY HaJIe)KHICTh KOPMOBHUX 00 €KTiB
BU3Hauayii 32  MoHorpadiero  (Onpenenutens
MIPECHOBOJIHBIX. .., 1977).

Juia anamizy martepiany BHKOPHUCTOBYBAIM TaKi
1H/IeKCH:

I1nexc rakconomiunoi momioHocTi (ITIT)

T — —< 100y
T (HatHg)—He =

ne  Ha — KiTbKiCTh TaKCOHIB KOPMOBHX 00’ €KTIB
B PalliOHi OJHi€T puodwH;

Hg — KiIBKiCTh TakcOHIB KOPMOBUX O0’€KTIB B
parioHi iHIIoi puow;

Hc — KIIBKICTh OJHAKOBHX TaKCOHIB KOPMOBHUX
00’€KTiB B palioHax pu0, IKUX HOPiBHIOBAJIH.

Innexc xapuosoi nogionocti (IXII), sikum € cyma
MIHIMaJIbHMX BEJIMYMH BigHOBICHOI Macu (%)
OJHAKOBUX 00 ’€KTIB XapuyBaHHS B palLlioHax puo,
10 MOPiBHIOBAJIKCE.

Ingexc BimHOCHOT 3HaunMocTi (IB3):

IB3 = (d + n)-f,

ne d — BimHOBICHA Maca 00’ exty xuBseHHS (%
BiJl 3arajbHOI BiJHOBIIEHOI MacH BCiX XapyOBHX
00’€KTiB B paIlioHi pudn);
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N — KimbKicTh 00’ekTy xuBneHHa (% Bix
3arajbHOI KIUJIBKOCTI BCIX KOPMOBHX OO’€KTIB B
pauioHi pubu);

f — gacToTa 3yCcTpivasbHOCTI XapUOBHX I'PYIOK 3
00’extom >xkuBieHHS (% BiA 3aranbHOI KITBKOCTI
JOCTIDKEHUX XapUIOBUX TPYIOK).

Ianexc BubipkoBocTi (IB):

IB d
=5
ne O — BiHOBICHA Maca OpraHi3My y Xapd4oBiit

rpyai, %;

b — maca opraniamy B rizpo0ionoriysiii mpooi,
%.

Bemmunan Giomacu MIPEACTaBHUKIB
MaKp03000€HTOCY 03€p, SIKi OTPUMaHi 13 myOJiKartii
ciBpoOITHHUKIB Kadeapu riapodionorii Ta 3araisHoi
exouorii OHY (Ixypry0aes, 3amopoB u ap., 2012).

ABTOpPH HIHMPO BASYHI MOJOJIIIOMY HAayKOBOMY
cuiBpoOiTHuky 0. M. JDkypryOaeBy 3a HajaHy
JIOTIOMOTY B BU3HAYEHHI TAKCOHOMIYHOI HAJIEKHOCTI
00’ €KTIB JKUBIIEHHS Kapacs cpiOIscToro.

Pesynpratn Ta ix oOropopenHs. Snamyr —
HaitGinbme o3epo Ykpainu. Moro miomia GIm3bko
149 KMZ, JIOBXXWHA — 38 KM, cepeqHs riubuHa — 2,6
M, 00'eM — Gmu3bko 387 muH. M° (IlIBeGc, Irommm,
2003 ). Ha miBmui SAnnyr 3'emHyeTbes 3 03epoM
Kyrypiay#h mupokuM OpOTOKOK B IEPECHILY, LIO
po3auisge 1mi JaBa 03epa, (PAKTUUHO YTBOPIOIOYH
€IVHY O3epHY cucTemy. 3B'si30k Smmyra 3 [[yHaem
3MIACHIOEThCS 4epe3 o3epo Kyrypmyii, a Takox
Oe3mocepelHO 3 PiUKOI0 depe3 NpoToKy Benmka
Penima . JloMiHyrOUMit TpyHT — TOHKWH map ciporo
MyITy, 0 3aiiMae Omm3bKo 50 % roiomni qHa o3epa. €
TUISTHKA  MYJIHCTO-TIIAHUX TPYHTIB 3 JTOMIIIKOIO
YyepenaniHuky, MYJIHCTI, TaJbKOBI  TIPYHTH
(Mapxkogsckuit, 1955; OnuBapu, 1961).

[lnouta o3epa Kyrypmyii Gnuspko 82 KM%,
nosxkuHa — 20 kM, cepenns raubuHa — 1,0 M, 00'eM
- Gmmsbko 82 wmuH. M° (IlIBeGe, Irommm, 2003). 3
Hynaem o3epo Kyrypayil 3'enHyeThCcsi KaHajgaMu
Ckynna 1 «105-if kM» , a TakoX IpoTOKOI0 Benmka
Pemiga. [IpakTH4HO BCe JAHO 03€pa BKPUTE MYJIOM
(OmuBapu, 1961).

Hns tpodonoriunoro anamizy Oyno BigiOpano
OJTHAKOBY KIiJIbKICTh pUO pi3HOi cTaTi, BIKOM Bij
JIBOX JI0O YOTUPHOX pokiB. CraHmapTHa JIOBXWHA
caMIliB KonmBaiack Bix 15,5 cm no 28,1 cm (cepenus
BenmnuuHa — 20,4 cM), Maca 0COOMH 3MiHIOBAJIaCh BiJl
130 T mo 532 r (cepemns BenmumHa — 298,6 T).
Po3smip camok nmopisHtoBas 12,5 — 30,0 cm (20,9 cm),
Mmaca Oyma 139 — 740 r (322,4 1).

B o3epax Snmyr 1 Kyrypiyii 3a Bei cezonn 2011
POKY B JKUBJICHHI Kapacs CpiOJISICTOro 3HaWJCHO
OpraHi3Mu 3000€HTOCY 1 MJIAHKTOHY, SIKi HaJeXaTb
mo uorupbox tumiB (Nemathelmintes, Annelida,
Mollusca, Arthropoda), cumu kmacis (Nematoda,
Oligochaeta, Hirudinea, Gastropoda, Bivalvia,
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Crustacea, Insecta), 17 psanmie (Mesogastropoda,
Archaeogastropoda, Basommatophora,
Pyramidelloida, Caenogastropoda,
Eulamellibranchia, Cyclopoida, Cladocera,
Ostracoda, Amphipoda, Mysidacea, Isopoda,
Odonata, Heteroptera, Coleoptera, Plecoptera,
Diptera) i 23 poaun (Glossiphoniidae, Piscicolidae,
Hydrobiidae, Viviparidae, Bithyniidae, Neritidae,

Lymnaeidae, Planorbidae, Valvatidae,
Melanopsidae, Cardiidae, Dreissenidae,
Corophiidae, Gammaridae, Mysidae, Asellidae,
Coenagrionidae, Calopterygidae, Libellulidae,
Aeschnidae, Notonectidae, Dytiscidae,
Chironomidae).

binpmricte mpencTaBHUKIB KiaciB  Nematoda,

Oligochaeta, Crustacea, Insecta Oymu myxe
MepeTpaBieHi, TOMy BOHH 4acTo 11eHTH(DIKyBaIUChH
70 IOCTaTHBO BHCOKOI CHCTEMAaTHYHOI TPYIH — PSIY
abo pommnu. Jlo pomy 4M BUAY, B OCHOBHOMY,

BU3HAYAIN MOJIFOCKIB i YJIEHUCTOHOTUX.
[IpencraBHUKM UUX JBOX THIIB TBAapHH MajH
HaWOUTBIy  KINBKICTHP ~ BH3HAYEHUX  TaKCOHIB

OpraHi3MmiB i3 paiioHy kapacs — 14 i 18 BiamosigHo.
o Buny Oynu Bu3HaueHHi: m’sBku — Glossiphonia

heteroclita, Piscicola geometra; uepeBonori
momockd  —  Theodoxus fluviatilis, Lymnaea
Taon. 1.

Yacmoma 3ycmpiuanvhocmi Kopmosux 06’ckmie (%) 6
JKcuenenHi Kapaca cpionacmozo 6 ozepax Annyz i
Kyzypnayii 3a cezonamu y 2011 p.

palustris, Lymnaea peregra, Lymnaea glabra,
Lymnaea ovate, Planorbis planorbis, Melanopsis
esperi; mBocTyikoBi  Momockun —  Dreissena
polymorpha; pisnonori pakomoaioni — Gammarus
pulex; pisaonori paxomomioni — Asellus aquaticus,
komaxu — Agrion splendens i Notonecta glauca.

Haii0inpmry  KiNMBKiCTH  TakCOHIB ~ KOPMOBHX
Oprafi3MiB B XapdoBUX TpyAKax pHO BHU3HAYECHO
BECHOIO — 110 27 y KOKHOMY o3epi. B Slmmysi camuit
BY3bKMI XapuOBHH CHEKTp Kapach MaB B JIITKy (16),
o0 TMOB’S3aHO, B TMeEpUly Yepry, 3 BHCOKOIO
IIBUIKICTIO TIEPETPABIEHHS 1’Ki B KUIIEYHUKY PHO y
ned ce30H. Biitky B #HOro paiioHi KuUIbKiCTh
TaKCOHIB MOMIOCKIB (7) OyJia He MEHIIOKO HiX B 1HII
CE30HH pOKy. B Toil ke yac TaKCOHOMIYHUX TPyI
YEepBUB, PAKOMOAIOHNX 1 KOMax B Xapu4OBUX I'PyAKax
kapacst OyJio 3HaleHo Ha 40% MEHIIE HiX BECHOIO 1
BoceHH. ToMy Xap4oBHIA CIIEKTp PHO, IO KUBHIIHCS
BIIITKY 3HA4YHO BiAPI3HABCA Bif iX palioHy BECHOIO
(IXIT — 37,9%) 1 Bocenn (IXII — 16,7%). Jns aBox
OCTaHHIX BKa3aHUX CE30HIB SKICHUM  CKJIal
KUBJICHHSA Kapacs CIIiBIaJaB Mailke Ha IOJIOBUHY
(IXIT - 48,3%). BecnHoro BenuuuHa iHAEKCY
TaKCOHOMIYHOI TOMIOHOCTI OyjJa MaKCHMajIbHOIO
(67,9%) npu mopiBHAHI XKUBJIEHHS PUO 13 pi3HUX
BOIOMM (Taodu. 1).

Tab. 1.
Frequency of dietary items (%) of Prissian carp in the
Yalpuh and Kugurluy Lakes in different seasons of 2011

, Snnyr Kyrypayi#
O ext xuBCHHS Becna Jlito Ocinb Becna

Nematoda 11,1 19,4 14,3 40,9
Oligochaeta 26,2 39,7 57,1 27,3
Hirudinea 20,0 — 14,3 18,8
Hydrobiidae — 1,3 — —

Viviparidae — 51 — —

Bithyniidae — 51 - -

Neritidae 10,0 6,4 — —

Lymnaeidae 10,0 — 9,5 9,1
Planorbidae 5,0 - - 59
Valvatidae 10,0 7,7 - -

Melanopsidae 5,0 — — 59
Cardiidae 7,1 20,5 455 9,1
Dreissenidae 14,3 25,6 455 13,6
Cyclopoida 16,7 5,1 - 13,6
Cladocera 429 25,6 57,1 40,9
Ostracoda 21,7 19,4 14,3 54,5
Amphipoda 7,1 32,1 - 46
Mysidacea 20,0 — 9,5 21,2
Isopoda 5,0 — 14,3 9,1
Odonata 45 2,6 - 5,9
Heteroptera - - 14,3 24,2
Coleoptera 5,0 8,9 - 12,5
Plecoptera — 6,4 - -

Chironomidae 16,6 12,8 14,3 24,6
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Taon. 2.
Bionocni éenuuunu xinbkocmi kopmosux 06’ckmie (%)
6 JcusienHi Kapaca cpionacmozo 6 ozepax Annye i
Kyzypayii 3a cezonamu 'y 2011 p.

Tab. 2.
Relative means of number of dietary items (%) of
Prissian carp in the Yalpuh and Kugurluy Lakes in
different seasons of 2011

, Snanyr Kyrypnyit
06’ ext xuBCHHS Becna JliTo Ociub Becha

Nematoda 3,2 1,4 0,1 4,4
Oligochaeta 1,4 2,3 0,3 2,3
Hirudinea 0,3 — 0,6 1,2
Hydrobiidae — 0,1 — —

Viviparidae — 0,6 - -

Bithyniidae — 0,6 - -

Neritidae 1,3 0,8 — —

Lymnaeidae 0,3 — 0,3 0,9
Planorbidae 0,1 — — 0,2
Valvatidae 1,8 0,6 — —

Melanopsidae 0,9 — — 0,2
Cardiidae 2,3 21,0 33,9 3,9
Dreissenidae 13,1 25,1 56,2 0,7
Cyclopoida 1,7 0,3 — 2,5
Cladocera 6,2 4,4 4,0 8,4
Ostracoda 50,6 16,8 0,7 56,3
Amphipoda 2,1 23,5 — 4,7
Mysidacea 0,7 — 0,9 6,7
Isopoda 0,2 — 0,7 1,4
Odonata 0,1 0,1 — 0,2
Heteroptera — — 1,3 4,2
Coleoptera 0,2 0,5 — 0,5
Plecoptera — 0,2 — —

Chironomidae 0,7 1,8 1,0 1,2

[lpu BUBYEHHI KUTBKICHUX TIOKa3HUKIB OKPEMOTO
00’€KTY JKHMBJICHHS MIPOBEJICHO MOPIBHSUILHUN aHaIIi3
XapUOBHX CIIEKTPIB caMIliB i camMok kapacs. [lis
IILOI'O0 BUKOPHUCTOBYBAJIM CEPE/IHI BEJIUUMHM 1HICKCIB
TAKCOHOMIYHOT i Xap4oBoi MOAi0HOCTI 0COOMH Pi3HOT
CTaTi B IUJIOMY JuIsi 000X o3ep. BennmunHu 1ux TBOX
MOKa3HWKIB  JopiBHIOBamM — 72,5% 1 78,4%
BIAMOBiTHO.  BpaxoByrounm 3HayHy  TOAIOHICTH
SIKICHOTO Ta KiJIbKICHOTO CKIIQJy PAIliOHIB CaMiliB i
CaMOK JIOCII/UKEHOTO BHY, IOJaJblIe BHBYCHHS
JMHAMIKA HOTO XapuyoBOl MOBEMAIHKH MPOBOIMIN Oe3
ypaxyBaHHsI CTaTi OCOOWH.

3a YacTOTOI 3yCTPIYAJBHOCTI OKPEMHX TIpYI
KOPMOBHX OpTaHi3MiB B paIliOHi Kapacs MpOTIroM
BCROTO POKY B 000X o03epax cepell IUIAHKTOHY
noMiHyBanu riyusicroByci pakonoaioni (Cladocera);
cepen OeHTOCHHMX ¢GopM Tepie Micie 3aimanu
masnomiernakoBi  yepBu  (Oligochaeta), moTtim
pakononiOHi psigy Ostracoda. Becnoro pubu uwacto
BkuBaM 1'sBoK (Hirudinea), pakomonmiOHUX psixy
Mysidacea i  JMYMHOK  KOMapiB  J3BIHIIB
(Chironomidae); B  miTky —  PI3HOHOTHX
pakononioHux (Amphipoda), npeiiceny Dreissena
polymorpha i  MoONIOCKIB  pOIMHM  Kapmiig
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(Cardiidae). OcTaHHi KOPMOBiI OpraHi3MH TaKOX
4acTo 3yCcTpivanch BoceHu (Taba. 1).

Haii0inpmoro KiIbKICTIO Opra”i3MiB B palfioHi
Kapacss B 000X o3epax Oymu mpejcTaBlieHi
pakornomibui psymy Ostracoda (ta6m. 2). 3a mum
ITOKa3HUKOM JIpeHCeHa JIOMiHyBaja B TKi pu0 TITbKA
B Snmy3i. Kpim Hel BaxJImMBUMH TakoX Oynn
Kapuiian, a BhiTky e 1 ampimomu. B Kyrypmyi
BECHOIO cepell OEHTOCHHUX (POPM BEITMKY YHCENIBHICTh
B XapUOBHX IPY/IKaX Kapacsi M LIe 1 Mi3HIH.

Haii6iy1bI BayKIMBUM KiUJIbKICHUM ITOKa3HUKOM B

KUBJICHHI OyNb-IKOTO BHJYy TBapuH € Maca
CIIO)KMTOIO  KOPMOBOI'O  KOMIIOHEHTY. st
MPOBENCHHS  aHalizy 3a [HUM  [OKa3HUKOM,

BUKOPUCTOBYBAJIM BiJTHOCHY BEJIMYMHY BiJTHOBJIECHOI
MacH Xap4oBoro 00’€KTa B paiioHi puo.

B >xuBnenHi kapacs cpibisicroro B o3zepax SAnmyr
i Kyrypnyit 3a macoro HailOiibll BaXKJITMBHUMHU Oyin
npeficena, momocku ponunu Cardiidae, a Takox
MpPEeICTaBHUKM  IUIAHKTOHY  —  TUDISICTOBYCI
pakoroioHi. Mo)kHa BBaXkKaTH, IO JJISI Kapach 3a
MM TIOKa3HUKOM BaYKIMBHM KOPMOBHUM 00’ €KTOM
MPOTSrOM BCHOT'O POKY € JpelceHa, BIITKY —
Monrocku poxaunu Cardiidae, BecHoro 1 JiToM —
nadwuii (tabdi. 3).
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Taon. 3

Bionocni éenuuunu ¢ionosnenoi macu Kopmosux
00’°ckmie (%) 6 rcusneHHi Kkapaca cpionacmozo 6 o3epax
Hnnyz i Kyzypayii 3a cezonamu 'y 2011 p.

Tab. 3.
Relative means of restores mass of dietary items (%) of
Prissian carp in the Yalpuh and Kugurluy Lakes in
different seasons of 2011

, SAnnyr Kyrypanyi
O ext xmpCHIz Becna Jlito OciHb Becha

Nematoda <0,01 <0,01 <0,01 <0,01
Oligochaeta 0,14 0,08 <0,01 0,3
Hirudinea 0,7 - 0,2 2,9
Hydrobiidae — <0,01 - -
Viviparidae — 1,2 - -
Bithyniidae — 0,4 - -
Neritidae 0,5 0,1 — —
Lymnaeidae 2,1 — 0,4 9,2
Planorbidae 0,04 — — 0,1
Valvatidae 0,4 0,04 — —
Melanopsidae 0,5 — — 0,2
Cardiidae 18,9 56,8 53,3 39,3
Dreissenidae 53,6 34,0 42,2 3,5
Cyclopoida 2,8 0,2 — 52
Cladocera 12,6 3,0 1,6 21,0
Ostracoda 5,2 0,6 0,01 7,0
Amphipoda 0,4 1,6 — 1,2
Mysidacea 0,1 — 0,03 1,3
Isopoda 0,02 — 0,02 0,2
Odonata 0,4 0,2 — 1,3
Heteroptera — — 0,07 1,4
Coleoptera 1,4 1,4 — 5,8
Plecoptera — 0,1 — —
Chironomidae 0,14 0,12 0,04 0,3

Jliis BU3HAYEHHSI CTYIMEHs MOAIOHOCTI KHUBIICHHS
pub, BUKOPUCTOBYIOTH 1HIIEKC Xap4oBOi MOJIIOHOCTI,
kil 0a3yeTbcs Ha BiTHOCHHX BEJIMYMHAX MAacH
KOPMOBHX KOMIIOHEHTIB B pallioHax pu0, mIo
MOPIBHIOIOTHCS. BUKOPHCTOBYIOUM Iel IMOKAa3HUK
MO)XKHA OIIIHUTH Ha CKUIBKH BaXXJIUBUMH OyJIn
KOPMOBI OpraHi3MH, siKi 3yCTpidajucCh B pallioOHaX
pub B pi3Hi CE30HU POKY.

B o3epax Amnyr i Kyrypoyii, He3zanexHO Bij
CEe30HY, T'OJIOBHOIO DKEIO Kapacs cpiossicroro Oyiia
npericena i momrocku poauau Cardiidae. i kopmoBsi
00’€KTH CYTT€BO BIUIMBAIM HA BEJIMYMHY XapyOBOi
MoII0HOCTI Kapacs NpH MOPIBHSIHHI HOTO >KUBIICHHS B
pi3Hi mepiogu poky: BecHa — yito (IXIT — 63,8%),
mito — ocinp (IXII — 89,3%), BecHa — ociup (IXIT —
66,8%). Haiimenma xapuoBa mOAiOHICTE Oyia
BECHOIO y pHO 13 pI3HUX 03ep, TOMY IO Kapach B
SAny3i iHTEHCMBHO JKMBUBCS JPEHCEHOI0 1 Maio
BXKHBaB Kapniia, B Kyrypnyi Oyna obepHeHa cutyartis
MPY BUKOPHUCTAHHI pHOaMHU KOpMY.

IaTerpoBanum MOKa3HUKOM BaKJIMBOCTI
OKpeMoro o0’€KTy JKHMBJICHHS B palioHi pub €
iHgexc BigHOcHOI 3Haummocti (IB3, %), sxuit
00’eaaye B co0l BCi KUIBKICHI XapaKTePUCTHUKH

Biostoriuni cucremu. T. 6. Bum. 1. 2014

KOpPMOBHX OpraHi3miB. /[peiiceHa noMiHyBana B ki
Kapacs cpi0IsIcToro B 03epi SImyr npoTsaromM BCbOro
poky (tabim. 4). BiiTky i BOCGHU TaKOX BayKIIMBHUMU
Oymu  wmomocku  pomuuu  Cardiidae.  Cepen
pakonoAiOHUX B 000X 03epax B paiioHi pub, Maibke
3aBXKIU, TMeplie Micle 3aiiMaii  OCTpakoau i
rinssicroByci. Jlitom B Snmy3i npu 3MeHIIEHI mUX
OpraHi3MiB B XHBJICHI Kapacs, ix Mmicie 3aiimann
pizHoHori paku. [Ipm HeBenumkux BenmuymHax [B3
npeactaBuukiB psaiB Cladocera i Ostracoda B
XapyoBHX TIpylIkax pud, B iX pamioHi 3pocraio
3HA4YEHHS IBOCTYJIKOBHX MOJIIOCKIB.

BaxmBo TakoX BpaxoBYBaTH, SIKOMY KOPMY
puba Hazmae mepeBary npu akTUBHOMY HOLIYKY Tki.
s 1poro BUKOPHCTOBYIOTH 1HIAEKC BHOIPKOBOCTI,
KU BKa3y€e Ha 3JIaTHICTh pUOU CIIOKWBATH KOPMOBI
KOMIIOHEHTH B IHIIIH TPOIOPINi, HI)K BOHU € Y
HaBKOJUIIHBOMY CEpEeIOBHILI. [Ipu foro
PO3paxyHKy HEOOXiJHI JaHi 3 BEJUYMH Oiomacu
opraHiamiB OeHTOCY B o03epax, sKi Oyiu B3sTi 3
myOuikanii cniBpoOiTHUKIB Kadenapu rigpoGiomorii
Ta 3aranbHoi ekonorii OHY (xyprybaes, 3amopoB
u ap., 2012).

49




Taon. 4

Benuuunu indexcy eionocnoi snavumocmi (%)
KOpMOo8uUx 00°cKkmie 6 cueieHHi Kapaca cpionacmozo é
o3epax fAnnyz i Kyzypayii 3a cezonamu y 2011 p.

Tab. 4.
Index of relative importance (%) of dietary items of
Prissian carp in the Yalpuh and Kugurluy Lakes in
different seasons of 2011.

, Snanyr Kyrypnyit

06’ ext xuBCHHS Becna JliTo Ociub Becha
Nematoda 35,5 27,2 1,4 180,0
Oligochaeta 40,3 94,5 17,5 70,9
Hirudinea 20,0 — 11,4 77,1
Hydrobiidae — 1,7 — —
Viviparidae — 9,2 — -
Bithyniidae — 51 — —
Neritidae 18,0 57 — —
Lymnaeidae 24,0 — 10,0 189,9
Planorbidae 0,7 — — 1,8
Valvatidae 22,0 4,9 — —
Melanopsidae 7,0 — — 2,4
Cardiidae 150,5 1594,0 3967,0 393,1
Dreissenidae 953,8 1512,0 4477,0 57,1
Cyclopoida 75,2 2,6 — 104,7
Cladocera 806,5 189,4 319,8 1202,0
Ostracoda 1546,0 337,6 10,2 34498
Amphipoda 17,8 805,7 - 27,1
Mysidacea 16,0 — 8,8 169,6
Isopoda 11 - 10,3 14,6
Odonata 2,2 0,8 — 8,8
Heteroptera — — 19,6 135,5
Coleoptera 8,0 16,9 — 78,8
Plecoptera — 1,9 — —
Chironomidae 13,9 24,6 14,9 36,9

B yci ce3onu poky B 000X o03epax Kapach
CpiOSICTUH aKTUBHO CIIOXHBAB JpericeHy (tadim. 5).
Jlitom B fnmy3i #oro ynaro0IeHUM KOPMOM MOXKHA
BBakaTh am@imosl i YepeBOHOTMX MOJIOCKIB. B
Kyrypnyi  kapach  TakoX  aKTHBHO  B)KUBAaB
PI3HOHOTHX PaKOMOIOHHX.

BpaxoByroun BuIIe 3a3HaueHe, NMPHXOAUMO JIO
BHUCHOBKY, IO B MpPUAYHAWCHKUX o3epax Smmyr i
Kyrypayi#t crexTp KHBJIEHHS Kapacsi CpiOisicToro
JIOCTaTHRO HIMPOKHH, 10 CKJIAAy SIKOrO BXOZISTH
opraHiamMu 13 38 TakCOHIB, 110, B I[JIOMY,

Tabn. 5
Benuuunu inoexcy eudipkosocmi kopmosux opzanizmie
Kapacem cpionacmum e ozepax Annyz i Kyzypnyii 3a

HiATBEPUKYE JIaHI JPKEpen JIiTepaTypy Mpo Xap4yoBy
IUIACTHYHICTh JociibkeHoro Buny (HaOepesxHbii,
BanbkoBckass u jap., 1970). JXKupnenuro kapacs
CpiOJISICTOrO BiIACTHBA CE30HHA MIHJIMBICTh: BECHOIO
— B HOro pailioHi BUCOKA 3HAYMMOCTI TJUISICTOBYCHX
PaKkomoJiOHUX 1 IJMYMHOK XIPOHOMIJ; BIITKY 1
BOCEHH — 3HA4HAa IlepeBara JIBOCTYJIKOBUX MOJIIOCKIB
(mpeiicenn 1 kappiim). Taky XapdoBy MOBEIIHKY
Kapacsi padime crocrepiraau B nenbTi  JlyHaro
(Spataru, 1966).

Tab. 5.
Index of selectivity of dietary items by Prissian carp in
the Yalpuh and Kugurluy Lakes in different seasons of

cezonamu 'y 2011 p. 2011
. Snnyr Kyrypnyit
T'pymu oprasismis Becna Jlito OciHb Becna

Oumniroxetn 0,03 0,04 0,005 0,3
Awmopimomu 0,3 15 _ 3,5
XipoHOMUIU 0,03 0,03 0,03 0,02
YepeBOHOTI MOJTFOCKH 0,6 2,3 _ _

JIBOCTYJIKOBI MOJIFOCKH 0,9 1,0 1,1 1,1
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FEEDING OF COMMON PRUSSIAN CARP CARASSIUS GIBELIO IN THE DANUBE
LAKES YALPUG AND KUGURLUY
M. P. Zamorova, V. V. Zamorov

12. Spataru P. Dinamica nutritiei la caracuda complexul
de balti Crapina-Jijila (zona inundabiba a Dunarii). —
Stud. si cers. Ser. zool. — 1966. — 19, Ne 3. — P. 231-
238.

The Danube Lakes form the most lake complex in Ukraine. The Yalpug Lake is the largest lake within the complex.
Its area is about 149 km? volume — about 387 million m>. Yalpug connects Kugurluj Lake in the south with a wide
canal in the sand-spit, which separates the two lakes. In fact they form a single lake system. The connection of Yalpug
with the Danube is possible through Kugurluj Lake as well as directly over the canal Large Rapid. The area of
Kugurluj Lake is less twice (82 km?), volume is four times less (82 million m®). Lake Kugurluj is connected with the
Danube River by two channels Skunda and the canal Large Rapid. These lakes have significant fisheries potential that
is not fully realized. The construction of dams in the second half of the twentieth century led to decreasing of link
between lakes and the Danube River. This resulted in reconfiguration of lake ecosystems and their impact on fish
productivity. Now Prussian carp Carassius gibelio is numerous in the Danube Lake fish fauna, it ranks the second
place in the fishery after the Silver carp Hypophthalmichthys molitrix. Over the past ten years, the average value of the
catches of Prussian carp in the lake complex Yalpug - Kugurluj is 200.6 tones per year. In the Yalpug and Kugurluj
Lakes in the diet of Prussian carp zoobenthic and planktonic organisms (38 taxa) belonging to 4 types, 7 classes, 17
orders and 23 genera were found in 2011. In the diet of fish the most important by weight were zebra mussel Dreissena
polymorpha, mussels from family Cardiidae, as well as representatives of plankton — crustaceans (Cladocera).
According to the values of the index of relative importance zebra mussel Dreissena dominated in carp’s food in the
Yalpug Lake throughout the year. Mollusks from Cardiidae genus were also important in summer and autumn. Among
the crustaceans in both lakes in the diet of fish Cladocera occupied the first place almost always. In all seasons,
Prussian carp actively consumed zebra mussel Dreissena in the lake complex. Amphipods and gastropods of Cardiidae
genus can be considered as his favorite food in summer in Yalpug. In Kugurluj carp actively consumed Amphipoda.

Key words: Carassius gibelio, Danube Lakes, feeding. Odepoicano pedroneciero 15.05.2014
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YU BUHUIIY€ HARPALUS RUFIPES (COLEOPTERA, CARABIDAE)
BYP’AHU ABO HIJIBOBI POCJIMHU B AT'POIIEHO3AX?

. €. PELHETHAK

JIninponempogcoruii nayionanvruil ynieepcumem imeni Onecs I onyapa,
Gaxyremem 6bionoeii, ekonozii ma meduyuru, kageopa 300102ii ma ekonozii
Yxpaina, m /[ninponemposcok, np. I'acapina, 118, 49000
e-mail: reshetnyak.ufo@yandex.ru

Ipoananizosano mpoghiuni ynooodanns mypyny Harpalus rufipes (De Geer, 1774) — oonozo 3 naiigasciueiwux
WKIOHUKIE cinbebko2ocnooapcokux kynemyp. Harpalus rufipes — mpancnaneapkmuunuti noni3onanbHuil no1b08utl 8uo,
HauuucieHHiuull ceped mypyHie aepoyenosie. Imaco H. rufipes — mixcopimoghpae, sakutli Hcueumovcsi WKIOHUKAMU
CITbCLKO20  20CN00ApCmed, A MAaKodc WKOOums 3epHosum Kymomypam. H. rufipes xapuyemwvcsa  3seprosumu,
3epH000608UMU | MEXHIYHUMU KYI6IYPAMU, TIKAPCOKUMU POCTUHAMYU A 2eHepamuenux opeanamu 19 euodie ouxopocnux
mpas. Yucenvricmos H. rufipes 6 azpoyenoszax 3HaxoO0umvcs y npsamiti 3a1exucHocmi 6i0 KiIbKOCMI OOCIYNHO20 HACIHHSA
6yp snie. Mema pobomu — oyinumu pisHi cnoscusantus imazo H. rufipes eecemamu6Hux ma 2eHEpamusHUX OpaHie
KYIbmMypHux i Oyp auucmux pociur 6 aabopamophux ymosax. O6’ekm O0ocnioxnceHHs — MpoqhiuHi 36 A3KU MYPYHY
H. rufipes, (Coleoptera, Carabidae). Bionosé ycix imaco H. rufipes, wo bparu yuacme 6 eKcnepumenmi, npogooulu 3
BUKOPUCMAHHAM TpYHmMosux nacmox bapbepa bes (j)mcamopa HA NOJIAX KYKYPYO3U HA okoauysax m. Juinponemposcoka 6
aunui 2013 poxy. [ocniooceno 122 6udu KynomypHux i Oyp sHUCIUX DOCIUH, HAUNOWUPEHIWUX HA Mepumopii
Hninponempoecvkoi obnacmi. I'enepamushi abo 6ecemamusHi OpeaHu KONCHO20 BUOY POCIUH OKPEMO NPONOHYEANUCH
8 exsemnnapam imaco. [ocnio npoeoduru npomscom oouiei 0obu. CepedHs maca HCYKi@ 8 eKcnepumenmi —
0,0001527 + 0,0000378 ke, cepeons maca nasaxcku kopmy — 0,0004803 £ 0,0000759 ke. 3sadicysanu 3amuuiox nopyii ma
peecmpyeanu noi0aHHA 4acmuH pOCIUuH. Y pe3yibmami excnepumenmie ModicHa euoinumu 25 6uoie KyibmypHux i 5 eudie
oyp ‘amnie, maubinows excusanux xcykom, 10 xynemypuux ma 7 eudie OYp sHi8, CROMCUSAHUX NOJOBUHOIO 3A2ATbHOT
Kinbkocmi ocobun H. rufipes, 5 6uoie xynomypnux ma 7 6udig¢ OUKUX poCiuM, AKUMU IMA20 Matidce He Xapuyeanucs.
Becemamueni ma cenepamueni opeanu 11 sudie kynemyprux i 52 eudie 6yp smie H. rufipes ne éxcusas. Omoice, noioanms
JHCYKOM KYJIbMYPHUX POCIUH Nepesuyye cnodtcueanus oyp auucmux 6 2,1 pasu. Camxu, cnodjcusarouu oinbuty KiibKicmo
KOpMY, nokaszanu Oinbuiuii npupicm macu, Hioe camyi. Busnauenns xapuosux nepesae 6udig-nonugazie — nepcnekmuHa
3a0aua NpUKIAOHOI eKonozii, wjo 003601A€ OYIHUMU BNAUE NONYIAYIL KOMAxu Ha cepedosuwje il ichyeanus. Xoua H.
rufipes € easicnugum enmomogazom ma GUHUWYBAUEM HACIHHA OV [HI6, Y MICYAX KOHYeHmpayii 0cOOuHU 0aH020 8UQY
30amHi YUHUMU ICMOMHULL 6NIUE HA NOCIBU PI3HUX CIIbCbKO2OCNOOAPCHKUX KYIbIMYD, NOWKOONCYIOUU 2eHepamuUuGHi ma
8ecemamueHi opeany pociut, Momy wjo NOIOAHHA JHCYKOM KYIbIMYPHUX POCIUH NEPEGUUYE CHONCUBAHHA OYD SHUCIMUX Y
2,1 pasu.

Kniouoei crosa: mypyn eonocucmutl, azpoexocucmema, mpo@iymi 36 3Ku, 3epHOGI, MEXHIUHI KYIbIMYpPU, 8e2emamueHi
ma 2eHepamueHi opeaHu.

Beryn. [lporsrom yciei eposonii  jroauHa  JlaHwii BUJ CTAHOBUTH 3HAYHHMN 1HTEPEC JJIS OL[IHKU
HEPO3PUBHO TIOB’s3aHa 3 TBAapUHHUM CBITOM. CIIiBBiJIHOIIEHHS HOro KOpHUCTI 1 IIKOAH B
CrenoBa 30Ha YKpaiHU MiJAa€ThCs 0araTOpiyHOMY  arpoOeKOCHCTEMaXx.

BIUIMBY CLIbCHKOTO TocmonapcrBa (CIUHBKO U Jp., Harpalus rufipes —  TpancmaneapkTHYHHI
2008). Arpocucrema — IIiJliCHA €KOCUCTEMa, B SKid  TONI30HAJIBHHUN TOJHOBHI BUJ, HANYMCICHHIIINHA

BiOyBalOTbCA  NPOLECH, WI0 HPOTIKAIOTH Y
npuponaux ekocucteMax (Cymapokos, 2009). Jlo
TENepillHEOr0 MOMEHTY B JIAOOPaTOPHHUX YMOBAax
omiHeHi TpodiyHi ynomoOaHHS JMIIe HebaraThox
BuniB TypyHiB (Currie et al, 1996; Thiele, 1977).

Poms  Harpalus rufipes (De Geer, 1774) B
arpoeKocrucTeMax 3’sicoBaHa HEIOCTaTHbO.
BuBuennss  TpodiuHMx  3B’S3KiB BUAY 3

BEreTaTHBHUMHU 1 TEHEpaTHMBHUX OpraHaMy Pi3HUX
BUJIIB POCIIMH Ma€ BEJIMKE T'OCIOJIapPChKe 1 HAyKOBe
3HAYCHHsSI JUISI PO3POOKHM METOAMKH 3arajibHOi
OILIHKH MOMyJIALiil OYIb-IKOT0 BUAY B arpolcHO3ax.
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cepen TypyHiB arporienosiB. biomoris H. rufipes
JOCITIDKEHA Yy TIPUPOJHUX YMOBAX JOCUTh JACTAJIbHO

(Midtgaard,  1999). Imaro H. rufipes —
Mikcoditodar, SKMH  KHUBHTHCS  LIKIIHUKAMH
CUIBCBKOTO TOCMOJAPCTBA, & TAaKOX IIKOJUTH

3epHoBuM KynbsTypam (Lindroth, 1985).

3 miteparyprux Jkepen (Ilerpycenko wu
Iletpycenxo, 1973) Bimomo, mo H. rufipes
Xap4yyeTbCsl ~ 3E€PHOBUMH,  3€pPHOO00OBMMHU 1

TEXHIYHUMH KyJIbTYpaMH, JIKapCbKUMH POCIMHAMH
Ta FeHEPaTUBHUMHU opraHamu 19 BHIIB TUKOPOCINX
Tpas.
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Yucensnicte H. rufipes B arporenosax
3HAXOAUTHCSA Y TPAMINA 3aJIEKHOCTI B KIJIBKOCTI
nocTymHoro HacinHs Oyp’sHiB. (Bohan et al., 2011)
[Mizenicte H. rufipes mosutuBHO KOpemoe 3i
3HAYEHHIMH CIIOKUTOTO HaCIHHS BUIIB
Chenopodium album L., Galinsoga ciliata (Raf.)
Blake, Trifolium pratense L, Amaranthus retroflexus
L. i Setaria glauca (L.) Beauv. (Gallandt et al.,
2005). )Kyku B OJHAKOBiH KiJBKOCTI CIIOKHBAIOTH
HACiHHS, IO 3HAXOAWTHCA 1 Ha TIOBEPXHi, 1 y TOBII
IPYHTY, 3a YMOBM, IO BOHO HE IMiJJaHe
poskmamannio (Martinkova et al., 2006). Brums
XHMKaKiB Ha MOy TISIiT H. rufipes B
arpoeKocucTeMax 301UIbIllye KibKiCTh HACIHHSA
Oyp’siHiB, fKe mOTpamsie y IpyHT, Ha 17 %
MOPIBHAHO 13 arpoleHO3aMH, y SKHX XMKAITBO
JPYTOro HOPSIAKY BiZICYTHE.

Mera ganoi poOoTM — OWIHWTH  piBHI
cnoxkuBanHs imMaro H. rufipes BererarmBHux Ta
TCHEPAaTUBHHUX OPTraHiB KYJIbTYPHUX 1 Oyp SHUCTHX
pociuH B 1a00paTOPHUX YMOBaX.

Marepiaaun i meronu gociimxkeHb. O0’ekT
JoCIiKeHHs — TpodiuHi 3B’s13ku TypyHy H. rufipes,
(Coleoptera, Carabidae).

Bimos ycix imaro H. rufipes, o 6panu yuacts B
eKCIIEpUMEHTi, TPOBOAWIN 3  BHKOPUCTAHHSAM
IPYHTOBHX TacTok bapbepa 6e3 dikcaropa Ha mossx
KYKypyA3u Ha OKOJHWIX M. JIHIMpOmeTpoBChKa B
murHi 2013 poky. Pamion H. rufipes mocmimkysamu

JIHITIPOIIETPOBCHKOTO HAITIOHAIEHOTO YHIBEPCHUTETY
iMm. O. T'oruapa: mo 1 ex3eMIUBIpy iMaro >Kyka
yIpUMYyBaJli B  ONTUMalbHUX  YMOBaxX Yy
mracTukoBux KoHTerHepax (0,12 x 0,08 m) mpu
temneparypi + 22 ... + 28 ° C i BigHOCHi# BOJIOTOCTI
nositpst  38-54 %. VY Takux Ke  yMmoBax
PO3MIllyBaIM KOHTPOJIbHI HaBaXXKH HACIHHS, JTUCTS
Ta IDIOAIB JOCHiPKYBaHMX BHIIB OUKHX 1
KyJbTYpHHX POCJIMH, 3a SKHMH BCTAHOBIIOBAIN
BIICOTOK iX BHUCHXaHHSA. Y KOXHOMY BapiaHTI
JIOCITITy BUKOPUCTAHO pPIBHY KUIBKICTh CaMIIB 1
camok. Jlocmimkeno 122 BuAM KyIbTypHUX 1
Oyp’SHHCTUX  pOCJIHMH, HAHMNOIIMpEHIMX  Ha
TepUTOPii JHinponeTpoBchKOi o0uacrTi.
I'enepatuBHi a00 BEreTaTHBHI OPTaHH KOXKHOTO
BUJy POCIMH OKPEMO MpOMOHYBAIUCS 8-MHU
eK3eMIusIpaM imaro. Jlocmia MpoBOJUIN MPOTATOM
onmHiel m00M. 3BaKyBald iMaro Ta Mopmii KOpMy.
BuxopuctoByBanmm n1abopaTopHi aHANITHYHI Baru
JD-100 (tounicte — 1 mr). CepenHs Maca KyKiB B
excriepumenTi — 0,0001527 + 0,0000378 kr, cepenHs
Maca HaBaxxku kopMy — 0,0004803 + 0,0000759 «r.
3BaKyBaNM 3aNMIIOK TOpLii Ta peecTpyBaiH
NOiJaHHs dYacTMH pochuH. [Ipm oOroBopeHHI

pe3yNbTaTiB  OLIHIOBAIM  BINCOTOK KYKIB, IO
CIIOYKWUBAJIA TOW UM 1HIIMIA BUJ KOPMY.
Pe3yabTaTn Ta ix obroopenns. H. rufipes

BOJIi€ CIIOKMBATH BETETATUBHI Ta TEHEPaTHBHI
OpraHH KyJNbTypHUX, a He Oyp aHiB (Tab. 1).

y naboparopii

kadeapu 3000TIi

Ta €KOJIOril

Taén. 1.

Pigni cnosycusanna kynomypnux pocaun H. rufipes

Tab. 1.
Levels of consumption of crops by H. rufipes

IToinanus, %
Ne Bun Ponuna Bereratusui | [Imoau | Ilnogu IInoau
OpraHu cyxi cupi | mpopolieHi
1. Medicago sativa L. Fabaceae 0 - 50 50
2. Triticum durum L. Poaceae - 25 100 100
3. Fagopyrum esculentum Moench Polygonaceae - 50 100 100
4. Secale cereale L. Poaceae - - 75 -
5. Hordeum vulgare L. Poaceae - - 100 100
6. Sinapis alba L. Brassicaceae - - 100 100
7. Vicia faba L. Fabaceae - - 0 0
8. Lupinus albus L. Fabaceae - - 0 -
9. Panicum miliaceum L. Poaceae - - 50 50
10. |Cannabis sativa L. Cannabaceae - - 100 100
11.  |Sorghum sudanense (L.) Moench Poaceae - 75 100 100
12.  |Papaver somniferum L. Papaveraceae - 100 - -
13. |Brassica hapus L. Brassicaceae - 100 75 75
14.  |Helianthus annuus L. Asteraceae - 100 - 100
15. |Fragaria ananassa Duch Rosaceae 0 - 100 -
16. |Capsicum annuum L. Solanaceae - 0 50 -
17. |Daucus sativus (Hoffm.) Roehl. Apiaceae 0 0 0 50
18. |Betavulgaris L. Amaranthaceae 0 75 0 100
19. |Cucumis sativus L. Cucurbitaceae 0 - 100 -
20.  |Cucurbita pepo L. Cucurbitaceae - 0 100 25
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s reHepaTHMBHUX 1 BETETAaTUBHUX OpPTaHiB
mukux 1 Oyp’stauctux BuAiB pocnud 100 % piBeHb
MOIMaHHS BCTAHOBJICHWHM JUIsl HACiHHA  (ianku
sananrnoi (Viola odorata L.), mpopoiieHoro HaciHHs
mraBmii - myckataoi (Salvia sclareaL.), cyxoro
HACiHHA CHHETOJIOBHMKAa moisoBoro (Eryngium
campestre L.), miockyxu 3Bu4aiinoi (Echinochloa
crus-galli (L.)). CmoXuBaHHS BETre€TaTHBHUX Ta
TCHEPATHBHUX OpPraHiB OUIBIIOCTI AOCTIIKEHHUX
BUAIB Oyp siHIB CTaHOBUTH 0.

Y pe3ynbrari eKCHEPUMEHTIB MOXHA BUJIUIATH
25 BUAIB KyNbTYpHUX 1 5 BUAIB Oyp’sHIB, HAHOIIBII
BXHBaHUX XKykoM, 10 KynmbTypHUX Ta 7 BUAIB
Oyp’siHIB, CIOXHWBAaHUX MOJOBHHOIO  3araibHOi
KizpkocTi ocodun H. rufipes, 5 BuniB kynbTypHUX Ta
7 BUAIB IOUKUX POCIWH, SKAMH IMaro Maibke He
XapuyBajiiicsa. BereratuBHi Ta TeHepaTHBHI OpTraHU
11 BumiB KynbTypHEX 1 52 BuiB Oyp’sHiB H. rufipes
He cnokuBaB. OTKe, NOITaHHS )KYKOM KYJIBTYPHHUX
POCIIUH TIEPEBUIIYE CIIOXKUBAHHS Oyp’THUCTHX B 2,1
pasu.

[IpoBenena B xo/i 1a00pATOPHUX EKCIIEPUMEHTIB
KUTBKICHA omiHKa moimanus imaro H. rufipes maciums
1 TUIONIB  PI3HMX 3C€pHOBUX, 3€pHOOOOOBHX,
TEXHIYHUX Ta IUIOJOBUX KYJIBTYp IiATBEpIHIIa
mitepatypui BkasiBku (Gallandt et al., 2005) mpo
MOiJaHHs T€HEPATUBHUX YAaCTHUH YCiX JOCIIIKEHUX
BUJIIB POCIIHH.

HeposmoueHi mieHnyHi 3epHa, HACIHHS TPEYKH,
Mpoca CHOXKHUBAIOTHCSI 3HAYHO TipIle, HiXK 3aMOYeHe
JKUTTE3[IaTHE HACIHHS IMIICHMIN, TpOca 1 TPEUKH.
VY nabopaTopHUX yMOBax BiJI3HA4€Hi 3HAYHO OiIbLI
HHU3bKI TEMIIM CIIOKMBAaHHS BEre€TaTUBHUX YaCTHH
MPOPOCTKIB JIOCHIPKEHUX 3€PHOBUX KYJIBTYp, HiXK
NPOPOIIEHOT0 HACiHHA. Y TIOJILOBUX YMOBax
najanuis IIIeHHII, T'PeYKHd, IHIIMX 3EPHOBUX, a
TAaKOXX TUIOJIOBHX 1 SITITHUX KYyJIbTYp — 3HAa4HUH
KOMITOHEHT parfiony H. rufipes y niTHbO-OCiHHIM
nepioz.

BceraHoBiieHo, 10 HAWOULIBIIMK MPUPICT Macu
TiJa CIOCTepiraBcs y JKYKIiB, IO CHOXHBAJIH
MPOPOLLIECHI 3epHA MIICHUI, TPEYKH, 3aMOYCHE Ta
IpopolIeHe HaciHHS Oypsika, yCi THUIM HacCiHHS
COHSIIHUKY, pINaKy Ta apaxicy, IUIOJU CIIHBH,
BUHOTPaAy €BPONEHCHKOrO, OripKa, IHHI, TPy,
CYHHUII Ta MOJYHHLi. XapyyBaHHI ycCiMa THIaMHU
HACIHHS TpOca, JKUTA, PHUCY, CYAaHCHKOI'O COpro,
MIPOPOIICHOI0 COEI0, M AKOTTIO KaByHa, Tap0y3a,
OKMHM, HACIHHSAM [IWHI 3a0e3nedyBajio MEHIIHUH
npupict Macu. [Ipu 100 % moinaHHi HACiHHS TipYUII
Maike Bci ocobwnum H. rufipes Brpauamm, a He
Habupanu mMacy Tina. Taki )k pe3yJabTaTH OTpUMaHi i
B YMOBaxX €KCIEPHUMEHTIB 3 HACIHHSIM KYJbTYp, SIKi
KYK HE BXUBaB. Y OIUIBIIOCTI BUMAJKIB CaMKH,
CIIOKMBAIOYHM OiIBITY KITBKICTH KOPMY, TOKa3aiu
OUTBIIMIT IPHUPICT MacH, HIX CaMIIi.
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[Mxoma, 3amomistHa imaro H. rufipes zeproBuM
KYJIETYpaM, MOX€E CHJIBHO KOJIMBATHCS y 3aJICKHOCTI
Bil HAasBHOCTI Ha TIOJNE [JOJATKOBHUX JDKEpe
POCIMHHOTO Xap4yyBaHHS.

BucHoBku. BuzHaueHHS XapyoBUX IepeBar
BHIIB-TIONMHM(AariB ~ —  IEepPCHeKTHBHA  3ajaada
MPUKIIAJHOI €KOJIOTii, 1110 JO3BOJISE OLIHWUTH BILJIMB
OIS KOMaxy Ha CepeloBHINE ii iCHYyBaHHS.
Xoua H. rufipes € BaxamBuM eHTOMO(pAromM Ta
BUHHIIYBa4eM HaciHHS Oyp’sHIB, Yy MicIsX
KOHIIEHTpAIlil OCOOMHH JaHOTO BUY 3[aTHI YMHUTH
ICTOTHHI BILINB Ha TTOCiBH pI3HUX
CLIBCBKOTOCTIONAPCHKUX KYIBTYp, IOIIKOKYIOUH
TeHEpaTUBHI Ta BETeTAaTHBHI OPTaHH POCIUH, TOMY
o0 TMOIIaHHS  KYKOM  KyJIbTYPHHUX  POCIHH
MIEPEBUIILY€ CIIOKUBAHHS Oyp’ sTHUCTUX ¥ 2,1 pa3m.
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DOES HARPALUS RUFIPES (COLEOPTERA, CARABIDAE) EXTERMINATE WEEDY
OR TARGET PLANTS OF AGROCENOSES?

D. E. Reshetnyak

Trophic preferences of ground beetle, Harpalus rufipes (De Geer, 1774) — one of the most important pests of
agricultural crops been analyzed. Harpalus rufipes is transpolyzonal field species, the most numerous of ground beetles
of agroecosystems. Imago H. rufipes is myxophytofagous, which eating pests of agriculture and harm cereals. H.
rufipes fed on grain, legumes and industrial crops, medicinal plants and generative organs of 19 species of wild
grasses. The number of H. rufipes in agrocenosises is directly dependent on the number of available weed seeds. The
purpose of research is to assess level of consumption of adult H. rufipes of vegetative and generative organs of weeds
and cultivated plants in the laboratory. The object of research is trophic links of H. rufipes, (Coleoptera, Carabidae).
H. rufipes imagines were collected in July 2013 on the outskirts of Dnipropetrovsk from land cultivated with Hordeum
vulgare and maize using pitfall traps. There are studied 122 species of cultivated and weedy plants, which are the most
common in the Dnipropetrovsk region. Generative and vegetative organs of each plant species separately offered to 8
imagines of adults. The experiment was carried out within one day. The average mass of beetles in the experiment was
0,0001527 + 0,0000378 kg, the average weight of sample feed was 0,0004803 £ 0,0000759 kg. There were weighed
portions and recorded eating parts of the plants. Result of the experiments can be identified 25 species of cultivated and
five weed species, the most preferred by beetle, 10 cultural and 7 weed species consumed by half of the total number of
individuals of H. rufipes, 5 species of cultural and 7 species of wild plants that adults almost no fed. Vegetative and
generative organs of 11 species of cultivated and 52 weed species H. rufipes not consumed. Therefore, eating by the
beetle of crop plants exceeds consumption weed in 2.1 times. Females consume more feed, showed a greater increase in
weight than males. Determining of food preferences of polyphagous species is advanced task of applied ecology to
assess the impact of insect populations on the environment of its existence. Although H. rufipes is important
entomophagous and weed seeds fighter, in areas of concentration individuals of this species are able to have a
significant impact on crops, damaging the generative and vegetative organs of plants, because eating by beetle of crops
exceeds weed consumption in 2.1 times.

Keywords: hairy beetle, agroecosystem, trophic links, cereals, technical crops, vegetative and generative organs.

Ooepoicarno pedxonecicro 28.10.2014
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BOTAHIKA. 3BEPEKEHHSA BIOTHU I BIOPECYPCIB

\ 4

YK 635.952.2:581.4

ICTOPISI TA HEPCIEKTUBU IHTPOJAYKIII BUAIB POIY
PITTOSPORUM BANKS EX SOL B YMOBAX 3AXUIIIEHOTI'O I'PYHTY
KPUBOPI3LKOI'O BOTAHIYHOI'O CAJTY HAH YKPATHU

JI. 1. BOMKO

Kpusopiszvruii 6omaniunuii cad HAH Yxpainu
eyn. Mapwaxa, 50, m Kpusuii Pie, 50089, Vxpaina
e-mail: ludmilaboyko@meta.ua

Y cmammi nasedeno gioomocmi wooo icmopii éiokpumms eudie pody Pittosporum. Buceimneno pezynvmamu
IHMPOOYKYIUHUX O0CHIONHCEHL OAHO20 POOY 8 YMO8AX 3axuujerHozo pyumy. Ilooano onuc inmpooykoeanux 9 maxcowuig:
Pittosporum heterophyllum Franch, P. tobira Ait., P. tobira var. variegatum Hort., P. undulatum Vent., P. tenuifolium
Gaertn, P. crassifolium Soland. ex Putterl., P. eugenioides A. Cunn, P. viridiflorum Sims, P. sahnianum Gowda.
Ipoananizosano bomaniko-zeocpagdiute nOX00HCEHHA MA eKON020-MOPPON0STUHI 0COOIUBOCHI POCIUH OOCTIONCYBAHOO
pooy. Hageoerno pesynomamu npogedenoi oyinku ycniwuHocmi iHmpooyKyii, ki c8i0uams wo 6ci O0CIIOHT 8UOU OMPUMATU
BUCOKULL NOKA3HUK YCHiWHOCMI THMpoOyKyii. Jlocniodicentss nposoounucy 3a 3a2albHONPULIHAIMUMU MEMOOUKAMU, SIKI
BUKOPUCMOBYIOMbCS 8 THMPOOYKYIT pocaun. 3a pe3yibmamamu QeHoN02IYHUX CROCMEPEICEHb 8CAHOBNEHO, WO GUOU
0aHo20 poody € exonoiunumu Kocmonoaimamu. He ousnsiuuce Ha pizko 3MIHHY HANPYICEHICMb eKOJIOZIMHUX Napamempie
VIMPUMAKHS (K 8 OpaHdicepel, mak [ 6 iHmep '€pax) pOCIuHU 30amHi YUKIIYHO NpOXooumu 6ci ¢henonociuni gasu,
SMIHIOIOUU NPU YbOMY 0amu HACMAHHSL A MPUBATICMb OCHOBHUX (peronoziunux gaz. OcodaU80 NOMIMHI 3MIHU BIOMIYEHI
no mpuganocmi nepiody cnoxoio. Ilepioo akmusnozo pocmy nacouie giomiveno y 1-lll ma VI-VI micayax. Tpusanicme
Yb020o nepiody 3MIHIEMbC NO pokax 6 dianasowni 78 — 106 onis. binbur mpueanuii nepiod pocmy nazowie xapaxKmepHuii
ons euois: P. crassifolium, P. tenuifolium, P. heterophyllum. Ilposeoena nuska excnepumenmanshux docriodxcenv oae
MOJNCTUBICTL CIMBEPOANCYBAMU, WO 8 MeNcaX poody GUOLNAIOMbCs 6udu, Oinbwl eudaznuei 00 pisHs ocgimaenocmi — P
eugenioides, P. tenuifolium, P. crassifolium, P. undulatum. Jocrioocenns eenepamuenoi ¢hazu susigunu sucoxuii ce3onnuil
CUHXpOHI3M yeiminns y pocaun eudie P. undulatum, P. tobira, P .tobira v. variegatum, P. heterophyllum, P. viridiflorum
ma Husbkul y P. sachnianum. B pe3ynomami inmpoOyKyiiinux 00cniodxicenb 8 yMOBAX 3aXULEH020 SPYHMY opanicepei ma
adanmayitine sunpooysanns pociun pody Pittosporum e pisnux munax inmep ‘epis Kpuebacy nokazano 6ucoxy 30amHicms
8U0i8 pOJY NPUCIMOCOBYBAMUCS 00 YMO8 MEXHOSEHHO NOPYUEHO20 Cepedosunya (8UKUOU NULy, Pi3HOMAHIMHUX 2a3i8,
niosuwenuti pieeHv padiayii), a maxodlc SUMPUMYEamu CyXicmvs ma HU3bLKY memnepamypy nogimps. Pezyromamu
dociodncenb NiomeepoAHCcyromy OOYIMbHICIb WUPOKO20 3ANYVUeHHs 0aH020, De3nepeuno NepchneKmueHo2o0 poody, aK O
NONOGHEHHSL KOJIeKYIUHUX (POHOI8, MAK i 0I5l GUKOPUCMAHHS Y PIMOoOU3atitL.

Kniouosi crosa: inmpodyxyis, pio Pittosporum, ghenonoeiuni pummu, cmilikicms, nepcnekmugHicms, (imoousatin.

Beryn. V' KpuBopizbkomy OOTaHIYHOMY cany
(KBC) cTBOpeHa  KOJEKIis  TPOMIYHHX  Ta
CYOTpOMIYHUX POCIIHH, 10 HApaXxoBye 975 TakCOHIB,
0 MIpe3eHTYIOTh 95 poaun ta 312 poxis. Ha ocHoOBI
OaratopiyHuX (DEHOJOTIYHMX CIIOCTEPEKEHb 3a

iHTpOaylleHTaMH OyB TPOBEJCHWN aHaii3 Ta
XapakTepUCTUKA peaklii pPOCIMH Ha  yMOBH
YTpUMaHHS B 3aJ€KHOCTI Bi CHUCTEMaTHYHOI

MPUHAJICKHOCTI, TMOXO/DKEHHS Ta (OPMH POCTY.
Takuii  aHaji3  JO3BOJISIE  BU3HAYMTU  PIBEHb
aJaNTUBHUX CTpaTerii BUIIB Ta Ha OCHOBI IHX
3HAaHb BHU3HAYUTH NMPHUHIUIK MOOiTI3aIii poCiuH 3

METOI0 3a0e3reyeHHd  yCmiXy  IHTPOAYKIii
TPONIYHUX Ta CYOTPOMIUYHMX POCIMH B 3aXHIICHUN
ITpyHT moMmipHOi 30HM. [IpoBexenuii  anami3
afganTariifHol  3MaTHOCTI  KOJCKIIWHUX  POCIHH
56

BUSIBUB OKpPEMi BHIM 3 JOOCHUTb BHUCOKHM piBHEM
MPHUCTOCYBaHHS 7O YMOB BHUPOIIYBAaHHS, IO
CTIIOHYKaJIO Hac J0 MOAAJbIIOI HAYKOBOI POOOTH IO
(hopMyBaHHIO  POJOBHUX  KOMIUIEKCiB.  Mertox
POIOBUX  KOMIUIEKCIB, 3ampomnoHoBaHmii .M.
PycanoBum (Pycanos, 1950, 1954), 3acHoBaHuMii Ha
BHUBYCHHI B KYJIBTYpl SK HalOUIBIIO KiTBKOCTI
BUJIB KOHKPETHOTO poxy. MeTox € Iyxke BAAIUM
JUIL TIUPOKOTO TOPIBHSUIBHOTO BUBYCHHS BHUJIIB
pizHOTO TeorpadiyHOTO MOXO/HKEHHS Ta eKOJIOT14HOT
npupoau. IIpu Takomy MeTodi iHTPOZYKILII MOKHa
poOuTH ayxke TIHOOKI y3arajbHEHHS 3 IIMTaHb
cUcTeMaTuku, reorpadii, y TOMYy 4YHCIi TEHE3UCY
¢nopn Ta Qimorenii. 3HaIOUM TNPO  BHCOKY
IUTACTUYHICTD BHUIB KOHKPETHOT'O POJY, MOKIHBO
0€3OMMIIKOBO IPOTHO3YBaTH, IO BOHA BIIACTHUBA
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EBOJTIOIIHO ONM3BKUM BHIaM. EXcriepuMeHTaIbHI
JTOCIII IKEHHS T ITBEPKYIOTh 0 TyMKY.
VHiBepcanbHa 34aTHICTh POCINH A0 MPUCTOCYBAHHS
B MPUPOAHUX YMOBaX MPOSIBISETECA Yy BUCOKIH
IDIACTUYHOCTI TP  BBEIEHHI iX B 1HTEp €pH.
Buxozastun 3 1poro, Mu BBaXaeMo, 110 JOCHIHKEHHS
POIOBUX KOMIUIEKCIB € HAA3BHYANHO Ba)XIIMBUM
HNEPCHEKTUBHUM METOJOM, SKUH JJO3BOJINTH 3HAYHO
PO3MIUPUTH aCOPTUMEHT POCIHH js (hiToan3aiiHy.
Tak, BHOpOOOBXK 0OaraTboX POKIB HaMH OyIo
MPOBENCHO CIOCTEPEKEHHS 32 POCTOM 1 PO3BHTKOM
pociun poay Pittosporum B ymoBax opamkepeitHol
KyneTypu. OKpiM  TOro  mpoBeAECHa  cepid
EKCIEpUMEHTIB 3 JOCTiMKEHHS MOpdonorivHux
0COONMMBOCTEH POCITWH B yMOBax CiIy)x00Boro Ta
MIPOMHUCIIOBOTO 1HTEp €piB, IO Jall0 MOXKJIHMBICTH
3po0OMTH TEBHI BHUCHOBKHM, 30KpeMa MIO XapakTep
MOP(}OIOTIYHNX 3MiH MOXE CIIYTYBaTH KpPUTEpPieEM
ajanTarii pocJIHH J0 YMOB BApOITyBaHHSA. OCKITbKH
neski Buad poxy Pittosporum BusSBHIN BHCOKY
TUTACTUYHICTh MPHU BUKOPUCTaHHI y (hiToau3aiHi, MU
BBOKAEMO 3a HEOOXiZHE chpsMyBaTH poOOTy Ha
3HAYHE PO3IUPEHHS BUJOBOTO PI3HOMAHITTS JAHOTO
polly B KOJIEKIii Ta JOCTIAUTH HecnenudiuHi Ta
moteHmiaxy. Jlo Toro ik, B [IOCTYHHIH HaMm
JiTeparypi MPakTUYHO BiACYTHI BiJOMOCTI MIONO
0cOOJMBOCTEH PUTMIB POCTY Ta PO3BHUTKY BHIIB
pomy Pittosporum, a TakoX BHKOPUCTAHHS IMX
pocinuH JuIA Tied  ¢iToanszaiiHy. 3yCTpidaroThCs
quire GparMeHTapHi BiIOMOCTI 111010 Oi10JOTTUHUX
ocobnmmBocTel aeskux BuiB poay (Tymak, [Tanmamap
2007; Cmocapenko Ta inm., 2009; Larsen, 1979;
Tranguillini, 1964).

O6’ekr i meromu. Jlo mocmimkeHHs Oyiu
3a]ydeHi iHTpoayueHTH konekuiHoro pouny KbBC,
npejacTaBHUKE poay Pittosporum. Ilpu cTBOpeHHi
KOJIGKIIT TPOMIYHMX Ta CyOTPOMYHMX POCIUH
BUKOPUCTOBYBAJIM METOJ POJOBHX KOMIIJICKCIB
®.M. PycanoBa (PycanoB, 1950), O0oTtaHiko-
reorpagiuHe palioHyBaHHs 3emii 3a PazyMoBChKUM
(1980). CucremaTHyHi TaKCOHM NPUHUMAIHCH 3a
AJL Taxtamxsanom (1987) 3 BpaxyBaHHSM pOOIT

CK. UYepenanoBa (1981), xutreBi Qopmu 3a
6ioMopdoITOTIYHOO KJacudikalliero
0.0.CmupHoBoOi (1980). ®denoorivHi

CIOCTEPEIKEHHS MPOBOAMIM 3rigHO 3 “MeToaukoi
(heHONMOTHYEeCKNX HAOMIOACHUN B OOTAHUYECKUX

cajax CCCP’(1990). OriHKa YCHIIIHOCTI
inTpoaykiii 3a LIT. Topuurskoro (1999).
PesyabTatT Ta iXx oOroBopenHs. Pig

Pittosporum Bxomuth 10 pomunm Pittosporaceae,

nopsaky — Pittosporales  kmacy — Magnoliopsida
(Taxtamksa  AJL, 1987). Apeanr  poawHH
Pittosporaceae = oOMeXeHHH  TPOINIYHUMH  Ta
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YaCTKOBO CYOTpONIYHMMH  pallOHaMH  CXiJHOI
MiBKYJTi. 3HAYHA YacTKa BUIB POIAUHH TIOMIHPEHA B
ABcTpanmii: 8 pomiB € eHIAEMIKaMH  IbOTO
KOHTHHEHTYy  (Bkmrouwaroun  Tacmanito).  lLle
BiYHO3EJIEHI POCIMHH, HEBEIHKI IepeBa Ta KYIII.
OkpeMi 3 IEpeBONOAIOHMX BHIIB JOCATalOTH 20M
3aBBuIIKU. [leski Pittosporaceae mo4mHarOThH CBiid
PO3BHUTOK 5K emi(iTH — Ha CTOBOypax iHIINX JIEPEeB.
J1st Beiel poauHA XapakTEpPHUM € HasBHICTH B KOPI,
a iHOJI 1 B IHITMX YaCTHHAX POCJIMHU, CMOJIOHOCHHUX
KaHaJbIB. JIMCTKM TOYEproBi, IiIBHOKpal a0o
3merka 3ybuacti, mikipscti. KBiTkm mBocTartesi,
MOOAMHOKI abo 3i0paHi y LIMTKM Ha BepXiBIi
marona, abo 1mixBoBi, aApiOHi. IlemocTkn vy
MIPEICTaBHUKIB Pittosporaceae 3a3BHYA
3pOCTalOTECS B OCHOBiI, YTBOPIOKOYH  TpPYOKY.
3anmuITo0THCS KBITKH, K MPaBUIIo,
MIEPETUHYACTOKPIIUMH, MyXaMHd Ta  IKyKamm.
Tocriogapcbkumu — sikocTsiMu — Pittosporaceae  we
BUPI3HSIOTBCA. IX JIepEBMHA HE  BUJUIAETBCA
BUCOKOIO  SIKICTIO, MpPOT€  BUKOPUCTOBYETHCS
MICIIEBUM HAacCeJeHHsAM. barato BUIIB € MIHHAMH
JEKOPaTUBHUMHU  POCIMHAMH 13  3alallHuMH
kBiTKamu. B poauni Pittosporaceae HaiieMHiIui pig
Pittosporum Bxmoyae 150 BumiB. Hasa pomy
MOXO/UTh BiJ rpeIbKUX CIiB pitta — cmosa Ta spora
— HaciHHs (4epe3 CMOJISIHUCTE MOKPUTTS HACiHWH).
Buau mommpeni B pi3HUX €KOJOTTYHUX YMOBaX - Bij
TPOIIYHIX JTOIIOBUX JIciB bi (s} 3apocTteit
kcepodinpHUX uarapHukiB  (JKu3Hb  pacTeHwmii,
1981). B ocHOBHOMY 1Ie TpOIi4HI Ta CyOTpOmiYHi
paiionn Adpuku (BKIOYatOYH OCTpiB Mamarackap),
Agii, HoBoi 3enannii, ABctpanii (46 BuaiB, 33 3 HUX
€ engemiunumu), I[lominesii, ITiBHiuHOT AMepukH,
octposiB Tuxoro Ta [Hmilickkoro okeaniB (puc.l.).

Brepire mpeacraBauk poay Pittosporum cras
BioMHM €BpONEHWCHKMM OOTaHIKaM JISKYIHOUH
3HaxXiAIl  HIMEIbKOro OoTaHika DHrenpOeprTa
Kemmepa mig gac #ioro TumMyacoBoro nepe0yBaHHS
B Snonii (1690-1692). IlizHime BiH ONPUIIIOIHUB
«Amoenitatum exoticarum poético-politico-physico-
medicarum fasciculi V» (Jlemro, 1712), ne i Oyno
MOJJAaHO KOPOTKMK omuc wiei pocauHu. [Ipote
TPUBAJIMH Yac MMOCHJIaHb HA IF0 3HAXIJAKY HEBIIOMO.
I nume B 1784 poui 3HOBY 3’SIBIA€THCS ONMUC Ii€]
pocimuu, ane sk Evonymus Tobira. Brmepre sk
Pittosporum Tobira Bum BHeCEHO 10 CIHCKY Ta
ommcano y 1811 pomi (Hortus Kewensis, 1811). B
el nepion B Kurai 3’ IBISIFOTHCS TOBIJOMIICHHS TIPO
3HAXOJKCHHS Ta OIMKMCH OUIbIIE NECSITH BUIIB POIY.
Ili, Ta mnomampli JOCHIIPKEHHS, MIATBEPIUIN
OYEBHIHICTb TOrO, IO caMmMe MiBACHHUH Ta
MiBIEHHO-CXiqHUM Kutali € BaXXIMBUM ILIEHTPOM
naHoro poay. CiM BUJIIB Ta OJHMH PI3HOBHJ BHECEHO
Rehder B Plantae Wilsonianae (1917).
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Puc.1. IIpupoone nowupenus eudie pooy Pittosporum

B Inaii OinbiricTs BUIIB OYJI0 BiJOMO 3 CEpEAVHU
XIX cropiyus. Brnepme y ¢umopi Iunii ommcano
Roxburgh (1824) six Celastrus. V wmiii kpaiHi Briepime
OoTaHikamMu BH3HAaHO pifg came sk Pittosporum y
Prodromus (1834). Koncmekr Pittosporum (1839)
ommcye 36 BuaiB poay. Y 1872 poui J. D Hooker y
The flora of British India ommcas 9 Bumis. Ille
OIMHAALATH BUAIB POAY ONHCAaHO Ta BKJIIOYCHO B
criucku De Candolle (1894) (Gowda, 1951).

Xoua Oarato BuAIB poly BiZoMi B MOMIipHiH 30H1
e 3 XIX cropigus (Pittosporum tobira Ait. — 1810,
P. viridiflorum Sims. — 1824, P. eugenioides
A.Cunn. — 1840, P. tenuifolium Banks et Soland. ex
Gaertn. — 1788), BOHM NpaKTUYHO  HE
BUKOPHUCTOBYIOThCS JIs ITiied (itoausaiiny. llle B
1952 poui I'.€. KucensoBuM 0yj0 peKOMEHIOBAHO
P. tobira ta P. coriaceum Ait. mis BUpOIIyBaHHS B
TOpIIMKAx JUIs O3€JICHEHHS OalIkOHIB, 3MMOBHX
cami. B Ham wac P. tobira craB mnomynspHOO
pOCIUHO Yy (hiToAM3aiHEPIB ACSIKUX KpaiH B SIKOCTI
JiepeBa 3 WKiPSICTUMH OJIMCKYYUMH JTHUCTOYKAMH, 1110
3IaTHE POCTH NPH HHU3BKOMY OCBITJICHHI Ta
30epiraTi NpU LBOMY BHUCOKI JEKOPATHUBHI SKOCTI
(Balan, et al 2004; Larsen, 1979; Tranguillini, 1964).
VYV  adrmiiicekux  ausaiimepis P, tobira  me
KOPUCTYETHCS IMHUPOKOIO TIOMYJISPHICTIO B 3B’SI3KY 3
THM, IO, MO-TIEPIIE - IBITIHHA BiI0OYBA€THCS TITBKU
IpY BHCOKOMY PIBHI OCBITJIIGHHS 1, MO-ApPyre — B
3MMOBHI nepiosn pOCIVHA BAMAraroTh
IpoxoyiogHoro yrpumanHs. Hamum 3k, cepex
Oaratbox uwarapHukoBux pociuH Konekuii KBC,
BuaM pomay Pittosporum BumineHi Sk ITacTHYHI

JCKOPAaTHBHI ~ POCIMHM  3aXHIICHOTO  IPYHTY.
CrocrepexeHHs TOKa3ylOTh, LI0 BHIM POAY
BUPI3HSIIOTHCS HEBHOATIIMBICTIO bi (6] YMOB

BUPOIIlYBaHHS. AJlanTaiiitne BUIPpoOyBaHHS POCIUH
B pi3HuMX THmax iHTep’epiB KpuBOacy mnoxa3zano
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Fig.1. Natural distribution of the species of genus
Pittosporum

BHCOKY 3/IaTHICTb BHJIIB POAY PUCTOCOBYBATHUCS JIO
TEXHOTEHHO TMOPYLICHOTO CepeAoBUINA (BUKUIH
W1y, PI3HOMAHITHMX Ta3iB, MiJBUILEHUNA pPiBCHb
paniarii), a TaKO)XK BUTPUMYBATH CYXiCTh Ta HHU3BKY
Temreparypy moBiTps. Bce 1me miaTBepIkye
JOLUTBHICTh PO3IMIMPEHHS AacCOPTUMEHTY [aHOro,
0e3nepeyHo MEepPCIEeKTUBHOIO pony, y (iToausaiini
(Botiko, 2004, 2006, 2007, 2009).

InTponykuist BuaiB  pomy  Pittosporum y
KpuBopisekomy OoTaHiuHOMY caay posmnodaTa 3
1984 poky. Ha ceoroani B xousekiii KbC npoxonsats
IHTpOAYKIiliHE BUNPOOYBaHHsS 9 TakcoHiB (8 BUIB
Ta cagoBa ¢opma). [HTpoayKOBaHI BUIM HOXOASATH 3
HoBosenanacekoi, IliBHIUHOKHTalCBKOI, SImOHO-
Kuraiicekoi Ta CxigHoaBcTpamiiicbkoi OOTaHiKO-
reorpagiuHux ~ TOpoBiHLIA. 3a  pe3yiabTaTamMu
MPOBEAICHOI OLIHKM YCHIIIHOCTI I1HTPOAYKLil Bci
JIOCJIITIHI BUJTH OTPUMAJIH BUCOKHI TTOKa3HUK (Big 50
10 75 OaiB: 3rigHO MIKAIM, MIHIMAILHAHA TOKA3HUK
yemimHocTi inTponykuii 40, makcumansauii — 100
6aniB (I'opuunpka, 1999).

P. heterophyllum Franch — iarpomykoBanuii B
1984 pomi 3 KuBIsL, OTpUMaHoro 3 JlOHEIBKOro
6otaniudoro cany ([bC). barpkiBumna — 3axigHuii
Kurait. 3pocTae B JITHBO3CICHHX JIiCax, Ha CyXHX
KaM’STHUCTHX MICISIX, B JIOJIMHAX TIPChKHUX PIYOK Ha
Bucoti 1000-4000m nang pisaem mops (Flora of
China...,8.10. 2012; Chang, H. T. & S. Z. Yan,
1974). B yMoBax IHTPOAYKIIHHOTO IIYHKTY II€
KYLIONOAIOHE J1epeBO 3aBBUIIKHA 4M, TYCTO BKPHTE
yucTsM. JIMCTKK TeMHO-3eJIeHi, MaToBi, BUIOBXKEHO-
naHieTtHi. KBiTku mooauHoki abo 3i0paHi B IMy4KH,
3anamHi. LIBiTiHHA BigMidaeMo B CiYHi-KBiTHI, psICHE.
3aB’s13ye HaciHHA. PiuyHuii npupict maroHiB B yMoBax
opamkepei KBC cranoButs 12-20 cm (puc. 2 A).

P. tobira (Thunb) W.T. Aiton (Japanese
Pittosporum) — B mpupoai me aepeBo abo TycTo
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po3ranyxeHui Kymr 10 3-6 (9) m 3apBumkn. JIncTku
obepreHosimenomioHi, 5-10 (14) cMm 3aBmoBXKH Ta 3-
4cM 3aBIIMPINKH, TISHIEBI, TEMHO-3€JIEH, MIKIPSCTI,
no kpasm cmabo xBwisicti. KBiTkm 3i0Opani y
30HTHUKOTIOAIOHI a00 MIMTKOMOMIOHI CYIBITTS, APiOHI
0,8-0,9cMm B miametpi, Oiji, IpY BiALIBITAHHI JKOBTI, 3
CHJIbHUM MpPUEMHUM apoMaToM. LIBiTiHHA pscHe y
OepesHi-tpaBHi. [Dlmig — kopoGouka. 3poctae Ha
MOpChKOMYy  y30epexoki  Smowii  Ta  Kuraio.
[ommpennit takox y CILA (IliBriua Amepuka,
I'aBai, Aprenruna), Itanii, Icnawii, I'pewii (Flora of
China..., 8.10. 2012; EOL: Encyclopedia..., 5.06.
2013) (puc.3). V xomumubomy CPCP B kynbrypi
JOCHTh YacTO 3yCTpidaeTbcsi Ha YopHOMOpCHKOMY
y36epexoki KaBkaszy; y IliBmemnomy Kpmmy (Bin
®opocy mo Cymaka); KyJabTHBYeThCs B baky. B
Kpumy (Hikitcbkuit Ootaniunmii camx) B 40-50
piuHOMY BiIli 3aBBUIIKH 3,5-4,5 M. OfuH 3 HAUOUTBII
MOPO3OCTIMKHX CMOJIOCIM SIHHUKIB: Y JIOPOCIHX
pociua smme npu -12°C na IliBgenHomy Oepesi
Kpumy cmocrepiraetbcs migMep3aHHs JIMCTKIB Ta
maroiB. Burpmmye mnocyxy. JlocratHpo moOpe
MUPHUTHLCSI 3 BalHAKOBUMH TPYHTaMH. 3aIy4yeHO JI0
iHTpomykmii (>kuBmeM) 3 JloHelpKoro OOTaHIYHOTO
camy y 1984 pomi. Ha ceorogai me rycTo
po3rairy)KeHe KyIIOMoaiOHe MepeBO M0 3-X MeTpiB
3aBBUILIKU 3 JCKOPATHBHOIO IIOCKOIO KPOHOKO Ta
TEMHMMH  DJISHUICBUMM  JIMCTKamMu.  L[BITiHHA
BiZIOYBA€THCS 3 JFOTOTO 110 Y€PBEHBb. 30HTHKOIIO IIOHE
CYUBITTS HapaxoBye 12-16 TtpyOuacTux OUTMX 3
CHJIBHUM TIPUEMHHM apOMaToM KBITOK. 3aB’s3ye
HACiHHS, fKe J03piBa€ A0 KiHIOA 3uUMH. PiuHmid
NPHPICT MAaroHiB cTaHoBUTHL 7-15¢cM (puc. 2 B.).

P. tobira var. variegatum Hort. — 3amydeno a0
inTponykuii B 1984 pomi xuBusmu 3 JIBC. lle
BUCOKOJICKOpaTHBHA  pPOCIWMHA 3  TJISHLIEBHMH
3€JICHUMH JTUCTKAMH, BKPUTHMH OUTUMH IUISIMAMH.
LBiTe 3 moToro mo TpaBeHb. KBiTkM KpemMoBO-01i,
3amantHi. Piyanii npupict maroHiB CTaHOBUTH 4-8cM
(puc. 2 B.)

P. undulatum Vent. (8 AscTpaiii miciieBa Ha3Ba
“comonkuii  miTTOCIOpYM”) 3yCTpiYa€eTbCsl B
npuOepekKHUX BOJOTMX JicaX, Ha CXWIax Tip B
Kgincnenni, Hoomy IliBnennomy VYenbci, Bikropii
(ABcrpanis) (EOL: Encyclopedia..., 10.09.2013)
(puc. 2 T'.). YV npupoaHix MiCISIX 3pOCTaHHS e A00pe
po3ramyxeHe JaepeBo abo Ky, IO MOXe OyTh
3apBumkn 70 15M. Kopa rmagenpka, cipa. JlucTku
OMMCKyYi, 3arOCTpeHi, 3 XBUJSICTUMU Kpasimu. KBiTku
Oumi, m’stunenmoctkoBi. [hnig kynenomionui, 1o lem
B JiameTpi, IOMapaH4eBUi, 3’SBISAETBCS Yepe3
JICKITbKA MICAIIB IMiCIs IBITIHHA (HaBecHI abo Ha
MOYaTKy Jita). JIMCTKH MICTATH TOKCHHH, 10 MOXKYTb
NPUTHIYYBaTH PIiCT IHMIMX pociuH. B ABcrpanii
NOIIMPEHHS 3a MEXI CBOTO apeajxy CHpHYHMHSIE
cepitosni  mpobnemu  (Cayzer, et al, 2007).
IaTpomykoBanwmii B 1987 porri 3 HACIHHS, OTPHMAHOTO
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3 Tamniaaa. KymomomiOne nepeBo 10 2-X MeETpiB
3aBBHMIKH. JIMCTKM BUAOBXKEHO-JIAHIIETHI, IO Kparo
XBWISICTi, TEMHO - 3eieHi. L[BiTiHHS psicHe, TpuBaye
(mortuit-uepBens). KBiTku Oumi, 3amamini. Piunwmid
TIPUPICT IMaroHiB cTaHoBUTE 10-15 cm.

P. tenuifolium Gaertn— 3pocrae Ha MOPCHKOMY
y30epexoki, B TIPCHKHX JIicaX, IiJHIMAIOYKUCh 0
900m w©Ham piBHeM Mops, B Hogiii 3emanmii.
Ilommpennii TakoX B TiBOEHHIA  ABcTpamii
(Tacmanisi, HoBwmii IliBnennuit Yensc, Bikropis),
CIOA (Kamidopuis) (Hoskings, et al 2007),
Bepmymu (Varnham, 2009) (EOL: Encyclopedia...,
6.08. 2013) (puc. 2 JI.). B npupoxni me xym ado
MaleHbKe JEepeBO 3aBBHUIIKM Onm3bko 10M, 110
JI00pe PO3MOBCIOKYETHCS HACIHHSAM (IITaXH).

Sammygeno no iHTpomykuii 3 Ipmammii (AyOumin)
HacinasaM B 2000 pomi. B ymMoBax iHTpOIYKIIHHOTO
IyHKTY 1€ IEPEBO 0 2-X METPiB 3aBBHUIIKU. JInCTKH
CBITJIO-3€JIEH], BHIOBKEHO - JAHIIETHI, OBaJbHI, 5-
7cM 3aBIOBKKHU Ta 3-3,6CM 3aBIIMPIIKH, MaTOBi, 3
XBIWISICTUM KpaeM. He kBiTye. Piunmii mpupict
naroHiB 17-25¢cm.

P. crassifolium Soland. ex Putterl. -
3yCTpIUa€eTbcsi Ha MOPCBKOMY y30epexiki, y BCiX
PIBHUHHUX Ta TPUOEPEKHHUX Jicax, OCOOIMBO Yy
miBHIYHIH  wactmHi  Homoi  3emammii  (EOL:
Encyclopedia...,16.10. 2012) (puc. 2 E.). B npupoi
e JCpeBO 0 SM 3aBBUIIKUA. Ma€ >KOPCTKI TEMHO-
cipo-3eneHi ImKipscTi JTUCTKU. KBITKHM YepBOHO-
(ionerori. LIpiTiHHS HaBecHI. 3 HACIHHS OTPUMYIOTh
TEMHO-CUHIH OapBHUK. PocimHM € mKepenom
OTpUMaHHS caroHiHiB. JJoOpe pearytoTb Ha 00pi3Ky.
3naTHI BUTPUMYBAaTH CHJIBHI BITPU Ta COJIOHI
OpW3KH, TOMY TIEPCICKTHBHI JJII BHUCAIKH Ha
MOPCBKHX y30epexksax. BuIiIgeTbcs BHCOKOIO
criiikictio jo 3acosmenux rpyHriB  (Utteridge,
T.M.A., 2000). OxpiMm TOro, MawTh J00pe
PO3BHHEHY  KOPEHEBY  CHCTEMYy 1  MOXYTb
BUKOPHCTOBYBATHCS ISl 3aKPIiIUIEHHS IMIAHUX
IpyHTiB, af0H Tomo. JlepeBuHa Iy)Ke MillHa,
BUKOPUCTOBYIOTh JUISl 1HKpyCTalii. 3allydeHo [0
inTpoaykuii B 2000 pomi 3 HAaCiHHS, OTPUMAHOTO 3
Ipnannii. Mae Burnmsag nepesa g0 1,5 wmetpu
3aBBHIIKH, 3 MYTOBYATO PO3MIIMCHHMH IMaroHaMu.
Jluctkn oOepHEHOSWUIIEBUIHI, 3aBIOBKKU 7-9cM Ta
3-4cM 3aBIIUPIIKY, MIKIPACTi, TEMHO-3€JICHI, HIDKHS

nmoBepxHsi omymieHa. KBiTkn JApiOHI, 4YepBOHI.
Piunmii npupict naronis 17-20cm.
P. eugenioides A. Cunn ("lemonwood",

"Tapara) — B MPHPOAI 1€ JEPEBO, 3aBBHIIKH 0
12M, 3 CWIBHUM JIMMOHHMM apoMaToM. B jkOBTHI
KBITYy€ SICKpaBUMH NpUBAaOIMBUMHU KBiTKamu. Bin
3ycTpivaerbess mo Bcii tepurtopii HoBoi 3emanaii
(micu, moiist, cxuin Oaynok, Ha BHCOTI g0 600M Han
pisaem mops) (EOL: Encyclopedia..., 6.08. 2013)
(puc.2 €.).
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€. P. eugenioides A. Cunn

Puc. 2. llowmupennus ¢ npupooi ma euziso 6 ymoeax
opanicepei inmpooykosanux euoie pooy Pittosporum

3amydeno no iHTpoaykuii B 2000 poui 3 HaciHHS,
orpumaHoro 3 Ipmanmii. Hapasi 1ie aepeso 10
1,5metpu  3aBBuinkH. JIMCTKM  CBITJIO-3€JIEHI,
BHIOB)KEHO-JIAHIIETHI, 3aBIOBXKKH 5-8cM Ta 1,5-2¢cMm
3aBIIMPINKH, 3 XBWIACTUM KpaeMm. He KBiTye.
Piunuii npupict naroxis ckiaamae 19-20cm.

P. viridiflorum Sims (CAPE CHEESEWOOD)
- onucaHuii BarHepoMm fK MalieHbKE JEPEBO
3apBUIIKH 3-6M. Kopa riagenbka. JIMCTKH MIKIpSICTI
3aBOOBXKH  6-15cMm, 3aBmmpmku  2,2-4cMm, 3
XBHJISICTUM KPa€eM, TYIO 3aTOCTPEHOK0 BEPXiBKOIO Ta
3a0KPYTJICHOI  OCHOBOI.  Yepemrkn  JIMCTKa
3apnomkku 0,6 -1,5¢cm. KBiTkHM y TepMiHAIBHUX
[IATKOIIOX10HUX CYIBITTSIX, ’KOBTO-3€JIEHI.
[Mommpeni B IliBgenniit Adpuui, o. Manarackap,
lapaiicbki ocTpoBH, octpiB Cssaroi €nenu. Y
laBaiisix 3a3BHMuaii B Jicax, HA BHCOTI HE BHUIIE
1000m nax piaem wmops (EOL: Encyclopedia...,
5.06. 2013) (puc. 2 K.).

3anmydeno g0 inTpoxykiii B 2004 porii y BUTIS
JKUBIIS, OTPUMAHOTO 3 OoTtaHiuHoro camy ALY (m.
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7K. P. viridiflorum Sims

. P. crassifolium Soland.ex
Putterl

3. P. sahnianum Gowda

Fig. 2. Distribution in the nature and a state in the
conditions of a greenhouse of the introduced species of
the genus Pittosporum

JuinponerpoBcbk). B ymMoBax iHTpOIyKIiitHOTO
MYHKTY Ma€ BUTJIST PO3JIOTOTO KyIla, 3aBBUIIKA 50-
80cmM. JIncTkoBa mIacTUHKA 3aBJOBXKKU 4-6¢cM, 0,6-
1,5cM 3aBIIMPINKH, CYIUIbHA, JIaHIETOBHIHA, 3
BIATSTHYTOIO OCHOBOIO Ta 3aIOCTPEHOI0 BEPXiBKOIO,
TeMHO-3eJieHa.  JKWJIKyBaHHS — IEpPHCTO-ciTHacTe,
LIEHTpaJbHa KWJIKA TMPOXiJHA, I00pe BHpaKEeHa
3Hn3y. Yepemok kopoTkuid. LIBiTiHHA B rpymHi -
OepesHi. KBiTku 3eneHyBato - Oiai. Piunuii npupict
narosis 7-18cm.

P. sahnianum Gowda — 6arpKiBIIMHA MIBAEHHO-
cximuuii Kutait. B mpuposi e BiYHO3ENEHUH KyIIT
3aBBUIIKK 6-8M, 3aBmUpIIKKA 4-6M. HaBecHi 1Bite
3amaliHuMKE  KOBTO-Oimmu  kBiTkamu  (Gowda,
1951; Peng Hua, 2001).

3aJIydeHo 0 IHTPOAYKIIHHOTO E€KCIICPUMEHTY B
2004 poui 3 HacinHs, orpuMaHoro 3 lanxaiicekoro
ooranivnoro  cagy  (Kwraif). B ymoBax
THTPOIYKIIHHOTO MYHKTY Ie KYIIONOiOHE JIepeBo
3aBBHIIKKM S50cM 3 MYyTOBYAaTO PO3MINICHUMH
naroHamu. JIMCTKOBa IUTACTHHKA 3aBIIOBXKKU S5-7CM
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Ta 1,5-3¢cM 3aBIIMPINKH, CYITIbHA, JTAHIICTOBHIHA, 3
BIATATHYTOIO OCHOBOIO Ta 3arO0CTPEHOI0 BEPXIBKOIO,
cBiTIO-3enmeHa. [loBepxHs JHMCTKa ToONa, KOPOTKI
BOJIOCKH 3YCTPIYAIOTHCS MO LEHTPaIbHIN KU Ha
abakciampHoMy  Oomi. JKWJKyBaHHS  TIEpUCTO-
ciTyacTe, IIEHTpaJbHA JKHJIKAa MPOXimHA, A00pe
BUpaXeHa 3HH3Y. UepemoKk KOpPOTKHUH, 37erka
omymenuii. l[BiTiHHS BimOyBaeThcsi y OepesHi-
gepBHi. KBITKM XOBTi, 3amamrHi. Pigauii mpupict
naroHiB ctanoBuTh 7-10cm (puc.2 3.).

Bararopiunuii nmocBin 3 IHTPOAYKLIi POCITUH
JTaHOTO POJY B YMOBAaxX TEMIIEPAaTYpHOTO CTpECy B
3UMOBHH TMepiof 1 pi3Ko 3MIHHOI TPHUBAJIOCTI
CBITJIOBOTO Tepiofy mpoTsroM poky (Bim 8 o 16
TOMH) JIO3BOJISIE CTBEPIDKYBAaTH MPO iX BHCOKY

KUTTE3NATHICTP TpH  YTPUMaHHI B yMOBax
3aXHIEHOTO TPYHTY.
Pesynpratn MIPOBEACHUX (heHomoriYHMX

CIIOCTEPEKEHb MOKAa3aJH, II0 BUIAM JAHOTO POAY €
€KOJIOTTYHUMH KocMmoronitamMu. He muBiagducs Ha
pi3ko  3MIHHY  HampyXeHICTh  EKOJOTIYHHX
nmapaMeTpiB yTpuMaHHsS (SK B Opamkepei, Tak i B
iHTEep €pax) POCIMHU 3[aTHI LUKIIYHO MPOXOAUTH
BCi (eHONMOTIUHI (ha3u, 3MIHIOIOYH NPH BOMY IATH
HACTaHHA Ta TPUBAJICTh OCHOBHUX (DEHOIOTIUYHHMX
¢a3z. OcoO0nMBO TOMITHI 3MIHH BIigMI4aeMO IO
TPUBAJOCTI  mepiony cmokow. HaiicyTreima
PI3HULIS TPUBAIOCTI NEPioy CIOKOK (cepenHi naHi
3a JIBaHA/IATh POKiB) Bimmiuena y P. tobira Bona
cranoBuTh 84 mmi (min. 35, makc. 121), P. tobira v.
variegatum — 88 (36 — 127), P. heterophyllum - 72
(30-109). B okpemi poku (2007, 2013) y pocaun P.
tobira Ta P. heterophyllum mnepiomy cmokoro He
cnocrepirayii. MeHIa pi3HUOS Yy  TPUBAJIOCTI
Mepiojy CIIOKO TI0 POKaxX XapakTepHa Juis BumiB P.
undulatum — 28 guis (69 — 97), P. tenuifolium — 22
(65-87), P. viridiflorum — 15 (43 — 58). sk
BUSIBWJIOCS, CaM€ OCTAaHHIM BHIaM BIACTUBHI OlIbIIT
CTaOimpbHUI TEpMiH HACTaHHS MEPIOAYy CIIOKOIO
(komuBanHs B jatax g0 30 guiB). Y BugiB 3i
3HAYHOIO PI3HUIICIO TPHBAIOCTI Tiepioay crokoro (P.
tobira., P. tobira v. variegatum, P. heterophyllum),
KOJIMBAaHHA y JaTax HacTaHHA Iii€i ¢eHosorianoi
¢a3u Tex 3HauHi (50 — 64 nni). [lepiog akTHBHOTO
pocty naroniB Bigmiueno y I-111 ra VI-VII micsmsx.
TpuBanicTe HBOrO MEPiOLy 3MIHIOETHCA MO POKAX B
nianasoni 78 — 106 mguiB. Binbin TpuBanui mepion
poCTy TaroHiB XapakTepHUH 1 BumiB: P.
crassifolium, P. tenuifolium, P. heterophyllum.
[IpoBeneHa HU3KA €KCTIEPUMEHTATBHUX TOCIIIKEHB
Jla€ MOJIMBICTh CTBEP/IKYBATH, IO B MEXaxX POy
BUIUISIFOTBCSL BUAM, OUIBII BHOAriawBi 10 piBHSA
ociTiienocti — P eugenioides, P. tenuifolium, P.
crassifolium, P. undulatum.

[InonoHoIIEHHsT IHTPOAYKOBAaHUX POCIHMH B
OlmpIIOCTI  BHMIIAAKIB BKa3ye Ha  YCHIIIHICTB
PO3BUTKY iX Yy HOBUX IPUPOAHO - KJIIMAaTHYHHUX
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yMoBax. PerynspHe  yTBOpPEeHHS IUIOJIB  Ta
JKUTTE3ATHOTO HACIHHSA € OJHHM 13 OCHOBHHX
MHOKa3HUKIB aKJiMaru3arii Ta BIJIITOBITHO
yCIIMHOCTI iHTpoAyKUii. LBiTiHHS y pociuH pony
Pittosporum mpumanae Ha ciueHs — 6epe3eHb, TOOTO
Ha Tepioa, KOMM OOMeXeHa KUTBbKICTh KBITYYHX
pOCIMH, OCOOMMBO 3 3amaliHUMK KBiTKamu. 3 9
HasBHUX B KOJIEKIIii TAKCOHIB IOPIYHO IBITYTH 6: P.
tobira, P. tobira v. variegatum , P. heterophyllum, P.
undulatum, P. viridiflorum, P. sahnianum. Pocruau
P. crassifolium kBiTytoTh He mopiuno. Haibinbm
TpHBaJe UBiTiHHA XapakTtepHe mis P. heterophyllum
- 66 nHiB (mianma3oH mo pokax 38 - 74) ta P. tobira -
64 nHi (miana3zoH mo pokax 25 - 71). HalikopoTimii
nepiof 1BitiHasg y P. undulatum 22 asi (koauBaHHS
mo pokax 8 — 24) rta P. viridiflorum 12 nauis
(xonmuBaHHA WO pokax 6 — 14). 3a pesynbTaramu
CIIOCTEPEXKEHh Ha TPHUBAIICTH MBITIHHA 3HAYHO
BIUIMBAE TEMIICPATYPHHUN PEXUM (UMM XOJIOIHIIIA
3UMa, TUM psiCHille Ta TpuBamime uBiTiHH). Lomo
TEpMiHIB MMOYATKy LBITIHHS, TO BOHH KOJHBAIOTHCS
[0 pokax y pi3HUX BHAIB Bim 13 mo 67 mHiB.
Bucokuii  Ce30HHMI  CHHXPOHI3M  LBITIHHS
BigMivaemo y pociuu Buais P. undulatum, P. tobira,
P .tobira v. variegatum, P. heterophyllum, P.
viridiflorum (I-IT). Ha mnpotuBary pocaunu P.
sachnianum xapaxTepu3yeThCsl HU3bKMM CE30HHUM
CUHXPOHI3MOM IBITIHHSA, TOOTO B pi3HI pPOKH
LBITiHHS POCIUH I[LOTO BUAY CIIOCTEPIraeMo B pi3Hi
cezonu (II-111 abo VI).

KBiTkH y miTOCHOpyMiB HacTime BChbOTO 3i0paHi
y IUTOK 200 30HTHKOIOAIOHI CYIBITTS, TPUBAIICTh
UBITIHHS SKHX KOJWBAEThCA Y PI3HUX BUJIB Ta B
pizHi poku B Mexax 5 — 18 gmiB. Komip kBiTOK y
pi3HMX BHIB BiapisHseTbcst — y P. tobira, P.
undulatum — 6imuii, P. sahnianum, P. tobira v.
variegatum — cBitiio — xoBtHid, P. heterophyllum.,
P. viridiflorum — 3emenyBaro — Oimmii, P.
crassifolium - uepsonwmii. HaiiGinbma kBiTka y P.
tobira Ta P. sahnianum (miamerp g0 2cm). V Beix
JOCTIDKYBaHUX BHJIIB, SK IMPaBWIO, HaiOiIbIIa
KBITKa Ta, sika PO3KpUBaeThcs mepiior. Y P. tobira
CYUBITTS Ma€ Bifg 5 70 22 KBITOK, TOJi 5K IUIOJIB
3aB’s3yethest g0 16 mryk. Y P. heterophyllum
KBITOK y CymUBiTTI Bim 3 mo 12, Tomi SK IIJIOMIB
3aB’s3yethest g0 7. Y P. sahnianum 3 15 xBiTok
3aB’SI3y€ThCSI OJIMH — TPU IUIOJH, alie CXOXKOro
HACIHHS HE YTBOPIOETHCS.

To x, pesynpratu GaratopiuHux (EHOIOTIYHUX
CIIOCTEPEKEHb BKA3yIOTh Ha Te, IO BCi HAasSBHI B
KOJCKIIT BHAM POAY JOCHTHh IUIACTUYHI, TOOTO
MPOSIBJISIIOTE BUCOKY 1HTPOLYKLIHHY afanTauliiHy
CIIPOMOXKHICTh, TIPO IO CBiAYATh 3MiHM CE30HHOTO
PUTMYy PO3BUTKY BIJIMOBITHO JI0 3MiH YMOB
3pOCTaHHS.

TakuM YWHOM, IHTPOAYKIIMHE IOCIiIKCHHS B
yMOBaxX  3axXWIIEHOI0 TPYHTY oOpaHxepei Ta
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ajganTariiine  BUMPOOyBaHHS  POCIMH POy

Pittosporum B pisaux Tumax inrep’epis Kpusbacy

MOKa3aj0  BHCOKY  3IaTHICT  BHJIB  POAY

IIPUCTOCOBYBATHUCS bi (o] YMOB TEXHOTEHHO

MOPYILIEHOTO cepenoBuIIa (BuKHIH ALY,

PI3HOMAaHITHHX Ta3iB, MIIBUIICHUN PiBEHb pajiallii),

a TaKOXK BUTPUMYBaTH CyXiCTb Ta HU3BKY

TeMIeparypy TOBiTpa. Bce me miaTBepmkye

JOLIBHICT ~ IIMPOKOTO  3ajJy4€HHS  JaHOro,

0e3nepeyHo  TEPCHEKTUBHOTO  POAY, SIK  JIIs

MOTIOBHEHHS KOJICKIIMHUX (OHMIB, Tak 1 s

BUKOPHCTaHHS y (iTOMM3alHI.
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HISTORY AND PROSPECTS OF AN INTRODUCTION OF SPECIES OF THE
PITTOSPORUM BANKS EX SOL GENUS IN THE CONDITIONS OF THE PROTECTED
SOIL OF KRYVYI RIG BOTANICAL GARDEN NAS OF UKRAINE

L. I. Boyko

In article are provided the data on history of opening of species of the genus Pittosporum. Are lightened the results
the introductional researches of this genus in the conditions of the protected soil. Is submitted the description of 9
introduced taxa: Pittosporum heterophyllum Franch, P. tobira Ait., P. tobira var. variegatum Hort., P. undulatum
Vent., P. tenuifolium Gaertn, P. crassifolium Soland. ex Putterl., P. eugenioides A. Cunn, P. viridiflorum Sims, P.
sahnianum Gowda. Is analysed the botanical-geographical origin and ecological-morphological features of plants of
the studied genus. Are given the results of the carried-out assessment of introductions success testifying that all studied
species received a high rate of success of introduction. Researches were conducted by standard methods used in a
plants introduction. By results of phenological supervision it is established that species of this genus are ecological
cosmopolitans. Despite sharply changed intensity of ecological parameters of the maintenance (both in a greenhouse,
and in interiors) plants are capable to pass cyclically all phenological phases, changing thus dates of approach and
duration of the main phenological phases. Especially noticeable changes are noted on dormant period duration. The
period of active growth of sprouts is noted in I-111 and VI-VIII months. Duration of this period changes by years in the
range of 78-106 days. Longer period of sprouts growth is characteristic for species: P. crassifolium, P. tenuifolium, P.
heterophyllum. The carried-out number of experimental studies gives the possibility to claim that within a genus are
allocated species, more exacting to illumination level — P eugenioides, P. tenuifolium, P. crassifolium, P. undulatum.

Researches of a generative phase revealed high seasonal synchronism of blossoming at plants of species of P.
undulatum, P. tobira, P .tobira v. variegatum, P. heterophyllum, P. viridiflorum and low at P. sachnianum. As a result
the introductional researches in the conditions of the protected soil of a greenhouse and adaptation test of plants of the
genus Pittosporum in different types of interiors of Krivbass is shown the high ability of species to adapt to conditions
of the technogenic-broken environment (emissions of a dust, the various gases, the raised radiation level), and also to
maintain dryness and low air temperature. Results of researches confirm expediency of widespread introduction this,
undoubtedly, perspective genus, both for replenishment of collection funds, and for use in a phytodesign.

Key words: introduction, genus Pittosporum, phenological rhythms, stability, prospects, phytodesign
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IHTPOAYKIIS PIIKICHUX I 3BHUKAIOUHUX BUIIB POJY
ASTRAGALUS L. (FABACEAE) MPUPOJHOI ®JIOPU YKPAITHU:
YCIIIXU TA HEPCIOEKTUBH

IO. C. IIEPEI'PM

Hasuanvho-nayxosuii yenmp «Ilncmumym 6ionoziiy
Kuiscvroeo nayionanvnoeo ynieepcumemy imeni Tapaca Lllesuenka,
Kageopa 6omaniku, npocn. I nywkosa, 2, m. Kuis, 03022, Vkpaina.
e-mail: peregrym@mail.ru

Icmopis inmpooykyitinux docuiosxcens piokicnux i snukarouux euodie pody Astragalus L. (Fabaceae) npupoonoi ¢propu
Ykpainu npoananizosano y cmammi. Bemarnoeneno, wo Ha cb020OHI y KOMeKyisx OOMAaHiuHUX cadig i 0eHOpPOnAapKie
Kpainu sb6epicacmves 11 piokicnux i snuxaiouux euodie yvozo pooy (A.arenarius L., A. borysthenicus Klok., A. cicer L.,
A cretophilus Klokov., A. dasyanthus Pall., A. glycyphyllos L., A. monspessulanus L., A. odessanus Besser, A. ponticus
Pall., A. reduncus Pall., A. zingeri Korsh.), we 3 suou (A. henningii (Steven) Boriss., A. krajnae Domin, A. testiculatus
Pall.) 6yau sadisnumu 6 inmpodyxyitinux 00CaiONCeHHAX, npome eunau 3 Koekyiino2o ¢onoy. Haiikpawe docriosceni
ocobnusocmi iHmpooyKkyil yinnux sikapcokux i kopmosux kyaemyp: A. cicer, A. dasyanthus, ma A. glycyphyllos. Buodineno
6 6U0i8, WO € NOMEHYIUHO NEePCNEKMUBHUMU 051 PEIHMPOOYKYIIHUX, penampiayitiHux i pecmaspayitiHux 00CaioHcels 8
kpaini: A. cicer, A cretophilus, A. dasyanthus, A. glycyphyllos, A. odessanus ma A. ponticus.

Knrouosi crosa: inmpodykyis, 36epescenns €X SitU, pioxicui i snuxaioui euou, Astragalus L.

Beryn. Pin Astragalus L. (Fabaceae) napaxosye
o6mu3pko 2500 — 3000 BuUAIB pociHH, 1 € OOHUM 3
Haiioimbmx poxiB y ¢iopi Ceiry (Frodin, 2004,
The Plant ..., 2013). Y npupoaniit ¢uopi Ykpaiau
pin npencraBienuid 54 Bugamu  (Mosyakin,
Fedoronchuk, 1999; Tleperpum O. ta in., 2013),
cepen skux 21 BHI HaIeKUTh OO Kareropii
PIAKICHUX 1 3HUKAIOYHMX POCIHH: 3 BUAM BKJIFOUEH] y
«YepBoumii  cnucok  MixnaapogHoro — Corosy
oxoponu mpupoxu» (Astragalus arenarius L.,
A. setosulus Gontsch., A. tanaiticus K. Koch.) (The
IUCN .., 2014), 5 Bumie 3 «EBpONEHCHKOrO
Yepeonoro cmucky» (A. arenarius, A.cicer L.,
A. glycyphyllos L., A. setosulus, A. tanaticus)
(European ..., 2011), 2 Buam — 3 mOHATKIB 10
bepucbkoi  kouBeHiii (A. setosulus, A. tanaticus)
(Biniuenko, 2006), 18 BuniB 3 «YepBoHOI KHUTH

Ykpainm» (2009) (A. arenarius,
A. borysthenicus Klok., A cretophilus  Klokov.,
A. dasyanthus Pall., A.exscapus L., A.glaucus

M. Bieb., A. henningii (Steven) Boriss.,
A. krajinae Domin, A. monspessulanus L.,
A. odessanus Besser, A. ponticus Pall., A. reduncus
Pall., A. sareptanus A. Beck., A. setosulus,
A. similis Boriss., A.tanaiticus, A. testiculatus Pall.,
A. zingeri Korsh.), a takox me 1 Bux (A. calycinus
M. Bieb.), HmHI o@imiiHO HE OXOpPOHSETHCA,
OCKUIBKM TIUTbKH HEMOJaBHO OyB BUSBJICHHI B
VYkpaini, ajie 3a BCciMa IapaMeTpaMH 3aCIyrOBy€ Ha
BKJIIOUEHHSI Y HOBE BHUJIaHHS «YepBOHOI KHUTH
Vxpainu» (Ileperpum FO. Ta in., 2013). Bucoka
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YacTKa papUTETHHUX BUAIB POy B MPHUPOIHIN Quiopi
YKpaiHM IOSCHIOETBCA THUM, W10 BUIU POy
Astragalus TpuBamuii yac BimoMi SK rocmojapchka
uinHi pocnuau (Jlapun, 1956), a Takox THUM, IO
MiCIIe3pOCTaHHs OUIBIIOCTI 3 IMX BH/IB IPUYpPOUYCHI
JI0 CTEMOBHMX EKOCHCTEM, SKi paHilie 3aimain
omu3pko 40% TtepuTopii KpaiHW, a Ha CHOTOAHI iX
3amummiiock jume 6nu3pko 3% (IlopiBHsuibHA ...,
1998; Korotchenko, Peregrym M., 2012). V rakiit
cuTyauii Hag3BUYAaHO aKTyaJbHMM € IHTaHHA
30epekeHHsT piakicHUX BUIiB poay Astragalus B
Vkpaini in situ ta ex situ.

HemonaBHo Oynu y3araiabHEHi BiIOMOCTI IIOJO
PENPe3eHTaTUBHOCTI PIAKICHUX 1 3HUKAIOYMX BHIIB
POCIIUH Ha TepUTOpii 3anoBigHuKIB i HamioHamsHuX
NpUpoAHUX MapkiB Ykpainu (DiTopi3HOMAHITTSA ...,
2012a, 20126). 3rigHo A0 nmux naHux Ta iHopmarii
3 «YepBonoi kuuru Ykpainu» (2009) BcraHOBIEHO,
[0 Jiuiie 4 PiAKICHUX 1 3HUKAIOUUX BUAHU 3 POAY
Astragalus He mnpexncTtaBieHi Ha  TEPUTOPILX
MpUPOAHO-3a1oBiTHOTO QoHIy Kpainu (A. exscapus,
A. sareptanus, A. zingeri, A. calycinus). Haxaib,
CTaH cIIpaB y 30epexeHi BHIIB i€l TPy POCIUH B
KYJIBTYpi, TOOTO KOJEKUisiX OOTaHIYHMX cadiB Ta
JICHAPOTAPKIB 3HAYHO TipIIe, PO 110 HEOJHOPA30BO
MPSIMO UM MOOIYHO HATrOJIOIIYBAJIOCh Y BITUU3HSHIN
nitepatypi (Uepsona ..., 2009; Ileperpum M., 2010;
Karamor ..., 2011). Pazom 3 THM, IHTPOIyKIis
pPOCIHH, K TepIHi HaWBKIIMBIIIUN KPOK IS
MMOJAIBIITOTO 30epeKeHHsS TEeHOMOHAY pPOCIUH B
KyJbTYypl Ma€ HaJA3BHYAHHO BHCOKE 3HAUCHHA
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(Mempank, 2000; Ky3emun, I'opOyHoB, 2003). YV
3B’S3KYy 3 IIUM HaMU BHUPINICHO MiATOTYBATH OTJISI
IHTPOAYKIIHHUX JIOCITLKEHD piaKicHUX 1
3HUKAOYMX BHIIB poay Astragalus mpupomnoi
(baopu Ykpaiau 3 MeTOr0 3’ACyBaHHS yCIIITHOCTI 1X
IHTPOAYKII Ta TMONANBIINX TEPCHEKTHB IIOI0
30epexeHHs €X Situ Ta y KyJIbTHBYBaHHI.

Ictopis HaykoBoro BuBYeHHS poxmy Astragalus
MOYMHAETbCS 3 4Yacy Moro omnucanHd Kapiom
Jlinneem (Linnaeus, 1753, 1762). JocToBipHuii yac
MOYaTKy KyJbTUBYBaHHS BUJIIB DPOAY HaM He
BIIAJIOCS BCTaHOBHUTH. IlInpoxomaciTadHi
IHTPOAYKIIAHI JOCTIKCHHS BHIIB ILLOTO POAY
posmouanuck y XX cropiudi y pi3HHX perioHax
TUTAHEeTH Ta MPOAOBXKYIOThCA 3apa3: CximHa €Bporma
(Tomunosa, 1982; Cadonora, 1983; I'opmenko u
ap., 1990; ta in.), Cepennst Azis (Mycradaes, 1982;
benonmumos, 1984; Ta in.), IliBgeHHO-CXimHWH
Aurraii (ITnennuk, 1976), ITiBaiuna Amepuka (Beath
et al., 1939, 1941, Davis, 1973, 1982; Towncend et
al., 1990; Ta in.) Torio.

Onrorene3 BuaiB pomy Astragalus omumcanmii
nepeBakHO Juis asiicbkux BuAiB (Baiiro3osa, 1970;
Muxaitnosa, 1972, 1975; Umenko, 1973; Cukypa,
Kamyctsa, 2001; ta iH.), piAme € onucu A BHIIB
nommpenux 'y Cxigniii €spormi: A. austriacus Jacq.
(Hanmumona, 2007), A.danicus Retz. (PazxuBuHa,
2008) Tta iH. J{ms pigkicHUX 1 3HMKAKOYMX BHIIIB
BOTO pomy, fKi Bimomi y mnpupomHiii ¢uopi
VYkpainu, oCOOMUBOCTI JKUTTEBOTO IMKIIy BHBYCHI
mis 3 Bumi:  A.cicer (Pazxusuma, 2008),
A. dasyanthus (Co6ko, 1993, 2007), A. glycyphyllos
(PazxuBuna, 2008).

Iatponykitis BumiB poay Astragalus naityacrimie
MPOBOJUTHCS NUIAXOM HACIHHEBOTO PO3MHOXKCHHS,
IO TMOB’SI3aHO 3 OCOOJMBOCTSMHU JKUTTEBUX (HOpPM
nux pociuH. Came ToMmMy 3 cepemuHu XX CT.
BEJICThCS aKTUBHA POOOTA 3 OI[IHIOBAHHS HACIHHEBOT
MTPOJYKTHBHOCTI Ta SKOCTiI HACIHHS 0arathbOX BH/IIB
pony (Mmenko, 1960; IlankoBa, Huxutun, 1962;
Caranbexos, 1987; Hemuposa, Maptunos, 2012; ta
iH). 3a pe3ympTaraMd LHUX JOCHIPKEHb OYyIIo
BCTAHOBJICHO, IO OUTBIIOCTI BUIIB poxy Astragalus
BjacTHBa TBepAoHaciHHiCTh (98,2%), 1o copuse
YTBOPEHHIO PE3epBHOTO (POHAY HACIHHS POCIUH B
IPYHTi. 3 METOI0 30UIBIIEHHS CXOXOCTI HACIHHS
TAKoro THUMY mijiarae ckapudikamii. Kpim Toro,
3HaYHA yBara MPUILISIIACE BHUBUYEHHIO
MopdooriuHuX 0coOMMBOCTEN HACIHHS Ta IUIOJIB
BuniB poay Astragalus (dyauk, Konapatiok, 1970;
Hymuk, 1973, 1979). 3a pesynpTaTamMu mHX
JOCHIPKEHb onrcaHa MOpQOJIoris IIIOAIB 1 HACIHHS
12 pinkicHHX Ta 3HMKAIOYMX BHUIIB POAY MPHUPOIHOI
¢dmopu  Ykpainu: A. arenarius, A. borysthenicus,
A. cicer, A cretophilus, A. dasyanthus,
A. glycyphyllos, A. henningii, A. krajinae,
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A. odessanus, A. reduncus,
A. testiculatus.

Jlani HaBoguMO JeTaibHY iH(OpPMAIIiFO 1100
PENPE3CHTATUBHOCTI PIJKICHUX 1 3HUKAIOYMX BHIIB
pony Astragalus mpupomnoi ¢diopu Vkpainu y
KOJIEKIiSX 1HTPOAYKUIHHUX WEHTPIB KpaiHw, sKa
3i0paHa 3a pe3yJibTaTaMu OTpaIfOBaHHS
nitepatypaux mxepen (Karamor ..., 1988; Karamor

.., 1997; Karanor ..., 2000; I'aBpmmenko Ta iH.,

A. ponticus,

2003; Karamor ..., 2004; Boramiunwmii ..., 2007;
Kpemeneupkuii ..., 2007; Karamor ..., 2008;
Komnexmist 2008; Karamor .., 2011;

Kyuepescrkutii, [1lons, 2014; PaxmeToB Ta iH., 2014;
Hlons, Kyuepescokmii, 2014; IllepbakoBa Ta iH.,
2014), a TakoXX OCHOBHI  pe3ylbTaTH  iX
IHTPOAYKUIHHUX OCIiPKEeHb y Hamliid KpaiHi Ta Ha
TPUIIETIIUX TEPUTOPISX.

A. arenarius inTpoaykoBaHui B YKpaiHi juiie y
neHaponorivaoMy napky «lOunratcekuit» (M. KuiB).
VY Pocii BizMiueHO HHM3BKY TNOTEHILIHHY HACIHHEBY
NPONYKTUBHICTh BHAY Ta MiHIMaJdbHE HaciHHEBE
BiHOBIIEHHS y pi3Hux perioHax (Hemmposa,
MaptsiHos, 2012; A6aymraesa, 2013).

A. borysthenicus 30epiraetbcsi B KyJIbTypi JIHIIE
y Henmponoriunomy mapky «Omnexcarmpis» HAH
VYkpainn. [adopmamiro  momo  pe3ynbTaTiB
IHTPOAYKILIHHUX JOCTIPKEHb BULy HE 3HAHICHO.

A.cicer i A. glycyphyllos BuBwammcs mocuth
JaBHO 1 y PpI3HHX acleKTaXx, TOMY BHAHU
PENPE3CHTORAHI Y KOJICKITISIX OLIBIIOCTI OOTaHIYHUX
caniB  Ykpaimu.  3okpema, Tepin  3TajaKd
JKYBaJIbHHUX BJIACTHBOCTEM A. glycyphyllos,
matoBani XIX cropiuusm (I'opuunpkuii, 1887;
Kynpuk, 1992). IlizHimne Bujg OyB BKJIFOUEHHHA JI0
nepeniky (papMakoNneHHUX POCIHH, IO CHPHSIO
BHHUKHEHHIO TOTPEOU BEIMKUX OOCSTIB CHPOBHHH.
Huni wamssuuaiino axtuBaOo A. glycyphyllos Ta
A. cicer BuBYarThCcs Ha Teputopii Pocii. OnHuM 3
OCHOBHUX HAIPSIMKiB IHTPOAYKIIHHUX OCIIKEHb
UX BUJIB € OIliHKAa  MNPUAATHOCTI  JJIs
KOMPOBHPOOHHUIITBA Ta OKPAILICHHS CKIIay IPYHTY.
Taxk B Pecny0nini Komi BuBwanmace ¢enomoris,

JUHaMiKa pOCTy Ta HakKONWYeHHS (iroMacu
A. glycyphyllos i A.cicer, Takox MpPOBOIUIUCEH
IOCHIDKEHHS 3  BHM3HAQYEHHS  3UMOCTIHMKOCTI,

CTIMKOCTI JI0 €eKCTPEeMaIbHHUX 3MiH MOTOAM MIPOTATOM
BEreTallifHOrO IMepioay, CKOPOCTHUIJIICTh 1 pPIBHSA
Bu3piBanHs HaciHHs (Xonommesa, 2001, 2005). V
Hosropoacekiit 0011 gocmimpkyBaad MOpQOIoTivyHi
O3HaKM Ta YCIIIIHICTh akiaimarm3arii A. cicer,
BHBYABCS 0000BO-pM300iaNIbHHI amapar BHIY, 3a
pe3ylbTaTaMy 4Oro BiJIMiY€HO BUCOKY aKTHBHICTB
MaleHbKuX OynpOouok. (AOmymaeBa, 2013). VY

[len3eHchkiii 00,  MPOBEAEHI  JIOCIIHKEHHS
0loJIOTIYHMX  OCOONMBOCTEH, B TOMY  YHCII
HaciHHeBoi mpoxyktuBHOcTi  A. glycyphyllos Ta

A. cicer B KymeTypi, HIPOIYKTHBHICTH iX Ha3eMHOI
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Oiomacm Ta Hacimag (PamxuBuma, 2008). V
CMoOeHCBKIH 00JI. JOCHIIPKEHHS IOKa3ayiv, 0
A. glycyphyllos i A.cicer €  HalOUIBII
MEPCICKTUBHUMU BUJAMU JUIS  IHTPOIYKINI Ta
peiHTpOmyKIlii, 3a paxyHOK iX CTIHKOCTI 10
AHTPOTIOTCHHOTO HaBaHTaXXEHHs. Bucoka HaciHHEBa
npoaykruBHicTb y A. glycyphyllos (ix 1198 + 408
mo 8744241 mT./mariH) JOOCATAEThCS  3aBISKH
BENUKIfl  KIJTBKOCTI TEGHEpaTUBHUX IIaroHiB i
KUIBKOCTI TUIOAIB Ha OJHOMY IaroHi, a HaciHHEBa
npoayktuBHicTk A. cicer (179 + 37 wir./marin) €
HU3bKOI0 (MapTeioB, 2011; Hemuposa, MapThIHOB,

2012). Takox  mpoBedeHi  AOCHIAM  MIOAO
MiJBUIICHHS ©(EKTUBHOCTI CXOXKOCTI  HACIiHHS
A. glycyphyllos (Mnsuna, 2013).

A. cretophilus. [HTpOIyKOBaHHI y
HanionansHoMy 00TaHIYHOMY cany M.

MM. I'pumuika HAH VYkpainn, [onempkomy i
Kpusopizpkomy Ootaniuanx cagax HAH VYxkpainam,
Boraniunomy camy iM. akax. O.B. ®omina
KuiBcbkoro HamioHaqbHOTO YHIBEPCUTETY iMeHi
Tapaca IlleBueHka.

VY Joneupkomy OotaniynoMy camxy A cretophilus
OyB 1HTPOYKOBaHHUH AOpOCTUMH ocobuHamu B 70-X
pokax MuHYyJOro CTomiTTs. [IpmKuBaHICTH ckitana
60-80%. InTpomyueHTH mokaszamu cede B KyJbTypi
BUCOKOCTIMKMMH Ta TaKHUMH, 110 JAIOTh OJUHAPHUN
camociB. dakTuuHa HaCiHHEBA TNPOIYKTHUBHICTb
ocobomHn 22884+1745 HaciHWH, HaciHHe]iKalis —
43,7%. PesynpTatM IITYYHOTO  PO3MHOXKEHHS
MMOCIBOM HACIHHS BJIACHOI PEMpPOIYKINi BECHOIO
BUSIBIJIMCh HETaTHBHUMH, @ BOCEHHM — ITO3UTHBHI.
BcTanoBieHo, mo JUis IBOrO BHIY XapakTepHE
camopo3cenenHs: camociBom. [Iporsrom 1977-1987
pp. Haciaus A cretophilus Buspisaio 3 17.06 — 10.08
mo 29.08 — 26.10., otox noexkuHa (heHoDazu BUAY

ckimagae  73-118  ni6. PesynpraT  mITYy4HOTO
PO3MHOXKXCHHA BEreTaTuBHUM IIIAXOM Ta
BEreTaTUBHE CaMOpPO3CeIICHHSI HEraTHBH

(Konpmpartiok, Ocranko, 1989, 1990).

Y KpupopizekoMy OoraniuHoMy caxy HAH
VYkpainu BiIMIYa€THCS HeperyJsipHe
TUIOIOHOIICHHSI, TOOJUHOKHI CaMOCiB, aje yacTilie
MOJIOJII PpOCIMHM THHYTh Ha paHHIX CTalisfX
PO3BHUTKY Ta yTPUMYIOTbCS y KyJIbTypi He Oinblie 5-
1 pokiB (Kyueperchkuii, Illoms, 2014; Iloms,
KyuepeBcokuii, 2014).

Y boraniunomy cany im. akaa. O.B. ®omina
KuiBcbkoro HamioHaJbHOTO YHIBEPCUTETY iMeEHi
Tapaca  IlleBueHka  JOCTIJDKEHO  OKOpPiHEHHS
3nepeB’siHiMX kuBIIB A cretophilus, oco6muBocTi
BBEJICHI B aCENTHYHY KYJIbTYpYy Ta BEreTaTHBHOTO
po3MHOXKeHHs1  iNn Vitro.  JloBeeHO MOXKJIMBICTb
BEreTaTHBHOTO PO3MHOXEHHS 32 YMOB OpaHKepei Ta
BHSIBJICHO 3AaTHICTH J0 KiJIBKOX THITIB MOpPQOTreHe3y
in vitro (ITeperpum 1O., l'ony6enko, 2014).
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A. dasyanthus € HalOIIBII MTONIUPEHNM CEPEN
PIOKICHHX 1 3HUKAIOYWX BUIIB POAY y KOJIEKITISX
THTPOIYKLIHHIX LEHTPIB VYkpainu. v
HanionansHOMY OoTaHIYHOMY caay
iMm. M.M. I'pumxa HAH Ykpainu iHTpoayKOBaHHHA Y
1970 p. TyT mpoBeieHO AOCHTIKEHHSI BILITUBY YMOB
KUBJICHHS Ha PICT 1 PO3BUTOK POCIHH HA PUTMIKY iX
CE30HHOI'O PO3BUTKY, @ TaKOXX 1HTCHCHUBHICTbH
HApOCTAaHHS HAI3eMHOI MacH 3a (a3aMu PO3BHUTKY
Ta mnpoxyktuBHicTh (Mup3za, 1973; bBoiiueHko,
Mupza, 1979). B ymoBax iHTpOAyKWii MIOPiYHO
[BiTE, IUTOMOHOCUTh 1 YTBOPIOE JKHTTE3TATHE
Hacinus (CoOko, 1993, 2007; PaxmeroB Tta iH.,
2014).

Y Jlomeupkomy OoraHiuHOMy camy HAH
VYkpainu 3 1971 p.. Bigmideno cknamHe 30upaHHS

IUIOJIIB (HeomHOYacHe JOCTUTaHHS i
PO3TpicKyBaHHS), HU3bKa HaciHHEBa
MIPOYKTHBHICTh Ta CXOXICTh HaCiHHS,
TBEPJOHACIHHICTb. [Micns  ckapudikamii, B

pe3yJIbTaTi SKOI CXOXKICTh HACIHHS 301IBIIYETHCS J0
85% (IItums, 2008). IlpoBemeHo mOCHTIKEHHA 3
OXOpOHHOI iHTpoaykIii A. dasyanthus ta 3’sicoBaHo,
mo [ed 3axii € TepCIeKTUBHUM 32 YMOB
BIJIMTOBIAHOCTI BUMOT BHAY 1 YMOB MIiCI€3pPOCTaHb,
JIe BUCQ/DKYIOThCS POCIUHH. B peiHTpoayKImiifHOMY
poscagauky camy A. dasyanthus mnpoxomuts Bci
OHTOTEHETHYHI cramii Ta Jae camociB, 1
XapaKTePU3YETbCS TPHUCKOPEHHSIM OHTOIE€HE3y B
yMOBax KyJdbTypu. Ma€e HU3BKY MOJBbOBY CXOXKICTh
SK TIPU BECHSHOMY TaK 1 NPHU Mi3MMHBOMY BHCIBi.
Bcranosieno, mo Hacinus A. dasyanthus 3a ymoBu
ckapudikarii mepen BHCIBOM 30epirae CXOXiCTh
OPOTATOM JIBOX POKIiB, IMPOTE CXOXKICTb HACIHHS
magae 10 26,5% (I'myxos, [Itums, 2008).

Y KpusopizbkoMy OotaniuHomy cany HAH
VYxpaian 3 1980 p. y MOHOKYNBTYpi Ta B HITY4HO
CTBOpeHHX (ITOIEHO3ax, Ji¢ IIOPIYHO IIBITE,
IUIOIOHOCUTh,  CAMOBIJIHOBIIIOETBCS ~ HACIHHSM.
CunbHo MOIIKOJKY€EThCS XBOpoOamMu Ta
HIKITHUKaMH Y 3B’S3Ky 3 YUM Yy KYJIBTYpi
vegopropiuanit  (Kywepeschkuii, Illons, 2014;
ons, Kyuepescrkuii, 2014).

Ha Jlocmignifi craHmii JiKapChbKUX —POCIIHH
HAAH VkpaiHu BCTaHOBJIEHO, IO TPUBAIICTb
KHUTTS POCIMH B yMOBax KyJIbTYpU JOCSTae
YOTHPBHOX 1 Oinbmie pokiB. CxoxicTh HaciHHS 0e3
JIOJIATKOBOI0 0OPOOITKY 3a3BUYail HEe MEepeBHIyE 9-
16%. Cxomu 3’sBistoThc Ha 16-22 neHb, Qasza
posranyxeHHs HacTae Ha 33-46 neHn, OyToHizamii —
Ha 64-89 nensb miciis mosiBM ¢xoiB. [lepioa HBITIHHS
cTaHoBHUTH 28-38 nHIB, aje y OJHOPIYHMX CiSHLIB
UBITIHHA po3TArHyre 10 92 nHiB. Jlo3piBaHHA
HACiHHS BIJKPHBA€ETHCSA HEoqHOYAcHO. HaiOinpin
MPOAYKTUBHUMA PICT 1 PO3BUTOK HAA3EMHOI MacHu
CIOCTEpIraeTbcsi Ha  JApPYrud  pik  BereTamii
(I'ybampoB, 2013). Takokx  IOCTIIKYBAIHCH
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€KOJIOTIgHO-0e3meuH1 IpUHOMH 3aXHUCTY
A. dasyanthus Bimg MmIKiIIMBHAX OpraHi3MiB 3a YMOB
pEryioBaHHs iX PO3BUTKY 1 4MCeIbHOCTI. BuBUYeHa
earomodayna A. dasyanthus, sika Hamiuye 20 BHIIB
omirodari, mimiOpaHi  TPUPOAHI  TOMYIAIIT
eHTOMO(ariB, MO CTPUMYIOTh PO3BUTOK TOIEIHIb 1
TPHIICIB, BCTaHOBJIEHO 5 OCHOBHHX XBOpPOO
(6bopomraucTa poca, KOpPEHEBI THWII, ipiKa,
MIePEHOCTIOPO3 1 PITOCTIKTO3), 0 3aBAAIOTH ITKOIH
A. dasyanthus. [locnmimkeHa e(peKTUBHICTh BIUIUBY
1HCEKTULIUIIB, O10JIOTTYHUX npernapariB Ta
MikpoenreMeHTHHX m00puB Ha A. dasyanthus, ski
301IBLIYIOTh BPOKAaWHICTh CHPOi CUPOBUHU B 1,5-2
pasu i 3HWXKYIOTh ypakeHicTh XBopoOamu Ha 18-
40% (BuBuwnru ..., 2010; O0rpyHTyBatH ..., 2010).
Kpim Ttoro A. dasyanthus mpencraBieHuii y
konekuisix KpemeHenpkoro OoTaHiyHOro cany,
Boraniunoro camy im. akag. O.B. ®omina
KuiBchbkoro HaIioHaIbHOTO YHIBEPCHUTETY IMEHIi
Tapaca [leBuenka, boraniunoro camy CymchKOTo
neparorivHoro yHiBepcurteTy iMm. A.C. MakapeHka;
Boraniunoro camy XapKiBCRKOTO HAaI[ilOHATHFHOTO
yniBepcutery im. B.H. Kazapina, boraniuHoro cany

ITonraBcbkoro Jep>KaBHOTO MeIarOTiYHOTO
yHiBepcutety im. B.I'. Koponenka, botaniunoro
camy JHInponeTpoBCEKOTO HaI[lOHAJIBHOTO

yHiBepcutety iMeHi Omnecsi ['onuapa, Bortaniunoro
cagy XepCOHCHKOTO JICP)KABHOTO YHIBEPCUTETY Ta
Hocnigaoro rocrnogapcTBa «Tapk «Becem
BokoBeHbKi»». Y 1IUX Ta JNEAKHX IHIIMX yCTaHOBaX
MPOBEJICHI TOCIIPKEHHS TPUBAIOCTI IJ10I0HOIICHHS

Ta bopmyBaHHS HACIHHS A. dasyanthus,
BCTAQHOBJICHI ONTHUMAJbHI PEryJsaTOpd poCTy Ta
nepertik MIKpO1I00pHB JUTSE 301IbIIIEHHS

BpPOXKaHOCTI HACiHHA BHJy, BWU3HAYEHO BUIOBUU

ckiax 3amwmoBaviB  y Jlicocremy, a Takox
pO3po0JIeHO  PEeKOMEHAAlii II0A0  IiBUIICHHS
epexTuBHOCTI 3anmieHHs pociuH (KojocoBud,

2003). IlpoBeneHi mocmiam MO BIUIMBY CelIeHY Ha
pocroBy aktuBHicTh A.dasyanthus B KkynbTypi
invitro, ski mMoKa3agM 3HWKEHHS 1HIEKCY pPOCTY
KaJUIyCHOI ~ KynbTypH 10  Mipi  30iIbIIEHHS
KOHIIEHTpaIii ceneHy B cepenopumi. (TaiikoBa,
Termmurkas, 2010).

A. henningii 0yB inTponykoBanmii y 1985 p.
XKUBUMH pociuHamu B KpuBopizbkuil OoTaHIUHHIMA
can HAH VYkpainu, e NpoxoauB IHTPOIYKIHHI
BUTIPOOYBaHHS, KBITYBaB, IUIOJIOHOCHB, CAMOCIBY HE
JlaBaB, BHIIAB HpOTAroM II’atu pokiB. [loBropha
cnpoba IHTPOAYKYBaTH HACIHHSAM pE3YJbTaTiB HE
nama (Kyuepescokuii, Ilomp, 2014; IHomns,
Kyuepescekuii, 2014). ¥V 2012 i 2013 pp.
Hamarajgucs  IHTPOAYKYBaTH BHJA  JOPOCIUMH
ocoomHamu y bBoraniyHomy cagy iM. akaf.
O.B. ®omina KuiBcekoro HalllOHAJIbHOTO
yHiBepcuteTy iMeHi Tapaca LlleBueHka, mpoTe MOKU
HE OTPUMAHO MO3UTUBHUX PE3yJIbTATIB.
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A. krajnae uuHI He MpeACTaBIEHUHN Y KOJEKIIIX
IHTPOMYKIIMHUX  IEHTPIB  KpaiHW, TIpoTe §
HanionansHomy OoTaHiYHOMY cany M.
M.M. I'pumika 6yna mpoBeneHa cnpoda iHTPOIYKIii
BUJY, SIKa 3aKiHYWJIACH HEBIANO: BHJ BHIAB Y
mepmui-apyruid pik micns mnocaaku. (CromnkaHb,
1972).

Hamu He 3HalifieHO JiTepaTypHHX MaHUX IIOAO
nocmiaiB 3 iHTpomykmii A. monspessulanus, xodva
Led piIKiCHUN BHJ 32 OCTaHHIMHU JaHUMH YCIIIITHO
iHTpoaykoBanuii y Hikircekomy OoTaHiuHOMY cany

— HarmionansHOMy HaykoBoMmy meHTpi HAAH
VYkpainn  (Karamor ..., 2011). 3 2013 p.
BUpOIIY€EThCSI Yy boraHiuHOMYy cagy iMm. akaf.
O.B. ®omina KuiBcbkoro HaI[lOHAJIFHOTO

yHiBepcuTeTy imeni Tapaca IlleBuenka. Panimre
TaKOX MOBIJOMJISIIOCH TMPO HAsBHICTH BUAY Y
KoJekmisx HarioranpHOro OOTaHIYHOTO caxy iM.
M.M. I'pumuika HAH VYxpaiau 1 boraniuHorO camy
[oniTbCHKOTO  JICPKABHOTO — arpapHO-TEXHIYHOTO
YHIBEPCUTETY (M. Kam’ssnenp-Tloginecpkuii)
(YepsoHna ..., 2009).

A. odessanus BHPOIIYETHCS Y MOHOKYJIBTYpI Ta
MITYYHUX CTenoBuX (itoueHozax Kpusopizpkoro
ooraniunoro caxy HAH VYkpainu 3 1989 p. Kgitye,
IUIOIOHOCUTh, ~ Ja€  CaMoCiB, = Ma€  BHCOKY
iHTpoayKuidHy cridikicth (KyuepeBchkuii, Ilonb,
2014; Ilons, Kyuepercokuii, 2014). ¥V 2013 p.
YCIIIIHO iHTpOMyKOBaHWN y boTaHiuHOMY camy iM.
akag. O.B. ®omina KuHIBCBKOro HaIlOHAILHOTO
yHiBepcuteTy imeHni Tapaca IlleBuenka, ne
MPOBOJMIINCH JTOCHIDKEHHS IIOJ0 BEreTaTHBHOTO
posmHOxeHHss  Buay  invitro  (ITeperpum lO.,
Tomy6enko, 2014).

A. ponticus. IarpoxykoBanuii y HarioHaabHOMY
6otaniyHomy cany iM. M.M. I'pumika HAH Ykpainu
y 1970 p. 3 HaciHHOrO Marepiajly, OTPUMAHOIO 3
M. Kaynac (JIutBa). BcranoBimeno, 1mo 3a yMOB
IHTpOAYKIIii POCITUHA NOYNHAIOTh paHHe
BigpocTanus y I-11 mexani kBiTHs, MacoBO KBITYIOTh
y H-I1l nexani tpaBHs i popmyrore HacinHs B I-11
Iekaml JunHeA, Kidenb Bereramii — |l gekana
nucronana. A. ponticus criiikuit 10 XxBOpoO i
LIKITHUKIB, XapaKTEPU3YEThCA BHCOKMMHU
MMOKa3HUKaMHU HACiHHO{ NPOILYKTHBHOCTI
(mabopatopHa cxoxicte HaciHHA — 10 90,5%).
Omnwcani 0co0MBOCTI MOPHOMETPUIHOT MiHIHBOCTI
pociuH B KynbTypi (PaxmeTos ta iH., 2014).

Y KpusopizbkoMy Oortaniunomy cangy HAH
Vkpainn A. pontiCUS TpPOXOAWTH IMOBHHIM ITHKI
PO3BHTKY TAaroHiB, KBITY€E, TUIOJJOHOCUTH, 3aB’S3Y€
CXOK€ HACiHHS, CaMOBIJHOBIIOIOTHCS HACIHHSIM,
¢dbopmye 1HTpOAYKLIHHI MOMynsuii, Ta Ma€ BHCOKY
iHTponyKkuidHy cridikicte (KydepeBchkuii, Illonb,
2014; Ilons, Kyuepepchkuii, 2014).

VY 1991 p. B Pocii Oynu BBefieHI TEXHIYHI YMOBH
3 HOPMaMH COpPTOBHX Ta HAaCIHHEBUX SKOCTEH
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A. ponticus Ta A.cicer, 3rigHO 3 SKMMH BOHH
IMOBMHHI MaTH cX0XIicTh 70%, BOJOTICTh HEe OLIbIIE
10%, ne Ginbie 1% nacinns Oyp’siHiB, Ta He Oinblie
300 HaciHMH/Kr HaWOIMBIN IUKi[UIMBUX Oyp’ sHIB.
[lepepaxoBani HaWOINBII MIKIUIHBI Oyp SHU ISt
JAaHUX KOPMOBHX KyJbTYp, ONMCaHI METOAH
BU3HAUCHHS  HACIHHEBHX  SKOCTEH  POCIHHH.
Busnauenns cxoskocti Hacimms A, ponticus Ta
A. ciCer pekOMEeHIYIOTh MPOBOAUTH TPH MOCTIHHIH
temneparypi  20°C,  peKOMEHIOBaHi  CTPOKH
BU3HAYEHHsI €Heprii mpopocTaHHs — 5 7110, a CTPOKH
Bu3Ha4YeHHS cxoxkocTi — 10 mi6. Ilepen 3akiamkoro
Ha MPOPOIYBaHHS HaCiHHSA MOTIEPEAHBO
OXOJIOIKYEeThes TIpH Temmepatypi 3-5°C Ha npoTssi
3 nmib, a 3romoMm 3aModyeThCs B BOAl Ha mo0y Ta
HakomoeTses (Cemena ..., 2009).

A. reduncus kynbTHBY€TbCsS B YKpaiHi JHIIe y
Hennponorianomy MapKy «Ackanis-HoBa»
Biocthepnoro 3aImoBiTHAKA «Ackanis-HoBa»
im. ©. E. Ganpi-Oeiina HAAH VYkpainm. [Hmmx
BIJIOMOCTEH I1I0J0 IHTPOAYKIIi BUAY HaMu HE
3HAWJEHO, OKPiM KOPOTKOTO TOBIIOMIIEHHS TPOTE,
mo A. reduncus y KanMukii Biipi3HSETBCSI BUCOKOIO
HACIHHEBOIO MPOIYKTHBHICTIO Ta CTIHKICTIO 10 30010
(bakramreBa, 1989).

A. testiculatus oxopoHsiBcsi y MOHOKYJBTYpi Ha
CTETIOBHX CXWJIaX, BIICIOHEHHIX y KpuBOpi3bKOMY
O6otaniunomy caxy HAH Vkpainm 3 2003 p.
KBiTyBaB, m10/10HOCHB, OJJHAK CaMOCiBy HE J1aBaB.
Bunas y 2005 p. IaTpoaykuiliHa IiHHICTH HHM3bKa
(KyuepeBcokuii, [ons, 2014; ITons,
Kyuepescokuii, 2014).

A. zingeri iHTPOAyKOBaHMI JIMIIE HA TOCIIIHUX
JUITHKaX ~ JICHAPOJIOTIYHOTO  TMapKy  bynuHKy
npupoan M. CeBacrononsi. IIpore BpaxoByroun
PiAKICHICTH BHIY B MeXax YKpaiHH, [IPUITyCKAEMO,
110 pOCIMHU peIpe3eHTYIOTh reHo(hoH T
HEYKpaiHChKOI momyssiiii Buay. IHmi BimomocTi
BiJICYTHI.

Pemra piakicHMX 1 3HUKAOYUX BHUIIB POAY
Astragalus npupoanoi ¢iopu YkpaiHu Ha CbOTOJIHI
HE PENpe3eHTOBaHI y KOJEKIisAX OOTaHIYHUX CajiB i
JCHIPONApKiB KpaiHW, a BIAMOBIZHO 1 B KyJbTYpi
BOHH HE BUBYAJIHCS.

BucnoBku. Takum uuHOM, HHMHI B YKpaiHi
30epiraeTbCst y KOJMEKUisX iHTPOAYKUIHHUX LEHTPIB
11 pigkicaux i 3HMKarounx BHAIB poxy Astragalus

(A. arenarius, A. borysthenicus, A. cicer,
A cretophilus,  A. dasyanthus,  A. glycyphyllos,
A. monspessulanus,  A. odessanus,  A. ponticus,

A. reduncus, A.zingeri), me 3 Bumm (A. henningii,
A. krajnae, A. testiculatus) Oymu 3amisHEMH B
IHTPOMYKIIMHUX JOCHIPKEHHAX, MPOTe BHUMAIH 3
KoJiekiiHoro (oHay uepe3 neskuit uvac. Lle
JIOCTaTHBO HEBUCOKHH ITOKA3HUK, OCKUIBKH JIMIIE
O0mu3bko 52% PIOKICHUX BHIIB POAY OXOIUICHI
OXOpPOHOI0O B KynbTypi B Ykpaimi. Haiikpare
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JOCITIJKEHI  OCOOJIMBOCTI  IHTPOMYKINi  IIHHHUX
JTKapCBRKUX 1 KOPMOBHMX  KydasTyp: A. Cicer,
A. dasyanthus, Ta A. glycyphyllos, BuB4eHHs sikux

OXOILIIOE aHaii3 BaXKJIUBUX 010JI0T1YHHMX
0COOJIMBOCTEH: OHTOMOPGOTEHE3, MOBrOTPHUBAIICTH
[OCiBiB, HACiHHEBA TPOAYKTUBHICTh, OCHOBHI

XBOpOOM, MIKIJHUKH, Ta 3aMWIOBadi TOIIO. Tomy,
HEOOXIZTHO TPOAOBXHUTH TOMIYK IDISAXiB IS
e(eKTUBHOI IHTPOAYKIii BHAIB Ta PO3POOKH
010TEeXHOMOTIH X PO3MHOKEHHS.

BpaxoBytodi piBeHb penpe3eHTaTUBHOCTI BUIB Y
KOJIEKITISIX OOTaHIYHMX CaliB Ta JCHAPOIAPKiB

VkpaiHu, a TakoX YCIIIIHICTP BHUBYCHHA 1
IHTPOAYKIi BUIIB, BBaXAEMO, IO TOTEHIIITHO
TIePCIIEKTUBHIUMH TUTA PEIHTPORYKITIHHUX,

penaTpiamiiHuX 1 pecTaBpamiifHUX IOCIIIKEHb B
kpaini € 6 Bumis: A.cicer, A cretophilus,
A. dasyanthus, A. glycyphyllos, A.odessanus Ta
A. ponticus.

OxpeMO BimMi4aeMO, IO OTPUMAaHi BiJOMOCTI
MOJXHA BHKOPUCTATH IiJ 4Yac IiJATOTOBKA HOBOI
penaktii «YepBoHOi KHUTH YKpaiHW», OCKIIBKH Y
JioYiil penakilii BUIAHHS OUIBIIICTh HAaBEICHUX Y
HaIlli cTaTTi (hakTiB He OyJIO BPaXxOBaHO.
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THE INTRODUCTION OF RARE AND ENDANGERED SPECIES OF GENUS
ASTRAGALUS L. (FABACEAE) OF NATURAL FLORA OF UKRAINE: PROGRESS AND
PROSPECTS

Yu. S. Peregrym

History of introduction studies of rare and endangered species of Astragalus L. (Fabaceae) of Ukrainian natural
flora was analyzed in the article. It was found that in collections of botanical gardens and dendrological parks of our
country saves 11 rare and endangered species of this genus (A. arenarius L., A. borysthenicus Klok., A. cicer L.,
A cretophilus Klokov., A. dasyanthus Pall., A. glycyphyllos L., A. monspessulanus L., A. odessanus Besser, A. ponticus
Pall., A. reduncus Pall., A. zingeri Korsh.) today, also 3 other species (A. henningii (Steven) Boriss., A. krajnae Domin,
A. testiculatus Pall.) were involved in introduction researches, but they dropped out from the collection fund afterward.
Features of the introduction of medicinal and useful plants investigated preferably: A. cicer, A. dasyanthus, and A.
glycyphyllos. It was found that 6 species are potentially promising for reintroduction, repatriation and restoration
researches in the country: A. cicer, A cretophilus, A. dasyanthus, A. glycyphyllos, A. odessanus ma A. ponticus.

Key words: introduction, conservation ex situ, rare and endangered species, Astragalus L.
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PIJ ALNUS MILL. (BETULACEAE S.F.GRAY) Y ®JIOPI YKPAIHU

I. T. OJIBIHAHCBbKUUN

Tnemumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu,
e-mail: olshansky1982@ukr.net

Memoto pobomu 6yno y3aecanrbHumu icuyoui gioomocmi npo npedcmasHuxie pooy Alnus Mill. ona ¢ropucmuxo-
Maxkconomiuno2o 3gedenns «Pnopa Yrpainuy. Obpodka b6asyemvca na mamepianax cepoapiie KW, SIMF ma YALT,
KPUMUYHOMY aHANI3 JIMepamypu ma pe3yivmamax noivosux excneouyii ¢ 3axapnamcwkil, leano-Dpankiscokill,
Yepniseywkiu, Pignencokiu, Kuiscokii ma [lonmascekii obnracmsx. IIpoananizosano 0CHOGHI MAKCOHOMIYHI NPodiemMu 6
pooi Alnus. 3a nimepamypnumu gioomocmsamu, 3azanom pio Alnus naniuye 6auzoko 40 6udis, sAxi Mopgonociuno
sapiabenvhi, y ybomy pooi WUpoko nowupena 2iopuouzayis. [lpoananizoeani no2nsou pisHUx agmopie Ha cucmemy pooy
Alnus. Ocxinvku o3naxu 3a sxumu onucani poou Duschekia Opiz (— Alnaster Spach) i Clethropsis Spach sapiabenvni abo
npeoCmagieHuMy 8 PiHUX 2pynax, momy HOKaA3aHa HeOOXIOHICMb WUPOKO20 po3yminHs pody Alnus. Bin exmouaec osa
niopoou (Alnus i Alnobetula (Ehrh.) Peterman), siki po3pizHsiomucsi 34 (peHON02IEI0 PO3GUMK) 2EHEPAMUSHUX OP2AHIG,
O3HaKamu nacouie ma OpyHeok. IIpedcmaenuxu niopody Alnobetula nepesasicHo Kywi, cepyesuHa nazoHié Ha
nonepeuHomy nepepisi 6udosdcena abo AIHIUHO Kymacma, OpyHbKu 3 3—6 NOKpUGHUMU JIYCKAMU, MUYUHKOBI CEPed’CKU
PO36UBAIOMBCS BOCEHU [ 3UMYIOMb 20AUMU, MAMOYKOBI CEPEeNCKU PO36UBAIOMbCS BECHOIO 3 OPYHbKU, 2OpIwKU 3
nrisyacmumu kpunamu. IIpeocmasnuxu niopody Alnus nepesasicno € Oepegamu, cepyesurHa NA2OHI8 HA NONEPEYHOMY
nepepisi mpukymua, OpyHoKu 3 2 NOKPUBHUMU JYCKAMU, MUYUHKOGI | MAMOUKOBI CepedcKU PO36UBAIOMbCSA B0CEHU |
SUMYIOMb  20JUMU, 20PIUKY OE3KpULL, 3 RAIGUACMUMU AO0 WKIpACMUMU Kpuiamu. Y cmammi makodic y3a2aibHeHO
gidomocmi npo npeocmasnuxie pooy Alnus (A. alnobetula (Ehrh.) K.Koch, A. glutinosa (L.) Gaertm. ma A. incana (L.)
Moench) y ¢nopi YVrpainu. Ilooano 3azanvhy xapaxmepucmuxy pody Alnus ma ko ons eusnauents 6udis. J{jist KOAHCHO2O0
6U0Y HABCOCHO HOMEHKIAMYPHY YUMAayiio, MOPMOL0IYHULL OnUC ma 3a2aibHi gidomocmi npo ix nowupenns. s Alnus
glutinosa nasedeni popmu, sxi natvacmiwme mpansiomocs ¢ Yxpaini (A. glutinosa f. microcarpa, A. glutinosa
f. macrocarpa, A. glutinosa f. laciniata, A. glutinosa f. imberbis, A. glutinosa f. pilosa). 3’acosano, wo A. glutinosa ma
A. incana ino0i 2ibpuduzyrome Mmixc cobor, Hageoena IHpopmayis npo Gi0omi micye3pocmauHs ix 2ibpudy —
A. X pubescens Tausch.

Knrouosi crosa: Betulaceae, Alnus, ¢hnopa Ykpainu

Beryn. Pig Alnus Mill. wanexwuts mo pomumuu  Cremastogyne (Schneid.)  Czerep.  (YepemaHos,

Betulaceae S.F.Gray. Ha choromni 1o 1ii€i poauHu
Takox BimHOCsATh poau Betula L., CarpinusL.,
Corylus L., Ostrya Scop. i Ostryopsis Decne. Pix
Alnus e 6azanearM B pomuni (Chen, Manchester &
Sun, 1999).

V cBitoBiit ¢uopi pig Alnus Hamiuye Giu3bko 40
BUJIB, SIKI POCTYTh B Pi3HOMAaHITHUX EKOJIOTiYHHX
yMOBaxX 1 XapaKTepu3yIOThCS MOPQOIOTIYHOIO
BapiabenpHiCTIO. 3 IMX NPUYUH OYyJIO OIHUCAHO
0arato MIiKpOBHIB, SIKI YacTO Ba)KKO BiJIOKPEMHUTH
Mopdonoriuao (Boratynski, 1981). Kpim Toro, B
LBOMY pOJIi HIMPOKO MOIIMPEHa TidpuaM3alis, 1o
JIOJTATKOBO YCKIIAJHIOE #HOTro cucteMatuky (Gibson
& al., 2008; banaes, 2010). Y mocigHuKiB He icHYye
€IMHOTO Torsiy Ha cucremy poxy Alnus. Omwi
aBTopu (Koch, 1837; Endlicher, 1842; Regel, 1861,
1865, 1868; Winkler, 1904; Schneider, 1916; Murai,
1964; Furlow, 1979; Chen, Manchester & Sun,
1999) posrnsparoTe HOro MHMPOKO, a IHON —
po3minsrore  Ha  Tpu  pomm  —  Alnuss.str.,
Duschekia Opiz - Alnaster Spach) i
Clethropsis Spach  (Spach, 1841), a6o x Ha
Alnus s.str., Duschekia Opiz 1
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1955). Jocnigankamu He OyJI0 HaBeJEHO JOCTATHIX
KpPHUTEpiiB JUIA PO3MEXKYBaHHS LUX TPy, a THM
Oinmplie Ui HaJaHHA IM  TaKOro BHCOKOTO
TAKCOHOMIYHOTO pIiBHS SIK PiJl, a MPOIOHOBaHI
O3HAKHU BUSIBIISUTHCS BapiabenbHUMH abo
npejacTaBIeHUMH B pisHuX rpynax (KynpusHoBa,
1958; Xpamoma, 1996; bBanaes, IllemOepr, 2000;
Magic, 2006), Tomy y cBOiii poOOTi MU PO3IIISIAEMO
pin Alnus B mmpokomy po3yminHi. Bin 00’eqnye
asa migpomu: Alnus i Alnobetula (Ehrh.) Peterman (—
Duschekia Opiz). Tlimpoan pO3pI3HSIOTBCS MiX
c00OI0 TOJIOBHUM YHMHOM 32 (DEHOJIOTIEI0 PO3BUTKY
FEeHEPaTUBHUX  OpPraHiB, (OPMOIO  CEpLEBUHU
[aroHiB Ta KIUJIBKICTIO MOKPHUBHUX JYCOK OpPYHBOK
(Yepenanos, 1955). 3rigHO  MOJEKYISIPHO-
GbinoreHeTnyHUX JociipkeHs migpoaun  Alnus i
Alnobetula e monodinernuaaumu (Chen, Li, 2009).
Ipencrasuuku migpoxy Alnobetula marore Taki
Mopdoodoriuni ocobnmBocti (Uepenanos, 1955): ne
MEpeBaXHO  KyIi; CepLeBHMHAa IMaroHiB  Ha
MOTIEPEYHOMY nepepizi BUJIOBXKEHA abo
JiHiIHOKYyTacTa; OpyHbKHM 3 3—0 TOKPUBHUMH
JyCKaMH; THYMHKOBI  CEPEXKH PO3BHUBAIOTHCS
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BOCEHH 1 3UMYIOTh TOJUMH, MATOYKOBI CEPEKKH
PO3BHBAIOTHECS BECHOIO 3 OpYHBKH; TOpIMIKHA 3
IUTIBYACTUMHU Kpujiamu. Y Uil Tpymi icHye psa
TaKCOHOMiYHMX mpoOisiem. 3okpema 3 A. alnobetula B
pi3HHI yac OyJo BHIIEHO CiM CaMOCTIMHHX BUIIB,
TaKCOHOMIYHHMI CTaTyC SIKHX BH3HAETHCSA HE BCiMa
aBTopamu. banaes (2009, 2010) Ha oOCHOBI
MOP(}ONOTIYHNX Ta MOJNEKYISIPHO-(DITOTEHETHIHIX
JOCII/UKEHb TEPEeKOHINBO TOKAa3aB, MIO BHIOBOTO
CTaTyCcy 3acilyroBylOThb JIMIIE JBa TaKCOHH —
momupera B €spomi A. alnobetula Ta nommpena B
Asii Ta IliBHiuHi#t Amepumi A. crispa. Mixk co6oro
Ui BUAM PO3PI3HAIOTHCS pO3MipamMH JIUCTKIB Ta
KUTBKICTIO map OiYHHMX JKWIOK. Y ¢uopi YKpaiHu

NOMIMPEHUH OAMH BHJ [BOTO  IAPOAY —
A. alnobetula.

[MpencraBuuku migpoxy Alnus wmaroTh Taki
Mopdomoriuni  ocobnmuBocti  (Uepemanos, 1955;

Koctuna, 2009): 1ie mepeBaxHO JepeBa; CeplieBUHA
MaroHiB Ha TIONEPEYHOMY Iepepi3i TPHUKYTHA;
OpyHBKH 3 2 TIOKpUBHUMH JYCKaMH;, THYWHKOBI i

MaTOYKOBI CEPEXKH PO3BUBAIOTHCS BOCEHU 1
3UMYIOTh ~ TOJHMMH;  TOPIIKKH  O€3Kpwim, 3
IUTIBYaCTUMH  ab0  WIKipsicTuMH  Kpuiamu. J{o

KPUTHYHHUX TaKCOHIB i3 1i€l rpynu Hane:xkuth Alnus
incanaagg. Oxpemi asropu (Furlow, 1997)
pO3rNIAIa0Th  CHHOHIMaMu A, incana HacTymHi
Buau: A hirsuta Turcz.,, A.tenuifolia Nutt. Ta
A.rugosa (DuRoi) Spreng. VY cBoili poboTi Mu
npuitMaeMo Touky 30py Banaev & Adelshin (2009),
banaes (2010) Ta TpUTpUMyEMOCS BY3bKOTO
pO3yMiHHS o0OCATY BUAY B Wi Tpymi, TOOTO
nepesiueHi BUIE BUAM B CHHOHIMH A. incana ue
3BoauMO. Mixk Buzamu 3 Alnus incana agg. icHyrOTh
BiJIMIHHOCTI 3a XHUTTEBOIO (popmoro, 3a0apBIICHHM
Kop#, (OpPMOIO Ta OIYIIEHHSM IUCTKIB, a MiX
apeajaMM [MX BHJIB € 3HA4YHI M3 FOHKIII.
MouiekyispHO-(piIOreHeTUYHI JTOCIIPKEHHS TaKOXK
MiITBEP/DKYIOTh BHIOBY camocTiiiHicTs A. hirsuta,
A. tenuifolia Ta A.rugosa (bamae, AmenbIluH,
2009). YV ¢uopi Ykpainu mpenctaBicHi J1Ba BHUIH
poro migpoay — A. glutinosa i A. incana.

Y  Mexax  MArOTOBKM  y3arajibHIOIOYOTro
(IOPUCTUKO-TAKCOHOMIUHOTO  3BeneHHs  «Diopa
Vkpainm» HamMu  3OIHCHIOETbCS — OINpPALIOBAHHS
pomunu Betulaceae. Mertoro 1iei pobotu Oyio
y3arajibHUTH iCHYIOU1 BIJIOMOCTI ITPO TPE/ICTABHUKIB
poay Alnus y dutopi Ykpaiuu.

Martepiasm Ta Meroau Aociimxkenb. OO0poOka
0a3zyerbcst Ha Marepianax HarionaneHoro repbapito
VYkpainu — repOapito  IHcTuTyTy = OOTaHIKK
iMm. M.T". Xonomaoro HAH Yxkpainu (KW), rep6apito
Taspiiicbkoro HAI[IOHATBHOTO YVHIBEPCUTETY
im. B.I. Bepaancekoro  (SIMF)  ta  repOapito
HikiTcrkoro OGoraniuHoro camy — HarionamsHOTO
HaykoBoro ueHtpy HAAHY (YALT), kputuanomy
aHa;i3l JITepaTypwm Ta pe3ysibTaTax IOJbOBUX
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eKCTenuIlii B 3akapmarchkiii, IBano-OpaHKiBCHKIH,
YepHiBEIBKIH, PiBHEHCBKIH, Kuiscbkii Ta
[TonraBcwkiit o0macTsax. Jjis KOXHOTO BHIY MU
HaBOJIUMO HOMCHKJIATYPHY UTAIIIFO,
MOPGOIIOTIYHANA OMUC Ta 3arajibHI BiIOMOCTI TIPO
nommpenns. st A. glutinosa Bkazyemo dopmu, siki
HalluacTilie TpamsioTbes B YKpaiHi, AN 1HIINX
BunmiB mocmimaukamu (Winkler, 1904; Zapatowicz,
1908; Callier, 1911; Ta iH.) TakOXX OIHMCAaHO PSII
¢dopm, mpore Buainenus ix s A. alnobetula Ta
A.incana wma Teputopii VYkpaiHu moTpeOye
OKPEeMOTO TOCTi/DKEHHS, TOMYy Hapa3i MU ix He
HAaBOJIMMO.

Koncnext poay Alnus y ¢uiopi Ykpainu

Genus Alnus Mill. 1754, Gard. Dict. Abridg., ed.
4, 1. [51]; Regel, 1861, Monogr. Betulac.: 73;
H.Winkler, 1904, in Engler, Pflanzenr. 19 (4, 61):
101; Komapog, 1936, ®n. CCCP, 5: 306; Bynnd,
1947, ®n. Kpema, 2: 26; JlonaueBcbkuii, ['puns,
1952, @n. YPCP, 4: 113; P.W.Ball, 1964, Fl. Europ.
1: 59; F.Yaltirik, 1982, in Davis, Fl. Turk., 7: 691;
Lenes, 2004, ®a. Bocrt. Eppomwi, 11: 87. —
Duschekia Opiz, 1839, Okon. Neuigk. Verhandl.:
524. — Alnaster Spach, 1841, Ann. Sci. Nat., Bot.
sér. 2, 15: 200.

Tun (nexrorumn): Alnus glutinosa (L.) Gaertn.

JlucronaaHi KyIIi Ta AepeBa, TOJIOBHUM YUHOM,
no 20M 3aBBHUIIKH, MOXYTh BHpocTatd 10 40M
(manpuknan, A. glutinosa, A. cremastogyne Burkill
ta A.rubraBong.). Tlaronu riageHbki, roii abo
CJIa0KOOIyIIIeH], Ha MOMEPEYHOMY PO3pi3i OKpyIIi
a0b0 TpUKyTHI, 3 0araro4MCceNbHUMHU JPIOHUMH 1
MaJOYHCEeTbHIUMHE OLTBITUME CBITIIO-YEPBOHUMH 200
OimyBatuMmu couyeBrukamu. BpyHbkm kieiiki, 3 2—4
NOKPUBHUMH JIycKamH. JIMCTKOBI pyOUMKH pi3HOI
dbopmH, 3 TphOMa CIiJIAMH CYJAWHHO-BOJIOKHUCTHX
ny4KiB. BpyHbKH KOCO pO3MIllIEHI HAJ| JIMCTKOBUM
pyOunkom. Y OibIIOCTi BUIIIB OPYHBKH Ha HIXKaX,
a B A alnobetula, A.frutocosa Rupr. Ta
CHOPITHEHUX 3 HUMH BUAIB OpYHBKH CHISYI.
JlucropoaMinieHHs: noyeprose. [IpuimcTku apioHi,
paHo omangaroTh. JIMCTKOBI IUIACTMHKM EINTHYHI,
OKpyTJi, sinenonioni abo oOepHeHO siirenoaioHi,
miokpai abo 3ybuacri. JKunkyBaHHS Mip4acTo-
cituacre, OiuHux kwiok 4-30 map. KBsiTku
OJTHOJIOMHI, PO3AUIbHOCTATEBI. THUYMHKOBI KBITKH
3i0paHi B TPHOXKBITKOBI Juxa3ii, sKi 30JIDKEHI B
cepexxkonoAiOH1 cynBiTTsa. [IpUKBITHUYKK TycKaTi,
B KUIBKOCTI YOTHPHOX, OIBiTHHA 3 4 (200 MeHIe)
cerMeHTiB. TWymHOK 4, THYMHKOBI  HUTKHU
BKOpOYECHI, TWISKH OBajlbHi, 3 NapaJeIbHUMH
rHi3maMu, 0e3 BOJOCKIB Ha BepXiBKax. MaToO4KOBI
KBITKM 3i0paHi B JBOKBITKOBI jauxasii, sKi
YTBOPIOIOTh MIUTIHAPWYHI a00 BUTATHYTI CEPEXKKH,
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MIPUKBITHUYKY SKUX JEPEB’ STHIIOTH 1 HE OCHITAIOTHCS
micnst go3piBadHA. OUBITHHA B MaTOYKOBUX KBITOK
BiJICYTHs. 3aB’sI3b JIBOTHI3/Ia, CTOBITYUKU KOPOTKI 3
JOBrUMHU TpuiiMoukamu. HacinHi 3ayatku 10
OTHOMY B KOXXKHOMY THi3ai, aHTponHi. ['opimku
IJIaCKi, KpyjaTi, OJHOHACIHHI.

binpmicts  BumiB  pomy Alnus poctyth Yy
[liBniuniit IliBkymi, Jwme okpeMi BUIAM MO AHAAx
npouukin B [liBgenny [liBkymio. ¥ dmopi Yipainu
npezcTasieHi Tpu Buau poxy Alnus: A. alnobetula,
A.glutinosa Ta A.incana, y MicCIsX CHUTBHOTO

spocranas  A.glutinosa i A.incana  imomi
TpamsieThes ix Tiopun — A. X pubescens.

Koiou 1151 BU3HAYeHHS BUIB

1. bpysekm cumsui, 3aroctpeHi, 3 3-4

MOKPUBHUMHU JIycKamH. KBiTylOTh OIHOYAaCHO 3
PO3BUTKOM JIMCTKIB. ['OpIMIKK 3 MIMPOKUM KPHIIOM.
Kymii. B Kapmatax =« «-+-cocev 1. Alnus alnobetula

— bpyHbKHM Ha HiXKaX, HA BEpXiBKax OKpYTIIi, 3 2
MOKPUBHUMHU JIycKaMu. KBITYIOTh 71O TIOSIBU JINCTKIB.
lopimku 3 By3pkuM KpritoM. [epeBa -« -«--cx---+- 2

2. JlucTky Ha BEpXIBIl 3 BHSMKOIO, 3€JICHI, Ha
HWKHIA CTOpOHI 3 OOpiIKaMu BOJIOCKIB B KyTax
KWIOK. BpyHBKH 1 Mool TaroHu JWMKi. bpyHbKH
roni. Kopa 3pimnx mepeB TemMHO-Oypa abo HopHa,
notpickana. Maibke mo Bciil Tepuropii YKpaiHH
...................................... 3. Alnus glutinosa

— Jluctkn Ha BepxiBIi TOCTpi, Cipo-3eleHi, Ha
HWXKHIA cTOpoHi omymeni. BpyHpkm 1 Momomi
MaroHu cyxi, He nunki. bpyHeku omymieni. Kopa
3piiux nepes cipa, riaanenbka. B Kapnarax (gacro),
ta Ha JliBoOGepexxnomy Ilomicci (myxke pigko)
......................................... 2 Alnus incana

1. Alnus alnobetula (Ehrh.) K.Koch, 1872,
Dendrologie, 2 (1): 625; H.Winkler, 1904, in Engler,
Pflanzenr. 19 (4, 61): 105. — Betula alnobetula Ehrh.
1783, Gartenkalender, 2: 193. — Duschekia
alnobetula (Ehrh.) Pouzar, 1982, Cas. Nar. Muz.
Rada Prir. 151 (1): 20. — Alnus viridis (Chaix) DC.
1805, in Lam. et DC., Fl. Fr., ed. 3, 3: 304; Regel,
1861, Monogr. Betulac.: 76; JlonaueBcbkuii, ['puns,
1952, ®n. YPCP, 4: 113; P.W.Ball, 1964, Fl. Europ.
1: 59. — Betula viridis Chaix, 1786, in Vill., Hist. PI.
Dauph. 1: 374. — Duschekia viridis (Chaix) Opiz,
1852, Seznam Rostl. Kvét. Ceské: 38; Ilesnes,
2004, ®a. Boct. Espombi, 11: 86. — Alnaster
viridis (Chaix) Spach, 1841, Ann. Sci. Nat. (Paris),
sér. 2, 15: 201. — Alnobetula viridis (Chaix) Schur,
1866, Enum. Pl. Transs.. 614. — Bigbxa
BinibX00epe3oBa (Binbxa 3enena).

BI/I)Z[ omucano B HimeuuuHi 3a KYJIbTUBOBAHUMU
€K3EeMIULIPaMU.

Turr: He BUOpaHo.

Kymi 0,5-2 (4)m 3aBBumku. Kopa cipa, Ha
MOJIOJUX TIaroHaX — 4YepBOHO-Oypa, OmHOpIYHI
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abo 13 CMOJIMCTUMH
Maibke cumadi  (Ha

MMaroHu CJa0KO OMMyIIeHi
BUAUICHHSIMU.  BpyHbKH
BKOPOYEHHX  HDKKax), oOepHeHosiuenoaioHi,
3arocTpeHi, KJeiki, BKpuTi 2-6  IJIycKamu.
[IpunucTku 3enmeHi, By3bKi, A0 1,5¢M 3aBIOBXKKH,
paHo omamarote. Yepemkn 0,3-1,5 (1,8)cMm
3aBIOBXKKHM. JIMCTKOBI IIacTHMHKH eminTuyHi ado
Maibke okpyrim, 2-8 (9)cm 3aBmoBkKH, 1-6¢cM
3aBIIMPIIKH, TOJI ab0 3ICHOLYy IO >KHIIKax ciabko
OTyILEH], SIMLEBUIHI, Ha BEpXiBILi rOCTPi, IO Kparo
HepiBHO3yOuacTi. Kunok 5-8 mnap. TuumHkoBi
CEPEeXKKHU KiHIIEBi, PiAKO € i OivHi, CHIOATH MO OB i
Oinmpime, iX OWBITMHA 3 YOTUPHOX HEPIBHOMIPHO
PO3BHHEHHMX 3pOCIUX JHCTOYKiB. MaToukoBi
CYLBITTA OJIM3BKO 1,0cm 3aBJIOBIKKH.
IlceBpomumeyxku 13-18Mm 3aBmoBxkku, 7—10MM
niametpom.  Dopimkm  koBTYBato-Oypi  abo
KOPHYHEBI, OKPYTJIO-ENNTHYHI, 4—6MM IiaMeTpoM,
[0 Kpaw 3 INIBYACTAM KPHIOM, Ha BEpXIBII i3
3aJTMIIKOMU TPUIMOYOK. — 2N=28.

3aranpHuit apean: ropu LlenTpanbHoi €Bpomw,
Bankancekuii 11-B, 3aHeceno 10 HoBoi 3enanii.

[ommpenns B Ykpaini: B Kapnarax.

Ekonoriuna mpuypoYeHIiCTh: IO BHCOKOTIPHHX
CXHMJaX, B3JIOBXK CTPYMKIB B cCyOambIiiicbKoMy
TOsICI.

[MpumiTka. 3a omymIeHHSM JHMCTKIB Ta MAaroHis,
(hopMoOrO THCTKIB, a TAKOXK 33 PO3MipaMH JIMCTKIB Ta
wioAie ommcano psg  Gpopm  (Regel, 1861;
Zapatowicz, 1908; Callier, 1911).

2. Alnus incana (L.) Moench, 1794, Meth. PI.:
424; Regel, 1861, Monogr. Betulac.: 94; H.Winkler,
1904, in Engler, Pflanzenr. 19 (4, 61): 120;
Komapos, 1936, ®n. CCCP, 5: 316; JlonaueBCcbKuUi,
['puns, 1952, dn. YPCP, 4: 116; P.W.Ball, 1964, FI.
Europ. 1: 59; P.W.Ball. 1993, FI. Europ., ed. 2, 1:
70; Lenes, 2004, ®na. Bocr. Epomnsl, 11: 88. —
Betula alnus L. var. incana L. 1753, Sp. PIl.: 983. —
Alnus lanuginosa Gilib. 1792, Exerc. Phytol. 2: 404,
nom. illeg. — Binbxa cipa.

Bun omucanuiit 3 €Bpomnu (3a IPOTONIOTOM: «in
Europay).

Tun: He BUOpaHO.

JepeBa abo kymri, 5-15 (20)M 3aBBHIIKHK 1 70
50cm miamerpoM. Kopa Ha cToBOypax cipa,
rIajgeHbka. Mosiofl TINKK OmyIieHl, He KIIeHKi.
Bpynekn siinenonioni abo oKpyrio-siinenoioHi,
omymeni, Ha Hikkax. Yepemkn 1-2 (3)cm
3aBJIOBXKKH, HEUIUIbHO a00 IOBCTHUCTOOIMYIIICHI.
JINCTKOBI TMJIACTHHKY OBalIbHI, OBAJIBHO-JAHIICTHI
ab6o eminTuuHi, (3) 4-10 (14)cMm 3aBmoBXKH, (2) 3—7
(10)cm 3aBmIMpIIKK, 3 5—18 KUJIKaMH, IPU OCHOBI
OKpyIJTi ab0 HEBHPAXEHO CEpPIEBHIHI, IO Kparo
TOCTPOJBIUINMIYACTI, HAa BepXiBUi — roctpi abo
3arOCTPEHi, PiAKO — 3a0KpyrieHi abo TyIyBaTi, HE
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KJIeHKi. MoOJOi JIMCTKU TYCTO OIyIIeHi, 3pim —
3BEPXY IJIaJACHBKI a00 MPUTHCHYTOOITYIICHI, 31CTIOTY
rojai abo HEryCcTO OIYIIEHI, MO MWJIKAaX OIyIIeHI
rycrime, iHomi — cipo-moBcTHCTi. THYMHKOBI
CepeXKH MO 3—5 Ha KIHIIEBUX CYNBITTi, THUUHKOBI
KBITKH 3 TIPaBWIBHOIO YOTHPH  PO3IIIHHOIO
OLBITHHOI) 1 YOTHMpMa THYHMHKAMH, SKi HE
MEPEeBUIYIOTh OIBITHHY 1 3pOCii 3 YacTKaMu
onBiTHHH. MatoukoBi cepexkkn mo 3-8 (10) ma
cninpHOMY Oe3mucToMmy  KBiTKOHOCI, 1,0-1,5¢cm
3aBnoBkKu. [opimkm 1UTacki, 3  BY3bKHMHU
HIKIPSICTUMHU KpHIIaMu. — 2N=28.

3aranpHe momupeHHs: llentpanbna i [liBHiuHA
€ppoma, 3aximHa A3iig, B ropax IliBgeHHoi Ta
3aximgHoi €BpomH.

[Nommpenns B Ykpaini: B Kapmarax (gacro),Ha
[Moumicci Ta Jlicocteny (piako).

Exomoriuna npuypodeHicTh: Ha 00II0Tax, B3JOBK
pidOK, CTpyMKiB, Oins [mOpir, Ha Y3IicCsAX,
raJisBHHAX, JyKax.

[Ipumitka. 3a o3Hakamu (GOPMHU  JTUCTKOBOI
TUTACTUHKA Ta (OPMU KPOHH OMHCAHO Psl Gopm
usoro Buny (Regel, 1861; Callier, 1911; Hylander,
1957).

3. Alnus glutinosa (L.) Gaertn. 1791, Fruct.
Sem. Pl. 2: 54; Regel, 1861, Monogr. Betulac.: 101;
H.Winkler, 1904, in Engler, Pflanzenr. 19 (4, 61):
115; Komapos, 1936, ®n. CCCP, 5: 312; Bynsd,
1947, ®n. Kpeima, 2: 26; JlomaueBchkuii, ' puHb,
1952, ®n. YPCP, 4: 114; F.Yaltirik, 1982, in Davis,
FI. Turk. 7: 691; P.W.Ball, 1964, Fl. Europ. 1: 59;
P.W.Ball. 1993, Fl. Europ. ed. 2, 1: 70; Ligenes,
2004, ®. Bocr. Espormsr, 11: 88. — Betula alnus L.
var. glutinosa L. 1753, Sp. PlL: 983. — Betula
glutinosa (L.) Lam., 1785, Encycl (J.Lamarck et al.):
1 (2): 454. — Alnus vulgaris Hill, 1756, Brit. Herb.:
510. — Alnus nigra Gilib. 1791, Exerc. Phyt. 2: 401,
nom. illeg. — Binexa kieiika (Binbpxa yopHa).

Buj omucanunii 3 €Bpomnu (3a MPOTOJOrOM: «in
Europay).

Tun: He BUOpaHo.

HdepeBa mo 30-35 (40)m 3aBBumku. Kopa nHa
cToBOypax TeMHO-Oypa abo 4YopHa, 3 TpIilIMHAMHU.
Mounozii TiIKM TPUTPaHHI, TJIAJCHBKI, 9acTO KIIEHKI,
TOJi, 1HOJII — 3 HETYCTHM OIYIIEHHSIM, YePBOHYBaTO-
Oypi, 3 OUTyBaTHMH, )KOBTYBATUMHU a00 OypyBaTHMH
MOTIEPEYHUMHU COUYEBUYKAMH. bpyHbku
oOepHeHosiIenoaiOHl abo enminTu4uHi, Ty abo
roCTPYBaTi, Ha HDKKaxX, HDKKW Kiewki. [Ipunuctku
JYCKOBHJIHI, Tymi, paHo omagaroui. Yepemxu 0,5-
3,5 (4,0)cm 3aBJIOBKKH. Jluctkn,
00epHEHOSMIIEBUIHI, OKPYIJIi ab0 eNiNTHYHI, MpH
OCHOBI IIHPOKOKIMHOBUIHI, [0 Kpasx Lijgokpai abo
npiOHO3yOUacTi, HAa BEpXiBLI OKPYIJi, yacTime i3
BHSIMKOIO Ha BEpPXiBIi. MO0 TUCTKA KJICHKI, 3piii

Biostoriuni cucremu. T. 6. Bum. 1. 2014

3BEpPXy TEMHO3CIICHI, TOJ, TIaACHBKI, OJIMCKYyYi,
3icromy Oumimimmi, Mo KyTKaX >KFJIOK 13 JKOBTYBaTHMH
Oopiakamu, 1HOJI OMYIICHI OJIiIUMHU BOJIOCKAMH MiXK
JKUJIKaMH, Ha JUCTKOBHX IUIACTHHKAX € CMOJIHUCTI
3ayi03ku.  [lmactuHkm  3pimux  JUCTKIB  3—10cMm
3aBIOBXKKH, 3—7CM 3aBIOIUPIIKH, 3 5-8 mmapamu
xuIok. THYMHKOBI cepexKu KiHIeBi, 3i0paHi B
KucTi 1o 3-5, moBucii, 4—7cM 3aBIOBXKKH, Ha
HiXkKax 0,8—1,2cM 3aBHOBKKH. MaTOYKOBI CepekKH
3i0pani mo 3-5, oBajibHi, A0 1,5CM 3aBIOBXKKH, Ha
aikkax 0,2—-1,5cm 3aBgomxku. IlceBmomuimeukun
oBambHi, 1,2-2,0 (3,5)cM 3aBHOBXKKH, Ha HDKKax
0,7-1,2cM  3aBOOBXKKH,  3aJIUIIAIOTECS  IICIHS
BUCHUMaHHS TopinikiB. ['opimku yepBoHyBaTO-0Ypi,
OKpyTdi, crucHyTi, 2,0-2,5 (4,0)MM 3aBHOBXKKH, 3
MIKIpSCTHM, AyK€ BY3bKHM HEIPO30PUM KPHIIOM Ta
3aJMIIKAMH TPUAMOYOK. — 2N=28.

3araneHe  nomupenHs:  €ppomna,  Kaskas,
3akaBkaz3s, 3aximauit Cubip, Mana A3is, [liBHiuHa
Adpuxka.

[Nommpenns B YkpaiHi: maiixke o Bciit Tepuropii
Ykpainu.

Exosnoriuna npuypoueHicTh: Ha 00JI0Tax, B3JJOBK
PIYOK, CTPYMKIB, B Jlicax.

IMpumitka. Alnus glutinosa — wmopdosorigno
BapiaOebHMI BUA. Y pIi3HUH 4ac OyJO OIMCAHO
KiJibKa MiABHAIB (B YKpaiHi MOMIMPEHUH THITOBHHA
miaBUA), 0arato pi3HOBHIHOCTEH i GopM, 3 SKUX B
VYkpaiHi HalyacTile TParsIsiFOThCS TaKi:

Gaertn.
Jahresber.

Alnus glutinosa (L.)
f. microcarpa (Uechtr.) Callier,
Schles. Ges. 69: 74.

1892,

Ilcesmommmeukn 1,0—1,5¢cM 3aBIOBXKH, 10
0,5cMm miameTpom.
Miclie3HaXO/PKEHHS:  1HOMI  TPaIUIAEThCS B

Kapmarax, wna [Ilomicci Ta B JlicocTemy:
3akapnarceka 007., CBaJIABCBKUH p-H, OKOJUII

c. ycuno,  12.07.1946, H.Koceup  (KW!),
Uepkacbka o0ur., OKOJIHIII M. KopcyHs-
IlleBuenkiBepkuit, 25.05.1927, H. Iligommiuka

(KW), TTonTaBcbka 0071., JIOXBUIBKHE p-H, OKOJHIT
c. IMicku, 03.05.2013, LT. Onbrancekuii (KW!),
JloHenpKa 00IL., OKOJIUII M. CII0B’ IHCBK,
15.06. 1959, B.B. IIpotononosa (KW!), ane yacrime
B miBmeHHMX obOmactax: Omecbka 00i1., Kimiiicskuii
p-H, 18.09. 1980, /I.B. Iyouna (KW!), Xepcorcbka

o0m., oxomuui M. [ropynuHeek,  22.06.1952,
®. I'puas (KWI),  rtam  xe, 07.10 2002,
L.I. Moticienko (KW, XepcoHcpka  00II.,
HroopynuHCchkuid  p-H., OKouuli . PajeHChK,

22.06. 1952, ®@. I'punb (KW!), Takox yci pocivau 3
Kpumy MosxHa BifiHECTH 110 1i€i HopMu).
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Gaertn.
1904, in

Alnus glutinosa (L.)
f. macrocarpa (Requien)  H.Winkler,
Engler, Pflanzenr. 19 (4, 61): 117.

IlceBpommmeukn 2,5-3,5¢cMm
2,0cM miaMeTpoM.

Micue3HaxopKeHHS: UepHiriBcbka 0011,
Mencbkuit  p-u, 03.10. 1932, @. Jlesina (KW!),
Teprominbceka 007., ['YCATHHCBKHI p-H, OKOJHII
M. Komruusami, 27.08. 1940, ®. I'puns (KW!).

3aBIOBXKKH, JIO

Alnus glutinosa (L.) Gaertn.
f. laciniata (Ehrh.) Willd. 1796, Berl. Baumz.: 44.

JIucTKOBI MJACTMHKM Ha BEPXIBII 3arocTpeHi,
jomaTteBi, 3 5 mapamu SAHIENOAIOHOTPUKYTHHX,
TOCTPHX, 3y0OUacTHX JOMaTeH.

Micue3HaxomKeHHS: PiBHeHCBKA
JyOpoBuiibKuii p-H, OKOJIUITI
(JlonaueBcwkuit, ['punb, 1952).

001.,
c. Buconpk

Alnus glutinosa (L.) Gaertn. f. imberbis Bornm.
1888, Bot. Centralbl. 34: 153.

Jluctku 3icmomy roui, 6e3 OOPiIOK 3 BOJOCKIB Y
KyTax >KHJIOK.

Micresnaxomkenns: ITonraBcbka 001, OKOIHIN
M. Kobemsxu (JlonaueBcekuit, [ puns, 1952).

Alnus glutinosa (L.) Gaertn. f. pilosa (Brenner)
Callier, 1911, Repert. Spec. Nov. Reg. Vegetab. 10:
231.

UYepelky i JJUCTKH 3iCIOLy OMyIIEeH.

Micrie3HaxopKeHHs: opMa IMIMPOKO MOMIUpPEHa
B Kpumy, ne y BCIX JOCHIPKEHHX HaMU DPOCIHH
YepemIky Oy I'yCTOOITyIIEHUMH.

4. Alnus x pubescens Tausch, 1834, Flora, 17
(2): 520. — Alnus glutinosa x Alnus incana. — Alnus x
hybrida Rchb. 1850, Ic. FI. Germ. 12: t.630. £.1292.

Moutoni maroHu ornyiieHi. JIMCTKOBI 11acTHHKA
Ha BEPXIiBIli TOCTPi, OKPYTIi abo 3 BUAMKOIO (4acTo
Ha OJHIH PpOCIHHI CIOCTEPIraloThCs BCI THIH
JMUCTKIB), 3a3BMYail  OMymeHi MO0  JKHJIKax.
MaTo4KoBi cepe’KKu Ha KOPOTKMX HIKKaX.

3aranpHe nommpenHs: €Bpona, 3axigauii Cubip.
B E€spomi Bumamku Tibpmamsariii A. glutinosa Ta
A.incana TpamiIfOTBCA JOCHTH 4YacTo, a B
3axiznomy Cubipy (Ha cXxigHiii Mexi apeaniB
A. glutinosa ta A.incana) — maBmaku, Ay:Ke Pimko
(banaes, 2010).

[Hommpenns B Ykpaini: nepeBaxno B Kapmarax.
Ham Bimomi awume Takl  MICIE3HAXOMMKEHHS:
Binauipka 005, Morunis-Iloginbcbkuii  p-H,
okomuui c. FOpkiBui, 24.08. 1949, TI'. KysHenosa
(KW!), UepniBenbka 001, BwxHuIBKHA p-H,
okomuIli c. YepemieHbka (BIacHE CHOCTEPEXKEHHS),
ajie MU TIPUITYCKAEMO, IO IIeH TiOpUI TpaIuIIeThCs
LIpILE.
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Ekomoriyna mpuypoOYeHiCTh: B3IOBX JOPIT, OIS
pIYOK, CTPYMKIB.

BucnoBku. Y ¢unopi Ykpainu € Tpu BHIU poxy
Alnus: A. alnobetula, A.glutinosa Tta A. incana.
Takox, Tpammserbes TiOpmn A. X pubescens (-
A.glutinosa X A.incana). Bumn  ponmy
Mopdomoriugo Bapiabenpri. Tak, mms A. glutinosa
Ha TepuTOopii YKpaiHn MOXKHA BHUAUIATH TPUHANMHI
a1k popm (A. glutinosa f. microcarpa, A. glutinosa
f. macrocarpa, A. glutinosa f. laciniata, A. glutinosa
f. imberbis, A. glutinosa f. pilosa).
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GENUS ALNUS (BETULACEAE) IN THE FLORA OF UKRAINE
I. G. Olshanskyi

The aim of this work is information about the genus Alnus Mill. on the flora of Ukraine generalized. Treatment
based on herbarian materials, critical analysis of literature and the results of field expeditions in the Transcarpathian,
Ivano-Frankivsk, Chernivtsi, Rivne, Kyiv and Poltava regions. Major taxonomic problems in the genus Alnus analyzed.
According to the literature information Alnus includes about 40 species. They are morphologically variable.
Hybridization is common in this genus. The views of various authors on the system of the genus Alnus analyzed. Signs
which describes genera Duschekia Opiz (- Alnaster Spach) and Clethropsis Spach variable or they are in different
groups. So we accept the genus Alnus sensu lato. Genus Alnus s.l. includes two subgenera (Alnus and Alnobetula
(Ehrh.) Peterman), which differ in phenology of the generative organs, featured shoots and buds. Subgenus Alnobetula
include bush, core shoots in cross section elongated linear or angular, with 3-6 buds blanket scales, stamens develop
earrings fall and winter naked pistillate earrings developing buds of spring, hulled nuts with wings. Subgenus Alnus
inclede tree, the core in cross section triangular, kidney blanket with 2 scales, stamens and pistils emerging earrings
fall and winter naked, nuts are wingless, with hulled or leathery wings. General characteristics of the genus Alnus was
summarezed. The key is to determine the type created. Data about Alnus species (A. alnobetula (Ehrh.) K.Koch, A.
glutinosa (L.) Gaertn., and A. incana (L.) Moench) in the flora of Ukraine generalized. For each species nomenclature,
morphological descriptions and general information about the distribution are showed. Alnus glutinosa forms (A.
glutinosa f. microcarpa, A. glutinosa f. macrocarpa, A. glutinosa f. laciniata, A. glutinosa f. imberbis, A. glutinosa f.
pilosa) are listed. It was found that A. glutinosa and A. incana sometimes hybridized to each other. Information on
known habitat of the hybrid A. x pubescens Tausch. are founded.

Key words: Betulaceae, Alnus, Flora of Ukraine.
Ooepoicarno pedxonecicio 28.05.2014
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KAPTYBAHHA BU/JIB AABEHTUBHUX POCJIMH
POMEHCBKO-ITOJITABCBKOI'O 'EOBOTAHIYHOI'O OKPYT'Y

B. B. BYJDKAK!, T. C. IBIPHA?

1qepHieez4bKu12 HayioHaneHull yrieepcumem imeni IOpis @edvrosuua
eyn. @eovkosuua, 11, m. Yepnisyi, 58022, budzhakv@gmail.com,
2Iuemumym 6omanixu in. M.I. Xonoonozo Hayionanonoi akademii nayx Vipainu
eyn. Tepewenxiecovka, 2, m. Kuis, Ykpaina, MCII-1, 01601

Cnupatouuce Ha 00c8i0 y po3podyi CIMKOGUX KApm AK JOKANbHUX MepUmopiil, max i OKpemux peziouis, 0.
mepumopii Pomencoko-Ilonmascvkoeo eeobomaniunoco okpyey 6 cucmemi UTM koopounam niocomoenena cimkoga
Kapma 3 posmipom Komipku 5 x 5 km, sxa yszeodoxcyemocs 3 cimkoto, npuiinamoio 6 «Atlas Florae Europaeaey.
Pospobnena xapma € ocnosorw 0ns yzacanrbHenHs IHQOpMayii npo NoOwUpenHs A0eHMUBHUX UL HA MepUmopii
docnioxcenv. Ilpu pospobyi kapmu suxopucmosgysaiu cucmemy Maplnfo — yuisepcanvhy eeoepagiuny ingopmayiiny
cucmemy, wo npusnauena 0 300py, 30epicanns, 6i006PAdNCeHHs, pedazy8anHs U aHalizy NPoOCmoposux Oanux. /s
Kapmysanus 6udie aosenmuenoi gpaxyii gpnopu Pomencoro-Ilonmascvkozo 2e060maniunozo okpyzy cmeopeHo okpemi
wapu kapmu, siKi 36epieaemovcs 6 eeKMPOHHI 043l OaHUX [ MICMUmMb IHQOPMAYIio NPO HASIBHICMb 6UAY MA KLIbKICMb

11020 Micye3poCmaHb 8 Ne6HOMY K8AOpAami.

Kmiouosi  cnosa: xapmyesamnmsi, cimxoguii memod, Maplinfo, I'IC-mexnonocii, adsenmusna @paxyis ¢Gaopu,

Pomencoro-Ilonmascovkuii ceobomaniunuil okpye, Yxpaina

Beryn. Hampukinmi XX — mouatky XXI cr.
AKTUBHO MPOTrPeCcye MpoIleC aaBeHTU3allii Giop sk
YkpaiHu B WiJIOMy, Tak 1 perioHaNbHHAX, IO
MPOSIBIIIETBCS TIEPEAYCiM Y 301NbIICHH]I KiJTBKOCTI
BUJIB AaJBCHTUBHHUX, y T.4. 1HBa3iiHMX pOCIHH,
PO3IINpEHHI CIIEKTpPY ix MicLIe3pocTaHb
(ITpotomorona, MocsikiH, IleBepa, 2002).
BHacnijok 1mporo 3pocra€ poiib  JOCIHiIKEHb
aABeHTUBHUX (pakmiii ¢iaop Ha perioHaTEHOMY
piBHi. ®DiToiHBa3il BHW3HAHI OJHIEIO 13 3arpo3
010pi3HOMAHITTIO, @ OJIHUM i3 acleKTiB BHUPIIICHHS
miei npoOnemu, SK 3a3Ha4eHO Yy [ J100ayibHIN
Crparerii 3 npobieMH iHBa3iHHUX HEaOOPUIE€HHUX
BUJIB POCIHH, € MDKHApOJHE CHiBPOOITHHUIITBO Y
oMy Hampsamky (Global Strategy... , 2001).

JJ1s oliHKK IPOCTOPOBOI Ta 4acoBOi 3MiH (priopu
3a TEBHHH NPOMDKOK 4Yacy BHKOPHCTOBYIOTh
KapTyBaHHA, SIKE HaOyBae M1KHapOIHOTO
xapakTepy. Y Oinbmiocti kpaiH €Bponm BOHO
301MCHIOETHCS CITKOBUM METOJIOM.

3a migcymkamu BSBI Conference on The Study
of the Distribution of British plants (1950) 6ymo
NPUAHATO PIMIEHHA NPO HEOOXiIHICTH CTBOPEHHS
Atlas project, B skoMy BUKOPUCTOBY€EThCS CiTKa 10 X
10 xM, BSBI xkaprocxemMu TakoX HO3BOJISIOTH
BioOpakaTH 3amucy y MacmTadi 2 x 2 kM (TeTpan)
(Brathwaite, Walker, 2012).

Atlas of distribution of vascular plants in Poland
(ATPOL) € mpoexTom, 3ampornoHoBanuM J. Kornas
(1966), st hIOPUCTUYHOTO KapTyBaHHS TEPUTOPIi
Cxianoi Ta llenTpanbHOi yacTuH €BPOIH, OCHOBOIO
AKOTO € MeTox KaprorpaM. Kapra mpencrasise
coboro po3outy Ha kBagpatu 10 X 10 kM citky (Tak
K 11e Oyio BUKOpucTaHo /i Benukoi bpurawnii). V
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2001 p. micns 300py Ta y3araJbHCHHS MaTepiajiB
Oyno omyOnikoBaHo oHoBieHuil armac (ATPOL),
ame 31 30epexeHHAM JaHOi MeTOAWKH. Take
KapTyBaHHS Jla€ YABJICHHS IPO 3aKOHOMIPHOCTI
HOIIMPEHHS BUIIB pociuH (Zajac, 1978).

The Atlas of the Distribution of Vascular Plants in
Finland nepiomuyHO OHOBIIIOETHCS HA  OCHOBI
¢dopucTHuHKX 0a3 NaHWX 1 MOKa3ye CY4acHWH cTaH
MIOMIUPEHHS Y KpaiHi MICIIEBUX Ta 3aHOCHUX BHJIIB
pPOCIMH, a TaKOX [ialma3oHd MOIIUPEHHS BHIIB
a/IBEHTUBHUX POCITHH. Hnst KapTyBaHHS
3aCTOCOBYEThCS ciTka To 10 KM, sika Mae YMOBHI
KOJIbOPOBI TTO3HAUYEHHS, IO BKa3ylOTh YacTOTY
tpamsiHas BuaiB (Kurtto A., Lampinen, 1999).

B pesynprari Hakomu4eHHS  (DIOPUCTHKO-
KapTorpaiyHux AaHUX MO TepuTopii €Bponu OyIo
3anporonoBaHo ctBoperHst Atlas florae Europaeae.
KapryBanHns 6a3yerbcsi Ha citkoBomy Metoxi (50 x
50 kM) cucremu UTM Ta 3a mexxamu MGRS 30mm
(Atlas Florae Europaeae, 1972; 2013).

Jnst xapTyBaHHS ypOaHO(IJIOp BUKOPHCTOBYIOTH
OlmpIn JpiOHY ciTKy KBajpartiB. Tak, HampuKiaj,
¢dropucTuyHO-KapTorpadiudi gocmimpkeHHs M. Jlons
(ITonpma) Oynmu mpoBelneHI HA OCHOBI  CITKH
kBagpatamu 1 x 1 km (B Mexax cuctemu ATPOL),
sKa OXOIUIIOE BCl THUIM apealliB HE3alIeXHO BiJ

CTYHEHS AHTPOIIOTEHHOT TpaHcgopmanii
(Witostawski, 2006). Kaprorpama wmictuts 292
moJisi, Ha SKii BiOOpaKEHO aJIMiHICTPaTUBHO-

TEPUTOpiaJbHI MEXi MicTa, OCHOBHI 3alli3HHII Ta
OCHOBHI 30HHM Micta 1 BimoOpaxae Xapaktep
momupenns BuaiB pocnud (Falinski, 1990). Taka x
cHCTeMa KapTyBaHHS — CiTKa KBaapatriB 1X1 kM —
BUKOPHCTOBYEThCS Maike TO Bcili  Teputopii
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[Tonpmmi, MmO A€ MOXKIWBICTh OIIIHUTH PiBEHB
cunanTpomizamii  (Sudnik-Wojcikowska, — 1992;
Sudnik-Wojcikowska, Moraczewski, 2007).
JocnimkeHHs 3a MOAIOHOI0 METOAWKOIO MPOBEACHO
y micrax Ilseinapii (Landolt, 1993), Himeuunnu,
e 3aCTOCOBAaHO Pi3HI METOAWYHI MiAXOAH IIIOAO
KapTyBaHHs, 30Kpema i M. binedensn Oyna
BUKOpHcTaHa citka ksazapaTie 500 x 500 ™
(Linenbecker, 1988); M. boxym — 100x100 ™
(Schulte, 1983; 1985); M. Kemsu — 1000 x 1000 m
(Kunick, 1984).

B Vxpaini 3acTOCOBYIOTBCA pi3HI METOIMYHI

miaxoau KapTorpadyBaHHs (bapb6apuuy,
Job6pouaea, y6oBuk u ap.1986), y T.4. ciTKoBUI
METOJA  3allpOIOHOBAaHWN I  PIOKICHHX  Ta

3HMKAIOYHAX BHJIIB POCIWH 1 TprubiB UepBOHOT KHUTH
VYkpainn (Karano O.0., Cuyak H.M., [lanmnuk,
2003), perionanpuux cruckiB (Bymkak, YopHeid,
Toxaprok, 2009; Kopxan, bymxak, Yopueit, 2010),
ypbaHodiop, 30KpeMa, Jis KapTyBaHHS BH/IIB

AR Ly I 4 —BaxMaY—t<t A
{ |1 < 7~ By6os'asiBka—

pOCIHH JUIsl M. XapKoBa CTBOPEHI TeoiH(opMaIliiHi
mapy JaHUX 3 BHKOPUCTAHHAM TI'€OAE3WYHOI
cucreMu koopauHart IlynmkoBo, a YMOBHY CITKY
KBaJpaTiB PO30MTO 13 3aCTOCYBaHHSIM JITEpPHO-
nudposoi mkanwm (3esrinmnesa, Cinna, 2012).

OTxe, 3aJeXHO BiX TEpUTOpii Ta MeETH
KapTyBaHHs OOUPAETHCA METOAWKA KapTyBaHHS, a
caMe po3MipH CITKH KBaJparTiB.

00’ext Ta Metoau. OOG’€KTOM JOCHIKEHb €
BUAW anIBeHTHBHOI (pakuii ¢uopu PomeHcbko-
[onraBcbkoro reoboranigynoro okpyry. [lommpeHHs
BUAIB 1€l Tpymw Ha AOCHiIKyBaHI TepuUTOpii
HEepiBHOMipHE. 3 METOI0 aHamizy Ta pPO3YyMiHHS
MpoLecy  aiBeHTH3alii, OLIHKH  (IOPHUCTHIHOL
HACHYEHOCTI JIOCITIKYBaHOT O periony Ta
MOAJIBIIOT0  MOHITOPUHTY MH BHKOPHCTOBYEMO
CiTKOBY cucteMy kaptyBaHHs — 50 x 50 kM cuctemu
UTM 3 BIANOBITHWMH iHAEKCAMHA 32 CHCTEMOIO

npwuiiHsToro B Atlas Florae Eurpaeae (1972).
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Pe3yabTaTu mociigxenb. [Ipy cTBOpeHHI KapTh
TOCITI/PKYBAHOTO PETioHy BUKOPHCTAaHI IAXOMU Ta
NPUHLUIH, TOKIaJeHI B OCHOBY PO3pPOOKH KapTH
Yepninis Ta obmacti (Bymxkak, Yopueli, Tokapiok,
2009; Kopxan, bymxkak, Yopueit, 2010). 3a ocHOBY
npuitHaTy kapty 1: 200000. Tepuropist PomeHchKO-
[TonraBcbkoro reo0OTaHIYHOTO OKPYTY HOTPAILISE 10
18 kBazpariB citku UTM 50 x 50 kM (puc. 1). ¥V
Mexkax kBaapary 50 x 50 kM orpumyemo 100
kBagpatiB 5 x 5 xm. Ilpu po3pobui kapTtu
BUKOpHUCTOBYBaiu cucreMy MapInfo — yHniBepcanbhy
reorpadigHy iHpOpMaLiHHY CUCTEMY, 110
mpu3HaveHa Juist 300py, 30epiraHHs, BinoOpakKeHHS,
pelaryBaHHs ¥  aHali3y MPOCTOPOBUX  JaHHX
(Maplnfo Professional... , 2007).

Maplinfo HOETHYE nepeBaru 00poOKH
iHpopmarii, BracTuBi 0a3aM JaHWX (BKIIOYAIOYN
MoBy 3amuTiB SQL), i Hao4HiCTh KapT, cxeMm 1
rpadiki. Y MapInfo Professional cymimeni
eeKTHBHI 3ac00M aHami3y i 300pakeHHsI JaHUX.

Jlis kapTyBaHHS BHIIB aJIBEHTHBHOI (pakiii
¢aopu Pomencrko-IlonTtaBcbkoro reo0OTaHIYHOTO

OKpPYTy CTBOPEHO OKpeMi ImapW KapTH, sKi
30epiracThCcs B CINCKTPOHHIN 0a3l JaHWUX 1 MICTUTH
iH(pOpMaLlilo PO HASBHICTH BUIY Ta KiIBKICTh HOTO
MicIe3pocTaHb B IEBHOMY KBaJpari.

Bukopucranns AITOPUTMY CTBOPCHHS
TEeMaTHYHUX KapT Ha OCHOBI HasBHOI 0a3W MaHHUX
JI03BOJISIE BUSIBUTH Ha TEPUTOPIl 00JIACT KBaApaTu 3
BHCOKHM BHJIOBUM HACHYCHHSM TaKUX BHIIB Ta
CBOEPIMHI «Olmi IUIAMH» — KBampaTH, B SKHX HE
3a(ikcoBaHO JKOIHOTO BHAY, IO MOXe OyTH

HACIIKOM iX BiJICYTHOCTI B WiA IiASHIN, YH
BIICYTHOCTI B  JaHOMY paloHI  JeTaTbHUX
(bIOPUCTUYHUX JTOCITIKCHB.

BukopuctoByroun ITOPUTM CTBOPCHHS

TEMAaTUYHUX KapT y cepenosuiii Maplnfo, Ha ocHOBI
chopMmoBaHOi 0a3u JaHWX MOXKHA  OTPUMATH
pacTpoBy KapTy-MOJIENb PETiOHY OCTIKEHb 3 100pe
BAPXSCHUMH OCEPEIKaMH JIoKaJi3alii (HaiOLIbIIo0
KOHIICHTPAIlI€l0) aJBEHTHUBHHUX BHIIB UM PETiOHIB 3
HaHO1TBILIO0 KOHIICHTPALFO MiCIIe3pOocTaHb

KOHKPETHOTO BUJLY, K 1I€ BiIOOpaKe€HO Ha puC. 2 Ha
npukiazi Setaria glauca (L.) P. Beauv.

KinbkicTb nokanirtetis
M 5--8 (35)
[ 4-5(18)
13-4 (14
[11--3 (42)

1

Puc. 2. I[lowmupennn ma KoHyeHmMpayin mMicye3Haxooicens

Setaria glauca (L.) P.Beauv. na mepumopii Pomencuoxo-
Ilonmaecvko2o zeobomaniuno2o okpyzy

e BT N T 2N

Fig. 2. Distribution and concentration of locations
Setaria glauca (L.) P.Beauv. in the territory
Romenskaya-Poltava geobotanic County
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MAPPING OF ALIEN PLANT SPECIES OF ROMENS-POLTAVA GEOBOTANIC AREA
V. V. Budzhak, T. S. Dvirna

Based on our experience in the development of grid maps of local areas as well as individual regions, a net map sized of 5 x 5 km
was designed for the territory of Romensk-Poltava geobotanic area in UTM system of coordinates. The developed map is consistent
with the net adopted in «Atlas Florae Europaeae. The developed map is a basis for summarizing the information regarding the
spread of alien species in the studied area. During the map development the Maplnfo system was used, which is specifically designed
for collecting, storing, editing and analyzing the data. For the mapping of alien fraction species of Romensk-Poltava geobotanic
area flora, separate layers of maps were designed, stored in an electronic database containing the information on the availability of
the type and number of its habitats in a particular square.
Keywords: mapping, net method, MapInfo, GIS technology, flora alien fraction, Romensk-Poltava geobotanic area, Ukraine.
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MIKPOBIOJIOI'TYHA AKTUBHICTDb YOPHO3EMY THITIOBOI'O 3A
PI3BHUX CITOCOBIB OGPOBITKIB IPYHTY

P. IT. BUILHUM

Hayionanvnuti naykosuti yenmp «lncmumym rpynmo3snaecmea ma acpoximii imeni O.H. Coxonoscvroeo,
aabopamopis MiKpo6iono2ii pyHmis
61024, eyn. Yatixoscoka, 4, m. Xapkis
e-mail: ruslan-vilnyy@ukr.net

YV cyuacnux ymosax azpapnozo upobnuymea nocmac HeobXionicms 00 nepexody Ha pecypcoouaoti exonocobesneyni
mexHoN02ll, wo cnpusimume GIOHOGNEHHIO OIOPISHOMAHIMMSL, GIOMEOPEHHIO POOIOYOCMI I[PYHMIB, NOKPAUJCHHIO
exonociunozo cmany 6 yinomy. OOHUM I3 WIAXIE GUPIWIEHHS YUX NUMAHb NPONOHYEMbCS 3HUNCEHHS MEXAHIYHO20
HABAHMAICEHHs. HA IPYHM, HA OCHOBL 4020 PO3POONAIOMbCs HOGI MeEXHON02il. AxmuseHicmb [PpYHmMosol MiKpobiomu
YYMAUGO peazye Ha 3MIHU AHMPONOSEHHO20 HABAHMAICEHHS | MOMY MOdJice OYmu GUKOPUCIAHA SK O000AMKOGULL
biodianocmuyHUll NOKA3HUK NpU OYIHYI eKoNo2iuHo20 cmawny IpyHmis. Tomy Mmemow Hawux 00CniodiceHs 0OYio
BCMAHOBIEHHSL 3MIH MIKpPOOIONIOSTUHOI aKMUBHOCMI YOPHO3eMY MUN0B020 34 DI3HUX CHOCODI8 00poOImKy TpyHmMY.
Mixpobionoziyny axmuseHicmb po3paxo8ysanu 3d PIGHAMU aKmMusHocmi pepmenmis (Oeciopocenasa, iHgepmasza) ma
YenrI030po3KIAdeH s, Himpugikaitinoi ma amowuigikayiinoi 30amuocmett pynmy. Ha eapiammax 3 minimanizayii
00pobImKy ma eapianmi 3 HYIbOSUM 0OPOOIMKOM cnocmepizaemvcs 30inbuieHHs de2iopoceHasnoi akmuernocmi 6 1,25,
1,6; 1,4 pas 6ionogioHo, 8 nopieHaHHI 3 OpaHKow. B yinomy, nicis 30UpaHHs YpoXCArd CHOCMEPI2AEMbCA 3HUNMCEHHS
deciopoeenasnoi akmueHOCmi, Ha 6CIX eapianmax, a Ha Oeskux Hasimv Ha 51%, nopisuano 3 nepiodom eecemayii
kynomypu. Cymmesux KoausaHv iH8epMA3HOi AKMUBHOCMI MidC eapianmamu o6pobIimKy IpyHmYy He BUABIEHO.
Amonigixayiiina 30amuicme y nepiod eecemayii pociun npoxooums Haukpauwie Ha sapianmi Kyiemueayii. Ilicis nepiody
akmuenoi  eéecemayii pociun piseHv amowigikayiunoi 30amumocmi nadac y 1,5-2,0 pasu. Hatieuwe 3nauenns
HIMpuU@iKayiinol 30amHocmi CnOCmepicacmuCs 6 NPUKOPEHEill 30HI HA 6apiaHmi KyJlbmueayii, Ha opanyi (npuxoperesa
30na) nudcue na 16%, na eapianmax No-till ma ouckysanns na 33% ma 48% eionosiono. Buguenns inmencuenocmi
PO3KIAOEHHS YeNroNo3U O0A€ MOJCIUGICMb CYOUmMU NpO MeMnu PO3KIAOAHHA POCIUHHUX 3ANUWIKIE, 8 CKIAOI AKUX
30CepeddiceHa 3HAYHA KLIbKicmb Kaimkogunu. [lenonozonimuuna axmusHicms 6 nepiod ecemayii 03uMo20 dcuma
Xapaxmepusyemscs 3p0CMAHHAM HA 8apiaHmMax Kyibmueayii ma Hynw068020 o6pobimky. Ilicia 360py yposcaio o3umozo
Jrcuma Ha 6CiX 6apiaHmax SAK y NPUKOPEHe@ili 30HI MakK i y MidiCpAOOi Gi03HAUEHO 3POCMAHHA YeN0N030AIMUYHOL
AKMUBHOCMI YOPHO3EMY MUNOB020, W0 NOACHIOEMbCS HAOXOONCEHHAM POCIUHHUX pewmok 0o Ipyumy. Ilicia 30upanus
ypoocalo  ICMOMHOI pisHUYD Midc eapianmamu He cnocmepicacmvcs. [[na xapakmepucmuku [HMeHCU8HOCmi ma
CHPAMOBAHOCMI  MIKPOOIONIOZIUHUX Npoyecié IpYHmMy 8 yYiiomy, pOo3pax0o8aHO IHMe2po8aHutl NOKA3HUK OI0I02IYHOT
axmuenocmi (I[IBA) 3a ompumanumu OaHuMU HEPMEeHMAMUEHOI aKMUHOCMI, aMoHIQIKayiiHol ma HimpugikayiiHoi,
Yentono30pyunyIouoi 30achocmeti Ipynwmy. 3a inmezpoéaHum NOKA3HUKOM 0i0NI02IUHOI axmueHoCmi Hatuxpawum 0ye
sapianm i3 3acmoOCYBaAHHAM OpAHKU, 0eujo Hudxcye yell NoKasHuk na eapianmi No-till. 3a ymo6 eukopucmanus Hyib0802o
00pOGIMKY pi3KUX KOIUBAHb He GIOMIYEHO MIdC CMpPOKAMU GI0OOPY IPYHMOBUX 3PA3KI6, MOMY MOJICHA 2080PUMU NPO
BUCOKY AKMUBHICMb | cmaiie (PYHKYIOHYBAHHsL IPYHIMOB020 MIKPOOIOYEHO3Y NPOMSZOM 6Cb020 8e2eMAayiliHO20 NePiooy.

Knrouosi crosa: woprosem munoguii, 06poOimok ipyHmy, MiKpoOiono2iuHa aKmusHicmb.

Beryn. CydacHe 3emilekoprcTyBaHHS B YKpaiHi,
SIKEe XapaKTepPU3YEThCsl TPUBAIUM, HepallioHATbHHM,
BUKOPUCTAHHSIM IPYHTIB, HaJMipHUM MeXaHIYHUM
00pOOITKOM, 3aCTOCYBaHHSM B@KKOI  TEXHIKH,
HE3HAYHNM BHECCHHSIM MIHEPaJbHHUX 1 OPraHIYHHX
n00pus, 3aCTOCYBaHHIM MECTUTH/IIB,
HEIOTPUMAHHSAM  IPYHTO3aXMCHUX  TEXHOJIOTIH
MPU3BEJIO JI0 CYTTEBOIO MOTIPIICHHS BIACTHBOCTEH
TPYHTIB, y TOMY 9HCI ¥ 6ionoriuaux. Tomy mocrae
HEOOXiZAHICT, [0 TEpexoqy Ha PecypcoolIaaHi
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€KOJIOro0e3NeyHi  TeXHOJOrii, 10 CIpUATUME
BIJIHOBJIEHHIO 010pI3HOMAHITT, BIITBOPEHHIO
POIIOUYOCTI TPYHTIB, TMOKPAIIEHHIO EKOJIOTiYHOTO
CTaHy B LIJIOMY.

OaHuM 13 UUISXiB BHUPINICHHS [HUX HPoOJeM
MIPOIIOHYETHCS SHIDKCHHS MEXaHIYHOTO
HaBaHTA)XGHHsS Ha IPyHT, Ha OCHOBI 4Oro
PO3pOOIISAIOTHECS HOBI TEXHOJIOT .

Hespaxkatoun Ha Te, L0 HYJIBOBUH 0OpOOITOK
IPYHTY JOCHUTH MOIIUPEHUN Ha 3HAYHHUX TEPUTOPISIX
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Jlatuucekoi Ta IliBHIYHOI AMepuku, €Bporm, A3il
Ta AQpuKH, a TaKOK € HAKONMWYCHHH JIOCBIM
3actocyBanHs No-Till B «Arpocoros3i», 3anuinaeThest
HEBUBUEHOIO  Li1Ja  HW3Ka  M[UTaHb  MIOJO
TEXHOJIOTIYHUX aCITEKTiB, SIKi MOTPeOYIOTh HAYKOBO
0OTpyHTOBaHO] BiATIOBII.

Bionoriyna axkTHBHICTH IPYHTY € Ba)KJIUBOIO
CKJIQJIOBOI0 HOTO pOMIOYOCTI 1 BHUPAKAETBCA Y
YUCENHHOCTI MIKPOOPTaHi3MiB pI3HHX €KOJIOro —
TpodiuHUX Tpym, ix Oiomacu, piBHI aKTUBHOCTI
010JIOTIYHMX MPOLECiB CUHTE3Y 1 po3KiIany (po3Kian
KIIITKOBUHH, (pepMeTaTnBHA aKTUBHICTH Ta iH.), ¥
pe3yibTaTi SIKUX CKIAIHI CHOIYKH IEPETBOPIOIOTHCS
y ¢opMmu, mocTymHi A7 JKUBIGHHS POCIHH 1
mikpoopranizmis (Kosma B. A., 1975; Kymuk A. @.,
2001).

AKTHUBHICTh  TPYHTOBHX  ()EPMEHTIB  MOXKeE
BUCTYHATU JOJAaTKOBUM JiarHOCTUYHUM
MOKa3HUKOM TIPYHTOBOi POXIOYOCTI, a TaKoX B
3HAa4YHIH  Mipi  BimoOpaxxaTh  IHTEHCHBHICTb
AQHTPOTIOTCHHOTO HaBaHTakeHHs Ha TpyHTH (Kasees
K.II., 2004; Cemukonenasix A.A., 2001; HameHko
E.B., 2005).

Bce Buine HaBezeHe BKa3ye Ha aKTYyalbHICTB i
HOBHU3HY JOCHI/DKEHb MO0 3aKOHOMipHOCTEH
(hopMyBaHHS O010JOTIYHOTO CTaHy TPYHTY 3a YMOB
3actocyBaHHs TexHojorii No-till.

Tomy meTor0 po0OoTH OYyJI0 BCTAaHOBJICHHS 3MiH
MiKpOOiOJIOTiYHOI aKTHBHOCTI YOPHO3EMY THUIIOBOTO
3a  pi3HUX CMOCcO0iB  OOpOOITKY  TIPYHTY B
JliBoGepesxxnomy Jlicocteny YkpaiHu.

O0’ekt Ta MeroaM. [loibOBI IOCHIIKEHHS
MPOBOJMIINCH HAa JIOCHIAHOMY ToJdli XapKiBCHKOTO
HaIlOHAJILHOTO arpapHOro yHiBepcuTeTy iMeHi B.B.
HokyuaeBa. [Jlocmin 3axmagenwii y 2006 pomi ams
BH3HAUYEHHsSI €(QEeKTHUBHOCTI TEXHOJOTiH 00pobiTKy
IPYHTYy PpI3HOTO CTyNeHS I1HTEHCHBHOCTI IpH
BUPOIILYBaHHI 3€pHOBUX KyJIbTYp Y JWHAMIiYHIH
CIBO3MIiHI. Cxema JocTiay nepenoaydae
3aCTOCYBaHHS TaKHX BapiaHTiB 00pOOITKY IPYHTY SIK
OCHOBHU TEXHOJIOTiH:

1. Opanka I1JIH-4-35 na 20-22cM (KOHTPOIIB).

2. Muckysannsa IMT-4 Ha 10-12cm.

3. Hepenanocieaa kynpruBamis KIIE-3,8 Ha 6-8
CM.

4. Besnocepenns ciBoa Grate plains (No-till).

SarajpHa miomia jgocuiay 1,4 ra. Po3mimeHHs
OUISSHOK B JIOCHIAI  IMOCIZOBHE, IOBTOPHICTh
TpupasoBa. Ilnoma mociBuoi minsukm 800 M
06:1iK0BOT — 500 M

BcranoBienHst 010J710TiYHOT aKTUBHOCTI TPYHTY
Ta CHOPSIMOBAHOCTI MiIKpOOIOJOTIYHMX TMPOLECIB Yy
I'PYHTI IPOBOAMIIM 32 KOMIUIEKCOM MOKa3HHKIB:

- TPYHTOBOi aKTHUBHOCTI KJaciB (hepMEHTIB:
OKCHUIOpeayKTa3 (HmerigporeHasa) Ta Tiapoias
(imBepraza) (Kapsruna JLA., 1986; Xazuer @.X.,
1993);
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- amMoHi(ikyBaTpbHOI 3MaTHOCTI TIPyHTY 3a
MeTonoM Bakcmana (Mumryctur EM., Emues B.T.,
1970);

- HITpUQiKyBalbHOI 30aTHOCTI TIPYHTY 3a
MeTonoM Bakcmana (Temmep E.3., 1993).

Orinka 3MiH 6i0J0TIYHOT aKTHBHOCTI HAA€THCS
32 PpO3paXyHKOBUM IHTETPOBAHUM MOKAa3HUKOM
6iomoriunoi aktuBHOCTI (IIIBA) — 3a MeTomMKOIO Ha
OCHOBI  PO3paxyHKy CyMapHOTO  O0iOJIOTiYHOTO
nokaszuHuka 3a Jlx. A (Anuum k., 1959; Banbkos
B.®., 1999).

[Ipo6u rpyHTYy BimOupamucs B mepion Bererartii
KyIbTypu Ta Ticas 30upaHHS ypoXkalo 3a
3aranbHOnpuiHATUME MeTtoaukamu (JCTY ISO
10381-6:2001).

Jns BupimieHHs MOCTaBISHHX 3alad y pPoOOTI
3aCTOCOBYBAIIUCS MOJIbOBI, nabopaTtopHO-
AHAITHYHI, MIKpoOionoriuHi, Ol0XiMI4HI METOHH,
SIKi TIPOBOAWIHCSA Yy JabopaTopii MikpoOiomorii
rpyutiB HHI[ «II'A imeni O.H. CoxoJoBCBKOTO».
OnparroBanHs pe3yibTaTiB TIPOBOAMITUCS
CTAaTUCTUYHMMH  METOJaMH  JAOCHIIKEHb  3a
nomnomororo nporpam Excel i STATISTICA 6.0.

Pe3yabTaTu g0caigxens Ta ix 00roBopeHHs. Y
MPOIIECi JKUTTEMISUIBHOCTI TPYHTOBUX OpraHi3MiB

HaKOMUYYIOThCS  (DepMeHTH, fAKi  BimirparoTh
BUKJIFOUHO BXKJIMBY POJb Y GYHKIIOHYBaHHI IPYHTY
K  €KOCHUCTEMH. 3aBIAKH  OlOKaTaJIlTHYHUM
peakmisM 3a y4dacTi (QepMeHTIB, y TIpYHTI
31MCHIOIOTHCS HaWBaXJIUBINII rporecu
MIEPETBOPEHHS pEYOBHH. Pizni aBTOpH
CTBEP/UKYIOTb, IO  AaKTUBHICTH  IPYHTOBHX

(bepMeHTIB MOke OYyTH OJHHMM i3 JIarHOCTHYHHX
MOKa3HUKIB POIIOYOCTI IPYHTIB.

[Ilo6  BCTaHOBUTH  €H3UMHY  AKTHBHICTb
YOpHO3EMY THIIOBOTO OYJIO BH3HAYEHO iHBEpPTa3HY
Ta JIETi[poreHa3Hy akTHBHOCTI. JlerinporeHasu —
(depMeHTH, AKi OepyTh ydacTh y MpOIeCi ITUXaHHS,
BOHHM BIJIIIECIUTIOIOTh BOJIEHb BiJ CyOCTpaTiB sKi
OKHCITFOIOTb. JHerinporenasa XapaKTepHu3ye
MIiKpOOHHWE myn TpyHTY B 1inomy. Ha Bapianrtax 3
MiHimMani3anii oOpoOiTKy Ta BapiaHTi 3 HYJIbOBUM
00pobiTKOM CIOCTEpIraeTbes 301IbILIEHHS
JerigporenasHoi akruBHocti B 1,25; 1,6; 1,4 pa3
BiJNOBIZTHO, B MOPIBHSHHI 3 OpaHKoio. B minomy,
micns  30upaHHS  ypOXKal  CIIOCTEPIraeThCs
3HIDKEHHS JIETIAPOreHa3HOi aKTMBHOCTI, Ha BCIX
BapiaHTax, a Ha JIeIKHX HaBiTh Ha 51%, OPIBHSHO 3
mepiogoM Bereramii KymbTypu (puc. 1.), 1m0
MOSICHIOETBCS 11 (Bi310JIOTTUHOI0 0COOIHBICTIO — TIEH
(epMeHT HaWOUTBII aKTUBHUHA Ha eTanax PO3BUTKY
pociuH.

IHBepTaza perymioe CHHTE3 Ta po3najx Pi3HUX
Ipyn BYINeBOJiB. [HBepraza mpHCYyTHS B YCiX
IPYHTax, € OJNHHUM i3 HAWBAXUIMBIMHMX (HEPMEHTIB,
SIK1 XapaKTepU3yIoTh 010JI0T1YHY aKTUBHICTB IPYHTY.
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Puc. 1. Pieens 0eziopozenaznoi akmuenocmi 4opno3emy
MUN06020 NPOMAZOM 8e2eMAUiiiHO20 nepiody nio
6NUBOM PI3HUX CROCODI6 0OPOGIMKY TpYyHmY

PiBeHp iHBEpTa3HOI AaKTHUBHOCTI B  Mepioj
BereTamii 3a BapiaHTaMH iCTOTHO HE BiAPiI3HABCA,
KpiM BapiaHTiB KyJabTHBalil (IPUKOpEHEBa 30HA) Ta
No-till (mixkpsans), mo Ha 18 Ta 10% HmKuIe
MOpIBHSHO 3 IHIIUMH BapiaHTaMu, aje Ie He
MO3HAYA€THCS HA PO3BUTKY POCIMH 3 OIJISAY Ha Te,

Fig. 1. The level of the dehydrogenase activity of the
typical chernozem during the growing season under
influence of different tillage methods.

o0 MaKCHMalbHa aKTHBHICTh IIbOTO (EPMEHTY
MIPOSIBJIIETHCA 3 HAOXOKECHHSIM POCIMHHUX PEILTOK
mig uyac 30upaHHA ypokato. Tomy iHBepTasHa
AKTUBHICTh 3POCTA€ Iicisi 30MpaHHS BPOXKAK Ha
ycix BapiaHTax B cepeanbomy Ha 10-15% (puc. 2.).
CyTTeBHUX KOJMBAaHb MK BapiaHTaMH HE BHUSIBIICHO.
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Puc. 2. Pigens ineepmasznoi akmuenocmi 4oprno3emy
MUNe6020 NPOMAZOM 8e2emMNUiliHO20 nepiody nio
6NAUBOM PI3HUX CROCODIE 00POOIMKY TPYHmMY.
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Fig. 2. The level of the invertase activity of the typical
chernozem during the growing season under influence
of different tillage methods.
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cnocobié 00podimKy rpynmy.

I'pyHTOBHII a30T B OCHOBHIM cBOili Maci
MEepACTaBICHU  OpraHIYHUMH  CIIOJNyKamu, SKi
BXOJIITh y CKJIAJ TYMyCy 1 TiIbKM HE3HayHa HOro
YacTHHA, BiJ] 3AIHIIKIB 110 5% 3HaXOMUThCS Y hopMi
HEOpraHivyHUX CIIOJIYK — HITPATIB Ta aMOHIO.

OpraHiuyHuii a30T TyMmMycy Oe3nocepenHbo He
3aCBOIOETHCSI POCIMHAMH, alie Ml JI€I0 TPYHTOBHX
MIKpOOpTaHi3MiB BiH TOCTIHHO MiHEpaTi3yeThes 1
THM CaMUM CTa€ JOCTYITHUM ]IS HUX.

OCKIJIBKH 1Sl POCTY Ta PO3BUTKY BUIIUX POCIIHH
a30T HeoOXimuuil y popmi NH;" i NO3', Tomy BMicT
iX y TPYHTI Ta 3AaTHICTH IPYHTY II0 iX MoOimizamii
SIBIIIETHCSI  BOXKJIUBUM  TIOKa3HUKOM  0i10XiMigHO{
aKTHBHOCTI IPYHTY.

VY 3B’s3ky 3 1M OYJI0 MPOBENIEHO BHU3HAYEHHS
amoHi(ikariitHoi Ta HiTpudikaliiiHoi 3maTHOCTEH
IpyHTy. AMoHi(iKaliiHa 34aTHICTE y mepioA
BereTallii poC/IMH MPOXOIUTh HAMKpaIlle Ha BapiaHTi
KyJbTHBAIIIi: Y IPUKOpEeHeBii 30Hi 7,25 mr NH, /100

Fig. 3. The level of the ammonification ability of the
typical chernozem during the growing season under
influence of different tillage methods.

mics 300py yposkaro BiH 3HAYHO BHILE HIX B PO
BereTanii KYJIBTYPH. HaiiBuie 3HAYCHHSA
CIIOCTEPITa€ThCcsl B MPUKOPEHEBIN 30HI Ha BapiaHTI
KyJIbTHBAIlii, HA OpaHIli (MPUKOPEHEBA 30HA) HIKYIE
Ha 16%, Ha BapianTax No-till Ta nuckyBaHHS Ha
33% Ta 48% BianosigHO (pHc. 4).

BuBuenns IHTEHCHBHOCTI PO3KIIaeHHS
LENIONIO3H Ja€ MOXKIUBICTD CYJUTH TPO TEMIIH
PO3KJIaIaHHsl POCIMHHUX 3aJIMIIKIB, B CKJIAJl SIKUX
30cepe/PkeHa 3HadHa KUTBKICTh KIITKOBUHH. A.A.
IMiIeHerpbKui Ta iHII BiAMIYarOTh, IO PO3KIIA]
LENIONIO3H TPYHTOBUMH MIKPOOPTaHi3MaMu  SIBIISIE
iHTepec SK HaAHOUTBII BeNMUKWH 3a MacmTabaMu
IpoLleC TOB'SI3aHUA 13 KpPyrooOirom BYTJENIO B
npupoi. ['yMycoyTBOpeHHS B TOMY YH IHIIOMY
CTyNEHI 3aJeKHUTh BIJ PO3KIAAECHHS POCIHMHHHUX
3aJMIIKIB, KOTpi MOTPAIUISIIOTE A0  IPYHTY
(Mmmmrenenxmit  A.A., 1953; Apwucrosckas T.B.,
1980; Banaryposa E.B., 1982).

r 1pyHTy, ¥ 1,45 pasu Ouremie 3a Bapiant No-till Lemtono3oniTiuHa  aKTUBHICT B Hepiof
(nmpukopeneBa 3o0Ha). [licis mepiony aKkTUBHOI  Bereramii  O3WMOTO  JKUTa  XapaKTePU3YEThCS
Bereramii  pocJiMH  piBeHb  aMoHiQiKamiifHOI 3pocTaHHSAM Ha  BapiaHTaXx  KyJbTHBalii  Ta
3maTHOCTi manzae y 1,5-2,0 pasu i HacTymae eram  HyJBOBOTO 0OpOOITKY.

HiTpudikaniiHoi Tpancdopmarii a3oty (puc. 3). [HopiBHIOI0UN JaHi LEJTIOI030JIi THYHOT

Hitpudikanieto Ha3UBa€TLCSI OKUCHEHHS aMiaky
JI0 a30THCTOI 1 a30THOI KuCIOT. BoHa BinOyBaeThCs
HaHOUIBIII aKTUBHO 332 YMOB JOCTaTHBOI KiJIBKOCTI
MiHEpaJILHOTO aMoOHiitHoro asory, mpu pH ~7,0 i
JIOCTATHIN aeparllii, ToMy 3a pe3yJbTaTaMH aHali3y
OTPUMYEMO 3BOPOTHIO TEHACHIIIO 3MiHM MOKa3HUKa
HiTpUGiKaiifHOI 34aTHOCTI YOPHO3EMY THUIIOBOTO —

Biostoriuni cucremu. T. 6. Bum. 1. 2014

AKTHBHOCTI IMPHUKOPSHEBOI 30HM Ta MDKPSAIIS Ha
BapiaHTax 3 MiHiMaJi3aliero 0OpoOITKY YOpHO3EMY
TUTIOBOTO, BUSBJICHO aHAJIOTIYHY TEHCHIIIO SIK ¥ 3
OIOreHHICTIO IPYHTY, a came: MPOSBIAETHCS OlIbII
4iTKa nudepeHIiaris LIEJTFOJIO30JI THYHOL
AKTUBHOCTI MK  TNPUKOPCHEBOI  30HOK  Ta
MDKpsiIsM (puc. 5).
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Sxmo Ha ToYaTKy BereTauii Ha OpaHIl B
MPUKOPEHEBIH 30H1 e nmoka3HuK ckias 12,8 %, a B
Mixkpsiaai — 17,9 %, To 31 3SMEHIIIEHHIM MEXaHiYHOTO
THUCKY Ha TPYHT BiJIOYJIMCSI IPOTUIICKHI 3MIiHH, 1 Ha

Fig. 4. The level of the nitrification ability of the typical
chernozem during the growing season under influence
different tillage methods.

[Ticns 300py yposkaro O3MMOIO JKMUTa Ha BCIX
BapiaHTax sIK y IPUKOPEHEBIH 30Hi TaK 1 y MiKpPsIAL
BiJI3HAYEHO 3pOCTaHHs LIEJTIOJIO30JITUYHOL
AKTUBHOCTI YOPHO3EMY THIIOBOTO, IO MOSICHIOETHCS

Bapiauti 3 No-till 'y mnpukopeneBiii 30HI HAJAXO/PKCHHSM  POCIMHHMX  pemrok.  [licis
LEJIIONIO30IITHYHA aKTUBHICTh ckmanal7,9 %, a y 30upaHHs  ypokalo  iCTOTHOI — pI3HHLII  MiX
Mibkpsiaai — 14,2 %. BapiaHTaMH He CIIOCTEPIraeThCsl.
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MUn06020 3a Pi3HUX cucmem 00podIMKy rpynmy.
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Fig. 5. The cellulolytic activity of the typical chernozem
under different tillage systems.
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Hdns  XapakTepUCTUKWM  IHTEHCHBHOCTI  Ta
CHPSIMOBAHOCTI MIKpOOIOIOTTYHUX MPOILECIB IPYHTY
B IIUIOMY, pPO3PaxOBAaHO IHTETPOBAHHWHA TOKA3HUK
Oiomoriynoi aktuBHOCTi (I[IBA) 32 oTpuMaHMMHK
TAHUMA (hepMeHTaTUBHOT aKTHUBHOCTI,
amoHi(ikariitHoi Ta HiTpupiKaIiiHoi,
EIT0JIO30JII THYHOT 3/JTaCHOCTEH IPYHTY.

B mnepion Bereraiii 03uMOro >uTa HaWBHII
3HAYeHHsI IHTErPOBAHOTO TIOKAa3HUKA OiOJIOTIYHOI
aKTHBHOCTI YOPHO3EMY THIIOBOTO OTpPHMaHi Ha
BapianTax opaHku Ta No-till B mpukopeHesiii 30Hi,
nmemio  Hwkde 3HadenHs I[IBA  Ha BapiasTi
IUCKYBaHHS Ta  KyJabTHBamii. Y  MbKpsaani
CIIOCTEPIraeThCs TEHNEHIS 1O 3HWKEHHS pPiBHA
Gionoriynoi AKTUBHOCTI 3i 3MEHIICHHAM
IHTEHCUBHOCTI 00poOITKY IpyHTY (pHC. 6).

3a yMOB BUKOPUCTaHHS HYJBOBOTO OOpOOITKY
pI3KHX KOIMBaHb HE BIJIMIYEHO MIXK CTpPOKaMHu
BiIOOpPY TPYHTOBHX 3pa3KiB, TOMY MOKHA TOBOPUTH
PO BHCOKY AKTUBHICTH 1 cTaje (pyHKIIOHYBaHHS
IPYHTOBOTO  MIKpOOIOIIEHO3y TPOTATOM  BCHOTO
BEreTaliiHOrO Mepioy.

BucnoBku. Orxe, npu 00poOiTKY IPYHTY pi3HOI

IHTEHCUBHOCTI, @ TaKOX I@pH  3acCTOCYBaHHI
HYJLOBOI'O 0O0OpOOITKY, BiIOYBalOThCS 3MIHH Y
HalpaBIEHOCTI  Ta  IHTEHCHBHOCTI  OKPEMHX

MiKpoOionoriyHuX mporueciB. Tak, BCTAHOBJIEHO 11O
MiJ BIUIMBOM MiHiMai3alii oOpoOITKy YOpHO3EMY
THUTIOBOTO 3pOCTaia JeriJporeHa3Ha aKTHBHICTh Ta
30aTHICTH TPYHTY JAO PO3KJIAACHHS KIITKOBHUHHU.
Iporecu amonigikamii Ta HiTpudikalli, HaBIIaKH,
OPOXOAWIM  Kpamie 3a YMOB  IHTEHCHBHOTO

Biostoriuni cucremu. T. 6. Bum. 1. 2014

Fig. 6. The biological activity of the typical chernozem
under different tillage systems (with integrated indicator
of biological activity).

00po0iTKy, TOOTO OpaHKH. Pi3Hi criocoou 00podiTKy

IPYHTYy HE Mali ICTOTHOTO BIUIMBY Ha 3MiHH

iHBEpTa3HOi  aKTWBHOCTI. B mimomy, 3a

THTETPOBAHUM TIOKa3HUKOM O10JIOTiYHOI aKTHBHOCTI

HalKkpaiiuM OyB BapiaHT i3 3aCTOCYBaHHSIM OPaHKH,

JIeTI0 HIOKYe 11l mokasHuk Ha BapianTi No-till.
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MICROBIOLOGICAL ACTIVITY OF TYPICAL CHERNOZEM UNDER DIFFERENT
TILLAGE

R. P. Vilnyy

The modern agricultural production requires transition to resource-ecological safety technologies which will
contribute to recovery of biodiversity, reproduction of the soil fertility, improvement of the ecological state as a whole.

As a way to solve these issues, it is proposed to reduce the mechanical load on the soil, which is the basis for the
development of new technologies. The activity of the soil microbiota is sensitive to the changes in the anthropogenic
load and therefore it could be used as an additional biodiagnostic indicator for assessment of the ecological condition
of the soils. The purpose of our research was to define the changes in the microbiological activity of the typical
chernozem using different tillage methods. The microbiological activity was calculated based on the enzyme activity
(dehydrogenase, invertase) and cellulose destroying, nitrification and ammonification abilities of soil. When applying
tillage minimization and zero tillage methods, the increase of the level of the dehydrogenase activity in 1,25; 1,6; 1,4
times respectively was observed in comparison with plowing. In general, after harvesting a decrease was observed in
the activity of dehydrogenase at all the methods and at some of them by 51 % in comparison with the period of culture
growth. Significant fluctuations of the invertase activity between tillage methods were not identified. The
ammonification ability during the growing season was better at the method with cultivation. After the period of the
active vegetation, the level of the ammonification ability decreases by 1,5 - 2,0 times. The highest nitrification ability
was observed in the root zone for the method with cultivation, for plowing (the root zone) was 16% lower, for No-till
and disking methods 33% and 48% respectively. Studying of the intensity of the cellulose decomposition allows to
define the rate of decomposition of the plant residues, where a significant amount of fiber s concentrated. The
cellulolytic activity of the winter rye during the growing season increased for methods with the cultivation and zero
tillage. For all the methods after harvesting the winter rye, the increase of cellulolytic activity of the typical chernozem
was determined both in the root zone and in the row middle, what is to be explained by the arrival of the plant residues
to the soil. No significant difference between the methods is observed after harvesting. In order to describe the intensity
and targeting of the microbiological processes in the soil as a whole, an integrated indicator of biological activity
(I1BA) was calculated based on the received data of the enzymatic activity, and ammonification, nitrification, cellulose
destroying capacity of the soil. In terms of integrated indicator of biological activity the best method was the one using
plowing, this index was slightly lower for No-till method. When using the zero tillage, no violent fluctuations between
the periods of soil selection are not observed, that is why a high activity and a stable functioning of the soil microbial
cenosis during the growing season can be claimed.

Keywords: typical chernozem, soil cultivation, microbial activity, enzymatic activity, ammonification ability,
nitrification ability.

Ooepoicarno peoxonezicio 30.04.2014
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V]IK 631.4

BIIJIMB METO/IB BUSHAYEHHSA BOJIOI'O3ABE3IIEYEHOCTI HA
BOHITET BYPYBATO-IIIA30JIMCTUX IOBEPXHEBO-OI'JIEEHUX
I'PYHTIB IEPEJIKAPITATTS

I. C. CMAT'A

Yepniseyvkutl HayionarvHuil yHisepcumem im. FO. @edvrosuua, Yepnisyi, Yrpaina
e-mail: Smaga.lvan@gmail.com

Posenanymo cneyugpixy gpopmysannsa 3anacie npodykmueHoi 8onozu 6 Oypyeamo-nio301Ucmux nOBePXHeB0-021eEHUX
epyumax Ilepeoxkapnamms 3a1e3#CHO 8i0 CHOCOOY 3eM1e8UKOPUCMAHHS MA 8NIUEY OCYulysanbHoi meriopayii. Pospaxosaro
MAKCUMATBLHO MOXNCIUBE 3aNacu NpOOYKMUBHOI 80102U 8 MempoBOMY WApi SpYHmMY 3a NPONUCOM YUHHOL MemOOUKU
OOHIMYBaHHA SPYHMIE MA NPeOCMABNIeHO Pe3yIbmamy 6USHAYEHHs Napamempie 0aHo20 Kpumepito Ha OCHOBI 3-X pIiyHUX
EKCNEPUMEHMANLHUX OOCHIONCEHb GMICTTY B0JI02U 8 SPYHIMI BNPOO0EIHC 6e2emayiiitno2o nepiody. Anpobosano memoouxy
b6anvroi OYiHKY 61aCcMUB0CMEl SPYHMY NPU 3a2aTIbHOMY OOHIMYBAHHI (8MiCI 2yMYCY A MAKCUMATIbHO MOMCTIUBUX 3ANACIE
HPOOYKMUBHOT BONIO2U 6 MEMPOBOMY WaApi epPYHMY, a MAKONC 6MiCm pyxomozo gocgopy ma 06MiHHO20 Kalilo 6
MEmposomMy wapi pyHmy) Ha Rpuxiadi Oypysamo-nio30aucmo20 No8epxXHego-02iecHo20 2pyHmy CmoposicuHeybKko2o
3emenbHo-0YyinouHozo paiiony Yepuigeyvkoi obnacmi nio nacosuujem HeoCYuieHUM, Pilieio OCYueHol0 ma nacoguuem
ocyuteHum. Bcmanoeneno napamempu MAaKCUMAnbHO MOMCTUBUX 3ANACI8 NPOOYKMUBHOI 80NI02U 8 MEmPOBOMY ulapi
00CNiONHCYBAHO20 EPYHMY PI3HO20 3eMIEBUKOPUCIAHHA NPU  PO3PAXYHKOBOMY MdA eKCHepUMEHMAIbHOMY CHOCODT
BUBHAYEHHS MA iX O6ANIbHY OYIHKY NO GIOHOUIEHHIO 00 3A2albHO0epIHCABHO20 emanond. TIpociiokosano eniug napamempis
MAKCUMATBHO MONCIUBUX 3ANACIE NPOOYKMUBHOT 801021 8 MEMpPOBOMY WAPI SPYHMY, USHAYEHUX 080MA MemoOamu HA
BENUNUHY 3A2AT6HO20 OOHIMeEmy 2pYHIY.

Kniouogi crosa: bonimem 2pynmy, npooyKmueHa 601102d, NPUpOOHO-CLIbCbKO2OCNOOAPChKE PATIOHY8AHHS, MEeMOOUKd
6oHImy6anHs, Kpumepii OOHIMYBAHHS, 3eMeNbHO-OYIHOUHUIL PAloH, pyXomull pocgop, 0OMinnul karid, 6an 6onimemy,
6ypysamo-nio30aucmuil  NOBEPXHEB0-02NECHUL 2PYHM, NACOBUWE HEeOCYUleHe, NAcosuwe Ocyuiene, pilis OCyuleHd,
6071020300€3neYeHiCMb IPYHMY, OCYULY8ATbHA METIOpayis.

Beryn. CraHOBIICHHS PUHKY 3eMeNb  OOHITETIB CTOCOBHO €TaJIOHIB, MITIOpaHUX y MEKax
CLITBCHKOTOCTIONIAPCHKOTO TIPH3HAYEHHS B YKpaiHi  OKpeMuX MIPUPOJTHO-CLITBCHKOTOCITOIAPCHKUX
3YMOBJIIOE TIOTPeOY Y BUKOPUCTAHHI JaHWX 3 OLIHKKA  paiioniB.  Jlms  Bciel  Tepuropii  YkpaiHu

3eMelb. 3TiJHO 3 YMHHOIO HOPMATHUBHO-IIPABOBOIO

BUKOPUCTOBYETHCS €IMHA METOJAWKA OOHITYBaHHS,
6a3or0, BOHH TIpe/ICTaBJIeH] OOHITETOM i

HE3aJIEKHO BIJ HEOJTHOPIAHOCTI IPYHTOBO-

arpoBUpOOHUYMX TIPYI IPYHTIB Ta iX HOPMATHBHOIO
TPOIIOBOIO  OIIIHKOIO,  SIKa  pO3paxoBaHa  3a
HOpPMAaTHBaMH{, BCTaHOBJIEHHMMH NpU MPOBEICHHI
€KOHOMIYHOI OIiHKK 3eMiti. OCOOIMBO Ba)KIIMBa POITh
BiZIBOUTBCS OOHITYBaHHIO TIPYHTIB, OCKINBKH 3a
JAHUMHU 1X OOHITETy MOXJIMBO BHUSBUTH ILIOIII
MaJIONIPOAYKTUBHUX Ta  JIEIPAJOBaHUX 3€Mellb,
NPUAATHICTD IPYHTOBUX BiJMiH JIsl BHPOILLYBaHHS
OKpPEMHUX CIJIbCHKOTOCIIOJIAPCHKUX KYJBTYp B MeEXKax
TEpUTOpiil 3 HAHOLIBII CIPUATIAMBUMHI YMOBaMHU JJIs
iX pocTy 1 PO3BHTKY, a TaKOX BHKOPHUCTOBYIOTHCS
NpU TIAOBaHHI 3eMellb, BH3HAYEHHI PO3MIpIB BTpar
CLIBCBKOTOCIIOAPCHKOrO BHUPOOHUIITBA Bijg
BiIUY’)KEHHS 3€MeJb 1 pO3paxyHKax HOPMAaTHBHOL
TPOIIIOBOT OIIHKK OKPEMHX arpOBHPOOHHYHMX TPYI
TPYHTIB.

UMHHUA HOPMAaTUBHHMH JOKYMEHT 3 OOHITETHOI
ouinku  (HoBakoBckwuid, 1992)  mepenbauae
BU3HAYEHHSI 3arajbHOr0 OOHITETY arpoBUPOOHUYNX
rpym IPYHTIB 1o BiJHOIICHHIO b1 (o)
3arajJibHOACP)KABHUX  €TANOHIB Ta  YAaCTKOBUX
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KIIIMAaTHYHUX, TEOMOPQOJIOTIYHUX, TiIPOIOTIYHUX
Ta IHHMX YMOB. TOMy, BaXXJIMBO BCTAHOBUTH
00’€KTHBHICTh  OOHITETIB TIPYHTIB OKpEeMHX
perioHaNBHUX YMOB, IO 3yMOBJIOIOTH BiJIMOBIIHI
IapaMEeTpU BIACTUBOCTEH IPYHTY, HAIPHUKIAJ HOTO
BOJIOT'0320€3MEYEHOCTI.

AHani3 ocTaHHIX gocaimkeHb i myOJikaniii. B
OCTaHHI POKHM BHKOHAHO (yHIAaMEHTaJbHI HayKOBI
PO3pOOKM  IIOJ0  BIOCKOHAICHHS  METOAMYHHX
acrekTiB  OOHITYBaHHS TIPYHTIB: OOIPYHTOBaHO
OIIHKY CHCTEMU «IpYHT-Kiimar-none» (MenBenes,
Inucko, 2011), BU3HAYEHHS IPYHTOBO-
kinimMarnaHoro  iHnekcy (bynrako, Kapmanos,
2010), po3paxyHKH arpOHOTEHLIaNiB NPUPOJTHOI i
epextuBHoi pomtouocti (ITonyman 3 cmieas., 2008),
a TAKOXK TOJAJIBIIOI JAeTasTi3allii MIKaJId OOHITYBaHHS
B pamkax ynHHOI Metoauku (Kanamr, 2002; 2008).

VY BIANOBIMHOCTI 3 MOJOXEHHSIM crarri 199
3eMeNbHOIO  KOJIeKCY — YKpaiHu, TOpiBHSIIbHA
OLIIHKa SKOCTI TPYHTIB Ma€ MPOBOAMTHUCS 3a iX
MPUPOAHUMH BIACTUBOCTSIMH, SIKI MArOTh CTaJlMi
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XapakTep 1 CYTTEBO BIUIMBAIOTH HA YpPOXKANHICTH
CUTBCBKOTOCTIOIAPCHKUX KYJBTYp, BHPOIIYBAaHHX Yy
KOHKPETHHX [PYHTOBO-KJIIMAaTHYHHX yMoBax. Lle
MOBHICTIO Y3TOKY€EThCSI 3 YMHHUM HOPMAaTHBHUM
JOKYMEHTOM, TOOTO  OQIIifHOI  METOAUKOIO
oonityBanHs  (HoBakoBckuit, 1992). Towmy,
MOJANIBIINK PO3BUTOK YHHHOI CUCTEMH OOHITYBaHHS
IPYHTIB BOadaeThCsl B YOOCKOHAIECHHI OKpeMHX Il
METOIMYHHUX TIOJIO’KEHb, 30KpeMa 11010
00’€EKTUBHOTO BPaxyBaHHS BOJOr03a0e3MeueHOCTI
IPYHTIB Ta anpoOarii ix y perioHaJbHUX yMOBaXx.
Merta mocnimkeHb — BCTAaHOBUTH 00’ €KTHBHICTh
0anbpHOT OWIHKK BoOJIOT03a0e3nedeHocTi OypyBaro-
M A30IMCTHX MOBEPXHEBO-OTIICEHUX IPYHTIB
[TepeaxapnaTTs 3a pi3HUX METOMIB 1i BU3HAYCHHS.
[Ipenmer mocmimkenp — OoHiTeT OypyBaTO-

M A30IMCTHX MOBEPXHEBO-OTIICEHUX IPYHTIB
[Iepenkapnarrs.

O0’exkr i Metomm pgociimkeHb. OO0’ekToM
JOCHI/DKEHb  BHUCTYMAIOTh  OypyBaTO-Mi30JUCTUX

MOBEepXHEeBO-orneeHi IpyHTH Ilepeakapnarts B
Mekax CTOPOKMHEIBKOTO  3eMeNIbHO-OLiHOYHOTO
paiiony UYepHiBenpbkoi oOmacti. 30ip BUXIIHUX
JaHUX [I0A0 MapaMeTpiB IPYHTOBUX BIACTUBOCTEH
Ta PO3PaxyHOK 3arajibHOr0 OOHITETY MPOBEACHO 32
YIHHOIO METOJMKOIO OOHITYBaHHS I'PYHTIB YKpaiHU.

Hdns  po3paxyHKiB MaKCUMalbHO MOXKIHBHX
3amaciB  MPOAYKTHBHOI ~ BOJOTM B IPYHTI
BUKOPHCTAHO MaTepiaii MOJbOBHX Ta JIAOOPaTOPHO-
AQHANITHYHUX  JIOCHI[DKEHb  TIPYHTIB  pI3HOTO
3eMJICBUKOPUCTAHHS (J1ic, IAcCOBHIIEC HEOCYIICHE,
pliuIs ocylieHa Ta macoBHINE ocymieHe). B 3paskax

TPYHTY, BiiOpaHUX 3 OKpPEeMHX TOPH3OHTIB 3
IPYHTOBHX pO3pi3iB BH3HA4YaNU: 00’€MHY Macy —
METOJIOM  PDKYYOro  KiUIblls,  MaKCHMAaJbHY
rirpockomiynicte  (MI')  1pyHTY — Meromom
HikosaeBa, BOJIOTICTh B’SHEHHS — PO3PaxyHKORBO,
BOJIOTICTb TPYHTY - TEPMOCTaTHO - BaroBUM
METOJIOM,  HAalMEHNIy  BOJIOTOEMHICTB — 3

BUKOPUCTAaHHSM TirncoBux IuiacTiH (BamgroHuHa,
1986). BusHaueHHS BMICTy BOJIOTM B METPOBOMY
mapi  TIpyHTY TpPOBOAWIM 32 TCHETUYHUMH
TOPU30HTaMU B TPETIH AEKadi KOXHOTO MICSIS
BereTamiiHoro mnepioay Brpoaosxk 2002-2004 pp.
Ha ocHoBi Takux manux Oyno po3paxoBaHO cepeqHi
3HAUEeHHS 3amaciB  MPOAYKTHBHOI BOJOTH 32
BereTaliiHUN Mepiof KOXHOTO POKYy Ta 3a
JOCTIKYBaHI POKH.

PesyabTtaTH Ta ix o0rosopenHs.. B sxocrti
OCHOBHUX KpHUTEpIiB 3arajbHOr0 OOHITYBaHHS
IPYHTIB BUKOPHCTOBYIOThCSI 3allaC TyMycy Ta
MaKCUMaJbHO MOMJIMBI  3amacd  MPOLYyKTHBHOL
Bosord (MMB3IIB) B merpoBOMy Imiapi IpyHTYy, a
TaKOXX BMICT Y BEpXHbOMY WIApi IPYHTY PYXOMOTO
dbochopy Ta oOMiHHOTO Kamito. 30ip JaHUX PO
3a3Ha4eHi BIACTUBOCTI IPYHTIB TPOBOJIUTHCS B
po3pi3i arpoBHPOOHWYMX TPYyN TIPYHTIB. 3amacu
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TYMYCY PO3pPaxOBYIOTHCS, BUXOSUM 3 HOTO BMICTY B
OKpPEMHX TCHETHIHHX TOPU30HTAX Ta iX PIBHOBAKHOI
uriikHOCTI. BMicT pyxomoro ¢ocdopy Ta oOMiHHOTO
KaJIito nepeadavYeHo BU3HAYATH
3araJTbHONPUHHATAMHE B arpOXiMIYHUX JTOCIIHKCHHIX
METOaMH{ 3aJIeKHO BiJl CHenmu(PiKd TEHETHIHOI
npuponu IpyHTy (Meromm Ywmpikosa, Kipcanosa,
Maudirina, Apeniyca). [mg xoxxHOro MeToxma
BHA3HAYEHHS BCTAHOBIIOETHCS €TAIOHHE 3HAYCHHS
LI0/I0 BMICTY TOT'O YH 1HIIOTO €IeMEHTa >KUBJICHHSI.

Bennmunan MM3IIB po3paxoByioTh sIK 100yTOK
pi3HHMII MDK HAaWMEHIIIOI0 BOJIOTOEMHICTIO Ta
BOJIOTICTIO B’STHCHHSI Ta 00’€MHOI Macu W TJTMOMHU
BiNOBITHOTO IIapy YH T€HETUYHOI'O TOPU3OHTY
rpyHTy. Pesyiapratm 3a mapamMu (T€HETUYHUMHU
TOPU30HTaMH)  TJCYMOBYIOTH 1  OJEPXKYIOTh
Beimunny MMB3IIB y 0-100 cM mapi T1pyHTYy.
OO0’€eKTHUBHICT,  TAaKOTO  METOAY  BH3HAUYCHHS
BOJIOr03a0e3MevYeHOCTi IPYHTYy HE JOCHUTHh BHCOKA,
OCKUTBKM TpPH  BEJIIMKOMACHITAOHUX TPYHTOBUX
OOCTEeXKECHHSAX TaKi XapaKTePUCTUKU TIPYHTIB HE
BH3HAYaNHCA 1 IX, 3a3BUYail, BHKOPHUCTOBYIOTH 3
JIOBiJIKOBOT IPYHTO3HABYO] JIiTEpaTypH.

ANBTEpHATHBOIO TAaKOMY METOAY BW3HAYCHHS
MM3IIB Moxe cTaTd, Ha Hally  JOYMKY,
BCTaHOBJICHHS ix 3Ha4YeHb Ha OCHOBI
eKCIIEPUMEHTAJIbHO ~ OTpUMaHuX  jgaHux. s
OypyBaTO-ITiI30JTUCTUX MOBEPXHEBO-OTJICEHUX
IPYHTIB [epeaxapnarrs roro BEJIMYNHY
BCTaHOBJIIOBAIM 32 Pi3HUX THITIB 36MJIICBUKOPHCTAHHS
SK cepeHe apudMeTHUHE 3HAUCHHS 32 BereTalliiHui
mepion 2002-2004 pp. B ycix Bumagkax Oymu
OTpHUMaHi 3HAYHO HIDKY1 TTOPiBHIHO 3
PO3PaxXyHKOBUMH BEITMUMHU, 30KpeMa Ui IPYHTY
MACOBHINIA HEeOCyIIeHoro — B 1,8, pimmi ocymieHoi —
Maibxe B 2 Ta IaCOBUILA OCYLIEHOTo — B 1,2 pasu.

BasibHa OIiHKA KOKHOI'O ITOKAa3HUKA BIIACTUBOCTI
IPYHTY, TpPHHAHATOI 3a KpuUTepiii OOHITYBaHHS
BCTaHOBITIOBAJIACS SK BiJHOMIEHHS 11 (DaKTHYHOTO
3HaYeHHS [0 eTajoHHoro mnomHoxeHe Ha 100.
IpyHTH pi3HHX yrias 3a 3anmacamu rymycy B 0-100
cM mapi BigHOocHO etanony (500 T/ra) oTpumanu
OIIIHKY Big 46 1o 51,6 Oana (Tadu.).

Bmict y 0-100 cm mrapi rtpynty 200 MM
JOCTYIHOI Uil POCJIMH BOJIOTM TNPHHHATO 3a
€TaJIOHHE 3HAYEHHs iHIIOTO0 KPHUTEPil0 3arajibHOTro
oonityBanHa - MM3IIB. BBaxkaerbcd, mo came 3a
Takoi BENMYMHHM BOJIOTO 3amaciB y TIPyHTI
CKJIaJa€ThCsl  ONTUMAIBHUNA  BOJHO-TIOBITPSHUM
PEKMM Ta TIOBHICTIO 3aJIOBOJBHSIOTHCS TMOTPEOU
pociuH y Boai. [lapamerpu 1aHOro NmOKa3HHKA, SKi
BH3HAYEHI PO3PaxyHKOBO, HE3AJIKHO BiJl BHUILY
yrigns, BUSBWIACS  JOCHUTh  BHCOKMMH  Ta
MIePEBUIITYIOTH €TaJlOHHE 3Ha4ueHHs B 1,2 — 1,5 pasm.
Tomy omiaka mboro Kputepito ckiaagae 100 6ams 3a
100-6a1bHOI0 3aKPUTOIO LIKAJIOIO.
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Bpaxosyroun Te, mo [lepeakapmaTTsi — TepuTOpis
HaJMipHOTO 3BOJIOKCHHS, & HAJTUIIIOK BOJTU B TPYHTI
3yMOBIIOE  (POpMYBaHHSI HECHPHUSTIUBOTO BOJTHO-
MOBITPSHOTO ~ PEeKUMY Ta PO3BUTOK  IPOLECIB
OIJICEHHS, Ha HAIly OyMKy, Taka BHCOKAa OLIHKa
JAHOTO IIOKa3HMKa HE 30BCIM 00’ekTuBHA. BiH
BiZjoOpaxkae He peajbHi 3amacy NPOAYKTUBHOI BOJIOTH
B KOHKPETHOMY IIapi IpyHTY, a TOTEHIiHI i
BEJIMYIHHU 32 YMOBH, III0 BMICT BOJIOTH B IPYHTI Oyze
3HAXOJUTHCS Ha PiBHI, IO BiAMOBIJA€ HAWMMEHIIIN
BonoroemHocti (HB). Take siBuie, 3a3Buuaii, Moxe
CTHOCTEpIraTHCs HETPUBAIMI Yac JIAIIE TiCIs TOJHUBY
YW BUIMAJAHHS OMAJiB, a BIPOOBK OLIBIIOT YaCTHHU
BEereTaliifHOro mepioay, HaBiTh y IPYHTaX T'YMiJHHX
30H, BMICT BOJIOTH B IPYHTI OyJe Ha piBHI HIDKIOMY
32 BeNIMYMHY i€l  TPYHTOBO-TiAPOIOTIYHOI
KOHCTaHTH. J{1s OGiMBIIOCTI CIIBCHKOTOCIIONAPCHKIX
KyJIbTYyp ONTHMAJIbHI YMOBH BOJIOT0320€3MEYCHOCTI
CKJIaJaf0ThCS TIPH BOJIOTOCTI TPyHTY Ha piBHi HB —
0,7 HB. Hamgmummoxk  Bomorm B IpyHTax
[epeakapnarTsi 3yMOBITIOE HEOOXITHICTh IPOBEICHHS
OCYIITyBaJbHOI ~Memiopariii NUIIXOM 3aKIaJaHHS
TOHYapHOTO JpEHaXy, SK OIHI€I 3 CKJIQJOBUX
CHCTEMHM  KOMIUIEKCHOTO  iX  OKYJBTYPIOBaHHS
(Hazapenko, 1981). 3a yMOBH TIOBHOIIIHHOTO
(YHKIIOHYBaHHA [JPEHAXXHUX CHUCTEM, Yy JaHHUX
IPyHTax CcepelHi 3a BereTalidiHWU mepion peaybHi
3amacd MpPOJYKTHUBHOI BOJOTM € HIDKYUMH, HIXK
OTPUMYIOTECS TIpu po3paxyHky 3a HB i BB 3
BpaxyBaHHSIM 00’€eMHOI Mach Ta TJIMOMHM Imapy
rpyHary (Cmara, 2013).

vy BUNAAKY OIIIHKHA MM3IIB 3a
EKCHEPUMEHTAILHO BCTAHOBJICHUMH 1X 3HaYCHHSIMH,
OanmbHa oliHka Oyme ckiamatu 77,7 — 100 Oauis.
Hafinmkue 3HaueHHS OIIHKM JIaHUN KpUTepid
OTpUMaB TPYHTI piLI, OCYHIEHOT 3aKpUTUM
roH4apHuM JpeHaxeM y 1974 pomi. B 0-100 cm
mapi TIPyHTY TacOBHINA, OCYIIGHOTO 3aKPUTHM

Taon.

banvna oyinka ocnoenux Kkpumepiie 6onimysanns ma
3azanvHuil GoHimem Oypysamo-nio3onucmozo
nogepxmneeo-02ne€no20 zpynmy CmoposcuneybKozo
3eMeIbHO-0UIHOYHO20 PAllOHY

TOHYapHUM JpeHaxkeM y 1914 poui 3Ha4CHHs
MM3IIB 6nu3bke g0 eranoHHoro — 208,4 mm. Moro

GampHa ominka — 100 Gamis. MmosipHo, mo y
JAHOMYy TIPYHTI HE TOBHICTIO  BiJIBOJAMTHCS
HaITUIITKOBA BOJIOTa yepes HEHAJIe)KHE
(yHKIIIOHYBaHHS ~ APEHAXHOI  CHCTEMH  TICIA

TpuBanoro mepiogy ii ekcmiayatamii. B rpyHTI
MIACOBHIIIA HEOCYIICHOTO OLHKA JaHOTO MOKa3HHUKa
ckimamae 85,7 Oama. 3rimHO 3 IaHUMH paHiIIe
MPOBEACHUX JOCHIPKEHb, 3alacd MPOAYKTHBHOI
BOJIOTH B OypyBaTO-MiI30JIICTOMY  OTJICEHOMY
IPYHTI BUSIBHJIMCS TOCUTH AWHAMIYHUMH 32 POKaMHU
Ta OyJnM OLiHEHi AK 3aJ0BiIbHI (CIHOKIC OCYIICHHN)
Ta AyXXe N00pi (IacoBHIlE HEOCYIICHE, MacOBHIIC
OCyIIeHE) 3TiIHO 3 BIIOMOIO B 3eMJIEpOOCTBI
rpanariero (Cmara, 2013).

Inmra xapakTepHa o3HaKa OypyBaTO-TIJ30JIUCTHX
KUCIMX orneeHnx IpyHTiB [lepenkapmartss —
HEIOCTATHS 3a0€e31eUeHICTh eJIeMEHTaMH
MIHEpaIbHOTO KUBJICHHS POCIIUH, 30KPEMa, PYyXOMHUM
dhochopom ta oOMiHHNM KasieM. [Ipu GanbHIN OLiHIT
3a3HaYeHUX KPUTEPIiB 32 €TANOH OepeThCs TaKuid 1X
YMICT, KOJIM BXE HEMa€ MOTPeOM BHOCHUTU B IPYHT
€JICMEHT JKUBJICHHS y BUIJISAAI TOOPUB, OCKUIBKH 1€
B)KE€ HE 3yMOBIIIOE TIPHPOCTY YPOXKAIO.

bamsna orminka BwmicTy pyxomoro docdopy,
BHU3HA4YCHOro 3a MeTojgoM KipcaHoBa (eTajioHHE
3HaveHHs — 25 mr/100 r rpyHTy) cknagae 9,2 — 14,4
Oana. BMicT 0OMiHHOTO Kallitf0o y BEpXHBOMY IIapi
IPYHTY 3aJIeKHO BiJ| YTiAJIs1 3MIHIOETHCS B Mexkax 1,6
— 2,5 mr/100 r rpyHTY ¥ oTpHMaB omiHKy 9,4 — 14,7
Oana. BoHiTeT po3paxoByBaH SK CEpeIHbO3BAKECHE
3HaueHHS 3 4-X OaJbHUX OILIHOK, BUKOPHCTOBYIOUH
[iHy €TaJOHHOTO 3HAYeHHS KOXXHOTO 3 KPHTEpiiB
3aranbHOTO OOHITYBaHHS TIpyHTIB. B mepmomy
BUMNAJKy BUKOpHUCTaIM OanbHy ouinky MMS3IIB,
OTPHUMaHHX pO3PaxyHKOBO, a B Jpyromy -—
eKCIIepUMEHTAIBHO.

Tab.
Scoring basic appraisal criteria and overall
creditworthiness of brownish-podzolic gley soil surface
of Storozhynets land-estimation area

3anacu rymMmycy MMSIIB MMS3IIB P,0s K,0O BoniteT rpyHTYy
(po3paxyHKOBO) (excrepuMeHTaIbHO)
1/Ta B 0- MM B O- MM B 0- MM B 0-
100cm | Gan | 100cw | Gan | MMB0-100 Gan | 100cm | Gan |100cwm| Gan 1 2
. . CM 11ap1 . .
map1 map1 map1 map1
[TacoBuie HeocyIieHe
255 [ 510 [ 3070 | 100 | 1714 | 857 | 51 | 204 | 16 | 94 | 452 | 416
Pinnst ocymena
230 | 460 [ 3070 | 100 | 1555 | 777 | 25 [ 100 | 25 | 147 | 427 | 371
[TacoBuiie ocymiene
258 | 516 | 2387 | 100 | 2084 | 100 | 43 [ 172 ] 19 | 112 | 450 | 450

Hpumimrka: 1 — npu 6aneniti oyinyi 3nauens MM3IIB, ompumanux po3paxyHkoeo, 2 — npu OanvbHiul OYiHYI 3HAYEHb

MM3IIB, ompumanux ekchepumeHmanibHo.

Biostoriuni cucremu. T. 6. Bum. 1. 2014
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Pizauiis B oTpuMaHUX 3HAYCHHSIX OOHITETY
cknana 0 — 5,6 0ana. OTKe, BUSHAUCHHS BEJIUYNHHU
MMB3IIB  po3paxyHKOBO  MiJBUIIYE  3HAYCHHS
3arajJbHOro OOHITETY IPYHTY.
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KaK METOJM4YecKas OCHOBA OLIEHKH COCTOSIHHS 3€MeNb IS

EFFECT OF METODS FOR DETERMINATION THE PROVISION OF MOISTURE ON
THE ESTIMATION BROWNISH-PODZOLIC GLEY SOIL OF PRECARPATHIANS

I.S. Smaha

The specific formation of productive moisture reserves in brown-podzolic gley soil Precarpathians depending on
how land use and the impact of drainage reclamation have been discussed. Was calculated maximum possible reserves
of productive moisture in the meter soil layer by prescription current appraisal methods of soil and presents the results
of determining the parameters of the criterion based on 3-year pilot study of moisture content in the soil during the
growing season. The methodology point estimation the soil properties with a total appraisal (humus content and the
maximum possible reserves of productive moisture in meter soil layer and content of mobile phosphorus and
exchangeable potassium in the upper soil layer) on the example of brownish-podzolic gley soil Storozhinetskiy
estimated land area Chernivtsi region by occupation non-drained pasture, drained arable land and drained pasture
have been tested. It was determined the parameters maximum possible reserves of productive moisture in the meter
layer of soil investigated different land use in the calculation and the experimental method of determination and their
point estimation in relation to the national standard. Was followed influence the parameters of maximum possible
reserves of productive moisture in the meter soil layer determined by two methods on the value of the total estimation of
the soil.

Keywords: estimation of soil, productive moisture, natural and agricultural zoning, appraisal methodology
estimation of soil, criteria of estimation, land evaluation area, the mobile phosphorus, potassium exchange, point
estimation, brownish-podzolic gley soil, non-drained pasture, drained pasture, drained arable land, provision of
moisture, drainage reclamation.
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Ilpusedenvr pesynomamel onpedeneHus aKmueHOCMU Wero4HoU Gocgamasbl cecmona NOBEPXHOCMU 800 cesepo-
80CMOYHOU yacmu mponuyeckol 30ubl Tuxoco okeana. Pesynbmamvi Oammnblx ucciedoéanuii HeoOXooumo O0na
onpeoenenus IKOA02U4ecKo20 hoHa Ha 2uOpoOPU3ULECKOM NOTULOHE NPU 2€01020-pa36e00unbIX pabomax 6 Tuxom okeane.
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axkeamopuu u modicem Oblimb UCHONIL308AHO NPU ODUOMOHUMOPUHRE.

Knouesvie crosa: wenounas pocghamasa, cecmon, pomuueckuii ciot, 6e10K, mepmoKiuH.

Beenenne. B paiione  ruapodu3uueckoro
nmonmrona B TuxoM okeane Ha paspese mo 133° 3.0.
5° c.w. o 16° c.w. ¥ HA IOJIUTOHE C KOOpAUHATAMU
131° 20" 3.0., 12° c..; 133° 207 3.0., 12° c.us.; 133°
207 3.0., 16° c.w.; 131° 207 3.0., 16° c.wu. mpoBeICHBI
WCCIIEIOBaHNS INENOYHON (ocdaTa3sl cecTOHA Ha
MOBEPXHOCTH M JIBYX TOPU30HTAX TEPMOKIIMHA.

Jos MPaBUWIbHOMN OILICHKH BO3JICHCTBUS
AHTPOTIOTEHHBIX ~ (PAaKTOPOB  HAa  JKOCHUCTEMBI
HEO0OXOJMMO OIIEHUBaTh pa3IHYHbIE (PU3UOIIOTO-
onoxumuueckre mokazarenn (Mamspesckas A.S.,
1985.; Yepxanos FO.I1., 1982; Konomeituenko I".10.,
CeménoBa O.A., 2010). B mnocnennee Bpems
HCIOJIB3YIOT (hochaTa3Hyr0 aKTUBHOCTh CECTOHA IS
OIICHKH COCTOSTHUSI BOJIHBIX 9KOCHUCTEM.
®doctarazHas aKTHBHOCTh CBS3aHA C YHCIEHHOCTHIO
TUIPOOUOHTOB u 170 (hU3UOIIOTUIECKUM
COCTOSTHHEM. AKTHUBHOCTb BHEKJIETOYHBIX
(bepMEHTOB THAPOOHMOHTOB SIBISETCS IOKa3aTelieM
CTETICHU IBTPOPHUKAIINH BOAHON CPEIbI.

Marepuansl u MeToabl. B niepron 44-ro peiica
HUCIT  «'puropmit  YmakoB» B  paiioHe
rUApO(QU3NYECKOr0 TIOJUTrOHA TOCYIapCTBEHHOTO
OKeaHOrpauIecKoro Hay4HO-HCCIIEA0BATEIbCKOTO
HWHCTUTYTa, PaCIOJI0KEHHOTO B CEBEPO-BOCTOYHOU
Tpormdyecko 30He Tuxoro okeaHa, Hapsmy C
THUAPOJOTHYECKUMU M THAPOOHOJIOTHYSCKUMU
HaO0JIIO/ICHUSIMH, ObUTH MPOBEACHBI OMOXUMHUECKUE
SKCIepUMEHTHI. OIpenensicss ypOBEeHb aKTUBHOCTH
(hochamoHo3CTEPA3HI, KaK MOKa3aTes
IBTpOPUKAIMA PETHOHA W COJICPXKAHUSA OelKa,
XapaKkTepu3yIoIeM MPOJYKTUBHOCTh B (DOTHYECKOM

Biostoriuni cucremu. T. 6. Bum. 1. 2014

cinoe. CecToH OTOMpascS C MOBEPXHOCTH BEpXHEH
TPaHUIBI ~TEPMOKIWHA W  HWKHEH  TPaHUIBI
TepMokiuHa ruapo3oHaoM (Lproans A.B., 1980).

docdarazHyl0 aKTHBHOCTb OIPEIENsUI IO
meronay Jlesurkoro (Jlesmnkmit A.IT. u mp., 1973),
6enok onpexaensi o meroay Jloypu (Lowry O.H.,
1951). [Tonyuennsie JAHHEIE MoJBEprajiu
BapUAIMOHHO-CTATUCTOYeCKOM 006paboTke (I"opmon
A., 1976).

Pesyabtatbl m o0cy:xnenue. [IoBepXHOCTHBIIM
CIIOH B 3TOH 30HE pa3BUT a0 TyOounbl 60-70 m, uTo
XapaKkTepHO IE BOCTOYHBIX paiioHOB
AKBATOPUATHHOMN CTPYKTYPBHIL. WuTencuBaOE
BBINAJICHUE OCAJIKOB IpeBbimaeT ucnapeHune. Kak
CJIEJICTBUE, TIOBEPXHOCTHBIA CIIOH OTHOCUTEIBHO
OTIPECHEH, 3HAaYeHHEe COJICHOCTH B HEM WM3MEHSIOTCS
B 1nuana3one 33,56-34,66 %o.. Pacmpenenenue
COJICHOCTH 10  TOPU3OHTAIM  XapaKTepH3yeT
M3MEHYMBOCTh 33,56-34,62 %o. HwxHss rpanuna
MMOBEPXHOCTHOT'O TOMOJIOTHYECKOTO CJIOSI COBIAIAET
C BEpXHEH TIpaHULEHd CE30HHOTO TEPMOKIIMHA.
MakcumyM coseHocTr Ha Tayoune 75-80 am (34,65-
34,80 %o). Bropoii makcumym — Ha riyOuHe 150-
200 m (34,79-34,76 %o0). MunuMyM — Ha TIIyOHHE
100-150 » ceBepHOIO MPOUCXOKICHUS. AKTUBHOCTh
menoyHoit  ¢ocdarassr Ha paszpese  (Tabn. 1)
3HAUUTENbHO M3MeHseTcs oT 1,79 + 0,40 mxM-me
Lun® wa 12° cau. o 20,04 + 3,83 mrM-mt mun™
Ha 5° c.u.

Ha ruapodusnueckoM TOIUTOHE aKTUBHOCTH
mienoyHoit  Qocdaraspl  onpepesuiach Ha  TpeX
ropmusonTax (Tabm. 2). Ha moBepxHOCTH aKTHBHOCTH

93



1IesI0uHoM ocdarassl onpeaensiaack oT 3,56 £ 0,75
mkMomet wun™ ma cranmum 18, mo 38,81 + 14,31
mrMovet mun™ wa craniuu 17, HaxXoaMBIIEHCS Ha
ceBepe mosmroHa. Ha OONBIIUHCTBE CTaHIUH
MTOJIATOHA AaKTHBHOCTH IMENOYHOH (ocdarassr Ha
moBepxHocTtd Obuta B mpexenax 10-20 mxM-me
L™,

Tabnauya 1.

Axmuenocms wienounoil pocghamaszvi cecmona
n06EpPXHOCMHBIX 600 Ha pa3spese,
MKkM-m2 ™ Genkamun™ *

Table 1.
Alkaline phosphatase activity of the sestone of surface
water on the cut, uMemg protein ™ « min™*

*P <005

Ha OompmmHCTBE CTaHIMI BepxXHEH TpaHUIIBI
TEPMOKIMHA aKTHBHOCTh INeJOoYHON (QocdaTassl
Obula HIDKE, YeM Ha TMOBEPXHOCTH. Takas ke
TCHACHIIUSA OTME4YaslaCb MW Ha HIDKHEHN TpaHune
TEPMOKJIMHA. OTO, TMO-BUAMMOMY, CBS3aHO C
KayeCTBEHHbBIM  COCTAaBOM  CECTOHA,  KOTOPBIH
usMensiercsi ¢ riayounoi. CopnepkaHue 00IIEro
Oeka B CECTOHE MOBEPXHOCTHOI'O CJIOSI Ha paspese

Taon. 2.

Axmuenocmo wien0uHoll ghochamazvl cecmona nHa
20puU30HmMAx 2UOPoOduzUUecK020 ROIUZOHA,
-1 -1
MKM M2~ 6enka-mun - *

MEPECEKAOIIEM BHYTPUTPOIMUYECKUA THAPOGPOHT
OBLI0O JOBOJBLHO OXHOPOMHO H KOjiebamoch B
npenenax ot 2,18 £ 0,15 men 104,78 + 1,30 ment
(Taba. 3) conepxanus 6enxa. Ha ruapoduzndyeckom
monurone  comepkanmme  Oenka  (Tabm.  3)
OTIPEJIeNISIACh B CECTOHE MOBEPXHOCTHOTO CJIOS B
npenenax ot 0,63 £ 0,18 ment na ceBepe MOJUroHa
u 110 2,35 + 0,20 me-n* Ha rore momurona. B cecrome,
B3SITOM C BEpPXHEW TpaHUIBl  TEPMOKIIVMHA,
coJiepkanue obiero oenka 6bL10 B penenax 0,78 +
0,01 M Ha cranmun 17 ¢ koopaunatamu 131° 3.0.
u 13° cw. un 2,51 ment ma crammmm 15 ¢
koopauHatamu 132° 3.0. u 16° c.u., a Taxxke 2,53 +
0,07 na cranmuu 8 u 2,30 + 0,41 Ha cranuu N 9 Ha
ore  momurona. Ha  OCTaIBHBIX  CTaHIMAX

N TloBepXHOCTS cozepiKanye obmiero Oenka cecToHa, OTOOPAaHHOTO ¢
CTaH;II/II/I Koopnunater  |[lata|Bpems Vo BEpXHEU T'PaHUILIBI TGEMOKJIPIH&, KBa3IiI’O,ZLHOpO):[HO,
CectoH, OTOOpaHHBIA Ha HWXKHEW TpaHUIE
1 130° 3.0. 5° c.w. [28.05/16.00 | 4,39+ 1,63 TepMoKiHHa, coaepxkan ot 0,75 + 0,05 el Genka
2 133°3.0. 5° c.u. [30.05 09.00 | 20,04 + 3,83 Ha ceBepe moyimrona u uo 3,55 + 0,51 men Ha rore
3 |133°5.0.7° cau. [3105/14.00 [ 11,03 +6.19 | yeorenverioro pafiona.
4 133°3.0. 9° cau. |1.06|07.00 | 9,98 + 1,83 BBIBOIDI:
2 11333323300 111200 ch:Z ;82 iggg ?:‘7‘2 i 8’23 1. Omnpenencuue ¢docdarasHONH aKTUBHOCTH B
CECTOHE Ha rUAPO(QU3MIECKOM MOJIUTOHE

HEOOXOAMMO ISl ONpENeNeHUus] 3KOJIOTHYECKOTO
(hoHa Tpu Teororo-pasBenodHbX padorax B Tuxom
OKeaHe.

2. Copepxanue Oenka B (OTHYECKOM CIIOE
TPOITMYECKON 30HBI OTpPakaeT MPOIYKTUBHOCTh
IlaHHOI\/'I AKBAaTOpUHU U MOXKET OBITh MCIIOJIL30BAHO
npy OMOMOHUTOPHHTE.

3. Cozmeprkanue Oenka B mpoOax CECTOHA 3aBHCHUT
OT ITyOMHBI ¥ TIOJIOKEHNUH CTaHIMH 0TOOpA.

Tab. 2.
Alkaline phosphatase activity of the seston on the
horizons of hydrophisic proving ground,
uMemg protein -1 * min-1*

Ne M=Ewm
KoopauHaTh! ara Bpems
CTa:HH P . P IIOBEPXHOCTh BI'T HI'T

7 131°3.0. 13°cau. 8.06 11.30 21,45 +424 35m | 6,93+0,01| 150m | 6,66 +1,15
8 131°3.0. 12°cau. 8.06 23.00 3,56 £0,75 40mMm |12,10+£2,77| 140m | 2,92 +0,44
9 132°3.0. 14° c.au. 9.06 22.15 10,12+ 2,77 60m |507+1,46| 150m | 3,31+0,23
10 132°3.0. 12° cou. 10.06 08.00 17,50 + 4,64 45m |1197+4,65| 135Mm | 7,72+0,43
11 133°3.0. 13°cau. 10.06 16.30 16,47 +5,91 40mMm |17,45+1,53| 145m | 13,97 +£2,94
12 133°3.0. 12°cau. 10.06 00.30 17,82 £ 4,43 60m [10,28+3,60| 140 m | 15,73+ 1,26
13 133°3.0. 13° couu. 11.06 17.00 11,10 £ 5,32 70m |935+3,15| 170m | 10,41+ 0,52
14 133°3.0. 14° c.u. 11.06 11.30 9,35+3,16 60m [11,10+3,50] 150m | 15,27 +2,51
15 133°3.0. 15° c.u. 12.06 22.30 15,22 +3,83 70m [10,78 £8,64| 150m | 9,31 +£0,71
16 133°3.0. 16° c.u. 13.06 08.00 4,49 +131 55m | 390+1,89| 160m | 14,20+0,72
17 132°3.0. 15° cau. 14.06 10.00 38,80+ 14,91 80mMm [12,33+1,25| 155m | 11,66+ 0,88
18 132°3.0. 16° c.u. 14.06 21.00 28,69 +2.24 85m (17,93 +£5,18] 195m | 26,07+ 1,93

BI'T — gepxnas epanuya mepMOKIUHA 8 MEMPAX
HI'T — nusicnas epanuya mepmMoKIuHa 6 Mmempax
*P <0,05
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n06epXHOCMHO20 c10A Ha pa3pe3e, MEm; men~

Tabnuua 3.

Cooepiicanue o6wezo 6enka ¢ cecmomne
1

Table 3.

The total protein content in the surface layer on the

seston sectional, M + m; mg « L *

Ne
CTaH- Koopaunatsl [Hata | Bpems Mm
1A
1 130° 3.0. 5° c.owe. |28.05] 16.00 | 4,75+ 1,30
2 133°3.0. 5° cae. |30.05] 09.00 | 2,81 +0,48
3 133°3.0. 7° ca. |31.05] 14.00 | 29,0 £ 0,46
4 133°3.0. 9° coe. |01.06| 07.00 | 2,18 £ 0,15
5 133°3.0. 11° cus. |01.06| 23.00 | 4,02+ 1,11
6 133°3.0.12° cawu. |02.06] 13.00 | 3,37+ 1,10
*P <005
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