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EXPRESSION OF CHGA GENE IN RAT DUODENAL EPITHELIAL CELLS UPON LONG-TERM
GASTRIC HYPOACIDITY AND WITH ADMINISTRATION OF MULTIPROBIOTIC SYMBITER

The increasing of Chga gene's expression in rat's duodenal villus and crypt epithelial cells upon gastric hypoacidic condi-
tions were shown. The level of Chga mRNA was similar to the control value both in villus and crypt epitheliocytes upon treatment

of hypoacidic rats with multiprobiotic Symbiter.

Key words: gastric hypoacidity, duodenal, rats, Chga gene expression, multiprobiotic.

Introduction. In recent decades, proton-pump inhibi-
tors (PPI) of gastric parietal cells, such as omeprazole,
remain the most effective therapeutic agents against acid-
related disorders [18, 19]. Development of dysbiosis is one
of the key consequences of long-term hypoacidity. Coloni-
zation of gastrointestinal tract (GIT) by opportunistic micro-
biota forms stable sources of endogenous infection and
besides the effect of hypergastrinemia additionally pro-
motes gastric carcinogenesis and tumorigenesis both in
other parts of GIT and associated organs [1, 20].

Chromogranin A (encoded by Chga gene) — is the pro-
tein of granin's family, it expresses in neuroendocrine cells
of APUD-system (for example, endocrine cells if GIT),
which is the integrated control diffuse neuroendocrine sys-
tem of human organism [8, 11, 14, 22, 23]. Expression of
this gene is regulated exactly by gastrin and chromogranin
A is necessary for processing of histamine propeptide in
the gastric epithelial cells [5]. In small intestines, in particu-
lar in duodenum, chromogranin are produced by different
types of enteroendocrine cells: P/D1, EC (enterochromaffin
cell), D, G, S, Nand so on [1, 11].

Analysis of scientific literature showed, that chromo-
granin A is a potentially useful approach for identification of
inflammatory intestinal disorders: unspecific ulcerative coli-
tis and Crohn's disease [14, 22, 23].

It was found more than 20 types of neuroendocrine
cells (pancreatic islets, cells of APUD-system and so on)
which can develop into respective malignancies under pro-
gression of cancers (nesidioblastoma, glucagonoma, gas-
trinoma, somatostatinoma, carcinoids of GIT and so on) [6,
8, 11, 14, 22, 23]. Thus, it was shown overexpression of
Chga gene, focal hyperplasia of ECL-cells (enterochromaf-
fin-like cells) with future development of malignant carci-
noid from these cells upon long-term uninterrupted admini-
stration of PPIs from omeprazole, lansoprazole and other
groups [5, 10, 13].

Overexpression of Chga gene mRNA is demonstrated in
carcinomas with metastatic tissue and in Gl tumors, in particu-
lar in duodenal carcinoid (extremely rare tumor which biologi-
cal behavior has not been fully elucidated) [22]. Chromogranin
A is found in neuroendocrine tumors, which whether secrete
or do not extract hormones and amines, what is especially
important for early diagnosing of their concealed functional
activity, when characteristic clinic manifestations of disorder
are absent as overexpression of appropriate hormones, but
the tumor is located. So, the determination of Chga mRNA
level is a useful tumor marker for the monitoring of gastrointes-
tinal neuroendocrine carcinoids [14].

It was proved in clinical trials that probiotics were able
not only to cure dysbiotic states, but also to instantly re-
duce damage ratio of GIT [3, 7]. Multiprobiotics of "Sym-
biter® acidophilic" concentrated group (hereinafter referred
to as Symbiter) are characterized by complexity, wide array
of bioactivity, high level of safety for organism and compo-
sition that is maximally close to nature microbial popula-
tions of human and animals [7, 12].

Analysis of scientific literature showed lack of data on the
pattern of above mentioned gene expression in duodenal
upon experimental or natural hypoacidity. Data about effect
of probiotics on Chga gene expression in duodenal upon
these conditions are also absent.

Consequently, the aim of current investigation was to de-
termine the expression of Chga gene in rat duodenal epithe-
lial cells upon long-term gastric hypoacidity by means of
injection of omeprazole (and thereafter upon the excess of
gastrin in blood) and with administration of Symbiter.

Materials and methods. The International recommen-
dations on performance of medical and biological investiga-
tions with the use of animals according to European Con-
vention for the Protection of Vertebrate Animals Used for
Experimental and other Scientific Purposes were followed.
Experiments were carried out on white non-strain male rats
with initial weight around 180-200 g.

All animals were divided into four groups. The rats in-
jected abdominally with 0,2 ml of physiological solution and
0,5 ml of water for injections orally were used as a control
(first group). Animals of second group were treated with
Symbiter (manufactured by LLC "O.D. Prolisok") orally
(0,14 ml/kg) during 28 days. Hypoacidity (third group) was
modeled by everyday intraperitoneal injection of omepra-
zole (14 mg/kg) during 28 days [21]. Fourth experimental
group simultaneously with omeprazole obtained Symbiter
in the same dose. Number of animals in each experimental
group was 6. Crypts and villi of duodenal epithelial cells
were extracted by means of low-temperature method [9].
RNA was isolated following Chomczynski and Sacchi [2];
cDNA was synthesized in 20 pl of reaction mix containing 2
pg of RNA, 1 mM dNTP, 50 U of reverse transcriptase
"MultiScribeTM Reverse Transcriptase", corresponding
buffer, 20 U of ribonuclease inhibitor "RNase Inhibitor"
("Applied Biosystems", CLUA), 20 pmol (1,0 uM) of reverse
primer. Synthesis was carried out in the following condi-
tions: 37° C — 2 hour. Polymerase chain reaction was per-
formed in 30 pl of reaction mix containing 10 ul of cDNA,
PCR buffer, 200 uM of each dNTP, 30 pmol (1,0 yM) of
each primer, 2,5 mM of MgCI2 and 1,5 U of Taq DNA po-
lymerase ("iTagTM", "Bio-Rad", CLUA).

PCR amplifications consisted of an initial denaturing
step of 95°C for 3 min, followed by 35 (28 for Actb — gene
used as internal control of reaction due to its constitutive
expression) cycles of 95°C for 45 s, the annealing step
(with optimal annealing temperature): Chga (620 b.p., 59°C
— 45 s) and Actb (521 b. p., 49° C — 40 s); the extending
step at 72° C for 1 min 15 s (for Chga) or 1 min (for Actb).
Final extension step was performed upon 72° C for 5 min.

Such primer sequences were used in reactions: for
Chga — forward — GGCCCAGCAGCCGCTGAAGCAGCA
and reverse — CTCTGCGGTTGGCGCTGCCCTCCT; for
Actb — forward — TGGGACGATATGGAGAAGAT and re-
verse — ATTGCCGATAGTGATGACCT. Reproducibility of
the amplification results was evaluated in parallel experi-
ments by the repetition of the PCR reactions with all ani-
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mals and each primer at least three times. Separation of
PCR products was performed electrophoretically in 1,6 %
agarose gel with 0,5 x TBE buffer following Sambrook et al.
[17]. For semi-quantitative analysis of amplicons expres-
sion based on densitometry the Imaged 1.45s program was
used. Indices of mMRNA expression were calculated for
each sample following Konturek et al. [15].

Mathematical and statistical processing of experimental
data was performed using GraphPad Prism 4.03 ("Graph-
Pad Software Inc.", USA). The normal Gaussian distribu-
tion of the data was verified by the Shapiro-Wilk normality
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test. Two-way analysis of variance (two-way ANOVA) and
Bonferroni post tests were performed on obtained data.
Statistical significance was set at p < 0,05. The data are
expressed as means and standard deviations.

Results and discussion. PCR analysis of cDNA sam-
ples generated in the rat's duodenal villous and crypt
epithelial cells indicated the presence of a specific signal
with the expected length (620 b. p.) for Chga gene both in
the control and second (animals treated only with Symbiter)
groups of investigated animals (Fig. 1.).

Crypts

Fig. 1. Level of Chga gene mRNA in rat duodenal upon long-term hypoacidity and with administration of multiprobiotic Symbiter.
M — molecular mass marker; villus epithelial cells: 1 — control; 2 — Symbiter; 3 — omeprazole;
4 — omeprazole + Symbiter; crypts epithelial cells: 5 — control; 6 — Symbiter; 7 — omeprazole;
8 — omeprazole + Symbiter; N-PCR — negative PCR control; * — p < 0,0001 in relation to control; + — p < 0,0001 villi in comparison with crypts

It was established that the levels of Chga gene's expres-
sion did not significantly differ in the control and second
groups from one another both in villus epitheliocytes and
crypts comparing with the types of epithelial cells. While, the
levels of this gene mRNA in duodenal samples of animals

injected with omeprazole during 28 days and rats of fours
group (Omeprazole + Symbiter) as significantly differentiate
both in villous epithelium and crypt cells as between analyzed
types of epitheliocytes (p < 0,0001) (Fig. 1., Table. 1.).
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Table 1. Level of Chga gene mRNA in rat duodenal upon long-term hypoacidity
and with administration of multiprobiotic Symbiter (m + SD, n = 6)

Groups of animals Typo of epithelial cells Relative expression Chga / Actb
Control villi 0,557 £ 0,0481 +
crypts 0,815+ 0,0543 +
Symbiter villi 0,530 + 0,0292 +
crypts 0,819 +0,0312 +
Omeprazole villi 0,773 £ 0,0951*+
crypts 1,61+0,0912"+
Omeprazole + Symbiter villi 0,581 + 0,0452 +
crypts 0,866 + 0,0365 +

Notes: SD — standard deviation;
*— p < 0,0001 in relation to control;
+—p < 0,0001 villi in comparison with crypts.

As we see from the Table 1., the level of Chga gene's
expression was higher than control values in 1,4 times in
villi and approximately in 2 times in crypts of animals upon
long-term gastric hypoacidity (p<0,0001). At the same time
upon simultaneous administration of multiprobiotic Sym-
biter this parameter was in 1,3 and about 1,9 times lower
than in animals of third group (p<0,0001).

It is well known, Chga gene is expressed by different
duodenal enteroendocrine cells. Message of Chga are ex-
pressed at = 1000 x the level in malignant gastro-intestinal
carcinoids compared with normal mucosa. Detectable lev-
els of Chga in normal mucosa (small intestine/gastric) re-
flects the presence of Chga-expressing endocrine cells in
these tissues and further emphasizes the sensitivity of the
technique since it detects neuroendocrine cells, which rep-
resent approximately 1 per 2000 epithelial cells in duode-
num (there are more enteroendocrine cells in crypts then in
villi, although the functional activity of these cells are ap-
proximately the same). Since endocrine cells constitute =
1 % by volume of the gastro-intestinal mucosa, the detec-
tion in normal mucosa further confirms the sensitivity of
PCR as an identification tool and emphasizes its ability to
detect disease at a cellular level (1, 11, 14). In our experi-
ment we demonstrated the elevation of Chga mRNA level
in villi and crypts upon hypoacidic conditions (Fig. 1.,
Table. 1.). It can be assumed not only about intensification
of inflammatory processes in duodenal [4], but about possi-
ble neoplasia in epithelial cells on later stages of pathology
process development [4]. Thus, determination of Chga
gene's level of expression could be used as one of the most
sensitive marker of neuroendocrine tumors [8, 14, 22, 23].

Thus, the obtained changes in expression of Chga
gene in rat duodenal villus and crypts epithelial cells upon
hypoacidic conditions should point out the development of
teratoid displacements in duodenal tissue. Different rates in
alterations of above mentioned gene's expression in villus
and crypts epithelial cells is determined by their structural
and functional characteristics (1, 11, 14). Besides this, ac-
cording to a literature, it is well known, that an early feature
of some inflammatory diseases, including pathological dis-
orders in intestines, is the formation of crypt abscesses,
which are composed of neutrophils that have migrated
across the epithelium and into the crypt lumen [1].

Among probable mechanisms of Symbiter's action on
gene expression in rat duodenal, firstly, it should be pointed
out its ability to liquidate dysbiosis and bacterial colonization
of GIT. As a result, the burden of pathogenic microbiota is
removed from GIT and associated organs [3, 7]. Further-
more, multicomponent probiotic Symbiter is able to increase
de novo synthesis of the main low-molecular cellular antioxi-
dant — reduced glutathione and, thus, to raise its content
both in GIT and duodenal. Besides this, the products of
Symbiter's bacterials vital functions (vitamins, exopolysac-

charides, short chain fat acids, immune-response modulat-
ing agents and so on) are characterized by antioxidant prop-
erties, on the basis of what they can delay the development of
oxidative stress and decrease the intensity of inflammation
and pathological actions in duodenal [4, 6, 12, 16]. The re-
duction of gastrin level in the blood upon prolonged admini-
stration of Symbiter has recently been observed [7]. On the
basis of binding studies, it may be suggested that observed
effects of Symbiter are linked not only with normalization of
GIT microbiota, but also with restriction of hypergastrinemia
effects [7, 16]. But final acceptance or rejection of this sug-
gestion requires further investigations, which will allow us to
distinctly distinguish the consequences of hypergastrinemia
and bacterial colonization of GIT by use of selective antago-
nists of gastrin receptor.

Conclusion. In summary, we have shown, that long-
term experimental hypoacidity is accompanied by changes
in expression of Chga gene in rat duodenal epithelial cells.
While upon simultaneous administration of multiprobiotic
Symbiter the expression pattern of this gene is similar to
control both in villous and crypt ephiteliel cells. Based on
the obtained data, it can be assumed, that analyzed gene
is involved in the development of pathological processes in
duodenal and there is some potential risk of duodenal car-
cinogenesis upon long-term use of omeprazole (and
probably other PPIs).
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KHY imeHi Tapaca LLleB4yeHka, Kui

EKCINPECIA FrEHA CHGA B ENITENIOLUNTAX OBAHALLATUNANOT KALLIKU
3A YMOB TPUBAIJOI rNMOAUMAHOCTI LUNYHKA TA NPU BBEAEHHI MYJNIbTUMPOBIOTUKA CUMBITEP

lMoka3aHo 3pocmaHHs1 pieHsi ekcrnipecii 2eHa Chga e enimenioyumax 8opcuHOK ma Kpunm 0AeaHadusimunanoi KUWKuU wypie 3a 2inoayudHux
ymoe. lpu eeedeHHi Mynbmunpobiomuka Cumbimep 3a mux camux yMoe namepH eKCrpecii suwje3asHa4eHo20 2eHa 8 enimesioyumax sik eopcu-

HOK, mak i kpunm 6ye nodi6Huli 3o KOHMPOJIo.
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AKCMPECCHUA rEHA CHGA B 3MNMUTEJNIMOLINTAX OBEHAOLATUNEPCTHOW KULLIKU KPbIC
NPU ANUTENBbHOW XENYAO4YHOU TMNOALUMAHOCTU U NPU BBEOAEHUU MYIIbTUNTPOBUOTUKA CUMBUTEP

lMoka3aHo yeenu4yeHue yposHs aKcrnpeccuu 2eHa Chga e anumenuoyumax 60pPCUHOK U Kpunm deeHaduyamunepcmHol KUWKU KpbIC 8 a2urnoa-
YuoHbIx ycnoeusix. [pu eeedeHuu mynbsmunpobuomuka Cumbumep e mex xe ycnoeusix cooepxaHue MPHK Chga e anumenuoyumax Kkak eopcu-

HOK, mak u Kpunm 6b1710 Ha YpoO8He KOHMPOJIbHbIX 3Ha4eHud.

Knroyeenie cnoea: xenydoyHas cunoayudHocms, dseHadyamunepcmHasi KUWKa, KpbICbl, 3Kcripeccusi 2eHa Chga, Mynsmunpo6uomuk.
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THE CHANGES IN FUNCTIONING OF MUCUS BARRIER OF STOMACH
IN CONDITIONS OF LONG-TERM HYPOACIDITY AND THEIR CORRECTION

Increase in the duration of hypoacidity of gastric juice evoked by daily injection of blocker of gastric acid secretion omepra-
zole from 7 to 28 days accompanied by substantial rise of the level of oxiproline, fucose, N-acetylneuraminic acid and hexuronic
acids in gastric mucus in rats. It is witness of intensification of degradation collagenic and noncollagenic proteins in gastric mu-
cus. Injection of multiprobiotic Symbiter against the background of hypoacidity evoked by omeprazole led to decrease the level

of studied parameters to control values in all terms of investigations.

Key words: gastric mucus, omeprazole, multiprobiotic.

Introduction. The basis mucous layer of the stomach
are polymerized structural glycoproteins of mucus. Due to its
polymer structure and hydrophobic properties gel mucus
protects gastric mucosa from direct contact with xenobiotics,
endogenous nitroso compounds, free radicals, bacterial tox-
ins. Long-term hypoacidity of gastric juice and anacidity are
risk factors for carcinogenesis in stomach. In conditions of
hypoacidity in stomach dysbiosis develops [5], this can lead
to structural changes of mucus. Dysbiosis [9] and distur-
bance of structure of gastric mucus [4] in turn accelerate the
development of neoplastic changes in stomach.

In connection with this the aim of our work was to in-
vestigate effect of multiprobiotic "Symbiter® acidophilic" as
drug for prophylaxis of dysbiosis, on state of mucus barrier
in stomach in conditions of hypoacidity of different duration
evoked by omeprazole.

Materials and methods. The study was done on white
rats which were divided into 12 group. To the rats of

4 groups during 7, 14, 21, 28 days consequently were in-
jected blocker of gastric acid secretion omeprazole
("Sigma", USA) (14 mg/kg intraperitonealy once a day). To
the rats of others 4 groups during the same terms simulta-
neously with omeprazole we injected multiprobiotic "Sym-
biter® acidophilic" (Symbiter) (limited company "O.D. Proli-
sok") (0.14 ml/kg per os once a day). To the rats of 4 con-
trol groups were injected during 7, 14, 21 and 28 days
0.2 ml HxO intraperitonealy and 0.5 ml H,O per os. Sym-
biter is concentrated fluid biomass of bioplasts of symbiosis
of 14 microorganisms strains. The composition of one dose
(10 ml) of Symbiter is concentrated biomass of bioplasts of
bacterium's symbiosis CFU/cmS, no less: Lactobacillus and
Lactococcus — 6.0x101°, Propionic bacterium — 3.Ox101°,
Bifidobacterium — 1.0x101°, Acetic bacterium — 1.0x10°. For
assessment of mucus barrier state in stomach in a day of
last injection of drugs in parietal mucus we determined the
levels of oxiproline using method as described earlier [8],

© Tsyryuk O., Neporada K., Beregova T., 2013
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fucose using method as described earlier [6], Results and discussion. In 7, 14, 21 and 28 days of
N-acetylneuraminic acid using method as described previ- omeprasole injection the levels of oxiproline were increased
ously [1] and hexuronic acids using method as described respectively by 7.9% (p<0.001), 125.3% (p<0.001), 146.3%
earlier [7]. All results are performed as MeanzSD by us- (p<0.001) and 163.2% (p<0.001) (Fig.1).

ing Students t test.

Oxyproline (pM/g)

1 2 1 2
control 7 days 14 days 21 days

Fig.1. Changes of oxiproline concentration in gastric mucus in rats after long-term injection of omeprazole (1)
and simultaneous injection of omeprazole and multiprobiotic "Symbiter" (2).
Changes that are statistically different from the control group (p<0.001 by Student t test) are indicated with stars

This indicates that with enhance of duration of hy- In 7, 14, 21 and 28 days of omeprasole injection the
poacidity of gastric juice degradation of collagenic proteins levels of fucose were increased respectively by 23.6%
in gastric mucus intensifies. (p<0.001), 49.7% (p<0.001), 52.3% (p<0.001) and 107.0%

(p<0.001) (Fig.2).

Fucose (uM/g)

1 2 1 2 1 2
control 7 days 14 days 21 days 28 days

Fig. 2. Changes of fucose concentration in gastric mucus in rats after long-term injection of omeprazole (1)
and simultaneous injection of omeprazole and multiprobiotic "Symbiter" (2).
Changes that are statistically different from the control group (p<0.001 by Student t test) are indicated with stars

In 7, 14, 21 and 28 days of omeprazole injection the levels of N-acetylneuraminic acid were increased by 7.6%
(p>0.05), 65.2% (p<0.001), 79.3% (p<0.001) and 111.0% (p<0.001) (Fig.3).

o =~ N W b~ 00O N

N-acetoneyraminic acid
(nM/g)

1 2 1 2 1 2
control 7 days 14 days 21days

Fig.3. Changes of N-acetylneuraminic acid concentration in gastric mucus in rats after long-term injection of omeprazole (1)
and simultaneous injection of omeprazole and multiprobiotic "Symbiter" (2).
Changes that are statistically different from the control group (p<0.001 by Student t test) are indicated with stars
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In 7, 14, 21 and 28 days of omeprazole injection the levels of hexuronic acids were increased by 17.2% (p<0.001),
33.9% (p<0.001), 78.5% (p<0.001) and 74% (p<0.001) compared with the control (Fig.4).
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Fig.4. Changes of hexuronic acids concentration in gastric mucus in rats after long-term injection of omeprazole (1)
and simultaneous injection of omeprazole and multiprobiotic "Symbiter" (2).
Changes that are statistically different from the control group (p<0.001 by Student t test) are indicated with stars

The increase the levels in gastric mucus such glycopro-
teins as fucose, N-acetylneuraminic acid and hexuronic
acids is evidence of degradation of non-collagenic proteins
in gastric mucus.

Injection of multiprobiotic Symbiter against the back-
ground of hypoacidity evoked by omeprazole led to de-
crease the level of studied parameters to control values in
all terms of investigations.

Long-term suppression of gastric acid secretion in-
creases depolymerization of protective as collagenic and
non-collagenic proteins in gastric mucus. As result the lev-
els of oxiproline, fucose, N-acetylneuraminic acid and hex-
uronic acid in gastric mucus were substantially increased.
Our results are in agreement with the studies of Ekam-
baram et al. [2] which shows that the levels of glycopro-
teins (hexose, hexosamine, sialic acid and fucose) were
increased in rats with gastric cancer induced by N-methyl-
N'-nitro-N-nitrosoguanidine. To take into account our previ-
ous date that injection of omeprazole to the rats during
28 days evoked in one group of rats hyperplasia and in
other group metaplasia in gastric mucosa we supported the
idea [3] that mucins are diagnostic markers in cancer. Mul-
tiprobiotic Symbiter prevented enhanced catabolism of
protective proteins in gastric mucus. We hypothesize that
regulation of glycoprotein levels by multiprobiotic could be
associated with the regression of omeprazole-induced gas-
tric hyperplasia and metaplasia.

Conclusions. Long-term inhibition of gastric acid se-
cretion leads to degradation of protective collagenic and
noncollagenic proteins in gastric mucus. Injection of multi-
probiotic Symbiter against the background of hypoacidity
evoked by omeprazole decreased the level of studied pa-
rameters to control values in all terms of investigations.
These results shows the gastroprotective effect of multi-
probiotic Symbiter and make probiotic perspective means
of prophylaxis of negative consequences of hypoacidity.
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KHY imeHi Tapaca LLeB4eHka, KuiB

3MIHN Y ®YHKLIOHYBAHHI ClTM30BOIO BAP'EPY LLUITYHKA B YMOBAX IMNMOAUMAHOCTI TA IX KOPEKLII

36inbweHHs1 mpueanocmi 2inoayudHocmi WIYyHKOBO20 COKY, UK/IUKaHOI uj00eHHUM eeedeHHsIM 6/10kamopa ceKpeuyii consiHoi kuciomu e
wiyHKy omenpasosny, 3 7 0o 28 OHie cynpogoodyeasiocb CYymmesuM 3pOCMaHHSIM pieHs1 okcunposiHy, ¢hykosu, N-ayemunHeilipamiHogoi kucriomu
ma 2eKcypoHO8UX KUc/iom y WIlyHKO8OMYy cnu3y wypie. Lle € ceid4eHHsiM iHmeHcugikayii npoyecy dezpadauii KonazeHoeux ma HeKoslazeHo8uXx
6inkie wnyHkoeoz2o cnu3ly. BeedeHHss Mynbmunpobiomuka "Cum6imep” Ha ¢hoHi 2inoayudHocmi, suknukaHoi omenpa3osiom, npuseodusio Ao 3me-
HWeHHs1 pieHs1 00C1i0)KyeaHUX NoKa3HUKie 00 KOHMPOJIbLHUX 8 yCi MepMiHU eKcriepuMeHmy.

Knioyoei crnosa:wnyHkosuli cnus, omenpasos, Mynbmunpo6iomuk.

E. Uupiok, kaHA. 6uon. Hayk, K. Henopapa, a-p 6uon. Hayk, T. BeperoBas, a-p 6uon. Hayk
KHY nmenu Tapaca LLleB4eHko, KueB

M3MEHEHUA B ®YHKLUMOHUPOBAHUU CITUBUCTOIO BAPbLEPA XENYOKA
B YCNOBUAX TMNOALUMAHOCTU U UX KOPEKLIUA

YeenuyeHnue npodosmxkumensHoCcCmMu 2unoayudHocmu xeslfy004HO20 COKa, 8bI38aHHO20 exeOHe8HbIM 88edeHUeM b61I0Kkamopa cekpeyuu cosisiHoOU
Kucriomsl e xesyOKke omernpa3sosa, ¢ 7 do 28 OHeli conpPo8oXxAasiock CyuwjecmeeHHbIM POCIMOM YPOBHSI OKCUNpPOJIUHa, ¢hyko3bl, N- ayemunHelipamuHo-
80l KUC/IOmMbI U 2eKCYPOHOBbIX KUC/IOM 8 eslyGoYyHOU cnu3u Kpbic. Imo siensiemcsi ceudemernibCMeoM UHMeHcugukayuu npoyecca deepadayuu
KoJINa2eHo8bIX U HeKoslazeHosbIx 6es1koe xenydoyHoll cnusu. BeedeHue mynbmunpobuomuka "Cumbumep"” Ha ¢hoHe 2unoayudHocmu, ebi3eaHHOU
omerpa3os1oM, npueodusio K yMeHbWEHUI yPOBHS uccriedyeMbix rokazamerseli 00 KOHMPOJIbHbIX 80 8Ce CPOKU IKCIIepuMeHma.

Knroueenie crnoea: xenydoyHasi cnusb, oMenpasos, Mysabmunpo6iomuk.
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THE PREVALENCE OF HIV-1 STRAINS RESISTANT TO ANTIRETROVIRAL DRUGS AMONG
CHILDREN RECEIVING INEFFICIENT HIGHLY ACTIVE ANTIRETROVIRAL THERAPY

Here we present the results of analysis of prevalence of HIV strains with drug resistance mutations among HIV-infected children
receiving inefficient HAART. Blood samples from 60 HIV-infected children aged <15 years were taken to perform the viral resistance
genotyping. The prevalence of HIV-1 strains characterized with high resistance to any drug constituted 65.0%. In total, 51.67% of
children required a correction of HAART scheme. The majority of isolated HIV strains (96.67%) belonged to subtype A of HIV-1.

Key words: HIV-1, HAART.

Introduction. The drugs currently used to treat HIV-
infection belong to six distinct classes: nucleoside-analog
reverse transcriptase inhibitors (NRTIs), nonnucleoside
reverse-transcriptase inhibitors (NNRTIs), protease inhibi-
tors (PIs), integrase inhibitors, fusion inhibitors and recep-
tor antagonists [1]. Combinations of antiretroviral drugs are
used now for the treatment of HIV infection — so-called
highly active antiretroviral therapy (HAART). HAART regi-
mens generally comprise three antiretroviral drugs, usually
two nucleoside analogues and either a protease inhibitor or
a nonnucleoside reverse-transcriptase inhibitor.

One of the major causes of treatment failure is the de-
velopment of drug resistance to antiretroviral drugs (ARVSs).
Resistance testing is recommended for optimization antiret-
roviral therapy after treatment failure, for effective changing
regimens of HAART. In this connection the research to
identify resistant to ARVs HIV strains is necessary to
achieve the efficiency of treatment. Given the fact that the
vast majority of children in Ukraine and in the world at large
infected by vertical HIV transmission from HIV-infected
mothers, HIV-infected infants may acquire resistant HIV
strains from the mother in utero or during the intrapartum
period. Resistance may also emerge from exposure to anti-
retroviral drugs given to the infant for prophylaxis against
HIV transmission. Resistant HIV strains may also emerge
from exposure to antiretroviral drugs given to the infant for
prophylaxis against HIV transmission [2]. On the other
hand, receiving suboptimal doses of drugs during HAART
in turn leads to the formation of resistant strains of HIV too.

Antiretroviral therapy is considered like virologic inef-
fective if the level of HIV viral load is not reduced to a
level less than 1000 RNA-copies/ml blood after 24
weeks of HAART.

The aim of this work was to establish the prevalence of
resistant strains of HIV in HIV-infected children with vi-
rologic failure of HAART.

Materials and methods. Samples of plasma HIV- in-
fected children under 15 years of age receiving HAART
were used for investigation. Whole blood samples were
obtained by venipuncture into EDTA-containing tubes. After
centrifugation, plasma was separated and stored at —70 °C
for RNA viral extraction. Samples of plasma were pre-
tested by PCR to determine the level of HIV-1 RNA using
the Abbott RealTime HIV-1 (Abbott RT HIV-1) to assess
the effectiveness of HAART. Samples in which the viral
load of HIV-1 RNA exceeded 2000 copies VIL-1/ml plasma
were selected for further sequencing. HIV genome se-
quencing was performed on the genetic analyzer ABI
PRISM 3100 (Applied Biosystem) using the test system
ViroSeqTM HIV-1 Genotyping System (Abbott, USA),
which detects mutations in the reverse transcriptase (RT)
and protease regions of the pol gene and provides the
physician with a report indicating genetic evidence of viral
resistance. The entire protease gene and two-thirds of the
RT gene are amplified to generate a 1.8 kb amplicon. The

amplicon is used as a sequencing template for seven prim-
ers that generate an approximately 1.3 kb consensus se-
quence. The Viroseq HIV-1 Genotyping System software
assembles, edits, and identifies mutations within this 1.3kb
sequence. The software compares the consensus se-
quence with a known reference, HXB-2, to determine muta-
tions present in the sample. Analysis of primary nucleotide
sequences was performed using BioEdit (v.7.0.0). Evalua-
tion of nucleotide substitutions were performed using the
database at Stanford University, USA (hivdb.stanford.edu).
All HIV-1 pol sequences for genotyping were analyzed us-
ing the REGA HIV-1 Subtyping Tool, version 2.0.

Results and discussion. The presence of mutations of
HIV-1 resistance to antiretroviral drugs was determined in
HIV-1 RNAs isolated from blood samples of 60 HIV-
infected children under 15 years of age. All children re-
ceived HAART for at least one year. All children included in
the study have virological failure of HAART: indexes of viral
load of HIV-1 in samples of their blood were higher than
2000 RNA-copies/ml after 6 months after initiation of
HAART or after the last modification scheme of HAART
and ranged from 2681 to 10 million RNA-copies/ml plasma.
Among the children included in the study 30 (50.0 %) re-
ceived the first scheme of therapy, in 30 (50%) children the
scheme of therapy was changed: in 18 children — twice, in
7 — three times, and in 5 — four times.

HIV RNA was isolated from all 60 specimens of blood.
Determination of subtypes of HIV-1 was based on the
analysis of polymerase gene sequences (a protease and
RT regions). According to an analysis of the database of
Stanford University, two of the selected strains of viruses
can be classified as subtype B HIV -1 (3.33 %), 29 — sub-
type A HIV -1 (48.33 %), 28 samples were CRFO1-AE
(46.67%), one — CRF02 — AG (1.67%). But all CRFs were
classified as subtype A in additional analysis with REGA
HIV-1 Automated Subtyping Tool (Version 2.0). Thus, most
of the sequences belonged to subtype A (96.67%), and
only two sequences belonged to subtype B (3.33%) (fig. 1).

The resistant strains of HIV-1 were detected in 40
(66.67 %) of 60 samples of plasma HIV-infected children,
in 39 (65.0%) samples HIV strains with high resistance to
at least one antiretroviral drug were found. In total group 31
(31/60, 51.67%) children needed for the correction of the
scheme of HAART. Ten from 39 children (25.64 %) had
levels of HIV viral load higher than 100 000 RNA copies/ml
plasma. It is known that mutations of HIV resistance to
antiretroviral drugs contribute to reducing its replicative
capacity compared to the "wild" sensitive virus [3]. At the
same time, the HIV genome can form spontaneously poly-
morphic compensatory mutations that contribute to the
restoration of replicative capacity of the virus. Therefore,
high HIV viral load (more than 100 000 RNA-copies/ml
plasma) in the presence of resistance mutations may be
explained by manifestation of polymorphism mutation.

© Babii N., Shcherbinska A., 2013
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Fig.1. Distribution of HIV-1 subtypes among HIV-infected children

The prevalence of HIV drug resistance mutations was analyzed according to the drug class family. The most commonly
detected mutations were mutations of resistance to NRTIs — in 33 from 60 patients were identified strains of HIV with at

least one mutation from this group (Table 1).

Table 1.The prevalence of HIV strains with resistance mutations among children with virological failure of HAART

Indicator Quantity of samples/total group | Rate,%

High-level resistance to at least one antiretroviral drug 39/60 65.0
Resistance to the drug classes::

NRTIs 33/60 55.0
NNRTIs 29/60 48.33
Pls 8/60 13.33
Resistance to two classes of drugs 24/60 40.0
Resistance to two classes of drugs 4/60 6.67

There are two main mechanisms of resistance to NRTIs.
Both of these mechanisms are realized through the forma-
tion of mutations in the region of the gene pol, which en-
codes reverse transcriptase (RT) of HIV. The first — increas-
ing the RT's phosphorolytic activity, which in the presence of
a pyrophosphate donor (usually ATP) allows to remove
chain-terminating inhibitors from the 3' end of the primer.
This mechanism is associated with mutations M41L, D67N,
K70R, L210W, T215Y, T215F, K219Q, K219E — family of muta-
tions known as thymidine analogue mutations (TAMs) be-
cause they are selected by thymidine analogs zidovudine
(AZT) and stavudine (d4T) [4]. The development of resis-
tance to thymidine analogues is a result of the gradual ac-
cumulation of specific mutations in 41, 67, 70, 210, 215 and
219 positions of HIV reverse transcriptase. Viruses acquire
phenotypic resistance to thymidine analogues resulting
combined mutations at positions 41 and 215, or storage of at
least four of the six mutations. Another mechanism — the
formation of conformational changes in the molecule reverse
transcriptase of HIV that result in loss of the ability of the
enzyme to bind to NRTIs, which makes it impossible to in-
clude them in the chain of provirus DNA of HIV- 1[5]. Among
mutations that result in the inability to include NRTIs in chain
of provirus DNA in HIV-1 there are M148V, L74V, M184l,
K65R. Among them the most common is the M184V muta-
tion. The RT mutation M184V confers high-level phenotypic
resistance to the cytidine analogs lamivudine (3TC) and em-
tricitabine (FTC) and low-level cross-resistance to abacavir
(ABC) and didanosine(DDI). Despite the high level of pheno-
typic 3TC and FTC resistance caused by M184V, there is
often some benefit in including 3TC or FTC in a salvage
therapy regimen because M184V increases susceptibility to
AZT, d4T, and tenofovir (TDF) and causes a decrease in
HIV-1 replication capacity [6].

In the spectrum of detected mutations of HIV resistance
to NRTIs in the investigated samples at the mutation M184V
(M184MV) was dominant by the frequency of detection — it
was found in 32 samples from 60 (53.33 %). Other mutations
of HIV resistance to NRTIs, were found with less frequently,
but their range was wide. TAMs were found in 20 samples
(20/60, 33.33%): in 4 samples M41L mutation were found, in
11- strains with substitution at position D67 (D67N, D67DN), in
7 — at position K70 (K70R, K70KR), in 7 — at position T215
(T215Y, T215 F),in 8 — at position K219 (K219E, K219Q,

K219EQO). In samples of blood of 3 children HIV strains with
four TAMs were found, in one sample — HIV strain with five
TAMSs. Also other mutations were found: in 6 samples — muta-
tions at position L74 (L74V, L74LV), in two samples — L210W
(L210 LW), V75M —in one.

The second group by the frequency of detection was
the group of mutations that provide the resistance to the
non-nucleoside reverse transcriptase inhibitors of HIV-1.
These mutations were found in HIV strains isolated from 29
samples of blood (29/60, 48.33%). Drugs of this class trig-
ger conformational changes in the HIV reverse transcrip-
tase molecule with the formation of the so-called hydro-
phobic "pocket" — this region is NNRTI-binding site. The
binding of NNRTIs, in turn, causes changes in the confor-
mation of the active center of the enzyme and leads to loss
its inability to synthesis of provirus DNA chain of HIV-1.
Mutations that cause changes in the amino acid sequence
in hydrophobic "pocket", lead to the formation of the stabil-
ity of the virus to several or all drugs from this class [7].
These mutations include nucleotide substitutions in posi-
tions 100-110, 180-190 and 225-235. We found some mu-
tation of that class, most frequently were following: K101E
— in 8 samples, G190S - in 16 samples, K103N — in
10 samples, P225H (met in combination with K103N) — in
4 samples, Y181C — in 2 samples. Mutations G190S and
K103N are causing high level of HIV resistance to nevirap-
ine (NVP) and efavirenz (EFV). K103 reduces NVP and
EFV susceptibility by about 50 and 20-fold, respectively [8].
G190S is mutation that accumulates during prolonged inef-
fective therapy with most NNRTIs. The nucleotide substitu-
tion K101E causes the average level of resistance of HIV
to these drugs. P225H is a nonpolymorphic accessory mu-
tation which in combination with K103N causes >50-fold
reduced susceptibility to NVP and EFV [9]. Y181C causes
>25-fold reduced susceptibility to NVP [10].

The mechanism of action of protease inhibitors is to
block the activity of the enzyme, causing it to lose the abil-
ity to cleavage of precursor viral proteins (gag and gag—
pol) permitting the final assembly of the inner core of viral
particles [11]. Resistance to this class of drugs is caused
by a complex of mutations that are divided into major (that
cause reduced sensitivity of the virus to specific drugs of
this class) and minor (that do not affect the stability of the
virus to the Pls, but in the presence of major mutations can
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enhance the level of HIV resistance to these drugs). Muta-
tions of resistance to Pls were detected in 11 samples, but
mutations associated with high levels of resistance to Pls
were detected in 8 of them (8/60, 13.33%). Among the ma-
jor mutations of resistance to Pls nucleotide substitutions at
position 46 (M46L, M46LI) were detected — in 7 of the in-
vestigated sequences, at position 82 (V82A, V82F) — in 5
samples. M46l/L contribute reduced susceptibility to few
Pls (indinavir (IDV), nelfinavir (NFV), fosamprenavir (FPV),
atazanavir (ATV), and lopinavir (LPV)) [10]. V82A de-
creases susceptibility to IDV and LPV and confers cross-
resistance to ATV and NFV [12]. The mutation 154V and
L76V were detected in 3 and 2 samples, respectively.
Among the minor mutations substitutions at position L10I
dominated, which were found in 13 of the samples.

Conclusions. Thus, HIV strains with mutations of high
level resistance to ARVs were found in the majority (in 39
from 60) of blood samples obtained from children with vi-
rological inefficiency HAART. The frequency of detection of
resistance mutations to NRTIs was 55.0 %, to NNRTIs —
48.33%, to Pls — 13.33 %. In total group 21 children (35.0
%) had treatment failure, probably related to their low ad-
herence to therapy, abnormalities in the mode of taking the
drugs. These results indicate the high relevance of problem
of the formation and spread of resistant strains of HIV
among HIV- positive children in Ukraine and the necessity
for further study of that problem.

H. Ba6in, kaHAa. 6ion. Hayk, A. LLlep6iHcbka, npod.
KHY imeHi Tapaca LLleB4eHka, KuiB
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MOLUUPEHHICTb WUTAMIB BIJ-1, CTIMKMX 4O AHTUPETPOBIPYCHUX MNMPEMNAPATIB, CEPE[ OITEW,
AKI OTPUMYKOTb HEE®EKTUBHY BUCOKOAKTUBHY AHTUPETPOBIPYCHY TEPANIO

lMpedcmaeneni pesynbmamu aHanizy nowupeHocmi pesucmeHmHux do APB — npenapamie wmawmie BI/l- 1 ceped dimeli 3 HeeghekmueHorO
BAAPT. [insi npoeedeHHs1 docnidxeHb 3 ausienieHHs1 peaucmeHmHux do APB — npenapamie wmawmie BlJ1 6ynu eidi6bpaHi 3pa3ku kpoei 60 BIJl-
iHgpikoeaHux dimel y eiyi Ao 15 pokie. Hacmoma eusieneHHss wmamie BlJ1 3 Mymauyisimu, wo 3a6e3neyyroms cmilikicmb 8UCOKO20 pigHsI xo4a 6 0o
00HO20 npenapamy, eKIIO4EHOMY 8 cxeMy JliKyeaHHs1, cknana 65,0 %, 51,67 % dimeli nompe6byeanu kopekuii cxemu mepanii. Binbwicme npoaxarni-
3o0eaHux nocnidoeHocmeii PHK BIJ1 (96,67%) Hanexanu do cyémuny A BIJl-1.

Knro4voei cnoea: APB npanapamu wmawmie BIJl-1, BAAPT.

H. Babun, kaHa. 6uon. Hayk, A. LLlep6uHckas, npod.
KHY nmenu Tapaca LLleB4eHko, KueB

PACMPEQENEHUE LUTAMMOB BUY-1, YCTOMYMNBbIX K AHTUPETPOBUPYCHbIM NMPEMNAPATAM, CPEAU AETEWN,
KOTOPBIE MNOJNTYHAIOT HEQ®®PEKTUBHYIO BbICOKOAKTUBHYIO AHTUPETPOBUPYCHYIO TEPAIMNUIO

lMpedcmaeneHsbi pe3ynbmamsl aHanu3a pacrnpocmpaHeHHOCMU pe3ucmeHmHbix k APB-npenapamam wmammoe BUY-1 cpedu demeli ¢ Heagh-
¢pekmusHoli BAAPT. [ins npoeedeHusi uccnedosaHull No ebisie/IeHUl0 pe3ucmeHmHbix K APB-npenapamam wmammos BUY 6binu omobpaHb!
o6pa3sybl kpoeu 60 BUY-uHgpuyupoeaHHbix demeli 8 eo3pacme 0o 15 nem. Yacmoma ebisieneHusi wumammoe BUY ¢ mymayusimu, obecneyuearo-
wumu ycmoli4yueocmb 8bICOKO20 ypO8HSI xomsi 6b1 K OOHOMY rfpenapamy, 6K/IIO4YEeHHOMY 8 cxeMy JiedeHusi, cocmasuna 65,0%, 51,67% demel
Hy¥0anucb 8 KoppeKyuu cxembl mepanuu. bonbwuHcmeo npoaHanusupoeaHHbIx nocnedosamenbHocmeli PHK BUY (96,67%) npunadnexanu k
cy6muny A BUY-1.

Knro4desie cnosa: APB npenapambl wmammoe BUY-1, BAAPT.
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A. Baidaliuk, stud., |. Budzanivska, Dr.Sci.
Taras Shevchenko National University of Kyiv, Kyiv

ADVANCED APPROACHES TO IDENTIFICATION OF VIRUSES INFECTING
OF WILD HERBACEOUS PLANTS

Recently, interest in studying viruses in wild flora was gradually increasing. This is connected with necessity of better under-
standing plant virus evolution, ecology, virulence, and even to avoid economic losses due to crop-wild hybridization, followed by
introgression of pathogen-resistant transgenes to wild populations. In this review brief information about last contributions in
development of wild plant virology is given. Different approaches to the researches are present here.

Key words: viruses in wild flora, transgenes to wild populations.

Introduction. Viruses commonly infect wild plants.
However, virus infection is easily overlooked in wild plant
populations. Although infections can be visually unappar-
ent, it is frequently assumed that absence of visual symp-

toms (such as leaf mottling or malformation) indicates lack
of virus infection. Moreover, symptoms of virus infection
are sometimes difficult to distinguish from environmental
stresses. For these reasons, in part, virus ecology in natu-

© Baidaliuk A., Budzanivska I., 2013
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ral plant populations is poorly studied [1]. Little is known
about the prevalence or effects of virus infection in wild
plant populations, much of our understanding of plant-virus
interactions comes from economically important plants
(e.g., crops, horticultural varieties, and pasture plants). In
crops, virus infection can reduce plant growth by depress-
ing photosynthesis, changing metabolism, and altering
resource allocation. Virus infections can drastically reduce
crop vyield, resulting in economic losses. Moreover, many
virus vectors are difficult to control, and for this reason, ge-
netic resistance to virus infection is often the most practical
means of controlling crop losses [2]. The use of transgenic
crops with virus resistance offers promise for control of prob-
lematic viruses. The commercial release of virus-resistant
transgenic crops has motivated research on plant-virus ecol-
ogy in natural populations [1]. Knowledge from studies of
viruses of cultivated plants may not be adequate for explain-
ing the ecology and evolution of plant viruses in nature. An-
thropogenic activities such as domestication of crops, travel
and exploitation of natural habitats seem to influence plant
virus spread and evolution in cultivated conditions.

Little is known about plant virus diversity, host specific-
ity and evolution under natural conditions where human
influence is limited. In wild plants, virus infection can affect
plant growth, mortality, and seed production, but these
effects vary among populations, species, and environ-
ments. Although these data indicate that viruses can affect
community dynamics and have fitness impact on many wild
plants, remarkably little is known about virus prevalence in
wild populations [3]. Assuming recent information, which is
connected with investigation of viruses in wild plants, sev-
eral main reasons for further research on the given theme
can be established. Regarding evolution, the phylogenetic
relationships between the viruses in wild and domestic
plants should be clearly assessed. In respect of virulence,
several studies of the plant viruses in natural systems indi-
cate no harmful effects or a mild influence on their host
plant's fitness [4]. Moreover, new species of plant viruses
can probably be found (e.g. Asclepias asymptomatic virus
[5]). High rates of using transgenic crops may cause crop-
wild hybridization, followed by introgression of pathogen-
resistant transgenes to wild plant, which is an ecological
risk of increasing wild population in size or becoming weed-
ier [6]. Viruses are known to be presented in wild fungi and
algae, woody perennials, and herbaceous plants. This re-
view is focused on the recent investigations of the viruses
found in wild herbaceous species.

Discovery of novel viruses from wild plants. During
21 century, the level of concern with viruses, which must

exist in plants under wild conditions, was rising. Several re-
searches directed to find new virus species in wild plants in
Alaska have been accomplished. A new virus named Nootka
lupine vein-clearing virus (NLVCV) was isolated from Lu-
pinus nootkatensis plants that were confined to a relatively
small area in the Talkeetna mountains of south-central
Alaska. There were apparent leaf symptoms of pronounced
vein clearing and mosaic on 3- to 4-week-old plants. The
nucleotide sequence of RNA-dependent RNA polymerase
(RDRP) did not match any known virus, but contained short
regions of identity to several carmoviruses. Only species be-
longing to the Fabaceae were susceptible to NLVCV by me-
chanical inoculation. Based on precise studies of this virus
and similarity of the RDRP gene to that of other carmoviruses,
it is suggested that NLVCV is a member of the family Tom-
busviridae, and tentatively of the genus Carmovirus [12].

A novel potyvirus was discovered in wild celery and
kneeling Angelica (family Apiaceae) in the Matanuska-
Susitna Valley, Alaska, named after its natural plant hosts,
angelica virus Y (AnVY) (Table 1) [13].

Recent studies describe a novel mastrevirus found in
grass Digitaria didactyla in Africa. Analysis of the sequence
shows the virus to be a typical mastrevirus, with four open
reading frames, two in each orientation, separated by two
noncoding intergenic regions. Although it showed the highest
levels of sequence identity to CSMV (68.7%), their sequences
are sufficiently diverse for the virus to be considered a mem-
ber of a new species in the genus Mastrevirus, based on the
present species demarcation criteria. It was proposed that the
name first used during the 1980s be used for this species,
Digitaria didactyla striate mosaic virus (DDSMV) [14].

Yellow oat-grass (Trisetum flavescens L. Beauv) is a
perennial grass native to Europe, West Asia and North
Africa. Yellow oat-grass plants with mild mosaic and pro-
nounced dwarfing symptoms were observed at different
locations in the Czech Republic. Serological assays of in-
fected plant extracts using antiserum specific to the closest
species in the family Potyviridae were negative. Based on
phylogenetic analyses of the coat protein cistron and flank-
ing genomic regions, it was proposed to be a distinct viral
species of the genus Tritimovirus, tentatively named Yellow
oat-grass mosaic virus (YOgMV) [15].

Research in Australia revealed that a range of viruses,
both indigenous and exotic, infect native orchids. A novel po-
tyvirus was identified from a wild plant of Diuris laxiflora that
did not exhibit symptoms. The name Donkey orchid virus A
(DOVA), isolate SW3.1 was applied. Its predicted genome
organization was typical of those of other potyviruses [16].

Table 1. Examples of viruses identified in wild herbaceous plants, presented in chronological order

N . Family and/or Name of wild host | Family of wild host Author(s) and year
ame of virus G L Symptoms L
enus of virus plant plant of indication

Glycine mosaic virus | Comovirus Glycine  clandestina mosaic symptoms | Bowyer et al. 1980
(GMV) and G. tabacina and marginal defor-

mation in leaves
Turnip yellow mosaic | Tymoviridae Cardamine lilacina Brassicaceae mild Guy and Gibbs 1985
virus Tymovirus
Tobacco mild green | Virgaviridae, Nicotiana glauca Solanaceae mild or unapparent Rodriguez-Cerezo et
mosaic virus (TMGMV) | Tobamovirus al. 1991
Kennedya yellow | Tymoviridae Desmodium scorpiurus; | Fabaceae unapparent Skotnicki et al. 1996
mosaic virus Tymovirus Kennedya rubicunda
Beet western yellow | Luteoviridae Brassica oleracea Brassicaceae yellowing of tissue Raybould et al. 1999
virus (BWYV)
Barley yellow Luteoviridae 1) Bromus hordeaceus | Poaceae 1) unupparent Remold 2002
dwarf virus (BYDV) 2) Setaria viridis 2) reduction in panicle

1) Setaria lutescens length

3) increase in panicle

length
Hardenbergia mosaic | Potyviridae, Hardenbergia comp-|Fabaceae unapparent Webster et al. 2007
virus Potivirus toniana
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Closing table 1

N . Family and/or Name of wild host | Family of wild host Author(s) and year
ame of virus G X Symptoms L

enus of virus plant plant of indication
Passion fruit woodi- | Potyviridae, Passiflora aurantia Passifloraceae unapparent Webster et al. 2007
ness virus Potivirus
Angelica virus Y |Potyviridae, Angelica lucida Apiaceae leaf Robertson 2007
(AnVY) Potivirus L. and A. genuflexa Nutt. mottling
Polygonum  ringspot | Buniaviridae, To- | Polygonum convolvulus | Polygonaceae chlorotic or necrotic | Ciuffo et al. 2008
virus (PoIRSV) spovirus ringspots, mosaic and

deformation
Eragrostis curvula | Geminivirigae Eragrostis curvula Poaceae mild streak Varsani et al. 2009
streak virus (ECSV)
Yellow oat-grass | Potyviridae Trisetum flavescens | Poaceae mild  mosaic  and|Hassan 2009
mosaic virus (YOgMV) | Tritimovirus dwarfing
Sweet potato feathery | Potyviridae, Ipomoea sp., Convolvulaceae unapparent Arthur et al. 2010
mottle virus (SPFMV) | Potivirus Hewittia sp., and
Lepistemon sp.
Narcissus late season | Potyviridae, Narcissus sp. Amaryllidaceae leaf streaking and|Wylie et al. 2010
yellows virus Potivirus yellowing,
(NLSYV) leaf distortion and
plant stunting

Digitaria didactyla | Geminivirigae, Digitaria didactyla Poaceae streak Briddon et al. 2010
striate mosaic Mastrevirus
virus (DDSMV).
Asclepias  asympto- | Tymoviridae Asclepias viridis Apocynaceae unapparent Melcher 2013
matic virus (AsAV) Tymovirus
1)Bean yellow mosaic | 1) Potyviridae, Diuris sp. Orchidaceae unapparent Wylie et al. 2013
virus;  Ornithogalum | Potivirus
mosaic virus; Blue | 2)Luteoviridae,
squill virus A Polerovirus
2) Turnip yellows virus

Transgenic crops and viruses. Because not so much is
known about the prevalence or effects of virus infection in
wild plant populations, most of our understanding of plant-
virus interactions comes from economically important
plants. In crops, virus infection can reduce plant growth by
depressing photosynthesis, changing metabolism, and
altering resource allocation. Controlling the virus vectors is
mostly difficult; hence using transgenic crops is one of the
most novel and popular methods to avoid losses of yield.
For example, in the United States, 27 crop species with
virus-resistance transgenes have been issued permits for
field trials, and a handful of crops have been deregulated
for commercial production (i.e., squash, papaya, and po-
tato; Information Systems for Biotechnology, 2012). Deal-
ing with transgenic plants we must be aware of crop—-wild
hybridization followed by the introgression of transgenes
into wild relatives, which located in proximity to crops. This
process may have certain negative consequence: the size
or dynamics of the wild plant population, which is limited by
pathogen attack, may increase, or wild population may
become weedier due to ecological advantages obtained
from virus-resistant transgenes. A research has been con-
ducted to contribute in our awareness of such very prob-
lem. It surveyed wild Cucurbita pepo populations in the
south-central United States over 4 years for five virus spe-
cies. These populations were examined for the presence of
virus-resistance transgenes. Although results of the survey
constitute that the virus-resistance transgene was not pre-
sent in any of the 1256 leaf samples of wild C. pepo col-
lected from 21 sites over 4 years in south-central United
States [2], we cannot still certainly exclude the possibility of
the transgene introgression, for instance, into other wild
plant in the other countries. In addition, prevalence of viruses
in wild C. pepo was examined. Cucumber mosaic virus
(CMV), Squash mosaic virus (SqMV), Watermelon mosaic
virus (WMV), and Zucchini yellow mosaic virus (ZYMV) were
detected. It was also confirmed that RT-PCR is more sensi-
tive than ELISA, and results suggest that neither method is
100% accurate. At least one of these viruses surveyed was
present in 17 of 21 wild C. pepo populations and prevalence

ranged from 4-74%, and the average prevalence for all vi-
ruses was 23%. Another interesting data is that, in field sur-
vey, 80% of infections were visually unapparent [2].
Ecogenomics: advantages and disadvantages. Several
recent metagenomic studies have analyzed prokaryotic
viruses in a variety of unexpected environments [7]. Me-
tagenomics has been very valuable in directing the rethink-
ing of the global 'virome', i.e. there are orders of magnitude
more viruses in nature than previously anticipated, but it
has not been able to link any viruses found in environ-
mental samples to their hosts. Ecogenomics can fill this
gap in our understanding. In addition, almost all metage-
nomics studies of viruses have characterized bacterial vi-
ruses, while the methods described here give us a way to
analyze eukaryotic hosts and their viruses. However, the
sample processing for this type of study is much more la-
bour intensive than what is used in metagenomics, and
hence ecogenomics can simply give a different perspective
on the global virome [8] and, particularly, on investigation
of viruses of wild plants. Clear example of this kind of
method should be noticed. That was remarkable survey of
viruses in wild flora of the Tall Grass Prairie Preserve in
northeastern Oklahoma, and the Area de Conservacio'n
Guanacaste in northwestern Costa Rica. These areas have
low and high level of biodiversity respectively. dsSRNA were
used, as a form of nucleic acids that is generally unique to
viruses, to assess RNA virus infection in plants, by convert-
ing it to cDNA through a process specific for dsRNA. The
resulting cDNA then was amplified with tagged primers that
could cross reference each sample to the sequences ob-
tained by pyrosequencing in pools of 24 to 96 uniquely
tagged samples [8]. As a result, there were discovering
thousands of plant viruses that are generally unique, and
only distantly related to known viruses. The term 'Ecoge-
nomics' to distinguish this study from the metagenomic
studies from environmental samples since given se-
quences are directly linked to the original plant hosts. An-
other essential survey on the same territory (Tall Grass
Prairie Preserve) was accomplished. One considerable
result was discovering novel Tymovirus — Asclepias as-
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ymptomatic virus (Table 1) in Asclepias viridis [5]. Plant
samples were screened for virus-like sequences in double-
stranded RNA and in nucleic acids associated with particu-
late fractions of plant homogenates. Furthermore, among
the plant specimens analyzed for amplifiable VLP-VNA,
only 2.3% were noted at collection as having any symp-
toms of disease. In each year of harvest the proportion of
samples that were PCR positive was the same among
plants with and without symptoms. Thus, presence or ab-
sence of amplification was not an indicator of disease,
manifested as symptoms [9]. Therefore this massive se-
quencing cannot allow evaluating of virulence, and gives
information to understand evolutionary and ecological rela-
tionships among plant viruses in wild flora. Similar ap-
proach to identification plant viruses in wild plants is de-
scribed by another research. A remarkable recent advance
in plant virus discovery has been the utilization of mas-
sively parallel pyrosequencing (next-generation sequenc-
ing, 'deep' sequencing), which is capable of yielding
megabases to gigabases of sequence information, coupled
with bioinformatics [10]. It was described the use of a mas-
sively parallel sequencing approach whereby polyade-
nylated plant RNA from multiple plants was pooled and
sequenced together before the output was analyzed for the
presence of viral genomes. This research represents part
of a project to describe the ecological roles viruses play in
the indigenous flora of the south-west Australian floristic
region. After analysis, complete or partial genome se-
quences representing 20 virus isolates of 16 polyade-
nylated RNA species were identified. In three cases, 2-3
distinct isolates of a virus species co-infected the same
plant. Twelve of the viruses identified were described pre-
viously and belonged to the genera Potyvirus, Nepovirus,
Allexivirus, and Carlavirus. Four were unknown and are
proposed as members of the genera Potyvirus, Sadwavi-
rus, and Trichovirus [11].

Nowadays, studying viruses persisting in non-cultivated
plants become more popular. The knowledge allows us to
understand general plant virus ecology better, because, pre-
viously, only viruses of economically essential plants were
discovered, and an ability to make whole picture of ecologi-
cal processes of plant viruses was restricted by lack of in-
formation about viruses in wild plants. Obviously, wild plants
are natural reservoir of plant viruses. Thus, the plenty of
surveys in order to indicate viruses of crops in wild popula-
tions have been done. As a result, it became clear that visual
symptoms in wild plants are mostly unapparent. It could be
suggested that milder symptoms in wild plants are con-
nected with long-term co-evolution with certain virus, which,
obviously, is not present in the population of cultivated

A. Banpaniok, ctya., .ByasaHiBcbka, a-p 6ion. Hayk
KHY imeHi Tapaca LLeB4eHka, Kui

plants. Moreover, studying viruses in wild populations seems
to be useful for biotechnology: to assess a risk of virus-
resistant transgene introgression into wild plant. Develop-
ment of new methods of sequencing, coupled with bioinfor-
matics, caused metagenomics, while metagenomics was
followed by ecogenomics — beneficial to massive simultane-
ous discovery of viruses in wild flora, linked to their hosts.
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HOBI NiAXoau 0o INEHTU®PIKALII BIPYCIB, AKI YPAXAKOTb AUKOPOCII TPAB'AHUCTI POCITUHU
OcmaHHiM 4Yacom 3ayikaeneHicmb y eue4YeHHi eipycie Oukopocsoi ¢ghropu nocmynoeo 3pocmae. Lle noe'sisaHo 3 HeobxidHicmio kpauwjo20
PO3YMiHHSI esosmoyil, ekonoeii, ipyneHmHocmi gipycie pocsnuH, i makox 3adsisi yHUKHEHHSI eKOHOMIYHUX empam 4Yepe3 e83acMHy 2i6bpudu3ayiro
mpaHc2eHHUX MexHIYHUX KyJibmyp ma OuKux poc/luH ma HacmynHol iHmpozpecii eipyc-cmilikux mpaHcaeHie e Ouki nonynsyii. B daHomy oansdi
HadaHa Kopomka iHghopmau,isi NPo ocmaHHi 8HECKU 8 pO38UMOK 8U8YeHHs gipycie dukux pocnuH. [fpedcmaeneHi pi3Hi Nidxodu 0o docnidxeHb.
Knrouoei cnoea: eipycu dukopocioi ¢priopu, mpaHc 2eHu e Qukili nonynsuii.

A. Baipantok, ctya., . ByasaHuscka, a-p 6mon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

HOBbIE NoaxoAbl K UAEHTU®UKALIUK BUPYCOB,
KOTOPbIE MOPAXAIOT AUKOPACTYLUME TPABAHUCTBLIE PACTEHUA

3a nocnedHee epeMsi UHMepPeC K usy4eHuro supycos dukopacmyuweli ¢y1opbl MOCMeneHHo go3pacmaem. IMo cesi3aHO ¢ He06X0OUMOCMbIO
Jly4uwe20 MOHUMaHUs 380J1OUUU, 3KOJI02UU, 8UPYIEHMHOCMU 8UPYCO8 pacmeHull, U makKxe 80 u3bexaHue 3KOHOMUYECKUX Momepb U3-3a 83aum-
Holl e2u6pudu3ayuu MpaHC2eHHbIX MEXHUYECKUX Kynbmyp ¢ OUKUMU pacmeHUsiMuU, U, ernocsedcmeuu, UHMpOo2peccuu 8upyc-ycmoulvusbix
mpaHcaeHoe e dukue nonynsayuu. B daHHoM 063ope daHa Kopomkasi uHghopmayusi o Mocsie0HUX eKknadax e usyyeHue aupycoe GuKUX pacmeHudll.

3decb npedcmasnieHbl pa3Hble N0OX00bI K uccriedogaHUsIM.

Knroyeenie cnoea: supycbi dukopacmyujeli gpsiopbl, mpaHc2eHbl 8 QuKkol nonynsyuu.
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IDENTIFICATION OF MAREK'S DISEASE IN POULTRY FARMS OF UKRAINE
AND ESTABLISHMENT THE FORMS OF DISEASE

Marek's disease virus is one of a pathogen who remains to cause a significant losses in poultry veterinary medicine in all
over the world. In this paper, Marek's disease was identified in 234 of 304 observed samples by histological diagnosis and estab-
lished the dominant manifestation of the disease. The main form that was detected in positive samples was classic manifestation
of MD. The identification of Marek's disease and different forms in poultry flocks pointed on circulation of herpes virus and the
existence of virulent and highly virulent variants of the virus in poultry farms of Ukraine.

Key words: Marek's disease virus, histological diagnosis.

Introduction. Marek's disease (MD) is the most wide-
spread lymph proliferative disease of chickens and turkeys.
The disease is characterized by the development of malig-
nant lymphomas in visceral organs (acute form) and nerve
damage (classical form). Thus, the annual loss of MD in
global poultry industry is estimated at 1-2 billion dollars [1].
World Society of Agriculture and Food (FAO) has about
2002 the largest poultry farms, containing 45 billion broilers
and laying hens and in addition 57 million tons of eggs.
Thus, the poultry industry adds global budget for 100 —
$ 200 billion, Marek's disease virus in turn reduces it to 1%.
However, the trend of Marek's disease virus and industrial
rearing of poultry is not always observed in such way. By
1960, when the industrial poultry breeding was intensified,
existing variety of Marek's disease virus showed patho-
genicity in a very mild form. Thus, since the first case of
diagnostic Marek's disease was noticeable change in the
typical clinical manifestations [5]. The list of chronic poly-
neuritis (multiple peripheral nerve hypertrophy) gradually
joined by visceral lymphoma (formation of tumours in or-
gans such as the heart, liver, kidneys, lungs, etc.) more
acute transient paralysis, immunosuppression, brain swell-
ing and dermatitis. However, common symptoms of the
disease with lesions of different genetic variants of the vi-
rus remains paralysis and chronic inflammation that occurs
directly in response cytolytic infection of B- cell prolifera-
tion, manifested as lymphoma and degenerative changes
in the form of arterial atherosclerosis [6].

Another factor that directly influenced on the evolution
of Marek's disease pathogenicity was the creation and us-
ing vaccines. Thus, the first vaccine was created on the
base of attenuated strains (HPRS- 16) of Marek's disease
virus [1]. Soon, the prevention was perfected with the de-
velopment of new vaccines based on the strain that geneti-
cally related to the herpes virus of turkeys (HVT) [ 2]. Mass
vaccination of poultry decreased the percentage of losses
up to 99% and created the major barrier of protection.

It should be noted that birds losing from Marek's virus
was quickly stopped after vaccine using based on strain of
HVT in the early of 70's. But success maintained only to the
end of 70's and loss was recovered by the emergence of
more virulent variants of the virus. But, the new bivalent vac-
cine consisting of HVT and strain from the second serotype
of MDV (MDV -2) have become a response to the virus ag-
gression. A new approach to vaccination of poultry allowed
to keep the pressure from the virus a short period of time.
After a relative lull in the mid of 90s, the losses in the poultry
industry gained momentum in the answer of the emergence
of new highly virulent strains of Marek's disease. Thus, the
industry has been forced to take an empirical approach by
introducing more effective vaccine, namely CVI988. Dis-
played vaccine was based on a first serotype of the virus
(MDV-1) [3]. Used immunization strategy proved very suc-

cessful way and allowed to control losses in the industrial
poultry breeding. Nevertheless, the experience of previous
years, tells us that as more stable control strategy we have
as sooner we get the following changes "shift" in virulence
by the emergence of new, more virulent variants of the virus.
The vivid proof of this theory is the recent emergence of
virus isolates that show a very high level of pathogenicity in
chickens that were vaccinated with CVI988 [4].

Currently, the disease is controlled by the highly effi-
cient mono-, bi -and polyvalent vaccines. However,
Marek's disease virus remains exemplary model of the
evolution of virus virulence during the past 60 years and
continues to move towards its increase. Pathogenesis and
disease manifestation is very different and depends on
various factors, namely the serotype and patotype of virus,
from genetic conditions of poultry, age of infection, the im-
mune system, and welfare of flocks.

Currently, distinguish 3 main forms of Marek's disease.
Thus, an acute form manifests as malignant tumours in
visceral organs (liver, spleen, kidneys, lungs, stomach), the
classical form — lymphocytes proliferation in pereferiynyh
nerves and mixed, in which tumours are localized in both
nerves and visceral organs. The development of mixed
forms cause by Marek's disease virus pointed on the circu-
lation of the virulent and highly virulent genetic variants of
the virus. Of course, the classical method determination of
the pathogenicity is a selection of agent, inoculate suscep-
tible host by this agent and take the same disease, which is
characterized as the control samples. However, takes in
mind the manifestation of the disease, the time of infection
and the presence or absence of a vaccine can talk about
the presence of virulent strains of MD.

Thus, the aim of our study was to identify the Marek's dis-
ease on poultry farms Ukraine with current manifestations.

Materials and methods.The analyse of the pathologi-
cal condition of samples from 117 poultry farms and sam-
pling was carried out in the laboratory of pathological anat-
omy in the laboratory of diagnostic centre of "BioTestLabo-
ratory". The study was beginning in 2009 up to 2012 and
took place in different regions of Ukraine. For studies was
selected bird with such external clinical signs of disease as:
lameness, paralysis of the limbs and wings, change of iris
colour and it's shape and size, blindness poultry and with
the sudden death. Bird with such pathological changes as
diffuse focal thickening of the nerve roots of the lumbar and
brachial plexus, which become dull gray swelling in the
lungs, kidneys, liver, heart, spleen, gonads, glandular
stomach, muscle, liver congestion and spleen, and thicken-
ing of the walls of the glandular stomach were taken for
histological examination. The size of selected samples was
2-4 cm selected materials immediately transferred to a
10% solution of formalin. Container with sampled was la-
belled in such follows: date of sampling, age of birds, a

© Berezhna D., Ivashchenko 1., 2013
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household name, input the number in the LTD. Sectional
material for histological examination left in tanks of formal-
dehyde at room temperature.

Fixation of tissue samples was performed by immersion
in 80 ml of 10% formalin solution and holding in the micro-
wave for 30 seconds at a power of 400 W with a water load
of 400 ml. After initial fixation was performed by immersing
the dehydrated tissue samples in 80 ml of 96% ethanol and
exposure in the microwave for 10 min at 100 W power [10].
Then cut tissue samples (width of cut was less than
1.5 cm), taking into account the structural features of each
body and the presence of visible lesions and placed in
plastic cassettes Turboflowe [11].

After fixation was performed pre-processing studied tis-
sues using automated station MicromSTP- 120. To prepare
paraffin blocks, cooling the samples and filling was used
the "MicromEC 350" station [81]. Preparation of thin sec-
tions of pathological material flooded in paraffin was per-
formed using a microtome "Microm HM 340 E," and knives
for histological studies "Sec- 130". Cutting was done by
setting "step" microtome 50 microns, and for the manufac-
ture of tissue samples — 5 microns. Slices of tissue sam-
ples were transferred from the water bath (water tempera-
ture 39 °C) directly into glass slides [11].

Made histological sections were kept for 1-2 hours at
temperature of + 37° C for drying. Painting histological sec-
tions was performed hematoxylin and eosin solutions [81].

The sample's microscoping was carried out by an in-
crease in the 100 and 200 times using appropriate lenses

and an increase in 1000 using immersion lens microscope
Axioskop 2 plus (CarlZeiss).

Results and Discussion. In 68% of the clinical cases
were reported substantial polymorphic lymphoid irregular
infiltrates that located in the perivascular and parenchyma
of the body (Fig.1). It should be emphasized that the de-
gree of substitution of the liver parenchyma intractable tu-
mours ranged from 60 to 80% of body tissue.

Compared to the frequency of changes in the incidence
of intractable liver tumours caused by Marek's disease
virus was significantly lower. Thus, polymorphic lympho-
cytic infiltrates in the lungs detected only in 41 % of the
cases whereas intractable tumours in the kidneys revealed
only 30 % (Fig.2).

Often in studies recorded changes in the glandular part
of the stomach (80 % of all samples). Taking into account
poly-etiological cause of this disease (infectious bronchitis
virus effect, Gumboro disease virus, poisoning, etc..), we
took into account only those cases of proventrykulus in
which changes were found not only in the glands and mu-
cosa, but also in muscular glandular mucosa of the stom-
ach. It should be emphasized that the localization of infil-
trates in the muscular membrane as the stomach (15% of
cases) and intestinal (detected in 32% of cases) is charac-
terized by the classic signs of Marek's disease virus as
polymorphic lymphocytic infiltrates in the peripheral nerves.

It should be added that tumours caused by Marek's
disease virus in the tissues of the nervous system were
found in 32% of the sample studied.

Fig. 1. Liver of damaged broiler in age of 45 days by MDV.
Heavy infiltration of proliferating mixed lymphoid cells in a liver. H&E. x100

Fig 2. Heavy infiltration of proliferating mixed lymphoid cells in a kidney. H&E. x200

Thus, the most often tumors was met in the liver — 68%, peripheral nerves — 65%, spleen — 63%, in a somewhat lesser
extent in the lung — 41% and glandular stomach — 34% (Table 1).
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Table.1. Damaged visceral organs and peripheral nerves by Marek's disease virus

100
80
60
40
20

i Prolifiration of reticulum sells in different organs

| want to emphasize that the Marek's disease was iden-
tified in 234 samples from 117 farms of Ukraine. With the
help of histological tools of diagnostic, it was determined
that the classic form of disease was identify in 101 sample,

while mixed form in 75 studied cases. It should be noted
that the mixed form of Marek's disease was detected in 58
of observed samples.(Table 2).

Table. 2 Forms of Marek's disease manifestation in observed samples

mixed form 75
acute form 58 ‘
classical form 101
4]

i ar?ﬂ%unt of diagrjll'lggd samples 1

50 200

Thus, by pathomorphological and histological tools of di-
agnostic was analyzed 304 samples from 117 poultry farms
Ukraine from 2009 up to 2012. Marek's disease was identi-
fied in 234 samples, that pointed on the circulation of this
pathogen in Ukraine. Given the age of the birds, livestock
vaccination, cross and nature of lesions in various organs
was established that the dominant form of expression is the
classic form of the disease, in which all visceral organs of
birds are affected. Number of acute and mixed form in ob-
served cases concerning about existence of virulent and
highly virulent strains of Marek's disease within our state.
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IDEHTUBIKALIA XBOPOBU MAPEKA HA NTAXO®EPMAX YKPAIHA
TA BUSHAYEHHA ®OPMU 3AXBOPIKOBAHHA
Bipyc xeopobu Mapeka oOuH i3 namoezeHis, siKuli 8UK/IUKa€ 3HaYHUX €KOHOMIi4HUX empam y eemepuHapii nmaxieHuymea e ycbomy ceimi. B
pobomi, xeopoba Mapeka 6yna ideHmughpikoeaHa e 234 3pa3kax 3 304 AocnidxyeaHux. 3a donomo20t0 2icmosioz2iyHo2o0 Mmemody diazHocCmuKu
ecmaHosunu, u,0 AoMiHaHMHoOI ¢hopMoro nposiey 6yna knacuyHa ¢popma. I0eHmudpikayiss xeopobu Mapeka 8 pisHux eocrnodapcmeax YkpaiHu 3
pi3Horo MaHighecmaujiero, ekalye Ha YUPKynsyito 36yOHUKa i Ha pi3Hy Mipy namo2eHHocmi caMo20 36yOHUKa.

Knroyoei cnoea: Bipyc xeopobu Mapeka, 2icmosniozi4yHa diazHocmuka.
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MOEHTUOUKALNA BOJNNE3HN MAPEKA HA NTULUE®EPMAX YKPAUHDI
1 ONPEAENEHUE ®OPMbl BONE3HU

Bupyc 6one3nu Mapeka — 0OuUH u3 namozeHos, Komopblii 8bi3bi8aem 3Ha4umesibHblIe IKOHOMUYECKUE MOmepu 8 eemepuHapuu nmuyesodcmea 60
acem mupe. B pabome, 6onesHb Mapeka 6bina udeHmuguyupoeaHa e 234 obpasyax u3 304 uccnedyembix 06pa3yos. C MOMOWbLIO 2UCMOosI02U4eCK020
memoda AuazHOCMUKU YCMHOBIIEHO, Ymo OOMUHaHMHoU ¢hopMoli oKa3anack Knaccuyeckasi gpopma 3abonesaHusi. bonesHb Mapeka udeHmughuyuposaH-
Hasi 8 pa3HbIx xo3silicmeax YKpauHbl, Ymo yKa3bleaem Ha YUPKY/IAyuto 8036yAumerisi U Ha PasHyHo cerneHb Namo2eHHOCMU camMo20 8036ydumennst.

Kniodesnbie cnosa: supyc 6onesHu Mapeka, 2ucmosiozuyeckass OuazHOCMuKa.
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RETROSPECTIVE ANALYSIS OF INFLUENZA-INDUCED MORBIDITY IN POPULATION
OF ZHYTOMYR REGION DURING 1999-2011

The epidemiological analysis of morbidity of influenza population Zhytomyr region for 13 calendar years was carried out. Dy-
namic of morbidity was characterized by periodic decrease and increase. The biggest data of morbidity of influenza of population
from 1999-2011, were in the 1° quarter in February. The epidemic increasing of incidence in the epidemic season 2009-2010 was
observed in October-December. Indicators of influenza of Zhytomyr region population coincide with the course of disease in
Ukraine in general, and in some years over and above the Republican approximately 1,5 — 2. Morbidity of influenza Zhytomyr re-

gion populations has winter-spring seasonality and cyclic recurrence.

Key wods: flu, illness, seasonal, cyclical disease.

Introduction: Influenza viruses are the most prevalent
pathogens of human respiratory infections and one of the
most significant because they cause to high morbidity and
mortality [1, 2].

The rapid pace of evolution of influenza viruses by vari-
ous selection pressures, the production of novel genotypes
through reassortment following mixed infections and their
ability to constantly adapt to new avian and mammalian
species, which makes monitoring and predictions influenza
outbreaks is particularly difficult [3, 4, 5].

In the United States approximately 36,000 deaths occur
annually following influenza infection. There is concern
about the continuation of zoonotic infections of highly
pathogenic avian influenza H5N1 [6, 7]. The worst influ-
enza outbreak in recorded history, the so-called 'Spanish’
influenza pandemic of 1918-1919 [8].

Pandemics of influenza virus appeared sporadically and
were more than 1,000 years ago. In the past century there were
four pandemics: 1918—-1919 'Spanish' H1N1 influenza; 1957—
1958 'Asian' H2N2 influenza; 1968—1969 'Hong Kong' H3N2
influenza; and 2009-2010 'Swine-origin' H1N1 influenza [6].

The emergence of pandemic (H1N1) 2009 in Mexico
confirmed the need to understand the epidemiology of past
pandemics in the world, which should be investigated in the
future to further prevent pandemic [10].

Thus, influenza viruses continue to remain relevant
pathogens, and therefore the aim of study — a comparison
of the morbidity of influenza Zhytomyr region populations
and Ukraine as a whole. The primary goal of this study — to
analyse seasonality, cyclical recurrence of morbidity Zhy-
tomyr region populations during from 1999 till 2011.

Materials and Methods: The information and statistical
data Zhytomyr regional sanitary-epidemiological station
from 1999 till 2011 (reporting forms on the annual morbidity
— f.2 and monthly morbidity — f.1) were used.

Results and Discussion

Flu is inherent seasonality. In the Zhytomyr region, as in
Ukraine as a whole an annual seasonal epidemic rises of
influenza are recorded. Analyzing monthly dynamics of in-

fluenza population of Zhytomyr region of each calendar year
from 1999 to 2011 may be noted that it has been registered
in the region during all calendar years of our observation of a
distinct seasonality. Increase in incidence occurs in the win-
ter-spring period (January — March).The biggest data of in-
fluenza morbility of populations from 1999-2011, were in the
1% quarter of February (1288,86 per 100 000 population —
2008; 549,81 per 100 000 population — 2007; 395,35 per
100 000 population — 2004; 2302, 65 per 100 000 population
—2003; 637,52 per 100 000 population — 2001; 2046,18 per
100 000 population — 2000; 1946, 51 per 100 000 population
— 1999). Increased morbidity associated with the output pu-
pils and students from holidays (large crowd of people pro-
mote the spread of infection), after which increases morbidity
not only in influenza, but also from ARVI.

During the summer, there is a significant decrease in
morbidity of influenza. These cases are sporadic. Primarily
due to the direct dependence of influenza on the tempera-
ture of the environment — the flu virus is well preserved at
low temperatures, and the second — with an increase in
nonspecific immunity in the population. Continuity epidemi-
ological process also explains that in the northern hemi-
sphere of the globe disease occurs in autumn and winter
(November — March) and in the southern hemisphere —
April — October. Thus there is a transfer of influenza vi-
ruses from one hemisphere to the second. There is a hy-
pothesis about the persistence of influenza virus in the
body recover from the person, and if low immunity can
cause disease. People who have no immune protection
against these viruses often suffer. Analyzing the dynamics
of long-term (13 calendar years) influenza morbidity of Zhy-
tomyr region populations and comparing its indicators with
Ukraine as a whole can conclude that during surveillance in
epidemic process of this infection proved respect to some
cyclical recurrence (years of increase : 1999 (3785,6 per
100 000 population); 2003 (3556,39 per 100 000 popula-
tion); 2005 (2034,57 per 100 000 population); 2009
(1595,75 per 100 000 population) and years of decrease :
2002 (438,62 per 100 000 population); 2004 (1186,41 per

© Boyalska O., Kyrychuk I., Shpyta O., Boyko A., 2013
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100 000 population); 2006 (689,4 per 100 000 population);
2011 (223,36 per 100 000 population).

Indicators of morbidity of influenza Zhytomyr region
populations coincide with the course of disease in Ukraine

in general, and in some years over and above the Republi-
can approximately 1,5 — 2 (Fig. 1).
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Fig. 1. Dynamic of influenza-induced morbidity in population of Zhytomyr region
during 1999-2011 (rate of morbidity per 100000 population)

Morbidity is also dependent on the coincidence of epi-
demic strains of influenza virus vaccine. If they match, the
vaccine is effective and allows you to prevent the flu in the
population, thereby reducing these figures.

Currently, after a slight rise of morbidity Zhytomyr re-
gion of influenza in 2009 has tended to fall, well repre-
sented in the graph. The same pattern region and in other
regions and in Ukraine in general. Decrease primarily due
to the increase in population immunity due to large num-
bers recover and vaccination among the population of the
respective vaccines, both in the Zhytomyr region and in
other regions of Ukraine. There has been a systematic
health education outreach on measures of personal and
social prevention, the need for timely seeking medical help
and self-harm, rules "cough etiquette" and so on.

It is confirmed that the flu for the period 1999-2011 he
keeps the main characteristics of the epidemic process,
namely affects all age groups, a winter-spring seasonality
and long-term cycles.

O. BosinbcbKa, cniBpo6. LLeHTpY
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"XXutomupcbka perioHanbHUi nabopaTopHuii LeHTp [lepXxaBHOI caHiTapHO-eniaemionoriyHoi cnyx6u Ykpaiuu", XKurtomup,

KHY imeHi Tapaca LLeB4eHka, KuiB,
I. Kupuuyk, cniBpo6. ynpas.

FonoBHe ynpaBniHHA AepXXaBHOI caHiTapHO-enigeMionoriyHoi cnyx6u Ykpaiiu B XKutomupcbkin obnacri, XKkutomup,

O. WnuTa, cniBpo6. ynpas.

XvuToMupcbke MixperioHanbHe ynpaBniHHa FonoBHOro ynpaBniHHA AepXaBHOro caHitapHo-eniaemionoriyHoi cnyx6u Ykpaiuu, XKutomup,

A. Boiko, npod.
KHY imeHi Tapaca LLeB4eHka, Kui

PETPOCMNEKTUBHUIA AHATI3 3AXBOPIOBAHOCTI HA FrPUM HACENEHHS XXUTOMUPCbLKOI OBJIACTI
3A MEPIOA 1999-2011 PP.

lMpoeedeHo aHani3 3axeoproeaHocmi Ha 2pun HaceneHHs1 Xlumomupcbkoi obsacmi 3a 13 kaneHdapHux pokie. [JuHamika 3axeoproeaHocmi xa-
pakmepu3syembcsi nepioduyHumu nidliomamu ma cnadamu. EnidemiyHuli nidliom 3axeoprogaHocmi e enidemiyHomy ce3oHi 2009-2010 pp. cnocme-
picaecsi y xoemHi — 2py0dHi. [TokasHuku 3axeoprogaHocmi Ha epun HaceneHHs1 )k umomupcbkoi obnacmi npakmu4Ho cnienadaroms 3 nepebizom
3axeoproeaHocmi Mo YkpaiHi e yinomy, a e desikux pokax i3 nepesuwyeHHsIM pecny6ikaHcbKkux npubnusHo y 1,5 — 2 pa3u. 3axeoproeaHicmb Ha
2pun HaceneHHs1 dlumomupcbkoi o651acmi Mae 3UuMOB0-8€CHSIHY C€30HHICMb ma 6a2zamopidyHy YukiiyHicmb.

Knro4voei croea: epun, 3axeoprogaHicmb, C€30HHICMb, YUKTIYHICMb, 3aX80PHO8aHHS.

O. Bosinbckas, coTp. LieHTpa

Y "XXutomupckas permoHanbHasa naboparopus ueHTp FocyaapcTBeHHOW CaHUTapHO-3NMAEMUOIIOrMYeCKON CryXx6bl YKpauHbl"

KHY umenu Tapaca LLleByeHka, Kues,

|. Kupuuyk, cotp. panapr.

maBHoOe ynpaBneHne rocyaapCTBeHHON CaHUTapPHO-3NNMAEMUONIOrM4ecKon cryx6bl YkpauHbl B XKutommupckon obnactu, XXutomup,

O. WnwuTa, coTp. Aanapr.

XXutoMupcbke MixperioHanbHe ynpaBniHHA FonoBHOro ynpaBniHHA AepXKaBHOro caHiTapHO-enigeMionoriyHoi cnyx6m Ykpaium, XXutomup
A. Boiiko, npod.

KHY nmenu Tapaca LLleB4eHka, Kues

PETPOCMNEKTUBHbIA AHANU3 3ABE0NIEBAEMOCTU MPUMNNOM HACEJIEHUSA XX TOMUPCKOW OBJIACTU 3A
NEPUON 1999-2011 I'T.

lMpoeedeHn aHanu3 3aboseeaemocmu 2punnomM HacesneHusi XKumomupckoli obnacmu 3a 13 kaneHdapHbix sem. [JuHamuka 3abosresaemMocmu xa-
pakmepu3syemcsi nepuoduyecKuMu nodbémamu u CHUXeHusimu. Enudemuyeckuli nodLém 3abosieeaeMocmu e enudemuyeckom ce3oHe 2009-2010 22.
Habmoodasncsi 8 okmsibpe — dekabpe. [Tokazamenu 3abosieeaemMocmu 2punnom HaceneHusi Kumomupckoli obniacmu npakmuYecku cognadarom ¢ medve-
Huem 3a6osiesaemocmu o YKpauHe 8 YesioM, a 8 HeKomopbIx 200ax daxke ¢ npesbiwieHUeM pecrybnukaHckux npubnusumensHo 8 1,5 — 2 pa3a. 3a6o-
JleeaeMocmb 2punrom HacesneHusi XXumomupckoli o6r1acmu umeem 3UMHe-8€CEHHIOK CE30HHOCMb U MHO20JIEMHION YUKITUYHOCMb.

Knroyeenie crnoea: epunn, 3a6oseeaeMocmsb, Ce30HHOCMb, YUKIUYHOCMb, 3a6osesaHue.
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HEAVY METALS CONTENT IN VIRUS INFECTED PURPLE CONEFLOWER PLANTS

It was revealed that purple coneflower plants infected Tomato spotted wilt virus. It was investigated that concentration of nine
microelements (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) in purple coneflower plants under viral infection is higher than in healthy plants.
Content of seven metals (Cd, Ni, Mo, Ti, Al, Zn i Al) was less than in the control samples. Differences for other elements (Pb, Hg,
Cu, Co, Li) are not educed. It is necessary to notice that content of high-toxic elements (As, V, Sh, Cr, Fe) in the infected plants
exceeded maximum allowable concentrations (MAC) in 1.2, 7, 2.3, 2.5 and 3.4 times respectively, unlike control samples in which

concentration of these metals was within the limits of norm.

Key words: plant viruses, Tomato spotted wilt virus, purple coneflower, heavy metals.

Introduction: It is known that medical plants contain
many important microelements which are necessary for the
proper functioning of human organism. On the other side,
except the positive effect of microelements, is also nega-
tive: there is a list of elements the concentration of that in
foods is subject to hard control. Ability of medical plants to
accumulate heavy metals from an environment is studied in
the last ten years widely enough and does not cause
doubts [4, 5, 6, 11, 14, 15, 18, 25, 26], that stipulates actu-
ality of researches in this direction.

For today following classification of microelements is
developed in relation to their operating on the human or-
ganism: microelements which matter in the human feed
(Co, Cr, Ce, F, Fe, I, Mo, Mn, Ni, Se, Si, V, Zn); micro-
elements which have a toxicological value (As, Be, Cd,
Co, Cr, F, Hg, Mn, Mo, Ni, Pb, Pd, Se, Sn, Ti, V, Zn) [20].
It is needed to notice, that 10 from the transferred ele-
ments is taken in both groups. Thus, it is not always pos-
sible to set a difference between vitally necessary and
toxic metals. All metals can show toxicity, if they enter
organism in a surplus amount.

However, there are metals which show the expressed
toxicological properties at the lowest concentrations and
do not execute which that was not by a useful function —
mercury, cadmium, lead, arsenic. In this connection, the
common commission of FAO and WHO in obedience to a
food code (Codex Alimentarius Europaeus) included mer-
cury, cadmium, lead, arsenic, copper, strontium, zinc, iron
in the number of components, content of which is con-
trolled at the international trading in the products of feed.
In Russia and CIS 7 elements (furnace, nickel, chrome,
aluminium, fluorine, iodine, tin) are controlled. Some other
metals can be controlled at presence of the certificates
[16]. Content of these metals must be regulated and in
medical plants because for today there are a few data
about the degree of metals transition in to medicamental
forms that is made from raw material of these plants [13,
17, 22]. In addition, information about element composi-
tion of medical plants is needed both for estimation of
pharmacological properties of preparations from them
and for standardization, development of analytically-
normative documentation on a medical digester, from that
get the plant-based preparations [12, 19, 26].

Mechanisms of viruses influence on heavy metals con-
tent in the plants are not found out. Data about determina-
tion of their concentration in virus infected herbs that are
grown on territory of Ukraine are not present.

Aim of the research was to investigate heavy met-
als concentration in purple coneflower plants infected
with viruses.

Materials and methods. For diagnostics of viruses in
the plants applied the methods of visual diagnostics, ELISA
and transmission electronic microscopy (EM). Contrasting
has been made with 2% solution of phosphorus — tungstic
acid. Virions are investigated using electron microscope
JEM 1230 (JEOL, Japan) [23].

Detection and identification of viruses has been carried
out with enzyme-linked immunosorbent assay (DAS-
modification) using commercial test-systems of firm
LOEWE (Germany). The results of reaction registered on
the rider Termo Labsystems Opsis MR(THE USA) with
Dynex Revelation Quicklink software at lengths of waves of
405/630 Hm. For reliable took on values that exceeded
negative control in three times [1].

Studying of the concentration microelements in plants
taken in the flowering stage (both with symptoms of the
disease and symptomless samples) has been carried out
by mass spectrometry method using ISP-MC X-Series 2
(Termo Fisher Scientific) [8].

As raw material from echinacea is used in an untilled
kind — in the plant-based preparations, infusions and
biologically active additives (BAA), the analysis of data
on determination of heavy metals concentration was
carried out by comparison with: 1) level of maximum
allowable concentrations (MAC) that is regulated by
medical and biological requirements and sanitary norms
of food quality Ne 5061-89 [21]; 2) possible norms that is
regulated by State Pharmacopoeia of Ukraine (SPU) —
not more than 0,1% [12]; 3) 'Hygienic Requirements for
Foodstuff Safety and Nutritional Value' (SanPiN
2.3.2.1078-01) that establish hygienic requirements for
substances and materials that come into contact with
foodstuffs [24]; 4). WHO norms [10].

Results and discussion. Under monitoring of purple
coneflower plantations (Echinacea purpurea (L.) Moench.)
we revealed plants with yellow spotted symptoms on the
leaves (Fig. 1).

© Dunich A., Mishchenko L., 2013
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Figure. 1. Purple coneflower plants with symptoms of yellow spotted on the leaves (control — at the left)

Spherical viral particles 10020 nm in diameter were detected in the sap of the sick coneflower plants (Fig.2).

s

Figure. 2. Electron microscopy picture of the virions detected in the purple coneflower leaves

Viral particles presented on the Fig. 2 are similar to the
viruses of the genus Tospovirus family Bunyaviridae in
their morphology and size. It is known that tospoviruses are
spherical virions with diameter 80-120 nm and have a wide
circle of sensitive plants [9]. The typical member of the
genus is Tomato spotted wilt virus (TSWV). It is necessary
to mark that TSWV and also Impatiens necrotic spot virus

(INSV) were already detected in the purple coneflower
plants in Bulgaria and Lithuania [2,3,7].

Having regard to said early, the plants of Echinacea
were tested by us in the presence of TSWV and INSV.
ELISA results showed a presence of TSWV antigens in the
purple coneflower plants (Fig. 3).

2,5

E 405

control

TSWV

positive | negative sap of the| positive
control sick plants| control

negative
control

INSV

sap of the
sick plants

Figure 3. Content of the TSWV and INSV antigens in purple coneflower plants

Some debate exists as to exactly what constitutes a
"heavy metal" and which elements should properly be clas-
sified as such. Some authors have based the definition on
atomic weight, others point to those metals with a specific
gravity of greater than 4.0, or greater than 5.0. The acti-

nides may or may not be included. Most recently, the term
"heavy metal" has been used as a general term for those
metals and semimetals with potential human or environ-
mental toxicity. That's why analysis of the results on re-
search of heavy metals concentration was carried out in
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relation to their toxicity for the human organism. So, all
investigated metal were divided into three groups: high-
toxic, "mildly toxic" and low toxic metals.

The results of our research have not revealed differences
in the content of such heavy metals as Pb, Hg, Cu between

Table 1. Concentration of heavy metals in the purple coneflower plants, mg/kg

healthy and virus infected samples. Norms regulated by
medical and biological requirements 5061-89 (MBR), SPU
and WHO are not is not exceeded (table 1).

p<0,01

Metal Virus infected plants Healthy plants MBR 5061-89 SanPiN 2. 3.2.107801 WHO
Pb 0,48 0,52 0,5 5,0 10,0
Cd 0 0,09 0,03 1,0 3,0
As 0,25 0,06 0,2 3,0 -
Hg 0 0 0,02 1,0 -
Cu 4,50 4,81 5,0 - -
Zn 11,12 27,68 10,0 - -

However, it is necessary to notice that concentration
of such high-toxic element as As in the Echinacea in-
fected with viruses was higher in 4,5 times in comparison
with healthy plants (table 1). Content of Cd in healthy
plants was 0,085, that exceeds MAC in 2,8 times, unlike
sick plants in which this element is not educed. A ten-
dency to the reduce of concentration at a viral infection is
marked for Zn (in 2,5 times), thus in the healthy plants
MAC is exceeded in 2,7 times. On the SanPiN require-

ments, that estimate biologically active additives, content
of all four metals (Pb, Cd, As, Hg) and in healthy, and in
the virus infected samples of coneflower was within the
limits of norm.

Except described 6 elements, Tl, V, Be, Ni and Bi are
high-toxic metals too. Our research educed that the con-
centration of vanadium in all samples had exceeded MAC
(0,5 mg/kg) and in TSWV-infected plants been in 1,3 times
higher, than in healthy (Fig. 4).
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Figure 4. Concentration of high-toxic metals in purple coneflower plants (MAC is marked a pointer)

Thallium and beryllium are educed neither in sick
plants nor in control (fig. 4). Concentration of nickel in
infected plants was on verge of MAC (0,5 mg/kg), and
here in healthy exceeded it in 5,6 (!) times. The same
conformity revealed by us and for Bi. Its to law is a con-
centration was in 3 times higher in healthy plants than in
sick plants and presented 0,65 mg/kg. The accumulation

of such potentially dangerous metals even in healthy
plants testifies to the necessity of an increase control of
their content in plant raw material.

Concentration of four so-called "mildly toxic" for a man
metals (Sb, Cr, Mn, Ba) in the coneflower plants under viral
infection was higher, than in control (fig. 5, 6). Thus MAC
for Sb and Cr is exceeded in 2,5 times (fig. 5).
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Figure 5. Concentration of Sb (at the left) and Cr (at the right) in purple coneflower plants (MAC is marked a pointer)
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Increase of concentration under viral infection is marked by us and for such metals as a barium (Ba) and manganese

(Mn) —in 1,3 and 1,2 times accordingly (fig. 6).
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Figure 6. Concentration of Ba and Mn in purple coneflower plants

Content of iron that is subject to hard control in food, in healthy coneflower plants exceeded MAC in 2 times, in virus in-
fected — in 3,4 times. In addition, this index exceeded in 1,7 times possible norms regulated SPU (Fig. 7).
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Figure. 7. Content of iron in the purple coneflower plants (MAC is marked a pointer)

Investigation of concentration of "low toxic metals" is shown that content of Sr and B was higher in TSWV-infected cone-
flower in 1,3 and 1,6 times in comparison with healthy plants (table 2).

Table 2. Concentration of "low toxic metals" in purple coneflower plants, mg/kg p<0,01

Metal Virus infected plants Healthy plants
B 253,4 156,6
Sr 150,5 116,7
Li 2,9 2,9
Ti 11,0 16,1
Al 35,7 62,1

Content of lithium in the coneflower plants infected with
TSWV did not differ from such in the control. And the con-
centration of Ti and Al was lower in sick plants in 1,5 and
1,7 times accordingly (table 2).

Conclusions. Thus, it was investigated that viral
infection substantially effects on the microelements content
in the purple coneflower plants. It is necessary to notice
that the conducted research found out the tendency of
accumulation of some heavy metals in these plants under
TSWV infection in amounts which exceed MAC in food
products. Although these indexes were within the limits of
norms, regulated State Pharmacopeia of Ukraine and
SanPiN. But presently and until now there is not clear
information about passing of heavy metals to the medical
forms. Thus, our studies demonstrated the obvious

negative role of viruses in the production of high-quality
medical raw material and to the necessity of the viral of the
monitoring of medical plants with further development of
protective methods from the detected viruses.
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BMICT BAXKUX METAJIB Y BIPYCIH®IKOBAHUX POCITMHAX EXIHALEEI MYPMYPOBOI
BusieneHo, w0 pocnuHu exiHayei nypnypoeoi ypaxeHi gipycomM nnsMucmoz2o e'sHeHHs1 momamis. BcmaHoeneHo, ujo i3 21-20 npoaHanizoea-
HO20 MiKpoenieMeHma KoHyenmpauis dee'amu (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) y eipyciH¢ghikoeaHux pocsiuHax exiHauyei nypnypoeoi € euujoro, Hix
y konmpouni, cemu (Cd, Ni, Mo, Ti, Al, Zn i Al) — Huxy4oto, no iHwux (Pb, Hg, Cu, Co, Li) — pi3Huyi He susieneHo. [Toka3aHo, U0 8Micm 8UCOKOMOKCUY-
Hux enemeHmie (As, V, Sb, Cr, Fe) y pocnuHax, ypaxeHux eipycom, nepeeuujyeae 2paHu4Ho donycmumi koHuyenmpauii (F4K) y 1.2, 7, 2.3, 2.5 ma
3.4 pa3u 8idnoeidHo, Ha 8iOMiHy 8i0 KOHMPOIbLHUX 3pa3Kis, ¥y AKUX KOHUeHmpauis eKkazaHUX MikpoesiemeHmie 6ynay Mexax HOpMU.
Knro4oei cnoea: gpimoeipycu, sipyc nnssmucmozo e 'sHeHHsI momamis, exiHauesi nyprypoea, eaxki Mmemanu

A. OyHuny, kaHa. 6uon. Hayk, J1. MuweHko, a-p 6uon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

COOPXAHMUE TAXENbIX METANNOB U BUPYCUHOULIMPOBAHHbLIX PACTEHUAX 3XUHALEEU NYPNYPHOU
OG6HapyxeHo, Ymo pacmeHusi 3XuHauyeu nyprnypHoU nopaxeHbl 8UPYCOM MSIMHUCMO20 ye8ssdaHusi momama. YcmaHoesieHo, Ymo u3 21-20 npo-
aHanu3upoeaHHO20 MUKpO3/ieMeHma KoHueHmpauyusi deesimu (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) e eupycuHguyupoeaHHol 3xuHayee nyprnypHoul
eblwe, YyeM 8 300poebix pacmeHusix, cemu — (Cd, Ni, Mo, Ti, Al, Zn i Al) — Huxe, no dpyaum — (Pb, Hg, Cu, Co, Li) — pasHuybI He ebisienieHo. lMoka3a-
HO, Ymo KoJludecmeeHHoe codep)xaHue 8bICOKOMOKcUYecKux 3asieMmeHmos (As, V, Sb, Cr, Fe) 8 nopaxeHHbIX eUPyCOM pacmeHusiX npeebiwasio
2paHu4Ho-donycmumbie KoHyeHmpayuu e 1.2, 7, 2.3, 2.5 u 3.4 pasza coomeemcmeeHHO, 8 omsiu4yue om KOHMpPOoJsibHbIX 06pa3yoe, 8 KOMOPbLIX KOH-
yeHmpauyus ykasaHHbIX Memarssos 6bina e npedesiax HOPMbI.
Knroyeenle cnoea: gpumosupycsl, eupyc nImHUcCmMoz20 yessdaHusi moMama, 3XuHaues nyprypHasl, msixesible Memarnibl.

UDK 616.832.21-002:167.1+614.4
A. Fesenko, PhD stud.
Taras Shevchenko National University of Kyiv, Kyiv

MANTAINING THE STATUS OF UKRAINE AS A POLIO-FREE TERRITORY

The article presents data on polio immunization coverage in Ukraine by age group during 2009-2012 and the results of inves-
tigating immunity to polioviruses in various population groups during 2009-2011.Considering the current poliomyelitis situation
in the world and the possibility of wild poliovirus importation from endemic countries, continued monitoring of herd immunity is
necessary for Ukraine to maintain its status as a polio-free territory.

Key words: poliomyelitis, Ukraine, immunity.

Introduction. Poliomyelitis is an acute infectious dis-
ease affecting the nervous system, primarily the grey mat-
ter of the spinal cord [1, 2]. Poliovirus, the causative agent
of poliomyelitis, is a human enterovirus and member of the
family of Picornaviridae.

Poliomyelitis has appeared in epidemic form, become
endemic on a global scale, and been reduced to near-

elimination, all within the span of documented medical his-
tory [1]. Global expansion of polio immunization resulted in a
reduction of paralytic disease from an estimated annual pre-
vaccine level of at least 600,000 cases to fewer than 1,000
cases in 2000 [3]. Indigenous wild poliovirus type 2 was
eradicated in 1999, but unbroken localized circulation of
poliovirus types 1 continues in 3 countries in Asia and Africa

© Fesenko A., 2013
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[4, 5]. Current challenges to the final eradication of paralytic
poliomyelitis include the continued transmission of wild po-
lioviruses in endemic reservoirs, reinfection of polio-free ar-
eas, outbreaks due to circulating vaccine-derived poliovi-
ruses, and persistent excretion of vaccine-derived poliovirus
by a few vaccines with B-cell immunodeficiency [6, 7].

In 2002, the WHO European region which includes
Ukraine was certified free of poliomyelitis. Maintaining the
status of Ukraine as a polio-free territory depends primarily
on immunization, the effectiveness of which can be as-
sessed by the level of herd immunity in the country. The data
obtained during an investigation of the level of specific anti-
bodies and the data on polio immunization in regions al-
lowed us to assess the polio epidemic situation in Ukraine.

Methods. The official Ukraine Ministry of Health data
on scheduled polio immunization of children in 2009-2012
have been analyzed [8]. The results of a serological moni-
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toring of collective immunity of the population of Ukraine in
2009-2012 were analyzed, too. Virological departments of
sanitary epidemiological stations selectively investigate
specific immunity to assess the effectiveness of polio im-
munization and summit official statistical reporting forms to
the Kiev Institute of Epidemiology and Infectious Diseases
on an annual basis [9]. The results of our own serological
investigations of collective immunity in the adult population
have been used, too.

Results and Discussion. According to the Ministry of
Health of Ukraine decree entitled "The action plan for maintain-
ing the status of Ukraine as a polio-free country for 2011-2013",
polio immunization coverage of children less than 1 year of age
should be at least 95% in all administrative regions.

A comparative analysis of polio immunization of chil-
dren in Ukraine by age in 2009-2012 showed declining
levels of immunization coverage in all age groups (Fig. 1.).

87.6 88,8
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Figure 1. Polio immunization coverage of children by age group, Ukraine, 2009-2012

In 2009, polio immunization coverage of children under
one was 80.6%, the coverage with the first booster at 18
months was 75.5%, and the coverage with boosters at 6 and
14 years was 84% and 79.9% respectively. In 2010, polio
immunization coverage significantly decreased. It amounted
to 57.3% among children under one year of age, 66% in
children eligible for the first revaccination, 76.2% in children
aged 6 years, and 62.5% at 14 years of age. In 2011, 88.8%
of older children aged 14 years received a polio booster; the
coverage among 6 year olds was 87.6%. However, only
54.3% of children less than one year of age got vaccinated.
During the first 9 months of 2012, polio immunization cover-
age in Ukraine amounted to 45.9% in children less than one
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year old, 41.7% among children aged 18 months, 53.9% at 6
years of age, and 56.9% at 14 years of age.

The above results are indicative of an increasing num-
ber of people susceptible to poliovirus, which can present a
threat to the epidemiological wellbeing of Ukraine in case
of wild poliovirus importation.

A serological study using sera from healthy individuals of
various age groups was conducted at the Laboratory of Respi-
ratory and other Viral Infections to assess population immunity
to serotypes 1, 2 and 3 of vaccine strains of poliovirus.

The data analysis indicated that the majority of the
population aged 20-65 years had low-to-medium levels of
protective antibodies to the three polioviruses (Fig. 2.).
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BPolio2

OPolio3

<1:4 1:4 1:8 1:16 1:32

1:64 1:128 1:256

Figure 2. Antibody levels to poliovirus types 1, 2 and 3 among the adult population of Ukraine in 2012
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Considering that the last polio booster is given to chil-
dren at the age of 14 years, a decrease of immunity was
observed in older individuals not exposed to the virus.

For example, a significant proportion (23.6%) of the
tested individuals was not protected against poliovirus type 1;
their antibody titers were lower than 1:4. Twenty percent of
the population had protective antibody titers of 1:16. High
antibody titers to poliovirus type 1 were observed in 2.7%
of the population, and only 1% of the population had anti-
body titers of 1:256.

10.9% of the population had no immunity to type 2 of
poliovirus; 28.2% of the individuals had protective antibody
titers ranging from 1:8 to 1:16. Only 0.9% of the population
had high antibody titers.

With respect to poliovirus type 3, a significant de-
crease of the share of the population with medium and
high immunity was observed. For example, the maijority
(66.4%) of the tested individuals had antibody levels less
than 1:4; 21.8% of the population had low antibody levels.
Not a single person was shown to have antibody levels
higher than 1:16.

We also analyzed herd immunity in various regions of
Ukraine in 2009-2011 (Table 1.).81.3% of the tested indi-
viduals were children less than 14 years of age. The data
indicated that the share of the tested individuals with no or
low antibody titers to type 3 poliovirus was 3 times higher
than the share of people with similar antibody titers to po-
liovirus types 1 and 2. We established that the majority of
the tested population had antibody titers of 1:64 to types 1
and 2 of poliovirus and 1:32 to poliovirus type 3.

Conclusions

The following conclusions can be drawn from the investi-
gation. During 2009-2012, immunization coverage of the
population of Ukraine decreased which led to an increase of
the proportion of the population susceptible to poliovirus. A
significant proportion of the adult population of Ukraine has
low antibody titers to poliovirus types 1 and 2; 66.4% of the
population had no protective antibodies against type 3 of
poliovirus. Children under 14 years of age had protective
antibody titers to poliovirus types 1, 2 and 3 of 1:32 to 1:64.
The adequate antibody level among the individuals below
the age of 14 years can be explained by recent vaccination.

Table 1. Immunity to poliovirus types 1, 2 and 3 among the population of Ukraine, 2009-2011

Poliovirus Type 1
Year Antibody titers
0 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024
Mtm Mtm Mzm Mm Mtm Mzm M+m Mtm Mtm Mzm
2009 2,240,1 5,5+0,4 10,810,5 15,840,4 18,910,7 21,510,7 16,2+0,6 6,7+0,4 1,310,2 0,3+0,1
2010 2,7+0,2 3,8+0,3 11,51£0,5 16,1+0,6 20,5+0,7 20,240,7 17,240,6 6,910,4 1,0+£0,1 0,1+0,05
2011 2,240,2 3,310,3 10,31£0,5 15,7+0,6 22,0£0,7 21,9+0,6 15,11+0,6 5,9+0,4 3,310,3 0,3+0,09
Poliovirus Type 2
2009 1,540,2 5,3+0,4 11,440,5 17,8+0,6 21,3+0,7 22,1+0,7 14,1+0,6 5,0+0,4 1,0+£0,2 0,05+0,04
2010 2,4+0,2 3,940,3 11,8+0,5 16,60,6 23,5+0,7 20,0+0,4 14,9+0,6 5,8+0,4 1,1£0,2 0,1+0,05
2011 2,110,2 3,310,3 9,7+0,5 17,7£0,6 23,9+0,7 20,510,6 14,2+0,6 5,610,4 2,840,3 0,2+0,07
Poliovirus Type 3
2009 4,5+0,3 8,1+0,5 18,7+0,7 19,4+0,7 21,610,7 16,1+0,6 8,010,5 2,610,3 0,4+0,1 0,02+0,02
2010 5,8+0,4 7,8+0,4 17,610,6 20,3+0,6 21,6£0,6 15,7+0,6 8,7+0,4 2,310,2 0,2+0,1
2011 5,6+0,2 6,4+0,4 16,610,6 22,1+0,7 23,0£0,7 15,810,6 7,210,4 2,410,2 0,8+0,1
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A. ®eceHko, acn.
KHY imeHi Tapaca LLleByeHka, Kuis

NIATPUMAHHA CTATYCY YKPAIHU, AK KPAIHW, BINIbHOI BIA NoniMienity
Y cmammi npedcmaeneHi OaHi 3a oxonyeHHsIM e8aKUyuHayieto npomu noniomienimy eikosux 2pyn HaceneHHsi YkpaiHu e 2009-2012 pokax.
lMpedcmaeneri pesynsmamu docnidxeHHs1 imyHimemy Ao eipycie noniomienimy e pisHux 2pynax HacesneHHsi @ 2009-2011 pp.. Bpaxoeyro4yu nomo-
4YHy cumyauito 3 nosniomienimy y ceimi, Moxnueicmb 3age3eHHs1 OUKUX rosiogipycie 3 eHOeMiYHUX KpaiH Ha mepumopito YKpaiHu, Heob6XxiOHUM €
KOHMPOJIb cMaHy KOoJIeKmueHo20 iMyHimemy, Onsi nidmpumku cmamycy YkpaiHu sik mepumopil, einbHoi éid noniomienimy.
Knro4voei crnoea: noniomienim, Ykpaina, imyHimem.

A. ®eceHko, acn.
KHY nmenu Tapaca LLleB4yeHko, KueB

NOAOOEPXKA CTATYCA YKPAUHDbI, KAK CTPAHbI CBOBOOHOU OT NOJIMOMUENUTA
B cmambe npedcmaeneHbl aHHble M0 oxeamy eakKyuHayuel fpomue MosiuoMuesuma 803pacmHbIX 2pynn HaceneHusi YkpauHbl e 2009-
2012 2o0ax. lMpedcmaeneHbl pe3ynbmamsl uccriedogaHusi UMMyHUMemMa K eupycam rosiuoMuesiuma e pas/luyHbIX 2pynnax HaceseHusi e 2009-
2011 22. Yyumbieasi meKywyro cumyayutro o rnosuomMuesnumy 8 Mupe, 803MOXXHOCMbL 3ago3a OUKUX I10JIUOGUPYCO8 U3 IHOEeMUYHbIX cmpaH Ha
meppumoputo YKpauHbl, HEO6X0OUMbIM s18J1siemcsi KOHMPOJIb COCMOSIHUS KOJIJIEKMUBHO20 UMMYyHUMema, 0s1s1 noddep)kaHusi cmamyca YKpauHbl
Kak meppumopuu, ceo600HolU om nosuomMuenuma.
Knroyeenie cnoea: nonuomuenum, YkpauHa, uMMyHumem.
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TOMATO SPOTTED WILT VIRUS
ON PEPPER (CAPSCIUM ANNUUML.) PLANTS IN HUNGARY

In Hungary resurgence of Tomato spotted wilt virus (TSWV) frequently causes heavy crop losses in pepper production since
the mid nineties. Management of TSWV control was first directed against the thrips (using different insecticides or plastic traps),
and against weeds as host plants of the virus and the thrips. Later on Tsw resistance gene was introduced into different types of
pepper. In 2010 and 2011 sporadically, but in 2012 more frequently a resistance breaking strain of TSWV on resistant pepper cul-
tivars was observed in the Szentes region (Hungary). It is supposed that outbreaks of TSWYV infection was due to the fact that
protection against Frankliniella occidentalis was neglected and some effective pesticides (like Unifos 50 EC) were withdrawn.

Key wods: Tomato spotted wilt virus, Frankliniella occidentalis.

Introduction. Tomato spotted wilt virus (TSWV) is the
type member of the genus Tospovirus (family Bunyaviri-
dae), causes an important disease of horticultural and ag-
ronomic crops. The virus distributed worldwide is having
extremly broad host range and is now considered as one of
the ten most economically destructive plant viruses [1, 6,
15]. TSWV is transmitted by thrips in a persistant manner
[4]. The virion varies in size from 80 to 120 nm and has
spherical enveloped character [5]. The genome of TSWV
consists of three ssRNA segments: small (S) and medium

A

(M) RNAs have ambisense coding strategies, whereas the
large (L) RNA is of negative polarity.

In Hungary TSWV was described in 1972, but the virus
was not considered as an important pathogen. In 1995 very
severe damage of TSWV infection was observed in tomato
and pepper production in the Szentes vegetable growing
region (Hungary) (Fig.1). The introduction and spread of
western flower thrips (Frankliniella occidentalis), an effi-
cient TSWV vector, in that time certainly played an impor-
tant role in TSWV emergence [5].

Fig.1. Symptoms of TSWV infection on susceptible pepper cultivar: chlorotic spots and rings on leaves (A) and fruits (B)

Management of TSWV control was first directed against
the thrips using different insecticides or plastic traps, and
against weeds as host plants of the virus and the thrips.
Later on Tsw resistance gene [3] was introduced into dif-
ferent types of pepper (conical white, long pale green hot
and sweet, tomato shape, spice pepper and blocky types)
(Csilléry unpublished). Pepper cultivars carrying Tsw resis-
tance gene upon TSWV inoculation show necrotic local
lesions on the leaves or other parts of the plant without
systemic infection (Fig. 2).

In 2010 and 2011 sporadically, but in 2012 more fre-
quently systemic virus symptoms were observed on resis-
tant pepper cultivars in Szentes region [2, 4, 12] (Fig. 3).
The presence of new resistance breaking strain of TSWV
was proved by virological (test-plant, serological and RT-
PCR) methods. It was demonstated that TSWV can adapt
very rapidly to plant resistance, and the Tsw resistance
gene was broken down only a few years after its deploy-
ment in pepper crops [9, 11, 13, 14].

© Tobias I., Csilléry G., Almasi A., Csomor Zs., Salanki K., Palkovics L., 2013
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Fig. 2. Symptoms of TSWV infection on resistant pepper varieties: necrotic spots on stem (A) and fruit (B, C)

Fig. 3. Systemic symptoms of TSWV infection on resistant pepper cultivars

Materials and methods. Virus isolates. TSWV isolates
originated from pepper cultivars susceptible and resistant
against TSWV from Szentes region (South-east Hungary).
Fruit samples were collected from plants exhibiting typical
symptoms of virus infection such as stunting, mosaic, chlorotic
and/or necrotic spots, rings and distortion on the leaves and
fruits (Figure 3). The isolates were used for ELISA serological
tests, RT-PCR and maintained by mechanical inoculation on
Nicotiana tabacum cv. Xanthi-nc test plants.

RNA extraction, RT-PCR.Total RNA was extracted from
leaves of N. tabacum cv. Xanthi-nc plants systemically
infected by TSWV or from infected pepper fruits using the
Spectrum Plant Total RNA Kit (Sigma) following the manu-
facturer's instructions. RT-PCR reactions for synthesis of
first-strand cDNA were performed with Revert Aid H Minus
First Strand cDNA Synthesis Kit (Thermo Science). Spe-
cific primers TSWV-185CPforward (5'-AAT TTC TCC GCA
ATC TAT TTC AGT TG-3') and TSWV-183CP reverse (5'-
GGG GAT CCA GAG CAATTG TGT CAA TTTT-3') ampli-

fied 1720 bp fragment of N and the non-coding genomre-
gions. PCR reaction was performed in 25ul — 50 pl final
volume. Amplification consisted of one cycle at 94°C for
5 min, followed by 35 cycles of 30 sec of denaturation at
94°C, 1 min of annealing at 50°C; and 2 min of extension
at 72°C; and then one cycle of final extension for 10 min at
72°C. PCR products were electrophoresed in 1% agarose
and stained with ethidium bromide.

Results. The collected samples showed typical symp-
toms of Tomato spotted wilt virus infection. The virus was
transmitted by mechanical inoculation onto test plants. On
Nicotiana tabacum cv Xanthi-nc plants chlorotic and ne-
crotic spots and rings on inoculated leaves and systemic
mosaic or necrotic rings or necrosis were observed (Fig. 4).
Slight differences on symptoms were observed among
different isolates independently whether originated from
TSWV susceptible or resistant pepper cultivars. Samples
for ELISA serological test were taken from the original fruits
and from test plants. In all samples TSWV were detected.

Fig. 4. TSWV symptoms on Nicotiana tabacum cv Xanthi-nc plants
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TSWV specific PCR-product was amplifyed by RT-
PCR method (Fig. 5). Our results confirmed the presence
of Tomato spotted wilt virus both in TSWV susceptible
and resistance cultivars in Hungary. Our results con-

1 2 3

Earlier experiments predicted the determinant for
breakdown Tsw resistance locating on RNA S of TSWV [7,
8]. For this reason our aim is in the future to characterize
the S RNA of Hungarian resistance breaking isolates of
TSWV and to compare them to other TSWV isolates.

It is supposed that outbreaks of TSWV infection in
Szentes vegetable growing region is due to the fact that pro-
tection against Frankliniella occidentalis was neglected and
some effective pesticide (like Unifos 50 EC) were withdrawn.
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firmed the presence of the resistance breaking isolate of
Tomato spotted wilt virus in Hungary. Further investiga-
tions needed to characterize the resistance breaking
TSWV isolates from Hungary.
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Fig. 5. Separation of amplified RT-PCR products of TSWV infected pepper plants
on 1 % agarose gel stained with ethidium bromide.
1 — DNA lenght marker Pst | digested ADNA, Lane 2,3 and 5 TSWV infected pepper plants,
Lane 4 — uninfected pepper plant, Lane 6 — healthy pepper plant
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BIPYC NNAMUCTOr O B'AHEHHA TOMATY HA POCJIMHAX MEPLIKO CONOAKOIO IPYC (CAPSICUM ANNUM L.)
B YITOPLLUWMHI

3 cepeduHu 1990-x pokie cnanaxu 3axeoprO8aHHS, CMIPUYUHEHO20 8ipyCOM M/ISIMUCMO20 8'siHeHHs1 (6poH3oeocmi) momamy (Tomato
spotted wilt virus (TSWV)) e Y2opwjuHi, 4yacmo npu3zeodsimb 00 3HaYHUX empam epoxxalo KomepyiliHux nocieie nepyro conodkozo. lloyamkoeo
3ycunnsi npu 6opoms6i 3 TSWV cnpsiMosysanucsi Ha KOHMPOJIIO8aHHS 8eKMopie 8ipycy — mpurncie (WsXxoM eUKopucmaHHs pi3HUX iHcekmu-
yudie 4yu nnacmukoeux nacmok) ma 6yp'sHie, siki eucmynaromb xa3sismu Onsi eipycy ma mpuncie. [li3Hiwe 6ynu cmeopeHi pi3HOMaHimMHi
mpaHca2eHHi copmu nepyto 3 iHMpodyKoeaHUM 2eHOM cmilikocmi do daHozo gipycy — Tsw. lMoyuHaroyu 3 2010-2011 pp. y pezioHi CeHmew &
YaopuwuHi mpannsnucs nooduHoki, a 3 2012 p. — ece Yyacmiwi eunadku nosieu Hoeoi gpopmu TSWV, sika 6yna 30amHa 0o nodonaHHA cmiilikocmi
mpaHc2eHHUX POC/IUH nepyro. Beaxaemscs, wyo cnanaxu iHgekyii, euknukaHoi TSWV, cnpuyuHeHi He8UKOHaHHSIM pekomeHOayili u4000 KOHmM-
posto mpunca Frankliniella occidentalis ma npunuHeHHsIM eukopucmaHHs desikux e¢pekmueHux necmuyudie (Hanpuknad, Unifos 50 EC). faHa
poboma npucesiyeHa su84YeHHH0 yiel npobnemu.

Knro4voei cnoea: sipyc nnsimucmoezo e'ssHeHHs1 momamy, mpurnc Frankliniella occidentalis.



~ 32~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca llleBueHka ISSN 1728-3817

WU. Tobuaw, a-p 6uon. Hayk

WUHcTuTyT 3aWwmThbl pacteHmin, Byaanewr, BeHrpus
k. lWunnep, coTp. LueHTpa

LleHTp cenbCKOXO3ANCTBEHHbIX uccnegoBaHun, ByaanewT, BeHrpus
A. Anmacu, KaHa. 61on. Hayk,

WUHcTuTyT 3aWwmThl pacteHnin, Byaanewr, BeHrpus
X. lWomop, coTp. ueHTpa

WUHCTUTYT 3ainMThbl pacTeHUn,

BeHrepckas Akagemus Hayk, BypanewT, Benrpus,
K. CanaHku, a-p 6uon. Hayk

WHcTuTyT 3awimThl pacteHuin, Byaanewr, BeHrpus,
J1. NankoBuy, npod.

BeHrepckas Akagemus Hayk, BypanewT, Benrpus

BUPYC NATHUCTOIO YBAOAHUA TOMATA HA PACTEHUAX NMEPLUA CITAOKOIO (CAPSICUM ANNUM L.)
B BEHI'PUU

C cepeduHbl 1990-x 2000e ecnbiwkKu 3a6oseeaHusi, 8bI36aHHO20 8UPYCOM MsIMHUCMO20 yesidaHusi (6poH3oeocmu) momama (Tomato spotted
wilt virus (TSWV)) e BeHzpuu, Yacmo npusodum K 3Ha4umeJsibHbIM MoMmepsiM ypoxasi KOMMepYecKux noceeoes nepuya cradkoeao. U3HayanbHoO ycu-
nusi npu 6opb6e ¢ TSWV Hanpaensiiucb Ha KOHMPOJIb 8EKIMOPOE 8UPyca — MPUNcoe (MymeM UCMOSIb308aHUSI Pa3UuYdHbIX UHCEeKMuyudoe unu
nnacmukoebix J108yueK) U COPHSIKO8, KOmopbie 8bicmynarom xo3siegamu 07151 supyca u mpurncos. [1o3xe 6bi1u co30aHbl pa3Hoo6pa3Hble mpaHc-
2eHHble copma nepya ¢ UHMpPoAyyupo8aHHbLIM 2eHOM ycmolidyueocmu k daHHomy eupycy — Tsw. HaquHasi ¢ 2010-2011 22 e pecuoHe CeHmew e
BeHepuu cny4anucb eOUHUYHbIe, a ¢ 2012 2. — ece Yawe csiyyau rnosiesieHuUsi Hoeol ¢popmbi TSWV, komopasi 6bina cnocobHa K npeodosieHuUro
ycmoliyueocmu mpaHc2eHHbIX pacmeHul nepuya. Cyumaemcsi, Ymo ecnblwKu UHgekyuu, ebizeaHHol TSWV, ebizeaHHble HEBbLINOIIHEHUEM PEKO-
meHdAayuli no koHmposto mpunca Frankliniella occidentalis u npekpawjeHueM ucnonb308aHusi HEKOMOPbIX 3ghgheKmueHbIX necmuyudoe (Hanpu-
mep, Unifos 50 EC). [laHHasi paboma nocesiwjeHa u3y4eHuro amoii npobriemsi.

Knroyeenle cnoea: supyc nsmHucmoezo yesidaHusi momama, mpunc Frankliniella occidentalis.
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EFFICIENCY OF SEROLOGICAL KITS OF DIFFERENT MANUFACTURERS
IN DEFECTION OF ANTIBODIES AGAINST PRRVS CIRCULATION IN UKRAINE

Stadejek et al. have studied the efficiency of five serological test kits, which are in wide use across the world, showing that
their sensitivity differs in relation to the geography of PRRSYV isolation. Karniychuk et al. confirmed an essential genetic and anti-
genic distinctions between East European PRRSV isolates and West European and North American strains of the virus. Our re-
sults on differences in the sensitivity of serological kits to detect anti-PRRSV antibodies comply with the data published earlier.
When using a BIONOTE kit false positive results were received whereas the application of a CIVTESTsuisPRRS kit might lead to
the significant number of false negatives questioning the expediency to use these test kits. Our findings lead us to conclude that
a serological IDEXX HerdCheck PRRS 3XR ELISA kit is the most sensitive to Ukrainian PRRSV strains while an Ingezim PRRS

Universal test kit may also be used to detect antibodies against this virus in Ukraine.

Key words: PRRVS, strains, serological kits, antibodies.

Introduction. A porcine reproductive and respiratory
syndrome virus (PRRSV) is a member of Arterevirus ge-
nus, Artereviridae family and Nidovirales order [1]. Virus
isolates are usually attributed either to the North American
and European strains that have some distinctions in ge-
nome. The fact that these genetically different types of the
virus appeared practically simultaneously presents one of
the today's mysteries [2]. The analysis of their nucleotide
sequences and antigen properties demonstrated that the
North American (type 2) and European (type 1) PRRSV
strains are only 63% identical at genome level [1]. Evolu-
tional variability of this virus is suggested to be the highest
among RNA viruses [3].

Until 2010 it was thought that the ORF7 is the most
conservative gene of PRRSV. That is why it was widely
used in diagnostic in test kits based on RT-PCR and real
time PCR techniques [4]. However, Stadejek et al. analyz-
ing European isolates of the virus found out the significant
genetic variability among the ORF7 sequences which was
especially high in East Europe where four main virus sub-
groups were revealed [4, 5]. Such high variability makes
significantly harder to diagnose the related disease cor-
rectly, to develop efficient and safe vaccines as well as to
control the disease.

Clinical signs of PRRSV infection vary depending on
the virus virulence, immune status of the herd and age of
infected animals. Viremia leads to clinical manifestation of
the disease. PRRSV capable to cross transplacentary bar-
rier and infect fetus causing abortions, stillbirths and births
of weakened piglets [6, 7].

The International Epidemiological Bureau marks out, as
the most efficient, several techniques of PRRSV diagnos-
tics: virus isolation, serological tests, PCR and real time
PCR. Serological tests are a potent and sensitive approach
used in schemes of PRRSV control [3, 8]. Seroconversion
can be identified 7-11 days after animals been infected
using proven, highly sensitive and specific serological kits
[9]. An analysis is performed in serum sampled from ani-
mals of an infected herd belonging to different age groups.

Blood serum specimens are tested with time intervals
(for example, at the time of clinical signs development and
then in 2—3 weeks) providing the basis for serological diag-
nostics. Such approach is also applied to control the results
of vaccination. It is important to take into account the pres-
ence of maternal anti-PRRSV antibodies in serum speci-
mens. The level of these antibodies gradually decreases
up to 9th week of animal life [10]. According to literature the
number of blood serum specimens sampled from a single

© Ivashchenko O., Budzanivs'ka l., Ivashchenko I., Polishchuk V., 2013
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farm has to be no less than 12 in order to obtain statisti-
cally valid results [11, 12].

At the moment, an immuno-enzyme analysis (IEA) is re-
garded as an easily available, sufficiently reliable technique
the advantages of which include fast results and high speci-
ficity. Taking into account the widespread occurrence of
PRRSV in Ukraine [13, 14] as well as its antigen variability
[15] the aim of our study was to evaluate the efficiency of
four basic serological test kits being used in Ukraine for de-
tection of antibodies against Ukrainian isolates of the virus.

Material and methods

Blood serum samples were collected from animals of
the main herd in different farms to assess titers of anti-
PRRSV antibodies. The biological material was transported
in thermo containers filled with ice. The volume of a sample
was equal to 3 ml. When sampling specimens the following
data were recorded: clinical signs, farm's technology de-
tails, animal age, farm name, province. In total, 93 samples
of blood serum from eight farms in seven provinces of
Ukraine were taken for analysis.

The titer of anti-PRRSV antibodies in blood serum
samples was assessed with IEA using a diagnostic Herd-
Chek*PRRS X3 kit manufactured by IDEEX (USA). Tests
were performed in accordance with the instruction of a kit
manufacturer.

11 serum samples originated from five Ukrainian farms
were selected. Tests were performed simultaneously in
order to minimize the influence of a sample quality, test
conditions and kit series. Farms providing serum samples
use different breeding companies to rebuild their herds, are
territorially separated and do not trade with one another.

Herds in these farms were serologically PRRSV positive
during six months preceding the tests. This allowed us to
exclude management as a factor influencing the similar-
ity/difference of properties for pathogens circulating in
these farms.

Further, blood serum samples having different titers of
anti-PRRSV antibodies were selected (low titer, high titer
and titer near the cutoff). These samples were analyzed on
the presence of anti-PRRSV antibodies using the following
kits: Ingezim PRRS Universal 11.PRU.K1 (Spain),
BIONOTE (Korea), CIVTESTsuisPRRS (HIPRA, Spain)
and repeatedly IDEXX HerdCheck PRRS 3XR ELISA
(USA). Tests were performed in accordance with the in-
struction of a kit manufacturer.

Results and Discussion

A PRRSYV variability presents the greatest challenge to
its efficient diagnostics. Stadejek et al. have studied the effi-
ciency of five serological test kits which are in wide use
across the world demonstrating that their sensitivity differs in
relation to the geography of PRRSV isolation. In addition,
Stadejek stressed that a strict separation in genetic charac-
teristics of PRRSV exists between East and West Europe
explaining it by the absence of active trade between coun-
tries of the former Soviet Union and Europe. For example,
according to their genetic characteristics PRRSV samples
isolated on the territory of Poland were attributed to a single
PRRSV subgroup while Belorussian isolates were thought to
belong to three genetic subgroups [ 4].

Data received in two Ukrainian farms show that all four
test kits produced similar results in detection of anti-
PRRSYV antibodies (Table 1).

Table 1. Comparison of serological kits in tests of pig blood serum samples on the presence of anti-PRRSV antibodies

o | "IDEXX HerdCheck PRRS 3XR | "CIVTESTsuisPRRS", "BIONOTE". Korea *** "Ingezim PRRS Universal
£ g- ELISA", USA * HIPRA, Spain ** ’ 11.PRU.K1", Spain ****
& ©
w g oD Titre Result oD Result oD Result oD Result
1 1 2,984 7554 pos 150 pos 1,53 pos 2,504 pos
2 2 3,012 7612 pos 80 pos 1,53 pos 2,845 pos

3 0,699 1551 pos 19 sub 0,91 pos 0, 53 pos

4 2,932 7480 pos 125 pos 1,53 pos 1,606 pos
3 5 0,396 837 sub 9 neg 0,77 pos 0,412 sub

6 0,059 105 neg 0 neg 0,46 pos 0,119 neg

7 0,456 976 pos 2 neg 0,74 pos 0,432 sub

8 0,556 1208 pos 0 neg 0,18 neg neg
4 9 2,601 6494 pos 0 neg 0,27 neg neg

10 0,042 74 neg 0 neg 0,24 neg 0,141 neg
5 11 0,384 805 sub 24 pos 0,84 pos 0,609 pos

* "IDEXX HerdCheck PRRS 3XR ELISA", USA — pos >0,4; titer> 844.
** "CIVTESTsuisPRRS", HIPRA, Spain — pos >20.

***"BIONOTE", Korea — pos >0,4.

****"Ingezim PRRS Universal 11.PRU.K1", Spain — pos >0,450.

Only an IDEXX HerdCheck PRRS 3XR ELISA kit identi-
fied anti-PRRSV antibodies in farm #4 samples while the
results of tests in these samples performed with other test
kits were negative ones. It is worth to note that false nega-
tive results enable the spread of the disease, which is highly
contagious, among animals of the herd causing significant
economic losses due to abortions, stillbirths, births of weak-
ened piglets and development of respiratory symptoms in
adult animals. From the other hand, false positives are also
impermissible drawbacks in PRRSV diagnostics. In order to
exclude the possibility that test results for farm #4 samples
were false positives, blood serum was sampled again from
the same animals. Titers of anti-PRRSV antibodies and their
dynamics pointed to the presence of PRRSV infection.

False positives were received in two specimens when
using a BIONOTE kit. A CIVTESTsuisPRRS kit appeared

to be less sensitive to detect anti-PRRSV antibodies in
samples with levels near the cutoff. It is also necessary to
add that sample #11 was shown to be PRRSV positive by
tests performed with a Ingezim PRRS Universal, BIONOTE
and CIVTESTsuisPRRS kits whereas IDEXX HerdCheck
PRRS 3XR ELISA kit showed a negative result the value of
which was, however, near the cutoff.

Thus, data received indicate the difference in the sensitiv-
ity between all commercial serological kits being currently
used in Ukraine that comply with results Karniychuk et al. pub-
lished earlier. These authors confirmed significant genetic and
antigenic distinctions between PRRSYV isolated in East Europe
and the virus isolated in West Europe and USA [15].

The study of a reproductive and respiratory swine syn-
drome is greatly important because this disease may cause
enormous economic losses for pig farms. Contagiousness,
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high levels of abortions and mortality related to aforemen-
tioned disease stipulates the necessity to implement effi-
cient diagnostic strategy, as one of the measures allowing
to combat the spread of PRRSV in pig farms of Ukraine.
The use of serological tests is one of approaches to solve
this problem. These tests help to ascertain a farm's epizo-
otic situation, to identify infection times and intensity that is
necessary for comprehensive estimate of PRRSV involve-
ment in the development of respiratory and reproduction-
related symptoms. In order to design an optimal preventive
vaccination scheme it would be the most practical to obtain
serological profiles at farm level.

Taking the aforementioned into account one may con-
clude that the sensitivity of serological test kits is a critical
factor assuring that test results comply with real data. False
positives are possible when using a BIONOTE kit whereas
CIVTESTsuisPRRS kit may show significant number of
false negatives questioning the expediency to apply these
test kits. Data obtained allow to conclude that a serological
IDEXX HerdCheck PRRS 3XR ELISA kit is the most sensi-
tive with respect to Ukrainian PRRSV isolates. However, it
should be stressed that the use of an Ingezim PRRS Uni-
versal test kit is also possible in Ukraine.
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E®EKTUBHICTb BUKOPUCTAHHSA CEPONONNYHUX TECT-CUCTEM PIBHUX BUPOBHULITB
AnA AETEKUII AHTUTIN BPPCC, LLO LIUPKYJIOIOTb B YKPAIHI

Tomasz Stadejek ma lio2o konezu docnidunu eghekmueHicmb 5-mu HalimowupeHiwux ceposio2iYHUX mecm-cucmem y ceimi ma nokasanu ix
Pi3Hy yymnugicmb 8 3anexHocmi eid eeozpaqhii sudinenHs izonsimie BPPCC. Karniychuk ma cnieas. niomeepounu 3Ha4Hy 2eHemuyHy ma aHmu-
2eHHy eidmiHHicmb BPPCC, i3onboeaHo20 3i cxidHoi €eponu, y nopieHsiHHI i3 3axiOHoesponelicbkuM ma amepukaHCbKUM wmamamu BPPCC. Hawi
pe3ynbmamu pi3Hocmi Yyymsueocmi ceposio2iYHuUx mecm-cucmem 0nsi demekyii aHmumin do BPPCC kopesnoromb 3 paHiwe ony6rikogaHumMu
pe3ynsmamamu. lpu sukopucmaHHi mecm-cucmemu eupobHuymea "BIONOTE" demekmoeaHi xu6Ho no3umueHi pesynbmamu, modi sk mecm-
cucmema "CIVTESTsuisPRRS" moe nokalyeamu 3Ha4Hy KinlbKicmb XUGHO F IBHUX pe3y/lb ie, ujo 8 ceoro Yepay eka3ye Ha Hedouyinb-
Hicmb eukopucmaHHsi aHUx mecm-cucmemM. 3a ompumaHuMu GaHUMU MOXXHa 3po6umu 8UCHOBOK, W0 Haliyymnueiwor A0 yKpaiHCbKUX wmamie
BPPCC € ceponoziyna mecm-cucmema "IDEXX HerdCheck PRRS 3XR ELISA", npome sukopucmaHHsi 8 YkpaiHi mecm-cucmemu "Ingezim PRRS
Universal” makox moxnuse.

Knro4oei cnoea: PRRVS, ceponoziyHi koMmninekmu, ahmumina.
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3®PEKTUBHOCTb UCMNOJb30BAHUA CEPOJNIOMMYECYUYKUX TECT-CUCTEM PA3HbIX MPOU3BOAUTENEN
Ona OETEKUMU AHTUTEN BPPCC, KOTOPbIE LIMPKYNUPYIOT HA TEPPUTOPUN YKPAUHDI

Tomasz Stadejek u ezo konneau uccnedoeanu aghghekmueHocmb 5-mu pacrnpocmpaHeHHbIX CeposIo2UYEeCKUX mecm cucmeM 8 Mupe U foka-
3anu ux pasnu4yHyro YyecmeumesibHOCmb € 3agucuMocmu om 2eozpagpuu ebidesnieHuss uzonsimoe BPPCC. Karniychuk u coaem. nodmeepdunu
3HayumesibHoe 2eHemuYyeckoe U aHmuzeHHoe pasnuyue BPPCC, usonupoeaHHbIX u3 ocmo4Holi Eeponbl no cpagHeHuro ¢ 3anadHoeepornelickum
u amepukaHckum wmammamu BPPCC. Hawu pe3ynbmambi 0 pa3Hol 4yecmeumesibHOCIMuU ceposio2uYecKux mecm- cucmem Onsi demeKkyuu aH-
mumen k BPPCC koppenupyrom c paHee onybnukoeaHHbIMU pe3ynbmamamu. lTpu ucnonb3oeaHuu mecm-cucmemsi npouszeodcmea "BIONOTE"
demeKmupo8asuCh JIOXKHOMOJIOKUMeEbHbIe pe3ynbmambl, mo2da kak mecm-cucmema "CIVTESTsuisPRRS" moxem noka3bigeamb 3Ha4umesibHoe
KoJslu4yecmeo /10XHoompuyameJsibHbIX Pe3y/ibmamoe, Ymo 8 ceoro oyepedb yKa3bleaem Ha Heyesiecoo6pa3HoCcMmb UCMO/b308aHUsi 0aHHbIX mecm-
cucmem. o nony4eHHbIM OaHHbIM MOXHO cdeslamb 8bI800, Ymo Haubosee yyecmeumesnbHOU K yKpauHCKuM wmammam BPPCC siensiemcsi cepo-
nozuyeckas mecm-cucmema "IDEXX HerdCheck PRRS 3XR ELISA", odHako ucnonb3o8aHue e YkpauHe mecm-cucmemsbl "Ingezim PRRS Universal”
makxe 803MOXHO.

Knrodeenle cnosa: PRRVS, ceponozuyeckue koMniekmsl, aHmumena.
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IDENTIFICATION OF VIRUSES AFFECTING GLADIOLUS IN KYIV REGION

The plants of different cultivars of Gladiolus from Kyiv region were analyzed for viruses. The viruses were identified by the
methods of bioassay, ELISA and electron microscopy. Tomato aspermy virus was identified in the samples of Gladiolus plants.

Key words: ELISA, viruses, gladiolus.

Introduction. The Gladiolus genus belongs to the Iri-
daceae Juss family. It includes more then 150 species.
Most of them are native to Africa and few originated from
the Mediterranean area, Asia and South Europe. Cultivars
of gladiolus exhibit a great diversity of colour, size, shape,
flowering time, and bulbing and dormancy behaviour [2].
Gladiolus is an important ornamental plant grown for com-
mercial purposes, bouquets, floral baskets and cut flowers
in Ukraine. Viruses represent a major problem for gladiolus
and other bulb crops because the plants are propagated
each year by bulbs that may harbor a virus. These viruses
can cause extensive losses in the quality and quantity of
flowers and corms. They cause significant economic losses
to floriculture. The most widespread symptoms of virus
infections in gladiolus plantings are overall stunting, color-
breaking, flower distortion, reduced flower and cormel pro-
duction, severe mosaic in leaves, stunted plants, and color
-breaking in flowers, notched leaf blade margin symptoms.

Gladiolus plants may be infected by a number of differ-
ent viruses or by strains of a particular virus [1]. The main
viruses reported from gladioli in different countries are:
Tomato ringspot virus (ToRSV), Tomato black ring virus
(ToBRV), Tomato spotted wilt virus (TSWV), Tobacco mo-
saic virus (TMV), Tobacco ringspot virus (TRSV), Arabis
mosaic virus (AMV), Bean yellow mosaic virus (BYMV),
Cucumber mosaic virus (CMV), Tobacco rattle virus (TRV),
Tobacco streak virus (TSV) [3, 4].

None of the viruses found on gladioli was specific to the
crop species or to the Iridaceae family. All of these viruses
have a wide host range as well as geographic distribution
and some of them can be transmitted by vectors. Unfortu-
nately the early diagnosis of virus diseases is not essential
for establishing management measures. In addition to the
aboveground parts of plants the corms could be a source
of virus infection. To improve the quality of planting mate-
rial and minimizing viral affection of gladiolus the timely
diagnosis is of essential importance. Thus, identification of
the source of infection, including the presence of the
pathogen in planting material, is effective in controlling
spread of viruses of gladioli and termination of epiphytoties.

The aim of the work was to investigate and identify the
viruses affecting gladiolus.

Marerials and methods. For detection and identifica-
tion of viruses affecting gladiolus we used 22 samples of 3
different cultivars ('Nizhnist', 'Nichnyj bluz', 'Asol') from pri-
vate gardens of flower growers collected in Baryshivka

»y

Fig.1. White and light gray blotches in flowers of Gladiolus ‘Nichnyj bluz' (A), 'Asol’ (B) and 'Nizhnist' (C)

town in Kyiv region. The samples were collected from
gladioli expressing viral symptoms on leaves and flovers.

Virus identification was carried out using standard DAS-
ELISA and indirect ELISA [9]. The samples were prepared
by homogenizing plant tissue with 0.1 M phosphate buffer
(pH 7.4) in the ratio 1:3 (m/v), followed by centrifugation at
5000 rpm for 20 min. For the diagnostics we used poly-
clonal antiserums to TMV (antiserum obtained at the virol-
ogy department, the sensitivity and specificity confirmed
experimentally), Turnip mosaic virus (TuMV) (antiserum
kindly provided by Lesemann D.E., Julius Kihn Institute,
Federal Research Center for Cultivated Plants, Institute for
Epidemiology and Pathogen Diagnostics, Germany), To-
mato aspermy virus (TAV), ToRSV, TRSV, CMV, Arabis
mosaic virus (ArMV), Pepper mild mottle virus (PMMoV),
Tomato spotted wilt virus (TSWV), Tobaco rattle virus
(TRV) (Loewe, Germany).

Futher, viruses were identified by bioassay and study of
virus particle morphology. Biological properties of viruses
were studied using the range of test plants: Nicotiana ta-
bacum, Cucumis sativus, Lycopersicon esculentum,
Phaseolus vulgaris, Capsicum annum, Tetragonia ex-
pansa, Zinnia elegans. The test plants were inoculated on
early growth stages by mechanical sap transmission, ap-
plying carborundum as an abrasive.

The morphology of virions was studied in leaf dip
preparations negatively stained with 2% uranyl acetate.
Electron microscopy (EM) was carried out using a JEOL-
1400 electron microscope at the magnification of 40 000
and 60 000.

Results and discussion. Viral symptoms on gladiolus
plants are not specific and common for wide range of vi-
ruses. Moreover, imbalance of mineral elements, their lack,
high intensity lighting, damage by insects and mites, bacte-
rial and fungal infections or genetic disorders can cause
symptoms similar to those of viral infection. Although viral
infection could be diagnosed in advance by specific symp-
toms such as ring spot, mosaic and the necrosis.

The samples were collected from gladioli expressing vi-
ral symptoms on leaves and flovers. Leaves of naturally
infected gladiolus plants exposed chlorotic spots and
streaks of irregular shape. Some samples demonstrated
coarse breaking patterns, expressed as disappearance of
pigment in flowers (Fig.1). Severe color breaking and de-
formation of flowers are the most common symptoms as-
sociated with CMV infection in gladiolus [9].

© Korotyeyeva G., 2013
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Such symptoms as green mosaic, local necrotic lesions
and striped mosaic had been detected on leaves of gladiolus
'Nizhnist' (Fig.2A). According to the literature data, the symp-
toms of mosaics could be caused by BYMV and TRV [5, 6].
As the mixed viral infection is common in gladiolus, the

symptoms may be very variable. The different cultivars of
gladiolus also contribute to variability of symptoms [7]. As
the symptoms can be not only of viral origin, identification of
the virus, based on symptoms alone, is difficult because the
gladiolus can react differently even to the same virus.

Fig.2. Leaf of infected gladiolus showing green mosaic (A), local necrotic lesions and striped mosaic (B)

To confirm the infectivity of the plant sap and to detect the biological properties of pathogens, we used biological testing
on the range of test plants typical for gladioli viruses [7]. They produced different virus-like symptoms (Table 1).

Table 1. Symptoms on leaves of test plants inoculated with the sap of infected gladiolus

Symptoms
1]
a 7]
S $ S 3 g =
o N <
s| £ |8§| ¥| § | 2
1] ~ ) ® -
Test plants pu o o ;E; & £ :
1] -‘2 a - c S =
S g o3 S S S
8 S o 0 > 'a O
S ] So | D S @
g| & | £ 8| &
= e
Gladiolus 'Nichnyj bluz' - M - - - N
Gladiolus 'Nizhnist' M Cl.sp. M,D | - - N
Gladiolus 'Asol' - M - - - -

M — mosaic; N — necrotic lesions; D — deformation of leaves; Cl.sp. — chlorotic spots; — symptomless.

Mosaic symptoms were observed on leaves of Nico-
tiana tabacum after inoculation with sap from plant Gladio-
lus 'Nizhnist'. These symptoms are typical for wide range of
gladiolus viruses, such as TAV, CMV. However, symptoms
of small local chlorotic spots on cotyledons of Cucumis
sativus are typical for TAV infection. Besides, this virus
causes necrotic reaction on leaves of Phaseolus vulgaris
[8]. Symptoms registered on leaves of Nicotiana tabacum
and Phaseolus vulgaris are characteristic for BYMV [6].
Other inoculated test plants showed no reaction on inocula-
tion with gladiolus sap.

Hence, the biotesting confirmed the infectivity of the
sap samples of gladiolus plants. Absence of symptoms on
other testing plants after sap inoculation, in our opinion,
cannot provide evidence of non-infectious nature of the
disease because the pathogens may not be readily trans-

mitted by mechanical inoculation and also may have differ-
ent diagnostically susceptible host species.

For the virus identification we used DAS-ELISA and indi-
rect ELISA with antisera to viruses, which are reported from
gladioli: TMV, CMV, PMMoV, ToRSV, TRSV, TuMV, TAV,
ArMV, TSWV and TRV. According to ELISA results, the an-
tigens of TAV were detected in the samples of gladiolus
'Nizhnist', while the results of the testing of gladiolus 'Nichnyj
blus" and 'Asol' with this serum were negative. Antigens of
T™MV, CMV, PMMoV, ToRSV, TRSV, TuMV, ArMV, TSWV
and TRV have not been detected in tested samples.

The electron microscopy of the plant sap was carried out
simultaneously with biotesting. One type of spherical virus-like
particles was revealed in infected plant tissues. The particles
of about 30 nm in diameter were detected in plants of Gladio-
lus 'Nizhnist' with stripe mosaic symptoms (Fig.3).

Fig.3. Electron micrograph of virus particles in the sap of gladiolus plants cultivar 'Nizhnist', bar 200 nm
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On the basis or test plants' reaction data, ELISA, parti-
cle morphology and literature data [4, 8] the virus was iden-
tified as TAV.

Conclusion. The plants of different cultivars of gladio-
lus from Kyiv region were analyzed for presence of vi-
ruses. The pathogen detected in gladiolus plant was iden-
tified as Tomato aspermy virus. Methods of controlling
viral diseases assume growing and propagating healthy
planting material tested as virus-free, inspection of plants
during vegetation for occurrence of symptoms and elimi-
nation of affected plants.
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IDEHTU®IKALISA BIPYCIB, SAKI YPAXYIOTb MMALIONYC Y KUIBCbKIN OBJACTI

IMpoeedeHo o6cmexeHHs1 pocnuH pi3Hux copmie pody Gladiolus, eidi6paHux Ha mepumopii Kuiecbkoi o6nacmi, Ha HasieHicmb 8ipycHUX na-
moeeHis. Bipycu demekmysanu 3a donomozoto Memodie 6iomecmyesaHHs, iMOYyHOPMEHMO20 aHani3y ma efieKmpoHHOI MiKpockonii. Y 3pa3kax

pocnuH 6yno idenmudpikoeaHo eipyc acnepmii momamie.
Knro4oei cnoea: imyHoghepmeHmHuti aHanis, sipycu, anadionyc

A. KopoTeeBa, kaHA. 6ion. Hayk
KHY nmenu Tapaca LLleB4eHko, KueB

MWOEHTU®UKALIUA BUPYCOB, KOTOPbBIE NMOPAXAIOT NMAANOINYC B KWUEBCKOWU OBIIACTHU
lMpoeedeHo ob6cnedoeaHue pacmeHuli pa3Hbix copmoe poda Gladiolus, omo6paHHbix Ha meppumopuu Kueeckoli obnacmu, Ha Hanu4ue 8u-
PYCHbIX namozeHos. Bupycbi demekmupoeanu ¢ nomouw,bto Memodoe 6uomecmupoeaHusi, UMOYHO(OPMEHMO20 aHanu3a U 351eKmMpPOHHOU MUKPO-
ckonuu. B o6pa3yax pacmeHuli 66111 udeHmughuyuposaH eupyc acrepmuu MoMamos.

Knroyeenle crnoea: uMMmyHoghepmMeHmMHbIU aHanu3, eupychl, 21aduosyc
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PHYLOGENETIC ANALYSIS OF B/VICTORIA-LIKE INFLUENZA VIRUSES ISOLATED
IN 2008-2012 IN UKRAINE

The article presents results of phylogenetic analysis of B/Victoria-like influenza viruses isolated in 2008-2012 epidemic sea-
sons in Ukraine. Key mutations in amino acid sequences in hemagglutinin and neuraminidase proteins of Ukrainian isolates were
analyzed. All Ukrainian B/Victoria-like influenza viruses type B located in Brisbane/60 cluster as the most isolates from all over

the world according our data.

Key words: B/Victoria-like, phylogenetic analysis, Ukraine, Brisbane/60.

Introductoin. Family Orfomyxoviridae contains five dif-
ferent genes: Influenza virus A, Influenza virus B, Influenza
virus C, Isavirus and Togotovirus [1]. Influenza B viruses
belonged to the two genetic lineages: B/Victoria/2/87 and
B/Yamagata/16/88 since the end of the XX century. Influ-
enza viruses type B are less discovered than A type. Type
B haven't animal host reservoir and pandemic potential.
However, influenza B viruses could cause severe diseases
and become the main infectious agent of influenza epi-
demic every three years [2,3].

The phylogenetic analysis applied to new influenza iso-
lates allows monitor the rate and intensity of virus varia-
tions practically in real time. Moreover, the comparative
analysis of their protein sequences allows reveal point
amino acid replacements providing the mechanism of virus
adaptation to human immune system [4]. Sequences of

surface antigens — hemagglutinin (HA) and neuraminidase
(NA) — are usually used for genetic analyses [5].

The aim of our work was to analyze the genetic diver-
sity of B/Victoria-like influenza viruses isolated in Ukraine in
2008-2012.

Materials and methods. Nasal-throat swabs taken
from patients with influenza-like illnesses (ILI) or severe
acute respiratory infection (SARI) from different regions of
Ukraine during 2008-2012 epidemic seasons in the study.
They were analyzed using real-time polymerase chain re-
action (RT-PCR). Influenza viruses type B were isolated in
MDCK cell culture from samples positive in PCR. Hemag-
glutinin (HA) and neuraminidase (NA) gene sequences of
Ukrainian isolates were selected to perform phylogenetic
comparisons. Phylogenetic analysis was performed using
MEGA 5 software [6].

© Leibenko L., Babii S., Radchenko L., Smutko O., 2013
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Sequences of influenza viruses from other countries were
received from GISAID resource (http://platform.gisaid.org/),
using BLAST (Basic Local Alignment Search Tool) analysis
(http://www.ncbi.nim.nih.gov/ Blast.cgi). Sequences were
aligned using ClustalW algorithm. Phylogenetic trees were
built by the neighbor joining method [7] applying Kimura 2-
parameter model [8]. Evolutional distances were calculated
in terms of the number of base substitutions per site. A
bootstrap technique with 1000 replications was used to test
statistical validity of received data [9]. Nucleotide se-
quences were translated into amino acid sequences using
MEGA 5 software.

Results and discussion. The B/Victoria-like influenza
viruses circulated in 2008-2009, 2010-2011 and 2011-2012
epidemic seasons.

Season 2008-2009

Comparison of hemagglutinin (HA) genes. Genetic
comparison of the influenza virus type B HA genes shown
that all investigated isolates were genetically related to
vaccines strain B/Brisbane/60/2008 (Fig. 1). The Bris-
bane/60 cluster consists mainly of viruses among the dif-
ferent countries, but a small virus population from Middle
East genetically related to the strain B/Malaysia/2506/2004.

Amino acid analyses of explored influenza HA genes
identified four substitutions (K48E, K80R, K129N, A199T)
in viruses of 2008-2009 influenza season compared with
B/Brisbane/32/2002. That indicates the lower mutation rate
of influenza viruses type B than type A, approved by the
theoretical date [158]. The Brisbane/60 cluster viruses se-
lected additional substitutions: N75K, N165K and S172P,

The vaccine strain

Ukrainian isolates

V146l

NTK
NI6IK
S172P =
45 L38P|
= S140

B/Thailand/544/2008

L B/Shiraz/13/2009
B/Malaysia/2506/ 2004

K30R
K12eN .
A199T BIS ydney/57/2008

B/ Alaska/01/2009

B/Singapore/21/2009
BiBrishanei32/ 2002

7 Bl Kiew/222/2009

Reference strains 7

-45
B/M adagascar/4551/2009
_|7. Kl
T

_Jf’Q B/Kiew/58/2009

B/Victorial 304/2006

59
:: B/B angladesh/4008/2008

Bi/Thailand/3622/ 2008

also majority of viruses contain also mutation V146l, includ-
ing explored isolates B/Kiev/69/2009 and B/Kiev/222/2009.
The substitutions L58P (together with isolate from Mada-
gascar), K136Q and S140T were occurred in the
B/Kiev/58/2009 virus (Fig. 1).

Comparison of neuraminidase (NA) genes. Genetic
comparison of the 2008-2009 influenza season virus type B
NA genes shown that all investigated isolates were closed
to vaccines strain B/Brisbane/60/2008, estimated rate 98%
(Fig. 2). As in the comparison of HA genes (Fig. 1), most of
viruses from that season were presented in the Bris-
bane/60 cluster, but a short virus population from Middle
East preserved genetical similarity to the strain
B/Malaysia/2506/2004.

For all isolates from 2008-2009 influenza season were
distinguished substitutions 1248V and L396F, compared
with the B/Brisbane/32/2002 strain. For B/Malaysia-like
viruses group were noted by presence of mutations S41P
and D463N (Fig. 2).

The Brisbane/60 cluster was indicated by existence of
substitutions 1204V and A358E, significant part of viruses
also contain — D329N, including investigated isolates
B/Kiev/69/2009 and B/Kiev/222/2009. Either Kiev isolates
Ne 69 and 222, together with viruses from Norway, Russia,
USA, Germany etc. received additional amino acid substi-
tutions G378E and D463N (Fig. 2). The B/Kiev/58/2009
isolate, as in case with HA gene, became certain differ-
ences in neiraminidase that distanced it from other Kiev
isolates on the phylogenetic tree. Along with Uganda virus
Kiev isolate B/Kiev/58/2009 gain the 1249V substitution.

BiKiew 69/2009

B/Morway 10832009
B/Brizbane/60/2008
B/Oregons/01/2009
B/Minnesota/04/2009

Brisbane/60

B/Finland/543/2009
BiParis 1762/2009
B/ Texas/0%/200%

B/Philippines/5842/2005

B/Sabac/190/2009

Figure 1. Molecular phylogenetic analysis
of HA nucleotide sequences B/Victoria-like influenza viruses isolated in 2008-2009
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Figure 2. Molecular phylogenetic analysis

of NA nucleotide sequences B/Victoria-

Season 2010-2011. B/Victoria lineage viruses were
prevalence in the world during that epidemic season (ap-
proximately 85%).

Comparison of hemagglutinin (HA) genes. Results of
phylogenetic analyses are shown in the Figure 3. As in the
previous 2008-2009 influenza season (Fig.1), that season
viruses were similar to the vaccine @ strain
B/Brisbane/60/2008. Low mutation rate with single amino
substitution was observed in the investigated samples.

The B/Brisbane cluster viruses proceed selection of
the mutations N75K, N165K, S172P i 1199T. Isolates with
L58P substitution developed new subcluster 2, which con-
tains majority of the Ukrainian isolates from current season
(Fig. 3). Urkainian isolate B/Odessa/3886/2010 was
elected as reference strain by the Center for disease con-
trol and prevention (CDC) in London (Fig. 3).

In the investigated isolates were revealed single amino
acid substitutions (Fig. 3): H122N - in the
B/Zaporizzya/210/10; N197S — in the B/Kharkov/4260/10;
T222A — in the B/Odessa/145/10 i B/Odessa/3886/10.

Comparison of neuraminidase (NA) genes. By genetic
analyses results of neiraminidase genes (Fig. 4.), mostly
explored isolates, including all Ukrainian viruses, were re-
lated to the vaccine strain Brisbane/60/2008 and belonged
to the equal cluster. The isolates from Brisbane/60 cluster
received the mutations 1204V, A358E and most viruses had
additional substitution P51S, L73F, N199D, but part of virus
population also contained S27L.

Our isolated influenza viruses type B of the discovered
influenza season selected such additional substitution:
145T and 1455T - in the B/Ukraine/7/11 and
B/Zaporizzya/87/11 together with isolates from Myrmansk

like influenza viruses isolated in 2008-2009

and Minsk; L75F — in the B/Ukraine/7/11; E44K and D329N
— in the B/Zaporizzya/87/11; V2481 — in the
B/Zaporizzya/210/11 and isolate from England; S51L — in
the B/Ukraine/142/11.

Partly isolates from 2010-2011 influenza season (vi-
ruses from Bolivia, Indianan, Irkytsk and England) by NA
sequence were related to the reference strain
B/Malaysia/2506/2004. In the all idem isolates revealed sub-
stitution K220N, however viruses from Irkytsk and England
also contained mutations P42S, N127K and D463N (Fig. 4).

The phylogenetic analyses of the surface influenza
B/Victoria virus antigens revealed that all investigated
Ukrainian isolates were related to vaccine strain
B/Brisbane/60/2008 in the 2010-2011 influenza season
with estimated rate 97%.

Season 2011-2012. Influenza B viruses has been iso-
lated in the world much less compared with A type during
the 2011-2012 epidemic season. They formed 9.5% of the
total number of isolated influenza viruses, but 31.5% in the
previous 2010-2011 season. We isolated only 2 B/Victori-
like influenza viruses in Ukraine.

Comparison of hemagglutinin (HA) genes. The results
of hemagglutinin genes phylogenetic comparison are pre-
sented in theFigure 5. All influenza viruses have taken for
the analysis continued to carry the amino acid substitution
N75K, N165K and S172P, compared with strain
B/Malaysia/2506/2004. They located within the dominant in
Victorian branch Brisbane/60 cluster (Fig. 5). There three
groups of viruses are isolated during the 2011-2012 sea-
son have been formed in this cluster. The amino acid se-
quences of viruses from different groups were allmost iden-
tical with the exception of single substitutions.
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B/Ukraine/104/2012, the only one sequenced in in 2012 week 10 according EuroFlu data. Therefore, the

Ukraine influenza B isolate, was similar to viruses from
group 2. Its sequence of hemagglutinin gene was the

100% similar to the virus from Italy — B/Milano/03/2012.
PCR positive results for influenza B in Italy showed from
2012 week 6, while the first positive in PCR in Ukraine was

higher likelihood was the entry of influenza B from lItaly to
Ukraine than vice versa. Reference strain for the group 2
was B/Malta/Mv636714/2011 virus.

Comparison of neuraminidase (NA) genes. The isolate

B/Ukraine/104/2012

located

the dominant
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B/Brisbane cluster according to the analysis. Comparison
the neuraminidase genes of all viruses isolated in 2011-
2012 in the world showed that they arranged within three
clusters. Viruses of clusters 1 and 2 gained P41S, S42P,
K125N and E320D substitutions, compared with
B/Malaysia/2506/2004 strain (Fig. 6).

The most circulating influenza viruses type B as the
B/Ukraine/104/2012 strain has located in cluster
B/Brisbane in this epidemic season. This cluster reflects

the main direction of evolutionary changes among influ-
enza B viruses circulating since 2006. Strain
B/Ukraine/104/2012 has located in the "top" of cluster —
from B/Florida/07/2012 to B/Ukraine/5374/2012 (Fig. 6)
that gained S295R and E358K substitution.

The second cluster included isolates located in the United
States, Japan and Iceland in 2011. They gained a number of
additional amino acid substitutions in the neuraminidase
(T8M, Q61H, L73F, M375K, A389T and S397R).
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A small group of viruses has been separated in third
cluster - the branch genetically closer to
B/Malaysia/2506/2004 strain than to viruses isolated from
2008. These viruses gained a number of amino acid substi-
tutions: S34L, 1267M, K272Q, D342G, M375K and D384N.
The hemagglutinin genes of these isolates were similar to
viruses from B/Brisbane cluster (Fig. 5), but their neura-
minidases were separated into third cluster (Fig. 6).

Conclusions.

Influenza viruses type B isolated in Ukraine during
2008-2012 has located in common cluster Brisbane/60 and
their hemagglutinin and neuraminidase genes almost has-
n't changed. Most of B/Victoria-like influenza viruses allo-
cated in the world also located in Brisbane/60 cluster. The
evolutionary "towing" of Ukrainian isolates of the three sea-
sons was shown from our analysis. The level of influenza B
virus evolution is significantly lower than influenza A ac-
cording to research of foreign authors [10]. Our studies
confirmed this regularity.
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1. NenbeHko, kaHA. Gion. Hayk, C. Babiu, acn., J1. PaguyeHko, acn., O. CmyTKo, cTyA.

KHY unmeni Tapaca LlleBuyeHko, Kui

®ITOrEHETUYHUIA AHANI3 BIPYCIB IPUMY TUMY B/VICTORIA,
BUAOINEHUX B YKPAIHI B 2008-2012 POKAX

B cmammi npedcmaeneHi pezynbmamu ginozeHemuyHo20 aHaniy eipycie wpuny muny B ezenemu4Hoi ninii B/Victoria, eudineHux e YkpaiHi e
2008-2012 enidemiyHux ce3oHax. B po6omi npoaHasnizoeaHo OCHOBHIi 3aMiHU 8 aMiHOKUC/TOMHUX MOC/1i008HOCMSIX 2eMa2/IlomuHimy ma Helpami-
Hida3u ykpaiHcbKux i3onsimie. 3a Hawumu daHumu eci ykpiiHcbKi B/Victoria-nodi6Hi eipycu epunny B po3micmunuck e knacmepi Brisbane/60, sk i

6inbwicmb sudineHux eipycie e ceimi.

Knroyoei cnoea: B/Victoria, gpinozeHemuyHuli aHani3, Ykpaina, Brisbane/60.

1. NenbeHko, kaHa. 6uon. Hayk, C. Babun, acn., J1. PagueHko, acn., O. CmyTkoO, CTYA.

KHY umenu Tapaca LLleB4eHka, Kues

®UNONEHETUYECKUA AHANIU3 BUPYCOB 'PUMMA TUMA B/VICTORIA,
BbIAEJNIEHHbIX B YKPAUHE B 2008-2012 FOAAX

B cmambe npedcmaeneHbl pe3ynbmamsbl ¢husioceHemu4ecKo20 aHanu3sa eupycoe 2punna B ezeHemuyackoli nuHuu B/Victoria, ebiOeneHHbIX 8
YkpauHe e 2008-2012 anudemuyeckux ce3oHax. B pa6ome 6binu npoaHanu3upoeaHbl OCHOBHbLIE 3aMeWeHUsI 8 aMUHOKUC/IOMHbIX nocredoea-
menibHOCMSIX 2eMa22/IloMUHUHa U HelipaMuHuda3bl yKpauHCcKux u3osiimos. Mo Hawum AaHHbIM ece ykpauHckue B/Victoria-no0o6Hble eupychbi
e2punna B pacnonoxunucek e knacmepe Brisbane/60 kak u 6051bWUHCME0 8biGe/IeHHbIX 8UPYCO8 8 MUpe.

Knrodeesnle cnoea: B/Victoria, ¢punocenemuyveckuli aHanus, YkpauHa, Brisbane/60.
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SYSTEMIC APPROACH TO STUDYING VIRUSES
OF BACTERIA FROM ANTARCTIC SOIL BIOTOPES

Sub-Antarctic climate and specific geological/biological characteristics created unique environment for development of bac-
terial and viral populations in soil. This paper reviews environmental factors which influence the maintenance of virus infectivity
and must be taken into account when treating the samples in the lab.

Key words: Sub-Antarctic climate, bacteriophages, soil biotopes.

Introduction. Exogenic viral pathogens traditionally
remained the main aspect in research focused on soil
ecology of viruses. As regarding bacterial viruses and their
populational dynamics, most of the work was done using
indicator species of bacteria. Classical approach for
evaluation of virus numbers in soil samples typically came
to counting negative colonies (plaques) on lawn of indicator
bacterium. Such type of research allows obtaining rather
limited data on a specific group of viruses and not the gen-
eral knowledge on viral community. This is not enough,
however, for comprehensive understanding of the ecologi-
cal role the bacterial viruses play in soil biotopes. More-
over, complex insight in phage-bacteria-soil environment
interactions requires paying attention to a number of fac-

tors affecting each element of this system, both separately
and in combinative effect. In addition, influence of such
factors must be considered in laboratory research.

It was demonstrated that relative bacteria number and
diversity in soil may be fairly considerable and depend on
sampling location and soil properties [1]. Research on den-
sity and species diversity of bacterial populations in bio-
topes of Dry Valleys confirmed that such locations might be
characterized with 10%-10° prokaryotic cells per gram of
substrate [2]. For cold climates it was shown that gram-
negative bacteria, a, f and y-proteobacteria (Pseudomo-
nas spp. and Vibrio spp.), as well as phylum Cytophaga—
Flavobacterium—Bacteroides were detected most often. In
case of gram-positive microorganisms, coryneforms (Ar-

© Mas 0., Andriychuk O., Polischuk V., 2013



ISSN 1728-2748

BIONOrIA. 3(65)/2013

~43 ~

throbacter and Micrococcus sp.) were most common. Os-
cillatoria, Phormidium and Nostoc genera typically were
widespread Cyanobacteria representatives in Antarctica.
Psychrophilic yeasts Cryptococcus spp. have also been
isolated from soil samples.

Ukrainian Antarctic station 'Academician Vernadsky' is
based on Galindez Island (65.245678° SlLat, 64.257825°
WLong). This region is characterized by relatively mild sub-
Antarctic climate. Mean summer temperature is about 0°C
but decreases to -20...-25°C in winter. Cyclones are typical
for these latitudes bringing nebulosity, often rains and mists.
At winter time, flaws of wind of 30-35 m/s and above, as well
as drift-ice in the ocean, are common [3].

It is logical to assume that such atypical geoclimatic condi-
tions would limit massive spread and development of biota. In
part this hypothesis is confirmed by nearly total absence of
vascular plants in the region. Only two species of higher plants
are registered for the continent of Antarctica: Deschampsia
antarctica and Colobanthus quitensis. However, many moss,
lichen and algae species have been found.

In total, 114 species and intraspecific producer taxons
have been described. Various groups of invertebrates
(nematodes, mites) are found in moss sod, lichens, on
plants and in soil substrate. These feed of plants or predate
[4]. Substrate for biota development is usually represented
by rocks and detritus eluvium. Initial soil is formed due to
accumulation of organic matter, guano, dead vegetation
and by wind run-ups. Accumulation of organic matter and
guano is common for bird colonies [4].

These conditions are unique for evolution and devel-
opment of microbial communities and respective bacterio-
phages. Environmental factors and substrate characteris-
tics (i.e. temperature, humidity, pH, ionic strength, etc.)
have strong effect on the development, preservation and
spread of both bacteria and their viruses.

Total quantity of aerobic microorganisms in this region
were just 2-3 times smaller comparing to regions with
moderate climate and constituted 10°-10° cells/g of sam-
ple. Quantity of microorganisms in different biotopes de-
creased in the following order (cells/g of sample): soil
(1x10%-5x10") — aboveground part of Deschampsia ant-
arctica plants (106-108) — underground part of mosses
(1x10%-5x10°%) — sludge of freshwater reservoir (10°-107)
— aboveground part of mosses (103-106) — lichens (103—
106). Identified microorganisms belonged to 'classic’ taxons
typical for various regions with moderate climate including
Bacillus, Actinomyces, Streptomyces, Pseudomonas, Me-
thylobacterium, Enterobacter, Staphylococcus, and Brevi-
bacterium genera, etc. [5]. Isolated microorganisms
showed tolerance to high (‘over-bactericidal') concentra-
tions of toxic metals — mercury, copper, chrome, cadmium,
nickel, and cobalt. This tolerance could be determined by
plasmids and/or transposons which typically correlated with
bacteria resistance toward antibiotics. This may exemplify
adaptive reaction of microorganisms on existence in condi-
tions of severe competition for substrate [5-8].

Phages were detected in samples of superficial soil
layers neighboring moss rhizoids. This research resulted in
isolation and morphological descriptive classification of
phages belonging to the families Podoviridae (C1 morpho-
type), Siphoviridae (B1 morphotype), and Myoviridae (A1
morphotype). However, the authors have not managed to
select any sensitive bacterial host capable of maintaining
virus replication in laboratory conditions [9].

Comprehensive understanding of mechanisms and
means of spread and preservation of phages in such sys-
tems, as well as viruses' interactions with their respective
hosts, requires systematic knowledge about factors which
potentially influence the research objects directly. It is im-

portant to consider environmental factors and characteris-
tics of soil substrates affecting viruses in soil. In addition,
selection of proper laboratory techniques for obtaining most
reliable results is crucial.

Influence of ecological factors. Different characteris-
tics of soil and environment, as well as virus own proper-
ties, effect the adsorption characteristics of viral particles in
soil. In particular it is known that viruses adsorb on soil
particles and degree of adsorption commonly exceeds 90%
for various viruses. Such factors as type of clay materials,
cation-exchange capacity, ionic strength, soil-bound and
unbound organic matter, and pH influence the efficiency of
virus adsorption on soil particles [10]. Morphology and bio-
chemical characteristics of viral particles (for instance,
isoelectric point, etc.) also make significant contribution in
this phenomenon. Soil is a heterogeneous substrate con-
sisting of particles with different charge(s) and varying hy-
drophilic/ hydrophobic properties which may have a dra-
matic effect of the adsorption of virus particles.

In addition, a number of environmental factors may also
lead to virus inactivation and their inert state in soil. Such
factors include temperature, pH, clay minerals, organic
matter (nutrients), heavy metals, acidic contaminants,
aerobicity, ionic strength (saline soil), and humidity.

Temperature is one the major factors of the environ-
ment influencing preservation/inactivation of phages. Tem-
perature dictates optimums for bacterial growth and hence
microorganisms are divided on psychrophilic, mesophilic
and termophilic. At this point we should say that optimal
temperature for a phage does not always correlate with
such for a bacterium. In general, low temperatures are
more preferred for virus survival/preservation. This may be
related to higher microbial and enzymatic activities seen at
higher temperatures which favor phage inactivation and
degradation [10]. Substrate acidity not only affects bacterial
hosts but also may influence stages of adsorption, penetra-
tion, as well as latent stage duration in 'phage-host' sys-
tem. In turn, pH value is a component of electrostatic prop-
erties of a substrate which play key role in virus adsorption
on solid particles. At critical pH values (2.5-3,5 pH units
higher than isoelectric point of a virus) a virion irreversibly
adsorbs to a surface. At lower pH values this process is
deemed reversible. It has been established, for instance,
that the majority of bacteriophages demonstrated tolerance
towards pH fluctuations in the range of pH 5-8. At low tem-
peratures, however, this range of virus tolerance for pH
might be somewhat wider, pH 4-10 [11].

lonic strength represents another powerful ecological
factor mediating virus binding with clay particles and favor-
ing virus 'survival'. At higher values of ionic strength virion
adsorption to clay particles is typically more efficient. Clay
materials may 'screen’ virions and hence contribute to virus
protection from inactivation and loss on infectivity caused
by UV irradiation. This allows more time for virus persis-
tence outside a host cell. It was demonstrated that phages
maintain their infectivity for longer when in loam or clay soil
as compared to sandy substrates [10].

Organic matter content in a substrate also influences
both virus infectivity and bacteria susceptibility. Antarctic
soil is a poor substrate for growth of microorganisms and
therefore host cells may show insusceptibility to viral infec-
tion in soil environment. One of the reasons of hosts' toler-
ance is resulting from alterations of superficial properties of
a bacterial cell. For instance, phosphates' deficiency may
lead to loss of teichoic acids in the cell wall of B. subtilis
W23 and subsequent loss of ability to adsorb SP50 phage
at the initial stage of infection.

Metal oxides also affect virus adsorption and inactiva-
tion. Soils rich in metals (in situ represented in forms of
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oxides) favor much faster virus inactivation preventing their
further passive transportation in soil water [12]. At the
same time, organic compounds in a substrate alleviate
'toxic' influence of heavy metals on virus particles by form-
ing metalorganic complexes.

Epifluorescent microscopy analysis of virus-like particles
(VLPs) in soils from Delaware, USA, showed significant corre-
lation between VLPs abundance and water content. It was
explained that there was a certain critical value of humidity
needed to maintain virus infectivity. Otherwise, humidity de-
crease leads to elevation of virucidal effect of water evapora-
tion. Evaporation per se, as well as humidity decrease, leads
to soil drying which results in virus inactivation [10, 13].

Overcoming methodological problems. In the view of
abovementioned factors and in order to prevent skewing of
future results it's important to pay proper attention to every
step of working with the samples, including sample collec-
tion, storage, transportation, and further processing in a
laboratory. For instance, significant losses of virus at the
stage of isolation/filtration, isolation of inactivated virus parti-
cles (partially degraded or without nucleic acid), and artifacts
during epifluorescent or electron microscopy may lead to
false conception about virus numbers, diversity and spread.

Based on such reasoning, it is of importance to select
optimal method for elution of virus particles from
soil/substrate samples. There are many buffer/media com-
positions known for overcoming bound/adsorbed virus state
when isolating viruses from soil and bottom sediments
(sludge) [10]. For instance, nutrient broth with or without
ovalbumin, meat extract with or without NaCl or borate(s),
cation-complete medium, glycine buffer, sodium pyrophos-
phate, potassium citrate, mineral buffers, etc. Meat extract
(6-10%) is the most common medium used for soil samples.

For further virus separation from bacterial communities
and other matter it's recommended to use membrane filters
with pores of 0,22-0,45 mcm in diameter. In turn, this stage
may result in significant losses of virus (up to 2/3). Careful
choice of filter type is needed to account for virus ability to
bind to some type of membranes.

When analyzing samples of six types of soil (two samples
of agricultural soils and four samples of forest soils) [13], re-
searchers concluded that potassium citrate was the optimal
choice for elution. Having the same efficiency as sodium py-
rophosphate buffer and glycine buffer, it does not lead to sig-
nificant background fluorescence (during epifluorescent mi-
croscopy) and allows taking more detailed photographs.

When working with soil or substrate, it is advisable to re-
peatedly wash the samples at the initial isolation (elution) of
viral particles. It was demonstrated that 1% stage of elution
yields up to 70% of VLPs, 2" stage — 20%, 3" stage — 10%,
and 4" stage — 1 % of total VLPs yield from soil matter. This
trend was shown to be similar for different soil types provid-
ing means for more accurate determination/evaluation of
viruses in various types of substrates [13].

Morphological analysis of bacteria viruses using elec-
tron microscopy has one significant disadvantage — wrong
classification due to physical breakdown of tailed virus par-
ticles loosing a tail. Aggressive soil extraction typically
leads to separation of phage tails. This may provide
grounds for erroneous morphological description of viruses
found in a sample [10].

In addition it should be remembered that influence of en-
vironmental factors, conditions of samples' transportation
and non-optimal methods for working with samples and virus
isolation may have great effects on the resulting visual diag-
nostics of viruses in substrates. It has been established, for
instance, that the majority of bacteriophages demonstrated
tolerance towards pH fluctuations in the range of pH 5-8. At
low temperatures, however, this range of virus tolerance for

pH might be somewhat wider, pH 4-10. Strong acidulation or
alkalinization induced progressive degradation of viral parti-
cles with the release of nucleic acid, tail separation, tail
sheath contraction, and particle breakdown into structural
elements — protein head capsid, tail sheath, tail tube, and tail
fibers. Similar effects were also shown for temperature
stress. For instance, momentary or repeated freezing-
thawing often led to viral particle degradation, DNA release,
contraction of tail sheath, sheath separation from the tail, tail
separation from the head, etc. Surprisingly, basal plate and
fibers often preserved [11].

Conclusions. Taking into account great variety of soil
types by components' content and physic-chemical indexes,
region of sampling may impose certain additional require-
ments. Proper transportation of soil samples is not a bit less
important as may result in transformation of mineral mass of
soil/substrate and skew future experimental results. Such
considerations dictate certain requirements for processing
different types of samples. One of the ways out is to use
several different techniques in parallel when every stage of
processing a sample with further comparison and amend-
ment of obtained results. This provides means for determin-
ing a complex of optimal methods for each group of samples
(i.e. region) and preventing inaccuracies and artifacts.

Virus species composition for terrestrial and freshwater
ecosystems still remains rather understudied. Phage research
of surface layer of soil in Antarctica resulted in isolation and
morphological descriptive classification of phages belonging to
the families Podoviridae (C1 morphotype), Siphoviridae (B1
morphotype), and Myoviridae (A1 morphotype). However,
sensitive bacterial hosts capable of maintaining these viruses'
replication in laboratory conditions have not been identified.
Wide application of novel approaches, such as metagenom-
ics, would allow widening our understanding of viral communi-
ties inhabiting natural soil ecosystems in Antarctica, as well as
of their genetic and population structure.
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CUCTEMHUW MIOXia NP OOCNIAXEHHI BIPYCIB BAKTEPIA AHTAPKTUYHUX 'PYHTOBUX LLEHO3IB
Cy6aHmapkmuyHuli knimam ma cneyudgidHi 2e051020-6i05102i4Hi XapaKkmepucmuKku cmeoproomb yHikanbHi yMoeu 07151 po3eumky rpyHmoeux
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iHgpekyilinocmi eipycie ma siki Heo6xidHO epaxosyeamu npu po6omi e na6opamopii.
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Cy6aHmapkmuyeckull kKnumam u crneyuguyecKkue 2e0s/1020-6U0/102UYeCKUE XapaKmepucmuKu co30arom yHUKasbHbIe ycrioeusi O pa3eumusi
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coxpaHeHuUe UHEeKYUHHOCMU 8UpPYyCOo8 U Komopble He06x00uUMO yyumsbieams npu pabome e nabopamopuu.
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AGE RELATED FEATURES OF WATER AND ELECTROLYTES TRANSPORT ACROSS
THE EPITHELIUM OF RATS COLON AND THEIR CORRECTION WITH MULTIPROBIOTIC
"SIMBITER ® ACIDOPHILUS"” CONCENTRATED

The transport of water and electrolytes across the epithelium of the colon in rats of different ages was studied. It was found
that at the 21 and 24 month old rats absorption of water and Na * and CT ions significantly increased, which is one of the causes
of constipation occurancens in aged and elderly rats. Periodic administration of multi-probiotic "Symbiter" (0.14 mg / kg) pre-
vents age-related changes in the transport of water and electrolytes across the epithelium of the colon.

Keywords: colon, the total flow of water and Na"* and CT ions, multiprobiotic.

More than 60% of people over 60 years old have the
problem with constipations. Such problem not only reduce
the social activities of people, but also cause pressure in-
creasing in the cavity of intestine, diverticulums, over-
growth and accumulation of endotoxin [3]. It was shown
that the main reason of constipation in healthy individuals
who are older than 80 years is slowed chyme transport
through intestine, which occurs due to decreased of motor
activity of colon [10]. Age related changes in colon are as-
sociated with degeneration of nerve fibers that innervate its
smooth muscles [14]. With age neurotransmitter acetylcho-
line (main stimulator of smooth muscle motor activity) re-
lease decreases, that is the reason of constipations occur-
rence. Robert et al [11] established another mechanism of
acetylcholine release reduction in colon during aging. They
showed that aging is accompanied by decrease of calcium
appearance in the colon neurons of rats, resulting in ace-
tylcholine release reduction. Ayzman R. |. showed that
aging causes changes in intestinal mucosa, which leads to
hydrolysis and absorption decrease. There are several
reason: surface of membrane digestion decrease because
of atrophy, number of operating carriers in transport sys-
tems also reduce, Cl'secretion decrease [1].

Thus, the most of literature sources associated the de-
velopment of age related constipation with changes in co-
lon motility and much less attention is paid to the study of
age-related aspects of water and electrolytes transport
across the epithelium of the colon.

Previously, we showed that water, Na + and CI- absorp-
tion increases with age and that is the reason of age-
related constipation [6]. These changes begin at the end of
mature age. Despite the large number of laxatives drugs,
the search of safe preparation and drugs without addiction
is still actual. One of the most perspective preparations are
probiotics. Especially taking into account that with age co-
lon contamination with opportunistic flora increases [7].

The aim of our work was to study dynamics of water
and electrolytes transport across the epithelium of the co-
lon in rats of different ages with standart diet and with peri-
odic consumption of multiprobiotic "Symbiter ® acidophilic"
concentrated (Symbiter).

Methods: In chronic experiments the transport of water
and electrolytes across the epithelium of the colon were
studied on white nonlinear female rats in ontogenesis. Rats
were born with different females in one day period and
were randomly divided into 2 groups: control, rats were fed
a standard maintenance diet, and experimental, with peri-
odically multiprobiotic supplement to diet. Rats of control
group at the age of 3, 6, 9, 12, 15 and 18 month old were
administered 0.5 ml dechlorinated tap water of room tem-
perature. Rats of experimental group in the first 10 days
after birth got 1 drop of Symbiter daily. Hereafter these rats
at the age of 3, 6, 9, 12, 15 and 18 month were injected
0.14 ml/kg multiprobiotic Symbiter diluted in 0.5 ml of wa-
ter. One dose of Symbiter (10 ml) consists of biomass of 14
living probiotic stains in symbiosis: Lactobacillus and Lac-
tococcus — non less than 6.0x10'° CFU/cm®, propionic-acid
bacteria - 3.0x10'° CFU/cm®,  bifidobacteria  —
1.0x10" CFU/cm®,  acetic-acid  bacteria —  1.0x10°
CFU/cm®. From each group at the age of 3 month (juvenile
age), 6, 9 month (young age), 18 month (mature age), 21
month (eldery) and 24 month (senile) animals were taken
for experimental tests. Rats were anaesthetized by ure-
thane at the dose 1.15 g/kg intraperitoneally. The transport
of water and electrolytes across the epithelium of the colon
were measured in acute experiments by method of perfu-
sion of isolated colon. After equilibration period (60 min.),
samples were taken each 20 minutes. Total perfusion dura-
tion was 180 min. Changes in concentration of unabsorbed
phenol red marker determined with photocolorimetric
methods (A=520 nm, A =560 nm Ta A=600 nm) represented
the level of water absorption. Concentration of CL™ in per-
fused solution was measured with ion meter. Measure-
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ments of the concentrations of Na* and K* were carried out
using a flame photometric analyzer of liquids [13].

All obtained data were subjected to statistical analysis us-
ing software package "Statistics, 8.0". Shapiro-Wilks criterion
was used for the analysis of data distribution type. As the data
were abnormal distributed independent samples were com-
pared by Mann-Whitney U test. We calculated median (Me)
and lower and upper quartiles (Me [L.qg... U.q]) [4].

Results.It was found that in 3 months old rats the level
of water absorption was 31.01 [5.05... 68.93] ml/g*20 min,
Na*~24.81[2.86... 46.85], K" ~0.74 [-3.01... -0.05] and CI'~
13.92 [4.46... 26.99] umol/g*20 min. This results matched
with other researchers data obtained in vivo and showed
that the absorption of water is accompanied by absorption
of Na" and CI', K* secretion [1, 8, 10] (Fig. 1).
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Figure 1. Total flow of water across the epithelium of the colon of different age groups rats (Me [L.q... U.q], n = 8)
K — rats of control group;
C — rats of experimental group that were periodically injected with multyprobiotic Symbiter;
* — p <0,05 compare to 3 months old control group; # — p <0,05 compare to same age control group

The level of water absorption in 6 and 18 months old
rats of control group had no significant difference from rats
of juvenile age and was equal t019.82 [3.5... 50.57] and
27.16 [12.72... 35.95] ml/g*20 min respectively. In the
same time in 21 and 24 month old rats absorption of water
and Na * and CI'ions was increased. Absorbtion of water in

eldery rats increased by 33.7% (p<0.05), in senile — 26.0%
(p<0.05) compare to juvenile. Periodic introduction of mul-
tiprobiotic decreased water absorption in colon of 18, 21
and 24 months old rats correspondently by 63.0%
(p<0.05), 79.1% (p<0.05) and 90.8% (p<0.05) compare to
control group of same age.
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Figure 2. Total flow of Na* across the epithelium of the colon of different age groups rats (Me [L.q... U.q], n = 8)
K — rats of control group;
C - rats of experimental group that were periodically injected with multyprobiotic "Symbiter";
* — p <0,05 compare to 3 months old control group; # — p <0,05 compare to same age control group

The total flow of Na* in 6 months old rats was lower
than in 3 months old, but there was no significant differ-
ences (Fig. 2). In 9 month old rats Na* absorption de-

creased by 57.7% (p<0.05) compare to rats of juvenile age.
Thus, the total flow of electrolytes in 9 month old rats was
the smallest. In experimental group same as in control, in 9
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months old rats the total flow of ions decreased by 51.99%
(p<0.05) in comparison with 3 months old control group.

In the eldery (21 months) and senile rats (24 months) to-
tal flow of Na* was increased by 19.7% (p<0.05) and 20.5%
(p<0.05) compare to 3 month old rats of control group. Thus,
the rate of Na* total flow, as well as water, was the biggest in
the 24 month old rats and was 29.90 [23.04...
32.25] ymol/g*20 min. The total flow in mature, elderly and
senile rats of experimental group of ions decreased by 50%
(p<0.05) and 64.07% (p<0.05) and 74.05% (p<0.05) com-
pare to control group of same age and was also lower than
in 3 month old rats of control group.

The total flow of ClI" ions in 6 and 18 months old rats did
not differ from 3 months old. The lowest level of CI" ions
absorption was in 9 months and was 9.03 [0.37...
23.43] uymol/g*20 min. In eldery and senile rats significant
increase of ions total flow was observed. In 21, 24 month
old rats data was equal to 22.73 [17.49... 30.93], 20.38
[10.61...26.92] ymol/g*20 min correspondently, which was
higher by 63.3% (p<0.05) and 46.4% (p<0.05) compare to
juvenile rats. As in the case with the level of water and Na*
total flow periodic Symbiter introduction reduced the total
flow of CI" ions across the epithelium of colon (Fig. 3).
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Figure 3. Total flow of CI" across the epithelium of the colon of different age groups rats (Me [L.q... U.q], n =8)
K — rats of control group;
C - rats of experimental group that were periodically injected with multyprobiotic Symbiter;
* — p <0,05 compare to 3 months old control group; # — p <0,05 compare to same age control group

It was found that Na* and CI' total flow was accompanied
with changes in the total flow of water across the epithelium
of the colon in different age groups of rats. However, during
the ageing the total flow of K" ions had no significant
changes either in control or in experimental groups. It was
clear that at the rest transcellular is the predominant type of
water transport across the epithelium of the colon. That oc-
curs passive by diffusion over osmotic gradient of NaCl con-
centration between intra-and intercellular fluids of intestinal
epithelial cells. Our experiments confirm such theory.

Periodic addition of multyprobiotic Symbiter in the diet
of rats prevented the reduction of water, Na" and CI  total
flow in elderly and senile rats. We concluded that multipro-
biotic consumption had prevented age-related changes in
intestinal microflora.

The significance of microflora to the human body is still
not full revealed and therefore is often underestimated. But
today it is clear that bacteria play an important and a multi-
dimensional role in the various functions of the body. For
example they generate significant quantities of various
physiologically active compounds. Among them short-chain
fatty acids (SCFA) that assure water electrolyte balance
and mineral metabolism (the content of carbonates in intes-
tine lumen and pH of the intestinal contents), are the main
source of colonocyte nutrition, regulate colon motility [2].
Thus, we consider that SCFA preservation might be the
reason of decreased amount of constipations in eldery and
senile rats of experimental group.

Conclusions:

1. In elderly and senile rats absorption of water, Na*
and CI increase.

2. Transport of K* ions does not change during onto-
genesis.

3. Periodic administration of multiprobiotic "Symbiter ®
acidophilic" concentrated prevents the reduction of water,
Na® and CI total flow in elderly and senile rats.

4. Multiprobiotic "Symbiter® acidophilic" concentrate
may be consider an effective preparation for constipations
prevention.
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KHY imeHi Tapaca LLleB4yeHka, Kuis

BIKOBI OCOBJIMBOCTI TPAHCMNOPTY BOAW TA ENEKTPOJITIB YEPE3 EFIITEVJ'III?I TOBCTOI KULLKW LLIYPIB
TA IX KOPEKUIA MYJNIbTUMPOBIOTUKOM CUMBITEP ALLUAODITIbHUN KOHLIEHTPOBAHUU

HocnidxeHo mpaHcnopm eodu i enekmponimie 4Yepe3 enimenili moecmoi KUWKu y ujypie pi3Ho2o eiky. BcmaHoesneHo, wo y siyi 21-20 ma
24-x micsiuie ecMokmyeaHHs1 80du ma iorie Na* i CI 3Hauywe 36inbwyemncs, wio € oOHIE0 3 NPUYUH UHUKHEHHS 3akpenie. lMepioduyHe dodaeaH-
HA 00 cmaHdapmHOoz0 KopMmy Mynabmunpo6iomuka "Cum6imep® ayudoginbHull” KoHuenmposanuli (0,14 mn/kz) 3anobizac eikosum 3miHam y

mpaHcrnopmi eodu i enekmpornimie 4epe3 enimenili moecmoi Kuwku.

Knioyoei cnoea: moscmuil Kuwe4HuK, cymapHuli nomik 6odu ma ionie Na* i CI, Mynsmunpo6iomux.

H. Ckouko, acn., M. Yepnak, ctya., E. Toprano, kaHa. 6uon. Hayk, [l. IHKOBCKUI, A-p Guon. Hayk

KHY nmenu Tapaca LLleB4eHko, KueB

BO3PACTHbIE U3MEHEHUSA TPAHCIOPTA BO[bl U 9NEKTPONUTOB YEPE3 SMUTENUA
TOJNICTOIO KNLWWEYHUKA KPbIC . .
N X KOPEKLIUA MYNbTUNMTPOBUOTUKOM CUMBUTEP ALLUAO®UITIbHbIM KOHLIEHTPUPOBAHbIU

HccnedoeaHbl mpaHcrniopm 600kl U 3/1I€KMPOSIUMOE Yepe3 anumesnul mosicmoli KUWKU Y KPbIC pa3HO20 eo3pacma. YcmaHoeJsieHo, Ymo &
eospacme 21-20 u 24-x mecsyes ecacbleaHusi 800kl u uoHoe Na* u Cl sHauumMoe yeenuyueaemcs, 4mo sienisiemcsi 00Holl U3 NPUYUH 803HUKHOGe-
HUs1 3aropoe y KpbIC MOXUs020 U cmap4Yyecko2o eo3pacma. lepuoduyeckoe dobaesieHue kK cmaHdapmHoMy Kopmy mynbmunpo6uomuka "Cum6bu-
mep ® ayudounbHbIl" KOHYeHmpuposaHHbIl (0,14 mn/k2) npedomepaujaem 8o3pacmHble U3MEHEHUsI 8 mpaHcropme 800bl U 3/IeKMPOIUMo8

4Yepe3 anumesnul mosicmou KUWKuU.

Knioyegble crioea: moncmeiii KUWEYHUK, CyMMapHbIl nomok eodsl u uoHoe Na* u CI, Mynsmunpo6uomuk.
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DETECTION OF SOME VIRUS PATHOGENS
OF CACTUS IN UKRANIAN BOTANICAL GARDENS

Cactus collections of some Ukrainian botanical gardens were analyzed for virus contamination. Different virus-like symptoms
including mosaics, chlorosis and local necroses have been detected on cactus plants in these collections. Biological properties
of isolated viruses were defined by the methods of bioassay, transmission electron microscopy and indirect ELISA.

Key words: ELISA, isolated viruses, cactus.

Introduction: The Cactaceae are mostly spiny succu-
lents with photosynthetic stems comprising 200 genera and
more than 2,000 species [1]. Cactuses have been the ob-
ject of amateur and professional botanical collectors be-
cause of unusual structures and exceptionally colorful and
beautiful blossoms. Huge variety of cactus species coupled
with their distinctive ecological and biological characteris-
tics cause a number of difficulties associated primarily with
cultivation of these plants in the greenhouses. Due to the
ordinary vegetative propagation and long-term cultivation of
cactus plants in the same collections, these plants may
serve as reservoirs of different viruses.

In accordance with literary data about 11 viruses are able
to affect the members of Cactaceae family: Cactus virus
X(CVX), Schlumbergera virus X (SVX), Opuntia virus X
(OVX), Zygocactus virus X (ZVX), Saguaro cactus virus
(SCV), Sammons' Opuntia virus (SOV), Cactus virus 2 (CV2),
Cactus mild mottle virus (CMMoV), Rattail cactus necrosis-
associated virus (RCNAV), Impatiens necrotic spot virus
(INSV) and Tomato spot wilt virus (TSWV) [3, 4, 5, 6, 7, 8].

That's why the aim of our work was to analyze collection of
cactus in Ukrainian botanical gardens for virus contamination.

Materials and methods: The material for investigation
was collected in different Ukrainian botanical gardens: Do-
netsk botanical garden of the National Academy of Sci-

ences of Ukraine, Botanical garden of Ivan Franko National
university of Lviv, Botanical garden of Odessa I|.I. Mech-
nikov National university, Karazin' Botanic Garden of
Kharkiv National University, Nikitsky Botanical Garden —
National Scientific Centre. For detection and identification
of viruses 67 samples of different cactus cultivars were
selected. For the biological characteristics of the pathogen
we used the method of bioassay. Infectivity of plant sap
was confirmed proved using indicators plants such as
Chenopodium murale, Celosia cristata, Datura stramonium,
Gomphrena globosa, Chenopodium murale, Nicotiana ta-
bacum, Nicotiana rustica. These plants are typical test-
plants for majority cactus viruses.

Virus identification was carried out using indirect ELISA
[2]. Samples were tested by ELISA with serums to Tobaco
mosaic virus (TMV) (antiserum obtained at the virology
department, the sensitivity and specificity confirmed ex-
perimentally), Potato virus S (PVS), Potato virus M (PVM),
Potato virus X (PVX) (Institute of Agricultural Microbiology,
Ukrainian Academy of Agrarian Sciences, Chernigiv), To-
mato spotted wilt virus (TSWV), Impatiens necrotic spot
virus (INSV) (Loewe, Germany).

The morphology of virions was studied in leaf dip
preparations negatively stained with 2% uranyl acetate.

© Mudrak T., Korotyeyeva G., Kompanets T., 2013
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electron microscopy was carried out using a JEOL-1400
electron microscope at the magnification 30 000 [7].
Results and discussion: Cactus plants demonstrated
different symptoms of virus infection. On plants Mammilaria
zeilmanniana, Opuntia sp. (from collection of the Donetsk
botanical garden of the National Academy of Sciences of
Ukraine), Ferocactus echidne, Gymnocalycium sp., Opun-
tia sp. (from collection of Botanical garden of Ilvan Franko
National university of Lviv), Mammillaria nivosa, Opuntia
sp. (from collection of Botanical garden of Odessa
I.I. Mechnikov National university), Mamillaria microhelia,
Ferocactus sp., Thelocactus chrenbergii, Trichocereus

bridgesii, Mamillaria magnimamma, Opuntia sp., Cereus
sp., Astrophytum capricorne, Cereus sp., Astrophytum
myriostigma (from greenhouse collection of Nikitsky Bo-
tanical Garden) and Ritterocereus pruinosus (from the col-
lection of Karazin' Botanic Garden of Kharkiv National Uni-
versity) we observed mosaic symptoms. On plants Ausro-
cylindropuntia tunicata, Monvillea sp., Sulcorebutia sp.,
Bolivicereus samupatanus, Opuntia sp., Astrophytum
myriostigma v. nudum from greenhouse collection of Nikit-
sky Botanical Garden — National Scientific Centre the
symptoms of necrosis had been detected (Fig.1. A., B.).

Fig.1. Symptoms of cactus plants:
A. Mosaic on stem of Opuntia sp. from the collection of Botanical garden of Odessa I.I. Mechnikov National University
B. Chlorosis and necrotic spots on stem of Opuntia microdasys from the collection
of Fomin Botanical Garden of Taras Shevchenko National university of Kyiv

To investigate the biological characteristics of viruses
and their diversity samples of cactus with visual symptoms of
disease were selected. All samples were tested for indicator
plants typical for cactus virus (Celosia argentea, Celosia
cristata, Gomphrena globosa, Chenopodium amaranticolor,
Chenopodium murale, Nicotiana tabacum, Nicotiana rus-
tica). Local necrosis on the leaves of plants Chenopodium
murale and Gomphrena globosa are typical evidence of a
cactus X virus [3, 5, 6]. In Nicotiana tabacum and Nicotiana
rustica the symptoms observed included small localized
chlorotic lesions and in some plants systemic damage.

According to ELISA datas antigens of CVX were de-
tected in plants matherial of Mammilaria zeilmanniana,
Opuntia sp., Ferocactus echidne, Gymnocalycium sp.,
Opuntia sp., Mammillaria nivosa, Opuntia sp., Consolea
rubescens, Caralluma sp., Echinocereus sp., Opuntia bra-
siliensis, Opuntia microdasys v. rufida, Opuntia sp. and
Pereskia aculeata v. godseffiana, Monvillea sp., Sulcorebu-
tia sp., Bolivicereus samupatanus, Opuntia sp., Ferocactus
sp. Chamaecereus silvestrii f. cristata, Echinopsis sp. f.
cristata, Echinocereus pectinatus f. cristata, and Mammil-
laria elongata f. cristata, Rifterocereus pruinosus, Opuntia
sp., Cereus sp., Astrophytum capricorne, Astrophytum
myriostigma, Astrophytum myriostigma v. nudum. Accord-
ing to ELISA datas antigens of CV2 were detected in plants
Mammilaria  zeilmanniana, Opuntia sp., Ferocactus
echidne, Gymnocalycium sp., Opuntia sp., Mammillaria
nivosa, Opuntia sp., Consolea rubescens, Caralluma sp.,
Echinocereus sp., Opuntia brasiliensis, Opuntia microda-
sys v. rufida, Opuntia sp. and Pereskia aculeata v. godsef-
fiana and Monvillea sp., Sulcorebutia sp., Bolivicereus
samupatanus, Opuntia sp., Ferocactus sp.

To study the morphology of the pathogen we carried
out transmission electron microscopy. In the plant sap of
Mammilaria zeilmanniana, Opuntia sp. (collection of the

Donetsk botanical garden of the National Academy of Sci-
ences of Ukraine), Ferocactus echidne, Gymnocalycium
sp., Opuntia sp. (collection of Botanical garden of Ivan
Franko National university of Lviv), Mammillaria nivosa,
Opuntia sp. (collection of Botanical garden of Odessa
I.I. Mechnikov National university), Consolea rubescens,
Caralluma sp., Echinocereus sp., Opuntia brasiliensis,
Opuntia microdasys v. rufida, Opuntia sp. and Pereskia
aculeata v. godseffiana (collection of Fomin Botanical Gar-
den of Taras Shevchenko National university of Kyiv) and
Monvillea sp., Sulcorebutia sp., Bolivicereus samupatanus,
Opuntia sp., Ferocactus sp. (collection of Nikitsky Botanical
Garden — National Scientific Centre) we registered filamen-
tous virions with size 580 x 13 nm which is typical Cactus
virus X. In the plant sap of Opuntia sp. (collection of Bo-
tanical garden of Odessa I.I. Mechnikov National univer-
sity), Opuntia sp. (collection of Botanical garden of Ivan
Franko National university of Lviv), Gymnocalycium mi-
hanovichii v. friedrichii, Mammillaria magnimamma, Mam-
millaria microhelia, Opuntia sp. and fasciated plants of
Chamaecereus silvestrii f. cristata, Echinopsis sp. f.
cristata, Echinocereus pectinatus f. cristata, and Mammil-
laria elongata f. cristata (collection of Fomin Botanical
Garden of Taras Shevchenko National university of Kyiv),
Ritterocereus pruinosus from the collection of Karazin'
Botanic Garden of Kharkiv National University, Opuntia sp.,
Cereus sp., Astrophytum capricorne, Astrophytum myrio-
stigma, Astrophytum myriostigma v. nudum (collection of
Nikitsky Botanical Garden — National Scientific Centre)
we registered filamentous virions with 650 x 12 nm
(Fig.2), which is typical for Cactus virus 2. It was also
found rod-shaped particle with size of 317 x 18 nm, which
is typical for tobamovirus in fasciated plants of Echinopsis
sp. f. cristata and Mammillaria elongata f. cristata.
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Fig.2. Electron micrograph of filamentous virus-like particles from plant material from:
A- Mammillaria elongata f. cristata
B- Opuntia brasiliensis

Comparing the results of bioassay, EM and ELISA tests
CV2 had been detected in such plants as: Mammilaria
zeilmanniana, Opuntia sp. (collection of the Donetsk bo-
tanical garden of the National Academy of Sciences of
Ukraine), Ferocactus echidne, Gymnocalycium sp., Opun-
tia sp. (collection of Botanical garden of lvan Franko Na-
tional university of Lviv), Mammillaria nivosa, Opuntia sp.
(collection of Botanical garden of Odessa I|.I. Mechnikov
National university), Consolea rubescens, Caralluma sp.,
Echinocereus sp., Opuntia brasiliensis, Opuntia microda-
sys v. rufida, Opuntia sp. and Pereskia aculeata v. godsef-
fiana (collection of Fomin Botanical Garden of Taras
Shevchenko National university of Kyiv) and Monvillea sp.,
Sulcorebutia sp., Bolivicereus samupatanus, Opuntia sp.,
Ferocactus sp. (collection of Nikitsky Botanical Garden —
National Scientific Centre).

CVX has been identified in plants of Opuntia sp. from
collection of Botanical garden of Odessa |.I. Mechnikov
National university, Opuntia sp. from collection of Botanical
garden of lvan Franko National university of Lviv, Gymno-
calycium mihanovichii v. friedrichii, Mammillaria magni-
mamma, Mammillaria microhelia, Opuntia sp. and fasciated
plants of Chamaecereus silvestrii f. cristata, Echinopsis sp.
f. cristata, Echinocereus pectinatus f. cristata, and Mammil-
laria elongata f. cristata from the collection of Fomin Bo-
tanical Garden of Taras Shevchenko National university of
Kyiv, in plants of Ritterocereus pruinosus from the collec-
tion of Karazin' Botanic Garden of Kharkiv National Univer-
sity, Opuntia sp., Cereus sp., Astrophytum capricorne, As-
trophytum myriostigma, Astrophytum myriostigma v.
nudum from the collection of Nikitsky Botanical Garden —
National Scientific Centre. Attracts attention the fact that
CVX was in the all botanical gardens, but the species com-
position of affected plants was different. It should be noted
that in all the studied collections plants of the genus Opun-
tia were the most infected

Moreover, virus related to tobamoviruses has been de-
tected in plants of Echinopsis sp. f. cristata and Mammil-
laria elongata f. cristata from the collection of Fomin Bo-
tanical Garden of Taras Shevchenko National university of
Kyiv. Definitive identification of this virus requires additional

research because there are three different tobamoviruses
which are able to infect the cactus plants.

Conclusions: Summarizing the obtained results it is
possible to assert that collections of Donetsk botanical gar-
den of the National Academy of Sciences of Ukraine, Bo-
tanical garden of Ivan Franko National university of Lviv,
Botanical garden of Odessa |.I. Mechnikov National univer-
sity, Karazin' Botanic Garden of Kharkiv National Univer-
sity, Nikitsky Botanical Garden — National Scientific Centre
were contaminated by Cactus virus X and Cactus virus 2. It
should be noted that before being placed in a greenhouse
cactuses had not been tested for presence of viral patho-
gens. Besides the pests (nematodes) and mites had been
registrated in some plants with the viral symptoms. Al-
though ability of vector transmission not proven for majority
of cactus viruses, it is possible that the presence of pests
and non-viral disease causing deterioration of the physio-
logical state of the plants. In addition, cactuses could sup-
port reproduction of viruses other types of plants and, thus,
be the reservoirs of plant virus infections. A timely detec-
tion and continuous monitoring of cactus viruses is a main
part of the system of plant virus protection.
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KHY imeHi Tapaca LLleB4yeHka, KuiB

OETEKUIA OEAKUX BIPYCHUX NATOIEHIB KAKTYCIB B BOTAHIYHUX CAOAX YKPAIHU
Konekuii kakmycoeux npoeidHux ykpaiHcbKux 6omaHi4yHux cadie 6ynu npoaHanizoeaHi Ha HasieHicmb eipycHol iHgekyii. Ha kakmycax 6ynu
susiesieHi pi3Hi 8ipyconodi6bHi cuMnmomu, ek/Ir0Hal0yYu MO3aiKu, XJ10pO3U ma JIoKasbHi Hekpo3u. BionoziyHi enacmueocmi demexkmoeaHux eipycie
esu3Hayanu memodamu 6ios102i4H020 mecmyeaHHsI, elIeKMpPOHHOI MiKPOCKOMIT ma HenpsiMo20 iMyHOghepMeHmMHOo20 aHani3y.

Knroyoei cnoea:imyHoghepmeHmHuli aHanis, eipycu pociuH, kKakmycu.
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T. Myapak, acn., I'. KopoTteeBa, kaHa. 6uon. Hayk, T. KomnaHeu, kaHg. Gion. Hayk, aou,.
KHY nmenu Tapaca LLleB4yeHko, KueB

OETEKUMNA HEKOTOPbLIX BUPYCHbIX MATOFEHOB KAKTYCOB B BOTAHUYECKUX CAOAX YKPAUHbDI
Konnekyuu kakmycoebix eedywjux ykpauHckux 6omaHu4eckux cadoe 6bi1u npoaHanu3upoeaHbl Ha Hanu4ue eupycHol uHgekyuu. Ha kakmy-
cax 6bi/u ebisi8/IeHbl Pa3/ludHblie 8UPyconodobHble CUMMNMOMBI, 8K/II0Yasi MO3auKu, XJI0pO3 U JIOKallbHble Hekpo3bl. buosozuyeckue ceolicmea
demeKmupoeaHHbIX eupycoe onpedessiiu Memodamu 6uU0sI02U4eCKO20 Mecmupo8aHusi, /IEKMPOHHOU MUKPOCKOMNUU U KOC8EHHO20 UMMYHoOgep-
MeHMHO20 aHasnus3a.
Knrovesble crnosa: uMMmyHoghepMeHMHbIU aHanu3, 8UPycbl pacmeHul, KaKmychbl.
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ETHANOL EFFECT ON BIOPRODUCTIVITY, PHOTOSYNTHESIS AND RESPIRATION
OF MICROALGA CHLAMYDOMONAS REINHARDTII

Some organic compounds may significantly stimulate the growth of unicellular green alga Chlamydomonas reinhardtii.
Among them the most effective growth enhancers are acetate and monohydric alcohol methanol. The aim of the present work
was studying the effect on the productivity of C. reinhartdii another alcohol — ethanol, which transforms into acetic acid in the
process of intracellular oxidation. The results showed that in the presence of ethanol respiration was stimulated, photosynthesis
inhibited and the growth of the culture stopped. We concluded that the cause of growth inhibition of C. reinhartdii was pH decline
of the cultural medium due to oxidation of ethanol to acetic acid.

Keywords: Chlamydomonas reinhardtii, photosynthesis, respiration, ethanol, mixotrophy.

Introduction. The green alga Chlamydomonas
reinhardtii has importance as model for many biotechno-
logical processes and algal biofuels [17]. Availability of a
sequenced genome [10], a proteomic database [9], and
metabolomics protocols [8] benefits the use of Chlamydo-
monas to establish many fundamental aspects of metabolic
control in photoautotrophic organisms [8]. It can grow either
photosynthetically in the light with atmospheric CO, as the
sole carbon source, or under heterotrophic conditions in
the dark using various exogenic carbon sources added to
the growth medium or else mixotrophic conditions (light
and carbon sources). Under all conditions, C. reinhardtii
remains green and retains a normally developed chloro-
plast, which can thus metabolize a variety of carbon
sources as located in the chloroplast (starch) or assimilated
through the cytosol of the cultural medium [12].

Significant stimulation of microalgae growth by exo-
genic methanol at mixotrophic cultivation was shown for
unicellular green algae Chlorella minutissima, Scenedes-
mus obliquus [16], Botryococcus braunii [12] as well as
C. reinhardtii [2]. Another alcohol — 2-carbon ethanol, fol-
lowing methanol in the homologous series of monohydric
alcohols, is able to enhance the growth of microalga Eu-
glena gracilis, being one of the most efficient carbon
sources for this microalga [19]. Acetate, the product of
ethanol oxidation, strongly stimulates C. reinhardtii growth [6].
C. reinhardtii is capable of heterotrophic and mixotrophic
growth utilizing acetate as a source of carbon and energy.

In microanaerobiosis, which is naturally formed in habi-
tat of microalgae when the respiration rate exceeds the
rate of photosynthesis, the cells of C. reinhartdii excrete
ethanol, formate and acetate [7]. Acetate can be metabo-
lised to triose by an ATP-dependent entry into the glyoxy-
late or Krebs cycle to produce reducing equivalents, which
can be used to reduce the plastoquinone pool [11]. It is
incorporated into acetyl coenzyme A (acetyl-CoA) following
two possible pathways: a direct conversion with acetyl-CoA
synthetase or a two-step reaction involving acetate kinase
and phosphate acetyltransferase. Acetyl-CoA enters into
the glyoxylate cycle, where it is converted to succinate.
Succinate is further utilized in the Krebs cycle. The carbon
of ethanol, like in methanol, is oxidised to CO- at the final
stage and may supplied as a substrate for photosynthesis.

From other hand, it was established that the addition of
0.3% v/v ethanol in the culture medium of Dunaliella viridis

accompanied by cessation of culture growth and increased
intracellular concentrations of DNA, RNA and total protein
[1]. Ethanol increases ploidy of the cells and inhibits their
metabolism. Microalgae pass from dormancy to intense
growth after removal of ethanol from the cultural medium. It
was found toxic effects of ethanol on the growth of Chlorella
vulgaris and Selenastrum capricornutum, ethanol inhibited
the growth of these algae at a concentration of 0.05% [4].

The ability of exogenic ethanol to regulate productivity
of C. reinhartdii under aerobic conditions in the light and in
the dark has not been investigated. The aim of our study
was to determine the effect of exogenic ethanol on produc-
tivity of batch culture of C. reinhartdii and its effect on pho-
tosynthesis and respiration.

Materials and methods. Unicellular green alga Chla-
mydomonas reinhartdii was obtained from the microalgae
collection of Kholodny Botany Institute of NAS of Ukraine
(IBASU-B — 163). Batch autotrophic cultures were grown
on liquid Kessler's medium [3] in 0.5 | flasks with magnetic
stirrer agitation at room temperature. 24 h white fluorescent
light with 100 pumol photons-m'z-s'1 on the surface of flasks
was used. The ethanol effects were studied at the stage of
exponential growth phase of batch culture. The packed cell
volume (PCV) was determined as a measure for the bio-
mass accumulation. The PCV, the volume of the cell pellet
in yl, was measured by the centrifugation of a defined vol-
ume of the cell suspensions at 1400xg for 5 min in haema-
tocrite tubes [13]. The chlorophylls (Chl) were determined
spectrophotometerically in ethanolic extracts by the method
of Wintermans and De-Mots [18]. The concentration of
chlorophylls was calculated using the formulas: Chl a
=13,70(A665-A750)-5,76(A649-A750); Chl b =25,80(A649-A75o)-
7,60(Ass5-A7s0); Chla+b = 6,10(Ass5-A750)+20,04(Assg-Ars0).

Intensity of visible photosynthesis (A) and dark respira-
tion (R) was determined in the gas phase above the sus-
pension of algae by IRGA method with QUBIT Systems
S151 Carbon Dioxide Analyzer (Canada). Gas flow rate
was 0.4 I/min and the concentration of carbon dioxide —
700-800 uM. Gas exchange measurements were carried
out in a thermostated glass cell filled by 2 ml of concen-
trated suspension of microalgae (30-40 mg/I of chlorophyll).
The rate of carbon dioxide uptake was determined under
illumination with light intensity of 350 mol photons-m'z-s'1.
Dark respiration measured with a low content CO5 in the
gas space above the suspension of microalgae after turn-

© Stepanov S., 2013
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ing off the light. Before being introduced into the analyzer
air was passed through the column with ascarite for CO,
removing from the gas phase.

Each experiment was repeated several times (n) and
the mean values (M) and standard deviation (m) calculated
for each treatment. Mathematical-statistical data process-
ing was performed using the software package Microsoft
Excel 2010. Statistical difference between groups was de-
termined by t-test, for statistically significant were taking
changes with P<0.05.
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Results and discussion. As an indicator of the growth
intensity of C. reinhartdii culture, we have chosen the chang-
ing concentration of total chlorophyll in exponential growth
phase. The rate of cell division is directly proportional to
chlorophyll concentration in the culture [5]. By analogy with
methanol [2], we examined the effects of 20 and 40 mM
ethanol on the growth of C. reinhardtii. In the presence of
this solvent, the accumulation of chlorophyll is reduced and
accompanied by cell death both in the light and in the dark
(Fig 1). Effects of 20 and 40 mM ethanol were the same.

B
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Ethanol20 Ethanol40
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Control

Fig. 1. The concentration of total chlorophyll in suspension C. reinhardtii on the fourth day of cultivation, pg/mil.
A — cultivation in the light, B — cultivation in the dark. (M+m, n=3)

Regardless of added ethanol concentration, the pH de-
clines to 3.5 on the fourth day after ethanol application.
The pH changes induced by ethanol are not depending on
illumination. A gradual acidification of the medium takes
place both in the light and in the dark. Apparently, acidifica-
tion of the cultural medium in the presence of ethanol is
due to its incomplete metabolization inside microalgal cells.
Oxidation of ethanol occurs in several stages: 1. ethanol —
acetaldehyde — acetic acid — CO,. The result of the first
stage of the oxidation is acetaldehyde, a toxic compound
that can negatively affect the C. reinhardtii cells. Metaboli-
zation of ethanol by alcoholdehydrogenase occurs in both
forward and backwards direction and depends on the ratio
of substrates concentration — ethanol, acetaldehyde and
nicotinamide coenzymes. The equilibrium concentration of
acetaldehyde at the level of 1 mM may be established at
addition of 40 mM exogenic ethanol [14]. However, under
conditions of our experiments the formation of acetic acid
proves that the enzymatic system involved in the detoxifi-
cation of acetaldehyde to acetic acid are active. Since ace-
tate is easily assimilated by the C. reinhardtii cells, its ac-
cumulation in the presence of exogenic ethanol may indi-
cate a competition between acetate and ethanol at the
level of the mitochondrial respiratory chain.
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Microalgae begin secrete excess acetic acid in the cul-
ture medium when the rate of acetic acid formation ex-
ceeds the rate of complete intracellular ethanol utilization.
As result of ethanol oxidation, acetic acid is accumulated in
the liquid medium and induces its acidification. Toxic effect
of ethanol can be explained by the formation of the equilib-
rium concentration of acetaldehyde in the culture medium,
and its acidification due to secretion of excessive acetic
acid from the cells.

In addition to the research culture growth by analyzing
the content of chlorophyll, we determined the growth rate of
the culture also by packed cell volume (PCV). PCV was
determined on the third day after application of ethanol
(10 uM, 100 uM, 1 mM, 10 mM) in the culture medium of
C. reinhardtii and in control. Addition of ethanol at a con-
centration greater than 10 pyM reduces the growth of
C. reinhardtii biomass in in terms of PCV (Fig 2). Ethanol at
a concentration of 100 uM inhibits the accumulation of bio-
mass by 23% at a concentration of 1 mM and 10mM of
ethanol inhibits the cellular growth by 33%. The presence
of ethanol in the culture medium had a negative effect on
the cells, resulting in a decrease in cell motility and increas-
ing the proportion of fixed cells under a light microscope.

100 1000 10000

Ethanol concentration, uM

Fig. 2. PCV in autotrophic culture of C. reinhardtii on the third day after application of different amounts of ethanol. (M+m, n=3)
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We analyzed the effect of ethanol (50 mM) on the rate
of dark CO; release by C. reinhardtii, as a measure of dark
mitochondrial respiration R. As seen in Fig 3, A, the rate of
respiration in batch culture of C. reinhardtii increased twice
after six hours of microalgae cultivation with ethanol com-
pared with control. Increasing R can be explained by acti-
vation of turnover of the Krebs cycle as a result of utiliza-
tion of excess acetyl-CoA.

The parameter of Viyax can indirectly characterize the
intracellular pool of pyruvate and malate. Ethanol at a con-
centration of 50 mM increases Vmax by 29 % compared with
control (Fig 3, B). Therefore, we can assume that ethanol
increases the intracellular concentration of tricarboxylic
acids. Ethanol oxidation lead to increasing of NADH con-
tent, which may lead to increasing intracellular concentra-
tions of malate or pyruvate. Also R in culture with ethanol
after six hours is equal to Vnay, ie the rate of CO; release
reaching Vmax after switching off the light remains at this
level for 20 minutes. This can be explained by the fact that
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the addition of ethanol saturates Krebs cycle in the dark
and in the light tricarboxylic acids are accumulated.

For further establishing the toxic effects of ethanol at
concentration of 50 mM on the metabolism of C. reinhardtii,
we investigated the change in apparent photosynthetic CO»
uptake (A). Adding ethanol depressed photosynthesis by
25% compared with the control (Fig 3, C). Inhibition of ap-
parent photosynthesis can occur as a result of activation of
the light mitochondrial respiration, or due to toxic effects of
acetaldehyde on pigment-protein complexes of photosyn-
thetic membranes. Change A, R and Vmax with addition of
ethanol in culture medium C. reinhardtii are similar to
change these parameters during mixotrofic cultivation of
C. reinhardtii in the medium with acetate [15]. However,
unlike the cultivation with ethanol, acetate stimulates the
growth of the alga. Therefore, we can assume that the toxic
effects of ethanol on C. reinhardtii is not due to oxidation of
acetate in Krebs cycle but rather due to oxidation of ethanol
to acetaldehyde with participation of alcoholdehydrogenase.

C

Vimax] A

Fig. 3. Indicators of CO, gas exchange C. reinhardtii (o — control, m — in the presence of 50 mM methanol).
A — dark respiration rate (R). B — the maximum rate of respiration (Vmax). C — apparent photosynthetic rate (A).
(M+m, n=5)

Conclusions. Exogenic ethanol inhibits the growth of
batch culture of C. reinhardtii in a concentration greater
than 10 uM. Toxic effect of ethanol on the metabolism ac-
companied by a decrease in pH of cultivation medum both
in the light and in the dark. The intensity of visible photo-
synthesis also decreases, and significantly increases the
intensity of dark mitochondrial respiration of mixotrophic C.
reinhardltii cultivated with ethanol.
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C. CrenaHosB, cTyA.
KHY imeHi Tapaca LLleB4yeHka, KuiB

BMJINB ETAHOJTY HA BIOMNMPOLAYKTUBHICTb, ®OTOCUHTE3 TA ANXAHHA
MIKPOBOOOPOCTI CHLAMYDOMONAS REINHARDTII

Hesiki opzaHi4Hi cnonyku 30amui 3Ha4yHO cmumynroeamu picm o8HOKNiIMuHHOI 3eneHoi eodopocmi Chlamydomonas reinhardtii. Ceped Hux
HaliGinbw aKmMueHUMU cmMuMynissIMopaMu pocmy € ayemam i oOHoamoMHuii cnupm memaxos. Memotro 0aHoi po6omu 6ys10 8USYEHHS enuy Ha
npodykmueHicmsb C. reinhartdii iHwozo cnupmy — emaHony, sikuli Ipu 8 HyMPIiWHLOKIIIMUHHOMY OKUCHEHi mpaHcghopmyembcsi y ayemam. Ompu-
MaHi pe3ynbmamu rnokasasu, W0 emaHos1 CMUMyJIto€ OuXaHHS, MpPu2Hidye homocuHme3s i 3ynuHsie picm Kynbmypu. 3po6rieHuli BUCHOBOK, WO MpUYuU-
Horo 2anbmyeaHHs1 pocmy C. reinhartdii 6yno 3HuxeHHs1 pH cepedosuuwya KynibmueyeaHHs1 HaC/1i0OK OKUCHEHHST emaHosty o ouymoeol Kucsiomu.

Knro4oei cnosa : Chlamydomonas reinhardtii, pomocuHmes, duxaHHsi, emaHos, Mikcompogisi.

C. CrenaHos, cTyA.
KHY nmenu Tapaca LLleB4yeHko, KueB

BJIIMAHUE 3TAHOJIA HA BUOMPOAYKTUBHOCTb, ®OTOCUHTES3 U [IbIXAHUE
MUKPOBOLOOPOCIIN CHLAMYDOMONAS REINHARDTII

Hekomopsblie opeaHu4yeckue coeQuHeHUsi COCO6HbI 3Ha4YUmMesIbHO cmuMysiupogamse pocm oOHOKIIemo4Hol 3eneHoli eodopocau Chlamydo-
monas reinhardtii. Cpedu Hux Hau6osiee aKmueHbIMU CMUMYyJIIMoOpPaMu pocma sieJisiromcsi ayuemam u 0oOHOaMoOMHbIlU cnupm memadosn. Llensio
OdaHHolU pabombl 6b1/10 u3y4YeHue esusiHUsi Ha npodykmueHocmb C. reinhartdii dpy2o2o cnupma — amaHona, oKucsirou,e20csi 8Hympu K/1emok e
ayemam. Pesynbmambi nokasanu, 4mo amaHoJs1 cmumynupyem ObixaHue, nodaesisiem ¢homocuHmes u ocmaHasesiueaem pocm Kynbmypbl. CoenaH
8bI800, YMO MPUYUHOU MmopMoxxeHust pocma C. reinhartdii 66110 cHuxeHue pH cpedbi KynbmMueupoeaHusi 8 pe3ysibmame OKUCJ/IeHUsI 3maHosia 00 yK-
CYCHoOU Kucsiombl.

Knroyeenie cnoea : Chlamydomonas reinhardtii, pomocunme3s, ObixaHue, 3maHoJ1, MUKCOMPOgusi.
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THE INFLUENCE OF LOW MOLECULAR WEIGHT ORGANIC COMPOUNDS
ON ANTIOXIDANT DEFENSE SYSTEMOF THE GASTRIC MUCOSA
UNDER ETHANOL-INDUCED GASTRIC LESIONS IN RATS
It was investigated the preventive effect of low molecular weight organic compound (LMOC) on erosive and ulcerative lesions
in the gastric mucosa of rats caused by ethanol. It was found that prophylactic injection of this substance at a dose of 1 mg/kg

effectively protects the stomach from ethanol injuries. LMOC effectively restored the pro-/ antioxidant equilibrium by reducing
the intensity of lipid peroxidation in the gastric mucosa of rats after ethanol injection and increase ofsuperoxidedismutase,

catalase activityandactivity of glutathionesystem.

Keywords: ethanol-induced injuries, lipid peroxidation,low molecular weight organic compound.

Introduction. Gastric ulcer is a common disease af-
fecting many people worldwide [1]. The peptic ulcer, char-
acterize by mucosal damage, is predominantly caused by
Helicobacter pylori, antiplatelet agents such as acetylsali-
cylic acid [2], nonsteroidal anti-inflammatory drugs
(NSAIDs) such as oral bisphosphonates, potassium chlo-
ride, immunosuppressive medications [3], serotonin reup-
take inhibitors [4], alcohol consumption, and cigarette
smoking [5]. The ulcer disease may lead to upper gastroin-
testinal haemorrhage and perforation [6], which have high
morbidity and mortality rates [7]. Thus,the search of the
newnontoxic medications is very importanttoday. So the
aim of the work was to investigate the preventive effect of
low molecular weight organic compound (LMOC) on ero-
sive and ulcerative lesions in the gastric mucosa undere-
thanol-induced gastric lesions in rats.

Methods.The animals used in the study were bred and
kepton a standard diet in terms of accredited vivarium of
Educational and Scientific Center "Institute of Biology" Ta-
ras Shevchenko National University of Kyiv in accordance
with the "standard rules on arrangement, furnishing and
maintenance of experimental biological clinics (vivarium)".

The studywas carried out on 30 white laboratory Wistar
rats. The research was conducted in accordancewith the
Law of Ukraine dated 21.02.2006 Ne 3447-1V "On protec-
tion of animals from abuse" and the ethical standards and
rules of working with laboratory animals (Guide for the
Care and Use of Laboratory Animals, National Academy
Press, Washington DC, 1996) [8]. All animals selected for
the experiment were subjected to veterinary examination,

were acclimated for five days, and then randomly divided
into groups, numbered and marked appropriately.

For examine of the preventive actionof LMOC (sodium
2-(2-hydroxyphenoxy) acetyl)-L-prolinate)rats were divided
into 3 groups of 10 animal seach: 1%group was intact rats,
2" and 3" — rats, which had ethanol-induced ulcer at ion of
the gastric mucosa (GM). Rats of 2™ group were injected
with normal saline at a volume 2 mi/kg 30 minutes before
ulcerogenic factor action, they were the control for the 3™
group. Rats of the 3 group were treated with LMOC which
was injected at thedoseof 1 mg/kg(2 ml/kg of saline solu-
tion) 30 minutes before ethanol action (compound was syn
the size dat Lomonosov Moscow State University).

Erosive and ulcerative lesions of GM of rats in the 2™
and 3" groups were caused by intra gastric ethanol infu-
sion. After 1 hour from ethanol exposure the rats were
sacrificed.To assess the state of GM of rats after
ulcerogenic factor action stomach was removed, cutalong
the lesser curvature, turn mucous out and thoroughly was
hed with saline. The area and number of ulcers was meas-
ure dusing experimental gastroscope.

In the homogenateof GM of rats the content of lipid
peroxidation(LP) products(the concentration of hydrogen
peroxide, dien conjugates, thiobarbituric acid (TBA)- active
products and Shiff's bases) wasmeasured by standard
biochemical methods [9-12]. Antioxidant protection of the
GM under condition of ethanol administration was as-
sessed by the superoxide dismutase, catalase and glu-
tathione system activity [13-15]. To study the influence of
NMOS on glutathione system we examined the content of
reduced (GSH) and oxidized glutathione (GSSG), glu-

© Gadiliya O., Timoshenko M., Dvorschenko K., Ostapchenko L., 2013
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tathione peroxidase (GP), glutathione reductase (GR) and
glutathione transferase (GT) activity [14, 16-19]. All ob-
tained datawere subjected to statistical analysis using soft-
ware package "Statistics, 8.0". Shapiro-Wilks criterion was
used for the analysis of data distribution type. As the data
were normally distributed, we used Levan criterion fore-
valuation the equality of variance and Student's t-test for
independent samples. We calculated mean values (M) and
standard error of mean (m). Significant difference was con-
sidered at p < 0,05 [20].

Results. After an hourfrom ethanol exposure in the
group of rats which were injected with water simultaneously
with ethanol ulcerative lesions of gastric mucosa were re-
ported in 100% of animals. The number of ulcers per one
stomach was 13.1+1.8, and the total area of the ulcerative
lesionswas equal t0256.1+£68.0 mm?>. Prophylactic admini-
stration of LMOC had no effect on the number of ulcerative
lesions in animals. However, the average size of lesions
was 83+18.61 mm2, so it was established the significant
reduction in lesion area by 67.6 % (p<0.05) compare tothe
control group (Fig.1).
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Figure 1. The ulcer area in the gastric mucosa of rats caused by the introduction of ethanol under treatment
with low molecular weight organic compound (10 rats in each group, M*m):
1 — saline + ethanol;
2 — low molecular weight organic compound + ethanol

After the ethanol introduction it was established a sig-
nificant increase of the intensity of LP in the GM of rats.
The content of diene conjugates, TBA-active products and
Shiff's bases was increased by 5.2 times, 2.3 times and
4.93 times accordingly compared with intact control (Table 1).
This indicates the active accumulation of reactive oxygen

species(ROS) after administration of ethanol. Indeed, hy-
drogen peroxide content inGMwas exaggeratedby
4.87 times. As a result of intensification of LPin the GM of
rats superoxide dismutase and catalase activity was raised
by 4.28 times (p<0.001) and 2.33 times (p<0.01) accord-
inglycompared with intact controls (Table 2).

Table1. Lipid peroxidation in the gastric mucosa of rats with erosive and ulcerate velesions caused by ethanol
and prophylactic injection of low molecular weight organic compound (M+m)

Intact control Saline group Low molecular weight organic compound group
E;]%ZI'X mgof protein” 2.1%0.2 10.23+0.92*** 10.51£0.94***
Er'ﬁgff‘;:ggagre;e - 71.3:6.4 371.335.3** 239.6£21.9**/4##
:ﬁgiicﬁlso?;ﬁi?;? 44.2+4.4 101.749.94* 63.6+5.95"/#
f_ﬁi_fffnf’;:fe;o win” 1.240.1 5.910.58** 4.02+0.35%/#

*, *** — p<0.05, p<0.001 compared with intact control, #, ## — p<0.05, p<0.01 compared with saline group

LMOC decreased the content of diene conjugates by1.55
times (p<0.01), TBA-active products — by 1.6 times (p<0.05),
Shiff's bases—by 1.47 times (p<0.05) in the GMof rats com-
pared with the control group. The superoxide dismutase activ-
ity was increased by 1.65 times (p<0.01) under influence of
LMOC compared with intact animals. However, comparing
the group of rats injected with saline and LMOC, it should be
noted that LMOCdiminished the enzyme activity compared
with control group. Given the lower superoxide dismutase and
higher catalase activity in rats treated with LMOC, the concen-
tration of hydrogen peroxide in both groups was similar, sug-
gesting acceleration of ROS scavenging by LMOC.

Examining of glutathione system activity it was estab-
lished that GSH significantly decreased by 29 % (p<0.05)
in the GM of the group of animals exposed to ethanol com-
pared with intact control (Table 3). In contrast, oxidized

glutathione content increased, indicating the use of its re-
duced form for the scavenging of ROS. This effect may be
due to both increased use of glutathione by GP and its use
for inactivation of ROS. Indeed, in our study found that the
GP activity exceeded by 38 % (p<0.05) values of intact
animals. One of the likely causes of a GSH decrease may
also be a reduction in the GR activity, which restores
GSSG to GSH, by 27 % (p<0.05) compared with intact
rats. This enzyme uses NADPH as a reducing equivalent,
and NADPH content is significantly reduced under condi-
tions of ethanol-induced oxidative stress [21]. As a result of
ethanol effect the GR activity decreased by 54 % (p<0.001)
versusintact control. After the introduction of ethanol the
GT activity was reduced by 43 % (p<0.05). This effect may
be explained by depletion of glutathione systemunder the
accumulation of excessive amounts of ROS.
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Table 2. The antioxidant enzymes activity in the gastric mucosa of rats with erosive andulcerative lesions caused by ethanol
and prophylactic injection of low molecular weight organic compound(M * m)

Intact control

Low molecular weight organic

Saline group compound group

Superoxidedismutaseactivity, c.u. x min~" x mgof protein”

0.16+0.01

0.686+0.050"** 0.264+0.024* [###

Catalase activity, nmol x min™" x mgofprotein™

314.7+29.8

733.4+63.8** 1110.4£109.7***/#H#

** *** _ p<0.01,p<0.001 comparedwithintactcontrol, ##, ### — p<0.01, p<0.001 compared with saline group

Under conditions of LMOC treatment GSH content
decreased by 52 % (p<0.01) compared to the intact con-
trol, and by 46.2 % (p<0.05) compared to the saline
group. The content of the oxidized form of glutathione
under conditions of prophylactic administration of LMOC
was higher by 35 % (p <0.05) versus the intact rats, but
decreased by 26.5% (p <0.05) compared with the control.
Given increased activity of GT by 16 % (p <0.05) com-
pared to the control in rats treated with LMOC, this sug-

gested a more intensive use of glutathione in the inactiva-
tion ROS under LMOC treatment. This finding was con-
firmed by a decrease in the content of LP products under
conditions of administration of the investigated com-
pound. The GR activity was reduced by 54,3% (p<0.001)
versus the intact rats, and was less by 37,3% (p<0.05)
compared with the saline group. The high content of oxi-
dized glutathione form gave the evidence of glutathione
catabolism decrease under the treatment with LMOC.

Table 3. Glutathione content and enzymes activity of glutathione antioxidant defense system in the gastric mucosa
of rats under condition of erosive and ulcerative lesions caused by ethanol and prophylactic injection
of low molecular weight organic compound(M£m)

Intact control | Saline group Low molecular weight organic
compound group

Reducedglutathione, " o

nmol of GSH xmgofprotein”’ 33.26+0.82 23.31+£0.12 15.94+1.04*/#
Oxidized glutathione,nmol of GSSG x mgof protein” 39.49+1.71 72.44+0.79* 53.36+2.83*/#
Glutathione trgqsferaseachwty,n_molof conjugqtg1 glutathione with 135.88+13.06 78.29+7 26* 00.93+8.78%/#
1-chloro-2,4-dinitrobenzene x min xmgofprotein

Glutathione reductase activity, . ok
nmoINADPH x min xmgofprotein’ 1156.7+49.3 844.05+16.1 528.7+48.5***[#
Glutathione peroxidaseactivity,nmol of GSH x min x mgof protein” 0.78+0.05 1.08+0.06* 0.8+0.03#

The GP activity did not differ from the intact control and
significantly decreased by 26% (p<0.05) compared with the
control group. These data indicate a resumption of the
normal GP activity under conditions of ethanol administra-
tion and prophylactic administration of LMOC.

Thus, the results of the study showed that the LMOC
reduces the intensity of LP in the GM of rats after admini-
stration of ethanol and possessesthe antioxidant effect by
increasing superoxide dismutase, catalase and glutathione
systemactivity.

Conclusions: 1.LMOC significantly reduces the inten-
sity of LP in GM of rats under conditions of ethanol-induced
injury. 2.LMOC increased the superoxide dismutase, cata-
lase activity and activity of glutathione system.
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0. laginis, acn., M. TumolueHko, kaHA. 6ion. Hayk, K. [IBopLueHKo. KaHA. 6ion. Hayk, J1. OcTan4yeHKo, npod.
KHY imeHi Tapaca LLleB4yeHka, KuiB

BMnnuB HI/I?»_!:KOMOHEKYHHPHO'I' OPIrAHIYHOI CMONYKU HA CACTEMY AHTUOKCULOAHTHOIO 3AXUCTY
CINN30BOI OBOJTIOHKU LUITYHKA B YMOBAX ETAHOI-IHOYKYBAHOIO YPAXEHHSA LWITYHKA'Y LLYPIB

Byno docnidxeHo npoghinakmuyHuli e¢heKm HU3LKOMOJIEKYTISIPHOI Op2aHiYHOI CroJIyKU Ha epo3UeHO-8UPa3Koei ypaXeHHs1 e criu3oeili 06os1o-
HUi wnyHkKa wypie, suknukaHi emaHosoM. BcmaHoesneHo, wjo npodpinakmuyHi iH'ekyii yiei peqoeuHu e 903i 1 Ma/k2 eghekmueHo 3axuwsanu wiyHo-
Kei OypaxKeHb, UK/TUKaHU xemaHosioM. Crioslyka egpekmueHo eidHoeusia nNpo-/ aHmuoKcudaHMHy pieHoea2y WIIsIXOM 3MEeHWeHHs1 iHmeHcueHocmi
nepeKucHO20 OKUCIIeHHs nlinidie y cnu3oeili 060/10HYi wnyHKa wypie nicnsi eee0eHHs1 emaHosly ma nidsuuweHHs1 cynepokKkcudoucMymasHol, kKama-
Jnla3Hoi akmueHocmi ma akmugHocm iasiymamioHogoi cucmemu.

Knro4oei cnoea:emaHon-iHAyKkoeaHi ypaxkeHHsl, mepeKkucHe OKUCHEHHs ninidie, HU3KOMOJIeKyIsipHa op2aHiyHa crnosyka.

O. Magunus, acn., M. TumolueHKo, KaHA. 6uon. Hayk, K. [1BopLueHKo, KaHA. 6uon. Hayk, J1. OctanyeHko, npod.
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BNUAHNE HU3KOMOJNEKYNAPHOI0 OPrAHUYECKOIO COEAUHEHUA
HA CUCTEMY AHTUOKCMOAHTHOMW 3ALLNTBLI CITM3NCTOU OBONOYKN XKENYOKA
B YCNOBUAX 3TAHON-UHOYLUNPOBAHHbLIXMOPAXEHUU XXENYOKA Y KPbIC

Bbino uccnedoeaHo npoghunakmuyveckuli 3ghgheKm HU3KOMOJIEKYISIPHO20 Op2aHU4eCcKO20 COeOUHEHUS] Ha 3PO3UBHO-S138EHHbIE MOPaXeHusl 8
cnusucmotli 06os104Ke xesnydKka KpbIC, 8bi38aHHbIE 3MaHOJIOM. YCMaHOo8JIeHO, Ymo npoghunaKkmuyeckue UHbLEKYUU 3mozo eeujecmea 8 dose
1 m2/ke 3gpghekmueHo 3awjuwjanu xesyo0oK om rfopaxeHull, ebi3eaHHbIX 3maHosioM. CoeduHeHue 3ghghekmueHO 80CCMaHoO8USIO MPO-
/aHmuokcudaHmHoe pasHoeecue nymem yMeHbWeHUsI UHMEeHCU8HOCMU MepPeKUCHO20 OKUCIIeHUs1 1unudoe & crusucmoli 060s104Ke esyoKa KpbIc
nocsie egedeHus1 amaHosa U nosbiweHue cynepokcudducmymasHol, kKamana3HoliakmueHOCMU U akmueHOCMU 2J1ymamuoH0o80ll cucmeMbl.

Knroyeenie crnosa: amaHon-uHOyyupoeaHHbIe MopaxXeHusi, NepeKuCcHoe oKUcsIeHue 1unudos, HU3KOMOJIEKYJISIPHOE opa2aHUu4YecKoe coedUHEeHUe.
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VERTEBRATES FROM THE METHOLITHIC SITE LASPI VII (CRIMEA, UKRAINE)

The article deals with the results of studying the remains of vertebrates from the Mesolithic site Laspi. It is established that a
relatively small taxonomic diversity is inherent to this locality; it is mainly represented by four basic species: Great Bustard, Wels
catfish (recently became extinct in the Crimea), Zander and the European hare, and four other species that have seemingly been
hunted occasionally, as their bones are present, but few: Grey Partridge, Spotted Crake, European hamster and European hedgehog.
In those days the basis of the local people’s ration was bustard, and the successful hunting for this bird was probably the reason for
the Mesolithic people to stop on this territory. Analysis of species diversity suggests that the animals were hunted in the winter. It is

established that the rivers of the region, destroyed by an earthquake in 1790, were deep enough for catfish to live there.

Key words: mesolit, Crimea,vertebrates.

Introduction: In the territory of Ukraine, as well as in
many other regions of the Palearctic, formation of the mod-
ern climatic zones with species richness close to the mod-
ern one began during the Mesolithic. Research into the
history and trends of wildlife is extremely important for un-
derstanding the anthropogenic transformation of ecosys-
tems. It is not possible without studying fossils. The histori-
cal aspect of description of the animal world is a basis for
understanding the real ties that bind the living world into a
single functioning system [10]. Information about findings of
the fossil vertebrates, with their careful studying and inter-
pretation, is rather important.

Taxonomic richness of the Crimean peninsula is much
higher than that of the neighboring areas due to the great
diversity of terrain and climate. The main game animals in
the mountainous part of the peninsula were wild boar (25%
of bones from archaeological sites belonging to this spe-
cies), roe deer (20%), red deer (14%), and also rabbit
(10 %). Saiga and carnivorous mammals were hunted
much less frequently (5% and 10%, respectively). Bones of
marine mammals (seals and dolphins) were found in some
Crimean localities, which are remote from the sea (Zamil-
Koba and Fatma-Koba) [2].

At the end of the Mesolithic basis of the population on
the Southern coast of the Crimea were Tauri tribes associ-
ated with the Kizil-Koba culture [7]. Locations of most
Mesolithic sites in the Crimea and in the rest of Ukraine
were determined by their proximity to water and suitability
for hunting, fishing and gathering [3].

Location. Laspi VII site was discovered in 1973, and
excavated in 1974-76 under the guidance of Dmitri Telegin
(60 m? were dug out). The site is located in a rock canopy,
with several large stones in front of it serving as a wind
barrier [BypoB]. Radiocarbon dating indicates the age of
5670-7135 BC [TeneriH]. The sea level was lower then and
the site was further from the sea by 0.5-1.5 m [2].

Skeletal remains in Laspi VIl are located in five layers
that were signified by the letters of the Cyrillic alphabet
during the field work: A (top layer), b, B, I’ and [ (bottom
layer). Here we use the Latin alphabet, the letters of which
correspond to Cyrillic. Top layer — A ("A" in Cyrillic) be-
neath layers: B ("B"), C ("B"), D ("I'"), E ("4"). Thin layers of
clay, ash and the shellfish remains are deposited between
bonyferous horizons. The type of sedimentation indicates
that they are naturally transferred from the higher area
(eastern part of the cliff).

Laspi VIl is repeatedly mentioned in the papers (mainly
by archaeologists). In addition to information about the in-
struments, we know about the discovery of a large number
of mollusk shells (Helix, Dreissena) [2]. Most of the tools are
different flint cores. But there are also bone harpoons (ex-
cept for Laspi in the Crimea they were found only at Murzak-
Koba and Kara-Koba). Spindly darts present at the Laspi site
are also known from Shang-Koba and Fatma-Koba) [7].
Birds from this site are described by Tsvelykh and Taykova
[8]. In our work we used other, previously non-published,
material from the Laspi VII. Tsvelykh & Taykova did not
mention all the birds in their paper, because those bones

© Gorobets L., Kovalchuk O., Rekovets L., 2013
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were deposited in the back up funds of NMNH NASU during
over 35 years and were found only in 2013.

Material: The total amount of skeletal remains is near
700, though it is possible to attribute only 201 of them to
species or at least to a genus level. Recent fish and bird
bones from the collection of department of vertebrate pa-

laeozoology in the National Museum of Natural History at
the National Academy of Sciences of Ukraine (NMNH
NASU) were used for comparison. The bones are depos-
ited in NMNH NASU (No. AZ 117-318).

Results of determination of the osteological material are
presented in the table 1.

Table 1
g Bony fishes Birds Mammals
E Silurus Sander Oftis tarda Coturnix cf. Porzana Erinaceus Lepus Cricetus
glanis lucioperca coturnix porzana europaeus europaeus cricetus
cor (5)
hum (2)
fem (1)
A V() - tbt (1) - - - - -
tmt (2)
ph (3)
dn (1)
A, B v (19) v (3) - - - - - -
dn (3)
A B,C v (1) qua (1) - - - tb (1) rad @) -
art (1) cal (1)
tbt (1)
B — — — - — - -
ph (1)
qua (1)
cor (1)
Cc v (8) - fem (1) - - - - -
tbt (1)
ph (3)
rad (1)
B,C - - - - - - mt (1) -
qua (1)
sc (1)
D B - cor (1) - B - B
ph (1)
hum (1)
_ _ _ _ _ _ ul (1) ul (1)
D, E cal (1) tb (1)
mt (1)
qua (5)
cor (12)
sc (16)
ste (6) u@
hum (5) o (1 )
E v (1) - ul (4) tbt (1) tbt (1) - A ul (1)
cmc (3) cat (1 )
fem (1) mh 51;
tbt (15) P
tmt (11)
ph (24)

Abbreviations: dn — dentale; qua — quadratum; art — articulare; v — vertebta; cor — coracoideum; sc — scapula; ste — sternum; hum —
humerus; ul — ulna; rad — radius; cmc — carpometacarpus; fem — femur; tbt — tibiotarsus; tb — tibia; tmt — tarsometatarsus; cal — calcaneus;

mt — metatarsale; ph — phalanx.

Among the bone fragments, which could not be identi-
fied, 2 belong to the fish, 2 — to small mammals and more
than 530 — to the birds. Regarding the bird bones, they do
not have the epiphysis; it can be assumed that they proba-
bly belonged to the Great Bustard according to their sizes.

Discussion: Taxonomic diversity of vertebrates from
the Laspi VIl is peculiar. At first, it is low — only 8 species, 4
of which (Coturnix coturnix, cf. Porzana porzana, Erinaceus
europaeus, Cricetus cricetus) can be considered an acci-
dental prey, since they are represented by isolated find-
ings, and these animals are lightweight (from 80 to 600 g).
It can be assumed on the basis of the low taxonomic diver-
sity and relatively small mass of prey that they are formed
over a short period of time. The obtained results are slightly
different from those for birds from Laspi VII, which were
published by Tsvelykh & Taykova in 2011. They noted that
the Great Bustard is the most abundant (common) species
(the minimum possible number of individuals — 35), but
also established the presence of 10 other bird species:

Gavia stellata (1 individual), Gavia arctica (2), Podiceps
grisegena (1), Phalacrocorax carbo (2), Anas platyrhyn-
chos (2), Aythya marila (1), Bucephala clangula (1), Mer-
gus merganser (1), Coturnix coturnix (2), Columba livia (1)
[8]. This difference in taxonomic diversity of birds exists
due to the fact that our research and studies of Tsvelykh &
Taykova were based on bone material from the different
wells with "cooking remains". So they could be formed at
different times and perhaps even by different generations.
Besides the difference in taxonomic diversity, there are
other facts for such an assumption. At first, the ratio bal-
ance of bustard bones in different layers. In the paper of
Tsvelykh & Taykova, 32.3% bones of this species were in
the layer A and quite more — in the layer E. In our collection
the most was in the layer E (74.2% from the total number
of determined bones, and more than 90% based on bone
fragments without epiphyses). Consequently, people who
left the remains processed by Tsvelykh & Taykova belong
to ate bustard meat during their stay in the Laspi VIl more
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or less regularly, adding other bird species to the ration.
The remains processed by us belonged to people who had
an opportunity to eat bustard just at the beginning of their
stay. Probably a successful hunt for this species has been
the main reason for the ancient people to stay in the Laspi.
The amount of bustard they consumed was significantly
smaller in subsequent time.

The nearly complete absence of bustard femurs is
rather interesting. Only 3 small proximal femur fragments
from the 136 that belonged to this species and from the
530 that supposedly belonged to the Great Bustard were
found (2.2% or 0.45%, respectively) [8]. We assume that
ancient people did not throw this bone away with others
and it could be used for certain purposes. At the same
time, femur contains more than 4% of bustard bones in
materials of Tsvelykh & Taykova. It also strengthens us in
the opinion that these sets of remains were left after differ-
ent generations of people.

Bustard inhabits open plain areas and is absent in the
mountains. These birds appear on the southern coast of Cri-
mea only in some winters, when some of the specimens are
unable to migrate through the Kerch peninsula due to harsh
weather conditions [1]. The area near Mesolithic Laspi is also
mountainous; therefore bustard was hunted in the winter.

The majority of identifiable fish bones belongs to the
European catfish (Silurus glanis), slightly less — to Zander
(Sander lucioperca). Body length of catfish from the layer
A, recovered using the method of V.D. Lebedev [4] is about
70 cm, pike-perch — near 56 cm. Thus, ancient people pre-
ferred to catch relatively small-sized fish. Part of the zander
bones (dentale, vertebrae) from the layers A and B likely
belongs to young specimens. Catfish remains are rather
interesting in many aspects. Firstly, this species does not
exist in the Crimea anymore, having become extinct re-
cently [5]. Secondly, there are practically no rivers in the
region of Laspi. The nearest large water body — Chornaya
River — is more than 9 km away (given the mountainous
terrain, it is actually more than 15 km from the site). Suk-
haya River, which is located near the Laspi, is a temporal
watercourse [9]. It is known that before the earthquake in
1790 there were many rivers in that area, as shown in its
name (from the Greek "Adomn" — "dirt", because this terri-
tory was nurtured by numerous watercourses). But the
natural disaster destroyed existing water network [6].
Those now non-existent rivers were probably deep enough

I. Fopo6eub, kaHA. Gion. Hayk,
KHY imeHi Tapaca LLUeB4eHka, KuiB,
0. KoBanbuyk, acn.

for catfish. A significant amount of catfish remains also
suggests the existence of creeks and whirpools. Aquatic
vegetation in this part of the river was absent or poorly de-
veloped, because it is known that Zander avoids overgrown
areas [11]. With the ancient methods of fishing it was more
convenient to catch the catfish in the winter, so it confirms
our assumption that the bones from Laspi VIl belong to
animals caught during the winter.

Conclusions: The prevalent species in Laspi location are
the Great Bustard (Otis tarda), Wels catfish (Siluris glanis),
Zander (Sander lucioperca) and European hare (Lepus eu-
ropeus). Grey Partridge (Perdix perdix), Spotted Crake (cf.
Porzana porzana), European hedgehog (Erinaceus eu-
ropaeus) and European hamster (Cricetus cricetus) are pre-
sented by single bones and are probably an accidental prey.

Animals that were found in the Laspi VIl site have
probably been hunted during the winter. It can explain the
specific species composition of the locality, which slightly
differs from those of the other Mesolithic sites in the Cri-
mea. Rivers in Laspi, destroyed by an earthquake in 1790,
were deep enough for catfish to live there (this species is
now extinct in the faunal composition of the Crimea).
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HauioHanbHuin HaykoBO-NpupoAHUYMi My3en HauioHanbHoi akaaemii Hayk, KuiB,

J1. PekoBeub, A-p. Gion. Hayk, npod.

BpounaBcbkuit YHiBepcuteT ekonorii Ta Hayku npo xuTTs, Bpounas, Monbwa

XPEBETHI 3 ME3ONITUYHOI CTOAHKU NACTI VII (AP Kpum, YkpaiHa)

Y emammi npedcmaeneHo pe3ynbmamu 00cCiOXeHHs1 pewimok xpebemHux i3 me3osiimuy4Hoi cmosiHku Jlacni VIl. BcmaHoeneHo, ujo daHomy
Micye3Haxo0XXeHHI0 npumamMaHHe 8i0HOCHO Heeesiuke sudoge pi3HOMaHimmsi, npedcmassieHe Yomupma OCHOBHUMU eudamu: OPOX80H, COMOM
(eud, Ha cb0200Hi eidcymHil y Kpumy), cyGakom ma 3aliyem i yomupma eudamu, siki nompanunu do cknady 3006uyi eunadkoeo: nepeninkoro,
no2oHuUYeM 3euyaliHuM, XoM'skoM ma xakom. OcHogy pauyioHy cmaHoeusia dpoxea, ycriwHe rnosiloeaHHs Ha siKy, lIMOgipHO, 6yJ10 NMPUYUHOIO 3y-
NuHKU Me3osiimuy4Hux nrodel y Jlacni. AHani3z eudoeozo cknady 0ae nidcmaesu npunyckamu, wo 3006uy 6ys10 8MosILO8aHO 83UMKY. BcmaHoeeHo,
wo piyku pezioHy, 3HUWeHi 3emnempycom 1790 p., 6ynu docmamHbo 211U6OKi, OCKINIbKU 8 HUX MeWKae COM.

Knouoei cnoea: me3zonim, Kpum, xpe6emHi.

J1. Topo6eu, kaHA. 6Guon. Hayk

KHY nmenu Tapaca LLleB4eHko, Kues,

A. KoBanbuyk, acn.

HauuoHanbHbIM Hay4YHO-NpupoaoBeAYeCcKUin My3eit HaumoHanbHoOM akagemum Hayk YkpauHsl, Kues,
J1. PekoBeL, A-p 6uon. Hayk, npod.

BpounaBckuit YHUBEPCUTET IKONOrMM U Hayku O Xu3Hu, Bpounas, Monblia

NO3BOHOYHBIE U3 ME3OJINTUYECKOM CTOSAHKU NACIIN VII (AP Kpbim, YkpaunHa)

B cmambe npedcmaesieHbl pe3ynbmamsl uccsedoeaHusi 0CMamkKoe Mo380HOYHbIX U3 Me3oaumuYeckol cmosiHku Jlacnu. YcmaHoesneHo, 4mo
amomMy MecmoHaxox0eHUr npucyuje omHocumesnbHO Heb6onbwoe eudogoe pa3Hoobpasue, npedcmassieHHOe YembIPbMS OCHOBHbIMU 8udamu:
dpogpoli, comom (8ud, Ha ce2o0Hsi omcymcmeyrouwuli 8 Kpbimy), cydakom u 3aliyem, a makxe YyembipbMsi eudaMu, komopble nonanau e Ao6bivy
cny4aliiHo: nepenénkol, 06bIKHO8EHHbIM MO20HbIWEM, XOMSIKOM U exoM. OcHo8y payuoHa cocmaensina opoga, ycriewHass oxoma Ha Komopyio,
8eposimHo, 6blna NPU4YuUHOlU ocmaHoeKUu Me3onumu4veckux ntodel e Jlacnu. AHanu3 eudoeoz20 pa3Hoobpa3usi daém OcHoeaHusi nosazams, Ymo
JKU8OMHbIX G06bINU 3uMOl. YcmaHOo8/IeHO, YMO PeKu pe2uoHa, YHUYMoXeHHble 3emnempsiceHuem 1790 e., 6bu1u docmamoyHo 2ny6oku, no-
CKOJIbKY 8 HUX o6umarn com.

Kniodeesnbie cnosa: mesonum, KpbiM, Mo380HOYHbIE.
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DETECTION OF ARABIS MOSAIC AND TOMATO ASPERMY VIRUSES INFECTING ORCHIDS
OF NATURAL UKRAINIAN FLORA

The orchids collected from natural biocenosis and from collection of M. M. Gryshko' National Botanical Garden were studied.
Two types of viral pathogens were identified in the samples of orchids: Arabis mosaic virus and Tomato aspermy virus.

Key words: orchids, Arabis mosaic virus, Tomato aspermy virus.

Introduction. Orchidaceae Juss. is one of the biggest
families of flowering plants including about 35 000 species.
They can be found all over the world excluding deserts and
Polar Region [5]. Viral diseases of orchids are known from
the middle of XX century [7]. As for today, more over 30 vi-
ruses of orchids have been described [9, 11]. The majority of
these viruses were detected in tropical orchids cultivated in
situ. On the other hand the viruses of terrestrial orchids of
temperate zone are studied not enough and require immedi-
ate attention as they endanger rare plant species.

All orchids of Ukrainian natural flora are listed in the Red
Book of Ukraine [2]. These plants are characterized by com-
plicated developmental biology and require specific symbiotic
fungi and distinct entomophily. Therefore, orchids have low
degree of recovery, high sensitivity to environmental changes
and anthropogenic factors. Viruses pose a biotic stress factor
and can directly affect the general condition of the gene pool
in plants' populations. Viruses transferred to natural bioceno-
sis from agriecosystems are the most dangerous because
they are often highly pathogenic for the new hosts.

The antigens of Arabis mosaic virus (ArMV), Bean yel-
low mosaic virus (BYMV), Tomato aspermy virus (TAV),
Tobacco rattle virus (TRV) and Turnip mosaic virus (TuMV)
were detected in orchids of natural Ukrainian flora (from
Carpathians and Crimea regions) in previous investigations
[2]. Also, the infection of Cypripedium sp., Orchis sp.,
Ophrys sp. by TRV and TuMV has been described [7].

Materials and methods. The samples of 20 different
species of orchids were surveyed during 2011-2013 yy. The
plants were collected in Cherkasy (Kaniv Natural Reserve),
Crimean, Kherson, Kyiv, Lviv, Zakarpattia regions and in
collection of M. M. Gryshko' National Botanical Garden.

Virus identification was carried out using standard DAS-
ELISA [1]. The samples were prepared by homogenizing
plant tissue with 0.1 M phosphate buffer (pH 7.4) in the
ratio 1:3 (m/v), and followed by centrifugation at 5000 rpm
for 20 min. For the diagnostics were used polyclonal antise-

rums to TMV (antiserum obtained at the virology depart-
ment, the sensitivity and specificity confirmed experimen-
tally), TuMV (antiserum kindly provided by Lesemann D.E.,
Julius Kiihn Institute, Federal Research Center for Culti-
vated Plants, Institute for Epidemiology and Pathogen Di-
agnostics, Germany), TAV, ArMV, Tomato spotted wilt vi-
rus (TSWV), Impatiens necrotic spot virus (INSV), Iris yel-
low spot virus (IYSV), (Loewe, Germany) and Potato virus
Y (PVY) (Prime Diagnostics, The Netherlands).

Biological properties of viruses were studied using the
range of test plants. The test plants were inoculated on
early growth stages by mechanical sap transmission, ap-
plying carborundum as an abrasive.

The morphology of virions was studied in leaf dip
preparations negatively stained with 2% uranyl acetate. EM
was carried out using a JEOL-1400 electron microscope at
the magnification 40 000 and 60 000.

Results and discussion. For detection and identifica-
tion of viruses affecting terrestrial orchids were used
47 samples of plants collected in Ukraine.

To confirm the infectivity of the plant sap, we used bio-
logical testing on the range of test plants: Amaranthus cau-
datus, Brassica oleracea, Capsicum annuum, Celosia ar-
gentea, Chenopodium amaranticolor, Cucumis sativus,
Datura stramonium, Gomphrena globosa, Lycopersicon
esculentum, Nicotiana alata, N. benthamiana, N. rustica,
N. tabacum, Petunia hybrida, Phaseolus vulgaris, Tetrago-
nia expansa, Zinnia elegans. Such range of test plants is
typical for many viruses of ornamental plants [5, 8].

According to biotesting the most typical symptoms were
necrotic lesions, yellowing and deformation of leaves on
Datura stramonium; chlorotic spots and deformation of
leaves on Petunia hybrida; necrotic lesions and mosaic on
leaves of N. benthamiana; necrotic lesions and vein chlo-
rosis on leaves of Chenopodium amaranticolor, necrotic
lesions, deformation of leaves and wilting on Tefragonia
expansa (fig. 1).

Figure 1. Symptoms on test plants inoculated with the sap of orchids: A — chlorotic spots on the leaves of Petunia hybrida;
B — necrotic spots on the leaves of Datura stramonium; C — necrotic lesions and deformation of the leaves of Tetragonia expansa;
D — necrotic spots on the leaves of Nicotiana benthamiana; E — vein chlorosis symptoms on the leaves of Chenopodium amaranticolor
© Peregudova A., Korotyeyeva G., Kompanets T., Polischuk V., 2013
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The electron microscopy of the orchids sap was carried
out simultaneously with biotesting. Three types of spherical
virus-like particles was revealed in infected plant tissues.
The particles with diameter of about 30 nm were detected
in plants of Anacamptis laxifolia, Dactylorhiza majalis, Pla-
tanthera bifolia (Zakarpattia region), A. palustris, Epipactis
helleborine (Kaniv Natural Reserve), E.palustris, D. incar-
nata (Kyiv region), Gymnodenia conopsea and Listera
ovata (Lviv region) (fig.2, A, B).

The virus-like particles with diameter of 50 nm were
found in plants of A. picta (Kherson region), E.palustris,
D. incarnata (Kyiv region) and Platanthera bifolia (Kaniv

Natural Reserve) (fig.2, C, D). According to literature data,
spherical virions with diameter of about 50 nm are typical for
representatives of Caulimoviridae: Caulimovirus, Cavemovi-
rus, Petuvirus, Soymovirus [10]. The majority of viruses be-
longing to the listed genera can be transmitted by mechani-
cal inoculation. The reaction of test plants eliminates such
viruses as Blueberry red ringspot virus, Cestrum leaf curling
virus, Petunia vein clearing virus and Tobacco vein clearing
virus which are not transmitted in mechanical manner.

The particles with diameter of about 80-100 nm, typical
for representatives of Tospovirus, were revealed in the
samples of A. picta (Kherson region) (fig. 2, E, F).

Figure 2. Electron micrograph of virus particles in the sap of infected plants. Virus-like particles with diameter of about 30 nm:
A — A. palustris (bar 100 nm); B — E. palustris (bar 200 nm). Virus-like particles with diameter of about 50 nm: C — A. picta (bar 50 nm);
D — P. bifolia (bar 100 nm). Virus-like particles with diameter of about 80-100 nm: E, F — A. picta (bar 100 nm)

For the virus identification in samples of orchids we
used DAS-ELISA with antiserums to viruses, which are
widespread in agriecosystems of Ukraine and to those
which have been previously detected in orchids of temper-
ate climatic zone [2, 7]. According to ELISA testing the
antigens of Tomato aspermy virus were detected in the
samples of orchids Anacamptis laxifolia, Dactylorhiza ma-
jalis, Platanthera bifolia (Zakarpattia region), A. palustris,
Epipactis helleborine (Kaniv Natural Reserve), E.palustris,
D. incarnata (Kyiv region), Gymnodenia conopsea, Listera
ovata (Lviv region), Cephalanthera longifolia, Cypripedium
calceolus (M. M. Gryshko National Botanical Garden); and
antigens of Arabis mosaic virus were revealed in plants of
D. romana, Cephalanthera Ilongifolia and P.bifolia
(M. M. Gryshko National Botanical Garden).

Conclusion. The biotesting confirmed the infectivity of
the sap samples of orchids. EM studies also confirmed the
presence of virus-like particles in infected plant tissues with
the virions with diameter of about 30 nm, 50 nm and 80-
100 nm. Two types of pathogens detected in orchids were
identified as Arabis mosaic virus and Tomato aspermy virus.
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THE INFLUENCE OF ANTROPOGENIC LOAD AND OF THE PHYTOVIRAL INFECTION
ON THE SYNTHESIS OF PHENOLIC COMPOUNDS

Have been shown a direct relationship between the degree of anthropogenic load and the degree of infestation by viruses,
and the content in these plants phenolic compounds. Also, shown that the reproduction of TMV in sugar beet plants inducses the
synthesis of phenolic substances that accumulating, probably, start to inhibit virus accumulation.

Key words: anthropogenic load, infestation by viruses, phenolic substances.

Introduction. One of the ecological and biochemical
mechanisms of plant adaptation in the complex influence of
anthropogenic factors and viral infections. are the changes
in the composition and in the quantitative ratio connections
of the compounds in the antioxidantal group, in particular-
phenolic nature [1].

Phenolic compounds — one of the most important
classes of secondary metabolites, widely represented in
plants. Various functions of phenolic compounds in the plant
cell, and at the same time a wide range of biological effects
on humans and animals, justify study of its participation in
the development of protective reactions of organisms in ad-
verse conditions of existence [2]. The literature on the effect
of stress factors on the content of phenolic compounds in
plants is fragmentary and contradictory. However, it clearly
indicate the variability of these parameters [3].

This fact confirms the assumption of importante role of
phenolic compounds in the development of resistance of
plants to changes in the intensity of natural and anthropo-
genic stress factors [4].

According to the all written above, the goal of the re-
search was:

— to analyze the influence of the location of the place of
grown about the factors of anthropogenic load on the fitovi-
rusological state of plants of sugar beet (Beta vulgaris L)
and content of phenolic compounds in them;

— to confirm the in vitro correlation between virus repro-
duction and synthesis of phenolic compounds.

Materials and methods. Method of random samples
from agrocenosis with varying degrees of anthropogenic
load on visual symptoms were selected sugar beet plants,
which further were investigated by undirected enzyme-
linked immunosorbent assay for the presence of viral anti-
gens and achohol extraction method for determining the
concentration of phenolic compounds [5, 6]. Leaf blades,
which were selected for the ELISA, were dried and meas-
ured their content of phenolic compounds.

Analysis of results. ELISA was demonstrated the de-
pendence of the distribution and antigen detection percent
in plants from the place of sampling. The highest content of
phenolic compounds in plants we recorded in the areas
with a high degree of anthropogenic load and, accordingly,
the greatest defeat by viral pathogens.

This interconnection has been saved in relation to other
locations.

To confirm the interconnection between the accumula-
tion of viral particles and the change in the level of concen-
tration of phenolic compounds, we made a laboratory ex-
periment on the model of "sugar beet plant — TMV."

The content of phenolic compounds in plants infected
by a virus increased irregularly, compared with the control.

When we compared the dynamics of accumulation of
viral antigens and phenolic compounds in sugar beet
plants infected with TMV, this dependence can be traced
as: in the period between 3 and 6 day after an infection we
observed a slight increase of the concentration of viral an-
tigens against the background of the concentration of phe-
nolic compounds. From 6 to 10 day a number of fenolic
compounds increases even faster than in the previous pe-
riod. The concentration of the TMV antigens in this time
wasn't changing.

Findings. This way, we have shown a direct relation-
ship between the degree of anthropogenic load and the
degree of infestation by viruses, and the content in these
plants phenolic compounds.

It is shown that the reproduction of TMV in sugar beet
plants inducses the synthesis of phenolic substances that
accumulating, probably, start to inhibit virus accumulation.

Sugar beet — biennial plant and can't be used for labo-
ratory model "virus — a plant" and is not suitable for labora-
tory researches we are doing the selection of the optimal
model system for the study of interference of viruses and
synthesis of phenolic compounds in the plant and the use
of phenolic compounds by the plants when there are some
stress factors, like abiotic and biotic nature.
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BMNNMB AHTPOIMNMOINEHNX ®AKTOPIB HA CUHTE3 ®EHOJIbHMUX CMONYK NMPU ®ITOBIPYCHIU IHOEKLII
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BIUAHWE AHTPOMOIEHbLIX ®AKTOPOB HA CUHTE3 ®EHOJbHbIX COEQVHEHWA
nP ®»UTOBUPYCHOUN NHDEKLIMAN

Bbina nokasaHa npsiMasi 83aUMOCEs3b MEXOy YPOBHEM aHMPOMNO2eHHOU Haz2Ppy3KU U ypoeHeM UHUYUPO8aHHOCMU 8UPYCOM, a makKxe codep-
JKaHueM ¢heHosNbHbIX coeduHeHull 8 amux pacmeHusix. Takxe, Mokas3aHo, Ymo eocnpou3eedeHue BTM e pacmeHusix caxapHoli ceeksbl UHOYyyupy-
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ISOLATION OF /NFECTIOUS PANCREATIC NECROSIS VIRUS
FROM WILD-LIFE RAINBOW TROUT ONCORHYNCHUS MYKISS IN WESTERN UKRAINE

During routine sampling and testing of catched wild-life fish species from Siret river of Chernivtsi region, an aquatic birnavi-
rus was isolated from diseased rainbow trout Onhorhynchus mykiss. Preliminary examination of diseased fish revealed a range
of lesions particularly in pancreatic tissue. Virus isolate grew in fish cell line RTG-2, FHM and EPC. IPNV caused morphological
changes, such as vacuole enlargements and cells rounding. Subsequently cells scaled from a surface and characteristic cyto-
pathic effect (CPE) of virus on cells was visible. Examination by electron microscopy demonstrated that the isolated virus was
ultrastructurally similar to IPNV. In addition after amplification of viral RNA incorporating three different primer pairs the IPNV
specified PCR products were visible on agarose gel stained with ethidium bromide. The nucleotide sequences of amplified frag-
ments were analysed and the prevalance of Ukrainian isolate, which was named "Karpaty", to Sp strain was revealed. The com-
parison of sequences of IPNVs VP2 and NS genes from NCBI and amplified fragments of IPNV strain "Karpaty" confirmed the
high identity of 95-99% with Sp strain, firstly isolated in Denmark. Among the isolates of Sp strain the most related to IPNV "Kar-

paty"” were viruses found in Great Britain, Norway, France, Turkey and Iran.
Key words: Infectious pancreatic necrosis virus, cell culture, RT-PCR, sequence analysis.

Introduction. Infectious pancreatic necrosis virus (IPNV)
belongs to the family Birnaviridae and is an agent of an
acute, contagious fish disease causing high mortality not
only in juvenile salmonids but also in non-salmonid fishes.
Members of the family Birnaviridae are icosahedral viruses
of approximately 65 nm in diameter composed of five poly-
peptides and two strands of double-stranded RNA [1].

In young salmonid fish, IPNV can cause high mortalities
followed by a life-long, chronic infection in the survivors.
Persistently infected fish are asymptomatic that have virus
in many visceral organs and can shed live virions [2]. The
IPNV is widely distributed in Europe and there are severel
new reports about virus isolation in neighboring countries
of Ukraine such as Poland, Czech Republic, Slovakia and
Russia [3,4]. Since salmonids breeding are mainly located
in the west region of Ukraine the IPNV is an economically
important fish pathogen for all Ukrainian trout farms.

The aim of present study was to isolate IPNV from
salmonids in Ukraine. Therefore the goals of the present
study were to provide preliminary characterization of iso-
lated strain in cell culture and electron-microscopy, to se-
lect valid oligonucleotide primers and test it in PCR assay;
to provide sequencing of amplified products in way of veri-
fication of target amplification; and to accomplish the phy-
logenetic analysis of Ukrainian IPNV strain.

Materials and methods. During June 2011, a total of
14 fish samples (body weight 0.4-0.7 kg) were continuously
collected from a diseased wild-life rainbow trout catched in
Siret river, west region of Ukraine. Each fish was dissected,
and the samples of pancreas, kidney and spleen were re-
moved from individual fish and placed into a 1.5 ml micro-
centrifuge tube. Samples were transported on ice to the
laboratory and processed immediately.

RTG-2, FHM and EPC cell lines were maintained in
DMEM medium (SIGMA) supplemented with 100 U ml™’

penicillin, 100 ug ml™ streptomycin and 10% fetal bovine
serum (FBS). The samples of kidney and spleen of tested
fish were homogenized with DMEM and filtred through the
0,45 ym membrane (Millipore). Then the virus suspension
was inoculated onto 24-hours cell monolayers growing in
25 cm? flasks. After adsorption for 60 min at 20°C, DMEM
medium supplemented with 2% FBS was added to the
monolayers. When a complete viral cytopathic effect (CPE)
was evident, the tissue culture supernatant was harvested
and centrifuged at 2500 x g for 10 min at 4°C to remove
cell debris. The 50% tissue culture infective dose (TCIDso
ml’1) of the resulting supernatant was determined [5].

The IPNV was purified both from collected organs and
the tissue culture supernatant by the method of ultracentrifu-
gation. Briefly, after cell debris was separated by centrifuga-
tion at 2500 x g for 10 min at 4°C the pellet was discarded
and the supernatant was centrifuged in ultracentrifuge
Beckman L5-50B in a rotor SW-40 for 60 min at 70500 x g at
4°C. The virus pellet was suspended in TNE (50 mM Tris-
HCI, 150 mM NaCl, 1 mM disodium ethylene diaminetetrace-
tic acid [EDTA], pH 7.5) and centrifuged at 2500 x g for
5 min at 4°C. Then the virus suspension was used for elec-
tron-microscopy investigation and viral RNA extraction [6].

For electron-microscopy investigation the viral suspen-
sion was stained with 2% uranyl acetate and studied in
electron microscopy EM-125.

Genomic viral RNA was extracted from collected fish
organs, viruses-infected cells culture suBernatant and puri-
fied virus suspension using GeneJET™ RNA Purification
Kit (Fermentas) as described in manufacturer's protocol.
After elution of the RNA in DEPC-treated water, it was kept
at -20°C until required. The cDNA synthesis was con-
ducted using RevertAid™ Premium First Strand cDNA Syn-
thesis Kit (Fermentas) following the manufacturer's instruc-
tions and subjected to PCR amplification.

© Rud Yu., Maistrenko M., Buchatsky L., 2013
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Three sets of virus specific-primers (one-step PCR) were
used for amplification of fragments of viral dsRNA targeting
the IPNV NS and VP-2 proteins [7-9]. PCR amplification was
conducted with a pre-dwel cycle 50°C for 15 min and an initial
cycle 95°C for 2 min and followed by 35 cycles of 95°C for
30 sec, 50°C for 30 sec and 72°C for 60 sec. A final extension
step was conducted at 72°C for 7 min. The PCR products
were analyzed by 2.0% agarose gel electrophoresis.

For extraction of DNA from agarose gel the Silica Bead
DNA Extraction Kit was used. Sequencing was performed
on a 3130 Genetic Analyzer and analyzed using BLASTN,
Vector NTI 10 and MEGA version 5.2 software.

Results and Discussion. This study reports the isola-
tion of IPNV from wild-life rainbow trout in Siret river Cherniv-
tsi region. During June 2011, a total of 14 fish samples were
continuously collected from a diseased wild-life rainbow trout
catched in Siret river, west region of Ukraine. External signs
of disease in catched trouts included uncoordinated spiral
swimming, violent flexing of the body and developing of
anaemia. Diseased fish were notably darker in colour and
appeared weak and lethargic. Internally, the alimentary tract
was empty of food but moderately distended and filled with
greyish mucus. The liver was dark and inflamed and the
kidney and spleen were pale and swollen.

Between 4 and 7 days post infection (d.p.i.), viral CPE
was evident in the RTG-2, FHM and EPC cells. All three
cell lines were sensitive to virus. IPNV caused morphologi-
cal changes, such as vacuole enlargements and cells

rounding. Infected cells became filamentous in the early
stage of infection. Subsequently cells scaled from a surface
and characteristic cytopathic effect (CPE) of virus on cells
was visible. For cell lines of RTG-2 and FHM the complete
destruction of monolayer was noted on 7-8 day after infec-
tion (d.a.i.). For culture of EPC characteristic CPE and
complete destruction of cell monolayer were marked on 10-
12 d.a.i. Infectious titer of IPNV "Carpathians" in studied
cell lines was following for EPC 10°°°® TCIDso/ml, and for
the lines of FHM and RTG-2 10%%%° and 10%%"# TCIDso/ml
respectively. The low infectious titer of virus in cells of EPC
can be related to its slow reproduction in this culture. The
greatest infectious titer was observed for the culture of RTG-
2, that is fully appropriately, as this cell line was derived from
a rainbow trout — natural IPNV reservoir. That is why the
RTG-2 is the most appropriate cell lines for accumulation of
the Ukrainian isolate IPNV "Carpathians". But for diagnostics
of the Ukrainian isolate IPNV "Carpathians" all three cell
cultures of RTG-2, FHM and EPC can be used.

Results of our electronic-microscopy researches of pu-
rified viral particles revealed basic for birnaviruses mor-
phology and ultrastructure characteristics. Virions of the
Ukrainian isolate of IPNV "Carpathians" had a hexagonal
form, their diameter was 70 £ 5 nm. Viral particles were
non-enveloped (Fig. 1).

Fig. 1. Electron-microscopy of IPNV particles after purification (x80000)

For rapid diagnostic of Ukrainian IPNV strain the
method of PCR was developed. Three sets of primers tar-
geting NS and VP2 genes were used for virus identification
and the parameters of PCR cycling were optimized. It was
shown that WB primers are the most efficient for virus di-
agnostic, however the IPN and PrD primers also can be

bp
640
200 bp

63.0

50 bp

-

used. Amplified fragments were in size of 200 base pairs
(bp) for WB primers, 620 and 175 bp for IPN and PrD
primers respectively. In case of low concentration of target
RNA only WB primers were enabled to identify the virus. It
was noted that annealing temperature of 60°C was the
most suitable for all primer sets.

620 610 600 590 580 570 560 35

Fig. 2. Amplification in PCR of VP2 (IPN and WB primers) and (PrD primers) NS gene fragments of IPNV strain "Karpaty".
The best result is shown «; left side DNA ladder FastRuler™ (Thermo Scientific); range of annealing temperature 53-64 °C
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The nucleotide sequences of amplified fragments were
analysed and the prevalance of Ukrainian isolate of IPNV
"Karpaty" to Sp strain was revealed. The comparison of
sequences of IPNVs VP2 and NS genes from NCBI and
amplified fragments of IPNV strain "Karpaty" confirmed the
high identity of 95-99% with Sp strain, firstly isolated in
Denmark. Among the isolates of Sp strain the most related
to IPNV "Karpaty" were viruses found in Great Britain,
Norway, France, Turkey and Iran.

Thus the selected primers and developed PCR assay
can be used for IPNV diagnostic in salmonids cultivated in
fish-farming or native ponds of Ukraine. For rapid virus
identification in PCR method the WB primers should be
used. The complete monitoring of IPNV in Ukraine has to
result in total data of virus distribution in Ukraine and also
to identify another strains which are widespread in Europe.
It will be the subject of our future research.

Infectious pancreatic necrosis can cause a significant
economic impact on salmonids with a worldwide distribu-
tion. IPNV occurs in most major salmonid-farming countries
and it is believed to be spread through the importation of
salmonid fishes and their eggs. The virus is vertically
transmitted; therefore, the detection of virus in broodstock,
even in the absence of the disease, often means the de-
struction of these valuable fish species [10]. There will be a
need to screen the farmed populations of trout near the
river Siret in order to confirm of IPNV presence.

Rapid and accurate diagnosis of IPNV infection is critical
to the control of the virus because trout surviving infections
as juveniles may become life-long carriers and shed live
virus. Therefore the screening of samples using RT-PCR
would potentially be more sensitive than tissue culture, how-
ever suitable cell lines also can be used for surveillance of
wild fish for IPNV. Additionally for Ukrainian strains of IPNV
the moleqular technics are required and always must be
used in purpose of serotype and genotype determination.

Conclusion. The water birnavirus was isolated from
wild-life trout in Siret river of Chernivtsi region, Western
Ukraine. Preliminary characterizaton of isolated virus re-
vealed its relatedness to IPNV, which was nemed "Kar-
paty" strain. The nucleotide sequences of amplified frag-
ments were analysed and the prevalance of "Karpaty" iso-
lateto Sp strain was revealed. Among the isolates of Sp
strain the most related to IPNV "Karpaty" were viruses
found in Great Britain, Norway, France, Turkey and Iran.
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10. Pyab, kaHa. 6ion. Hayk, M. MancTtpeHko, acn., Jl. Byyarcbkui, a-p 6ion. Hayk

KHY imeHi Tapaca LLeB4eHka, Kui

BWAINEHHA BIPYCY IHCDEKLIIVIHOFO MNAHKPEATUYHOI'O HEKPO3Y 3 OUKUX NPEACTABHUKIB
PAUOYXHOI ®OPEJII ONCORHYNCHUS MYKISS B 3AXIHIN YKPAIHI

B po6omi npedcmassneHo pe3synbmamu GocnidxeHHs1 8ipycy iHgekyiliHo2o naHKkpeamu4YHo20 HeKpo3y, sudineHozo 8id ¢hopeni 3 piuku Canem,
YepHieeybkoi o6nacmi, 3axiOHa YkpaiHa. [ocnidxeHo penpodykuyito ykpaiHcbkozo izonsimy IPNV "Kapnamu” e nepeeueHux Kynbmypax KaimuH
pu6 RTG-2, FHM ma EPC. Bci mpu knimuHHi niHii eusisunuce 4ymnusumu 0o eipycy. IPNV npuzeodue 0o Mopghosio2idyHuUx 3MiH, maKkux sik 8 aKyoJti-
3ayiss yumonna3mu ma OKpyasieHHs1 KnimuH. 3200oM knimuHu eidwapoeyeamuchk 8i0 noeepxHi i nposiensinack xapakmepHa yumonamuyHa Oisi
(4rig) eipycy Ha knimuHu. Pe3ynbmamu eneKmpoHHO-MiKpocKoniyHux docnidxeHb o4uweHol eipycHoi cycneHsii nokasanu xapakmepHy ons 6ip-
Haeipycie mopgbosnozito ma ynbmpacmpykmypy. BipioHu ykpaiHcbkoeo i3onsmy IPNV "Kapnamu" manu 2ekcazoHanbHy ¢hopmy, ixHili diamemp
cknadae 70 * 5 Hm. [1idi6bpaHo onizoHykneomudHi npalimepu, cneyugiyHi do ppaemeHnmie 2eHie VP2 ma NS, ma npoeedeHo onmumi3sayiro nocma-
Hoeku [JIP. AHani3 HykneomudHux nocslidoeHocmeli ammnigpikosaHux ¢ppaezmenmie IPNV "Kapnamu” ceidyumsb, wo ykpaiHcbkuli i3onsm Hase-
Xumb 8o wmamy Sp. Amnnigikoeari ppazmenmu k[QHK Ha 95-99% idenmu4Hi 3 nocnidoeHocmsaimu 2eHie NS ma VP2 iHwux i3onsamie wmamy
Sp. Ceped izonamie wmamy Sp Halibinbw crnopidHeHumu Ao ykpaiHcbkoz2o izonsmy IPNV eusisunucsk eipycu, eudineHi y Benuko6pumadtii, Hopee-
2ii, ®paHnyii, Typuii ma IpaHi.

Knro4oei cnoea: gipyc iHghepkiliHo20 naHKkpeamu4HO20 HEKPO3y, Kybmypu KiimuH pu6, 6ipHasipycu.

10. Pyab, kaHa. 6uon. Hayk, M. MancTtpeHko, acn., J1. Byyatcbkuit, a-p 6uon. Hayk
KHY nmenu Tapaca LLleBYeHko

BbIAENEHUE BUPYCA UHPEKLINWOHHOIO NAHKPEATUYECKOIO HEKPO3A Y IUKUX NPEOCTABUTENEWN
PAOYXXHOWU ®OPEJIN ONCORHYNCHUS MYKISS B 3ANAOHOU YKPAUHE

B pa6ome npedcmaeneHbl pe3ysibmamal ucciedoeaHusi eupyca UHGEKUUOHHO20 NaHKpeamu4ecKo20 HeKpo3a, ebifesleHHO20 u3 ¢hopesnu pe-
ku Canema, YepHosuykoli obnacmu, 3anadHol YkpauHbl. Uccnedosanu penpodykyuro ykpauHckoz2o usonssma IPNV "Kapnambi” e kynbmypax
knemok pbi6 RTG-2, FHM u 3[C. Bce mpu knemo4Hble JIUHUU OKa3anucb YyyecmeumenbHbiMu Kk eupycy. IPNV npueodun k mopghonozuyeckum
U3MeHeHUsIM maKuM, KaK eaKyosiuzayusi yumonsa3mMbl U OKpyarieHue ksiemok. Brnocnedcmeuu knemku omcnausarombcsi om Mog8epxHocmu u rnpo-
sienisiemcsi xapakmepHoe yumonamuyeckoe delicmeue (UI1) eupyca Ha knemku. Pe3ynbmambi 371eKMPOHHO-MUKPOCKONUYECKUX uccredoeaHuli
oyuujeHHoU sUPYCHOLU cycreH3uu nokasanu xapakmepHyto 0ns1 6upHasupycue Mopghosio2uro U ynbmpacmpykmypy. BupuoHb! ykpauHcko20 u3o-
nama IPNV "Kapnambi™ umenu 2ekca2oHasibHy0 ¢popmy, ux duamemp cocmaensin 70 £ 5 Hm. lTodobpaHbl onnu20HyK1eomudHbie npaliMepbl, cre-
yudguyHbie k ppaezmeHmam 2eHoe VP2 u NS, u npoeedeHa onmumu3ayusi nocmaHoeku [MYP. AHanu3 HykneomuodHbix nocredoeamenbHocmel
amnnuguyuposaHHbix ¢ppazmenmoe IPNV "Kapnambi" ceudemenbcmeyem, Ymo yKpauHCKuUl U3osisim omHocumcs K wmamMmy Sp. AMnnugpuyu-
poeaHHble ¢ppaemeHmbl kKHK Ha 95-99 % udeHmuyHbl ¢ nocnedosamensHocmsimu 2eHoe NS u VP2 dpyeaux uszonsamos wmamma Sp. Cpedu uso-
nsamoe wmamma Sp Hau6osiee podcmeeHHbIMU K ykpauHckomy usonsmy IPNV oka3anuck eupycsbl, ebideneHHbie 8 Benuko6pumaHuu, Hopeeauu,
®paHyuu, Typyuu u Upane.

Knroyesnie crosa: supycuHgheKyUuoOHHO20 naHKpeamu4eckoao HeKkpo3a, 6upHasupychl, Kynbmypbl K/iemokK pbi6.
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NOVEL TOBAMOVIRUS ISOLATED FROM VEGETABLE CROPS IN UKRAINE

Here we report on the novel tobamovirus, Pepper mild mottle virus (PMMoV), endangering vegetable crops of Solanaceae
family which has been isolated in Ukraine for the first time. Virus particles' size and morphology are studied. It has been estab-
lished that Ukrainian PMMoV isolate belongs to a cluster with strains from Spain and Korea.

Keywords: Tobamovirus, polymerase chain reaction, phylogeny, PMMoV.

Introduction. During the recent years plant virologists
(as well as other scientists) have witnessed an increased
interest to the advance of knowledge at the level of popula-
tion and similar ecologically-oriented research. This trend is
common for many traditional molecular biology studies.
The development of a new generation of diagnostic meth-
ods for plant viruses (such as ELISA, RIA, RIPA, PCR, RT-
PCR, etc.) during the last decade enabled a new level of
studying plant viruses' spread in the environment.

The relevance of this question lies in both its funda-
mental and practical significance. The determination of
virus spread, mechanisms of virus transmission, natural
range of host plants, research on virus response to envi-
ronmental changes makes it possible not only to more fully
characterize a given representative of the Vira kingdom,
but also to predict the emergence and development of viral
diseases for developing sound strategies of combating the
viral infections. This includes search for resistant varieties,
control of virus reservoirs and carriers, obtaining virus-free
planting material, etc.

At present, the representatives of Tobamovirus genus
are widespread in Ukraine and remain the point of interest
for field virologist due to the harm they cause for crops,
particularly for plants of Solanaceae family.

This work was aimed at establishing diversity and
spread of tobamoviruses infecting plants of Solanaceae
family, phylogenetic analysis of nucleotide sequences for
coat protein of newly discovered pathogen (Pepper Mild
Mottle Virus).

Materials and methods. We used samples of sweet
pepper plants (Capsicum annuum) and tomato plants (Ly-
copersicon esculentum) collected in Crimea, Vinnytsia,

Zhytomyr, Kyiv and Poltava regions — very differing parts of
Ukraine in geographical terms. Sampled plants were char-
acterized with virus-like symptoms.

These samples were then tested for the presence of
antigens of Tomato mosaic virus (ToMV), Tobacco mosaic
virus (TMV), and Pepper mild mottle virus (PMMoV) (typi-
cal tobamoviruses infecting these cultures) by DAS-ELISA
using commercial antisera from Loewe (Germany) and
Prime Diagnostics (The Netherlands).

We have also used the following metods: transmission
electron microscopy, total RNA extraction, NA electropho-
resis, RT-PCR, nucleic acid sequencing, phylogenetic
analysis. For RT-PCR, we have used primers specific to a
part of the coat protein gene of PMMoV: 5-TAC TTC GGC
GTT AGG CAA TC-3 (forward), 5-GGA GTT GTA GCC
CAG GTG AG-3 (reverse).

Results and discussion. DAS-ELISA analysis showed
that 22% of symptomatic pepper samples collected in Pol-
tava region contained PMMoV, and 22% of tomato sam-
ples were contaminated by ToMV. In Zhytomyr region, 11%
of tomato samples contained PMMoV. In Kiev region, 33%
of pepper samples were positive for ToMV, as well as 11%
of tomato samples. In Vinnytsia region, we have shown
that 22% of pepper samples and 22% of tomato plants
were infected by ToMV. In Crimea (probably the biggest
region in Ukraine for growing tomato and pepper in the
open field conditions), 11% of pepper samples and 33% of
tomatosamples were shown positive for ToMV.

Collected samples of Capsicum annuum and
Lycopersicum esculentum plants had typical virus-like
symptoms (Fig. 1A, 1B).

Figure 1. Virus-like symptoms:
A — deformation of leaves of Capsicum annuum; B — light green mosaics on leaves of Lycopersicum esculentum

We have used transmission electron microscopy for
confirmation of DAS-ELISA results and to study the mor-
phology of virus particles (ToMV, PMMoV).

Microscopy studies demonstrated the presence of rod-
shaped virus particles typical of Tobamovirus genus,

namely, for the Pepper mild mottle virus and Tomato mo-
saic virus whose size constituted 310+3 x 15+3 nm and
30043 x 1943 nm, respectively (Fig. 2, 3).

© Shamraichuk V., Shevchenko T., Bysov A., AlDalayn Emad, 2013
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Figure 2. Electron micrography of PMMoV  Figure 3. Electron micrography of ToMV

Further, we have extracted a total RNA preparation mendations. The results were checked by electrophoresis
from PMMoV-infected tomato plants to use the resulting of nucleic acids in 1.5% agarose gel using TBE buffer.
product in RT-PCR. The next step was the RT-PCR using primers specific

The total RNA extraction was carried out RNeasy Plant to the coat protein gene of PMMoV (Fig. 4).

Mini kit (Qiagen, UK) following the manufacturer's recom-

M 1 2 3

Figure 4. Results of RT-PCR for PMMoV:
M — marker (100bp, Fermentas);
1 — cDNA of capsid protein gene of PMMoV; 2 — positive control; 3 — negative control

We have obtained the cDNA of expected size of 387 bp which was further used for sequencing and construction of a
phylogenetic tree (Fig. 5). Phylogenetic tree was constructed using the Neighbor-Joining method.

Pepper mild mottle virus strain E2 coat protein gene partial cds.
£ Pepper mild mottle virus gene for coat protein complete cds strain: Is.
0 Pepper mild mottle virus CP gene for coat protein complete cds strain: P2-1.
Pepper mild mottle virus strain S genomic sequence.
— PMMoV ukr
L{ Pepper mild mottle virus CP gene for coat protein complete cds strain: GMo.

62 Pepper mild mottle virus genomic RNA complete genome strain: BR-DFO1.

Pepper mild mottle virus strain PO coat protein mRNA complete cds.

Pepper mild mottle virus genomic RNA complete genome strain: Iw.

Pepper mild mottle virus genomic RNA complete genome strain: L4BV.

45 [ Pepper mild mottle virus CP gene for coat protein complete cds strain: P3-1.

49 Pepper mild mottle virus strain P2 coat protein mRNA complete cds.

Pepper mild mottle virus strain Israel isolate PMMV-Is P123 coat protein gene complete cds.

——
0.005

Figure 5. Phylogenetic tree (NJ) showing evolutionary relations of Ukrainian isolate of PMMoV
with published virus sequences (based on the coat protein gene)
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Thus, the Ukrainian PMMoV isolate belongs to a cluster
containing virus strains found in Spain and Korea.

Conclusions. According to the DAS-ELISA, tobamovi-
ruses PMMoV and ToMV are prevalent among vegetable
crops in the studied regions of Ukraine. Electron microscopic
studies confirmed the presence of rod-shaped virus particles
typical of Tobamovirus genus, namely, for the Pepper mild
mottle virus and Tomato mosaic virus whose size is ap-
proximately 3103 x 153 nm and 300+3 x 19+3 nm, re-
spectively. We have generated a cDNA of 387 bp corre-
sponding to the coat protein gene of Ukrainian PMMoV iso-
late. Phylogenetic analysis of the coat protein gene of
PMMoV showed that Ukrainian PMMoV isolate groups into a
cluster with strains detected in Spain and Korea.
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KHY imeHi Tapaca LLleByeHka, Kuis

HOBWUW NPEOCTABHUK POLlY TOBAMOVIRUS, BUOINTEHN 3 OBOYEBUX KYJNIbTYP B YKPAIHI
3HalideHo Hoeuli Ans YkpaiHu eipyc oeo4eeux Ky/nbmyp, 30Kpema pocsiuH poduHu Solanaceae, susHayeHO po3mip ma mopghosiozito io2o
8ipycHux Yyacmok. BcmaHoeneHo npuHanexHicms yKkpaiHcbkoeo izonsimy PMMoV do knacmepie wmamie gipycie IcnaHii ma Kopei.
Knro4voei crnoea: Tobamovirus, nonimepa3sHa naHyro2o08a peakyisi, ¢pinozeniss, PMMoV.

B. Wampanuyk, ctya., T. LLeBYeHKo, kaHA. 6uon. Hayk, A. Bucos, kaHa. 6uon. Hayk, AnbanavH Emaga, acn.

KHY nmenu Tapaca LLleB4eHko, KueB

HOBbIV NMPEOCTABUTEJIb POOA TOBAMOVIRUS, BbIOENEHBIN U3 OBOLWHbLIX KYJIbTYP
HatideH Hoeblii Onsi YKpauHbl eupyc 080WHbLIX KyJIbmyp, 8 YacmHocmu pacmeHuli cemelicmea Solanaceae, onpedeneH pa3mep u MopgoJio-
2usi eupycHbIX Yacmuy. YcmaHoesieHo NpuHadnexHocmb yKkpauHckoz2o uzonsima PMMoV k knacmepam wmammoe supycoe UcnaHuu u Kopeu.
Knroyesnie crnosa: Tobamovirus, nonumepa3sHas yenHas peakyusi, gpunozeHusi, PMMoV.
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PHYLOGENETIC ANALYSIS OF HOSTA VIRUS X ISOLATED IN UKRAINE

Hosta virus X (Potexvirus, HVX) was identified by ELISA in different cultivars of hosta selected from M.M. Hryshko National
botanical garden of Ukraine (NAS of Ukraine). Coat protein gene sequences of Ukrainaian HVX isolate was determined and
compared with all known strains and isolates from Gene Bank. Phylogenetic trees were constructed using neighbour-joining and
maximum likelihood methods. The CP of Ukrainian isolate shared 99-100% nucleotide and amino acid sequence identity with

American isolates.
Key words: Hosta virus X, ELISA, Gene Bank.

Introduction. Hosta spp. are popular herbaceous per-
ennial plants with more than 7000 varieties, and widely
cultivated due to their diversity in leaf shape and color pat-
terns, shade tolerance and pest resistance. Hosta virus X
(Potexvirus, HVX) is a very serious problem for hosta
growers. This virus was first identified and described in
Minnesota, USA in 1996. Since then, HVX has been re-
ported from other US states, Canada, Europe as well as
from other continents. HVX is generally considered to be
the most economically important virus infecting hostas [1].
As HVX is an emerging disease that is causing problems
for growers, garden centers, and gardeners, the EPPO
Secretariat felt that HVX could usefully be added to the
EPPO Alert List. As HVX is sap-transmissible, it is easily
transmitted during vegetative plant propagation. Hostas
can also be propagated by seeds, but the possible seed
transmission of HVX needs to be clarified. As is the case
for other potexviruses, HVX is also spread by mechanical
contact. Therefore, it is easily transmitted from plant to
plant on hands and tools (e.g. pruning tools when removing
old leaves or flowers). Over long distances, trade of in-
fected plants has probably been the most significant source
of the disease. In addition, it is suggested that some culti-
vars which have been selected and commercialized be-
cause of their 'interesting foliage' were in fact infected by
HVX, which has contributed to further spreading the virus.

There is no evidence that HVX might be transmitted by
insects or other vectors [2, 3].

As is the case for other viruses, the control of the dis-
ease is difficult and essentially based on the use of resis-
tant cultivars and of prophylactic measures to minimize the
possibility of mechanical transmission of HVX. The produc-
tion of virus-free planting material through the implementa-
tion of certification schemes could also contribute to limiting
the spread of HVX [4,5].

We have previously shown that HVX infected some va-
rieties of Hosta plants from the M. M. Gryshko National
Botanic Gardens. The aim of this study was to carry out a
phylogenetic analysis of Ukrainian isolate of HVX.

Materials and methods:

The samples of various hosta cultivars were collected
from M. M. Gryshko National Botanical Garden (NAS of
Ukraine). The investigated hosta cultivars included: Hosta
Sum and substance, Hosta Striptease, Hosta Lady
Guinevere, Hosta spp, Hosta Venticosa, Hosta Udulata,
Hosta. Halcyon, Hosta. Crispula Maek, Hosta Gold Stan-
dart, Hosta Great Expectation, Hosta Ultraviolet light,
Hosta Mediovariegata, Hosta spp, Hosta, Hosta August
Moon, Hosta Twilight, Hosta Paul Glory, Hosta Siboldiana,
Hosta Whirlwind, Hosta Abigua, Hosta Wide Brim. The
samples were selected from plants with the following symp-
toms: systemic chlorosis, veinal chlorosis interveinal chlo-

© Shchetynina G., Pereboychuk O., Kharina A., 2013
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rosis, leaf discoloration, leaf rolling and curling, necrotic
lesions. Indirect ELISA tests of hosta samples were carried
out using antiserum obtained in our laboratory earlier. The
results were measured automatically with ELISA reader
Stat Fax 2100 (Awarennes Technology, USA) at 405 (for
alkaline phosphatase conjugated antibodies). Reverse
transcription polymerase chain reaction (RT-PCR) was
accomplished using kit SuperScript Il (Invitrogen, USA) and
a primer pair that amplified a 706 bp fragment [6].

RT-PCR was carried out according to manufacturer
recommendations. The amplified product from hosta culti-
var Sum and substance was sequenced on Applied Biosys-
tems 3730x1 DNA Analyzer using Big Dye terminators,
version 3.1 (Applied Biosystems, USA). Obtained se-
quences were identified and compared using BLAST-
analysis (http://www.ncbi.nlm.him.gov).

Phylogenetic analysis was realized through program
packages of MEGA 5 [7]. Bootstrep test with 1000 bootstrep

9 NK HK

replications was applied to check the reliability of phyloge-
netic trees. Phylogenetic trees were constructed using
neighbour-joining (NJ) and maximum likelihood (ML) meth-
ods. Statistical analyses of data obtained was carried out
using MS Excel software with performing Student's f test.

Results and discussion:

HVX was identified by ELISA in the samples from the
next cultivars of hosta: Sum and substance,Halcyon, Cris-
pula Maek, Gold Standart, Great Expectation, Ultraviolet
light. Further, the samples were used to optimize the condi-
tions of RT-PSR for hosta virus X detection. The first phase
of investigations included the extraction of the virus from
plant material (non RNA extraction). After heating, the
samples of isolated virus were subjected to RT-PCR (with-
out prior RNA extraction). Agarose gel electrophoresis re-
vealed the presence of amplified products with correspond-
ing molecular weight (Fig. 1).

M 1 2 3 4 5 6 7 8

9 MK HK

Fig. 1. Electrophoretic studies of RT-PCR products in agarose gel:
M — markers, Fermentas 100 bp, 1 — sample isolated from Hosta Venticosa, 2 — sample isolated from H. Udulata, 3 — H. Halcyon,
4 — H. Crispula Maek, 5 — H. Gold Standart,6 — H. Great Expectation., 7 — H. Ultraviolet light, 8 — H. Mediovariegata, 9 — Hosta spp.,
10 — Hosta spp, 11 — H. August Moon, 12 — H. Twilight, 13 — Hosta Paul Glory 14 — H. Paul Glory, 15 — H. Siboldiana, 16 — H. Whirlwind,
17 — H. Abigua, 18 — H. Wide Brim, K- positive control (Sum and substance), HI" — negative control

As can be seen from Figure 1. five amplified products
with expected size (706 b.p.) were obtained. Amplified
product from hosta Sum and substance further was used
for sequencing and construction of phylogenic trees.

Comparison of Ukrainian isolate nucleotide sequences
with available in databases sequences of known HVX

strains and isolates revealed high percent of their similarity
(near 99% for nucleotide sequences and near 98% for
amino acid sequences) to American isolates. Thus Ukrain-
ian isolate and American isolates probably belong to the
same strain (Table 1).

Table 1. Comparison of amino acid and nucleotide sequences of HVX isolated in Ukraine
with different strains and isolates from GenBank

Isolate Nucleotide sequense, % Amino acid, %
HVX USA_Sum_and_Substance 99,1 97
HVX_Poland_Sum_it_Up 99,1 97
HVX_Korea 98,6 95,2
HVX-Kr 98,6 95,2
HVX_Poland_Vim_and_Vigor 98,9 96,4
HVX Poland _Sum_and_Substance1 98,8 97
HVX_USA_Striptease 99,7 98,8
HVX Poland_Sum_and_Substance 98,6 96,4
HVX_USA:_Tennessee 99,5 98,8
HVX USA_Sum_and_Substance 2 99,2 97,6
HVX USA Sugar_and_Cream 99,2 98,2
HVX_USA_Hosta_fortunei_Antioch 99,2 98,2
HVX USA_Gold_Standard 99,2 97,6
HVX_USA_Sum_and_Substance1 99,1 97
HVX-37_USA_Sum_and_Substance 99,1 97
HVX-36_USA_Sum_and_Substance 99,1 97
HVX_USA HVX-U 99,1 97
HVX_China 98,9 97
HVX_Czech_Republic 98,9 97,6

Construction of phylogenetic tree by NJ method (Fig.2) demonstrated the similarity of Ukrainian isolates with other HVX

isolates that is confirmed by date available in Table1.
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HVX-37 USA Sum and Substance
59 — TnMp7
HVXUSA Sum and Substance1
HVXUSA Sum and Substance
HVX Czech Republic
HVXCR1
TnMp4
41 F————-— TnKn2
TnFr3
HVXUSA HVXU
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18 L—————————— HVXUSA Sugar and Cream
HVXPoland Sum and Substance1
HVXPoland Sum it Up
HVXUSA Gold Standard
HVX-36 USA Sum and Substance
HVXUSA Sum and Substance 2
HVXCR3
92 HVX Ukr Sum and Substance

73 HVXUSA Striptease

HVXUSA: Tennessee
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{ HVXPoland Sum and Substance
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Fig.2. Evolution relationships of Ukrainian HVX isolate with known from Gene bank isolates (NJ is 1000 bootstrap replications)

To determine possible origin of Ukrainian isolate an-
other approach to analysis of obtained nucleotide was ap-
plied. Maximum Likelihood method was chosen as discrete
method and was performed using model JC+l. The chose

software MEGAS5. As we can see from obtained phyloge-
netic tree (Fig.3), Ukrainian and American isolates are
placed in the same cluster (have a joint origin) and possibly
have a common ancestor.

of model for calculation was accomplished with program

HVXCR1
TnMp4
HVX Czech Republic
62 | TnKn2
TnFr3

HVXUSA Sum and Substance
HVXUSA Sum and Substance1
61| HVX-37 USA Sum and Substance
22| L———— TnMp7
——— HVXUSA Sugar and Cream

HVXUSA HVX-U

HVXPoland Sum and Substance1
HVX Poland Sum it Up

HVXUSA Sum and Substance 2

48 ———————— HVX-36 USA Sum and Substance

HVXUSA Gold Standard

HVXCR3
82 HVX Ukr Sum and Substance
69 !—(: HVX USA Striptease
; HVXUSA: Tennessee
53 HVXUSA Hosta fortunei Antioch
{ HVX China

HVXCR2
40 97 HVX Korea
I Hvxkr

HVX Poland Vim and Vigor
56 HVX Poland Sum and Substance

57

0.001

Fig.3. Molecular phylogenetic analysis of HVX capsid protein gene, constructed by Maximum likelihood method

(ML is 1000 bootstrap replications)
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We can see from phylogenetic tree that cluster separa-
tion depends neither on geography of virus isolation
(Ukrainian isolate are similar to American) nor on plant
cultivar as Ukraine isolate was extracted from Sum and
substance hosta cultivar whereas similar American isolate
was selected from hosta Striptease.

Our data is in agreement with literuture data according
to with analisys of CP i TGB1 aminoacid sequenses of all
known HVX strains confirmed their monophyletic origin.
Never the less the relationships between different isolates
of HVX are still unclear [8].

It was also shown that the HVX-CP gene is less vari-
able than TGB1, which suggests that CP is possibly under
more stringent selection pressure than TGB1. The substitu-
tions observed among the isolates in their respective se-
quences of the two genes were irregularly distributed. The
3'-proximal part of CP was the least variable region. This is
probably due to its critical role in mediating essential func-
tions such as interaction with the genomic RNA, movement
and encapsidation [9,10].

Observed HVX genetic variability possibly has biologi-
cal value. There are many instances where it has been
shown that a single amino acid changes in the CP of a
plant virus has a significant impact on virus/host interac-
tions. Hence, additional investigations are required to de-

termine the biological significance of the observed amino
acid sequence diversity in CP and TGB1 of HVX.
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I. lLleTuHiHa, acn., O. NMepe6onyyk, kaHAa. 6ion. Hayk, A. XapiHa, kaHA. 6ion. Hayk

KHY imeHi Tapaca LLleB4yeHka, KuiB

®INOrEHETUYHUN AHANI3 X BIPYCY XOCTU OETEKTOBAHOIO HA TEPUTOPII YKPAIHU
X-eipyc xocmu (Potexvirus, HVX) 6ye ideHmucbikoeaHuli memodom IPA e pisHux copmax xocma 3 konekyii HayionanbHo2o0 6omaHi4yHo20 ca-
OaHAH Ykpainu im. M.M. Mpuwka. OmpumaHo cukeeHc 2eHa 6inka o60/10HKU yKpaiHcbko20 i3onsamy HVX. OmpumaHa nocnidoeHicmb rnopieHroea-
nacs 3 eidomumu wmamamu 3 NeHb6aHka. Punoz2eHemuyeckue depeea 6ynu nobydoeaHi 3a donomozoto Memody 06'edHaHHsI cycidie i Makcumarnb-
Hoi npaedonodi6Hocmi. eH kancudHoz2o 6inka ykpaiHcbko20 i3onamy Ha 99-100% nodi6Hi 3a HykneomudHUM i amiHOKUCTIOMHUM nocsiidoeHocmel
3 amMepuKaHCbKUMU u30Jisimamu.
Knroyoei cnoea: x-8ipyc xocmu, imyHoghepmeHmHuli aHanis, 2eH6aHK.

T. lLleTuHuHa, acn., O. Mepe6onyyk, kaHA. 6uon. Hayk, A. XapuHa, kaHA. 6uon. Hayk,
KHY nmenu Tapaca LLleB4yeHko, KueB

PUNTOTEHETUYECKUN AHATIU3 X BUPYCA XOCTbl DETEKTUPYEMOIO HA TEPPUTOPUUN YKPAUHDbI
X-supyc xocmsl (Potexvirus, HVX) 6611 udeHnmuguyupoead memodom UDA e pasnudHbix copmax xocmbl u3 konnekyuu HayuoHanbHo20 60-
maHu4yeckoz2o cada HAH Ykpaunbi um. H.H. Mpuwka. MonyyeH cukeeHc 2eHa 6esika 060/104KU yKpauHcko2o u3onsima HVX. MonyyeHHass nocnedo-
eamesibHOCMb CcpaeHUBaslacb C U38eCmHbIMU WmaMMamu u3 2eH6aHKa. dunozeHemuyveckue depeebsi 6bis1U MOCMPOEHbI C MOMOWbLI0 Memoda
o6beduHeHus1 cocedell U MaKkcuMasibHo20 npaedonodobus. 'eH kancudHoz20 6esika yKpauHCcKo20 usonsima Ha 99-100% nodob6eH no Hykreomuo-
HbIM U aMUHOKUCIIOMHbIM rnocsiedogamesisHOCMSM ¢ aMepuKkaHCKUMU u3osissmamu.
Knroyoesle cnoea: x-eupyc xocmbl, uMMyHOghepMeHMHbIl aHanu3, 2eH6aHK.
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COMPLEMENTARY RESULTS OF LUMINESCENT
AND TRANSMISSION ELECTRON MICROSCOPY PROVIDE STRIKING EVIDENCE
OF HEAVY METAL IONS®' EFFECT ON THE FORMATION OF AGGREGATES
OF TOBACCO MOSAIC VIRUS VIRIONS BOTH /N VITRO AND /N ViIvVO

In vitro electron microscopy studies showed that virus particles treated with heavy metals aggregate creating either ‘typical’
lateral (side-to-side) aggregates of virions or star-like ones not reported previously. Luminescent light microscopy of epidermal
cells of virus-infected tobacco plants demonstrated that metal treatment has led to the appearance of mostly amorphous and
noncompact inclusion bodies, which were not typical for cells of plants not stressed with a heavy metal. Finally, electron micros-
copy of thin sections of tissues of virus-infected tobacco plants showed that metal-affected cells contained higher numbers of
larger crystalline multilayered inclusions consisting of virus particles.

Key words: virus-infected tobacco, metal-affected cells.

Introduction. Previously we have shown that heavy
metal contamination of ecosystems favours plant virus
spread [1, 2], more intense accumulation of viruses by sys-
temically infected plants and delay in the onset of virus-
specific symptoms [3]. We have also demonstrated positive
correlation between the heavy metal content in soil and

virus concentration in tissues of plants grown in such soil
[4]. Long-term virus passaging in heavy metal-stressed
plants has been shown to affect neither virus infectivity nor
the appearance of local virus-specific symptoms [4, 5].
According to the proposed hypothesis (partially con-
firmed by the outcomes of laboratory and small-scale field

© Shevchenko O., lutynska O., 2013
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experiments), chronic effect of abiotic environmental stress
factors may lead to intensification of plant virus infection
development. Many plausible reasons for this may be sug-
gested including: (i) more efficient intercellular and/or sys-
temic virus ftransport; (ii) more efficient virus replica-
tion/accumulation at the cell level (for instance, due to the
plant defenses' failure); (iii) formation of novel virus vari-
ants tolerant to the stress exerted by the metals.

This work has been focused on the second option, as
we have studied the in vitro and in vivo effects of heavy
metals on Tobacco mosaic virus (TMV) virions and forma-
tion of virus-induced inclusion bodies in infected cells.

Materials and methods. In this work we have used a
well-studied model system "Tobacco mosaic virus — Nico-
tiana tabacum cv. Samsun plants".

Tobacco plants were virus-inoculated mechanically in
two upper leaves at the stage of four true leaves using car-
borundum powder [6]. The concentration of inoculum was
150 pg/ml. The development of systemic viral infection was
monitored visually by symptoms, and using indirect ELISA
[7] to measure virus content in the plants (not shown here
for the lack of space).

Heavy metals Zn and Pb in the form of water-soluble
salts (ZnSO4x7H20 and Pb(NO3)2 (Alfarus, Ukraine) have
been used to simulate a soil contamination. The com-
pounds were dissolved in sterile distilled water and added
to soil separately (monometal contamination) at the 5X
maximum permissible concentrations (MPC). Values of 1X
MPC for the metals under study were as follows: Zn —
300 mg/kg, and Pb — 100 mg/kg [8]. The heavy metals were
applied to soil 5 days prior to plant inoculation with TMV.

For thin-sectioning studies, leaf tissue was processed, thin
sectioned and analyzed with a transmission electron micro-

scope according to generally-accepted protocols [9]. For mi-
croscopy, copper grids or blends (Sigma, USA) were coated
with  chloroform-dissolved 0.2% polyvinyl formaldehyde
(Serva, Germany), dried overnight on filter paper at room
temperature, and then strengthened with carbon coating. The
samples deposited onto grids were stained with 2.5% uranyl
acetate and 0.02 N lead citrate (Serva, Germany), and exam-
ined using JEM-1200 ex or JEM 1400 (JEOL, Japan) trans-
mission electron microscopes. The sections were photo-
graphed at a magnification of 5,000-60,000x.

For luminescent microscopy studies we used fresh leaf
tissue of tobacco plants, acridine orange dye and green
light filter following generally-accepted protocol [10]. Pho-
tographs were made under UV-light at an instrumental
magpnification of 630x.

For in vitro studies, water-soluble salts of heavy met-
als (ZnS04x7H20 and Pb(NO3)2 (Alfarus, Ukraine) have
been used at the range of concentrations (5-22 mM, cal-
culated for metal). TMV was used in the distilled water
suspension of 0.165 mg/ml. Salt and virus suspensions
were mixed 1:1 on a glass slide and incubated at room
temperature for 30 min [11]. The resulting suspension
was used for transmission electron microscopy studies
following the generally-accepted procedure at a magnifi-
cation of 5,000-30,000x.

Results and discussion. In vitro studies showed that
TMV particles treated with heavy metals aggregate in two
ways creating either 'typical' lateral (side-to-side) aggre-
gates of virions known from literature or star-like ones not
reported previously (Figure 1, 2). Together with available
data [12], the importance of bivalent metal ions for the for-
mation of TMV-specific inclusion bodies in infected plant
cells has been suggested.
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Figure 1. Electron micrograph of TMV suspension:
(A, B) incubated with Zn salt (instrumental magnification 40000x); (C) incubated with Pb salt (instrumental magnification 30000x);
(D) not treated with metal (instrumental magnification 30000x)

Indeed, this has also been confirmed in part by in vivo lu-
minescent analysis of epidermal cells of TMV-infected to-
bacco plants. Normally, TMV U1 strain induced the devel-
opment of quasi-crystal intracellular inclusion bodies charac-

terized by compactness, visual homogeneity and geometri-
cally 'proper' shape. Zinc treatment has led to the appear-
ance of the inclusion bodies, most of which being amor-
phous and noncompact, with visible 'fissures' (Figure 2).
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Figure 2. Luminescent microscopy of TMV-induced inclusion bodies in epidermal hairs of leaves
of infected tobacco plants (UV light, acridine orange dye, green light filter, instrumental magnification 630x):
(A) compact virus inclusion (orange) typical for plants not treated with heavy metals; (B) noncompact virus inclusion (orange) often
found in metal-stressed plants

Further, we were primarily concerned with observing the
progress of TMV infection in cells of systemically infected to-
bacco plants subjected to heavy metal stress. The point was
to use electron microscopy as a proxy measure to see
whether virus replicates more efficiently in a single cell, and to
elucidate the consequences of dual stress at the cell level.

Intact palisade parenchyma cells of tobacco plants had a
typical morphology and properly shaped nuclei, chloroplasts
and mitochondria. The nucleus with nucleoli normally was
located close to the centre of the cell, whereas large chloro-

plasts were oval in shape, had dense stroma, fully-formed
thylacoids and lamellas, and typically resided at the cell pe-
riphery. Cells of tobacco plants systemically infected with
TMV showed typical mild pathologies mainly involving a
moderate vacuolization of the cytoplasm and deformation of
chloroplasts. The nuclei of such cells were larger than those
of intact cells, but the cell wall, mitochondria and cell mem-
brane did not demonstrate significant alterations. Virus-
specific crystalline inclusion bodies have been found in the
cytoplasm close to the cell periphery (Figure 3).

Figure 3. Electron micrographs of intact (A) and TMV-infected (B) cells of tobacco plants

Mesophyll cells of Zn-treated TMV-infected tobacco
plants demonstrated higher degree of vacuolization. Their
organelles (mainly, the nucleus and chloroplasts) were
often significantly distorted and usually displaced close to
the cell membrane. Virus particles formed numerous
prominent crystalline inclusion bodies located close to the
cell periphery forming layered structures composed of TMV
virions. In Zn-treated cells TMV particles have been re-
peatedly observed in nuclei and chloroplasts.

Pb-treated plant cells also reacted on viral infection
rather similarly (Fig.7). To our opinion, lead ions had more
dramatic effect on the progress of TMV infection in tobacco
parenchyma cells. As such, organelles (especially the nu-
cleus and chloroplasts) were more damaged. Cells of virus-
infected tobacco plants grown in Pb-enriched substrate
also showed higher degree of vacuolization, distinct ab-

A

normalities of the cell wall structure (visual 'fragility') and
expansion of the intercellular space. These virus-infected
cells, as well as Zn-effected, also contained numerous ab-
normally large starch grains in their chloroplasts. It worth to
note that according to microscopy data the cytoplasm of
such cells contained more virions and fully-formed virus-
specific crystalline inclusions as compared to the cells of
Zn-treated virus-infected plants (Figure 4).

In this work we were primarily concerned with observ-
ing the progress of TMV infection in cells of systemically
infected tobacco plants subjected to heavy metal stress.
The point was to use electron microscopy as a proxy
measure to see whether virus replicates more efficiently in
a single cell, and to elucidate the consequences of dual
stress at the cell level.

B .Y 4 e

Figure 4. Electron micrographs of TMV-infe;:ted cells of tobacco plants grown in (A) Zn-amended or (B) Pb-amended soil
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Visual estimates of the course of viral infection clearly
show that heavy metals Zn or Pb potentiate virus accumu-
lation in cells. This is in accordance with the quantitative
ELISA results, when Zn and Pb induced respectively
2-times and 4,5-times increase in TMV content as com-
pared to that in virus-infected plants not treated with heavy
metals (i.e., representing virus load at the plant level). In
addition, the microscopy provided evidence that metal-
affected cells contained higher numbers of larger crystal-
line multilayered inclusions consisting of TMV particles.

In TMV-infected parenchyma cells of tobacco plants
stressed by another stressor, heavy metal (Zn or Pb), simi-
lar pathological changes were observed: vacuolization,
some distortion/damage of major organelles (nucleus and
chloroplasts) more evident in Pb-treated cells, occurrence
of large starch grains in the chloroplasts and trans-
/malformation of the cell wall (Pb-specific effect). One can
say that the overall cell degradation is much more severe
when cells are affected by both TMV and a heavy metal.

Conclusions. In this work we have demonstrated plau-
sible coherence of results obtained using different kinds of
microscopy for TMV virions in vitro and viral infection in
vivo. Presented data show that heavy metals may have
direct effects on virions' aggregation and also can (indi-
rectly) influence the formation of viral inclusions in the cell.
Combined effect of viral infection and heavy metals has
more serious consequences for cells of tobacco plants and
may be indicative of more efficient virus replication in
chronically stressed cells.
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KHY imeHi Tapaca LLeB4eHka, KuiB

B3AEMOOMNOBHIOKOYI PE3YNIbTATU NIIOMIHECLIEHTHOI TA TPAHCMICIAHOI ENEKTPOHHOI MIKPOCKONIT
CBIOYATDb MNMPO BIMJIUB IOHIB BAXXKMX METAINIB HA YTBOPEHHSA AIrPErATIB BIPIOHIB BIPYCY
TIOTIOHOBOI MO3AIKU K B YMOBAX IN VITRO, TAK | IN VIVO

EnekmpoHHoMikpockoniyHi docnidxeHHs1 8 yMoeax in vitro noka3asu, ujo o6pobrieHi eaxkuMu Memasiamu eipycHi Yacmku azpez2yroms y "mu-
noei" cmpykmypu, e sikux gipioHu 3'e0HaHi namepanbHO, ma ymeoproroms 3ipkonodioHi cmpykmypu, HeonucaHi paHiwe. Pesynbmamu ceimnoeoi
NroMiHecyeHmHoi Mikpockonii npodeMoHcmpyseanu, wo nio enueoM 8aXxKux memarsie 8 enidepmasnbHUX KnimuHax eipyc-iHghikosaHux pocrnuH
MIOMI0OHY ymeoprorombCsi 20/I086HUM YUHOM aMOPGHi HEKOMMaKMHI 8ipycHi 8KITI0OYeHHsI, Hemuroei O7ns1 KNimuH POC/uH, siKi He nidnsizanu ennusy
cmpecy, Crpu4uHeHo020 8aXKUMu memanamu. EnekmpoHHa MiKpockonisi ynbmpamoHKuX 3pi3ie mkaHuH eipyc-iHghikogaHUX POC/IUH MIOMIOHY
rnoka3sana, Wo eaxki Memarsnu euksiukau nosiey 6inbwoi KinbKkocmi eenukux 6azamowapoeux 8KI0Y€eHb, sIKi CKI1adaucsi 3 8ipyCHUX 4acmok.

Knro4oei cnoea: nromiHecyeHmHa MiKpOCKoOisi, MIKPOCKOMisi yNbmpamoHKUX 3pi3ie, eaxki memanu, eipyc-iHghikogaHi pocnuHU MOMIHY,
8ipYCHIi 8KI/THOYEHHSI.

A. leBueHko, kaHAa. 6uon. Hayk, E. UyTuHckasn, kaHa. 6uon. Hayk, Mnag. Hay4. CoTp.
KHY nmenu Tapaca LLleB4yeHko, KueB

B3AUMOLOMNOJNHAIOLWME PE3YNbTATbI IOMUHECLEHTHON
U TPAHCMUCCUBHOW 3NIEKTPOHHOW MUKPOCKONMNWUU CBUAETENBLCTBYIOT
O BIIMAHUN NOHOB TAXEJIbIX METAJIJIOB HA OBPA30OBAHUE ATPEFATOB BUPUOHOB
BUPYCA TABAYHOW MO3AKU KAK B YCITOBUAX IN VITRO, TAK W IN VIVO

AnekmpoHHOMUKpPOCKONuYecKue uccredoeaHusi 8 ycoeusx in vitro nokasanu, ymo o6pabomaHHble MsXXeNbIMU Memannamu eupycHble 4ac-
muuybl azpeaupyrom 6 "munu4Hbie” cmpyKmypbl, 8 KOmopbIX 8UPUOHbLI COEOUHEHbI JlamepasnibHO, U 06pa3ytom 38€300M10006HbIe CMPYKMYypbI,
onucaHble paHee. Pe3ynbsmambi ceemogoli IIOMUHeCyeHMHoU MUKPOCKOMUU MoKa3asu, Ymo nod esussHueM msixesibiX Memarioe e anudepmarb-
HbIX K/lemkKax eupyc-uHguyupoeaHHbIX pacmeHuli mabaka o6pa3yromcsi 2/1aéHbIM 06pa3oM aMOPgHbIE HEKOMIMAKMHbLIE 8UPYCHbIE SKITHOYEHUS,
HemunuyHble Ons1 KIemoK pacmeHuli, Komopbie He nodnexanu eo3delicmeuto cmpecca, 8bI38aHHO20 MshKesIbIMU Memasnnamu. JeKmpoHHas
MUKPOCKOMUS yNIbmpamoHKUX cpe30e mkaHel eupyc-uHghuyupoeaHHbIX pacmeHuli mabaka nokasana, Ymo msikesible Memasnbl npusenu 60Jb-
wemy Kosu4yecmey MHO20C/TIO0UHbIX 8KITFOYEHUL, KOMOopble COCMOSIU U3 8UPYCHbIX Yacmuy.

Kntodeebie croea: noMUHecyeHMHasi MUKPOCKOIMUS, MUKPOCKOMUS Y/IbMPamoHKUX CPpe308, msiXe/ible Memarsbl, eupyc-UHuyuposaHHbie
pacmeHusi mabaka, euUpyCHbIe 8KITIOYEHUS].
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BACTERIOPHAGES FROM SAMPLES OF PULSATILLA PRATENSIS PLANTS
OF NATURAL FLORA OF UKRAINE

We segregated the bacteriophages with long tails, which have different litic activity, size and consist of proteins from Pulsa-
tilla pratensis plants. These plants were selected in the Kaniv Nature Reserve.

Key words: bacteriophages, natural flora, Pulsatilla pratensis.

Introdaction. Bacteriophages are the most widespread
in the environments with high density of active metabolically
bacteria [1]. In phytocenosis the reprodaction of a set of
bacteria which significantly influence a physiological condi-
tion of plants is supported and can show phytopathogenic
properties. In this regard studying of the interconnected
processes of ecology of bacteria and their phages is an ac-
tual task. Despite a large number of the works dedicated to
segregation and identification of phages, the processes as-
sociated with their ecology and evolution in the nature are
studied deficiency [2]. Evolutionary approach allows to study
them under the influence of environment where the titre of
phages in an ecosystem, density of bacterial population and
a physiological condition of microorganisms are important
factors. Research of interaction of system of populations of
phages and bacteria in the conditions of natural environment
gives the chance to research the dynamics of interaction and
development of populations under the influence of environ-
ment factors. It's allows a better understanding about bacte-
riophages. The relation of quantity of virus particles to quan-
tity of bacteria in averages 10:1. Moreover, the phages are
the most numerical organisms on Earth according to some
data. Population of phages exceeds 10 virus particles [3].
Transduktion is an improbable event [4]. But, with such
number of phages, it happens quite often. The number of
virus particles consists not only in their huge number, but
also in a specific variety [5].

Material and methods. Sampling for analyses of fea-
tures of segregation made from the rhizomes of plants of
P. pratensis and soil around the roots during the period from
June, 2011 to June, 2013. In researches used isolates of
bacteriophages which are susceptible to cultures of bacteria
of Pseudomonas fluorescens and Seratia marcienses L-2.
After series of passages, pure phage clones with different

phage plaque morphology were obtained for every isolate.
Viruses accumulated on the cultures in nutrient broth with
aeration at 25 C. C.In researches used lysates with concen-
tration10%-10'° plaque forming units per ml (PFU/ml). Titers
were determined by agar-layer technique by Gratia [6].

For research of a range of Iytic activity used pathogenic for
plants cultures of bacteria: Erwinia carotovora 216, Pseudo-
monas syringae pv. atrofaciens 1025, Pseudomonas viridi-
flava 8868, Pseudomonas fluorescens 8573 and Seratia
marcienses L-2, the cultures were provided by the museum of
phytopathogenic bacteria of the Institute of Microbiology and
Virology of the National Academy of Sciences of Ukraine.

The protein composition of the isolated viruses was re-
searched by electrophoresis by Laemmli [7]. Morphology of
virus particles researched by means of electronic micro-
scope (JEOL JEM - 1400).

Results and discussion. Phages from samples
formed small clear negative colonies on Seratia marcien-
ses L-2 and colonies with an aureole on Pseudomonas
fluorescens with diameter about 0,5-1 mm (fig.1).

Research of features of segregation of phages from
rhizomes of plants and soil around the roots showed exis-
tence of variety of isolates of phages on the basis of lytic
ability to used indicator bacteria. The received isolates
were characterized by high titers of Iytic activity. In total, 4
phage isolates were isolated and described. For determine
of a range of hosts was conducted the research of lytic
activity of phages on 5 strains of phytopathogenic bacteria.
It is revealed that from four checked samples two (the
sample Ne1 and Ne6) showed lytic activity to strains of dif-
ferent genus of phytopathogenic bacteria (Pseudomonas
and Seratia marcienses L-2) while other two isolates was
monovalent (samples Ne2, Ne3) — showed lytic activity only
to one bacterial strain (tabl.1).

Fig.1. Negative colonies of phages on the culture:
Seratia marcienses L-2 — sample Ne1 (A), sample Ne2 (B), sample Ne3 (C), sample Ne6 (D)
and Pseudomonas fluorescens — sample Ne1 (E) and sample Ne6 (F)

© Shydlovska O., Kompanets T., Andriychuk O., Romashev S., 2013
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Table 1. Phage lytic activity to indicator bacteria

Number of sample | Ne1 Ne2 Ne3 Ne6
Bacterial culture
Erwinia carotovora - - - -
Pseudomonas syringae pv. atrofaciens - - - -
Pseudomonas fluorescens + - - +
Pseudomonas viridiflava - -
Seratia marcienses L-2 + + + +

Notes: "+" — negative colonias
"-" — colonias were absent

Virulent phages of samples Ne2 and Ne3 are narrowly
specific. Phages of samples Ne1 and Ne6 show polyvalency
reovercoming generic border, infecting 100 percent of rep-
resentatives of Pseudomonas fluorescens and Seratia
marcienses L-2 respectively.

The nature of phage segregation allows to assume ex-
istence of the mechanisms providing preservation of popu-
lations of phages in biocenoses. The received results cre-
ate a basis for studying of distribution of certain representa-
tives of viruses of microorganisms in the nature, definition
of their interrelations in biocenoses.

Dhead=9722nm
Ltail=1 57+3nm

Dhead=8912nm
Ltail=1 54t4nm

Analysis of the electron micrographes showed that the
phages were different in structure and size of virions.

Among them the group of phages, with an icosahedral
head and the long non-contractile tail, relates to family Si-
phoviridae and order Caudovirales. Phages have the sizes:
diameter of a head — 97 + 2 nm, length of a tail — 157 *
3 nm, diameter of a head — 89 + 2 nm, length of a tail — 154
+ 4 nm. Other isolate of a phage with an i icosahedral head
without long tail relates to family Podoviridae and order
Caudovirales. It had the size: diameter of a head — 37 +
1 nm, length of a tail shoot — 137 + 3 nm (fig.2).

% Dhead=941+2nm
L.ai|=206i4n m

Dhead=37i1 nm
Ltail=1 37£3nm
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Fig.2. Electron micrographs of segregated phages. A — from sample Ne2, B — from sample Ne3, C-D — from sample Ne6

The protein composition of the isolated viruses was re-
searched by electrophoresis by Laemmli. Research polypep-
tide structure of phages conducted for the purpose of detec-
tion of distinctive characteristics polypeptide structure. In
work used preparations of the concentrated and cleared
suspensions of phages. Analyzed allocation of samples on

molecular masses. Compared on number and electrophore-
sis mobility the 4 isolates of phages: sample Ne1, Ne2, Ne3
and Ne6 — a susceptible bacteria of Seratia marcienses L-2,
Ne21 and Ne26 — a susceptible bactera of Pseudomonas
fluorescens. Them electron micrographes differed and had
characteristic individual distinctions (tabl.2).

Table 2. Molecular weight of phages polypeptides

Ps. fluorescenns Sample Ne6, kDa 66 31 | 27 16
Sample Ne1, kDa 63 40 | 34
Sample Ne6, kDa 60 | 47 31 | 26 | 24 | 19 | 18

S. marcienses L-2 Sample Ne3, kDa 167 104 63 39 | 33 | 31| 28 19 | 18
Sample Ne2, kDa 167 104 | 66 40 31 | 27
Sample Ne1, kDa | 190 123 40 31 | 28 19

Thus, phages from samples Ne2 and Ne3 have high de-
gree of similarity that allows to assume their general origin.
Other samples of phages considerably differ on some poly-
peptides. Results of polypeptide structure can reflect a cer-
tain evolutionary process in population of phages. They had
the general ancestor. Comparison of proteins of phages of
different hosts shows a variety of molecular mass of their
polypeptides. According to literary data a variety of structural
proteins is characteristic for viruses of microorganisms into
which structure can enter to several tens proteins.

Conclusions. Nature of allocation of phages allows to
assume existence of the mechanisms providing preserva-
tion of populations of phages in biocenoses. The received
results create a basis for studying of distribution of certain
representatives of viruses of microorganisms in the nature,
definition of their interrelations in biocenoses. Comparison
of the allocated phages will allow to understand deeper an
evolutionary way of viruses in natural ecosystems.
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KHY imeHi Tapaca LLeB4eHka, Kui

BAKTEPUO®ATU 31 3PA3KIB POCJIUH PULSATILLA PRATENSIS MPUPOJHOI ®JIOPU YKPAIHU

IMpu docnidxeHHi 3pa3kie 3 pocnuH Pulsatilla pratensis, sidi6paHux Ha mepumopii KaHiecbko2o npupodHozo 3anoeioHuka, 6yno eudineHo 6 6akmepi-
ogbazie 3 dog2uMU Xx80CMOBUMU 8i0pOCMKaMu, W0 8iOpi3HsNUCS 3a po3mipamu, 6ioso2i4Horo (NiMmu4YHOr) akmueHicmio ma 6inkosum cknadom.

Knroyoei cnoea:6akmepioghazu, gpriopa Ykpainu, Pulsatilla pratensis.
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KHY nmenu Tapaca LLleB4eHko, KueB

BAKTEPUO®AIM U3 OEPA3LIOB PACTEHWUWN PULSATILLA PRATENSIS NPUPOAHON ®JIOPbl YKPAUHbI

IMpu uccnedoeaHuu o6pa3yoe u3 pacmeHul Pulsatilla pratensis, omo6paHHbIx Ha meppumopuu KaHeecko2o npupodHo20 3anoeedHuka, 6b110
ebldesieHo 6 6akmepuoghazoe ¢ ONIUHHBbIMU X80CMOE8bIMU OMPOCMKaMu, KOMopble omJuYasaucb No pasmepam, 6uoso2uyeckol (numu4eckoli)

akmueHocmbro U Genkoeomy cocmasy.

Knroyeenie cnoea: 6akmepuodgpazu, gpriopa YkpauHsl, Pulsatilla pratensis.
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DIAGNOSTICS OF SEED-BORNE CEREAL VIRUSES IN AGRIECOSYSTEMS OF UKRAINE

Using various complementing diagnostics techniques, we have analyzed spread of cereal viruses capable of seed transmis-
sion for Ukraine. Testing different cultivars and lines of cereal plants massively cultivated in Ukraine showed that seed(s) of 10
cultivars (11,8% of their total quantity) contains Barley stripe mosaic virus (BSMV).

Key words: cereal viruses, seed transmission, Barley Stripe Mosaic Virus.

Introduction. Conservation of a virus in a seed for
subsequent virus transmission is an ingenious strategy for
virus survival because the seed virtually links sowing sea-
sons. This approach is of special importance for viruses
having narrow host range and for viruses which are not
readily transmitted by vectors. For cereals, Barley stripe
mosaic virus (BSMV) is a showcase of probably most spe-
cialized virus as the seed transmission is vital for its sur-
vival [1; 2; 3]. In addition to BSMV it is known that Wheat
streak mosaic virus (WSMV) may also be transmitted with
seeds with the rate of 0,1-0,2% for maize [4] and 0,5-
1,5 % for different wheat genotypes [5]. In the early
2000ies, seed transmission has brought WSMV from the
USA to Australia where this virus (having probably adopted
to a new vector species, Aceria tosichella) induced heavy
epidemics [6]. Different authors pointed that even such
small seed transmission rate of the virus as 1% (i.e., when
1% of seeds contain virus) may lead to multiple virus infec-
tion of plant generation (105-107 infected plants per hec-
tare). This is why annual yield losses of cereals attributed
to WSMV in the North America make approximately 5%.
However, local outbreaks favored by intensive virus spread
by Aceria tritici at the early stage of plant growth may lead
to total loss of the crop yield [1].

As regarding BSMV infection in the USA, natural virus in-
fection typically leads to barley yield losses of 30-31%. Virus
induced losses are normally due to flower sterility (BSMV is
transmitted by both seeds and pollen) [2]. Efficiency of seed
transmission of this virus depends on virus strain, stage of
plant growth at which it became infected, and also on spe-
cies and cultivar of the crop. Available data suggest that
BSMV retains its infectivity even in the seeds stored for more
than 19 years [2]. This fact is of importance when choosing
material for plant selection aiming at breeding new virus-
resistant cereal crops. In addition it's worth to say that

BSMV-infected plants produce 20-50% less seed, mainly
due to the decrease of the number productive stems and
number of seeds in a spike. BSMV is spread worldwide
where cereals are grown. The virus cannot be inactivated by
chemical or temperature seed treatment (in spite of the fact
that temperature point for virus inactivation is 70°C) [2; 3].

Starting from the 1960ies, many authors described dis-
eases of cereal crops induced by WSMV and BSMV in
Ukraine. Main foci of research were biological properties of
these viruses, their spread, visual appearance of the dis-
eases on various cultivars, harmfulness, etc. [7; 8; 9]. To-
day, however, these pathogens (and especially seed
transmission) is totally neglected. BSMV is a good example
of the virus which spread remains unknown.

This work was aimed at analyzing spread of WSMV
and BSMV in Ukrainian agriecosystems using different
diagnostic techniques, and also at testing plant selection
material of major cereal crops (available at the Bank of
plant genetic resources of Ukraine) for BSMV infection.

Materials and methods. For obtaining reliable data
on detection and spread of seed-borne cereal viruses we
have conducted 10-year monitoring of wheat and barley
commercial sowings showing symptoms typical for these
pathogens. The monitored areas were Vinnytsya, Dni-
propetrivsk, Kyiv, Lviv, Mykolayiv, Odessa, Poltava, Kher-
son, Kmelnytskiy and Cherkassy regions. During the vis-
ual assessment of the fields attention was paid to the
percentage and relative spread of diseased plants, to
occurrence of insect vectors, and to the abundance of
concurrent bacterial and fungi infections. WSMV and
BSMV were detected using DAS-ELISA with commercial
polyclonal test systems (Loewe Biochemica, Germany)
following the manufacturer's recommendations. Samples
with optical density of 0,2 and higher were considered
positive in ELISA [10].

© Snihur H., Shevchenko O., 2013
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For direct virus detection, study of their morphological
properties and dimensions transmission electron micros-
copy (TEM) was used. For microscopy, plant samples were
homogenated in 0,1 M PBS, pH 7,4, and centrifuged at
4,000 rpm for 15 min. The supernatant was deposited on
Formvare-coated copper grids further contrasted with 2%
uranil acetate for 10 min [11].

For detection contamination of cereal seed bank selec-
tion material with viruses, seedlings and young plants
(stage of 4 leaves) of 85 cultivars and lines were used. 10
plants of each genotype were tested for viruses using
ELISA as described above.

Results and discussion. WSMV is demonstrated to
be one of the most spread plant viruses in agriecosys-
tems of Ukraine. By means of visual diagnostics and
ELISA, we have detected WSMV in winter and spring

wheat, winter and spring barley in sowings from Vinnyt-
sya, Dnipropetrivsk, Kyiv, Odessa, Poltava, Kharkiv and
Cherkassy regions. WSMV has been most widely spread
in central, northern and eastern parts of Ukraine. Season
of 2007/2008 yy has shown a peak in virus spread, as
well as warm and humid autumn of 2012 (especially in
northern and eastern regions). Different cultivars devel-
oped varying symptoms of WSMV infection ranging from
small streak mosaics to light green stripe mosaics, even
when grown on the same field. ELISA confirmed that
plants with differing symptoms have been infected with
the same virus, WSMV, in the form of monoinfection. Im-
portantly, plants with stripe mosaic symptoms were
grouped together forming a focus of infection in the field
(Fig.1a), when separate plants with streak mosaic symp-
toms were more or less evenly distributed (Fig.1b).

Fig.1. WSMV symptoms of winter wheat plants: (a) late autumn, Kharkiv region; (b) late spring, Kyiv region

In our opinion, these results may indicate different
means of virus transmission in the field. Separate diseased
plants were probably germinated from WSMV-
contaminated seed, when in case of foci of infection the
virus was rather vector-transmitted as Aceria tritici mites
were found abundant in the leaves' sulci.

BSMV has been detected only sporadically on winter
wheat in 2003 (Kyiv and Poltava regions), in 2006 (Vinnyt-
sya region), and in 2008 (Kyiv region). This probably is
connected to the unique mean of virus transmission by
seed. In addition, BSMV-contaminated seed has low mass
and normally is not used for sowing.

Microscopy analysis confirmed plants' infection with ei-
ther WSMV or BSMV. We have detected typical particles of

-
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Tritimovirus genus, Potyviridae, 700x13-14 nm (Fig.2a), and
rod-shaped particles of 120-150x20 nm typical for Hor-
deivirus genus (Fig.2b). ELISA confirmed the TEM results.
We have also tested cereal seed bank selection mate-
rial for BSMV and demonstrated that 10 cultivars (11,8% of
their total quantity) contained BSMV. These were spring
wheat cultivars "Kharkivska 30", "Rannya 93", "Pro-

horovka", "Voronezhska 6", "Saratovska 60", and "Sara-
tovska 68"; winter wheat cultivar "Skala"; winter barley cul-
tivar "Avangard"; selection lines "D-253"and "D-257".

This information must be taken into account when
breeding new varieties.
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Fig.2. Electron micrography of WSMV (a) and BSMV (b) (x25000)

We need to say that various cultivars and lines of cere-
als demonstrated differing rate of BSMV infection. "Rannya
93", "Prohorovka", and "Saratovska 68" cultivars were most

contaminated (45-65 %), when "Voronezhska 6" cultivar
and lines "D-253"and "D-257" were characterized with only
10% of infection (Fig.3).
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Fig.3. Percentage of seed contamination with BSMV for different cultivars and lines of cereals

The absolute number of initially infected seeds is vitally
important for disease progression, especially in case of
selection/breeding material. These results underline the
need for careful testing of source genetic material.

Conclusions. We have analyzed agriecosystems in 11
cereal-growing regions of Ukraine for occurrence and spread
of seed-borne viruses. Using different diagnostic approaches
we have demonstrated significant spread of Wheat streak
mosaic virus — the pathogen gathering its epidemic potential
in many regions of the country. Moreover, we have also de-
tected Barley stripe mosaic virus in several agriecosystems
and breeding material of major cereal cultures provided by
the Bank of plant genetic resources of Ukraine. BSMV is
highly specialized for seed transmission with unknown vec-
tors. It's also spread mechanically by contact. BSMV is
transmitted by seed of only susceptible/tolerant barley culti-
vars. The efficiency of its seed transmission by resistant
cultivars is negligible [12; 13].

Hence, co-adaptation of the virus and the host favors
seed transmission of BSMV. Mild strains of this virus are
more readily seed-transmitted and do not induce severe
visual symptoms. The symptoms depend on the growing
conditions, underlying the need for careful monitoring of
virus spread.

. CHiryp, kaHA. 6ion. Hayk, O. LLleB4eHKo, KaHA. Gion. Hayk
KHY imeHi Tapaca LLeB4eHka, Kui

OIATHOCTUKA BIPYCIB 3EPHOBUX KYJIbTYP,
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O 30ATHI O HACIHHEBOI NEPEAAUI,

B ATPOEKOCUCTEMAX YKPAIHU

Bukopucmosyroqu pi3Hi Memodu diacHOCMUKU 8U3Ha4YeHO MOWUPEHHS

sipycie 3epHo8ux Kynbmyp, ujo 30amHi 0o HaciHHegoi nepedadyi e ae-

poekocucmemax YkpaiHu. TecmyeaHHs1 copmie ma niHili 3epHO8UX, sIKi eupouwyrombcsi 8 YKpaiHi, nokasano, wo HaciHHsi nuwe 10 (11,8 %) copmie

KOHmMamiHoeaHe gipycom wmpuxysamoi mo3aiku siumeHro (BLLIMSI).

Knroyoei cnoea:eipycu 3epHosux Kynbmyp, HaciHHeea nepedaya, gipyc wmpuxyeamoi Mo3aiKu siYMeH!o.

I'. CHeryp, kaHA. 6uon. Hayk, A. LLleBYeHKo, kaHA. 6uon. Hayk
KHY nmenu Tapaca LLleB4eHko, KueB

ONATHOCTUKA BUPYCOB 3EPHOBbIX KYJIbTYP, KOTOPbIE NEPEOAIOTCA CEMEHAMM,
B ATPO3KOCUCTEMAX YKPAUHDI

Ucnonb3ys paznuyHblie MemoOdbl QuazHOCMUKU onpedesieHo pacrnpocmpaHeHuUe 8Upycoe 3epHO8bIX KyJlbmyp, CIOCO6HbLIX K ceMeHHoU nepe-
daye e azpoakocucmemax YkpauHbl. TecmupoeaHue copmoe u JIUHUl 3epPHO8bIX, KOMOpbIe Mpou3pocmarom & YKpauHe, rokasaso, 4mo ceMeHa
monbko 10 (11,8 %) copmoe KoHMaMuHUpPo8aHHbI 8UPYCOM WMPUX080U Mo3auKku siymeHs1 (BLUMS).

Knrodeenbie cniosa: supychl 3epHO8bIX Ky/ibmyp, nepedadya ceMeHaMu, UPYC WMPUX080U MO3aUKU STYMEHS.
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OCCURRENCE OF CUCUMBER MOSAIC VIRUS IN VEGETABLE CROPS IN UKRAINE

Symptomatic plants of Cucurbitaceae and Solanaceae families collected in Ukrainian agriecosystems used for commercial
cultivation of vegetables have been analyzed. According to the ELISA results, 38 samples (of 126 samples in total, i.e., 30%) have
been infected with Cucumber mosaic virus. CMV is widespread in Vinnytsia, Zaporizhzhia, Kyiv, Odessa, Poltava and Cherkasy
regions. We have obtained a cDNA of 500 bp corresponding to the coat protein gene of Ukrainian CMV isolate.

Key words: Cucurbitaceae and Solanaceae families collected, ELIS.

Introduction. Viral infections cause considerable eco-
nomic losses to farms engaged in vegetable growing. Usu-
ally large-scale assessment of such damages is conducted
visually. However, the similarity of symptoms on plants
caused by pathogenic agents of different nature, such as
viruses, bacteria, fungi, in practice makes impossible to
use effective means of treatment and prevention without
well-defined identification of pathogens [1].

The only efficient way of controlling viral diseases is
their timely diagnostics and putting in place respective pre-
ventive measures with regard to eliminate vectors and res-
ervoirs of viral antigens, introducing resistant cultivars of
plants and obtaining virus-free material [2].

Cucumber mosaic virus (CMV) belongs to genus Cu-
cumovirus of family Bromoviridae. CMV infects about 200
species of plants belonging to 60 families, but most known
for damaging cucumbers cultivated in the open field condi-
tions [3]. CMV cause severe symptoms on plants and
fruits, and greatly reduces the yield of the pumpkin crops.
In recent years new data confirmed the expansion of this
viral disease onto new territories together with spread of
mixed and latent infections, emergence of new strains with
altered pathogenicity.

The purpose of the work was to establish the distribution
of Cucumber mosaic virus in vegetable crops in Ukraine.

Materials and methods. The samples were selected fol-
lowing the visual examination of virus symptoms. For virus
detection, plant material was homogenized in 0.1M phos-
phate buffered saline (PBS), pH 7.4, 1:2 (m/v). Plant compo-
nents were removed by centrifugation at 5.000 g for 20 min-
utes at +4°C using centrifuge PC-6 [4]. The supernatant was
taken for further using ELISA. ELISA was performed accord-
ing to the recommendations of test-system manufacturer
(DAS-ELISA) using 96-well plates ("Labsystem"). The results
were read at the wavelength of 405/630 nm using microplate
reader Termo Labsystems Opsis MR (USA) with software
Dynex Revelation Quicklink [5]. Loewe test-system were
used in ELISA for CMV detection. Morphology of purified
virions was assessed under electron microscope JEM-1400
using 2% uranyl acetate as contrasting agent [6]. Total RNA
extraction was carried out using RNeasy Plant Mini kit
(Qiagen, UK). The results were checked by electrophoresis
of nucleic acids in 1.5% agarose gel. Reverse transcription
reaction (RT-PCR) was performed using primers specific to
the coat protein gene of CMV:

forward primer —

5' TATGATAAGAAGCTTGTTTCGCGCA-3'
reverse primer — 5'
TTTTAGCCGTAAGCTGGATGGACAACCC-3'

PCR products were analyzed by electrophoresis in
1.5% agarose gel using markers Gene Ruller 100 bp DNA
Ladder plus (Fermentas, USA) [7].

Results and discussion. Approximately 126 plant
samples belonging to the Cucurbitaceae and Solanaceae
families were selected and tested for CMV. Plant samples
were collected from following regions of Ukraine: Auto-
nomic Republic of Crimea, Vinnytsia, Zaporizhzhia, Kyiv,
Kirovohrad, Odessa, Poltava, Cherkasy and Chernihiv re-
gions. Plants of Cucurbitaceae family (cucumber, squash,
pumpkin, and zucchini) showed puckering, distortion, vein
banding, yellowing, filamentary, yellow mosaic on leaf
blade; dark green spots of different size, knobs and mal-
formations on fruits (Fig.1). Plants of Solanaceae family
(tomato, pepper, eggplant) showed disease symptoms in
month after seedtime during flowering. The first symptoms
were yellow spots and vein clearing on young leafs fol-
lowed by systemic yellow and green mosaics, chloroses
and local necroses (Fig.1).

Visual observation of external symptoms is an unreliable
method for detection and identification of viral infection, be-
cause the appearance of viral infection mainly depends on
interaction between a virus and a host. Besides, the strains
of the same virus can often cause a variety of symptoms
changing from hypersensitive to asymptomatic reaction on
plants of the same species. The growing conditions and the
presence of mixed infection can also effect the development
of symptoms. For example, sometimes only mixed infection
of pepper may lead to the appearance of mosaics and mot-
ting. That's why the diagnosis of viral infection should be
confirmed by specific methods of examination and identifica-
tion of viruses, particularly by serological tests.

Thus, for detection of viral antigens in plant samples
DAS-ELISA was carried out with using commercial test-
system of Loewe (Germany). 126 samples of vegetable
crop were checked and 38 of them were found to be in-
fected by CMV. Virus-infected plants were detected in
agriecosystems of Vinnytsia, Zaporizhzhia, Kyiv, Odessa,
Poltava and Cherkasy regions. On plants of Cucurbitaceae
family, CMV was found in Vinnytsia, Kyiv, Odessa, Poltava
and Cherkasy regions. Virus was found in Vinnytsia, Kyiv,
Odessa, Poltava and Cherkasy regions on plants of
Solanaceae family. Cucumber mosaic virus was mostly
detected as the single agent of infection with several cases
of mixed infection. For example, CMV was found with Wa-
termelon mosaic virus 2 and Zucchini yellow mosaic virus.
In accordance with ELISA results, we may conclude on the
significant spread of the viral infection caused by contami-
nation of healthy seed tissues and coats. In addition, CMV
can be transmitted from the weeds (reservoir of infection)
and through the soil as plant residues may contain virus.

© Tsvygun V., Rudneva T., Tymchyshyn O., 2013
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Figure 1. Viral symptoms on plants of Cucurbitaceae and Solanaceae families induced by Cucumber mosaic virus:
a — dark green blistering on fruit coat of squash and cucumber caused by CMV;
b — dark green vein banding of leaf blade on squash caused by CMV;
¢ — leaf blade deformation (rolling) and yellow spots (discoloration) on tomato fruits

studies of highly purified and concentrated preparation
spherical particles 29 nm in diameter were detected. Ac-
cording to the literature data they are typical for Cucumovi-
rus genus, in particular for Cucumber mosaic virus (Fig.2).

Altogether, obtained results point on rather serious
situation with CMV spread in Ukrainian agriecosystems.

For direct detection of CMV, indication of its morphol-
ogy, size of viral particles and confirmation the results of

ELISA electron microscopy was used. As a result of these

Figure 2. Electron micrograph of Cucumber mosaic virus

Thus, the presence of CMV in plant samples was con-
firmed by electron microscopy.

Further, we have extracted a total RNA preparation
from CMV-infected squash plants to use the resulting
product in RT-PCR (Fig. 3).

Total RNA extraction was carried out RNeasy Plant
Mini kit (Qiagen, UK) following the manufacturer's recom-
mendations. The results were checked by electrophoresis
of nucleic acids in 1.5% agarose gel using TBE buffer.

The next step was the RT-PCR using primers specific
to the coat protein gene of CMV.

2

Figure 3. Results of RT-PCR for CMV:
M — marker (100bp, Fermentas);
1 — cDNA of capsid protein gene of CMV Ne8;
1 — cDNA of capsid protein gene of CMV Ne13

We have obtained the cDNA of 500 bp which was further
used for sequencing and construction of phylogenetic tree.

Conclusions. Symptomatic plants of Cucurbitaceae and
Solanaceae families collected in Ukrainian agriecosystems
used for commercial cultivation of vegetables have been
analyzed. According to the ELISA results, 38 samples (of

126 samples in total, i.e., 30%) have been infected with Cu-
cumber mosaic virus. CMV is widespread in Vinnytsia,
Zaporizhzhia, Kyiv, Odessa, Poltava and Cherkasy regions.
We have obtained a cDNA of 500 bp corresponding to the
coat protein gene of Ukrainian CMV isolate. Purified CMV
preparation has been obtained and included in the collection
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of plant virus isolates at the Department of Virology, and
have been used for comparison with other CMV isolates.
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NMOLWWUPEHHSA BIPYCY OIrPKOBOI MO3AIKU HA OBOYEBUX KYIIbTYPAX B YKPAIHI
AHani3ysanu eidibpaHi 8 azpoyeHo3ax pi3HUxX pezioHie YkpaiHu pocsuHu poduH Cucurbitaceae ma Solanaceae 3 gipyconodi6Humu cumMnmomamu
Ha HasieHicmb 8ipycy ozipkoeoi mo3aiku (BOM). 3a pesynbmamamu iMmyHoghepMeHmHO20 aHanizy ecmaHoesieHo, uwjo ceped 126 mecmoeaHux 3pa3skie
oso4esux Kynbmyp — 38 3pa3kie micmunu aHmuzeHu BOM. BOM wupoko po3noecrodeHull 8 acpoyeHo3ax BiHHuybkol, 3anopisbkoi, Kuiecbkoi, Ode-
cbkoi, [lonmaeckkoi ma Yepkacbkoi o6nacmeli. Byno ompumaHo kJHK 2eHy kancudHozo 6inkKy ykpaiHcbko20 izonsimy BOM po3mipom 500 bp.
Knroyoei cnoea: poduHu Cucurbitaceae ma Solanaceae, imyHoghepmeHmHuli aHanis, gipyc ozipkoeoi Mo3aiku.

B. UBwuryH, acn., T. PyaHeBa, kaHA. 6uon. Hayk, O. TuMYMLWKH, cTyA.
KHY nmenu Tapaca LLleB4yeHko, KueB

PACMNPOCTPAHEHUE BUPYCA OIN'YPEYHOU MO3AUKN HA OBOLLUHbIX KYJIbTYPAX B YKPAUHE
AHanu3supoeanu omobpaHble 8 a2poyeHo3ax pa3IudHbIX pe2uoHoe YKpauHbl pacmeHusi cemelicme Cucurbitaceae u Solanaceae ¢ eupycono-
006HbIMU cuMNMOMaMu Ha Ha/uyue supyca o2ypeyHol mo3aiku (BOM). Mo pesynbmamamMm uMMyHOEPMEHMHO20 aHasu3a yCcmaHo8J1eHO, Ymo
cpedu 126 mecmupyembix 06pa3y0e 080UWHbIX Kysibmyp — 38 ob6pa3yoe codepxanu aHmuzeHbl BOM. BOM wupoko pacnpocmpaHeHbl 8 azpoye-
Ho3ax BuHHuykol, 3anopoxckol, Kueeckoi, Odecckoli, [Tonmaeckoli u Yepkacckol obnacmel. bbino nonyyeno kf[JHK 2eHa kancudHozo 6esnka

YyKpauHckoeo usosnissma BOM pasmepom 500 bp.

Knroyesnie cnosa: cemelicmea Cucurbitaceae u Solanaceae, uMmmyHoghepMeHMHbIU aHanu3, 8UPYC 02ypPeyYyHoU MOo3auKu.
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CYTOTOXICITY AND ANTIVIRAL ACTIVITY OF NOVEL FLUORIC COMPOUNDS

The cytotoxicity and antiviral nucleoside activity of fluoric compounds in EBV model systems were investigated in vitro. The
apoptosis-stimulating effect was found for compound SBIO-6, that makes it perspective for further research in the area of antitu-
mor analysis. The results can be used in computer modeling of the structure-biological activity relationships of substances and
will be used for development of new highly efficient antiviral agents.

Key wods: antiviral nucleoside activity, compound SBIO-6, antitumor analysis.

Introduction. Epstein-Barr virus (EBV) belonging to
Gammaherpesvirinae subfamily, Herpesviridae family, is a
lymphotropic DNA virus able to infect cells of lymphatic sys-
tem [13]. Etiological role of EBV has been confirmed for such
clinical human diseases as infectious mononucleosis (initial
stage of infection), Burkitt's lymphoma, nasopharyngeal car-
cinoma, lymphoproliferative disorders [8, 9, 11]. After onset
of the initial infection in human organism, herpesviruses are
capable of latent infection and may be reactivated when
effected by various factors, most commonly in case of im-
mune deficiency state of a human organism. Having suc-
cessfully invaded human body, the virus induces life-long
persistence in its cells. Disorders of human immune system
lead to virus activation with following manifestation of clinical
symptoms. Prominent increase in occurrence of herpetic
diseases among adults and children necessitates compre-
hensive research of herpetic infections and development of
efficient methods of prophylaxis and treatment.

Today, chemotherapy using acyclic nucleosides is most
developed. This group of preparations includes synthetic
analogues of natural nucleosides forming DNA molecules
of every biological species on our planet. Four preparations
(acyclic analogues of nucleosides) sharing similar structure
are known as main antiherpetic medicine agents: acyclovir,
valacyclovir, penciclovir and famciclovir. Their efficiency
has been tested and confirmed in randomized clinical trials.

Every such preparation interrupts viral DNA synthesis dur-
ing virus reproduction but has no effect on latent virus and
extracellular virus particles, virions [1, 3, 12]. Therapy of
herpetic infections remains challenging for physicians of
various specializations. Novel potent preparations and
therapy schemes which are being designed not only should
be efficient and safe in the long term treatment, but also
reasonably priced and available for wide rage of patients.
This work was aimed at cytotoxic and antiviral nucleoside
activity of fluoric compounds in EBV model system in vitro.
Materials and methods. Epstein-Barr virus (EBV). Sus-
pension of lymphoblastoid cells B95-8, obtained from the
Institute of Virology of RAMS (Mocsow) in 1991, was used
as a source of the virus. For virus accumulation, producer
cells were cultivated without changing the media with the
suspension density of 1x10° cells/ml for 10 days. TPA (12-O-
tetradecanoylphorbol-13-acetate) (Sigma, USA) was used
as EBV inducer and added to B95-8 cell culture according to
the manufacturer's recommendations. The virus was isolated
from cells by Walls-Crawford method [4]. We have used
following established cell cultures from European Collection
of Animal Cell Cultures: 1) B95-8 (leucocytes of marmoset)
cells which are transformed by Epstein-Barr virus (EBV) and
produce it chronically were used as the source of EBV; and
2) Raji — non-differentiated lymphoblastoid human B cells
isolated from Burkitt's lymphoma. Lymphoblastoid cells were

© Naumenko K., Golovan A., Zagorognya S., Nesteroba N.,
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thermostatically cultivated in 50 ml and 250 ml plastic culture
matrasses at 5% of CO,. Growth media contained RPMI
1640 (90%), embryonic bovine serum (10%), antibiotic
(streptomycin  + penicillin, 100 mcg/ml each), and
L-glutamine (2 mmol/l). Cells were passaged each 3 days by

adding fresh media to the initial cell culture down to planting
dose of 500000 cells per 1 ml.

We studied 4 compounds synthesized at the Institute of
Organic Chemistry of NASU. Their structural formulas are
given on Figure 1.

OH
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’(S\/OH \
FaC S F CD\/OH
3
SBIO-6 S:IO 7
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F3C N d F3C N/&O
HO H HO H
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Figure 1. Structure of studied compounds

'‘Cymevene' (ganciclovir) (Hoffmann-La Roche, Switzer-
land) was used as a reference preparation. Studied prepa-
rations were initially diluted with DMSO. Working dilutions
of the preparations were made using growth media con-
taining RPMI-1640 and L-glutamine (Sigma, USA), embry-
onic bovine serum (Sigma, USA), penicillin (100 mcg/ml),
and streptomycin (100 mcg/ml). samples were filtered
through syringe membrane filters (Sarstedt, Germany) with
pores of 0,22 mcm in diameter. Vital capacity of cells was
assessed using MTT method [10]. MTT substrate (Sigma,
USA) was diluted with sterile phosphate buffer (pH 7,2) at
room temperature to the concentration of 5 mg/ml. 20 mcl
of filtered MTT solution were deposited in wells of 96-well
plates and incubated with cells for 2-4 hours at 37°C. After
the incubation, the media was removed and 150 mcl of
96% ethanol was added into each well with cells to dilute
the formazan crystals. Optical density was determined
spectrophotometrically at the wavelength of 570 nm using
'Dynatech' plate reader (Switzerland). Further, linear re-
gression algorithm of Microsoft Excel for Pentium Pro [2]
was used when establishing the preparation concentration
which inhibited vital capacity of cells by 50% (CCsp) as
compared to the control. Polymerase chain reaction was
used to determine the reproduction rate of Epstein-Barr
virus in analyzed cells. The reaction was carried out by
'DNA Laboratory' company using 'AmpliSens-100-R' PCR
test systems. To visualize apoptotic cells, they were
stained with Hoechst 33342 dye (Sigma, USA). Hoechst
33342 dye is characterized with DNA tropism and able to
bind DNA at A-G pairs, allowing to determine apoptotic

cells in just 6-8 hours after receiving apoptotic stimulus. For
this analysis, the cells were washed using buffered physio-
logical solution by centrifuging at 1,500 rpm for 5 min. Fur-
ther, cell precipitate was incubated with 100 mcl of Hoechst
33342 dye at final dilution of 0,1 mg/ml for 30 min at 37°C.
Cells previously washed in buffered physiological solution
were then resuspended in 50% glycerin with 4% parafor-
maldehyde and deposited onto glass slides. Further, the
cell preparation was covered with cover glass and soldered
with paraffin. Analysis for apoptotic cells in these prepara-
tions were carried out using fluorescent microscope ML-2
(Lumam, Russia) at x900 magnification.

Results and discussion. Cytotoxic effect of studied
compounds in Raiji cell culture was determined by applying
the compounds into the cells at certain concentrations.
Each concentration was repeated four times with obligatory
use of control samples where the compounds were miss-
ing. The compounds were used at concentrations 2000,
1000, 500, 250, 125 and 62,5 mcg/ml. Plates with cell cul-
ture were incubated at 37°C and 5% of CO,. After 48 hour
exposure to a compound, the percentage of viable cells in
all samples was determined by staining with trypan blue
and by using MTT method as described above. The result-
ing effects of the compounds are presented in Table 1.
When analyzing these results spectrophotometrically, opti-
cal density for wells with 'control' cells (not treated with the
compounds) was used as 100%. In turn, rates of decrease
of vital capacity of cells relative to control values are given
in Table 1. These figures are directly proportional to a per-
centage of dead cells.

Table 1. Influence of studied compounds on vital capacity of Raji cells

Concentration, mcg/ml Studied compounds
»meg SBIO-6 | SBIO-7 | IM-001 | IM-003
% of dead cells
Trypan blue | MTT test | Trypan blue | MTT test | Trypan blue | MTT test | Trypan blue | MTT test
62,5 9 13 0 0 9 0 13 0
125 21 21 6 0 12 0 12 5
250 46 58 12 1 14 2 13 7
500 78 100 11 5 50 50 11 15
1000 75 100 55 56 89 80 23 35
2000 92 100 90 100 100 100 54 71
Correlation coefficient 0,819 -0,98 0,979 -0,98 0,923 -0,90 0,956 -0,99
CCso 600 200 1000 1000 750 800 1900 1400
(mcg/ml)
CCsx (averaged for two methods) 400 1000 775 1650
(mcg/ml)

Results obtained using two different methods demon-
strate a difference in the cytotoxic effect of the preparations.
Cytotoxicity index represented as a percentage of dead cells

by trypan blue staining was generally higher than that pro-
vided by MTT method. It may be explained by a fact that
mitochondrial dehydrogenase system of a dead cell stops
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converting the substrate following a decrease of cell's func-
tional activity and alterations of internal balance. The cell
membrane, however, at that point is still intact and imperme-
able for trypan blue dye. Using correlation analysis, we have
established a compound concentration decreasing vital ca-
pacity of cell population by 50% — i.e., index of cytotoxic
concentration, CCsg [6]. Results presented in the table show
that SBIO-6 compound was characterized with CCso of 592
(trypan blue staining) and 220 mcg/ml (MTT method) and
thus was the most toxic. CCsg values for IM-001 and IM-003
compounds exceeded 1000 mcg/ml providing evidence that
these compounds were non-toxic for Raji cell culture and
were potent agents for assessing their antiEBV activity.

Antiviral activity of test agents was determined by a
level of inhibition of EBV reproduction in Raji cells using
semiquantitave PCR for a range of compound concentra-
tions (10, 50, 100 mcg/ml), where each was repeated three
times. Ganciclovir was used a reference preparation.

For infection with EBV, cells were precipitated in sterile
tubes by centrifuging at 1,500 rpm for 10 min. The obtained

precipitate was washed twice using RPMI 1640 media
without serum for maximum removal of embryonic bovine
serum which prevents virus adsorption on a cell. Resultant
precipitate was diluted in minimal volume of media, and
then virus preparation was added. Virus adsorption was
carried out at 37°C for 1 h. Afterwards the cell were
washed twice as described above and the growth media
with embryonic bovine serum (5%) was added down to
planting dose of 500000 cells per 1 ml.

After virus adsorption and dilution of cell culture to
500000 cells/ml, studied compounds were added at con-
centrations 10, 50, 100 mcg/ml (in RPMI 1640 media).
Studied samples were collected in 48 h. This time interval
is considered optimal for both growth dynamics of Raiji cell
culture and EBV reproduction cycle. Virus DNA accumula-
tion levels in infected cells treated with the compounds
(applied at a range of concentration) was determined in
comparison to control infected cells where virus DNA ac-
cumulation constituted 100% (Fig.2).

Concentration,
mcg/ml
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Figure 2. Activity of fluoric compounds against Epstein-Barr virus

Presented results allow considering studied compounds
as perspective antiviral substances active against Epstein-
Barr virus.

We have also evaluated the ability of studied com-
pounds of inducing apoptosis in EBV-transformed Raji
cells. Advances in fundamental knowledge on molecular
mechanisms of virus-induced oncogenesis, functions and
interactions among viral and cellular oncogenes, mecha-
nisms for evading apoptotic death of virus-infected cells
leading to tumor growth favored the development of novel
approach for selection of antiviral preparations capable of
not only efficient inhibition of virus reproduction but also
stimulating recovery or elimination of infected cell, in par-
ticular by apoptosis, for treating virus-associated neo-
plasms [5, 7, 14].

One of the approaches to therapy of EBV-positive tu-
mors presumes 'switching' the latent form of EBV infec-
tion (which is typical for the majority of EBV-positive tu-
mor cells) into cytolytic form. This approach may be clini-
cally beneficial as lytic EBV infection leads to cell destruc-
tion. Another therapeutical advantage is based on the

induction of expression of EBV 'lytic' genes (viral
thymidine kinase and DNA polymerase) which are ex-
pressed exclusively during the lytic cycle of the virus and
are capable of converting nucleoside analogues into their
respective cytotoxic forms. For instance, many various
chemotherapeutical preparations (arginine butyrate,
5-fluorouracil (5-FU), cis-platinum, taxol, gemcitabine,
doxorubicin, and sodium butyrate) have been tested in
combination with ganciclovir for their ability to 'switch' EBV
infection from latent form to lytic cycle in tumor cells. Gem-
citabine and doxorubicin activated transcription from pro-
moters of two pre-early virus genes, BZLF1 and BRLF1, in
EBV-negative B cells. Ganciclovir led to an increase in cell
death initially induced by gemcitabine or doxorubicin in
virus-transformed lymphoblastoid cells, and prevented the
development of lytic form of viral infection [15].

Research conducted on the determination of apoptotic
cell after application of studied compounds at the range on
concentrations confirmed apoptosis-stimulating effect for
SBIO-6 compound. The results are presented on Fig.3.
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Figure 3. Detection of apoptotic Raji cells after adding SBIO-6 compound at 1000 mcg/ml (Hoechst 33342 dye)

As can be seen from Fig.3, initial 'active' concentration
for this compound was 250 mcg/ml which resulted in 18% of
apoptotic cells. Further increase of compound concentration
led to subsequent increase in number of apoptotic cells.

Apoptosis modulators influence tumor cells and hence
represent efficient mean for treating cancer patients. This
approach is promising because it allows increasing tumor
cells' sensibility to effects of cytotoxic factors. In turn, this
allows decreasing doses for chemo- or radiotherapy and
reducing death rates for normal (non-tumor) cells. In addi-
tion, apoptosis modulators may induce lethal damage and
elimination of tumor cells resistant to conducted therapeuti-
cal agents. There are grounds to assume that only com-
bined (complex) therapy of tumor growth may 'guarantee’
maximum damage of malignant transformed cells, diminish
their resistance to chemotherapy agents, prevent dissemi-
nation of tumor (metastasis), and also reduce toxic side
effects of preparations/means of chemo-, radiotherapy and
other ways of cancer treatment.

Fluoric nucleoside analogues are used as chemothera-
peutic preparations for combating many viral infections
induced, in particular, by Hepatitis C virus and HIV. How-
ever, use of such preparations for treating EBV infection is
not developed at the time. This work describes novel con-
cept in treating EBV-associated disorders, i.e. use of fluoric
nucleoside analogues for preventing virus replication and
subsequent virus liquidation. In spite of unknown mecha-
nisms of action of the preparations under study, their in-
dexes of antiviral activity and low cytotoxicity in vitro make
them perspective agents for designing antiviral compounds
targeting EBV infections.

Conclusions. Here we confirmed cytotoxic effect of
studied compounds SBIO-6, SBIO-7, IM-001, and IM-003
in lymphoblastoid Raji cell culture. Value of CCsq for these
compounds constituted 350-3700 mcg/ml. We have as-
sessed antiherpetic activity of studied compounds toward
Herpes simplex virus type 1 (HSV-1) and type 2, and Ep-
stein-Barr virus. Analysis of antiviral activity of the com-
pounds demonstrated absent or negligibly low activity
against HSV-1 and notable activity against EBV. When
applied at the concentration of 100 mcg/ml, SBIO-7, IM-

001, and IM-003 compounds totally (100%) inhibited EBV
reproduction. Determination of apoptotic cells resulting
from the application of studied compounds at a range of
concentrations revealed apoptosis-stimulating effect for
SBIO-6 which may be perspective for future research as an
antitumor agent. Obtained results may be used for com-
puter-assisted modeling of structure functional relations for
recommended compounds and for prognostic design of
novel highly active antiviral agents.

References

1. Epwos ®.U., KoBaneHko A.J1., PomaHuos M.T"., n ap. Mepnetuyeckas
MHDeKUMs: BOMPOCHI MaTtoreHesa, MeToAuyeckue noaxoabl K Tepanuu.
PykoBoacTto ans Bpavert / MNoa pen. Pomanuosa M., Fony6esa C.1O. —
M., 1997. - 97 c.

2. Nonay C.H., YybeHko A.B., Babuy MN.H. Ctatuctuueckme metonbl B
MeaMKo-61onornyecknx nccneaoBaHusix ¢ ucnonb3oesaHnmem Excel. — 2001.
-320c.

3. MocibHuk 3 ximioTepanii BipycHUX iHdeKuin: HaB4ansHO meToanYHWI
nocibHuk ans nikapis /3a pea. Osobnuk |.B. — K: AsiueHa, 2004. — 176 c.

4. Yonns 3., Kpodhopa. A. KynbTvBupoBaHue knetok B95-8 // Numdpo-
umntbl. MeToapl — M: Mup, 1990. — C.230-249.

5. dunbyeHko A. A., Ctoika P. C. AnonTos: KpaTkasi UICTOPUS, MOMNeKy-
NsipHble MeXaHW3Mbl, METOAbI BbISIBIIEHUS U BO3MOXHOE 3HaYeHWe B OHKO-
norum // Akcnep. OHkon. — 1996, T.18. — C.435-448.

6. LlepbuHcbka A.M., OsaueHko H.C., Pubanko C.JI. Ta iH. BuB4yeHHs
aHTUBIpYCHOI Aji NOTeHUiINHKX Nikapcbkux 3acobiB // JokniHiuHI AOCHiAKEHHS
nikapcbkux 3acobiB (MeToanyHi pekomeHaauii). — Kuis. — 2001. — c. 371-390.

7. De Clercq E. Antivirals and antiviral strategies // Nat. Rev. Microbiol.
—2004.-2,N9. - P. 704-720.

8. Jung-Chung Lin. Antiviral Therapy for Epstein-Barr Virus-Associated
Diseases// Tzu Chi Med J. — 2005. — 17, No 1 — P. 379-385.

9. Kutok J.L. and Wang F. Spectrum of Epstein-Barr Virus-Associated
Diseases.// Annu.Rev.Pathol.Mech.Dis. — 2006. —Vol. 1. — P. 375-404.

10. Mosmann T. Rapid colorimetric assay for cellular growth and survi-
ral:application to proliferation and cytotoxicity assays//J Immunol. Methods.
—1983. — 65. — P.55-63.

11. Murray P. G., Young L. S. The Role of the Epstein-Barr Virus in
Human Desease//Front Biosci. — 2002. — Vol.2, N 3. — P. 519-540.

12. Pagano J.S., Gershburg E. Epstein-Barr virus infections: prospects for
treatment // J. Antimicrobial Chemotherapy. — 2005. — 56, N 2. — P. 277-281.

13. The Herpesviruses. Volume 1 /Ed.: Bernard Roizman. — New York
and London:Premium Press. — 1982. — 445 p.

14. Scaffidi C., Kirchhoff S., Krammer P.H., Peter M. E. Apoptosis signal-
ing in lymphocytes // Curr. Opin. Immunol. — 1999. — Vol. 11. — P.277-285.

15. Spender L.C., Cannell E.J., Hollyoake M., Wensing B., Gawn J.M.
Control of cell cycle entry and apoptosis in B lymphocytes infected by Ep-
stein-Barr virus. // Journal of virology. — 1999. — V.73, No.6. — P.4678-4686.

Received to editorial board 10.12.13

K. HaymeHko, ctya., A. lonoBaHb, NpoB. iHx, C. 3aropoaHsA, kaHA. Gion. Hayk, H. HectepoBa, kaHa. 6ion. Hayk,
C. Cipwmi, acn., FO. MapkiTaHoB, acn., B. TumolueHko, A-p xim. Hayk, tO. LLlepmonoBuy, a-p xiM. Hayk

KHY imeHi Tapaca LLeB4eHka, KuiB

LMTOTOKCUYHICTb TA MPOTUBIPYCHA AKTUBHICTb HOBUX ®TOPOBMICHUX CMONYK

Hocnidxena yumomokcu4Hicmb ma aHmueipycHa akmugHicmb ¢hmopPoBMICHUX HYKIIE03UOHUX CrosyK y modesnbHili cucmemi BEB e cucmemi in
vitro. BusienieHo anonmo3scmumysioroyuli egpekm Ans cnosnyku SBIO-6, wo Moxe 6ymu nepcriekmueoro 07151 nodanbwiux AoclidkeHb i020 8 HanpsIMKy
npomunyxsuHHO20 aHanizy. Ompumari pesynbmamu MOXXymb 6ymu eukopucmaxi npu KoMn'tomepHoMy Modeslto8aHHi 83a€MO038 ‘A3Ky MiXK cmpykmy-
poro i 6ios102i4HOI0 aKmueHicMIo pe4o8uH i 6ydymb 3acmocosysamucsi OJisi CINEOPEHHST HOBUX 8UCOKOaKMUBHUX MpomusipycHux 3acobis.

Knroyoei cnoea: gpmopoemicHi Hykneo3udHi cnonyku, cnosnyka SBIO-6, npomunyxnuHHuli aHanis.
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LUUTOTOKCUYHOCTb U NPTUBOBUPYCHAA AKTUBHOCTb HOBbIX #TOPCOOEPXALLUX COEOUHEHUA

UccnedosaHa yumomokcu4HOCMb U aHMuUBUPYCHasi akmueHocmb ¢hmopcodepkalyux HyKeo3uOHbIX coeOUHeHUl 8 ModesibHOU cucmeme
B3b e cucmeme in vitro. BeisseneHo anonmo3scmumynupyrowuli agpgpekm 0Onsi coeduHeHusi SBIO-6, ymo moxxem 6bimb nepcrnekmueoli ons danb-
Heliwux uccrnedoeaHull e20 8 HanpassieHUU MPoMuUeooIyxosee020 aHanu3sa. llonyvyeHHble pe3ynbmamsl Mo2ym 6bimb UCMObL308aHbI NMPU KOM-
nbromepHoM mModesiuposaHuu e3aumocesiau mexady cmpykmypol u 6uono2uyeckoli aKmueHocmbio eeuyecme, u 6yAdym npumMeHsimbcsi Onsi co30a-

HUs1 HO8bIX 8 bICOKOAKMUEBHbIX NMPomMueo8uUpPyCHbIX cpedcmas.

Knroyeenie cnoea: gpmopcodepxaujue Hykneo3udHble coeduHeHusl, coeduHeHue SBIO-6, npomueoonyxoneanil aHanu3.
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LOOKING FOR KILLERS: BACTERIOPHAGES AGAINST PHYTOPATOGENIC BACTERIA

The samples of rotten tomatoes and papers were collected from different regions of Ukraine. Phytopathogenic microorgan-
isms — causative agents of plant diseases were extracted and introduced into culture for strain identification. The presence of
bacteriophages in the samples was determined by using agar overplayed method and TEM (transmission electron microscopy).

Key words: phytopathogenic microorganisms, bacteriophages.

Introduction. Bacterial pathogens are significant fac-
tors which reduce yields of agriculturally important plants
worldwide. Among these bacteria the most important are
Pseudomonas syringae, Pectobacterium carotovorum, and
bacteria from Xanthomonadaceae family.

A variety of approaches have been developed to mini-
mise the impact of bacterial plant diseases on the quantity
and economy of food production. Currently, phytopatho-
gens are controlled through management programs, which
mostly relay on application of bactericides (copper-based).
However, irrational use of these compounds leads to evolu-
tion of bacteria and emergence of new, highly resistant
forms of phytopathogens. Besides chemical compounds
are often accumulated in plants/soils and pose environ-
mental hazards. Antibiotics (e.g., tetracycline and strepto-
mycin) have been utilized in agriculture to control phytopa-
thogenic bacteria also. Extensive use of antibiotics in agri-
culture has led to selection of resistant bacterial strains
[11]. Moreover, resistance genes have been spread to
other bacteria, including human and animal pathogens or
nonpathogenic bacteria present in the environment [7].

Due to these agrichemical disadvantages, biological
control of plant bacteria has attracted attention of many
scientists and bacteriophages propose more advantages
then other biological agents [6]. Bacteriophages are very
specific, even to bacterial pathovars and strains; they don't
cause lysis of microbial cells, represented on plants and
don’t influence on soil normoflora. Besides, phages are
natural components of ecosystems and always persist in
host population [4]. In nature bacteriophages coexist with
the host microorganisms in balance, so there is no neces-
sity of searching them elsewhere or produce them in the
laboratory by synthesis de novo. We just need to isolate
bacteriophages from environment were specific host is
present, investigate their biological properties and convert
these viruses into the weapon against their hosts. Bacte-
riophages can also be coupled with the application of other
control strategies (antagonistic bacteria, biocides etc.) for
increased pressure on the pathogen [16].

The first works, that showed the potential of bacterio-
phages in control of phytopathogenic microorganisms,
were published in 1924. Mollman and Hemstreet demon-
strated that phages lysates prevent rotting of cabbage,
caused by pathogenic microorganism Xanthomonas
campestris pt. campestris [13]. Then many scientists ex-
plored phages antimicrobial activity on important agricul-
tural plants, such as rice, pepper, tomatoes and etc. [9].

Despite the promising early works, phage therapy prepara-
tion did not prove to be a reliable and effective means of
controlling phytobacteria. The main reason of this is the
development of antibiotics and biocides. During the last
decades of of the 20" century, bacteriophages were re-
evaluated as antimicrobial agents [6]. In 2005 fist commer-
cial phage preparation was recommended in the US for
usage on crops to control infection caused with two phyto-
patogenic bacteria — Xanthomonas campestris pt. vesicato-
ria and Pseudomonas syringae pt. tomatoiS].

Success of application of "AgriPhage'™" (OmnyLytics)
stimulated the development of new phage-based prepara-
tion against the most harmful phytobacteria worldwide.
Ukraine, as agricultural country, faced with problem of crop
yield losses due to bacterial infections also [5] and is inter-
ested in the development of bacteriophage preparations.
However, situation is complicated with the absence of in-
formation about distribution of phytopathogenic bacteria in
Ukraine. Isolation and identification of actual bacterial
strains should be conducted prior to the development of
bacteriophage preparations. Hence, the objectives of this
study were isolation of bacteria and their bacteriophages
from samples of infected plants.

Materials and methods. Samples of rotten vegetables —
tomato (Solanum lycopersicum L.) and sweet pepper (Cap-
sicum anuum L.) were collected from distinct regions of
Ukraine (15 samples of tomato and 10 samples of sweet
pepper from Kirovograd-, Cherkassy-, Sumy-, Kherson-,
Kiev regions). Liquid medium of Luria-Bertani (baktotrypton —
1%, yeast extract — 0,5%, NaCl — 1%) was used for bacteria
cultivation and bacteriophage enrichment. Miller agar (pep-
tone — 1%, yeast extract 0,5%, NaCl — 1%, agar 1.4%) was
used for propagation of bacteriophages and their hosts,
whereas 1,4% agar and 0,7% agar were used for the hard
and soft-agar layers, respectively, in phage plating. All bacte-
rial isolates were maintained on clippings of Miller's agar [1].

The samples of tomatoes and sweet peppers with
symptoms of rotting were sterilized by 72% ethanol. Then
small pieces of diseased tissues were cut off with sterile
knife and placed into LB-broth for enrichment of bacterio-
phages.For bacteria isolation, the sap was taken from cut
surface using microbial loop and plated on Miller's [2].

Other bacteria (Pectobacterium carotovorum, Pecto-
bacterium amylovorum, Pseudomonas syringae pt. tomato,
Xanthomonas campestris pt. campestris 117 and 125, Ser-
ratia marcescens IMBG291) tested for phage sensitivity
were obtained from culture collection of Laboratory of mi-
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crobial ecology of The Institute of Molecular Biology and
Genetics of NASU. Tubes and Petri dishes with samples
were incubated at 27°C for 12 hours. After incubation the
LB-broth with phages was centrifuged at of 5000 rev / min.
for 25 minutes [15]. Supernatants were collected in sterile
tubes and treated with chloroform to remove opportunistic
microorganisms. Bacterial colonies on agar after 12 h of
incubation were described and plated on Miller's agar clip-
pings for further strain identification.

In the next step, the samples were analyzed for the pres-
ence of bacteriophages by double-agar technique. For this
purpose 0,3 ml of target bacteria and 1 ml of the sample were
added to soft agar. Isolated plagues were described and
transferred to sterile ependorfs with normal saline (1 ml) [3].

Some portion of enriched bacteriopages were sub-
jected to differential centrifugation (5000 rev. / min 20 min,

a)

24,000 rev / min (~ 51,000 g) 120 min centrifuge UCP-65,
RCS-50 rotor), the precipitate obtained after UHSC was
resuspended in sterile normal saline (200 ml) [15].

The morphology of isolated viruses was studied using a
transmission electron microscope (model JEM-1400, Labo-
ratory for biophysical studies at the Institute of Microbiology
and Virology named by D.K. Zabolotniy National Academy
of Sciences of Ukraine). For reticula-substrates we used
0.1% formvar solution in chloroform. Phages were con-
trasted with 2% solution of uranilatcetate [15].

Results and discussion. Under our investigations, in
general 25 samples of rotten vegetables (fig. 1) were col-
lected from different Ukrainian regions (Kirovograd-, Cher-
kassy, Sumy-, Kiev regions) and 22 microorganisms were
isolated for further researches.

Figure 1. Some samples of peppers and tomatoes, infected with phytopathogenic microorganisms:
a) sample XXII, b) sample XXIV, c) sample XXV

As a first step, enriched samples (I-XXIl) were mixed and
then plated on 19 bacterial isolates. As a result we observed
the plague formation on 11 bacterial isolates and the number
of PFU varied from one to thousands per Petri dishes (fig. 2).

b)*

The morphological properties of plague were very heteroge-
neous depending on host bacteria. Some microorganisms
were totally lysed after fist plating, following experiment con-
firmed high phages concentration in the samples.

\V 17

Figure 2. Morphology of plagues on bacterial lawn:
a) bacteria VII — one giant and hundreds of small plagues; b) at least 3 different types of plagues on bacteria X;
c) totally lysed bacterial layer and secondary growth on bacteria XI|

On the next stage, we collected 3 new vegetable sam-
ples from Kherson and Kiev region (named XXIII-XXV) and
isolated 3 new microorganisms. These 3 samples were
also mixed and plated on all isolated bacteria (I-XXV). The
sample gave positive result on 2 own bacteria (XXIII and

XXIV) and 10 isolated previously (tab.1). Vise versa the
sample |-XXII did not contain lytic agents against bacteria
XXHI-XXV. The most of plagues were small (1 mm) in size,
only phages, that infected bacteria XXII, gave large (4 mm)
plagues with halo (fig. 3).

Fifure 3. Morphology of plagues on bacterial lawn after addition sample XXIII-XXV:
a) hundreds of very small colonies on bacteria |; b) two types of plagues on bacteria XV — middle, d~2 mm and small, d~1 mm;
c) big plagues with halo on bacteria XXII
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To determine the host range of the lytic phages, that
were isolared previously, we tested their ability to produce
plaques on laboratory pathovars of phytophathoganic bac-
teria from culture collection — Pectobacterium atrosepticum,
Pectobacterium catorovorum, Xanthomonas campestris pt.

campestris 117 and 125, Serratia marcescens IMBG291,
Pseudomonas syringae pt. tomato. Among the tested
plant-pathogenic strains only one microorganism — Serratia
marcescens IMBG291 was phage-sensitive (fig. 4). Results
of three experiments are summarized in table 1:

Figure 4. Plagues on bacteria lawn of Serratia marcescens IMBG291 after addition of sample I-XXV ("Total")

Table 1. Results of sample plating on isolated bacteria

. . Reaction on phage Reaction on phages Morphology of Morphology of plagues
Bacteria sa_m;ilci_and region of after additionpof t%le after additior:) of St’he plaguespafterg):idition after apdditio?iyof tlfe sgample
Isofation sample I-XXII sample XXIII-XXV of the sample I-XXII XXI-XXV

| (tomato, Kirov. r.) + + Middle, d~3 mm Small, d~1 mm

Il (tomato, Kirov. r.) + - Very small, d<1 mm

Il (tomato, Kirov. r.) - -
V (tomato, Kirov. r.) -
VI (tomato, Kirov. r.) + + Totally lysed Middle, d~2 mm
VIl (sweet pepper, Kirov. r.) + + 21_91 n?;s mm & smal, Very small, d<1 mm

IX (sweet pepper, Kirov. r.) - -
X (sweet pepper, Kirov. r.) + + Totally lysed Big, d~4 mm & small, d~1 mm
Xl (tomato, Cherkas. r.) + + Ghostly, d~2 mm Small, d~1 mm
XIl (tomato, Cherkas. r.) + + Totally lysed Small, d~1 mm
3 types — big (4 mm),
XIV (tomato, Cherkas. r.) + + middle (2 mm) and|Small, d~1 mm
small (1 mm)
Middle, d~2 mm & small,

XV (tomato, Cherkas. r.) + + Totally lysed d<1 mm
XVI (tomato, Cherkas. r.) - -
XVII (sweet pepper, Cherkas. r.) + + Totally lysed Small, d<1 mm
XVIII (sweet pepper, Cherkas. r.) - -
XIX (sweet pepper, Cherkas. r.) -
XX (sweet pepper Sumy r.) - -
XXI (tomato, Sumy r.) - -
XXII (sweet pepper, Cherkas. r.) + + Totally lysed Big, d~4 mm
XXIII (tomato, Kiev r.) Not tested + Small, d~2 mm
XXIV (sweet pepper, Khers. r.) Not tested + Totally lysed
XXV (tomato, Khers. r.) Not tested -

Data obtained with an electron microscope for mixed
samples indicate the presence of many different phages,
members of 3 families — Myoviridae, Siphoviridae and Po-
doviridae. Most of observed myoviruses belonged to A1
morphotype. Morphology of siphoviruses capsids dimen-
sionally matched the data for B1 morphotype. While, po-
doviruses from samples were presented with big, about

a) el

105 nm in diameter, spherical particles with short tales and
belonged to C1 morphotype. The prevalence of "tailed"
phages from Myoviridae and Siphoviridae families corre-
sponds to observed small sizes of plagues formed on the
bacterial lawn. Typical for representatives of family Po-
doviridae plague morphology (pic. 5) was described only in
cases of four bacteria (VII, X, XIV and XXII).

4]

Picture 5. Bacteriophages morphology, obtained after TEM:
a) member of Myoviridae family, type A1, head ~ 85X80 nm, tail ~ 130 nm; b) member of Siphoviridae family, type B1, head ~ 50X45 nm,
tail ~ 145 nm; member of Podoviridae family, type C1, head ~ 105X105 nm, tail ~ 20 nm
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This is the fist our attempt to isolate phytopathogenic
bacteria from diseased plants together with their specific
bacteriophages. Newly isolated bacteria are probably
members of family Xanthomonadaceae that include com-
mon pathogenes of tomatoes and peppers according to
data of other scientists [10]. Our results are speculative,
but we can found a lot of viruses to potentially phytopatho-
genic microorganisms, isolated from rotten tomatoes and
sweet papers. In future researches we intend to identify
microorganisms to species and pathovars and confirm their
influence on plants in vitro and in vivo.

Readable results were observed during second trials,
phages from 2 samples formed plagues on 10 phytopatho-
genic microorganisms from different regions, it means that
isolated viruses are probably polyvalent or their hosts are
relatives and have the same receptors. We plan to investi-
gate all isolated phages in details after identification of tar-
get microorganisms.

Noteworthy is also the fact of insensitivity of laboratory
bacterial strains to newly isolated bacteriophages. These
results may be explained in two ways. The first explanation
is the absence of bacterial strain related to laboratory
strains in samples that were collected. According to second
suggestion laboratory strains have lost susceptibility to
mostly bacteriophages due to the numerous passages.

Conclusions. In this survey 22 isolates of bacteria
were plated from infected tomato and sweet pepper. Identi-
fication of these bacteria is in progress. Bacteriophages,
specific to the pathogenic microorganisms, were isolated,
accumulated and examined by the method of electron mi-
croscopy. Three distinct groups of bacteriophages, based
on their virion morphology, were identified.
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Y NMOLWYKAX BEMUBLb: BAKTEPIO®AIU NMPOTU ®ITOMATONEHHUX MIKPOOPIAHI3MIB
3pasku nepyie i momamie i3 cumnmomamu 6akmepianbHoi 2Huni 6ynu 8idibpaHi y pi3HUX pezioHax YkpaiHu. ®imonamozeHHi MikpoopaaHi-
3Mu — 36yOHUKU x80po6 pocsuH 6ynu eudineHi i3 osoyie i eeedeHi 8 Kynbmypy 05151 NoGasbLWo20 8u3Ha4YeHHss o wmamie. Mpucymuicmsb ei-
pycie 0o eudineHux MiKkpoopzaHiamie 8 ompumaHux 3pa3kax 6yno nidmeepdxeHo 3a dornomoz20t0 Memody az2apoeux wapie ma Mmemody esnek-

MPOHHOI MiKpocKonmil.
Knro4oei cnoea:ghimonamozeHHi mikpoopaaHiamu, 6akmepioghazu.

C. 3auka, acn., A. XapuHa, kaHa. 6uon. Hayk, [l. Yaika, cTya.
KHY nmenu Tapaca LLleB4yeHko, KueB

B MOUCKAX YBUUL: BAKTEPUODATU NPOTUB ®UTOMNMATOINEHHbLIX MUKPOOPIrAHU3MOB
O6pa3subl nepyee u momamoe ¢ cumnmomMamu 6akmepuanbHol 2HUMU 6bITU 0MO6PaHbI 8 pasHbIX Pe2uoHax YKpauHbl. dumonamozeHHble
MuKpoop2aHu3Mbl — 8036ydumenu 6one3Heli pacmeHull 6binu ebidenieHbl u3 ogouwjell u 8eedeHbl 8 Kynibmypy Onsi OanbHeluwezo onpedesnieHus
wmammos. lpucymcmeue eupycoe K ebifesleHHbIM MUKPOOP2aHU3MaM 8 MoJlyYeHHbIX obpa3yax 6bi1u noomeepdeHbl ¢ MOMOWbLIO Memoda

azapoebix c/10e8 U Memoda 3/1eKmMPOHHOU MUKPOCKOMNUU.

Knroyeenie criosa: gpumonamozeHHbIe MUKPOOP2aHU3Mbl, Gakmepuotbaeu.
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ADAPTATION OF BIOTESTING METHOD FOR DETECTION OF PBCV-7IN WATER SAMPLES

Here we report on the adaptation of biotesting method for detection of algae viruses in samples of water and bottom sedi-
ments. We have shown that the modification involving the use of two media layers of different density with application of sam-
ples previously enriched in aeration box proved to be most efficient. Here we also describe that the water samples collected from
technical water reservoirs of the National Exhibition Center of Ukraine demonstrate lytic activity towards test culture of symbiotic
algae Chlorella sp. (ACKU 95-02). The stage of initial accumulation of a virus has been carried out.

Key words: algae viruses, Chlorella sp (ACKU 95-02), PBCV-1.

Introduction. Viruses are typical for any water system.
These organisms are vastly abundant; their content may
reach over 10 millions of particles per milliliter of water [1,

2]. The viruses are thought to influence great part of ge-
netic and species biodiversity in seas and oceans [3]. De-
spite wide range of virus species found in water reservoirs,

© Zubyk Ju., Shevchenko T., 2013
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only a small part of these (118 virus species) may directly
infect algae [4]. This phenomenon is uncommon, especially
in the light of strict virus-host specificity and wide diversity
of algae — potent hosts for viruses. Only Chlorophyta divi-
sion contains approximately 20-25 thousand species of
algae typical for fresh-water and hyperhalic reservoirs,
seas, oceans and terrestrial biotopes [5].

Research on ecology of algae viruses has scientific, fun-
damental and applied value. Lack of food resources and
energy sources is a major social issue of modern living, and
microalgae represent one of the few practical solutions for
this challenge. They are considered as a potent source of
nutrients and biofuel. In turn, algae viruses cause raw mate-
rial waste and consequential significant financial losses. It is
also known that lysis of about 25% of water (phytoplankton)
bloom is attributed to virus-induced lysis [6,7]. Such viruses
are thought of as candidates for biological control of water
blooms. On the other hand, algae viruses (whether directly
or indirectly) are connected with global warming due to the
generation of dimethyl sulfoxide (DMSO) when the algae are
lysed. This gas is a major biogenic source of sulfur. Genera-
tion of dimethyl sulfoxide leads to progressive accumulation
of greenhouse gases [8, 9].

We also know that some algae viruses are involved in
horizontal gene transfer, contributing to genetic diversity of
microalgae associations [10, 11].

Nearly 60 years have passed since the first report of vi-
rus-like particles (VLPs) in the cells of microalgae [12].
However, research of algae viruses still remains at the be-
ginning descriptive stage. This may be explained by the
difficulties in virus isolation from the environment using
traditional methods of virology. Many algae viruses may be
detected by modern molecular biological methods but still
lack information on susceptible algae cultures, preventing
virus isolation and accumulation [13].

Ambiguous results of interaction of a virus with suscepti-
ble cell pose another issue of algae virus research. High
concentration of algae culture and small amount of virus
typically lead to nearly complete lysis of susceptible test cul-
ture. In turn, small numbers of algae cultures in the media
coupled with specific conditions may lead to cytoproliferative
effect. In addition, routine cultivation of a test culture of mi-
croalgae needs certain skills, time-consuming and costly.

In spite of said above we turned to adaptation of bio-
testing method for detection of PBCV-1 in samples from
fresh water reservoirs.

Materials and methods. The samples were collected
following general recommendations pursuing virus preser-
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vation in a sample and preventing sample contamination
with secondary microflora. We have used different methods
when sampling water for detection of algae viruses: wash-
ing out mantle cavity of bivalved mollusks, sampling bottom
sediments, and direct sampling of water from reservoir.
Further, collected and prepared samples were kept in a
fridge at +4°C. For initial virus detection we have collected
74 water samples plus 32 samples of soil and wash-
outs/swabs from the foulings of water-immersed objects.

Samples of unicellular fresh-water green algae Chlor-
ella sp.(ACKU 218-03), Chlorella sp. (ACKU 531-02),
Chlorella sp. (ACKU 532-03) and symbiotic culture of
Chlorella sp. (ACKU 95-02) were used as test objects.
These cultures were kindly provided by the Department of
Botany, Taras Shevchenko' National University of Kyiv

Different modifications of biotesting were used for virus
detection in the collected samples. PBCV-1 was used as a
positive control.

Results and Discussion. Biotesting is a classical ap-
proach in virology. The method comes to virus detection
using test objects. Alterations of vital functions of a test
object (or its death) serve as a signal of virus presence.
Biotesting approach is widely used due to its simplicity,
quickness and availability. Biotesting is a historically
proven technique in virology and forms a part of Koch's
triad — necessary element for confirmation of the infectious
nature of any pathogen.

However, biotesting approach has several limitations
when used for algae viruses. Firstly, many detected algae
viruses still have no established susceptible microalgae
cultures. Secondly, virus interaction with sensitive cells
does not always follow cytopathic pathway. Cytoprolifera-
tive effect is also possible. Thirdly, the algae demonstrate
varying degree of susceptibility to virus infection at different
stages of their life cycle. We should also point that microal-
gae are rather problematic to cultivate, they often require
specific media and regimes of light and temperature. How-
ever it is impossible to refuse using this method totally, and
therefore there's a need for its modification and selecting
optimal conditions for each test culture and the virus.

In the course of this work we have tried several bio-
testing techniques: 1) biotesting in liquid media; 2) bio-
testing on solid media; 3) biotesting on solid media using
two media layers of different density. Every technique was
tried with both native and synchronized test cultures
(Fig.1). We have also used water samples filtered via bac-
terial filter (Millex GV, 0,22) and enriched filtered samples
previously enriched in a special aeration box.

Fig.1. Scheme for synchronization of microalgae test culture:
1-10-14-day lawn of test cultures; 2,3 — cultures resuspended in 1,5 ml of liquid media; 4 — cultures kept in the dark, 12-hour incubation;
5 —2,5 ml of liquid media is added to the culture which is further cultivated at normal regime of light
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The modification of biotesting method involving the use of two media layers of different density with application of water
samples previously enriched in aeration box proved to be most efficient in our work.

Fig.2. Results of biotesting in the modification involving the use
of two media layers of different density with application
of water samples previously enriched in aeration box:
1 — positive control koHTponb (PBCV-1); 2 — experimental samples; 3 — control of test culture

Conclusion. We have demonstrated that water samples
collected from technical water reservoirs of the National Ex-
hibition Center of Ukraine (50.370651; 30.474002) showed
lytic activity towards symbiotic algae Chlorella sp. (ACKU 95-
02) and induced lysis zones of approximately 1 cm in diame-
ter (Fig.2). We have also carried out the stage of initial ac-
cumulation of the virus. The modification of biotesting
method involving the use of two media layers and water
samples previously enriched proved to be most efficient.
Other modifications were less efficient or provided no results
at all. However we need to mention that chosen modification
is more time-consuming and requires specialized equipment.
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AOANTALIA METOOMKN BIOTECTYBAHHA
Aans BUABJIEHHA PBCV-1Y NMPOBAX BOAU

Mpoeedeno adanmauyiro memoda 6iomecmyeaHHs1 Onsi demekyii anbaoeipycie y npobax eodu ma npudoHHuUx ocadax. BcmaHoeseHo,
wo HaliegpekmueHiworo € Modugpikayiss Memody 6iomecmyeaHHs 3 suKopucmaHHsAM deox wapie cepedosuwia pi3Hol winbHocmi ma dooda-
eaHHsIM nonepedHbo 36az2avyeHux e aepauyiliHili kamepi npo6. MokazaHo 30amHicmb 3pa3kie e00u eidi6paHux 3 mexHi4YHux o3ep HayioHanb-
HO20 eucmaekoeo20o yeHmpy YkpaiHu nizyeamu mecm Kynbmypy cumb6iomu4Hoi eodpocmi Chlorella sp (ACKU 95-02). [lpoeedeHo nepeuH-
He HaKonu4YeHHs eipycy.

Knroyoei cnoea: anbzoeipycu, cumbiomuyHa eodopocms Chlorella sp (ACKU 95-02), PBCV-1.

10. 3y6uk, cneuynanucr, T. LLleBYeHKo, KaHA. GUon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

AOAMNTAUNA METOOUKN BUOTECTUPOBAHUA
Ona QETEKUWU PBCV-1 B NMPOBAX BO[bI

lMpoeedeHo adanmayuro Mmemoda 6uomecmupoeaHusi 0551 demeKyuu anb2osupycoe 8 npobax eodbl U MPUOOHHbIX ocadkax. YcmaHoesieHo,
4ymo Hauborsnee aghghekmuesHol siensiemcsi Modughukayusi Memoda 6uomecmupos8aHusi C UCMosib308aHUeM d8yx crioee cpedbl pa3su4dHol rniaom-
Hocmu u dobaeneHueM npedeapumesibHO 0602aujeHHbIX 8 a3payuoHHOU Kamepe npo6. lMokazaHa cnoco6Hocmb 06pa3yoe e00bl OMO6PaHHbIX U3
mexHu4eckux o3ep HayuoHanbHO20 8bICMaso4YHO20 UeHmpa YKpauHbl 1u3upoeamb mecm Kynbmypy cumbuomuyeckoli eodpocmu Chlorella sp
(ACKU 95-02). lTpoeedeHo nepsu4Hoe HaKornseHue supyca.

Knroyesnie cnosa: anb2osupychl, cuMmbuomu4veckasi eodopocsib Chlorella sp (ACKU 95-02), PBCV-1.
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EFFECT OF THEMULTIPROBIOTIC THERAPY
ON THE HYPOTHALAMIC-PITUITARY-ADRENAL SYSTEM
AND CYTOKINE PROFILE UNDER CONDITIONS OF STRESS

It was studied the influence of multistrain probiotic (MP) on the stress hormones content (adrenocorticotropic hormone
(ACTH) and cortisol) and the content of proinflammatory (interleukin (IL) 18 and IL-12Bp40) and antiinflammatory (IL-4 and IL-10)
cytokines in conditions of erosive and ulcerative lesions caused water immersion restraint stress (WIRS). Established that MP
significantly accelerated recovery of functioning of the hypothalamic-pituitary-adrenal system in terms of the stress action, that
was confirmed by a more rapid return of ACTH and cortisol concentrations to values of intact rats. Also MP decrease proinflam-
matory (IL-18 and IL-12B p40) and increase antiinflammatory (IL-4 and IL-10) cytokines content in the rats serum after WIRS.
These data suggest that one of the mechanism of the therapeutic effect of MP on lesions in the gastric mucosa caused by stress

is the impact on the stress system and cytokine profile.

Keywords: adrenocorticotropic hormone, cortisol, cytokines, stress, multistrain probiotic.

Physiological response to stress is a compensatory re-
action that eliminates or reduces the degree of homeosta-
sis alteration [1]. A mobilization of all systems is the basis
of this response. Due to the activation of the hypothalamic-
pituitary-adrenal system (stress system) levels of glucocor-
ticoids grows, which enables increased blood glucose as
the main energy source for the adaptation to stress [2].
Under conditions of excessive exposure to stressful factors
processes of immune reactivity trigger to protect against
possible infections [3, 4]. The result is anexcretion of proin-
flammatory cytokines (interleukin-1 (IL-1), IL-6, IL-12, tu-
mor necrosis factor a). Today it is known that inflammatory
mediators engaged in a stimulating impact on the stress
systemthat is detected by the increased synthesis of corti-
cotropin-releasing hormone and glucocorticoids, which in
turn suppress the immune response by negative feedback
[5-8]. When adaptation to excessive or prolonged stress
exposure is insufficient, pathological changes in organism
emerge. And first of all, significant release of stress hor-
mones damages the gastric mucosa (GM).

Under prolonged stress action endocrine glands (pitui-
tary and hypothalamus) are depleted, resulting in fall of
glucocorticoids levelbelow the physiological. To maintain
the integrity of the GM, homeostatic cortisol level is essen-
tial, as both too high and too low content of this hormone
damages the GM [9]. It is observed disbalance in self-
regulation of the "stress system — immune system" loop

under the depletion of the hypothalamic-pituitary-adrenal
system. Significant release of proinflammatory cytokines in
these conditions aggravates the lesions of the GM [10].

Today, more and more data suggest the relationship
between symbiotic microflora of the intestine, nervous sys-
tem and stress system [11]. An immune system plays not
the least role in this interaction. In our previous study, we
found that the therapeutic administration of multistrain pro-
biotic (MP) "Symbiter ® acidophilic concentrated" reduced
erosive and ulcerative lesions under conditions of stress
action [12]. To reveal the mechanisms of such influence
the aim of current work was to determine the effects of MP
on the content of stress hormones (cortisol and adrenocor-
ticotropic hormone(ACTH)) and the content of proinflam-
matory (interleukin (IL) 18 and IL-12Bp40) and antiinflam-
matory (IL-4 and IL-10) cytokines under conditions of ero-
sive and ulcerative lesions in GM induced by water immer-
sion restraint stress (WIRS).

Methods

The study was carried on 70 male rats in accordance with
the standards of the Convention on Bioethics of the Council of
Europe's, 1997, European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scientific
Purposes and the Law of Ukraine from 21.02.2006 Ne 3447-IV
"On Protection of Animals from Abuse".

Animals were divided into 10 groups of 7 rats each
(Table 1).

Table 1. The deWIRSion of rats on the research groups

Group The number of therapeutical The substance that Duration (hours) between stress exposure and measuring
number injections was injected of hormones and cytokines in serum
— - intact rats (not subjected to stress)
9 _ _ stress control (hormones and cytokines level was measured im-
mediately after stress)

3 2 water (control) 24

4 2 multistrain probiotic 24

5 4 water (control) 48

6 4 multistrain probiotic 48

7 6 water (control) 72

8 6 multistrain probiotic 72

9 8 water (control) 96

10 8 multistrain probiotic 96

Rats were subjected to 3-hour WIRS by Takagi et al.,
1964 [13]. One day prior to the experiment, the rats were
not fed, but they had free access to water. For immobiliza-
tion rats were placed in a perforated metal camera that was
putdown vertically into the water for 3 hours so that the
water level reaches the jugular fossa of animals. Water
temperature was 22-23° C.

After the stress animals of 3-10 groups were treated
with water or aqueous solution of MP in a volume of
0.5 ml/200 g orally twice a day. MP containing 14 probiotic

strains genera Lactobacillus, Lactococcus, Bifidobacterium,
Propionibacterium, was administered at a dose of
140 mg/kg (1 4x10"° CFU/kg). Treatment was started in an
hour after 3-hour WIRS.

Intact and exposed to stress animals were sacrificed by
cervical dislocation after a specified time after the WIRS.
Rats blood was collected from the heart into centrifuge
tubes without anticoagulant and leaved for 20-30 minutes
at room temperature to complete the formation of a clot.
Then, blood samples were centrifuged at 1000 g for

© Virchenko O., Falalyeyeva T., Beregova T., 2013
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15 minutes and the supernatant (serum) were harvested in
separate disposable microtubes, frozen at -20° C and used
for further studies. Serum ACTH and cortisol content were
determined at 15-3" days after WIRS, the antiinflammatory
cytokines —at 154" days. ACTH and cortisol were deter-
mined by ELISA using commercial kits of DRG Interna-
tional Inc. (USA) and SRL LLC "Granum" (Kharkiv,
Ukraine)production. Their contents were expressed in pg/ml
and nmol/l accordingly. The content of IL-1B was measured
by ELISA using commercial kits of GE Healthcare production
(Amersham, IL-1B Rat Biotrak ELISA System) and ex-
pressed as pg/ml. Content of IL-4, 10, 12B p40 was meas-
ured by ELISA using specific polyclonal antibodies (Sigma).
Their expression are expressed in units of optical density. All
samples were analyzed in two repetitions.

Statistical analysis of data was carried out by the "Statis-
tica 8.0" software package. For the analysis of the data dis-
tribution type Shapiro-Wilk’sW criterion was used. Since the
obtained results were normally distributed, t-Student test for
independent samples was used for the comparison of data.
Mean of value (M) and standard error of the mean (m) were
calculated. Significant difference was considered at p < 0,05.

Results. It was found that the concentration of ACTH in
the serum of intact rats was 23 + 9,7 pg/ml, and the con-
centration of cortisol — 27 + 8,3 nmol/l. As a result of stress
cortisol levels increased by 2.2 times (p<0.001), while the
concentration of ACTH decreased by 7.9 times (p<0.001),
that confirmed the negative feedback between the level of
cortisol in the blood and the level of secretion of ACTH by
pituitary gland (Fig. 1a, b) [14]. After 24 hours from the
WIRS concentration of cortisol in the blood serum of rats
decreased by 5.7 times(p<0.001) compared with intact
controls, which may indicate adrenal depletion under the
influence of stress factors and the enter to the third phase
of the general adaptation syndrome — the stage of deple-
tion (fig. 1a, b). ACTH concentration after 24 hours was

reduced by 3.2-fold (p<0.01) compared with intact rats,
which may indicate depletion of the pituitary gland. The
concentration of ACTH was 2.5 times higher (p<0.05) com-
pared with measured immediately after WIRS (Fig. 1a, b). For
the next 2 days after WIRS it was established a gradual
recovery of the level of ACTH and cortisol to the intact con-
trol values. So, after48 hours from the WIRS concentration
of ACTH was 1.9 times lower (p<0.05), and cortisol —
3.4 times lower (p<0.001) compared with intact controls.
Within 72 hours after the WIRS ACTH concentration in
serum of rats treated with water did not differ significantly
from that of intact rats, but cortisol concentration was lower
by 1.6-fold the level of the intact control (p<0.05) (Fig. 1a, b).
So, for 3 days after the stress concentration ACTH and
cortisol plasma levels were reduced compared with intact
rats, indicatingthe depletion of the endocrine glands, and
gradually restored to normal levels.

MP significantly accelerated recovery of functioning of
the hypothalamic-pituitary-adrenal system under stress
conditions, which was confirmed by a more rapid return of
ACTH and cortisol concentrations to values of intact rats
(Fig. 1a, b). The level of ACTH under the treatment of MP
did not differ from the intact control on the 1% day after the
WIRS and the cortisol concentration was restored to the
level of intact animals in 3 days after stress exposure.
Thus, the effect of MP on the content of stress hormones is
one of the mechanisms of its gastroprotective effect. In-
deed, we have found significant erosive and ulcerative le-
sions of the GM on the 1%-3" days after WIRS despite
ofsmall level of ACTH and cortisol in the blood of rats. And
the ulcer area in 3 days after WIRS sighnificantly exceeded
the registered immediately after stress. Therapy with MP
facilitated the restoration of basal levels of ACTH and corti-
costeroids, which correlated with acceleration ofthe stress-
induced lesions healing in the GM.
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Figure 1. Content of adrenocorticotropic hormone (a) and cortisol (B) in serum of rats after water immersion restraint stress
and under the conditions of therapeutic administration of multistrain probiotic (n = 7 per group) (M; box: SD; whiskers: m)
1 —intact control; 2 — immediately after stress; 3, 5, 7 — 1, 2, 3 days after stress in rats who were treated with water;

4,6, 8,1, 2, 3 days after stress in rats which were treated with probiotic

* kk kkk

, — p <0.05, p <0.01, p <0.001 compared with intact control, #, ## — p <0.05, p <0.01 compared with corresponding groups of rats

treated with water.

Study of immunomodulatory properties of MP under
conditions of stress-induced lesions of the GM showed that
after the application of stress in serum of rats which were

injected with water the concentration of proinflammatory
cytokines IL-1B and IL-12B p40 significantly increased and
remained higher compared to intact animals within 4 days
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after WIRS (Table 2). The concentration of antiinflamma-
tory IL-4 was also higher compared to control at all the

satory function of the immune system in terms of the
stress. At the same time, the content of IL-10 in serum of

days of observation after the WIRS, indicating a compen-

rats after stress did not change.

Table 2. The content of proinflammatory and antiinflammatory cytokines in rats serum under water immersion restraint stress
and therapeutic administration of multistrain probiotic (M = m, n = 7 per group)

Groups of rats index | | terleukin 18 '":Zg‘:)‘i';‘" Interleukin 4 | Interleukin 10
1 (Intact rats) 314£71 0,105:0,015 0,07620,009 | 0,1990,018
2 (immediately after stress) 403£68" 0,26810,025"" 0.076:0.007 | 0.222+0.015
3 (Control, 1 day after WIRS) 449166 0,394£0,056™* | 0,172:0,040° | 0,235:0,008
4 (Multistrain probiotic, 1 day after WIRS) 414257 0.31120,034™ | 0,270+0,054"/# | 0,374%0,063"/#
5 (Control, 2 days after WIRS) 56351 0,2330,035™ 0,141:0,023* | 0,145:0,035
6 (Multistrain probiotic, 2 days after WIRS) 400t61/# | 0,179:0,032° | 0,084£0,020# | 0,171%0,013
7 (Control, 3 days after WIRS) 511266™ 0,293:0.016™" 0,11620,021 0.21120.025
8 (Multistrain probiotic, 3 days after WIRS) 319453 0,25810,030"" 0,087:0,023 | 0.,190£0,016
9 (Control, 4 days after WIRS) 471+54" 0,137£0,023 0,122£0,017° | 0.214£0,020
10 (Multistrain probiotic, 4 days after WIRS) 334£41% 0,082:0,006%# | 0,072+0,007## | 0,17420,012

* kk kkk

, — p <0.05, p <0.01, p <0.001 compared with intact controls, # # # — p <0.05, p <0.01 compared with corresponding groups of

rats treated with water.

Treatment with MP significantly reduced the concentra-
tion of proinflammatory IL-18 and IL-12B p40 after stress.
For example, under the MP administration content of IL-1B
and IL-12B p40 after WIRS did not differ from the level of
intact controls at 3™ and4" day accordingly. It was found a
strong effect of MP on the concentration of antiinflamma-
tory cytokines. MP elevatedthe IL-4 concentration by 57%
(p<0.05) and IL-10 by 59% (p<0.05) compared with the
group of rats treated with water at 1% day after WIRS. In
the following days, the concentration of antiinflammatory
cytokines IL-4 and IL-10 in the group of rats administered
with MP did not differ from that of intact animals. The re-
sults indicate an anti-inflammatory effectof MP under condi-
tions of stress-induced lesions of the GM.

These results are consistent with other studies that
have shown that probiotic strains reduce the concentration
of proinflammatory cytokines under various pathologies of
the digestive system [15-17]. Thus, Lin-Lin Chen et al.
(2009) found that probiotics can reduce the content of
IL-1B levels in experimental colitis [15]. Rodes et al. (2013)
revealed that Bifidobacterium longumsubsp. infantis re-
duces the concentration of tumor necrosis factor-a and
increases the concentration of anti-inflammatory IL-4 in a
model of human intestinal microbiota[16]. Bermudez-Brito
et al. (2013) demonstrated a reduction in proinflammatory
cytokines level produced by human dendritic cells infected
with Salmonella typhi, under the influence of Bifidobacte-
rium breve CNCM 1-4035 [17].

Summing up the results, we can conclude that the pro-
biotic strains reduce the immune response and eliminate
stress hyperactivation under stress creating favorable con-
ditions for stress-induced lesions healing in the GM.

Conclusions.

1. MP restored basal levelof ACTH and corticosteroids
in conditions of WIRS.

2. MP possessed the antiinflammatory effect under
stress action, which was confirmed by a decrease of proin-
flammatory and increase of antiinflammatory cytokines in
the serum of rats.

3. Effect of MP on the system stress and the immune
system is one of the mechanisms of thestress-induced
lesions healing in GM.
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BMNJMB TEPANEBTUYHOI O BBEAEHHA MYNbTUNPOBIOTUKA
HA TIMOTANAMO-TINO®I3BAPHO-HAHUPKOBY CUCTEMY | LUTOKIHOBUU NMPO®IJIb B YMOBAX CTPECY

Bueyanu ennue MmynmuwmamHoz20 npobiomuka (MI1) Ha emicm 2opmoHie cmpecy (adpeHokopmukomponHul 2opmoH (AKTI) ma kopmu3on)
ma emicm npo3ananbHux (iHmepnetkin (I/1) 18 ma 12B p40) ma aHmu3ananbHux (1/1-4 ma I/1-10) yumokiHie 3a ymoe epo3ugHo-8upa3Ko8ux ypa-
JKeHb, 8UK/TUKaHUX 800HO-iMMoOb6ini3ayiliHum cmpecom (BIC). BcmaHoeneHo, ujo MI1 cymmeeo npuckoptoeae eidHoesieHHs1 hyHKYioHy8aHHs 2ino-
manamo-2inogizapHo-HaOHUpPHUKo80i cucmemu 3a ymoe Oii cmpecy, wo eidobpaxanocs y 6inbw weudkoMy nosepHeHHi koHueHmpauii AKTI" ma
Kopmu3osy 8o 3Ha4yeHb iHmakmuux wypie. MI 3meHwyesae emicm npo3anansHux (I/1-18 ma I/1-12B p40) ma nideuuwjyeae emicm aHmu3anaabHuUx
(I/1-4 ma 1/1-10) yumockiHie 8 cupoeamui kpoei wiypie nicns BIC. Ompumani daHi ceidyamb, ujo oOHUM 3 MexaHi3mie nikyeanbHo20 eghekmy MI1 Ha
ypaxkeHHs1 8 c/1u308ili 060/10HYi wWiyHKa, 8UK/IUKaHi cmpecoM, € ensiue Ha cucmeMy cmpecy ma yumokiHoeuli npogins.

Knro4oei cnosa: adpeHokopmuKkomponHuili 20pPMOH, KOPMU30J1, YUMOKiHU, CMpec, My/ibmuwmaMHul NPobiomuk.

A. BupueHko, acn, T. PananeeBa, a-p 6uon. Hayk, T. BeperoBas, a-p 6uon. Hayk
KHY nmenn Tapaca LLleB4eHko, KueB

BNUAHME TEPAMNEBTUYECKOIO BBEAEHUA MYNbTUNPOBUOTUKA
HA TMNOTAJNTAMO-TMNO®U3APHO-HAANMOYEYHUKOBYIO CUCTEMY U LUTOKUHOBbIU MPO®UIb
B YCNOBUAX CTPECCA

W3yyanu enussHue mynsmuwmamHoz2o npo6uomuka (MI1) Ha codepxaHue 20pMOHOE cmpecca (adpeHoKopmMuKomponHbil 2o0pmoH (AKTI) u
Kopmu3oJ1) u codep)xaHue nposocnanumesnbHbix (uHmepnelkud (U1) 18 u 12B p40) u aHmueocnanumensHbix (U/1-4 u UJ1-10) yumokuHoe 8 ycro-
8USIX 3PO3UBHO-138EHHbIX NMOPaXKeHUl, ebl38aHHbIX 800HO-UMMOb6UU3ayuoHHOM cmpeccoMm (BUC). YcmaHoeneHo, ymo MIT cywecmeeHHO ycko-
P/ eoccmaHoesieHue hyHKYUOHUPOBaHUsl 2urnomasnamo-2unogusapHo-Hadrno4e4yHUKogol cucmemMel 6 ycriogusix delicmeusi cmpecca, 4mo om-
paxanocb e 6osiee 6bicmpom eo3epame koHueHmpayuu AKTI u kopmu3ona do 3HavyeHuli UHmakmHbIX kpbic. MI1 cHu Xan codepxaHue npoeoc-
nanumensHbix (U1-18 u UI1-12B p40) u noebiwan codepxaHue aHmueocnanumensHbix (U1-4 u UJ1-10) yumokuHoe 8 cbieoOpPOMKe Kpo8U KpPbIC
nocne BUC. MonyyeHHble OaHHbIe ceaudemenibcmayrom, Ymo 0OHUM U3 MexaHu3Moe sie4ebHo20 aghgpekma MI1 Ha nopaxeHusi e cnuszucmoli o60-
J104Ke )KenydKa, ebi38aHHble CMPeccoM, siesisiemcsi eo3delicmeue Ha cucmemy cmpecca u YumoKuHoebIl npogusib.

Knroyeenie crnioea: aBpeHOKOpMUKOMPOMHbIl 20PMOH, KOPMU30J1, YUMOKUHbI, CMPEecc, My/bMuUuWMaMMHbIU MPO6UOMUK.
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THE EFFECT OF ACETIC ZINC ON SERUM ZINC LEVEL
AND INTERLEUKIN 13 AND 6 LEVEL IN RATS EXPOSED TO ALCOHOL FOR 21 DAYS

The aim of this study was to examine the effect of acetic zinc supplementation on dynamics of zinc level and inflammatory cyto-
kines (IL-1B8 and IL-6) production in serum of rats subjected to ethanol exposure for 21 days.The zinc level in serum was determined
by flame atomic-absorption spectrophotometry. The level of IL-18 and IL-6 in serum was measured by enzyme-linked immunosor-
bent assay (ELISA) kits ("Sigma", CLLIA). A significant gradual decrease of serum zinc level and elevation of the levels of circulating
IL-1B and IL-6 were seen in the ethanol-fed animals been maximal on 16" and 21™. The changes of zinc level and IL-1 8 and IL-6 pro-
duction in ethanol-intoxicated rats were completely corrected after acetic zinc supplementation that was more evident at prolonged
ethanol exposure. Zinc level in such animals has been demonstrated to increase and exceed the control by 4.2 and 4.9 times on 16"
and 21° day of alcoholization. The IL-1B8 and IL-6 level diminished and normalized also at these stages of study. Our results suggest
that acetic zinc supplementation recovers zinc pool in blood and normalizes inflammatory cytokine production that may be due to
reduction of zinc deficiency and attenuating of oxidative stress thus leading to inhibition of inflammation.

Key words. Ethanol, chronic alcohol intoxication, zinc deficiency, inflammatory cytokines, interleukin 1, interleukin 6, acetic zinc.

Introducton

Ethanol has a variety of detrimental effects on immune
system including effects on cell mediated and humoral im-
mune response. It decreases neutrophil infiltration and
phagocytic capability, inhibits lymphocyte activation follow-
ing antigen stimulation, and alteres cytokine production by
T cells and macrophages [1]. Prolonged ethanol exposure
can directly and indirectly lead to the suppression of immu-
nity and increased susceptibility to infections. The alcohol
effects are dose-dependent, long-term ethanol consump-
tion has been associated with inflammation [2]. Alcoholic
liver disease is a result of a pro-inflammatory effect of
chronic ethanol exposure [3].

Ethanol affects the production of cytokines that involved
in inflammatory responses in plasma and a variety of tis-
sues including lung, liver, and very importantly brain [4].
Cytokines are regulatory proteins playing a key role in im-
mune and inflammatory response to infection by pathogens
and oncogenesis. Excessive alcohol abusers have in-
creased circulating levels of the inflammatory cytokines
such as TNF-a (tumor necrosis factor-a), IL-1B (inter-
leukin 1) and IL-6 (interleukin 6) [5]. A significantly in-
creased production of IL-1B, IL-6, IL 12, and TNF-a by un-
stimulated peripheral blood monocytes was demonstrated
in patients with alcoholic liver disease [6].

Severe zinc deficiency has been observed to develop in
patients who chronically abuse alcohol, it's is one of the most
consistent biochemical observation in alcoholic liver disease
(ALD) [7]. Zinc affects the function of immune system, be-
cause it is one of the most highly proliferative organs. Zinc is
crucial for normal growth and function of T and B cells,
macrophages, neutrophils, and NK cells [8]. Zinc directly
influences on blood mononuclear cell, diminishing the pro-
duction of cytokines (IL-1, IL-6, TNF-a and IFN-y) [9]. Vari-
ous immune disorders are associated with zinc deficiency
[10]. Decreased serum zinc level is observed in chronic in-
flammatory or infectious diseases [9, 11].

Zinc has been successfully used to restore impaired
immune functions in diseases accompanied by diminished
plasma zinc levels (rheumatoid arthritis, acrodermatitis
enteropathica, hemodialysis patients, elderly individuals)
[10]. A dietary zinc supplement has been proposed as pos-
sibly being an efficient method to palliate zinc deficiency in
alcoholism [12]. Studies using animal models have demon-
strated that Zn treatment prevents alcohol-induced liver
injury under both acute and chronic alcohol exposure con-
ditions [13, 14]. Zn has a high potential to be used in the
prevention and treatment of ALD [12]. It may be a com-
pletely new therapeutic tool for the selective suppression of
lymphocyte functions [10] and inhibition of inflammation. In
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comparison to conventional immunosuppressive drugs,
zinc has the advantage of being most nontoxic, even in
dosages well exceeding the recommended dietary intake
[15]. Acetic zinc has the lowest toxicity among zinc salts.

However, the molecular basis of zinc effects on immu-
nity in alcoholism is largely unknown. Altogether, these
observations would support the importance of studying of
acetic zinc effect on the production of pro-inflammatory
cytokines in blood of rats chronically consumed alcohol.
The circulating cytokines now may contribute to diagnostic
biomarkers of excessive alcohol intake and alcoholism [4].

This study was undertaken to examine the effect of
acetic zinc supplementation on dynamics of zinc level and
inflammatory cytokines (IL-18 and IL-6) production in se-
rum of rats subjected to ethanol exposure for 21 days.

Materials and Methods

The research was conducted on white nonlinear rats
(males) with body weight ranging from 180 to 200 g. Rats
were kept under standard conditions with free access to
animal chow and tap water. Animals were divided into
3 groups (n=10 per group), namely: (1) control; (2) chronic
alcohol intoxication (animals were intragastrically treated
with 40% ethanol (2 ml/100 g); one time per day for
21 days); (3) chronic alcohol intoxication and acetic zinc
treatment (animals were simultaneously intragastrically
treated with ethanol and acetic zinc (0.2 g /100 g that was
considerably less than LDsy=0,278+0,049 for white rats) for
21 days). The development of chronic alcohol intoxication
in rats was performed as described by M.H. Halilov and
S.A. Zackirhodjayev [16].

Rats were sacrificed by cervical dislocation on next day
after treatment with ethanol and acetic zinc for 4, 7, 11, 16
and 21 days. The protocol of animal experiment was ap-
proved by the European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Sci-
entific Purposes (Strasbourg, 18.111.1986). Blood samples
were collected for further analyses. Serum was collected
by centrifugation of whole blood sample at 1000xg for
10 min at 4°C and stored at — 80°C.

3

The zinc level in serum samples was determined by
flame atomic-absorption spectrophotometer C115-M1
("SELMICHROM?", Ukraine) with deuterium background
correction and digital analytical complex CAS-120 [17].

The level of cytokines (IL-18 and IL-6) was measured in
serum samples by commercially available enzyme-linked
immunosorbent assay (ELISA) kits ("Sigma", CLUA). Sam-
ples were processed according to the manufacturer's in-
structions. Optical densities of each well were analyzed us-
ing a microplate reader. Samples were processed in tripli-
cates, and were analyzed in batches to minimize inter-assay
variability. The level of cytokines was determined by calibra-
tion curve plotted using the IL-18 and IL-6 standards.

All analyses were performed using the Microsof Exel
2007 software package, version 12 (Microsoft Corporation,
USA). The Student's t-test was used for the evaluation of
the statistical significance of the differences observed be-
tween two or more groups, respectively. P values less than
0.05 were considered statistically significant.

Results and discussion

Serum zinc level has been measured in rats intragastri-
cally treated with ethanol for 4, 7, 11, 16 and 21 days. Zinc
level progressively diminished at all stages of studx and
was less than control by 32%, 2 and 2.75 times on 4™, 7™,
11" day of ethanol exposure, respectively. The most es-
sential decrease was observed on 16" and 21 day of
ethanol exposure (by 3.2 and 3.7 times in comparison to
the control) (Figure 1).

Simultaneous introduction of acetic zinc and ethanol to
rats led to elevation of serum zinc level which exceeded the
control at all stages of study. Results shown in Figure 1 indi-
cate that zinc level increased by 2, 4.4. and 8.5 times on 4“‘,
7™ 11" day of alcoholization, respectively, comparative to
untreated animals. An elevation was most evident on 16"
and 21% day and made 12.9 and 18 times similarly to that
observed in rats exposed to alcohol only. In this case zinc
level exceeded the control by 4.2 and 4.9 times.
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Figure 1. Serum zinc level in rats exposed to ethanol and acetic zinc for 21 day

*— P < 0,05 in comparison to the control group, ** — P < 0,05 in comparison to the group, treated with ethanol only

It seems clear that ethanol causes a notable fall in the
level of zinc in serum of rats. We may assume that zinc
deficiency develops in alcoholized rats and deepens after
prolonged ethanol exposure. Our results are in agreement
with findings of other authors. Chronic alcohol feeding as-

sociated with inflammation is characterized by low plasma
zinc levels or a noticeable zinc deficiency [18, 7]. Even the
shot-term ethanol treatment (for 5 days) has been shown to
decrease the zinc level in serum of rats [19].
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The physiologic plasma zinc concentration represents a
very mobile and immunologically important pool [10]. The
observed by us decrease of zinc level in ethanol-
intoxicated rats likely reflects a redistribution of serum zinc
into the liver. Such redistribution according to the findings
of Singh et. al., occurs within the inflammation, caused by
increased production of inflammatory cytokines, mainly IL-1
and IL-6, and the subsequent induction of zinc-binding
metallothionein in hepatocytes [20].

In the present study, acetic zinc administration to etha-
nol-intoxicated rats restored zinc level in serum and it even
exceeded the control value. The effect of this drug was
more evident in rats exposed to ethanol for a longer time
(for 16 and 21 days). We can assume that acetic zinc
treatment restores the reserves of zinc in organism and
might be a tool for alleviating of zinc deficiency.

Zinc is considered to be an antioxidant, membrane-
stabilizing and anti-inflammatory agent. It has a role in the
prevention of free radical-induced injury during inflamma-
tory processes, decreasing reactive oxygene species
(ROS) generation via inhibition NADPH oxidase [9]. It also
inhibits NF-kB activation and this results in a decrease in
production of inflammatory cytokines [8].

Chronic alcohol exposure has been reported to aug-
ment secretion of inflammatory cytokines by PBMC [6].
Several studies in human and animal models have con-
firmed that increases in the production of inflammatory
cytokines such as IL-1, IL-6, TNF-a and IFN-y are associ-
ated with decreased zinc status [9].

In line with this, the circulating level of cytokines IL-1B3
and IL-6 was measured in ethanol-intoxicated rats treated
with acetic zinc. It was found that the ethanol-fed rats pro-
duced much higher levels of IL-1B and IL-6 than the control
rats, and this increase was progressively intensified by

prolonged ethanol exposure. The elevation of IL-1B serum
level was insignificant in animals treated with ethanol for
4 and 7 days, it averaged 12% and 20%, respectively, in
comparison to control animals (Figure 2). The level of this
cytokine increased more significantly after more long etha-
nol exposure for 11, 16 and 21 days and its value ex-
ceeded the control by 58%, 71% and 76%, respectively.

The serum level of IL-6 weakly increased at early
stages of alcohol intoxication (for 4 and 7 days), exceeding
the control by 19% and 35%, respectively (Figure 3). In
contrast to IL-1p3, IL-6 level dramatically rose by 2, 2.3 and
2.6 times in comparison to control in rats exposed to etha-
nol for 11, 16 and 21 days, respectively.

Simultaneous treatment of rats with ethanol and acetic
zinc led to gradual reduction of IL-18 and IL-6 level in se-
rum at all stages of study. The observed decrease was
insignificant in animals treated with zinc for a few days, but
this preparation evoked more substantial effect when has
been introduced for a longer time (16 and 21 days).

When rats were treated with acetic zinc and ethanol for
4,7 and 11 days, the serum level of IL-13 decreased by
12%, 23% 34%, respectively, in comparison to animals
exposed to alcohol only (Figure 2). Treatment with drug for
16 and 21 days diminished IL-13 level by 40% and 43%,
respectively. It should be noticed that level of this cytokine
came to normal at last stage of study.
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Figure 2. Serum level of IL-18 in rats exposed to ethanol and acetic zinc for 21 day

*— P <0,05 in comparison to the control, ** — P < 0,05 in comparison to the group, treated with ethanol only

Short-term treatment of rats with acetic zinc and etha-
nol (for 4 and 7 days) hasn't been observed to alter the
serum IL-6 level significantly. In the first case it didn't differ
from such in alcoholic animals, in the second case it de-
creased by 11% (Figure 3). The level of this cytokine dimin-
ished by 45%, 53% and 60% in rats subjected to zinc ad-

ministration for 11, 16 and 21 days, respectively, in com-
parison to alcoholic animals that haven't been treated with
preparation. Thus, the diminishing of II-6 level was most
evident in rats treated with acetic zinc for a longer time
(16 and 21 days), similarly to IL-1B. Both IL-1B and II-6
levels normalized on 16th and 21st day of zinc treatment.



~ 08 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHni Tapaca LleBueHka

ISSN 1728-3817

120

100

80

60

**Jlrii-

40

HH

py ! ml of serum

*

wjlr\uu

f{wi

Control 4 days

Oethanol exposure

Tdays 11days 16days 21days

Oethanol exposure+acetic zinc freatment

Figure 3. Serum level of IL-6 in rats exposed to ethanol and acetic zinc for 21 day

*—P <0,05 in comparison to the control, ** — P < 0,05 in comparison to the group, treated with ethanol only

Studies in experimental human model provided a pos-
sible mechanism by which zinc deficiency may affect cell-
mediated immunity adversely [8]. It was observed that the
production of inflammatory cytokines (IFN-y, TNF-a and
IL-18) by activated monocytes/macrophages is increased
as a result of zinc deficiency [9]. Such augmentation leads
to the generation of increased amounts of reactive oxygen
species (ROS) and developing of the oxidative stress.
Chronic alcoholism is also associated with an increased
intracellular production of inflammatory cytokines [5, 6].

As could be expected, ethanol induced a significantly in-
creased production of IL-13 and IL-6 analyzed in a group of
rats with alcohol intoxication. This observation indicates that
secretion of inflammatory cytokines by peripheral blood
monocytes of alcoholic rats could be increased. Such effect
could be related to the activation of these cells. This is con-
sistent with observations about the activation of human
monocytes and macrophages in chronic alcoholic individuals
[21]. Such activation could represent a risk factor for the
development of systemic inflammatory syndrome [22].

An increase of the production of inflammatory cytokines
IL-18 and IL-6 in ethanol-intoxicated rats may reflect the
cell-mediated immune dysfunctions and might be due to
decrease of zinc level in blood. The observed effect was
adversely affected in long-term alcohol exposure that is
associated with amplification of zinc deficiency.

We have demonstrated the ability of acetic zinc to in-
hibit the production of inflammatory cytokines IL-18 and
IL-6 in blood, which was simulated by alcohol. This prepa-
ration is more efficient when introducing to animals sub-
jected to prolonged ethanol exposure (for 16 and 21 days).

Zinc is considered to affect directly the cytokine produc-
tion [10, 11]. This preparation could also attenuate oxida-
tive stress in alcoholic animals that is in line with findings
concerning the antioxidant properties of this microelement.
Zinc was demonstrated to induce the production of metal-
lothionein, which is a scavenger of "OH [8]. It also com-
petes with iron and copper ions for binding to cell mem-
brane, thus decreasing the production of ‘OH, inasmuch as
these ions catalyze the production of "OH from HO,.

The beneficial effect of zinc preparation is associated
with reducing of oxidative stress and inhibition of the pro-
duction of inflammatory cytokines. Dietary zinc supplemen-
tation has been observed to prevent hepatocyte apoptosis
in mice subjected to long-term ethanol exposure [13]. The
action of zinc was assumed as suppression of oxidative

stress and death receptor-mediated pathways (NF-R1,
FasL, Fas, Fas-associated factor-1, and caspase-3).

Oral administration of zinc chloride has antioxidant ef-
fect on stomach and intestine of rats treated with ethanol
[12]. This preparation prevented and reversed alterations of
thiobarbituric acid reactive substance and reactive species
levels, total protein SH content, superoxide dismutase and
catalase activity induced by ethanol [14].

Oral administration of Zn(ll)-curcumin complex has
been reported to adjust the inflammatory cytokine-
mediated oxidative damage to the gastric mucosa in the
rats exposed to ethanol [23]. This drug prevented formation
of ulcer lesions induced by ethanol, inhibited TNF-a and IL-
6 expression, increased the activity of SOD and reduced
MDA levels in gastric mucosa.

We can assume that acetic zinc inhibits inflammation in
alcoholic animals via restoring zinc pool in organism and
thus removing the outcomes of zinc deficiency. The ob-
served augmentation of zinc level in blood of alcoholic
animals subjected to acetic zinc treatment is evidence of
such assumption.

Altogether, our results suggest that acetic zinc supple-
mentation has some benefit by recovery of zinc pool in
blood and diminishing the secretion inflammatory cytokines
thus restoring impaired immune function in alcoholism.

Conclusions

Alcoholization led to zinc deficiency in blood and aug-
mentation of the production of inflammatory cytokines IL-1
B and IL-6 in rats that is most evident at long-term ethanol
exposure (for 21 days). Acetic zinc supplementation recov-
ers zinc pool in blood and normalizes cytokine production
that may be due to reduction of zinc deficiency and attenu-
ating of oxidative stress thus leading to inhibition of in-
flammation. This preparation had beneficial effect when it
has been used in prolonged alcohol intoxication.

These results support and extend on previous observa-
tions [12], suggesting the high potential of zinc be devel-
oped as an effective agent in the prevention and treatment
of alcoholism.
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KHY imeHi Tapaca LLeB4eHka, Kui

BMNNB OLTOBOKUCIIOIO LIMHKY HA PIBEHb LIMHKY TA IHTEPNIEMKIHIB 1B 1 6 Y CUPOBATLII KPOBI LLYPIB,
MAoAHUX Ol ANKOronio YNPOOOBX 21 AOBU

Memoto po6omu 6yno sus4umu dit0 0yMOBOKUCI/I020 YUHKY Ha QuHaMiKy pieHI0 YUuHKy ma npodyKuyii npo3ananbHux yumokiuie (IL-1B i IL-6) y
Kkposi uwyypie, niddaHux Jii emaHony ynpodoex 21 dobu.PiseHb YUHKY y cupoeamuyi Kposi 6yno eusHayeHO amoMHO-adcopbyiliHoto criekmpogo-
momempiero. PieeHb IL-1B i IL-6 6yno eu3HayeHO 3 eukopucmaHHsIM Habopie Ons imyHogpepmeHmHoz2o aHanizy (ELISA) ("Sigma”, CLUA).Byno
8CMaHo8J1IeHO 3HaYyHe NMocmynoee 3HUXEHHS PieHIO YUHKY ma nideuweHHs1 emicmy IL-1B i IL-6 y cuposamui kposi meapuH, sskum eeodusniu ema-
Hos, wo Habyeasno makcumymy Ha 16-y i 21-y do6y. 3miHuU pieHIo YuHKY ma npodykyii IL-1B i IL-6 y meapuH 3 anKo20/1bHOI iHMOKCUKayicto MoeHi-
cmio Kopekmysasnucs nicssi 68e0eHHs1 YUHKY, wjo 6yno Halbinbw eupaxeHum npu mpusanid Jii emaHony. [TokazaHo, Wjo pieeHb YUHKY y makux
meapuH 3pocmae i nepeeuujyeae koHmposb y 4,2 i 4,9 pazu Ha 16-y i 21-y o6y ankozonizauii. Bmicm IL-1B i IL-6 3HU)Xyeaecsl i Hopmani3yeaecs
Ha yux xe emanax exkcriepumeHmy. Hawi pesynsmamu ceid4yame npo me, wjo eeedeHHsI OUMOBOKUCI1020 YUHKY 8iOHO8JIIOE MNys1 Ub020 Memarny y
Kpoei i Hopmaniszye npodyKuyiro npo3ananbHUX YUMOKiHie, ujo Moxxe 6ymu HacliOKOM ycyHeHHs1 UUHKo8020 degbiyumy i npu2HiyeHHs1 okcudamue-
HO20 cmpecy i, ik Hac/1iO0K, 3MEeHWEeHHS 3anaseHHs.

Knro4oei crnosa. EmaHon, xpoHiyHa ankozosbHa iHmMoKcuKayisi, yuHkosuli degpiyum, npo3anasabHi YUMOKiHU, iHmepnelkiH 15, inmepnelkiH 6,
oymoeoKucull YUHK.

0. XapueHko, kaHA. 6uon. Hayk, . KomnaHeu, kaHAa. 6uon. Hayk, J1. BoryH, kaHA. 6uon. Hayk,
. TpebuHbIK, KaHA. 6uon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

BITUAHUE YKCYCHOKMUCNOIO LIMHKA HA YPOBEHb LMHKA N UHTEPNIEMKWUHOB 1B 1 6
B CbIBOPOTKE KPOBW KPbIC, NOABEPIHYTbIX BO3AEACTBUIO ANIKOIONsl B TEYEHUE 21 CYTOK

Lenbto pabomsi 661510 usy4ums delicmeue yKCYCHOKUC/I020 YUHKa Ha OuaMuKy ypoeHsl YuHKa u npodyKyuu rnpoeocnanumesibHbIX YumoKu-
Hoe (IL-1B u IL-6) e Kkpoeu Kpbic, kKomopbix nodeepaanu delicmeuro amaHosia 8 me4deHue 21 cymok. YpoeeHb UUHKa 8 CbieOpomKe Kpoeu 6bis
onpedesnieH amoMHo-adcopbyuoHHoU criekmpogomomempueli. YposeHsb IL-1B u IL-6 6bin onpedeneH ¢ ucnosb3oeaHueM Habopoe 07151 UMMYHO-
¢epmeHmHoz0 aHanu3sa (ELISA) ("Sigma”, CLLIA). YcmaHoesnieHo 3Ha4YumesibHoe nocmeneHHoe CHWXeHUe ypoe8Hsl YUHKa U noebiuwieHue codepia-
Husi IL-1B u IL-6 8 cbisopomKe KpO8U )XUBOMHbIX, KOMOPbLIM 8800USIU emaHoJ1, Ymo docmuaasio Makcumyma Ha 16-e u 21-e cymku. N3meHeHus
ypoeHs yuHka u npodykyuu IL-1B u IL-6 y )xueomHbIX C asIKO20/IbHOU UHMOKCcUKayuel NMosIHOCMbIO KOPPEKMuUpoe8asiuch nocsisi eee0eHusi YuHKa,
4mo 6b110 Haubosee supaXeHHbIM npu dnumenbHoM delicmeuu amaHona. [TokazaHo, YMo ypieeHb YUHKa Yy MaKux XUueomHbIX 603pocmars u rnpe-
eblwasn koHmposb e 4,2 u 4,9 pasa Ha 16-e u 21-e cymku ankozonu3ayuu. CodepxaHue IL-1B u IL-6 cHuxanocb U HOPManU3upPo8asioCb Ha AMUX X
emanax akcrnepumenma. Hawu pesynemamsi ceudemenbcmeyom o mom, Yymo eeedeHue YKCYCKOKUC/I020 YUHKa eoccmaHaesiueaem rys 3moao
Memanna e Kpoeu u Hopmasnusupyem npodyKuito nposocnanumesbHbIX YUMOKUHO8, YMo MoXem Gbimb pe3y/nbmamom ycmpaHeHusi YUHKO8020
degbuyuma u y2HemeHus1 OKCUOamMueHO20 cmpecca U, kak criedcmeue, yMeHbUleHuUe 8ocrasneHusl.

Knioyeenbie cnoea: amaHosn, XpOHUYECKasi ajlKo2osbHasi UHMOKCUKayusi, UuHKoebll deguyum, npmueosocnanumesibHble YUMOKUHbI,
uHmepnelikuH1p, uHmepnelkuH 6, yKCYyCHOKUCbIU YUHK.
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MOTOR ACTIVITIES OF THE RAT STOMACH AFTER LONG-TERM INJECTION
OF OMEPRAZOLE AND OMEPRAZOLE WITH MULTIPROBIOTIC "APIBACT"

Changes in spontaneous and carbaholine-stimulated gastric motor activity was studied in rats after 28 days administration of
omeprazole (proton pump inhibitor) and after 28 days simultaneous administration of omeprazole and multiprobiotic "Apibact". It
was found that omeprazole inhibited spontaneous and stimulated gastric motor activity. Multiprobiotic "Apibact" significantly
prevented the development of changes in gastric motility caused by omeprazole.

Keywords: gastric motor activity, proton pump inhibitor, Omeprazole, "Apibact”.

Introduction. The proton pump inhibitor (PPI) is widely
used for the treatment of gastroesophageal reflux disease,
peptic ulcer diseases, and functional dyspepsia [10]. A
systematic literature search has been performed, showing
that the delaying effect of PPIs on gastric emptying of solid
meals is consistent [2, 11]. Early we established that after
28-days of gastric acid secretion depression by H*-K'-
ATPase blocker omeprazole application in the stomach the
inflammation, dysbacteriosis [12] and motility disturbances
were developed [9]. For correction of dysbacteriosis we
used multiprobiotic "Symbiter® acidophilic" concentrated.
We have shown that after simultaneous administration of
omeprazole and multiprobiotic "Symbiter® acidophilic" con-
centrated spontaneous gastric motility was the same as
after omeprazole only but gastric motility stimulated by
carbochol was increased. As it didn't reach the control
means we proposed to use another probiotic and namely
multiprobiotic "Apibact®". Multiprobiotic “Symbiter® aci-
dophilic" concentrated and multiprobiotic "Apibact™ are
unique composition of multicomponent symbiotic probiotic
bacteria. One dose (10 cm3) of multiprobiotics contains not
less than 10" live cells of probiotic bacteria. In contrast to
multiprobiotic “Symbiter® acidophilic" concentrated multi-
probiotic "Apibact®" contains 2.5% propolis extract. Propo-
lis is a resinous substance collected by Apis mellifera from
various tree buds which they then use to coat hive parts
and to seal cracks and crevices in the hive [3]. Recently,
numerous biological properties of propolis have been re-
ported including cytotoxic, antiherpes, free radical scaveng-
ing, antimicrobial, and anti-HIV activities [1, 4-8, 13].

In connection with this the aim of the study was to in-
vestigate the spontaneous and stimulated gastric motility in
the rats after 28-days of simultaneous administration of
omeprazole and multiprobiotic "Apibact®".

Matherials and Methods. The study was conducted
with the approval of the ethics committee of our institution.
All animals were treated in a humane manner in full com-
pliance with our instition. Thirty white non-linear rats (180-
200 g) were randomly divided into 3 groups. Animals of the
1%t group (control) during 28 days were injected with 0,2 ml
of H20 intraperitoneally (i.p.) and 0,5 ml of H,O (per os).
Animals of the 2™ group during 28 days were injected with
inhibitor of H™-K*-ATPase OM (14 mg/kg, diluted in 0,2 ml of
H20, i.p.) ("Sigma-Aldrich", USA) and 0,5 ml of H,O (per os).
The rats of the 3" group during 28 days were injected with
the same dose of OM and multiprobiotic “Apibact®" (limited
company "0O.D.Prolisok") in dose 0,14 ml/kg (per os).

In a day after last introduction of omeprazole, omepra-
zole + multiprobiotic "Apibact®" or water, an experiment

was carried out to determine the spontaneous and stimu-
lated gastric motility. Each experiment started in the morn-
ing, on an empty stomach, after a day of starvation and
free access to water. Animals were anesthetized with ure-
thane (Sigma, USA) in dose 1.1 g/kg (i.p.). Gastric motility
was studied using the balloonographic method. Graphic
record of investigated parameters was performed on the
computer connected via pressure gauge "Rhytm" (Kiev,
Ukraine) with the sensor. In a 2 hours of spontaneous mo-
tility recording the rats were i.p. injected with agonist of
acetylcholine receptors carbachol in dose 10 mkg/kg.

Rat euthanasia was carried out through introduction of
lethal narcosis dose.

Normal distribution of studied parameter for each sam-
pling was checked using Shapiro-Wilks W test. Average
value (M) error and standard deviation (SD) were calcu-
lated to discover significant changes of motility indices.
Sampling comparison was performed using the unpaired
Student's t-test. Differences among values were consid-
ered statistically significant if p<0.05.

Results and discussion. In the result of our investi-
gations it was established that in the rats of control group
the frequency of spontaneous contractions in the stomach
was 3,5 contractions per minute (fig.1A). Long-term intro-
duction rats omeprazole didn't influence on the frequency
of spontaneous contractions in the stomach but it caused
the decrease of amplitude and motility index by 77%
(p<0,01) and 77% (p<0,01) respectively (fig.1B). In this
group of rats the motility activity evoked by carbachol also
was dramatically suppressed. In group of rats which were
injected with omeprazole and multiprobiotic "Apibact®" the
frequency, amplitude and motility index of spontaneous
contractions in the stomach were the same as in group of
rats after long-term injection of omeprazole (fig. 1C). As
to gastric motility stimulated by carbachol, multiprobiotic
"Apibact®" greatly enhanced the amplitude and the motil-
ity index in the stomah compared with the group of rats
treated with omeprazole alone.

We hypothesized that the elimination of dysbiosis in the
colon, restoring the content of chort-chain fatty acids in it,
which is one of the main reasons for the recovery motility in
the colon, which in turn leads to a shortening braking colo-
gastric reflex. Also we need to take into account the anti-
inflammatory action of propolis. Propolis diminished the
inflammation in the stomach that also helped to restore
gastric motility.

Thus, multiprobiotic "Apibact®" can be used in patients
which are long-term treated with omeprazole for prevention
of gastric motility disturbances.

© Pilipenko S., Kabanov O., 2013
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Figure 1. Representative recording showing the effects of various drugs
on the spontaneous and stimulated by carbahol gastric motility in rats.
A — control group of rats, B — group of rats in a day after 28-days of omeprazole (14 mg/kg) administration,
C — group of rats in a day after 28-days of simultaneous administration of omeprazole (14 mg/kg) and multiprobiotic "Apibact®" (0,14 mi/kg)
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MOTOPHA AKTUBHICTb LWWTYHKA NicnA TPUBAJIOIO BBEAEHHA OMENPA3O0ITY
3 MYJIbTUINMPOBIOTUKOM "ANIBAKT"

HocnidxeHo 3MiHU cnoHmMaHHOI ma cmuMynboeaHoi kKap6axoiHOM MOMOPHOT akmueHOCMI WiTyHKa y wypie nicns 28-0eHHo20 eeedeHHs1 6110-
Kamopa npomoHHOi MoMnu oMmenpa3sosny, a Makox nicnsi 28-0eHHo20 oOHO4YacHO20 e8edeHHsI oMenpa3sosly ma mynbmunpo6iomuka "Aniéakm”.
BusieneHo, w0 oMenpa3sos npuzHiyyeae CioHMaHHy ma cmumyJsibo8aHy MOMOPHY akmueHicmb wnyHka. Mynsmunpo6iomuk "Aniéakm" cymmeeo
3anobizae po3eumky 3MiH 8 MOMOPUUi WIyHKa, UK/TUKAHUX OMErpPa30JIoOM.

Knroyoei cnoea: MomopHa akmueHicmb wilyHka, 6510kamopu npomoHHoi nomnu, Omenpa3sos, Aniéakm.

C. NMununeHko, kaHA. 6uon. Hayk, A. KabaHoB, uHxeHep
KHY nmenu Tapaca LLleB4eHko, KueB

MOTOPHAA AKTUBHOCTb XENYOKA KPbIC NMOCHNE ANUTENBbHOIO BBEAEHUA OMENPA3O0JIA
C MYJNIbTUMPOBUOTUKOM "AINMUBAKT"

HccnedosaHo usmMeHeHUs1 CMOHMaHHOU U CMUMYynuUpPo8aHHoOU Kap6axosluHOM MOmopHoU akmueHocmu xenydka y Kpbic nocsne 28-mu JHell
esedeHus1 6/10kamopa NPOoMOHHOU NMOMMbI OMenpa3o/a, a makxe nocsne 28-mu OHeli egedeHus1 omenpasonia u Mynbmunpobuomuka "Anu6akm”.
YcmaHoeneHo, Ymo omenpa3os1 yaHemars CrlioHmaHHyH U CMuUMyiupoeaHHyH MOIMOPHYH akmueHocmb xenydka. Mynsmunpobuomuk "Anu6akm”
cyujecmeeHHo npedomepaujan pazsumue usMeHeHuli 8 MOMopuUKe xesydka, 8bI38aHHbLIX OMENPa30/IoM.

Knroyeenie crioea: MomopHasi akmaeHocmb enydka, 651o0kamopbi MPOMOHHOU nomnskl, Omenpa3sosn, Anubakm.
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BIOINFORMATICAL SEARCH FOR TRANSCRIPTION FACTORS BINDING SITES
IN MBL71 PROMOTER OF RATTUS NORVEGICUS

In the current work we have analyzed the Mbl1 (mannose-binding lectin) promoter for the presence and functional specifity of
transcription factors binding sites (TFBS). We have utilized the weight-position matrices from MatrixFamily Library Version 9.0
and JASPAR CORE Vertebrata databases and two programs — MatIinspector and Jaspar. Phylogenetical analysis of rat Mbl1 pro-
moter in comparison with Mus musculus gene-ortholog and the search for functional modules of cooperating transcription fac-
tors were conducted with DiAlignTF program. Thus we defined 3 regions in Mbl1 promoter, enriched with conservative transcrip-
tion factors binding sites, and 6 modules of potentially cooperating TFs.

Key words: mannose binding lectin, weight-position matrices, transcription factor binding sites.

Introduction. Mbl1 refers to the complement system,
sometimes called the "complement cascade". It is a com-
plex network of plasma (blood) proteins that cooperate to
provide antimicrobial defense and maintain healthy tissue.
It's part of the immune system, and complements the anti-
body- and cell-driven responses to infection by pathogens.
There are three ways that the complement system be-
comes activated: the classic complement pathway trig-
gered by antigen-antibody complexes; the lectin pathway
triggered by molecular patterns, which are present on
many pathogens or exposed neoepitopes on apoptotic,
senescent and some tumor cells and/or injured/ inflamed
tissues [1 — 4]. These molecular patterns contain sugars,
such as D-mannose, fucose and N-acetyl-D-glucosamine;
the third way is the unique alternative complement pathway
that is always activated at a low level, and doesn't require a
microbial surface to trigger it. All these pathways converge
on convertase 3 (C3), the central molecule of complement
system, that continues the cascade of proteolytic reactions
with eventual opsonisation of particles, release of inflam-
matory peptides and enhanced engulfment by phagocytes
of above-mentioned cells as well as cell debris. Whenever
MBL is bound to specific molecular patterns it associates
with MBL-associated serine proteases (MASPs) and via
MASPs initiates complement pathway activation [5] and
thrombin-like activity [6]. A number of membrane receptors
for MBL, including C1q phagocytic receptor (C1gRp),
calreticulin (also known as C1qR), and CR1(CD35), have
been described. Interactions with these receptors may also
be important in stimulating phagocytosis by MBL [7; 8].

Thereby MBL1 is in the first line of defense in pre-
immune host. It is produced primarily in the liver and also in
kidney, lung and testis [9, 10]. It also refers to acute phase
proteins (APP).

There are some evidences that the genes of comple-
ment system are regulated by transcription factors includ-
ing C/EBP (CAAT - binding protein), GR (glucocorticoid
receptor), ISGF (interferon — stimulated growth factor) and
AP1 (the activator protein 1) [11]. However, the regulation
of MbI1 expression still remains unknown. The in silico
search for transcription factors binding sites in promoter of
MbI1 has revealed the potential regulators of its transcrip-
tion partly coinciding with its known functions.

Methods. The sequence of 2007 bp (from -1934 to +
73 bp), containing adjacent 5'UTR, was chosen for the
search of potential transcription factor binding sites
(TFBSs). Two software tools were utilized — Matinspector
(http://www.genomatix.de/online_help/help_matinspector/
matinspector_help.html) [12] and Jaspar
(http://jaspar.gener-eg.net/) [13]. Their open-access data-
bases contain 907 and 217 weight matrices (PWMs) of
TFBSs for vertebrates respectively in Matrix Family Library

Version 9.0 (August 2012) and JASPAR CORE Vertebrata.
PWM represents the complete nucleotide occurrence prob-
abilities and information content evaluation of each matrix
position. It allows the quantification of the matrix similarity
between the weight matrix and a potential TFBS detected in
the target sequence. Similar and/or functionally related tran-
scription factor binding sites are grouped in Matlnspector
into so-called matrix families (186 for Vertebrates).

The selection of TFBSs was started at recommended
thresholds — 0.8/individual families and 0.8/individual matri-
ces for Matinspector and 80 % threshold and minimal
8.000 similarity score for Jaspar. The identified individual
matrix matches were sorted on the basis of their corre-
sponding TFs association or not association with liver or
hepatocytes. The phrases "transcription factor and liver",
"transcription factor and hepatocytes" were used for litera-
ture mining with the help of IHOP service (http://www.ihop-
net.org/UniPub/IHOP/). Hereafter the selected TFBSs were
subjected to phylogenetic fingerprinting — the search of
evolutionary conserved TFBSs with regard of their posi-
tions by alignment of Rattus norvegicus and Mus musculus
MbI1 promoters with the help of DiAlign TF program
(http://www.genomatix.de/online_help/help_dialign/dialign_
TF. html). The following settings of similarity scores were
used — >0.85 for core similarity and optimized threshold for
the matrix similarity. The "core sequence" of a matrix is
defined as the usually 4 highest conserved positions of the
matrix. The optimized threshold for the matrix similarity
allows a maximum of three matches in 10 000 bp of non-
regulatory test sequences (1.5 million bp of coding se-
quences, excluding first exons and genomic repeats).

Further we have analyzed the identified matches of
TFBSs for the presence of the cis-regulatory modules us-
ing the library Vertebrate_Modules Version 5.6 and the
DiAlignTF option. Modules represent the association of at
least two TFBSs which are shown to act synergistically or
antagonistically. The visualization of results was made with
Dia 0.97.2 (25/10/12) program (http://dia.en.softonic.com/).

Results and discussion. In the current work we
searched for the potential transcription factors binding sites
within Mb/1 gene promoter of Rattus norvegicus. At the first
stage of our study we obtained 494 and 270 matrix
matches of TFBSs with the help of Matinspector and Jas-
par programs respectively. The application of the further
filter — the tissue-specificity notably the association of tran-
scription factors with the liver and hepatocytes has cut off
their number to 108 and 112 obtained with Matinspector
and Jaspar correspondingly.

As transcriptional regulation is mostly evolutionary con-
served we have applied phylogenetic footprinting and com-
pared Mbl1promoter of Rattus norvegicus with its ortholog
in Mus musculus with the help of DiAlign TF software. We
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defined 3 conservative regions enriched with transcription
factors (Fig. 1). The first one (-15 — 500 bp) contains bind-
ing sites of ISGF (Interferon stimulated growth factor),
PEA3 (Polyomavirus enhancer activator 3 or ETS translo-
cation variant 4), Spi-B (Spi-1/PU.1 related transcription
factor), 2 TFBSs of HNF-3/Fkh Homolog 2 (FOXD3), HNF6
— Hepatocyte nuclear factor 6 (Onecut- 2), c-Maf ( V-maf
musculoaponeurotic fibrosarcoma oncogene homolog),
C/EBP (Ccaat-enhancer-binding protein), SOX6 (sex-
determining region Y (Sry) box-containing protein 6); the
second region (- 730 — 955 bp) contains TFBSs of GR
(Glucocorticoid receptor), 3 NFAT (Nuclear factor of acti-

3

vated T-cells), Hoxb1 (Homeobox protein Hox-B1), 2
C/EBP, Oct-1(Octamer-binding protein 1) and 2 SRF (Se-
rum response factor) and the third one (- 1670 — 1900 bp)
consists of 2 GR, GABP (GA binding protein transcription
factor), GATA, 2 Oct-1, HNF6, AP2 (Activator protein 2),
STAT3 and STAT5 (Signal transducer and transcription
activator), CREB (Cyclic AMP-responsive element-binding
protein) and Foxa2 (Forkhead box protein A2) (Fig 2).

For each family of transcription factors within conserva-
tive regions of Mbl1 promoter, we searched for Modules of
TFs from library Vertebrate_Modules Version 5.6, using
DiAlignTF option (Table 1).
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Fig. 1. Localization of enriched regions containing evolutionary conserved transcription factor binding sites
in Mbl1 promoter of Rattus norvegicus
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Fig. 2. Transcription factors and their cognate binding sites within evolutionary conserved regions
in Mbl1 promoter (individual TFs are shown).

Table 1. Modules of associated transcription factors within conservative regions of Mb/1 promoter

Modules of associated TFs DNA strand (+,-) Distance between TFBSs (bp) Position in promoter (anchor positions, bp)
ETS - ISGF -, - 0 -44; -40
FKHD — FKHD -+ 34 -42 -290; -320
SRF — NFAT +, + 3-11 -743;-753
C/EBP — NFAT +, - 4-12 -901; -923
AP2- GR - - 47 -55 -1686; -1747
STAT3 — STATS - - 1-7 -1774, -1783

The transcription factor ISGF-3 that binds within the first
region is an interferon-dependent transcription factor that is
activated in cytoplasm in result of interferon o/p binding to its
cognate receptors [14]. ISGF-3 activates the target genes
and realizes antiviral, antiproliferative and immunomodula-
tory effects of IFNs. All ETS family members are identified
through a highly conserved DNA binding domain, the ETS
domain, which is a winged helox-turn-helix structure that
binds to DNA sites with a central GGA(A/T) DNA sequence.
As well as DNA-binding functions, evidence suggests that
the ETS domain is also involved in protein-protein interac-
tions. ETS factors act as transcriptional repressors, tran-
scriptional activators, or both [15, 16].

The ETS transcription factors belong to the family of
highly conserved sequence-specific DNA binding proteins,
which in association with other transcription factors regu-
late a number of diverse cellular processes including prolif-
eration and differentiation. The Fox proteins containing the
Forkhead boxes are important regulators of liver metabo-

lism, homeostasis and proliferative response [17]. The
members of this family have crucial roles in various
aspects of immune regulation [18]. The binding sites for
HNFs (hepatocyte nuclear factors), are identified in each
region within Mbl1 promoter. These transcription factors
regulate liver development, regeneration, hepatocyte pro-
liferation and metabolism [19]. The binding sites for AP-1
are widely represented in promoters of liver-specific genes
and mediate the regulatory role of AP-1 in the processes of
liver development, homeostasis metabolism and prolifera-
tion [20,21]. C/EBP & is associated with proliferation of
liver cells [22] and the acute-phase response (APR) in
which the liver plays a prominent role [23].

The C/EBP-0 transcription factor is known to be rarely
expressed in the liver but significantly up-regulated at the
early stage of the acute phase response [24]. The studies
with C/EBP- knockout mice demonstrated that neonatal mice
treated with purified bacterial lipopolysaccharide or recombi-
nant IL-1 lack an acute phase response typical for wild-type
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mice [25]. Sox [sex-determining region Y (Sry) box-
containing] proteins are a family of transcription factors that
is characterized by a homologous sequence called the
HMG-box (for high mobility group). This HMG box is a DNA
binding dimain. Accumulating evidence documents that Sox
proteins play additional roles in adult tissue homeostasis and
regeneration. Remarkably, their forced expression, in
combination with other synergistic factors, reprograms
differentiated cells into somatic or pluripotent stem cells [26].
However, despite their wide abundance among the tissues,
their functions in liver still remain poorly investigated.

The proteins belonging to the NFAT (nuclear factor of
activated T cells) family of transcription factors play a cen-
tral role in inducible gene transcription during the immune
response [27]. They rather frequently cooperate with AP-1
[27]. Serum response factor (SRF) is a transcription factor
that binds to a CarG box motif within the serum response
element (SRE) of genes that are expressed in response to
mitogens. The SRF is essential for hepatocyte proliferation
and survival. It controls the postnatal body growth and
regulates expression of multiple genes in hepatocytes [28].
The POU-domain transcription factor Oct-1 is widely ex-
pressed in adult tissues and it modulates the activity of
genes important for the cellular response to metabolic and
stress signals [29, 30]. It is proposed that rather than acting
as a primary trigger of gene activation or repression, Oct1
is a switchable stabilizer of repressed and inducible states
[31]. Oct- 1 was shown to interact with HNF-1 in mutual
regulation of liver-specific genes [32]. Glucocorticoid recep-
tors (GR) together with C/EBP are the main activators of
the synthesis of acute-phase proteins. The regulation of
gene expression in hepatocytes by glucocorticoids is es-
sential for normal liver homeostasis, metabolism and hepa-
tocyte proliferation [33].

Transcription factor GATA is expressed in early fetal
liver and is essential for organogenesis. It is also implicated
in carcinogenesis in several endoderm-derived organs [34].
STAT-mediated intracellular signal cascade plays a critical
role in antiviral defense, acute phase response, hepatic
injury, repair, inflammation and transformation [35].

The search for the modules in Mbl1 promoter has re-
vealed six pairs of transcription factors acting in coordina-
tion and sometimes physically interacting with one another.
There are two modules localized in the first region of Mbl1
promoter. The ISGF and representatives of ETS family of
TFs may interact with one another. For example, PU.71, a
member of ETS family, interacts with ISGF/IRF in enhan-
cers of Igk, IgA, IL-18 6 genes and in promoters of CD20,
gp91, Toll-like receptor 4 genes. This interaction is medi-
ated by the proline-glutamate-serine-threonine-rich (PEST)
domain of PU.71 [36]. This interaction is significantly en-
hanced by phosphorylation of serine 148, a residue located
within the PEST domain of PU.1 [37].

The module between two representatives of FKHD TF
family was found in -290; -328 position. Its functional role
was investigated in promoter of transthyretin (TTR) gene
[38]. It was revealed, that the presence of both HNF3-S
binding site, located in TTR promoter (-106 to -94) and
HNF3-W BS in TTR enhancer (-140 to -131) is essential
for TTR transcription activation.

Next, we found SRF — NFAT module in -734; -762 posi-
tion. The association of both transcription factors has been
established in smooth muscle cells (SMCs) for intronic
serum response factor (SRF)-binding CArG element in
alpha-actin gene promoter [39].

C/EBP — NFAT module was defined in -894; -932 posi-
tion. Interactions between C/EBP — NFAT was revealed in
peroxisome proliferator-activated receptor — 2 gene

(Ppar2). They form a composite enhancer complex to po-
tentiate expression of the Ppar2 gene [40].

AP2-GR module is located in -1686; -1747 positions.
AP2 and GR binding sites are closely located in phenyl —
ethanolamine N-methyltransferase (PNMT) gene promoter
and cooperatively regulate its expression [41].

The majority of STAT transcription factors associate
with each other to regulate gene expression. Two adjacent
STAT binding sites were defined in -1774; -1783 positions.
STAT3 forms heterodimer with STAT5 and both coregulate
gene expression in response to Colony-stimulating factor
(CSF-1) and other cytokines [42].

Thus, in the current work we predicted in silico the TFBSs
in Mbl1 promoter of Rattus norvegicus. The involvement of
multiple transcription factors reveals the potential complex
regulation of the processes at the first line of organism de-
fence via Mbl1 gene. The obtained results comprise the justii-
fied basis for taskoriented experimental validation.
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BIOIHPOPMALIIMHMIA NOLUYK ANA CAUTIB 3'€AHAHHA TPAHCKPUMNLUIWAHUX GAKTOPIB
B Mbl1 MIPOMOTOPY RATTUS NORVEGICUS

lMpoeedeHo 6ioiHghopmamu4Hull aHani3 npomomopy wypsiyozo aeHa Mbl1, sikuli kodye MaHO3038 3yro4ull IEKMUH, Ha HasieHicMb ma yHKyio-
HanbHy cneyudiyHicmb calimie 3e'a3yeaHHss mpaHcKpunyilinux ¢pakmopie. B po6omi 6yno eukopucmaHo no3uyiliHo-ea2oei mampuyi 3 6a3 daH-
Hux Matrix Family Library Version 9.0 ma JASPAR CORE Vertebrata, a makox 0ei npozpamu nowyky calimie 3e'a3yeaHHsi — Matinspector ma
Jaspar. Byno npoeedeHo ¢hinozeHemuyHuli aHasi3 3 IPOMOMOPOM 2eHa-opmosio2za Mus musculus ma 3dilicHeHo nowyk pyHKUYioHanbHUx ModyJiie
3HalideHux mpaHckpunyiliHux ¢pakmopie e npozpami DiAlign TF. B peaynsmami e npomomopi 2eHa Mbl1 wyypa Hamu 6yno eusHa4yeHo 3 dinsiHKu,
36azaveHi KOHCepeamueHUMU calimaMu 38 'a3yeaHHsi mpaHCKpunyiliHux ¢pakmopie, ma 3HalideHo 6 Mmodyniie nomeHyiliHol koonepamueHoi e3ae-
MOQdiT Mixx mpaHckpunyiliHumu ¢ghakmopamu.

Knro4oei cnoea: maH030-38 'A3yr04ull IEKMUH, MO3UyiliHO-ea208i Mampuyi, calimu 38 's13yeaHHs1 MPaHCKPUNuitiHUXx ¢hakmopis.

B. BoHaapeHko, cTyA.

WHcTuTyT MonekynsipHoi 6uonorum n reHetukn HAH YkpauHbl, KueB
KHY nmenu Tapaca LLleB4yeHko, KueB

M. O6oneHckas, npod.

WUHcTuTyT MonekynsipHon 6uonorumn u reHetukn HAH YkpauHbl, Kue

BMOUH®OPMALIMOHHBLIXA NOUCK AN CAUTOB COEAUHEHUA TPAHCKPUMLUOHHbLIX ®AKTOPOB
B Mbl1 NIPOMOTOPA RATTUS NORVEGICUS

lMpoeedeH 6uouHgpopmamuyeckuli aHanu3 npomomopa KpbicuHo2o 2eHa Mbl1, komopsbili KoQupyem MaHHoO30ces3blearowuli JIEKMUH, Ha Ha-
nuyue u (hyHKYUOHabHYI0 crieyuguyHocmb calimoe cesi3bleaHusi MPaHCKPUNUUOHHbIX ¢hakmopoes. B pabome 6b11u ucnonb308aHbl MO3UYUOH-
Ho-8ecoeble Mampuybl u3 6a3 daHHbix Matrix Family Library Version 9.0 u JASPAR CORE Vertebrata, a makxe dee npozpaMmbi noucka calimoe
ces3bieaHusi — Matinspector u Jaspar. ®unozeHemu4veckuli aHanu3 ¢ NpomMompomM 2eHa-opmorsnoza Mus musculus u nouck ¢pyHKYUOHaNbHbIX MO-
Oyneli Hali0eHHbIX MPaHCKPUMNUUOHHbIX ¢hakmopoe ocywiecmersieHbl 8 npozpamme DiAlign TF. B pesynsmame e npomomope 2eHa Mbl1 kpbicbi
Hamu 6bu10 onpedenieHo 3 yyacmka, o602aujeHHbIX KOHCepeamueHbIMU calimaMu cesi3bleaHUsi MPaHCKPUMYUOHHbIX ¢hakmopoe, u HalideHo 6
Modyrieli mMomeHyuaabHO20 KOoONMepamueHo20 83auModelicmeausi Mex0y MPacHKPUMYUOHHbIMU ghakmopamu.

Knroyeenie crnoea: MaHHO30-cesi3blgarowuli IeKMUH, MO3ULUOHHO-8eCo8blie Mampuybl, calimbi cesi3bieaHusi MPaHCKPUMYUOHHbIX (hakmopos.
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