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Aim. To study the effect of lipopolysaccharide (LPS) of Pseudomonas syringae pv. atrofaciens on
spontaneous and induced mutations in pro- and eukaryotic test-systems. Methods. Mutagenic and
antimutagenic properties of LPS were studied in Allium cepa-test and Ames test. Results. LPS does not
influence the spontaneous mutations of Salmonella typhimurium and decreases the level of mutations
induced by potassium dichromate and N-methyl-N'-nitro-N'-nitrosoguanidine. LPS reduces a mitotic index
at concentrations of 10.0 and 5.0 mg/ml and increases the number of chromosomes’ fragments in cells of A.
cepa root apical meristem at concentrations of 5.0 and 2.5 mg/ml. Conclusion. Different effect of LPS on
mutagenesis in pro- and eukaryotic cells has been established. LPS revealed mutagenic properties in A.
cepa-test and antimutagenic properties in Ames test.
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Introduction. Biopolymers of cell surface play an
important role in processes of interaction of
gram-negative bacteria and macroorganisms. In
particular, lipopolysaccharides (LPS) induce defence
reactions and formation of a series of mediators in [the]
host organism, participate in processes of infection,
pathogenicity and symbiosis, as well as in processes of

colonization and formation of microenvironment.

At present, the impact of LPS of some bacteria on
human and animal cells has been studied well
enough. On the contrary, insufficient attention is
paid to the affect of this biopolymer of
phytopathogenic bacteria on plant cells. Previous
treatment of plants with LPS preparations is known
to prevent hypersensitive response in tobacco
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leaves [1-3]. The inhibition of hypersensitive
response is supposed to reflect [the] LPS-mediated
mechanism of facilitating pathogenesis during
natural infection. For instance, treatment of roots
of white clover with LPS preparation, isolated
from cells of Rhizobium leguminosarum bacteria,
facilitates  the formation of infection threads
during the next injection of suspension of intact
cells of these bacteria [2].

On the other hand, there is an opinion that LPS
increase plant resistance to phytopathogenic bacteria
and are one of the components, related to induced
systemic resistance of plants to pathogens [4]. In
particular, LPS mediate the induction of
helio-dependent, long-term and systemic phases of
resistance of tobacco leaves. These processes are
conditioned by the formation of antimicrobial
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substances in plants [2]. The capability of bacteria to
induce defence reactions in plants is related to specific
LPS constituents. For instance, lipid A induces defence
reactions in plants, while O-specific polysaccharide
and core oligosaccharide do not demonstrate such
activity [2].

Regardless some steps in the investigation of LPS
interaction with plant cells, one of the aspects of this
interaction — namely, the  capability of these
macromolecules to cause changes in genetic material of
plants —is yet to be studied. Previously, we have proven
[the] antimutagenic activity of LPS of P. syringae pv.
syringae UKM B-1027, P. syringae pv. atrofaciens
8281, P. syringae pv. atrofaciens 9400 and P. syringae
pv. coronafaciens 9030 in the prokaryotic test-system
[5-8]. However, an impact of LPS of phytopathogenic
bacteria on the genome of plants is still unknown.
Therefore, the aim of our work was to study the
impact of LPS of P. syringae pv. atrofaciens 9417 on
the frequency of chromosome aberrations in Allium
cepa and on spontaneous and induced mutations of
bacteria in [the] Ames test.

Materials and Methods. LPS preparation of
P. syringae pv. atrofaciens 9417 was used in the work.
The strain of P. syringae pv. atrofaciens 9417 was
isolated from infected tissues of spring wheat, Rannya
93 cultivar. LPS preparation was obtained by
extraction with 0.85% solution of sodium chloride
from raw biomass of bacteria cells and dialysis against
distilled water [9]. The obtained biopolymer
preparation was purified by ultracentrifugation at
105,000 g in cold (4°C) for 4 hours and lyophilically
dried.

Mutagenic and antimutagenic activity of LPS 9417
was defined in [the] standard semiquantitative Ames
test in the doses from 1000.0 up to 0.1 pg per plate [10].
Two strains of Salmonella typhimurium were used for
this purpose: TA98 and TA100. 0.25 ml of specially
prepared suspension of S. typhimurium cells with optic
density of D, —D,, and wavelength of 540 nm was
applied to each plate with the addition of 0.1 ml of
corresponding solution of the investigated substance.
After cultivation at 37°C for 48 hours the number of
His'-revertants colonies was calculated.

200 pg of potassium dichromate per plate [11] and
2 png of N-methyl-N'-nitro-N'-nitrosoguanidine
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(MNNG) per plate [12] were used as [a] positive
mutagen. LPS 9417 was introduced in doses of
0.1-1,000 pg per plate. The decrease in the number of
induced mutations (X) was determined using the
following formula (%):

X, X
X=100%—X"75"m-100%,

pc sbm

where X, is the number of colonies in the
experiments; X, is the number of colonies in positive
control; X, is spontaneous background of mutations.

The presence of statistically significant differences
between the number of colonies of His'-revertants in
the experiment and spontaneous background of
mutations was evaluated using Student’s #-test
(p=0.05).

Among plant test-systems for mutagenicity we
selected modified 4. cepa-test [13], as it is one of the
simplest and most frequently used in the study on
mutagenicity of various substances. The seeds of onion
(A. cepa), Khaltsedon cultivar, were used in the work.
LPS phytotoxicity was determined on sprouts of onion
seeds in LPS solutions with concentrations 0f 10.0; 5.0;
1.0; 0.1; 0.01 and 0.001 mg/ml [13]. After growing for
96 hours the length of each root was measured and the
dependence between LPS concentration and the length
of roots was defined in per cent from the control. The
concentration, at which there was 50% decrease in the
length of roots compared to the control (EC,,), was
obtained on a chart in logarithmic scale by
interpolation method.

Cytogenetic investigations were performed at the
following LPS concentrations: EC,, and 50, 25, and
10% from EC,, index [13]. A. cepa seeds were
consecutively grown in distilled water for 48 and 24
hours in LPS solution. Onion roots were fixated in
ethanol:[-]acetic acid mixture (3:1) and stained with
1% orcein stain in acetic acid. Cytogenetic analysis was
conducted on temporary slides of root apical meristem.
The number of ana-telophases with chromosome
aberrations (fragments and bridges) and undamaged
chromosomes was determined. In each variant of the
experiment we analyzed 10 roots of A. cepa and at least
100 ana-telophases. [A] Statistical analysis of the data
was performed using ANOVA test in Statistica 5.0
programme [14].
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Table 1

The effect of LPS of P. syringae pv. atrofaciens 9417 on the number
of spontaneous mutations in test-strains of S. typhimurium

Number of colonies

Test-strain Dose of LPS, of His+-revertants

ug per plate per plate

TA9S8 1000,0 53+14
100,0 46+10

10,0 4949

1,0 58+5

0,1 5142

TA100 1000,0 64+4
100,0 88+12

10,0 7612

1,0 7242

0,1 66+8

N o t e. Spontaneous background of mutations for S. typhimurium
TA98 and TA100 is 54 + 9 and 83 + 5, respectively

3500
3000 A
2500 A
2000 A
1500 A
1000 A
500 A

per plate

Results and Discussion. LPS of P. syringae pv.
atrofaciens 9417 do not affect the number of
spontaneous  mutations  in  test-strains  of
S. typhimurium (Table 1). In particular, the
introduction of LPS in doses of 1,000.0 to 0.1 pg per

plate results in about 46-58 colonies of
His'-revertants of S. fyphimurium TA98 per plate
which does not show statistically significant
differences from spontaneous background of

mutations (54 £+ 9). Similar results were obtained in
the experiment with S. typhimurium TA100. The
introduction of LPS results in about 64—88 colonies of
His'-revertants per plate which does not differ much
from spontaneous background of mutations (83 + 5).

On the contrary, LPS of P. syringae pv.
atrofaciens 9417 demonstrates antimutagenic activity
in Ames test related to [the] mutations, induced by
potassium dichromate and MNNG. The introduction
ofthese LPS in the doses of 1,000.0 and 100.0 pg per
plate decreases mutations of S. typhimurium TA98,

Fig.1. The effect of preparation of LPS
of P. syringae pv. atrofaciens 9417 on
mutations in test-strains of
S. typhimurium TA98 (1) and TA100
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Fig.3 The effect of LPS of P. syringae pv. atrofaciens 9417 on the
growth of A. cepa roots

length increases by 9.6%. The introduction of the
biopolymers in concentrations of 0.1; 0.01 and 0.001
mg/ml does not demonstrate any impact on the growth
of onion roots. Contrary to previously studied LPS
preparation of P. syringae pv. atrofaciens 9400 [15],
LPS of P. syringae pv. atrofaciens 9417 stimulated
the growth of roots in a higher concentration — 1.0
mg/ml, while the mentioned strain 9400 demonstrated
the stimulating effect pertaining to the growth of
roots by 20-30% in concentrations of 0.1; 0.01 and
0.001 mg/ml. It may be assumed that differences in

Table 2

Number of aberrant ana-telophases and mitotic activity in apical meristem of A. cepa at the effect of LPS of P. syringae pv. atrofaciens

Concentration of LPS

of P. syringae pv. Number of

Studied ana-telophases ana-telophases, %

Number of ana-telophases with:

MA, %o

atrofaciens 9417, mg/ml fragments, % bridges, %
10,0 - - - - 20,2 £ 12,8

5,0 152 11,0+ 1,2 56+1,2 2,240,9 36,8 + 10,2

2,5 147 57402 31+1,3 1,4+ 0,9 89,4 + 7,3

1,0 182 3,2+ 0,4 0,8+0,3 1,2+0,8 82,7+ 16,5

0,0 (control) 234 3,1+0,3 1,7+0,5 0,7+0,5 88,5 + 6,4

Note. “~” —not analysed

induced by potassium dichromate, by 43 and 30%,
respectively, and mutations of S. typhimurium TA100
by 26 and 18%, respectively. Besides, [the dose of]
10.0 pg of LPS P. syringae pv. atrofaciens 9417 per
plate also decrease[s] mutagenesis, induced by
potassium dichromate, by 17% (Fig. 1).

The introduction of LPS of P. syringae pv.
atrofaciens 9417 in concentrations of 1,000.0; 100.0
and 10.0 pg per plate results in the decrease of
mutations of test-strain S. typhimurium TA100,
induced by MNNG, by 46, 33, and 16%, respectively,
while the doses of 1.0 and 0.1 pg do not affect the
number of induced mutations (Fig. 2).

LPS of P. syringae pv. atrofaciens 9417 are
phytotoxic for A. cepa only in high concentrations
(Fig. 3). Thus, due to the impact of these biopolymers
in the doses of 10.0 mg/ml and 5.0 mg/ml, the growth
of onion roots decreases by 48.2% and 8.2%,
respectively. LPS in the concentration of 1.0 mg/ml is
a weak stimulus for the growth of 4. cepa roots — their

26

the effects of LPS preparations of these two strains
are related to the structure specificity of the
mentioned biopolymer in different strains.

LPS of P. syringae pv. atrofaciens 9417 in
concentrations of 10.0 and 5.0 mg/ml decrease mitotic
activity by 68.2 and 51.7%, respectively (Table 2) and
are inactive in concentrations of 2.5 and 1.0 mg/ml.
Therefore, only high concentrations of the mentioned
LPS inhibit the division of plant cells.

In high doses [of] LPS of P. syringae pv.
atrofaciens 9417 increase the frequency of
chromosome aberrations in the cells of root apical
meristem of onions (Table 2). Thus, the introduction
of LPS of P. syringae pv. atrofaciens 9417 in
concentrations of 5.0 and 2.5 mg/ml results in the
increase in the frequency of chromosome aberrations
by 3.5 and 1.8 times , respectively, compared to the
control. LPS preparation in the concentration of 1.0
mg/ml does not influence the frequency of
chromosome aberrations.
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The most common aberrations in the cells of onion
roots are fragments. The introduction of LPS of
P. syringae pv. atrofaciens 9417 in concentrations of
5.0 and 2.5 mg/ml results in 5.6 and 3.1% of fragments,
respectively. In case of application of LPS
concentration of 1.0 mg/ml and [in] the control variant
of the experiment, this index was 0.8 and 1.7%,
respectively. At the same time, there were no
statistically significant differences in the number of
bridges from the control index in all the variants of the
experiment, ranging from 0.7 to 2.2%.

LPS, used by us, increase the frequency of
chromosome aberrations only in concentration of over
2.5 mg/ml similar to LPS of P. syringae pv.
atrofaciens 9400, studied by us previously [15]. Atthe
same time, LPS 9417 demonstrate somewhat weaker
mutagenic effect compared to LPS of P. syringae pv.
atrofaciens 9400. For instance, LPS of P. syringae pv.
atrofaciens 9400 in doses of 5.0 and 2.5 mg/ml cause
increase in aberrant cells to 164 and 13.4%,
respectively [15], which is 5.4 and 7.7% higher than
similar indices for LPS of P. syringae pv. atrofaciens
9417.

Thus, similar to previously investigated LPS of
P. syringae pv. atrofaciens 9400, LPS of P. syringae
pv. atrofaciens 9417 demonstrate mutagenic activity
pertaining to plants. The same feature of LPS of
gram-negative bacteria was observed in case of
influencing cells of humans and animals. For instance,
it was revealed that LPS of Escherichia coli may
increase the number of aberrant metaphases in the
culture of human blood cells in the doses of 25 and 100
pg/ml  [16]. Moreover, LPS are capable of
demonstrating genotoxic activity towards blood cells
and bone marrow cells of rats on condition of
biopolymer injection in the dose of 10 mg/kg [17].

Probably, the capability of causing mutations in
eukaryotic cells under division is inherent in all LPS.
However, the issue of mechanisms and specificity of
the activity of LPS, isolated from different kinds of
gram-negative bacteria, pertaining to eukaryotic cells,
is yet to be determined. It is known that the induction of
mutations in the cells of humans and animals with the
participation of LPS is connected to oxidative stress
[18]. It is possible that similar processes occur when
LPS influences plant cells. However, literature data on

the capability of these biopolymers to increase oxygen
radical content in plants are rather contradictory [2].

The capability of LPS to decrease induced
mutations in Ames test was previously revealed for
[the] LPS, isolated from a series of strains of
P. syringae [6, 8]. Of all the investigated LPS
preparations, the biopolymers, studied in this work,
demonstrates the least antimutagenic activity, i.e.
antimutagenic activity is not the same for LPS, isolated
from different strains [6].

Conclusions. LPS of P. syringae pv. atrofaciens
9417 in prokaryotic system do not show any
mutagenic activity, on the contrary, they demonstrate
antimutagenic activity. LPS do not lead to considerable
inhibition of mitotic activity in cells of root apical
meristem of onion in the doses below 5.0 mg/ml, which
allows us to work with these biopolymers in A. cepa
test. In eukaryotic test-system, LPS of P. syringae pv.
atrofaciens 9417 have mutagenic effect in the
concentrations of 5.0 and 2.5 mg/ml, i.e. the number of
fragments increases. Therefore, LPS demonstrate both
mutagenic and antimutagenic activity that may be
explained by specificities of their interaction with
prokaryotic and eukaryotic cells. However, further
studies are required to determine the mechanisms of
this interaction.

0. M. Bozoan, JI. M. Byyenxo, JI. A. Ilaciunux, P. I. ['60305K

Bruiue ninonounicaxapuny Pseudomonas syringae pv. atrofaciens

9417 Ha npouecu MyTareHesy B IIpo- Ta €yKapioTHiH cucremax

Pesrome

Mema. Busuumu ennue ainononicaxapudy (JIIIC) P. syringae pv.
atrofaciens na cnowmanni ma iHOyKogaui mymayii é npo- ma ey-
xapiomuiu mecm-cumemax. Memoou. Mymazenny ma anmumyma-
cenny akmusHicmo JIIIC eusuanu 6 Allium cepa-mecmi ma mecmi
Eumca. Pesynomamu. JIIIC ne enausae na cnowmanui mymayii' y
Salmonella typhimurium, ane 3smenutye Kinbkicms mymayiil, iHOyKo-
s6anux Oixpomamom kanito ma N-memun-N'-nimpo-N'-nimposzozy-
aniourom. ITio diero JIIIC y konyenmpayisx 10,0 ma 5,0 me/mn
BHUIICYEMbCA MImomuyHuil indekc, a 6 Kowmyenmpayiax 5,0 ma
2,5 me/mn 3pocmae Kinbkicms (hpazmeHmie XpoMocom y KIimuHax
anikanbHoi mepucmemu kopinyie A. cepa. Bucnoeku. Becmanosie-
no piznuti enaue JIIC na npoyecu mymazenesy y Kiimunax npo- ma
eykapiomis. JIIIC  eusaeiaiome  MymazewHy aKmugHicmv 6
A. cepa-mecmi ma anmumymaezenny —y mecmi Etimca.
Knrwuosi cnosa: mymayii, xpomocomui abepayii, JITIC.
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0. H. bozoan, JI. H. Byyenxo, JI. A. llacuunux, P. U. I'6030sK

Bnusinue nunononucaxapuna Pseudomonas syringae
pv. atrofaciens 9417 Ha mpoueccs MyTareHesa B po- 1

JYKapHUOTHYECKON CHCTEMax

Pesrome

Llenv. Hsyuume enausanue aunonoaucaxapuoa (JIIIC) Pseu-
domonas syringae pv. na cnonmanmvie u UHOYYUPOBAHHbIE MYMd-
yuu 8 npo- u dyKapuomuyeckou mecm-cucmemax. Memoowr. Myma-
2eHHYI0 U anmumymazennyro akmugnocms JIIIC usyuanu 6 Allium
cepa-mecme u mecme Dumca. Pezynomamut. JIIIC ne erusem na
cnoumanusie mymayuu y Salmonella typhimurium, Ho ymenvuiaem
KOIUYeCmeo UHOYYUPOBANHBIX Ouxpomamom kaius u N-memun-
N'-numpo-N'"-numpo3zocyanuounom mymayui. JIIIC ¢ konyenmpa-
yusx 10,0 u 5,0 me/mn ymenvuiaem Mmumomuyeckull UHOeKc, d maK-
orce 6 konyenmpayuax 5,0 u 2,5 me/mn yeenuuueaem Koauuecmeo
(pacmenmos XpomMocom 6 Kiemkax anuxkaibHOl Mepucmembvl Ko-
pewkog A. cepa. Boreoowr. Ycmanoeneno pasnoe enuanue JIIIC na
npoyeccol Mymazenesa 8 kiemkax npo- u syxapuomos. JIIIC nposs-
JAIOM MymazenHylo akmuernocms ¢ Allium cepa-mecme u anmumy-
mazennyio — 6 mecme Jimca.
Kniouegvle crnosa: mymayuu, xpomocomusie abeppayuu, JIIC.
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