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The purpose of the research was to investigate changes of antiviral activity of Pseudomonas chlorora-
phis subsp. aureofaciens lipopolysaccharides as a result of their modifications by coordination compounds
of Sn(IV) and Ge(IV) synthesised on the basis of aromatic, pyridinecarboxylic acids hydrazides and appropri-
ate hydrazones of aromatic aldehydes. A wide range of Ge(IV) and Sn(IV) coordinative compounds was cho-
sen for P. chlororaphis subsp. aureofaciens UCM-306 LPS modification. “Tobacco mosaic virus — hypersensi-
tive plant” model study of lipopolysaccharide and its modified preparations (1-35) antiviral activity
showed that a lot of the tested preparations exhibit high antiviral activity due to their composition and
structural peculiarities. Such preparations are of interest as perspective agents in struggle against plant
virus diseases. Antiviral action of preparations (% of inhibition, I,% ) which neutralizes virus infectivity
depends on: complexing metal [complexes of Sn(IV) are more active (I, % 65—79) as compared to Ge(IV)
complexes (I,% 26—62)]; amount of functional groups in ligand molecules [hydrazone complexes of Sn(IV)
are more active (I, % 69-79) then hydrazide ones (I, % 48—63)]; and also on coordination form of ligand
coupling with different substituents [complexes with salicyloyl hydrazones of 4-metoxy- (I, % 71),
4-hydroxybenzaldehydes (I, % 77) and pyrogallol (I, % 72) with ketone Oc—)~Ncp-n) form of a ligand are
more active than with enol O« g)~Ncp-x) form of isonicotinoyl hydrazones of the same aldehydes (I, %
32—-63)]. Introduction of two substituents (OH- and Br-) into the hydrazide fragment of hydrazone molecule
significantly increases the activity of Sn(IV) complexes with enol form of the ligand (I, % 79).
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Viral plant diseases are widespread in
agro- and biocenoses, therefore they play an
important role in crops yield reducing, which
leads to significant economic losses in crop
production. There are various methods of
plants viral disease control; disease prevention
and resistant to viruses species breeding are
the most effective among them. All stages of
viruses reproduction are closely related to the
metabolic, energy and enzymatic reactions of
the cell, so chemicals usage to virus infections
control is often ineffective because drugs
that inhibit the reproduction of viruses tend
to inhibit the normal metabolic processes in
plants. Such compounds are characterized by
a significant phytotoxicity, so the problem of
plants therapy and viral infections prophylaxis
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by biological agents usage is urgent nowadays.
At the Institute of Microbiology and Virology
of the National Academy of Sciences of Ukraine
on the basis of two strains of Pseudomonas
chlororaphis subsp. aureofaciens, earlier [1] a
complex biopreparation gaupsin, inhibiting
the growth of pathogenic bacteria and fungi,
possessing as antimicrobial activity as strong
entomopathogenic activity, has been created and
patented. In subsequent years it has been found
that gaupsin is characterized by pronounced
antiviral properties as it inhibits by 80—-97% the
progression of induced by tobacco mosaic virus
(TMV) necroses [2]. The authors have shown
that gaupsin antiviral activity is associated with
exometabolites synthesis; in particular, it has
been hypothesized that high molecular weight
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polysaccharides, primarily lipopolysaccharide
(LPS) and exopolysaccharides, probably
participate in these antiviral mechanisms.
We have found [3] that lipopolysaccharide of
P. chlororaphis subsp. aureofaciens B-111 and
B-306 are highly active antiviral agents. It is
interesting that lipopolysaccharides derived
from microorganisms belonging to other genera
and species (Rahnella aquatilis and Ralstonia
solanacearum), were not active against TMV,
and sometimes even stimulated necrosis
formation.

One of the methods for biopolymers activity
alteration is their modification, in particular
by binding to activators (inhibitors) such as
biometals and bioligands complexes. It is known
[4] that the complex compounds of germanium
with nitrogen-containing compounds of the
purine row provide a high level of biological
activity against herpes viruses of the 15 and
the 2" types and also are effective when used
in the comprehensive treatment of HIV-infected
and cancer patients; for a series of germanium
(IV) complexes the effect on the activity of
glycosidases [5] and proteases [6, 7] is revealed.
The effect of tin complex compounds is less
studied; as it is known [7], tin is a part of the
gastric enzyme gastrin, affects the activity
of flavin enzymes, and is also an effective
inhibitor of hemeoxidase [8].

The aim of this work was to study the
changes in antiviral activity of P. chlororaphis
subsp. aureofaciens lipopolysaccharides
by modifying them with new coordination
compounds of tin (IV) and germanium (IV),
which are synthesized by Seifullina and
Shmatkova [9—15] on the basis of aromatic,
pyridinecarboxylic acids hydrazides and
corresponding aromatic aldehyde hydrazones.
These ligands, due to the presence in their
molecules composition as an analog of peptide C
(0) NH-group and other functional groups, are
biologically active compounds [16, 17]. Thus,
germanium (IV) with hydrazones complexes
are characterized by anti-inflammatory
activity [18—20], and complexes of a tin (IV)
exhibit antiseptic [11, 12] and antibacterial
[13—15] action.

Materials and Methods

The object of the study was the strain of
Pseudomonas chlororaphis subsp. aureofaciens
UCM B-306, isolated from the rhizosphere
of cabbage and was deposited in Institute of
Microbiology and Virology of the National
Academy of Sciences of Ukraine, number IMV
B-7096.

Cultivation of the strain was performed in
semi-synthetic King medium of the following
composition (g/l): peptone — 20, K,SO, —
20, glycerol — 20, MgCl, — 7, in Erlenmeyer
flasks of 750 ml filled with 150 ml of culture
medium, for 24 hours, on a shaker (220 rev /
min) at 28 °C.

Lipopolysaccharides were obtained by
extraction from the cells, dried with acetone
and ether, with 45% aqueous phenol solution
at 65—68 °C. The resulting aqueous fractions
were dialyzed against tap water, and then
against distilled water to remove phenol,
hereafter clarified from nucleic acids by
precipitation with trichloroacetic acid and
also by ultracentrifugation (104 000 g, 4 h).
Purified LPS was lyophilized [21].

To modify the LPS of P. chlororaphis
subsp. aureofaciens UCM-306 a wide range of
coordination compounds was selected:

— germanium (IV) with 2-R-benzoyl
(R-H;Bs), nicotinoyl- (H,Ns) and isonicotinoyl —
(H,Is) hydrazones of salicyl aldehyde of
compositions: [Ge (R-Bs),], where R = 2-OH
(1), 2-NH; (2), [Ge(Ns)z] (3), [Ge(Is),] (4) with
Oc.0"N(ca -ny~O(ph.0y form of the ligand;

— tin (IV) with hydrazides of R-benzoic
(R-HBg), 2-OH-5Br-benzoic and 2-naphthoic
(HLg) acids of compositions:[SnCl,(R-HBg)],
where R=H (12), 2-OH (13), 2-OCHj; (15),
[SnCl,(2-OH-5Br-HBg)] (14), [SnCl(HLg)] (17)
with Oc_o)~Nmug) form of the ligand;

—tin (IV) with hydrazides of 2-NH,-benzoic
(NH,-HBg), nicotinic (HNg) and isonicotinic
(HIg) acids of compositions: [SnCl,(NH,-
HBg-H)] (16), [SnCl,(Ng-H)] (18), [SnCl,(Ig-H)]
(19) with O ¢, —N(NHz) form of the ligand;

— tin (IV) with "aroyl- and pyridinoyl-
hydrazones of 4-N(CHj),-benzaldehyde:
R-benzoyl-(R-HBdb) [SnCl(R-Bdb-H)],where
R=H (5), 2-OH (6), 2-OCH; (8), 2-NH,-
(28), 2-OH-5-Br-benzoyl-[SnCl,(2-OH-5Br-
Bdb-H)] (7), nicotinoyl-[SnCl,(Ndb-H)]
(9), isonicotinoyl- [SnCl,(Idb-H)] (10) and
2-naphthoyl-[SnCl,(Ldb-H)] (11) with O.o)~
Ncu-n) form of the ligand;

— tin (IV) with salicyloylhydrazones of
aromatic aldehydes: R-benzoic (2-OH-HB-R-b)
of compositions: [SnCl,(2-OH-HB-R-b)], where
R=H (24), 4-0CH; (20), 4-OH (21) , 4-Br (22),
and also pyrogallol (23) and 4-OH-3-OCHj;-
benzoic aldehyde (35) with O_o)~Ncu-n) form
of the ligand;

— tin (IV) with isonicotinoylhydrazones of
aromatic aldehydes: R-benzoic (HI-R-b) of the
compositions: [SnCl,(I-R-b -H)], where R=H
(31), 4-0CHj, (30), 4-OH (21) , 4-Br (32), and
also of pyrogallol (33) and 4-OH-3-OCHj of
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benzoic aldehyde (34) with O o)~Ncp-x) form
of the ligand;

— tin (IV) with hydrazone — product of
2-aminobenzoic acid hydrazide and 4-N(CHs),-
benzaldehyde [2-NH,-HB(db),] double con-
densation of the composition [SnCl(Bdb), ‘H)]
(29) with O g)~Ncn -n) form of the ligand;

— tin (IV) with terephthaloyldihydrazones
of 4-N(CHj),-benzaldehyde (H,Tfdb) and
2-OH-benzaldehyde (H,Tfs) [(SnCl,),(n-
Tfdb-2H)] (26), [(SnCls),(n-H,Tfs)] (25)
O(c-0yN(cu-n) (26) and O¢c_oy~Ncu -ny~Opr-0) (25)
forms of bridge ligands; [SnCl,(H,Oxs)] (27)
with O(c-0)=O(c-0) form of 2-OH-benzaldehyde
(H,Oxs) oxaloylhydrazone.

The choice of these compounds makes
it possible to trace the several factors
(complexing agent (Ge, Sn), coordination
site composition and variety of substituents
presence in the ligand molecule) impact on the
investigated LPS antiviral activity.

The antiviral activity of P. chlororaphis
subsp. aureofaciens was studied in a model
of tobacco mosaic virus (TMV Ul strain),
derived from systemically infected Nicotiana
tabacum L. varieties Immune 580 (revertant)
plants according to [22, 23]. Investigations
were carried out on leaves of hypersensitive
to TMV datura plant Datura stramonium L.,
reacting to virus inoculation by the formation
of local necrosis. Experimental halves of
leaves previously carborundum dusting were
inoculated with a mixture of virus and each of
the test preparations (1-35) in a ratio of 1:1,
and control halves of leaves — with virus only.
LPS preparations at concentrations of 1.5,
1.0 or 0.75 mg/ml were added to TMV (1 or
0.75 g/ml) for 30 min before plants inoculation
(in control distilled water was added to TMV).
Lipopolysaccharides antiviral action in vitro
against TMV was evaluated by the number of
local necrosis induced by virus. The inhibitory
effect (I) of preparations was determined using
the formula:

I=1-E/C)x100 %,

where E and C — an average number of necrosis
formed on the experimental and control halves
of leaves respectively.

To assess the reliability of experimental
data the parametric criteria of normal
distribution were used; calculating the
arithmetic mean (X,), mean square inaccuracy
measure (S, Jata significance level of 0.05 or
0.01, the Student’s t test (t) was determined
and according to the table for small samples
the levels of significance (P) of the mean values
difference or ratio were found. Results of
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statistical processing were represented in the
form of confidence intervals or X, = S, . The
relative mean values error was obtamed f)y the
processing of 15—20 repetitions [24].

Results and Discussion

Previously [3] we have shown that
lipopolysaccharides (JITIC) of P. chlororaphis
subsp. aureofaciens B-111 and B-306 (gaupsin
components) are highly active antiviral agents.
In studies in 2010-2012 they invariably
showed efficacy against TMV on the model of
three types of indicator plants of the family
Solanaceae. Inhibition of virus infectivity
was 98-100% by LPS at a concentration of
1-10 mg/ml, 57-69% — at a concentration
of 0.1 mg/ml, 43-44% — at a concentration
of 0.01 mg/ml. LPS at a concentration of 1 pg
/ ml caused reduction of virus infectivity at
various indicator datura (Datura stramonium
L.) and tobacco (Nicotiana sanderae H.,
Nicotiana tabacum L.) plants ranged from 10.2
t0 46.0% . LPS activity of both P. chlororaphis
subsp. aureofaciens strains was approximately
the same. Therefore, in this study the effect
of LPS modified by different complexes was
carried out using LPS of one strain only —
P. chlororaphis subsp. aureofaciens B-306.

It is known [25] that the complexes of
biopreparations with metals may induce
non-specific resistance of plants to viruses
or enhance the inhibitory effect of the drug.
Therefore, it was interesting to study the
antiviral activity of the modified LPS (LPS-m).
Along with the modified LPS we investigated
the original unmodified LPS (LPS-o0) antiviral
activity as positive control.

It should be noted that all LPS preparations
in a concentration of 1.5 mg/ml possessed
phytotoxicity that appeared on the treated
leaves as burns. The first signs of burns in the
form of whitish or brown spots on the leaves
appeared 2—3 days after treatment (Figure).
Preparations 6—10, 16—35 caused focal burns of
lamina at an initial concentration of 1 mg/ml,
so in subsequent experiments they were
investigated in a concentration of 0.75 mg/ml.

As is evident from the results shown
in the table, all investigated LPS-m have
antiviral activity, which manifested in
virus-induced local necrosis number in the
experimental halves of leaves decreasing
compared to controls. The inhibitory effect of
the preparations at LPS-m concentration of
1.0-0.75 mg/ml was 32-77% . For prepara-
tions 3, 4, 24, 28, 30, it was lower than that
of LPS-o which inhibited the formation of local
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a b

Phytotoxic action of investigated LPS
at concentration of 1 mg/ml (a) and 1.5 mg/ml (b)

necrosis in the experimental halves of leaves
by 40% . Preparations 2, 6, 8, 9, 11, 13, 19,
22, 25, 27, 31, 32, 34, on account of table data,
have no significant effect on antiviral activity.
Preparations 7, 14, 20, 21, 23, 26, 12 inhibited
TMYV infectivity by 65-79% and exhibited
the highest activity against the tobacco
mosaic virus. Among the designated groups of
complexes some regularities can be found:

— among germanium (IV) complexes (1-4)
the composition of hydrazide fragment
of hydrazone influence on LPS antiviral
activity is observed, salicylic acid derivatives
(1) contribute to its increase (I, % 62), and
nicotinic (3) and isonicotinic (4) — a significant
decrease (I,% 26 and 28, respectively);

—among tin (IV) complexes with hydrazides
(12-19) [SnCl,(2-OH-5Br-Bg)] (14) with
two OH- and Br- substituents in the ligand
molecule showed the highest activity (I, %, 73)
as compared to [SnCl,(HBg)] (12) (I, % 65),
wherein the substituents are absent;

— among tin (IV) complexes with
hydrazones of 4-N(CHj),-benzaldehyde (5-
11) [SnCl,(2-OH-5Br-Bdb H)] (7) (I, % 79)
containing the same substituents in hydrazide
moiety as (14) (I, 73%) had the highest
activity;

— activity of tin (IV) complexes with
salicyloylhydrazones (20—-24, 35) changes
depending on the aldehyde moiety in their
molecules, the maximum inhibition of TMV
infectivity the complexes with derivatives of
4-OCHjs-benzaldehyde (20) (I, 71%), of 4-OH-
benzaldehyde (21) (I, 77%) and of pyrogallol
(23) (1, 72% ) have exerted;

— tin (IV) complexes with isonicotinoyl-
hydrazones (30-34) is significantly
inferior in activity to the complexes with
salicyloylhydrazones; from this group
hydrazone pyrogallol complex (33) (I, 63%)
stands out;

— among tin (IV) complexes with
dihydrazones (25—27) and double condensation
product (29) the maximum inhibition of TMV
infectivity (I, 69%) binuclear (26) complex
with terephthaloyldihydrazone of 4-N(CHs)y"
benzaldehyde has expressed.

From the above it follows that preparations
virucidal effect neutralizing virus infectivity
depends on: metal-complexing agent [tin (IV)
compounds are more active (I, % 65-79) as
compared to germanium (IV) complexes (I,
% 26—62)], the number of functional groups
in ligand molecules [hydrazone complexes
of tin (IV) are more active (I, 69-79%)
than hydrazide (I, % 48-63)], as well as
coordination form of the ligand in combination
with various substituents [complexes with
salicyloylhydrazones of 4-methoxy- (I, %
71), 4-hydroxybenzaldehydes (I, % 77) and
pyrogallol (I, % 72) with ketone O_o)~Ncn-n)
form of the ligand are more active than with
enol O oy~Npu-_n) isonicotinoylhydrazones
form of the same aldehydes (I, % 32-63)].
Introduction of two substituents (OH- and
Br-) into the hydrazide moiety of hydrazone
molecule significantly increases the activity
of tin (IV) with the enol form of the ligand
complexes (I, % 79).

The most active complexes antivirus action
possible mechanisms may be the TMV direct
inhibition by attaching to the structural
proteins of TMV and conglomerates formation
(aggregates of the virus and the modified
LPS) or the degradation of viral RNA (by
host RNAase at mechanical inoculation). It
is possible involvement of preparations in
the induction (stimulation) of plant defense
mechanisms, which consequence is the
increased resistance of plants to TMV and
inhibition of viral reproduction (obstacle to the
development of productive infection).

Thus, “TMV — ultrasensitive plant” model
study of LPS and its modified preparations
(1-35) antiviral activity showed high antiviral
activity of preparations 7, 21, 14, 23, 20 and
26, which may be due to their composition and
structural features. Such preparations are
of interest as promising agents in the fight
against viral diseases of plants.

In available literature we have not found
the data on antiviral effect of bacteria of the
genus Pseudomonas LPS, however, based on
the above data it is fair to assume that the
observed activity of P. chlororaphis subsp.
aureofaciens strains may be associated with
non-specific stimulation of infected with TMV
plants protective forces.
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Lipopolysaccharide preparations of P. chlororaphis subsp. aureofaciens UCM-306
effect on TMV infectivity

Number of necrosis

LPS LPS, mg/ml E/C L%
experiment control
Original (LPS-o0) 1.0 31.2 50.6 0.62 = 0.06 38
Modified (LPS-m):

1 1 8.6 22.6 0.38 = 0.08 62 + 5%
2 1 29.5 53.6 0.55 +0.05 45 + 9°
3 1 62.1 83.8 0.74 +0.02 26 = 2°
4 1 46.3 64.3 0.72 = 0.08 28 +11°
5 1 24.1 60.2 0.40 =0.01 60 = 2%
11 1 63.2 100.3 0.63 = 0.02 37+ 3°
12 1 17.3 49.1 0.35+0.03 65 = 8%
13 1 22.9 44.9 0.51 +0.08 49 = 16°
14 1 20.0 74.1 0.27 = 0.03 73 £ 11%*
15 1 25.7 64.3 0.40 = 0.03 60 = 8%

Original (LPS-o0) 0.75 26.5 44.2 0.60 = 0.06 40 = 10°

Modified (LPS-m):

6 0.75 26.5 46.3 0.57 = 0.007 43 +1°
7 0.75 10.1 47.9 0.21 =0.05 79 £ 23%*
8 0.75 39.1 63.1 0.62 = 0.06 38 + 9°
9 0.75 82.6 135.4 0.61 +=0.05 39+8
10 0.75 21.4 49.7 0.43 =0.01 57 = 2%
16 0.75 8.2 20.5 0.40 = 0.05 60 = 12%
17 0.75 19.3 43.8 0.44 = 0.06 56 = 13°
18 0.75 41.8 112.8 0.37+0.04 63 = 10%*
19 0.75 39.4 75.6 0.52 +=0.05 48 + 9°
20 0.75 37.3 128.0 0.29 +=0.02 71+ 7%
21 0.75 10.9 46.6 0.23 =0.03 77 +13%
22 0.75 24.5 47.7 0.51 +=0.06 49 +11°
23 0.75 11.6 41.4 0.28 = 0.01 72 4%
24 0.75 26.7 39.2 0.68 = 0.04 32=+5
25 0.75 20.8 45.2 0.46 = 0.06 54 = 13°
26 0.75 11.3 36.5 0.31 =0.03 69 = 9%
27 0.75 37.7 78.5 0.48 = 0.09 52 = 18°
28 0.75 38.4 59.1 0.65 = 0.06 35 = 9°
29 0.75 24.8 55.1 0.45+0.01 55 = 2°
30 0.75 45.9 67.6 0.68 = 0.06 32 =80
31 0.75 35.9 61.6 0.58 = 0.06 42 = 10°
32 0.75 28.5 51.8 0.55 +0.05 45 = 9°
33 0.75 17.6 47.6 0.37+0.03 63 + 8%
34 0.75 35.8 70.2 0.51 +=0.02 49 = 3°
35 0.75 29.6 68.8 0.43 = 0.04 57 = 9%

68

Note: LPS-m is LPS modified with variety of comoplexes 1-35; LPS-o is original LPS;
* — confidence level P is within 0,1% <P <1%; —

P>5%.
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AHTUBIPYCHA AKTUBHICTbH
HATHUBHOI'O TA MOJJTUPIKOBAHOTI'O
KOMIIJIEKCAMH GE(IV) I SN(V)
JITIOITIOJIICAXAPULY
Pseudomonas chlororaphis subsp. aureofaciens

JIL. 1. Bapdal-teubl, A. M. I{upultemcol,
I. 1. Ceivpyanina?®, H. B. Il mamrxosa?®,
0. C. Bposapcwra®, JI. B. Apowenko®, JI. J. ITonos®

YueruryT Mikpo6Giosorii i Bipycoorii
im. [I. K. 3a6omoraoro HAH Vkpainu, Kuis
2OmechKuii HAIOHATBHUI yHiBepcurer
im. I. I. MeunukoBa, YKpaiHa
3iBnenunit HaykoBuii neutp PAH,
PocroB-Ha-Ilony, Pocia

E-mail: varbanets@serv.imv.kiev.ua

Meroio po6oTu 6yJI0 BUBUMTU 3MiHU HPOTH-
BipycHoi aKTuHBHOCTiI JimomoJicaxapupny
Pseudomonas chlororaphis subsp. aureofaciens 3a
moaudikarlii 10oro KOOpPAMHAIIMHUMU CIIOJYKaMU
osnoBa (IV) i repmanito (IV), cuHTesoBaHUMHU Ha
OCHOBI TipasuAiB apOMaTUYHUX, IIipUIANHKAPOO-
HOBUX KHCJIOT Ta BiAIOBiZHWX rimpas3soHiB apoMma-
TUYHUX aabnaerigiB. [lna moaudikarii sinmomosrica-
xapuny P. chlororaphis subsp. aureofaciens YKM-
306 6yJ10 BUOpAHO MINPOKUH PAL KOOPAUHAIIAHIX
cumoayk repmaniio (IV) ta onosa (IV). BuBuennsa
AHTUBIPYCHOI aKTHWBHOCTI JinmomoJicaxapuny Ta
oro moaudikoBanux mpenaparis (1-35) Ha Mmozmesi
«Bipyc TIoTI0HOBOI MO3aiK1 — HaIUyTINBA POCJIH-
Ha» MOKAasaJo, I11o 6araTo 3 JOCTiIKyBaHUX IIpeIa-
paTiB BUABJIAIOTH BUCOKY aHTUBiPYCHY aKTUBHICTD,
10 TIOB’ABAHO 3 IXHIM CKJIAJIOM Ta CTPYKTYPHUMU
ocobsmBocTaAMuU. Taki mpemapaTy CTaHOBJIATH iH-
Tepec AK MePCIeKTUBHI areHTu y 60poTh0i 3 Bipyc-
HUMHU 3aXBOPIOBAHHAMU POCJIUH. AHTUBIpyCcHA His
mpemnapartis (% iuridéyeanus, I, %), 1o HeTpai-
3ye iH(peKnifiHicTh Bipycy, 3aJIe;KUTh Bif: MeTa-
Jy-KOMILJIeKcoyTBopioBaua [croayku osoBa (IV)
axrusHimi (I, % 65—79) nopiBEaHO i3 KOMIITTEKCA-
mu repmasnito (IV) (I, % 26—-62)], kinbrocTi QyHK-
IMiOHAJBHUX TPYI Y MOJeKyaax Jirauais [(rigpa-
30HHI Kommuekcu ojsoBa (IV) akrusmimi (I, %
69-79) sa rigpasunsi (I, % 48-63)], a TakoX Bifg
¢dopmu Jgiranngy, 10 KOOPAUHYETHCA, ¥ ITOETHAHHI
3 pisHMMU 3aMiCHUKaMM [ KOMILJIEKCH i3 caJIiumio-
inrigpasonamu 4-meroxcu- (I, % 71), 4-rizpoxcu-
6eusanpaeriais (I, % 77) ra niporamony (I, % 72) 3
KeTOHHOI0 Oc—0)~N(cp-n) Popmoro sirangy Ginabin
aKTUEBHI, Hi3K 3 eHOIBHOW O ¢ 0)~N(cp-n) Popmoro
130HIKOTHMHOINTIAPABOHIB TUX CaMUX aJbAETiAiB
(I, % 32—-63)]. YBemenus aBox 3amicuukis (OH- i
Br-) y rizpasugnauii pparMeHT MOJEKYJIU TiAPasoHy
icTOTHO miABUIIYE aKTHUBHICTh KOMILIEKCIiB 0JI0Ba
(IV) 3 enoabuoI0 hopmoto girauay (I, % 79).

Knrouosi cnosa: Pseudomonas chlororaphis subsp.
aureofaciens, jimomosicaxapumi, KOOpAMHAIINHL
cunonyku Ge(IV) i Sn(IV), autusipycHa gmid, Bipyc
TIOTIOHOBOI MO3aiKu.
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AHTUBHUPYCHAA AKTHUBHOCTD
HATHUBHOTO I MOAUPUITUPOBAHHOTI'O
KOMIIJIEKCAMMU GE(IV) 1 SN(IV)
JIUTIOIIOJINCAXAPUTA
Pseudomonas chlororaphis subsp. aureofaciens
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0. C. Bposapckas, JI. B. Apowenkol, JI. ]. ITonos®

'Y HeTHTyT MEKPOGHOIOTMY 1 BUPYCOTIOTHN
uMm. [1.K. 3ab6osornoro HAH Vkpaunsi, Kuer
2Omecckuii HAIMOHAIBHBI YHUBEPCUTET
um. . 1. MeunukoBa, YKpauHa
310sx b1t HayuHbIi teHTp PAH,
Pocros-na-llony, Poccusa

E-mail: varbanets@serv.imv.kiev.ua

ITens paboThl — M3YYUTH M3MEHEHUE IIPOTH-
BOBUPYCHOM AKTHUBHOCTU JIUIIOIOJINCAXaPULOB
Pseudomonas chlororaphis subsp. aureofaciens
mpu MOAM(MDUKAIINN WX KOOPAWMHAIMOHHBIMU CO-
enquneHusMu ojoa (IV) u repmanma (IV), cun-
Te3UPOBAHHBIMU HA OCHOBE THAPA3UI0B apoMa-
TUUYECKUX, MUPUANHKAPOOHOBBIX KUCJIOT M COOT-
BETCTBYIOIIUX TUAPA3OHOB apOMATUYECKUX AJb-
merunoB. s MommpUKanMy JUIIOMOJNCAXAPUIA
P. chlororaphis subsp. aureofaciens YKM-306 ObL1 BbI-
OpaH IITUPOKUH Pl KOOPAUHAIIMOHHBIX COeMUHEeHUIT
repmanus (IV) u omosa (IV). syueHne aHTUBUPYCHOM
AKTUBHOCTY JIUTIOIIOJIVICAXapU/ia 1 er0 MOAU(DUIIIPO-
BaHHBIX IIpenapaToB (1-35) Ha mozenu «Bupyc Ta-
0auHOIT MO3AaUKU — CBEPXUYBCTBUTEIHLHOE PACTEHLIE»
IIOKAa3aJI0, YTO MHOI'ME U3 MCCJIeAYeMbIX IIPeIapaToB
MIPOSIBJISIIOT BBICOKYIO aHTUBUPYCHYIO aKTUBHOCTD,
YTO CBA3AHO C UX COCTABOM U CTPYKTYPHBIMU OCOOEH-
HocTAMU. TaKkme IpenapaTsl IPeCTABIAIOT MHTEPEC
KaK IepPCIeKTUBHbBIE aTeHTHI B 60pb0e ¢ BUPYCHBIMU
3a00JIeBAaHUAMU pacTeHUl. AHTUBUPYCHASA aKTHUB-
HOCTb mpernapaTtoB (% uurubuposanusd, I, %), Heii-
Tpaiusyoiasa THGEKIIMOHHOCTh BUPYCa, 3aBUCUT OT:
MeTaJLIa-KOMILIEKCo00pasoBaTesisa [ CoeIUHEHUsT 0JI0-
Ba (IV) 6osee akTuBHEI (I, % 65—79) o cpaBHEHMIO C
Komiutekcamu repmanus (IV) (I, % 26—62)], kosmue-
cTBa PYHKITMOHAIBHBIX I'PYII B MOJIEKYJIaX JINTAHIIOB
[runpasonnbie KomILIeKcsl osioBa (IV) aktusree (I, %
69-79) ruppasunubix (I, % 48-63)], a Tak:Ke OT KOOP-
IUHUPYEMOIi (DOPMBI JINTaHAa B COUETAHUY C PA3JIU-
HBIMU 3aMECTUTEJIIMY [ KOMILIEKCHI C CAJTAIIVJIOVLIITH-
npagouamvu 4-metoxcu- (I, % 71), 4-ruaporcrbeHsanb-
nmeruzios (I, % 77)u nuporammona (I, % 72) c keromHoI
O(c=0y~N(cr=n) dopmoii mranzia 6osee aKTUBHbI, YeM
¢ eHostbHO O 0)~N(cp-n) POPMOii NBOHNKOTHHONII-
TUIPa30HOB Tex ke ambaerunos (I, % 32—63)]. Beene-
Hue aByx 3amectureseii (OH- u Br-) B ruppasugsbIii
(bparmMeHT MOJIEKYJIBI THAPABOHA 3HAUNUTEIHHO ITOBBI-
II1aeT aKTUBHOCTH KOMILIEKCOB 0J10Ba (IV) ¢ eHOJIbHOI
(opmoii murauzga (I,% 79).

Knarouesvie cnosa: Pseudomonas chlororaphis subsp.
aureofaciens, JUIONOIVCAXAPUL, KOOPAMHAIIMOH-
mele coemuHenusa Ge(IV) m Sn(IV), amTmBUpyCcHOE
JeficTBYe, BUPYC TabauHON MO3aMKN.





