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The aim of the research was to study the effect of a number of germanium and stanum coordination
compounds (compounds 1-8)as modifiers of peptidases and a.-galactosidases activity. The coordination
compounds of the same type of structure based on chelating ligand that is biologically activities citric
acid were investigated as enzymes effectors. Two types of complexes: 1) [M(H,0)¢][Ge(HCitr),]-4H,0
(M = Mg(1), Mn(2), Co(3), Ni(4), Zn(5)), containing biscitrate-germanate anion ([Ge(HCitr),]""), and
2) [M(H,0)gl[Sn(HCitr),]-4H,0 (M = Mg(6), Co(7), Ni(8)), containing biscitrate-stanate anion and
various hexaaquacations ([M(H20)6]2+, M= Mg, Mn, Co, Ni, Zn) were studied. It is shown that the
compound 6, which is biscitrate-stanate complex containing magnesium ions as metal, can be used for
the stimulation of B. thuringiensis var. israelensis IMV B-7465 peptidase 1 and peptidase 2
collagenase activity by 20—-25% . Compounds 1 (biscitrate-germanate complex containing magnesium
ions as metal) and 7 (biscitrate-stanate complex containing cobalt ions as metal), and also compound
6 in a concentration of 0.001% are able to increase elastolytic activity of peptidase 1 by 55-58%.
However, compound 7 has shown the greatest activating effect. It increased the elastolytic activity
of peptidase 2 by 100—-140% (at both tested concentrations). This goes to prove that the compound 7
can be used henceforth as effector of peptidase 2 elastolytic activity. While investigating the effect
of the considered coordination compounds on the Penicillium canescens, Cladosporium cladosporioides
and Aspergillus niger a-galactosidase activity, it has been found that, when using a number of
complexes (1-2 and 4—8), there is a slight increase (by 12—-20%) of P. canescens enzyme activity, and
the maximal effect (~20%, concentration 0.01% ) was provided by complex 6.

Key words: B. thuringiensis var. israelensis IMV B-7465 peptidases, with collagenase, elastolytic
and fibrinolytic activity, a-galactosidases, biscitrate-germanate and biscitrate-stanate
complexes.

Despite the fact that enzymes are present
in animals, plants and microorganisms, the
most technologically advanced sources of these
biopolymers obtaining are microorganisms
since they multiply rapidly and perform
synthesis under man-controlled conditions.
The following enzymes were taken for the
study: 1) Bacillus thuringiensis peptidases,
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exhibiting a wide range of activities
towards insoluble protein substrates such as
collagen, elastin and fibrin; 2) Penicillium
canescens, Aspergillus niger, Cladosporium
cladosporioides a-galactosidases. Peptidases
are classified as hydrolases which action
is aimed at accelerating the hydrolysis of
peptide bonds in proteins and peptides. Their
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important properties are high catalytic activity
and selective action. Peptidases are widely used
in various industries: in leather industry — for
hides softening, in film industry — to dissolve
the gelatin layer at films regeneration, in
the production of detergents, as additives
to remove the contaminations of protein

nature, in medicine — for the treatment
of inflammation, thrombosis and other
complications.

a-Galactosidases are glycosidases capable
of cleaving, usually preserving their optical
configuration, the terminal residues of non-
reducing a-D-galactose from o-D-galactosides,
including galactooligosaccharides,
galactomannans, galactolipids. This allows the
use of a-galactosidase in food biotechnology,
in particular in sugar industry to improve
its quality and yield increase. Since in sugar
production from sugar beets the concentration
of raffinose, stachyose and verbascose
increases, complicating the crystallization
of the sugar, the use of a-galactosidase not
only eliminates hindrance for crystallization
caused by a high concentration of mentioned
oligosaccharides, but also promotes the
formation of crystals.

For the successful application of these
enzymes in various biotechnological processes,
important aspect is to provide methods to
enhance their activity. The main factors
influencing the growth and metabolism
of microorganisms, as well as enzymes
synthesis, include physicochemical conditions
of cultivation, composition of culture
medium, and the introduction of substances
promoting the increase in the yield of the
enzyme that appears as its activity increase.
At the same time, the compounds capable of
enzymes modifying with both stimulatory and
inhibitory effects on their activity can be used.

In this regard, the aim of the work was to
study the effect of a number of coordination
compounds of germanium and stanum as
modifiers of peptidases and galactosidases
activity.

Materials and Methods

The objects of investigations were Bacillus
thuringiensis var. israelensis IMV B-7465
extracellular peptidases with collagenase,
elastolytic and fibrinolytic activity, as well
as Penicillium canescens 239, Cladosporium
cladosporioides 189 and Aspergillus niger
185sh a-galactosidases.

B. thuringiensis var. israelensis IMV
B-7465 is isolated from the waters of Snake

Island (Black Sea) and is in the collection of live
cultures of the Department of Microbiology,
Virology and Biotechnology of Mechnikov
Odesa National University. P. canescens, C. cla-
dosporioides and A. niger are obtained from the
collection of the Department of Physiology
and Systematics of Micromycetes of Zabolotny
Institute of Microbiology and Virology of the
National Academy of Sciences of Ukraine.

For peptidases synthesis, B. thuringiensis
var. israelensis IMV B-7465 was cultured in
a liquid medium of the following composition
(g/1): KH,PO, — 1.6; MgSO,-TH,0 — 0.75;
ZnS0,-TH,0 — 0.25; (NH,),SO, — 0.5;
maltose — 1.0; gelatin — 10.0; yeast
autolysate — 0.15; pH — 6.5-6.7 [1]. The
strain was grown for 24 h in shaker flasks
(200 ml of medium, 28 °C, 250 rev/min). The
inoculum was prepared by culturing the strain in
a suitable medium for 24 h and seeded into the
flasks in an amount of 10°~10° CFU /ml.

For the synthesis of o-galactosidases,
A. niger, C. cladosporioides, P. canescens
were grown in the medium of the following
composition (g/l): soybean meal — 15.0;
urea — 0.3; (NH,),SO, — 1.4; KH,PO, —
2.0; MgS0O,7TH,0 — 0.3; CaCl, — 0.3; yeast
autolysate — 0.5; pH 5.2. Submerged culti-
vation was performed in Erlenmeyer flasks
(500 ml) for 96 h at 25 °C and stirring speed of
220 rev/min.

Preparations of peptidases and a-galac-
tosidases are isolated from culture supernatants
of producers B. thuringiensis var. israelensis
and A. niger, C. cladosporioides, P. canescens,
respectively, purified to homogeneity by column
with neutral and charged TSK-DEAE-650 ( M)
and Toyopearl HW-55 (Toyosoda, Japan) gels
as described previously [2—4]. As a result of
B. thuringiensis var. israelensis complex
enzyme preparation purification, peptidase 1
was obtained with specificity to collagen and
elastin, and peptidase 2 with specificity to
elastin, collagen and fibrin.

The protein content is evaluated by the
Lowry method [5], using bovine serum albumin
as a standard.

a-Galactosidase activity was determined
using p-nitrophenyl-a-D-galactopyranoside
[6]. The degree of the substrate hydrolysis
was determined by colorimetric method. One
unit of activity was defined as the amount of
enzyme catalyzing the hydrolysis of 1 pM of
the substrate per 1 min under standard test
conditions (temperature 37 °C, pH 5.2).

The specific activity of A. niger, C. cladospo-
rioides, P. canescens o-galactosidases was 12,
32 and 50 U/mg of protein.
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Elastolytic activity was determined
colorimetrically by the color intensity of the
solution upon the enzymatic hydrolysis of
elastin stained with Congo red using Trombridg
et al. method [7] in Bondarchyuk et al.
modification [8]. Incubation mixture contained
5 mg of elastin, 2.0 ml of 0.01 M Tris-HCI
buffer (pH 7.5) supplemented with 0.005 M
CaCl, and 1 ml of the tested preparation
solution. The mixture was incubated for 5 h at
37 °C. Non-hydrolyzed elastin was separated
by centrifugation at 8 000 g, 10 min. The
color intensity was measured using the
SF-26 spectrophotometer at 515 nm. Activity
was calculated according to the standard curve,
which was obtained during supernatant color
measurement at full enzymatic hydrolysis of
known amounts of elastin stained with Congo
red. One unit of activity was defined as the
amount of enzyme catalyzing the hydrolysis
of 1 mg of substrate per 1 min under standard
conditions.

Collagenase activity was measured by
ninhydrin colorimetric method [9]. In order
to get that done, incubation mixture, which
contained 10 mg of collagen, 2.5 ml of 0,01 M
Tris-HCI1 buffer (pH 9.0-10.0), and 1 ml of
the tested preparation was heated on a steam
bath for 3 h at 37 °C. Thereafter, 0.1 ml of the
reaction mixture was transferred into test
tubes that contained 0.5 ml of 4% solution
of ninhydrin in a mixture with 0.2 M citrate
buffer. Incubation was carried out for
20 min in boiling water bath, thereafter into
the cooled mixture 5 ml of n-propanol 50%
solution was added and allowed to stand for
15 min at room temperature. The digestion
products were determined using the SF-26
spectrophotometer at wavelength of 600 nm.
From the standard curve constructed for free
L-leucine, an equivalent amount of micromoles
of amino acids released during hydrolysis was
determined. One unit of activity is equivalent
to 1 pmol of L-leucine, released from the
substrate for 3 h of hydrolysis at 37 °C.

Fibrinolytic activity was measured by
Masada method [10], fibrin obtained from
human blood plasma was used as a substrate.
The reaction mixture contained 1 mg of
fibrin, 1.8 ml of 0.01 M Tris-HCl buffer
(pH 7.5); 0.005 M CaCl, and 0.2 ml of the
tested preparation were added. The incubation
mixture was kept for 30 min at 37 °C. The
digestion products were determined using the
SF-26 spectrophotometer at 275 nm. One unit
of activity was defined as the amount of the
enzyme that increases the extinction of the
reaction mixture by 0.01 for 1 min.
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The specific activity of peptidase 1 was
442 U/mg of protein (elastolytic activity) and
212.7 U/mg of protein (collagenase activity),
while the specific activity of peptidase 2 was
289.5 U/mg of protein (elastolytic activity),
345.8 U/mg of protein (collagenase activity)
and 250.5 U/mg of protein (fibrinolytic
activity). Protein content was 0.1 mg/ml.

Coordination compounds synthesized by
developed techniques [11] and described by
the set of physical and chemical methods of
research were tested at concentrations of
0.01 and 0.001% as enzyme effectors [12—
14]. Complexes [M(H,0)s][Ge(HCitr),]-4H,O
(M = Mg(1), Mn(2), Co(3), Ni(4), Zn(5)) contain
biscitrate-germanate anion ([Ge(HCitr)z]Z‘),
and complexes [M(H,0)s][Sn(HCitr),]-4H,0
(M = Mg(6), Co(7), Ni(8)) — biscitrate-
stanate anion and various hexaaquacations
(IM(H,0)¢J**, M = Mg, Mn, Co, Ni, Zn) (Fig. 1).
Coordination compounds were dissolved in
distilled water.

All experiments were performed at
least 3—5 repetitions. Statistical processing
was carried out by standard method using
Student’s t-test at 5% significance level
[15]. The results presented graphically were
obtained using Microsoft Excel 2003 program.
The values at P < 0,05 were regarded as
credible.

Results and Discussion

The results are a continuation of
previous studies [16] concerning the effect
of wvarious, including bivalent, metal
cations, several anions and chemicals,
including chelating, capable of binding
with metal ions (1,10-phenanthroline,
ethylenediaminetetraacetic acid), on the
activity of a number of enzymes. Since it is
known [17] that the combined presence of
several metal ions in the solution can have a
variety of effects: stimulation (synergism),
attenuation of one metal ion action on
enzymes activity, so for the first time
coordination compounds of the same type of
structure based on chelating ligand that is
biologically active citric acid were taken as
enzymes effectors. It is known that the ligand
choice has a significant impact on the ability
of coordination compounds exhibit both
inhibitory and activating effect on the enzyme.

Two types of complexes have been
investigated: 1) [M(H,0)s][Ge(HCitr),]-4H,0
(M = Mg(1), Mn(2), Co(3), Ni(4), Zn(5)),
containing biscitrate-germanate anion
([Ge(HCitr),]*); 2) [M(H;0)][Sn(HCitr),]- 4H,0
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Fig. 1. The structures of complex biscitrate-germanate (a)
and biscitrate-stanate various hexaaquacations (b) anions in complexes 1—8

(M = Mg(6), Co(7), Ni(8)) containing biscitrate-
stanate anion and various hexaaquacations
([M(H2O)6]2+7 M = Mg, Mn, Co, Ni, Zn).

The peculiarity of such compounds is that
in one molecule there are two different metal
ions and their chelating agent. Study of a
number of effectors makes it possible to trace
the influence of individual metal ions and
combination thereof, as well as the molecule as
a whole on the investigated enzymes activity.

Study of the effect on B. thuringiensis
var. israelensis peptidase 1 and peptidase
2 collagenase activity have shown that all
compounds except 6 (Mg-Sn) inhibit the
activity (Fig. 2), at that for the peptidase
1 there is an inverse dependence on the
concentration of effector used: more marked
inhibition when used its lower concentration
(0.001%). This suggests a complex dependence
nature of enzymes inhibition in these cases,
which is a consequence of not only enzymes-
binding capacity of these effectors, but also
their substrates-binding capacity. In solution
these compounds dissociate:

[M(H0)s][Ge(HCitr),] <> [M(H20)6]2+sol +
+ [Ge(HCitr),]* oo

[M(H,0)6][Sn(HCitr ),] <> [M(H,0)6]* "1 +
+ [Sn(HCitr),]* .-

In this case, complex anion is stable and
is not destroyed in the pH range from 5.0
to 7.5 and a temperature of 37 °C that are
corresponding to the experimental conditions.

M?*sol reacts with both the enzyme and the
substrate, i.e. there is a competition between
them, which in many cases is culminated
in formation of the ternary complex, as

determined by X-ray crystallographic analysis
of carboxypeptidase [18].

The process becomes even more complicated
when you consider that biscitrate-germanate
(stanate) anion is also able to bind to the
enzyme, substrate by electrostatic interaction,
the presence of active carboxyl groups, and
complexing ability of germanium and stanum.
By comparison the action of effectors 1 and 6
with the same cations [M(H,0)s]*" on peptidase
1 collagenase activity it has been found
(Fig. 2, a) that at higher concentration, a slight
inhibition of ~ 5% for the 1 and activation by
~ 20% for the 6 is observed, which can only
be explained by the specificity of stanum
interaction compared with germanium, due to
differences in their radii (r(Ge*") = 0,053 nm,
r(Sn*") = 0,069 nm) and, respectively, in the
electron density.

The consistent pattern of influence of
the studied effectors on enzymes collagenase
activity is maintained when replacing
peptidase 1 to 2. Effector 6 stands apart —
only it increases the activity up to 120% at
a concentration of 0.001% and somewhat
smaller (110%) — at a concentration of
0.01% . All other effectors to a far lesser
extent affect the activity of peptidase 2 (Fig. 2,
b), indicating that different functional groups
participate in the processes of effectors and
enzymes binding.

A somewhat different picture is observed
when considering the impact of the tested
effectors on the peptidase 1 elastolytic
activity (Fig. 3, a). According to the degree
of inhibition (concentration of 0.01%),
the effectors form a series: 1 — no effect,
8 <=4, 5, 6 <7, and activation at the same
concentration is observed in two cases: 2 and
3 in the range of 140% . At a concentration of
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0.001% activation is observed in three cases,
1=7>6.

Consequently, the mechanism of effectors
with the enzyme and the substrate interaction
is specific and varies depending on the type of
activity studied. The inhibition of peptidase
1 elastolytic activity by the compounds 8, 4,
5, 6, 7 can be explained by their preferential
binding to the substrate, which prevents
further adsorption and enzyme action [16].
These processes are significantly affected
by the nature of the effector, so for 2 and 3
similar regularity is not observed. Elastolytic
activity increase at low concentrations of 1, 7,
6 probably can be explained by the formation of
ternary complex “effector-enzyme-substrate”,
in which an effector acts as link and
participates in the formation of catalytically
active conformation of the enzyme.

It is characteristic that, when replacing
peptidase 1 to peptidase 2, the overall picture
of effectors influence on elastolytic activity has
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Compound
Fig. 2. Coordination compounds effect on B. thuringiensis var. israelensis IMV B-7465 peptidase 1 (a)
and peptidase 2 (b) collagenase activity
Hereinafter: * — P <0,05; C — control

changed. This once again confirms the position
that the nature of the enzyme contributes to
the change in the mechanism of its interaction
with the substrates and effectors. Of all the
examined compounds, the 7 only significantly
increases elastolytic activity (~240% — at
0,001% and ~ 200% — at 0.01%) (Fig. 3, b.).
It should be noted that the same complex 7, in
the case of peptidase 1, at a concentration of
0.001% increased the activity (Fig. 3, a), but in
a less degree (160%), at that the increase in the
concentration up to 0.01% caused the opposite
effect (inhibition reached 90% ).

The specificity of each effector interaction
with peptidase 2 is seen when analyzing their
effect on the enzyme fibrinolytic activity
(Fig. 4): the complexes 3—5 and 8 exert slight
impact, inhibition by the 1 and 6 is similar
due to the presence in their composition of
germanium (1) and stanum (6), at that the 6
is more active, as noted above with respect to
collagenase activity. The most active (131%) at
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Fig. 3. Coordination compounds effect on B. thuringiensis var. israelensis IMV B-7465 peptidase 1 (a)
and peptidase 2 (b) elastolytic activity

a concentration of 0.01% is the effector 7 with
maximal elastolytic activity of peptidase 2.

In studying of the tested coordination
compounds 1—8 influence on P. canescens
(Fig. 5, a), C. cladosporioides (Fig. 5, b) and
A. niger (Fig. 5, ¢) a-galactosidase activity, it
has been found that when using the complexes
1-2 and 4-8, a slight (12-20% ) increase in
P. canescens enzyme activity is registered, and
the maximal effect (~20% , the concentration
of 0.01%) the 6 complex exerted (Fig. 5, a).

In other cases, the observed changes in the
enzyme activity are negligible and come in a
range of experimental error. This difference in
their behavior compared with peptidase 1 and
2 is explained by the different nature of the
enzymes studied. Catalysis by o-galactosidase
does not include metal ions, microbial
o-galactosidase usually are independent of
metals enzymes that are not sensitive to the
action of chelating agents [19]. Apparently,
the coordination compounds 1—8 do not bind to

catalytically active groups of a-galactosidase.
Because of this, there is no formation of
more accessible to the substrate its molecule
conformation and the substrate at the active
center orientation [20].

Based on the evidence found it can
be assumed that the considered effectors
compete with the substrate for binding sites
in the enzyme active center. At the same
time, they can interact with various groups of
protein molecule, regulatory regions located
outside of the active center, but influence
on its catalytic functions. As a result of
ternary complex enzyme-substrate-effector
formation a conformational rearrangement
ceases, the molecule is surrounded by other
functional groups which provide appropriate
catalytic conversions [21]. It should be noted
that enzymes catalytic activity may vary
substantially depending on the type of effectors
interaction. The study of these processes is of
great theoretical and practical importance.
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Fig. 5. Various compounds effect on Penicillium canescens (a), Cladosporium cladosporioides (b),
Aspergillus niger (c) o-galactosidase activity

Thus, the compound 6, which is biscitrate-
stanate complex containing magnesium ions
as metal, can be used to stimulate collagenase
activity of B. thuringiensis var. israelensis
IMV B-7465 both peptidases by 20-25%.
Compounds 1 (biscitrate-germanate complex
containing magnesium ions as metal) and 7
(biscitrate-stanate complex containing cobalt
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ions as metal), as well as 6 at a concentration
of 0.001% can increase elastolytic activity of
peptidase 1 by 55—58% . However, the greatest
activating effect the compound 7 has shown,
that at both tested concentrations increased
the elastolytic activity of peptidase 2 by
100-140% . This goes to prove that the
substance 7, which is biscitrate-stanate
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complex containing cobalt ions as metal, can
henceforth be used as effector of peptidase 2
elastolytic activity.

The authors appreciate prof. Ivanitsa V.A.
(Department of Microbiology, Virology and
Biotechnology of Mechnikov Odesa National
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KOMIIJIEKCH BICHTUTPATOTEPMAHATIB
TA BICOHUTPATOCTAHATIB
3 METAJJAMHU — MOJUPIKATOPHU
AKTUBHOCTI ITIEIITUIA3
Bacillus thuringiensis var. israelensis
TA o-TAJTAKTO3U A3
Penicillium canescens, Cladosporium
cladosporioides 1 Aspergillus niger

JL.[T. Bap6aneub1 ,H.A.H iaﬂ.ﬂ}cogal, H.B. Bopsoeal,
LU Cea(])yﬂﬂinaz, 0. E. Mapuunxo?, O.A. Yebanenro®

Hueruryr mikpo6iosorii i Bipycosorii
im. [I. K. 3ab6oxoraoro HAH Vkpaiuu, Kuis
OpnechbKuli HAIliOHAJIBHUN YHiBEPCUTET
im. I. I. MeunukoBa, YKpaiHa

E-mail: varbanets_imv@ukr.net

Metoro poboTu 0yJI0 BUBUNTH BILIUB HU3KU KO-
OPAMHAIIMHUX CIIOJIYK TepMaHiio i craHyMy (CmoJy-
Ku 1-8) Ax Moam(dikaTopiB aKTUBHOCTI ITENITHAAS Ta
rajakTo3uaas. Ik edeKTOpU €H3UMiB 3aCTOCOBYBA-
JI OOHOTUIIHI 32 CTPYKTYPOIO KOOPAWHAIIINHI cII0-
JYKU Ha OCHOBi XeJaTyrouoro Jirauga — 0Oiojoriu-
HO aKTHBHOI JiMOHHOI Kucyotu. JlocaimkyBanru 2
tunu Komiutekcis: 1) [M(H,0)6][Ge(HCitr),]-4H,0
(M = Mg(1), Mn(2), Co(3), Ni(4), Zn(5)), 1110 MiCTATH
OicriuTpaTorepMaHATHUN aHiOH ([Ge(HCitr)z]z_);
2) [M(H,0)q][Sn(HCitr),4H,0 (M = Mg(6), Co(7),
Ni(8)) 8i BmicTom GicrmrTpaTocTaHATHOTO aHiOHA
Ta Pi3HUX TeKcaaKBaKaTiOHIiB ([M(H2O)6]2+, M =
Mg, Mn, Co, Ni, Zn). ITokasaHno, 110 cmoayky 6,
sAKa CTAHOBUTH OiCIIMTPATOCTAaHATHUI KOMILIEKC,
10 MIiCTHTBH AK MeTaJl i0HM MarHilo, MOKHa BUKO-
puctoByBaTu st crumyJ iarii Ha 20-25% woma-
reHas3HOl aKTHMBHOCTI mentugasu 1 i mentumasu 2
B.thuringiensis var. israelensis IMB B-7465. Crioyxku
1 (GicrimTpaTorepMaHATHIM KOMILIEKC, II[0 MiCTHTD K
MeraJI ioHu MarHio) i 7 (GiciiuTpaTocTaHATHUIT KOMII-
JIEeKC, 1110 MiCTUTD SK MeTaJl i0H1 KOOAILTY), a TAKOMK
crrosryka 6 B KormerTpartii 0,001% sxathi Ha 55—-58%
TiIBUIITYBATH €JIACTOJITUYHY aKTUBHICTD TENITHUIA31
1. Opgmak HaAOiIBINy aKTUBYBAJIBbHY Iil0 BUSBIJIA
crrosryka 7, sika Ha 100—-140% (B 060X TOCITiKyBaHUX
KOHIIEHTPAIIiAX) ITi IBUIITYBaJIa €JIACTOTITHUHY aKTHUB-
HicTb menTugasu 2. Ile cBiquuTh Ipo Te, 10 CIOIYKY
7 MOXKHA HamaJi BUKOPHCTOBYBATH K e(eKTop eja-
CTOJIITMYHOI aKTUBHOCTI mmentunasu 2. ITix uac gocri-
JI?KEeHb BILINBY POSTUISHYTUX KOOPAMHAIITHIX CIIOJIYK
Ha aKTUBHICTD O-rasiaKkTo3unas Penicillium canescens,
Cladosporium cladosporioides Ta Aspergillus niger
BCTAHOBJIEHO, IO B Pasi BUKOPUCTAHHSA HUIKU
KomiuiekciB (1-2 Ta 4—8) BigsHaUaeThCA HEICTOT-
He (Ha 12—20%) migBuUIlleHHA aKTUBHOCTI €H3UMY
P. canescens, a makcumanbuuii egext (~20% , KOH-
menTpaitis 0,01% ) BusBiisie KOMILTEKC 6.

Knrwuosi crosa: nentungasu B. thuringiensis var.
israelensis IMB B-7465, o-ramakrosugasu,
OiciiuTparorepMaHaTHi Ta OicruTpaTocTaHaTHI
KOMILIEKCH.
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thuringiensis var. israelensis
U o-TAJTAKTO3UIAS Penicillium canescens,
Cladosporium cladosporioides U Aspergillus niger
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Y HCTATYT MUK POGHOIOTHY ¥ BUPYCOIOT Y
um. [1. K. 3a6onornoro HAH Ykpaunsi, Kues
2Opecckuit HAMOHANBHBLI YHUBEPCUTET
um. . . MeunukoBa, YKpanHa

E-mail: varbanets_imv@ukr.net

ITenpio paboOTHI OBLIO UBYYUTH BIAUAHUE Psga
KOOPAWHAIIMOHHBIX COeIUHEHU repMaHUsI U CTa-
HyMa (coequuenusa 1—8) B KauecTBe MOAM(PUKATOPOB
aKTUBHOCTHU IIENITUA3 U O-rajakrosunas. Kak ag-
(heKTOPHI 9H3UMOB OBLIH UCCIEeIOBAHLI OAHOTUITHBIE
110 CTPYKTYpPEe KOOPAUHAIIMOHHBIE COeIUHEHNS Ha
OCHOBE XeJIATUPYIOIIEro JIMraHa — OMOJIOTUYECKH
aKTUBHON JUMOHHOM KHUCJIOTHI. M3yuanu 2 Tumna
rommekcoB: 1) [M(H,0)6][Ge(HCitr),]-4H,0 (M =
Mg(1), Mn(2), Co(3), Ni(4), Zn(5)), comep:KaIiue
o6ucnurparorepmanaTHbiil aHuoH ([Ge(HCitr),]");
2) [M(H;0)][Sn(HCitr),]-4H,0 (M = Mg(6), Co(7),
Ni(8)) ¢ 6ucmuTpaTocTaHATHLIM AHNOHOM W Pas-
JIMYHBIMU T'eKCaaKBaKaTHOHAMU ([M(H20)6]2+, M=
Mg, Mn, Co, Ni, Zn). ITokasaHo, uTo coenuHeHue 6,
KOTOpPOe IIPeCTaBIAeT cO00M OMCIIUTPATOCTaAHAT-
HBIA KOMILJIEKC, COAEPIKAIINY B KauecTBe MeTajljia
MOHBI MarHUs, MOKHO KCIIOJIb30BATh IJIS CTUMY-
aauun Ha 20—-25% KojamareHasHoil aKTUBHOCTU
nentunasel 1 u nentugasel 2 B. thuringiensis var.
israelensis UMB B-7465. Coegunenusa 1 (6uciu-
TpaTorepMaHaTHBIN KOMIIJIEKC, COAepsKallluil B
KauecTBe MeTaJlJIa MOHbI MarHus) u 7 (6uciuTpaTo-
CTAaHATHBIN KOMILJIEKC C COIEPsKaHNeM B KauecTBe
MeTaJjljla MOHOB K00OaabTa), a TaKksKe coequHenue 6
B KoHnenrpanuu 0,001% cmoocobusr Ha 55—58%
YBEJIUYUBATD SJIACTOJIUTUIECKYIO aKTUBHOCTD IIell-
Tugasel 1. OgHako HamboJbIllee aKTUBUPYIOIIEe
IeliCTBMEe OKa3bIBAJIO COeNUHEHMe 7, KOTOpoe Ha
100-140% (B obeux mcciieqOBaHHBIX KOHIIEHTPA-
IUAX) MOBBIIIAJTIO 3JIACTOJIUTUYECKYIO aKTUBHOCTD
TMEeNITUAA3EI 2. OTO CBUAETEJILCTBYET O TOM, UTO Be-
IIeCTBO 7 B JaJIbHEHIIIeM MOKeT OBbITh HMCII0JIL30Ba-
HO KaK 3(p(eKTOop 97JaCTOTUTUIYECKON aKTUBHOCTHU
nentunassl 2. [Ipu mcciaenoBaHUM BAUAHUA pac-
CMOTPEHHBIX KOOPAMHAIIMOHHBIX COEIUHEHUH Ha
aKTHBHOCTE O-TajaKkTo3ugas Penicillium canescens,
Cladosporium cladosporioides n Aspergillus niger
00HAPY?KEHO, UTO IPU HCIIOJb30BAHUU Psiga KOM-
miaexcoB (1-2 u 4—8) ormeuaercsa He3HAUUTEIHLHOE
(za 12-20%) yBeanuyeHUMe aKTUBHOCTHU H3WMa
P. canescens, a makcumaabHbIi 3GdexT (~20% ,
koumerTpamnud 0,01% ) okasbiBaJ KOMILIEKC 6.

Kanarouesvie cnoea: nenrupnassl B. thuringiensis
var. israelensis UMB B-7465, o-rajakTrosumasbl,
oucmuTpaTorepMaHaTHbie W OUCIIUTPATOCTAHAT-
HbIe KOMILJIEKCHI.





