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One of the ways to create new biologically active substances based on enzymes is to obtain highly
efficient protein-complex structures. Studies in recent years have shown that the coordination compounds of
“essential” germanium with biologically active hydroxycarboxylic and, in particular, with xylaric, acids are
characterized by low toxicity and a wide range of pharmacological action. In addition, many of them have
proven to be activators of various enzymes. In this regard, the aim of work was to study the effects of mixed
ligand and heterometallic coordination compounds of germanium with xylaric acid on the catalytic and some
physicochemical properties of Penicillium restrictum IMV F-100139 a-galactosidase and a-L-rhamnosidase.
a-Galactosidase activity was determined using p-nitrophenyl-a-D-galactopyranoside as a substrate. The ac-
tivity of o-L-rhamnosidase was determined using the Davis method. As modifiers of enzyme activity different-
ligand and different-metalxylaratogermanates have been used. It was shown that the coordination compound
(7) tris(bipyridine)nickel(Il) u-dihydroxyxylaratogermanate(1V) ([Ni(bipy),),/(OH),Ge,(u-HXylar),Ge,(u-
OH),/20H,0-2C,H,OH) exerted a significant effect on the catalytic properties of a-L-rhamnosidase and
a-galactosidase from P. restrictum. The activation and thermal stabilization of P. restrictum a-L-rhamnosidase
in the presence of (7) is based on the combination of all constituents of the effector molecule: cation [Ni(bipy),J**
and anion [(OH),Ge,(u-HXylar) Ge,(u-OH),1* metal complex, as well as the location of aromatic amino acids
in the enzyme molecule. Weak non-covalent bonds between P. restrictum o-L-rhamnosidase molecules and
compound (7) appear to create the conformation that is most favorable for the convergence of the active sites
of the enzyme with the substrate.

Keywords: Penicillium restrictum IMV F-100139, a-galactosidase, a-L-rhamnosidase, xylaratogermanates
of different ligands and different metals.

t present, there has been an increased in-
A terest in the use of highly effective en-

zyme preparations with useful properties
for their use in the food, pharmaceutical, chemi-
cal industries, as well as medicine. At the same
time, special attention of researchers is attracted
by glycosidases — enzymes of the class of hydro-
lases (O-glycoside hydrolases), which are capable of
catalyzing the hydrolysis of O-glycosidic bonds in
glycosides, oligo-, polysaccharides, glycolipids and

other glycoconjugates. Some of these enzymes are
a-galactosidase and a-L-rhamnosidase.
a-Galactosidase (EC 3.2.1.22) is a glyco-
syl hydrolase, capable of cleaving, as a rule, while
maintaining their optical configuration, terminal
non-reducing residues of a-D-galactose from a-D-
galactosides, including galactooligosaccharides,
galactomannans and galactolipids. Their simplest
natural substrates are melibiose disaccharide and raf-
finose trisaccharide. In some cases, a-galactosidases
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have been found to have transgalactosidase activity.
Wide opportunities for the use of a-galactosidases
open up in such areas as the food industry, in par-
ticular for increasing the yield of sugar from molas-
ses [1, 2], as feed additives to increase the nutritional
value of soy products due to the hydrolysis of galac-
tooligosaccharides of raffinose and stachyose, in the
production of oligosaccharides of probiotic action, as
well as dietary food for children and the elderly [2].
Enzyme preparations are also promising in medi-
cine: for enzyme therapy of some hereditary human
diseases, in xenotransplantation, for biotransforma-
tion of human erythrocytes of group B (III) into do-
nor erythrocytes of O-type [3].

a-L-Rhamnosidase (EC 3.2.1.40) hydrolytically
cleaves off terminal unreduced residues of L-rham-
nose, which are present in both synthetic and natural
glycosides, oligo-, polysaccharides, glycolipids and
various glycoconjugates, derivatives of flavonoids:
rutin, neohesperidin, hesperidin, naringin, querce-
trin; saponinss: ginsenosides; terpene glucosides;
asiaticosides. Only in quercetrin, L-rhamnose is di-
rectly linked to the aglycon moiety, while all other
substrates are glycosides, in which L-rhamnose is
linked to the B-D-glucopyranosyl residue via various
types of glycosidic bonds: a-1,2, a -1,4 and a-1,6.
o-L-Rhamnosidases are used to create, based on
glycosides of plant origin, such as rutin, quercetrin,
hesperidin, drugs for the treatment of cardiovascu-
lar diseases, compounds with antiviral and immuno-
tropic effects [4]. By hydrolyzing terpene glycosides,
the enzyme helps to release aromatic compounds
that enhance the aroma of grape juices and wines;
therefore it is used in the food industry.

One of the ways to obtain new biologically ac-
tive substances based on enzymes is the use of metal
complex catalysts, in particular, various coordination
compounds. Recent studies have established that the
coordination compounds of “essential” germanium
with biologically active hydroxycarboxylic acids,
widely used in the food industry and medicine, in
particular with xylaric acids, are characterized by
low toxicity and a wide spectrum of pharmacological
action: antioxidant, antiviral, antihypoxic, hepato-
protective, cerebroprotective, neuroprotective [5].
Along with this, many of them have shown them-
selves to be effectors of various enzymes [6-9]. This
indicates that the study of various types of xylarat-
ogermanates as modifiers of enzymes is promising.
We were unable to find any works by foreign authors
on the effect of such structures on the activity of en-
Zymes.

Previously, as a result of screening cultures
of microorganisms isolated from the soils of the
Chernobyl exclusion zone the strain Penicillium re-
strictum IMV F-100139 was selected, which is char-
acterized by a high level of a-galactosidase and a-L-
rhamnosidase activity [10].

In this regard, the aim of work was to study
the peculiarities of the effect of mixed-ligand and
heterometallic coordination compounds of germa-
nium with xylaric acid on the catalytic and some
physicochemical properties of a-galactosidase and
a-L-rhamnosidase of Penicillium restrictum IMV
F-100139.

Materials and Methods

The objects of research were a-galactosidase
and o-L-rhamnosidase P. restrictum IMV F-100139
from the collection of live cultures of the D.K. Zab-
olotny IMV NAS of Ukraine. Fungal strain was
grown in medium containing (g/l): KH,PO, — 10.0;
MgSO,x7H,0 - 3.0; (NH,),SO, — 2.0; CaCl, - 1.0;
yeast autolysate — 0.15; soy flour — 10.0; rhamnose —
5. The value of the liquid medium pH was adjusted
to 5.0, and the culture was incubated at 25°C in an
orbital shaker at 220 rpm for 6 days.

A crude preparation of enzymes was obtained
from the supernatant of culture liquids of P. re-
strictum by precipitation with ammonium sulfate
to 90% saturation. After centrifugation of mixture
at 5000 g, 30 min, 4°C precipitate was obtained,
that then dialyzed against 10 mM phosphate buffer
(pH 6.0). The dialyzed enzyme solution was applied
to a Toyopearl HW-60 (Toyo Soda, Japan) column
(2.5%90 cm), equilibrated with 0.01 M phosphate
buffer, pH 6.0. Fractions exhibiting a-galactosidase
and a-L-rhamnosidase activity were collected and
concentrated by evaporating under vacuum. The
resultant preparation was applied to Fractogel DE-
AE-650-s (Merck, Germany) column (3x35 cm),
equilibrated with 0.01 M Tris-HCI buffer, pH 7.5.
Elution was performed by the NaCl linear gradient
(0-1 M, of 200 ml each) at 24 ml/h rates. Collected
fractions were screened for protein content (A)
and o-galactosidase and a-L-rhamnosidase activi-
ties. The a-L-rhamnosidase and o-galactosidase
eluted in two separatelic peaks. The fractions with
a-galactosidase activity and o-L-rhamnosidase ac-
tivity were combined separately and dialyzed against
0.1 M PCB, pH 5.2, and the dialysates were used as
the purified a-galactosidase and a-L-rhamnosidase
throughout this study. Specific activities of the
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a-galactosidase and a-L-rhamnosidase were 6.5 and
1.2 U/mg of protein respectively.

a-Galactosidase activity was determined using
as a substrate p-nitrophenyl-a-D-galactopyranoside
(Sigma, USA) [11]. To determine activity 0.1 ml of
the enzyme solution was mixed with 0.2 ml 0.1 M
phosphate-citrate buffer (PCB) pH 5.2 and 0.1 ml
0.01 M substrate solution in PCB. The reaction mix-
ture was incubated for 10 min at 37°C. The reaction
was stopped by adding 2 ml of 1 M sodium bicarbo-
nate. The amount of released nitrophenol as a result
of hydrolysis was determined colorimetrically by the
absorption at 400 nm. One unit of enzyme activity
was defined as the amount of enzyme that releases
1 pmol of p-nitrophenol per min at 37°C in 0.1 M
PCB, pH 5.2.

The activity of a-L-rhamnosidase was deter-
mined using Davis method [12] with minor modi-
fication. The assay mixture contained 0.2 ml of
0.1% naringin (Sigma, USA) solution in 0.1 M PCB
pH 5.2 and 0.2 ml enzyme solution. After incuba-
tion at 37°C for 30 min, the reaction was stopped by
addition of 5 ml diethylene glycol (90%) and 0.1 ml
of 4 N NaOH. The residual naringin was measured
at 420 nm. One unit of a-L-rhamnosidase activity
was defined as the amount of enzyme that releases
1 pmol of naringin per min in the solution.

As modifiers of enzyme activity, we used
12 coordination compounds of germanium:

(1) protonated phenanthroline p-dihydro-
xyxylaratogermanate(I1V) ((HPhen),[(OH),Ge,(u-
HXylar),Ge,(u-OH),]-13H,0),

(2) bis(phenanthroline)chlorocopper(1l)
p-dihydroxyxylaratogermanate(I'V)
([CuCl(Phen),],[(OH),Ge,(u-HXylar),Ge, (u-
OH),]-8H,0),

(3) tris(phenanthroline)copper(Il) p-dihydro-
xyxylaratogermanate(IV) ([Cu(Phen),],[(OH),Ge, (U
HXylar),Ge,(u-OH),]-8H,0),

(4) tris(bipyridine)copper(Il) p-dihydroxy-
xylaratogermanate(I'V) ([Cu(bipy),],[(OH),Ge,(u-
HXylar)4Ge,(u-OH),]-14H,0-2C,H50H),

(5) tris(bipyridine)zinc p-dihydroxyxyla-
ratogermanate(IV) ([Zn(bipy),],[(OH),Ge,(u-
HXylar),Ge,(u-OH),]-18H,0-2C,H.OH),

(6) tris(phenanthroline)nickel(Il) p-dihydroxy-
xylaratogermanate(IV) ([Ni(Phen),],[(OH),Ge,(u-
HXylar),Ge,(u-OH),]-8H,0),

(7)  tris(bipyridine)nickel(Il)  p-dihydroxyxy-
laratogermanate(I'V) ([Ni(bipy),],[(OH),Ge,(u-
HXylar),Ge,(u-OH),]-20H,0-2C,H,OH),
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(8) tris(bipyridine)iron(Il) p-dihydroxyxylarato-
germanate(IV) ([Fe(bipy),],[(OH),Ge,(u-
HXylar),Ge,(p-OH),]12H,0-2C,H,OH),

(9) tris(phenanthroline)iron(Il) p-dihydroxyxy-
laratogermanate(I'V) ([Fe(Phen),],[(OH),Ge,(u-
HXylar),Ge,(u-OH),]-6H,0-C H.OH),

(10) copper(Il) p-dihydroxyxylaratogerma-
nate(IV) - cuprate(Il) ([Cu(H,0)][Ge(u,-
Xylar) {Cu(H,0),},]-2H,0),

(11) nickel(Il) p-dihydroxyxylaratogerma-
nate(IV) - nickelate(Il) ([Ni(H,O)][Ge(u,-
Xylar),{Ni(H,0),},]-2H,0),

(12) zinc p-dihydroxyxylaratogermanate(I'V)-zinca-
te ([Zn(H,0),I[Ge(u,-Xylar) {Zn(H,0),},]-2H,0).

The composition and structure of these com-
pounds was established using a combination of
physical and chemical research methods: elemental
analysis, thermogravimetry, IR spectroscopy and X-
ray structural analysis [13, 14]. Structures of seven
compounds are deposited in the Cambridge Crys-
tallographic Database: 1883675 (1), 1999455 (2),
1999453 (3), 1883677 (6), 1569267 (7), 1569266 (8),
1883676 (9).

All complexes are cation-anionic com-
pounds. In 1-9, the same homometallic tetrameric
u-dihydroxyxylaratogermanate anion [(OH),Ge,
(u-HXylar),Ge, (u-OH),] is realized, and in 10-12 the
heterometallic three-nuclear anion [Ge (,-Xylar),
{M (H,0),},]>. The anion charge is compensated for
by the following cations: protonated 1,10-phenan-
throline (HPhen*) molecules (1), 3d-metal complex
cations (2-9), and 3d-metal hexaaquacations (10-
12). Schemes of compounds structures are shown in
Fig. 1.

When studying the effect of various compounds
on the activity of enzymes, concentrations of 0.1 and
0.01% were used, exposure times were 0.5 and 24 h.
The test compounds were dissolved in 0.1% DMSO.

The optimum temperature of native and modi-
fied enzymes was determined by incubating the as-
say mixture for 30 min at temperature ranging from
4 to 80°C (pH 5.0). Thermal stability was measured
by preincubation of the enzymes at the pH 5.0 at dif-
ferent temperatures (65, 70 and 75°C) with the expo-
sition time of 3.5 hours; the aliquots in 0.1 ml were
collected in definite intervals (10-30 min) for meas-
urement of residual activity.

UV-spectra of absorption of native and chemi-
cal modified preparations of the enzymes were
studied by spectrophotometer-fluorimeter DeNovix
DS-11 in the range of 220-340 nm, concentration of
the enzyme preparation 1.0 mg of protein/ml.



0. V. Gudzenko, N. V. Borzova, L. D. Varbanets et al.

0 OH
o 0 on
o 0
0
HO), o 4 0—_0 HO. 0 0—_0
/\(J\u/ \(;{/ /\(’NL‘/ ()\(;é/
] / . OH o7 | Y H
(Cat) 0 o 0 0
4 O HO o (Cat), |O HO g
H o OH
0 0
OH Ny G\c(O OH N G\e\ 0

Cat =
M = Cu (3), Ni (6), Fe (9) M = Cu (4), Zn (5),
Ni (7), Fe (8)
HO —0
OH,
H,0 ‘\0/ \e‘\o/ o8,
()M o
H,O
Cat = Hn,o\ ¥ M0
H,o’ A \qu
H,O
M = Cu (10), Ni (11), Zn (12)
Fig. 1. Schemes of structures 1-12
All experiments were carried out in seven rep- Results and Discussion

licates. The analysis of the results obtained was car-
ried out by statistical processing using the Student’s
t-test. In the work, the mean values and standard
errors (M = m) were calculated. Values at P < 0.05
were considered significant. The results, which are
shown graphically, were processed using Microsoft
Excel 2007.

As a result of gel permeation chromatography
and ion exchange chromatography of P. restrictum
culture liquid, two enzymes with a-galactosidase
and a-L-rhamnosidase activities were isolated. The
specific a-L-rhamnosidase and a-galactosidase ac-
tivity of preparations were 1.20 and 6.5 U/mg re-
spectively.
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As modifiers of enzyme activity, 12 above
mentioned related compounds were used. They are
fine-crystalline precipitates of different colors, stable
in air, and do not hydrolyze. In solutions, they disso-
ciate with the formation of the corresponding cations
and anions (Fig. 1).

Analysis of the data obtained (Fig. 2) showed
that germanium compounds had different effects
on the activity of the studied enzyme preparations.
So, most of the studied complexes, regardless of the
concentration used and the incubation time, had
practically no effect on the a-galactosidase activity
of P. restrictum IMV F-100139. A slight decrease in
enzyme activity (3-17%) was observed when using
complexes (3), (7), (8) at concentrations of 0.01% and
0.1% (exposure time 1 h and 24 h), as well as com-
pound (4) (inhibition of 7%) at a concentration of
0.1% with different duration of action.

However, in general, the noted impact did
not go beyond the statistical error. We have previ-
ously studied the effect of various complex com-
pounds of germanium, zinc, cobalt, and nickel on
a-galactosidases and proteases from other producers
[6, 8]. And it should be noted that in almost all
cases we did not observe changes in the activity
of a-galactosidases, although we observed signifi-
cant activation or inhibition of proteolytic enzymes
[6, 8]. Perhaps this is due to the size of the molecule
of the studied enzymes: the used a-galactosidases
had a molecular weight of about 400 kDa, while
proteases - up to 40 kDa [15, 16].

A completely different picture was observed
when studying the effect of the studied coordina-
tion compounds on the a-L-rhamnosidase activity
of P. restrictum IMV F-100139 (Fig. 3). Compared
to the effect on P. restrictum a-galactosidase, where
only a slight inhibitory effect of some substances
was noted, the a-L-rhamnosidase activity of P. re-
strictum IMV F-100139 slightly decreased (by 3%)
only under the action of compound (12) at a concen-
tration of 0.01%. With an increase in concentration
to 0.1%, most of the tested compounds either did not
affect the activity of the studied a-L-rhamnosidase,
or activated it from 10 to 800%. The greatest acti-
vating effect is inherent in the substance (7), which
increased the activity of the enzyme by 8 times.

In general, we noted a more varied effect of the
investigated substances at a concentration of 0.1%, at
which almost all compounds activated P. restrictum
a-L-rhamnosidase by 10-800%. With an increase in
the exposure hour, activation of a-L-rhamnosidase
by compounds (2) - (10) was noted.
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Based on the above, it can be noted that com-
pound (7) has the greatest modifying effect among
the studied substances. To clarify the nature of this
action, we studied some of the physical properties of
native and modified preparations of a-galactosidase
and a-L-rhamnosidase.

It is known that in the presence of a metal
complex, new intramolecular and intermolecular
bonds can form, which in turn leads to an increase
in the hydrophobicity or hydrophilicity of the en-
zyme molecule, an increase in its rigidity, etc. Such
changes, in turn, lead to a change in the resistance
of the molecule to denaturation, including thermal.
It was shown that the presence of compound (7) did
not affect the thermooptimum of the action of both
enzymes (Fig. 4, A, B). It was shown (Fig. 4, A) that
the thermooptimal action of the native and modified
o-L-rhamnosidase was the same and amounted to
65°C. The thermooptimum of a-galactosidase in the
presence of compound (7) also did not shift relative
to the optimum values of the native enzyme (60°C),
however, an increase in the rate of enzyme inactiva-
tion was noted at temperatures above the optimum
(Fig. 4, B).

Conformational changes that led to an increase
in the catalytic activity of the enzyme can also affect
the change in the thermal stability of the protein. In
this regard, we studied the thermal inactivation of
P. restrictum glycosidases in the temperature range
65-75 ° C. High thermal stability was shown for both
native P. restrictum a-L-rhamnosidase and modified
(Fig. 5). Thus, incubation of a-L-rhamnosidase at
65°C for 1 h retained 50% of the enzyme activity,
and in the presence of compound (7) in the reaction
medium, 90%. After 2.5 h of incubation at 65°C,
only 20% of the activity of the native enzyme prepa-
ration was retained, while in the presence of sub-
stance (7) 50%. A similar picture was observed at
higher temperatures. Thus, at 70 and 75°C, the en-
zyme preparation in the presence of compound (7)
was more stable than the native enzyme.

Thus, it was shown that compound (7) in-
creases the thermal stability of P. restrictum o-L-
rhamnosidase (Fig. 5). The thermal stability of the
native and modified a-galactosidase of P. restrictum
did not differ under the experimental conditions.

The production and effectiveness of new bio-
logically active substances, including those based
on enzymes and coordination compounds of metals,
largely depend on information on the interaction be-
tween receptors and ligands, aromatic amino acids
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Fig. 2. Influence of germanium compounds on the activity of P. restrictum a-galactosidase. A — exposure time

1 h, B — exposure time 24 h

and organic (protonated amino acids) or inorganic
(protons and metals) cation [17]. In many cases, the
formation of active protein-complex structures de-
pends on a delicate balance of several types of weak
molecular interactions.

We have studied the UV absorption spectra
of native a-L-rhamnosidase and the enzyme in the
presence of compound (7), which may give some
answers regarding the nature of their interaction.
In the presence of compound (7), hyperchroism of
the a-L-rhamnosidase protein was observed in the
ranges of 220, 245, and 290-300 nm (Fig. 6). No such
effect was observed for a-galactosidase. UV absorp-

tion of proteins in the range from 180 to 230 nm is
almost completely associated with 1 — w* transi-
tions in peptide bonds. The absorption in the range
of 230-300 nm is dominated by aromatic side chains
of tryptophan (Trp), tyrosine (Tyr), and phenylala-
nine (Phe) residues. It was noted that the absorption
rate increases with increasing concentration of com-
pound (7).

It is known that the cationic and aromatic side
chains of amino acid residues interact to stabilize
the secondary, tertiary and quaternary structure of
the protein. Stabilization is partly due to electro-
static attraction between the cation and regions of
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Fig. 3. Influence of germanium compounds on the activity of P. restrictum a-L-rhamnosidase. A — exposure

time 1 h, B — exposure time 24 h

high electron density in the n-orbitals of the aromatic
group, which gave the name to this type of inter-
action — cation-n [18]. In the presence of chemical
compounds, a redistribution of these weak intramo-
lecular interactions can occur, which is reflected in
a change in the conformation of the protein and/or
the topology of the active center, and as a result, we
observe a change in the catalytic properties of the
enzyme.

Data on the high thermal stability of P. restric-
tum a-L-rhamnosidase are extremely interesting.
Elucidation of the factors responsible for the mani-
festation of extreme thermal stability of proteins is
very important both for understanding the mecha-
nism of protein stability and for the development of
stable enzymes. We observed a fairly high thermal
stability of the enzymes of the mesophilic fungus
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P. restrictum in the temperature range of 65-75°C.
The data obtained on the basis of UV spectra of
P. restrictum a-L-rhamnosidase indicate a signifi-
cant contribution of aromatic amino acids to both,
possibly, the topology of the active center, and the
thermal stabilization of the enzyme in the presence
of compound (7) due to weak cation-n interactions.
In recent years, studies have appeared showing the
importance of cation-n interactions both for the
manifestation of the catalytic properties of enzymes
and for their thermal stabilization [19]. There is evi-
dence that, in mesophiles, Phe residues play a key
role in the cation-m interaction, while for thermo-
philes Tyr has a greater effect [20].

The peculiarities of the conformation of the
P. restrictum a-galactosidase molecule seem to al-
low it to retain its native structure in the presence
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Fig. 5. Thermal stability of P. restrictum o-L-rhamnosidase

of compound (7). Or, these changes do not affect the
catalytically important parts of the molecule.

Thus, as a result of the research, the effect of
12 coordination metal compounds on the activity
of enzymes was studied. It was shown that a coor-
dination compound (7) exerted a significant effect
on the catalytic properties of a-L-rhamnosidase
and o-galactosidase from P. restrictum. The acti-
vation and thermal stabilization of P. restrictum

a-L-rhamnosidase in the presence of (7) is based on
the combination of all constituents of the complex
molecule: the [Ni(bipy),]** complex cation and the
anion [(OH),Ge,(u-HXylar),Ge,(u-OH),]*, as well
as the features of the conformation of the enzyme
molecule, first of all, the availability of aromatic
amino acids. The interaction of P. restrictum o-L-
rhamnosidase and compound (7), apparently, creates
a conformation that is most favorable for the con-
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OnauM i3 cnoco0iB CTBOpEHHS HOBUX 0i0-
JIOTIYHO aKTHBHUX PEUYOBHH HAa OCHOBI €H3UMIB €
OZIepKaHHS BUCOKOC(EKTHBHUX MPOTETHOBO-KOMII-
JEKCHUX CTPYKTYp. JOCHi/KEHHSIMH B OCTaHHI
POKH BCTAHOBJIEHO, IIO KOOPAHMHAIIIHI CHONYKH
«3aMIHHOTO» TEpPMaHil0 3 OI0JIOTIYHO aKTUBHUMHU
TiIPOKCHKapOOHOBUMH 1, 30KpeMa, KCHUIapWHOBH-
MH KHCJIOTAMH XapaKTePH3YIOThCS HU3BKOIO TOK-
CHUYHICTIO Ta MIMPOKUM CIEKTPOM (hapMaKoIorid-
Hoi nii. Kpim Toro, 6araTo 3 HUX € aKTHBaTOpamMu
pI3HHX €H3UMIiB. Y 3B’SI3KYy 3 IIUM METOI poOOTH
Oyio 3’acyBaTH OCOOJIMBOCTI BIUIMBY 3MIMIAHUX
JITaHJHUX Ta TEeTEePOMETAJIYHUX KOOPIWHAIIN-
HUX CIIOJYK I'€pMaHil0 i3 KCHIAPOBOI KHCIOTOIO
Ha KaTamiTHYHI Ta JAesKi (i3UKO-XiMidHI Biac-
THUBOCTI O-TaJaKTO3WIa3u Ta o-L-pamMHO3Mma3n
Penicillium restrictum IMB F-100139. AkTuUBHICTB
0-TaJIaKTO3UAa3H BU3HAYAJH, BUKOPUCTOBYIOUHN SIK
cyOctpar  m-HiTpodeHin-o-D-ramakronipaHosus,
a aKTHBHICTH O-L-pamMHO3MIa3um — 3a JOMOMOTOIO
merony Jleica. MopudikaTopamu eH3UMATHU-
HOI aKTHBHOCTI OyJiM KCHJapaTOrepMaHaTH pi3-
HUX JIraHJiB Ta pi3HUX MeTaniB. [lokazaHo, 110
KoopauHamiitHa cronyka (7) [rpuc (GimipuauH)
mikenp  (II)  p-aurigpoxcukcumaparorepMaHaT
(V) ([Ni(bipy),J,[(OH),Ge, (u-HXylar),Ge,(1-
OH),]20H,02C,H,OH) mana 3Ha4yHuii BIIMB Ha
KaTaJIiTHYHI BJIACTHBOCTI 0-L-pamMHO3mMmasm Ta
O-TaJlaKTO3UAa3M 3 P. restrictum. AXTUBAIis Ta TEP-
MigHa ctalimizamis a-L-pamao3nnasu P. restrictum
y mnpucyTtHocTi (7) OasyeThcsi Ha B3aeMOAii
BCiX CKJAJOBHX MOJIEKYyNIH e]eKTopa: KaTioHa
[Ni(bipy),]** Ta aniona [(OH),Ge,(u-HXylar),Ge,(p-
OH),]* meTanbHOro KOMILIEKCY, a TaKOX 0COOIH-

BOCTSAX PO3TAlIyBaHHS apOMAaTHUYHUX aMiHOKHCIIOT
y MosiekyJii en3umy. CiiaOKi HEKOBAJICHTHI 3B’S13KU
MiX MoJeKynamu o-L-pamHo3upasu P. restrictum
i conyku (7), MaOyTh, CTBOPIOIOTH KOH(OPMAIIito,
SIKa € HAUCIPUSITIIUBIIIO JUJIsE 30JIMKeHHSI aKTUB-
HUX JIJISHOK €H3UMY 13 cyOcTparom.

KnwuoBi cnoBa: Penicillium restrictum
IMVF-100139, a-ranakro3uaasa, o-L-pamHo3u1a3a,
KCHJIapaTOTepPMaHATH PI3HUX JITaH[IB Ta Pi3HUX
METAJIIB.
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