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GERMANIUM (IV) COMPLEXES WITH GLUCONIC
ACID AS EFFECTORS OF PENICILLIUM TARDUM
AND EUPENICILLIUM ERUBESCENS a-L-RHAMNOSIDASES

a-L-Rhamnosidase («-L-rhamnoside-rhamnohydrolase EC 3.2.1.40) showing specificity for terminal «-1,2-, a-1,4- and
a-1,6-linked rhamnose residues, which often present in glycoconjugates and synthetic glycosides, can be successfully used
in biotechnology for the hydrolysis of rhamnopyranoside residues present in some bioflavonoids, glycoproteins, glycolipids,
and other glycoconjugates. Previously, we have shown that a significant part of the coordination compounds of various
metals act as effectors of the activity of a-L-rhamnosidases. The aim of this investigation was to study the effect of a
number of newly synthesized coordination compounds of Ge(IV) and Ba(1l), (Co(II), Ni(II), Cu(Il), Zn(II) with gluconic
acid on the activity of Penicillium tardum and Eupenicillium erubescens a-L-rhamnosidases. Methods. The objects of
the study were Penicillium tardum and Eupenicillium erubescens a-L-rhamnosidases. a-L-Rhamnosidase activity was
determined by the Davis method using naringin as a substrate. Coordination compounds Ge(IV) and Ba(1l), Co(1l),
Ni(Il), Cu(Il) ,and Zn(II) with gluconic acid were used as enzyme activity modifiers. The synthesized complexes corre-
spond to the formulas [M(H,0)J[Ge,(OH),(C.H,0,),]-nH,0 (M =Ba(1), n=2; Co 2, n =4; Ni(3), n=4; Cu(4), n=4
Zn(5), n = 3). Results. The effect of coordination compounds 1-(5) on the activity of a-L-rhamnosidase in two strains of
Penicillium tardum and Eupenicillium erubescens was studied depending on the exposure time and concentration of the
effector. It was shown that compound (3) at a concentration of 0.01% (1 h incubation) led to a slight (by 5%) increase in
the activity of P. tardum «-L-rhamnosidase. Compound 1 at a concentration of 0.1% led to a decrease in the activity of P.
tardum a-L-rhamnosidase by 29% during the first hour, and after 24 h of incubation, a decrease in the inhibitory effect
to 15% was noted. Compounds 2 and (4) activated the enzyme by 9-39% at 1h exposure. At a concentration of 0.1% and
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exposure time of 1 h, compound 1 increased the activity of E. erubescens a-L-rhamnosidase by 80%, while at a decrease in
concentration to 0.01%, the activity increased only by 29%. In general, it should be noted that in most cases, an increase in
the duration of incubation up to 24 h led to a decrease in the level of activation (or inhibition) and a return to the control
values of enzyme activity. Conclusions. The variety of effects of metal coordination compounds on the activity of enzymes,
depending on the nature of the cation and the origin of the enzyme, has been established. The involvement of Ba(II) had
the greatest activating effect on the activity of E. erubescens a-L-rhamnosidase compared to other metals.

Keywords: a-L-rhamnosidase, Eupenicillium erubescens, Penicillium tardum, coordination compounds, gluconic acid.

Currently, hydrolytic enzymes are acquiring an
important role in biotechnology for the produc-
tion of biologically active substances of various
natures and actions. The main advantage of the
use of them is the high specificity, which allows
one to obtain a purer product with fewer puri-
fication steps. Microbial hydrolases have great
potential for industry due to the abundance of
their sources and wide opportunities for selec-
tion and mutagenesis. a-L-Rhamnosidase (a-L-
rhamnoside rhamnohydrolase EC 3.2.1.40)
showing specificity for terminal a-1,2-, a-1,4-,
and a-1,6-linked rhamnose residues, which of-
ten present in glycoconjugates and synthetic gly-
cosides, can be successfully used in biotechnol-
ogy for the hydrolysis of flavonoids, glycopro-
teins, glycolipids, and other glycoconjugates. The
scope of the use a-L-rhamnosidase is quite wide:
in the food industry, in particular in winemaking
to improve the quality and aroma of wine, in the
production of citrus juices and the production
of drinks from them, to remove bitter compo-
nents (naringin), thereby improving the quality
and nutritional value of these products, as well
as in scientific research as an analytical tool for
studying the structure of complex carbohydrate-
containing biopolymers [1—4].

Previously [5, 6], as a result of screening, we
have selected producers of a-L-rhamnosidases,
in particular, Penicillium tardum and Eupenicil-
lium erubescens, which showed higher activity
compared to other studied enzyme producers.
a-L-Rhamnosidases were isolated and purified
from the culture liquid, and their properties and
catalytic activity were studied. It is known that
various synthetic effectors are able to increase

ISSN 1028-0987. Microbiological Journal. 2023. (4)

the activity of enzymes and the efficiency of hy-
drolysis of substrates. Previously [7—9], we have
shown that a significant part of the coordination
compounds of various metals act as effectors of
the activity of a-L-rhamnosidases. Therefore, the
purpose of this study was to investigate the ef-
fect of a number of newly synthesized coordina-
tion compounds of Ge(IV) with Ba(II) (Co(II),
Ni(II), Cu(II), Zn(II)) and gluconic acid on the
activity of a-L-rhamnosidases from Penicillium
tardum and Eupenicillium erubescens. Interest
in compounds of this structure is based on the
results of experimental studies of their biologi-
cal properties [10], which indicate that salts of
gluconic acid normalize the activity of the main
enzymes in myocardial metabolism such as lac-
tate dehydrogenase, creatine phosphokinase,
and succinate dehydrogenase as well as increase
the activity of oxide-hydride enzymes, Na+/K+-
ATPase. Also, the effect of calcium gluconate on
the activity of enzymes in the scutal lining of the
intestines of animals has been shown in [11].

Materials and methods. The objects of re-
search were a-L-rhamnosidase Penicillium tar-
dum IMV F-100074 and Eupenicillium erubes-
cens 248 from the collection of live cultures of
the Zabolotny IMV NAS of Ukraine. The isola-
tion and purification of a-L-rhamnosidase has
been described by us earlier [5, 6].

The activity of a-L-rhamnosidase was deter-
mined using Davis’ method [12]. The assay mix-
ture 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 incubation at 37 °C for
30 min, the reaction was stopped by the addition
of 5 mL diethylene glycol (90%) and 0.1 mL of
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4 N NaOH. The residual naringin was measured
at 420 nm. One unit of the a-L-rhamnosidase ac-
tivity was defined as the amount of enzyme that
releases 1 umol of naringin per min in the solu-
tion. The specific a-L-rhamnosidase activity of
the preparations was 27 units/mg of protein for
P. tardum and 110 units/mg of protein for E. eru-
bescens (protein content — 0.01 mg/mL).

As modifiers of enzyme activity, coordination
compounds of Ge(IV) with Ba(II), Co(II), Ni(II),
Cu(II) or Zn(II) and gluconic acid have been used.

Chemicals for synthesis of new complexes
1—(5) were readily available from commer-
cial sources and used as received without fur-
ther purification: germanium(IV) oxide (GeO,,
99.99%), gluconic acid (50% solution in water,
CAS 527-07-1), BaCO,, Co(CH,C0OO0),-4H,0,
Ni(CH,C00),-4H,0, Cu(CH,CO0),-H,0, and
Zn(CH,COO0),2H,0 (all ©Sigma Aldrich, 99%).

For the synthesis of compounds, GeO, (0.65 g)
was dissolved in 200 mL of hot water (90 °C),
added with 2.05 mL gluconic acid (50% solution
in water), stirred, and then slowly evaporated at
80 °C to a 20 mL volume. After cooling to 25 °C,
0.0031 mol of barium carbonate (or the acetate
of a 3d metal) was added and stirred until the
reagent was completely dissolved. In the solid
state, the compounds were isolated by salting out
with ethanol. The precipitates were separated on
a Schott glass filter and dried in the air at 20—
25 °C. Yield: 62—70%.

Elemental analyses for germanium, barium,
cobalt, nickel, copper, and zinc were performed
using inductively coupled plasma atomic emis-
sion spectroscopy with an Optima 2000 DV in-
strument (PerkinElmer); analyses for C, H, and
N were performed in an Elemental Analyzer CE-
440. The elemental analysis resulted in obtaining
the following gross formulas with the contents
(in %) of individual elements and the color.

1 — C,H,;,0,,Ge,Ba: C 17.06/18.40; H
4.03/3.95;Ge 17.18/17.37; Ba 16.23/16.10 (white);

2 — C,H;;0,Ge,Co: C 18.05/18.21; H

12713826
4.76/4.55; Ge 18.17/18.33; Co 7.39/7.23 (pink);
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3 — C,,H;;0,Ge,Ni: C 18.05/18.17; H
4.76/4.62; Ge 18.17/18.41; Ni 7.39/7.19 (green);

4 — C,H,0,Ge,Cu: C 17.93/18.14; H
4.73/4.59; Ge 18.06/18.27; Cu 7.97/7.69 (blue);

5 — C,H,0,.Ge,Zn: C 18.22/18.11; H
4.56/4.38; Ge 18.35/18.20; Zn 8.23/8.57 (white).

Thermogravimetric analysis was carried out
using Q-1500D with a heating rate of 10 °C/min
in the air in the temperature range 20—1000 °C.
The IR absorption spectra of the complexes
were collected on a Frontier spectrophotometer
(PerkinElmer) using KBr pellets in the 400—
4000 cm™! range. The most important absorp-
tion bands in the IR spectra of complexes 1—(5)
were assigned in compliance with the literature
data, including data for the germanium(IV) co-
ordination compounds [13].

When studying the effect of various germani-
um-containing compounds on the activity of en-
zymes, we used concentrations of 0.1 and 0.01%
and time of exposure 1 h and 24 h. The studied
compounds were dissolved in 0.1% DMSO. All
experiments were performed in 5—7 replicates.
Student’s t-test was used to perform statistical
analysis. The data are presented as mean + stan-
dard error (M + m) and are considered signifi-
cant at p < 0.05. The results presented in graphs
were processed using Microsoft Excel 2007.

Results. The elemental analysis of complexes
1—5 has demonstrated that compounds with
the composition M (Ba, Co, Ni, Cu, Zn): Ge: li-
gand = 1:2:2 are formed in all the cases.

IR spectra of complexes 1—5 contain the
absorption bands v, (COO™) and v (COO™),
which indicates the presence of coordinated car-
boxylates groups in these compounds (Table 1).
Compared with the IR spectrum of gluconic acid,
a band of C=0 valence vibrations of the carboxyl
group lacks in the spectra of the complexes. The
deprotonation of the alcoholic OH groups of the
ligands and their coordination are shown by the
absorption bands v(C—O) and v(Ge—O). There
are also deformational vibrations of free C—OH
groups. The IR spectra contain deformational
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8(H,0) vibrations typical for hexaaqua com-
plexes of metals.

The IR spectra of 1—(5) contain absorption
band deformational vibrations J&(Ge—OH).
Therefore, the molecules of the new compounds
contain hydroxyl and carboxyl groups bound to
the complexing agent, and germanium is part of
the complexes in a hydrolyzed form.

The occurrence of intense v(OH) stretching
vibration bands in the IR spectra of all the com-
plexes evidences the presence of crystal water
molecules in their compositions.

When studying the thermal stability of the
synthesized complexes, we have established
that their thermolysis proceeds in a similar way.
At the first stage, an endotherm is observed
within the range of 60—250 °C. The wide tem-
perature range, high process temperature, and
corresponding weight loss curves allow us to
conclude that the complexes incorporate both
crystallized and coordinated water molecules
joined by hydrogen bonds (8, 10, 10, 10, and 9
molecules of water in complexes 1, 2, 3, 4, and
5, respectively).

When analyzing the results of research on
complexes 1—5, it was established that the ob-
tained compounds belong to the cation-anion
type. In the complex anion, the ligand is coordi-
nated to germanium with hydroxyl and carboxyl
oxygen atoms and has a dimeric structure. In
the cation, the coordination polyhedron of Ba,
Co, Ni, Cu, or Zn is formed by the oxygen atoms
of six water molecules. The synthesized com-
plexes correspond to the formulas [M(H,O),]
[Ge,(OH),(CH;0,),]-nH,0 (M = Ba(1), n=2;
Co 2, n=4; Ni(3), n=4; Cu(4), n=4; Zn(5), n=3)
and the scheme of structure presented in Fig. 1.

The study of the effect of coordination com-
pounds 1—5 on the activity of two strains Peni-
cillium tardum and Eupenicillium erubescens of
a-L-rhamnosidase showed that only complex 3
at a concentration of 0.01% after 1 h of incuba-
tion led to a slight (by 5%) increase in the activity
of P. tardum a-L-rhamnosidase (Fig. 2, a). The
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Fig. 1. Scheme of the structure of complexes 1—5

effect of complexes 1—5 at a concentration of
0.1% turned out to be more diverse. It was shown
that after 1 h of incubation, complex 1 reduced
the activity of P. tardum a-L-rhamnosidase by
29% (Fig. 2, a). With an increase in the exposure
time to 24 h (Fig. 2, b), a decrease in its inhibi-
tory effect by up to 15% was noted. All the other
complexes, depending on the incubation time,
either had no effect on the enzyme (3 and 5), or
increased activity by 9—39%. Thus, the greatest
activation (by 39%) was noted under the action
of complex 2 after 1 h of incubation. With an

Table 1. Selected data
for the IR spectra of complexes 1—(5)

Vibrations of the Complex

functional groups / v(em™) | 4 2 3 4 5

OH stretching 3300 | 3413 | 3375| 3400 | 3420

Asymmetric COO™ |y e |16 | 1690 | 1682 | 1694

stretching

HZO deformational 1604 | 1616 | 1601 | 1600 | 1604

Symmetric COO® 1353 | 1350 | 1340 | 1355 | 1359

stretching

C—OH deformational | 1245 | 1220 | 1221 | 1220 1244

C—O stretching 1069 | 1091 | 1070 | 1067 | 1089

Ge—OH 833 | 847 | 813 | 825 | 865

deformational

Ge—O stretching 636 | 631 | 635 | 636 | 624
61
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Fig. 2. The effect of germanium-containing compounds on the activity of P. tardum a-L-rhamnosidase: a — exposure

time 1 h, b — exposure time 24 h

200 E. erubescens 1 h 160 E. erubescens 24 h

180 [J0.01 @Ho.1 140 |

160
140} ) 120 +
o\ﬁ 120 L o\. 100
.g 100 g 80

40 40
0 Il Il Il Il Il 0 Il Il Il Il Il
Control 1 2 3 4 5 Control 1 2 3 4 5
Complexes
a b

Fig. 3. Influence of germanium-containing compounds on the activity of E. erubescens a-L-rhamnosidase: a — ex-

posure time 1 h, b — exposure time 24 h

increase in exposure time, the activating effect
decreased to 19%. A similar effect is also shown
for complexes 3—5. After 1 h of incubation, the
activity increased by 9—13%. An increase in the
duration of incubation up to 24 h contributed
to a decrease in activation from 13 to 10% with
complex 4 and a return to control values with
complexes 3 and 5.

The activity of E. erubescens a-L-rhamnosidase
(Fig. 3, a, b) was affected differently by coordina-
tion compounds 1—(5). Thus, at a concentration
of 0.1% and an exposure time of 1 h, complex
1 increased the activity of the enzyme by 80%
(Fig. 3, a), while at a decrease in concentration
to 0.01%, the activity increased only by 29%. An
increase in the action time of the test compound

62

to 24 h (Fig. 3, b) resulted in a decrease in ac-
tivity to the control level (at a concentration of
0.01%), or to 5% activation (at a concentration
of 0.1%). Complex 2 did not affect the activity
of E. erubescens a-L-rhamnosidase regardless of
the incubation time and concentration (Fig. 3, a,
b). We also showed (Fig. 3, b) that at the 0.01%
concentration of complexes 1—5 and exposure
time of 24 h, the activity was at the control level.
The same results were noted for complex 4 at a
concentration of 0.01% and an exposure time of
1 h (Fig. 3, a).

Discussion. The use of biologically active
substances of microbial origin for practical and
theoretical purposes is one of the main strate-
gies of modern biotechnological processes. This
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is primarily due to the unlimited sources, in
particular microbial producers, the high rate of
reproduction of which and the controllability
of the conditions for the synthesis of biopoly-
mers by them create the conditions for obtain-
ing substances with predetermined properties
and specificity of action. Today, microorgan-
isms are the most technological and economic
source of obtaining such enzymes as hydrolas-
es, which have useful properties for the use of
them in the food, pharmaceutical, and chemi-
cal industries, as well as medicine. To increase
the activity of enzymes, a number of approaches
can be used, in particular, the optimization of
cultivation conditions and the use of synthe-
sis inducers of both synthetic and natural ori-
gin. But in recent years, special attention of
researchers has been directed to the search for
substances that can directly affect the activity
of enzymes, in particular, coordination com-
pounds of transition metals. Coordination com-
pounds of germanium, cobalt, and nickel with
organic ligands have already proven themselves
as promising enzyme activators [14—16]. The
low toxicity and wide spectrum of biological ac-
tivity encourage researchers to synthesize new
complex compounds [13]. We investigated the
influence of a wide range of coordination com-
pounds on the activity of a-L-rhamnosidases
and a-galactosidases of microorganisms and
established various effects, both qualitatively
and quantitatively, depending on the nature
of the cation and anion of the complex, metal,
and ligand. Analysis of the nature of the inter-
action of complexes with enzymes allows us to
conclude that promising effectors among coor-
dination compounds of biologically active met-
als and ligands are compounds whose structural
organization ensures the synergism of the ac-
tion of all components. Also, we have shown
[7—9] that various germanium complexes with
bioligands can be recommended for a targeted
search of a-L-rhamnosidase effectors. It was es-
tablished that the most effective of the 20 tested
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compounds was the compound tris(bipyridine)
nickel(I) with p-dihydroxylaratogermanate
(IV), which increased the activity of E. erubes-
cens a-L-rhamnosidase by 9.7 times and P. tar-
dum by 8 times (exposure time 24 h, effector
concentration 0.1%), as well as tris(bipyridine)
nickel(II) bis(citrate)germanate hydrate (IV),
the maximum activating effect of which at the
same concentration increased the activity of
E. erubescens a-L-rhamnosidase by 2.5 times
and P, tardum by 5 times.

As for the compounds of germanium with
various metals and gluconic acid studied in
this work, they turned out to be less effec-
tive than the coordination compounds we
studied earlier. Thus, the complex [M(H,0)]
[Ge,(OH),(C,H O,),] -nH,O (M=Ba, n=2)
stimulates the activity of E. erubescens a-L-
rhamnosidase by 80%, while the complex
[M(H,0)/][Ge,(OH),(C,H,O.),] -nH,0
(M=Co, n=4) stimulates the activity of P. tar-
dum a-L-rhamnosidase by only 39%. The ob-
served effects are the sum of the effects of all
components of the complex and are unlikely
to be related to the effect of the metal cation.
Thus, previous studies showed that E. erubes-
cens a-L-rhamnosidase is a metal-dependent
enzyme, and its activity was inhibited by Ba(II)
ions by 36%, and Ni(II), Zn(II), Co(II), and
Cu(II) — by 10—18% [6]. At the same time,
Co(II) ions suppressed the activity of P. tardum
a-L-rhamnosidase by more than 60% [8], how-
ever, the coordination compound, which in-
cludes this metal, has a stimulating effect on the
activity of the enzyme. The noted features may
be related to the location of functional groups
and donor centers in the molecules of enzymes
and effectors. Although the studied compounds
are inferior to previously studied activators and
inhibitors of a similar nature in terms of effec-
tiveness, they also provide new information and
can help in solving the important issue of the
mechanism of interaction between enzymes and
complex chemical molecules.

63



O.V. Gudzenko, N.V. Borzova, L.D. Varbanets, 1.I. Seifullina, O.E. Martsinko, O.A. Chebanenko

REFERENCES

L.

10.

11.

12.

13.

14.

15.

16.

64

Slamova K, Kapesova ], Valentova K. «Sweet Flavonoids»: Glycosidase-catalyzed modifications. Int ] Mol Sci.
2018; 19(7):2126.

. Valentova K, Vrba ], Bancirova M, Ulrichova J, Kren V. Isoquercitrin: pharmacology, toxicology, and metabolism.

Food Chem Toxicol. 2014; 68:267—282.

. Xiao J. Dietary flavonoid aglycones and their glycosides: Which show better biological significance? Crit Rev

Food Sci Nutr. 2017; 57(9):1874—1905.

. Parhiz H, Roohbakhsh A, Soltani F, Rezaee R, Iranshahi M. Antioxidant and anti-inflammatory properties of the

citrus flavonoids hesperidin and hesperetin: an updated review of their molecular mechanisms and experimental
models. Phytother Res. 2015; 29(3):323—331.

. Gudzenko OV, Borzova NV, Varbanets LD. a-L-Rhamnosidase from Penicillium tardum and its application for

biotransformation of citrus rhamnosides. Applied Biochem Biotechnol. 2022; 75(4):991—999.

. Gudzenko OV, Varbanets LD. [Purification and physicochemical properties of Eupenicillium erubescens a-L-

rhamnosidase]. Mikrobiol Z. 2012; 74 (2):14—21. russian.

. Afanasenko E, Seifullina I, Martsinko E, Konup L, Fizer L, Gudzenko O, Borzova N. Supramolecular Salts of

Fe(II)/Co(II)/Ni(II)/Cu(II)/Zn(II) 1,10-Phenanthroline Cations and Similar ComplexTartratostannate(IV) An-
ions: From Structural Features to Antimicrobial Activity and Enzyme Activation. Chemistry Select Research
Article.

. Gudzenko OV, Borzova NV, Varbanets LD, Seifullina II, Chebanenko OA, Martsinko O.E. Effect of different

ligand and different ligand heterometal xylaratohermanates on the activity of a-L-rhamnosidases Eupenicillium
erubescens, Cryptococcus albidus and Penicillium tardum. Mikrobiol Z. 2021; 83(3):35—45.

. Afanasenko E, Seifullina I, Martsinko E, Dyakonenko V, Shishkina S, Gudzenko O, Varbanets L. Supramolecular

organization and enzyme-effector properties of double coordination salts with malatostannate/germanate(IV)
anions and Fe(II), Co(II), Ni(II), Cu(II) 1,10-phenanthroline cations. Journal of Molecular Structure. Volume
1271, 5 January 2023.
Dzyak GV, Khanyukov AA. [The use of a combined preparation of gluconic acid together with amiodarone to
restore sinus rhythm in atrial fibrillation]. Ukr card Journal. 2013; 6:77—81. Ukrainian.
Watanabe DHM, Doelman J, Steele MA, Guan LL, Seymour DJ, Metcalf JA, Penner GB. Effect of feeding calcium
gluconate embedded in a hydrogenated fat matrix on feed intake, gastrointestinal fermentation and morphology,
intestinal brush border enzyme activity and blood metabolites in growing lambs. Journal of Animal Science.
2022; 100(8):205.
Davis BJ. Assay of naringinase. Anal Biochem. 1985; 149 2:566—571.
Seifullina I, Martsinko E, Afanasenko E. Biocoordination compounds of Germanium (IV): formation of supra-
molecular salts with tartratogermanate anions. Chapter in book: «Selected Topics in Germanium». New York:
Nova Science Publishers Inc., 2022; 93—126.
Tezuka T, Higashino A, Akiba M, Nakamura T. Organogermanium (Ge-132) suppresses activities of stress en-
zymes responsible for active oxygen species in monkey liver preparation. A. E. R. 2017; 5 2:13—23.
Ali MM, Noaman E, Kamal S, Soliman S, Ismail DA. Role of germanium L-cysteine a-tocopherol complex as
stimulator of some antioxidant defense systems in gamma-irradiated rats. Acta Pharm. 2007; 57:1—12.
Seifullina I, Martsinko E, Chebanenko E, Pirozhok O, Dyakonenko V, Shishkina S. Synthesis and structural
characteristics of bis(citrate)germanates(IV) (Hbipy),[Ge(HCit),]-2H,0 and [CuCl(bipy),],[Ge(HCit),]-8H,0.
Chem ] Moldova. 20165 11 2:52—57.

Received 1.05.2023

ISSN 1028-0987. Microbiological Journal. 2023. (4)



Germanium (IV) Complexes with Gluconic Acid as Effectors of Penicillium tardum and Eupenicillium erubescens

O.B. Iyozenxo', H.B. Bopsosa’, JI. J]. Bapbaneup’,
LL Ceiipynnina?, O.E. Mapyunko?, O.A. Yebanenko’

'THcturyT Mikpo6ionorii i Bipyconorii im JI.K. 3a6onoraoro HAH Ykpaiu,
Byn. Akasiemika 3ab6onoTHoro, 154, Kuis, 03143, Ykpaina

2 OpmechbK1iT HALliOHATBHIII yHiBepcuterT im. 1. MeuHikoBa,
By/L. JIBOpAHCEKA, 2, Oneca, 65000, Ykpaina

3LLC «IHCIIEKTOPAT VYxkpaina», Oneca, Ykpaina

KOMIUIEKCH TEPMAHIIO(IV) 3 ITTKOKOHOBOIO KMCJIOTOIO —
EQEKTOPHU a-L-PAMHO3NA3 PENICILLIUM TARDUM TA EUPENICILLIUM ERUBESCENS

a-L Pamuosupasa (a-L-pamuosua-pamuorigponasa EC 3.2.1.40), mo mposiB/isie BUCOKY CIelnidHICTD 1IO0A0 KiH-
1eBux a-1,2-, a-1,4- i a-1,6-3B’A3aHNX 3aIMIIKIB PAMHO3M, SIKi 9aCTO IPUCYTHI y IIIKOKOH I0raTax Ta CUHTETUY-
HUX ITIIKO3MAaX, MOYKe Oy TH YCIIIITHO BUKOPUCTaHa B 6i0TeXHOMOTII /s Tifpo/Ii3y paMHONIpaHO3MAHUX 3a/IMIIKIB,
IPUCYTHIX Y feAkux 6iodmaBoHOInaX, [TIKOMPOTeiHaX, ITIKO/iNifax Ta iHIMX IMiKOKOH torarax. Panime Hamu 6y1o
[I0Ka3aHO, 1IJ0 3HAaYHa YacTMHA JOCTIIPKEeHNX KOOPAMHALIHNUX CIIONYK Pi3HUX MeTasliB MMOBOAUTBHCA fAK eeKTo-
P¥ aKTUBHOCTI a-L-paMHO3MIa3. MeTOI0 JaHOTO [OCI/PKeHHA OY/I0 BUBYUTU BIUIMB HU3KY HOBO-CUHTE30BaHUX
koopamHaninaux crnonyk Ge(IV) 3 Ba(Il), Co(II), Ni(II), Cu(II), Zn(II) Ta IIIOKOHOBOXO KMC/IOTOIO Ha aKTUBHICTD
a-L-pamuosupasu Penicillium tardum ta Eupenicillium erubescens. Merogu. O6’ektoM pocmimkeHus 6ymu a-L-
pamuosugasu Penicillium tardum ta Eupenicillium erubescens. AKTUBHICTD o-L-paMHO3Mia3u BU3HAYAIN 38 METO-
noM [leBica 3 BUKOPMCTAHHIM HapUHTIHY K cybcTpary. Sk MonudikaTopy akTMBHOCTI pepMeHTIB BUKOPUCTaH]
koopanHauiiui cronykn Ge(IV) 3 Ba (II), Co(II), Ni(I), Cu(II), Zn(II) i rrokoHOBOW0 KucnoTow. CHHTe30BaHi
KoM1ieKcu Bifnosinaiots popmymam [M(H,0)][Ge,(OH),(C,HO,),] nH,0 (M = Ba(1), n = 2; Co 2, n = 4; Ni(3),
n = 4; Cu(4), n = 4; Zn(5), n = 3). PesynpraTn. [JocimKeHo BIUIMB KOOPAVHALIHMX CHONYK 1—5 Ha aKTUBHICTD
a-L-pamHo3upmasy aBox mraMiB Penicillium tardum ta Eupenicillium erubescens 3ane>xxHo Bif 4acy ekcrosuuii ta
KoHIeHTpawil epekropa. ITokasano, mwo cronyka 3 B konnenrpanii 0,01 % (1 rop iHxyb6auii) nprBoamIa 5o He-
3Ha4HOro (Ha 5 %) MifiBUIIEHHS aKTUBHOCTI a-L-pamuosugasu P tardum. Crionyka 1 B koHuenrpauii 0,1 % suu-
JKyBaJIa aKTUBHICTb a-L-pamuo3upasu P, tardum Ha 29 % mpoTsroM Iepiiol TORUHM, a Mic/st 24 rof iHKy6arii Big-
3Ha4Ya/IM 3HIDKeHHs iHribyro4oi aii o 15 %. Crnonyku 2 Ta (4) akTuByBamu eH3uM Ha 9—39 % 3a ekcriosuuii 1 rog.
ITpu xonuentpauii 0.1 % Ta vaci ekcriosutiii 1 rog crionryka 1 Ha 80 % mifiBuIfyBama aKTUBHICTD a-L-pamMHOo3Uga3n
E. erubescens, TOni AK Ipy 3HVDKeHH] KoHI[eHTpaLil 5o 0.01 % akTUBHICTD MmiaBMINyBazacs muire Ha 29 %. B mino-
MY MO>XKHa Bifj3Ha4MTy, 110 B 6ibIIOCTI BUNaAKiB 361IbLIeHH TpUBAIOCTI iHKy6auii o 24 rof NpU3BOAMIO KO
3HIDKEHHA piBHA akTuBalil (a00 iHribyBaHHA) Ta IOBEpPHEHHA IO KOHTPO/IbHMX 3HaUYeHb aKTVBHOCTI eH3MMiB. Bu-
CHOBKM. BCTaHOB/IEHO Pi3HOMAHITHICTD BIIMBIB KOOPAMHALIIHNX CITOMYK METAJIiB Ha aKTMBHICTh €H3VMIB B 3a-
JI©KHOCT] Biff IpMpony KaTioHy Ta IOXOKeHH:A eH3uMy. 3anydeHH: Ba(Il) mano HalO/IbIINIL aKTUBYIOYNIL edekt
Ha aKTUBHICTb o-L-pamHo3uasu E. erubescens y IOpiBHAHHI 3 iHIIMMY MeTa/IaMIL.

Knouosgi cnosa: Penicillium tardum, Eupenicillium erubescens, a-L-pammosudasa, koopounauitini cnonyxku Ge(IV) 3
Ba(II), Co(1I), Ni(II), Cu(Il), Zn(II) ma 2nt0K0H08010 KUCIOMOI0.
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