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The aim of the work was to determine the influence of a number of coordination compounds of
germanium, in particular cation-anionic type, on the activity of a-L-rhamnosidases of three producers:
Cryptococcus albidus, Eupenicillium erubescens and Penicillium tardum IMB F-100074. Activity of
a-L-rhamnosidases was determined according to Davis method, using naringin as substrate. The
specific a-L-rhamnosidase activity of preparations was 12 units/mg of protein for C. albidus, 120 units/mg
for E. erubescens and 27 units/mg for P. tardum. Protein concentration in preparations was 0.01 mg/ml.
Gernanium compounds were synthesized in alcohol-water solution according to standardized methods.
In all compounds, the same bis (citrato) germanate anion is realized; however, the composition of the
cation changes: the protonated form of phenanthroline and bipyridine or the complex cations of
d-metals. It was established that none of the complex compounds exhibited an inhibitory effect on the
activity of the enzymes under study. Maximum activating effect was observed with compound tris(bi-
pyridine)nickel(II) bis(citrate)germanate monohydrate in concentration of 0.1% on a-L-rhamnosidases
of C. albidus (10-fold), E. erubescens (2.5-fold) and P. tardum (5-fold). Notably, enzymatic activity
increased by 45, 47 and 60% respectively in presences of compound bi-pyridine bis(citrate)germanate
dihydrate in same concentration. Hence, it was shown that these two compounds can be used as effectors
of studied enzymes.

Key words: germanium coordination compounds, Cryptococcus albidus 1001, Eupenicillium
erubescens 248, Penicillium tardum IMB F-100074.

One of the important problems of modern
biology, from a theoretical and practical point
of view, is the study of the activity of enzymes,
because society, as before, now continues to be
widely used in various industries and medicine.

Lately, enzymological research focuses
on microbial enzyme preparations, because
there are substantial benefits in using those
for biotechnological processes compared to
material of plant or animal origin. That is the
reason why researches are now trying to find
highly productive microbial strains to solve
the technological problems with generating

preparations of enzymes with various action
spectra. One of such enzymes with industrially
important activity is a-L-rhamnosidase (a-L-
rhamnoside rhamnohydrolase, EC number
3.2.1.40). It is specific to terminal «-1,2-,
a-1,4- and o-1,6-non-reducing residues of
L-rhamnose, which is present in the natural
glycoconjugates and synthetic glycosides. In
recent years, this enzyme has become of high
interest for producing preparations of plant-
based flavonoid glycosides intended to treat
heart diseases, also with immunotropic and
antiviral effects. For example, it was shown
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[1] that the biologically active substance of
Proteflazid preparation is effective inhibiting
HIV replication. The substance targets HIV’s
reverse transcriptase. a-L-rhamnosidases are
also used in food industry: hydrolysis of terpene
glycosides (rutinosides) and bioflavonoid
naringin. The enzyme contributes to the release
of aromatic compounds that enhance the aroma
of grape juice and wine. Application of a-L-
rhamnosidases in chemical industry is linked to
reduced cost of rhamnose production [2—4]. An
important aspect of using a-L-rhamnosidases
in biotechnological processes is finding ways to
increase their activity. Various methods are used
to achieve this goal. One of those is chemical
modification of enzymes, which makes it possible
to receive enzymes with high activity. Chemical
modification can be carried out with the help
of polymers, metal ions and their complexes.
Complexes of germanium, cobalt, nickel with
organic ligands are promising biologically active
substances [56—T7]. At the same time, considerable
potential is inherent in the complex compounds
of germanium, which is found in almost all
silicate rocks, in oil, coal, leaves, roots of a
number of plants, seaweeds, in mineral waters,
in various microorganisms, in the blood and in
certain organs of man. Currently, germanium
is considered one of the essential elements,
it is present in many healing plants, such as
ginseng, aloe, garlic. Previously, the properties
of germanium were poorly investigated, it
was obtained in limited quantities, mainly for
research purposes. However, that changed with
the discovery of a compound of germanium-132,
which showed a wide range of biological effects
including antitumor activity [8]. Since then,
interest in biologically active compounds
of germanium has sharply increased. Many
organic and complex compounds of germanium
with different bioligands were synthesized in
subsequent studies, in which they exhibited
neurotropic, analgesic, antihypertensive,
fungicidal, bactericidal, antiviral, anti
malarial, anti-radiation, anti-tumor, interferon-
inducing, adaptogenic, cardioprotective,
hepatoprotective, anti-toxic, anti-anemic and
other activities [9-11].

By certain properties germanium is
similar to hemoglobin and can also affect
various biochemical processes, in particular,
stimulate tissue saturation with oxygen,
help with detoxification, accelerate the
rate of wound healing, improve the blood
composition, and strengthen the immune
system. There are also data on the stimulation
of growth in plants and experimental animals
[12, 13]. In this case, the investigated organic
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compounds of germanium are less toxic than
their silicon and carbon-containing analogues,
and even less than the kitchen salt [14]. The
body of scientific literature grows annually
about synthesis of germanium compounds
with wvarious properties. For complex
metal compounds, including germanium
coordination compounds, the interaction with
enzymes whether industrially important or not
is studied insufficiently.

Previously [15] we’ve showed that cobalt
(I1, IIT) coordination compound with residues
of dithiocarbamic acid RR’NC(S)SH can
stimulate activity of a-L-rhamnosidase of
Cryptococcus albidus, Another compound,
of germanium (IV) with nicotinamide (Nad)
[GeCl,(Nad),]Cl, (patented [16] as a compound
with antihypoxic activity) inhibited by 70%
activity of a-L-rhamnosidase of C. albidus but
did not affect that enzyme of Eupenicillium
erubescens [17].

Therefore, the purpose of this work was to
determine the influence of a number of other
on the structure of coordination compounds of
germanium, in particular cation-anionic type,
on the activity of a-L-rhamnosidases of three
producers: Cryptococcus albidus, Eupenicillium
erubescens and Penicillium tardum.

Material and Methods

Study objects were Cryptococcus albidus
1001, Eupenicillium erubescens 248 and
Penicillium tardum IMB F-100074, producers
of a-L-rhamnosidases. C. albidus, E. erubescens
and P. tardum IMB F-100074 were grown in
deep culture for 4 days at 28 °C, agitated at
220 rpm. Strains were cultured on media which
were previously optimized as follows (g/1):
C. albidus: rhamnose — 1, peptone — 5, yeast
extract — 3, malt extract — 3, pH — 6 [18];
E. erubescens: NaNO; — 2; KH,PO, — 1;
KCl — 0.5; MgSO,7H20; FeSO,7H,0 —
0.015; rhamnose — 2.5, pH — 5.5 [20];
P. tardum: rhamnose — 8, yeast autolysate —
2; KH,PO, — 1; KCI — 0.5; MgS0O,-7TH,0 —
0.5; FeSO, -7TH,0 — 0.015, pH — 6 [19].

a-L-rhamnosidases were obtained by
precipitation of culture liquid supernatant
with ammonium sulfate (90% saturation)
and further purified in columns with neutral
and polarized TSK-gels Toyopearl HW-55, 60
(“Toyosoda”, Japan) and DEAE-650-s (“Merck”,
Germany) as described previously [20—22].
Homogenity of a-L-rhamnosidase preparations
was confirmed with SDS-PAGE [19, 20].

Activity of oa-L-rhamnosidases was
determined according to Davis [23], using
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Fig. 1. Composition and structure of germanium coordination compounds 1-8
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naringin as substrate. The specific o-L-
rhamnosidase activity of preparations
was 12 units/mg of protein for C. albidus,
120 units/mg of protein for E. erubescens and
27 units/mg of protein for P. tardum. Protein
concentration in preparations was 0.01 mg/ml.

Gernanium compounds were synthesized
in alcohol-water solution according to
standardized methods [24, 25] and used to
modify enzymatic activity. The composition
and structure of compounds are given in
Fig. 1. Complexes 1-8 are cation-anion type.
In all compounds, the same anion is realized
(bis(citrate)germanate). Cations vary as follows:
protonated phenanthroline (1) or bi-pyridine
(5), or complexes of d-metals (2—4, 6-8).

To study their effect on activity of
o-L-rhamnosidases, GCC were used in
concentrations of 0.1 and 0.01%, time of
exposure 30 min and 24 hr. GCC were dissolved
in 0.1 M phosphate-citrate buffer, pH 5.2
adding 0.1% DMSO. Incubation was performed
at room temperature.

The figures show average arithmetic
values for five repetitions of the experiment,
deviation from the average does not exceed 5% .

Results and Discussion

In the last few decades there has been
a rapid development of research inorganic
drug chemistry. Therapeutic uses of
metallopharmaceuticals include such diverse
areas as tumor treatments, antibacterial
therapy and anti-inflammatory drugs [26].
Most of the metal complexes with antitumour
activity act mainly through direct covalent
binding to biological targets such as DNA
or proteins. Thus, the mechanism of action
of one of the previously studied drugs —
cisplatin (cis diaminodichloroplatin (II)),
similar to the action of other alkylating
drugs and is disfunctions of DNA caused by
chemical damage of its bases by establishing
coordination bonds between the platinum
atom and two bases of DNA (mainly
guanine), resulting in the DNA of intra-and
intermediate segregation. At the cellular
level, cisplatin causes abnormal replication
and transcription, leading to cellular delay and
apoptosis. Cisplatin has pronounced cytotoxic,
bactericidal and mutagenic properties. This
complex of platinum is now widely used
in medicine as an antitumor. Unlike such
“classical” metal products, the focus of
research has recently been shifted towards
metal products that carry out their biological
action by either activating or inhibiting
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enzymes [14]. It is difficult to say, before, how
this or that metal will act on enzyme activity.
It depends on many factors, among which:
the nature of the enzyme (metal- or metal-
independent), the properties of the metal,
its concentration. Germanium is unique in
its complexing properties and the ability to
use its compounds in various industries and
medicine. But, despite the fact that every year
it grows the number of publications devoted to
the application of germanium compounds with
different properties, remains to be clarified
the question of their influence on the activity
of enzymes. Such studies are mainly devoted
to selective inhibition of specific enzymes that
are associated with the development of tumor
processes. It was established [27] that complex
metal compounds are able to interact with
active regions of the enzyme, increasing its
selectivity and the ability to coordinate with
the residues of proteins, which may result
in an increase in their inhibitory activity.
Information concerning the application of
complex compounds of germanium to increase
the activity of enzymes of glycolytic action, we
have not found in the available literature. The
most promising and, at the same time, the least
studied, in our opinion, is the coordination
compounds of germanium with biologically
active metals and organic molecules. Such
compounds are characterized by a synergistic
effect [12]. Of those substances, researchers
are especially drawn to supramolecular
coordination compounds which incorporate
both complex cations, and complex anions with
biometals and various ligands (heteroaromatic
bis-chelate amines of 2,2'-bi-pyridine (bipy),
1,10-phenanthroline (phen) and biologically
active citric acid (H,Cit). In our study, we
chose compounds with the same bis(citrate)
germanate anion and organic or complex
cations (Fig. 1).

We found that GCC at different exposure
and concentration affected the activity of
studied oa-L-rhamnosidases differently.
For example, 30-minute incubation with
compounds (1), (2), (4) and (6) in concentration
of 0.1% increased the activity of C. albidus
a-L-rhamnosidase by 10-20% compared to
control (Fig. 2, A). Under the same conditions,
enzymatic activity increased by 45% with
compound (5), twice with compound (3)
and 10-fold with compound (7). GCC in
concentration of 0.01% had a different effect
on the enzymes. Enzymatic activity stayed
at the control level except for compound (7),
incubation with which increased activity of
C. albidus a-L-rhamnosidases by 150% .



Experimental articles

A slightly different picture was noted after
24 hours exposure (Fig. 2, B). Significant
effects were observed only for compounds (3),
(5) and (7) at a concentration of 0.1% (increase
by 200, 45 and 1000% , respectively). When the
concentration decreased to 0.01%, enzymatic
activity was observed at the control level in
the presence of all substances except for the
compound (7). In the latter case, a significant
activating effect on enzyme activity was
maintained (by 280% ).

Study results of GCC influence on the
activity of E. erubescens o-L-rhamnosidase
after 30 min incubation are showed on
Fig. 3, A. Maximum activation was 150%,
as in the case of C. albidus o-L-rhamnosidase
and occurred under the action of compound
(7) at a concentration of 0.01% . It is noted
that higher concentrations (0.1%) of this
substance contribute to increase of activation
at different times of exposure. Additionally,
activation by 10 and 40% was seen for
compounds (5) and (6), respectively, for
E. erubescens o-L-rhamnozidase. With longer
exposure, an insignificant (20 and 47%)
increase in activity was observed, both in the
case of 0.1% and 0.01% of the concentration
of active substances (Fig. 3, B). As a whole,
it can be noted that the activation occurred
quickly in all cases, during the first 30 minutes
of incubation, and almost did not change for
24 hours. An increase in enzyme activity
(40%) as a result of increased incubation time
was noted only in the presence of compound (1).

The effect of GCC in concentration of 0.01%
and exposure time of 30 minutes was studied
also for P. tardum a-L-rhamnozidase (Fig. 4, A).
It was established that all compounds except
for (6) contributed to an increase in enzymatic
activity by 5-45% . With an increase in the

concentration of substances (1), (2), (6), (7),
(8) to 0.1%, the enzymatic activity inhanced
by 10-275% . A similar pattern was observed if
exposure were prolonged to 24 hours (Fig. 4, B).
At a concentration of 0.01%, all complexes
contributed to an increase in the activity of
P. tardum o-L-rhaminosidase by 3-53%.
Compounds (3) to (8) had a greater effect when
the concentration increased to 0.1%.

The stimulating effect of GCC on activity of
o-L-rhamnozidases was previously unknown.
Earlier, we established the inhibitory effect
of germanium (IV) complex with nicotinamide
(Nad) on activity of a-L-rhamnozidases of C.
albidus and E. erubescens [17]. The obtained
results are of considerable interest both from
a practical and a theoretical point of view, and
need further study. Future studies may be
devoted to the creation of specially developed
coordinating compounds of biometals and
bioligands with improved characteristics.

To summarize, the maximum activating
effect was observed using 0.1% compound (7)
[tris(bi-pyridine) nickel (IT) bis(citrate)germanate
monohydrate] for a-L-rhamnozidase of C. albidus
(10-fold), E. erubescens (2.5-fold) and P. tardum
(5-fold). In contrast, compound (5) [bi-pyridine
bis(citrate)germanate dihydrate] at the same
concentration increased enzymatic activity only
by 45, 47 and 60%, respectively. In all cases
(except for incubating a-L-rhamnozidase of
P. tardum with compound (7)), 30 min exposure
was more effective than 24 hours. The obtained
results indicate that compound (7) can be
used in further studies as an effector of a-L-
rhamnozidases of investigated strains.

The obtained data demonstrate the
influence of cation composition in complexes
1-8 on their enzyme activating action in
relation to the investigated rhamnozidases.

Fig. 2. Influence of germanium coordination compounds on activity
of a-L-rhamnosidase of Cryptococcus albidus
Here and after: A — 30 min exposure; B — 24 hr exposure;
* — P<0.05 with compare to control
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A

Fig. 3. Effect of germanium coordination compounds on activity of E. erubescens a-L-rhamnosidase

Fig. 4. Effect of germanium coordination compounds on activity of P. tardum a-L-rhamnosidase

Compounds 5 and 7 containing 2,2'-bi-pyridine
were most active, the latter was most effective.
Probably, adding Ni%' cation to the compound
containing 2,2'-bi-pyridine increases the action
of complex 7 compared to 5.

Further researches on revealing of
interconnections between features of structure
of coordination compounds and their biological
activity will allow to create the basis for the
targeted synthesis of compounds with the predicted
character of action on living objects. Change of
activity is possible by varying the specific metal, as
well as its coordination medium (such as the ligand,
the degree of oxidation, the coordination number
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Mertoto po6oTu O6YJIO AOCTIAUTH BIJIUB PALY
KOOPAMHAIIMHNX CHOJIYK TepMaHiio, 30KpeMa
KaTioH-aHiOHHOTO TUIIY, Ha aKTHUBHICTh o-L-pam-
HO3HMZAa3 TpboxX mnpoxymneHtiB: Cryptococcus
albidus 1001, Eupenicillium erubescens 248 rta
Penicillium tardum IMB F-100074. o-L-pam-
HO3UIAAa3Hy aKTUBHICTh BU3HAYAIU METOJOM
Davis, BuKopucTOoByIOUHN SK cybcTpaT HapWH-
ria. Cmnemudiuna o-L-pamMHO3ugasHa aKTHUB-
HicTh mpemnapariB craHoBusa 12 on/Mr nporeiny
nns C. albidus, 120 og/mr gasa E. erubescens i
27 ox/wmr gasa P. tardum. BmicTt mporeiny B mpe-
naparax — 0,01 mr/ma. Ak mopudikaropu ax-
TUBHOCTI €H3UMiB 3aCTOCOBYBaJIM KOOPAMHAIi-
Hi CIIOJIYKM repMaHiio, 1Mo ix 6yJi0 CHHTEe30BaHO
Y BOIHO-CIMPTOBOMY PO3YMHI 38 OMHOTUIHUMU
MeTOAUKaMM. ¥ BCiX CIIOJIYKaxX peajlisyeTbCcs O/I-
HaKoBUIl Gic(muTpaTo)repMaHaTHUN aHiOH, aje
3MiHIOETHCA CKJIAJA KaTioHa: MpoToOHOBaHa (op-
Ma (peHAHTPOJIiIHY 1 6imipuanHy ado0 KOMIIJIEKCHI
Kartiouu d-merasiB. BeraHoBiieHO, IO KOJHA
3 KOMIIJIEKCHUX CIIOJIYK He BUABJAJA iHriOyio-
yoi il Ha aKTUBHICTDH AOCJiIMKyBaHUX €H3UMIiB.
MakcumajgbHUN aKTUBYHOUN edeKT BigsHaue-
HO y pasi Bukopuctanua 0,1% -1 KoHIIeHTpa-
nii tpuc(binmipuguu)aikens(II) Gic(mmTpaTo)
repMaHaT MoOHOTrigpary mjas o-L-pamuHo3umas
C. albidus (y 10 pasiB), E. erubescens (y 2,5 pasa)
ta P. tardum (y 5 pasiB). Bogunouac 6imipuaunii
Gic(miuTpaTo)repMaHaT IUTiApaT y Iiif caMiii KOH-
ImeHTpaIii migBUINyBaB akKTUBHICTE Ha 45, 47 Ta
60% sBigmoBimuo. Takum YyMHOM, y pe3yabTaTi
IpoBeIeHOI POOOTH IIOKAa3aHo, 110 Ii ABi CIOJIYKHT
MOXKYTB CIAYTyBaTU e(peKTOpaMu IOCTiIKyBAHUX
€H3UMIiB.

Knwou4osi cnosa: KOMILIEKCHI CIIOJTYKY TepMaHiro,
o-L-pamuosupnasu Cryptococcus albidus 1001,
Eupenicillium erubescens 248, Penicillium
tardum IMB F-100074 .
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ITenbo paboThl OBITIO MCCIAEAOBATH BIUAHUIE
pdana KOOPAMHAIIMOHHBIX COEJUHEHUUN TepMa-
HUSI, B YACTHOCTU KATHUOH-aHMOHHOI'O TUIIA, Ha
aKTUBHOCTHh O-L-paMHO3uIa3 TpexX IPOAYIleH-
ToB: Cryptococcus albidus 1001, Eupenicillium
erubescens 248 u Penicillium tardum WMB
F-100074. o-L-paMHO3UIa3HYI0 aKTUBHOCTH
ompeneadaau meromom Davis, mcooaba3ys B Kade-
cTBe cyocTpara HapuHruH. Crnenuduueckas o-L-
paMHO3uIa3Hasd aKTUBHOCTD IIPEIapaToB COCTAB-
nsana 12 en/mr nporeuna s C. albidus, 120 ex/ mr
nns E. erubescens u 27 en/mr gasa P. tardum. Co-
Iep:kaHue mmporenHa B mpemaparax — 0,01 mr/mi.
Kax mogmpuKaTophbl aKTUBHOCTU SH3UMOB WC-
[M0JIb30BaJIM KOOPAMHAIMOHHBIE COEJUHEHUS
repMaHusi, KOTOPbIe OBLIN CUHTE3UPOBAHEI B BO-
IHO-CIIMPTOBOM PACTBOPE II0 OJHOTUIIHBIM Me-
ToguKaM. Bo BcexX COeqUHEHUAX Pealn3yeTrcs
OOWHAKOBBIH Ouc(IuTpaTo)repMaHaTHBIN aHUOH,
OIHAKO U3MEHAETCS COCTAB KaTHUOHA: IPOTOHUPO-
BaHHAasA (popMa (DeHAHTPOJINHA 1 OUITUPUINHA NN
KOMILJIEKCHbBIE KATUOHBI d-MeTaJLJIOB. ¥ CTAHOBJIE-
HO, YTO HU OJJHO U3 KOMILJIEKCHBIX COeJHEHUH He
MIPOSABJIAIO UHTMOMPYIOIEro JeficTBUA Ha aKTUB-
HOCTBH HCCJIeIyeMbIX 9H3UMOB. MaKcuMaIbHOE
aKTUBUPYIOIlee NefcTBEe OTMEUEeHO B CJIydyae Hc-
moab3oBaHus 0,1% - KOHIEHTPAIINY COeAUHEeHIA
Tpuc(ounupuans)aukenn(Il) 6uc(murparo)repma-
HAT MoHOTHuApaTa Iid o-L-pamuosuznas C. albidus
(B 10 pas), E. erubescens (B 2,5 paza) u P. tardum
(B 5 pas). B To ke BpemMa coefnHeHNe OUTTUPULA-
HUM Ouc(IuTpaTo)repMaHaT JUTUAPAT B 9TOH Ke
KOHIIEHTPAI[UU TOBBINIAJI0 aKTUBHOCTD Ha 45, 47
u 60% coorBercTBenHo. Takum o6pasom, B pe-
3yJIbTaTe IPOBEeHHBIX UCCJIeI0BAHUI ITIOKAa3aHo,
YTO 9TU ABa COEAUHEHUA MOTYT CIYKUTH 3P heK-
TOpaMH’ MCCIeAYEeMbIX 9H3MMOB.

Knrouesvie cnoséa: KOMILICKCHBIE COENUHEHUS
repmaHuda, o-L-pamuosunmassl Cryptococcus
albidus 1001, Eupenicillium erubescens 248,
Penicillium tardum IMB F-100074.
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