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We have previously shown that Bacillus sp. IMV B-7883 exhibits both elastase and fibrinogenolytic
activity. One of the approaches to enhance enzymatic activity is the use of coordination compounds capable
of affecting enzyme’s activity or synthesis. The purpose of this work was to study the effect of mixed-ligand
complexes of Ge(1V) — Co(Il) (Ni(1l), Cu(1l)) with 1-hydroxyethane-1,1-diphosphonic acid and 2,2"-bipyridine
on the activity of elastase and fibrinogenase purified from Bacillus sp. IMV B-7883. Previously synthesized
and characterized mixed-ligand complexes and enzymes purified from the supernatant of the bacterial cul-
ture liquid were used in the study. Elastase activity was determined colorimetrically with the use of Congo
red, fibrinogenase activity was estimated by fibrinogen hydrolysis measured by absorption at 275 nm. It was
shown that complexes 1 (C ,H,,Co,GeN,, O P) and 2 (CH, GeN,NiO, P, inhibited activity of Bacil-
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lus sp. IMV B-7883 elastase by 54 and 71% respectively, while complex 3 (CH ,Cu,GeN O P,) enhanced
it by 30%. Stimulating effect of all three complexes on fibrinogenase activity was revealed. Thus, complex 1
and 2 activated the enzyme by more than 50% and complex 1 — by 19%. The data obtained indicate a complex
mechanism of the studied complexes influence on enzymatic activity depending on both their composition

and structure.

Keywords: elastase; fibrinogenase; Bacillus sp. IMV B-7883; mixed-ligand complexes; germanium — 3d-

metal; 1-hydroxyethane-1,1-diphosphonic acid; 2,2'-bipyridine.

various metals have been widely studied by

scientists in order to establish their biological
activity and pharmacological properties. Thus, vari-
ous coordination compounds based on such ligands
as complexons are used in medicine, biotechnology,
optoelectronics, agriculture, etc. That is why one of
the most important tasks of modern coordination
chemistry is the development and creation of new
substances that have properties useful for practice. In
this regard, heterometallic complexes of germanium
and other metals based on biologically active com-
plexons, such as 1-hydroxyethane-1,1-diphosphonic
acid, are of particular interest. It was established that
compounds of Ge(I1V) with 1-hydroxyethane-1,1-di-
phosphonic acid (H,hedp) exhibit hepatoprotective,

I n recent years, coordination compounds of
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cardiovascular, anti-hypoxic, detoxifying, and cer-
ebroprotective properties, meaning they have a posi-
tive effect on various biochemical processes in the
body [1].

Earlier, we showed that complexes of Ge(1V)
with H hedp are able to play the role of effectors of
the synthesis and activity of the following enzymes:
collagenase, a-N-acetylgalactosaminidase and
a-galactosidase [2].

Since germanium compounds are characterized
by low toxicity, they can also be used in the activa-
tion of enzymes such as elastase and fibrinogenase,
which are important both in medicine and in various
industries. So, authors [3] shown that elastase of
Priestia megaterium gasm32 is not only able to hy-
drolyze elastin efficiently but also has antibacterial
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activity against such well-known antibiotic-resistant
bacteria, as Shigella boydii ATCC 9207, Shigella
spp., Staphyloccocus aureus. Lei et al. [4] isolated
elastase from Chryseobacterium indologenes from
the mud of a meat market in Ya’an city. Elastase is
expected to have potential application in meat ten-
derization because of its specific hydrolysis toward
elastin. Fibrinogenolytic enzymes can be used in the
study of fibrinogen/fibrin polymerization processes,
and can also be considered as a basis for the creation
of drugs aimed at reducing the threat of intravas-
cular thrombus formation by limited proteolysis of
fibrinogen circulating in the patient’s bloodstream.

We have previously [5, 6] shown that Bacillus
sp.IMV B-7883 exhibits both elastase and fibrinog-
enolytic activity. To increase its activity, we chose
one of the well-known approaches, in particular, the
use of a number of coordination compounds capable
of influencing activity of these enzymes. In this re-
gard, the purpose of this work was to study the effect
of mixed-ligand complexes germanium — 3d-metal
with I-hydroxyethane-1,1-diphosphonic acid and
2,2'-bipyridine on the elastase and fidrinogenolytic
activities of Bacillus sp. IMV B-7883.

Materials and Methods

The object of the research was the strain of
Bacillus sp., isolated from soil and deposited in the
Ukrainian Collection of Microorganisms under the
number IMV B-7883.

Bacillus sp. IMV B-7883 was submerged cul-
tivated in Erlenmeyer flasks on a liquid medium
of the following composition, (g/l): KH,PO, —
1.6; MgSO,-7H,0 - 0.75; ZnSO,7H,0 — 0.25;
(NH,),SO, — 0.5; maltose — 1.0; gelatin — 10.0; yeast
autolysate — 0.15, pH — 7.0. The strain was cultivated
for three to six days (72-144 h) in flasks on shaker
(100 ml of medium, 28°C, 244 rpm). The inoculum
was taken on the same medium for 24 h and inocu-
lated in flasks at a quantity of 105-106 colony-form-
ing units (CFU). Cells were separated from the cul-
ture liquid medium by centrifugation at 5000 g for
30 min. The enzymes elastase and fibrinogenase was
purified from the supernatant of the culture liquid by
precipitation with 90% ammonium sulfate, with fur-
ther fractionation on neutral and charged carriers, as
we described previously [7]. When studying the in-
fluence of coordination compounds on the activity of
enzymes, final concentrations of 0.1 and 0.01% were
used, the ratio of enzyme and coordination com-
pounds was 1:1, exposure time was 1 h and 24 h. Af-

ter the indicated period of time, aliquots were taken
to determine elastase and fibrinogenase activity ac-
cording to the above methods. In all experiments,
enzymatic activity in the absence of compounds
(control) was taken 100%.

Elastase activity was determined colorimetri-
cally by the intensity of the color of the solution upon
enzymatic hydrolysis of elastin stained with Congo
red [8]. The incubation mixture contains 2.5 ml of
0.01 M Tris-HCI buffer (pH 7.5), 5 mg of elastin
stained with 0.002% Congo red solution and 1 ml of
the cuture liquid. The reaction mixture is incubated
for 5 h at a temperature of 37°C. The reaction was
stopped by keeping the test tubes with the reaction
mixture in an ice bath for 30 min. Unhydrolyzed
elastin was separated by centrifugation for 10 min
at 10 000 g. The color intensity was measured on an
SF-26 spectrophotometer by absorption at 515 nm.
The amount of enzyme that catalyzes the hydrolysis
of 1 mg of substrate per hour under standard condi-
tions was taken as a unit of elastase activity. Specific
elastase activity was 4138 U/mg protein.

To determine fibrinogenolytic activity, fibrino-
gen was used as a substrate [9]. 1 mg of fibrinogen,
1.8 ml of Tris-HCI buffer (pH 7.5) and 0.2 ml of the
studied preparation were added to the test sample.
Incubate for 30-45 min at 37°C. The reaction was
stopped by adding 2 ml of 10% trichloroacetic acid
(TCA). TCA was added to the control sample imme-
diately. Samples were kept at room temperature for
20 min and then centrifuged at 10 000 g for 10 min
to remove precipitated protein. Absorption was
measured on an SF-26 spectrophotometer at a wave-
length of 275 nm. The amount of enzyme that, under
the conditions of the experiment, increased absorp-
tion by 0.01 in 1 min was taken as a unit of activity.

As modifiers of enzyme activity, we used 3
mixed-ligand complexes of Ge(IV) and Co(Il),
(Ni(I), Cu(Il)) with 1-hydroxyethane-1,1-diphospho-
nic (H,hedp) acid and 2,2"-bipyridine (bipy). Their
synthesis was carried out as follows. A suspension
of GeO, (0.1046 g, 1 mmol) and H,hedp (0.206 g,
1 mmol) in 100 ml of hot water (90°C) was stirred
to dissolve reagents completely and then slowly
evaporated at 80°C to a 10 ml volume and cooled
to room temperature (working solution). Sepa-
rately, a solution was prepared containing 0.124 g
(0.5 mmol) Co(CH,COO0),4H,0 (for complex 1),
0.124 g (0.5 mmol) Ni(CH,COO0),4H,0 (for 2),
0.100 g (0.5 mmol) Cu(CH,COO0),-H,0 (for 3) and
0.234 g (1.5 mmol) bipy in 10 ml of 95% ethanol,
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which was added to the working solution and mixed.
After 2 days, crystalline precipitates of compounds
1-3 were formed in the reaction medium. The yield
was 62-70%.

Elemental analyses for phosphorus, germanium
and other metals were performed using inductively
coupled plasma atomic emission spectroscopy with
an Optima 8000 PerkinElmer; analyses for C, H and
N were performed in Elemental Analyzer CE-440.
Thermogravimetric analyses were carried out using
a Q-1500D with a heating rate of 10°C/min in air in
the temperature range 20-1000°C. The IR absorp-
tion spectra of the complexes were collected on a
spectrophotometer Frontier PerkinElmer using KBr
pellets in the 400—4000 cm™ range. The most impor-
tant absorption bands in the IR spectra of complexes
1-3 were assigned in compliance with the literature
data, including data for the germanium(1V) coordi-
nation compounds [10-12].

For the complexes below are the formulas, the
results of the elemental analysis — calculated/found
(in %), the color and selected IR data:

1-C_H,,Co,GeN,O.P2-C3757/3740; H
3.89/3.78; Co 5.60/5.51; Ge 10.34/10.28; N 7.97/7.85;
P 8.82/8.76 (yellow). Selected IR data for 1 (in cm™):
3390 v(OH), 2921 v(C-H, ), 1587, 1518 v(C-C,),
1450, 1426 §_ (CH,), 1342 § (CH,), 1311 v(C-N), 1178
v(P=0), 1048 v, (PO,), 972 v (PO,), 848 5(C-H), 815
3(Ge—OH), 674 v(Ge—0).

2-C,H,,.GeN,Ni,O P, —C 38833847 H
3.63/3.54; Ge 10. 71/10 64; N 8.25/8.15; Ni 5.80/5.73,
P 9.14/9.06 (pink). Selected IR data for 2 (in cm™):
3377 v(OH), 2913 v(C-H, ), 1586, 1518 v(C-C,),
1448, 1425 5_(CH,), 1340 5 (CH,), 1313 v(C-N), 1179
v(P=0), 1050 v, (PO,), 973 v(PO,), 848 5(C-H), 814
3(Ge—OH), 669 v(Ge—0).

3-C,H,,Cu,Ge,N160, P, — C 31.29/31.18; H
3.63/3.55; Cu 7.26/7. 17 Ge 11 36/11.27; N 6.35/6.28;
P 10.54/10.46 (blue). Selected IR data for 3 (in cm™?):
3385 v(OH), 2926 v(C-H,, ), 1627 §(H,0), 1580, 1520
v(C-C,), 1451, 1420 §_(CH,), 1342 5 (CH,), 1309
v(C-N), 1183 v(P=0), 1050 v, (PO,), 972 v (PO,), 853
d(C—H), 818 5(Ge—OH), 668 v(Ge—0), 486 v(Cu—0).

Reagents from Sigma-Aldrich were used for the
synthesis of compounds: GeO,, Co(CH,CO0),4H.,0,
Ni(CH,C00),-4H,0, Cu(CH,CO0),'H,0, 1-hydroxy-
ethane-1,1-diphosphonic acid (C,H,0O,P,, CAS 7414-
83-7), 2,2"-bipyridine (C,;H,N,, CAS 366-18-7).

When studying the effect of various germa-
nium-containing compounds on the activity of en-
zymes, we used concentrations of 0.1 and 0.01% and
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time of exposure 1 h and 24 h. The studied com-
pounds were dissolved in 0.1% DMSO.

All experiments were performed in 3-5 repli-
cates. Student’s t-test was used to perform statistical
analysis. The data are presented as mean + standard
error (M + m) and are considered significant at
P < 0.05. The results presented in graphs were pro-
cessed using Microsoft Excel 2007.

Results

New-synthesized complexes represent stable in
air crystalline compounds with the molar ratio Ge :
hedp : Co(Ni) : bipy = 3:3:2:6 (1, 2) and Ge : hedp :
Cu : bipy = 3:3:2:4 (3).

The thermal decomposition of complexes
showed that this process starts with an endothermic
effect in the temperature range of 70-220°C (with a
maximum at 100-120°C), which was accompanied
by the removal of 20, 14 and 18 water molecules
per formula unit. The broad temperature range
of this process can say that the complexes contain
crystallization and coordinated water molecules.
The presence of coordinated water was confirmed
only in complex 3 by a pronounced band §(H,0O) at
1627 cm™. The rather high temperature of water re-
moval is due to the formation of a wide system of
intermolecular and intramolecular hydrogen bonds,
which are characteristic of various metal complexo-
nates [1]. The IR spectrum 1-3 showed a stretching
band v(OH) ~ at 3380 cm!, stretching vibrations of
the Ge—O bond (~ 670 cm™) and Ge—O—H bending
vibrations (~ 815 cm™). The bands at 1050 cm™! —
v,(PO,) and 973 cm™ — v (PO,) confirmed deproto-
nated phosphonic groups are present in structures of
complexes.

When analyzing the results of research of com-
plexes 1-3, it was established that the obtained com-
pounds belong to the cation-anion type. They consist
of the hexanuclear cyclic anions [Ge (u-OH),(u-
0),(u-hedp),]* (Fig. 1), complex cations [M(bipy),]*
(M = Co, Ni), [Cu(H,O)(bipy),]** (Fig. 2) and crys-
tallization water molecules. Germanium atoms in
anion are linked in pairs by two bridging ligands:
hydroxo (or oxo) and 1-hydroxyethane-1,1-diphos-
phonatic. In the cation of complexes 1, 2, the oc-
tahedral coordination polyhedron of the Co, Ni is
formed by the six nitrogen atoms of three 2,2'-bi-
pyridine. The coordination number of Cu atom in
complex 3 is five, the polyhedron is formed by the
four nitrogen atoms of two molecules of 2,2'-bi-
pyridine and oxygen atom of water molecule. The
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Fig. 1. Scheme of structure of anion [Ge (u-OH) (u-
O),(u-hedp)]*

synthesized complexes correspond to the formulas
[M(bipy),],[Ge,(u-OH),(1-0),(n-hedp) ]-nH,O (M =
Co(1), n=20; Ni(2), n=12), [Cu(H,0)(bipy),],[Ge,(u-
OH),(u-0),(u-hedp)6]-14H,0 (3).

Study of the effect of synthesized compounds
on the elastase activity of Bacillus sp. IMV B-7883
(Fig. 2, 3) showed that they exhibit diverse effects.
Thus, activation (by 30%) of elastase was noted
(Fig. 2, A, B) under the influence of compound 3.
It should be noted that the activating effect did not
depend on either the incubation time or the concen-
tration of the test substance. Compounds 1 and 2
inhibited the elastase activity of Bacillus sp. IMV
B-7883. The degree of inhibition was also practically
independent of incubation time and concentration of
substances. The greatest inactivation (72%) was ob-
served under the influence of compound 2, while the
inhibitory effect of compound 1 was slightly lower
(40%).

Study of the effect of substances 1, 2, 3 on the
protease of Bacillus sp. IMV B-7883 with fibrinoge-
nolotic activity showed (Fig. 4, A, B) that all com-
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Fig. 2. Scheme of structures of cations [M(bipy),J**,
[Cu(H,0)(bipy),**

pounds exhibited an activating effect. The greatest
activation was observed under the influence of com-
pound 1 at a concentration of 0.1% and an exposure
time of 1 h (71%) (Fig. 4, A). When the action time
was increased to 24 h, a decrease in activation by
17% was noted (Fig. 4, B). Whereas the activating
effect of substance 1 at a concentration of 0.01% re-
mained at the same level regardless of the time of
action.

Compound 2 showed maximum activation
(62%) at a concentration of 0.1% and an exposure
time of 1 h (Fig. 4, A). A decrease in concentration,
as well as an increase in action time, led to a de-
crease (11%) in the activating effect. Compound 3
showed maximum activation (19%) at an exposure
time of 24 h (at both concentrations). With a decrease
in exposure time, the activating effect of substance 3
was slightly lower (by 15-16%).

Discussion

Enzyme activity can be increased by using
various synthetic substances, metal ions or their
complex compounds. Among the latter, coordina-
tion compounds of active metals, in particular ger-
manium, with bioligands are promising and at the
same time least studied [13-15].

The unique complex-forming properties of
germanium are used in various fields of medicine
and pharmacology, including due to the ability to
influence the properties of a protein by changing its
conformation [16, 17].

The greatest activation was observed under the
influence on elastase activity of compound 3 (30%),
and it was at the same level regardless of time and
concentration of the substance. A similar pattern
is also observed when compounds 1 and 2 inhibit
elastase activity (54 and 71 % respectively). Thus,
the degree of inhibition did not differ significantly
and was approximately at the same level, regardless
of time and concentration of substances.

All compounds exhibited an activating effect in
relation to the protease of Bacillus sp. IMV B-7883
with fibrinogenolytic activity. Complexes 1 and 2 ac-
tivated the enzyme by more than 50%. The greatest
activating effect (71%) was exhibited by compound 1
at a concentration of 0.1% after 1 h of exposure, and
the least activating effect (15-19%) was demonstrated
by complex 3 regardless of exposure time and con-
centration of the substance.

Complexes, in terms of their effect on elastase
activity, showed to be effectors of different types:
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Fig. 3. Influence of germanium compounds 1, 2 and 3 on the elastase activity of Bacillus sp. IMV B-7883.
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Fig. 4. Influence of germanium compounds 1, 2 and 3 on the fibrinogenolytic activity of Bacillus sp. IMV

B-7883. A — exposure time 1 h, B —

1 and 2 are inhibitors, 3 is an activator. In cases 1
and 2, competitive inhibition of the enzyme action
is observed, part of it is spent on the formation of
the enzyme-inhibitor complex, while the amount of
enzyme-substrate decreases. Since in the molecules
of the complexes [M(bipy),],[Ge,(n-OH),(u-O),(u-
hedp) ] nH,O (M = Co(1), n = 20; Ni(2), n = 12) the
composition and structure of the complex anions
are the same, the cations are similar, we can con-
clude that it is the replacement of Co with Ni that
influences the increase in inhibition. The com-
pOS|t|0n [CU(HZO)(bIpy)2]4[Ge5(l"l'-OH)4(I"|'-O)2(“'-
hedp),]-14H,0 (3) contains a cation that is completely
different in composition and structure. Its influence,
on the contrary, leads to the activation of the sub-
strate and many functional groups of the enzyme, to
their more complete conformational correspondence.

It is typical that when studying the fibrinogeno-
lytic activity of the enzyme, complexes 1-3 showed
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themselves equally as activators according to the se-
ries 3<2<1.

The data obtained indicate a complex mecha-
nism of action of effectors depending on both their
composition and the structure and nature of the
enzyme.
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SMIINAHOJIITAHJHI KOMIIJIEKCH
T'EPMAHIIO - 3d-METAJIIB
31-I'TAPOKCHUETAH-1,1-
AND®OCP®OHOBOIO KUCJIOTOIO
TA 2,2'-BINIPUINHOM SIK
MOJAYJATOPH EJACTA3HOI TA
®IBPUHOTEHA3HOI AKTUBHOCTI
BACILLUS SP. IMYV B-7883

O. B. I'vozenko™, JI. /[. Bap6aneyv',
L U. Ceiighynnina?, O. E. Mapyunko?,
K. K. Humbaniox®®

TuctutyT Mikpob6ioorii i Bipycosorii
im. J1. K. 3a6omorHoro HAH Vkpainu, Kuis;
20Q1ecbKUil HALlIOHATBHHUN YHIBEPCHUTET
imeHi I. I. MeunukoBa, Ykpaina;
*TOB «Iucnekropar Ykpainay, Ozneca;
Me-mail: alena.gudzenko81l@gmail.com

Pamimre mu moxkasanu, mo Bacillus sp. IMV
B-7883 mposiBisie sik enactasHy, Tak i (piOpuHOTE-
HOJIITUYHY aKTHBHICT. OXHUM i3 MMiAXOIB JI0 IMijI-
BUIICHHS €H3UMAaTHYHOI aKTHBHOCTI € BUKOPHCTaH-
HS KOOPAWHALIWHUX CIIONYK, 3AaTHUX BIIMBATH
Ha aKTHBHICTH a00 CHHTE3 eH3MMY. MeToro aaHol
pobGoTu Oyno BWUBYCHHS BIUJIUBY PI3HONITaHIHHUX
koMmrurekciB Ge(IV) — Co(Il), (Ni(Il), Cu(Il)) 3
I-rinpoxcueran-1,1-nudochoHOBOIO KHUCIOTOIO Ta
2,2"-0imipuIMHOM Ha aKTHBHICTH enacta3u Ta (i-
Opunorenasu, ouniieHoi 3 Bacillus sp. IMB B-7883.
VY nmocmikeHHI BUKOPUCTOBYBAJIMCS pPaHIIle CHH-
TE30BaHI Ta OXapaKTePHU30BaHI 3MiMIAHOJITaHIHI
KOMIUIEKCH Ta €H3MMH, OYHWIIEHI 3 CylepHaTaH-
Ty KyJbTypajdbHOI piiMHH OakTepii. AKTHBHICTH
ellacTa3y BH3HAYAJIH KOJOPUMETPHYHO 3 BUKOPHC-
TaHHSIM KOHTO YepPBOHOTO0, (PiOpHHOTEHA3HY aKTUB-
HICTP OIIIHIOBAJM 3a rigpomnizoM (pidpunoreny. llo-
ka3aHo, mo kommiekcu 1 (CH, ,Co, GeaN24 esP1o)
i 2 (C,H,GeN,Ni,O P ) mpurniayors ax-
TUBHICTH emactasu Bacillus sp. IMV B-7883
Ha 54 1 71% BiagmoBigHO, TOAI SK KOMILIEKC 3
(C,,H,,,Cu,Ge,N OO P ) mocumoe ii Ha 30%.
BusiBIeHO CTUMYIIOIOUY Tif0 BCIX TPHOX KOMILIEK-
ciB Ha (iOpuHOTrEeHa3HYy aKTUBHICTh. Tak, KoMII-
nekc 1 1 2 akTuByBaiu eH3uM Oibi HixK Ha 50%,
a xomrurekc 3 — Ha 19%. OTpumani naHi CBiT4aTh
IIOJI0 CKJIAJHOTO MEXaHi3My BILUIMBY JIOCTIIKyBa-
HUX KOMIUIEKCIB Ha €H3UMAaTHYHY aKTHUBHICTh 3a-

JISKHO SIK BiJl 1X CKJIay, TaK i BiJI CTPYKTYPH.

KniouoBi cmoBa: emacrasza; Qidpunore-
nasza; Bacillus sp. IMV B-7883; swmimranosiranmmi

KOMILIEKCH; repMaHiil — 3d-meTain; 1-rizpokcueTan-
1,1-nucdoconora kuciota; 2,2 -0inipuIuH.
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