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DOUBLE COORDINATION

COMPOUNDS OF Fe(II)/Co(II)/Ni(II)/Cu(II)
1,10-PHENANTHROLINE/2,2'-BIPYRIDINE CATIONS
WITH TARTRATOGERMANATE(IV) ANIONS AS NOVEL
NONRESISTANT ANTIMICROBIAL AGENTS

Objective. To study the antimicrobial activity of double coordination compounds with 1,10-phenanthroline/2,2’-
bipyridine complexes of Fe(II)/ Co(II)/ Ni(1I)/ Cu(II) as cations and different tartratogermanate(IV) anions, reveal the
main factors of their efficiency and establish relations between their composition, structure features, and biological prop-
erties. Methods. The developed synthesis method allowed us to obtain three different tartratogermanate anions, which
exist together in the solution and can be selectively recognized by the certain type of 1,10-phenanthroline/2,2'-bipyridine
cation. The antimicrobial activity of the compound was investigated by a rapid twofold dilution method in a standard
liquid nutrient medium (Hottinger digestion) to determine the minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC). Results. The complex nature of studied compounds, synergism of their biologically
active structural units, and the presence of different types of intermolecular bonds result in the high antimicrobial ac-
tivity against a wide range of microorganisms such as gram-positive Planococcus citreus, Micrococcus luteus, Bacillus
cereus, Staphylococcus aureus, Streptococcus lactis, and, in a less degree, gram-negative Escherichia coli and Agrobac-
terium tumefaciens. Compounds (1)—(8) show a high antimicrobial activity because all of them belong to the type of
double coordination compounds and contain similar structural units. Nevertheless, complexes (1) (23.44 ug/mL), (3)
(46.9 ug/mL), (4) (23.44 pg/mL), and (8) (46.9 ug/mL) turned out to be the most effective, while (6) (>500 ug/mL) and
(7) (>500 ug/mL) are less productive. Complexes that have anions [GeZ(OH)(HZTart)(y-Tart)2]3’ (1), (8) and [Ge,(OH)
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(HTart)(u-Tart),]* (4) with free hydroxyl and carboxyl groups of the terminal tartaric acid are able to interact with
metals in the enzymes of microorganisms and appear to be better antimicrobial drugs because they show lower inhibi-
tory and bactericidal concentrations. Conclusions. Structural features such as the cation-anionic type of compounds,
variability of intermolecular interactions, joint of different biologically active units and free chelating groups in tartaric
ligands lead to the combination of different action mechanisms and exclude the possibility of strain resistance.

Keywords: antimicrobials, coordination compounds, germanium(IV), 1,10-phenanthroline, 2,2"-bipyridine, d-metal.

The ubiquitous use of antibiotics leads tradition-
al antibacterial drugs to become less effective or
even ineffective against quickly resisting micro-
organisms. A big challenge for scientists all over
the world is to develop and implement novel
strategies for fighting pathogenic bacteria [1, 2].
Interdisciplinary research in the fields of bioin-
organic and medicinal chemistry allowed one
to discover a wide range of coordination com-
pounds of biometals with diverse biological ac-
tivities. Big attention now is paid to the chelates
and supramolecular salts that can inhibit meta-
bolic pathways in a selective manner [3, 4]. It
was established that dicationic chelates of Mn(II)
Fe(II), Co(1I), Ni(II), Cu(1I), Zn(II), Cd(II), and
Ru(II) containing 1,10-phenanthroline show a
higher activity than «metal-free» ligands against
strains of Staphylococcus aureus, Mycobacterium
tuberculosis, Streptococcus pneumonia, Clostridi-
um perfringens, Proteus vulgaris, and Escherichia
coli [5, 6]. A lot of other examples have shown as
well that metal complexes turned out to be more
effective than organic compounds themselves,
which opens new routes in therapy against resis-
tant bacteria [7—11].

In the framework of this study, compounds
that include two different metals with unlike co-
ordination shells and consist of separate cations
and anions are considered the most perspective
due to the synergism of their components and
variability of action mechanisms [12, 13]. Pre-
viously the authors have developed a novel syn-
thesis strategy that involves a combination of
essential Ge(IV) with tartaric acid as an anion
and Fe(II)/ Co(II)/ Ni(II)/ Cu(II) with biologi-
cally active 1,10-phenanthroline/2,2’-bipyridine
as a cation, which form double coordination
compounds using electrostatic, m-m stacking in-
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teractions and hydrogen bonds [14—18]. Ger-
manium is characterized by anticarcinogenic,
antimicrobial, and antioxidant activities and
plays an important role in oxygen transfer, while
dicarbonic dihydroxy tartaric acid (H,Tart) is a
strong chelating agent, widely used in the food
industry and pharmacy [19, 20]. 1,10-phenan-
throline (phen), 2,2'-bipyridine (bipy) are com-
mon heterocyclic ligands characterized by high
antimicrobial activity and essential d-metals are
parts of many proteins and participate in the key
cellular processes such as catalysis and electron
transfer [21—26]. The combination of such bio-
logically active units results in the formation of
double coordination compounds, which have
lower toxicity, better solubility and biocompat-
ibility because of their similarity to the endog-
enous complexes in the living organisms [12]. It
has been established that compounds with tar-
tratogermanate anions are low-toxic, belong to
the IV-V toxicity class, and, unlike antibiotics,
do not cause negative side effects [13].

Novel coordination compounds isolated from
the described multicomponent systems have
already shown high inhibiting activity on a-L-
rhamnosidase — a highly productive microbial
enzyme [27].

The aim of this paper is to extend the re-
search by studying the antimicrobial activity of
8 cation-anionic complexes against gram-posi-
tive Plano coccus citrus (B-6245) 628, Micrococ-
cus luteus (B-6003), Bacillus cereus ATCC 10702
BKIIM (VKPM) B-6644, S. aureus ATCC 6538P
(FDA 209P), Streptococcus sp. (B-3872) H 46A
and gram-negative E. coli ATCC 25922 BKIIM
(VKPM) B-6645, Agrobacterium tumefaciens
(Smith and Townsend 1907) Conn 1942 known
for their multidrug resistance and ability to «es-
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[Ni(phen),] [{Ge,(OH)(H,Tart)(u-Tart) }CI] - 11H,0 (1)
[CuCl(Phen),],[{Ge,(OH) (u-Tart) }CL] - 4H,0 (3)
[CuCl(bipy),],[{Ge,(OH) (Tart),] - 4H,0 (5)
[Fe(bipy),],[{Ge,(H,0),(u-Tart),Ge(H,Tart)}(S,0,)] - 9H,0 (7)

[Ni(phen),][Ge,(OH),(u-Tart),] - 5H,0 (2)
[Cu(Phen),],[{Ge,(OH)(HTart)(u-Tart),] - 11H,0 (4)
[Ni(bipy),],[{Ge,(OH) (Tart),},CL] - 15H,0 (6)
[Co(phen),],[{Ge,(OH)(H,Tart)(u-Tart) }CI] - 11H,0 (8)

Fig. 1. Synthesis scheme and formulas of compounds (1)—(8)

cape» from common antibiotics. The main focus
of this study is to confirm the hypothesis about the
activity of coordination compounds isolated from
the system GeO,—Tartaric acid—d-metal-1,10-
phenanthroline/2,2'-bipyridine, against a series of
bacteria, establish relations among the composi-
tion, structure features, and biological properties,
and reveal the main factors of their efficiency.
Materials and methods. Coordination com-
pounds as research objects. The studied double
complex compounds were obtained for the first
time in the form of crystal hydrates from an
aqueous-alcoholic solution according to the re-
action scheme (Fig. 1) and were described in de-
tail by X-Ray, MS, IR, TG, elemental analysis in
the articles [14-18]. Structural data were speci-
fied at the Cambridge Crystallographic Data
Center (CCDC) under the numbers 1964599 (1),
1964598 (2), 1878102 (3), 1878103 (4), 1883675
(5), 1883676 (6), 1576554 (7), and 1964600 (8).
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The developed synthesis method allowed us
to obtain three different tartratogermanate an-
ions, which together exist in the solution and
can be selectively recognized by the certain type
of 1,10-phenanthroline/2,2"-bipyridine cation.
The dimeric anion [GeZ(OH)Z(p—Tart)z]z‘ (com-
pounds (2), (3), (5), (6)) has two Ge(IV) atoms
in its structure, bound to the two fully deproton-
ated bridging molecules of tartaric ligands and
terminal hydroxyl groups. Coordination polyhe-
drons are trigonal bipyramids. Compounds (1)
and (8) have the [Ge,(OH)(H, Tart)(u-Tart),]*
anion in their structures, where the polyhedron
of the second Ge(IV) atom is a distorted octahe-
dron. It is bound additionally with the terminal
tartaric ligand H, Tart*, the second carboxyl and
hydroxyl groups of which remain free and take
part in the formation of hydrogen bonds. In the
anion [Ge,(OH)(HTart)(p-Tart),]* (4), the un-
bounded carboxyl group is deprotonated and
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in [Ge,(H,0)(HTart)(p-Tart),]*> (7) terminal
OH-ligand is substituted by the water molecule.
Complex cations of Fe(II), Co(II), and Ni(II)
have common octahedral structure, while Cu(II)
forms different-ligand complexes with coor-
dination number 5 — [Cu(phen),Cl]* (3) and
[CuCl(bipy),]* (5) and 6 —[Cu(phen),]** (4).

Strains of microorganisms. Pathogenic col-
lection strains of gram-positive microorgan-
isms P, citreus (B-6245) 628, M. luteus (B-6003),
B. cereus ATCC 10702 BKIIM(VKPM) B-6644,
S. aureus ATCC 6538P (FDA 209P), and Strep-
tococcus sp. (B-3872) H 46A and gram-negative
E. coli ATCC 25922 BKIIM(VKPM) B-6645,
A. tumefaciens (Smith and Townsend 1907)
Conn 1942, (7 collection strains of opportunistic
pathogens, including ones from the American
collection of typical cultures and All-Russian
collection of industrial microorganisms STATE
DIGENETICS), were used as test cultures.

Cultivation of microorganisms was performed
under appropriate temperature conditions us-
ing an electric dry air thermostat TSO-1/80
(Ukraine). Microscopy was performed using a
light microscope MIKMED-2 Yu-33.22.926 PS
(JSC «Lomo» Russia).

Antimicrobial studies. The antimicrobial ac-
tivity of a compound was investigated by a rapid
twofold dilution method in a standard liquid
nutrient medium (Hottinger digestion) to de-
termine the minimal inhibitory concentration
(MIC) and minimal bactericidal concentration
(MBC), where MIC is the minimal concentra-
tion of antibiotic in the nutrient medium, at
which there are no signs of reproduction of the
selected strain, and MBC is the concentration
that ensures the 99.99% death of cells in the mi-
crobial population.

Suspension in the meat-peptone medium
containing 2-10° microbial cells in 1 mL was
prepared by constant shaking in Erlenmeyer
flasks at 37 °C. Ten test tubes were filled with
2 mL of this medium and 100 pL of a working
solution of compound (1) in ethanol/water (1:1)
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was added to the first tube. After that 2 mL of the
mixture from the first tube were transferred to
the second one, from the second to the third one
and so on. 2 mL from the last tube was poured
out. This method allowed us to obtain ten solu-
tions, each of which is twice more diluted than
the previous one. The same routine was used for
compounds (2)—(8).

All working solutions were inoculated with 50
uL of 50 times diluted culture medium and incu-
bated at 37 °C for 24 hr to determine MIC, and
3 days for MBC. Then the solutions were ana-
lyzed for the presence of bacteria by the nutrient
broth transparency. The solution opacity indi-
cates that the antibiotic concentration is insuffi-
cient to suppress its viability. The microorganism
sensitivity was expressed by the average concen-
trations in two neighboring test tubes [28]. For
each of the established concentrations, the ex-
periments were followed with appropriate con-
trols: control of medium sterility and control of
culture growth in the compound-free medium.

The lowest concentration of the test com-
pound corresponds to the MIC index — the
lowest concentration at which no growth of the
culture is observed visually and when it is sown
on a solid nutrient medium — meat-peptone
agar (IPA).

Antimicrobial activity was determined by me-
asuring the diameters of the inhibition growth
zones of indicator microorganisms (the well dia-
meter was taken into account). A substance is
considered to have antimicrobial activity if the
diameter of the growth retardation zone exceeds
11 mm [29].

To establish the toxic effect of the studied
compounds, their mutagenicity was deter-
mined [30]. 18-hour cultures of Salmonella ty-
phimurium TA 98 and TA 100 in nutrient broth
were used as test strains. The upper agar (0.6%
agar-agar with 0.5% NaCl) melted in a water
bath was poured into 3 mL sterile tubes, which
were then placed in a water bath at 45 °C. 0.1
mL of histidine and biotin solutions, 0.1 mL
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of the studied compound at the required con-
centration, and 0.1 mL of the test strain culture
were added to each tube.

The contents of the tubes were mixed and
poured into a Petri dish with pre-filled and so-
lidified CAC medium (selective agar mediums:
A) salt solution: K,HPO, — 10 g, Na,PO, —
3.39 g, (NH,),SO, —1.35 g, distilled water — 90
mL; B) solution of 200 mg of MgSO, in 10 mL of
distilled water; C) solution of 2 g of glucose in
100 mL of distilled water; D) 20 g of agar-agar in
800 mL of distilled water).

After sterilization, all components of the so-
lution were added to molten 2% agar. The toxic
effect of chemical compounds was determined
by adding to the set surface of agar medium
(PA) 0.1 mL of the test preparation and 0.1 mL
of the test strain culture (diluted by 10> and
1076 times). The plates were incubated at 37 °C
for 24 hr, then removed from the thermostat,
and the number of colonies formed and cell ti-
ter were counted.

Table 1. Results of the antimicrobial study

The titer of revertants was determined by
counting the number of colonies on the CAC
medium. The mutagenic effect of the drug was
estimated by the ratio of the number of rever-
tants to the total number of viable cells in the
same experiment, compared with the spontane-
ous level of mutations (control).

Results. Compounds [Ni(phen),],[{Ge,(OH)
(H,Tart)(u-Tart),}Cl] -11H,0 (1), [Ni(phen),]
[Ge,(OH),(p-Tart),]-5H,0 (2), [CuCl(Phen),],
[{Ge,(OH),(u-Tart) }CL]-4H,0 (3), [Cu(Phen),],
[Ge,(OH)(HTart)(p-Tart),]-11H,0 (4),
[CuCl(bipy),],[Ge,(OH),(Tart),]-4H,0  (5),
[Ni(bipy),],[{Ge,(OH),(Tart) },CL]-15H,0 (6),
[Fe(bipy),],[{Ge(H,0)(pu-Tart),Ge(H,Tart)}
(5,0.)]-99H,0 (7), and [Co(phen),],[{Ge,(OH)
(H,Tart)(u-Tart),}Cl] -11H,O (8) have been
investigated regarding the collection reference
strains of microorganisms of different taxonom-
ic groups. All of them are more effective gram-
positive organisms P. citreus, Micrococcus luteus,
B. cereus, S. aureus spp., and S. lactis spp., than

N Conc,, Planococcus | Micrococcus | Bacillus | Staphylococcus | Streptococcus | Escherichia | Agrobacterium
ug/mL citreus Iuteus cereus aureus spp. lactis spp. coli fumefaciens
] MBC 23.44 23.44 46.9 23.44 23.44 >500 >500
MIC 93.75 93.75 93.75 46.9 93.75 >500 >500
) MBC 187.5 187.5 375 375 187.5 >500 >500
MIC 375 375 375 375 375 >500 >500
3 MBC 46.9 46.9 187.5 46.9 46.9 >500 >500
MIC 46.9 46.9 187.5 46.9 46.9 >500 >500
4 MBC 23.44 23.44 46.9 23.44 23.44 >500 >500
MIC 23.44 23.44 46.9 46.9 23.44 >500 >500
5 MBC 187.5 187.5 375 187.5 187.5 >500 >500
MIC 187.5 187.5 375 375 187.5 >500 >500
6 MBC >500 >500 >500 >500 >500 >500 >500
MIC >500 >500 >500 >500 >500 >500 >500
” MBC >500 >500 >500 >500 >500 >500 >500
MIC >500 >500 >500 >500 >500 >500 >500
MBC 46.9 46.9 187.5 46.9 46.9 >500 >500
8 MIC 46.9 46.9 187.5 93.75 46.9 >500 >500

ISSN 1028-0987. Microbiological Journal. 2022. (2)



E.V. Afanasenko, LI. Seifullina, O.E. Martsinko, L.O. Konup, M.M. Kyryk

gram-negative E. coli and A. fumefaciens. The
antimicrobial study results are comprehensively
presented in Table 1 as minimal inhibitory and
minimal bactericidal concentrations (MIC and
MBC, respectively).

As listed in Table 1, compounds (1)—(8)
show high antimicrobial activity because they
belong to the type of double coordination com-
pounds and contain similar structural units.
Nevertheless, complexes (1) (23.44 pg/mL), (3)
(46.9 ug/mL), (4) (23.44 pug/mL), and (8) (46.9
ng/mL) turned out to be the most effective,
while (6) (>500 ug/mL), (7) (>500 pg/mL), are
less productive.

Discussion. A closer look at the antimicrobial
study results allows one to reveal some common
trends and relations between composition, struc-
ture, and properties. Thereby, the compounds
with 1,10-phenanthroline, regardless of their d-
metal, show a better antimicrobial activity than
the 2,2'bipyridine-containing ones. Moreover, it
is noted that not only metal-1,10-phenanthroline
cation plays an important role in the suppression
of microorganisms, as reported in the studies [3],
but also the synergetic action of cation and anion.
For example, compounds (1) and (2) contain a
similar [Ni(phen),]** cation and different anions,
[Ge,(OH)(H, Tart)(p-Tart),]*" and [Ge,(OH), (u-
Tart),]*, respectively, and the anion structure
significantly influences their antimicrobial ac-
tivity making compound (1) more effective.
Moreover, all compounds that have complex an-
ions [Gez(OH)(HzTart)(p—Tart)z]3‘ (1), (8) and
[Gez(OH)(HTart)(p-Tart)2]4‘ (4) show lower
MIC and MBC and, therefore, appear to be bet-
ter antimicrobial drugs. The hydroxyl and car-
boxyl groups of the terminal tartaric acid in these
anions remain free and are able to interact with
metals in the enzymes of microorganisms, which
explains one of the mechanisms of inhibition of
the test cultures and the high activity of the de-
scribed complexes. Low-effective compound (7)
with the [Ge,(H,O)(H,Tart)(p-Tart),]*" anion is
an exception, which can be explained by the pres-

8

ence of additional $,0.* in its structure and the
features of Fe(II) metal. The additional Cl" ligand
in complexes (1), (3), (6), and (8), most likely,
does not influence their activity.

All the compounds are more effective to the
gram-positive than to gram-negative microor-
ganisms because of the high polar lipid content
in their cell walls and complexity for antimicro-
bial drugs to reach their vital membrane.

Analysis of literature data and obtained re-
sults suggest that the complex nature of studied
compounds leads to the diversity of their action
mechanisms. Coordination compounds (1)—(8)
consist of oppositely charged electrophilic (cat-
ion) and nucleophilic (anion) agents, which do
not compete with each other and are bound to
different parts of proteins. Moreover, summation
of different inhibition effects takes place such as
the oxidative protein damage, dysfunction due
to the exchange of structural or catalytic metals,
and loss of membrane potential, characteristic
for Ge(IV) compounds transportation of reactive
oxygen species and antioxidant depletion by free
chelate groups in tartaric ligand molecules [4].

The closest analog of the described compounds
in terms of the effect on the presented test cul-
tures is derivatives of amine-free crown ethers,
in particular, di(perfluoro-n-hexyl) dibenzo-18-
crown-6, the structure and activity of which are
described in the literature [31]. It was established
that compounds (1)-(8) have 10 times smaller
MIC than the compared drug.

It was established that double coordination
compounds [Ni(phen),],[{Ge,(OH)(H,Tart)
(u-Tart) }CI]-11H,0 (1), [Ni(phen),][Ge,(OH),
(u-Tart),]-5H,0 (2), [CuCl(Phen),],[{Ge,(OH),
(u-Tart),}CL]-4H,0O (3), [Cu(Phen),],[Ge,(OH)
(HTart)(p-Tart),]-11H,0 (4), [CuCl(bipy),],
[Ge,(OH),(Tart),]-4H,0  (5), [Ni(bipy),],
[{Ge,(OH),(Tart),},CL,]-15H,0 (6), [Fe(bipy),],
[{Ge(H,O)(u-Tart),Ge(H, Tart)}(S,0,)]-9H,0
(7), and [Co(phen),],[{Ge,(OH)(H,Tart)(p-Tart),}
Cl]-11H,0 (8) belong to the effective antimic-
robial agents. Their advantage is the ability to
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inhibit the activity of gram-positive and, to a less
degree, gram-negative microorganisms. This can
be explained by the structural features (cation-
anionic type, variability of intermolecular in-
teractions, combination of different biologically
active units, free chelating groups in tartaric li-
gands) of complexes (1)—(8), which determines
a set of action mechanisms and excludes the
possibility of strain resistance. The development
of antimicrobial agents based on the coordina-
tion of supramolecular compounds is a potential
strategy to overcome the global bacterial resis-

tance to antibiotics due to the more effective in-
teraction of complexes with biomolecules, their
higher selectivity, and lower toxicity.

Conclusions. Structural features such as the
cation-anionic type of compounds, variability of
intermolecular interactions, joint of different bi-
ologically active units, and free chelating groups
in tartaric ligands lead to the combination of dif-
ferent action mechanisms and exclude the pos-
sibility of strain resistance.

Funding. This work was supported by the
Ministry of Education and Science of Ukraine.
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Double Coordination Compounds of Fe(II)/Co(II)/Ni(I1I)/Cu(II) 1,10-Phenanthroline/2,2'-Bipyridine Cations

E.B. Aganacenxo’, LJ1. Cetipynnina’, O.E. Mapyunxo®, J1.O. Konyn?, M.M. Kupux?

! Opecbkuit HanioHabHMIT yHiBepcuTeT imMeni I.I. Meununkosa,
By JIBOpsAHCDBKa, 2, Opeca, 65000, Ykpaina

2 HanioHaIbHMIT HAYKOBUIT IeHTP « [HCTUTYT BUHOTpaapcTBa i BunopoOcTBa imeni B.€. Taiposa» HAAH Ykpaiun,
By 40-pivus [Tepemorn, 27, ceno TaipoBo, Oxecbka 0671acTb, 65496, Yipaina

TTOJIBIMHI KOOPAVHAIIVIHI CITOJTYKY KATIOHIB Fe(II)/Co(II)/Ni(II)/Cu(II)
1,10-OEHAHTPOJIIH/2,2’-BITIPMAVH 3 AHIOHAMM TAPTPATOTEPMAHATY(IV) SIK HOBI
HEPE3VICTEHTHI AHTVMIKPOBHI 3ACOBU

Mera. [IpencTaBnena po6oTa IpuCBsYeHa TOCTIHKEHHIO aHTUMIKPOOHOI aKTMBHOCTI HOBUX ITOJBITHIX KOOPAM-
HALiIHUX CHOMYK 3 KOMIUIeKCHuMM 1,10-penantponinosumn/2,2'-6inipunnHosumu karionamn d-meranis (II)
(Fe, Co, Ni, Cu) Ta pisHMMM TapTpaTrorepMaHaTHUMM aHioHamu. Metopu. Po3pobrieHo opuriHanbHMIT METOX
CUHTE3Y, AKUII JO3BONIUB OfIeP>KaTy TPY Pi3HUX TapTpaTorepMaHATHUX aHiOHM, 10 iCHYIOTb Y PO34MHi i MOXYTb
OyTHU CeNeKTMBHO po3misHaHi meBHUM TnoM 1,10-dpenanTponinoBoro/2,2’-6inipuguHoBOro Kationa. AHTUMI-
KpoOHa aKTMBHICTb CIIONYK Oy/Ia HOCTiKeHa MEeTOIOM IIOABITHOTO PO3BeleHHA B CTAaHJAPTHOMY PiIKOMY IIO-
JKUBHOMY cepepoBuii (6ynbpiioH XoTTiHrepa) [1s BU3Ha4eHH: MiHiManbHOI iHri0ylouoi koHenTpauii (MIC) ta
MminiManbHOI 6akTepunygHoi koHneHTpanii (MBC). PesynbraTn. KoMmiekcHa mpupopa HOCTIPKEHUX CIONYK,
KaTiOH-aHIOHHMIT TUII CTPYKTYPH, CUHEPri3M IX 6i0/I0TiYHO aKTMBHUX CKIQ[jOBUX Ta HASBHICTH PISHMX THUIIB
BHYTPIIIHbOMOJIEKY/ISIPHUX 3B SI3KiB 3yMOBJIIOE BUCOKY aKTMBHICTb IPOTHU LIMPOKOrO Psfy MIKpOOpPraHisMiB:
rpaM-mo3uTuBHMX Planococcus citreus, Micrococcus luteus, Bacillus cereus, Staphylococcus aureus, Streptococcus
lactis i, B MeHwiit Mipi, rpam-HeratuBHuX Escherichia coli ma Agrobacterium tumefaciens. Kommmexcn (1)—(8)
IPOSBM/IM BUCOKY aHTUMIKPOOHY [if0, afjke BCi BOHM BIZHOCATBCA KO TUITY NMOABITHMX KOOPAMHALIHUX CIIO-
YK i MICTATD OFHAKOBI CTPYKTYPHI I0HITH — KaTioH (eneKTpoinbHMil areHT) Ta aHioH (HykneodinbHMIT areHT),
[0 He KOHKYPYIOTD 3a 3B SI3yBaHHA 3 Pi3HMMU YacTMHAMM IPOTeiHiB MikpoopraHismis. IIpy niboMy KoMIIIeKcu
(1) (23,44 yr/mn), (3) (46,9 pur/mn), (4) (23,44 pr/vn), (8) (46,9 pr/min) BUABMINCD Halle()eKTUBHINIVIMMA, B TOV
Jac ax (6) (>500 pr/mn) i (7) (>500 pr/mn) — menin npopykrusHumu. Crionyku 3 anionamu [Ge,(OH)(H,Tart)
(u-Tart),]* (1), (8) ta [Ge,(OH)(HTart)(u-Tart),]* (4)micTats y cBOilt CTPYKTYypi BilbHi rigpoKCuIbHi i Kap-
OOKCHU/IbHI TPV, 110 34aTHI 3B’ A3YBATICS 3 METaaMIl B eH3MIMaX MIKpOOPTaHi3MiB i, sIK HAaCIif{OK, € KpaIuMu
AHTUMIKpOOHUMM areHTaMy. BucHOBKU. Taki CTPYKTYpHi 0COOMMBOCTI AK KaTiOH-aHIOHHMIT TUII CIIOTIYKH, Pis-
HOMAaHITHICTb MDXMOJIEKY/IAPHIX B3a€MOJiL, KOMOiHaMis pisHMX 610/IOriYHO aKTUBHYX IOHITIB Ta Bi/IbHI XenaTHi
TPYIM TAPTPATHOTO JIiraHAy 3a06e3IedyIoTh HOEIHAHH A Pi3SHUX MeXaHi3MiB iHriOyBaHH, IO CIIPUSE IOCUICHHIO
AKTYBHOCTI Ta BUK/II0YA€ MOXX/IUBICTh MMOABY PE3NCTEHTHOCTI MiKpPOOPIaHi3MiB.

Kmiouosi cnosa: anmumikpobHa axmueHicmy, Hepe3ucmenmuicmo, koopourayiiini cnonyku, zepmaniii(IV), 1,10-gpe-
Haumponin, 2,2'-6inipudun, d-memar.
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