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Abstract. The problem of microelements bioavailability is highlighted and the correct ways of its solution are substantiated
as a result of generalization of theoretical aspects of obtaining of the biometals chelate forms. The characteristics of the main biogen-
ic elements, their physiological significance, electrochemical properties are presented. The main examples of the participation of bi-
ometals in various biological processes are given. The properties and the structure peculiarities of biometals coordination complexes
are considered in detail. It is shown that in obtaining of biometals chelate forms, there is the mutual selectivity and the affinity of bi-
ometals and ligands. The main factors of obtaining a hard metal complex are given. Potential bioligands for obtaining bioavailable
forms of microelements are detailed. Among them there are amino acids, peptides, proteins, nucleic acids, carbohydrates. The possi-
ble character of complexation depending on the nature of the bioligand is indicated. Practical examples of preparation of biometals
mixed ligand complexes are given. The expediency of using metabolic products and processing of lactic acid bacteria as promising
components of mixed ligand chelate complexes is substantiated. These substances contain in their composition a mass of potential
donor atoms that are capable to form covalent and coordination bonds with biomethalles, and also possess high biological and im-
munotropic activities. The use of this system in the biocoordination compounds of the "metals of life" can provide a synergistic ef-
fect of the components, significantly to expand the range of their physiological activity and to increase the degree of assimilation by
the body.
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AHorauisi. BucimieHo npodnemy 6i010CTyTHOCTI MiKPOGJIEMEHTIB i 0OPYHTOBAHO KOPEKTHI LUIAXHU 1i BUPILICHHS B pe-
3yNBTaTi y3arajJbHEHHS] TEOPETUYHMX aCIeKTiB OTpUMaHHs xenartHux (opm GiomeraniB. HamaHo xapakTepucTHKy OCHOBHHX 0io-
TCHHUX €JIEMEHTIB, iX (i3ionoriune 3HAYEHHS, eJEKTPOXiMidHI BIacTUBOCTI. HaBeneHo OCHOBHI MpUKIAIM ydacTi 6ioMeTaliB B pi3-
HUX 0ioNoriyHuX mponecax. [leTaqbHO pO3MISHYTO BIACTUBOCTI 1 0COOMMBOCTI OyIOBH KOOPAMHALIHIX KOMIUICKCIB OiOMeTaliB.
IMoxazaHo, o py ofep kaHHi XeIaTHUX (hopM OioMeTaiB Mae Miclie B3a€MHA BHOIPKOBICTS 1 CIIOPiIHEHICTh O10METAJIB 1 JIraHIiB.
HaBeneHo OCHOBHI YMHHHKY OTPHMAaHHS CTIMKMX METaIOKOMIUIEKCIB. JeTaJbHO pO3IITHYTO MOTEHIiHI Giodiranay Iyist OTpH-
MaHHs 6100CTYIHHUX (OPM MIKpOEGJIEMEHTIB: aMiHOKHCIIOTH, MENTHIH, OUTKH, HyKJICTHOBI KHCIIOTH, BYIJIEBOIH. BKazaHO MOXKIIH-
BUH XapakTep KOMILUIEKCOYyTBOPEHHSI B 3JIEXKHOCTI Bijt mpupoau Giosiranzis. HaBeneHO nmpakTHYHI IPHKIIAIN OTPHUMAHHS 3MillIaHO-
JraHIHUX KOMIUIEKCIB GiomeTaniB. OGIpyHTOBAaHO JOLUIbHICTE BUKOPUCTAHHS IIPOAYKTIB METaboIIi3My 1 mepepoOKH MOJIOYHOKHC-
nuX OaKTepiil B SIKOCTI MEPCIeKTUBHUX KOMIIOHEHTIB 3MIIIaHOMIraHIHIX XeJIaTHUX KOMIUIeKCiB. JlaHi cyOCTaHIIii MICTATh B CBOEMY
CKJIaJIi Macy TOTEHIIHHAX JTOHOPHHUX aTOMIB, 3IaTHHX /IO YTBOPCHHS KOBAICHTHMX 1 KOOpAWHAIIHHUX 3B’S3KiB 3 OioMeTalamu, a
TaK0XX MalOTh BHCOKY 0i0JIOTIYHY i IMyHOTPOIIHY aKTHBHOCTI. 3aCTOCYBaHH JaHOI CHCTEMH B CKJIafi 010KOOPIiHALIOHHMX CIIOIYK
«METAJIB JKUTTS» MOXKE 3a0€3MEUNTH CHHEPIeTHIHNH e()eKT CKIIaTOBUX, 3HAYHO PO3IMIMPHUTU CHEKTP X (i31070ridHOI aKTUBHOCTI,
MiJBUIIUTH CTYIHb 3aCBOECHHS OPTaHI3MOM.

KorouoBi ciioBa: GiomeTasnu, 0i0M0CTYIHICTh, XEJIaTHI KOMILICKCH, Oi0NIiraH/ M, MOJIOYHOKHCII OaKkTepii, MeTaboMiTH, iMy-
HOTPOIIHI PEYOBUHHU.

Copyright © 2015 by author and the journal “Food Science and Technology”.
This work is licensed under the Creative Commons Attribution International License (CC BY) http://creativecommons.org/licenses/by/4.0

wed  ONAFT . . ; ;
() ® i) oA DOI: htp:/dx.doi.org/10.15673/fst.v11i1.297

Introduction cause they participate in a difficult biochemical metabo-

lism, enter into a number of enzymes, coenzymes and
hormones, etc [1-4]

At the same time, the deficiency of the vital min-
erals, including biometals,, which has been widely spread
today, is an extremely serious problem not only for de-
veloping countries but also for economically developed

Among the food factors having special value for
maintenance of health, working capacity and active lon-
gevity of the person, the major role belongs to biometals.
Biometals maintain the balance and the coordination of
the main regulatory systems of the organism cages, be-

Xap4oBa HayKa i TEXHOJIOTIs 37 Volume 11 Issue 1 /2017



bionpoyecu, 6iomexHonozia xap4yoeux npodykmie, AP

countries. The deficiency of macro- and micronutrients in
the human body is the cause of the growth of many dis-
eases: hypertension, anemia, atherosclerosis, diabetes,
musculoskeletal system diseases, gastrointestinal and en-
docrine diseases, metabolic diseases, etc [2].

In the literature two types of micro- and macro-
element deficiency are highlighted. The primary defi-
ciency is directly related to poor nutrition (starvation): a
long period of unbalanced food intake, various diets, im-
proper culinary processing. It should be noted that the
modern geochemical environment, intensive methods of
plant management and animal husbandry led to a signifi-
cant decrease of minerals content in the flour, vegetables,
fruits, meat, milk, etc. The insufficient nutrition of many
people is aggravated by the fact that they take certain
medications that excrete mineral elements from the body,
and also they are exposed to high physical and psycho-
logical stresses.

The secondary micro- and macroelement insuffi-
ciency is formed at the violation of minerals absorption
in conditions of diseases of internal organs, endocrinopa-
thies, genetic defects of enzyme systems, violations of
minerals transport and their metabolism.

Currently, there are three main approaches [4] to a
solution of the deficiency problem of macro- and micro-
elements, and also to the prevention of diseases caused
by their deficiency in the diet. The first approach is the
additional consumption of foods with a high minerals
content. The second approach is the use of medicines and
dietary additives to food on the basis of various com-
pounds of macro- and microelements. The third approach
is the purposeful enrichment of foodstuffs of mass con-
sumption with deficient bioelements.

Formulation of the problem

The biological efficiency of the biometals use in
an organism is determined by the balance level of the di-
ets relatively to nutrients and biologically active sub-
stances, by the degree of assimilation and deposition of
microelements, their interaction with each other and oth-
er nutrients in the process of absorption, transport and
excretion; by the state of the regulatory systems, age, sex
and the physiological state of the organism. In this re-
gard, it is necessary to use such forms of biomaterials
that will be most physiologically adequate to the needs of
the human body [5-8].

Biometals in the composition of inorganic com-
pounds at hit in an organism with food have bioavailabil-
ity level no more than 2 — 20 %, and often at the long-
term use they have a negative effect on an organism. In
addition, there are significant losses of them in the pro-
duction process, negative changes in the organoleptic
properties of foods, and also the presence of serious side
effects.

The increase of microelements bioavailability is
one of the topical problems of modern science. At pre-
sent, there has been a special interest in the prophylaxis
and treatment of many hypomicroelementoses with the
help of second-generation microelement preparations. It
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is biocoordination compounds in which vitall minerals
are contained as a complex with bioligands, natural carri-
ers of microelements.

The use of the chelate compounds of biogenic el-
ements with organic ligands (amino acids, peptides, or-
ganic acids, nucleic acids, carbohydrates, etc.) Is of par-
ticular interest for the microelementoses prevention

Chelates of biometals have a number of valuable
properties: they are almost not toxic, in most cases they
are highly soluble in water, they are stable in a wide
range of pH values, they are not destroyed by microor-
ganisms, at their use the antagonism between microele-
ments is erased, the bioavailability of trace elements and
their activity increases.

At the heart of the efficiency and safety of the use
of chelate compounds for the prevention of microele-
mentoses lie the natural physiological and biochemical
mechanisms for the assimilation of minerals that corre-
spond to the processes of «organic chelationy.

Thus, the use of biometals in the chelate bioavail-
able form for microelementoses elimination at the popu-
lation is preferable. The creation of dietary additives on
the basis of complexes of essential biometals with biolig-
ands for their individual use, and also for enriching defi-
cit food products is especially important according to the
main approaches to solving the problem of micro- and
macroelements deficiency [9-11].

The aim of the work is the generalization of the
theoretical aspects of obtaining and the characteristic of
the chelate forms of biometals, the search of the new de-
cisions for creation of the chelate systems, having high
bioavailability and an expanded range of physiological
effects for use as nutraceuticals and parapharmaceuticals
in dietology, and also as nutritive support at complex
treatments of microelementoses and other diseases.

Biogenic elements. Value. Electrochemical properties

In the composition of live organisms more than 60
chemical elements have been discovered. Their role in
the organism life activity and their content are not the
same. Six of them— C, N, H, O, P, S — form the basis of
living matter (organogens). Ten more elements are ex-
tremely important for maintaining the structure and func-
tional activity of biopolymers. It is so-called «life met-
als»: Na, K, Ca, Mg, Zn, Fe, Mn, Cu, Co, Mo. From a
chemical point of view, they can be classified as follows:
intransition elements (Na, K, Mg, Ca, Zn); transition el-
ements (Mn, Fe, Co, Cu, Mo). Table 1 shows the charac-
teristics of biometals [12-17].

Sodium and potassium are most important from
the alkali metals. As is known, they do not form stable
complexes, but they form associates according to the
mechanism of the ion-dipole interaction. Thus, because
of the greater surface charge density, the radius of the
hydrated sodium ion is higher than the hydrated ion of
potassium. Na" ion is the main extracellular cation of the
body, whereas the K" ion is intracellular. Despite the sim-
ilarity in chemical behavior, these ions demonstrate bio-
logical antagonism. These biometals are key elements in
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the osmotic pressure maintain, the nerve impulse transfer
and muscle contractions regulation.

The ions of alkaline earth biometals of magnesi-
um and calcium can to form complex compounds with a
coordination number 6. The chemical bonds in many
magnesium compounds are covalent. Mg®" ions partici-
pate in the formation of the tertiary structure of DNA,
transfer of the nerve impulse, activate a number of en-
zymes (hexokinase and other transferases of phosphates,
arginase, ligases in the synthesis of nucleic acids).

Table 1 — Position in the periodic table, biologi-
cal role and ability to complex formation of metals
necessary for the human body [15]

Position in the Donor atoms
Met | periodical sys- | Biological are the pre-
al | tem and elec- role ferred coordi-
tronic structure nation centers
The charge
Na transfer, os-
K Group LA, s1 motic equilib- o
rium
The formation
Mg |Group of the bone o
Ca |ITA,s2 system, "trig-
ger" reactions
Mn redotrene. 0
Fe First transitional |tions, the for- N,0
Co . N, O
Cu |V rpatlon of ac- NS
Mo tive enzyme
centers
Catalysis in-
Zn |Group II B, d10 |volving Lewis N, S
Acid

Ca®" ions are necessary for the formation of bone
tissue, during lactation, in the implementation of cardiac
contractions, and they are factor of the blood coagulation,
and activate a number of enzymes.

Despite a variety of possible degrees of oxidation,
the manganese in live organisms is presented by Mn (II)
and Mn (III) complexes with a coordination number 6.
Its increased affinity to carboxyl and phosphate groups,
and also some functional interchangeability with a mag-
nesium is noted. Manganese is necessary for work of
such enzymes as aminoacyl transferase, carboxylase,
metabolon of Krebs cycle.

Iron is the most important biometal. For its bio-
coordination compounds are typical two degrees of oxi-
dation — Fe (IT) and Fe (II) and coordination number 6.
Iron distribution in the human body is as follows: 70% is
contained in hemoglobin, 15 % — in oxidoreductase,
15 % — in ferritin and hemosiderini. The main functions
of iron biocomplexes (11, I1I) are the participation in oxy-
gen transport, the work of enzyme systems and the elec-
tron transport chains. The degree of iron oxidation in bi-
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ocomplexes depends on the its role (+2 in hemoglobin,

+3 in oxidases and the variable in cytochromes).

Cobalt in the body is in the form of Co (II) com-
plexes with a coordination number 4 or 6 and Co (III)
with a coordination number 6. This biometal is a part of
vitamin By, and its lack leads to the anemia develop-
ment. The most important function of Co (II) is the acti-
vation of enzyme systems, such as aldolase, carbonic an-
hydrase. The possibility of reversible oxygen transport
with the participation of C (II) ions was established, as
well as their participation in proteolysis.

Copper in the body is also found in two oxidation
degrees — Cu (I) with a coordination number 2 or 4 and
Cu (II) with a coordination number 4 or 6. This element
is deposited in the liver and is the central part of oxidore-
ductases (ascorbate oxidase, polyphenol oxidase).

Zinc exists in biosystems only in the form of
Zn (II) complexes (tetrahedral with a coordination num-
ber 4, or octahedral with a coordination number 6). Zinc
participates in the formation of multimers of protein mol-
ecules, activates a number of enzymes (carboxypepti-
dase, DNA polymerase).

Despite the diversity of oxidation degrees of mo-
lybdenum, the complexes of Mo (VI) dominate in the
body. This biometal activates xanthine-oxidase, the most
important enzyme in nitrogen metabolism. The role of
molybdenum ions in the formation of a bond between the
flavin coenzyme and apoenzymes is also noted.

Main examples of the biometals participation in
various biological processes:

1. The implementation of start-up and control mecha-
nisms. Na', K, Mg*" and Ca’" ions regulate muscle
contraction, release of hormones and mediators.

2. Control of the biopolymers structure and the course
of matrix processes. Ions of Mn>", Mg®" and Ca®" are
extremely important for maintaining a definite con-
formation of nucleic acids. The ions Mg®" and Ca**
participate in the strengthening of numerous lipopro-
tein membranes. These biometals serve as a matrix
for the orientation of functional groups under the en-
zymatic one.

3. The biometal is Lewis acid. In this case it is neces-
sary to consider the preferable coordination to the
particular donor centers and polarization of a ligand
as a result of formation of a coordination bond.

4. The catalysis of oxidation-reduction reactions. In
this aspect, a group of transition metals, capable to
realize several stable degrees of oxidation is isolated.
Among them Fe (IL III), Cu(l,II), Co (1L, III),
Mo (IV, V).

5. Transport and deposition of metal.

Thus, it is difficult to underestimate a role of bio-
metals in activity of an organism, the long-lived deficien-
cy at least of one of them can provoke development of
the cascade of undesirable consequences. For a conscious
comprehension of the organization and functioning of bi-
ometals in a live organism let us consider the basic prin-
ciples of the formation of their coordination complexes.
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Coordination complexes of biometals. Characteristic.
Features of the structure [18-20]

The organism represents a system of multiple
complexing agents and ligands, with a certain relation-
ship between them. The components imbalance (metal-
loligand homeostasis) leads to the development of patho-
logical conditions. Therefore, the study of the interaction
processes «metal-ligand» is the key to finding new bioa-
vailable forms of metals-micronutrients.

Helate is the most energy-efficient form of inter-
action between a metal and a ligand for an organism. The
activity of the element in these complexes often increases
in hundreds and thousands times in comparison with the
activity of the metal in the ionic state.

Between coordination and complex compounds,
in fact, put an equal sign. Coordination compounds con-
tain cationic, anionic or neutral complex, consisting of a
central atom (ion) and associated molecules or ions — lig-
ands. The central atom (complexing agent) is usually an
acceptor, and the ligands are electron donors, with the
formation of a complex between them, there is a pre-nor-
acceptor or coordination bond. The complex can be elec-
trically neutral, or non-electrolyte, have a positive (com-
plex cation) or negative charge (complex anion).

Coordination compounds can exist both in the
crystalline state and in solution. Ligands are capable to
stepwise and reversibly split off from the central atom by
the heterolytic type.

In the existing definitions of coordination com-
pounds the existence of electronic transfer from the do-
nor to an acceptor is emphasized. However, there is no
real movement of electron density in chemical com-
pounds. Representations of this effect appeared in semi-
empirical quanote-chemical methods for calculating the
electronic structure.Therefore in formulations of the con-
sidered concepts it is more preferable to base on the
structure data.

Thus, the complex compound is an individual
chemical compound that meets three characteristics:

1. Contains atoms of at least three varieties (except
hydrogen)

2. Contains at least one polyatomic structural frag-
ment (ion) in which atoms of not less than two
kinds are presented, at least in one structural
fragment of the compound (ion), at least one of
the atoms is central.

3. A metal atom acts as the central atom.

The method of ligands packing in complexes is
characterized by the term «coordination polyhedrony.
This is a virtual molecular polyhedron, whose vertices
are the atoms of ligands, directly connected with the cen-
tral atom. The virtuality is determined by the presence of
a chemical bond between the central atom and the verti-
ces of the polyhedron, but not between the last ones.

The number of vertices is equal to the coordina-
tion number of the complexing agent. The edges of coor-
dination polyhedrons are the segments of straight lines
that pairwise connecting atoms of its coordination sphere.
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Polyhedrons of the highest symmetry are realized if all
ligands are identical and close in structure. In most real
molecules deviation from regular coordination polyhe-
drons is observed.

The concept about a coordination number corre-
lates with a concept of a coordination polyhedron. In co-
ordination compound the coordination number (CN) of
the central atom is the number of the electron-donating
centers of ligands (atoms or - bonds) directly interacting
with the complexing agent. For complex compounds
with monodentant ligands, the CN is equal to the number
of ligands multiplied by dentant.

The ligand dentant is determined by the number of
coordination sites, using which the ligand can join to the
central atom in the complex. If two, three, and more lig-
and atoms are directly connected to the central atom, then
such groups are called bi-, three- or polydentant. Neutral
molecules (for example, ethylenediamine, propylenedia-
mine), acid residues of polybasic acids, anions of amino
acids, dioximes and other groups can appear as poly-
dentant ligands.

Coordination compounds containing polydentant
ligands attached to central atoms through several bonds
formed by different atoms of a polydentant substituent
and forming cycles are called the chelatt compounds.

To explain the nature of bonds in complex com-
pounds, their spatial configuration, chromaticity and oth-
er properties, three methods are currently used: the va-
lence bond method (VBM); the method of the crystalline
field (MCF); method of molecular orbitals (MMO). Let's
consider the most available and often treated — VBM.

VBM well explains the spatial structure of com-
plex ions, that is, the location of the ligands relative to the
complexing agent and each other, and the valence angles
between them. The starting point, which forms the prin-
cipal basis of VBM, is the donor-acceptor interaction be-
tween the complexing agent and ligands, in which the
complexing agent serves as an acceptor, and the ligands
as donors of electron pairs.

Positively charged metal ions, having free orbitals,
capable of accepting, are most often used as the complex-
ing agent. At the same time, in the molecules or ions of
the ligands there are always ready-made electron pairs,
which can be provided by them in common use with the
complexing agent. Thus, it becomes possible to coordi-
nate ligands around the complexing agent due to the do-
nor-acceptor mechanism of bond formation. It is possible
to give a number of typical symmetrical hybridizations
leading to idealized configurations of the coordination
sphere (Table 2).

This method is based on the idea of an electrostat-
ic interaction between ligands and a complexing agent. In
this case, ligands are taken as point electric charges, and
the complexing agent is a quantum mechanical system
located in the center of the crystalline field of the ligands.

The theory of the crystal field considers the influ-
ence of ligands on the electron orbitals of the complexing
agent. Most successfully it is applied to d-elements (met-
als of subgroups), in which d-electrons are valence.
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Table 2 — Geometrical forms of complexes [15]

CN Hybridization of the or-| Geometrical form of
bitals of the central ion complexe
5 sp,dp Linear
pz,ds,d2 Angular
sp2, dp2, d’s, d° Correct triangle
3 dsp Incorrect triangle
p’, dp Trigonal pyramid with
metal in the top
4 sp’, d’s Tetrahedron
dsp’ Flat square
5 |spd, Trigonal pyramid
6 |d*sp’ Octahedron

Relative selectivity and affinity of biometals
and ligands. There is a huge number of potential com-
plex formers and ligands at an organism. The quantitative
quantum chemical description is more precise and uni-
versal, however, the complexity of the objects structure
and the variety of life activity processes acted as a pre-
requisite of development of the semiempirical concepts
that characterize the relative selectivity and affinity of an
ion of metal and a ligand at formation of a coordination
bond like M:L at the qualitative level. In this connection,
the most important aspects are: the establishment of
groups of polyfunctional biomolecules with which the
metal ion is coordinated; control of competitive process-
es involving various bioligands.

One of the most productive approaches in this ar-
ea is the use of R. Pearson's principle of hard and soft ac-
ids and bases (HSAB). According to this principle, the
acid-base interactions proceed in such a way that the hard
acids are preferentially bound to hard bases, and soft ac-
ids — with soft bases.

At assigning compounds to a particular group,
their chemical composition, electronic structure and
comparative stability of their complexes are considered:
A+B= A:B (where A is Lewis acid, B is Lewis
base) (Table 3).

Table 3 — Characteristics of acids and bases according
to the principle HSAB [15]

A
type

Acids Bases

Acceptors; have high|{Donors; have a low po-

Hard

positive charges, low po-
larizability, low energy;
difficult to recover

larizability, high elec-
tronegativity, low ener-
gy; difficult to oxidize

Soft

Acceptors; Have lower
positive charges, high po-
larizability, high energy;
easily restored

Donors; have high po-
larizability, low electro-
negativity, high energy;

easily oxidized

The preferred binding of the same name reagents

is explained by the fact that the interaction of energy sim-
ilar orbitals is most effective. In the case of rigid rea-
gents, electrostatic interaction is realized primarily, and
for weak ones covalent interaction is realized.

The HSAB principle has proved itself well at the
account of the specific interactions, consideration of the
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competing processes, at the explaination of the metal
ions binding in biological systems. Thus, the increase of
the metal oxidation degree increases its rigidity on this
classification. It is noted, that various oxidation states are
stabilized by the corresponding ligands.

In this this regard, it is necessary to point out to
such phenomenon as the symbiosis of ligands. It consists
in the preferential inclusion of a ligand, close in degree of
rigidity or softness, to a ligand already located in the co-
ordination node. Thus, alkaline and alkaline-earth bio-
metals preferably form complexes with water, inorganic
anions (CO32', PO,>, SO42') and carboxyl- organic sub-
stances (lactate, glutamate). The transition metals also
have an affinity for nitrogen-containing and sulfur-
containing molecules, and the nature of the most efficient
donor group depends on the oxidation degree of the
complexing agent.

In considering other aspects of the "metal-ligand" inter-
action, it should be noted that the metal ion can change
the selectivity of the organic ligand:

- influencing on the electron distribution in the lig-
and;

- increasing the active center reactivity of the lig-
and;

- causing a change in the conformation of the lig-
and;

- providing the possibility of an electron attaching
or detaching;

- increasing the lipophilicity of the ligand and, con-
sequently, its ability to penetrate into the living
cell.

Major factors of sustainable metal complexes produc-
tion. A lot of researches is devoted to the study of the
factors determining the mutual affinity of a metal and a
ligand in complex formation. The nature of the reagents
and the strength of the bond formed can be justified using
the HSAB concept. However, it mainly considers the
characteristics of atoms that directly form a bond, alt-
hough spatial factors also play no less importance in
complex formation.

The structure of the ligand assumes the presence
of suitable donor atoms and their correspondence to the
required geometric environment of the metal- ion of the
chelating agent. Two aspects can be distinguished here:
the initial structural organization of the ligand and the
possibility of realization of the molecule required con-
formations; complementarity, that is, the degree of struc-
tural correspondence between the donor and acceptor of
the binding sites.

If the size of the spatial ligand zone, where the
donor atoms are localized, is too large, then a small
amount of coordination bonds is formed. The reverse is
also true: metal can’t to penetrate into a too small zone.
The concept of dimensional correspondence is widely
used both for coordination explaination in biosystems
and for development of model systems. It is considered
that the most durable complexes with a metal form a lig-
and with a suitable cavity size. A particularly good
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agreement is observed for conformationally rigid mole-
cules and complex three-dimensional structures.

However, the optimal distance for reaction centers
is an essential but not sufficient condition for the for-
mation of a stable complex. An important factor is the
topography of the ion of the complexing metal, that is,
the optimal form of the coordination polyhedron. And if
for alkaline and alkaline-earth biometals there are no rig-
id requirements for the polyhedron form, then for the
transition metals the direction of the bonds is the deter-
mining condition for the complex stability.

The effectiveness of the trace elements assimila-
tion from chelate compounds depends on their stability
constants.

The sufficient assimilation is observed in that case
when the stability constant of the chelate is higher than
that of the trace element with the components of food or
feed, and is lower than that of its compounds in the tis-
sues of the organism. In this case, the chelating agent
transports the bound element from the food (feed)
through the intestinal wall and gives to the tissues.

Bioligands [7-12]. Mixed ligand complexes
[21-25]. By numerous researches it is established that in
the all minerals exchange, the various organic com-
pounds participate. Among them are proteins, peptides,
amino acids, phospholipids, carbohydrates, carboacids,
nucleic acids, nucleotides and other ligands, which
through coordination bonds with mineral substances
form complexonates. Let’s consider the properties of cer-
tain bioorganic ligands.

Amino acids. In the composition of any amino
acid there are at least two donor centers. They are car-
boxyl and amino groups. Besides, the side chain may
contain carboxyl, hydroxyl, thiol, and amino groups.
Such molecules structure makes it possible for the chela-
tion at the interaction with metal ions, and in the case of
the side groups participation, the ligand's dentacy can ex-
ceed 2. In the side chain of natural amino acids, the fol-
lowing donor centers are presented:

- carboxyl group (aspartic and glutamic acid);

- hydroxyl group (serine, threonine, tyrosine);

- sulfur-containing groups (cysteine, cystine, me-
thionine);

- Nitrogen-containing groups (arginine, lysine,
histidine).

The effectiveness of amino acids coordination
strongly depends on the pH of the medium, since protons
are able to compete with biometal for the ligand. There-
fore, in acidic medium, when most of the above groups
are protonated, the complexation proceeds less intensive-
ly. In most cases, amino acids form chelate complexes
containing the following fragment:

R.__NH,

A

The formation of a chelate complex involves a
gain in entropy, so the cases when amino acids act as
monodentate ligands are quite rare and are realized only
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under special preferences, which can be explained from
the position of the HSAB concept. Thus, stable complex-
es of Ag (I) and Pt (II), where the amino acid is bonded
to a metal ion via an amino group, are investigated. On
the contrary, only the carboxyl group is involved in a
number of complexes of Ca*" and Mg*". The carboxyl
group is also able to participate as a bridge in the compo-
site complexes and as a bidentate ligand, however the
formed four-membered cycle is not too stable.

Peptides. The complication of molecules organi-
zation at the transition from amino acids to their oligo-
mers (peptides) leaves an imprint on the character of the
complexation with their participation. To understand the
causes of such changes, one should look at their structur-
al features. The carboxyl group and the amino group in
the peptide, which are terminal, are divided by a signifi-
cant number of atoms, that imposes conformation re-
strictions and raises a role of side groups at the complex-
ation. It should be noted the emergence of a new donor
center. It is a peptide bond. However, due to its flat ge-
ometry, transorientation of fragments and delocalization
of charge, this group is not very effective as a ligand. As
a rule, a nitrogen atom acts as a donor center of the pep-
tide bond, although a number of examples of coordina-
tion with participation of an oxygen atom are known:

! )
M A
0] o-

The role of side chains of amino acids in the com-
plexation increases with the number of peptide bonds on
transition to proteins:

- carboxyl group (Asp and Glu) tends to bind to
hard acids (Mg®", Ca®>", Mn*"); the interaction efficiency
decreases with decreasing pH.

- hydroxyl group (Ser, Tyr, Thr) capable for the
deprotonation only in alkaline medium (for example, a
limited number of complexes of Cu®>" and Zn®").

- sulfur-containing groups (Cys, Met); they form
strong complexes with soft Lewis acids, in particular
Cu (I), Ag (), Cd (II), Pt (II), especially stable complexes
are cysteine ones.

Nitrogen-containing groups (Arg, Lys); they form
the coordination links with the largest number of biomet-
als, but more often with Co (II), Ni (II), Cu (II), Zn (II);
the medium acidity serves as an obstacle, since protonat-
ed amino groups are not ligands.

Peptides form less stable complexes in compari-
son with the amino acids entering into their composition.
Differences in the values of the constants are gradually
leveled with increasing number of amino acid residues,
and the sharpest difference is observed between the con-
stants corresponding to complexes of biometals with a
free amino acid and a dipeptide.

At an increase of the residues number of amino
acid in the peptide, the intramolecular interactions play
an increasing role. The existing structural organization
can favor to complexation, and vacant sites in the coordi-
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nation sphere of the metal ion, as a rule, are filled of the
water molecules. But the converse is also true: a metal
ion can to stabilize the structure of a biologically im-
portant peptide and to help in the realization of its func-
tions.

Proteins. Features of the structure of protein mol-
ecules, providing their functions as bioligands:

- the role of peptide groups and side radicals of
amino acid residues increases in comparison with the
terminal groups due to the large extent of the polypeptide
chain;

- tertiary structure implies the convergence in
space of a number of functional groups that are signifi-
cantly spaced from each other in the chain; as a result, a
number of potential donor zones are formed in the mac-
romolecule and the possibility of selecting donor centers
is given to the metal ion;

- the combination of amino acid residues of differ-
ent nature in the protein leads to a change in the charges
of functional groups and their donor capacity.

The main competitor of biometals is protons.
Since complex formation often occurs in the cavity of the
macromolecule, where the conditions are significantly
different from the aqueous medium and desolvation is re-
alized, it is problematic to investigate the process on
model systems. The process is affected by the ionic
strength of the medium and by the presence of extrane-
ous substances that capable to change the tertiary struc-
ture of the protein.

According to the literature, proteins complexes
with Cu (IT) and Zn (IT) are most studied. The donor cen-
ters in which are the side groups of Cys, His, Arg and
Glu.

Nucleic acids. Metal ions are necessary for the
normal functioning of nucleic acids and take an active
part in their reactions. One of the key is the question of
the centers of binding of these molecules with metal ions
and their mutual competition. For nitrogenous bases,
such are donor nitrogen and oxygen atoms. Nucleosides,
in addition, contain hydroxyl groups of carbohydrate, and
nucleotides contain another donor group, it is a phos-
phate group. It should be noted that, for free bases, com-
plex formation actively takes place due to displacement
of the mobile proton, and the positions of N-1 pyrim-
idines and N-9 purines in their derivatives are deprived of
this possibility.

Because of the large number of donor centers, the
study of complexation in such systems is not an easy
task. However it is possible to mark out the following
patterns:

- in process of complication of a molecule in the
base-nucleoside-nucleotide series, the stability of the
complexes is increased (comparison with nucleic acids is
not justified here due to their polymeric nature);

- for most metal ions, the strength of the coordina-
tion bond weakens in the phosphate > base > carbohy-
drate series;
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- among molecules with different bases, the stabil-
ity of complexes varies in the guanine > cytosine > ade-
nine > uracil > thymine series;

- DNA complexes are more stable than those of
RNA.

Carbohydrates. Complexes of natural carbohy-
drates with metal ions participate in vital processes and
therefore cause increased interest. Potential donor centers
in carbohydrate molecules are carbonyl and hydroxyl
groups. But since carbohydrates are mainly in a cyclic
form, the hydroxyl groups play a decisive role in the co-
ordination interaction. Carbohydrates in a cyclic form are
conformationally homogeneous systems. Consequently,
at the interaction with a metal-complexingl ion, unlike
the conformationally labile amino acids, the relative spa-
tial arrangement of hydroxyl groups in the carbohydrate
cycle is strictly determined.

Even if the inversion of the cycle is allowed in the
system, the position of the hydroxyl groups varies only
between the equatorial and axial carbons. In comparison,
for example, with side chains of amino acids, hydroxyl
groups (except for glycosidic and hydroxyalkyl groups)
of sugars are conformationally fixed, that imposes the
rigid restrictions on the mutual correspondence of the
metal ion and ligand.

Complexes of monosaccharides have been studied
both in solution and in the solid phase. It has been estab-
lished that complexes of composition 1: 1 are most sta-
ble. Dentacy of 3 (triaxial and diaxial-equatorial orienta-
tion of hydroxyl groups) and 2 (vicinal diols) is preferred
at the same time .

In the transition to oligosaccharides, the stability
of the complexes, as a rule, decreases. The exception is
cyclodextrines: their hydrophobic cavities are able to in-
clude existing complexes with the formation of the inclu-
sion compounds.

As for polysaccharides, the metal complexes of
their neutral representatives are studied poorly. In this
case, the complex formation is considered more correctly
as the formation of the «guest-host» structure, that is, the
compound of the inclusion. The chemistry of anionic
polysaccharides, which are polyelectrolytes, is more di-
verse.

Mixed ligand complexes. Most of the processes
occurring in biological systems involve the interaction of
metal ions with several ligands, therefore the particular
interest is the preparation and study of the mixed ligand
complexes properties of biometals with biologically ac-
tive ligands [21-29].

The biometal assimilation will occur if it is firmly
connected with a chelating agent that is a participant in
metabolic processes: amino acids, polybasic acids (citric,
gluconic, malic, succinic), vitamins.

The study of mixed ligand complexes of bio-
materials has become widely spread, the methods of ob-
taining and characteristics of some of them have been de-
scribed in the literature.

In [26], ion complexes of some d-metals (Co®',
Cu*', Zn") were obtained in the form of salts and in so-
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lution with ligands containing donor nitrogen and oxygen
atoms to which the d-metal cations have an affinity. As
an oxygen-containing ligand was used, a oxycarboxylic
acid (malic), as a nitrogen-containing ligand — imidazole.

The synthesis methods of a series of metallic
(copper-, nickel-, cobalt-, iron-) derivatives of arabinoga-
lactan were developed in [27]. The metal content in these
derivatives depend on the reaction conditions and the
chemical composition of the initial reagents, can vary
from 1 to 5 %. As a result of the research, it was shown,
that depend on the metal properties, arabinogalactan is
able to act as a ligand or to exhibit the properties of a hy-
drophobic stabilizer of colloidal systems. So, in the case
of the interaction of arabinogalactan with copper ions, the
complex formation takes place, in which two vicinal hy-
droxyls of arabinogalactan take part. In this case, two
types of complexes are formed depending on the pH of
the medium. They differ in their spectral characteristics.
In the case of interaction with iron salts in an alkaline
medium, arabinogalactan stabilizes the hydrophobic col-
loidal system of iron oxides formed, transforming them
into a water-soluble state.

In [28] the possibility to prepare soluble iron
complexes based on polysaccharides of mushroom
(Agaricus bisporus) was proved. Their yield and compo-
sition depend on the ratio of iron: polysaccharides, pH
medium, concentration of reactants. The maximum
yields of complexes with high iron content can be ob-
tained at mass ratio of the inorganic and organic compo-
nents of 1:1.0 at pH=12.0 and 1:2.5 at pH=8.5.

According to IR and UV spectroscopy, the prod-
ucts obtained are complexes of polycyclic ferric hydrox-
ide, linked with polysaccharide molecules by hydrogen
bonds. The complex, which includes 47.9 % share of
iron, does not contain the nonmetal polysaccharide com-

a) K[Co(IDME)(8-HQ)I:

Fig. 1. Possible structure of the complexes (a)
K[Co(II)(Me)(8-FQ)] (b) K[Fe(IIT)(Me,)(4-pico),]

In [31] the mixed ligand complexes of Cu (II),
Ni(II) and Co (II) with uridine and amino acids, L-
alanine, L-phenylalanine and L-tryptophan were synthe-
sized and characterized by elemental analysis, conductiv-
ity data, infrared spectra, electronic spectra and magnetic
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ponent and has a molecular mass of 100 —120 kDa. The
complex belongs to the nanoscale structures.

In [29] the formation of binary and ternary com-
plexes of metal ions such as Cu (II), Co (II), Pb (1),
Zn (II) and Cd(Il) with biologically important ligand
were investigated. Where nucleic acid Adenine (A) used
as primary ligand and amino acid Histidine (B) used as
secondary ligand. Potentiometric technique was applied
for determination of complexation behavior of binary and
ternary species in aqueous media at 37+1 °C under ionic
strength [ = 0.1 M NaNO3. Stability constant have been
determined through the method suggested by Irving &
Rossetti and further refined through SCOGS computer
program. The mixed ligand ternary complexes were oc-
curring simultaneously in most cases generally at high
pH with gradually declination of binary complexes of
particular metal complexes. The percentage of ternary
species of 56 at 6.4 pH for A-Cu(1l)-B, 67.7 at 6.3 pH for
A-Co(I)-A, 65.56 at 7.2pH for A-Pb(I)-B, 48.5 at
7.4 pH for A-Zn(11)-B and 56.5 at 7.3 pH for A-Cd(II)-B.
The overall stability constant of mixed ligand Ade-
nine(A)-M(I)-Histidine(B) ternary system are obtained
in the following order A-Cu(I)-B> ACo(Il)-B> A-
Pb(1I)-B > A-Zn(11)-B > A-Cd(II)-B.

In paper [30] the preparation and characterization
of mixed ligand complexes of Co (II) and Fe (1II) ions
with maleic acid and heterocyclic amines of general for-
mula [M(ME)L] and K[M(ME)L] (where M = Co(II) (1-
4), Fe(1ll) (5-6); ME = C4H,04 (1-4), 2C4H,04 (5-6); L=
CsHgN, (1), CoHoN (2-3), CoHgNO (4), CsHsN*H,0 (5),
C¢H5N (6)) were described. The molecular structures of
the complexes have been determined by spectral, mag-
netic studies and elemental analysis. The structure of
Co (I) and Fe (II) complexes are tetrahedral and octa-
hedral respectively (fig. 1)

b) K[Fe(lID)(ME)a(4-pico)]:

susceptibility data. In these complexes, the nucleoside
(uridine) acts as a monodentate ligand coordinating
through O (4) under the conditions of investigation,
whereas the amino acids coordinate through the carbox-
ylate oxygen and the amino nitrogen. Distorted octahe-
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dral geometry for Cu (II) and octahedral geometries for
both Ni (II) and Co (II) are proposed.

In paper [32] the synthesis and characterization of
mixed ligand complexes of Co (II) and Ni (IT) have been
described. Organic dibasic acid, malic acid plays role as
primary ligand and Heterocyclic amine bases play role as
secondary ligands in the complexes. The prepared com-
plexes of Co (II) and Ni (II) were found to form octahe-
dral structure. Elemental analysis correspond to metal:
ligand stoichiometry for Co (II) and Ni (II) complexes
are 1:2:2.

Magnetic susceptibility measurement shows that
the complexes are paramagnetic. The IR spectral data
shows that the ligands coordinate to the metal through O
and N atoms. The electronic spectral data are in conform-
ity with the transitions of octahedral complexes. The 1H-
NMR studies of the complex indicates two pyridine and
two malic acid molecules coordinate with Co (II) metal
ion and represents the complex as
2K [Co(IT)(MaH)2(Py)2]*. Based on the above analysis
the structure of complex 2K'[Co(IT)(MaH)2(Py)2]* has
been proposed as shown in Fig.2.

In [33] mixed ligand complexes of Co (II), Ni (II)
and Cu (II) with L-glutamine and succinic acid was stud-
ied in varying amounts (0.0 — 2.5 %, w/v) of sodium do-
decyl sulfate (SDS) in aqueous solutions while maintain-
ing an ionic strength of 0.16 mol/L™" (NaCl) at 303.0 K.
Titrations were performed in the presence of different

relative concentrations (M:L:X = 1:2:2, 1:4:2 and 1:2:4)
of metal (M) to L-glutamine (L) to succinic acid (X) us-
ing sodium hydroxide. The best-fit chemical models
were selected based on statistical parameters and residual
analysis. The species detected were ML,X, MLX,
MLXH and MLXH, for Co (II), Ni (II) and Cu (II). The
increased stability of the ternary complexes compared to
their binary complexes was believed to be due to electro-
static interactions of the side chains of the ligands, charge
neutralization, chelate effect, stacking interactions and
hydrogen bonding. The species distribution with pH at
different compositions of SDS and plausible equilibria
for the formation of the species are also present-

ed (Fig. 3).
W O
N\ N=
COOH!(‘(:’E/’FOOC\CH
KT ~OH
& | \00‘3““-—<:/H
HO—CH—co0 2

Fig. 2. Structure of the complex 2K
[Co(I)(MaH)2(Py)2]*.

ML ;X

Fig. 3. Structures of the mixed ligand complex

The complexation of Cu®" ions with I-
hydroxyethylidene diphosphonic acid and N- (2-
hydroxyethyl) iminodiacetic acid in the presence of two
additional low-dentant ligands (2-aminoethanol and eth-
ylenediamine in aqueous solutions) was studied in [37]
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by thespectrophotometry and ionometry methods. The
formation of mixed ligand complex compounds is shown
and their stability constants are calculated. The formation
of mixed ligand complexes with 1-
hydroxyethylidenediphosphonic and ethylenediamine, as
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ligands with different donor centers (O, N), makes it pos-
sible maximally effectively to realize in the coordination
sphere of the Cu”" ion two ligands of different nature.
This fact is well correlated with the principle of for-
mation and stability of multiligand complexes.

In [34], reactions of the formation of homogene-
ous and mixed ligand complexes of cobalt (IIT) with eth-
ylenediamine and ethylenediaminetetraacetic acid in
aqueous solutions were studied by methods of spectro-
photometry and nuclear magnetic relaxation. Optimal
conditions for the formation of complex particles in solu-
tions, which ensure the stabilization of the highly oxi-
dized state of cobalt, were established. Stability values of
mixed ligand complexes were calculated. In aqueous so-
lutions, the cobalt (III) cations are predominantly coordi-
nated by the anion of the aminocarboxylate reagent with
the formation of an extremely thermodynamically stable
chelate, due to the formation of five f-membered cycles:
one ethylenediamine and four glycinate ones.

In [35] complexes with microelements (Mg, Zn,
Mn, Cu and Co) were obtained using enzymatic hydroly-
sates of milk whey protein concentrates. To increase the
content of trace elements in chelates and increase their
bioavailability for the production of chelating complexes,
a hypoallergenic low-molecular fraction (<10kD) of
whey protein hydrolysates obtained by ultrafiltration was
used. The toxicity of chelate compounds of zinc, magne-
sium, manganese, cobalt, iodine and iron, as well as their
mixtures in various doses, has been studied.

Products of metabolism and processing of lac-
tic acid bacteria (LAB) are perspective components of
mixed ligand chelate complexes

Are presently known various positive effects of
lactic acid probiotic bacteria, confirmed by numerous
clinical studies. First of all it should be noted that these
bacteria have an important role in maintaining coloniza-
tion resistance, that is, have pronounced antagonistic ac-
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tivity against pathogenic microorganisms. Such effects
are due to by the fact that LAB produce the various or-
ganic acids, hydrogen peroxide, bacteriocins, short chain
fatty acids, diacetyl [36-40]. These substances have got
antagonist activity, implicitly affect on the immune sys-
tem, reducing the antigenic load caused by pathogenic
microorganisms.
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ramy! dipeptide, teichoic acids [41-43]. They are objects
for recognition by the system of innate immunity and
signals for start of an adaptive immune response. To ob-
tain such structural components, a number of methods of
the direct destruction of the LAB cell walls with the use
of physical, chemical, biochemical and combined meth-
ods have been developed. Substances containing metabo-
lites and products of destruction of the LAB cell walls
have proved themselves as effective immunotropic
agents [44-48].

The use of such substances as bioligands to pro-
duce mixed-ligand chelate complexes of biometals is
very perspective. Metabolites and structural components
of the LAB cell walls contain in their composition a mass
of potential donor atoms that are capable to form cova-
lent and coordination bonds with biometals. As the donor
centers of the considered bioligands there can be carbox-
ylic, hydroxyl also amino groups, peptide bonds, nucleic
acids and carbohydrate components.

The products of the metabolism of the LAB and
of the their cell walls degradation are a unique system
with a high biological and immunotropic activity. The
use of this system in the biocoordination compounds of
the "metals of life" can provide a synergistic effect of the
constituents, significantly expand the range of their phys-
iological activity, assimilation by the body and, conse-
quently, rationalization of their use.

1. Orbelis D, Harland A, Skalnyiy D. Biologicheskaya rol makro- i mikroelementov u cheloveka i zhivotnyih: Orbelis. B.SPb.: Nauka: 2008.
2. Avtsyin AP, Zhavoronkov F., Rish MA, Strochkova .S. Mikroelementozyi cheloveka: etiologiya, klassifikatsiya, organopatologiya: M.: Med-

itsina; 1991.

3. Marth JD. A unified vision of the building blocks of life. Nat Cell Biol.2008; 10(9):1015-1016.
4.  Skalny AV, Skalnaya MG. Metal ions as bioelements. Metal ions in biology and medicine. 2011;.11: 14
5. Bioelementology as integrative approach in trace element research. 14th International Symposium On Trace Elements in Man and Ani-

mals.China, Hubei, Enshi. 2011; 229

Pais I, Jonts JB. The handbook of elements. Boca Raton: St. Lucie Press; 2000..
Skalnyiy AV, Rudakov IA. Bioelementyi v meditsine Avtor: Uchebnoe posobie: MIR ONIKS 21 vek; 2004. ISBN 5-329-00930-8

Kalyukova EN. Svoystva metallov i ih soedineniy: uchebnoe posobie: Ulyanovsk : UIGTU, 2009; ISBN 978-5-9795-0407-0

6
7.
8. Karkischenko NN. Rol mikroelementov v sportivnom pitanii i bezopasnost metallohelatov. Biomedi-tsina. 2013; 2: 1241
9
1
1

0. Loginova NV. Metallokompleksyi v meditsine: ot dizayna k himioterapii i diagnostike: Mn.: BGU; 2006.
1. .Ulahovich NA i dr. Metallyi v zhivyih organizmah. Uchebnoe posobie dlya lektsionnogokursa «Osnovyi bioneorganicheskoy hi-mii»: Kazan:

Kazanskiy universitet; 2012.

12.  Ulahovich NA. Kompleksyi metallov v zhivyih organizmah. Sorosovskiy obrazovatelnyiy zhurnal. 1997; 8: 27-32.

13.  Litvinova TN i dr. Biogennyie elementyi. Kompleksnyie soedineniya: Rostov n/D: Feniks; 2009.

14.  Ershov YuA, Popkov AS, Berlyand Yu.i dr. Obschaya himiya. Biofizicheskaya himiya. Himiya biogennyih elementov: M.: Vyissh. Shk; 2000.

15. Neudachina LK, Lakiza NV. Fiziko-himicheskie osnovyi primeneniya koordinatsionnyih soedineniy: [ucheb. posobie]: M-vo obrazovaniya i
nauki Ros. Federatsii, Ural. feder. un-t. — Ekaterinburg : 1zd Ural. Un-ta; 2014.

16. Barashkov GK. Meditsinskaya bioneorranika. Osnovyi, analitika, klinika: M.: Izdatelstvo BINOM; 2011. ISBN 978-5-9518-0455-6.

17. Kiselev YuM. Dobryinina NA. Himiya koordinatsionnyih soedineniy: M.: Izdatelskiy tsentr «Akademiyay, 2007.

18.  Skopenko VYV, Tsivadze AYu, Savranskiy LI, Garnovskiy AD. Koordinatsionnaya himiya: M.: IKTs «Akademkniga», 2007.

19. Biometalloorganicheskaya himiya / Pod red. Zh.Zhauena: M.:BINOM. Laboratoriya znaniy; 2009.

20. Scheglova NV, Pechnikova AS, Shevchenko Al. Smeshannoligandnyie kompleksyi kobalta (III) s etilendiaminom i etilendiamintetrauksusnoy
kislotoy v vodnyih rastvorah Vestnik Kazanskogo tehnologicheskogo universiteta. 2014; 17(17): 56-59

Xap4oBa HayKa i TEXHOJIOTIs 46

Volume 11 Issue 1 /2017



bionpouyecu, 6iomexHonozia xap4yoeux npodykmie, AP

21. Kornev VI, Keppel NV. Smeshanoligandnyie kompleksyi medi (II) s nitrilotriuksusnoy i limonnoy kislotami v vodnomrastvore. vestnik
udmurtskogo un-ta. 2009; 2: 25-31

22. Terekhova IV I dr. Investigation of the pH-dependent complex formation between B-cyclodextrin and dipeptide enantiomers by capillary elec-
trophoresis and calorimetry. J. Sep. Sci. 2010; 33:. 2499-2505.

23. Semenov AN, Nikolaeva LS, Mamontov MN, Lyapina LA, Pastorova VE, Feofanova MA. Sravnitelnyiy analiz protsessov
kompleksoobrazovaniya ionov magniya i kaltsiya s nizkomolekulyarnyim i nefraktsio-nirovannyim geparinom. Zhurn. neorg. him. 2007; 4:
706-712.

24. Semenov AN. Fiziko-himicheskie zakonomernosti obrazovaniya metallokompleksov ionov nekotoryih s-, d- i f-elementov s geparinom.
Avtoreferat diss. kand-ta him. Nauk:Tver; 2010.

25. Nikolaeva LS, Semenov AN, Burova LI. Smeshannoligandnoe kompleksoobrazovanie ionov kaltsiya i magniya s geparinom i glitsinom. Zhurn.
neorg. himii. 2011; 4: 689 — 696.

26. Zolotuhina NA. Kompleksyi perehodnyih metallov s organicheskimi ligandami polzunovskiy vestnIK. 2015; 4(2): 58-60

27. Medvedeva SA. Arabinogalaktan listvennitsyi — perspektivnaya polimernaya matritsa dlya biogennyih metallov Himiya i kompyuternoe
modelirovanie. Butlerovskie soobscheniya. 2002; 7: 45-50

28.  Cherno N, Ozolina S, Nikitina O. Preparation and characterization of iron complexes based on polysaccharides from Agaricus bisporus. Vos-
tochno-Evropeyskiy zhurnal peredovyih tehnologiy. ISSN 1729-3774. 2014; 5/11 (71): 52-57. DOI: 10.15587/1729-4061.2014.27614

29.  Verma Sh. Equilibrium study and Stability constants of mixed Ligand complexes of Biomolecules and Amino acids with Metal ions by Potenti-
ometric method. Research Journal of Chemical Sciences. March 2015; 5(3): 42-48,

30. Belayet MD. Synthesis and characterization of mixed ligand complexes of Co(IT) and Fe(IIT) ions with maleic acid and heterocyclic amines.
Journal of Bangladesh Chemical Society. 2012; 25(2): 139-145.

31. Rabindra P and Mohan A. Synthesis and characterization of mixed ligand complexes of bio-metals with pyrimidine nucleoside (uridine) and
amino acids Proc. Indian Acad. Sci. (Chem. Sci.). December 2000; 112(6): 593—-600

32.  Md. Sher Ali. Mixed Ligand Complexes of Co(II) and Ni(II) Containing Organic Acids and Amine Bases as Primary and Secondary Ligands
International Journal of Materials Science and Applications. 2015; 4(4): 225-228

33. Gandham Hima Bindu and Gollapalli Nageswara Rao. Mixed ligand complexes of essential metal ions with L-glutamine and succinic acid in
sodium dodecyl sulfate-water mixtures J. Serb. Chem. Soc. 2012; 77 (4): 453-463.

34. Scheglova NV, Pechnikova AS, Shevchenko Al, Smotrina TV, Popova TV, Shkodich VF. Smeshannoli-gandnyie kompleksyi kobalta (IIT) s
etilendiaminom i etilendiamintetrauksusnoy kislotoy v vodnyih rastvorah. Vestnik Kazanskogo tehnologicheskogo universiteta. 2014;17: 56-59

35. Baranova NV, Semenov A.N, Feofanova MA, Frantseva YuV. Smeshanoligandnyie kompleksyi ionov Cu, i Ni, s vyisokomolekulyarnyim
geparinom i nekotoryimi aminokislotami Nauchno-tehnicheskiy vestnik Povolzhya. # 5 2011g. — Kazan: 36-40

36. Kutoley DA, Bezborodko SA, Shtemenko AV. Obrazovanie smeshanoligandnyih kompleksov Cu(Il) na osnove kompleksonov sredney
dentatnosti Naukovl pratsI DonNTU. Serlya: HImlya I hImlchna tehnologlya. 2013; 1(20): 64-69,

37. Glushanova NA. Biologicheskie svojstva laktobacill. Bjulleten' sibirskoj mediciny. 2003; 4: 50-58

38. Stojanova LG, Ustjugova EA, Netrusov Al. Antimikrobnye metabolity molochnokislyh bakterij: raznoobrazie i svojstva (obzor). Prikladnaja
biohimija i mikrobiologija.2012;48(3): 259-275

39. Shenderov BA. Medicinskaja mikrobnaja jekologija i funkcional'noe pitanie v 3. T 3 Probiotiki i funkcional'noe pitanie. M.: GRANT. 2001;
288.

40. Neschisljaev VA i dr. K voprosu razrabotki probioticheskih preparatov iz kul'tural'noj zhidkosti laktobakterij. 2007; 1-2: 55.

41. Kapustjan AI, Cherno NK. Perspektivi vikoristannja biologichno aktivnih bakterial'nih gidrolizativ dlja nutritivnoi pidtrimki naselennja z
rozladami imunnoi. Harchova nauka i tehnologija. 2015; 2(31): 18-25. DOI: 10.15673/2073-8684.31/2015.44263

42. Kawai T, Akira S. The role of pattern-recognition receptors in innate immunity: Update on Toll-like receptors. Nat. Immunol. 2010; 11: 373—
384.

43. Harris G. et al. How the Immune System Recognizes Self and Nonself. Immunoreceptors and Their Signaling. Dordresht, the Netherlands:
Springer. 2008; 251.

44. Jessica Humann and Laure L. Lenz. Bacterial peptidoglycan degrading enzymes and their impact on host muropeptide detection. J Innate Im-
mun. 2009 ; 1: 88-97. doi:10.1159/000181181

45. Katsuhiko Matsui and Reiko Ikeda Peptidoglycan in combination with muramyldipeptide synergistically induces an interleukin-10-dependentT
helper 2-dominant immune response. Katsuhiko Matsui Microbiol Immunol.2014; 58: 260-265. doi: 10.1111/1348-0421.12139

46. Traub S [et al.] MDP and other muropeptides — direct and synergistic effects on the immune system. J. Endotoxin Res. 2006; 12 (2): 69-85.

47.  Polovinkina VS, Markov EYu. Immunoadyuvantnyie svoystva muramildipeptida. Byulleten VSNTs SO RAMN. 2012; (83): 149-153

48. Potehina NV. Teyhoevyie kislotyi aktinomitsetov i drugih grampolozhitelnyih bakteriy. Uspehi biologicheskoy himii. 2006; 46: 225-278

@ttt R R R NN RN R NN e AN AR R R R R RN NN NANARARARARARARARARERERESESESESESESESESRRRERELES -

XEJIATHBIE ®OPMbl BUOMETAJIJIOB.
TEOPUTUYECKUE ACIIEKTHBI IOJIYYEHUSA U XAPAKTEPUCTUKHU

A.N. KanycTsiH, KaHIWAAT TEXHUYECKHUX HayK, TOUEHT, E-mail: onaft foodtechn@mail.ru

H.K. YepHo, 10KTOp TeXHUUECKUX HAyK, podecop, E-mail: cherno n_k@mail.ru

Kadepa MAmeBor XUMHU

Opnecckast HalMOHAJIbHAS aKaJIeMusl MUILEBBIX TexHosoruil, yn. Kanarnas, 112, . Onecca, Ykpauna, 65039

AnHoTanust. OcgerieHa mpo6iemMa OHOIOCTYITHOCTH MHKPO3JIEMEHTOB 1 000CHOBAHBI KOPPEKTHBIE ITyTH €€ PELLCHUS B pe-
3yssTaTe 0000IICHNS TEOPETHUECKUX aCTIEKTOB MOTyUYeHHs XenaTHeIX (opM Onomeraios. [IpencTaBnena XxapakTeprucTUKa OCHOB-
HBIX OHMOTEHHBIX SJEMEHTOB, UX (DU3MOJIOTMYECKOE 3HAYCHME, HICKTPOXHMMYECKHE CBOWcTBA. IIpUBEICHBI OCHOBHBIC NPHUMEPHI
y4acTrst GHOMETAIUIOB B Pa3IMYHBIX OMONOrMYECKUX Hpoleccax. JleTalbHO pacCMOTPEHBI CBOMCTBA i OCOOEHHOCTH CTPOCHHS KO-
OPIMHAIMOHHBIX KOMIUICKCOB OMoMeTasnIoB. IToka3aHo, YTo MU IOy YEeHNH XeIaTHBIX ()opM OHOMETAIUIOB HMEET MECTO B3aMHAsT
n30MpaTebHOCTD M CPOJCTBO OMOMETAIOB U JIMTaH/OB. [IpuBeseHB OCHOBHBIE (haKTOPHI HOTyYEHHS yCOIUNBBIX METAIOKOM-
IUIEKCOB. JleTabHO paccMOTPEeHBI MOTCHIMAIBHBIE OUOIUTa /Bl ISl HOMyYeHHsT OMONOCTYIHBIX (OPM MUKPOAJIEMEHTOB: aMHHO-
KHUCJIOTBI, IENTUBI, OCJIKH, HYKJICHHOBBIE KHCJIOTHI, YIJICBOJBL. YKa3aH BO3MOXKHBIH XapaKTep KOMILIEKCOOOpa30BaHHsl B 3aBUCHMO-
CTH OT Ipupofbl Ononuranza. I[IpuBeneHs! MpakTHYECKUE IPUMEPBI HTOMYYeHHS CMELLIaHHOIUTaHAHBIX KOMILUIEKCOB OMOMETAIIIOB.
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OG6ocHOBaHa 11eNIeco00pa3HOCTh UCTIONB30BAHUS IIPOAYKTOB MeTaboI3Ma 1 epepaboTku MonodHokucsix 6akrepuit (MKDB) B ka-
YeCTBE MEPCIEKTUBHBIX KOMIIOHEHTOB CMEIIAHHOIUTAH/IHBIX XeIaTHBIX KOMIUIEKCOB. JlaHHbIE CyOCTaHIIMU COlepKaT B CBOEM CO-
CTaBe MacCy NOTEHIMAIBHBIX JIOHOPHBIX aTOMOB, CIIOCOOHBIX K 00pa30BaHMIO KOBAJICHTHBIX M KOOP/MHALMOHHBIX CBsi3el ¢ Orome-
TaJUlaMy, a TaKoKe 00M1a1at0T BHICOKOIM OMONIOrMYeCKO 1 HUMMYHOTPOITHOM aKTUBHOCTSMU. [IprMeHeHne 1aHHOH CHCTEMBI B COCTa-
B OMOKOOP/MHALIMOHHBIX COSIMHCHHIT «METaJUIOB JKM3HH» MOXET 00CCHEUMTh CHHEPrH4ecKHil 3((EeKT COCTABIAIOMINX, 3HAUH-
TETBHO PACIIMPUTH CIIEKTP UX (DH3UOIOTHIECKOI aKTHBHOCTH, TIOBBICUTH CTETICHD YCBOCHHS OPTAHU3MOM.

KiroueBble cioBa: GromeTamuisl, OHONOCTYITHOCTD, XeNaTHbIe KOMIUIEKCHI, OMONUTaHIbl, MOJIIOYHOKHCIE OaKTEepUH, MeTa-

60HI/ITLI, HUMMYHOTPOITHBIC BEIICCTBA.
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