INNOVATIVE

BIOSYSTEMS AND
BIOENGINEERING

International scientific e-journal

Vol.5 - No. 4

2021

Founded in November, 2017

Alexander GALKIN,

Oleksandr SOLDATKIN,

Adam VOELKEL,
Belur PRASANNA,
Gilbert AHAMER,
Grzegorz LAGYD,
Henryk SOBCZUK,
Ievgen NASTENKO,

Ivars KALVINSH,

Jakub D. RYBKA,
Larysa BONDARENKO,
Marceli KORALEWSKI,
Nataliia GOLUB,

Olena KARPENKO,

Svetlana RYBALKO,

Tetiana TODOSIICHUK,
Vitalii ZABLOTSKII,
Vladimir SHIROBOKOV,
Walery ZUKOW,

Editorial office:

EDITOR-IN-CHIEF
Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

DEPUTY EDITOR-IN-CHIEF
Institute of Molecular Biology and Genetics of NASU, Ukraine

EDITORIAL COUNCIL

Poznan University of Technology, Poland

National Institute of Technology Karnataka, India

Austrian Academy of Sciences, Environment Agency Austria, Austria
Lublin University of Technology, Poland

Lublin University of Technology, Poland

Amosov National Institute of Cardiovascular Surgery, National Academy
of Medical Sciences of Ukraine, Ukraine

Latvian Institute of Organic Synthesis, Latvia

Adam Mickiewicz University, Poland

SI "Institute of Pharmacology & Toxicology NAMS of Ukraine", Ukraine
Adam Mickiewicz University, Poland

Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

Department of Physics and Chemistry of Fossil Fuels InPOCC,
NAS of Ukraine, Ukraine

Gromashevsky L.V. Institute of Epidemiology and Infection Diseases,
Ukraine

Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

Institute of Physics, Academy of Sciences of Czech Republic, Czechia
Bogomolets National Medical University, Ukraine

Nicolaus Copernicus University, Torun, Poland

building 4, Av. Peremogy, 37, Kyiv, 03056,
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"

E-mail: ibb@lll.kpi.ua
http://ibb.kpi.ua

Founder and Publisher — National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”




Table of Contents

Shchotkina N.V.
Aspects of Lyophilization of Cardiac Bioimplant .................ccoooeiiiiiiiiiiiiiiiiiieeee e

Ivanova A.O., Yalovenko O.l., Dugan O.M.
Human Gut Microbiome as an Indicator of Human Health................cooooviiiiiiiiiiiiicceiceeeeeeeeee.

Mykchaylova O.B., Poyedinok N.L.
Antimicrobial Activity of Fomitopsis Officinalis (Vill.) Bondartsev & Singer in Pure Culture .....

Dmytrenko O.V., Arkhipova M.A., Starosyla D.B., Rybalko S.L., Gevorkyan M., Galkin A.Yu.
Biological Evaluation of Medical Devices in the Form of Suppositories for Rectal and
VaZINAL USC...iiiiiiiiiiit e et e et e e e e e e et e e et e eeeee e e ettt e eeaee e ae e aeaaes

Artemenko A.G., Dekina S.S., Romanovskaya I.I., Kuzmin V.E.
QSAR Analysis of the Effect of Metal lons on the Peptidase Bacillus thuringiensis var. israelensis
IIMYV B=7465 ACHVILY .oevveeiieeiiieiieiiestiesiteeiteete st eiaeeteebeesbeesseasseasstessseesseesseasseasseanseenssesssesssesenenens

200

207

220

228

238



Review

doi: 10.20535/ibb.2021.5.4.239725
UDC 602:57.085.2:616-089.843:612.7](045)

ASPECTS OF LYOPHILIZATION OF CARDIAC BIOIMPLANT
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The use of implants of biological origin in clinical practice has led to the search for methods of long-term
storage of tissues without damaging their functional and structural characteristics. Xenografts (extracted from
pericardium of pigs, horses, bulls) are drawing more and more interest. The bovine pericardium is exposed to
chemical and physical factors providing complete purification of tissue from cells and their components.
Such scaffolds are protein (collagen) complexes that fully replicate the microstructure of the pericardial tis-
sue. Lyophilisation ensures long-term preservation of the extracellular matrix properties. The principle of the
method is in drying pre-frozen tissue, in which water is sublimated. The method is intended for storage,
transportation, and the subsequent use of the bioimplant in clinical practice. However, the lyophilization
process may be accompanied by various undesirable factors that can lead to denaturation of the matrix pro-
tein or loss of its functionality and structure. To preserve the natural microstructure, stabilizers or various
modifications (slow/fast freezing, reducing the degree of supercooling, etc.) of the lyophilization process are
applied to biological prostheses. In this review, the main processes of lyophilization of biological tissue are
described, which can affect the operation of a cardiac implant. A deep understanding of the parameters of
the lyophilization process is crucial for creation of stable tissue grafts and their subsequent long-term storage.

Keywords: scaffold; lyophilization; tissue engineering; bovine pericardium; extracellular matrix.

Introduction

Modern treatments for heart failure are aimed
at correcting (masking) symptoms and while the
latest research strategies are aimed at eliminating
the causes of their occurrence — repairing damaged
myocardium or regenerating it, often regenerative
medicine approaches are used. Despite recent ad-
vances in this field, few patients fully restore heart
function. Today, the most effective treatment for
patients with end-stage heart failure is cardiac al-
lotransplantation [1, 2]. However, the number of
patients requiring transplantation significantly ex-
ceeds the number of donor hearts [3]. Therefore,
the development of alternative treatments for heart
failure remains a top priority. One of the possible
methods is the use of xenograft-derived scaffolds
which is a decellularized matrix, these scaffolds are
used to replace or support damaged heart tissue.
The decellularized scaffold can be applied to the
surface of the heart to prevent, or even regress, the
spread of heart damage. Also, grafts that are to a
certain extent populated with cells and delivered to
the site of injury can help restore lost heart cells
and further recovery. An ideal scaffold should be
compatible with all types of heart cells, provide
mechanical strength in the right place, properly
order cells and transmit biochemical signals for the
proper functioning of cells in the heart [4]. Sources

of such scaffolds can be biological or synthetic ma-
terials, each of which has its own advantages and
disadvantages. Synthetic materials are not always
biodegradable and often do not meet the require-
ments for the attachment and infiltration of cells in
the vessels and parenchyma; however, it is conven-
ient to make grafts of almost any size and shape
from them [5].

Unlike synthetic scaffolds, biological ones,
which usually originate from the extracellular ma-
trix (ECM), support the transmission of biochemi-
cal signals necessary for cell migration, proper po-
sitioning, and differentiation. However, they can
be mechanically unstable when exposed to physical
conditions (sterilization, lyophilization, etc.).

One of the widely used methods for the pres-
ervation of donor tissues is lyophilization — a
method of drying pre-frozen tissue intended for
long-term storage and its further use (after rehy-
dration) in clinical practice. The peculiarity of this
method lies in the fact that drying occurs during
the transition of water from a solid state to steam,
bypassing the liquid phase [6]. Drying of tissues
during lyophilization leads to dehydration of the
amorphous matrix surrounding the collagen fibers.
As a result, certain structural transformations of
the biotechnologically transformed tissue matrix
occur [7]. For the first time, a systematic study of
the properties and qualities of lyophilized grafts
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took place in the 1950s of the last century. Some
of the first researches devoted to tissue lyophilisa-
tion belong to E.W. Flosdorf [8]. To date, a fairly
large number of studies have been devoted to com-
prehensive research of lyophilized graft architec-
tonics and biomechanical properties [9, 10]. Scien-
tists have proven that during lyophilisation tissues
acquire resistance to environmental factors and the
ability to maintain a complex of structural and bio-
chemical properties that are important for the
transplantation [11, 12]. In addition, lyophilisation
of xenograft is necessary prior to gamma-ray ster-
ilization to avoid substantial changes in the tissues
without dehydration that make impossible their
clinical use. The lyophilisation process does not
significantly affect the structure of tissues such as
bone, cartilage and pericardium [13].

Lyophilized bovine pericardial transplants trea-
ted with glutaraldehyde are used in surgery for
heart valve replacement. The use of such scaffolds
often leads to implant calcification. However,
some authors report that lyophilisation before
chemical treatment reduces inflammation and pre-
vents calcification, as well as not changing the me-
chanical characteristics of the biomaterial; it does
improve its immune properties, and allows the
graft to be preserved for future use [14].

Scientific advances in tissue engineering make
it possible to create grafts using various chemical
and physical methods. At the same time, the influ-
ence of the lyophilisation process on the properties
of new grafts requires further study, which deter-
mines the relevance of the selection of the optimal
parameters and reagents of the method (Figure).
The structure of the Iyophilisation process can have
a significant impact on tissue stability. To reduce
structural damage and preserve the natural proper-
ties of the fabric, it is necessary to analyse the
freezing rate and temperature, drying rate and
moisture content in stages. Therefore, the purpose
of this review was to consider the main processes
of lyophilization and its effect on biological tissues.

Packaging in
blister packs

Slicing of

Sfymrtitdl Decellularization

Lyophilization
without shock
freezing

Bioimplant Radiation

sterilization

Figure: Scheme of creating a lyophilized bioimplant

Modern approaches to long-term storage of
biological tissues

Lyophilisation is one of the most effective
techniques for the long-term storage of tissues
for surgical use. The peculiarity of this method is
that drying takes place during the transition of
water from a solid state to vapour without a li-
quid phase [15]. This phenomenon of evaporation
of a solid without melting is called freeze drying.
The displacement of moisture from a frozen state
of biological tissue is due to the property of water
to pass from the state of ice to the vapour state at
temperatures below zero, under the influence of
vacuum and at a pressure of less than 4.6 mm Hg,
that is, the solid passes into vapour without the
formation of an intermediate liquid state. It is im-
portant that during lyophilisation to create condi-
tions that regulate tissue temperature and water va-
pour pressure to ensure a continuous transition of
ice to steam. The crystallization temperature is
usually determined by measuring the conductivity
of an electric current [16, 17]. Dehydration is car-
ried out by maintaining the equilibrium of the
concentration of water vapour in the tissue and the
environment. If the space around the tissue is re-
leased from water vapour, their loss is compensated
by the sublimation of an appropriate amount of
water vapour from the frozen tissue [18].

Freeze drying of biological tissue (homo- or
heterograft) aims to create an implant bank for use
in modern cardiac surgery. Lyophilisation ensures
optimal preservation of all functional properties
and architectonics of the extracellular matrix
(ECM) of the cardiac implant. This method avoids
the problem of storing frozen tissues due to the
transition of the tissue into a dry form. Lyophilisa-
tion is used for storage of bio-prostheses and in tis-
sue engineering [19, 20].

The lyophilisation process includes the stages
of freezing, primary and secondary drying, taking
into consideration stability of the protein, the
characteristics of the inert filler, and the critical
temperatures of the structure [21].

Freezing is the initial stage using several such
freezing agents as liquid nitrogen, liquid oxygen
and dry ice. When freezing biological materials, the
cooling rate plays an important role, on which the
size of the ice crystals depends. With fast freezing,
a fine-crystalline structure of the frozen tissue is
formed, with slow freezing, a coarse-crystalline one
is formed. The formation of ice crystals and their
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size depends to a large extent on the degree of
hypothermia, the start point of crystallization tem-
perature and of cooling rate [22—24]. In order to
obtain frozen tissue without microscopically visible
crystals, the temperature must be reduced every
second by 10—20°C, since slow freezing allows
water to crystallize [25]. The cooling rate of bio-
logical tissue for conservation depends mainly on
the cooling temperature, the nature of the environ-
ment and the size of the tissue being processed [26].
Under optimal conditions, freezing forms large ice
crystals with minimal surface area.

Annealing is a stage of the freezing process
during which the product temperature is kept
higher than the final freezing temperature for a
sufficiently long time. Annealing promotes the
crystallization of inert fillers (mannitol and gly-
cine), which in turn prevents the breakdown of
matrix proteins and strengthens their storage stabi-
lity [27—29].

Primary dehumidification. The next stage is
the evaporation of the solution from the ice, which
occurs at an increasing product temperature, but
within the limits below the critical temperature
(glass transition temperature and collapse tempera-
ture). This process can be controlled by the pres-
sure in the lyophilisation chamber providing that
the pressure in the chamber is lower than the pres-
sure of saturated water vapour at the required tem-
perature [30]. The difference between the pressure
in the chamber and the vapour pressure serves as
the driving force for the sublimation reaction. Pa-
rameters of the primary drying process, such as
temperature and duration, heating intensity, pres-
sure in the chamber, can affect the quality of the
final product.

Secondary dehumidification. Residual mois-
ture is removed by secondary dehumidification
using desorption. Compared to the primary proc-
ess, the product temperature is higher and the
chamber pressure is lower [31]. When heating
during primary drying to the temperature at the
beginning of secondary drying, excessive increase
heating intensity should be avoided to prevent
both protein denaturation and product polymeri-
zation [32]. In general, it is recommended to set a
high temperature for a short period in order to
reduce the lyophilisation duration. The tempera-
ture, the pressure in the chamber and the dura-
tion of secondary drying must be optimized taking
into account the required moisture content of the
dried product, which is necessary to preserve the
protein structure [33].

Innov Biosyst Bioeng, 2021, vol. 5, no. 4

Unfavourable aspects during lyophilisation of
biological tissues

Biomaterials for implants in cardiac surgery
are an extracellular matrix (collagen protein) puri-
fied from cells and their components. The structure
of water around collagen was investigated by vari-
ous methods [18]. It has been shown that water
plays an important role in maintaining the micro-
structure of the collagen matrix and provides the
mechanical properties of collagen fibrils [34]. Wa-
ter can interact with collagen in three states: free,
bound, or structural. Free water fills the space be-
tween the microfibrils and the protein fibrils. At
the same time, the bound water stabilizes the col-
lagen double helix. Structural water is responsible
for the stabilization of the protein triple helix by
forming hydrogen bonds between the helix [26].
These differences lead to a significant effect on the
dynamics of water removal and the composition of
residual moisture in dry preparations. The amount
of bound water, as well as the strength of its bind-
ing to the substrate that is measured by the binding
energy in different preparations, can vary widely
depending on the type of tissue that is subjected to
conservation [18].

Water molecules coming out of tissue can be-
have in different ways. Very often, water molecules
from the inside of the tissue turn back into ice on
the surface of the tissue. In other cases, water
molecules freely leave the tissue and are retained
by the condenser of the lyophilizer. The resistance
that water molecules meet on their way is due to
the shape and size of the tissue and the thickness
of the dried layer. The thinner the tissue, the
smaller its size and the faster it cleans from the
water. An important factor in tissue dehydration is
its residual moisture, which affects the preservation
of the morphological structures of the tissue that is
being preserved. Residual moisture is defined as
the percentage between the weight of the native
and lyophilized biological tissue. The acceptable
degree of dehydration for vessels is a threshold
within 5% of residual free water [35].

At the end of the first drying period, when the
free water is completely removed, the temperature
rises to about 0 °C. The residual moisture of the
tissue, due to the presence of the bound water, re-
mains at 5—10% of the dry mass. This moisture
could not be removed under the physical condi-
tions that are characteristic of the first drying pe-
riod. In the second period, when the temperature
of the material rises to +30 — +40 °C, conditions
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are created for the water removal, which is bound
to the substrate by stronger bonds. Until the end of
the second period, the residual tissue moisture usu-
ally decreases to 1-2% [36].

Thus, the lyophilisation process can signifi-
cantly damage the microstructure of the ECM,
which is important for the effective operation of
the biological prosthesis. At this time, various
chemical and physical methods are used to pre-
serve the structure of the matrix after freeze drying.
One of the widely used methods is the use of glu-
taraldehyde (GA) as a crosslinking agent. GA sta-
bilizes the collagen structure, prevents the destruc-
tion of tissues by enzymes or bacteria, and also re-
duces the antigenicity of the material [37]. How-
ever, the use of GA may result in uneven collagen
linking (surface linking), which may result in the
formation of multilayer material and, as a conse-
quence, a limitation of the mechanical properties
of the valve leaflets under cyclic loads. M. Lopez-
Moya et al. mention that the main controversial
aspect of this method is the appearance of a pro-
gressive calcification process leading to deteriora-
tion in the structure of the bio-prosthesis and loss
of its function [38]. To eliminate the process of
calcification of bio-prostheses, several methods
have been proposed, such as: treatment with hepa-
rin, hyaluronic acid coatings and photochemical
crosslinking [39].

Complete rejection of GA is possible with
cross-linking using soluble carbodiimide (1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide) and an
organic substance derived from proline (N-hydroxy-
succinimide). Stabilization of the "cross-linking"
process is carried out in the MES buffer (2-(N-
morpholino) ethanesulfonic acid). The effectiveness
of this technique was positively assessed according
to the results of the biomechanical properties of
the implant [40].

However, the successful course of the lyo-
philisation process depends not only on the pres-
ence of a stabilizing agent, but also on factors such
as crystallization, pH shift, formation of ice crys-
tals and so on. A change in the chemical equilib-
rium in the system during lyophilisation can lead
to protein denaturation and loss of its biological
activity.

Freezing can cause structural and conforma-
tional changes in the protein, which are usually re-
versible. During lyophilisation, a two-phase matrix
is formed, consisting of ice and a frozen matrix,
containing solvent molecules and a fraction of wa-
ter that is not frozen. The solidification of the fro-
zen matrix leads to separation into a phase without
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ice and a phase with ice [41]. Protein products
may become unstable during freezing and crystalli-
zation. The cause of instability during lyophilisation
is incomplete crystallization of cryoprotectants.
Crystalline inert fillers such as mannitol and
glycine must be completely crystallized upon freeze-
drying because complete crystallization of mannitol
can result in further crystallization during storage,
which, in turn, can lead to loss of protein stabili-
ty [42]. Taking into account the properties of crys-
tallization and characteristics of metastable forms
during transformation is a prerequisite for the deve-
lopment of stable protein products [43]. A review of
previous publications suggests that crystallization with
cryoprotectants is one of the main protein destabi-
lizing factors. Thus, the choice of cryoprotectants
with a low tendency to crystallization can be a so-
lution to ensure stability and preserve the biological
activity of the protein in the frozen state [44, 45].
Protein products are stable at isoelectric pH
values between 6 and 7. At higher values, the re-
pulsion of the same charges of the protein mole-
cules occurs, which causes its denaturation or un-
folding. The change in pH in a frozen product can
be observed during freezing of components which
contain less soluble buffer components. During
freezing of a protein product with such buffer
components as sodium phosphate and succinate,
their possible crystallization results in a decrease in
pH by 3 units, which significantly destabilizes pro-
teins [46, 47]. When such salts as sodium or potas-
sium phosphates are used as buffering components,
the difference between the freezing point of mono-
ionized (salt) and non-ionized (free acid or base)
samples causes one component to freeze earlier
than the other, leading to destabilization of pro-
teins (denaturation or conformational changes) [48].
Thus, biological tissues dried by the freeze-
drying method differ significantly in their proper-
ties from similar tissues dried from a liquid state. A
characteristic feature of lyophilized tissues is their
almost complete keeping the original volume turn-
ing into a dry sponge. Before use, lyophilized tis-
sues are placed in sterile saline solution, which
may contain antibiotics (penicillin, streptomycin,
gentamicin) for further rehydration. The essence of
rehydration is that the lyophilized tissue absorbs
moisture and again acquires the properties charac-
teristic of the original state. With the correct rehy-
dration regimen, the physicochemical, plastic and
structural features of the pericardium can be re-
stored.
Lyophilized tissue when packed under vacu-
um, can be stored indefinitely both in a refrige-
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rated state and at room temperature. However, to-
day, according to the standards, freeze-dried xeno-
and allografts are recommended to be stored for no
more than 5 years. Transportation and storage of
such tissues are also carried out without any special
conditions and reservations [35].

Conclusions

According to the analytical review, it was de-
termined that today a large number of biocompati-
ble materials are used to create implants, but none
of them are ideal, therefore, the search for new
materials for plastic surgery of cardiovascular tissue
is relevant at the current stage of tissue engineering
development. Increasing preference is given to
natural matrices, in particular an extracellular ma-
trix based on the bovine pericardium, which has
advantages over synthetic analogues. The produc-
tion of xenograft-derived cardiac prostheses re-
quires guaranteed shelf life and transportation con-
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H.B. WoTkiHa
LleHTp autadoi kapgionorii Ta kapaioxipyprii, Knis, YkpanHa
MPUHUUNN NIO®GINI3ALIT BIONONYHUX KAPLIOIMMNIIAHTIB

BurikopucTaHHs B KNiHiYHIA NpakTuli iMnnaHTiB GionoriyHoro noxoaxeHHst 06yMOBMIO NOLLYK METOAIB AOBroTpuBanoro 36epiraHHs Tka-
HUH 6€e3 MOLLKOOXKEHHS X (PYHKUIOHANbHUX | CTPYKTYpHMX ocobnmBocTen. Yce Binblwinii iHTEPEC BUKMUKAOTL iMMANaHTU, BUTOTOBMEHI 3
KCEHOTKaHWH (nepvkapaa CBUHEN, KOHen, 6ukiB). buyaunn nepukapa niggatoTb Aii XiMiYHUX i i3UYHMX YMHHWMKIB, WO 3abe3neyyoTb
NOBHE OYMLLEHHSI TKAHUHU BIif, KMITUH Ta X KOMMNOHEHTIB. Taki ckachonam sSBnsoTe coboto GinkoBi (konareHoBi) KOMMMEKCH, L0 NMOBHICTO
BiATBOPIOIOTb MIKPOCTPYKTYpY MnepukapgianbHoi TkaHuHu. Jliodinisauis 3abesneyye 36epexeHHs BNacTUBOCTEN eKCTpaLentonsipHoro
MaTpuKCy MpPOTArom TpuBarnoro yacy. [puHUun mMeTody nonsrae y BUCYLLUYBaHHI nMonepeaHbO 3aMOPOXEHOI TKaHWHW, 3a SKoro BoAa
NOBHICTIO cybniMyeTbes. MeToa npusHayeHun onsi 36epiraHHs, TpaHCNOPTYBaHHSA Ta NOAAbLIOr0 BUKOPUCTaHHSA GioiMnnaHTa B KniHiy-
Hin npakTuui. OgHak npouec niodinizauii MoXe CynpoBOAKYBATUCH PiI3HUMU HECMIPUATAMBUMU YMHHUKAMMU, LLIO MOXYTb NPU3BOAUTY OO0
AeHatypadii 6inka maTtpukcy abo BTpaTh Moro dpyHKLiOHaNbHOCTI Ta CTPYKTYpHOCTI. [ns 36epexxeHHs MPUPOAHOI MIKPOCTYPKTYpu 6Gio-
npoTe3a BUKOPUCTOBYIOTb cTabinizatopu abo pi3Hi Mogudikauii (NoBiNbHE/LIBUAKE 3aMOPOXYBaHHS, 3MEHLLUEHHS! CTYMeHs Nepeoxoro-
[PKeHHs1 ToLo) npouecy niodinisauii. B HawwoMy ornsiai po3rnsiHyTo OCHOBHI npolecy nioginisauii 6ionoriYHoi TKaHWHK, Lo MOXYTb
BMNMBaTH Ha poboTy kapdioimnnaHTa. [nMuboke po3yMiHHA NapameTpiB npouecy niodinizauii Mae BupillanbHe 3HaYeHHS ONsi CTBOPEH-
HS1 CTabiNbHUX TKAHWHHMX TPaHCNaHTaTIB i3 NoAanbLWMM iX 4OBroTpMBanum 36epiraHHsM.

KntoyoBi cnoBa: ckadong; niodpinisauis; TKaHWHHA iHXeHepis; buyayunin nepukapa; No3akniTMHHUIA MaTpUKC.

H.B. WeTknHa
LleHTp AeTckon kapanonorumn n kapanoxmpypruu, Knes, YkpavHa
NPUHUUNBI TMOPUNNIALNUN BUONOITMYECKUX KAPOUOUMIITIAHTOB

Mcnonb3oBaHre B KNMHWYECKOW NpakTUKe MMMMaHTOB OMOMOrMiyeckoro NPoNCXoXaAeHUs NPUBENO K Hayany novucka MeToAoB AnuTenb-
HOro XpaHeHWs TKaHn 6e3 MoBpexXAEeHNS CTPYKTYPHbIX U (OYHKLMOHanNbHbLIX 0COBeHHOCTeh. BonbLUoi MHTepec Bbi3bIBAOT MMMMAHTI,
M3roTOBIEHHbIE U3 KCEHOTKaHel (nepukapaa CBUHeW, nowaaew, 6bikoB). Bblumii nepukapa noaBepraloT BO3OENCTBUIO XUMUYECKUX U
du3nyecknx dakTopo, obecneyrBaroLLmMX NOMHYI OYMCTKY TKaHW OT KIMETOK U X KOMMOHEHTOB. Takune ckaddonabl NpeacTaBnsioT co-
601 6enkoBble (KonnareHoBble) KOMMMEKChI, KOTOPbIE MOMIHOCTHLIO BOCMPOW3BOAST MUKPOCTPYKTYPY NepukapavanbHOn TkaHwu. Jinodu-
nusauus obecneynBaeT coOXpaHEHWe CBOMCTB IKCTpaLENIIONISIPHOrO MaTpukca B TeYeHve AnuTensHoro Bpemeru. MNpuHumn Metopa 3a-
KrnoY4aeTcs B BbICYLUMBaAHUN NpeaBapUTENbHO 3aMOPOXEHHOWN TKaHW, NpW KOTOPOM BOAA MOMHOCTBIO cybnumupyetcs. Metoa npeaHa-
3HayeH Ansa XpaHeHWUs, TPaHCMOPTUPOBKX M NocneaytowWwero UCNonb3oBaHust GuonmMnnaHTa B KNmMHUYeckon npaktuke. OgHako npolecc
nmounusaumm MoxeT CONPOBOXAATLCA Pa3fNUYHLIMU HebnaronpusTHeIMK hakTopamu, KOTOpble MOTYT MPUBOAMTL K AeHaTypauuv
6enka maTpukca unm notepe ero PyHKLMOHaNbHOCTU U CTPYKTYPHOCTU. [ANst coXxpaHeHWs NpYpOAHON MUKPOCTYPKTYpbl BronpoTesa nc-
nosnb3yloT CTabunNmu3aTopbl UNU pasnuyHble Moaudukaumum (MeaneHHoe/bbiICTpoe 3aMopaxuBaHe, yMeHbLUIEHNe CTEMNeHN nepeoxnax-
aeHus v T.4.) npouecca nuodunusaumun. B gaHHom 0630pe paccMOTpeHbl MPUHLMNGI Npouecca nuodunusaumum 6Uonormyeckon TkaHu,
KOTOpble MOTYyT BMUSATb Ha paboTy kapavoumMnnaHTa. mybokoe noHnMaHne napameTpoB npouecca nModunmsaumm MMeeT peluaoLlee
3HaYeHve ANs Co3aaHns CTabunbHbIX TKAHEBbLIX TPAHCMNAHTATOB C NOCNeAYWNM UX ANUTENbHBIM XPaHEHUEM.

KnioueBble cnoBa: CKaCbeOﬂLI,; J'IVIOd,’)I/IﬂI/I3aLWIﬂ; TKaHeBad UHXeHepud; Oblunii nepukapa, BHEKMETOYHbIV MaTpUKC.
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The undeniable achievement in the study of the gut microbiome as an association of different microorgan-
isms, including viruses, that colonize various organs and systems of the body, is the establishment of the fact
that some diseases that were consmicrobiotaidered as non-infectious can also be transmitted through micro-
organisms. This resulted in the gut microbiome being called a forgotten organ that could serve as an addi-
tional and kind of missing link for a more objective and better diagnosis and treatment of many diseases that
were not considered infectious. The rapid development of gut microbiome research in recent years not only
is connected with better understanding of the functioning of the microbiome by the scientific community,
but also inseparable from the strategic support of each country. Global investment in researches, related to
the human microbiome, has exceeded $1.7 billion over the past decade. These researches contribute to the
development of new diagnostic methods and therapeutic interventions. Our review is dedicated to the analy-
sis of the possibilities of application of the human gut microbiome for the diagnosis of diseases, and the role
of the intestines in the provocation and causing of certain diseases. Significant differences in the composition
and diversity of the human microbiome are shown depending on geographical location and the change of so-
cio-economic formations towards a gradual decrease in the diversity of the gut microbiome due to three
stages of human population’s existence: food production, agriculture and industrial urban life. We analyze
the influence of dietary patterns, various diseases (including malignant neoplasms) and viral infections (in
particular, coronavirus) on the gut microbiome. And vice versa — the influence of the gut microbiome on

the drugs effect and their metabolism, which affects the host's immune response and course of the disease.
Keywords: human intestine; gut microbiome; coronavirus; immune response; drug metabolism.

Introduction

The human microbiome is an association of
different species and types of microorganisms, inclu-
ding viruses, that colonize various organs and systems
of the body, ranging from the skin and oral cavity
to internal organs: respiratory tract, gastrointestinal
tract, urinary tract, reproductive tract, etc. [1].

Over the past century, the world's scientific
databases have accumulated enormous factual ex-
perimental material on research in various fields of
microbiology, including (over the past few decades)
research on the gut microbiome. If we imagine the
volume of information on the gut microbiome, we
can state the following: according to database
Web of Science Core Collection, by 2005 the
number of relevant publications was just over 500
per year while in 2019 alone over 9,500 publica-
tions have been published (over 2,000 are highly
cited ones) 449 journals. The top 15 journals with
the most cited articles on this topic are: Nature,
Gut, Science, PNAS, Cell Host&Microbe, Gas-
troenterology, Cell, PloS One, ISME Journal,
Nature Communications, Nature Reviews Micro-
biology and Nature Reviews Gastroenteric Medi-
cine [2].

Major countries that have made contributions
to gut microbiota researches are the USA, China,
the UK, Germany, France, Canada, Italy, Japan,
Spain, the Netherlands and Australia.

An undoubted achievement in the study of
the gut microbiota is the establishment of the fact
that some diseases, which earlier were considered
to be non-infectious, can also be transmitted thro-
ugh microorganisms. This led to the gut microbi-
ome being called a forgotten organ that could serve
as an additional and even a missing link for more
objective and better diagnosis and treatment of many
diseases that were not considered infectious [3]. As
a result, in recent years more than $3 billion has
been invested in scientific research, related to the
study of the gut microbiome [2].

In this artivle, we are aimed to present theo-
retical analysis of scientific information on the gut
microbiome, which was published for the last 5 years.
Acquisition and forming of knowledge in this field
of medical microbiology will enable to use the ob-
tained information more quickly and professionally
for the purposes of detection and effective treat-
ment of some diseases considered to be non-infec-
tious. To achieve the set goal, it is necessary to
perform the following objectives:

© The Author(s) 2021. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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— to analyze and establish the relevance of
research basing on key financial indicators and the
participation of different countries in research and
publications on the topic of human gut microbi-
ome;

— to highlight the general characteristic of
the human microbiome and give its species com-
position and structure;

— to describe the external and internal influ-
ences on human gut microbial diversity;

— to analyze the impact of microorganisms
from the environment on the human body and es-
tablish their role in the pathophysiology of diseases
of different spectrum, as well as to outline methods
of correction of dysbiotic conditions;

— to create a holistic view of practical advan-
ces in human gut microbiome research.

Identification of patterns of existence, devel-
opment and interaction of certain types of micro-
organisms of the gut microbiome, that can affect
the physiological state of the host in dependence to
certain diseases and various pathological conditions,
depends on the composition and structure of the
human microbiome. The systemization and sum-
marizing of the results, obtained in this study of
the gut microbiome, makes it possible to identify
its role in biological processes occurring in the
human body.

General characteristics and composition of the
gut microbiome

The composition and density of the human
microbiota differs significantly from organ to organ
and in different parts of the organ system. For ex-
ample, the upper respiratory tract is more densely
populated than the lower. The gastrointestinal tract
(GIT), the stomach, duodenum and ileum (the
lower part of the small intestine) are characterized
by low density of microbial population, while the
small intestine, cecum and large intestine are quite
densely populated [4].

There is an outdated information that the ra-
tio of "own microorganisms" (normal microbiota of
human organs, existing pathogenic and condition-
ally pathogenic microorganisms in the body) and
the human cells is 10:1. However, a refined esti-
mation of the quantitative ratio of "human micro-
organisms” to the total number of macroorganism
cells actually showed that there is 1 human cell for
every 1.3 microorganism cells [5]. We should note
that this approach to quantitative counting of hu-
man microbiome does not take into account fungi,
viruses and phages present in various biotopes and,

Innov Biosyst Bioeng, 2021, vol. 5, no. 4

in the case of viruses and phages, may be equal to
the number of bacteria or, according to [6], may
exceed the number of the latter by at least an order
of magnitude. Despite the fact that more accurate
counts somewhat reduce the degree to which the
number of microbial cells exceeds the number of
human cells, the results of counts do not reduce the
level of influence of human microbiome associated
with the diversity of microbial life on the organism.

The species composition of the human micro-
biome is very diverse. An approximate estimate
(and comparison) of 1,000 species of intestinal mi-
croorganisms with 2,000 genes per species (micro-
organism) was made. And it made possible to es-
timate 2,000,000 genes. This figure is 100 times
higher than the usually assumed number of about
20,000 human genes.

As already noted, the intestines of a healthy
person contain a number of bacterial cells roughly
comparable to the number of cells that make up
his body. It has been experimentally shown that an
average fecal sample contains up to 700,000 bacte-
rial genes, which is about 38 times more than the
genes expressed by the human genome. Based on
these data, it can be assumed that the metabolic
capacity of the entire gut microbiota may exceed the
metabolic capacity of the host organism. However,
there is no numerical evidence in this sense yet [7].

If we consider the microbiome of an indivi-
dual, it is estimated that 150 to 400 species live
in the intestines of each individual [8]. Typically,
most of these species belong to the following phyla:
Bacteroidetes (consist of three large classes whose
representatives are widely distributed in the envi-
ronment, including soil, marine sediments, seawater
and animal intestines), Firmicutes (a division of
bacteria, most of which are Gram-positive, some
have no cell wall at all and are not Gram-stained,
but also have no outer membrane, found in other
Gram-negative forms), Actinobacteria (gram-positive
bacteria that are high in guanine and cytosine
DNA and have a fungal-like mycelial structure, the
largest subgroup is Actinomycetes) and Profeobac-
teria (a group of bacteria identified by their ribo-
somal RNA (16S rRNA) sequence, the most nume-
rous group of bacteria, comprising 1,534 species, or
about one-third of all known bacterial species).

The relative proportions of each of these taxa
vary greatly between individuals [9] and even with-
in an individual during his or her lifetime [10]. It is
known that the microbiome of each individual is
unique; however, when studying the microbiome of
different human populations, several trends have
been identified, as shown in Table 1 [11].
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Table 1: Prevailing types and classes of human microbiome bacteria. Adopted from [11]

The

. Class Example Localization Characteristics
bacterial type
Acidimicrobia, . Gram-positive, filamentous,
. . Corynebacterium, : . .
Actinobacteria, . physiologically aerobic,
. .. Mycobacterium, . -
Coriobacteriia, . Intestine, can be heterotrophic or
. . . Nocardia, . . .
Actinobacteria Rubrobacteria, . ; oralcavity, skin chemoautotrophic, but most are
o Bifidobacterium, ’
Thermoleophilia, chemoheterotrophic and can use
s . Streptomyces .
Nitriliruptoria a wide range of food sources.
Bacteroidia, . Aerobic and anaerobic, non-
. . Bacteroides, . . )
Bacteroi detes Flavobacteria Intestine, sporulating, Gram-negative
. . Prevotella . .
Sphingobacteria oralcavity bacilli
Bacilli,Clostridia, Clostridium, Gram positive, bacﬂh,cgcm,
. . spiral-shaped,anaerobic,
Erysipaelotrichia, Staphylococcus, Bowel, .o
.. . ’ . aerobic, include comensal
Firmicutes Thermolithobacteria, Enterococcus, skin,stomach .
- ; and beneficial
Negativicutes Lactobacillus spp .
bacteria
Alphaproteobacterla, Escherichia,
Betaproteobacteria, o
. . Salmonella, Vibrio, . . .
Proteobacteria Gammaproteobacteria, . L Colon, skin Gram-negative bacteria
; Helicobacter, Yersinia,
Deltaproteobacteria,

Epsilonproteobacteria

Legionellales

The human digestive tract is 6.5 m long and
consists of three organs: the stomach, small intes-
tine and large intestine; however, most studies of
the human microbiome have focused on the mi-
crobial association of the large intestine. Each mil-
liliter of the large intestine (chyme) contains appro-
ximately 10" microbial cells compared to 10® cells
in the small intestine [12].

Most of the information about the human gut
microbiome was obtained through the following pro-
jects: the Human Microbiome Project (HMP) and
the Human Gut Metagenomics Project (MetaHIT),
funded by the US National Institutes of Health
and the European Commission, respectively. How-
ever, it should be noted that the results obtained for
the quantitative and qualitative composition of the
gut microbiomes of the different countries popula-
tions, within the framework of the above projects,
differ from each other in several parameters [13].

When comparing the quantitative and qualita-
tive indicators of microbiomes, it was shown that
their composition is more similar to each other
within the same segment (e.g., oral cavity, small or
large intestine) of different people than microbi-
omes of different segments of the same person. As
for the individual representatives of microorgan-
isms in different segments of the human body, it
was shown that the oral cavities are inhabited by
various representatives of the microbiome and, as a
rule, they are dominated by Streptococcus spp. Skin
areas are distinguished primarily by local skin

properties (dry or wet) and are mainly inhabited by
Corynebacterium, Propionibacterium and Staphylo-
coccus species. A healthy vagina contains repre-
sentatives of the genus Lactobacillus (a genus of
gram-positive facultatively anaerobic bacteria that
convert lactose and other sugars into lactic acid —
L. crispatus, L. iners, L. jensenii or L. gasser) [14]. A
significant indicator of the state of female microbi-
ota is their belonging to different races and ethnic
groups, although even in this structured ecosystem
intra-organismal variations are significant and to
date have no fully explained causes. During human
ontogenesis, the gut microbiome is formed under
the influence of various factors. The most interest-
ing and indicative is the variation of microbiome
representatives depending on gestational age, me-
thod of newborn birth and method of feeding and
human age [15]. The data of these studies are
shown in Table 2.

Some important human segments usually
have a particularly low microbial biomass in
healthy individuals and therefore are more diffi-
cult to characterize. The lungs, for example, are
almost sterile in the absence of infection or
chronic disease, which leads not only to much in-
terest in identifying their residents, but also in-
cludes considerable technical difficulties in sam-
pling from these segments, so large-scale carefully
controlled studies are needed to establish the
functionality of these complex habitats of low-
density microorganisms [16].
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Table 2: Variation of microbiota depending on some exposure factors. Adopted from [15]

Actinobacteria Bacteroidetes Firmicutes Proteobacteria
Firmicutes*|
Preterm Lactobacillust . ©
. . . . Enterobacteriaceae
birth Bifidobacterium spp.| Bacteroides*, Ruminococcus spp. Enterococcus
o (<37weeks Atopobium spp.| Lachnospiraceae* spp.1
&  gestation) Peptostreptococcaceae * pp-
Té: Clostridiaceae *
o Ruminococcus spp.
) . %
2 Premature Bifidobacterium spp.1 Bacteroidetes *1 Lachnospiraceae « [Enterobacteriaceae®
& babies Peptostreptococcaceae
Clostridiaceae *
. Bifidobacterium spp.1, Lactobacillust
;G;gﬁnal Bifidobacterium catenulatum? Bac:;:z;ggsz}i? ilist Staphylococcust Escherichiat
Bifidobacteriumlongum? 8 Streptococcus)
s oy
=} . o
& © Caesarean Corynebacterium? - Escherichia)
S = section Propionibacterium? Bacteroides™| Staphylococcus 1 Shigella|
é" o
. . . Lactobacillust
2 Breast milk Bifidobacterium?t? Staphylococcus? Enterococcust
= Clostridium?
o Milk . . . Clostridium L
i substitutes Bifidobacterium? Bacteroidest difficilet Escherichiat
R= Lactobacillust
?é Bacteroidetes *t Firmicutes ™t
A Solid food Bifidobacterium? Bacteroides? Lactobacillit
Clostridiumcoccoides(
The first vear Veillonella,
. y Bifidobacterium Bacteroides C. coccoides,
o of life .
on C. botulinum
- 7 *
g [From2-3 Bifidobacteriaceae* Bacterotdaceae* Lachnospiraceae -
g years old . . % Prevotellaceae . Proteobacteria
5 Coriobacteriaceae . % Ruminococcaceae
Tz _to adult Rikenellaceae
Over 70 Bifidobacteriaceae) Clostridium*|, Proteobacteria *
years old.

Notes. *Unknown genera, 1 increasing, | decreasing.

Differences in the composition and diversity
of the human microbiome depending on the
geographical location

An important component of the study of the
human microbiome is a comprehensive characteri-
zation of the microbiota of a healthy person, It is
necessary for comparison and for the establishment
of deviations from the norm during a disease. No
less important is the establishment of indigenous
(normal) microbiota of practically healthy people
depending on their race and ethnicity. And, as re-
cent studies have shown, there are significant dif-
ferences in the structure of the microbiome of such
population groups [17]. However, one should be
aware that these data cannot be completely accu-
rate because of the huge diversity of situations that
can affect the final outcome of studies. But to draw

an overall picture of the microbiomes of healthy
humans of different origins, this information is cer-
tainly useful.

It is also indisputable that the change of so-
cio-economic formations gradually influences the
qualitative and quantitative composition of both
the general human microbiome and (to a greater
extent) the gut microbiome. These changes were
accompanied by a gradual decreasing in the diver-
sity of the microbiome, especially the gut microbi-
ome. These phenomena can be explained by the
fact that human populations have passed through
three stages of existence, such as food extraction,
agriculture and industrially developed urban life (if
we count only purely industrial urban life; if we
add to these figures the microbiomes of people en-
gaged in agriculture, the overall picture changes
somewhat).
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Researchers compared the diversity and com-
position of the gut microbiota of people of three
different modes of existence:

— remote hunter-gatherer populations such as
the Hadza (an indigenous people living in northern
Tanzania — Arusha, Singida, Shinyanga regions,
around Lake Eyasi); Pygmies (a group of stunted —
average height of adult males is less than 150 cen-
timeters — negroid peoples living mainly in equato-
rial forests of Africa) and Indians (common name
for the indigenous population of America from
Venezuela, except for Eskimos and Aleuts, that was
given to them by the navigator Christopher Colum-
bus who discovered the continent India) [18, 19];

— traditional Bantu farming or fishing popu-
lations (a group of Central and Southern African
peoples, the largest among them Rwanda, Makua,
Shona, Congo, Malava, Runda, Zula, Kosa and
others); Tunapuko (South American Indian) people
in the Andes mountain regions or rural Malawian
(small Malawian people, about 19,000 people)
communities [20];

— representative group of western (US/Euro-
pean) urban industrialized society[21].

Hunter-gatherer populations mainly prefer
starchy foods such as cassava tubers, plants, nuts,
game and honey for sustenance. These remote
gatherers suffer from multiple gastrointestinal mi-
crobial and parasitic infections. They have limited
or no access to modern health facilities [22].

In contrast, the diet of traditional agricultur-
alists is similar to that of Neolithic people, when
they moved from a nomadic lifestyle to a sedentary
one, followed by the cultivation of food crops,
domestication of animals, fishing and trade at a
later stage of existence.

The diet of inhabitants of US or European
metropolitan areas is high-protein and high-fat.
This is accompanied by highly developed diagnos-
tic, therapeutic and preventive medicine.

The results of these studies suggest that the
factors of influence in the form of geographical
affiliation of individuals can determine the causes
of disease of different origins due to the fact that
when environmental factors change, the gut micro-
biota adapts to new conditions by changing its
qualitative and quantitative composition almost
immediately [23].

The impact of diet on the gut microbiome

Numerous studies suggest that food can rapidly
alter the qualitative composition of the gut micro-
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biota. A high-fat diet, or the so-called "Western" diet,
is generally considered harmful to the brain [24].
Excessive consumption of high-fat foods is associ-
ated with an in the number of microorganisms of
the following phyla: Firmicutes (mostly Gram-
positive bacteria) and Proteobacteria (see above)
and a decrease in the number of Bacteroidetes
(consists of three large classes, representatives
widely distributed in the environment, including
soil, marine sediment, seawater, and animal intes-
tines). Such food also increases plasma and fecal
acetate levels, triggers supersynthesis of insulin and
ghrelin, and further promotes overeating [25]. The
effects of obesity and inflammation caused by fatty
foods may be reduced by polyphenols from fruits,
accompanied by an increase in the number of
Akkermansia muciniphila (a type of mucin-degra-
ding human gut bacterium).

Switching to a high-fat or high-sugar diet
from a low-fat or high-fiber diet can change the
microbiome even in one day. A large numbers of
Bacteroides are associated with the consumption of
animal protein and saturated fats, while an increase
in Prevotella (Prevotella spp. is part of the normal
microbiota of the mouth, upper respiratory tract,
vagina and other human organs, characteristic of
the stomach of healthy people, infected and unin-
fected Helicobacter pylori) is associated with foods
rich in carbohydrates and simple sugars. A vegeta-
ble-based diet increases the amount of short-chain
fatty acids, which is accompanied by increased
amounts of Prevotella and some Firmicutes that
degrade fiber [26]. When food with fructose is con-
sumed, the level of Bacteroidetes significantly
decreases, while the number of Proteobacteria, Fir-
micutes and pathogenic Helicobacteraceae signifi-
cantly increases [27].

Food derivatives and low-molecular-weight
metabolites fermented by microorganisms are re-
leased by the gut microbiota into the bloodstream,
which carries them throughout the body and fur-
ther contributes to various diseases, including brain
diseases [28].

The human microbiome and diseases

Determining the ectiology of certain diseases
associated with general and gut microbiota imbal-
ance is important both in terms of treating these
diseases and in terms of identifying the cause and
effect. The causes of many diseases according to
some researchers are "...physiological interactions
between microbial groupings through physiological
interactions between individuals..." [29], which is
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Table 3: Changes in gut microbiota and pathological status of organs [29]

Examples of diseases associated with altered

Organ . . Microbiota-mediated changes
microbiota
Brain Autism spectrum disorders Increased bacterial toxins,impaired fermentation
Lungs Asthma, cystic fibrosis Reduced 1mmunolog1caltqlerance, altered gene
expression
Heart Cardiovascular diseases Synthesis of proinflammatory metabolites
Pancreas Type 1 and 2 diabetes Reduced insulin sensitivity
Liver Non-alcoholic fat‘[y liver disease Altered bile acid metabolism

Fatty tissue Metabolic syndrome, obesity

Reduced intestinalgluconeogenesis, insulin

resistance
Gastrointestinal Inflammatory bowel syndrome, irritable bowel Dysregulated immune response,altered mucociliary
tract syndrome,intestinal infections barrier
Leather Acne, eczema, allergic discases Increased pathogemcritsr;i)llllss,edysregulated immune

true to some extent. It is further argued that many
diseases are associated with a departure from a
"healthy" gut microbiome. These include metabolic
disorders, inflammatory and autoimmune diseases,
neurological conditions and cancer. Certain gut-
related conditions (e.g., obesity and inflammatory
bowel disease) have been extensively studied in
human cohorts and in animal experiments, where
significant, and sometimes causal, changes in mi-
crobial associations have been found. These studies
have stimulated research into a number of complex
diseases with unclear etiologies in which the micro-
biome is suspected to be associated [29]. Table 3
summarizes the data on the effect of altered quali-
tative composition of the gut microbiota on some
diseases.

It is assumed that over the next few years
there will be fundamentally new methods of treat-
ment of various diseases caused by an altered gut
microbiome. It is likely that the European Medi-
cines Agency and the Food and Drug Administra-
tion will require all licensed medicines to be pro-
filed for their effect on the gut microbiota, which
is essentially a virtual organ. If a medicine damages
this virtual organ, it cannot be licensed [30].

Gut microbiome and malignant tumors

Recently, there have been a growing number
of researches on the influence of gut microbial
groups on the risk of malignancy. The main pur-
pose of these studies is to answer the question:
does a tumor provoke a change in the qualitative
composition of the gut microbiota? Numerous
studies of this problem have yielded to proposal to
divide the relationship between cancer and micro-
bial communities into three categories: primary,
secondary and tertiary categories of relationship.

Primary relationships are interactions (or influ-
ences of the microbiota) in the proximal (located
closer to the center) tumor microenvironment. These
interactions are important for understanding the
mechanisms of microbiome-tumor relationships. As
established for the H. pylori model, tumor can arise
from microbial infections. In addition, products of
the Gram-negative genus Fusobacterium (a genus of
fibrous, anaerobic bacteria, similar to members of the
Bacteroidetes fylum; individual species of this genus
cause several human diseases) have been shown to be
associated with the tumor microenvironment. Onco-
genesis caused by Fusobacterium nucleatum is thought
to result from opportunistic infection followed by
chronic inflammation and immunosuppression, mak-
ing F. nucleatum a tumor provoking factor in the pri-
mary microbiome-tumor interaction. The microor-
ganism also generates bacterial biofilms that increase
adaptation to microbial species; and its products con-
tribute to tumor development and complement the
hypoxic tumor microenvironment [31, 32].

Secondary relationships are interactions be-
tween tumors and the microbial association of a
tissue, organ or organ system. These interactions
are most important for identifying potential bio-
markers for tissue screening for tumors. The digestive
tract can attract some bacteria from the tumor, which
can be used as a biomarker in tumor screening.

Tertiary relationships are interactions between
the tumor and the distant microbiota. Tertiary in-
teractions include therapeutic (in treatment) modu-
lation by modification by chemotherapeutic drugs
and reduction or increase in efficacy or toxicity of
these drugs. Despite the physical distance of the
individual organ systems that these microbial
groupings occupy in relation to the tumor, that
groups can have a strong influence on the tumor
phenotype, treatment efficacy and outcomes.
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Effects of human gut microbiota on drug
metabolism

In early 2018, new evidence was demonstrated
for a link between the efficacy of anticancer drugs
and resident bacteria in the body. Intestinal bacte-
ria contain enzymes that can influence the activa-
tion or breakdown of drugs. Gut microorganisms
are known to modulate the immune system and
this phenomenon may be important in explaining
the impact of the gut microbiome on cancer im-
munotherapy. Researchers have proposed several
variations on how this works. For example, gut
bacterial antigens may resemble tumor antigens,
"training" the immune system to "fight" cancer [33].
It is considered most likely that the commensal
microorganisms can activate the immune system.

In addition to linking the microbiome to can-
cer immunotherapy, scientists have begun to link
resident microorganisms to drug efficacy for a wide
range of pathological conditions in the body. It is
reported that two-thirds of 276 different drugs in-
volved in co-culture with 76 species of human in-
testinal bacteria were modified by them [34].

Given the wide range of influences of the mi-
crobiome, better knowledge of the interactions be-
tween resident microorganisms and drugs can
change medical practice and will be combined with
other types of information, such as genetics, to
make treatments more individualized and effective.

The role of human gut microbiota in metabolic
diseases

The results of numerous experimental and
theoretical studies of the human gut microbiota in-
dicate its significant role in metabolic diseases, in-
cluding type 2 diabetes (T2DM).

The microbiota modulates inflammation, in-
teracts with food components, influences intestinal
permeability, glucose and lipid metabolism, insulin
sensitivity, and overall energy homeostasis in the
host [35].

Table 4 reflects changes in microbiota compo-
sition in type 2 diabetes [36].

However, despite numerous studies supporting
the importance of the gut microbiota in the patho-
physiology of this disease, this area of knowledge is
at an early stage. At present, a point has been
reached in the understanding that certain microbial
taxa and their associated molecular mechanisms
may be involved in the glucose metabolism associ-
ated with T2DM.

213

Table 4: Intestinal dysbiosis in type 2 diabetes

Changes in species diversity
in type 2 diabetes

Bacterial type

1 Bacteroides spp.
1 Alistipes
1 Parabacteroides

Bacteroidales

1l Clostridiales, 1 Clostridium spp.
| Eubacterium rectale

| Faecalibacterium prausnitzii

| Roseburia spp.

Lactobacillus gasseri

1 Streptococcus mutans

Firmicutes

Proteobacteria Escherichia coli

Verrucomicrobia || Akkermansia muciniphila

Notes. 1 increasing, | decreasing.

The microbiome—gut—brain axis

There is growing evidence that dynamic chang-
es in the human gut microbiota can alter brain
physiology and behavior. Researchers have identi-
fied changes in gut microbiota composition associ-
ated with several symptoms or diseases, such as
pain, cognitive dysfunction, autism, neurodegene-
rative disorders and cerebral vascular disease [37].

The human microbiota of different localiza-
tion promotes two-way transmission of brain-
intestinal signals through humoral, neural, and
immunological pathways. The central nervous sys-
tem is known to be involved in the regulation of
intestinal motility and secretion, as well as in the
regulation of mucosal immunity through the neu-
ron-glial-epithelial pathway and visceral nerves,
which contributes to changes in the intestinal mi-
croenvironment [38]. On the one hand, both ex-
ternal factors such as dietary habits, lifestyle, pres-
ence of own specific infections and early influence
of environmental microbiota, and internal factors
such as genetic determinants, metabolites, im-
munity and hormones play in the regulation of the
qualitative-quantitative composition of gut micro-
biome. On the other hand, bacteria respond to
these changes by producing neurotransmitters and
neuromodulators in the gut that affect the host's
central nervous system. These chemicals include:
bacterial choline, tryptophan, short-chain fatty ac-
ids and hormones released from the gut, as well as,
ghrelin and leptin. The relationship between brain
impairment and corresponding changes in gut mi-
crobiota composition, indicating a clear link be-
tween gut microbiota and host physiology was
summarized in Table 5 [28].
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The human gut microbiota and viral infections.
Coronavirus and the gut microbiome

The gut microbe regulates to some extent the
host's protection against viral infections, including
respiratory viruses such as the influenza viruses.
This occurs by activating immune antiviral mecha-
nisms and preventing excessive inflammation. Alt-
hough data on the interaction between normal mi-
crobiota and viruses are limited, accumulating evi-
dence with different interventions in the body,
such as the effects of antibiotics and microbiota
transfer (transplantation), has shown that the mi-
crobiota enhances antiviral immunity. The micro-
biota modulates the immune system by influencing
the development of immune cells such as regulato-
ry T-cells and innate lymphoid cells that help to
maintain gut and lung homeostasis [39].

The risk of severe COVID-19 infections is
most common in people with hypertension, diabe-
tes and obesity, conditions associated with changes
in the composition of the gut microbiome. This
raises the question of the role that gut microbiome
plays in determining COVID-19 severity.

In New York 5,279 patients tested positive
for COVID-19 between March 1 and April 8, 2020.
Of these, 22.6% were diabetic and 35.3% were
obese [40]. SARS-CoV and SARS-CoV-2 have
79.5% nucleotide sequence identity and use angio-
tensin-converting enzyme 2 (ACE2) receptors to
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enter host cells. The distribution of ACE2 may de-
termine how SARS-CoV-2 affects the respiratory
and digestive tract.

Although coronavirus 2 of severe acute respir-
atory syndrome (SARS-CoV-2) affects the tissues
of the gastrointestinal tract, it is known a little
about the role of intestinal commensal microorgan-
isms in the susceptibility and severity of infection.

Patients with COVID-19 have significant
changes in fecal microbial groups compared to the
control group, that are characterized by an increase
in the number of opportunistic microorganisms
and depletion of beneficial commensals during
hospitalization and at all times after hospitaliza-
tion. Depleted symbionts and gut dysbiosis persist
even after relief from SARS-CoV-2 and respiratory
symptoms. The basal abundance in the gut of mi-
croorganisms such as Coprobacillus (a gram-positive,
obligate anaerobic and immobile genus in the
family Erysipelotrichidae, with one known species),
Clostridium ramnosum and Clostridium hathewayi
correlated with COVID-19 severity. Microorganisms
such as Bacteroides dorei, Bacteroides thetaiotaomi-
cron, Bacteroides massiliensis and Bacteroides ovatus
were found in the gut of COVID-19 patients,
which inhibit the expression of ACE2 and show an
inverse correlation with severity [41].

Gut dysbiosis and epithelial inflammation in-
crease levels of ACE2, a cell surface receptor that
plays a key role in dietary amino acid homeostasis,

Table 5: The relationship between brain disorders and changes in gut microbiota [28]

Brain disorders

Dysbacteriosis

Stress and depression Bacieroidetes

Pain and migraine 1 H. pylori; dysbiosis

1 Faecalibacterium, Alistipes, Ruminococcus, Campylobacter jejuni, Firmicutes, |

| Faecalibacterium spp., Bifidobacteria, Akkermansia muciniphila; 1 Lactobacillus,

Autism spectrumdisorders
Firmicutes/Bacteroides

Parkinson's disease .
Coprococcus, Roseburia

Bacteroides, Prevotella, Alistipes; change in quantity of Fusobacteria, Verrucomicrobia,

1H. pylori, E. coli, Ralstonia, Oscillospira, Bacteroides; | Prevotellaceae, Blautia,

Chronic H. pylori infection; 1 E. coli, Salmonella spp, Pseudomonas fluorescens, Klebsiella

Alzheimer's disease N .
pneumoniae infection.

Amyotrophic
sclerosis

Multiplesclerosis

Atherosclerosis . .
Roseburia, FEubacterium

Stroke

Arteriovenous malformation Gram-negative bacteria

lateral Decreased levels of butyrate-producing bacteria,
Escherichia coli, Oscillibacter,Anaerostipes, Lachnospira;
tArchaea, Psuedomonas, Haemophilus, Blautia, DoreaFusobacteria; | Bacteroidetes,
Firmicutes, Parabacteroides, Adlercreutzia, Prevotella, Bacteroides, Clostridia
Lactobacillus rhamnosus, Neisseria polysaccharea,Acidovorax spp i H. pylori; Collinsella;

pneumoniae, Staphylococcus aureus, Bacillus subtills, Streptomyces coelicolor, Chlamydia

including Butyrivibrio fibrisolvens,

Porphyromonas gingivalis, Gram-negative bacteria, Enterobacter, Megasphaera,
Oscillibacter, 1 Bacteroides, Prevotella, Faecalibacterium

Notes. *Unknown genera, 1 increasing, | decreasing.
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innate immunity and gut microbial ecology. ACE2
is a target of SARS-CoV-2 [42]. Elevated levels of
ACE2 in patients with an existing pro-inflammatory
gut microbiome create conditions favorable for in-
fection by a coronavirus [43], such as SARS-CoV-2,
in the gut epithelium, from where it can spread
throughout the body [44]. This is consistent with
the development of gastrointestinal tract infections
and the detection of viral RNA in the feces of many
patients with COVID-19 (including persons with the
negative PCR test of respiratory secretions) [45].

A recent study in Wuhan, China, confirmed
the association between the composition of the gut
microbiome and the susceptibility of healthy peo-
ple to COVID-19 [46]. Elevated levels of microor-
ganisms of Lactobacillus species correlate with
higher levels of anti-inflammatory IL-10 and im-
prove disease prognosis; elevated levels of pro-
inflammatory bacteria including some Klebsiella
species, Streptococcus, and Ruminococcus gnavus
correlate with increased levels of pro-inflammatory
cytokines and disease severity. Kawasaki disease,
a condition similar to multisystem inflammatory
syndrome in children that is increasingly reported
as a complication in young children diagnosed with
COVID-19 [47], is characterized by a dysbiotic gut
microbiome with increased levels of Streptococcus
species and decreased levels of Lactobacillus species
compared to healthy individuals [48]. Consequently,
COVID-19 induced changes in the composition of
the gut microbiome may contribute to this compli-
cation.

Development of new microbiome therapeutic
drugs

Most biotechnologies for microbiome recov-
ery (correction) are developed by the US, Canadi-
an and European companies. Recently, however,
an increasing number are being located in other
regions, such as China, South Korea and Israel.
Microbiome-based drug developers are exploring
virtually every possible approach to treating and di-
agnosing disease through the microbiome, using
many different technologies.

Consider briefly implemented technologies.

Fecal microbiota transplantation. This approach
generates interest in the treatment of disease using
the microbiome of a healthy donor and rapidly ex-
panded in the first time of use [49]. However, var-
ious regulatory requirements, safety requirements,
have made it an afterthought in the industry: 6% of
companies use this technology [50].
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A specific consortium of microorganisms. This
technology is based on treating a patient with a
consortium of several bacterial species (usually two
or more). While some of these technologies have
evolved from further processing and refinement of
fecal microbiota transplantation technology, some
others have been developed with rational consider-
ation of the ecological properties, metabolic capa-
bilities or other characteristics of the microbial
groupings. Given the technical complexity of these
constructs, only about 7% of biotechnologies ad-
here to this strategy for treating disease.

One species (strain). According to this tech-
nique, one species of microorganism is entered in-
to the body in order to cause a positive effect. This
is a popular approach, followed by about 20% of
programs. Most programs use targeted cross-linking
between a specific bacterial strain and the immune
system to treat inflammatory diseases and cancer
(i.e., a personalized approach).

Phages. Using phages for elimination of bacte-
ria and/or changing the composition of the micro-
biome is a technology used by about 10% of com-
panies. The most obvious application of bacterio-
phages is the fight against infectious diseases, and
this is indeed the area in which most projects are
involved.

GMOs. While the metabolic capabilities of
microorganisms are almost limitless and not yet
fully described, some companies are creating bac-
teria to turn them into long-term drug delivery
systems or expand or enhance their metabolic ac-
tivity [51]. Due to technical and regulatory com-
plexities of the approach, only 11% of companies
use GMOs as therapeutic agents.

Microbiome metabolic products and postbiotics.
Bacteria synthesize tens of thousands of different,
chemically diverse substances, most of which have
not been identified to date. Many of them are
thought to have significant physiological effects
and, therefore, may have enormous pharmacologi-
cal potential [52, 53]. Perhaps the most widely de-
scribed chemicals synthesized by bacteria are anti-
microbials and enzymes, and these are the main
ones for research [54]. To date, there are several
investigational enzymes that aim to break down
antibiotics in the gut, which are administered sys-
temically to prevent effects on the gut microbiome
(thereby preventing gastrointestinal diseases caused
by opportunistic microorganisms), and other en-
zymes as alternative therapy for certain metabolic
diseases.
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Chemicals from the gut microbiome. With a
greater understanding of the metabolic activity of
the microbiome and its relationship to human
physiology, there is a growing trend towards the
use of external chemicals (mostly small molecules)
to alter microbial activity to treat diseases such as
immune conditions, irritable bowel syndrome and
obesity [55]. This is a growing category (biotech-
nology) that is currently used by almost 20% of
microbiome drug developers, but this proportion is
likely to increase in the future.

Conclusions

The human gut microbiome has been attract-
ing increasing attention from physicians and re-
searchers over the past 15 years. The above data
indicate that the rapid development of gut micro-
biome research in recent years is not only due to a
better understanding of the function of the micro-
biome by the scientific community, but is also in-
separable from the strategic support of each coun-
try. Global investment in research related to the
human microbiome has exceeded $1.7 billion over
the past decade.

In the human body, the predominant bacterial
types, including hundreds of genera and species,
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A.O. IeaHoBa, O.l. AnoseHko, O.M. [lyraH
KviBCbkuiA noniTexHiyHum iHcTUTyT iM. Iropsi Cikopcbkoro, Kuis, YkpaiHa
MIKPOBIOM KULUEYHUKA NIOAUHU AK IHOUKATOP 1i 300POB’SA

Be3sanepeyHnM [OCATHEHHAM y BMBYEHHI MiKpOGioMy KuleyHuKa sk 06’eqHaHHS Pi3HWX MIKpOOpPraHiamiB, y TOMy Yuchi BipycCiB, Siki Ha-
CensalTb Pi3Hi OpraHn i CUCTEMM NIOACHKOrO OpraHiaMy, € BCTAHOBMEHHS TOro (hakTy, LU0 AesKi 3aXBOPIOBAHHS, SIki BBaXanmcs HeiHdek-
LinHUMK, MOXYTb ByTU onocepefikoBaHi MikpoopraHiamamu. Lle npueno go Toro, wo Mikpobiom KullevHunka Hassanu “3abyTum opra-
HOM”, SIKUA MOXe CryryBaTh AOAATKOBOM (i, Tak 61 MOBUTK, BiACYTHBLOK) NMaHKOK Ans Ginblu 06’eKTMBHOI Ta KpaLLOi AiarHOCTUKM i NiKy-
BaHHA 6aratbox 3aXBOPOBaHb, siki HE BBaXkanucs iHpekuiniumn. LBnaknii po3BuTok AocnigkeHb MiKpoBioMy KULLEYHMKA B OCTaHHI po-
KW He TiNbKy NoB’si3aHnii i3 6inbLu rMMBOKMM po3yMiHHSIM HayKOBMM CMiBTOBapUCTBOM OyHKLIi MikpobioMy, ane i HeBigainbHWIA Big cTpa-
TEriyHOi MIATPUMKM KOXHOI KpaiHu. mobanbHi iHBeCTuUii B AOCMiMHKEHHS MiKpoBioMy MoAvHM 3@ OCTaHHE AECATUNITTA NepeBULLnmmn
1,7 mnpg pon. Lli gocnimkeHHs cnpusiioTe po3pobrneHHI0 HOBUX METOAIB AiarHOCTMKM | TepaneBTUYHUX BTpyYaHb. Halwa craTtTsa npuces-
YeHa aHani3y MOXIMBOCTEN BUKOPUCTAHHS MiKpOBIOMY KMLLIEYHMKA NMIOAUHU ANS AiarHOCTMKM Cy4acHMX 3aXBOPIOBaHb Ta POni KULLKIBHU-
Ka y NpoBoOKaLlii Ta CNpUYMHEHHI NeBHMX 3axBOPOBaHb. [oka3aHo CyTTEBI BiAMIHHOCTI B CKnadi Ta Pi3HOMaHIiTHOCTi MiKpoGioMy NioAnHN
3arnexHo Bif reorpadiyHOro poarallyBaHHs i 3i 3MIHOI CYCNiNbHO-eKOHOMIYHUX chopMaLiii y Bik MOCTYNOBOro 3MEHLUEHHS Pi3HOMaHIT-
HOCTi MiKpOBIOMY KMLLIEYHNMKA, LLIO MOSICHIOETLCS TPbOMa CTafisiMy iCHYBaHHS NoAcbKoi nonynsyii: BMAoGyTok i, cinbcbke rocnoaapcT-
BO i NPOMWUCIOBO PO3BUHEHE MiCbke XMTTS. My aHanisyemo BAnuB Ha MIKpOGiOM KULLEYHUKA XapaKTepy XapyyBaHHsI, Pi3HOMaHITHUX 3a-
XBOPIOBaHb (Y T.Y. i 3MOSIKICHMX HOBOYTBOPEHb) Ta BipYCHUX iHEKLiN (30KpeMa, KOpoHaBipycy). | HaBnakv — BNAMB MIKpoBioMy KuLLey-
HMKa Ha fjto MikiB Ta iXHiN MeTaboni3M, Lo No3HaYaeTbCs Ha iMYHHI BigNoBiai rocnogaps i nepebiry xsopobu.

KniouoBi cnoBa: kuWeYHUK NoauHU; MikpobioM KMLLIEYHMKA; KOPOHABIPYC; iIMyHHa BiANoBiAb; MeTaboniam nikis.
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A.O. MBaHoBa, E.N. AnoseHko, A.M. flyraH
Kvnesckuin nonutexHn4ecknin MHCTUTYT um. Urops Cukopckoro, Knues, YkpanHa
MUKPOBUOM KMLLEYHUKA YENOBEKA KAK MHOUKATOP EIrO 30POBbA

BeccnopHbIM JOCTUXEHMEM B U3YYEHUN NOBEAEHNS MUKPOOUOMA KULLIEYHMKA KaK 0ObeaNHEHNST PasnNYHbIX MUKPOOPraHN3MOB, B TOM
yucne BUPYCOB, HAaCENSALMX Pa3fMyHbIe OpraHbl U CUCTEMbI YEMOBEYECKOro OpraH1Mama, sIBfsieTCsi yCTaHOBMNEHNe Toro pakra, 4To He-
KOTopble 3aboneBaHus, cunTaBLUNECH HEUHMPEKLUMOHHBIMU, MOTYT ObITb ONocpeaoBaHbl MUKPOOPraHnamamm. 3TO NPUBENO K TOMY, YTO
MWUKPOOMOM KMLLEYHWMKA Ha3Banu “3abblTbiM OpraHoM”, KOTOPbIA MOXET CIYXWUTb OOMNOSMHUTENbHBLIM (U, Tak ckasaTb, OTCYTCTBYHOLLMM)
3BEHOM Ansi 6ornee OGbEKTUBHOWM W NyyLLEN AMArHOCTUKM U NIEYEHNs1 MHOTUX 3aboneBaHuii, He CYMTaBLUMXCS MHPEKUMOHHBbIMU. BbIicT-
poe pasBWTUE UCCrefoBaHWU MUKPOGMOMA KULLIEYHMKA B MOCredHue rofbl He TOMbKO CBA3aHO ¢ Gonee rnybokuM NoHMMaHueM Hay4-
HbIM COO6LLECTBOM (PYHKUMM MUKPOOMOMA, HO M HEOTAENUMO OT CTpaTermyeckon NoaaepXKkuM Kaxaon cTpaHbl. nobanbHble MHBECTU-
uun B uccrnegoBaHus MUkpobvoma 4dernoBeka 3a nocriegHee gecatunetve npesbicunu 1,7 mnpg gonn. 9T uccnegoBaHus crocob-
CTBYOET pa3paboTke HOBbIX METOAOB AMArHOCTUKU U TepaneBTUYECKNX BMeLLaTenbCTB. [Toka3aHbl CyLeCTBEHHbIE OTMNMYMS B COCTaBe
n pasHoobpasuv MuKpobunoma 4YeroBeka B 3aBMCUMOCTWM OT reorpadMyeckoro pacrnofioKeHUss U C U3MEHEeHVWEM OOLLEeCTBEHHO-
3KOHOMMYECKNX (POPMaLUii B CTOPOHY MOCTENEHHOIO YMEHbLUEHUSI pa3Hoobpasns MUKPOOMOMA KULLEYHMKA, YTO OOBbACHAETCHA TpeMmsi
CTagusiMM CyLLEeCTBOBaHWSA 4erioBe4ecKo Monynsumu: Oobblya MWLM, CENbCKOe XO3AWCTBO M MPOMbLILLMEHHO pasBuTasi ropofckast
XM3Hb. Mbl aHanNM3vpyeMm BnusiHie Ha MMKPOOMOM KULLEYHMKa XapakTepa NUTaHus, pasnuyHbiX 3a6oneBaHui (B T.4. U 3rokayecTBEH-
HbIX HOBOOOpa3oBaHU) U BUPYCHbIX MHAEKUMIA (B 4aCTHOCTM, KOpOHaBupyca). N HaobopoT — BnnsHMe MyKpobuoma KuLievHuKa Ha
[OeNCTBME NeKapcTB U MX MeTabonmam, YTo CKka3blBAaETCH HA UMMYHHOM OTBETE X035IMHa U TeYeHUn BonesHu.

KnrouyeBble cnoBa: KuLEeYHMK YernoBeka; MVIKp06VIOM KMLLEeYHUKa; KOPOHaBUPYC; I/IMMyHHbIVI oTBET; MeTabonuam nekapcTs.
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Introduction

Background. According to the World Health Organization antibiotic resistance is among the top ten threats
to human health, food safety and development. Today antibiotic resistance has reached alarmingly high le-
vels all over the world. Meanwhile, the increase in the synthetic drugs' production has led to the pathogenic
mycobiota's rapid adaptation to the created chemicals, which have a narrow focus of application. That is
why in modern biotechnology and pharmacology much attention is paid to natural producers of biologically
active compounds, in particular — to xylotrophic fungi. It has been experimentally proven that the xylo-
trophic macromycete Fomitopsis officinalis or tinder fungus can be considered to be a promising producer of
pharmacological substances with a broad spectrum of action. Studies of active metabolites, contained in the
mycelial mass, culture fluid of the medicinal xylotrophic macromycete F. officinalis, and determination of
their biological action remain relevant.

Objective. The objective was to determine the antimicrobial activity of culture fluid and mycelial mass of
F. officinalis different strains from the mushrooms collection (/BK Mushroom Culture Collection of the
M.G. Kholodny Institute of Botany, NAS of Ukraine) against gram-negative and gram-positive bacteria species.
Methods. An in vitro study of the antimicrobial activity of ethyl acetate extracts of culture fluid and aqueous-
ethyl extracts of mycelial mass for F. officinalis strains IBK-5004, IBK-2497, IBK-2498 against gram-positive
Staphylococcus aureus (B-918), Bacillus subtilis (B-901) and gram-negative Escherichia coli (B-906), Bacillus
subtilis (B-900), Klebsiella pneumoniae (M-123) bacteria by disc-diffusion method was conducted.

Results. High antimicrobial activity of tinder fungus culture fluid and mycelial mass extracts against Staphy-
lococcus aureus was established after the 21* day of cultivation, while on the 28" day the zone of growth re-
tardation was maximal (15—25 mm). The highest indices were recorded in F. officinalis IBK-5004 (20—25 mm)
and /BK-2498 (20—24 mm) strains. Antimicrobial activity against Klebsiella pneumoniae in culture fluid ex-
tracts was manifested on the 21 and 28™ days of cultivation. The highest antimicrobial activity against Kleb-
siella pneumoniae was observed in the culture fluid of the strain F. officinalis IBK-5004, the diameter of the
growth retardation zone was 18 mm on the 28" day of cultivation. Mycelial mass's extracts showed moderate
activity on the 14" day of cultivation (7-8 mm); maximal activity was recorded on the 28" day (12—22 mm).
The most active strain was Fomitopsis officinalis IBK-2498. No antimicrobial activity against test organisms
was detected in the following studied strains: Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis.
Conclusions. It has been established that the mycelial mass and culture fluid extracts of F. officinalis I1BK-
5004, IBK-2497, IBK-2498 strains have high antimicrobial activity against Staphylococcus aureus and mod-
erate antimicrobial activity against Klebsiella pneumoniae on the 21% and 28" day of cultivation.

Keywords: antibiotic resistance; biologically active substances; mycelium; mycelial mass; culture fluid; gram-
negative bacteria; gram-positive bacteria; disk diffusion method; anti-microbial activity.

antagonism against other organisms’ species. The
antibiotics formation is evolutionary and adaptive

Research and development of new effective
biological products for the treatment and preven-
tion of acute and chronic diseases caused by vari-
ous microorganisms is one of the priorities of
modern pharmaceutical mycology. In recent dec-
ades, considerable attention has been attracted to
antibiotic-producing fungi, which they synthesize
in the process of secondary metabolism [1—6].
Synthesis of antibiotics is one of the forms of fungi

in nature and is closely related to the general me-
tabolic processes in fungal cells. In recent years,
the increase in the production of synthetic drugs
has led to the rapid adaptation of pathogenic my-
cobiota to the developed chemicals, which have a
narrow focus on application, and as a conse-
quence, a significant number of adverse reactions
for the human body. Prolonged and not always jus-
tified antibiotics application often accelerates the
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pathogens evolution in the direction of consolidat-
ing their resistance to these drugs. Therefore, it is
necessary to replace constantly some types of anti-
biotics with others. To do this, you need to find
the most active organisms — antibiotics producers.
That is why in modern medicine and pharmacolo-
gy much attention is paid to natural producers of
biologically active compounds, including xylo-
trophic macromycetes [1, 3, 7—10]. This is due to
the fact that natural compounds from medicinal
macromycetes, in contrast to synthetic, have a
multifunctional and multifaceted effect on the hu-
man body, which significantly reduces the negative
effects and addiction. The study of therapeutic ac-
tivity of medicinal mushrooms different species has
shown the feasibility of their application in modern
clinical practice [3, 5, 11]. Increased attention to
xylotrophic macromycetes is due to the fact that it
has been experimentally confirmed that these or-
ganisms synthesize secondary metabolites of ex-
tremely diverse chemical structure, a significant
proportion of which are inhibitors of various cellu-
lar processes. Such substances include antibiotics,
fungicides, cytostatic compounds, modulators of
the immune response, growth regulators. The syn-
thesis of secondary metabolites with antimicrobial
activity is more characteristic of wood-destroying
basidiomycetes — wood brown rot putrefaction
agents. One of such species is the valuable rare
macromycete Fomitopsis officinalis (Vill.) Bondart-
sev & Singer, known in medical practice as "tinder
fungus" or "larch sponge". The healing properties
of larch sponge substances have been known for a
long time and are widely used in traditional Chi-
nese and Tibetan medicine [12—15]. Modern re-
search has shown that larch sponge can be consi-
dered a promising producer of pharmacological
substances with a broad spectrum of action. Unsa-
turated fatty acids (palmitic, oleic, linoleic, linole-
nic, arachidonic, etc.), heteropolysaccharides, gluco-
samines, agaricic acid, phospholipids, carotenoids,
sterols, vitamins of B group, vitamins E, A, essen-
tial oils, cytokinins, triterpenoids of lanostan type
(eburic acid) were isolated from the F. officinalis
basidiom and mycelium [12, 14, 16—23]. It has
been experimentally proven that the antibiotic ef-
fect of tinder fungus extracts is not due to individual
secondary metabolites, but to the combined action
of all biologically active substances [12, 14, 15, 24].
The aim of our work was to study the antimi-
crobial activity of culture fluid and mycelial mass
of Fomitopsis officinalis different strains from the
mushroom culture collection (/BK) against gram-
negative and gram-positive bacterial species.
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Masterials and methods

The objects of the study was pure cultures of
Fomitopsis officinalis, which are stored in the /BK
Mushroom Culture Collection of the M.G. Kho-
lodny Institute of Botany of the National Academy
of Science of Ukraine (Table 1).

Table 1: The studied collections of Fomitopsis officinalis [25]
IBK number

Origin and date of culture isolation

Mycoforest Collection of typical

IBK=2497  C\itures (MFTCC), Slovakia, 2016
Mycoforest Collection of typical

IBK-2498 . ltures (MFTCC), Slovakia, 2016
V.L. Komarov Botanical Institute,

1BK-5004 Russian Acadamy of Science

(BIN), St.-Petersburg, Russia,
1981

Preparation of mushroom extract. F. officinalis
cultures were grown superficially on a complex
nutrient medium GPE, of the following composi-
tion, g/l: glucose — 25.0; peptone — 3.0; yeast
extract — 2.0; KH,PO, — 1.0; K,HPO, — 1.0;
MgSO,7H,0 — 0.25. The acidity of the medium
was 5.5. Cultivation was performed at a tempera-
ture of 26 £1°C for 7, 14, 21, and 28 days. The
culture fluid after growing the mycelium was sepa-
rated from the biomass. Ethyl acetate (2:1 by vo-
lume) was added to the culture fluid to concentrate
the antimicrobial substances, and the mixture was
shaken vigorously for 10 min and left for 20h at a
temperature of 4 °C. Then the ethyl acetate layer
was removed, evaporated on a rotary evaporator
to dryness. The precipitate was dissolved in 70%
ethanol. The solution of the obtained concentrate
(10 ul) was applied to standard disks of Bio Me-
rieux firm (6 mm in diameter), dried at 40 °C for
30 min, and placed on the surface of Mueller—
Hinton agar seeded with test culture.

Taking into account the amount of concen-
trate applied to the disk in each sample was
0,10 mg of biologically active substances.

The mycelial mass was dried to constant
weight at a temperature of 60 °C. Aqueous-
alcoholic 70% extract was prepared at the rate of
20 mg of mycelial mass per 1 ml of solvent. The
mycelial mass was crushed, the extraction was per-
formed on an ultrasonic bath at a temperature of
40 °C for 30 min, left for a day in a refrigerator at
a temperature of 4 °C, then filtered, centrifuged for
20 min at 13500 g.
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Bacterial test organisms. Daily bacterial cul-
tures from the Collection of the Department of
Biotechnology and Microbiology of the National
University of Food Technologies (Kyiv, Ukraine)
were used as test cultures: Staphylococcus aureus
(B-918), Pseudomonas aeruginosa (B-900), Escheri-
chia coli (B-906), Bacillus subtilis (B-901), Klebsiella
pneumonia (M-123), which were pre-grown in tubes
on Mueller—Hinton slope agar medium (Oxoid).
Several same-type clearly isolated colonies of bac-
teria were selected for inoculum preparation. A
small amount of material from the tops of the co-
lonies was transferred by microbiological loop into
a test tube with sterile physiological saline, shaken
to obtain a homogeneous suspension, bringing the
inoculum density to exactly 0.5 according to the
McFarland standard (5-10°cells/ml) Mc Farland
(No: 0.5) standard. Use the inoculum within 15 min
after preparation. A suspension of bacteria in an
amount of 0.2 ml was evenly applied to the surface
of the Mueller-Hinton agar medium (Oxoid).

Performing of antibacterial screening test. In the
study of mycelial mass and culture fluid antibiotic
activity, disk diffusion method (DDM) was used [11].
Standard sterile disks were impregnated with ex-
tract samples, placed on the surface of Mueller-
Hinton agar seeded with test culture. The cultures
were incubated at 37 °C for 24 h. Next, the zone
of microorganisms' growth inhibition was deter-
mined. The results were evaluated by the diameter
of the growth retardation zones around the disk: no
growth retardation zone — the test culture is not
sensitive to this specimen concentration; the di-
ameter of the growth retardation zone is less than
10 mm — moderate sensitivity of culture to the gi-
ven specimen concentration; the diameter of the
growth retardation zone is more than 10 mm —
high sensitivity of the test culture to this specimen
concentration.

Gentamycin sulphate (40 mg/ml), Ukraine,
was used as a positive control. Gentamycin sul-
phate is a broad-spectrum aminoglycoside antibiot-
ic. It has a bactericidal effect. Actively penetrating
the cell membrane of bacteria, it irreversibly binds
to the 30S subunit of bacterial ribosomes and,
thus, inhibits the synthesis of the pathogen protein.
In vitro tests confirmed its high activity against
aerobic gram-negative bacteria: Escherichia coli,
Klebsiella spp., Pseudomonas aeruginosa, Shigella
spp., Salmonella spp., Enterobacter spp., Serratia
spp., Proteus spp., Acinetobacter spp. It is also ac-
tive against aerobic gram-positive cocci: Staphylo-
coccus spp. (including resistant to penicillins and
other antibiotics), some strains of Strepfococcus spp.
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Ethyl acetate for culture fluid extracts and
ethanol for mycelial mass were used as a negative
control.

Statistical processing methods. To obtain relia-
ble results, experimental studies, depending on the
conditions of analysis and the requirements of ma-
thematical planning, were performed in 3 repli-
cates. After register the studied indicators, their re-
liable values were calculated by statistical methods
of analysis and found the following indicators: the
values of standard deviations, coefficients of varia-
tion, confidence intervals. The tables show the ave-
rage statistically significant data with a 95% proba-
bility. Statistical processing of the obtained results
was performed using an application program for
working with spreadsheets Microsoft Office Excel
2003, 2013 (Microsoft Corporation, USA).

Results

The study of F. officinalis strains [IBK-5004,
IBK-2497, IBK-2498 antimicrobial activity of cul-
ture fluid ethyl acetate extracts and mycelial mass
aqueous-ethyl extracts against gram-positive Staphy-
lococcus aureus (B-918), Bacillus subtilis (B-901)
and gram-negative FEscherichia coli (B-906), Pseudo-
monas aeruginosa (B-900), Klebsiella pneumoniae
(M-123) bacteria by DDM was conducted.

During the experiment it was found that all
studied F. officinalis strains under these cultivation
conditions and in the presence of satisfactory
growth did not show antimicrobial activity against
test organisms: Escherichia coli, Pseudomonas aeru-
ginosa, Bacillus subtilis.

Antimicrobial activity of mycelial mass and
culture fluid extracts was detected against gram-
positive bacteria Staphylococcus aureus and gram-
negative bacteria Klebsiella pneumoniae (Table 2,
Figs. 1, 2). In relation to Staphylococcus aureus,
high antimicrobial activity of culture fluid extracts
was detected on the 21 day of cultivation, on the
28™ day it reached a maximum — the growth retar-
dation zone was 15—24 mm (Table 2). The highest
rates were found in F. officinalis 1BK-5004 (20—
24 mm) (Fig. 1b) and IBK-2498 (20—23 mm) strains.

Water-alcohol extracts of mycelial mass showed
weak antimicrobial activity after 14 days of cultiva-
tion (7-8 mm). However, in strains IBK-5004 and
IBK-2498 on the 21 and 28™ day of cultivation the
growth retardation zone for Staphylococcus aureus
exceeded the positive control values (Table 2).

Antimicrobial activity against Klebsiella pneu-
moniae in culture fluid extracts of F. officinalis
IBK-5004, IBK-2497, IBK-2498 strains was mani-
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fested on the 21* and 28™ day of cultivation. The
highest antimicrobial activity against Klebsiella
pneumoniae was found in the culture fluid of the
F. officinalis strain 1BK-5004, the diameter of the
growth retardation zone was 18 mm on the 28" day
of cultivation (Table 2, Fig. 1a).
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In contrast to the culture fluid, the mycelial
mass extracts showed moderate activity on the
14™ day of cultivation (7-8 mm), the maximal ac-
tivity was recorded on the 28™ day (12—22 mm).
The most active strain was Fomitopsis officinalis
1BK-2498 (Fig. 2b).

Table 2: Antimicrobial activity of culture fluid ethyl acetate extracts and mycelial mass 70% water-alcohol extracts of strains from

mushroom culture collection (/BK)

Microorganisms culture

Species, strain Cultivation Staphylococcus aureus | . Klebsiella pneumonia
> day Cultural fluid
Diameter of microorganisms' growth retardation zone, mm
Ethyl acetate extract of the culture fluid
7 00 00
o 14 6.1+£0.2 00
g‘,’f;’c’l’%ﬁs 21 20.3+0.3 8.2+ 0.1
IBK—SOOéi 28 241+ 04 18.1 %+ 0.3
Control+ 18 £ 0.1 16 £ 0.1
Control- 0x0 0x+0
7 00 00
o 14 7.5+£04 00
fj‘?’gzl’;‘g’lﬁs 21 152+ 0.3 9.4+ 0.3
131(—2497’ 28 194+ 0.5 153% 0.1
Control+ 18.8+ 0.1 16.7 £ 0.4
Control- 00 0+0
7 0+0 0+0
S 14 6.1£0.1 0+0
OF;;’ZI’;OHP;;S 21 20.3+0.3 8.0+0.1
IBK—249§ 28 23.1%£0.2 11.5+0.3
Control+ 18.8 0.1 16.7 £0.1
Control- 0+0 0+0
Water-alcohol extract of mycelial mass
7 0+0 0+0
o 14 8.1+x0 82+0.2
5};’52’1’,’1‘;1’;3 21 20.1+0.3 10.1+0.3
131(—5004 28 25.3%0.2 122%£0.3
Control+ 18.8 £0.1 16.7 £ 0.1
Control- 0+0 0+0
7 0+0 0+0
o 14 7.1£0.3 7.1£0
ggj’;’;’:g’lﬁs 21 15.440.2 10.240.2
IBK—2497’ 28 22.1%£0.3 15.2%0.5
Control+ 18.8 £0.1 16.7 £ 0.1
Control- 0+0 0+0
7 0+0 0+0
L 14 7.3£0.2 84102
g%;%ﬁs 21 20.440.2 142+0.2
IBK—249é 28 24.1+04 22.3%0.5
Control+ 18.8 £0.1 16.7 £ 0.1
Control- 0x0 00
Notes. "Control+" — antifungal-antibiotic solution Gentamycin sulphate. "Control-" — ethyl acetate for experiment with culture flu-

id, ethanol for experiment with mycelial mass. Growth retardation zone absence — the test culture is not sensitive to a given con-
centration of the specimen; the diameter of the growth retardation zone is less than 10 mm — the culture is moderately sensitive to
a given concentration of the specimen; the diameter of the growth retardation zone is more than 10 mm — high sensitivity of the

test culture to a given concentration of the specimen.
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a b

Figure 1: Antibacterial activity of ethyl acetate extract of Fomi-
topsis officinalis 1BK-5004 culture fluid against: (a) Klebsiella
pneumonia (negative control, the 14", 21%, 28" days of cultiva-
tion); (b) antibacterial activity of ethyl acetate extract of Fomi-
topsis officinalis IBK-5004 culture fluid against Staphylococcus
aureus (negative control, the 14", 21%, 28" days of cultivation)

Discussion

The antibiotic formation process is related to
the general metabolic processes in fungal cells.
Antibiotic biosynthesis occurs in the slow growth
phase of the culture (the trophophase end) and
reaches a maximum in the stationary growth phase.
During this period, the culture fluid is enriched
with metabolic products and cell autolysis prod-
ucts, there is an intensive biosynthesis process and
maximum antibiotics accumulation. In the process
of fungal culture active growth, the cells enzymatic
status changes, inducers of secondary metabolism
appear and induce mechanisms that inhibit cell
proliferation and active growth, stressful situations,
activate the antibiotic formation process.

The biological activity of many secondary me-
tabolites which F. officinalis is able to synthesize
has been experimentally proven [14, 15, 16, 22, 23,
26, 27]. It should be noted that polyresistant myco-
bacteria, which have been shown to be resistant to
two major anti-tuberculosis drugs, isoniazid and ri-
fampicin, are of particular concern. It has been ex-
perimentally proven that tinder fungus extracts show
high antibacterial activity against the pathogenic
bacterium Mycobacterium tuberculosis [7, 12, 28,
29], bactericidal activity against Bacillus anthracis,
B. subtilis, bacteriostatic activity against Micrococcus
luteus and bacteriolytic to Vibrio species [12, 14—
16]. High antibacterial activity of agaricic acid and
lanostane triterpenoids synthesized by F. officinalis
in the process of metabolism has been established
[14, 27, 30]. In the German and Swedish pharma-
copoeia, agaricic acid is a part of the drugs used in

Figure 2: Antibacterial activity of ethyl acetate extract of Fomi-
topsis officinalis IBK-2498 mycelial mass against: (a) Staphylo-
coccus aureus (negative control, the 14", 21, 28" days of cul-
tivation); (b) antibacterial activity of ethyl acetate extracts of
Fomitopsis officinalis IBK-2498 mycelial mass against Klebsiella
prneumonia (negative control, the 14", 21%, 28" days of cultivation)

the treatment of patients with tuberculosis [14].
According to Airapetova ef al. (2010) lipid fraction
from the F. officinalis fruiting body has a prono-
unced antimicrobial effect against gram-positive cocci
of the genus Staphylococcus: Staphylococcus aureus
(21-25 mm), Staphylococcus epidermidis (22 mm),
gram-negative microorganisms Shigella and spo-
re-forming microorganisms of the genus Bacillus:
Bacillus subtilis (17 mm), Bacillus anthracoides
(17 mm). In our experiment, antimicrobial activity
against Bacillus subtilis was absent. It can be as-
sumed that the studied strains have a low level of
antimicrobial substances biosynthesis (below the
sensitivity of the applied detection method) and in
the future it is necessary to increase the terms and
to change conditions of cultivation.
Methicillin-resistant Staphylococcus aureus
(MRSA) is a multidrug-resistant Staphylococcus
aureus that causes nosocomial and community-
acquired infections. MRSA infections today pose a
serious health care problem [6, 31—34]. It is im-
portant to note that the strains studied by us syn-
thesize biologically active substances that are able
to overcome resistance to methicillin-resistant Sta-
phylococcus aureus and are effective against the test
bacterium Klebsiella pneumoniae, which is charac-
terized by a significant variety of antibiotic resis-
tance spectra. The variability of Klebsiella species
resistance to existing antimicrobial drugs and the
emergence of strains resistance genes dangerous for
the spread confirms the need for continuous moni-
toring of infectious agents' antibiotic resistance with
analysis of their resistance mechanisms, as well as
new producers of antimicrobial substances finding.
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Conclusions

Thus, it has been found that all studied strains
of F. officinalis (IBK-5004, IBK-2497, IBK-2498)
are able to synthesize substances that inhibit the
growth of individual test organisms (Staphylococcus
aureus and Klebsiella pneumoniae). It was found that
extracts of both culture fluid and mycelial mass
show high antibacterial activity against Staphylo-
coccus aureus. The studied cultures of F. officinalis

have the potential as producers of antimicrobial
substances that overcome these forms of bacteria
drug resistance, i.e. those forms of resistance, the
spread of which is of greatest concern to specialists.
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AHTUMUKPOBHA AKTUBHICTb FOMITOPSIS OFFICINALIS (VILL.) BONDARTSEV & SINGER Y YUACTIA KYNbTYPI

Mpobnemartuka. 3a gaHumy BcecBiTHLOI opraHisaLlii OXOpoHM 340POB’SA, CTIMKICTb A0 aHTUBIOTWKIB BXOAUTL A0 AECATKM HanNbinbLumnx
3arpos Ansa 300poB’A Miofen, po3BUTKY Ta Npofosonbyoi 6esnekn mogctea. CboroaHi Pe3MCTEeHTHICTL A0 aHTMBIOTMKIB focarna Haa-
3BMYaAHO BUCOKMX PiBHIB Y BCbOMY CBiTi. CBO€EIO 4eproto 36inbLUeHHs BUpOOHMLTBA CUHTETUYHMX fiKiB NPU3BENO A0 WBUAKOI aganTtauii
naToreHHoi MikobioTV A0 CTBOPEHMX XiMiYHWUX MpenapariB, SKi MaloTb By3bKy CMPSIMOBAHICTb A0 3acToCyBaHHsA. Came TOMy B Cy4acHiv
GioTexHonorii Ta dapmMakonorii 3Ha4yHa ysara NpuainAeTeCs NPUPOAHUM NpoAyLeHTaM GionoriYHO akTUBHUX CMOMYK, 30Kpema KCuno-
TpodHUM rpnbam. ExkcneprMmMmeHTanbHO AoBeAEeHO, WO KCunoTpodHuin makpomiuet Fomitopsis officinalis, abo TpyToBuk nikapcbkui,
MOXHa BBaXaTu NepCrneKkTMBHUM NPOAYyLEHTOM (DapMakomoriYyHMX PEeYOBMH LUMPOKOTO CrekTpa Aii. AKTyanbHUMK 3anuiialoTbesa Jocni-
[PKeHHS aKTUBHMUX MeTaboniTiB, SKi MiCTATbCA Y MilenianbHi Maci, KynbTypanbHiii piauHi nikapcbKoro KCUNoTpodHOro Makpomiuera
Fomitopsis officinalis, Ta Bu3Hau4eHHs1 ix GionorivyHoi Aji.

Meta. BusHayeHHs aHTMMIKPOGHOI aKTMBHOCTI €KCTPaKTIB KyNbTypanbHOi piAnHM Ta MilenianbHOi Macu pisHMX wrtamis Fomitopsis
officinalis i3 komekuii KynbTyp wanuHkoBux rpubie IHCTUTYTY GoTaHiku im. M.I. XonogHoro HAH VYkpainu (/BK) BigHOCHO rpam-
HeraTMBHWX Ta rpam-no3nTUBHUX BUAIB BakTepin.
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MeTopauka peanisadii. [poBefeHo gocnigkeHHs in Vvitro aHTUMIKPOBHOT akTUBHOCTI eTunaueTaTHUX eKCTPaKTiB KynbTyparbHOi pianHu
Ta BOOHO-ETUMNOBMX eKCTpakTiB MiuenianbHoi macu ana wramis F. officinalis /BK-5004, IBK-2497, IBK-2498 npoTu rpam-no3vTUBHUX
Staphylococcus aureus (B-918), Bacillus subtilis (B-901) ta rpam-HeratusHux Escherichia coli (B-906), Pseudomonas aeruginosa
(B-900), Klebsiella pneumoniae (M-123) 6akTepiin Aucko-andy3siiHAM METOA0M.

PesynbTaTtn. BcTaHOBNEHO BUCOKY aHTUMIKPOOHY aKTUBHICTb E€KCTPaKTIB KyrbTyparnbHOi piguHu Ta MilenianbHoi Macu TpyToBuka ni-
Kapcbkoro wopo Staphylococcus aureus (3onotuctoro cradinokoky) nicns 21-i 4obu KynbTuByBaHHS, Ha 28-My 00y 30Ha 3aTPUMKM
pocTty 6yna makcumanbHo — 15-25 mMm. Hamsuwi nokasHukm dikcysanu y wramis F. officinalis /BK-5004 (20-25 mm) Ta IBK-2498
(20-24 mm). AHTuMiKpoBHa akTuBHICTb BigHOCHO Klebsiella pneumoniae B ekcTpakTiB kynbTyparnbHOi piguHu nposiBnsinacb Ha 21-wy i
28-my pgoby KynbTuByBaHHSA. HaviBully aHTUMikpobHy akTmBHICTb woao Klebsiella pneumoniae BusiBuna kyneTypanbHa piavHa wramy
F. officinalis IBK-5004, piameTp 30HM 3aTpUMKu pocTy — 18 MM Ha 28-my o6y KynbTuByBaHHSA. EKCTpakTh MiuenianbHOi Macu BUSBUNN
NMOMIipHY aKTUBHICTb Ha 14-Ty 06y KynbTUBYBaHHS (7-8 MM), MakcumanbHy akTUBHICTb dikcyBanu Ha 28-my goby (12—22 mm). Hanak-
TUBHIWMM BusiBuBCS wtaMm Fomitopsis officinalis /BK-2498. He BusiBneHO aHTUMIKPOBHOT akTUBHOCTI B AOCHIMXEHMX LUTamiB OO TecT-
opraHismis: Escherichia coli, Pseudomonas aureginosa, Bacillus subtilis.

BucHoBku. BcTaHoOBMEHo, WO ekCcTpakTu MilenianbHOi Macu Ta KynbTypanbHOi pignHu wtamis F. officinalis IBK-5004, IBK-2497,
IBK-2498 matoTb BUCOKY aHTMMIKpOBHY akTMBHICTb BigHOCHO Staphylococcus aureus. MNMomipHy aHTUMIKpOGHY akTuBHiCTb Ao Klebsiella
pneumoniae cnocTepirany Ha 21-wy Ta 28-my 06y KynbTUBYBaHHS.

Knio4yoBi cnoBa: CTilkiCTb 40 aHTMBIOTKMKIB; BiONOriYHO aKTMBHI Pe4YOBMHM; MiLenii; MilenianbHa maca; KynbTypanbHa piguHa; rpam-
HeraTusHi 6akTepii; rpam-no3nTuBHI BakTepii; MeToa ANCKOBOI ANdy3ii; aHTUMIKPOOHa aKTUBHICTb.
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MNpo6nemartuka. Mo gaHHbIM BcemupHOM opraHu3aumm 34paBOOXpaHeHWsl, YCTOMYMBOCTb K aHTMOMOTUKaM BXOAUT B AECHATKY Hau-
GonbLUMX Yrpo3 ANsi 340POBbsA YeroBeKa, Pa3BUTUSI U NPOAOBONLCTBEHHON Ge3onacHocTM YenosevecTa. CerogHsi pe3sucTEHTHOCTb K
aHTMbMoTMKaM JOCTUIMa yrpoxarole BbICOKMX YPOBHEW BO BCeM mupe. B cBoto ovepedb yBenvyeHue npousBOACTBA CUHTETUYECKUX
nekapcTB NpuBeno K ObICTpoW agantaumu naTtoreHHONW MWKOOGMOTbI MO OTHOLUEHWUKO K CUHTE3MPOBAHHBIM XMMWYECKUM npenapartam,
MMEILMM Y3KY0 HanpaBneHHOCTb K NMPUMeHeHN0. IMEHHO NO3TOMY B COBPEMEHHON BUOTEXHOMOMMU 1 hapMaKonorMn 3HaunTENbLHOE
BHUMaHVe yAensieTcs NpupoaHbIM NpoAyLeHTaM BMonornyeckn akTMBHbIX COEAMHEHWIN, B YACTHOCTU KCUMOTPOMHBLIM MakpoMuueTaMm.
OKcnepuMeHTanbHO Joka3aHo, YTo KCUoTpodHbIN MakpomuueT Fomitopsis officinalis, unu TpyToBMK NnekapcTBEHHbIA, MOXHO cyMTaTb
NnepcrnekTUBHbIM NPOAYLIEHTOM (hapMaKoMorMyeckmx BELLECTB LUMPOKOro CrekTpa AeWCTBUsi. AKTyanbHbIMW OCTalOTCS UCCreaoBaHus
aKTUBHbIX MeTabonnToB, CoAepXaluXCcs B MULIENUanbHON Macce, KynbTypanbHON XWAKOCTU NEKapCTBEHHOTO KCMNoTpodHoro rpnba
F. officinalis, n onpegeneHune nx Guonornyeckoro 4enNCcTeus.

Lenb. OnpepeneHve aHTUMUKPOOHOW akTUBHOCTU 3KCTPAKTOB KyNbTyparbHOW XUAKOCTU U MULENMAnbHOW MacChl pas3nuyHbIX LWTaM-
moB F. officinalis ns konnexkuun KynbTyp WASANO4YHbIX rpubos MHcTuTyTa 60Tannkm um. H.I'. XonogHoro HAH YkpauHbl (/BK) no oTHoLe-
HUIO K rpaMoTpuLiaTenbHbIM U FPaMnonoXnTenbHbIM Buaam bakrepui.

MeTopuka peanusauuu. NpoBedeHo nccnegoBaHue in Vitro aHTUMUKPOBOHOW akTMBHOCTY aTUnaueTaTHbIX 9KCTPaKTOB KynbTyparbHOW
XKMOKOCTU U BOOHO-3TUMOBBIX SKCTPAKTOB MuLienuanbHon maccel Ansi wtammoB F. officinalis IBK-5004, IBK-2497, IBK-2498 no oTHOLUe-
HUIO K rpamnonoxunTensHeiM Staphylococcus aureus (B-918), Bacillus subtilis (B-901) n rpamoTtpuuatensHeiMm Escherichia coli (B-906),
Pseudomonas aeruginosa (B-900), Klebsiella pneumoniae (M-123) 6aktepusim ancko-anddy3MoHHbIM METOOOM.

Pe3ynbTaTthbl. YCTaHOBNEHA BbICOKAs aHTUMUKPOOHasA akTUBHOCTb 3KCTPAKTOB KyNbTYParnbHOMN XUAKOCTU U MULIENANbHON Macchl Tpy-
TOBMKa NnekapcTBeHHOro oTHocuTenbHo Staphylococcus aureus (3onoTucToro ctacdunokokka) nocre 21 cyTok KynbTUBUPOBaHUS, Ha
28-e cyTku 30Ha 3afepXku pocTa Gbina MakcumanbHon — 15-25 mm. Bbicokve nokasatenu dukcuposanu y wrtammos F. officinalis
IBK-5004 (20-25 mm) n IBK-2498 (20—24 mm). AHTUMUKPOGHas akTMBHOCTbL Mo OTHoLeHuto k Klebsiella pneumoniae y akCTpakToB Kyrnb-
TypanbHON XUAKOCTU MnposiBrAnack Ha 21 n 28-e CyTKM KynbTMBMPOBaHMSA. HaumBbICLIY0 aHTUMUKPOOHYIO aKTMBHOCTb B OTHOLLUEHWM
Klebsiella pneumoniae nposiBuna KynbTypanbHas xugkoctb wtamma F. officinalis IBK-5004, anameTp 30HbI 3agepXxkn pocta — 18
MM Ha 28-e CyTKM KyNbTUBMPOBaHMA. DKCTPaKTbl MULENMNANbHON Macchl NMPOSBUIIN YMEPEHHYIO aKTUBHOCTb Ha 14-e CyTKu KynbTUBK-
poBaHusa (7-8 MM), MakcUMarnbHyl0 aKTMBHOCTb UKCMpoBanmu Ha 28-e cyTku (12—22 mm). CambiM aKkTUBHbIM OKasasncsi LwTamm
F. officinalis IBK-2498. He BbisiBneHa aHTUMUKpOOHas akTMBHOCTb Y MCCNeAoBaHHbIX LITaMMOB K TecT-opraHuamam: Escherichia coli,
Pseudomonas aeruginosa, Bacillus subtilis.

BbiBoAbl. YCTaHOBMEHO, YTO 3KCTPaKTbl MULENNManbHON Macchl U KynbTypanbHon xuakocTy wrammos F. officinalis IBK-5004, IBK-2497,
IBK-2498 obnapatoT BbICOKOW aHTUMMKPODOHOWM akTUBHOCTBLIO MO OTHOLLEHMIO K Staphylococcus aureus. YMepeHHas aHTUMUKpPOGHas
akTuBHocCTb K Klebsiella pneumoniae Habntoganack Ha 21 1 28-e cyTkU KynbTUBUPOBAHUS.

KnioueBble crnoBa: CTOWKOCTb K aHTUOMOTMKaM; BMONOrMyeckn akTUBHbIe BELLECTBa; MULIENUA; MULenuanbHas Maca; KynbTypanbHas
XKMUOKOCTb; rpamoTpuLaTenbHblie 6akTepuu; rpamnonoxuTenbHble 6akTepuu; metToq AnckoBon Anddy3nn; aHTUMUKPOOHAast aKTUBHOCTb.
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Background. Programs of preclinical safety studies of the health care products depend on the regulatory sta-
tus of the investigated products. The classification of such products, in particular suppositories for rectal and
vaginal use, is a critical step of developing tactics for their biological evaluation. Adaptation of biological
evaluation methods for the medical devices based on the combination of biologically active substances, as
well as evaluation of the results of such studies is urgent task of biomedicine.

Objective. To substantiate the regulatory status and to carry out a biological evaluation of medical devices in
the form of vaginal suppositories based on octenidine dihydrochloride ("Prodexyn") and in the form of rectal
suppositories based on Saw palmetto, Levisticum officinale and Calendula officinalis extracts ("Pravenor").
Methods. Biological evaluation was conducted according to the requirements of ISO 10993 standards using
in vitro and in vivo biological test systems (cytotoxicity in cell culture and the MTT test, sensitizing and irri-
tating effect in guinea pigs).

Results. The cytotoxicity (CCs,) of the medical device "Prodexyn” extract in Vero cell culture was 8.35 pg/ml
calculated as octenidine dihydrochloride and 416.65 ug/ml calculated as dexpanthenol. "Pravenor” medical
device was found to be non-toxic in Vero cell culture. According to the results of MMT assay CC,, for octe-
nidine dihydrochloride was 1.67 ug/ml, and 83.33 ug/ml — for dexpanthenol. CCs, indicators calculated for
the different active ingredients of the medical device "Pravenor" were the following: 50 mg/ml for the dwarf
palm berries extract (Saw palmetto), 16.67 mg/ml for the lovage roots extract (Levisticum officinale), and
16.67 mg/ml for the calendula flowers extract (Calendula officinalis). No sensitizing or skin irritating effects
were observed in guinea pigs.

Conclusions. Biological evaluation of medical devices in the form of rectal suppositories "Pravenor" and va-
ginal suppositories "Prodexyn" performed using in vitro and in vivo biological systems. It was demonstrated
an acceptable level of safety of the products. The MTT test was 5 times more sensitive than the Vero cell
culture method in determination of cytotoxicity.

Keywords: medical devices; rectal suppositories; vaginal suppositories; antibacterial suppositories; cytotoxicity;

sensitizing effects; irritating effects.

Introduction

Today it is impossible to imagine the creation
of a modern innovative health care system without
the development and implementation of advanced
medical technologies in all medical spheres — both
preventive and clinical. The wide use of medical
devices (MD) allows efficient solving of the issues
in medical diagnostics, prevention, and therapy.
High-tech and innovative MD became an in-
dispensable mechanism in providing replicability,
mass scale and foreseeability of clinical and diag-
nostic results [1].

Specific features of drugs as a type of products
in healthcare system are expressed mostly by their
extreme variability of design, origins, methods of
manufacture, and use [2, 3]. Such circumstances

considerably restrict the development of general
(universal) rules for MD standardization, in parti-
cular, from the point of view of their quality and
safety. Unlike medicinal products with detailed di-
rectives on quality and safety (Pharmacopoieias,
the Guidelines of the International Council on
Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use,
and national regulatory authorities), similar de-
tailed international and national normative docu-
ments are absent for medical devices. The men-
tioned characteristic of MD is also reflected in the
systems of MD access for various national markets,
which mostly envisage the procedures of com-
pliance assessment, which involve wide range of
authorized bodies [4, 5]. The regulatory bodies of
developed countries, industry associations, and
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international institutions make significant contribu-
tions to the international MD standardization sys-
tem. The Guidelines for Biological Assessment of
Medical Devices are developed by International
Organization for Standardization, and currently are
implemented in the majority of countries, includ-
ing Ukraine. The series of ISO 10993 standards
(Biological evaluation of medical devices) allowed
unification of the requirements for various types of
MD depending on their route of administration,
type of contact with organism, and the contact's
duration. The assessment concept, included in
standard ISO 10993-1:2018, forms the basis for the
development of the medical devices' assessment
programs; however, it is not binding, namely due
to the extremely wide range of MD peculiarities.
MD diversity is supported by the fact that for
many MDs the form of manufacture is very similar
to medicinal products (for example, eye drops,
vaginal and rectal suppositories, skin solution,
patches, etc.) In such cases, the primary problem is
to meticulously classify the product as a certain
medical product's class [6]. The results of class's
potential risk determination and MD biological as-
sessment are important incoming information for
MD assessment and risk management, which are
an integral part of general quality assurance system
of any medical devices manufacturer [7—9].

The aim of this article is to carry out a scientific
and medical justification of the regulatory status
(classification) of the medical devices in the form of
vaginal and rectal suppositories, as well as their bio-
logical evaluation according to ISO 10993 standards.

Materials and methods

Medical devices. We used the following sam-
ples for testing: medical device "Pravenor” (rectal
suppositories, further referred to as Pravenor), and
medical device "Prodexyn" (vaginal suppositories,
further referred to as Prodexyn). Pravenor has the
following composition: extract of dwarf palm ber-
ries (Saw palmetto) — 150 mg, extract of lovage
roots (Levisticum officinale) — 50 mg, extract of
calendula flowers (Calendula officinalis) — 50 mg,
excipients: hard fat. Prodexyn has the following
composition: octenidine dihydrochloride — 2 mg,
dexpanthenol — 100 mg, excipients: Macrogol 4000,
Macrogol 400.

To dilute the suppositories we used centrifuge
tubes and mix of ether (3 ml) and physiological
solution (3 ml) in ratio 1:1 (v/v). The suppository
was kept in a stoppered tube for 1 h till complete
dissolution. At the next stage, the lower phase was
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collected into another tube, which was left open
for 30 min for ether evaporation. The obtained ex-
tract (pH 6.8—7.2) was used for the device's bio-
logical evaluation. The calculated concentration
of active components in the obtained extract was
the following: for medical device Prodexyn —
0.67 mg/ml of octenidine dihydrochloride and
33.33 mg/ml of dexpanthenol; for medical device
Pravenor — 50 mg/ml of dwarf palm berries extract
(Saw palmentto), 16.67 mg/ml of lovage root ex-
tract (Levisticum officinale), and 16.67 mg/ml of
calendula flowers extract (Calendula officinalis).

Cell culture and its culturing. Vero cell culture
(passaged green monkey kidney cell culture), ob-
tained from cell bank of D.I. Ivanovsky Institute
of Virology of RAMS (Moscow, Russian Federa-
tion) and maintained at the research facility
"L.V. Gromashevsky Institute of Epidemiology and
Infectious Diseases of the NAMS of Ukraine"
(Kyiv, Ukraine) was used.

The cells were maintained in culture via the
common method, using complex medium, consist-
ing of 90% RPMI-1640 medium (Sigma, USA)
with the addition of 10% inactivated fetal bovine
serum (FBS) (Sigma, USA), and antibiotic Kana-
mycin (50 IU/ml).

The cells were cultured in 50—100 ml glass or
plastic vials (Nunc, Denmark) at 37 °C in the 5%
CO, atmosphere. Every 3-4 days live cells were
counted by staining the cells with trypan blue and
seeded in the initial cell concentration per 1 ml.

The passaged cells were extracted from vial
surface with Gibco® Versene Solution (0.2g EDTA
per litre of phosphate-buffered saline) (Thermo
Fisher Scientific, USA), centrifuged and added in-
to 1 ml of medium for precipitation, pipetted and
counted in Goryaev's hemocytometer. The cells
were seeded into well plates for cell culture (Sig-
ma, CIIA) with estimated number of 200,000 cells
in 1 ml of the medium.

Determination of the medical devices' cytotoxic
concentration (CCsy)). To determine CC,, of the
medical devices, we used at least ten rows of wells
in plates with cell culture for each product's dilu-
tion. The plates with cell culture were incubated at
37 °C in the 5% CO, atmosphere for 5 days. Every
day the test and control cultures were monitored
for presence or absence of cytopathogenic effect
(CPE). CPE degree was determined by changes in
cells morphology (rounding, wrinkling of cells, de-
tachment from well surface) and degenerative
changes via the following system: "—" — complete
absence of cell degeneration; "+" — NMT 25% of
cell monolayer is affected; "++" — NMT 50% of
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cell monolayer is affected; "+++" — NMT 75% of
cell monolayer is affected; "++++" — complete
degeneration of cell monolayer. CCy, of medical
device was defined as the maximal rate, which did
not cause degeneration of 50% of cells. Control
was defined as a cell monolayer without addition
of medical devices' extracts.

MTT assay. The method is based on function-
ing of the dehydrogenase system in intact cells' mi-
tochondria that convert 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) into
formazan. The reaction product may be determi-
ned quantitatively by spectrophotometer. The MTT
conversion into formazan decreases after death of
cells, affected by toxic substances. The cells in
concentration 5x10° ml™" were cultured in 96-well
plates in RPMI-1640 medium with addition of
10% FBS, which contained test substances in vari-
ous concentrations. Controls were cells that not
treated with the studied product. Each concentra-
tion was tested in 3 replicates. The plates with cells
were incubated at 37 °C in the 5% CO, atmosphere
for 48 h. MTT substrate (Sigma, USA) was dissolved
in sterile phosphate-buffered saline solution (PBS)
(0.2 M NaCl, 0.2 M K,HPO,, 0.2 M Na,H,PO,,
0.2M KCI), pH 7.2, at room temperature in a
concentration of 5 mg/ml. The filtered MTT solu-
tion in a volume of 25 ul per 100 pl of cell suspen-
sion was put into wells and incubated for 3 h at
37 °C in the 5% CO, atmosphere. After incubation
the plates with cells were centrifuged for cell preci-
pitation at 1500 rpm for 10 min and rejected the
supernatant. 100 pl of 96% ethanol were added to
precipitation; it further dissolved crystalline forma-
zin. After 10 min of thorough shaking at 37 °C the
optical density of solutions was measured by spec-
trophotometer at wavelength 540 nm. The percen-
tage of inhibition of cell viability when subjected to
the test products was determined by the measuring
of optical density of the test samples in comparison
with the control cells (CC), which was taken as
100%. For convenience of assessment of the ob-
tained results of cytotoxicity CCs, on the basis of
MTT assay on the corresponding plot indicated the
value corresponding to half of the CC (CC 50%).

Animals. In the study we used random-bred
laboratory Guinea pigs, aged 3-4 months, weighing
300—400 g. The animals care was complied with
the requirements of international standard ISO
10993-2:2006 "Biological evaluation of medical de-
vices — Part 2: Animal welfare requirements”.

Sensitization and skin irritation effects study.
The hair was cut from the zones of 2x3 cm on the
animals' backs; melted suppositories were applied
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directly on the skin, fixated with gauze bandage,
and left for 4 h. Further monitoring for erythema
and oedema was performed 12, 24, 48 and 72 h af-
ter the bandage's removal. Photo fixation of results
was carried out. Each test group included 6 animals.

Bioethics norms. All work with animals, de-
scribed in this article, was performed according to
the Law of Ukraine "On protection of animals
from abuse”, European Convention for the Pro-
tection of Vertebrate Animals, as well as the
Guide for the Care and Use of Laboratory Animals
(8" edition). Upon completion of the study the an-
imals were sacrificed via a humane method, aimed
at minimal physical and psychological suffering.

Results

Classification of medical devices and justifica-
tion of biological testing program

Functional characteristics of the medical device
Pravenor. To understand the product's functional
characteristics, the product's content should be
analyzed along with roles of its ingredients in the
functioning of male urogenital system should be
assessed. Berries of dwarf palm (Saw palmetto)
contain the following biologically active substances
that are necessary for normal functioning of pros-
tate: phytosteroles (hormone precursors, synthe-
sized in a human body), fatty acids (palmitic, lino-
leic, linolenic acids), lipase (promotes the digestion
of fats, fatty acids, fat-soluble vitamins A, D, E) [10].
Lovage roots (Levisticum officinale) contain many
essential oils (terpineol, cineole, acetic, isovaleric
and benzoic acids), which promote urination [11].
Calendula flowers (Calendula officinalis) contain
essential oils, carotenoids and flavonoids that sup-
port regeneration processes of body tissues [12].
Therefore, phytocomponents of this medical device
represent a complex of biologically active substan-
ces that are necessary for and promote normal
functioning of urogenital system in males, mainly —
prostate. It is worth mentioning that the above
phytocomponents are also included in several me-
dicinal products and dietary supplements (in oral
forms). The majority of medicinal products, con-
taining extracts or tinctures of dwarf palm, lovage
and calendula, are the so-called traditional medi-
cinal products, which have been developed and
marketed in Ukraine for more than 20 years. At
present such new oral products are placed on the
Ukrainian market as dietary supplements, and this
reflects their functional principle of action better,
i.e., provision of nutrients for better functioning of
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the body's system. The preventive effect of such
products is implemented in such a way along with
their help in mitigation of respective diseases' course.
Therefore, the effect of medical device Pravenor
(rectal suppositories) on human body cannot be
described as pharmacological or immunological, as
well as the one modifying metabolism. Thus, this
product may be considered as a medical device in
the terms of Technical Regulations for Medical
Devices, approved by the Decree No. 753 by the
Cabinet of Ministers of Ukraine, dated October, 2,
2013, and Regulation (EU) 2017/745 of the Euro-
pean Parliament and of the Council as of April, 5,
2017 on medical devices.

The medical device Pravenor is classified as a
short-term device because its continuous use is en-
visaged for less than 30 days. Considering rectal
route of administration and the device partial ab-
sorption, the Rule 21 (Regulation (EU) 2017/745
of the European Parliament and of the Council of
April, 5, 2017 on medical devices) may be applied
to this medical device, namely: the devices that are
composed of substances or substance combinations
that are intended to be introduced into in human
body via a body orifice or skin application, and
that are absorbed or locally dispersed in a human
body, and classified as class I1I, and which achieve
their intended purpose in the stomach or lower ga-
strointestinal tract and which or whose products of
metabolism are systemically absorbed by the hu-
man body.

Functional characteristics of medical device
Prodexyn. To understand the product's functional
characteristics. the product's content should be
analyzed along with its ingredients's roles in the
functioning of female urogenital system. Octeni-
dine dihydrochloride is an antiseptic agent for mu-
cus membranes, skin and wounds. It reacts with
microbial cell's wall components and microbial
membranes, causing disorders in cell functions. Its
antimicrobial mechanism of action also involves
the increase of cell membrane's permeability for
potassium ions. Octenidine dihydrochloride is not
absorbed by the gastrointestinal tract or skin and
mucus membranes. Its penetration through placen-
ta may be excluded. Octenidine dihydrochloride is
not absorbed by vaginal mucous membrane or by
wounds [13, 14]. Dexpanthenol, which is also a
component of the product, is converted in tissues
into a pantothenic acid, which is an integral part
of coenzyme A, and plays important role in epithe-
lium's normal functioning and acceleration of skin
and mucous membranes' regeneration. Dexpanthe-
nol is rapidly absorbed by skin and is immediately
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converted into pantothenic acid, which is widely
distributed in organism tissues, mostly in the form
of coenzyme A. Pantothenic acid is eliminated
predominantly in unchanged form with urine and
to a lesser extent — with faeces [15, 16].

Octenidine dihydrochloride in various phar-
maceutical forms and methods of use is included
also in medicinal and disinfecting products. Dex-
panthenol is widely used both by the pharmaceu-
tical and cosmetic industries due to its positive ef-
fect on skin and mucous membranes' regeneration.
Thus, the medical device Prodexyn contains the
antiseptic agent octenidine dihydrochloride, which
does not have systemic effects on human organism,
and which medical effect lies in inhibition of the
development of extraneous microbiota in the vagi-
na and prevention of sexually transmitted diseases.
Another device’s component, dexpanthenol, plays
auxiliary role, aiming at prevention of potential ad-
verse effects of octenidine dihydrochloride, namely —
its irritating action. Therefore, the effect of medical
device Prodexyn (vaginal suppositories) on human
body cannot be described as pharmacological or
immunological, as well as the one modifying meta-
bolism. Thus, this product may be considered as
medical device in the terms of Technical Regu-
lations for Medical Devices, approved by the
Decree No. 753 by the Cabinet of Ministers of
Ukraine, dated October, 2, 2013, and Regulation
(EU) 2017/745 of the European Parliament, and of
the Council as of April, 5, 2017 on medical devices.

The medical device Prodexyn is classified as a
short-term device because its continuous use is
envisaged for less than 30 days. Considering vagin-
al route of administration, absence of absorption
and systemic effect of octenidine dihydrochloride,
the Rule 21 (Regulation (EU) 2017/745 of the
European Parliament and of the Council as of
April, 5, 2017 on medical devices) may be applied
to this medical device, namely: the devices that are
composed of substances or of combinations of sub-
stances, that are intended to be introduced into the
human body via a body orifice or applied to skin,
and that are absorbed by or locally dispersed in the
human body, and classified as class IIb in all other
cases. Taking into account the vaginal route of
administration (invasive device) and its intended
purpose (prevention of sexually transmitted disea-
ses), the Rule 15 (Regulation (EU) 2017/745 of
the European Parliament and of the Council as of
April, 5, 2017 on medical devices) may be also ap-
plied to this medical device, namely: all devices,
used for contraception or prevention of sexually
transmitted diseases are classified as class IIb, un-
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less they are implantable or long-term invasive de-
vices, and in this case, they are classified as class II1.

Program of biological testing. Considering the
recommendations of standard ISO 10993-1:2018
"Biological evaluation of medical devices — Part 1:
Evaluation and testing within a risk management
process” (device group: surface device; type of con-
tact: mucosal membrane; contact duration: 24 h —
30 days), as well as well-established safety profile
of the substances in the device content, it was con-
sidered sufficient to include three following para-
meters into the biological testing program: cytotox-
icity, sensitizing, and skin-irritating effects.

Biological evaluation of medical devices

Determination of the device cytofoxic concentra-
tion (CCyy). Vero cells culture (Fig. 1) was used to
determine the CC,, of the products. At least ten
rows of wells in plates with cell culture were used
in the experiments for each device dilution in me-
dium. The test and control cultures were moni-
tored every day to determine the presence or ab-
sence of CPE. The study results are summarized in
the Table and Fig. 1.

The maximum level of dilution of the extract
of the product Prodexyn, which led to the CPE
of Vero cell culture, was 1:80, which corresponds
to the concentration of octenidine dihydrochloride —
8.35 pg/ml, for dexpanthenol — 416.65 ug/ml. At the
same time, Pravenor was found to be completely
non-toxic when tested in Vero cells culture.

According to MTT assay results (Fig. 2), it was
shown that cytotoxic effect CCs, was registered for
extract dilution 1:400 for medical device Prodexyn
(line intersection "CC 50%" and "No. 1 Prodexyn"
on Fig. 2). This dilution corresponds to the follow-
ing values of CCs,: for octenidine dihydrochloride —
1.67 pg/ml, for dexpanthenol — 83.33 pg/ml.

According to MTT assay results, medical de-
vice Pravenor did not demonstrate a toxic effect,
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Figure 1: Vero cell culture used in the experlment (magnifi-
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Py
/ l»",i/

which was confirmed by the obtained ratio of opti-
cal density for test product versus optical density
for control cell culture (see Fig.2). Based on the
obtained results, it can be concluded that CC,, for
this product exceeds 50 mg/ml for dwarf palm ber-
ried extract (Saw palmetto), 16.67 mg/ml for lovage
root extract (Levisticum officinale), and 16.67 mg/ml
for calendula flowers extract (Calendula officinalis).

Studies of sensitization and skin irritation effects

Monitoring of experimental animals have shown
that both devices do not cause any skin irritation
and are safe to use. The observations were recorded
in photographs (Fig. 3).

Discussion

Medical device regulatory status has crucial
meaning for the strategy of a scientific research
project. There is a considerable difference in stu-
dies of the safety and efficiency of medicines and
medical devices. Some health care products may
have similar or even equivalent forms (solutions for
injection, skin solution, nasal sprays, vaginal and
rectal suppositories, etc.), however, they may be
classified into different regulatory groups. In addi-
tion to the aforementioned aspects of preclinical
and clinical studies of medical products their regu-
latory status sometimes influences pharmacoeco-
nomic parameters of the respective projects [17].
In the terms of access of the developed medical
products, in particular — medical devices to various
segments of global pharmaceutical market the pro-
blem of unification of regulatory requirements in
various states and supranational structures is very
important (for example, EU) for managing quality,
safety, and efficiency of such products [18, 19].
Manufacturers of medical devices and other medical
products constantly discuss the issues of intercon-
nection between scientific-technical issues in this
sphere in terms of regulatory requirements [20—23].

Table: The study results of the device cytotoxic concentration
in Vero cell culture

. Device

Dilution Prodexyn Pravenor
1:10 10/10° 0/10
1:20 10/10 0/10
1:40 10/10 0/10
1:80 5/10 O/10
1:160 0/10 0/10
1:320 0/10 0/10
1:640 0/10 0/10
1:1280 0/10 0/10
CCs, 1:80 Non-toxic
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CCs

Absorbance at 540 nm
()
N

Dilution 1280 640 320
—®—Ne1Prodexyn 0.7475 0.6435 0.2105
—®—Ne2Pravenor 0.7465 0.7405 0.7215
—&=CC 0.6683
=——=CC 50% 0.334

160 80 40 20 10
0.203  0.2225 0.045 0.0595 0.0595
0.704  0.7005 0.711  0.687  0.619

Figure 2: Results of cytotoxicity assessment by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay

-
"
/

Guinea pig with the skin zone, Guinea pig with the skin zone,
on which "Pravenor" on which "Prodexyn”
was applied was applied

Guinea pig skin
after "Prodexyn" testing

Guinea pig skin
after "Pravenor” testing

Figure 3: Results of determining of the devices' sensitizing and skin-irritating effects

There are many products for vaginal and rec-
tal use, which are sold on the developed countries
markets, and which are classified as medical devices.
Usually intra-vaginal medical devices in traditional
pharmaceutical forms (suppositories, tablets, cap-
sules, etc.) are developed for correction (restora-
tion) of vaginal microbiota [24—26]. Other indica-
tions for such devices include promotion of fertili-
zation [27], delivery of anti-HIV drugs [28], etc.
Medical devices in the form of rectal suppositories,
creams, and gels are used for treatment and preven-
tion of proctological and urological diseases [29, 30].
In view of this, our medical-scientific justification
of classification of the studied products as medical
devices is harmonized with regulatory bodies prac-
tice (Conformity Assessment Body) of the Euro-
pean Union countries. It is worth noting that at
present the current Ukrainian Technical Regula-
tions on Medical Devices and Medical Device
Regulations, adopted in the European Union [23,
31], do not match in the part of establishing risk

classes for several medical devices, including inva-
sive devices. However, such regulatory disparities
between Ukrainian and EU markets do not affect
significantly the determination of biological evalua-
tion strategy for such devices.

The obtained data on cytotoxicity of vaginal
suppositories (Prodexyn), containing octenidine
dihydrochloride and dexpanthenol, correspond to
the data of other scientists. Thus, in the study [32]
cytotoxic effect of octenidine solution was assessed
on fibroblast cell cultures and MCF7 cells (epi-
thelial-like cell line, obtained from invasive adeno-
carcinoma of human mammary ducts). Octenidine
solution in the concentration of 0.5 mg/l signifi-
cantly inhibited cell growth in 24 h, however, with
the concentration of 0.012 mg/l the cytotoxic ef-
fect was not observed. Such results allowed authors
to recommend octenidine solution for cutaneous
use in the treatment of purulent wounds. Similar
results were obtained while studying several sub-
stances with antiseptic properties as the candidates
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for gingivitis treatment: octenidine showed the
lowest cytotoxic effect on fibroblasts and epithelial
cells [33] among the studied five agents. The mod-
ern toxicological studies of dexpanthenol-containing
combinations are aimed at determination of the
decrease of toxic (in particular, cytotoxic) effects
after introduction of dexpanthenol into combina-
tion. This approach is justified by dexpanthenol’s
biological properties, namely — its transformation
into pantothenic acid in a body. Pantothenic acid
is an integral part of coenzyme A and participates
in acetylation, carbohydrate and fat metabolism,
synthesis of acetylcholine, corticosteroids, porphy-
rins; it stimulates regeneration of skin and mucous
membranes, normalizes cell metabolism, accelerates
mitosis and increases strength of collagen fibres [15,
34]. Most often dexpanthenol is included in drugs
for nasal use to improve their safety profile. Thus,
the study [35] showed that dexpanthenol signifi-
cantly decreased the toxic effect of xylometazoline,
used on amniotic epithelial cells (human amniotic
cell line). Another study [36] proved that dexpan-
thenol (5%) decreased the toxic effects of xylome-
tazoline and benzalkonium chloride used on amni-
otic epithelial cell growth. These data suggest the
adequacy of the chosen combination in medical
device Prodexyn (octenidine + dexpanthenol) both
from the point of efficacy and safety profile. The
obtained data are absolutely new on the proposed
combination and its method of administration.

Phytocombination of medicinal herbal ex-
tracts in the medical device Pravenor is original,
therefore the study of the cytotoxic effect of this
product on cell culture was relevant both from
scientific and regulatory point of view. The availa-
ble literature data [37—42] on cytotoxic effects of
extracts from Saw palmetto, Levisticum officinale,
Calendula officinalis of biologically active sub-
stances, obtained from these medicinal herbs, are,
on one hand, addressed by their individual studies
(as monopreparations), and, on the other hand, are
focused on assessment of anti-cancer activities.
Therefore, the obtained data on the absence of
cytotoxic effect of the medical device Pravenor are
an important prerequisite for safe use of this pro-
duct as a prostate protector.

Conclusions

Scientific-medical and regulatory justification
of classifying Prodexyn and Pravenor as invasive
medical devices for prolonged use was performed.
The cytotoxic, sensitization and skin irritation stu-

Innov Biosyst Bioeng, 2021, vol. 5, no. 4

dies are sufficient for biological evaluation of such
medical devices.

The maximum cytotoxic concentration of the
medical device's Prodexyn active ingredients, which
led to the CEP of Vero cell culture, was for octe-
nidine dihydrochloride — 8.35 ug/ml and dexpan-
thenol — 416.65 pg/ml. According to the MTT as-
say results for the medical device Prodexyn the
cytotoxic effect CCs, was recorded for dilution that
corresponds to the values of CC,,: octenidine di-
hydrochloride — 1.67 pg/ml and dexpanthenol —
83.33 pg/ml.

The medical device Pravenor was completely
non-toxic in the study in Vero cell culture. Similar
results were obtained in the MTT assay: it was es-
tablished that the CC,, for this product exceeds
50 mg/ml for the extract of dwarf palm berries
(Saw palmetto), 16.67 mg/ml for lovage root extract
(Levisticum officinale), and 16.67 mg/ml for calen-
dula flowers extract (Calendula officinalis).

The method of cytotoxicity evaluation, which
is based on the assessment of the condition of de-
hydrogenase system of mitochondrial cells (MTT
assay), was 5 times more sensitive if compared to
the approach of detecting cytopathic effects on
Vero cell culture. Thus, the MTT assay can be
considered as a more informative method for the
medical devices' cytotoxicity evaluation.

Both medical devices did not demonstrate
sensitizing and skin-irritating effects after applica-
tion on the skin.

The obtained data on safety profile of medical
devices Prodexyn and Pravenor allow recommend-
ing the products for use in the claimed medical
field.
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BIONOrYHE OLIHIOBAHHSA MEOUYHUX BUPOBIB Y ®OPMI CYNO3UTOPIIB
ONA PEKTANIbHOIO TA BATIHAINIbHOIO 3ACTOCYBAHHA

Mpo6nematuka. MNMporpamm AOKNIHIYHOrO BUBYEHHS Ge3nekn NpoayKTiB Y CUCTEMI OXOPOHM 340POB’S 3anexatb Bif perynsitopHoro cra-
Tycy AocnifKyBaHUx npoaykTiB. KnacudikyBaHHA TakMx NPOAYKTIB, 30KpemMa Cyno3uTopiiB ANA peKTaribHOro Ta BariHanbHOro 3acTocy-
BaHHSA, € KPUTUYHMM eTanoMm AN pO3POOKM TaKTUKM ix GioMoriYHOro OuiHIOBaHHA. AKTyanbHUMK ANna 6ioMeanUMHM 3anualoTbes Mu-
TaHHA aganTauii meTogiB 6i0NoriYHOro OLiHIOBaHHA MeAnYHMX BUPOBIB Ha OCHOBI KOMOiHaLji 6iONOriYHO aKTUBHUX PEYOBMH, @ TaKOX
OLiHKM pe3ynbTaTiB TAKOro OLiHIOBAHHS.

MeTa. 34iicHUTN OBr'pyHTYBaHHSA perynsTopHoro cratycy Ta GionoriyHe ouiHIOBaHHA Meau4HMX BMpOGIB y hopMi BariHanbHUX
Cyno3nTopiiB Ha OCHOBI OKTeHiAnHY aurigpoxnopuay (“‘MpoaekcuH”) Ta y popmi pekTanbHMX Cyno3nTOpIiB HA OCHOBI €KCTPaKTIB POCAWH
Saw palmetto, Levisticum officinale i Calendula officinalis (“lMpaBeHop”).
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MeToauka peani3sauii. bionoriyHe ouiHlOBaHHA NpoBoAMnK 3rigHO 3 BUMoramu ctaHgapTie cepii ISO 10993 3a gonomoroto GionoriyHnx
TecT-cucTeM in Vvitro Ta in Vvivo (UMTOTOKCUYHICTb y KynbTypi kniTuH Ta y MTT-TecTi, ceHcubinisytoda Ta noppasHioBanbHa Ais Ha
MypyaKkiB).

PesynbTatn. LintotokenyHicte (CCsp) ekcTpakTy MeanyHoro Bupoby “lNpoaekcuH” Ha KynbTypi KniTuH Vero ctaHosuna 8,35 mkr/mn y
nepepaxyHKy Ha OKTeHiauHy auvrigpoxnopug Ta 416,65 mkr/mn y nepepaxyHky Ha aekcnaHteHon. MeauyHin Bupib “MNpaseHop” BUsiIBUBCS
HETOKCUYHUM Ha KynbTypi knituH Vero. 3a pesynbtatamu MTT-tecty CCso ANS OKTEHIANHY gurigpoxnopudy ctaHosuna 1,67 mkr/mm,
nekcnanTeHony — 83,33 mkr/mn. CCsy y nepepaxyHKy Ha akTUBHI iHrpedieHTn MeguyHoro Bupoby “MNpaeeHop” ctaHoBuna 50 mr/mn gns
eKCTpakTy srig kapnukosoi nanbMu (Saw palmetto), 16,67 mMr/mn Ans ekcTpakTy KOpeHiB nobucTky nikapcbkoro (Levisticum officinale),
16,67 mr/mn Ans ekcTpakTy KBiTOK Harigok nikapcekux (Calendula officinalis). Ans megnyHux Bupo6iB He Gyno BUSIBMEHO CeHcumbini-
3yl40i Ta LWKiponoapasHoBanbHOT Ail Ha MypYakiB.

BucHoBku. BionoriyHe ouiHOBaHHA MeaunyHUX BUpoGiB y dopMi pekTanbHUX cyno3utopiie “lNpaBeHop” i BariHanbHUX Cyno3uTopiis
“MNpoaekcuH”, npoBefdeHe i3 BUKOPUCTaHHAM GionoriyHnx cuctem in vitro Ta in vivo, 3acBigyunno NPUNRHATHUN piBeHb 6e3neyHocTi uiel
npoaykuii. MNpy BU3Ha4yeHHi LUMToTOKCMYHOCTI MTT-TecT BUsiIBUBCA Y 5 pasiB 4yTnuBIlLMM MOPIBHAHO 3 METOAOM Ha OCHOBI KynbTypu
KniTuH Vero.

KntoyoBi cnoBa: meanyHi BUpobu; pekTanbHi Cyno3uTopii; BariHanbHi Cyno3uTopii; aHTMbakTepianbHi Cyno3vTopii; LMTOTOKCUYHICTb;
ceHcubinisytova aisi; WwkiponogpasHioBarnbHa Aisi.
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BUOJNIOMMYECKOE OLIEHUBAHUE MEOULIMHCKUX U3OENUA B ®OPME CYMNMNO3UTOPUEB
ANA PEKTANIbHOIO U BATMHAJIbHOIO UCMNOJIb3OBAHUA

Mpo6nemaTtuka. NporpaMMbl OKMMHUYECKOTO UCCefoBaHNst 6€30MacHOCTU NPOAYKTOB B CUCTEME 34paBOOXPAHEHMUS 3aBUCAT OT pe-
rynsiTOpHOro cTaTyca uccrnegyemMbix NpoaykToB. KnaccuduumpoBaHue Takmx NpoAyKToB, B YACTHOCTU Cynno3UTOpuUeB ANs pekTarbHOro
1 BarMHarnbHOro NPUMEHEHUs], SBMNSIETCS KPUTUYECKUM 3TanoM pa3paboTky TaKTUKM MX BMONOrMyeckoro oueHnBaHus. AKTyanbHbIMU
OCTatloTCA BOMPOCHI aganTaumMn MeTodoB 6MONOrMyeckoro OLeHMBaHSA MEeQULMHCKUX U3OeNvn Ha OCHOBE KOMOUHaLumM Guonornyeckm
aKTMBHbIX BELLECTB, @ Takke OLEHKM pe3ynbTaToB Takoro oLeHBaHUS.

Lenb. Npon3Bectn 060CHOBaHUE perynsTopHOro craryca n buonormyeckoe oLeHVBaHWe MeOULMHCKUX u3nenvin B oopMme BarnHasnb-
HbIX CYNMO3UTOPUEB Ha OCHOBE OKTEHMAWHA aurnapoxnopuaa (“Mpoaekcun”), a Takke B GOpMe pekTanbHbIX CYNno3vTOPUEB HA OCHOBE
pacTuTenbHbIX 3KCTpakToB Saw palmetto, Levisticum officinale n Calendula officinalis (“MpaBeHop”).

MeToauka peanusauumn. buonornyeckoe oLeHVBaHME NPOBOAMMOCL COrnmacHo TpeboBaHusiM ctaHgapToB cepun ISO 10993 ¢ nomo-
b BUONOMMYECKMX TECT-CUCTEM in Vitro 1 in vivo (LMTOTOKCMYHOCTL B KynbType KneTok u B MTT-TecTe, ceHcMbunmanpytoLlee u pas-
OpaxaioLlee AeCTBUE Ha MOPCKMX CBUHOK).

Pe3ynbTathl. LiutoTokcnuHocTb (CCsp) SKCTpakTa MeamumHeKoro nagenus “lMpoaekcuH” Ha KynbType kneTok Vero coctasuna 8,35 mkr/mn
B nepecyeTe Ha oKkTeHuauMHa aurugpoxnopug un 416,65 Mkr/mn B nepecdeTe Ha gekcnaHTeHon. MeguuuHckoe mnsgenue “lMpaseHop”
0Ka3anocb HETOKCUMYHBIM Ha KynbType kneTok Vero. Mo pesynbtatam MTT-tecta CCso ANS OKTEHWAMHA AMIMApOXNopuaa coctaBuna
1,67 mkr/mn, aekcnaHteHona — 83,33 mkr/mn. CCyy B nMepecyeTe Ha aKTUBHbIE UHIPEAMEHTbl MeauuMHCKoro nsgenuvs “MpaeseHop”
coctaBuna 50 mMr/mn ons aKCcTpakTa frog kapnvmkoBoK nanbmbl (Saw palmetto), 16,67 mr/mn gns aKkCTpakTa KOpHen nobucToka nekap-
ctBeHHoro (Levisticum officinale), 16,6 mr/mMn ans akcTpakTa LBETKOB KaneHaynbl nekapcteeHHol (Calendula officinalis). Ans meguumnt-
CKUX n3nenuii He 6bIN0 0BHaPYKEHO CEHCUBUMM3NPYIOLLIETO U KOXepasapaxatoLLlero 4eNCTBUst Ha MOPCKUX CBUHOK.

BbiBoabl. Bronornyeckoe oueHMBaHWe MeOULIMHCKMX M3OenNuin B hopMe pekTanbHbIX cynno3utopues “NpaBeHop” U BarMHanbHbIX Cyn-
nosutopues “pogekcuH”, NpPoBeAEHHOE C UCMONb30BaHWEM BUONMOrMYECKUX TECT-CUCTEM iNn Vitro 1 in vivo, yaoCTOBEPUO NpUeMIeMbIi
YypOBeHb 6e3onacHOCTU AaHHoW npoaykuun. MNpy onpegeneHun umtoTokenyHoctn MTT-TecT oka3ancst B 5 pa3 bonee 4yBCTBUTENbHBIM
Mo CPaBHEHMWIO C METOAOM Ha OCHOBE KymnbTypbl KNneTok Vero.

KnioueBble cnoBa: MeguUMHCKNE M3nenus; peKkTanbHble Cynno3nTopun; BarMHanbHble Cynno3nUTopun, aHTVI6aKTepVIaJ'IbeIe cynnosu-
TOpWU; LUTOTOKCUYHOCTb; CeHCI/I6I/IJ'II/I3I/Ipy}OLL|,ee nencreue; KOXepasapaxatllee nencreuve.
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IIpobnemaTuka. KaragiTuuHa aKTMBHICTb €H3UMIB, 10 € iX HABaXJIMBIIIOIO XapaKTEPUCTUKOIO, MOXE CYT-
TEBO 3MiHIOBATHUCS IIiJ BIUIMBOM e(eKTOpiB, HANPUKIIAA iOHIB MeTajliB, i € MpPeaMeTOM CHeliaTbHUX AOCIi-
JDKEHb, 1110 BaXJIUBI 1Uis1 6ioXiMii, 6i0TeXHOJIOril, MEAULIMHYU Ta iHIIUX Tajy3edl HayKu. 3a3BUYail aKTUBHICTb
€H3MMIB 3a HasIBHOCTi METaJliB OLIiHIOIOTh 3a 3MiHOIO IIBUAKOCTI (hepMEeHTaTUBHOI peakilii. OmHaK MpoBe-
JIEeHHS MOMIOHUX €KCIIEPUMEHTAJbHUX JOCIIMKeHb, OCOOIMBO UISI HOBUX €H3MMIB, SIK Y BUMNAAKY 3 MENTU-
na3ow Bacillus thuringiensis var. israelensis IMV B-7465, morpe0Oye 3HaAYHMX PECYpCiB i PO3TOPHYTHX KiHe-
TUYHUX AOCTiAXeHb. TOMYy HOIIBHUM € 3aCTOCYBaHHSI METOJiB KOMIT IOTEpHOI XiMii, 6a30BOI0 3aaaueio
SIKOI € TIOLIYK 3aJIEXXHOCTI “CTPYKTypa—BJIACTUBICTh”, IJIsS ITOOYIOBU MOJIEi, 110 MaTUMe 3MOTY 3 BHCOKOIO
BIpOTiIHICTIO OLIIHUTU BIUIMB iOHIB M€TaJliB Ha aKTUBHICTb MENTHUIA3U.

Mera. Po3pobka QSAR-moneneit aist aHaji3y i MpOrHO3yBaHHSI BIUIMBY iOHIB METaliB Ha aKTUBHICTb TeM-
tanasu Bacillus thuringiensis var. israelensis IMV B-7465.

Metoauka peamizanii. BriiuB ioHiB MeTajiB BMBYaiM, BM3HAYalOUM MPOTEOJITUUHY AKTUBHICTh TENTUAA3U
micast cyMmicHol iHKy6amii Bpogosxk 30 xB y 0,0167 M 6ydepHoro posuuny tpuc-HCI (pH 7,5, 37 °C).
Kinuesa konuenrpauiss xmopumiB meranis Li*; Na®; K*; Cs*; Cu?"; Be?; Mg?*; Ca’"; Sr**; Ba’"; Zn>";
Cd**; Hg?"; Cr*"; Mn**; Co*"; Ni** y 6ydepHoMy po3umnHi ctaHoBmIa 4 MMoib/amM>. ISt TIOIIYKY KilTbKiC-
HOTO 3B’SI3KY “CTPYKTypa—BJIACTHUBICTb” BUKOPUCTOBYBaJM JIOBIAKOBI MaHi MpO BJIACTUBOCTI iOHIB MeTalliB
Ta METOIM TPEHA-BEKTOpa i BUMAAKOBOIO JIiCy.

Pe3syabTaTu. JocCiimXeHHs BIJIMBY iOHIiB MeTalliB HAa NPOTEOJITUYHY AKTUBHICTb nentuaasu Bacillus
thuringiensis var. israelensis IMV B-7465 nokasano, wo aeski ionn metanis (Li ¥, Mn?* i Co?") akrusyBanu
nentuaasy, a inmi (Cu?*, Be?*, Cd**, Hg?*, Cr’") inribyBaau aktuBHicTb eH3uMy. HeniHiiiHuMM MeTomaMu
TPEH-BEKTOpa Ta BUITaJKOBOTO JIiCy MOOyIOBAaHO aAeKBaTHiI CTATMCTUYHI Mojeii 6e3 MoMuwiIoK Kiacudika-
il Ta TOMWIOK MPOTHO3Y KJIacy aKTMBHOCTI IJISI TeCTOBOro Habopy. OOMaBi Momesi IMOKa3yloTh, 110 Hali-
BaXKJIMBIIIMMU XapaKTepPUCTUKAMU iOHiB MeTaJliB, SIKi MalOTh BIUIMB Ha aKTUBHICTb €H3UMY, € €JeKTpOHera-
TUBHICTb (ENp,), Teplunii nmoTeHuian ioHizauii (/P;), eHTpomnisi iOHiB y BOAHOMY po3uuHi (S) Ta eHepris
criopinHeHocTi 1o enekTpoHa (E,.).

BucnoBku. Metonu QSAR-aHai3y B CyKYNMHOCTi 3 HEJiHIHHMMU METOAaMU TPEH/I-BEKTOpa Ta BUIaJKOBOIO
Jlicy Jal0Th 3MOTY aJieKBaTHO OINKMCATU BIUIMB iOHIB MeTaliB Ha aKTUBHICTb Nentunasu Bacillus thuringiensis
var. israelensis IMV B-7465 3a paxyHOK J€CKPUIITOPIB, 110 BiZoOpaKaloTh MEBHUI OajlaHC IXHIX €JIEKTPOHO-
MOHOPHUX i €JIEKTPOHOAKIEIITOPUX BIACTUBOCTEN (€JIEKTPOHETaTUBHICTh, MEPIIMI MOTEeHIIiaa ioHi3allii,
EHeprist CIOPIAHEHOCTI 10 eJIEKTPOHA) Ta CTYIiHb CTPYKTYPOBAHOCTI TifipaTHOI 000JOHKU (€HTPOIIis COJb-
Barailii ioHiB). OOMIBa CTaTUCTMUYHUX METOAM Jal0Th OJM3bKi 3HAYEHHS BaXXKJIMBOCTI ACCKPUIITOPIB, aje
TiIBKM METOJ TPEH/I-BEKTOpa A€ 3MOTY MpoaHali3yBaTH HaIpsiM BIUIMBY KOHKPETHUX XapaKTEPUCTHUK iOHIB.

Kimouosi ciosa: nienrtunasa Bacillus thuringiensis var. israelensis IMV B-7465; ionn metaniB; QSAR-aHanis;

BUITAAKOBUIA J'[iC; TPEHO-BEKTOP, aKTUBHICTh CH3UMY.

Beryn

En3umu — yHiKaJlbHi OioKaTanizaTopy pi3HO-
MaHITHUX OiOXiMiYHMX MPOLIECIB — MalOTh BUCOKY
CEJICKTUBHICTh, KaTAJliTMYHY aKTUBHICTh, 30aTHI 30e-
piratu cBOI BJIACTUBOCTI M03a KJIiTUHAMM, IO O0y-
MOBJIIOE iX MPAKTUYHE BUKOPUCTAHHS B MEAULUHI
Ta Pi3HUX Tajy3ssX MPOMMCIOBOCTI: (papMaleBTUY-
Hill, Xap4yoBiii, xiMiuHiii. 3a 06CArOoM BUPOOHUIITBA
npenapati €H3UMiB 3aiiMaloTh cepel 0i0JI0riyHO
aKTMBHMX PEYOBMH KJIIOYOBI MO3MUIIii MICIISI aHTH-

GioTukiB i amiHokuclOT. Haltlupiile BUKOpUCTaH-
HS B NIPOMMCJIOBOCTI MalThb TiAPOJiTHYHi, Yy T.4.
MPOTEOJIiTUYHI, eH3umu |1, 2].

INpaktnuHe 3actocyBaHHs mnporeinas (Kd
3.4.21-24) i nentupas (K® 3.4.11-15) y meauuuHi
pidHOMaHiTHe. BOHM 4YMHATH TPOMOOJITUYHY Ta
MpoTu3anajabHy fAito. OmHaK HAKWOiNbII 3HAYUMUM
€ IX 3acTOCyBaHHS B Xipypril IJjIs Tepallil paH pi3-
HOI eTioJjioTil, 110 IOB’I3aHO 3 JIOKAJIbHICTIO Hmii
MpoTeas: IBUAKUM BiITOPTHEHHSIM HEXMTTE3AAT-
HOi TKAHWHU Oe3 BILJIMBY Ha 3[0pOBi HinsiHKU [3].

© The Author(s) 2021. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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Oco06auBy yBary AOCHiIHUKIB MNPUBEPTAIOTh
MPOTEOIITUYHI €H3UMHU MIiKpOOHOr0 MOXOIKEHHS,
1[0 MalOTh KOMILUIEKCHY MPOTEOJiTUYHY aKTUBHICTb,
3[aTHI IO PO3ILICIJIEHHS HEPO3UMHHUX OiTKOBUX
cyOcTpartiB: (iOpuHY, KoJlareHy, eJacTUHY, 3aBHsi-
KU YOMY € MEPCHEeKTUBHUMMU IS JIIKyBaHHSI paH i
omnikiB. JlocmimkeHHs IUX €H3UMiB MalTh BaXJIM-
Bi (DyHAaMEHTaJIbHi acleKkTy B rajy3i Oioximii, Mik-
pobiostorii, MeAU4YHOI 0i0TEeXHOOTii, ODioMeAULIMHU
IJIsI BU3HAYEHHS 1X CTPYKTYpH, KaTaJiTUYHOI aK-
TUBHOCTI, MexaHi3My aii, ¢i3uKo-XiMiYHUX Ta
0ioXiMIYHMX BJIACTMBOCTEH. SIK y TeopeTUMYHOMY
acIleKkTi, TaK i 11 CTBOPEHHSI HOBHUX OiOMpPOmyK-
TiB, MEPCIEKTUBHUX JUISI BAKOPUCTAHHS Y PAHOBIi
Teparlii, aKTyaJbHUM € TIOLIYK iHTiOITOpiB i aKkTUBa-
TOpiB HOBUX €H3MMIB, 0 SIKMX HAJIEXKUTb MEenTHaa3a
Bacillus thuringiensis var. israelensis IMV B-7465,
1[0 MA€ KOMIUIEKCHY MPOTEOiTUYHY aKTUBHICTb.

Y pobGori [3] po3risigaeThcsl BIUIMB iOHIB Me-
TaJiB Ha aKTUBHICTh MPOTEa3 Pi3HOTO MOXOMKEHHS,
SIKMI 3MiMCHIOEThCS 32 paxyHOK HecneludiyHoro
3B’SI3yBaHHSI iOHIB METajiB MOJIEKYJaMU €H3UMY.
Ilin piero Takux edekTopiB KaTajgiTUYHA aKTHUB-
HICTh €H3UMIB MOXE 3MiHIOBATUCH 1 3aJIeXKaTH Bil
TUITy B3a€EMOJii iOHIiB MeETaJjiB i3 0iOJOTiYHOK MO-
JeKkyjaow. ToMy HOBE MOCIHIIKEHHsS abo IOMOB-
HEHH$ iCHYIOUMX 3HaHb MPO BIUIUB TMOMiOHUX
edeKTOpiB Ha aKTUBHICTb €H3UMIiB Ma€ SIK Teope-
TUYHE, TaK i MpakTUYHE 3HaueHHs. OaHaK MpoBe-
JIEHHS TOMIOHUX €KCIEPUMEHTATIBHUX JOCIIIKEHD,
0COO0JIMBO IS HOBUX €H3UMIB, SIK Y BMIIaAKy 3
nentunasow Bacillus thuringiensis var. israelensis
IMV B-7465, motpebye 3HAYHUX pecypciB, Ha-
camIiepe]; JOCTaTHbOI KiIbKOCTi eH3uMy [4]. Tomy
JOLIJIBHUM € 3aCTOCYBaHHSI METOIIB KOMIT IOTEPHOI
XiMii, 6a30BOIO 33JaY€l0 SIKOI € IOIIYK 3ajesKHOC-
Tel “CTPyKTypa—BJIACTUBICTb” [JI1 MOOYIOBU aje-
kBaTHUX QSAR-Mopeneii, 31aTHUX OL[iIHUTU BILJIUB
1OHIB METaJIiB Ha aKTUBHICTb MENTUAA3MU.

BHecok ¢i3uko-xiMiuHMX MapaMeTpiB, IO
OMNKCYIOTh BJACTUBOCTI 10HIB MeETalliB, y 3MiHY
AKTMBHOCTI MENTUAA3M MU IOCHiIMIN MeTodaMu
QSAR (Quantitative Structure Activity Relationship)
MoJlie/foBaHHS. PaHillle nmomiOHi AOCTIIKEHHST Ha-
My OylIM MOpOBEIeHi I KapOoKcujecTepasud Ie-
YiHKM CBMHi, TUPO3MHA3U Ta JIi30LUMY, IO Oaj0
3MOTIY 3 BUCOKMM CTYIIEHEM BipOTiIHOCTI MPOTrHO-
3yBaTM AaKTHUBHICTh €H3MMIB 3a HAsSIBHOCTI i1OHIiB
MeTamiB [5, 6].

Y upomMy HIOCHiIXKEHHI MU CTaBUMO 3a METY
po3pooky QSAR-Mmopeneit st aHami3y Ta MPOrHo-
3yBaHHS BIUIMBY iOHIB MeTajliB Ha aKTUBHICThb
nentunasu Bacillus thuringiensis var. israelensis IMV
B-7465.

Marepiamm i MeToan

Y poboti BUKOopucTOBYBaIu nentunasy Bacillus
thuringiensis var. israelensis IMV B-7465, mo6’s13H0
HagaHny npod. JI.I. Bapbaneup, IHcTUTYT MiKpo-
6iosorii i Bipycojorii iM. JI.K. 3a6onotHoro HAH
Ykpainu, Ka3eiH 3a ['amMmepcTeHOM, OMYa4YMil cH-
poBaTtkoBuii anbOymiH (Sigma-Aldrich), xiopuau
meTanis (MYIT “TOP”).

BusnaueHHs BMicTy OiJika TMpOBOAUIU METO-
nom Jloypi B Momudikauii Xaprpi [7]. Kaniopy-
BaJlbHUI rpagik OyayBaiu, BUKOPUCTOBYIOUU OU-
Yaynii CUpPOBAaTKOBMIA aJbOyMiH, CTaHAAPTU30BAHUIA
3a 280 HM, BignosigHo no E'%,,, = 6,6.

3arajbHy MPOTEOJITUYHY aKTUBHICTh BU3HA-
yaau 3a MetonoM AHcoHa B Mmoaudikauii Iletpo-
Boi Ta BiHionaiite [8], akuii 0a3yeTbCa Ha Kijlb-
KiCHOMY BHM3HAYE€HHI TUPO3UHY, IO BUBLIbHSIETHCS
IpU TiAPOJI3i KaseiHy MiAg Mi€l0 AOCTIIKyBaHOTO
eH3uMy. 3a omuHML0 akTuBHOCTI (ITO — mpoTteo-
JITMYHA OAMHMUILT) TOKJIanadu 3AaTHICTb MeNTH-
nmasu 3a 1 xB npu 37 °C nepeBoauTHU KaseiH y He-
0CaIKyBaHUI TPUXJIOPOLTOBOIO KHCJIOTOIO CTaH y
KIUJTIBKOCTI, 1[0 BiANOBiAa€ 1 MKMOJIb TUPO3UHY.

BruiuB ioHiB MeTasiB BUBYAJIM, BU3HAYAOUU
MPOTEOJITUYHY aKTUBHICTh MNENTUAA3M MICIS CY-
MicHoI iHKyOarii Brponosx 30 xB y 0,0167 M Gy-
¢epHoro poszuuny tpuc-HCI (pH 7,5, 37 °C). KiH-
lieBa KOHILEHTpalisg xjaopuaiB MmetaniB Li*; Na*;
K+; CS+; Cu2+; B62+; Mg2+; Ca2+; sr2+; B3.2+; Zn2+;
Cd**; Hg*"; Cr**; Mn?*"; Co*"; Ni** y oydepHomy
PO34YMHi cTaHOBWIA 4 MMOJIb/IM?.

751 IolyKy 3B’SI3Ky “CTpYKTypa—BJIacTUBICTh”
BUKOPHMCTOBYBAJIM ITOBIAKOBI MaHi PO BIACTUBOCTI
ioHiB MeTamiB [9] Ta CTaTMUCTUYHI METOOU TPEHI-
Bektopa (T-Bektopa) [10, 11] i BUmagKoBoro Jicy
[12, 13].

Meton T-BekTOopa I'PYHTYETbCS Ha MPUHIIM-
MOBill ifmei Teopil po3mi3HaBaHHS 00pas3iB — poO3-
O6UTTA n O0’€KTiB Ha [Ba KJIAacU BiIHOCHO Cepell-
HbOIO 3HAYEHHH AOCIIIXYBaHOI BIaCTUBOCTI (A).
Benmnuunu (4; — A) HaOyBaloThb Ul OQHOTO KJjacy
MO3UTUBHUX 3HAYeHb, a IS iHIIOTO — HEraTuB-
HUX i TOMY MOXYThb acCOLIiIOBaTHCS i3 3apsiIaMu.
3BiJcH, aHAJIOTiYHO BEKTOPY AUIOJBLHOIO MOMEH-
Ty, T-BeKTOop XapakTepu3ye B OaraTOBUMipHOMY
MIPOCTOPi CTPYKTYPHUX NapaMmeTpiB X; (i — HoMep
MOJIEKYJIM, j — HOMEp CTPYKTYpHOIO Mapamerpa)
MOJIIN 3aps/iB, 1O BiAIMOBIIAIOTh AKTUBHOMY i He-
aKTMBHOMY KjacaMm MoJsieKys. KoxxHa KOMITOHEeHTa
T-BekTOpa BU3HAYAETHCS SIK

&
T,:Z-;;(A,.—A).X,j
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1 BimoOpaxa€e CTYIiHb i HalpsIM BIUIMBY j-TO CTPYK-
TYPHOTO TapaMeTpa Ha BEJIUYMHY aKTMBHOCTI A.
st po3B’si3aHHsI o0epHeHOi1 3adauyi (IpOTHO3
aKTUBHOCTiI) BUKOPUCTOBYETbCSI TaKe CHiBBi-
HOILLIEHHS:

rank(A.) = rank D TX; | (1)
=

3a3HauMMo, 110 KOXXKHA KOMITOHeHTa T-BekTopa
PO3paXOBYEThCS HE3aJIEXKHO Bil IHIIMX, i ii BHECOK
y MOJejb HE HalaITOBYEThCSI, TOMY BILIMB KiJlb-
KOCTi BUKOPHUCTOBYBAHMX CTPYKTYPHHUX IapameT-
piB Ha HaJiliHICTh MOJEJi He TaKUil KPUTUYHUIA,
SIK ISl peTpeciiHUX MEeTOAiB. Y 3almpOIrOHOBaHO-
MY MifXoi SIKIiCTb 3B’I3KY CTPYKTypa—BJIaCTUBICTb
OlLIiHIOBaJlach 3a BEJIMYMHOIO KOe(illiEHTa paHIro-
Boi Kopensuii (3a CripMeHOM) MiX paHTOM 3aja-
HOI aKTMBHOCTI Ta paHTOM OOYMCJIEHOI aKTMBHOCTI.
CrabifbHICTh MO BU3HAvYajgach B yMOBaX KOB3-
HOTO KOHTPOJIIO, KOJM KOXHa MoJIeKyjJda BUAAIS-
Jlach i3 HaBYaJibHO1 BUOIpKHU i Ays1 Heil 37ilicHIOBa-
BCS IIPOTHO3 AaKTMBHOCTI Ha OCHOBiI OTpUMaHOI
moneni. OTpUMaHUi y TaKUX yMOBaX Koe(illi€eHT
nerepMiHanii Q2 BUKOPUCTOBYBAaBCH SK XapaKTe-
PUCTHUKA CTIMKOCTI MOJEJi.

Takox y poOOTi MU BUKOPUCTOBYBAJIM METOI
punagkoBoro Jjicy (RF — Random Forest) [10].
Bin OymyeTbcsi Ha OCHOBI MeTony KiacHudikaiii-
HUX OepeB i (pakTUYHO sBIIsIE COO0OI0 aHCaMOJb
agepeB pilieHb [14]. Cratuctuunuit merong RF mo-
CUTb LIMPOKO BUKOPUCTOBYETHCS IS TOOYI0BU
QSAR-Mozeneit 3aBasiKu TaKUM CBOIM TepeBaraM:
BiZICYyTHICTh MpoOJeMU MepeHaBUaHHS Mojesei i
HEeOOXiTHOCTI MOMNepeIHbOI0 BiAOOPY 3MiHHUX;
aJIeKBaTHICTb BHYTPIlIIHbOI MNpPOLEAYPU OLIHKU
SIKOCTi Ta MNPOTHO3HOI 3MAaTHOCTI MOAENEl; CTiii-
KiCTb MOJeJeil N0 HAasIBHOCTI “IIymMy” y BUXIimHii
BUOIpLi; eeKTUBHICTL pOOOTH 3 BeIUMKUMU Oa3za-
MU JaHUX;, MOXJIMBICTb iHTepHpPEeTYBaTU OJepKaHi
MOJEJIi; MOXJIMBICTh aHalidyBaTU BUOIpKM, 110
BKJIIOUAIOTh CIIOJIYKM 3 Pi3HUMM MEXaHI3MOM Iii.
JlaHi eKCIIepMMEHTIB 1100 BIUIMBY iOHIiB METaJliB
Ha MPOTEOJIITUUHY aKTUBHICTb MENTUAA3U Minga-
BaJIM CTAaTMCTUYHiKl oOpoOui BimmosigHO o [15].
OLiHIOBAJIM CTYMiHb BipOTiAHOCTI pe3yabTaTiB 10-
CJIiIXXEeHb 3a KiJIbKOCTI TOBTOPIiB # =5 BiIHOCHO
BUXiMHOI aKTUBHOCTI nentunasu (8,25 [1O/mr 6in-
Ka 3a XBWIMHY). VIMOBIpHIiCTh BiIMiHHOCTEH MixX
CepeNHiMU 3HAYEHHSIMM BM3HAYaJId 32 KPUTEPIiEM
CrplofieHTa Ha piBHI 3HAYYIIOCTI He MeHIIe 95 %
(M £+ m1ipu p < 0,05).

PesyabTaTu

Ha nepuromy eTami OOCHiIXEHb MPOBOIWIA
eKcnepruMeHTaJlbHe BU3HAYE€HHS MPOTEOJiTUYHOIL
AKTMBHOCTI €H3uMy (BMiCT Ginka 2 mr/cm’) micis
oro iHKyOalil 3 XxJopuaaMy MeTaliB y OydepHOMY
PO34MHI, SIKAI1 HE MICTMB y CBOEMY CKJIali JOJATKO-
BUX KaTioHiB MeTaniB. IHKyOauisi Oyia HeoOximHa
JIJISL TIpOLIeCY B3a€MOZii €H3MMY 3 iOHAMM METaliB.
KoHueHTpauisa coneit Metanis 4 MMosb/am> Oyia
BUOpaHa 3a pe3ybTaTaMu MPOBEACHUX AOCIiIKEHb.

HocraigxeHHs BIUIMBY 18 XxjgopuaiB MeTaniB
Ha TMPOTEOJITUYHY aKTUBHICTh NenTuaasu Bacillus
thuringiensis var. israelensis IMV B-7465 1iokasaio,
1[0 IX JOJAaBaHHS A0 PO3YMHY €H3MMY Ta iHKyOa-
wist mpoTsirom 30 XB y OiIbLIOCTI BUIAIKiB MTPUBO-
IWIA [0 3MiHU (pepMEHTAaTUBHOI aKTUBHOCTI. Tak,
neski ionn metaniB (Li*, Mn** i Co?") akruByBaiu
nentuaasy, a gesiki (Cu*’, Be**, Cd*", Hg*", Cr'’") —
iHriOyBajau aKTUBHICTb €H3UMY.

3 puc. 1, Ha sIKOMY 3HaUYE€HHSI aKTUBHOCTi €H-
3umy (%) mia BIUIMBOM iOHIB MeETaJliB BIIOPSIIKO-
BaHi 3a 3pOCTaHHSIM, BHUIOHO, 1110 BOHU A00Ope mi-
JATbCA Ha JBa KJlacu: HeakTuBHi (4 < A,) i ax-
TUBHI (4 > A,), ne A, = 74,9 — cepeaHe 3HayeH-
HSI aKTUBHOCTi, IPUUOMY HaiOiNblIe MigABUILECHHS
akTUBHOCTI (+33,8 %) crnocrepira€eTbcs came B 00-
nacti A, Mix ioHamn Ni** ta La**. Tomy mnst mo-
oymoBu agekBaTHUX QSAR-Mopmeneit Kpaile BUKO-
pUCTOBYBaTHM HE BEJIMYMHY aKTUBHOCTIi, a ii KJjac,
IS 4oro A00pe MiaxoasiTh KiacudikaliifiHi ctaTu-
ctnuHi metonu. Came ToMy Jajli B poOOTi AJisl BU-
pilliIeHHST LIbOI'0 3aBAaHHS BUKOPHUCTOBYBaJIM HEJIi-
HiliHi MeToau TpeHn-BekTopa [10, 11] i Bumaako-
Boro Jiicy [12, 16], 1o 100pe 3apeKOMEHIYBaIN Ce-
Oe panilie a8 NMoOydOBU CTAaTUCTUUYHUX MOJEieit
Ha OCHOBI Kj1acU(iKalLliifHUX OL[iIHOK aKTUBHOCTI.
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Pucynok 1: [IpoTeositTiuHa akTUBHICTb eH3UMY (% Biln BUXiTHOL)
Mi BIUIMBOM iOHiB MeTaliB Ta iX pO3MOAiJ BiTHOCHO CepeIHbOro
3HaYeHHs akTUBHOCTI (*p < 0,05 MoOpiBHSIHO 3 KOHTpOJIeM, # = 5)
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3HauyeHHs] MPOTEOJiITUUHOI AKTUBHOCTI IeIl-
TUIa3Uu (Ays) Ta KIACY aKTUBHOCTI (A cjas) HABE-
JIeHi B Tabur. 1.

Taomuus 1: TIporeoniTMyHa aKTMBHICTh MENTUAA3U IMICIS iHKY-
Oalrii 3 xJlopugaMu MeTajliB

Crionyka M;?:ﬂ I10/mr 6413123 % Ags.class
y 3axB, M+t m 0
1 Li* 10,06 £ 0,05 122,0 1
2 Na* 8,1 £0,25 98,4 1
3 K* 7,41 £ 0,29 90,0 1
4 Cs* 8,27 £ 0,29 100,4 1
5 Be?* 0,91 + 0,05 11,0 0
6 Ca?t 8,61 £0,43 104,6 1
7 Sr2* 8,57 £0,43 104,2 1
8 Ba?* 7,54 + 0,38 91,6 1
9 Zn** 7,51 £ 0,38 91,2 1
10 Ca** 3,32 £0,17 40,4 0
11 Hg** 1,68 = 0,08 20,4 0
12 Cr’t 1,03 £ 0,05 12,5 0
13 Mn2* 8,93+044 1085 1
14 Co** 9,21 £0,46 111,9 1
15 Ni** 4,46 £ 0,22 54,2 0
16 Cu** 0,64 £ 0,03 7,8 0
17 Mg2* 751+£0,38 912 1
18 La’* 7,22 £0,36 88,0 1

Tpumimxu. BuxinHa aktuBHicTh eH3uMy 8,25 [TO/Mr Ginka 3a XB,
*p < 0,05 MOPiBHSIHO 3 KOHTPOJEM; n = 5; Ay, — 3HAYEHHS CIO-
CTePEXYBAHOI MPOTEONITUYHOI aKTUBHOCTI; Agps. class — 3HAUEHHS
CIIOCTEPEXKYBAHOIO KJIaCy MPOTEOTiTUUHOI aKTUBHOCTI.

JJ1sT MOXJIMBOCTI MEPEBipKMA 3AaTHOCTI MOJIE-
JIell 10 TIPOTHO3Y BUOIPKY CIIOJYK OYJIO PO3IUICHO
Ha HaB4YanbHy (cnionyku 1—15) i TecToBy (CroJyku
16—18). do TecToBOi BMOIpKM YBIMIIIA CIONYKH
Pi3HUX KJ1aciB aKTUBHOCTI. 3pOOUTU TECTOBY BUOip-
Ky OLIbII PO3LIMPEHOI0 HE OyJI0 MOXJIMBOCTI Yepe3
HEBEJIMKY KiIbKICTh CITOJYK, 1O AOCIIKYBAJINCh.

Hnst nodynosu QSAR-Moneneit aHanizyBanu
0m3bko 70-TU JECKPUIITOPIB, 110 OMUCYIOTh Bja-
CTMBOCTI iOHiB MeTaliB [9], B TOMy uuci:

e ¢(beKTUBHI 3apsiid aTOMiB Yy OCHOBHOMY
CTaHi;

e TIOTEHIIiaIX iOHi3allii eJIEMEHTIB;

e CHEPIil AvcoLialil WIs1 cojiel XJIOpUAiB Me-
TaNliB;

e cepellHi eHeprii 3B’SI3KiB Yy MoJIeKyJIaX TUITY
MCl,;

e €JICKTPOHETaTUBHICTb €JIEMEHTIB 3a 1IKaJ0l0
IMoninra;

e TEPMOXIMiUHi €JIeKTPOHETaTUBHOCTI;

e iOHI3alliliHi €JIEKTPOHETaTUBHOCTI €JIEMEHTIB;

e IOBXMHU 3B’3KiB y TajJoreHigax TUITY
MeCl,;

e aTOMHI pajiycu;

e iOHHI pajiycu;
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e PEKOMEHJ0BaHI €JeKTPOHEraTUBHOCTI eJfie-
MEHTIB;

e CIIOPITHEHICTh OO €JIEKTPOHA;

® OCHOBHIi TEpMOAMHAMIYHI XapaKTepPUCTUKMU;

e TEPMOJMHAMIUHi XapaKTepUCTUKU iOHIB i
HEUTpaJbHUX MOJIEKYJ Y BOZHOMY PO3YMHi;

e CHEPrisl KPUCTATiUHOI PEILIiTKU iOHHUX
CIOJYK;

e CTAaHIAPTHI €JICKTPOHHI IMOTEHIiadd y BOA-
HUX pO34YMHAaX Ta iH.

Y pe3yabTaTi CTaTUCTUYHOIO aHali3y KOXHUM
3i CTATUCTUYHMX METOHiB (TPEeHM-BEeKTOpa Ta BU-
MMaJIKOBOTO Jiicy) Oyn0 orpumaHo agekBaTHI QSAR-
Mozeni (M1 tTa M2 BianoBigHO) 0e3 MOMHJIOK KJia-
cudikanii Ta MOMUIOK NMPOrHO3y KJlacy aKTMBHOCTI
IS TecToBOro Habopy. B 000x Bumagkax TUIbKU
YOTUPU AECKPUNTOPU YBIMIIUIM OO MOIeNeit: mep-
LW ToTeHMian ioHizauii (/P,); eHTpoIlis iOHIB Y
BogHOMY po3uuHi (S, Ix/MonbK); enekTpoHera-
TUBHICTh eJIeMeHTiB 3a 1Kanow I[lomiHra (ENp,);
eHeprisl cnopigHeHocTi mo enekTpoHa (E,., eB).
3HauYeHHS LMX OECKPUIITOPIB ST Pi3HUX iOHIB
MeTaJliB HaBeleHi B TaoJI. 2.

Tabauna 2: 3HayeHHsI AECKPUIITOPIB, 110 Oynau BinOpadi mis
MoOyn0BY CTAaTUCTUYHUX Mozeneit [11]

lon 1P, S, E,,

Cronyxa Metany eB  JIx/monb'K ENpo eB
1 Lit 5,39 13,4 0,98 0,618
2 Na* 5,14 59 0,93  0,5479
3 K 434 102,5 0,82 0,5015
4 Cs" 3,89 52,63 0,7 -0,39
5 Be?* 9,32 75,8 1,57 -0,19
6 Ca** 6,11 -53,1 1,00 0,0246
7 St 5,69 26,4 0,95 1,51
8 Ba2* 5,21 9,6 0,89 0,1446
9 Zn** 9,39 -112,1 1,65 0,09
10 Cd* 8,99 73,2 1,69 0,27
1 He2t 10,44 146 1,90  -0,19
12 cr’t 6,77 123 1,66 0,666
13 Mn?* 7,43 -73,6 1,55 -0,97
14 Co* 7,88 -113 1,88 0,662
15 NiZ* 7,64 97,7 1,91 1,156
16 Cu* 7,73 40,6 1,9 1,235
17 Mg** 7,65 -138,1 1,31 -0,22
18 La** 5,58 -217,6 1,1 0,47

Moneas M1, moby0Bana MeTo10M TPEHI-BEKTOPA
Hns nobynoBaHoi Mozesli KoedillieHT aeTepMiHallii
B YMOBaxX KOB3HOTO KOHTpOJIO cTaHoBUTE OF= 0,70,
1o Bulle gomyctumoro 3HaueHHs 0,5. BHecku
napaMeTpiB (3HauY€HHsSI AUB. Y TabJ. 2) Y MOJEb,
1[0 OLIHIOBAJIM 33 JOMOMOTIOK KOMITOHEHTIB TPEeH/I-
BEKTOpa, MalOTh TaKi 3HAYECHHSI:
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T (ENpy) = ~0,53 (35 %);
T (IP) = 0,50 (33 %);
T (S) = -0,39 (26 %);
T (E,) = 0,09 (6 %).

HeratuBHi BHeCKM MapaMeTpiB O3HAYaloTh iX
00epHEHO TMPOIOPLIiiHMI BHECOK, TOOTO 30ib-
LIIEHHSI 3HaYeHb LMX TapaMeTpiB IMPU3BOAUTHL IO
3HMXKEHHSI aKTUBHOCTI.

AHaJsi3 MOIyJiB BHECKiB CTPYKTYpHUX Mapa-
METpPiB Ha AOCHIIXyBaHY aKTUBHICTh MENTUIA3A
MOKa3aB, IO XapaKTEpMCTUKW iOHIB, $IKi BU3HaA-
YalTh iX €JEeKTPOHOJOHOPHI Ta €JeKTPOHOAKLEeN-
TopHi BiactuBocTti (ENp,, IP,, E,.) OGinbll CyTTEBO
BIUIMBAIOTh HA AaKTUBHICTb €H3MMY, HiX COJIb-
BaTauiitHi (S) (puc. 2a). He3Baxxarouu Ha HaliMeH-
LU BHECOK €Heprii CIOpiZHEeHOCTi 10 eJIeKTpoHa
E,., BUKJIIOUEHHS JECKPUIITOpa 3 MOAEJi MpU3BO-
JIUTh IO 3MEHIIEHHS CTIMKOCTI MoOneli, a came JIo
301JIbLLIEHHSI TIOMUJKU TPOrHO3y B yMOBaX KOB3-
HOTO KOHTPOJIIO.
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OIMHULL
33%

EHTponist ioHiB
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PO3UMHI
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Pucynok 2: O1iHKa BIIMBY CTPYKTYPHUX IapaMeTpiB iOHIB MeTaJliB Ha aKTUBHICTh TENTUAA3M,

mozeneit M1 (a) Ta M2 (6)
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AKTHBHICTD A;

Sk Oyno 3a3HayeHO paHillle, HA OCHOBi KOM-
MoHeHT T-BeKTopa MOXJIMBO IPOBECTH MPOrHO3
paHTy akTHUBHOCTI 3a (opmyaoro (1). ko mpo-
BECTM IIpolieaypy 0araTOBMMipHOTO IIKaJTIOBaH-
Ha [17] mist BimiOpaHUX YOTUPHOX CTPYKTYPHUX
MapaMeTpiB 3 ypaxyBaHHSIM iX BHECKY (KOMITOHEHTH
T-BekTOpa), TO MOXHa OTPUMATHU Bi3yaJbHYy Kap-
TUHY, LIO0 TOKa3ye audepeHLialilo iOHiB MeTaliB
y IBOX BuMipax (puc. 3a).

Ak BumHO 3 puc. 3a, BCi MEHII aKTUBHI iOHU
MeTajly BiZTHOCHO Ail Ha MeNnTuaasy po3MilleHi 3HU-
3y Bilm JiaroHasi, a BCi OilblI aKTUBHi iOHM — Bif-
MOBiIHO 3Bepxy. Po3paxyHOK MpOrHo30BaHUX 3Ha-
YyeHb aKTUBHOCTI 3a cdopmyiow (1) (puc. 30) mae
aHAJIOTIYHY KapTHHY: BCi MEHIII aKTUBHi i1OHU Me-
TaJly MalOThb HEraTMBHI 3HA4YE€HHsI, a BCi OilbII aK-
TUBHI iI0HU — TTO3UTUBHI.

Moxgeas M2, mo6ynoBana MeToq0M BHAAIKOBOIO
Jmicy (0e3 IOMHIOK KJacH@ikauiii Ta IIOMHJIOK MPOIHO3Y).
CriiikicTb MoJelli: B yMOBax out of bag Bubipku [14]
noMuika kinacugikauii craHoBUTh S (oob) = 0,33.
IHIII cTaTMCTUYHI XapaKTepUCTUKUA B YMOBax
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Pucynok 3: Posnozin ioHiB MeTaniB: (a) mpu 6araToBUMipHOMY IIKamtoBaHHi [15] Biniopanux meromoM T-BekTOpa CTPYKTYPHUX Je-
CKPUIITOPIB, (0) TIpU pO3paxyHKy aKTUBHOCTI MENTUIA3M IS Pi3HUX i0HIB MeTaliB 3a dhopmysnoro (1)
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out of bag BubGipku na wiei kKiacugikaliiiHOi MO-
JIeJli € JOCUTh 3aJ0BUIbHUMMU;

AC = 0,73; SP = 0,40; SE = 0,90,

ne AC (touHicth, accuracy) = (TP + TN)/(TP +
+ TN+ FP+ FN); SP (cneuudivHicThb, specificity) =
= TN/(TN + FP); SE (4yTauBicTh, sensitivity) =
= TP/(TP+ FN); TP — KinbKicTh 30iriB 11T aKTUB-
Hux, TN — KiNbKicTb 30iriB 111 HeakKTUBHUX, FP —
KiJIBKICTh He30iriB KiaciB mis1 aktuBHux; FN— FP —
KIUJIBKICTh He30iriB KJaciB mJIs1 HEAKTUBHUX.
BaxxuBicTh 3MiHHUX, OILIiIHEHA 3a aJITOPUTMOM,
onucaHuM y myoOunikauii [14], nae Taki pe3yJbTaTu:

T (ENpy) = 0,062 (48 %);
T (S) = 0,040 (32 %);
T (IP,) = 0,021 (16 %):;
T (E,) = 0,005 (4 %).

Hnst mogeni M2 (ax i onst M1) xapakrepuc-
TUKM 10HIB, 110 BU3HAYAIOTh IX €JIEKTPOHOITOHOP-
Hi Ta €JeKTPOHOAKUENTOPHi BAaCTUBOCTI (ENp,,
IP,, E,), Oiibll CYTTEBO BILIMBAIOTh HA AKTUB-
HiCThb €H3MMY, HiX TepMoauHaMiuHi (S) (auB.
puc. 20). SIk i y Bumanky 3 M1, He3Baxkalouu Ha
HallMeHIIWA BHECOK eHepril CHOpiZHEeHOCTi 10
eneKkTpoHa F,,, BUKJIIOUEHHSI NE€CKpUNTOpa 3 MO-
JIeJli TIpU3BOAUTDL A0 3MEHILEHHS CTIAKOCTI Moje-
Jli, a came 10 30iIbILIEHHS] TTOMWIKU TiepeadayeH-
HS1 B yMoBax out of bag. Hanpsim BILTMBY 3MiHHMX
y MexXax METOMy Jiicy JAepeB OLIHUTU HEMOXJIMBO
B CWJIy HEJIIHIMHOCTI Mojesi, ajie, Ik OyJlo moka-
3aHO BUILE, B MEXaX METOMy TPEHI-BEKTopa 1
MOXKJIUBO.

Oo0roBopeHHs

HaiiBaxkuBillla xapakKTepUMCTHKA €H3UMIiB —
KaTaJliTh4Ha aKTUBHICTb — MOXE CYTTEBO 3MiHIO-
BaTHUCS ITil BIUIMBOM iOHIiB ME€TaiB i € IpeaMeTOM
YUCJIIEHHUX €KCIEPHMMEHTIB 11 MOXJIMBOCTI Iill-
BMIILICHHSI BUXOMY MpPOTEiHa3 y pi3HUX (azax pocTy
Oakrtepiii [1], BuUBYeHHSI MexaHi3MmiB mii [2, 3],
CTPYKTYpU €H3UMIB TOIIO. s BUPpILIEHHS LUX
3aBIaHb BUKOPUCTOBYIOTbCS (Pi3MKO-XiMiuHi Ta
OioxiMiuni Metomgu: Y®- i1 IY-cmekTpockorris,
JUHAMiYHE CBIiTJI0pO3ciloBaHHsI, (JyopecleHIlis,
(bepMeHTaTUBHA KiHETUKA, SIKi MOTPeOYIOTh 3HAY-
HUX pecypciB, MacIITaOHUX eKcnepuMeHTiB. Opne-
pXaHi HaM{ Ha MEepIIOMY eTalli poOOTU pe3yJibTa-
TH 3 BUKOPHUCTAHHSIM METOIIB 0ioXiMii Ta CIIEKT-
podoToMeTpii MoKa3aayd aKTUBYIOUUN BIUIMB Oe-
gakux ioHiB Metanis (Li*, Mn?*, Co*", Ca®") Bin-
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HOCHO TIPOTEOJITUYHOI aKTUBHOCTI MNENTUIA3U
Bacillus thuringiensis var. israelensis IMV B-7465,
a Takox iHrioyroumit BB (Cu?t, Be?*, Cd**, Hg*",
Cr’**) Ha axkrtuBHicTh eHsumy. Jani [18] Takox
CBiuaTh Mpo MiABUILEHHS (a00 3HMKEHHS) aKTUB-
HOCTI HPOTEOTITUYHNX €H3MMIB ITiJl BIULIMBOM iOHiB
JNBOBAJIEHTHUX MeTaiB. Tak, IS TyTamiJieHI0-
nentyugasu 2 B. intermedius BCTaHOBJIEHO, 1110 3a Ha-
gaBHocTi 5 MM ioHiB Mg?" ta Ca?" ii nuToma akTu-
BHICTb 30imbIIyeThcT Ha 131 20 % BimmoBimHO; ISt
CYyOTWIi3MHOIIOAIOHOI mpoTeiHasu 2 B. intermedius
Mg?* ta Ca*" y Takiil KoHLeHTpalii 30LIbLIYIOTh
mToMy akTuBHICTh Ha 30 Ta 10 % BigmoBimHO. AB-
Topu [18] miALLIM BUCHOBKY, 11O JUISI MAKCUMAallb-
HOro HaKOMWYEHHs MpoTeiHa3 HEeOOXiZHO BHOCUTHU
y KMBWIbHE CEpeloBMIlEe B Ii3HIO CTalliOHApHY
dasy pocrty B. intermedius 5 MM Mg*" Ta Ca®** vy
koHueHTpauii 5 MM. IlomiOHi pe3ynbTaT OyIn
OTpMMaHi BiTHOCHO OiOCHMHTE3Y IIyTaMiIeHOOIIEII-
tiaasu 1 wramom B. intermedius Ta peKOMOiHAHT-
HUM 1ITaMoM B. subtilis.

Y poborti [19] BcTaHOB/IEHO MO3UTUBHUIA BIUIMB
IOHIB JIBOBAJIEHTHUX METAJIiB BiTHOCHO aKTUBHOCTI
MeTtajonporeiHazu MprBi B. intermedius 3-19 i He-
ratuBHUil — ioHiB Co?" Ta Ni** y KOHIIEHTpaLisx
Bim 1 mo 20 MM, mpuuoMy 3i 30ilbIIEHHSIM KOH-
LIEHTpALlil 1ie 3HMXEHHSI Oi/iblll 3HauHe. ABTOpaMu
JochimkeHb [20] moka3zaHO JBOKpaTHE 30ibLLIEHHS
aKTUBHOCTI KepaTuHasu Thermoanaerobacter sp. mif
BIULIMBOM 5 MM Mg?" Ta il moBHe NpPUTHIYEHHH
5 MM Cu".

BcTtaHoBeHO CTaOLTi3yl0uMii BIUIMB KaTiOHIB
uuHKy (1 MM) Ha akTUBHiCTb TienTugasu Bacillus
thuringiensis IMV B-7324), wo aBtopu [21] mo-
SICHIOIOTb BUHUKHEHHSIM ONTUMAJIbHUX YMOB IS
YTBOPEHHSI TOTPiHOrO KOMILIEKCY: (hepMeHT—
eexkrop—cyocTpar i (popMyBaHHSI KaTaJiTUMHO aK-
TUBHOI KOH(popMaLlil eH3UMY.

[TpurHiyeHHs aKTUBHOCTI mpoTea3u Aspergillus
niger KIBGE-1B36 ionmamu Cs*, Mn?", Cu?",
Ni**, V¥, Co*, Hg*" i AI** aBTopu Takox mnosc-
HIOIOTh KOH(OPMaLitHUMHU 3MiHaMu OiJIKOBOi MO-
nexynu [22].

BcraHOBJIEHO BIUIMB iOHIB METaJliB i MEXaHi3M
ix mii Ha pepMEeHTATUBHMIA TiAPOJIi3 JIrHOLEII0NI0-
31 3 BUKOPUCTAHHSIM KOMILIEKCY (hi3UKO-XiMiYHMX
MeToliB i ¢epMmeHTaTMBHOI KiHeTuku [23]. Ilo-
Ka3aHoO, 10 CTYIiHb (DEPMEHTATUBHOIO TiApOJIi3y
JIITHOLIEJIONO3M 3AJIEXUTh Bifl 3apsiy ioHa MeTrasa
Ta Horo KoHILeHTpalil. BusBieHo, 1o mpu moma-
BaHHi Fe*" MakcuMaJbHUI CTYMiHb TiIposidy cra-
HoBUB 44,5 % 3a MacoBoi KoHueHtpauii Fe** 0,4 r/m.
PesynbTati BUKOPUCTAHHST TMHAMIYHOTO CBIiTJIOPO3-
ciroBaHHS Ta (JIyopecleHIlii moKa3aiu, 110 eIeKT-
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pocraTiyHa B3aeMonia Mix Fe*t i kapboKcuiabHOIO
rpynoio ¢pepMeHTy CIipusijia cTabijidalii Moro KoH-
(hopmariii.

TakyuM YMHOM, i1OHM METaNliB IIO-PI3HOMY
BIUIMBAIOTh Ha aKTUBHICTh MPOTEOJITUYHUX €H3U-
MiB, Ha CTyIiHb (epMEeHTaTUBHOIO TiApoi3y, i
JUIS OLLiHIOBAHHSI iX BIUJIMBY MOTPEOYETHCS BUKO-
pUCTaHHS CKJIaTIHMWX METOMIB i pecypciB. Tomy me-
PCIEKTUBHUM € 3aCTOCYBaHHsI METOMAiB KOMII '10-
TEPHOI XiMii, OCHOBHMM 3aBIaHHSIM SIKOi € ITOIIYK
3aJIeXKHOCTel “CTpyKTypa—BJIACTUBICTh” JIs1 TIO-
oynoBu amekBaTHUX QSAR-Mogeseil Ta OLIHKM i
MpPOrHO3yBaHHSI BIUIMBY iOHIB METaJliB Ha aKTUB-
HICTh menTupasud. B HayKoBii JiTepaTypi aHasio-
TiYHi BiIOMOCTi MPaKTUYHO BilCYTHi, MOAiOHI IO-
CIIIIKEHHST HaMM 3[IMCHEHO WIS KapOOKCHJIeCTe-
pa3u MeYiHKW CBWHi, TMPO3MHA3W Ta JIi30LKMY,
110 AajJ0 3MOTY 3 BUCOKMM CTYIIEHEM BIpOTiZHOCTI
MPOTHO3YBaTH AKTUBHICTb €H3WMIB 3a HasBHOCTI
iOHiB MeTamiB [24—26], I'pYHTYIOUMCh Ha BJIACTHU-
BocTsIXx MeTaniB. CaMe TOMY AOCIiIXKEHHS BILIMBY
1OHIB ME€TaJIiB Ha IPOTEOJiTUYHY aKTUBHICTb IIEII-
tinasu Bacillus thuringiensis var. israelensis 1MV
B-7465 Oynu mpoBeleHi B aHAJOTIYHUX YMOBax
(KoHILIeHTpallii i0HIB MeTalliB, TemIlepaTypa, uac
iHKyOalIi1).

Y Hawuiit po6oTi Brepiiie 3aCTOCOBaHI METOIU
KOMIT'IOTE€pPHOI XiMii, 1110 3 BUCOKOIO J0JIel0 Bipo-
TiAHOCTI Jal0Th 3MOTY OLIIHMTM BILIMB 1OHIB MeTa-
JIiB Ha NPOTEOJiITUYHY aKTUBHICTh HOBOTIO €H3UMY
nentuaasu Bacillus thuringiensis var. israelensis IMV
B-7465 Ta ciporHo3yBaTy iX Iilo.

BukopucrtanHsi MeTOAiB KOMIT'IOTEPHOI XiMmii
BUIPABAAJIO Hallli CMIOAIBAHHS JJIs1 NeNTUAAa3u, i B
pe3yJbTaTi MPOBENEHUX MOCTIIXKEHb MU OTPUMATU
agekBatHi QSAR-moneni (M1 ta M2 BignosigHO),
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A.l'. AptemeHko, C.C. [eknHa, N.N. PomaHoBckas, B.E. Ky3abmuH
®usnko-xumudeckuit MHCTUTYT um. A.B. Boratckoro HAH YkpauHbl, Ogecca, YkpauHa

QSAR-AHANN3 BNUAHUA NOHOB METAIJIOB HA AKTUBHOCTb
NENTUAA3bI Bacillus thuringiensis var. israelensis IMV B-7465

Mpo6nemartuka. Katanutnyeckas akTUBHOCTb S3H3UMOB SIBMSIETCS UX BaXKHEWLLIEN XapakTepuUCTUKON, MOXET CYLLECTBEHHO U3MEHATLCS
nop BnusiHNeM 3hEKTOPOB, HANPUMEP UOHOB METArIOB, U SIBMSIETCSH NPpeaMeTOM CreLuarnbHbIX UCCNefoBaHUA, KOTopble BaXHb! Ans
B6uoxummm, BuoTexHonornn, MeauLmMHbl U Apyrux otpacnen Haykn. OB6bIYHO aKTUMBHOCTb 3H3MMOB B MPUCYTCTBUM METAasNNOB OLEHVBAOT
Mo M3MEHEHUIO CKOPOCTU hepMeHTaTMBHON peakumn. OgHako npoBeaeHUe Nodo6HbIX SKCNepUMEHTarnbHbIX UCCneaoBaHui, 0COGEHHO
ONs HOBbIX 9H3MMOB, Kak B crnyyae nentuaasbl Bacillus thuringiensis var. israelensis IMV B-7465, TpebyeT 3HauMTenNbHbIX PecypcoB U
pa3sBepHYTbIX KNHETUYECKUX UCcreaoBaHuii. [10aToMy Lenecoobpa3Ho NpYMEHEHNEe METOAO0B KOMMbIOTEPHOW XUMUK, 6a3oBoW 3apaven
KOTOPON SABNSIETCHA NOUCK 3aBUCMMOCTU “CTPYKTYpa—CBOMCTBO”, AN NOCTPOEHUSs MOAenNu, KOTopasi CMOXET C BbICOKON AOnen BeposT-
HOCTW OLIEHWUTb BIIUSIHWE MOHOB METANOB Ha aKTUBHOCTb NENTMAA3bI.

Lenb. Pa3pabotka QSAR-mMopenen Ang aHanusa v NporHosa BNUSIHUSA MOHOB MeTannoB Ha akTMBHOCTb nentupasel Bacillus
thuringiensis var. israelensis IMV B-7465.
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MeToauka peanusaumm. BrnivsiHie noHOB MeTanmoB U3yyanu, onpenensisi NpoTeoNMTUYECKYI0 aKTUBHOCTb NenT1Aasbl Nocre COBMECT-
Hom nHKy6aumn B Tedermne 30 muH B 0,0167 M BydepHoro pactsopa Tpuc-HCI (pH 7,5, 37 °C). KoHeuHas KOHUEHTpaums XnopyaoB me-
tannoe Li*; Na*; K*; Cs*; Cu®; Be*'; Mg®'; Ca®"; Sr*'; Ba®"; Zn*; Cd*"; Hg®"; Cr*'; Mn*"; Co®; Ni** B GycdbepHOM pacTBope cocTaBnsina
4 mmonb/am®. [INs ovcka KOMMYECTBEHHOI CBA3M “CTPYKTYPa—CBOMCTBO” UCMOML30BANM CMPABOYHBLIE AaHHBIE O CBOWCTBAX MOHOB Me-
TasnmnoB U MeToAbl TPEHA-BEKTOPA U CIyYaliHOro feca.

Pe3ynbTaTthl. ViccnegosaHve BNUSIHUA MOHOB MeTanfoB Ha NPOTEONUTUYECKYID akTUBHOCTb nentuaasel Bacillus thuringiensis var.
israelensis IMV B-7465 noka3sano, 4To HekoTopble MoHbl MeTannos (Li*, Mn®* u Co®*) akTveupoBanu nentuaasy, a gpyrue (Cu®*, Be®,
Cd*, Hg®", Cr*") MHrMBupoBanyu aKTMBHOCTb SH3WUMa. HenMHelHLIMM MeToAamMu TPEHI-BEKTOpa U CMy4YaliHOro Nleca NOCTPOEHb! afek-
BaTHble CTaTUCTUYeckne moaenu 6e3 owmnbok knaccuukaumm 1 owmnBoK NPorHo3a knacca akTMBHOCTU Aflst TecToBoro Habopa. O6e
MOZENN MOKasbiBaT, YTO BaXHENLUMMU XapakTEPUCTUKAMU UOHOB METAarmoB, BIUSIIOLWMMU HA aKTUBHOCTb 3H3MMa, SIBMSIOTCS 3Mnek-
TpooTpuuatensHocTe (ENpy), MepBbI NoTeHuuan noHusaumm (IP;), 3HTpPONUS MOHOB B BOAHOM pacTBope (S) v aHeprus cpoacTea K
3neKTPOHY (Exe).

BbiBogbl. MeTtoasl QSAR-aHanm3a B COBOKYMHOCTU C HENWHENHBbIMM MeTo4aMu TPeH4-BeKkTopa MU Cly4yanHoro neca no3sonsioT agek-
BaTHO OnucaTb BMMSIHME MOHOB METANOB Ha aKTMBHOCTb nentuaasbl Bacillus thuringiensis var. israelensis IMV B-7465 3a cyeT gec-
KPUMNTOPOB, OTpaXaloLnx onpeaeneHHbIn 6anaHc UX 3NeKTPOHOAOHOPHbBIX WM 3NIEKTPOHOAKLENTOPHBIX CBOWCTB (3neKTpooTpuulaTenb-
HOCTb, NEPBbIV NMOTEHLMAN MOHN3ALMN, SHEPTUSI CPOACTBA K NIEKTPOHY) U TEPMOAMHAMUYECKMX CBOWCTB B BOOHOM pacTBOpe (3HTponusi
conbBaTaumm noHoB). Oba CTaTUCTUYECKMX MeToda AatT Gnuskne 3Ha4YeHUs BaXKHOCTU OECKPUMTOPOB, HO TONMbKO MeTOoA TPeHn-
BeKTOpa No3BOSSET NPOaHanu3MpoBaTh HanpasBneHne BMUSHNS KOHKPETHbBIX XapakTepUCTMK MOHOB.

KnioueBble cnoBa: nentugasa Bacillus thuringiensis var. israelensis IMV B-7465; noHbl metanno; QSAR-aHanus; criy4aiHbin nec;
TPEHA-BEKTOP; aKTUBHOCTb 3H3UMa.

A.G. Artemenko, S.S. Dekina, I.I. Romanovskaya, V.E. Kuzmin
A.V. Bogatsky Physico-Chemical Institute, NAS of Ukraine, Odessa, Ukraine

QSAR ANALYSIS OF THE EFFECT OF METAL IONS
ON THE PEPTIDASE Bacillus thuringiensis var. israelensis IMV B-7465 ACTIVITY

Background. The catalytic activity of enzymes, which is their most important characteristic, can change significantly under the influence
of effectors, for example, metal ions, and is the subject of special studies that are important for biochemistry, biotechnology, medicine,
and other branches of science. Usually, the activity of enzymes in the presence of metals is assessed by the change in the rate of the
enzymatic reaction. However, conducting such experimental studies, especially for new enzymes, as in the case of peptidase Bacillus
thuringiensis var. israelensis IMV B-7465, requires significant resources and extensive kinetic studies. Therefore, it is advisable to use
the methods of computational chemistry, the basic task of which is to search for the structure—property relationship, to build a model that
can assess the effect of metal ions on peptidase activity with a high degree of probability.

Objective. We are aimed to develop QSAR models for analysis and prediction of the effect of metal ions on the activity of peptidase
Bacillus thuringiensis var. israelensis IMV B-7465.

Methods. The effect of metal ions was studied by determining the proteolytic activity of peptidase after co-incubation for 30 min in
0.0167 M Tris-HCI buffer solution (pH 7.5, 37 °C). The final concentration of metal chlorides Li*; Na'; K*; Cs*; Cu®"; Be*"; Mg*"; Ca®™";
sr**; Ba®"; zn*; €d®"; Hg®"; Cr’"; Mn®"; Co®"; Ni*" in the buffer solution was 4 mmol/dm®. To search for the quantitative structure—
property relationship, we used the reference data on the properties of metal ions, as well as trend vector and random forest methods.
Results. A study of the effect of metal ions on the proteolytic activity of peptidase Bacillus thuringiensis var. israelensis IMV B-7465
showed that some metal ions (Li*, Mn®>" u Co®") activated peptidase, while others (Cu®", Be*", Cd*", Hg*", Cr’) inhibited the enzyme activ-
ity. Adequate statistical models without classification errors and activity class prediction errors for the test set were constructed by nonli-
near trend vector and random forest methods. Both models show that the most important characteristics of metal ions affecting enzyme
activity are electronegativity (ENp,), the first ionization potential (IP;), the entropy of ions in aqueous solution (S), and the electron affini-
ty energy (Eae)-

Conclusions. QSAR analysis methods in combination with nonlinear trend vector and random forest methods allow adequately describ-
ing the effect of metal ions on the peptidase Bacillus thuringiensis var. israelensis IMV B-7465 activity due to descriptors reflecting a cer-
tain balance of their electron-donating and electron-accepting properties (electronegativity, the first ionization potential, the electron af-
finity energy) and thermodynamic properties in aqueous solution (entropy of solvation). Both statistical methods give similar values of
the importance of descriptors, but only the trend vector method allows us to analyze the direction of influence of specific characteristics
of ions.

Keywords: peptidase Bacillus thuringiensis var. israelensis IMV B-7465; metal ions; QSAR analysis; random forest; trend vector;
enzyme activity.
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