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The newest biotechnical systems for environment ecological monitoring based on the use of
modern information and computer technologies and existing databases of chemical substances
have been analyzed. In particular, there were observed such modern biophysical research methods
as imitation and program modeling, based on the author results obtained in the experiments with
registration of chemo-sensitive transmembrane electric currents in neurons in voltage clamp
mode, use of neuronal fluorescent markers and accounting of organisms-bioindicators. The
developed systems and methods allow revealing and identification of substances hazardous to
living organisms and to make conclusions about their possible biological effects. The functioning
of biotechnical information systems for environmental monitoring was analyzed in a wide time
ranges, using modern databases, expert subsystems and interfaces capable to identify different
types of chemicals. It is shown that for such systematic environmental monitoring it is possible
to study and predict the effects of substances influences for a long time from the first moments
of their exposure to individual cells of organism to months and years after exposure to the whole
organism.

Key words: biotechnical information monitoring system, environmental pollution, bioindicators,
databases.

Anthropogenic influence in nature is
one of the most important problems of
contemporary world. Ecoogical problems
linked with environment pollution by
chemical substances, hazardous for living
organisms, are also important for all
contemporary countries. One component of
such antropogenic influence is technogenic
chemical pollution in industrial regions.
It appeared also as a result of accidents,
disasters, contemporary military situations
on the East of Ukraine, and etc. [1]. People
have to direct constant efforts for revealing
of such chemical pollution, for studying of its

influence on living organisms and for finding
of the ways for such pollutants neutralizing
or elimination.

For today, solutions to environmental
challenges were aided by an arsenal of
information and knowledge systems that were
unavailable for most of the last 30 years [2].
However after a while biotechnological
methods become used more and more for
this purpose. Considering that knowledge
about the causes of environmental ills had
grown, the number of options arise on how
to handle them as well as the development
of collaborations and partnerships aimed
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at harnessing the growing incentive-based
approaches to environmental protection.
As additional information technologies and
knowledge management techniques evolved,
environmental considerations will join other
areas of strategic importance to industry.
Information technologies become unique
not just because of their growing use in
decision-making and knowledge management
systems, important as that is. Their use had
also yielded significant improvements in
the efficiency of energy and materials use,
minimization of environment pollution by
harmful organic substances [2]. Advances
in information technology are likely to
continue the opportunities providing for
the development of improved and new
versions of information systems in complex
with biotechnological, anlytical and other
methods and their organization for ecological
control [1]. For revealing, studying and
neutralizing of pollutants a lot of different
technical means, monitoring systems (MS),
information systems (IS), and other samples
of information and computer technologies
(ICT) were invented and constructed during
human industrial activity [1-14]. On the
other hand people need more and more perfect
solutions for these tasks due to appearance of
the new ecological challenges as consequences
of military actions at the territory of
Ukraine today, technogenic disasters like
Chornobyl one, other disasters at enterprises
of chemical, oil and gas industry, like spread
extensive fire of oil tankers in Kyiv region,
Ukraine, in June 2015 with massive release of
organic matter — pollutants.

Biological information systems (IS)
suitable for such purposes, were designed
either for academic purposes — to maximize
the accumulation of information about the
groups of living organisms or for the needs
of economy, in particular for biotechnology,
for monitoring of polluted areas in industrial
centers, and etc. [1-15]. In our previous
publications there were written about some
mathematic methods used for IS we have
constructed for monitoring purposes, about
it different parts (databases, expert system,
etc.) and other linked solutions [1, 3-12].
The present article unites and summerizes
this great volume of published results.
Mathematic methods as well as models that
we described in our previous articles and
published by other authors may be used for
ISs functioning or to be simulated in result
of their functioning [10-81]. A spectrum of
mathematic methods were used for the newest

biomedical ISs elaboration [1, 11, 75, 77-80,
82-146]. The databases content described
in this article was obtained usually from the
results of biological and medical observations
and experiments [10, 12-17, 24—-44, 47-49,
61, 68, 71-74, 82-90, 94, 104, 106, 109,
111-113, 125-202]. All such technical
information systems (tIS) are electronic
databases (DB) distributed in networks
today [1-11, 25-69, 90-109, 112-120, 159].
Present work was done after the analyzis of
more than 300 current publications in fields
of biotechnology, other branches of biology
and technology, including articles with
original authors’ works. The newest parts of
authors work were defended by patents [172—
182]. Prof. Zoya F. Klyuchko and Dr. Elena
M. Klyuchko have studied such influences
on organisms-bioindicators Noctuidae
(Lepidoptera), and a part of our works under
the DBs and ISs construction we did with this
biological material [1, 9, 42, 135, 136, 139,
140, 144, 156, 157, 159].

Brief review of some models of technical
systems for environmental monitoring.
Brief review of some models of technical
systems for monitoring of environment using
biotechnical means and some biophysical
methods for the investigation is suggested
below in this sub-chapter. Among great
number of prototypes there are technical
and laboratory systems, activities of which
were directed on environment protection.
We picked up them because they have some
similar characteristics with our ones in
our developed system for environmental
monitoring.

1. The authors Nemtsov V. I. and Nem-
tsov A. V. had suggested a technical
network system for monitoring of the state
of environment [191]. According to the
suggested method they took the probes in
environment for further biophysical and
analytical studyings. Such a technical
network analytical system for the complex
analysis and sampling of biophysical
aerosols contained an electron microscope,
a television microscope, made on the basis
of a biological microscope with a fiber optic
illuminator of side illumination of large
fields of the subject plane for determining
the particle size distribution and specific
gravity of the particles in the sample. The
analytical system had electronic scales
and a multichannel sampler with a vertical
suction channel. The latter were coupled
with a variety of trapping elements with
sampler substrate, filter, nutrient media,



Reviews

and heat-resistant cassette for substrates,
impacted and tipped for isokinetic selection.
The tips had rotary adapters and were
mounted on impactors. Substrates for
microbiological analysis were made with
recesses and with flat covers, transparent
for light and electronic streams of probe
radiation. Nutrient medium was enclosed
in recesses. Substrates for deposition of
physico-chemical aerosols were made in the
form of covers similar to that of substrates
for microbiological analysis. The method
allowed to carry out complex analysis
and sampling of biophysical aerosols. The
invention increased the study of the nature
of mineralogical, physical, bacterial and
viral aerosols, allowed also to take measures
for environment protection.

2. Another system for monitoring
environment based on laboratory studying
was described in [192]. It included fixed
and mobile monitoring sites equipped
with measuring instrumentations.
Various environmental parameters were
registered and subjected to analysis. More
specifically, hydrophysical field signals
were registered, the chemiluminescence,
chromatographic, ion-selective, spectral
and radiometric analysis was performed.
Besides, bed acoustic impendance was
registered, molecular spin interactions of
seawater protons were detected, artifacts
resulting from the magnetohydrodynamic,
bioelectric and concentration effect were
detected, synthetic surfactant content
in the aquatic environment, chlorophyll
concentrations, microorgasnisms,
phytoplankton, zooplankton was determined.
The collected data was further transferred to
the archivers and modeling was performed.
In the course of modeling the industrial
facility environment and infrastructure
were divided into a number of areas and
a material balance model and a forecast
model were created for each of them. For the
purposes of the method implementation a
system comprising a water withdrawal line
equipped with hydrophysical field sensors, a
filtering plant for chlorophyll concentration,
a filtering plant with a Seitz funnel for
microorganisms sampling, a Nageotte
chamber for counting the phytoplankton
content, a Bogorov Counting Chamber for
enumerating zooplankton, a centrifugal
apparatus for determining chlorophyll
content, a geophone, spectral sensor of proton
spin echo were proposed. Futhermore, the
proposed system comprised the devices for

chemiluminescence, chromatographic, ion-
selective, spectral and radiometric analysis, a
radiation spectrometer, an atomic absorption
spectrophotometer, an X-ray fluorometric
analyser, TV sensors, infrared sensors, heat
sensors, a metrological module, a sidescan
sonar, multiple-beam echo sounder, water
quality evaluator by TropoSample parameters
and bed deposits characteristics, a lidar (a
light radar), a penetrometer, methane and
hydrogen detection sensors.

3. Other investigators [193] developed
an enough perfect method to trace changes
in characteristics of biological objects (in
organisms-bioindicators) using technical
system with “biosensor” for receptors’
antagonists. Their invention related
to a method for detection of receptor
antagonists comprising the following
steps: (I) a sample containing the receptor
antagonist fractionated by use of a liquid-
based separation means, preferably capillary
electrophoresis, (II) a fraction containing the
receptor antagonist or modulator that fed
directly to a biosensor, which was activated
by an appropriate receptor agonist and,
as a result of this activation, generated a
measurable response. The said agonist being
fed to the biosensor through the liquid-
based separation means together with the
antagonist or modulator. The said activation
of the biosensor being pulsed by delivery
of the receptor agonist to the biosensor
for short period of time. The said periods
being separated by other periods when no
agonist was delivered to the biosensor. And
(III) the change of the response resulting
from deactivation of the receptor agonist-
activated biosensor by the receptor antagonist
or modulator was measured preferably by
means of a patch clamp electrode. It was
further possible to resensitize the biosensor
desensitized as above by use of pulsed
superfusion of the biosensor. This invention
also related to an apparatus usable for
practicing the above mentioned method.

Another patent provided a highly
specific modern way of studying changes in
biophysical characteristics in bioindicator
objects, including responses to external
influences using optically active markers
[194]. The invention provided polynucleotides
and methods for expressing light-activated
proteins in animal cells and altering an action
potential of the cells by optical stimulation.
The invention also provided animal cells
and non-human animals comprising cells
expressing the light-activated proteins.
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The prototype system at the cellular
level allowed the following mechanisms to be
investigated and used: a) a delivery device
comprising a polynucleotide that comprises a
nucleotide sequence encoding a light-activated
polypeptide, wherein the light-activated
polypeptide comprises, from N-terminus to
C-terminus; i) a core amino acid sequence that
is at least 95% identical to the sequence shown
in SEQ ID NO; 3, SEQ ID NO; 1, SEQ ID NO; 2,
or SEQ ID NO; 4; ii) an endoplasmic reticulum
(ER) export signal; and iii) a membrane
trafficking signal; b) a light source; and c) a
control device that controls generation of light
by the light source.

Ideas about monitoring in few time
intervals and about selection for studying of
groups of influencing chemical substances.
Pollution of environment with chemical
substances in industrial and other regions
is widespread today. The influence of such
substances is long-term usually and starts
often from the moment of pollution. That is
why we see as crucially important to study
the influence of polluted substances at once
after the moment of pollution and during long
months and even years (if possible) on living
organisms and their populations; and this
is one stream of our interests in the present
study.

The second stream of our interests is the
object of studying. There are some effects
of organic substances represented by phenol
and indole derivatives. Although the wide
spectrum of chemical substances was known
as components of chemical pollution, the
influences on organisms of hazardous and
dangerous organic chemicals are less studied
because of different reasons. Among them
there are their non-stable structures in
nature, “masking” of their effects by great
number other organic substances in living
organisms and so on [190]. From the other
side, these chemicals are enough important
from the point of view of their “chameleon”
effects: hydrophobic circles are able to inquiry
cell membranes easily, and their radicals may
have hydrophylic nature and to be located
outside of the surface cell membranes. Such
“anchored” structures are able to occure great
effects in living organisms; up to the lethal
results sometimes. These substances form the
large group of environmental pollutants; but
among them also there are powerful toxins
from living nature, like Arthropods’ or
Insects’ toxins.

The author of this article studied influence
of different organic chemicals, like phenol —
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and indole — derivatives with polyamine
radicals of different length and complexity
(PID-PR) during couple of the years [172—-183].
Further, the author developed some devices
and methods for monitoring the effects of such
substances. In general, PID-PR substances
play different roles in nature. On the one part,
they are incorporated into living organisms
by themselves. On the other part, substances
with similar structure are components of
out fluxes of industrial activity, accidents
or disasters that influence hazardously on
biological organisms of different hierarchical
levels and especially on neurons of organisms
[190]. Among ecological toxins there are a lot
of substances with such chemical structure
(below we call them also ecotoxins).

Novel scheme and technical system for
monitoring of some chemicals influence in
nature. In the article it is suggested a novel
monitoring scheme that included different
components: organizational, technical,
biotechnical, IS-component, ICT-component,
novel invented methods, and etc. (Fig. 1).
For this system, its main parts and developed
methods of monitoring were defended by
patents [173-176, 178, 182, 183].

Monitoring with the use of this developed
system could be carried out in three time
intervals after beginning of substance action:

1: 0.5 ms — few minutes;

2: 10 min — 4 few hours;

3: during few months and years.

Respectively, there were elaborated
different methods and equipment and used
technical means for different time intervals.
Correlation between them was depicted on
Fig. 1. Detailed information about each time
interval of monitoring is suggested below.

Purpose and tasks of the work. The work
was aimed at a biotechnical information system
developing for monitoring in environment the
chemical organic substances harmful for living
objects with relative methods for diagnostics
of such substances in nature for studying of
their effects on living organisms and their
populations with further making of necessary
recommendations for nature protection in
different regions.

In the furtherance of this goal it was
necessary to solve the following tasks:

1. To analyze contemporary prototypes of
different information system for monitoring
in environment.

2. To develop new contemporary expe-
rimental methodics connected with stated
tasks solutions on the base of contemporary
biophysical methods.
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Monitoring
of harmful toxic
substances,
background
monitoring

f a

3. To develop methods for perfection
of chemosensitive transmembrane electric
currents (CTE — currents) in voltave-clamp
conditions by the decrease of the noises’ levels
during electrophysiological experiments in
voltave-clamp conditions; and by perfection of
electrical signal revealing on the background

4. To study the influence of chemical
organic substances, harmful for living
objects, on chemosensitive transmembrane
electric currents (CTE — currents) in voltave-
clamp conditions. Mainly to study effects
of derivatives of phenol and indole linked
with polyamines of different length and
complexity.

INFORMATION SYSTEM
«EcolS»

A

y

5. To study the changes in living neurons’
optical properties by marking them by
fluorochromes using method of retrograd
axonal transport.

6. To make mathematical processing
of obtained results and to develop relative
mathematic and program models for effects
studied in (3—5). For different segments of this
biotechnical system the software development
C++, C#, Java were used.

7. To conduct long-term monitoring
of bioindicators populations (Noctuidae,
Lepidoptera) in different regions and
conditions with further processing of the
obtained results (also in case of environment
pollution by studied organic substances).

MEASURING SYSTEMS
Biosensor (BS) e Data from
(output - electrical E':;]:'g"als expeditions, stationary
Sonaks) _ o _ _ [cheenvationpoints_ _ |
0,5 msec - 1 min 10 min - 4 hours months-years

l

y

)

Algorithms of primary data processing

Registration of

elecirical, optical
signals, their analysis,
identification of harmfu
| toxic substances

Interpolation, Estimation
reconstruction, of model
integration parameters

v

!

!

MANAGEMENT OF DATA BASES

models

Data for evolutionary

Data for standard
models

v

| Analysis of prehistory

Y

I Forecasting

v

| Estimation of information

Y

» Interface

PARAMErERSV\

unknown

known

Information system (IS) for data processing

MODELS' CORRECTIONS J

Fig. 1. Information system for monitoring the influence of some chemical substances on living organisms
and their populations “EcolS” [1, 173—176]
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To develop the new methods of ecological
monitoring of different ecosystems state with
further analysis of the obtained data and with the
recommendations for some regions of Ukraine
(Karpathian Mountains, Midde Podniprovie,
Donbas — “Striltsivskyi Steppe” Preserve
in Luhansk region) and Russia (Caucasus
Mountains, Kabardino-Balkar Republic).

8. On the base of (1-7) to develop new
contemporary complex biotechnical system for
obtaining and processing the data concerning
environment with databases (DB), authomated
electronic work places (EWP) with interfaces,
in which there were united novel measuring
devices, biodetectors and bioanalyzers,
computer means, algorithms for data processing
and methods for monitoring the bioorganisms
(bioindicators) and ecosystems state. This
biotechnical system was named as “Ecological
Information System” — “EcolS” [176].

So,“EcolS” was developed to study and to
monitor the influence of harmful substances
(like some phenol — and indole — derivatives
with polyamine radicals of different length and
complexity — PID-PR) on living organisms
in few time intervals. From the one side, it
gives a possibility to study their mechanisms
of infuences; from the other side — to trace
the influence of PID-PR on organisms during
long periods of time (human or non-human
organisms). And all of these in complex give
more possibilities to prevent and to neutrolize
harmful PID-PR (and other) more long-term
effects on humans.

Three time intervals were studied,
and these time-intervals may be grounded
reasonably by biological phenomena in the
studied living organisms and the instrumental
possibilities (experimental, monitoring, data
mining, etc.) So, the time intervals selecting
was due to the following:

1) (0.5 ms — few minutes) — in this time
interval the changes in neuronal membrana
electrical responces under PID-PR influences
on CTE — currents have happened; they might
be registered in voltage-clamp conditions,
patch-clamp, other methods of this pool.

2) (10 min — 4 few hours) — in this time
interval biochemical processes in neurons “in
response” to chemicals’ influences on neuron
have happened. They might be revealed by
fluorescent markers (the optical studyings were
carried out by UV-microscopy method using the
“LUMAM?” fluorescent microscope producted by
“Carl Zeiss” Company in Iena, Germany).

3) (during few months and years) — in
this time interval the monitoring of changes
in Noctuidae (Lepidoptera) organisms and
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populations was provided (collection of
insects was carried out using light traps, field
collections, other linked methods).

In such a way it was possible to register
different aspects of the studied substances
influences: (1) — the quickest electric
processes in response to chemicals’ influences;
(2) — more slow biochemical processes in
response; (3) very slow changes in the whole
organisms and consequences of chemicals’
influences on insects populations.

Brief information concerning the developed
biotechnical system for ecomonitoring. The
basis for biotechnical system for ecomonitoring
elaboration was aimed to develop a method for
the use of a network computer biotechnical
monitoring system for deep large-scale study of
the effect of a large number of types of chemicals
on organisms-bioindicators in a wide range
of time: from the moment when the chemical
substance started to influence to the long-term
consequences in a few years (including the
effects of pollutants of the environment).

For this problem solution the biotechnical
information system were developed called
BTSM-3 with databases (DB), in which the
subsystems of three types were united.
BTSM-3 is a system that unites technical
means and methods for monitoring in three
time intervals. The system “EcolS” was based
on BTSM-3 but included also other subsystems,
services and possibilities as follows:

1. The first subsystem contained at least
one sensor (biotechnical system — BTS)
with biological fragment (BF — cell, cell
membrane, etc.). This sensor was included for
the registration of transmembrane electric
currents in single cells that might be influenced
by different chemical substances. Such sensor
might be a part of the whole sensory group with
relative methods. It might be called a “sensor”
or “detector”. Time intervals of registration
by the subsystem 2 and subsystem 1 were not
always overlapped (Figs. 2—4).

2. The second subsystem was another
sensory group — detecting group. It was
developed, organized and supplemented with
relative methods and serves to perform the
optical registration of changes in the internal
environment of cells marked in vivo by the
fluorochromes, the dyes-markers (VDM),
such optical changes of the cells’ internal
environment appeared in response to the action
of some chemicals applied to the cells (Fig. 5).

3. The third subsystem was developed and
organized to account the biological organisms-
indicators (bioindicators) with the purpose
to study the results of both qualitative and
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Fig. 2. Block diagram of the technical sensor system in the “EcoIS” (BTSM-3). This complex may be an ele-
ment in the block “Measuring system” (Fig. 1):
at the input of the system information comes in the form of electrical or chemical signals,
at utput — in form of electrical signals

quantitative composition of bioindicators’
populations (Fig. 6).

So, we proposed to use the developed
biotechnical system BTSM-3 for the large-
scale monitoring, using the deep study of the
effects of chemicals infuense on the organism
in different time intervals, from the moment
of the start of their action on the organism.
BTSM-3 was constructed as a biotechnical
information system on the basis of relevant
databases with direct and/or remote access
that contain a number of subsystems and
sensory groups.

In BTSM-3 there was in-built subsystem-
sensor BTS with BF (there may be one or more
such sensors, or detectors) characterized by
the unity of three parts: mechanical-hydraulic
part with BF, electric part and computer
part. The last one allowed the registration of
new received data, and also makes it possible
to record in memory of the computer (PC).
The obtained results were possible to record
in DB (in local and/or network databases),
to visualize them, to perform processing,
analysis and data extraction, to make the
data transmission using network technologies
about the action of various chemicals. The
registration process of the BTS occurs in the

following sequence: the chemical substances
were applied to BFs that were possible to
substitute one by another. After respective
agonists application there were possible to
register the changes of electric transmembrana
signals from BF using voltage-clamp, patch-
clamp, microelectrodes’ techniques or other
methods of these types. The effects of applied
in BF substances were measurable and able to
be recorded.

The developed method and relative
biotechnical system BTSM-3 differs from the
other because it unites three subsystems that
were built into the BTSM-3 for the monitoring
of the increased number of chemical substances
and for the expansion of the monitoring
intervals after the time of start of the
substances action.

For the use in sensor group, BF had to
undergo preliminary processing according
to specially developed procedures [172, 177]
including enzyme treatment by proteases of
Aspergillus oryzae and/or others substances in
solutions with a selected composition, which
are in contact with the gas environments of
special composition, temperature and time
modes of treatment. The substances acting
on the BF could be obtained using various

11
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Technical sensor subsystem in “EcolS”
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Fig. 3. From the electrical signals to the mathematical models:
at the input of the BTS system with BF the information comes in the form of electrical or chemical signals, at
utput — in form of electrical signals. M — different mathematic models from the developed models family

chemical and biochemical methods. For the
substances application a specially developed
concentration-clamp method might be used.
It was important as well to improve the
registration of the output electric signal,
improving its allocation to the background of
the noise and significantly reducing the noises
by themselves. Also the BF could be replaced
depending on the processing of molecules of
their surfaces, the type of chemicals that were
analyzed. BF acts as the primary link in the
sensor — biodetector and/or bioanalyzer of
acted substances (including environmental
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pollutants). The input of computers in the
BTSM-3 network received the information
from the databases, the data as electrical and
optical signals from detector subsystems, and
data of bio-indicators’ organisms counting.

Let’s describe briefly some peculiarities —
instrumental, methodics, etc. — for each time
period of monitoring in details, as well as some
obtained resuts.

Peculiarities of monitoring at the first
time interval — at once after the influense of
chemical substances. The first time interval of
monitoring is between 0.5 ms — few minutes
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Fig. 4. Electrical signals at the output of the BTS. Substance JSTX-V blocks chemo-activated transmem-
brane electrical currents in membrane of rat hippocampal pyramidal neuron:

a — influence on glutamate-activated (Glu) currents; b — influence on kainat-activated (KK) currents. After
the registration of the control responses to Glu and KK, the membrane was maintained in Ringer solution
with JSTX-V (2.5:10 % units/pl) during 3 min. In this experiment the amplitudes of chemo-activated currents
decreased after the JSTX-V influence. Experiment with JSTX-V re-application in the same concentration
(2.5 107* units/ul) on the background of KK is shown on (b). Concentrations of Glu and KK were 1 mmol/1 (¢).
Chemical structure of JSTX-3 — active compound of JSTX-V and antagonist of chemo-activated electrical
currents Vhold — 100 mV [164, 173-178]

after the influence of chemical substances on
the cells’ surfaces. The most fast processes
of electrical nature is possible to record in
this time interval. There are changes in
neuronal chemosensitive transmembrana
electrical currents (CTE-currents) under the
influences of different chemical substances
(as well as PID-PR influences). CTE-currents’
registrations there were possible to do using
microelecrode techniques, in voltage-clamp
conditions, patch-clamp, and others.

The devices, equipment and methods used
there (both standard and newly developed)
were elaborated and used in complex. This
complex with studied neuronal membrane or

membrane of other type of cels (let’s call them
“biological fragment” — BF) served, in fact, as
“biodetector” and “bioanalyzer” for chemicals,
applied to BF. To realize this step there were
elaborated the new methods: biological cells
dissociation, their cultivation, testing of PID-
PR influence on trans-membrane currents in
cells, some PID-PR diagnostics [172—-183]. For
these the results of many-year experimental
author investigations of electrical signals and
processes in natural membranes of neurons
(MN) were described. Also there were described
experimental data about electrical chemo-
activated trans-membrane currents with
molecular structures in MN gated them, as

13
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Fig. 5. Strengthening the brightness of molecular complexes of primulin-protein in neurons
after the agonists action:
fluorescent granules contained complexes of primulin with proteins of the cytoplasm: a — control. Weak flu-
orescence at lack of action of agonists; b — enhanced fluorescence of neurons after 20 minutes from the start
of action of excitatory agonists (b — GABA; ¢ — acetylcholine) [1, 17]

Central element
for control (basic
laboratory)
—_ —
Element 3
(with receiver,
transmitter)

RMI user Electronic expert Expert
Element 1 system (EES) Element 4 b
(with receiver, Element 4a (with receiver,
transmitter) (“t'gl:l;ﬁizg’ transmitter)

Fig. 6. Fragment of structural scheme of IS for tracing of insects’ population states

well as methods of such current characteristics
control by some organic molecules, like PID-
PR. The methods of enhancing of MN chemo-
activated currents amplitudes registered in
experiments and their perfected revealing
among noises were elaborated and patented
[172, 177]. Some possible ways of insertion of
this complex of devices for electrophysiological
experiment into the technical IS were
suggested.

The obtained data were important for
elaboration of the newest biosensors —
electronic elements of technical systems, IS
for eco-monitoring, new technical expert
systems for detection and diagnosis of
ecotoxins in the environment. The appropriate
methods and means of the parameters
measuring of electrical information signals
from neurons were considered. Namely, the
experiment examples with voltage-clamp
and concentration-clamp on MN were done as
well as activation under these conditions of
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CTE-currents — glutamate-activated (Glu)
and kainat-activated (KK-). As it is shown in
the work, this control could be achieved, for
example, by acting on the MN of the mammal
central nervous system by specific toxins —
blockers (BTx) of Glu — and KK-activated
channel-receptor complexes (or antagonists
of Glu — and KK-activated channel-receptor
complexes) with the purpose to block CTE-
currents. At the same time, under the
conditions of the experiments, there were
registered the interaction between three types
of molecular structures: molecular channel-
receptor complex (CRC), agonist molecules A
(Glu, KK), and the molecules of CTE-currents’
antagonists (BTx).

On Fig. 3 one can see the schematic
description of all complex work done in the
developed system, from primary registration
of bioelectrical signals in the expriment under
the influence of different chemical substances
on neuronal membranes (left) — to computer
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processing of such signals (values averaging
and further processing; A — at middle) —and
than to the development of mathematical and
program models (M — at right).

The main experimental results were
described and analyzed in [16, 17, 26, 143,
153,163, 164, 173-183], the brief list is below.

— The method of amplification of 11.8
times the amplitudes of CTE-currents
(electrical signals) at the output of the sensor
and the improvement of detection of them at
the background of noise during registration in
experiments was developed, which is important
both for the registration of CTE-currents; the
patent was obtained on this method [172, 177];

—algorithms for preparation of BF element
of sensor — neuronal membranes (MN)
from hippocampus of the rat central nervous
system and algorithms for carrying out the
experiments, data on the registered physical
and chemical properties of experimental
objects;

— the experiment results on the registration
of CTE-currents — signals at the output of
the sensor group, which represent a series of
digitized records of CTE-currents in response
to the activation of CRC molecule by agonists
(A) with known chemical structure of the
molecules;

— there were obtained the data on the
control of the output signals of BTS by blocking
or modifying of the registered CTE-currents
after the influence of six different specific
toxin (JSTX-V, JSTX-3, AR-V, AR, ARN-1,
ARN-2) on the CRC. The molecules chemical
structure of four investigated antagonists was
established, the other two antagonists were the
mixture of the substances.

Data from the series of studied effects of
various types of antagonists were summarized
in the DB and relative tables. The effects
of all studied antagonists’ infuences on
CTE-currents were similar, but they were
characterized also by number of distinct
features, which allowed the development of
certain approaches for the creation of new
methods of qualitative and quantitative
analysis of organic substances with toxic
effects in the environment.

Further there were done:

— mathematical processing and analysis of
the experiments results described above on the
registration of CTE-currents at the output of
the BTS;

— generalizations and conclusions
regarding the correlation of characteristics of
the blocking effect of CTE-currents influenced
by the toxins with differences in chemical

structure, in particular, with different lengths
and structure of polyamine;

— elaboration of mathematical models
of registered effects under the influence of
specific antagonists of Glu — and KK-currents
(3 phases of interaction between molecules
were considered);

— material on the application of
mathematical cluster methods to distinguish
similar features in registered effects.

In order to develop fundamentally new
methods for qualitative and quantitative
analysis of organic pollutants in the
environment, the dose-effect dependences
for coupling of studied substances were
investigated in the experiments. The values
of Kd for all possible cases for the action of all
antagonists were calculated (for JSTX-3 as well
as AR and other antagonists from Araneidae
venom). The dose-effect dependencies were
single-bonded isoterms. They demonstrated
the lack of co-operability. It was shown that
the magnitude of the amplitudes of currents
under the action of AR decreased by 2.7 times,
but the nature of dose-effect dependence
had not been changed. Consequently, AR did
not compete with KK for binding sites on
the receptor according to the results of our
experiments.

The obtained dependences were proposed
to put in base of new methods of detection,
quantitative and qualitative analysis of
the presence in environment some organic
substances-pollutants. Thus, in the samples
from industrial territories contaminated with
organic harmful, toxic substances [190], on the
basis of these dependencies it becomes possible
to detect and pre-diagnose the approximate
type of chemical pollutant. The regularities
of the action of phenol and indole derivatives
with polyamine radicals of different lengths
and complexity on the CTE-currents were
studied [16, 17, 26, 143, 153, 163, 164, 173~
183]. The conclusions about the correlation
between the chemical structure of various
chemical substances (incuding pollutants) with
their physiological effect on electric currents
both on the molecular level and on the level of
organisms were made.

Peculiarities of monitoring at the second
time interval (10 min — few hours) after the
influense of chemical substances. In this time
interval it was possible to register biochemical
processes in neurons “in response”, after
the influense of chemical substances on the
cells. These effects were revealed by using the
method of neurons retrograde marking by
fluorescent markers in vivo. Optical studyings
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were done using UV-microscopy — “LUMAM”
(fluorescent microscope from “Carl Zeiss”, Iena,
Germany)[1, 17]. For this step realization there
were developed the method of neuron state
registration using some fluorescent markers
that actually gave possibility to visualize the
coupling between electrical and chemical changes
in neurons with their optical characteristics.
Results of these experiments enables to visualize
the changes in electrical characteristics of
the system as sets of images with their future
ordering in databases (DB). Fluorochromes
primulin and bis-benzimide were used for these
experiments. The signal was received when
molecules of agonist (A) were applied to MN at
concentrations of approximately 107* mol/1.
Before this, the molecules of fluorescencent
marker primulin were introduced inside the
neurons using retrograde axon transport; and
they formed complexes with proteins in cell
soma. The experiments technique at all stages
were described [1, 17], ending with observations
on changes of optical characteristics of neurons
in thin sections of rat brain with the help of
luminescent microscope in the mode of incident
light (Fig. 5).

From the experiments shown at Fig. 5
it is possibe to see that before the action of
the exciting signal (a) the brightness of the
fluorescent marker primulin was much weaker
than after acting on the MN of the agonists (b,
c). After the action of the agonist molecules,
the number of light granules in the cytoplasm
of the neurons increases tremendously, the
brightness of each granule increased (from the
photo it is seen that the size of each granule
increased), their number increased in the zone
of the nucleus with the formation of the ring.
Similarly, the changes in the characteristics
of the fluorescing complexes caused other
agonists as well, we had studied 5 agonists
[1, 17]. In their ability to cause the effect of
fluorescence change, the agonists could be
arranged in the following sequence:

adrenaline > acetylcholin e> GABA >
> glycine > serine.

In case of application of the method of
neurons’ marking using retrograde axon
transport, the processes of neurons were
usually well visible: their trajectories were
marked with luminous granules of primulin-
proteins. Under the action of agonists on the
neurons, the “marked” parts of the processes
were significantly lengthened, exceeding two
or three diameters of the neurons.

Mathematic and program modeling
of different phases of electrical impulses
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development in MN in framework of studied
systems were done. There also were developed
some mathematical and program models of
systems with the use of studied effects, the
principles of information coding by such
systems were suggested [1, 25, 72].

Monitoring at the third time interval —
long-term monitoring during few months
and years. This long-term monitoring was
realized by studying of changes in biological
organisms. For such studyings we selected as
organisms-bioindicators insects Noctuidae
(Lepidoptera) — single insects, species and
their populations. Insects were collected using
light traps, field collections were done as well.

As a result of the works for the
development of monitoring system in the
third time interval — long-term monitoring
of environment — the original IS with DB of
images were developed and suggested for use
in ecological scientific and academic practice,
for environment protection. Detailed
analysis and studying of peculiarities of
biological objects and necessity to use of
mathematic and other methods that were
not used before became the basis for the DB
development [166—170]. The series of these
works were continued by the elaboration of
some IS with DB, including DB of images, and
electronic working places linked with DB for
professionals of few specialties (ecologists,
zoologists, and some others).

The complex of the works done conserning
this time interval included practical
development of electronic systems for
monitoring of environment, for example,
using monitoring of bioindicators (Noctuidae,
Lepidoptera) in different regions of Ukraine
and neighboring countries. As it was written
above the biotechnical system developed for
such purposes is called “EcolS”, it fragment
is suggested on (Fig. 6). Developed technical
ISs with databases for Noctuidae (Lepidoptera)
basing on the results of their study in the
mountains of Elbrus region (Caucasus,
Russia) during environmental eco-monitoring
in extreme conditions was described as well
[1, 9, 10, 174, 175, 176, 178]. It should be
noted that the adaptation of bioorganisms
in extreme conditions takes place according
two strategies, and strategy of adaptation of
insects differs from the strategy of adaptation
of mammals.

The list of the works done in the framework
of the third time interval includes the following
materials[1, 9, 10,174, 175, 176, 178]:

— problems of the network IS development
with databases were discussed; there were
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observed IS with databases of images, ISs with
distributed databases;

— problems of designing the database
for ecology, according to eco-monitoring
results basing on the results of the study of
bioorganisms in extreme conditions were
observed and discussed;

— general overview of the methods of
mathematics and computer modeling in the
field of environment protection, other spheres
of medicine and biology were done;

— algorithms of ecomonitoring of fauna
of different ecosystems with the use of the
possibilities of academic IS and networks
with distributed bio-organism databases were
presented;

— possibility of development of IS for eco-
monitoring with databases of images have been
demonstrated;

— the effectiveness of the newest methods
of ecological monitoring of bioorganism
populations on the basis of network IS with
distributed databases was demonstrated
including mathematical analysis of the data
obtained in conditions of monitoring points
distributed on the territory of the country;

— results of the work on the development
of “EcolS” system for eco-monitoring were
obtained (Fig. 7). “EcolS” is a “system
of academic destination” [1, 7, 8]. Being
electronic networking system with distributed
Noctuidae (Lepidoptera) databases, “EcolS” is

Application
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Fig. 7. Application of the technical system “EcolS” for monitoring of bioobjects of different levels
of the hierarchy:
the methods used in the various sectors of “EcolS” allowed to receive qualitatively new information
in comparison with the previous ones and to realise qualitatively new monitoring possibilities
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possible to use for ecomonitoring in different
regions of Ukraine;

— application of the developed methods and
results of monitoring of bioindicators in the
Striltsivskyi Steppe Preserve (Luhansk region,
Ukraine) and for comparative analysis of
some bioindicators in the mountain regions of
Carpathians (Ukraine) and Caucasus (Russia)
were demonstrated;

— authomatized electronic working
places linked with DB for professionals of
few specialties (ecologists, zoologists, and
some others) were constructed. They became
interfaces to “EcolS”.

At the end of the description of the work
done it is necessary to emphasize two positons.

I. Scientific novelties of the work done were
as follows:

— for the first time it was proposed the
technical system of environmental data collection
and processing in which the biotechnical sensors
(detectors) were connected with electrical signals
with measuring devices, computer means;
the system also combined algorithms of data
processing and methods of eco-monitoring;

— for the first time there were developed
the methods and biotechnical devices —
sensors (detectors), which allow measuring
the influence of toxic substances much more
accurately (by several orders of magnitude)
compared to current ones;

— for the first time a new type of methods
for quantitative and qualitative analysis of
organic substances (incuding pollutants) was
invented as a method, which allows to recognize
approximately the chemical structure of
organic compounds in dependence to their
influence on transmembrane electric currents,
so in dependence to physiological effects they
occurred. Some patents were obtained for these
methods [179-183]. These works formed the
scientific basis for the development of the new
technical systems for such organic substances
detection and analysis.

II. Practical values of the obtained results
are as follows.

— A software and analytical system were
developed for ecological monitoring «EcolS»,
which enabled the conducting works on eco-
monitoring on various objects of Ukraine (in
the regions of industrial pollution, in areas with
extreme conditions, where such monitoring was
not possible due to lack of funds or difficult
access to these locations, and etc.).

— The inverse problem of organic chemical
substances determining, the presence of
pollutant molecules in the nature by their
effects on the CTE-currents were solved. The
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theoretical dependence of the damaging effect
of ecotoxins on their chemical structure was
found. Such dependence might be the basis
for the development of new technical expert
systems for monitoring and analysis of some
organic compounds in pollutants.

— There were elaborated the automatized
electronic workplaces (ERM) and an improved
analytical research complex for scientists
of several specialties. Such ERM became
interfaces for communication between human
and “EcolIS” or other systems from this family.

— The described results in their different parts
and at different years were implemented at the
National Aviation University, the International
Center for Astronomical and Medico-Ecological
Studies (ICAMED) of the National Academy of
Sciences of Ukraine in the Caucasus (Russia, the
Kabardino-Balkaria Republic), at A. A. Bogo-
moletz Institute of Physiology and Kavetsky
Institute of Experimental Pathology, Oncology and
Radiobiology of the National Academy of Sciences
of Ukraine, Uman State Pedagogical University
named after P. Tychyna. The obtained results were
also used for monitoring of the bioorganisms of the
Donbas — Striltsivskyi Steppe Preserve (Ukraine),
at Ukrainian Polissia, in the extreme conditions
of Ukrainian Carpathians and the Elbrus region
(Caucasus, Russia).

Thus, in process of the work described
above there were obtained the following
results, partially defended by patents [172—
183, 195-199].

1. The scientific basis was developed and
the newest technical system for eco-monitoring
was developed. It used a new type of the sensor
groups as a technical means for the state of
the environment monitoring. Accompanying
laboratory, experimental methods and
appropriate researches were done. The sensor
model as part of a technical system for the
diagnosis and testing of ecotoxins was elabrated.
The corresponding software was developed.

2. The numerical characteristics of
interaction for all studied toxic substances were
investigated, mathematical description of the
processes of CTE-currents blocking by them were
performed. The general laws of the damaging
action of toxic substances were established. Due
to the phenolic and/or indole fragments of the
molecule of a toxic substance, it interacts with
the hydrophobic components of the membranes.
Due to the polyamine — it interacts with the
glutamate receptor (Glu-R), providing the main
mechanism of currents’ blocking. New methods
of quantitative and qualitative analysis of
studied toxic and harmful organic compounds in
environment were proposed.
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3. The method to amplify by 11.8 times
the amplitudes of CTE-currents in neuron
membranes (MN) was elaborated. It enabled
to improve electric signals detection against
noise backgrounds. Using the elaborated
method, experimental recording of CTE-
currents became more perfect. So, all further
electrophysiological recordings became more
perfect as well. These methods were patented
[172—-177].

4. The methods of optical registration
of processes of neurons excitation at the
molecular level of the action of 5 different
agonists were elaborated and applied in the
experment. The method of retrograd dye axon
transport was used for this.

5. Algorithms, mathematical and program
approaches for elaboration of the databases
(DBs) for the developed “EcolIS” system, ERM,
others, taking into account the features of
bioobjects were proposed.

6. ERM — automated electronic work
places — were developed on the basis of the
corresponding databases for use by scientists-
biologists of several specialties (ecologists,
neurotoxicologists, zoologists, etc.). They became
interface to the system “EcolS”. ERM were
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IIpoananizoBano HOBiTHI 6ioTexHiUHi cuc-
TeMU eKOJIOTiYHOTO MOHITOPUHTY AOBKIJIJIA, 10
6a3yOThCA Ha BUKOPUCTAHHI cyuacHUX iHDOp-
MaIifiHUX i KOMI IOTePHUX TEXHOJOTIN Ta Ha-
ABHUX 0a3 faHUX XiMiUHUX pedyoBUH. 30KpeMa,
pO3TJISHYTO TaKi cyuacHi 6iodiszuuni metomu
IOCJIiIKeHb, AK iMiTamiline Ta mporpaMHe MO-
IeJIOBAaHHS, 110 BDAXOBYIOTh PE3yJIbTATH aBTO-
pa, oeprKaHi B eKCIIepUMeHTaX 3 peecTpalliero
XeMOUYTJINUBUX TPAHCMEMOPAHHUX €JeKTpUU-
HUX CTPYMiB y HelipoHax y pexxumi ¢ikcaii
moTeHIIialdy, 3acCTOCyBaHHAM (JIYOpPeCIeHT-
HUX HEeNPOHHUX MapKepiB Ta obJgikom opra-
HisMiB-OioimgukaTopis. PodpobaeHi cucremu
Ta METOAU AAIOTh 3MOT'Y BUABUTHU Ta iIeHTH-
dixyBaTu HeOe3meUyHi qIA XKUBUX OpPraHiamiB
PEeYOBUHU i 3pOOUTHU BUCHOBKU IIIONO iXHBOTO
MOJKJIUBOTO OiosoriuHoro BuamBy. @yHKIiO-
HyBaHHA OioTexHiUuHUX iHGOpPMAIiHHUX cUCTEM
MOHITOPUHTY MTOBKiJIJSA IIpOaHANi30BaHO B IIIU-
POKOMY 4acoBOMY AianasoHi 3 BUKOPUCTAHHAM
cyuacHUX 0a3 JaHUX, eKCIEePTHUX IIiJcucTeM
Ta iHTepdeiici, 3gaTHUX ifeHTU(GIKYBaTU Pis-
Hi Tunu ximiuEuUX peyoBuH. Ilokasano, mo 3a
TaKOT0 CUCTEMHOT'O €KOJOTiuHOTO MOHITOPUH-
I'y iCHy€ MOKJIUBiCTH BUBUATHU Ta IIPOTHO3YBAa-
TH HACJiJKU Ail peYOBUH YIIPOJOBYK TPUBAJIOTO
Yyacy — BijJ mepiinx MOMEHTiB BIJIMBY Ha OKpe-
Mi KJIITUHUT OpraHisMy Lo MicAniB i pokiB micasa
BIIJIVBY Ha BeCh OpPraHi3M.

Knwuwosi cnoea: OGiorexHiuma imdopmamiiina

cucTeMa MOHITOPUHTY, 3a0pyAHEHHS MTOBKiJJIdA,
OioimgmKaTopu, 623U JAHUX.
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IIpoananmaupoBaHbl HOBeHIINEe OMOTEXHU-
YeCKHe CHUCTEeMbI 9KOJOTMUYECKOro MOHUTOPUHTA
OKpYy:Karoleli cpeabl, OCHOBAHHBIE Ha HCIIOJIb-
30BaHUU COBPEMEHHBLIX MHMOPMAIIMOHHBIX U
KOMIbIOTEPHBIX TEXHOJOTUH U MMeInuxca 0as
IaHHBIX XMMUYECKUX BeIecTB. B WacTHOCTH,
paccMoTpeHbI TaKue COBpeMeHHble 0uodusmue-
CKMe MeTO/bl NCCJIe[OBaHN, KAK UMUATAIIIOHHOE
¥ IPOTPaMMHOE MOJeJIUPOBaHUE, YUNTHIBAIOIIIE
pesyJbTaThl aBTOPA, MOJYyUeHHbIe B 9KCIIePUMeH-
Tax ¢ perucrparnueil XeMOUyBCTBUTEIbHBIX TPAHC-
MeMOpPaHHBIX 3JeKTPUUECKUX TOKOB B HEMpOHAX
B perKUMe (PUKcaIny mOoTeHIIaNa, IpuMeHeHIeM
(hiryopeciieHTHBIX HEHPOHHBIX MAapKepPOB U IIOJ-
CUeTOM OPraHU3MOB-OMOMHINKATOPOB. Paspabo-
TAHHbIE CUCTEMbBI M METO/IbI ITO3BOJISAIOT BEIABUTDH
U UAeHTU(QUIINPOBATD OMIACHBIE IS YKUBBIX Opra-
HU3MOB BeIIeCTBa U CAeJIaTh BBIBOABI OTHOCUTEIb-
HO UX BO3MOYKHOTO OMOJIOTUUECKOTO BO3IENCTBUA.
DyHKIIMOHNPOBaHNE OMOTeXHNYECKUX MHPOpMa-
IIMOHHBIX CHCTEM MOHHUTODPHUHTA OKDPYKarolilei
cpenbl IPOAHAJIU3NPOBAHO B IMIMPOKOM BpPEMeH-
HOM AuAaIlla30He C UCII0Jb30BAHNEM COBPEMEHHBIX
0a3 JaHHBIX, 9KCIEPTHHIX TOACUCTEM U MHTePeii-
COB, CIIOCOOHBIX UACHTUPUIIUPOBATD PA3JIUUHBIE
TUIOBI XUMUYECKUX BeliecTB. [lokasaHo, 4To mIpu
TaKOM CHUCTEMHOM 9KOJIOTUUECKOM MOHUTOPUHTE
CYIIeCTBYET BO3BMOKHOCTh U3yUYaTh U IIPOTHO3M-
poBaTh IMOCJENCTBUA AeNCTBUA BeIecTB Ha IPO-
TSKEHUUN IJIUTEJbHOTO BPEMEHU — OT MePBBIX
MOMEHTOB BO3IeHCTBUA HA OTHAEJbHBIE KJIETKU
opraHmsaMa J0 MeCsIeB U JIeT II0CJIe BO3AeHCTBUS
Ha BeCh OPraHU3M.

Kntwouessvle cnosa: 6uorexHuyeckas uHGOpMa-
IIMOHHAS CHUCTeMa MOHUTOPHWHTA, 3arpsa3HeHue
OKPY:KaIoIeil cpeabl, OMOUHIWKATOPBLI, OAa3bI
ITaHHBIX.
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The purpose of this paper was to analise the results of own author’s research and literature date
that concerned lectins of Russulaceae family mushrooms, which, despite their widespread, are still
poorly investigated. Most studies merely reported about the determination of hemagglutinating
activity and the isolation of pure lectin preparations from fresh fruit bodies of this family mushrooms.

This article provides information about lectins physiological role in mushrooms, the list of
Russulaceae family spesies tested for hemagglutinating activity, as well as procedure of
purification, molecular structure and carbohydrate specificity of isolated lectins. Particulary,
the most effective methods of lectins purification of the Russulaceae family were highlighted.

High lability of the lectins molecules explaned the loss of the activity of these lectins during
purification from raw material when standard procedures were applied, as well as the reason why
these lectins were not obtained from the dried fruit bodies.

Finally, practical application of lectins of Russulaceae family mushrooms in medical-

biological researches are described.

Key words: lectins, Russulaceae, hemagglutinating activity, carbohydrate specificity.

Lectins are a class of multivalent
carbohydrate-binding proteins of non-immune
origin, which recognize various carbohydrate-
containing structures with a high degree of
stereospecificity without catalytic activity[1, 2].

The carbohydrate specificity of sugars and
glycoproteins is the cause of selective binding
of lectins to certain types of cells and tissues of
living organisms [3].

Lectins specificity towards cells (associated
with the structure of glycans on their surface)
manifests in the ability to agglutinate certain
cells, such as erythrocytes belonging to a
particular human or animal phenotypes [4], to
precipitate glycans and cause various biological
effects [5, 6].

Lectins were found in all kingdoms of
living organisms: viruses, bacteria, plants,
mushrooms and animals [2, 7]. The vast majority
of commercially available lectins are obtained
from plants, but lectins of true fungi also are of
great interest [8, 9]. Their fruiting bodies are

able quickly accumulate significant biomass,
which can be used for obtaining pure lectins.
Our attention was attracted to the lectins of
Russulaceae family mushrooms, which, despite
widespread occurrence of these mushrooms, are
poorly investigated at present [10]. On the basis
of own research and studies of other authors,
this review attempts to explain the reason for
this fact and outline the potential for practical
application of Russulaceae family lectins.

Function

The family Russulaceae with two genera —
Lactarius (the milk-caps) and Russula (the
brittlegils), has a significant species diversity
(there are 750 species of genus Russula and
450 species of genus Lactarius documented
worldwide [11]), and consequently, a large
number of potential sources of biologically
active substances.

Almost all specimens of this family form
mycorrhizal associations with trees and
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shrubs, particularly with the main forest tree
species (pine, beech, oak, spruce, fir, etc.)[12,
13]. Lectins are involved in the mycorrhizal
symbiosis [14].

The physiological role of lectins in fungi
is associated with the specific recognition of
glycosylated structures at the level of cells,
tissues and the whole organism. Lectins in
mushrooms participate in the mobilization
and transportation of sugars, in the process
of forming fruiting bodies (the formation of
primordia), in the creation of mycorrhiza and
the infection process (penetration of parasitic
fungi into the host organism) [15].

The fungal lectins are involved in the
recognition of the symbionts during the
early stages of mycorrhizae formation. In
the Lactarius deterrimus-spruce model, the
facts that there is a lectin at the surface of the
mycelial hyphae and the presence of specific
sites for the lectin on the roots hairs are
evidence of the involvement of the lectin in
the recognition of the host spruce. Thus, the
morphologically very similar L. deterrimus,
L. deliciosus and L. salmonicolor are associated
with the the spruce (Picea ), pine (Pinus), and
the fir (Abies ), respectively with a remarkable
specificity [16].

Detection

Detection of lectins in mushroom
extracts is most often carried out using
hemagglutination inhibition assay with human
and animal erythrocytes, method can be found
in reference [2, 17].

A large number of basidiomycetes were
screened using the hemagglutination test.
Particularly, among the 104 species, collected
in Poland, aqueous extracts from L. rufus
and L. vellereus showed high agglutination
activity and were among ten the most active.
The extract from R. cyanoxanta had distinctly
higher agglutination activity at 4 °C, than that
obtained at room temperature [18].

Agglutinins were well represented
by Lactarius species among 403 British
higher fungi, but fewer by Russula species
(Table 1) [19]. However, in a study of 110
species of Japanese fungi only R. emetica,
one of six Russula species, did not exhibit
hemagglutination. All species that were active
against human erythrocytes also agglutinated
rabbit red blood cells, except R. violeipes
that agglutinated only human cells [19-20].

It’s interesting that the ability to
agglutinate human erythrocytes of all ABO
groups had dried mushroom caps of 21 species
of the genus Lactarius (out of 48 studied),
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which were stored in herbarium for 8—9 years!
The intensity of agglutination reached 1:
64 for the L. cremor, L. quietus, L. piperatus
extracts, and 1: 32 for the L. torminosus,
L. controversus, L. thejogalus [21].

Lactarius and Russula species of
the Ukrainian Carpathians also have
hemagglutinating activity toward human
erythrocytes. Though the extracts of
investigeted fungi did not show group
specificity, rabbit, dog and guinea pig
erythrocytes showed approximately the same
activity. Horse and dog erythrocytes were
often more sensitive to Russulaceae lectins,
while cow and goat erythrocytes frequently
showed low sensitivity to these lectins [22, 23].

So, no blood group-specific lectin among
Lactarius and Russula species was found. Only
R. queletii exhibited specificity to pigeon and
horse erythrocytes [18].

We have noticed a significant variability
in titers of hemagglutination, depending
on the age of fruiting bodies, weather and
temperature conditions, even within one
mycelium (measurements were performed on
mycelia of L. torminosus and L. pergamenus).
Activity may differ more than in 250 times!
Although clear correlation between the age of
mushroom and the titer of hemagglutination
was not found, in general, younger
mushrooms had higher hemagglutinating
activity than older ones [22, 24]. Evidently,
it is much easier to detect lectins in extracts
at the moment of their highest activity.
According to our observations, higher
activity of lectins correlates with their higher
content.

Other researchers, in particular [18, 19]
came to the same conclusion that caps of young
carpophores are usually richer in lectins.

Purification

Lectins are proteins or glycoproteins that
consist of one or more polypeptide chains.
Procedures that are customary for purification
other proteins (precipitation with salts, ion-
exchange, affinity and gel chromatography,
preparative electrophoresis, etc.) can be used
to purified them [1, 2]. However, unlike
lectins of other basidiomycota mushrooms,
they have certain features. This is due to the
high sensitivity of Russolaceae family lectins
to pH changes, salt precipitation and organic
solvents, drying and freezing of raw materials.
At the same time, these lectins, can usually
withstand heating to 65+70 °C [22, 23]. This
should be taken into consideration when
purifying them.
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Table 1. List of Russulaceae family spesies tested for hemagglutinating activity

No | Lactarius DC. ex S. F. Gray: References No Russula (Fr.) S. F. Gray: References
1 L. aurantiacus Fr. [21] 1 R. adusta (Pers.) Fr. ** [19]
L. blennius (Fr.) Fr. [21,19] 2 R. aeruginea Lindblad [19, 23]
R. alpina (A. Blytt) F. H.
3 L. controversus (Fr.) Fr. [21,19] 3 Moller & Jul. Schaff ** [19]
4 L. cremor Fr. [21] 4 R. atropurpurea (Krombh.) [19, 23]
Britzelm.
. R. carminea (J. Schaeff.)
5 L. decipiens Quel. [21] 5 Kiihner & Romagn. [19]
6 L. deliciosus (L.) Gray [18, 21, 25,19,22]| 6 R. claroflava Grove [19]
7 L. deterrimus Groger [26,19] 7 | Bcyanoxantha (Jul. Sehdff) | 119 o3
8 L. flavidulus S. Imai [27] 8 R. delica Fr. [32]
9 L. fluens Boud. [19] 9 R. emetica (SC(Ehaeff.: Fr.) S.F. [18]
ray
10 L. glaucescens Cossl. [19] 10 R. farinipes Romell. [19]
11 L. glyciosmus Fr. [21] 11 | B-flavida F{)‘;SCtk&PeCk apud [20]
12 L. helvus Fr. [21] 12 R. foetens (Fr.) Fr. [23]
13 | L.laeticolor (Imai) Imaz. [20] 13 | R. grisea (Pers. ex Secr.) Fr. [19, 23]
14 L. lignyotus Fr. [28,21] 14 R. illota Romagn. [19]
15| L-necator (Bull. ex Fr.) [22] 15 R. laurocerasi Melzer [19, 20]
Karst.
16 L. pergamenus (Fr.) Fr. [21, 22, 24] 16 R. lepida [33]
17 | L.piperatus (Scop.) Gray | [21,19,29,22] | 17 | f-nigricans (Bull. ex Merat) [19, 23]
18 L. porninsis Roll. [21] 18 R. paludosa Britzelm. [19]
19 L. pubescens Fr. [21] 19 R. queletii Fr. [18, 19]
20 L. quietus (Fr.) [21, 19, 20, 22] 20 | R.rosacea (Pers.)S. F. Gray [20]
21 L. rufus (Scop.) Fr. [18, 19, 30, 22] | 21 | [-serdoniaFr.em Romagn. [19]
22 L. ruginosus Romagn. [19] 22 R. subfoetens Smith [19]
23 | L-salmonicolor R. Heim & [21, 31] 23 R. vesca Fr. [19]
Leclair
24 | L.sanguifluus Paul ex Fr. [21] 24 R. violeipes Quel. [20]
25 L. serifluus DC.ex Fr. [21]
26 L. subvellereus Peck [20]
27 L. subzonarius Hongo [20]
28 L. tabidus Fr. [19]
29 L. thejogalus (Bull.) Fr. [21]

30 L. torminosus (Schaeff.)

[21, 19, 30, 22]

Gray
31 L. turpis (Weinm.)** [19]
32 L. vellereus (Fr.) Fr. [18, 21, 19, 22]
33 L. vietus (Fr.) Fr. [19]
34 L. volemus (Fr.) Fr. [19, 22]
35 L. Zon&‘:’il{(gglfglé hner [21]

* Hemagglutination only with trypsin treated erythrocytes

** Hemagglutination only with bromelin treated erythrocytes
*%% Hemagglutination with neuraminidase treated erythrocytes
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The titres of haemagglutination in sap from L. torminosus and L. pergamenus within one mycelium

Although many Russulaceae family species
showed agglutination activity there are
only several publications on obtained lectins
(Table 2).

Not always the hemagglutinating activity
of Russulaceae lectins is remained entirely by
the precipitation of lectins with ammonium
sulfate and ethanol, which are most often used
in the purification of protein molecules [22,
23].

It should be noted that all authors purified
lectins only from raw materials harvested
fresh. None of the cited studies didn’t explain
why these lectins were not obtained from dried
fruit bodies. In own research [22, 23], it has
been shown that the hemagglutination activity
strongly reduces or completely disappears
after drying, as well as freezing of most species
of this family mushrooms.

The reason for this, in our opinion, is
the loss of activity of these lectins during
purification from raw material using standard
procedures.
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Affinity chromatography is the most
effective method for the purification of the
lectins. The affinity sorbents used for their
isolation were: stromas of erythrocytes embedded
in polyacrylamide gel [25, 26, 31], copolymer
of polyvinyl alcohol with a blood group specific
substance [30, 34, 29, 24], fetuin immobilized on
Sepharose [28]. The purification of other lectins
(L. flavidulus, R. delica, R. foetens, R. lepida)[27,
32, 23, 33] was carried out by a combination of
ion-exchange chromatography and gel filtration.
However, in our opinion, these methods are
more labour-intensive and less productive than
affinity chromatography.

Lectins were eluted from affinity sorbents
either with 0.1 M borate buffer (pH 9.0)
[28] or heated to +65 °C 1 M NaCl. Specific
carbohydrate was not used to remove the lectin
from a column due to the absence of interaction
of these lectins with monosaccharides and low-
cost di- and oligosaccharides.

The elution of lectins by acidic buffer is
not recommended because it can cause loss of
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Table 2. List of isolated lectins of Russulaceae family species

. Structural o . Refe-
Isolation Properties Sugar Specificity rences
L. lignyotus By affinity chromatogra- 98 kDa, Desialyzed fetuin, desialyzed [28]
i phy on Sepharose 4B con- | Tetrameric with | glycoprotein from edible bird’s
taining immobilized 22 kDa subunits | nest and desialyzed mucin from
fetuin porcine submaxillary glands
By a combination of affin- | 37 kDa, Dimeric | All the lectins are most specific [25]
ity chromatography on with two types | for DGalf1-3DGlcNAc residues
stromas of group O eryth- of subunits (TF antigen)
rocytes embedded in poly- (about 19,000
acrylamide gel and and 18,000)
hydroxylapatite and gel
filtration chromatography
37 kDa, Dimeric [26]
* Isolated from the carpo-
phores, lectins are also
expressed at the surface
of the hyphae
39 kDa, Dimeric [31]
By affinity chromatogra- 98 kDa, Group-specific substances from [30]
phy on copolymer of poly- | Hecameric with human blood erythrocytes,
vinyl alcohol with a blood | 17 = 1 kDa sub- asialo-BSM, asialo-ovomucoid,
group B specific substance units human and bovine thyroglobu-
lins, orosomucoid, fetuin, trans-
ferrin, human Ig G, a-phenyl
N-acetyl-D-
glucosaminopyranoside,
4-nitrophenyl-$-D-
galactopyranoside
L. torminosus 98 kDa, Fetuin, asialo-BSM, BSM, group- | [34]
N Hecameric with | specific substances from human
17 =1 kDa sub- | blood erythrocytes, human Ig G,
units transferrin
97+3 kDa Group-specific substances from [29]
human blood erythrocytes,
human Ig G
By a combination of etha- 96 kDa, The lectin weakly interacts with [24]
nol precipitation, affinity Hecameric DGalNAc, while DGalf31-
chromatography on copo- with 16 kDa 3DGalNAc and DGalf1-3DGlecNAc
lymer of polyvinyl alcohol subunits are the most probable candidates
and human blood B group for ligands, with which the lectin
specific substance, and ion interacts at disaccharides level.
exchange chromatography Among them fetuin of fetal calf
on DEAE-Toyopearl serum and group-specific sub-
stances A, B, and H of human
blood were the strongest
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Table 2. Continued

. . Structural cpe . Refe-
Species Isolation Properties Sugar Specificity rences
L. flavidulus The chromatographic proce- 29.8 kDa, Lactose, p-nitrophenyl o.-D- [27]
dure utilized comprised Dimeric glucopyranoside, p-nitrophe-

anion-exchange chromatog-
raphy on DEAE-cellulose,
cation-exchange chromatog-
raphy on CM-cellulose,
anion-exchange chromatog-
raphy on SP-Sepharose and
gel filtration by fast protein
liquid chromatography on
Superdex 75

nyl B-D-glucopyranoside, ino-
sitol and inulin

It was adsorbed on both
SP-Sepharose and
Q-Sepharose and unadsorbed
on
DEAE-cellulose

60 kDa, Dimeric | Inulin and o-nitrophenyl-§3-D- [32]
with 30 kDa
subunits

galactopyranoside

By ion exchange chromato-
graphy on CM-cellulose

Not done

Asialo-ovomucoid [23]

The purification scheme

tation, ion exchange chro-
matography on DEAE-
cellulose and SP-Sepharose,
and fast protein liquid chro-
matography-gel filtration on
Superdex 75

32 kDa, Inulin and o-nitrophenyl-B-D- [33]
involved (NH,),SO, precipi- | Dimeric with 16
kDa subunits

galactopyranoside

their activity. In particular, as our studies
have shown [22, 23], Russulaceae lectins are
quite enough stable at high temperatures, but
are very sensitive to changes in pH: even a
short-term reduction of pH to 4.5 often leads
to a loss of 50-75% of hemagglutinating
activity, and at pH 3.5 activity of many (but
not all) species was completely lost. That’s
why the elution of almost all Lactarius lectins
from the affinity column was carried out
using 1 M NaCl solution heated to +65 °C. An
attempt to eluate the L. deterrimus lectin by
0.1 M solution of N-acetyl-D-galactosamine,
although was successful [26], did not allow
the authors to obtain the expected activity
of lectin. In their opinion it was due to
incomplete unbounding of this carbohydrate
from the lectin by dialysis.

The yield of lectins from fresh mushroom
biomass varied from ~3 mg/kg in L. perga-
menus [24], 6.4 mg/kg in L. deterrimus [26] to
~ 30 mg/kg in L. deliciosus [25].
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Molecular structure

There is a small amount of data in the
literature concerning the deep learning
on molecular structure of lectins of the
Russulaceae family mushrooms. In particular,
there is no data on the crystallographic
structure of lectins from mushrooms of this
family in complex with a specific carbohydrate
inhibitor.

According to the literature (Table 2),
purified lectins consist of two (L. deterrimus,
L. salmonicolor, L. flavidulus, R. delica
and R.lepida) or four identical subunits
(L. lignyotus), L. deliciosus lectin is also
dimer, but has non-identical subunits, with a
molecular weight of 18 and 19 kDa.

Except the L. lignyotus lectin, whose
subunits are bound by disulfide bridges, other
studied lectins of the Russulaceae family have
subunits bound noncovalently.

According to our research, L. rufus and
L. torminosus lectins consist of six subunits
with a molecular weight of about 17 kDa,
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and L. pergamenus — about 16 kDa. It was
determined that the linkage between the
individual subunits is very labile and the
lectin molecule can easily disintegrate,
possibly gradually, which is accompanied by
loss of haemagglutinating activity. Herewith
the hexamer possesses the highest specific
haemagglutinating activity. Disintegration of
the lectin molecule is taking place under the
action of minor pH changes and even under
the action of such soft factors as freezing
or precipitation of the lectin-containing
fraction of proteins with ammonium sulfate,
not to mention about drying of mushrooms at
+52 = 2 °C [22, 23]. It should be noted that
hexameric structure of a molecule is the
phenomenon quite rare in lectins; not more
than ten such molecules are described, the
most famous is a lectin from an edible snail
(Helix pomatia) [1, 2].

The data obtained by us explain the decrease
of haemagglutinating activity by changes in
the molecular structure of fungal lectins of the
Russulaceae family, observed during drying
and storage of the fruit bodies and throughout
the purification of lectins. The disappearance
of the hemagglutinating activity is due to
the high lability of the quaternary structure
of the lectin molecule; this fact probably also
explains a small number of studies on lectins of
a given family. However, lectins of the genus
Lactarius, as compared with lectins of the
genus Russula, are generally more resistant to
such impacts, particularly towards drying, and
therefore more promising for further research.

Carbohydrate specificity

The most important functional
characteristic of lectins is their specificity to
carbohydrates, which often determines the
opportunities for their further use.

The literature suggests that Russulaceae
family lectins rarely exhibit specificity to
monosaccharides, and much more often to
complex oligosaccharide structures, at least
to disaccharides. Mostly such disaccharide is
DGalp1-3DGalNAc (TF antigen) [25, 22, 23].

The hemagglutinating activity of
L. flavidulus lectin was inhibited by a variety
of simple sugars, in particular lactose,
p-nitrophenyl a-D- and B-D-glucopyranosides,
inositol, and by the polysaccharide inulin
[27]. The L. deterrimus, L. deliciosus and
L. salmonicolor lectins have almost identical
molecular mass and the same affinity for
DGalB1-3DGalNAc, a disaccharide which
contains D-galactose and N-acetyl-D-
galactosamine [25, 26, 31]. The same can

be said of the L. torminosus, L. rufus and
L. pergamenus lectins, the best sugars to
interact with were complex oligosaccharides
with minimal active disaccharide chains of
DGalp1-3DGlcNAc or DGalB1-3DGalNAc.
The best inhibitors of their activity were
group-specific blood components human
(ovariomucin) and human immunoglobulin G
[34, 30, 24].

In case of L. lignyotus lectin the most
effective inhibitors of its agglutinating activity
were desialized fetuin, desialized glycoprotein
from edible bird’s nest and desialyzed mucin
from porcine submaxillary glands [28].

Inhibitors of agglutinating activity of
R. delica and R. lepida lectins were inulin and
o-nitrophenyl-p-D galactopyranoside [32, 33].

Practical application

The selectivity of lectins to carbohydrate
structures makes them very important tools
for biochemical studying of glycoconjugates of
the membrane and cell wall [35]. Thereby, due
to the high specificity of binding of lectins to
membrane carbohydrate structures, they have
become extremely useful for the identification
and differentiation of closely related species
or strains of single-celled parasitic organisms.
In particular, L. controversus and R. nigricans
lectins characterized the variety of sugar
structures of the cell walls of 114 pathogenic
strains of the Candida genus. The lectin from
L. deliciosus was used in researching the biology
and taxonomy of the fungal organisms from
the class of Chytridiomycetes inhabiting the
alimentary canal in ruminants. L. torminosus
lectin was used in researching glycoconjugates
taking part in the identification reactions of
embryonic cells in the urogenital morphogenesis
in bird embryos [15].

Lectins from R. delica and R. lepida potently
inhibited proliferation of HepG2 hepatoma and
MCF 7 breast cancer cells [32, 33]. The lectin
from L. flavidulus suppressed the proliferation
of HepG2 hepatoma and L1210 leukemic
cells [27]. Both above mentioned lectins
from L. flavidulus and R. delica inhibited the
activity of human immunodeficiency virus
type 1 (HIV-1) reverse transcriptase [27, 32].

The lectin of L. deliciosus, which is specific
to DGalpf1-3DGalNAc, can be used to follow
the expression the tumor-associated Thomsen-
Friedenreich (TF) antigen [36].

The purified by wus lectins from
L. torminosus and L. pergamenus may find
application as the histochemical reagents for
the comparative histochemical investigation of
kidneys of the newborn and adult rats [37, 38].
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The key role of lectins in the formation
of mycorrhiza between certain conifer tree
species and Russulaceae family mushroom
species has been proved.

The most effective method for the
purification of lectins from the Russulaceae
is affinity chromatography using sorbents
with DGalBf1-3DGlcNAc structures
(immobilized fetuin, blood group-specific
substances). In the purification process
should be taken into account high sensitivity
of Russulaceae lectins to changes in pH and
precipitation with ammonium sulfate and
ethanol, their relatively thermal stability (up
to + 70 °C).

The reason for the relative instability
of the lectins of the Russulaceae family, in
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JIEKTHHU I'PUFBIB
POAWHMU Russulaceae:
GYHKIIIL, OUYHNIIEHHA,
CTPYKTYPHI OCOBJIHBOCTI
TA MOSKJIHBOCTI IIPAKTUYHOTO
3ACTOCYBAHHA

JI. B. Ilanuak

JIbBiBCBLKUI HAITiOHAJIBHUEN MeIUYHIII
yHiBepcurer im. Janmuna 'arunsroro

MeToo pobGoTu € ommc pes3yabTaTiB BJac-
HUX JOCJIiIKeHb Ta JOCJHiI)KeHb iHIINX aBTO-
piB, IO CTOCYIOTHCA JIEKTHUHIB I'pubiB pOoAMHU
Russulaceae, sKi, He3BasKaoUM Ha BeJHKe IIO-
IINPEeHHs, Ha CbOTOHI HeJJOCTaTHbBO JOCIiAKeHi.
Binpmricts pobiT moBigomsAe JuIlle IpPo BU3HA-
YeHHSA reMarJTUHYBaJIbHOI aKTUBHOCTI Ta BUi-
JIeHHA JIEKTUHOBUX IIPenapariB 3i CBisKUX I1J10/10-
BUX Tijm rpubiB JaHOI POAWHU.

Y crarrti HaBemeHo imdopmarliro mpo ¢disio-
JIOTiUHY POJIb JIEKTUHIB y rpubax, IepeJik BUIiB
rpubiB poagunu Russulaceae, TpoTecTOBAaHUX Ha
reMarJIIOTUHYBaJIbHY aKTUBHICTh, a TAKOMK IIPOIIe-
IYPY OUHUIIEHHA, CTPYKTYPY MOJEKYJIU Ta ByTJIe-
BOJIHY cIentu(iuyHiCTh BUAIIEHUX JIEKTUHIB. P03-
TJISTHYTO HAWO1IbIT e()eKTUBHI METOAU OUNIIIEHHA
JeKTuHiB poaunu Russulaceae.

Bucoka mabiibHiCcTh MOJIEKYJIU ITOSACHIOE
BTpPaTy aKTUBHOCTI IIMX JEKTUHIB MiJ yac o4m-
IeHHd i3 CUPOBUHU 3 BUKOPUCTAHHAM CTaH-
IapTHUX MPOIENYP, 4 TAKOXK HEMOKJIUBICTD 1X
OTPUMAaHHA i3 cymieHuX naomoBux Tijm. Tarox
OIIMCAaHO HMpaKTHUUYHEe 3aCTOCYBaHHS JEKTHUHIB
rpubiB poguuu Russulaceae B menuko-6ioaoriu-
HUX TOCJHI:KeHHIX.

Knwuosi cnoea: nexrtunu, Russulaceae, rema-
TIITHHYBaJlbHAa AaKTUBHICTH, BYIJIeBOJHA
cruenu@iyHicTb.
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JEKTHHBI T PUBOB
CEMEVICTBA Russulaceae:
OYHRKIINU, OUUCTEKA,
CTPYRKTYPHBIE OCOBEHHOCTHA
U BOSMOJKHOCTHU ITPAKTHYECKOTI'O
ITPUMEHEHUSA

JI. B.Ilanuakx

JIbBOBCKMIT HAITMOHAJIBHBIN MeIUITMTHCKIHA
yHuBepcuteT uM. laruasr ['aaunkoro

ITennio paboThl ABJIAETCA ONUCAHUE PE3YJIb-
TaTOB COOCTBEHHBIX MCCJESOBAHUI U KCCJIELO-
BaHUM APYTUX aBTOPOB, KACAIOIUXCS JIEKTUHOB
rpuboB cemeiicTBa Russulaceae, KoTopbie, HECMO-
TPs HA MIXPOKOE paclpocTpaHeHne, CeTroHs He-
JTOCTATOUYHO HCCJIeLOBAaHbI. BOJBIMINHCTBO padboT
coo0IIlaeT JHUIIL 00 ompeaeJeHUN IeMarrjaioTH-
HUpYIOIell aKTUBHOCTU U BBHIAEJEHUN JIEKTUHO-
BBIX ITPEIapaToB U3 CHIPHIX IIJIOJOBBIX TeJ I'PubOB
ITaHHOI'O CeMeMCcTBa.

B craThe nmpuBegeHa naopManusa o GU3U0-
JIOTUYECKOM POJIX JIEKTUHOB B rpubax, mepedeHb
BuI0B rpuboB ceMbu Russulaceae, mpoTecTupo-
BaHHBIX HA reMarTJIIOTUHUPYIOIYI0 aKTUBHOCTD,
a TaKJKe 0 IPOoIle[ype OUNCTKY, CTPYKTypa MoJie-
KYJIBI ¥ YIJIEBOAHON CIIeIU(P)UUHOCTU BhIJEJIEH-
HBIX JJEKTHHOB. PaccMoTpenbl Hanboiee apdex-
THUBHBIE METOJIbI OUMCTKU JIEKTUHOB CeMelcTBa
Russulaceae.

Bricokas 1abMIBHOCTD MOJEKYJIbI 00bACHIET
TIOTePI0 aKTUBHOCTH 3TUX JIEKTUHOB IIPU OUNCTKE
U3 ChIPhSA C UCI0JIB30BAHNEM CTAHJAPTHLIX IIPOILe-
IVP, a TaKyKe HeBO3MOKHOCTD X IOJYUYEHUS U3
CYIIEHBIX TJIOMOBBIX Tes. TaK:ke omMCaHO IIPaK-
TUYEeCKOe IPUMeHeH!s JIEKTUHOB I'puboB cemeli-
crBa Russulaceae B MeqUKO-0MOJOTUYECKUX KC-
cJaeTOBaHUSX.

Knrouesvie canoea: inexktuHsl, Russulaceae,
reMarrJOTHHUPYIONIasd aKTUBHOCTD, YIJIeBOSHAS
CIIenU(PUYIHOCTS .
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The recent literature data about the antibacterial and antifungal activity of microbial
surfactants (lipopeptides synthesized by representatives of genera Bacillus, Paenibacillus,
Pseudomonas, Brevibacillus, rhamnolipids of bacteria Pseudomonas, Burkholderia, Lysinibacillus sp.,
sophorolipids of yeasts Candida (Starmerella) and Rhodotorula), and our own experiments data
concerning antimicrobial activity of surfactants synthesized by Acinetobacter calcoaceticus IMB
B-7241, Rhodococcus erythropolis IMB Ac-5017 and Nocardia vaccini IMV B-7405 were presented.
The analysis showed that lipopeptides were more effective antimicrobial agents compared to
glycolipids. Thus, the minimum inhibitory concentrations (MIC) of lipopeptides, ramnolipids and
sophorolipids are on average (ug/ml): 1-32, 50-500, and 10-200, respectively. The MIC of
surfactants synthesized by the IMV B-7241, IMV Ac-5017 and IMV B-7405 strains are comparable
to those of the known microbial lipopeptides and glycolipids. The advantages of glycolipids as
antimicrobial agents compared with lipopeptides were the possibility of their synthesis on industrial
waste and the high concentration of synthesized surfactants. The literature data and our own
results indicate the need to study the influence of microbes’ cultivation conditions on the
antimicrobial activity of the final product.

Key words: microbial lipopeptides, rhamnolipids and sophorolipids, antibacterial and antifungal

activity.

Biodegradation and non-toxic microbial
surfactants are used in many fields due to their
surface active and emulsifying properties,
antimicrobial and antiadhesive activity. They
are a useful alternative to standard chemical
surfactants in various industrial, medical and
nature conservation technologies [1-3].

Microbial surfactant research has a long
history. In 1968 it was found that Bacillus
subtilis AMS-H20-1 could produce surfactin
[4], in 1977 B. subtilis DS-104 was shown to
produce iturin [5], and the first reports of
rhamnolipids came from as early as 1940’s
[6], while their bactericidal properties were
discovered in early 1970’s [7]. However,
despite this, the detailed studies of their
antimicrobial properties commenced quite
recently.

In 1997, Vollenbroich et al. established
that the linopeptide produced by B. subtilis

OKB105 at 0.032 mg/ml inhibits the growth of
Mycoplasma hyorhinis and Mycoplasma orale,
which can cause inflectional disease of the
urinary tract. This was the first research into
the antimicrobial action of that surfactin [8].
In 2001, Abalos et al. revealed antifungal
action of seven homologues of rhamnolipids of
Pseudomonas aeruginosa AT10, which at low
concentrations (16—32 ng/ml) inhibited growth
of fungi belonging to the genera Aspergillus,
Penicillium, Aureobasidium, and of the
phytopathogens Botrytis and Rhizoctonia [9].
In 2003, the rhamnolipids of P. aeruginosa
47T2 NCBIM 40044 were shown to have
antibacterial properties [10]. Thus, minimal
inhibiting concentrations (MIC) of these
surfactants against some bacteria of the
genera Serratia, Enterobacter, Klebsiella,
Staphylococcus were 0.5—-32 ng/ml. Reports
[8-10] were the impulse for further research
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of the antimicrobial action of microbial
surfactants [11-13].

One reason for such interest to microbial
surfactants as antimicrobial agents is the
pathogen resistance to widespread antibiotics
and chemical biocides [11, 13].

Compared to the well-known antimicrobial
compounds, microbial surfactants have a
number of advantages [1, 2, 11, 13]. They are
biodegradable and non-toxic, which prevents
environmental pollution and allergies. They
can be implemented in a wide range of pH,
temperature and other environmental factors,
due to their stable physical and chemical
properties. Also, their action mechanism is
based on the disruption of the cytoplasmic
membrane, decreasing the possibility of
microorganism resistance [5, 8, 10, 11].

The high interest to the microbial
surfactants is evidenced by the many
publications about these products of
microbial synthesis. A few literature reviews
were published in the last five years on the
properties and perspectives of the practical
implementation of microbial surfactants
[1, 3, 14-19]. Those reviews mostly focused
on certain surfactant types (rhamnolipids,
lipopeptides, sophorolipids etc.) with emphasis
on certain properties of these compounds.
For example, Zhao et al. [17] pay attention
mostly to the anti-inflammatory, antitumour,
antiviral, and antiplatelet properties of
lipopeptides, their interaction with biofilms,
while the antibacterial effect is not considered
at all and the antifungal is discussed briefly.
The review [15] provides not only the specifics
of the chemical composition but also the
information about antimicrobial activity of
lipopeptides, but the information is of almost
a ten years ago. Similarly, Cortés-Sanchez
Ade et al. [14], while analyzing antimicrobial
properties of glycolipids, largely refer to the
data of 2005—-2010.

This review aims to summarize literature
of the last several years on the antimicrobial
potential of various surfactant substances of
microbial origin.

Lipopeptides of Bacillus sp. as antimicrobial
agents

The bacteria of the genus Bacillus
are among the most studied sources of
lipopeptides. The lipopeptydes are grouped into
three families of cyclic compounds: surfactin,
iturin and fengicin, differing in the number
and sequence of the amino acids they include,
as well as in the length of the acyl chain [15,
16]. Differences in the chemical composition
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and construction determine the range of their
biological action. Thus, iturin and fengicin
have antifungal properties while surfactin
with a shorter acyl chain is characterized by a
wider range of antibacterial action [15, 16].

Antibacterial action. In 2015, Torres et
al. [20] established antimicrobial activity of
the surfactant complex of Bacillus subtilis
subsp. subtilis CBMDC3f, which contains
four surfactin homologues and one for each
iturin and fengicin. When the complex
was added to cell suspension of Listeria
monocytogenes 01/155 at 0.5 mg/ml, the
number of viable cells dropped two orders
of magnitude after 25 minutes. A similar
effect towards Bacillus cereus MBC1 and
Staphylococcus aureus ATCC 29213 was
seen at higher concentrations of lipopeptide
complex (1-2 mg/ml). The authors state that
surfactants of similar composition produced
by other strains of Bacillus licheniformis or
B. subtilis were active only against B. cereus
and S. aureus, without antagonistic activity
against the genus Listeria [20].

Sharma et al. [21] studied antimicrobial
activity of lipopeptides produced by Bacillus
pumilus DSVP18 on potato peel substrate.
Minimum inhibiting concentration against
B. cereus MTCC 430, Escherichia coli MTCC
1687, Salmonella enteritidis MTCC 3219,
and that against S. aureus MTCC 5021 was
30 ng/ml.

Surfactin of Bacillus amyloliquefaciens
ST34 showed antimicrobial activity against a
range of both Gram-negative (Escherichia coli
ATCC 13706, Salmonella typhimurium ATCC
14028, Klebsiella pneumoniae ATCC 10031,
Serratia sp. SM14, Enterobacter sp. E11) and
Gram-positive (B. cereus ST18, Enterococcus
sp. C513, Micrococcus sp. AQ4S2, S. aureus
C2) bacteria [22]. At the concentration of
surfactin 0.26 mg/ml, zones of bacterial
growth inhibition were 13—17 mm.

Chen et al. [23] isolated from the
sediments of Bohai Sea a strain of Bacillus
licheniformis MBO01 which produces a
complex of surfactin and fatty acids showing
antibacterial activity against E. coli, Vibrio
cholerae, Vibrio parahaemolyticus, Vibrio
harveyi, Pseudomonas aeruginosa, S. aureus,
Proteus species. For example, its MIC against
V. parahaemolyticus was 50 png/ml [23].

Strain B. subtilis SK.DU4 synthesizes the
complex of bacteriocin-like peptide and iturin-
like lipopeptide with 15 carbon atoms in the
acyl chain [24]. The bacteriocin-like peptide
had antimicrobial action against Micrococcus
luteus MTCC106 and Listeria monocytogenes
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MTCC839 (growth inhibition zone 12 and 14
mm, respectively). If only the inturin-like
lipopeptide was present, the zone of growth
inhibition was 11 mm in both test cultures.
If the mixture of bacitracin and lipopeptide
was used, the zone of M. luteus MTCC106 and
L. monocytogenes MTCC839 growth inhibition
increased to 15 and 17 mm, respectively.

The study of Zhou et al. [25] is one of the
first concerning dependence of surfactin
antimicrobial activity on the carbon source
in the culture medium of B. subtilis HH2, as
well as the stability of antimicrobial action
in a wide range of temperature (60—-121 °C),
pH (1-12), and in the presence of trypcin
(100-300 pg/ml, pH 8) and pepsin
(100-300 pg/ml, pH 2). It was found that
surfactin synthesized on a mixture of glucose
(0.33 %) and cellulose (0.67 %) had higher
antimicrobial activity (at 0.4 mg/ml surfactin,
the growth inhibition zones of E. coli CCTCC
AB 212358 and S. aureus CCTCC AB 91053
were 16 and 14 mm, respectively). Lipopeptide
obtained on medium with 1 % glucose, had low
antimicrobial effect. Antimicrobial activity
of surfactin remained constant at 60—100 °C,
pH 2-11, and in the presence of trypsin and
pepsin.

Due to synthesis of surfactin, bacteria of
the genus Bacillus are considered promising in
controlling the growth of such phytopathogens
as P. syringae (causes root infection of
arabidopsis), Xanthomonas axonopodis pv.
glycines (bacterial pustule of soybean), and
phytopathogen mycoplasms Spiroplasma
citri and Acholeplasma laidlawii, which cause
etiolation in citruses, clover phyllody and
phytoplasma disease in solanaceous crops,
respectively [15, 16].

B. subtilis 9407 synthesizes the complex
of lipopeptides, the main one being C13-C16
surfactin A [26]. This complex showed of
the antimicrobial effect against Acidovorax
citrulli MH21 the causative agent of pumpkin
bacterial blotch (growth inhibition zone
18 mm). To prove the role of surfactin
in inhibition this pathogen, the authors
obtained a mutant strain unable of synthesize
lipopeptide. The mutant had no antimicrobial
activity. Besides A. citrulli MH21, lipopeptides
of strain 9407 showed antimicrobial effect on
other phytopathogenic bacteria: Pseudomonas
syringae pv. tomato DC3000, Xanthomonas
campestris pv. campestris Xcc 8004,
Pectobacterium carotovora subsp. carotovora
Ecc 09, Pectobacterium atrosepticum
SCRI1043 (growth inhibition =zones
10-18 mm) [26].

In 2018 [27] was reported about a
sea isolate Bacillus pumilus SF214 wich
produced pumilacidin (the mixture of cyclic
heptapeptides linked to fatty acids of different
lengths). The lipopeptide inhibited S. aureus
ATCC 6538 (in the presence of supernatant,
growth inhibition zone was 10 mm.

Antifungal activity. In the publications
on the antifungal activity pay the most
attention to the effect of these surfactants
on phytopathogenic fungi. Since we provided
the information on antifungal effect of
lipopeptides produced by rhizosphere and
endophytic bacteria of the genus Bacillus,
which are promising for control the number
of phytopathogenic fungi, what we reported
in the review [28], we shall now pay attention
to studies which have appeared after then. The
lipopeptide antifungal activity is determined
by analyzing such parameters as MIC [29-34],
degree of the fungal growth inhibition [35, 36],
and the diameter of fungal growth inhibition
zone [37].

The data on MIC of lipopeptides
produced by bacteria of the genus Bacillus
against fungi and yeast are summarized
in Table 1. According to the data, the
highest antifungal activity is shown for
B. subtilis RLID 12.1 lipopeptides. MIC
against yeasts of the genera Cryptococcus
and Candida was only 1-20 pg/ml,
that orders of magnitude lower than MIC of
other lipopeptides against fungi. Notably,
the antimicrobial activity of lipopeptides
of Bacillus sp. AR2 depends on the carbon
source in the culture medium [20]. The strain
AR2 was found to produce the mixture of
homologues of iturin, fengicin and surfactin.
If the strain was grown in medium with
sucrose, glycerol, sorbitol and maltose the
prevailing fraction in the complex was C15
surfactin. However the most active antifungal
agents were lipopeptides produced on sucrose.
Sarwar et al. [35] studied the degree of growth
inhibition of phytopathogenic fungi Fusarium
moniliforme KJ719445, Fusarium oxysporum
(the strain was not specified), Fusarium
solani SAN1077, Trichoderma atroviride
P150907 for the action of lipopeptides
synthesized by bacteria of the genus Bacillus.

It was found that lipopeptides of
B. amyloliquefaciens FZB42, B. subtilis NH-100
and B. subtilis NH-217 inhibited fungal growth
by 83—-87, 79—-80, and 76—79% respectively.

Lipopeptides synthesized by Bacillus
XT1 CECT 8661 added at 2-10 mg/ml
inhibited the growth of Botrytis cinerea by
19-72% , and maximum degree of inhibition
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Table 1. Minimum inhibitory concentrations of Bacillus sp. lipopeptides against fungi

Test culture

Lipopeptide producer MIC, Refe-
Genus Species, strain ng/ml rences
Alternaria solani Bacillus subtilis CU 12 150 [30]

Alternaria Alternaria alternata MTCC 2724 Bacillus sp. AR2 500-750% | [34]
Alternaria citri MTCC 4875 Bacillus sp. AR2 500-750% | [34]
Fusarium oxysporum £. sp. iridacearum Bacillus subtilis BBG125 10 [33]
Fusarium sambucinum Bacillus subtilis CU 12 100 [30]
Fusarium Fusarium solani ATCC 36031 Bacillus sp. AR2 250-750% | [34]
Fusarium oxysporum MTCC 7229 Bacillus sp. AR2 250-750% | [34]
Fusarium solani Bacillus subtilis SPB1 3000 [31]
Rhizoctonia Rhizoctonia bataticola Bacillus subtilis SPB1 40 [32]
Rhizoctonia solani Bacillus subtilis SPB1 4000 [32]
Rhizopus Rhizopus stolonifer Bacillus subtilis CU 12 100 [30]
Verticillium Verticillium dahliae Bacillus subtilis CU 12 100 [30]

Cladosporium | Cladosporium cladosporioides ATCC 16022 | Bacillus sp. AR2

750-2000% | [34]

Scopulariopsis | Scopulariopsis acremonium ATCC 58636

Bacillus sp. AR2 125-500% | [34]

Microsporum | Microsporum gypseum MTCC 4522

Bacillus sp. AR2 125-500% | [34]

Trichophyton |Trichophyton rubrum MTCC 2961

Bacillus sp. AR2 750—-2000% | [34]

Botrytis Botrytis cinerea Bacillus XT1 CECT 8661 8000 [36]
Cryptococcus | Cryptococcus spp. fgclillus subtilis RLID 1-16 [29]
Candida Candida spp. félclillus subtilis RLID 2-20 [29]

Note.* — different MIC values dependent on the carbon source in the culture medium.

was seen at the highest studied surfactant
concentration [36].

For the action surfactin of B. amylolique-
faciens ST34 at concentration 0.26 mg/ml,
growth inhibition zones in different strains of
Candida albicans and Cryptococcus neoformans
were in the range of 13—15 mm [22].

In our review [28] we reported an increased
synthesis of antifungal lipopeptides (in
particular, fengicin and iturin) in response to
the presence of phytopathogenic fungi in the
medium of producer cultivation. Zihalirwa
Kulimushi et al. [87] studied the effect of a
lipopeptide complex (surfactin, fengicin and
iturin) produced by B. amyloliquefaciens S499
on the phytopathogenic fungus Rhizomucor
variabilis, and the possibility of inducing
the antifungal compounds synthesis in the
presence of a pathogen in the culture medium
of strain S499. Experiments showed that
co-culturing B. amyloliquefaciens S499 and
Rhizomucor variabilis led to an almost three-

42

fold increase in fengicin content and increased
the antifungal effect [37].

The another interesting research [38]
showed that Bacillus amyloliquefaciens
UCMB5113 syntesized the mixture of linear
fengicins, whereas they commonly occur
only in the cyclic form [15, 16]. Linear
fengicins were divided into 14 fractions, all
fractions showed antagonistic activity against
Alternaria brassicicola, Alternaria brassicae,
Botrytis cinerea, Sclerotinia sclerotiorum and
Verticillium longisporum; but the fraction 9
had the highest antifungal effect. According to
the analysis, it belonged to the family of C15-
fengicin. The authors suppose that all other
fractions have shorter acyl chains and so are
less active.

Antimicrobial effect of lipopeptides
produced by other microorganisms

Representatives of the genera Paeni-
bacillus [16, 39—41], Pseudomonas [42—46],
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Brevibacillus [47], Corynebacterium [48],
Aneurinibacillus [49], Streptomyces [50],
even Propionibacterium [51], Citrobacter and
Enterobacter[52] also synthesises lipopeptides.

High antimicrobial activity was revealed
for lipopeptide surfactants of strain
Paenibacillus sp. MSt1, isolated from the peat
beds of tropical forests. Thus, its MIC was
(ng/ml) 1.5 against E. coli ATCC 25922; 25 —
methicillin resistant strain S. aureus ATCC
700699, and 12.5 — C. albicans IMR [39].

Huang et al. [40] established high
antimicrobial activity of paenibacterin of
Paenibacillus thiaminolyticus OSY-SE. MIC
of the lipopeptide against strains E. coli,
P. aeruginosa, Acinetobacter baumannii,
K. pneumoniae, S. aureus and E. faecalis were
fairly low: 8-16 ng/ml, comparable to the
MIC of such antibiotics as polymixin B and
vancomycin.

In 2017, was reported about strain
Paenibacillus sp. OSY-N that produce
the mixture of lipopeptides BMY-28160,
permetin A, a novel cyclic lipopeptide and
its linear analogues (paenipeptins A, B and
C) [41]. Differences in the compound content
underlie their different biological effect.
Thus far, the highest antimicrobial effect
was seen in paenipeptin C (contains C8-acyl
chain and isoamino acid): MIC against Gram-
positive (B. cereus ATCC 11778, Listeria
innocua ATCC 33090, S. aureus ATCC 25923,
S. aureus ATCC 6538) and Gram-negative
(E. coli K-12, E. coli ATCC 25922, Salmonella
enterica ser. Typhimurium LT2, S. enterica
ser. Typhimurium LT2) bacteriae were 2—4
and 0.5—-2 pg/ml, respectively. The authors
explain such activity of paenipeptin C, unlike
other lipopeptides, by a longer acyl chain, and
presence of unusual amino acids and their
conformation.

Although Dbacteria of the genus
Pseudomonas are more known as sources of
glycolipids [1, 2, 7, 9, 10, 12, 14], there are
data on their ability to produce lipopeptides,
too. As early as 1970’s the structure of
lipopeptide viscosin was established (the
compound was produced by Pseudomonas
fluorescens ), with antimicrobial effect [42] of
such magnitude that intensive research of its
biological properties lasted until 2000’s [43].
Currently, viscosin has been established to
have an antimicrobial effect against 94 Gram-
negative and 72 Gram-positive bacteria and 95
fungal species [44].

Ma et al. [45] established that Pseudomonas
sp. CMR5C produced orfamide B and G, with
the same amino acid sequence but different

acyl chain lenth: C14 for orfamide B and C16
for orfamide G. Irrespectively of the acyl chain
length, orfamide had no antifungal effect
against Magnaporthe oryzae VIT5M1, however
at 50 pmole/ml the appressorium of M. oryzae
VT5M1 did not develop.

Pseudomonas aeruginosa MA-1 grown
on olive oil (4 %) produced lipopeptides in
the high concentration of 12.5 g/1 [46] of low
antimicrobial effect; the growth inhibition
zone of S. aureus ATCC 43300 did not exceed
7-9.5 mm at surfactant concentration of
0.5-5g/L.

The lipopeptide brevibacillin (produced by
Brevibacillus laterosporus OSY-I1) has high
antimicrobial effect on Gram-positive bacteria
(MIC 2-4 ng/ml) [47]. Notably, its MIC for
Gram-negative bacteriae was higher than
32 pg/ml.

Dalili et al. [48] studied the
antimicrobial effect of coryxin, produced
by Corynebacterium xerosis NS5 [48]. It was
found that coryxin had low antimicrobial
activity against Gram-negative bacteria (MIC
for strains E. coli and P. aeruginosa were 3120
and 10 000 pg/ml, respectively). However,
MIC of this lipopeptides against Gram-positive
bacteria S. aureus and Streptococcus mutans
were significantly lower (190 png/ml).

The aneurinifactin, produced by sea
bacteria Aneurinibacillus aneurinilyticus SBP-
11 A, had significantly higher antimicrobial
activity compared to coryxin [49]. Its MIC
against strains E. coli MTCC 443 and S. aureus
MTCC 96 was 8 ng/ml, and P. aeruginosa
MTCC — 16-424 png/ml.

The study [560] described the lipopeptide
produced by Streptomyces amritsarensis sp.
MTCC 11845T, which at 10 pg/ml showed
antibacterial activity to Gram-positive
bacteria. The growth inhibition zones for B.
subtilis MTCC 619, Staphylococcus epidermidis
MTCC 435 and Mycobacterium smegmatis
MTCC 6 were 21, 17, 15 mm, respectively.
Meanwhile there was no antimicrobial activity
to Gram-negative bacteria and fungi, perhaps
because of a short (C12) acyl chain of the
lipopeptide.

While bacteria of the genus Propioni-
bacterium are known sources of organic acids
and vitamins, recent research [51] established
that Propionibacterium freudenreichii subsp.
freudenreichii PTCC 1674 produces the
lipopeptide surfactant inhibiting Rhodococcus
erythropolis and B. cereus: MIC for both was
25 mg/ml.

Strains Citrobacter sp. S-3, S-6 and S-7,
Enterobacter sp. S-4, S-5, S-9 S-10, S-11 and
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S-12 were isolated from polluted soil. They
[62] produced the complex of lipopeptides
with antimicrobial effect to Gram-positive
and Gram-negative bacteria. The strains S-3
and S-11 were shown to produce fractions Fr-c
and Fr-e with p-hydroxy fatty acids of chain
length C14 and C17, respectively. Thus they
can be classified as belonging to the fengicin
and iturin families. However the antimicrobial
effect was seen only in the purified lipopeptide
fraction Fr-c¢ with the shorter acyl chain.
Its MIC were 12, 15 and 16 pg/ml against
Gram-positive test cultures Micrococcus
luteus MTCC106, S. aureus MTCC1430 and
S. epidermidis MTCC435, and 20 and 32 pg/ml
against Gram-negative test cultures Serratia
marcescens and P. aeruginosa ATCC27853,
respectively. Notably no of all lipopeptides had
an antifungal effect on C. albicans MTCC1637.

A summary of lipopeptides antibacterial
activity is shows in Table 2, composed to
compare MIC of different lipopeptides for the
same test cultures. The lipopeptides produced
by bacteria of the genus Paenibacillus showed
the highest antimicrobial activity, a moderate
activity — surfactants of the genus Bacillus,
and lipopeptides of such atypical producer as
Corynebacterium and Propionibacterium were
not active enough.

According to recent literature, the
antimicrobial activity of lipopeptides depends
on their content and on the test culture (species
and strain). Usually, higher antifungal activity
is seen in lipopeptides with longer (C16—C18)
acyl chains, and compounds with fewer carbons
atoms (C7—C14) in the fatty acid chain have
antibacterial effect. However, currently there
is not enough information in the literature,
on the basis of which it would be possible to do
correct conclusions about the influence of the
chemical composition of lipopeptides on their
antimicrobial activity. Table 2 contains more
higher MIC of lipopeptides than previously
described [15, 16], perhaps because the
reported data [15, 16] are given for individual
substances but not for the complexes analyzed
in our review.

Antimicrobial activity of rhamnolipids

A glycolipids has a carbohydrate part
which might be rhamnose, trehalose,
sophorose etc., and a lipid chain. Accordingly,
they are classified into rhamno- trehaloso-,
sophorolipids, ete. [1, 2, 14, 18, 53].
Currently, rhamnolipids are the most studied
of them. Only in the last few years there were
published several reviews [54—60] dedicated to
the increasing rhamnolipid biosynthesis, new
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avenues and problems of their application in
various industrial and medical practices.

In a rhamnolipids, one or two rhamnoses
are bound to one, two or seldom three
molecules of P-hydroxyalyphatic acids.
Depending on the number of carbohydrate and
fatty acid molecules, the rhamnolipids can
be grouped into mono-rhamno-mono-lipids,
mono-rhamno-di-lipids, di-rhamno-mono-
lipids and di-rhamno-di-lipids [58, 60]. Over
sixty rhamnolipid homologues are produced
by microorganisms of the genus Pseudomonas
(P. chlororaphis, P. alcaligenes, P. putida,
P. stutzeri, etc.), and strains of P. aeruginosa
are the main rhamnolipid sources. Lately,
there were reports of rhamnolipid-synthesizing
abilities in bacteria of the genera Acinetobacter
(A. calcoaceticus), Enterobacter, Pantoea,
Burkholderia, Myxococcus [58—60].

The effect of rhamnolipid on bacteria

According to Tedesco et al., rhamno-
lipids are probably produced by many
microorganisms [61]. The rhamnolipid-
producing strains of microbiota belonging to
Psychrobacter, Arthrobacter and Pseudomonas
were isolated from the Ross Sea (Antarctica).
Monorhamnolipids at concentration 1 mg/ml
inhibited the growth of pathogenic strains
of Burkholderia (Table 3). Given the high
antimicrobial activity of rhamnolipids of
Pseudomonas BTN 1, the next step was
separation of the rhamnolipid complexes
into fractions. This yielded three kinds of
monorhamnolipids with different lipid chain
length. For each fraction, the researchers
were determined the minimum inhibitory and
minimum bactericidal concentrations (MBC).

The fractions 1 and 2 of monorhamnolipids
with shorter acyl chains were most active.
Thus, MIC of these fractions against
B. cenocepacia LMG 16656, B. metallica LMG
24068, B. seminalis LMG 24067, B. latens
LMG 24064 and S. aureus 6538P were about
1.56-12.5 pg/ml, and MBC did not exceed
200 pg/ml.

Chebbi et al. [62] isolated from engine oil-
polluted soil the strain P. aeruginosa W10, which
produced 9.7 g/l rhamnolipids on a medium with
2% glycerol. However, the antimicrobial effect
of the surfactants turned out to be relatively
low. Thus, MIC of rhamnolipid complex of strain
‘W10 against the pathogenic strains E. coli ATCC
25922, S.aureus (MRSA) ATCC 43300 and
C. albicans ATCC 10231 were 37.50, 9.37 and
2.34 mg/ml, respectively.

The effect of mono- and dirhamnolipids
produced by Burkholderia thailandensis
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Table 2. Antibacterial activity of lipopeptides against some microorganisms

Test culture Lipopeptide source MIC, pg/ml ::ﬁi‘:s
f;gisl%richia coli O157:H7 ATCC Paenibacillus sp. OSY-N (paenipeptin C) 0.5-1 [39]
Paenibacillus sp. OSY-N (paenipeptin C) 0.5-1 [39]
Escherichia coli ATCC 25922 Paenibacillus sp. MSt1 1.5 [37]
Paenibacillus thiaminolyticus OSY-SE 8 [38]
Paenibacillus sp. OSY-N (paenipeptin C) 0.5-1 [39]
Escherichia coli O157:H7 EDL 933 | Paenibacillus thiaminolyticus OSY-SE 8 [38]
Bacillus laterosporus OSY-11 32 [40]
Escherichia coli 2276 Paenibacillus thiaminolyticus OSY-SE 8 [38]
Escherichia coli MTCC 443 Aneurinibacillus aneurinilyticus SBP-11 [42]
Escherichia coli K12 Paenibacillus sp. OSY-N (paenipeptin C) 0.5 [39]
Bacillus laterosporus OSY-I1 >32 [40]
Escherichia coli MTCC 1687 Bacillus pumilus DSVP18 30 [21]
Escherichia coli* Corynebacterium xerosis NS5 3120 [39]
S tap hylococcus aureus (methicillin- Bacillus laterosporus OSY-11 1 [40]
resistant)
Staphylococcus aureus ATCC 6538 | Bacillus laterosporus OSY-I1 1-2 [40]
Staphylococcus aureus ATCC 25923 | Paenibacillus sp. OSY-N (paenipeptin C) 2—14 [39]
Staphylococcus aureus ATCC 6538 | Paenibacillus sp. OSY-N (paenipeptin C) 4-8 [39]
f;:il; izgrll(g'occus aureus (methicillin- Paenibacillus sp. OSY-N (paenipeptin C) 8 [39]
Staphylococcus aureus MTCC 96 Aneurinibacillus aneurinilyticus SBP-11 8 [42]
Sta_phylococcus aureus (methicillin- Enterobacter sp. S-11 15 [44]
resistant)
Staphylococcus epidermidis® Enterobacter sp. S-11 16 [44]
?(t)((l)}élé%lococcus aureus ATCC Paenibacillus sp. MSt1 25 [37]
Paenibacillus sp. OSY-N (paenipeptin C) 16—-32 [39]
Staphylococcus aureus MTCC 5021 | pgenibacillus thiaminolyticus OSY-SE 32 [38]
Bacillus pumilus DSVP18 30-35 [21]
Staphylococcus aureus ATCC 43300 | Paenibacillus thiaminolyticus OSY-SE 32 [38]
Staphylococcus aureus® Corynebacterium xerosis NS5 190 [41]
Bacillus cereus ATCC 11778 Bacillus laterosporus OSY-I1 2—4 [40]
Paenibacillus sp. OSY-N (paenipeptin C) 4 [39]
Bacillus cereus ATCC 14579 Bacillus laterosporus OSY-11 1,0 [40]
Paenibacillus sp. OSY-N (paenipeptin C) 8 [39]
Bacillus cereus MTCC 430 Bacillus pumilus DSVP18 30-35 [21]
Bacillus cereus® frgﬁzZii?gif{?{%gi%‘éinmicmi subsp. 25000 [43]
Bacillus subtilis MTCC 619 Aneurinibacillus aneurinilyticus SBP-11 16 [42]
Listeria monocytogenes 0SY-85781 | Bacillus laterosporus OSY-I1 1-2 [40]
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Table 2. Continued

. . Refe-
Test culture Lipopeptide source MIC, pg/ml rences
Bacillus laterosporus OSY-11 1-2 [40]
Listeria innocua ATCC 33090
Paenibacillus sp. OSY-N (paenipeptin C) 2-4 [39]
Bacillus laterosporus OSY-11 1 [40]
Listeria monocytogenes Scott A Paenibacillus thiaminolyticus OSY-SE [38]
Paenibacillus sp. OSY-N (paenipeptin C) - [39]
Paenibacillus sp. OSY-N (paenipeptin C) - [39]
g'?glé(éomonas aeruginosa ATCC Paenibacillus thiaminolyticus OSY-SE [38]
Bacillus laterosporus OSY-I11 >32 [40]
Pseudomonas aeruginosa ATCC 999 | Paenibacillus thiaminolyticus OSY-SE 8 [38]
Pecudomonas aeruginosa ATCC | pyenipacitlus thiaminolyticus OSY-SE 8 [38]
Pseudomonas aeruginosa MTCC 424 | Aneurinibacillus aneurinilyticus SBP-11 16 [42]
Pseudomonas aeruginosa*® Enterobacter sp. S-11 30 [44]
Pseudomonas aeruginosa® Corynebacterium xerosis NS5 10 000 [41]
Klebsiella. pneumoniae 2461 Paenibacillus thiaminolyticus OSY-SE 4 [38]
é{llgbzsiellap neumoniae MTCC Aneurinibacillus aneurinilyticus SBP-11 4 [42]
Klebsiella pneumoniae 2463 Paenibacillus thiaminolyticus OSY-SE 8 [38]
Klebsiella pneumoniae ATCC Paenibacillus thiaminolyticus OSY-SE 8 [38]
700603
Klebsiella pneumoniae 2317 Paenibacillus thiaminolyticus OSY-SE 64 [38]
Enterococcus faecalis ATCC 51299 | Bacillus laterosporus OSY-I1 4-8 [40]
Enterococcus faecalis 2731 Paenibacillus thiaminolyticus OSY-SE 8 [38]
Enterococcus faecalis ATCC 29212 Paenibacillus thiaminolyticus OSY-SE 16 [38]
Paenibacillus sp. OSY-N (paenipeptin C) 32 [39]
Enterococcus faecalis ATCC 700802 | Paenibacillus thiaminolyticus OSY-SE 64 [38]
Salmonella enterica ser. Typhimuri-| - ibacillus sp. OSY-N (paenipeptin C) 0.5-1 [39]
Salmanella enterica serTyphimuri- | pgoppacifius sp. OSY-N (paenipeptin C) 0.5-1 [39]
Salmonella enteritidis MTCC 3219 | Bacillus pumilus DSVP18 30-35 [21]
Salmonella typhimurium DT 109 Bacillus laterosporus OSY-11 >32 [40]
ganetobacter baumannit ATCC | penipacitlus thiaminolyticus OSY-SE 2 [38]
Acinetobacter baumannii 2315 Paenibacillus thiaminolyticus OSY-SE 2 [38]
il,ll%l/é lzgggiélus acidoterrestris Bacillus laterosporus OSY-I1 0.5-1 [40]
Alicyclobacillus acidoterrestris Bacillus laterosporus OSY-I11 1 [40]
Streptococcus agalactiae* Paenibacillus sp. OSY-N (paenipeptin C) 0.5-1 [39]
Streptococcus mutans* Corynebacterium xerosis NS5 25000 [41]
égﬁc%bacillus plantarum ATCC Bacillus laterosporus OSY-11 1 [40]
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Table 2. Continued

. . Refe-

Test culture Lipopeptide source MIC, pg/ml rences
Lactococcus lactis ATCC 114548 Bacillus laterosporus OSY-I1 2 [40]
Clostridium difficile A515¢ Bacillus laterosporus OSY-11 4-8 [40]

. Propionibacterium freudenreichii subsp.
i

Rhodococcus erythropolis freudenreichii PTCC 1674 25000 [43]
Serratia marcescens® Enterobacter sp. S-11 20 [44]
Vibrio cholerae MTCC 3906 Aneurinibacillus aneurinilyticus SBP-11 16 [42]
Vibrio parahaemolyticus® Bacillus licheniformis MB01 50 [23]
Micrococcus luteus™® Enterobacter sp. S-11 12 [44]
Enterobacter aerogenes* Paenibacillus sp. OSY-N (paenipeptin C) 2—4 [39]
Paenibacillus larvae ATCC 9545 Bacillus pumilus DSVP18 30-35 [21]
Yersinia enterocolitica* Paenibacillus sp. OSY-N (paenipeptin C) 0,5-1 [39]

Note: * — strain number not provided.

Table 3. Effect of rhamnolipids produced by the Arctic Sea bacteria on strains of Burkholderia

Inhibition of test cultures (% ) in the presence of rhamnolipids,
produced by
Test culture p Psychro- Psychro- Psychro- Arthro-

seudomo- |~y b bact bacter BTN
nas BTN 1 acter acter acter acter
BTN2 BTN15 BTNb5 4
Burkholderia diffusa LMG 24065 100 75 77 77 63
Burkholderia metallica LMG 24068 92 70 71 77 64
Burkholderia cenocepacia LMG 16656 100 78 87 84 57
Burkholderia latens LMG 24064 100 53 75 58 41
Burkholderia seminalis LMG 24067 100 43 67 40 56

E264 (ATCC 700388) on glycerol, on their
antimicrobial activity was studied in [63].
Chemical analysis of the rhamnolipids showed
that strain E264 synthesizes the mixture of
dirhamnolipids and monorhamnolipids in
the ratio 3:1. Further research showed that
dirhamnolipids have higher antimicrobial
effect than monorhamnolipids. Meanwhile
the highest antimicrobial activity was found
in supernatant with unpurified rhamnolipid
mixture which might be explained by
synergy of the fractions or the presence of
other compounds besides rhamnolipids with
antimicrobial effect.

Aleksic et al. [64] studied antimicrobial
activity of both the complex of rhamnolipids
produced by Lysinibacillus sp. BV152.1 and
its separate fractions. It was found that all

fractions of strain BV152.1 rhamnolipids had
the same weak antimicrobial effect against
P. aeruginosa PAO1, P. aeruginosa DM50,
S. aureus ATCC 25923, S. aureus MRSA and
S. marcescens ATCC 27117. Their MIC against
all test cultures were 500 ng/ml.

The report [65] describes the isolation of
a strain identified as P. aeruginosa LCDI12
which synthesizes the complex of mono-
and dirhamnolipids, from samples of raw
petroleum. The authors studied antimicrobial
activity of the surfactant complex and of its
constituents. It was found that MIC of all
studied rhamnolipids against Streptococcus
epidermidis, B. subtilis, S. aureus and E. coli
were close: 4; 4; 16 and 4 ng/ml, respectively.

The data on rhamnolipid antimicrobial
activity are summarized in Table 4.
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Table 4. Minimum inhibitory concentrations of rhamnolipids

Test culture Producer MIC, pg/ml ::ﬁi:s

Staphylococcus aureus 6538P Pseudomonas BTN 1 1.56-3.12 [61]
Staphylococcus aureus Pseudomonas aeruginosa LCD12 16 [65]
Staphylococcus aureus ATCC 25923 Lysinibacillus sp. BV152.1 500 [64]
Staphylococcus aureus® (methicillin-resistant) | Lysinibacillus sp. BV152.1 500 [64]
Staphylococcus aureus ATCC 25923 Pseudomonas aeruginosa C2 650 [66]
Staphylococcus aureus ATCC 43300 (methicil- | Pseudomonas aeruginosa W10 9370 [62]
lin-resistant)

Staphylococcus capitis SH6 Pseudomonas aeruginosa W10 18 750 [62]
Pseudomonas aeruginosa PAOI Lysinibacillus sp. BV152.1 500 [64]
Pseudomonas aeruginosa DM50 Lysinibacillus sp. BV152.1 500 [64]
Bacillus subtilis Pseudomonas aeruginosa LCD12 4 [65]
Bacillus licheniformis CANbS5 Pseudomonas aeruginosa W10 1500 [62]
Escherichia coli Pseudomonas aeruginosa LCD12 4 [65]
Escherichia coli K8813 Pseudomonas aeruginosa C2 550 [66]
Esherchia coli ATCC 25922 Pseudomonas aeruginosa W10 37500 [62]
Streptococcus epidermidis Pseudomonas aeruginosa LCD12 4 [65]
Streptococcus oralis Burkholderia thailandensis E264 150 [63]
Streptococcus sanguinis Burkholderia thailandensis E264 150 [63]
Neisseria mucosa Burkholderia thailandensis E264 150 [63]
Actinomyces naeslundii Burkholderia thailandensis E264 300 [63]
Serratia marcescens ATCC 27117 Lysinibacillus sp. BV152.1 500 [64]
Candida albicans ATCC 10231 Pseudomonas aeruginosa W10 2340 [62]

Data in Table 5 show that the antibacterial
activity of rhamnolipids as well as lipopeptides
(Table 2) depends on the test culture (both
species and strain) and on the complex of
surfactants. Lipopeptides are more efficient
antibacterial agents compared to rhamnolipids
(Tables 2 and 5).

In a number of recent studies, the anti-
bacterial activity of rhamnolipids was deter-
mined by the agar diffusion technique but not
the MIC [22, 67—69]. Thus, supernatant (15 nl,
with rhamnolipid concentration 0.57 g/1)
obtained by culturing P. aeruginosa P1R16
on olive oil, the growth inhibition zones
were the following: 11 mm for E. coli ATCC
25922, 25 mm for P.aeruginosa ATCC
27853, 12 mm for S. aureus ATCC 25923 and
B. cereus CCT0198, and 22 mm for Ralstonia
solanacearum 1226 [67].
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In the presence 1.12 mg/ml rhamnolipids
of P. aeruginosa SARCC 697 the diameters
of growth inhibition zones for bacterial test
cultures were (mm): 13.5 for E. coli ATCC
417373; 29.8 for E. coli ATCC 13706; 13.5
for Klebsiella pneumoniae ATCC 10031; 8.3
for K. pneumoniae P3; 20.3 for Salmonella
typhimurium ATCC 14028; 14 for Salmonella
enterica SE19; 14 for Serratia marcescens
ATCC 13880; 13.7 for S. aureus ATCC 25923;
and 11.5 for S. aureus C2 [22]. Growth
inhibition zone for methicillin-resistant strain
S. aureus ATCC 43300 under the effect of
rhamnolipids produced by P. aeruginosa 47T2
on the mixture of waste sunflower and olive oil
was 10 mm [68].

Oluwaseun et al. [69] compared the
antimicrobial activity of rhamnolipids of
P.aeruginosa C1501 and Tween 80. The
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Table 5. Action of surface-active substances synthesized by A. calcoaceticus IMV B-7241,
N. vaccinii IMV B-7405 and R. erythropolis Ac-5017 on some microorganisms

Minimum inhibitory concentration (ug/ml) against
Carbon source in
Strain the culture me- Entero-
dium Bacillus bacter Staphylo- Proteus Escherichia Candida
subtilis I coccus aureus | vulgaris 1i IEM-1 albicans
BT-2 | “°0%" BMS-1 PA-12 | €04 D-6
A. calcoaceticus Ethanol 14 56 14 14 28 N.d.
IMV B-7241
Purified glycerol 4 2 4 N.d. 2 2
Waste of bigdiesel 16 4 8 N.d. 4 16
production
Refined sunflower| 5 25 14 1.8 0.9 25
Waste sunflower | 5 20 2.5 2.5 1.3 40
N.vaccinii Purified glycerol 45 180 90 90 45 45
IMV B-7405 .
Waste of blgdlesel 15 120 15 60 30 30
production
Reflnedosillmflower 20 160 80 80 10 40
Waste sunflower | g 140 70 70 9 35
R. erythropolis Ethanol 60 240 N.d. N.d. 15 >480
IMV Ac-5017
¢ Purified glycerol | 15.6 N.d. 62.5 62.5 250 N.d.
Waste ofbipdiesel 62.5 N.d. 125 31 125 N.d.
production

Note. N.d. — not determined

research showed that surfactants of strain
C1501 were more effective antimicrobial agents
compared to the chemical analogue. Thus,
growth inhibition zones for S. aureus, B. cereus
and E. coli with addition of 3 % rhamnolipid
solution were 20—22 mm, and that of Tween at
similar concentrations was only 5 mm.
Rhamnolipids action on fungi. Our paper
[28] provides information on the antifungal
activity of rhamnolipids aimed to manage
the spread of phytopathogenic fungi, so our
current review shall focus on further work.
Yan et al. [70] studied the effect of
rhamnolipids of P. aeruginosa ZJU-211 on the
phytopathogenic fungus Alternaria alternata.
They found that at 125 pg/ml surfactant,
growth of the fungus was inhibited only by
26.6%, and at 250 png/ml rhamnolipids, by
40% . Raising the rhamnolipids concentration
t0 400-1000 png/ml was followed by inhibition
of the pathogenic spore germination by
64—-81.7% . Treating tomatoes, infected with

A. alternata, with the mixture of rhamnolipids
(500 pg/ml) and laurel oil (500 pg/ml)
decreased the degree of infection to 43 %.

At 200 pg/ml, the surfactant complex
and fractions of mono- and dirhamnoliipds
of P.aeruginosa KVD-HM52 inhibited the
growth of F. oxysporum NCIM1072 by 95
and 84%, respectively [71]. MIC of purified
rhamnolipids against the micromycete was
only 50 pg/ml.

Another study [72] considered the
antifungal activity of rhamnolipids produced
by P. aeruginosa No. 112 against Aspergillus
niger MUM 92.13 and Aspergillus carbonarius
MUM 05.18. It was established that the
dirhamnolipids were responsible for the
antifungal activity, while monorhamnolipids
demonstrated weak inhibiting action. Besides
that, the authors showed that adding NaCl to
purified mono- and dirhamnolipids increased
their antifungal effect. Thus, the mixture
of dirhamnolipids of 0.375 g/1 and 875 mM

49




BIOTECHNOLOGIA ACTA, V.12, No 1, 2019

NaCl fully inhibited growth of test cultures of
A. niger MUM 92.13, while pure dirhamnolipid
solution did it only by 40 % . Adding salt at
the same concentration to monorhamnolipid
solution was followed by inhibition of test
culture only by 40 %, and monorhamnolipids
without salt did not inhibit the fungal growth
at all. The effect of added salt was explained
by NaCl repairing structure of rhamnolipids
which was disrupted in extraction from the
culture medium.

Thus, research of antimicrobial activity
of rhamnolipids is still fruitful. Though
rhamnolipids are less efficient than
lipopeptides in their antimicrobial action,
they have a number of some advantages:
firstly, the higher productivity of producers,
and secondly, the possibility of synthesis on
industrial waste, which decreased their cost.

Sophorolipid effect on microorganisms

Main producers of sophorolipids are
yeasts of the genera Candida (Starmerella),
Rhodotorula, and Wickerhamomyces [73]. A
sophorolipid has a hydrophobic part (fatty
acid) and a hydrophilic one (sophorose
disaccharide with a §-1,2 bond), and sophorose
can be acetylated on the 6’ and/or 6’ position.
The carboxyl group of the fatty acid can be
free forming acid (non-lactone) structure
or etherified on the 4’ position forming the
lactone variant [73].

Most recent publications focused on
the antimicrobial effect of sophorolipids
produced by Candida (Starmerella ) bombicola
ATCC 22214 [74-79]. Thus, the authors of
[74] studied antimicrobial properties of the
glycolipids produced on glucose and lauryl
alcohol (10%, v/v). They showed that the yeast
culture on the lauryl alcohol produced lactone
sophorolipids, which unlike surfactants
obtained on glucose fully inhibited the
growth of Gram-negative (E. coli ATCC 8739,
P. aeruginosa ATCC 9027) and Gram-positive
(S. aureus ATCC 6358, B. subtilis ATCC 6633)
bacteria and of the yeast C. albicans ATCC
20910, at concentration 5—10 ng/ml. The data
showed that the hydrophobic substrates are
more suitable for production of sophorolipids
with high antimicrobial activity.

Zhang et al. [75] analysed the antimicrobial
activity of sophorolipids produced by
C. bombicola ATCC 22214 on glucose with
added palmitic, stearic and oleic acids as
precursors. Irrespectively of the culture
conditions, sophorolipids almost did not vary
in antimicrobial activity against Salmonella
spp. and Listeria spp.
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In the paper [76] it was established that
sophorolipids produced by C. bombicola
ATCC 22214 on coconut oil had higher
antimicrobial activity against E. coli and
S. aureus, than if produced on corn oil.
Quite probably the different antimicrobial
activity of sophorolipids is caused by
different length of acyl chain, yet the
authors did not stress it.

Elshikh et al. [77] studied the effect of
sophorolipids of C. bombicola ATCC 2221, on
the oral pathogens. MIC of the sophorolipids
against Streptococcus mutans DSM-20523,
Streptococcus oralis DSM-20627; Actinomyces
naeslundii DSM-43013, Neisseria mucosa
DSM-4631 and Streptococcus sanguinis NCTC
7863 were 195, 97.5, 195, 97.5 and 195 png/ml,
respectively.

Solaiman et al. [78] studied the effect
of culture condition of S. bombicola ATCC
22214 on its sophorolipid antimicrobial
action on microbes destroying salt hides.
They cultured the microbial source on
medium with glucose (10 g/l) with co-
substrate (2 g/1) of palmitic, stearic and
oleic acids (the sophorolipids were referred
to as SL-p, SL-s, SL-0). The experiments
showed that MIC of SL-p and SL-o against
Gram-positive (B. licheniformis, B. pumilus,
Bacillus mycoides, Enterococcus faecium,
Aerococcus viridans, Staphylococcus
xylosus, Staphylococcus cohnii) and
Gram-negative (Pseudomonas luteola,
Enterobacter cloacae, Enterobacter
sakazakii and Vibrio fluvialis ) bacteria were
the same (19.5 ng/ml), and MIC of SL-s were
lower (4.88-9.76 ng/ml).

Later [79] the same authors studied
antimicrobial action of sophorolipids of
S. bombicola ATCC 22214 on bacteria of the
genera Lactobacillus and Streptococcus,
which cause dental caries. The growth of
Lactobacillus acidophilus ATCC 4356 and
Lactobacillus fermentum ATCC9338 was fully
inhibited at 1.8 and 1.0 mg/ml sophorolipids,
respectively. Meanwhile the MIC of the studied
compounds against Streptococcus mutans
ATCC 25175, Streptococcus salivarius ATCC
13419 and Streptococcus sobrinus ATCC 33478
were only 20—38 ng/ml.

In 2017, sophorolipids produced by
Rhodotorula babjevae YS3 on a medium with
glucose (10 g/1) were shown to have antifungal
effect [80]. MIC against Colletotrichum
gloeosporioides was 62 pg/ml. Comparatively,
MIC against Fusarium verticilliodes, Fusarium
oxysporum f. sp. pisi was 125 pg/ml, while
that against Corynespora cassiicola and
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Table 6. Advantages and disadvantages of different microbial surfactants as antimicrobial agents

Surfactant Advantages Disadvantages
Possible synthesis on industrial Producers belong to conditionally
Rhamnolipids waste; pathogenic microorganisms; antimicrobial
high surfactant content activity not high enough
Low content of produced surfactants;
Low minimum inhibiting concentra- |narrow range of substrates for surfactant
Lipopeptides tions against a wide range of patho- |synthesis (mostly carbohydrates);
genic microorganisms antimicrobial activity depends on culture
conditions
Synthesis on cheap substrates (waste | Low product yield relative to substrate;
Sophorolipids oil, oil production waste); sources belong to conditionally pathogenic
High antimicrobial activity at low microorganisms; antimicrobial activity de-
surfactant concentrations pends on culture conditions
g{)yrggllﬁ)};gggfn; l,crltgir?;ld Syn_thegis on waste ('waste oil, waste o ' o
IMV B-7241 of. b10d1e§e1 ‘prodl‘lctlon.); ’ Antlmlcrqblal activity depends on the cul-
IMV B-740 5,an d High antimicrobial activity at low ture conditions
IMV Ac-5017 surfactant content

Trichophyton rubrum was much higher (2000
and 1000 ng/ml, respectively).

Therefore, the antimicrobial activity
of sophorolipids is higher than that of
rhamnolipids. Sophorolipids have a wide
range of antimicrobial action on Gram-
negative and Gram-positive bacteria and
fungi. Publications of the recent years
seldom show that sophorolipid antimicrobial
activity depends on the culture conditions,
such as the carbon source and the presence of
precursors for biosynthesis.

Antimicrobial activity of Acinetobacter
calcoaceticus IMV B-7241, Rhodococcus
erythropolis IMV Ac-5017 and Nocardia
vaccinii IMV B-7405 surfactants

We have already established [81] that
chemically the surfactants of R. erythropolis
IMV Ac-5017 are a complex of glyco-
(trehalose mono- and dimycolate), neutral
(cetyl alcohol, palmitic acid, methyl ester
of n-pentadecane acid, mycolic acids) and
phospholipids (phosphatidylglycerol,
phosphotidylethanolamine). Glyco- and
aminolipids were found in the surfactant of
A. calcoaceticus IMV B-7241, and N. vaccinii
IMV B-7405 produces a complex of neutral,
glyco- and aminolipids [81].

Table 5 presents the MIC of surface-active
substances produced by strains IMV Ac-5017,
IMV B-7241 and IMV B-7405 on various
carbon substrates against bacteria and yeasts.
The data show that the antimicrobial activity

of A. calcoaceticus IMV B-7241, N.vaccinii
IMV B-7405 and R. erythropolis IMV Ac-
5017 surfactants depends on the culture
conditions, which agrees with data obtained
by other researchers in the recent reports [25,
34, 74, 76, 78]. Notably, the surfactants we
studied had no higher MIC then described
elsewhere.

%% %

We analysed the recent literature on
the antimicrobial properties of suface-
active substances produced by different
groups of microorganisms as an alternative
for antibiotics, chemical biocides and
desinfectants. The as-yet few papers and
our own results do support the necessity of
studying the influence of culture conditions
on antimicrobial activity of the synthesized
surfactants.

The well-known microbial surfactants
are compared in Table 6. It shows that the
microbial surfactants have their advantages
and disadvantages. A strong advantage is the
possibility for culturing on industrial waste,
which not only lowers the production cost but
helps utilize waste of other industries.

The dependency of the substances’
antimicrobial activity on the culture conditions
can be regulated by chemical modification
[82, 83], by genetically [568, 84, 85] and
methabolically [86, 87] engineering strains,
and by implementing physiological approaches
described in [88—-90].
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AHTHUMIKPOBHA AKRTHBHICTD
IIOBEPXHEBO-AKRTHBHHUX PEYOBHH
MIKPOBHOTI'O ITOXO:KEHHS

T.II.ITupoe
1. A. JTyyaii
JI. B. Knouka
X.A. Bepezosa

HamiomanpHUE YHiBEpPCUTET XapUOBUX
TexHoJori, Kuis

E-mail: tapirog@nuft.edu.ua

Metoto poboTu OyJio TpoaHaaidyBaTu JiTepa-
TYpy OCTaHHIX POKiB IT10/10 aHTUOaKTepiaabHOI Ta
aHTU(PYHTATBHOI aKTUBHICTI MiKPOOHUX ITOBEPX-
HeBo-aKTUBHUX peuoBuH (ITAP) (smimomentunis,
CUHTE30BaHUX MpeAcTaBHUKaMu pondiB Bacillus,
Paenibacillus, Pseudomonas, Brevibacillus,
pamHoJuimifgiB O6akTepiit poxiB Pseudomonas,
Burkholderia, Lysinibacillus, codopoJini-
niB apixkmkiB poniB Candida (Starmerella Ta
Rhodotorula), a Tako:k maHi BJIacHUX eKCIIepH-
MEeHTaJbHUX MOCJHiIKeHb aHTUMiKpPOOHOI akK-
tuBHocTi ITAP, cuuTesoBaumux Acinetobacter
calcoaceticus IMB B-7241, Rhodococcus
erythropolis IMB Ac-5017 i Nocardia vaccinii
IMB B-7405. IIpoBeneHuit anaJia moKasas, IT10 JIi-
MOIeNnTuAN € ePeKTUBHIIINMY aHTUMiKPOOHIMI
areHTaMU ITOPiBHAHO 3 ITikogimigzamu. MiHiMairs-
Hi iaridyBanbHi KoHUeHTpalii (MIK) msinomenTu-
IiB, paMHOJIIIiAIB i cooposinifiB cTaHOBIATE ¥
cepegubomy (MKr/mi): 1-32, 50-500 i 10-200
BigmosigHo. MIK moBepxHEeBO-aKTUBHUX PEUYO-
BUH, cuHTe3oBaHux mramamu IMB B-7241, IMB
Ac-50171iIMB B-7405, — y meskax, BUSHAUEHUX
IJIA BimoMux JinmomenTuniB Ta raikosaimigis. Ile-
peBaraMu IJIIKOJIiNiZiB AK aHTUMiKpPOOHUX areH-
TiB IOPiBHAHO 3 JiMONENTUAAMHU € MOMKJINBICTH iX
CHUHTEe3y Ha IPOMMCJIOBUX BiIX0max i BUCOKA KOH-
nenTpaiiig cuaTesoBauux IIAP. Heunucnenni gani
JiTepaTypu i BJacHIi pe3yJbTaTy aBTOPiB CBigUaTh
PO HeOOXiAHiCTh MPOBEAEHHA TOCTiIIKEeHDb IIO0
BILIUBY YMOB KYJIbTUBYBaHHSA HA aHTUMiKpPOOHY
AKTUBHICTH I[iJIHOBOTO IPOAYKTY.

Knwmouwosi crosea: MikpoOHi JimonenTuau, paMHO-
ginigu Ta codoporainigu, aHTHOaKTepiasbHA Ta
aHTU(MYHTaJIbHA aKTUBHICTB.

AHTHMHEKPOBHAS AKTUBHOCTD
IIOBEPXHOCTHO-AKTHUBHbBIX BEIIIECTB
MHUKPOBHOI'O ITPOUCXOXKIEHUA

T.II.ITupoz
II. A. JTyyai,
JI. B. Knioukxa

K. A. Bepezosas

HamnnonaabHBIN YHUBEPCUTET HUIIIEBBIX
TexHoJioruii, Kues, Ykpaunna

E-mail: tapirog@nuft.edu.ua

ITennpio paboThl OBLIT aHAAW3 AAHHBIX JIUTE-
paTypbl IOCJIeIHUX JIeT OTHOCUTEIHLHO aHTHUOAK-
TepuaJlbHON M aHTHUQYHTraJIbHON aAKTUBHOCTHU
MUKPOOHBIX IOBEPXHOCTHO-aKTUBHBIX BEIECTB
(ITAB) (nunmonmenTuIOB, CHHTE3UPOBAHHBIX IIPEI-
craBuTenaMu poxoB Bacillus, Paenibacillus,
Pseudomonas, Brevibacillus, paMHOJUIIUAOB
bakTepuii pogoB Pseudomonas, Burkholderia,
Lysinibacillus, codhoposunngoB IPOKIKeH POLOB
Candida (Starmerella 1 Rhodotorula), a Tak:xe
COOCTBEHHBIX 9KCIIEPUMEHTAJbHBIX HCCJIeH0Ba-
HUHM aHTUMUKPOOHOM akTuBHOCTU IIAB, cunTe-
3upoBaHHBIX Acinetobacter calcoaceticus IMB
B-7241, Rhodococcus erythropolis IMB Ac-5017
u Nocardia vaccinii IMB B-7405. IIpoBemeHHbBINI
aHaJIM3 ITOKAa3aJl, YTO JIUIONEIITUABI ABJISAIOTCS
6osiee 3(PPeKTUBHBIMU AaHTUMUKPOOHBIMU areH-
TaM¥ II0 CPAaBHEHUIO ¢ TINKOoJIUOugamMu. MuHu-
MaJbHbIe nHTUOUpyoiue KouneuTpanuu (MUK)
JIUTIOTIETITUIOB, PAMHOJUIIUIOB 1 CO)OPOJIUTINIOB
cocTaBaAIOT B cpepueM (MKT/mi): 1-32, 50-500 u
10—-200 coorBercTBeHHO. MUK mmoBepxHOCTHO-aK-
TUBHBIX BEIIECTB, CUHTE3UPOBAHHBIX IIITAMMAaMU
IMB B-7241, IMB Ac-5017 u IMB B-7405, naxo-
IATCA B IIpefiesiaX, YCTAHOBJIEHHBIX JJIA M3BECT-
HBIX JIUTOMENTUOB U TINKOAIUTUAOB. [Ipenmy-
IIecTBaMH TJIMKOJUIUI0B KaK aHTUMUKPOOHBIX
areHTOB II0 CPABHEHUIO C JUMIONENTUIAMU ABJISA-
IOTCA BO3MOMKHOCTDH UX CUHTE3a Ha IMIPOMBIIILIEH-
HBIX OTXOJaX U BBICOKAd KOHIIEHTPAI[UA CUHTE-
supoBaHHbIX [IAB. HeMHOTOUMCI€HHBIE JaHHBIE
JIUTEePaTypPhl ¥ COOCTBEHHBIE PE3YJIbTAThl aBTOPOB
CBUIETEJBbCTBYIOT O HEOOXOIMMOCTH IPOBEAeHUA
WCCJeOBAHUI BJIUSHUA YCJIOBUN KYJIbTUBUPO-
BaHUSA IMIPOAYIIEHTOB HA AaHTUMUKPOOHYIO aKTUB-
HOCTb II€JIEBOTO IIPOSYKTA.

Knwouesvie cnosa: MI/IRpOGHbIe JINIIOIIeIITUObI,

paMHOJUTUALI U cOMOPOIUNUABI, aHTUOAKTEPU-
ajbHAA ¥ aHTU(QYHTaJIbHASA aKTUBHOCTD.
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The aim of the work was to define the diagnostic ability of the enzyme immunoassay test system DIA-
HBsAg (PJSC “SPC “Diaprof-Med””), in which the principle of analysis is based on biotin-streptavidin
amplification of a specific signal.

The assay performance was studied on WHO Second International Standard for HBsAg, subtype
adw2, genotype A (NIBSC code: 00/588) in concentration 0.006 IU/ml; on Capricorn HBsAg standard
subtypes ad and ay in concentration 0.006 ng/ml and 0.004 ng/ml respectively. All 14 members of the
HBsAg Low Titer Performance Panel PHA 106 (BBI, USA) were detected in DIA-HBsAg with high OD/
CO ratio 11.9-40.7.

The DIA-HBsAg sensitivity were similar to the sensitivity of Roche COBAS and Murex HBsAg 3.0
when tested on the HBsAg Mixed Titer Performance Panel PHA 206 (BBI, USA) which consisted of sera
with various HBsAg concentrations.

The DIA-HBsAg has correctly detected low reactive members of the HBsAg Verification Panel VHA
601 (BBI, USA) with OD/CO ratio 21.0-40.7 whereas the negative member OD/CO was 0.4.

In the evaluation of 174 cross-reactive serum specimens one false positive result was obtained out of
8 sera reactive for IgM to HSV-1/2. The DIA-HBsAg specificity on 1 177 blood donors™ specimens was

99.9%.

Key words: ELISA, diagnostics, hepatitis B, analytical and diagnostic sensitivity, specificity.

Hepatitis B is an infectious liver disease
with wvarious clinical manifestations
[1]. The infection is characterized by
severity, high lethality, chronic forms
with the development of cirrhosis and
liver carcinoma [2]. The infectious agent
is a DNA virus (HBV- hepatitis B virus),
which is widely distributed because of its
incredible resistance to various physical
and chemical factors [3]. The HBV virus has
infected approximately 350 million people
worldwide, including 1.5 million in Ukraine
[4]. Creating new highly sensitive tests for
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the HBV diagnosis will significantly reduce
the spread of the infection.

The surface HBV antigen, HBsAg is
a main serological marker in hepatitis
diagnostics. Only a small amount of HBsAg
takes part in virion formation while the rest
persists in the infected organism [5]. In acute
hepatitis B, the antigen is found in blood
one-two weeks after the infection occurred
and disappears one-two months later. If
it circulates in the body for more than six
months, the illness has become chronic [6, 7].
Since it appears before the clinical symptoms
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of the disease and the increase in the activity
of aminotransferases, the diagnosis of
HBYV includes an obligatory blood test for
HBsAg [8, 9]. However, most ELISA kits for
HBsAg determination can only detect it in
concentrations of 0.1-0.05 IU/ml [10, 11].
At lower concentrations of the antigen, for
example during early stages of the disease,
the analysis can give false negative results
before HBsAg is eliminated in the blood or in
the cases of concurrent infections.

The aim of our research was to study
qualitative parameters of the ELISA kit
DIA-HBsAg with sensitivity level of 0.01 IU/
ml for the diagnostics of HBsAg HBV. The
kit is manufactured by SPC Diaproph-Med
(Ukraine).

Materials and Methods

ELISA kits

ELISA kit DIA-HBsAg was constructed
as a two-stage sandwich. The immunosorbent
and biotinylated conjugate included
mouse monoclonal antibodies to various
immunodominant HBsAg sites. The specific
signal is amplified at the next stage of the
reaction, when biotinylated antibodies to
HBsAg bind to the streptavidin conjugate
labeled with high polymer horseradish
peroxidase. To detect the reaction we used
mono-component TMB/substrate (3, 3/, 5,
5 -tetramethylbenzidine in citrate buffer
with hydrogen peroxide). The reaction was
terminated using 0.5 M HCI solution. Analysis
of the results is carried out by measuring
the optical density of the liquid in the wells
in a two-wave mode at 450/620 nm, it’s
proportional to the HBsAg concentration
in the serum/plasma. Immunoassay was
performed using thermoshaker according
to the Instruction for the DIA-HBsAg kit.
Results of ELISA were considered at ratio of
optical density (OD) to the cut off value (CO).
Serum was considered positive at OD/CO >1,0
or negative at OD/CO < 1,0.

To confirm of HBsAg in test sera of the
patients with hepatitis B we used ELISA
kits — Immunite HBsAg (Diagnostic Products
Corporation, USA), HC-I®PA-HBsAg-0,01
(RPS Diagnostic systems, Russia), BekTopren
B-HBs-auturen (RPS Vector-Best, Russia).
The assays were carried out according to the
instructions for use.

HBsAg standards
Second International standard HBsAg
subtype adw2, genotype A (NIBSC, code

00/588) was diluted with blood serum from
healthy donors which was previously tested
for the absence of HBsAg, to concentrations
of 0.02 IU/ml, 0.01 IU/ml, 0.006 IU/ml and
0.004 IU/ml.

Commercial standard OC-CO-HBsAg
(Russia) was diluted by the manufacturer
relative to the Second International standard
HBsAg (NIBSC) to 20 IU/ml. The antigen was
used in concentrations of 0.02 IU/ml, 0.01 IU/
ml, 0.006 IU/ml and 0.004 IU/ml.

Standard HBsAg Capricorn, subtypes ad
and ay (USA) were diluted by blood serum
without HBsAg to concentrations of 0.01 ng/
ml, 0.006 ng/ml and 0.004 ng/ml.

Test blood sera

The diagnostic sensitivity of DIA-HBsAg
kit was determined using:

— standard serum panel HBsAg Low Titer
Performance Panel (Modified) PHA 106 M
(BBI), consisting of 15 samples, 14 of which
with low concentrations of HBsAg and 1
(sample No. 7) was negative;

— standard serum panel HBsAg Mixed Titer
Performance Panel PHA 206 (BBI) including of
25 samples, 23 of which with different HBsAg
concentrations and 2 (No.1 and 25) negative;

—standard HBsAg Verification Panel VHA
601 (BBI), in which 5 sera were weakly positive
for HBsAg and 1 (sample No.6) was negative;

— 22 blood sera patients with hepatitis B,
8 of which were additionally diluted by blood
sera of healthy donors.

The specificity parameter of the test kit
was studied using:

— 174 blood sera with cross-reactive
components which can lead to false positives
in analysis for hepatitis B, including:

30 samples with IgM/IgG to HCV;

32 samples with IgG to HSV1/2;

8 samples with IgM to HSV1/2;

16 samples with IgM/IgG to HSV1/2, IgM/
IgG to CMV;

16 samples with IgG to CMV;

24 samples with IgG to CMV, IgG to HSV1/2;

8 samples with IgM to CMV;

8 samples with IgM/ IgG to CMV, IgG to HSV1/2;

8 samples with IgM/IgG to CMV;

24 samples from pregnant women,
and 1177 blood sera of nonselective donors.

The test kit specificity was calculated
according to the following formula:

Specificity = x100%, (1)

TN+FP
where TN is the amount of true negative results;
FP is the amount of false positive results.
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In the tables and pictures the results of
typical experiment are presented.

Results and Discussion

The investigation in the DIA-HBsAg kit
different commercial standards of the surface
antigen of hepatitis B virus established that
it detects Second International standard
HBsAg (NIBSC) and Russian standard [C-
CO-HBsAg, diluted by it, in concentration

0.006 IU/ml (Table 1). Test kit was able to
detect the standard HBsAg Capricorn subtype
ad at 0.006 ng/ml and the subtype ay at
0.004 ng/ml.

To determine diagnostic sensitivity of
the DIA-HBsAg kit, we tested samples from
serum panel PHA 106 M (BBI) with low
concentrations of HBsAg (Figure).

Analysis results in commercial test kits
were taken from the passport on the panel.
The DIA-HBsAg kit identified all 14 sera with

Table 1. Performance of DIA-HBsAg kit in tests on various HBsAg standards

HBsAg standards HBsAg concentration ELISA results OD/CO
0.021U/ml 3.4
Second International standard 0.01 IU/ml 1.8
HBsAg
(NIBSC, code 00/588) 0.006 IU/ml 1.1
0.004 IU/ml 0.7
0.02IU/ml 3.7
0.01 IU/ml 1.9
IIC-CO-HBsAg
0.006 IU/ml 1.2
0.004 IU/ml 0.8
Standard HBsAg Capricorn (USA):
0.01 ng/ml 1.7
Subtype ad 0.006 ng/ml 1.0
0.004 ng/ml 0.7
0.01 ng/ml 3.0
Subtype ay 0.006 ng/ml 1.9
0.004 ng/ml 1.2
50
45
N
2 /ﬁ\ // \\ Il \\ // \\ /i" e
30 S{ —e— Abbott Architect
o = I | s
= 25 Murex HBsAg 3.0
a
o —=—Roche COBAS
! /l | \\ !’ \\ }/ s
15 £ \ ’ y
10
B 4
04+ . - - —
1 2 3 4 &5 & 7 8 9 W 11 12 13 14 15
No.serum
Comparative analysis results HBsAg Low Titer Performance Panel (Modified) PHA 106 M (BBI) in different
ELISA kits (P < 0.05)
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HBsAg as positive with high OD/CO ratio
(11.9-40.7), and the one without HBsAg as
negative. The data showed the ability of the
DIA-HBsAg kit to identify low concentration
of HBsAg to be significantly higher than
in test kits comparing leading foreign
manufacturers (Abbott Architect, BioRad
Monolisa Plus, Murex HBsAg 3.0, Roche
COBAS).

Table 2 presents the results for PHA 206
(BBI) serum panel with 25 samples containing
various ratios of HBV DNA and HBsAg
(23 samples) or negative for HBV (No.1 and

25) according to the panel passport. The
data on commercial kits were taken from the
panel’s passport. The DIA-HBsAg kit revealed
the HBV surface antigen in all positive
samples not inferior in its diagnostic ability
to commercial analogues. A false-negative
result was obtained in the analysis of serum
No. 22 in the Roche COBAS kit, while Murex
HBsAg 3.0 and DIA-HBsAg identified this
sample positive with OD/CO ratio of 1.9 and
8.9 respectively.

The qualitative parameters of
industrially-manufactured ELISA Kkits

Table 2. Results of identification of the antigen in samples of HBsAg
Mixed Titer Performance Panel PHA 206 (BBI) using various test systems

Test system
Sample N Rocho Amplicor Monitor CoBAS HBsAg 3.0 DIA-HBsAg
results
copies/ml OD/CO
1 <300 0.1 0.4 0.3
2 >2x10° 59.0 >max 40.9
3 >2x10° 47.4 35.9 42.5
4 >2x10° 74.5 >max 42.0
5 >2x10° 74.5 >max 42.3
6 >2x10° 74.5 >max 41.1
7 2x10° 44.6 31.9 41.9
8 1x10° 25.3 26.1 46.4
9 2x10° 32.8 30.9 46.2
10 4x10* 10.8 11.5 39.5
11 7x10% 9.8 11.1 38.1
12 2x10° 16.0 15.3 38.7
13 1x10° 10.6 13.2 40.6
14 5x103 7.8 7.4 42.4
15 5x104 3.6 5.6 35.6
16 4x10% 4.9 4.8 36.7
17 <300 1.2 2.0 7.4
18 2x10% 2.2 3.6 43.2
19 6x10* 2.7 4.1 34.2
20 2x10* 4.6 5.2 40.0
21 2x10° 5.7 4.7 42.0
22 <300 0.5 1.9 8.9
23 5x10% 2.1 2.3 25.6
24 9x102 1.2 1.6 16.6
25 <300 0.2 0.5 0.3
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Table 3. Serum panel test results for HBsAg Verification Panel VHA 601 (BBI)
using DIA-HBsAGg test kit

Ne HBsAg analysis (from the panel passport) IEA results for DIA-HBsAg kit, OD/CO
1 Weakly positive 45.0

2 Weakly positive 43.5

3 Weakly positive 37.1

4 Weakly positive 35.4

5 Weakly positive 21.0

6 Negative 0.4

designed for diagnostics of wvarious
infections are determined using the special
commercial verification serum panels. They
allow to determine the ability of the ELISA
kits to distinguish weakly positive samples
from negative ones.

In our study, the diagnostic ability of the
DIA-HBsAg kit was tested on the commercial
serum verification panel VHA 601 (BBI). The
panel included 6 samples of which 5 had low
concentration of HBsAg and one was negative
for HBV. DIA-HBsAg kit identified the
surface antigen of HBV in all weakly positive
blood sera with OD/CO 21.0-45.0 (Table 3).
Sample No.6, without HBsAg, was identified
as negative with OD/CO 0.4.

The high diagnostic capability of DIA-
HBsAg for standard serological samples,
including the ones with low HBsAg content,
was further corroborated by testing clinical
material obtained from hepatitis B patients
(Table 4). We used 22 blood sera, pre-checked
for HBsAg using commercial kits. To lower
HBsAg content, 8 samples were diluted with
sera of healthy donors after which the HBsAg
in them was confirmed again.

In investigating of undiluted sera from
hepatitis B patients OD/CO was 35.3—-51.2. The
value OD/OC barely changed (48.1-39.7) for
sample No.1 and secondary samples obtained
by its dilution 10 and 1000 times. In the
analysis of weakly positive samples obtained
after dilution of serum No. 13 in 150-1600
times, the ratio of OD/CO was in the range of
1.2-18.1.

Thus, research of diagnostic sensitivity
of the DIA-HBsAg kit on standard serum
panels and blood serum samples from
patients with hepatitis B patients with
different virus surface antigen titers showed
the kit’s ability to detect HBsAg in low
concentrations common for the early stages
of the disease.
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The diagnostic specificity of the DIA-
HBsAg kit was tested on 1177 sera of
nonselective donors. The ability of the test kit
to correctly analyze sera without HBsAg but
with various cross-reactive reagents that can
cause false positive results was established
by testing the sera with specific antibodies
to HCV, HSV1/2, CMV, and sera of blood of
pregnant women (Table 5).

One sample was determined positive when
investigated in DIA-HBsAg 1177 sera from
nonselective donors from various units of the
Ukrainian Blood Service. At the same time,
OC-I®PA-HBsAg-0,01 and BexkTopren B-HBs-
agtureH identified it as negative. The kit’s
specificity, calculated according to formula 1,
was 99.9%.

In the investigating of 174 sera with
potential cross-reactivity in DIA-HBsAg
kit was obtained single false positive result
for 1 serum out of 8 studied with antibodies
of class M to the herpes simplex virus. The
specificity parameter in thise experiment
was 99.4%.

Therefore, the DIA-HBsAg kit for
detecting the main serological marker of
hepatitis B — HBsAg, which appears early
in the acute stage and persists in the chronic
form, has a sufficiently high analytical and
diagnostic ability. The ELISA kit employs
amplificatory method of boosting a specific
signal combined with high-polymer enzyme
label. This construction allows to detect
low HBsAg concentration - International
standard HBsAg (NIBSC) in concentration
0.006 IU/ml, standard HBsAg Capricorn
subtypes ad and ay in concentration
0.006 ng/ml and 0.004 ng/ml, respectively.
Comparative research showed that DIA-
HBsAg kit was able to detect small HBsAg
concentrations more reliably than its
leading foreign analogues produced by
Abbott Architect, BioRad Monolisa Plus,
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Table 4. Results of testing DIA-HBsAg kit against blood sera of hepatitis B patients
with varying HBsAg content

No Serum (and dilution) Test kit IEA results in the DIA-HBsAg kit (OD/CO)
1 1 48.1
2 1(1/10) 47.3
3 1(1/100) 47.5
4 1(1/1000) 39.7
5 2 45.2
6 3 48.5
Immulite HBsAg
7 4 46.0
8 5 45.5
9 6 47.6
10 7 43.4
11 8 35.3
12 9 37.8
13 10 48.7
14 11 IOC-I®A-HBsAg-0,01 39.1
15 12 48.2
16 13 38.3
17 13 (1/150) 18.1
18 13 (1/200) Bexkropren B- 12.7
19 13 (1,/400) HISEIS;XTEFBQ:Ag 3.9
20 13 (1/800) 1.9
21 13 (1/1600) 1.2
22 14 51.2

Table 5. Specificity values for DIA-HBsAg kit obtained analyzing sera with interferent components
from nonselective donors

Samples Number of | Number of positive | Number of negative Specificity
samples results results
Interfering components in blood sera:
IgM/IgG to HCV 30 0 30
IgG to HSV1/2 32 0 32
IgM to HSV1/2 8 1 7
I IeG o FS2 1 o 2
IgG to CMV 16 0 16
1g6 to HSV1,2 24 0 24
IgM to CMV 8 0 8
IgM/ I1gG to CMV 3 0 ]
IgG to HSV1/2 99.4%
IgM/ 1gG to CMV 8 0 8
Pregnant women’s blood sera 24 0 24
Total: 174 1 173
Nonselective donors’ blood sera 1177 1 1176 99.9%
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Murex HBsAg 3.0, Roche COBAS. The high
diagnostic ability of the kit was confirmed
also by the results obtained for hepatitis
B patients. The kit correctly distinguishes
weakly positive sera of from negative ones.
Testing 1177 sera of nonselective donors

established the DIA-HBsAg kit specificity
to be 99.9% . The qualitative parameters of
the kit allow it to be widely used in specific
diagnostics of hepatitis B and to detect both
early and chronic stages of the disease,
making donated blood safer.
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JIATHOCTHYHA XAPAKTEPUCTHUERA
ELISA TECT-CUCTEMH
JJISI BUSHAYEHHSA IIOBEPXHEBOTI'O
AHTUTEHY BIPYCY I'EITIATUTY B
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HIpAT «HBK «[liampod-Mex» », Kuis, Vkpaina
2IacTuryT Mikpo6iosorii i Bipycosorii
im. [I. K. 3abonoraoro HAH Vkpaiuu, Kuis

E-mail: ekiselova26@ukr.net

MeTto0 pob6oTu O0yJ0 BU3HAUUTU JiarHOCTUY-
HY 3JATHICTh iIMyHOEH3MMHOI TecT-cucTemu DIA-
HBsAg (HBK «Hianpod-Men»), B AKiit npuHIIAIT
aHaJIi3y 3aCHOBAHO Ha O0iOTHMHCTPEIITAaBiAMHOBIiH
amIutidikarii cnernudiunoro curnasy. JliarHocTu-
KyM BuAbiade 2-it Misxkraponauii crangapt HBsAg,
cyorun adw2, remorun A (NIBSC, code: 00/588)
B KoH1eHTparii 0,006 MO/mu, crangapt HBsAg
Capricorn cyorumy ad ta ay (USA) — 0,006 ur/mu
i 0,004 ur/mi BigmosigHo.

ITig wac mocaimsxenus maHe i cupoBatok PHA
106 M (BBI), 14 3paskiB aKo0i MicTATh HU3BKI
koumenTpanii HBsAg, Tecr-cucremMa BuUSBUJIA
MOro y BCiX MOBUTUBHUX CUPOBATKAX 3 BUCOKUM
cruisBiguomenuam OI'/cut off —11,9-40,7.

3a pesyJbTaTaM¥ aHaJidy maHeJli cupoBa-
Tok PHA 206 (BBI) 3 pisHuMu KoHIeHTpAIliAMHU
HBsAg miarHOCTMYHA 3JaTHICTH TECT-CUCTEMU He
nocrynaziacs ii sakopAoHHUM aHajsoram — Roche
COBAS i Murex HBsAg 3.0.

JiarHOCTUKYM KOPEKTHO PO3iisaB ciabomo-
3UTHBHI 3pa3ku Bepudikarinaoi nanemsi VHA 601
(BBI) — OI'/cut off 21,0-40,7 Big HeraTuBHOTO
(OT'/cut off — 0,4).

VY mporeci gocaimkenas 174 cupoBaTOK KPoBi
3 KPOCPEeaKTUBHUMMY KOMIIOHEHTAMH Ha renaTut B
OTPUMAaHO OAVH XNOHOIIO3UTUBHUN Pe3yJIbTaT IIiT
yac aHaJrisy 1 3paska 3 8 gocaig:KeHnx, AKi MicTu-
au IgM no HSV1/2. CnenudiuHicTh TecT-cucTeMu
3a pesyJsabratramu anaiidy 1177 noHopiB cTaHOBU-
na 99,9%.

Knawouosi cnosea: iMmyHoeH3MBHAa TeCT-CHUCTeMA,
miargocTuka, rematuT B, amamiTmunHa i giarmoc-
TUYHA YYTIUBICTD, CIIeIUPIiUHICTE.

JAUATHOCTHYECKAS XAPARKTEPUCTHERA
ELISA TECT-CUCTEMbBI OJIA
OITPEJEJEHHNA IIOBEPXHOCTHOI'O
AHTHUTI'EHA BUPYCA I'EIIATHUTA B

E.K.Kucenesa', JI. A. T'anosa?,
E.H. TIymaicl, T. IO. Tpoxumu?}cl,
B.T.Cepowk', H. 4. Cnusar?

1YAO «HIIK «[lnanpod-Mex» », Kues, Vrpanna
2MHCTUTYT MUK POGHOIOTHY ¥ BUPYCOJIOTUH
uMm. [1. K. 3ab6ororaoro HAH Ykpauns:, Kues

E-mail: ekiselova26 @ukr.net

ITenbio pab6oThl OBIJIO OIpeneseHUEe AUAa-
THOCTHUUYECKOM CIHOCOOHOCTH MMMYHOSH3UMHON
TecT-cucteMbl DIA-HBsAg (HIIK «duamnpod-
Men»), B KOTOpOIi MPUHIUN aHAJNX3a OCHOBAH
Ha OMOTHMHCTPENTABUAUHOBON aMOIU(PUKAINU
crnenuuyueckoro curuaiga. [[nariocTUKyM BBI-
asaaer 2-i1t MexxgyHaponusiil craagapt HBsAg,
cyorumn adw2, reaorun A (NIBSC, code: 00/588)
B KoHI1eHTpanuu 0,006 ME/mu, craugapr HBsAg
Capricorn (USA) cyoTuns! ad u ay — 0,006 Hr/mu
u 0,004 HTr/MJ COOTBETCTBEHHO.

ITpu ucciegoBanuu maHe u ckIBOpoToK PHA
106 M (BBI), 14 06pa3110B KOTOPOIi cOmepsKaT HI3-
Kue KoHmeHTpanuu HBsAg, TecT-cucTeMa BbISIBH-
JIa ero BO BCEX IT0JIOYKUTEIbHBIX ChIBOPOTKAX C BbI-
coxkuM cootHotrenuem OIl/cut off — 11,9-40,7.

ITo pesynbTaTam aHan3a NaHeJIUu CBIBOPOTOK
PHA 206 (BBI) ¢ pasauuHbIMU KOHIIEHTPAIU -
vmu HBsAg nuarsoctuyeckas CIIOCOOHOCTH TECT-
CUCTEMBI He yCTyIaJja ee 3apy0eKHBIM aHAaJIO-
ram — Roche COBAS u Murex HBsAg 3.0.

quarsocTUKyM KOPPEKTHO pasaeisii cj1aboIro-
JIOXKUTEJbHBIe 00pasIibl BepuUKAIMOHHON ITaHe-
au VHA 601 (BBI) — OII/cut off 21,0—-40,7 ot
orpunareabroro (OII/cut off — 0,4).

ITpu ucciaemosanuu 174 CEIBOPOTOK KPOBU C
KPOCC-PEaKTUBHBIMU KOMIIOHEHTaAMU HA T'ellaTUT
B mosryueH oiuH JIOKHOIIOJIIOKUTENBHBIN Pe3yib-
TaT npu aHaause 1 obpasiia u3 8 nuccaeT0BaHHBIX,
KoTopsIie comepaxanu IgM k HSV1/2. Coenuduu-
HOCTb TECT-CHCTEMBI II0 pe3yJbTaTaM aHaJIu3a
1177 nonopos cocrasuiaa 99,9% .

Knwuesvle cnoséa: WNMMYHOSH3WMHAas TeCT-
cucreMa, JUATHOCTUKA, TelaTUT B, aHaiIuTmue-
CKad U JAuarHocTuudeckKas UYYyBCTBUTEJIbHOCTD,
CIIeIIN(PUUHOCTb.
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INFLUENCE OF Cg(-FULLERENE AQUEQOUS
COLLOID SOLUTION ON LIVER AND PANCREAS
MORPHOLOGICAL STATE AND BLOOD
AMINOTRANSFERASES OF RATS
WITH EXPERIENCED ACUTE CHOLANGITIS
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Aim of the work was to investigate the suspended Cg,-fulleren effect on liver and pancreas
state under intraperitoneal and intragastrial administration on rat experimental cholangitis
model. Acute cholangitis was simulated by a single ingestion of a-naphthyl isothiocyanate —
ANIT. Cgo-fullerene aqueous colloid solution (C4zFAS, 0.15 mg/ml) was administered to
animals at a volume containing C4y-fullerene at a dose of 0.5 mg/kg body weight in 24 and 48
h after ANIT administration. After 72 hof the experiment, the animals were euthanized.
Blood serum ALT and AST activities were measured, the liver and pancreas states were
analyzed by light-microscopy level. It was found that intragastrial and intraperitoneal
administration of C4zFAS contributes to the correction of negative effects in the liver and
pancreas caused by the induction of acute cholangitis. This was proved by the normalization
of ALT activity, reduction of pancreatic parenchymal edema and liver fibrosis, and increased
blood flow in these organs. Application of C4FAS could improve the state of the liver and

pancreas under acute cholangitis in rats.

Key words: Cgy-fullerenes, acute cholangitis.

Primary sclerosing cholangitis (PSC) is
a chronic cholestatic disease characterized
by intrahepatic and extrahepatic bile ducts
inflammation,obliteration and fibrosis
[1], resulting in biliary cirrhosis, portal
hypertension and hepatic failure. The etiology
of PSC is unknown. Genetic predisposition
(in particular hla b8, dr3, drwb52) [2] and
environmental factors, including bacterial
and viral infections, are considered to be risk
factors. Most often this pathology is associated
with autoimmune diseases (primary biliary
cirrhosis, rheumatoid arthritis, autoimmune
hepatitis, systemic sclerosis, systemic
lupus erythematosus, cystic fibrosis) and
inflammatory bowel disease (70—-80% of cases).

PSC-prognosis is extremely unfavorable
due to following complications: portal
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hypertension accompanied by bleeding and
functional renal insufficiency (hepatorenal
syndrome), spontaneous bacterial peritonitis,
chronic cholestasis accompanied by weakness,
itching, steatorrhea, deficiency of fat-soluble
vitamins (A, D, E and K ) and osteoporosis.
Specific complications of PSC include bacterial
cholangitis (15-35%), cholelithiasis (25—
56%), chronic pancreatitis (20-23%) and
cholangiocarcinoma (6—18%). The survival
rate of patients in the last case does not exceed
12 months[1].

PSC-therapy is symptomatic and includes
medications for treatment itching and jaundice
(choleretics, sorbents), antibiotics (for the
treatment of infections), diet and vitamin
supplements, immunosuppressants and anti-
inflammatory drugs. The only effective method
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Fig. 1. Cgq fullerene (a), AFM image (tapping mode) of Cg, fullerene particles on the mica surface: arrows
indicates the height of individual nanoparticles (b)

for PSC treating is liver transplantation, but
PSC relapse after transplantation occurs in
15-20% of patients, and the 5-year survival
rate is only 66—72% [3].

PSC, as any inflammatory disease,
is accompanied with oxidative stress,
increased levels of lipid peroxidation
products and antioxidants deficiency.
Therefore, the use of the latter is promising
to correct at least the disease symptoms,
remaining, however, beyond the attention of
researchers. Numerous studies have shown
the anti-inflammatory effects of natural
antioxidants (vitamins, minor amino acids,
polyunsaturated fatty acids, plant extracts)
in vitro, but effectiveness of those in in vivo
systems is highly questionable. On the other
hand, artificial compounds, in particular
fullerene, have clearly defined properties and
are involved in a number of cellular processes
[4—-9], which determines their selective action
and a more pronounced therapeutic potential.
Cgo-fullerene can effectively scavenge free
radicals and thus act as antioxidants [10,
11], revealing anti-inflammatory properties
[12, 13].They are non-toxic in in vitro and
in vivo systems acting in physiological
concentrations [6, 8, 14] and are capable to be
accumulated in the liver [15]. The last makes
them very attractive for direct impact on this
organ. Thus, Cg,-fullerene may be considered
as potential therapeutics for effective
prevention and treatment of liver diseases
associated with oxidative stress.

Given the foregoing, the aim of the study was
to investigate the morphofunctional state of the
liver and pancreas in rats received suspended
Cgo-fullerene under a-naphthyl isothiocyanate-
induced acute cholangitis condition.

Materials and Methods

The studywas conducted on 32 white
outbred male rats with an average body mass
198 = 10 g, which were kept under standard
vivarium conditions. All experiments were
conducted in compliance with bioethics
principles, legislative norms and provisions of
the European Convention for the Protection of
Vertebrate Animals used for Experimental and
Other Scientific Purposes (Strasbourg, 1986),
General Ethical Principles for Experiments
on Animals, adopted by the First National
Bioethics Congress (Kyiv, 2001), and approved
by an institutional review committee (protocol
Ne 2 dated April 25, 2017, ESC “Institute of
Biology and Medicine” of Taras Shevchenko
National University of Kyiv).

Acute cholangitis was simulated by a single
ingestion of a-naphthyl isothiocyanate (ANIT,
Sigma, USA) at a dose of 100 mg/kg dissolved
in sunflower oil (total volume of 0.1 ml).
ANIT is a hepatotoxin which depending on
dose and duration of administrationcauses
liver damage, such as intrahepatic
cholestasis, acute cholestatic hepatitis,
sclerosing cholangitis, biliary fibrosis and
cirrhosis [16]. The mechanism of action of

67



BIOTECHNOLOGIA ACTA, V.12, No 1, 2019

this toxicant is associated with a specific
lesion of the epithelial cells of intralobular
bile ducts. Cholangiocytes’ injury causes
bile ducts obstruction with detritus or cells
excessive growth with subsequent sclerotic
degeneration resulting in bile flow stop and
periportal inflammation [16]. The systemic
result is blood serum and urine bilirubin
increase (mainly due to directbilirubin)
and serum aminotransferases and alkaline
phosphatase activity raise, which corresponds
to the biochemical manifestations of acute and
chronic sclerosing cholangitisin humans.

A highly stable pristine Cgy-fullerene
aqueous solution (CgFAS) with purity of
more than 99.95% has been prepared and
characterized according to [17, 18]. Briefly,
this method is based on transferring Cg,-
fullerene from organic solution into the
aqueous phase by ultrasonic treatment. The
maximal concentration of Cgy-fullerene in
water was 0.15 mg/ml. Themorphological
state of Cgo-fullerene in aqueous solution was
monitored using atomic force microscopy
and measurement of small-angle neutron
scattering (Fig. 1) [19]. Concentrated Cgy-
FAS contained both single Cg, moleculesand
their nanoparticles (aggregates) with sizes of
1.2-100 nm which is in agreement with our
previous results [17, 20].

Animals received C60FAS intraperitoneally
or intragastrially in a dose equal to 0.5 mg / kg
body weight Cg4-fullerene in 24 and 48 h after
ANIT administration. All manipulations
with the animals in comparison groups were
conducted similarly to the animals of the
experimental ones, including the appropriate
solutions administration. There were 4
experimental groups (n = 8): 1 — control;
2 —acute cholangitis; 3 — cholangitis and
CeoFAS intraperitoneal administration;
4 — cholangitis and Cg4FAS intragastrial
administration. Since the effect of C4)FAS on
healthy animals has been studied and described
in our previous studies [9, 21], we did not
include the description of groups of healthy
animals receiving CgzFAS in the current
manuscript.

In 72 h after the start of the experiment
the animals were killed by inhalation of CO,
and subsequent cervical dislocation.The
blood for biochemical analysis was collected
immediately after the sacrifice from the
femoral vein, left for 20 min to form a
clot and then centrifuged 8 min at 1000 g.
Activities of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were
determined in blood serum using standard
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reagent kits (Filisit diagnosis, Ukraine) and
expressed in pmol sodium pyruvate per ml of
blood serum per h.

The fragments of liver and pancreas were
harvested immediately after the sacrifice
and fixed in Bouin mixture for 14 days for
histological assay. Then, they were embedded
into paraffin, sliced into 5 m sections, stained
with hematoxylin and eosin [22] and examined
under the light microscope (Olympus BX-
41, OlympusEuropeGmbH, Japan). Liver
centrilobular and periportal zones, exocrine
and endocrine part of the pancreas were
assessed separately.

Statistical processing of data was carried
out using one-way analysis of variance
(ANOVA) with the Tukey post hoc test [23].
The difference between compared groups was
considered significant at P <0.05.

Results and Discussion

The yellowness of the peritoneum and
mucous membranes resulting from the
accumulation of bilirubin in plasma blood
and tissues, edema and liver granularity
suggesting the micronodular fibrosis were
observed atthe autopsies ofall animals
from the cholangitis group (group 2). On
liver micropreparations (Fig. 2, B) one can
see fibrotically alteredportal tracts with
surrounding cellular inflammatory infiltrate,
sites with violation of the parenchymal
limiting plate and portal-portal linking septs,
suggesting the acute cholangitis. Atrophic
and degenerative changes in the bile duct
epithelium and somebile ducts replaced by
fibrous cords (scars) were observed. Lymphoid
follicles and fibrotic loci were detected in
parenchyma. Also, thrombosis of some blood
vessels including central veins, sinusoids
dilation and a marked increase in the number
of leukocytes in vessels were detected. Blood
serum ALT and AST were higher than those in
control group (by 81% and 75% respectively)
(Fig. 3) indicating cytolysis of hepatocytes and
cholestasis, which may be the result of bile
ductsobstruction.

The pancreas of rats in this grouprevealed
significant structural changes (Fig. 4, B):
largeareas ofsecretory acinidestruction;
dystrophic changes of acinar tissue; cellular
and intercellular edema, which sometimes
caused the destruction of both individual
pancreatic cells and whole acini; cytoplasm
zonation loss in pancreatic cellsfrom
areas with destroyed structure. Observed
changes could indicate a violation of
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pancreaticexocrine parenchyma functional
state and the development of acute
pancreatitis. The gland microcirculatory
also underwent changes: there was a stasis
and sometimes expressed thrombosis of
small blood vessels, sinusoid hemocapillaries
dilation and sometimes microtrombosis.
The pancreatic endocrine apparatus
wasn’t changedsignificantly,pancreatic
endocrinocytes did not differ from control
ones.

In rats received C60FAS (groups 3 and
4) the jaundice of mucous membranes and
peritoneum was less pronounced compared
to non-treated animals (group 2), but liver
edema and micronodular fibrosis persisted
(Figs. 2, C, D). The area of the liver fibrotically
altered parenchyma was smaller compared
to non-treated animals, portal-portal linking
septsweren’t detected. However, necrotic
loci and loci of hypereosinophilic cells were
observedin fibrotically altered sites. Also
blood vessels overflow was markedly higher
compared to control, sometimes even blood
stasis occurred. Occasionally zones with
dark inclusions were detected, which might
be caused by Cg, fullerene accumulation. It
should be noted, that rats received Cg,FAS
intragastrially (group 4) demonstrated
significantly less expressedsigns of periportal
inflammation in comparison with those

Fig. 2. Micophotgraphs of liver

received Cg4oFASintraperitoneally (group 3).
Manifestations of necrosis in fibrotically
altered sites in this group also were less
common and less frequent compared to group
3. ALT activity was restored to control values
in rats received C4,FAS by both ways, although
AST activity remained unchanged (Fig. 3),
which mightindicate partial persistence
of cholestasis. Thus, C4FAS inhibited the
symptoms of acute cholangitis but did not
prevent hepatocyte cytolysis completely.

Blood stasis in small vessels, wall
thickening and edema of middle blood vessels
were revealed in the pancreas of animals
received C4,FAS (Figs. 4, C, D). The vast
majority of exocrine pancreatic cells had
a normal structure, although there were
occasional sites with signs of acinus dystrophy
and cells with cytoplasmic vacuolation. The
cytoplasm of most cells was clearly delineated
into basophilic and acidophilic zones, the
nuclei had a rounded form, indicating the
normal functional activity of the cells.
The endocrine part of the pancreas did not
undergo significant changes. However,
significantly greater interacinar edemawas
detected in animals received CgzFAS
intraperitoneally compared to those received
CeoFAS intragastrially. Summarizing, C4oFAS
contributed to mitigate of pancreatic injury
due to ANIT-induced acute cholangitis.

A ; a

ed with C6OFAS:

control (A), acutecholangitis (B), cholangitis+CgoFAS intraperitoneal (C) and intragastrial (D) administra-
tion. Hematoxylin-eosin staining, X100 magnification; the arrows indicate fibrotically altered portal hepatic
tracts with surrounding diffuse cell inflammatory infiltrate
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Fig. 3. Blood serum ALT and AST activities of rats experienced acute cholangitis and treated with CgoFAS:
control (1); acute cholangitis (2); cholangitis+CgoFAS intraperitoneal (3)
and intragastrial (4) administration;
*P <0.05 compared to control, #P < 0.05 compared to acute cholangitis group

One of the mechanisms involved in the
pathogenesis of PSC is an abnormal immune
response, which leads to the activation of
auto-reactive T and B lymphocytes and
the subsequent production of numerous
inflammatory mediators [24]. As a result,
the liver undergoes significant destructive
impacts of, in particular, excessive amounts
of bile acids (having detergent properties),
toxins, inflammatory mediators, autoimmune
complexes. This eventis the cause of oxidative
stress development [25]. Thus, patients with
PSC demonstrate significantly increased lipid
and protein peroxidation, cholesterol auto-
oxidation and downregulation of antioxidant
defense system [26—28]. In addition, ANIT-
induced liver damage in rats (a valid model of
human sclerosing cholangitis) is accompanied
by oxidative stressdevelopment and is widely
used to study hepatoprotective efficacy of
different compounds including ones possessing
antioxidant properties [29-31].

Biliary pathology is the most common
cause of acute pancreatitisand exacerbation
of chronic one. The main mechanism of biliary
pancreatitis is bile influx into the pancreatic
duct (due to the pressure difference in common
bile duct and pancreatic duct under the biliary
hypertension) with subsequent interactionof
bile with pancreatic enzymes and bacteria.
Hence, the release of bound bile acids and the
activation of pancreatic enzymes immediately
in the pancreatic duct systemoccur. As a
result, its protective barrier is damaged and
the parenchyma of the gland is affected.
Based on clinical and pathological studies the
association of PSC with pancreatic disease
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was proven [32], and the joint autoimmune
component of both diseases was noted [33].

Cgo-fullerene is a molecular form of carbon
having a spheroidal structure. Due to the
presence of n-conjugated double bonds between
hexa- and pentagonal structures on the
surface, Cgp-fullerene is capable to scavenge
reactive oxygen species (ROS) effectively
[4, 11, 14]. Its unique properties include
strong electron acceptor activityand high
polarization and hydrophobic ability, which
enables them to effectively bind free radicals
not only in the extracellular space, but also
penetrate into the cell [5, 10, 34]. Hence, Cgq-
fullerene are capable not only to scavenge free
radicals directly [10], but also to be involved
in the regulation of intracellular signaling
pathways associated with ROS overproduction
[4, 11]. An important feature of Cgy-fullerene
is its relatively low toxicity [11], non-
immunogenicity [4] and the ability to be
accumulated in liver [6, 15], which makes this
compound attractive for selective impacton
liver and treatment of this organ’s diseases
associated with oxidative stress. In addition,
the ability of Cgy-fullerene to suppress
colonic inflammation under systemic and
topical application and to correct its systemic
effects [9], to prevent the development of
toxic hepatitis [12] and to realize antitumor
properties [10] were demonstrated in many
studies.

One of the leading roles in the development
of autoimmune inflammation belongs to
oxidative stress. The last is accompanied by
a violation of the pro-and antioxidant balance
and overproduction of ROS and reactive
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Fig. 4. Microphotographs of pancreasof rats experienced acute cholangitis and treated with Cg,FAS:
control (A); acutecholangitis (B);cholangitis+Cg,FAS intraperitoneal (C) and intragastrial (D) administration.
Hematoxylin-eosin staining, x400 magnification; the arrows indicate acinar cellsedema andcytoplasm zona-
tion loss (B), interacinar edema (C), blood vessels overflow (D)

nitrogen species. The consequence is the
initiation of cell phagocytosis and apoptosis
leading to tissue damage and intracellular
autoantigensrelease, which in turn results in
the production of autoantibodies. In addition,
the oxidative modification of macromolecules,
in particular DNA, in apoptotic cellsleads to
the formation of new epitopes, which causes
the production of a wide range of polyspecific
autoantibodies and the escalation of the
autoimmune response process [34, 35].

As mentioned above, most researchers
suggest the autoimmune cause of PSC[36, 37],
therefore it is logical and reasonable to assume
the efficacy of antioxidant use for correction
at least the diseasesymptoms. Therefore, we
suppose that C4oFAS suppressed the symptoms
of acute cholangitis and pancreatitis precisely
because of its antioxidant properties. Indeed,
the only drug approved for the treatment
of PSC—-ursodeoxycholic acid—possesses
antioxidant properties and normalizes the
content of reduced glutathione in liver
tissue and blood serum by activating of
y-glutamylcysteinesynthase [38], which in
turn can cause a positive systemic effect
on the organism and particularly on the
pancreas. In addition, in our previous studies
we demonstrated the ability of Cgy-fullerene

to suppress lipid and protein peroxidation
and to upregulate the antioxidant enzymes in
liver under an inflammatory process in the
organism [9].

It should be noted that intragastrial
administration of Cgy-fullerene in a
dose of 10 mg/kg body weight causes
an increase of CYP 2B1 enzyme activity
in liver, reduces serum blood uric acid,
increases serum blood urea and enhances
the small intestinal wallpermeability for
macromolecules [39]. This can testify the
occurrence of some local and systemic
toxic effects of the chemical in case of its
ingestion. This fact might be an explanation
of more expressed positive effect of C4FAS
intraperitoneal administration on liver
and pancreascompared to intragastrialone.
In addition, incomplete absorption of Cg,-
fullerene in the gastrointestinal tract
might occur, and, correspondingly, a
lower dose of the compound enters into the
systemic circulation. This assumption may
be confirmed by the data of low absorption
of Cgp-fullerene from the gastrointestinal
tract [36] and by information of the
dose-dependent mannerof Cgy-fullerene
hepatoprotective activity when realized due
to their antioxidant properties [14].
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Consequently, C4oFAS when administered
intragastrally or intraperitoneally could
correct the negative effects of ANIT-induced
acute cholangitis on liver and pancreas. The
prove is the normalization of blood serum ALT
and diminishing of pancreatic parenchyma’s
edema and liver fibrosis.
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BIIJIUB BOJTHOT'O KOJIOITHOTI'O
PO3YUHY Cq,-dYJEPEHY HA
MOP®OJIOTTYHUM CTAH IIEYIHKH,
IITILJIYHKOBOI 3AJI03U
TA AMIHOTPAHC®EPA3HY
AKTHBHICTH CHPOBATKH KPOBI II[YPIB
3A TOCTPOI'O XOJIAHTITY
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MeToio poboTu OyJO OOCHIZUTU BIJIUB
Ceo-bynepeny Ha MopdoJsOTriyHNI cTaH MHediH-
KM Ta OiANIJIYHKOBOI 3aJI03U 3a iHTpamepuro-
HeaJIbHOTO Ta iHTparacTpaJbHOTO BBEJEHHSA Ha
MOJeJIi eKCIepUMeHTaJIbHOT'0 XOJaHTiTy ITypiB.
TocTpuit xonaHTiT BiATBOPIOBAJIM OJHOPA3OBUM
iHTparacTpaJbHUM BBeIEHHAM O-Ha(TUJI-i30-
riomianaty — ANIT. BogHuii KoJaoigHUNA PO3-
unH Cgo-dynepeny (CgFAS, 0,15 mr/mu)
BBOJUJIM TBapuHaM B 00’eMi, eKBiBaJeHTHOMY
kinmpkocTi Cgy-dyseperny Ha 0,5 Mr/Kr macu Tina,
uepes 24 Ta 48 rop micaa sBegenns ANIT. Uepes
72 rop IicJIs IoYaTKYy QOCIily TBapUH IIiAgaBaIu
eBTaHasii. ¥ KpoBi TBapMH BUMipIOBaIu piBeHb
AJIT ta ACT. Ileuiuky i migIIyHKOBY 34103y
aHaJidyBaJam Ha cBiTiaoonTuuHOMY piBHi. Bera-
HOBJIEHO, III0 iHTparacTpajJbHe Ta iHTPAIEepPUTO-
HeanbHe BBesleHHA Cgq FAS cripuse xopexrmii He-
raTUBHUX e(eKTiB y MeuiHIi Ta migmayHKOBii
3aJ1031, COPUYMHEHUX iHIYKI[i€I0 TOCTOTO XOJIaH-
rity. CBifueHHAM IILOTO € HOpMAJisallisg piBHA
akTuBHOCTI AJIT, 3MeHIIIeHHA HAOPAKY MMapeHXi-
MU TiAILIYHKOBOI 3a03u i hi6posy meuinku, a Ta-
KOXX IMOCUJIEHHA KPOBOHAIIOBHEHHS ITNX OPTaHiB.
3acrocyBanHa CgoFAS mosuruBHO BnimBae Ha
MOP@OJIOTIUYHUI CTAaH HMeUiHKMW i migmIyHKOBOI
3aJ103U y IIYPiB 3 IHAYKOBAHUM I'OCTPUM XOJaH-
riTom.

Karouwosi cnosa: Ceo-(pyaepeH, rOCTPUIL XOJAHTIT.
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BJIHUSTHUE BOJHOI'0 KOJIJIOUTHOTO
PACTBOPA Cg-®YJIJIEPEHA
HA MOP®OJOTHYECKOE COCTOSIHHUE
MEYEHH, IO KEJIY TOUYHOH sKEJE3DI
U AMUHOTPAHC®EPA3HYIO
AKTHBHOCTD CHIBOPOTKH KPOBH
KPBIC IIPM OCTPOM XOJIAHTHUTE
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ITenbro paboThl OBITIO MCCIAEAOBATH BIUAHUE
Ceo-bynnepeHa Ha MopdOJIOrnYECKOEe COCTOAHUE
IeYeHu U MO/PKe Iy I0UHOI JKeJie3hl IIPU NHTpalle-
pHUTOHeaJIbHOM U MHTPAracTpaJbHOM BBEJeHUU Ha
MOJeJU 3KCIePUMEHTAJIbHOTO XOJAHTUTA KPHIC.
OCTpBIA XOJIAHTUT BOCIIPOM3BOAUIN OSHOKPAT-
HBIM MHTParacTpajbHbIM BBeIeHUEM O-Ha(TUII-
unzotuonuanara — ANIT. BoagHbI#l KOJIIOUIHBIN
pactBop Cgo-bynnepena (CgqoFAS, 0,15 mr/mur)
BBOIUJIU KUBOTHBIM B 00hbeMe, 9KBUBAJIEHTHOM
koaudectBy Cgo-pysnneperna ma 0,5 Mr/Kr mac-
cuI TeJia, uepes3 24 u 48 u mocJe BBemernusa ANIT.
Yepes 72 u mocJie Hayaja OIIbITA JKUBOTHBIX IO/I-
Bepraju dBTaHA3UU IIyTeM I€PBUKAJIBHON JuC-
JIOKAIIUU II0CJIe aHecTe3uu. B KPOBU KUBOTHBIX
uamepsanu yposeHb AJIT u ACT. Ileuens u mona-
JKEeJIYZOUHYIO JKeJie3y aHAJIM3UPOBAJIU Ha CBETO-
OIITMYECKOM YPOBHE. ¥ CTAHOBJIEHO, UTO MHTPA-
racTpajbHOE U MHTPAIepUTOHeaJIbHOE BBeJeHIe
CeoFAS cmocobcTByeT KOppeKI UK HeraTUBHBIX
2 dEeKTOB B IEUYeHU U MOKeJYIOUHOU KeJe-
3e, BRIBBAHHBIX UHAYKIIUEN OCTPOTO XOJIAHTUTA.
CBUIETEIHECTBOM 9TOTO SABJIAECTCA HOPMAJIN3AI U
ypoBHs akTusHOCTH AJIT, yMeHbIIIeHe OTeKa IIa-
PEHXUMBI IO KTy IOUHOI sKeie3nl 1 hubposa me-
YeHU, a TAKKe YCUJIeHre KPOBEeHAIOJIHEeHU A 9TUX
opranos. IIpumenenue Cg FAS mosoxurenbHO
BJIMAET HA MOP(OJIOTUYECKOE COCTOAHUE TIEUEHHU
U TOAKeJIYIOUHOM KeIe3hbl Y KPbIC ¢ MHIYIIUPO-
BaAHHBIM OCTPBIM XOJAHTUTOM.

Knwuesvie cnoea: Ceo-QpynanepeH, OCTPBIH
XOJIaHT'UT.
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The aim of the work was to investigate the accumulation of butanol by Clostridium strain
producers using meshed green rape biomass as substrate. The accumulation of butanol by producer
strains was studied using rape as substrate in the doses of 5—30 g/1. The cells were precipitated in
an ultracentrifuge, the supernatant was distilled, and fermentation products were determined.
The presence of solvents in the culture fluid was determined by gas chromatography. The biggest
accumulation of butanol was produced by the strain Clostridium sp. IMB B-7570 on 2.3 g/1 mashed
rape biomass. The optimal inoculum concentration for maximum accumulation of butanol using
rape biomass was 10% of the volume of fermentation liquid. The greatest accumulation of butanol
(2.9 g/1) was obtained in optimal culture conditions and at 10 g/l dry rape biomass in the
fermentation medium. Thus, the present study showed that mashed rape biomass was assimilated
by Clostridium sp. strains. The accumulation of butanol depended on Clostridium strain, the

amount of inoculum, the concentration and degree of grinding of the substrate.

Key words: biobutanol, Clostridium, plant biomass, rape.

Lately, producing liquid organic
compounds from the renewable raw materials
such as plant biomass became a hotter topic
once again. Butanol (butyl alcohol) and
ethanol are among such compounds [1, 2]. A
significant amount of biomass is produced
in agriculture [3], which can be used as raw
materials for the bioconversion processes
[4]. Various microorganisms are capable of
growing on a substrate containing lignin and
cellulose, producing substances like butanol,
ethanol, acetone, etc. [5]. In a classic acetone-
butanol-ethanol (ABE) fermentation process,
the solvents are generated in a ratio of 3:6:1.
Butanol is accumulated in the culture fluid
if the concentration of sugar-containing
substrate is at least 2 % volumetric. That is
caused by the inhibiting influence of butanol
on the culture growth and development. The
solvent ratio changes if the culture substrates

contain lignin and cellulose. The butanol
concentration also changes, it depends on the
amount of available carbohydrate medium
(cellulose and hemicellulose) [6]. The aim
of present work was to study the butanol
accumulation by the producer strains of the
genus Clostridium on a substrate of rape raw
biomass.

Materials and Methods

The study objects were the strains
Clostridium acetobutylicum IMB B-7407
(IFBG C6H), C. tyrobutylicum IFBG C4B and
Clostridium sp. IMB B-7570 of the “Collection of
strains of microorganisms and lines of plants for
food and agricultural biotechnology” of the State
institution “Institute of food biotechnology and
genomics” of the National Academy of Sciences
of Ukraine (henceforth, Collection); green
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biomass of rape Brassica napus (National
Scientific centre “Institute of mechanization
and electrification of agriculture”, Ukrainian
Academy of Agricultural sciences). Samples
were cultured in flasks with liquid medium
or in Petri dishes. The chosen inoculum
medium was glycerol medium as follows
(g/1): glycerol (analytical reagent grade) —
20; yeast extract — 1.0; (NH,),SO, — 0.6;
(NH,),HPO, — 1.6; pH 6.5. The medium was
sterilized for 30 minutes at 1 atm and used for
accumulation and introducing standardized
doses of active bacteria to the fermentation
medium. The inoculum was cultured during
24 hours, the accumulation of bacteria was
evaluated by feculence of culture. After
fermentation, the remaining glycerol and
alcohol concentration were determined in
inoculum [7].

Microorganisms were cultured on solid
substrate in an anaerostat “AE 01” (Russian
Federation) under nitrogen atmosphere. The
anaerostat was placed in a thermostat at 35+10
°C. The rape biomass was dried at 30+10 °C
for 48 hr. The dried biomass was mashed in a
laboratory mill “Cyclone MSH 1” (Ukraine).
The fractions were measured (20, 60, 100, 150,
and 200 mesh) with “Millipore RETSCH sieve
shakers” meshes (U.S.A.). Moisture of the raw
material was evaluated with a RADWAG MA
50/C/1 (Poland) moisture analyzer. The major
components of rape biomass were identified
using the following normative protocols:
lignin [8], cellulose [9], moisture [10], protein
[11], hemicellulose [12]. To produce rape
biomass mash, 20.0 g of dry biomass were
added to 11 of water and sterilized at 2 atm for
2 hr. To determine the optimal concentration
of substrate, rape biomass mash was prepared
in concentrations ranging from 5 to 30 g/1 with
a pitch of 5 g/1. The inoculum was cultured in
500 ml flasks in 250 ml culture medium. The
flasks were stopped with concentrated sulfuric
acid plugs, weighted and kept in thermostats
at 35+10 °C. After fermentation (72 hr of
culturing) cells were precipitated using the
ultracentrifuge “Labofuge 400R” (Germany)
at 13000 rpm for 10 min. After culturing the
fermentation products were extracted from
the culture fluid. The presence of ethanol,
acetone and butanol in the culture fluid was
determined using gas chromatograph with
flame ionization detector. The 3 m column was
packed with carbowax 1500 on N-A-W-DMCS
Chromatone (0.20-0.25 mm), the column
temperature was 60+2 0C, the temperature of
oven 160+5 0C. The flow ratio of Nitrogen to
Hydrogen to air was 1:1:10.
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All experiments were performed in
triplicate. Statistical data analysis was
conducted using Microsoft Excel software.
Difference between two average values was
considered significant at P < 0.05.

Results and Discussion

The major components of rape biomass were
studied to find the potential Carbon sources
in it (Fig. 1). The major components of rape
biomass include: 31% protein, 27% cellulose,
and 3% hemicellulose. Other components
include 13% lignin, which was not assimilated
by microorganisms. The obtained results reveal
which share of rape biomass can be assimilated
by bacteria of the genus Clostridium.

Butanol accumulation was studied by the
producer strains IMB B-7570, IFBG C4B and
IFBG C6H cultured on a substrate of rape
biomass (Fig. 2). After the fermentation by
producer strains, three main ABE products
were identified in the culture fluid (acetone,
butanol and ethanol). It is shown that
butanol accumulation was the strongest (2.3
g/1) at rape biomass mash as substrate and
Clostridium sp. IMB B-7570 as the producer
strain. In that case, acetone was present in
low amounts (0.5 g/1), similarly to ethanol
(0.1 g/1). The IMB B-7570 strain was used in
further research due to its superior ability to
produce butanol on rape biomass substrate.

The effect of grinding the substrate to
various mesh sizes on butanol accumulation
was analyzed using rape biomass as substrate
and IMB B-7570 strain as butanol producer
(Fig. 3). It can be seen in Fig. 3 that butanol
accumulated in concentrations up to 0.1 g/1
if the rape biomass was ground minimally.
Butanol concentration in the culture fluid
increased with the level of grinding of the rape
biomass. The highest butanol accumulation

lignin
13%

protein

moisture
31%

10%

ash_
7% hemicellulose
3%

Fig. 1. Macrocomponent composition of rape biomass
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was observed at substrate ground to 200 mesh
(0.076 mm).

The obtained data reveal that the
accessibility of raw material increased with
substrate milling. That effect can be caused by
grinding decreasing crystal zones of cellulose
and increasing the amorphic zones which are
easily destroyed by enzymes. In bacteria of
the genus Clostridium the enzymes capable of
cleaving cellulose are part of the extracellular
multi-enzyme complex, cellulosome [6, 13].

The amount of cellulosomes is proportional
to the number of bacteria in the fermentation
medium. The number of bacteria in the
beginning of fermentation depends on the
quality and quantity of the inoculum. That is
why, for the standardization of the amount of
bacteria introduced into the inoculum, liquid
nutrient medium with water-soluble carbon
sources is used.

Thus, the effect of the concentration of
IMB B-7570 strain inoculum was studied on the
accumulation of butanol using rape biomass as
a substrate (Fig. 4). As a result, it was shown
that the concentration of inoculum introduced
into the fermentation medium significantly
influences the accumulation of butanol. It was
shown that the amount of produced butanol
increases proportionally with an increase in the
concentration of inoculum material from 5 to
10% of the volume of fermentation mixture.

Increasing the concentration of inoculum
to 15-20% caused the accumulation of

25
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Solvent's concentration, g/l

0,
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butanol to drop. Further increasing the
inoculum concentration in the fermentation
mixture, in general, inhibited the synthesis
of butanol in the medium. Inhibition of
the butanol synthesis under increasing the
inoculum concentration can be due to increased
accumulation of primary metabolites of
ABE fermentation (butyric, lactic and acetic
acids). The optimum concentration of the
inoculum added to the fermentation medium
was 10% . Then the largest amount of butanol
was accumulated, 2.5 g/1. Subsequent studies
were conducted at precisely that inoculum
concentration.

However, the concentration of inoculum
was not the only key factor in the accumulation
of butanol. Another important factor that
influenced the growth and development of
microorganisms and the ABE process was the
concentration of available carbon source. The
biomass of dried rape without seeds was used
as a carbon source.

We studied the effects of wvarious
concentrations of rape biomass in a
fermentation medium on the accumulation of
butanol (Fig. 5). The obtained data indicate
that the accumulation of butanol in the
fermentation medium increased proportionally
to in the concentration of rape biomass
(substrate) from 5 to 10 g/1. When the amount
of dried milled rape biomass increased from
15.0 to 30.0 g/1, the accumulation of butanol
decreased.

%
. *

C. acetobutylicum (IFBG C. tyrobutylicum IFBG C4B  Clostridium sp. IMB B-

C6H)

7570

producer strains

B butanol macetone M ethanol

Fig. 2. Accumulation of solvents by strains producing butanol while using rape as substrate
*Hereinafter: P < 0.05 compared to control, native medium used as control
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Our results indicate that increasing the
concentration of carbon substrate reduces
the bioavailability of the substrate. The
largest accumulation of butanol (2.9 g/1) in
the fermentation medium was obtained at a
concentration of dry milled rape biomass of
10.0 g/1.

Thus according to the obtained
results, pre-treated rape biomass was
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BIOMACA PIITARY (Brassica napus)
AK CUPOBHHA JJISI OTPUMAHHSA
BIOBYTAHOJY
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Metoto po6oTu O0yJI0 AOCTIAUTY HAKOIUUEH-
HA OyTaHOJY INITaMaMU-IIPOAYIEHTAMU POIY
Clostridium 3 BUKOPHCTaHHAM MOAPiOHEeHOI 3eJ1e-
HOI OioMacu pinaky Ak cyoctpary. {15 BUBUeHHA
HAKOIUYEHHs OyTaHOJIY IITaMaMU-IIPOAYIIeHTaMU
HaBajKKy 6ioMacu Bimbupaau BaroBUM METOIOM Y
miamasoui 5—30 r/n. Kaituuu ocagsKyBaau 3a 10-
TIOMOTOIO YIbTPAIleHTPU(PYTYBaHHA, CYIIePHATAHT
meperasjn Ta BU3HAYAJIN OPOAYKTU OPOMiHHS.
HasaBHicTh pOBUMHHUKIB Y KYJAbTYPaJbHIN pPiguHIL
BUBHAYAJIU 34 JOIIOMOT0I0 Ira30Boi xpomarorpadii.
Haii6inbIie HaKoIMUeHHA OYTAHOJY CIOCTepira-
Ju 3a Bukopucrtauud mrtamy Clostridium sp. IMB
B-7570 ta moxapi6buenoi 6iomacu pimary (2,3 /)
AK cyocTpary. ITokasamo, 1110 onTuMaJjJbHa KOH-
IeHTPAallis HOCiBHOTO MaTepianay A1 MaKCUMAaJIb-
HOT'O HAKOIMNUYEHHA OYyTAHONIY 3 BUKOPUCTAHHAM
6iomacu pimaky cramoBuyia 10% Bix 06’emy dep-
MeHTalliiHol pignuu. BuaBieHo, o HaibiabIe
HaKomuueHHA OyTanoay (2,9 r/ma) 6yao 3a onTu-
Mizarmii yMOB KYJbTHUBYBaHHS Ta KOHIlEHTpAaIlil
10 r/x cyxoi 6iomacu pinaky y dhepMeHTaIiiiHO-
My cepenoBuIli. TakuM dynHOM, ITPOBEEHI TOCJTi-
MKeHHs IToKasasu, 1Mo moapioHeHa 6iomaca pi-
maky acumigioBasnach mramamu Clostridium sp.,
HaKONHWUYEeHHA OYTAHOJY 3ajie)KaJyio Big mrTamy,
KiJIBKOCTI mociBHOTO MaTepianay, KOHIIeHTPAaIlil Ta
CTyIIeH:A MoAPiOHeHHA cybeTpary.

Knwuosi cnosa: 6iodyranon, Clostridium, poc-
JauHHa 6iomaca, pimak.
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ITenbro paboThI OBLIIO HMCCIELOBATH HAKOILIE-
HHue OyTaHOJa IITaMMaMU-IPOAYIleHTAMHU pPOJa
Clostridium ¢ ucmoJb30BaHWEM M3MeJbUYeHHOU
3eJIeHOII OMoMacchl pamca B KauecTBe cyocTpara.
I s ncciienoBaHuA HaKOILJIEHUA OyTaHOJIA IIITaM-
MaMU-IIPOAYIleHTAMU C MCIIOJNb30BaHMEM palca
HaBeCKy 0moMacchl OTOMPATIN BECOBBIM METOIOM B
nuanasone 5—30 r/x. KiaeTKu ocakaiu ¢ IoMo-
IIBI0 VJIBTPALEHTPU(PYTUPOBAHUSA, CYIIEPHATAHT
MePeroHsIN U ONIPee AN IPOIYKTEI OPOKeHNs.
IIpucyrcTBUE pacTBOpHUTEJiell B KYJAbTypasb-
HOM KUIKOCTU OIIPENEJIAIN C IIOMOIILIO Ta30BO
xpomartorpaduu. Hambosbiiee HaKomIeHUE OY-
TaHoJIa HAOJII0JAI0Ch C UCIIOJIb30BAHMEM IIITAM-
ma Clostridium sp. IMB B-7570 u usmenbueHoit
6uomaccsl parca (2,3 /) B KauecTBe cyocTparTa.
ITokasaHo, YTO ONITUMAaJIbHAS KOHIIEHTPAIIUA TI10-
CeBHOTO MaTepuaja IJsd MaKCUMaJbHOTO HAaKO-
IwIeHUA OyTaHOJA C MCIOJb30BaHUEM OMOMAacCChHI
pamca cocrasiasaa 10% or obbema depmMeHTA-
IIMOHOM KUAKOCTU. BBISIBIIEHO, UTO HAMOOJIbIIIOE
HakomnjJeHue 6yranosa (2,9 r/ma) Habamwganoch
IPU ONTUMUBAIUY YCIOBUIN KYJIbTUBUPOBAHUS U
KOHITEHTPAIINU CyXO0it 6moMacchl pamca y hepMeH-
rannonHoi cpene 10 r/x. Takum obpasom, IIpo-
BeJIeHHBIE VCCJIeIOBAHNUA ITOKABAIN, YTO U3MEJIb-
yeHHass OmoMacca palca acCUMUJIMPOBAJIACD
mramammu Clostridium sp., Ipu 3TOM HaKOILIe-
Hue OyTaHOJIa 3aBUCEJIO OT IIITaMMa, KOJUUYeCTBa
TIOCEeBHOT'0 MaTepuaja, KOHIEHTPAIUU U CTeIIeH!
u3MeJbUeHuA cyocTpara.

Knawuesve cnosa: o6uodyramon, Clostridium,
pacTuresbHasa buomacca, parc.
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The aim of the study was to investigate the level of estrogen (ESR1, ESR2) and progesterone (PGR)
receptors expression in the primary culture of endometrial multipotent mesenchymal stromal/stem cells
endometrial multipotent mesenchymal stem cells and during in vitro cultivation under different
athmospheric oxygen content. The dynamics of changes in the level of expression of the sex hormones
receptors in the primary culture and during cultivation under different oxygen content in the

athmosphere was shown.

Key words: human endometrium, multipotent mesenchymal stromal cells, expression of the
receptors to the sex hormones, estrogen, progesterone.

Currently the problem of the reproductive
function of the person violation is very relevant.
The endometrium plays a key role in the
implantation process of the embryo. The
uniqueness of the endometrium is not only in
the ability to cyclic self-renewal of the cellular
composition, but also in the ability to respond
to changes in the hormonal status [1-3].
Functional and structural maturity of the
endometrium is formed during the menstrual
cycle in conditions of dynamic fluctuation
of the level of steroid hormones of the
ovaries — estrogens and progesterone [4] .The
normal development of the endometrium and
changes during the luteal phase are key to the
successful implantation of the embryo [5, 6].
It is proved that determining the role
in implantation is played by not only the
concentration of steroid hormones acting on the
tissue-targets of the reproductive system, but also

the morphological structure and receptivity of the
endometrium, that is, the number of functionally
mature receptors for steroid hormones [7-11].

It is known that the concentration of
oxygen in the tissues of the body and the niche
of stem cells is much lower than atmospheric
20% . Hypoxia is one of the key factors that
negatively affects the viability of transplanted
cells and reduces their therapeutic potential.
In addition, the concentration of oxygen in the
atmosphere of the incubators during in vitro
cultivation can affect the morphofunctional
characteristics of cells in the culture.

The aim of the study was to investigate
the level of estrogen (ESR1, ESR2) and
progesterone (PGR) receptors expression
in the primary culture of the endometrial
multipotent mesenchymal stem cells (eMMSCs)
and during in vitro cultivation under different
atmospheric oxygen content.
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eMMSCs obtaining and cultivating

Endometrial samples (n = 5) were obtained
by biopsy in the proliferative phase of the
menstrual cycle from women with endometrial
hypoplasia. The age of patients was
34 = 3.3 years. In all cases, the voluntary
informed consent was signed. The fragments
of the endometrium were dissociated by
enzymatic treatment for 50 minutes in a
solution of 0.1% collagenase IA and 0.1%
pronase with the addition of 2% FBS (fetal
bovine serum). The resulting suspension of
cells was cultured in DMEM /F12 medium with
addition of 10% FBS, 2 mM glutamine and 1
ng/ml of FGF-2 (all — Sigma, USA) in multi-
gas incubators at 37 °C, absolute humidity,
5% CO4 and 5% and 20% concentration of O,.
eMMSCs were selected as a cell fraction that
adhered to the plastic after 24—48 hours after
transferring the suspension to a culture vessel.

qRT-PCR

Total RNA was isolated from cells using
TRIzol reagent (Sig ma-Aldrich, St. Louis,
MO, USA) according to the manufacturer’s
protocol. Two ng isolated RNA were reverse
transcribed to cDNA with RevertAid Reverse
Transcriptase, RiboLock RNAase Inhibitor,
and Oligo (dT) 18 anchored primer (all Thermo
Scientific, USA). qRT-PCR was performed
using Maxima SYBR Green/ROX qPCR
Master Mix (Thermo Scientific, USA) on a
sequential detection system 7500 (Applied
Biosystems, CA, USA) and analyzed by 7500
System SDS Software (version 1.3.1).The
sequence of primers used in this study and
PCR cycling conditions are listed in S2 Table.
Expression of the TATA-box binding protein
(TBP) was used as an endogenous control for
standardization. Ct values were determined
for the internal control (TBP) and the test
genes at same threshold level in the PCR
curves of the exponential phase. Relative
quantification (comparative Ct (ddCt) method)
was used to compare the expression level of
the tested genes with the internal control and
was represented in relative units. Dissociation
curve analysis was performed after each run
to check the specificity of the reaction. Three
reactions (each in triplicate) were run for each
gene, and the standard error of mean was
calculated.

We have shown that cell populations
derived from a minimal human endometrial
biopsy were in line with the minimal criteria
for the determination of MMSCs proposed
by the International Society for Cellular
Therapy [12]. The cells in culture were
adhered to plastic under standard cultivation
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conditions and expressed at high levels of
CD90+CD105+CD73+, in the absence of
expression of hematopoietic markers CD34-
CD45-HLA-DR-. Also, eMMSCs possessed the
ability to direct trilinear differentiation in the
adipo-, osteo- and chondrogenic directions,
with the acquisition of the corresponding
morphofunctional features [13].

The level of estrogen and progesterone
receptors expression was determined in
primary cultures, as well as in the course of
cultivation over several passages (PO, P1, P3,
P5) with 5% and 21% of O, content in the
atmosphere.

The results of the ESR-1 expression
level study are shown in Fig. 1. The level of
estrogen-1 receptors expression (ESR1) during
the cultivation was dynamically varied. In
the primary culture of eMMSCs during PO,
there was a significantly higher expression
level of ESR1 under cultivation with 5% O,
in the atmosphere, but this tendency was
not maintained. An increase in the level of
ESR1lexpression at oxygen content of 21% was
observed already during P1. Subsequently, the
level of expression was aligned and decreased
in both groups of comparison.

The results of the ESR2 expression level
study are presented in Fig. 2.

In the primary culture of eMMSCs
during PO, the expression level of ESR2
was also higher in cultivation with 5% of O,

ESR1
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Y- Y-F- Y- Y- Y- Y- Y- Y-T-Y-Y-Y-¥-Y-T-7¥-
848

oW

H *k dek %%k **,# **,#

5% 20% 5% 20% 5% 20% 5% 20%
PO P1 P3 P5

Fig. 1. Expression of ESR1 estrogen receptor
of eMMSCs in 20% and 5% O, cultivation
with respect to the TBP household gene:

* P < 0.05 in comparison with 5% of O, of corre-
sponding passage;

#% — P <0.05 compared with 5% of O, during PO;
# — P <0.05 compared with 5% and 20% of O,,
respectively, during P1, P3
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in the atmosphere. The tendency towards
equalization during cultivation was also
maintained. It should be noted, that in contrast
to the stable low expression of ESR1 in both
groups during P5, an increase in the expression
level of ESR2 in this passage was observed. It
should also be noted that the cultivation of
eMMSCs at 20% of O, during P5 results in a
significant increase in the expression level of
ESR2 compared to the primary culture and
earlier passages.

Fig. 3 shows the results of the study of
the expression level of eMMSCs progesterone
(PGR) during cultivation.

The highest values of the level of the
receptor to progesterone expression were noted
in the primary culture of eMMSCs during
cultivation with 5% of O, in the atmosphere.
There was a tendency to decrease the expression
of PGR in both groups during cultivation.
There was no significant difference between
the groups during P1, P3 and P5. However,
the level of PGR expression in the primary
culture during PO was significantly higher
when cultivated with 5% than 20% of oxygen
in the atmosphere.

It should be noted that the level of estrogen
and progesterone receptors expression differed
in cultures depending on the donor.

Given the results of numerous clinical
studies, the need to support the ART programs
in the luteal phase with progesterone is
beyond doubt. The glandular component of
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Fig. 2. Expression of the ESR2 estrogen receptor
of eMMSCs in 20% and 5% of O, cultivation with
respect to the TBP household gene:

* — P <0.05 in comparison with 5% of O, of corre-
sponding passage;

#*% — P <0.05 compared with 5% of Oy during PO;
# — P < 0.05 compared with 5% and 20% of O,,
respectively, during P1, P3

the endometrium is extremely sensitive to
the action of progesterone and reacts in the
first half of the luteal phase. The stromal
component is less sensitive, reacts in the
second half of the luteal phase and requires
higher levels of progesterone.

It is known that estradiol and progesterone
are the only hormones that are necessary to
achieve the receptivity of the endometrium.
Hormonal profile in DRT programs has
features: too high levels of estradiol in the
stimulation phase and before the prescription
of a trigger dose of chorionic gonadotrophin,
a sharp fall in estradiol levels after oocyte
aspiration, lowered levels of progesterone
in the luteal phase of the program. Due to
clinical trials in different countries, it has been
established that estradiol may not be added in
the luteal phase in donation programs, but
there is not enough data to suggest that this
does not negatively affect the receptivity of
the endometrium, the frequency of pregnancy
and miscarriage.

Today, in clinical practice, the
physiological levels of estradiol in the luteal
phase are simulated and it is traditionally
added to treatment regimens. Obviously, it
is necessary to develop more precise criteria
for the prescription of estradiol. One such
criterion may be the ratio of the concentration
of estradiol and progesterone, it is a better
indicator than just the concentration of
these hormones in blood plasma. However,

PGR

*
>
T 0.05- I-I I_l * ok
e
0.00 T T T T
5% 20% 5% 20% 5% 20% 5% 20%
PO P1 P3 P5

Fig. 3. Expression of the PCR progesterone recep-
tor of eMMSCs in 20% and 5% of O, cultivation
with respect to the TBP household gene:

* — P < 0.05 in comparison with 5% of O, of cor-
responding passage;

#% — P <0.05 compared with 5% of Oy during PO
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the concentration of hormones in the blood
plasma does not provide exhaustive answers,
because the presence of the hormone does
not indicate its likely work, because for this
purpose, the maturity of the target tissue and
the willingness to respond to the stimulus are
needed. That is why the study of the dynamics
of vibration of receptors for hormones in
eMMSCs in vitro is a promising field of study,
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MeToio poboTu OyJi0 mOCHiguTH pPiBeHb
ekcmpecii permenTopiB mo ectporernis (ESRI1,
ESR2) Tta mporecrepony (PGR) y mepBunmiit
KYJIBTYPi eHJoMeTpialbHUX MYJIbTUIIOTEHTHUX
Me3eHXiMaJlbHUX CTPOMAJbHUX/CTOBOYPOBUX
KJITHUH i BOIPOJOBIK KYJIbTUBYBAHHA in vitro 3a
pisHOro BMicTy KucHIO B atmocdepi. ITokazano
IUHAMiKy 3MiHU piBHA eKcIpecil pemnenTopis
IO cTaTeBUX TOPMOHIB y MEPBUHHIN KYJAbTYpi
Ta IPOTATOM KYJbTHUBYBAaHHSA 3a PiBHOrO BMicCTy
KHCHIO B aTMocdepi.
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€CTPOTEH, ITPOTEeCTEPOH.
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3araapHa indopmaiis

Kypuan «Biotechnologia Acta» mydIiKye pe3yabTaT HAYKOBUX JOCITiIMKEeHb 3 PisHUX HANPSAMIB CydacHOl
6i0TexXHOJIOTI1, OTJIsAIOB1, eKCIIePUMEHTAIbHI CTaTTi, HOBi METOAUKY, KOPOTKI MMOBiJOMJIEHHS i CTATTi, IPHUCBIUCHI
icTopii 6ioTexHOIOTII, a TAKOK COITiaJIbHUM, ITPABOBUM, MOPAJIBLHUM i eTMUHUM IIpo0JIeMaM ITiel raaysi HayKu.

CraTTi B :KypHaJ MPUAMAIOTHCA YKPAiHCHKOIO, POCifiIChKOI0 Ta aHTJIiNICBKOI0 MOBaMU, MyOJIiKYIOThCS
AHTJIiNCHKOIO Ta CYIIPOBOIKYIOTHCA iIeHTUYHN MU 32 3MiCTOM Pe3i0Me POCiiChKO0I0 Ta YKPaIHChKOIO MOBAMU.

Bioetuuni HopMu

+KypHas opieHTyeThCcA HA TpaBUjIa, PeKOMeHI0BaHi EBpOmeiichbK0I0 KOHBEHITI€I0 IIPO 3aXUCT XPeOeTHUX
TBapuH, IO BUKOPUCTOBYIOTHCA MJIS AOCHITHUX Ta iHIMUX HayKoBux Iijedt (Ctpacbypr, 1986), a Takox
MixxkHapogHuM KoMiTeTOM pemakTopiB Mmegnunux KypHaaiB (ICMJE).

VYeci mpouenypu B eKCIepEMEHTAX i3 3aJyUeHHAM JIa0OPATOPHUX TBApUH, OyAb-IKUX MaTepiaJis is
opraHismy JoauHu abo 3a y4acTio JOHOPiB i/a00 marieHTiB MOTPiOHO IMPOBOAUTH, KEPYIOUUCh HOPMaMU
Gioetuku. ONMUCYIOUN €KCIIEPUMEHTHU 3 Ja00paTOPHUMU TBapUHAMM, CJiJ 3a3HAUNTH, AKUX PEKOMeHIAIlii
II10/10 po6OTH 3 TBapUHAMU (MiCIIeBUX, HAIIIOHAJIbHUX ) JOTPUMYBAJINCEH IIiJ Yac IPOBEeAeHH ITUX IPOIeayp.

OcHOBHI BUMOTH 10 cTaTeil: HOBU3HA U OOI'PYHTOBAHICTh (PAKTHUHOTO MaTepianay, BiATBOPIOBaHIiCTH
eKCIePUMEeHTAJbHUX NAaHUX 34 HaBeIeHHMU MeTonaMu, o()OPMJIEHHS PYKOIIMCY BiAMOBiZHO M0 IIpaBUI
sKypHany «Biotechnologia Acta» njis aBTOpiB.

ITomanusa crarri

Hazgcunatu Ha eJIeKTPOHHY IOIITY pefakiiii biotech@biochem.kiev.ua:

« IloBHHUII TEKCT CTATTi, BKJIIOUAIOUN PE3I0OMe TPhOMAa MOBAaMM, TAOJUIl, PUCYHKH i IMiANINCH 4O HUX,
posMiIleHi B MOPAAKY 3raflyBaHHs B TEKCTi, a TAKOXK CIUCOK JiTeparypu. Lle#t daiiu ciig HazBaTu
3a npisBuiriem nepiroro asropa (family name.doc).

+  Kouaboposi imrocTpairii.

«  Imdopmariro npo aBTOpiB: mpi3BuUIlle, iM’A, 10 6aTHKOBI (IIOBHICTIO) KOYKHOI'0O aBTOpA, iXHi mocaau,
HAYKOBi cTymeHi Ta 3BaHH#A, TeaedoH (i3 3a3HaueHHAM KOAy Micra), e-mail, micie poGoTu Ta
TOIITOBA aJjpeca yCTaHOBU aHTJINCHhKOIO, YKPalHChKOIO Ta pociificbkoio moBamu. Ila indopmariisa
moTpidHA M1 KOPEeKTHOTO iHJeKCYyBaHHA cTaTell y BiIIOBiAHNX MiskHapOOHUX 0asax JaHUX. Byab
JIacKa, 3a3HauTe aBTopa IJIA JUCTYBAHHSA, BKAa3aBIIH 0T0 KOHTAKTHHIHN (MOOiIbLHMIT) TeaedOoH.

- JloroBip mpo mepegauy aBTOPCHKUX IPaB, KU HaOyBae YMHHOCTI JIUIIE Micasd IPUHHATTA CTATTL
mo npykry. Komma uactTuHa myOsikariii He Moske OyTHM BUKOPHCTAHA 3 KOMEPIIHHOI0 MeTo 0e3
IO03BOJIY PeJlaKILii. ¥ pasi BiAXujIeHHs CTaTTi peIKOJIerielo JKypHaly JOroBip aBTOMaTUYHO BTpPavyae
cuay. Ilizmmucamasa ToroBOpy aBTOPOM (aBTOpaMm) o3HaUAaE, 110 BiH (BOHM) 03HAOMJIEH] Ta 3TOHI 3
yMOBaMH4 IOTOBODPY.

OdopmaeHHs pykomucy

Pedaruis 3anuuiae 3a cob6010 npago nogepmamu HenpasuibHo 0oOpMIeHUIL pyKonuc 6e3 peecmpauyii ma
po3eaady 6 pasi 8i0mosu agmopis doogopmumu iLozo.

aTor oTprMaHHA PYKOINUCY BBAKAETHCA JaTa HALXOAKEeHHA OT0 OCTAaHHBO1, IPABUJIBHO 0(DOPMJIEHOT
Bepcii 10 pegakiii.

Marepianu ciaimg mogasatu y ¢opmari, 1o migrpumyerbesa Microsoft Word, kHM:kKOBOI opienTarii,
mpudpTom Times New Roman, 14 kerisb, oJayTOPHUI MisKPASKOBUI iHTEepBAaJ.

Ob6car pykomucy (y ToMy uwMcai TabauIli, CHOMCOK IIMTOBAHOI JiTepaTypu, PUCYHKHM Ta IIif-

OKUCHU [0 HWX) He IOBUHEH IePeBUINyBaTU: A oraamoBux crateii — 30 cropinok (60 Tuc. sHa-
KiB), mia excmepuMmeHTadbHUX — 20 crop. (40 THmc. 3HAKIB), Mg KOPOTKUX MOBiOMJIeHb — 8 CTOp.;
obcar pucyHkiB — 1/4 o0cary crarri. CropiHkm wMaoTh OyTu i3 CyIiJIBHOIO HyMepalli€elo,

BKJIIOUAIOUM TaOJIUIli, CIIMCOK JiTepaTypu, IIiAINCU OO0 PUCYHKiB, pe3iome Toiio. Tabmuili, puUCyHKH
i migmucw Mo HUX CJiJ POSMIIITyBaTH B IMOPAAKY 3TaAyBaHHA iX y TeKcTi. BoHM MOBHMHHI MaT! 3aroJIOBOK
i mopagkoBuit Homep. [IpuMiTKY 10 TAGIMIL PO3MIIITYIOTE Oe3mocepeiHbO mig HuMu. He MoskHaA ny0a0BaTH
OIHi #1 Ti cami pesysbTaTy B TAOIUIAX i HA pucyHKax. SIKIMO y cTaTTi MicTaThea iocTparii, ony6aikoBaHi
iHIMIUMK aBTOpPaMM, ABTOP PYKOMMCY 3000B’SI3aHMI HaJaTH peJaKilil JOKYMeHTaJbHEe MHiJTBepI KeHHS
JIO3BOJIY HAa BUKOPUCTAHHS ITMX 1JII0OCTPAaIlill Biff BIaCHMKA aBTOPChKUX IIPAB.

Pucyuku, 1o ix HaBeieHO B HOBHOMY TEKCTi, IIOTPiOHO JOIAaTKOBO IIOJJATH B €JIEKTPOHHOMY BUTJIAAL Y (hopMmaTi
*.jpg abo *.tif. [lna orysamiB i ekcriepuMeHTAIbHUX CTaTel MOIyCTUMO He Oijbllie 6 PUCYHKIB; AJIA KOPOTKUX
TOBiToMJIeHb — He OijbItte 4. ITigmucy 10 pUCYHKIB He BKJIIOUAIOTHLCS B CAM PUCYHOK i ITOAAI0THCSI OKPEMO.
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Author rules

Pykommc crarti 000B’s3KOBO MijgyArae IOABIHHOMY AaHOHIMHOMY DEIeH3YBAHHIO IIPOBITHUMU
crelfiajgicraMu y BiamoBigHil ramaysi.

Crpykrypa craTTi

OdopMiAOYY CTATTIO, CJIiJ JOTPUMYBATHUCA TAKOI ITOCJIiZOBHOCTI:
+ Tumynvna cmopinka

« Cmpyxkmypoeani pesrome (TpboMa MOBAMH)

+ Texem cmammi

» ITogaxku

« Hani npo (hiHaHCOBY MiATPUMKY

« Jlimepamypa.

Tumynvna cmopinka:

VIK;

3aroJIOBOK CTATTi;

aBTOpU: IIPi3BUIllA Ta iHiIiaam Bcix aBTOPiB;

HasBa Ta MOIITOBA aJpeca yCTaHOBU, B AKili IpaIioe KOKeH aBTOD;
e-mail aBTOpa 1A TUCTYBaHHA.

30201080k cmammi Mae 0yTH KOPOTKUM (He 6inbirte 8—10 3HauyImux cjaiB), iHGopMaTUBHUM, MiCTUTH
KJIIOUOBi cjioBa I TOUHO BimoOpaskKaTu 3MicT cTaTTi. ¥ IepeKJaji HasB cTaTell aHTJIiICBKOIO MOBOIO He
TOBUHHO OyTH *KOTHUX TpPaHCJIiTepalliii 3 ykpaiHchbKoi a00 pocifichKoi MOB, OKpPiM BJacHUX iMeH, IO He
epeKJIalaloThCsA, Ha3B IPMJIaLiB, HaliMeHyBaHb QipM. Ile TaK0K cTOCY€ETHCA Pe3ioMe i KJII0UOBUX CJIiB.

IIpizeuuia aemopie craTell IOKAIOTHCA B OAHIN 3 IPUAHATIX MidKHAPOAHUX CUCTEM TpaHcaiTeparii. o
omnmcy MOTPiGHO BKJIIOUATH BCix aBTOpiB. SIKIMO aBTOPiB MeKijNbKa i BOHM IPAIOIOTh Y PiBHUX yCTAaHOBAX,
CJIiI TTO3HAYUTH ITi ycTaHOBU apabcbkuMu nudpamu (iHgeKcamm).

Haszea ycmano8u aHTIINCHKOI0 MOBOIO: BCi 3HaAuymli cjoBa (KpiM apTUKJIIB i mIpuUiiMEeHHUKIB) —
3 BeJIMKO] JiTepu.

Pesrome:

Pesronme o6carom mo 1500 3HakiB (3 mpobiaMu) MicTUTh:

e  3aroJIOBOK CTATTi;

e TIpi3BUINA Ta iHiIiasu BCix aBTOPiB;

e  TEKCT pe3ioMe eKCIIepUMeHTAJbHUX CTATel Ma€ OyTH CTPYKTYPOBaHUM i 000B’ A3K0BO BUCBiTJIIOBATH

MeTy, METOAY, Pe3yJIbTaT!, BUCHOBKHU.

e  KJIIOYOBi cyioBa (He OijbIlle gecaTn).

Kpim Toro, B pesrome HEOOXiTHO:

* MOSICHUTH, AK IPOBOAMIU AOCIiIKEeHHA, 3a3HAUWBIIN, 30KpeMa, fAKi BUKOPUCTOBYBAJIU MOJIENi

¥ oprauismu, 6e3 MEeTOAMYHUX IIOAPOOUILE;

* KOPOTKO MOBIJOMUTH IIPO HAWBAKJIMBIIIIL OTPUMAaHi pe3yabTaTH Ta iX 3HaUeHHH.

Pesrome He TOBUHHI MicTuTHI:

* IIOCWJIAHHA Ha JIiTepaTypy;

* CKOpoueHHsA (OKPiM 3aTaIbHONPUNHATHUX).

Texcm cmammi

B excrepuMeHTAIBHUX CTATTAX MaIOTh OYTH TaKi po3aiam: BeTyI (0e3 3aroJI0BKa); MaTepiaau i MmeToau;
pesyJbTaTi Ta 0OTOBOPEHHS; BUCHOBKMU.

V¥ BeTymi 00T PYHTOBYETHCA aKTYaJbHICTh Ta (POPMYIIOETHCA METa JOCIi3KEeHH .

MeTom abo0 MEeTOmOJIOTi 0 ITPOBEIeHHA POOOTH AOIiIHHO ONTMCYBATH B TOMY Pasi, SKII0 BOHU Bi3HAUAIOTHCA
HOBU3HOIO.

Ha saranbHOBiZoMi MeTomu mocTaTHBO AaTu IocuaaHHs. OAuHUI (PisMUYHUX BeJIMUYNH HABOIATH 3a
Mixxkunapomuoto cuctemoio CI. AMiHOKMCIOTH TO3HAYAIOTH CKOPOUYEHO CHMMBOJAMU 3 TPHOX JIATUHCBKUX
O0ykB abo B ogHoOyKBeHOMY (popmati FASTA. SamicTh TepMiHiB «0iT0K» i «(hepMeHT» BUKOPUCTOBYBATHU
«IIpoTeiH» Ta «eH3uM» . HasBu eH3uMiB i ixHi mudpu HABOIATH 3rifHO 3 peKoMeHaaniamMu MiskHapOJHOTO
Oioximiunoro toBapuctBa (Enzyme Nomenclature. Imdopmaris ma caiiri http://www.chem.gqmul.
ac.uk/iubmb/enzyme/). Heobximmo 3asmauaTu HasBu (ipM-BUPOOHUKIB peakTuBiB i mMmarepiaiis,
10 BUKOPHCTOBYBAJINCH y AOCTifaxX, 3 IMOoCcHJIAaHHAM Ha Kpainy. O00B’sa3K0BO BKas3yIOTh BHUJ, IIOPOAY,
JiHifo, KiMbKicTh TBapuWH i MeToxu 3HeOOJMIOBAaHHA Ta eBTaHasii. [locToBipHiCTh JaHMX MO3HAYAIOTH TAK:
* _ P<0,05.

Vei kinpkicHi gani mOTPE6YIOTH cTaTHCTHYHOI 06pO6KH. Ii pesyapTaTH CIif mOAABATH Y BiAmOBIZHMX
TabJIUIAX i pUCYHKAaX.
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JlaTuHCBHKI Ha3Bu poAy i BUAY opraHisMiB moTpi6bHO BUAIIATH Kypcusom. Ilpu mepiioMy sragyBaHHI
HaBOJATH NHOBHY BUIOBY Has3By (0askaHo i3 3as3HaueHHAM aBTOpPa TAKCOHiIB), a IPU IIOBTOPHOMY —
HaliMeHYBaHHsS POy MOJKHA IIO3HAUUTU CKOPOUEHO OAHi€I0 OYKBOIO, AKINO HE HAeThCA IIPO BUIU, IO
HaJIeXKaTh 40 Pi3HUX POJiB 3 0AHAKOBOIO IIEPIIIOIO JiTepoio. To/li BUKOPUCTOBYIOTH CKOPOUEHHS 3 IEeKiTbKOX
Jitep, Hanpukaan Staph. aureus, Str. lactis. JlJaTuHChKi Ha3BU TaKCOHIiB HABOAATH BiAMMOBiAHO 40 cyuacHOI
cucrematTuku. Ciif BUKOPUCTOBYBATH TiJIbKM 3arajJbHOIPUNHATI CKOPOUYEHHA Ha3B Mip, (isnuHmX,
xiMiuHEX i MaTeMaTUYHUX BeJUUYMH i TepMiHiB, yci iHIIi cKopoueHHs MOTpiOHO posmiudpoByBatu. He
BapTO HABOAUTU CKOPOUEeHHA (KPiM 3araJbHOBIZOMUX) y TAOMUIAX i B MiATIMCcax G0 PUCYHKIB.

OOroBOpeHHA 3aBepHIYETbCA (OPMYJIOBAHHAM BUCHOBKY, B SKOMY IIOTPiOHO ZAaTW KOHKPETHY Bif-
TMOBib Ha MUTAHHS, IOCTABJEHE ¥ BCTYIi. ¥ pasi BUKOPUCTAHHSA iJTIOCTpalliil i3 muToBaHUX MyOJiKaIliit
000B’A3KOBUM € He TiJIbKU IIOCHJIAHHSA Ha AKepeJso iTrocTpaliii, a i ;o3Bia iXHIX aBTOpiB Ha myOIiKaIliio
(3a3BUuaii TaKkMii 3aIUT poOUTHCA uepes [uTepHer). HanpukiHIli cTaTTi BUCIOBIIOETHCA MOAAKA IPUBATHIM
ocobaM, CIiBpoOITHMKAM yCTaHOB i (pOHAIB, AKI COPUAIN IPOBEAEHHIO MOCTiAMKeHb i miAroToBIi cTaTTi,
a TaKO’K BKa3yIOTheA M:Kepesa (hiHaHCcyBaHHA POOOTH.

PesynbratTu pobGoTH CJif omHMCyBaTH TPAHWYHO TOYHO Ta iHMOPMATHUBHO 3 HaBEeJEHHIM OCHOBHUX
hakTUYHUX TaHUX, BUABJIEHUX B3a€MO3B’ A3KiB i 3aKOHOMipHOCTE!T, YHUKAIOUHU IX IIOBTOPEHHA V TAOJIUIIAX.
Cuaizx BKasaTu MesKi TOUHOCTI ¥ HaZiliHOCTI JaHUX, a TAKOK CTYIIiHb IX OOTPYHTYBaHHA.

BucHoBKU, chopMyabOBaHI HANPUKIHII cTaTTi, MOXKYTH CYIPOBOIKYBaTHCA PeKOMEHIaIliaMH,
OIliHKaMU Ta IPOIIO3UIiAMH.

Jimepamypa (References) HaBOOAUTHCA B NOPAAKY LUTYBaHHA IJKEpeJ y TEeKCTi i mo3HavaeThcs
mudpamMu y KBaApaTHUX AY:KKax. BUKOPHCTAHHSA TileprocuJaHb y COUCKY JiTepaTypu HeIpPUIIyCTHUMO.
OCKiNBbKY :KypHAJ MPUAHATO I iHIeKCYBaHHSA MijKHapOAHUMU 6asdaMU JaHUX, CIIMCOK JIiTepaTypu CJIim
moJaBaTH [0 PeNaKIlii 7BoMa OKpeMUMHU GJIOKaMM:

Bnox 1 (JlitepaTtypa) — COUCOK JiTepaTypu MOBOIO OPUTiHATY.

Bnox 2 (References) — Toil caMuii CIMCOK JiTepaTypu, B AKOMY BiKe MIiCTATHCA IMOCUJIAHHSA Ha
inosemHi mxepesna. I[locunanusa KUPUIINIIEIO TOTPiGHO ITOogaBaTH 3a POMAHChKUM (JIaTHHCHKHUM) aji(paBiToM.
ITpisBuIa aBTopiB, Ha3BM KYPHAJIIB ITOJAIOTHCS 3TiTHO 3 OJHI€I0 3 MisKHAPOAHUX CHUCTEM TPaHCJIiTeparlii.
Hassu craTeil y mocuaaHHAX 000B’ A3K0BO MAlOTh OYTH MepeKJIafeHi aHT IificbKOI0 MOBOIO.

ABTOpu HecyTh MOBHY BiAIOBiZAaJIbHICTL 3a KOPEKTHICTh HaBeAeHHA mepirnomiepesa. Caig murysaTu
TiTbKY Omy0JIiKOBaHi I IETKOJOCTYIIHI AJIA YNTAUiB MaTepiajau: cTaTTi, KHUTH, MaTepiaau KoHdepeHIiii,
nucepraiiii, mareHTu. Ha HeonmyOJiKOBaHiI MaTepianm IOCHJIATHUCA He MOMKHA. Y Tepesiky IKepes
JiTepaTypu B eKCIIepUMeHTaJbHi# poboTi 6akano HaBoguTu He 6inbiiie 20 Ha3B, a B OrJIAAl — He OijbIie
100. ITpu iboMy MaiOTh MepeBaskaTy IMOCUJIAHHA Ha POOOTH OCTaHHIX POKiB.

3a MpaBUJILHICTE i TOBHOTY 6ibiorpadiunux qaHuX pefakIlis BiqmoBigaabHOCTI He Hece.

Oznsdosi cmammi — 1@ HAYKOBUI aHAJi3 MeBHOI mpobJyieMu, B AKOMY JA€ThCSA KPUTUUHA OI[iHKA Ta
ys3araJibHeHHA BiATIOBIAHUX MOCJIiAMKEeHb 3 IIOCUJIAHHAM Ha o(iIifiHi m:Kepesa Ta BJAcHi maHi aBTOpiB (He
000B’A3K0BO, aje 6askamo). Ha BigMiny Bi eKcIepuMeHTAJIbHUX POOIT, B OTVIAZOBUX CTATTAX He IIOJAI0ThC
HOBi HeoryOJIiKoBaHi maHi.

Oruisapm cirif 3aKiHYUTU BUCHOBKOM, IO AACTh 3MOTY 3PO3YMiTH BaiKJIMWBICTH PO3TJISHYTOI TeMH, Ta
pexoMeHmAIiAMHY 11010 11 MOAAIBIITI0l PO3POOKH.

V¥V cnucky JiTepaTypu MOBUHHI ITepeBakaTu Iy0aiKaIiii ocTaHHIX POKiB 6e3 3afiBOro CAaMOIIUTYBaHHS.

Pexomenairii 111010 CKJIafaHHS IIOCUJIAHb 32 POMaHCHKUM aJi(paBiTOM B aHTJIOMOBHIN YaCTUHI cTaTTi Ta
mpucraTteiinii 6i6iorpadii, npusHaueHiit naa 3apybiskaux BII:

1. orpumyBaTHCh IPaBUJI, IO AAIOTH 3MOI'Y JIETKO iTeHTu(hiKyBaT! 2 OCHOBHUX €JIEMEHTHU ONUCIB —

aBTOPIB i AKepeJio.

2. HasBu cTaTeil He TpaHCIiTEPYBaTH, a TOJaBATHU TiJIBKU IX IepeKJIaL.

3. Hoxep:kyBaTucs OJHi€l 3 MOIIMPEHUX CUCTEM TpaHCIiTepallii mpisBUIl aBTOPiB i HA3B AKepe.

4. VY pasi mocumaaHHA Ha CTATTi 3 POCIMCHKUX JKYpPHAJiB, III0 MAlOTh MEPEeKJaaHy Bepciio, OGiabIm
IOI[iJIbHO IIOCUJIATHUCA caMe Ha IIepeKJagHy Bepciro cTaTTi.

Ha caiiri http://www.translit.ru/ mosxza ckopucratucs, 6e3KOIITOBHO, IIPOTPaMOI0 TpaHCaiTepalrii
TEKCTY, 3aIIMCAHOT0 KUPUJINIEI0, HA JIATUHUILIO.

OdopMmaeHHS MOCUIAHD Y CHUCKY JIiTepaTypu

Hns sxypHany «Biotechnologia Acta» TIpUNHATHOIO € TaKa CTPYKTypa 6i6aiorpadiuHoro mocuiaHHs.

Cmammi:

npizeuwia ma iniyiaau aémopié (TpaHcIiTEepalia, Kypcueom); mepekiay Ha3BU CTATTiI aHTJIIHCHKOIO
MOBOIO (IPAMUM MIPUDTOM); Ha38a Oxcepesia (TpaHCHiTepallid, KYPCUB0M); TOCTiZOBHO (IPAMUM IIPUDTOM)
BuUXimHi gaHi craTTi — piK, TOM, HOMeD (Y Ay:KKax), cTopiHku. OG0B’ I3KOBO 3a3HAUAETHCSI MOBA OPUTIHAY
CTaTTi, AKIITO BOHA HE € aHTJIIIChKOIO.
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Take mocuJIaHHSA € 3PO3YMIJINM i 3pYUHUM [JJId HOIITYKY B 0asax gaumx. Ile — HalimoBHimmii BapiauT
6i6miorpadiunoro onucy. ¥ 3apybiskuux Bl mpocTa TpaHcaiTepallis 3aroioBKa CTaTTi 6e3 f1oro mepexaanay
AHTJIIFCHKOIO MOBOIO HE MAa€ CeHCy.

Ipurnadu:

Pirog T. P., Shevchuk T. A., Shulyakova M. A., Tarasenko D. O. Influence of citric acid on synthesis
of biosurfactants of Rhodococcus erythropolis IMV Ac-5017. Mikrobiol. Zh. 2011, 73(5), 21-27. (In
Ukrainian).

Liang G.,Klose R.J.,Gardner K. E., Zhang Y. Yeast Jhd2p is a histone H3 Lys4 trimethyl demethylase.
Nature Struct. Mol. Biol. 2007, 14(2), 243—245.

Rodrigues L. R. Inhibition of bacterial adhesion on medical devices. Adv. Exp. Med. Biol. 2011, V. 715,
P. 351-367.

SkochkoA. B., Konon A. D., Pirog T. P. Research of antiadhesion properties of surface-active substances
of Acinetobacter calcoaceticus IMV B-7241. Kharchova promyslovist. 2012,N13, P. 77—80. (In Ukrainian).

ITocunannsa na cmammio, w0 mae DOI':
Klyuchko O. M. On the mathematical methods in biology and medicine. Biotechnol. acta. 2017, 10 (3),
31-40. https://doi.org/10.15407 /biotech10.03.031

Ilocunannsa na mamepianu KOHQpeperyiil:

Riabinina A. A., Berezina E. V., Usoltseva N. V. Surface Tension and Lyotropic Mesomorphism in
Systems Consisting of Nonionogenic Surfactant and Water. Lyotropic Liquid Crystals and Nanomaterials:
Proceedings of the Seventh International Conference. Ivanovo: Ivanovskiy Gosudarstvennyy Universitet,
2009. (In Russian).

ITocunanunsa Ha me3u donosgideil:

Kordyum V., Suhorada E., Ruban T. Informational conditioning as the mechanism of permanent
organism reconstruction. Abstracts of the Ist World Congress of Regenerative Medicine, Leipzig,
Germany, 22—24 October 2003.

ITocunanus Ha cmammi 3 e1eKMPOHHO20 HCYPHALY:
Hindorff L. A. (yci aesmopu ) A Catalog of Published Genome-Wide Association Studies. Available at
http://www.genome.gov/gwastudies (accessed, September, 2012).

ITocunanus Ha cmammi 3 eleKMPOHHOL eHUUKLONedil:
Containerization. In Encyclopedia Britannica. Retrieved May 6, 2008, from http://search.eb.com

ITocunarus Ha iHMepHem-pecypce:
Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available at:
http://www.scribd.com/doc/1034528 (accessed 7 February 2011).

ITocunanna Ha iHmMepHem-pecypc HAYKOBUX MaA MeXHIYHUX 36imi6:

Deming D., Dynarski S. The lengthening of childhood. (NBER Working Paper 14124). Cambridge, MA:
National Bureau of Economic Research. Retrieved July 21, 2008, from http://www.nber.org/papers/
wl4124

IHocunanusa Ha KHUZU:
McCartney E. J. Optics of the atmosphere. N.Y.: Willey. 1977, 400 p.

ITocunannsa na po3dis KHU2U:

npiseuwia ma iHiyiaau aemopieé (TpaHCIiTepanisa, Kypcueom); IOBHA Ha3Ba pobOTHM B IepeKjafi
aHTMJIiICbKOI0 MOBOIO (IPAMHUM IIPHU(TOM); IIPi3BUINE BiAIOBiZAILHOTO pefaKTopa, HA38a 8UOABHULMBA
(TpaHcaiTepalisa, Kypcusom, 6e3 CKOPOUEHbB), PiK BULAHHSA i HOMED IIePIIIoi Ta OCTaHHBOI CTOPiHOK IIUTOBAaHOI
po6oTu, MOBa BULAHHS.

Trachtenberg I. M., Levitsky E. L. Genetic toxicology. Genetic medicine. Zaporojan S.B. (Ed.). Odessa
Derzh. Universitet. 2008, P. 183—-221. (In Russian).

ITocunanna Ha moHo2pa@iio:
Lugovskoy E. V. The Molecular Mechanisms of Fibrin Formation and Fibrinolysis. Kyiv: Naukova
dumka. 2003. 219 p. (In Russian).

93



BIOTECHNOLOGIA ACTA, V.12, No 1, 2019

ITocunanus Ha agmopedepamu:

N. Kawasaki. Parametric study of thermal and chemical nonequilibrium nozzle flow. M.S. thesis,
Dept. Electron. Eng., Osaka Univ., Osaka, Japan, 2003.

J.0.Williams. Narrow-band analyzer. Ph. D.dissertation, Dept. Elect. Eng., Harvard Univ., Cambridge,
MA. 2010.

ITocunanus Ha ducepmauii:
Young R. F. Crossing boundaries in urban ecology: Pathways to sustainable cities (Doctoral
dissertation ). Available from ProQuest Dissertations & Theses database. 2007. (UMI No. 327681).

Ilocunannsa Ha eHyukonedii, CL08HUKU:
Sadie S., Tyrrell J. (Eds.). The new Grove dictionary of music and musicians (2nd ed., Vols. 1-29).
New York, NY: Grove.

Ilocunannsa Ha namenmu.:

3azaavHuil popmam:

Aemop. Haszpa nareuty. Kpaina. IIamenm x xxx xxx(2omep). Micsanse, uncio, pik.
ITpukraao:

Wilkinson J. P. Nonlinear resonant circuit devices. U.S. Patent 3 624 125, July 16, 1990.

Koportki noBimomiaenusa

Kypuan «Biotechnologia Acta» my0iKye MeHIITi 3a 00CATOM CTATTi, AKi MalOTh 6€3yMOBHY HOBU3HY i
3HAUYIICT A5 6ioTexHoorii. Ili cTaTTi TPOX0AATH MPUCKOPEHEe PeIleH3yBaHHA 1 Ty0JiKyIOThCA B KOPOTKI
TepMiHM. 3arajdbHU 00CAr KOPOTKOI'O IOBimOMJIeHHS oOMexxeHMH 10 MAIIMHOOMCHUMM CTOPiHKAMMU,
KiJbKiCcTh pUCYHKIB i/a60 Tabaumb — He OijibIllle 3, a CIIMCOK BUKOPHUCTAHUX JIITePATYPHUX OKepes He
TOBUHEH mepeBuIyBaTu 15.

Posninm KOpoTKOTo mOBilOMJIEHHA aHAJIOTiIUHI po3fijiaM OPUTiHAJIBHOI CTATTi, aje He BUAIIAIOTHCA
3aroJIOBKaMMU i Mi3aroIOBKaAMU; Pe3yabTaTh MOKYTh OyTU BUKJIAIeHI pa30M 3 OOTOBOPEHHAM.

HominbHicTh Takoi mosaueproBoi mybOurikarmii mae 6yTu OOTPYyHTOBaHA B JIMCTi, IO HAJACUJIAETHCS
T'otoBHOMY pemaKTOpPOBI aBTOpOM /s KoOpecHmoHAeHIii. Y pasi npuiHATTA Taka poboTa MoxKe OyTu
omy0JIiKoBaHa MpPoTAroM 3—4 MicsaIliB.

IIpumitka

¥ 3BepcTaHOMY BapiaHTi cTaTTi aBTOpaM MOKHA BUITPABJIATHY TiJIBKU IMTOMiUueHi TOMUJIKY 6€3 BHECEHHS
CTPYKTYPHUX 3MiH i JOIIOBHEHb.

Pepaxkiiitina paga mae IpaBo BiIMOBUTHY IPYKYBaTH PYKOIIUCH, IIT0 MiCTSATh paHile ony0JiKoBaHi naHi,
a TaKOoXK MaTepianau, AKi He BiAmoBimaoTs (haxy KypHaIy, a00 MaTepiaan JOCJIiIKeHb, 1110 OyJI1 MPoBeaAeHi
3 IOPYIIeHHAM eTUUHUX HOPM.
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> = Hypran «Biotechnologia Acta»
—] Tacruryt 6ioximii im. O. B. I[Tannagina HAH Ykpainu
Bya. JleouToBuua, 9, Kuis, 01601
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