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The aim of the work was to develop electronic database of biological organisms (fishes, viruses)
on the base of the methods that have been used before in mathematics, engineering, physics. The
methods of object-oriented system analysis, construction of models of subject spaces (problem
space, solution space), ER-diagrams, of constructing databases and others were applied. The
examples of prototypes of modern databases with information about fishes developed over the past
years in Western European and American countries were presented. An overview of applied
methods, concepts and terminology from the areas of object-oriented system analysis, database
designing was disclosed. In conclusions the description of constructed database and practical
recommendations for the development of databases with the information about domestic biological
organisms for electronic information systems are given.
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Electronic information systems with
databases for biotechnology, environmental
protection of bioobjects and other biological
sciences. Electronic information technology
(IT) penetrated deeply into our life — industry,
technology, science; they have become a
feature that characterizes our reality and
level of development of the countries. Being
an integrative part of the Europe and modern
industrial world, Ukraine is also incorporated
into the world scientific and technological
progress and has all opportunities to develop
progressively new technologies in its own
territories. Over the last 30 years, computer
technique and related new technologies —
network, Internet technologies, and
others — have become widespread even in the
everyday life of the people. Consequently,
the information and computer revolution in
classical biology and medicine has happened

too. To the solution of these problems the
people came about 30 years ago. One of the
most actual contemporary tasks is the creation
of information systems (ISs) in medicine
and biology, and the majority of these ISs
operate with the data that have been ordered
in electronic databases (DBs). In the last
20—-25 years in medicine and in the last
15-20 years in biology, the number of
new electronic ISs has been increased
rapidly; they had their own peculiarities
and specifics in comparison with similar
systems in engineering, physics and other
similar industries. The number of such ISs
in biology and medicine is growing from
day to day. Nowadays, at the beginning of
the XXI century, the scientists in the field
of information and computer technologies
(ICTs) discussing further development of new
software and computer technology specifically
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for medicine and biology. In contemporary
world there is an important idea to use such
novel ICTs with DB for ordering of information
about living organisms — for example fishes
[1]; their accounting, descriptions and even
for determination of such organisms on the
base of these new technologies [2—20]. Sure,
in base of electronic information systems (ISs)
elaboration the real biological data have to be
placed [1, 21-36]. Such primary versions of
ISs in Ukraine have been done; technologies
of their elaboration partially are described
[37—49], and the data about different objects
of fauna [21-36, 45, 46] and flora [50—52] may
be ordered in them. For the success of such
works it is necessary to use positive experience
of prototypes development; either of practical
or theoretical ways of these tasks solutions
[2—-20, 53—-172]. Some of such prototypes
were developed for monitoring of biodiversity
changes in fauna or ecological changes also
under anthropogenic pressure using ICTs
[2-7, 9, 14-18, 4648, 56, 59, 81, 148, 149,
153, 165, 169-172, 174-176, 178, 183,
186-188]. Some works of this article authors
were defended by patents [32, 173-189].
Contemporary knowledge of ICTs technologies,
electronic DBs construction were used for
present work fulfillment [190-192].

A number of important reasons determine
the necessity of the work on the creation
of IS with the databases (DBs) in biology.
Actually, the previous author’s works [45,
46] are the continuation of the works done
in present article, because relative databases
developments [45] have to be based on the
resuts of object-oriented system analysis
from present publication. Primarly, the ICTs
with databases were developed, first of all,
for the needs of technology and such fields as
mathematics, physics, statistics and economy
(first of all, for energetic). These technologies
began to be developed in biological sciences
later because of the set of reasons: objects with
which the biology deals with are much more
complicated, main attention in contemporary
societies is paid on high industry development,
and so on. In general, ICT with databases comes
in two ways to medicine and biology: through
the acceptance of ISs that were developed
earlier for other industries with further their
transformation depending on the specifics
of medicine and biology, and by creating of
original types of these systems. Today, the
samples of ISs with databases in biology are not
numerical in comparison with technique, they
do not satisfy all practical needs, and therefore
almost all new works in these industries

are valuable and find their application. In
addition, the material in these items that was
given our publications has the practical value
because it can be the basis for the creation of
new types of systems.

Because the specifics of biology ever
were the works with complex objects, living
systems, multifactorial influences on them,
and etc. thus, an analysis of such specificity
and its discussion is really relevant. It is also
important that because of peculiarity and
specifics of medical and biological objects,
accumulation in these areas of great numbers
of the results of experiments, observations,
etc. — the use of modern information and
computer technologies with databases will
contribute to the next progress in these areas,
since it will allow ones to analyze and to process
a huge (and constantly growing!) amount of the
data. With the use of previous technologies
this was impossible indeed, and this led to the
loss with time a significant part of obtained
results (including the results of expensive
high-precision experiments).

Importance of object-oriented system
analysis in process of electronic databases
construction. The construction and
development of electronic databases (DB) of
biological organisms (local DB (separated) or
as a part of ISs) is an important task still. Such
databases should, as far as possible, contain
a collection of information about individual
biological organisms, their communities
and other related information. The scope
of such databases usage is broad: solution
of problems in biotechnology, molecular
biology and genetics; in preserving of species
diversity, protecting the environment
from harmful influences; database as the
electronic determinants of living organisms
and many other applications [37-49]. In our
previous works we have provided already
the information on developing a database of
biological organisms, for example, Noctuidae
(Lepidoptera) and some other Arthropodae
[87, 45, 46]. However, the methods of DB
constructing which have been demonstrated
in our publications [37-49, 173-176, 178,
183, 186—-188], are standard for use when
creating a database of all biological organisms,
not just Arthropodae [2—20]. Therefore, in
this publication we woud like to demonstrate
the possibility of their use for other groups
of living organisms: fishes and viruses —
pathogens of fishes’ diseases, in order to
involve our fauna representatives as fully as
possible in our works. In addition, due to the
limited volume of our previous publications,
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we were not able to pay necessary attention
to the important set of works preceding the
process of database development — to object-
oriented system analysis of virtual space
containing the objects that have to be included
into the developed electronic database.

Object-oriented system analysis of the
investigated space is extremely important for
the reasons of the most rational design of the
databases. Our Nature includes a huge number
of different groups of organisms. Each of
these organisms has its own characteristics,
which must be included into the database—
there are billions of records. In case of
insufficiently qualified determining of such
characteristics, establishment of wrong links
between organisms, etc., the DBs become
irrationally constructed, overloaded with
unnecessary details and lack of important
information. This leads to slowdown the
information search, and even to impossibility
of data mining in an imperfect database.
Accordingly, the time of data mining in such
imperfect databases increases. The situation
is even more complicated in case of different
databases combining, for example, if they
were constructed at different universities.
Consequently in present publication, basing
on the authors’ experience, some practical
recommendations were given for the
development of modern, perfect biological,
Internet-based databases (primarily relational)
taking into account the specifics of medical
and biological objects, which confirms the
relevance of the work performed.

Some examples of modern databases
and information systems with information
about the fishes. In this section, let’s observe
some examples of modern databases with
information about fishes.

A. Global Information System On Fishes.
A global biodiversity information system on
fishes is called “FishBase” [16]. Its initial goal
is to provide key facts on population dynamics
for 200 major commercial fish species. Now
DB of this IS grown to having a wide range
of information on all fish species currently
known in the world: taxonomy, biology,
trophic ecology, life history, and uses, as well
as historical data reaching back to 250 years.

At present, FishBase covers more than
33,000 fish species compiled from more than
52,000 references in partnership with more
than 2,000 collaborators (>300,000 common
names and >55,000 pictures). The breadth and
depth of information in the database, combined
with the analytical and graphical tools
available in the web can satisfact different

needs of diverse groups of users (scientists,
researchers, policy makers, fisheries
managers, donors, conservationists, teachers
and students). Its various applications are
aimed for sustainable fisheries management,
biodiversity conservation and environmental
protection. FishBase is result of the work of
non-profit, non-governmental organization
engaged in the development and management
of global databases on aquatic organisms,
including their distribution and ecology.
FishBase provides the database and web
interface for free for 25 years.

B. A database of fish biotransformation
rates for organic chemicals. A method published
by other authors [17] for estimating whole-
body in vivo metabolic biotransformation
rate constants (kM) is applied to a database
of measured laboratory bioconcentration
factors and total elimination rate constants
for fish. The method uses a kinetic mass
balance model to estimate rates of chemical
uptake and elimination when measured values
previously were not reported. More than 5 400
measurements for more than 1 000 organic
chemicals were critically reviewed to compile a
database of 1 535 kM estimates for 702 organic
chemicals. Biotransformation rates range
over six orders of magnitude across a diverse
domain of chemical classes and structures.
Screening-level uncertainty analyses provide
guidance for the selection and interpretation
of kM values. In general, variation in kM
estimates from different routes of exposure
(water vs diet) and between fish species
is approximately equal to the calculation
uncertainty in kM values. Examples are
presented of structure-biotransformation
relationships. Biotransformation rate
estimates in the database are compared
with estimates of biodegradation rates from
existing quantitative structure-activity
relationship models. Modest correlations
were found, suggesting some consistency in
biotransformation capabilities between fish
and microorganisms. Additional analyses
to further explore possible quantitative
structure-biotransformation relationships
for estimating kM from chemical structure
were encouraged, and recommendations for
improving the database were provided.

C. A global database on freshwater fish
species occurrence in drainage basins. In
their actual publication the authors stated
that nowadays the growing interest is
devoted to global-scale approaches in ecology
and evolution that examine patterns and
determinants of species diversity and the
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threats resulting from global change [18].
These analyses obviously require global
datasets of species distribution. Freshwater
systems house a disproportionately high
fraction of the global fish diversity considering
the small proportion of the earth’s surface
that they occupy, and are one of the most
threatened habitats on Earth. The authors
provided complete species lists for 3119
drainage basins covering more than 80% of
the Earth surface using 14 953 fish species
inhabiting permanently or occasionally
freshwater systems. The database results
from an extensive survey of native and non-
native freshwater fish species distribution
based on 1 436 published papers, books, grey
literature and web-based sources. Alone or in
combination with further datasets on species
biological and ecological characteristics and
their evolutionary history, this database
represents a highly valuable source of
information for further studies on freshwater
macro ecology, macroevolution, biogeography
and conservation.

D. Databases of freshwater fish species
distributions. Another report about the
databases of freshwater fish species
distributions was suggested in [18]. The
authors discussed the paradox of fishes species
that approximately 40% of all described
fish species inhabiting freshwaters, while
the remaining 60% are marine habitants.
Describing global scale freshwater fish
diversity patterns, understanding the
environmental drivers and evolutionary
processes shaping such diversity and revealing
the major human-related threats were the
major goals that motivated the compilation
of presented database. They conducted an
extensive survey of freshwater fish species
distribution based on 1 436 published papers,
books, grey literature, databases and web-
based sources, resulting in species lists
for 3 119 drainage basins covering more than
80% of the Earth surface. To date, these
databases have been used in several studies
that have increased our understanding of
freshwater fish species distributions. These
studies allowed to accurately map global
patterns of native, endemic and non-native
freshwater fish species richness and to reveal
their environmental and human-related
determinants. The databases were also used
to evaluate non-native species influence on
native communities’ structure, to forecast
climate change effects on species extinction
processes and to analyse effects of current
and future scenarios of species introductions
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on fish faunas homogenization processes.
Recent studies also focused on analyzing
the influence of past river connections
on the present distribution of native fish
species, on analyzing geographical and other
differences in diversification rates and origin
of actinopterygian fish families, and on
evaluating human-related extinction drivers.

Methods of object analysis, constructing
of models of subject spaces when creating a
biological database about fishes and viruses
that they infect. This section deals with the
consideration and the characteristics of the
methods of analysis of subject space and
model construction [191-192]. To solve such
problems, the object analysis methods [190]
have been developed, which is described below.

The main purpose of objective analysis
is to represent a subject space (SbS) as a
set of objects with their properties and
characteristics that are sufficient for their
defining and identification, as well as for
determining the behavior of objects within the
framework of the chosen system of concepts
and abstractions.

For example, in present work we would like
to make the database about fishes and viruses
that they infect; respectively, for our object
analysis in framework of this task solution we
have to select primary such main objects as
“Fish” and “Virus”. Sure, with time in process
of task solution, other objects may be added to
these first two.

All SbS concepts are essences. Each object
is a unique element; it has at least one property
or characteristic and a unique identifier in a
set of objects.

Analysis of SbS is carried out using
object-oriented methods and corresponding
standards. The ultimate objective of the object-
oriented analysis of SbS is the definition of the
object model (OM) with the help of selected
objects, the relations between them and their
properties and characteristics.

A. Brief overview of object-oriented methods
for analyzing and constructing of models. For
today, more than 50 object-oriented methods
of SbS analysis are known, which have been
practically tested. In present work we used
only 3 of them:

1. Object-Oriented System Analysis
(OOAS). This is a method, which allows
identifying the entities and objects of SbS,
defining their properties and relationships,
as well as building on their basis an
information model, a model of objects state
and processes of presentation of data flows
(dataflow) [190].
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2. Object Oriented Analysis (OOA). This
is a method, which provides simulation of
OM and formation of requirements for SbS
by means of a notion “entity-relationship
ER”, specification of data streams and
related processes [190-192]. The scheme —
ER-diagram for abstract objects “Fish” and
“Virus” is given on Fig. 1.

3. Object Oriented Analysis and Design
(OOAD). This is methodology, which is based
on ER-modeling of entities and relationships
in SbS object model. OOAD provides a system
definition and organization of the data using
structured diagrams, diagrams “entity-
reations” and the matrix of information
management [190].

The study of object-oriented methods
varieties shows that they have many common
features (for example, ER-modeling, Dataflow),
as well as their specific features. Each developer
of the method of object-oriented analysis
invented his own new necessary concepts, which
semantically coincide often with similar concepts
in other methods. Therefore, the terminology the
very conceptual apparatus used in this sphere
does not always coincide in different methods.

B. Basic concepts of the methods of object
analysis of SbS. To the basic concepts of the
methods of SbS object analysis would belong
the following:

SbS object is an abstract image with
behavior that depends on its characteristics
and relationships with other SbS objects.
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Entity is a semantically important object or
type of object, that exists in SbS in reality or it
is an abstract concept, whose information must
be known and / or recorded.

Concept is the value of some abstract
entity of SbS, it is denoted by a unique name
or identifier. A group of such concepts is a
parent concept, which is obviously determined
by some set of common attributes. The
concept, along with its attributes is presented
graphically in OM or in text form.

Attribute is an abstraction that has all
abstracted essence of concepts. Each attribute
is denoted by a name unique within the concept
description. The set of grouped attributes
denotes the identifier of this group. A group
of attributes can be combined into a class and
to have a class identifier.

Relationship is an abstraction of a set of
relations that take place between different
kinds of SbS objects which are abstracted as
concepts. Each relationship has its unique
identifier. Relationships can be textual or
graphical. To formalize relationships between
concepts, the auxiliary attributes and links to
identifiers of these relationships are added.
Some relationships are formed as consequence
of other relationships existence.
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Fig. 1. ER-diagram for the database “Fishes And Their Virus Diseases”:
analysis for two main objects “Fish” and “Virus”:
a — fragment of ER-diagram (explanations see in text);
b — symboic denotation of objects, relations and attributes at the scheme
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states). Class is measured by the number of the
samples, operations, etc.

Subject space (SbS) is what is analyzed
in order to isolate a specific set of concepts
(entities, objects) and relations between them.
On the set of these concepts, the tasks are
defined for the purpose of their automated
solution. The subject space can be divided into
the problems’ space and the solutions’ space.
The problems’ space includes the entities, the
concepts of SbS, and the solutions’ space is the
set of software implementations of the tasks,
including functional components that provide
the solution of the tasks and functions of SbS
represented in this space.

Allocation of SbS entities is carried out
taking into account the differences determined
by the relevant conceptual structures.
SbS model is a set of precise definitions of
concepts, objects and their characteristics, as
well as a set of synonyms and classified logical
relationships between these concepts.

Relations or links are established for model
objects. There are static (permanent) relations
that do not change or change rarely, and
dynamic relations that have certain states and
change during the operation of the system. The
state of connections between objects can evolve
over time.

The links between the objects can be
following (Fig. 2):

- one-to-one relationship (1: 1) exists when
one sample of an object of a certain class is
associated with a single sample of another
class, i.e. single instances of the classes are
involved in communications;

« one-to-many relationship (1: N) exists
when one samples of an object of a certain class
is associated simultaneously with one or more
samples of another class or of the same class;

« many to many relationship (M: N) exists
when several samples of objects of two classes
take part in relationships, i.e. one or more
samples of another class is associated with one
or more samples of the first class.

Hierarchical model of biological
objects’ organization and classification
from the point of view of DB construction.

. —— M — NI, :
Fishes’ species ' Viruses’ strains

Hierarchical model is extremely important
model of objects’ organization either in
living Nature or in object-oriented methods
of programming; in our models we have
to refect obviously this hierarchical type
of objects’ organization. In our previous
publications [37] we have written already
that hierarchical models in informatics
are enough similar to hierarchy of living
organisms in nature. As example of DB
construction let’s study now the pair of
organisms: the fish (carp) and virus that
cause its disease. It is known that for
hierarchical classification of organisms in
living nature, Carl Linnaeus proposed his
scheme on 1 761 [70, 37]. Let’s represent
according to his scheme such well-known fish
as ordinary carp (Cyprinus carpio L.) that
belongs to animals from Eukaryota Domain
(Fig. 3).

Further in our investigation we would like
to unite in linked databases the information
about fishes (for example, the carp Cyprinus
carpio L.) and viruses that are the reasons of
fishes’ diseases. For example, for C. carpio it
is known that they have such virus diseases:
(spring viremia of carp, infectious necrosis
of hematopoietic tissue, infectious necrosis
of pancreas, viral necrosis of erythrocytes,
herpesvirus infections, iridovirus infections,
and etc.), which are characterized by acute
flow with high mortality of fishes that
causes significant economic losses to world
aquaculture.

At the next step we have to describe at one
scheme these 2 objects (carp-virus) with all
their important characteristics and relations
between objects. Such scheme one could see on
Fig. 4, that is “ER-diagram” modified for the
fish “Carp” (compare with Fig. 1)

Functional role of ER-diagram is to
represent in whole all objects from the
database with all their relations and with all
characteristics of the objects that are called
“attributes”. Sure, characteristics those
are important from the point of view of the
database representation! For example, such
characteristic as “Maria likes to fry carps”

Fig. 2. Power of reactions between the objects during the database elaboration:
“M: N” — “many-to-many”. In this example, this means:
“M species of fishes have been infected by N strains of viruses”
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Domain Eukaryota
Kingdom Metazoa
Type Chordata
Subtype Craniata
Class Actinopterygii
Infraclass Teleostei
Series Cypriniformes
Family Cyprinidae
Genus Cyprinus
Specie Cyprinus carpio L.

Fig. 3. Scheme of ordinary carp
(Cyprinus carpio L.) hierarchic classification

probably, is not so important for academic
databases. But for such DB are too important
the data (attributes) as gene sequences,
specie, family, genus and other similar. For
the representation of these 3 main notions
of ER-diagram the special symbols are used
(Figs. 1, 4): rectangle (object), rhombus
(relation), oval (attribute). A rectangle
(object) usually includes a noun —
for example, the “fish”. A rhombus
(relation) is ever a verb — for example,
“to infect”. And an oval (attribute) ever
includes characteristics: species (or other
classification unit), color, dimensions,
etc. Such diagram helps to analyze better
all entities that we would like to include
into the database and to represent them in
their entirety. Without such analysis the
construction of DB of a high quality would
not be possible.

Fishes' species

Actinoptervgii

Since each species of fish may be infected
by several viruses (N), and each virus can
infect different species of fish (M), then the
links between the objects have to be marked as
“M:N”, which actually means: “M species of
fishes can be infected by N strains of viruses”
(Fig. 2). As noted above, other variants are
possible, like “M:1” — means “M species of
fishes can be infected by the virus of one
strain”. Also “1:1” — means “one specie of
fish can be infected by the single virus strain”.
Such abstraction allows us to design a high-
quality database and to verify its accuracy in
the visual diagram — “ER-diagram” in future.

Development of the database with
information about fishes’ on the base of “ER-
diagram”. The scheme “ER-diagram” we need
for further development of the database with
information about fishes on its basis. Let’s
study the representation of such database in
the form of a set of tables, which are given on
Fig. 5. It is easy to see that:

1. Objects of “ER-diagram” were turned
into separate tables.

2. Attributes were turned into the fields of
these tables (in our case — in the columns).

3. The relations between the objects were
turned into relations between separate tables.

At the same time, the power of reations
reflects the number of tables that need to be
linked with the object; and the developer deside
what number have to be. If the power of reation
is 1, then the link is formed with one table, if
“M” — with “M” numbers of tables.

Objects in our model can be characterized
by the number of attributes. The lists of some
attributes is given below. On Fig. 5 one can see
the tables with the less number of attributes
because of limited space of the page.

Fig. 4. Fragment of ER-diagram “Fishes And Their Virus Diseases” on example
of Cyprinus carpio L.
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Object “Fish”

Attributes:

Primary key

The name of the fish (in Latin, Ukrainian
and Russian).

Class

Subclass

Series

Family

Genus

Species

Area of inhabitance.

Biotopes of inhabitance.

Objects of nutrition.

Data of fishing.

References to literary sources.

Comments.

Other.

Object “Virus”

Attributes:

Primary key

The name of the virus (in Latin, Ukrainian
and Russian).

Dimentions

Code of gene sequence (if it known)

Name of disease

Symptoms of disease

References to literary sources.

Comments.

Other.

Relations between the tables using “keys.”
In order not to lose the information that is
filled in the database of biological objects, the
technique of “keys” is used.

“Keys” are necessary “tools” for relations
establishing between the objects; they guarantee
that the information from the database is
accessable and it always may be obtained
from there. Indeed, there is no sense to write
thousands of data records into a structure
if these data can not be used, if they are not
accessible! Consequently, the “keys” are the
elements of each table; they are related to each
other through programmed links. By obtaining
the information from one table, it is possible
to obtaine the information from another table
associated with it through a link that unites
their keys. Usually, as a “key” serves a certain
code (numbers or other symbols), and the links
between such codes from individual tables in
many modern software environments, even a
young developer can make by themselves (Fig. 5).

At our tables (Fig. 5) there are 2 codes (or
keys) have to be linked:

12

1) 1* (Cyprinus carpio L.) and

2) kB (Rhabdovirus carpio — Spring
Viraemia of Carp Virus (SVCV)).

This means that when user in Internet
will “click” on “Cyprinus carpio L.” he will
see consequently the information about
(Rhabdovirus carpio (Spring Viraemia of Carp
Virus (SVCV)) — virus that infects carp.

In addition, it is easy to follow in the
diagram whether all entities are linked
together. In this case it makes possible to
access all records, so, the information from the
database becomes fully available for everybody
(the condition of the “integrity” of the data is
fulfilled). Alternatively, if this condition is
violated, the user will not be able to obtain the
information from those parts of the database
that are not connected by such links. However,
using the methods described above, the
programmer can easily recover connections
based on the ER-diagram and linking the
objects using keys. In the application of
the abovedescribed methods, there are no
differences between biological and technical
databases and anybody for such purpose
can study this technique using appropriate
manual. The previous works of Klyuchko O.M.
[45, 46] are the continuation of the works done
in present article, because relative databases
developments [45] have to be based on the
resuts of object-oriented system analysis from
present article.

Thus, according to the purpose of the work
there were demonstrated that the methods for
relation electronic databases construction,
that were developed earlier for physics,
engineering, etc. can be applied in other
branches which traditionally do not refer
to technical disciplines. Usually these were
done by their acceptance in the new spheres
of application, for example, in biology and
medicine. In present publication, the following
set of methods was used to develop databases
with biological content: object-oriented system
analysis (OOAS), object-oriented analysis
(O0OA) and OOAD (object-oriented analysis and
design) — the latter methodology is based on
ER-modeling of entities and relationships in
the object model (ER-diagram).

Actually, the previous author’s works [45,
46] are the continuation of the works done in
present article, because relative databases
developments [45] have to be based on the
resuts of object-oriented system analysis
from present publication. At the beginning
of present article, a number of examples of
electronic databases of biological objects that
were developed in different countries of the
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world were given. Within the framework
of the thesis on the correspondence of the
hierarchical classification of living objects
and the idea of hierarchical subordination
of objects in some methods of computer
sciences (including databases development),
an example of the hierarchical classification
of Cyprinus carpio L. carp was given. It was
noted that similar type of subordination can
be reflected in the attributes in process of
relational biological database development,
exactly this was done further by the authors.

This publication also provides a
description of the concepts of objects,
relationships, attributes, keys, and others.
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MeToo po6oTu 6yJi0 POBPOOUTU €JIeKTPOHHY
6asy gaHux Oiosoriunux opramismiB (pu0,
BipyciB) Ha ocHOBi MeTomiB, AKi moTemep
3aCTOCOBYBaJIM Yy MaTeMaTHUIli, TexXHiIi, Gisui.
Ilig uac BUKOHAHHSA POOOTH BUKOPHUCTOBYBAJIHU
MeTonu OOG’€KTHOTO CHCTEMHOTO aHaJaisy,
nobymoBM MoOJesieli mpeaMeTHUX obJacreit
(mpocrtip 3amau, mpocTip pimrens), ER-giarpamu,
MeTOnM KOHCTPYIOBAHHSA 0a3 AaHWUX Ta iHIImi.
Y crarTi poO3rAAHYTO NPUKJIALU-IPOTOTUIN
cydacHUX 0as gaHux 3 iH(gopmaliero mpo pub,
10 iX Po3po0JIeHO MPOTATOM OCTAaHHIX POKiB y
KpaiHax 3axigmoi €Bponu Ta Amepuku. Hasegewno
OTJIAA 3aCTOCOBAHUX METOHAiB, KOHIEIIid Ta
TepMiHoJIOTii 3 06J1acTel 06’€KTHOTO CUCTEMHOTO
aHajgiszy, KOHCTpPpYHOBaHHA 0a3 mgaHux. Y
BHCHOBKAaX IIOJAHO ONNC CKOHCTPYIOBaHOI 0a3u
JTaHuX Ta IPaKTUYHI peKoMeHIaIlil 3 po3pobyieHHsS
0as maHux 3 iH(QOpMAIli€lo IMOA0 BiTUM3HAHUX
OiosoriuHuMx opraHismMiB AMA €IeKTPOHHUX
indopmaniinux cucreMm.

Knrouosi cnosa: 06’eKTHO-OPi€HTOBAHUN CUCTEM-
Huil aHajis, OiosoriuHi 00’€KTHU, €JeKTPOHHI
indopmaniiini cucremu, pudbu, Bipycu.

BHUOJOI'NYECKHUE BA3bI JAHHbBIX
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ITenbro paboThI 6BITIO0 Pa3paboTaTh SJIEKTPOH-
HYI0 6a3y JaHHBIX OMOJIOTMYECKUX OPTaHU3MOB
(pwI06, BUPYCOB) HAa OCHOBE METOIOB, KOTOPHIE 0
CUX TIOP IPUMEHAJNCH B MaTeMaTUKe, TeXHUKe,
¢usukre. IIpu BuITONIHEeHUN PAOOTHI OBIIN IPU-
MeHEeHBI MEeTOIbI 00'beKTHOTO CCTEMHOTO aHAaJIM-
3a, IOCTPOEHUSA MOJesieli IpeIMeTHbIX obJiacTeit
(TpocTpaHCTBO 3a7au, IIPOCTPAHCTBO PEIIeHu),
ER-guarpaMMbl, METOIbl KOHCTPYUPOBaHUS 6a3
IaHHBIX U Apyrue. B craThe pacCMOTPEHBI IPU-
MepPBI-IPOTOTUIIEI COBPEMEHHBIX 6a3 HaHHBIX C
nH(popMaIueii o pribax, paspadboTaHHbIE B IIOCIE -
HUe TroAbl B cTpaHax 3amamHoi EBponbl u Awme-
puku. IlpuBemen 0630p MPpUMeHAEMbBIX METOIOB,
KOHITeNIUH ¥ TEPMUHOJOTUY 13 001acTei 00beKT-
HOTO CHICTEMHOTO aHAJIN3a, KOHCTPYUPOBaHUA 06a3
ITaHHBIX. B BEIBOJAX MIPUBEAEHO ONUCAHWE CKOH-
CTPYUPOBAHHOII 0a3bl JaHHBIX U IPaKTHUYECKUe
peKoMeHgaIuy 1o paspaboTKe 6a3 TaHHBIX C WH-
dopmaiueii 06 0OTeUeCTBEHHBIX OMOJOTUUECKUX
opraHmsMax IJA 9JeKTPOHHBLIX MHMOPMAIIMOH-
HBIX CHCTEM.

Kntouesvle cnosa: o0beKTHO-OPUEHTUPOBAHHBINA
CHUCTEeMHBIN aHaJIu3, OMoJIorMyecKue OO0BHLEeKTHI,
9JEeKTPOHHBbIe UHMOPMAIMOHHBIE CHCTEMHEI,
PBIOBI, BUPYCHI.
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cassette transporter (ABCA1), cholesterol
24-hydroxylase (cyp46), etc. [14].

Most of the mutant genes in AD patients
encode multifunctional proteins active in many
branched biochemical pathways. This presents
some difficulties for the pharmacological
therapy aimed to correct the expression of
such genes. Thus, using specific miRNA (also
known as miR) to regulate the expression
of target genes is a promising direction of
research [15, 16].

MiRs are small (18-25 nucleotides),
evolutionally conservative, non-coding,
single-stranded RN As which are key in various
biological processes through regulating
expression of target genes by binding with
3'-non-translated loci of their mRNA [17, 18].
Each miR is proven to control up to several
hundreds of genes, and one gene can be a target
for more than one miR [19]. These regulatory
RNAs can “silence” a gene through various
ways. First, they inhibit the gene expression by
interacting with mRNA: miR attach to mRNA
and block the translation process. Another way
to deactivate a gene is during transcription,
when miR, as part of poliprotein complex,
induces epigenetic modifications in the
genome: methylation of DNA and histones, and
deacetylation of histones. Protein synthesis
can also be inhibited by the interaction of miR
with repressor proteins that block translation
[20]. However, in very rare circumstances
(namely, arrested cell cycle), miR, conversely,
activates translation [21]. Hence, miRs are
more and more used in diagnostics and therapy
of neurodegenerative, cardiovascular, cancer
and other pathologies [22].

MiR-101 belong to the family of miRNAs,
which participate in several cellular activities
such as cell proliferation, differentiation,
invasion, and angiogenesis [23]. Hypoxia-
sensitive miR-101 stimulates angiogenesis
and factors in regulation of the vascular
remodeling [24]. Deregulation by miR-101 is
observed during the development of malignant
neoplasms, which indicates its suppressor
function in a number of tumor varieties [25].
MiR-101 regulates several simultaneous
postnatal programs of brain development,
because the balanced excitement/ deceleration
is necessary for the normal functioning of
neural networks [26]. Transitory loss of
miR-101 regulation on pyramidal neu-
rons in dorsal hippocampus causes the
hypersensitivity of the neural network and
cognitive deficit, thus concentration of
miR-101 in the postnatal period is critical for
further functioning of neural chains. This
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miR inhibits NKCC1 chloride importer (gene
Slc12a2) needed for initiating the maturing
of GABA-ergic signaling system. That causes
the reduced spontaneous synchronized activity
and prevents dendrite overgrowth. Also, miR-
101 is a part of program of development which
activates the repression of motor protein 1A
KIF1A (gene Kifla) from the superfamily
of kinesin and Ankyrin-2 (gene Ank2), to
inhibit the excessive collection of pre-synaptic
components and the decrease in the density of
glutamatergical synapses. Targets of miR-101
also include mRNAs of the following genes:
Abcal, Ndrg2, Slc7all, PMCA2, Rapgefl,
Slc25a4, Camk2a, Clasp2, Dbs, etc. [26]. It
is shown that miR-101 is a key operator of
mRNA’s function for ABPP (mRNAARPP)
by deactivating it and inhibiting the protein
synthesis of the amyloid-} protein precursor
and its amyloidogenic processing [27—28]. In
[29-31], the cytokine activation is shown to
directly affect the expression of gene ABPP and
ABPP synthesis during chronic inflammation
in central neural system (CNS), accompanying
the process of amyloidosis.

In previous studies of experimental AD rat
model, it was shown that a natural polyphenol
curcumin in soluble and liposomal forms
inhibited the cytokine response to the toxic
action of B-amyloid aggregates in target
departments of animal brain (neocortex and
hippocampus) [32—33]. A possible biochemical
mechanism for this is that curcumin
suppresses the activation of IxB kinase
(IKK), phosphorylation and degradation of
IxBa (inhibitor of NFkB) and thus blocks the
activation of nuclear transcription factor
NF«B [34—35]. The anti-inflammatory effect
of curcumin causes improvement of mnestic
abilities and memory characteristics in animals
with experimental AD. However, there is no
evidence of direct and targeting inhibition
effect of curcumin on excessive production of
B-amyloid peptides.

The present work aimed to study the
effect of liposomal miR-101 on the levels of
B-amyloid peptide, and on the activation of
cytokine system in brains of animals with
experimental AD.

Materials and Methods

AD was modeled in aged male rats (14
months old) with intrahippocampal injections
of aggregated Humanbeta Amyloid 1-40
protein (ChinaPeptidesCo., Ltd, China), as
described previously in detail [26]. Commercial
AP40 was dissolved in bidistillate to the final
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concentration of 15 pmol/l, and incubated at
37 °C for 24 hr for aggregation. Large AB40
conglomerates were dispersed with ultrasound
and sterilized directly before the injection.
The suspension’s volume was 10 pl per animal,
infusion was carried out for 5 min. Stereotaxic
coordinates of the area of injection in left
hippocampus were determined using brain
map in [40]. It corresponds to the distance
from the intersection point of sagittal suture
with bregma (zero point): 2 mm distally, 2 mm
laterally and 3.5 mm in depth. Stereotaxic
operations were performed on animals
under general anesthesia with thiopental
intraperitoneally (50 mg/kg). Intact animals
served as control (n = 6).

Experimental AD rat model is generally
accepted because it demonstrates not only the
toxicity of AP aggregates (main mechanism of
amyloidosis), but also the dementia symptoms
characteristic for AD, such as worsening
memory and violated mnestic abilities [36, 37].
APB40 was used instead of AB42 to model AD in
rats because even though the latter -amyloid
peptide is thought to be a specific marker of
amyloidosis, AB40 is synthesized in CNS by
an order of magnitude more than AB42 [39].
Thus, AP40 aggregates are toxic for neural
synapses. Also, AB40 and AB42 of rats do not
aggregate, thus only AB40 Human aggregates
were used in experimental AD models.

In 10 days after the model was established,
miR-101-3p (OO0 “NPF Sintol”, Russia) was
nasally administrated to experimental animals
(n = 7) and empty liposomes were given to rats
from the comparison group (n = 6). Liposomes
were obtained from lipid films [41]. In total, 10
therapeutic sessions were concluded; in each
an experimental animal was given 2.5-10'*
molecules of miR-101, in single 20 ul doses of
liposome suspension. Another group of rats
with AD model (n = 6) were not given anything.

In 10 days of nasal therapy (20" day of
experiment), all animals were decapitated.
Neocortex, hippocampus and olfactory bulbs
were removed in cold conditions, frozen and
stored at —40 °C. Tissues of studied brain
regions were homogenized in Tris buffer
(50 mM tris-HCI1, 150 mM NaCl, pH 7.5) and
centrifuged at 14000 rpm for 5 min. Then,
supernatant was collected. Supernatant
samples of the aforementioned rat brain
regions were used to determine concentrations
of toxic endogenous form of AB42, tumor
necrosis factor a (TNFa), interleukin-6 (IL-
6), and interleukin-10 (IL-10) in bioassay
according to protocols of Rat Amyloid beta
peptide 1-42 ELISA Kit (Bioassay Technology

Laboratory, China) for B-amyloid peptide 42,
and Rat ELISA Kits TNFa, IL-6 and IL-10
(Invitrogen BCM DIAGNOSTICS, USA) for
cytokines. Concentrations were expressed
in ng/mg of protein for AB42 and in pg/mg
for cytokines. Absorption of samples was
evaluated in microwell plate reader GBG
Stat FAX 2100 (USA) at A = 450 nm with
wavelength correction at A = 630 nm. Total
protein content was measured according to
Lowry [42].

Experimental protocols for rats were
conducted in compliance with “General ethical
principles of experiments on animals” (Kyiv,
2011).

The obtained results were statistically
processed, average values and standard
deviations were calculated. Statistical analysis
of differences was done with Student’s t-test
for samples with normal distribution. Values
were considered significant at P < 0.05.

Results and Discussion

1. Anti-amyloidogenic effect of miR-101

It was shown that the introduction of
APB40 aggregates to rat hippocampus to model
amyloidogenic processes in 20 days only in
neocortex and hippocampus (significant
increase in concentration of AB42 by 36% in
neocortex and by 27% in hippocampus) while in
olfactory bulbs, the concentration of AB42 did
not change (Fig. 1). 10 days of nasal therapy
with liposome miR-101, started in 10 days
after establishing experimental AD model,
normalized AB42 levels in target regions of
rat brains, compared to empty liposomes.
Thus, concentration of toxic endogenous
APB42 decreased by 33% in neocortex and by
15% in hippocampus. No changes were seen in
olfactory bulbs.

These results are in line with previous
findings. According to [43—-44], miR-101
negatively regulated ABPP expression and
accumulation of AP in neocortex, and its
function decreased in patients with AD. A
few authors link that to single-nucleotide
polymorphism in 3'UTR region of ABPP gene
[45]. There is now a body of evidence that miR-
101 regulates the level of ABPP in cell cultures,
particularly in hippocampal neurons [46—4T7].

Considering that ABPP and AP are the main
factors of Alzheimer’s disease pathogenesis,
we suggest inhibiting the expression of
APBPP to mitigate the pathological processes
underlying amyloidosis. Consequently,
miR-101 may become a new tool for therapeutic
modulation of ABPP levels. It is possible that
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Fig. 1. Level of AB42 in neocortex, hippocampus, and olfactory bulbs in rats with experimental model
of Alzheimer’s disease, nasally treated with liposome miR-101 for 10 days
Hereinafter * — P <0.05 compared to control; # — P < 0.05 compared to AD model (AB40 group);
& — P <0.05 compared to therapy with empty liposomes (Liposome group)

either directly delivering miR-101 to CNS, or
regulating its endogenous expression, should
reduce APPP levels in brains of patients. In
[47] it was shown that miR-101 is expressed
from two independent genomic loci contained
in the intergenic regions on chromosome 1
and chromosome 9. The promoter elements
regulating the transcription of miR-101 have
not been sufficiently studied, and only now
their detailed research is underway. Therefore,
nasal therapy of miR-101 in liposomal form
may be promising for the treatment of patients
with Alzheimer’s disease.

2. Anti-inflammatory effect of miR-101

Using an experimental AD model, it
was shown that exogenous AP40 induces
anti-inflammatory processes in neocortes
and hippocampus (possible increase of total
studied cytokines by 16—18% in neocortex
and inflammatory cytokines TNFa and IL-6
by 14% in hippocampus). In olfactory bulbs,
cytokine levels did not change significantly
(Fig. 2, A, B, C).

Ten days of nasal administration of
miR-101 in liposomal form decreased level
of IL-6 by 23% in neocortex and by 19%
in hippocampus, which was statistically
significant compared to AD model and therapy
with empty liposomes (Fig. 2, A). Significant
decrease of TNFa levels by 12% under effect of
miR-101 was seen only in animal hippocampus
(Fig. 2, B). Unexpectedly, concentration of
TNFo decreased in olfactory bulbs of rats
with AD model after nasal treatment with
empty liposomes (by 13% ) and with liposomes
containing miR-101 (by 10%). The levels
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of IL-10 did not change significantly under
influence of miR-101 in any of the brain
region in AD model rats (Fig. 2, C). Notably,
treatment with liposomal miR-101 strongly
affected the levels of IL-6 (Fiig. 2). This can be
caused by experimental conditions. At the 20"
day of experiment, TNFa, formed and secreted
early under treatment, becomes less prominent
in the neural inflammation compared to second
generation cytokine such as IL-6 [48].
Comparing our data to the previous
findings on anti-inflammatory effect
of curcumin in liposomes under similar
experimental conditions [37], it should be
noted that polyphenol has higher anti-cytokine
potential than miR-101. Anti-cytokine
potential of curcumin can be explained by the
direct effect it has on the levels of cytokine
genes induction, and its indirect influence on
the AP level in animal CNS. MiR-101 targets
the mRNA from which ABPP is translated.
Decreasing concentration of inflammatory
cytokines (IL-6 and TNFa) under effect
of miR-101 is, in our opinion, not a direct
effect. It is related to the falling levels of
the toxic endogenous APB42 in neocortex
and hippocampus (brain regions that are
responsible for memory and studying).
However, a number of authors assume
that miR-101 may have a possible direct
influence by decreasing the induced levels of
inflammatory cytokines [49], by increasing
IL-6 production in response to transfection of
cells with miR-101 [50], or in case of excessive
expression in LPS-activated macrophages [51].
Thus, the feasibility of combining miR-
101 and curcumin in a single liposomal
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Fig. 2. Concentration of IL-6 (4), TNFo (B) and IL-10 (C) in AD model rats treated nasally

with miR-101 i

preparation should be considered to
simultaneously eliminate the excess
synthesis of ABPP with the formation of toxic
aggregates of B-amyloid peptides and chronic
neuroinflammation.

Thus, nasal therapy with miR-101 in
liposomal form caused significant anti-
amyloidogenic effect (normalization of ApB42

n liposomes for 10 days

levels in neocortex and hippocampus in rat
brains with AD model).

Anti-inflammatory effect of miR-
101 in liposomal form caused decrease in
concentrations of inflammatory cytokines
(IL-6 and TNFa in neocortex and TNFa in
hippocampus of animals with experimental AD)
due to decreased level of toxic endogenous ApR42.

45



BIOTECHNOLOGIA ACTA, V.12, No 3, 2019

REFERENCES

.Nikam R. R., Gore K. R. Journey of siRNA:
clinical developments and targeted delivery.
Nucl. Acid Ther. 2018, 28 (4), 209-224.
https://doi.org/10.1089/nat.2017.0715

. Dana H., Chalbatani G. M., Mahmoodzadeh H.,
Karimloo R., Rezaiean O., Moradzadeh A.,
Mehmandoost N., Moazzen F., Mazraeh A.,
Marmari V., Ebrahimi M., Rashno M. M.,
Abadi S. J., Gharagouzlo E. Molecular
mechanisms and biological functions of
siRNA. Int. J. Biomed. Sci. 2017, 13 (2),
48-57.

.Yu A. M., Jian C., Yu A. H., Tu M. J. RNA
therapy: Are we using the right molecules?
Pharmacol. Ther. 2019, V. 196, P. 91-104.

. Panza F., Lozupone M., Logroscino G., Imbim-
bo B. P. A critical appraisal of amyloid-B—
targeting therapies for Alzheimerdisease. Nat.
Rev. Neurol. 2019, V. 15, P. 73-88. https://
doi.org/10.1038/s41582-018-0116-6

. Reiss A. B., Arain H. A., Stecker M. M.,
Siegart N. M., Kasselman L. J. Amyloid
toxicity in Alzheimer’s disease. Rev.
Neurosci. 2018, 29 (6), 613—627. https://doi.
org/10,1515 / revneuro-2017-0063

Wang Z. X., Tan L., Liu J., Yu J. T. The
essential role of soluble AP oligomers in
Alzheimer’s disease. Mol. Neurobiol. 2016,
V. 53, P.1905-1924. https://doi.org/10,1007 /
s12035-015-9143-0

. Herrera-Rivero M. Late-onset Alzheimer’s
disease: risk factors, clinical diagnosis and
the search for biomarkers. Neurodegenerative
Diseases. Kishore U. (Ed.). Res. Triangle Park:
InTech. 2013.

. Kunkle B.W., Grenier-Boley B., Sims R. Genetic
meta-analysis of diagnosed Alzheimer’s disease
identifies new risk loci and implicates A, tau,
immunity and lipid processing. Nat. Genet.
2019, V. 51, P. 414-430.

. Rogaeva E. The genetic profile of Alzheimer’s
disease: updates and considerations. Geriatrics
and Aging. 2008, 11 (10), 577-581.

10. Kelleher R.J., Shen J. Presenilin-1 mutations

and Alzheimer’s disease. Proc. Nat. Acad.
Sci. 2017, 114 (4), 629-631. https://doi.
org/10.1073/pnas.1619574114

11.Cai Y., An S. S. A., Kim S. Y. Mutations

in presenilin 2 and its implications in
Alzheimer’s disease and other dementia-
associated disorders. Clinical Interventions
in Aging. 2015, V. 10, P. 1163-1172.
https://doi.org/10.2147/CIA.S85808

12. Safieh M., Korczyn A. D., Michaelson D. M.

ApoE4: an emerging therapeutic target for
Alzheimer’s disease. BMC Medicine. 2019,
V. 17, P. 64. https://doi.org/10.1186/
$12916-019-1299-4

13. LimY.Y., Mormino E. C. APOE genotype and

early B-amyloid accumulation in older adults

46

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

without dementia. Neurology. 2017, V. 89,
P.1028-1034. https://doi.org/10.1212/
WNL.0000000000004336

Verheijen J., Sleegers K. Understanding
Alzheimer disease at the interface between
genetics and transcriptomics. Trends
Genet. 2018, 34 (6), 434—-447. https://doi.
org/10.1016/j.tig.2018.02.007

Chen X., Mangala L. S., Rodriguez-Aguayo C.,
Kong X., Lopez-Berestein G., Sood A. K. RNA
interference-based therapy and its delivery
systems. Canser Metastasis Rev. 2018, 31
(1), 107-124. https://doi.org/10.1007/
$10555-017-9717-6

Setten R. L., Rossi J.J., Han S. The current
state and future directions of RNAi-based
therapeutics. Nat. Rev. Drug Discov. 2019.
Online.

Filipowicz W., Bhattacharyya S. N., Sonen-
berg N. Mechanisms of post-transcriptional
regulation by microRNAs: are the answers
in sight? Nat. Rev. Genet. 2008, V. 9,
P.102-114. https://doi.org/10.1038/
nrg2290 (published, February, 2008).

Pepin G., Gantier M. P. MicroRNA decay:
refining microRNA regulatory activity.
MicroRNA. 2016, 5 (3), 167-174.

Tafrihi M., Hasheminasab E. MiRNas:
biology, biogenesis, their Web-based tools,
and Databases. MicroRNA. 2019, 8 (1), 4—-27.
https://doi.org/10.2174/221153660766618
0827111633

Eiring A.M., Harb J.G., Neviani P., Garton C.,
Oaks J. J., Spizzo R., Liu S., Schwind S.,
Santhanam R., Hickey C. J., Becker H.,
Chandler J. C., Andino R., Cortes J., Hok-
land P., Huettner C. S., Bhatia R., Roy D. C.,
Liebhaber S. A., Caligiuri M. A., Marcucci G.,
Garzon R., Croce C. M., Calin G. A., Perrot-
ti D. MiR-328 functions as an RNA decoy to
modulate hnRNP E2 regulation of mRNA
translation in leukemic blasts. Cell. 2010,
140 (5), 652—-665. https://doi.org/10.1016/j.
cell.2010.01.007

Vasudevan S., Tong Y., Steitz J. A. Switching
from repression to activation: microRNAs
can up-regulate translation. Science.
2007, V. 318, P. 1931-1934. https://doi.
org/10.1126/science.1149460

Zhao J., Yue D., Zhou Y., Jia L., Wang H.,
Guo M., Xu H., Chen Ch., Zhang J., Xu L.
The role of MicroRNAs in AP deposition
and tau phosphorylation in Alzheimer’s
disease. Front. Neurol. 2017, V. 8, P. 342.
https://doi.org/10.3389/fneur.2017.00342
(accessed, July, 2017).

Wang R., Wang H. B., Hao C. J., Cui Y.,
Han X.C. MiR-101is involved in Human
breast carcinogenesis by targeting. Stathminl.
Plos One. 2012, 7(10), e46173. https://doi.
org/10.1371/journal.pone.0086319



Experimental articles

14.

25.

26.

27.

28.

29

30.

31.

Kim J. H., Lee K. S., Lee D. K., Kim J.,
Kwak S. N., Ha K. S., Choe J., Won M. H.,
Cho B. R., Jeoung D., Lee H., Kwon Y. G.,
Kim Y. M. Hypoxia-responsive
microRNA-101 promotes angiogenesis via
heme oxygenase-1/vascular endothelial
growth factor axis by targeting cullin
3. Antiox. Redox. Signal. 2014, 21 (18),
2469-2482. https://doi.org/10.1089/
ars.2014.5856

Liu J-J., Lin X-J., Yang X-J., Zhou L.,
He Sh., Zhuang Sh-M., Yang J. A novel
AP-1/miR-101 regulatory feedback loop
and its implication in the migration and
invasion of hepatoma cells. Nucl. Acids
Res. 2014, 42 (19), 12041-12051. https://
doi.org/10.1093/nar/gku872 (accessed,
September, 2014).

Lippi G., Fernandes C.C., Ewell L. A., John D.,
Romoli B., Curia G., Taylor S. R., Frady E. P.,
Jensen A. B., Liu J. C., Chaabane M. M.,
BelalC., Nathanson. L., Zoli M., LeutgebJ. K.,
Biagini G., Yeo G. W., Berg D. K.
MicroRNA-101 regulates multiple
developmental programs to constrain
excitation in adult neural networks. Neuron.
2016, 92 (6), 1337—1351. https://doi.
org/10.1016/j.neuron.2016.11.017
Amakiri N., Kubosumi A., Tran J., Reddy P. H.
Amyloid beta and MicroRNAs in Alzheimer’s
disease. Front. Neurosci. 2019, V. 13, P. 430.
https://doi.org/10.3389/fnins.2019.00430
(accessed, May, 2019).

Vilardo E., Barbato C., Ciotti M., Cogoni C.,
Ruberti F. MicroRNA-101 regulates amyloid
precursor protein expression in hippocampal
neurons. J. Biol. Chem. 2010, V. 285, P.
18344-18351. https://doi.org/10.1074/jbc.
M110.112664

.Alasmari F.,Alshammari M.A., AlasmariA.F.,

Alanazi wW. A., Alhazzani Kh.
Neuroinflammatory cytokines induce
Amyloid beta neurotoxicity through
modulating Amyloid Precursor Protein
levels/metabolism. BioMed Res. Intern.
V. 2018, Article ID 3087475. https://doi.
org/10.1155/2018/3087475 (accessed,
October, 2018).

Domingues C., da Cruz E., Silva O. A. B.,
Henriques A. G. Impact of cytokines
and chemokines on Alzheimer’s disease
neuropathological hallmarks. Curr.
Alzheimer. Res. 2017, 14 (8), 870-882.
https://doi.org/10.2174/156720501466617
0317113606

Zheng C., Zhou X. W., Wang J. Z. The dual
roles of cytokines in Alzheimer’s disease:
update on interleukins, TNF-a, TGF- and
IFN-y. Transl. Neurodegener. 2016, V. 5,
P. 7. https://doi.org/10.1186,/s40035-016-
0054-4 (accessed, April, 2016).

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sokolik V. V., Berchenko O. G., Shulga S. M.
Comparative analysis of nasal therapy with
soluble and liposomal forms of curcumin
on rats with Alzheimer’s disease model. JJ.
Alzheimers Dis. Parkinsonism. 2017, V. 7,
P. 357. https://doi.org/10.4172/2161-
0460.1000357 (accessed, July, 2017).
Sokolik V.V., Shulga S. M. Curcumin influence
on the background of intrahippocampus
administration of B-amyloid peptide in rats.
Biotechnol. acta. 2015, 8 (3), 78—88. https://
doi.org/10.15407 /biotech8.03.078

Goure W. F., Krafft G. A., Jerecic J., Hefti F.
Targeting the proper amyloid-beta neuronal
toxins: a path forward for Alzheimer’s
disease immunotherapeutics. Alzheimers
Res. Ther. 2015, V. 6, P. 42. https://doi.
org/10.1186/alzrt272

Sakono M., Zako T. Amyloid oligomers:
formation and toxicity of AP oligomers.
FEBS J. 2010, V. 277, P. 1348-1358.
https://doi.org/10.1111/j.1742-
4658.2010.07568.x

Sokolik V. V., Maltsev A. V. Cytokines
neuroinflammatory reaction to B-amyloid
1-40 action in homoaggregatic and liposomal
forms in rats. Biomed. Chem. 2015, 9
(4), 220-225. https://doi.org/10.1134/
S1990750815040058

Sokolik V. V., Shulga S. M. Effect of
curcumin liposomal form on angiotensin
converting activity, cytokines and cognitive
characteristics of the rats with Alzheimer’s
disease model. Biotechnol. acta. 2015, 8
(6), 48-55. https://doi.org/10.15407/
biotech8.06.048

Hampel H., Shen Y., Walsh D. M., Aisen P.,
Shaw L. M., Zetterberg H., Trojanows-
ki J. ., Blennow K. Biological markers
of amyloid beta-related mechanisms in
Alzheimer’s disease. Exp. Neurol. 2010, 223
(2), 334-346. https://doi.org/10.1016/j.
expneurol.2009.09.024

Gu L., Guo Z. Alzheimer’s AB42 and APB40
peptides form interlaced amyloid fibrils. /.
Neurochem. 2013, 126 (3), 305—311. https://
doi.org/10.1111/jnc.12202

Bures J., Petran M., Zachar J. Electro-
physiological methods in biological research,
Ed. 2 Publishing House. 1960, 516 p.

Shulga S. M. Obtaining and characteristic
of curcumin liposomal form. Biotechnol.
acta. 2014, V. 7, P. 55-61. https://doi.
org/10.15407 /biotech7.05.055

Lowry O. H., Rosebrough N. dJ., Farr A. L.,
Randall R. J. Protein measurement with
Folin phenol reagent. J. Biol. Chem. 1951, V.
193, P. 265-275.

Hébert S. S., Horré K., Nicolai L., Papadopou-
lou A. S., Mandemakers W., Silahtarog-
lu A. N., Kauppinen S., Delacourte A.,

47



BIOTECHNOLOGIA ACTA, V.12, No 3, 2019

44.

45.

46.

47.

48

De Strooper B. Loss of microRNA cluster
miR-29a/b-1 in sporadic Alzheimer’s
disease correlates with increased BACE1l/
beta-secretase expression. Proc. Natl. Acad.
Sci. U.S.A. 2008, V. 105, P. 6415-6420.
https://doi.org/10.1073/pnas.0710263105
(accessed, April, 2008).

Nunez-Iglesias J., Liu C. C., Morgan T. E.,
Finch C. E., Zhou X. J. Joint genome-wide
profiling of miRNA and mRNA expression
in Alzheimer’s disease cortex reveals altered
miRNA regulation. PLoS One. 2010, 5 (2),
e8898. https://doi.org/10.1371/journal.
pone.0008898 (accessed, February, 2010).
Zhao Q., Luo L., Wang X., Li X. Relationship
between single nucleotide polymorphisms
in the 3'UTR of amyloid precursor protein
and risk of Alzheimer’s disease and its
mechanism. Biosci. Rep. 2019, V. 39, P. 5.
https://doi.org/10.1042 / BSR20182485
(accessed, May, 2019).

Vilardo E., Barbato C., Ciotti M., Cogoni C.,
Ruberti F. MicroRNA-101 regulates amyloid
precursor protein expression in hippocampal
neurons. J. Biol. Chem. 2010, V. 285,
P. 18344-18351. https://doi.org/10.1074/
jbc.M110.112664

Long J. M., Lahiri D. K. MicroRNA-101
downregulates Alzheimer’s amyloid-f
precursor protein levels in human cell
cultures and is differentially expressed.
Biochem. Biophys. Res. Commun. 2011,

48.

49.

50.

51.

404 (4), 889-895. https://doi.org/10.1016/j.
bbrec.2010.12.053 (accessed, January, 2011).
Wojdasiewicz P., Poniatowski L. A.,
Szukiewicz D. The role of inflammatory
and anti-inflammatory cytokines in the
pathogenesis of osteoarthritis. Mediators
Inflamm. 2014,V. 2014, P. 561459. https://
doi.org/10.1155/2014/561459 (accessed,
April, 2014).

Wang C.C., Yuan J. R., Wang C. F.,Yang N.,
Chen dJ., Liu D., Song J., Feng L., Tan X. B.,
Jia X. B.Anti-inflammatoryeffects of
Phyllanthus emblica L on benzopyrene-
induced precancerous lung lesion by
regulating the IL-1B/miR-101/Lin28B
signaling pathway. Integr. Cancer Ther.
2016, 16 (4), 505-515. https://doi.
org/10.1177/1534735416659358

Saika R., Sakuma H., Noto D., Yamaguchi S.,
Yamamura T., Miyake S. MicroRNA-
101a regulates microglial morphology and
inflammation. J. Neuroinf. 1017, 14 (1), 109.
https://doi.org/10.1186/s12974-017-0884-8
(accessed, May, 2017).

GaoY., Liu F., Fang L., Cai R., Zong C, Qi Y.
Genkwanin inhibits proinflammatory
mediators mainly through the regulation of
miR-101/MKP-1/MAPK pathway in LPS-
activated macrophages. PLoS One. 2014,
9 (5), e96741. https://doi.org/10.1371/
journal.pone.0096741 (accessed, May, 2014)



Experimental articles

AHTHAMIJIOITOTEHHA /1 MiR-101
3A EKCIIEPUMEHTAJIBHOI XBOPOBH
AJIBIITEIMEPA

B. Cokouix', O. Bepuemcol,
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'V «ImcTuryT HeBpOJIOrii, HCHXiaTPii TA
"HapkoJsorii HAMH VYkpainu», Xapkis
2,IIY «IHCcTHUTYT XapuoBOi 6i0TEeXHOJIOTIL

iremomixu HAH Vkpainu», Kuis

E-mail: v.sokolik6 7@gmail.com

Mertor0 JoCTimKeHHs 0yJI0 BUSHAUEHHS BILIUBY
miR-101 ma piBens PB-amimoigmHoro memtumy
M aKTHUBAIlil0 cCHUCTeMHM NIUTOKiHIB y Bimmimax
TOJIOBHOT'O MO3KY TBapUH 34 €KCIIePUMEHTAJIbHOL
momesni xBopobu Adabireiimepa. MiR-101 €
KJaouoBuM omepatopoM ¢yHKnii MPHK gaa
MPOTEIHy MOIMepeIHUKA [-aMiJIoigfHOTO menTumy
ILIAX0M 1i feaKkTHBAIIil i 3MaTHA MPUTHIYYBATHU HOTO
cuHTe3 Ta amijioimoreHHuit npouecudr. Ilypam-
caMIIAM ITi3HBOT'O 3PiJIOro BiKy iHTparinokamMIaaibHO
OIHOPA30BO yHijaTepaabHO BBOAUIN arperaTu
B-aminoigumoro memtuay 40 y mosi 15 HMoJB.
Yepes 10 gi6 posmoumHaJ N HA3aJbHO BBOAUTH
JgimocomassHy hopmy miR-101 a6o mycri rimocommu.
ITicas 10 mi6 mromemmoi Teparmii y HEOKOPTEKCi,
rimokamiri Ta HIOXOBUX HUOYJIMHAX BU3HAYAIU
piBeHBb TOKCUUHOI eHforeHHOI hopmu -aminoigHoro
nentuny 42 #i akTUBHICTh IMIUTOKIHOBOI cUCTEeMU
3a TTOKa3HUKaMU (haKTopa HEKpPO3y MyXJWHU O,
iHTepaelikiny-6, inTepaeiikiny-10. BecrarnoBieHo,
1110 eK30reHHi arperatu B-amisoigHoro memrumy
40 MomenwIOTh y IIypiB amijoigoreHHumit i
nmpos3anajbHUil craH ueped 20 xi6 aume y
HEOKOPTEeKCi Ta rimoxamiri (ZocToBipHe 301iJIbITIeHHA
KOHIleHTpalii B-amimoiguoro memtuxy 42 Ha
36% i murorimis ma 16-18% B Heoxoprekci
ra P-amimoiguoro memrtupy 42 — mHa 27% i
po3anaIbHIX ITUTOKIHIB (paKTOpa HEKPO3Y MyXJINH
o, iHTepielikiny-6 — Ha 14% y rinokawmri), mpore
He B HIOXOBUX IuOyaInHax. [lecaTumeHHUNE KypC
HaszaJabHOI Tepamii gimocomaarHO mMiR-101
HOpMAaJidyBaB piBeHb P-amisoigHOrO mEnTHUIY
42 Ta MUTOKiHIB: Yy HEOKOPTEKCi KOHIIEHTpAaIlis
€HJOTeHHOT'0 TOKCUYHOTO [-aMiJIoifHOTO menTuay
42 smenrmuiaacsa Ha 33% , y rimokammi — ma 15%,
a IposanaJbHuX MUTOKiHIB — Ha 11-20% . Takum
YMHOM, HasajgbHa Tepamid miR-101 y adimocomax
3YMOBIJIA JOCTOBipHUIT aHTUAMIIOIHOTeHHUI e(peKT
y IIYPiB 3 MOZEJLIIO XBOpoOu AJtbIreiiMepa, TOl K
ii anTM3anaIbHA Aid IIepeIyciM CIIpusaia SHUKEHHIO
KOHITeHTpaIii 3-amisoigHoro mentunry 42.

Knwuwosi cnosea: miR-101, B-amimoigHmii nmen-
TUJ, aMiJIoigos, XBopoba AJbIireiimMepa.

AHTUAMUJIIONJOTEHHOE I[EfICTBI/IE
MiR-101 ITPH 9KCIIEPUMEHTAJIbHOU
BOJIESHHU AJBII'EMMEPA

B. Cokoaur?, O. Bepuenko®,
H.Jlesuuesa®, C. IIlTynvza®

ry «MHCTUTYT HEBpPOJIOTHY, IICUXUATPUU
u Hapkogoruu HAMH Ykpauusi», XapbKoOB
I'Y «IHCTUTYT NUIEBO 6OTeXHOJIOTUN
u resomuku HAH Vkpaunbsi», Kues

E-mail: v.sokolik6 7@gmail.com

ITennio nccaemoBaHuA OBLIO OMIpeaeeHue (-
(dexra miR-101 Ha ypoBeHb 3-aMUIOUAHOTO IIETI-
THIA U AaKTUBAI[UIO CUCTEMbI IIUTOKMHOB B OT/€JIaX
TOJIOBHOTO MO3Ta JKMBOTHBIX C 9KCIIEPUMEHTAJb-
HOI Momesbio 0ose3Hu Axabiredimepa. MiR-101
ABJIAETCS KJIIOUEBBIM ortepaTopoM pyukmuu MPHE
IJIsI IPOTEVHA TIPEAIIIeCTBEHHUKA B-aMUIOUIHOTO
MeNTUIa IyTeM ee JeaKTHUBAIUU U CIIOCOOHA II0-
IaBJATH €r0 CUHTEe3 U aMUJIOUAOTeHHbIN IIpoIlec-
cunr. KpoicamM-caMiiaM HO3HEro 3pejioro BO3-
pacra MHTpAaruOmoOKaMIIaJdbHO OJHOPA30BO YHU-
JlaTepaJibHO BBOJUJIN arperartsl [3-aMUJIOUITHOTO
nentuga 40 B gose 15 umoas. Yepes 10 cyTox Ha-
YMHAJIA HA3aJbHO BBOAUTD JUIIOCOMAJIBHYIO (DOPMY
miR-101 uau nycrteie aunocomsbl. Ilociie 10 cyTok
eKeTHEeBHOM Tepalnuu B HEOKOPTEKCe, TUIIIIOKaMIIe
1 000HSATENIHLHBIX JJYKOBUIIAX OIIPEIeIIN YPOBEHb
TOKCHUUYECKOI SHJOTE€HHOH (POPMEL 3-aMUIOUIHOTO
menTusa 42 M aKTUBHOCTH IIUTOKMHOBOM CHCTEMbI
I10 ITOKasaTeasiM (haKTopa HeKPOo3a OIYyXO0JIH O, MH-
TepJieiKnHa-6, naTepaeiikuua-10. YcraHOBIIEHO,
YTO SKB0TEHHBIE arperaThl [3-aMUJIOUIHOTO IIell-
Tuna 40 MOIeIUPYIOT ¥ KPBIC aMUJIOUJOTeHHYIO
U ITPOBOCTIAJINTENbHYIO cuTyaruio uepe3 20 cyTok
TOJBKO B HEOKOPTEKCe U THUNIIOKaMIe (JOoCToBep-
HOe yBeJWYeHNe KOHIEHTPAINU [3-aMUAJIOUAHOTO
nentuna 42 ma 36% wu nuToknHOB Ha 16—18% B
HEOKODPTEeKce U -aMmuiougHoromenTusa 42 — Ha
27% u TPOBOCTIANUTENbHBIX ITUTOKUHOB (PaKTOpa
HEeKpOo3a OIyX0Ju O, MHTepJaeiKuHa-6 — Ha 14%
B TUIIIOKAMIIE), ONHAKO He B 000HATENbHBIX JYKO-
Burax. [lecATuaHEeBHBIN KypC Ha3aJIbHOM Tepanuu
aunocoManabHO MiR-101 HOpMaM30Baa ypoBEeHb
B-amumongHoro mentuga 42 ¥ MUTOKWHOB: B He-
OKOpTeKce KOHIeHTPAI[USA SHIOTeHHOTO0 TOKCHU-
YECKOTO [3-aMUJIONIHOTO IenTuAa 42 YMeHbIIINIACh
Ha 33% , B runmnokamie — uHa 15% , a mposocmain-
TeJBHBIX IUTOKNHOB — Ha 11-20% . Takum obpa-
30M, HasajgbHad Tepanusa miR-101 B smumocomax
00yCJIOBUJIA JOCTOBEPHBINA aHTUAMUJIOUAOTEeHHBIH
3¢ deKT y KPbIC ¢ MOeIbI0 60e3Hn AJbIireiimepa,
B TO BpeMs KaK ee aHTHUBOCIIAJIUTEIbLHOE JefiCTBIe
IIpesKie BCEero CII0COOCTBOBAJIO CHUIKEHHIO KOHIIEH-
Tparuu -aMuJI0oUIHOrO mentuga 42.

Knwuesvie cnosa: miR-101, B-amMumougHbIi
MeITHUI, aMIJIOnL03, 00JIe3Hb AJIbIIrelimMmepa.
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The aim of the work was to estimate the influence of illumination on the rate of Chlorella
sorokiniana alga biomass synthesis; kinetic dependencies of the synthesis and unit rate of biomass
growth at different illumination conditions. Verification of adequacy of kinetic dependencies has
been implemented. The kinetic equations and values of the unit rate of biomass growth derived in
studied illumination modes made it possible to calculate the time needed for the synthesis of the set
amount of biomass and related growth medium consumption required for a set of cultivation
conditions.

Key words: Chlorella sorokiniana, biomass growth, cultivation conditions, kinetic regularities.

Technologies employing vegetation
biomass as a source of energy and valuable
food components are currently considered
as biotechnologies being implemented on a
large scale. The search for productive types of
biomass puts forward phototrophic organisms
as a perspective source of energy and raw
material for extracting phytocomponents
[1-3]. When developing the processes of
extracting the valuable phytocomponents from
the biomass of phototrophic organisms it is
important not only to consider the possibility
of obtaining diverse target products from the
biomass but also to organize a safe production
with a minimal strain on environment [4—8].

These requirements are fairly fulfilled
in the case of Chlorella alga biomass, which
finds its vast scope of application as the
source of biofuel of the third generation and
raw material for obtaining valuable food
components, including lipids and carotenoids.

In this regard, an urgent task is to select
optimal biomass cultivation conditions that
would not demand substantial energy-related
and financial expenditures [9—13].

This work is focused on the studying
of kinetic regularities of synthesis of alga
Chlorella sorokiniana biomass in different
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illumination modes and deriving kinetic
dependencies that characterize the influence
of spectral structure of luminous flux on the
biomass accumulation speed.

Materials and Methods

The initial concentration of Chlorella
sorokiniana alga cells in suspension amounted
to 4.2 mln cells per ml; temperature of the
mixture is (23=1) °C; intensity of mixture
aeration is 1.5 1 per min (liters per minute);
mixing mode is periodic (15 min once per
day); mixing speed is 500 rps (revolutions per
second).

Illumination conditions for the biomass
suspension are the following:

e Mode 1. Fluorescent lamp, illumination
intensity is 2200-2800 1x, T = 400 K, daylight
(later referred as DFL);

e Mode 2. Infrared incandescent lamp,
spectral area of the luminous flux —
3.5—5.0 pm, illumination is 14100 1x (later
referred as IR);

e Mode 3. UV-radiation with a mercury
gas-discharge lamp with a spectral area of
the luminous flux of 320-400 nm during
3 hours on the first day of cultivation (later
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referred as UV-A) and further illumination
with a fluorescent lamp, illumination intensity
2200-2800 1x, T = 400 K, daylight (later as
UV+DFL).

Dimensional parameters of the
photobioreactor (Fig. 1) are the following:
height — 380 mm, diameter — 50 mm,
volume — 500 ml.

— 2
S ==
1 — g

Fig. 1. Laboratory photobioreactor for Chloralla
sorokiniana microalga cultivation:

1 — pump-aerator; 2 — source of radiation
(IR or UV); 3 — daylight lamp; 4 — magnetic agi-
tator; 5§ — anchor of magnetic agitator; 6 — aera-

tion tube

The concentration of the cell suspension
of microalgae in the culture medium was
determined using a calibration graph of
dependence of the optical density of the
suspension on cell concentration. The optical
density of the suspension was determined
at a wavelength of 750 nm. Culture medium
was used as a reference solution. Sampling
for spectrophotometry was carried out after
mixing the suspension. The measurements
were carried out in the range of optical density
of 0.2—0.6, which corresponds to the linearity
of the Beer-Lambert law. The cells were
counted in in the hemocytometer in 5 large
squares [14] in the absence of signs of cell
flocculation. Dilution of the suspension was
carried out at its high concentration. Dilution
was taken into account when calculating the
concentration.

Concentration of alga cells in the
suspension was identified by measuring the
optical density using a spectrophotometer
with 750 nm wavelength and with a subsequent

conversion to the quantity of cells in 1 ml of
suspension in the hemocytometer . The values
of optical density of the series of solutions
were used for calibration graph construction.

Cultivation was implemented with the use
of tap-water based growth medium containing
a range of macro- and microelements shown in
the table 1 below [15].

Regression analysis was used for
mathematical processing of experimental
data. Graphic dependences are presented after
statistical processing using the least squares
method implemented in Microsoft Excel. The
degree of reliability of the experimental results
is confirmed by their threefold repetition and
reproducibility of data.

Results and Discussion

The derived calibration dependency is, as
follows: y = 26.729x — 0.591 (R” = 0.9883). It
was used for identification of C. sorokiniana alga
cells quantity at the wavelength A = 750 nm.

Fig. 2 illustrates dynamics of C. sorokinia-
na cells’ biomass synthesis in accordance with
illumination conditions.

Analysis of experimental dependency of
alga cells’ biomass concentration on duration
of the process demonstrated compliance
between the curve manner and Verhulst
logistic equation (1) [16]:

S o

where x is concentration of cells’ biomass,
mln cells/ml at the current moment; K is
population capacity, mln cells/ml; 1 is unit
speed of growth, days .

Equation (2) is used to identify the unit
speed of growth:

InX =1nX, + pt, (2)

where X, and X are concentrations of cells’
biomass, mln cells/ml at the initial and current
moment, correspondingly.

It was established that the speed of alga
biomass accumulation reaches its maximum
at the concentration of cells of 21 mln cells/ml
with a further decrease. Fig. 3 illustrates the
relation between cell growth speed and their
concentration.

Exponential phase of growth on the
graph with vertical InX and horizontal t axes
represents a line with a tangent of inclination
angle equal to the value of u (Fig. 4).

Equation (3) is likewise appropriate to
be used for calculation of the unit speed of
growth:
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Table 1. The composition of the culture medium for microalgae for a laboratory reactor volume of 10 liters

Culture medium A

Substance Molecular Concentration in Concentration in Amount of substance
weight, g/mol | stock solution, mg/1 | culture medium, pg/1 per reactor, ml
ZnSO, TH,0 287.53 0.1 100 10.0
CuS045H,0 249.66 0.1 10 1.0
CoS04 TH,0 281.06 0.1 100 10.0
MnCl,-4H,0 197.91 0.1 500 50.0
H3BO3-WF 61.83 0.1 50 5.0
Na2MoO,4-2H,0 241.96 0.1 100 1.0
Culture medium B
Substance Molecular Concentration in Concentration in Amount of substance
weight, g/mol | stock solution, mg/1 culture medium, per reactor, ml
ng/1
FeCl;-6H,0 270.21 1.0 4,000 40.0
Nay,EDTA-2H,0 372.24 1.0 6,000 60.0
Culture medium C
Substance Molecular Concentration in
weight, g/mol culture medium, Amount of substance per reactor, g
mg/1
KNOg 101.1 1,000 3,03
KH,PO, 136.07 100 0,32
MgSO0,-7TH,0 246.48 240 2,4
50
45 % -
Y
40 L A i ¥ a
$ & B K
35 &
& *
£ & &
£ s L4  t
F H
15 s 3
+ W
10 + —
t @
5 ——w
0
0 2 6 8 10 12 14 16 18
cultivation time, days
DFL ®IR A UV+DFL

Fig. 2. Dynamics of C. sorokiniana cells’ biomass synthesis in different illumination modes:
*P < 0.05 compared with the concentration of cells in the variant with the DFL lighting mode on the same day
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Fig. 3. Dependency of growth speed of alga C. sorokiniana cells on their concentration (equation 1):
a — DFL; b — IR; ¢ — UV+DFL
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Fig. 4. Exponential phase of growth of C. sorokiniana alga cells under various illumination condition modes
in semi-log coordinates:
the points represent experimental data; lines — calculated kinetic model

53



BIOTECHNOLOGIA ACTA, V.12, No 3, 2019

_In(Xz/Xy) | Table 2 shows kinetic equations charac-
= 3) terizing the speed of C. sorokiniana alga cells’
biomass synthesis and unit speed of growth.
With X; and X, as concentrations of Thus, the maximum value of unit speed
cells’ biomass, mln cells/ml at time ¢; and ¢,, of growth of cells’ biomass is reached at DFL
correspondingly. illumination mode.

Table 2. Kinetic equations of C. sorokiniana alga cells’ biomass synthesis

Cultivation conditions Verhulst model and unljzlspeed of growth,
n, days
dx x
DFL, illumination intensity is 2200-2800 1x, —=0.26x|1-—
T = 400 K (daylight) dt 41
n=0.26=0.01
dx X
IR, spectral area of luminous flux is 3.5-5.0 pm illumination —=0.15x| 1-—
intensity is 14100 Ix dt 3
n=0.15%+0.01
UV-radiation during 8 hours of the first day of cultivation dx X
using a mercury gas-discharge lamp with a spectral area of —=025x|1-—
luminous flux 320-400 nm. dt
DFL, illumination intensity 2200—-2800 Ix, T = 400 K (daylight) n=0.25+0.01
a
50 40
35 |
40 * _30
= B
5 i % 25
© Q 20
.E 20 S15
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Fig. 5. Kinetic dependencies of C. sorokiniana alga cells’ biomass synthesis
in various illumination modes: a — DFL; b — IR; ¢ — UV+DFL
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Fig. 5 comprises results of adequacy
verification for derived kinetic dependencies.
The results of modelling of synthesis kinetics
for Chlorella alga biomass complies with data
obtained by the authors [17].

This way, the following observation has
been established: the peak K population
capacity in the set temperature conditions
(23=1) °C amounts to 41 mln cells/ml during
DFL illumination mode, 2200-2800 Ix,
(daylight) which is 1.7 times bigger than
during IR illumination mode with radiation
intensity of 14100 lux. It was identified
that a short-time radiation during the
initial stage of alga cells’ biomass synthesis
in a spectral diapason of 320-400 nm does
not results in a significant increase of the
synthesis speed.
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BIIJIUB OCBITJIEHOCTI
HA CHHTE3 BIOMACH
MIKPOBOJOPOCTEMU Chlorella sorokiniana
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MeTor po6oTu 6yJI0 OIiHUTH BIIJIUB OCBiTJIE-
HOCTi Ha MIBUJAKiCTH CUHTE3y OioMacu MiKpPOBOIO-
pocti Chlorella sorokiniana, KiHeTUUYHY 3aJI€K-
HiCTb CUHTE3Y i MUTOMY IIBUAKIiCTh pocTy Oioma-
cu 3a PidHUX YMOB OcBiTyieHOCcTi. BecTaHOBIIEHO,
[0 HAaiOiJbIlle 3HAUEHHS IIUTOMOI IIIBUAKOCTI
pocTy KJiTuH 6ioMacu HOCATAETHCSI B PEKUMI
ocBitaernocti 2200-2800 JIk; T (K) 400 (meune
cBiTno). IIpoBemeHo mepeBipKy ameKBATHOCTI
OTPUMaHUX KiHeTMUHUX 3ajexkHocreii. Kine-
TUYHI pIBHAHHS i 3HAUEHHSA TUTOMOI MIBUIAKOCTi
pocTy GioMacu y BUBUEHUX PeKHMaX OCBiTJIeHO-
CTi IagyTh 3MOTYy po3paxyBaTHu 4yac, HeoOXigHuHi
IJIs CUHTEe3y 3aJaHol KiabKocTi 6iomacu i moB’ -
3aHUX 3 HEI0 BUTPAT JKUBUJIHHOI'O CEPEIOBUINA B
3aJaHUX YMOBaX KyJbTUBYBAHHS.

Karmouwosi cnosa: Chlorella sorokiniana, 3poctaH-

HaA O6iomMacu, YMOBH KYJIbTHUBYBAaHHA, KiHETUYHI
3aKOHOMipHOCTi.
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BJANSHUE OCBEIIEHHOCTU
HA CUHTE3 BUOMACCBHI
MUKPOBOOOPOCJIEU Chlorella sorokiniana

IO.T. Basapnosa
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ITesnnio paboThl OBIIO OLEHUTH BIUAHUE OC-
BEII[eHHOCTU HA CKOPOCTh CHUHTe3a O0MOoMacCh
mukposogopocau Chlorella sorokiniana, KuHeTu-
YEeCKYI0 3aBUCUMOCTDL CUHTE3a U YAEJbHYIO CKO-
POCTBH pocTa GMOMAacChl B PA3JUUHBIX YCIOBUAX
OCBEIIeHHOCTH. ¥ CTAHOBJIEHO, UTO HauboJIbIIee
3HAUEHUe yIeJbHOI CKOPOCTU POCTa KJIETOK Ouo-
Macchl JOCTUTaeTCd B PEKUMe OCBEI[eHHOCTH
2200-2800 JIkx; T(K) 400 (mueBHoi cBet). IIpo-
Be/leHa MPOBEPKA aJeKBATHOCTHU IMOJYUEHHBIX
KMHETHYeCKUX 3aBucuMocTeii. Kuneruueckue
ypaBHEHUSA U 3HAUEHUSA yIeJIbHON CKOPOCTU PO-
cra 6roMacchl B UBYUYEHHBIX PEKMMAaX OCBEIIeH-
HOCTH IIO3BOJIAT PACCUUTATH BpeMs, He00X0[1MMOe
IJIsl CUHTEe3a 3aJJaHHOI0 KOJIWYecTBa OMOMACCHI U
CBA3AHHOTO C Hell pacxo/ia MUTATeJbHON CPebl B
3a/IaHHBIX YCJIOBUAX KYJIbTUBUPOBAHUSA.

Knarmuesvte cnosa: Chlorella sorokiniana, poct
O0romMacchl, yCJIOBUSA KYJIbTUBUPOBAHUSA, KUHETHU-
UecKre 3aKOHOMEPHOCTH.
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The aim of the work was to estimate the impact of the short wavelengths ultraviolet radiation
(wavelength is 230 nm) on Arabidopsis thaliana. The stress response on some key flowering determination
genes AP1, GI, LFY, FT, CO, and the repair gene RAD51 expression were investigated. The grown plants
were applied by red (610—700 nm), violet (400—450 nm), neutral white (mixture wavelengths 380—-750 nm),
20 W and high intensive white light (mixture wavelengths 380—-750 nm) 40 W LED. The experimental
group of plants was irradiated by short wavelengths ultraviolet on ontogenesis stage 5.1 by Boyes
classification. The leaf length as growth parameter mark also was analyzed. The short wavelengths
ultraviolet influence caused differences in photoperiodic pathway genes expression in plants grown under
different illumination. Acceleration flowering phases under influence white intensive illumination and
delay ones in case of violet and common white illumination were observed comparing with control groups.
It was revealed that cryptochrome and phytochrome formation play an important role in plant development
and stress resistance. It enables to understand the best way of plant cultivation in stressful condition.

Key words: illumination conditions, gene expression, short wavelengths ultraviolet, stress

response.

The light illumination, nutrition and
temperature strong are influence on plant
development. Therefore the light illumination
mode is one of the most important conditions
for plants growth and development [1]. Light
illumination conditions include light intensity,
photoperiod and light spectrum. It is well
known that the switch from vegetative growth
to reproductive growth, i.e. flowering, is the
critical event in a plant’s life. Blooming is
regulated either autonomously or by
environmental factors which is regulated by
the duration of the day and night periods, and
spectra of the illumination of light, which is
regulated by photosynthesis cell components,
have been well studied. Additionally, it has
become clear that stress also regulates
flowering. The long wavelength ultraviolet B
radiation can induce or accelerate blooming, or
inhibit and delay it depend on plant species.
This article focuses on the positive regulation
of reproductive stage by stress. The induction
or acceleration of blooming in response to

stress that is known as stress-induced flowe-
ring — a new category of flowering response
[2]. This research aims to clarify the concept
and to summarize the full range of its
characteristics of stress-induced flowering
from a predominately physiological
perspective. There are relevant quantities to
flowering time gene regulatory network of
plants grow and develop [3].

Nowadays genetic mechanisms of flowering
regulation of Arabidopsis are known [4].
Flowering time regulation has been widely
studied on the plant model species Arabidopsis
thaliana. There are three main pathways which
include the photoperiodic, vernalisation and
autonomous branches. The photoperiodic
pathway is the most important for arabidopsis
because it is belongs on long day plant.
Flowering time regulate by circadian clock and
depend of day length [5]. The circadian clock
genes are activated by the light spectrum. The
light spectrum activates different
photoreceptors in plant leaves. The impact of
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light spectrum on plants development is
studied during long time [6]. But today this
environmental research problem has been
relevant. The violet, blue, and red lights are
important for plant growing and development
[7] and they include the visible light spectrum
within 380—-730 nm. Different light spectrum
excited signal transduction state and caused
photomorphogenic changes. It also impacts on
chlorophyll content in cells, dry mass
accumulation and leaf surface square creating
[8]. The visible light is absorbed mainly by
chlorophyll a, b and carotenoids [1]. Blue
(460 nm), orange (630 nm) and red light
(660 nm) are playing a great role in
photosynthesis [9], whereas violet (405 nm),
and far-red influence to germination,
vegetative growth, budding, and flowering
processes [10, 1]. In experimental researches
blue and red lights were necessary for
investigation plant photosynthesis
mechanisms, but violet and far-red usually
were applied in secondary metabolite synthesis
and photomorphogenesis studies [11].

Different spectrum is absorbed by several
photoreceptors in leaves [7, 9]. Therefore
several classes of photoreceptors have been
described: phytochromes (PHYA-PHYE in
Arabidopsis) generally absorb red and far-red
light, but blue light is perceived by
cryptochromes (CRY1 and CRY2),
phototropins (Phot. 1 and Phot. 2), and
Zeitlupes (ZKL, FKF1 and LKP2)[1].

In Arabidopsis the phytochromes involve in
photoperiodic pathways[12, 13]. They interact
on endogenous oscillators and activate
expression of two floral genes CONSTANTS
(CO) and FLOWERING LOCUS T (FT) in
leaves [10]. The cryptochrome photoreceptors
are present in organisms throughout the plant
kingdom [7]. They enable absorbed the red
light in plants. The red light in opposite of
could down-regulate the gene FT expression
and delay flowering [10].

A long wavelength ultraviolet (UV)
radiation is a highly effective biological stress
factor for plants. The UV-rays are similar to
ionizing radiation regarding of biological action
living cells [1]. Impact on plant UV-radiation is
interesting to research for a time [14]. It is
relevant to study during the last years too. The
ozone layer gets thinner in combine with global
warming. Therefore as a result it increases of
atmospheric CO, and UV radiation [15, 16]. The
investigation of the plant resistance to ambient
factors now continues to be relevant.

UV light includes a long wavelength UV
(wavelengths 320—-400 nm), UVB (280-320 nm)
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and short wavelength UV (wavelengths below
280 nm) (Sastry at al. 2000). A long wavelength
UV comprises more than 95% of the solar UV
radiation. Most of UVB and all of UVC are
removed by the ozone layer. The shorter
wavelengths are less present in incident
sunlight [17]. But if the ozone layer will
decrease the level of short wavelength UV
irradiation opposite will increase. In the
environmental the short wavelength UV will
become the most active and drastic stress factor.

The recent researches have shown, short-
and medium-wavelength of UV light cause
photo lesions in DNA conformation. The high
doses of UV increase DNA dissociation and
structural disintegration [18].

A long wavelength produce the DNA
thionucleotides indirectly. Also UV induces
DNA photo damage by generating reactive
oxygen species. Proteins targeted for oxidation
damage include DNA repair factors [16]. UVB
radiation affects leaf growth in a wide range of
some species without causing any other visible
stress symptoms [19].

Increasing environmental UV radiation can
delay flowering and decrease harvest
production in many plants species [20].

The arm of our study was to investigate the
illumination impact combining with the
UV-radiation on the expression of APETALA 1
(AP1), GIGANTIA (GI), FT, CO, RAD51 and
PCNA2.

Materials and Methods

The plants of Arabidopsis thaliana (ecotype
Col) were used in experiments. A. thaliana is a
classical model object in molecular biology and
genetics. This species is useful in lab and
content a small genome [21]. Genetic
mechanism of blooming term and growth
phases’ determination of Arabidopsis is widely
studied [22]. We used light illumination with
violet, red and white spectrum to growth
plants. The plants grown were applied red
(610-700 nm), violet (400—450 nm), neutral
white (mixture wavelengths 380-750 nm),
20 W and high intensive white light (mixture
wavelengths 380—-750 nm) 40 W LED to grow
plants. We irradiated plants by short
wavelength UV. During vegetation growth and
develop the irradiated plant with above-
mentioned factors the length leaves was
measured within twice per week.

The short wavelength UV irradiation

The short wavelength UV irradiation was
done by 254 nm light generator with 30 W power.
Each control and experimental group of plants
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was implemented. Experimental groups were
irradiated by short wavelength UV in shooting
stage 5.9 [22]. We stressed plants with short
wavelength UV irradiation in three different
term modes 1, 2 and 5 minutes of UV exposure in
the same distance from the generator.

Molecular studies

The RNA extraction isolated from leaves at
6.1 development stage at the starting of the
flowering phase in according to Boyes (2001)
classification. The RNA was isolated of each
experimental and control groups after one week
from UV irradiation. The total RNA was
extracted by traditional phenol-chloroform
method [23]. Quality of extraction RNA was
checked with electrophoresis in 2% agarose gels.
Concentration of extracted RNA was measured
by spectrophotometer. The reverse transcription
reaction was performed in order to obtain cDNA.
In experiments, the RevertAid First Strand
c¢cDNA Synthesis Kit (Thermo Fisher Scientific
Inc., Waltham, MA, USA) kit was used.

In order to evaluate the genetic alterations
caused by UV exposure we determined changes
in the photoperiod pathway gene expression
levels. In our experiment, we measured the
expression of researched genes AP1,GI, FT, CO,
RAD51 and PCNA2. The qPCR equipment
LightCycler® Nano Instrument by Roshe
Diagnostics, Switzerland was used. Different
programs and protocols were tested to set up real
time qPCR conditions. We used Thermeo scientific
SYBR Green master mix. The quantitative gPCR
primers on genomic DNA of Arabidopsis
resulting in selection the working primers were
tested too. An ACTIN PROTEIN 2 (ACT?2) and
PCNA2 on base preliminary experiments were
chosen as a reference gene in our investigation.
The standardization of real-time PCR primers
was done in order to preliminary determines the
efficiency of each primer.

Data analysis

Statistical analysis of vegetation data [24]
was done by the help of StatPlus software.
Relative expression of the genes statistically
analyzed with double normalization on the base
of reference gene and control group by the
REST software [25].

Results and Discussion

Analysis of the plant’s growth and
vegetation development showed differences in
grown with different light illumination [24].

Arabidopsis seedlings were started at 5.1
stage according to Boyes (2001) classification at
24 day-old age (Table 1) under the intensive
white illumination at 24 °C temperature. The

plants transferred into 6.3 phase (flowering) on
27 day-olds. The seedlings transferred into 8th
phase on 31 day-olds and 9 phase (harvesting)
on 36 days. The seedlings started 5.1 stage on
27 day-olds, the 6.1 phase started on 31 days,
the 8 phase started on 36 days under red light at
24 °C. The plant seedlings started 5.9 stage on
31 day-olds and the 6.3 phase at 36 days-old
under common white and violet light at 24 °C.

One-way Analysis of Variance (ANOVA)
showed the significant differences between
leaf length of different light spectrum growing
plants (between groups SS = 1.04, within
groups SS=458.11,F, > F ., P <0.05). See
details in Fig. 1.

The leaf length of red light growing plants
is different than common white light group
(temp >terits P < 0.05), as well as high intensive
white light (te,, >t P < 0.05) and violet
light (tepp>terit, P < 0.05) growing plants. The
leaf length of the common white light growing
plants is slightly different than white intensive
light (teyp > terit, P < 0.05) and violet light (te,,,
> tomts P < 0.05) growing plants. The amount
leaf length of the intensive white light growing
plants is slightly higher than violet light
growing plants (t,,>terit, P < 0.05).

Comparative analysis of key photoperiodic
pathway genes expression showed some
differences between control and short
wavelength UV irradiated groups (P < 0,05).
The common white light illuminated plant
group shown the changes in expression levels
of key flowering determination genes after
short wavelength UV treatment (Table 2). For
example, a) plants irradiated during 1 min by
short wavelength UV: The genes RAD51 and
GI are up-regulated in the experimental group
in compare control plants by a mean factor of
2.936 and 1.494, comparatively. But the gene
CO which take part in the circadian cycle is
down-regulated for experimental plants with a
mean factor of 0.648; b) 3 min short wave-
length UV: The genes RAD51 and AP1 are
up-regulated in an irradiated group of plants
by a mean factor of 5.519 and of 31.685. The
genes CO and GI are down-regulated in
treatment group by a mean factor of 0.49 and
0.561; ¢) 5 min UVC: the genes RAD51, AP1,
CO and FT are up-regulated in the experimental
groups in compare of the control group by a
mean factor of 46.869, 87.018, 137.253 and
6.15, comparatively.

We observed other features for activity
some flowering, reparation, and proliferation
genes of the violet illumination cultivated
plants after that they were influenced UV-ray
during several modes (Table 3). a) 1 min UVC:

emp
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Table 1. Evaluation and demonstration the phenology phases of cultivated plants
in different light conditions in depend of aged

Light Age, Phase Age, Phase Age, Phase Age, Phase
days days, days days
L_g N
= ~
Red 3.8 5.1 6.1 b 8 f
L g N
White ' ™y ™
. : 5.1 6.3 b 8 9
intensive .
24 27 31 36
Violet 3.6 “ & 5.9 \b 6.3 :
White 3.6 & 5.9 \b 6.3
common i

—+— Redlight

—=— White low

=i Violet

\>‘

—+— White intens

17 days 25 days 32 days

Fig. 1. Dynamic grown the leaves length (mm)
plants in depend of vegetation terms (days)

AP1,GI and FT expression are down-regulated
in experimental groups in compare of control
group plants by a mean factor of 0.029, 0.444
and 0.074; b) 3 min UVC: AP1 is up-regulated
in experimental group plants by a mean factor
of 4.966, ¢) 5 min UVC: FT is up-regulated in
experimental group (in comparison to control
group) by a mean factor of 1.748. But CO is
down-regulated in the experimental group by
a mean factor of 0.401.

The expression of key photoperiodic pathway
genes after short wavelength UV in red light
growing plants was described in Table 4. a) 1 min
UVC: AP1 is up-regulated in experimental group
by a mean factor of 2.782 and genes GI, CO, FT,
and RAD51 are down-regulated in the
experimental groups by mean factors of 0.171,
0.134, 0.025 and 0.450, comparatively; b) 3 min
UVC: API1 and FT are down-regulated in
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experimental groups by a mean factor of 0.586
and 0.445 in in comparison to the control group.
The gene CO is up-regulated by a mean factor of
2.644; c¢) 5 min UVC: FT and RAD51 are
up-regulated in the experimental group by a mean
factor of 5.214 and 1.914, comparatively. The
similar effect we observed for violet illumination
plus UV-radiation.

The phenology data revealed about necessary
of the full spectrum of solar light to normal
activation of circadian clock genes. It is known
that PHYA-PHYE accepts the visible red light.
We suggest that phytochromes involve in
flowering time regulation in the non-full
spectrum of light. CRY1 i CRY2 accept the blue
light [26]. However, decreasing of red light in
illumination caused blooming time delay to
compare white light growing plants. It also was
explained in recent studies [1].

Our results shown the trend of flowering
genes expression depends on red, violet and
white light spectrum. We observed that AP1,
GI, CO and RAD51 increase their activity after
stress. The response of CO and FT genes to
stress factor did not observed.

We believe that changes of genes activity
depend on light illumination conditions.
However increasing of RAD51 gene expression
has been shown the activity of reparation
processes in plant cells [27]. The expression
levels of RAD51 have differences in samples
group that were grown in white, violet and red
illumination. The differences can cause by
cryptochromes or phytochromes.

In addition, we did not show the significant
changes of photoperiodic pathway genes
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Table 2. Relative expression analyzes results of plants cultivated under common white light and treatment
by 1, 3 and 5 min of UVC treatment

Gene Expression Std. Error 95% C.I. P(H1) ( PRjS(;lgf))
1 min
PCNA2%** 1
RADS51 2.936 1.939-4.492 1.490-5.841 0 UpP*
AP1 12.255 4.570-33.291 2.358-70.686 0.062 UP
CcO 0.648 0.586-0.716 0.577-0.728 0 DOWN*
GI 1.494 1.273-1.757 1.161-1.925 0 UP*
FT 1.233 0.665—2.286 0.424-3.793 0.667 UP
3 min
PCNA2%* 1
RADS51 5.519 3.430-8.431 3.118-9.986 0.049 UP
API 31.685 16.502-73.653 9.321-108.277 0 UP
Cco 0.49 0.383-0.564 0.377-0.572 0.034 DOWN*
Gi 0.561 0.473-0.686 0.406-0.764 0.022 DOWN*
FT 0.998 0.625-1.933 0.426-2.255 0.918 DOWN
5 min
PCNA2%** 1
RADS51 46.869 30.683-72.202 24.564-90.040 UP
API 87.018 39.391-192.333 37.248-203.375 0 UP
Cco 137.253 110.717-179.260 109.005— 0 UP
182.074
GI 1.678 0.351-8.065 0.288-9.822 0.611 UP
FT 6.15 3.322-11.095 3.078-12.423 0.026 UPp*

* Statistically significant
“*Reference gene = 1

Hereinafter: the expression level values compare with reference gene expression =1.The expression level
values are calculated in base of row quantitative PCR data of control and experimental groups. The methodology
shown the differences between control and treated groups as control — 1 min UV, control — 3 min UV, control —
5 min UV. It is not necessary to present the row control and experimental data. The hypothesis test P(H1) rep-
resents the probability of the difference between the sample and control groups.

expression after short wavelength UV in plants
which cultivated in violet light, at 24 °C. We
guess that the red and violet light growing
plants have different expression because of the
photoreceptors involved in short wavelength
UV response. For example, the same short
wavelength UV-doses cause different level of
AP1 expression in different groups (Fig. 2—4).
This phenomenon could be explained by the
involvement of cryptochromes in flowering
regulation.

As known RADS51 gene involved in repair
processes after UV and ionizing radiation. Red
light growing causes to increase RAD51 activity
(Table 4). At the same time increasing RAD51
activity in violet and white light growing plants
was observed only on 5 min short wavelength

UV. It can be related to the light wavelength of
illumination. We believe that shorter
wavelength can suppress repair processes in
plant cells.

The previous data showed that short
wavelength UV influences on plant biomass
formation, photosynthesis and leaf size of
agriculture plants [14]. Our results also
demonstrated that short wavelength UV also
drastic influences on repair and bloom
processes. Other authors in the recent studies
report similar data. They have shown that
different light conditions effect on stress
resistance in plants [28].

However, the question of relation
photoreceptors of the plant due to
photoperiodic pathway genes expression is
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Table 3. Relative expression analyzes results of plants cultivated under violet light and treatment by 1, 3
and 5 min of UVC treatment

Gene | Expression | Std. Error | 95% C.I. | P(H1) | Result (P < 0.05)
1 min
ACT2%%* 2.286
PCNA2** 0.438
RAD51 4.57 1.080-19.487 0.872-24.120 0.174 Up*
CO 0.264 0.213-0.326 0.206-0.338 0.075 DOWN*
GI 0.444 0.343-0.577 0.299-0.663 0 DOWN
FT 0.074 0.047-0.117 0.044-0.125 0.041 DOWN
AP1 0.029 0.020-0.038 0.018-0.041 0 DOWN
3 min
ACT2%* 0.242
PCNA2%* 4.137
RAD51 4.455 1.017-19.538 0.929-21.385 0.268 UP
CO 0.467 0.402-0.543 0.388-0.562 0.077 DOWN
GI 1.236 1.045-1.462 0.930-1.647 0.183 UP
FT 0.949 0.755-1.192 0.707-1.274 0.772 DOWN
AP1 4.966 3.155-7.823 2.939-8.397 0.037 UP*
5 min
ACT2%%* 0.214
PCNA2** 4.672
RAD51 4.462 1.030-19.387 0.904-22.069 0.283 UP
CO 0.401 0.340-0.471 0.329-0.488 0.042 DOWN*#
GI 0.792 0.700-0.896 0.640-0.982 0.135 DOWN
FT 1.748 1.579-1.936 1.480-2.065 0.022 up*
AP1 4.18 3.893-4.489 3.687-4.743 0.057 UP

* Statistically significant; **Reference gene.

mRAD51 mAPl mCo uGi mFT
160
140
120

100

1 min 3 min 5 min
Fig. 2. Dynamic of flowering genes expression of plants grown under illumination common
white light in depend of UV-treatment term:

Hereinafter: the expression level values compare with reference gene expression =1.The expression
level values are calculated in base of row quantitative PCR data of control and experimental groups. The
methodology shown the differences between control and treated groups as control — 1 min UV, control — 3
min UV, control — 5 min UV. It is not necessary to present the row control and experimental data. The data
are comparing with control group. * Statistically significant
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mRAD51 mApl mCo uGi mFT

1 min UV

3 min UV 5 min UV

Fig. 3. Dynamic of flowering genes expression of plants grown under violet light
in depend of UV-treatment term

ERAD51 mAPl mCo uGi mFT

1 min

3 min 5 min

Fig. 4. Dynamic of flowering genes expression of plants grown under red light
in depend of UV-treatment term

relevant. This phenomenon needs more dip
studies of transcription factors, which are
included in flowering regulation. The question
of cultivation conditions impact on plant stress
response is interesting for science and
agriculture. The drought, salinity, oxidation
stress are interested in scientists.

These researches will help to produce stress
resistant sorts of agriculture plants, which can
be planted in climate change conditions or
unfavorable places of the planet [29].

Thus, our experimental data revealed
that Arabidopsis thaliana plant cultivation
under illumination of violet, red and

orange spectra of light could drastically
influence on photoperiodic pathway genes
expression.

Post-irradiated with short wavelength
UV-irradiation of plants grown under red light
illumination caused downregulation expression
of genes related to circadian clock CO and GI
and repair genes RADS51.

Our data demonstrate that the plant
cryptochrome and phytochrome formation
and development condition play an important
role in UV-radiation resistant and on the
response of main photoperiodic pathway and
repair genes expression.
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Table 4. Relative expression analyzes results of plants cultivated in red light and treatment
by 1, 3 and 5 min of UVC treatment

Gene Expression Std. Error 95% C.I. P(H1) Result (P < 0.05)
1 min
ACT2%* 1.929
PCNA2** 0.518
RAD51 0.868 0.813-0.924 0.800-0.967 0.049 DOWN*
CcO 2.782 2.419-3.309 2.329-3.436 0 UP*
GI 0.134 0.104-0.166 0.101-0.179 0.034 DOWN
FT 0.171 0.157-0.191 0.151-0.194 0 DOWN
AP1 0.025 0.024-0.026 0.023-0.027 0 DOWN
3 min
ACT2%* 0.76
PCNA2** 1.316
RAD51 0.759 0.629-0.876 0.591-0.993 0.153 DOWN
CcO 0.586 0.484-0.686 0.452-0.797 0 DOWN*
GI 2.644 2.486—-2.890 2.434-2.955 0 UPpP*
FT 2.552 2.386—2.780 2.236—-2.897 0.097 DOWN
AP1 0.445 0.372-0.533 0.347-0.572 0 DOWN*
5 min
ACT2%* 0.76
PCNA2** 1.316
RAD51 1.914 1.755-2.041 1.713-2.183 0 UP*
CcO 1.368 0.915-1.978 0.783—-2.432 0.195 UP
GI 0.794 0.547-1.117 0.531-1.203 0.345 DOWN
FT 1.518 1.334-1.760 1.283-1.786 0.054 UP
AP1 5.214 3.962—-6.861 3.824-7.108 0 UP*

* Statistically significant; **Reference gene.
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BIIJINB KOPOTKOXBUJbBOBOI'O
YJAbBTPA®IOJIETOBOI'O
BUITPOMIHIOBAHHSA HA EKCITPECIIO
I'EHIB ¥ Arabidopsis thaliana

M. Kpusoxusca®
IO. JTIi6anmosa®
H. Pawudos'

NucruryT kiaituEHOI Giosorii Ta reHeTHYHOT
insxenepii HAH Vkpainu, Kuis
2IHCTUTYT reHETUKH POCINH i 6ioTexHOMOTIT
CAC, CroBauunHa

krivohizha.marina@gmail.com

Merorto mociimxeHHsa 0yJI0 BUBUEHHS BIJINBY
ONIPOMiHEHHSA KOPOTKOXBUJIBOBUM yJbTpadioe-
ToM (moBskmHA xBuai 230 HM) pociun Arabidopsis
thaliana. JTocimKeHO CTPECOBY PeaKIliio Ha JeAKi
KJIIOUOBiI reHW (POTONMEPiOAMYHOTO MeXaHiZMy
nerepminarii nsitinua: AP1, GI, FT, CO Ta pena-
panii RADS1. g BupoIyBaHHSA POCJIUH 3aCTO-
coByBaJIi uepBoHe (moB:kuHA xBuIi 610—750 um),
diomerose (moBsxkuHa xBuii 400-450 uM), Heli-
TpaJibHe BUAUWMeE (3Mimrani XBuJi 3 JOBKUHOIO
380-750 M) ocBiTaeHHa 3 moTyskHicTio LED
aamn 20 Br ta 40 Br.

Ilicna mporo ekcnepuMeHTAJbHY I'PYIIy PoOC-
JVH ONPOMiHIOBAJIU KOPOTKOXBUJIHOBUM YJIb-
Tpadioserom (moB:kuHA xBuai 230 HM) Ha cTamii
oHTOoreHe3y 5.1 3a Kaacudikamiero Boiica (2001).
fAx mMapkep BereraIiitHOro pocty 0yJio ITpoaHaJi-
30BAaHO JOBXKUHY JHUCTA. BUSBIIEHO, III0 OIIPOMi-
HEHHA KOPOTKOXBWJILOBUM yJIbTPadiosieToM crpu-
YUHIOBAJO BiAMiHHOCTI y mpodinax ekcmpecii
TreHiB (poTONEPiOAUYHOIO MexXaHi3My peryaamii y
POCJIMH, BHUPOIINEHUX 3a PiBHOTO OCBiTJIeHHA.
Cmocrepiranocsa IpuUCKOpeHH:A a3y IBiTiHHA 3a
BUPOIIYBAHHS B iHTEHCUBHOMY 0iJIOMY OCBiTJIeHHI
Ta 3allisHeHHA 3a (pioseToBoro Ta moMipHoOro 6ijo-
T'0 OCBiTJIEHHS ITOPiBHAHO 3 KOHTPOJIBHOIO I'PYIIOI0.
TakuM YHOM OYJI0 BUSABJIEHO, 10 KPUIITOXPOMH i
diToxpomm BimirparoTh BaKJIUBY POJb Yy (hopMmy-
BaHHI cTpecocTiiikocTi pocauH. [lani gocaimxeH-
HS € BAYKJIUBUMU IJIs1 010T€XHOJIO0ri] Ta CiIbChKOro
rocIolapcTBa i AaayTh 3MOT'y BU3HAUUTU Hali-
OiJIBIII ONITUMAJIBLHI CIIOCOOU BUPOIIYBAHHS POCINH
B YMOBax CTpecy.

Knarouwosi cnoea: yMOBU OCBiT/IEHHS, €KCIIpecis

TeHiB, yiabTpadiosieT KOPOTKOXBUJIBOBOIO Jiara-
30HY, BiAIOBigb Ha CTpPeEC.
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BJIHAHHE KOPOTKOBOJHOBOI'O
YIABTPADPHOJIIETOBOIO H3JIVYEHHA
HA 9KCIIPECCHIO TEHOB
Y Arabidopsis thaliana

M. KEpusoxusca®
IO. Tu6anmosa®
H. Pawudos!

Y ucTUTYT KIIeTOUHOI 6HOIOTUY U TeHHOM
nrxenepnu HAH Vkpawnnsr, Kues
JMIHCTUTYT reHETUKY pacTeHU I
ouorexunogoruu CAC, CiroBakusa

krivohizha.marina@gmail.com

ITesbio ucciiefoBaHUA OBLIO U3YyUYEHUE BIUA-
HUA 00/TyUeHUA KOPOTKOBOJIHOBBIM yJIbTpaduoJie-
ToM (xsiuHa BosiHbI 230 HM) pacrenuit Arabidopsis
thaliana. UccnemoBaHa cTpeccoBas peakIusa Ha
HEKOTOpPbIE KJIIUYEBbIE TeHBI (DOTOTIEPUOIUUECKOTO
mexanusma: AP1,GI, FT,CO u RAD51.

s BuIpamuUBaHUA PACTEHUN NPUMEHATHN
KpacHbI# (gauHa BoaHb 610—750 HM), uosero-
BbI# (mamHA BoaHBI 400—-450 HM), HeHTPANLHBIH
OeJibIii (cMeIIaHble BOJIHEI ¢ AnuHoi 380—750 HM)
¢ muTeHcuBHOCTHI0O LED-mamno 20 Bt u 40 Br.
IKCIepUMEeHTAJIbHYIO I'PYINY PacTeHn 00 aydann
KOPOTKOBOJIHOBBIM YyJibTpaduoserom (mJauHAa
BostHbl 230 HM) Ha cTaAuu OHTOTeHe3a 5.1 mo KJjac-
cudpuranuu Boiica (2001). B kauecTBe MapKepa
BETeTAI[MOHHOTI'0 POCTA TaK’Ke ObLIa MIPOaHATU3H-
posaua gauHa jgucrta. O6ayueHIe KOPOTKOBOJIHO-
BBIM YJIBTPa(GMOJIEeTOM BhI3BIBAJIO PABIUYUS B IIPO-
PUIAX SKCIPECCUU I'eHOB (POTOIIEPUOJUUECKOTO
MexXaHW3Ma PeryadAliuu IIBeTeHUsA y pacTeHu,
BBIpDAINEeHHBIX IIPU Pa3HOM OCBEIeHUH.
Ha6uroganacs panHee Hauaio (has3bl IBETEHUA IIPU
BBIPAIIIMBAHUY B UHTEHCUBHOM 0€JI0M OCBEIlleHUU
U mo3gHee Ipu (PMOJIETOBOM U OOBIYHOM Oesiom
OCBEIIeHUH 110 CTPAaBHEHUIO ¢ KOHTPOJIBHOI I'py-
moii. TakuM 06pa3oM OBLIO BHIABJIEHO, UTO KPUII-
TOXPOMBI M (DUTOXPOMBI UTPAIOT BaKHYIO POJIb B
(hopMUpPOBAHUYU CTPECCOYCTOMUYMBOCTU PACTEHUN.
JlaHubIe UCCaeTOBAHUA BaYKHBI AJIA OMOTEXHOJIO-
TUH U CEeJIbCKOTO X03AMCTBA, YTO IIOMOKET OIIpeie-
JUTh HauboJiee ONITUMAJIbHBIE CIIOCOOBI BHIPAII[U-
BaHUS PACTEHUI B YCIOBUIX CTpecca.

Knwouesvle cnosa: ycaoBus OCBEIEHNUA, SKCIIPEC-
cus TEeHOB, KOPOTKOBOJIHOBOI yJbTpaduoJier,
OTBET Ha CTpecc.
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The aim of the work is to determine the content of biologically active compounds in berries and
fruits collected in ecologically clean areas, to find out their potential usage for the creation of targeted
pharmabiotics, and the ability of such extracts to stimulate the growth of probiotic lactic acid bacte-
rial strains and other representatives of commensal intestinal microbiota.

The content of biologically active compounds was determined by thin-layer chromatography. The
plant-specific effect of methanol extracts from berries and fruits on the selected strains L. acidophilus,
L. catenaformis, L. casei, L. fermentum, E. coli 058, E. faecalis (gut commensals), B. subtilis 090 (com-
ponent of biopreparation), which are perspective for the creation of modern pharmabiotics, according
to the results of its cultivation in the specified extracts had been shown.

It was also found that tested berry extracts were characterized by a higher content of polyphenols,
compared to anthocyanins. Alycha’ extract mainly inhibited the growth of most of studied bacterial
strains, except B. subtilis 090. Extracts of red currant, sweet cherry, and jostaberry stimulated the
growth of L. catenaformis, while extracts of sweet cherry and jostaberry, in addition to that of the
above-mentioned lactobacilli strains, also stimulated the growth of L. casei and L. fermentum.
Blueberry and plum extracts activated the growth of all lactobacilli strains. The ability to stimulate the

growth of B. subtilis 090 was noted only for the extracts of alycha, jostaberry, and plum.

Key words: berries, fruits, flavanoids, anthocyanins, lactobacteria, pharmabiotics.

It is known that peptides, enzymes, and
amino acids are used as separate medications
and as prebiotic components in the composition
of synbiotics [1]. Today the most frequently
used plant extracts are characterized by
various preventive and medicinal effects [2].
The objective of our paper was the screening
(selection) of berries grown in the mountainous
regions of Zakarpattia, which would be
characterized by high biologically active
compounds (BAC) contents and the ability to
stimulate the growth of lactic bacteria strains of
different origin, and thus could be perspective
components for modern pharmabiotics.

Natural biologically active compounds of
antimicrobial action include plant antibiotics,
phytoncides, essential oils, balsams, resins,
tannins, organic acids, alkaloids, and
glycosides [3]. Usually, the BAC content varies
depending on the plant species and the region
of cultivation [4].

Therefore, our main task was to select
berries and fruits, the extracts of which were
rich in BAC and had antibacterial properties
against opportunistic pathogens, as was shown
earlier [5, 6], and at the same time stimulated
the growth of beneficial microorganisms,
which was the objective of this paper.

Agroclimatic conditions of Zakarpattia
Region are favorable for the cultivation
of berries rich in BAC. Gardening is well-
developed in the region, which, in turn,
provides the opportunity to obtain a large
number of raw materials for BAC extraction,
namely from alycha, cherry, jostaberry, red
and black currant. Fruits of these plants
are sources of antioxidants, including
anthocyanins and polyphenols, which possess
antibacterial properties [7].

The quantitative composition of the studied
berries is underinvestigated. Determination of
the total content of polyphenolic compounds in
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plant raw material allows pre-evaluating the
prospects of their use as a source of BAC for
future use in the production of pharmabiotics.

So, the objective of our study was to
determine the BAC content in the berries and
fruits selected for the study and to find out
their potential ability to stimulate the growth
of selected microorganisms.

Materials and Methods

Methanol extraction

We determined the quantitative content
of polyphenols and anthocyanins in methanol
extracts by thin-layer chromatography
(TLCH) [8].

We prepared the extract from 50 g of
each kind of berries and used 100 ml of 80%
methanol for extraction. In our subsequent
experiments, we used the methanol liquid
extract, not containing precipitate [9].

Determination of antibacterial properties of
fruit extracts

Using vacuum evaporation, we obtained
methanol-free extracts of the following
berries: Ribes rubrum (red currant), Prunus
avium (sweet cherry), Prunus x domestica
(plum), Ribes x nidigrolaria (jostaberry),
Vaccinium myrtillus (blueberry), Ribes
nigrum (black currant), and Prunus cerasifera
(alycha).

We studied the ability of the selected
berries and fruits to stimulate L. acidophilus,
L. catenaformis, L. casei, L. fermentum
(LAB), E. coli 058, E. faecalis B. subtilis 090
by culturing them in extracts obtained from
these berries and fruits [10]. The initial
concentration of the selected LAB strains,
E. coli 058, E. faecalis B. subtilis 090 was
3x108 CFU/ml (NO). The obtained data was
expressed as the logarithm of the number of
surviving bacteria (Nt) to the initial number
of bacteria (NO) — lg (Nt/NO) for a certain
culturing time (14 h and 24 h).

LAB strains used in the study were isolated
by us from various sources, in particular,
L. acidophilus — from the intestine of a
healthy person, L. catenaformis, L. casei,
L. fermentum — from fermented food [11];
they were identified (MALDI with subsequent
sequence analysis) and registered with the
Depositary of High-Value Cultures of the
Microorganism Collection of IMVNASU as
promising strains for the development of
modern pharmabiotics. Additionally, the
effects of berry and fruit extracts on the
representatives of the commensal intestinal
microbiota were studied: E. coli 058,
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E. faecalis, and B. subtilis 090— an integral
component of the biological preparation [12].

Statistical processing of the results of
experiments was carried out using a software
OriginLab 2017 version 94E.

Results and Discussion

Alycha is a relatively unpretentious,
frost- and drought-resistant plant [13].
Polyphenols play an important role among the
BAC that the alycha fruits are rich in. Plant
phenols represent a large group of substances
classified as “secondary metabolites”, being
of particular interest due to their antioxidant
properties. Phenolic compounds are also
characterized as antimicrobial, antitumor,
and antiviral agents [14, 15]. Jostaberry is
also a source of biologically active substances,
but to date, the content of BAC in this fruit is
almost unstudied. This is also applicable to the
unknown content of BAC in the fruits of sweet
cherry and currant, but the availability of such
data is extremely relevant.

When choosing berries and fruits, we also
considered their availability on the market,
use in the food industry, and their well-known
ability to suppress opportunistic pathogens.

The second stage of the study was obtaining
methanolic extracts of alycha, plum, red and
black currants, blueberry, sweet cherry, and
jostaberry, followed by distillation of the
solvent, and a quantitative determination
of BAC content by means of thin-layer
chromatography. In liquid extracts of berries,
the content of biologically active substances
was determined, that belonged to the class
of anthocyanins and polyphenols, and their
quantitative content in each investigated
extract was measured.

Black currant and jostaberry fruits
were characterized by the same qualitative
composition of BAC (delphinidin-3-
glucoside, delphinidin-3-rutinoside,
cyanidin-3-glucoside, cyanidin-3-rutinoside),
but different quantitative content of
anthocyanidins and polyphenols. The total
content of polyphenols in the fruit of black
currant was half as much as the total content
of polyphenols in jostaberry fruit. These
extracts stimulated the growth of L. casei, and
jostaberry extract additionally stimulated the
growth of L. fermentum and L. catenaformis
strains (Table 2).

The black currant extract (Ribes nigrum)
contained the following biologically active
substances: delphinidin-3-glucoside (20.4%),
delphinidin-3-rutinoside (45%), cyanidin-3-
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Table 1. The results of anthocyanins content

Serial Tested Extracts
eria
Number Isolated BAC Ribes | Prunus Prunus Ribes x Vaccinium Ribes
rubrum | avium domestica | nidigrolaria myrtillus nigrum
1 Cyanidin-3- 26.8 - - - - -
monoboside, ng/ml
2 Cyanidin-3- 118.5 - - - - -
xylosylrutinoside,
ng/ml
3 Cyanidin-3- 33.6 78.0 9.4 310.1 - 846.2
rutinoside, pg/ml
4 Cyanidin-3-glucoside, - 0.58 1.63 106.5 529.9 165.0
ng/ml
5 Cyanidin-3- - - - - 298.5 -
arabinoside, ng/ml
6 Cyaniding-3- - - - - 429.5 -
galactoside, ng/ml
7 Delphinidin-3- - - - 56.9 697.8 590.1
glucoside, pg/ml
8 Delphinidin-3- - - - 86.5 - 1285.1
rutinoside, pg/ml
9 Delphinidin-3- - - - - 651.8 -
galactoside, ng/ml
10 Delphinidin-3- - - - - 446.9 -
arabinoside, ng/ml
11 Petunidin-3-glucoside, - - - - 472.5 -
ng/ml
12 Peonidin-8-rutinoside, - - 7.8 - - -
ng/ml
13 Petunidin-3- - - - - 186.5 -
galactoside, ng/ml
14 Peonidin-3- - - - - 40.7 -
galactoside, ng/ml
15 Petunidin-3- - - - - 113.9 -
arabinoside, pg/ml
16 Peonidin-3-glucoside, - — - - 210.1 -
ng/ml
17 Malvidin-3- - - - - 149.6 -
galactoside, ng/ml
18 Malvidin-3-glucoside, - - - - 461.5 -
ng/ml
19 Malvidin-3- - - - - 89.7 -
arabinoside, ng/ml

glucoside (5.6%), and cyanidin-3-rutinoside
(29%). The total content of polyphenols
was 5042 ng/ml. The black currant extract
stimulated the growth of L. casei (Table 2).
The red currant fruit (Ribes rubrum)
contained the following anthocyanidins:
cyanidin-3-sambubioside (15%), cyanidin-
3-xylosylrutinoside (66%), and cyanidin-
3-rutinoside (19%). The total content of

polyphenols was 3962 ng/ml. This extract was
characterized by pro-bacterial properties in
relation to L. catenaformis (Table 2).

The fruit of sweet cherry had the ability
to stimulate the growth of L. casei, L.
catenaformis and L. fermentum. However, in
contrast to the extracts of black currant and
jostaberry, only two types of anthocyanidins
were identified in the fruit of sweet cherry:
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Table 2. Biological influence of fruit and berry extracts on the growth of lacto acid bacteria, in dynamics

L. acidophilus L. catenaformis L. casei L. fermentum
NO 8 8 8 8
(CFU/ml) 3x10 3x10 3x10 3x10
Time of
cultivation, 14 24 14 24 14 24 14 24
hours
Tested IgNt/
pested ) 1gNt/NO | 1gNt/NO | 1gNt/NO | 1gNt/NO | 1gNt/No | 1gNt/No | '8NV | 1gNt/No
Prunus 5.5 55 | ysiigr | 55 5.5 5.5 0.67+ 5.5
cerasifera | +0.5% | =0.5% -5=1. +0.79% | =1.7% | =0.19% | 0.25% | =0.17%
Ribes x nidi- | —3.7 3.2 3.5 0.1 2.8 020.3 2.8 0.52
grolaria +1.1 +1.1 +0.5 +0.5 +0.35 +0. +0.2 +0.3
Prunus ~0.78 1.7 0.78 3.7 2.5 ~0.78
avium +0.79 +0.5 —3.4=L1 | g 96 +0.3 0+£0.29 | 549 +0.4
Ribes 3.5 4.1 4.1 1 0.1 2.8 2.5
nigrum | =05 | +0.76 0.5 5 | +0.35 | 0925028 | 558 | o357
Ribes 3.9 4.1 ~0.78 09005 | 48 4.8 ~0.78 5.5
rubrum +0.5 +1.2 +0.26 +0. +0.5 +0.17 | +0.38 | +0.45
Vaccinium | —2.8 3.5 0.78 2.8 2.8 0.52+
myrtillus | +0.83 | 0-34F0-51 .99 +0.29 | =0.35 | 0-52%0:5 | .7 0.92
Prunus 15 | ga4e05| —0-48 —0.78 | -0.78 —0.48 | -0.48 | -0.78+
domestica | =02 | 0-34=0. +0.26 +0.29 +0.5 +0.5 +0.78 0.38

Note. Significant differences with the Prunus cerasifera extracts on growth of lacto bacteria by (P#< 0.05).

cyanidin-3-glucoside (0.7% ), and cyanidin-3-
rutinoside (99.3%), while the total content of
polyphenols was only 525 ng/ml.

Plum fruits (Prunus domestica) contained
three types of anthocyanins in their
composition: cyanidin glycoside (8.6%),
cyanidin-3-rutinoside (50%), and peonidin-
3-rutinoside (41.4%). The total content of
polyphenols was 668 png/ml. As to the effect
of the plum extract on strains of lactobacilli,
we observed the stimulation of growth of all
tested LAB and B. subtilis 090 strains (Table 2).

Analyzing the obtained data of the
quantitative study of extracts composition
(Table 1), we could note that the number
of compounds of anthocyanins and
polyphenols is significantly lower in the
extracts of the Prnus genus than in the
extracts of the Ribes genus, but according
to the experimental data obtained, plum
and sweet cherry extracts were better in
stimulating the growth of probiotic strains
of microorganisms. Analyzing the obtained
chromatogram of the plum extract and
comparing it with literature sources, based
on chromatographic analysis of extracts of
different varieties of plums, we observed that
the substances of the first priority here were
cyanidin-3-xyloside and cyanidin-3-glycoside
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in various amounts [16, 17]. However, while
examining our extract of Prunus domestica,
we see that the peak on the chromatogram
corresponds to the cyanidin-3-glycoside
substance. This can be explained by the fact
that, depending on the geographical location,
variety, and the year of life of the plant, the
quantitative composition of compounds of
the anthocyanins may change [3].

Blueberries (Vaccinium myrtillus)
contained the largest gross anthocyanin
content in their composition. The extract
contained 15 compounds of anthocyanins:
delphinidin-3-galactoside (13.7%),
delphinidin-3-glucoside (15%), cyanidin-3-
galactoside (8.9%), delphinidin-3-arabinoside
(9%), cyanidin-3-glucoside (11%), petunidin-
3-galactoside (4%), cyanidin-3-arabinoside
(6.4%), petunidin-3-glucoside (9.8%),
peonidin-3-galactoside (1.0%), petunidin-
3-arabinoside (2.4%), peonidin-3-glucoside
(4.3%), malvidin-3-galactoside (3.1%),
malvidin-3-glucoside (9.6% ), and malvidin-3-
arabinoside (1.8% ) (Table 1). The total content
of these compounds exceeded 5000 ng/ml, and
the amount of polyphenols was 8945 ng/ml.
We noticed the ability of the blueberries to
stimulate the growth of all LAB strains we
selected.
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Table 3. Biological influence of fruit and berry extracts on growth of E. coli 058, E. faecalis, B. subtilis 090,
in dynamics

E. coli E. faecalis B. subtilis 090
NO (CFU/ml) 3x10°8 3x10°8 3x10°
Time of
cultivation, 14 24 24 14 24
hours
Eg?cigi(is lg (Nt/NO) | lg (Nt/NO) | 1g (Nt/NO) | lg (Nt/NO) | lg (Nt/NO) | 1lg(Nt/NO)
Prur.lus -6.7 _ —6.7+0.5 _ -3.7 -0.48
cerasifera +0.29 +0.78 +0.83
Ribes —6.7%
pige e ia | —6:7+0.20 TS ~6.7=0.5 | -6.70.5 | -0.78+0.5 | -0.78=0.2
Prunus avium | —6.2%1.1 ~6.7% 6.5+0.5 - 0.91:0.85 | —-5.5+0.74
+0.29
Ribes nigrum | —4.8+0.5 - ~6.7+0.5 - ~3.7+0.3 ~3.7+0.57
Ribes rubrum | —6.7+0.5 | —6.7=0.5% | -4.8+0.20 | -4.8+0.5 o ~5.5=1.14
Prunus ~4.8+0.79 | —6.7=0.79% | —4.8+0.29 —4.8 ~0.78+1.4 | 0.93:0.44
domestica O -0=E -0V, +0.79 L78%1. .93=0.
Vaccinium _ B -6.7 _ _
e 0.590.2 3.8 £0.5% | —4.8+0.29 e 5.5+0.93 6.70.83

Note. Significant differences with the of fruit and berry extracts on growth (24 hours of cultivation)

of E. coli 0568 by (*P < 0.05).

According to the data obtained, the fruits
of alycha did not contain anthocyanins in
their composition. This is confirmed by the
fact that due to the presence of anthocyanins
in the fruits, the fruits were of red to violet
color, and alycha fruit was yellow. Analyzing
the obtained chromatogram (Figure), we see
that it has a very small amount of flavonoids
and a small amount of coumarin. We also
observed here the content of polar phenols
and, according to the analysis of literature
data, they could be phenolic acids, for example,
catechin [18]. The total content of polyphenols
was 219 ng/ml. The alycha extract inhibited
the growth of all beneficial microorganisms
we selected, and therefore when using it as a
prebiotic component of pharmabiotics, such
undesirable effect on the LAB tested by us
should be taken into account (Table 2, 3).

Analyzing the quantitative and qualitative
composition of BAC, included in the extracts
tested by us, it can be concluded that the
content of polyphenols significantly exceeded
the content of anthocyanins, with no
anthocyanins in the alycha extract detected
whatsoever.

We determined the contents of
anthocyanins and polyphenols in extracts of
fruits and berries, and compared them with
a database of BAC content in plant extracts

ePlant LIBRA [19]. According to the analysis
of the content of BAC in the following
extracts: Ribes rubrum, Ribes nigrum, Ribes x
nidigrolaria, Vaccium myrtillus, Prunus avium,
which were included in the above mentioned
database, the cyanidin-3-rutinoside compound
was not identified [20, 21], but it was found
in the extracts of the fruits and berries that
we studied; there was also a difference in a
quantitative content of anthocyanins and
polyphenols. Comparing the BAC content of
the Prunus domestica, and Prunus cerasifera
extracts studied by us, with the ePlant LIBRA
database, we noticed a difference, however, not
in the qualitative composition of extracts, but
in their quantitative indices [22].

While investigating the probacterial
properties of extracts in relation to beneficial
strains of microorganisms, we found that
extracts of red and black currants, jostaberry,
plum, and blueberry possessed such properties.
In other words, these are the extracts, that
contain anthocyanins and polyphenols in their
composition, and therefore, we can conclude
that the prebiotic properties are the properties
of anthocyanins. This hypothesis is confirmed
by the experimental data we obtained: since
the extract of alycha had no anthocyanins in
its composition, it had an inhibitory action on
the strains of lactic bacteria.
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The Chromatogram of the alycha extract:
UV-VIS 1 — 520 nm (anthocyanins); UV-VIS 2 — 280 nm (phenols); UV-VIS 3 — 360 nm (flavanoids);
UV-VIS 4 — 320 nm (coumarin)

So, comparing the results of our research
with literature data, we can argue that namely
the compounds of anthocyanins in the extracts
of the berries we have studied have probacterial
properties. The previously-published papers
show that anthocyanidins, namely cyanidin-3-
glucoside, inhibit the growth of only E. coli and
do not inhibit the growth of probiotic strains
of microorganisms and other representatives
of human commensal microbiota [23, 24]. But,
analyzing the experimental data we obtained,
we can conclude that it is the compound of
cyanidin-3-rutinoside that not only does not
inhibit the growth of lactic bacteria, but rather
contributes to their growth. This is confirmed
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zymropon%}mﬁ HaI[lOHAJLHUI YHiBEepCUTET,

HaYKOBO-AOCJiTHUN i HAaBUAJIbHUN [IEHTP
MOJIEKYJIAPHOI MiKpob6iosorii Ta imyHosoTi1
CIU30BUX 000JOHOK, Y KpaiHa

E-mail: ssarvash@gmail.com

Meroio po6oTu 0yJI0 BU3HAUEHHS BMiCTy 6io-
JIOTiYHO aKTMBHUX PEUYOBUH y ATohaxX i mjaogax,
3i06paHUX B €KOJIOTIYHO YMCTUX 30HAX, AJA 3’ sdICy-
BaHHSA IIEPCIEKTUBHOCTI IX BUKOPUCTAHHA AJIA
CTBOpPeHHSA (papmabioTHKiB cupsamoBaHoi mii Ta
3IaTHOCTI OfleprKaHuX 3 HUX eKCTPaKTiB CTUMY.JIIO-
BaTH picT MPOOiOTHUHUX IIITAMiB JaKTOOAKTepiit
i IpecTaBHUKiIB KOMEHCAJTIbHOI KUIITKOBOI MiKpO-
GioTwm.

BwmicT 6iosioriuHO aKTUBHUX PEUOBUH BU3HA-
yajJu MEeTOJOM TOHKOIIapoBoi xpomaTorpadii.
Boiauep MeTaHONBHUX €KCTPAKTIB ATig Ta mJjo-
niB Ha Bimi6paui mamu mramu: L. acidophilus,
L. catenaformis, L. casei, L. fermentum,
E. coli 058, E. faecalis (koMeHCcaIu KUIIEUHU-
Ky), B. subtilis 090 (ckaamoBa Giompemaparty),
AKi € IepPCIeKTUBHUMM [IJIsI CTBOPEHHS CyJYacHUX
dapmabioTukiB, BU3HaAUAIU 3a pPe3yJbTaTaMU iX
KYJbTUBYBAaHHA B 3a3HAUEHUX €KCTPAKTaX.

Busasseno, m1o gociifKyBaHi ATigHI eKCTpak-
TH XapaKTepU3yBaJIUCA OiJIbIIT 3HAUHUM BMicTOM
noJripeHOJIiB IMOPiBHAHO 3 aHTOIiaHamMu. Excr-
PAKT amnvi mpUrHidyBaB picT yciX TecTOBaHUX
HaMu IITaMmiB, okpim B. subtilis 090. ExcrpakTu
YEepPBOHOI CMOPOAUHY, UEPEIIHi Ta HOIITH CIIPUAIN
pocty L. catenaformis, a eKCTpaKTH YepeIHi i io-
IITH Ha JOJATOK [0 BUIle3a3HaUeHNX IIITaMiB JIaK-
TOOAKTEPiil JOLATKOBO CTUMY.II0BaJIU picT L. casei
ta L. fermentum. EKcTpakTu YOPHUIIL Ta CIUBU
aKTUBYBAJM PicT ycix miTaMiB JlakToOaKTepiit,
a YOpHUILi, YOPHOI Ta YePBOHOI CMOPOAUHU IIPU-
THiYyBaau picT BigiOpaHUX HAMU KOMEHCAJIbHUX
MiKpooOpraHisamiB. 37aTHICTh CTUMYJIIOBATHA PicT
B. subtilis 090 0yJio Bif3HAUEHO JIUIIIEe B eKCTPAK-
Tax aJuyi, HOIITHU Ta CJANUBU.

Knawuosi cnoea: sronu, mniaoxu, (dJiaBaHoinu,
aHTOIliaHM, JaKkToOaKTepii, apmabioTuku.
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9KCTPAKTEI CHbETOBHBIX PACTEHUI
KAR CTUMYJIATOPBI POCTA ITIOJIESHBIX
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CTOMATOJIOTUUECKUH (DAKyJIbTET, Y KpanHa

2 VY KTopOoACKUI HAIMOHAIbHBIH
YHUBEPCUTET, HAYUYHO-UCCIEL0BATEIbCKUN U
yueOHBIH MEeHTP MOJEeKYIAPHON MUKPOOUOJIOTHHN
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E-mail: ssarvash@gmail.com

ITenbro paboThI OBIIO OIIpegeIeHne comepKa-
HUS OMOJOTUUYECKN AKTUBHBIX BEIIECTB B AT0aX
¥ IJIOfaX, COOPAHHBIX B DKOJIOTUYECKU UMCTBIX
30HaX, JJIA BEIACHEHUA IEePCIEKTUBHOCTU UX WC-
MOJIb30BAHUSA IJsA co3maHuu (hapmMabHUOTHKOB
HaIpaBJEHHOTO JeNCTBUA U CIOCOOHOCTHU MOJIY-
YeHHBIX U3 HUX dKCTPAKTOB CTUMYJIHUPOBATH POCT
IPOOMOTUUYECKUX IITAMMOB JAaKTOOAKTEpPUH u
OpeJcTaBUTeJIEN KOMMEHCAIbHON KUIIIeYHON MU-
KPOOMOTHI.

Cozep:xkaHue OMOJOTMUYECKU AKTHUBHBIX Be-
IIeCTB OMNpPEeAeJsaM MEeTOIOM TOHKOCJOUHOI
xpomarorpaduu. BiusdHue MeTaHOJBHBIX JKC-
TPAKTOB SAT0J W IJIOZOB Ha OTOOpPaHHBIE HAMU
mraMMbl: L. acidophilus, L. catenaformis, L. casei,
L. fermentum, E. coli 058, E. faecalis (koMmMeHca-
JBI KUIlleunuka), B. subtilis 090 (cocraBasroiiasa
Ouompenapara), KOTOpbIe SBJIAIOTCA MePCIeKTUB-
HBIMHU JJIS CO3JaHUsA COBPEMEHHBIX (papMabuoTu-
KOB, YCTaHABJIUBAJIY 110 PE3YJIbTATAM UX KYJIbTHU-
BUPOBAHUA B YKAa3aHHBIX OKCTPAKTaX.

BriaBieHo, uTO HCCIEAyEeMBIE ATOLHBIE DKC-
TPaAKThI XapaKTepU30BAJIUCh 0OJiee 3HAUUTEIb-
HBIM coZepsKaHueM HoJu()eHO0JIOB 10 CPaBHEHUIO
C aHTOIIMAHAMH. OKCTPAKT aJbluM IIOJABJIAI
POCT BCceX TeCTUPYEMbIX HaMU IIITAMMOB, KpoMe
B. subtilis 090. 9xcTpaKThl KPacHO! CMOPOAU-
HBI, YePeIIHU U HOIITHI CIIOCOOCTBOBAIU POCTY
L. catenaformis, a 9KCTPAKTHI Y€PEIIHN 1 HOIITHI
B JOIOJIHEHUE K BBIMIEYIOMSIHYTHIM IITAMMAaM
JIaKTOOAKTEePUl JOMOJHUTEIBHO CTUMYJIUPOBAJI
poct L. casei u L. fermentum. OKCTPaKThI UePHU-
KM U CJUBBI aKTUBUPOBAJIHN POCT BCEX IIITAMMOB
JaKTODAKTEepUil, a UePHUKHU, YePHOU U KPACHOI
CMOPOAMHBI IIOMABJIAJINA POCT OTOOPAHHBIX HAMU
KOMMEHCAJbHBIX MHKpoopranusmoB. Ciocob-
HOCTb CTUMYJIHPOBAThL pocT B. subtilis 090 6v11a
OTMeUeHa TOJBKO B 9KCTPAKTaX aJblUu, HOIITHI 1
CJIUBBI.

Kntouesvie cnosa: aronbl, maoabl, (DJIaBaHOUIBI,
AHTOIMAHBI, JaKTOOAKTEpUN, (PapMabuOTUKH.
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The aim of the study was to develop rapid and sensitive assay for the simultaneous detection
of R. cerealis and R. solani. Pure cultures of fungi were grown on a potato dextrose agar for 5
days at 28 °C, and mycelium was harvested and used for DNA extraction. Total DNA was
extracted using a commercial test-systems. Molecular identification of phytopathogenic fungi
was performed using a multiplex-touchdown PCR with further electrophoretic separation of
amplification products in agarose gel. The specific sequence characterized amplified region
primers RtubR4/RtubF4 for R. cerealis and ITS1/GMRS—-3 for R. solani were tested for their
specificity and useability in PCR multiplex capacity. The specificity of the multiplex-touchdown
PCR was tested using DNA from wide range of fungal species and non-target DNA from healthy
wheat. The used primer pairs provided only specific fragments for R. cerealis and R. solani. No
PCR products were obtained during amplification with the negative control or non-target DNA
templates from other species. Coupled to this we have optimized the temperature regime for the
multiplex PCR protocol. Taken together, our protocol convincingly demonstrated the
simultaneous ability to detect Rhizoctonia cerealis and Rhizoctonia solani and can be used for
the diagnosis of compound Rhizoctonia root rot.

Key words: phytopathogenic fungi, Rhizoctonia, multiplex PCR.

Considerable changes came in the patho-
genic complex of grain-crops in Ukraine and
outside the country during the last decades
[1-3]. Intensive technologies mastering
resulted in distorting the ecological balance
in agrocoenoses, entailed the origin of hearths
and growth of distribution of those disease of
wheat, that did not have the special value
before. The occurrence of these plant diseases
is a result of reducing of soil suppression due
to the depletion of microbiota [4, 5]. These
diseases include collar rot, Fusarium head
blight, winter wheat leaf blotch and root rot.
Root rot is a group of cereals diseases that
affect roots, root portion of the stem, an
underground intestine and planting site.
Pathogens with necrotrophic phase in life
cycle such as soil-borne necrotrophic basidio-
mycetes including Rhizoctonia are responsi-
ble for these plant diseases [6, 7]. The sharp

eyespot caused by necrotrophic fungus
Rhizoctonia cerealis van der Hoeven (teleo-
morph: Ceratobasidium cereale D. Murray &
L.L. Burpee) is a stem-base wheat disease that
is widely distributed in wheat-growing
regions worldwide. In Ukraine, sharp eyespot
is spread in the steppe and in the south
regions of forest-steppe zone [8]. This disease
is able to strike more than 230 types of year-
ling and perennial plants from 66 families,
among those the most valuable agricultural
crops such as a potato, wheat, barley, rice and
other [9]. Sharp eyespot is associated with
yield losses due to interference with nutrient
and water uptake caused by stem weakening
[10, 11]. In the field, rhizoctonia diseases of
wheat are frequently caused by at least two
soil-borne pathogens fungi, including R. cere-
alis and R. solani [12]. Rhizoctonia solani
Kiithn (teleomorph Thanatephorus cucumeris
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[Frank] Donk) is another soil-borne necrotro-
phic fungus causing several wheat diseases,
such as collar rot and wet root rot [13, 14].
The severity of disease caused by these patho-
gens is increased during the last several
decades due to global climatic changes, earli-
er sowing, the use of fungicides etc. Moderate
and severe disease can reduce wheat yield
substantially and causes deterioration of its
quality [15]. In order, to precisely determine
yield losses due to these fungi, correct identi-
fication of the causal agents is required. In
addition, early, rapid, and specific identifica-
tion of plant pathogens is essential for effec-
tive plant disease management. Specific dis-
ease diagnosis is also required for timely and
proper control measure.

In field conditions, root rot type
identification in a correct and timely manner
is quite problematic. Visual diagnostics
is complicated because of the fact that all
pathogens are necrotrophic, and therefore
the main symptom that they cause is
necrosis. In addition, visible symptoms show
up at advanced stage of the disease that is
why providing the timeliness of realization
of treatments is problematic. Molecular
diagnostic technologies based on PCR
have been developed for rapid and precise
detection of numerous phytopathogenic
fungi. However, these methodologies are
developed for detecting a single pathogen
including those for the identification of
R. cerealis [15] and R. solani [16]. As
mentioned above, under field conditions,
Rhizoctonia diseases occur primarily as
mixed infections. Therefore, the multi-
step PCR methodology seems to be too
time- and labor-consuming, as well as too
expensive for practical use. Multiplex PCR
technology is more advanced. This approach
can simultaneously amplify several primers,
thereby decreasing the detection cost and
overcoming the drawbacks of single PCR
detection. This methodological approach
is successfully used for the simultaneous
detection of several phytopathogenic fungi
that cause compound infections [17]. This
study aimed to develop a rapid and sensitive
assay for the simultaneous detection of
R. cerealis and R. solani. For this purpose
we used touchdown PCR. Touchdown
PCR provides a simple and rapid means
to optimize PCRs, increasing specificity
and sensitivity, without the necessity for
optimizations and/or the redesigning of
primers [18].
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Materials and Methods

All isolates used in the study are presented
in Table 1. Isolates were obtained from the
collection of the Laboratory of Mycology and
Phytopathology, All-Russian Institute for
Plant Protection.

Pure culture of all isolates have been
growing on a potato dextrose agar (PDA) for
5 days at 28 °C, and mycelium was harvested
and used for genome extraction. The total
fungal genomic DNA was extracted using the
Agrosorb NK kit (LLC Agrogen Novo, Ukraine).
The quantity and purity of extracted DNA were
measured using a spectrophotometer NanoDrop
1000 (Thermo Fisher Scientific, USA). Purity
DNA preparations have expected at A260/A280
ratio and DNA concentration is estimated by
measuring the absorbance at 260 nm.

For assaying primer specificity, DNA
was extracted from healthy plants of wheat
(negative control) and from other fungal
species (Alternaria solani, Fusarium culmorum,
F. graminearum, F. oxysporum, F. poae,
F. cerealis, F. sporotrichioides, F. verticilloides,
F. proliferatum, F. avenaceum, F. solani,
F. subglutinans, F. tricinctum, F. langsethiae).

To confirm the correct identification of the
Rhizoctonia isolates the PCR was performed
using the specific Sequence Characterized
Amplified Region (SCAR) primers RtubR4/
RtubF4 for R. cerealis and ITS1/GMRS-3 for
R. solani (Table 2) [19, 20]. PCR reactions
were carried out on a T100™ Thermal Cycler
(Bio-Rad Laboratories Ltd., USA) under
thermal cycling parameters as follows:
initial denaturation at 95 °C for 7 min; then,
39 cycles of denaturation at 94 °C for 30 s,
primer annealing at 56-65 °C for 30 s and
primer extension at 72 °C for 45 s; finally,
final primer extension at 72 °C for 5 minutes.
The reaction was conducted in a 10-ul reaction
mixture consisting of 3.4 ul ddH20, 1,7 ul
5x PCR-buffer blue 15 ptM Mg?" (AmpliSens,
Russia), 0.3 nl 5x PCR-buffer 0 pM Mg?"
(AmpliSens, Russia), 1 ul ANTP (1.76 uM of
each nucleotide), 1 pl primer mix (0.25 uM
of each primer), 0.1 ul Taq polymerase (5 U)
(Thermo Scientific, USA), 2.5 nl template
DNA. Sterile distilled water was used as a
negative control to test for the presence of
contamination in PCR reagents.

PCR amplicons were electrophoresed
on 2.0% agarose gel stained with ethidium
bromide and visualized by UV light (260 nm)
and photographed using Bio-Rad Gel DocTM
XR+ gel documentation system (Bio-Rad
Laboratories Ltd., USA).
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Table 1. Isolates of R.cerealis, R.solani and other fungal species used in the study

Species Isolate code Year and region of Collection Host Plant Source
Rhizoctonia cerealis -2 2016, Kyiv region, Ukraine Wheat -
R. solany - 2015, Kyiv region, Ukraine Potato -
Alternaria solani P 043-021 2006, Primorsky region, Russia Potato MF1
Fusarium culmorum G 102100 2007, Kirov region, Russia Barley MF
F.graminearum G 58570 2014, Krasnodar region, Russia Wheat MF
F.oxysporum G 58767 2015, Leningrad region, Russia Cucumber MF
F. poae G 102702 2007, Kirov region, Russia Oats MF
F. cerealis G 58694 2008, Hellongjlang province, Wheat MF
F. sporotrichioides G 163101 2011, Krasnodar region, Russia Wheat MF
F. tricinctum G 58368 2010, Krasnodar region, Russia Wheat MF
F. verticillioides G 59039 2016, Almaty region, Kazakhstan Corn MF
F.proliferatum G 58380 2010, Krasnodar region, Russia Wheat MF
F.langsethiae G 192201 2013, Lipetsk region, Russia Wheat MF
F.avenaceum G 59019 2015, Latvia Wheat MF
F. solani G 90602 2007, Leningrad region, Russia Barley MF
F. subglutinans G 59045 2016’%::;??:%?*1;1011’ Peas MF

1A.A. Jaczewski Laboratory of Mycology and Phytopathology All-Russian Institute of Plant Protection
(FSBSI VIZR) Federal State Budget Scientific Institution; MF: “Microorganisms and Fungi”; St.Petersburg,
Russia. 2Not available.

Table 2. Primers used in the study

Pathogen Primer Sequence (5'—3") Direction Source
R. solani GMRS-3 | AGT GGA ACC AAG CAT AAC ACT Reverse Johanson et. al..
ITS1 TCC GTA GGT GAA CCT GCG G Forward 1998
R. cerealis RtubR4 GCT AGT GCG GTC AAT GTA TAG Reverse
Guo et al., 2012
RtubF4 CCT AAA TGA GTC TGG AGT AAG TC Forward

Results and Discussion

PCR method allows detecting the presence
of a certain sequence of pathogenic nucleic
acid in samples and due to high sensitivity,
determines single copies of its genomes.
For today, a PCR-analysis is one of the
most widespread technologies of laboratory
diagnostics that develops dynamically.

The diagnostic PCR assay involves several
critical steps, such as DNA extraction from
specimens, PCR amplification, and detection
of amplicons. The amount of total DNA in a
PCR has a marked effect on the outcome of
the analysis procedure. Sample overloading
would result in packed DNA in the confined
space of the reaction vessel and can lead to

false priming and even poor DNA synthesis
due to the obstructed diffusion of large Taq
polymerase molecules [21]. Therefore, the final
DNA concentration was adjusted to 2.5 ng/ul
by sterile deionized water.

For assaying primer specificity DNA was
isolated from different fungal species. As a
negative control, the non-target DNA, healthy
wheat DNA diluted with distilled water
(ddH20) was used.

The primer pair RtubR4/ RtubF4 provided
only a single specific fragment of 138 bp for
R. cerealis. No PCR products were obtained
during amplification with the negative control
or non-target DNA templates from other
species (Fig. 1, a).
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Fig. 1. Agarose gel electrophoresis of the amplification products of target and non-target DNA
using species-specific primer sets:
a — RtubR4/RtubF4; b — ITS1/GMRS-3; M: GeneRuler 50 bp DNA Ladder (IsoGen, Russia).

Lane 1 — Rhizoctonia cerealis; lane 2 — R. solani; lane 3 — healthy plant; lane 4 — ddH,0; lane 5 — Alternaria
solani; lane 6 — Fusarium culmorum; lane 7 — F. graminearum; lane 8 — F. oxysporum; lane 9 — F. poae;
lane 10 — F. cerealis; lane 11 — F. sporotrichioides; lane 12 — F. verticilloides; lane 13 — F. proliferatum,

lane 14 — F. avenaceum, lane 15 — F. solani, lane 16 — F. subglutinans; lane 17 — F. tricinctum;
lane 18 — F. langsethiae

The PCR reaction with ITS1/GMRS-3
primers confirmed the occurrence of R. solani,
giving the expected product of amplification
550 bp. Moreover, the specific PCR fragment
was amplified from the DNA of R. solani
isolates, but not from the DNA of other fungal
isolates (Fig. 1, b).

Multiplex PCR is a valuable tool in many
biological studies, but it is a multifaceted
procedure that has to be planned and
optimised thoroughly to achieve robust and
meaningful results [22]. The development of
an efficient multiplex PCR usually requires
strategic planning and multiple attempts
to optimize reaction conditions. For a
successful multiplex PCR assay, the relative
concentration of the primers, concentration
of the PCR buffer, balance between the
magnesium chloride and deoxynucleotide
concentrations, cycling temperatures, and
amount of template DNA and Taq DNA
polymerase are important. An optimal
combination of annealing temperature and
buffer concentration is essential in multiplex
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PCR to obtain highly specific amplification
products [23, 24].

Optimization of the reaction conditions in
our experiments included: optimal annealing
temperature screening for each pair of primers,
determining the optimal composition of the
reaction mixture and the number of primers.

Testing different temperature regimes, it
was found that oligonucleotide systems respond
specifically to DNA from phytopathogenic
fungi at the gradient from 59 °C to 62 °C
(Fig. 2, d—g). In this case, the annealing of the
primers in the multiplex reaction did not occur
at the temperature gradient from 63 °C to 65 °C
(Fig. 2, a—c). It also should be noted, that the
multiplex system worked at all temperature
regimes, but only for the DNA from single
pathogen, not for DNA from both fungi.

As the temperature rise, the reaction
specificity increases, and, other way around,
temperature decrease leads to reaction specificity
reduction, but at the same time, increases the
PCR products yield. Taking into account, we
decided to use the Touchdown PCR method.
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Fig. 2. Effect of different annealing temperature on multiplex PCR detection of Rhizoctonia species using
species-specific primer sets RtubR4/RtubF4 & ITS1/GMRS-3:
a — annealing temperature 65 °C; b — annealing temperature 64 °C; ¢ — annealing temperature 63 °C;
d — annealing temperature 62 °C; e — annealing temperature 61 °C; f — annealing temperature 60 °C;

g — annealing temperature 59 °C; 2 — Touchdown (TD) program: the program gradually lowers the
hybridization temperature by 1 °C per-cycle increments from 65 °C to 56 °C; M: GeneRuler 50 bp DNA Ladder
(IsoGen, Russia). Lane 1 — healthy plant; lane 2 — Rhizoctonia cerealis; lane 3 — R. solani;
lane 4 — DNA mixture of R. cerealis & R. solani

With this method, the influence of non-specific
hybridization of primers on the formation of the
product was reduced. Touchdown PCR uses an
initial annealing temperature above the projected
melting temperature of the primers being used,
then progressively transitions to a lower, more
permissive annealing temperature over the
course of successive cycles. The first cycles in our
experiments were carried out at a temperature
higher than the annealing temperature, and then
the subsequent 10 cycles were performed at the
reduced annealing temperature by 1 °C. At that
temperature, the oligonucleotide system passed
through the band of optimal specificity of the
primers to the DNA (Fig. 2, h).

Thus, due to the lack of rapid effective
methods of detection of causative agents of
the diseases affecting the root system, the
root portion of the stem and seeds (grain) of
wheat, data on their distribution in Ukraine
is mostly fragmentary. Based on the inherent
difficulties and inaccuracies associated with an
attempt to distinguish fungal organisms based
on their growth pattern and morphological
characteristics, we have optimized multiplex

PCR that can detect these fungal pathogens
simultaneously.

As a result of research, the PCR conditions
(composition of the reaction mixture,
amplification conditions) were optimized for
multiplex PCR analysis. It has been established
that used combination of primers under given
conditions does not show cross-reactivity with
other phytopathogenic fungi, and can be used
for the diagnosis of Rhizoctonia root rot, which
will allow detecting of two pathogens at ones and
reduce the cost of reagents and timing by half.

Optimized multiplex PCR system
for identifying Rhizoctonia cerealis and
Rhizoctonia solani from the plant material
successfully tested in Syngenta diagnostic
centers and allowed us to conduct qualitative
analyzes of pathogens among grain crops.
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MeTo poboTu OyJi0 PO3POOUTH IIBUAKUMI
i uyTauBuU#i Meronx omHouacHOI imemTudirarii
R. cerealis Ta R. solani ynmpomoB:k omgHiel peakIrii.
YucTi KyabTypu QiTOIaTOreHHUX I'PUOiB KYJIbTHU-
ByBaJIX 5 IHIiB HAa KaPTOIJISHO-TJIIOKO3HOMY arapi
3a 28 °C, micuoia vyoro Bimbupasu Mitesriii Ta BUmi-
aaau JTHK sa gomomMoromo KOMepIiiiHUX TecT-Ha-
6opiB. MoseKyaAapHyY iZmeHTH(QiKaIlil0 IIPOBOIUIN
3a gqonomoroio IIJIP 3 momanpmium eaekTpodope-
TUYHUM PO3AIJIeHHAM IPOAYVKTIB aMIuridiraiii B
araposuHomy reji. Cnenudiuni napu npaiimepis
IS IUIAHKY 3 BiZomoro mocigosuictio: RtubR4/
RtubF4 gns R. cerealis ta ITS1/GMRS-3 gus
R. solani TecTyBagu 1040 iXHBOI crenudivHoCTi
Ta MOYKJIMBOCTI 3aCTOCYBaHHA Y MYJIbTUILJIIEKCHO-
my BapiauTi IIJIP. Ilna nepeBipKu cuenudiuHoCTi
npaiiMepiB 3xpiticHioBanu aHauaid IIJIP 3 inmumu
(ditomarorennumu rpubamu ta 3 [JTHK, Bumgine-
HOIO 31 30POBUX POCJMH HINeHHuIli. Beranosie-
HO, 110 00paHi HaMu Imapu IpaiMepiB MPOAYKY-
Baau enuui cruenudiuni gparmentu R. cerealis
i R. solani Ta He BUABJAJIN NePeXPeCHOI CIeIu-
(diunocTi moM0 iHMUX (QiTomaTOoreHHUX IPUOIB.
3a ZOomOMOTOI0 IpafieHTa TeMIepaTyp BCTAHOB-
JIEHO OIITMMAJIbHI 3HAUeHHA TeMIepaTyp Bigmaay
npaimepiB. TakumM ynHOM, PO3POOJIEHUN HAMU
OpoToKoJ MyabTuiLiekcuoi I1JIP npunatuuii gis
omHouacHOl imenTudikamnii Rhizoctonia cerealis
ta Rhizoctonia solani mporarom oxHiel peakmii
i Mo:xe OyTHM BUKODPHUCTAHUUN AJA AiarHOCTUKU
OJIieTioIOTiYHNX PU30OKTOHIO3iB.

Knwouwoei cnosea: (@itomarorenni rpubwu,
PuB0KTOHil, mysbTunIeKCcHa I1JIP.
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ITenbro paboThl 6BIIO padpadboTaTh OBLICTPHINA
U YYBCTBUTEJbHBIH METOJN IJs OJZHOBPEMEH-
HOoUt upeHTuduranuu R. cerealis u R. solani Ha
NIPOTAMKEHUU ONHON peaKnuu. JYucThle KYJIb-
TYypPHI (PUTOIATOTEHHBIX I'PUOOB KYJIbTHUBUPO-
BaJnM 5 IHeU HA KapTOMeJbHO-TIIOKO3HOM ara-
pe mpu 28 °C, mocJje uero oroupaam MUIEJIUI
u Beigenanu [JHK ¢ momompio KoMMepUYecKux
TecT-cucTeM. MoJsieKynApHYIO uAaeHTUDUKA-
U0 ocymiecTBaanu ¢ nomombio IITTP ¢ mocue-
OYIOIIUM 3JIEKTPO(POpEeTUYEeCKUM pasiesieHueM
IIPONYKTOB aMIIN(PUKAIIUY B arapo3HOM TeJIe.
Crnenuduueckue mapbl IpariMepoB AJsd 00JIacCTH
C M3BECTHOH mocJjemoBarejbHOCTHIO: RtubR4/
RtubF4 pnsa R. cerealis w ITS1/GMRS-3
niss R. solani TecTHpoBaJu OTHOCUTENBHO UX
CHenUMUIHOCTH ¥ BO3MOKHOCTU KUCIIOJIb30BAHUSA
B myabTuiLiekcaom BapuanTe IIIP. [{ina nmposep-
KU crienu(pUUYHOCTY ITPaliMepoOB IPOBOAUIIY aHA-
au3 I[TIIP ¢ gxpyrumu uronaToreHHbIMY rpubamMu
u ¢ JHK, BrIgeseHHON 13 3JOPOBBIX PACTEeHUN
MIIEeHUIbI. ¥ CTAHOBJIEHO, UYTO BbIOPAaHHbBIE HAMU
Tapbl IpaiiMepoB NPOAYIIMPOBATIN eJUHCTBEHHBIE
cuenupuunbie hparmeHTs R. cerealis u R. solani
U He TIPOABJAIN MEePEKPECTHON crenu(puUHOCTHU
OTHOCHUTEJILHO JPYTUX (PUTOIAaTOTeHHBIX I'PUOOB.
C momombio rpajueHTa TeMIepaTyp yCTaHOBJE-
HBI OIITUMAaJIbHbIE 3HAUEHUSA TEeMIIePATypP OTIKIU-
ra npaiimepoB. PaspaboTaHHbBINI HAMU IIPOTOKOJI
myabTuiiekcHoi IIIP nmpuronen niaa ogHOBpe-
MeHHOU naentuduranuu Rhizoctonia cerealis u
Rhizoctonia solani Ha IPOTSAKEHUN OSHOUN peak-
IIAY U MOKeT OBITh MCIIOJb30BAH JJIA JUATHOCTH-
KU IIOJTUITUOJOTUYECKUX PU3OKTOHMO30B.

Knatouesvie cnosea: GuromaToreHHBIE T'PUOHI,
Pu3oKTOHUU, MyabTuiiekcuad II11P.
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