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The aim of the work was to generalize and analyze the use of electronic information systems
in biotechnology in order to create new versions of these systems. The publications concerning
the systems of different types for solving the problems in biotechnology were studied. Similar
systems which traditionally belong to biology and medicine were classified. The prospects of their
application for development of more advanced electronic systems were considered.
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The progress of contemporary biotech-
nology-based production in the world
is unprecedented. This happened due to
the achievements in areas of molecular
studies and modeling, discoveries in the
field of pharmacology, studies of disease
characteristics, achievements in the clinical
aspect of health care and, on other hand, due
to the intensive development of information
technologies (IT) and computer technologies
(CT), mainly on thebasis of thedatabases (DB),
which gave the opportunity to work with great
volumes of obtained digitized results. The
notion “information system” (IS) means any
system, that is capable to receive, to process,
to memorize, and to transmit the information
according to classic definition [1, 2]. In our
research, like other authors, we distinguished
two types of information systems [1, 2]. So,
“information system” may mean: 1 — living
systems in nature, we suggest to call them
“nIS” (natural information systems), and 2 —
technical information systems, respectively
“tIS” (technical information systems),
namely this publication is dedicated to the
observation of the latter ones. During the last
decade the “hybrid” ISs have been developed
also; they unite characteristics of nIS and
tIS [1]. Present review about the elaboration
of modern electronic information systems
(ISs) on the basis of databases (DBs) for

biotechnology (and biology in general), we
have done after the analysis of more than 370
modern sources (since 2000 year), as well as
number of earlier works; in general, relevant
publications have been reviewed over the past
35—30 years. Below in this article the results
were published of such author’s original
works and analysis of IS use in biotechnology
and linked biological and medical disciplines
[1-37]. Some other authors’ works with the
description of tISs for these spheres are in
[38-68].

Below the results of our first classification
of modern ISs for the facilitation of future
ISs’ versions construction were suggested;
and these ISs can be used in biotechnology. It
should be noted that scientific and technical
publications about mnovel tISs (technical
information systems)often contain anumber of
deficiencies. Most of them announced only the
development of any tIS and give it superficial
characteristic which should announce a
novelty. But they omitted numerous technical
characteristics of the systems, the principles
of their functioning, and etc.; all these
complicate the analytical research. Despite
of this, we have analyzed the experience of
modern ISs constructing, which can be applied
for successful works in biotechnology. Today
all such tISs are network-based [1, 10, 11,
22, 25, 41, 42, 48, 54, 60-62, 67, 69-94]
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and linked with DBs [95-127]. Content for
these databases was obtained usually from the
results of biological and medical observations
and experiments [4, 5, 10, 12-14, 17, 22—-44,
47-49, 61, 68, 71, 74, 78-81, 85, 86—88, 92,
95-97, 106,112,117, 119-151].

Further each of the mentioned tISs we have
characterized briefly.

The first works on the development of
tIS with databases for biotechnology, other
biological and medical sciences. Theimportance
of IT developments for all biological branches
and, first of all, for biotechnology, has often
been highlighted during contemporary
international forums with the participation of
biologists, managers and IT professionals. One
of the first important forums — VLDB 2000
Conference — had happened on June, 2000.
VLDB 2000 was dedicated to the prediction
of the ways of IT development for the biology
and medicine; for the control of situation
with biodiversity and ecosystems [1, 10].
It was noted that the study of biodiversity
and ecosystems refers to those sciences
that can (and must be) fully formalized and
informative, despite the fact that the objects
of their study are extremely complex. The
new branch “Informatics in Biodiversity and
Ecosystems” (BDEI — BREI) was officially
started at this meeting. It was emphasized
that the diversity of living organisms in
nature is an impressive feature of our reality.
As a result of biodiversity existence, the
people of the Earth were provided with clean
air and water, food, homes, medicine, and
etc. Finally, the biodiversity based on the
existence of ecosystems gives billions dollars
to national economies of different countries,
either directly, through the agriculture,
forestry, fishing, or as a result of protecting
crops, pest control practices, soil restoration,
carbon dioxide removal, nitrogen fixation,
environment perfection. Obviously, this
was one of the most important areas of vital
importance; and it is important in terms of
science, education, economics and government
control. Therefore, the development of
electronic ISs, which would enable to realize
the scientific study of the nature at the modern
level, educational work and rational economic
development of nature with the support of
governments, was one of the most important
tasks of that time. It was emphasized that
for 2000-th year humanity has not had yet
sufficiently good IT/CT tools for the solution
of such problems. Therefore, it was necessary
to invent a new generation of such means,
including means of satellite environmental
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control and computer processing of obtained
biological information. At the same time it was
necessary to solve the problem of matching
and ordering into the linked DBs the entire
volume of biological data of various natures,
both obtained by digital and classical means
during the centuries. This task was extremely
complicated, since in electronic databases in
ISs should be ordered the latest digitized data
at the level of molecular biology, genetics,
biochemistry with its processes and reactions,
as well as the data from field observations
of species, observations of changes in the
environment, data of classical taxonomy (and
they should correlate with each other!) At
the same time, these data should be in such
form, that they can be processed, analyzed and
compared jointly. One such IT/CT tool for this
period was called the “Super Blue Gene”, it
was the supercomputer which IBM started to
develop on 2000 for the analysis of thousands
of protein molecules composition of various
species living on the Earth.

Classification of information systems with
databases for biology and medicine. Primary
there were no specific information systems
developed specifically for biotechnology —
it was economically unjustified. The first
developed tISs were accepted from both
spheres, either medicine or biology, for all
the works in biotechnology. Later some of
such tISs were modernized and adapted for
biotechnological tasks. Therefore, below we
offer the classification of tISs developed for
medicine and biology that became the resource
of the data and procedures for biotechnological
works. Let’s observe the examples of various
modern ISs with DBs in biology and medicine,
information about which was published since
2000. Despite the diversity of such systems
(and, accordingly, despite the diversity of
publications), it was possible to distinguish
certain well-defined types of ISs among them.
It should be noted that such classification
in the finished form in the scientific and
technical literature until 2008 did not exist; it
is original and the author made it on the basis
of materials of about 166 publications.

Presence of large variety of tISs’ versions
in modern medicine was due to a good funding
of the works related to medicine and health
protection in the world. Thus, among the ISs
with DBs for medicine one can distinguish (Fig.
1): medical ISs of general purposes, expert
systems, electronic systems for working with
images, electronic systems for working with
medical documents, systems for scientific
purposes, library medical systems, electronic
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educational systems in medicine, electronic
medical databases.

To the first positions in this list we placed
the systems, information about which was
published in the most numerical contemporary
scientific and technical sources. For example,
the group “Medical ISs of general purposes”
included large and complex medical ISs
developed for hospitals, medical research
centers, etc. They united large numbers of
sectors, DBs, electronic libraries and other
services, sometimes complex networks with
information defense and etc. The developers
payed great attention to them, respectively,
because of health care and health protection
purposes. Such ISs were of the greatest
demand of users, often embodied in practice
in modern hospitals, laboratories and etc. So,
these ISs felt into our section “Medical ISs of
general purpose”. This can be explained by
the practical needs of clinical medicine, which
requires the most of such versions.

When viewed the list of ISs classification
from the top to the end, the number of
publications corresponding to one specified
type of the system decreases, and in the section
“Electronic medical databases” felt to the
lowest number of publications. This does not
mean that electronic medical DBs were not
important in medical practice. Such pattern
could also be explained by the fact that the
procedure for creating of such databases is
standard, described in university textbooks,
and perhaps the developers of such DBs did
not see them as novelty, required for scientific
publications.

Describing the classification of electronic
ISs in biological sciences, it was necessary to
tell that such ISs types can also be successfully
applied in biotechnology. Placing these ISs
types in hierarchy (Fig. 2), we followed the
same principle as above: the more publications
contain modern scientific and technical sources
about this type of systems; respectively, the
higher its name was in our list. Similar types
of systems in biology and medicine we marked
with the same hatch (for example, “Electronic
systems for working with images” are marked
by a square hatch for all branches; Fig. 1, 2).
Regarding to the classification of ISs in
biology, most of them were scientific ISs
with DBs according to their purposes and the
developers paid the main attention to them.
Such situation looked like similar to “Medical
ISsof general purpose” fromFig. 1. Atthesame
time, such scientific systems in biology also
performed educational functions, so, they are
(and may be called) “Educational ISs”. Further,
according to the attention of developers, and
consequently, according to the number of
developed systems were electronic libraries in
biology and biological databases. There were
relatively not numerical publications about
the systems designed for the work with images.
Abovementioned could not be applied to
systems for the work with images in anatomy,
cytology — such systems were numerous,
quite thoroughly developed, because they
support some medical operations (for example,
surgeons) and computer diagnostics are based
on them also. But in our classification, they
were at the third position from the top in the

<

[———

Information systems with DB in medicine

I

—’l Medical information svstems of general purpose

—Fl Exnert svstems

—’l Electronic svstems for working with images

—’l Electronic svstems for working with medical documents

—Fl Librarv-medical svstems

—>| Electronic educational svstems in medicine

_>| Electronic medical databases

Fig. 1. Information systems with databases for medicine that could be applied in biotechnology [1]
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Biological information systems with DB

_.l Electronic library systems in biology I

_>| Electronic databases in biology

_>| Electronic/systems for working with images l

Y

Expert systems in biology (including for solution of scientific
problems in‘biotechnology)

Fig. 2. Biological information systems with databases that could be applied in biotechnology [1]

classification of ISs for medicine, because they
are necessary for the needs of this sphere; so,
they were first developed and applied with
equal intensity in medicine and in biology.
Computer expert biological systems were the
most close to the biotechnological practice, for
example, for the estimation of pests’ presence
on fields, for bee diseases identification, and
etc. Thus, the classification of ISs for biology
could be presented as: scientific ISs with
DBs (also performing educational function),
electroniclibrary systemsin biology, electronic
databases in biology, electronic systems for the
work with images, expert systems in biology
(including ones for solution of scientific
problems in biotechnology) (Fig. 2).
Information systems with databases in
biotechnology and some related biological
sciences. Let’s observe the examples of ISs with
databases in the fields of biology, such as: 1 —
biotechnology, and namely, those areas where
data were used to study the genome, molecular
biology and pathophysiology, 2 — related
branches of biology, in which biotechnological
works are also represented: biodiversity,
ecology, adaptive biology. Our attention to the
designed electronic ISs in these spheres was
due to the fact that the author has her own
researches in them during long years.
Technical information systems (tISs) in
biotechnology, molecular biology, pathophy-
siology, genome studies. Some time ago, the
achievements in these areas of biology were
limited by enough low level of individual
genes and biological molecules studies, but
accelerated development of computer and
ISs for biotechnology made it possible to
solve such important tasks as, for example,
computer scans of thousands samples per day,
high-resolution detection systems (thousands

of data points, for example) and the creation
of appropriate electronic ISs. In the United
States, the National Center for Biotechnology
Information (NCBI) has a collection of data-
bases with genetic sequencing data, decoded
protein structures, and other biologic informa-
tion that are updated constantly, and expan-
ding exponentially.

NCBIpublished the 146th issue of GenBank,
this is a publication on the gene sequences
database, which contains an information on 42,
734, 478 gene sequences (February 15, 2005).
Before there the results of the full decoding
of human genome were published (February,
2001). These events had demonstrated two the
most prominent achievements in these areas
over the previous 10 years. An outstanding
feature was that a large set of biological data
has been constantly and completely digitized
and recorded into the memory of computer
domains of electronic ISs for the first time in
the world scientific practice, which became
an influential factor of the progress in this
field. Today, in addition to human genome,
there was continuous work on decoding the
genomes of many other living organisms,
such as mammals, agricultural, viral and
bacterial organisms, which gives humanity
fundamental knowledge about the information
basis of living systems. Another fundamental
discovery of modern biotechnology had become
the “high-capacity” scan of genome, in which
the integrativity (polymorphism of a separate
nucleotide) and the activity (gene expression
profiling) for each gene in the same genome
can be recorded from the same sample.

This was done by using a technology of
DNA milieu platform that can detect tens of
thousands of genes, using a small functional
systemlike a post stamp, with dataimmediately
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recordedintocomputer’smemory. Information
coming from the laboratories working with
DNA milieu platforms contained thousands of
gene-specific measurements per day. So, the
general result of the work with the use of such
revolutionary technologies also depended on
the level of used integrated ISs for the analysis
and recording of the data, as well as from
the computer system for this gene-specific
detection (hybridization).

In the United States, the Food and Drug
Administration (FDA) has published guidelines
for the development of biotechnological
methods, including such as DNA milieu
technology platforms, for their use in genetic
prognostication and diagnosis of humans; there
were indicated that such methods actually
initiated a revolution in medicine, which
became “more personalized” with their use.

Progress in biochemistry and genome
studies faced new challenges, stimulated the
development of other branches of science,
interdisciplinary research. For example, in [1,
100] it was demonstrated that as a result of
the necessity of processing of a huge amounts
of experimental data obtained using modern
automated experiments in biochemistry,
molecular biology, there was a need to create a
new set of computer methods and optimization
techniques. The peculiarity of such situation
was that many of the important problems
arising from the researches in computer
biochemistry and gene analysis could be
formulated in terms of certain combinatorial
optimization problems in specially constructed
graphs. The authors of the article developed
such approaches and offered them to solve
new biological problems. The methods used
in bioinformatics have been called “the use
of mathematical, statistical and computer
tools for analyzing of biological data”. These
were sorting of sequences, phylogenetic
trees, predictions of structures, and various
modeling methods. Later the recognition was
added to this set. Speaking about the main
fields of application of computer methods
in modern gene and molecular biology, ones
told about the study of DNA chains sequences
formation, collection of these chains, mapping
of genomes, comparison of sequences and
analysis of phylogenetic relationships.

The natural extension of IT/CT application
in the study of genome and molecular biology
phenomena became the field of study and
correction of metabolic disorders with IT use
[1, 101, 102, 107]. The study of metabolic
disorders was focused on the research of
metabolic mechanisms, the search for effective

treatment methods, and improvement of
clinical diagnosis during the XX century.
The successes that have been achieved in
deciphering of gene sequences and associated
metabolic data, the success in the development
of ISs based on the databases of genome and
molecular biology research results, elaboration
of database on protein and other biomolecules
importantin terms of metabolism, allowed ones
to transfer some of the developed computer
methods to the field of study of metabolism
and its disorders. In this article the analytical
strategies for bioinformatics were used to
process current data both at genome level and
at level of metabolism, and then the results
were combined to explain certain metabolic
disorders. For the analysis of biomedical
data in disorders the PathAligner Internet
Information System was used, and the results
were shown on example of urea cycle disorders.

The “Petri net” model was designed to
assess the regulation both at the gene level
and at the metabolic level. To explain the
regulation of the urea cycle, the transcription
factors and signaling pathways were also
analyzed. It is known that gene/metabolic
defects often cause metabolic blockade and
lead to the metabolic disorders. In accordance
with the current state of development of
methods and concepts of bioinformatics for
the analysis of metabolic disorders, it was
necessary to understand first the ways of
reactions that are effected by encoded gene
information (directly or indirectly) and to
find out how the modification of the reaction
phases and the depletion of metabolites
reserves affect the overall response of the
system of reactions. For the solution of
these problems the methods of biomedical
information search and system modeling were
used. The PathAligner Web-based system was
used toallow userstonavigate easily in genetic
and metabolic related information. The “Petri
net” methodology was used to create amodel of
biomedical system. For example, in the system
of urea cycle modeling, a huge volumes of the
data from different databases were used; as
a result of which the authors described the
metabolic paths and mechanisms, regulatory
schemes, and etc. Subsequently, the authors
wanted to extend these methods to the study
of rheumatoid arthritis and other diseases.
The design and analysis of signal network
allowed the authors to verify the integrity of
the data set. The “base network” constructed
by the authors was useful for the next
simulation, forecasting and comparison
of various cellular systems. The obtained
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graphical results and the results of dynamic
modeling made it possible to understand
intuitively the logic of cellular metabolism.
Thus, the applied methods of bioinformatics
could be considered as non-invasive methods
for studying of the functions of genetic and
metabolic systems.

The authors of [102] believed that on
the basis of their developed methods of
bioinformatics, the method for integrating of
the data and procedures for the modeling of
“Petri net” will be following: 1 — to integrate
biological and biomedical data; 2 — to create
functional structure models; 3 — to predict
genetic predisposition to pathologies, disease
detection, improved diagnosis, development of
new drugs, toxicology; 4 — to use alternative,
compensatory metabolic paths instead of
damaged, and etc. As a result, the scientists
would be able to use such system analysis, for
example, to prevent metabolic disorders and
comprehensive testing of drugs before their
traditional laboratory testing. The authors
considered that their main achievement is
to integrate various levels of metabolic data
using the existing methods of bioinformatics
and computer-based methods on the basis
of the databases. They believed that the use
of IT/CT can simulate a general scenario of

probes

how biomedical systems work, which clinical
manifestations can have changes in genes
and, consequently, the false changes in the
paths of chemical reactions (which follow gene
changes); so, what measures are necessary for
the prevention of various human pathologies,
including oncopathology[110, 111]. Examples
of such works using the newly created tISs
could be illustrated by Figures 3, 4. Thus,
in [110] (Fig. 3), as a result of processing of
experimental data from elaborated databases
in the corresponding tIS, the authors had
found “clusters enriched for genes involved
in both cell cycle regulation and cell division,
which is biologically reasonable in a cancer
orientated dataset”. Than they have evaluated
their method on both synthetic and gene
expression analysis problems.

In other publication[111](Fig. 4) using
the tIS with linked databases with the obtained
experimental data, and as a result of automatic
processing of these data, the authors wrote
that their results provide a novel molecular
stratification of the breast cancer population,
derived from the impact of somatic copy
number aberrations on the transcriptome.

Information systems developed in other
spheres of biology, data from which were used
in biotechnology: biodiversity, ecology, zoology

sauad

v

L,;: expression level
of gene i in probe j

50

Fig. 3. Clustering of covariance structure (explanations see in text) [110]
Above: The gene expression matrix. Ly ;: expression level of gene I in probe j.
Below. Left: k-means using correlation distance. Middle: agglomerating of hierarchical clustering using
average linkage and correlation distance. Right: DPVC MCMC
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Fig. 4. Trans-acting aberration hotspots modulate concerted molecular pathways
(explanations see in text) [111]

[113, 114, 117, 120-122, 134-136, 139-141,
146, 147]. In this chapter let’s review the
experience of elaboration of ISs based on the
databases about insects and some other living
organisms. The development of such tISs
started in the late 1990-th [112]. These systems
were named EuroLOOP and BioNET [112].
EuroLOOP was suggested as database about
the insects and some other living organisms
in Europe. BioNET was developed as similar
database system but of a larger scale which,
in addition to the databases about European
organisms, included collections and data analysis
from organisms in some African countries.
Later BioNET became a well-known global
system. In these two systems developers have
acquired the first experience in construction of
informational biological systems, taking into
account the specifics of biological objects and
data. This experience has been used further by
ISs’ developers in other countries.

Later and more perfect examples of
development and use of electronic databases
in Internet with a purely academic purpose
were following two projects [113, 114].
The “Tree of Life” Web project [114] was
a good electronic resource for finding of
information, relevant links and hyperlinks
on animal and plant diversity (http://tolweb.
org). This project satisfied the needs of one
who interested in information about the
certain groups of organisms. The project was
started in early 1980-th by David Maddison
and later it was supported by scholars and
amateurs throughout the world. The site was

structured in the form of a tree with roots,
branches and leaves. So-called page-branches
were branched off, reflecting the fact that
some groups of organisms can be further
subdivided into subgroups due to the certain
differences in their genotypes. Unlike such
groups, phylogenetic groups that formed
leaves (and, respectively, in ISs, leaves-pages)
corresponding to the terminal groups that are
not subdivided into subgroups in nature [114].

If one could go to any page (“branch” or
“leaf” ), one can find a brief overview of the
most important characteristics of a certain
group of organisms. In addition, one can
access a collection of relevant scientific
articles, other accessible Web-resources, notes
and comments with additional information
and so-called “Treehouses” [114], which were
designed for the children as a teaching Web-
resource. For the most pages the pictures of
described organisms — colored illustrations
there were presented also.

If the previous databases about the insects
were first developed for the Euro-African
region, the following two electronic DBs about
insect pathogens were visualized in Internet
on 1996 [87]. They were developed in the
United States and Japan, and they are updated
by the material mainly from these regions.
For example, in the United States there were
already many databases about the different
groups of living organisms of this country,
such as ANIMAL INFO — Animal Bytes; this
was a site for various organisms of animal
world, from worms to mammals.

11
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Later the development of IS with living
organisms databases started in India, where
a technically more complex BODHI system
[117] with biodiversity data was elaborated
(Fig. 5). The works were conducted under the
supervision of Biotechnology Department
of the Ministry of Science and Technology
with the support of India Government [117].
In electronic databases of this system there
should be accumulated the plant world
information. The BODHI authors considered as
it unique characteristic the possibility to store
different types of the data at different levels:
from molecular level to organism level. These
data also included taxonomic characteristics,
geographic distribution, genetic sequences,
and others. For the work with these data some
specific indexing strategies were developed
and used to enable these data access. A special
processor was designed to optimize the
execution of queries. The BODHI system was an
integrative database system, it was an object-
oriented system in which complex objects form
a subordinate hierarchy and sequences that are
similar with biodiversity domain in nature.

BODHI was considered tobe the first system
of nature in which such integrative approach
and data aggregation are implemented at
different levels of hierarchy systems [117].
The system was based on licensed and accessible

N

Client interface

Access to processor

{ ¢ {

Special Special Special
services services services

Control of data storage

Fig. 5. Scheme of BODHI system architecture
(Bedathur) [117]
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software and it is provided free of charge. It
was implemented on the basis of PC Pentium-
IIT with the operating system Linux. Access
to the data in database was carried out on the
basis of the structures described in technical
literature. For example, the Path-Dictionary
and Multi-key Type can accelerate the access
in inheritance and aggregation hierarchies,
while R* -tree and Hilbert R-tree were used
to control spatial queries. BODHI server was
compliant with ODMG, it supports OQL/ODL
queries, and data modeling interface. In order
to permit biologists intuitively easier to work
with this system, BODHI also supported access
through a Web client-server model, where
the client generated its requests through the
HTTP protocol and CGI-bin scripts, and results
are displayed using the browser interface. And
finally, the server was “XML-friendly” , the
object-results are displayed in XML format,
which allows their visualization (Fig. 5) [117].

Developers created BODHI not only as
database system by itselves, it plays a more
important role. It is also a central repository
that provides users with a common platform
for information exchange, decision making,
packet visualization, and etc. The role of
BODHI developers is similar to the role played
by the Management Information Base (MIB)
system in the management of networks in
telecommunications.

Information systems with databases about
biological objects developed for the global
networks. Contemporary electronic databases
with access to the Internet with information
about living organisms were the tISs, designed
during the last 25 years. They were designed
either for academic purposes — to maximize
the accumulation of information on groups of
living organisms, or for the needs of economy,
in particular, for conducting of ecological
monitoring, including monitoring of polluted
environments. Today all such tISs are network-
based and linked with databases[1, 10, 11, 25,
41, 42, 60-62, 67, 69-71, 90-94, 96-113,
116,119-126, 133—-140, 143-146].

Let’s observe several tISs, in which the
numerous electronic collections (they are
ordered into the databases about the biological
organisms) were connected into the one
network, uniting segments in different world
regions. A number of databases united into
such a system should contain information on
the types of bioorganisms, their variability,
biodiversity, which during monitoring are able
toreflect the effect of environmentally harmful
influences on these bioorganisms|[1,12, 17, 22,
25, 29, 98-100, 108, 117]. Data from already
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developed networks with electronic databases
demonstrate the high variability of taxonomic
groups on a global scale (for example, informa-
tion from the Global Biodiversity Information
Facility), the variability of taxonomic groups
in different regions of the Earth (for example,
the European Natural History Specimen
Information Network) and the wvariability
of areas of the specific taxonomic groups
distribution on a planet scale (for example,
the Mammal Networked  Information
System — MANIS) [113]. In frameworks of
these projects, the data ordered in disparate
electronic databases developed by implementing
institutions were linked over the Internet using
modern network technologies. In such a way
the data of separate and previously disparate
electronic collections were actually merged into
a single, large-scale centralized collection. So,
the user could, in response to one request to
receive an information simultaneously from all
collections of institutions participated in these
projects. These networks contained information
about 20-40% of species (approximately 60
million electronic records) up to 2008 [113].
Consequently, since the basic information about
numerous species had already been ordered in
the electronic database, it was necessary to do
the further steps — the addition to biological
data the relevant geographic information,
standardization, detection of errors and the
completion of already developed databases
with information about the new species from
databases of other networks. The authors
considered that fulfillment of these tasks in the
context of already developed IS would greatly
improve the quality of all ISs in general. Thus,
during the creation of the MANIS database, the
electronic records from geographic databases
were recorded into it, for example, with the
information about latitude and longitude, and
in process of geographic location determining
an error was estimated [113].

Standardization of taxonomic informa-
tion — the presentation of generally accepted
non-conflicting names of species — is another
difficulty, if to take into account that
information about these species is distributed
(and comes to the user) from/to geographically
remote compartments of the global network,
and such information may differ in databases
created in different regions of the world.
The work on the collecting and recording of
taxonomically correct information about
different species is of priority task, since the
practical value of the whole project depends on
the validity of such information. Consequently,
alot of efforts would be necessary for taxonomic

electronic information correction on a global
scale, taking into account also the fact that
taxonomy studies are constantly ongoing
worldwide, and therefore, such information
in electronic databases should be constantly
updated and standardized [1, 113].

The similarity of collection contents and
observational data in such databases, including
Darwin Core (http://speciesanalyst.net/docs/
dwc/) and the group that solve the task of access
to biological data collections (Task Group on
Access to Biological Collection Data-ABCD;
http://www.bgbm.org/TDWG/ CODATA/
Schema/default.htm) [1, 113] allowed ones to
search for ordered information and to get it
from different data sets. In the framework of
some projects, standardization of taxonomic
information, which has been distributed in
networks, has already been carried out. Such
projects included the Integrated Taxonomic
Information System (http://www.itis.usda.
gov/), Species2000  (http://www.sp2000.
org/) and the Electronic Directory of Names
of Famous Organisms (Electronic Catalog
of Names of Known Organisms — ECAT;
http://www.gbif.org/prog/ecat/prog). The
databases for these projects were developed
in close cooperation between taxonomists
and researchers in other fields that provided
their data. For data transmission through the
Internet within these projects, freely available
software was developed by Distributed Generic
Information Retrieval (DiGIR; http://digir.
sourceforge.net/) for the Darwin Core project
and BioCASE Data Transfer Protocol (http: //
www.biocase.org/) for the ABCD project. These
client-server protocols provided a single source
of access to the data received from the few data
sources [1].

Information systems with databases, which
combine characteristics of both medical and
biological ones. In many recent publications
it has been demonstrated that development
of ISs with databases in medicine and biology
is gradually reducing the distance between
biological sciences and medicine [1, 120, 132].
This happened due to number of reasons, but
mainly because of the fact that many stored
data can be used both in clinical practice
and in biological research [1]. Besides of
this, such branch as biotechnology occupied
intermediately positions between these
sciences by themselves. Thus, the library
system BioMedNet, which contains abstracts
of well-known biological and medical journals,
is used by biotechnologists, physicians and
biologists as well. The same one can say
about the library system Academic Press and

13
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Springer, which contain a large number of
full-text journals, necessary for biologists and
doctors both. To the database with information
about proteins and decoded gene sequences
apply many professionals — biotechnologists,
doctors, specialists from many other biological
specialties.Inarticle[120]it wasnoted that this
situation led to the introduction in the United
States, primarily at Columbia University, of
new courses in the educational process, which
combine biological and medical informatics.
After the analysis of the state of the problem,
the course “Theory and Methods of Biomedical
Informatics” was developed there and
approved for studying. A similar course was
also studied in the Stanford University. The
article[132] outlined the latest for these years’
methodologies for the development of ISs with
databases. These methodologies were based on
ontological principles, the developments of ISs
with “mixed” information were used widely;
and they combined both the databases with
gene information and clinical databases. New
ontological methods for development of such
ISs were needed to facilitate the information
search, access to it, and obtain it from the
remote Internet resources. One of the areas
of application of new ISs developments are
biotechnology and biomedicine. These spheres,
on expert opinions, would lead soon to new
scientific achievements and would accelerate
the works on the program “Human Genome
Project”. The development of such newest ISs
in biotechnology and biomedicine were being
conducted by European Commission programs,
for example, the INFOGENMED project [1].
Types of information systems that occupied
intermediately positions between biology and
medicine. As an example of such systems we
can observe a neurophysiology; moreover,
many professionals in biotechnology are
interested in the data obtained in this
sphere. Neurophysiology as a branch is at

the “intersection” between medical and
biological sciences. So, some peculiarities of
ISs’ classification there were similar to both
biology and medicine (let’s compare figures 1,
2, 6) [1]. Sure, it did not have “Medical ISs of
general purpose” group because there is not
need in their development — such tasks are
important for medical practice only. However,
the neurophysiology deals with the solution
of purely scientific problems, so developed
electronic systems here have to facilitate their
solution. There are also the need to develop
own large databases and electronic library
systems to store numerous experimental
neurophysiological results and data from
literary sources. So, in the classification list for
neurophysiology, some items would coincide
with the list for medical ISs, and some —
with biological ISs. As a result, the general
classification for the field of neurophysiology
acquired the following form (Fig. 6): expert
systems in neurophysiology (including
ones for the solution of scientific problems),
electronic systems for the work with images,
electronic library systems in neurophysiology,
and electronic databases in neurophysiology [1].
We could forecast that -classification
list of ISs types for biotechnology will
demonstrate similar regularities as ones for
neurophysiology, because this sphere is also at
“intersection” between biology and medicine;
but final correct conclusions we will be able to
make after the upcoming additional studies.
Thus, at the current level of development
of computer technologies in the medical and
biological practice both older ISs according
to time of their development, as well as more
recent ideas, methods, technologies and
developments coexist successfully [1]. Their
role and the attention given to their application
are determined by practical activity. The
reasons of the fast development of ISs with
databases in these spheres are the burst-like

mtion systems with databases in neurophysiology
T —

r

Expert systems in neurophysiology
(including ones for the solution
of scientific problems)

» Electronic systems for the work with images

Electronic library systems in neurophysiology

4

Electronic databases in neurophysiology

Fig. 6. Information systems with databases in neurophysiology [1]
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increase in the amount of input data, which
requires the appropriate development of
database management systems and ISs.

Medical ISs obtain better funding then
biological ones usually, the period of their
intensive development was during the last
22-25 years. Consequently, medical ISs
demonstrate the greater number of varieties in
comparison with biological ones [1]. The first
biological ISs were developed on 1980-1990-th,
but the period of their intensive development
was the last 15-16 years. Among the biological
ISs, the first ones are those related to industry
(biotechnology), medicine (for physiology,
brain biology, etc.) and business (database
with information on biological medicinal
products, sales sites, and etc.) With regard
to such biological ISs, which contain purely
academic information, the classification of
living organisms, taxonomy data and etc., their
examples are not numerical today in comparison
with medical ones [1], and their constructing is
waiting for their developers still.

Comparing two classifications of modern
electronic information systems — in medicine
and biology, we can make some conclusions
(Fig. 1, 2), basing on publications [1-132].

1. The medical ISs were characterized by the
greatest variety and necessity for the practice.

2.ElectronicISsinbiology werecharacterized
by the greater proximity to scientific research.

3. Examining the numerous works on the
development of various ISs in medicine and
biology, we saw that developers are focused
on the development of: 1) medical ISs of
general purpose; 2) electronic library systems;
3) electronic systems for working with
documents; 4) expert systems.
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MerToto poboTu 6yJiO y3araJbHUTU Ta IpOoaHa-
JIidyBaT BUKOPHUCTAHHS €JIEKTPOHHUX iH(pOpMA-
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The aim of the study was to synthesize poly(D,L-lactide-co-glycolide) particles — PLGA and
obtain their complexes with a non-toxic diphtheria toxin recombinant fragment subunit B fused
with enhanced green fluorescent protein EGFP-SubB; to characterize the main physical and
chemical properties of the resulting complexes.

Two types of the diptheria toxoid loaded PLGA microparticles were obtained: particles with
immobilized diphtheria toxoid (PLGA 1) and particles with encapsulated diphtheria toxoid
(PLGA 2). Micropartcles obtaines were characterized for antigen loading, particle size,
polydispersity index and in vitro antigen release.

Key words: diphtheria toxoid, poly (lactic-co-glycolic-acid) microparticles.

Diphtheria toxin (DT) is one of the most
important pathogenic factors of diphtheria
bacilli Corynebacterium diphtheriae [1-4]. It
consists of single polypeptide chain, which can
be broken into two subunits A and B. Subunit
A possess catalytic activity, and subunits B
is responsible for binding to diphtheria toxin
receptor HB-EGF (heparin binding EGF-like
grows factor) on cell surface [5].

Diphtheria is an infectious disease that
affects only humans. Highly infectious disease
can be transmitted from human to human
airborne. This disease was very dangerous and
killed amount of humans until vaccination
era. Vaccination by diphtheria toxoid is one of
the precautions that can be taken against this
disease [6].

Vaccination with the diphtheria toxoid
was discovered by Ramon Gaston during
the 1920s has been used in medical practice.
Currently, vaccination against this disease
depends on cultivation of C. diphtheriae bacilli
in bio-secure conditions and inactivation of
toxin by chemical methods. New generation

more effective vaccines need to be developed.
In the last few decades the studies to develop
a recombinant vaccine against diphtheria
focused on obtaining inactive mutants of DT-
toxoids. For this reason, using adjuvants in
order to obtain a more robust immune response
is aimed.

Particle carriers are effective delivery
systems for antigens and increase the antigen
uptake on cellular level. They are effective on
controlled antigen release and can protect the
antigen integrity from degradation [7].

Fortunately, modern nanotechnology
provides new scientific means for mucosal
immune response regulation. Biodegradable
and biocompatible polymers, like poly(D,L
lactide-co-glycolide) (PLGA), are widely
used for the design of mucosal immunizing
tools. PLGA, which one of the most widely
used co-polymer, is a biopolymer approved
by FDA and has several advantages such has
inert properties in physical environments,
degradability in biological environments,
biocompatible properties and being able
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to be degraded into non-toxic products
[8]. Importantly, that the way of particle
preparation plays an important role in PLGA
biodegradation and antigen release.

It is believed, that strong induction of
antitoxic immunity in mucosal tissues can
protect the body against the infection. All
current diphtheria vaccines have parenteral
route of administration. Such vaccines results
in formation of high serum antitoxin levels in
the blood, predominantly IgG class. However,
most important role in the mucosal surfaces
protection is playing secretory IgA antibodies
[7]. Undoubtedly, oral administration of
antigens would be the most patient-friendly
way of immunization. However, the efficacy of
free antigens oral administration is limited by
their degradation in the gastrointestinal tract
and poor absorption by M-cells (microfold cells)
in the follicle-associated epithelium of the
Peyer's patches, which play the major role in
stimulating mucosal immunity [8].

Particle carriers are effective delivery
systems for antigens and increase the antigen
uptake on cellular level. They are effective on
controlled antigen release and can protect the
antigen integrity from degradation [9].

Fortunately, modern nanotechnology
provides new scientific means for mucosal
immune response regulation. Biodegradable
and biocompatible polymers, like poly(D,L
lactide-co-glycolide) (PLGA), are widely
used for the design of mucosal immunizing
tools. PLGA, which one of the most widely
used co-polymer, is a biopolymer approved
by FDA and has several advantages such has
inert properties in physical environments,
degradability in biological environments,
biocompatible properties and being able
to be degraded into non-toxic products
[10]. Importantly, that the way of particle
preparation plays an important role in PLGA
biodegradation and antigen release.

In this study, diphtheria toxin subunit B,
genetically fused to EGFP, encapsulated PLGA
micro-particles were synthesized for using
vaccine models. Synthesized microparticles
were characterized by scanning electron
microscopy (SEM), loading yields and antigen
release under acidic pH were measured.

Materials and Methods

Materials

In the work there were used: acrylamide,
N,N’-methylenebisacrylamide from AppliChem
GmbH (Germany); 2-mercaptoethanol from
Helicon (Russia); plastic Petri dishes from
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Greiner BioOne (Austria); kanamycin,
glucose from “Kyivmedpreparat”, Arterium
Co. (Ukraine); poly(lactic-co-glycolic
acid) — PLGA, polyvinyl alcohol (PVA),
dichloromethane (DCM), fetal bovine serum
(FBS), LB medium, NaN;, RPMI-1640
medium with L-glutamine, sodium dodecyl
sulphate (SDS), stock solution of amphotericin
B, penicillin G and streptomycin for cell
culture, Trisma base, Triton X-100, urea
from Sigma (USA); imidazole from Shanghai
Synnad (China); KCIl, NaCl, Na,HPO,,
NaOH, KH,PO, from Miranda-C (Ukraine);
bovine serum albumin (BSA), isopropyl p-D-
1-thiogalactopyranoside (IPTG), nickel-
nitrilotriacetic acid-agarose (Ni-NTA
agarose), prestained protein markers for gel
electrophoresis from Thermo Fisher Scientific
(USA).

All chemical reagents were of analytical
grade. Ultra-pure water was acquired from
Adrona Water Purification system.

Antigen preparation

The recombinant proteins used in this
study: EGFP, EGFP-SubB, were obtained as
previously reported [11]. Briefly, bacterial
culture of Escherichia coli BL 21 (DE3) Rosetta
(Novagen, Reno, NV USA) transformed by
corresponding genetic constructions was
grown at 37 °C under intensive stirring
(250 rpm) up to extinction A600 — 0.5-0.7.
Expression of the proteins was triggered via
incubation with 1 mM of isopropyl B-D-1-
thiogalactopyranoside (IPTG) up to 3 hours
at 30 °C under intensive stirring (250 rpm).
Recombinant protein was purified by the Ni%"-
NTA-agarose column chromatography with
imidazole elution gradient and stored in PBS,
pH="7.2.

Electrophoretic separation of proteins

Electrophoresis in polyacrylamide gel with
sodium dodecyl sulfate was performed following
the modified method by H. Schagger [12].

Preparation of Microparticles

Two types of PLGA particles were prepared
and characterized: particles with immobilized
diphtheria toxoid (PLGA 1) and particles with
encapsulated diphtheria toxoid (PLGA 2).

(1) The PLGA particles of the first
type (PLGA 1) were prepared by solvent
displacement method [13]. Briefly, 3 ml of
0.5% w/v PLGA (lactide:glycolide — 65:35)
(Sigma-Aldrich Co., St. Louis, USA) in acetone
were added drop-wise to 30 ml of pure distilled
water under magnetic stirring. Acetone was
evaporated overnight at room temperature.
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Afterwards particles suspension was filtered
through 10 um filter. PLGA 1 particles were
collected by centrifugation at 12,000 g for
3 min and resuspended in PBS contained
protein (1% w/w PLGA). The emulsion was
stirred overnight on magnetic stirrer at 4 °C.
Afterwards, the particles were collected by
centrifugation for 20 min at 12 000 rpm the
pellet was resuspended in 1 ml of PBS and
stored at 4 °C.

(2) The PLGA particles of the second type
(PLGA 2) were prepared by previously reported
method [14] with some modifications (double
emulsification using solvent evaporation
method). Briefly, 2 ml of 0.5% w/v PLGA
(lactide:glycolide — 50:50) in methylene
chloride were sonicated with 2 ml of protein
solution (1 mg/ml) in 0.5% PVA by ultrasound
homogenizer LabsonicM (Sartorius, Germany)
for 2 min at an amplitude of 90%, and a
duty cycle of 0.9 s. Afterward, the water-in-
oil emulsion was added to 8 ml of 3% PVA
solution and sonicated in ice bath for 10 min.
Obtained emulsion was stirred overnight
at room temperature on a magnetic stirrer
for evaporation of the organic solvents.
Afterwards, the particles were collected by
centrifugation for 20 min at 12 000 rpm the
pellet was resuspended in 1 ml of PBS and
stored at 4 °C.

Characterization of Microparticles

In this study, obtained microparticles were
detailed analyzed by following parameters:
encapsulation efficiency (EE), drug loading
(DL), particle size (Z-ave) and polydispersity
index (PDI).

Antigen immobilization measurement

The electrophoretic separation of the
obtained particles was carried out in a
polyacrylamide gel with sodium dodecyl
sulfate using the modified Schagger H.
technique [12]. The effectiveness of antigen
immobilization on the particles was determined
by electrophoregram with densitometric
method using TotalLab TL120 software. The
effectiveness of antigen immobilization on the
particles was determined by electrophoregram
by densitometric method using Origin 8.0
(OriginLab Corporation, USA) and Fiji
(Open Source software project) [15]. The
effectiveness of immobilization was calculated
based on the ratio of protein concentrations in
the solution before and after conjugation with
the particles.

EE was determined by using of the
supernatants obtained after centrifugation for

each of microparticles and determined using
the formula given below:

A— AN

A
EE {D_-"fu) :T x 100,

where AA — the amount of polypeptide
initially added (mg);
AN — the amount of non-encapsulated
polypeptides (mg).

The DL of polypeptide was calculated using
the formula given below:

AA — AN
DL (%) = aM x 100,

where AA — the amount of polypeptide
initially added (mg);

AN — wherehe amount of non-encapsulated
polypeptides (mg);

AM — Amount of prodused particles.

Particle Size and Polydispersity Index of
Microparticles

Determination of particle size was carried
out using two different methods: Nanoparticle
Tracking Analysis (NTA) using NanoSight
NS300 (Malvern Instruments, UK) and dynamic
light scattering (DLS) using Zetasizer Nano ZS
Analyzers (Malvern Instruments, UK).

SEM Measurements of Microparticles

Particles size and morphology were
studied using a scanning electron microscopy
method (SEM) performed on a Mira 3 Tescan
microscope, with an accelerating voltage of 10
kV, other parameter is shown on the pictures.
To avoid sample charging during SEM
investigation, samples was previously coated
by thin conductive layer using Gatan Pecs, in
this work we use 20 nm of Au/Pd.

In vitro antigen release studies

To determine the effect of the medium
pH on the antigen release rate, the PLGA
particles loaded with the recombinant antigen
EGFP-SubB were incubated at pH 1.2 in an
environment that simulates the acidity of the
gastric juice (solution of hydrochloric acid at
pH 1.2) and as a control at pH 7.4 in phosphate
buffer solution (PBS). The microparticles
suspension was incubated in a shaking
incubator (100 rpm) at a stable temperature,
close to the temperature of the human body —
37 °C. Samples were removed from solutions
at various time intervals: after 15 min,
30 min, 60 min, 120 min and 240 min. Since
the particles were loaded with fluorescent
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recombinant antigen, the determination of
their degree of degradation was carried out
using Flow cytometry.

Results and Discussion

Encapsulation Efficiency and Drug
Loading of Microparticles

A prerequisite for successful immunization
and the development of an effective immune
response is the sufficient amount of introduced
antigen. In view of this, an important indicator
is the effectiveness of the antigen sorption of
particles.

We synthesized PLGA-based microparticles
and conjugated them with the protein in two
different techniques, which allowed obtaining
two varieties of PLGA particles: particles with
immobilized diphtheria toxoid (PLGA 1) and
particles with encapsulated diphtheria toxoid
(PLGA 2).

The effectiveness of antigen immobili-
zation on the particles was determined by
electrophoregram by comparing the amount
of proteins initially added and in the samples
containing the non-encapsulated proteins
(supernatant after centrifugation). Densitometric
analysis of electrophoresis results was performed
using Fiji and OriginLab software. The
effectiveness of immobilization was calculated
based on the ratio of protein concentrations in
the solution before and after conjugation with the
particles. Obtained results are given in Table.

It can be seen that the EI was higher for
particles synthesized by the second method
(PLGA 1 —72%,PLGA 2 —90%). At the same
time, by the flow cytometry it was demonstrated
that 99% of the PLGA 1 particles are loaded with
EGFP-SbB, while only 92% of PLGA 2 particles
are bound to the protein. According to the
obtained results, it can be said that the loading
is more effective in encapsulating antigens
within the particle, but the amount of particles
containing the protein in its composition is
slightly less in such synthesis technique.

Particle size Analysis of Microparticles

Also, produced microparticles were
analyzed for particle size and polydispersity
index (PDI) The particle sizes were slightly
different according two distinct techniques
(NTA — number based, the software tracks
individual particles; DLS — scattering
intensity weighted), however demonstrate
similar patterns. The size distributions of the
produced microparticles and PDI values were
summarized in Fig. 1 and in Table.

NTA data showed that the particle sizes of
PLGA 1 ranges from 50 nm to 510 nm, most of
the particles had a size of 81.4 nm. The particle
sizes of PLGA 2 ranges from 70 nm to 400 nm,
most of the particles had a size of 155.9 nm. The
mean particle sizes were 192.8 nm and 183.8 nm
for PLGA 1 and PLGA 2, respectively (Fig. 2).

DLS data also showed that the mean
PLGA 1 particles size was 203.3 nm and the

Microparticles properties including EE, DL, particle size and PDI

twestparti|ppegy | opres | MemPatids | MenParids | ppy
PLGA 1 725 7 183.8 203.3 0.143
PLGA 2 90 192.8 211.6 0.115
225 0.16
200 0.14
175 0.12
- 150 01
E. 125 008 B
L;‘g 19 0.06 :
75
50 0.04
25 0.02
0 0

PLGAL

_ Mean Particle Size NTA (nm)

PLGA2

. Mean Particle Size DLS (nm) === PDI

Fig. 1. Z-ave of PLGA 1 and PLGA 2 particle sizes according two distinct techniques:
NTA and DLS (bars); and PDI (line)
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PLGA 1

PLGA 2

Fig. 2. Particle size distribution of PLGA 1 and PLGA 2 respectively according NTA technique
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Fig. 3. Particle size distribution of PLGA 1 and PLGA 2 respectively according DLS technique

mean PLGA 2 particles size was 211.6 nm
(Fig. 3). Moreover, the obtained particles
demonstrated similar oval to round shape. The
slight difference in particle size estimation
is not unexpected as they are two different
techniques.

The size distributions are similar for both
particles and there is no agglomeration of the
particles.

SEM-Analysis of Microparticles

Microparticles synthesized using different
methods were analyzed morphologically by
scanning electron microscopy (SEM). Obtained
SEM images were shown in Fig. 4, A, B.

The results of electron microscopy of PLGA
particles confirmed the results presented

above. As can be seen from the pictures
(Fig. 4), single particles have similar round
correct shape, and their sizes are within the
size determined by the data of NTA and DLS.

In vitro Release of Microparticles

To determine the effect of the medium
pH on the antigen release rate, the PLGA
particles loaded with the recombinant antigen
EGFP-SbB were incubated in an environment
that simulates the acidity of the gastric juice
(solution of hydrochloric acid at pH 1.2) and
as a control in a phosphate buffer solution
(pH 7.8). Fig. 5 illustrates the dependence of
the particle degradation process on incubation
time in different environments.
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A

Fig. 4. A — SEM image of PLGA 1 microparticles; B— SEM image of PLGA 2 microparticles

100
—— ° incubation of PLGA 2 particles in a
80 medium with high acidity. Similar,
% &0 but even more critical situation was

o with PLGA 1 particles.
# 40 Demonstrated differences
20 in the properties of synthesized
particles may have an influence on
Omin  15min  30min  60min  120min 240 min the immunogenicity of the antigen
—e—PLGAL{PHL2) 1 9152 9428 963 9788 9812 in their use for oral immunization.
—e—PIGA2(pHL2) 7.8 9425 9666 9728  97.52 9831 The sizes of both particles resemble
—e—PLGAL{pHT.4] 1 238 3.87 416 821 1063 bacterlia. size that. COUI_d merease
—e—PlLGA2(pH7.4) 7.8 766 792 613 582 9 probability of particles interaction

Incubation time, min

Fig. 5. In vitro release of EGFP-SubB antigen from PLGA particles
in solution of hydrochloric acid (pH 1.2) and phosphate buffer
(pH 7.4). Significant compared to control results pH 7.4 (P < 0.05)

It has been demonstrated that at the
beginning of the experiment, 99% of the
PLGA 2 particles were loaded with EGFP-SbB
protein. There were not observed significant
changes in the groups where the incubation
was carried out in a buffer environment at pH
7.8. Striking effects were observed after the
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Mera po60oTHM — CHHTE3yBaTU YACTHUHKHU Ha
ocHOBi mogi(marktug-xo-raikoainy) — PLGA
i omep:kaTu iX KOMIIJIEKCHM 3 HETOKCUUYHUM
dparMmeHTOM AUPTEPIAHOTO TOKCUHY, MiUueHUM
sesqeHuM (ayopecieHTHuUM mporeinom (EGFP-
SubB); oxapakTepusyBaTu meBHi (pisuKko-ximMmiuni
BJIACTUBOCTi OTPUMAaHUX KOH’IOTaTiB i gocaiguTu
BILIUB Monudikarii mosepxHi.

Byso cunTesoBano aBa Tunu yactTuHok PLGA:
3 iMMO006isIizoBaHUM aHTUTE€HOM HAa MOBEPXHIi uac-
TuHOK — PLGA 1 Ta 3 imKamcy/Ib0BaHUM Bcepe-
nuHi yactuaok — PLGA 2. Orpumani mikpouac-
TUHKU XapaKTepus3yBajlu 3a HaBaHTAKEHHIM
AHTUTEHY, PO3MipOM YaCTHHOK, iHZEKCOM IIO-
JiguciepcHOCTi Ta BUBiIJIbHEHHSAM aHTUTEHY in
vitro.

Knwuosi cnosa: nudrepiiinuii TOKCOin, MiKpo-
YACTUHKY HOJIi(JIaKTUI-KO-TJIiK0JIeB01) KUCJIOTH.
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ITesns paboThHl — CHUHTE3UPOBATH YACTHUIILI HA
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U TOJYUYUTH UX KOMILJIEKCHI C HETOKCHUYHBIM
¢dparmMeHTOM AUDTEPUKHOTO TOKCHUHA, MEUYEHHBIM
3eJieHbIM (paryopeciieHTHBIM mpoTenHoM (EGFP-
SubB), oxapakTepu3oBaTh OIIpeaeJeHHBIE
(QUBUMKO-XMUMUUYECKNE CBOMCTBA IIOJYYEHHBIX
KOH'BIOTATOB U MCCJIEJOBATH BIUAHNE MOIU(DUKA-
IIUU TTOBEPXHOCTHU.

Brutu cuaTesuposaubl ABa Tuiia PLGA wacTuir:
C UMMOOUIN30BaHHBIM aHTUTEHOM HA ITOBEPXHOCTU
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Tpu vyactun, — PLGA 2. IToryueHHbIe MUKpPOUYAa-
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pasMepy YacTHUll, TOJUINCIEPCHOMY MHIEKCY U
BBICBOOOYKIEHIIO AaHTUI'CHA iNn Vitro.
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YacTUIIBI TOMU(JIAKTUI-KO-TJIMKOJIE€BOM) KUCJIOTHI.
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The goal of this study was to characterize serum immunoglobulin G (IgG) antibody responses during
experimental immunization of laboratory mice by purified recombinant proteins MPT63, MPT83
of Mycobacterium tuberculosis and artificial fusion protein MPT83-MPT63 and obtain the recombinant
single chain variable fragments of antibodies (scFv) against these antigens.

This study demonstrates that the humoral immune response to MPT63, MPT83, MPT83-MPT63
fusion protein and equimolar set of MPT63 and MPT83 was highly different. For each antigen, serum
antibody levels were evaluated by a cutoff value based on optical density index. A crucial role of MPT83
for immunogenicity of chimeric protein and/or cocktail of individual antigens under conditions of
immunization of laboratory animals.

We obtained also specific scFv antibodies against MPT63 and MPT83. These antibodies can be used
for the development of the system for quantitative determination of antigens as well as for their
biological properties investigation.

Thereby, based on the results of the immune response and mycobacterial proteins antigenicity we
showed highly immunogenicity properties of N-terminal part of MPT83 antigen for enhencement of
ELISA sensitivity. We suggest MPT83-MPT63 fusion protein as a potential candidate on the role of

antigenic substance for the serological diagnosis of tuberculosis.

Key words: tMPT63, MPT83, antigens, polyclonal antibodies, scFv, diagnostic.

Tuberculosis (TB) is the widespread
infectious disease of human being and
animals. In 2015, there were an estimated
10.4 million new (incident) TB cases
worldwide and an approximately 1.6 million
death [1]. Early diagnosis of TB is crucial
to prevent the spread of the disease in the
community. Immunological methods measure
specific cellular or humoral responses of
the host to detect presence of infection or
disease. They do not require a specimen
from the site of infection unlike reference
standard in TB diagnosis such as bacteria
culture. Moreover, it can take up to 6-8
weeks to isolate Mycobacterium tuberculosis
[2], while serological tests take a few hours.

An important step for constructing
of new diagnostic kits based on ELISA
technique is the selection of the optimal
high immunogenic substances for specific,
accurate and sensitive determination of
antibodies to the pathogen.
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Difficulties in tuberculin skin test
administration and interpretation often
lead to false results [3]. An accurate
serological test could provide rapid diagnosis
of TB and in a suitable format would be
particularly useful both as a replacement
for laboratory based tests and for extending
TB diagnosis to lower levels of health
services, especially those without on-site
laboratories [4]. Serological tests that use
various M. tuberculosis antigens such as
secretory proteins, heat shock proteins,
lipopolysaccharide and peptides have
been developed [5]. But despite numerous
studies of the genome and proteomics of
Mycobacteria only few ELISA kits are
available for wide clinical practice use. This
is most often due to negligent attitude to the
choice of an antigenic substance or even with
the use of total lysates of M. tuberculosis
or protein purified derivate (PPD). As
a consequence, significant variation of
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sensitivity and specificity indicators, which
will not allow the developed product to be
used in practice or/and false positive results
will be observed in antibody-based diagnostic
tests due to the exposure to environmental
non-tuberculous Mycobacteria (NTM)
or prior Calmette-Gu rin bacillus (BCG)
vaccination [6].

Recombinant antigens of M. tuberculosis
and M. bovis strains MPT63 and MPT83
obtained from E. coli expression system do
not differ from serologic characteristics from
such own proteins of the causative agents[7].
In addition, these antigens were found only in
the representatives of M. tuberculosis complex,
and not found or expressed in of atypical
mycobacteria strains [7]. This is important to
overcome the false positive results caused by
NTM.

MPT63, a major secreted 16 kDa protein
from M. tuberculosis, has been shown to
have immunogenic properties and has been
implicated in virulence. According to literature
data MPT63 cause inflammatory processes due
to degranulation of mast cell with following
release histamine and hexaminidase [8].

MPTS83 is a lipoprotein which undergoes
acylation and glycosylation and associated with
bacilli cell wall by myristyl tail [9]. MPT83 is
one of the ligands of toll like receptor 2 (TLR-
2) [10]; also, it was described as an adhesion
factor [11]; as inducer of apoptosis of infected
macrophages by activating the TLR2/p38/
COX-2 signaling pathway [12].

Classic BCG vaccine has been used
worldwide to prevent TB disease in infants and
children, but it has demonstrated limited and
variable effectiveness in preventing pulmonary
TB in adolescents and adults. Immunisation
studies in mice indicated that MPT83-MPT83
are highly immunogenic with adjuvant. The
use of alternative antigens and additional
approaches for vaccine development urgently
needed to protect against TB. Nevertheless,
these results establish a novel platform for
development of antigenic substances with
inherent immunogenic characteristics that are
desirable in vaccines.

It follows that the antigens chosen by the
researchers are serologically valuable for
use as an antigenic substance to create new
diagnostic ELISA kit. In the present study,
we have evaluated humoral responses in mice,
TB suitable animals, to immunodominant
antigens of M. tuberculosis MPT63 and
MPT83, their cocktails and chimeric protein
MPT83-MPT63 obtained as a result of the
fusion of genetic sequences of individual

antigens in one open reading frame.
Furthermore, in this study we obtained the
recombinant murine scFv to MPT63 and
MPT83. Antibodies are an important tool
both for studying of biological activity of
mycobacterial antigens and developing of
test-systems for quantitative measurement
of proteins in fluids as biomarkers of
TB pathogenesis. Also the recombinant
antibodies may be used for the affine
purification of these antigens. Thus, it has
been received polyclonal and scFv antibodies,
which resemble the characteristics of
monoclonal antibodies and may be used for
further improve existing TB diagnostics.
Statistical data analysis. The data were
statistically treated using standard MO
Excel and Origin 8.0 software. To compare
the data in two groups we used Student’s
t-criterion test. The difference was considered
statistically significant for P <0.05.

Matherials and Methods

Matherials and reagents: bovine serum
albumin (BSA), Complete and Incomplete
Freund’s Adjuvants (Sigma, USA), Ni-
NTA agarose (Qiagen, Germany), imidazole,
isopropyl-p-D-1-thiogalactopyranoside (IPTG)
(Thermo Scientific, Lithuania), bacterial
culture medium LB (Sigma, USA), skim
milk powder (Fluka, Switzeland), coomassie
G250, ammonium persulfate (APS), urea,
acrylamide, N,N’-Metilenbisakrilamid,
3,3',5,5'-tetramethylbenzidine (TMB) (Sigma,
USA), conjugate of IgG horseradish peroxidase
(HRP) (Thermo Scientific, Lithuania), tris
(hydroxymethyl) aminomethane (Sigma,
USA), tricine, molecular weight markers
for protein gel electrophoresis (Thermo
Scientific, Lithuania), B-mercaptoethanol,
Tween-20 (Helicon, Russia), kanamycin,
chloramphenicol, H,O, (“Kyivmedpreparat”,
Ukraine), glycerol, KCl, NaCl, Na,HPO,,
NaOH, KH,PO,, (“Miranda-C”, Ukraine),
sodium dodecyl sulfate (SDS) (Sigma, USA).
A 96-well microtiter plates for enzyme-linked
immunosorbent assay (Greiner Bio One, Great
Britain) were used.

Recombinant proteins expression

Bacterial cultures with recombinant
proteins expressed E.coli cells were grown at
37 °C under aeration conditions (250 rpm)
up to Agpo — 0.3-0.5 in the LB medium
with 50 mg/l of kanamycin, 170 mg/l of
chloramphenicol and 1% glucose. After this,
cells were precipitated and resuspended in
fresh LB medium with kanamycin (50 ng/ml)
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and an inducer of expression of IPTG in
a concentration of 1 mM. Target proteins
expression has been performed during
3—4 hours at 30 °C under strong aeration
conditions (250 rpm), after what cells have
been precipitated by centrifugation at 3300 g
during 15 min.

Immobilized-metal affinity on-column
chromatography of polyHis-tag proteins

Column containing affine sorbent has
been equilibrated with wash buffer (50 mM
Na,HPO,, (pH 8.0), 0.5 M NaCl) with 6 or
8 M urea. Cell precipitates were resuspended
in a same buffer (1 ml buffer solution per
precipitate from 50 ml of bacterial culture).
Samples have been sonicated by ultrasonic
homogenizer LabsonicM (Sartorius, Germany).
Cell’s wall residues have been precipitated by
centrifugation under 10 000 g during 20 min,
and a preequilibrated Ni?"-NTA agarose
column has been filled by supernatant.

Renaturation by washing the column with
step by step decrease of urea concentration
BM->6M—>4M-—>2M— 0M)in wash buffer
(50 mM Na,HPO,, pH 8.0; 0.5 M NaCl) has been
performed for obtaining soluble recombinant
proteins. Proteins were eluted by wash buffer
containing 250 mM imidazole without urea.
Protein for further procedures was dialyzed
against PBS (0.14 M NaCl, 0.03 M KCI, 0.011M
Na,HPO,, 0.002 M KH,PO,, pH 7.2).

MPT83 expressed E. coli cells were
resuspended in PBS or urea free wash buffer
and were treated and centrifuged as described
above. MPT83 protein extraction was carried
out in nondenaturating conditions. For higher
protein yield, the technique has been modified
through use DNAse (10 U/ml), 1% Triton
X-100 and lysozyme for better E. coli cell’s
walls and nucleoids dissociation as performed
according to [13].

Electrophoretic separation of proteins

Determination of protein concentration
by tricine SDS-PAGE analysis with TotalLab
TL120 software were performed according to
[14, 15].

Immunization of experimental animals

BALB/c 4-month female white mice
(30-35 g of body mass) were used in the
experiments. All animals had unlimited access
to animal chow and tap water throughout the
study.

The experiments are consistent with the
requirements of the European Convention for
the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes
(Strasbourg, 1986) and with ethical norms as
laid down in the laws of Ukraine.
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Primary and booster injections of antigens
were intraperitoneal as emulsions in CFA
(1% or IFA (2"¢, 3'Y) administered in dose
1,52 nmol per animal (n = 8—10 for each group)
at intervals of 2 weeks. The level of specific
antibodies to mycobacterial antigens in the
sera of immunized mice was determined by
ELISA after 7*" day since last immunization.

Enzyme-linked immunosorbent assay
(ELISA)

As antigens were used appropriate
recombinant proteins of M.tuberculosis
MPT63, MPT83, artificial fusion protein
and mix set of separate component and BSA
(negative control). Monoclonal antibodies
against marker sequence fused with scFv
(E-tag) (Amersham Bioscience, USA) were
used to determine scFv antibodies; and anti-
mouse IgG HRP were used as the secondary
antibodies. TMB was used as chromogenic
substrate. The color reaction was quantified by
measuring the absorbency at 490 nm.

Construction of immune phage library

Total RNA, which was used as a matrix
in ¢cDNA synthesis, was isolated from the
spleen tissue of immunized with MPT63 or
MPT83 mice by TRI Reagent (Sigma, USA).
The sequences encoding the variable domains
of the light and heavy immunoglobulin chains
(Vg andV;) were amplified with the set of
specific primers designed according to [16].
The high-fidelity polymerase AccuTaq LA
DNA Polymerase (Sigma, USA) was used for
amplification. Nucleotide sequences Vy and
V;, were assembled by SOE-PCR (splicing by
overlap extension PCR). DNA sequences of
scFv were inserted into the phagemide vector
pCANTAB-5E by Sfil and Notl restriction
sites. The ligase mixture was used for
transformation of E. coli XL1-blue by the
electroporation.

Isolation of phage particles

The cells transformed with scFv phagemids
were infected with phage-helper M13K07 and
incubated overnight. The phage cells were
precipitated with a solution of PEG/NaCl
(20% PEG-6000, 2.5 M NaCl) as described
previously [16].

Selection of scFv antibodies

The positive clones against target antigens
MPT63 and MPT83 were selected by the phage
display method as described before [17].

Colonies lift assay

For pre-selection of positive clones, the
colonies were transplanted into Petri dishes
with a 2YT agar medium containing 2%
glucose and ampicillin to a final concentration
of 100 ng/ml. The prints of the colonies were
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carried over on a nitrocellulose membrane
(Amersham Bioscience, USA), which was
previously incubated in a 5% non fat milk in
PBS 60 min at 37 °C.

At the same time on the membranes of
the identical size were immobilized with
mycobacterial proteins MPT63 and MPT83
(incubation overnight in 10 ml of a solution
in PBS, an antigen concentration of 10 ng/ml,
with next blocking in a 5% solution of skim
milk during 60 min). The immobilized by
antigens nitrocellulose membranes were
transferred to 2YT agar medium containing
100 pg/ml ampicillin and 1 mM IPTG and
incubated overnight after 30 °C. After
that, the membranes were treated by classic
Western blot analysis using anti-E-tag and
anti-mouse IgG-HRP conjugates. Inprints
have been detected by 3,3'-Diaminobenzidine
tetrahydrochloride (DAB) chromogenic
substrate.

Results and Discussion

One of the most important characteristic
of different type antibodies is their
specificity, i. e., the capacity to bind with
target proteins avoiding cross-reaction
with other antigens. Moreover, for ELISA
test diagnostics is ultimate need the use of
antigens which have a number of serologically
important epitopes that would provide
interaction with antibodies and increase the
sensitivity of the method.

Obtaining of recombinant proteins MPT63,
MPT83 and MPT83-MPT63 fusion

Proteins expression was performed in the
culture E. coli BL21 (DE3) Rosetta (Novagen,
USA), transformed by pET24a- or pET28a-
based (Novagen, USA) genetic constructs.
Purification of recombinant proteins MPT63,
MPT83 and MPT83-MPT63 fusion performed
with metal affinity chromatography on
Ni%2*-NTA column. Taking into the account
that MPT63 and MPT83-MPT63 fusion
were insoluble, procedure of refolding was
performed. Analysis of protein fractions after
the refolding was performed on 10% SDS-
PAGE (Fig. 1).

Characterization of antigenicity

This study demonstrates that the humoral
immune response to MPT63, MPT83, MPT83-
MPT63 fusion protein and equimolar set of
MPT63 and MPT83 is highly distinguished.
ELISA measurements of mice serum polyclonal
antibodies against differently administrated
antigens are shown in Fig. 2. It was shown
absence of specific antibodies titers to
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Fig. 1. Electrophoregram of used proteins:
MPT63, MPT83 and fusion (MPT83-MPT63);
M — molecular mass markers, kDa. Bands corre-
sponding to the target protein are indicated with a
rectangular frame

recombinant antigens of M.tuberculosis in mice
before immunization (Fig. 2).

For each antigen, serum antibody levels
were evaluated by using a cutoff value based
on optical density index (ODI), a ratio between
OD obtained for a test serum samples collected
after immunization and OD obtained for a
serum samples collected from the same animal
at an initial, preimmunization time point
[18]. Optimal serum dilution was chosen 1:16
000. Lower antibody titers was found against
MPT63 (ODI > 15,6), higher — against MPT83-
MPT63 fusion (ODI > 66,1). Anti-MPT83
and anti-(MPT63+MPT83 mixture) sera
demonstrate practically the same (ODI > 55,4)
(Fig. 3).

Crossreactivity of polyclonal IgG amoung
M. tuberculosis antigens

Mycobacterial antigens MPT63 is secretory
protein and MPT83 is myristylited and in
bacilli associate with cell wall. Obtained by
us recombinant analogues of these antigens
potentially could show cross-reactivity due to
same E.coli expression system and encoding
polyHis tag in genetic constructs for affinity
isolation and purification of antigens. It was
considered that as a result of protein eluates
contamination with Escherichia components,
recombinant antigens are able show cross-
reactivity to different types of antisera.
MPT83 and MPT63 antigens not recognized
with anti-MPT63 (OD 0,056+0,02) and anti-
MPT83 (OD 0,027+0,014) sera respectively
(Fig. 4).
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Fig. 3. Optical density index for each antigen substance
ODI =

OD(postimmunization)/ OD(preimmunization)
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Moreover, we showed a crucial role of
MPT83 for the chimeric protein MPT83-
MPT63 and heterogeneous set of proteins
in immune response (Fig. 4): anti-MPT83-
MPT63 fusion (OD 3,96+0,037) and anti-
(MPT+63MPT83) (OD 0,049=3,123)
sera characterizes by a high level of IgG
against MPT83 antigen than to MPT63 (OD
0,05+2,536 and 0,011+0,487 for anti-MPT-83
MPT63 fusion and anti-(MPT+63MPT83)
sera respectively). Similar experiments were
conducted to recognize all types of antigens
and their combinations with different sera
(Fig. 4).

Chimeric protein based on Fascycline-
like domain of MPT83 (MPT83 FLD; 5 290aa)
and MPT63 was obtained previously [19]
and was used for development of efficient
TB diagnostic for cattle [20]. Unlike
MPT83(full)-MPT63 fusion which was used
for this experiments it incomplete analogue
did not retain the primary protein structure
and as a result restricted sterically range of
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serologically important determinants of both
antigens. As a result, Fascycline-like domain
of MPT83 fused to MPT63 did not contain all
serologically important determinants of new
synthetized MPT83(full)-MPT63 protein. As
we can see (Fig. 5, A) this antigen, as in the
case with full-size MPT63-MPT83 (Fig. 5, B),
was better recognized by anti-MPT83-MPT63
serum, however anti-MPT63 antiserum was
better recognized short MPT83-MPT63,
while antiserum anti-MPT83 was better
recognized the full-size MPT63-MPT83. Thus,
it has been proven a special role of MPT83
for immunogenicity of fusion antigens and
significance of spatial organization new
antigenic composition (MPT83-MPT63) and it
plasticity of serologically important epitopes
exposure.

Immune library of murine recombinant
antibodies

Total RNA (2-5 ng/nl, Ays/Aggy = 1,6)
from splenocytes of immunized mice which
were characterized by highest immune

B Antigen: MPT83
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Fig. 4. Results of cross reactivity among four types of antigen substances:
A — MPT63; B— MPT83; C — (MPT63+MPT83 mix); D — MPT83-MPT63 fusion with all types of antisera
without of own
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response to MPT63 and MPT83 were used as
the matrix for reverse transcriptase reaction
for cDNA obtaining with next amplification
of sequences encoding the variable domains of
the heavy and light immunoglobulin chains.
Electrophoresis on agarose gel showed 380
and 400 b.p. PCR products corresponding in
size to Vj, and Vg respectively (Fig. 6, A). The
purified Vi and V;, were assembled in a single
step of assembly PCR as described in [16].
Genes encoding scFv and phagmide pCANTAB-
5E vector were treated by restriction
endonucleases Sfil and NotI with next fusion
by T4 DNA lygase. E. coli XL1-blue was chosen
as a host cells.

Selection and characteristic of MPT63 and
MPT83 specific scFvs

For isolation of high specific scFv against
mycobacterial antigens we have developed a
modified selection scheme described in[17]
(we specifically do not focused at the routine
antibody selection scheme that has been
repeatedly and in detail described previously).
After selection of library against MPT63
and MPT83 few obtained colonies studied by
the method of Lift Assay. At the same time,
most of the colonies were negative (Fig. 6,
B). Also, several of the positive clones were
tested by immonoenzyme assay. In order to
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Fig. 5.1gG recognition results
of MPT83(FLD)-MPT63 fusion (A4)
or MPT83(full)-MPT63 fusion (B) antigens
with 4 types of antisera

confirm that the isolated clones were highly
specific to MPT63 or MPT83 we analyzed their
interaction with a number of control antigens.
It has been confirmed that appropriate scFv
antibodies recognize MPT63 or MPT83 and do
not cross-react among themselves and did not
react with BSA or milk casein (Fig. 6, C).

In spite of the fact that the obtaining
antibodies were not characterized by a high
affinity constant unlike polyclonal antibodies
obtained due mice immunization, they are more
specific and reminiscent monoclonal antibodies.
Our next step will be a more detailed selection of
antibodies that can be used as research tools for
mycobacterial antigens or even as components
of test systems as positive controls.

Improved tools for TB detecting are
urgently needed. In this prospective
study, efforts were made to evaluate the
immunodiagnostic potential of the secretory
protein MPT63 and MPT83 lipoprotein
of M. tuberculosis for developing a novel
ELISA-based serodiagnostic test employing
an individual, fusion or cocktail of two
(16 and 22.6 kDa) recombinant proteins to
enhance the sensitivity of the immunoassay,
and attempts were also made to check the
specificity of the all variants of antigens
substances.
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Fig.6. A — PCR-amplification of VH- and VL-domains; B — Analysis of E. coli expressed scFv against
MPT83 colonies with Lift Assay method; C — ELISA results of periplasmic extracts containing scFv anti-
bodies against MPT83 (1) and MPT63 (2) from positive (Lift Assay) E. coli clones

Our findings clearly demonstrate that for
new TB diagnosis ELISA test MPT83-MPT63
fusion protein as plate coating antigen was the
best candidate among tested antigens. This
chimeric antigen as a cocktail of individual
MPT63 and MPT83 characterized by higher
immunogenic and antigenic properties than
MPT63 or MPT83 individual immune response.
But unlike serological diagnostics based on a
mixture of antigens or mycobacterial lysate,
our proposed MPT83-MPT63 fusion antigen
guarantees the reproducibility of the results,
since it uses as a homogeneous antigenic
substance on a solid-state carrier. Moreover,
for antigens mixture, each antigen must be
tested separately, which leads to an increase
in the cost of the analysis, the timing of its
implementation and it’s not very adequate
evaluation of the results.

It should be noted that due to high level
of antigenicity and immunogenicity of
fusion protein, it can detect trace amounts of
antibodies to the pathogen. Also, the use of two
completely non-homologous proteins MPT63
and MPT83 with different effects and hitherto
known functions increases its value for the
identification of biomarkers of TB infection.
The absence of mpt63 and mpt83 genes in NTM
strains allows the use of this antigen for the
diagnosis both M. tuberculosis and M. bovis
(strains that cause pulmonary TB) infected
patients.

Thus, based on the results of anti-serum
recognition of various proteins and their
cocktails, we have chosen a fusion protein
MPT83-MPT63 for TB and health patients
screening by ELISA for further offer of new
diagnostic kit.
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PO3IIISHABAHHS AHTUTEHIB
Mpycobacterium tuberculosis
MPT63 TA MPT83 ITIOJIKJIOHAJBHUMN
I scFv AHTUTIJIAMHA MHIII

A.A. CipO.MOJloml’ 2
0. C. Oxiitnur?®
11. B. Koaubo' 2

1HHH «ImcTuTyT Giosorii Ta MegUITUHEI » ,
KuiBcbKuit HAI[IOHAJTBLHUI YHiBEPCUTET
imeni Tapaca [lleBuenka, YKpaiHa
2IHCTI/ITyT b0ioximii im. O.B. ITamnagina
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Mertoto gociig;keHHs OyJI0 OXapaKTepu3yBaTu
imynormooynia G (IgG) omocepeakoBany Bifmo-
Bilb 3a YMOB eKCIIepUMeHTaJIbHOI iMyHizamii sa-
6opaTOPHUX MUIIIEH OUUIITEeHNMU PeKOMOiHaHTHU-
Mu poreinoBumu npenaparamu Mycobacterium
tuberculosis MPT63, MPT83, exBimoaApHUM
KOKTelJieM IIPOTeiHiB Ta IITYYHUM 3JIUTUM IIPO-
Teinom MPT83-MPT63, a TakoX oTpUMATHU pPe-
KoMOiHAHTHI ofHOJIaHIIOTOBI BapiabeabHi dpar-
meHuTu auTuTtia scFv 7o MPT63 Tra MPT83 mpotu
X AaHTUTEHiB.

HocuimxeHHa mMoKasaJyio, IO I'yMopaJibHA
imynua Bigmosigs mo MPT63, MPT83, xumep-
Horo nporeiny MPT83-MPT63 Ta ekBimoasapHOL
cymimti MPT63 i MPT83 ictoTHO BifpisuaeThCA.
JJIg KOKHOTO aHTUTeHY PiBHI CHDOBATKOBUX aH-
TUTiJI OI[IHIOBAJIN, BUKOPUCTOBYIOUN 3HAUEHHS 00-
piBaHHS Ha OCHOBI iHJAEKCY ONTUYHOI IiJILHOCTI.
Hoseneno Bupimansry posb MPT83 nmsa imyHO-
TeHHOCTi XMMEePHOTO IPOTeiHy Ta/ab0 KOKTEMNII0
OKpeMUX aHTUTeHiB 3a yMOB imyHiszarii sa6o-
pPaTOPHUX TBAPUH.

Orpumano cuenmudiuai scFv anturinza mporu
MPT63 ra MPT83, aKi M0o:KyTb OyTU BUKOpPUCTA-
Hi 178 po3po0JieHHS CHCTeMH IJA KiJIbKiCHOTO
BU3HAUEHHS aHTUTEHIB, a TAaKOYK BUBUEHHA IXHiX
0i0JTOTiYHUX BJIACTHUBOCTEIA.

Byno nmokasaHO BUCOKOIMYHOTeHHi BJacTu-
BocTi N-kinmesoi ginaaxku MPT83, 1o migsu-
mrye uyTauBicts ELISA, i 3amrpomoHOBAaHO BUKO-
puctoByBaTtu xumepHuit mporein MPT83-MPT63
SK IePCIEeKTUBHUM KaHIUAAT Ha POJIb aHTUTE€HHOI
cyOcTaHIIii IJId ceposIoTiuHol AiarHOCTUKY Ty6ep-
KYJIBO3Y.

Knwuwosi cnoea: anturenu MPT63, MPT83,
HoJiKJOHANLHI aHTUTiIA, sScFv, giarmocTuka.

PACIIOSBHABAHHUE AHTUT'EHOB
Mycobacterium tuberculosis
MPT63 1 MPT83 IIOJIUKJIOHAJBHBIMU
A scFv-AHTUTEJAMMJ MbIIIIHN
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1YOH «HCTUTYT GMOJIOTUY Y MEIUITUHEI» ,
KueBcKuil HalMOHAJIbHBIN YHUBEPCUTET
umenu Tapaca IlleBuenko, YKpanHa
2I/IHCTI/ITYT oumoxumuu um. A.B. Ilannaguua
HAH Vkpaunsl, Kues

E-mail: saa0205@ukr.net

Ienbio uccaemoBaHUs OBLIO OXapaKTEPU30-
BaTh ummyHoryiooyauna G (IgG) omocpemoBauHbIi
OTBET B YCJOBUAX IKCIEPUMEHTATbHON MMMYHU-
3a1uu J1abopPaTOPHBIX MBIIIEH OUHUIIEHHBIMU pe-
KOMOMHAHTHBIMU MIPOTEMHOBBIMU TIpelapaTaMu
Mycobacterium tuberculosis MPT63, MPT83, sk-
BUMOJISIPHBIM KOKTEMJIeM IIPOTENHOB U UCKYCCTBEH-
HBIM cauTbIM npoternHom MPT83-MPT63, a Tak:ke
MIOJIYUUTH PEKOMOMHAHTHBIE OJHOIIEIIOUeUHbIE Ba-
puabennbHbIe hparMeHTsI auTUTEN SCFv kK MPT63 u
MPT83 npoTuB 5TX aHTUTEHOB.

HccnemoBanue mokasaio, 4TO T'yMOPAJbHBIHN
UMMYHHBIIZ oTBeT K MPT63, MPT83,ciutomy
nporernny MPT83-MPT63 u sKBUMOJISIPHON cMe-
cu MPT63 u MPT83 cylecTBeHHO OTJIMUYAETCH.
I KasKa0ro aHTUTeHa YPOBHU CBIBOPOTOUHBIX
AHTUTEJ OIeHUBAJU, UCIOJb3ys 3HAUEHUSA 00-
pesaHus Ha OCHOBe MHAEKCA OITUYECKOU IIJIOT-
Hoctu. [lokaszaHa pemamwirnasa poabs MPT83 s
UMMYHOTE€HHOCTH XMMEPHOTO IpPOoTenHa U/UJIu
KOKTENJIs OTAeJbHBIX AaHTUTEHOB IIPU UMMYHI3a-
UK 1a00PATOPHBIX JKUBOTHBIX.

ITonyuennl cuenmupuueckue scFv anturena
mporuB MPT63 u MPT83, xoTopble MOTYT GBITH
KCIIOJIb30BAHBI AJIsI Pa3pPabOTKU CUCTEMBI JIS KO-
JINUYECTBEHHOTO OIIpe/ie/IeHs aHTUT'eHOB, a TaKIKe
UL U3YyYEeHUSA UX OMOJIOTUYECKUX CBOMCTB.

IToxaszaHbl BLICOKOUMMYHOTE€HHBIE CBOMCTBA
N-konieBoro yuactka MPT83, uTo moBwIIaeT
yyBCTBUTENIbHOCTh ELISA, u ObLIO mpeaaoixe-
HO HMCHOJb30BAaTh XUMepPHbI#T anTurexs MPT83-
MPT63 B kauecTBe MePCIeKTUBHOIO KaHAUAATA
Ha POJIb aHTUTEHHOI CYyOCTaHIIUU JJISA CEPOJIOTH-
YeCKOU AUarHOCTUKHU TyOepKyJaesa.

Knrwuesvie cnosa: anrurenst MPT63, MPT83,
IMOJMKJIOHAJLHBIE aHTHUTEIA, ScFv, nuaraocrTuka.
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MATHEMATICAL MODELLING OF OPTIMIZATION
NUTRIENT MEDIUM COMPOSITION
FOR ENTOMOPATHOGENIC BACTERIA STRAIN
Bacillus thuringiensis 87/9 CULTIVATION
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The aim of the research was to develop an optimal liquid medium composition for bacteria strain
B. thuringiensis 87/g which is the most favorable for the identification the potential production of bio-
logically active components. In this work we have used new entomopathogenic bacteria strain B. thurin-
giensis var. thuringiensis (Bt H1) Ne 87/ g selected in vitro, isolated from the larvae of leaf-eating insects
natural populations of Leptinotarsa decemlineata Say (L,). Nutrient medium for cultivation of Bt 87/3
was optimized on base a full-fledged experiment, according to the Box-Behnken (3%) plan. Optimumal
concentrations were investigated in the medium of carbon source (15 g/1 of glucose), nitrogen (10 g/I of
corn extract) and phosphorus-containing inorganic salts (1,5 g/1 of diammonium phosphate). When this
strain grown in periodic conditions at 30 °C, the number of viable cells reached 4,4‘109 cells/ml. Nutrient
medium that was optimized can be recommended for cultivation of Bacillus thuringiensis 87/g in produc-

tion conditions.

Key words: optimization, cultivation, B. thuringiensis var. thuringiensis, nutrient medium.

Biological pesticides is one of the most
promising alternatives over conventional
chemical pesticides, which offers less or no
harm to the environments and biota. A large
range of microorganisms such as bacteria,
viruses, fungi, and protozoans have since
been identified as potential candidates for use
in biocontrol strategies against insect pests.
The dominant position among the complex of
entomopathogenic microorganisms known
in the world and used in the protection of
plants occupy entomopathogens belonging to
the species Bacillus thuringiensis (Bt)[1,2].
There are more than 80 serovariants of Bt,
selectively specific to the definite groups of
hostinsectsbelonging tothe order Lepidoptera,
Diptera, Coleoptera, Hymenoptera, Ortho-
ptera, Hemiptera, Isoptera, Mallophaga,
Thisanoptera, Nematoda, Acari [3].

Serological Bt variants produce different
entomotoxins, their synthesis in many
respects depends on the conditions of
cultivation. Toxigenicity of microorganisms
can be changed by biotechnological procedures
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(changing the conditions of cultivation) and
thus affect metabolism in general [4]. The most
important stage in the production of bacterial
preparations is obtaining the maximum
production of delta endotoxin in a minimum
time of cultivation with a maximum economic
effect.

The aim of the research was to develop
an optimal liquid medium composition for
bacteria strain B.thuringiensis 87/ 3, which
are the most favorable for the identifiying
the potential production of biologically active
components.

Materials and Methods

Research was conducted on the base
of the National University of Life and
Environmental Sciences of Ukraine,
department of biotechnology and biodiversity;
Institute of Food Biotechnology and Genomics
of the National Academy of Sciences of
Ukraine, department of industrial and food
biotechnology. The subject of researches
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was entomopathogenic bacteria strain B.
thuringiensis var. thuringiensis (Bt HI1)
MNe87/g selected in vitro, isolated from
the larvae of leaf-eating insects natural
populations of Leptinotarsa decemlineata
Say (L,). The qualitative and quantitative
composition of medium components was
determined on the basis of a priori information
analysis.

The task of full-fledged experiment,
according to the Box-Behnken (3%) plan is
based on obtaining a mathematical model of
the Bacillus thuringiensis 87/g development
process and its subsequent use in nutrient
medium optimizing.

The planning of an experiment allows not
only to vary all the operating factors during
the process, but also to obtain a quantitive
assessment of the main factors and the effects
of interaction between them [5]. Optimization
is possible using methods of steep climbing,
as well as research of the desirability function
of the resulting factor. The influence of
different medium composition on the growth
of microorganisms was investigated during
active experiment process. The average level
for Bacillus thuringiensis 87/3 cultivating was
corn extract 10 g/1, diammonium phosphate
1.5 g /1, glucose 15 g/1 (Table 1).

Cultivation @ was  carried out in
Erlenmeyer’s flasks on biotechnology shaker
with termoplatform (220 rev./min, the
temperature 30 degrees °C during 72 hours).
Medium, of volume 50 ml, the amount of
inoculum — at least 4.0% by volume of the
medium (the titer of colony forming units,
CFU, 4.2-4.4 billion/ml of the culture liquid,
which was determined by inoculation on agar
and counting in Goryaev chamber).

For the experiment conduction it was
decided to investigate three factors and
their three levels. In this case, the number of
experiments that must be carried out can be
calculated by the formula (1):

N, =(Ng)?, (1)

where N, — the number of experiments, p —
the number of levels factors.

Since formula (1) shows that 27 experi-
ments are needed to solve optimization
problems. The plan for a full-fledged
experiment with the specified levels and
factors, as well as the function of the
experiment response, has been formed. In
order to reduce the impact on the results of
the response, the experiments were carried
out in random sequence. The processing of
the experiment results began with regression
analysis: the model was built and unknown
coefficients were determined:

Y = (by+b;X1+by(X1)2+byX2+
+b,(X2)2+ b5 X3 +bg(X3)2)10° (2)

It was determined that the effects of the
interaction factors are practically absent, and
therefore they were not included in the general
view of the model (2). The determination of
unknown constant coefficients was performed
using the least squares method. The obtained
model coefficients were calculated using the
following formulas:

N N
by=D Y;/N; b, => Y,X,/N;
i=1 U=l
< 2
b = Y(X;)*/N.

i
i=1

Description of factors and response using
a mathematical model (2) is characterized by
a determination coefficient, which must be
not less than 0.95, for qualitative description
of the research object, this coefficient is
calculated by the formula,

> N ) N _
R =1-2=1-Q (-1’1 X (4 -1)"). @)
r i=1 i=1
where o,,% oy® — dispersion of residues
regression, response; Y, ¥, ¥; — actual, avera-
ge, estimated value of response.

Table 1. Formation of factors and their levels for the experiment

Levels
Factors _
Lower Main Upper Vagizgon
X1 — corn extract, g/1 5 10 15 5
X2 — diammonium phosphate, g/1 0,5 1,5 2,5 1
X8 — glucose, g/1 5 15 25 10
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The standard error which characterizing
the standard deviation of the studied
regression coefficients from the mean value is
calculated by the formula:

=~

Il
_

G-

S, = |+ — @
2 (X, =Xy
i=1

J

where n — sample size.

The statistical significance of the
regression coefficient is estimated according
to Student’s criterion. In this case, compare
the calculated with the table value for a given
confidence level significance of 0.05 and
freedom degrees calculated:

bj,
|t°"f| - Sb

J

2 14/2,  table, (5)

where b;; — estimated regression coefficients,
o — confidence probability 0.95, f — freedom
degree. With a significant regression
coefficient, the student’s calculated criterion
is over than tabular.

The calculation of the marginal deviation
error was established from the following

calculations:

Ajr = ta,f.table.Sbjr (6)

Determination of the confidence interval
for each regression coefficient was conducted
according to the inequality:

The correspondence of the mathematical
model to the experimental data was determined
by Fisher’s criterion (F). In this case, the
calculation criterion should be over than the
tabular one:

2 2
=67X R .Q>

o 1-R* £,

Fa,/.table,

N
where c%\,:[Z(Xif)TYJ/fl — variance factor;
i=1
f1 =k, — freedom degree; k, — the coefficients
number of +the regression model;
c?z[%(lff—f)z}zv—ﬁ_l — response variance, N —
i=1
number of experiments, R! — determination
factor.
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To solve the optimization problem, the
method of analyzing the desirability function
of Harrington was used [6].

The analysis of this experiment plan
was carried out wusing portable soft-
ware (Statistica 10.0.1011.0, CD-key
42347678921334567692).

Results and Discussion

Bacillus thuringiensis grows slowly
and spores weakly on media with a known
composition containing glucose and salts.
Growth can be enhanced by the addition of
amino acids or casein hydrolyzate, but if not
balanced the nitrogen medium content with an
appropriate source of carbon and energy, such
as glucose, sporulation will remain low.

Optimization of cultivation conditions can
be based on a combination of experimental and
mathematical modeling with a computational
experiment, which contains an important
stage — the definition of a mathematical
model that characterizes the connection of
the optimization parameter with the main
factors. Using such a simplified model
allows conclusions accelerating about the
significance of various medium components,
its qualitative and quantitative composition
[7]. The mathematical method of experiment
planning allows us to reasonably approach the
nutrient medium constructing, making its
more economical and technological.

The nutrient medium for cultivation was
optimized by the composition of sources of
carbon and nitrogen feed, as well as on the
content of micro elements. We used the cabbage
broth as the basis for preparing the nutrient
medium. Cabbage is a vegetable raw material
with a unique composition: sugar, pectin, starch,
fiber, proteins, pantothenic acid, tartronic acid,
carotene, vitamins (C, P, B, PP, K, D and U),
micro- and macroelements (K, Na, Ca, Mg, Fe,
P, S, Cl, also Co, F,I, Mo, Cu, Zn, Si). To increase
the yield of heat-resistant spores and the amount
of endotoxin, the nutrient medium was enriched
with corn extract, amino acids and mineral salts
(Mg, Mn, diammonium phosphate).

Using mathematical method of experiment
planning, the nutrient medium was optimized
for the cultivation of a new technological strain
B. thuringiensis 87/g in the conditions of
biolabs low tonnage production. The nutrient
medium optimization was carried out in the
alternation of the maximum and minimum
values contents of the media components
[8—10]. Regression analysis of experimental
results is reflected in Table 2.
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Table 2. Regression analysis of experimental results

R?=0.98081 — regression model determination coefficient of the experimental data

Socfticients | ogrossion | Standard | Student's | Levelofsigni- |, TSt | Trust
(factors) coefficients error coefficient ficance p. 95% 95%
b0 1.006898 0.096511 10.4330 0.000015 0.805579 1.208217
X1 0.092667 0.017812 5.2025 0.000043 0.055511 0.129822
(X1)2 -0.002444 0.000881 -2.7731 0.011733 —-0.004283 —-0.000606
X2 1.667778 0.067323 24.7727 0.000028 1.527344 1.808212
(X2)2 -0.494444 0.022037 —22.4373 0.000011 —-0.540412 —0.448477
X3 0.161000 0.006732 23.9145 0.000034 0.146957 0.175043
(X3)? —-0.005494 0.000220 —24.9331 0.000016 —-0.005954 —-0.005035

Analyzing the table 2 data it is possible
to conclude that all the included factors are
statistically significant, as evidenced by their
level of significance, a model describing the
development of bacteria Bacillus thuringiensis
87/ 3 using the studied components. Substitute
the table data in the general form of the
regression equation:

To assess the adequacy of this model, a
dispersion analysis of experimental data and a
Fisher’s criterion evaluation were performed.
The dispersion analysis implementation is
reflected in Table 3.

Table 3 shows that the mathematical
model included factors (1) adequately describe
the investigated process of optimizing the
composition of nutrient medium, since the
significance level p for each factor is below the
permissible level.

The response surfaces to the bacterial
colonies development by titration of the
investigated process with the reflection
of the values factors and the scale of
desirability are presented in Fig. 1. Levels
of function response to the desirability scale
are shown in Fig. 2. Visually analyzing the
graphics data, it is possible to clearly state
that the optimal composition of the nutrient
medium is present in the studied ranges of

values factors X1, X2, X3. Implementation
of the nutrient medium optimization,
according to the developed model, is possible
with the help of the desirability function
[8]. To determine the nutrient medium
optimal composition maximum interval of
the investigated response is formed. This
takes into account the response surface
(Fig. 1) and its maximum levels, set
the zero level to 4.11:10° cells/ml, and
a maximum of 4.41:10° cells/ml. Under
these conditions it is possible to find the
required maximal response values to the
desirability function. Implementation of
the determination procedure optimization is
presented in Fig. 3.

Fig. 3 shows that the optimal components
variant is at the intersection of the maximum
value of the desirability function in the
specified interval of each factor. In this
case, rational limits and corresponding
optimal values factors that make up the
B. thuringiensis nutrient medium are
determined. For corn extract, this is the
interval [8.75 ... 11.25 g/1], and the optimum
is 10 g/I; for diamonium phosphate is the
interval [1.4 ... 2.0 g/1], and an optimum is
1.5 g/l; for glucose it is the interval
[12.5...17.5], and the optimum — 15 g /1.

Table 3. Dispersion analysis of experimental results

Factors Median deviation %egggg,;f Dispersion Fisher criterion Trust irl)lterval
X1 0.884830 2 0.442415 218.0776 0.000010
X2 2.079207 2 1.039604 512.4473 0.000035
X3 1.837785 2 0.918893 452.9457 0.000019
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X1 - corn extract, gll X2 - diammonium X3 - glucose, gll Desirability
phosphate, g/l
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Fig. 3. Graphic representation of the nutrient medium optimal composition finding procedure

Using the method of mathematical
experiment planning the nutrient medium
was optimized for the cultivation of a
new technological strain B. thuringiensis
87/g. The results of the studies indicate
that optimized medium is intended in
laboratory conditions and provides the
ability to obtain a high yield of viable cells
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MeToo pgocaim:keHHs OyJIO po3podouTH
MaTeMaTHYHe MOJEeJIOBAHHS ONTUMAJLHOTO
CKJIaZy PiAKOro KUBUJIBHOTO CepeIOBUIINA
nnas 6axTepiambHOTO MMITamMy B. thuringiensis
87/g, MO € ONTHMAaJIbHUM JJA OTPUMAHHA
OiosoriuHo aKTMBHUX KOMIOHEHTiB. ¥ pobori
BUKOPHCTOBYBAJIM HOBi eHTOMONIIATOTeHHI 6aKTepil
mramy B. thuringiensis var. thuringiensis (Bt
H1) Ne 87/3, ceJieKI[ioHOBaHi in vitro, 10 ix
BUAiJEHO 3 JUUYMHOK TPUPOTHUX IOMYJIAILil
JaucTorpusHux Komax Leptinotarsa decemlineata
Say (L4). 3a momomorom mnoBHO(GAKTOPHOTO
eKCIIepUMEeHTy 3a IJIaHoM Bokca-BeHkKiHa (33)
ONTHMi30BAaHO JKUBUJbHE CEPEAOBUINE IJId
KyJbTUBYBaHHA mrtamy Bacillus thuringiensis
87/5. BusHaueHo onTuMaJbHi KOHIIEHTpaIii B
cepenoBUII MKepesa Byrielo (15 r/a ramokosn),
asory (10 v/ KYKypyI3AHOTO €KCTPAKTy) Ta
dochopoBmicHuXx Heopraumiunux coieut (1,5 r/xa
niamonio docdary). Ilix yac KyJabTUBYBaHHA
IBOTO IITaMy B IepiogmuHux ymoBax 3a 30 °C
KiIbKiCcTh KHUTTE3ZATHUX KJIITHH gocdarajaa
4,4-10° KYO/mn. OnTumisoBaHe cepegoBHIIE
MOKHa PEKOMEHIyBaTH IJs KYyJbTUBYBAaHHS
mramy Bacillus thuringiensis 87/g y mpo-
MUCJIOBUX YMOBaX.

Knwuosei crosa: ontumisaiisa, KyJIbTUBYBaHHSA,
B. thuringiensis var. thuringiensis, >XUBUJIbHE
cepemoBUIIIE.

46

MATEMATHYECKOE
MOJEJIUPOBAHHUE OIITUMU3ATINN
COCTABA ITMTATEJBHOU CPEABI JJI

RYJIbTUBUPOBAHUA IITAMMA |
IHTOMOIIATOTEHHBIX BARTEPUU
Bacillus thuringiensis 87/3

M. B. Boiixo!
H.B.ITamvixa®
C. M. IITynvza®
E.A. Tuzynosa®
A. C. Andpusw®

'HarnuonansHbIi yHEBEpCHTET GHOPECYPCOB
U IPUPOJOUCIIONb30BaHusa ¥ KpanHubl, Kues
2T'0 «MHCTUTYT NAIEBOH GHOTEXHOJIOT M
u remomuku HAH Ykpawnubi», Kues

E-mail: maryaulina@gmail.com

ITennpio mcciaemoBaHUs ObLIO paspaboTaThb
MaTeMaTuYecKoe MOIeJINPOBaHUE ONMTUMAJIbHOTO
cocTaBa JKUJAKOW IHUTATEJIBbHOW Cpenbl oA
GaxTepmanbHOro mMTamMMa B. thuringiensis 87/g,
ONTUMAJbHBIA IJA HOJYUYEHUS OMOJOTUUECKU
aKTUBHBIX KOMIIOHEHTOB. B paGoTe ncIob30BaIn
HOBBI€ HYHTOMONMATOTEeHHBIe OaKTepuwu
miramMmMma B. thuringiensis var. thuringiensis
(Bt H1) Ne87/g, celeKIUOHMPOBAHHEBIE in
vitro, BBIJEJEHHBIE M3 JUYNUHOK MPUPOMSHBIX
NONMYyJASAINMUN JUCTOTPHIBYIIUX HACEKOMBIX
Leptinotarsa decemlineata Say (Ly). C
TMOMOIILIO TTOJTHOPAKTOPHOTO 9KCIePUMEHTA II0
niaany Bokca-Benkuna (33) ONITUMU3UPOBAHA
muTaTeabHasd cpefa OJad KYJIbTUBUPOBAHUA
mramma Bacillus thuringiensis 87/5. Onpenenensr
OITUMAJIbHbBIE KOHIIEHTPAIIUY B CPeJle UCTOUHUKOB
yraeponga (15r/n rarokossr), asdora (10 r/x
KYKYPY3HOTO 9KCTpaKTa) u (hochopcomepsKaiinx
HeopraHudueckux coJseir (1,5 r/n1 gmamMmMoHuUsA
docoara). Ilpu KyIbTUBUPOBAHUU MTAaHHOTO
IITaMMa B IepUOguYecKUX ycaoBuax npu 30 °C
KOJIMYECTBO JKU3HECIOCOOHBIX KJIETOK JAOCTUrajIa
4,4-10° KOE/Mma. OuTuMusupoBaHHYIO CPeny
MOYKHO PEKOMEHIOBATh AJA KYJIbTUBUPOBAHUI
mramma Bacillus thuringiensis 87/g3 B
TIPOMBITILJIEHHBIX YCIOBUIX.

Knwuesvle cnrosa: onTuMmu3anusa, KyJIbTUBUPO-
Banue, B. thuringiensis var. thuringiensis, mura-
TeJbHAasI cpeja.
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The aim of the research was to study polymorphism of preselected gene loci of three transcription
factors (TaNAC2a, TaWRKY2, and TaWRKY19) and the Late Embryogenesis Abundant (LEA)
proteins dehydrin (T'd29b) related to wheat drought tolerance. The genes structure and chromosome
location were established via bioinformatics tools. It is stated that TaWRKY2 and TaWRKY 19 genes
were comprised of 4 exons and 3 introns located on 2BS and 1DS chromosome arms, respectively;
TaNAC2a — 2 exons and 1 intron 7AS; Td29b — single exon gene 3AS. Using polymerase chain
reaction, no polymorphism was observed. Polymorphic bands were detected for TaWRKY2 locus. The
screening of the distribution of the revealed polymorphic loci was carried out for a set of wheat and rye
varieties, old landraces and interspecific hybrids. The polymorphism of TaWRKY2 locus indicated the
presence of some other possible alleles of the gene. The obtained data are importantfor further

investigations of wheat drought tolerance.

Key words: Triticum spp., polymerase chain reaction, transcription factors, TaNAC2a,
TaWRKY2, TaWRKY19, LEA, Td29b, drought tolerance.

Common wheat (Triticum aestivum L.) is
very important widely grown crop used for
bread baking, food and animal feed. Wheat
yield is the third largest cereal production
in the world, after maize and rice [1]. In
consequence of methods of modern plant
breeding, numerous varieties with increased
productivity were obtained. However, due
to the recent undesired climate changes and
global warming, the selection of drought-
tolerant germplasm donors must be constantly
monitored to include them in contemporary
breeding programs [2]. Marker-assisted
selection (MAS) based on DNA markers can
be effectively applied in the process of such
selection [3—6]. While different types of DNA
sequences can be employed for this purpose.

First DNA marker systems to study
drought tolerance in plants were based
on non-coding DNA sequences — RAPD
(Random Amplified Polymorphic DNA) [7, 8],
SSR (Simple Sequence Repeats) [9, 10] and

ISSR (Inter Simple Sequence Repeats) [8]
etc. Presently, attention mostly attracted to
target encoding gene sequences, which play a
great role in plant response to stress factors.
These genes predominantly represented with
transcriptional factors (TFs) and dehydrin
genes [11].

In present work, our aim was to study DNA
polymorphism of preselected gene loci of three
transcription factors (TaNAC2a, TaWRKY2,
TaWRKY19) and the LEA dehydrin (T'd29b)
related in their expression response to wheat
drought tolerance.

WRKY transcription factors represent
family of proteins that have WRKY domain
(approximately 60 amino acids), involving
the conserved WRKYGQK domain and a zinc-
finger-like motif [12, 13]. These proteins are
of great importance for biotic and abiotic
stress responses [14, 15]. Overexpression of
TaWRKY?2 as well as TaWRKY 19 increased
dehydration stress tolerance in transgenic
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Arabidopsis plants [12]. It was also found out
that TaWRKY2 overexpressing plants had
enhanced STZ and RD29B gene expressions
due to temperate binding to the loci from
RD29B STZ-1 and STZ-2 locus of Arabidopsis.
As to TaWRKY 19 transgenic plants, they had
higher expression levels of DREB2A, RD29B,
Cor6.6 and RD29A genes [12].

Another TF family that highly introduced
in common wheat is represented with proteins
containing a highly conserved NAC domain at
the N-terminus and a variable transcriptional
regulation domain at the C-terminus [16, 17].
Overexpression of different TaNAC responded
to enhanced biotic and abiotic tolerance
[18, 19]. It was postulated in the [16], that
TaNAC2a transgenic plants of tobacco had
extremely increased drought tolerance.

Special role in response to dehydration
stress relates to dehydrin proteins, which
help plant cell cope with osmotic changes.
The number of dehydrins were described in
wheat [20, 21]. Late Embryogenesis Abundant
(LEA) proteins belong to above mentioned
group of proteins and can be candidate for
wheat improvement [22]. It was reported [23]
that LEA proteins accumulation enhanced
stress tolerance protecting plant cells against
dehydration. It was also described the
importance of Td29b dehydrin in common
wheat, which synthesis was highly induced by
dehydration.

Materials and Methods

The subject of the study was a set of wheat
cultivars of Ukrainian and foreign origin (25
and 36, consequently), a set of 52 old wheat
species, distant and interspecific hybrids,
4varieties of rye.

BLAST searches and sequence analyses
were implemented by BLASTn on the Triticum

aestivum genome (https://blast.ncbi.nlm.nih.
gov/ and https://wheat-urgi.versailles.inra.
fr). The schemes of exon—intron structures
were obtained by employing the online Gene
Structure Display Server bioinformatic tools
(http://gsds.cbi.pku.edu.cn/) from both coding
sequence (CDS) and genomic sequences [24].

Total DNA was isolated from one kernel
with the modified CTAB method [25].
Polymerase chain reaction (PCR) of 20 pnl
included 0.5 uM of forward and reverse primers
each (Metabion, Germany), 1x Reaction
Buffer B (Solis BioDyne, Estonia), 2 mM
MgCl,, 0.2 uM of each deoxyribonucleoside
triphosphate (Thermo Fisher Scientific,
USA), 1 unit of FIREPol® DNA Polymerase
(Solis BioDyne, Estonia), 30 ng of total plant
DNA. Primer sequences for loci TaNAC2a,
TaWRKY2, TaWRKY19 and Td29b used in the
study and PCR conditions are indicated in the
Table 1. The CDS accessions in the GenBank
are HM027575.2 (TaNAC2a), EU665425.1
(TaWRKY?2), EU665430.1 (TaWRKY19) and
AJ890139.1 (T'd29b).

The PCR products were separated by
means of electrophoresis in 2% agarose gels
in lithium borate buffer, 0.1 png/ml ethidium
bromide [26]. Gels were visualized in UV-
light with a photosystem Canon EOS 600D.
GelAnalyzer 2010 software was applied to
identify the size of amplified fragments
(http://www.gelanalyzer.com). Frequencies
for each combination of amplified fragments
were calculated according to [27].

Results and Discussion

As it was denoted above, data on CDS
only are available for those three studied
transcriptional factors (TaNAC2a, TaWRKY2,
and TaWRKY19) and the dehydrin (T'd29b).
Thus, we managed to predict the exon-intron

Table 1. Primer sequences and PCR conditions

TF gene Primer sequences 5'—>3’ PCR conditions
TaNAC2a F: GGTAGTGCGGTGCTTCCAAT 94 °C —305s;58°C —30s
R: TGAATGTTGTTGCTCGTCCC [16] 72 °C — 30s; 35 cycles
TaWRKY2 F: GGCGCTGCCGACGTCATCTT 94 °C —305s;58°C —30s
R: AGCAGAGGAGCGACTCGACGA [12] 72 °C — 30s; 35 cycles
TaWRKY19 F: AGGGAAGCATACGCATGACGTGC 94 °C —305s;60°C —30s
R: GGCGAGATCGTTCAGAATGGCTGT [12] 72 °C — 30 s; 35 cycles
Td29% F: CGCACCCAGCTAGTAAGTTCG 94 °C —305;53°C—30s
R: CCCAGCCCAGTAATAACCCAT [23] 72 °C — 30s; 35 cycles

48



Experimental articles

structure and location of their genes by means
of alignment via BLAST tools.

Having carried out every CDS alignments
in the database of wheat whole genome shotgun
contigs, the gene structures and chromosomal
location were defined for three studied
transcription factors (TaNAC2a, TaWRKY2,
TaWRKY19) and the dehydrin (T'd29b) (Fig. 1)
in accordance with [28]. Hence, TaWRKY?2 and
TaWRKY19 have similar structure of 4 exons and
3 introns (Fig. 1, A, B), though, they are situated
in different chromosomes (TaWRKY2 — short
arm of 1D chromosome; TaWRKY 19 — short arm
of 1B). Both primer pairs applied in the following
DNA polymorphism study hybridized at the end
of the fourth exon. The gene of TF TaNAC2a
comprises of 2 exons and 1 intron (Fig. 1, C) and
allocates at the short arm of 7A chromosome. The
primer pair for this gene locus annealed at the
central part of exon 2. It was established, that
Td29b gene might have referred to single exon
gene (Fig. 1, D). Its location is the short arm of 3A
chromosome.

Molecular genetic study

To study DNA polymorphism of the
selected loci of 4 genes (three TF — TaNAC2a,
TaWRKY2, TaWRKY19; and the dehydrin
gene Td29b) a set of 25 Ukrainian and 37
international wheat accessions from Global
Wheat Program of the International Maize
and Wheat Improvement Center (CIMMY'T)
and the Wheat Germplasm Bank was collected.
By means of applying primer pairs and
PCR conditions indicated in the Table 1,
we observed no polymorphism for gene loci
TaNAC2a, TaWRKY19 and Td29b. There
was one fragment amplified only for each
sample — fragment of approximately 227 base
pairs (bp) for TaNAC2a gene locus, 160 bp for
TaWRKY19, 86 bp for Td29b (Fig. 2).

Following the amplification of total
genomic DNA of all common wheat varieties
of Ukrainian and foreign origin, there were
two fragments detected for each sample.
We observed three different genotypes in
the studied TaWRKY2 locus. The first one
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Fig. 1. Prediction of gene exon-intron structure:
A — TaWRKY2; B— TaWRKY19; C — TaNAC2a; D — Td29b

A B
M1 23 456
300 bp |
200 bp - | ~ W E - - -
227 bp

1 2 3456

Fig. 2. The electrophoregrams denoting PCR-products segregation of DNA marker systems:
A — TaNAC2a; B— TaWRKY19; C — Td29b
Lanes 1-6 — common wheat varieties (Glenlea, Comanche, Wilbur, Granero Inta, Tobarito M 97, V-17);
M — marker of molecular weight GeneRuller™ DNA Ladder Mix
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g \\‘1?3bp

100 bp —

Fig. 3. The electrophoregram depicting DNA
polymorphism of TaWRKY2 locus: Lanes 1 —
Odeska 267; 2 — Poliska 90; 3 — Darunok Podillia;
4 — Podolianka; 5 — Astarta; 6 — Kryzhynka; 7 —
Sotnytsia; 8 — Zolotokolosa; M — molecular weight
marker GeneRuller™ DNA Ladder Mix

represented amplified fragments of 173 and
188 bp, second — 188 and 200 bp, the third —
of 173 and 200 bp (Fig. 3). Moreover, Ukrainian
varieties showed greater diversity, than those
foreign ones. The frequencies for each allele
of amplified fragments among Ukrainian
varieties are 0.52 (173+188 bp), 0.28
(173+188 bp) and 0.2 (173 + 200 bp). On the
contrast, a set of amplified fragments 188+
+200 bp was not observed among 36 foreign
varieties obtained from the CIMMYT. In addition,
only two samples (Millaleau Inia and Tobarito M
97) possessed 173+200 bp pattern. Thereafter,
frequencies for these two allele of amplified
fragments among the CIMMYT varieties were
0.944 (173+188 bp) and 0.056 (173+200 bp).
The results on the DNA polymorphism study
of TaWRKY2 locus are indicated in the Tables 2
and 3.

Table 2. Detected DNA polymorphism of TaeWRKY2 locus in Ukrainian varieties

. - Amplified . .. Amplified
Variety Originator fragment, bp Variety Originator fragment, bp
Astarta IPPG NASU 173, 200 Poliska 90 NSC “IA NAAS” 173, 188

Shchedrivka IPPG NASU
Bohdana IPPG NASU 173, 188 Kyivska NSC “TA NAAS” 173, 188
Bunchak PRGLNGSC 173, 188 Slavna IPPG NASU 188, 200
Darunok Podillia | IPPG NASU 173, 188 Smuhlianka IPPG NASU 188, 200
Drevlianka n.a. 173, 188 Solomiia IPPG NASU 173, 188
Institute of Field and
Favorytka IPPG NASU 173, 200 Sonata Vegetable Crops, Novi 173, 200
Sad, Serbia
Hileia IPPG NASU 188, 200 Sotnytsia IPPG NASU 188, 200
RMIW NAASU .
Kryzhynka IPPG NASU 173, 200 Spasivka IPPG NASU 188, 200
Natalka IPPG NASU 173, 188 Vesnianka IPPG NASU 188, 200
Novokyivska IPPG NASU 173, 200 Yatran 60 IPPG NASU 173, 188
Odeska 267 PBGI NCSCT 173, 188 Yednist | PBGINCSCINAASU | 173,188
NAASU
Pereiaslavka IPPG NASU 173, 188 Zolotokolosa IPPG NASU 188, 200
Podolianka IPPG NASU 173, 188

Note: IPPG NASU — Institute of Plant Physiology and Genetics, National Academy of Sciences of

Ukraine; PBGI NCSCI NAASU — Plant Breeding and Genetics Institute — National Center of Seed and
Cultivar Investigation, the National Academy of Agrarian Sciences of Ukraine; RMIW NAASU — The
V.M. Remeslo Myronivka Institute of Wheat, the National Academy of Agrarian Sciences of Ukraine; NSC “IA
NAAS” — National Scientific Centre “Institute of Agriculture of the National Academy of Agrarian Sciences
of Ukraine”; n.a. — not available. http://www.wheatpedigree.net, State register of plant varieties suitable
for distribution to Ukraine of the Ministry of Agrarian Policy and Food of Ukraine http://www.sops.gov.ua/

reestr-sortiv-roslin.
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Table 3. Detected DNA polymorphism of TaWRKY2 locus in varieties from germplasm collections

of the CIMMYT
Year of | Amplified
Variety Locality Originator* registra- | fragment,
tion bp
1 2 3 4 5
Agriculture and Agri-Food Canada Semi-
AC Vista Canada (Saskatchewan) arid Prairie Agricultural Research Cen- 1996 173, 188
tre, Swift Current
Albis Switzerland (Zurich) Federal Research Station for Agronomy 1983 173, 188
Anza Mexico, USA (California) | CRlifornia Agricultural Bxperiment Sta- | 1977 | 173, 188
Batavia Australia (Queensland) Queensland Wheat Research Institute 1991 173, 188
Caribo Germany Heidenreih, Bad-Schwartau 1968 173, 188
Cenad-512 Romania n.a. 1958 173, 188
Comanche USA (Kanzas) Kansas Agricultural Experiment Station 1942 173, 188
D-12 Peru n.a. 1972 173, 188
Excalibur | Australia (South-Australia) RAGT 1990 173, 188
Australia University of Sydney Plant Breeding
Gabo (New-South-Wales) Institute, Cobbitty 1942 173, 188
Glenlea Canada (Manitoba) University of Manitoba 1972 173, 188
D(:f_ﬁg;e Venezuela n.a. n.a 173,188
Granero Argentina Inta 1987 | 173, 188
nta
Inia-F-66 Mexico INIA, CIMMYT 1966 173, 188
%{Sl‘;‘ﬁgﬁt Afghanistan n.a. 1975 | 173,188
Janz Australia (Queensland) Queensland Wheat Research Institute 1989 173, 188
Katunga Australia (Victoria) n.a. 1992 173, 188
Ke Feng 2 China (Heilongjiang) Keshan WRI 1979 173, 188
Kimmo Finland n.a. 1941 173, 188
Klein Fa- Argentina E. Klein 1920 | 173,188
vorito
Kulin Australiaé\é\ﬁ:;)t ern-Aus- Department of Agriculture, W.A. 1986 173,188
Manital Italy Samoggia Luigi, Bologna 1981 173,188
Millaleau Chile INTA, CIMMYT 1982 | 173,200
Recital France Benoist 1986 173, 188
Rokycans- Czechoslovakia n.a. 1899 | 173,188
ka sametka
Saﬁ?ﬁ;‘e' India Indian Agricultural Research Institute 1967 173, 188
Sakha 69 Egypt Agricultural Research Center, Giza 1980 173, 188
Svenno Sweden W. Weibull 1953 173, 188
Talimka Kyrgyzstan Kirgizskaya GSS 1940 173, 188
Tobartto Mexico CIMMYT 1997 | 173, 200
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Table 3. End
1 2 3 4 5
Tobarito Mexico CIMMYT 1997 | 173, 200
M 97
Tselin-
naya-Yu- Kazakhstan Kazakhskiy NII zernovogo khozyaystva 1988 173,188
bileinaya
V-17 Mexico CIMMYT 1968 173,188
Wilbur USA (Oregon) W.J. Mariner 1897 173, 188
Zambesi Zimbabwe Salisbury AES 1963 173,188
Zerdakia Iraq n.a. n.a. 173, 188
Plant Breeding and Genetics Institute,
Zirka Ukraine National Academy of Agrarian Sciences 1984 173, 188
of Ukraine
Note: n.a. — not available; * — from the Genetic Resources Information System for Wheat and Triticale

(http://www.wheatpedigree.net/) provided by Vavilov Research Institute of Plant Industry (VIR) and

International Maize and Wheat Improvement Center (CIMMYT).

According to CDS sequence of TaWRKY?2
(GenBank ID EU665425.1), the primer pair for
this TF locus is likely to amplify the fragment
of 188 bp long. Such a fragment was observed
through the study; however, not all the wheat
samples possessed it. Consequently, there must
be an indel mutation, which is likely to form
another allele.

The old wheat landraces is the source of
potential genes of interest which can be of
great value for common wheat improvement

in modern breeding programs. Thus, the
following screening of a number of wheat
landraces and interspecific hybrids was
carried out. The data were indicated in
the Table 4. As it can be seen from the
table, most of them carried fragments
of 173+188 bp (46 among 52 samples,
frequency — 0.88). On the other hand,
all the 3 fragments (173, 188 and 200 bp)
were amplified from 2 wheat accessions
(T. spelta var. duhamelianu Baulaender and

Table 4. Detected DNA polymorphism of TaWRKY2 locus in old wheat species, distant and interspecific

Species/Hybrid/Cross Subspecies g’giugril;?;g: fr§g£l§i?%p
1 3 4

AD T. persicum/Ae. tauschii Japan 173, 188
AD T. dicoccum/Ae. speltoides Azerbaijan 173, 188
AD Ae. ventricosa/T. dicoccum Russia 173, 188
AD T. aestivum/Ae. comosa Russia 173, 188
AD 217 T. timopheevii/Ae. umbellulata Japan 173, 188
ADT7 T.ispahanicum/Ae. cylindrical Azerbaijan 173

ADS8 T. dicoccum/Ae. triuncialis Azerbaijan 173, 188
‘35% lotricum cylindroaesti- Aegilops cylindrica/T. aestivum Armenia 173, 188
Haynatricum T. dicoccum/Dasypyrum villosum Russia 173, 188
PAH-31 T. dicoccum/T. monococcum Russia 173, 188
PEAH T. dicoccum/Ae. tauschii Russia 173, 188
T. dicoccum Schuebl. var. rufum Sweden 173, 188
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Table 4. IIpodosrcernHns

1 2 3 4

T. dicoccum Schuebl. var. aeruginosum Azerbaijan 173, 188
T. dicoccum var. aeruginosum Runo Russia 173, 188
T. dicoccum var. serbicum Polba 3 U%‘ﬁsiriia 173,188
T. dicoccum var. dicoccum Ukraine 173, 188
T. dicoccum var. nigroajar Ethiopia 173, 188
T. dicoccum var. rufum Ukraine 173, 188
T. dicoccum var. aeruginosum szléiii’n 173, 188
T. dicoccum var. semicanum Germany 173, 188
T. dicoccum Polba Kokchetavska Kazakhstan 173, 188
T. dicoccum var.vasconicum Crjunella Spain 173, 188
T. dicoccum var. rufum Spain 173, 188
T. dicoccum var. atratum Poland 173, 188
T. dicoccum n.a. Kazakhstan 173, 188
T. dicoccum Schuebl. var. serbicum Belarus 173, 188
T. dicoccum Schuebl. var. dicoccum n.a. 173, 188
T. dicoccum Schuebl. var. serbicum Chervona krasa Belarus 173, 188
T. dicoccum Schuebl. var. haussknachtianum Bolshaia holova India 173, 188
T. dicoccum Schuebl. var. loganse Polba Kokchetavska n.a. 173, 188
T. dicoccum Schuebl. var. volgense Vernal USA 173, 188
T. dicoccum Schuebl. var. aeruginosum Armenia 173, 188
T. dicoccum Schuebl. var. serbicum Russia 173, 188
T. dicoccum Schuebl. var. volgense Russia 173, 188
T. dicoccum Schuebl. var. haussknachtianum Kazakhstan 173, 188
T. dicoccum Schuebl. var. haussknachtianum Azerbaijan 173, 188
T. dicoccum Schuebl. var. aeruginosum Runo Russia 173, 188
T.ispahanicum var. ispahanicum Iran 173, 188
T. kiharae T. timopheevii X Ae.tauschii Japan 173, 188
T. macha var. palaeoimereticum Georgia 173, 188
T. sinkajae var. sinskajae Russia 173

T. spelta var. album Canada 173, 188
T. spelta var. caeruleum CDC Zobra Canada 173, 188
T. spelta var. griseoturanorecens Tajikistan 173, 188
T. spelta var. duhamelianum Poland 173, 188
T. spelta var. duhamelianum Baulaender Germany 173, 188, 200
T. spelta var. duhamelianum Frankenkorn Germany 173, 188
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Table 4. End
1 2 3 4
T. spelta var. caeruleum Azerbaijan 173, 188
T. spelta var. album Canada 173, 188
T. vavilovii var. vavilovii Armenia 173, 188, 200
T. hexapolonicum n.a. Armenia 173, 200
Tritordeum 1199,/09 T.durum/Hordeum chilense Spain 188

T. vavilovii var. vavilovii) representing
frequency 0.04 only. Three wheats
(frequency — 0.06) had only one type of
fragment (173 or 188 bp). The only sample
(frequency — 0.02) (T. hexapolonicum) had
fragments of 173+200 bp.

Additionally, four rye verities (Avgust,
Khmarka, Remington and Stoir) were tested for
polymorphism in TaWRKY?2 locus. As a result,
the only fragment of 200 bp was detected in
each sample. This fact shows that other cereal
crops might have the TaWRKY?2 gene too.

The study of the genes, that impact greatly
on drought response, is of great value for
wheat improvement in present-day plant
breeding programs. The current research
reveals knowledge on DNA polymorphism
of three transcriptional factors (TaNAC2a,
TaWRKY2, TaWRKY19) and the dehydrin
(Td29b) genes which can be applied for MAS.
During the analysis the gene structure and
chromosomal location were established.
Thus, TaWRKY2 and TaWRKY19 genes
comprised of 4 exons and 3 introns (2BS and

REFERENCES

1. Food Outlook: Biannual report on global food
markets. November 2017. Available at: http://
www.fao.org/3/a-18080e.pdf.

2.Kaur V., Singh S., Behl R. K. Heat and
drought tolerance in wheat: Integration of
physiological and genetic platforms for better
performance under stress. Ekin J. 2016, 2 (1),
1-14.

3. Pokhylko S. Yu., Troyanovska A. V., Stepanen-
ko A. I., Urbanovich O. Yu., Dugan O. M.,
Rybalka O. 1., Morhun B. V. Studies of bread
wheat genotypes with transferred gene
GPC-B1 of Triticum turgidum ssp. dicoccoides.
Fact. Exp. Evol. Org. 2016, 18, 132-136. (In
Ukrainian).

4. Stepanenko O. V., Stepanenko A. I., Kuzmins-
kiy Ye. V., Morgun B. V. Identification of

54

1DS, respectively); TaNAC2a — 2 exons and 1
intron (7AS); Td29b — single exon gene (3AS).

In the result of this study, no polymorphism
was observed for gene loci TaNAC2a,
TaWRKY19 and Td29b by means of preselected
primer pairs. In contrast, polymorphic bands
were detected for TaWRKY2 locus that did not
correspond to CDS from GenBank. This fact
indicated the presence of some other possible
alleles of the gene.

This research was financially supported
by the projects “Development of Genotyping
and Marking Systems for Valuable
Biological Characteristics in Crops” (state
registration number 0116U000173) and
“Study of Genetic Determinants and New
Allele Effects of Genes to Improve Cereals
under the Negative Impact of Global
Climate Change” (state registration number
01170000385) provided by the National
Academy of Sciences of Ukraine. The
authors express their sincere gratitude
to Professor Nikolai Borisjuk for critical
remarks and help with experiments.

Psyl gene alleles responsible for carotenoid
accumulation in wheat grains. Biotechnol.
acta. 2017, 10 (2), 57-66. https://doi.
org/10.15407 /biotech 10.02.057.

5. Lakhneko O. R., Stepanenko A. 1., Morgun B. V.
Genotyping Triticum aestivum L. cultivars
of Ukraine with microsatellite markers. Fact.
Exp. Evol. Org. 2016, 19, 61-63.

6. Kosova K., Vitamvas P., Urban M. O., Kholova J.,
Prasil I. T. Breeding for enhanced drought resi-
stance in barley and wheat — drought-associated
traits, genetic resources and their potential
utilization in breeding programmes. Czech JJ.
Genet. Plant Breed. 2014, 50 (4), 247-261.

7.ElSayed A. I., Rafudeen M. S. Molecular
marker assisted for recognition drought
tolerant in some of bread wheat genotypes.



Experimental articles

10

11.

12.

13.

14.

15.

16.

17.

18.

J. Crop Sci. Biotech. 2012, 15 (1), 17-23. doi:
10.1007/s12892-011-0051-1.

.El-Sayed O. E., Ibrahim H. F. RAPD and

ISSR markers related to drought tolerance of
regenerated plants in wheat double haploids
and varieties. Middle East. Russian J. Plant
Sci. Biotechnol. 2008, 2 (2), 44—-51.

.Kim S. H., Kim D. Y., Yacoubi I., Seo Y. W.

Phenotypic and genotypic analyses of drought
tolerance in Korean and Tunisian wheat
cultivars. Plant Breed. Biotech. 2014, 2 (2),
139-150. doi: 10.9787/PBB.2014.2.2.139.
.Sadat S., Saeid K. A., Bihamta M. R., Torabi
S., Salekdeh S. G. H., Ayeneh G. A. L. Marker
assisted selection for heat tolerance in bread
wheat. World Appl. Sci. J. 2013, 21 (8), 1181—
1189. doi: 10.5829/idosi.wasj.2013.21.8.2866.
Rana R. M., Rehman S.U., Ahmed J., Bilal M.
A comprehensive overview of recent advances
in drought stress tolerance research in wheat
(Triticum aestivum L.). Asian J. Agr. Biol.
2013, 1 (1), 29-37.

Niu C.-F., Wei W., Zhou Q.-Y., Tian A.-G.,
HaoY.-J., Zhang W.-K., Ma B., Lin Q.,
Zhang Z.-B., Zhang J.-S., Chen S.-Y. Wheat
WRKY genes TaWRKY2 and TaWRKY19
regulate abiotic stress tolerance in transgenic
Arabidopsis plants. Plant Cell Environ.
2012, 35, 1156-1170. doi: 10.1111/j.1365-
3040.2012.02480.x.

Okay S., Derelli E., Unver T. Transcriptome-
wide identification of bread wheat WRKY
transcription factors in response to drought
stress. Mol. Genet. Genomics. 2014, 289 (5),
765-781. doi: 10.1007/s00438-014-0849-x.
ZhuX.,Liu S.,MengC.,Qin L., Kong L., Xia G.
WRKY transcription factors in wheat and
their induction by biotic and abiotic stress.
Plant Mol. Biol. Rep. 2013, 31 (5), 1053—
1067. do0i:10.1007/s11105-013-0565-4.
Pandey S. P., Somssich I. E. The role of
WRKY transcription factors in plant
immunity. Plant Physiol. 2009, 150 (4),
1648-1655. doi: 10.1104/pp.109.138990.
Tang Y. M., Liu M.Y., Gao S. Q., Zhang Z.,
Zhao X., Zhao C. P., Zhang F.T., Chen X. P.
Molecular characterization of novel TaNAC
genes in wheat and overexpression of
TaNAC2a confers drought tolerance in
tobacco. Physiol. Plant. 2012, 144, 210-224.
do0i:10.1111/j.1399-3054.2011.01539.x.
Nakashima K., Yamaguchi-Shinozaki K.,
Shinozaki K. The transcriptional regulatory
network in the drought response and its
crosstalk in abiotic stress responses including
drought, cold, and heat. Front. Plant Sci.
2014, 5, 1-7. doi: 10.3389/fpls.2014.00170.
XueG.P.,Way H. M., Richardson T., Drenth .,
Joyce P. A., McIntyre C. L. Overexpression of
TaNAC69 leads to enhanced transcript levels

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

of stress up-regulated genes and dehydration
tolerance in bread wheat. Mol. Plant. 2011,
4 (4), 697-712. doi: 10.1093/mp/ssr013.
Xia N.,ZhangG.,LiuX.Y.,CaiG. L., Zhang Y.,
Wang X. J., Zhao J., Huang L. L., Kang Z. S.
Characterization of a novel wheat NAC
transcription factor gene involved in defense
response against stripe rust pathogen
infection and abiotic stresses. Mol. Biol.
Rep. 2010, 37 (8), 3703-3712. doi: 10.1007/
$11033-010-0023-4.

Hassan N. M., El-Bastawisy Z. M., El-Sayed A. K.,
Ebeed H. T., Alla M. M. N. Roles of dehydrin
genes in wheat tolerance to drought stress.
J.Advanced Res. 2015, 6, 179-188. doi:
10.1016/j.jare.2013.11.004.

Min D.-H., Zhang X.-H., Xu Z.-S.; Zhao Y.,
ChenY., Li L.-C.,Chen M., Ma Y .-Z. Induction
kinetics of a novel stress-related LEA gene
in wheat. Plant Mol. Biol. Rep.2012, 30 (6),
1313-1321. doi: 10.1007/s11105-012-0446-2.
Amaral., Zaidi I., Masmoudi K., Ludevid M.,
Pages M., Goday A., Brini F. Insights into
late embryogenesis abundant (LEA) proteins
in plants: from structure to the functions.
Amer. dJ. Plant Sci. 2014, 5 (22), 3440-3455.
doi: 10.4236/ajps.2014.522360.

Ali-Benali M. A., Alary R., Joudrier P., Gau-
tier M.-F. Comparative expression of five Lea
Genes during wheat seed development and
in response to abiotic stresses by real-time
quantitative RT-PCR. Biochim. Biophys.
Acta. 2005, 1730, 56-65. doi: 10.1016/j.
bbaexp.2005.05.011.

Hu B., Jin J., Guo A.-Y., Zhang H., Luo J.,
Gao G. GSDS 2.0: an upgraded gene feature
visualization server. Bioinformatics.
2015, 31 (8), 1296-1297. doi: 10.1093/
bioinformatics/btu817.

Murray M., Thompson W. Rapid isolation
of high molecular weight plant DNA. Nucl.
Acids Res. 1980, 8 (19), 4321-4325.

Singhal H., Ren Y. R., Kern S. E. Improved
DNA electrophoresis in conditions favoring
polyborates and Lewis acid complexation.
PLoS One. 2010, 5(6), 1-6. doi: 10.1371/
journal.pone.0011318.

Akinina G. E., Dugar V. N. Popov V. N.
Statistical analysis of genetic data using
software ARLEQUIN, PHILYP, CLANN,
STRUCTURE. Kharkiv: The Plant
Production Institute named by V. Ya. Yuryev,
NAAS. 2014, 100 p. (In Russian).
International Wheat Genome Sequencing
Consortium (IWGSC). A chromosome-
based draft sequence of the hexaploid bread
wheat (Triticum aestivum) genome. Science.
2014, 345 (6194), 1251788. doi: 10.1126/
science.1251788.

55



BIOTECHNOLOGIA ACTA, V.11, No 2, 2018

IIOJIIMOP®I3M I'EHIB JTEAKNUX
TPAHCKPHUIIIIMTHUX ®AKTOPIB,
110 ITOB’A3AHI 3 IIOCYXOCTIMKICTIO
MIITEHAITI
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lIHCTI/ITyT KJiTuHHOI 6iosorii i reHeTHUHOL
imxkenepii HAHY, Kuis
zHaIliOHaJII:HI/Iﬁ TeXHIUHUU yHiBEpPCUTET
Vrpaiau «KuiBcbKuii moiTeXHiYHUN iHCTUTYT
im. Iropa Cikopcbkoro», Kuis
Biosnoriuna mxkoa Vuisepcurery Xyuanb, KHP

E-mail: molgen@icbge.org.ua

MeToro gocaim:keHHs OyJ0 BUBUMTHU IIOJIi-
Mop(isM momepeaHbO BiIiOpaHUX JOKYCiB reHiB
TPHOX TPaHCKpUNIiiHux partopis (TaNACZ2a,
TaWRKY2, TaWRKY19) Ta npoTeiH miZHbOTO
embpiorenesa (LEA) nerunpuny (Td29b), nos’a-
3aHUX 3i cTifiKicTio mimenuIli 10 mocyxu. CTpyK-
Typy T'eHiB Ta XpPOMOCOMHY JIOKaJisarmiio 0yJo
BCTAHOBJIEHO 3a JOIIOMOTOI0 GioiH(popMaIifitHux
nigxoxis. 3’sicoamo, 1o reau TaWRKY2 Ta
TaWRKY19 cknagatoTheda 3 4 eK30HIB i 3 iHTpo-
HiB, JOoKaadizoBaHux Ha miaeuax 2BS Ta 1DS xpo-
MocoMmu, Bingmosiguo; TaNAC2a MicTuTh 2 eK30HHI
ta 1 iaTpou 7AS. I'er Td29b micTUTH OAUH €K30H
3AS. V¥ pesynbTaTi BUKOPUCTAHHSA MMOJiMepasHoi
JIAHITIOTOBOI peakIrii He 0yJI0 BUABJIEHO IIOJiMOP-
dismy nna goxkycis rerniB TaNAC2a, TaWRKY 19
ta Td29b 3a momOMOTOIO TIOTIePeHBO BimiGpaHux
nap npaiimepiB. IIpore gaa doxycy TaWRKY2
BUABJIEHO moJsriMopdHi pparmernTr. CKpUHIHT 110-
IIUPEHHA TOJiMOP(MHUX JIOKYCIiB ITPOBOAUIN AJISA
Ha0oOpy COPTiB MINIEHUIII Ta »KUTa, JaBHiX MIIe-
HUIb Ta MisKBUAOBUX ri6bpuais. IToximMmopdism jo-
Kycy TaWRKY2 cBifunTh IIPO HASIBHICTD JeSIKUX
iHmux aneniB mboro resa. Ili gaHi € BasKIUBUMU
IJISE TIONAJIBINIUX JMOCJiKeHb IIOCYXOCTilKOCTi
IIIeHUIIi.

Kawuwosi cnosea: Triticum spp., moJiMepasHa
JaHIIOTOBA peakIlid, (GaKTopu TPaAHCKPUIIILI,
TaNAC2a, TaWRKY2, TaWRKY19, LEA,
Td29b, mocyXocTifiKicTs.
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ITenbio uccaegoBaHUA OBIIO U3YUEHUE TIOJIU-
Mop(du3Ma IpeaBapuTeIbHO OTOOPAHHBIX JIOKY-
COB T€HOB TPeX TPAHCKPHUIIIMOHHBIX (haKTOPOB
(TaNAC2a, TaWRKY2, TaWRKY19) u nipore-
uH mo3xHero smOpuorenesa (LEA) meruapuHa
(T'd29b), cBA3aHHBIX C YCTOMYMBOCTHIO IIIIIEHU-
bl K 3acyxe. CTPYKTypa TeHOB U XPOMOCOMHA
JOKaJIMU3aIus ONpeaeeHbl ¢ ITOMOIIbI0 OMOUH-
(GopManMOHHBIX TOAXOMOB. ¥ CTAHOBJIEHO, UTO
redbl TaWRKY2 u TaWRKY19 cocroar us 4
9K30HOB U 3 MHTPOHOB, 2BS u 1DS xpomocomsl,
coorBeTcTBeHHO; TaNAC2a comep:KUT 2 3K30HA
u 1 uarpon 7AS. I'er Td29b cocToutr us ogHOTO
sx30Ha 3AS. B pesyabrare MCIoab30BAHUS IIO-
JUMEePasHOU IeIMHON peaKIuu He ObIJI0 BhISIBIECHO
noauMoppusmMa aaa JoKycoB rexoB TaNAC2a,
TaWRKY19 u Td29b ¢ moMOIIIbIo IPeABaPUTEIb-
HO oToOpaHHBIX IIap npaiimepoB. OgHAKO IJs
noryca TaWRKY2 o6Hapy:KeHbI TOJIUMOPDHEIE
dparmenTsl. CKPUHUHT PACIIPOCTPAHEHUA IOJIHU-
MOP(MHBIX JJOKYCOB ITPOBOAMIN 15T HAO0pPa COPTOB
MIIEeHUIBI U PKU, IPEBHUX IIITEHUIT U MEKBUIO-
BbIX TuOpuaoB. Ilomumopdusm toxyca TaWRKY 2
CBUIETEJIBbCTBYET O HAJIUUNU IPYTUX ajljieeit aTo-
ro reHa. OTU JaHHBIE BaXKHBI AJIA JaTbHENIINX 1C-
cJeIOBaHUI YCTOMUYMBOCTHU IIIIIEHUITEI K 3acyXe.

Knrmueswvte cnosa: Triticum spp., moanMepasHas
nenHasa peaxknud, (aAKTOPbl TPAHCKPUIIIUU,
TaNAC2a, TaWRKY2, TaWRKY19, LEA,

Td29b, 3acyx0yCTOMUYNBOCTD.
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The purpose of the study was the design of an aerator-oxidizer and optimal parameters of its work
to ensure the conditions of mixing and dissolution of oxygen, in which there is no disturbance of the
state of activated sludge. The testing of the work of the aeration-oxidation setup of rotor type with the
use of a sludge mixture with different design of aerator-oxidizers and in different operating modes was
performed. The assessment of the effect of processing on the state of the activated sludge was carried
out according to standard parameters: sludge index, chemical oxygen demand. In addition, the number
and state of activated sludge organisms were evaluated. The results of qualitative and quantitative
analysis of activated sludge before and after processing in the setup are presented. The parameters in

which the activated sludge functions in satisfactory mode are revealed.

Key words: activated sludge, wastewater, aerator-oxidizer, sludge index.

The effectiveness of biological wastewater
treatment depends on many factors: the dose
of activated sludge, temperature, pH, daily
wastewater consumption, etc. However, the
most important and most energy-consuming is
the degree of sewage saturation with oxygen.
In the process of sewage aeration, pneumatic
systems are widely used, which provide
sufficient concentration of dissolved oxygen in
the sludge mixture and its mixing. The search
for ways to saturate the sludge mixture with
air oxygen with reduced energy consumption
remains an urgent problem [1, 2]. One of these
methods is the use of hydromechanical systems
of aeration. It is known that such aeration
systems have lower specific energy expenditure
compared with more commonly used pneumatic
systems [3, 4]. Loop reactors with jet mixing
are not widely used in biological treatment
of sewage. However, it is known that such
reactors create favorable conditions for the
effective dissolution of oxygen in water.
The induced air in the conditions of intense
mixing and turbulent flows is dispersed in the
form of microbubbles, greatly increasing the
phase separation surface, which facilitates its
dissolution [5]. However, the passage of sludge

mixture through a centrifugal pump and high
velocities of passage through pipelines can
cause mechanical damage to microorganisms
of activated sludge [6, 7]. In addition, the
sedimentation properties of activated sludge
deteriorate as a result of mechanical damage
to the activated sludge, which complicates its
further separation [8].

The purpose of the study is to search for
the design of an aerator-oxidizer and rational
parameters of its work to ensure the mild
conditions of oxygen mixing and dissolution,
in which there is no violation of the state of
activated sludge.

The objectives of the study are:

— estimation of the stability of sludge
mixture parameters at different setup modes
and aerator-oxidizer design;

— determination of the efficiency of
contaminants removing by the criteria of
chemical oxygen demand (COD).

Materials and Methods

The research was carried out on the basis
of the experimental aeration-oxidative jet-
looped setup at the Institute of Engineering
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Thermophysics of the National academy of
sciences of Ukraine (Fig. 1). Oxygen saturation
of the treated medium and its mixing takes
place in the aerator-oxidizer, which is rotary-
pulsating apparatus (RPA). The research was
carried out using two aerator-oxidizers of
different design.

The working volume of the first aerator-
oxidizer is 0.0014 m®. The main element of this
device is the rotary-pulsating knot (RPK,),
which consists of two rotors, connected in
a single rotor knot (RK), and stator. The
rotors have the following design parameters:
internal radius of a small rotor R, = 56 mm,
of a large rotor R, = 65 mm; the dimensions
of the slits a = 3 mm; height A, = 5 mm; angle
between them is 6°; number m = 60. The gap
between the rotor and the stator in the RPK
is 8 = 0.15 mm. Structural parameters of the
stator are as follows: internal radius R,, = 61
mm; the dimensions of the slits ¢ = 3 mm;
height A, = 5 mm; angle between them is 6°;
number m = 60.

The second type of aerator-oxidizer, with a
volume of 0.0014 m?, contains RPK, consisting
of one rotor and a stator. The structural
parameters of the rotor are: internal radius
R,,, = 40 mm; external radius R,,, = 70 mm.
The rotor contains 12 round holes with a
diameter d;, = 12 mm. Structural parameters

of the stator: internal radius R,,;,,= 70 mm;
Wastewater
Activated sludge co?

Cooling water 44
N
R
» =
v o/
Air .
A
12— e

4 to Collector

external radius R,,,,, = 75 mm. The number of
holes is 20. The gap between the rotor and the
stator is 6 = 0.3 mm.

As a parameter characterizing the
conditions of medium processing in the RPA
and can serve for different structures of the
RPA comparison, the rate of the flow shift was
chosen, which is determined by the formula:

2K (1)
7
where o is the angular velocity of the rotor,
s!; R is the radius of rotor, m; u is the gap
thickness between the cylinders, m.

In the work, the determination of the doses
of activated sludge by dry substance a and
volume V, and sludge index I were performed.

The dose of activated sludge was calculated
by the formula:

a="27") 1000, 8 /dm?. (2)
v

Determination of the dose of activated
sludge by volume lie in gravity sedimentation
of the sludge mixture (V, = 200 cm?) for
30 min with subsequent determination of
the volume Vg, which takes the sludge after

s
sedimentation, and recalculated to 1 dm?:

v =2.1000, cm? / dm3 (3)
v

N

Fig. 1. Aaeration-oxidative jet-looped setup:
A — the chart; B — RPK 1; C — RPK 2.
1 — storage capacity with internal cylinder; 2 — aerator-oxidizer; 3 — damper; 4 — three-way valve; 5 —
recirculation pipeline; 6 — two-way valve; 7 — engine; 8 — cooling shirt; 9 — flow meter; 10 — manometer;
11 — thermometer; 12 — air flow meter; MCU is a management and control unit
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In order to determine the dose of activated
sludge a, the sludge mixture of volume V =
50 cm?® was collected, which was filtered on
a pre-dried and weighed paper filter “white
tape” of mass m; and dried to constant weight
my at 105 °C for six hours.

The sludge index is defined as the ratio of
activated sludge dose of volume V to its dose a
of dry matter:

I=K,cm3/g (4)
a

Investigation of activated sludge was
carried out using a trinocular microscope
of XSP-139TP Ulab model, equipped with
an eyepiece with an increase of x10 and
lenses with magnifications of x10, x20 and
x40. In addition, the Carl Zeiss Axio Imager
microscope was used.

To calculate the number of groups of
activated sludge organisms, the method of
“Calibrated drop” [9] was used. A sample
of 150 cm? of sludge mixture was collected,
0.1 cm? of fluid was collected from it after
preliminary mixing with a micropipette,
placed on object glass and covered with
18%x18 mm cover glass. Three such specimens
were made. In each specimen, the number of
organisms was counted in 10 fields of vision
under a microscope with an increase of x100.
The number of organisms D in 1 cm? of sludge
mixture was determined by the formula:

S-d

n-rtp

D= ,cell /em?®, (5)

where d is the number of organisms in one field
of view (the arithmetic mean of the examined
fields of view); r is radius of field of view in
mm; S is the area of cover glass in mm?; pisthe
volume of used liquid, em?.

Active sludge for research was taken
from the sludge chamber after the secondary
settling stations of Bortnitskaya aeration
station in Kyiv. It represents an association of

Fig. 2. Microphotography of activated sludge with
magnification of x200

microorganisms such as bacteria, mushrooms,
actinomycetes, diatoms, green microalgae,
as well as protozoa and some multicellular
animals (flagellates, sarcodes, infusoria,
worms, rotifers, etc.). Microphotographs of
activated sludge are shown in Fig. 2.

The studies were conducted in two
replicates. In both samples, the sludge is
moderately-laden, no filamentous bacteria,
but infusoria of the genera: Paramecium,
Vorticella, Epistylis, Euplotes; rotifers of
the genera: Habrotrocha, Epipheres, Rotaria,
Pleurotrocha are present. In the second sample,
the estimated number of organisms was
determined, where the number of infusoria
was 3 335 individuals per cm?, and the number
of rotifers — 205 individuals per cm?. The both
samples of activated sludge parameters are
presented in Table 1. For further investigation
of the purification effect by the COD
parameter, a new sample of activated sludge
was selected: the dose of sludge in volume is
880 cm?®/dm?®. Sludge index is 110 cm?/g.

For a qualitative assessment of sewage
pollution, a standard method for chemical
oxygen demand determining for 2 hours was
used — COD.

The volume of sludge mixture was
30 dm?® with a sludge concentration of
2.5 g/dm?®, which was obtained by diluting the
activated sludge with settled tap water (when
evaluating the parameters of activated sludge
in the first stage of the research) and with
sewage (in determining the degree of sewage
treatment) in the apparatus before the start
of experiments.

Results and Discussion

Table 1 shows the initial parameters of
activated sludge, which was selected for
research conducting at Bortnitskaya aeration
station.

The first 3 experiments were aimed at
rational parameters of setup work and its
design finding. The following two studies
were conducted to assess the depth of sewage
treatment by COD index.

The first study of the parameters of
activated sludge in the aeration-oxidative jet-
looped setup was carried out at a rate of flow
shift of 112:10% s, which is minimal for this
apparatus. The temperature of the sludge
mixture was 21.7 °C. The treatment time was
40 minutes. Sampling was performed every
10 minutes. An aerator-oxidizer with RPK;
was used. The results are presented in Table 2
and in Fig. 3.
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Table 1. Parameters of activated sludge selected at Bortnitskaya aeration station

D f activated Dose of activated
Samples ose ot activateéd | Average dose of sludge Average dose of Sludge
Ne ,]1316 sludge, a, g/dm activated sludge, V, em®/dm? activated sludge index,
T Qyp g/dm? | em®/dm I,dm?/g
I II I II
1 8.28 8.46 8.37 925 935 930 111.11
2 7.3 8.54 7.92 950 960 955 120.58

Note: 1 and 2 are successive samples; I and II are parallel samples.

Table 2. Parameters of activated sludge after processing with a flow shift rate of 112103s7!

Samples Dose of activategl Average dose of activla)lgsg (s)lfudge Average dose of Sludge
N .]I:IB sludge, a, g/dm activated sludge, v, em® /dm3 activated3slud e indeéi,
e I I a,,, g/dmg I I V g cm”/dm I,dm"/g
C 0.8 0.74 0.77 60 65 62.5 81.17
4 0.68 0.74 0.71 60 65 62.5 88.02

Note: C — control, 4 — sample taken after 40 min of setup working; I and II are repeated experiments.

Fig. 3. Microphotography of activated sludge with
magnification of x200:
A — control; B — the 4th sample

A B

Fig. 4. Microphotography of activated sludge with
magnification of x100:
A — control; B — the 4th sample

The second study of activated sludge in
setup was carried out at a rate of flow shift
of 140-10% s™!. The temperature of the sludge
mixture was 21.7 °C. An aerator-oxidizer
with RPK; was used. Processing time was
40 minutes. Sampling was performed every
10 minutes. The results are presented in
Table 3, in Fig. 4 and Fig. 5.
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A B

Fig. 5. Microphotography of activated sludge
with magnification of x400:
A — control; B — the 4th sample

The third study of activated sludge in the
setup was carried out at a rate of flow shift of
70-10% s 1. The temperature of sludge mixture
was 21.7 °C. An aerator-oxidizer with RPKg
was used. Processing time was 28 minutes. The
results are presented in Fig. 6 and Fig. 7.

The following studies were conducted using
an aerator-oxidizer with RPK,,.

The fourth biological wastewater treatment
experiment was conducted at a rate of flow
shift of 70-10% s™!. The temperature of the
sludge mixture was 24 °C. Processing time was
4 hours. Sampling was carried out before the
study, at the 2" hour, at the 3" hour and at its
completion. The results are presented in Table 4.

The fifth experiment on biological
wastewater treatment was carried out with a
reduced rate of flow shift — 56:10% s™1. The
temperature of the sludge mixture was 24 °C.
Processing time was 4 hours. Sampling was
carried out before the study, at the 2" hour, at
the 3™ hour and at its completion. The results
are presented in Table 4.
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Table 3. Parameters of activated sludge after processing with the rate of flow shift of 7010% s

-1

Samples Average dose of Average dose of Sludge index Time from the start of
p activated sludge V., activated sludge, a,,, g 3 ’ the setup working ¢,
NeNe 3 av 3 av I,dm"/g .
cm®/dm g/dm min
C 82.5 0.64 128.91 0
1 90 0.61 147.54 10
2 90 0.56 160.71 20
3 90 0.52 173.08 30
4 77.5 0.47 164.89 40

Note: see note to the Table 2.

A

Fig. 6. Microphotography of activated sludge with magnification of x400:
A — control; B is a sample

Fig. 7. Microphotography of activated sludge with increase of x400:
A — control; B is a sample

Studies performed using an aerator-
oxidizer with RPK,;, demonstrate the
constancy of activated sludge parameters at a
minimum angular rate of setup.

During the study of activated sludge
at maximal angular rate, the destruction
of activated sludge flakes and the death of
eukaryotes were detected according to the

results of microscopy (Fig. 5, B and Fig. 6, B).
Significant growth of sludge index was noticed
(Table 3).

Thus, in the third study with the usage of
aerator- oxidizer with RPK,, it was established
that the parameters of activated sludge at
maximum angular rate of the setup were
unchanged.
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Table 4. Effect of sewage treatment in the setup

Experiment Sample NoNe Processing duration, £, h COD, mg Oz/dm3
control 0 200
2 1 -
I 3 2 160
4 3 220
5 4 240
control 0 113
2 1 180
II 3 2 167
4 3 167
5 4 -

During the fourth study, the crushing
of activated sludge flakes starting from the
first hour of the experiment was observed. At
the 83T® hour of the experiment, there was a
complete destruction of activated sludge flakes
and the death of infusoria and rotifers — the
remnants of the outer shells of these organisms
are present. Further destruction of particles
in the sludge mixture has led to an increase of
pollution by the index of COD.

During the fifth study, the sludge retained
viability throughout the experiment, but still
there was a crushing of activated sludge from
the first hour of treatment, which also led to
the re-contamination of sewage.

It should be noted that secondary
contamination of sewage apparently was
the result of a fairly harsh conditions of the
experiment. Thus, when the rate of flow
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BUKOPHUCTAHHSA AEPAIITHO-
OKHNCHIOBAJIbBHOI YCTAHOBKHA
POTOPHOTI'O THIIY IJI BIOJIOTTYHOI'O
OYUNIEHHSA CTTYHUX BOJI,

0. M. O60dosuy’
JI. A. Cabniii®
B. B. Cudopenko*
M.C. Hopemtyrcz

1IHc'I‘I/ITyT TeXHiYHOI Tenaohisuku
HAH Vxkpainu, Kuis
2Hau'10HaJIBHI/H71 TeXHIUHUN YHiBEpCUTET
Vipainu «KuiBcbKuil HOJMiTeXHIUHNT IHCTUTYT
imeni Iropsa Cikopcbkoro»

E-mail: tdsittf@ukr.net

MeTo0 mocaifsKeHHA OYB IMOMIYK KOHCTPYKITi1
aepaTopa-OKHCHIOBaUa Ta ONTUMAJbHUX IIapame-
TPiB HOoT0 pobOTH HJis 3a0e3leYeHHs YMOB IIepe-
MilllyBaHHA Ta PO3UMHEHHSA KUCHIO, 38 AKUX He
BimOyBaTUMEThCS MOPYIIIEHHS CTaHy aKTHUBHOTO
MYyJIy.

IIpoBemeno BumpoOyBaHHA PoOOTH aepalriii-
HO-OKMCHIOBAJIBbHOI YCTAHOBKU POTOPHOrO TUMY 3
BUKOPUCTAHHAM MYJIOBOI CyMiIlli 3 pisHUMU KOH-
CTPYKI[iAMU aepaTopiB-OKMCHIOBAYIB i 3a pisHUMU
pesxkumamu pobotu. OliHIOBAHHA BILIUBY O0POOKY
Ha CTaH aKTUBHOT'O MYJIy 3AiJICHEHO 3a CTaHAAPT-
HUMU IIOKa3HUKAMMU: MYJOBUH iHIeKC, XiMiuHe
CIIOYKMBAHHS KUCHIO. TaKoK oIliHeHO KiJIbKicThb
i cran opramisamiB akTuBHOrOo mMyay. HaBemeno
pes3yJibTaTu SIKiCHOrOo it KiJIbKicHOTO aHai3iB ak-
TUBHOTO MYJY O Ta IicJisg 0OPOOKU B YCTAHOBIII.
Busasieno mapamMeTpu, 3a AKUX aKTUBHUN MYJI
(QYHKITIOHY€E B 3a/I0BLIIBHOMY PEKMMi.

Knwouwosi cnosea: akTUBHUUI MyJ, CTiuHI BOAW,
aepaTop-OKUCHIOBAY, MYJOBUN iHIEKC.

HCIIOJIbSOBAHHUE A9PAITMOHHO-
OKUCJIUTEJBHOU YCTAHOBKH
POTOPHOI'O THUIIA
JIA BUOJIOTUYECKON OUYUCTKH
CTOYHBIX BOJ,

0. M. O60dosuu’
JI. A. Cabnuii®
B. B. Cudopenwo*
M. C. Kopenuyr?®

1I/IHCTI/ITyT TeXHUUECKOH TeIJIOPU3UKHI
HAH Vkpaunsl, Kues
2HanH0HaJILHLII'?I TeXHUUYECKUU YHUBEPCUTET
Yxpauusl « KueBcKuUi MOIUTeXHUUECKUH
uHCTUTYT uMeHu Mrops CUKOPCKOTO»

E-mail: tdsittf@ukr.net

ITennro uccaeqoBaHUA OBLI MONCK KOHCTPYK-
U as3paTopa-oKUCJIUTENST U ONTUMANbHBIX IIa-
pamMeTpoB ero paboThI IJIs1 00ecIeUeHUs YCIAOBUHA
IIepeMeIInBaHuAa U PACTBOPEHUA KUCJIOPOIa, TP
KOTOPBIX He OyIeT IPOUCXOAUTEL HaPYIIIeHUe CO-
CTOAHUSA aKTUBHOTO UJAa.

IIpoBeseHBl NCOBITAHUA PAOOTHI a9PAI[MOH-
HO-OKHCJIUTEJbHON YCTAHOBKYU POTOPHOTO THUIIA
C MCIIOJIb30BaHMEM UJIOBOM CMECHU C Pa3IUUYHBIMU
KOHCTPYKIIUAMU ad3PaTOPOB-OKUCIUTEJIEN U B
pasHBIX pexuMax padborsl. OIeHKY BAUAHUSA 00-
paboTKMU Ha COCTOAHNE aKTUBHOI'O UJIa OCYIIECT-
BJIAJIU IO CTAHAAPTHBIM IIOKa3aTeJsaM: UJIOBBIN
UHIEKC, XUMHUUECKOe IOTpebieHre KUCI0POoIa.
Takske OIeHUBAJIN KOJUIECTBO U COCTOAHUE OP-
raHU3MOB aKTUBHOTO uJja. [IpuBegessl pesyibTa-
ThI KAUECTBEHHOT'0 1 KOJIUYECTBEHHOT'0 aHAJIN30B
aKTUBHOTO MJIa 0 U II0cje 00paboTKHU B YCTAHOB-
Ke. BBIABIIeHBI HapaMeTpPhl, IPU KOTOPBIX aKTHUB-
HBIN 11 QYHKIMOHUPYET B YAOBJIETBOPUTEIHLHOM
pexume.

Knrouesvie cnoea: ak TUBHBIN NJI, CTOUHBIE BOJBI,
a’paToOP-OKUCIUTEIb, NJIOBBII UHIEKC.
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The aim of the work was to evaluate in vitro the cytostatic effect of recombinant fragments of the
non-toxic point mutant of diphtheria toxin — CRM197, which was suggested as a potent medication for
treatment of triple negative breast cancer. For this purpose, non-toxic recombinant derivatives of
diphtheria toxin — CRM197, subunit B SbB and receptor domain Rd had been isolated by Ni-NTA
agarose affinity chromatography and their effect on the growth of individual colonies of triple negative
breast cancer MDA-MB-231 cells were characterized by such parameters as average colony area,
perimeter and circularity index. According to the obtained results, CRM197 and SbB, whose molecules
contain the translocation domain Td, exhibited the same cytostatic effect against MDA-MB-231 cells,
reducing the area and perimeter of individual colonies. Rd protein did not affect the last two parameters
that characterize the size of the colonies, but changed the form of the margin of colonies, as evidenced by
an increase in the circularity index.

It is supposed that Td may be involved in the implementation of cytostatic action due to its inherent
pore-forming activity in relation to lipid membranes. It is concluded that Rd and Td, unlike the catalytic
domain of diphtheria toxin, play important roles in the implementation of the cytotoxic properties of
CRM197, while SbB consisting of Rd and Td is the structural DT fragment of smallest molecular weight

that can be used as the analog of CRM197.

Key words: CRM197, diphtheria toxin, HB-EGF, toxoid, triple negative breast cancer.

CRM197 protein (cross-reacting material
197) is a non-toxic point mutant of diphtheria
toxin (DT) produced by C7 Corynebacterium
diphtheriae strain which was lysogenically
transformed by a mutated corynephage j,
containing the altered tox’ gene. Mutated
phage named P197°*" was obtained by
nitrosoguanidine treatment of toxigenic
C7(B) C. diphtheriae, containing prophage 3,
during the lytic phase induced by UV-light
exposure. Then C7(—) C. diphtheriae cells were
transformed by the resulted phage mutants
and obtained lysogenic clones were tested for
production of non-toxigenic material that was
cross-reacting with anti-DT polyclonal antibodies
[1]. Clone 197 which produced crossreacting
with DT protein, was found to synthesize a
DT polypeptide chain with a single Gly52Glu
mutation [2] which leads to an almost complete
loss of the catalytic activity of A-subunit of
DT. Apart from this single mutation, protein
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CRM197 structure is absolutely the same as that
of the native toxin: its molecule contains subunit
A with a non-active catalytic or C-domain and
subunit B which comprises functional and entire
receptor or R-domain (Rd) and translocation or
T-domain (Td).

It should be noted that the ability of native
DT to inhibit the growth of malignant cells
in resistant to toxin mice has been already
known for a relatively long time [3]. The non-
toxic to DT-sensitive species, CRM197 turned
out to be a promising agent in applying to
humans. It has been demonstrated that this
toxoid effectively inhibits the growth of
human malignant cells in vivo in nude mice
model [4—6] and increases survival of patients
with progressive cancer [7—9]. There are a
lot of evidence that CRM197 is effective in
suppressing the cancer of breast [6, 10, 11],
oral cavity [12], stomach [13], immune cells
[14] and ovaries [4, 5].
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Nowadays, CRM197 is already under-
going clinical trials for introduction in
the therapeutic practice of human cancer
treatment [8]. Production of CRM197 in
Escherichia coli greatly facilitated the large-
scale manufacturing of this protein [15—-17].

However, as a medicine for intraperitoneal
administration, CRM197 possess essential
disadvantages, as it preserves almost the full
immunogenicity of the native DT. This means,
that after the first few administrations, like
native DT, toxoid CRM197 will provoke a
strong immune response and its molecules
will be eliminated fast from the bloodstream.
Besides, some parts of the CRM197 molecule
may be functionally superfluous, as they do
not participate in the implementation of its
cytostatic effect and may have potential side
effects. We suppose that subunit A of CRM197
may be of a low necessity in the realization of
its anticancer properties.

Recombinant fragments of CRM197
with smaller molecular weight can be less
immunogenic than full molecule. Besides,
these fragments could be constructed to
contain only functionally beneficial structural
parts. The anticancer potentials of different
structural parts of the CRM197 molecule have
not yet been studied. The aim of the present
work was to evaluate the cytostatic effect
of recombinant non-toxic fragments of DT
molecule for finding a compound of a smaller
molecular size, which preserve the most of the
anticancer properties of entire CRM197.

The effect of CRM197 on tumors is
implemented by the interaction of this
protein with growth factor HB-EGF. It
was demonstrated that HB-EGF is often
overexpressed in the transformed cells and that
soluble form of HB-EGF (sHB-EGF) promotes
the development of a malignant phenotype.
Today, the gene of HB-EGF is considered to
be strongly responsible for chemotherapy
resistance [18]. Production of HB-EGF
promotes cell surveillance and development
of signs of oncogenic transformation. It
is generally accepted that treatment with
CRM197 leads to decrease in cell proliferation,
because when sHB-EGF is bound to CRM197,
it is unable to interact with its natural cell
receptor EGFR [13,18,19].

There are some findings that sHB-EGF and
its transmembrane precursor can be especially
important targets for CRM197 in breast cancer
therapy [10]. In the case of triple-negative
breast cancer, there is no increase in expression
of estrogen, progesterone and HER2 receptors
in cells, which are targeted by conventional

hormonal therapy (such as tamoxifen or
aromatase inhibitors) or therapies that target
HER2 receptors (Herceptin). However, there is
an evidence that triple-negative breast cancer
can be effectively suppressed by CRM197 [6,
11, 19]. HB-EGF-targeted therapy for triple
negative breast cancer is of a high relevance,
as it can sufficiently increase surveillance in
patients with this type of oncology. Thus, in
the present study, it was decided to analyze
the effects of DT toxoids in relation to triple
negative MDA-MB-231 cell line, derived from
the human organism.

Previously in the department of
molecular immunology at Palladin Institute
of Biochemistry of the NAS of Ukraine was
created a set of pET24(a)+-based plasmid
genetic constructions for production of
different non-toxic structural DT derivatives
in BL21 Rosetta (DE3) E. coli: CRM197 — the
product of site-specific mutagenesis of native
tox" gene from PWS8 C. diphtheriae strain [20];
SbB — subunit B of DT which contain the entire
Td and Rd of DT [21]; Rd — entire receptor
domain of toxin possessing no other structural
parts. All of the above listed recombinant DT
toxoids retain the ability to bind proHB-EGF
on the surface of mammalian cells [22—25] and
have been used in present work to evaluate
the cytostatic effect of toxin recombinant
derivatives produced and purified from E. coli
on malignant cells.

Materials and Methods

Materials and reagents. In present work
there were used: acrylamide, ammonium
persulfate, N,N,N’,N’-tetramethylethylene-
diamine, N,N’-methylenebisacrylamide,
phenylmethylsulfonyl fluoride (AppliChem
GmbH, Germany); chloramphenicol,
kanamycin (Arterium Co., Ukraine);
eukaryotic cell culture Petri dishes (Greiner
Bio One, Great Britain); centrifugal filters with
10 kDa nominal molecular weight limit (Merk,
Germany); KCl, KH,PO,, NaCl, Na,HPO,,
NaH,PO,, NaOH, —mercaptoethanole (B—ME)
(“Miranda-C”, Ukraine); crystal violet,
imidazol, sodium deoxycholate (Shanghai
Synnad, China); amphotericin B, foetal
bovine serum (FBS), lyzozyme from chicken
egg, paraformaldehyde, penicillin G, RPMI-
1640 media, streptomycin, LB media, tricine,
tris-hydroxymethyl aminomethane, Triton
X-100, urea (Sigma Aldrich, USA); human
recombinant DNAse I, isopropyl B-D-1-
thiogalactopyranoside, molecular weight
markers for protein gel electrophoresis nickel-
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nitrilotriacetic acid agarose (Ni-NTA) (Thermo
Fisher Scientific, USA).

Production of CRM197, SbB and Td in E.
coli cells. Creation of the pET24a(+ )-based
genetic constructs for expression of CRM197
and SbB was described in [20,21]. Creation
of pET24a(+ )-Rd construct for expression
of Rd was carried out as described in [20].
E. coli BL21 Rosetta (DES3) cells containing
the appropriate expression vectors were
cultivated on LB media with kanamycin and
chloramphenicol at 37 °C under rotation
(250 rpm). Expression was induced by
isopropyl B-D-1-thiogalactopyranoside and
conducted at 30°C under rotation (250 rpm).

Bacterial peptidoglycan cell walls were
digested by addition of 10 mg/ml lysozyme
to bacteria suspension in 50 mM TrisHCI,
1 mM EDTA, 100 mM NaCl, 0.01 M
phenylmethylsulfonyl fluoride, pH = 8.0
at 4 °C. Then concentrations of MgCl, and
CaCl, in resulted suspensions were brought to
25 mM and 55 mM respectively, and protoplast
membranes were destroyed by addition of
40 mg/ml of sodium deoxycholate. Bacterial
DNA was digested by DNAse I at room
temperature until suspension become non-
viscous. Then the insoluble fraction of cell
lysate containing inclusion bodies was collected
by centrifugation and washed by resuspension
in the initial cell solubilizing buffer solution
containing 0,5% Triton X-100.

Proteins CRM197, SbB and Rd were
extracted from the water-insoluble fraction
of bacterial cell lysate by 8 M urea in 250 mM
NaH,PO,, 2.5 M NaCl, 10 mM imidazole
and 10 mM B-ME, pH = 8.0. Purification by
imidazole elution gradient and refolding
by decreasing urea and B-ME concentration
were carried out on Ni-NTA agarose. Eluted
samples were dialyzed against phosphate
buffered saline (PBS), 0.01 M Na,HPO,,
0.002 M KH,PO,, 0.137 M NaCl, 0.003 M
KCl, pH 7.4, and concentrated. The purity and
concentration of the target proteins in resulted
samples were estimated on tricine SDS-PAGE
[26] electrophoregrams by gel densitometry
using Fiji software.

Cultivation of cancer cells. MDA-MB-231
cells were obtained from the Bank of cell lines
from human and animal tissues of Kavetsky
Institute of Experimental Pathology, Oncology
and Radiobiology of the National Academy of
Sciences of Ukraine. Cells were maintained
at 37 °C and under 5% CO, on RPMI-1640
media with 10% FBS, 0.3 g/1 Lglutamine, and
antibiotics: 100 mg/1 streptomycin 10 000 U/1
penicillin G and 250 mg/l amphotericin B.
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Colony assay. To obtain individual colonies,
5.5x10° of MDA-MB-231 cells were seeded on
plastic 60 mm Petri dishes on RPMI-1640 with
10% FBS. Next day, when individual cells were
already attached to the plastic surface, the
medium was changed to RPMI-1640 with 5%
FBS and 0.254x10°® M of a recombinant DT
derivative of interest. Equal volumes of filtrates
from the same protein samples, obtained by
gravity concentration on the semi-permeable
membrane, were used as controls. The absence
of protein in the obtained controls was also
demonstrated by SDS-PAGE. Cultivation in
presence of DT recombinant derivatives was
carried out during 7 days until colonies visible
to the naked eye were formed. The medium was
changed to fresh every 2—3 days. After 7 days,
cells were fixed by 5% of paraformaldehyde
in PBS for 40 min at room temperature and
stained with 0.2% crystal violet solution for
3 h at 37 °C under rotation (60 rpm). Excess of
crystal violet dye was removed by washing 3
times in deionized H,0 under 37 °C and rotation
(60 rpm). Petri dishes were dried and scanned
at 720 dpi, 48-bit color (Fig. 2). Size, perimeter
and circularity of colonies on resulted pictures
were analyzed by Fiji software.

Area of colonies was calculated in pixels,
perimeter — in arbitrary units. Shape
descriptor of Fiji, that calculates object
circularity, uses the formula:

Circularity = 4*pi*(Area/Perimeter"2),

that allows differentiating objects with same
values of area and perimeter, but with different
shapes. A circularity value of 1.0 indicates a
perfect circle. A circularity value of 1.0 indicates
a perfect circle. As the value approaches 0.0, it
indicates an increasingly elongated polygon.

Statistical data analysis. The mean values
were calculated on the basis of 3 independent
experiments in each case. Error bars represent
the standard deviations or respective mean
values. The ¢-test for experimental and control
groups with a significance level of 0.05 was
carried by Origin9 software.

Results and Discussion

Characterisation of resulted protein samples
by gel electrophoresis. After the lysis of E. coli
cells, proteins CRM197, SbB and Rd were
found in the insoluble fraction of the lysate,
which suggest the accumulation of studied
proteins in inclusion bodies. The effectiveness
of in vitro renaturation (refolding, [22—-28])
of fluorescently labeled diphtheria toxoids
after urea extraction from the inactive water-
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Fig. 1. SDSPAGE electrophoregram of CRM197,
SbB and Rd samples:
M — molecular weight markers

insoluble state was demonstrated previously in
[22—-25]. SDS-PAGE showed the high purity and
concentration of targeted proteins in resulted
samples (Fig. 1).

The growth of single MDA-MB-231 colonies
in presence of DT recombinant derivatives.
Previously, it has been shown that recombinant
SbB at a concentration of 1.28x107% M exhibits
a sufficient cytotoxic effect on human
histiocytic lymphoma cell line U937, which
expresses a large amount of sHB-EGF [26—29].
In the present study, we decided to compare
cytotoxicity of different DT derivatives which
retain the receptor-binding ability in relation
to HB-EGF. It was shown that presence of
0.254x107% M of recombinant CRM197, SbB
and Rd in the culture media allow the single
MDA-MB-231 cells to grow into colonies.
Studied DT derivatives affected size and shape
of MDA-MB-231 colonies arising from the
single cells on the flat surface.

It was found that toxin derivatives
which contain Td (CRM197 and SbB) are

more effective in inhibiting the growth of
MDAMB231 colonies than toxin derivatives
which do not contain Td (Rd). Parameter of
colony area which characterize the growth of
cancer cells, reduced significantly compared
to controls in the presence of proteins CRM197
and SbB (Fig. 3). The perimeter changes were
generally in accordance with the area of the
colonies. Compared to each other, CRM197 and
SbB have approximately the same inhibitory
effect on colony area and perimeter. In
relation to controls, Rd did not affect the size
and perimeter of the resulted MDA-MB-231
colonies. Nevertheless, Rd has still exerted a
significant influence on cells which resulted in
the change of the colony shape.

To characterize the shape changes under
the influence of recombinant DT derivatives,
we use the parameter of circularity.
Circularity — is a value that shows how the
shape of a particular object approaches the
shape of an ideal circle. In the case of colonies
of eukaryotic cells, circularity characterizes
the asymmetry and boarder of colonies
which possibly may reflect the intercellular
organization and interactions on the surface
in 2D. Recombinant Rd significantly increased
the circularity of growing MDA-MB-231
colonies.

Decrease in circularity of colonies can be
a sign of a malignant phenotype since more
disorganized cells on the surface should also
have the increased ability to migrate and
reduced capacity to form and maintain the
intercellular contacts. It is naturally to assume
that cells, forming colonies with a smaller
circularity, can exhibit an increased ability of
metastic invasion in vivo. Thus, it was decided
that the increase in the circularity of MDA-
MB-231 colonies in 2D culture in presence of
Rd may be an indicator of reduced expression
of malignancy in Rd-treated cells.

Fig. 2. MDAMB231 colonies, obtained from the single cells attached to the plastic surface and formed under:
the presence of 10 mkg/ml (0.254 mkM) of SbB (right) and the equal volume of PBS (left) after
7 days of culturing. Fixation with paraformaldehyde and crystal violet staining
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Fig. 3. The average size, perimeter and circularity of MDA-MB-231 colonies formed under:
the influence of equimolar concentrations of CRM197, SbB and Rd. Asterisks indicate when the p-values of
t-test for control and experimental groups are less than 0.05

The most common hypothesis about the
CRM197 antitumor effect is that this toxoid
blocks the ability of sHB-EGF to bind its
natural receptor EGFR. Besides, the affinity
of the CRM197-HB-EGF interaction is of
a relatively high value, which makes the
mentioned protein complex stable from the
reverse dissociation [10,13]. Inactivated
by a toxoid, sHB-EGF is removed from
the intercellular space, which leads to a
weakening of the sHB-EGF-dependent
paracrine and autocrine stimulation of
cell proliferation. The role of the CRM197
interaction with the transmembrane proHB-
EGF in the realization of its cytostatic effect
has not been sufficiently investigated.

According to our results, it is suggested
that Td is sufficiently involved in the
realization of the total cytostatic effect
of CRM197. The influence of Td on cell
proliferation may suggest that recombinant
DT derivatives can affect cells by their Td
due to the inherent ion-conductive and pore-
forming properties of this domain regarding
lipid membranes [30, 31]. The data on Td-
influence on cell growth which was obtained in
present work is in a good agreement with the
previous our data on the characterization of
ion-conductive properties of CRM197 and SbB
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[32, 33], which strongly suggest that function
of Td in E. coli-derived and in vitro renaturated
recombinant products is well reproduced.

Td pores are permeable to K*, Na* and H"
[34]. The ionic conductivity caused by Td may
interfere with the balance of ions and protons
between cytoplasm and endosome lumen [24,
25]. As a result, enzymes that require highly
acidic environment are prevented from the
activation, endosome maturation slows down
[25] and degradative endocytic pathway in
cells becomes disrupted. The greater amount
of proHB-EGF receptor is located on the
surface of cancer cells, the more endosome
pathway of cells is affected. Disorder in
general physiological cellular condition due
to the influence of Td may ultimately result in
proliferation slowdown.

Thus, our results support the idea that
CRM197 and other DT toxoids can realize
their tumor suppressive effects by two
interdependent mechanisms: 1. sHB-EGF-
dependent, when cells affected indirectly
by depletion of proliferative soluble signal
in intercellular space; and 2. proHB-EGF-
dependent, when cells affected directly by
functional pore-forming Td of DT.

Obtained results suggest that non-active
subunit A of CRM197 is not required for
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cytostatic action of this toxoid and Rd alone
is not so effective in suppression of cancer
cell proliferation as DT fragments that
contain the Td. Thus, we recommend the
use of SbB produced by E. coli for cancer
therapy, as the closest functional analog
of CRM197 that contains no functionally
superfluous structural parts with potential
side effects.
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HEOBXIJHICTD
TPAHCJIOKAI[ITHOTO TOMEHY
I PEAJIISAIIT ITATOCTATUYHOTO
E®ERTY HETOKCHUYHHUX ITOXITHUX
IAPTEPIMHOTO TOKCUHY
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Meroto poboTu 6yJI0 OMIHUTH in Vitro ITUTO-
CTAaTUYHY Iil0 peKOMOiHAHTHUX (PparMeHTiB He-
TOKCHUUYHOTO TOYKOBOTO MYTAHTY AUPTEpiiiHOTrO
Tokcury — CRM197, axuii 6yj10 3aIIPOIIOHOBAHO
AK IOTEeHI[IMHUN IIperapar AJd JiKyBaHHS TPil-
YacTO-HETaTUBHOTO PaKy I'PyAHOI 3aio3u. I3 miero
MeTOIO0 3 BUKOPUCTAHHAM MeTony MeTajsoadinuol
xpomaTtorpadii Ha Ni-NTA araposi Buginuau pe-
KoMmOiHauTHI moxigHi gudTepiliHOr0 TOKCUHY —
CRM197, SbB (cybomuuuriiio B) i pernenTopumii
momeH Rd Ta mocaigmaum iX BOJAMB HaA picT moo-
JIVHOKUX KOJIOHIH KJIiTHMH TpifiuacTo-HeraTuBHO-
ro paky rpyauoi 3amos3u jgooguau MDA-MB-231
3a TAKMMU IIOKa3HUKAaMHU, AK ILJIOIIA, IIEPUMETP
Ta iHgeKc MuUpKyaapHocti. Omep:kaHi pesyabTa-
™1 mokasanau, imo CRM197 i SbB, axi mictuan y
CKJIaIi MOJIeKYJIU TpaHcJoKamiiaui romen Td,
OMHAKOBOIO MipOI0 BUABJJAIU ITUTOCTATUUYHUN
edexT crocoBHO Kaitua MDA-MB-231, smeH1Iy-
I0YM MJIOINY Ta IIePUMEeTP HOOAMHOKNX KOJIOHI.
IIporein Rd He BnmBaB Ha OCTaHHI JBa Imapame-
TPU, AKi XapakTepus3yITh PO3Mip KOJIOHIN, OMHAK
3MiHIOBaB (h)OpPMY IXHBOI'O Kpaio, IPo IO CBiAUUTH
HOiIBUINEHHA iHIeKCY MUPKYIdpHocTi. IMoBipHO,
1o Td moske 6paTu yduacTh y peasisairii murocra-
TUYHOI Ail Uyepesd mMpuUTaMaHHY HOMY IIOPOYTBO-
POBAJIbHY aKTUBHICTD IIOJO0 JIIiZHUX MeMOpaH.
3pobJieHO BUCHOBOK, 1110 Rd i Td, Ha BigMiny Bixg
KaTaJiTUYHOTO JoMeHYy Au(TEepPiiHOrO TOKCUHY,
BifirpaioTh BaKJIUBY pPOJb y peaJsizaril muro-
TokcuuHuX BiaactusBocteir CRM197, a SbB, aka
craagaerseda 3 Rd i Td, € crpykTypHUM (hparmeH-
TOM AU(PTEPiAHOTO TOKCUHY 3 HAaMEHIIIOI0 MOJIe-

ak agajgor CRM197.

Knarwuwosi cnosea: CRM197, nudrepiiHuii TOK-
cuu, HB-EGF, Tokcoin, TpoiiuacTo-HeraTUBHUI
PakK rpyaHOI 3aJI031.
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HETOKCHYECKHUX ITPOU3BOJHBIX
JTUOGTEPUITHOIO TOKCUHA

K. FO. Mawnoiinos
O. H. KpviHuna
A. IO. Jlabvinyes
C.H. Pomaniox
1. B. Koaub6o

WucturyT omoxumuu um. A. B. ITanaaguna
HAH Vxkpaunw, Kuen

E-mail: manoilovmail@gmail.com

ITesnnvio paboThl OBIIA OIlEHKA in VItro IUTO-
CTAaTUYECKOTO AeNCTBUSI PeKOMOMHAHTHBIX (hpar-
MEHTOB HETOKCUUYHOTO TOUYEUHOTO MyTaHTa nTud-
Tepuiiioro tokcuaa — CRM197, xoTopslii OBLI
MIPeAJIOsKeH KaK IOTeHIIMAJbHBIN IIpemapar JJis
JeUeHUs TPOMUYATO-HEraTUBHOTO paKa IPYAHOI
skeses3bl. C 9TOH 1eJbI0 C MCIIOJNB30BAHUEM Me-
Toja MeTasutoad@uHHON Xpomarorpaduu Ha Ni-
NTA arapose BbIZeIeHBI PeKOMOMHAHTHEIE IIPO-
n3BOAHBIE qu(dTepuitnoro Tokcuaa — CRM197,
cyowpenununa B SbB, pemnenropusiii omen Rd
U WCCJIEIO0BAHO UX BIUSHUE Ha POCT OAUHOUHBIX
KOJIOHUI KJIETOK TpOHUaTO-HEeraTHBHOTO pakKa
MOJIOUHOIT KeJje3bl uesoBeka MDA-MB-231 mo
TAKUM ITOKa3aTeJasaM, KaK ILJIOIIaAb, IIEPUMETP U
UHJEKC IMUPKYyJAapHOCTU. [losyueHHBIE PE3yJIb-
TaTel mokasaan, uro CRM197 u SbB, kKotopsnie
COZlepPKaju B COCTaBe MOJIEKYJbl TPAHCIOKAIIH-
oHHBIN momeH Td, B paBHOM cTemeHU MPOABJIA-
JIU MUTOCTATHUYEeCKU 9PPEeKT 10 OTHOIIEHUIO K
kiaerkaMm MDA-MB-231, ymeHbIlIas mJaoManb 1
IIepUMeTP OTHEeJbHBIX Koouuii. IIporenn Rd e
BJIMSAJ Ha OBa IIOCJHEIHUX IIapamMeTrpa, KOTOPbIE
XapaKkTepus3yioT pasMep KOJOHUM, OTHAKO U3Me-
HaJ GopMy UX Kpas, O UeM CBUAETEJILCTBYET II0-
BBIIIIeHTEe MHIEeKCca [MUPKYJAIPHOCTH. BepoATHO,
Td MosxeT IPUHUMATH YYACTHE B PeAJTU3AINHY I[H-
TOCTATUYECKOTO JAeMCTBUA 3a CUET IIPUCYIIEH eMy
IOpooOpPasyIoIleil AaAKTUBHOCTH 110 OTHOIIIEHUIO K
JUnuAHBEIM MemOpanam. CoesaH BBIBOJ, uTo Rd u
Td, B oTiume OT KaTaJIUTUUYECKOTr0 JOMeHa qud-
TePUHHOTO TOKCHHA, UTPAIOT BaKHYIO POJIb B pe-
aaIns3anuu MUToToOKcuueckux cesoiicts CRM197, a
SbB, cocrosamas us Rd u Td, aBiasiercsa cTpyKTyp-
HBIM (pparMeHTOM AU(PTEPUIHOTO TOKCHHA C HAN-
MeHbIIIel MOJIEKYJIAPHOM Maccoii, 1 ee MOKHO HC-
MOJIb30BaTh B KauecTBe aHaysora CRM197.

Kanarouesvre cnosa: CRM197, nudTepuiiHbIA TOK-
cuu, HB-EGF, Toxcoum, TpoiiuaTo-HeraTUBHBIN

PaK I'pyaHON JKeJIe3bl.
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PECULIARITIES OF ANTIBIOTIC BATUMIN ACTION
ON BIOFILM FORMATION BY Staphylococcus aureus
AND Pseudomonas batumici
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The aim of the work was the research of antibiotic batumin action on the biofilm formed by
staphylococci and on the process of the biofilm formation by strain-producer Pseudomonas batumici.
The minimal inhibiting concentration (MIC) of batumin was studied according to The Clinical and
Laboratory Standards Institute standards — CLSI. Biofilm formation was studied using photometric
0O’Toole method with flatbed photometer at wavelength 540 nm. The batumin penetrated into biofilms
of staphylococci and reduced the biomass of the formed biofilm of Staphylococcus aureus and
S. epidermidis at the antibiotic concentration of 0.5 ng/ml, which was only twice higher than MIC of
batumin for planktonic cells. The degree of biofilm changes in the presence of batumin differed for
different staphylococcus strains. However, these differences did not depend on strains sensitivity or
their resistance to the antibiotic.

The ability of batumin strain-producer to form the biofilm and the ability of antibiotic to stimulate
this process in concentrations of 1 and 10 pg/ml was established for the first time. In addition, it was
found that in the Pseudomonas batumici B-321 planktonic culture in the presence of 10 pg/ml
of batumin, the increase in length of producer cells on average by 15% was noted.

The obtained data shed the light on batumin antimicrobic action on the staphylococci biofilm. It can
be argued that is a perspective for treatment of staphylococcal infections. It enabled to consider

batumin as a promising drug for the staphylococcal infections treatment.

Key words: batumin, staphylococci, biofilm.

The polyketide antibiotic batumin
synthesized by the producer strain
Pseudomonas batumici has a high selective
activity against staphylococci [1,2], which
determines the prospects for its medical
application in the treatment of staphylococcal
infections and the control of the nasal
carriage of this pathogen [3]. Data obtained
in recent years indicate that 95 to 99% of
microorganisms in natural habitats exist in
the form of biofilms. It is known that bacterial
biofilms are involved in the pathogenesis
of chronic infections such as osteomyelitis,
rhinosinusitis, etc. [4, 5]. At the same time,
it is known that bacteria structured in
biofilm are more resistant to antibiotics [5],
which is one of the problems of successful
chemotherapy.
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Our preliminary studies on the effect of
batumin on biofilm formation in representatives
of the genus Staphylococcus showed that
the presence in the medium of 0.125 pg/ml
of batumin (half of growth inhibiting
concentration) significantly reduced the
formation of biofilm in 85% of the studied
nasal strains of staphylococci with an initially
high level of biofilm formation [6]. The use of
atomic force electron microscopy showed that the
batumin reduced several times the staphylococci
adhesion to the surface, thus inhibiting the early
stages of biofilm formation [7].

On the other hand, the role of antimicrobial
substances for cells of producer strains in
nature is far from being exhausted by their
antibiotic activity. Strains of P. batumici are
isolated from the soil and are rhizosphere
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bacteria that interact with plants and compete
with different microflora. The formation of
biofilm by such bacteria ensures the nutrients
exchange with the plant, the synthesis of
antimicrobial substances that protect against
phytopathogens and many other effects [8].

In connection with the foregoing, the aim
of this work was to study the effect of batumin
on the biofilm formed by staphylococci, and to
study the influence of batumin on the process
of biofilm formation by the producer strain
P.batumici.

Materials and Methods

The object of the study were 16 strains of
Staphylococcus aureus and S. epidermidis,
including 5 methicillin-resistant strains
(MRSA) isolated at the Institute of
Orthopedics and Traumatology of the Academy
of Medical Sciences of Ukraine from patients
with osteomyelitis. The strains of MRSA are
identified by the method suggested by Boutiba-
Ben Boubaker [9].

Another object was a typical antibiotic
batumin producing strain Pseudomonas
batumici UCM B-321 from the Ukrainian
Collection of Microorganisms (Zabolotny
Institute of Microbiology and Virology of the
National Academy of Sciences of Ukraine).

Antibiotic batumin was obtained by
fermentation of B. batumici strain UCM B-321
and purified by preparative chromatography
(90% purification degree) [10].

The sensitivity of clinical strains of
staphylococci to a broad spectrum of antibiotics
was determined using the Kirby-Bauer
method, CLSI criteria were used to interpret
antibiotic sensitivity. Discs impregnated
with the appropriate antibiotics were used:
amoxiclav, erythromycin, clindamycin,
rifampicin, ciprofloxacin, doxycycline,
vancomycin, teicoplanin, amikacin, linezolid,
lincomycin (Himedia, India). The minimal
inhibiting concentration of the batumin was
studied in accordance with CLSI standards on
Miiller-Hinton agar and Miiller-Hinton broth
[11].

The biofilm formation study was carried
out according to the O’Toole method
[12]. In studying the activity of batumin
against biofilms formed by S.aureus and
S. epidermidis cultures, biofilms were grown
on the bottom of plastic 96-well plates (Thermo
Scientific, USA). 0,2 ml of staphylococci
broth culture was introduced into the
wells. The initial concentration of cells was
5-107 cells/ml, cultivation was carried out for

24 hours at t = 37 °C, further the batumin was
added in concentrations of 0.1; 0.5 and 5.0
png/ml, followed by incubation for 24 hours.
After that, the liquid contents of the wells
were removed, washed three times with
phosphate buffer (pH 7.2), dried and stained.
The percentage of biofilm inhibition (BI) was
calculated as follows [5]:

BI (% ) =100 - [ ODbatumin/ODcontrol]9

where OD,,;,min is Optical density in the holes
with the batumin,OD,_;,; is optical density in
wells without batumin (control).

To study the biofilm formation by P. ba-
tumici strain UCM B-321, it was grown at
t = 28 °C for 48 h in 96-well plates on Luria-
Bertani medium (Becton, USA). 0.25 ml of
the cell culture suspension (5:107 cells/ml)
was introduced into the wells in a nutrient
medium, as well as various (1 and 10 pg/ml)
concentrations of batumin.

A 0.1% solution of gentian violet
ColorGram 2-F (bioMerieux, France) was
used as the biofilm dye, and 0.1 ml was added
to each culture well. After thirty minutes
of contact at room temperature, the dye was
washed three times with distilled water and the
ink was dissolved with 96% ethyl alcohol. The
results were recorded using a Multiskan FC
(Thermo Scientific, USA) flatbed photometer
at a wavelength of 540 nm.

Results and Discussion

Table 1 shows the results of studying the
sensitivity of clinical staphylococcus strains to
widely used in medical practice antibiotics.

The obtained data suggest the high
resistance of MRSA strains to the studied
antibiotics (the growth retardation zones were
only 6 mm), which agrees with the literature
data[13, 14]. At the same time, all investigated
staphylococci strains, including MRSA,
regardless of the source of their isolation
and sensitivity to different antibiotics, were
sensitive to the batumin.

The next stage of our work was to study
the ability of clinical isolates of S. aureus and
S. epidermidis to form biofilms (Fig. 1).

All studied strains of staphylococci formed
a biofilm with different biomass values from
0.20 to 0.68 units of optical density. Strains
that did not synthesize biofilm were not
detected.

Further, we determined the MIC of the
batumin with its action on staphylococcus
cells, both in planktonic culture and in the
composition of biofilms (Table 2).
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Table 1. Sensitivity of clinical Staphylococcus strains to antibiotics

Zones of growth retardation, mm
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S. aureus T5(MRSA) 6 6 6 18 6 22 19 17 16 6 6 25
S. aureus 76 (MRSA) 6 6 6 6 6 20 18 20 21 6 26 30
S. aureus 77 (MRSA) 6 6 22 6 6 6 17 20 17 6 20 32
S. aureus 1463(MRSA) 6 6 6 25 20 20 16 19 16 24 28 28
S. aureus 1813(MRSA) 6 6 6 6 6 24 18 22 22 25 6 35
S. aureus 80 22 6 20 31 24 28 18 24 22 25 24 26
S.aureus 175 6 18 22 35 26 6 15 18 q 19 30 32
S. aureus 1306 25 10 25 25 28 6 20 18 26 26 26 30
S. aureus 1310 30 16 18 24 22 6 19 22 25 28 22 28
S.aureus 1316 30 30 22 24 6 20 18 22 18 25 22 32
S. aureus 1358 20 26 18 30 6 22 17 22 19 25 20 32
S. aureus 1440 20 6 20 6 30 15 17 18 24 21 28 35
S. aureus 1749 25 28 24 28 30 26 20 20 22 22 25 35
S. epidermidis 151 6 20 28 6 24 17 22 20 22 24 20 30
S. epidermidis 618 6 32 22 22 19 19 20 24 20 20 22 32
S. epidermidis 1803 6 6 26 22 20 17 24 26 25 6 18 28
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Fig. 1. Biofilm formation in vitro in strains S. aureus and S. epidermidis
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Table 2. The minimal inhibitory concentration of batumin for plankton cells and Staphylococcus biofilms

Batumin concentration, ng/ml

Strains
Plankton cells Biofilm
S. aureus 75 (MRSA) 0.25 0.5
S. aureus 76 (MRSA) 0.25 0.5
S. aureus 77 (MRSA) 0.25 0.5
S. aureus 1463 (MRSA) 0.25 0.5
S. aureus 1813(MRSA) 0.25 0.5
S. aureus 80 0.25 0.5
S.aureus 175 0.25 0.5
S.aureus 375 0.25 0.5
S. aureus 1306 0.25 0.1
S.aureus 1310 0.25 0.5
S.aureus 1316 0.25 0.5
S. aureus 1358 0.25 0.5
S. aureus 1440 0.25 0.5
S. aureus 1749 0.25 0.5
S. epidermidis 151 0.25 0.1
S. epidermidis 618 0.25 0.5
S. epidermidis 1803 0.25 0.5

For planktonic staphylococcus cells, the
MIC of the batumin was 0.25 ng/ml, the MIC
for the biofilms of each studied strain was
0.5 ng/ml, except for the strain of S. aureus
1306 (MIC = 0.1 pg/ml).

In the course of the work, it has been found
that in the presence of batumin the significant
changes occurred in the biomass of the
microbial community of staphylococci in the
formed biofilm (Table 3).

From the results obtained, it can be seen
that the decrease in the biomass of the formed
biofilm depended on the concentration
of the antibiotic, and the intensity of the
effect was different in the studied strains.
Thus, the batumin concentration of 0.5 png/
ml, which was only twice as high as MIC,
caused a decrease in biomass of biofilm from
34.7 to 77.0% . A further increase in the
concentration of antibiotic to 5 ng/ml only
slightly changed the mass of the biofilm.

According to the literature, the addition
of antibiotics such as ampicillin, cefatoxime,
levofloxacin, rifampicin in concentrations

50 times higher than MICs causes a decrease
in the mass of the formed biofilm up to
30% maximum [15]. Highly active against
staphylococci antibiotic mupirocin isolated
from bacteria of the genus Pseudomonas,
reduced biomass of the formed biofilm by
90% in all investigated isolates of S. aureus
at concentrations 250 times higher than
MIC [5].

According to Moreno M.G. et al. [16]
the MICs of phosphomycin, rifampicin and
levofloxacin when they act on plankton cells
were 1-16 ng/ml, and on biofilms — more
than 1024 pg/ml. The exception was the
antibiotic gentamicin, the MIC of which,
when it acts on plankton cells was 4—8 ng/ml,
on biofilms — 8-16 png/ml. Allison et al. [17]
found that gentamicin kills persistent cells of
Escherichia coli and Staphylococcus aureus.
Persistent cells are a subpopulation in biofilm
and are tolerant to antibiotics, thus remain
viable when exposed to pharmaceuticals.
The author suggests that rifampicin and
benzylpenicillin kill most of the cells in the
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Table 3. Batumin effect on formed biofilms biomass of staphylococci

Batumin concentration, ng/ml

Strains
0.1 0.5 5.0
Decrease in relation to control,%
S. aureus 75 (MRSA) 47.7 57.2 57.4
S. aureus 76 (MRSA) 31.1 34.7 34.1
S. aureus 77 (MRSA) 57.9 63.2 60.3
S. aureus 1463 (MRSA) 67.7 69.3 68. 2
S. aureus 1813 (MRSA) 75.2 77.0 77.0
S. aureus 80 36.0 40.1 40.0
S. aureus 175 39.3 50.0 49.3
S. aureus 375 38.1 52.4 51.0
S. aureus 1306 56.8 56.8 54.0
S. aureus 1310 64.0 74.3 74.2
S. aureus 1316 25.8 37.2 34.3
S. aureus 1358 65.0 67.5 68.5
S. aureus1440 57.2 65.8 62.9
S. aureus1749 35.0 60.0 60.1
S. epidermidis 151 48.4 51.5 54.8
S. epidermidis 618 40.2 44.1 44.0
S. epidermidis 1803 50.0 60.3 60.0

biofilm, except persisters, and gentamycin,
selectively acting, leads to their complete
eradication. Earlier, we showed that the
batumin also has a high activity against
SSCVs persisters (S. aureus small colony
variants) [18]. Thus, by the mechanism of
action on staphylococcus biofilms the batumin
is probably similar to gentamicin.

The obtained results indicate that
the batumin penetrates into the formed
biofilms of clinical strains of S. aureus and
S. epidermidis, and after 24 hours of action
causes a decrease in the biofilm formation
process. It should also be noted that the
antibiotic significantly reduces the biomass
of the biofilm formed in strains with an
initially high level of biofilm formation
(Table 3). We obtained similar results when
studying the action of antibiotic batumin on
biofilm developing. The efficacy of batumin
at a concentration of 0.125 pg/ml (half of
its MIC) was higher for strains with a high
biofilm weight [6].

It is known that matrix components play
an important role in the process of antibiotics
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penetration into biofilms. The lipids of the
biofilm matrix and bacterial membranes are
identical in qualitative composition [19].
When studying the mechanism of batumin
action on staphylococci, we found that in
this pathogen under the action of antibiotic
the significant changes in the fatty acid
profile, which leads to an increase in fluidity
of membrane lipids and permeability of
the membrane in S. aureus take place [20].
Based on the similarity of the composition
of the biofilm matrix lipids on one side,
and the membrane of the bacterial cell on
the other side, it can be assumed that the
batumin penetrates well into the biofilm
of staphylococci and causes significant
changes in the biofilm formed, which we
observed.

Attention is drawn to the fact that
the intensity of changes in biofilms in the
presence of batumin differs in different
strains of staphylococci, however, these
differences do not depend on the sensitivity or
resistance of strains to the studied antibiotics
(Tables 1 and 3).
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Fig. 2. Batumin effect on the biofilm formation by strain P. batumici UCM B-321:
marked columns (*) are significantly differ from the control at P < 0,05

Apparently, the changes we have detected
in the biofilms of staphylococci under the
influence of batumin make them unstable,
incapable of persistence and dissemination in
the human body.

Another stage of our work was the study
of the batumin influence on the processes
of biofilm formation by the strain-producer
P.batumici (Fig. 2).

Batumin in concentrations of 1 and 10 ng/ml
increased biofilm formation by a culture from
0.442 = 0.126 units of optical density in the
control without antibiotic up to 1.539 =+
0.246 and 1.728 *= 0.402, respectively. It was
also found that in the planktonic culture of
P.batumici B-321 in the presence of 10 pug/ml
of batumin, an increase in cell length of
the producer by an average of 15% was
noted. In control (without batumin), the cell
length was 2.34 = 0.22 x 0.65 = 0.02 ym; at
a concentration of 10 pg/ml of batumen it
was 2.69 = 0.23 x 0.75 = 0.09 pym. Such an
increase in cell length in pseudomonads may
be associated with a decrease in the frequency
of cell division [21].

In the literature, information is provided
on the role of antibiotics, in particular
phenazines synthesized by Pseudomonas
species, in the biofilms formation by
pseudomonads. In this case, phenazine
antibiotics are able to change the expression
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BIOIIJIBKMU ¥ Staphylococcus aureus
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MeToio po6oTH OYJIO JOCTiAUTH mifo aHTHGiO-
TuKa 6aTyMiny Ha chopMoBaHy cTaioKOKaAMU
0iomIiBKYy, a TaKOK Ha Ipoliec 6i0mIiBKOYyTBO-
pPeHHS MmTaMoM-TIpoAymeHToM Pseudomonas
batumici. MinmimanpHy iHriOyBaJbHY KOHIIEH-
rpanio (MIK) 6aTyminy BcTaHOBJIEHO 3TigHO 3i
craagapramu CLSI IHcTuTyTy KiIiHiuHUX Ta Ja-
O6opaTopHUX cTaHmapTiB. PopMyBaHH OiOMIiBKHU
puBuasu doromerpuunum meromom O’Toole 3a
JIOIIOMOTOIO IIJIAHIIIETHOTO (hoTOMETpa 32 TOBIKU-
Hu xBui 540 uMm. 3’sacoBaHo, 1110 6aTyMiH IPOHU-
KaB y OiommiBKku craisokoKiB i 3umMKyBaB 0io-
macy chopmoBaHoi Giomnisku y Staphylococcus
aureus i S. epidermidis 3a KOHIIeHTpaIii aHTUOi-
oruka 0,5 MKTr/MJ, AKa JUIIe Yy ABa pasu mepe-
puirtye MIK 6aTyminy 3a mii Ha mIJIaHKTOHHI KJIi-
TUHU. 3MiHU OiOILIIBKY y IPUCYTHOCTI 6aTyMiHy
PiBHATHCA ¥ PidHUX IITaMiB cTadiIOKOKiB, OMHAK
1Ii BiAzMiHHOCTI He 3ajieKaTh Big uyTamBOCTi a60
PEe3UCTEHTHOCTI IIITaMiB 0 aHTUGiOTHKA.

VYuepiiie BCTAHOBJIEHO 3AATHICTH IIITAMY-IIPO-
OyIleHTa 0aTyMiHy OO YTBOpPeHHS OioILIiBKM i
CTUMYJIAIII I[bOTO IIPOIeCY CAMUM AHTHOIOTHKOM
y koHueHTpaniax 1i 10 mxr/ma. Takox BigsHa-
YeHO, 110 Y MJIAaHKTOHHIA KyJaAbTypi P.batumici
B-321 3a mpucytHOocTi 10 MKr/Ma 6aTyMiHy ZOB-
JKMHA KJIITUH OPOAyIleHTa 36iJbIyBaiach y ce-
peaabomy Ha 15% .

OTrpuMaHi JaHi BiIKPUBaIOTh HOBi acmeKTHu
aHTUMiKpoOHOI il 6aTyminy Ha 6iomriBKy cradi-
JIOKOKIiB, IO TMOJATAIOTh IK y 3amobiranui gop-
MyBaHHIO, TaK i B iHriOyBaHHi BiKe cpopmMoBaHOI
6iomriBku. Ile gae migcraBu posriasamaTu 6aTyMiH
SAK IepCIeKTUBHUII 3acib JikyBanusa cTadigoko-
KOBUX iH(pEKIii.

Knrouosi cnosa: 6atymin, staphylococci, 6iommiBka.

OCOBEHHOCTH JIEVICTBUSA
AHTUBHUOTUKA BATYMHUHA
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ITenbro paboThl OBLIO UCCIeAOBaAHE NeHiCTBUSA
aHTUOMOTHKA OaTyMmHA Ha cHOPMUPOBAHHYIO
crapuIoOKOKKaMu OWONJIEHKY, a TaKXe Ha
mporiecc 6uOMmIeHK000pa3oBaHuA MIITAMMOM-IIPO-
nyueaToMm Pseudomonas batumici. MunumaabHas
uHrubupymoiasa koumneurpanus (MUK) 6arymu-
Ha oIlpejesieHa B COOTBETCTBUU CO CTaHAAPTAMU
CLSI UuCcTUTyTa KIMHUYECKUX U JaOOPaTOPHBIX
crargapToB. PopMUpOBaHUE OMOIJIEHKHU U3yda-
au poromerpuueckum merogom O’Toole ¢ momo-
IITBIO TIJIAHIIIETHOTO (hoTOMEeTpa IpPU JJINHE BOJHBI
540 HM. YCcTaHOBJIEHO, UTO OATYMUH IPOHUKAJ B
OMOMJIEHKY CTa(PUIOKOKKOB U CHUKAJ OroMaccy
chopMupoBaHHOU OuomaeHku y Staphylococcus
aureus u S. epidermidis Ipy KOHIEHTPAIY aHTU-
6uotuka 0,5 MKIr/MJI, KOTOpas JIUIIb B Ba pasa
npeBbimiaia MUK Garymuna npu meficTBUUM HaA
IJIAaHKTOHHBIE KJIEeTKU. VIaMeHeHUA OMOILJIEHKY B
MIPUCYTCTBUM OATYMUHA PA3JUYAIOTCA ¥ PA3HBIX
IITAMMOB CTaA(PUIOKOKKOB, OJJHAKO 9THU PAa3IUUU
He 3aBUCAT OT YYBCTBUTEJIbHOCTHY UJIN PE3UCTEHT-
HOCTH IIITaMMOB K aHTUOMOTUKY.

BrepBbie ycTaHOBJI€HA CIIOCOOHOCTD IIITaMMa-
IPOoayIleHTa 0aTyMHHA K 00pa3soBaHUIO OMOILIEHKHI
U CTUMYJIAIUU 9TOTO IIPOIlecca caMUM aHTUOUO-
TUKOM B KoHIleHTpanuax 1 u 10 mxr/miu. Takske
OBLJIO OTMEUEHO, UTO B IIJIAHKTOHHOU KYJIbType
P. batumici B-321 B mpucyrcrBuu 10 MKr/Ma 6a-
TYMUHA IJUHA KJIETOK IPOAYIIEHTA YBEJINUNIACD
B cpenuem Ha 15% .

ITonyuenHble gaHHBIE OTKPBIBAIOT HOBBIE
ACIeKThl aHTUMUKPOOHOTO MeficTBUA OaTyMUHA
Ha OMOIJIEHKY CTa(PpUIOKOKKOB, KOTOPBIE COCTOAT
KaK B IPeJOTBPAIeHNN (DOPMUPOBAHUA OUOTIIJIEH-
KU, TaK U B UHI'MOUPOBAHUHU YKe CPOPMUPOBAB-
miericsa OMOIIJIEHKH. ITO JJaeT OCHOBAHUS paccMa-
TPUBATh OATYMUH KaK MEPCIeKTUBHOE CPEACTBO
JeYeHUs CTa(PUIOKOKKOBBIX MH(EKITUIA.

Knrouesvie cnosa: 6arymus, staphylococci, 6uo-
IJICHKA.
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