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APPLICATION OF CONTENT MANAGEMENT SYSTEM
BY EXAMPLE OF MUNICIPAL CLINIC

Abstract. The paper investigates the issues of ready management systems application at creating and managing
a site on the Internet. The paper highlights the advantages and features of the Content Management System (CMS)
application for site development. In addition, the CMS functioning and its technological structure are described in
details, the standard structure of the site is shown, the existing ready solutions are described, the available models of
data presentation and its classification are shown. The main problems that could appear during filling the content,
site editing are highlighted, and possible ways of its elimination are shown. As an example, the municipal clinic #17
site created using the CMS was analyzed.

Key words: content management systems, information technologies, site building, municipal polyclinic.

Introduction. The adoption of contemporary information technologies in medicine is not a typical
thing, but this brings the health care system to the next level as the immediate access to the information
and its exchange decreases significantly the time expended to solve a problem, and the time is often a
crucial factor for saving the people lives.

The creation of an own site can become a key factor for further development of a medical organi-
zation. At the same time the development of sites for municipal clinics is a quite difficult task.

Currently, there are different systems to manage the content. Among others, there is the Content
Management System (CMS) that is considered as the breakthrough technology to create the projects of
any complexity. The distinctive features of the CMS are high reliability and quality of the performance. In
addition, the CMS popularity is gained by its open-source feature. And, at the same time, the system
capabilities are the same as of paid contents.

The CMS allows creating the sites without knowledge of html, css and other web-programming
features. The CMS also allows quick adding, removing, editing and formatting the content that is impor-
tant for significant facilitation of the site management process.

The opportunity to add text files and multimedia materials allows enhancing the attractiveness of the
site for new users. Another advantage of the CMS application is automated generation of the admini-
strator panel that is connected with all fields of the site operations showing the system convenience and
usability.

The application of the CMS for a web-site creating for medical organizations allows improving the
level of services quality, makes the medical aid more accessible, allows satisfying the population with the
rendered medical service, provides maximum transparency and patient awareness with the results of
diagnostics, treatment, health assessment, methods of preventive care and monitoring of its health state.
This work describes the application of the CMS for the site creation for the municipal polyclinic #17.

1.1. Technological base of the CMS. For the detailed analysis of individual capabilities of the CMS
to create and support the medical organization sites and to understand the difference it is necessary to
provide a definition for the CMS and its functions.

The Content Management System is software allowing any user to publish and change by himself the
information published in the site without addressing to the site developers. To use the system it is not
necessary to have any special knowledge and technologies. However, the training of the personnel is obli-
gatory in the part of learning the system operation, not more [1].
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The CMS is usually consists of back-office (infrastructure system) and front-office (user interface).
Back-office provides the functionality and information store, and includes the applications servers
and port solution. Namely the back-office implements all functional operations and site management, and
the front-office is responsible for user features. Front-office has the web-interface allowing editing
documents using standard office packages such as text editor, electron table, presentation, mail system
ete. [2, 3].

The already in-built design templates of the CMS allow users creating the design of pages and chan-
ge them minimizing the dependence on developers. The CMS administrator, using a computer mouse, can
place different information blocks within the set page, determine its size, color and other features of the
site. Another significant advantage of the CMS is Drag&Drop function to manage the site content. To set
a new position for a document in the structure or to make a note in the list, it is just necessary to “catch”
this position with the mouse and “drag” to a new place the same as it is done with files in Microsoft
Windows explorer.

1.2. The structure of the site based on the CMS. The CMS system has two databanks: relational
DBMS and file system. The first databank is designed for data published in the site, the second — for
presentation elements (templates, images etc.). In addition to the external presentation of the site, there are
two specialized workstations [4].

The first workstation is designed for the site developers. Here the developers can set the structure of
site and content, change design and site view, set the templates for the information presentation. Usually,
these operations are semi-automated. The site setting is conducted using the CMS means, and another part
of information is placed manually.

The second workstation allows the site owners and a company staff to place the information in the
site themselves. The customer managers operate through the specialized workstation.

Today, the most organizations, independently on its size, structure and type of activity, have their
own web-site. The local Ethernet is used by a tiny part of companies. At the same time, the contemporary
web-sites of the Companies are based on static pages and as a result the process of the information
placement is not visible for users. But this type of operation requires managers to have knowledge and
competencies in the field of programming and HTML as the risk of errors is high [5].

The CMS system also allows an employee to renew information quickly without addressing the site
developers. The information is renewed itself, so there are no expenses for a developer or the site main-
tenance. Thus, the cost of support decreases.

The CMS provides a lot of services — search, forum, poll etc., i.e. for the creation of a site based on
the CMS the tested ready modules can be used. In comparison with a static site, the CMS splits data and
its presentation allowing changing the external view of the site with lower expenses.

When the site is created using the CMS the further information is renewed by non-technical
specialists. This became possible owing to the definite web-interface allowing placing information, use
definite visual instruments for editing, import information from Office documents. Web-interface is a
specialized workstation accessible via the Internet Explorer [6].

One of the key moments is the opportunity of visual editing of the text. The system has WYSIWYG
(What You See Is What You Get) — an editor allowing for placing a text and formatting a document
without special technical knowledge [7]. Along with a text, it is also possible to place different images —
graphs, diagrams etc.; the system has an opportunity to transfer data from the Office applications to the
site.

The Microsoft Internet Explorer has a managing element allowing for visual editing. Developers
access this managing element and then the results of its work are used. As the system uses the in-built
capabilities of the Microsoft Internet Explorer (MSIE), to publish the information it is necessary to use the
Internet Explorer. But this is only for developers and owners of the site who replenish and edit the
content. As for the site users they can use any Internet browser [8].

During the site content replenishment, the managers encounter with a problem of text placing
together with images, i.e. inside the text, not in its beginning or end. The WYSIWYG editor described
above does not have this capability. It allows placing a link to the image at any place and requires indi-
cating the server address (URL) where the image is placed. In result, the image automatically appears in
the server at the discretion of editor.
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To solve this problem it is necessary to modify this software so an image could be placed into the
common library. Another way is image link to a definite document, and further during the editing process
choose necessary image to include.

The difference of the methods is in quantitative application of images. The first method allows
repeated application of the same images, but if its quantity is large it becomes difficult to find necessary
one, and deleting unnecessary data is complicated. The second method does not allow using the same
image in several documents; otherwise it is necessary to upload an image several times for each docu-
ment. But the advantage of the second method is more facilitated process of selection and automated
deleting of images together with the document.

Thus, the Content Managing Systems allow managers having no technical knowledge and com-
petence to publish information in the site and implement the simple operations on text editing. Text
highlighting with italics on the site page is made the same as in Microsoft Word and this capability exists
in all systems.

1.3. Existing CMS solutions. At the present time the CMS is one of the most competitive applica-
tions in its field. There are several tens of thousands of such applications in the world that can be divided
into the following classes:

— closed-source systems;

— open-source systems.

The closed-source applications are mainly used by large enterprises and organizations. The most
famous applications among them are Microsoft Content Management Server, Documentum, Plumtree
Portal, IBM WebSphere Portal [9].

Due to high price of the project adoption on the base of these solutions, the field of its application is
quite narrow and is limited to creation of the Internet solutions for large organizations.

The open source systems have such features as accessibility, source code availability, localization
opportunity. At the same time there are the following problems of its exploitation:

1. Lack of technical support — all problems appearing during the process of such systems application
are solved by a developer himself.

2. Narrow application field — most often the product was a side result of own tasks solving.

For example, the developers created a site-community for communication. And further, the solution
on which the site operates is proposed as the CMS.

It is clear that such solution can solve well the tasks on creating the similar sites, but can be abso-
lutely unpractical to solve other tasks (online commerce, b2b, etc.).

The most famous examples of such systems are OpenCMS, PhpNuke, PostNuke, Portal Starter Kit
etc.

1.4. CMS classification. Over the years the Content managing systems improved significantly. The
CMS can be classified by the fields of its application [10]:

Portals. Portals are used for information resources; its main goal is to facilitate maximally the publi-
cation of papers and news. They can consist of individual modules. Among the most famous represen-
tatives of this class are AngelineCMS, Bes-cms, CoolPHP, CPG-Nuke, Be6ZE, Xaraya, xNuke, XOOPS
and other.

Engines without SQL. This branch in the CMS elaboration is developed poorly as application of
files instead of database tables for storage causes a lot of problems which solving is very difficult.
Its advantage is accessibility for content modification and opportunity to be placed at free of charge
hosting. This idea was used by the following companies: Cute News, DeelLight CMS, Progressive,
SAPID.

Blog. A “blog” originates from English “weblog”. Russian term — “network diary” — this is a site
containing author’s private notes. And the notes are links to the sites interesting to the author, and
comments to them. The blog can consist not only of links, but online diary of a user. There following
CMS can be related to this category: b2evolution, bBlog, BLOG:CMS, MyPHPblog, Nucleus, pLog,
pMachine Free, Serendipity, Textpattern, WordPress, XHP.

Forum — is the instrument for communication on the site. The forum messages are similar to e-mail
messages — each has an author, topic and content. However, to send a message within a forum, no
additional utility is required — it is just necessary to fill a proper form in the site.
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A distinctive feature of the forum is that its messages are combined in threads. When one user
answers the message of another one, his answer will be “tied” to the original message. The famous
forums are FUDforum, openBB, Phorum, phpBB, PunBB, W-Agora, XMB, Zorum, ExBB, IPB,
vBulletin.

Stores. A store is any site at which any goods can be ordered. “Goods” is absolutely everything in-
cluding the access time to the Internet, minutes of cell connection. The virtual stores created using the
CMS: MyMarket, osc2nuke, osCommerce, Zen Cart.

Groupware is the software allowing arranging the operation of a company, relations with clients and
customers in the Internet network. Usually, this is completely or partially closed part of the site allowing
tracking the implementation time of the set tasks, distribution of roles and time standards. It is also
possible to raise the issues for discussion for making decisions by higher management. The following
CMS are known: dotProject, eGroupWare, MoreGroupware, phpCollab, PHProjekt.

Training (e-Learning) is a distant form of education through the Internet. The distant learning has
being used for a long time in educational systems of a lot of world countries. Its main strategic goal is fast
renew of knowledge and effective application of the information. There are a lot of such systems:
ATutor, Claroline, LogiCampus, Moodle, Segue, Site@School.

Knowledge Base provides an opportunity to collect the experience of numerous developers. Each
database has its own distinctive structure; therefore currently there are no definite common solutions. The
most famous knowledge base is RFC [Request For Comment] — request for comment that describes a
work with a protocol etc.

Billing. Billing is the software that allows providers and resellers to work with clients’ bills. This
kind of the CMS represents an integral part of a large system on recording the services consumed by
users. The task of the CMS is to render the information on the provided services, add new services, chan-
ge current parameters, accept payment etc. Often such systems are developed by own means. The billing-
panel RuUWEB has a lot of service plans allowing paying only for those hosting parameters (traffic, hard
disk space, MySQL, PHP, Perl...) that are used to its full extent.

Administrator hosting panel. This class has such products as Direct Admin and Control Panel.

1.5. Models of CMS data presentation. The frame-based data model uses such definitions as class
and object. Classes determine the data structure and represent a set of attributes (text string, round
number, image etc.).

The class representatives (objects) have definite structure and can include other objects forming
undefined hierarchical structure. The objects can copy the properties, content and behavior of the objects
they contain. The objects examples are documents, images, folders and users accounts. The content class
does not keep real data — such information is stored in objects (class templates). After determination of
one class it is possible to create a lot of its representatives (content objects).

The CMS-systems usually keep data in the relational database. In this case the frame-based data
model is reflected on the relational database model. The links between the objects are created, for examp-
le, using such tables as id, from object, from_object version, to_object [11].

Usually, the systems based on the object-oriented data model are more functional, flexible, but, at the
same time, more complex.

The frame-based data model in CMS divides the content into individual modules by the type of
content. The data structure depends on the module and all work with content is focused inside the module.
The modules do not depend on other systems and are responsible for the work with documents of this
type. The documents are described using definite set of parameters — the types of documents are strictly
fixed. The functionality can be enlarged by adding a new module, replacement or editing of the existing
code. Usually, the documents of different modules and the documents of the same module are not inter-
connected. The content of standard set of content (modules) types consists of links, articles, files, news,
sections and forums. The obvious limitation of data module did not affect the system popularity owing to
the simplicity of its application.

These are such systems as PHPNuke, Joomla! and Xoops. The common shortage of the module
CMS-systems is a strict fixation of content structure within the module. At the same time to enlarge its
functionality it is possible to use external modules. The distinctive advantage of the frame-based systems
is obtaining of almost ready to use portal over a short period of time [12].
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1.6. Parameters and elements of the web-site of municipal clinic #17. The clinic web-site of
MUS on REM “Municipal clinic #17” of the Healthcare Department of Almaty is located on
http://gp17 kz.

MUS “Municipal clinic #17” is legal successor of the municipal hospital #2 (hereafter MH #2).
Municipal clinic #17 is the polyclinic of mixed type, rendering services for 76500 persons, among them:
adults — 55106, children — 21394, kids under 5 years — 8380, women of fertile age — 20238 [13].

The polyclinic uses innovation technologies to render services for population. “Electronic Queuing
Systems” are installed at the reception and all departments of the polyclinic where the queues are
possible: fluorography, mammography, X-ray, treatment rooms. The time-table of doctors’ reception is
actualized in the electronic board “Time-table of reception”, the changes are automatically copied into the
time-table of the clinic web-site.

There are also other online informational services, such as “Prescription of medicines”, “Sick notes”,
“Fluorography card register”, “Immunoprophylaxis” that systematize and facilitate significantly the work
of medical staff.

Digitization of the healthcare system of Kazakhstan is one of the priority tasks of the project
“Modernization of the healthcare system” under the implementation of the President’s Address “Third
modernization of Kazakhstan: global competitiveness”. The topicality of digitization issues is connected
with increasing demand of citizens for qualitative medical services [14]. According to the schedule
approved on 04.04.2018 by the Mayor Deputy of Almaty, since May the municipal clinic #17 started to
transfer to “Damumed” Program. Since June 1, 2018 the polyclinic operates under this Program to full
extent. Every citizen registered to municipal clinic #17 has the electron passport of health. Currently, the
electron cards are filled with patients’ data [13].

The application allows people booking an appointment with a doctor from home, receive the results
of analysis, and call the ambulance. All actions of a patient in a clinic are shown in the personal profile of
a user and in passport of health, and are accessible at every step of aid rendering.

The home page of the municipal clinic #17 is presented in several blocks: the upper part shows the
site name represented by a graphic base and text with organization name.

The web-site has the blocks of right menu and main menu. The download of the homepage takes just
a few seconds. There is no Flash screen in the site that is the advantage for the informational site. Colors,
types and graphics are in uniform style. The main text is black on grey background. The colors of pages
design are in balance.

On the left, closer to the middle part of the home page is the news of the clinic. On the right, under
the menu of the home page is healthcare news. In the page bottom, under the blocks of menu and news of
the clinic there is a clinic contacts block and different videos.

The web-site also has Damumed representing the integrated medical information system. For more
convenient use of the site, there is a private profile option allowing receiving electron service for the
registered user and members of his family. According to the National standards requirements the site has
visually version.

All pages of the site were developed in uniform style. The considered web-site meets the contem-
porary requirements of target audience. To find necessary information no more than 3 hyperlinks pass are
required. The home page is not overloaded with abundant information. Graphic design is minimal and
does not hinder the information apprehension. The quality of graphics is good. The colors are pleasant for
eyes. The text is easy readable, and does not merge into the background. The site supports scaling and can
operate with any resolution starting from 800x600 pixels and higher. The lower angle of any page always
has useful links, roadmap and contact information of the organization.

The web-site content corresponds to its purpose. The web-site has all regulatory acts regarding the
clinic activity, time-table, regulations and rules of the polyclinic. All information necessary for a user-
patient is easily accessible and found. In addition, the polyclinic site shows news and other medical
announcements. The information in the site has no syntax or grammar errors, text abundance is not
observed. Information is brief, clear and logically correct.

Thus, the considered site is easy for use, understandable, and its content is structured in details.

Conclusion. The conducted research allows making the following conclusion:

1. Any CMS in its base view is just a frame that can be added with additional functions using plugin
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modules. These are also mini-utilities that are integrated with the system and implement necessary
functions.

2. The application of the CMS for the site creation solves the following tasks:

— reduces the time for the site development owing to ready solutions, to create a site it is only
necessary to connect and make settings;

— further exploitation of the site (filling, editing, deleting) does not require a programmer, the site can
be managed by the site owner;

— the site operates on a stable system that is constantly renewed and adapts to new realities.

3. The web-site of the municipal polyclinic #17 developed on the base of the CMS application shows
the information on the clinic, allows looking through the list of services, provides detailed information on
the rendered services, allows booking an appointment with a doctor, receive the results of analysis online,
call ambulance etc. Owing to the information technologies the citizens have continuous access to the
polyclinic services, the load on medical personnel decreased significantly, and some other issues ham-
pering the operation of other clinics in the country were eliminated.

4. The web-site of the municipal polyclinic #17 allows improving the level of quality, accessibility of
medical aid, satisfaction of population with rendered services, ensures maximum “transparency” and
awareness of a patient with the results of diagnostics, treatment, health examination, methods of pre-
ventive treatment, and monitoring of his health state dynamics.

H. A. 90iakaiibip
KoraMpIK AeHCaAYJIIBIK caKkTay MekTeOi, Anmatel, Kazakcran

CAUT MA3MYHbBIH BACKAPY )KYWECIH
KAJIAJIBIK EMXAHA MBICAJIBIHJIA KOJJIAHY

AnHoTanus. Makanama WHTEpHET JKeNiCiHIe CallT Kypy koHe OacKapy KesiHAe HalbIH Oackapy XKyHernepin
maiinanmaHy Mocelenepi KapacThIpbUIFaH. Makanana caTTel o3iprmeyre apHamraH Content Management System
(CMS) KOCBhIMILIACHIHBIH apTHIKUIBUIBIKTAPBl MEH €peKIIeniKTepi kepceriireH. bynan 6acka, CMS ¢dyHKIHOHATbI,
OHBIH TEXHOJOTHMSJIBIK HEri3l TOJIBIK CHIATTAJBIN, CTaHAAPTTBl CAaWT KYPbUIBIMBI MEH KOJIAHBICTAFbl JaiblH
mIenriMaep, AEpeKTepai KOpCeTyAiH KOJAAaHBICTaFrbl YIATUIEpl jKOHE ONapAblH JKikTemyi kepcerinreH. CoHpaif-ak
CalTTHI TOJBIKTHIPY, TY3€TY OapbIChIHIA TYBIHAAYbl MYMKIH HETi3ri MaceJelep »oHe OJap/bl JKOKJbIH BIKTHMAI
xongapbl aranraH. Meican peringe CMS kemeriMen KypburraH Nel7 KananblK eMXaHaHbIH CaiThiHA Tajjuay
XKYpri3iirex.

Tyiiin ce3mep: KOHTEHTTI Oackapy Xyiieci, aknapaTThIK TEXHOJIOTHSIIAP, CAlT KYpY, KaJlaJIbIK eMXaHa.

H. A. Adnaxaiibip
Bricmiast mkosma o01ecTBEHHOTO 3ApaBooxpanenusi, AnMatel, Kazaxcran

INPUMEHEHUE CUCTEMbI YIIPABJIEHUS COAEP?KUMbIM CAHUTA
HA ITPUMEPE I'OPOJACKOMU NMOJIMKJINHUKHN

AnHOTanusi. B craTbe McclienyroTcsi BOIPOCH NPUMEHEHHUS! TOTOBBIX CHCTEM YIPaBJICHHUS MPU CO3IAaHHU U
YIpaBJeHUH CalTOM B CETH MHTEpHET. B pabore oTMeueHs! nmpeuMyiiecTBa U ocoOeHHOCTH npumeHenus: Content
Management System (CMS) npu paspabotke caiitoB. Kpome Toro, moapo6Ho ommcan ¢ynkiuonan CMS, ero
TEXHOJIOTMYECKast OCHOBA, NPUBE/ICHA CTaHAAPTHAsI CTPYKTYpa caiiTa, OIMCaHbl CYIIECTBYIOIINE TOTOBBIE PEIICHNS,
NPUBEACHBI CYLISCTBYIOLINE MOJEIH IPEACTABICHUS NAHHBIX, ITOKa3aHa WX Kiaccuukaims. Taroke BBIICICHBI
OCHOBHBIE TIPOOJIEMBI, KOTOPBIE MOTYT BO3HUKHYTB B IIPOLIECCE HANIOJHEHHS, PEIAKTUPOBAHUS CaiiTa, U BO3MOYKHbIE
IyTH UX ycTpaHeHHs. B kadecTBe mpumepa, NMPOBENEH aHAIU3 cailTa ropoAckoil noaukiauHukud Nel7, xotopas
co3aHa ¢ ucroib3oBanuem CMS.

KnioueBble cJI0Ba: CHUCTEMBl YIPABICHHS COICPKHMBIM CaiiTa, MH(OPMALMOHHBIC TEXHOJOTHH, CaHTO-
CTPOEHUE, FOPOJICKas MONUKINHHUKA.
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KRAS MUTATION FREQUENCY AND SPECTRUM
IN COLORECTAL CANCER: CORRELATION WITH
THE TUMOR LOCALIZATION
IN KAZAKHSTANI POPULATION

Abstract. Aim. Activating mutation in KRAS oncogene is one of the most significant events in colorectal can-
cer (CRC) molecular pathogenesis. Along with the success of complex treatment, understanding the CRC genomics
due to the extensive use of molecular genetic studies promotes an optimum choice of therapy variants. The aim of
this study was to define the frequency and spectrum of KRAS gene mutations in CRC patients depending on the
tumor localization for choosing the treatment tactics and predicting the course of the disease.

Method. This retrospective study included 332 CRC patients treated in the Republic of Kazakhstan from 2010
to 2014. Their tumor material was formalin-fixed and waxed and morphologically assessed. KRAS mutation status
was established by PCR study.

Results. The mutations were most frequent with rectal cancer (n=82, 55%), followed by left-sided colon cancer
(n=43, 28.9%), and right-sided colon cancer (n=24, 16.1%). The mutations were most frequent in codon 12, in
particular, G12D — 32.9%, G12V —24.2%, and G13D — 19.5%.

Conclusion.

1. The obtained results on KRAS mutation frequency correspond to the data published by other researchers.

2. KRAS mutations are more frequent in left-sided colon cancer compared to right-sided colon cancer
(P =0.001).

3. There is an upward trend in KRAS mutation frequency with tumor localization in the distal parts of the
colon, especially in the rectum.

4. The mutations were most frequent in codon 12, in particular, G12D, G12V, and G13D. G12V mutations were
frequent in tumor localization in the rectum.

Introduction. Colorectal cancer (CRC) is a heterogeneous group of tumors which differ in both the
mechanisms of carcinogenesis and, therefore, molecular changes, and the prognosis of the disease and the
specifics of treatment. Today, choosing tactics for treating patients with metastatic colorectal cancer shall
take into account not only clinical factors like tumor spread, patient functional status but also the
molecular profile of the disease.

The frequency and spectrum of KRAS gene mutations and their correlation with clinical and
morphological features of patients with CRC are widely studied in the literature. Several studies (see the
analysis of 551 cases of CRC at diagnosis by Palomba et al.) did not reveal any significant correlation of
KRAS gene mutation frequency with the patient’s age, gender, tumor localization and depth of invasion,
the degree of malignancy, and the presence of regional or distant metastases [1, 2]. Still, there is evidence
that KRAS gene mutates more often in rectal tumors than in tumors in the overlying colon. Some
researchers have revealed the relation of the KRAS gene mutation in codon 13 with the stage of the tumor
process [3-6].

Thus, the prognostic value of KRAS gene mutation in CRC tumor has not been fully proven in the
literature and requires further research.

Purpose of this study was to define the frequency and spectrum of KRAS gene mutations in CRC
patients depending on the tumor localization for choosing the treatment tactics and predicting the course
of the disease.
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Method. Patients and data extraction. This retrospective study included 332 patients diagnosed with
CRC and registered at the Regional Cancer Centers of the Republic of Kazakhstan in 2010-2014. Their
KRAS status was established by PCR study of their post-surgery or biopsy samples.

In the study, women (n=182, 54.8%) prevailed over men (n=150, 45.2%). Most of the patients (88%)
were aged 44 and above; only 12% were below 44 years. The average age was 56.4 + 10.5 years (25 to
79 years).

All patients underwent a complete clinical examination, X-ray, CT, ultrasound, MRI of the chest,
abdomen, pelvic organs; their CRC diagnosis was confirmed morphologically.

DNA extraction and KRAS mutational analysis. Molecular genetic study of KRAS status was
conducted at the Laboratory of Pathomorphology and Molecular Genetics of the Kazakh Institute of
Oncology and Radiology. The quality of the obtained materials was assessed morphologically. Depending
on the percentage of tumor cells in the sample, the samples were subjected to 3-5 macro dissections and
dewaxing for DNA extraction. The samples containing less than 20% of tumor cells were microdissected
along the slide zone previously marked by the morphologist to avoid false-negative results. The DNA was
extracted using the FFPE DNA extraction kits (QIAGEN, Inc. Valencia, CA). The concentration of the
extracted DNA was determined using NanoDrop spectrophotometer (Thermo Fisher Scientific, Massa-
chusetts, USA); DNA quality was assessed using real-time control PCR comparing the results with
control DNA. The mutations in KRAS codons 12 and 13 in exon 2 were detected by allele-specific PCR
method using BioLink kits.

The statistical processing of data was made using a PC with installed IBM SPSS Statistics 20 pac-
kage (trial version). Pearson's linear correlation coefficient (r,) was used to identify the relationship
between the variables.

Results. KRAS gene status was determined in tumors localized in different parts of the colon. Of the
332 CRC patients included in the study, 48 (14.5%) patients had right-sided colon cancer (RCC) with
tumor localization in the right side of the intestines (cecum, ascending colon, hepatic angle, or transverse
colon) vs. 99 (29.8%) cases of left-sided colon cancer (LCC) with tumor localization in the left side of the
intestines (splenic angle, descending colon, or sigmoid colon). The remaining 185 (55.7%) patients had a
tumor in the rectum, including its rectosigmoid part (figure).

Right side of the intestines
(n=24)

Left side of the intestines
(n=43)

Rectosigmoid angle (n=19)
Rectum (n=563)

KRAS mutation frequency depending on the tumor localization in CRC (n=332)

Legend:

Blue — Right side of the intestines (n=24)
Red — Left side of the intestines (n=43)
Green — Rectosigmoid angle (n=19)
Violet — Rectum (n=63)
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Of all the CRC patients included in the study (n=332), 149 (44.9%) had mutant-type KRAS
(mt-KRAS), and 183 (55.1%) had wild-type KRAS (wt-KRAS). Among patients with RCC, the number
of mt-KRAS and wt-KRAs cases was the same (n=24, 50%). Among patients with lesions of the left
sections of the colon, including the rectum, 125 (44%) patients had mt-KRAS against 159 (56%) with
wt-KRAS. KRAS mutations depending on the tumor localization were most frequent with rectal cancer
(n=82, 55%) followed by LCC (n=43, 28.9%), and RCC (n=24, 16.1%) (table 1).

Table 1 — KRAS gene status and mutation frequency depending on the tumor localization in colorectal cancer

KRAS status Right-sided colon cancer Left-sided colon cancer Rectal cancer
(n=48, 100%) (n=99, 100%) (n=185, 100%)
Wild-type KRAS (n=183) 24 (50+3.1%) 56 (56.6+£4.9%) 103 (55.7+3.6%)
Mutation KRAS (n=149) 24 (50+3.0%) 43 (43.4+4.9%) 82 (44.3£3.6%)

For colon tumors (n=67), the KRAS mutation frequency with LCC (n=43, 64.2%+5.8%) was higher
than with RCC (n=24, 35.845.8%); the difference was statistically significant (P = 0.001).

In our study, 120 out of 149 (80.5%) patients with mt-KRAS had mutations in codon 12, of which
GI12D (32.9%) and G12V (24.2%) were the most common. G12D, G12V mutations were especially
frequent in rectal cancer (28 out of 49 and 25 out of 36, respectively). G12S and G12C were less frequent
(up to 10%). G13D was observed only in 29 (19.5%) of cases (Table 2).

No increase in mutation frequency with the tumor localization in the intestine was observed. The
correlation coefficient for the pair “Right intestine — KRAS mutations” was r, = —0.042, P = 0.06. The
inverse relationship between these variables was very weak (table 2).

Table 2 — Correlation of KRAS gene mutations with tumor localization in colorectal cancer

Location Mutations
KRAS Right-sided colon cancer Left-sided colon cancer Rectal cancer in codons
mutations
0 p- o, p- 0 p-
n & o | value n & o | value n & o | value
GI2A 5 20.81-0.025| 0.05 7 16.3]0.013 | 0.06 8 9.7 10.006 | 0.06 | 20 (13.4%)
Gl12C 2 8.3 1-0.034| 0.06 1 2.3 1-0.002| 0.06 4 4.9 (0.026 | 0.06 | 7(4.7%)
G12D 9 37.5|-0.027| 0.06 12 |27.9|-0.011| 0.06 28 34.110.029 | 0.06 | 49 (32.9%)
G128 0 0 [-0.053| 0.06 5 11.6] 0.023 | 0.05 3 3.7 10.016 | 0.06 | 8(5.4%)
GI12V 3 12.5(-0.068| 0.06 8 18.6[-0.008| 0.06 25 30.5| 0.056 | 0.06 | 36 (24.2%)
G13D 5 20.8(-0.038| 0.06 10 {23.3|0.016 | 0.05 14 17.1{0.012 | 0.06 |29 (19.5%)
Total mutations 24 100 |-0.042| 0.06 43 100 | 0.006 | 0.06 82 100 | 0.025 | 0.06 149
(16.1%) ’ ’ (28.9%) ’ ’ (55.0%) ' ’

Discussion and Conclusion. Of the 332 CRC patients included in the study, 149 (44.9%) had mt-
KRAS, and 183 (55.1%) had wt-KRAS. Our results correspond to the results obtained in extensive
multicenter studies which confirm the 30-50% mutation frequency of KRAS in colon tumors [1, 3, 5-7].
Thus, our results on the frequency of KRAS gene mutation are consistent with data published by other
researchers.

The literature sources reported about 97-99% of KRAS gene mutations in codons 12 and 13 com-
pared to 1-3% in other codons. Therefore, we focused our research on these codons as they mutated most
often. A mutation was detected at any location of the tumor in the colon, but its frequency varied. We
compared the KRAS mutation frequency in rectal cancer with other colon sections, including its right and
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left sides. In our study, KRAS mutations in rectal cancer (n=82, 55.0%) were more frequent than in colon
cancers of other localizations (n=67, 44.9%). Also, we revealed a statistically significant prevalence of
KRAS gene mutations in LCC (n=43, 28.9%) vs. RCC (n=24, the least frequency — 16.1%) (P = 0.001).
The mutation frequency was also growing with tumor localization in the lower section of the colon, and
especially in the rectum (table 1).

The mutations were most frequent in codon 12, in particular, G12D — 32.9%, G12V — 24.2%, and
GI13D - 19.5%. However, in our study, a high GI12V mutation rate was observed in rectal cancer
(25 mutations out of 36) (table 2).

The obtained data on mutations in codons 12 and 13 suggests different etiology of carcinogenesis in
different parts of the colon.

. P. Kaiinaposa, K. K. CmaryJioBa, 7K. K. Koaasi6aii, 7K. K. Unnrucosa
Kazaxckuit HUM onkosnoruu u paguonoruu, Anmatel Kazaxcran

N3YYEHUE YACTOTHBI U CIIEKTPA MYTAIIMU 'EHA KRAS
Y BOJIBHBIX C KOJIOPEKTAJIbHBIM PAKOM (KPP)
B 3ABUCUMOCTH OT JIOKAJIM3AIIAEN OIYXOJIA
B MACHITABE PECITYBJIMKH KA3AXCTAH

An"otanus. OnHUM U3 HanOoJee 3HAYMMBIX COOBITHI B MOJICKYyJsipHOM mnaTtoreHese KPP sBusercs akTuBu-
pyromas myrtamms B oHkoreHe KRAS. Hapsiny ¢ ycmexamu KOMIUIEKCHOTO JiedeHUs, IoHnMaHue reHomuku KPP,
Omaromaps MHUPOKOMY HCIIONE30BAaHUIO MOJICKYJISIPHO-TEHETHUECKUX HCCICIOBAHNH, MPEIOCTABIIO BO3MOKHOCTD
ONTUMAIIEHOTO BHIOOpA TEPANEBTHYECKUX OITITHH.

L]envro HACTOAIIETO MCCIENOBaHMSA OBUIO ONpEAeTICHHEe YacTOTH U cliekTpa MyTtarmid reHa KRAS y 0ompHBIX
KPP B 3aBHCHMOCTH OT JIOKaJH3aIlMX OMYXOJH IS ONpPEAeNICHIsI BRIOOpA TAKTHKH JICYCHUS M MPOTHO3UPOBAHUS
Te4eHHUs 3a00IeBaHMs.

Mamepuanet u memoowi. Hamu 0bUIO U3ydeH OMyXoJieBblid Matepuai 332 manueHToB ¢ quarao3om KPP, ¢uk-
CUPOBaHHBIH B (opMaliMHE, 3aKJIIOYEHHBIH B HapaduH, MPOXOJUBIIMX JIEYEHHE B OHKOJIOTHUECKHX JIUCIIaHCEPaX,
OHKOJIOTMYEeCKHX ILeHTpax M B Ka3axckoMm Hay4HO-HCCIIEZOBATEIbCKOM HHCTUTYT€ OHKOJIOTMH U PaJUOJIOTHU
(KasHMHNOwP) 3a neprox ¢ 2010 no 2014 roxst. ITocne Mopdonorndeckoil OlleHKH KauecTBa UCCIIEyeMOro Mare-
puana B 1abOpaTOpuM MOJIEKYJSIPHON T'€HETHKH OBUIO MPOBEAEHO MOJIEKYJISIPHO-TE€HETHYECKOE HCCIIeIOBAHHE I10
onpenenenuto myTanuu reHa KRAS metonom ITLP.

Pesyromamer. I1o moTydeHHBIM HAMU Pe3yIbTaTaM, MBI MOJKEM CYIHTbh, YTOHAHOOIIBIIEE KOJIMIECTBO MyTaIlHil
reHa KRAS 6bu10 00HapyXeHO Mpu MOpakeHUH NpsAMoi KUIKH — y 82(55%) n3 149 nanuenTos. Jlanee mo yacrore
BCTPEYAEMOCTH MYTALMH 3aHUMAJIH JICBBIC OTAENBI TOJICTON KUIIKU — y 43(28,9%) namumenTos. [lpn nopaxenun
MpaBbIX OTIENIOB TOJNCTOM Kkuiiku myTanus rena KRAS Berpeuanack B 24(16,1%) cny4ae. HanbGonee yactbie MyTa-
uuu Obun B 12 xomone, a uMeHHo G12D - 32,9%, G12V - 24,2% u G13D -19,5 %.

Boisooul.

1. TToryueHHble HAMH Pe3yJIBTATHI 110 YacTOTE BeTpedaeMocTu MyTaru reHaKRAS cornmacyrorcst ¢ qaHHBIMU,
oIyOJINKOBaHHBIMHU B JINTEPATYPHBIX UCTOYHHUKAX APYTHMH HUCCIIEOBATEISIMHU.

2. Myranuit rena KRAS Bcrpeuaercs vame npu nepBUYHON JIOKAIM3AaLUU OMYXOIM B JIEBBIX OTAENaX IO
CpaBHEHUIO ¢ paBoii Jokanm3anuy, (p= 0,001).

3. [IpocnexuBaeTcs TEHACHLUUS K YBEIMUEHUIO yrcia myTauuu reHakKRASc

BO3pacTaHUEM YACTOTHI TIOPAXKESHUS AUCTAIBHBIX OTIEIOB TOJCTONW KUIIKHA U

0COOEHHO TPSIMOM KHIIIKH.

4. Hambonee wacteie myTauuu Oputi B 12 komone, a mmenHo G12D, G12V u GI13D. Bricokas gactoTa
myTarmuG 12V Habmroanace npy JOKAJIH3aUK OITyXOJH B MPSIMOi Kumke (25 MmyTtarmu u3 36).

KiioueBble c10Ba: KOJIOPEKTANBHBIA pak; MOJEKYJIPHO-TEHETHYecKue HccienoBaHus; myTanus KRAS;
UKW THII.
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CREATION OF A PROBIOTIC OF A BROAD SPECTRUM
OF ACTIVITY ON THE BASIS OF LACTIC ACID
AND PROPIONI ACID BACTERIA

Abstract. Information about development of complex probiotics on the basis of lactic acid and propionic acid
bacteria of a broad spectrum of activity for veterinary science are provided.During creation of probiotics considered
antagonism of the bacteria to clinical strains of causative agents of diseases also ability to biosynthesis of biolo-
gically active agents - hydrolytic enzymes, vitamins, irreplaceable amino acids, resistance to low values pH, bile,
sublimation drying was considered.It is shown that the created drugs havethe immunostimulating action, increase
proliferation of T-lymphocytes, granulocytes, monocytes, increase synthesis of immunoglobulins of class A, increase
nonspecific immunity by increasing in lizotsimny activity of serum of blood and also increase concentration of
hemoglobin in blood of animals.

The effectiveness of probiotics against causative agents of the mixed intestinal infection,coccidiosis, hel-
minthiases, pasteurellosis of farm animals and birds, of beesdiseases, mastitis at the lactating cows is proved. The
presented data indicate the prospects of creationof complex probiotics witch a broad spectrum of activity for
prevention and treatment of diseases of farm animals and birds.

Keywords: lactic acid and propionic acid bacteria, probiotics, antagonism, spectrum of action, intestinal
infections, pasteurellosis, mastitis.

Infections are the most frequent cause of death of young growth of farm animals and birds, decrease
in their productivity. The complexity of treatment of infectious diseases consists in emergence at
pathogenic microorganisms of polyresistance to antibiotics. Besides, application of antibiotics, unba-
lanced feeding and other negative factors lead to significant changes in the microorganismsof the gas-
trointestinal tract of animals,and residual amounts of therapeutic drugs in animal products negatively
influence the human body [1-3]. This proves the need for wider use in the treatment of infectious diseases
of probiotics on the basisof the symbionts of the gastrointestinal tract, harmless to humans and animals.

Probiotics in veterinary medicine are used to correct the intestinal biocenosis, immune, hormonal and
enzyme systems of young animals. Besides, a probiotics has relevance not only for animal breeding, but
also for public health.They reduce the risk of morbidity of people and increase the environmental safety of
agricultural products [4-6].

The basis for application of probiotics in veterinary medicine are the positive effects caused by them
in an organism of animals. The main effects of probiotics include improved digestion, immunostimulatory
effects and increased animal productivity.

Improvement of the digestive processes occurs due to colonization of the intestine with microorga-
nisms of probiotics, which are antagonists of opportunistic enterobacteria, produce biologically active
substances. This increases the synthesis of microbial protein and vitamins, increases the absorption of
nutrients [7-9].

Literature data indicate the enormous role of the normal intestinal microflora as a factor of nonspe-
cific resistance, which is realized not only through microbial antagonism, but also nonspecific activation
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of macrophage phagocytic and cytostatic activity, stimulation of lymphoid tissue, and impact on
immunocompetent T and B cells [10].

Now the large number of the probiotics for animal breeding consisting of lactic acidand bifidum
bacteria, being the main protective group of the microorganisms of intestines harmless to the person and
animals are known [11-14].

However the known probiotics did not become an alternative to antibiotics as have insufficiently
broad antimicrobic spectrum of action and is used mainly for restoration of normal intestinal microflora.

In this regard, the most important task for receiving effective probiotics against gastrointestinal
diseases is the directed selection of strains on their antagonistic activity. Preference should be given to
antagonists against pathogens of specific diseases by the selection of strains in the composition of
therapeutic drugs.Inclusion in composition of treatment-and-preventivepreparations not only antagonists
to the mixed intestinal infections, but also producers of biologically active substances will promote
increase in efficiency of their action.

We have developed the probiotic of Laktovit-K on the basis of Lactobacillus brevis B-3 and of
Propionibacterium shrmanii 15 differing from known by a wide spectrum of antimicrobial action against
the most often found pathogenic and opportunistic microorganisms [15]. The treatment and preventive
activity of preparation is established on 10-day goslings, intraperitoneally infected with E.coli serotype 04
at a dose of 1 ml of culture washes with MPA per head. Giving the drug to infected goslings at a dose of
4-6% of the daily feed rate promoted to the recovery of goslings for 6-7 days. The use of the drug as a
preventive agent in a dose of 2-4% of the daily feed rate for 5 days made it possible to avoid disease and
the death of goslings after infection. In the control group that did not receive the drug, death was observed
on days 4-5 after infection and in the following days. At necropsy, congestive hyperemia of the liver,
inflammation of the small and large intestines, pericarditis, purulent-fibrinous and myocardial dystrophy
were registered.

The high treatment-and-protective efficiency of preparation against intestinal infections is proved
also in farms of Almaty region on 64.5 thousand chickens, 250 calfs and 22 pigs. It is established that
preparation can be used against a colibacteriosis, salmonellosis,coccidiosisand other infections [16-18].

The ability of association from lactic acid and propionic acid bacteria also is established to suppress
growth of causative agents of diseases of bees: enterobakteriosis, European and American rottenness,
ascospherosis [19].

Tests of the Laktovit-K association on bees showed its high efficiency. Thus, when using the
preparationin combination with carbohydrate — proteinsupplementation, a decrease in the incidence of
bees by an American rottenness was noted by 90.7%, and prevalence a tick of Varroa jacobsoni - for
74.1% [20].

Our researches showed need of constant selection of strains antagonists to again allocated pathogens
as because of variability of the last the strains of lactic acid bacteria which are selected earlier can be
insufficiently effective.

Under the ISTC grant K-673, the Polylaktovit association was created from the lactic acid bacteria
Lactobacillus plantarum 2b, Lactobacillus brevis B-3/21 and the propionic acid bacteria
Propionibacteriumshrmanii -5, which is effective in the treatment of mixed enteric infection [21], as well
as having a preventive effect against the virus of Newcastle disease [22].

One of the factors of efficiency of probiotics is their resistance to the reactogenic environment of a
stomach and upper intestines. In this regard, adaptation of the lactic acid and propionic acid bacteria,
belonging to the complex probiotic developed by us,were adapted to low pH and bile values. The variants
of bacteria surpassing initial cultures in antagonistic activity, resistance to low values pH and bile are
selected[23].

It is established that the studied strains of lactic acid bacteria are steady to pH 3 in the presence of the
majority of the tested protective components and adsorbents. Resistance to bile at strains of micro-
organisms is increased by pectin, food fibersand and the starchentered into composition of nutrient
medium in number of 0.5%.

It is shown that preparations from lactic acid and propionic acid bacteria possess the immuno-
stimulating action, increase proliferation of T-lymphocytes, granulocytes, monocytes, increase synthesis
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of immunoglobulins of class A, increase nonspecific immunity due to increase in lizocimny activity of
serum of blood and also increase concentration of hemoglobin in blood of animals [24].

It is established that the resistance to antibiotics at the studied strains of probiotic bacteria is
controlled by a chromosome and it cannot be transferred to other microorganisms. The absence of
translocation and colonization of the blood and internal organs of experimental rabbits by probiotic
microorganisms after giving them developed probiotics has been confirmed. This indicates their safety
[25, 26].

Selection of variants of the lactic acid and propionicacid bacteria surpassing initial cultures by 2-3
times in survival at sublimation drying and also on antagonistic activity is made [28, 29].

The new association on the basis of selected variants of Lactobacillus brevis B-3/75, Lactobacillus
plantarum 2v/2 and 14d/A-17, Lactobacillus acidophilus 27w and Propionibacterium shermanii S-8 was
compiled.It surpasses the association from initial culturesin survival during freeze-drying and antagonistic
activity.

The production technology of a liquid and dry probiotic of «Polilaktovity [30, 31] having high
treatment-and-protective efficiency against the mixed intestinal infection and also pasteurellosis is
developed.

The efficiency of the receiveddry and liquid preparation is tested on the basis of LLP «Kaz. RIVSy»in
vivo on the rabbits infected with salmonellosis and pasteurellosis.

Rabbits of all experimental and control groups were infected with washout of daily agar cultures of
reference test strains of Salmonella typhimurium 371, Pasteurella multocida 216 hypodermically to the
area of a backat the doseLDs,. 24 hours after infection began treatment of animal experimental groups
with a probiotic in comparison with an antibiotic. The working solution of a dry probiotic was prepared
just before the use. For this purpose 25 g of a dry probiotic dissolved in 100 ml of the boiled and cooled
up to 30 °C drinking water. The liquid probiotic was used withoutdilution.

As a result of the conducted researches the high preventive and therapeutic efficiency of the probiotic
«Polilaktovit» both in combination with antibitic, and without it is established. The control rabbits
infected with Salmonella typhimurium 371 or Pasteurella multocida 216 and not treated fell on 3 - the 4th
day after infection. The experimental rabbits receiving for treatment only per os probiotic on 5 ml 3 times
a day at salmonellosis and on 10 ml 3 #fimes a day in 15 minutes prior to feeding at pasteurellosis had an
improvement of the general state on third day, recovery occurred on the third and fourth day.

At the experimental rabbits receiving within 10 days to infection a dry or liquid probiotic of per os
and continuing to receive it on 10 ml 3 times a day in 15 minutes prior to feeding during the experiment
without interruption (14 days), insignificant oppression only within the first day after infection was noted.
For the 2nd day of symptoms of a disease of salmonellosis and pasteurellosis it was not noted, rabbits did
not get sick.

At the rabbits receiving an antibiotic after infection, the state was normalized for the 5th day, the
good appetite was noted, symptoms of a disease were not observed.

The best result is noted at treatment of salmonellosis and pasteurellosis at the rabbits receiving at
the same time an antibiotic and a probiotic "Polilaktovit". After treatment by an antibiotic of the rabbits
(2 injections) infected with salmonellosis and the probiotic set by per os on 5 ml 3 times a day in
15 minutes prior to feeding, animals recovered on the 2nd — the 3rd day after infection. The rabbits
infected with pasteurellosis after treatment by an antibiotic (3 injections) and a liquid probiotic on 10 ml 3
times a day recovered for the fourth day.

All rabbits of experimental groups receiving a probiotic during an experiment considerably put on the
weight (from 3.3-3.5 to 4.5-6.0 kg). More than others rabbits put on weight (up to 6 kg), a long time
receiving a probiotic, beginning in 10 days prior to infection and until the end of experience (24 days).

On the 14th day after infection with salmonellosis and pasteurellosis, 36 rabbits of all experimental
groups were slaughtered. As a result of bacteriological research, it was established that after treatment of
animals with probiotic in dry and liquid form, the persistence of pathogens in the internal organs of rabbits
was not observed.

Test of the dry preparation«Polilaktovit» as treatment-and-prophylactic means against dyspepsia of
newborn calfs was carried out in country economy of "Habit".
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For tests 30 heads at the age of five days, from them 10 heads of the patients with dyspepsia, and
20 heads for the purpose of prevention are selected. Working solution of a dry probiotic was prepared just
before application. The daily dose of preparation for sick animals made 100 ml. To sick calfs received the
preparation twice on 50 ml in the morning and in the evening on a hungry stomach within 2-3 days. All
calfs recovered, fallen among them was not.

In order to prevent diseases, the preparation was given to calves in 50 ml once a day (in the morning
on a hungry stomach),no cases of diseases among them were found.

In the same farm tested the effectiveness of the dry probiotic«Polylaktovity as a therapeutic and
prophylactic agent against dyspepsia in newborn lambs.The studies involved 20 newborn lambs, from
whom 10 animals received a probiotic in dose of 15 ml per head for 15 minutes before the first feeding for
3 days.Other 10 animal probiotics did not receive and served as control. As a result of tests it is estab-
lished that in group of the newborns receiving «Polilaktovit» with the preventive purpose, the incidence
was not registered. In control group the number of sick animals made 30%. The probiotic was given to
sick lambs 3 times a day onl5 ml on the head before feedingto an absolute recovery. Recovery occurred
for 2-3 days.

By results of tests the conclusion is made that the probiotic«Polylaktovit» can be used as treatment-
and-prophylactic means against dyspepsia of calfs and lambs. At the same time need for application of
antibiotics and other antibacterial means for treatment of sick animals disappears.

It is established that the probiotic «Polilaktovity can be used also for prevention and treatment of
mastitis at cows [32].

Research and production experiment was made in the farm «Alipov-T» on 2 groups of the lactating
cows of the Alatau breed: the experimental group consisted of 24 heads, the control group included
6 heads. The animals were kept in different bases, the duration of the experience - 2 weeks.

In the experimental group a probiotic solution was applied for the irrigation of the nipples using a
spray bottle after removing the milking machine.In the control group sanitary processing of an udder was
carried out on the technology used in economy (processing of nipples after milking by the medicine
«Dawny).

It is established that the bactercidal effect of probiotic bacteria after processing is shown in a
significant decrease in the number of potential mastitis pathogens — Staphylococcus aureus (by 78%) and
Esherichia coli (by 68.9%). This is comparable with similar indicators in the experiment with the
chemical agent «Dawny», which is widely used in the farms of the Republic of Kazakhstan and is one of
the most effective means for treating the udder.

At the same time, an increase in the total bacterial contamination of the skin of the udder nipples in
the experimental group of cows due to the tested probiotic cultures was established. The advantage of
probiotic preparation is their environmental safety, low cost, positive biological effect on the skin of the
nipples and udder for various damages.

In milk of skilled cows decrease in number of somatic cages which in number over 500 thousand/cm’
are symptom of the latent mastitis is noted. There is an increase in milk of lactose, fat, casein, SOMO. The
offered way of prevention of mastitis surpasses in these indicators of quality of milk opposed.

In Amiran LLP and JSC agrarian and industrial complex Adal the therapeutic efficiency of probiotic
means at treatment of subclinical forms of mastitis at cows is studied. To cows of experimental group with
subclinical mastitis a probiotic enteredparavaginal in a dose of 10 ml on an animal daily 1 time a day
before recovery. The cows of control group treated by the traditional method accepted in farms — injection
of mastisan-A to the udder in a dose of 5 ml 2 times a day after morning and evening milking before an
absolute recovery.

All animals were treated before double negative reaction of tests of milk with pro-mastitis.

When using with the medical purpose of a probiotic in experimental group of cows the therapeutic
efficiency was 90%, the average duration of treatment - 5.2+0.15 days. In control groupapplieding
medicine mastisan-A, from 10 cows recovered 8, that made 80%. Recovery of animals happened on
average in 6.0+£0.82 days. Besides, at 2 cows of control group the latent mastitis in the course of treatment
passed into clinical expressed.

The physical and chemical structure of milk was estimated on the content of fat, protein, SOMO and
density. Sanitary and hygienic indicators of quality of milk estimated on acidity, a bacterial seedingand by
quantity of somatic cages.
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At cows of experimental group density and acidity of milk conformed to requirements of state
standard, a mass fraction of fat and protein — basic norm. At application of a probiotic milk in the first day
after recovery had negative reaction to the inhibiting substances therefore it could be realized without
restrictions. When using of medicine mastisan-A containing antibiotics, the last were allocated with milk
all term of treatment and four days after recovery.

Thus, the probiotic possesses more expressed therapeutic action at subclinical mastitis at cows in
comparison with a widespread traditional way of treatment —introduction of medicine mastitsan-A. At the
same time duration of treatment of cows of experimental group in comparison with control is reduced by
0.8 days, the therapeutic efficiency increases by 10%. The probiotic normalizes physical and chemical,
sanitary and hygienic indicators of milk and increases its biological value.

Conclusions. The provided experimental data demonstrate prospects of creation of complex
probiotics of a broad spectrum of activity for prevention and treatment of diseases of farm animals and
birds.

Source of financing of the researches Committee of Science Ministry of Education and Science of the
Republic of Kazakhstan

. A. Patnukosa, H. H. I'aBpuiiosa, K. E. Carunonauna
KUIC «MuKpoOHOIOTHst *KoHE BUPYCOJIOTHS FEUIBIMU-OHIIPICTIK OpTaNIBIFbY, AnMaThl, Kazakcran

HET'I3I CYT ’KOHE ITPOIIMOH KbIIIKBbIL/1bl BAKTEPUAJIAPBIHAH TY¥PATBIH
OCEP ETY CIIEKTPI KEH IPOBUOTHUKTI JAUBIHJIAY

AnHoTanusi. Heri3i cyT jkoHE NPOMHOH KBIIIKUIBI OaKTEpHUsIIapbIHAH TYPATHIH,BETEPUHAPUSIFA aPHAIIFAH, dCep
€Ty CHeKTpl KeH, KeLIeHl MPOOMOTUKTEep AalblHAAy >KeHIHIe MonimMerTep KeripinreH. IIpoOuoTtukrepai naspray
Ke3iHJe, OHBIH KYpaMbIHa KipeTiH OakTepusutapAblH Keke Oip aypyIblH KIMHHKAJIBIK [TAMIAPBIHBIH KO3BIPFBIII-
TapblHa KapChbl aHTaroHW3Mi, COHBIMEH KaTap OMOJOTHSUIBIK OeJICeHi 3aTTapIblH — THAPOJUTHKAIBIK (EpPMEHT-
TEPIiH, JOPYMEHACP/IiH, aJIMACTIANTHIH aMHH KbIIIKbLUIIAPBIHBIH OHOCHHTE31HEe KAaOBUICTTLIIr, oT 39pi MeH pH-ThIH
TOMEHI1 MoHIHE, CyOJIMMAalMSUIBIK JKOJIMEH KenTipyre TesiMaiiiri eckepiini. [alblH mpenaparrapia, UMMYHI
KapKBIHJATAThIH, TPAHYJIONUTTEPAIH, MOHOIIUTTEPIIH, T-TUMPOIUTTEPIiH TpoaudepaIisuIaHybIH apTThIPAThIH, A
KJIaChIHA JKaTAThIH HMMYHOTJIOOYJIMHACP/IiH CHHTE31H apTTHIPATHIH, KaH Capbl CyBIHIAFHI JIN30IMMIIK OCICCHIUTIKTI
apTTHIPY apKBUII, apHAHBI eMeC UMMYHUTETTI JKOFapIaTyFa, COHIai-aK KaHyapiaapAblH KaHBIHAFbI TeMOTJIOONHHIH
KOHIICHTPALIMSICHIH apTTHIPATHIH dcepiiepi 0ap eKeHi KOpCEeTiTeH.

[IpoOHOTHKTIH, aybpUT MAPYAIIBUIBIFEl MANJaphl MEH KYCTapbIHIA KE3[IECEeTiH apajac imek WH(EKIHUICHIHBIH
KO3/BIPFBILITAPbIHA, KOKIKANO3FA, TeIbMUHTO3IE, MMACTEepesUie3re, apa aypyjapblHa, CayblH CHBIPIAPBIHBIH Mac-
TUTiIHE KapChl THIMJUTITT )KOFapbl OONAThIHBI JalenaeHai. KenTipiiren ManiMeTTep, aybul HIapyallbulbIFbl MaJAaPhI
MeH KYCTapbIHBIH aypyJapblH eMJIey MEH OHBIH MPO(HIAKTHKACHI YIIiH ocep €Ty CIeKTpi KeH KemeHIi mpobno-
TUKTEp AaspiayIslH OONanIarsl 30p eKeHiH JoNeNIeHIi.

Tyiiin ce3mep: cyT *oHE NMPONHMOH KBIIIKBUIBI OaKTepHsIaphl, TPOOUOTHKTEDP, aHTArOHU3M, 3CEp €Ty CHEKTPII,
inrexk HQeKIUsIaphl, nacrepeies, MacTHT.

H. A. Patuukosa, H. H. I'aBpusioBa, K. E. Caruosauna
TOO «Hay4Ho-TIpON3BOICTBEHHBIN IIEHTP MUKPOOHOJIOTAN B BUpycoJIorum», AnMatsl, Kazaxcran

CO3JIAHME NPOBMOTHUKA IIIMPOKOI'O CIIEKTPA JIEUCTBUS HA OCHOBE
MOJIOYHOKHMCJIBIX U TPOITMOHOBOKHUCJIbIX BAKTEPA

Annotanus. [Ipencrasiena undopmanus o pa3paboTke KOMIUIEKCHBIX MPOOMOTHKOB Ha OCHOBE MOJIOYHO-
KUCIIBIX M NPOIHMOHOBOKHCIIBIX OaKTEpUil HIMPOKOIO CIIEKTpa AEHCTBUS Juis BerepuHapuu. [Ipu cozganuu mpo-
OMOTHKOB YYMTBHIBAJICS aHTarOHM3M BXOJSIIMX B MX COCTaB 0akTepuil K KIMHHYECKMM IITaMMaM BO3OYIMTeENei
KOHKPETHBIX 3a00JIeBaHUH, a TaKXKe CIIOCOOHOCTh K OMOCHHTE3y OMOJIOTHUECKH aKTHBHBIX BEIIECTB — I'MIPOJIUTH-
4eCKMX (PepMEHTOB, BUTAMHUHOB, HE3aMEHHUMbIX aMHUHOKHCIIOT, yCTOWYMBOCTh K HHU3KHM 3HaueHWsM pH, xemuw,
CyOMMMaIoHHOMY BbICYIIMBaHUIO. [l0Ka3aHO, 4TO CO3JaHHBIE TpenapaThl 00Jalal0T UMMYHOCTUMYJIHPYHOIIM
JeicTBHEM, yBEeNW4MBAIOT npoiudepanuo T-muMONHUTOB, TPaHYJIOUNWTOB, MOHOILMTOB, YBEINYMBAIOT CHHTE3
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MMMYHOIJIOOYJIMHOB KJlacca A, IMOBBINIAIOT HecHenu(UUecKnii MMMYHHUTET 3a CUET YBEIWYCHHUS JM30LIMMHON
AKTHBHOCTH CHIBOPOTKH KPOBH, a TAKKE YBEIMUMBAIOT KOHIICHTPALMIO FEMOTJIO0MHA B KPOBH JKHBOTHBIX.

Jokazana 3pQeKTHBHOCTh TPOOHMOTHKOB B OTHONICHWH BO30yAWTENEH CMEMIaHHOW KUIIEYHOH WHQEKINH,
KOKLMIM03a, TeIbMUHTO30B, ITacTeperuie3a y CeIbCKOXO3SMCTBEHHBIX )KUBOTHBIX M IITHI] 3a00J€BaHHUI IT4elI, Mac-
TUTa y JIAKTUPYIOIIUX KOpoB. IIpencrapieHHble JaHHBIE CBUACTENLCTBYIOT O MEPCIEKTHBHOCTH CO3JAHMS KOMII-
JIEKCHBIX MPOOHOTUKOB IIMPOKOT0 CIEKTpa AEHCTBHA AL NPOGHMIAKTHKH M JIEYSHUS 3a00JIeBaHUH CENbCKOXO035i-
CTBCHHBIX ) KMBOTHBIX U IITHII.

KaioueBble ci10Ba: MOJOYHOKUCIIBIE M IPONHOHOBOKUCIIBIE OakTepHH, NPOOMOTHKH, aHTArOHHU3M, CHEKTp
JIEHCTBUS, KUIIICYHbIC HHPEKIIMHU, TACTEPEILIIC3, MACTHT.
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RICE miRNAs ARE POTENTIAL REGULATORS
OF HUMAN GENES EXPRESSION

Abstract. Plant miRNAs are able to enter the human cells through the gastrointestinal tract with food and to
affect the processes occurring in the body like endogenous miRNAs. These exogenous miRNAs can regulate
the expression of human genes, affecting various physiological processes. The interactions of miRNAs with
mRNAs were calculated using the MirTarget program. Rice miRNAs were chosen, because rice, in comparison
with other plants, contains the largest amount of miRNAs and is the most common nutrition of the population. It was
found that 32 human genes were targets for 17 osa-miRNAs (miR408-3p, miR408-5p, miR1320-3p, miR1847.1-5p,
miR1860-3p, miR2093-3p, miR2102-5p, miR2866-5p, miR2867-5p, miR2868-5p, miR2919, miR2931-5p,
miR5075-3p, miR5339-5p, miR5514-5p, miR5534a-5p, miR5833-5p). Detected binding sites were located at
5'-untranslated region (5'UTR), protein-coding region (CDS) and 3'-untranslated region(3'UTR) mRNA target genes.
These 32 genes were influenced by human miRNAs. Of particular interest are RBMS2, KATNALI genes with
binding sites for several human miRNAs. The mRNA of the RBMS?2 gene had binding sites for seven members of
the miR-1273 family. The KATNALI gene was target for 38 miRNAs of the large miR-548 family. Rice miRNA
target genes are involved in the development of oncological, cardiovascular and neurodegenerative diseases.

Keywords: miRNA, mRNA, binding site, gene regulation, plant, human.

Introduction. MiRNAs are short RNA sequences, approximately 22 nucleotides in length that binds
to targeted messenger RNAs to inhibit protein synthesis [1].On the basis of many studies, it has been
shown that plant miRNAs are able to penetrate the blood and host tissues during meals. miRNAs are
transferred from cell to cell with blood, being packed in exosomes [2].They are not destroyed by digestive
enzymes in the gastrointestinal tract, from where they enter the blood vessels and, as a result, accumulate
in the blood and internal organs [3]. Exogenous miRNA that has penetrated the host organism from food
can regulate the course of physiological processes in organism by regulating the target genes of the host
[4-7]. In the present work, using bioinformatics approaches, the quantitative characteristics of the
interaction of rice miRNAs with mRNAs of human genes were predicted.

Materials and methods. The nucleotide sequences of the mRNAs of human genes were downloaded
from NCBI (https://www.ncbi.nlm.nih.gov/). The nucleotide sequences of human and rice miRNAs were
taken from miRBase v.22 (http://www.mirbase.org/). The miRNA binding sites in mRNA of several
genes were predicted using the MirTarget program [8]. This program defines the following features of
miRNA binding to mRNA: a) the start of the initiation of miRNA binding to mRNAs from the first
nucleotide of the mRNA's 5'UTR; b) the localization of miRNA binding sites in 5'UTRs, CDSs and
3'UTRs of the mRNAs; c) the free energy of interaction miRNA and the mRNA (AG, kJ/mole); d) the
schemes of nucleotide interactions between miRNAs and mRNAs.

Results and discussion. Study of 738 osa-miRNAs binding to mRNAs of 17494 human genes
revealed that only 32 genes were targets for 17osa-miRNAswith the selection criteria AG/AGm equal 95%
and over. The interaction patterns of the nucleotide sequences of rice miRNAs with the mRNAs of human
genes are presented in figure. It can be seen from the schemes that all miRNA nucleotides form hydrogen
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bonds. The advantage of the MirTarget program is the incorporation of hydrogen bonds in non-canonical
pairs of nucleotides U-G, A-C into the free energy of miRNA interaction with mRNA [9].

The largest number of target genes was osa-miR2102-5p. miR2102-5p bound to mRNA of 11 genes
(AFAP1, ClYorf6, CHSY1, DIRC2, KATNALI, NRID2, PDAPI, PPP2R5C, RHOBTB2, UHRF1BPI,
WTI) with energy from -115 kJ/mole to -121 kJ/mole and AG/AGm value from 95% to 100%.miR2919

Giene, miRNA, start of site, characteristics of binding

Gene, miRNA, start of site, characteristics of binding

PSEN2, miR1847.1-5p, 1785, 3'UTR, -108, 96, 21
5'-GUGCCACAGGCUGCAAGCUGCA-3"
Frrrrrerr rrerrrerrrnd
3'-CACGGUGUU-GACGUUUGACGU-5"
KLIIDC10, miR1860-3p, 3134, 3'UTR, -108, 96, 22
5" —AGAGAAAACCGUAGCCUCCAGAC-3 '
FErrrrrrrr rrervrrerte
31 -UCUCUUUUGG-AUCGAAGGUCUA-5 '
OSTMI, miR2093-3p, 848, CDS, -93, 96, 20
5 ' —AUGCAUUGAUGUGGAAGAUGC-3'
Frrrrreertr rreeerrrnd
3" —UACGUAAUUA-ACCUUCUACA-5'
Wi, miR2102-5p, 450, CDS, -121, 100, 20
5 ' —GUGGCGGCGGCGGCUGUGCCE-3"
FErrrrerererrrr el
3" -CACCGCCGCCGOCGA-ACGGG-5"
KATNALI, miR2102-5p, 80, 5'UTR, -117, 96, 20
5" —GCGGCGGCGGCEGCCUGCGCC-37
FEErrrrrrrrrrrertr
3'-CACCGCCGCOGCCGARCG-GG-5"
NRID2, miR2102-5p, 254, SUTR, 117, 96, 20
5 ' —GEGGCGGCGGCEGCECUGCCT-3"
FEEErrer et e
3'—CACCGCCGCCGCCG-RACGGG-5"
CHSYI, miR2102-5p, 348, SUTR, -117, 96, 20
5 ' —GCGGCGGCGGCGEGCGCUGCTC-3"
Frerrrrrrrrerr el
3" —CACCGCCGCCGCCG-AACGGG-5"
DIRC2, miR2102-5p, 233, CDS, -117, 96, 20
5 ' —GCGGCGGCGGCGGCGCUGCCC-3"
FETErErrrererer et
3" CACCGCCGCCGCCG-ARCGGG-5"
RHOBTB2, miR2102-5p, 158, SUTR, -115, 95, 20
5 ' - GUAGCGGUGGCGGCCUCGCCC -3
FErrrrrrrrrrrrer el
3" —CACCGCCGCCGCCGAR-CGGG-5"
UHRFIBPI, miR2102-5p, 112, SUTR,-115, 95, 20
5 ' -GCGGCGGCGGCEGCUGUGUCC -3
Ferrrrerrrrrrer el
3' —CACCGCCGCOGCCGA-ACGGE-5"
PDAPI, miR2102-5p, 29, S'UTR, -115, 95, 20
51 - GCGGCGGCGEGCGECUGECCC—3 T
FErrrrrrrrerrer 1l
3'-CACCGCCGCCGCCGAACGGG-5 "
PPPIR5C, miR2102-5p, 72, SUTR, -115, 95, 20
5 ' —GCGGCGGCGECEGCCCGCUCT-3"
FETErrrrererrreert 1
3'—-CACCGCCGCCGCCGAACG-GG-5"
AFAPI, miR2102-5p, 144, S'UTR, -115, 95
5 ' —GCGGCGGLGGCGGCCCCGCCC-3"

Frrrrrrrerrrreer e
3'-CACCGCCGCCGCCGAA-CGGG-5"

Cf 9orf6, miR2102-5p, 193, CDS,-115, 95, 20
5" —GCGGCGGCGGLGGELCCGGLCC—3!
Feererrererrrrerr 1l
3'—CACCGCCGCCGCCGAAC-GGG—5"
ZNF442, miR2866-Sp, 1020, CDS, 98, 96, 20
5' —GAUGCUGGACACARACCAGA-3 '
FEErrrrerrrrrereern
3" -CUACGACUUGUGUUUGAUCU-5"
ATP1343, miR2867-5p, 3035, CDS,-115, 95, 22
5! —UUGGGAUGUGUGGUGAUGGCGCA-3 "
FEEEErrrrretr rrrrrtnnl
3" -AGCCCUACACACC-CUACCGUGU-5"
1IK2, miR2868-5p, 6645, 3'UTR, -93, 96, 20
5 ' —UUCCUGCUACACAAANGCCAA-3"
FLEErrrrr et el
3" - AAAGAUGAUGUGUUUU-GGUU-5"
KIAAL 161, miR2919, 3436, FUTR,-106, 98, 19
57 -UCUUCCCCCCGCCCCCCCUU-3T
FEErerrerr rrrrrinnd
3'-AGAAAGGGGG-GEGGGEGAA-5"
BDNF, miR2919, 2681, 3'UTR, -106, 98, 19
5" -UCUUUCCCCCCCUCCOCCUe-3"T
FEEErerrrrer rerrrnd
3" -AGAMAGGGGGGG—GGGGGAR-5 '
ADAMTSS, miR2102-5p, 1494, CDS,-113, 93,20
5 ' —GUGGCGGCGGCGGCGCCGCUC-3"
LTI EETEEErrrr el
3'—CACCGCCGCCGCCG-AACGEG-5"
UFSP1, miR2931-5p, 960, UTR, -91, 96, 20
5 ' —UUUUGACAUCAAUAAUAAAAG-3"
FEErrrrrrerrerrrrr
3" -AAAACUGUAGUUGUUAUU-UC-5"
RPSGKAS, miR5075-3p, 261, CDS,-121, 98, 21
5 ' —GCGGACGGCGGCGACGGAGGA-3"
Frrrerrerrrrrrrrrernl
3'-CGCCUGCCGCCECUGCCUCUU-5"
NR2F2, miR5075-3p,350,5'UTR ~117,95, 21
5' -GCGGECGGECGGUGECCGGAGAG-3"
frreerrerrrrrer et
3 ' -CGCCUGCCGOCGCUG—CCUCUT-5"
SLC35D1, miR5339-5p, 795, CDS,-102, 96, 21
5 ~UCUGAGAAGGUUCUCCAUCCUG- 3"
freererrrerrrrrerrr i
3' -AGACUCUUCURAGAGAUAG-AC—5"
NANGSI, miR5534a-5p, 1967, ¥UTR, -106, 96, 21
5' —CCAUUCCAGCUGUUGCCUGUCA=3 !
Frrrrrerrrrrrreer el
3 ' —GGUAAGAUCGACAACAG-CAGU-5"
COX20, miR5833-5p, 396, CDS, -117, 96, 21
5' —GCCCGGUGAGCCCGAGGAGAGG—3 "

Lererrrrererererere o
3'-CGGGLUACUCGGGLUCCUC-CU-5"

pairs U-G, A-C.

Note: The upper and lower nucleotide sequences of mRNA and miRNA | respectively. The bold type indicates the nucleotide of non-canonical

Schemes of the interaction of osa-miRNA with CDS mRNA human genes
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had two binding sites in the 5’UTR mRNA of the ADAMTSS5, GPBPILI genes and two sites in the 3'UTR
mRNA of the BDNF, KIAAIll61genes with a AG/AGm value of 96% and 98%, respectively. For
miR5075-3p, binding sites were found in mRNA of the NR2F2, PARP2, RPS6KAS5 genes. The rest
13 miRNAs (miR408-3p, miR408-5p, miR1320-3p, miR1847.1-5p, miR1860-3p, miR2093-3p,
miR2866-5p, miR2867-5p, miR2868-5p, miR2931-5p, miR5339-5p, miR5514-5p, miR5534a-5p,
miR5833-5p)could bind to mRNAs of one target gene, with a AG/AGm value of 95% to 96%. The
detected miRNA binding sites were located at S'UTR, CDS, and 3'UTR.

osa-miRNA target genes are involved in the development of various diseases, including breast cancer
(RBMS2, RHOBTB2, RPS6KAS5, WT1[10-13]), colorectal cancer (ADAMTSS5, CHSY1[14,15]), carcinoma
in various organs (CI19orf6, PPMIF, AFAPI, PPP2R5C, DIRC2, UHRF1BPI [16-21]), leukemia (HK2,
PDAPI1[22, 23]), cardiovascular disease (NR2F2, UFSP1, ATP13A43 [24-26]), neurodegenerative diseases
(BDNF, PSEN2, ZNF442 [27-29]).

It was important to find out whether these osa-miRNA target genes are targets for hsa-miRNA. The
effect of 2565 hsa-miRNA on osa-miRNA target genes was studied. The mRNAs of almost all of these
target genes could bind hsa-miRNA. The quantitative characteristics of the binding of hsa-miRNAs to the
mRNAs of the target genes listed in figure are shown in table 1. Specifically, the ADAMTSS, C19orf6,
DIRC2, GPBPILI, KIAA1161, KLHDCI10, NRID2, NR2F2, OSTMI, PM20D2, PPMIF, PSEN2,
RHOBDBI, and RHOBTBI geneseachhad one binding site to hsa-miRNA. Consequently, osa-miRNAs
and hsa-miRNAs can bind simultaneously to enhance their suppression of translation.

Table 1 — Characteristics of hsa-miRNA binding sites in mRNA of human genes

Gene hsa-miRNA Start of site, nt | Region of miRNA | AG, kJ/mole AG/AGm, % | Length, nt

1 2 3 4 5 6 7
ADAMTSS miR-511-5p 2728 CDS -102 92 21
ATP1343 miR-182-5p 6258 3'UTR -110 90 24
ATP1343 miR-183-5p 6260 3'UTR -104 92 22
C19orf6 miR-6808-5p 2441 3'UTR -113 90 22
CHSYI1 miR-1273e 3542 3'UTR -108 93 22
CHSY1 miR-1273g-3p 3499 3'UTR -108 93 21
COX20 miR-3191-3p 47 5'UTR -121 93 23
COX20 miR-5096 2121 3'UTR -106 94 21
CcOoXx20 miR-5585-3p 2189 3'UTR -106 91 22
COX20 miR-619-5p 2047 3'UTR -117 96 22
DIRC?2 miR-1199-5p 178 CDS -113 93 20
GPBPILI miR-574-5p 3012 3'UTR -117 96 23
HK2 miR-1273g-3p 617 5'UTR -106 91 21
HK?2 miR-1285-3p 770 5'UTR -106 91 22
KIAAll61 miR-1273g-3p 3476 3'UTR -108 93 21
KLHDCI10 miR-4298 23 5'UTR -113 90 22
NANOS1 miR-3960 584 CDS -121 97 20
NANOS1 miR-5096 3285 3'UTR -106 94 21
NANOS1 miR-551a 4459 3'UTR -108 94 21
NANOSI miR-619-5p 3218 3'UTR -121 100 22
NRID?2 miR-466 3337 3'UTR -110 95 23
NR2F2 miR-483-5p 2322 CDS -108 91 22
OSTM1 miR-6880-3p 36 5'UTR -110 91 21
PDAPI miR-5096 1998 3'UTR -106 94 21
PDAPI miR-619-5p 1925 3'UTR -121 100 22

— 26 ——
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Continuation of table 1

1 2 3 4 5 6 7
PM20D2 miR-1273g-3p 2662 3'UTR -115 98 21
PPMIF miR-6779-3p 1442 CDS -104 91 21
PPP2R5C miR-152-5p 435 CDS -110 91 23
PPP2R5C miR-6746-3p 41 S'UTR -117 92 22
PSEN2 miR-4520a,b-5p 1988 3'UTR -96 90 20
RHOBTB2 miR-6124 3431 3'UTR -102 92 20
SLC35D1 miR-5695 2821 3'UTR -102 91 22
UFSP1 miR-548az-3p 782 CDS -93 90 21
UHRFIBPI miR-5096 6450 3'UTR -104 92 21
UHRFIBPI miR-619-5p 6378 3'UTR -119 98 22
wrTl miR-3960 573 CDS -113 90 20
WTI miR-466 2704-2714(6) 3'UTR -106 91 23
WTI miR-466 2755-2765(6) 3'UTR -106 91 23

The COX20, NANOSI1, PDAPIl,and UHRFIBPI genes are targets for miR-5096, miR-5585-3p,
and miR-619-5p. These miRNAs also belong to a group of unique miRNAs [30, 31]. For example,
miR-619-5p targets 201 genes with fully complementary binding sites and more than three hundred that
have 98% homology with its nucleotide-binding sites.

miR-5096 and miR-619-5p bound to the mRNAs of the four genes COX20, NANOS1, PDAPI and
UHRF1BPI. hsa-miR-466 has polysites in two regions in the 3'UTR of WTI gene, forming two clusters
as in the work [13].

Of particular interest are gene mRNAs with binding sites for several specific miRNAs (table 2). The
mRNA of the RBMS2 gene has binding sites for miR-1273a, miR-1273c, miR-1273e, miR-1273e, miR-
1273f, miR-1273g-3p, and miR-1273h-5p. Some members of the miR-1273 family are unique in that they
target several hundred genes [32]. Therefore, osa-miR408-3p can compete with the miR-1273 miRNAs to
regulate RBMS?2 gene expression.

Table 2 — Characteristics of hsa-miRNA binding sites in mRNA of RBMS2, KATNAL I genes

Gene hsa-miRNA Startof site, nt RegionofmiRNA AG, kJ/mole AG/AGm, % | Length, nt

1 2 3 4 5 6 7
RBMS?2 miR-1273a 4818 3'UTR -121 92 25
RBMS? miR-1273a 5854 3'UTR -119 90 25
RBMS?2 miR-1273¢ 5856 3'UTR -110 91 22
RBMS?2 miR-1273¢ 5919 3'UTR -108 93 22
RBMS?2 miR-1273¢ 4883 3'UTR -106 91 22
RBMS?2 miR-1273f 4873 3'UTR -100 96 19
RBMS?2 miR-1273f 5909 3'UTR -98 94 19
RBMS?2 miR-1273g-3p 5470 3'UTR -113 96 21
RBMS?2 miR-1273g-3p 5876 3'UTR -113 96 21
RBMS? miR-1273g-3p 5136 3'UTR -110 95 21
RBMS?2 miR-1273g-3p 4840 3'UTR -108 93 21
RBMS?2 miR-1273g-5p 5500 3'UTR -108 91 22
RBMS?2 miR-1273h-5p 5504 3'UTR -115 98 21
RBMS?2 miR-1285-3p 5453 3'UTR -108 93 22
RBMS?2 miR-1972 5081 3'UTR -110 90 22
RBMS?2 miR-6124 64 5'UTR -104 94 20
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Continuation of table 2

1 2 3 4 5 6 7
RBMS?2 miR-6803-3p 7181 3'UTR -110 90 22
KATNALI miR-1273a 3903 3'UTR -119 90 25
KATNALI miR-1273g-3p 3925 3'UTR -113 96 21
KATNALI miR-1972 4492 3'UTR -113 91 22
KATNALI miR-548a-5p 3534 3'UTR -98 90 22
KATNALI miR-548aa 3495 3'UTR -123 100 25
KATNALI miR-548ab 3534 3'UTR -98 92 22
KATNALI miR-548ag 3535 3'UTR -96 90 21
KATNALI miR-548aj-5p 3536 3'UTR -110 98 23
KATNALI miR-548ak 3535 3'UTR -96 92 21
KATNALI miR-548am-5p 3534 3'UTR -110 100 22
KATNALI miR-548ap-3p 3501 3'UTR -89 100 19
KATNALI miR-548ap-5p 3537 3'UTR -89 95 19
KATNALI miR-548aq-5p 3534 3'UTR -102 92 22
KATNALI miR-548ar-5p 3535 3'UTR -100 98 21
KATNALI miR-548as-5p 3534 3'UTR -106 94 22
KATNALI miR-548au-5p 3535 3'UTR -104 100 21
KATNALI miR-548ax 3533 3'UTR -108 96 22
KATNALI miR-548ay-5p 3535 3'UTR -100 98 21
KATNALI miR-548az-3p 3499 3'UTR -93 90 21
KATNALI miR-548az-5p 3535 3'UTR -104 94 22
KATNALI miR-548b-5p 3534 3'UTR -102 92 22
KATNALI miR-548c-5p 3534 3'UTR -110 100 22
KATNALI miR-548d-5p 3534 3'UTR -106 98 22
KATNALI miR-548e-5p 3535 3'UTR -106 93 22
KATNALI miR-548f-5p 3537 3'UTR -98 92 22
KATNALI miR-548¢g-3p 3497 3'UTR -93 90 22
KATNALI miR-548¢g-5p 3536 3'UTR -110 98 23
KATNALI miR-548h-3p 3498 3'UTR -104 91 23
KATNALI miR-548h-5p 3534 3'UTR -104 94 22
KATNALI miR-548i 3534 3'UTR -106 96 22
KATNALI miR-548m 3536 3'UTR -93 90 21
KATNALI miR-548n 3535 3'UTR -98 92 22
KATNALI miR-5480-5p 3534 3'UTR -110 100 22
KATNALI miR-548q 3542 3'UTR -113 95 22
KATNALI miR-548t-3p 3495 3'UTR -123 100 25
KATNALI miR-548t-5p 3536 3'UTR -96 90 21
KATNALI miR-548v 3495 3'UTR -102 91 22
KATNALI miR-548w 3533 3'UTR -108 93 23
KATNALI miR-548x-5p 3536 3'UTR -110 98 23
KATNALI miR-548y 3534 3'UTR -98 90 22
KATNALI miR-548z 3498 3'UTR -104 91 23
KATNALI miR-574-5p 4197-4236(20) 3'UTR -113 93 23
KATNALI miR-574-5p 4394-441009) 3'UTR -113 93 23
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The KATNALI gene is the targets of miR-1273a and miR-1273g-3p. An important feature of this
gene is the binding of its mRNA to members of the large miR-548 family, which consists of 38 miRNAs.
miR-548aa, miR-548am-5, miR-548ap-3p, miR-548au-5p, miR-548c-5p, miR-5480-5p, and miR-548t-3p
can fully bind to the 3'UTR mRNA of the KATNALI gene. This gene has one another feature: its 3'UTR
mRNA contains 20, and through 136 nucleotides, nine sequentially located miR-574-5p binding sites. It
remains a mystery why the KATNALI gene is controlled by such a large number of endogenous miRNAs.
In another feature of the mRNA of the KATNALI gene, the distance between the nucleotide-binding sites
of miR-548h-3p and miR-548h-5p, miR-548az-3p and miR-548az-5p, and miR-548ap-3p and miR-548ap-
5p is 36 nucleotides.osa-miR2102-5p binding sitewere found in mRNAs of the KATNALI gene.

It is of interest to determine which human miRNAs can affect the expression of these genes. The
calculation results showed that, of the 32 genes, six are not targeted by any of the 2565 hsa-miRNAs.
Several genes, in addition to being targets of osa-miRNAs, have the important feature of being targets of
hsa-miRNAs. The mRNA of the RBMS2 gene has binding sites for miR-1273a, miR-1273¢, miR-1273e,
miR-1273e, miR-1273f, miR-1273g-3p, and miR-1273h-5p. Members of the miR-1273 family are unique
because some of them target several hundred genes [32]. The KATNALI gene is the target of miR-1273a
and miR-1273g-3p. An important feature of this gene is that its mRNA binds to members of the miR-548
family that bind to 38 miRNAs. miR-548aa, miR-548am-5, miR-548ap-3p, miR-548au-5p, miR-548c-5p,
miR-5480-5p, and miR-548t-3p can bind fully to the 3'UTR mRNA of the KATNALI gene. This gene has
one more peculiarity: the 3'UTR mRNA contains 20, and through 136 nucleotides, nine are sequentially
located miR-574-5p binding sites. It is assumed that miRNA binding to3'UTR mRNA can be significant if
the gene contains repeats of site sequences as well asin coding region [33].

Conclusion. The present study provides the evidence that rice miRNAs can be transmitted with food
to regulate the expression of human genes. Target genes of the osa-miRNAs are also target genes of the
hsa-miRNAs.The established binding sites of osa-miRNAs and their target genes allow targeted insertion
of exogenous osa-miRNAs with food to regulate their expression of these human genes.
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KYPILITIH miRNA-JIAPBI ATAM T'EHJIEPTHIH
SKCNPECCHUSICBIHBIH MOTEHLMAJABI PETTETTIITEPI

AnHotanusi. Ocimuik miRNA-napbl ajamMHbIH KIeTKaJdapblHa acKazaH-ilIeK JKOJBIMEH TaraMMeH Oipre eHe
ananpl skoHe sHporeHal miRNAperinae opranusmueri OONBIN jXaTKaH HpolecTepre acep ereni. by sk3orenai
miRNA oprypsi ¢usnonornsuielk GyHKIMsIapFa ocep €TeTiH ajaM TeHJIEpiHiH SKCIPECCHICHIH peTTel ajajsbl.
miRNA-neiH mRNA-mMeH e3apa aopekerrecyi MirTarget OarnmapiamachlH Taiijana OTHIphIN ecenreinni.backa
OCIMIKTEpPMEH CAJIBICTBIPFaH/Ia KYpiluTiH KypambiHaa miRNA-HBIH eH keIl Meumiepi 0ap »oHe XaJbIK YIIiH eH Kol
TapajaFaH TaMakTaHy Ke3i OONBIT TaOBUTFaHIBIKTaH Kypimr miRNA-maper tagmangsl. Anam reHiHig 32-ci 17 osa-
miRNA-nmapra (miR408-3p, miR408-5p, miR1320-3p, miR1847.1-5p, miR1860-3p, miR2093-3p, miR2102-5p,
miR2866-5p, miR2867-5p) 5p, miR2868-5p, miR2919, miR2931-5p, miR5075-3p, miR5339-5p, miR5514-5p,
miR5534a-5p, miR5833-5p) HbIcaHa eKeHIIT1 aHBIKTAJIABl. AHBIKTAIFaH OaillaHBICY CAaHTTaphl OPBIHAAPH HBICAHA
reaaepain mRNA-HbIH 5'- TpancnsnmsmanOaiTeiHaiiMakTa (5'UTR), akys3aer kograiTeiH aitmaxra (CDS) xone 3'-
aynapeuimaiiteia aiiMareiHna (3'UTR) opramackan. byn 32 remmepre amam miRNA-maper ocep erti. AZaMHBIH
OipHeie miRNA-napbl MeH OaiinanbicaTbiH caiTTapbl 6ap RBMS2 xxoHe KATNALI rennepiHe epekiue KbI3bIFy-
WBUIBIK TyAbl. RBMS?2 reninin mRNA-napsl miR-1273 TyKpIMaachIHBIH KeTi Mylleci YIIiH OailnaHbICy calTTapsbl
6ounbin Tabbuabl. KATNALI Teni ynken miR-548 tykpimaaceinbiH 38 miRNA-Ha HbicaHa petinae 6onapl. Kypim
miRNA-HBIH HbICaHa TEHJEplI OHKOJOTHSUIBIK, >KYPEK-TAMBIP XKQHE HEWpOJEreHepaTuBTI aypyJiapAblH JaMyblHa
KaTbICAIBI.

Tyiiin ce3nep: miRNA, mRNA, Gaitnansicy caiit, reHHIH peTTeiyi, eCiMIIK, alaMm.
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miRNA PUCA - IIOTEHIIUAJIBHBIE PET'YJIATOPBI
IKCIIPECCHUHU I'EHOB YEJIOBEKA

AnHoTanusa. miRNA pacTeHuil CiOCOOHBI C MUIIEH Yepe3 JKeMyT0OYHO-KUIIIEYHBIA TPAKT MONaaaTh B KIETKU
YeI0BeKa M Kak dHIoreHHble MiIRNA BIHATH Ha MPOLECCH, IPOUCXOISIINE B OpraHu3Me. ITH 3K30reHHbIle mMiRNA
MOTYT PErYyJHPOBATh 3KCIPECCUI0 T'CHOB YCIIOBEKA, BIUSS Ha pasiuuHbie (usnosoruueckue GyHkiumu. B3anmo-
neiicteue miRNA ¢ mRNA paccunthiBasin ¢ nomotupsto nporpammel MirTarget. Beutn BeiOpansl miRNA puca,
MOTOMY YTO PHUC IO CPAaBHEHHIO C JPYTMMHU PACTCHUSAMH COACPKUT HauOoJbiiee KoaudecTBO MiRNA u sBisercs
caMbIM paclpOCTpaHEHHBIM HCTOYHMKOM IHTaHWs HaceneHus. OOHapyxkeHo, yTo 32 reHa 4elnoBeKa ObLIH
mumensmu 11 17 osa-miRNAs (miR408-3p, miR408-5p, miR1320-3p, miR1847.1-5p, miR1860-3p, miR2093-3p,
miR2102-5p, miR2866-5p, miR2867 -5p, miR2868-5p, miR2919, miR2931-5p, miR5075-3p, miR5339-5p,
miR5514-5p, miR5534a-5p, miR5833-5p). OOHapyXeHHBIE CAlTHI CBA3BIBAHMS OBUIM PACIIONIOXKEHHI B 5'-HeTpaHC-
mupyemoit oomactu (5'UTR), 6enok-konupyromeit oomacta (CDS) u 3'-merpancnupyemoii oomactu (3'UTR) mRNA
reHoB-mumeneld. Ha 3t 32 rena Bmmstma miRNA uemoBeka. OcoOblif MHTEpeC NPEACTABISIOT TeHbl RBMS2 u
KATNALI c caiitamu cBsi3pIBaHus U1 HecKoabKX MiRNA ugenoBexka. mRNA rena RBMS2 nMmena caiTel CBI3bIBA-
HUA U1 ceMH wieHoB ceMeiictBa miR-1273. T'en KATNALI Obin muiessro mig 38 miRNA Gosbiioro cemeiictsa
miR-548. T'enpl-mumienn mMiRNA puca y4acTBYIOT B pa3BUTUM OHKOJIOTHYECKUX, CEPICYHO-COCYIHUCTBIX U
HelpoereHepaTuBHbIX 3a00JI€BaHUIA.

Kiarwuesnie ciioBa: miRNA, mRNA, caift cBs3bIBaHuUs, pEry IS [eHA, pACTCHUE, YSIIOBEK.
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PROSPECTS FOR THE USE OF TREE CROPS
IN THE PHYTOREMEDIATION OF SOILS CONTAMINATED
WITH HEAVY METALS AND PESTICIDES (review)

Abstract. The article presents a review of the literature on the problem of soil contamination with heavy metals
and pesticides, natural and anthropogenic factors affecting their bioavailability, plant resistance mechanisms to these
pollutants, and prospects for using tree crops in soil phytoremediation technology.

Heavy metals (HM) and pesticides are the most highly toxic environmental pollutants. Currently, the volumes
of pollutants containing HM and pesticides are increasing annually. This situation undermines the existing ecological
balance and adversely affects people's health. However, some plant species have developed tolerance or resistance to
these metals naturally. Some species are able to accumulate high concentrations of HM, but tolerate them; others -
reduce their flow due to their barrier functions. The most effective and cost-effective technologies for disinfecting
soil and water resources are biological methods, in particular, phytoremediation. Phytoremediation is based on using
the ability of plants to accumulate pollutants in aboveground and underground organs and to cause the degradation
of xenobiotics in the rhizosphere zone. The primary task in the development of phytoremediation technology is to
search for plants capable of accumulating environmental pollutants in the root system, and then translocate them into
the aerial part. For this process, fast growing plants are ideal, creating a large biomass in a short period. The most
promising species for these studies are tree cultures of the genus Polus, Salix and Paulownia. The use of these plant
species in the technology of phytoremediation of HM and pesticides will reduce the level of pollution and increase
the productive value of contaminated soils. Phytoremediation with the use of tree species is a modern, promising
environmentally safe and cost-effective technology that can be implemented in large areas.

Key words: heavy metals, pesticides, phytoremediation, tree crops.

Introduction. Nowadays, the problem of contamination with heavy metals and pesticides has a
global importance, and recently has acquired particular relevance for Kazakhstan. A preliminary study of
the ecological status and rational use of the land funds of the republic showed that there is a strong
pollution of the soil with various pesticides, heavy metals and an intensive decrease in its fertility.
According to the land balance data, as of November 1, 2017, there are 245.4 thousand hectares of
disturbed land in the republic, about 100 thousand hectares of which are subject to radical revegetation.
The largest number of disturbed land is located in Karaganda, Kostanay, Mangystau, Akmola, East
Kazakhstan, Aktobe, Pavlodar regions.

In all industrial regions, there are environmentally hazardous exposure zones, the total area of which
is more than 60 thousand hectares [1]. In addition, in almost every region of our republic there are
numerous foci of pollution with obsolete unsuitable for use pesticides - the territory of the former
repositories of plant protection products and the surrounding land. More than 1.500 tons of such pesticides
and their mixtures are located in warehouses and repositories of the republic, some of which are stored in
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unsuitable, dilapidated premises. About 10% of them belong to pesticides with POPs properties. Inventory
of pesticides with POPs properties covers only 20% of the country [2].

One of the most serious aspects is that the HM, pesticides and their transformation products that have
entered into the soil, are absorbed by plants and accumulate in them in concentrations that are dangerous
to human and animal health. Discharges of industrial wastes that contain cadmium, lead, copper and
chromium pose a potential risk to the aquatic environment, animals and people due to pollution of air, soil
deposits, vegetation and water. Contamination with heavy metals causes a number of environmental
problems, including a reduction in microbial activity, soil fertility and crop yields. The pollution with
heavy metals usually coincides with the growth of industrialization of a given region and becomes more
serious when there is neither control nor adequate environmental standards [3]. More than 55.000
different chemical compounds have been found in the environment, many of which can pose a certain
hazard to various types of living organisms. Pesticides account for about 3% of this number, but they
occupy one of the first places due to their harmful effects on the environment. Excessive use of these
agrochemicals, as well as violation of sanitary and environmental requirements of their use, transportation
and storage, leads to their sustainable accumulation in environmental objects and creates serious
environmental problems [4].

Regarding to this, in order to reduce the environmental risk associated with the accumulation of
polluting substances resistant to degradation in the environment, it is necessary to search for new, safe and
often unconventional methods to control pollution and to develop a technology for the restoration of
polluted soils. For example, phytoremediation using tree species, which is the most economically and
environmentally promising, practical and successful technology. Woody species of phytoremediators with
high biomass production, deep root system, high growth rate, high ability to grow in poor soils and high
ability to accumulate pollutants in aboveground organs, can be an alternative for restoring soil conta-
minated with HM and pesticides.

The main objectives of this review are to describe the resistance of plants to HM and pesticides, the
main methods of bioremediation, to demonstrate the importance of searching tree species as hyperaccu-
mulators of these pollutants and the possibility of their potential use in the process of phytoremediation of
soils with high levels of pollution.

The natural and anthropogenic factors affecting bioavailability of heavy metals and pesticides.
In the structure of the chemical pollutants of the environment that able to render a significant impact on
the health of the population, heavy metals and pesticides occupy a special place. This is due to their
persistence in the environmental objects (soil, water, plants), pronounced by biological activity and the
ability to migrate and in some cases circulate in natural biocenoses. Heavy metals are a natural component
of the lithosphere whose geochemical cycles and biochemical processes have been radically altered by
anthropological activity [5].

More than 40 chemical elements of the Periodic system of Mendeleev D.I., whose mass of atoms is
higher than 50 atomic units, are heavy metals. The migration of the heavy metals in the agroecosystems is
determined by their chemical properties, soil conditions and the biological characteristics of plants. In
recent decades, the anthropogenic activity has been intensively involved in the processes of HM migration
in the environment. The number of the chemical elements entering the environment as result of techno-
genesis, in some cases, significantly exceeds the level of their natural intake. For instant, global release of
lead from the natural sources is 12 thousand tons per year, and anthropogenic emissions is 332 thousand
tons [6]. By engaging in natural migration cycles, anthropogenic flows lead to the rapid spread of
pollutants in the natural components of the urban landscape, where their interaction with humans is una-
voidable. Volumes of pollutants containing HM annually increase and damage the natural environment,
undermine the existing ecological balance and adversely reflects on the human health.

The size of the anthropogenic activity can be judged according to the data below: the contribution of
the technogenic lead is 94-97% (the rest is from natural sources), cadmium — 84-89%, copper - 56-87%,
nickel - 66-75 %, mercury - 58%, etc. At the same time, 26-44% of the global anthropogenic flow of these
elements falls on Europe, and the share of the European territory of the former USSR is 28-42% of all
emissions in Europe [7]. The level of technogenic fallout of HM from the atmosphere in different regions
of the world is not the same and depends on the availability of production fields, the degree of the mining
and concentrating and industrial fields, transport, urbanization of territories, etc.
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The application of huge amounts of chemical fertilizers, pesticides, industrial wastes into the soil
contributes to the formation of territories with altered soil composition and properties. Micronutrient
pollution of the environment poses the greatest danger to industrialized countries. About industrial
enterprises form technogenic regions with a high content of lead, arsenic, fluorine, mercury, cadmium,
manganese, nickel and other elements in the biosphere, which represent a real danger of direct and
indirect effects on the human body.

The processes and phenomena that reduce soil fertility, destroying the land resources of a country,
can be divided into 4 groups: natural processes whose adverse effects on the soil surface cannot be
prevented; natural processes that a person can to a certain extent prevent or reduce the negative impact on
the soil, the treatment of the fields of crop rotation; natural processes, the intensive manifestation of which
is due to unreasonable economic activities, such as desertification of territories, and deforestation;
phenomena fully associated with human economic activity [8].

Release of heavy metals into the environment has reached a large size. This problem is particularly
relevant for Kazakhstan. Metal-mining industrial complexes were built in regions with fertile soils and
open water sources for irrigation. As a result, high concentrations of solid metals are found in wastewater,
soil, abandoned mines, city dumps and septic tanks. A significant area of land suitable for use in agricul-
ture is also contaminated with metals to an extreme degree and their exploitation is unsafe.

The general source of the pesticide distribution is the processed agricultural lands. In the process of
pesticide application, their significant part (until 70%) gets into the soil surface that creates the prere-
quisites for their migration on soil-water-air and food chains, since soil is the surrounding of the basic
accumulation and initial step of the movement of pesticides [9].

Mechanisms of plant resistance to HMs and pesticides. Mechanisms of plant resistance to an
abundance of HM can manifest in different directions: some species able to accumulate high concentra-
tions of HMs, but be tolerant to them; others seeks to reduce intake by maximizing their barrier functions.

For most plants, the first barrier level is the roots, where the greatest amount of HMs is retained, the
next is the stems and leaves, and finally, the last is the organs and parts of plants responsible for repro-
ductive functions.

One of the reasons for plant resistance to technogenic factors is the transport of HMs and pesticides
from the root system to the aboveground part through the xylem [10]. Therefore, when developing the
technology of soil phytoremediation, the paramount task is to search for plants capable of accumulating
environmental pollutants in the root system, and then translocate them into the aboveground part, i.e.
plants with a high coefficient of translocation. Nurzhanova A.A. and co-authors showed in their resear-
ches that in species Artemisia annua and Xanthium strumarium the coefficient of biological absorption of
the underground part of plants is an order of magnitude higher than aboveground, and concluded that the
root system is an active accumulator of various kind of harmful substances. Reducing the amount of
pesticides in the soil also depends on the plant species. For example, some high-accumulating species
(Artemisia annua, Kochia scoparia n K. sieversiana, Rumex confertus, Erigeron canadensis) ability to
accumulate of pesticides in the rhizosphere zone after the experiment was higher than in the experiment
without plants, the species Xanthium strumarium, Solanum dulcamara and Aegilops cylindrical, on the
contrary, was much lower [11].

Despite substantial variability of different plants to the accumulation HMs, bioaccumulation of
elements has a definite tendency, allowing them to be ordered in several groups: 1) Cd, Cs, Rb — intensive
absorption elements; 2) Zn, Mo, Cu, Pb, As, Co — elements of moderate absorption; 3) Mn, Ni, Cr — weak
absorption elements and 4) Se, Fe, Ba, Te — elements hard-to-reach for plants.

Another way for HMs to enter plants is non-root (foliar) absorption from airflows. It occurs when
significant precipitation of metals from the atmosphere on the foliar apparatus, most often near the large
industrial enterprises. The entry of elements into plants through leaves (or foliar absorption) occurs
mainly by non-metabolic penetration through the cuticle. HMs absorbed by the leaves can be transferred
to other organs and tissues and be included in the metabolism. Metals that are deposited with dust
emissions on the leaves and stems do not pose a danger for human if the plants are thoroughly washed
before eating. However, animals eating such vegetation may receive a large amount of HMs.

Heavy metals entering the soil undergo various types of transformation depending on the soil pro-
perties and the biological characteristics of the plants. The main factors affecting on the mobility of HMs
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in the soil, their transformation and availability for plants are the solubility of heavy metal salts, the pH of
the soil environment, the content of organic matter in the soil, the particle size distribution and cation
exchange capacity, the type of HMs and level of soil pollution by them, species and biological features of
cultivated crops. For soils contaminated by HMs, methods that reduce their translocation into plants are
based on the translation of heavy metal cations into forms that are not easily available to plants or to
mobile compounds, followed by leaching. The most common methods are based on the conversion of
metal cations into sedentary forms using high doses of organic fertilizers, liming, phosphate rocking and
claying, as well as the use of zeolites [12, 13].

One of the most effective diagnostic indicators of soil pollution is its biological state, which can be
assessed by the viability of soil microorganisms inhabiting it. It should also be borne in mind that micro-
organisms play a large role in the migration of HMs in the soil. In the process of life, they act as produ-
cers, consumers and transporting agents in the soil ecosystem. Many soil fungi exhibit the ability to im-
mobilize HMs, fixing them in the mycelium and temporarily excluding from circulation. Studying the
peculiarities of Pb, Cd, As and P migration in the soil-plant system under the influence of biological
preparations of azotobacterin, phosphobacterin and silicon bacterin allowed to establish patterns of the
influence of rhizosphere bacteria on the mobilization and immobilization of HMs and arsenic in the soil-
plant system under technogenic conditions, and to identify the main factors affecting their migration,
determine their ability to biosorbtion of HMs and arsenic from polluted soils [14].

This has a great practical importance for new biotechnologies in crop production and for phytore-
mediation of soils.

The interactions that occur in the soil-plant system are complex. The uptake of trace elements by
plants varies greatly depending on the condition of the soil. At the same time, high concentrations of
metals in the soil do not always indicate a correspondingly high level of these metals in plants. Toxic
metal ions penetrate cells using the same processes of absorption of essential trace elements. The amount
absorbed by the plant depends on the concentration and speciation of the metal in the soil solution, as well
as on its successive movement from the soil to the root surface and from the root to the aboveground part
[15]. The movement of metal ions to the aerial part depends on the plant species, metal, and environ-
mental conditions [16]. Their genotoxic effects depend on the oxidation state of the metal, their con-
centration and the duration of exposure, and they are more pronounced at high concentrations and after a
long exposure time [17].

The problem of soil pollution by pesticides is also very relevant for our republic, since in Kazakhstan
almost every district has old storage facilities for chemical plant protection products. Tolerant plant
species have been identified that are capable to accumulate and degrade the pesticides in the territories of
former pesticide storage facilities located in the Talgar district of the Almaty region [18]. The degree of
pesticide accumulation by the studied species of annual and perennial plants was different and was their
specific feature. It was established that due to phytostabilization and phytoaccumulation, wild-growing
species reduced the content of chlorine-containing pesticides to 28%. According to their ability to reduce
or increase the concentration of pesticides in the pericheral zone, phytoaccumulators or herbal stabilizers
were identified. Common phytoaccumulator plants were the common cocklebur (Xanthium strumarium),
the sweet wormwood (Artemisia annua) and the common ragweed (Ambrosia artemisifolia). The root
system of these species is able to extract pesticides from contaminated soils and accumulate them in
aboveground organs. Such plants as the upland cress (Barbarea vulgaris), the ruderal hemp (Cannabis
ruderalis) and amaranth (Amaranthus retroflexus) kept the content of pollutants in the soil at a low level
and are phyto-stabilizers.

The main methods of bioremediation of pollutants. Physical, chemical and biological methods can
be used for revegetation of contaminated regions. There are technologies that can eliminate and / or
reduce the presence of HMs in industrial effluents, such as precipitation and coprecipitation, galvanization
and electrocoagulation, membrane separation, solvent extraction, ion exchange, adsorption and biosorp-
tion [19].

However, these methods are expensive and have a large negative impact on the environment. The
most effective and environmentally friendly are biological methods for cleaning contaminated areas, i.e.
bioremediation, which is characterized by low cost, does not include soil removal, and also does not
violate the biological and functional integrity of the soil [20].
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. The advantages of bioremediation technologies are related to the capabilities of living systems,
especially microorganisms, to metabolize a large number of various organic substances, to the softness of
impact on the environment being cleaned, which does not lead to significant changes in the basic soil
indicators. The disadvantages of soil bioremediation include the low rate of biodegradation of toxicants
and the need for a thorough preliminary survey of the contaminated area to clarify the modes of biotech-
nological work. Bioremediation technologies are divided into different types depending on:

— whether they are carried out directly at the site of pollution or beyond;

— whether or not microorganisms are introduced into the polluted environment.

There are three main approach to bioremediation: biostimulation, bioaugmentation and phytoreme-
diation.

Biostimulation allows the natural accumulation of microbial destructors in freshly polluted soil to be
accelerated by the addition of microorganisms. Inserted cells are better adapted to the conditions of a
particular habitat and the characteristics of a decomposable hydrocarbon substrate. In this case, samples of
natural microbiota are extracted from the soil, which are then cultivated in fermenters to increase their
remediation characteristics by adding the necessary growth factors and compounds that induce the
biodegradation of the target pollutant. Then such microbiota is brought to the place of pollution.

Bioaugmentation (or bio-enhancement) is a process in which specialized microorganisms hetero-
genous to a given habitat that have been previously isolated from natural sources or specially genetically
modified are introduced into contaminated soil. By such a method, biodegradation of hydrocarbons in the
natural environment can be accomplished by stimulating the natural oil-oxidizing microflora by creating
optimal conditions for its development (introduction of nitrogen-phosphorus fertilizers, aeration, etc.) or
introduction of hydrocarbon-oxidizing microorganisms (introduction of active strains) along with
additions of nitrogen, phosphorus, lime, etc.

Phytoremediation based on using the ability of plants to accumulate pollutants in aboveground and
underground organs and cause degradation of xenobiotics in the rhizosphere zone is one of the widely
used methods of bioremediation. Phytoremediation has long been recognized as a cost-effective method
of disinfecting soil and water resources. From an economic point of view, phytoremediation has advan-
tages over the "chemical" and "mechanical"” methods of soil remediation, since its implementation does
not involve large investments, and operating costs for the implementation of this technology are not large.
Most importantly, after phytoremediation, the soil does not lose its fertility. Therefore, this technology is
environmentally friendly and cost-effective. In the past few decades, studies of phytoremediation to
remove various pollutants from the soil show promising prospects [21, 22].

Phytoremediation can occur by phytoextraction, phytostabilization, phyto-volatilization, phytode-
gradation, risodegradation, or phyto-degradation [23, 24]. This leads to the absorption of pollutants from
the soil or water by the roots of plants, translocation and their accumulation in the aboveground organs.
These methods are complementary. Plants can also directly degrade organic pollutants with their enzymes
to inorganic compounds that accumulate in the plant. The technology of using plants for the degradation
of pollutants is called phytodegradation. It is effective against organic pollutants with good mobility in the
plant (herbicides, TNT, trichlorethylene).

Nowadays, about 400 plant species have been identified as accumulators of toxic metals. Some plant
species have evolutionarily developed resistant forms that can survive on soils with a high concentration
of HMs. Existing natural battery plants, which can accumulate large amounts of HMs, most often grow
slowly and have little biomass. For the development and application of technology phytoremediation of
great importance is the study of various plant species and the selection of the most promising to clean the
soil from pollution.

Currently, studies in this direction have been conducted on fodder, vegetable, leguminous, herba-
ceous plants. For example, the cultivation of such vegetable crops as summer squash, pumpkin and spi-
nach contributed to a decrease in the concentration of dichlorodiphenyltrichloethane (DDT) in the root
zone and the rhizosphere is 10 times compared to the soil contaminated by it [25]. DDT can accumulate in
large quantities in the leaves of plants and in small quantities in fruits, as well as in humus with pine
needles, where it dissolves in the wax substance of pine needles [26]. The effect of the pH of the root
medium on the absorption of the sulfanthrazone herbicide was studied on cotton plants. As a result of the
experiments, it was found that neutral pH values contributed to an increase in the absorption of herbicide
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by plant roots [27]. A comparative analysis of the accumulating ability of various pesticides to cereal and
herbaceous plants showed that sunflower and Indian mustard contributed to improving the degradation of
pyrene and 2,4DDT in soil along with accumulation of metals. This demonstrates the potential of sun-
flower and Indian mustard for the simultaneous recultivation of metals, PAHs and organochlorine
pesticides in mixed contaminated soils [28].

Chirakkara and Reddy [29] conducted a study on the choice of plants suitable for the simultaneous
absorption of phenanthrene, lead, copper and chromium by studying the phytoremediation effectiveness
of 9 species of plants. It was found that on soils where sunflower, oats, raigrass, fescue and mung were
grown, a significant decrease in phenanthrene was observed, although the plants were distinguished by
low survival and biomass. Huang et al. studied 23 Ricinus communis genotypes (palmchrist) to restore
contaminated soil with cadmium and DDT and found simultaneous accumulation of metal and pesticides
with some genotypes, even at higher concentrations than previously reported for other plants [30].

The use of tree crops in phytoremediation technology. The choice of plants for this technology is
determined by their ability to transport the groundwater to the surface, to break down polluting com-
pounds with the help of their enzymes and to accumulate these compounds in biomass. For plants that can
be used for phytoremediation, it is required to rapidly increase their biomass with simultaneous absorption
of large amounts of metals (at least 1-3% of their dry weight).

One of the main risks associated with phytoremediation is the ingress of recovered pollutants into the
food chain due to the consumption of plants used for phytoremediation. Therefore, one of the promising
areas in phytoremediation programs is the use of tree crops, which can be used in phytoremediation as a
barrier to water, preventing leakage of contamination into the depths, and the horizontal distribution of
polluted groundwater. As many researchers have noted, fast-growing plants are ideal for this process,
creating a large biomass in a short period [31].

Studies to determine the mechanisms of translocation and detoxification mechanisms of herbicides in
woody plants are insignificant, although many of them may be of great interest for phytoremediation.
Matt A. Limmer [32], in studying the effect of perchlorate on willow (Salix nigra Marsh), found that
perchlorate concentrations in tree sap were proportional to perchlorate concentrations in groundwater.
This will allow further use of this plant species for screening of groundwater contaminated with per-
chlorate. Chard B.K., et al. [33] conducted a research on the accumulation of trichlorethylene and its
transformation products in various organs of apple and peach trees. It was established that the greatest
accumulation of these substances was observed in the leaves, then in the branches and fruits. At the end of
the study, TCE was found only in the roots. Research has been conducted to better understand the poten-
tial transfer of organic compounds to edible fruits. Tyshchenko E.L. and Yakub Yu.F. [34] conducted a
research of the royal paulownia as a bioindicator of the degree of soil contamination in the growing areas.
It has been established that royal paulownia plants are capable to concentrate heavy and rare-earth metal
ions in large quantities in wood. The accumulation of these elements in the plant depends on their content
in the soil and the biological availability. The results of the research indicate that royal paulownia is a
promising tree crop for inclusion in phytoremediation programs on soils containing both inorganic (HMs)
and organic (for example, pesticides) pollutants.

Studies have been conducted on the use of eucalyptus trees for the accumulation of volatile organic
compounds [35], studied the mechanisms of absorption and loss of trichlorethylene in growing cypress
trees [36], investigated the toxicity of PAH on various types of willows [37].

It should be noted that most studies on the use of tree crops for phytoremediation are carried out on
poplars. Apparently, this is due to the fact that they have an extensive dense root system, a high level of
transpiration, and a high level of synthesis of degradation enzymes.

Extensive atrazine metabolism studies for phytoremediation, conducted by Burken J.G. and co-
authors on hybrid poplars (Populus deltoides x Populus nigra), showed that poplars are able to absorb,
hydrolyze, and dealkylate atrazine to less toxic metabolites. These studies prove the possibility of
vegetative detoxification of pollutants and suggests that hybrid poplars are a very promising type of plant
for the phytoremediation of atrazine-contaminated soils [38]. Laboratory studies have shown that fast-
growing and deep-rooted poplars also contribute to the successful restoration of groundwater [39].
Contaminated groundwater is absorbed by plants and the contaminants are then converted into organic
molecules used for plant growth. This method has already successfully proven itself to restore soil
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contaminated with atrazine and groundwater. In a number of studies, the potential of phytoremediation
using hybrid poplars of such pesticides as 1,4-dioxane, TCE, chloroacetanilide tetrachlorobiphenyl was
studied [40-42].

Currently, a significant amount of research is being conducted on the interaction of microorganisms
with plants in the rhizosphere and the possibility of using this to eliminate the environment polluted by
pesticides. According to preliminary studies, increased degradation of atrazine, metolachlor and trifluralin
was observed in polluted soils, where Kochia sp. species grew. Increased degradation occurred in the
rhizosphere of this herbicide-resistant plant, which indicates the interaction between plants and micro-
organisms contribute to increased degradation in the presence of pesticides [43]. Jordahl J.L., et al. proved
that poplar rhizosphere is capable of enhancing the growth of microbial populations that are involved in
natural bioremediation [44]. In the root zone of Pinus nigra and Salix caprea, there were detected a
polychlorinated biphenyl degrading bacteria which contribute to the decomposition of this organic
pollutant [45]. All of these studies suggest that biostimulation through rizoremediation is a promising
strategy to increase the degradation of various pollutants.

Plant species that are unintentionally exposed by pesticides are considered to be untargeted plants.
The separation of plants into target and non-target is very important for the development of effective
phytoremediation technologies, since the so-called “non-target” plants may not have a high pesticide
storage capacity. At the same time, carrying out the phytoremediation technology on non-target plants
will increase the efficiency of cleaning contaminated areas.

Non-target effects of plants are any direct or indirect effects that affect the survival, health or repro-
duction of non-target plant species. Non-targeted plants can have either one or a combination of reactions
to the detoxification of a pesticide. The development of a detoxification mechanism depends on such
factors as the concentration and type of pesticide present, environmental conditions and plant
characteristics. Comparison of metabolic pathways, detoxification mechanisms and tolerance of various
plants to pesticides will contribute to the development of a vegetative processing system for disinfecting
soil and water contaminated with pesticides.

The successful application of phytoremediation technology is based on the use of various models to
predict the absorption, translocation and elimination of organic contamination by plants [46]. Gopalak-
rishnan G. et al. [47] proposed a method for estimating the distribution of chlorinated solvents in soil and
groundwater using willow and poplar tree branches. Twigs are potentially more economical and easier
than mature trees. This approach is used as a quantitative means of monitoring soil and groundwater for
the presence of tetrachlorethylene, trichlorethylene and carbon tetrachloride. A study of the accumulation
of polychlorinated biphenyls by hybrid poplars under hydroponic conditions has shown that most PCBs
are sorbed by the root system [48]. In the article of Ma X.M. and Burken J.G., the sorption and desorption
separation of chlorinated solvents of trichlorethylene, 1,1,2,2-tetrachloroethane and carbon tetrachloride
between the air and wood biomass of hybrid poplars was investigated. It has established that the distri-
bution coefficients of compounds between air, water and biomass of wood cores and trunks were
associated with the physico-chemical characteristics of pollutants. Tissue analysis and determination of
separation factors can provide an effective way to assess the concentration of compounds in a trans-
piration flow in soil or groundwater in an extremely fast and cost-effective way [49].

Conclusion. Thus, the analysis of literature data showed that tree cultures are a very promising
object for carrying out phytoremediation of areas contaminated with HMs and pesticides. Firstly, this is
due to the fact that, unlike grass and vegetable crops, woody plants are less eaten by animals and thus
reduce the risk of ingress of pesticides into animal products. Secondly, tree crops can be widely used for
landscaping polluted areas. Thirdly, they are more useful in detoxifying the drains of various pesticides in
order to prevent their penetration into reservoirs. In the fourth, trees prevent soil erosion, improve the
appearance of contaminated sites, reduce noise and improve air quality. The most promising species for
these studies are tree cultures of the genus Polus, Salix and Paulownia, which have a high phytoreme-
diation potential of pesticides and HM. The use of these types of tree crops, on the one hand, will reduce
pollution and, on the other, increase the productive value of polluted soils.

Currently, in the framework of the program-targeted financing of the Ministry of Education and
Science of the Republic of Kazakhstan «Comprehensive assessment of unutilized and banned pesticides
impact on genetics status and health of population of Almaty region» (BR05236379), we conduct research
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on the microclonal reproduction of valuable genotypes of poplars and royal paulownia in vitro culture, the
study of their phytoaccumulative capacity and the possibility of using for cleaning the soils polluted by
HMs and pesticides of Talgar district of Almaty region.
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AYBIP METAJIJAPMEH KOHE IECTULHUATEPMEH JIACTAHFAH
TONBIPAK ®PUTOPEMEJUAIIUSACBIHIA AFAII OCIMJAIKTEPIH
KOJIAAHY KETICTIKTEPI (1no.ay)

AHHOTanmsi. Makasasia TONBIPaKTHIH ayblp METaJIapMEH JKoHE NMECTUIMATEPMEH JlacTaHy IpoliemMaliapsl,
ONapIBIH OMOJIOTHSUIBIK KOJAMIBUIBIFEIHA OCep €TEeTiH TaOWFW KOHE aHTPOIOTEHIIK (pakTopiap, JacTaymisiapra
eciMIiKTepre TO3IMILTIK MEXaHM3MIEpi >KOHE TOMBIPAKTHIH (UTOpPEMEIHalis TEXHOJOTHSACHIHAAFBI aFaIiTap
JAKBUIAAPHIH MMaiiIaany JKeTICTIKTepi Typabl 9geOueTTep IOy JKacay KapacThIPBLUTFaH.

Aysip Metannap (AM) KoHE MEeCTHIUATEp KOpIIaFraH OPTAHBI aHAFYPIIBIM YIIBI JacTaylisuiap OoibIn TaObI-
nanel. Kazipri yakeitra, Kypambeiaga AM sxoHe mecTHIHATEP] Oap JacTayIubl 3aTTapAbIH KeJeMi )KbUT CaliblH apThIIl
keneni. by xarmadmap Kasipri Kes3meri 3KOJOTHSAJIBIK TEMe-TeHMIKTI Oy3aapl JKOHE XaNbIKTBHIH JCHCAYJIBIFbIHA
3USIHBIH THTI3€/I1.

JlerenmeH, keiOip e©CIMIIKTEpiH Typiepi TaOWFH OJIMEH OChl METajjapFa TOJICPAHTTHI HEMEcCe Te3iMIi
exeHJiri anpIKTanabl. Keibip Typiepi e3iHiH OolibiHa AM-/IbIH JKOFapbl KOHIEGHTPALMSCHIH KUHAMIBI, Oipak onapra
TOJIEpAHTTHI €KEHJIrHi, an 0acka TypJsiepi - e3/epiHiH Keaepri >kacall ajaThlH KbI3METi eceOiHAe a3asThIHABIFBIH
kepceteni. TombIpak ®oHE CY PecypCTapbliH 3aJIAICHI3TaHIBIPYABIH €H THIMII )KOHE YHEM/II TEXHOJIOTHSUIAPHI 0ipi o
OMOJIOTHSIIBIK 9JIicTep, aTal alTKaHaa, GUTOpeMEaNaIHs 9J1iCi OOJIBIN TaObUIa/IBL.

duropeMenuanus 6CIMIIKTEPAiH JKEP YCTi )KOHE Kep acThl OPraHAapbIHBIH JIACTAYBIIITAPBIH KUHAY IKOHE
pusochepanblk aitMakTa KCEHOOHMOTHKTEPHIH ©3TepicKe YINBIpayblH OOJIBIPATHIH MYMKIHIIKTEpIi MaiamaHyra
Herizaenred. GuropeMeananys TeXHOJIOTUSICHIHBIH JaMybIHIAFbl AJFBIIIKbI MIHIETTEP - TAMBIP XKYHeciHIe Koplia-
FaH OpTaHBIH JIACTAYBIIITAPHIH XKUHAKTAayFa KabiJeTTi oCIMIIKTEpAl 131eCTipy, COCBIH OJIapb )KEp YCTiHE aybICTHIPY
OO0JIBIN TaObIIAIbL.

Byn ynepic yuriH Kpicka Mep3iM ilIiHAe YJIKeH OMOMaccaHbl KYPaHThIH JKbIIJIaM ©CETIH OCIMAIKTED ajIbIHAJIbI.
Ocsr 3eprreynep yurid — Populus, Salix xone Paulownia opmaH makpuigapbl Oouibil TaObutagsl. OChl aTayFaH
ecimaiktepai TM »xoHe meCTUIUATEPIH (GUTOpeMeauanus TEXHOJIOTUAChIHIAA KOJIJAHBUTY JacTaHy JCHTCHIH Te-
MEHJIeTe/1l )KOHE JIACTaHFaH TOIBIPAKTHIH OHIMIUTIK KYHABUIBIFBIH apTTHIPAIbL.

Aran1 copTTapblH KOJJAHBII XYPri3uireH (puTopemMenuanys KenTereH aiiMakrapra eHTriziayl MYMKIH Kasipri
3aMaH¥bl, NEPCIIEKTHUBAJIBIK SKOJIOTHAJIBIK Kayilci3 )koHEe IKOHOMHKAJIBIK THIM/II TEXHOJIOTHs OOJIBI TaObLIa bl

Tyiiin ce3aep: ayplp MeTaUIAAP, IECTHOUATAD, (GUTOPEMEINAINs, aFall OCIMIIKTEPi.

3. 1. Ilmaﬂrannna"z, . A. [Haneﬂona', M. A. KaﬁrepMamBa',
A. A. Mamuposa'?, B. A. ’Kymabaesa’

1I/IHCTMTyT o6wei reneruxu U murTogoru KH MOH PK, Anmarel, Kazaxcran,
’Kazaxckuii HarmonanbHbiit yaupepcuter um. anp-Dapabu MOH PK, Anmarsr, Kasaxcrau

IEPCIIEKTHUBbBI NUCITIOJIB30BAHUSA JIPEBECHBIX KYJIBTYP
B ®PUTOPEME/IUALINHA ITIOYB,
SATPA3ZHEHHBIX TAXEJBIMA METAJIJIAMUA U IIECTULUJIAMM (00630p)

AnHoTanus. B crathe mpencTaBiieH 0030p JIHTEPATYpHI MO MPOOIIEMe 3arpsI3HCHUS [TOYB TSHKEIBIMU METal-
JAMH U TICCTUIMIAMH, PaCCMOTPEHBI €CTECTBEHHBIC M aHTPOIOTCHHBIC (haKTOPHI, BIUSIOIINE HAa WX OHOIOCTYII-
HOCTb, MEXaHU3MbI YCTOMYMBOCTH PACTEHHUM K JAHHBIM 3arpsS3HUTENSIM U MEPCIEKTUBBI UCIIOIb30BaHUS IPEBECHBIX
KYJBTYp B TEXHOJIOTHH (PUTOpEMETUAIINN TIOYB.

Tsoxensie Metamutel (TM) U eCTHIUABI SBISIOTCS HarmOoJee BEICOKOTOKCHYHBIME 3aTPsS3HUATEISIMU OKpPYKaro-
e cpensl. B HacTosmmee BpeMst 00BEMBI MOJLTFOTAHTOB, coAepykammx TM ¥ MeCTHIUABI, €XKETOTHO BO3PACTAOT.
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JlanHas cuTyars IOJphIBaeT CYIMIECTBYIOIIEE SKOJIOTHIECKOE pABHOBECHE U HETATHBHO CKa3hIBAIOTCSA HA 3I0POBHE
moned. TeM He MeHee, HEKOTOpbIE BUJIbI PACTEHUM pa3BUJIM TOJEPAHTHOCTb WM YCTOMYMBOCTb K 3TUM MeTajjlaM
€CTeCTBEHHBIM ITyTeM. OIHU BHUIBI CIIOCOOHBI HAKAIUIMBATh BBHICOKHE KOHIICHTpauu TM, HO MPOSBIATH K HUM TO-
JIEPAHTHOCTD; APYTHe — CHIDKAIOT WX MOCTYIUICHHE 3 CUeT CBOMX OaphepHbIX (yHkumit. Hanbonee addexTuBHBIMU
U SKOHOMHYECKH BBITOJHBIMH TEXHOJIOTHSIMH 00€33apaKMBAHMS ITOYBEHHBIX M BOJHBIX PECYPCOB SBISIOTCA OMO-
JIOTHUYECKUE METO/Ibl, B YaCTHOCTH, (putopemenuanus. PurtopeMenuaiusi OCHOBaHa Ha MCIOJIBb30BAHUHM CIIOCOOHOCTH
paCTeHl/Iﬁ HaKaIllJIMBAaTh 3arpsA3HAIOIINE BEIICCTBA B HAA3CMHBIX U MOA3EMHBIX OpraHax W BbI3bIBATH A€Trpaialivuio
KCEHOOMOTHKOB B pusocthepHoi 30He. [lepBocTeneHHol 3anaueil npu pa3pabdoOTKe TEXHOJOTHH (DUTOpEeMeqHaliu
SIBJISIETCSI TIOMCK PAcTeHUH CIIOCOOHBIX aKKyMYJIMPOBATh 3arpsi3HUTEH CPEbl B KOPHEBOI CHCTEME, a 3aTeM TpaHC-
JIOLIPOBATh UX B HAIA3EMHYIO 4acTb. J{ys 3TOro nporecca uieanbHbl OBICTPOpACcTYIINE PAacTeHHUS, CO3/IAI0IIUE OOJIb-
mryro Oromaccy 3a KopoTkuil nepuoz. Hanbosee nepcrieKTUBHBIMU BHIAMU JUIsl IAHHBIX MCCIICIOBAHUH SIBIISIOTCS
IpeBecHbIC KyIbTypbl pona Populus, Salix u Paulownia. [lpuMeHeHHE TaHHBIX BHUJIOB PACTCHUH, B TCXHOJOTHH
turopemenuanm TM © MECTUIHIOB ITO3BOJIUT CHHU3HUTH YPOBEHH 3arpsA3HEHHS W IOBBICUTH IPOTYKTHBHYIO ICH-
HOCTB 3arps3HEHHBIX T04YB. DUTOpEMeqranus ¢ UCIOIh30BAHUEM APEBECHBIX MTOPO/T SBISETCS COBPEMEHHOM, TIepc-
MEKTUBHOHN KOJIOTHYECKH Oe30MacHON M SKOHOMHYECKH BBITOJHON TEXHOJIOTHEH, KOTOpas MOKET OBITh BHEIpeHa
Ha OOJIBIINX TEPPUTOPHSIX.
KaroueBble ci10Ba: TshKeENble METAIUIBL, TIECTHIMIBI, puTOpEMeuanus, APEBECHbBIC KyIbTYPBI.
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PROSPECTS AND THE CURRENT STATE OF THE LAKE AND
COMMODITY FISHING OF THE NORTH KAZAKHSTAN REGION

Abstract. According to the authors, increasing the efficiency of fish farming in freshwater bodies is becoming
increasingly important. One of the main ways of rational highly efficient use of biological resources of inland waters
is the organization on their basis of commercial fish farming, including the use of a wide variety of ways and
methods of artificial reproduction and rearing of fish in cages, pools and ponds. The transition to lake-based fisheries
is one of the main components of sustainable economic and social development of the agricultural sector and rural
areas for the Republic of Kazakhstan.

Keywords: fish farming, lakes, fisheries, prospects, ponds.

Introduction. In the Republic of Kazakhstan, for the development of the agro-industrial complex,
including the commercial fish farming industry, the "Program for the development of the agro-industrial
complex in the Republic of Kazakhstan for 2013-2020" AGROBUSINESS - 2020 "was adopted. As a
result of its implementation, strategic goals will be achieved [1].

SWOT analysis of the agricultural industry

Strengths Weak sides
Kazakhstan occupies the ninth place in the world in terms of low share in the country's GDP (4.8%); underdevelopment
the area; Kazakhstan occupies the second place in the world in | of trade, including export; low level of implementation of
terms of arable land per capita; Kazakhstan is one of the research and development work; insufficient level of
largest exporters of grain and flour; the large rural population veterinary and food safety; high capital intensity; long
(43% of the total population), a high share of the employed payback period; dependence on climatic conditions; low
(18% of the employed population); high potential demand for labor productivity; low profitability of agricultural
food products from the markets of the CIS and Central Asia; producers

constant growth of gross agricultural product; high potential
for production and export of organic products

Opportunities Threats

the possibility of increasing the volume of all types of adverse changes in natural climatic conditions, instability of
agricultural products due to the growing number and change in | weather conditions; spread of animal and plant diseases and
the nutritional structure of the population; the formation of environmental pollution; increased competition in

effective government support for agricultural producers and international markets for certain types of products in
agricultural cooperatives; expansion of the geography of connection with the entry into the WTO; risk of inefficient
deliveries and export volumes in promising sectors government regulation of the industry

The prospects for the development of lake-based commodity fisheries were considered by creating a
mathematical model to predict its effectiveness on the example of Lake B. Tarangul, North Kazakhstan
Region.

Scientific studies show that a significant increase in fish production in lakes can be achieved by
performing the necessary complex of fishery activities.
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The ubiquitous transition from fisheries to managed industrial fish farming should be the industry's
long-term general program. The feasibility of this approach is confirmed by science and practice [7].

Scientists of NKSU named after M. Kozybaev, employees of the public association "Ecosphere" are
doing a lot of work to study the current state of lakes in the North Kazakhstan region. Based on this,
scientific reports and publications have been prepared which give an analysis of the hydrochemical,
hydrobiological, morphometric, and other conditions of aquatic ecosystems of the North Kazakhstan
region [2].

The lake content of the territory of Northern Kazakhstan is one of the highest in the Republic of
Kazakhstan and averages 4.6%. In the North Kazakhstan region there are more than 2328 lakes with a
water mirror area of more than 4,525 km2. Water bodies differ in their hydrological and hydrochemical
parameters, overgrowth, food supply, and the composition of the ichthyofauna. Despite these differences,
all of them are a favorable habitat for fish and food invertebrates. At least 1,500 water bodies have fish
resources, mainly crucian carp [5].

Biological justification has been carried out for 263 reservoirs of the North Kazakhstan region today
classified as fisheries [4]. According to the results of the scientific analysis, all the water bodies presented
were recognized as promising for fisheries. The average productivity of reservoirs was calculated
according to the methodology presented by Pismennaya OA, 2005. This technique is widely used in
biological and economic calculations of the productivity of reservoirs [6].

It should be noted that a characteristic feature of the presented lakes is their periodic drying out and
filling in the year and year, and the filling periods are less long, i.e. they are frost-hazardous. In particular,
in 70% of undeveloped frost-hazardous water bodies, a low-value, weedy predatory species, the rotan,
which is also an omnivorous ichthyophage, has divorced and increases the population. In 80% of the
water bodies of the region, fishing is not carried out for several reasons, one of which is overgrowing, the
other is the presence of tall fish, i.e. ubiquitous inbreeding is noted, which emphasizes the need for
resettlement, in particular, crucian carp from the reservoir to the reservoir to update the population, to
reduce the population of tall fish [3].

All the information presented allows us to speak not only about the possibility, but also the need for
fishery reservoirs at OTRH. Moreover, the increase in fish productivity of water bodies can be carried out
with small capital investments in the organization of production.

A mathematical model has been developed. Using this model, knowing the basic morphometric
characteristics of the reservoir, as well as the results of hydrobiological analyzes, it is easy to determine
which annual increase in ichthyomass is capable of providing this or that reservoir. Therefore, according
to the state of the predicted data, it is possible to identify not only the species of fish that the reservoir can
feed, but also the maximum amount necessary for stocking. Since excessive over-accumulation will lead
to undermining of the natural forage base of the reservoir, which will inevitably lead to the formation of
tall-growing forms of ichthyofauna, and possibly mass killing.

By the quantitative development of zooplankton, Lake B. Tarangul is medium fodder and is
characterized as P-mesosaprobic. Also, according to the quantitative development of zoobenthos, the
studied reservoir belongs to - mesotrophic.

According to the condition of the food supply, Bolshoi Tarangul Lake is capable of providing an
annual increase in ichthyomass of “peaceful” fish up to 60 tons (or 17.8 kg / ha).

It is recommended that 60.5 tons of ichthyomass of “peaceful” fish be removed annually so as not to
undermine the natural forage base. However, it must be taken into account that this value is not the total
biomass of “peaceful” fish, but only an annual increase. The generally accepted optimal seizure does not
exceed 30%, established by leading ichthyologists and prescribed by law.

Consequently: The total biomass of “peaceful” fish is 200 tons.

Estimation of the growth of predator biomass:

(200 - 60,5)
3

Hence, the annual production of predators of ichthyophages in Lake B. Tarangul may be 47.1 tons.
Total annual increase in ichthyomass in polyculture on Lake B. Tarangul may be 107.6 tons.

Pre
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Speaking about efficiency, first of all, it is necessary to talk about economic efficiency. The
developed model allows you to calculate and economic efficiency. Where the costs depend on the volume
of withdrawal and on the area of the reservoir. Income is calculated on the basis of wholesale market
prices for raw fish (in the case of processing, revenues may increase significantly).

The average annual growth rate of food production in general does not keep pace with the growth
rate of consumption and incomes of the population, as a result of which the free market niche is
replenished by imports and its share in domestic consumption remains very significant

Also, the program considers such indicators as profit, profitability and break-even point.

If all the necessary conditions are met in the Republic of Kazakhstan, fish productivity will increase
significantly, therefore, not only Kazakhstanis will receive fish products, but it is also possible that
exports to neighboring countries will increase, which will contribute to food security.

The main goal is the development of the country's fisheries, the creation of conditions for the
conservation of valuable fish species and the rational use of fish stocks.

The topic under consideration is certainly important for Kazakhstan, as its expected results can make
a significant contribution to ensuring the country's food security.

The increased economic potential of the country, the problem of food security, the projected
population growth and increased requirements for the assortment and quality of fish products determine
the need to maximize the use of all potential opportunities of freshwater fisheries.

One way to solve the problem of supplying the population with high-grade foods rich in proteins is
fishery products, in particular, the development of commercial fish farming. Kazakhstan has a huge
variety of ecologically clean water bodies (the total area of water bodies in Kazakhstan, excluding the
Caspian Sea, is about 5 million hectares.) On which it is possible to produce environmentally friendly fish
products. It should be noted that in the Republic of Kazakhstan, the export of fish products among
agricultural crops ranks third after the export of grain crops (wheat and barley).

One of the main reasons for this situation is the underdeveloped system of harvesting and promotion
of agricultural products from agricultural producers to sales markets, including agricultural processing
enterprises. The increasing role of intermediaries in the sales network almost completely eliminated the
relationship between producers and processors of raw materials. Low purchase prices for agricultural
products do not stimulate an increase in their production volumes, which ultimately leads to a low share
of processing of agricultural raw materials, underutilization of the capacities of processing enterprises
and, ultimately, to a high share of food imports. Products of small and medium-sized domestic agricul-
tural producers noticeably lose in quality and packaging and are not able to successfully compete with
foreign suppliers.

However, the volumes of fish catch in reservoirs of fishery importance have their limits limited by
the natural fish productivity of reservoirs and the ability of commercial fish species to reproduce. These
limits have now been reached; an increase in the fishing load and other anthropogenic factors on water
bodies does not lead to an increase in the volume of harvested fish resources. The only solution in this
case is the development of commercial fish farming.

At the same time, the fish products produced must be competitive: of various assortments, of high
quality, accessible to the mass consumer. Hatcheries should be able to provide fish to the population
throughout the year and in the required quantities, preferably in a lively and chilled state. At the same
time, the applied commercial fish farming technologies must be cost-effective, i.e., capable of ensuring
the return on financial resources invested in reconstruction and technical re-equipment.

One of the factors to ensure the quality of fish products is the use of environmentally friendly
technologies, which is reflected in the Concept for the transition of the Republic of Kazakhstan to the
Green Economy.

II. C. Imutpues, T. H. JIsicakoBa, M. M. TaiizkanoBa
ATtemparsl Contyctik Kazakcran memiiekertik yHuBepcureti Ko3sioaesa, [lerponasin, Kasakcran

COJITYCTIK KA3AKCTAH OBJIBICBIHBIH BAJIBIK )KOHE BAJIBIK AYJIAYIATBI
HNEPCINEKTUBAJAPBI MEH AFBIMJIATBI )KAFJAWBI

AHHOTauMsl. ABTOPIAPABIH MIKipiHIIe, TYIIH Cy KOoiManapelHAa OaibIK ecipy THIMIUITIH apTTBIpy OapraH
caifplH MaHBI3ABI Oona Tycyae. [mKi cymapabiH OMOJOTHSIIBIK PECYpCTapblH YTHIMIBI JKOHE THIM/I MaiiianaHyIbIH
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HETI3ri omicTepiHiH Oipi OaNbIK aymay[blH HETi3iH YWBIMIACTBIPY, OHBIH iMIiHAE OalbIKTapAbl Topaa, OaccedHiae
JKOHE TOFaHAapla acaHABl KeOeHTy MEeH ecipy Tociiamepi MEH omicTepiHiH KeH KOJMTaHbUTybl. Kenre HerizmenreH
Oampik aymayra xemry Kasakcran PecryOnmKachl YIIiH arpO@HEPKICINTIK KEMICHHIH KOHE aybUIABIK aiiMaKTapIblH
OPHBIKTHI SKOHOMHUKAJIBIK )KOHE JIEYMETTIK IaMybIHBIH HETi3r1 KOMIIOHEHTTEPIiHiH Oipi OOJIBIN TaObLIA/IbI.

Tyiiin ce3aep: OanbIK MIAPYAILIBUIBIFBI, KOJIAEP, OANBIK HIAPYallbUIbIFbI, HEPCIIEKTHBATIAP, TOFAHIAP.

II. C. Amutpues, T. H. JIvicakoBa, M. M. TaiizkanoBa
Cesepo-Ka3zaxcraHckuii rocyiapcTBeHHbIH yHuBepeuteT M. M. Ko3sibaesa, [lerponasiosck, Kazaxcran

HNEPCHEKTHUBbI 1 COBPEMEHHOE COCTOSIHUE .
O3EPHO-TOBAPHO PBIBHOTI'O XO3AAUCTBA CEBEPO-KA3AXCTAHCKOHU OBJIACTHU

Annoranus. [To MHEHHIO aBTOPOB, MOBBIIICHHE A((HEKTUBHOCTH PHIOOBOJCTBA B IPECHOBOIHBIX BOJOEMAaX
npuoOperaeT Bce OOJBIIYI0 3HAYMMOCTh. OJIHUM M3 OCHOBHBIX IyTeH PaliOHAJIBHOTO BbICOKO3((EKTHUBHOTO HC-
MOJIb30BaHMsl OMOJIOTHUECKHX PECYpPCOB BHYTPEHHHX BOJOEMOB SIBISIETCSl OpraHM3allds Ha X 0aze TOBAPHOTO
PBIOOBO/ICTBA, BKIIIOYAs B HETO MCIOJIB30BAHHE CAMBIX Pa3HOOOPA3HBIX MyTeH M CIIOCOOOB HMCKYyCCTBEHHOTO BOC-
NPOM3BOJICTBA W BBIpAIIMBaHUSI PHIO B caakax, OacceiiHax W mpyaax. Ilepexos Ha 03epHO-TOBapHOE PBIOHOE
XO34HCTBO SBNIAETCS OJHOW M3 OCHOBHBIX COCTABIISIONIMX YCTOHUMBOTO 3KOHOMUYECKOIO U COIMAIbHOTO PAa3BUTHUSA
arpoNpOMBIIIJIEHHOTO KOMIIIEKCa U CENIbCKUX TeppuTopuii 1uist Pecnyonmkn Kazaxcran.

Ki1roueBble c10Ba: priOOBOJICTBO, 03€pa, PpIOHOE X03SHCTBO, TIEPCIIEKTHBEI, BOAOEMBI.
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In vitro PROTEOLYTIC ACTIVATION
OF CARCINOLYTIC PARASPORAL INCLUSIONS
OF Bacillus thuringiensis ssp. israelensis BACTERIA

Abstract. Upon proteolytic activation, the parasporal inclusions of Bacillus thuringiensis bacteria break down
into protein monomers (parasporins), some of which have a selective carcinolytic effect. The purpose of the study
was to determine the possibility of proteolytic activation of parasporal inclusions under in vitro conditions of the
culture medium with tumor cell lines in the presence of various concentrations of protease K. These experimental
conditions were created to simulate the tumor nidus with regard to the increased concentration of proteolytic
enzymes, which is characteristic of metastatic tumors and cancerous degradomes. The bacterial strain Bacillus
thuringiensis ssp. israelensis was selected for the study as a producer of carcinolytic parasporal inclusions. The
experiments were performed using monolayer tumor cell lines: Hep G2 (human hepatocarcinoma), MIA PaCa2
(human pancreatic carcinoma), RD (human rhabdomyosarcoma). Analysis of the cytotoxic effect was assessed by
morphological changes in tumor cell cultures. The paper presents the results of determining optimal concentration of
the protease K enzyme in tumor cell culture, at which activation of parasporal inclusions is possible without the
effect of the cytotoxic action of the proteolytic enzyme itself. Current data can be used for further in vivo studies.

Keywords: cell lines, proteases, parasporal inclusions, bacteria.

Introduction. In 1999, Mizuki et al. first examined protein parasporal inclusions from a total pool of
1744 B. thuringiensis strains for cytocidal activity against human leukaemia T cells and hemolytic activity
against sheep red blood cells. In general, B. thuringiensis strains did not have hemolytic activity (1684
strains), but 42 exhibited in vitro cytotoxicity against leukaemia T cells. These non-hemolytic, but toxic
against tumor T cells strains, belonged to several H serovars, including dacota, neoleonensis, shandon-
giensis, coreanensis and other unidentified serogroups. The purified parasporal inclusions of the three
selected strains designated as 84-HS-1-11, 89-T-26-17, and 90-F-45-14 exhibited no hemolytic activity
and no insecticidal activity against dipteran and lepidopteran insects, but were extremely cytocidal against
tumor T cells and other human cancer cells, demonstrating different toxicity spectra and varied levels of
activity. In addition, the proteins from 84-HS-1-11 and 89-T-26-17 were able to discriminate between
tumor and normal T cells, specifically killing leukaemia cells. The researchers concluded that these
findings may lead to the use of B. thuringiensis protein inclusions for medical purposes (Mizuki E., 1999:
477).

Mizuki et al., while continuing to examine an unusual property to recognize human leukaemia cells,
related to parasporal inclusions in B. thuringiensis, discovered a protein (named parasporin) responsible
for this activity. They have subsequently cloned it (Mizuki E., 2000: 625). Parasporin, encoded by a gene
2169 bp long, was a polypeptide consisting of 723 amino acid residues with a molecular weight of 81
kDa. The parasporin sequence contained 5 conserved motifs commonly found in B. thuringiensis Cry
proteins, but a low level of homology (<25%) was detected between parasporin and the existing classes of
Cry and Cyt proteins. Parasporin exhibited cytocidal activity only when degraded by proteases into
smaller molecules of 40 to 60 kDa.
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The activity of parasporins as carcinolytic toxins of a protein nature has been confirmed in numerous
screening studies resulting in the isolation of the most effective agents (Table 1) (Okumura S., 2013:
1889; Lee DW., 2000: 218; Okumura S., 2005: 6313; Poornima K., 2010: 348; Namba A., 2003: 29;
Uemori A., 2005: 122; Yasutake K., 2005: 124; Kitada S., 2009: 121; Akiba T., 2009: 121).

Table 1 — Cytotoxic activity of various parasporins against tumor and normal human cells (Okumura S. et al.)

LD50 (Mxr/mL)
Cell line Characteristics of cells - - - -
Parasporin-1 Parasporin -2 Parasporin -3 Parasporin -4

MOLT-4 T-cell leukaemia 22 0,022 >10 0,472
Jurkat T-cell leukaemia >10 0,018 >10 >2
HL-60 T-cell leukaemia 0,32 0,019 1,32 0,725
T cell Normal T cells >10 - >10 >2
HepG2 Hepatocellular carcinoma 3,0 0,019 2,8 1,90
HC Normal hepatocytes >10 1,1 >10 >2
HeLa Cervical cancer 0,12 2,5 >10 >2
Sawano Uterus cancer >10 0,0017 >10 0,245
TCS Cervical cancer - 7,8 >10 0,719
UtSMC Normal uterus cells >10 2,5 >10 >2
Caco-2 Colon cancer >10 0,013 >10 0,124

Studies on the cytotoxic effect of parasporin-2 have showed that unlike parasporin-1, it increases the
permeability of the plasma membranes of tumor cells (Ohba M., 2009: 427; Petit L., 1997: 6480).
Cytoplasmic lactate dehydrogenase flows out of the treated HepG2 cells, while extracellular propidium
iodide enters the cytoplasm. The initial stage of the cytotoxic effect of parasporin-2 is the specific binding
of the toxin to a putative receptor protein, not yet identified, which is located in a lipid raft of the plasma
membrane of tumor cells susceptible to this protein. This is followed by the formation of oligomers of
parasporin-2 in the plasma membranes, which leads to the pore formation and cell lysis (Petit L., 1997:
6480). Oligomerization occurs in the presence of membrane proteins, a lipid bilayer, and cholesterol. It
should be noted that substantial homology exists in amino acid sequences between PS2Aal and
Clostridium perfringens epsilon-toxin, whose cell action mechanism involves the toxin oligomerization in
lipid rafts and pores formation in the plasma membrane (Petit L., 1997: 6480).

Abe et al. (Abe Y., 2005: 113), while examining the mechanism of action of parasporin-2, found that
the toxin binds to the surface of target cells and increases the permeability of the plasma membrane.
Subcellular fractionation and immunoblotting of cells treated with the toxin showed that the toxin is
associated with lipid rafts and forms SDS-resistant oligomers. The binding and oligomerization of the
toxin was inhibited by treating the cells with phosphatidylinositol-specific phospholipase C. The
interaction of parasporin-2 with glycosylphosphatidylinositol proteins was therefore required to form an
oligomeric toxin that could penetrate the plasma membrane (Abe Y., 2005: 113). Abe et al. (Abe Y.,
2008: 269) examined the mechanism of action of parasporin-2 on the human HepG2 cell line
(hepatocarcinoma) and showed that this Cry toxin targets lipid rafts and is assembled into oligomeric
complexes in tumor cell membrane. The authors concluded that this protein is a pore-forming toxin that
accumulates in lipid rafts of tumor cells. Recently, Bokori-Brown et al. (Bokori-Brown M., 2011: 4589)
showed that the e-toxin produced by Clostridium perfringens (the etiological agent of dysentery in
newborn lambs, enteritis and enterotoxicity in goats, calves, and foals) forms heptameric pores in the
membranes of the target cells in the same way as parasporin-2.

It has been found that Cytl protein with a molecular mass of 25 kDa isolated from parasporal
inclusions of Bacillus thuringiensis ssp. israelensis (Bti) bacteria possesses cytotoxic activity against the
L1210 murine leukaemia cell line (Yokoyama Y., 1988: 499); in later studies, this parasporin exhibited
cytotoxic activity against human tumor cell lines, including MOLT-4, HelLa, and normal T-lymphocytes
(Okumura S., 2004: 89; Okumura S. 2013: 1889). In in vivo experiments on a transplantable mouse tumor
model, Cyt 1 protein turned out to be inactive on its own, but showed a strong potentiating effect in
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combination with the cytostatic anticancer drug Bleomycin against Ehrlich sarcoma, B16 melanoma, and
Meth A fibrosarcoma (Yokoyama Y., 1992: 1079).

Previous studies for determining the acute toxicity of the Bti unactivated parasporal inclusions
evaluated LDs, equal to 1.0 mg per adult mouse when protein is dissolved in PBS and 0.1 mg if dissolved
in 50 mM Na,COj; with intravenous administration (Wendy E. 1983: 181). These findings enable further
studies on a transplantable mouse tumor model using non-toxic concentrations of parasporal inclusions.

The acute toxicity and genotoxicity of parasporins has been sufficiently studied. The results of
toxicity study in mice of one of the parasporins, namely PS4, were recently published (Okumura S., 2014:
2115). The LDs, for PS4 was 160 pg/kg in ICR mice after subcutaneous introduction. Although it is less
toxic than the vast majority of bacterial toxins (Gill DM., 1982: 86), it would be rated as highly toxic
substance according to the toxicity rating system of Gosselin et al. (Gosselin RE, 1987), since the LDs is
less than 1.0 mg/kg. Moreover, the concentrations of cations, creatinine, and urea nitrogen in urine and
serum indicate that PS4 impaires kidneys function in mice. A histological evaluation of kidneys in PS4-
treated mice showed that protein can cause damage to the renal proximal tubule (Okumura S., 2014:
2115). It should also be mentioned that the LDs, value of PS2 was found to be 0.42 mg/kg after intra-
peritoneal injection in mice (Kyushu Institute of Technology, Japan, not published).

The tumor nidi are characterized by high vascular permeability, which is caused by the immu-
nological process of local inflammation with the formation of pores in vessels having a diameter of up to
2 um with the normal vascular endothelial pore width of 20 nm (Truskey GA, 2004: 427; Yuan F., 1994:
3352). This circumstance creates an opportunity for penetrating and making a local region of high
concentration of crystalline parasporal inclusions having an average size of 0.4-0.7x1.2-1.5 pm (Naoya
W., 2005: 988) in tumors after parenteral introduction.

At each stage, including tumor formation, growth, metastasis, and invasion into other tissues, a high
concentration of proteases in these nidi is observed, the combination of which determines cancerous
degradome, which is usually represented by 5 classes of proteases: serine (trypsin, protease K, etc.),
cysteine, aspartic, threonine, and matrix metalloproteinases (Deu E., 2012: 10), thereby representing a
natural environment for proteolytic activation of Bti parasporal inclusions.

Materials and Methods. Bacterial strain and cultivation conditions. The serotyped Bacillus
thuringiensis ssp. israelensis (Bti) strain obtained from the collection at the Microbial Depository Center
(Yerevan, Armenia), was used in the study. The bacterial strain was grown in MPA culture medium (pH
7) at 30 °C until sporulation was completed (approximately for 48-72 hours). To inactivate vegetative
cells and stimulate spore germination, an inoculation loop full of sporulated B. thuringiensis bacteria was
transferred to 0.5 mL of sterile deionized water, and then heated in a water bath at 75 °C for 30 min.
0.5 ml aliquots of activated spores were placed in 250 ml of MPB culture medium (pH 7). The culture was
incubated for about 24 hours at 30 °C under constant stirring at 250 rpm. The grown culture was stored in
a refrigerator at 4 °C for 4-5 days. By this time, more than 95% of the culture was presented as spores
(Okumura S., 2004: 89).

Preparation of a spore-crystal mixture from a B. thuringiensis culture. Crystalline NaCl was added
to a sporulated B. thuringiensis culture at a concentration of 1M to initiate lysis. The culture was cen-
trifuged at 6,000 x g for 10 minutes at 4 °C, the obtained spore-crystal precipitate was then washed once
with 1M NaCl and 2 times with distilled water; the resulting precipitate was further resuspended in an
appropriate volume of Tris/KCI buffer (50 mM Tris/HCI, 10 mM KCIl, pH 7.5). The spore-crystal mixture
was aliquoted and stored at -20 °C until further use (Okumura S., 2004: 89).

Dissolution of protein parasporal inclusions. Parasporal protein inclusions were isolated from
cultures by dissolving the spore-crystal mixture in 50 mM Na,CO;, 10 mM dithiothreitol (pH 10.5) for
one hour at 37 °C under constant stirring at 1400 rpm. Insoluble spores and other artifacts were
precipitated by centrifugation at 13,000 x g for 5 minutes. The resulting supernatant contained dissolved
parasporal inclusions (Okumura S., 2004: 89).

Tumor cell lines and culture conditions. Tumor cell lines, including Hep G2 (hepatocarcinoma), RD
(rhabdomyosarcoma), and MiaPaca-2 (pancreatic carcinoma), were grown in MEM, RPMI, and DMEM
media, respectively, with the addition of 10% FBS in the presence of ampicillin (100 pg/mL), at 3 °C in
5% CO,. The stabilized cell lines at the 5" passage were used in the experiment (Ohba M., 2009).
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Proteolytic activation of parasporal inclusions in tumor cell culture. Activation of parasporal
inclusions was carried out in 96-well plates with tumor cell cultures at a concentration of 20,000 cells per
well by combined introduction with protease K (Sigma). The enzyme concentration ranged from 100 to
0.75 pg/mL with a 2-fold dilution step. The solvent of parasporal inclusions was used as a negative
control, Triton X-100 served as a positive control.

Results and Discussion. During experiments for the determination of the carcinolytic effect of
parasporal inclusions isolated from Bti in the presence of protease K, the possibility of activation of
parasporal inclusions at non-cytotoxic concentrations of the proteolytic enzyme was revealed [A. Ilin,
A. Okassov "The way of cancer cells damage by Bacillus bacteria origin crystal proteins" Patent
application number: 2019/0685.1 from 17.09.2019]. Data on optimal concentrations of protease K in
tumor cell lines are presented in table 2.

Table 2 — In vitro cytotoxic concentrations of protease K in the presence and absence of Bti parasporal inclusions

Cell Cytotoxic concentration of protease K Cytotoxic concentration of protease K

line in the absence of parasporal inclusions, pg/mL in the presence of parasporal inclusions, pg/mL
Hep G2 6 3
MiaPaca-2 6 1,5
RD 6 1,5

The control smear of the Bti sporulating culture with visible parasporal inclusions in the apical parts
of the cell is shown in figure 1.

\
- ll
\ / ~ Figure 1 —
Sporulating culture
, p— of Bacillus thuringiensis ssp.
israelensis.
/ The Gram staining method (100x)
-~ — .

v LN

The presence of dark inclusions in the apical parts of cells indicates the initial stage of sporulation,
these inclusions are crystalline Cry proteins (parasporal inclusions), the monomers of which (parasporins)
have a carcinolytic effect.

The morphological picture of the cytotoxic effect of protease K and protease K in the presence of
parasporal inclusions against Hep G2, MiaPaca-2 and RD cell lines is shown in figures 2, 3 and 4,
respectively.

The observed pattern of changes in the morphology of tumor cells when parasporal inclusions
operated in combination with protease K is characteristic of parasporins (Kim H., 2000: 16), which
indicates the successful activation of parasporal inclusions by protease K. The similarity of changes in cell
cultures indicates the universality of the action of activated parasporins irrespective of the cell line.

It can be seen from the above results that morphological changes in cells under the action of
parasporal inclusions in the presence of a proteolytic enzyme differs sharply from the pattern of the
cytotoxic effect of protease K. The rounding of cells in experimental samples is characteristic of the
action of parasporins, which carry out their cytotoxic effect by changing the intracellular osmotic pressure
through oligomerization in cell membranes, followed by the formation of transmembrane pores in raft
domains (Yuich A. 2017: 71).




ISSN 2224-5308 Series of biological and medical. 5. 2019

A B C

Figure 2 — Morphological picture of Hep G2 cell lines (40x):
A — cytotoxic effect of protease K (6 ng/mL) against Hep G2 cell line; B — cytotoxic effect of parasporal inclusions
in the presence of protease K (3 ng/mL) against Hep G2 cell line; C — control Hep G2 cell line

Figure 3 — Morphological picture of Mia Paca-2 cell lines (40x):
A — cytotoxic effect of protease K (6 pg/mL) against Mia Paca-2 cell line; B — cytotoxic effect of parasporal inclusions
in the presence of protease K (1.5 pg/mL) against Mia Paca-2 cell line; C — normal Mia Paca-2 cell line

Figure 4 — Morphological picture of RD cell lines (60x): A — cytotoxic effect of protease K (6 ng/mL) against RD cell line;
B — cytotoxic effect of parasporal inclusions in the presence of protease K (1.5 ng/mL) against RD cell line;
C — normal RD cell line
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A four-fold decrease in the cytotoxic concentration of protease K when combined with parasporal
inclusions to manifest the cytotoxic effect of parasporal inclusions was observed against Mia Paca-2 and
RD cell lines, and a two-fold decrease was recorded for Hep G2 cell line, as compared with the cytotoxic
concentration of the proteolytic enzyme of 6 pg/mL.

Conclusion. To date we have not found published data on the precise concentrations of each of
protease classes in the tumor nidus and similar studies on modeling tumor nidi. But due to one of the
reasons for conditionality of the degradation of the tumor stroma and subsequent process of metastasis
caused by a high concentration and cytotoxic effect of proteases (Cao H., 2016: 1099), it can be assumed
that the protease concentration values are close to those necessary for activation of in situ parasporal
inclusions.

The resulting data are the basis for further in vivo experiments using inactivated Bti parasporal
inclusions by intravenous introduction at concentrations below toxic in order to create a local high
concentration of activated parasporins in the tumor nidus without distribution of the latter among organs
and tissues, thereby reducing the overall toxic effect.

A. OKaCOB', A. KaJII/IMaFaMﬁeTOBZ, H. AXMaTyJIJmHa',A. Wibnn'

'Mudekiusra Kapchl IpemapaTTap FUIBIME OPTaNbFl, AnMathl, KasakcTa,
2:;ﬂ—CI)apaGl/I aTeiHarel Kasak yiITThIK yHUBEpCcHTETI, AnMatel, Kazakcran

MMPOTEOJIUMTUKAJIBIK Bacillus thuringiensis ssp. Israelensis BAKTEPUSIHBIH,
IMAPACIIOPAJIJbI BIPIT'YJIEPIH BEJICEHAIPY in vitro

Annortauus. Bacillus thuringiensis OaKTepUsUTapBIHBIH NapaCTIOPAAbI Oipiryi, MPOTEOTUTHKAIBIK OeICEeHAIPY
apKachlHIa aKybl3 MOHEMepIepblHe (TapaclophHbBI) BIABIPAWIBI, JKOFApBINAFBUIAPIIH KeHOipiHe CeJIeKTHBTI
KaHLEPOIUTUKAIBIK dpekeT Oap. JKYMBICTBIH MakcaTbl: in Vitro >KarmalblHAA iCIK jKacylIaJapblHBIH Op TypJi
KOHLIEHTpaLsIIarbl 1poTe3a K KaThiCybIMeH, mapacnopaibl OipiryiJiH MpOTEOTUTUKANIBIK OCICEH IUIITIH aHbIKTAY.
byn toxipubenik karmainap MeTacTa3[blK ICIKTEpre jKoHe Karepii TO3y MHpOLEecTepiHe TOH MPOTEOTHUTHKAIIBIK
(hepMEHTTEp/IIH LIOFBIPIAHYBIHBIH JKOFAphl OOJIriHAe iCIK KaJbINTacybIHbIH (DOKYCHIH MOJIENIbACY YIIIH KacaJlFaH.
3epTTey YIIiH KaHIEPOJIUTHKAIBIK MapacropaibIblK KOCBIHIABUIAPABIH albIH-ala pacTajiFfaH eHAIPYIIici peTiHae
Bacillus thuringiensis ssp israelensis, 6akTepusl IITaMIapbl TAaHIAM aTbIHIBL. ToxkiprOe MOHOKAOATTHI iCIK CBHI3BIFHI:
Hep G2 (amamubly renarokapunHomackl), MAA [laCa2 (apamHublH ackazaH Oe3iHiH Karepdi iciri), RD (azamHbIH
pabmomMuocapkoMacsl) bl KOJJAHY apKbUIbI Kacanpl. Makanana NMpoTEOJUTHKAIBIK (EepMEHTEpiH UTOTOKCH-
KaJbIK SpeKeTci3 mapacnopaiasl Oipiryl apKpuIbl iCiK »KacymianapblHIarbl npotea3 K ¢epMmeHTepiHiH OHTaIbI
KOHLICHTPALMSICBIH aHBIKTAay HOTHXKeJIepl KepceTinreH. LIMTOTOKCHMKaNBIK acepai Tanaay icik rKacyllaJapbIHBIH
MOpP(OJIOTHSITBIK, ©3TepicTepiMeH OaranmaHAbl. 3epTTey HOTIXKeNepi OoNamak in vivo eKCIIEpUMEHTTEpe KOIIaHy
MYMKIHIITi Oap.

Tyiiin ce3aep: KIeTKaIbIK KbIpajap, IpoTeasaiap, apacuopaibIblK KOCBIHABLIAP, GakTepusiap.

A. OKaCOBl, A. KaﬂnMaramﬁeTosz, H. AxmaTymmnal,A. Wabnn'

'"Hayublit 1ieHTp pOTHBOMH(pEKIMOHHBIX Mpenapatos, AnMathl, Kasaxcran,
*KasaxCKuil HALMOHAIBHBII yHUBepcHTeT MM. anb-Dapabu, Anmarsr, Kazaxcran

MNPOTEOJTUTUYECKASI AKTUBALIMSI KAHHEPOJTUTUYECKUX MTAPACTIOPAJIBHBIX
BKJIFOUEHUU BAKTEPUMU Bacillus thuringiensis ssp. israelensis in vitro

Annoranus. [lapacnopampHple BKIIOUeHUS Oaktepuil Bacillus thuringiensis TpU TPOTEONATHIECKON
aKTHBAIMH PACTaJaroTCs Ha OEIKOBBIE MOHOMEPHI (TIapacropHHBI), HEKOTOPBIE U3 KOTOPHIX UMEIOT N30MpaTenbHOe
KaHIeponuTHieckoe neiicteue. llenbio paboThl SIBUJIOCH OINpEETICHHE BO3MOXKHOCTU IMPOTEOJUTHYECKONW aKTH-
BalM [ApacOPANIbHBIX BKIKOUEHUH B i1 Vitro yCIOBUSIX KYJIbTYPaIbHON CPEbl C JIMHUAMH OMYXOJIEBBIX KJIETOK B
NPUCYTCTBUM Pa3IMYHbIX KOHIIEHTpauuii rnpoteasdsl K. /laHHBIE yCIIOBUSI SKCHEPHMEHTa CO3/1aBAIUCH JISI MOJIe-
JIMPOBAHMS 0Yara OIyXoJeBoro 00pa3oBaHUsl B YaCTH MTOBBIIIEHHON KOHIIEHTPALWH IPOTEOTUTHIYECKUX (hEPMEHTOB,
XapaKTepHOW Ul METacTa3upYIOLIMX OIyXoJelW M PakoBbIX AerpanomoB. s wccienoBaHusi ObLT BHIOpaH Ipo-
JIYLUEHT KaHLEPOJMTHUYECKHX IapacropalibHbIX BKJIIOYEHWH OakrepuanbHblil mramm Bacillus thuringiensis ssp.
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israelensis. DKCTIEPIMEHTHI POBOIWIACEH C UCIIOJIH30BAHUEM MOHOCTIOWHBIX OIMyxoJeBbIX nuHmiA: Hep G2 (remato-
KaprmHOMa 4enoBeka), MIA PaCa2 (maHkpeaTtndeckas KapmuHOMa 4enoBeka), RD (pabmommocapkoma 4elioBeka).
AHaNMM3 IHUTOTOKCHYECKOTO IEHCTBHSA OLCHUBAICA IO MOP(OJIOrHYECKUM H3MEHEHUSM KyJIbTYp OITy-XOJEBBIX
KJIeTOK. B craTbe mpencraBieHsl pe3ysbTaThl HCCIIEA0BAHUS OIPEeNICHUs ONTUMAIBHOM KOHLEHTpauuu (GepMeHTa
npoteassl K B KyJIbType OIyXOJIeBbIX KJIETOK, IIPH KOTOPOH BO3MOKHA aKTUBALHS ITapacliopaibHBIX BKIIOYEHUH 03
BIIMSIHUSL UTOTOKCMYECKOTO JeHCTBHSA CaMOro IPOTEONUTHYECKOro GepMenTa. Tekylue faHHble MOTYT OBITh HC-
MOJIb30BaHbI I IPOBEACHUS JAIbHEHIINX UCCIeN0BaHUH in Vivo.
KoaioueBble ci10Ba: KIETOYHBIE JIMHUH, IPOTEA3bI, TAPACIOPAIbHBIE BKIIIOUEHHS, OaKTEpHH.
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DISTRIBUTION OF TICKS OF THE GENUS
DERMACENTOR KOCH, 1844 (IXODIDAE, AMBLYOMMINAE)
IN THE SOUTH-EASTERN PART OF KAZAKHSTAN

Abstract. Based on the analysis of retrospective data (literature sources and collections of ixodid ticks of the
RSE “Institute of Zoology” SC MES of the Republic of Kazakhstan and RSE “KSCQZD named after M. Aikim-
baev” of the Ministry of Health of the Republic of Kazakhstan), as well as of own collections on the territory of
Almaty, Zhambyl and Turkestan regions, the range boundaries of Dermacentor genus: D. marginatus, D. niveus,
D. paviovskyi, D. reticulatus within the south-eastern part of Kazakhstan were clarified. Significant differences in
tick’s distribution between modern data and studies of the last century have been identified, which is probably due to
the active human activity in this region. In the south-eastern region of Kazakhstan, D. marginatus is distributed
mainly in foothill zones. Most of it lives in the foothills of Zailiysky and Zhetysu Alatau (Almaty region). This
species is less common in the foothills of the Western Tien Shan - the Karatau ridge (Turkestan region) and the
Talas ridge (Zhambyl region). The area of D.niveus covers desert and semi-desert territories, mainly floodplains of
the Shu, Ile, Syrdariya rivers and their tributaries. D. paviovskyi ticks found in the foothills of the Western Tien
Shan, Karatau ridge. Their finding in 1944 by the Republican Tropical Station on small cattle in the Almaty region is
probably accidental. The range of D. reticulatus in south-eastern Kazakhstan is limited only by the foothills of
Zailiysky and Zhetysu Alatau. Finding a species in the Zhambyl and Turkestan regions is probably erroneous.

Key words: ixodid ticks, pathogens vectors, ectoparasites collections, ticks ranges, parasite fauna.

Introduction. It’s known that blood-sucking ticks are vectors of especially dangerous for humans
and animals bacterial, viral, and protozoal diseases, such as tularemia, borreliosis, babesiosis, tick-borne
encephalitis, Lyme disease, and horse and cattle Lyme disease [1].

In addition, in the Kyzylorda region, listeria and pasteurella were isolated from ticks of the
Hyalomma genus. On the territory of the Volgograd region of Russia adjacent to the West Kazakhstan
region, the antigen of the West Nile fever virus was detected in Hyalomma scupense ticks. Ticks Rhipice-
phalus pumilio are vectors of rickettsia - pathogens of Astrakhan tick-borne spotted fever.

Currently, the main problem is the lack of modern information on the status of the fauna, ecology and
biology of ixodid ticks in the south and south-east of Kazakhstan, which are unsuccessful for especially
dangerous zoonotic infections. Intensive studies of ixodid ticks in Kazakhstan and, in particular, in the
southern region, were carried out in the middle of the last century. No such studies are currently
underway. There is only information on some dangerous zoonotic infections transmitted by ixodid ticks
[2]. In foreign countries, ixodid ticks are given close attention [3-5] for the above reasons. However, these
studies are regional in nature, the results of which cannot always be used for the territory of South
Kazakhstan. One of the urgent tasks of modern acarology is to conduct a complete inventory of the
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modern fauna of ixodid ticks with a clarification of the ecology, abundance, distribution and role in
biocenoses as vectors of infectious zoonoses. Our studies can form the basis for the development of
recommendations for sanitary-epidemiological organizations.

The study of ixodid ticks is of undoubted national and international significance. The range of some
species of ticks covers both the territory of Kazakhstan and neighboring regions. In this regard, there is a
likelihood of ticks spreading zoonoses of humans and animals, both to the territory of the republic and
beyond.

Every year in Kazakhstan, especially in the south and south-east of the country, hundreds of cases of
bites of people by blood-sucking ticks are recorded, among which there are cases with a fatal outcome
from the diseases transmitted by them. Therefore, the study of ixodid ticks in Kazakhstan can be signi-
ficant in solving many socio-economic problems.

Studying the issues of fauna, biology, distribution of ixodid ticks and many others can contribute to
the further development of Kazakhstan’s acarological science, as well as improving the sanitary-epide-
miological situation in the south of the country and increasing the level of public health, as a result of
which significant social and economic effects can be achieved [6].

According to the latest data, the world fauna of ticks has 896 species belonging to 3 families, while
the Ixodidae family includes 702 species (14 genera) [7].

Deep and detailed research in Kazakhstan was carried out by 1.G. Galuzo in the 1940-50s. According
to him, the fauna of ixodid ticks of Kazakhstan counted 63 species belonging to 6 genera (Hyalomma,
Haemaphisalis, Rhipicephalus, Dermacentor, Ixodes, Boophylus) [8]. Since then, significant changes
have occurred in the systematics of ixodid ticks, and according to modern authors, who rely mainly on
literature and collection materials in Kazakhstan, 42 species of ixodids belonging to 5 genera are known.
Until the mid-70s of the last century, in-depth studies were carried out by G.V.Ushakova, A.V. Levit and
other scientists-acarologists of Kazakhstan. On this, information about the study of ixodid ticks in the last
century of Kazakhstan is exhausted.

In connection with the aggravation of the situation with tick-borne infections, the study of ixodid
ticks has recently been very relevant. It is known that the territory of the south and southeast of Kazakh-
stan is unsuccessful for some zoonotic infections (tularemia, tick-borne encephalitis, Crimea-Congo
hemorrhagic fever, etc.), which are transmitted by ixodid ticks. One of the main vectors of tularemia in
the foci are ticks of the genus Dermacentor Koch, 1844 (D. marginatus, D. niveus D. reticulatus) [9-12].
In the foci of the Crimea-Congo hemorrhagic fever, along with ticks of the genus Hyalomma,
Dermacentor niveus is one of the main vectors of the virus [13]. In this connection, the study of the distri-
bution of ticks of the genus Dermacentor in the south and southeast of Kazakhstan is of no small
importance.

Material and methods. The material for the work was our own collection of ixodid ticks in the terri-
tory of Almaty, Zhambyl and Turkestan regions, research materials on ticks for tularemia, reported data
and collections of ticks from Taldykorgan, Zhambyl and Shymkent anti-plague stations, literary sources
and collections of RSE “KSCQZD named after M. Aikimbaev”’[14] and RSE “Institute of Zoology” MES
RK. In our research on the collection and study of ixodid ticks, we use the technique proposed by N.A.
Filippova [15]. In total, in 2018 we collected and studied 2460 individuals of Dermacentor genus ticks.

The geographic coordinates of tick collection sites were determined by using a GPS navigator. All
information on sampling was recorded in workbooks, and then in an electronic database (EDB). Diagnos-
tics of the specific belonging of ticks was carried out using stereoscopic microscopes. The electronic
database is compiled in the Excell program. Locations of ticks are reflected on electronic maps using the
ArcGIS 10 program.

Research results. The world fauna counts 34 species of ticks of the genus Dermacentor [7]. In his
monograph, [.G. Galuzo for the fauna of Kazakhstan notes 8 species of ticks of the genus Dermacentor:
D. daghestanicus Olen., 1927, D. marginatus Sulz., 1776, D. nuttalli Olen., 1927, D. pavlovskyi Olen.,
1927, D. pictus Herm., 1804, D. raskemensis Pom., 1946, D. silvarum Olen., D. variegatus kamtschadalus
Neum., 1908 [8], and the last three are not indicated for the territory of Kazakhstan. Taking into account
the changes in the systematics of ixodid ticks that have occurred over the past half century, the fauna of
Kazakhstan has 7 species of ticks of this genus: D. niveus Neum., 1897, D. marginatus Sulz., 1776, D.
nuttalli Olen., 1927, D. pavlovskyi Olen ., 1927, D. reticulatus Fabr., 1794, D. silvarum Olen., D. ushako-
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vae Fil., Pan., 1987 [16]. In our work, we present information on 4 species of ticks of the genus Derma-
centor that live in the south and southeast of Kazakhstan: D. niveus Neum., 1897, D. marginatus Sulz.,
1776, D. paviovskyi Olen., 1927, D. reticulatus Fabr ., 1794.

Dermacentor marginatus (Sulzer, 1776). Initially, was discovered by D.I. Blagoveshchensky [17]
on dogs in the territory of South and South-East Kazakhstan, in 1931 in the city of Dzharkent, then, in
1932 on humans and cattle in the Alakul district (Uch-Aral and Ostrovka villages) of Taldy-Kurgan
region and the village. Dzharkent on the dog. In subsequent years (1933-34), the species was found on
horses and cattle in the Taldy-Kurgan region, Ili district, Alma-Ata region, the outskirts of the cities of
Alma-Ata and Dzharkent and Chui district of the Dzhambul region. In 1937, D.I. Blagoveshchensky
found this species on horse and human in the Taldy-Kurgan and October districts of the Taldy-Kurgan
region and in the Kegen district of Alma-Ata region. From 1940 to 1948, ticks were found in the Alma-
Ata, Aksuysky, Karatalsky, Taldy-Kurgan, Andreevsky, Sarkand, Lepsinsky, Oktyabrsky, Alakulsky
districts of Taldy-Kurgan oblast and Alma-Ata, Iliysky, Chiliksky, Kugalinsky and Dzhambulsky districts
of Alma-Ata oblast, Kelesky, Leng Tulkubassky, Sairamsky, Dzhuvalinsky and Karatassky regions of the
South Kazakhstan region, and in the Dzhambul region.

Our studies noted the species in the Baidibek (vicinity of Almaty, Baizhansay, Zharyksay), Tolebi
(floodplain of the Syrdaria River, SNNP “Sayram-Ugam” Sairam-Su gorge of Turkestan region. In the
Almaty region is registered in the Sarkand (foothills of Zhetysu Alatau) and Balkash (upper reaches of the
Ile river) regions (figure 1).

Zhambyl region —~
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Figure 1 — Locations of finds of ticks Dermacentor marginatus

Material: 87599, 83243, 22 N, 58 L. studied. A total of 1787 individuals of D. marginatus own
collections and from collection funds of the RSE “Institute of Zoology” SC MES of the Republic of
Kazakhstan, RSE “KSCQZD named after M. Aikimbaev” Ministry of Health of the Republic of
Kazakhstan, RSI “Shymkent Anti-Plague Station” of the Committee for Quality Control of Goods and
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Services of the Ministry of Health of the Republic of Kazakhstan, RSE “Taldykorgan Anti-Plague
Station” of the Committee for Quality Control of Goods and Services of the Ministry of Health of he
Republic of Kazakhstan.

Dermacentor niveus Neumann, 1897. The available information about the initial finds of this
species in Kazakhstan dates back to 1905 in the vicinity of the Alma-Ata city. Later, in 1929, the species
was found there. In 1934, D. niveus was found in the Oktyabrsky, Kegen and Chui districts of the Alma-
Ata region. Since the 40s of the last century, a detailed study of this species has begun. A number of
researchers found the species in Enbekshi-Kazakh, Alma-Ata, Ili, Chilik, Kegen, Uigur Balkhash and
Dzharkent regions of Almaty region, Kelesky, Lenger, Sairam, Turkestan, Suzak, regions of South
Kazakhstan region, Aksuysky, Karatalsky, October Alakolsky, Burlyu-Tyube districts of Taldy-Kurgan
region, Kurdai district of Dzhambul region. In the 50s Levit A.V. finds this species around Bilyli-Kul lake
(Zhambyl region), Enbekshi-Kazakh and Balkhash regions of Almaty region, Zhambyl and Moyynkum
regions of Zhambyl region. In the early 60s, Ushakova found ticks in the Balkhash district of Alma-Ata
and in the Arys region of the South Kazakhstan region. In the mid-60s, studies of Karabayeva R. the ticks
were collected in the Moyunkum district of the Zhambyl region, the Leninsky and Lenger regions of the
South Kazakhstan region. In the late 60s, the species was found by G.Gubareva in Balkhash and by V.N.
Senotrusova in the Karatalsky districts of the Alma-Ata region. The latest information we have about the
findings of D. niveus dates back to 1970. I.G. Prygunova, K.A. Dzhanokmen, G.A. Kravets and others in
the Balkhash district of Alma-Ata region (collections of the RSE “Institute of Zoology” of the National
Academy of Science of the Republic of Kazakhstan).

Since 2006 of the present century, our studies of D. niveus have been noted in the Kerbulak and
Balkash districts of the Almaty region; in the vicinity of Turkistan, Sozak, Baidibek, Otyrar, Ordaba-
synsky, Arys, Maktaralsky districts of the Turkistan region; Sarysu, Moyunkum districts of the Zhambyl
region (figure 2).
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Figure 2 — Locations of finds of ticks Dermacentor niveus
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Material: 381 99, 462 33, 19 N, 2 L. were studied. A total of 864 individuals of D. niveus from
own collections and from collection funds of the RSE “Institute of Zoology” KN MON of the Republic of
Kazakhstan, RSE “KSCQZD named after M. Aikimbaev ”Ministry of Health of the Republic of Kazakh-
stan, RSE “ Shymkent Anti-Plague Station ” of the Committee for Quality Control of Goods and Services
of the Ministry of Health of the Republic of Kazakhstan, RSE “ Taldykorgan Anti-Plague Station” of the
Committee for Quality Control of Goods and Services of the Ministry of Health of the Republic of
Kazakhstan.

Dermacentor pavlovskyi Olenev, 1927. The main habitat of D. paviovskyi is the Tien Shan
mountains [15]. [.G. Galuzo gives information about the first findings of the species in 1910 in the Ak-
Kekil place of the Karatau ridge on the mountain sheep Ovis polii nigrimontana. Later, in 1928, the
species was found in Turkistan. D. paviovskyi was noted by the Republican Tropical Station (RTS) in
1941 on Siberian ibex and mountain sheeps in the Aksu-Dzhabagly nature reserve, in 1944 on sheep and
goats in the Naydenovka village of the Dzhambul district of the Alma-Ata region. In 1953-55 the RTS
finds the species again on Siberian ibex in the Aksu-Dzhabagly reserve, and in 1961 on the Menzbir
marmot at the source of the river Badam (Western Tien Shan).

We collected 2 males on the flag in the Baidibek region (Karatau mountains, environs of the village
of Kensai) of the Turkestan region (figure 3).
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Figure 3 — Locations of ticks Dermacentor pavlovskyi and D. reticulatus

Material: 25 22, 59 &d, 62 N, 4 L. of D. pavlovskyi were studied from the collection funds of the
RSE “Institute of Zoology” KN MES RK, RSE “KSCQZD named after M. Aikimbaev” Ministry of
Health of the Republic of Kazakhstan, RSE “Shymkent Anti-Plague Station” of the Committee for
Quality Control of Goods and Services of the Ministry of Health of the Republic of Kazakhstan, RSE
“Taldykorgan Anti-Plague Station” of the Committee for Quality Control of Goods and Services of the
Ministry of Health of the Republic of Kazakhstan.
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Dermacentor reticulatus (Fabricius, 1794). The first information about the findings of ticks of this
species in 1934 on horses and cattle in the vicinity of the Alma-Ata city was given by D.I. Blagovesh-
chensky. Later, in 1937, he found ticks on cattle in Ili, and on hares in Alakul districts of the Almaty
region [17]. In 1940-46. repeated findings of these ticks on dogs, horses, cattle, Siberian roe deer, shrews,
Mongolian pikes, house mice, vegetation and humans in the vicinity of Alma-Ata (Teres-Butak, Small
Almaty Gorge, upper Talgar, Broad Shchel, Medeo) and Almaty region (Bartogay, village Naydenovka,
Dzhambul region, 1li, Foothills of the Dzungarian Ata-Tau) [8]. There is evidence of the presence of this
species by the Republican Tropical Station in cattle in Sary-Agach (probably an accidental caught, since
the species was not found in subsequent years).

Thus, information on the distribution of D. reticulatus in the south and southeast of Kazakhstan until
the end of the 40s of the last century was limited mainly to the territory of the Almaty region [8]. Until the
beginning of this century, we don’t have information about finding the species in the study area outside
the Almaty region.

In 2012-16. ticks were collected from the vegetation on the flag in Almaty (Botanical Garden) and
Sarkand ("Zhongar-Alatau GNPP"), Kerbulak (vicinity of Karasu), Talgar, Karasai (vicinity of
Yermensay village) districts of the Almaty region. In addition, in 2017-18. ticks were collected in vicinity
of Topolevka, Sarkand, Vesely, Shatyrbay, Erkin, Abay, Rudnichny, Aldabergenova, Tekeli, Budyonny,
Sarkand districts of Almaty region (figure 3).

Material: 1150 229, 992 §& were studied. A total of 2142 individuals of D. reticulatus from the
collection funds of the RSE “Institute of Zoology” KN MES RK, RSE “KSCQZD named after
M. Aikimbaeva” Ministry of Health of the Republic of Kazakhstan, RSI “Shymkent Anti-Plague Station”
of the Committee for Quality Control of Goods and Services of the Ministry of Health of the Republic of
Kazakhstan, Shymkent, Kazakhstan, RSI “Taldykorgan Anti-Plague Station” of the Committee for
Quality Control of Goods and Services of the Ministry of Health of the Republic of Kazakhstan.

The discussion of the results. Since the early 2000s of this century, studies have been carried out on
the current state of the fauna of ixodid ticks that live in south-eastern Kazakhstan. Based on the studies, it
should be assumed that over the past half century, as a result of intensive human economic activity, the
tick’s fauna underwent changes in the areas we studied. Compared with 30-60 years of the last century,
significant changes have occurred in distribution of ticks of the Dermacentor genus [18]. Using modern
research methods, we have clarified the current boundaries of the D. marginatus, D. niveus, D. pavlovskyi,
D. reticulatus ranges within south-eastern Kazakhstan. So D. marginatus was noticed by us in the territory
of Almaty, Zhambyl and Turkestan regions, mainly confined in the south-east to the foothills of Zailiysky
and Zhetysu Alatau, in the south to the foothills of the Western Tien Shan. Ticks were found in mass in
the foothills of Zhetysu Alatau (Almaty region), less often in the foothills of the Western Tien Shan and in
single individuals in the Zhamby] region.

D. niveus is widespread in the territory of the three regions studied by us. The area of D. niveus
within south-eastern Kazakhstan is confined to arid zones - these are mainly floodplains of the large rivers
Shu, Ile and Syrdaria and their tributaries. D. paviovskyi is registered by us only in the south of Kazakh-
stan in the foothills of the western Tien Shan. In Almaty and Zhambyl regions, the species was not found.

Findings. In the studies conducted in south-eastern Kazakhstan, we collected 4 species of ticks,
ixodid ticks of the genus Dermacentor: D. marginatus, D. niveus, D. paviovskyi, D. reticulatus. As a
result of the analysis of retrospective data (literary sources and collections of ticks), significant differences
were found in the distribution of these species of ticks in the study area compared to the 30-60 years of
the last century.

Based on our studies, we can assume that not only natural and climatic conditions, but also the
anthropogenic factor play a role in changing the boundaries of habitats. The earlier presence of some tick
species in unusual for it territories is probably due to human economic activity - in the second half of the
last century, the region was intensively developed, villages appeared and grew, irrigated agricultural
enterprises have been developing.

Research funding source. The work was prepared as part of the scientific and technical program
"Development of the scientific foundations of a single for the Republic of Kazakhstan system for moni-
toring, diagnosis and microbial collection of pathogens of especially dangerous,"returning", newly
emerging and imported infections Program code 0.0730).
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3.3. Cam«mal, B. II. CaZIOBCKaﬂl, A. B. Ecmaﬂonl, B.T. MeKa-MequKol,
T. H. Kynuua', M. B. Ky;iemun?, . B. Kuv®

1KP JeHcaynbIk cakTay MUHHACTPIIriHIH "MacryT AWKpIMOaeB aTHIHIAFbI
Kazak kapaHTHHIIK >koHE 300HO3ABIK MH(pekumsuiap FeutbiMu opTanbiFsr [IDKK PMK, Anmarer, Kazakcran,
KP JleHcaybIK caKTay MHHHCTpIIIri Tayapiap MeH KbI3METTEpIiH CanachliH 6aKbiay KOMHTETIHIH
"[lIsiMkenT obara Kapchl Kypec cranuuscel" PMB, IlleivkenT, Kazakcran,
’KP JleHcayIibIK CaKTay MHHHCTPIIIri Tayapyiap MeH KbI3METTep/IiH CarachlH OaKpLIay KOMHTETIHIH
"TanmpikopraH obara Kapcel kypec craniusacel" PMb, Tanapikopran, Kazakcran

KA3AKCTAHHBIH OHTYCTIK-IIBIFbIC BOJITTHAE DERMACENTOR KOCH, 1844
(IXODIDAE, AMBLYOMMINAE) TEKTI KEHEJIEPJAIH TAPAJIYBI

Annoranus. Anmartel, XKamObin xone TypkicTaH 0ONBICTAPBIHBIH ayMaFbIHIIA PETPOCIEKTHBTI JEPEKTEp MCH
MEHIIIKTI amsIMIapAbl Tangay Herizinae KazakcTaHHBIH OHTYCTIK-IIBIFBIC Oeiiri merinaeri Dermacentor: D.
marginatus, D. niveus, D. pavlovskyi, D. reticulatus TexTi KEHeJIEpAiH Tapally aliMarbl HAaKTBUIAHAB. OTKEH FachIp-
IBIH Kasipri JepekTepi MEH 3epTTeyiepl apachlHIa KeHeNepIiH Tapalybl OOMBIHINA elieyni aldbIpMallbUIBIKTap
aHBIKTANbI, OYJI aJaMHBIH O€JCeHIl MapyallbUIbIK KbI3METIMEH OalaHbICTBI OONYbl MYMKIH. D. marginatus
KaszaxcTaHHBIH OHTYCTIK-IIBIFBICHIHAA HEri3iHEH Tay OOKTepiHaeri aiiMakrapaa tapairad. OHbIH Herisri oeuiri lie
»oHe JKericy AnaraysiHblH Tay 0exTepinge Typansl. barsic Tsub-1lans — KapaTay sxotackl MeH Tajac »K0OTacChIHBIH
Tay OeKTepiHAe cupek Ke3neceni. D. niveus apeaibl MOl )KOHE KapThUIall MeIeUTTi ayMaKTapIsl KAMTUIBI, HETi-
sinen Uy, Ine, Ceipmapus e3eHAepiHiH kalbIIMaNIaphl JKOHE ONAapAbIH arblHAApHL. D. pavlovskyi xenenepi batsic
Tanp-1llanasy Tay Oextepinne, Kaparay sxotaceina tabpurraH. Ka3akcTaHHBIH OHTYCTIK-IIBIFBICHIHIAFEI D. Re-
ticulatus apeansl Tek lie sxone JKeticy AnaTaybIHbIH Tay OOKTEpIMEH IIEKTENE/].

Tyiiin ce3mep: UKCOI KEHEJEP, KO3BIPFBIITAPIbIH TaPATYyIIbLIAP, SKTOMAPA3ZUTTEP KOJUICKIHUACH, KEHEIep
Tapainy aiiMarbl, pasuTTep hayHaCHI

3. 3. CasikoBa', B. II. CagoBckast', A. B. Ecxkanos', B. T'. Meka-Meuenko',
T. H. Kyuuua', M. B. Ky;iemun?, U. B. Kum®

'PI'IT na ITXB «Ka3saxckuit Hay4HBII LEHTP KapaHTUHHBIX U 300HO3HBIX MH(pEeKIMH uM. MacryTta AlikumbaeBa»
MunucrepctBa 31paBooxpanenus PK, Anmatsl, Kasaxcras,
*PI'Y «IlIbIMKEHTCKas IPOTHBOYYMHAsl CTAHIMs» KOMUTETa KOHTPOIIS KauecTBa TOBAPOB H YCIYT
Munucrepctsa 3apasooxpanenust PK, [ITeimkenT, Ka3zaxcran,
*PI'Y «TanbIKOpraHckas IPOTUBOYYMHAS CTAHIMs» KOMHTETa KOHTPOJIS Ka4ecTBa TOBAPOB H YCIyT
Munucrepcrsa 3apaBooxpanenus PK, Tangsikopran, Kazaxcran

PACIIPOCTPAHEHHUE KJIEILEN POJJA DERMACENTOR KOCH, 1844
(IXODIDAE, AMBLYOMMINAE) B IOI0-BOCTOYHOI YACTH KA3AXCTAHA

AnHoTanusi. Ha ocHOBe aHanM3a peTpOCICKTHBHBIX JaHHBIX (JINTEPAaTypHBIX MCTOYHUKOB M KOJUIEKIUH HK-
comobix kiemeit PI'TI «actuTyT 300m0rnm» KH MOH PK u PT'TI «KHIK3U M. M. AiikumbaeBa» M3 PK), a
TakXKe COOCTBEHHBIX COOpOB Ha TeppuTopun AnMaTHHCKOH, XKamObuickoit n Typkecranckoi o0iacTeil yTOYHEHBI
TpaHHIbI apeajoB Kiemiei poxa Dermacentor: D. marginatus, D. niveus, D. pavlovskyi, D. reticulatus B mpenenax
10ro-BocTouHoi 4yactu Kaszaxcrana. BbISBICHBI CyIIECTBEHHBIE Pa3iIMYMs MO PACIPOCTPAHEHMIO KIEHIEH MEXIy
COBPEMEHHBIMH JAHHBIMH U HCCIIEA0BAHUSIMH IPOLIIOTO CTOJETHS, YTO, BEPOSTHO, CBSI3aHO C U3MEHEHHNEM KIIMMaTa
Y aKTUBHOM XO3HCTBEHHOU JESITEILHOCTHIO YelIOBEKa B 3TOM perruoHe. B roro-soctounom peruone Kazaxcrana D.
marginatus pacupocTpaHeH, B OCHOBHOM, B IPeAropHbIX 30HaXx. OCHOBHas Macca ero oOuTaeT B MpeAropbsix 3au-
nuiickoro u XKetbicy Anaray (AnmaTrHCKas 00acTh). Heckobko pexke BU BCTpeuaeTcsl B MPEAropbsix 3anagHoro
Tsnup-11lans - xpeder Kaparay (Typkecranckas obnacts) u Tamacckuii xpeber (JKamObuickas obnacts). Apean D.
niveus OXBaTHIBACT ITyCTHIHHBIC U MTOJYIYCTHIHHBIE TEPPUTOPHH, B OCHOBHOM 3T0 1o#iMsI pek Ly, Une, Coipnapus
n ux npuroku. Knemu D. paviovskyi oOHapyxeHbI B ipenropbsix 3ananHoro Tsaub-1lans, xpeder Kaparay. Haxox-
nenne ux B 1944 rony PecryOnukaHCKOH TPOMUYECKOW CTAaHIMEH HA MEIKOM POTaTOM CKOTE B AJIMaTHHCKOW 00-
JIACTH BEPOSATHO ciydaitHo. Apean D. reticulatus Ha toro-Boctoke KazaxcraHa orpaHHdYeH TOIBKO MPEATOPhIMHA 3au-
mmiickoro u XKetpicy Anatay. Haxoxxnenne Buna B JKaMObUICKO# 1 TypKecTaHCKOM 00IaCTsIX BEPOSITHO OMIMOOTHO.

KarodeBble c10Ba: MKCOAOBBIC KIEHIH, NEPEHOCUYUKH BO30yIHUTENEH, KOMIEKIHMH 3KTOMNAPAa3HTOB, apeabl
KJemiei, GpayHa SKTonapasuToB.

Information about authors:

Sayakova Z. Z., Candidate of Biological Sciences, Head of the Laboratory of Zoology and Parasitology with a
museum and insectariums RSE on REM "Kazakh scientific center of quarantine and zoonotic infections named after
Masgut Aikimbaev" of the Ministry of Health of the Republic of Kazakhstan, Almaty, Kazakhstan;
zzsayakova@mail.ru; https://orcid.org/0000-0003-1107 -6345




News of the National Academy of Sciences of the Republic of Kazakhstan

Sadovskaya V. P., Head of the GIS RSE laboratory on PCV “Kazakh Scientific Center for Quarantine and
Zoonotic Infections named after Masgut Aikimbayev” of the Ministry of Health of the Republic of Kazakhstan;
Almaty, Kazakhstan; versadovskaya@gmail.com; https://orcid.org/0000-0001-8389-9362

Yeszhanov A.B., PhD, Leading Researcher at the Laboratory of Zoology and Parasitology with a museum and
insectariums RSE on REM "Kazakh scientific center of quarantine and zoonotic infections named after Masgut
Aikimbaev" of the Ministry of Health of the Republic of Kazakhstan, Almaty, Kazakhstan;
aidyn.eszhanov(@gmail.com; https://orcid.org/0000-0001-6572-5668

Meka-Mechenko V.G., Ph.D., Leading researcher at the Laboratory of Zoology and Parasitology with a
museum and insectariums RSE on REM "Kazakh scientific center of quarantine and zoonotic infections named after
Masgut Aikimbaev" of the Ministry of Health of the Republic of Kazakhstan, Almaty, Kazakhstan; vim_m@bk.ru

Kunitsa T.N., Candidate of Medical Sciences, Leading researcher at the Laboratory of especially dangerous
infections RSE on REM "Kazakh scientific center of quarantine and zoonotic infections named after Masgut
Aikimbaev" of the Ministry of Health of the Republic of Kazakhstan, Almaty, Kazakhstan; tkunitca@kscqzd.kz;
https://orcid.org/0000-0002-3895-4286

Kulemin M.V., Head of the Laboratory of Epizootology and Prevention of Especially Dangerous Infections
RSI “Shymkent Anti-Plague Station” of the Committee for Quality Control of Goods and Services of the Ministry of
Health of the Republic of Kazakhstan, Shymkent, Kazakhstan; kmaxim.75@mail.ru; https://orcid.org/0000-0002-
8839-9276

Kim L.B., zoologist of Laboratory of Epizootology and Prevention of Especially Dangerous Infections RSI
“Taldykorgan Anti-Plague Station” Committee for Quality Control of Goods and Services of the Ministry of Health
of the Republic of Kazakhstan, Taldykorgan, Kazakhstan; vit197803@mail.ru; https://orcid.org/0000-0003-4940-5482

REFERENCES

[1] Akhmetov A.A. Infection of domestic animals with larvae of Wolfart flies (Diptera, Sarcophagidae) // News of the
National academy of sciences of the Republic of Kazakhstan. Series of biological and medical. 2013. Vol. 5, N 299. P. 85-91.

[2] About fauna and ecology of ticks collected over the years // Quarantine and zoonotic infections in Kazakhstan. 2013.
N 1-2 (34-35). P. 59-64.

[3] Randolpht S.E. Tiick ecology: processes and patterns behind the epidemiological risk posed by ixodid ticks as vectors //
Parasitology. 2004. N 129. P. 37-65.

[4] Peng Wang, Meaghan N. Glowacki, Armando E. Hoet, Glen R. et all. Emergenceof Ixodesscapularisand Borrelia burg-
dorferi, the Lymediseasevectorandagent, in Ohio // Frontiersin Cellularand Infection Microbiology. www.frontiersin.org. 2014.
Vol. 4, Article 70/1. P. 1-9.

[5] Hassan S.M., Salih D.A. An overview of factors responsible for geographic distribution pattern of ixodid ticks in the
Sudan // Sokoto Journal of Veterinary Sciences. 2013. Vol. 11, N 2. P. 1-9.

[6] Alexyuk M.S., Bogoyavlenskiy A.P., Alexyuk P.G., Moldakhanov Y.S., Akanova K.S., Anarkulova E.I., Berezin V.E.
Double-stranded DNA virome of the small Aral sea / News of the National academy of sciences of the Republic of Kazakhstan.
Series of biological and medical. ISSN 2224-5308. 2019. Vol. 4, N 334. P. 17-26. https://doi.org/10.32014/2019.2519-1629.35

[7] Alberto A. Guglienone, Richard G. Robbins, Dnitry A. Apanaskevich, Trevor N. Petney, Agustin Estrada-Pefia, Ivan G.
Horak, Renefu Shao, Stephen C. Barker. The Argasidae, Ixodidae and Nuttalliellidae (Acari: Ixodida) of the world: a list of valid
species names // Zootaxa. 2528. 2010. P. 1-28.

[8] Galuzo 1.G. Bloodsucking ticks of Kazakhstan. 1948. Vol. II1. 372 p.

[9] Yerubaev T., Kolyada Y., Kiryanova Y., Nesessova N., Sagatova M., Shornaeva G., Muratbekova A. Tularemia in Eas-
tern Kazakhstan // Quarantine and zoonotic infections in Kazakhstan. 2011. N 1-2 (23-24). P. 84-86.

[10] Khamzin T.K., Kozulina 1.G., Sklyarenko G.P., Nasikhanova K.N., Omarova G.O. Characteristics of the current
situation in Atyrau region // Quarantine and Zoonotic Infections in Kazakhstan. 2013. N 1 (27). P. 103-104.

[11] Bekenov Zh.E., Nurmagambetova L.B., Satigulov M.K., Sarsenbayeva Sh.T. About distribution of tuberculosis
infection // Quarantine and zoonotic infections in Kazakhstan. 2016. N 2 (28). P. 65.

[12] Turmagambetova S.O. The distribution of ixodid ticks in natural plague foci / Quarantine and zoonotic infections in
Kazakhstan. 2017. N 1-2 (34-35). P. 88-91.

[13] Kalmakova M.A., Matzhanova A.M., Iskakov B.G., Dosayev S.B., Tolibayeva Zh.B., Ualieva G.K., Kononenko T.A.
The species composition and infection of ixodid ticks with the causative agent of the Congo-Crimean hemorrhagic fever in
parasitological hospitals of the Kyzylorda region // Quarantine and zoonotic infections in Kazakhstan. 2013. N 1 (27). P. 89-92.

[14] Yeszhanov A.B., Sayakova Z.Z., Sadovskaya V.P., Nurtazin S.T., Kabysheva N.P., Zhunusova A.S., Abdirasilova A.A.,
Rysbekova A.K., Atshabar B.B. Some morphological peculiarities of a great gerbil (Rhombomys opimus Licht 1823) from the
middle asia desert plague focus // News of the National academy of sciences of the Republic of Kazakhstan. Series of biological
and medical. ISSN 2224-5308. 2019. Vol. 3, N 333. P. 64-72. https://doi.org/10.32014/2019.2519-1629.32

[15] Filippova N.A. Ixodid ticks of the subfamily Ixodinae // Fauna of the USSR. 1977. T. 4, vol. 4. 393 p.

[16] Filippova N.A. 1997. Ixodid ticks of the subfamily Amblyomminae // Fauna of the USSR. T. 4, vol. 5. 435 p.

[17] Blagoveschenskii D.I. Materials on fauna of external animal parasites of South Kazakhstan. About live-stock pests in
Kazakhstan. 1937. Ed. AS USSR. P. 48.

[18] Kolonin G.V. Distribution of ixodid ticks. 1984. 93 p.

— 62 ——



ISSN 2224-5308 Series of biological and medical. 5. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 5, Number 335 (2019), 63 — 71 https://doi.org/10.32014/2019.2519-1629.49

IRST 31.15.27
A. OKkasov', S. Kitada’, A. Kalimagambetov3, N. Akhmatullina', A. Ilin'

'Scientific Center for Anti-Infectious Drugs, Almaty, Kazakhstan,
2Kyushu Technical Institute, lizuka, Japan,
3Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: 16x4@mail.ru, kitada@bio.kyutech.ac.jp, Aitkali.Kalimagambetov@kaznu.kz, ilin_ai@mail.ru

In vitro COMPARABLE ANALYSIS OF CARCINOLYTIC ACTIVITY
OF MUTANT PROTEIN PARASPORIN-2 ON THE HUMAN
HEPATOCARCINOMA CELL MODEL

Abstract. The paper presents the results of the study on the effect of amino acid substitution in the receptor-
binding and transmembrane domain of the carcinolytic bacterial protein parasporin-2 on cytotoxic activity against
the Hep G2 (human hepatocarcinoma) tumor cell line. The substitution of amino acids tyrosine for alanine and serine
for cysteine was carried out by introducing a point mutation into a recombinant plasmid DNA containing the
sequence of the gene encoding the paraspirin-2 protein with a polyhistidine tag. 3 new mutant parasporins 2 were
prepared by substituting amino acids in two protein domains. A tenfold reduction in the cytotoxic activity of para-
sporin-2 was observed when the amino acid tyrosine was substituted for alanine in the receptor-binding domain of
the protein; serine to cysteine substitution had no significant effect on the carcinolytic activity. The resulting data
and experimental samples could be used for searching targets on the surface of tumor cells by means of affinity
chromatography.

Keywords: mutations, parasporins, cell lines, cytotoxicity.

Introduction. Parasporins are genealogically heterogeneous Cry proteins synthesized by the bac-
terial species Bacillus thuringiensis. A characteristic feature of parasporins is high cytotoxic activity
against human cancer cells of various origins. Proteins exhibit cytotoxic activity only after proteolytic
activation (Ohba M., 2009: 427).

Mizuki et al. studied for the first time the parasporal inclusion proteins isolated from a total of 1744
B. thuringiensis strains. They determined the cytotoxic activity against human leukaemia T cells and
hemolytic activity against sheep erythrocytes. It was concluded that the B. thuringiensis protein inclusions
could be used for medical purposes (E. Mizuki, 1999: 477).

Further studies of the unusual properties of the B. thuringiensis parasporal inclusions and their ability
to recognize human leukaemia cells discovered a protein named parasporin, which is responsible for
carcinolytic activity. This protein was subsequently cloned (Mizuki E., 2000: 625).

Different research groups later found new strains producing carcinolytic parasporal inclusions and
characterized their parasporins (Ito A., 2004: 21282; Brown K., 1992: 549; Saitoh H., 2006: 2935; Naga-
matsu 2010: 494; Okumura S. 2004: 89; Okumura S., 2013: 1889).

Parasporin-2 is a carcinolytic non-hemolytic and non-insecticidal protein toxin derived from the B.
thuringiensis parasporal inclusion. This pore-forming protein has a mass of 37 kDa, consists of 338 amino
acids, the length of the coding gene is 1014 bp. To manifest cytotoxic activity, it requires the presence of
GPI-anchored proteins, which indicates the possibility of pore formation in raft domains of the tumor cell
membranes (Lee D., 2000: 218).

The active form of recombinant parasporin-2 was crystallized in the presence of ethylene glycol and
polyethylene glycol 8000 at neutral pH (Akiba T., 2004: 2355). Hayakawa et al. reported about a new Cry
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protein that exhibited strong cytotoxicity against human leukaemia T cells, which was cloned from the B.
thuringiensis Tth-E6 strain. The protein designated as parasporin-2Ab (PS2Ab) is a polypeptide
composed of 304 amino acid residues with a molecular weight of 33,017. The deduced amino acid
sequence of PS2Ab showed significant homology (84% identity) with parasporin-2Aa (PS2Aa) from the
B. thuringiensis strain A1547. Upon processing of PS2Ab with proteinase K, the active form of 29 kDa
was produced. The activated PS2Ab showed potent cytotoxicity against MOLT-4 and Jurkat cells, and the
ECsy values were estimated as 0.545 and 0.745 ng/mL respectively. The cytotoxicity of PS2Ab was
significantly higher than that of PS2Aa. Although both cytotoxins were structurally related, it was
believed that the detected minor differences in amino acid sequence were responsible for the different
degrees of cytotoxicity of PS2Ab and PS2Aa (Hayakawa T., 2007: 278). Cytological and biochemical
observations on PS2Aa showed that the protein is a pore-forming toxin. To confirm this hypothesis, Akiba
et al. have determined the crystalline structure of its active form with a resolution of 2.38 A. The protein
is unusually elongated and consisted mainly of long B-pleated sheets aligned along its long axis. It is
similar to the aerolysin-type B-pore-forming toxins, the similarity with which confirms the pore formation
hypothesis. The molecule can be divided into three domains: Domain 1, comprising small B-pleated sheets
flanked by short a-helices, is probably the receptor-binding domain. The other two are both “beta-
sandwich” domains, which are thought to be involved in oligomerization and pore formation. Domain 2
has a putative channel-forming B-hairpin, characteristic of the aerolysin-type toxins. The surface of the
protein has an extensive track of exposed side chains of serine and threonine residues. This might orient
the molecule on the cell membrane when Domain 1 binds to the target until oligomerization and pore
formation are initiated. The B-hairpin has such a tight structure that it seems unlikely to be oligomerized,
as postulated in a recent model of pore formation developed for aerolysin-type toxins. The spontaneous
oligomerization lock model is proposed as an inactivation mechanism by the N-terminal inhibitory
segment (Akiba T., 2009: 121).

Studies on the cytotoxic effect of parasporin-2 have showed that unlike parasporin-1, it increases the
permeability of the plasma membranes of tumor cells (Ohba M., 2009: 427; Petit L., 1997: 6480).
Cytoplasmic lactate dehydrogenase flows out of the treated HepG2 cells, while extracellular propidium
iodide enters the cytoplasm. The initial stage of the cytotoxic effect of parasporin-2 is the specific binding
of the toxin to a putative receptor protein, not yet identified, which is located in a lipid raft of the plasma
membrane of tumor cells susceptible to this protein. This is followed by the formation of oligomers of
parasporin-2 in the plasma membranes, which leads to the pore formation and cell lysis (Petit L., 1997:
6480). Oligomerization occurs in the presence of membrane proteins, a lipid bilayer, and cholesterol. It
should be noted that substantial homology exists in amino acid sequences between PS2Aal and
Clostridium perfringens epsilon-toxin, whose cell action mechanism involves the toxin oligomerization in
lipid rafts and pores formation in the plasma membrane (Petit L., 1997: 6480).

Abe et al. (Abe Y., 2005: 113) examined the mechanism of action of parasporin-2. They found that
the toxin binds to the surface of target cells and increases the permeability of the plasma membrane.
Subcellular fractionation and immunoblotting of the cells treated with the toxin showed that the toxin is
associated with lipid rafts and forms SDS-resistant oligomers. The binding and oligomerization of the
toxin was inhibited by treating the cells with phosphatidylinositol-specific phospholipase C. The
interaction of parasporin-2 with glycosylphosphatidylinositol proteins was therefore required to form an
oligomeric toxin that could penetrate the plasma membrane (Abe Y., 2005: 113). Abe et al. (Abe Y.,
2008: 269) examined the mechanism of action of parasporin-2 on the human HepG2 (hepatomocar-
cinoma) cell line and showed that this Cry toxin targets lipid rafts and is assembled into oligomeric
complexes in the tumor cell membrane. The authors concluded that this protein is a pore-forming toxin
that accumulates in lipid rafts of tumor cells. Recently, Bokori-Brown et al. (Bokori-Brown M., 2011:
4589) showed that the e-toxin produced by Clostridium perfringens (the etiological agent of dysentery in
newborn lambs, enteritis and enterotoxicity in goats, calves and foals) forms heptameric pores in the
membranes of the target cells in the same way as parasporin-2.

Since little is known about the receptor molecules that bind parasporins and the mechanism of
antitumor activity, Krishnan et al. (Krishnan K., 2010: 86) conducted a study with the Malaysian isolate
B. thuringiensis 18. It produces a parasporal protein that exhibits predominant cytotoxic activity against
human leukaemia T cells (CEM-SS), but is non-cytotoxic against normal T cells and other cancer cell
lines, such as human cervical cancer (HeLa), human breast cancer (MCF-7) and colon cancer (HT-29),

— (4 ——
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showing properties similar to those of parasporins. The study was aimed at identifying a binding protein
for the B. thuringiensis 18 parasporin in human leukemic tissues. The protein was separated using the
Mono Q ion-exchange column in HPLC system using antibodies against the purified 68-kDa parasporal
protein. A receptor binding assay was used to determine the binding protein for the Bt18 paraspore protein
in CEM-SS cells, the identified protein was sent for N-terminal sequencing. Double immunofluorescence
staining was applied to localize B. thuringiensis 18 and the binding protein on the surface of CEM-SS
cells. The findings of this study showed that ion-exchange separation of Bt18 parasporal proteins yielded
a 68-kDa parasporal protein with cytotoxic activity. Polyclonal IgG (anti-B. thuringiensis 18) for the 68-
kDa parasporal protein was successfully prepared and purified. An analysis of receptor-binding showed
that the B. thuringiensis 18 parasporal protein is bound to a 36-kDa protein from the CEM-SS cell lysate.
N-terminal amino acid sequence of the 36-kDa protein was GKVKVGVNGFGRIGG, and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was found to be a binding protein. Double immunofluo-
rescence staining showed co-localization of the B. thuringiensis 18 parasporin and GAPDH on the plasma
membrane of the CEM-SS cells. GAPDH has been well known as a glycolytic enzyme, but it was recently
discovered that GAPDH has a role in apoptosis and carcinogenesis. Pre-incubation of the anti-GAPDH
antibody with CEM-SS cells decreases binding of Bt18 parasporin to the susceptible cells. Based on a
qualitative analysis of the immunoblotting and immunofluorescence results, GAPDH was identified as a
binding protein located on the plasma membrane of CEM-SS cells for the Btl18 parasporal protein
(Krishnan K., 2010: 86).

The purpose of the study was to determine the effect of amino acid substitution in the transmembrane
and receptor-binding domains in parasporin-2 on in vitro carcinolytic activity.

Materials and Methods. Plasmids, bacteria and culture conditions. The recombinant pET-23a (+)
plasmid carrying the parasporin-2 gene was used (Okumura S., 2005: 6313). DH5a competent E. coli
cells were used for intermediate transformation, and E. coli BL21-Al was used as a producer strain to
prepare mutant parasporins 2. Bacteria were cultured in agar and liquid LB culture medium in the pre-
sence of 0.1% ampicillin. Plasmids were isolated using the WizardTMPlus SV Minipreps DNA Purifi-
cation System adsorption kit (Promega) (Poornima K., 2010: 348).

Tumor cell line and culture conditions. Hep G2 (hepatocarcinoma) tumor cell line was grown in
RPMI medium supplemented with 10% FBS in the presence of ampicillin (100 pug/mL), at 37 °C, 5% CO,
(Kitada S., 2006: 26350).

DNA manipulations. PCR conditions: 1 cycle at 95°C for 30 seconds, 16 cycles at 95°C for 30
seconds, 1 minute at 55°C, and a final incubation at 68 °C for 15 min (Okumura S., 2005: 6313).

DNA electrophoresis was performed in 6% polyacrylamide gel prepared with 0.5 X TBE buffer of
the following composition: 0.089 M Tris-borate, 0.089 M boric acid, 2 mM EDTA. In order to allow gel
to polymerize, 300 pl of 10% ammonium persulfate and 30 pl of TEMED (Kitada S., 2009: 80) were
added to 50 ml of the solution.

DNA sequencing. The obtained PCR products were analyzed on the Beckman CEQ™ 8000 Genetic
Analysis System capillary sequencer. DNA sequences were compared with the original sequence
encoding parasporin-2 using the BLAST NCBI service (http://blast.ncbi.nlm.nih.gov).

Protein expression, isolation, and analysis. 2.5 ml of an overnight transformed E. coli BL21-Al
culture was added to 250 ml of fresh LB medium comprising 0.1% ampicillin, and then cultured for 3-
4 hours until an OD600nm of 0.6-0.8 was reached. The expression of target protein was induced by the
addition of isopropyl-pB-D-1-thiogalactopyranoside (IPTG) at a final concentration of 0.2 pM. Protein
purification was carried out on the HisTrap FF (GE) 5 ml chromatography column; the concentration was
measured by the Lowry method at 750 nm. The compliance of the samples with the molecular mass of
parasporin-2 was determined by polyacrylamide gel electrophoresis (Akiba T., 2009: 121).

Determination of cytotoxic activity. LDsy was determined by analyzing the amount of formazan
(MTS test) in cell culture at a wavelength of 490 nm in 96-well plates with Cell Titer 96 Proliferation
assay kit (Promega). The number of cells per well in 90 pul was 2x10*. Triton X-100 was used as a positive
control, and physiological saline served as a negative control (Brown K., 1992: 549).

Results and Discussion. Parasporin-2 was chosen as the object of study, since it is the most effective
antitumor parasporin possessing low-level cytotoxicity against normal human cells (table 1) (Okumura S.,
2013: 1889; Lee DW., 2000: 218; Okumura S., 2005: 6313; Poornima K., 2010: 348; Namba A., 2003:
29; Uemori A., 2005: 122; Yasutake K., 2005: 124; Kitada S., 2009: 121; Akiba T., 2009: 121).
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Table 1 — Cytotoxic activity of various parasporins against tumor and normal human cells (Okumura S. et al.)

Cell line Characteristics LDs (ug/mL)
of cells Parasporin-1 Parasporin-1
MOLT-4 T-cell leukaemia 2,2 0.022 >10 0.472
Jurkat T-cell leukaemia >10 0.018 >10 >2
HL-60 T-cell leukaemia 0,32 0.019 1,32 0.725
T cell Normal T cells >10 - >10 >2
HepG2 Hepatocarcinoma 3,0 0.019 2,8 1,90
HC Normal hepatocytes >10 1.1 >10 >2
HeLa Cervical cancer 0,12 2.5 >10 >2
Sawano Uterus cancer >10 0.0017 >10 0.245
TCS Cervical cancer - 7.8 >10 0.719
UtSMC Normal uterus cells >10 2.5 >10 >2
Caco-2 Colon cancer >10 0.013 >10 0.124

Two main functional domains can be identified in parasporin-2: transmembrane and receptor-
binding. The recognition domain is represented by beta-pleated regions and short alpha-helices, and in
contrast to the transmembrane domain, has a greater number of aromatic amino acids in absolute value
(Kitada S., 2009: 80).

Table 2 — Mutant parasporins obtained upon amino acid substitutions

Amino acids in the original parasporin-2 Amino acids Functional
SN subjected to substitution in the modified parasporins 2 Domain
and their position in the sequence and their position in the sequence
1 Serine 297 Cysteine 297 Transmembrane
2 Serine 297, Cysteine 111 Cysteine 297, Serine 111 Transmembrane
3 Serine 297, Cysteine 111, Tryptophan 81 Cystein €297, Serine 111, Alanine 81 Receptor-binding

Substitution of semantic triplets was carried out using the QuikChangeTMSite-Direct Mutagenesis
Kit (Stratagene) with the following primers to replace the corresponding amino acids:

S297C-forward (5’-TCATCTAGTAAACAGCGTGCTGGTTGCAC-3%),

S297C-reverse (5’-GCAACCAGCAGCGTGTTTACTAGATGAAC-3’),

Cl111S-forward (5’-TTTTTATAGCTATAGTATCCATATTGAGC-3’),

Cl11S-reverse (5’-TATGGATACTATAGCTATAAAAATGTTGG-3"),

Y81A-forward (5’-GGGATTAGTACCAGCAATAGAGGAAAATCTAG-3’),

Y81A-reverse (5’-TCCTCTATTGCTGGTACTAATCCCGATGG-3’).

The validity of the mutations was confirmed during the comparison (alignment) of DNA sequences
obtained as a result of performed sequencing:

Query 43
ATGAGAGGATCGCATCACCATCACCATCACGACGTTATTCGAGAATATCTTATGTTTAAT 102

AT

Sbjct 1

ATGAGAGGATCGCATCACCATCACCATCACGACGTTATTCGAGAATATCTTATGTTTAAT 60

Query 103
GAGTTATCAGCATTAAGTTCAAGTCCAGAAAGTGTAAGATCTAGATTTTCCTCTATTTCT 162
TR
Sbjct 61
GAGTTATCAGCATTAAGTTCAAGTCCAGAAAGTGTAAGATCTAGATTTTCCTCTATTTAT 120
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Query 163
GGTACTAATCCCGATGGTATTGCATTAAATAATGAAACGTATTTTAACGCCGTAAAACCG 222
[N A
Sbjct 121
GGTACTAATCCCGATGGTATTGCATTAAATAATGAAACGTATTTTAACGCCGTAAAACCG 180

Query 223
CCTATTACTGCTCAATATGGATACTATAGCTATAAAAATGTTGGGACTGTTCAGTACGTA 282
U AT
Sbjct 181
CCTATTACTGCTCAATATGGATACTATTGCTATAAAAATGTTGGGACTGTTCAGTACGTA 240

Query 283
AATAGACCTACTGATATTAACCCAAACGTTATTCTTGCTCAAGACACATTAACAAATAAT 342
[T AR A
Sbjct 241
AATAGACCTACTGATATTAACCCAAACGTTATTCTTGCTCAAGACACATTAACAAATAAT 300

Query 343
ACTAATGAACCATTTACTACAACTATCACTATAACTGGGTCTTTTACCAACACGTCTACT 402
[N
Sbjct 301
ACTAATGAACCATTTACTACAACTATCACTATAACTGGGTCTTTTACCAACACGTCTACT 360

Query 403
GTGACATCTAGTACAACAACAGGCTTTAAATTTACTAGTAAACTATCAATTAAAAAAGTC 462
[T AT A A
Sbjct 361
GTGACATCTAGTACAACAACAGGCTTTAAATTTACTAGTAAACTATCAATTAAAAAAGTC 420

Query 463
TTTGAAATTGGTGGAGAAGTTTCATTCTCTACTACAATTGGAACATCTGAAACAACTACA 522
[N A
Sbjct 421
TTTGAAATTGGTGGAGAAGTTTCATTCTCTACTACAATTGGAACATCTGAAACAACTACA 480

Query 523
GAAACAATTACTGTATCTAAATCCGTTACGGTTACGGTTCCAGCTCAAAGTAGAAGAACT 582
U
Sbjct 481
GAAACAATTACTGTATCTAAATCCGTTACGGTTACGGTTCCAGCTCAAAGTAGAAGAACT 540

Query 583
ATTCAGTTAACAGCTGAAATAGCAAAAGAATCTGCAGACTTTAGTGCTCCTATT 635

T
Sbjct 541

ATTCAGTTAACAGCTAAAATAGCAAAAGAATCTGCAGACTTTAGTGCTCCTATT 594

The compliance of molecular mass of the pET-23a(+) plasmid vector encoding mutant parasporins
was determined by means of agarose gel electrophoresis (aigure 1).

Cytotoxic concentrations of mutant parasporins (LDsy) showed an almost tenfold decrease in
carcinolytic activity when an aromatic amino acid tryptophan was substituted to an aliphatic amino acid
alanine in the receptor-binding domain in the absence of significant changes in cytotoxic concentrations in
the case of serine to cysteine substitution in transmembrane regions of parasporin-2 (figure 2).
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Figure 1 — Electrophoregram of pET-23a(+) plasmid
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Figure 2 — Cytotoxic concentration (CTCsg) of mutant parasporins
and native parasporin-2 in HepG2 (human hepatocarcinoma) cell line.
Native PS-2 - 0.027 pg/mL; mutant parasporins S297C - 0.035 pg/mL;

S297C, C111S - 0.031 pg/mL; S297C, C1118S, Y81A - 0.25 pg/mL.

Conclusion. The findings of this study showed the effect of amino acid (serine, alanine, and trypto-
phan) substitutions on the carcinolytic activity of parasporin-2. It was found that the substitution of
tryptophan to alanine in the receptor-binding domain of the protein had the greatest effect, which suggests
the localization of the epitope in this region, which is responsible for affinity for the potential receptor on
the surface of tumor cells for this particular anticancer protein agent. We believe that the resulting mutant
parasporin-2 can be used as a control upon conjugation with potential targets of tumor cells to exclude
molecules that enter into non-specific interaction, for example, in Western blotting.

Serine to cysteine and cysteine to serine substitutions in the transmembrane domain of parasporin-2
did not significantly affect the cytotoxic activity. This makes it possible to use this mutant parasporin-2
for chemical crosslinking with a high molecular weight carrier (gel, chromatography column, etc.)
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through the sulthydryl group of cysteine in order to determine surface targets by the way of their
conjugation with the parasporin-carrier complex.

Establishment of the mechanism of action and targets for antitumor parasporins will determine the
surface antigenic determinants of cancer cells; studies on their structures make it possible to develop more
effective synthetic drugs. Determination of the most significant amino acids and epitopes in the receptor-
recognizing part of parasporins enables in silico selection of a target from a database of known tumor
antigens, as well as a development of a less effective parasporin, which can be used as a negative control
when conjugating with potential surface targets of tumor cells in order to exclude molecules entering into
interaction in a non-specific way, such as hydrophobic interaction.

A. Okacos!, C. Kurana®, A. Kaaumaraméeros®, H. AXMaTyJIJIHHal, A. Wabun'

'Mudekiusra Kapchl IpenapaTTap FhUIBIME OPTalbIFbl, AnMathl, Kasakcra,
? Texnonorussik Kiocio MucruryTi, Musyka, XKanonus,
Jon-Mapabu ateiHaarsl Kasak yiTThiK yHHBEpeuTeTi, Anmarsl, Kasakcran

AJAMHBIH 'ETATOKAPIIMHOMA CBIHBIH KACYIIAJIBIK YJII'ICIHAEI'T
IMAPACHIOPUH-2 MYTAHTTHBI HPOTEUHIHIH CAJIBICTBIPMAJIBI TAJIJIAYBI

AnHotanusi. Makanana [lapnpuHnuH-2 OaKTEpUSCHIHBIH KapUUHOJUTHUKAIBIK OaKTepPHsUIBIK aKybI3bIHBIH
peLenTopIIbl-0aiiIaHbICTHIPYILBI )KOHE TPaHCMEMOpaHAJIbIK alMarblH/la aMHH KhIIIKBUIBIHBIH aJIMacThIPbULY SCEpiH
3eprrern, HaTwKenepi OoiibiHma Hep G2 sxacymanapblHbIH (24aMHBIH IelaTOKapIHOMACHI) ICIK JKacyIIakiapblHa
Kapchl LUTOTOKCHKAJIBIK OEJICEHIUIIKKE 9CEepiH 3epTTey HOTWXKEeNepi KedTipiireH. THPO3WH aMHUHKBIIKBUIIAPEIH
QJIAaHWH,CEPHUH XOHE IUCTEHHIE aJMacThIpy, NMapaclopyH-2 MPOTEHHIH IOJMHCTHIUH TE€TiMEH KOJITaWTHIH T'€HHIH
nokexTimiri 6ap pekomOmHaHTTH TasmMuarik JJHK-ra HykTenmik MyTamust €HTi3y >KONBIMEH XKY3ere achIpbUIABL.
AMMHKBIIIKBUIIAPEIH €Ki aKybl3 aiiMarblHa ayCybIMEH 3 jKaHa MyTaHTHI MapacnopuHa-2 anbiHApl. [lapactmpun-2
MUTOTOKCHUKAJBIK OEJICeHIUIITIHIH OH €Ce TOMEHAEYl aMUHKBIIIKBII THPO3WHI OCIOKTHIH PEIeTOPIbI-0aiaHbIC-
TBHIPY aliMarblH/a aJaHUHMEH AJIIMACTHIPBUIFAH Ke3le OalKanjabl, Oyl IIMCTEMHMEH CepHHII aJMacThIPy KapLHHO-
JUTHKAJBIK OeNCeHAlIirine aifTapibIKTail ocep erneni. AJIBIHFAH MOJIIMETTEp MEH ChIHaMma Yiriiepi icik »kacymia-
JIAPBIHBIH OCTiHEC MAKCATThI XpoMaTorpadus apKbUIbI i3/1eyre 00Ia bl

Tyiiin ce3nep: MyTauusiap, napacrnoprHAEp, KIETKAIBIK KbIpaiap, IUTOYJIbUIBIFBI.

A. Okacos!, C. Kurana®, A. Kanumaraméeros®, H. AXMaTyJIJIHHal, A. Wabun'

"Hayuslii eHTp IPOTHBOMH(EKIMOHHBIX IpenapaToB, AnMaThl, Kazaxcran,
Krocro Texunueckuit uHCTUTYT, MNa3yKa, SAnoHus,
Kazaxckuil HALMOHABHBIH yHHBEpCHTET UM. anb-DPapadu, AnmaTsl, Kazaxcran

In vitro CPABHUTEJIBHBIN AHAJIN3 KAHIEPOJIUTUYECKOM AKTUBHOCTH
MYTAHTHOI'O BEJIKA TAPACIIOPAHA-2
HA KNIETOYHOU MOJEJIN TETATOKAPIIMHOMBI YEJIOBEKA

AHHOTanus. B craTbe npencTaBiIeHbl pe3yabTaThl HCCIECAOBAHUS BIUSHUS 3aMEHBI aMHHOKHUCIIOT B PELETITOP-
CBSI3BIBAIOIIEM M TPAHCMEMOPAHHOM JIOMEHE KaHILEPOJIUTHUECKOT0 OaKTepHaIbHOTO OelKa IMapaciopuH-2 Ha LUTO-
TOKCHYECKYI0 aKTHBHOCTb IIPOTHB OIyX0JIeBOI KyinbTypbl kieTok Hep G2 (remaTokapiyiHOMa 4esnoBeka). 3ameHa
aMHMHOKHCIIOT TUPO3MHA Ha QJIAHWH W CEpUHA Ha LUCTEHH OCYIIECTBILUIACH IOCPEICTBOM BBEICHUS TOUYEYHOM
MyTalMu B pekoMOMHaHTHYI masmuaHyto JJHK, conmepikamiyro mocienoBaTenbHOCTh FeHa, KOIUPYIOLIYIO GesoK
NapacloprH-2 ¢ MOJUTHCTHANHOBBIM TaroM. [lomy4eHo 3 HOBBIX MYTaHTHBIX ApacIOpHHA-2 C 3aMEHON aMHHOKHUC-
JOT B ABYX JIOMEHax Oenka. BpUIo yCTaHOBIICHO JECATHKPATHOE CHIDKEHHE LIMTOTOKCHYECKOH aKTHBHOCTH HapacIio-
pHHa-2 IpH 3aMeHe aMHHOKHUCIIOTHI THPO3MHA Ha aJaHWH B PELENITOP-CBA3BIBAIOLIEM JJOMEHe OellKa, 3aMeHa CepuHa
Ha IMCTEHH HE OKa3ajo 3HAYUTENILHOTO BIMSHHSA Ha KaHLEPOIUTHYECKYIO aKTHBHOCTb. [loiydyeHHbIe naHHBIE U
OTBITHBIE 00Pa3Lbl MOTYT OBITh HCIOJIB30BaHbI JJIsl [IOMCKA MUIIEHEHW Ha IOBEPXHOCTH OITyXOJIEBBIX KJIETOK IOCPE.-
cTBoM adrHHON XpomaTorpaduu.

KaioueBble c1oBa: MyTaiuu, napacropiHbl, KIETOUYHbIE IMHUH, IIUTOTOKCUYHOCTb.
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