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DEVELOPMENT OF A BIOSENSOR OF UREA
WITH THE APPLICATION OF POLYMER TECHNOLOGIES
FOR BLOOD AND URINE ANALYSIS

Abstract. Based on polymeric nanotechnologies, enzyme sensors and microreactors have been developedin the
way, that they can determine urea in liquids. The technology of manufacturing an enzymatic biosensor does not
differ significantly from the known technology of manufacturing microcapsules with an enzyme by the laer-by-laer
method. This allows us, when constructing a biosensor, to use the information obtained on encapsulated enzymes by
other authors. It is shown that urea biosensor is able to work for a long time (up to 2 months) without significant loss
of enzyme activity. Polymer technology for manufacturing sensors is less laborious and expensive compared to other
similar technologies. We propose to develop biosensor devices — urea analyzers with polymer enzyme chips for
express diagnostics of biological fluids (blood, urine). One of the significant results of this work from our point of
view is two factors. The first factor is the optimization of the conditions for the production of a functionally active
enzyme immobilized in a polyelectrolyte coating, when the enzyme after the immobilization procedure shows an
activity comparable to that of a freshly prepared free enzyme. Such a result will allow reducing the cost of enzymes
when creating a sensitive layer of the developed urea analyzer. And the second factor is that the polymer coating
with the enzyme is able to work not only as an enzyme electrode, but also as an enzyme microreactor, without de-
creasing the rate of signal registration after passing the catalytic urease-urea reaction.

Keywords: enzyme biosensors, polymeric nanomaterial, portable analyzer, microreactor, microcapsules, urea.

Introduction. The volume of laboratory research worldwide is steadily increasing and reaches 45
billion analyzes per year, and in industrialized countries the number of analyzes per person reaches 40-60
per year. Universal biochemical analyzers analyze any biological fluids (substrates, enzymes, lipids,
drugs, hormones, proteins, electrolytes, drugs). They are produced by about 60 companies, the main pro-
ducers are Abbott (USA), ABCI (Austria), Koné (Finland), Nova (USA), Corning (England), Beckmann
(USA), "Radiometer" (Denmark). Ready-made sets of reagents are in great demand. Their market is about
27 billion dollars in the world market of laboratory instruments in 6 billion dollars.

Spectroscopic analyzers are used for biochemical studies (determination of organic and inorganic
chemicals, such as potassium, sodium, calcium, magnesium, lithium, chlorine, substrates, metabolites,
enzymes of biochemical processes in blood and other human biological fluids). Universal biochemical
analyzers with the help of which an analysis of any biological fluids for the content of various compo-
nents are recognized as promising. However, at the present time there are no portable devices of this class.
The development of portable devices for the analysis of biological fluids is an urgent task of modern
medical diagnostics. Of particular interest among portable analyzers of various substances undoubtedly
represent analyzers based on biosensors. Any biosensor consists of two functional elements: a biosensor
containing a bioselective material, and a physical converter that transforms any generated signal (ion
concentration, mass, color, etc.) into an electrical signal. In the role of biosecting material are all types of
biological structures - enzymes, antibodies, receptors, nucleic acids and even living cells. In biosensors
are used a variety of physical converters: amperometric, conductometric, optical, luminescent, fluorescent,
acoustic, gravitational, etc.

— 5 —
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The development of biosensors is an extremely time-consuming process. The most important stage in
the development of enzyme sensors is proper immobilization of enzymes on solid supports (substrates).
We have developed a method for immobilizing enzymes using polymer technologies, in which the
immobilized enzyme is in a functionally active state [1-3]. Immobilization of enzymes was carried out in
a biosensor sensitive coating, which is a combination of nanometer polyelectrolyte layers and micro-
encapsulated enzymes placed between these layers (figure 1).

— o
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= 1 - polyelectrolite layers
F— 2 - polvelectrolite capsules
3 - molecule enzyme
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A B C

Figure 1 — Enzyme electrode with sensitive biosensor coating:
A —is a glass pH electrode with a sensitive coating containing the enzyme urease;
B — image of a polyelectrolyte coating with microcells in a light microscope;
C —is a schematic representation of a sensitive coating with an enzyme

As it was shown in these works, enzymes in microcells of a polymeric material are reliably protected
from aggressive influences of environment (microbes, proteases, etc.); able to detect substrates for a long
time (up to 3 weeks in storage at room temperature). This work continues to improve the characteristics of
the developed urea biosensor.

Materials and methods. For the production of enzymatic biosensors and enzyme micro-reactors,
lyophilized urease (EC 3.5.1.5) was used from the Canavalia ensiformis beans of Sigma and Fluka, an
urease solution from the Urea KT(200) kit, (Deacon-DS) with an activity of 253000 U/l., Urea extra clean
(Reachim), MES buffers (Sigma), Tris-HCl (Sigma). Salts of CaCl,, Na,COs;, NaCl and KCI had a
gradation of chemically pure or pure for analysis. Ethylene glycoltetraacetic (EGTA) and ethylenedia-
minetetraacetic (EDTA) acid (both Sigma-Aldrich, USA). To form films and shells of microcapsules,
domain enzymes, polyelectrolytes were used: polyethyleneimine (PEI) weight 600000-1000000,
polystyrene sulfonate (PSS), polyallylamine hydrochloride (PAAH), (all - Aldrich) with a mass of
60000-70000. The test substances were used as solutions in 0.33 M NaCl. All salt solutions were prepared
on deionized water obtained by purifying distilled water with Arium 611-UF (Sartorius). The conductivity
of the water was 1 pS/cm.

The following instruments were used in the work: spectrophotometer Bekman UV/Vis DU 520
(USA), Nikon eclipse E200 microscope, 4-channel potentio-microamperometric analog-digital amplifier
"Record-4usb" with computer connection (development of IBK RAS), pH- meter Bekkman F 690 pH /
Temp/mV/ISE Meter (USA), Axiovert 200 microscope, photometer (model 680 BIO-RAD, USA), Vortex
(shaking and mixing device), ultrasonic bath, magnetic stirrer, table centrifuge, semi-automatic micro-
pipette for 2-20 ul, 20-200 ul, 200-1000 pl, 5000 pl, chamber Goryaev.

Preparation of enzyme-containing calcium carbonate crustal particles. Composive microspherolites
CaCOs— protein were used as core microparticles for the preparation of polyelectrolyte capsules.

CaCO; microspherolites were obtained by the ion exchange reaction when mixing solutions of
calcium chloride and carbonate in the presence of protein (enzyme) — by biomineralization [4-7].

Preparation of enzyme-containing polyelectrolyte microcapsules. Polyelectrolyte microcapsules with
urease were produced by the method of alternate layer-by-layer adsorption with the application of
polystyrene sulfonate (PSS) and polyallylamine hydrochloride (PAAH) molecules to composite calcium-
carbonate spherulites containing urease as described in [4-6, §].
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Alternate layering of oppositely charged macromolecules of polyelectrolytes on colloidal particles
was carried out three to five times, obtaining three/five shells with the architecture of
PAAH/(PSS/PAAH), and PSS/(PAGE/PSS), where n=1.2. The procedure for the formation of micro-
capsules was carried out at room temperature (15-25°C). Microcapsule size and sphericity of calcium
carbonate particles were monitored with a Nikon eclipse E200 light microscope. The removal of calcium
carbonate particles from the microcapsules was carried out while maintaining the solution with
microcapsules in dialysis bags for 3 hours to 12-15 hours in 25 mM EGTA or EDTA at a temperature of
4°C or 20°C with basic alkalinization (pH 7.2-7.5). The number of capsules in the solution was counted
using a cameraGoryaev.

Potentiometric method for determination of urea concentration with a standard pH electrode. Using
the technique described in [1, 2], a potentiometric polymer biosensor of urea was prepared on the basis of
a modified glass pH electrode (figure 1A). Measurements of the hydrogen ion concentration in the test
solution were carried out using a four-channel ADC — "Record 4usb". The solution was stirred with a
magnetic stirrer and maintained at 25 = 1 °C with a U-1 thermostat (Germany). Then, the enzyme prepa-
ration was added thereto in the required quantities or a modified pH electrode was introduced. The
alkaline pH shift recorded (in mV) was saturated for 20-30 seconds.

Results and discussion. For the first time, the possibility of measuring the urea concentration by a
modified glass pH electrode on which an ultrathin sensitive polymer coating with urease was deposited
was demonstrated by us in [1, 2]. The following properties of the polymer coating provided this possi-
bility: good permeability of polyelectrolyte multilayers for the substrate (urea) and its decomposition
products by urease; impermeability of these layers for the enzyme; preservation of the enzyme in the cells
of the coating, high activity for a sufficiently long time; as well as significant alkalization of the medium
during the decomposition of urea to carbon dioxide and ammonia. Improving the characteristics and
properties of the polymer sensitive coating of the urea sensor is associated with an increase in the initial
activity of the immobilized enzyme, an increase in the duration of the sensor operation, and the ability to
measure urea in biological fluids. As was shown in [9], we managed to achieve a sufficiently high activity
of the immobilized enzyme, which amounted to 40-50% of the activity of the free freshly prepared
enzyme.

In this paper, data are presented on the continuation of studies related to an increase in the initial
activity of the urease sensor. Figure 2 shows the data on the dependence of the response of the glass pH
electrode on urea concentration in the measuring cell for the free (line 1) and encapsulated (line 2)
enzyme.

It can be seen from the figure that the activity of the encapsulated enzyme is comparable to the
activity of a free freshly prepared enzyme and was about 75% of its activity. In the encapsulation process,
the enzymes are partially damaged, and in the first studies on capsules with the enzyme, a high initial

-
g 8,0 -
S _'T
<] /
v 6,0 -
g papy
% 4.0 //.
c j .4
E 2,0 /E/
0 -4 -3 =2 -1
0 10 10 10 10

Urea concentrate, M

Figure 2 — Dependence of the response of the glass pH electrode on the urea concentration
(0.5 ng enzyme concentration was determined by the Bradford method): 1 - free enzyme (urease);
2 - encapsulated enzyme contained in microcapsules with the architecture of the PSS-PAAG-PSS envelope.

Study medium: 1 mM Tris-HCI, 1 mM MES, 100 mM NacCl, initial pH 5.3.
— 7 ——




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

activity of the encapsulated enzyme was not achieved. Usually, the activity of encapsulated enzymes
decreased by a factor of 6-7 [1, 6, 10-15]. Close results to our experimental data presented in this study on
encapsulated urease were obtained in [16-19]. Authors, using the enzyme dextranase, obtained encap-
sulated enzymes with a catalytic activity equal to 80% of the activity of the free enzyme (the capsules
were formed from calcium alginate with the inclusion of silica).

Since unmodified glass pH electrodes were used for measurements in cells with a free and en-
capsulated enzyme, we tried to compare pH measurements during the passage of the urease-urea catalytic
reaction using a modified by our method an electrode and an unmodified electrode that were simul-
taneously placed in a measuring cell. In this case, the decomposition reaction of urea passed in the
biosensitive layer of the modified electrode (figure 3).

T N e M s M
0,14 - 10 pM 20 pM 50 pM _ 100 LM _

L. TS SR .rea . |.amea
0,13 v | 1;rega . N - l i lj; _ urea
0,12 : f - :
0,1 i

h‘

0,10
0,09
0,08
0,07
0,08
0,05
0,04
0,03
0,02

Figure 3 — Diagram of the experiment for measuring urea concentration with unmodified (upper curve)
and modified pH electrodes.
A sensitive coating with urease is deposited on the ball of the lower electrode. Microcells of sensitive coating with the
architecture of the shell of PAAG-PSS-PAAG.
Study medium: 1 mM MES, 100 mM NaCl, initial pH 6.0

Since unmodified glass pH electrodes were used for measurements in cells with a free and encap-
sulated enzyme, we tried to compare pH measurements during the passage of the urease-urea catalytic
reaction using a modified by our method an electrode and an unmodified electrode that were simul-
taneously placed in a measuring cell. In this case, the decomposition reaction of urea passed in the
biosensitive layer of the modified electrode (figure 3).

It can be seen from the experimental diagram that the response time after the catalytic reaction of the
enzyme-substrate with the help of the modified and unmodified electrodes is practically the same. This is
due to the fact that the substrate — urea and the decay products of the urease-urea catalytic reaction —
carbon dioxide and ammonia easily penetrate through the nanometer polyelectrolyte shell that separates
urease from the external solution. Such experimental results allowed us to create not only enzyme
electrodes, but also enzyme microreactors (when the recording electrode is separated from the sensitive
layer).

As a microreactor, plastic and glass cuvettes with a polyelectrolyte coating were applied, the same as
for a ball of a modified pH electrode. This coating, which is a multilayer film, between layers of which
was a layer of polyelectrolyte capsules with a diameter of about 2-5 microns filled with urease molecules,
was applied to one of the walls of the cuvette. The presence of several, not less than five polyelectrolyte
layers separating enzymes from the external environment, prevented the latter from inactivation, for
example, by foreign enzymes or microbes. One of the features of the coating was that the total thickness
of the polymer layers was less than 2% of the inner cell diameter in it.

Figure 4 presents data on the catalytic activity of the urease microreactor.
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Figure 4 — Dependence of the response of the glass pH electrode on urea concentration
(enzyme concentration 3 pug was determined by the Bradford method):
1 - free enzyme (urease); 2 - enzyme immobilized on the lateral surface of the spectrophotometric cell and contained
in the microcells of the sensitive coating with the architecture of the PAAG- (PSS-PAGE) 2 shell.

Study medium: 1 mM MES, 100 mM NacCl, initial pH 6.0

Thus, it has been shown that by potentiometric method using a new type of polymeric urease sensor
on a glass pH electrode it is possible to measure urea concentrations ranging from 10-20 uM. The upper
limit of the measurement depends on the concentration of urease placed in the polyelectrolyte coating and
on the properties of the electrode. We were able to measure more than 100 mM urea. In fact, when deve-
loping a urea sensor for medical diagnosis, it is not necessary to measure such high urea concentrations,
since the normal urea content in the human blood is between 1.8 and 7.5 mM, depending on the age.

Studies of the stability of a new type of urea sensor showed that when stored in distilled water at a
temperature of 4 °C, the sensor is capable of operating for up to 2 months. At the same time, the decrease
in activity of immobilized urease is initially 40-50%. The stability of the sensor over time can, among
other things, be due to the stability of the polyelectrolyte shells that protect the enzymes from the external
environment in the microcells of the coating. Perhaps in this case, the size of the microcapsules, as well as
the number of polyelectrolyte layers forming the microcapsule shell, will be important for increasing the
stability of the polyelectrolyte coating.We carried out preliminary studies of the strength of 10 um
microcapsules containing a calcium-carbonate core with the help of a NanoScan-4D nanodidomer [20].
It was shown that the destruction of a single microcapsule occurred when it was compressed by 1.1 um
and a load value of 25 mN. Investigation of the strength of microcapsules with a remote calcium carbo-
nate nucleus depending on the size of microcapsules and the number of layers of capsule shell polyelec-
trolytes is of interest for improving the stability of microcapsules and a new polyelectrolyte coating.

The necessary component of research in the development of biosensors is testing on biological fluids.
Investigations of the urease polymer sensor for the determination of urea in biological fluids were
conducted using urine and blood as an example. These experiments are presented in [9], from which it
follows that if the accuracy of measuring by our method the concentration of urea in daily urine diluted
100 times approaches the error obtained during dilution of urine, then a different picture is observed when
measuring urea in serum. Blood in different people has its own pH and buffer capacity, so when mea-
suring urea in blood serum, we tested the "double additives" method, which increased the accuracy of
measurements to 5%.

The sensitivity of the urease sensor can be significantly increased by using pH-sensitive field effect
transistors (figure 5).

As can be seen from the figure, the field effect transistor has increased the sensitivity of the sensor by
more than an order of magnitude. The enzyme consumption during the creation of a sensitive field-
transistor coating was 20 ul from the 3 ml set (see Materials and Methods). This amount of enzyme is
used for one or two measurements in enzyme analysis by the usual spectral method in polyclinics.

— 9 —
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Figure 5 — Comparison of the response of the pH-sensitive field-effect transistor
and the glass pH electrode to the urea concentration.
The sensitive coating is applied to the glass electrode ball and to the surface of the recording element of the transistor.
Study medium: 2 mM Tris-HCI, 200 mM NacCl, initial pH 7.8

Conclusion. The urea biosensor manufactured with the help of polymer technologies and repre-
senting a combination of polyelectrolyte layers and microcapsules with an enzyme inside and a shell of
the same polyelectrolytes, as shown by the experimental data, is perfectly suitable for determining the
urea concentration in blood and urine. The technology of manufacturing an enzymatic biosensor does not
differ significantly from the known technology of manufacturing microcapsules with an enzyme by the
laer-by-laer method [4-6]. This allows us, when constructing a biosensor, to use the information obtained
on encapsulated enzymes by other authors. In this case, the urea biosensor is able to work for a long time
(up to 2 months) without significant loss of enzyme activity. One of the significant results of this work
from our point of view is two factors. The first factor is the optimization of the conditions for the pro-
duction of a functionally active enzyme immobilized in a polyelectrolyte coating, when the enzyme after
the immobilization procedure shows an activity comparable to that of a freshly prepared free enzyme.
Such a result will allow reducing the cost of enzymes when creating a sensitive layer of the developed
urea analyzer. And the second factor is that the polymer coating with the enzyme is able to work not only
as an enzyme electrode, but also as an enzyme microreactor, without decreasing the rate of signal regis-
tration after passing the catalytic urease-urea reaction. This is due to the fact that the layers of poly-
electrolytes separating the enzyme from the external analyte solution have a nanometer thickness and are
easily permeable to urea and decomposition products of the urease-urea catalytic reaction. Separation of
the sensitive sensor from the recording electrode provides many opportunities for designers of urea
analyzers based on a polymer ultrathin coating.
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C. K. U6aaynaesa’, M. I'. ®omkuna’, H. O. Annasos’, JI. O. Kycynoa'

'"KopksIT ATa athiHaars! Kpi3bLiopa MemekeTTik yausepeureri, Koisbiiopa, Kasakcran,
? Peceit FoutbiM AkageMusichIHbIH TeOPHSITBIK XKOHe TOKipuberik Guodmsnuka nucTHTYTHI, [ymmHo, Peceit

KAH )XOHE HECEITI TAJJIAY YIITH TOJIMMEPJI TEXHOJOTUSIJIAPABI AU JAJIAHY
APKbLJIBI MOYEBUHA BUOJATYUI'TH ’KACAY

Annotanusi. [lomvMepii HaHOTEXHOJOTHWSUIAP HETi3iHIE CYHBIKTHIKTap/a MOYCBMHAHbI AHBIKTAH ajaThiH
(hepMeHTTI TipKeyimTep MEH MUKpopeakTopuap xacauapl. GepMeHTTI TIpKEeYIIIT] jkacay TeXHOJIOruscHl laer-by-laer
omiciMeH (epMEHTTI MUKpOKAICyIajiap >kKacayIblH OeNriTi TeXHOIOTHACHIHAH aUTapNbIKTail epekmeneHoenai. by
Oi3re Oacka aBTOpIIapMEH WHKAICYISIIUSsUIAHFaH (PepMEHTTEpCH allbIHFaH MATIMETTepiH OMOTIpKeyil xKacayaa ak-
napar periHjie MyMKiHIIK Oepe/i. MoueBrHa OMOCEHCOPBI Y3aK YakbIT 001ibl hepMEHTTIH OeNCEHAUTINH aiiTapIibIK-
Tail JKOFajiTHai y3aK yakeIT Ooiibl (2 aiifa JeiliH) )KYMBIC acail anaThlHIBIFbI TaObUIAbL. [loJguMepi TeXHOIOTusl
backa [1a yKcac 9icTepre KaparaHaa )KeHLT )KoHe ap3aH 00JIbI TaObu1aabl. BHOIOTHSUIBIK CYHBIKTApabl (KaH, HECeI)
9KCIIPECC aHbIKTay YIIIH monumepiti GpepMeHTT ynmi 6ap MOYeBHHA aHAIM3aTOPbI YChIHBUIAABL. byl skymbicta 0i3-
JIH OWBIMBI3LIaaUTAPIIBIKTAH €Ki apTHIKWIBUIBIK (akTopbl Oap. BipiHmi ¢akTtop — MOIMANEKTPOIMUTTI KaObIHFA
HMMOOMITH3AIMsUIaHFAH (QYHKIIHOHAIIBI-0eCceH Il (GepMEHT ay JKaFqaiblH OHTAWITAHIBIPY, MYHIA IMMOOMIH3AIINS
opeKeTiHeH KeHiH (hepMeHT kaHa JasipianraH 6oc gepMeHTTIH OesceHinirine ykcac OesceHinik kepcereai. MyH-
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Jlaif HOTH)KE MOYEBHMHA aHAJIM3aTOPhI KOH/BIPFBICHIH jKacayia ce3iMTan KabaTThl JAaiibiHnayaa GpepMeHTTepre Kere-
TiH IIBIFBIHIAPABR ap3aHnaTansl. Exinmn ¢akrop, depmenTi 6ap moimmMepii xaObH GEpMEHTTI dJEKTPOI PETiHIe
FaHa MYMBIC JKacall KoiMail, ypeaza-MOUYeBHHA KATATUTUKAIBIK PEAKIMACHl OTKCHHEH KEHiH TipKey *KbUILIaM/IbIFbIH
TOMEHICTIIEH (PePMEHTTI MUKPOPEAKTOP PETIH/E A€ IiC aTKapaibl.

Tyiiin ce3nep: dhepMeHTTI OHOCEHCOPIIAp, TOJUMEPITI HaHOMAaTEepHaJl, IIOPTATHBTI aHATU3ATOP, MUKPOPEAKTOP,
MHKpOKAIICyanap, MOUYeBHHa.

C. K. U6anymnaesa', M. I'. ®omkuna’, H. O. Annasos’, JI. A. Kycynosa'

'KbI3BbLIOpAMHCKHIT FOCY 1apCTBEHHBIH yHIBepeuTeT uM. KopkbiT Ata, Kei3sutopaa, Kaszaxcran,
*MHCTHTYT TEOpEeTHYECKOH 1 IKCIIEPUMEHTAIbHOI Grodusuku Poccuiickoii Akagemun Hayk, [Tymuno, Poccus

PA3PABOTKA BUOJATUMKA MOYEBUHBI C IPUMEHEHUEM INOJIMMEPHBIX TEXHOJIOT U
JJIsA AHAJIM30B KPOBU 1 MOYH

AnHoTanus. Ha ocHOBe MmoiMMepHBIX HAaHOTEXHOJIOTHH CO3JaHbl (PEepMEHTHBIC AATUYUKH M MUKPOPEAKTOPHI,
CIIOCOOHBIE OIPENeNsATh MOUYEBHHY B JKUAKOCTSX. TEXHOJOTHS M3rOTOBIEHHS (PEPMEHTHOTro OMOIATYHKa CYLIecT-
BEHHO HE OTJIMYACTCS OT M3BECTHON TEXHOJIOTHH M3TOTOBJICHHS MHKpPOKAINCyJ ¢ (hepMeHTOM MeTooM laer-by-laer.
OTO MO3BOJISIET HaM NPU KOHCTPYHUPOBAHUM OMOAATUMKA IOJIB30BATHCS MH(pOPMAIMEH, IT0JIy4eHHON Ha MHKAICY-
JIMPOBAHHBIX (pepMEHTax APYrMMH aBTopami. [lokazaHo, 4To OMOCEHCOP MOYEBHHEI CIOCOOEH paboTaTh B TCUCHHUE
JUINTEIBHOTO BpeMeHH (110 2 MecsiieB) Oe3 3HaYUTEeNILHOM 1oTepu akTHBHOCTH (hepMmeHTa. [ToaumepHas TeXHOIOTUs
M3rOTOBJICHHS JATYNKOB MEHEE TPYJIOEMKasi U JJOPOTOCTOSIIAS 10 CPAaBHEHHIO C JPYTMMH aHAJIOTUYHBIMH TEXHOJIO-
rusmu. [Ipenmararorcst Kk pa3paboTke OMOCEHCOPHBIE MPUOOPH — aHANM3AaTOPHl MOYEBUHBI C TTONUMEPHBIMA (ep-
MEHTHBIMH YHUIIAMH JUIS SKCIPECcC-ANarHOCTUKN OMOJIOTHIECKUX JKUIKOCTeH (KpoBb, Moua). OXHUM M3 CYIECTBEH-
HBIX PE3YJIbTATOB HACTOAMIEH padOTHI C HaIleW TOYKH 3peHHs SBILTIOTCS ABa (akrtopa. [lepBrri ¢axTop — 3TO
ONITHMHM3AIMA YCIOBUIl MONMy4eHUs (YHKIHMOHAIBHO-aKTUBHOTO (pepMEeHTa, MMMOOMIN30BAHHOTO B MOJMAIEKTPO-
JHUTHOE MOKPBITHE, KOrAa (hepMeHT mocie MpoLeaypbl HIMMOOHIM3AIMY II0Ka3bIBAET aKTUBHOCTD CPAaBHUMYIO C aK-
THUBHOCTBIO CBEXEHPUTOTOBICHHOTO CBOOOAHOTO (epMeHTa. Takol pe3ynbTaT MO3BOJIUT YACIIEBUTH Pacxoibl Ha
(epMEHTBI NP CO3[aHUM YyBCTBUTEIBHOTO CIIOsl pa3zpadaThiBaeMoro npubopa-aHain3aTopa MOYeBHHBL. 1 BTOpOI
(hakTop, 3TO TO, YTO MOJUMEPHOE MOKPHITHE C (HEPMEHTOM CIIOCOOHO PabOTaTh HE TOJILKO KaK (DePMEHTHBINH JICKT-
POA, HO M Kak (pepMEeHTHBI MUKPOPEAKTOp, IPH 3TOM HE YMEHbIIAs CKOPOCTh PETHCTPAllMU CHI'HAaIa MOCIe Mpo-
XOXKJICHUS KaTATUTHYECKON peakny ypea3a-MO4eBHHA.

KitroueBble ciioBa: GpepMeHTHBIE OMOCEHCOPHI, ITOJMMEPHBIH HaHOMAaTEpHall, IOPTATUBHBII aHAIN3ATOP, MUK-
POpEeaKTop, MUKPOKAIICYJIbl, MOYEBHHA.
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GENERAL CHARACTERISTICS OF INFLUENZA VIRUS A
MOLECULAR STRUCTURE

Abstract. The influenza virus is one of the most abundant viruses in the world. It causes both mild seasonal
infections and severe pandemics killing thousands of people and mammals. Two main extracellular receptors —
neuraminidase (NA) and hemagglutinin (HA) are responsible for infection symptoms development and spread.
Error-prone RNA-polymerase incorporates mutations into both neuraminidase and hemagglutinin per replication
cycle, which complicates the development of highly effective drugs against animal influenza. Incorporated mutations
are also involved in the transition of influenza from animal to human species and vice versa. Transited influenza
subtypes are the most dangerous, because it is unpredictable now, where the mutation might arise. However, it starts
to become clear, which molecular regions are the most common for the mutation to occur.

This article revises the molecular structure of influenza extracellular receptors, including critical regions of
receptors binding sites and susceptible mutation sites. The clear understanding of molecular structures and critical
regions of HA and NA might facilitate the development of an effective vaccine and/or drug development.

Key words: influenza, neuraminidase, hemagglutinin, mutation, sialidase, virus.

INTRODUCTION. General description of influenza viruses. Influenza A viruses belong to a viral
family of Orthomyxoviridae, what can be interpreted from Greek language as viruses which bind to
mucoproteins. Influenza A viruses cause flu in many representatives of animal species, the most common
hosts are: salmon, pigeon, poultry, fowl, especially chicken, swine, camel, bats and human. It should be
considered that an avian virus does not cause such a wide range of symptoms in birds but as it is trans-
mitted to humans, disease conditions might be very severe [1].

There are several types of influenza viruses: A, B and C types. Influenza A is the most studied and
common type: has a wide range of hosts including mammals, fish and birds and is responsible for most flu
epi- and pandemics. Influenza B virus infects only humans, and influenza C infects both human and swine
[1,2].

Influenza A virus causes a wide range of non-specific symptoms: high fever, sore throat, mild
headache, chills, malaise, cough and muscular pain. These symptoms do not necessarily indicate that a
person has flu. Otherwise, additional analyses should be certainly made to ensure a final diagnosis. Most
harm done by influenza is towards infants and elders due to their suppressed or non-developed immune
system. Sometimes it could be even fatal due to chronic illness or lack of special medical care and me-
dicine. However, as vaccines and drugs are being improved, those fatal cases are getting much lower than
in previous century [1].

There were several pandemics caused by initially swine or avian flu through the development of their
transmittance to humans. It is uncommon that once in the future another pandemic virus would arise
leading to enormous problems including lack of effective vaccine, inefficiency of available drugs, and
may be financial losses. It is very hard to predict next pandemics and subtype of virus involved in
particular, so detailed studies of viral subtypes might be a solution to overcome next potential pandemics.
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Molecules mostly involved in the development of influenza infections are envelope proteins: hemag-
glutinin (HA) and neuraminidase (NA). Most of the drugs against flu use HA or NA as their main targets
through reducing their affinity to sialic acid, destroying covalent inter- and intramolecular bonding or by
using antagonistic features. For example, zanamivir and oseltamivir are NA-inhibiting drugs [1].

So, in this review we would consider molecular structure, functions and subtypes of envelope
glycoproteins HA and NA, discuss interactions between viral and host molecules and briefly mention how
the transition from avian to human flu is established, which is the main cause of unexpected pandemics
[1].

Hosts of influenza A virus. Influenza A virus has a variety of hosts. Well known examples are chic-
ken, domesticated birds, swine, camels, horses, bats and humans.

There is a great variety of bird species susceptible to influenza A virus: ducks, wigeons, teals, mer-
gansers, geese, swans, redshanks, gulls, grebes and etc. Most of the avian hosts are waterfowl and only
several are terrestrial such as pigeons and chicken. The most known birds infecting influenza A subtypes
are highly pathogenic H5N1 initially identified in Hong Kong, H7N3 outbreak in England and Australia
in 1963 and 1992-1994 respectively, H7N7 several outbreaks in Germany, England, Australia and
Netherlands and H5SN2 with outbreaks in USA, Mexico, Italy and China.

Swine influenza is another major source of virus reservoir in wild environment. Outbreaks of swine
influenza were firstly identified in Spanish influenza pandemic in 1918 year and had occurred several
times after that. Major swine influenza subtypes: HIN1, HIN2 and H3N2 [3].

Equine influenza was described as a disease having similar symptoms as human influenza since
Romanian times. It has potentially evolved together with human influenza virus due to their living in close
proximity with horses, mules and donkeys. Influenza virus is still considered as the most important
respiratory pathogen in horse and related species. The first isolate of equine influenza was obtained in
Eastern Europe in 1956 year and identified as H7N7 subtype. Another example of horse influenza is
H3N8, which was isolated in 1963 and since those times is considered as enzootic in Europe and Ame-
rica [3].

Recently two novel influenza viral subtypes from bat species were identified and studied— H17N10
and H18N11. However, they are considered as influenza-like viruses, because their characteristics are
rather distinct: a different binding site to sialic acid receptors and neuraminidase not being a sialidase [4].

However, human infecting influenza subtypes have emerged from animal infecting subtypes through
the adaptation to the surroundings and incorporation of mutations per replication cycle. So, wild subtypes
of influenza virus should be thoroughly studied to prepare and possibly prevent next pandemics.

General description of influenza A virus. Influenza virions have roughly spherical or filamentous
shape. Newly synthesized ones have more filamentousvirions, and as they become mature, shape becomes
roughly spherical. Gene segments are wrapped into helical nucleocapsid, which is then packaged into
lipid envelope mostly derived from a host’s plasma membrane.

Influenza A viruses are encoded by six-eight strains of negative-sense RNA. RNAs are error-prone
due to RNA-dependent RNA-polymerase, which drives rapid adaption and evolution of influenza [5].
Each of the genome segments encodes one or two proteins, functions of proteins encoded together on one
gene segmentare rather similar. Envelope glycoproteins, which are located on the outermost layer, HA
and NA are encoded by genome segments 4 and 6, respectively [1]. Three RNA polymerase proteins (PA,
PBI1 and PB2) are encoded by distinct genome segments from 1% to 3™. 7"gene segment codes for an
integral membrane protein (M1) with ion channel activity and an envelope protein by subsequent splicing
of mRNA. Influenza A virus expresses 11 proteins in total, and 9 of them are packaged into new virions.
Two proteins, which are not packaged, facilitate assembly of viral particles.

Only in case all RNA gene segments are packaged into a viral particle, the virus is capable of survi-
val and infection [5].

Influenza A virus replicates in the host nucleus, unlike most other RNA viruses such as bynuaviruses,
paramyxoviruses and rhabdoviruses replicating in the cytoplasm. Viral mRNA of influenza stealscapped
5’ends of cellular mRNA in the nucleus, which facilitates rapid synthesis of new virion particles. Rapid
evolution of these viruses is due to the presence of both error-prone RNA-polymerase and frequentreas-
sortment (antigenic shift) of whole genome segments or some parts between related strains. This
reassortment is the one most responsible of pandemics due to mutated surface antigens NA and HA [1].

—— |4 ——
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Influenza A viruses are classified according to NA and HA subtypes, which together show different
antigenic reactivity to poly- and monoclonal antibodies and show different nucleotide sequences [6].

The main difference between avian and human adapted viruses is their preferential binding to
sialylated glycan receptors, hemagglutinin in particular. Human viral hemagglutinin exemplified by
HIN1, H2N2, H3N2 subtypes preferentially binds to long a2-6 sialylated glycan receptors, which are
mostly expressed in human upper respiratory epithelium. HA of avian influenza exemplified by HINS,
H2N9, H3N2, H3NS8, H5N8 binds to short a2-3 sialylatedglycans. Due to this feature, there are only
several avian influenza viruses capable tocause diseases in humansuch as HSN1, H7N7, H7N3, HIN2 se-
rotypes. Differences in receptor specificity of human and avian influenza A viruses are also considered as
features responsible for tissue tropism, host species barrier and interspecies transmission blocking. So,
there is a need to constantly monitor these avian viruses to be able to detect changes in external glycan
structure as they play the most important role in influenza evolution [6].

Swine influenza viruses are able to bind sialic acid in both 02-3 and 02-6 linkages, so they combine
features of both human and avian viruses.

HA and NA both recognize sialylated receptors on the outside of a host cell membrane. Influenza
infection is promoted by multiple HA binding to sialic acids found on the carbohydrate side chains
outside regions: on surface glycoproteins and glycolipids. NA’s primary function is to release accidentally
bound newly synthesized HA from sialylated glycoproteins and glycolipids, however it performs other
functions as well.

Neuraminidase. NA is a viral cell surface receptor of a tetramericglycoprotein nature. It is encoded
by 6"gene segment of influenza A genome. Its length is approximately 1413 base pairs in length with
slight variations, mature protein size is 454 Daltons.

It consists of four identical polypeptides of approximately 470 amino acids with slight variations in
sequence. Four domains of this protein are a membrane-anchoring hydrophobic domain, a thin variable
stalk, a globular head domain which is a carrier of enzyme active site and a calcium-binding site [7].

The stalk domain’s length varies significantly, and its shortening is associated with adaptation of
waterfowl to poultry [8]. Subunits consist of six bladed propeller-like structures, and blades are made up
of four antiparallel f-strands [9]. An enzyme active site with conserved charged amino acid residues can
be found in the central region of each subunit.

The function of NA is to cleave sialic acid residues from cellular and viral glycoproteins expressed
outside the host cell membrane. It is crucial to prevent HA mediated aggregation of newly synthesized
viral particles at the surface right after their leakage from damaged host cell, because this would prevent
further dissipation. NA fulfills that function by removing newly synthesized HA, which were accidentally
bound to sialylatedreceptors of dead cell [10].

Besides the release of budding virion particles through HA release, NA plays a role in promoting
cellular infection by promoting glycosylation of the HA and cleaving potential inhibitory Sia-s from
mucins. It was shown, that NA recognizes sialic acid residues on host glycoproteins and glycolipids in a
different manner in comparison with HA [11].

Different structural features of NA and HA form influenza subtypes.

Neuraminidase subtypes. 10 structurally different NA circulate in birds, which are classified into
two main groups [12]. The group 1 includes N1, N4, N5 and N8, and group 2 includes N2, N3, N6, N7
and N9. The classification is based on similar features within the following regions: in the 150-loop
(residues 147-152), the 270-loop (residues 267-276), and the 430-loop (residues 429-433), which are
regions adjacent to the enzyme’s active site.

The only conserved site for all influenza A and B types NA is Asnl46 glycosylation region, which is
located on the membrane-distal surface close to the active site [13]. Besides that highly conserved region,
neuraminidase shows a great diversity in nucleotide sequence, which results in various structural con-
formations. Mutations incorporated per replication cycle add changes into already present pool of neura-
minidase structural diversity.

Hemagglutinin. Name of this protein comes from its ability to form aggregates of red blood cells,
the carriers of hem — hem agglutinating protein. Widely spread, rapid and moderately sensitive technique
of most viruses’ identification — is the hemagglutination assay, in which hemagglutinin glycoproteins
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clump cells by binding to their surface receptors. There are 18 subtypes of hemagglutinin, and two recent
ones H17 and H18 were found in bats [14].

HA is expressed as a trimeric surface receptor on the outside of the viral membrane. It facilitates
entry through the receptor binding to the target cell and recognizes sialylated cell receptors for conse-
cutive chemical binding. It is encoded by 4™ gene segment of influenza A viral genome with approxi-
mately 566 nucleotides in length, although some nucleotide variations are possible.

Sialylated receptor-bound viruses fuse with the cell membrane, and then are engulfed into endosomes
once entering cytoplasm. HA becomes acidified by endosomal enzymes, which is followed by confor-
mational changes in its molecular structure and subsequent activation. Different kinds of conformational
changes constitute HA subtypes classification system.

The linkage between glycan structures and galactose is crucial in host determination. Avian viruses
are characterized by binding to 02-3Sia and are so-called avian-type receptors, while mammalian viruses
bind to a2-6Sia and are so-called human-type receptors. However, it should be noted, that cells in human
upper epithelium mostly possess a2-6Sia receptors, whereas cells in lower epithelium possess a2-3Sia cell
surface receptors. This means that influenza bearing only avian-type receptors is able to cause a
moderately mild infection without any serious consequences.

-
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The schematic representation of hemagglutinin structure [15]

However, influenza viruses typically reproduce in cells of human upper respiratory tract through the
recognition of sialic acid, or N-acetylneuraminic acid, by HA. N-acetylneuraminicacid is terminated by
glycan structures, which are linked to galactose in a B1-4 linkage to glucosamine, and thislinkage in
particular is associated with HA recognition and binding to the target cell [10, 16].

The HA is a homotrimer consisting of a globular head with sialic acid binding domain and a fibrous
stalk region. Three identical subunits have resulted from proteolytic cleavage of a single precursor, and
the process occurs by cleaving single arginine residue extracellularly by serine proteases before entering
the host cell. However, some members of HS5 and H7 subtypes have acquired several cleaving residues
(arginine and lysine), which is partly responsible for HS and H7 high infectivity and pathogenicity [9].

The coiled-coil structure of the stalk domain stabilizes HA trimers and anchors the protein in the
membrane through its transmembrane subdomain [12]. The only conserved amino acid throughout all
subtypes of the stalk domain is Lys51.

As it was mentioned before, HA recognizes sialylated cell surface receptors of a target cell, so let’s
consider these interactions more closely. The interaction occurs through hydrophobic and hydrogen
bonding between HA residues from the 130-, 220-loops, 190-helix and sialylated receptors [17].

— 16 ——
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Sialic acid binding site contains four main structural regions made up from antiparallel B-sheets [12]:
a base with highly conserved Tyr98, Trp153 and His183, a 190-a helix (residues 184-190), a 130-loop
(residues 126-135) and a 220-loop (residues 215-224) [19].

Amino acids Tyr98, Trp153, His183, GIu190 and Tyr195 directly interact through hydrogen bonding
with the side chains of sialic acid, which was shown on H3 subtype in particular.

The 130-loop with crucial residues at 135-137 forms chain interactions with receptor’s sialic acid
moiety. Mutations within 220-loop constitute differences in host specificity due to slight changes in loop
conformation associated with glycosidic linkage type [20]. The 190-helix plays a role in species speci-
ficity determination. Double mutations in the HA receptor binding domains of HIN1 at Glu190Asp and
Gly225Asp and H2N2/H3N2 at GIn226Leu and Gly228Ser influenza A subtypes are associated with the
adaptation of avian viruses into human pandemic viruses.

In addition, four amino acid substitutions of HA in H5N1 at Ser123Pro, Ser133Ala, Thr156Ala, and
GIn192Lys are associated with increased binding of the virus to mammalian receptors [20]. Mutation of
Asnl58 and Thr160 were shown to increase virus affinity to human-type receptors due to the loss of the
same glycosylation site on the top of the HA globular head.

In HA2, HA3 and HA9 subtypes Leu226 enables influenza A virus replication in the human airway
epithelium.

HA binds to sialic acid through hydrophobic interactions and hydrogen bonding to the conserved
amino acids within 130- and 220-loops, although responsible amino acid residues differ from one subtype
to another [9]. For example, in HA1, glutamic acid and glycine residues at positions 190 and 225, respec-
tively, are responsible for binding to avian SIA-receptors, whereas HA1 proteins that carry aspartic acid
residues at these two positions interact with human SIA receptors. For HA2 and HA3, mutations of
GIn226Leu and Gly228Ser correlate with a shift from avian to human receptor specificity [21]. So, slight
mutations in amino acid sequenceconstitute the basis of HA subtypes classification.

Hemagglutinin subtypes. Two main groups of 18 HA circulatingin many different hosts are classi-
fied according to sequence comparisons and structural characteristics. Group 1: H1, H2, H5, H6, H8, H9,
HI11, H12, H13 and H16. Group 2: H3, H4, H7, H14, H15 and H10 [22]. The classification also considers
conformational changes within HA molecular structure triggered by acidification due to endosomal
enzymes functioning.

Ha subtypes could be also relatively classified according to their main host species. For instance,
HAT1, HA2 and HA3 subtypes circulate mostly in human populations.

A computer analysis by using free access applications has shown close evolutionary relationships
between HA subtypes[14]. Very close relationship was shown between HA7, HA15 and HA10 constitu-
ting one clade and HA4, HA14 and HA3 constituting another. The common origin was shown for HAS,
HA12 and HA9 as well as for HA13, HA16 and HA11[14]. Recently described HA17 and HA18 subtypes
show closest evolutionary relations towards another clade including HA1, HA2, HAS and HAG6. This
evolutionary relationship formed during last century indicates rapid evolution of influenza viruses due to
reassortment between different viral subtypes.

Transition between avian and human influenza types. The transition between avian and human
influenza types had occurred several times and had caused several pandemics during human history.

The transition between avian and human influenza types is not so uncommon because of several
reasons underlying this process. They include high degree of genetic recombination between different
subtypes, error-prone RNA polymerase, which enables a multitude of mutations to occur per replication
cycle, rapid generation time of virions and fast replication of virion particles inside of a host nucleus.

The major receptor binding site substitution between avian and human HA10 is Lys137Arg, although
some others might also emerge due to incorporation of mutations per replication cycle. Such transitions
between avian/swine/human influenza should be studied in details for the trafficking influenza evolution
[22].

Conclusion. So far we have discussed some important structural features of HA and NA — envelope
proteins responsible for influenza A virus infection occurrence and spread. HA plays a significant role in
binding to receptors in host’s upper epithelium cells. This is the most common way for a virus to enter a
cell. NA’s primary function is to release newly synthesized virions from sialylated receptors of host cell.
However, NA is also responsible for facilitating HA’s glycosylation for viral infection spread. These two
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proteins obtain a variety of mutations per replication cycle due to error-prone RNA polymerase. This
constitutes a feature of influenza A virus to quickly evolve into new subtypes, which is a great obstacle
for modern vaccines. Vaccines are designed mostly against widely spread influenza A pathogens, and if a
novel pandemics occurs, the use of vaccines would not be effective.

So, it is very important to understand structural and functional features of influenza A virus proteins
to be able to synthesize modern vaccines against it.
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H. /1. Jlepsi6una® >, /. A. 'punenko™?, H. H. Fannaknapos'

leCiM,HiKTep OHMOIOTHACH )KOHE OMOTEXHOIIOTHAICH HHCTUTYTHI, AnMatel, Kazakcras,
Zon-Mapabu atbiHIars Kasak yiTThIK yHuBepcuteTi, Anmarsl, Kasakcran

TY¥YMAY A BUPYCBIHBIH MOJIEKYJIAJIBIK K¥YPbIJIBIMBIHBIH
BA3AJIBIK KACUETTEPIHIH CUTIATTAMACHBI

Annotanusi. TymMay BUPYCBI — KeH TapajiFaH BUpycTapAbiH 0ipi. Ol )KeHIUJT MayCBIMABIK XKOHE aybIp IMaHAeMHs-
HBI TYFBI3BIN, MIJUTHOHHAH acTaM aJaMaap.blH KalThIC OoyFaHbHA cebeOmni OoiraH. Exi Heri3ri xacymiagaH ThIC
peuenrtops! — HelipamuHuaza (NA) mMeH remarrmiotiinH (HA) TymaynsiH OenriiepiH JaMbITybIHA JKOHE aypyIblH
TapajyblHa JKayamnThl.

Karenikke Oetiimgi PHK-monmmmepasa opTypii MyTtamusumapasl HelipaMHHHIa3a MEH TeMAarTIIIOTHHUHTE op
OexiHreH caiflbiH eHrize amaasl. OCBl KacHeTi TyMayFa Kapchl Kol dQQPEeKTHBTI JopiHi KYpacTHIPyIbl KHBIHIATAIEL.
[Malima OonraH MyTamusyIap BHpPYCTBDKaHyapiapAaH agaMaapra KYKTeIpambl. OCHl BUPYCTAapIbIH THITEPi oTe
KayinTi, OWTKeHI MyTalMsUIalTBIH JKepiiepi ajaplH ana Oomkay KubiH. Kasipri Tanma Bupycrapaa KaHai
MOJIEKYJIAJIBIK aiiMarbIH/a MyTalUsIIap KU1 Ke3eCETIH T aHbIKTaIbI.

Ochl Makanaja jkacyliafiaH ThIC PELENTOPIapAblH MOJEKYyIablK KYPBUIBIMBIL, KHBIH aiiMaKTapra peLenTop-
Jap/bIH JKaJiFacy MeXaHM3MJAEpl MEH TapaliFaH MyTauusuiap aiiMakrapbl KapacTbIpbUIFaH. [ 'eMarrjroTHHHH MeH
HelpaMUHKA3a MOJIEKYJIaJbIK CTPYKTYpPAachlH jKOHE KUbIH aiiMakTapblH 3epTTey (G (GEeKTUBTI BaKIMHA MEH J9pijie-
piH TaMBITYFa BIKMAI €TE anajbl.

Tyiiin ce3nep: Tymay BUpYyCHI, HeHpaMHHN/1a3a, TEMarTJIIOTHHUH, MyTallysl, CHallia3a, BUPYC.

H. JI. lepsiouna>", JI. A. I'punenxo?, H. H. M'aimaknapos’

II/IHCTI/ITyT Ouosoruy 1 OMOTEXHOJIOTUH pacTeHni, Anmarsl, Kazaxcran,
Ka3axCKuii HAMOHATBHBIN yHHuBepcuTeT uM. anb-Dapadu, Anmarsl, Kazaxcran

BA3OBBIE XAPAKTEPUCTHUKHN MOJIEKYJISIPHOI'O CTPOEHUS BUPYCA T'PHIIIIA A

AnHoTanus. Bupyc rpunmna sBiisieTcst OAHUM U3 CaMbIX PacIpOCTPaHEHHBIX BUPYCOB B Mupe. Bupyc cnocoben
BBI3BIBATh KaK YMEPEHHbIE CE30HHBIC MH(EKINH, TaK ¥ MaHAEMHUH, KOTOPbIE IIPUBOASAT K THOGIN COTEH THICSY JIFO-
Jie 1 KMBOTHBIX. HelipamMuHua3a ¥ reMarritoTHHUH SBJISIOTCS OCHOBHBIMU BHELIHUMH PELENITOPaMu BHPYCHOM
YaCTHLBl M y4YacTBYIOT B TaKHMX Ipoleccax, Kak MPOHUKHOBEHHE B KJIIETKM XO3SMHA M PACHPOCTPAHEHHE MEXKIY
knetkamu. PHK — 3aBucumas PHK — monmnmepasacmocoOHa B mporiecce peruimKaiy J0MyCKaTh OMUOKH, YTO MPH-
BOJUT K OBICTPOI SBONIONMH BUPYCA W COOTBETCTBEHHO CHIDKEHHIO 3(PPEKTHBHOCTH Pa3pabOTaHHBIX JIEKAPCTB.
Kpome Toro, BeICOKasi MyTaOeJIIbHOCTh BHpYcCa TPHIAa IPUBOAUT K BO3MOKHOCTH ONPEENICHHOTO CyOTHIIa BUpyca
pacHUIMPUTh KPYT X03s€B. TPaH3UTHBIE BUPYCHI SBIAIOTCA HanOOJIeE OMACHBIMU U, KaK MPaBHJIO, CIIOCOOHBI BBI3bI-
BaTh naHaeMuu. OZHAKO BO3MOXKHO MpEACKa3aTh Kakhe O0JAcTH I'eéHOoMa BUpyca OOJIafaroT BBICOKOH MyTaOeib-
HOCTBIO.

JlaHHas cTaThs OMHUCHIBACT MOJIEKYJIAPHYIO CTPYKTYpPY BHEIIHHMX DELENTOpOB BUpyca Tpumma A, BKIHOYas
peLenTop — CBSI3BIBAIOLIME CANThI M BapHaOebHbIE yYacTKU. YTIYOJEHHOE M3yYeHHUE MOJIEKYJSIPHOM CTPYKTYpBI
reMarryIloTHHUHA W HeWpaMHHUAA3bl 10 CIIOCOOCTBYET pa3paboTKu Oojee 3(PQEKTUBHBIX JIEKAPCTB M BAKLUH
NPOTHUB TPUIIIA.

Ki1roueBble c10Ba: rpunil, HepaMUHU1a3a, TEMarrIlOTHHUH, MyTalys, CHallka3a, BUPYC.
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USING OF COMPUTER PROGRAMM «BD-PLANT-KZ»
FOR CADASTRAL REGISTRATION OF PLANTS
OF THE NATURAL FLORA OF KAZAKHSTAN

Abstract. The description of the computer “BD-PLANT-KZ” program, intended for input and storage in me-
mory of the computer of various botanical information on plants of natural flora of Kazakhstan is provided. 11 points
of the program are a part of the Main menu: "File", "Editing", "Input", "Search", "Viewing", "Lists", "Herbarium",
"Communities", "Databases", "Service" and "Reference". The program allows carrying out quick search of data,
printing, exporting to various formats, drawing up reports and lists in the set taxonomical, bioecological, decorative
and other parameters. “BD-PLANT-KZ” has undergone successful approbation in two botanical gardens of
Kazakhstan (Altai and Mangyshlak). Now floristic the database of the program includes information on natural flora
for 882 taxons from 4 departments, 6 classes, 12 subclasses, 26 suborders, 59 orders, 10 suborders, 80 families and
300 gena. Approbation of the program has allowed making the summary characteristic of natural flora of the
Western Kazakhstan on the example of the Mangystau, Atyrau, Aktyubinsk and West-Kazakhstany regions. Lists of
taxons are determined by geographical points and floristic areas, geographical novelties are revealed.

Key words: computer program, «BD-PLANT-KZ», cadastral, registration of plants, Data Base.

Introduction. During creation of the information databases (DB) which containing a large number of
accounts and variables, such as the inventory of plants, development of the instrument of formation of
DB - the special computer program adapted with modern operating systems, graphic and text editors has
essential value. Storage and processing of botanical information is widely applied in the countries of CIS
and beyond. However, in Kazakhstan researches in this direction weren't carried out earlier.

In 2011-2012 on the basis of Republic State Entertainment "Mangyshlak Experimental Botanical
Garden" of Science Committee of the Ministry of Education and Science within implementation of the
project "Development of Scientific-Methodical and Information Base for Creation of the Inventory of
Plants of the Republic of Kazakhstan" the special computer program “BD-PLANT-KZ” has been deve-
loped. There are electron shells inside allowing entering into databases several information on taxono-
mical structure of vascular plants with the description of their morphology, ecology, economic and
biological properties, geographical GPS coordinates, herbarium samples, vegetative communities, raw
resources, geographical and floristic areas, illustration photos and maps of areas.

The purpose of this scientific work is assessment lies in possibility of application of computer
program for accounting of plants of natural flora of Kazakhstan.

Materials and methodlogy. During construction of “BD-PLANT-KZ" four programming languages
have been used: Microsoft Visual FoxPro 9 SP2, Visual Basic For Applications 7.0, HTML 4.0 and
JavaScript API 2.1.

For simplification of input of taxonomical units in the DB program is used the list of plant gena
according to R.K. Brummitt [1]. In the DB for systematization of information is used the phylogenetic
system of A.L. Takhtadzhyan [2, 3].

— 20 ——



ISSN 2224-5308 Cepus 6uonoeuyeckas u meouyunckas. Ne 6. 2018

At the description of vegetable communities in "BD-PLANT-KZ" the scheme of geobotanical
inspection of the deserts of Mangyshlak is accepted according to I.N. Safronova [4]: vegetation type,
group of formations, formation, association. The volume of information on each record of DB is 25-30
(with drawings and the map - to 150-200) kB.

The Install Shield 2012 Premier Edition SP1 program was applied to formation of an adjusting
compact disk and the uniform distributive Setup.exe file.

Effective work of "BD-PLANT-KZ" is possible at implementation of the following system require-
ments to computers: the Microsoft Windows XP SP 2-3, Vista SP 1-2 operating system or 7, 8 and 10 (32-
bit or 64-digit), existence of Microsoft Office 2007, 2010 or 2016, is also more modern than Adobe
Reader 7 or more of the late version, Internet Explorer 9; processor: Intel Pentium 4 or above; The RAM
of 512 MB and more, is recommended — 2048; free disk memory - 700 MB; minimum resolution of the
monitor not less than 1024 x 768. For the maximum use of opportunities for hardware acceleration
graphic video cards, compatible DirectX, with the built-in video memory not less than 128 MB are
recommended.

Results and their discussion. The structure of the program is reflected by its Main Menu (MM)
which included 11 points: "File", "Editing", "Input", "Search", "Viewing", "Lists", "Herbarium", "Com-
munities", "Databases", "Service" and "Reference" (figure 1).

[-] BD-PLANT-KZ =R S

®aiin  MNpaeka BBOA  Monck p p Cnuckn Tepbapwii G ba3bl pannbix  Cepeuc  CnpaBeka ?

[ ) Bcs uuchopmaums P B Z 7 TpuNeHeHHe W PHCYHKH

D8 R BEEBy B 8 By 00 29«0 € 50O @

Figure 1 — The main menu of the Program

Point of MM “File” includes a standard set of sub points: "To open...", "My computer”, "Press",
“Filer”, "Search of files", "Server", “Internet”, "Mail" and "Exit" and intends for creation new and works
with the available files, printings of information, contact with the server and Internet resources, for
sending electronic messages and to make exit from the program. Point “Editing” is necessary for editing
active text fields of forms of input and viewing of information, and also for searching and replacement of
words and expressions, control of their font, color of letters and a background. From point “Input” is
formed filling of new and changing earlier entered information. This point includes three sub points — "All
information", "Requisites of the organization", "Editing" and "Application and figures".

Point “Search” allows to find plants in the DB using the following options: according to the iden-
tification number; according to the Latin name of taxon, according to the Russian name, according to the
national name, family name, on floristic and geographical areas and by any word or a fragment of word
from Latin, Russian and Kazakh names. In point "Advanced search" practically all above-mentioned ways
are integrated. Point "Viewing" is used for work with already entered information with opportunities of its
press and export in external editors and programs in various formats - doc, docx, rtf, txt, pdf, xml, etc.
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Applying the point “Lists” it is possible to form the most various reports about plants according to
taxonomical, morphological and other characteristics.

Three points "Input and viewing", "Reports" and "Export" of MM “Herbarium” realize a possibility
of full work with information of Herbarium fund of botanical establishments.

Point "Communities" include only one sub points "Input and viewing" which is necessary for work
with vegetation populations.

Point of MM of “Data base” is intended for implementation of the following commands: "Copying",
"Restoration", "Export", "Import", “Re-indexation”, "Repair of indexes" and "DB Information".

Under MM there is a system Push-button menu for a fast loading of the most often used forms of
input, viewing, printing of information, etc.

After “BD-PLANT-KZ “ installation at the first start of the program requisites of botanical establish-
ment are without fail entered, using for this purpose the sub point "The main menu \Input \Requisites of
the organization". It is required for a binding of all taxa at input of information to a certain organization.

All data on a plant are divided on forms of input and viewing into 11 groups (pages): Taxonomy,
Names, Areas, Map, Morphology, Ecology, Application, Addition information, Herbarium, Figures and
Text. On all pages are provided menus and buttons of the fast choice of the standard or already available
in DB information for the purpose of its operating input (figure 2).

E Malacecarpus crithmifolius (Retz.) C.A, Mey - MArkonAogHWK KpUTMOAMCTHEIR - PIT] "MaHrsIlLnakeknii 3KCNepUMEHTaBHBIR BoTaHNUEckWi cag” .. |miam

TaKCDHUMHﬂ HassanuR  Apeanbi Kapta Mopdonorua SKONOTAA Mpumenenne  [JONONHHMTENbBHO FepBapwi PHCYHEH Tekct

WaeHTHRHKAUMOHHBIA HOMED: 339 [ara eBoga:  06.11.2011
NaTMHCKOE Ha3BaHHe Pycckoe Hazsanue

Otgen: MAGNOLIOPHYTA

Knace: MAGNOLIOP SIDA

Mopknacc:

Hagnopagok:

Moprgok: CARYOPHYLLALES

MoanopAnoK:

CemeRcTBO: ZYGOPHYLLACEAE NAPHONMCTHUKOBLIE

ABTOp cemedCTEa: Lindl.

CHHOHHMBI CeMeRcTBa: CACTACEAE

Pon: Malacocarpus MArKONNOOHMK

AeTop poga: Fisch. et Mey.

CHHOHHMEI poaa: Malacocarpus

‘!HPOIIJ.EHHI:Iﬁ BBOL: Ionce: pogos & BT Brrop poxos & B n
& WHtepher L] 4 » M R A& T sl = B WinWord

Figure 2 — Page «Taxonomy» — forms of entering and viewing

Forms "Input" and "Viewing" of plants’ data differ only functionally and according to the lower
push-button menu of commands. The push-button menu on a form "Input" includes 5 points: "To keep" -
it is used for addition into DB new record after entering all information about plant; "Copy" - serves for
copying from DB already entered data on taxa for further editing and preservation that facilitates input of
information; "Check" is necessary for search of a plant in DB that exclude duplication; "Dumping" -
removal of all information from a form of "Input" and "Exit" - for its closing. On form "Viewing" is loca-
ted 11 command buttons which perform various functions of work with earlier entered data about plants,
4 of them are placed at the left and are included for navigation on a DB. On the page “Taxonomy” is
entered or checked all systematic characteristic of a plant.

The program enters full "Names" of plants automatically, adding the name of species, a form, etc.
through a gap to a sort. For authors certain fields are provided. The structure of fields of the section
"Areas" has included old and new names of floristic areas, administrative and geographical regions in the
explored territory, the general distribution, etc. Places of occurrence of plants can be displayed on the
page “Card”.
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The description of morphological features of taxa is conducted on the page “Morphology” (figure 3)
and used the following indicators: growth form, vital form according to A. Raunkier, classification by
frequency of fructification, pollination type, data of blossoming and pollination, coloring of flowers, fruits
and leaves, the characteristic of a morphological structure.

T

‘BKonorua p pGapud  PHCYHKM Tekct

®opma pocra: | rycTapun ~ PononkutensHo: %
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Mu3HeHHaR hopMa no PayHkwepy: | hanepotuT |

Mo nnogoHoWeHHH: | NONUKAPNHE |

]

Mo THNY ONBINEHKA: | camoonsInAemoe
DOexana: Mecau:

Ha4ano usereHus: |anpenb

CospesaHue NNofos:

PacTenue 00 1 M BbICOTHI, cTeDNK TOHKKE, PACKHOMCTLIE; MHCTEA MONkLIe, CYKKYNeHTHbIe, 04epedHble,
[ABa¥[bl pAcCceYeHHbIe Ha NUHeRHbIe, CIIerka H30rHYThIe JoNK. LIBeTKH 00MHO4HEIR, Ha LIBETOHOKKAX,
pacnonoXeHsl CyNPOTHEHO MHCTLAM; YaWeyKa S-pa3fentHan, ocTakWanca NpK Nnodax; nenecTk no
5, ®enTele, okono 12 MM AnuHbl. NNogew - covHan 3-rhe3gHan Aroga, oo 12 MM B OWaMeTpe, KpacHoro
UBETa.

D & [E[e][v ][] El 2[R ][]

Figure 3 — Page «Morphology» — forms of entering and viewing

Ecological features are displayed on the page “Ecology” (a natural area, habitats, the phyto security
status, an endemic, relicts and aboriginal status, classification in relation to light, water, fertility and
salinity of the soil, etc.).

TakcoHomwa  Haseanwwa  Apeanst  Kapra  Mopdonorsa  Skonoras I

B OO8 = = =i

oo L CD [ [R] (@] [ ]840 | Bl (2 ][ &[]

Figure 4 —Page «Figures» - forms of input and viewing
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Economic and biological value and reproductive ability of plants is collected in fields of DB —
"Application". On the page “Addition information” are placed references and data about user - organi-
zation. The section "Herbarium" is made for input and viewing of places and geographical coordinates of
herbarium samples (until 3 samples). On the page “Figures” is possible to insert into DB until 6 files of
plant images with their names (figure 4). The page “Text” is made for the purpose of input and storage of
big text information on taxa (including of files).

The great value in "BD-PLANT-KZ" is given to quick search of taxa. The special form is made
which allow to filter taxa by institutions, families and gena or to choose a concrete plant (figure 5).

G

| soramecros perzens |
|

£}, Mook Mo BslpaskeHiio

| CONVOLVULACEAE - BbHOHKOBBIE

| Convolvulus - BoloHoK

| Convolvulug persicus L. - BoHHOK NEpPCHACKHA

| Beronok nepcugcknil - Convolvulus persicus L]

Figure 5 — Form «Advances search»

Using of "BD-PLANT-KZ" it is possible to export plant information to 9 formats (txt, doc, docx, xls,
xlsx, rtf, pdf, tif and xml) for the subsequent editing in external text and graphic editors. The call of a
form of export (figure 6) is carried out through MM - "The main menu \Viewing \In WinWord". On
completion of translation of data in the chosen format, the created file opens in the corresponding editor.
The example of export to Microsoft Word is shown in the figure 7.

Access to the form of the list of taxonomical units is carried out by the button “Systematization” in
point “Viewing” of MM (figure 8). At the choice of any unit of systematization in the right text field there
is a list of the taxa of DB. Here it is possible to obtain also information, as about all taxonomy of
organization, so inside DB in general.

| PIT "MaHr i P HTANbHLIN GoTat

ve| |8 sorammacios oeraons

(O TekcToBwli (haiin (.txt)

| CHENOPODIACEAE - MAPEBBIE

(@) Nokyment WionWord (.doc, docx)

| Anabasis - BKOBHMK

C wopmar RTF (.rtf)
(O wopmar PDF (.pdf)

() XML - nokyment Word (.xml)

Pa3bnie Ha cip SHUIE!

Figure 6 — Form «Export information in WinWord and other formats»
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Figure 7 — Example of export of information in pdf — format
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which is started by command “Choice ...” of point of MM. Creation lists is carried out to Excel with use

Figure 8 — Form of the list of taxonomical units

The program has provided formation of the most various lists of plants according to taxonomical,
morphological and other characteristics.
More detailed task of parameters of creation lists is possible when using a form with the similar name

of the form which represented in the figure 9.
The command “Main Menu \Herbarium” is applied to work with Herbarium fund. At the same time

on the screen there will be a special form on which all list of plants of botanical organization by default

will be displayed. By using of the lower Push-button menu it is possible to execute search of the necessary
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Figure 9 — Form «List in Excel...»

taxon, to view and print out all list, and also to edit it regarding inclusion or an exception of a plant of
herbarium fund. If herbarium samples are available, the button “Samples” is activated by means of which
the form intended directly for editing information is started. The Command “Editing” makes available for
editing of the field DB. The current record of the Herbarium can be copied and removed. The modes
“Reports” and “Export” gave the chance of a conclusion of herbarium data in two options: "All infor-
mation" and "Labels".

For plant communities in "BD-PLANT-KZ" is provided the forms of input and viewing information
included 5 pages (groups) of information: "Location", "Communities", "Tier", "In addition" and "Figures"
(figure 10).
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Figure 10 — Page «Community» - forms of input and viewing information
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The page “Location” is concentrated fields of DB characterized administrative and geographical
location of population, GPS coordinates, name of natural zone and conditions of growing. The group of
variables "Community" is devoted to directly geo botanical units.

Many of them can be chosen or created from the lists revealing the corresponding buttons. The
correct connection of dominant in the name of association can be executed automatically by means of a
combination of installation or removal of a tick to the left of the words "Other sinuzia", "Identical
Meaning" and "Characteristic Species".

By using of Latin names of communities, the name of ediphicator is put on the first place, Russian —
on the contrary [4]. Taxa of various sinuzia connect in population the sign of a hyphen "-", one — plus "+".
In case plants have identical value and belong to one sinuzia, then they are listed through a comma.
Species which are characteristic of community, consist in their names in square brackets "[...]".

The page "Tier" includes as the general list of the plants entering into structure of population, and
their level accessory with the indication of a projective covering, abundance according Drudae, occur-
rences and heights. To group “Addition” are carried out geo botanical districts, areas and sub-districts,
existence of raw resources, the note of a text format unlimited on length, botanical organization, a
position, degree and Full name of the performer. "Figures" (page No. 5) are necessary for work with gra-
phic material on communities which can be observed in three modes: "Clip", "Isometry" and "Stretched".

Thus, structurally three main databases are a part of the program: 1) floristic, 2) herbarium and 3) geo
botanical, consisting, respectively, from 211, 60 and 131 fields of numerical, symbolical and logical types
in the total length - 10602, 2703 and 8161 symbol.

Commands of point MM “Data Base” have the following functional purpose:

1) "Copying" - creation of the insurance copy of all DB, setting up the program and files of images
on a case of loss of information;

2) "Restoration" - a complete recovery of a DB and settings;

3) "Export" - creation of the copy of a floristic, herbarium and geo botanical DB for transfer on other
personal computer (PC) or in other botanical organizations;

4) "Import" - addition of records on plants, herbarium fund and communities from other personal
computer;

5) “Re-indexation” - updating of the DB indexes and their packing;

6) "Repair of indexes" - creation of new indexes instead of spoiled in the process of work, if that
happens;

7) "Information" - obtaining data on the maintenance of DB.

After using the first two sub points is also possible copying of DB on other personal computer. The
folder created in the mode “Export” can be archived and sent at once to other botanical organization by
e-mail or via the server for formation of a uniform DB according to the inventory of plants of natural flora
of Kazakhstan.

Present days floristic DB includes the fullest taxonomical, geographical, ecological - biological and
graphic information for 882 taxa from 4 departments, 6 classes, 12 subclasses, 26 above orders, 59 orders,
10 sub orders, 80 families and 300 gena is entered. More than a half (66,0%) of taxa (582) of DB is
represented by representatives of 7 families (table 1); the most numerous are 4 families: Asteraceae
Dumort. (124), Chenopodiaceae Vent. (152), Fabaceae Lindl. (111) and Poaceae Barnh. (138). Among
taxa complexes in the database are considerably prevailed the following gena - Artemisia L. (53 - 6,0%),
Astragalus L. (80 - 9,1%), Elymus L. (34 - 3,9%) and Salsola L. (20 - 2,3%). In the natural conditions
plants grow in 37 floristic regions of Kazakhstan. 96 species meet on all territory of the republic. The
greatest number of taxa is dated for the following floristic areas: "3. Tobolsk and Ishim (101), "4. Ural"
(33), "5. Aktyubinsk" (45), "6. Turgai" 63), "16. Mangystau" (40) and "30. Altai" (119). At present in the
DB there are 976 graphic files (figures, images and maps).

Now in herbarium database of program “BD-PLANT-KZ” is contained data recording for 765
samples of 281 species and a form of plants of natural flora from 53 families and 162 gena collected in 74
locations of 320 geographical regions (areas) of 14 administrative regions of 4 areas of Kazakhstan.

The greatest number of samples has been collected in Beyneu (99), Karakiyansky (150), Mangystau
(170) and Tupkaragan areas (65) of the Mangystau Region; and also in Zhylyoy (53) and Kzylkoginsky
areas (126) of the Atyrau regions (table 2). Amongfloristic areas on number of herbarium information
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Table 1 — The most representative families and gena of plants of the floristic database

Family Taxa % Gene Taxa %
Asteraceae Dumort. 124 14,1 Artemisia L. 53 6,0
Brassicaceae Burnett. 26 2.9 Astragalus L. 80 9,1
Chenopodiaceae Vent. 152 17,2 Atriplex L. 15 1,7
Fabaceae Lindl. 111 12,6 Chenopodium L. 16 1,8
Lamiaceae Lindl. 14 1,6 Elymus L. 34 3,9
Poaceae Barnh. 138 15,6 Salsola L. 20 2.3
Scrophulariaceae Juss. 17 1,9 Suaeda Forks. 14 1,6
Total: 582 66,0 Total: 232 26,3

Table 2 — Distribution of herbarium samples of the database by the administrative and floristic regions of Kazakhstan

Administrative region (oblast) Taxa % Floristic region Taxa %
Beineu (Mangystau) 99 12,9 5. Aktobe 23 3,0
Bokeiorda (Western Kazakstan) 1 0,1 15. Bosaschy 6 0,8
Zhylyoy (Atyrau) 53 6,9 13a. Bekeev 1 0,1
Inder (Atyrau) 39 5,1 16. Mangystau 381 49,8
Isatai (Atyrau) 20 2,6 13. Caspian 1 0,1
Karakiyansky (Mangystau) 150 19,6 17. Northern Ustyurt 96 12,5
Kzylkoginsky (Atyrau) 126 16,5 6. Turgay 1 0,1
Makat (Atyrau) 14 1,8 4. Ural 256 33,5
Mangystau (Mangystau) 170 22,2
Makhambet (Atyrau) 22 2,9
Mugadzhary (Aktobe) 1 0,1
Munailinskyi (Mangystau) 4 0,5
Tubkaragan (Mangystau) 65 8,5
Khobda (Atyrau) 1 0,1
Total: 765 100,0 Total: 765 100,0

entered into a DB considerably dominate "16. Mangystau" (381 - 49,8%), "17. Northern Ustyurt" (96 -
12,5%) and "4. Ural" (256 - 33,5%). Herbarium samples of the database are illustrated by 465 photos.

Conclusion. The computer program has successfully approbated in two botanical gardens of
Kazakhstan (Altai and Mangyshlak), and has shown high reliability and efficiency of work with floristic
and herbarium information on plants of natural flora of Kazakhstan. Lists of taxa are revealed according
to systematic accessory, ecological and biological properties, geographical points, floristic areas, etc. It is
determined geographical novelties of plants.

"BD-PLANT-KZ" is registered in Committee on Intellectual Property Rights of the Ministry of
Justice of the Republic of Kazakhstan (the certificate on the state registration No. 1408 of December 25,
2012, IS 0009258).

Introduction of the program into practice of the cadastral registration has considerably simplified
creation information databases, has allowed carrying out quickly search of taxa and, in general, has
expanded possibilities of work with information about plants and their communities
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KA3AKCTAHHBIH TABUT'U ®JIOPACBIHBIH OCIMAIKTEPIH KAJTACTPJIIK
ECEINKE AJIY YINIH «BD-PLANT-KZ» KOMIIBIOTEPJIIK BAT JAPJIAMACBIH KOJIJJIAHY

Annoranus. KazakctanHbH TaOuru (DIOPACHIHBIH OCIMIIKTEpiHIH OOTAHMKANBIK adyaH TYPITITi XeHIHAE
aKmapaTThl KOMITBIOTEp KaJbIHA €HTI3y koHe cakTay yimiH apHanraH «BD-PLANT-KZ» xommbroTepiik Oarmapia-
MAaCBIHBIH CHIIaTTaMachl OepiireH. barmapaamMaHbIH HETi3T1 KYPUIBIMBIHBIH Kypambl 11 MoTiHHEH Typanbl: «Daiin,
«OHney», «Enrizy», «I3gey», «Kapay», «Tizim», «Kenme memn», «KaysmaacTtsiky, «/lepexrep 6azacer», «CepBuc»
KoHe «AHbIKTaMa». baraapnama JepekTepl Kbliiam i3aeyre, 0achlll LIbFapyFa, opTypiii (opMaTTa SKCIOPTTayFa,
OepisireH TAKCOHOMUKAIIBIK, OMOAKOJIOTHSIIBIK, COHIIK jKoHE OacKa mapaMerpiiep OOMbIHIIA Ti3IMIEp MEH ecenTtepai
xkacayra MyMKiHIiKk Oepeni. «BD-PLANT-KZ» Ka3akcTaHHbIH €Ki OOTaHUKAJIBIK OakrapbiHIa (AnTail MXKoHE
MamnrbicTay) chlHaKkTaH caTTi oTTi. Kasipri yakpiTTra OarnapiaaMaHblH GIOPUCTHKANBIK AepekTep Oa3zachlHIa TaOUFU
(hopanbIn 4 Gemimaep, 6 kiacc, 12 kinacc acTel, 26 Karapycrti, 59 karap, 10 karap actsl, 80 TykbIMaacTaH >xaHe 300
TybICTaH TypaThiH 882 TakcOH YIIiH akmapar eHrisuireH. barnapnamansiH ceiHarel bateic KazakcTaHHBIH MbIcaiFa
Masnrsictay, ATeipay Aktebe xoHe bateic KazakcTaH oONMBICTapBIHBIH TaOWUFU (IIOPACHIHBIH JKUBIHTHIK CHIIAT-
TaMachlH KYpacThIpyFa MYMKiHmIK Oepni. ['eorpadusuiblk HYKTenep MeH (DIOPHCTHUKANBIK aydaHmap OOWBIHIIA
TaKCOHJIAp MEH TeorpadUsIIBbIK KaHa Ti3iMAep aHBIKTAIIBL.

Tyiiin ce3aep: kommbioTepiik 6arnapiama, BD-PLANT-KZ, kagactp, ecimaik ecebi, Jepekrep 6a3achl.
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HUCIIOJIb30BAHUE KOMHLIOTEPHQfI ITPOI'PAMMBI «BD-PLANT-KZ»
VIS KAJACTPOBOI'O YYETA PACTEHUH ITPUPOJTHOU ®JIOPBI KASAXCTAHA

Annorauus. IIpuBoaurcs onucanue komnerorepHoi nporpammbl «BD-PLANT-KZy», npennaznadensnas ams
BBOJIa M XpaHEHHE B MaMSATH KOMIbIOTEpa pa3HOOOpa3HON OoTaHMuYecKOd MH(MOPMAIMK O PACTEHHSX HPHUPOIHOU
tmoper Kazaxcrana. B coctas I'maBaoro menro Bxoaar 11 myHkToB mporpammer: «@aiim», «IIpaBkay, «Bomy,
«ITouck», «IIpocmoTpy», «Crinckmy», «I'epbapuit», «CoobmectBa», «baspl manHbx», «CepBucy» u «Cmpakay». [Ipo-
rpaMma I03BOJIET OCYLIECTBIIATh ONEPAaTUBHBIN ITOUCK JaHHBIX, BHIBOJ Ha I1€4aTh, 9KCIIOPT B Pa3IM4Hble (OpPMATH,
COCTaBJICHUE OTYETOB M CIIUCKOB IO 33/IaHHBIM TaKCOHOMHYECKHM, OMOIKOJOTMYECKUM, JIEKOPATUBHBIM M HUHBIM
napametpam. «BD-PLANT-KZ» npouua ycrnennyo anpobanuio B AByX 0oTaHuueckux canax Kasaxcrana (Anraii-
ckuii m Manrsiuiakckuii). B Hacrosmee Bpemst ¢uopucTHdeckas 0a3a JaHHBIX INPOrPaMMBbl BKJIIOYAET WH-
(dopmanmto Mo npupoaHON ¢uiope s 882 TakCOHOB M3 4 OTHENOB, 6 KiaccoB, 12 moakiaccoB, 26 HaIMOPSAKOB,
59 nopsinkos, 10 noxnopsakos, 80 cemelict n 300 pogoB. AnpoGanyst MporpaMMbl O3BOJIHIIA COCTABUTh CBOJIHYIO
XapaKTEepUCTHKY TpupomHoil ¢mopsl 3amamgHoro Kaszaxcrana Ha mpumepe MaHTHCTaycKOH, ATBIpaycKoi, AKTIO-
omackoll m 3amamHo-Kazaxcranckod obOmactedd. OmpeneneHpl CIIMCKHA TaKCOHOB IO TeorpaMuecKuM TOYKaM H
(hmopucTHUeCKNM paiioHaM, BBISIBICHBI reorpaueckie HOBUHKH.

KiroueBbie ciioBa: kommnbroTepHas nporpamma, «BD-PLANT-KZ», kamgacTp, y4er pacTeHuii, 6a3pl JaHHBIX.
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CHANGES OF THE THYROID HORMONES CONCENTRATION
AND THE BIOCHEMICAL PARAMETERSFEAUTURES
OF LYMPH AND BLOOD OF RAT WITH HYPOTHYROIDISM

Abstract. The article considers the influence of the mercazolilum management on the hormonal state in the
lymph and blood of rates. The study shows that after mercazolilum management and the hypothyroidism signs
appearance in rats, there was a decrement of lymph flow from the thoracic lymphatic duct. Changes in the hormonal
and biochemical composition of the lymph were observed. There were disturbances not only of the metabolism in
the lymph, but also of the functional state of the body. There were disturbances of rheologic and physicochemical
parameters of lymph and blood at the experimentative hypothyroidism of rats: viscosity has been increased,
coagulability and number of erythrocytes have been decreased, thrombocytes and leucocytes in blood have been
increased. It has been led to a decrease of rats of the 2™ experienced group in Ts, T, content and increase of thyro-
tropic hormone in lymph and blood which reflected the occurrence of their hypothyroidism. Experiments showed
that Tscontent in rats with hypothyroidism has decreased by 45.7% and Tsby 35.6% in lymph, and in blood Tsby
43,5% and T4by 41,6% have decreased compared with the control group of animals.

Key words: hormones, blood, rats, lymph, lymph flow, thyroxin, triiodothyronine.

The most relevant topic among the current medical and social issues is thyroid bodypathology.
This is due to the fact that thyroid body diseases depend on many factors and conditions: geochemical,
demographic, social and ecological and climatic, etc. [1, 2]. Hypothyroidism is one of the most prevalent
pathologies of endocrine system due to persistent and long lasting deficit of thyroid hormones in the body
or a decrease of their action on target organs [3-5].

Hypothyroidism in popularity is among the highest in all endocrine diseases, and its prevalence
increases with age. Primary hypothyroidism is associated with thyroid body pathology leading to a
decrease in glandular tissue mass of thyroid body and inhibition of the synthesis of thyroid hormones.
This may be due to aplasia or agenesis of the thyroid body, autoimmune processes, deficit iodine, Selena
deficit [6]. Secondary hypothyroidism (“central”) is associated with loss of the hypophysary tropic
function (decrease in thyreotrophin production). Insufficient intake of thyroid body hormones leads to
disturbance of protein and carbohydratemetabolism, flattening of the sugar curve after glucose loading, to
disturbance of lipid and water-salt metabolism [7]. The variety of clinical symptomatology inherent in
underactive thyroid body is largely due to metabolism processes disturbance associated with thyroid
hormone deficit.Thyroid body pathology reflects on the provision of endocrine, immunological, energy
homeostasis of the body [8, 9]. Hypothyroidism occurs at approximately 19 per 1,000 in women and 1 per
1,000 in men. Despite its prevalence, hypothyroidism is very often detected late [10].

Taking into account the important role of lymphatic system in homeostasis maintaining in the body
[11, 12], the study of its role at thyroid insufficiency is of current importance. The literature has no data of
the functional state of the lymphatic system at hypothyroidism. The purpose of this research is the study
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of experimental hypothyroidism on lymphatic flow, hormonal and biochemical parameters in the lymph
and blood in rats.

Materials and methods. The work has been done on 55 white sexually mature non-pedigree rat-
males weighing 230-250 g. Rats feeding has been carried out according to standard diet of the vivarium.
Rats of the 1* group (15 rats) were control. They were in the same conditions of feeding and keeping with
animals of experienced rats. The 2™ group (20 rats) and the 3™ group (20 rats) were experienced. Experi-
mental hypothyroidism of trial rats has been modeled according to Orlov method, 2002 [13, 14]. The rats
of the experienced groups have been administered mercazolilum in a dose of 20 mg per 100 g of body
mass with drinking water daily within 15 and 30 days for the state development of experimental hypo-
thyroidism. All groups of animals were in the same conditions of feeding and keeping.

The speed of lymph flow and its rheological properties of control and experimental groups of animals
have been studied. In lymph of all groups of animals physical and chemical parameters, coagulation time,
lymph according to Sukharev, viscosity using a viscometer CT-4, biochemical parameters in lymph, blood
plasma of control group of animals have been determined. The alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) level, total protein, cholesterin, triglycerides, bilirubin, urea, creatinine have
been determined in samples of lymph and blood using automatic biochemical analyzer COBOS
INTEGRA 400 [15].

The development of hypothyroidism has been controlled by the level of thyroid-stimulating hormone,
triitodothyronine, thyroxin in blood and lymph. The concentration of thyroid-stimulating hormone (TSH),
triiodothyronine and thyroxin in lymph and blood of intact animals on 15th and also on 30" days of
experimental hypothyroidism have been determined by electro-chemiluminescent method using standard
test-system in accordance with enclosed production instructions IMMUNOTECH (Czechia), with further
processing of the results obtained on the analyzer COBOS INTEGRA 400 (USA). Experience results have
been processed by variation statistics method on ECM using Student's t-test. The results have been
considered accurate at p<0,01, p<0,05.

Results and its discussion. The results show that hypothyroidism in rats has been formed after
mercazole management, it was characterized by a decrease in body mass and change in their behavior —
hyperactivity has been watched. The research showed that a decrease of thyroid hormone in lymph and
blood has been occurred at hypothyroidism. There was a decrease of concentration in lymph T; 1,2 times,
T, 1,14 times in the second week, that is, after 15 days of the research, and hormonal state of the
parameters under the research have been decreased 1,8 and 1,7 times accordingly on the 30™ day of the
research.

Similarly, the picture of the hormonal state showed that T;uT, level in blood had reduced 1,12 times
after 15 days, and accordingly 1,8 and 1,6 times after 30 days (table 1, figure 1, 2).

Table 1 — Change of thyroid hormones in lymph and blood of rats of control group and at experimental hypothyroidism

Experimental
Parameters Control
15 days 30™ day

Lymph
TSH - thyroid-stimulating hormone, IU/L 0,140,002 0,26+0,001" 0,27+0,003"
T; — triiodothyronine, TU/L 2,58+0,01 2,09+0,01" 1,40+0,01"
T, — thyroxin, IU/L 65,8433 57,842.5" 42,441,777

Blood
TSH - thyroid-stimulating hormone, IU/L 0,03+0,001 0,050,001 0,07+0,002""
T; — triiodothyronine, IU/L 2,39+0,03 2,13+0,01" 1,35+0,07"
T, — thyroxin, TU/L 52,2424 45.8+2,1" 32,5+1,3"

Note - * accurate compared to control p<0,05,* -p<0,01**.
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O control

3 O after 15 days
B after 30 days

Notations: By Y-axis: triiodothyroninelevel (T;) in IU/L. By X-axis: 1-lymph, 2 — blood plasma.

Figure 1 — Triiodothyronine content (T3) in lymph and blood in control and at experimental hypothyroidism

O control
70 G after 15 days
T O after 30 days
}‘}‘}‘}‘}‘}
T

Notations: By Y-axis: thyroxin level (T4) in IU/L. By X-axis: 1-lymph, 2 — blood plasma,
Figure 2 — Thyroxin content (T,) in lymph and blood in control and at experimental hypothyroidism

There was a decrease in T3, Tscontent and increase of thyrotropic hormone in lymph and blood in rats
of the 2™ experienced group with hypothyroidism, which reflect the occurrence of their hypothyroidism.
Experiments have shown that in rats with hypothyroidism T; content decreased by 45.7% and T, by
35.6% in lymph, and inblood T; decreased by 43.5% and T4 by 41.6% compared with the control group of
animals.

The level of thyroid-stimulating hormone (TSH) in the lymph and blood showed an increase of 92.9
and 133.3%, accordingly, compared to intact animals (table 1, figure 3).

— 3 ——
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Notations: By Y-axis: Thyroid-stimulating (TSH) level, in IU/L. By X-axis: 1-lymph, 2 — blood plasma.
Figure 3 — Thyroid-stimulating hormone level (TSH) in lymph and blood in control and at experimental hypothyroidism

Lymph flowspeed from thoracic duct of rats showed that lymph flow decrease at experimental
hypothyroidism was from 0,34+0,02 to 0,25+0,02 ml/hour, it is 26% higher compared to parameters of
control group.

The results of the research showed that hemoglobin contents in blood of rats of the 1* group did not
have significant changes during experiment, it was within 152.3 to 156.6 g / 1. Hemoglobin content has
decreased compared to control group by 1,24-1,25 times (by 122.6-124.8 g / 1) after mercazolilum
management in 15 days at experimental hypothyroidism. Its value has been decreased compared to the
control group by 1.41 times (70%, by 112.2 g /1) / by the 30th day from the beginning of the experiment.

The erythrocyte parameters in the blood of the control groups of animals ranged from 7.59 to
7.84 £ 0.9 x 1012 / 1. Its value in the blood in the experimental groups showed a decrease of 31% from
the initial level. Experiment has observed a decrease of hematocrit by 10.7% compared to control group
after mercazolilum administering. The background value of thrombocyte in the blood of rats was detected
in the range from 225 to 243.3 + 11.3 h109 /1.

The thrombocytes content of animals of the 2nd group, which received mercazolilum within a month,
increased by 1.6 times (experimental groups 395.7 = 10x109 / 1) compared to the control group. Leuko-
cyte parameters in experimental hypothyroidism have increased by 87.9% compared to rats of the control
group. The leukocytes level of intact animals showed from 12.87 to 14.38 £+ 1.7x109 / 1. According to the
biochemical research data there was a decrease in the concentration of total protein and alkaline
phosphatase in the lymph by 26-29 and 50.6%, in the blood plasma by 20-25 and 50.2%, accordingly, as
well as an increase in the enzymatic activity of alanine aminotransferase and aspartate aminotransferase
compared with intact rats in lymph by 63-61%, and blood by 187-131% (table 2) at experimental
hypothyroidism.

Data obtained shows that leukocytosis and thrombocytosis, a slight decrease in the number of
erythrocytes compared with the control are in evidence at hypothyroidism. Analysis of the research results
showed a decrease in the volumetric flow rate of the lymph flow and changes in the biochemical and
rheological properties of lymph. We found that a decrease in the viscosity of the lymph had contributed to
a decrease in the speed of lymph movement. Changes in the physicochemical parameters and rheological
properties of lymph contribute to changes in lymph viscosity in our experiments.

The research results showed that the thyrostatic administering of thyrostatics, i.e. mercazolilum
causes experimental hypothyroidism state in animals. According to scientific literature data mercazo-




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Table 2 — Biochemical parameters of blood of control rats and at hypothyroidism

Parameters Control Hypothyroidism

Lymph

Total protein, g /1 42,8+1,4 30,3+1,7

Alanine aminotransferase, mmol/l 84,4129 138,2+10,1

Aspartate aminotransferase, mmol/l 159,7£10,8 257,5£10,9

Alkaline phosphatase, mmol/l 584,3+10,6 295,7£10,5
Blood

Total protein, g/l 65,2+2,3 52,8+1,5

Alanine aminotransferase, mmol/l 78,423 220,7£10,6

Aspartate aminotransferase, mmol/l 139,6+10,1 323,6+10,5

Alkaline phosphatase, mmol/l 673,2+10,7 338,3+£10,4

Note - * accurate compared to control p<0,05,* -p<0,01**

lilumis a specific synthetic thyreostatic that inhibits the activity of thyroid body hormones involved in the
synthesis and also inhibits thyroxinsynthesis, lowers the synthesis of basic metabolism [16, 17]. Research
has shown that at Thyroid-stimulating (TSH) level in blood has risen, T; and T4 level has decreased. We
have showed a prevailing amount of thyroid hormones in the lymph than in the blood of experimental
animals.

The amount of thyroid hormones in the body of animals has decreased in parallelat mercazolilum
management, both in the blood and in the lymph, but the amount of hormones in the lymph was inhibited.
Thus, it can be concluded that hypothyroidism in rats has been developed at mercazolilum managementin
an average daily dose of 20 mg / 100 g within 30 days with water. It is characterized by features of the
general state of rats, wool in the tail area of some individuals has lost, body weight has decreased,
aggressive and hormonal, biochemical composition of lymph and blood, changes in physico-chemical and
rheological properties of blood and lymph have been observed in the behavior of rats.

Conclusion. The results obtained in the presented research data, especially the results in the lymph
can have important theoretical implications to understand the biochemical mechanisms at experimental
hypothyroidism. Thus, we obtained experimental hypothyroidism in rats that showed a decrease in the
level of thyroid hormones in the blood and lymph.

The level of thyroid hormones in the lymph slightly exceeded their level in the blood, both in normal
conditions and also at hypothyroidism. Lymph flow has decreased and hormonal, biochemical, rheological
lymph parameters have changed dramatically at hypothyroidism. Our findings suggest that experimental
hypothyroidism in rats has been obtained. Thyroid body disturbance in animals occurs at mercazolilum
management, it shows by a decrease of hormonal state both in the lymph and in the blood.
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ErEYKYUPBIKTAPIA THIIOTUPEO3 KE3IH/IET'T IUM®A MEH KAHJIAFbI TOPMOH/IAP
KOHUHEHTPAIIUACBIHBIH O3I'EPICTEPI ’/KOHE BUOXUMUAJIBIK
KOPCETKIIITEPIHIH EPEKIIEJIIKTEPI

AHHOTanusi. Makanana ereykyipblKTapAblH JuM@ackl MEH KaHBIHBIH T'OPMOHAJ/IBI KOPCETKILITEpiHE Mep-
Ka30JIMJI TIPETapThIHBIH 9cepi KapacThIpbUIFaH. 3epTTeyie KopceTuIreHieii, MepKa3oauiai eHri3reHeH KeliH erey-
KYHpBIKTap/ia THIOTHPEo3 Oenriiepi OalikanraHaa KeyJe apHachlHAa JuMQa arbICHIHBIH TOMEHJETeHI OalKanampl.
Jlnmda KypaMBIHIa TOPMOHAJIIBI KOHE OMOXUMILITBIK e3repictep Oaikamabl. 3aT amMmacy esrepici Tek imMdpana
eMec, COHBIMEH Oipre opraHu3MHIH (QYHKIIMOHAIAHI )KaFIalbIHAa OaifKamapl. DKCIEPUMEHTAIIBI THIIOTHPE03 Ke3iH-
Jie ereyKyHphIKTapabIH JTUM(achl MEH KaHBIHIA PEOJIOTHSIBIK JKoHE (PH3MKa-XMMUSUIBIK KOPCETKIIITEPiH e3repe-
TiHAIri GaliKaIabl: TYTKBIPJIBIK apTThl, KAHHBIH YIOBI MEH SPUTPOLIUTTEP CaHBIHBIH TOMEHIEYi, KaHAa TPOMOOLUTTED
MEH JISHKOLUTTEP MOJIIepi apTThl. 2-Ii TOXIPUOEIK TONTAFbl TUIIOTUPEO3 bl ereyKYHPBIKTapAbIH JIUM(packl MEH
kanbiHna Ts, Ty memmepinin Temenzaeyi sxoHe TTI apTybl, sFHM onapja TMHOTHpeo3 OelNriciHiH maiaa OosFaH-
JIBIFBIH KOPCETTi. DKCIEPHUMEHT HOTHXKECIHJE, TUIOTHPEO3Mbl ereyKyiphikTap muMdaceinaa T; memmepi 45,7%
xoHe Ty 35,6%-Fa ToMeHzereHi, an KaHna OyJ1 KepceTkilmrep Oakpliay TOOBI JKaHyapliapbIMEH CalbICThIpFaHna T3
43,5% xone T4 41,6%-Fa TOMCHCTEHIH KOPCETTI.

Tyiiin ce3mep: ropMoHIap, KaH, ereyKyHphIK, TuMda, 1uMda arbIChl, THPOKCHH, TPUHOATUPOHUH.

C. H. Aéapemos’, I. A. Jlemuenko’, JI. J. Bynexﬁaenal,
B. A. Hypmaxanosa', ¥. Bb. Haypu36aﬁ2, V. H. Koxxanusizosa'

"MuctuTyT Qusnonorny yenoseka u xuBotHex KH MOH PK, Anmarsl, KasaxcraH,
’Ka3axcKuii HALHOHAIBHbIH MEIUIIMHCKHIT yuusepcureT um. C. /1. Achennusiposa, Anmarsl, Kazaxcran

M3MEHEHUWE KOHIHEHTPAIIUU TUPEOUJHBIX TOPMOHOB U OCOBEHHOCTH
BUOXUMHWYECKHUX MOKA3ETEJEN JIMM®bI 1 KPOBH Y KPBIC ITPY THIIOTUPEO3E

AHHOTanus. B cratbe paccMOTpeHO BIIMSIHUE ITpenapara MepKa3ojuia Ha TOPMOHAIBHBIN CTaryc B JUMde U
KpOBH Y KpbIC. B HccnenoBanuy nokasaHo, 4To MOCie BEJCHHUS MEPKa30auia U MOSBIEHUE IPU3HAKOB THIIOTHPEO3a
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Y KpBIC HAOIONAIOCH CHIDKCHHE JTUM(OTOKA W3 TPYOHOTO JTUMQATHIECKOro MpoToka. Habnmromamich W3MeHEHHS B
TOPMOHAJIFHOM M OHOXMMHUYECKOM cocTaBe auMpbl. Habmonanruce HapyIeHns: He TOJBKO 0OMEH BEIeCTB B IUMQe,
HO 1 (D)YHKIMOHAIBHON COCTOSIHUM opraHu3Ma. [Ipu sKcrepiMeHTaIbHOM THIOTHPEO3€ Y KPBIC HAOIIOAAINCH HAPY-
IICHHS PEOJIOTUUECKHUX U (PU3UKO-XUMUUYECKHX IOKa3aTeneil TMM(bl U KPOBHU: MOBHIIIAIOCH BSI3KOCTb, CHIKAIACh
CBEPTHIBAEMOCTD U YHCIIO IPUTPOLIUTOB, YBEIUINIACH TPOMOOINTOB 1 JIEHKOIIUTOB B KPOBHU. Y KPBIC 2-0M ONBITHOH
IpyHIbl C TUIIOTUPEO30M IIPUBOAMIIO K BOSHUKHOBEHUIO CHWKEHUIO B conepkanuu T3, T4 u nossimienue TTI B num-
(be 1 KpPOBH, KOTOPLIC OTpaKaJii BOBHUKHOBCHHUEC Y HUX COCTOSAHHSA T'MIIOTHPCO3a. 3KCHepl/IMeHTbI Toxkasaljivd, 4To y
KPBIC C THITOTUPE030M cojiepskanue T3 cHmkanoch Ha 45,7% u T4 Ha 35,6% B nmumde, a kpoBu T; Ha 43,5% u T, Ha
41,6% mOHMXAJIOCH IT0 CPABHEHUIO C KOHTPOJIBHON I'PYIION )KUBOTHBIX.
Ki1roueBble cj10Ba: TOPMOHBI, KPOBb, KPBICHL, JINM(}a, TMM(OTOK, THPOKCHH, TPUHOATUPOHHUH.
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MOLECULAR-GENETICAL INVESTIGATION
OF OIL POLLUTION EFFECT ON AGUABIOTA
OF KAZAKHSTANY ZONE OF CASPEAN SEA

Abstract. The Study of the impact of pollutants on the aquatic ecosystem for the purpose of biological indica-
tion of areas subject to anthropogenic pollution is extremely important for the Caspian sea. The article presents the
restriction DNA analysis of fishes (Neogobiusgorlap) and polychaetes (Nereisdiversicolor) from three habitats of the
coastal zone of the Caspian sea. Currently, the method of DNA analysis, polymerase chain reaction (PCR), deve-
loped in 1985, is widely used to assess genome stability [1]. The sensitivity of PCR makes it possible to successfully
analyze even degraded DNA from Museum and archaeological samples. In this paper, we used the RAPD-PCR ana-
lysis method. In the total selected sample of 3 biotopes, 4 to 11 fragments were evaluated. Visual analysis of DNA
fragments obtained for samples had a very high degree of differences (difference). All selected primers showed a
different picture of inter-species differentiation. It is absolutely reliable markers (interbreeding specific DNA frag-
ments) to identify phenotypic interbreeding, studied fishes. The most important primers for the samples were OPA-
09 and OPA-10. During the analysis of polymerase chain reaction spectra with polymorphic and monomorphic DNA
of fish caught in sites with different levels of pollution were found. The specific properties of the DNA spectra of the
studied fish and polychaetes were determined. A unique DNA fragment was found in polychaetes from the polluted
environment, which can be used as a DNA marker.

Key words: RAPD-PCR, DNA, electrophoresis, enzyme, restrictase, primers, polymerase chain reaction, poly-
morphism.

Introduction. Restriction DNA analysis of any organism is widely used in molecular genetic re-
search and is one of the most important tools in the study of violations in the DNA molecule. DNA
molecule cleavage products are analyzed using gel electrophoresis in agarose or polyacrylamide and the
resulting pattern of DNA molecule fragment separation in the form of a specific, different for different
enzymes, a set of bands and is the result of restriction analysis of the studied DNA. Many restrictase allow
cleavage of DNA at more than 150 sites of recognition. Restriction analysis is carried out for a variety of
DNA, ranging from small fragments of several tens of nucleotide pairs, and up to the entire eukaryotic
genomes of more than 1 billion base pairs. It was found that in most cases the cleavage of chromosomal
DNA by restriction endonucleases resulted in the formation of clearly visible fragments of a certain
length, which allowed to judge about genome disorders of the studied animals, in particular polymor-
phism in individuals, which living at strong polluted area [1-3].

Actuality of the work. The study of the impact of pollutants on the ecosystem for the purpose of
bioindication of technogenic contaminated areas is of extreme relevance for the Caspian sea area.
Molecular genetic analysis of species of fish and the polychaetes from the coastal zone of the Caspian sea
for assessing the impact of pollutants on the stability of the genome for the first time. Determination of the
accumulation of polycyclic aromatic hydrocarbons (PAHs) and their metabolites as specific xenobiotics in
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the area of oil production, processing and transportation is an extremely urgent problem of the Kazakhstan
shelf of the Caspian sea.

Purpose of research. The purpose of this work is to conduct a reconnaissance study of the effect of
oil pollution on the genome stability of test objects by molecular genetic analysis methods

Tasks:

- analysis by polymerase chain reaction of DNA spectra of fish and polychaetes selected from the
coastal zone of the Caspian sea with different levels of pollution;

- quantitative and qualitative assessment of the isolated DNA from the body of test objects

Research materials and methods. The objects of research were selected goby fish (Neogobius-
gorlap) and polychaetes (Nereisdiversicolor) caught in the coastal zone of the Caspian sea. Three points
were selected for the analysis by polymerase chain reaction of fish and polychaete DNA spectra: Atyrau,
of the river Ural delta and the coastal zone of the Caspian sea with different levels of pollution. These
types of aquatic organisms fully meet the requirements for biomonitoring objects: widespread distribution
in the reservoir, well-studied biology, do not make long migrations. The material for the study served as
the fins of fish and the tissue of the polychaetes.

Quantitative and qualitative assessment of the isolated DNA was performed using spectropho-
tometric and electrophoretic analysis. For spectrophotometric analysis, adsorption of aqueous DNA
solutions was measured at three wavelengths: 260 nm, 280 nm and 320 nm. The size of DNA molecules
and the presence of RNA impurities were determined by electrophoresis in 0.7% agarose gel after staining
with bromide ethidium. Visualization of DNA, RNA was carried out using a transilluminator in ultraviolet
light.

Treatment of DNA by enzymes. Ferments produced of company “Fermentas”, Vilnius, Lithuania
were used in the work." The cleavage of DNA was carried out in the manufacturer's recommended buffers
for restriction of DNA at the optimum temperature for 16 hours. Restriction was carried out in 20 pl of the
reaction mixture to which 5 pl of DNA and 0.5 pl of the enzyme were added. Activity of the enzymes
used: Alul - 10 u/ pl, EcoRI - 10 u/ul, BsuRI - 10 u/ pl.

Electrophoresis. To identify fragments of length from 40 to 2000 p.b. used the electrophoresis in 8%
polyacrylamide gel (on the track we applied 5 pl of the treated DNA) ("Sigma", USA). After the electro-
phoresis, DNA visualized with ethidium bromide and photographed under UV light.

DNA sample. For genomic DNA extraction a set of reagents QIA amp DNA Mini Kit (Qiagen, USA)
was used. Quantitative and qualitative assessment of the isolated DNA was performed using DNA
photometer (Biofotometer Plus, Eppendorf, Germany) and electrophoretic analysis. For photometric
analysis, adsorption of aqueous DNA solutions was measured at three wavelengths: 260 nm, 280 nm and
320 nm. The size of DNA molecules, as well as the presence of RNA impurities, was determined by elec-
trophoresis in 0.7% agarose gel after staining with bromide ethidium. Visualization of DNA, RNA was
carried out using a transilluminator in ultraviolet light. PCR mixture with Taq polymerase, PCR Master
Mix (Thermo Scientific, Lithuania) was used for DNA amplification of the studied and control samples.
Amplification was performed automatically on the programmable master cycler nexus Gradient amplifier
(Eppendorf, Germany) using the "hot start"method. The tubes with reagents were placed in an amplifier
heated to a temperature of 93-94°C. This technique allows to avoid non-specific annealing of primers.

RAPD-PCR analysis. Polymerase chain reaction was carried out with ten members oligonucleotide
primers synthesized in RSE "Institute of General Genetics and Cytology" (Kazakhstan) on a synthesizer
ASM-800 of Bioset company, (Russia) (table). To minimize the error, the reaction was optimized by
selecting the necessary concentrations of each component and preparing the total mixture for the entire
sample.

The PCR reaction was carried out in the following temperature mode: initial denaturation at 94°C for
2 min, 40 cycles consisting of four stages, including 45 C at 92°C, 30 C at 37°C, 15 C at 45°C and 2 min
at 72°C. the Reaction completed a 10-minute elongation stage at 72°C. Negative reaction control
(contamination test) contained a reaction mixture without the addition of DNA.

Electrophoresis. Electrophoresis of amplified DNA fragments was carried out in 2% agarose gel in
Tae buffer (0.89 M Tris, 0.1 M sodium acetate, 0.05 M EDTA), pH 7.8 with bromide etide (5 pg/ml) and
was photographed in transmitted UV light. The size of each fragment was determined by comparison with
marker DNA fragments Gene Ruller 100 kbDNALadder (ThermoScientific, Lithuania).
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Primers used for RAPD-PCR DNA analysis of fish and polychaetes

Primer 5" =3
OPA-02 TGCCGAGCTG
OPA-09 GGGTAACGCC
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT

Results. At the first stage of the research, the most informative primers for PCR analysis based on
literature data were selected. Primers with the nucleotide sequence OPA-02 (TGCCGAGCTG); OPA-09
(GGGTAACGCC); OPA-10 (GTGATCGCAG) and OPA-11 (CAATCGCCGT). Then the variability of
randomly amplified DNA was analyzed by RAPD-PCR method with selected standard 10-nucleotide
primers.

During the analysis of the DNA spectra of fish obtained by polymerase chain reaction, caught in the
vicinity with different levels of pollution, both polymorphic and monomorphic DNA were found.
According to the literature, such monomorphic DNA should be distinguished from polymorphic and
considered as a manifestation of genetic monomorphism at the DNA level [4, 5]. The features of the DNA
spectra of the studied fish and polychaetes in two areas with different levels of pollution of the
environment (biotopes) were revealed. A unique DNA fragment was found in individuals living in a more
polluted environment. The results of studies of the influence of anthropogenic factors on the features of
the DNA spectra of the fish studied, obtained by PCR analysis are shown in figure 1.

1 point 2 point 3 point

A
A A
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1000 n.p.
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400 n.p. —>
300np. —*>
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200 n.p.

100 n.p.
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Figure 1 — RAPD - polymorphism of fish detected with primers OPA-02, OPA-09, OPA-10 and OPA-11.
1 point — the coastal area of the Caspian sea; 2 — point Delta of the Ural river; 3 point — coastal area of the city of Atyrau;
M — DeMarker (GeneRuller 100 kb DNA Ladder). 1 — the primer OPA-02; 2 — primer OPA-09; 3 — primer OPA-10;
4 — primer OPA-11; 5 — primer OPA-02; 6 — primer OPA-09; 7 — primer OPA-10; 8 — primer OPA-11;
9 — primer OPA-02; 10 — primer OPA-09; 11— primer OPA-10; 12 — primer OPA-11

The total sample of 3 selected points revealed from 4 to 11 fragments. In visual analysis of DNA
fragments obtained for species samples had a very high degree of dissimilarity (differences). All selected
primers showed different patterns of inter-species differentiation. But it is absolutely reliable markers (i.e.
hybridizing DNA fragments) to identify phenotypic hybrids studied fish have been identified. For the
studied samples, the most indicative primers were OPA-09 and OPA-10. Figure 1 shows distinct strips
(DNA fragments) of different sizes.

Thus, during the analysis of the DNA spectra of fish obtained by polymerase chain reaction, caught
from different degrees of contamination of biotopes, polymorphic DNA was found. In the studied fish
samples monomorphic DNA was also revealed. Figure 1 shows that polymorphic DNA markers may be
responsible for different characteristics of individuals.
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The next stage of the study was the analysis of polychaetes caught in the same biotopes as fish. The
same primers OPA-02, OPA-09, OPA-10 and OPA-11 were used. The studies have shown that the DNA
spectrum of polychaetes contains from 6 to 9 randomly amplified DNA fragments length from 100 to
1200 nucleotide pairs (figure 2). It should be noted that the fragment on the 12 sample, which contains
more than 1000 BP, is the most indicative and is of interest. DNA fragments found in other individuals
can serve as markers of different processes and characteristics that distinguish these individuals.

1 point 2 point 3 point
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4 A N r N\ R\
M1 2 3 4 5 6 7 8 9 10 11 12

500 n.p. —»

100n.p. —»

Figure 2 — RAPD-polymorphism of policeto identified by using primers OPA-02, OPA-09, OPA-10 and OPA-11.
1 point — the Delta of the Ural river; 2 point — intensely polluted coastal area of the Caspian sea;
3 point — low polluted coastal area of the Caspian sea; M — DeMarker (GeneRuller 100 kb DNA Ladder).
1 — the primer OPA-02; 2 — primer OPA-09; 3 — primer OPA-10; 4 — primer OPA-11; 5 — primer OPA-02; 6 — primer OPA-09;
7 — primer OPA-10; 8 — primer OPA-11; 9 — primer OPA-02; 10 — primer OPA-09; 11— primer OPA-10; 12 — primer OPA-11

During the analysis of the DNA spectra of fish obtained by polymerase chain reaction, caught from
different degrees of contamination of biotopes, polymorphic DNA was found. Monomorphic DNA was
also revealed in the studied fish samples. DNA spectrum of polychaetes contains from 6 to 9 randomly
amplified DNA fragments with length from 100 to 1200 nucleotide pairs. Fragment 12 the sample
contains more than 1000 BP is the most striking manifestation of polymorphism. In turn, DNA fragments
detected in other individuals can serve as markers of different processes and characteristics that distin-
guish these individuals. A DNA fragment 300 BP long was detected, which was found in all polychaetes
(100% frequency of occurrence). This fragment can be considered as a manifestation of genetic mono-
morphism at the DNA level. Later it can also be used as a molecular marker for specific species under
study.

Discussion. From the literature data it follows that RAPD-markers are localized mainly in the non-
coding region of DNA, because it it is the vast majority of the eukaryotic genome. The rate of mutation in
non-coding DNA is about twice higher than in coding. In addition, RAPD markers are sometimes
amplified from regions of repetitive DNA and thus may reflect high rates of their mutation, which can be
induced by radiation or chemical factors of environmental pollution. On this basis, a method of Express
identification of species belonging of living sturgeon tissue samples, products of their processing, inclu-
ding caviar, using a multiplex polymerase chain reaction (IGCC), performed in one tube, which allows
simultaneously amplifying the unique sites of the mitochondrial genome of different species of sturgeon
to obtain species-specific multi-dimensional amplicons, divided in electrophoresis into polyacrylamide or
agarose gel [6,7].Thus, in the works of De Salle, 1996, Birstein, 1998, unlike the previously proposed test
systems, the developed technique allows to discriminate unambiguously against Siberian and Russian
sturgeons, including carriers of the mitochondrial "baerii-like" haplotype, which was previously impos-
sible, and repeatedly led to an erroneous interpretation of the origin of caviar products exported from the
Caspian region to the United States and other countries [8, 9]. Various methods of DNA polymorphism
assessment depending on the goals are successfully used at different levels: from the individual and the
population to the orders and the superorder categories. In many cases, variable DNA markers can detect
genetic differences that are not recognized by protein electrophoresis.

— 4) ——
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RAPD is a DNA polymorphism. The RAPD (Random Amplified Polymorphic DNA) method is
based on PCR-amplification of anonymous DNA sites using one, usually short (up to 10 nucleotide pairs,
n) primer of arbitrary sequence, which induces in each reaction the synthesis of up to several tens of DNA
fragments of random localization. The ability to investigate the polymorphism of the entire genome
without prior knowledge of specific DNA sequences is a major advantage of RAPD analysis. The high
level of polymorphism determined by the RAPD-method is quite informative in population studies, to
identify hidden genetic polymorphism in lines and closely related species, as well as individual identi-
fication [9]. It should be noted that RAPD-markers are inherited as dominant features, which does not
allow to distinguish the dominant homozygote from heterozygote and recessive homozygote from unam-
plified sequence. To overcome this disadvantage of the method, an original mathematical apparatus was
developed, with which the frequency of the recessive conditional "zero-allele"is taken into account. The
low reproducibility of RAPD-analysis due to non-specificity deserves attention from the negative sides
primers inducing amplification of bands of different intensity, formation of heteroduplexes. The appli-
cation of this technique is limited by the high quality requirements of the matrix and the potential non-
homologation of RAPD bands (one fragment may contain different nucleotide sequences of the same size
on an electrophoregram). Note that the development of the method emphasized the potential possibility of
constructing with the help of RAPD-markers maps of adhesion to specific loci. However, the progress in
this area is more than modest, besides such work requires quite expensive large-scale screening. For
example, 310 random primers of different structures were used to identify DNA markers that diagnose the
gender of Beluga, but none of the 4146 obtained bands was linked to the sex [10, 11]. RAPD-PCR is a
PCR with random amplification polymorphic DNA is used to study the variability of similar genetic
sequence of organisms, for example, different varieties of crops, breeds of dogs or closely-related micro-
organisms. This method usually uses one primer of small size (about 10 BP). This primer may be partially
complementary to random DNA regions of the organisms under study. The literature data suggest that the
increased content of PAH, heavy metals (copper, iron and manganese, etc.) may cause an increase in the
level of DNA damage in fish erythrocytes [11-13]. Among environmental pollutants, PAHs and metals
are of particular concern due to their potential toxic effects and bioaccumulative potential in aquatic
ecosystems. Thus, the genotoxicity of copper and zinc is shown in a separate and combined action using a
micro-nuclear test, copper causes an increase in the level of micronuclei in fish Oncorhynchusmykiss. The
increase in the level of DNA damage in erythrocytes of fish Prochiloduslineatus by the action of alumi-
num is shown by the method of DNA-comets. A possible mechanism of iron toxicity may be the induc-
tion of DNA damage due to the generation of free oxygen radicals, which can cause site-specific oxidative
damage [14, 15].

Conclusion. Thus, hydrobionts (fish and polychaetes) can be the most adequate object for the
assessment of water pollutants, as they metabolize and accumulate in the body the chemical compounds
contained in water. In our case, both fish and polychaetes react to toxic compounds similar to higher
vertebrates. They can be used for screening chemical compounds, potentially mutagenic and carcinogenic
to humans.

The work was performed under the agreement Ne197 from 20.02.2015, with the support of the grant
of the Foundation for Basic Research of the Ministry of Education and Science of the Republic of
Kazakhstan.
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'On-Mapabu ateianarsl Kasak yITThIK yHHBEpeHTeTi, AnMaThl, Kazakcran,
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KACHHIIIH KA3AKCTAH/IBIK AYMAFBIHBIH
AKBABHOTACBIHA MYHAWIMEH JIACTAHY OCEPIH
MOJIEKYJIAJIBIK-TEHETHKAJIBIK 3EPTTEY

AHHOTanMsl. AHTPONOTEH/IK JIacTaHyFa YIIbIparaH aiMaKThl OHOJIOTHSUIBIK WHAMKAIMSIAy MakcaTbIHIa
JlacTayIbl 3aTTapablH Cy SKOXYieciHe acepiH 3eprrey Kacnmii TeHi3i yiuiH ete MaHbI3IbI. Makanana Kacnnii TeHi-
3iHIH JKarajay alMarblHBIH YII apeajiblHaH ajblHFaH Oanblk (Neogobiusgorlap) mnen mnonuxertiH (Nereis
diversicolor) THK-HbIH pecTpUKIMUIBIK Tayaybl KenripinreH. Kasipri TaHaa reHOM TYpakThUIBIFBIH Oarayay YIIiH
1985 xputer xacanran JITHK tanmayeraerH momumepasapl Ti30ekti peakuus (IITP) omici xkommanbuagsr [1]. TITP
ce3IMTaNABIFBI Mypakainap MeH apxeonorusutblk eckipred JJHK-ap1 ma Tanmayra mymkiagik 6epeni. by sxympicta
RAPD-PCR rtangay oaiciH KonaasablK. Y1l OMOTONTAH ajbIHbIN ipikTenreH 4-teH 11-re aeiiin ¢pparmentrep OGara-
nauzpl. Yorinepaen ansinrad JJHK GparmentTepin Bu3yanpl Tangay Ke3iHjae YIKeH ailblpMallbUIbIKTap OaiKasbl.
AnpiaraH OapiiblK MpaiMepiiep Typapaisik auddepeHManusaHbpIH 9PTYPIIl KepiHicTepin kepcerti. by 3eprrenren
OanbikTapablH (GeHoTHNTIK THOpUATEpiH OIpTeKTEeHIipy YLIIH CeHiMAi Mapkepiep. 3epTTeireH YJriiep YLIiH
OPA-09 xone OPA-10 6ipiiama MaHbI31bI TipaiiMepsiep Ooubin Tadbuibl. [ToauMepasabl Ti30€KTI peakiys Tajlnaysl
Ke3iHJIe JJaCTaHy JCHIreli opTypdIi kepiepacH ansiaran O0ansik JJHK-ma monumopdTh jxoHE MOHOMOPGTHI CIIEKTp-
nep Oaiikangsl. 3eprrenred O6aibIK neH nonuxerrepain JHK-crexrpiepinae apHaiibl KacuerTepi aHbIKTaasl. Jlac-
TaHFaH aiiMaKTaH ajblHFaH nonuxerrepae epekue JJHK-dparment tadsuinst, oi pparmentti JJHK mapkep peringe
KOJIIaHyFa O0JIa ibl.

Tyiiin ce3nep: RAPD-PCR, IHK, amexrpodopes, pepmeHT, pecTpuKTazanap, mpaiMepiep, MOIuMepas3abl
Ti30€KTi peakius, MoIUMOPPHU3M.
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MOJIEKYJISIPHO-TEHETHYECKOE NCCJIEJOBAHUE
BJMSTHUSI HEQ@TAHOI'O 3AT'PSISHEHUA
HA AKBABUOTY KA3ZAXCTAHCKOMU 30HbI KACIIHSA

AnHOTanus. V3yuyeHne BIMSHUS 3arps3HSIONIMX BELIECTB HA BOJAHYIO SKOCHUCTEMY C LEJIBI0 OMOJIOTHYECcKOn
WHIUKAUUU TEPPUTOPUI, MOJABEPKEHHBIX AHTPONOT€HHOMY 3arps3HEHHIO KpaiHe akTyanbHo st Kacnwmiickoro
Mopsi. B craree mpencraBneH pectpuknuonHbii aHamu3 JIHK peid6 (Neogobiusgorlap) n momuxetr (Nereisdiver-
sicolor) u3 Tpex apeanoB mpuOpexHoit 30HB Kacnmiickoro Mops. B Hacrosiiee Bpemst Ul OLIEHKH CTa0MIBHOCTH
TeHOMa IIHUPOKO Hcmonb3yeTcsa meron ananmmsa JJHK, momumepasnoit nenHo#t peaxmmu (ITLIP), pazpaboraHHBII B
1985 roxy [1]. UyscrBuTensHOCTh I11IP 1I03BOIISIET yCTIEITHO aHATTM3UPOBATh naxe nerpanupoannyio JJHK u3 my-
3eHHBIX U apXeoyornueckux oopasnoB. B manHo# paboTe Mbl ucionab30BaM MeTo aHann3a RAPD-PCR. B ob6mei
oto0OpaHHOH BbIOOpKE M3 3-x OHoTOmnoB oneHuBaiu ot 4 no 11 ¢parmenToB. BusyasnbHblli aHanu3 ¢GparmMeHTOB
JHK, mony4eHHbIX A1 00pa3loB, MMeJ OYeHb BBICOKYIO CTENEHb pa3ninuuii (pasnuune). Bce BbIOpaHHbIE mpaid-
Mephl MOKa3aJM pa3jIMuHyl0 KapTUHY MEXKBHIOBOH anddepeHnuaniu. ITo0 aOCOMIOTHO JOCTOBEPHBIE MapKepsbl
(gibridspecies DNA fragments) a1 uaenTuduKanuy GpeHOTHUINYECKHX THOPHUIOB, W3ydeHHBIX pbIO. s mccie-
JyeMbIX 00pa3noB Obuti Hanbosiee BakHbIMH mpaiiMepsl OPA-09 n OPA-10. Bo Bpems aHanm3a nojuMepasHOi
LEMHOH peakiyn ObuTH 00HAPYKEHBI CIIEKTPHI ¢ mouMopHOH 1 MoHOMopdHO#H JJTHK pr16, moliMaHHEIX B MecTax ¢
pa3HYHBIM ypoBHEM 3arps3HeHus. OnpenerneHsl cnenugudeckue cBoiictBa JIHK-criekTpoB mccienyeMpIx peid u
nmomuxeT. O0HapyxeH yHukanbHbIH JIHK-parmenta y monmxeT W3 3arps3HEHHON cpeibl OOWTaHHSA, KOTOPBIHA
MOXET OBITh UCTIONB30BaH B kadectBe JJHK mapkepa.

Kiawuesnbie ciioBa: RAPD-PCR, JIHK, amexrpodopes, GpepMeHT, pecTPUKTA3bl, MMpalMephl, MOJMMepasHas
LETHAas peakLyst, HoMuMophusMm.
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ACTIVITY OF ANTIBIOTIC ROSEOFUNGIN AGAINST
CLINICAL PATHOGENS OF VAGINAL CANDIDIASIS

Abstract. The polyene antibiotic roseofungin (registration number RK-LS-5N023224) is a new drug substance
developed by the Kazakh scientists, on the basis of which the antifungal dosage form "Roseofungin-AS, ointment
2%" (registration number RK-LS-5Ne023225) was prepared for external application. In order to prepare a new
dosage form for the treatment of vaginal candidiasis, activity of the antibiotic roseofungin was examined by the agar
diffusion technique against 15 clinical fungal strains of the genus Candida: Candida albicans (9 strains), Candida
krusei (2 strains), Candida tropicalis (2 strains), Candida glabrata (1 strain), Candida parapsilosis (1 strain). The anti-
biotic roseofungin exhibited high antifungal activity against clinical pathogens of vaginal candidiasis, the minimum
inhibitory concentration varied in the range of 1.66-2.5 ng/mL. The highest activity of the antibiotic roseofungin was
observed against clinical Candida albicans strains, MIC values were within the 1.66-2.0 ug/L range. Activity against
Candida non-albicans strains was lower: MIC for Candida tropicalis was of 2.0 pg/mL, for Candida krusei, Candida
glabrat, and Candida parapsilosis of 2.5 pg/mL. The presence of high activity in the antibiotic roseofungin against
clinical pathogens of candidiasis indicates the possibility of developing new drugs on its basis that can improve the
condition of patients in Kazakhstan and beyond.

Key words: antibiotic roseofungin, antifungal activity, minimum inhibitory concentration, vaginal candidiasis.

Introduction. Candidal vulvovaginitis relates to infectious diseases that cause inflammation of the
vulvar and vaginal mucosa with yeast-like fungi belonging to the genus Candida [1]. Treatment and
prevention of candidal vulvovaginitis is currently an urgent problem in gynecology. This disease occupies
a leading position among vaginal infections, since almost every woman had at least one episode of the
disease during her life, and more than 70% of women experienced relapses [2-5]. The major cause of
candidal vulvovaginitis is an infection with yeast-like fungi of the genus Candida against the background
of decreased immune status [6-7].

Currently, there are more than 170 species of Candida, of which no more than twenty species are
registered as infection causative agents in humans [8]. Although Candida albicans is the most common
cause of vulvovaginal candidiasis, the frequency of this disease caused by other Candida species, such as
C. tropicalis, C. glabrata, and C. kruseli, is increasing, especially in HIV-infected women [9]. The diversity
of Candida spp. that are encountered in infections is expanding, and other species are emerging that have
rarely been seen before [10, 11].

Polyenes, azoles, echinocandins, nucleoside analogs and allylamines are used with different effec-
tiveness to treat infections caused by fungi of the genus Candida, depending on the type and location of
infection and susceptibility of Candida species [12-15]. Candidal vulvovaginitis is usually treated with
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local antimycotic drugs, which improve the microscopy parameters of the vaginal and cervical canal
discharge (reduced leukocytosis, decrease in the number of coccal and bacterial flora, and disappearance
of fungi) in 93.3% of patients [16]. The treatment of candidal vulvovaginitis varies significantly, and the
most common drugs include azole agents [17], of which fluconazole is the most frequently prescribed
antifungal agent. The widespread use of these drugs as preventive and therapeutic agents contributes to
the emergence of resistant Candida strains, thereby causing serious problems in the successful treatment
of vulvovaginitis [18]. There is a higher level of resistance, especially to azoles, in most species of Can-
dida non-albicans, many of which have a natural resistance to antifungal agents [19, 20]. C. glabrata has
the highest resistance to azoles among clinical isolates of Candida and exhibits a natural reduced
susceptibility to this group of chemical compounds [21, 22].

In connection with the foregoing, the search for new antifungal drug substances and the development
of effective drugs on their basis for treatment of candidal vulvovaginitis accessible to the general popu-
lation is an urgent necessity.

The purpose of this study was to examine the activity of the antifungal polyene antibiotic roseofungin
against the clinical pathogens of vaginal candidiasis and assess the possibility of its use for the develop-
ment of a new dosage form.

Materials and Methods. The object of the study was a polyene antibiotic roseofungin, registered in
the Republic of Kazakhstan under the number RK-LS-5N023224 [23].

Antifungal activity of the antibiotic roseofungin was examined against 15 clinical fungal Candida
strains: 9 strains of Candida albicans (Berkhout, 1923) (strains R-11, R-25, R-28, R-29, R-33, R-41, R 44,
R-46, R-50), 2 strains of Candida krusei (Berkhout, 1923) (R-19, R-47), 2 strains of Candida tropicalis
(Berkhout, 1923) (R-5 .R-39), 1 strain of Candida glabrata (SA Mey. & Yarrow, 1978) (R-17), 1 strain of
Candida parapsilosis (Langeron & Talice 1932) (R-14). Fungal isolates belonging to the genus Candida
were obtained from patients living in the Almaty region in the microbiological laboratory at the Regional
Dermatovenerologic Dispensary under the Ministry of Health of the Republic of Kazakhstan and bacte-
riological laboratory at the Central Clinical Hospital. Identification of clinical fungal strains of the genus
Candida was carried out using the BIO MERIEUX automated MINI API bacteriological analyzer. The
bacteriological analyzer has an expert system for interpreting the results obtained on antibiotic resistance
and species identification of microorganisms based on international standards (NCCLS).

Antifungal activity of the antibiotic roseofungin was studied by the agar diffusion method [24]. The
nutrient agar medium F was used to determine the biological activity.

The composition of medium F (g /L): peptone - 9.4; yeast extract - 4.7; beef extract - 2.4; sodium
chloride - 30.0; glucose monohydrate - 10.0; agar - 23.5; distilled water - up to 1000 ml, pH after sterili-
zation - 7.0 £ 0.1.

Clinical fungal strains of the genus Candida were grown in Petri dishes on the surface of medium F
for 24 hours at a temperature of 30 to 37 °C; typical colonies were selected, reinoculated onto agar slants
of the same composition and grown under the conditions described above. The grown culture was washed
from the slanted nutrient medium F with 10 ml of a sterile solution containing 9 g/L of sodium chloride. A
working suspension was prepared from the resulting microbial suspension of such a density, which when
diluted with a sterile solution containing 9 g/L. of sodium chloride corresponded to the L.A. Tarasevich
SISC turbidity standard (10 units).

The inoculation dose of the test microorganism was 1.0 ml of a working suspension per 100.0 ml of
medium F. The inoculation was carried out at a temperature of 48-500 °C. 15.0 ml of the inoculated
medium F was poured into each Petri dish, so that a uniform layer with a thickness of 2 mm to 5 mm was
formed therein. Filling of the inoculated medium F into Petri dishes was carried out on a horizontally flat
surface.

10.0 mg of roseofungin powder was placed in a 10.0 ml volumetric flask and dissolved in 5.0 ml of
dimethylsulfoxide. The volume of the solution was adjusted to the mark with the same solvent and stirred.
Further dilution of the stock solution was made with a phosphate buffer solution (pH 6.0) to the desired
concentration.

To prepare a phosphate buffer, 50.0 ml of a 0.2 M potassium dihydrogen phosphate solution was
transferred to a 200 ml volumetric flask, 5.7 ml of 0.2 M sodium hydroxide was further added and mixed.
The resulting solution was then made up to the mark with distilled water.
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Solutions with the calculated concentration were added to the wells of 7 mm in diameter prepared in
the inoculated nutrient medium F. All wells were filled with equal volumes of solutions. The dishes were
incubated at 37°C for 18-24 hours. To reduce the influence of the time difference between addition of
solutions and to refine a regression line, preliminary diffusion was used at a temperature of about 4 °C
with 4-hour duration.

All studies were carried out in three to five replicates. The standard methods for finding mean values
and their mean errors were used for mathematical processing of the results [25].

Results and discussion. As a result of the studies, activity of the antibiotic roseofungin was deter-
mined against 15 clinical fungal strains of the genus Candida: Candida albicans (9 strains), Candida krusei
(2 strains), Candida tropicalis (2 strains), Candida glabrata (1 strain), and Candida parapsilosis (1 strain).
Figure shows the growth of clinical pathogens of vaginal candidiasis on meat peptone agar.

The growth of clinical pathogens of vaginal candidiasis on meat peptone agar:
1 - C. albicans R-25; 2 - C. albicans R-33; 3 - C. krusei R-19; 4 - C. glabrata R-17,
5 - C. tropicalis R-39; 6 - C. parapsilosis R-14
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Activity of antibiotic roseofungin against clinical pathogens of vaginal candidiasis

SN Strain No. Species of test microorganism Minimum inhibitory concentration, pg/mL
1 R-11 Candida albicans 2,0
2 R-25 Candida albicans 2,0
3 R-28 Candida albicans 1,66
4 R-29 Candida albicans 1,66
5 R-33 Candida albicans 2,0
6 R-41 Candida albicans 1,66
7 R-44 Candida albicans 2,0
8 R-46 Candida albicans 1,66
9 R-50 Candida albicans 1,66
10 R-19 Candida krusei 2,5
11 R-47 Candida krusei 2,5
12 R-5 Candida tropicalis 2,0
13 R-39 Candida tropicalis 2,0
14 R-17 Candida glabrata 2,5
15 R-14 Candida parapsilosis 2,5

Results of determination of roseofungin activity are given in table.

The minimum inhibitory concentration (MIC, pg/mL) for the examined strains of the causative
agents of vaginal candidiasis varied between 1.66-2.5 ng/mL. The highest activity of the antibiotic
roseofungin has been observed against clinical Candida albicans strains, MIC values were within 1.66-
2.0 pg/mL. Activity against Candida non-albicans strains was lower: MIC for Candida tropicalis was of
2.0 ug/mL, for Candida krusei, Candida glabrata, and Candida parapsilosis of 2.5 ug/mL. Our results
correspond to the literature data according to which the causative agents of vulvovaginal candidiasis
Candida non-albicans have less natural susceptibility to antifungal drug compounds [19, 20].

High antifungal activity of the antibiotic roseofungin has been thereby established against clinical
pathogens of candidiasis (strains of Candida albicans, Candida krusei, Candida tropicalis, Candida
glabrata, and Candida parapsilosis); the minimum inhibitory concentration was in the range of 1.66-
2.5 ng/mL. The presence of high activity in the antibiotic roseofungin against clinical pathogens of candi-
diasis demonstrates the necessity for developing new drugs on its basis, including those for the treatment
of candidal vulvovaginitis, which can improve the condition of patients in Kazakhstan and beyond.
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PO3EO®YHI'MH AHTUBUOTHUI'THIH BAT'HNHAJIBJAI KAHIUAO31bIH KJINHUKAJIBIK
KO3ABIPTBIINITAPBIHA KATBICTBI BEJICEHJALJITT

Annoranus. Pozeodynrun nonuenni antuduoruri (tipkey momipi KP-/13-5Ne023224) KazakcTan FainbiMaapsi
93ipJIeTeH jkaHa ASPIIiK cyOcTaHuus 0oJbIn TaObUIaAbI, OHBIH HETi3IHAE CHIPTKa KojjaHyra apHanFaH «Pozeodyn-
ruH-AC, 2% >xaknamaiibl» (Tipkey Homipi KP-J13-5Ne023225) 3eHre Kapchl NMpernapaTbIHbIH JOPUTIK YITICI JaibIH-
JAIapl. BarmHameai KaHIUIO3ABI eMJCY INIH KaHA JOPUIIK YITiHI naibramay Makcateiaaa Candida TysickiHa
)katateiH: Candida albicans (9 mrramm), Candida krusei (2 mramm), Candida tropicalis (2 mramm), Candida glabrata
(1 mrramm), Candida parapsilosis (1 mramMmm) caHBIpayKYJIaKTapBIHEIH |5 KIMHAKAIBIK IITaMIapbiHA KATHICTHI arapra
muddy3usIay oici apKbUIEI po3eo(dyHIHH aHTHOMOTHTIHIH OelceHAiirine 3epTTey xypri3inai. Pozeodyrrun antu-
OMOTHIT BarMHANbBJl KaHIUIO3JbIH KIMHUKAIBIK KO3IBIPFBIIITAPbIHA KATBICTBI JKOFAPbl aHTU(YHTANbIlI OenceH-
JIUTIKTI KOPCETTI, MUHUMAJIb/II T&XEUTIH KOHUEeHTpauscel 1,66-2,5 Mkr/mi aeiin e3repai. PozeodyHrun antuouo-
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turi Candida albicans TypiHIH KIMHUKAJIBIK IITaMAapbIHA KaTBICTHL €H KOFaphl Oencenaimikke ue 6ommbl, MTK —
1,66-2,0 mxr/mn. Candida non-albicans mrrammapsiaa KaTeICTH Oencerziniri toemern 6omabl: MTK Candida tropicalis
2,0 mxr/mn, Candida krusei, Candida glabrata xone Candida parapsilosis — 2,5 Mxr/mi Kypaasl. Po3eodyHruH aHTH-
OMOTHTiHIH KaHOUIO3ABIH KIMHUKAIBIK KO3ABIPFHINTAPBIHA KATBICTHI OENCEHIUTITiHIH OONyBl OHBIH HETi3iHze
Kazaxcran *xoHe o/1aH THICKaphI JKepIiepIeri HayKacTap IbIH KaFIalblH KaKcapTaThIH jKaHa AOPUTIK IMpemapaTTapsl
93ipJIen MIBIFapyIbIH MYMKIHIITIH KOPCETE .

Tyiiin ce3nep: po3eopyHruH aHTHOMOTHT], aHTH(YHraIbI OENCEHATIr, MUHUMAaJIbII TeXEHTIH KOHIIEHTpa-
s, BaFl/IHaﬂbﬂi KaHOua03 KO3}1prF])ILlITapr.
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AKTUBHOCTb AHTUBMOTHUKA PO3EO®YHI'MHA
B OTHOIIEHUY KJIMHAYECKHX BO3BYUTEJIEA BATUHAJIBHOI'O KAH/IUIO3A

Annotanus. [TonneHoBsi aHTHONOTHK po3eodyHruH (peructpanrioHHblii HoMep PK-JIC-5Ne023224) sBus-
eTcs HOBOI JIeKapCTBEHHOH cyOcraHIel, pa3paboTaHHON ydeHbIMHM Ka3zaxcTaHa, Ha OCHOBE KOTOPOH co3jaHa
JIeKapcTBEHHAs (popMa MpOoTHBOrpruOKoBoro npemnapata «Pozeodynrua-AC, Masp 2% 171 Hapy>KHOTO IPHMEHEHUS
(perucrpanuonnsiii Homep PK-JIC-5Ne(023225). C menpto co3maHUs HOBOHW JIEKAPCTBEHHON (OPMBI [UIS JICUCHUS
BarMHAIBHOTO KaHINA03a N3yUeHa aKTHBHOCTh aHTHOMOTHKA PO3e0yHTHHA METOAOM Au((y3un B arap B OTHOIIIE-
HUW 15 xauHMYeckux mraMMoB TpuboB pona Candida: Candida albicans (9 mrammoB), Candida krusei (2 mram-
Ma), Candida tropicalis (2 mramma), Candida glabrata (1 mramm), Candida parapsilosis (1 mramm). AHTHONOTHK
PO3€0(hYHIHH MPOSBUI BBICOKYIO aHTH(PYHTaIbHYIO aKTHBHOCTh B OTHOIICHWH KIMHUYECKUX BO30ynuTeneil Baru-
HAJIHOTO KaHIMJ03a, MHHUMaJbHas IOJABIISIONIAS KOHUEHTpAlMs M3MeHsIach B mpeaeiax 1,66-2,5 MKr/mi.
HawuGosee BBICOKOI aKTMBHOCTBHIO aHTUOMOTHK PO3e0(dYHTHH 00J1a/lall B OTHOIIEHHH KIIMHUYECKUX IITaMMOB BHA
Candida albicans, MIIK — 1,66-2,0 Mkr/mi1. AKTUBHOCTE B oTHOIIeHHH mTamMmoB Candida non-albicans Obuta HyKe:
MIIK mnst Candida tropicalis cocrauna 2,0 mxr/mn, nius Candida krusei, Candida glabrata w Candida parapsilo-
sis — 2,5 Mxr/min. Hanmiuue BBICOKOM aKTHBHOCTH y aHTHOMOTHKA PO3€0(yHIMHA B OTHOIICHHH KIIMHUYECKUX BO3-
OyauTeneil KaHIN103a CBUAETEILCTBYET O BO3MOXKHOCTH Pa3pabOTKU Ha €ro OCHOBE HOBBIX JIEKAPCTBEHHBIX IpeTia-
paToB, CIIOCOOHBIX YITYYIINTh COCTOSTHUE O00NMBHBIX B KazaxcraHe 1 3a ero mpeaenami.

KiroueBbie c10Ba: aHTHOMOTHK PO3€OdYHTHH, aHTH(YHTAIbHAS aKTUBHOCTh, MHHUMAIBEHAS TIOHABIISIONIAS
KOHIICHTPAIHs, BO30YIUTEIH BaTMHAIBHOTO KaHAUI034.
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ANALYSIS OF CANDIDATE POLYMORPHISMS AT EPILEPSY
PATIENTS WITHOUT MECHANICAL DISTURBANCES

Abstract. The article presents the results of a molecular-genetics research on patients with diagnosed epilepsy
without mechanical disturbance. The aim of this research was the analysis of candidate gene polymorphisms in deve-
lopment of different forms of epilepsy excepting mechanical reasons. 78 patients of V.M. Savinov SVS clinic with
different forms of epilepsy were selected for the molecular-genetic analysis. Genotyping on candidate polimor-
phisms of gene coding the methyl-CpG-binding protein 2 (MECP2, 3 polymorphisms), the genes of sodium (SCN!4,
4 polymorphisms) and potassium (KCNTI, 2 polymorphisms) channels was performed by a site-specific PCR-RFLP
method. Molecular genetic analysis revealed the presence of normal functioning alleles for 3 investigated candi-
date polymorphisms (p.Thr158Met, p.Thr197Met, p.Arg306Ter) of 3¢ exon of MECP2 gene at all epilepsy patients.
However, 1 case (patient suffering from Dravet syndrome) of de novo mutation was defined for sodium channel
gene (SCNI1A p.Alal783Thr) and 3 cases (2 patients suffering from temporal epilepsy and 1 patient with residual
encephalopathy) of new mutations in gene responsible for potassium channel (KCNT1 p.Ala934Thr). To determine
the inherited SCNIA and KCNTI mutations, the molecular-genetics analysis was conducted for close relatives
of patients. As a result, we conclude that, candidate polymorphisms of SCNIA p.Alal783Thr and KCNTI
p.Ala934Thr, disrupting the ion channels normal functioning, can be involved in development of non-mechanical
forms of epilepsy.

Keywords: epilepsy, gene polymorphism, mutation, MECP2, SCN1A4, KCNTI.

Introduction. Epilepsy is one of the most common and heterogeneous neurological diseases with
chronic appearance characterizing by recurrent, unprovoked seizures.

Non-mechanical forms of epilepsy are diagnosed if patient had two unprovoked seizures that were
not caused by a known and reversible disease, such as seizures after a brain concussion on the fever
background, alcohol withdrawal, or an excessively low level of sugar in the blood.

According to the Code of the Republic of Kazakhstan "About people health and health care system"
(Article 7, item 89), dated by September 18, 2009, epilepsy refers to socially significant diseases. This
disease is one of the most common serious neurological disorders that affects about 1% of people
worldwide (50 millions) [1]. In Kazakhstan, more than 45,000 people suffer from epilepsy, 40% of them
are children, adolescents and young people, 38% of patients become disabled, and their life quality
reduces by 85% on average [2].

The greatest number of children suffering from epilepsy is registered at the age of 4 to 7 years
(31.75%), which is probably due to better diagnosis and clinical manifestations in this age group. The next
age range for epilepsy frequency is the age from 1 year to 3 years - 27.48%. The frequency of epilepsy in
age from 8 to 14 years is 20.78%. And the lowest frequency of epilepsy patient (19.97%) is registered for
children before 1 year [2]. In recent decades, in view of untimely diagnosis and wrong treatment, infant
mortality from epilepsy remains at a high level. For an example, mortality rate from sudden unexpected
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death in epilepsy (SUDEP) reaches 8.2-10 per 1000 individuals. The main perspectives in reducing such
high rates of morbidity and mortality associate with the improvement of diagnostic methods that have
scientifically based effectiveness.

Both hereditary and environmentally acquired factors are involved in epilepsy pathogenesis. The
molecular mechanisms underlying the various epileptic seizures have been intensively studied for more
than two decades. The genetic impact plays a big role in the etiology of epilepsy idiopathic forms. Appro-
ximately 20-30% of epilepsy cases by acquired conditions, such as stroke, tumor, or head trauma. Howe-
ver, recent data indicate that remaining 70-80% of cases development due to genetic background [3].

Most of the epilepsy hereditary forms with established gene mutations are caused by the damage of
ion channels that ensure the neuronal membrane polarization. Such epilepsy forms are referred to the
channelopathy group. First of all, they include the genes of sodium, potassium, calcium and chloride
channels (SCN1A, SCN2A, CACNAIA, KCNJ10, KCNQ2) [4-9].

Mutations in the sodium channel genes - SCN1A and SCN2A, were described for 70% of children
suffering from Dravet syndrome, most of the mutations had spontaneous nature [4, 6]. SCN1A mutations
can cause the development of severe myoclonic epilepsy of infancy (SMEI), which related to sympto-
matic forms [10]. The dominant mutations in the KCNT1,sodium potassium channel gene intensely
expressed in the brain, cause autosomal dominant night frontal lobe epilepsy (ADNFLE) and malignant
migrating partial seizures of infancy (MMPSI) [7]. Mutations in this gene increase the membrane
permeability that leads to unregulated excitation of neurons in the brain.

The genes responsible for DNA methylation are also involved in the pathogenesis of epilepsy and the
development of mental retardation. Using a systematic approach to gene screening, Zogby and coauthors
[11] identified mutations in the gene for methyl-CpG-binding protein 2 (MECP2), which were responcible
for development of some cases of Rett's syndrome. MeCP2 is a chromosome-binding protein that selec-
tively binds 5-methylcytosine residues in symmetrically located CpG-dinucleotides [12].

The list of candidate genes for epilepsy is not restricted by mentioned variants. The spectrum of
epilepsy genes acquires specificity, largely due to the results of large-scale genome-wide studies (GWAS:s)
[13]. Leading manufacturers develop genetic panels and biochips for epilepsy diagnosis based on massive
parallel sequencing (NGS) and full exome sequencing. But, despite the obvious progress in epilepsy
genetics a lot remains to be understood.

The aim of this research was the analysis of candidate gene polymorphisms of MECP2 (c.473C>T -
p.Thr158Met; ¢.590C>T - p.Thr197Met; c.916C>T - p.Arg306Ter), SCNIA (c.5492T>C - p.Phe1831Ser;
c.5020G>C - p.Glyl674Arg; c.5347G>A - p.Alal783Thr; ¢.4969C>G - p.Prol657Ala), KCNTI
(c.2782C>T - p.Arg928Cys and ¢.2800G>A - p.Ala934Thr) genes in development of different forms of
epilepsy excepting mechanical reasons.

The identification the association of key genes mutations or polymorphisms with epilepsy symptoms
will help to develop the successful early diagnosis and therapy tools.

Materials and methods.

Study objects. For molecular genetic analysis, we collected the EDTA-treated peripheral blood
samples presenting 78 patients of SVS clinic named after V.M. Saminov, who were epilepsy diagnosed in
accordance with the criteria of the ILAE Commission for Classification and Terminology (1989). The
excepting criterium was mechanical reason of epilepsy development. Before collection of blood samples
we asked people the voluntary consent to participate in genetic research. A detailed questioning was done
after obtaining the signed voluntary informed consents. The study was approved by the Ethics Committee
of the Kazakh-Russian Medical University.

Isolation of genomic DNA. DNA was isolated from frozen (-20°C) peripheral blood samples con-
taining EDTA as an anticoagulant. Isolation was carried out using the GeneJet Genomic DNA Purification
Kit (Thermo Fisher Scientific, USA) in accordance with protocol recommended by the manufacturer.
Quantitative and qualitative evaluation of DNA preparations was carried out by spectrophotometric and
electrophoretic analysis. After isolation, the DNA samples were stored at -20°C.

Site specific PCR for critical regions of MECP2, SCNIA, and KCNTI genes. PCR was carried out
with specific primers, the design of which was selected using the online program - PrimerQuest Tool, the
PCR conditions were optimized for each primer (table 1).
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Table 1 — Sequence of primers for site specific PCR

Genﬁ:, Primers, 5°— 3’ PCR conditions
location
F-CCCGACTGTGACCCTAATAAAG
R-GTTTGGTTGTGGCAGATTGAG 94°C - 4 min.
SCNIA F -GTTTCTTGCCGAGCTGATAGA 94°C - 40 sec.
’ 55°C - 30 sec. 35 cycles
26 exon R -CGATCCCAACTTCCCTCTTAAC 72°C - 40 sec.
F-ACCGGATCCACTGTCTTGATA, 72 °C - 8 min.
R-CGTCTGTAAGCACGCTGAATAA.
F-CACCCTGAGACCTCCTACAA 95°C - 3 min.
KCNTI, 950C - 30 sec.
58°C - 30 sec. 35 cycles
24 exon 72°C - 30
R-CCCTTTCTCCCACTCTTTCTG - oY sec.
72 °C - 10 min.
F-ATGGGAGTTGATTGCGTACTT 95°C - 3 min.
ecrs e 1
3 exon R-CAGTCCTTTCCCGCTCTTC . Sec. cycles
72°C - 30 sec.
72 °C - 10 min.

The PCR was carried out in 0.2 ml microtube on the Thermocycler Eppendorf ™ Mastercycler ™
Nexus Thermal Cycler with a set of programs that determine the temperature of the PCR. To evaluate the
amount and specificity of the resulting PCR products, the amplified DNA fragments length were checked
by electrophoresis in 1.5% agarose gel. The correspondence of the molecular weights of the amplicons of
each gene was assessed using the DNA Ladder GeneRuler 100 bp marker (ThermoFisher Scientific,
USA). A samples which not contained DNAs were used as a negative control of PCR.

RFLP — analysis of candidate mutations/polymorphisms. For each polymorphic site, a restriction
enzyme was selected using the online software WatCut. Table 2 indicates the restrictases, the restriction
products for each selected candidate polymorphism.

Table 2 — RFLP identification of candidate polymorphisms

13?&211 Mutation/Polymorphism etl};sgliziie(;I;e DNA fragments length and corresponding genotype
¢.5492T>C (p.Phe18318Ser) Pstl TT - 321bp; CC -282 u 39 bp; TC - 321, 282 u 39 bp

SCN14, | €5020G>C (p.Gly1674Arg) Haelll GG -90, 83 u75bp; CC - 173 u 75 bp; GC - 173, 90, 83 u 75 bp

26 exon | ¢ 4969C>T (p.Prol657Ala) BamHI. CC - 140 u 108 bp;TT - 248 bp;CT - 248, 140 u 108 bp.
¢.5347G>A (p.Alal783Thr) Acc Il GG - 188 1 133bp; AA - 321 bp; GA - 321, 188 u 133bp

KCNTI, | ¢2782C>T (p.Arg928Cys) HpyF10VI CC-116u 117 bp; 233 bp; 233, 117 u 116 bp

24 exon | ¢2800G>A (p.Ala934Thr) Acc 1l GG - 128 u 105 bp; AA - 233 bp; GA - 233, 128 u 105 bp
¢.473C>T (p.Thr158Met) Taal gg i jg;‘: Eﬂg SP’I ;g’g%; g 6‘{)‘53’ 751 37bp

]3\4551;2, ¢.590 C>T (p Thrl97Met) Hinlll ICfi -br3)34 u 207 bp;TT - 207, 187 u 141 bp;CT - 334, 207, 187 u
¢.916 C>T (p.Arg306Ter) Hhal. CC-513u91bp;TT - 604 bp;CT - 604, 513 u 91 bp.

The PCR products were subjected to restriction by endonuclease (all used restrictases were taken
from ThermoFisher Scientific, USA) digestion at an incubation temperature of 37°C for 5 hours. Then the
RFLP-products were analyzed in an 8% polyacrylamide gel (PAGE) with staining by ethidium bromide.
Evaluation of the fragments obtained was carried out using a DNA Ladder GeneRuler 100 bp mar-
ker (Thermo Fisher Scientific, USA) and a gel-documenting system QuantumSTS (VilberLourmat
France).

— 50 ——
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Results and their discussion. The demographic and clinical data of 78 epilepsy patients, who volun-
tary agreed to participate in the study, are summarized in Table 3. Clinical examination of studied cohort
with different forms of epilepsy revealed that the neurological status of all 78 patients was without
meningeal signs and cerebral symptoms. A decrease of psycho-emotional memory, attention and
emotional lability were registered at 1 patient.

Table 3 — Clinical characteristics of patients

Total number of patients 78

Age

Average age 34+£11,15

Year of birth 1954-2015 yy
Sex

Males 44

Females 34

EEG data
Pathological variant of EEG 72
Flat-EEG 6
Seizures type
Generalized seizures 45
Partial seizures 33

According to the clinical diagnosis, 11 individuals were suffering from temporal epilepsy, 10 indivi-
duals had epilepsy with tonic clonic seizures, 4 individuals - juvenile and child absent epilepsy, 6 indivi-
duals - primarily generalized epilepsy, 5 individuals - secondary generalized epilepsy, 6 - residual
encephalopathy, 6 - juvenile myoclonic epilepsy, 4 persons had autosomal dominant nocturnal frontal
lobe epilepsy (ADNFLE), 10 persons - idiopathic epilepsy, 3 - frontal epilepsy, 1 patient was diagnosed
by Vest syndrome, and 12 persons had symptomatic epilepsy.

The DNA samples were extracted, characterized and genotyped using PCR-RFLP analysis for
screening the fallowing candidate polymorphisms: MECP2 (c.473C>T - p.Thr158Met; ¢.590C>T -
p.Thr197Met; c.916C>T - p.Arg306Ter), SCNIA (c.5492T>C - p.Phel831Ser; ¢.5020G>C -
p.Glyl674Arg; c.5347G>A - p.Alal783Thr; c.4969C>G - p.Prol657Ala), KCNTI (c.2782C>T -
p.Arg928Cys and ¢.2800G>A - p.Ala934Thr).

The molecular genetic analysis of 3 exon of MECP2 gene coding the methyl-CpG-binding protein 2
did not revealed the mutant alleles in critical sites (c.473C>T, ¢.590C>T, ¢.916C>T) in all studied DNA
samples. The figure 1 demonstrates the normal alleles by 3 investigated sites of 3 exon MECP2.

A B C

513bp.
4001y

—qbp 00bp

400bp
300bp  91bp. 100bp

73
=i 200bp

100by

Figure 1 — PCR-RFPL analysis for mutation of MECP2gene:
M - 100 bp DNA ladder. A - RFPL analysis for mutation p.Thr158Met,
B - RFPL analysis for mutation p.Thr197Met, C - RFPL analysis for mutation p.Arg306Ter
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As known from literature data, the mutations of the X chromosome gene-MECP2, which encodes the
methyl-CpG-binding protein 2, can result in development of Rett syndrome, which clinically charac-
terized by epilepsy and mental retardation [26]. Mutations in the MECP2 gene exclusively affects the
females because for the males they associate with lethal effect. But recently, there has been published
evidence of detection of MECP2 mutations at males, including the epilepsy patients who suddenly died
from unknown reasons [26].

Genotyping of 4 candidate SCNI/A4 gene polymorphisms of 26 exon (c.5492T>C - p.Phel831Ser;
¢.5020G>C - p.Glyl674Arg; c.5347G>A - p.Alal783Thr; ¢.4969C>G - p.Prol657Ala) revealed only
1 case of mutation (c.5347G> A) in heterozygouse state at patient (2.5 years old) with the Dravet
syndrome (figure 2). The analyses of close relatives (father, mother, 3 month-aged sister) of this child did
not revealed the mutant alleles. We conclude that the detected variant represent de novo mutation of
sodium channel gene SCNIA4.

B
A
140bp __, 1501y
108bp —
d 100t 100bp
C D
321bp
300bp 00bp

Figure 2 — PCR-RFPL analysis for mutation of SCN1A4 gene:
M - DNA ladder. A - RFPL analysis for mutation p.Pro1657Ala, B - RFPL analysis for mutation p.Gly1674Arg,
C - RFPL analysis for mutation p.Alal783Thr (Lanes 1-3 normal samples, lane 4 — sample with a heterozygous mutation),
D - RFPL analysis for mutation p.Phe1831Ser

The clinical data indicate that convulsions at this patient first time detected at the age of 3 months
and were repeated 2 times per month with different semiotics. The febrile convulsions were not detected.
De novo mutation of the gene SCNIA (p.Alal783Thr), which led to a disruption of the sodium channel, is
evidence of the Dravet syndrome. The Dravet syndrome is a cryptogenic epileptic syndrome that has
features of both focal and generalized seizures and in which convulsions usually do not respond to
treatment and are associated with mental disability.

The treatment of the patient by Valproate led to only slight improvement. The replacement of therapy
by Topiramate led to decreasing the frequency of seizures, but not significantly. The treatment by
Oksarbazepine was unsuccessful because of worsening of the patient's condition. Based on this experien-
ce, the patient was again appointed to Topiramate in combination with Valproate and Dexamethasone.
But despite this, seizures arose daily with myoclonus of the eyes and shoulders [13-15].

We also conducted the molecular genetic analysis of 2 critical for epilepsy candidate sites
(c.2782C>T - p.Arg928Cys and c.2800G>A - p.Ala934Thr) of potassium channel KCNT gene, exon 24.
The result of PCR-RFLP analysis of KCNT! gene is presented on figure 3. The 3 cases of mutant variants
(c.2800G>A) were detected regarding the polymorphism of 934 codon. All mutations were in heterozy-
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gous state. 2 (1972 and 1988 yy. of birth) of 3 patients, who carrying the mutation, were suffered from
temporal epilepsy. They had partial and generalized attacks of psychomotor automatism. The seizures
frequency was 1-2 times per month. The another patient (born in 1987), carrying the mutation of 934 co-
don of KCNTI gene in heterozygous state, was diagnosed by residual encephalopathy. He had primary
generalized convulsions. The frequency of seizures was 1 time per 1-2 months.

A

130k,

_17be
o0k =116bp

M 2 1 4 M 1 2 3 4 5

Figure 3 — PCR-RFPL analysis for mutation of KCNT! gene:
M - 25 bp DNA ladder. A - RFPL analysis for mutation p.Arg928Cys (Lanes 1-4 — normal samples),
B - RFPL analysis for mutation Ala934Thr (Lanes 1-3 — sample with a heterozygous mutation, lanes 4 and 5 normal samples)

Molecular genetic analysis of close relatives of these 3 patients (mothers, farthers, sisters, brothers)
did not revealed the mutant variants of 934 codon of KCNT1 gene. That confirmed the de novo occurrence
of KCNT1 p.Thr934 allele in all 3 families.

Mutations in the potassium channel gene of KCNTI were detected at various epileptic syndromes:
ADNFLE [16], epilepsy of infancy with migratory focal seizures (EIMFS), previously known as malig-
nant migratory partial seizures of infancy (MMPSI), or recently, as malignant migratory fetal seizures of
infancy (MMFSI) [17], early onset epileptic encephalopathy (EOEE) [18], and Okhtahara Syndrome (OS)
[19]. Patients with mutation in the KCNTI gene were characterized by high level of severe psychic
inferiors and mental retardation.

Literature data [20] shows that the indicated mutation of 934 codon of the KCNT!I potassium channel
gene should be specific for malignantly migrating partial infantile seizures (MMPSI). But we have iden-
tified the de novo mutation p. Thr934 KCNT! in patients suffering from temporal epilepsy (TLE). And we
did not detected this mutation at 4 studied ADNFLE patients.

Thus, we conclude that mutations in the KCNT/ potassium channel gene can cause not only an
autosomal dominant nocturnal epithelial frontal lobe (ADNFLE), but other forms of epilepsy.

So, the primary analysis of the range of candidate polymorphisms of key epilepsy genes allows to
conclude that candidate polymorphisms of SCNI/A p.Alal783Thr and KCNT! p.Ala934Thr, disrupting the
ion channels normal functioning, can be involved in development of non-mechanical forms of epilepsy.
Mutations of MECP?2 are rare, and, possibly, to detect them we need to increase the case number and
examined the lethal cases.
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'DKcnepuMeHTANBIB MyTareHe3 1a60paTopHACHI,
JKannwi ['eneruka xone [luronorus unctutyThl, Anmatsl, Kazakcras,
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MEXAHUMKAJIBIK CUITATTATBI BY3bLJIBICCBHI3 SITMJIEIICUSAMEH AYBIPATBIH
HAYKACTAPIA KAHIUIAT ITOJIUMOPO®UIMIEPAI TAJIAAY

AHHoTanms. Makanaza MeXaHUKAJIBIK CHIIATTAFbl eMeC SIWICNICHs IUAarHO3bl KOWBUIFAH HayKacTapabl MO-
JIEKYJISAPIBI-TeHETUKAJIBIK 3epTTey HOTIKeNepl KenTipinreH. JKYMBICTBIH MaKcaThl MEXaHHKAJIBIK Oy3bUIBICTApPAbI
KOCIaFaH/Ja SIIJICTICUSHBIH OpTYpii (hopMalapbIHBIH JaMyblHa KaHAWOAT MOTMMOP(H3MIECPAIH OCEpiH Tanmay.
MouneKysipiibl-TeHEeTHKAJIBIK Tanaay »Kyprizy yiuiH B.M. CaBuHoB arbiHnarel SVS KIMHHUKACBIHIA eMieyae OoJFaH
SMUIETICUSHBIH dPTYPJIi opMaapbIMeH aybIpaThlH 78 HayKac TaHIANbIHBII anbiHabl. [eHotunrey Metnn-CpG-0aii-
JaHbICTBIPYLIBI 0enok 2 (MECP2, 3 nonmumop¢usm) reni, Hatpuii (SCNIA, 4 nonumopdusm) xone kanuit (KCNT1,
2 nonmuMophu3M) KaHAIAAPhl TeHACPIHIH KaHIuaaT nomuMopdusmaepi ooiibiHina caiiT-cnenudukanpik [1TP-TTPD
OMICTEPiHIH KOMETIMEH XKYPri3uigi. MoNeKy/sIpibl-TeHETHKAIIBIK TaJay HOTHXKeC OapiblKk HaykactapasiH MECP?2
reHiHiH 3-m1 3K30HBIHBIH 3 3eprrenreH Ka"gugar mnoaumopdusmi (p.Thr158Met, p.Thr197Met, p.Arg306Ter)
OolibIHIIa KanbIIThl (PyHKIMOHANBABl ajienal KepcerTi. Anaiina 1 Haykacra ([IpaBe cHHAPOMBIMEH aybIpaThbiH)
HaTpuil KaHaibl TeHi OolbiHIIA de novo mytauusi (SCNIA p.Alal783Thr) sxone 3 Haykacra (2 HayKac camailIbIK
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SMIJIETICHSAMEH XoHe | Haykac pe3uayaibabl dHIedaaonaTusiMeH aybIpaThiH) Kalui KaHANbI TeHiHIH XKaHa MyTa-
musutapsl (KCNTI p.Ala934Thr) ansikranmer. SCNIA xone KCNTI reHaepiHiH TYKBIM KyanayIibl MyTalisuIapbH
aHBIKTay YIIH HayKacTapIblH JKaKbIH TYBICTApBIHA MOJIEKYJISIPIBI-T€HETHKABIK Taaay Kypriziaai. Hotmkecinme
SCNIA p.Alal783Thr xone KCNT! p.Ala934Thr xauauaar moaumopdusMaepi MOHIbI KaHAIIAPIBIH KAJIBIITHI
JKYMBICBIH OY3BII, MEXaHUKAJBIK €MEC CHIIATTaFrbl SIMICICUSIHBIH AaMybIMEH OailllaHBICTBI OOJIyBl MYMKIH JleTreH
KOPBITBIH/IBI JKacallbIH/IbI.

Tyiiin ce3nep: smunerncusi, renuep nonumopdusmi, myrauusinap, MECP2, SCNIA, KCNTI.
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3. A. MeHJ‘ll/lMypaTOBaz, A. E. AkuypuHa 2 JL B. Jlzxancyryposa’

! JTaGopaTopus sKkcIepuMeHTanbHOro MyTarenesa,
Wucturyt Obmieii reretnku u Lluromorun, Anvatsel, Kazaxcran,
’SVS Kimnnka nm. B. M. CaBuzoBa, Anmatsl, Kasaxcran

AHAJIN3 KAHJIUJIATHBIX IOJUMOP®HU3MOB Y BOJIBHBIX SITWJIEINICUEN
BE3 HAPYIHIEHU MEXAHUYECKOI'O XAPAKTEPA

AnHoTanusi. B craree mpuBeneHbl pe3yabTarThl MOJIEKYIISPHO-TEHETHUECKOTO HMCCIIEAO0BAHUS MMAlMEHTOB C
JIMarHOCTUPOBAHHOI SIMIIENICHEl He MeXaHW4YecKoro xapakrepa. Llenplo naHHOW paOOTHI OBUT aHAM3 y4yacTHs
KaHIUIATHBIX MOJIMMOP(HU3MOB B Pa3BUTHU DPA3IMYHBIX (OPM SHHIIETICHH, 32 MCKIIOYEHHUEM MEXaHHYECKHX I10-
BpexaeHui. I npoBeseHHsT MOJIEKYIIPHO-TE€HETHYECKOTro aHa3a ObUIM BBIOpaHbl 78 MAalMEHTOB C Pa3HBIMH
(hopMaMu ATIHIIETICHH, KOTOPBIE HAXOMWIKCEH Ha JedeHnd B SVS kimuanke uMm. B. M. CaBuHoBa. ['eHOTHIIIpOBaHE
TIPOBOIIIIN MeTonaMu caift-cenuduaeckoi [TIP-IT/IP® mo kanaumatHeiM oauMopduzMam rena MeTiin-CpG-cBsi-
3pIBaromero Oemka 2 (MECP2, 3 monmumop¢usma), reHam Hatpueoro (SCNI/A4, 4 mommmopduszMa) U KaIHeBOTO
(KCNT1, 2 nonumopdu3Ma) kaHaioB. MOJEKyISPHO-TEHETHYECKUH aHaU3 [0Ka3aj HaJMuue HOPMAalIbHBIX
(GYHKIMOHANBHBIX ajuieniell 1Mo 3-M HM3yueHHbIM KaHauaaTHeIM mnonuMopdusmam (p.Thr158Met, p.Thr197Met,
p-Arg306Ter) 3 sk30Ha reHa MECP2 y Bcex MauueHToB ¢ smwiencuei. OnHako, | cinydail (MamueHT ¢ CHHAPOMOM
[pagse) de novo mytanuu ObU1 yCTaHOBJIEH B TeHe HarpueBoro kaHana (SCN/A p.Alal783Thr) u 3 cayuas (2 ma-
IUCHTA ¢ BUCOYHOW 3MUJICTICHEH U | MAIMEHT ¢ pe3uayaibHOW SHIe(haIONATHEH) HOBBIX MYTAIlMi TeHa KaJIHEBOTO
kanana (KCNT1 p.Ala934Thr). [{ns ycranosneHus Hacienyembix myranuii reHoB SCNIA u KCNTI nipoBoauiu Mo-
JIEKYJSIPHO-TeHETUYECKUI aHaJIM3 DPOJCTBEHHUMKOB IIAllMEHTOB Oikaiimed creneHn poacrtsa. B pesynbrare
yCTaHOBIIEHO, 4To KaHaunarHele nosmmopdusmel SCNIA p.Alal783Thr u KCNTI p.Ala934Thr, napymatomue
HOPMaJIbHYIO pa0OTy MOHHBIX KaHAJIOB, MOTYT OBITH CBSI3aHBI C Pa3BUTHEM JITMIICTICUM HEMEXaHHMYECKOTO XapaKTepa.

KuroueBble c10Ba: smimyiernicus, moaruMopdusm renos, myrtamum, MECP2, SCNI1A, KCNT1.
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BUOPA3ZHOOBPA3HUE ITOJNYKECTKOKPBUIBIX (HETEROPTERA)
TOPOJIA AJIMATHI (FOT'O-BOCTOUYHBINA KA3AXCTAH)

AHHoTanus. B pe3ynbrare mpoBeIeHHBIX UCCIEIOBAHNH I. ATMATHI BBISBICHBI U3 5 ceMeHCTB 47 BUIIOB IOITY-
KECTKOKPBLIbIX HacekoMbiX.Ilo BHIOBOMY MHOroo0pa3uio BbiAeistorcs cemeiicrBa Miridae (27 BumoB — 57,4%),
Tingidae (8 BunoB — 17,0%), Nabidae — (6 BunoB — 12,8%), Anthocoridae — (4 Buna — 8,5%), Reduviidae — (2 Buna —
4,3%). Ilo mpuypodeHHOCTH K MecTaM OOWTaHHS IIONYKECTKOKPBUIBIE TOpOAa AJMAaThl IOAPA3ACIIOTCS Ha
HECKOJIbKO TpYII: JIeHApOOHOHTHl (3 BHAa), NeHAPO-TaMHOOMOHTHI (3 BHIa), AEHIPO-XOPTOOMOHTHI (3 BUAa),
TaMHO-XOPTOOMOHTHI (2 BHJa), TepreTo-XopToOHoHThl (2 BuAa) M XOpToOMOHTHI (34 Buaa). M3 HuX Me30(uIibI
45 BunoB, Me3okcepoduiisl — 1 Bu, rurpome3odun — 1 Bua, cpeau HUX gurodaru — 27 BUI0B, 300daru — 13 BUIOB,
munerodaru — 1 Bua, 3oodurtodaru — 6 BUIOB.

KiroueBble ¢10Ba: NOIyXeCTKOKpbUIbIEe, Topoa AnmMatsl, FOro-Bocrounstii Kazaxcran.

Beenenne. IlomyxecTKOKpBIIBIE HAcEKOMBIE HMEIOT Oomnblioe 3HaueHne B mnpupome. OOpa3
KHU3HU O4YeHb pa3HooOpa3eH. HazeMHBIE MONYXECTKOKpPBUIBIE JKUBYT dalle OTKPHITO Ha PACTEHUSX,
MHOT/Ia Ha TMOBEPXHOCTH IMOYBBI U B BEpXHEM cjioe e€, B MOACTUIIKE, 10 OeperaM BOAOEMOB, MO KOPOU
u T.. OcHOBY (hayHBI IONTYKECTKOKPBUIBIX COCTaBISIOT Ha3eMHBIC PACTUTENBHOSIHBIC BHUAbL OHHU
MUTAIOTCSI COKAMH PACTeHH, TNIABHBIM OOpa3oM WX T€HEpAaTUBHBIX OpraHoB M ceMmsH. Cpenu pacTu-
TEJBHOSIHBIX KJIOMOB MHOTO BPEIMTENCH CEIbCKOTO M JIECHOTO XO03sicTBA. HekoTOpble MOJyKEeCTKO-
KpBUIbIC, OyIy4H XUITHUKAMH, UCTPEOISIOT BPESAUTENICH CEIBCKOTO U JISCHOTO XO3HCTBA.

OcHoBoO# 111 aHHOW paboTHI MOCITYKWIH COOPHI U TOJIEBbIe HAOIOICHUST aBTOPOB, CHIEIAHHBIC B
2017-2018 rr. o TeppuTopun ropoaa Anmarsl.

Metonnl ucciaenoBanusi. COOp IMOJICBBIX MaTePUANOB OCYIIECTBISLINCH B JeTHud nepuox 2017-
2018 rr. M3ydyenne QayHBI W SKOJOTHH TOIYKECTKOKPBUIBIX MPOBOAWIOCH METOIAaMH MapIIpyTHBIX
o0ciemoBaHni M CTalMOHAPHBIX HaOmoaeHnid. Jis cOopa KIIOMOB MPUMEHSUTHCh Pa3InyHbIe METOIUKH:
KOIIICHHE YHTOMOJIOTHYECKIM CauyKoM, COOp IKCTayCcTepoM, JIOB Ha cBeT u jap. [1-5].

Pe3yabrarsl ucciaenoBanus. B pe3ynbrare NpoBENEHHBIX UCCIICOBAHUN ObLTH OTMEUCHBI CIIEHYIO-
M€ BUIBI TONTYKECTKOKPBUTBIX. CIHCOK BKIIOUAET B ce0sl KpaTKHe OMHCAaHUsS 10 OMOJIOTUU W SKOJIOTHH
KaXJI0T0 BHJIA.

CewmeticTBo Miridae — CnenHsiku

Bothynotus pilosus (Boheman, 1852). . Anmarsl, pexu bonbmas Anvatuaka u Manass AnMaTiHKa,
15.06.2018. 3 »k.; 18.07.2017. 2 5k3.,20.08.2018. 5 3K3.;r. Ammarsl,)KapOymak (Kazauka), 15.06.2017.
3 9x3., 16.07.2018. 2 »k3., 20.08.2017. 3 9K3.; . Anmarbl, Mmukpopaiion Kapacy, 18.06.2017. 4 k3.,
18.07.2018. 3 9K3, 21.08.2017. 2 3k3. 371aKOBO-0COKOBBIH JIYT, B ME30(UTHBIX OMOTOMAX, B CBIPHIX MECTax,
nosmdurodar [6]. JIeTut Ha CBeT.

Deraeocoris punctulatus (Fallen, 1807). r. Anmarsl, okp. peku bosnbias Anmaruaka u Manas Anma-
ThHKA, 15.06.2017. 3 k3., 18.07.2018. 2 k3., 21.08.2017. 2 3k3.; okp. Ecenraii (Becnopka) 22.06.2017.
3 ax3., 20.07.2018. 3 »x3., 21.08.2018. 4 »x3.; mpocnekt anp-Papadu, 16.06.2018. 3 3k3., 21.07.2018.
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4 5k3., 18.08.2018. 2 »kx3. Ha TpaBstHUCTBIX pacTeHusix: Rumex, Artemisia, OTMEUEH Ha HU3KOTOPHOM U
cybampmuiickoM yTy, Ha BeicoTe 800-1800 M; muTaeTcss MEIKUMHU HACEKOMBIMU: TIISIMH, TPHUIICAMH [7].

Deraeocoris serenus (Douglas & Scott, 1868). . Anmmatsl, mpocrekt ans-Dapadu, 16.06.2018. 2 sk3.,
18.07.2017. 2 ak3.; 21.07.2018. 3 3x3.; okp. KazHY um. anp-Dapabu, 17.06.2018. 3 3x3., 22.07.2018.
3 3K3., 15.08.2018. 3 »k3.; . Anmatsel, Pemu3oBka, 23.06.2017. 3 3k3, 25.07.2018. 2 5k3.,17.08.2018. 2 3xk3.
Ha pa3nudHBIX TPaBSHUCTHIX PACTCHHSX; B Me30(PHUTHBIX OWOTOmax, HU3KOropHBIA ayr, 800-1100 wM;
MUTACTCAMEIIKUMU HaCEKOMBIMH [8].

Deraeocorisventralis Reuter, 1904. . Anmarsl, okp. KazHY um. anp-®apabu, 15.06.2018. 2 »x3.,
19.07.2018. 2 3x3, 19.08.2018, 2 3k3; okp. Ecenraii (BecHoska), 22.06.2017. 2 »x3., 20.07.2018. 3 3k3.,
21.08.2018. 4 »k3.; . AnMarel, AlIMaTUHCKHKM OoTanmueckuii can, 19.06.2018. 2 3x3., 14.07.2018. 2 3k3,
16.08.2018. 2 5k3. Ha croXHOIBETHBIX U 371aKOBBIX; B FOpax HU3KOropHbIe nyra 710 800 m; 300huTodar.

Deraeocoris scutellaris (Fabricius, 1794). 1. Anmarbl, okp. peku bompmas Anvatnaka m Maas
Anmarunka, 15.06.2018. 3 ak3., 18.07.2017. 2 3k3., 20.08.2018. 2 3k3.; I. AnMaThl, IPOCHEKT ajib-Dapadu,
16.06.2017. 2 sk3., 21.07.2017. 2 3k3.; 19.08.2018. 3 3xk3., okp. KasHY um. anp-®apadu, 18.06.2018.
3 9x3., 19.07.2018. 3 k3., 15.08.2018. 3 5k3.; Ha pa3nuuHBIX TpaBSHUCTHIX PACTEHHSIX, HA ME30(PHUTHBIX
Pa3HOTPABHBIX JICCHBIX JTyTax; 300(utodar.

Deraeocoris ruber (Linnaeus, 1758). . Anmarsl, okp. peku bomnbiias Anmaruaka u Mamas An-
MaruHKa, 15.06.2017. 3 3k3., 15.07.2018. 2 »x3., 20.08.2018. 3 3x3.; . Anmarsbl, mpocrekT anb-Dapadu,
16.06.2018. 2 3x3., 21.07.2017. 3 3x3. 19.08.2018. 2 »k3; okp. Ecenraii (BecHoBka), 22.06.2017. 3 3k3.,
20.07.2018. 3 k3., 21.08.2018. 4 5k3.; Ha TpaBsSHHUCTBIX pacTeHUAX, HA TOWMEHHBIX JTyTax; 300¢urodar.

Adelphocoris lineolatus (Goeze, 1778). 1. Anmatbr,okp. KasHY um. anp-®apadu, 21.06.2017. 3 3k3.;
19.07.2018. 3 sk3, 15.08.2018, 2 3k3; okp. Ecenrait (Becnoska), 22.06.2017. 3 3k3., 20.07.2018. 2 3k3.,
20.08.2018. 3 9k3.; . AnMatel, AnMaruHCKHE OoTtanmueckuii cam.19.06.2018. 35k3.,14.07.2018. 2 2Kk3,
16.08.2018. 3 5k3. Ha cnoxHOLBETHBIX, MapeBbIX U 0000BBIX pacTeHusiX. Camblil MacCOBBI BpeAHUTENb
0000BBIX. [Ipy 3HAUNTENBHON 3aCENeHHOCTH TOJNEH 3TUM BHUIOM HAOIIONAETCs OlaeHHeTreHepaTHBHBIX
oprasoB 10 75%, 4To BeeT K Pe3KOMY CHIDKEHHIO YPOyKas CEMSH JIIOIEepHHI [9].

Adelphocorisquadripunctatus (Fabricius, 1794). r. Anmarbl, okp. peku boibinas AJMaTHHKa |
Manas Anmaruska, 15.06.2017. 3 5k3., 15.07.2018. 2 3x3., 15.08.2018. 2 3k3.; . AnMaThl, IPOCHEKT ajlb-
®dapadu, 16.06.2018. 3 3k3., 18.07.2017. 2 3x3. 22.08.2018. 3 3K3; okp. Ecenraii (BecHoBka), 22.06.2017.
3 9k3., 20.07.2018. 3 2k3., 20.08.2018. 3 5x3. Ha moiiMeHHBIX JIyrax, Ha CIOKHOLIBETHBIX, MapeBBIX U
0000BBIX PaCTCHHSX.

Agnocorisrubicundus (Fallen, 1807). . AnMatbel,okp. peku bombimas AnmaruHka u Mamas Anma-
trHKa, 15.06.2017. 3 2K3., 15.07.2018. 2 3k3., 20.08.2018. 2 3K3.; T. AnMarsl, pocnekT anb-Dapadu,
16.06.2018. 3 3k3., 18.07.2017. 3 3k3. 17.08.2018. 3 3k3; okp. Ecenraii (BecHoska), 22.06.2017. 3 3k3.,
20.07.2018. 2 k3., 21.08.2018. 3 5k3.; Ha nucTBEHHBIX, MJIOJOBBIX JEPEBBSIX U KyCTapHHUKAaX, yalle Ha
uBe; B moiimMax, B ropax 800-2300 m; momuduTtodar. IIpuBogUTCS B YUCIIE BPEIUTEICH ILIOMOBBIX KYIBETYP
[10, 11], uTo, TO-BUAUMOMY, HE COOTBETCTBYET JCHCTBUTEIHHOCTH.

Apolyguslimbatus (Fallen, 1807). . Anmarbl, okp. KasHY wum. amp-®apabu, 21.06.2017. 3 3k3.;
19.07.2018. 3 ax3, 18.08.2018, 3 3Kk3; okp. Ecenraii (Becnoska), 20.06.2017. 3 »x3., 20.07.2018. 2 3k3.,
20.08.2018. 3 3x3.; . AnMarsl, AIMaTHHCKH OoTannueckuit cax, 19.06.2018. 2 3x3., 14.07.2018. 2 3k3.;.
16.08.2018. 3 sk3. [IpenMymiecTBeHHO Ha UBax, a TaKxe Ha Oepese.

Apolygus Ilucorum (Meyer-Dur, 1843). . Anmarel, okp. peku bombimas AnmaruHka u Mamas
Ammarmaka, 15.06.2017. 3 7k3., 15.07.2018. 2 3x3., 20.08.2018. 3 5k3.; . AJIMaTeI, TPOCTEKT ab-Dapadu,
16.06.2018. 3 ak3., 18.07.2017. 2 »k3. 17.08.2018. 3 »k3; oxp. Ecenrait (BecnoBka), 22.06.2017. 3 3k3.,
20.07.2018. 2 »k3., 21.08.2018. 3 5x3.; Ha pa3nuuyHbIX TpaBSIHUCTHIX pacTeHUsX: Artemisia, Tanacetum,
Urtica n 1p.; Ha pa3HOTPABHEIX JIyTax M CTEITHBIX CKIIOHAX TOp, B moitMax; noiaudurtodar [7, 12].

Liocoris tripustulatus (Fabricius, 1781). . Anmarsl,okp. KasHY um. ans-®apadu, 20.07.2018. 2 k3.,
21.06.2017. 3 3k3.; 22.07.2018. 2 3k3, 19.08.2018, 3 3k3; okp. Ecenraii (BecnoBka), 16.06.2017. 3 sk3.,
20.07.2018. 2 3k3., 21.08.2018. 3 3k3.; . AaMarbel, ATMaTHHCKUI OoTannueckuii cam, 19.06.2018. 2 3k3.,
21.07.2017. 3 k3, 16.08.2018. 3 3x3. Ha TpaBIHUCTHIX pacTeHHAX; HA ME30(HUTHBIX Pa3HOTPABHBIX JTyrax
U CTEIHBIX CKJIOHaX rop, 900-1300 m; momudurtodar (wame Ha Urtica, Artemisia u np.) [13].

Lygus gemellatus gemellatus (Herrich-Schaeffer, 1835). . Anmarsr, okp. pexu bonbmas AnMaTiuaka
1 Manas Anmarunka, 15.06.2018. 3 3x3., 18.07.2018. 2 k3., 20.08.2018. 3 3k3.; I. AIMarbl, NPOCHEKT
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anp-®apadbu, 16.06.2018. 3 sk3., 21.07.2017. 3 »k3. 19.08.2018. 2 3k3; okp. Ecenraii (BecHoBka),
20.06.2017. 3 3x3., 21.07.2018. 2 k3., 18.08.2018. 2 »5k3.; Ha Artemisia v npyrux pa3iMuHbIX TpaBsi-
HUCTBIX pacTeHusX. Jletut Ha cBeT. [loBCEeMECTHO BPEIUT 3€pHOBBIM, 000OBBIM KyJIETYpaMm [9].

Lygus pratensis (Linnaeus, 1758). . Anmarsl, npocnekT ans-Dapadu, 16.06.2018. 3 k3., 18.07.2017.
3 ok3. 17.08.2018. 2 sk3; okp. KasHY wum. anp-®apadu, 20.07.2018. 2 s3k3., 21.06.2017. 3 3x3.;
22.07.2018. 4 ok3, 21.08.2018, 3 3x3; mukpopaiion «Kazaxpmiem», 16.06.2017, 2 3x3; 20.07.2018, 3 3k3,
19.08.2018, 2 3x3. B molimMe pek, B HU3KOTOpHOM M cyOaibmnuiickoM iyry, 800-2000 m; nmomudputodar
(3epHOBBIE, 000OBBIC U 11p.) [14].

Orthops campestris (Linnaeus, 1758). r. Anmarsei,npocrekr anb-®Papadu, 16.06.2018. 3 sk3.,
21.07.2017. 3 ax3. 19.08.2018. 2 3x3; okp. KasHY um. ans-Dapabdu, 21.06.2017. 3 5k3.; 19.07.2018. 3 3k3,
18.08.2018, 3 sk3; mukpopaiion «Kazaxdunbem», 17.06.2017, 2 3x3; 23.07.2018, 3 3x3, 19.08.2018, 2 3k3.
B ropax no BeicoTs 800-2300 M; mupokuii onurogutodar - Ha 30HTUIHBIX; BPEAUTENh BCEX 30HTUIHBIX,
BO3JIeJIbIBACMBIX Ha ceMeHa [15].

Orthops kalmi (Linnaeus, 1758). . Anmartsl, nmpocriekt anb-Dapabu, 16.06.2018. 3 3k3., 18.07.2017.
2 5Kk3. 17.08.2018. 3 3K3; okp. KazHY um. anp-®Papadu, 21.06.2017. 3 3x3.; 19.07.2018. 3 sk3, 18.08.2018,
3 9Kk3; mmkpopaiton «Kazaxpumem», 17.06.2017, 3 ax3; 23.07.2018, 3 5k3, 19.08.2018, 2 sx3. Ha pas-
JMYHBIX TPaBSHUCTHIX PACTEHUSX; HU3KOTOpPHBIE W cyOanbmuiickue ayra, 950-2300 M; IIUPOKHHA ONH-
ropuTodar (Ha 30HTUYHBIX ). 3apPETUCTPUPOBAH TAK)KE HA TUIOOBBIX IepeBbsX [16].

Polymerus unifasciatus (Fabricius, 1794) 1. AmMarsl, okp. peku bombmas Amvarmaka U Manas
Anmmarmaka, 15.06.2018. 3 sk3.; 18.07.2017. 2 3x3., 20.08.2018. 3 »k3.;r. Anmartsl, XKapOymak (Kazauka),
15.06.2017. 3 7k3., 18.07.2018. 2 3x3., 20.08.2017. 3 3x3.; . Anmarsl, Mukpopaiion Kapacy, 18.06.2018.
4 5k3., 16.07.2018. 3 k3, 21.08.2017. 2 5k3. Me3odurHsie pasHOTpaBHEIE JyTa, B Topax 10 800-1300 Mm;
noiudurodar (Ha nonmapeHaukax Galium v pa3IHYHBIX TPABIHHUCTHIX pacTeHUsX) [7].

Myrmecorisgracilis (R.F.Sahlberg, 1848) r. Anmarsl, npocnekT ans-®Papadbu, 16.06.2018. 3 sk3.,
18.07.2017. 3 aK3, 17.08.2018. 2 3x3; okp. KasHY um. anp-Dapabdu, 21.06.2017. 3 3x3.; 19.07.2018. 2 3k3,
18.08.2018, 3 3k3; mukpopaiion «Kazaxdmibemy», 17.06.2017, 2 3x3; 21.07.2018, 3 3k3, 19.08.2018, 3 3k3.
Ha TpaBSHUCTBIX pacTeHUsX; IIOJ JIyTOBBIMH TpaBaMH Ha CKJIOHAX B BBICOKOropbe okono 2500 M Han
yp. M.; 300¢ar. [17].

Notostiraerratica (Linnaeus, 1758). r. Anmarer, mpocmekt ams-Papabu, 16.06.2018. 2 »5k3.,
18.07.2017. 3 ax3. 17.08.2018. 2 3x3; okp. KasHY um. ans-Dapabdu, 21.06.2017. 3 5k3.; 19.07.2018. 2 3k3,
18.08.2018, 3 sk3; mukpopaiion «Kazaxpunem», 17.06.2017, 2 3x3; 23.07.2018, 3 33, 19.08.2018, 2 3k3.
Ha myroBpIX 37makoBBIX pacTeHHsSIX; B TOpax Ha IWUKUX 3JIAKOBBIX: Agropyrum, Phleum, Poa, Elymus u
ap.) [18].

Stenodema virens (Linnaeus, 1767). . AnMartbl, okp. peku boipmas Anmarunka u Manas Anma-
tuHKa, 15.06.2018. 3 9K3.; 18.07.2017. 2 3k3., 20.08.2018. 3 »k3.; . Ammarsl, JXKapOynak (Kazauka),
15.06.2017. 3 »x3., 18.07.2018. 2 »k3., 20.08.2017. 3 »3k3.; . Anmartsl, Mukpopaiion Kapacy, 18.06.2018.
4 k3., 16.07.2018. 3 k3, 21.08.2017. 2 sk3.Huskoropusie, cybanbnuiickue (850-2400 M), moiiMeHHbIe
JyTa, eJIOBOE PEIKOIEChe, MOJISTHBI U OMYIIKU JISCOB; IIUPOKUH onuropurodar (Ha JUKUX H KyIBTYPHBIX
3JIaKOBBIX ).

Halticus apterus apterus (Linnaeus, 1758). . Anmartsl, npocrekt anb-®Papadu, 16.06.2018. 3 3k3.,
18.07.2017. 3 3k3. 17.08.2018. 2 3x3; okp. KazHY um. anp-Dapabdu, 21.06.2017. 3 3x3.; 19.07.2018. 4 3k3,
18.08.2018, 3 sk3; mukpopaiion «Kazaxpunemy», 17.06.2017, 2 sk3; 23.07.2018, 3 33, 19.08.2018, 2 3k3.
Pazmuunsie MezodutHbie myra, B Topax 800-1400 m; mmpokuit omurodurodar (Ha 00OOBBIX TpaBax:
Ononis, Vicia n np.) [7].

Chlamydatus pulicarius (Fallen, 1807). r. Anmarsl, mpocrekt anb-®apabu, 16.06.2018. 3 23k3.,
18.07.2017. 3 ax3. 17.08.2018. 2 3x3; okp. KazHY um. ams-Dapabdu, 21.06.2017. 3 5x3.; 19.07.2018. 3 5k3,
18.08.2018, 3 sk3; mukpopaiton «Kazaxduaem», 17.06.2017, 2 ax3; 21.07.2018, 3 3k3, 19.08.2018, 2 3k3.
Ha pa3nuuHbIX JIECHBIX TPaBSIHUCTBIX PACTCHUSX; HA JyraX, CTCIHBIX y4acTKax, OIMYIIKaX U JIECHBIX
nonsiHax, B ropax A0 1000-1500 m; nomudurodar (Ha 6000BBIX, CIIOKHONBETHBIX U APYTUX TPABIHUCTHIX
pactenusix) [19].

Chlamydatuspullus (Reuter, 1870). r. Anmarei, mpocrekt amb-Dapabu, 16.06.2018. 3 3k3.,
18.07.2017. 3 ox3. 17.08.2018. 2 3x3; okp. KasHY um. anp-Dapabdu, 21.06.2017. 3 sx3.; 19.07.2018. 2 3k3,
18.08.2018, 3 »k3; mukpopairion «Kazaxdwmmemy», 17.06.2017, 3 2x3; 21.07.2018, 3 »k3, 19.08.2018,
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2 5k3.B ropax m Ha MOATOPHBIX paBHWHAX, Ha Jyrax; Ha OOOOBBIX, CIIOKHOIIBETHBIX M JPYTHUX TPaBsi-
HUCTBHIX pacTeHHsX. MI3BeCTeH Kak BpeauTeh 0000BBIX KyasTyp [20].

Criocorisquadrimaculatus (Fallen, 1807). r. Anmarbel, okp. peku bonpimas Anvaruaka u Manas
Anmarunka, 15.06.2018. 3 3k3.; 18.07.2017. 2 3k3., 20.08.2018. 5 3x3.;r. Anmarsl, XKapOynak (Kazauka),
15.06.2017. 3 3k3., 18.07.2018. 2 3x3., 20.08.2017. 3 3x3.; . Anmarel, Mukpopaiion Kapacy, 18.06.2018.
4 5Kk3., 16.07.2018. 3 sk3, 21.08.2017. 2 3kx3.Ha moiiMeHHBIX CpelHEYBIQXHEHHBIX M CBIPBIX JyTaXx,
cybanpnuiickux myrax, 1300-2300 m; y3kuit onuropurtodar (Ha nogmapennuke) [21].

Plagiognathus arbustorum arbustorum (Fabricius, 1794). . Anmarsr, okp. KazHY um. anp-®apadw,
21.06.2017. 3 2x3.; 19.07.2018. 2 7k3, 18.08.2018, 3 5k3; okp. Ecenraii (BecHoBka), 22.06.2017. 3 3k3.,
20.07.2018. 2 3k3., 21.08.2018. 3 »3k3.; 1. AnMarel, AnMaTuHCKUI OoTannueckuii cam, 19.06.2018. 2 3k3.,
14.07.2018. 2 5k3, 16.08.2018. 3 3k3.Ha pa3nuuHbIX TpaBSIHUCTBIX PACTEHUSX; HA JIyrax, MPeANOYUTacT
BIaXHBIE MecTa, B Topax 800-1000 m; mommdurodar (wa Urtica, Carduus, Cirsium, Melandryum)
[22].

Plagiognathus chrysantemi (Wolff, 1804) — ciemHsk Manblii JFOIICPHOBBIA.I. AJMaThl, OKp.
peku bonpmas Anmarunka u Manas Anmarunka, 15.06.2018. 3 3x3.; 18.07.2017. 2 »k3., 20.08.2018.
5 9k3.; T. Ammarter, JKapOynak (Kazauka), 15.06.2017. 3 »k3., 18.07.2018. 2 23x3., 20.08.2017. 3 3K3.;
. Anmartsl, MuKpopaiion Kapacy, 18.06.2018. 4 sk3., 16.07.2018. 3 3k3, 21.08.2017. 2 3k3. . PazHOoTpaBHO-
3nmakoBele Jyra, B ropax g0 800-1300 m; momudurtodar (Ha CIIOKHOUBETHBIX, OOOOBBIX, 3JIAKOBBIX H
JIPYTUX TPaBSIHUCTHIX PACTCHHSIX, COCET MOJIOBIC JTUCThS, OYTOHBI, IIBETKH U 3eJIeHbIe 0005I [23].

Psallus anticus (Reuter, 1876). r. Anmartsl, npocnekt ans-Dapabu, 16.06.2018. 3 »x3., 18.07.2017.
3 9k3. 17.08.2018. 2 3k3; okp. KazHY um. anp-Dapadu, 21.06.2017. 3 3k3.; 18.07.2018. 2 3k3, 18.08.2018,
3 ax3; mukpopanion «Kazaxdumemy», 17.06.2017, 2 3x3; 21.07.2018, 3 »k3, 19.08.2018, 2 sx3. Ha use,
nybe, cupee W KaparaHe, JIMCTBEHHBIE Jieca, JIyra, B JAOJIMHAX TOPHBIX PEK, B ropax go 900-1500 wm;
300¢utodar [24].

CewmetictBo Tingidae — KpyxeBHUIIBI

Acalypta gracilis (Fieber, 1844). . Ammarsl, okp. KasHY um. amp-®apabu, 21.06.2017. 3 »k3.;
19.07.2018. 33k3, 18.08.2018, 3 3x3; okp. Ecenrait (Becnorka), 22.06.2017. 3 sk3., 20.07.2018. 2 3k3.,
21.08.2018. 3 5K3.; . Anmatel, ATMaTHHCKUN OoTanudeckuii cag, 19.06.2018. 2 ok3., 14.07.2018. 2 k3,
16.08.2018. 3 »x3.Cpemu nmeTpurta, Ha TPaBSHUCTHIX pacTeHusx: Ajuga, Potentilla, Hieracium, Thymus,
Sedum; Gonee U MeHee CyXHe MeCTa, BRICOKOTOPHBIC CTEITH, IPOTPEBaEMbIC COTHIIEM [25].

Agramma confusum (Puton, 1879). 1. Anmarel, mpocrnekt ans-®Papabu, 16.06.2018. 3 ok3.,
18.07.2017. 3 ax3. 17.08.2018. 2 3x3; okp. KasHY um. anp-Dapabdu, 21.06.2017. 3 3x3.; 19.07.2018. 2 3k3,
18.08.2018, 3 sk3; Mukpopaiion «Kazaxbuism», 17.06.2017, 2 sx3; 21.07.2018, 3 5k3, 19.08.2018, 2 3x3..
B BBICOKOTOpHBIX cTermsiX, Ha cybambnuiickoMm iyry, 800-2000 M; Ha CHUTHHKOBBIX: Juncus U OCOKOBBIX:
Carex, Blysmus, Eriophorum). VIMaro m JMYWMHKM 4Yallleé BCETO JEp)KATCi Ha COIBETHSAX KOPMOBBIX
pacTteHwmit [26].

Dictylaechii (Schrank, 1782). r. Anmarsl, npocriekT anb-®apadu, 16.06.2018.2 ax3., 18.07.2017.
3 9k3. 17.08.2018. 2 3k3; okp. KazHY um. anp-Dapadu, 21.06.2017. 3 3k3.; 19.07.2018. 4 3k3, 18.08.2018,
3 9k3; mukpoparion «Kazaxbwism», 17.06.2017, 2 »sk3; 21.07.2018, 3 3x3, 19.08.2018, 2 sx3.Cambie
pa3Ho0Opa3Hbie OWOTOMBI, M30€raeT ChIPhIX W CHIIHO 3aTEHEHHBIX MECT, TOPHO-JICCHOH IOsC; Ha
Symphytum, Echium, Pulmonaria. I3BeCTHO, 4TO MMaro W JIMYMHKH MOTYT IHUTAThCS COKaMu Oojee
20 pa3nmu4HBIX pacTeHuil [25-27]. OgHakO OCHOBHBIMH KOPMOBBIMH PACTEHHSIMH WM CITy>KaT Oypad-
HUKOBBIEC (Borraginaceae).

Dictylalupuli (Herrich-Schaeffer, 1837). r. Anmarel, okp. peku bombinas AnmarnHka u Masas
Anmarunka, 15.06.2018. 3 5k3.; 18.07.2017. 2 3k3., 20.08.2018. 3 3K3.; . Anmarsl, XKapOymak (Kazauka),
15.06.2017. 3 5x3., 18.07.2018. 2 »k3., 20.08.2017. 3 »k3.; . Anmarsl, Mmukpopaiion Kapacy, 20.06.2018.
4 9k3., 16.07.2018. 3 k3, 21.08.2017. 2 3k3. Huskoropusele u cybanbnuiickue mayra, 10 2500 M; y3Kuid
onuroputodar (Hezabynka Myosotis palustris, okomHUK Symphytum u3 OypauHUKOBBIX [25].

Galeatus sinuatus (Herrich-Schaeffer, 1838). r. Anmmarsl, npocniekt ans-®Papadu, 16.06.2018. 3 3k3.,
18.07.2017. 3 ax3. 17.08.2018. 2 3x3; okp. KasHY um. ans-Dapabdu, 21.06.2017. 3 5k3.; 19.07.2018. 2 3k3,
18.08.2018, 3 sk3; mukpopaiion «Kazaxdunem», 17.06.2017, 2 3x3; 23.07.2018, 3 3x3, 19.08.2018, 2 3k3.
[IpuypodeH k omymIkam JIeCOB, 3apOCisM KyCTapHHKOB, PEYHBIM JOIIMHAM, 3aJIeKaM, HHU3KOTOPHBIC U
cybampmuiickue myra, 1000-2000 M; Ha OypadyHUKOBBIX, TYOOIBETHBIX. [10 HEKOTOPEIM maHHEIM [28, 29],
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OCHOBHBIM KOPMOBBIM PaCTEHUSM UMAaro U JMYUHKAM CITY>KUT 30TTHHK KITYOHEHOCHBIN (Phlomistuberosa),
B OTHICIBHBIX CIIyYasX KJIOMBI MOTYT ITUTAThCS Ha SICHOTKE (Lamium), mandee (Salvia).

Lasiacanthacapucinacapucina (Germer, 1837). . AnmMaTsl, OKp. peku bonbmas Anmatuaka u Manas
Anmarunka, 15.06.2018. 3 3k3.; 18.07.2017. 2 3k3., 20.08.2018. 5 3k3.; . Anmarsl, XKapOynak (Ka3zauka),
15.06.2017. 3 sk3., 18.07.2018. 2 5k3., 20.08.2017. 3 3x3.; . Anmarel, Mukpopaition Kapacy, 20.06.2018.
2 9K3., 16.07.2018. 3 3x3, 21.08.2017. 2 sk3. Ha pacTeHusix U 1ol HUMH, CPEAN PACTUTEIHLHOTO JETPUTA;
Ha OMyWIKax Jieca, B ropax 1o 800-2400 m, cybansnuiickue nyra; Ha TYOOIBETHBIX: TAMBSH Thymus u 1p.
[30].

Physatocheilasmreczynskii China, . Anmarsl, okp. KasHY um. amp-®apadu, 21.06.2017. 3 »k3.;
19.07.2018. 3 ak3, 18.08.2018, 3 3k3; okp. Ecenraii (BecHoBka), 22.06.2017. 3 »x3., 20.07.2018. 2 3k3.,
17.08.2018. 3 3k3.; . AnMarel, AIMaTHHCKHE OoTanumueckuii cam, 19.06.2018. 2 sk3., 14.07.2018. 2 3k3,
16.08.2018. 3 5x3. Ha KycTrapHuKax u JEpPEeBBAX M3 CEM. PO30OIBETHBIX; B JECHBIX OMOTOIAX, B TOpax II0
900-1300 ™ [25].

Tingispilosa (Hummel, 1825). r. Anmarsl, mpocnekt anb-®apadu, 16.06.2018. 3 sk3., 18.07.2017.
3 aKk3. .08.2018. 2 3k3; okp. KasHY um. anp-®apadu, 21.06.2017. 3 3k3.; 19.07.2018. 4 3k3, 18.08.2018,
3 9k3; mukpoparion «Kazaxbwuism», 17.06.2017, 2 »3k3; 21.07.2018, 3 3x3, 19.08.2018, 2 s>k3.Cambie
pazHoobOpasHpie Me30(UTHBIE OMOTOMBI: ToiMa, Hu3Koropuelie myra 800-1300 M, pa3pexeHHBIE Jeca,
MapKd, OKPaWHBI CaJOoB W JApPyrMe YYacTKH, Ha Ppa3IUYHBIX pPACTEHHSX, dYalle Ha TyOOIBETHBIX:
Phlomistuberosa, Lamiumalbum, Galeopsisbifida n np. bonee 10 BuIOB pacTeHHMI yKa3wBaroT [25, 26],
Ha KOTOPBIX MUTAIOTCSI B3POCIIbIE M THUNHKU.

CewmeticTBo Nabidae

Himacerusmaracandicus (Reuter, 1890). . Ammarsl, okp. KasHY wum. anp-®apadu, 21.06.2017.
3 9k3.; 19.07.2018. 3 k3, 18.08.2018, 3 »x3; okp. Ecenrait (Becnorka), 22.06.2017. 3 k3., 20.07.2018.
2 9K3., 17.08.2018. 3 3k3.; I. Anmarel, AnMaTuHCKUi OoTannueckuid cam, 19.06.2018. 2 sk3., 14.07.2018.
2 9Kk3, 16.08.2018. 3 9K3. [lepKUTCsI Ha BBICOKMX TPaBSHHUCTHIX PACTEHHIX, OCOOCHHO 30HTHYHBIX, Ha
MOYBE, WHOT/IA Ha KyCTaxX; Ha BBICOKOTPABHBIX JIyTaX M B 3apOCIAX KyCTapHUKOB B TOpax Ha BBHICOTaxX OT
400 mo 3000 m Ham yp. M. [31].

Himacerus apterus (Fabricius, 1798). . Anmarel, okp. peku bomnpmas Anmaruaka u Manas
Anmarunka, 15.06.2018. 3 2k3.; 18.07.2017. 2 5k3., 20.08.2018. 3 3K3.; . Anmarsl, XKapOymak (Kazauka),
15.06.2017. 3 sk3., 18.07.2018. 2 3k3., 20.08.2017. 3 3k3.; . Anmatsl, Mukpopaiion Kapacy, 18.06.2018.
4 »5K3., 16.07.2018. 3 3x3, 21.08.2017. 2 3x3. B nuCTBEHHBIX, XBOWHO-IIMPOKOJIUCTBEHHBIX U COCHOBBIX
Jecax, rmapkax, cajgax, MOMMEHHBIX JPEBECHO-KYCTApPHUKOBBIX 3apOCHIX, TUYUHKA 1-TO U 2-TO BO3PacTOB
Jep>Karcs B TpaBe, ¢ 3-TO BO3pacTa OHM IEPEXOIAT Ha KyCTapHUKH, a 3aTeM W Ha aepeBbs [31]; TopHBIH
JISCHOM, TIOJTHUMAETCSI B CyOaIbIIUHACKUE JIyTa.

Nabis flavomarginatus Scholtz, 1847. . Anmarsl, okp. KazHY um. anp-®apadwu, 21.06.2017. 3 3k3.;
19.07.2018. 4 ax3, 18.08.2018, 3 3k3; okp. Ecenraii (BecHoska), 22.06.2017. 3 »x3., 20.07.2018. 2 3k3.,
17.08.2018. 3 5Kk3.; . AnMarsl, AnMaTUHCKHI OoTannueckuii cam, 19.06.2018. 2 sk3., 14.07.2018. 2 3k3.;.
16.08.2018. 3 sx3. llIupoko pacrpocTpaHEH MO JECHOW M JECOTYHAPOBOW 30HaM, pa3HOTpAaBHBIE JTyra,
ONYIINKH Jieca, JICCHBIC TOJITHBI, B TOphl mogauMaercs a0 2000 M, B cyOanbIHUICKUAX JIyTax; Ha MeE30-
(UTHBIX U CBIPBIX JIyTaX; MUTAETCS MEITKUMH HaCeKOMbIMH [31].

Nabis brevis brevis Scholtz, 1847. r. Anmarel, mpocrnekT anb-®apabu, 16.06.2018. 3 k3.,
18.07.2017. 3 ax3. 17.08.2018. 2 3x3; okp. KasHY um. anp-Dapabdu, 21.06.2017. 3 3x3.; 19.07.2018. 4 3k3,
18.08.2018, 3 aK3; mukpopaiion «Kazaxdmiemy», 17.06.2017, 2 3x3; 23.07.2018, 3 5k3, 19.08.2018, 2 3k3.
JKuBeT Ha Jyrax B TpaBOCTOE, MPEUMYIICCTBEHHO HA 3JIAKOBBIX; MO0 ME30(UTHBIM y4acTKaM: 3allaJMHbI,
JYTOBUHKH OJTN3 POAHHUKOB M T.1I., IOMHUMAETCS B TOPBI 10 BBICOTHI 3600 M; 300¢ar (IMPOKO MHOTOS/ICH )
[31].

Nabisferus (Linnaeus, 1758). . AnMarbl, okp. peku Bombinas AnmaruHka U Manas AJMaTHHKa,
15.06.2018. 3 ax3.; 18.07.2017. 2 k3., 20.08.2018. 5 3k3.; . Anmarsl, XKapOymnak (Kazauka), 15.06.2017.
3 9x3., 18.07.2018. 2 »k3., 20.08.2017. 3 sk3.; . Anmarel, Mukpopaiion Kapacy, 18.06.2018. 4 sk3.,
16.07.2018. 3 a3, 21.08.2017. 2 5k3. OueHb OOBIYHBII B JIECHOW 30HE, MPUYPOUYCH TIIaBHBIM 00pa3oM K
OeperaM Mopeid, pek, 03ep M POJHUKOB, B ropax J0 BbICOTHI 2500 M; MHOTOSIHBIN BHJ, MUTAOIIUNACS
MyXaMH, TISMH, IIUKaJaMH, KIOIAMUA W APYTUMH HACEKOMBIMH; SBIISIETCS CaMbIM TOJE3HBIM BHJIOM W3
TTOJTY’KECTKOKPBUIBIX B CETHCKOM XO3SHCTBE.
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Nabisrugosus (Linnaeus, 1758). r. Anmartsl, mpocnekt anb-®Papadu, 16.06.2018. 3 k3., 18.07.2017.
3 9K3. 22.08.2018. 2 3k3; okp. KazHY um. anp-Dapadn, 21.06.2017. 3 sk3.; 19.07.2018. 4 »k3, 18.08.2018,
3 9k3; Mukpopaiion «Kazaxgpunbem», 17.06.2017, 2 3k3; 23.07.2018, 3 3k3, 19.08.2018, 2 5k3. Bpaznuunbix
O0uMoTOIAaX Ha TPABIHUCTON PACTUTEIILHOCTH, B TPABOCTOE B TCHHCTHIX MECTaX, B OCHOBHOM IIOJI ITOJIOTOM
UIMPOKOJIMCTBEHHOTO JIECa, Ha JIECHBIX MOJSHAX M OMYIIKax; B ropax o BbicoT okono 2000 m [31];
300(ar (muTaeTcs TISIMH, THTIMHKAMH [TUKAJI0K U KIOMOB-CIIETTHIKOB, IPYTHMH HACEKOMBIMH ).

CewmeticTBo Anthocoridae

Acompocorisalpinus Reuter, 1875. 1. Anmarer, npocnekt anb-®Papadbu, 16.06.2018. 3 k3.,
18.07.2017. 3 ax3. 22.08.2018. 2 3x3; okp. KasHY um. ams-Dapadu, 21.06.2017. 3 5k3.; 19.07.2018. 4 5k3,
18.08.2018, 3 sk3; mukpopaiton «Kazaxdumaem», 17.06.2017, 2 3x3; 23.07.2018, 3 3k3, 19.08.2018, 2 3k3.
Ha xBoliHbIX AepeBbsix: Abies, Picea. Larix, Pinus), momauMaetcs B Topsl 10 1200 M Hag yp. M. | BBILIE; B
JIECHOH 30HE, OOJIBITICH YacTH B TOpax; 300dar (IJIaBHBIM 00pa30M IMTUTACTCS TIISIMH).

Anthocorisnemorum (Linnaeus, 1761). r. Anmarbl, okp. peku bombmias Anmariaka u Manas
Anmarunka, 15.06.2018. 3 3k3.; 18.07.2017. 2 3k3., 20.08.2018. 5 3k3.; . Anmarsl, XKapOynak (Ka3zauka),
15.06.2017. 3 3k3., 18.07.2018. 2 3x3., 20.08.2017. 3 3x3.; . Anmarel, Mukpopaiion Kapacy, 18.06.2018.
4 5K3., 16.07.2018. 3 5k3, 19.08.2017. 2 5k3. Ha paznuyHbIX TPaBIHUCTHIX, KyCTAPHUKOBBIX U JIPEBECHBIX
pacTeHHsx, pexe Ha TpaBe; TOPHBIE Jieca, allbIUiCKYe U cybanmbnuiickue yra, 1o 1000-3000 m Hag yp. M.,
BCTpeyaeTcs B cajax, rue WrpaeT OONBIIYI0 POJIb B PETYIMPOBAHWU YUCIEHHOCTH BPEIUTENeH sSOIOHU
(ITygkoB, 1961); mmpokuii mommdar, TUTACTCA TISAMH, KJICIAMH, YEpBEIAMH, TPUIICAMH, SUIIAMH H
I'yCEHUIIAaMH COBOK, siiiniamu Miridae [32].

Orius horvathi (Reuter, 1884). . Anmarsl, npocniekT anb-®apadu, 16.06.2018. 3 3k3., 18.07.2017.
3 9k3. 17.08.2018. 2 3K3; okp. KazHY um. anp-Dapadu, 21.06.2017. 3 3x3.; 19.07.2018. 2 3k3, 18.08.2018,
3 9k3; Mukpopaiion «Kazaxdpmwiem», 17.06.2017, 2 ax3; 23.07.2018, 3 k3, 19.08.2018, 2 sx3.Ha pas-
JIUYHBIX TPABSHUCTBIX pacTeHusx: Medicago, Trofolium w np.; OT MyCTBHIHL 0 BHICOKOTOPHIA, B TTOWMaxX
pex; 3oo0dar (TIH, JTUCTOONOUIKK, TPHUIICH, MENKHWE TYCEHHIbl 0a0odek, KM W WX Sila, sHiamu
BpEIHOW Yeperantku, XjieoHoro kiomna) [33].

Orius vicinus (Ribaut, 1923). r. Anmarsl, npocrekt anb-®apadu, 16.06.2018. 3 »x3., 18.07.2017.
3 9k3. 17.08.2018. 2 3k3; okp. KazHY um. anp-Dapadu, 21.06.2017. 3 3x3.; 19.07.2018. 4 5k3, 18.08.2018,
3 5k3; Mmukpopaiion «Kazaxdmrem», 17.06.2017, 2 sk3; 21.07.2018, 3 7k3, 19.08.2018, 2 »k3.. Ha miBetax u
JIUCTBSIX PA3JIMYHBIX TPABIHHCTHIX PACTEHHUM, KYCTApHUKAX, IEPEBbIX; OT MYCTHIHb IO BHICOKOTOPHI JI0
2000 M u Oonee; 300dar (Mpokuil monudar, B OCHOBHOM IIUTOBKAMHM H JAPYTMMH MEJIKHMH Hace-
KOMBIMH) [33].

CewmeiictBo Reduviidae

Rhynocoris annulatus (Linnaeus, 1758). . Anmarel, npocrnekt anb-®apabu, 16.06.2017. 2 3k3.,
18.07.2018. 3 »K3., 17.08.2018. 2 »k3; . Anmmatel, PemusoBka, 23.06.2018. 3 3k3, 25.07.2018. 2 3k3.,
17.08.2018. 2 »x3.,0kp. KazHY um. amp-®apadu, 15.06.2018. 3 k3., 20.07.2018. 3 »k3., 15.08.2018.
3 9k3. Ha nepeBbsix: cocHa, €Jib, MOXOKEBEIBHUK, Oepe3a, JICHHHA, 0JbXa, 1y0, OCHHA; Ha Pa3jIMYHBIX KYyC-
TapHHUKAaX W TPABSIHUCTOW PACTHTEIBHOCTH: 30HTHYHBIX, OOOOBBIX, CIIOKHOIBETHBIX; JICCHAS, JIECOCTEI-
Has 30HBI, PUPEYHBIC JIeCa; MHOTOSIHBIA 300(ar (JIUCTOEMBI, OCHI, IMUENBI, TYCEHHUITI 6a00UeK U Ip.).
[34].

Rhynocoris iracundus (Poda, 1761). r. Anmarsl, okp. KasHY um. ane-®apadu, 21.06.2017. 3 3k3.;
19.07.2018. 4 sk3, 18.08.2018, 3 3k3; okp. Ecenrait (Becnoska), 22.06.2017. 3 3k3., 20.07.2018. 2 3k3.,
21.08.2018. 3 5K3.; . Anmarel, ATMaTHHCKUI 0oTanuueckui can, 19.06.2018. 2 sk3., 14.07.2018. 2 3k3,
16.08.2018. 3 5k3. PaznuuHble MpUpPOJHBIE 30HBI: OT OCTEMHEHHBIX JOJIMH U JKapKUX, MOPOCIINX PEIKO-
JIECHEM CKJIIOHOB MPEATOPHIA M HU3KOTOPUH JIO0 BRICOKOTOPHBIX JIECHBIX TIOJISTH M CYyOANBITUICKUX JYTOB IO
2000 M, Ha IEpEeBBIX, KyCTapHUKAX M TPABIHUCTON PAaCTUTEIBHOCTH; 300dar (ToACTeperaroT 00Ty Ha
BBICOKHX I[BETYIIMX PACTCHUSIX M OXOTHO JIOBAT PA3JIMYHBIX HACEKOMBIX: JIUCTOCAOB, OC, MUEJ, I'YCCHHUIIBI
0abouek u np.) [35].

O0cy:xneHue pe3yabraroB. B pesynsrare npoBEACHHBIX UCCIEIOBAHUMN BBISBICHBI U3 5 CEMEHCTB
47 BUIOB TIOITY>KECTKOKPBUILIX (TabmIuIa).

W3 mpuBeneHHOW TaONMIBI BHJHO, YTO IO BHJOBOMY MHOTOOOPa3WIO BBIJCIAIOTCS CEMEHCTBA
Miridae (27 BunoB — 57,4%), Tingidae (8 BunoB — 17,0%), Nabidae — (6 BumoB — 12,8%), Anthocoridae —
(4 Buma — 8,5%), Reduviidae — (2 Buna — 4,3%).
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BunoBoii cocTaB MoMy>KeCTKOKPBUIBIX I. AIMAaThl.

Ne CemMmeiicTBO

Busl

Yucno
BHJIOB

%

1 Miridae

Bothynotuspilosus (Boheman, 1852)
Deraeocoris punctulatus (Fallen, 1807)
Deraeocoris serenus (Douglas & Scott, 1868)
Deraeocorisventralis Reuter, 1904
Deraeocoris scutellaris (Fabricius, 1794)
Deraeocoris ruber (Linnaeus, 1758)
Adelphocoris lineolatus (Goeze, 1778)
Adelphocorisquadripunctatus (Fabricius, 1794)
Agnocorisrubicundus (Fallen, 1807)
Apolyguslimbatus (Fallen, 1807)

Apolygus lucorum (Meyer-Dur, 1843)

Liocoris tripustulatus (Fabricius, 1781)

Lygus gemellatus gemellatus (Herrich-Schaeffer, 1835)
Lygus pratensis (Linnaeus, 1758)

Orthops campestris (Linnaeus, 1758)

Orthops kalmi (Linnaeus, 1758)

Polymerus unifasciatus (Fabricius, 1794)
Myrmecorisgracilis (R.F.Sahlberg, 1848)
Notostiraerratica (Linnaeus, 1758)

Stenodema virens (Linnaeus, 1767)

Halticus apterus apterus (Linnaeus, 1758)
Chlamydatuspulicarius (Fallen, 1807)
Chlamydatuspullus (Reuter, 1870)
Criocorisquadrimaculatus (Fallen, 1807)
Plagiognathus arbustorum arbustorum (Fabr., 1794)
Plagiognathus chrysantemi (Wolff, 1804)
Psallus anticus (Reuter, 1876)

27

57,4

2 Tingidae

Acalyptagracilis (Fieber, 1844)

Agramma confusum (Puton, 1879)
Dictylaechii (Schrank, 1782)

Dictylalupuli (Herrich-Schaeffer, 1837)
Galeatus sinuatus (Herrich-Schaeffer, 1838)
Lasiacanthacapucinacapucina (Germer, 1837)
Physatocheilasmreczynskii China, 1952
Tingispilosa (Hummel, 1825).

17,0

3 Nabidae

Himacerusmaracandicus (Reuter, 1890)
Himacerus apterus (Fabricius, 1798)
Nabis flavomarginatus Scholtz, 1847
Nabis brevis brevis Scholtz, 1847
Nabisferus (Linnaeus, 1758)
Nabisrugosus (Linnacus, 1758)

12,8

Anthocoridae

Acompocorisalpinus Reuter, 1875
Anthocorisnemorum (Linnaeus, 1761)
Orius horvathi (Reuter, 1884)

Orius vicinus (Ribaut, 1923).

8,5

5 Reduviidae

Rhynocoris annulatus (Linnaeus, 1758)
Rhynocoris iracundus (Poda, 1761)

4,3

BCEI'O

47

100

[Ipu BBIIETEHUH SKOJOTHYESCKUX TPYIIIHPOBOK OLIEHUBAJICS TUANA30H MOTPEOHOCTEH KaXKIOTO BHA.
YYHUTHIBAIUCH CBEJIEHUS O PACcIIPOCTPAHEHUH, TPOPUIECKHE CBS3H U JPyTHe 0COOCHHOCTH KaXKA0TO BU/IA,
M3BECTHBIE KaK IO COOCTBEHHBIM HAOIONEHHUSM, TaK W B3STHIE M3 MHOTOYMCIEHHBIX JIMTEPaTyPHBIX
UCTOYHHKOB [5-9]. Pa3Hbie BHIIBI MOMYKECTKOKPBUIBIX UMEIOT pa3IHYHbIC TPEOOBAHUS K CTEIICHH YBIIaX-
HEHHOCTH MecTtooOuTanus. [1o 3ToMy Mpu3HaKy BBIIEIEHBI CIETYIONINE YKOJIOTHUECKUE TPYMITbl BUAOB:

— (4 ——
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Me30-KCepo(rITbl, Me30(HITBI, TUTPO-Me30(MIbl. Me30(hHIIbI HACENAIOT OTKPBITHIE U 3aTEHEHHBIE MECTO-
0oOWTaHMs ¢ YMEPEHHOU CTENEHBI0 YBIAXHECHHOCTH, B HUX OTMEUCHO 45 BHIOB. Me30oKcepopIb- 00u-
TaTeJH OCTEIHEHHBIX JIyTOB, CYXHX JIyTOBBIX CTEIEH, CyXHUX JIECHBIX MECTOOOUTaHUH. 3/1ech BCTpedaeTcs
Apolygus lucorum. I'nrpo-me30(QuUIIbI — HACENAIOT CBHIPBIE JIyra W IEpeyBIaKHEHHBIE YYaCTKH, TaKue
ouoronel Hacenset Dictylalupuli.

ITo mpuypodeHHOCTH K MecTaM OOWTaHUS MOTYKECTKOKPBIIbIE Topoaa ATMaThl OAPa3IeIsioTCs Ha
HECKOJIBKO TPYMII: JeHIpoOnOHTHl (3 BHUIA), NEHAPO-TaMHOOMOHTHI (3 BHIA), ACHAPO-XOPTOOMOHTHI
(3 Buma), TaMHO-XOPTOOMOHTHI (2 BHJA), TEPIETO-XOPTOOHOHTHI (2 BUa) U XOPTOOHOHTHI (34 BUA).

[IuTanme MOTYKECTKOKPBUIBIX YPE3BBIYAITHO pa3HOOOpa3HO, CPeAM HUX BBIIEISIOTCS (uTodaru
(27 BupoB), 300daru (13 Bunos), munerodaru (1 Bum), 300hurodaru (6 BUAOB), MOTPEOISAIONIHE KaK
pacTUTENbHYIO, TaK M KUBOTHYIO MHUIILY.

BobiBoabl. 113 0TMEUeHHBIX TOTYKECTKOKPBUIBIX JOMHHHUPYIOIMMHE 0 YHCITy BHUIOB SBISIOTCS CEM.
Miridae — 27 Bugnos, Tingidae — 8 BumoB, Nabidae — 6 BUIOB, U3 OCTaJIBLHBIX CEMEHCTB M3BECTHO BCETO 110
2-4 Buma. M3 Hux me3odunsl 45 BUIOB, Me3okcepodmibl — 1 BuI, rurpome3odut — 1 BUI, cpeam HUX
¢utodaru — 27 Bum0B, 300(paru — 13 BumoB, mutietodaru — 1 Buz, 3oodpurodaru — 6 BUIOB.

HUctounnk ¢QuuancupoBaHusi HccjaenoBanuii. Pabora moarorosiaeHa B pamkax mpoekral @
AP05133572«3ak0HOMEPHOCTH TMPOCTPAHCTBEHHOM CTPYKTYphl U OHOTONMUYECKOTO pacrlpeaeeHHs
PENKHX M XO3SHCTBEHHO-BaXHBIX BHJOB MIICKOIMTAIONIMX B 3allOBEIHBIX M PEKPEAllMOHHBIX 30HAX
Ceepnoro Tsab-111aHs Kak OCHOBA ISl ©X COXPAHEHUS M paIloHaIbHOTO Henoib3oBanms»y KH MOH PK.
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II. A. Ecendexona’, JI. O. Boken6aii’, b. E. Ec:kanos>

1KP BFM FK «3o00mnorus uactutyts» PMK, Anmarsr, Kazakcran,
an—dbapaGH areiHIarsl Kasak ynTTeIK yEHUBEpcuTeTi, AnMarsl, Kasakcras,

AJIMATBI KAJTACBIHBIH (OHTY CTIK-HIbIFbIC KASAKCTAH)
KAPTBIVTAUKATTBIKAHATTBIJIAPBIHBIH (HETEROPTERA) AJIVAH TYPJILIITT

AHHOTanusi. 3epTTey HOTWXKECiHJEe AJIMAThl KalaChIHBIH JKapThUIail KAaTTBIKAHATTBHUIAPABIH 5 TYKbIMIAachlHa
»karatelH 47 Typl aHBIKTaAbl. BymapipiH apacelHia TYp KypaMbIHBIH KOMNTIrIMEH epeKLIENeHEeTiH TYKbIMAACTap
Miridae (27 typ — 57,4%), Tingidae (8 typ - 17,0%), Nabidae — (6 Typ - 12,8%), Anthocoridae — (4 Typ — 8,5%),
Reduviidae — (2 Typ - 4,3%). Onapasiy iminge mezodunaep - 45 Typ, Mezokcepoduinep - 1 Typ, rurpomesodu -
1 Typ, Oymmapaeig apackiaga purodartap - 27 Typ, 300dartap - 13 Typ, munerodar - 1 Typ, 300durodarrap - 6 Typ.

Tyiiin ce3aep: xKapTruTail KaTTBIKAHATTEUIAP, AMatsl Kaiackl, OHTycTik-11breic Kazakcran.
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*Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: esenbekova periz@mail.ru, dinara prosto_di@mail.ru, eszhanovbirlik@qmail.com

BIODIVERSITY OF HETEROPTERA OF THE ALMATY CITY
(SOUTH-EASTERN KAZAKHSTAN)

Abstract. As a result of the research conducted in Almaty city, 47 families of true bugsinsects were identified
from 5 families. Miridae families are distinguished according to the species diversity (27 species - 57.4%), Tingidae
(8 species - 17.0%), Nabidae - (6 species - 12.8%), Anthocoridae (4 species - 8.5%), Reduviidae - (2 species - 4.3%).
True bugs of the Almaty city are divided into several groups according to their confinement to habitats: dendrobionts
(3 species), dendrotamnobionts (3 species), dendrohortobionts (3 species), tamnohortobionts (2 species), herpeto-
chortobionts (2 species) and chortobionts (34 species). Of these, 45 species of mesophyles, 1 species of mezo-
xerophiles, 1 species of hygromesophylus, 27 of them phytophagous, 13 species of zoophagous, 1 species of myce-
tophagous, 6 species of zoophytophagous.

Keywords: True bugs, Hemiptera, city, Almaty, south-eastern Kazakhstan.
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Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy),
that it is not under consideration for publication elsewhere, that its publication is approved by all authors
and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by the
Cross Check originality detection service http:/www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaTby IJ1s MyONIHUKAIMK B )KypHaIe CMOTPETh Ha caiTe:

www:nauka-nanrk.kz
ISSN 2518-1629 (Online), ISSN 2224-5308 (Print)

http://www.biological-medical.kz/index.php/ru/

Penaxrop M. C. Axmemosa, T. M. Anenoues, /[. C. Anenos
Bepctka Ha xommsrotepe /. H. Kankabexosoii

IToxmucano B meuats 06.12.2018.
dopmar 60x881/8. bymara odcernas. [Teuars — puzorpad.
4,5 n.1. Tupax 300. 3aka3 5.

Hayuonanvnas akademus nayk PK
050010, Anmamut, ya. Llesuenxo, 28, m. 272-13-18, 272-13-19



