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ADDRESSING THE GROWING BURDEN OF NCDS: RETURN
TO ALMA-ATA AND PRIMARY HEALTHCARE APPROACH

Abstract. Last year was the 40" anniversary of the Declaration of Alma-Ata. The conference organized by
WHO and the United Nations Children’s Fund proclaimed the ambitious goal - Health for All by the Year of
2000 and introduced the Primary Health Care approach that was considered as the means to achieve the goal. At the
same time, some authors think that the main Alma-Ata deficiency was the fault to clearly define the difference
between primary medical care and PHC approach, which involves universal coverage, inter-sectoral collaboration,
community-based curative and preventive services. This short report discusses the excessive alcohol consumption
and its dynamics throughout years in Kazakhstan and other post USSR countries, linking it to high rates of non-
communicable diseases (NCDs) within these countries. It also emphasizes the importance of intersectoral approach
in tackling excessive alcohol consumption that may well lead to an improved management of NCDs.

Key words: Declaration of Alma-Ata, Primary Health Care approach, Excessive alcohol consumption,
Noncommunicable diseases, mortality.

Introduction. Population health and healthcare all over the world has changed drastically within the
last few decades. Since the world community has made a progress in tackling communicable diseases,
people overall are now living longer both in low/middle-income countries (LMIC) and high-income
countries (WHO, 2018). Along with such improved life expectancies, middle-income countries have also
been experiencing demographic transition that leads to a new public health and economic problem such as
ageing.(Abegunde et al., 2007) According to official statistics, by 2030, almost 71 percent of people over
60 are expected to live in low- and middle-income countries (WHO, 2018). Furthermore, more people are
suffering from NCD’s in LMIC. Consequently, an adequate focus on ageing populations and age
associated health conditions are needed in these countries.

NCDs in the world. Rapid ageing of population is a new challenge in the management of NCD’s.
According to WHO reports (2014) ,71 percent of premature death is attributed to NCDs. In addition, as
these data states further, 15 million people between 30 and 69 years die annually, and 85% of death from
NCD occurs in Low- and Middle income countries. This could be explained by socioeconomic differences
within these countries and the ways NCDs are addressed. As an example, a systematic review by Sommer
et al., (2015) shows that low socioeconomic status in low and middle income countries contributes to
some of the NCDs’ increase including cardiovascular diseases, lung and gastric cancer, type 2 diabetes,
and chronic obstructive pulmonary disease. Numbers of other risk factors such as tobacco use, physical
inactivity, a harmful use of alcohol and unhealthy diets are also well known causes of high NCD mortality
rates (WHO, 2018). Previous studies have demonstrated the importance of modifying such behavioral risk
factors of NCDs in controlling NCD’s mortality (WHO, 2013). In that sense, an inter-sectoral approach
earlier declared in Alma-Ata conference can be applied as one of the promising tools in NCDs’
management. Therefore, this discussion will focus on potential use of inter-sectoral approach in tackling
excessive alcohol consumption, as one of the major contributors of high NCD’s mortality in Kazakhstan.
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Alcohol consumption and NCDs. Alcohol consumption is one of the important sectors of NCDs’
management. According to the latest GDB reports, alcohol has elevated to the third highest risk factors of
NCDs development among men and to the seventh among both men and women worldwide (Kisa,2018).
Correspondingly, in the last WHO Global Action Plan for the prevention and control of NCDs 2013-2020,
the harmful use of alcohol, was for the first time included in a list of NCDs’ main risk factors and
suggested to be addressed through cross-sectoral government engagement (WHO, 2013). Another action
taken to tackle NCDs took place at the Alma-Ata conference; Primary Healthcare (PHC) approach was
emerged from a synthesis of ideas and experiences from various geographical regions in addressing
NCDs. Countries such as Sri Lanka, China, and Costa Rica have achieved substantial success in
implementing this PHC approach (Tarimo, Webster and Services, 2018). However, such results are
restricted to other developing countries including Kazakhstan.

Case study: alcohol use and NCDs’ mortality rates in Kazakhstan. High mortality rates from NCDs
have long been one of the major challenges to be addressed in Kazakhstan. For example, in 2016 NCDs
were responsible for almost 86% of overall death in the country and almost 27% of them were attributed
to premature NCD mortality (WHO Noncommunicable Diseases Country Profiles, 2018). However,
alcohol is not only a problem of Kazakhstan and other former Soviet Union countries. The countries of so
called historical vodka belt experienced similar problems and exposed high taxes on strong spirits
(Doria.fi, 2018), their health indicators are among the best in the world. For example, Sweden had 46
litres of alcohol (mostly strong spirits) per capita consumption in mid-19 centuries (Vinbudin.is, 2018) but
currently has only 10 litres per capita while the spirits’ intake is approximately 15% (Doria.fi, 2018).

Kazakhstan, similar to Russia and other former Soviet Union countries, has experienced a significant
increase in CVD and total mortality since the disintegration of USSR in 1991(WHO, 2018). This,
however, was not solely a result of the collapse of the healthcare system, but rather a combination of
many economic, social and behavioral factors. It has also been demonstrated that among the diverse risk
factors of NCDs identified in Russia and former USSR countries, alcohol consumption has been one of
the major contributors of high NCDs morbidity and mortality rates (Pomerleau et al., 2008). For example,
as it can be seen in figure 1, there is an increasing gap in NCD mortality between Kazakhstan and the
Czech Republic since 1990, when the health indicators were almost equal (WHO. 2018).
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Figure 1 — Age-standardized NCD death rates per 100,000, <65 age, males, (Kazakhstan and Czech Republic)

The diagram below shows the fluctuations of age-specific all-cause mortality among males in
Kazakhstan in 1985-2012. The first sharp decline happened in mid-80" , mostly in younger age groups,
happened after Gorbachev’s measures on alcohol but mortality soared among all age groups after the
collapse of Soviet Union and following hard economic transition. Notably, that while mortality started to
decline among the oldest age group after passing the hardest time of economic transition in mid-90",
mortality among younger age groups remained highly stable and even have been increasing in the time of
economic growth in 2000™.
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Figure 2 — Age-specific all causes mortality trends, males, Kazakhstan,1985-2012

In Kazakhstan, major changes in mortality rates have occurred within the last few years. Age-
standardized all-cause and NCD/CVD mortality rates declined dramatically over the period 2008-2015
(by 29%), for both men and women (Who.int, 2018). The NCD/CVD mortality trend was mirrored by
changes in mortality from accidents, traumas and poisoning (figure 3), and was accompanied by more
than 20% decrease of homicides and suicides - rates which can be considered proxies for hazardous
alcohol consumption (WHO, 2018).
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Figure 3 — CVD mortality and accident mortality trends in Kazakhstan, 2008-2012
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These mortality trends also coincided with a decrease in strong spirits production and sales and an
alcohol tax increase (table) (Esc365.escardio.org, 2018). There seems to be a shift from vodka in all-cause
mortality was steepest among younger age groups, and much consumption towards beer and wine use,
while the government has also introduced successful tax policies on various alcohol beverages (Davletov
et al., 2015). The decline less pronounced or even barely detectable in older age groups. These findings
are consistent with the hypothesis that alcohol consumption was the main factor influencing the decline of
NCD and all-cause mortality (Davletov K. et al., 2016).

Mortality, vodka price and tobacco sales trends in Kazakhstan,

2006-2013

2006 2007 2008 2009 2010 2011 2012 2013
CVD mortality per 100,000 408 404 377 341 348 305 275 215
All-cause mortality per 100,000 980 970 918 845 856 819 787 723
Accidents mortality per 100,000 150 145 126 107 109 103 98 91
Retail vodka sales (million litres)* 56 53 65 48 23 27 27 34
Min. vodka price, KZT 160 258 357 500 600 640 640 640
Aver. vodka price, KZT 358 496 520 618 1365 1380 1462 1507
Retail tobacco sales (thousand boxes)* 177 136 126 99 64 51 55 33
Aver. sigarettes box price, KZT 47 63 73 82 131 139 157 1940

*Estimated by dividing total sales per year to average price.

These assumptions might indicate that excessive premature NCD/CVD mortality in Kazakhstan is
driven mostly by dangerous alcohol consumption. Therefore, consistent policy measures on reduced
alcohol consumption, such as sustained tax increases, should be continued to sustain mortality reduction.
Intersectoral collaboration that is a part of PHC approach, first time outlined in Alma Ata declaration,
may produce larger effect compared to other prevention programs.

Thus, NCDs should be seen as a challenge for all sectors and reflected in policy across sectors. In
line with the spirit of Alma-Ata, government health ministries has to create partnerships with other
sectors, agencies and communities to develop inter-sectoral policies which address the determinants of
inequities and ill-health ( Tarimo, 1997). Governments has to develop multi-sectoral national NCD plans
to reduce exposure to risk factors and consider the development of national targets and indicators (NCD
Action Plan)

In conclusion, by taking advantage of the 40th anniversary of the Alma-Ata declaration, it is time to
revitalize the real meaning of Alma-Ata Declaration in relation to NCDs to address the situation where the
most of risk factors lie outside of direct control of health sector.
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"KoraMabIK IeHCAYIIBIK caKTay MeKTeOi, ¥ITTHIK MEIULIUHA YHHBepcuTeTi, Anmarsl, KazakcraH.
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7KEA-JBIH OCIII KEJIEXKATKAH AYBIPTHAJIBIFBIMEH KYPECY:
AJIMA-ATA JEKJIAPAIIUSICBI MEH HET'I3I'T JEHCAYJIBIK CAKTAY TOCIJITHE OPAJTY

AHHoOTaUMsA. BEUITEIPFBI KBUT ANIMaThl aekinapanuschiabie 40 xpuasirsl 00masl. JJJICY men bipikken ¥irrap
YitpiMbl bamanap kopeIMeH YHUBIMIACTBIPFaH KOH(GEPEHIIHUA A OpIIiT MaKcat xapusutanasl - 2000 xblIFa Kapaid 6ap-
TeIFBIH JleHcaynmbIKeH KaMTy koHe Herisri JleHcaynbIK cakTay TOCUIi TaHBICTBIPBUIABL. By Tocin MakcaTKa JKeTy
Kypajbl 00JbIn KapacTelpbulasl. COHBIMEH KaTap KehOip aBTOpJapIbIH OHbIHING, AJiMa-ATa JeKIapaiusChbIHbIH
0acTbl KEMILUITI alFalKsl MEIUIMHAIIBIK KOMEK IeH AJFaiukel [leHcaylblK cakray Tocili apachlHAarbl albIpMa-
IIBUTBIKTBI aHBIK JKETKi3e ajaMaybl OONbIN TaObuTazbl. AJFaiikel JleHcaynbK cakTay TociTiHEe omOeOam Kamrty,
caylaapajblK BIHTBIMAKTACTBHIK, KOFAMFa HETI3ZCNTeH EMIIK JKOHE MPOQHIAKTHKAIBIK KBI3METTEp JKaTaibl. by
KbIcKama OasHmamana Kaszakcrammarel xoHe Oacka ga Oypeiarel KCPO enmnepinieri alkoroyipIi IIaMajaH ThIC
TYTHIHY OHE OHBIH JKbUIIAp OONFBI AMHAMUKACHI, OCBIFaH opail ockl enaepaeri JXEA-IbIH jKOFapFbl KOPCETKIITepi
tankbuianaapl. COHbIMEH Katap Oy OasHaamaga [IaMajiaH ThIC AJIKOTOJB/AI TYTHIHYIbI JKOKJA CEKTOPaPAabIK
KO3KapacThIH MaHBI3BUIBIFbIHA Oaca Hazap ayaapeuiansl. byt e3 keseringe JKEA-np1 6ackapyasl )kakcapTyra oKemyi
MYMKIiH.

Tyilin ce3nep: Anmma-Ata nexmapanwmscel, Herisri JleHcaynslK cakray Tocinmi, AJKOTONBAI IIAMagaH THIC
TYTHIHY, JKYKOamsr emec aypyiap, eJIiM-KiTiM.

K. K. JlaBaeros!, Maptun Makku?, A. K. MbIpkacbiMoBal,
P. A. Xoxamkya!, B. A. Uckakosa!, K. A. Apsbikynos’

MIxoxa O6mIecTBEeHHOTO 31paBooXpaHeHus, HannoHanbHbIi MeIMUMHCKUN YyHUBEpCUTET, AnMarsl, Kazaxcran,
2 Hentp 3nopoBes u ConmansHex V3meHennit, JIOHIOHCKAs MIKOJIA THTHEHBI ¥ TPOITMYECKOW MEIUIIHEI,
JlonnoH, BemkoOpuranus,
3Otnenenne 6uonornu u Mmeaumuael, HAH PK, Kinunanka «Almaty SEMA Hospital», Anvatsr, Kazaxcran

OTBEYAS HA PACTYLIEE BPEMSI HU3:
BO3BPAT B AJIMA-ATHHCKOMU JEKJIAPAIIUU U ITIOAXOAY IIMCII

AnHotanus. B nponuiom roay ucnonamiock 40 jer Anma-ATuHCKO# aeknaparuu. Koudepenius, opra-
HuzoBanHas BO3 u lerckum ¢onnom Opranmzanun O0benuHeHHbIXx Hanuit, nmpoBo3riiacuiza aMONMIIMO3HYO LETb -
3nopoBbe i Bcex K 2000 roay u BIEpBbIe MpeICTaBWIA IMOAXOJ MEPBUYHON MEIUKO-CAaHMTAPHOW MOMOLIH,
KOTOPBIN paccMaTpHBAJICS KaK CPEICTBO JIOCTIKEHUS 3TOU Lenu. B To jxe BpeMsi HEKOTOpbIE aBTOPBI CUHUTAIOT, YTO
OCHOBHBIM HemocTaTkoM Jlekmaparun AnMa-ATel OBUTO YETKOE OIpEeeNieHIe Pa3InIuid MEXIY MEPBUYHON MeIu-
MUHCKON ITOMOIIBIO U Tak Ha3biBaeMbIM moaxogoM [IMCII, koTopsiii BKIrodaeT B ce0s BCeoOImMid 0XBaT, MEKCEK-
TOpaJIbHOE COTPYIHWYECTBO, JIeUeOHBIE M NPO(WIAKTHYECKHE YCIYT'H Ha YpOBHE coobmiecTBa. B 3T0#l cTarhe
o0cyxaercst Upe3MepHOe MOTpeOIeHNE alKoroiisl Ha MPOTSLKCHWH MHOTHX JeT B KasaxcraHe m Ipyrux cTpaHax
IIOCTCOBETCKOTO IIPOCTPAHCTBA M OOCYXKIAeTCs CBA3b IOTPEOJIEHHs aJKOTONs C BBICOKHM YpPOBHEM HEMH(EK-
nMoHHBIX 3a0oneBanuii (HU3) B aTux cTpanax. B cratbe 0cOOEHHO MOMYEPKUBAETCS BAXKHOCTh MEKCEKTOPAILHOTO
nojxoja B 60opr0e ¢ Upe3MepHBIM NMOTPEOICHUEM AJIKOTOJIsl, YTO JIOJDKHO IPUBECTH K YilyulieHuto cutyanuu ¢ HU3.

KuaroueBsie ciioBa: Declaration of Alma-Ata, Primary Health Care approach, Excessive alcohol consumption,
Noncommunicable diseases, mortality.
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TREATMENT OF COMPLEX INTERNAL CAROTID ANEURYSMS

Abstract.

Introduction: Nowadays different treatment modalities used in the treatment of complex internal carotid artery
aneurysms.

Aims: Retrospectively evaluate the results of different treatment modalities other than direct clipping at single.

Design of the study: Retrospective cohort study.

Methods and Material: Clinical presentations, radiological data and outcomes of 64 patients with complex ICA
aneurysms evaluated. 15 patients were male, 49 were female with mean age 53 years old.

Results: Follow up period ranged from 3 to 96 months. Parent artery ligation was performed in 12 cases and
direct proximal clip placement in 1 case. Endovascular embolization of the aneurysm by coils was performed in
6 cases. Deployment of flow diverter device done in 13 cases. Combined strategy including preliminary bypass with
further parent artery occlusion applied in 23 cases. Endovascular occlusion of the parent vessel by coils was done in
9 cases. Surgical morbidity was 20,3%, mortality 3,1%. Outcomes were evaluated by Modified Rankin Scale.

Conclusion: Precise assessment of collateral cerebral blood flow is an important stage in the preoperative
planning. Despite new endovascular techniques, EC-IC bypass technique has very important role in the treatment of
complex aneurysm. Trapping the aneurysm is still effective and minimally invasive option in selected cases.
Combined team approach, with treatment modalities other than direct clipping for complex aneurysms can minimize
postoperative morbidity with good outcomes.

Key-words: complex aneurysms, internal carotid artery, EC-IC bypass, flow diverter devices.

Introduction. Despite new endovascular and surgical treatment options, complex intracranial
aneurysms are still a big challenge [1-5]. Complex aneurysms recognized as big or giant size, with broad
calcified neck, fusiform shape, intraluminal thrombus, branches arising from the aneurysm, athero-
sclerotic wall of the aneurysms, absence of collateral blood flow[1, 2, 4, 6-9]. These features make such
aneurysms difficult for direct surgical treatment with high level of morbidity and mortality [10-22].

For complex aneurysms, multidisciplinary, neurosurgical and interventional neuroradiology team
approach is necessary. The aim of the study was to retrospectively evaluate the efficacy, safety and
outcomes by methods other than direct clipping.

Subjects and Methods. We conducted retrospective study following experience at our department,
between July 2008 and December 2018 to estimate the results of treatment modalities. The review of
medical records found 64 patients who underwent endovascular, surgical and multimodality treatment.
We reviewed characteristics of aneurysms, treatment modalities, follow up data and results.

Patients characteristics. Using the criteria of complex aneurysms (table 1) 64 consecutive patients
with 64 aneurysms were included into the study. Among 64 patients 15(23,4%) were male, 49(76,6%)
were female. Patients age ranged between 19 and 72, with mean age of 53+11,4(Me£SD) years old.
Patient’s demographic data, clinical presentation, size and configuration of the aneurysm evaluated res-
pectively (table 2). Aneurysm sac size ranged between 11 to 51 mm, with mean size 30+7,9 mm
(Me+£SD). Size of the neck ranged between 4 to 30 mm, mean size was 10£5,3mm(Me+£SD). In 7 cases
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fusiform configuration of the aneurysm was revealed. The most frequent location of the aneurysms was
paraclinoid (43,8%) and cavernous (35,9%) and aneurysms in the supraclinoid part were found in 20,3%.
We did not found significant difference between sex and aneurysm location. In 10(15,6%) cases patients
had a history of aneurysmal intracranial bleeding, in 54(84,4%) cases aneurysms were unruptured. Cranial
nerves palsy was the leading symptom in clinical presentation in 24(37,5%) cases, 23(35,9%) patients
suffered from headache and visual disturbance was found in 17(26,6%) cases.

Table 1 — Criteria for ICA complex aneurysm

Criteria for complex aneurysm Features
Size >11 mm
Neck >4 mm
Shape Regular/Fusiform
Atherosclerotic changes of parent artery, aneurysm dome and neck Yes/No
Intraluminal thrombus Yes/No
Absence of collateral blood flow Yes/No

Presence of >3 of listed factors make aneurysm complex.

Table 2 — Patient’s characteristics

Number of patients 64
Number of aneurysms 64
Mean age 53
Headache 23
Cranial nerves palsy 24
Visual disturbances 17
Ruptured/ Unruptured 10/54
Aneurysm size giant/large 56/8
Cavernous 25
Paraclinoid 21
Supraclinoid 18

Collateral cerebral blood flow assessed by routine balloon test occlusion. Patients treated by endo-
vascular intervention, parent artery occlusion, trapping the aneurysm by bypass surgery or combination of
listed methods. Clinical, radiological and angiographic follow up was available. Follow up period ranged
between 3-96 months. Outcomes of the treatment assessed by Modified Rankin Scale.

Treatment strategy. Treatment strategy was based on preoperative clinical, radiological and angio-
graphic examination by our multidisciplinary team. Flow chart of treatment strategy presented in table 3.
In our department, neurosurgeons are able to perform both microsurgical and endovascular cases. Preope-
rative assessment of collateral cerebral blood flow performed by double catheter balloon test occlusion.
Patients who did not tolerate 30 minutes temporary parent vessel occlusion with 15 minutes drug induced
hypotension selected for EC-IC bypass with further endovascular intervention or parent artery occlusion.
Selection for either low or high flow bypass done according to anatomy of collateral vessels. Low flow
bypass selected in cases when we had to protect of only one territory, such as middle cerebral artery. If
there were no any collateral arteries and necessity to cover two main ACA and MCA territories we
performed high flow bypass surgery. In some cases, during the angiography and BTO we observed
elevation and compression of A1 or M1 segment by aneurysm dome. These patients also underwent
preliminary low flow bypass procedures even if they tolerated BTO. This strategy used because of awa-
reness of aneurysm thrombosis, growth and further compression of collateral arteries that could lead to
insufficiency of blood circulation and ischemic complications.
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Table 3 — Modified Rankin Scale at the time of discharge.

Modified Rankin Scale Patients number
0 17
1 32
2 8
3 5
4 0
5 0
6 2
Total 64

Surgical treatment included Hunterian parent artery ligation in 12 cases and direct trapping of the
aneurysm by proximal and distal clip placement in 1 fusiform aneurysm case. Endovascular embolization
of the aneurysm by coils with balloon or stent assistance was performed in 6 cases. In 13 cases we de-
ployed flow diverter devices. Combined strategy including preliminary bypass surgery with further sur-
gical or endovascular intervention was applied in 23 cases. Endovascular occlusion of the parent vessel by
coils was done in 9 cases.

Hunterian ligation performed in aneurysms located in the cavernous and paraclinoidpart of the ICA.
At our later experience, we started to occlude aneurysms located at the paraclinoid and supraclinoid
segments by coils at the origin of the ophthalmic artery. This technique implemented because of risk of
remnant filling of the aneurysm through external carotid artery system anastomosis.

Results. At the time of data collection, 54 patients (84%) were available for follow up. Follow up
period ranged between 3 to 96 months with mean period of 15 months. We observed significant preva-
lence of female patients among males, and mean age of male was lower than female. Immediate postope-
rative exclusion of the aneurysm from the circulation was achieved in 61 cases (95,3%). In two cases
there was a remnant filling of the aneurysm through meningeal anastomosis from the external carotid
artery. These aneurysms were located in the cavernous part of the ICA and did not require additional
treatment. Third patient underwent EC-IC bypass and parent artery ligation for ICA supraclinoid aneu-
rysm. On postoperative DSA there was a tiny retrograde filling of the aneurysm through ophthalmic
artery. He suffered subarachnoid hemorrhage after two weeks of discharge. He was readmitted to the
hospital and underwent additional endovascular embolization of parent artery and remnant aneurysm
through the anterior communicating artery. In the group of endovascular embolization with coils, one case
of giant aneurysm required second attempt due to significant recanalization of the sac. Combined strategy
using bypass procedures with further surgical or endovascular options were performed in 23 cases.
16 patients underwent single STA-MCA bypass, in 6 cases we have done high flow bypass using radial
artery graft, in 1 case we created double STA-MCA bypass. After creating an EC-IC bypass patients un-
dergone parent artery occlusion in 18 cases or deployment of flow diverter in 5 cases. Because of small
number of in stent thrombosis during our initial experience with flow diverter stent, we did protective
bypasses before stent deployment in cases of unfavorable anatomy, insufficient collateral cerebral blood
circulation and potential risk of parent artery occlusion due to stent thrombosis. Bypass patency was
evaluated using digital subtraction angiography. Early bypass occlusion, during 7 days after the procedure
occurred in 2 cases. The longest follow up of bypass patency is 60 months. Surgical associated permanent
morbidity occurred in 13 cases (20,3%), two patients (3,1%) died after endovascular stent assistant
embolization with coils due to the in stent thrombosis and severe ischemic stroke. At the time of discharge
from the hospital outcomes evaluated by Modified Rankin Scale (table 4). Modified Rankin Scale 0 and 1
observed in 49 cases, score 2 was in 8, in 5 cases patients were discharged with score 3. Two patients had
score 6. No new aneurysm formation detected. Among patients who were available for MRI follow up,
significant aneurysm size decrease observed in cases with parent artery occlusion.
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Table 4 — Flow chart of treatment strategy

ICA complex aneurysm (MRA, CTA)
DSA
BTO

Negative Positive

Hypoplasia or
stenosis of ACoM, Al.

Elevation or
Compression of A1,
M1 by aneurysm EC-IC bypass
Infraclinoid aneurysm Supraclinoid
aneurysm Infraclinoid aneurysm s
Supraclinoid
.(mt_-ury'_u'l'l
Fmtrtan Endovascular . : [Ill'i'l';d\i ular
Endovascular ligation _ : . Hasbitin govascl
procedure(PAO by pw(:mh.m_ o Endovascular S procedure
coils flow diverter) (PAO at the origin  procedure(Pa0 8310 (PAO at the origin
of ophthalmic by coils,flow of ophthalmic
artery by coils, diverter) artery by coils,
flow diverter) flow diverter)

Discussion. The aim of the treatment of any aneurysm is a total exclusion from the blood circulation.
Treatment modalities for complex intracranial aneurysms located at the ICA are still an object for
discussion. Both microsurgical and endovascular techniques faces big challenges during the management
of these lesions. There are several causes, which are associated with poor outcomes, such as giant size of
the dome and neck of the aneurysm, fusiform or dolichoectatic shape, calcified atherosclerotic neck,
branches arising from the aneurysm. Such features make these lesions extremely difficult for direct
microsurgical clipping or endovascular embolization. However, we think that more aggressive approach
for complex aneurysms must be used due to the poor natural history.

According to our retrospective study, we have concluded the importance of multidisciplinary team
approach, including neurosurgical and interventional points. Preoperative precise radiological and angio-
graphic assessment of the aneurysm’s dome and neck configuration, presence of intraluminal thrombus
and branches arising from the aneurysm should be performed. Special attention to the cerebral collateral
blood flow, especially in cases with potential risk of the parent artery occlusion. BOT is a safe and
effective method to make a prognosis about tolerance in case of parent artery occlusion [23]. However,
there are some reports of ischemic complications even when patients tolerate the BOT [24-28].

In recent report, we performed BOT in all cases, which were scheduled for potential parent artery
occlusion. In case of absence of any collateral blood circulation BOT cancelled immediately and we
created high flow bypass. Another reason for declining the BOT was hypoplasia of A1 segment of ACA,
compression of the A1 or M1 segment by the sac of the aneurysm. In such cases, we decided to create
protective low flow bypass. Our decision based on after the acute abruption of the flow in the parent
artery and aneurysm there is an increasing volume of the aneurysm due to the thrombosis, that may cause
further compression of the surrounding brain tissue and vessels, which may be the reason of ischemic
complications and worsening of neurological signs [29, 30]. We have our own experience when a patient
tolerated temporary balloon occlusion of the parent artery with further ICA sacrifice. Postoperatively we
observed severe neurologic deficit due to the insufficient collateral circulation, emergency EC-IC bypass
was performed and a patient did well after the surgery.

— |4 ——
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Volume decrease of the aneurysm is an important factor, especially in cases with mass effect causing
neurological deficit. Parent artery occlusion is related with higher rate of aneurysm sac shrinkage and
improvement of symptoms caused by aneurysm size [31-33]. In our experience, among patients treated
with therapeutic parent artery endovascular or Hunterian ligation, we could detect significant aneurysm
size reduction.

In the past decades, endovascular occlusion of the aneurysms became the first line option in many
centers. Outcomes of endovascular treatment of aneurysms became better due to new instruments and
devices. However, in some series endovascular management of complex aneurysms is associated with still
high rates of recanalization, morbidity and mortality [34]. Introduction of new flow diverter devices
promises improvement of the results of endovascular methods. Deployment of flow diverter stents is
associated with low level of complications, higher occlusion rates in cases of regular shape aneurysms
[35]. Higher morbidity rates of flow diverter deployment occur in cases of complex, giant aneurysms with
wide neck [36-38]. In ourinitialseries we encountered technical issues, such as flow diverter migration,
stent thrombosis with further occlusion of the parent artery. These complications led to severe ischemic
stroke and death in 2 cases. According to this, in our later cases when we anticipated to deploy flow
diverter, we created protective bypass if there are no anterior and posterior communicating arteries.

Since the introduction of EC-IC bypass by Yasargil, treatment options for complex aneurysms
obtained new opportunities [39]. Trapping the aneurysm by microvascular anastomosis is commonly used
worldwide. Complex anatomy of the aneurysm makes complex aneurysms impossible for clipping or
endovascular methods. In such cases, EC-IC bypass with further parent artery occlusion sometimes is the
only treatment option. Recent reports demonstrated safety, high occlusion rates and long term bypass
patency [40]. Furthermore, described bypasses are used as rescue tool in situations of parent artery
occlusion and cerebral blood flow insufficiency [41]. At our center, preliminary EC-IC bypass with parent
artery occlusion was performed in 22 cases. Current report shows high rates of the aneurysm occlusion,
long term bypass patency, and acceptable level of morbidity. In this group, we did not experience any
mortality.

The strategy for parent artery occlusion is still controversial. In cases of ICA sacrifice, when the
aneurysm is located in the paraclinoid or supraclinoid part there is a risk of remnant flow through the

L

Figure 1 — Female, 58 y.o. Giant aneurysm of the cavernous part of ICA. Ligation of the ICA was performed.
A, B, C preoperatively. Follow up after 6 months (D, E, F): aneurysm is occluded completely.
The size of the aneurysmdecreased significantly
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Figure 2 — Female, 36 y.o. Giant aneurysm of left paraclinoidICA (A, B ,C). STA-MCA bypass with endovascular occlusion

of ICA at the level of ophthalmic artery origin. MRI and DSA after 6 months demonstrates exclusion of the aneurysm,
volume decrease and bypass patency (D, E, F)

Figure 3 — Female, 51 y.o. with giant aneurysm of paraclinoid left ICA (A, B, C). High flow bypass
with endovascular occlusion of ICA. Follow up after 12 months (Pictures D, E, F):
exclusion of the aneurysm, bypass patency and aneurysm volume decrease
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branches of external carotid artery. Vessels such as ophthalmic or meningohypophyseal trunk sometimes
can lead to significant aneurysm filling, with reported cases of rupture and aneurysm growth [42]. Our
experience with 15 patients when we performed parent artery occlusion in the cervical part of ICA with or
without creation of EC-IC bypass showed remnant filling of the aneurysm through ophthalmic artery only
in 3 cases. As described previously one of these patients suffered subarachnoid hemorrhage and under-
went another surgery. However, now the mechanism of this hemorrhage is not clear. Of course, some of
the paraclinoid aneurysms in our series we could perform clipping as well, but our early and midterm
follow up of surgical ligation or endovascular ICA occlusion showed good results and low rates of
complications.

Conclusion. Current article summarized data of patients with complex internal carotid artery
aneurysms treated at single center by methods other than direct clipping. According to our results, assess-
ment of collateral cerebral blood flow is an important stage in the preoperative planning. Major com-
plications in our study were associated with ischemia due to the insufficiency of cerebral circulation. We
conclude that whatever treatment option planned, one should pay precise attention to the potential risk of
major vessels occlusion. Even in the era of flow diverters, EC-IC bypass technique has very important
role in the complex aneurysm management. Parent artery occlusion is still effective and minimally
invasive option, but to estimate the results, we need longer follow up and comparison with other treatment
modalities. In cases with flow diverter devices risk of complications is higher in the aneurysms with very
wide neck, stenosis and severe tortuosity of parent artery. Combined team approach of surgical and
endovascular modalities for complex aneurysms can minimize postoperative morbidity and helps to
achieve good outcomes.
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"¥nrreiK Helipoxupyprus Optansirs” AK, TaMbIpiisl )koHe (QYHKIIMOHAIIBI HEHPOXUPYPrHst Oestiminect,
Acrana, Kazakcran

IIIKI KYPETAMBIPABIH KYPJIEJII AHEBPU3MAJIAPBIH EMJIEY

Tyiiinaeme.

Kipicne: Ka3ipri yakpITTa imKi KypeTaMbIpABIH KYPAET aHeBpH3MaJaphlH eMACYAiH OpTYpJii omicTepi Koinxa-
HBUIYJA.

Makcampi: Oip OpTaJbIKTa OPBIHIAIFAH TIKEJICH KIMIICTEYCH 0acKa eMICy/IiH opTYpii 9JiCTEPiHiH KOPBITHIH-
JIbLIAPbIH PETPOCIICKTUBTIK Oaraay.

3epmmey Ouzaiinvl: PETPOCIICKTUBTI MIOFBIPIIAMAIIBIK 3EPTTCY.

9dicmepi men mamepuanoapsl. IIKi KypeTaMBIpABIH KYPIETi aHeBpU3Malapel O0ap 64 MalueHTTIH PEHTTCHO-
JIOTHSUTBIK IEPEKTEPi XKOHE eMJICY HOTIKeIepi, KIIMHUKAIBIK CYpeTi Talganapl. 15 manueHT — ep agaM, 49 mamuenr —
olien ajam, opTaia jKackl 53 KacThl KYpaJbl.

Homuoicenepi. Onepanusiman keidinri Oakpiiay keseHi 3 aiiman Oactam 96 aifra mediHri Mep3iMIi Kypazbl.
12 xarmaiima TackIMaiIayIIbl apTepPHSHBI JKaybIIl TacTay >kKoHe | jkarmaina imIki KypeTaMBIPABIH HPOKCHMAJJIBI
TiKeJIeH KIWICTEY OPBIHAANABL. 6 jKarmaiila MUKpOCTIHPaJIbAapbIMEH aHEBPU3MAaJIapAbIH AHIOBACKYJIPIBIK dMO0-
TU3AIMACH OpBIHAANABL. 13 Karmalioa aFrbIHOBI KaiiTa OarbITTAayIIbl CTEHTTI OpHATy OpBIHAANABL. 23 Karmaiima
TachIMaJJIaylllbl APTEPHUSHbI KCHIHHEH OKKIIIO3MSIAyMEH JKCTpa-KpaHWAJIbl aHACTOMA3[bl albIH-aja Cay/bl
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KYpaWuThIH OIPIKTIPUIreH CTpaTerdsl KOJMAaHbLIABL 9 >Karaiga MHKPOCHHPabAaphIMEH IIIKI KypeTambIpiIapablH
9HJI0BACKYJISIPIIBIK, OKKITFO3UsICBIOpBIHAAN b Onepaiusigan kerinri ackeinynap 20,3%, emim-xitim 3,1% Kypaspl.
Hotwmwxkenep PoHKUHHIH TYpIICHAIPUITEH IIKaJackl OOWbIHIIA OaraiaHIbl.

Kopvimeinovr. Komnatepaiaplk MUBIH KaHAFBIMBIH Oarajiay Oreparivsi ajiblHIaFrbl )KOCIapJaydblH MaHbI3IbI
Ke3eHI Oonbin caHamansl.)KaHa 3HIOBACKYIAPIBIK OMICTEpre KapamacTaH, KypJelli aHeBpU3Malapibl eMICYe
9KCTpa-KpaHHUAIbl aHACTOMA3 JJIICI MaHBI3IbI POJII aTKapaasl. TachiMasayibl apTEPUSHBI OKKIIIO3HS JKOJIBIMEH
aHEeBPHU3MaHbI OKKJIIO3MsUIAy dJTi JIe THIMJII XKOHE IIAFbIH MHBAa3HsUIBIK eminapa. Kypaeni aneBpu3Manapabl KIHIIC-
TeyneH Oacka OIpIKTIPIITeH TONTHIK TOCUT ONMEpalUsIaH KeWiHT1 acKbIHYJIapAbl OH HOTIDKEI JKarmaiimapra JeiiH
JKETKI3€ alaibl.

Tyiiin ce3mep: KypIem aHeBpH3Malap, iMKi KypeTamblp apTepHsiCHl, SKCTpa-MHTPaKpaHUAIABl aHACTOMO3,
arbIHJIbI KalTa OAFBITTAYIIbI CTCHT.

A. Kanues, E. MaxambertoB, E. Meneros, M. Kyamup3aes, C. /lrocembaes,
b. Kynakoaes, U. Hypumanos, C. AkmyJ1akos

AO Hanwmonanensiit Lentp Helipoxupypruu, oTaeneHue cocyiucToi 1 yHKIMOHAILHON HEWPOXUPYPIUH,
Acrana, Kazaxcran

JEYEHME CJIOKHBIX AHEBPU3M BHYTPEHHEN COHHOI APTEPUMA

AHHOTALMA.

Beeoenue: B HacTosIIEE BpEMS IPUMEHSIOTCS pa3IMYHbIE METOIBI JICUCHHUSCIOKHBIE aHEBPU3MBI BHYTPEHHEH
COHHOM apTepuu.

Llens: peTPOCHEKTHBHO OIIEHUTH PE3YJABTATHl PA3IMYHBIX METOMOB JIEYCHHUS, KPOME MPSIMOTO KIUITHPOBAHU
BBITIOJTHEHHBIX B OAHOM LIEHTPEC.

Jluzaiin uccneooganus: peTpoCHeKTUBHOE KOTOPTHOE UCCIIEI0BaHHUE.

Memoowvr u mamepuansl. BbUTM TIPOAHATM3UPOBAHBl KIMHUYECKAsKapTUHA, PEHTTEHOJIOIMYeCKUe JaHHbIe U
pe3yabrarsl jedeHus: 64 nalueHToB COCIOKHbIMU aHeBpusMaMu BCA. 15 nauneHToB — My>X4uHbI, 49 — >KEHUIUHBI,
cpenHui Bo3pact coctaBmi 53 roja.

Pezynomamer. Tlepuon mocieonepanioHHOTO HAaOMIONEHUsT cocTaBui OT 3 10 96 Mecsnes. JlurmpoBaHue
HeCyIIel apTepruy OBLTO BBITIOIHEHO B 12 ciiydasx W MpsMoe KIAIMUPOBaHe IpokcuManbHOTo otaena BCA B 1 ciry-
gae. DHIOBACKYJsIpHAs AMOOIHM3aMs aHEBPH3MBI MHUKPOCIHUpPAISIMA ObIIa BBITONHEHA B 6 CIydasx. YCTaHOBKa
MOTOK TIEPEHATPABIIAIONIETO CTEHTA BBHIMOJIHEHO B 13 cimywasx. KoMOMHMpOBaHHAsI CTpaTerus, BKIIOYAIONIAs TIPEa-
BapHUTENbHOE HAJIOKEHHE SKCTPa-MHTPAKPAHHAIFHOTO aHACTOMO3a C MOCIEeIYIONIEH OKKITI03Uel HecyIiel apTepuH,
mpuMeHeHa B 23 ciydasx. DHAOBAcKyIsipHas OKkiIro3usi BCA Mukpocnmpansimu BeIonHEeHa B 9 cirydasx. Ilocne-
onepanroHHble ociokHeHus coctaBwm 20,3%, meramsHocTh 3,1%. Pesynprarhl oneHHBANIHCh O MOAM(UIIUPO-
BaHHOM 1IKasie PaHKKHA.

3axnrouenue. OnieHKa KOJUIaTepaJIbHOTO MO3TOBOIO KPOBOTOKA SIBJISIETCS BaYKHBIM ATAIIOM MPEAOIEPallMOHHOTO
IUTaHUPOBaHKs. HecMOTpsl Ha HOBBIE SHAOBACKYIIIPHEIC METOJIBI, METO]T 3KCTPa-UHTPAKPAHUAIEHOTO aHACTOMO3a HT-
paeT 0YCHb BAYKHYIO POJIb B JICUCHHUH CIIOXKHBIX aHeBpU3M. OKKITFO3MsI aHEBPHU3M IIYTEM OKKITFO3UU HECYIIEH apTepun
Bce emie G GeKTHBHA 1 MUHIMAJIHHO WHBAa3UBHAS MpoIrenypa. KOMOMHHPOBAaHHBIN KOMAHIHEIH ITOIXO0J, KpOME IIpsi-
MOTO KJIMITUPOBAHHSA CIIOKHBIX aHEBPHU3M, MOXKET MHUHHUMH3HPOBATH IIOCIICONICPANIMOHHBICOCIIONKHEHUS C Olaro-
MPUATHBIMHU PE3yJIETaTaMU.

KiroueBble cjioBa: CIOXHBIC aHEBPU3MBI, BHYTPEHHSS COHHAs apTepHs, YKCTpa-WHTPAKPAHUAIBHBIA aHACTO-
MO3, TTOTOK ITEPEHATIPABIISIONIIHA CTEHT.
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STUDY OF THE BARRIERS TO THE INTRODUCTION
OF KAZAKHSTAN NONGOVERNMENTAL
ORGANIZATIONS-BASED RAPID HIV TESTING

Abstract. This article presents the results of a conducted sociological study aimed at defining the barriers that
interfere with the introduction of rapid HIV testing among nongovernmental organizations in Kazakhstan. According
to the questionnaire-based survey and interviewing of a group of 478 persons, representatives of people living with
HIV (PLHIV), clients of HIV prevention programs, visitors of "drop-in centers", "friendly rooms", employees and
specialists of AIDS centers, NGOs (nongovernmental organizations), experts, coordinators of medical organizations,
it has been established that the conditions of HIV-related medical examinations and consultations, including rapid
methods, carried out in Kazakhstan are subject to the applicable legislation of the Republic of Kazakhstan and the
orders of the Ministry of Healthcare of the Republic of Kazakhstan. At the same time, it should be noted that there
are some barriers that interfere with NGO-based rapid HIV testing and are notable for their social and legislative
nature. These are stigma and discrimination from the public and "self-stigmatization" of people living with HIV
(PLHIV); misunderstanding of one's own HIV infection; a lack of communication between medical/social workers
and patients; the absence of licenses for HIV testing and counseling among nongovernmental organizations. In order
to effectively involve key Kazakhstan population groups (PUIDs (people who use injectable drugs), SWs (sex
workers), MSM (men who have sex with men)) in the program and procedure of rapid testing and counseling, it is
necessary to make amendments to the country's existing legislative and legal acts for the purpose of providing a
social and legal protection mechanism for those under examination.

Key words: HIV infection, rapid tests, nongovernmental organizations, barriers, stigma, discrimination.

Importance of the Problem. The Message of the President of the Republic of Kazakhstan, Leader of
the Nation, N. A. Nazarbayev, dated November 12, 2014, "The Kazakhstan’s way — 2050: Common aim,
common interests, common future", states that the activities associated with providing high-quality and
affordable medical services for population health improvement shall become main issues for the state's
health policy [1].

One of the directions of the "Nation Plan, 100 precise steps to implement the five institutional
reforms" is to introduce advanced medical care standards and develop primary care services that shall be a
central link of the national healthcare sector for the prevention and early control of diseases [2].

All these directions are also relevant to the sphere of services rendered to "key" population groups
that are vulnerable to HIV infection and AIDS.

At the present stage, HIV infection is one of the most important medical problems as it results in
large-scale social, medical, demographic, economic consequences requiring decisive and immediate
measures from the state.

According to the social data of the Republican Center on Prevention and Control of AIDS, as of
January 1, 2018, 32,573 cases of HIV were cumulatively diagnosed in Kazakhstan.In total, people living
with HIV (PLHIV) are 20,841 persons, the prevalence of PLHIV per 100,000 people amounts to 117.7.
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HIV infection is most intensively distributed among "key" population groups. According to the
WHO, the term "key population groups" is used to identify groups of people who are, irrespective of
HIV/AIDS epidemic types and local levels, subject to an increased risk of HIV infection due to their
behavior [3]. These are people who use injectable drugs (PUIDs), sex workers (SWs), men who have sex
with men (MSM), prisoners, transgender people and others. In this regard, the timely detection of HIV
infection, the introduction of new and improvement of existing diagnostic methods are main directions for
the HIV/AIDS counteraction system in Kazakhstan. Within this framework, for the purpose of extending
the volume of HIV testing among representatives of "key" and vulnerable population groups in Kazakh-
stan, the attempts to introduce NGO-based rapid HIV testing among these population groups are being
made. Let us note that today the Joint United Nations Programme on HIV/AIDS (UNAIDS) recommends
an absolutely new 90-90-90 strategy designed to counteract the HIV/AIDS epidemic. According to this
promising strategy aimed at ending the AIDS epidemic in the world, by 2020 90% of people living with
HIV will be aware of their HIV status, 90% of patients diagnosedwith HIV will be provided with antiret-
roviral therapy, 90% of patients who receive antiretroviral therapy will have their viral load suppressed.

The purpose of this message is to study the barriers that interfere with the introduction of NGO-
based rapid HIV testing in Kazakhstan.

Materials and Methods. The study was conducted by the specialists from the Republican Center on
Prevention and Control of AIDS and Kazakhstan's Medical University "KSPH" on the base of the
Kazakhstani Union of People Living with HIV, a nongovernmental organization.

The period of this study was 2015-2018. The work included such methods as content analysis,
SWOT analysis, sociological and statistical methods.

Earlier, we preliminarily studied the diagnostic characteristics of rapid tests used for HIV diagnosis
in Kazakhstan [5]. We noted that today there are 5 licensed rapid HIV diagnosis test systems that effec-
tively function in the republic and completely meet the WHO's modern requirements (sensitivity > 99%,
specificity > 98%). These are AlereDetermine™ HIV % Ag Ab Combo; Hexagon HIV 1+2; Abon
HIV 1/2; HIV 1,2 Han Medtest; Geenius HIV 1/2 Confirmatory. When assessing the qualitative
parameters of rapid tests, we used the methods specified by the WHO for similar studies [6].

The field studies of the barriers that interfere with the introduction of NGO-, community-based rapid
HIV testing were conducted in the following regional centers of Kazakhstan: Pavlodar, Kostanay, Ust-
Kamenogorsk, Karaganda, Temirtau, Shymkent, Kyzylorda, Taraz, Almaty, Uralsk, Atyrau.

The following NGOs were involved in the study:"Ty ne odin", "Gerlita" (Pavlodar), "Kuat",
"Answer" (Ust-Kamenogorsk), "Kuat" (Shymkent), "Shapagat" (Karaganda), "Pomotsch" (Kostanay).

The following assessment instruments were developed in order to collect information as per the
WHO's methods: 1) questionnaires for patients of the AIDS centers; 2) questionnaires for clients of the
HIV prevention program ("drop-in centers", "friendly rooms"); 3) questionnaires for activists, employees
of the NGOs; 4) questionnaires for interviewing experts, specialists of the AIDS centers, NGOs, state
medical institutions; 5) informed consent forms for the study's participants.

The sociological studies consisted of 2 stages:

1) The first stage (October-November 2015) was as follows: PLHIV — 12 persons; clients of the
prevention programs — 141 persons; experts, coordinators, employees of the AIDS centers, NGOs —
32 persons; focus groups with clients of the prevention programs — 2 groups of 12-13 people each,
participants of the focus group were among the respondents. In total, 185 people were interviewed.

2) The second stage (April-May 2018) was as follows: PLHIV — 110 persons; clients of the pre-
vention programs — 140 persons; employees, activists of the NGOs — 18 persons; experts, coordinators,
employees of the AIDS centers, NGOs — 25 persons. In total, 293 people were interviewed. Total:
478 people were covered by the sociological study.

The analysis of the results of the anonymous questionnaire survey included the following: statistical
processing of the questionnaires (coding and analysis of the respondents' answers), content analysis of the
focus group's results, interpretation, discussion and conclusions.

The work also analyzed the legislative and regulatory legal acts of the RoK that govern the procedure
of NGO-based rapid HIV testing in the Republic of Kazakhstan. Special attention was paid to the orders
of the Ministry of Healthcare of the RoK that establish the conditions of HIV infection-related medical
examination and consultation, including those with the use of rapid methods:




ISSN 2224-5308 Series of biological and medical. 1. 2019

1. Order No. 246 dated April 22, 2015, of the MoH of the RoK, "On the Approval of the Rules of
Voluntary Anonymous and (or) Confidential Medical Examination and Consultation Concerning HIV In-
fection for Citizens and Oralmans(ethnic Kazakhs who have immigrated to Kazakhstan) on a Paid Basis";

2. Order No. 508 dated June 23, 2015, of the MoH of the RoK, "On the Approval of the Rules of
Obligatory Confidential Medical Examination for HIV Infection According to Clinical Indications";

3. Order No. 115 dated February 28, 2013, of the MoH of the RoK, "On the Introduction of Amend-
ments to Order No. 228 dated March 09, 2004, of the MoH of the RoK" on the Adoption of the
Regulations on Organization of Activities of Drop-In Centers for People Using Injectable Drugs".

The statistical analysis of the study results was carried out with the use of standard biostatistics
methods [8] and the SPSS program (Statistical Package for Social Science).

Results and Discussion. When analyzing the study results, we were first of all guided by the existing
international experience in this problem, the best international practices of many countries where it has
been convincingly established that inexpensive rapid HIV tests allowing health workers to carry out
clinic-, NGO-, community-based testing under field conditions [9-13] are already introduced into medical
practices. So, according to J. Wilton (2015), L. Broeckaert and L. Challacombe (2015), rapid testing with
the use of blood and gingival tests is the first and most important step in the treatment of HIV-infected
patients [14, 15]. Based on the representative materials of Canada, the authors used the method of
literature review and presented a wide range of evidence in favor of the advantages of rapid HIV testing.
Also, other works [16,17] indicate the high effectiveness and quality of rapid tests, which is especially
important for our country in the context of introduction of rapid HIV testing methods.

The study results show that the conditions of medical examination for HIV-infection by Kazakhstan
NGO-based rapid methods are governed by the applicable legislation and regulations. These are the above
3 orders of the MoHof the RoK (Orders No. 508 dated June 23, 2015, No. 115 dated February 28, 2013,
and No. 246 dated April 22, 2015) where centers on prevention and control of AIDS are authorized bodies
specialized in carrying out HIV examinations. At the same time, HIV examinations carried out in private
organizations are governed by Law No. 202-V dated May 16, 2014, of the RoK, "On Permits and
Notices". According to this law, all legal entities or natural persons, including nongovernmental and
public organizations licensed for HIV diagnosis, are entitled to carry out examinations by any methods as
the law states no restrictions in relation to diagnostic methods and materials. This means that all rapid
tests, both blood and saliva ones, can be used in NGOs' activities if there are corresponding licenses and
are properly governed by all the regulatory and legal documents of the RoK.

In our opinion, a way out of this situation is to obtain licenses for NGO-based rapid HIV testing and
related medical activities or make amendments to existing regulatory documents that govern this procedure.

The sociological studies conducted by us reveal the different barriers that interfere with the intro-
duction of Kazakhstan NGO-based rapid HIV testing and are notable for their social, individual, structural
and systematic nature. The barriers of social nature are of special interest. They are:

- stigma and discrimination from the public and "self-stigmatization" of PLHIV;

- "misunderstanding" of one's own HIV infection;

- poor communication between medical/social workers and patients;

- shortage of state funds for HIV/AIDS prevention programs;

- unstable monetary support for NGOs.

For the purpose of introducing Kazakhstan NGO-based rapid HIV testing, we recommend the
following:

e Nongovernmental organizations (NGOs) that have financial and technical resources shall obtain
licenses for rapid HIV testing and related activities.

e Making amendments to regulatory documents: NGOs' articles of incorporation (for the purpose of
governing organizations' activities): to Order No. 115 dated February 28, 2013, of the MoH of the
RoK(for making amendments to the Regulations on organization of drop-in centers' activities in the
context of rapid HIV testing); to the existing orders of the Ministry of Healthcare of the RoK (for the
purpose of governing sanitary regulations and norms related to NGOs' premises, etc.

e Developing an algorithm for rapid HIV testing for different population groups with the conditions
of Kazakhstan taken into consideration.

e Training medical and social workers in order to carry out high-quality HIV counseling among
"key" population groups.




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

Conclusion. For the purpose of introducing the procedure of Kazakhstan NGO-based rapid HIV
testing, it is necessary to develop a social and legal protection mechanism for those under examination. At
the same time, in order to overcome the barriers that interfere with HIV testing among NGOs and commu-
nities, it is necessary to develop: a national plan aimed at decreasing stigma and counteracting discrimi-
nation, which includes results-oriented activities with the population, the medical community and NGOs.
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K. O. Anubaesa', M. K. Canap6exos', B. C. Baiicepkun?, M. O. ®aBopos®

LKJICKM» KazakcTasblK MeAULUHA yHuBepcuteTi, Anmartel KazakcraH,
SYKUTC-TBIH alIbIH ally JKOHE OFaH KapChl KYPEC JKOHIH/IETT PECITyOIMKabIK OpTaIbK, AnMathl, KazakcTaH,
3Aypynapasl 6axpuIay opTaisirsr, AKIL

KA3AKCTAHJIA YKIMETTIK EMEC YUBIMJIAP BA3ACBIHJIA
ANTB-KA KEJEJ -CBIHAKTAMA EHI'I3Y YIINIH KEJAEPTTUIEPAI 3BEPTTEY

Annoranus. KazakcTaHHBIH YKIMETTIK eMec yipMuapsl apackiHga AUTB-ra skcrpecc-TecTiney i eHrisymi
KO3JEUTIH Kemepriiepai 3epaeney OOHBIHINIA JKYPTi3UIreH oJIeyMEeTTIK 3epTTey HoTmkenepi Oepinren. CayamHama
JKoHe cyx0Oar xkyprizy Heriziame 478 agam, AUTB-undexmusaceiven (TXK3) emip cypetin anamaap exinaepi, "ceHiM
nynkrrepine", "Jlocteik" kabunerrepre" OGaparbiH AWTB-vH(pEKUNACHIHBIH aNbIH any OaraapiaMa KIWeHTTepi,
KUTC opransikTapeiHblH YEY KbI3METKEpIIEepi MEH MaMaHIapbIHbIH, CapaiblIap/IblH, MEAUIIMHAIBIK YHBIMIAP-
IeIH KopauHatopiapsiHblH Kazakcranna AUTB-nn@exmusacel mocenenepi OOWBIHINTA METUIIMHANBIK TEKCEpy JKOHE
KeHec Oepy, onblH iminae AU TB-uH(EKIUAChIH alabiH aay OOUBIHIIA JKEACT MEIUIMHAIBIK TEKCEPY KYPrily jKar-
Jaiinapel anbikranabl, Kazakcran PecrnyOnukachiHbIH 3aHHamachiHa sxkoHe Kaszakcran PecnyOnmkace! JleHcaynbik
caKkTay MHUHHCTPJITiIHIH OYHpBIKTapeiHa coiikec perreneai. COHBIMEH Karap, OJICyMETTIK JKOHE 3aHHAMAJIBbIK-
HOPMaTHBTIK CHUIIATTarbl YKIMETTIK emec yibiMaap 6azaceinna ATB-ra capanrama-tecrineyre Keaepri KenTipeTin
»Karjainap Oap ekeHi atamn etinni. byn-koram tapansinan na, AUTB-men (©T3) emip cypetin anamaapabiH "e3iH-
o3l kepcety" ne crurma xoHe kemcityminik; AKTK-HBIH Keke KYKTHIpYbIH TYciHOeY (PeHOMEHBI; MEIUIINHANBIK,
QJIIEYMETTIK KbI3METKEepJIep MEH NMalueHTTEePAiH KOMMYHHUKAIMSICHIHBIH )KEeTKUTIKCI3 TeHTeli; YKIMEeTTIK eMec YibIM-
nmapaa AUTB-ra keHec Oepy »oHE TeCTiey JKYpri3yre apHaJFaH JIIECH3MSHBIH 0onMaysl. KazakcTaH XalKbIHBIH He-
rizri TonrrapeiaeH (JIVUH, PC, MCM) exinmepin OargapiaMara jkoHE SKCIPECC-TECTIIEY MEH KOHCYIbTAIMs Oepy
paciMiHe THIMII TapTy YLIIH TEKCEepUTyUIIepAi KOPFayIblH QJIEyMETTIK-KYKbIKTBIK TETIFH KaMTaMachl3 €Ty YIIiH
eJIJIIH 3aHHAMaJIbIK, KYKBIKTBIK aKTUIepiHe e3repicTep eHri3y KaxKer.

Tyiiin ce3nep: BIY-undexuscel, xeen-cblHakTamMa, YKIMETTIK eMec YibIMIap,Keleprijiep,cTurma, KeMciTy-
HIUTIKTED.

K. O. Anubaesa', M. K. Canap6exos', B. C. Baiicepkun?, M. O. ®aBopos®

'Kazaxcranckuii megumuackuil yausepeutet «BIIO3», Anmarel, Kasaxcran,
?PeciryGnuKaHCKHil IEHTp 110 npodunakTuke 1 60psde co CIIMI M3PK, Anmarsl, Kazaxcran,
3llenTp mo KoHTpoOIIO 3a 3a6oneBanmsamu, CIIA

HCJEJOBAHUE BAPBEPOB JIUIs1 BHEJPEHUS SKCIIPECC-TECTUPOBAHUA
HA BUY HA BA3E HEITPABUTEJIBbCTBEHHbBIX OPTAHU3ALINU B KASAXCTAHE

AnHoranusa. IIpencraBneHsl pe3ynbTaThl INPOBEIEHHOIO COLUOIOIMYECKOrO HUCCIEAOBAaHHSA IO HM3YUYECHUIO
6apbepoB, NPUIATCBYIOIINE BHEIPEHHUIO 3KCIpecc-TecThupoBanus Ha BMY cpenu HenmpaBUTENECTBEHHBIX OpPraHU-
3anmit Kazaxcrana. Ha ocHOBaHMM aHKETHOTO OIIPOCa W MHTEPBBIOMPOBAHUS 478 denoBeK, MpeACcTaBUTeNeH II0aeH,
)uBynmx ¢ BUY-undexmuett (JKB), ximrenToB nporpamm npodunaktakn BUY-uHbeknm, mocemaromne «IryHK-
TBHI TOBEPHUS», «IPYKECTBEHHBIE» KaOMEHTHI», COTpyaHUKOB U crnenuanuctoB Lentpos CIIN/I, HIIO, skcmepros,
KOPAWHATOPOB MEIUINHCKHUX OpraHu3anuii OblIo BBIABIEHO, uTO B KazaxcTaHe yCloBUS IPOBEAEHHS MEAUIIMHKOTO
o0cienoBaHusg ¥ KOHCYJIBTHPOBaHMS 10 BonpocaM BUY-uHdekuu, B TOM 4uCie SKCIpecc-MeTONaMy, perjlaMeH-
TUPYIOTCS COOTBETCBYIOIIMMH 3aKOHonaTenbcTBaMu PecnyOnmuku Kaszaxcran w  mpukaszamu  MuHHCTEpCTBa
3apaBooxpaHenus Pecriyonuku Kazaxcran. B To ke BpeMs OTMEYEHO, YTO CYIIECTBYIOT Oapbephl MPEIsSTCBYIOIINE
sKkcrnepcc-recTupoBanuio Ha BIIY Ha 0a3e HelmpaBHUTEILCBEHHBIX OpraHU3alldii, HOCSIIME COLMATIbHBIN M 3aKOHA-

— g ——
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JIaTeJIbHO-HOPMATUBHBIE XapaKTepbl. JTO — CTUTMA U JUCKPUMHUHAIMSA, KaK CO CTOPOHBI OOIIECTBA, TAK M «CaMoO-
cTurMatuzanus» JoaeH, xusyimux ¢ BUY (JIDKB); denomen Heoco3Hanus cobcrBenHoro unduimposanus BUY;
HEJIOCTaTOYHBIH YPOBEHh KOMMYHHUKAIIUU MEUIIMHCKHIX, COLUAIbHBIX pa0OTHUKOB M NALIMEHTOB; OTCYCTBUE JIMLICH-
3UM Ha I[POBEJICHUE KOHCYJIBTUPOBaHMs U TectupoBaHus Ha BUY B HenpaBUTENbCBEHHBIX OpraHusauusx. i
3 QEeKTUBHOTO BOBIICUEHHS NpEICTaBUTENCH KiIIO0YeBBIX Tpynn HaceneHus Kasaxcrana (JIYUHb, PC, MCM) B
IporpamMmy H INpoLeaypy 3KCIPECC-TECTUPOBAHMS M KOHCYJIbTUPOBAaHMS HEOOXOIMMO BHECTH M3MEHEHHS B 3aKO-
HOJaTeJIbHbIE, TIPABOBBIE AKTHI CTPAHBI I 00ECIICUSHHUS COIIMAILHO-TIPABOT0 MEXaHN3Ma 3aIllUTHl 00CIIETyEMBIX.

KioueBsbie cioBa: BIIU-uHbekys, sKcrpecc-TecTsl, HEMPAaBUTEIbCTBEHHbIE OpraHu3amny, Oapbepsl, CTUT-
Ma, AUCKPUMHHAIIHNS.
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SELECTION OF OPTIMAL NUTRIENT MEDIUM
FOR COLLAGENASE BIOSYNTHESIS BY ASSOCIATION
ASPERGILLUS AWAMORI 16 AND ASPERGILLUS AWAMORI 22

Abstract. Medium composition is the most important aspect to take into consideration when growing any
microorganism. The culture medium should include all indispensable nutrients that microorganism requires. The
production of collagenase enzyme have been affected by a variety of physical and chemical factors, such as
inoculum concentration, time of incubation, pH, temperature, carbon, nitrogen and mineral sources etc. However,
composition of the cultivation medium (carbon and nitrogen sources) play significant role in enzymes production. In
this paper the effect of different carbon and nitrogen sources on collagenase production by fungal association
Aspergillus awamori 16 and Aspergillus awamori 22 was investigated. Maximal collagenase activity (8.1 U/ml) was
detected in media with 2% sucrose as a carbon source and 1% peptone as a nitrogen source. The medium had the
following composition (%): KH,PO4 - 0.1; MgSO4 - 0.05; KCI - 0.05; FeSO4 - 0.001; peptone -1.0; sucrose - 2.0.
Selection of carbon and nitrogen sources for A. awamori 22 and A. awamori 16 allowed increase the extracellular
collagenase biosynthesis from 6.8 U/ml to 8.1 U/ml.

Key words: collagenase, micromycetes, carbon and nitrogen sources.

Introduction. In the Kazakhstan market, the growing consumer demand for healthier products has
stimulated the development of nutritionally enhanced meat foods. In order to achieve these nutritionally
enhanced meat foods, changes such as the use of improved raw materials, reformulation of products, and
technological processes are necessary [1-3]. From the initial characteristics of the meat (its tenderness or
rigidity) depends the organoleptic properties of the final meat products. The highest consumer properties
possess meat products, developed from parts of the carcass with a minimum content of connective tissue
[4-7].

At the same time, the problem of processing raw meat containing an increased amount of connective
tissue characterized by stiffness and dryness remains urgent. To prevent excessive stiffness in production
of meat products different approaches of treatment of raw meat with a high content of connective tissue
have been used, e.g. mechanical and biotechnological methods. In this regards, the use of collagenase
enzyme that cause proteolysis of connective tissue proteins of collagen-containing raw materials is of
particular interest [8, 9].

Despite the fact that among microorganisms that produce collagenase there are bacteria, fungi, yeasts
and actinomycetes in the recent period micromycets got wide application, particularly Aspergillus fungi
because of high productivity [10-12]. The collagenase production has been affected by a variety of
factors, such as nitrogen and carbon source, inoculum concentration, time of incubation, pH, temperature,
salinity, etc. Present investigation involves studies on the effect of carbon and nitrogen sources on col-
lagenase production by association of mixed fungi Aspergillus awamori 16 and Aspergillus awamori 22 in
submerged fermentation.
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Materials and methods. The object of the study was fungal association of Aspergillus awamori 16
and Aspergillus awamori 22. The culture was maintained on potato-dextrose agar medium and stored at
4°C. For investigation if effect of carbon and nitrogen sources on collagenase production following
nutritional medium was used: NaNOs - 0,5%, sucrose — 1,0; KH,PO4— 0, 1; MgSO4 — 0, 05; KCL — 0,05;
Fe SO4—0,001.

As a carbon source, glucose, maltose, fructose, lactose, sucrose, galactose and starch were used at a
concentration of 1.5%. Both inorganic and organic nitrogen sources - NH4NO3, NaNOs, NH4H,POs,
(NH4)HPOs, peptone, casein, soy flour, and yeast extract were used at a concentration of 0.5%. Fungal
suspension at concentration of 2% was aceptically introduced into flasks with a nutrient medium and
placed on a shaker at 210-230 rpm for 72 hours. After this time, the collagenase activity of culture broth
of all variants was measured. Collagenase activity was assayed by spectrophotometric method [13].

To 20 mg collagen from bovine tendon (Sigma) suspended in 3.8 ml Tris buffer (0.02 M Tris, 0.005
M CaCly, pH 7.4) was added 200 pl collagenase solution (1 mg/ml in Tris buffer) to make a total volume
of 4.0 ml. The mixture was incubated at 40° C. for 3 hr or 70° C. for 30 min. The reaction mixtures were
centrifuged in a microfuge for 10 min at 14,000 rpm. 1.5 ml of supernatant was mixed with 4.5 ml of 5 N
HCI and kept in a drying oven at 110° C. for 16 hrs (overnight) for complete hydrolysis of soluble pep-
tides. The hydrolysate was then analyzed for hydroxyproline content as follows: the hydrolysate was
diluted 25 times with distilled water. To 1.00 ml of diluted hydrolysate 1.00 ml of chloramine-T solution
is added and the mixture was allowed to stand at room temperature for 20 min. 1.00 ml of color reagent
were added after this period and the reaction mixture is transferred to a 60° C. water bath and incubated
for 15 min. Tubes were removed and allowed to cool down to room temperature. Absorbance at 600 nm
was measured.

The fungal biomass (dry weight of mycelium) was determined as follows: the biomass obtained
during cultivation of fungal association on a shaker in a liquid nutrient medium was filtered. After that the
filter paper was placed in a drying oven at a temperature of 130°C for 40 min (to complete drying). The
filters were transferred to a desiccator for 10-15 minutes and weighed on an analytical balance. The
difference between the mass of the filter with dry mycelium and the mass of the empty filter is the mass of
dry mycelium (X) formed during the period of cultivation of the fungus in the thermostat:

X =Mm — Mt,

where X is the mass of dry mycelium, g; Mf is the mass of the empty filter, g; Mm - the mass of the filter
with dried mycelium.

All the analyses were performed in triplicate, and the results were expressed as mean SD values of
the three sets of observations. The mean values and standard deviation will be calculated using
STATISTICA 6 [14].

Results and discussion. Various carbon and nitrogen sources were supplemented in the production
medium to study their effect on collagenase production. Effect of various carbon sources on collagenase
production in Aspergillus awamori 22 and Aspergillus awamori 16 is shown in table 1.

As can be seen from the data presented in Table 1 enzyme production was maximal when sucrose
was used as a carbon source. The activity of collagenase in medium with sucrose was 6.8 U/ml. All other
monosaccharides and disaccharides used had a little effect on collagenase production. It is known that

Table 1 — The effect of various carbon sources on collagenase production in 4. awamori 22 and A. awamori 16

Carbon sources Biomass, g/100ml Collagenase activity, U/ml
Sucrose 1,22 6,8+0,9
Glucose 1,18 3,2+0,6
Fructose 1,35 1,9+0,3
Galactose 1,0 1,2+0,4
Maltose 1,0 4,0+0,7
Lactose 1,14 1,6+0,6
Starch 1,26 1,5+0,6
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disaccharides contain a higher content of carbon atoms (4.21 mol/l) than monosaccharides when used in
the same concentrations. However, none of the disaccharides used, except of sucrose, did not affect on
collagenase activity. The reason for this may be that the a-D-glucopyranolyl-B-D-fructofuranoside bond
in sucrose makes carbon atoms more accessible to the fungus than other sugars.

Along with carbon an important factor for enzyme biosynthesis is nitrogen source. The effect of
various nitrogen sources on collagenase production is summarized in table 2.

Ta6mmma 2 — The effect of various nitrogen sources on collagenase production in A. awamori 22 and A. awamori 16

Nitrogen sources Biomass, g/100ml Collagenase activity, U/ml
(NH4)2S04 1,3 6,6+0,6
(NHa4)2HPO4 1,2 5,8+1,6
NH4NO3 1,1 3,5+1,4
KNO3 1,2 1,9+0,8
Yeast extract 1,5 3,8+1,1
Peptone 1,5 7,1+£0,6
Casein 1,3 5,8+0,6
Gelatin 1,4 3,3+0,4

As can be seen from the data presented in table 2, among nitrogen sources studied peptone suppor-
ted moderate growth and collagenase production in A. awamori 16 u A. awamori 22.

For the selection of optimal concentrations of carbon and nitrogen sources for collagenase production
64 nutrient media with different concentration of sucrose and peptone were used (table 3).

Table 3 — Effect of various concentrations of sucrose and peptone on collagenase biosynthesis
in A. awamori 22 and A. awamori 16

Sucrose Peptone Collagenase activity, U/ml
1 2 3
0,25% 2,240,8
0,5% 2,141,5
0,75% 3,3+1,2
1,0% 2,9+1,3
0,25%
1,25% 3,3£1,6
1,5% 2,5+1,1
1,75% 3,1£1,2
2,0% 3,240,9
0,25% 3,3+1,8
0,5% 2,9+0,7
0,75% 3,240,5
0.5% 1,0% 3,7+0,6
. 1,25% 3.8£1,5
1,5% 2,9+1,2
1,75% 3,6£1,1
2,0% 4,0£0,9
0,25% 4,2+0,9
0,5% 4,9+0,7
0,75%
0,75% 4,5+1,5
1,0% 5,5+1,3
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1 2 3
1,25% 5,6+1,2
1,5% 5,3+0,8
0,75%

1,75% 6,0+0,4
2,0% 4,8+1,1
0,25% 5,9+1,4
0,5% 4,9+0,8
0,75% 5,5+1,7
1,0% 5,5+1,8

1)0% ) b >
1,25% 4.240,6
1,5% 5,3+1,1
1,75% 5,0+0,4
2,0% 5,4+1,1
0,25% 4,5+1,0
0,5% 5,5+1,8
0,75% 4,940,6
1,0% 5,0+0,7

1,25%

1,25% 5,1+0,5
1,5% 4,8+0,5
1,75% 5,3+0,9
2,0% 4,9+1,1
0,25% 5,5+1,3
0,5% 4,7+1,1
0,75% 5,2+1,0
1,0% 5,0+0,8

1)5% > £ >
1,25% 4,6+1,0
1,5% 5,9+0,9
1,75% 6,7£0,5
2,0% 7,1+0,6
0,25% 6,8+0,7
0,5% 6,2+0,4
1,75% 0,75% 6,4+0,5
1,0% 7,9+1,0
1,25% 7,2+1,8
1,5% 7.4+12
1,75% 6,9+1,1
2,0% 8,1+1,2
0,25% 6,8+0,9
0,5% 7,2+0.4
0,75% 6,9+0,4
1,0% 8,1+0,6

2)0% s y )
1,25% 7,712
1,5% 7,5+1,1
1,75% 7,3£1,5
2,0% 7,9+0,9
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Studying the effect of sucrose and peptone concentrations from 0.25 to 2.0% on the biosynthesis of
protease and collagenase showed that the highest enzyme activity (8.1 U/ml) was observed in the variant
with sucrose and peptone at concentration of 2.0 and 1.0%, respectively. The collagenase activity was
8.1 U/ml. In other variants, collagenase activity ranged from 2.1 to 7.9 U/ml.

In conclusion, the optimal carbon and nitrogen sources in the nutrient medium were selected. Maxi-
mal collagenase activity was detected in media with 2% sucrose as a carbon source and 1% peptone as a
nitrogen source. The medium had the following composition (%): KH,PO4 - 0.1; MgSO4 - 0.05; KCL -
0.05; FeSO4 - 0.001; peptone -1.0; sucrose - 2.0. Selection of carbon and nitrogen sources for fungal
association of 4. awamori 22 and A. awamori 16 allowed increase the extracellular collagenase biosyn-
thesis from 6.8 to 8.1 U/ml.

P. K. Banesal, K. B. CyJaeiimenosal, A. C. Kakun6exonal,
A. K. Kanmena?, XK. K. Cagyesa!, %K. K. Paxmeropa’

DKIIC «Anturen FOK», Anmatsl, Kazakcran,
2K. YKy6aHOB aTbiHIaFbl AKTOOE OHIpIiK MEMIIEKETTIK yHUBEepCUTeTi, Kazakcran

ASPERGILLUS AWAMORI 16 2KOHE ASPERGILLUS AWAMORI 22 ACCOUALIUAACBIMEH
KOJIVIATEHA3AHBI BHOCUHTE3IEY YIIIH OHTAWJIbI KOPEKTIK OPTAHBI TAHJAY

AHHoTauus. MuKpoopranmMaepai ecipy HpomeciHAe KOpeKTiK opTa Kypambl VIIiH HETi3ri Tajal - OHBIH
OHJIIPYIIiHIH ecyiHe KoHe MaKCaTThl ®HIMHIH CHHTE31H KaMTaMachl3 eTyre maiinacel. KopekTik opra mMmukpoopra-
HHU3MHIH ©CYl YIIIH KOXeTTi 0apiblK KOPEKTIK 3aTTapibl KaMTybl kepek. Kosarenaza ¢epMeHTiHIH OMOCHHTE31HE
WHOKYJISIIMST KOHLEHTPALMSCHI, MHKyOanus yaksiThl, pH, TeMneparypa, KeMipTek, a30T Ke31epi, MUHEepa bl Ko3/1ep
koHe T.0. pU3HKAIBIK XKOHE XUMUSUIBIK (hakTopiiap acep ereii. Ayaiina, ocsl (haKTOpJIapIbiH apachiHaa hepMeHTTEep-
JIiH OMOCHHTE3iH/e KOPEKTIK OpTa Kypambl (KeMIpTeri MeH a30T Ke3Jepi) aca MaHbI3bl pell arkapajibl. byn maka-
nana 013 TypIti KeMipTeK jKoHe a30T Ke3JepiHiH Aspergillus awamori 16 xone Aspergillus awamori 22 MUKpOMUIIET-
Ti acCOLMAIMACHIHBIH KOJUIareHa3aHbl OMOCHHTE3JeyiHe acepiH 3eprrenik. KosmarenasapiH MakcuMaisl OesceH-
nimiri (8.1 U/ml) BapmanTTa KeMmipTeri ke3i periHme 2% caxapo3a oHe a3oT ke3i peringe 1% mnenToH Oap.
Komnarenazanpy Makcumangel Oencenainiri (8.1 U/ml) kemipreri xe3i perinae 2% caxaposa KoHE a30T Ke3i
petinzae 1% nenton 6ap BapuaHTTa KepceTiiareH. KopekTik oprara KkeMipTeri MEH a30TThIH OHTAMIIBI KO3/epi TaHAaI
anerHas! (%): KHoPO4 - 0.1; MgSO4 - 0.05; KC1 - 0.05; FeSO4 - 0.001; menron -1,0; caxaposa - 2,0. A. awamori 22
XKoHE A. awamori 16 acCOMANMSIIBIK JAKbIIBI OHTAMIIBI KOMIPTEKTI JKOHE a30T KO3[epiH TaHAay KIEeTKa ChHIPTBUIBIK
KoJulareHasansiH Ty3inyin 6,8 U /mi-gen 8,1 U /mii-re neiiin apTThipyFa MyMKIHIIK Oepi.

TyiiiH ce3aep: KouareHasa, MUKpOMHIIETTEP, KOMIPTETi MEH a30T Ke31epi.

P. K. Banesal, K. B. Cyaeiimenopa', A. C. Kakunbexosal,
A. K. Kanuena?, K. K. Cagyesa', %K. K. Paxmerosa!

I'TOO «HIIIT Aurturen», Anmartsl, KasakcTas,
2 AKTIOOMHCKUI pEerHOHANBHBIN TOCYJapCTBeHHEIH yHuBepcnuTeT uM. K. XKybanosa, Kazaxcran
&

HoabOP OHTPIMAJIBI-[OIE MUTATEJBHOM CPEJIBI JIJIsI BAOCUHTE3A KOJIJIATEHA3DBI
ACCOIMAIIMEUN ASPERGILLUS AWAMORI 16 U ASPERGILLUS AWAMORI 22

Annotanusi. OCHOBHBIM TpeOOBaHHEM, NPEIbSBISIEMbIM K COCTaBY MHUTATEIBHON CpPelbl B Ipolecce KyJIbTH-
BUPOBAHUSI MHUKPOOPTaHU3MOB, SIBJSIETCSI €€ MOJHOLEHHOCTD JUIs POCTa MpOoJayLeHTa U obecrieueHus CUHTEe3a Lie-
JeBoro npojaykra. [lurarensHas cpena JOJDKHA BKIIIOYATh BCE MUTATEIbHBIE BELIECTBA, KOTOPhIE HEOOXOJUMBI ISt
pocra MukpooprannsMa. Ha OnocuHTe3 ¢epMeHTa KoJulareHasbl BIMSIOT pa3iuyHble (PU3NUECKHE M XUMUYECKHUE
(hakTOpBI, TaKMe KaK KOHLIEHTPALUsI MHOKYJISATA, BpeMsl HHKyOauy, pH, Temneparypa, HCTOYHUKH yriepoja, a3oTa,
MHUHEpaJIbHbIE UCTOYHHUKHU U T.JI. OJTHAKO, cpel 3TUX (PAaKTOPOB COCTAB IMUTATEIHHOM cpebl (HCTOYHUKH Yriieposa
W a30Ta) UTPAIOT 3HAYUTEIFHYIO POJb MpH OHOCHHTE3e (PepMEeHTOB. B HacTosImel cTaTbe OBLIO MCCIIETOBAHO BIIHSI-
HHUE Pa3IMYHbIX UCTOYHHKOB YIJIepola M a30Ta Ha OMOCHHTE3 KOJUIareHas3bl acCOLMAlield MHUKPOMHIETOB Asper-
gillus awamori 16 n Aspergillus awamori 22. MakcumanbHasi akTHBHOCTh KoJutareHassl (8,1 Ex/mur) otmeuena B
BapHaHTe, COAEPIKaIIEeM B KaueCcTBEe MCTOYHHKA yriiepona 2% caxaposy U 1% menToH B Ka4ecTBE UCTOUYHUKA a30Ta.
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bbbt moo0paHbl ONTUMAaIbHBIE HCTOYHUKH YIJIEpO/a M a30Ta B MUTATEIBHOM cpelle, KoTopas UMela CIeAy oIt
coctaB B (%): KH,POy4 - 0.1; MgSOs - 0.05; KCI - 0.05; FeSO4 - 0.001; menrton - 1,0; caxaposa - 2,0. ITogbop ontu-
MaJbHBIX UCTOYHUKOB YIIepoAa M a3oTa Ui acCOIMaTHUBHOU KyIbTyphl A. awamori 22 u A. Awamori TIO3BOJIUII
MOBBICHTH 00Pa30BaHKE BHEKJICTOYHON KOJUIareHassl ¢ 6,8 10 8,1 ex/mi.

KiroueBble cjioBa: KojuiareHasa, MUKPOMHUIICThI, HCTOYHUKH YTIIEPOIa U a30Ta.
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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
memory of the computer of various botanical information on plants of the natural flora of Kazakhstan is provided.
11 points of the program are a part of the Main menu: "File," "Editing," "Input," "Search," "Viewing," "Lists," "Her-
barium," "Communities," "Databases," "Service," and "Reference." The program allows carrying out a 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 genes. The approbation of the program has allowed making the summary characteristic of the natural flora
of Western Kazakhstan on the example of the Mangystau, Atyrau, Aktyubinsk, and West Kazakhstan regions. Lists
of taxons are determined by geographical points and floristic areas, geographical novelties are revealed.

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

Introduction. The creation of the information databases (DB) containing a large number of accounts
and variables, related to the inventory of plants, in particular, pays significant attention to the develop-
ment of the instrument of formation of a DB or, in other words—the special computer program adapted
with modern operating systems, graphics, and text editors. Storage and processing of botanical data are
widely applied in the countries of the near and far abroad. However, such works were not carried out in
Kazakhstan earlier.

In 2011-2012, RGP "Mangyshlak Experimental Botanical Garden" of CS of MES RK, within the
implementation of the "Development of Scientific and Methodical and Information Database for Creation
of the Inventory of Plants of the Republic of Kazakhstan" project, developed the special computer pro-
gram BD-PLANT-KZ with the electron shells, allowing to enter the data on the taxonomical structure of
the higher vascular plants with the description of their morphology, ecology, economic and biological
properties, geographical coordinates, herbarium samples, vegetable communities, raw stocks, geogra-
phical and floristic areas, with an illustration photos and maps of areas into the databases.

The work aimed to assess a possibility of application of the made computer program for conducting
an accounting of plants of the natural flora of Kazakhstan.

Materials and methods of research. The elaboration on the work required four program languages:
Microsoft Visual FoxPro 9 SP2, Visual Basic For Applications 7.0, HTML 4.0, and JavaScript API 2.1.

The simplification of the input of the taxonomic units involved the use of the database, created from
the list of R.K. families. Brummitt [1]. The phylogenetic system A is the basis for systematization.
L. Takhtadzhyan [2, 3].

The description of vegetable communities in BD-PLANT-KZ engaged the scheme used by 1. N. Saf-
ronova [4] at the geo botanical inspection of the deserts of Mangyshlak: vegetation type, a group of for-
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mations, formations, associations. The volume of information on each database record is 25-30 Kbytes
without drawings and the map and 150-200 — without the latter.

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

Effective work of BD-PLANT-KZ is possible in case of the implementation of the following system
requirements to computers: 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; RAM of
512 MB or more, but 2048 is recommended; free disk memory - 700 MB; minimum resolution of the
monitor - not less than 1024x768. The maximum use of opportunities for hardware acceleration involves
the graphic video cards, compatible DirectX with the built-in video memory not less than 128 MB.

Results and discussions. Main Menu (MM) with 11 points reflects the structure of the program:
"File," "Edit," "Input," "Search," "View," "Lists," "Herbarium," "Communities," "Databases," "Service,"
and "Reference" (figure 1).

[ eo-pLanT-KZ = [ ]
®aiin  Mpaeka BBOA  Mouck TMpocmoTp Cnmckm Tepbapmii  Coobwecrea Basbl naHubix  Cepenc  CnpaBka ?
{ || BcA HHGbOpMALMA 2 ! MpHMEHESHHE W PHCYHKH
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Figure 1 — Main Window of Program

The point of MM includes a standard set of sub points: "To open...," "My computer," "Press," "Filer,"
"Search of files," "Server," "Internet," "Mail," and "Exit" also aim for creating new and working with al-
ready available files, printings information, contacting with the server and Internet resources, sending
electronic messages, and exiting the program. The point "Edit" is necessary for editing active text fields of
forms of input, view of information, search and replace the words and expressions, control of font, the
color of letters, and a background. "Input" point activates filling forms of a database with new and already
edited information. It includes three sub points—"All information," "Requisites of the organization,"
"Edit," and "Apply and draw."

The Search point allows to look for plants in a database in the following options: according to the
identification number; the Latin name of a taxon, the Russian name, the national name, on family, on
floristic and geographical areas, and by any word or a fragment of a word from Latin, Russian, and natio-
nal names. "Advanced search" integrates all above-mentioned ways. "View" is used for work with already
entered information with its further printing and export in external editors and programs in various
formats - doc, docx, RTF, TXT, PDF, XML, etc.

Applying "Lists" makes possible to form the most various reports on plants on taxonomical,
morphological, and other characteristics.

Three commands such as "Input and View" "Reports," and "Export" of point "Herbarium" of MM
realize a possibility of full work with information on Herbarium Fund of the Botanical Establishment.
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"Communities" include only one sub point "Input and View" necessary for work with populations of
plants.

Point of the Main Menu of Database is intended for implementation of the following commands:
"Copy," "Restore," "Export," "Import," "Re-indexation," "Index Repair," and "Information on Database."

A system push-button menu for a fast call of the most often used forms of input, viewing, printing
information, etc. is located below MM.

After BD-PLANT-KZ installation, the first start of the program makes mandatory the requisites of
the botanical establishment with the help of the sub point "MM\Input\Requisites of the organization." The
input of information to a certain organization demands to bind all taxons.

All plant data are divided between the forms of input and viewing into 11 groups (pages): Taxonomy,
Names, Areas, Card, Morphology, Ecology, Application, In Addition, Herbarium, Drawings, and Text.
All MM pages and buttons of the fast choice of the standard or already available in DB information for
the purpose of an expeditious input (figure 2) are provided.

E Malacocarpus crithmifolius (Retz.) C.A. Mey - MarkonnogHuk KpUTMoaMcTHEIA - PITT " MaHrbilinakckui 3KCnepumeHTaneHeIi BoTannuaeckuil cag” ... [mEdm
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Figure 2 — Page "Taxonomy" of forms "Input" and "View"

Forms "Input" and "View" of plant data differ only functionally and according to the lower push-
button menu of teams. The push-button menu on a form of "Input" includes 5 points: "Save" adds new
record after all plant data is entered to Database; "Copy" serves for copying from Database of already
entered data on a taxon for further editing and preservation that facilitates input of information; "Check" is
necessary for searching for a plant in Database to exclude duplication; "Reset" removes all information
from a form of "Input;" "Exit" closes it. A form "View" has 11 command buttons which perform various
functions of work with earlier entered data, 4 of them that are placed at the left appear the parts Database
navigation. Page Taxonomy provides all entered and checked systematic characteristic of a plant.

The program enters "Names" of plants automatically, adding the name of a look, a form, etc. through
a gap to a sort. For authors, certain fields are provided. The fields of the section "Habitats" have included
old and new names of floristic areas, administrative and geographical regions in the explored territory, the
general distribution, etc. Page "Map" can display the places of occurrence of plants.

Page "Morphology" provides the description of morphological features of taxons (figure 3) on the
following indicators: growth form, vital form on A. Raunkiyer, classification by frequency of bearing
fruit, pollination type, terms of blossoming and dusting, coloring of flowers, fruits and leaves, charac-
teristic of a morphological structure.

Page "Ecology" displays such ecological features as a natural area, habitats, the phyto security status,
an endemicity, an aboriginality, classification in relation to light, water, fertility and salinity of the soil, etc.

— 34 ——
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Figure 3 — Page "Morphology" of a form "Input and View"

Section "Application" collects economic and biological value as well as the reproductive ability of
plants. Page "Additionally" has references and data on the organization-user. Section "Herbarium" is
made for input and view of places and geographical coordinates of selection of herbarium samples (up to
three). Page "Drawings" can fit up to 6 files of a plant's images with their names (figure 4). Page "Text"
aims for input and storage of big text information on a taxon (including the data from the files).
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Figure 4 — Page "Drawings" of a form "Input and View"
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BD-PLANT-KZ pays significant attention to the quick search of taxons. The special form allows
filtering taxons on institutions, families, and childbirth or choosing a particular plant (figure 5).

BD-PLANT-KZ assists in exporting information on plants to 9 formats (txt, doc, docx, XLS, XLSX,
RTF, PDF, TIF, 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\View\WinWord." Completion of the broadcast of data in
the chosen format allows opening the created file in the corresponding editor. The example of export to
Microsoft Word (figure 7).

Access to a form of the list of taxonomical units is carried out by Button "Systematization" in Point
"View" of MM (figure 8). The choice of any unit of systematization in the right text field evokes a list of
the taxons, which are its part. It is possible to obtain information not only about the taxonomy of the
organization but also about Database in general.
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Figure 5 — "Advanced Search" Form
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Figure 6 — "Export of Information to WinWord and Other Formats" Form
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Figure 7 — An example of information export to pdf — a format
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Figure 8 — Form of the list of taxonomic units

The program has provided the formation of the most various lists of plants according to taxonomic,
morphological, and other characteristics.

The more detailed task of parameters of drawing up lists is possible when using a form with the
similar name which is started by the commands "Choice..." from Point "List of..." of MM. The formation
of Lists in Excel provides the use of Form, represented in figure 9.
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Figure 9 — "Lists in Excel..." Form

Main Menu\Herbarium command is applied to work with Herbarium fund. At the same time, a
special form, including all lists of plants of the botanical establishment by default will appear on the
screen. The lower Push-button menu makes possible to execute a search for the necessary taxon, to see
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," with the help of which the form intended directly
for editing information is activated. The command "Edit" makes Database fields available for editing. The
current record of Herbarium can be copied and removed. "Reports" and "Export" modes provide two
options for a herbarium sample data withdraw: "All information" and "Labels."

For plants' communities, BD-PLANT-KZ provides a form "Input" and "View," including 5 pages
(groups) of information: "Location," "Communities," "Tier," "In addition," and "Drawings" (figure 10).

Database fields characterizing an administrative and geographical location of population, coordinate,
a natural zone and conditions of dwelling are concentrated on Page "Location." The group of variables of
"Community" is devoted to 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 a combi-
nation of installation or removal of a tick to the left of the words "Other Sinusion", "Identical Value" and
"Characteristic Look."

Drawing up Latin names of communities involves the first position for the name of an edifikator,
whereas Russian names — on the contrary [4]. The signs such as a hyphen "-," and a plus "+" connect
taxons of various synusia in the population in case plants have identical value and belong to one synusia,
they are listed by a comma. Types, characteristic of the community requires the use of square brackets
"[...]" to surround their names.

The page of "Tier" includes not only the general list of the plants which are a part of the population
but also their level accessory with the indication of a protective covering, abundance by Drudae,
occurrences, and heights. The group additionally has geo botanical districts, areas, and sub districts, the
existence of raw stocks, the note of a text format of the size, unlimited on length, botanical establishment,
position, degree, and full name of the performer. Drawings (page No. 5) are necessary for working with a
graphic material on communities which can be looked through in three modes: "Clip," "Isometry," and
"Stretched."
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Figure 10 — Page "Community" of a form "Input" and "View" of information

Thus, regarding the structure, three main databases are a part of the program: 1) floristic, 2) herba-
rium and 3) geo botanical, consisting, respectively, of 211, 60, and 131 fields of numerical, symbolical,
and logical types in the total length - 10,602, 2,703, and 8,161 symbols.

The commands of the point GM of a database have the following functional meaning:

1) Copying — the creation of the insurance copy of all databases, settings of the program and files of
images in case of loss of information;

2) Restoration — a complete recovery of a DB and settings;

3) Export — the creation of the copy of a floristic, herbarium, and geo botanical DB for transfer on
another personal computer (PC) or in another botanical establishment;

4) Import — an addition of records on plants, herbarium fund, and communities from another personal
computer;

5) Re-indexing — updating the DB indexes and their packing;

6) Repair of indexes — the creation of new indexes instead of spoiled in the course of work if that
happens;

7) "Information" — obtaining data on the content of a DB.

Using the first two sub points makes copying of a DB on other personal computers also possible. The
folder, created in the Export mode, can be archived and sent at once to another botanical establishment by
e-mail or via the server on purpose formation of a united DB according to the inventory of plants of the
natural flora of Kazakhstan.

By present, the fullest taxonomical, geographical, ecological, biological, and graphic information for
882 taxons from 4 departments, 6 classes, 12 subclasses, 26 sub orders, 59 orders, 10 suborders, 80 fa-
milies and 300 gena have been entered into the floristic database. More than a half (66.0%) of taxons
(582) with the data, available in a DB, relates to the representatives of 7 families (table 1), from which the
most numerous are the 4th: Asteraceae Dumort. (124), Chenopodiaceae Vent. (152), Fabaceae Lindl.
(111) u Poaceae Barnh. (138). Among patrimonial complexes in the database considerably prevail gena
Artemisia L. (53 - 6.0%), Astragalus L. (80 - 9.1%), Elymus L. (34 - 3.9%) u Salsola L. (20 - 2.3%). In a
natural area of the dwelling, plants grow in 37 floristic regions of Kazakhstan. All territory of the republic
has 96 gena of plants. The greatest number of taxons is dated for the following floristic areas: «3. Tobolsk
and Ishim (101), "4. the Ural" (33), "5. Aktyubinsk" (45), "6. Turgai" 63), "16. Mangystau" (40) and
"30. Altai" (119). At present, DB has 976 graphic files (drawings, images, and maps).
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Table 1 — The most representative families and gena of plants of floristic database

Family Taxons % Gena Taxons %
Asteraceae Dumort. - ACTpOBbIE 124 14.1 Artemisia L. - [lonsiap 53 6.0
Brassicaceae Burnett — Kamryctabie 26 29 Astragalus L. — Actparain 80 9.1
Chenopodiaceae Vent. — Mapessie 152 17.2 Atriplex L. — Jlebena 15 1.7
Fabaceae Lindl. — Bo6oBbie 111 12.6 Chenopodium L. — Mapb 16 1.8
Lamiaceae Lindl. — SIcHOTKOBBIE 14 1.6 Elymus L. — BonocHen 34 3.9
Poaceae Barnh. — Bluegrass 138 15.6 Salsola L. — Solyanka 20 23
Scrophulariaceae Juss. - Figwort family 17 1.9 Suaeda Forks. — Suaeda 14 1.6
Total 582 66.0 Total 232 26.3

The herbarium database of BD-PLANT-KZ program contains data recording for 765 samples of
281 species and forms of plants of natural flora from 53 families and 162 gena collected in 74 habitats of
320 geographical regions (areas) of 14 administrative regions of 4 areas of Kazakhstan now. Beyneusk,
Karakiyansk, Mangystau, both Tupkaragansk, Mangystau, Zhylyoysk, Kzylkogins, and Atyrau regions
collected and turned into herbariums 99, 150, 170, 65, 53, 126 samples respectively (table 2).
The following floristic areas dominate regarding the number of the herbarium data entered into a database
"16. Mangystau" (381 - 49.8%), "17. Northern Ustyurt" (96 - 12.5%) and "4. Ural" (256 - 33.5%).
Gerbarny samples of the database are illustrated by 465 their photos.

Table 2 — Distribution of gerbarny samples of the database on the administrative and floristic regions of Kazakhstan

Administrative region (area) Taxons % Floristic area Taxons %
Beyneusk (Mangystau) 99 12.9 5. Aktyubinsk 23 3.0
Bokeyordinsky (West Kazakhstan) 1 0.1 15. Bozasha 6 0.8
Zhylyoysk (Atyrau) 53 6.9 13a. Bukeevsk 1 0.1
Indersky (Atyrau) 39 5.1 16. Mangystau 381 49.8
Isataysky (Atyrau) 20 2.6 13. Pricaspian 1 0.1
Karakiyansky (Mangystau 150 19.6 17. Northern Ustyurt 96 12.5
Kzylkoginsky (Atyrau) 126 16.5 6. Turgai 1 0.1
Makatsky (Atyrau) 14 1.8 4. Ural 256 335
Mangystau (Mangystau) 170 22.2
Makhambetsky (Atyrau) 22 2.9
Mugalzharsky (Aktyubinsk) 1 0.1
Munaylinsky (Mangystau) 4 0.5
Tupkaragansky (Mangystau) 65 8.5
Hobdinsky (Aktyubinsk) 1 0.1
Total 765 100.0 | Total 765 100.0

Conclusion. The computer program has undergone successful approbation in two botanical gardens
of Kazakhstan (Altai and Mangyshlaksky) and has shown high reliability and efficiency of work with
floristic and herbarium information on plants of the natural flora of Kazakhstan. Lists of taxons on the
systematic accessory, ecological and biological properties, geographical points, floristic areas, etc.
revealed the 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 of the rights for the subject of
copyright No. 1408 of December 25, 2012, IS 0009258).

Introduction of the program in the practice of the cadastral registration has considerably simplified
creation information databases, has allowed to carry out quickly search of taxons and, in general, has
expanded possibilities of work with information on plants and their communities.

— 4) ——
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A. A. UmanbaeBa, U. @. Benozepos, M. 10. HuimypaTtoBa
MaHFbIIuIaK SKCIIepUMEHTAIBIBIK O0TaTHKAIBIK O0arsl, AKTay, Kazakctan

KA3AKCTAHHBIH TABUTU ®JIOPACBIHBIH OCIMAIKTEPIH KAJJACTPJIIK ECEIIKE
AJIY YHIIH «BD-PLANT-KZ» KOMIIBIOTEPJIIK BAFJAPJIAMACBIH KOJIJAHY

Annoranus. «Ka3akcTaHHBIH TaOWfu (PIOpPacHHBIH OCIMIIKTEPiHIH OOTaHMKAIBIK allyaH TYPJTITi KOHIHAEe
aKmapaTThl KOMIIBIOTEP JKaJbIHA SHTi3y JKoHe cakTay yuriH apHamraH BD-PLANT-KZ) xoMmeroTepiik 6armapiama-
CBHIHBIH, cHTIaTTamachl OepinreH. barmapiamaHblH HeTi3ri KYPBUIBIMBIHBIH KypaMbl 11 mMoTiHHEeH Typaabl: «Daitmy,
«Ouney», «Enrizy», «I3gey», «Kapay», «Tizim», «Kenmne memn», «KaysmmaacTtsiky, «/lepexrep 6azacer», «CepBuc»
XKoHe «AHbIKTaMa». barnapiama nepexktepi xKblUIaM i3zeyre, Oachln MIbIFapyFa, apTyplii GopmarTa sKCHOpTTayFa,
OepiyireH TaKCOHOMHUKAIIBIK, OMOAKOJIOTHSIIBIK, COHIIIK KoHEe Oacka mapaMmerpiiep OOMbIHIIA Ti3IMIEp MEH ecenTepai
xacayra MyMmkiHnik Oepeni. «BD-PLANT-KZ» KazakcranHblH exi OoTaHMKanblK OakTapbiHOa (AnTail jxoHe
MamnrpicTay) chlHaKTaH caTTi oTTi. Kasipri yaksiTra OarnapiaaMaHblH (IOPUCTHKAJIBIK JepeKTep O0a3achbiHaa TAOUFH
(hopanbIn 4 GemiMaep, 6 kiacc, 12 kinacc acTel, 26 Karapycrti, 59 karap, 10 karap actsl, 80 TykbiMaacTaH >xoHe 300
TybICTaH TYpaThiH 882 TakCOH YIIiH akmapar eHrisinreH. barnapnamansiH cbiHarbl bateic KazakcTaHHBIH MblcaiFa
Masnrsictay, ATeipay Aktebe >xoHe baTtric KasakcTaH oONMBICTApBIHBIH TaOWFW (IIOPACHIHBIH JKUBIHTHIK CHIIAT-
TaMachlH KypacThIpyFa MYMKiHAIK Oepxi. ['eorpadusiblk HYKTenep MeH (DIOPHCTHKANBIK ayJaHmap OOWBIHIIA
TaKCOHJIAp MEH TeorpadusIIbIK KaHa Ti3iMAep aHBIKTAJIBL.

Tyiiin ce3nep: kommbroTepimik Oarmapiama, BD-PLANT-KZ, kagactp, ecimaik ecedi, aepekrep 0a3achl.

A. A. Uman6aeBa, U. @. Benosepos, M. 0. NiimypaToBa
MaHTbhIIUTaKCKUN KCIIEPIMEHTANBHBIN O0TaHHYeckui can, Akray, Kazaxcran

HNCIIOJIb30BAHHUE KOMHLIOTEPHQﬁ ITPOI'PAMMBI «BD-PLANT-KZ»
VIS KAJACTPOBOT' O YYETA PACTEHUU ITPUPOJJHOU ®JIOPBI KABAXCTAHA

AnnoTauus: [TpuBoguTcs ommcanne komibloTepHoi mporpammbl « BD-PLANT-KZy», npennaznadeHnas ams
BBOJIa U XpaHEHHE B MaMATU KOMIIBIOTEpa pa3HOOOpa3HOil OoTaHMyeckol MHGOPMALUK O PACTEHHAX MPUPOJHON
¢noper Kazaxcrana. B cocras ['maBHoro mento Bxousat 11 mynktoB nporpammsbl: «®aitnmy, «IIpaBkay, «BBomy,
«ITouck», «IIpocmotp», «Cruckny, «I'epdbapuii», «CoobuiectBay, «basbl manubx», «CepBucy u «Cropakay. [Ipo-
rpamMMa Mo3BOJISIET OCYILECTBIIATH ONIEPATUBHBINA TIOMCK JaHHBIX, BHIBOJ| Ha [1€4aTh, SKCIIOPT B pa3In4HbIe (OPMATHI,
COCTaBJICHHWE OTYETOB M CIIMCKOB I10 33/IaHHBIM TaKCOHOMHYECKHM, OMO3KOJIOTMYECKNUM, JAEKOPAaTUBHBIM M HHBIM
napamerpam. «BD-PLANT-KZ» mnpomnnia ycmemHyro anpoOamuio B JByX OoraHmdeckux cagax KaszaxcraHa
(Anraiicknii 1 Manreinuiakckuid). B Hactosimee Bpemst (iopuctudeckas 0a3a JaHHBIX IPOTPaMMBI BKIFOYAET
WHPOPMALIUIO TT0 pUpoaHOH (iope ansa 882 TakcOHOB U3 4 OTHENOB, 6 KIaccoB, 12 MOAKIACCOB, 26 HAATIOPSAIKOB,
59 nopsnkos, 10 monmopsnkos, 80 cemeiicte u 300 pogoB. AnpoOariwst MPOrpaMMBI TIO3BOJIAIA COCTABUTH CBOAHYIO
XapaKTEepUCTHKY TpHuponHoi ¢umopel 3amamHoro Kaszaxcrama Ha mnpuMepe MaHrucTtayckoi, ATBIpaycKoid,
AxTroOMHCKOM 1 3anaano-Kazaxcranckoit obnacteit. OnpeeneHsbl CIUCKH TAKCOHOB 0 TeorpaduiecKiM TOYKaM U
(hmopucTudecKuM paiioHaM, BBISIBICHBI reorpaduueckie HOBUHKH.

KaroueBblie ci1oBa: komnboTepHas mporpamma, «BD-PLANT-KZ», kagactp, yuet pacteHuid, 6a3bl JaHHBIX.

Information about authors:

Imanbayeva A.A., Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan; imangarden@mail.ru;
https://orcid.org/0000-0003-0101-6840

Belozerov 1.F., Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan; b.i.f@bk.ru;
https://orcid.org/0000-0002-8111-2236

Ishmuratova M.Yu., Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan;
margarita.ishmur@mail.ru; https://orcid.org/0000-0002-1735-8290

REFERENCES

[1] Brummitt R.K. Vascular plant // Families and Genera. Royal Botanic Gardens. Kew, 1992. 804 p. ISBN 0-947643-43-5.

[2] Takhtajan A.L. Systematic of Magnoliophytes. Leningrad: Publ. Science. 1987. 440 p. ISBN 5288002193.

[3] Takhtajan A. Diversity and Classification of Flowering Plants. New York: Columbia University Press. 1997. 663 p.
ISBN 0231100981.

[4] Safronova IN. Deserts of Mangyshlak (Review of vegetation) // Proceedings of Botanical Institute named after
V. L. Komarov of Russian Academy of Science. 1996. Vol. 18. 212 p. ISBN 5-201-11092-4.




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

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

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 1, Number 331 (2019), 42 — 47 https://doi.org/10.32014/2019.2518-1629.6

UDC 87.15.15
G. Kenzhetayev', S. Syrlybekkyzy', Sh. Shapalov?, S. Koibakova!, Zh. M. Altybayev>

"Yessenov university, Aktau, Kazakhstan,
M. Auezov South Kazakhstan state university, Shymkent, Kazakhstan.
E-mail: gkenzhetayev@bk.ru, Samal 86a@mail.ru, shermahan_1984@mail.ru,
koybakova@bk.ru, arsenal 575@inbox.ru

ECOLOGICAL MONITORING IN COATAL AREA OF CASPIAN SEA
USING GEOINFORMATIONAL TECHNOLOGIES

Abstract. The objective need for environmental monitoring of soils in the coastal zones of the Caspian Sea in
the areas of location of oil production defines due to the increasing anthropogenic pressure on land resources and the
necessity of emitting of man-made changes in the state of soils for the adoption of environment-oriented decisions.
When creating a geographic information model for soil assessment, it was found that it should be able to exchange
information with other geographic information systems and technologies, as well as other applications.At the field
stage, a visit to the area with a set of measuring equipment was carried out, which provides sampling of soil with
fixing the location in the areas of SES.To ensure the automation of data processing, predictive and spatial analysis of
the results of field studies, an electronic map of the state of the soils of the coastal zone of the Caspian sea in the GIS
format was created.Project information analysis application "Monitoring and Analytics" was developed to the
electronic map, which was implemented on a modular basis based on client-server technology. The MS Access data-
base management system (DBMS) is chosen as a server for the accumulation of information about the results of field
surveys of the locality, which ensures the reliability of the application and the correction of the layers of the
electronic map. With the help of MSExcel attributive tables were created to collect information according the main
soil condition indicators of each field. An electronic map soils’ state of the Caspian Sea coastal zone in the areas
where oilfields are located, on which all the results of environmental projects are applied with using MsAccess.

Key words: Caspian Sea, coastal soil, electronic chart, GIS, monitoring.

Introduction. The objective necessity for state environmental monitoring of coastal soils of the
North-east Caspian Sea zones in areas of oil companies operation is due to the following main factors:

* increasing anthropogenic pressure on land resources;

* need to allocate anthropogenic changes in a soil condition on the background of natural envi-
ronmental decision-making.

Solving these monitoring problems is very difficult without creation of the soils condition database,
that is, an automated information system (AIS) of land monitoring. The created AIS should contain all of
the above information that will allow virtually adopting and implementing correct environmental deci-
sions. In this regard, the ever-growing amount of information on the status and use of land makes creation
of information support for implementation of state land monitoring especially relevant.

The objective need for environmental monitoring of soils in the coastal zones of the Caspian Sea in
the areas of location of oil production defines due to the increasing anthropogenic pressure on land re-
sources and the necessity of emitting of man-made changes in the state of soils for the adoption of
environment-oriented decisions.

When creating a geoinformation model for evaluation the nature of soils, it should be able to
exchange information with other geoinformation systems and technologies, as well as other application
programs, since no one modern GIS is able to be absolutely universal in performing tasks that are required
in production [1-3].

— 4) ——
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Thus, with the implementation of the geoinformation model, it became necessary to use software
programs that allow working with both attribute data and a graphic part of it [4, 5].

Methods and materials. The main source of facts is the materials of author’s research at stationary
ecological posts (SES), in the coastal zone of the Caspian Sea in areas where oilfields operate [6]. The
evaluation method of negative processes was used, where rigorous approach and marking criteria of soil
degradation in oil fields were applied. The software programs MaplnfoProfessional, GeomaticsOffice,
MicrosoftOfficeAccess, AdobePhotoshop were used, which allows working with attribute data, as well as
with a graphic part of environmental projects [7].

Results. One of the main elements for the organization of information using GIS geoinformation
technologies is attributive data models. To realize the tasks set by us, the relational model is used as a
model of attributive data. Relational data models are displayed in the form of tables.

Such data models are available even for unskilled users, and it is possible to use high-level lan-
guages. Information systems which are formed on the basis of relational models are available for users
who do not have much programming experience.

Since the main purpose of the work was to compile an electronic soil map of the coastal zone of the
Caspian Sea, based on the results of soil monitoring (ecological projects), the first stage of database deve-
lopment was the conceptual level. At this stage of the research, a conceptual model of data with logical
connections was created, reflecting the necessary composition of information on the state of soils in the
coastal zone of the Caspian in the areas where oilfields are located (physical and chemical properties,
heavy metals) in the form of a strictly ordered structure, but with the possibility of its development and
dynamics.

In the process of conceptual design, a conceptual and logical model of data is created, reflecting the
composition of data on soil monitoring results in the form of ordered structure.

In 2016-2017field studies were carried out at the 12 stationary ecological sites (SES) with soils
sample collections of the coastal zone of the Caspian Sea in areas of oil fields to determine the content of
heavy metals in soils (table 1).

Tablel — Coordinates of stationary ecological sites (SES)

Coordinates
SES Field Length Latitud
Plan Fact Plan Fact
1 Karazhanbas 51°15'41.8032 51°16'03,6" 45°8'51.306 45°08'56.8"
2 Karazhanbas 51°16'37.38 51°16'32.3" 45°8'49.6608 45°08'51.4"
3 Karazhanbas 51°17'49.2108 51°17'48.0" 45°8'49.4772 45°08'36.5"
4 Karazhanbas 51°16'33.204 51°16°35.10 45°7'48.9144 45°7'47.10
5 Fonovaya 51°16'14.6676 51°16'14.7 45°6'25.866 45°06'25.9
6 Fonovaya 51°29'52.5156 51°29'43.9" 45°18'24.3396 45°18'35.7"
7 Fonovaya 51°41'42.3168 51°44'19.1" 45°22'51.1248 45°22'39.3"
8 Arman 51°44'58.5132 51°45'11.5" 45°24'43.6176 45°24'30.7"
9 Arman 51°45'22.464 51°45'36.1" 45°24'5.5548 45°24'01.3"
10 Kalamkas 51°55'3.0036 51°55'35.6" 45°25'0.2784 45°25'03.5"
11 Kalamkas 51°55'3.8712 51°55'17.8 45°23'21.8796 45°23'28.5
12 Fonovaya 52°9'2.5416 52°07'55.6 45°21'27.7524 45°21'59.5

Map-scheme of monitoring points in the coastal zone of the Caspian Sea executed in the
MaplnfoProfessiomal 12.0 environment is shown in figure 1.

At the field stage, a trip to the region was carried out with a set of measuring instruments that
provided sampling of soil with fixation of location in the areas of the SES.

According to the results of laboratory research, diagrams of physical and chemical features and
dynamics of heavy metals in soils were carried out, and on the basis of which attribute tables were created
in the MSExcel environment. A software analytic application "Monitoring and Analytics" was developed
to the electronic state map.
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Figure 1 — The scheme of monitoring points in the coastal part of Mangistau region
(implemented in the environment MapInfoProfessiomal 12.0)

The MicrosoftAccess database management system was used as a server, which provides the
accumulation of information about the results of field surveys, the reliability of the application and the
adjustment of the used layers of the electronic map [8].

For computerized loading of data in the database maintenance module, there is a special function
called "Importing data from an Excel file"[9, 10]. With the help of MSExcel attributive tables were
created to collect information according the main soil condition indicators (content of heavy metal in soils
(TM)) of each field (SES) (figure 2).
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Figure 2 —
Attributive table
(the content of heavy metals in soils),
taking into account the correspondence
of field numbers of electronic maps
(Excel)
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In the attributive table: hierarchical levels system organization of fields (area code + business code),
name of the field (column B) and field —SES (column C) were taken into account.

As a software-tool environment for developing a physical database model, MS Access was selected,
which has a high application reliability. The MsAccess program made it possible to translate this table
into dbf format for the following data association to the shapefile of the electronic map of the study area.
The binding of the table data to the shapefile was performed using the N_ID attribute (N_1) [11-13].

The table of results of monitoring the Caspian Sea coastal zone soils is presented in figure 3 in MS Access.
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Figure 3 — Adapted in MS Access tableresults of SES monitoring

The form fields of the MsAccess of pivot Tables contain the following attributes: SES 1-15 coor-
dinates (for oilfields, including background ones), field cipher N ID (N_1), humus content Hum ,
phosphorus content P,Os_, potassium content KO , heavy metals As , Cd , Cu_, Ba , Fe , Hg , Ni_,
Pb ,Zn , Cr , Al , V_.indicating the date, time and year of environmental monitoring [14, 15]. The MsAccess
program made it possible to translate all the above tables into the dbf format for later binding the table
data to the shapefile of the electronic map of the Caspian Sea coastal zone in areas where the oilfields were
located (figure 4). The binding of tabular data to the shapefile is carried out by the attribute N_ID (N _1).

Figure 4 —
Electronic map of soils
of the Caspian Sea coastal zone
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Conclusion. An electronic map soils’ state of the Caspian Sea coastal zone in the areas where oil-
fields are located, on which all the results of environmental projects are applied with using MsAccess.

I'. K. Ken:xeraes!, C. Coipabioexknibl’, 111, K. Illanaxos?, C. E. Koiioakosa!

"Ecenos ynuBepcuteri, Akray, Kasaxcran,
M. Oye3os ateigars OHTycTik Kazakcran memiekertik yausepenteri, lllsivkent, Kazaxcran

T'EOAKITAPATTBIK TEXHOJIOTUSIJIAP/IbI KOJIJAHY APKbIJIbI
KACIIUM KAFAJIAYBIHJIAFBI MYHAM OHAIPLJIETIH AUMAKTAP/IbIH,
3KOJIOTUAJIbIK MOHUTOPHUHI'T

Annoranusi. Kacnimii TeHi3iHIH aranay aliiMarbIHBIH MYHail eHJIIIpY KOCIIOPBIHAAPH! OpHAJIACKAaH ayAaHaap-
Jla TOTIBIPaKTapbIHBIH JKaFJaibIHa KOJIOTHSIIBIK MOHUTOPHHITIH OOBEKTHBTI KQKETTLIIr] JKep pecypcTapblHa aHTPO-
MOTEHMAIK KBICBIMHBIH apTybIMEH >XoHE TaOWFaTThl KOpFay MICMIIMAEpiH KaObulgay YILIIH TONBIpaK >KarIalbIHIa
AQHTPOIOTEHIIK e3repicTepai 0oy KaKeTTLIIriHeH TybIHAaiabl. TONBIPaKThIH JKal-KyHiHe Oaranay >Kypridy YLIiH
reoaxnaparThK MOJIEIb KYpy Ke3iH/e OHBIH 0acKa reoaknaparThlK KYHeJIepMeH KoHe TEXHOJIOTHsIapMeH, COHIan-
ak Oacka sa KonaHOanbl OarapiamMaiapMeH aKnapar ajaMacy MYMKIHAIr O0Jybl THIC €KeHJIT1 aHbIKTanabl. Jana-
JIBIK KEe3€HJIE OJIIIeY aIllapaTypachlHbIH )KUBIHTHIFBIMEH KAMTaMachl3 €TUIII, TYPaKThl SKOJOTHAJIBIK JIaH ayaaH/ia-
PBIHIa OpHAIACKaH JKepiiepli Oenriieil OTIPhIN, TONBIPAK ChIHAMAJIAphIH ajly’Ky3ere achIpbulasl.JlepexTepni enaey
MPOLIECTEPiH aBTOMATTAHJBIPYIbl KaMTaMachl3 €Ty, AalalbIK 3epPTTEyJIep HOTIIKeNepiH OOJKaMABIK XOHE KeHic-
TIKTIK Tajnaynsl kamramachi3 ety ymid [AX ¢opmareiaga Kacnuiinin xkaranay aiiMarbl TOIBIPAKTAPBIHBIH JKaii-
KYHiHIH 3JIEKTPOH/IBIK KapTachl XKacalbl. DIEKTPOH/IBIK KapTara KIIMEHT-CEPBEP TEXHOJIOTUICH! HET131HIe MOJTyJIb-
JIK TUr OOWBIHIIA iCKe achIppuIFaH "MOHWTOPHHI KoHE aHaNWTHKA" OargapramMaliblK akKlapaTThIK-TajllaMaibIK
KOCBIMIIACh! 93ipieHai. JKeprumikTi >kepai AaiajiblK 3epTTEy HOTWKENEpl Typaibl MANIMETTepAl KWHAKTay YIIiH
cepBep perinne MS Access nepekrep KopblH Oackapy xyiteci (IKBXK) Tarnmanmsl, Oyi1 KOCBIMIIAHBIH CEHIMIUTITH
JKOHE JJIEKTPOHJBIK KapTa KabaTTapblH Ty3eTyl KamTramach3 ereqi.MS Excel kemerimMen op0ip aJlaHHBIH TOIIBIpaK
JKaW-KYHIHIH Heri3ri KepceTkimTepi OOWBIHIIA akmapar j>KHHAayFa apHalfaH aTpUOYTTHIK KecTelep KypBUIIBI.
MsAccess naiiganany apKbUIBI 9KOJOTHSUIBIK, >KOOaIapIblH OapiblK HOTHOKesepl KenripinreH, Kacrmiiniy sxaranay
aliMarbIHBIH MYHall KOCIITOPBIHIaphl OPHAJIACKAH ayAaH/aphl TONBIPAKTapBIHBIH Kal-KYHiHIH 3JIeKTPOH/BIK KapTachl
JKacapl.

Tyiiin ce3nep: Kacnuii TeHi3i, karanay TONbIparsl, 1eKTpoHIb! kapTa, ['AXK, MOHUTOpHHT.
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2I0xH0-KaszaxcTaHckuil Tocy1apcTBeHHbIN yHUBEpCUTET UM. M. Ays308Ba, llIbivMkenT, Kaszaxcran

3KOJIOITMYECKA MOHUTOPHUHT MPUBPEXHOM 30HBI KACIIMSI
B PANOHAX HE®TEJJOGbIYM C TIPUMEHEHUEM T'EOUMH®OPMAIIMOHHBIX

Annotanusi. OOBbEKTUBHAS HEOOXOMMOCTh IKOJIOTHYECKOT0O MOHUTOPHHTA ITOYB NPUOpExXHbIX 30H Kacnust B
paiioHax pa3MeIleHUs] NPeInpHusITHii HeTenoObun 00yCIIOBIICHa, BO3pACTAIOUIEH aHTPOIOTeHHONW Harpy3koil Ha
3eMeJIbHbIE PECYPCHl 1 HEOOXOIMMOCTBIO BBIAEIECHHS aHTPONOI'€HHBIX U3MEHEHNH B COCTOSIHUM MOYB JUIsl IPUHSATHN
NPUPOIOOXPaHHBIX peuieHuid. [Ipy co3panun reoMH(OPMAIIOHHOW MO Ul MPOBEICHHS OLEHKH COCTOSHHS
M0YB, OBUIO YCTAHOBJICHO, YTO OHA JJOJDKHA 00JIa1aTh BO3ZMOXKHOCTBIO 0OMeHa HH(opMalmeld ¢ 1pyrumMu reouHpop-
MAaIOHHBIMU CHCTEMaMH M TEXHOJIOTUSIMH, a TakKe APYTUMH NPUKIaJHBIMU IporpamMMamu. Ha monesom arame,
OBUI OCYIIIECTBIICH BBIE3/] HA MECTHOCTH C KOMIUIEKTOM M3MEPHUTEIIFHOM anmapartypsl, odecneurnBaromieii oroop mpod
rpyHTa ¢ (uKcanueid Mecrononoxenus B paiionax COII. [yt obecriedeHyss aBTOMaTH3AIMK TIPOLIECCOB 00pabOTKH
JIAaHHBIX, IPOTHO3HOTO U MPOCTPAHCTBEHHOTO aHAIN3a PE3YJIbTATOB IOJIEBBIX UCCIECIOBAHUM CO3/laHa MIEKTPOHHAs
KapTa cocTOsSHUs Mo4B npuoOpexxHoii 30ubl Kacnms, B ¢gopmare TMC. K anekrponHol kaprte pa3paboTaHO Ipo-
rpaMMHOE MH(OpMalMOHHO-aHAIMTUYECKOE NPHIIOKEHHE «MOHHUTOPUHT W aHAINTHKA», PEaln30BaHHOE 10 MO-
JyJIbHOMY THUIy Ha OCHOBE TE€XHOJIOTUH KJIMEHT-cepBep. B kauecTBe cepBepa JUISHAKOIUICHHUS CBEICHUM O pe3yiib-
TaTax I0JIEBBIX 00CIe0BaHNI MECTHOCTH, BBIOpaHa cucteMa ynpasienus 6azamu naHabix (CYBJ]) MS Access, 4to
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obecrieunBaeT HaJIKHOCTh IPUIIOKEHHUSI 1 KOPPEKTUPOBKY CII0EB 3JeKTpoHHOM KapThl.C nomorsio MSExcel Obun
CO3/1aHbl aTpUOyTUBHBIC TAaOIUIBI s cOopa MH(GOPMAIMK IO OCHOBHBIM TOKA3aTeNIsIM COCTOSIHUSI MTOYB KaXKIOTO
noJst.Co3/1aHa AJIeKTPOHHAs KapTa COCTOSIHUS MOYB PUOpexHOi 30HbI Kacnus B pailoHax pa3MeleHns: HeTsHbIX
MPOMBICJIOB, HA KOTOPYIO HAHECEHbBI BCE PE3yJIbTaThl IKOJOTHUECKUX MMPOEKTOB, C UCIIOJIb30BaHUEM MSAccess.
Kawuesbie cioBa: Kacrnimiickoe Mope, mpuOpexHbIe O4BbL, 3JeKTpoHHas kapTa, [ UC, MOHUTOPHHT.
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SCREENING OF STAMMS OF MUSHROOMS
OF THE SORT OF TRICHODERMA AND MORTIERELLA
FOR THE DETERMINATION OF THE GROWTH STIMULATING
ACTIVITY OF THE LEGUMINOUS AND FORAGE CULTURES

Abstract. The results of the study of the growth-stimulating action of Trichoderma viride 22, Trichoderma
album 23, Trichoderma asperellum 175, Trichoderma asperellum 1M and Mortierellaalpina antigens isolated from
the soils of the Almaty region on the growth and development of leguminous and forage crops. It has been estab-
lished that the biologically active substances released by various species of the fungus of the genus Trichoderma in a
certain concentration stimulate the growth and development of plants of peas, beans, alfalfa and increase their
resistance to diseases. The greatest growth-stimulating activity was possessed by 3% culture fluid of the fungus
Trichoderma viride 22 and Trichoderma album 23. Various concentrations of arachidonic acid obtained from the
fungus Mortierella sp. Stimulated the growth of the chickpea stem, and in peas and alfalfa - except for the growth of
the stem and roots. The culture liquid Mortirella sp. in 5% and 10% concentration had growth stimulating activity.
All test crops react differently to the action of growth substances produced by the fungus Mortierella sp. The use of
arachidonic acid reduced root growth, but stimulated stem growth in chickpeas. In alfalfa and peas, the stimulating
effect of arachidonic acid on the stem and root was observed in all variants of the experiment. The purpose of the
study was to study the growth-stimulating properties of the isolated fungi of the general Trichoderma and
Mortierella, a producer of arachidonic acid, on legumes and fodder crops.

Keywords: arachidonic acid, legumes, microfunguss, influence of activity of growth.

Reduced growth in perennial and annual herbs, soybeans, peanuts, hawthorn and horticultural crops,
reduction of soil fertility and reduction of crop cultivation culture, anddeclining productivity of growing
crops. At the same time, the chemicals of plant protection and fertilizer application have led to a sharp
reduction. In this case, one of the ways to overcome this problem is to switch from biological and ecolo-
gically safe farming through the widespread introduction of seedlings of bean, peanut butter plants with
symbiotic activity [1-3].

Peanut cultures are one of the most important organic and biological sources of biological nitrogen,
also an important source of vegetable protein, a good source of cereal crops, and increased soil fertility.

He is paying great attention to bean crops in world agriculture. The sown area of bean crops in the
world is about 100 million tons. and it reaches 20% of the gross crop yield. Grain and leguminous crops
take an important place in the raw material balance of the state among different agricultural crops,
providing the production of high protein products in the direction of food and livestock resources
[4-6].
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In order to address the problem of the protection of grain and leguminous crops, it is necessary to use
protective methods to reduce pathogenic potential (potential) in soil and seeds. Every year, there is a great
interest in specific biological and environmentally sound methods of combating agricultural pests and
diseases [7-9]. However, biological agents are widely used in agriculture on the basis of microb antago-
nists that inhibit the pathogenicity of cultural plants as an alternative to chemicals. Often, the blocking of
such biological agents is based on biological control directly from the dominant principle of plant
microflora in the environment [10-14].

Microscopic mushrooms of Trichoderma are biological control agents that provide essential antibio-
tics and hydrolase (chitinase and glucanase), which provide a set of antipathogenic factors, which are the
basis of plant protection from pathogenic organisms. In order to improve the behavior of Trichoderma
mushrooms, it is planned to create complex preparations with other fungal fungi that perform useful
functions of plants.In recent years, Mortierella sp. Supposes that natural biologically active substances are
based on the strengthening of plant protection mechanisms by using the ellipses, which suppose the other
side effects that promote plant resistance to pathogens. a great deal of attention is paid to arachidic acid,
which relates to unsaturated, unsaturated fatty acids that form with mushrooms [15-18].

The object of the research is the Trichoderma mushroom strains extracted from the rhizosphere of the
cucumber cultivated in the «Ammaneibak» farm in the Karasai district of the Karasai district of the
Sarykand district of the Sarkand area and the Siberian Biochemistry of the Scriabin Microorganisms of
the Russian Federation andInstitute of Physiology, Mortierella sp. mushrooms and arachidonic acid were
used. In addition, seeds of "lkarda", peat "Ambrosia" and "Cenernia" varieties of seeds were used in the
study, each of which was used in 60 copies.

Trichoderma and Mortierella sp. In order to investigate the growth activity of the plants by the action
of mushrooms, three methods were performed.

In the first experiment, seeds 22, 23, 175, IM strains of Trichoderma mushrooms with different
biologically active ingredients grown in 7 days were fertilized for 2 hours in 50% and 3% culture fluids.

In the second practice, Mortierella sp. The main biologically active ingredient of the mushroom is
the lipid nature of arachidonic acid. We cultivated seeds of seeds: in 10 liters of water we have processed
1.2 mg of arachidon acids, 0.6 mg and 0.3 mg.

In the third experiment - Mortierella sp., Grown on day 11, in a water-treated environment at a
concentration of 5 and 10%. We have determined the growth activity of the fungus cultured fluid.

Initially, the seeds were put into the Petri dish and the containers to the sterile soil, which was put
into solid feeding medium by Kovrovsev, and then cultivated in a thermostat at 25 °C for two days and
then for 7 days. We took distilled water as a controller [19].

We have determined the effects of the culture of fungicidal and the effect of arachidic acid on the
growth of seeds, the length of sprouts and the growth of the seeds. On the 7th day, we measured the
germination, biometric sightings and mass of sprouts. We used standard methods of mathematical
processing of the obtained results. [20, 21].

Results and Discussion: In practice, the following results were obtained from seeds grown in the soil:
The varieties of "Ambrosia" and "Oregon" were not grown, as the cultured liquids of Trichoderma
mushrooms 22, 175, 30, IM were poisonous at 1: 2 concentration in the water.The 1: 2 crushed concentra-
tion of the culture fluids of the /75 and 30 strains of Trichoderma mushrooms was toxic for the "lkarda"
grade of chick. However, at such concentrations, Trichoderma viride 22 and Trichoderma asperellum
were not very toxic to peat seeds treated by /M strains, because the growth of the shoots was weak.

Trichoderma viride 22, Trichoderma album 23, has been active in improving the growth of fungus
when cultivating seeds with 3% culture fluid from Trichoderma mushroom. However, the strains
Trichoderma asperellum 175 only increased the root growth (table 1).

In practice, Trichoderma asperellum was less toxic to /M than the strains of Trichoderma album 23
for root vein growth and growth. For cultivation of clover, 50% of the culture fluid of the /75, /M, 30 and
22 strains of Trichoderma mushroom was not poisonous (table 1).

Significant growth activity was detected when cultivating the "Ambrosia" bean type with 3% culture
fluid of Trichoderma 22, 23, IM strains. These strains have improved the growth of the growth of bean
veins and roots.
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Table 1 — Indicators of growth activity of cultured aquatic fungi Trichoderma (chickpeas, cloves and peas)

Calcula_tion_ of laboratory Length, cm
Crop Stamp name germination of seeds
a piece % seeds grow up
50% culture fluid
Control 57 95 1,6+0,1 4,3£0,2
To Lucerne Trichodermaviride 22 60 100 1,8+0,1 5,440,2
«The most ;
beautifuly Trichoderma asperellum 175 33 55 1,7£0,1 3,14+0,2
Trichoderma asperellum 1M 45 75 1,6+0,1 4,2+0,2
Trichoderma asperellum30 39 65 1,9+0,1 4,1+£0,2
3% culture fluid
Control 57 95 10,0+0,4 12,9+0,8
Trichoderma viride 22 60 100 11,7+0,8 17,2+1,0
Noah Trichoderma album 23 57 95 8,0+£0,9 8,1+£1,4
«Ickarda»
Trichoderma asperellum 1M 51 85 6,3+0,5 21,6£1,2
Trichoderma asperellum 175 57 95 6,4+0,9 15,7£1,2
Control 60 100 3,7+0,2 3,7+0,2
The «Greatest» Trichoderma viride 22 60 100 4,0£0,1 3,9+0,1
in Lucerne
Trichoderma album 23 60 100 4,1£0,2 4,340,1
Trichoderma asperellum 1M 60 100 3,6+0,1 3,340,1
Control 39 65 4,1+0,1 3,9+0,2
Butcher Trichoderma viride 22 45 75 5,3+0,1 5,4+0,1
«Ambrosia» Trichoderma album 23 48 80 4,6+0,1 6,4+0,2
Trichoderma asperellum 1M 42 70 3,3+0,5 5,8+1,0
Table 2 — Indicators of growth of arachidon acids (chickpeas, cloves and peas)
Arachidonic acid The growing number of seeds Length, cm
concentration, unit of mg a piece %, root grow up
Noah «Ickarda»
Control 60 100 11,4+0,4 4,3+0,4
1,2 60 100 7,1£0,6 6,1£0,6
0,6 60 100 8,4+0,6 6,5+0,7
0,3 60 100 4,6+0,3 3,6+0,2
The "Greatest" in Lucerne
Control 60 100 2,9+0,1 3,0+0,1
1,2 60 100 3,7+0,2 3,5+0,1
0,6 60 100 4,3£0,2 3,9+0,1
0,3 60 100 3,1+0,1 3,9+0,1
Butcher "Ambrosia"
Control 51 85 6,4+0,2 5,0+0,1
1,2 51 85 7,2+0,1 5,5+0,2
0,6 51 85 7,1+0,1 5,2+0,1
0,3 45 75 5,9+0,2 4,2+0,1
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After 24 hours, when the peanut and lucerne were pushed with different concentrations of arachi-
donic acid, all seeds grew in volume and grown.

Mortierella sp. After treatment with arachidonic acid extracted from the mushroom, growth activity
was observed in the concentration of 1.2 mg and 0.6 mg (table 2).

From table 3, 1.2 mg of arachidic acid; When using the concentration of 0.6 mg and 0.3 mg, the root
growth activity of the "lkarda" grade of the Knot decreased, but the growth of growth of the spleen in two
concentrations (1.2 mg and 0.6 mg) increased by 1.8 - 2.2 cm controlled. In the variant of Cucumber
seedlings, the activity of arachidic acid has been demonstrated in all tested concentrations.

Clover, pea and clover plants Mortierella sp. as a result of the study of the effects of the culture fluid,
showed that plants tested significantly increased the growth of sprouts and roots in the treatment of 5%
and 10% culture fluid (table 3).

Table 3 — Mortierella sp. Indicators of growth of fungal growth (beech, clover and peanut butter)

The number of
) Length, cm
Crop Strain name germination, growing plants,
a piece % root grow up
Control 10 100% 7,6+0,1 12,1+0,2
Noah «Ickarday Mortierellasp. 5% 10 100% 7,1£0,1 12,8+0,2
Mortierella sp. 10% 10 100% 14,240,1 25,5+0,2
Control 5 50% 2,1+0,1 10,0+0,1
Butcher Mortierellasp. 5% 10 100% 7,2+0,1 14,6+0,1
«Ambrosia»
Mortierellasp. 10% 10 100% 6,7+0,1 16,4+0,1
To Lucerne Control 20 100% 3,0+0,1 2,7+0,1
«The most Mortierellasp. 5% 20 100% 4,840,1 3,8+0,1
beautiful» Mortierellasp. 10% 20 100% 5,0+0,1 4,120,1

Mortierella sp. One of the better options for the active growth of the fungal cultivation of the fungus
was the Ambrionia grade of the bean cultivated by 5% cultured fluid. This concentration showed triple the
growth of the rootstock of beetles, and 50% of the growth of the sprouts. Mortierella sp. The 10-year-old
cultured mushroom culture had an effect on 40% growth of bean sprouts and 24% of the root length.
There was a concentration of 5% of the culture fluid to treat the seeds of the seeds of "Ambrionia".

Mortar spinning seeds of "lkarda" peppers are obtained by Mortierella sp. 5% culture fungus fungus,
the intensity of growth of sprouts and veins was within the control version, and the 10-point culture fluid
showed 68.3% and 50% vascular growth activity.

Mortierella sp., Grown in nutrient medium with oatmeal, sodium citrate and zinc sulphate. when
cultivating 5% and 10% fungal culture of the fungus, the spleen and roots of cranberry «the Green
Quarter» showed the worst growth activity.

Mortierella sp. In the 10-point concentration of culinary fluid, cervical roots have shown increased
activity by 42%, and the length of the spleen increased by 19% when cultured by a 5-well culture con-
centration. When cultivating 5% of the culture fluid concentration, the length of the sprout was appro-
ximately the same when the root length was 26% and 10% was treated with culture fluid.

When using arachidon acid it reduced the growth of the "lIkarda" peat's root growth, but showed an
increase in growth rates of sprouting. In alfalfa and asparagus, the activity of arachidic acid has been
observed in all varieties with intense activity of growth and root growth.

In this regard, as a result of the research, four Morterella sp. mushroom, which has a different effect
on growth intensity. In fact, biologically active substances that form different types of Trichoderma
mushrooms activate the growth of beans, chickpeas and cucumber plants in specific concentrations and
increase the resistance to the disease. As a result of research, mushroom strains of Trichoderma viride 22,
Trichoderma album 23 and Trichoderma asperellum IM (concentration of 3% culture fluid) showed
considerable efficiency in growth activity. Meanwhile, arachidic acid (1.2% and 0.6%) has increased the
growth of noxious beans by 72%, peanut and peppers by 30-35% and roots by 48.2-70%. Mortierella sp.
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The concentration of 10% fungal culture of fungus has increased significantly. Therefore Trichoderma
and Mortierella sp. can be used to increase the productive potential of plants in crop production and to
obtain ecologically clean products, based on the culture fluid of the fungus.

The results of the study of the growth-stimulating effect of Trichoderma viride 22, Trichoderma
album 23, Trichoderma asperellum 175, Trichoderma asperellum 1M and Mortierella alpine antigens
isolated from light chestnut soils of the Almaty region on growth and development of leguminous and
forage crops are presented. It is established that the biologically active substances released by various
species of the fungus of the genus 7Trichoderma in a certain concentration stimulate the growth and
development of plants of peas, beans, alfalfa and increase their resistance to diseases. The greatest
growth-stimulating activity was possessed by 3% culture liquid of the fungus Trichoderma viride 22 and
Trichoderma album 23. . Different concentrations of arachidonic acid obtained from the fungus
Mortierella sp. stimulated the growth of the chickpea stalk, and in peas and alfalfa - except for the growth
of the stem and roots. The culture liquid Mortirella sp. in 5% and 10% concentration had growth stimu-
lating activity. The use of arachidonic acid reduced root growth, but stimulated stem growth in chickpea.
In alfalfa and peas, the stimulating effect of arachidonic acid on the stem and root was observed in all
variants of the experiment. All test crops react differently to the action of growth substances produced by
the fungus Mortierella sp.

A. lIIl. Mam6aesal, A. K. Caganos?, O. H. lllemuypa?,
K. H. llemmeesa®, b. B. Toiixururosa?, b. JlozoBunka’

'«Ka3zak yiTTeIK arpapislk yrusepcuteTi» KEAK, Anmarer, Kazakcran,
2«MuKpoOHOIIOTHS JKIHE BHPYCOJIOTHS FBUIBIMU-OHAIpicTiK opTanbrbeny XKIIC, Anmarel, Kazakcraw,
30n-Mapabu aTeiagarsl Kasak yITTHK yHHBEpCHTeTi, AnMarsl, Kasakcran,

“Koxa Axmer Slcayn aTBIHIAFBI XaIbIKapalbIK Ka3ak-Typik yausepcuteTi, Typkicran, Kasakcran,
S«OcimMaik Kopray» MeMIIEKETTIK FEUIBIMH 3€PTTEY HHCTHTYTHI, Bemoctok, [lomsma

BYPIIAKTBHI ’)KOHE MAJIA3BIKTBIK JAKBLJIJIAPIBIH OCY BEJICEHILIITTH
APTTBIPY YIITH TRICHODERMA KOHE MORTIERELLA CAHBIPAYKYJIAKTAP/BIH
IITAMM/IAPBIH IPIKTEII AJTY

AHHOTanus1. BypiiakTel )koHe Malla3bIKTHIK AAKbLIIAP/IbIH JaMYbIHA J)KOHE 6CYiHe AJIMAThl OOJIBICHIHBIH TOIbI-
parbiHaH OeutiHin ansinFaH Trichoderma sxone Mortierella canplpayKyJ1akTap-aHTarOHHCTEPIHIH ocy OeceHIimir
3eprrengi. Trichoderma caHplpayKyJlaKTapblHBIH Op TYpIi TypJepiMeH OeniHeTiH OHOJOTHSIIBIK OeNCeH Il 3aTTap
HaKTbI KOHIEHTpanusaa Oypirak, acOypiiak >xoHe HKOHbIIIKA 6CIMIIKTEPIHIH OCYIH JKOHE AaMYbIH KaKCapTThI JKOHE
ONap/bIH aypyFa Te3IMIUIIriH sxorapnattel. Trichoderma viride 22 wone Trichoderma album23 canpipayKysiakra-
PBIHBIH KYJIBTYPAJIIbl CYHBIKTHIFBIHBIH 3%-bl OCIMIIKTIH 6cy OenceHninirin aptreipabsl. Mortierella sp. Canpipayky-
JIaFbIHAH OOJTIHII aJbIHFaH apaxuIOH KbIIIKbUIBIHBIH Op TYPJIl KOHIEHTpAIMsIaphl HOKAT ©CIMAITIHIH ca0arbIHbIH
ecyiH, aj OypllaK >KoHe JKOHBILIKA OCIMIIKTepiHIH cabaFbl MEH TaMbIpPJIApBIHBIH OCYiH jKaKcapTThl. Mortierella sp.
KyJIBTYpaJ/ibl CYWBIKTBIFBIHBIH 5% >xoHe 10% KOHIEHTpauusCchl OCIMIIKTEPIIH 6cy OelceHUlriHe ue OOl
ChlHaNIFaH aybll MIapyalibulblK nakeiigap Mortierella sp. caHplpayKyJaFbIMEH TY3€TiH, apaXUIOH KbIIIKbLIBI OCY
KapKBIHABUIBIFBIHA Op TYPJi ocepiH turizai. An Trichoderma viride 22, Trichoderma album 23 xone Trichoderma
asperellum IM (3%-IBIK KyTbTYpaAbl CYWBIKTHIFBIHBIH KOHIIEHTPAIMACHI) CaHBIPAyKYJIAKTapIbIH ITAMMIAPHI 6CY
Oencenainiri OoibiHIAa THIMAUTIK Kepcerti. Trichoderma 22, 23 xoue Trichoderma asperellum IM canbipayky-
JaKTapIblH LITAMJApPbIHAA TEeXKey CHEeKTpl OaiKanabl, oyap OapJbIK ChIHAIFAH MAaTOTeHAEPIIH OcyiH 0asyJarThl,
ecyiH Oasynay 30Hackl 40-45 MM 0OJIIbL

Tyiiin ce3mep: apaxulIOH KbIIIKbUIbL, OYPIIAKTBI MOHE MAaJa3bIKTHIK JAKbLIIAP, MUKPOCKOIMSUIBIK CaHbIpay-
KyJIaKTap, 6cy OelCceH IUIIriHiH acepi.
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CKPHHUHI' ITAMMOB I'PUBOB POJA TRICHODERMA B MORTIERELLA
JJIs1 OTPEJEJEHUAA POCTCTUMYJIMPYIOIIEU AKTUBHOCTH
BOBOBBIX U KOPMOBBIX KYJIbTYP

AnHoTtanus. IlpuBeneHsl pe3yibTaThl HCCIEAOBAHHUS POCTCTUMYJIHPYIOIIETO JIEHCTBUSA IITaMMOB — aHTa-
roHucToB Trichoderma viride 22, Trichoderma album 23, Trichoderma asperellum 175, Trichoderma asperellum
IM u Mortierella alpine, BbI€NIEHHBIX U3 CBETJIO-KAIITAHOBBIX [IOYB AJIMATHMHCKON 00JAacTH, Ha POCT M Pa3BUTHE
0000BEIX U KOPMOBBIX KYIBTYp. Y CTAaHOBJICHO, YTO OMOJIOTHYECKH aKTUBHBIC BEIIECTBA BEHIICISIEMBbIC, PA3IMIHBIMH
BuJamu rpuda pona Trichodermas onpeeneHHON KOHIICHTPALUU CTUMYJIHPYIOT POCT U Pa3BUTHE PACTEHUH ropoxa,
06000B, JIONIEPHBI W MOBBIMAIOT UX YCTOMYMBOCTH K OoJie3HsAM. Hanbobimel pocTOCTUMYIUPYIONMEH aKTHBHOCTHIO
obmamana 3% KynbTypanbHas >KUAKOCT Tpuba Trichodermaviride 22 w Trichodermaalbum 23. Paznudnble
KOHIICHTPAIIUH apaxyuIOHOBOI KUCIIOTHI, TOMYyYeHHOHN U3 epuda Mortierellasp. cTAMYIHPOBAIHN poCT cTeOIs HyTa, a
y ropoxa u JIIOLepHbI — KpoMe pocta cTedist u kopHu. KynbrypanbsHas sxuakocts Mortirellasp. B 5%-Hoit u 10%-
HOM KOHIIeHTpauu o0Jaaana poCTCTUMYIHPYIONIEH aKkTUBHOCTBIO. [[puMeHeHre apaxu0HOBOW KHUCIOThI CHIDKAIA
MPUPOCT KOPHS, HO CTHMYJIMPOBAJIa POCT cTeOs y HyTa. Y JIONEPHB U ropoxa HalOII0AaIoch CTUMYIHPYIOIIEe
)leﬁCTBPIe aanHﬂOHOBOﬁ KHCJIOThI Ha CTe6eﬂb U KOpCHb BO BCEX BapHWaHTax OIIbITa. Bce HCHBITYCMBIC CEJIbCKO-
XO3SCTBEHHBIE KYJBTYPhl MO-pa3HOMY pEarupyroT Ha JIEHCTBHE POCTOBBIX BELIECTB, NPOIYLHPYEMBIX TpPUOOM
Mortierellasp.

KiroueBble ci10Ba: apaxwJOHOBas KHCIOTa, 00OOBBIC M KOPMOBBIC KYJIBTYPBI, MUKPOCKOITMYECKUE TPHOBL,
BIIMSIHAC aKTHBHOCTH POCTA.
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Abstract. With the adoption of sovereignty, Kazakhstan in the choice of symbols and emblems should be
guided by the cultural traditions of the Kazakh people that are left to us in the distant past.
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Description of the symbols of medicine and veterinary medicine of Kazakhstan, inherent in the
cultural traditions of the Kazakh people, remain little studied and graphically unreconstructed in the form
of emblems.

The most common in the world of logos of medicine and veterinary medicine in different countries
are the snake, Imhotep's ankh, the snake wrapped around the staff of Asklepios (Aesculapius), the snake
that encircles the bowl as a reminder to the physician — "Be wise, giving poison", a burning torch and a
flaming lamp, mirror, heart of palm, a burning torch with a snake wrapped around in a composition with
the Crescent and five-pointed star, a burning torch in with the Latin letter V, the red cross, red crescent,
sword, entwined with a snake, two snakes wrapped around the cup in a composition with a blue cross,
blue cross, the fire inside an eight-pointed star, two lights placed one above the other and on the same
vertical line, each of which is framed by colourful arcs star of life (six-leaf clover), consisting of six rays,
in the center of which are a snake and a staff of Asclepius, snakes, entwining a winged Caduceus, etc. [1-6].

The first of the Kazakh people who wrote about the worship of fire in the early second half of the
XIX century, was an outstanding scientist-ethnographer Ch. Ch. Valikhanov: "Fire has a purifying quality.
It purifies (when something is) between two fires. The Kirghiz® (Kazakh") rite of purification is called
alasta. Coming back from wintering, they go between the two fires». [7, p. 54-55] (picture 1).

Somewhat later, in 1911, a similar veneration of fire was described by S. I. Rudenko among another
Turkic folk (quoted from Kukushkin, 1993) [8, p. 137, 197].

It is necessary to recognize the fact, that A.I.Kukushkin, in his candidate's dissertation on the cult of
fire in Kazakhstan, didn't noted Ch. Ch. Valikhanov's work about honoring of fire in the traditional
Kazakh society described by him at the beginning of the second half of the XIX century, long before
S. I. Rudenko [8, p. 137, 197, 7, p. 54-55].

However, the work of Ch. Ch. Valikhanov in this part is cited in other works as fundamental in the
graphic establishment of specific emblems of medicine and veterinary medicine in the traditional Kazakh
society [9, p. 41, 10, p. 58].

It should be emphasized that another common symbolism in the traditional Kazakh society were fire-
solar drawings [8, p. 66, 214], since the Kazakh orientation system is in some way connected with the cult
of the rising sun [11], the role of a frame in the emblems can be represented by the solar sign in the form
of divergent rays of the sun, the so-called eight-beam star. [8, p. 214].
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Picture 1 — The photo of Ch. Ch. Valikhanov (ru.wikipedia.org).

After studying the literary, archival and archaeological information about the material culture on the
territory of Kazakhstan, which originated even before the Kazakh khanate, we graphically reconstructed
the national emblem of medicine and veterinary medicine in the traditional Kazakh society on the basis of
descriptions of Ch. Ch. Valikhanov [7, p. 54-55], A. L. Kukushkin, S. I. Rudenko [8, p. 137, 197, 214], S.
K. Kazakin [9, p. 41], N.Sh.Mamedov [10, p. 52-65] M. Sembi [11, p. 91].

Previously, we have graphically reconstructed the main elements of the emblems, these were two
bright scarlet flames, located above each other and on one vertical line, each of which was framed by a
colored arc. The reconstructed elements of the emblems from the medical and biological field were used
by us in the postage stamp of the Republic of Kazakhstan in 2015 as a national postage stamp of 60 tenge,
dedicated to the 100th anniversary of vaccination in Kazakhstan (picture 2).

KA3AKCTAH ' \.

Picture 2 — A copy of the full mailing stamp list of Kazakhstan, 2015, Ne 920
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In 2018, we finally carried out a graphic reconstruction of the national emblems of medicine and
veterinary medicine in the traditional Kazakh society (pictures 3, 4).

Picture 3 — Graphic reconstruction of the national emblems Picture 4 — Graphic reconstruction of the national emblems
of medicine in the traditional Kazakh society of veterinary medicine in the traditional Kazakh society

Description of the claimed designation in figure 3: the color pictorial sign consists of two main ele-
ments and is presented in the form of a fiery solar symbol - a genuine Kazakh eight — beam star of bright
blue color, framed at the edges and perimeter by a narrow white strip. In the center of the eight-pointed
star, two bright scarlet flames are located above each other and on one vertical line, each of which is
framed by an white arc; according to the description, nomads, coming back from wintering, move with the
cattle between the two fires, performing the rite of purification — alastau (synonymous with hygiene);
bright blue color of the star is associated with tranquility and clear sky.

Color indication: bright blue, white, bright scarlet.

Description of the claimed designation in picture 4: the color pictorial sign consists of two main
elements and is presented in the form of a fiery solar symbol - a genuine Kazakh eight-beam star of bright
green color, framed at the edges and perimeter by a narrow white strip. In the center of the eight-beam
star, two bright scarlet flames are located above each other and on one vertical line, each of which is
framed by an arc of white; according to the description, nomads, coming back from wintering, move with
the cattle between the two fires, performing the rite of purification — alastau (synonymous with hygiene);
the bright green color of the star is associated with the green of the Kazakh steppe.

Color indication: bright green, white, bright scarlet.

A hundred years ago, two institutions, medicine and veterinary medicine, had a common history and
were parts of the Ministry of internal Affairs of the Russian Empire as a Medical Department and Council,
and as an Advisory veterinary Committee, transformed in April 1901 in the Veterinary Department, such
structure existed until 1919. When Kazakhstan obtained Soviet statehood, medicine was allocated to the
independent people's Commissariat of health (currently the Ministry of health of the Republic of
Kazakhstan), and veterinary medicine was included in the form of Veterinary management in the people's
Commissariat of agriculture (currently the Committee of veterinary control and supervision of the
Ministry of agriculture of the Republic of Kazakhstan), that is why both emblems, medicine and vete-
rinary medicine, should be considered together, as they are closely related branches of human activity. It
should be noted that the only country in the world that has kept medicine and veterinary medicine in one
Department together is the state of Australia.

As a result of our work, protective document of the Ministry of justice of the Republic of Kazakhstan
Ne 2484 on the work of science "Graphic reconstruction of national emblems of medicine and veterinary
medicine in the traditional Kazakh society" was signed on the 31% July, 2018 (picture 5).
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Picture 5 — Copy of certificate No. 2484 on state registration of rights to the object of copyright, dated on the 315 July, 2018

Conclusion.

1. Graphic reconstruction of national emblems of medicine and veterinary medicine in the traditional
Kazakh society clearly fits the framework of the state Project “Rouhani Zhangyru” regarding the "revival
of spiritual values" and "modernization of public consciousness".

2. Graphically reconstructed emblem of medicine can be used in the structure of the Ministry of
healthcare of the Republic of Kazakhstan, local Executive bodies on health, medical, educational and
research institutions, military medical services of ministries, departments and organizations of the Repub-
lic of Kazakhstan, as well as in medical units, sanitary vehicles, ambulances, medical pharmacies, medical
laboratories, enterprises and shops of medical optics, road signs of medical service, in the press and in any
economic entities of the medical industry, regardless of ownership.

3. Graphically reconstructed emblem of veterinary medicine can be used in the Structure of the
Committee of veterinary control and supervision of the Ministry of agriculture of the Republic of Kazakh-
stan, local Executive bodies on veterinary issues, veterinary educational and research institutions, military
veterinary services of ministries and departments and organizations of the Republic of Kazakhstan, as
well as in veterinary units, veterinary-sanitary vehicles, veterinary care machines, veterinary pharmacies,
veterinary laboratories, road signs of veterinary service, in the press and in any economic entities of the
veterinary industry, regardless of ownership.

4. It is necessary, as in some countries, to prohibit by law at the territory of the Republic of Kazakh-
stan the free use of the red cross belonging to the International movement of the red cross, red Crescent
and red Crystal, including other colors and configurations of these symbols, as well as the classical
symbols of medicine in the form of a bowl with a snake and a six-leaf with a staff of Asclepius.
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H. III. Mamenos
Kazak FeUIBIMH-3€pTTEY BETEpUHAPIIBIK HHCTUTYTHI, Anmartsl, Kazakctan

JIOCTYPII KA3AK KAYBIMBIHJIA MEJINIIMHA )KOHE BETEPUHAPHS DMBJEMAJIAPBIH
YJITTBIK TPAOUKAJIBIK KAWTA KYPY

An"oranus. Toyenci3mikTi KaObUIIaFaHHAH KeiH TaHOalap MEH dMOIeManapabl Tanaaranaa Kasakcran epre
3aMaH/a 0i3re KaIIBIPBUTFaH Ka3aK XalIKbIHBIH MOJICHUETTIK JOCTYPIIEpiHe CYHEeHY1 KepeK.

Tyiiin ce3nep: rpaduka, Kaiita Kypy, YITTHIK, MEAUIIIHA SMOJIEMaphl, BETEPHUHAPHSI SMOJIEMAaphl, XaIbIK MOJe-
HHUETI, TOCTYpIep, Ka3aK KaybIMbI, OTKa TaObIHY, SMOJIeMa 3JIEMEHTTEpi, COIAPIBIK TaHOa, KOTepiry KyHiHe TaOBIHY,
ceri3coyneni KYJIIbI3, MOIITAIbIK MapKa.

H. 1. Mamenos
Kazaxckuil HayyHO-HCCIe10BaTeNbCKUN BETEPHUHAPHBIN HHCTUTYT, AnMatsl, Kazaxcran

IT'PAONYECKAA PEKOHCTPYKIUA HAINUOHAJIBHBIX 9MBJIEM MEJUIIAHBbI
N BETEPUHAPHUUN B TPAINTIMOHHOM KA3AXCKOM OBUHIECTBE

Annoranusi. C npuHATHEM CyBepeHHUTeTa, KasaxcraH B BBIOOpPE CHMBOJIOB M ASMOJIEM JOIKEH OPHEHTHUPO-
BaThCA Ha KyJABTYypHBIC TPAAUIIH Ka3aXCKOTO HAPO/Aa, KOTOPhIE OCTABJIICHBI HAaM B JTAIIEKOM HCTOPHYECKOM IPOIIIOM.

KuaroueBrble ciioBa: rpaduka, peKOHCTPYKIIHS, HALIMOHAIIBHBIH, SMOIEMbl METUIIMHBI, IMOJIEMbl BETEPUHAPUH,
KyJapTypa Hapojaa, TPaJWINH, Ka3axckoe OOIIecTBO, MOYWTAHHE OTHSA, ajlacTa, ajacTay, SJIEMEHTHI SMOIEMBL,
COJISIPHAs CUMBOJIMKA, KyJIBT BOCXO/ISILET0 COJTHIIA, BOCBMUITy4€eBas 3B€37a, IOUYTOBas MapKa.
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STUDY OF LANDSCAPE AND BIOLOGICAL DIVERSITY
OF THE CHALK DEPOSIT IN MANGISTAU REGION

Abstract. Data of a research on geomorphological areas of Mangystau Region are provided. Caspian
Depression in Mangystau Region stretches to borders of the hollow of Karagiye (for 132 m below sea-level). On the
Ustyurt plateau, Bozzhira's area it is incredibly fine, it can make the worthy competition to the known Valley of
monuments (USA). In mountain Mangystau the highest point the mountain Beschoky — 555 of m. Studying of a
biodiversity near the field of a chalk of Shetpe Southern showed that from 26 species of reptiles widespread in area,
near the field of a chalk and cement works 4 views live: steppe agama, takyr round head fast lizard and Caspian
gecko. There is an endemic look — a hedgehog. Steppes are used by birds as a fodder biotope. The revealed biodi-
versity enriches the area of a research, both ecologically, and esthetically.

Key words: researches, regional features, lowland, mountainous areas, field of a chalk, cement works,
biodiversity.

Introduction. It is known that decrease in level of biological diversity is one of the main reasons for
the progressing degradation of natural ecosystems.

Only on condition of maintaining optimum level of a variety creation of the ecosystems steady
against anthropogenic and technogenic and also extreme influences of physical and chemical factors,
wreckers and diseases is possible [1].

Preservation of a biodiversity is one of global environmental problems and every year escalates in
process of disappearance of new types more and more.

Negatively pollution of the environment of their dwelling influences animals. Pollution of the envi-
ronmental environment, in particular soils is especially dangerous by cretaceous and cement dust.
Particles of cement dust can be transferred to distances up to 5 km and can cover the considerable terri-
tories. Cement dust contains from 10 to 40% of calcium in the form of oxide, a carbonate, to 2.5% of a
potassium. Though this dust is considered non-toxic, it can become the reason of change of a number of
properties of soils and vegetation and them according to their pollution as a result of accumulation of
some chemical elements in high concentrations. In view of that the Cement plant Caspian Sea is placed on
the Western plain with a foot of the field of a chalk of Shetpe Southern, it is necessary, to note that one of
factors of negative impact on a surrounding medium is dust formation when loading and transporting a
chalk. The thin dispersion is characteristic of cretaceous breeds thanks to what cretaceous dust is
delivered on hundreds of meters from the place of development and transportation. Pollution of soils aero
technogenic emissions causes significant changes in biogenocenoses. As a result of extraction of chalk,
dust as a part of which calcium oxide within 46.12-53.21%, magnesium oxides — 1.08-11.34% contains is
formed, creates an environmental problem for a surrounding medium [2].
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Dust the containing lime, forms with water on a surface of leaves a firm crust of Ca(OH), or
3Ca-SiO; which close all time and break the gas exchange necessary for a normal delivery of a plant and
process of a photosynthesis.

It leads to processes of destruction of a vegetable cover and degradation of soils and the subsequent
formation of technogenic deserts. Natural fitotsenoza are broken, there are significant changes in plants, at
the same time contents and concentration of a number of chemical elements increases in sol of plants.

In this regard, studying of a biodiversity in areas of extraction of chalk and production of cement in
an arid hot climate of the Mvangistausky region, are not only the fundamental directions of the modern
ecological researches but also have applied character.

Methods of collecting and processing of material. Field researches are conducted in summertime
2017-2018.

The research technique, is based on the modern scientific ideas of assessment of a condition of a
biodiversity in areas of production of mining operations.

All materials on a biodiversity in the territory of the field of a chalk of Shetpe Southern and around
cement works are received by a method of "squares". The territory of a research was broken into squares
(grids) by means of which also the quantitative are received qualitative (existence of types) (number of
visits) data.

At the first stage data collection and processing necessary for a research is carried out (data on
geomorphological areas of Mangystau Region and information on valuable natural objects). Share mate-
rials of Management of natural resources and rational environmental management of the Mangsitausky
region (YIIPuPII) and the Atlas of Mangystau, 2010) are used [5]. Information on regional features of
geomorphological areas of the region is provided.

The second stage - assessment of a condition of a biodiversity around activity of the Caspian Sea
Cement plant on the field of a chalk of Shetpe Southern. The assessment was carried out by observation at
field researches.

Route (pedestrian) account. Birds. The norm of accounting of birds was 3 km, at a foot of hills and
also on northern and east slopes and in the system of the southern gorges. The route on the western plain
made from the North to the south 5 km. Data on abundance of birds and other quantitative indices were
averaged (on May 15 — on July 15) [6].

For accounting of amphibians and reptiles route account is also used. More complete information on
specific variety of animals is given by route accounts. At the same time for obtaining comparable data
were guided by the following rules. Account was carried out on registration tapes which width for one
person is equal to 1 m (on 0.5 m aside from the accountant) on strongly grassed sites or at night, and 2 m
(on 1 m from the accountant aside) on open places in the afternoon. Such bandwidth of account
undertakes for the best detection of types. At the same time the chosen width of a registration strip
was strictly kept. When accounting Amphibia and lizards length of a route was 3 km, when accounting
snakes - 5 km (the central plateau of the field of a chalk) [8,9].

For accounting of a green toad and water already the route was put on the coastline of the drying-up
river and the canal around cement works.

During walking routes used GPS receiver (Garmin eTrex 30), the camera (Nikon D90), a caliper and
a roulette for measurement of the met traces of animals, reptiles and mammals.

Watched birds by means of the field-glass daily in strictly particular terms: at 6 o'clock in the
morning and 18 o'clock in the evening, in total 80 clocks of observations.

Classification of birds was carried out during routes with the assistance of the ornithologist [7].

Methods of geoinformation technologies (GIT). Data of remote sensing of Earth (are received in
the free access from services - Google Maps, Yandex, Bing). Schematic maps are executed in the environ-
ment of Google Maps, Bing with use of the graphic Corel Draw 11 and Paint programs (Windows XP).

Results of researches and discussion. The area of researches, in particular the field of a chalk of
Shetpe Southern is located in the territory of the Mangystau district game of Mangystau Region RK.

According to a technique of researches at the first stage we will provide data on geomorphological
areas of Mangystau Region and we will provide information on a landscape variety and the valuable
natural objects inherent only to this edge.
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Mangystau Region of the Republic of Kazakhstan is located to the east from the Caspian Sea, on the
Mangyshlak plateau (Mangystau), borders in the northeast on the Atyrau and Aktyubinsk regions, in the
south on Turkmenistan and in the east on the Republic of Karakalpakstan as a part of Uzbekistan. The
region from the West is washed by the Caspian Sea, at this pobeorezh Kenderli is given in the West in the
form of the peninsula of Mangyshlak, with the deep gulfs Dead Kultuk, Mangyshlaksky, Kazakh. In the
Caspian Sea - Seal islands. The majority of the territory of the area is engaged with the wormwood and
saline desert with sites of shrubby vegetation at brown soils: the surface is partially covered with saline
soils, takyring solonetzic soils and sands with extremely rare vegetation Climate sharp and continental,
extremely droughty. Average temperature in January - 7 °C, in July of 27 °C, at the same time in separate
days maximum temperature exceeds 40 °C. Osadkov drops out about 100-150 mm in a year [3].

The rivers of the Caspian Basin, the river of the basin of the Aral Sea and also many rivers flowing
into small lakes or losing the drain in desert waterless areas belong to the extensive internal drainless
Aralo-Caspian Basin. This pool watershed covers 23% of the territory of the CIS. For the Aralo-Kas-
piysky watershed, allocate six large geomorphological regions [4].

Falls to the share of Mangystau Region four: 1. Caspian Depression. 2. The Ustyurt plateau bordered
with the system of ledges of chinok (Northern, Southern and Western subdistricts). 3. Mountain
Mangystau. 4. Flat Mangystau. Geomorphological areas of Mangystau Region are shown in figure 1.
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Figure 1 — Geomorphological areas of Mangystau Region
(the schematic map is executed in the environment of Google Maps)

1. Caspian Depression is located in the southeast of the Votochno-Evropeysky plain, on the northern
coast of the Caspian Sea (figure 2). It is called by name (kacrueB), the people of Scythian origin which
were once living on coast of the Caspian Sea. The area - about 200 thousand sq.km. In a northern part
(The Astrakhan region of the Russian Federation, the Atyrau region) the lowland is put clay, and in
southern (Mangystau Region) is put by sandy deposits. In Mangystau Region deserts and semi-deserts
prevail. Caspian Depression in Mangystau Region stretches to borders of the hollow of Karagiye (for
132 m below sea-level). The low plain surface lies in the interior below sea-level on 28 m (Atyrau), to the
outskirts rises up to 100 m. In the western part it is crossed by the Volga-Akhtubinsk flood plain. The
largest rivers: Volga, Ural, Terek, Kuma. On Caspian Depression within Mangystau Region there is an
Aktau-Buzachinsky wildlife area [3, 5].
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Figure 2 — Caspian Depression (physical map Russian Federation, 2003)

2. The Ustyurt plateau (Ustyurt on tyursky - a plateau). The well-known Ustyurt plateau (figure 1
and 2) is located in Central Asia and occupies the same territory as well as Caspian Depression - nearly
200 thousand sq.m. The fact that across this plateau there pass borders of our Kazakhstan, Uzbekistan and
the small site of Turkmenistan is remarkable. So, in the western part the peninsula of Mangyshlak and the
gulf Kara-Bogaz-Gol (a black mouth). In the east - the drying Aral Sea and delta of the Amudarya River.

The highest the southwest part of the plateau - Bozzhyr's (figure 3) natural boundary which is located
in the Mangimtausky region is considered.

Figure 3 — Bozzhir's natural boundary in Mangystau Region (a picture, 2018)

The tract consists of rocky ridges, hills (ridges) with almost flat outlines. The area Bosire incredibly
beautiful, she can compete with the famous monument Valley (USA). Unfortunately, few of them have
heard about the existence of this pearl of Ustyurt. It is worth studying Kazakhstan on the map of mountain
chains to assess the scale of this place. It is believed that more than 21 million years ago the plateau was
deep under water. Thus, sea shells are found in Ustyurt limestone, which confirms the hypothesis.

Besides, there is a huge amount of ferromanganese concretions which the size and a form remind
spheres for billiards. Not everyone will guess that the spherical educations disseminated through all sur-
face by the plateau are created in the conditions of the sea. Water gradually washed away dolomitic and
calcareous breeds, but ferromanganese concretions came to light stronger, only found roundish outlines.
Locals are proud of such sight.
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3. Mountain Mangystau. Mountain Mangystau district. The West Karatau district with a low-moun-
tainous terrain. Absolute marks in the area fluctuate from 250-450 m above sea level (figure 4).
The highest parts of a peneplenizirovana with the certain towering hills (Mount Otpan-Tau with height of
533 m) [4].
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Figure 4 — Mountain Mangystau (the schematic map is executed in the environment of Google Maps)

Northern and southern slopes of mountains very steep with dense network of gorges in the form of
canyons. Slopes of mountains stony with numerous exits of radical breeds. It is put by Nizkogorye the
Perm and Triassic sandstones, slates, aleurolites with pro-layers of conglomerates and limestones.

The east Karatau district with a low-mountainous terrain. Elevation marks fluctuate from 380 to 480
m. Tops peneplening hilly with the certain hills towering on 50-100 m (the highest point of area
Mangystauskoy the mountain Beschoky - 555 of m (village of Zharmysh).

Northern and especially southern macroslopes steep stony with exits of radical breeds and cut up
numerous by the canyon log of an ushchelyamiya. Lithologic structure of breeds the also composite
(sandstones, aleurolites, slates). Severomangyshlaksky district of poorly inclined under plains (from 100
to 0 m sea-level) with a hilly uvalistym a relief.

The close podstilaniye of cretaceous breeds is characteristic of the area, is more rare than limestones
and sandstones, a part them comes to a surface. Uvala krutosklonny with exits of breeds, and flat with
small beams and ravines.

Differences in structure of fauna of mammals are characteristic of each of these areas. So, in Caspian
Depression dwelling of 43 types, in the Northern predustyurt — 44 types, Flat Mangystau — 45 types, in
Mountain Mangystau — 35 types, Northern Ustyurt — 47 types, the Southern Ustyurt — 52 types, the
Western Ustyurt — the 51st species of mammals is revealed [3, 5, 9].

The originality of the Aralo-Kaspiysky watershed is traced not only in a geological structure and
landscape and geographical features, but also specific structure and the nature of distribution of animals,
first of all land vertebrata. Therefore the fauna of Ustyurt and Mangystau has to be considered as the self-
contained zoogeographical site — the Ustyurt [3, 5].

Features of a landscape variety of the field of a chalk of Shetpe Southern.

Central plateau of the field of a chalk. Represents the flat and equal, located at the considerable
height (about 17 m), above sea level, plateau, with the vegetation which fell into decay as a result of an
intensive pasture of horses and to a lesser extent camels and goats [10].

Western plain. It is characterized by very limited difference of height, very smoothly going down
from the West to the east, a low part is to the west from the plant territory. The northwest part of the plain
is completely covered with a grass cover for a cattle pasture locals.

— 4 ——
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Hills of a foot. This area — result of slipping of breeds of the main plateau. One of the most various
and strongly structured regions of a landscape of the explored territory, also harbors the considerable
proportion of biological diversity of the area.

Northern slope. A northern slope — quite monotonous steep slope which designates northern border
of the plateau. The top third, about 20-30 m, is almost vertical calcareous slope with erosive ravines and
cuts.

From the ecological point of view, for ecotourism, two systems of gorges which are on the different
ends of the field of a chalk are of huge interest:

- northern system of gorges: the wide and strongly structured system of the gorge with the steep,
vertical, bouldery osypny slopes and very narrow gorges where it isn't enough, but trees and bushes meet;

- southern system of gorges: it isn't so extensive as Northern, gorges the most narrow here, but with
more steep exits of breed.

Geoekologicheski important difference of this system consisting of several gorges connected by a
canyon are:

- the steep steep rocks formed as a result of the severe erosion with numerous small caves and cracks;

- osypny slopes and boulders of breeds at a foot of steeps which form the system of caves and semi-
caves.

Geographical isolation and generally rare vegetation does this area unattractive for the grazed pets
and therefore pasturable loading is considerably reduced here. The described landscape is shown in figure 5.

Distribution of amphibians and reptiles. Gerpetofauna of Mangystau Region, in general includes
2 species of amphibians and 26 species of reptiles.
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Figure 5 — The schematic map with the available species of reptiles and Amphibia, mammals and birds
on the field swept also the Caspian Sea Cement plant (the card is executed in Google Maps)

All species of amphibians and reptiles widespread in area are classified on: 1 — widespread; 2 —
having a limited area; the distribution 3 — having mosaic character; 4 — known on single finds.

From widespread reptiles in the territory of a research live: steppe agama (Trapelus sanguinolentus),
takyr round head (Phrynocephalus helioscopus), fast yashchurka (Eremias velox). Density of their
settlement of ordinary, that is 1-10 individuals on 1 hectare. From desert types — a Sarmatian runner
(Elaphe sauromates). Settlement density — infrequent, less than 1 individual on 1 hectare. Also — a green
toad (Bufo viridis) (1-10 individuals on 1 hectare), water (Natrix tesselata) (1-10 individuals on 1 hec-
tare), an ordinary shchitomordnik (Gloydius halys) (1-10 individuals on 1 hectare). From routine types -
the Central Asian turtle (Agrionemys horsfieldi) (1-10 individuals/hectare), the Caspian gecko
(Cyrtopodion caspium) (1-10 individuals/hectare). The green toad (Bufo viridis) meets on the canal and
the drying-up river, with saltish water and its number is small [10].
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The number of the Central Asian turtle (Agrionemys horsfieldi) in this area is higher than 1 indi-
vidual's, that is density routine that is characteristic of hilly sands and plaster and loamy decreases in
Mountains Karatau (The western plain).

The steppe agama (Trapelus sanguinolentus), takyr round head (Phrynocephalus helioscopus), fast
yashchurka (Eremias velox) inhabit the fixed and dispelled sands though they sometimes meet in clay,
shchebenisty and stony deserts (a foot of Northern and East slopes). Density of the settlement of lizards in
the territory of the field varies, being for a steppe agama — 1-3 individuals/hectare, a takyr round head —
1-6 individuals/hectare, a fast lizard — 1-11 individuals/hectare.

In the most suitable habitats — on sands for a steppe agama and a fast lizard and on the takyrovidnykh
soils for a takyr round head the occurrence of lizards reaches several tens by 100 m of a route.

Snakes as a rule are more infrequent, than lizards. Water (Natrix tesselata) it is intimately bound to
water during life and dated for the damp habitats.

Mammals. In the territory of a research the following, widespread desert types meet (a slepushonka).
In local fauna absolutely there are no real steppe types, it isn't enough in it and semidesertic types (a small
gopher, a corsac fox, a saiga). At the same time there is an endemic look — a dlinnoigly hedgehog.

It testifies to the relative antiquity and isolation of local fauna. Besides, in its structure there are
representatives of an afrikano-Asian desert complex: (hare-tolay and jackal). At the same time there are
almost no Turonian elements (a grebenshchikovy gerbil, Severtsov's jerboa and a small jerboa) [10].
Severtsov's jerboa was recorded only once. At the same time, now, there were two new views delivered
by rail (black and gray rats).

Birds. In the territory of a research a variety of birds very low, but at the same time, the factory
platform attracts types, the related to the person of wild pigeons and house sparrows, and availability of
water and food attracts migratory birds.

On open plains or fruitless hills far from areas of the raised vegetation only 1-3 views usually live.
While regions of the raised vegetation (the rivers and canyons) and also the factory platform attract the
considerable number of birds, plains can also contain the most larger congestions of larks and sparrows.
In general, the research showed that the Mangystau district also plays the significant role for migratory
birds and that these birds prefer the same environments of dwelling areas, as the majority of the crossed
types.

The fauna of these sites, in connection with weak protective conditions and poor fodder resources, is
very poor. It is possible to go 2-3 km., and not to meet any bird.

The nesting types are presented only by a steppe lark and the field skate but both views are rare. In
places of stony exposures are frequent only Kamenka-pleshanki, but they use these sites only as a fodder
biotope, the eagle owl (Bubo bubo), near the southern gorge is also noticed. Steppes are used by birds
more as a fodder biotope, than as the place of nesting. Only 20-25% make the types nesting there of all
types met on the field of a chalk.

Buteo rufinus, steppe eagle (Aquila nipalensis), steppe kestrel (Falco naumanni), bustard beauty
(Chlamydotis undulata), eagle owl (Bubo bubo), belobryukhy martin (Apus melba), green merop (Me-
ropssuperciliosus), desert raven (Corvusruflcollis), the Spanish Kamenka (Oenanthe hispanica), desert
Kamenka (Oenanthe deserti), stone sparrow (Petronia petronia), larks (Galerida cristata, Eremophila
alpestris, Melanocorypha bimaculata, Calandrella brachydactyla, Crufescens) [10].

From this list the following bird species were included in the database of researches: wild pigeon
(Columba livia), steppe lark (Melanocorypha calandra), house sparrow (Passer domesticus), black soiling
sparrow (Passer hispaniolensis), Eurasian eagle owl (Bubo bubo) and Kamenka-pleshanka (Oenanthe
pleschanka). The schematic map with the available species of reptiles and Amphibia, mammals and birds
on the field swept and Caspian Sea Cement cement works is shown in figure 5.

Conclusion. The relief of the territory of the area is various. Caspian Depression borders: in the
east — with ostanets of the Northern chink of Ustyurt with values of absolute heights to 152 m, in the
southeast — with the Western chinok of Ustyurt which consists of ostants with heights more than 200 m, in
the south — with Mangistusky uplands. The southern part of the lowland adjoins the peninsula of
Mangystau. Ranges of Mangystausky uplands rise to the level of the highest point in the territory of the
area — the mountain Besshoky (555 m).
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Overwhelming part of the territory of the area — the deserts and semi-deserts alternated by saline soils
and takyra with wormwood and rare shrubby vegetation.

There are no constant rivers in the territory of the area, the region has acute shortage of sources of
sweet water. Climatic features of deserts contribute to the development of a desert relief in which erosive
and aeolian processes are well shown.

At the relative variety of fauna of the Prikaspiya Desert inhabits 56 species of mammals, 278 bird
species and 18 species of Amphibia and reptiles, many animal species fall into categories infrequent and
disappearing and demand careful attitude to them. Among them there are 7 species of mammals, 36 bird
species and 1 species of reptiles are included in the Red List of the Republic of Kazakhstan.

By results of researches, it is established that from widespread reptiles in the territory of a research
live: steppe agama, takyr fillister head fast lizard. From routine types - the Central Asian turtle and the
Caspian gecko.

The green toad is recorded on the canal and the drying-up river, with salt water.

Steppes are used by birds more as a fodder biotope, than as the place of nesting. The following birds
were included in the database of researches: wild pigeon steppe lark, house sparrow, black soiling
sparrow, Eurasian eagle owl and kamenka-pleshanka. Even this biological diversity studied as a result of
researches near the field of a chalk and cement works, undoubtedly enriches this territory both eco-
logically, and esthetically.

A. K. Cepukoaena’, I'. K. Kemxeraes!, C. ChIpJIbIGEKKbI3bI,
I1I. K. Hlananos?, A. M. Alitumosa’, ®. ’Kanapoaepa'

"EcenoB YauBepcuteTi, AkTay, Kaszakcran,
M. OyesoB athiEAarsl OHTycTik Kazakcran memiekeTTik yausepeureri, Llbvkent, Kazaxcran

MAHFBICTAY OBJIBICBIHJIAYBI BOP KEHOPHBIHBIH
JAHAITA®TBIK ’KOHE BUOJIOT UAJIBIK SPTYPJILIITTH 3EPTTEY

AnHoTtanusi. Makanana ManrbicTay OOJIBICBIHBIH TeOMOP(OJIOTHSJIBIK ayJaHaapbl Typajbl MOJIiIMETTep
Oepinred. ManrbicTay 00JbIChIHAaFEl Kacnuii MaHbl oinaTel Kapakus oWNaTBHIHBIH IIEKapachlHA JICHIH CO3BLIBII
KaTeIp (TeHi3 aeHreiineH 132 M TeMeH). YCTIpT *a3bIKTHIFBIHAAFBI BO3KBIPaHBIH JKepi KepeMeT, o Oenriai MoHy-
MentTep ankabeiHa (AKIL) maifplkTel OocekenecTik jkacail amamel. MaHrpicTayna Becliokbl TaybIHBIH €H OWik
HYKTeci — 555 m. Illetnie 60p KeH OpHBI aylaHbIHIAFBl OMOATYaHTYPIIUIIKTI 3epTTey 00JbIcTa KEH TapanraH 26 pen-
TWIASHBIH TYPIiHIH ilIiHEH OOp KeH OpHBI MEH IIEMEHT 3ayBITHIHBIH aynaHbIHAA 4 TYpi: Jajla aFaMbl, TaKbIp KBLI
0ackl, KpUIIaM aychll jkoHe Kacmhmii TeKKOHBIHAH TYPATHIHBIH KOPCETTi. DHAEMHUSUIBIK TYPi — Y3BIH KBIPJBI KipIIi.
Jama Kycrapra XeMIOik OHWOTON peTiHAe MaimadaHbUIaAbl. AHBIKTAIFaH OHOANyaHTYPILUIIK 3€pTTeY ayIdaHbIH
9KOJIOTHSUIBIK ’KOHE ICTETHKANBIK JKarblHAH OallbITazIbl.

Tyilin ce3nep: 3eprTeynep, alMaKTHIK €peKIIeNiKTep, OWMATThIK, Tay ayJaHAapbl, Oop KeH OpHEI, llemeHT
3aybIThl, OMOATYaHTYPIIIIK.

A. K. Cepukoaena’, I'. K. Kemxeraes!, C. ChIpJIbIGeKKbI3bI,
I1I. K. llananos?, A. M. Alitumosa’, ®. ’Kanapoaepa'

'Yuusepcurer Ecenona, Axray, Kazaxcran,
2I0sH0-KazaxcTaHcKkuil TOCyJapCTBEHHBIN yHHBEPCHTET MM. M. Aya3oBa, lllsiMkent, Kazaxcran

M3YYEHHE JIAHAITA®THOI'O U BUOJIOIT'HYECKOTI'O PASHOOBPA3HS
MECTOPOXJIEHUSA MEJIA B MAHI'MCTAYCKHNHU OBJIACTH

AnHoTtanus. [IpeacraBieHsbl JaHHBIC UCCICAOBAHHS O reoMop(OJOrHYeCKHX palioHax MaHrucrayckoi o0-
nactu. [Ipukacnuiickasi HHI3MEHHOCTh B MaHrHcTaycKoi 001acT MpocTHpaeTcs 0 rpaHull BrnaauHel Kaparue (Ha
132 M Huxe ypoBHst Mopsi). Ha mato YceTiopT, MECTHOCTh b03KUpBI HEBEPOSATHO MPEKpacHa, OHA MOXKET COCTaBUTh
JIOCTOIMHYIO KOHKYpeHIHIo n3BectHoit Jlomae MmonymenToB (CIIIA). B ropHom MaHrucray HauBbICIIasi TOUKa ropa
Becuoksr — 555 m. H3yuenne duopaznoobpas3us B paiione mectopoxaenus mena [llerne KOxHOe mokasano, 4ro u3
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26 BHIIOB PETITHIIMIA PaCIPOCTPAHEHHBIX B 00J1aCTH, B pailoHe MECTOPOKIACHHSI MeJla M IIEMEHTHOTO 3aBOjIa OOUTAIOT
4 Buja: cremHas arama, TaKbIpHasi KPYTJIOrOJIOBKA ObICTpast sIIlypKa W KaCIHMHUCKHI TeKKOH. VIMeeTcst SHIeMUYHbIit
BUJ — JUTMHHOUTIIBIA ex. CTeNu HCIOJb3YIOTCS MTHIIAMH Kak KOPMOBOH Ouoromn. BrisiBieHHOe OHopa3HOOOpasue
oboraraer pailoH MCCIIET0BAHUS, KaK 3KOJIOTHYECKH, TAK M ICTETHUECKH.

KaioueBble cj10Ba: UCCIEI0BaHMs, PETHOHAIbHBIE OCOOEHHOCTH, HU3MEHHOCTh, TOPHbIE PAHOHBI, MECTOPOXK-
JICHHUE Mella, [IEMEHTHBIN 3aBOJI, Onopa3zHooOpasue.
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THEMAIN CHEMICAL PARAMETERS OF WATER HABITAT
BY BREEDING OF THE RUSSIAN STURGEON
IN AGE FROM TWO-YEARS TO FIVE-YEARS
IN ALMATY REGION PONDS OF KAZAKHSTAN

Abstract. The dynamic of values of pH of the aquatic environment of ponds and the oxygen content in the
water of experimental fish pondsare presented in numerical execution. Descriptions of observable facts of pH dyna-
mic values of the aquatic environment of ponds are given. The minimal and maximal values of studied parameters of
water habitat, coefficients of variation of values of studied parameters of water habitat during the fish-breeding
season, authenticity of differences between the values of studied parameters of water habitat during one day for the
concrete periods of time are presented. The equations of regression of studied parameters of water habitat during the
fish-breeding season are shown. The conclusions in which all the results of work according to the theme of this ar-
ticle are given. The results of comparison of database with the analogical recommendations from foreign researches
are presented.

Keywords: experimental ponds, fish-breeding in ponds, pH of water habitat, number of oxygen in water,
dynamic of parameters of water habitat.

Introduction. In the period between 2008 - 2011 LLP "Kazakh Research Institute of Fisheries"
conducted large-scale research on the development of biotechnical methods of commercial sturgeon
farming in relation to the modern conditions of the Republic of Kazakhstan, in particular, the cultivation
of large fish stock of sturgeon fish and their hybrids in the adapted ponds of carp fish farms, water
supplied by mountain rivers, in conditions of fish farms of Almaty region.A Russian sturgeon is
recognized as the most perspective object of sturgeons-breeding from the domestic sturgeon species.

Compliance of values of the parameters by aquatic habitats of fishes normative is a prerequisite in
order to recommend those or others biotechnical methods of growing fish in specific conditions.

Studies of the aquatic environment are an integral part of researches of fishery.

The purpose of the researches is to track the dynamics of the main chemical indicators of aquatic
environment of the Russian sturgeon with age from two-years to five-years (pH of the aquatic
environment, oxygen content in the water of fish ponds supplied by water of mountain rivers) in fish-
breeding farms in Almaty region.

Material and methods. There searches were heldin the fish-breeding farm of Almaty region of
Kazakhstan.The ponds adapted for breeding the russian sturgeon in ages of two-years, three-years, four-
years and five-years were used as an experimental (figure).

Sources of water supplyboth for all the pond farm and the experimental part of pond farm where the
works were carried out were the mountain rivers Lavar and Bala-Teskensu flowing through the territory
of Enbekshi-Kazakh district of Almaty region. The database of quality of water by the water supply which
was the head pond of the farm supplied by the water of named rivers are presented in table 1.

According to the databaseoftheresearchesthewaterfromwatersupplyof the “Chilik ponds farm” in
June according to the parameter of pH which was 7,40 was neutral, number of organic substances was
non-high.
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The experimental pond in the experimental part by “Kazakh scientific and research institute of fishery” LLP

Table 1 — Hydrochemical and toxicological parameters of water from water supply of the “Chilik ponds farm”

Parameters Unit of measure - Values
in June in September

pH - 7,40 7,56
Permanganate oxidability mg O/dm? 4,0 3,2
Ammoniate mg/dm? 0,03 0,03
Nitrites mg/dm? 0,088 0,006
Nitrates mg/dm? 2,63 0,35
Phosphorus mg/dm? 0,01 0,004
Iron mg/dm? 0,05 0,06
Rigidity of water mg-equiv./dm? 5,6 5,4
Hydrocarbonates mg/dm? 317 305
Sulfates mg/dm? 110 107
Chlorides mg/dm? 26,9 21,3
Calcium mg/dm? 59,3 56,9
Magnesium mg/dm? 32,5 31,1
Sodium mg/dm? 40,3 60
Potassium mg/dm? 3,9

Mineralization mg/dm? 590 580
Copper mg/dm? 0,0087 1,5
Zinc mg/dm? 0,0057 5,5
Lead mg/dm? 0,077 4,0

Number of the biogenicelementsinthewaterwasenoughforthe development of water plants.
The ammoniates were founded in number of 0,03-0,05 mg/dm’, mineral phosphorus — in number of
0,010 mg/dm®. Concentrationofnitriteswas 0,088mg/dm®, what is more than the limited concentration
1,1 times. Thenitrateswereinnumberof 2,63 mg/dm’,whatisthehighvalue for the natural water basins.
Numberofthecopper was 8,7 mcg/dm® what is more that the limited concentration 8,7 times. Cadmium
was no founded in the water. Concentrationofthezincandtheleadwere less than the limited concentration.

Accordingtothedatabaseoftheresearchesthewaterfromwatersupplyof the “Chilik ponds farm” in
September according to the parameter of pH which was 7,56 was neutral. Contentofcarbondioxidein
period of researches was on the level of limited concentration (44 mg/dm’). Number of the
biogenicelementsinthewaterwasnon high. Thenitritesandthephosphorus were characterized of less values
on level of 0,004-0,006 mg/dm’. Theammoniatesandtheironwereanalogicalaccording to content in

— 70 ——
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limits0,03 and 0,06 mg/dm*® respectively. Thenitrateswerefoundedinnumber 0,35 mg/dm’. The copper was
foundedinlimits of 1,5 of limited concentration, zinc in limits of 5,5 mg/dm3 , leadin limits of 4,0 mg/dm3.
That is less than limited concentration. Cadmiumwasnofoundedinthewater.

Accordingtotheions, according to classification by O.A. Alyokin this water is related to
hydrocarbonate class, groupofcalcium, II type. Accordingtothetechnical properties which are
characterized of summa of mg-equiv./dm® of calcium and magnesiumthe water ismoderatery hard with
common hardness 5,6 mg-equiv./dm”.

So, the water from water supply of the “Chilik ponds farm” in summer and autumn period propertied
to the regulatory requirements which are presented to fishery reservoirs. This water is fresh, middle hard,
with low content of organic substances and nutrients, with neutral reaction of water, relatively weakly
contaminated with heavy metals.

The database show that with such indicators the quality of water from the water of Chilik ponds farm
supply channel is likely to have a low bio-mass of food organisms. The water quality of the well complied
with the requirements for fisheries purposes[1].

ThematerialbycarryingouttheresearchesaccordingtothethemeofthisarticlewerethevaluespHofwater
environment, content of the oxygeh of water by experimental ponds using for two-years, three-years, four-
years and five-years of the russian sturgeon.

Gotdatabasewasprocessedbythemethodsofbiological statistic [2].

The results and discussion of them. Thefeatures of dynamic of the parameters of hydrology and
hydro chemical parameters in basins with one-years of russian sturgeon were studied earlier [3].

The values ofcontentofoxygeninthewaterofexperimentalpondsfor4 years of carrying out of researches
(2008 — 2011) by breeding the different groups of russian sturgeon are presented in table 2.

Table 2 — Content of oxygen in the water of experimental ponds for the period 2008 — 2011™years,mg/dm?

Years of carrying out the researches, age group of russian sturgeon
Month Decade -
2008, 1+ 2009, 2+ 2010, 3+ 2011, 4+ middle value
i 7,57+0,15 7,66+0,23 7,35+0,41 6,71+0,28 7,32+0,21
May I 7,1740,13 7,24+0,27 7,87+0,39 7,81+0,40 7,52+0,18
I 8,44+0,23 7,59+0,29 7,45+0,25 7,49+0,31 7,74+0,23
June I 8,52+0,27 8,84+0,26 7,86+0,28 7,97+0,34 8,30+0,23
il 8,38+0,19 9,42+0,23 8,89+0,31 8,76+0,29 8,86+0,22
I 8,8710,14 9,52+0,20 9,57+0,28 9,65+0,27 9,40+0,18
July I 9,67+0,21 9,53+0,22 9,76+0,22 9,714+0,24 9,67+0,05
111 10,45+0,27 10,68+0,19 9,69+0,24 9,74+0,26 10,14+0,25
I 10,14+0,22 9,97+0,18 10,80+0,34 10,28+0,29 10,30+0,18
August I 9,52+0,17 9,96+0,19 10,36+0,19 10,37+0,27 10,05+0,20
I 9,70+0,13 11,17+0,20 10,124+0,19 10,27+0,25 10,32+0,31
I 10,28+0,25 10,90+0,19 11,09+0,19 10,83+0,21 10,78+0,17
September i 9,83+0,29 11,88+0,15 12,06+0,15 11,10+0,19 11,2240,51
111 10,03+0,21 11,26+0,21 11,46+0,21 10,27+0,16 10,76+0,36
I 10,09+0,19 10,95+0,18 10,81+0,14 9,59+0,15 10,36+0,32
October I 9,13+0,17 9,28+0,16 9,39+0,12 9,48+0,11 9,32+0,08

Valueofthecoefficientofvariationbycontentofoxygeninthewaterofexperimentalpondsbyresearchesofper
ennialdynamicsofthisparameterwasless than 9,04%.

The significant differences (p<0,001) of valuesofoxygeninthewater of experimental ponds
gotinthemorningandintheevening (1,79 mg/dm® (C, = 6,59%) (Illdecade of September - Ildecade of
October) — 3,60mg/dm*(Cy = 9,67%)(I1ldecade of July - Idecade of August)) during the period “Ildecade
of May—-Ildecade of September” (120 days, 60% of duration of the fish-breeding season (April — IIdecade
of Octobernekazna)) was identified.
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An equation of regression of the contentofoxygeninthewaterofexperimentalponds according to the
database of researches of 2008" yearhas the form (R? = 0,842480):

y = 6,56802 + 0,60025x — 0,02602x2 (1)

An equation of regression of thecontentofoxygeninthewaterofexperimentalponds according to the
database of researches of 2009"" yearhas the form (R = 0,821980):

y = 6,19955 + 0,75047x — 0,03035x2 2)

An equation of regression of thecontentofoxygeninthewaterofexperimentalponds according to the
database of researches of 2010" yearhas the form (R = 0,824210):

¥y = 6,08852 + 0,72671x — 0,02789x 3)

An equation of regression of thecontentofoxygeninthewaterofexperimentalponds according to the
database of researches of 2011™ yearhas the form (R? = 0,895610):

y=6,19214 + 0,72174x — 0,03104x? “4)

Based on the kept resultsthemiddle equation of regression of
thecontentofoxygeninthewaterofexperimentalponds was got (R* = 0,84607):

y = 6,15378 + 0,72409x — 0,03000x> (5)

As a result of research was revealed afact thataccordingtotheparameterof content of
oxygeninthewaterofexperimentalpondstheperiodfavorableforthebreedingofrussiansturgeoninagesoftwo-
years, three-years, four-yearsandfOve-yearsis“Ildecade of May — Ildecade of October” (150 days).
Minimal value ofthecontentofoxygeninthewaterofexperimentalponds(5,0 mg/dm®) was marked in
Illdecade of May — Idecade of June later 15 — 30 days afterapplying the organic fertilizerson a dry bed,
followed after 2 days flooding the ponds.

Generally according to the researches during 4 years the values of parameter of content of oxygen in
the waterofexperimentalpondswere like the base of valuesrecommended by Russian scientists [4-22].

The values ofpH of water environment inthewaterofexperimentalpondsfor 4 years of carrying out of
researches (2008 — 2011) by breeding the different groups of russian sturgeon are presented in table 3.

Table 3 — pH of water environment in the water of experimental ponds for the period 2008 — 201 1%hyears

Years of carrying out the researches, age group of russian sturgeon
Month Decade
2008, 1+ 2009, 2+ 2010, 3+ 2011, 4+ middle value
I 7,90+0,16 7,87+0,09 8,17+0,03 8,09+0,04 8,01+0,07
May il 7,83+0,17 7,50+0,06 7,97+0,09 8,02+0,06 7,83+0,12
I 7,83+0,12 7,53+0,15 7,60+0,10 7,81+0,09 7,69+0,08
June I 8,03+0,09 7,57+0,09 7,63+0,15 7,69+0,11 7,73+0,10
1 8,67+0,17 7,47+0,09 7,67+0,09 7,63+0,10 7,86+0,27
I 8,40+0,05 7,43+0,03 7,57+0,09 7,56+0,10 7,74+0,22
July I 8,18+0,08 7,43+0,09 7,63+0,09 7,54+0,11 7,70+0,17
111 8,60+0,13 7,30+0,06 7,50+0,06 7,49+0,07 7,72+0,30
I 8,07+0,15 7,30+0,06 7,40+0,06 7,42+0,07 7,55+0,18
August II 7,92+0,03 7,97+0,09 8,20+0,12 7,69+0,09 7,95+0,10
I 8,67+0,11 8,03+0,09 8,17+0,07 7,91+0,06 8,20+0,17
I 8,30+0,14 7,90+0,06 8,17+0,09 8,014+0,06 8,10+0,09
September I 7,97+0,12 8,00+0,06 8,3340,17 8,1440,12 8,114+0,08
11T 7,85+0,12 7,87+0,09 8,23+0,12 8,21+0,11 8,04+0,10
October I 7,78+0,15 7,96+0,06 8,25+0,11 8,24+0,12 8,06+0,11
I 7,64+0,09 7,98+0,09 8,28+0,14 8,254+0,14 8,04+0,15
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ThevalueofcoefficientofvariationbythepHofwaterenvironmentofexperimentalponds by researches of
perennialdynamicsofthisparameterwaslessthan 7,67%.Authentic differences by pHof water environment
of experimental ponds during the fish season according to 4-year observationsnot found.

An equation of regression of thepHofwaterenvironment ofexperimentalponds according to the
database of researches of 2008" yearhas the form (R? = 0,512910):

y =7,58882 + 0,19123x — 0,01189x> 6)

An equation of regression of thepHofwaterenvironment ofexperimentalponds according to the
database of researches of 2009 yearhas the form (R = 0,513890):

y =7,70323 + 0,06461x — 0,00578x> @)

An equation of regression of thepHofwaterenvironment ofexperimentalponds according to the
database of researches of 2010" yearhas the form (R? = 0,578960):

y = 8,04159 + 0,11128x — 0,00885x? (8)

An equation of regression of thepHofwaterenvironment ofexperimentalponds according to the
database of researches of 2011™ yearhas the form (R? = 0,827960):

y = 8,21804 + 0,17047x — 0,01163x2 ©)

Based on the kept resultsthemiddle equation of regression of thepHofwaterenvironment
ofexperimentalponds was got (R? = 0,608430):

y = 7,88792 + 0,13440x — 0,00954x2 (10)

There was no clear difference in pH of water environment of experimental ponds between the years
of research and by the breeding of various size groups of Russian sturgeon.

Generallyaccordingtotheresearchesduring 4 yearsbetween thevaluesofparameterof pH of water envi-
ronment of experimental ponds were like the base of values recommended by Russian scientists [4-22].

Conclusions.

1. The minimal value of the content of oxygeninmorninghoursinthewaterofexperimentalpondsused
for the breeding of the russiansturgeonwhichareinagesfromtwo-yearstofive-yearsaccordingtoresultsof 4-
year observations was7,32 mg/dm’(Ildecade of May), maximal value was 11,22 (III decade of October).
Valueofthecoefficientofvariationbycontentofoxygeninthewaterofexperimentalpondsbyresearchesofperenni
aldynamicsofthisparameterwasless than 9,04%.

2. The significant differences (p<0,001) of values of oxygenin the water of experimental ponds
gotinthemorningand in the evening (1,79 mg/dm® (Cy = 6,59%) (Illdecade of September - Ildecade of
October) — 3,60mg/dm’® (Cy = 9,67%) (Illdecade of July - Idecade of August)) during the period “Ildecade
of May — Ildecade of September” (120 days, 60% of duration of the fish-breeding season (April —
IIdecade of Octobernekana)) was identified.

3. TheminimalvalueofpHofwaterenvironmentofexperimentalpondsusedforthebreeding of russian
sturgeon in age from two-years to five-years, according to the database of observations during 4 years was
7,55 in I"decade of August, maximal value was8,20 in III" decade of August.

ThevalueofcoefficientofvariationbythepHofwaterenvironmentofexperimentalponds by researches of
perennial dynamicsofthisparameterwaslessthan 7,67%.

4. Authentic differences by pH of water environment of experimental ponds during the fish season
according to 4-year observations not found.
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'«Kasak GaibIK mapyambUIbEG] FEUIBIME 3€pTTey HHCTHTYTED JKILC, Anmarsl, Kasakcran,
AcTpaxaH MEMJIEKETTIK yHUBepcHuTeTi, AcTpaxaH, Peceit

OPBIC BEKIPECIH EKI )KA3JIBIK KE3EHIHEH BEC KA3/IbIK KESEHI'E JENIH
OCIPY BAPBICBIHIAT'BI TOXIPUBEJIIK TO'AHIAAPIATFBI CY KO3JEPIHIH
HEI'D3I'T XUMUAJIBIK KOPCETKIIITEPI

Annoranus. Opbic OeKipeciH eKi XKa3IbIK Ke3eHIHEeH Oec Ka3IbIK Ke3eHiHe JeiiH ocipy OaphIChIHIA TOFAHAap-
IeIH pH, cymaFrsl epireH oTTeri MOHIEepiHIH THHAMHKAJBIK ecebi kepceTinai. Toxipubenik ToraHmapaa 3epTTeireH cy
KOPCETKIIITEPiHiH AWMHAMUKAIBIK (akTinepine cumarrama Oepinmi. Cymbl opra OOWBIHINA 3€pPTTEITreH KOPCETKIMI-
TepIaiH MHHAMAJIBIB! KOHE MAaKCUMAaJIbAbl MOHIEpi, OapibIK OanbIK ecipy Ke3eHIHAE 3epTTeNreH KOpCeTKIMTepai
aybsITKy KodddunueHTi, Oenrini 6ip ke3eHaepre cail 6ip TOyIliK KeJeMiHJIe 3epTTEeNreH KOpPCeTKIITEpAiH albIpMa-
IIBUTBIKTapbl HAKTBUIAHMBL. BallblK ecipy Ke3eHIepiHAe 3epTTEIreH CYJbl OpTa MOHACPIHIH PErpecCHsUIBIK TCHIIr
KepceTini. MakanaHblH TakbIpbIObIHA Cail ajbIHFAH 3€PTTEy HOTHIKEIEpIHEe KOPBITBHIHIBI >Kacalllbl JKOHE OCHI
HOTWOKEJIEPl Tasty IIET eJl FAJIbIMAAPbIHBIH 3€PTTEYJIEPIMEH CANBICTIPY KYPri3uiii.

Tyiiin ce3mep:Taxipudernik ToraHnap, OATBIKTapIbl TOFAHAA OCipy, Cyibl OpTaHbH pH KepceTkiTepi, cyaarb
epireH OTTeri, CYJIbl OpTa KOPCETKIMITEPiHIH TMHAMHKACHI.

E. B. ®enopos’, H. C. Baapbiznosal, A. P. Jlo3oBckuii’

ITOO «Ka3zaxckuii HayqHO-HCCIIENOBATENBCKIH HHCTHTYT PHIGHOTO
xo3siicTBay, AnMarel, Kazaxcras,
2ACTpaxaHCKHi TOCYIapCTBEHHBIN YHUBEPCUTET AcTpaxanb, Poccust

OCHOBHBIE XUMHWYECKHE ITAPAMETPbI BOJTHOM CPE/IbI
SKCIIEPUMEHTAJIBHBIX ITPYIOB ITPU BBIPAINUBAHUU PYCCKOI'O OCETPA
B BO3PACTE OT JABYXJIETOK J1O IATHJIETOK

AnHoranus. Ilpeacrasnena nuHamuka 3HaueHuit pH BogHOM cpenbl MpyaoB, COAEpKaHUs KUCIOPOAA B BOAE
9KCTIEPUMEHTAIBHBIX PHIOOBOHBIX HPYIOB, 3aHATHIX O/ BEIPALMBAHHE PYCCKOT'O OCETpa B BO3pACTE OT JIBYXJIETOK
JI0 TIATHIIETOK, B YMCIOBOM HCIIOJIHEHHHU. J[aHbl onucaHusl HaOmMonaeMbIX (pakToB TUHAMHUKH 3HAYEHUH M3y4aeMBbIX
[apaMeTpoB B BOJE OSKCIEPUMECHTAIBHBIX MNpPYyAoB. lIpencraBneHsl MHUHMMaibHBIE M MAaKCHMaJIbHBIE 3HAYCHHSA
HCCIIEIYeMBIX TTApaMeTPOB BOJHOM cpenbl, Ko3(h(HhUIIMEHTH BapHaluy 3HAYSHUI M3yJ4aeMbIX TapaMeTpOB B TEUCHHE
PBIOOBOTHOTO C€30HA, JOCTOBEPHOCTh PAIMUYMNA MEXIy 3HAUCHUSIMH H3Y4aeMbIX ITapaMEeTPOB B TEUEHHE CYTOK 3a
KOHKPETHbIE MEpPHObl BpeMeHU. [loKka3aHbl ypaBHEHMS PErpecCHH 3HAYEHUI HCCIEIyeMbIX IapaMeTpOB BOIHON
Cpeibl, MCCIEAYEMBIX Ha MPOTSHKEHUN PHIOOBOAHOTO CE30HA. J[aHBI BBIBOJBI, B KOTOPBIX MPEACTaBICHBI OCHOBHBIE
pe3yabrarel paboThl 110 TEMaTUKe AAHHOM CTaTbhM, CPaBHEHHUE IOJIyYEHHBIX PE3YJIbTaTOB C aHAJIOTMYHBIMH, PEKO-
MEHJYEMbIMU YYE€HBIMH OJIMKHETO 3apyOeikKbsi.

KoaroueBble ci1oBa: SKCriepUMEHTANIBHBIE MIPY/AbI, PYIOBOE BhIpalBanue pbiObl, pH BomHOM cpensl, conep-
JKaHMe KUCJIOpOJa B BOJE, JMHAMUKA TaPaMETPOB BOAHOM Cpebl.
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DNA EXTRACTION FROM LEAVES OF WOODY PLANTS
WITHOUT LIQUID NITROGEN

Abstract. This article describes a method for the rapid and convenient isolation of genomic DNA from leaves
of woody plants. In this article, there is tested a standard method of isolating genomic DNA from 45 plant species.
The selected plants are rare and endemic representatives of the West Kazakhstan region flora and collectible exotic
specimens of the Mangyshlak experimental botanical garden. The research involves a comparison with the modified
for these species protocol for DNA extraction from plant tissues. Three methods of DNA analysis are used: visual
(presence or absence of white precipitate, contamination), electrophoresis and spectrophotometry. Based on the
results of electrophoregrams and spectrophotometry, a decision was made to modify the isolation protocol. Modified
method of DNA extraction is based on the absence of liquid nitrogen, mercaptoethanol and RNAse A or T1 are used
instead it. Due to the fact that the studied species contain a sufficiently large amount of tannins, an increase of
incubation and centrifugation time had a positive effect on the result of DNA isolation. The entire process takes no
more than 3 hours, and does not require the use of liquid nitrogen. This method allows to obtain high quality prepa-
rations with a DNA average concentration of 140.32 pg. The resulting DNA product can be used in plants molecu-
lar genetic identification and certification studies.

Key words: DNA, leaves, extraction, spectrophotometry, electrophoresis.

Introduction. Nowadays along with traditional methods of studying plants in breeding, genetic and
taxonomic studies, methods based on elucidating the variability of DNA and its structure are becoming
increasingly important. These methods make it possible to determine the nature of the variability of
genetic material with high accuracy, which makes it possible to identify individuals with the most pro-
nounced useful qualities at the early stages of plant development [1]. However, for conducting molecular
genetic studies related to the study of the structure of genes, in the first stage it is necessary to obtain a
pure DNA preparation without signs of degradation and impurities.

It has been experimentally established that the best results are obtained when DNA is extracted from
the buds and young leaves of the plant [2], while in all dead cells (for example, in the xylem of angio-
sperms), DNA degradation is observed, which makes further analysis impossible. Particular attention
should be given to the species mentioned down, since plants of different species are characterized by
different physiological and biochemical features, such as the presence of various substances (polysac-
charides, tannins, polyphenols and their quinone oxidized products), which create significant impurities in
nucleic preparations. Physicochemical properties of such substances to a certain extent coincide with the
properties of nucleic acids, which makes it difficult to completely separate them from DNA and causes a
poor quality of samples, which makes unfit their further use.

The necessity to maintain intraspecific variability, both at inter-population and intrapopulation levels,
is not sufficiently taken into account when studying rare plant species. The population approach remains
the least developed in the field of plant biodiversity conservation, since there are still no generally
accepted methods for identifying not only population but even specific features of gene pools.
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It is also known that the Birch family (Betulaceae) contains diarylheptanoids, polyphenols, flavo-
noids, terpenoids, steroids and other compounds, and the Rose family (Rosaceae) contains flavonoids,
tannins and ellagic acid, which must be taken into account when carrying out molecular genetic studies of
plants of this kind that require the isolation of DNA [3, 4].

The purpose of this article was to investigate the possibility of using a standard technique for isola-
ting DNA from plants on representatives of the above mentioned families and optimizing this technique
for a particular object.

Methods. As objects of research, there are taken plants representing rare and endemic species of the
natural flora of Western Kazakhstan Region and collectible exotic plants of the Mangyshlak experimental
botanical garden.

The objects of our research were plants of the following families: 10 species of the Birch family
(Betulaceae), 8 species of the Rose family (Rosaceae), 2 species of the Pine family (Pinaceae), 1 species
of the Yew family (Taxaceae), 1 species of the Cypress family (Cupressaceae), 1 species of the Gymno-
sperms family (Ginkgodaceae), 2 species of the Soapberry family (Sapindaceae), 4 species of the Bar-
berry family (Berberidaceae), 1 species of the Celtis family (Cannabaceae), 1 species of the Walnut
family (Juglandaceae), 2 species from Platanaceae and Salicaceae families, 1 species of the Moschatel
family (Adoxaceae), 1 species of Peganaceae family, 1 species of the Madder family (Rubiaceae),
1 species from Nitrariaceae, Paulowniaceae, Acanthaceae, Fabaceae, Fagaceae, Rhamnaceae and
Oleaceae families.

The DNA was isolated according to the standard procedure proposed by S. Porebski [5].

The purpose of our study was the development of a protocol for the isolation of DNA from the leaves
without the use of liquid nitrogen. We used the modified CTAB method. For DNA extraction there were
used sample 100 mg of fresh leaves hinge was triturated in a mortar in the presence of 300 pl for extrac-
tion (120 mM Tris-HCI pH 8.0, 20 mM EDTA, pH 8.0, 1.4 M NacCl, 2.5% CTAB). Trituration options
were used without liquid nitrogen. The number of replicates was 6-8 times. The resulting homogenate was
incubated at 58-60°C for 60 minutes in a thermostat, vortexing alternately, centrifuged for 10 minutes at
10,000 g. An equal volume of chloroform and isoamyl alcohol was added to the aqueous phase, the mix-
ture was centrifuged for 10 minutes at 10,000 g. The DNA precipitate was washed with 70% ethanol. The
incubation was continued for 30 minutes at -20°C. The DNA was reprecipitated with propanol and
dissolved in 10 pl TE buffer. The assays were performed in 8-fold replication. The qualitative and
quantitative characteristics of DNA are important for molecular genetic analysis. Because possible
impurities can inhibit the process of PCR.

Quantitative and qualitative evaluation of the isolated DNA was performed using a DNA-photometer
(BioPhotomer Plus, Eppendorf, Germany) and electrophoretic analysis. For photometric analysis, the
adsorption of aqueous DNA solutions was measured at three wavelengths: 260/280 nm and 260/230 nm
[6]. The size of DNA molecules varied from 7 to 1381 ng/ul. Reusable Eppendorf cuvettes allow the
measurement of samples with a volume of only 50 pl, and with the Eppendorf uCuvette G1.0 cuvette the
sample volume can be reduced to 1.5 pl. To assess the purity and quality of nucleic acids in spectrophoto-
metric measurement, the purity of the sample is determined based on the ratio of optical densities at
wavelengths of 230, 260 and 280 nm. The extinction ratio of 260 nm / 280 nm allows us to judge the
purity of the nucleic acid. Pure DNA preparations have a ratio of at least 1.67 [6].

The degradation of the molecules of the obtained preparations was carried out by electrophoresis in
2% agarose gel. Visualization of DNA, RNA was carried out using the Quantum-ST5-1100 Gel-Docu-
mentation System, Vilber Lournat, France.

Results and discussion. In the first series of experiments, a comparative evaluation of the DNA
extraction procedure was carried out in 26 plant species (table 1). DNA of 19 plant species was isolated
only by a modified protocol due to the insufficiency of plant material, since these species are endangered.

It was shown that with the use of a standard protocol for the DNA isolation from Berberis thunbergii,
Berberis iliensis, Berberis spp., Celtis caucasica, Malococarpus crithmifolius and Nitraria shoberi the
quantity and quality of the isolated DNA were unsatisfactory. To improve the quality of DNA, the isola-
tion procedure was further optimized, involving the exclusion of mercaptoethanol.

Using a standard technique for DNA isolation by the CTAB method from plants (the entire isolation
process takes an average of 7-8 hours) allowed us to obtain total DNA preparations. A spectrophotometric
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Table 1 — DNA isolation protocols from the studied species

Sample . Pro- | Sample . Pro- | Sample . Pro-
number Objects tocol # Objects tocol | number Objects tocol
1 Pinus eldarica S&M 16 Platanus spp. S&M 31 Erythrina crista-galli M
2 Pinus strobus S&M 17 Sambucus spp. S&M 32 Betula ulmifolia M
3 Taxus baccata S&M 18 Mc.zlocz.)ca{'p us S&M 33 Betula tianschanica M
crithmifolius
Juniperus Betul
4 polycarpos var. S&M 19 Crataegus ambigua S&M 34 eura M
. maximowicziana
turcomanica
Ginkgo biloba S&M 20 Populus diversifolia S&M 35 Betula turkestanica M
6 Acer campestre S&M 21 Rubia cretacea S&M 36 Betula microphylla M
7 Acer henryi S&M 22 Nitraria schoberi S&M 37 Betulfz pendula var. M
carelica
8 Berberis iliensis S&M 23 Betula pendula S&M 38 Betula platyphylla M
9 Berberis thunbergii | S&M 24 Malus sieversii S&M 39 Betula ajanensis M
10 Berberis spp. S&M 25 Malus niedzwetzkyana S&M 40 Quercus spp. M
11 Berberis . S&M 26 Prunus armeniaca S&M 41 Paliurus spina-christi M
Karkaralensis
12 Corylus avellana S&M 27 Prunus mandshurica M 42 Cotoneaster M
melanocarpus
13 Celtis caucasica S&M 28 Populus tremula L. M 43 Coto.neaster M
multiflorus
14 Prerocarya S&M 29 Paulownia tomentosa M 44 Cotoneaster nitens M
pterocarpa
15 Platanus orientalis | S&M 30 Acanthus mollis M 45 Fraxinus qngustzfolm M
subsp. syriaca
Note: S — standard protocol; M — modified protocol.

study of the purity of the obtained samples showed that the absorption ratio at 260 nm / 280 nm was equal
to an average of 1.25 (table 2). This indicates that the obtained DNA samples contain impurities in large
quantities. Therefore there were a repurification with the addition 50 pl of MEK (mercaptoethanol) and 5
pl of RNAse T1 to the CTAB.

Table 2 — The amount of DNA isolated using standard protocol

mber | ngmieal | Awiam | R | el | Al
1 86 2.29 14 431 115
2 1431 1.06 15 296 1.04
3 607 1.29 16 215 0.93
4 898 1.17 17 565 1.08
5 712 1.13 18 94 1.14
6 372 1.32 19 616 1.01
7 1455 0.98 20 13 1.36
8 28 0.84 21 283 1.57
9 914 1.09 22 881 1.08
10 766 1.07 23 52 1.32
11 520 1.25 24 42 1.86
12 131 1.44 25 73 1.30
13 429 1.72 26 526 1.05
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Summarizing the data of the table, we can say that the amount of DNA in the samples is high
enough, which can not be said about the ratio Azso/Azso. Only Celtis caucasica and Malus Sieversii have a
pure DNA sample. The Pinus eldarica has big amount free nucleic acids in its DNA sample. Despite the
high concentration (it varies from 13 ng/microL to 1455 ng/microLl), the purity, and hence the quality of
DNA, is very low, which prompted us to modify the isolation protocol for the above species.

The presence of degradation in the samples can lead to an incorrect spectrophotometric evaluation of
the concentration of DNA, to its overestimation due to the phenomenon of hyperchromism. In addition,
these drugs are of little use in the future to work on the study and manipulation of large DNA fragments.

Summarizing the obtained data, we can conclude that this method of DNA extraction is not effective
for studied plants.

Further optimization of the standard DNA isolation protocol was performed by compilation the
optimal temperature, time and buffer volume that made it possible to obtain a high concentration DNA
preparation with no degradation and impurities, which is confirmed by spectrophotometric and electro-
phoregram in the agarose gel. The obtained samples had an absorption ratio at 260 nm / 280 nm equal, on
average, to 1.88, which indicates the purity of the obtained DNA preparations. The DNA samples were
measured in three replicates. The Azso/Azgo ratio for pure nucleic acids should be within the range of 1.67 -
2.2 and optimally is about 1.8 and ~ 2.0 for DNA and RNA, respectively. A value of less than 1.67 may
indicate contamination of the sample with polypeptides, more than 2 for possible degradation and the
presence of free nucleotides. According to the data obtained with BioPhotometer Plus, it can be seen that
the DNA samples of Rubia cretacea and Betula microphylla were destroyed and there are many free
nucleotides in the samples (table 3).

Table 3 — The amount of DNA isolated using modified protocol

1 13 2.11 25 25 1.86
2 7 1.79 26 31 1.75
3 275 1.88 27 240 2.1

4 73 1.77 28D» 24 1.67
5 10 1.93 28Ds 15 1.70
6 25 1.69 28Ds 11 1.45
7 28 1.21 28T 61 1.66
8 16 1.71 29 17 1.94
8 35 1.74 30 19 1.84
9 27 1.67 31 198 1.79
10 62 1.02 32 34 1.83
11 204 1.99 33 138 1.91
12 836 1.96 34 39 0.96
13 13 1.42 35 553 2.19
14 19 1.96 36 5 3.49
15 100 2.00 37 195 1.98
16 29 1.83 38 137 1.77
17 23 1.83 39 670 1.83
18 7 0.98 40 1381 2.23
19 14 1.03 41 485 2.16
20 1.77 42 587 2.07
21 7 6.17 43 40 1.68
22 45 1.87 43 37 1.66
23 15 1.60 44 49 1.75
24 24 1.74 45 110 1.94
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The table shows the spectrophotometry data of all the species studied, Berberis iliensis, diploid
Populus tremula L. and Betula maximowicziana were isolated in two replicates. This was due to a poor
visual evaluation of the DNA sample. In comparison with DNA samples isolated by a standard method,
the results of DNA samples isolated by a modified method are directly opposite. The DNA concentration
in the samples is comparatively very small, and ranges from 5 ng/microL to 1381 ng/microL, where
samples of only 15 species (Taxus baccata, Berberis karkaralensis, Corylus avellana, Platanus orientalis,
Prunus mandshurica, Erythrina crista-galli, Betula tianschanica, Betula turkestanica, Betula pendula var.
carelica, Betula platyphylla, Betula ajanensis, Quercus spp., Paliurus spina-christi, Cotoneaster
melanocarpus and Fraxinus angustifolia subsp. syriaca) have a concentration exceeding the 100
ng/microL. Accordingly, the range of the remaining species ranges from 5 ng/microL to 73 ng/microL.

Ratio Azs0/Azgo is another indicator shown in table 3, the purity of DNA is determined by the value of
this ratio. The 35 species studied have Azs/Azso ratios within the DNA purity range of S. Porebski [5].
Acer henryi, Berberis spp., Celtis caucasica, Malococarpus crithmifolius, Crataegus ambigua, Rubia
cretacea, Betula pendula, diploid Populus tremula L., Betula maximowicziana and Betula microphylla
have samples with contaminated DNA, Rubia cretacea and Betula microphylla in samples have a large
number of nucleic acids, that means destruction of DNA.

To determine the degree of degradation of molecules in the resulting preparations, we performed
electrophoresis in a 2% agarose gel with the addition of ethidium bromide. Figure shows the electropho-
regrams of DNA isolated according to a standard and modified protocol.

Above in figure 1, the electrophoregrams of the samples isolated by the standard method and
modified are shown. Comparison can be made even in a visual way. Figure l1a shows that Platanus spp.
and Sambucus spp., isolated by the standard method, are brightly expressed on the electrophoregram,
whereas, Malococarpus crithmifolius, Crataegus ambigua and Populus diversifolia, isolated by the
standard protocol, are weakly expressed. DNA samples of Taxus baccata, Nitraria shoberi and Prunus
mandshurica, isolated by a modified method, have a very good electrophoresis result. Also these three
types have good spectrophotometry: Taxus baccata (275 ng/microL, Azso/A2s0=1.88), Nitraria shoberi (45
ng/microL, Axeo/Azso =1.87) and Prunus mandshurica (240 ng/microL, Azeo/Azs0=2.1).

DNA samples of Berberis thunbergii, Berberis spp. and Prunus armeniaca have a small amount.
However, DNA samples isolated by a modified method show fairly good results. Especially Berberis
thunbergii, Berberis spp., Berberis Karkaralensis and Pterocarya pterocarpa. Berberis Karkaralensis
and Pterocarya pterocarpa results of spectrophotometry are 204 ng/microl, Axe/A280=1.99 and
19 ng/microL, A260/A280:1.96.

DNA samples of Betula ulmifolia, Betula microphylla and Betula platyphylla isolated by standard
method are insignificant, oppositely DNA samples isolated by modified method show sufficiently good
results. There is especially distinguished a Erythrina crista-galli. Its spectrophotometry result is
198 ng/microL and Aje0/A2s0=1.79.

The results of DNA samples isolated by the standard method are negative. As for DNA samples
isolated by the modified method, the species have a pronounced result. We want to note the following
samples: Quercus spp. (7 ng/microl, Azs/A280=1.79), Piunus strobus (73 ng/microl, Azso/A2s0=1.77),
Juniperus polycarpos var. Turcomanica (10 ng/microL, Aaso/Azgo =1.93), Ginkgo biloba (25 ng/microL,
Ao/ Azgo =1.69), Acer campestre (28 ng/microl, Aze/Azso =1.21) and Acer henryi (1381 ng/microL,
A26()/A280 :223)

Analysis of electrophoregrams of DNA studied species shows efficiency of application of the modi-
fied DNA extraction protocol.

In general, we improved the protocol of DNA extraction as follows:

1. The tissue sample is thoroughly triturated with a pestle for 5 minutes in 1000 pl pre-heated to 65°C
CTAB buffer;

2. Incubate in a thermostat at 65°C for 30 minutes, periodically mixing the solution by rotating the
tube (it is not recommended to shake the tube, because the buffer foam, DNA is destroyed);

3. After cooling the tube to room temperature, add an equal volume of chloroform-isoamyl alcohol
mixture and stir slowly with a shaking for 20 minutes;

4. Separate the phases by centrifugation for 15 minutes (12000 *g);

5. The supernatant is transferred to a clean 2 ml tube;
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Electrophoregrams of DNA isolated according to a standard and modified protocol

6. Add 2/3 of the volume of isopropanol;
7. Leave for 1 hour at -20°C to precipitate the DNA;

8. Centrifuge for 15 minutes (13 000*g), isopropanol is taken off;
9. Add two volumes of 80% ethanol, incubate for 15 minutes, centrifuge for 15 minutes (13 000*g);
10. The DNA precipitate is dissolved in water or TAE buffer (0.01 M Tris-HCI, pH 7.4, 0.1 mM

EDTA) until the precipitate disappears completely.
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Conclusions. The use of a standard procedure for isolating DNA from plants (Table 1) showed the
presence of a significant amount of impurities in the resulting preparations, as well as DNA degradation,
which was confirmed by electrophoresis and spectrophotometrically. Incomplete removal of inhibitors,
polysaccharides and polyphenols leads to inhibition of subsequent enzymatic reactions in the PCR process
and causes DNA degradation after prolonged storage. For further analysis, these preparations were
unsuitable.

In order to obtain a qualitative preparation of total DNA, the standard isolation procedure was modi-
fied and optimal temporal, temperature and concentration conditions were selected, some stages were
changed, which allowed to fully achieve the goal.

E. A. llagenoBa, A. A. Mamuposa, J. /I. /l:;kanrananna,
M. A. Kaiirepma3osa, M. Cem0exoB, Y. Kamuaunksizsl, P. Typranosa

JKanmel reHeTHKA JKOHE [TUTOIOTHS HHCTUTYTTHI, AnMatsl, Kazakctan

JHK-HBIH CUTIATTAMAChI HUTPOTEH/IIH )KABJIbIK OCIMJIEPIH/IET]
JNEHTEUIHAI TAHJIAY

AnHoTanusi. Maxkanaga Te3 Opi BIHFAWIBI OMICIMEH arall OCIMIIKTepAiH JKaIbIpaKTaphlHAH TEHOMJIBIK
JHK-HBI anmy Typanel cunartanrad. FeubiMu Makanaga eciMuikrepaid 45 TypiHeH anbiaFaH reHoMablK [IHK-HBIH
CTaHIAPTTHl SICIMEH alyblH TeKceply Xyprizinmi. Ipikrenm ameiaran ecimaikrep bateic KasakcTaH aymarbIHBIH
CHpEK KOHE SHIEMHUKTepi MeH MaHFBIIUIAK SKCIIEPUMEHTTIK OOTAHUKAIBIK OAFbIHBIH KHMHAKTAIFAH 3K30THUKAIBIK
Typiepi 6oxpin Tabbutagbl. by sxymeicta ecimaik ymacsiHad JJHK Oerry yuriH caipICTBIpMaTbl MOIU(PHKAIASITBIK
XarTama TypiH yceiHansl. 3eprrey Oapbicbinaa JIHK tangay omiciniy 3 Typi KOJIaHBULIBL: BU3yas bl (aK TyHOAHBIH
Oap Hemece KOK OOy, JIaCTaHbly), 3eKkTpodope3 xoHe crekTpodoromerpus HoTmwkecinne. JTHK-HbI amyabin
MOU(UKAIMSIIBIK 9IiCi CYHBIK a30TThl KojiaHOayFa Heri3aenreH. baapnbik npouece 3 (Yin) caraTTaH KeM YakbIT
anazapl. AJIBIHFAH TYpJiepJie TAaHWHHBIH JKOFaphl MeJjeyae OOJFaHbl, WHKYOALUsHBIH yaKbITIH KOOCHUIreHl jKoHe
uenrpudyranay JHK-HbIH anybIH xarbIMIbl cep Kayablpaasl. by onic sxorapsl canaisl JJHK-gan 140,32 Mxr koH-
LEHTPAIMACHIMEH TpenapaTTapabl amyra Ooonanpl. AnsiaraH JJTHK eHIMIH MOJCKYIISPAB TEHETHKANBIK COUKECTCH-
Jpy ’KoHE OCIMAIKTIH cepTU(HKATTAY YIIIH KOJIaHyFa 00Ja bl

Tyiu ce3aep: IHK, xambipakrap, ainy, cieKTpohOTOMETpHS, SIEKTPOPopes.

E. A. llagenoBa, A. A. Mamuposa, J. /1. /l:;kanrananHa,
M. A. Kaiirepma3osa, M. Cem0exoB, Y. Kamuaunksizsl, P. Typranosa

Wuctutyt OO11eii reHeTHKH 1 1uTosoruu, AnMatsl, Kazaxcran

BBIJIEJIEHUE JTHK U3 JINCTHEB IPEBECHBIX PACTEHUI
BE3 ’KUJKOI'O A30TA

AnHoTanus. B cratbe ommckiBaeTcs MeToJ OBICTpOro m ynoOHoro BeimeneHus reHomuoil JTHK u3 nmuctees
JIpeBECHBIX pacTeHui. B Hay4yHOUH cTaThe MPOBOAUTCS MPOBEPKA CTAaHAAPTHOrO MeToAa BhiaeiaeHust renomHoi JJHK
u3 45 BunoB pacreHnidl. OTOOpaHHBIC PACTEHUS SBIBIIOTCS PEOKAMH W SHAEMHUYHBIMHA TPEACTABUTEISIMHU (DIIOPHI
3amagao-Ka3axcTaHCKOTO pernoHa M KOJUIEKITMOHHBIMU 3K30THYECKAMHU 0CO0SMH MaHTBIIUIAKCKOTO SKCIIEPUMEH-
TaXBHOTO OOTaHMYECKOro cana. PaboTa mpeamnonaraer cpaBHEeHHE ¢ MOTU(PHUIIMPOBAHHBIM U JAHHBIX BHIOB IPO-
tokojyioM Beifenerns JJHK u3 Tkaneit pacrenuii. B pabore ucmons3yrores Tpu merona aHanusa JJHK: Bu3yaiabHbIH
(Hanu4Me WM OTCYTCTBHE OEJIOr0 0Cajika, 3arps3HeHue), snekTpodopes u crnexkrpodoromerpus. OCHOBBIBASCH Ha
pe3ynbrarax anekTpodoperpaMm u CHEKTpOpOTOMETPHH, ObLIO NPHHSATO PELIeHHe Ui MOAM(UKAIMY IIPOTOKOJIA
BhbIeeHus. MonuguimpoBanubiii Metoa Bbienenus JJHK ocHoBaH Ha OTCYTCTBHMHU MPUMEHEHUS JKHUAKOTO a30Ta.
Bech nporiecc 3anumaet He 6ojiee 3 yacoB. B CBA3M ¢ BBICOKHM COJICPYKAHUEM TAHWHOB B M3YYaE€MBIX BHIIAX, YBEIIH-
YeHHE BPEMEHH WHKYOAIH U IeHTpU(yTupoBaHus OJIATONPUATHO BIHSIOT Ha pe3yibrat BeiaeneHus JJHK. JlaHHbii
METOJ, MO3BOJISIET MOJIyYUTh NPeNnapaThl BICOKOTo kauecTBa ¢ koHueHTpanueid [IHK 140.32 mxr. ITonydenHslit npo-
nykt JJHK MOXHO HCHOJB30BaTh B HCCICAOBAHHSIX MOJCKYJSPHOW T'CHETUYECKOW HICHTU(GUKAIMH U CepTU(U-
KAl PaCTeHHM.

KuroueBsie cioBa: JJHK, muctes, BeIIeneHne, CIeKTpO(QOTOMETPHSL, HTIEKTPpOodopes.
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PURIFICATION AND BIOCHEMICAL PROPERTIES
OF WHEAT ENDOCHYTINASE

Abstract. Chitinolytic enzymes are the most important components of the plant defense system against various
pathogens. Chitinases hydrolyze the N-acetyl-B-glucosamine-containing polymer substrates (chitin, chito-oligosac-
charides), which are part of the cell walls of fungi, nematodes and insects. The high polymorphism of chitinases in
cereals, including wheat, the poor knowledge of their biochemical properties and activity regulation is one of the
main obstacles in understanding the functioning of this enzyme complex.

The aim of the work was the study of some physico-chemical characteristics of wheat endochitinase. Using
chromatography on a specific chitin affinity sorbent, endochitinase was purified from shoots, roots and seeds of
wheat seedlings. The enzyme was represented by several isoforms with a molecular weight of about 30 kDa and pl
in the acidic, neutral, and alkaline regions. There were no significant differences in the isoenzyme composition of
endochitinase from different organs of the wheat seedlings. Some physico-chemical properties of wheat endochi-
tinase were determined - pH and temperature optimum, thermal stability, the effect of different 2-valent metal ca-
tions on activity. The results can be used in the enzymology of the interaction of plants and phytopathogenic fungi.

Key words: wheat, endochitinase, isoenzymes.

Introduction. To date, a large amount of factual material has been accumulated on the induction in
plants in response to the lession of specific pathogenesis related (PR) proteins by viruses, bacteria and
fungi. These proteins are classified into 17 families according to their structure and properties [1]. Special
attention in connection with the study of plant protection mechanisms against phytopathogens is given to
chitinases (EC 3.2.1.14), capable of destroying the cell walls of fungi [2-4]. As part of the PR proteins,
these enzymes form 4 families. In plants, chitinase, like other polymer hydrolases, is represented by
several isoenzymes and is encoded by a family of genes. Chitinases are subdivided into constitutive and
inducible forms, differ in tissue specificity of expression [5]. The significant polymorphism of the enzyme
is due to the complex organization of natural substrates - chitin and its various oligosaccharide deriva-
tives, suggesting differences in their substrate specificity and structural features of the isoenzymes [6].

According to the type of action on the substrate in the composition of chitinases, endochitinases and
exochitinases are distinguished. The first enzymes cleave chitin randomly inside the polymer, producing
soluble low molecular weight N-acetylglucosamine multimers, such as chitotriose, chitotetraose, and
diacetylchiobiose dimer. The last enzymes are capable to cleave only the terminal carbohydrate residue of
the polymer [7, 8]. Based on the primary structure, plant chitinases are divided into 7 classes (I — VII). It
is shown that there is no definite correlation in the distribution of chitinases by plant species, their organs
and tissues. However, it was found that only some chitinases have antifungal properties [9, 10].

The chitinase complex and its functioning are most studied in tobacco, and among cereals - in barley
and rye. In wheat, the composition of this enzyme has about 10 isoforms having a wide range of pl in the
acidic, alkaline, and neutral pH from 3.1 to 9.7. It has been shown that some isoforms to some extent may
be involved in protecting the plant from pathogenic attack [11-13]. Despite certain successes, wheat
chitinases are still relatively poorly studied, especially their physicochemical properties and activity

— g4 ——



ISSN 2224-5308 Series of biological and medical. 1. 2019

regulation. The main difficulties in their study is the relatively high polymorphism of the enzyme.
Additional difficulties are imposed by the existence of constitutive and inducible forms of the enzyme, the
tissue specificity of their expression, as well as hormonal and metabolic control of their activity.

In the present work, we studied some biochemical properties of wheat endochitinase purified by
affinity chromatography on chitin.

Materials and methods of research. The objects of study were wheat (7.aestivum L.) seedlings and
their individual organs.

Determination of chitinase activity. To determine the activity, 1 ml of colloidal chitin (5 mg/1 ml of
0.05 M acetate buffer pH 5.2) was added to a 0.1 ml sample and incubated for 4 h at T 37°C on a shaker at
a speed of 120 rpm. After incubation, the reaction was stopped with 1 ml 3,5-dinitrosalycilic acid (DNS),
the mixture was boiled in a water bath for 5 min, then centrifuged for 5 min at 8000 rpm. After centri-
fugation, the optical density was measured at a wavelength of 545 nm [14]. The resulting amount of
N-acetyl-D-glucosamine was found using the calibration curve for N-acetyl-D-glucosamine. The enzyme
activity was expressed in mg of N-acetyl-D-glucosamine per 1 h in 1 ml.

Substrate Chitinase Affinity Chromatography. The endochitinase was purified by affinity chro-
matography on a chitin column at a temperature of +4°C. For this purpose, the shrimp chitin that was pre-
viously swollen in water (for 12 h) was placed in a column of 1.0 x 10.0 cm and equilibrated with 20 mM
sodium bicarbonate pH 8.0. The extract proteins obtained after precipitation of (NH4)>SO4 (20-80%) were
transferred to the same buffer after dialysis. The sample was introduced into the column with the sorbent
and washed with buffer, until the complete absence of protein at the exit. Protein fractions were collected
in 5 ml at a flow rate of 30 ml/h of buffer. After washing the column with starting buffer, 20 mM sodium
acetate pH 5.3 was passed. The chitinase bound to the sorbent was eluted with 75 mM acetic acid pH 3.0.
0.2 M NaOH was immediately added to the enzyme fraction and the pH was adjusted to 6.0-7.0. To ob-
tain the maximum amount of purified chitinase, affinity chromatography was performed repeatedly. The
fractions containing the enzyme were combined and concentrated at 4°C in an Amicon cell with a PM-10
filter.

Protein electrophoresis. The electrophoresis of proteins under denaturing conditions with sodium do-
decyl sulfate (SDS-Na,) was carried out in slabs of 10% polyacrylamide gel (PAG) with a size of 8x10 cm
and thickness of 1 mm according to the method of Laemmly. Coomassie brilliant blue G-250 was used for
staining PAG for total protein.

Isoelectric focusing and detection of chitinase in PAG. Native IEF was performed in a 6% PAG plate
9x15 ¢cm and 1 mm thick with 1% Servalyt pH 3-10. 10 ul of the preparation was applied to each well of
the applicator. Enzyme separation was performed at 600 W for 5 h on a Multiphor II (LKB instrument).
Identification of chitinase activity zones was performed using a gel replica with a polymerized substrate
of 0.02% glycol chitin. After IEF, the working gel and replica were incubated for 15 min in 0.05 M ace-
tate buffer pH 5.0. Then the two gels were tightly pressed to each other and incubated as a sandwich for
2 h in an thermostat at 42°C. After that, the gel replica was transferred to 0.5 M Tris buffer pH 8.8 with
0.01% Fluorescent bridgetener 28 and held for 10 min. The gel was left overnight in water at room
temperature. Bands of activity were visualized with the help of a Gel-doc Quantum ST5 (Wilber Lourmat)
with a UV length of 254 nm [15].

Results and discussion. Purification and isozyme composition of chitinases. By their structure,
chitinases are divided into forms containing a chitin-binding domain (chitinase class I) and not containing
this domain (classes II and III). The presence or absence of ChBD is an important biochemical charac-
teristic and plays a crucial role in the demonstration of the protective properties of the enzyme. A distin-
ctive feature of class I chitinases is their ability to bind with an insoluble substrate — polymeric chitin.
Chitinases that bind to chitin (ChB chitinases) are typical endochitinases.

For purification and identification of wheat seedlings chitinases, a shrimp chitin column was used.
The extract proteins were preliminarily concentrated by precipitation with ammonium sulfate within the
saturation range from 20 to 80%. As a result of column chromatography, it was established that all organs
of the 5-day seedlings - shoots, roots and seeds contain chitinases that have an affinity for the natural
polymer substrate. The results of denaturing electrophoresis in the presence of SDS-Na, and native iso-
electrofocusing using ampholytes in the pH range of 3-10 indicate the complex polymorphism of
chitinolytic enzymes in wheat and, in particular, endochitinases.
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Polymer-bound chitinases from all organs of the seedling are represented by several proteins with a
molecular mass of around 30 kD (figure 1A). In shoots and roots, the composition of ChB chitinases was
similar and included three proteins each with masses of approximately 28, 33, and 35 kD. In contrast, two
additional proteins with masses of 26 and 30 kD were present in the germinating seed.
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Figure 1 — SDS electrophoresis of purified ChB chitinases from different seedlings organs (A)
and IEF spectra of seedlings chitinases, containing and not containing ChBD (B):
A — gel staining of the Coomassie G-250: 1-3 — shoot, root and seed protein prior to application to the chitin column;
4-6 — ChB chitinases of shoot, root and seed respectively; 7 — protein markers m.v. B —1-3 shoot, root and seed chitinase prior
to application to the chitin column, 4-6 — chitinase with ChBD of shoot, root and seed respectively, m — IEF markers

The spectra of the native IEF fractions of the enzyme bound and not bound to chitin is shown in
Figure 1B. Chitinases with ChBD, exhibiting affinity for the sorbent, were present in both the acidic and
alkaline regions of the gel. Some of the isoenzymes had pl in the alkaline region (9.0, 8.7, 8.2, 8.0, 7.6),
and in the acidic region there were components with pl 6.0, 5.0, 4.6, 4.0. It should be noted that the spec-
tra of chitinases with ChB centers in the vegetative organs (root, shoot) and in the seed as a whole is
similar. These are isozymes with pl 9.0, 8.7, 8.2, 5.0, 4.6, 4.0.

Biochemical properties of chitinases. Environmental conditions - temperature, pH, metal cations and
their concentration, are among the most important factors influencing the activity of the enzyme and its
interaction with the substrate. The effect of different pH values on the chitinase activity of wheat seed-
lings was studied. The enzyme showed catalytic activity in a broad wide range of pH - from 3.5 to 9.5
with an optimum in the range of 5-5.5 (figure 2). The wide pH effect of the enzymes on the substrate is
obviously explained by the considerable heterogeneity of the isoenzyme composition, including acid,
neutral and alkaline forms. As can be seen from the IEF spectra (figure 1B), ChB chitinases located in a
wide range of isoelectric points. It should be noted that chitinase from germinating seeds, as compared
with those of shoots and roots, retained greater activity in the alkaline region of pH.

The effect of different positive temperatures (30,40,50,60 and 70°C) on the activity of purified wheat
seedlings chitinase was studied. The optimum temperature of the medium for the display of the catalytic
activity of chitinase was 40°C (figure 3).

The effect of temperature pretreatment (thermo stability) on the activity of purified wheat seedlings
chitinase was investigated. The enzyme samples were heated at 40, 50, 60 and 70°C for 10 min, cooled
sharply, centrifuged, and the activity in the supernatant was measured. From the graphs presented in
figure 4, it can be seen that chitinase is resistant to elevated temperature and partially showed activity at a
maximum value of 70°C. The relative heat resistance within 60°C was characterized by the enzyme from
the roots.

A very important factor in the regulation of enzyme activity are metal cations of the medium. In our
work, we studied the effect of different concentrations of divalent cations Mg**, Ca**, Cu**, Mn**, Ba*" on
the activity of ChB chitinases of wheat.
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Figure 2 — The effect of pH on chitinase activity Figure 3 — The effect of temperature on the activity
from different organs of a 5-day seedlings of chitinases from different organs of a 5-day seedlings

For this, metals were introduced into the incubation medium of the enzyme with the substrate in the
form of chloride salts at a concentration of cations of 1, 5, and 10 mM. In addition, the enzyme itself was
preincubated with the cation for 10 min. The data presented in figure 5 indicate significant differences in
the effect of different metals on the chitinase activity of wheat seedlings.
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Figure 4 — Thermal stability of chitinases Figure 5 — The effect of metal cations
from different organs of a 5-day seedlings on the activity of seedling chitinase

The highest inhibitory effect was observed for the Cu®" cations and in the metal concentration of
10 mM the enzyme was almost completely inactivated. In contrast, the Mn?+ cations increased chitinase
activity (at 5 mM concentration). Ba®* cations and slightly less Mg”** had a similar activating effect.

Conclusion. Purification of wheat chitin-binding chitinase was carried out using substrate affinity
chromatography, their composition and some physicochemical properties were determined. According to
the SDS-Na, electrophoresis of ChB chitinases, seedlings were represented by several proteins with
molecular masses in the region of 30 kD. In shoots and roots, the composition of the enzyme was similar
and included three proteins with masses of 28, 33 and 35 kD, and two additional components with masses
of 26 and 30 kD were present in the germinating seeds. The presence of acidic, neutral and alkaline
isoforms has been established using native IEF as part of ChB chitinase. The spectrum of chitinases in the
vegetative organs (root, shoot) and in the seed as a whole is similar. Major components were pl 9.0, 8.7,
8.2,5.0,4.6,4.0.
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A number of other physicochemical properties ChB chitinases of wheat, which are important for the
demonstration of activity, have been studied. The enzyme was active in a wide pH range - from 3.5 to 9.5
with an optimum in the range of 5-5.5. The optimum temperature for the demonstration of chitinase
catalytic activity is 40°C. Differences in the thermal stability of the purified enzymes were revealed. It
was established that chitinase retained significant activity at 60°C for 10 min, however, heating at 70°C
almost completely inactivated the enzyme. As part of chitinases, acidic isoforms are most sensitive to
temperature increases. Established significant differences in the action of different metals on the activity
of chitinases. The greatest inhibitory effect was exerted by the Cu?" cations. In contrast, Mn** cations
stimulated the activity of the enzyme. Ba®" and a little less Mg®" had a similar activating effect.

Authors' contributions. Zh.D. Beskempirova and A.O. Abaildaev participated in the preparation of
plant material, extracts and measurement of the enzyme activity, V.A. Kuzovlev - in the protein electro-
phoresis and IEF, A. A. Khakimzhanov - in general guidance and preparation of the article.

K. JI. BeckemmipoBa, 9. O. Abaiiinaes, B. A. Ky3oBies, A. A. XokiMkaHoB

KP BfM FK PMM «M. A. ARTXOKUH aTBIHAAFBI MOJIEKYJIAJBIK OMOIOTHS )KOHE OMOXIMUS HHCTUTYTBD),
Anmarel, Kazakcran

BUJIAM SHAOXUTUHA3ACBIHBIH BUOXUMMSLIBIK KACUETTEPI )KOHE TA3ZAPTY

AHHOTanusl. XUTHHONUTHKAIBIK (DEpMEHTTEp OpTYpJll MaTOreHAepre Kapchl OCIMAIK KOpray JKYHeciHiH ma-
HBI3IbI KOMITIOHEHTTEp1 O0JIbIN TaOblIa 6. XUTHHA3ANAP CaHBIPAYKYJIaKTap/AblH, HEMaTOATAPIBIH JKOHE JKOHIIKTEp-
JIH JKacyIIaJbIK KaObIpFachIHBIH KYpaMbIHa KipeTiH IOJIMMEpIIi cyOcTparTapsl (XUTHH, XMUTO-OJIMrocaxapuarep) o6ap
N-aueTuin-B-rioKo3aMuHIl THIPOIU3AEHII. ACTBIK TYKbIMIACThIIAPIAFhl, OHBIH ilIiHAE OWalAarbl XUTHHA3AIap-
IIBIH KOFapHI MTOIUMOPGHU3MI, OJTapAbIH OMOXUMUSIIBIK KACHETTEPiH jKoHe OCIICCHAUTIKTEePIH peTTeyaiH Hamap 3epT-
TeNTeHIT1 - Oy (pepMEHT KeIIeHiHiH KYMBIC iCTeYiH TYCIHyAeT] Heri3ri keaepriiep iy 0ipi 60ibIT TaObLIadb.

JKyMBICTBIH MaKcaThl OUIail SHIOXUTHHA3ACKIHBIH KeHOip (U3NKO-XIUMUSIIBIK €PEKIIeNiKTEPiH 3epTTey OOIIBL.
Apmaiibl xutuHai apGuHII cOpOSHTTErT XpoMaTorpadus KeMeriMeH OHIANIbIH ©CKIHICPIHEH, TAMBIPbIHAH JKOHE
JIOHJIEpIHEH YHIOXUTHHA3a Ta3apTbuiibl. DepMeHT Moekynanslk canMarbl mamamer 30 k/la xone UOH Kpiikpui-
IIBIK, OefiTapar jxoHe CUITLTIK aiiMakTapaarsl OipHere n3ohopmanap KepcerTi. BumaiapH op Typii Myleaepisaeri
SHJIOXMTHHA3aHbIH HM30(EPMEHTTIK KypaMblHIa aiTapiblKTail aiblpMallbUIBIKTAp aHbIKTanIMaabl. bunail sHmo-
XUTHUHA3aCBIHBIH KeHOip HU3UKO-XUMUSIIBIK KacueTTepi - pH jxoHe TeMiiepaTypa OHTalIbUIBIFbI, TSPMUSIIBIK TYPaK-
TBUIBIFBI, OCJICEHAUTIKKE OPTYPJIi 2-BAJICHTTI METa/Ul KaTHOHAAPBIHBIH ocepi aHBIKTaNIsl. HoTwkesnep ecimmikrep
MeH (UTONATOT€H/IIK CaHbIPAyKYJIaKTapAbIH 63apa 9pEKEeTTECY IH3UMOJIOTMACHIH A KOJIIAHBLTY Bl MYMKIH.

Tyiiin ce3nep: Oumail, SHIOXUTHHA3A, U30(PEPMEHTTED.

K. 1. BeckemmupoBa, 9. O. Abaiiiaes, B. A. Ky3oBieB, A. A. XakuM:KaHOB

PI'TI na ITXB «MHCTHTYT MONIEKYyIsIpHOM Omoornu u 6moxumum» uM. M. A. Antxoxxnaa KH MOH PK;
Anmatsl, Ka3zaxcran

OYNCTKA U BUOXUMHUYECKHUE CBOMCTBA SHJAOXUTHUHA3BI ITIIIEHULIBI

AnHOTanus. XUTUHOIUTHYCCKAC (DEPMEHTHI SIBIITIOTCS BaXXHEUIIMMH KOMIIOHEHTAMH 3allUTHON CHCTEMBI
pacTEeHU# MPOTUB Pa3IMIHBIX MMATOTCHOB. XHWTHUHA3BI THAPOIU3YIOT N-alleTHI-B-TII0KO3aMUH COACPIKAIINe MTOJHU-
MEpHBIE CyOCTpaThl (XUTHH, XHTOOJHUIOCAXaPHIbl), BXOIAIINE B COCTAB KJICTOYHBIX CTCHOK TPHOOB, HEMATOA U
HACEKOMBIX. BrIcokast moMMMOp(HOCTh XUTHHA3 Y 3JIAKOBBIX, B TOM YHCIIE MIICHUIIBI, C1a0dasi H3y4YeHHOCTh UX Ono-
XUMHYECKIX CBOWUCTB M PETYJLIIHUN aKTHBHOCTH SIBJISIETCS OJHUM M3 OCHOBHBIX IPEMSATCTBUN B MOHMMaHUH (DyHK-
IUOHUPOBAHUSA 3TOTO (PEPMEHTHOT'O KOMITIICKCA.

Ienbio paboThl SIBUJIOCH HUCCIIEAOBAHNE HEKOTOPBIX (DPU3UKO-XUMHYECKUX OCOOCHHOCTEH IHJOXUTHHA3BI IIIIe-
Hutpl. C momoInpo xpomarorpaduu Ha cnennGuaHoM ahpGUHHOM COPOCHTE XMTHHE ObLIa OYHMINEeHA YHIOXUTHHA3A
U3 POCTKOB, KOPHEH W 3€pPHOBOK IMPOPOCTKOB MIICHUIBL. DepMeHT OBUT MPeICTaBIeH HECKOIBKUMHU N30(OPMaMH C
MOJIEKYJISIpHBIM BecoM 0ko0J10 30 /] u UDT B kucioii, HelTpaibHON U mieouHoN 001acTi. CylIeCTBEHHBIX pa3iiu-
yuii B I/I30(l)epMeHTHOM COCTaBC SHAOXUTUHA3BI U3 Pa3JIMYHLIX OPraHOB MPOPOCTKA MNIICHUIBI HE BBISABJICHO. Onpe-
JCJICHBI HCKOTOPLIC (l)I/ISI/IKO-XI/lMl/I‘-IeCKI/Ie CBOﬁCTBa OHIAOXHWTHUHA3bI INIIICHUIIbI — pH- )41 TeMHepaTyprlﬁ OINITUMYMBI,
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TEPMOCTaOMIBHOCTD, BIMSHUE PA3HbIX 2-BaJCHTHBIX KATHOHOB METAJJIOB Ha aKTUBHOCTH. Pe3ynbTaThl MOTYT OBITH
HCIIOJIb30BaHbI B 3H3MMOJIOTHH B3aUMOACHCTBUS PACTEHHUH U (PUTONATOTeHHBIX IPHOOB.
KoaroueBble ci1oBa: miieHuIa, YHJOXUTHHA3a, U30()EPMEHTHI.
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CHARACTERISTICS OF MICROSATELLITE LOCI
OF ORDABASY AND KARAKUL SHEEP

Abstract. In order to accumulate data on the genetic structure of coarse wool breed sheep population,
100 heads were genotyped with respect to 7 microsatellite DNA. Biological materials (histological tissues) were
brought from basic farms. DNA analysis and PCR were performed according to existing recommendations. Studies
on 7 microsatellite loci are given. 81 alleles were found, of which 43 are alleles in microsatellite loci in Ordabasy
sheep and 38 alleles in Karakul sheep. On average, the locus was 6.14+0.65 and 5.43+0.63 alleles, respectively.
45 informative alleles were identified. The average number of informative alleles per locus in the sheep group of
Ordabasy and Karakul breeds was 3.29+0.17 and 3.14+0.13, respectively. On average, the number of effective
alleles per locus in the populations was 3.11£0.13 and 2.9040.09. 55 private alleles were identified in the studied
populations. Of these, 31 alleles in Ordabasy and 24 alleles in Karakul sheep breed. The average number of private
alleles per locus in the populations was 4.4440.45 and 3.43+0.34, respectively.

Key words: Ordabasy sheep, Karakul sheep, DNA sample, microsatellite, allele, heterozygosity, population.

The most important factor in accelerating scientific and technological progress in animal breeding is
the widespread introduction into production of modern advances in biotechnology. This is explained by
the fact that the complex processes of interaction of genes and the whole genotype with the environment
cause a high phenotypic variability of characters in populations of small sheep breeds, which makes it
extremely difficult to analyze the study of quantitative characters [1].

This problem can be largely solved by studying the animal genome using methods based on DNA
polymorphism analysis.

The study of the nucleotide genome sequence allows not only to assess the true genetic potential for
productivity, but also to obtain highly valuable information for selection, which increase the acceleration
of their rates in a given direction of productivity.

Identification of gene variants reflecting the genetic animal potential in terms of productivity allows
breed out at the DNA level, i.e. according to the genotype.

Microsatellites are widely used to create genetic maps [2]. Due to their high specificity, microsa-
tellites are the initial marker for identifying individuals [3], according to DNA control in forensic exa-
mination, in a biological/evolutionary context they are useful as markers for analyzing the origin [4-6].
The probability of a mismatch is one in a million.

Analysis of microsatellite loci was proposed by Weber et al. [7]. The authors showed the possibility
of using microsatellites as genetic markers and proposed an effective method for analyzing these mar-
kers — their amplification using PCR with the subsequent separation of the reaction products in
polyacrylamide gel, which allowed to sharply increase the sensitivity immunity and speed of analysis
compared to traditional methods based on hybridization of genomic blots.

It should be noted that modern methods allow separate fragments that differ by only one pair of
nitrogenous bases [8].
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The first studies concerning the possibility of using the method of determining the microsatellite
polymorphism in controlling the reliability of the origin of farm animals began in the early 90s of the last
century, and almost immediately microsatellite markers showed high efficiency in controlling the origin
of farm animals [8]. When using a common panel of genetic blood systems (7 blood groups, 16 protein
loci and enzymes, and 8 microsatellite loci), the effectiveness in controlling the origin increases to 99.9%
[10].

Currently, the success of breeding work depends on the correct identification and certification of
animals. Therefore, it is relevant to study the genetic diversity of existing breeds of farm animals and
carry out their certification with the use of DNA technologies.

In general, the PCR analysis showed the presence of a low polymorphism of the allelic profile in the
studied sheep breeds on the studied microsatellite loci. This indicates that selection for certain signs of
productivity in the studied populations is close to the biological boundaries of development. In this regard,
it is necessary to assess the degree of genetic diversity of these sheep breeds using genetic markers, which
more thoroughly assess the inherited abilities of animals and identify the systems of genes responsible for
the development of specific signs of productivity.

Research materials and methods. Sheep of Ordabasy (50 heads, “Seraly” farm) and Karakul breeds
(50 heads, “Zhomart” farm) of Arys-Turkestan region were investigated in the experiment.

The material for the study was samples of tissue (earmark) of sheep.

The research work was carried out in the laboratory of LLP “South Western Research Institute of
cattle and plant breeding” and Republican state enterprise on the right of economic management “South
Kazakhstan State Pharmaceutical Academy”.

Sampling for DNA extraction and DNA extraction were carried out according to the Methodological
recommendations for the molecular-genetic analysis of sheep using microsatellite markers, 2004 [11].

Statistical data processing was performed by standard methods.

Research results. The analysis of theoretical and practical aspects of methods for assessment and
selection of farm animals using DNA technology based on existing genodiagnostics methods (perchlorate,
Kawasaki and salt extraction) for sheep genotyping was carried out. An effective variant was chosen
DNA extraction from the tissue by the perchlorate method.

In the base specialized farms for breeding sheep of Ordabasy (“Seraly” farm) and Karakul (“Zho-
mart’ farm) breeding sheep, 50 samples of biomaterial were selected (histological tissue from the
earmark) for DNA extraction.

Microsatellites are characterized by an unusually high level of polymorphism and Mendeleyev type
of research.

In this regard, the authors carried out PCR analysis on 7 loci of microsatellites (tables 1 and 2).

Tables 1 and 2 present the DNA microsatellites used to analyze the coarse wool genotype of
Ordabasy and Karakul breeds.

Table 1 — The frequency of occurrence of alleles in the microsatellite loci in sheep of Ordabasy breed

Loci Number of alleles (unit) Numerical code of alleles
MAF-214 9 196, 202, 205, 208, 217, 225, 230, 233, 252
DYMS-1 7 145, 148, 156, 160, 166, 174, 233
HSC 6 211, 22,228, 241, 246, 256
TGLA-53 3 154, 158, 164
ILTS-005 5 181, 188, 192, 199, 214
INRA-23 7 199, 201, 203, 205, 215, 219, 221, 225
INRA-063 6 169, 173, 177, 185, 189, 191
Total 43

The data in table 1 show the considerable effectiveness of the MAF-214 microsatellite locus when
analyzing the coarse wool breed genotype, since this locus differed in the number of occurrence of alleles
compared with other loci. A total of 9 alleles were found, with a high occurrence of alleles 196 (37.4%)
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and 225 (36.0%). In the DYMS-1 locus, the number of alleles was 7, and among the identified alleles,
according to the frequency of occurrence, the allele 174 was different, and made up 34.8% of the total
number of alleles in the locus. In the HSC locus, 6 alleles were identified. At the same time, in this locus,
the frequency of occurrence of alleles 228 and 246 was high and amounted to 37.8% and 36.6%, res-
pectively. The TGLA-53 microsatellite locus was distinguished by a low number of alleles (only 3 units)
and a high frequency of occurrence of allele 154 (40.3%). The use of the ILTS-005 locus identified
5 alleles with a high frequency of alleles 181 (37.5%) and 192 (40.9%). In the INRA-23 and INRA-063
loci, 7 and 6 alleles were found, respectively. Alleles 199 (38.7%) and 205 (44%), as well as alleles
177 (39.7%) and 185 (42.5%) are characterized by high frequency of occurrence. In total, 43 alleles were
found in the studied microsatellite loci.

A similar tendency in the frequency of occurrence of alleles in different loci in Karakul sheep can be
seen from the data in table 2.

Table 2 — The frequency of occurrence of alleles in various microsatellite loci in sheep of Karakul breed

Loci Number of alleles (unit) Rank of alleles
MAF-214 7 184,192, 202, 210, 215, 220, 230
DYMS-1 6 145, 147, 149, 155, 158, 162
HSC 5 211, 218, 226, 234, 262
TGLA-53 3 143, 150, 165
ILTS-005 3 188, 190, 200
INRA-23 7 203, 205, 209, 211, 223, 225, 229
INRA-063 7 167,171, 177, 179, 187, 189, 195
Total 38

For example, the MAF-214, INRA-23 and INRA-063 loci were characterized by a higher genetic
diversity. In these microsatellite loci, 7 alleles were identified in each locus. It should be noted that alleles
215 (0.424%), 220 (30.3%), 209 (39.0%), 223 (39.0%), 167 (37.5%) and 179 (38.9%) in the studied loci
were encountered with relatively high frequency. The number of alleles in the DYMS-1 and HSC loci is
varied within 5-6. The studies showed that the frequency of occurrence of alleles 149, 158, 218, 226 were
considerably higher and ranged from 32.3 to 43.5%.

The TGLA-53 and ILTS-005 loci were characterized with a lower frequency of occurrence of alleles,
i.e. only 3 alleles were identified per each locus. Such a number of fragments in the microsatellite markers
indicate homozygosity of the studied genotypes by this locus.

In general, the number of identified alleles in Karakul sheep population was 38 and varied from 3 to
7 alleles in loci.

When studying the allelic profiles of various genotypes of Ordabasy and Karakul sheep breeds, the
following indexes were determined: minimum, maximum and average number of alleles and frequency of
occurrence of informative, effective and private alleles.

The results of the analysis of Ordabasy and Karakul sheep breeds’ genetic diversity according to the
number of total allele and types of alleles per locus of microsatellites are presented in table 3.

The data in table 3 show that, in the above sheep breeds, the average total allele per locus is
6.14+0.65 and 5.43+0.63 alleles.

The total number of informative alleles in sheep of Ordabasy and Karakul breeds on average per
locus was 3.294+0.17 and 3.1440.13, respectively. At the same time, the number of highly informative
alleles in Ordabasy breed populations was 30.2+9.5%, and in Karakul breed populations was 34.2+10.1%.

The number of average informative and low informative alleles in the studied populations ranged
from 23.3+8.8% and 21.1£8.7% to 46.5+£10.4% and 44.7+10.6%.

On average, in populations, the number of effective alleles per locus was 3.11+0.13 and 2.90+0.09%.

In all studied populations, 55 private alleles were found in 7 microsatellite loci. Of these, 31 private
alleles were diagnosed in Ordabasy breed and 24 alleles were found in Karakul breed.

The average number of private alleles per locus in the studied populations was 4.45+0.45 and
3.43+0.34, respectively.
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Table 3 — The frequency of occurrence of different types of alleles in the studied sheep populations

Sheep breed
Types of alleles
Ordabasy Karakul

Number of alleles, total 43 38
per locus 6.14+0.65 5.43+0.63
Types of alleles: informative, total 23 22
per locus 3.294+0.17 3.14+0.13
including: highly informative, % 30.2+9.5 34.2+10.1
average informative, % 23.3+8.8 21.1+8.7
low informative, % 46.5+£10.4 44.7+10.6
effective, total 21.79 20.3
per locus 3.11+0.13 2.90+0.09
private, total 31 24
per locus 4.45+0.45 3.43+£0.34

The studies showed that in the populations of Ordabasy sheep breed, the allele 154 of the TGLA-53
locus (40.3%) and the allele 185 of the INRA-063 locus (42.5%) are distinguished by the maximum
frequency of occurrence.

In the populations of Karakul sheep breed, 5 alleles have the maximum frequency of occurrence.
This is the allele 149 (41.7%) of the DYMS-1 locus, the allele 150 (45.2%) of the TGLA-53 locus,
the allele 200 (50.0%) in the ILTS-005 locus, and also the alleles 209 (42.2%) and 179 (41.7%) in the
INRA-23 and INRA-063 loci.

The remaining private alleles are found with average and low frequency.

In general, the PCR analysis showed the presence of a low polymorphism of the allelic profile in the
studied sheep breeds on the studied microsatellite loci. This indicates that selection for certain signs of
productivity in the studied populations is close to the biological boundaries of development. In this regard,
it is necessary to assess the degree of genetic diversity of these sheep breeds using genetic markers, which
more thoroughly assess the inherited abilities of animals and identify the systems of genes responsible for
the development of specific signs of productivity.

Data on the genetic heterogeneity of a population is extremely important for an objective assessment
of the genetic diversity and correction of breeding programs. As an index of heterogeneity is a reflection
of mutational processes occurring in populations.

As a criterion for assessing the genetic variability in the studied sheep breeds, heterogeneity of allelic
variants identified in various microsatellite loci was used.

Table 4 — Level of heterogeneity of various populations

Sheep breed
Indexes
Ordabasy Karakul
Actual degree of heterozygosity, % 0.405+0.029 0.380+0.032
Expected degree of heterozygosity, % 0.67540.028 0.652+0.031
Lack of heterozygosity, % -0.270 -0.272

As follows from the data in Table 4, sheep of Ordabasy and Karakul breeds are characterized by a
low actual degree of heterozygosity (0.4054+0.029 and 0.380+0.032%), which is a consequence of less
genetic diversity in these populations.

Heterozygosity does not fully reflect the degree of genetic variability in populations, especially
where inbred mating often occurs. Therefore, for an accurate assessment of population variability, the
expected heterozygosity index is used, which reflects the level of allelic diversity. And the expected
heterozygosity itself is determined on the basis of the allele frequencies obtained from random crossing in
a population.
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As a result of the study, it was established that the level of the actual degree of heterozygosity in the
tested sheep breeds considerably differs from the level of the expected heterozygosity. For example, the
expected degree of heterozygosity in the populations of Ordabasy sheep breeds was 0.675+0.028%, and in
the populations of Karakul sheep breeds was 0.652+0.031%.

At the same time, the lack of heterozygotes in the studied sheep breeds was 0.270 and 0.272%, which
indicates the static reliability of these indexes.

This suggests that in the tested populations, the process of homogenization of allelic variants
intensifies and indicates the need to maintain the polymorphism of their allele pool, taking into account
various selective values of the genotypes encountered.

As is known, as a result of mutations in all populations, there is a hereditary heterogeneity that
creates genetic prerequisites for variability. The law put forward by Hardy-Weinberg, according to which
the frequencies of genotypes in a population can be predicted from the frequencies of genes, provided that
they are randomly crossed.

The results of the analysis of Ordabasy and Karakul sheep populations’ genetic structure by seven
microsatellite loci are shown in table 5.

Table 5 — Genetic structure of Ordabasy and Karakul sheep breeds

Sheep population
Indexes

Ordabasy Karakul
Heterozygosity test -0.321 -0.381
Homozygosity ratio 0.518 0.529
The degree of realization of possible variability,% 56.2 54.9
The level of polymorphism of alleles 1.93 1.89
The average homozygosity of the population, % 59.5 62.0
x? 40.7 38.5
df 6 6
Reliability P>0.001 P>0.001
Genetic equilibrium no no

Analysis of the genetic structure of various populations showed that the index in the heterozygosity
test, reflecting the state of the population in relation to heterozygous genotypes, is characterized by a
negative value and indicates a lack of heterozygotes. This index in the populations of Ordabasy breed was
-0.321, and Karakul breed was -0.381.

The homozygosity coefficient of Ordabasy sheep population was 0.518 and of Karakul sheep popu-
lation was 0.529, and the degree of realization of possible variability was 56.2 and 54.9%, respectively.

The level of polymorphism of active effective alleles in the studied microsatellite loci is 1.93 and
1.89, and this value indicates that the number of active alleles in the population for loci is less than the
possible one.

The average homozygosity index in the studied populations was 59.5% and 62.0%, respectively.

The gene state was studied by seven microsatellite loci and a significant disruption of gene equilib-
rium due to the saturation of homozygotes was found and a considerable lack of heterozygotes was
observed in the studied populations.

For example, the chi-square (x?) in the populations of sheep was: in Ordabasy breed -40.7 (P>0.001)
and in Karakul breed -38.5 (P>0.001).

In general, the obtained data indicate that the choice and selection carried out has a considerable
impact on the genetic state of the population, increasing its “homozygosis”.

In this regard, it is necessary to use microsatellites as genetic markers when adjusting the crossing
pattern of the genotypes of these sheep breeds.

Assessment of the part of intra-breed and inter-population variability in the total genetic diversity of
the studied sheep breeds was carried out on the basis of calculation of the index of the total inbreeding
coefficient (Fis) and weighted average Fis and Fit by the studied microsatellite loci.

— g4 ——
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Table 6 — F-statistics index

o Sheep breed
F-statistics index
Ordabasy Karakul
Fis index 0.401+0.131 0.417+0.132
Fit index 0.409+0.058
Fst index 0.084+0.033

The Fis index serves as a measure of decrease in the level of heterozygosity of an animal unit caused
by non-random mating within each group of genotypes in populations.

This fixation index in the populations of Ordabasy and Karakul sheep breeds was 0.401+0.131 and
0.417+0.132, respectively, and indicates a lack of heterozygotes in the studied breeds.

The Fst index shows a decrease in the level of heterozygosity in a breed, caused by random genetic
drift of genes.

The Fst index was calculated as the weighted average by the populations, and it was 0.084+0.033.
This indicates that 91.6% of all variability is due to intra-breed diversity and only 8.4% is due to inter-
breed diversity.

The index of the total inbreeding coefficient Fit was calculated as the average by the studied popu-
lations. Its average value was 0.409+0.058%, which indicates a considerably large lack of heterozygotes
(40.9%) in the studied sheep in relation to the total population.

Thus, the indicators of F-statistics indicate a high probability of inbreeding in the studied sheep
breeds by microsatellites.

This indicates that the genetic diversity in the studied populations is far from optimal. Selection in
such small populations of sheep in the future will not give a perceived effect. Therefore, for the effecti-
veness of the breeding process in the studied populations of sheep, the choice and selection of highly
productive species should be carried out in compliance with strict genetic monitoring. Therefore, the
control of the genetic diversity in Karakul and Ordabasy sheep populations will be a considerable factor
increasing the expected effect in their selection.

Conclusion. The studies on 7 microsatellite loci were carried out. 81 alleles were found, of which
43 are alleles in the microsatellite loci in Ordabasy sheep and 38 alleles in Karakul sheep. On average, the
locus was 6.14+0.65 and 5.43+0.63 alleles, respectively.

45 informative alleles were identified. The average number of informative alleles per locus in the
sheep group of Ordabasy and Karakul breeds was 3.29+0.17 and 3.14+0.13, respectively. On average, the
number of effective alleles per locus in the populations was 3.11+0.13 and 2.90+0.09. 55 private alleles
were identified in the studied populations. Of these, 31 alleles in Ordabasy and 24 alleles in Karakul sheep
breed. The average number of private alleles per locus in the populations was 4.44+0.45 and 3.43+0.34,
respectively.

The level of observed heterozygosity in each studied sheep breeds was statistically considerably
different from the level of expected heterozygosity, which indicates a high probability of inbreeding in the
populations by microsatellites.

The inbreeding coefficients Fis and Fit indicate a lack of heterozygotes in the studied breeds. The Fst
index indicates a high intra-breed diversity (91.6%) and a low interbreed diversity (8.4%).

A considerable disturbance in the gene equilibrium due to the saturation of homozygotes in the
studied populations (x*=40.7 and 38.5) was found, which require correcting the crossing patterns and
selection methods that contribute to the stabilization of the gene frequencies in their allele pool.

The created “Animal Database” system stores data on genotyped animals. Currently, this system
stores information about identified and certified 100 animal heads, including 50 heads of Ordabasy breed
and 50 heads of Karakul breed.
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K. K. Uckakosa', H. H. Ann6aes!, 3. K. Anuanoexosal, JI. O. Bexerayora®

M. Oye3oB ateinparsl OHTYCTiK Kasakcran memnekeTtik yausepeureri, smvkent, Kasakcran,
2KIIC «OnTYCTiK-BaThic Mal jkoHe ociMAIK IIApyallbUIbIFbl FEUIBIMU 3€PTTEY HHCTHTYTHI,
IlIeimkenT, KazakcTan

OPJIABACHI JKOHE KAPAKOJI KO TYKBIM/IA PBIHBIH
MHUKPOCATEJJIUTTI JIOKY CTAPBIHBIH CUTIATTAMACBI

AHHOTanMsl. ACBUI TYKBIM/IbI KOMJIAPABIH IOMYJSIIUSCHIHBIH TeHETHKAJIBIK KYPBUIBIMBI TYPaJbl MAJIIMETTEPI
JKUHAY MaKCaThIHAA 7 MUKPOCATEIUTUTTIK JOKyc Ooitbiama 100 6ac koif reHoTHITENNi. BHOMOTHANBIK MaTepraiap
(TUCTONOTHSUIBIK YIIMajap) IapyamblIbIKTapAaH anbHAbl. Opaadackl )KoHE Kapakesl KOW TYKBIMAAPBIHBIH KYJIAaK
memipmerines OeniHin anerarad [JHK ¢parmentin anexrpodopes Tocisi apKeUTl KikTemiHgl. 81 amrennid imiHme
43 annennep opaabachl KOHIapAbIH MUKPOCATEIUTUTTIK JIOKYCBIH 1A JkoHE 38 ayureniep Kapaked Koinap MOy sus-
ChIHIA aHBIKTadFaH. Opra ecemnrieH ToKycka 6,14+0,65 xone 5,43+0,63 amienaep THiCIHIIE KYpabl.

45 axnapatTThIK alUIeNbJIep aHBIKTAJIBIHIBI. AKHIApaTTHIK aljeblIep JOKYCKa IIAKKaHIa OpTa eCeNIeH opia-
Oacel MeH Kapaken Koimapeana 3,29+0,17 xone 3,14+0,13 Oonmapl. [omynsmmsnap OOWBIHINIA THIMII aJUTeNbaep
Kepcerkimi opra ecenmeH 3,1140,13 »xome 2,90+0,09 kypampl. 3epTTenreH momyisimusuiapaa 55 e3iHe ToH
alensaep aHeIKTadbiHAbL. OnapasiH iminge 31 amnensaep oprnabackl KoWTapelHAA jKoHE 24 ajurenblep Kapake
Koitnaperana 6ongsl. [Tonmymsuusitapaa 6ip TIOKycKa MIaKKaHIa ©3iHe TOH allieNbaep caHbl THiciHme 4,44+0,45 xoHe
3,43+0,34 xepcerTi.

Tyiiin ce3nep: Opmabacel KO TYKBIMBI, Kapaken Koi TykeiMbl, JJHK yiri, Mukpocaremmur, amiens, reTepo-
3WUTOTAa, TOMYJISIINS.

K. K. Uckakosa', H. H. Ann6aes!, 3. K. Anuanoexosal, JI. O. Bexerayora®

TOxn0-Kasaxcranckuii rocyapcrsennbiii yuusepeuter um. M. O. Ayesosa, Llsivkent, Kasaxcran,
2TOO «IOro-3anajiHblii HAyYHO-HCCIIENOBATENLCKUI HHCTHTYT )KMBOTHOBOJICTBA U PACTEHHEBO/ICTBAY,
IlIsiMkenT, Kazaxcran

XAPAKTEPUCTHKA MUKPOCATE/UVIMTHBIX JIOKYCOB
OPJABACHHCKOU U KAPAKYJIbBCKOHU ITOPO/J OBEILL

AnHoTanusl. C [esbl0 HAKOIUICHHS JJAHHBIX O TEHETHYECKON CTPYKType MOMYJISLHUN IPyOOIIepCTHOW MOpOIbI
oBen] OpuH TeHOTUTIHPOBaHE! 100 ronoB mo 7 mukpocaremuTabiM JTHK. Bruomorndeckne marepuansl (THCTOIOTH-
YecKHe TKaHW) ObUTH MpHBe3eHbI U3 0a30BBIX xo3siicTB. AHamu3 JHK u mocranoBky I1LIP BEIONHSIHA COTIacHO
CYLIECTBYIOIIMM peKoMeHIauusM. [IpuBeneHsl HcciefnoBaHusl MO 7 JIOKycaM MHKpocaresiuToB. OOHapyXeHO
81 amnenei, n3 HUX 43 ayurenell B MHKPOCATEIUTHTHBIX JIOKycaX y OBell opAabacwHCKO# mopoxasl u 38 amrenei y
TIOITYJIAIIAY KapaKyJIbCKUX OBell. B cpemHem Ha mokyc coctaBmi 6,14+0,65 u 5,43+0,63 amnmeneif cOOTBETCTBEHHO.
Brrsieno 45 napopmaTuBHEIX ameneii. CpeaHee 4rciao HHPOPMATUBHBIX ajUIeJiel Ha JIOKYC B TPYIIE OBEIl OpJa-
0acHHCKOM M KapaKyJIbCKOH mopoasl coctaBmio 3,29+0,17 u 3,14+0,13 coorBercTBeHHO. B cpemneM mo momydis-
mueM 4nciio 3G GEKTUBHBIX ajuteneld Ha Jokyc coctaBmi 3,11+0,13 u 2,90+0,09. B uccnenoBaHHBIX MOITYIIIIUSLX
BBISABIICHO 55 mpuBaTHEIX aimieneil. V3 Hux 31 amreneil y oppabacuHcKoi u 24 amieneil y KapaKyJIbCKOH ITOpPOJIBI
oBer. CpeZiHEe YUCIIO MPUBATHBIX ajUlelied Ha JIOKYC B MOIMyJAIUAX coctaBwio 4,444+0,45 u 3,43+0,34 cooTBeT-
CTBEHHO.

KuaroueBsie cioBa: OpnabacuHcKas mopoza OBell, Kapakyibckas mopoja osel, oopasern JJHK, muxpocaren-
JINT, aJJIelb, T€TEPO3UTOTHOCTD, TOMYJISLIHS.
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