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O.V. Bulgakova !, A. Zh. Kausbekova, R.I. Bersimbaev

L.N. Gumilyov National University, Astana, Kazakhstan
(E-mail: ! obulgakova330@gmail.com)

The molecular risk patterns in the pathogenesis of lung cancer

Abstract: Lung cancer is leading cause of mortality from cancer diseases in Kazakhstan. Like
most cancer, lung cancer has a multifactorial nature of origin. In its pathogenesis, an important role
is played by both genetic/epigenetic changes in the cell. The change in the epigenetic landscape can
be associated primarily with the change in the profile of the microRNA.

microRNAs are small non-coding RNAs that are involved in the regulation of target genes at the
post-transcriptional level. MicroRNA controls many biological processes, including proliferation,
growth and cells’ survival. To date, a large amount of evidence has been accumulated about the
involvement of microRNA in the carcinogenesis of various malignant neoplasias, including lung
cancer.

Thus, microRNAs on the one hand can be markers of the oncological process, on the other hand
markers of the impact of adverse environmental factors. In this connection, a comparative analysis
of circulating miRs was conducted in a group of patients diagnosed with lung cancer and a control
group without lung pathology.

Keywords: lung cancer, microRNA, miR-19b-3p, miR-205-3p, miR-155-5p, miR-125b-3p, let-
Ta-2.

DOI: https://doi.org/10.32523/2616-7034-2018-124-3-13-19

Among variety of cancer diseases attention the lung cancer (LC) because of high level of inci-
dence, difficulties in diagnosis, and the diversity of clinical and morphological manifestations, early
metastasis and poor effectiveness of treatment.

As in most countries of the world, lung cancer in the Republic of Kazakhstan occupies a dominant
position and makes up 11.4% of the total number of malignant tumors [1].

To date, early diagnosis of lung cancer is not effective because of the absence of symptoms of the
disease at an early stage of development. Early signs of lung cancer are nonspecific and similar to
general clinical symptoms of other pulmonary diseases. Therefore, the diagnosis of lung cancer at
the early stages is quite difficult. In this regard, new diagnostic methods are needed that be able to
detect lung cancer at the earliest stages of development.

MicroRNAs are tissue-specific molecules and play an important role in the development of tissues
and organs. Recent studies have shown that, in various diseases, including cancer, the level of
microRNAs expression changes. This suggests that free circulating microRNAs isolated from body
fluids can be used as biomarkers for the diagnosis of lung cancer. [2].

Analysis of the literature data showed that the change in the profile of miR-19b-3p, miR-205-3p,
miR-155-5p, miR~125b-3p and let-7a-2 was observed in many types of cancer [3]. Impaired expression
of miR-19b-3p, miR-155-5p promotes inhibition of apoptosis, uncontrolled cell proliferation and, as
a consequence, cancerogenesis. In turn miR-205-3p and let-Ta-2 are positioned as tumor suppressors.
In this connection, these microRNAs were chosen as candidates for detecting molecular changes that
occur in the pathogenesis of lung cancer |3, 4].

Materials and methods: The material for the study was microRNA isolated from the blood
of lung cancer patients ant healthy people. A total of 87 subjects was examined, including: i) 37
patients with lung cancer (LC); and ii) 50 healthy controls. The group of lung cancer patients
consisted of 31 males and 6 females with a mean age of 57.42 +2.34 years. Healthy control was
represented by 39 males and 11 females with a mean age of 60.7 & 1.96 years.

RNA extraction from the blood. A 10 ml sample of blood was collected from each subject in
tubes containing EDTA. The blood was centrifuged at 3000 x g for 10 min at room temperature and
supernatant was stored at -80 ° C. A total RNA of 200 u1 of plasma was isolated using a MiRCURY
M Biofluids isolating isolate kit (No. 300112, Exiqon A / S, Vedbaek, Denmark), in accordance
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with the manufacturer’s protocol. The amount and purity of extracted RNA was evaluated using
a spectrophotometer (Nanodrop 7™ ND 1000) according to the manufacturer’s protocols, and the
230/260 ( < 0.50) and 260/280 (> 1.85).

MicroRNA analysis by ¢qPCR. The expression levels of microRNA was determined by evaluating
the level of fluorescence emitted by SYBR§Green tracer (cat no. 203403; Exiqon A/S, Denmark).
All reactions were carried out in triplicate, and the 2- A A Cq method ( A Cq=CTmiR-CTU6). All
statistical analyses were performed using GraphPad Prism 6 software (GraphPad Software, Inc., La
Jolla, CA, USA) [5].

Results: In our study, a panel of miRNAs, including miR-19b-3p, miR-205-3p, miR-155-5p,
miR-125b-3p and let-7a-2 in the peripheral blood plasma of patients with lung cancer was identified.
Analysis of the expression of miR-19b-3p, miR-205-3p, miR-155-5p, miR-125b-3p and let-7a-2 was
performed using the A A Ct method, for the reliability of the obtained results A Ct was calculated
for each sample, deviation. For the statistical processing of the results obtained, Student’s test was
used.

The relative level of expression of miR-19b-3p in lung cancer patients was significantly higher
than healthy participants in the study.

The data are shown in Table 1.

Table 1-Relative expression level of miR-19b-3p in lung cancer patients compared to control

miR19b-3p | U6 ACt AACt Relative expres-
sion level
Control | 28,876+0,381] 31, 6+0,219 | 2,7284+0,467 | 0,00£0,467 | 1 (0,72-1,38)
LC 26,482+0,43 | 31,998+0,21 | 5,5164+0,516 | 3,4154+0,516 6,91 (4,83-9,9)

miR19b-3p expression level in the group of "lung cancer" was 6.9 times increased (P < 0.0001) as
compared to those detected in cancer-free "control” (Fig.1). The results are consistent with data
from other researchers who found that miR19b-3p expression was significantly higher in the lung
adenocarcinoma cell lines (A549) compared to the human lung epithelial cell line. This study also
demonstrated that a high level of miR19b-3p expression can promote the spread and migration of
lung cancer cells [6]. In addition, the levels of miR-19-3p, miR-21-5p and miR-221-3p were signifi-
cantly higher in exosomes extracted from the peripheral plasma of patients with lung adenocarcinoma
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The relative expression level of miR 19b3p

Figure 1 - Relative expression level miR-19-3p in lung cancer patients compared to control

The significant difference between the level of expression in both groups of patients with lung
cancer and healthy people shows that miR-19b-3p is a oncolomir associated with the development
of lung cancer. Therefore, this microRNA plays a key role in carcinogenesis and can be considered
as one of the tumor markers for the diagnosis of lung cancer [5].

A similar pattern is observed for miR-205-3p, miR-155-5p and miR-125b-3p, their level of expres-
sion has shown a statistically significant association with the risk of developing lung cancer.
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Interesting results were also obtained during the comparative analysis of the expression level of
free-circulating miR-205-3p, according to which it can be assumed that miR-205-3p is oncomir and
participates in carcinogenesis in lung (Table 2). The obtained data in a number of other studies
with different types of cancer, including lung cancer, show contradictory results [5].

Table 2 - Relative expression level of miR-205-3p in lung cancer patients compared to control

miR-~205-3p | U6 ACt AACt Relative expres-
sion level
Control | 34,135+0,44 | 32,159+0,56 | 1,984+0,784 | 0,00+0,784 | 1(0,581-1,722)
LC 31,13+0,42 | 32,217+0,41 | 0,0534+0,652 | 1,934+0,652 | 3,81(2,43-5,99)

It was found that the level of miR-205-3p expression in patients of the group "Lung cancer" was
in 3.81 times higher compared to the control group of healthy individuals (p < 0.001) (Table 2).

There were no statistically significant differences in the comparative analysis of miR-205-3p ex-
pression depending on the status of smoking, the stage of the disease, the age of the patients and the
histological type of lung cancer. Also, there was no association of changes in the level of miR-205-3p
with age, gender and nationality.

The role of miR-~205-3p in mechanisms of carcinogenesis is ambiguous. Many articles have been
published where this microRNA performs the oncopperpressor function. For example, miR-205 acts
as a tumor suppressor in colorectal cancer. A decrease in the level of miR-205-3p was observed in
patients with prostate cancer and breast cancer. A number of studies have shown that overexpression
of miR-205-3p inhibits the migration of tumor cells and the formation of metastases in the lung cancer
model [8] and proliferation of adenocarcinoma cells (A549) [9]. However, our results are consistent
with the data of Zhang [10], Lebanony [11], Patnaik [12] in the study of which there was an increase
in the level of miR-205-3p in squamous cell carcinoma, NSCLC and lung adenocarcinoma.

The miR-155-5p profile change was evaluated using the A A Ct method (see Materials and Meth-
ods), to obtain statistically reliable results, the criterion A Ct and the standard deviation were cal-
culated for each sample. The results of the expression level for all three groups are given in Table
3.

Table 3 - Relative expression level of miR-155-5p in lung cancer patients compared to control

miR-155-5p | U6 ACt AACt Relative expres-
sion level
Control | 34,654+0,57 | 324+0,51 2,6540,8 0,00+0,8 1(0,57-1,74)
LC 33,561+£0,41 | 32,02+0,47 1,49840,7 (-1,152)+0,7 | 2,2 (1,37-3,61)

Based on the data given in Table 3, in the group of patients with lung cancer, the level of miR-
155-5p was 2 times higher than in the control group of healthy individuals (p < 0.010) (Fig.2).
In connection with the obtained results, it can be assumed that miR-155-5p is involved in the
pathogenesis of lung cancer as oncomir, which does not contradict the data of other studies. In
the literature, among well-known oncologists, this microRNA is described as the most significant,
because of its involvement in a variety of oncogenic processes.

As shown in Table 4, the relative expression level of miR-125b-5p in lung cancer patients was in
4 times higher than in healthy people (p < 0.001). Thus, it can be concluded that this microRNA
is a biomarker of a malignant process in the lung tissue.

Table 4 - Relative expression level miR-125b-5p in lung cancer patients compared to control

miR~125b-5p U6 ACt AACt Relative expres-
sion level
Control | 34,14+0,4 32,1598+0,6 | 1,98+0,8 0,004+0,8 1(0,581-1,72)
LC 32,05+0,4 32,1796+0,5 | (-0,134)+0,7 | (-2,11)40,7 4,32(2,7-4,8)

Based on the results obtained, we can assume that miR-125b-5p is oncomir and is involved in
carcinogenesis of lung cancer. Literature data from several other studies with different types of can-
cer, including lung, show conflicting results. miR-125b-5p functions as an oncogene in glioblastoma
cells and inhibits apoptosis of cells through P53 and p38MAPA-independent pathways [13]|. Nishida
N et al. confirmed the connection of miR-125b with the pathogenesis of colorectal cancer and poor
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Figure 2 - Relative expression level miR-155-5p in lung cancer patients compared to control

patient survival. An increase in the level of miR-125b is indicated in myeloid, B-cell lymphoblastic
and T-cell lymphoblastic leukemia [14, 15].
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Figure 3 - Relative expression level miR-125b-5p in lung cancer patients compared to control

Our results agree with the data of Wang X et al. Of Southeast University (China) and Li Q.
et al. From the University of Tongji who showed the oncogenic activity of miR-125b in the lung
adenocarcinoma cell line (95D) and in human NSCLC cells [16, 17]. In this connection, it can be
assumed that miR-125b-5p plays a significant role in malignant cell transformation in lung cancer
as an oncomir.

A study of the expression level of free-circulating microRNAs depending on the histological type of
the lung tumor showed that lung adenocarcinoma is characterized by a decrease in let-7a-2 expression
level by almost three times compared to the control. For all other types of microRNA, the association
was not identified.

According to the obtained results, the let-7a- 2 was down regulated in both groups of lung cancer
patients compared to control (Fig. 4, Table 5).
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Table 5- Relative expression level let-7a-2 in lung cancer patients compared to control

let-7a-2 U6 ACt AACt Relative expres-
sion level
Control | 34,684+0,2 31, 84+0,5 2,88+0,55 0,004+0,55 | 1 (0,68-1,5)
LC 35,5+0,5 32,5640,5 3+0,8 0,114+0,516 | 0,9 (0,7-1,4)

Analysis of the let-7a-2 expression level in various histological types of lung cancer showed that
in patients with adenocarcinoma the level of let-7a-2 was almost three times lower compared to the
control (Table 6).

Table 6 — Relative expression level of let-7a-2 in patients with adenocarcinoma

let-7a-2 U6 ACt AACt Relative expres-
sion level
Control 34,68+0,2 31, 84+0,5 2,884+0,55 0,004+0,55 | 1 (0,68-1,5)
Adenocarcinoma | 36,01+1 31,4+0,33 4,64+1,3 1,76+1,3 | 0,29

In connection with the above, the miRNA let-7a-2 appears to be very promising biomarker for
early diagnosis of lung cancer. Moreover, expression of let-7a-2 is characterized by a dependence on
the histological type of lung cancer.

level of let-7a-2
o

" 1

Control Lung cancer

Relative exprassion

Figure 4 - Relative expression level let-7a-2 in lung cancer patients compared to control

Thus, the observed overexpression of miR-19b-3p, miR-205-3p, miR-155-5p, miR-125b-3p and let-
Ta-2 in the group of patients with lung cancer compared to the control group allows positioning
as a molecular oncomarker for development of a non-invasive method for early diagnosis of lung
cancer. One of the priority areas of molecular biology is the search for universal molecular markers
- microRNAs associated with the risk of lung cancer and the creation of highly specific and effective
method for the early diagnosis based on them.
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O.B. Byarakosa, A.2K. Kaybsic6ekoBa, P.I. BepcimGaes
JI.H. lymunes amvindazo, Eypasus yammork yrusepcumemi, Acmana, Kaszaxcman
Okne KarepJi iciri naroreHesingeri MoJsieKyJIaJbIK, IaATTEPHAED
AnHoTanusa: Okre karepJi iciri Kasakcrania OHKOJIOMUSIIBIK, aypysap eiMiHig 6acTel cebebi Gobin Tabbliagpl. backa

KarepJi icik aypysapbl CUSKTBI ©KIle KaTepJsii iciri e mbiry Teri »KarblHaH Kol (pakTopJibl cunarka ue. OHbIH maToreHe3iHe

KJIETKAJIaFbl PeHETUKAJIBIK-IIUIE€HETHKAJIBIK, ©3repicTep MaHbI3AbI POJIb aTKApaIbl. JIUIE€HETUKAJIBIK JAaHIIAMTThIH 03repyi,

uerizinen, mukpoPHK npodwuminig e3repyine 6aitanbicter 60mybl Mmymkin. MukpoPHK nmocrrpanckpuniusiiblk geHreiijie ren

HBICAH/IAP/IbIH, peTTelyine KarbicaThiH KoaTagmaiTein PHK typinge 6onaapi. MukpoPHK kierkaiapabiy mposudepaiusicsl,

ocyi »KoHe TIpIIIK eTyi CUSAKTBI OHOJIOTUSIIBIK, IPOIeccTep/1i OakplIaiabl. Byrinri TaHga KenrereH KarepJi iCIKTep/IiH, COHBIH,

iminge ekie karepsi iciriniy kanmeporenesine MukpoPHK-HBIH KaThICybl TypaJjibl KelTereH Jepekrep KuHakrajarad. COHbIMEH
karap, MukpoPHK, ornkosorusansIk npomecrep MapKepi, KopiaraH OpTaHbIH KOJIAMChI3 haKTOpJIapbl dcepiepiniy MapkepJsepi ge

Goutybl MyMKiH. Ocbiran 6aiianbicTsl epkin afiHamaTeid MUKpoPHK casbicThipMarbl Tanmaybl ©KIe Karepdi iciri HaykacTapbl

Ha 2KoHe 6aKblIay TOITAphl, IFHU OKIIE KATepJIi iciri maTaosoruscer »KOK TOITapra »Kyprisiami.

Tyitin cesgep: ekne Karepai iciri, MukpoPHK, miR-19b-3p, miR-205-3p, miR-155-5p, miR-125b-3p, let-7a-2.
O.B. Byarakosa, A.2K. Kayc6ekosa, P.I. BepcumGaen
FEepasutickutl Hayuorarvorvitl yrusepcumem um. JI.H. lymunesa, Acmana, Kaszaxcman
MoulekyisipHBbIE IATTEPHBI PUCKA B MATOT€HE3€ paka JIErKoro
AHHOTaI_lI/IﬂZ PaK JIETKUX SBJISIETCA OCHOBHOM HpH‘IHHOﬁ CMEPTHOCTH OT OHKOJIOTHYIECKUX 3a60neBaHI/II7I B Ka3aXCTaHe. KaK
¥ OOJIBIIMHCTBO BHUOB pPakKa, PakK JIETKUX MMeeT MHOrO(MaKTOPHBIN XapaKTep IIPOUCXOXK/IeHus. B ero narorexese BaXKHYIO POJIb

Ur'paroT KaK 'EeHETUYIECKHUE TaK U IMUT'CHETUICCKNEe U3MECHEHUA B KJIETKE. I/I31\/I€HBHI/I€ SAMUTI'€HETUIECKOI'O .J'IaH,IH_T_Ia(bTa MOZKeT 6LITB

CBsI3aHO Ipex e Bcero ¢ udMenenuneM npoduias MukpoPHK. MukpoPHK npecrasisior coboit Hebosbinne Hekonupytomme PHK,

KOTOpBIE YyYaCTBYIOT B DEryJsiliid [eHOB-MHUIIEHeHl Ha IOCTTPaHCKpUNIuoHHOM ypobHe. MukpoPHK konTposmpyror mHOrme

6UOJIOTMYeCKHE TIPOLIECCHI, BKJIIOUas IPOJIU(EpPaInio, POCT U BBIXKUBAEMOCTD KJIETOK. Ha cerogusimumii 1eHb HAKOIIJIEHO 6OJIbIIIoe

KOJIMYECTBO JaHHBIX 00 ydactun MUKpoPHK B KaHIeporeHnese pasjindHBIX 37I0KAYE€CTBEHHBIX HOBOOODA30BaHUIl, BKIIIOYas paK

serkux. Takum obpazom, mukpoPHK, ¢ omHOll CcTOpOHBI, MOryT OBITH MapKepaMu OHKOJIOTMYECKOI'O IIPOoIiecca, C JAPYyroi

CTOPOHBI, MApPKEPaMH BO3JEHCTBUS HEOIArONPHUATHBIX (PaKTOPOB OKpY2Karomeil cpefpl. B ¢BsA3M ¢ 9TUM cpaBHUTENBLHBIH aHAIN3

mupKysupyomux miRs mpoBomuics B rpyiie manueHTOB C JAUACHO30M pakKa JIENKUX U KOHTPOJILHON rpymme 6e3 ImaToJioruu

JIETKUX.

KuroueBsbie ciioBa: pak Jierkoro, MukpoPHK, miR-~19b-3p, miR-205-3p, miR-155-5p, miR-125b-3p, let-7a-2
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Tydin cesdep (6-8 ce3 me ce3 Ttipkeci. Tyilin cesmep Makaja Ma3MYHBIH KepceTin, MeiuliHine Makaja araybl MeH
AHHOTAIUSIIAFbl CO3/EP/Al KaiiTajamail, MakKaja Ma3MYHBIHIAFbl CO3/ep/i KoJygaHy KaxkeT. COHBIMEH KaTap, aKIapaTThbIK-
i3mectipy Kyiesepinie MakaJaHbl XKeHII Tabyra MYMKIH/IK GepeTiH FhUIBIM cajlajapblHbIH TEPMHUHJEPIH KOJJAHy KayKer).
Hezi32i Mmomin MaKaJaHbIH MakcaTbl/ MiHAeTTepi/ KapacCThIPBUIBII OTBIPFAH CYPAaKTbIH TapuXbl, 3€pTTEy
9/1icTepi,HoTHKEIEeD / TATIKBLIAY, KOPBITBIH/bI 6OIIMAEPIH KAMTYbI KarXKeT.

Tabauua, cypemmep — aTajfaHHAH KeliH OPHAJACTBIPBLIAIBI. Op TabJUIA, CyPeT KAaChIHa OHBIH aTaIybl OOJIybl KasKeT.
Cyper allKbIH, CKAHEPJIEH OTIIEreH OOJIYbl KEPEeK.

Makanagarsl popmyaaaap TEK MITIHIE OJlapra clireMe Gepijice FaHa HOMIpJIEHE].

2Kanmer kospansicra 6ap abbpesuamypasap MeH Kbickapmyaapdar 6acKaiaapbl MIHAETTI Type ajFall KOJIIaHFAHIA
Tycinaipinyi 6epinyi kaxker. Kapotcwoiiati Kemerx mypaas, aknapar GipiHmii 6eTre Kopceriiemi.

Odebuemmep Mmizimi

Moringe saibuerrepre ciiremMesiep TiKXKakiara ajabiHa bl MoTiHgeri ojebuerrep Ti3iMiHe clareMesnepiin HoMepJeHy1 MaTiH e
KOJIZIAHBLIYbIHA KATBICTBI »KYPrizijige: MoTiHme KesmeckeH ojebuerke asraiikpl cinreme [1] apkpuibl, exinmi cinreme [2]
apKpUIBIL T.C.C. Kyprisineni. Kiranka »kacanaTsiH cinTemesnepne KOJZaHbUIFaH GeTTep Ae KepceTityi kepek (mbrcassl, [1, 45
6er|). ?Kapusianbaran enbexkrepre cinremesep kacaaMaiipl. COHbIMEH KaTap, PEleH3HsJaH OTIeiTiH 6acbuIbiMIapra J1a
cirremenep Kacasnmaiinel (sgebuerrep TisiMiHIH 93ipJsey yJrisepin ToMeHAeri MakalaHbl POCiMAEy YITICIHEH KapaHbI3).
MaxkaJia COHbIHIAFbl debuerrep TiziMiHeH Keilin 6ubauozpaduansvlk, Maaimemmep OpbIC KOHE AFBLIIBIH TiliHAe (erep
Makasa Ka3ak TUIIHZIEe »Ka3blica), Ka3aK KoHe arblIIIbIH TUIHAe (erep MakaJsa OpBIC TUIHJE *Ka3bLICA), OPBIC YKOHE Ka3ak
Tininge (erep MaKaJsia arbUILBIH TLTiH/E XKa3blLiran Gosica) Gepinesi.

Aemopaap mypasvt MIAIMEM: aABTOPIBIH ATHI->KOHI, FBIJIBIMU ATaFbl, KbI3MET1, >KYMBIC OPHbBI, YKYMbIC OPHBIHBIH, MEKEH-
Kaiibl, TejiepoH, e-mail — Kazak, OpbIC YKOHE aFbIJIIIBbIH TiJIJIEePiH/e TOJTHIPHLIA/IbI.

6. Komkaszba MYKHAT TeKcepiareH Oosybl KaykeT. TexXHUKAaJbIK TajalTapra cail KejMereH Kojikasbagap Kaiita enpeyre
KaiTapbuiaibl. Koska3baHublH KalTapblULybl OHBIH KypHaJ1a OachllybiHa xKibepityin Oligipmeiini.

7. Penaknusira TYCKeH MakKaJsia >KabblK (aHOHMMJI) Tekcepyre »Kibepinesi. BapJblk penensusuiap aBropJsapra 2Kibepinei.
ABrop (peneH3eHT MaKaJaHbl Ty3eTyre YCBIHBIC OepreH »kKarjaija) yil KyH apaJbIFblHIa KalTa Kapal, KOoJrkKa3GaHblH
TY3€TIINeH HYCKACBhIH peJakiusara KaiTra Kibepyi Kepek. PelleH3seHT KapaMcChl3 Jlell TaHbIFaH MakKaJja KaiiTtapa
KapacTbIpbUIMaiibl. MakaaHblH TY3€TLITeH HYCKAChl MEH aBTOP/IbIH, PEIeH3eHTKE »KayaObl peJlakiusira xKibepitemi.

8. Tenemakpi. BacbuibiMra pykcaT eTiireH MakKaJia aBTOpJIApbIHA TOJIEM 2Kacay TypaJbl eckepriieni. Tesem kesemi 2018
kKbLabl 4500 Tenre — EYY kpr3merkepsiepi yirin xkonHe 5500 Tenre 6acka yilbIM KbI3MeTKEDJIEPiHE.

Pek3ususurrep:

"EBpagzuiickuil Harmonanbubit yausepcurer uM .JI.H.I'ymunesa"MOHPK

Cronuuustit dumuan AO"lecnabauk"

KBE 16

BWH 010140003594

BUK TSES KZ KA

Cuer B koguposke IBAN-

KZ91998BTB0000003104-

"3a ny6mukanuo PO asropos"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
BIOSCIENCE Series"

1.Purpose of the journal. Publication of carefully selected original scientific works in the fields of Biochemistry, Molecu-
lar Biology, Biotechnology, Bioinformatics, Virology, Biophysics, Bioengineering, Physiology, Botany, Zoology, Evolutionary
Biology, Genetics, Microbiology, Biomedicine.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev
St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail eurjourbio@enu.kz in Word,
PDF and Tex format. At the same time, the correspondence between Tex-version, PDF-version and the hard copy must be
strictly maintained. Article template in tex-format you can find on the journal web-site bulbio.enu.kz. And you also need to
provide the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right of the Pub-
lisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author guar-
antees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it should
not contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article -
introduction/ problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient
to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the text.
Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference
to the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45
p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed publications (examples of the
description of the list of literature, descriptions of the list of literature in English, see below in the sample of article design).
At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English (if
the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment (for ENU employees -
4,500 tenge, for outside organizations - 5,500 tenge).
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ITosio>keHME O PYKOMNUCSIX, IPEACTABJISIEMBbIX B >KypHaJsl «BectHuk EBpasuiickoro HanmoHaJIbHOro
b
yausepcurera umenu JI.H.I'ymunesa. Cepusi Buosiornueckue HayKu»

1. He.]'[]) XKypHaJia. Hy6.HI/IKaLH/IH TIIATEeJIBHO OTO6paHHbIX OPUTIMHAJIBHBIX HayYHBIX pa60T II0 HalIpaBJICHUAM 6I/IOXI/IMI/IH7
MOJIEKYJIsipDHasi OuoJiorusi, OMOTEXHOJIOrus, OHOMH(OPMATUKA, BUPYCOJIOTUsi, OnODU3UKA, OUOMHXKEHepHsi, (HU3UOJIOrUs,
6OTaHMKAa, 300JI0TUsI, SBOJIIOIMOHHAS OUOJIOTHSI, PTEHETUKA, MUKPOOUOJIOTUsT, OGUOMEIUIIMHA.

2. Asropy, KejaomEeMy ONyOJMKOBATH CTATBbI0 B JKypHAJe HEOOXOAMMO MPEJCTABATL PYKONWCh B TBEPAOH KOIHMHA
(pacneanaHHOM BapI/IaHTe) B OJHOM DB3K3€MILIApEe, IIOAIINCaHHOM aBTOPOM B OTﬂeJ'I HayYIHBIX I/I3ﬂaHI/II>'I (HO aapecy:
010008, Kaszaxcran, r.Acrana, yn. Carnaesa, 2, EBpasuiickuii nanmonanbubiiit yausepcurer um. JL.H.I'ymunesa, Yuebuo-
aJIMIHUCTPATUBHBII KopIryc, Kab. 408) u no e-mail eurjourbio@enu.kz B popmare Tex u PDF . IIpu aT0oM JOKHO GBITH CTPOrO
BBIJIEP?KAHO cooTBercTBUE Mexay Tex-daitiom, PDF-daittom u TBepoit konwmeit. 111absion crateu B hopmaTe tex npusesieH
Ha caiire xypHaJsa bulbio.enu.kz. ABrop A Takxke aBTOpy(am) HEOOXOAUMO IPEJIOCTABUTH COIPOBOJUTEILHOE MUCHMO.
S3bIK MyOGIuMKAUi: Ka3aXCKUil, pyCCKuil, aHTVIMACKAIA.

3. OrnopasiieHue crarell B peOakiio O3HAYaAET corJiacme aBTOpoB Ha npaso HM3parens, Espaswuiickoro
HanuoHaJbHOro yHusBepcurera uMmenu JI.H. I'ymuiieBa, usgaHusi craTeil B >KypHaJjle U HNepeusgaHus UX Ha
Jgr060M mHOCTpaHHOM s3bIKe. IIpeacraBisisi TeKCT paGoThl AJid IMIyOauKanuu B >KypHaJle, aBTOP rapaHTHPyeT
NpPaBUJIBLHOCTH BCEX CBeAeHuil o cebGe, OTCYTCTBUE ILUIATHATA U APYruX (pOPM HEIIPABOMEPHOr'0 3aMMCTBOBAHUS
B pyKoONUCH, HaJJjieXkaiiee opopMJIEHNE BCEX 3aMMCTBOBAHUUN TEKCTAa, TAGJIMIL, CXEM, UJLJIFOCTPAIAA.

4. O6bem craTbu HE JOJDKEH IpeBbImaTh 18 crpanurn (ot 6 crpanmir).

5. CxemMa mOCTPOEHUs CTATbU

I'PHTMH http://grnti.ru/

Hnuyuanst u Pamuauto aemopa(os)

IToaroe Haumernosarue opeanu3ayuy, 20pod, cmparna (ecau aBTOPbl paboTAIOT B PA3HBIX OPraHU3AIMAX, HEOOXOIIMO
[IOCTABUTH OJIMHAKOBBIIl 3HAYOK OKOJIO (haMHJIMK aBTOPA ¥ COOTBETCTBYIOIIEH OpraHn3alyn)

E-mail asropa(os)

Haszseanue cmamvu

Annomayus (100-200 cyioB; HE JO/KHA COAEPXKATH (DOPMYJIbI, HE JOJKHA I[OBTOPATH IO COJECPKAHUIO HA3BAHUE
CcTaThbM; HE JIOJKHA COJIEpPXKaTh O6UOIMorpaduyecKue CChUIKY; JOJIKHA OTParKaTh KPATKOE CONEPKAHUE CTATbU, COXPAaHSS
CTPYKTypy CTaTbu — BBEJEHHE, MOCTAHOBKA 3aJaqu,/ LeIH,/ UCTOPUs, METOJbl WCCJIEJOBAHUS, PE3yJIbTAThbl/06CYKICHHUS,
3aKJII0UEHHE / BBIBOJIbI ).

Karouwesevie caosa (6-8 cios/cnoBocoueranmit. Kiiouesble cji0Ba JOJKHBI OTpaskaThb OCHOBHOE COJIEPXKAHHE CTaTbH,
KCIIOJIb30BATH TEPMUHBI M3 TEKCTA CTATbH, & TaKKe TEPMHHbI, OIPEIEJIAIONUE IPEAMETHYIO 06JIaCTh U BKJIIOYAIOIIUE IPYyrue
BaXKHbI€ ITOHATHA, [TO3BOJIAIOIINE OGHQF‘II/ITB U paCIIuPpUTh BO3MOXKHOCTHU HAXOXKJEHHUA CTATbU CpeaCcTBaMu I/IH(bOpl\/IaHI/IOHHO—
[IOUCKOBOW CHUCTEMBI).

OcnoeHoli mexem cmamvbu JOJKEH COEPKaTh BBEJICHNE, MOCTAHOBKY 3a/Ja4u,/ 11/, UCTOPHIO, METOABI UCCJICIOBAHHS,
pe3yabTaThl/06Cy XK IeHNE, 3aKIIOYeHUE/ BBIBOJIBI.

Tabauust, pucyHKu HEOOXOIUMO PACIOJAraTh IMOCJe YIOMUHaHUs. KaKIoW MILTIOCTPAIMU JOJIXKHA CJIeJ0BATh HAJIIUCH.
PucyHku no/KHBI 6BITH Y€TKUMU, YUCTBIMU, HECKAHHPOBAHHBIMU.

B crarbe Hymepyrorcs sminb Te DOPMYABL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKHU.

Bce abbpesuamyput u coxpauterust, 3a UCKIIOYEHUEM 3aBEJIOMO OOIIEU3BECTHBIX, JOJKHBI ObITH paciudpOBaHbl IPU
[IEPBOM YIIOTPEOJICHUH B TEKCTE.

Caenenus o purarco8ot noddepotcke pabOThl YKA3BIBAIOTCS HA NEPBOI CTPAHUIE B BUJE CHOCKH.

Cnucox aumepamyput

B Tekcre cchuikm 0603HAYAIOTCA B KBaJPATHBIX CKOOKax. CCBUIKM JIO/KHBI OBITh HPOHYMEPOBAHBLI CTPOrO IO HOPSIKY
YIOMUHAHUS B TeKCTe. [lepBasi CCBIIKA B TEKCTe Ha JIATEPATYPy AOJI?KHA mMmeTb HOMep [1], Bropas - [2] m T.n. Ccpuika Ha
KHHUT'Y B OCHOBHOM TEKCT€ CTATbH JIOJIPKHA COINPOBOXKJATHCSA yKa3aHHEM HMCIOIb30BaHHBIX cTpaHuI] (Hampumep, (1, 45 crp.]).
CcplIku Ha HeollyOJIMKOBaHHbIE PabOThHI HE JOIMYCKaroTCsl. HerkeaTe bHbl CChIKN Ha HepeleH3upyeMble U31aHus (IpUMephl
ONKCAHMs CIHUCKA JUTEPATYPbI, ONUCAHUS CIMCKA JUTEPATYPbl CM. HIXKe B 06pasiie opOPMIIEHUST CTATBH).

B komHIte craThu, mocie cnucka JIUTEpaTypsl, HeOOXOAUMO yKa3aTh bubauozpapuueckue daHHble Ha PYCCKOM U aHIVIMICKOM
A3bIKax (ecyu crarbsa opOpMIIEHA Ha KAa3aXCKOM s3bIKE), Ha KA3aXCKOM M aHIVIMHCKOM fA3bIKax (ecsu craTbs odOpMIIEHA Ha
PYCCKOM H3bIKe) 1 Ha PYCCKOM N Ka3aXCKOM fA3BIKaX (GCHI/I craTbda O(bOpl\U'[eHa Ha aHTJIUHACKOM 5[3]31Ke).

Ceedenusn 06 aemopax: damunus, UMs, OTIECTBO, HAYIHAS CTEIEH, JOJIXKHOCTb, MECTO PabOThHI, MOJHBIA CIIyKEeOHBIH
ajzpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHTJIMHACKOM SI3BIKAX.

6. Pykonuch nospkHa ObITh TIIATEJNBHO BbIBepeHa. Pykonucu, He COOTBETCTBYIOIIVE TEXHUYECKHM TpPebOBaHUAM, OYIyT
BO3BpallleHbl Ha Jo0paboTKy. Bosspalenue Ha 10paboOTKy He 03HAYAET, 9TO PYKOIUCH IIPUHSTA K OIyOJIUKOBAHUIO.

7. PaGora ¢ as1eKTpOHHOM KOoppeKTypoil. Crarbu, nocrynusmue B OTes HayIHBIX U3JaHui (pelIaKkIys), OTIIPABIISIOTC
Ha aHOHUMHOE PDEIEH3UPOBaHUE. BCe PEIEeH3nU 110 CTAThE OTIIPABJIAIOTCA aBTOPY. ABTOpaM B Te€4YEeHHEe TpexX JlHefI H606XOLLHNIO
OTHPAaBUTb KOPPEKTypy crarbu. CrTaTbu, MOJIYyYUBIINE OTPULIATEJIBHYIO PEIEH3UI0, K IOBTOPDHOMY PAaCCMOTPEHHUIO He
puHUMAIOTCs. VcnpaBieHHble BApHAHTHI CTaTENl M OTBET aBTOPA PEIEH3EHTY IIPUCHIIAIOTCA B pefaknuo. CTtaTbu, HMeonme
[IOJIOXKUTEJIbHBIE PELIEH3UH, IIPEJICTAB/ISIOTCA PEKOJIJIETUH XKYyPHAJIa Uit OOCYKIEHUS U YTBEPXKIAEHUS JJIs [1yOIUKAIIH.
ITepuomuyHOCTs >KypHaJja: 4 pa3a B rof.

8.0mutata. ABTOpaM, IIOJIyYHBIIMM I[IOJOXKHUTEIHHOE 3aKJIOUEHHE K OILyOJUKOBAHUIO HEOOXOIUMO IPOM3BECTH omiary (mjis
corpyauukoB EHY — 4500 renre, fyisi cropoHHux opranusarmii — 5500 TeHre).
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MakaJjiaHbl paciMaey YJIrici
MPHTH 27.25.19
A.2K. XKy6anpmmesa ', H. Temupramues?, A.B. Yrecos?

U Mnemumym meopemumeckoti mamemamury, u nayanus evvucienuds Eepasutickozo
HAUUOHAALHO20 YHusepcumema umenu JI. H. ymuasesa, Acmana, Kazaxcman
2 Axmaobuncruti pecuonasvhoni 2ocydapemeenmond yrnusepcumem umenu K. Xybanoea,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaeunoe auddepenriupoBatune pyHkiuii B Kourekcre KoMITbIoTepHOro
(BBIYUCINTENBHOIO) IIONEPEYHUKA

Annoranus: B paMkax KOMIBIOTEPHOrO (BBIYHCIUTEIHHOTO) IIONEPEYHUKA OJHOCTHIO
perieHa 3ajada TpUOIMKeHHOro uddepeHmpoBanns (BYHKIUN, TPUHAIEKAIIX KJIACCAM
CobosieBa, o HETOUYHOW WH(POPMAIIUN, MOJIYIEHHON OT MPOM3BOJIHLHOINO KOHEYHOTO MHOMKECTBA
rTpuronomerpudeckux kosdduimentos Pypoe-Jlebera muddepennupyenmoii dyukimu... [100-200
cJi08]

KnroueBbie cjoBa: mnpubmmkerHoe andepeHnupoBaHe, BOCCTAHOBJIEHHE 110 HETOTHOM
nabOpPMAIIH, TpeIeIbHas MOIPEIIHOCTh, KOMIIBIOTEPHBI (BBIYUCAUTEIbHBIN) MOMepedHnK. [6-8
CJIOB/ CJIOBOCOYETAHMI|

BBenenue

TekcT BBEIEHUI. ..
ABropam He cilelyer HCIOJIb30BaTh HectangapTHble nakerbl LaTeX (ucmosbsyiiTe ux Juib B
cilydae KpaiiHeil HeOGXOIMMOCTH )

3aroJioBOK CeKInu

1.1 3aroJjioBoK IoaceKnnn
Okpy:keHus.

Teopema 1. ...

JlemmMma 1. ...

IIpensmoxxkenue 1. ...

Onpenenenne 1. ...

Caencrsue 1. ...

Sameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
HoxaszarenbctTso. Tekcr mokazareabCcTsa.

2. ®opmynbl, TaOJIUIBI, pUCYHKA

. - ... — ; . 7(N)
On(en;DN)y = On(en; T F; D)y = (Z(N);I]lvf)eDN on <5N; (l 790N)>Y, (1)

riue
ON (6N; (l(N),gpN)>Y =on(en; T, F; (l(N),g)N))y =

= a0 e (R AP ()
fer v

<1(r=1,...,N)

5
Tabsurbl, pUCYHKH HEOOXOJMMO pacrojaraTh mocie yrnomuHanus. C Kaxkoil WiumocTpanueil moKHa

CcJIeJ0BaTh HA/IIINUCh.

3. Ccpliaku u 6ubsmorpadpus
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Tabpiiuia 3 — HaszBanue Tabiuigbt

IIpoctrie He npocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucyHok 6 — HazBanue pucyHka

JJist CCBLIOK Ha yTBEPXKIEeHWs, (POPMYJIbI U T. II. MOXKHO HCIIOJb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyna (1)

st pykoBozacTsa 1o M TEX u B KadecTBe mpuMepa 0pOPMIIEHUS CChLUIOK, CM., Hanpumep, JIpBoBckuii C.M.
Habop u Bepcrka B makere KTEX. Mocksa: Kocmocundopm, 1994.

Crmcok jmreparypbl 0POPMIISETCS CJIELYOIIIM 06Pa30M.

Crucok jaureparypbl

1 Jlokymmesckuit O.M., I'aspukos M.B. Hauasna uncimennoro anamuza. —M.: TOO "dAuyc", 1995. —581 c. - KHUra

2 Temmpramues H. KoMmbioTepHbIil (BRIMUCIUTENLHBIN ) TIOIEPETHAK KAK CHHTE3 U3BECTHOTO U HOBOTO B IUCJIEHHOM
anaymse // Becrauk Espasuniickoro narmonansuoro yausepcurera nmenn JIL.H. Dymunesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HaIMINK) - CTATHS

3 KybGaubimea A.2K., Abukenosa III. O HOpMax mpousBOAHBIX (DYHKIUN C HYJEBHIMU 3HAUYCHUSIMU 3aJAHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJOB M HUX IPUMEHEHWsl K IIOIEPEYHMKOBBIM 3azadaM // @PyHKIMOHAILHBIE
MIPOCTPAHCTBA W Teopusi npubymxKenusi dyuknmii:  Tesuchl goKIamO0B MeXKIyHaApOIHON KOH(pepeHnu,
nocesimennast 110-jgeruio co ausa poxkaenus: akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa,
2015. —C.141-142. - Tpyapl KoudepeHuit
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