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Beeoenue. Pecynrayus codeprcarus 3peavix mukpoPHK (muPHK) 6 pazauunbix komnapmmenmax kaemku — adpe (N) u yumonnazme (C) —
n0360/45€m KOHMPOAUPOBAMb 803MONCHOCIb UX yuacmus ¢ npoyeccax PHK-onocpedosannoii unmepgepenyuu. Pazauunvie no cmpyxmype
MuPHK, npoueccune komopuix ocyuwecmensiemcsi ¢ pasHovix npedutecmeennuxos (npe-muPHK), moeym obpazosevieame dynaexcol meycoy
MOACKYAGMU NPU HAAUYUU 8 HUX KOMIAEMEHMAapHbIX nociedogamenvhocmeii. Dopmuposanue maxux oyniexcos Mojcem paccmampuganmo-
¢ KaK 00un u3 mexanuamos peeyaayuu akmusrocmu muPHK ¢ omnowenuu ux mapeemnoix mampuunvix PHK (MPHK).

Ileab uccaedosanus — ananus pacnpedenerus paznuunvix mu PHK mexcdy s0pom u yumonaasmoil 6 3a8ucumocmu om sxHepeuu 00pa3o8anus
dynaexcoa.

Mamepuaavt u memodoi. Mamepuanom 0as uccredoearuii nocayxicuiu 0anHvle o codepycanuu pazruynvix muPHK 6 s0pe u yumonaasme
6 Kaemkax 2 auHuil paziuunoeo npoucxoxcoenus: 5-8F nazoghapuneeanvroii kapuunomsr (nasopharyngeal carcinoma, NPC) uenoeexa
U NOCIMMUMOMUYECKUX HelipOHOB8 KOPbL 20106H020 MO32a cepoli kpbicol. [Tocnredosamenvnocmu muPHK, ucnonssyemsie 045 anaausa, Oviau
83amul U3 6aszvl danHvix miRBase, eepcus 22. Buoungopmamuueckuii anaiuz nocaedogamenvrocmeii MuPHK 0as eviseéarenus monexyn,
chocobHbIX 00paszosvieams dynaexcol muPHK, u onpedesenus munumanvroii c60600HoI sHepeuu (minimum free energy, MFE) ux gpopmu-
POBaHUs nposoduu ¢ nomoubro npoepamm RegRNA, eepcus 2.0, u RNAup.

Pe3yabmamot. Bnepevie npoeden cpasHumenvHulli GHAAU3 GHYMPUKAemouHo2o pacnpedenerus (coomuouernue N/C) pazauunoix muPHK
8 3aeucumocmu om 3Hepeuu 06pazosanus dyniexcos. Pezyromamor 6uoungopmamuueckoeo ananuza danHwvix cexeenuposarus muPHK
6 kaemxax aunuu 5-8F NPC nokazaau, umo muPHK, cnocobHbie 06pa3osvieams bicoKkoIHepeemuueckue, m. e. bonee cmabuavhole, 0y-
nAeKcol, HAKANAUBAMCS 68 YUMONAA3me, 8 Mo 8peMsi KaK HU3K0IHepeemuvecKue JynieKcol 8 KAemKax OAHHOU AUHUU HAKANAUBAMCS
6 adpe (umerom boavutee 3navenue N/C). Takace nokazarno omcymemeue 3agucumocmu pacnpedesenus N/C om psoa Kopomkux Momueos,
npeonoaoNCUmMenbHO AcCOyUUPOBAHHbIX C 10epHOll nokarusayuei 0 muPHK, cnocobubix 06pazosevieams evbicok0sHepeemuueckue OynaAeKcyl.
3akarouenue. Bviasaennoe obocawenue nyaa yumonaasmamuyeckux muPHK monexyramu, cnocobnsimu 0bpazosvieams 6onee sHepeemu-
Yecku cmabunbHbie OYRACKCbL, MONCEm NPeacmasnsime 0ONOAHUMENbHbII MeXaHu3m peeyasyuu akmusHocmu muPHK 6 omnowenuu ux map-
eemuvix MPHK (3a cuem cexeecmuposanus muPHK 6 yumonaasme 6 cocmage dynaexcos, npensmcemeyrouux e3aumodeticmeuro muPHK
¢ mPHK).
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Background. The regulation of the content of mature microRNAs (miRNAs) in different cell compartments — the nucleus (N) and the cyto-
plasm (C) — makes it possible to control their availability for participation in RNA-mediated interference processes. Structurally different
miRNASs, processed from different precursors (pre-miRNA), can form duplexes between molecules containing complementary sequences.
The appearance of such duplexes can be considered as one of the mechanisms of mi RNA activity regulation in respect to their target mRNAs.
Objectives. Analysis of the miRNA distribution between nucleus and cytoplasm depending on the energy of duplex formation.

Materials and methods. Data on the content of different miRNAs in the nucleus and cytoplasm in two cell lines of different origin: 5-8F
of human nasopharyngeal carcinoma (NPC) and postmitotic neurons of the cerebral cortex of rat — has been used. The miRNA sequences
used for analysis were taken from the miRBase database, version 22. Bioinformatic analysis of miRNA sequences for detection of molecules
capable of forming miRNA duplexes and determination of their minimal free energy (M FE) of formation was carried out with the help of pro-
grams: RegRNA, version 2.0, and RNAup.
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Results. For the first time, a comparative analysis of the intracellular distribution N/C of different miRNAs depending on the energy of duplex
formation was performed. Results of bioinformatic analysis of miRNA sequencing in 5-8F cells of human nasopharyngeal carcinoma showed
that miRNAs capable of forming high-energy, i. e. more stable, duplexes, accumulate in the cytoplasm, while miRNAs forming low-energy
duplexes have a larger N/C value, i. e. the level of these miRNASs is higher in the nucleus. In addition, we show that N/C distribution of miRNAs
capable of forming high-energy duplexes is independent from the presence of certain short motifs, that are supposedly associated with their

nuclear localization.

Conclusion. The revealed enrichment of the pool of cytoplasmic miRNAs by molecules capable of forming more energetically stable duplexes
may represent an additional mechanism of regulating miRNA activity in respect to their target mRNAs due to the sequestration of miRNA

duplexes in the cytoplasm preventing miRNA interaction with mRNASs.

Key words: microRNA, miRNA duplex, minimal free energy, intracellular localization
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Bsepnexue

Co BpeMeHM OTKPBLITUS MaJbIX peryiasaTopHbix PHK
MIPEACTaBICHMS 00 X POJIU B PETYJISIIINM 9KCIIPECCUM T'e-
HOB, BHYTPUKJIETOYHOM 1 BHEKJIETOYHOM CUTHAIMA3ALAN
3HAYUTEJIBHO paCIIMpeHBl. TaK, MOKa3aHO, YTO KpoMe
y4acTysl B MTHTMOMPOBAHWM TPAHCIISIINK 1/ VUTA IeTpafaliii
MarpuaHbix PHK (MPHK) B iurorraszme (C), mukpoPHK
(MuPHK) moryt npoHukarts B siapo (N) KJIETKH U OCYy-
IIECTBIISATh CUKBEHC-CIIEIIU(UIESCKYIO PErYIISIINIO TIPO-
LIECCOB TPAHCKPHUITIIUN PA3TUIHBIX TCHOB U IIPOLIECCHHTA
npu-MuPHK — npoaykroB Tpanckpunuuu MuPHK reHoB
[1-3].

B To xe Bpemst uHpopmaiusi, KacawoIiasicsi 0CO0eH-
HocTelt HakoruieHus pa3nnuHbix MUPHK B siape vy -
TOILIa3Me B 3aBUCUMOCTH OT UX CTPYKTYPBI, IIPOTUBOPE-
YUBa U MOXKET pa3IMIaThCs IS pa3HBIX TUIIOB KJIETOK,
B TOM 4YHCJIe OIyXoJIeBhIX [2, 4]. MexaHu3mbl oTOOpa
MuPHK, yyacTBymoolIux B SIUreHETUUECKON PEeryssuuu
9KCIPECCHUM TEHOB, BKIIOYAIOT HE TOJBKO IErpagallfio
YaCTH 3peJibIX MOJIEKYJI ITOC]Ie UX IpolieccuHra [1], TpaHc-
MOPT B A1po [2, 3] mim 3KCKpenio U3 KJIETOK [S5], HO U ce-
JICKTUBHBIN ITOA00P KOMIIEMEHTAPHBIX IOCICI0BATE -
HOCTEM, CIIOCOOHBIX 00pa30BbIBaTh AyIuiekchl MuPHK [6].

B paborte ncnonb30BaH HOBBIM ITOIX0A, OCHOBAHHbI
Ha aHa/lIu3e BHYTPUKJIETOUHOro pacrpenenecHuss MuPHK
MEXY sIIpoM 1 uToruia3Moii (cootHomenue N/C) B 3a-
BUCHMOCTH OT MMHMMAJIbHOM CBOOOIHOM SHEPIUH (min-
imum free energy, MFE) obpa3zoBanus nymiekcoB. Ha oc-
HOBE pe3yJIbTaTOB IIPOBEICHHOTO OMOMH(MOPMATUIECKOTO
aHaJIM3a BBISIBJICHO Pa3IMYHOE COOTHOIICHNE 3HAYCHUS
N/C mns MuPHK B 3aBucumoct or MFE mymutekca. Io-
JIy4eHHBIC TaHHBIC TTO3BOJISTIOT IIPEIIIOIOXKUTD CYIIIECTBO-
BaHNE JOTIOJIHUTEJIBHOTO MeXaHN3Ma, OTPaHUIYHBAIOIIETO
KOJIMYEeCTBO 0113KuX o cTpykrype MuPHK, yyacTByrommx
B SIIUTCHETUYCCKOM PETYIISILIAM, C TIOMOIIIBIO 00pa30BaHMUs
BBICOKOSHEPIeTUICCKIX M HU3KOIHEPTeTUUSCKIX TyTUICK-
coB MuPHK.

Mamepuanbi u Memopbl

M cxomHbIM MaTepraIoM TSI NCCIICIOBAHMIA ITOCITYKH -
JIU TaHHbIE 0 coaepxkaHuu pa3nnyHbix MuPHK B siape v -
TOIUIa3Me B KJIETKaX 2 JIMHUI Pa3IMIHOTO IIPOUCXOXKICHNS:
5-8F HazodapuHreaabHOI KapIMHOMBI (nasopharyngeal

carcinoma, NPC) geioBeka 1 MOCTMUTOTHYECKIX HEIPO-
HOB KOPBI TOJIOBHOI'O MO3Tra Cepoii KpbICH (Rattus nor-
vegicus). VIcxomHble MTaHHBIE OrpaHWYEHBI 2 IpyIIIaMu
[7, 8], MOCKOJBKY IUIIb B 3TUX paboTax HEOOXoaMMasI ISk
aHanm3a nH(GOopMaLys OblIa IpeIcTaB/IeHa B IIOJTHOM 00b-
eMe, BKJIloYasl JaHHble mocienoBarenbHocTeit MUPHK,
ITOJTy9eHHBIE METOIOM ITTyOOKOTI'O CEKBEHUPOBAHUS, a TAKXKE
kommaectBeHHOE pacupeneiaeHre N/C monexyn muPHK.
Brioopku coctasistu 158 MuPHK st kirerok 5-8F NPC
u 123 MuPHK m1s mocTMUTOTHYECKUX HEITPOHOB KOPHI
TOJIOBHOTO Mo3ra KpbIChl. C MCHOJIb30BaHMEM TAaHHBIX
cexkBeHupoBaHust MUPHK 1151 060ux TUIIOB KJIETOK MPO-
u3BeneH pacueT MFE un manpHeimmit 6monadopmarmae-
CKMIA aHanu3 pacnpeaeneHust pasHbix MUPHK wmexny
SAPOM U LIUTOILIA3MO.

ITocnenoBarenbHOCTU paznuuHbix MUPHK, ncnonb3y-
eMble JUIs1 aHaIu3a, ObLIM B3SIThI M3 0a3bl JaHHBIX miR Base
(http://www.mirbase.org), Bepcus 22. buonHbopmaTuye-
CKUi1 aHau3 nociegoBaTeabHocTe MuPHK npoBoguiu
¢ momotpio mporpaMMm RegRNA, Bepcnst 2.0 (RegRNA 2.0;
http://regrna.mbc.nctu.edu.tw), m RNAup (http://rna.tbi.
univie.ac.at). ITouck mocnemoBarenbHocTeit MuUPHK, crio-
COOHBIX 00pa3oBbIBaTh AYIUIEKCHl ¢ apyrumu MUPHK,
B riporpamMe RegRNA 2.0 BBITTOJTHSIIN C yY4ETOM CIIETYIO-
mux napamerpoB: 1) snmauenue MFE, kotopast Moxer
omnpenensaTeesa Kak MFE [10606ca (kkaia/Moib), BBICBOOO-
Kaaromasics IIpu GopMUPOBaHNY BTOPUYHON CTPYKTYPBI
JIBYMSI KOMILJIEMEHTapHBIMU TOCICI0BATEIBHOCTSIMHU [9];
2) koaddummeHT (Score), KOTOPHIiA OIIEHNBAaeT BO3MOX-
HOCTb OJTHOBPEMEHHOM TMOpUAM3aLIMY HAauOOJIbIIIETO KO-
JINYECTBA HyKJICOTUIOB MEXIY CPAaBHUBAEMBIMH MOJICKY-
namu MuPHK 1o mipaBmry Yorcona—Kpuka [9]. B Tom
cinydae, korga nporpamma RegRNA 2.0 paccuutreiBana
BO3MOXKHOCTb 00pa30BaHMSI HECKOJIBKUX AYIJICKCOB LIS
pasHbix MUPHK, Obu1n BeIOpaHsbl Te mapsl MUPHK, u3
MOJIEKYJI KOTOPBIX 00€ IIPUCYTCTBOBAIX B OHOM U TOM Xe
KJIeTKe U (hOPMUPOBAIIM TYTUIEKCHI C MAKCHMAJIbHBIM 3Ha-
yenneM MFE (1o Momyio), 9T0 COOTBETCTBYET HANOOIb-
el BEpOATHOCTU BOSHUKHOBEHMS HyIuieKca. [lapamerp
MFE npuHuManu ogrHaKOBBIM 11s1 Kaxnoit u3 MuPHK,
BXOISILIMX B KOHKpeTHbIN aymiekc. IIpu pacuere MFE
¢ roMmonIbio nmporpaMMbl RNAup y4uTsIBanm, 4To maphl
G—U gectabuam3upyioT CTPYKTYPY AyIUIeKca ¥ IPUBOIST



K ymenbiieHnio MFE [10]. B ¢cBSI3u ¢ 3TUM Ipy UCTIOJIb-
30BaHMU IIPOrPAMMBI IOITYCKAJIOCh OTPaHMYCHUE, TTI03BO-
JIstIolee n3berath n30aupoBaHHbIX map G—U mpu pacue-
te MFE mnst myrnexcos [11]. JlaHHBIE SKCITepMMEHTATBHBIX
ncciaenoBanuii [12] mokasnsiBamT, 4yTO (OpPMHUPOBaHME
nyrieKcoB Mexay MoJiekyinamu muPHK MoxeT nmpoucxo-
IuTh yke mpu 3HaueHussXx MFE, paBHbIX —13 KKaj1/MOJb.
B cBs131 ¢ 3TMM OMOMH(pOpPMAaTUYECKNIT aHATN3 BO3MOXK-
HocTh popmupoBaHus ayrmiekcoB MuPHK ¢ mmomonisio
nporpamMMbl RegRNA 2.0 mpoBoanim mpu 3agaHuN 3Ha-
yennit MFE B mmpokoMm aumamazoHe — ot <—25 1o
—10 xxan/momb u 3HaueHus Score — ot 80 mo 170. B mainb-
HeHIeM ISl yIo0CcTBa CpaBHEHUS OTPULIATEIbHBIX YHCETT
3HayeHus1 MFE nipuBoasiTcs mo Moayiio.

CootsercrBue pactpeneneauss N/C KpUTepuio HOP-
MaJIBHOCTH OLICHUBAJIM C UCTIOJb30BaHMeM TecTa Illamm-
po—VYwika. Pazmmaus pacnipenenenust N/C 11t BRICOKO-
U HHU3KOZHEPTETUICCKUX MTYIUIEKCOB B CpaBHUBAEMBIX
BBIOOPKAX OIPEIEISIIN C IIOMOIIBIO HEITapaMeTPHUIECKOTO
U-xpurtepuss ManHa—YutHu. CTaTUCTUYECKYIO 00pabOTKY
pe3yJbTaTOB BHYTPUKJIETOUHOro pacrpeneaeHuss MuPHK,
CnocoOHBIX 00pa30oBhIBaTh paznuyawimecs no MFE ny-
TUIEKCHI, TIPOBOIMIIM C TIpUMEHEHUEM ITporpaMMBbI Statistica
10.0 (StatSoft, CIIIA). Koppersiius TaHHBIX pacyeTa I1a-
pamerpa MFE (B KKaj1/MOJIb), IOJIy4eHHBIX C UCIIOIb30-
BaHMEM YKa3aHHBIX BBIIIE IIPOrpamMM, Obla BBICOKOI
(koo dunment koppensiuuu Criupmena r = 0,9).

Pe3ynbmambi u 06CyHAeHUE

HepaBHoMepHOCTh BHYTPHKJIETOYHOIO paclpeleieHust
vMuPHK, cmioco0nbix 00pa3oBbiBaTh AymjieKkchl. {151 Kop-
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PEKTHOTO COITOCTaBJIeHUsI JaHHBIX 00 ypoBHe MUPHK
B SIIpE Y LIUTOIIa3Me B 3aBUCIMOCTH OT X HYKJICOTUIHBIX
rnocjenoBaTeabHOCTeN KccaeaoBaHHble MUPHK Obu1n
pasfeseHbl Ha 2 TPYIIIBI, Pa3Iddyalommrecs MaKCUMallb-
HbiMU 3HaueHUsiMu MFE. Pacnipenenenue 3HaueHuit ma-
pameTpa MFE mng MuPHK n3 knerok nuaum 5-8F NPC
nokasajio, 4to 6oJbnHCTBO MUPHK uMeloT 3HaueHus
MFE B nuamnasose ot 10 1o 19 kkan/Mosb, 4TO TO3BOJISIET
0003HAYUTh UX KaK MOJIEKYJIbI, CITIOCOOHBIE 00pa30BLIBATh
HM3KO3HEPIreTUIECKe AYIUIEKChI, U OT 24 10 37 KKaj1/MOJIb,
yto cooTBeTcTByeT MUPHK, criocoOHbIM 00pa3oBhLIBaThH
BBICOKORHEPIeTUYECKUEe AyIIeKCH (puc. 1). [Ipu ananmm-
3¢ cooTtHoIeHsI N/C 11 3TUX 2 TPYIIN BHISIBICHBI CTa-
TUCTUIECKH 3HaUnMbIe pasmmaus (p <0,01), 9To roBopuUT
0 HaJIMYUU 3aBUCUMOCTU pacnpeneneHuss MuPHK mexmy
SIAPOM Y LIMTOI1a3Moit ot BesimunHbl MFE oGpazoBaHusi
IYIUIEKCOB B JaHHBIX KJIeTKax (puc. 2). Ipymmst MuPHK,
COCOOHBIE 00Pa30BbIBATh HU3KO3HEPIreTUYECKUE AYTLIeK-
cbl B kietkax auHnm 5-8F NPC, nmerot 0osbliiee 3HaUeHIE
N/C, 1. e. ypoBeHb conmepxanus 3tux MuPHK B simpax
BhILIE. bosee Toro, aj1s1 JaHHOTO TUIIA KJIETOK OOHApy:KeHa
ciabasi, HO mocToBepHasi Koppessuus (r = —0,35; p <0,01)
MFE c cootHomernuemM N/C Bo BceM Auana3oHe 3HAUCHUIA
MFE, uto moarBepxIaeT Hajluyude BHYTPUKIECTOYHOIO
pacnpeneneHuss MuPHK B 3aBucHMOCTH OT BEpOSITHOCTU
dopMUpoOBaHUS TYIIJIEKCOB.

Pacnipenenenue 3HaueHuii napamerpa MFE s MuPHK
M3 IOCTMUTOTUIECKIX HEHPOHOB KOPHI TOJIOBHOTO MO3Ta
KPBICHI IOKa3ajo, uto 6oJbiinHcTBO MUPHK umMelor 3Ha-
yeHust MFE o6pa3oBaHus OyIjIeKCOB B Auana3oHe ot 12
10 16 KKaj/MoJb, YTO MO3BOJISIET MX O003HAYMTh KakK
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Puc. 1. Pacnpedenenue 3nauenuii MUHUMAAbHOU c80000HOI SHepeuU 00pa3oeaHus dynieKcos omuHocumensHo koautecmea mukpoPHK 6 knemkax aunuu 5-8F

Hasoqbapul-teea/z bHOIL KapyuHoMbl Henoeexka

Fig. 1. Distribution of minimum free energy values of duplex formation relative to microRNA quantity in human nasopharyngeal carcinoma cell line 5-8§F
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Puc. 2. Coomnowenue N/C das pazauunvix mukpoPHK kaemok aunuu 5-8F
Ha30(hapuHeeanbHoll KapuuHOMbL 4eA06eKa 8 3a8UCUMOCMU OM CHOCOOHOCMU
obpasosvieams dynaexcol mukpoPHK. 1 — epynna muxkpoPHK, cnocobnas
0bpaszosvieams dynaekcol 8 QUanazoHe MUHUMAAbHOU C80000HOU IHepeuu
| 10— 19! kkaa/mons; 2 — epynna muxpoPHK, cnocobnas o6pasogvieams dy-
naeKcol 8 QUANA30He MUHUMAAbHOU c80000H0U SHepeuu | 24— 37 kkan/monb.
* Pazauyus coomuouenus N/C mexncdy epynnamu mukpoPHK docmosephbl
(p <0,01). B ckobkax ykazano koauuecmeo mosekys mukpoPHK & epynnax
Fig. 2. N/C ratio for various microRNAs of human nasopharyngeal carci-
noma cell line 5-8F according to their ability to form microRNA duplexes.
1 — microRNA group capable of forming duplexes in | 10— 19! kcal/mol range
of minimum free energy; 2 — microRNA group capable of forming duplexes
in 124—37 kcal/mol range of minimum free energy. * Differences in N/C ratios
between the groups are significant (p <0.01). The number of microRNA mol-
ecules in the group is indicated in brackets

MuPHK, criocodHble 00pa3oBLIBATh HU3KOZHEPreTUYE-
CKHUe€ IYTUIEKCHI, 1 OT 24 n0 37 KKajI/MOJIb, YTO ITO3BOJISIET
nx 06o3HaunTh Kak MuUPHK, cmoco6HbIe 06pa3oBBIBaThH
BBICOKORHepreTuyeckue myriekcol. CootHomenust N/C
st atux 2 rpynin MuPHK He nMeny 3HaYMMBIX pa3Tnauii
(p >0,05). Tem He MeHee MMeeTCS TEHACHIINS K CHIDKEHHIO
cootHomenus N/C npu yBeanuenu MFE ¢opmupoBa-
Hus aymiekcoB MuPHK (puc. 3).

TakuMm oOpa3oM, MoJydYeHHbIE HAMU Pe3yabTaThl MO-
KazaJid, 9To 2 pa3HbIX TUIIA KJIETOK XapaKTepU3yIOTCS pa3-
JIMYHBIM BHYTPUKJIETOUHBIM pacnpeneieHrueM MuPHK,
CIIOCOOHBIM (POPMUPOBATH HU3KO- Y BLICOKOIHEPreTHYe-
ckue pymiekchl. s kinerok tmauu 5-8 NPC, B oTianune
OT ITOCTMUTOTUYECKUX HEMPOHOB KOPBI MO3Ta KPHICHI,
yCTaHOBJIeHA 3aBUCUMOCTh cooTHoreHnst N/C mist MuPHK
OT Hepruu obpazoBaHud mymiaekcoB MuPHK.

Ananus cocraa MuPHK ¢ pasnoit MFE noka3zai,
yro MuPHK, crmtoco6HbIe 06pa30BEIBaTh BLICOKOIHEPTE-
TUYECKHE TYIUICKCHI, OTHOCSITCS K Pa3IMYHBIM IPYIIIIaM,
B TOM YMCJie K KOHCEPBAaTUBHOMY ceMeMCTBY let-7, cemeii-
cTtBaM mir-548 u mir-17 (ta6:. 1, 2). HauGompiree Koau-
YeCTBO AYIIEKCOB B O0OOMX THUIIAX KJIETOK MOXET BO3HM-
katb Mexxny MuPHK u3 cemeiictna let-7 (cm. Tadm. 1, 2).
OOBsICHEHUEM 3TOMY MOXKET CITYKUTD TOT (PaKT, 4YTO pas-
ymmuynabie MUPHK cemelicTBa let-7, odopa3syloiuecs B Xoe
MpolLiecCHHTa T0o ¢ 5’-, 6o ¢ 3’-kKoHua ux npe-MuPHK
(mpemmecrBeHHnKa MUPHK), mMmeror 61m3Kue 1mo cTpyk-
Type nocienoBarebHOCTH. OHM pa3mnyaroTcs Ha 1—4 Hy-
KJleoTuaa 1 obo3Havaiorcs B miRBase kak let-7a, -7b, -7c¢,
-7d, -7Te, -7f, -7g, -7i. CnegoBaTebHO, MOXHO IPEIIIO-
JIOXXWUTh, 9TO pa3nuyue B 1—4 HyKJIeoTHIa MeXAy MOJIe-
KyJIaM{ HE OKa3bIBaeT 3HAUUTEIBLHOTO BiaUsiHUSA Ha MFE
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Puc. 3. Coomnowenue N/C ons paznuunvix mupo PHK nocmmumomuyeckux
HeLPOHO8 KOPbL 20108H020 M032a CEPOTl KPbICbl 8 3a8UCUMOCIU 0! CHOCOOHO-
cmu o6paszosvieams dynaekcol mukpoPHK. 1 — epynna muxpoPHK, cnocobuas
00pazosvieams OYNAeKChl 8 OUAnazoHe MUHUMANLHOL CB0O00HOU 3IHepeuu
| 12— 16| kxan/monw; 2 — epynna muxpoPHK, cnocodnas o6pazosvieams dyniek-
cbvl 6 duanazone MFE munumanvhoii c60000n0i dSnepeuu 124—37 kkan/mons
Fig. 3. N/C ratio for various microRNASs of rat postmitotic cortical neurons
according to their ability to form microRNA duplexes. 1 — microRNA group
capable of forming duplexes in |12— 16| kcal/mol range of minimum free
energy; 2— microRNA group capable of forming duplexes in 124—37 kcal/mol
range of minimum free energy

obpazoBanus ayriekcoB MuUPHK. BaxkHo oTMeTUTB, UTO
IyTUIeKCHI MOTyT 00pa3oBbiBaTh MUPHK, mponieccuHr ko-
TOPBIX OCYIIECTBIISICTCS C IMIPEAIIICCTBEHHUKOB, KOIUPYe-
MBIX Pa3IMIHBIMUA TeHOMHBIMU ITOCICIOBATSIBHOCTSIMH.

3HauuTeIbHOE KOJUUYECTBO AyriekcoB MuPHK Mex-
Iy MOJIeKyJIaM1 13 ceMmelicTBa let-7 yka3pIBaeT Ha HE00-
XOIMMOCTD KJIETOYHOT'O KOHTPOJISI YPOBHEM STHX OJIM3KHX
O CTPYKTYPE MOJEKYJ, YTO CBSI3aHO C UX BOBJICUYCHUEM
B peryJjsluio MHOIMX CUTrHalbHbIX nyteit. MuPHK ce-
MeiicTBa let-7 He TOJIbKO YJ4aCTBYIOT B PETYJISILIUY IIPOLIEC-
COB npoJrdepaliv CTBOJIOBBIX KJIETOK, TU(depeHIINPOB-
K€ KJIETOK KPOBU IIPM TOMEOII033¢, HO M B 3aBUCUMOCTH
OT KJICTOYHOTO OKPY:KEHHS MOTYT IIPOSIBJIATh CBOMCTBA
OHKOCYIIPECCOPOB MM oHKoreHoB [13, 14]. Jderpagaius
MuPHK cemeiicTBa let-7 B KJleTKax paka MOJOYHOM XKe-
JIe3bI MOXKET IPUBECTH K IIPOTPECCHUH OITyXOJIEBOTO POCTA
[12]. MuPHK cemeiicTBa let-7 ocylecTBIISIIOT 3aBUCUMYIO
OT UX KOHLIeHTpauuu peryisuuto ypoBHss PHKa3zbl Dicer,
MOJABIISISL €€ TPAHCIISIIIUIO, M 3TOT MEXaHU3M 00paTHOIM
CBSI3M MOXET OKa3bIBAaTh BIMSHUE Ha IIPOLIECCTHT MHOTHX
MuPHK B pa3nbix kierkax [15].

Pazmums B 3HaueHUAX mapameTpa N/C, TToIydeHHBIC
11t cpaBHuBaeMbIX rpynn MuPHK, moryT ObITh 00yC10B-
JICHBI OMOJIOTUYECKUMM IIpolieccaMi, B KOTOPBIX yJacT-
BYIOT 3TH MOJIEKYJIBL. TaK, HU3KO2HEPIreTHIECKIE TyTUIeK-
Ccbl MeHee cTabuiibHbI, moaToMy MUPHK, cnocobHbie 1x
00pa3oBBIBaTh, MOTYT MOABEPraThesl 6ojee OBICTPOIL Je-
rpagaliiy SHIOHYKJIea3aMu, KaK 3TO ObUIO ITOKa3aHO IS
psana MuPHK cemeiicTBa let-7 B cirygae oOpa3oBaHUs Ay-
miekcoB ¢ mir-107-5p [12]. OnHako nerpagaunst MuPHK —
Ipoliecc He OMHOMOMEHTHBIH, ¥ YaCTh MOJICKYJI YCIIEBaeT
TPAaHCIIOPTUPOBATLCS B SIPO C IIOMOIIBIO OEJIKOB-apro-
HaBToB [16] ¢ yaactrem nmmnoptrsa 8 [3]. B ssmpe MuPHK
MOT'YT COXPaHSIThLCS B TeUCHNE HEKOTOPOTO BpEeMEHU, CBSI-
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Ta6muna 1. I1apwr moaexyr mukpoPHK (muPHK), cnocobuvie 06pazogvieams Oyniekcol ¢ MUHUMAAbHOU c80000H0U snepeueii (MFE) 124—37 kkan/mons

6 kaemkax aunuu 5-8F nazoghapuneeansHoll KapyuHombl Yeao06exa

Table 1. MicroRNA (miRNA) molecule pairs capable of forming duplexes with minimum free energy (MFE) |24—37 kcal/mol in human nasopharyngeal

carcinoma cell line 5-8F

MuPHK (1-su 2-1) MPFE*, kkan/moa» MFE**, kkayi/mMoJb

hsa-miR-1226-5p
hsa-miR-675-3p

hsa-miR-193b-3p
hsa-miR-365b-5p

hsa-let-7f-1-3p
hsa-let-7a-5p

hsa-let-7b-3p
hsa-let-7e-5p

hsa-let-7f-5p
hsa-let-7b-3p

hsa-let-7b-5p
hsa-let-7i-3p

hsa-let-7e-5p
hsa-let-7c-3p

hsa-miR-193a-5p
hsa-miR-193b-3p

hsa-miR-548h-3p
hsa-miR-548d-5p

hsa-miR-5480-5p
hsa-miR-548h-3p

hsa-miR-5480-5p
hsa-miR-548p-3p

hsa-miR-345-5p
hsa-miR-378a-3p

hsa-let-7c-5p
hsa-let-7d-3p

hsa-let-7a-2-3p
hsa-let-7e-5p

hsa-let-7b-5p
hsa-let-7d-3p

hsa-miR-28-3p
hsa-miR-151a-5p

hsa-miR-30e-3p
hsa-miR-30d-5p

hsa-miR-339-5p
hsa-miR-23a-5p

hsa-miR-17-5p
hsa-miR-106b-3p

27

27

27

25

27

28

25

27

29

28

30

30

31

32

37

29

32

26

28

27

26

27

24

27

26

25

25

27

27

29

30

29

30

35

27

31

25

vMuPHK (1-5 n 2-51)

hsa-miR-125b-2-3p
hsa-miR-125b-5p

hsa-let-7g-5p
hsa-let-7i-3p

hsa-let-7b-3p
has-let-7d-5p

hsa-let-7c-5p
hsa-let-7f-1-3p

hsa-let-7f-5p
hsa-let-7d-3p

hsa-let-7b-5p
hsa-let-7f-1-3p

hsa-miR-29a-3p
has-miR-29c-5p

hsa-miR-106a-5p
hsa-miR-106b-3p

hsa-miR-548b-5p
hsa-miR-5480-3p

hsa-miR-548n-5p
hsa-miR-548h-3p

hsa-miR-193b-3p
hsa-miR-365a-5p

hsa-let-7a-5p
hsa-let-7b-3p

hsa-let-7e-5p
hsa-let-7d-3p

hsa-let-7a-5p
hsa-let-7d-3p

hsa-miR-195-5p
hsa- miR-16-3p

hsa-miR-30a-5p
hsa-miR-30e-3p

hsa-miR-30d-5p
hsa-miR-30a-3p

hsa-miR-27a-5p
hsa-miR-27b-3p

hsa-miR-29a-3p
hsa-miR-29c-5p

MFE*, kkaj/Mo.1b

25

27

26

24

26

27

25

25

26

27

32

29

33

30

29

29

25

27

MFE**, KkaJi/MoJ1b

24

24

27

26

24

26

24

25

24

23

27

31

29

31

28

27

27

25

24

*Jlaunvie MFE, noayyenHbie ¢ nomoubo 6UOUHGOPpMaAmu4ecko2o aHaiu3a ¢ ucnoav3ogaruem npoepammsl RegRNA 2.0.
*MFE data obtained by bioinformatics analysis using the RegRNA 2.0 software.
**Jlannvie MFE, noayuennvie ¢ nomoubio 6UOUHGOPMAMUYECK020 AHAAU3A C UCNOAb308aHUeM npoepammbl RNAup.

**MFE data obtained by bioinformatics analysis using the RNAup software.
|
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Ta6muna 2. [1apwr moaexyr mukpoPHK (muPHK), cnocobuvie 06pazogvieams Oyniekcol ¢ MUHUMAAbHOU c80000H0U snepeueii (MFE) 124—37 kkan/mons
6 HOCIMMUMOMUYECKUX HelPOHAX KOpbl 20108H020 MO32a CepPOll KPbiCbl

Table 2. MicroRNA (miRNA) molecule pairs capable of forming duplexes with minimum firee energy (MFE) 124—37 kcal/mol in rat postmitotic cortical neurons

MuPHK (1-su 2-1) MFE*, kkan/moib

rno-let-7a-5p

MFE**, KkkaJi/MoJIb

vMuPHK (1-au 2-1) MFE*, kkan/monb

rno-let-7a-5p

MFE**, kkaJi/M0.1b

rno-let-7b-3p = = rno-let-7c-2-3p = =
o leL 7123 21 27 o let 7035 33 2
o 1cL 739 32 30 oo it 7o 130 27 2
o le 7o 2.3 27 2 o loLT2 27 25
o kiTion 21 2 ot 703 30 2
o e 7o 1.3p 2 27 rao et 7o.2.3p 2 21
o ie 72,230 d 2 oo le To5p 2 27
modet 7555 . 2 modet 705 i 5
odet 74.5p a 29 e 7 2
roo-ic-To-50 0 32 o IeL T2 30 27 2
mo-miR_3597-50 30 30 mo-miR-526-5p 31 27
rmo-miR.185.5p 21 2 momiR.2%2% 2 21
rmo-miR. 106b-5p 2 2 fno-miR. 106639 2 2
1 I :
Fro-miR_708 3 33 33 o miR_705 3p 2 30
Fno-miR_705.5p 2 33 o-miR 375 35 27 2
mo-miR-30e_31 & & Fro-miR_30d.5p 2 0
mo-miR-30a_3p 30 2 mo-miR.-30e_55 2 e
momky 0w momkisdh 2
*[lannvie MFE, noayuennble ¢ ROMOWbI0 OUOUHGOPMAMUYECK020 AHAAU3A ¢ UCNOAb308aHUeM npocpammbl RegRNA 2.0.

*MFE data obtained by bioinformatics analysis using the RegRNA 2.0 software.

**lannvie MFE, noayuennusie ¢ nomouwbto 6uouHGopmamu4eckoeo aHaiu3a ¢ uchoabv3ogaruem npoepammol RNAup.

**MFE data obtained by bioinformatics analysis using the RNAup software.

3bIBAsICh C KOMIUIEMEHTAPHBIMU UM I1OCJIEA0BATEIbHOCTSI - UCCJIEAOBAHUI 110 BBEACHUIO B KJIETKY aHTUCMBICIOBBIX
MU IIPOMOTOPOB Pa3HBIX T€HOB, JJIMHHBIMUA HEKOAMPYIO- KOPOTKUX OJIMTOHYKJIEOTUNOB K pa3HbiM MUPHK ¢ mocie-

mumu PHK u mpu-muPHK [13, 17, 18]. Pesynabratel  ayromieil MX BU3YyaIM3alldeil in vivo TIOATBEPXIAIOT, YTO



BBICOKORHEPTeTUICCKIUE NYIUIEKCH MOTYT OBITh O0Jice
YCTOMYMBHI K Jerpagauuu [16].

BrIssBieHHbBIE pa3nuaust MEXIy KJeTKaMy TIMHUM 5-8F
NPC yenoBeka 1 TOCTMUTOTUYECKUMU HEHPOHAMU KOPbI
Mo3ra KpbIChl B ocobeHHocTsix HakorieHuss MUPHK B sipe
MOTYT OBbITh O0YCJIOBJIEHBI HECKOJIbKUMU MpUYnHaMu. Tak,
B 3aBUCMMOCTHU OT CTaJUX PA3BUTHUSI HEMPOHOB KOJIMYE-
CTBO KOMILUIEMEHTAPHBIX MOCJIEN0BATEIbHOCTEN-MUILIEHEN
B LIMTOILIA3ME MOXET U3MEHSTHCS, YTO COIPOBOXKIACTCS
nepepacmnpeaeiaeHueM HekoTopblx MUPHK Mexay sinpom
¥ HUTOIIa3Moii [2, 8]. Takke moka3aHoO CeIeKTMBHOE Ha-
komeHue psiga MuPHK B oTpocTkax HeiApOHOB, YTO MO-
JKEeT MPUBOJIUTH K YMEHbIIEHUO KoJinyecTBa Maibix PHK,
JIOCTYITHBIX IS TpaHcHopTa B s1apo [19]. bonee neranbHbie
HUCCIeA0BaHUS C pa3esieHrueM BHYTpUKIIeToUYHbIX MUPHK
Ha IUTOIUIa3MATAYECKUIA, SSACPHBINA U SIIPBHIIKOBBIN TYJIbI
MOTYT PACIIMPUTH HaIlle IPeACTaBICHUE O MeXaHNU3MaxX
CeJIEKTUBHOIO BHYTpHKJIeTouHOro otoopa MuPHK, crio-
COOHBIX 00Pa30BBIBATH HU3KO- I BHLICOKO3HEPIreTUYECKUE
ITYTUIEKCHI.

BoisiBieHHOE HamMuy oOoraileHue IyJia [UToIIa3Ma-
tuyeckux MuPHK monekynamu, cnocoOHbIMU 00pa30BbI-
BaTh 00JIee FHEPTreTUICCKU CTAOMIbHBIE AYIIJICKCHI B OITY-
XOJeBbIX KileTKax JuHuM 5-8 NPC, MoxkeT mpencTaBisTh
JIOTOJTHUTE/IbHBIN MEXaHU3M Pery/Isiiuy akTuBHoCcT MUPHK
B oTHoIueHur ux TapreTHbix MPHK 3a cueT cekBecTupo-
BaHus1 MuPHK B nmTomniasmMe B cocraBe OymjieKCoB.

MapkepHble MOTHBbI ¥ X BIIMSHHE HA JIOKAJIN3ALMUIO
MuPHK. CornmacHo HEKOTOPHIM HaHHBIM JIMTEPATypPhI
OIpene/ICHHBIC MOTUBHI B ITOCJIEAOBATEIBHOCTH MOJICKYJT
MuPHK MmoryT BausiTh Ha UX JaJIbHEHIITYIO KOMITAPTMEH-
TaJIU3AIUI0, OIIPEIEIsisl BHYTPUKIICTOUHYIO JIOKATN3AIUIO
U cexpeumto. Hanpumep, Obu11 HafiieHbI MOCAe0BaTe b~
HocTtu 13 4 HykineotnaoB GGAG, crmocoOCTByIONIME Ce-
JieKTuBHOMY 0TO0py MUPHK MiekonuTarolmx B 3K30COMbI
[5]. UMeroTcst maHHbIE, COTJIACHO KOTOPbIM HAaKOIUJIEHUE
B siape pasznuyHbix MUPHK MoxeT ObITh accollMMpoBaHO
C HaJIM4YMeM Ha 1x 3’-KOHIIAxX oIpeaeIeHHbIX MOTUBOB |2,
18]. Takue HyKIIeoTIHBIE MOTUBHI (Hanpumep, AGUGUU
n AGAGUU) oonapyxens! Ha 3’-koHnax MuPHK hsa-
mir-29b-3p u hsa-mir-373-3p, 4T0, 110 MHEHHUIO aBTOPOB,
npuBesio K rnpeobnaganuio 3tux MUPHK B KiieTouHbIX
snpax [2, 18]. B To e BpeMs B Ipyroii padoTe aHAIN3 TaHHBIX
ITyOOKOT0o CEKBEHMPOBAaHUSI HECKOJbKMX coTeH MUPHK
He BBISIBWII Koppeisunu Hanmuust MotuBoB AGUGUU,
aTakxe 6osee Kopotkux (AGUG, AGUGU) wiu AJIMHHBIX
(AGUGUUU) BapnaHTOB MOCIeI0BATEILHOCTEN B I10-
cnemHux 9 Hykieorunax Ha 3’-koHiie MuPHK, ¢ mx mpe-
obamaHKeM B sIIpe, 3a UCKiIroYeHneM hsa-mir-29b-3p [7].

IIpoBeneHHkbIil Hamu aHanu3 BeIOopok MuPHK, crio-
COOHBIX 00Pa30BBIBATH BLICOKOIHEPreTUYECKIUE AYTLICKChI,
13 2 TUIIOB KJIETOK ITOKa3aJI HaJInIre MOJIeKYJI, KaK 00Jra-
JalolInX, TaKk U He objamatomux motuBaMu AGUGU,
AGUG, accoumnpoBaHHBIMU C JIOKaJIM3aluei B ape [2,
71, n motuBoM GGAG, cnocoOCTBYIOIIUM BBIBEIECHUIO
MuPHK B cocraBe 3k30coM. B TO e BpeMs1 I0JIsl 9TUX
MOJIEKYJI 110 OoTHoLIeHu0 Ko BceM MUPHK, cnocoOHBIM
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B Knetku 5-8F HazodapuHreanbHo KapLUMHOMbI YenioBeka / Human
nasopharyngeal carcinoma cell line 5-8F

[] KneTku nocTMUTOTUYECKMX HEMPOHOB MO3ra KpbICbl / Rat postmitotic
cortical neurons
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Puc. 4. Ipynnot mukpoPHK (muPHK), omauuarowuecs kopomxumu mo-
mueamu, 6 nyse muPHK, cnoco6Hbix 00pa3oebieams 6blcOK0OIHepeemu-
ueckue dynaexcol. Pa0 1 o6osnauaem muPHK u3 kaemok aunuu 5-8F
HaszopapuneeanrvHoli KapyuHomsl Heaosexka, pao 2 — muPHK uz nocmmu-
momuueckux HelipoHose Kopsl mosea kpbicel. 1 — epynna muPHK, ne co-
depocawux momuewl adepHoli rokaruzayuu,; 2 — epynna mu PHK, umero-
was momue AGUG; 3 — epynna muPHK, umewowas momue AGUGU;
4 — epynna muPHK, umerowas momue GGAG; 5 — epynna muPHK, ume-
rowan momusvt UGUGUU, ACUGUU, AGAGUU, AGUCUU, AGUGAU,
AGUGUA, AGUGUU, UCAGUG, GUGUUU, AGUGUUU. B ckobkax — co-
omuowerue N/C

Fig. 4. MicroRNA (miRNA) groups with different short motifs in the miRNA
pool capable of forming high-energy duplexes. Row 1 shows miRNA from
human nasopharyngeal carcinoma cell line 5-8F, row 2 — miRNA from rat
postmitotic cortical neurons. 1 — miRNA group without nuclear localization
motifs; 2 — miRNA group with AGUG motif; 3 — miRNA group with AGUGU
motif; 4 — miRNA group with GGAG motif; 5 — miRNA group with UGUGUU,
ACUGUU, AGAGUU, AGUCUU, AGUGAU, AGUGUA, AGUGUU, UCAGUG,
GUGUUU, AGUGUUU motifs. N/C ratio is presented in brackets

00pa30BbIBaTh BEICOKOSHEPIeTUIECKIE TYTUICKCHI, COCTaB-
nsget He 6osee 8—22 % (puc. 4). AHaIN3 COOTHOLICHUS
N/C mexnay rpynmamu MuPHK B 3aBrcHMOCTY OT HATMYST
motnBoB AGUGU, AGUG, GGAG B niocienHux 9 HyK-
JIeoTrAaX Ha 3’-KOHIIE He BBISIBIJI 3HAYMMBIX Pa3IAINA.
Hpyrue motuBel — UGUGUU, ACUGUU, AGAGUU,
AGUCUU, AGUGAU,AGUGUA,AGUGUU, UCAGUG,
GUGUUU, AGUGUUU, npennoyioxXnuTeTbHO aCCOLM-
VPOBaHHbIE C IIepHOI JoKanu3auueii [2, 7, 18], — He 00-
HapyxeHbl HamMu B coctaBe MUPHK, cmocobHbIX 00pa3o-
BBbIBaTh BHICOKOSHEPreTUUYECKME OYTUIEKCHI (CM. puc. 4).
DTU pe3ysbTaThl COIJIACYIOTCS ¢ JaHHBIMU HEKOTOPBIX
pabort. Tak, 1Sl CTBOJIOBBIX KJIETOK HEMPOTJIMU U KJIETOK
paka tosicroii kumku suaun HCT116 rmokasaHo pacripe-
neneHue psiga pasauuHbix MUPHK Mexay ssmpoM u Liuto-
T1a3Moii, He3aBucuMoe oT Hamnuusa MotuBa AGUGUU
WIM IPYTUX KOPOTKMX TTOCIieqoBaTebHocTe [2, 4].
Takum o6pasom, cootHoreHue N/C mist MuPHK, crio-
COOHBIX 00Pa30BbIBATh BLICOKOIHEPreTUYECKUE TYTLIEKChI,
B KieTKax JuHuM 5-8 NPC yeroBeka 1 TOCTMUTOTUIECKIIX
HEelpoHaX KOPBI MO3Ta KPHICH HE 3aBUCUT OT HAJIMYMS
WJIM OTCYTCTBMS Ha X 3’-KOHIIE Pa3IMYHBIX KOPOTKUX MO-
TUBOB. Pe3ybTaTel HaIlIeToO UCCISIOBAHUS CBUIETEIBCT-
BYIOT O 0OoJiee CJIOXKHOM MEXaHM3Me BHYTPHKICTOIHOIO
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otbopa psima pa3Hbix MUPHK, KoTopoe MoxeT Hapsimy
C IpyruMu (paKTOPaMU OTIPEICIISAThCS SHEPrueii BO3HUK-
HoBeHus ayruiekcoB MuPHK.

3akniouenue

CenextuBHbIil oToop MuPHK, Busiommit Ha nx KoH-
LICHTPALIMIO B SIIPE 1 LIMTOIIa3ME, MOXET OCYILIECTBISITHCS
pa3MMIHBIMU TyTaMU. OTHUM U3 MEXaHU3MOB, IIO3BOJIS-
omux orpaHnuunth gocryn MuPHK x nx MPHK-muie-
HSIM, CIIyXUT 0Opa3oBaHHE MYIUIEKCOB M3 KOMIUIEMEH-
TapHBIX Opyr apyry Moisekyi. I[IpoBeaeHHbIE B paboTe
61oMH(pOpPMaTUYECKHIT aHAJIN3 BIIEpBbIe OOHAPYKIJI B3au-
MOCBSI3b MEXKIY BHYTPUKJIETOYHOM KOMITAPTMEHTAIA3ALIUENA
MuPHK (pacmpenenenne Mexmy sIpoM M IIATOILIA3MOIA)

U BEPOSITHOCTHIO OOpa30BaHUsSI AYTUIEKCOB (BEJIUYMHOMN
MFE). O6oramenue myna nutorasmMarnyeckux Mu PHK
MOJIeKyIaMu, (POPMUPYIOLINMHU OoJiee CTaOUITbHBIE TYTIIeK-
CHl, — JIOIOJHUTEIBHOE IONTBEPXKICHUE PETyJISITOPHOI
(YHKIIMM 3TUX CTPYKTYP, OTPAaHUYNBAIOIINX B3aMOICH-
crBue MuPHK c tapretneimu um MPHK. O6HapyXeHHbII
(eHOMEH MOXET SIBJISITHCS BaXKHBIM MEXaHU3MOM 3ITUTE-
HETUYECKOMN PEryJsILMU 3KCIIPECCUU T€HOB U aKTUBHO
HCIIONIB30BaThCsl  TPAHCHOPMHUPOBAHHBIMU  KJIETKAMM
B IIpollecce MaTMTHU3AUMU. JlaTbHeIme ucciaenoBaHus
MPOLECCOB, BEAYIIUX K CeJIeKTUBHOMY 0TO0pY MMPHK
MEXXIy pa3TIMIHBIMI KOMITAPTMEHTAMH, MOT'YT MMETh Ipa-
KTUYECKOE 3HaUYCHHE TIPU pa3pabOTKe TapreTHHIX IIpera-
patoB Ha ocHoBe MUPHK.
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