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MIR-1322 BINDING SITES IN MRNAS
OF GENES INVOLVED IN THE DEVELOPMENT
OF NEURODEGENERATIVE AND ONCOLOGICAL DISEASES

Existence of miRNA binding sites in 3’-UTR, 5’-UTR and CDS regions of the mRNA of animal genes
is confirmed. The efficiency of miRNA-induced repression increases with the number of sites. The bind-
ing of MIRNA can be significant if the gene contains repeats of the site sequences in the coding region. It
is shown that miR-1322 has polysites in CDS region of mRNAs of dozens of human genes. Experimental
verification of functionality of the large number of sites is time-consuming and labor intensive. One of
the ways to predict miRNA binding sites is to check the existence of these sites in mRNA of orthologous
genes and to analyze their divergence during evolution. The analysis of conservation of miR-1322 poly-
sites in CDS of mRNAs of ATN1, BCL6B, HTT, MAGI1, MLLT3, MN1, THAP11, TBP human genes and
their orthologues was carried out. The studied genes are involved in development of neurodegenerative
and oncological diseases. The obtained results show that polysites for binding miR-1322 are found in
mRNAs of orthologous genes of many animal species. In the process of evolution, the number of binding
sites changes, that indicates species dependence of efficiency of regulation of these genes expression
by miR-1322. In addition to general contribution to the study of pathogenesis mechanisms caused by
participation of ATN1, BCL6B, HTT, MAGI1, MLLT3, MN1, THAP11 and TBP genes our analysis allows
to propose an adequate experimental animal model for further study of regulation of described genes
expression by miR-1322.
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HelipoaereHepaTuBTi KoHe OHKOAOTMSIAbIK, aypPYAAPAbIH, AAMYbIHA KQTbICaTbIH
reHaepiHiH mMRNA-meH miR-1322 6aiiraHbicy caiTTapbl

JKaHyapaap reHaepiHiH MRNA-fbl 3’-UTR-pe fFaHa emec, coHbiMeH kaTap 5-UTR >xsHe CDS
anmakTapbiHaa MIRNA  6aiAaHbiCy canTTapbl GOAYbl aHbIKTaAAbl. MIRNA-HbIH acepiHeH 6GOAFaH
pernpeccuscbiHbIH TUIMAIAIM GaiAQHbICY CaiTTapAblH CaHbIMeH Kebetoae. [eHHIH KOATay aiMarFbiHAAFbI
KanTaAanTbiH Tiz6ekTepi 6ap 60Aca, MIRNA-HbIH 6aiiAaHbICYbl XOFapbl 60AYy MyMKiH. OHAQFaH aaam
reHaepaiHi MRNA-rbi CDS aitmakTapbiHAa MiR-1322-HbiH noAmncanTTapbl 6ap 60Aybl KOpPCETIAreH.
KentereH cantrapAbiH, (pyHKLMOHAAADBIFbIH 3KCMEPUMEHTTIK Tekcepici ken eHOeKTi GOAbIN TabbIAaAbI.
MiRNA yLWiH CeHiMAi calTTapblH aHbIKTAYAbIH 6ip KOAbl — OPTOAOIMSABIK, FreHAepAiH MRNA-cbiHAQ
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OYA CalTTapAbIH 6ap EKEHAIriH ABAEAALY XXOHE 3BOAOLMS 6apbIChbiIHAQ OAAPAbIH, AALIAKTHIKTAPbIH
Tanpay. ATN1, BCL6B, HTT, MAGI1, MLLT3, MN1, THAP11, TBP aaam reHAepAiH 8He OAapAblH,
optoaortapabiH MRNA-Fbl CDS ariMakTapbiHAQ MIiR-1322 noAncanTTapAblH KOHCEPBATUBTIAITIHIH,
TaAAQybl XKYPri3iAAi. 3epTTeAreH reHaep HempoAereHepaTuBTI >KOHEe OHKOAOTMSABIK, aypyAapAbIH
AaMyblHa KaTbiCaAbl. 3epTTey HOTUXKEAEPi KenTereH KaHyapAap TYPAEPiHiH, OPTOAOTUSABIK, FeHAEPAIH
MRNA-aa miR-1322 6araaHbiCy calTTapbl 6ap eKeHAIriH KepceTTi. IBOAOLMS 6APbICbIHAQ, GAAAHbICY
CanTTapAblH CaHbl @3repeai, 6y e3repictep ocbl reHaepAiH MiR-1322-MeH XKypri3iAeTiH 3KCNpecCUsiAbIK,
peTTey TUIMAIAITT Typre ToyeAAi ekeHiH kepceTeAl. AAbiHFaH HaTuxkeaep ATN1, BCL6B, HTT, MAGIT,
MLLT3, MN1, THAP11 xoaHe TBP reHAEpAiH KaTbiCybIMeH Maiaa GOAFaH MaTOreHe3 MeXaHM3MAEPIH
3epTTeyiHe XaAmbl yaeC 6epeAi, COHbIMeH KaTap, 6i3AiH TaAAQY CUMATTAAFAH FeHAEPAIH IKCMPECCUSIChIH
MUP-1322 apkblAbl peTTeyAi 0AaH api 3epTTey YiliH TaXipUOeAiK >KaHyapAapAblH MOAEAIH YCbIHyFa
MYMKIHAIK 6epeai.
Tyiiin ce3aep: miR-1322, mMRNA, opTOAOIUSIAbIK, FEHAEP, SAEYMETTIK MaHbI3AbI aypyAap.
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Caiitbl cBsi3biBaHMsi MiR-1322 B mRNA reHoB, yyacTByloLLMX
B Pa3BUTUM HEHPOAEreHepaTMBHbIX U OHKOAOTMYECKMX 3a00AeBaHMii

YCTaHOBAEHO cyllleCcTBOBaHMe caiToB cBa3biBaHMS MIRNA He ToAbko B 3'-UTR, Ho 1 B 5-UTR
n CDS ob6aactsax MRNA reHoB >»MBOTHbIX. IpeKkTMBHOCTb MIRNA-MHAYLMPOBAHHOM penpeccum
BO3pacTaeT C YyBEAMUYEHMEM UYMCAQ CAMTOB CBS3biBaHMS. [lpeanoaAaraercsi, 4To CBsi3biBaHMEe MIR-
NA MOXeT ObiTb 3HAUMTEAbHbIM, €CAM FeH COAEP>KUT MOBTOPbI MOCAEAOBATEAbHOCTEN CalTOB B
Koampytoueit o6aactu. bbiao nokasaHo, 4to miR-1322 umeer noamcaintbl B CDS o6aactax mRNA
AECSITKOB YEAOBEYECKMX FeHOB. JKCMepUMeHTaAbHas Bepudmkaums (yHKUMOHAABHOCTU GOAbLLIOIO
UMCAQ CaMTOB IBASETCS TPyAoemKon. OAHMM M3 COCOOOB OMPeAEAeHUS AOCTOBEPHOCTU CANTOB AAS
MIiRNA 9BASIETCS AOKa3aTEAbCTBO CYLUECTBOBaAHUSI A@HHbIX caiToB B MRNA OPTOAOrMYUHbIX FEeHOB U
aHaAM3 MX AMBEpreHUMn B TeueHue 3BOAlOUMKM. [1poBeaeH aHaAM3 KOHCepPBATMBHOCTWM MOAMCAATOB
miR-1322 B CDS mRNA ATN1, BCL6B, HTT, MAGI1, MLLT3, MN1, THAP11, TBP reHoB yeAaoBeka n 1x
OpTOAOroB. PaccMOTpeHHble reHbl BOBA€UYEHbI B PA3BUTME HEMPOAEreHepaTUBHbBIX M OHKOAOIMYECKMX
3a00AeBaHMi. Pe3yAbTaTbl MCCAEAOBAHMSI MOKA3aAM, UTO MOAMCANTbI AASl CBA3bIBaHMS MIiR-1322
o6Hapy»uBaioTcss B MRNA OPTOAOrMYHBIX FEHOB MHOMMX BMAOB >KMBOTHbIX. B npouecce 3BoAoumm
UMCAO CAMTOB CBA3bIBAHWMS M3MEHSETCS, YTO YKa3blBAaeT Ha BMAOBYIO 3aBMCMMOCTb 3(P(eKTUBHOCTM
PeryAsumMmM 3KCMpPeccum AQHHbIX FeHOB, ocyllecTBAsemor miR-1322. MNMomumo obliero BKAapa B
M3yyeHMe MexaHM3MOB MaToreHe3a, Bbi3BaHHOro yudactvem AIN1, BCL6B, HTT, MAGI1, MLLT3,
MNT1, THAP11, TBP reHoB, NpoBeAeHHbl1 HamMM aHAAM3 TMO3BOASET TMPEAAOXKMUTb aAEKBaTHYIO
KCMEPUMEHTAAbHYIO MOAEAb >KMBOTHOIO AAS  AAAbHENLLEro M3ydeHUs PeryAsiumm 3KCrpeccmm
OMUCAHHbIX FEHOB MOCPEACTBOM MIR-1322.

KatoueBble caoBa: miR-1322, mRNA, opTOAOIrMYHbIE TeHbl, COLIMAAbHO 3HauMMble 3a60AeBaHMS.

Introduction

miRNAs are short non-coding RNAs (with 18-25
nucleotides in length) capable of binding to mRNA
and repressing protein synthesis (Bartel, 2004: 281-
297). It is assumed that in animals, interaction of
miRNA with the 3’-UTR region of mRNA genes
is predominant. To date, most scientific papers are
devoted to miRNA interaction with 3’-UTR region
of mRNAs. However, in recent years, the existence
of sites for miRNA in 5’-UTR and CDS regions of
animal mRNAs has been established (Tay, 2008:
1124-1128; Lytle, 2007: 9667-9672; Berillo, 2013:

1016-1024). It is seemed that sites localized in CDS
effectively inhibit translation, while sites located in
3’-UTR are more effective in initiating mRNA deg-
radation (Hausser, 2013: 604-615). In a number of
studies using Ago-RNA immunoprecipitation and
reporter assays, miRNAs have been found to bind to
the 5’UTR, CDS and inhibit translation (Tay, 2008:
1124-1128; Lytle, 2007: 9667- 9672; Schnall-Levin,
2010: 15751-6; Hafner, 2010: 129-141). The efficacy
of miRNA-mediated repression increases with the
number of sites (Schnall-Levin, 2011: 1395-1403).

It is assumed that miRNA binding to mRNA
can be significant if the gene contains repeats of site
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sequences in coding region. It was shown that miR-
1322 has multiple sites in CDS region of mRNAs
of dozens of human genes. The presence of mul-
tiple binding sites in close proximity significantly
increases the probability of interactions between
miRNAs and mRNAs, even if mutations occur (Ni-
yazova, 2015: 962637). Moreover, miR-1322 miR-
NAs has binding sites in 5" UTRs, CDSs, and 3’
UTRs most of them are located in CDSs. One way
to determine the reliability of sites for miRNAs is
to prove the existence of these sites in mRNAs of
orthologous genes and to analyze their divergence
during evolution (Hafner, 2010: 129-141; Gaidatzis,
2007: 69; Atambayeva, 2017: 428). ATN1, BCL6B,
HTT, MAGII, MLLT3, MNI, THAPI1, TBP genes
are involved in the development of neurodegen-
erative and oncological diseases (Matilla-Dueiias,
2012: 172-188; Wang, 2014: 192-200; Wang: 2015:
20252-20265; Thion, 2016: 1310-1315; Harjes,
2003: 425-433; Zhang, 2011: 381-385; Berger-
son, 2012: 4512-4523; Dejosez, 2008: 1162-1174).
To determine possibility of regulation of ATNI,
BCL6B, HTT, MAGI1, MLLT3, MN1, THAP1I and
TBP genes expression by miR-1322 we studied the
arrangement and evolution of miR-1322 binding
sites in mRNAs of these genes. Detection of effec-
tive miRNA binding sites is a promising direction
for diagnosis and therapy of many diseases.

Materials and Methods

The nucleotide sequences of mRNAs of ATNI,
BCL6B, HTT, MAGII, MLLT3, MNI, THAPII,
TBP human genes (Homo sapience — Hsa) and their
orthologous genes (4iluropoda melanoleuca — Ame,
Balaenoptera acutorostrata scammoni — Bac, Bos
mutus — Bmu, Bos taurus — Bta, Callithrix jacchus
— Cja, Camelus ferus — Cfe, Canis familiaris — Cfa,
Capra hircus — Chi, Chlorocebus sabaeus — Csa,
Cricetulus griseus — Cgr, Equus caballus — Eca, Fe-
lis catus — Fca, Gorilla gorilla — Ggo, Heterocepha-
lus glaber — Hgl, Loxodontaa fricana — Laf, Lipotes
vexillifer — Lve, Macaca fascicularis — Mfa, Macaca
mulatta — Mml, Monodelphis domestica — Mdo,
Mus musculus — Mmu, Nannospalax galili — Nga,
Nomascus leucogenys — Nle, Oryctolagus cunicu-
lus — Ocu, Ovis aries — Oar, Pan paniscus — Ppa,
Pan troglodytes — Ptr, Panthera tigrisaltaica — Pti,
Pteropus alecto — Pal, Pongo abelii — Pab, Pan-
tholops hodgsonii — Pho, Rhinopithecus roxellana
— Rro, Rattus norvegicus — Rno, Saimiri boliviensis
boliviensis — Sho, Sus scrofa — Ssc, Tupaia chinen-
sis — Tch, Ursus maritimus — Uma) were down-
loaded from NCBI GenBank (http://www.ncbi.nlm.
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nih.gov). Nucleotide sequences of human mature
miR-1322 (GAUGAUGCUGCUGAUGCUG) were
downloaded from the miRBase database (http://mir-
base.org).

The miR-1322 binding sites in CDS region of
mRNAs of ATNI, BCL6B, HTT, MAGII, MLLTS3,
MNI, THAPI11, TBP genes were predicted using the
MirTarget program. This program defines the fea-
tures of binding: a) the localization of miRNA bind-
ing sites in 5’UTR, CDS and 3’UTR of mRNAs; b)
the free energy of hybridization (AG, kJ/mole); c)
schemes of nucleotide interactions between miR-
NAs and mRNA. The ratio AG/AGm (%) was de-
termined for each site (AGm equals the free energy
of miRNA binding with its perfect complementary
nucleotide sequence). The miRNA binding sites lo-
cated on the mRNA with a ratio of AG/AGm of 80%
or more were considered. Described binding sites
are polysites arranged in series. The program deter-
mines position of binding sites beginning from the
first nucleotide of 5’UTR mRNA. The MirTarget
program also takes into account the hydrogen bonds
between adenine (A) and uracil (U), guanine (QG)
and cytosine (C), G and U; A and C (Ivashchenko,
2014: ¢620530)

Results and Discussion

Using MirTarget program, miR-1322 binding
polysites in CDS region of mRNAs of ATNI,
BCL6B, HTT, MAGII, MLLT3, MNI, THAPII,
TBP genes were detected. mRNAs and miR-1322
interaction characteristics are shown in the table
1. Free energy of hybridization (AG) of miR-1322
with mRNAs of ATNI, BCL6B, HTT, MAGII,
MLLT3, MN1, THAPI11, TBP genes is within -83 +
-93 kJ/mole. With the increase in length of polysites,
probability of their interaction with miRNAs also
increases. AG/AGm of miR-1322 binding polysites
ranged from 84 to 93%.

The function of Atrophin-1 protein, encoded by
ATNI gene, is not yet fully understood (http://www.
ncbi.nlm.nih.gov). ATNI gene contains CAG repeats
that encode polyglutamine sequence in the protein.
In a healthy person, the number of CAG repeats var-
ies from 6 to 35. The presence of more trinucleotide
repeats of CAG is the cause of a rare neurodegen-
erative disorder — Dentato-rubro-pallido-Lewis atro-
phy (DRPLA). DRPLA is characterized by cerebral
ataxia, myoclonic epilepsy, choreoathetosis and de-
mentia (Matilla-Duefias, 2012: 172-188). Inhibition
of expression of mutant ATN1 protein is considered
as a promising strategy for the treatment of DRPLA.
In CDS region of mRNA of ATNI gene 15 sites for
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miR-1322 binding at the position from 1687 to 1751
nucleotides were found. The region of ATN/ gene,
which contains miR-1322 binding sites in CDS of
mRNA, encodes a polyglutamine sequence that is
flanked by conserved oligopeptides in a number of
orthologs (Table 2). AG/AGm value of miR-1322
interaction with the mRNA binding sites of 4TN1
gene is in the range of 83 to 92%. Most orthologs in
mRNA of ATNI gene have a decrease in the num-

ber of miR-1322 binding sites. However, increase
in the number of binding sites was found in Ursus
maritimus, Equus caballus and Felis catus and is
equal to 28, 23 and 17, respectively. Based on the
analysis of miR-1322 binding sites number and
their physicochemical characteristics, Felis catus
(17 miR-1322 binding sites) can be proposed as a
model object for studying the regulation of 4TN/
gene expression.

Table 1 — Characteristics of miR-1322 polysites in mRNAs of ATN1, BCL6B, HTT, MAGI1, MLLT3, MN1, THAPI11, TBP genes

Gore umberfindng | Moot bt [ Mo fowrey ol | acisom
Hsa-ATNI (15) 1687 + 1732 -84 +-93 83+92
Hsa-BCL6B (6) 764 + 779 -87 + -89 85+88

Hsa-HTT (18) 197 + 248 -89 +-91 88+90
Hsa-MAGII (15) 1730 + 1772 -85 +-89 83 +88
Hsa-MLLT3 (34) 731 + 836 -83 +-89 81 +88

Hsa-MNI (23) 2519 + 2591 -85 +-89 83 +88
Hsa-THAPI1I (27) 548 + 630 -85+-93 83+92

Hsa-TBP (29) 451 + 547 -85 +-89 83 +87

Note: In parentheses the number of miR-1322 binding sites
Table 2 — Oligopeptides of orthologous ATN1 proteins encoded by miR-1322 binding sites
Region of ATN protein containing the oligopeptide encoded by miR-1322 Object
binding sites
STGHPPAPT . HHHHQQQQQ000000000000000000000000000HHGSSGPPPPGA Uma
STAHPPAPTHHHHHQQQQQOOO00QQQQQQQQ000000Q0QQ0QHH. . . . . GSSGPPPPGA Eca
STGHPPAPTHHHHHQQQQQOOOOQ0QQQQQQQQ0000HH . . . . ..... .. GSSGPPPPGA Fca
STAHPPVSTHHHHHQQQOQQOOO00QQQQQQQQQOOHH . . . . ......... GNSGPPPPGA Hsa
STGHPPAPTHHHHHQQQOQQQQQQO0QOQQQQQ00H . . .. ........... GSSGPPPPGA Ame
STAHPPAPAHHHHHQQQOQQOOOQOQOQQQQQQOHH . . .. ........... GSSGPPPPGA Cfe, Pal
STAHPPVSTHHHHHQQQOQQQQOQOQOQQQQQOHH . . . . ............ GNSGPPPPGA Ptr
STAHPSAPTHHHHHQQQOQQQQOQO0QQQQQOHH . . .. ............ GSSGPPAPGA Laf
STAHPPVSTHHHHHQQQOQOQQOOQ0Q0Q0QQQQHH . . . . ............. GNSGPPPPGA Ppa
SAAHPPASTHHHHHQQQOQOQQQOQ00Q0QQQQHH . . . . ............. GSSGPPPPGA Pab
STAHPPAPAHHHHHQQQOOOOOOQQQQQOHH . . . . ... ... cvvee.. GSSGPPPPGA Ssc
STAHPPAPAHHHHHQQQOOQOOOOOQOQQQQHHH . . . . .. ........o. .. GSSGPPPPGA Ocu
STAHPPASTHHHHHQQQOOOOOOQQQQHH . . ... ... ...cvvvie.. GSSGPP.PGA Csa,Rro
STAHPPASTHHHHHQQQOOOOOQOQQHH. . .. ........ ... GSSGPPP.GA Mml, Mfa
STAHPPASTHHHHHQQOQOQOOQOQOOQOOHH . . . . ... ... ...t GNSAPPPPGA Sbo
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type
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BCL6B gene is a homologue of the proto-on-
cogene of 6 B-cell lymphoma (BCL6). BCL6B
inhibits hepatocellular carcinoma metastases in
vitro and in mice (Wang, 2014: 192-200). It is sug-
gested that BCL6B suppresses the growth of colon
cancer cells, activating the signal system involv-
ing P53 (Hu, 2015: 651-662). In CDS mRNA of
BCL6B gene, 6 miR-1322 binding sites were iden-

tified in the region from 764 to 779 nucleotides of
mRNA with an interaction value of 85-88% of the
maximum value of AG/AGm ratio. The region of
mRNA of BCL6B gene, which contains miR-1322
binding sites in CDS, encodes polyserine. For the
group of 23 mammalian species, polyserine in
BCLG6B protein is flanked by conservative octapep-
tides (Table 3).

Table 3 — Oligopeptides of orthologous BCL6B proteins encoded by miR-1322 binding sites

Region of BCL6B protein containing the oligopeptide encoded by miR-1322 Object
binding sites
RLPSGDEASSSSSSSSSSSSSSSSSSSSSSEEGPIPGP Ptr
RLPSGDEASSSSSSSSSSSSSSSSSSSSS.EEGPIPGP Ppa
QLPSADEASSSSSSSSSSSSSSGS. .. ... EEGPIPGP Ssc
RLPSGDEASSSSSSSSSSSS.......... EEGPIPGP Hsa, Ggo
GLPSGDEASSSSSSSSSGS. . ......... EEGPIPGP Pal
RLPSGDEASSSSSSSSSS. . .......... EEGPIPGP Nle
RLPSGDEASSSSSSSSS. . ........... EEGPIPGP Pab
QLPSGDEASSSSSSSSS............. EEGPISSP Chi
RLPSGDEACSSSSSSSS. . ........... EEGATPGL Rno
RLPSGDEASSSSSSSS. .. ........... EEGPILGP Cja
RLPSGDEASSSSSSSS. . ............ EEGPISGP Bac
QLPSGDEASSSSSSSS. ... vvvv v v v v EEGPISSP Oar, Pho
RLPSGDEASSSSSSS. ... .ivvviv v EEGPIPGP Csa, Laf
RLPSGDEASSSSSSS. . ... .covvvvnnn EEGPISGP Lve
GLPSGDEASSSSSSS. ..........o... EEGPIPGP Eca
RLPSGDEACSSSSSS. . .. ... vv. EEGTTPGL Mmu
RLPSGDEASSSSSS. ... viiii i e EEGPIPGP Rro, Mml,
Mfa, Tch
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type

Most species of BCL6B gene orthologs in
mRNA contains decrease in the number of miR-
1322 binding sites. However, BCL6B mRNAs of
Pan troglodytes, Pan paniscus and Sus scrofa con-
tain 17, 16 and 9 miR-1322 binding sites, respec-
tively. In mRNA of Rattus norvegicus, there are 4
binding sites for miR-1322 with an interaction ener-
gy AG of -85 kJ/m and -89 kJ/m. mRNA of BCL6B
gene of Mus musculus contains only 1 miR-1322
binding site with an interaction value of 81% of the
maximum value of AG/AGm ratio. When studying
the possibility of regulation of BCL6B gene expres-
sion by miR-1322 molecule in mammals, difference
in the number of miR-1322 polysites in mRNA of
BCL6B gene orthologs should be taken into ac-
count, as well as the value of miR-1322 — mRNA
interaction.

ISSN 1563-0218

mRNA of HTT gene also contains miR-1322
binding polysites and encodes a hantingtin HTT
protein containing a polyglutamine tract. Wild
types of HTT gene of different people have differ-
ent amounts of CAG repeats (9-35). Huntington’s
syndrome develops when the number of trinucle-
otide repeats increases to 36-40 or more (http://
www.ncbi.nlm.nih.gov). HTT is expressed in all
mammalian cells (the highest concentration is in
brain and testes). HTT, interacting with proteins
involved in processes of endocytosis, apoptosis,
morphogenesis and transcription, can also be in-
volved in the regulation of all these processes
(Harjes, 2003: 425-433). It is found that mRNA
region of HTT gene with CAG repeats (197-248
nucleotides) contains 18 miR-1322 binding sites
with AG/AGm ratio of 85 to 90%. miR-1322
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binding sites are found in 15 mammalian spe-
cies mRNAs of HTT gene orthologous (Table 4).
mRNA of human HTT gene contains the greatest
number of miR-1322 binding sites. A decrease in
the number of miR-1322 binding sites in mRNAs
of HTT gene orthologs is observed. So, there are 13
miR-1322 binding sites in mRNA of Sus scrofa, 10
miR-1322 binding sites in mRNA of Bos taurus,
8 miR-1322 binding sites in mRNA of Cricetulus
griseus, 6 miR-1322 binding sites in mRNA of Pan
troglodytes and Pan paniscus, 5 miR-1322 binding

sites in mRNA of Chlorocebus sabaeus, Macaca
mulatta, Nomascus leucogenys, Canis familiaris
and Ovis aries. Decapeptide flanking polygluta-
mine from the N-terminal in HTT protein is highly
conserved. The polyproline amino acid sequence
flanking the binding sites from C-terminus of HTT
is variable in orthologous proteins. When studying
the regulation of HTT gene expression by miR-
1322 molecule in mammals, the difference in the
number of miR-1322 binding polysites in mRNA
of HTT gene in orthologs should be considered.

Table 4 — Oligopeptides of orthologous HTT proteins encoded by miR-1322 binding sites

Region of HTT protein containing the oligopeptide encoded by miR-1322 Object
binding sites

MKAFESLKSFQQQQQQ0000000000000000QPPPPPPPPPP Hsa
MKAFESLKSFQQQ000000000000000. . . . . LPPPPPQPPQ Ssc
MKAFESLKSFQQQO000000000000. . . ... .. PPPPPQPPQP Bta
MKAFESLKSFQQQQ00000000Q. . .. ... ... SPPPPSPPPC Cgr
MKAFESLKSFQQQQQ0000000Q. ... ....... PPPPQPPQLP Laf
MKAFESLKSFQQQQOQ000000Q. . ... ....... PPPPPPPLPP Ptr, Ppa
MKAFESLKSFQQQQO000000Q. . ... ........ PPPPPPPPPP Csa
MKAFESLKSFQQQO0000000. . . ... coon ... PPPPPPPPPP Mm1
MKAFESLKSFQQOQ0000000. . . .. ov v .. .. PPPPPPPPPX Nle
MKAFESLKSFQQQQ00000Q. . . . ..o o .. PPPPPPPQPP Cfa
MKAFESLKSFQQQQO000000Q. . ... ........ PPPPPPQPPQ Oar
MKAFESLKSFQQQQO0000Q. . . ... ..o cvvn.. PPPQAPPPPP Rno
MKAFESLKSFQQOQQOQ0Q0Q. .. .. ... covvvnn PPPQAPPPPP Mmu
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type

MAGII is a family of membrane-bound gua-
nilatkinase (MAGUK), involved in the formation
of multiprotein complexes on the inner surface of
plasma membrane required for intercellular con-
tacts (http://www.ncbi.nlm.nih.gov). It is shown
that MAGI1 can inhibit cellular migration and inva-
siveness in hepatocellular carcinoma (Zhang, 2011:
381-385). The decrease in MAGI1 expression cor-
relates with an unfavorable prognosis for hepato-
cellular carcinoma and can serve as a prognostic
marker (Zhang, 2012: 93-99). In CDS of mRNA of
MAGII gene, 15 sites for binding miR-1322 in re-
gion from 1730 to 1772 nucleotide of mRNA were
detected. The value of MAGII mRNA and miR-
1322 interaction is 83 — 88% of the maximum val-
ue of AG/AGm. Region of MAGI1, which contains
miR-1322 binding sites in CDS of mRNA, encodes
polyglutamine sequence. Octapeptides flanking
polyglutamine in MAGII protein are highly con-

served in many mammalian species (Table 5). In
the sequence of polyglutamine encoded by binding
sites, proline inserts are found. The largest num-
ber of miR-1322 binding sites in mRNA of MAGI1
gene was detected in Pteropus alecto, Pan panis-
cus and Macaca fascicularis — 22 sites (AG/AGm
is equal to 83 — 88%)).

MLLT3 is a subunit of transcription elongation
complex. MLLT3 is involved in the early regulation
of erythroid and megakaryocytic cells (Pina, 2008:
264-273). t(9;11) translocation in MLL is the cause
of acute myeloid leukemia (Bergerson, 2012: 4512-
4523). In CDS region of mRNA of MLLT3, 34 miR-
1322 binding sites were identified at region from 731
to 836 nucleotides with an interaction value of 83.3
to 88% of the maximum value of AG/AGm. Region
of MLLT3, which contains miR-1322 binding sites
in CDS mRNA, encodes polyserin sequence. Poly-
serin in orthologues MLLT3 proteins is flanked by
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conservative amino acids (Table 6). There are iden-
tical number of miR-1322 binding sites and flanking
regions in mRNA of MLLT3 of Mus musculus and
Homo sapiens. Therefore to study the regulation of
MLLT3 gene expression by miR-1322 molecule, the
choice of Mus musculus as an animal model object

will be adequat. An increase in the number of bind-
ing sites was found in Macaca mulatta, Macaca
fascicularis, Chlorocebus sabaeus, Pan troglodytes
(36); Pan paniscus, Gorilla gorilla gorilla (35). The
maximum number of binding sites was found in
Nannospalax galili — 46.

Table 5 — Oligopeptides of orthologous MAGI!1 proteins encoded by miR-1322 binding sites

Region of MAGI1 protein containing the oligopeptide encoded by Object
miR-1322 binding sites

AKRKKQIEQQQQQQQ00PQOQOPQOO00000000000000POQQ . EEWTEDH Pal
AKRKKOQLEQQQQQ00000000000000000000000. . . . . .. TEEWTEDH Ppa, Mfa
AKRKKQLEQQQQQ000000000000000000000. . . . ... .. TEEWTEDH Csa
AKRKKQLEQQQQQQOPQQOPQOLOQQQOOQQQOPPP. . . ... ... .. PEEWTEDH Nga
AKRKKQLEQQQQOQQQ0000000000PQO0Q . . . . . .o v v v v v n TEEWTEDH Sbo, Cja
AKRKKQLEQQQQQQQ0000000000000Q . . . ... ... . vuv. . TEEWTEDH Hsa
AKRKKQLEQQQQQQOQOPQPOPQOOQOQOQOQOPQ . . . . . ..o v v v v et EEWTEDH Tch
AKRKKQLEQQQQQOQQ0000000000 . . . . . ..o v e vnn... TEEWTEDH Ggo
AKRKKQLEQQQQQQQQQQQPPPQOQQ. . . . o v vt v v e e e et SEEWAEDH Mdo
AKRKKQLEQQQQOPQQOQOOOQQ00QQ0QP. . . . ... ..o v v PEEWTEDH Cfa
AKRKKQLEQQQQOPQOPQOQQOO0000Q . . . . ..o v v v v e v nn PEEWTEDH Uma
AKRKKQLEQQQQQQQQ0QQQQQPPP. . . .. ... ven. .. AEEWTEDH Ocu
AKRKKQLEQQQQQOOQQ00000000 . . . . .ot v v vt e e e ae TEEWTEDH Ptr
AKRKKQLEQPQOPQOOOOPOOOOD . . . . .ot v e e e e e e e PEEWTEDH Ame
AKRKKQLEQQQQQOO000000Q . . . . . i v ittt it e ieeeen PEEWTEDH Bmu, Pho, Chi, Oar
AKRKKQTIEQQQOQOQOQOQO0000Q . . . . . oo i ittt et eeen e PEEWTEDH Eca
AKRKKQLEQQQOOQOQQOQOPOPPQ . . . . . ¢ttt ittt oo enennns PEEWTEDH Mmu
AKRKKQLEQQQOQO0000 . . . .ttt i ittt i it eeeeann PEEWTEDH Bta
AKRKKOLEQQOPOOOO . « « v et et ettt eee e eeeeeeennn PEEWTEDH Bac
AKRKKQOLEQQQOQOOOOO . . . . vttt ittt ittt et eeeeen PEEWTEDH Cfe
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type

Table 6 — Oligopeptides of orthologous MLLT3 proteins encoded by miR-1322 binding sites

Region of MLLT3 protein containing the oligopeptide encoded by Object
miR-1322 binding sites
DPNRSIHTZZSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSTSFSKPHK Nga
DPNRSIHTZSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. .. . TSFSKPHK Mml, Mfa, Ptr, Csa
DPNRSIHTZSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. .. .. TSFSKPHK Ppa, Ggo
DPNRSIHTZSSCSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. .. .. TSFSKPHK Chi
DPNRSIHTZSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. ... .. TSFSKPHK Nle, Cja
DPNRSVHTZSCSSSSSSSSSSSSCSSSSSSSSSSSSSSSSSSSS. ... .. TSFSKPHK Mda, Bta
DPNRSIHTZSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. ... .. TSFSKPHK Hsa, Mmu
DPNRSVHTZSCSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. ... .. TSFSKPHK Eca
DPNRSIHTZCSSSSSSSSSSSSSSCSSSSSSSSSSSSSSSSSS. ... .. TSFSKPHK Cfa, Fca
DPNRSVHTZCSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. ... .. TSFSKPHK Laf
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continuation of table 6

Region of MLLT3 protein containing the oligopeptide encoded by Object
miR-1322 binding sites

DPNRSIHTZSCSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS. . ... ... TSFSKPHK Ssc
DPNRSVHTZSSSSSSSSSSSSSSSSSSSSSSS. ... v v v v v i v e en TSFSKPHK Pal
DPNRSIHTZSSSSSSSSSSSSSSSSSSSSS. .. .o v v i i viiiinen TSFSKPHK Rro
DPNRSIHTZSCSSSSSSSSSSSSSSSSS. .. v v v it iiiiiiieenen TSFSKPHK Pho
DPNRSIHTZSSSSSSSSSSS . . . i ittt ittt it i ittt iee TSFSKPHK Cfe
DPNRSIHTZSSSSSSSSSS . . . it ittt ittt ittt i ettt eenenn TSFSKPHK Oar
DPNRSIHTZSSSSSSSSS . . ittt ittt ittt iii it TSFSKPHK Sho
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type;
Z =18

The product of meningioma 1 gene (MNI)
is a transcriptional coactivator, participates in
the development of meningiomas (http://www.
ncbi.nlm.nih.gov). Increased MNI1 expression is
observed in some types of acute myeloid leukemia
(Grosveld, 2007: 336-339). Overexpression of MN 1
accelerates the development of aggressive leukemia

by suppressing p53, which leads to a decrease in
apoptosis and resistance to chemotherapy (Pardee,
2012:e4318). In CDS region of mRNA gene of MN1
gene, 23 binding sites for miR-1322 with interaction
energy of 83-87.5%, located from 2519 to 2610
nucleotides were found. The region with polysites
encodes polyglutamine sequence (Table 7).

Table 7 — Oligopeptides of orthologous MN1 proteins encoded by miR-1322 binding sites

Region of MN1 protein containing the oligopeptide encoded by miR-1322 Object
binding sites

HPAPDHOSLQQQQ00000000000000000000000000000000000000RONAALMIKQOM Hgl
HPAPDHOSLQQQQQ0000000000000000000000000R . . . . . ..... .. ONAALMIKQM Pab
HPGPDHOSLOQOQOQ000000000000000000000000R . . . ... ... ... ONAALMIKOM Rno
HPAPDHQSLQQQQQQ00000000000000000000000R . . . . . .. ... ... ONAALMIKQOM Ptr
HPAPDHQSLQQQOQQQ00Q000000000000000000000R . . . . . . v v v v v QONAALMIKOM Hsa, Ggo
HPAPDHQSLQQQQQQ00Q0000000000000000000R . . . . ... ..o v vt ONAALMIKQM Nle
HPGPDHQSLOQQQQ000000000000000000000R . . . . v v v vt v v v n ONAALMIKQM Mmu
HPAPDHQSLQQQOOQQQ000Q0000000000000000R . . . . . . .o v v v ... ONAALMIKOQOM Csa
HPGPDHQSLQQHQQQQ00Q000000000000000R . . . . . . v oo v v v v ONAALMIKOQOM Nga
HPAPDHQSLQQQOQQ0000000000000000000R . . . . . . . oo v v v n.. QONAALMIKOM Mml, Mfa, Rro
HPAPDHQSLQQQOQQQ00Q00000000000000R . . . . . . v v v e v v e v QONAALMIKOM Bac
HPAPDHQSLQOQQQOHQQQOO000000000R . . . o v v vt e v e et eeeee e QONAALMIKQM Ssc
HPAPDHQSLQOQQQOOQ00000000000R . & v v v v v v et ee e eeeeeee e QONAALMIKQM Fca
HPAPDHQSMQOQOQOOQOO0000000000R . . . v vt v v vttt i e e e een e ONAALMIKOM Ocu
HPAPDHQSLQQOOQQOO00000000R . . . . . oo i it ittt it it i e e ens ONAALMIKOQOM Lve, Eca
HPAPDHPSLQQQOOQQOOQ0000OR . . . .t v vttt ettt teee oo eeeannns ONAALMIKOM Chi, Bta
HPAPDHOSLOQOOOOOOQOQOOR . . . . vttt ittt ettt ieennnnnnns ONAALMIKQOM Pal
HPAQDHQSLOOQOOOOOO0O0OR . .« o v v vt et ettt te e eeeeiee s QONAALMIKQM Laf
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type
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Octapeptides flanking oligopeptides encoded by
miR-1322 binding sites in MN1 protein are highly
conserved. The number of binding sites for miR-1322
varies among mammalian species. Thus, increase in
the number of binding sites occurs in Pan troglodytes
— 24, in Rattus norvegicus and Pongo abelii — 25 and
Heterocephalus glaber — 37. In Gorilla gorilla go-
rilla, the number of binding sites and sequences of
polyglutamine-flanking amino acids are identical to
those in human MN1. As a model object, in the study
of regulation of MNI gene expression by miR-1322,
Gorilla gorilla gorilla (23 binding sites) and Rattus
norvegicus (25 binding sites) can be chosen. How-
ever, the difference in the number of binding sites
can influence degree of suppression of MN1 protein
translation, which should be taken into account when
interpreting experimentally obtained results.

Another target gene of miR-1322 is THAPII
(THAP domain containing 11), a gene that con-
tains THAP domain. THAP family proteins act as

transcription factors that control cell proliferation,
apoptosis and epigenetic silencing (http:/www.
ncbi.nlm.nih.gov). It has been shown that THAPI1
is involved in the regulation of cell proliferation,
embryogenesis, and pluripotency of embryonic
stem cells (Dejosez, 2008: 1162-1174). Knockdown
of THAPI1 in colon cancer SW620 cell line led to
a significant decrease in proliferation (Parker, 2012:
1654-1670). Overexpression of THAPII changes
the expression levels of such transcription factors
as c-Myc, c-Myb, GATA-2 and Flil (Kong, 2014:
€91557). In CDS region of mRNA of THAPI11 gene,
27 miR-1322 binding sites were detected in mRNA
region from 548 to 630 nucleotides. THAPII gene
region, which contains the miR-1322 binding sites
in CDS mRNA, encodes polyglutamine. The value
of miR-1322 — mRNA of THAP11 interaction is 83
—92% of the maximum value of ratio AG/AGm. Oc-
tapeptides flanking polyglutamine in the THAPI1
protein of orthologs are highly conserved (Table 8).

Table 8 — Oligopeptides of orthologous THAP11 proteins encoded by miR-1322 binding sites

Region of THAP1ll protein containing the oligopeptide encoded by miR-1322 Object
binding sites

PAGAAAARRRQQQQQQ00000000000000000000000000000ASPSASTAQT Ocu
PAGAAAARRRQQQ00000000000000000000000000SS. . . . . . PSASTAQT Hsa
PAGAAAARRRQQQ0000000000000000000000000PS . . . . . . . PSASTAQT Csa
PAGAAAARRRQQQO0000000000000PPPQOQOQOQQPS . . . . . . ... PSASTAQA Ame
PAGAAAARRRQQQOQQO000000000000000000000PS . . . . .. ... PSASTAQT Lve
PAGAAAARRRQQOQOO000000000000000000000PS . . . ... .. .. PSASTAQA Cfa
PAGAAAARRRQQQQQQQQQQ00000000000000PS . . . ... ..... PSASTAQT Mml, Mfa
PAGAAAARRRQQQQQQQQQ000000000000000S . . . ......... PSSSTAQT Rro, Rno
PAGAAAARRRQQQOQQO000000000000000000SS . . . . .. ... ... PSASTAQT Ptr
PAGAAAARRRQQQOQQQOQ000000Q0QQPOPOOOOSS . . . . ..o v v .. PSASTAQT Eca
PAGAAAARRRQQQOQQO00000000000000000SSS . . . . ... ..o .. PSSSTAQT Cja
PAGAAAARRRQQQQQQQQQQ000000PPPQOQOSS . . .. ... ...... PSASTAQA Fca, Pti
PAGAAAARRRQQQQQQQQQQ00000000Q0PS . . . .. .......... PSASTAQT Bac
PAGAAAARRRQQQQQQOQOQQ00000L.OQQ0PS . . . .. .......... PSSSTAQT Mmu
PAGAAAARRRQQQOQQQOOO000QQQQQQQ0AS . . . . . ... oo v v QSSSTAQT Cgr
PAGAAAARRRQQOQOOQO00000000000000SS . . . . .o v v v v v e v n PSASTAQT Ggo
PAGAAAARRRQQQOQQQQOQQQ00000000PS . . . . . ............ PSASTAQT Chi, Bta
PAGAAAARRRQQQQQQQOQQQ00000PQOOPS . . . . ... .......... PSASTAQT Pal
PAGAAAARRRQQQOQQQQOQ000000000PS . . . . ... ... venn PSASTAQT Bmu
PAGAAAARRRQQOQOOQQQOO000000000SS . . . . .. ... vinn PSASTAQT Pab
PAGAAAARRRQQOOQ00000000000SS .+« v v v v et e ee e eeeenn PSTSTAQT Nga
PAGAAAARRRQQOQOOO0000000000PS . . . . o v et v v e v ee e n PSVSATQT Hgl
PAGAAAARRRQQQOQOQQQOQ0Q00000PS . . . . . ..o i vttt e e e PSASTAQL Laf
Note: oligopeptides encoded by miR-1322 binding polysites are indicated in bold type
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Most species of orthologs in mRNA of THAP!1
gene have a decrease in the number of miR-1322
binding sites. So, 26 miR-1322 binding sites in
mRNA of Chlorocebus sabaeus, 24 in mRNA of
Lipotes vexillifer, 23 in mRNA of Canis familiaris,
22 in mRNA of Macaca mulatta and Macaca fas-
cicularis, 21 in mRNA of Pan troglodytes and Pan
paniscus, 18 in mRNA of Mus musculus. The maxi-
mum number of binding sites was found in Oryc-
tolagus cuniculus — 33, which makes it possible to
choose it as an animal model for study of patholo-
gies caused by THAPI1-miR-1322 association.

TBP is a TATA-binding protein and a group of
evolutionarily conserved proteins TBP-associated
factors or TAFs are part of the TFIID transcription
factor. TBP is required for transcription of RNA
polymerase II. The TBP contains a sequence of 25-

42 glutamine residues. The expansion of the num-
ber of repeats of glutamine to 45-66 is associated
with development of a neurodegenerative disease
— spinal carbellar ataxia 17 (http://www.ncbi.nlm.
nih.gov). In CDS region of mRNA of 7BP gene, 29
sites for miR-1322 binding are identified in region
from 451 to 547 mRNA nucleotides. Part of mRNA
of TBP gene containing miR-1322 binding sites
encodes polyglutamine (Table 9). The interaction
value of miR-1322 and mRNA of 7BP gene is 83 —
87% of the maximum values of AG/AGm. Decapep-
tides flanking polyglutamine in TBP protein from
N-terminal side are highly conserved. In mRNAs of
orthologues 7BP genes, a decrease in the number
of miR-1322 binding sites is observed. So, 26 miR-
1322 binding sites in mRNA of Pan troglodytes, 23
— in mRNA of Rhinopithecus roxellana.

Table 9 — Oligopeptides of orthologous TBP proteins encoded by miR-1322 binding sites

g§%é?8gogiggg protein containing the oligopeptide encoded by miR-1322 Object
SLSILEEQQRQQQQQQQQ000000000000000000000000000000AVAAAAVQQS Hsa
SLSILEEQORQQQOQOQ000000000000000000000000000000 . . . AVARAAVOQS Ptr
SLSILEEQORQQQOQQ000000000000000000000000000. . . . . . AVAATAVQQS Rro
SLSILEEQORQQQOQQ00000000000000000000000000. . . . . . . AVARRAVQOS Ppa
SLSILEEQQRQQQQQQQQ0000000000000000000000Q. . . . .. .. AVAAARVQQS Ggo
SLSILEEQQRQQQQQQQQ00000000000000000000000Q. . . . . ... .. AAAAVQQS Eca
SLSILEEQQRQQQQQQQQ0000000000000000000000Q. . . . ... .. AAVAAA.QQS Lve
SLSILEEQORQQQOQQ0000000000000000000000. . . . . ...... AVAAAAVQQOS Nle, Cja
SLSILEEQORQQQOQQ0000000000000000000000. . .. ....... AAVARA.VQOS Chi
SLSILEEQQORQQQQQQQQ000000000000000000. . . . ... ... .. AVAAAAVQQS Pab
SLSILEEQORQQQOQOQQ0000000000000000000. . ... ... ... .. AVAAAAVQQS Mml,Mfa
SLSILEEQQORQQQOQ0000000000000000. . . . . v v vt v v e v AVAA*AVQQS Ocu
SLSILEEQORQQQOQOQQ00000000Q. . . . ... .o ittt i i AVAT*SVQQS Rno
SLSILEEQQORQQOQOQO00000000Q . . . . v v v vt it ii i e eneen e AVAT*SVQQS Mmu
Qgggé oligopeptides encoded by miR-1322 binding polysites are indicated in bold type;

We assume that miRNA targeting can be
significant if the gene contains repeats of binding
site sequences. We have shown that miR-1322
has polysites in CDS regions of mRNA of dozens
of human genes. Experimental verification of
functionality of such a large number of sites is
laborious. One way to determine the reliability of
sites for miRNA is to prove the existence of these
sites in mRNA of orthologous genes and to analyze
their divergence during evolution. We analyzed the
conservation of miR-1322 polysites in CDS mRNAs
of ATN1, BCL6B, HTT, MAGII, MLLT3, MNI,

THAPII, TBP human genes and their orthologues.
The results of the study of the conservation of miR-
1322 polysites in CDSs of A4TNI, BCL6B, HTT,
MAGII, MLLT3, MNI, THAPII, TBP human
genes and their orthologues showed that nucleotide
sequences of miRNA binding sites in mRNA can
be translated in different reading frames with the
synthesis of polyQ or polyS. Oligopeptides flanking
polyglutamine or polyserin encoded by miR-
1322 binding sites are highly conserved. During
evolution, the number of miR-1322 binding sites
changes, which indicates species dependence of the

76 Xab6aprsl. buonorus cepusicer. Ne4 (73). 2017



Yurikova O. et al.

efficiency of regulation of these genes expression by
miR-1322.

An increase in the number of binding sites for
miR-1322 in mRNAs of ATNI and HTT genes can
lead to development of neurodegenerative diseases.
Normally, the CAG segmentisrepeated up to 35 times
within these gene, mutant ATN/ gene contains from
48 to 93 CAG repeats, mutant H77T gene contains
to 39-75 copies of a trinucleotide repeat (Matilla-
Duenas, 2012: 172-188; Bobori, 2015: 59-65). It
can be assumed that trinucleotide repeats in mRNAs
can participate in the development of diseases as
targets for miR-1322. The energy of interaction
between miR-1322 and mRNAs of ATNI, BCL6B,
HTT, MAGII, MLLT3, MNI1, THAPI11, TBP genes
is between -84 kJ/mole and -93 kJ/mole. However,
when predicting the probability of inhibition degree
of gene expression by miRNAs, it is not enough
to know only their affinity to mRNAs. Effect of
suppression of genes expression directly depends
on the ratio of mRNAs and miRNAs molecules
concentrations, which must be taken into account
when planning experiments and processing data.
This can be explained by the scheme:

miRNA + RISC < RISC(~miRNA)
<> RISC(~miRNA) + mRNA «
RISC(~miRNA)~mRNA—
RISC(~miRNA) + res-mRNA,

where RISC (RNA-induced silencing complex)
—association of proteins contained in RISC complex
without miRNA; RISC(~miRNA) — association
of proteins contained in RISC complex without
miRNA with miRNA; RISC(~miRNA)=mRNA —
RISC complex with miRNA and mRNA, formed by
hydrogen bonds; res-mRNA — restricted mRNA.

The scheme shows following processes: miR-
NA binds to a group of RISC proteins, forming
RISC(~miRNA). Further, RISC(~miRNA) binds to
mRNA via hydrogen bonds (=) and inhibits protein
synthesis, or RISC cleaves mRNA, which is further
degradated by cytoplasmic restriction enzymes.
The stage of binding RISC(~miRNA) to mRNA is
reversible and in the absence of their interaction,
mRNA can be used for translation. It follows from
this scheme that different effects can be observed
depending on the ratio of concentrations of miRNAs
and mRNAs. Assume that miRNA is completely
complementary to binding site in mRNA, that is, it
has a high affinity to mRNA. Despite this, at low
concentrations of miRNAs compared to mRNAs,
the complex will have little effect on inhibition of
translation, since miRNAs will bind with a small
part of synthesized mRNAs. If concentration of

ISSN 1563-0218

miRNAs is comparable or greater than concentra-
tion of mRNAs, protein synthesis will be slowed
down or completely inhibited. For example, with
an average affinity of miRNA-mRNA interaction,
the effect of complete inhibition of protein synthe-
sis can be achieved at miRNA concentrations much
greater than mRNAs.

Conclusion

In the mRNAs of orthologous genes of studied
animal species, miR-1322 binding sites are identified
that encode polyamino acids of glutamine and
serine. The number of polyamino acids varies during
the evolution of species and there is a tendency to
increase the length of polyamino acids in proteins
during evolution. Revealed changes in the number of
miR-1322 polysites can influence the susceptibility
of various species to diseases caused by involvement
of described genes. Our analysis allows us to
supplement existing knowledge about the role of
miR-1322 in key biological processes and to make
general contribution to study of diseases associated
with ATNI, BCL6B, HTT, MAGII, MLLT3, MNI,
THAPI11, TBP genes. Moreover, it is possible to
propose an adequate experimental animal model
for further study of regulation of described genes
expression by miR-1322. Based on the analysis
of the number of miR-1322-3p binding sites and
their physicochemical properties as a model object
for studying the regulation of the expression of the
described genes, the following can be proposed: for
ATNI-Felis catus (17 binding sites); for BCL6B-
Gorilla gorilla (6 binding sites); for HTT — Sus
scrofa (13 binding sites), for MAGII — Saimiri
boliviensis and Callithrix jacchus (15 binding sites);
for MLLT3 — Mus musculus (34 binding sites),
MNI1 — Gorilla gorilla gorilla (23 binding sites) and
Rattus norvegicus (25 binding sites), for THAPI1
— Chlorocebus sabaeus (26 binding sites) and
Oryctolagus cuniculus (33 binding sites), for TBP —
Pan troglodytes (26 binding sites).

Assosiation of miR-1322 with its target genes
can serve as markers for some neurodegenerative
disorders and types of cancer. For adequate choice
of experimental animals, it is necessary to take into
account the number of binding sites and interaction
characteristics between miRNAs and mRNAs of
target genes.

The study was carried out with financial support
of the Ministry of Education and Science of the
Republic of Kazakhstan within the framework
of grant. We are grateful to Pyrkova A.Yu. for
conducting calculations on MirTarget program.
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