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Characteristics of interaction of miRNA
with mRNA of E2F transcription factors family genes

Abstract: Search of binding sites of 6266 miRNA with mRNA of genes of E2F transcription factors family
was implemented. The mRNA of E2F] gene is associated with 13 miRNAs in 5’UTR, CDS and 3'UTR. The
mRNA of E2F2 gene has binding sites for 10 miRNAs. The binding sites of miR-1-875-3p and miR-760-
3p are conservative in mRNA of E2F2 gene of 18 mammalian species. The mRNA of E2F3 gene contains
binding sites for one miRNA in the 5’UTR, for two miRNAs in the 3’UTR and for other seven miRNAs
in the CDS. The miR-7-19239-3p, miR-19-42772-5p, miR-3-9461-3p, miR-17-39416-3p can interact with
mRNA of E2F3 gene with energy more than -120 kJ/mole. The mRNA of E2F4 gene has binding sites for
six miRNAs in CDS, 5°UTR and 3’UTR. The mRNA of E2F'5 gene contains binding sites for seven miRNA
located only in the CDS. The mRNA of E2F6 gene has one binding site for miRNA in the 5’UTR, three in
the 3’UTR. The mRNA of E2F7 gene binds miR-14-34881-3p in the CDS. The predicted miRNA binding
sites with mRNA of E2F gene family help to find associations of miRNAs with their target genes for the
development of diagnostic methods of tumourigenesis. The following pairs can be used as associations of
miRNA with target genes: miR-6511b-3p, miR-1-1714-3p and miR-6786-5p with mRNA of E2F] gene;
miR-7-19239-3p, miR-19-42772-5p, miR-3-9461-3p and miR-17-39416-3p with mRNA of E2F3 gene;
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miR-5-15026-5p and miR-20-44817-5p with mRNA of E2F4 gene.
Key words: miRNA, mRNA, transcription factor, E2F /-8 genes, tumourigenesis.

Introduction

The E2F family of transcription factors includes
E2F1-E2FS8 proteins, which play an important role in
the animal cell cycle [1]. The E2F family of proteins
divides by functions into transcriptional activators
and repressors. Activators E2F1, E2F2, E2F3a accel-
erate the cell cycle, and E2F3b, E2F4, E2F5, E2F6,
E2F7, E2F8 inhibiting cell cycle. Members of fam-
ily form heterodimers that increases their stability.
The balance between activators and repressors regu-
lates the progress of the cell cycle [2]. Proteins of
E2F family regulate transcription of cell cycle genes,
negative regulators, checkpoints, proteins of apopto-
sis, nucleotide synthesis, DNA replication and DNA
reparation [3]. A wide range of E2F participation in
key processes of cell functioning dictates the need to
explore the biological role of members of the E2F
family. Some studies found E2F proteins involved in
tumourigenesis.

In recent years it was studied the effect of miR-
NA expression on E2F family of genes in tumori-
genesis [4-10]. It was shown the involvement of
miRNA in the regulation of the expression of genes
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of E2F family in the cancer of stomach [15], esoph-
agus [11], ovaries [17], colon [12], endometrium
[13], lung [14], liver [16] and other; the change in
the concentration of various miRNAs and the ex-
pression of E2F family genes with breast cancer
[6-12]. Changes in miRNA concentration and ex-
pression of E2F family of genes have been studied
for E2F1 [18], E2F2 [19], and E2F3 [20, 21] genes.
There are several publications for E2F5 and E2F7
genes [22-23]. The effect of miRNA on the expres-
sion of E2F4 and E2F6 has not been studied. In the
works cited above, the direct effect of miRNA on
mRNA genes of E2F family with the establishment
of binding sites have not been studied. In connec-
tion with this it is needed to identify the influence of
currently known 6266 miRNA on the expression of
E2F family genes.

Materials and methods

Nucleotide sequences of mRNAs of E2F family
genes were downloaded from GenBank (http://www.
ncbi.nlm.nih.gov). We used the following abbrevia-
tions of species names: Ailuropoda melanoleuca —
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Ame, Bos taurus — Bta, Canis familiaris — Cfa, Capra
hircus — Chi, Chlorocebus sabaeus — Csa, Coturnix
Jjaponica — Cja, Cricetulus griseus — Cgr, Felis catus
— Fea, Gorilla gorilla — Ggo, Heterocephalus glaber
— Hgl, Loxodonta africana — Laf, Lipotes vexillifer
— Lve, Macaca fascicularis — Mfa, Macaca mulatta
— Mml, Macaca nemestrina — Mne, Monodelphis do-
mestica — Mdo, Mus musculus — Mmu, Nannospalax
galili — Nga, Nomascus leucogenys — Nle, Ovis aries
— Oar, Pan paniscus — Ppa, Pan troglodytes — Ptr,
Papio Anubis — Pan, Pongo abelii — Pab, Pteropus
alecto — Pal, Rattus norvegicus — Rno, Rhinopithecus
bieti — Rbi, Rhinopithecus roxellana — Rro, Saimiri
boliviensis — Sbo, Sus scrofa — Ssc, Tupaia chinensis
— Tch, Ursus maritimus — Uma.

2565 miRNA were downloaded from miRBase
(http://mirbase.org). Where as 3701 miRNA were
taken from the publication of Londin E. et al. [24].
Nucleotide sequences of miRNAs were listed with our
notation: miR-1-875-3p(cggcucugggucuguggggagce);
miR-1-1714-3p(cggcggeggcggagegcggg); miR-
1-2558-3p(ccuucuucucceccaccecage); miR-
2-3313-3p(ggeggeggeggeggeggeggeeccg);
miR-2-4804-5p(ugagcaacacagugagacuccuuu);
miR-3-9461-3p(cccggecagegguggcagegguag);
miR-5-14523-3p(ucgcgecucgcugecuucuccece);
miR-5-15026-5p(agccagggecaggcecgggecuccg);
miR-5-16438-3p(gcggeggcageuggggegggaa);
miR-5-16871-5p(uaaaauuaauugcaguuuuugu);
miR-6-17487-3p(cgcacacacacacacagacaccu);
miR-7-19239-3p(gguggcggeggeggcuccgggcu);
miR-8-24124-3p(gcuccugeccuugeccggagucug);
miR-9-26166-3p(cuguccugccggeggecguggc);
miR-10-5299-5p(cggcggcggccgccgegeg); miR-
10-25954-5p(agggagccucuguuggggeuggaa);
miR-11-18690-5p(cugggggaggaggaagaggaga);
miR-11-23098-5p(cugaggggcaggagguggegag);
miR-14-34881-3p(cugggcuuguggggaccccugg);
miR-16-36797-3p(ugaugcccucgeccucccuagu);
miR-16-37595-3p(cgaccucggceccugeccuugea);
miR-17-34996-5p(ugaacccgagaggaagagauugce);
miR-17-36033-3p(ugcccegaccugaccccggeccucg);
miR-17-38391-3p(ccuucuccuccucuccecucccua);
miR-17-39416-3p(gccucgececgecgecucugeuge);
miR-17-42540-3p(cggcggeggegegecggguc);
miR-18-39953-5p(ccgececccgecgeucceggegecec);
miR-19-42593-3p(ccucccccuuuccaccccaguga);
miR-19-42772-5p(gggccggeggeggeggegeeucu);
miR-19-43065-3p(ucuguccaccuugcuucuucagg);
miR-19-43662-5p(uggcuggaggagcugggguguca);
miR-20-44817-5p(ggcuagageccecgacggggecccgg);
miR-21-40861-3p(guccccucucucccuuccecaa); miR-
22-44137-3p(cucccugcageggucagaggauc).

Binding sites for tested miRNAs were revealed
using the MirTarget program [25]. This program de-
fines the following features of binding: a) beginning
of miRNA binding with mRNAs; b) localization of
miRNA binding sites in the 5’-untranslated regions
(5’UTRs), coding domain sequences (CDSs) and
3’UTRs of mRNAs; c) free energy of hybridization
(AG, kJ/mole); d) schemes of nucleotide interactions
between miRNAs and mRNAs. The ratio AG/AGm
(%) was counted for each site, where AGm is free en-
ergy of miRNA binding with its perfect complemen-
tary nucleotide sequence. The miRNA binding sites
located on the mRNAs have AG/AGm ratios of 90%
and more. We also note the position of the binding
sites on the mRNA, beginning from the first nucleo-
tide of the 5’UTR of mRNA. The MirTarget program
computes the interactions between the nucleotides of
miRNAs and those of target gene mRNAs. It found
bonds between adenine (A) and uracil (U), guanine
(G) and cytosine (C), and G and U, as well as be-
tween A and C via one hydrogen bond.

In the interaction of miRNA with mRNA, the pro-
gram allows one unpaired nucleotide only in mRNA,
but not in miRNA, since it is bound to the RISK com-
plex. Contrary to the hypothesis that miRNA binds
with mRNA only in the 3’UTR, and interacts with
mRNA only due to the “seed” of the site, the pro-
gram takes into account the interaction of miRNA
with mRNA over the entire length in 5’UTR, CDS
and 3’UTR at the basis of physico-chemical proper-
ties of these molecules.

Results and their discussion

It was found that 13 miRNAs contacted with
mRNA of E2FI gene. One miRNA of them is as-
sociated in the 5’UTR, five miRNA — in the 3’UTR
and seven miRNA — in the CDS, which shows a clear
preference for the binding of miRNA in the begin-
ning of mRNA (table 1). The mRNA of E2F] gene
has one binding site for miR-1913 arranged in the
5’UTR. Binding of miRNA in the 5’UTR has a bio-
logical significance, because it allows to miRNA
stopping protein synthesis earlier, and do not waste
energy on synthesis of abortive protein in the case
of miRNA binding in the 3’UTR. The free energy
of interaction of miR-6511b-3p, miR-1-1714-3p and
miR-6786-5p with mRNA of E2F'] gene is more than
-115 kJ/mole, indicating a strong binding of these
miRNAs and more effective suppression of E2F1
protein synthesis.

E2F?2 gene consists of a smaller number of nucle-
otides and possibly therefore its mRNA has binding
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sites only for ten miRNAs (table 1). There are no mul-
tiple binding sites for miRNAs. The mRNA of E2F?2
gene contains seven binding sites in the 3’UTR, three
sites in the CDS and there are no sites in the 5’UTR.
Among the mRNA areas, that having a miRNA bind-

ing sites, we prefer protein coding regions, which
largely reflect the connection of a miRNA with gene
function. Therefore, we chose miR-760-3p to deter-
mine how conservative this binding in the evolution
of E2F2 gene.

Table 1 — Characteristics of miRNAs binding with mRNA E2F1, E2F2 genes

Gene E2F1

miR-1913, 29%, -115, 90, 22; miR-6786-5p, 267, -115, 90, 21; miR-10-5299-5p, 290, -115, 95, 19; miR-X-44865-3p, 292, -115, 92,
20; miR-1-1714-3p, 381, -119, 95, 20; miR-17-36033-3p, 446, -129, 87, 25; miR-22-44137-3p, 764, -115, 89, 23; miR-16-36797-
3p, 1382, -115, 93, 22; miR-6-17487-3p, 1642**, -113, 90, 23; miR-21-40861-3p, 2178**, -110, 90, 22; miR-4749-3p, 2322%**,
-108, 91, 20; miR-6511b-3p, 2326**, -121, 93, 23; miR-6813-3p, 2537**, -108, 91, 21

Gene E2F2

miR-1-875-3p, 623, -115, 90, 22; miR-760, 624, -106, 93, 20; miR-4539, 1406, -113, 90, 22; miR-548m, 2091**, -93, 90, 21; miR-
2-4804-5p, 4107**, -113, 90, 24; miR-5684, 4121**, -98, 92, 20; miR-1273g-3p, 4127**, -113, 96, 21; miR-1273f, 4160**, -96,
92, 19; miR-17-34996-5p, 4165**, -110, 90, 23; miR-10-25954-5p, 4482**, -119, 89, 24

Gene E2F3

miR-7-19239-3p, 24%*, -125, 89, 23; miR-19-42593-3p, 371, -115, 89, 23; miR-5-16438-3p, 457, -115, 87, 22; miR-17-42540-3p,
449, -115, 92, 20; miR-3-9461-3p, 461, -121, 89, 23; miR-11-18690-5p, 530, -110, 90, 22; miR-19-42772-5p, 553, -127, 90, 23;
miR-17-39416-3p, 692, -123, 94, 22; miR-1-2558-3p, 3172**, -113, 90, 22; miR-5-16871-5p, 4430**, -93, 92,22

Gene E2F4

miR-5-15026-5p, 11*, -125, 91, 23; miR-5-14523-3p, 42*, -117, 92, 22; miR-6791-3p, 159, -108, 91, 21; miR-20-44817-5p, 534,
-123, 89, 23; miR-11-23098-5p, 1745%*, -110, 91, 21; miR-19-43662-5p, 1756**, -115, 89, 23

Gene E2F5

miR-9-26166-3p, 66, -113, 90, 22; miR-8-24124-3p, 71, -115, 92, 22; miR-16-37595-3p, 84, -115, 90, 22; miR-6068, 103, -110, 90,
21; miR-7-19239-3p, 130, -125, 89, 23; miR-18-39953-5p, 163, -129, 90, 23; miR-6791-3p, 232, -108, 91, 21

Gene E2F6

3023**, -115, 90, 23

miR-19-43065-3p, 228%*, -115, 92, 22; miR-151a-5p, 2212**, -104, 92, 21; miR-151b-5p, 2215%*, -93, 96, 18; miR-17-38391-3p,

Gene E2F7
miR-14-34881-3p, 71*, -119, 93, 22

Note. miRNA (the number of binding sites); the beginning of binding site; the miRNA region: * — 5’UTR, ** — 3’UTR; the free
energy change (AG, kJ/mole); the AG/AGm (%); length of miRNA (nt)

Data given in Table 2 show that heptapeptide
TPHGPEG, encoded by the binding site of miR-1-
875-3p and miR-760-3p, conservative in 18 animal
species, which indicate the stability of miR-1-875-3p
and miR-760-3p connection with the expression of
E2F2 gene in the process of long evolution. Bind-
ing sites of miR-760-3p and miR-1-875-3p were de-
termined in the area of 15% from the beginning in
CDS. These miRNAs binding sites were determined
in mRNA of E2F2 gene of rat, mice and, therefore,
these animals can be used in an experiment of study-
ing the action of miR-760-3p and miR-1-875-3p.

The mRNA of E2F3 gene contains binding sites
for 10 miRNAs, which have one binding site (ta-

ble 1). The miR-7-19239-3p is bind in the 5’UTR,
miR-1-2558-3p and miR-5-16871-5p in the 3’UTR
and other miRNAs are bind in the CDS mRNA of
E2F3 gene.

The miR-7-19239-3p, miR-19-42772-5p, miR-3-
9461-3p, miR-17-39416-3p can interact with energy
more than -120 kJ/mole, which indicates a strong
binding to mRNA of E2F3 gene. However, not all
miRNAs can be synthesized at one time in each cell.
In order to suppress protein synthesis the miRNA
concentration should be comparable with the con-
centration of mRNA, to reduce the number of free
mRNA and cause inhibition of translation. Should
be awared that about half of all miRNAs are derived
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from introns, and are synthesized together with the
host gene, which can not be expressed in a given cell
at a given time.

The miR-19-42593-3p is linked in region of
mRNA from 371 nt to 420 nt. This binding site of
miR-19-42593-3p encoded oligopeptide AAV-
VAAAAAA (table 3).

E2F4 gene contains binding sites for six miR-
NAs. Two miRNAs bind in the CDS and two miR-
NAs in 5’UTR and 3’UTR (Table 1). The free energy
of interaction (AG) of miR-5-15026-5p and miR-20-
44817-5p with mRNA of E2F4 gene is equaled to or

more than -120 kJ/mole, indicating a strong binding
of these miRNA and more effective suppression of
E2F4 protein synthesis.

The mRNA of E2F5 gene contains binding sites
for seven miRNAs located in the CDS. Binding sites of
the following miRNAs encode oligopeptides indicated
in brackets: miR-6068 (PPPQPPQ), miR-9-26166-
3p (GQQAPAG), miR-8-24124-3p (QAPAGQQG),
miR-16-37595-3p (GQGQGQR), miR-7-19239-3p
(APQPPPPP), miR-18-39953-5p (GGAGGGSS),
miR-6791-3p (LLQEAKD). Tables 4-7 show the con-
servatism of these oligopeptides in the E2F5 protein.

Table 2 — Conservatism of TPHGPEG heptapeptide encoded by miR-760-3p and miR-1-875-3p binding site in mRNA E2F2 gene

Region of E2F2 Object
APGTCLDATPHGPEGQVVRCLPA Hsa, Ppa, Mml, Nle, Chi, Fca, Ptr, Oar, Pab, Rro, Cja, Ggo, Lve
ASGTCLDATPHGPEGQVVRCLPA Mfa
APGTCLDATPHGPEGQAVRCVPA Ame
AAGTCLDATPHGPEGQAVRCVPA Cfa
ALGTCLDATPHGPEGQIVRCVPA Rno, Mmu

Note. In bold, a conservative heptapeptide encoded by miR-760-3p and miR-1-875-3p binding site

Table 3 — Conservatism of decapeptide AAVVAAAAAA encoded by miR-19-42593-3p binding site in mRNA E2F3 gene

Region of E2F3 Object
VTAGGGEGAAVVAAAAAA . SMDKRALL Hsa, Lve, Ptr, Mne, Pab, Nle, Bta, Csa, Oar, Cgr, Mmu, Pal
VTAGGGEGAAVVAAAAAAASMDKRALL Nga
VTAGGGEGAAAAAAAAAA . SMDKRALL Mdo

VTAGGGEGAAVVAAAAAA . SMDTAGSLL Ggo
Note. In bold, a conservative decapeptide encoded by miR-19-42593-3p binding site

Table 4 — Variability of decapeptide encoded by miR-6068 binding site in mRNA E2F5 gene

Region of E2F5 Object
QOGQOGORPPPQPPQAQAPQP Hsa Ggo
QGQGORPPPHPPQAQAPQP Nle
QOGOGORPQPQPPQAQAPQP Ptr Mml Csa
QGODORPQPQPPQAQAPQP Cja
QGOGORPQPQPSQAQPPQO Ame
QOGQOGORPQPQQOSQAQPPPP Lve
QGOGORPQPPQPQPPQQOPP Laf
QGQOGORPQPPPSQAQPPPP Ssc
QGQGORPQAQSPQAQAPQP Rro
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Table 5 — Conservatism of decapeptide APQPPPPP encoded by miR-7-19239-3p binding site in mRNA E2F5 gene

Region of E2F5 Object
QPPQAQAPQPPPPPQLGGA Hsa, Ptr, Mml, Csa
QPPQAQAPQPPPPQQLGGA Ggo
HPPQAQAPQPPPPPQLGGA Nle
QSPQAQAPQPPP.LQLGGA Rro

Table 6 — Conservatism of decapeptides encoded by miR-9-26166-3p, miR-8-24124-3p, miR-16-37595-3p binding site in mRNA

E2F5 gene
Regions of E2F5
- - - Object
miR-9-26166-3p miR-8-24124-3p miR-16-37595-3p
AEPASSGQQAPAGQGQGQR PASSGQQAPAGQGQGQRPP GQQAPAGQGQGQRPPPQPP Hsa
AEPASSGQQAPAGQGQGQR PASSGQQAPAGQGQGQRPQ GQQAPAGQGQGQRPQPQPP Ptr
AEPASSGQQAPAGQGQGQR PASSGQQAPAGQGQGQRPP GQQAPAGQGQGQRPPPHPP Nle
AEPASSGQQAPPGQGQGQR PASSGQQAPPGQGQGQRPQ GQQAPPGQGQGQRPQPQPP Mml
AEPASSGQQAPPGQGQGQR PASSGQQAPPGQGQGQRPP GQQAPPGQGQGQRPPPQPP Ggo
AEPASSGQQAPPGQGQDQR PASSGQQAPPGQGQDQRPQ GQQAPPGQGQDQRPQPQPP Cja
AEPASSGQQAPPGQGQGQR PASSGQQAPPGQGQGQRPQ GQQAPPGQGQGQRPQPQPP Csa
AEPASSGQQAPPGQGQGQR PASSGQQAPPGQGQGQRPQ GQQAPPGQGQGQRPQAQSP Rro
AEPASSGQQAPQGQGQGQR PASSGQQAPQGQGQGQRPQ GQQAPQGQGQGQRPQPPQP Laf
VLALRAGQQAPQGQGQGQR ALRAGQQAPQGQGQGQRPQ GQQAPQGQGQGQRPQPQPS Ame
AEPGGSGQPAPQGQGQGQR PGGSGQPAPQGQGQGQRPQ GQPAPQGQGQGQRPQPQQS Lve
AEPASSGQPAPEGQGQGQR PASSGQPAPEGQGQGQRPQ GQPAPEGQGQGQRPQPPPS Ssc

Table 7 — Conservatism of decapeptide LLQEAKD encoded by miR-6791-3p binding site in mRNA E2F5 gene

Region of E2F5 Object
Hsa, Ggo, Ptr, Mml, Cja, Uma, Fca, Pab, Tch, Ssc, Sbo, Ame,
TTKFVSLLQEAKDGVLDLK Csa, Rro, Lve, Laf, Mdo, Nga, Mmu
TAKFVSLLQEAKDGVLDLK Bta
TTNFVSLLQEAKDGVLDLK Nle

E2F6 gene contains binding sites for one miRNA
in the 5’UTR and for three miRNAs in the 3’UTR.
Nucleotide sequences of miR-19-43065-3p binding
sites in mRNA of E2F6 gene are shown in Table 9.
Binding sites of miR-19-43065-3p are completely
homologous in Homo sapiens, Pan troglodytes, No-
mascus leucogenys, Pan paniscus and there is only
one nucleotide replacement in the remaining spe-
cies. Therefore, for tens of millions of years, miRNA
binding sites were remain, which indicates the stabil-
ity of the process E2F6 gene expression regulation
by miRNA.

mRNA of E2F7 gene binds to miR-14-34881-3p
in the 5’UTR. The nucleotide sequences of binding
site of miR-14-34881-3p in mRNA of E2F7 gene are
shown in Table 10. Binding sites of miR-14-34881-
3p are completely homologous in Homo sapiens,
Rhinopithecus roxellana, Chlorocebus sabaesus,
Papio anubis. In mRNA of E2F7 gene of the remain-
ing species this miRNA has only one substitution of
nucleotides. That is, for tens of millions of years, the
binding sites of miR-14-34881-3p in mRNA of E2F7
gene persist, indicating that the method of regulat-
ing the expression of E2F7 gene by miRNA is stable.

International Journal of Biology and Chemistry 10, Ne 2, 10 (2017)
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The miRNA binding sites located in the 5’UTR were
found only in monkeys. In other animals, these bind-
ing sites were strongly changed, or absent.

Identified binding sites in the protein-coding re-
gion of mRNA genes of E2F family have several char-
acteristics. Some binding sites are conserved along
with flanking sequences of amino acids (Tables 2, 3,
5, 6, 7). Other binding sites are more conservative than
flanking sequences. The most common binding sites
located between conserved sequences and the length
of sites of multiple binding sites vary in mRNA of

different animal species (Tables 4, 8). In this connec-
tion, the question arises whether the peptides coded by
binding sites in the CDS of are any function other than
the reflection of binding sites. In the case of a change
in the length of binding sites and the corresponding
oligopeptides up to their absence, they probably do
not play a functional role other than miRNA binding.
In the case of high conservatism of encoded oligopep-
tides and their flanking amino acids, probably these
oligopeptides are necessary for the demonstration of
function of the complete protein.

Ta6auna 8 — Variability of oktapeptide GGAGGGSS encoded by miR-18-39953-5p binding site in mRNA of E2F5 gene

Region of E2F5 Object
PPPPQLGGAGGGSSRHEKSL Hsa, Ptr, Nle, Csa, Rro
PPPPPLGGAGGGSSRHEKSL Ggo
PPPQQLGGAGGGSSRHEKSL Mml
PSQQQLGGAGGGSSRHEKSL Sho
PSQQQLGGVGGGSSRHEKSL Cja
TPPPQFGGVGGGSSRHEKSL Hgl
PPPPPLGGGGGGSSRHEKSL Lve
PPQQPLGGGGGGSSRHEKSL Ssc
PPPPQLGGGGGGG-RHEKSL Ame
AAPPGNGGGGSSS-RHEKSL Mdo
PPQQLAGGGSS---RHEKSL Tch
ASCAPPGAGSS---RHEKSL Bta
PSAALAGGSS----RHEKSL Mmu
QPPRVRGGSS----RHEKSL Fca
RSSGRRGGSS----RHEKSX Pab

Table 9 — Nucleotide sequences of binding sites of miR-19-43065-3p in 5S’UTR of mRNA E2F6 gene

Nucleotide sequences

Object

GUGCUCGAGCUGAGCGCGAGAGGGCGGGAGAGCUCGUGG

Has, Ptr, Nle, Ppa, Pab

GUGCUCGAGCUGAGUGCGAGAGGGCGGGAGAGCUCGUGG Ggo
GUGAUCGAGCUGGGCGCGAGAGGGCGGGAGAGCUCGCAG Rro, Rbi
GUGAUCGAGCUGGGCGCGAGAGGGCGGGAGAGCUCGCGG Csa
GUGAUCGAGCUGCGCGCGAGAGGGCGGGAGAGCUCGCGG Pan, Mml, Mfa
GCGCUCGAGCUAGGCGCGAGAGGGCGGGAGAGCUCUCGG Cja

Note. In bold, binding site of miR-19-43065-3p

International Journal of Biology and Chemistry 10, Ne 2, 10 (2017)
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Table 10 — Nucleotide sequences of binding sites of miR-14-34881-3p in 5’UTR of mRNA E2F7 gene

Nucleotide sequences Object
UGCCCGGACGCCGCGGGGUCCCCGCCAGCCCAGGGCACUCGGC Hsa
UGUCGGGACGCCGCGGGGUCCCCGCCAGCCCAGGGCACUCGGC Rro, Csa
UGUUGGGACGCCGCGGGGUCCCCGCCAGCCCAGGGCACUCGGC Pan
UGCCCGGACGCCACGGGGUCCCCGCCAGCCCAGGGCACUCGGC Ggo, Ptr, Ppa
UACACGGACGCCACGGGGUCCCCGCCAGCCCAGGGCACUCGGC Nle
UGUCGGGACGCCGCGGGGUCCCCGCCAGUCCAGGGCACUCGGC Mml, Mne, Mfa
UGCCCGGACGCCGCGGGGUCCCAGCCAGCCCAGGGCACUCGGC Cja, Sho

Note. In bold, binding site of miR-14-34881-3p

The nucleotide sequences of binding sites that lo-
cated in the 5’UTR are flanked by conserved regions
without changing in the length of miRNA binding
sites (Tables 9, 10). On the basis defined in the pres-
ent work different miRNA binding sites in mRNA
of a gene family can be identified associations miR-
NA with mRNA which allow their use as diagnostic
markers for different oncology diseases.

The mRNA of E2F1, E2F2, E2F 3 genes activate
the cell cycle, and the probable cause is that they often
demonstrate themselves as oncogenes, because they
increase cell proliferation. We have identified an in-
creased number of miRNAs, interacting with mRNA
of E2F1, E2F2, E2F3 genes, probably they work as
increased protection against excessive fusion E2F1,
E2F2, E2F3 proteins. Less ability of mRNA of E2F4,
E2F5, E2F6, E2F7, E2F8 genes to bind miRNA al-
lows to maintain the required level of apoptosis.

Finding miRNA binding sites raises the question
of the level of reliability of found sites. One effec-
tive way to establish the reliability of binding sites
is finding of binding sites in orthologous genes and
identification of orthologous miRNA. Location of
binding site in the protein coding region facilitates
its conservation in evolution, especially, if the cor-
responding oligopeptide plays an important role in
the function of protein. Similar results were obtained
earlier [26, 27].

From cited studies it is known that for all taken
miRNAs their concentrations vary with the change in
the activity (expression) of E2F family genes, none
could significantly affect on mRNA, unless the miR-
NA concentration was much higher than the mRNA
concentration. Unfortunately, authors of virtually all
publications did not simultaneously control the con-
centration of miRNA and the concentration of the
synthesized protein of the target gene. Therefore, we
cannot say with confidence that if the gene expres-

sion changes along with the level of miRNA with a
positive or negative correlation, then this gene is a
target for miRNA. In addition to the direct action of
miRNA on the expression of the target gene, miRNA
affects on many transcription factors, which in turn
can influence on the expression of many genes, in-
cluding those studied simultaneously with the stud-
ied miRNAs.

Conclusion

The obtained results indicate that mRNA of E2F
genes family bind with miRNA in different degrees.
The mRNA of E2F1, E2F2, E2F3 genes have the
largest number of miRNA binding sites which accel-
erate the cell cycle. Probably therefore the expres-
sion of E2F1, E2F2, E2F3 genes should be largely
influenced by miRNA, to prevent an uncontrolled in-
crease in cell proliferation, which is usually observed
during tumourigenesis. The predicted miRNA bind-
ing sites with mRNA of E2F gene family help to find
associations of miRNA with their target genes for the
development of diagnostic methods of tumourigen-
esis. The following pairs can be used as associations
of miRNA with target genes: miR-6511b-3p, miR-
1-1714-3p and miR-6786-5p with mRNA of E2F]
gene; miR-7-19239-3p, miR-19-42772-5p, miR-3-
9461-3p and miR-17-39416-3p with mRNA of E2F3
gene; miR-5-15026-5p and miR-20-44817-5p with
mRNA of E2F4 gene.
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