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BIOINFORMATICAL SEARCH FOR TRANSCRIPTION FACTORS BINDING SITES
IN MBL71 PROMOTER OF RATTUS NORVEGICUS

In the current work we have analyzed the Mbl1 (mannose-binding lectin) promoter for the presence and functional specifity of
transcription factors binding sites (TFBS). We have utilized the weight-position matrices from MatrixFamily Library Version 9.0
and JASPAR CORE Vertebrata databases and two programs — MatIinspector and Jaspar. Phylogenetical analysis of rat Mbl1 pro-
moter in comparison with Mus musculus gene-ortholog and the search for functional modules of cooperating transcription fac-
tors were conducted with DiAlignTF program. Thus we defined 3 regions in Mbl1 promoter, enriched with conservative transcrip-
tion factors binding sites, and 6 modules of potentially cooperating TFs.
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Introduction. Mbl1 refers to the complement system,
sometimes called the "complement cascade". It is a com-
plex network of plasma (blood) proteins that cooperate to
provide antimicrobial defense and maintain healthy tissue.
It's part of the immune system, and complements the anti-
body- and cell-driven responses to infection by pathogens.
There are three ways that the complement system be-
comes activated: the classic complement pathway trig-
gered by antigen-antibody complexes; the lectin pathway
triggered by molecular patterns, which are present on
many pathogens or exposed neoepitopes on apoptotic,
senescent and some tumor cells and/or injured/ inflamed
tissues [1 — 4]. These molecular patterns contain sugars,
such as D-mannose, fucose and N-acetyl-D-glucosamine;
the third way is the unique alternative complement pathway
that is always activated at a low level, and doesn't require a
microbial surface to trigger it. All these pathways converge
on convertase 3 (C3), the central molecule of complement
system, that continues the cascade of proteolytic reactions
with eventual opsonisation of particles, release of inflam-
matory peptides and enhanced engulfment by phagocytes
of above-mentioned cells as well as cell debris. Whenever
MBL is bound to specific molecular patterns it associates
with MBL-associated serine proteases (MASPs) and via
MASPs initiates complement pathway activation [5] and
thrombin-like activity [6]. A number of membrane receptors
for MBL, including C1q phagocytic receptor (C1gRp),
calreticulin (also known as C1qR), and CR1(CD35), have
been described. Interactions with these receptors may also
be important in stimulating phagocytosis by MBL [7; 8].

Thereby MBL1 is in the first line of defense in pre-
immune host. It is produced primarily in the liver and also in
kidney, lung and testis [9, 10]. It also refers to acute phase
proteins (APP).

There are some evidences that the genes of comple-
ment system are regulated by transcription factors includ-
ing C/EBP (CAAT - binding protein), GR (glucocorticoid
receptor), ISGF (interferon — stimulated growth factor) and
AP1 (the activator protein 1) [11]. However, the regulation
of MbI1 expression still remains unknown. The in silico
search for transcription factors binding sites in promoter of
MbI1 has revealed the potential regulators of its transcrip-
tion partly coinciding with its known functions.

Methods. The sequence of 2007 bp (from -1934 to +
73 bp), containing adjacent 5'UTR, was chosen for the
search of potential transcription factor binding sites
(TFBSs). Two software tools were utilized — Matinspector
(http://www.genomatix.de/online_help/help_matinspector/
matinspector_help.html) [12] and Jaspar
(http://jaspar.gener-eg.net/) [13]. Their open-access data-
bases contain 907 and 217 weight matrices (PWMs) of
TFBSs for vertebrates respectively in Matrix Family Library

Version 9.0 (August 2012) and JASPAR CORE Vertebrata.
PWM represents the complete nucleotide occurrence prob-
abilities and information content evaluation of each matrix
position. It allows the quantification of the matrix similarity
between the weight matrix and a potential TFBS detected in
the target sequence. Similar and/or functionally related tran-
scription factor binding sites are grouped in Matlnspector
into so-called matrix families (186 for Vertebrates).

The selection of TFBSs was started at recommended
thresholds — 0.8/individual families and 0.8/individual matri-
ces for Matinspector and 80 % threshold and minimal
8.000 similarity score for Jaspar. The identified individual
matrix matches were sorted on the basis of their corre-
sponding TFs association or not association with liver or
hepatocytes. The phrases "transcription factor and liver",
"transcription factor and hepatocytes" were used for litera-
ture mining with the help of IHOP service (http://www.ihop-
net.org/UniPub/IHOP/). Hereafter the selected TFBSs were
subjected to phylogenetic fingerprinting — the search of
evolutionary conserved TFBSs with regard of their posi-
tions by alignment of Rattus norvegicus and Mus musculus
MbI1 promoters with the help of DiAlign TF program
(http://www.genomatix.de/online_help/help_dialign/dialign_
TF. html). The following settings of similarity scores were
used — >0.85 for core similarity and optimized threshold for
the matrix similarity. The "core sequence" of a matrix is
defined as the usually 4 highest conserved positions of the
matrix. The optimized threshold for the matrix similarity
allows a maximum of three matches in 10 000 bp of non-
regulatory test sequences (1.5 million bp of coding se-
quences, excluding first exons and genomic repeats).

Further we have analyzed the identified matches of
TFBSs for the presence of the cis-regulatory modules us-
ing the library Vertebrate_Modules Version 5.6 and the
DiAlignTF option. Modules represent the association of at
least two TFBSs which are shown to act synergistically or
antagonistically. The visualization of results was made with
Dia 0.97.2 (25/10/12) program (http://dia.en.softonic.com/).

Results and discussion. In the current work we
searched for the potential transcription factors binding sites
within Mb/1 gene promoter of Rattus norvegicus. At the first
stage of our study we obtained 494 and 270 matrix
matches of TFBSs with the help of Matinspector and Jas-
par programs respectively. The application of the further
filter — the tissue-specificity notably the association of tran-
scription factors with the liver and hepatocytes has cut off
their number to 108 and 112 obtained with Matinspector
and Jaspar correspondingly.

As transcriptional regulation is mostly evolutionary con-
served we have applied phylogenetic footprinting and com-
pared Mbl1promoter of Rattus norvegicus with its ortholog
in Mus musculus with the help of DiAlign TF software. We
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defined 3 conservative regions enriched with transcription
factors (Fig. 1). The first one (-15 — 500 bp) contains bind-
ing sites of ISGF (Interferon stimulated growth factor),
PEA3 (Polyomavirus enhancer activator 3 or ETS translo-
cation variant 4), Spi-B (Spi-1/PU.1 related transcription
factor), 2 TFBSs of HNF-3/Fkh Homolog 2 (FOXD3), HNF6
— Hepatocyte nuclear factor 6 (Onecut- 2), c-Maf ( V-maf
musculoaponeurotic fibrosarcoma oncogene homolog),
C/EBP (Ccaat-enhancer-binding protein), SOX6 (sex-
determining region Y (Sry) box-containing protein 6); the
second region (- 730 — 955 bp) contains TFBSs of GR
(Glucocorticoid receptor), 3 NFAT (Nuclear factor of acti-

3

vated T-cells), Hoxb1 (Homeobox protein Hox-B1), 2
C/EBP, Oct-1(Octamer-binding protein 1) and 2 SRF (Se-
rum response factor) and the third one (- 1670 — 1900 bp)
consists of 2 GR, GABP (GA binding protein transcription
factor), GATA, 2 Oct-1, HNF6, AP2 (Activator protein 2),
STAT3 and STAT5 (Signal transducer and transcription
activator), CREB (Cyclic AMP-responsive element-binding
protein) and Foxa2 (Forkhead box protein A2) (Fig 2).

For each family of transcription factors within conserva-
tive regions of Mbl1 promoter, we searched for Modules of
TFs from library Vertebrate_Modules Version 5.6, using
DiAlignTF option (Table 1).

2 1

W
—
7

T =T 1. .1 1. TS T T T ===

-189818251752-1679-1606-1533-1460-1387-1314-1241-11681095-1022-949 -876 "-803 -730 -657 -584-511 -438 -365 -292 -219 146 -73 0

Fig. 1. Localization of enriched regions containing evolutionary conserved transcription factor binding sites
in Mbl1 promoter of Rattus norvegicus
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Fig. 2. Transcription factors and their cognate binding sites within evolutionary conserved regions
in Mbl1 promoter (individual TFs are shown).

Table 1. Modules of associated transcription factors within conservative regions of Mb/1 promoter

Modules of associated TFs DNA strand (+,-) Distance between TFBSs (bp) Position in promoter (anchor positions, bp)
ETS - ISGF -, - 0 -44; -40
FKHD — FKHD -+ 34 -42 -290; -320
SRF — NFAT +, + 3-11 -743;-753
C/EBP — NFAT +, - 4-12 -901; -923
AP2- GR - - 47 -55 -1686; -1747
STAT3 — STATS - - 1-7 -1774, -1783

The transcription factor ISGF-3 that binds within the first
region is an interferon-dependent transcription factor that is
activated in cytoplasm in result of interferon o/p binding to its
cognate receptors [14]. ISGF-3 activates the target genes
and realizes antiviral, antiproliferative and immunomodula-
tory effects of IFNs. All ETS family members are identified
through a highly conserved DNA binding domain, the ETS
domain, which is a winged helox-turn-helix structure that
binds to DNA sites with a central GGA(A/T) DNA sequence.
As well as DNA-binding functions, evidence suggests that
the ETS domain is also involved in protein-protein interac-
tions. ETS factors act as transcriptional repressors, tran-
scriptional activators, or both [15, 16].

The ETS transcription factors belong to the family of
highly conserved sequence-specific DNA binding proteins,
which in association with other transcription factors regu-
late a number of diverse cellular processes including prolif-
eration and differentiation. The Fox proteins containing the
Forkhead boxes are important regulators of liver metabo-

lism, homeostasis and proliferative response [17]. The
members of this family have crucial roles in various
aspects of immune regulation [18]. The binding sites for
HNFs (hepatocyte nuclear factors), are identified in each
region within Mbl1 promoter. These transcription factors
regulate liver development, regeneration, hepatocyte pro-
liferation and metabolism [19]. The binding sites for AP-1
are widely represented in promoters of liver-specific genes
and mediate the regulatory role of AP-1 in the processes of
liver development, homeostasis metabolism and prolifera-
tion [20,21]. C/EBP & is associated with proliferation of
liver cells [22] and the acute-phase response (APR) in
which the liver plays a prominent role [23].

The C/EBP-0 transcription factor is known to be rarely
expressed in the liver but significantly up-regulated at the
early stage of the acute phase response [24]. The studies
with C/EBP- knockout mice demonstrated that neonatal mice
treated with purified bacterial lipopolysaccharide or recombi-
nant IL-1 lack an acute phase response typical for wild-type
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mice [25]. Sox [sex-determining region Y (Sry) box-
containing] proteins are a family of transcription factors that
is characterized by a homologous sequence called the
HMG-box (for high mobility group). This HMG box is a DNA
binding dimain. Accumulating evidence documents that Sox
proteins play additional roles in adult tissue homeostasis and
regeneration. Remarkably, their forced expression, in
combination with other synergistic factors, reprograms
differentiated cells into somatic or pluripotent stem cells [26].
However, despite their wide abundance among the tissues,
their functions in liver still remain poorly investigated.

The proteins belonging to the NFAT (nuclear factor of
activated T cells) family of transcription factors play a cen-
tral role in inducible gene transcription during the immune
response [27]. They rather frequently cooperate with AP-1
[27]. Serum response factor (SRF) is a transcription factor
that binds to a CarG box motif within the serum response
element (SRE) of genes that are expressed in response to
mitogens. The SRF is essential for hepatocyte proliferation
and survival. It controls the postnatal body growth and
regulates expression of multiple genes in hepatocytes [28].
The POU-domain transcription factor Oct-1 is widely ex-
pressed in adult tissues and it modulates the activity of
genes important for the cellular response to metabolic and
stress signals [29, 30]. It is proposed that rather than acting
as a primary trigger of gene activation or repression, Oct1
is a switchable stabilizer of repressed and inducible states
[31]. Oct- 1 was shown to interact with HNF-1 in mutual
regulation of liver-specific genes [32]. Glucocorticoid recep-
tors (GR) together with C/EBP are the main activators of
the synthesis of acute-phase proteins. The regulation of
gene expression in hepatocytes by glucocorticoids is es-
sential for normal liver homeostasis, metabolism and hepa-
tocyte proliferation [33].

Transcription factor GATA is expressed in early fetal
liver and is essential for organogenesis. It is also implicated
in carcinogenesis in several endoderm-derived organs [34].
STAT-mediated intracellular signal cascade plays a critical
role in antiviral defense, acute phase response, hepatic
injury, repair, inflammation and transformation [35].

The search for the modules in Mbl1 promoter has re-
vealed six pairs of transcription factors acting in coordina-
tion and sometimes physically interacting with one another.
There are two modules localized in the first region of Mbl1
promoter. The ISGF and representatives of ETS family of
TFs may interact with one another. For example, PU.71, a
member of ETS family, interacts with ISGF/IRF in enhan-
cers of Igk, IgA, IL-18 6 genes and in promoters of CD20,
gp91, Toll-like receptor 4 genes. This interaction is medi-
ated by the proline-glutamate-serine-threonine-rich (PEST)
domain of PU.71 [36]. This interaction is significantly en-
hanced by phosphorylation of serine 148, a residue located
within the PEST domain of PU.1 [37].

The module between two representatives of FKHD TF
family was found in -290; -328 position. Its functional role
was investigated in promoter of transthyretin (TTR) gene
[38]. It was revealed, that the presence of both HNF3-S
binding site, located in TTR promoter (-106 to -94) and
HNF3-W BS in TTR enhancer (-140 to -131) is essential
for TTR transcription activation.

Next, we found SRF — NFAT module in -734; -762 posi-
tion. The association of both transcription factors has been
established in smooth muscle cells (SMCs) for intronic
serum response factor (SRF)-binding CArG element in
alpha-actin gene promoter [39].

C/EBP — NFAT module was defined in -894; -932 posi-
tion. Interactions between C/EBP — NFAT was revealed in
peroxisome proliferator-activated receptor — 2 gene

(Ppar2). They form a composite enhancer complex to po-
tentiate expression of the Ppar2 gene [40].

AP2-GR module is located in -1686; -1747 positions.
AP2 and GR binding sites are closely located in phenyl —
ethanolamine N-methyltransferase (PNMT) gene promoter
and cooperatively regulate its expression [41].

The majority of STAT transcription factors associate
with each other to regulate gene expression. Two adjacent
STAT binding sites were defined in -1774; -1783 positions.
STAT3 forms heterodimer with STAT5 and both coregulate
gene expression in response to Colony-stimulating factor
(CSF-1) and other cytokines [42].

Thus, in the current work we predicted in silico the TFBSs
in Mbl1 promoter of Rattus norvegicus. The involvement of
multiple transcription factors reveals the potential complex
regulation of the processes at the first line of organism de-
fence via Mbl1 gene. The obtained results comprise the justii-
fied basis for taskoriented experimental validation.
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BIOIHPOPMALIIMHMIA NOLUYK ANA CAUTIB 3'€AHAHHA TPAHCKPUMNLUIWAHUX GAKTOPIB
B Mbl1 MIPOMOTOPY RATTUS NORVEGICUS

lMpoeedeHo 6ioiHghopmamu4Hull aHani3 npomomopy wypsiyozo aeHa Mbl1, sikuli kodye MaHO3038 3yro4ull IEKMUH, Ha HasieHicMb ma yHKyio-
HanbHy cneyudiyHicmb calimie 3e'a3yeaHHss mpaHcKpunyilinux ¢pakmopie. B po6omi 6yno eukopucmaHo no3uyiliHo-ea2oei mampuyi 3 6a3 daH-
Hux Matrix Family Library Version 9.0 ma JASPAR CORE Vertebrata, a makox 0ei npozpamu nowyky calimie 3e'a3yeaHHsi — Matinspector ma
Jaspar. Byno npoeedeHo ¢hinozeHemuyHuli aHasi3 3 IPOMOMOPOM 2eHa-opmosio2za Mus musculus ma 3dilicHeHo nowyk pyHKUYioHanbHUx ModyJiie
3HalideHux mpaHckpunyiliHux ¢pakmopie e npozpami DiAlign TF. B peaynsmami e npomomopi 2eHa Mbl1 wyypa Hamu 6yno eusHa4yeHo 3 dinsiHKu,
36azaveHi KOHCepeamueHUMU calimaMu 38 'a3yeaHHsi mpaHCKpunyiliHux ¢pakmopie, ma 3HalideHo 6 Mmodyniie nomeHyiliHol koonepamueHoi e3ae-
MOQdiT Mixx mpaHckpunyiliHumu ¢ghakmopamu.

Knro4oei cnoea: maH030-38 'A3yr04ull IEKMUH, MO3UyiliHO-ea208i Mampuyi, calimu 38 's13yeaHHs1 MPaHCKPUNuitiHUXx ¢hakmopis.

B. BoHaapeHko, cTyA.

WHcTuTyT MonekynsipHoi 6uonorum n reHetukn HAH YkpauHbl, KueB
KHY nmenu Tapaca LLleB4yeHko, KueB

M. O6oneHckas, npod.

WUHcTuTyT MonekynsipHon 6uonorumn u reHetukn HAH YkpauHbl, Kue

BMOUH®OPMALIMOHHBLIXA NOUCK AN CAUTOB COEAUHEHUA TPAHCKPUMLUOHHbLIX ®AKTOPOB
B Mbl1 NIPOMOTOPA RATTUS NORVEGICUS

lMpoeedeH 6uouHgpopmamuyeckuli aHanu3 npomomopa KpbicuHo2o 2eHa Mbl1, komopsbili KoQupyem MaHHoO30ces3blearowuli JIEKMUH, Ha Ha-
nuyue u (hyHKYUOHabHYI0 crieyuguyHocmb calimoe cesi3bleaHusi MPaHCKPUNUUOHHbIX ¢hakmopoes. B pabome 6b11u ucnonb308aHbl MO3UYUOH-
Ho-8ecoeble Mampuybl u3 6a3 daHHbix Matrix Family Library Version 9.0 u JASPAR CORE Vertebrata, a makxe dee npozpaMmbi noucka calimoe
ces3bieaHusi — Matinspector u Jaspar. ®unozeHemu4veckuli aHanu3 ¢ NpomMompomM 2eHa-opmorsnoza Mus musculus u nouck ¢pyHKYUOHaNbHbIX MO-
Oyneli Hali0eHHbIX MPaHCKPUMNUUOHHbIX ¢hakmopoe ocywiecmersieHbl 8 npozpamme DiAlign TF. B pesynsmame e npomomope 2eHa Mbl1 kpbicbi
Hamu 6bu10 onpedenieHo 3 yyacmka, o602aujeHHbIX KOHCepeamueHbIMU calimaMu cesi3bleaHUsi MPaHCKPUMYUOHHbIX ¢hakmopoe, u HalideHo 6
Modyrieli mMomeHyuaabHO20 KOoONMepamueHo20 83auModelicmeausi Mex0y MPacHKPUMYUOHHbIMU ghakmopamu.

Knroyeenie crnoea: MaHHO30-cesi3blgarowuli IeKMUH, MO3ULUOHHO-8eCo8blie Mampuybl, calimbi cesi3bieaHusi MPaHCKPUMYUOHHbIX (hakmopos.



