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ABSTRACT 

Hypertension is a chronic physical condition with multifactorial causes. Although genetic factors have been 

associated to this pathological condition, characterization of the sequence patterns in the regulatory sites, for 

example, in 3’ or 5’ Untranslated Regions (UTR), remains to be explored. In particular, the 5’ UTR of 

genes associated with the regulation of blood pressure and oxidative stress are analyzed in this article. To 

gain insight into how certain DNA motifs are involved with high blood pressure, we decided to perform a 

study with sequences from genes reported as regulators of blood pressure and oxidative stress. 5’ UTR gene 

sequences were submitted to patterns recognition by the Multiple Em for Motif Elicitation (MEME) 

software. Afterward, the motifs obtained were searched for in the Transcription Element Search System 

(TESS) and Consite platforms, in order to identify the submitted sequence as element response of some 

transcription factor described previously. Three different motifs in each group of vasorelaxing-and 

vasocontractile-related gene sequences were detected. In the vasorelaxing group, motif lengths were 39 to 

50 nucleotides and were located from -361 to -167 bp before the Open Reading Frame (ORF). In turn, 

motifs in vasocontractile group sequences were located from -619 to -570 nucleotides, with a length of from 

18 to 40 nucleotides. Regarding the nucleic acid content in the motifs found, adenine was more prevalent in 

vasorelaxing-related sequences with 45% of the average frequency, whereas guanine on those 

vasocontractile-related sequences with 38%. Distinct motif sequences and variations of nucleotide content 

in the promoter region of vasorelaxing and vasocontractile-activity related genes were detected. These 

motifs of each group of genes, with a putative antagonistic role between them, might be a differential cis-

regulatory elements of transcriptional machinery. 
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1. INTRODUCTION 

Blood Pressure (BP) is a physiological parameter 

defined as the force exerted by blood against any unit 

area of the vessel wall. Elements such as Heart Rate 

(HR) and Vascular Resistance (VR) are key points to 

control this parameter (Chen et al., 2007;   

Mukkamala et al., 2006).  

Biological negative feedback systems regulate blood 

pressure by the activity of cardiac frequency, vascular 

resistance and blood volume. These physiological 

modulators are regulated by some hormones. 
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Specifically, metabolites such as adrenaline, 

noradrenaline, vasopressin, angiotensin II, dopamine and 

Reactive Oxygen Species (ROS) promote the elevation 

of blood pressure. On the contrary, the metabolic activity 

of enzymes such as catalase, glutathione peroxidase, 

hemooxygenase and endothelial nitric oxide synthase 

reduce it. Also, the expression of some receptors (e.g., 

bradykinin B2, adenosine A2, peroxisome proliferator 

activated receptor gamma) and hormones (brain 

natriuretic peptide and acetylcholine) is associated to 

lower blood pressure. All these molecules maintain the 

blood pressure in homeostatic conditions (Feletou et al., 

2010; Vanhoutte, 2006). 

Arterial Hypertension (HTA) is defined as the 

presence of systolic BP values ≥140 mmHg and/or 

diastolic BP values ≥90 mmHg. Along with other 

vascular diseases, HTA is a risk factor for 

cardiovascular disease (Peralta et al., 2005; 

Velazquez-Monroy et al., 2002). 

Hypertension elicits two different kinds of diffuse 

structural changes in the systemic microcirculation. 

Although several causes have been related with 

increased BP, various research groups have focused their 

investigations on determining whether genetic 

mechanisms serve as initial triggers in the genesis of the 

disease (Renna et al., 2013; Zenteno and Kofman, 2003). 

Considering the genetic susceptibility of HTA, it has 

been reported that the classical mendelian rules are 

not fully applied in the case of BP control, whereby 

the hypertension shows a complex model inheritance 

which requires different experimental and theoretical 

approaches for a better study. In this vein, it has been 

reported that the heritability of blood pressure or the 

genetic contribution is able to modulate the arterial 

tension in a 30-50% of its value (Doris, 2011; 

Timberlake et al., 2001). 

Currently, different molecular techniques allow 

identify genes associated with pathological conditions 

suggesting their physiological role. Experimental studies 

such as linkage studies, candidate genes analysis, 

punctual mutations, Single Nucleotide Polymorphisms 

(SNPs) detection and recently bioinformatical analysis 

provide information for these characterizations (Kunes 

and Zicha, 2009; Zenteno and Kofman, 2003).  

Motif discovery in sequences of interest, as 

regulatory regions of the gene expression, has been a 

strategy to find patterns with high information content that 

play a physiological role. An analysis of Perera et al. (2006) 

proposed novel PPAR gamma target genes in adipocytes by 

microarray profiling and computational detection of motifs 

in the 5’ UTR of 182 related genes. Furthermore, they 

found 26 highly conserved sequences and identified a 

drosophila serpent homolog gene that has been 

reported as a participant in the fat body formation 

(Perera et al., 2006). Similarly an Motif Discovery 

Scan (MDscan), Siersbaek et al. (2010) found that 

CCAAT/enhancer binding gen (c/EBP) has a binding 

motif target of PPAR gamma transcription factor, 

additional to DR-1 binding element. Suggesting that 

these adipogenic factors function together as common 

site to regulate genes (Siersbaek et al., 2010). In this 

work, we performed an in silico analysis of the 5’ UTR 

of genes encoding enzymes or proteins related with 

blood pressure regulation pathways. In other words, we 

identified patterns of sequences into the promoter 

regions of transcription factors that could be 

investigated as modulators of blood pressure. 

2. MATERIALS AND METHODS 

The Ensembl databases 

(http://www.ensembl.org/Homo_sapiens/Gene/) were the 

repository of the 5’UTR sequences. FASTA format files 

with sequences spanning 200 or 600 bp were obtained 

for the vasorelaxing and vasocontractile activity genes. 

For the first group, we considered catalase (cat), 

glutathione peroxidase (gpx1), superoxide dismutase 

(sod1), hemooxigenase types 1 and 2 (hmox1, hmox2), 

endothelial nitric oxide synthase (nos3), brain natriuretic 

peptide (nppb), beta adrenergic receptor type 2 (adbr2), 

bradykinin receptor type 2 (bdkrb2), adenosine receptor 

2A (adora2a), muscarinic receptor type 3 (chrm3), 

dopamine receptor type 1 (drd1), the PPAR gamma 

isoform (pparg), adenine triphosphate-sensitive 

potassium channel (kcnj8) and small/intermediate 

conductance calcium-activated potassium channels 

(kcnn3, kcnj1). Regarding vasocontractile genes, we 

screened the motifs in xanthin dehydrogenase (xdh), 

lipoxigenase types 5 (alox5), 12 (alox12) and 15 

(alox15), voltage-gated potassium channel (cacng5), 

nicotinamide adenine dinucleotide phosphate 

dehydrogenase (NAD[P]H) oxidase subunits Nox1 

(nox1), Nox4 (nox4), Gp91 (cybb), p47 (ing1) and p22 

(dync1h1) (all of these of 600 bp in lenght); also 

muscarinic receptor type 1 (chrm1), serotonin receptor 

type 2 (htr2a), alpha adrenergic receptor 2A (adra2a), 

dopamine receptor type 5 (drd5), endothelin receptor 

type 1 (edn1), vasopressin (avpr1a) and cyclooxygenase 

type 2 (ptgs2) (all of these 2000 bp in lenght).  
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With these sequences, we performed in Multiple Em 

for Motif Elicitation (MEME) program 

(http://meme.sdsc.edu/meme/intro.html) a search of 

patterns named motifs. This program analyzes and 

detects sequences with characteristics such as DNA 

binding or protein interaction domains. Default 

conditions offered by the web server were utilized; 

these parameters are minimum and maximum number 

of nucleotides in the motif. After obtaining the motifs, 

these were loaded on TESS database 

(www.ebil.upenn.edu/cgi-bin/tess/tess) to investigate if 

the motifs have been reported as transcription factors, 

DNA binding sites, or if they interact with protein 

functional domains. Similarly, this search was 

performed into Consite database 

(http://asp.ii.uib.no:8090/cgi-bin/CONSITE/consite/) 

with same purpose. Also, a quantification of nucleotide 

content in the motifs was carried out. GraphPad Prism 

program software was used to plot the results. 

3. RESULTS 

Bioinformatics analysis showed three highly relevant 

motifs with a high percentage of homology in both 

groups of genes. For vasorelaxing-activity-related- 

sequences, Motifs 1 and 2 were 50 nt in length and Motif 

3 has a length of 39 nt. Positions of these motifs in 

reference to zero in the beginning of ORF was -167, -199 

and -361 respectively (Table 1).  

In the group of vasocontractile activity related 

sequences, the length for Motif 1 was 40 nt, for Motif 2 

20 nt and for Motif 3, 18nt. Their positions were found at 

-570, -619 and -582 nt before the transcription site 

(Table 1). Afterward, we estimated the presence of each 

nucleotide (adenine, thymine, guanine and cytosine) in 

each motif found. In genes related with a vasorelaxing 

effect, adenine was present in 45%, guanine in 30%, 

thymine in 16% and cytosine in 9% (Fig. 1A). In 

contrast, in sequences of genes related to a 

vasocontractile effect, guanine appeared to be the most 

frequent nucleotide (38%) followed by cytosine (29%), 

thymine (31%) and finally, adenine (1%) (Fig. 1B).  

According to these results the adenine content is 

the most evident factor that distinguishes the two 

studied groups. 

To know whether motifs show a similarity with 

sequences reported as response elements of some 

characterized genes, the motifs were searched in TESS 

and Consite databases. With this analysis, a prediction 

about the affinity of some transcription factors for the 

motifs can be obtained and as consequence proteins with 

a regulatory role in blood pressure can be proposed. 

Among the motifs in vasorelaxing genes sequences, 

Motif 1 was found in several transcription factors 

(DBF4, ETF, TBP, TFIIA, TMF and YY1) 

corresponding to TESS database and the search in 

Consite database four more were included (SOX5, HFH-

2, HMG-IY and Evi-1). Motif 2 was associated with the 

TCF family proteins and LEF-1 according TESS 

database, whereas using Consite SOX5, HFH-2, HMG-

IY, HNF-1 and AML-1 were found. In particular, SOX5, 

HFH-2 and HMG-IY contain Motif 1 and 2 (Table 2) 

blue letters. Analysis on Motif 3 revealed its existence in 

MAZ, AP-2α, SP and H4TF-1 using TESS, Consite was 

unable to advise similarity with response element 

contained into that database. These results could be 

suggested as new transcription factor participating in the 

vascular relaxation (Table 2). 

 

 
(A) 

 

 
(B) 

 
Fig. 1. Nucleotide content of the motifs found. (A) With a 

putative vasorelaxing activity; (B) with a putative 

vasocontractile activity. Bars represent mean +/- E.S 
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Table 1. Motifs detected by MEME program into 5’ UTR region of genes studied 
No. 

of motif Motifs with a putative vasorelaxing activity Initial position 

1 AAAAAAAATTATACAAGTAAAATAATAATTATAAGAAAAAACAGTAAAAA -167 

2 AGAAAAAAAAAAGTACCGAAATATGCTTTCATTAAAAATTATTCTAAAAT -199 

3 GGGGAGGGGGGGGGAGGGACGGGGGGGGAGGGCCGGGCC -361 

 Motifs with a putative vasocontractile activity 

1 TGCTGGGGGGGCGGGGGGGGGGGCGGGGGCGGGGGCGGGG -570 

2 TTTGTTTTCTTTTTCTCAGC -619 

3 CCTGCCTCCCTCTCCGGG -582 

 

Table 2. Transcription factors found in the TESS and Consite databases containing the motifs found by MEME 

Vasorelaxing Activity related Genes 

---------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Motif 1  Motif 2  Motif 3 

------------------------------------- ------------------------------------------ ------------------------------------------- 

TESS Consite TESS Consite TESS Consite 

DBF4 SOX5 TCF-2α SOX5 MAZ Any 

ETF HFH-2 TCF-1ª HFH-2 AP2α 

TBP HMG-IY TCF-1B HMG-IY SP 

TFIIA Evi-1 LEF-1 HNF-1 H4TF-1 

TMF     AML-1 

YY1 

Motif 1 Motif 2 Motif 3 

SP-1 RREB-1 TCF-2α FREAC-2 Any Any 

AP-1   LEF-1 Irf-1 

ETF     SOX-5 

ERα     HMG-IY 

 

Regarding motifs found into genes related to 

vasocontractile responses, we discovered a similar 

pattern. TESS analysis showed that Motif 1 is present in 

SP1, AP-1, ERα and ETF, this last response element was 

also found in vasorelaxing Motif 1 (Table 2), on the top, 

green letters. Consite database search showed a 

correspondence with RREB-1 for this motif. TESS 

analysis, for the Motif 2, provided TCF-2α and LEF-1, 

while Consite paired it with SOX5, HMG-IY, FREAC-

2 and Irf-1. In the case of Motif 3, similarity was 

undetectable for both databases. Particularly, SOX5 

and HMG-IY were another response elements that 

contain the Motif 3 obtained from vasorelaxing 

activity genes (Table 2) below, green letters. 

Therefore, we could suggest that these motifs are 

putative binding sites of transcription factors that 

might have a regulatory role in blood pressure. 

4. DISCUSSION 

In silico studies on biomolecules permit to detect 

information that could be relevant for their 

biochemical functions. Although, several three-

dimensional models of DNA have been reported, 

mainly DNA analysis has been almost limited to 

understand the combinations of nucleotides in sequences 

that contain instructions about the cellular machinery. 

The interest in the information content in key regions has 

driven the design of algorithms to excavate the 

mechanisms of data transmission between biomolecules. 

In particular, flanking regions of ORF are of interest due 

to their regulatory role. The study of characteristic 

patterns of group of sequences is a route to this end. In 

this work, we performed a search of patterns in 5’UTR 

sequences of vasorelaxing and vasocontractile genes, 

through the MEME program and a subsequent search 

into TESS and Consite databases. 

The results of the present analysis show that MEME 

platform allows the identification putative response in 

genomic sequences that could be related to blood 

pressure. By discovering of sequence motif, a short 

pattern of nucleotides can be deemed to have biological 

significance (Spontaneo and Cercone, 2011). In addition, 

this platform is a tool that enables a better 

characterization of target genes (Bailey et al., 2009). As 

an example, the study developed by Perera et al. (2006) 

permitted to predict novel target genes for PPAR gamma 

in human cultured adipocytes. They identified three 
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important genes for fat body composition in drosophila. 

Because some of them were not found in the 

transcription database TFBIND, the authors concluded 

that these motifs could represent novel transcription 

factors (Perera et al., 2006). The length of DNA motifs 

sequences suggests that the information content in this 

number of nucleotides facilitates the spatial 

availability of DNA. However, some transcription 

factors exhibit flexibility to bind a few binding sites or 

bind DNA in some configuration (Reid et al., 2010). In 

this work, we found that in vasorelaxing group, the 

motif length was higher (50 nt) with respect to those 

detected in the vasocontractile group (18 to 40 nt). 

Besides, due to vasorelaxing sequences are closer to the 

transcription starting point (-240 bp on average) than 

vasocontractile sequences (-590 bp on average), both 

could have different molecular crowding for the 

transcription, or distinct interaction modes with cis-

regulation elements (Gruel et al., 2011). 

In our results, nucleotide content of regions was a 

parameter that distinguishes the vasorelaxing motifs 

from vasocontractile. Adenine showed the highest 

proportion (45%) in the first group, whereas guanine 

was more abundant (38%) in the second, possibly 

evidencing a regulatory function. Interestingly, it has 

been suggested that the high content of specific 

nucleotides could be a point for control of the function. 

Specifically, guanine-rich sequence in 5’-UTRs of 

RNA oncogenic can regulate negatively the activity of 

the telomerase through G-quadruplex formation at the 

telomeric end (Kaushik et al., 2011; Patel et al., 2007). 

Therefore, the presence of adenine-rich or guanine-rich 

regions in the motifs found might be a molecular signal 

for the differential transcription of genes in distinct 

contexts related to blood pressure.  

5. CONCLUSION 

The information in 5’ UTR sequences could be a 

key factor in the gene expression of proteins that 

regulate the arterial pressure. Although more studies 

are required, the motifs reported in this work and the 

content adenine and guanine give rise to propose 

experimental and theoretical works that could take 

into account these findings. 
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