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Abstract

Background: lon channels play a crucial role in Glomerular filter damage that
contributes to albuminuria. Transient receptor potential channel 5 (TRPCS5) gene
mediating such damage, demand for its target specific inhibition by RNA
interference mechanism. Designing and selecting potential siRNA for TRPC5
gene silencing by computational analysis. Materials & Methods: The mRNA
sequence was retrieved from NCBI (National Center for Biotechnology
Information). siRNA sequences were designed specifically from target genes
using InvivoGen siRNA wizard software. Thermodynamic RNA-RNA interactions
were used to evaluate the gene silencing efficiency by minimum free energy of
hybridization; the hybridization structures were also obtained using BIBISERV2-
RNAHybrid. Results: The minimum free energy of hybridization of the three
designed siRNAs (siRNA1, siRNA2 and siRNA3) were as follows: -28.2 kcal/mol,
-24.1 kcal/mol, and-25.6 kcal/mol. Their corresponding GC content were
47.62%, 52.38% and 47.62%, respectively. Thus, siRNA1 had the least minimum
free energy of hybridization (i.e. -28.2 kcal/mol) with low GC content (47.62%),
and high linearity with minimal h-b index and loop structure. Conclusion: RNAI
therapy can provide a new platform for efficient and targeted therapeutics.
Further in vivo investigations are necessary to further validate their efficacy.
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Introduction

Albuminuria is a major cause of morbidity and mortality in patients with chronic
kidney diseases (CKD). It is a well-known condition that contributes to
cardiovascular disease, poor renal outcome, diabetes, hypertension and kidney
failure (Mogensen 1984, Berrut et al., 1997, Keane et al., 2003, Anavekar et al.,
2004, Gerstein et al., 2001). One of the key causes of albuminuria is malfunction
of the glomerular filter which is crucial in sorting and preventing essential
molecules from spilling into urine. Currently, there are no targeted therapies for
the efficient protection of filter barrier function. The human kidney filter handles
180L of plasma each day. Therefore, an intact kidney filter is essential for
retention of essential proteins in blood and removal of waste from the body
(Haraldsson 2008 and Farquhar 2006).

lon channels play a predominant role in regulation of kidney filter function.
Transient receptor potential (TRP) channels are greatly conserved nonselective
cationic channels first documented in Drosophila, that has 6 members forming
either homomeric or heteromeric tetramer (Montell 2005 and Ramsey et al,,
2006). Since these channels are greatly expressed in brain and kidney, their loss
has the ability to cause fear response in mice (Riccio et al.,, 2009). Transient
receptor potential channel 5 (TRPC5) functions as a cellular sensor of redox
changes with inference for inflammation (Xu et al., 2008). Calcium (Ca2*) influx
through homomeric TRPC5 channels alter the Rho family GTPase Racl to
interrupt the integrity of the actin cytoskeleton in mesenchymal cells, such as
fibroblasts and podocytes, at the cellular level resulting in filtration barrier
damage. Therefore, Rac signaling can direct albuminuria in mice (Tian et al.,
2010, Faul et al., 2008, Ma et al., 2010, Yanagida-Asanuma et al., 2007, Togawa
et al., 1999). TRPCS intercedes damage to the filtration barrier, contributing to
albuminuria which serves as an indicator for cardiovascular, metabolic and
chronic kidney diseases. Hence, inhibition of the TRPC5 gene is a specific
approach to protect glomerular filter damage and albuminuria (Thomas
schaldecker et al., 2013).

RNA interference (RNAI) is an evolutionary conserved mechanism of gene
regulation process that needs double stranded RNA processed into small
interfering RNA (siRNA) and micro RNA (miRNA) to suppress the expression of
target genes (i.e. mRNA) in a sequence specific manner (Tuschl and Borkhardt,
2002, Ma et al., 2007). An siRNA is a double stranded RNA molecule typically
having 19-21 nucleotide base pairs, that mediate its binding with target mRNA
and promotes its degradation. The degradation prevents the translation of the
mRNA, thus repressing the activity of the targeted mRNA (Elbashir et al., 2001
and Zamore et al., 2000). siRNA can be chemically synthesized and delivered
into the cells by direct transfection, using nanoparticles or plasmid/viral vectors
(Sayda et al., 2001 and Brummelkamp et al., 2002). Once the siRNA enters the
cells, it gets cleaved by dicer (RNase lll-like enzyme) and gets integrated into
RNA-induced silencing complex (RISC) where the sense (passenger) stranded is
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degraded within RISC, while the anti-sense strands proceeds for post-
transcriptional gene silencing process (Jackson et al., 2010). The degradation
process is an extremely complicated one that consists of multiple steps including
the initial binding of siRNA to RISC, followed by its activation which leads to
mRNA recognition and degradation by using different exo- and endo- nucleases
(Bernstein et al., 2001 and Hammond et al., 2000). The aim of this study is to
inhibit TRPC5 gene in a target specific approach by designing effective siRNA
molecules in context of RNAi mechanism.

Materials-Methods

Retrieval of TRPCS5 gene (MRNA) sequence

The mRNA sequence of the TRPC5 gene was retrieved from the National Center
for Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.gov/).
The Accession number of TRPC5 mRNA coding sequence was NM_012471.2.
The sequence was retrieved in FASTA format and used for designing sequence
specific siRNA molecules.

Design of Potential siRNA molecules

Target recognition was designed for the target TRPC5 mRNA using an online
bioinformatic tool called InvivoGen siRNA wizard (http://www.invivogen.com/
sirnawizard/design.php). This tool utilizes definite parameters such as siRNA
motif size (21 nucleotides) and mRNA database (for human). siRNA sequences
containing a palindrome are excluded to avoid unwanted hairpin structures.
siRNA duplex with low GC content ranging from 30-55% are selected. The tool
employs blast search to reduce off-target similarity.

Multiple sequence alignment of designed siRNA molecules

To analyze the sequence similarity and evolutionary relationship between
designed siRNA molecules, multiple sequence alignment was conducted using
ClustalW tool (http://www.ebi.ac.uk/Tools/msa/; http://www.clustal.org/)
according to standard parameters. Phylogenetic tree was constructed using
clustal tree format, kimura’s distance correction and UPGMA (unweighted pair
group method with arithmetic mean) method. Percentage identity matrix was
also calculated.

Calculation of GC content

The GC content of the designed siRNA molecules was calculated using online
GC calculator (http://www.endmemo.com/bio/gc.php). Any siRNA duplex with
low GC content ranging from 40-55% was selected for further screening.

The GC content was calculated using the following formula:
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(Number of G nucleotide + Number of C nucleotide)/Total number of nucleotide
X 100 = GC content %

Screening of designed siRNAs

Each designed siRNA was screened based on thermodynamic evaluation of
RNA-RNA interaction using the online bioinformatic software BIBISERV2-
RNAHYBRID (Rehmsmeier et al., 2004). Thermodynamic interaction was studied
between predicted siRNA (guide strand) and target gene. A dynamic
programming algorithm in the software was used to calculate the hybridization
energy and base pairing form of two RNA sequences. The software also
provides the hybridization structure for further evaluation. A flow chart
representing the complete methodology used for screening of effective siRNA
molecules against TRPC5 mRNA is illustrated in Fig. 1.

Identification of mRNA sequence of TRPC3S gene
(NCBI)

.

(Invivogen siRNA wizard)

Designing miRNA using Custom RNAi Design Tool ]

Calculation of minimum RNA hybridisation energy
(BIBISERV2-RNAHYBRID)

Result interpretation ]

Figure 1. Diagrammatic representation of complete methodology to
evaluate potential siRNA against TRPC5 mRNA.

Results

According to siRNA tool results, three siRNAs have been designed from target
mRNA sequences (Table 1; Table 2). The tool predicts the target sites from
mRNA sequences for siRNA design. siRNA1 was designed from target
sequence GTCAACTACTCACCGTACAGA at a site starting at the 25th position
on the mRNA. The guide strand of the siRNA1 has a sequence complementary
to the target site sequence (CAGUUGAUGAGUGGCAUGUCU). Similarly, siRNA
2 and siRNA 3 have target sequences GATGGACACGCAGTTCTCTGA and
GAATTCACACCGGACATCACT, respectively, at sites starting at the 393t and
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412th position on mRNA, respectively. The guide strands of siRNA 2 and siRNA
3 have the sequence CUACCUGUGCGUCAAGAGACU and
CUUAAGUGUGGCCUGUAGUGA. Multiple sequence alignments showed the

presence of a conserved region among the functional siRNAs.

Table 1. InvivoGen cDNA prediction of siRNA

Target Sequence Start GC%
GTCAACTACTCACCGTACAGA 25 47.62
GATGGACACGCAGTTCTCTGA 393 52.38
GAATTCACACCGGACATCACT 412 47.62

Table 2. Manual formulation of siRNA by complementary base pair rule

siRNA Sequence Start GC%
CAGUUGAUGAGUGGCAUGUCU 25 47.62
CUACCUGUGCGUCAAGAGACU 393 52.38
CUUAAGUGUGGCCUGUAGUGA 412 47.62

Fig. 2 represent the phylogenetic relationship between the designed siRNAs.
The branch length of the siRNA1, siRNA2 and siRNA3 are 0.311129, 1.75 and
0.311129, respectively. Their sequence similarity was evaluated using percent
identity matrix (Table 4). siRNA 2 shows 36.84% and 33.33% similarity to siRNA
1 and siRNA 3, respectively. siRNA 1 is similar to siRNA 2 and siRNA 3 with
36.84% and 61.11% similarity, respectively. Additionally, siRNA 3 is similar to
siRNA 1 and siRNA 2 with 33.33% and 61.11% similarity, respectively.

siRNA2 1.75

—
W

siRMAL 0,311129
SiRNAZ 0.311129

Figure 2. Phylogenetic analysis of the designed siRNA molecules.
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The gene silencing efficacy of siRNA was evaluated based on the
thermodynamic interaction between the target TRPC5 mRNA and the designed
guide strands of siRNA. The minimum free energy of hybridization of the three
designed siRNAs (e.g. siRNAT, siRNA2 and siRNA3) were as follows: -28.2 kcal/
mol, -24.1 kcal/mol and -25.6 kcal/mol. Their corresponding GC content for
each was 47.62%, 52.38% and 47.62%, respectively (Table 3). The hybridization
structure was observed to evaluate further parameters such as linearity (Fig. 3).
From all these, sequence #1 (i.e. siRNA1) is a more suitable and accessible one
since it has the least minimum free hybridization energy (-28.2 kcal/mol).
Indeed, it is predicted to be the most efficient method towards TRPC5 gene
silencing.

Table 3. Design of siRNA molecules along with their corresponding free
hybridization energy

. Minimum free o
Sequence No: siRNA Sequence hybridization energy GC%

siRNA1 CAGUUGAUGAGUGGCAUGUCU -28.2 Kcal/mol 47 .62

siRNA2 CUACCUGUGCGUCAAGAGACU -24.1 Kcal/mol 52.38

siRNA3 CUUAAGUGUGGCCUGUAGUGA -25.6 Kcal/mol 47 .62
Discussion

This study was conducted with retrieval of TRPC5 mRNA sequence from NCBI.
siRNA wizard tool has been used to identify potential, target specific siRNA
molecules (from target mRNAs) that significantly reduces off-target silencing.
The tool utilizes selection criteria for designing potential siRNA such as
thermodynamics, GC content analysis, BLAST search, secondary structure
avoidance, termination signal, and immunostimulatory motif exclusion (http://
www.invivogen.com/sirna-wizard)
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Figure 3. Predicted secondary structure of minimum free
hybridization between target TRPC5 mRNA. a) siRNA1, b)
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Table 4. Percentage identity matrix of the siRNA molecules after multiple
sequence alignment

Percent similarity =~ siRNA 2 siRNA 1 siRNA 3
siRNA 2 100 36.84 33.33
siRNA 1 36.84 100 61.11
siRNA 3 33.33 61.11 100

All the 3 siRNA sequences were designed specifically to have low off target
similarity which can be suitable for effective post-transcriptional gene silencing
process. Multiple sequence alignment (via ClustalW tool) was used to check
the sequence similarity across the siRNAs. A phylogenetic tree was constructed
to study the evolutionary relationship and the consensus sequence between
the designed functional low off target siRNA molecules. The analysis revealed
the percentage similarity between the sequences with branch length shown in
Fig. 2.

Gene silencing efficiency was assessed based on thermodynamic RNA-RNA
interaction between siRNA (guide strand) and mRNA (target gene) using
minimum free energy of hybridization. Secondary structure prediction of
mRNA-siRNA complex is crucial for effective RNAi using minimum free energy
as a target of structural accuracy (Bret et al., 2005 and Mathews 2005). The free
energy hybridization of the siRNA was calculated using the online server
BIBISERV2-RNAHYBRID (Tuschl et al., 2002). This tool follows a dynamic
programming algorithm for RNA secondary structure prediction. The
secondary structure of the 3 designed siRNAs along with the target mRNAs are
depicted in Fig. 3.

The hybridization structure is used for further evaluation of various factors such
as linearity of the mRNA-siRNA hybrid and GC content of siRNA. The linearity of
the structure was evaluated based on the nucleotide in the loop structure
region. The number of nucleotides in the loop region was inversely
proportional to free energy and RNAI activity. The GC content of a siRNA is one
of the essential parameters that might correlate with siRNA functionality. There
is a negative correlation between target site accessibility and GC content. It is
preferable to pick siRNAs with low GC content. Indeed, the GC content of the 3
siRNAs was in the range of 47-52%. The efficiency of silencing also depends on
low GC content of siRNA. The best fitted siRNA (siRNA1) had 47.62% GC
content. Thus, GC content is inversely proportional to RNAi mechanism
(Amarzguioui et al., 2004 and Reynolds et al., 2004).
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In present study, three potential siRNA molecules were designed for silencing
target TRPC5 mRNA. The best fitted siRNA was found to be siRNAT; it fulfilled
all the necessary parameters, therefore supporting more effective binding of
siRNA with target mRNA. Even though RNAi uses double stranded RNA in the
form of siRNA or miRNA, siRNA is relatively superior than miRNA. This is due to
the sequence specificity of siRNA and its delivery mechanism into the cell.
siRNA mediated therapeutics have been efficient against metabolic disorders
of liver and hypercholesterolemia in other studies (Czech et al., 2011). Hence,
RNAi may have great potential for treatment of challenging or incurable
conditions (e.g. glomerular filtration malfunction).

Conclusion

RNAI technology is the leading strategy and therapy for various incurable
diseases and genetic disorders. The compatibility of siRNA with the target gene
can be assessed using bioinformatics tools. In this study, siRNA1 had the least
minimum free energy of hybridization (i.e. -28.2 kcal/mol), low GC content of
47.62%, and high linearity with minimal h-b index and loop structure. It is
predicted to be the most efficient towards the TRPC5 gene silencing. Hence,
siRNAs can be used as a therapeutic drug to act as an important inhibitor to
suppress gene expression. Thus, siRNAs represent a potentially effective
therapeutic strategy for treating glomerular filtration malfunction. Further in vivo
investigations are warranted to confirm their efficacy.
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