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A B S T R A C T

Ezrin, Radixin and Moesin (ERM) are critical membranous component involved in cross-linking of actin fila-
ments. Moesin (Msn) is recognized as a pivotal protein involved in regulation of cell signalling events associated
with the maintenance of epithelial integrity, actin organization and polarity. Radixin (Rad) is known to cell-to-
cell adherens junction as a barbed end-capping protein whereas ezrin (Ezr) is recognized at cell adhesion,
motility, apoptosis and phagocytosis. The current study for the first time reports the transcriptional and RNA
secondary structural variations among brain-specific ERM genes. Firstly, we analyzed brain-specific tran-
scriptomic expression in selected embryonic and postnatal developmental stages (E10.5, E14.5, E18.5, P0.5,
P3.5, P5.5, P10.5 and P20.5) of Mus musculus. Among designated developmental stages, Ezr has highest fold
difference in early embryonic and postnatal stages (E10.5, P0.5 and P5.5). Rad showed a similar pattern of high
expression especially at embryonic stages (E10.5 and E18.5) and postnatal (P0.5 and P5.5), however, Msn ex-
hibited non-significant fold differences in comparison to controls leading to its curial role in development.
Furthermore, computational prediction of ERM coding mRNA transcripts, reveals compact and less dynamic Msn
secondary structure and pseudoknots configurations, in contrast to Ezr and Rad. Conclusively, transcriptomic
levels are greatly associated with compact base pairing organization of its secondary structures. These findings
open a new domain to understand the occurrence of ERM-specific cytoskeleton proteins during developmental
stages.

1. Introduction

The cytoskeleton is the most diverse cellular network of the cell. It is
an intricate communication of microfilaments and microtubules in the
cytoplasm that controls cell shape, maintains intracellular organization,
and in cellular mobility (Goldman et al., 2008). Among cytoskeleton
molecules, least is known about ERM members. the role of ERM pro-
teins is recently highlighted in cellular environmental microfilaments
(Thomas, 2011) and found to be crucial in cellular migration and
proliferation, this finding provided information in the involvement of
ERM members in cancer and in serval neurological disorders (Yaming
et al., 2015). Previously, ezrin (Ezr) 81-KDa was identified as a con-
stituent of chicken microvilli (Bretscher, 1983) later on also found in
lungs, kidneys, epithelial and mesothelial cells (Louvet-Vallée, 2000).
Ezr found cytosolic proteins which are present in the juxtamembrane
region. The localization of the Ezr protein is evident for its dynamic
activity and cellular actions (Sarrió et al., 2006). The second member of
ERM family radixin (Rad) 82-KDa was first isolated from mammalian
hepatocytes and has found end-capping actin-modulating protein

(Amieva et al., 1994). Interestingly, Rad molecule was noticed on sy-
naptic membrane interaction with GABAA receptors. Thus, indirectly
involved in neuronal regulation (Loebrich et al., 2006). Moesin (Msn)
78-KDa is a heparin-binding protein and was identified as third ERM
members as membranous protrusions and involve in cell growth reg-
ulation and mobility. The cellular movement is also greatly influenced
by the localization of mRNA within the cell which creates a cellular
polarity for different transportational and cytoskeleton proteins to be
synthesis at various ends of the cellular structure. Along with abundant
evidence of proteins sorting and selective transportation to different
polarized areas of cell, an increasing volume of evidence have suggested
a promising role of mRNA concentration at respective positions with
their secondary and tertiary structures influence have been reported.
(Liao et al., 2015). Therefore, we explored ERM member's co-tran-
scriptional levels in Mus musculus brain tissues and their mRNA se-
quence’s secondary structures by using computational biology servers,
which are directly and indirectly involved in most of cellular signalling
and survival processes such as cell division, adhesion, polarity, migra-
tion and cellular movement facilitated by cytoskeletal proteins
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(Thomas, 2011).

2. Results

Transcriptional analysis of ERM genes in Mus musculus pre and
postnatal brain developmental stages was done. The expression levels of
each member were normalized with GAPDH. Statistical analysis by One
way ANOVA, revealed variable significance level for ERM members,
Msn and Ezr were significantly expressed in all selected stages.
However, expression of Rad was significant in most of the selected
stages other than P20.5 and P60.5, where it was highly non-significant
(Fig. 1A).

Transcriptional fold differences were shown variably by all genes
analyzed compared with calibrator (P60.5) and normalized against
GAPDH. Expression of Msn remained significantly similar throughout
all experimental stages overlying its curial importance and presented
much stable expression. Whereas Ezr exhibited significant expression
fold at E10.5 among embryonic stages and at P0.5 and P5.5 postnatal
stages. Rad expression shows fold increase at embryonic stages (E10.5
and E18.5) and postnatal (P0.5 and P5.5). ERM expression fold analysis
imprints the competitive roles of Ezr and Rad with each other however
Msn expression has minimum variability (Fig.1B).

The RNA quantitation is depend on its stability and integrity. RNA
secondary architecture structure is more conserved parameter than
primary sequence, specifically for protein encoding RNA molecules and
whose function depends on their structure. The approach has been
utilized based on the fold and align method by using NUPACK online
server (MIT, USA). Selected secondary structures were thermo-
dynamically stable and determined on the basis of lowest free energies
(minimum ΔG for Ezr, Msn and Rad, -492 kcal/mol, -480.80 kcal/mol
and -382.20 kcal/mol respectively). ERM transcripts secondary struc-
tures were extensively variable in folding configurations which exhibits
distinct mismatches, multi-branches and loops along with psudoknots.
Fig. 2. also present psudo-knotted structures, which are further eluci-
dated in the graphical presentation in Fig.3. ProbKnot algorithm pre-
dicts ERM mRNA sequence on the bases of most probable base pairing
within their sequences and with themselves. Each pseudoknot based
mRNA transcript configuration represents probable base pairing for
each member of ERM. Ezr and Rad have a less pseudoknots in the
transcripts, whereas, Msn shows much scattered and extensive psu-
doknotted structures. Hence, the distinct presence of psudoknots in
transcripts effected on the integrity of molecule. Structural evidences of
transcripts support the variability in expression patterns of ERM
members in selected developmental stages.

Fig. 1. ERM transcriptional expression, A.CT value means based expression profile. B. Fold chart by using ΔΔCT value analysis.
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3. Discussion and conclusion

ERM genes are found to be very important genes involved in many
cellular processes and act as a major cytoskeleton component. ERM
works with actin filaments and helps in maintaining cell shape and
movement mostly. Since their role in cell's physical attributes, they
have been extensively explored throughout scientific reports towards
their clinical importance and relevance with promising results towards
their future use in therapeutics. It has been validated that two of the
ERM genes (Ezr and Msn) have been responsible for mammalian brain
development as Ezr is expressed in radial glia area and in parental
human cerebrum where migration of cells takes place towards inter-
mediate zones, whereas Msn is expressed in vascular endothelial cells in
developing brain tissues by conducting immunohistochemical studies in
tuberous sclerosis (TSC) which are non-cancerous tumors. Ezr and Msn
have shown co-localization with tuberin and hamartin which are major
two genes for TSC (Johnson et al., 2002). In another medical scientific
report, the role of ERM genes was exploited with their property of
controlling cellular shape, motility and supporting proliferation. Tis-
sues microarrays conducted on Squamous cell carcinoma (SCC) samples
revealed the greater correlation of high levels and subcellular locali-
zation of ERM proteins proofs their role in cell physical dynamics which
helps tissues towards organogenesis by their direct involvement in cell

movement and proliferation (Madan et al., 2006). ERM role in con-
trolling cell movement have been illustrated in traumatic brain injury
where rapid movement of microglial cells and peripheral macrophages
rushes towards injury point. This phenomenon is being medicated by
migration of immune cells, which are influenced by actin cytoskeleton
protein. The high expression of ERM depicts their direct role in sup-
porting actin filaments to help cellular movement (Younghyeb et al.,
2011). Radixin among ERM has a different role in cellular dynamics, as
it plays the role on the surface of cells and causes a cell to cell adhesion.
It was further proofed in the migration of PC3 prostate cancer cells
where Ezr and Msn both have been depleted by RNA interference,
whereas only Rad allowed functioning which caused the development
of adherens junctions between cell to cell connections and an overall
increase in cell spread was observed. Whereas Rad depletion causes
altered actin organization, which combines the role of ERM genes to-
gether for the functioning of actin filaments (Valderrama et al., 2012).

The variable expression fold differences of Ezr and Rad in devel-
oping brain tissues, suggest the connection of their role in migration of
cells whereas high levels of Rad at birth stages (E18.5 and P0.5) shows
its role in cell to cell function which lead to tissues maturation with its
departing fold expression in later stages, whereas Ezr showing much
significant fold difference not only at birth stages but also in early de-
velopment (E10.5) and in later postnatal stages (P5.5) indicates its

Fig. 2. Stem and loop based RNA secondary structures. (A) Ezr, (B) Msn, (C) Rad.

Fig. 3. Circular presentation of Pseudoknots in ERM transcripts, cross arcs indicated that structure is Psudoknotted. (A) Ezr, (B) Rad, (C) Msn.
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much importance in brain tissue development. However, Msn was only
visible in the early embryonic stage, in later stages its non-responsive
fold alteration persisted, making its curial basal expression which is
quite comparable to GAPDH (housekeeping gene). RNA molecules serve
as mediators in determining the transcription level of genes. Three di-
mensional configuration of a transcript is based on its secondary
structure, which is determined by the nucleotide base pairing. Basic
stem and loop based structure of many RNA molecules is furnished with
psudoknotes such as ribosomal RNAs, the catalytic core of group I in-
trons, RNase P RNAs, and viral RNAs. Presence of psudoknots in RNA
transcript has diverse impact on the integrity and stability of molecules,
which directly effect on many processes including ribosomal frame-
shifting, regulation of translation and splicing, and gene expression
(Ren et al., 2005). Thus, secondary RNA’s transcript’s structures of ERM
greatly support our observation of Ezr and Rad’s transcript behaviour,
in comparison to Msn, where Rad and Ezr elucidated instability with a
least psudoknotted structures. These finding directly contributes to-
wards co-relation of mRNA expression profile of Ezr and Rad to its RNA
secondary structures.

On a conclusory note, the levels of all ERM members were found
important for normal brain development of Mus musculus. The role of
Msn and Ezr were observed in embryonic and primary postnatal stages
which helps in brain tissues development whereas Rad helps in the
maturation of brain tissues along with Msn and Ezr.

4. Materials and methods

4.1. Ethical statement

Animal care and experimental procedure were carried out in ac-
cordance with ethical review board (ERB) of Forman Christen College
Lahore (FCCU), Pakistan and all the efforts were made to minimize the
animal suffering. Animals were dissected under general anesthetic
conditions and brain tissues were surgically separated.

4.2. Animal care and usage

In the present study, C57/B6 mice were used for experimental
procedures. Breeding and housing conditions were highly standardized,
facilitating a reliable environment. Durable cages were used, resistant
to heat and chemicals. Nutritionally adequate diet was provided to
mice. Temperature maintained at 24C and humidity level was between
50–70%. For each pregnant mice housing was single and for postnatal
mice, it was group housing. Five pregnant mouse with 8–10 embryos
were used, total 40–45 embryos were utilized for the study of each
developmental stage.

4.3. Isolation of brain tissue and total RNA extraction

The day of vaginal plug detection was determined as first gesta-
tional day E.05. E10.5, E14.5 and E18.5 stages were identified on the
bases of the plug dates. Developmental stages were chosen in according
to data available from Mouse Atlas of Gene Expression (http://www.

mouseatlas.org). Pregnant mice with specific embryonic days were
anaesthetized by intraperitoneal injection of isoflurane (2-chloro-2-
(difluoromethoxy)-1, 1, 1-trifluoroethane). Anaesthetized mothers were
operated and embryos were separated from their uterine horns in
25mM phosphate buffer saline medium. Whole brain tissues were
isolated and immediately processed for RNA extraction using TRIzol
reagent (Sigma) according to manufacturer's instructions. RNA quali-
tative and quantitative analyses were done on Nanodrop 2000 (Thermo
scientific) of all RNA samples.

4.4. Primer designing and cDNA synthesis

Primers used for the amplification of target cDNA were designed
from cross exon regions of sequences (NC_000086.7, NC_000083.6,
NC_000075.6 and NC_000072.6) available in databank (www.ncbi.nlm.
nih.gov). All sequences were aligned using clustalW (www.ebi.ac.uk/
Tools/msa/clustalw2/) and primers (Table 1) were designed with the
help of primer designing tool of the National Centre for Biotechnology
Information databank (http://www.ncbi.nlm.nih.gov/tools/primer-
blast/). Freshly prepared total RNA was used for first strand cDNA
synthesis. 1 μg of total RNA was used to prepare the cDNA library by
using oligodt and M-MLV reverse transcriptase (Thermo scientific
#K1631) according to manufacturer’s protocol. The presence of tran-
scripts by conventional polymerase chain reaction. Reaction mixture
(25 μl) was prepared by adding 1 μl of first strand cDNA, 2.5 μl 10x Taq
buffer (Thermo scientific), 2 μl MgCl2 (2.5 Mm), 2 μl dNTP mix
(2.5 mM), 2 μl forward primer (10μM), 2 μl reverse primer (10μM)
(Table 1), 1.5 μl Taq Polymerase (1U). PCR analysis was carried out
using thermocycler (Nyx Technik Amplitronyx Series 4 A4). The am-
plification conditions are as follows: initial denaturation at 94 ℃ for
3min followed by 35 cycles of denaturation at 94 ℃ for 45 s, annealing
at 58 ℃ for 30 s and extension at 72 ℃ for 1min. Final extension was
carried out at 72 ℃ for 7min.

4.5. Secondary structure configuration of ERM transcripts

ERM member’s mRNA transcripts sequences alignment was done
using LocARNA web available server (http://rna.informatik.uni-
freiburg.de/), by Bioinformatics Group at Department of Computer
Science, Albert-Ludwigs-University Freiburg (Will et al., 2012, 2007;
Smith et al., 2010). The prediction of RNA sequence homologies on the
bases of LocARNA scores evaluates both sequence and structural simi-
larity. RNA Secondary structures of ERM mRNA sequences were com-
puted by using NUPACK RNA analysis software (www.nupack.org) by
Caltech, California USA (Zadeh et al., 2011a; Dirks and Pierce, 2003,
2004; Zadeh et al., 2011b).

Pseudoknots configurations of the coding transcript were obtained
using web available Probknot server (http://rna.urmc.rochester.edu/)
developed and maintained by Methews labs at University of Rochester
medical centre. For the evaluation of the predicted pseudoknots, pairs
were found using an algorithm and each base pair is calculated ac-
cordingly (Reuter and Mathews, 2010; Mathews et al., 2010; Bellaousov
and Mathews, 2010).

4.6. Quantification by real-time PCR

qRT-PCR was done for expression of moesin, ezrin and radixin
transcript in brain tissues at various pre and post-developmental stages.
Primers for qRT-PCR were designed on GenScript, an online tool for
primer designing. Primer’s specificity was determined by NCBI BLAST
tool and moreover, manually. The relative expression fold difference of
genes was calculated using ΔΔCT value calculations. The reaction
conditions were optimized by determining the primer concentrations.
The qPCR analysis was performed in CFX96 Real-Time PCR (Bio-Rad)
using SYBER Green 1 mix. The reaction mixture was comprised of
components from qPCR kit for SYBER Green 1 (Thermo Scientific

Table 1
Sequences of primers for Msn, Ezr, Rad and gapdh for qRT-PCR.

Gene ID Primer’s Sequence (5’- 3’) Amplicon size

GAPDH ‘5- CCCCTTCATTTGACCCTCAACTAC -3’ 250
‘5- CCTTTTGGCTCCACCCTT -3’

Msn ‘5- TGAGCAGGATGAGAATGGAG -3’ 137
‘5- AAGTAAGGGCCTTCAGATGC -3’

Ezr ‘5- GAGGGATGCTCAAGGACAGT -3’ 121
‘5- ACTCCAAGCCAAAGGTCTGT -3’

Rad ‘5- AGAAGAAGAGGCGAGAGACG -3’ 128
‘5- CTGCTCGGAGAGCTCTTTCT -3’
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fermentas), both forward and reverse primers and 1 u l of diluted cDNA,
GAPDH was used as housekeeping gene (Glare et al., 2002). All samples
were used in triplicates. The cyclic conditions for qPCR, Initial dena-
turation at 94 °C for 5min. Total thirty five cycles were adjusted on
optimized thermocycling condition, denaturation was again at 94 °C for
45seconds, annealing at 58 °C for 15seconds whereas extension was at
72 °C for 45seconds. The final extension was given at 72 °C for 5min-
tues. Data was statistically analyzed by One way ANOVA and tran-
scriptional expression difference were studied by ΔΔCT value analysis.
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