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Abstract
As a ubiquitous protein in the body, Purα has been
considered to possess multiple regulatory functions from
DNA replication and transcription to RNA transport and
translation. The recent studies have proved that Purα
protein played a vital role in neuronal development with
the solid and abundant evidence both in transgenic mice
and human genetic DNA analysis. The Purα knocked out
mice models have been successfully established in two
independent research groups and their results
demonstrated that lack of Purα alters postnatal brain
development. Mice lacking of Purα display decreased
neurogenesis and impaired neuronal development. In the
mouse brain, the expression level of Purα seems to be
regulated with brain development. It starts to express
Purα after birth and quickly reach to highest level in the
third week. The recent studies also have proved that
some neurodegenerative disease also linked with Purα,
such as fragile X-associated tremor/ataxia syndrome.
rCGG-mediated neuronal toxicity could be modulated by
heterogeneous nuclear ribonucleoprotein A2/B1 and
Purα, which is rCGG-repeat-binding proteins. The 5q31.3
Microdeletion Syndrome is another disorder that is
associated with the mutation of Purα gene, it has been
demonstrated that all the symptoms such as the
neurocognitive impairment, neurodevelopmental delay
and learning disability are caused by the mutation of Purα
gene. In this mini review, we will retrospectively review
the current progress of Purα in neuronal development
and try to figure out the connections between these
observed phenomena and the biological function of Purα.
Keywords: Purα; Neuronal development; Gene mutation;
Knock out; Seizures

Introduction
Purα [1], encoded by PURA gene, could bind to singlestranded DNA and RNA [2,3] in a sequence-specific way. Purα
is a highly conserved protein throughout the whole evolution;
it has been reported that between mouse and human beings,
there are only 2 amino acid residues differences in the
sequence of all the 322 amino acids of Purα [3]. Purα has a
broad potential functions, the increasing research works have
demonstrated that the initiation of DNA replication, gene
transcription, and the compartmentalized mRNA translation
[4-6]. In addition, Purα is also involved in cell cycle regulation,
oncogenic transformations [1,7-9], and DNA repair [10,11].
Purα is though expressed in every metazoan tissue [5], it
predominantly plays a regulatory function in the
developmental stage [12,13] in a tissue-specific way. Although
the precise roles of Purα in the brain are still debatable, most
of the current research works demonstrated that Purα possibly
participates both in neuronal proliferation and in the
maturation of dendrites. In Purα knock out mice, the animals
look normal at birth, but soon develop neurological deﬁcit at 2
weeks of age, and die within 4 weeks [14]. Another recently
discovered neurodegenerative disorder is fragile X-associated
tremor/ataxia syndrome [15], the adult carriers of premutation
alleles (55 to 200 CGG repeats) of the fragile X mental
retardation 1 [16] gene [17,18] would be affected. In addition,
another neuronal developmental disorder linked with Purα is
5q31.3 Microdeletion Syndrome reported by Lalani et al. [19]
and Hunt et al. [20]. For more detailed information about Purα
please refer to the review written by Johnson [5,21], White
[22] and Chai et al. [23]. In this review, we will mainly discuss
the functions of Purα protein on the neuronal development,
the transgenic model of Purα as well as the functions of Purα
on neurological disorders.

Overview of Purα and its functions on neuronal
development
Purα is a ubiquitous nucleic acid-binding protein originally
purified from mouse brain. Purα has an ability to bind to a
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DNA sequence derived from the promoter of the mouse
myelin basic protein gene [12,24]. Human Purα possesses an
ability to bind to a DNA sequence presented upstream of the
human c-Myc gene. The Purα cDNA was cloned from HeLa
cells and its sequence was also analyzed [3]. Purα has a very
high conservation in their sequence and there is only 2 out of
322 amino acid residues different between the mouse [25] and
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human beings [2]. Same as other transcriptional factors, Purα
also has a modular structure with a central-binding domain
containing 3 class I repeats and 2 class 2 repeats. There is a
glycine-rich domain in its N-terminal and a “psycho” domain
and glutamine-rich domain and glutamate-rich domain in its Cterminal. Its DNA binding domain is intensely conserved
throughout evolution [22] (Figure 1).

Figure 1 The structure of Purα protein.
Pur family includes three different proteins, Purα, Purβ [2]
and Purγ. Since they use the alternative polyadenylation sites
[26], there are two isoforms existed, and in almost every
metazoan tissue can detect the expression of Pur proteins [5].
As a multifunctional protein, Purα [5] can bind to both DNA
and RNA and because of this property, it has been reported
that the initiation of DNA replication, control of transcription
and mRNA translation [2,4] are all associated with Purα. It has
been reported that the DNA sequences close to viral and
cellular origins of replication could be associates with Purα,
Purα might have an ability to destabilize DNA helix [27], as we
know that the initiation of transcription and replication
requires unwinding of duplex DNA, the critical role of Purα in
neuronal development and synaptogenesis is undoubted.
Being a multifunctional protein, Purα binds to single-stranded
nucleic acids in a sequence-specific way to fulfill its regulatory
functions in many critical life activities, which could be the
reason why its structure is strongly conserved through the
evolution [5]. The extensive characteristics of Purα is its ability
to bind to single-stranded DNA and RNA in a sequence specific
way, therefore, it has been originally cloned from HeLa cell
according to its affinity for a single-stranded DNA element with
the sequence GGNGGN [2]. Since Purα plays critical roles in
DNA replication and gene transcription [4,5], the increasing
research works reported that it also acted as a critical
component in the compartmentalized translation of RNA [6].
In addition, as a comprehensively expressed protein, Purα
plays developmental and tissue-specific regulatory roles in the
central nervous system [14,24]. Khalili et al. reported that
during embryogenesis period Purα protein levels kept in a
quite low level in mouse brain, but after the first postnatal
week, it quickly begin to increase and reach their peak at 18
days postnatal. From then on, Purα is retained at
comparatively high levels in the adult brain [14]. Consequently,
these data suggest that Purα levels inversely correlate during
mouse brain development.
The distribution of Purα in neurons is specific and it has
been reported that Purα is mainly expressed in the cytoplasm,
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particularly in dendrites at branch points [6]. Interestingly,
Purα is also to be found in a complex form with polyribosomes
and heterogeneous nuclear ribonucleoproteins (hnRNP)
proteins existed in the neuron. Purα knockout mice die shortly
after birth with a variety of organ defects [14]. In particular,
mice lacking Purα show neurological dysfunction, and
histopathological examination of knockout mouse brains has
shown defects in neuronal cell development and
differentiation which leads to neuronal dropout as well as
abnormal and delayed corticogenesis. Defects in dendrite
development throughout the cortex, the hippocampus, and
the cerebellum were observed [14,28]. Hippocampal neurons
fail to form synaptic connections in the absence of Purα, as
visualized by a significant lack of post-synaptic density-95
(Psd95) foci. Similar, a possible role in regulation of immune
cell function and response to hypoxia has also been attributed
to Purα [28].

Postnatal brain development was affected
when Purα has been disrupted in knock out
mice model
Previous experiments have demonstrated that Purα is
essential for postnatal development and developmentally
coupled cellular proliferation in the mouse. Khalili et al. [14]
has reported that when both alleles of PURA gene have been
disrupted, the mice displayed special features. The mice seem
normal at birth, but gradually developed neurological
problems at 2 weeks of age, also companied with some
abnormal signs such as severe tremor and spontaneous
seizures. The mice were bound to die by 4 weeks.
Histological examination demonstrated that the numbers of
neurons in regions of the hippocampus and cerebellum in
PURA knock-out mice was much less than that in the agematched wild type littermates, and also, lamination of these
regions is deviant at time of death. MCF7 is a protein marker
for DNA replication, the PURA knock-out mice demonstrated
that the proliferation of precursor cells is deficient in these
This article is available from: http://www.jneuro.com
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regions when MCF7 levels were immunohistochemically
analyzed. These phenomenon were also observed in several
other tissues, such as those of myeloid linage, but in
heterozygous mice, these aberrant phenomenon is relatively
less severe than that in homozygous mice. Histological
examination also demonstrated that the level of myelin and
glial fibrillary acidic protein were reduced both in
oligodendrocytes and astrocytes, which implies that these cells
undergo a pathological development. A crucial time for
cerebellar development appears at the 5th day after birth, as a
signal protein marker for these is the Purα and Cdk5, the
expression level of them were both in their highest levels in
bodies and dendrites of Purkinje cells of wild type mice, in
normal
condition,
Purα
and
Cdk5
can
be
coimmunoprecipitated from brain lysates of wild type mice,
but unfortunately, both of them were missing in dendrites of
PURA knock-out mice. In accompany with these observation,
the level of both phosphorylated and non-phosphorylated
neurofilaments in dendrites of the Purkinje cell layer and of
synapse formation in the hippocampus were all remarkably
reduced with immunohistochemical studies. All above
discoveries indicate that Purα participates in the
developmentally timed DNA replication in specific cell types,
this might be a new arising role of Purα in compartmentalized
RNA transport and translation in neuronal dendrites [14].
Interestingly, another comparable work reported by
Hokkanen et al. reported that deficiency of Purα changes
postnatal brain development and gives rise to
megaloencephaly [29]. In their generated Purα-deficiency mice
model, they found that the mice were born with no obvious
pathological condition and could be raised to 6 months but not
died at week 4 as reported by Khalili’s work. Hokkanen thought
that the postnatal proliferation of neuronal precursor cells
both in the hippocampus and in the cerebellum were only
extended when Purα was disrupted, but the overall number of
post mitotic neurons were not affected. In previous studies,
the transition of dendritic protein MAP2 is thought to be Purαdependent, Hokkanen’s work also found the changes of this
protein’s expression and distribution. Same as Khalili’s work,
they also found that the PURA knock-out mice developed a
continuous tremor at the age of 2 weeks and this symptom
continued throughout lifetime; this observation is consistent
with Khalili’s report, it indicates that disruption the
endogenous level of Purα expression would be associated with
the onset of epilepsy, this phenomenon is also confirmed by
other researches related to the changes of Purα [19,20], about
this we will discuss later in the review.
In contrast to Khalili’s work, some other new findings such
as a megaloencephaly, axonal swellings and hyper
phosphorylation of neurofilaments were observed in PURA
knock-out mice. Nevertheless, both of these two research
works confirmed the effects of Purα on the brain
development, but there are still some differences on the
observed phenotypes, especially whether the Purα knock-out
mice die at the 4th week after the birth or can live to the
adulthood, the reason for this is not very clear right now.
Hokkanen’s work did not show the western blotting results of
the of expression level of Purα in their knock out mice, the
© Copyright iMedPub
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efficiency of knock out of Purα is complete or not, or it might
be only a truncated form of Purα being knocked out, all of
these has to be considered as a reason for this differences.

PURA mutation is associated with 5q31.3
Microdeletion Syndrome
5q31.3 Microdeletion Syndrome is a rare disorder and firstly
reported by Shimojima et al. [30], which is characterized by
severe developmental delays, distinctive facial features, and
delayed myelination. The subsequent researches continually
reported this new discovered disorder associated with
neuronal abnormalities, including neonatal hypotonia,
encephalopathy, and severe developmental delay, with or
without seizure. All the researches demonstrated that the
disorder is linked to the minimal critical deletion interval
harbors three genes [30-33].
Recently, Lalani et al. has reported 11 individuals with
clinical features of 5q31.3 Microdeletion Syndrome and they
found de novo mutations in PURA within the critical region
[19]. And their data demonstrated that the severe neurological
abnormalities observed in this syndrome is caused by the
mutation of PURA gene. Among 2908 successive subjects, 11
individuals were found to have de novo heterozygous
mutations in the single-exon gene PURA, in which there were
four truncating (three nonsense and one frameshift), five
missense and two in-frame deletions. All 11 individuals
appeared significant hypotonia at birth, other symptoms
included respiratory insufficiency (central and obstructive
sleep apnea and recurrent pulmonary aspiration). Since the
patients often encountered early-onset feeding difficulties
with moderate dysphagia and evidence of tracheal aspiration,
nasogastric or gastric-tube feeding were often required.
Another common features observed in the subjects with
5q31.3 Microdeletion Syndrome is their myopathic facies,
which were characterized as an open mouth and high arched
palate. There were 4 out of 11 individuals presented with
hypomyelination or myelin-maturation delay when checked by
brain-imaging studies. Another frequently observed symptoms
in infancy were myoclonic jerks which caused 6 out of 11
children to progress to develop epilepsy. Most individuals had
abnormal EEG and two individuals were diagnosed LennoxGastaut syndrome. It has to be pointed out that the exome
sequencing is a valuable method for the diagnosis of this
disorder and it is helpful distinguish this disease with other
disorders. All the above mentioned results indicate that severe
neurodevelopmental profile of 5q31.3 Microdeletion
Syndrome is closely associated with PURA mutations since all
the individuals with this mutation share the common pattern
of clinical manifestations.
A similar results was reported by Hunt et al. they found de
novo mutations of PURA in family trios, which causes severe,
sporadic, undiagnosed neurodevelopmental delay and learning
disability through a whole exome sequencing [29]. There were
four subjects has been identified with this de novo mutation
which causes the structural changes of the PURA encoded
protein Purα, usually it is considered as a transcriptional
activator. The four mutations including two different
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frameshifts, one in-frame deletion and one missense mutation
had been identified through a whole exome sequencing.
Although the phenotype of the mutations in this gene is
variable, the clinical manifestations are common to all
individuals,
which
included
moderate
to
severe
neurodevelopmental delay and learning disability, neonatal
hypotonia, early feeding difficulties and seizures, or ‘seizurelike’ movements. In addition to the above findings, this
disorder might also be associated with anterior pituitary
dysregulation. When Purα repeat III was disrupted, a more
severe phenotype appeared, so it is reasonable to think there
might be a possible genotype-phenotype correlation existed in
the brain though psychomotor developmental outcomes seem
variable among patients.

Purα and Fragile X Tremor/Ataxia
Syndrome
Fragile X syndrome is previously described by Mareni et al.
[31] reported that individuals with the form of X-linked mental
retardation is associated with the presence of a cytologically
variant X chromosome in which there is a secondary
constriction or "fragile site" at Xq 27-28 (Fra X) existed. From
then on, the increasingly research works focused on this field
and confirmed that this disorder is caused primarily by
expansion of the CGG trinucleotide repeat in the 50
untranslated region (50 UTR) of the fragile X mental
retardation 1 (FMR1) gene [34,35]. It has been demonstrated
that fully affected individuals have more than 200 CGG repeats
that are referred to as full mutation alleles, whereas the
normal individuals generally only possess between 5 and 54
repeats. The FMR1 gene is considered as precursor of full
mutation alleles when they expanded, they can change from a
premutation alleles into full mutation form through genetic
instability during maternal germline transmission [35]. The
premutation carriers of fragile X-associated tremor/ataxia
syndrome (FXTAS), which is considered as a recently identified
neurodegenerative disorder, were all found in male and female
individual carriers [32,33]. Although the incidence to develop
FXTAS is much higher in male carriers, female carriers also can
develop FXTAS [33]. There is the ubiquitin-positive intranuclear
inclusion present in both neurons and astrocytes throughout
the brain and it has been considered as the remarkable
neuropathological features of FXTAS [32] and the progressive
intention tremor, gait ataxia, parkinsonism, autonomic
dysfunction, and cognitive decline were comprised of the most
common clinical manifestations of FXTAS [36]. Additionally,
the marked dropout of Purkinje cells, Purkinje axonal
torpedoes, and Bergmann gliosis were also observed in the
cerebellum of FXTAS patients. Immunohistochemical
examination demonstrated that there was no intranuclear
inclusions present in Purkinje cells, and they appeared in the
dentate nucleus in a small number of neurons and diffusely
distributed in cerebellar astrocytes [37].
The research work from Jin et al. demonstrated the
mechanism of Purα in the FXTAS syndrome, they successfully
established a Drosophila model of fragile X tremor/ataxia
syndrome in which they found that Purα could bind to rGGG
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repeats and modulate repeat-mediated neurodegeneration
[16]. They suggested that rCGG-repeat-binding proteins (RBPs)
(in which Purα and hnRNP A2/B1 has been identified as RBPs)
may be sequestered from their normal function by rCGG
binding since transcribed premutation repeats alone are
sufficient to cause neurodegeneration. They also show that
Purα and rCGG repeats interact in a sequence-specific way and
it is strongly conserved through evolution. rCGG-mediated
neurodegeneration could be suppressed with overexpression
of Purα in Drosophila in a dose-dependent way. Additionally, it
also has been illustrated that Purα existed in the inclusions of
FXTAS patient brains. Above all, it is not difficult to conclude
that Purα plays an important role in the pathogenesis of FXTAS
since rCGG repeat sequestration of specific RBPs and result in
neuronal cell death.
Interestingly, the research work from another group
supports Jin’s work. Tan et al. [38] also found that in an FXTAS
Drosophila model, gypsy, a specific retrotransposon, played an
important role in the regulation of rCGG-mediated
neurodegeneration when it was activated. On the other hand,
the neuronal toxicity caused by rCGG repeats could be
suppressed when gypsy was knockdown. They also found that
hnRNP A2/B1, one of the rCGG-repeat-binding protein is
involved in this process through interaction with
heterochromatin protein 1. All these findings indicate an
important role for retrotransposition in neurodegeneration
[38].
The role of Purα in rCGG-mediated neurodegeneration was
further investigated by Qurashi et al. [39]. They identified
more than 100 proteins that interact with Purα through a
proteomic approach. It is interesting to notice that rCGGmediated neurodegeneration could be regulated by Rm62,
which is a kind of p68 RNA helicase existed in Drosophila. The
expression of Rm62 could be reduced post-transcriptionally by
rCGG repeats and result in the Hsp70 transcripts accumulated
in the nucleus and, which will act as additional mRNA to
participate in stress and immune response. All these data
might point to a new mechanism of FXTAS pathogenesis in
which, the nuclear exports were impaired by these mRNA
abnormally accumulated inside the nucleus.

Conclusions
Pura is an important transcriptional factor in different
cellular processes. Purα plays a critical role in the developing
and mature brain and targeted disruption of the PURA gene in
both alleles has also confirmed its functions in postnatal brain
development. Purα-deficient mice appear a serial pathologic
phenotype in neuronal system manifested by severe tremor
and spontaneous seizures. The neuronal cells were found very
low in number in hippocampus and cerebellar regions in
addition to many other abnormalities. Although other similar
work demonstrated that the PURA-/- mouse can be raised to 6
months without dying, but the brain development was altered
when Purα is knocked out. Both model displayed the
phenomenon that disruption the Purα expression will lead the
mouse to induce seizures. All these results indicate some
connections between Purα and epilepsy.
This article is available from: http://www.jneuro.com
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Purα is also associated with 5q31.3 Microdeletion Syndrome
and the mutation of PURA would be the cause of this disorder,
which has been approved by different individual research
groups. The patient with 5q31.3 Microdeletion Syndrome
displayed severe neurological conditions, including neonatal
hypotonia,
feeding
difficulties,
an
abnormal
electroencephalogram(EEG), hypomyelination and severe
psychomotor delay, the spontaneous seizure or tremor is also
observed in the patient. With whole exome sequencing
analysis, it has been confirmed that the mutation of Purα can
cause this disorder.
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