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Abstract
Autosomal recessive mutations in the ALS2 gene have been linked to juvenile-onset amyotrophic
lateral sclerosis (ALS2), primary lateral sclerosis and juvenile-onset ascending hereditary spastic
paraplegia. Except for two recently identified missense mutations, all other mutations in the ALS2
gene lead to a premature stop codon and likely abrogate all the potential functions of alsin, the protein
encoded by the ALS2 gene. To study the pathologic mechanisms of ALS2 deficiency, four different
lines of ALS2 knockout (ALS2−/−) mice have been generated by independent groups. The loss of
ALS2/alsin does not have a drastic effect on the survival or function of motor neurons in mice.
However, subtle deficits observed in the behavior and pathology of these mice have aided in our
understanding of the relationship between alsin and motor neuron dysfunction. In this review, we
summarize and reconcile major findings of ALS2−/− mice and attempt to place these results within
the larger context of modeling recessive movement disorders in mice.
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Introduction
Amyotrophic lateral sclerosis (ALS), the most common motor neuron disease, lies within a
spectrum of heterogeneous syndromes that lead to the selective degeneration of upper or lower
motor neurons [1]. Unlike ALS, where both the upper and lower motor neurons are specifically
compromised, only the upper motor neurons are affected in primary lateral sclerosis (PLS) and
hereditary spastic paraplegia (HSP) [2]. Mutations in the abundant free radical scavenging
enzyme, superoxide dismutase 1 (SOD1), were first described 13 years ago, and account for
nearly 20% of all familial ALS [3]. Since the identification of SOD1, four other genes causative
for ALS have been identified, and at least six other loci have been mapped, with the majority
of the pedigrees carrying dominant modes of inheritance [4]. These genetic links are excellent
tools for studying motor neuron disease, since the sporadic and familial forms appear to share
a common pathogenesis based on their similar clinical and histopathological phenotypes. To
date, only two loci have been mapped that carry autosomal recessive forms of ALS, and of
these, only mutations in the gene ALS2, linked to chromosome 2q33, have been identified [2,
5]. To date, at least 12 different mutations in the 34 exons of the ALS2 gene have been described
in African and Asian families with juvenile ALS and PLS, and in European and Asian families
with HSP (fig. 1). With the exception of two recently identified homozygous missense

Dr. Huaibin Cai Unit of Transgenesis, Laboratory of Neurogenetics, National Institute on Aging National Institutes of Health, Building
35, Room 1A116, MSC 3707 35 Convent Drive, Bethesda, MD 20892-3707 (USA) Tel. +1 301 402 8087, Fax +1 301 480 2830, E-Mail
caih@mail.nih.gov

NIH Public Access
Author Manuscript
Neurodegener Dis. Author manuscript; available in PMC 2008 September 30.

Published in final edited form as:
Neurodegener Dis. 2008 ; 5(6): 359–366. doi:10.1159/000151295.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mutations at the amino terminal [6,7], the majority of mutations lead to the generation of a
premature stop codon, resulting in protein instability and loss of function of alsin, the protein
encoded by the ALS2 gene [8]. The relationship between the missense mutations and alsin
function is unclear.

Alsin, encoded by the full-length ALS2 gene, is predicted to have a molecular mass of 184 kDa,
and has three putative guanine nucleotide exchange (GEF) domains: a regulator of chromosome
condensation 1 (RCC1)-like domain (termed RLD), a diffuse B-cell lymphoma (Dbl)
homology/pleckstrin homology (DH/PH) domain, and a vacuolar protein sorting 9 (VPS9)
domain (fig. 1). Additionally, eight consecutive membrane occupation and recognition nexus
(MORN) motifs have been identified in the region between the DH/PH and VPS9 domains
[2,5]. The short splicing variant of alsin only contains part of the RLD domain (fig. 1). Of the
reported mutations to date, only four found in the RCC1 domain region are expected to affect
both forms of the protein, and of these, the two nearest to the amino-terminus result in frame-
shift mutations that are responsible for the development of juvenile ALS (ALS2). This
observation has led to the speculation that an intact short form of alsin may protect lower motor
neurons and be responsible for the varying severity of clinical phenotypes [2]. However, there
have been a number of observations since the initial two reports identified disease-causing
mutations that suggest that a simple genotype-phenotype correlation may not exist for these
ALS2 cases. Nearly half of the patients in the Tunisian kindred that developed juvenile ALS
through ALS2 mutations did not show EMG denervation, a diagnostic criteria for lower motor
neuron degeneration [9]. Additionally, the 1130delAT mutation affects both the long and short
forms of the alsin protein, yet it leads to the development of infant-onset HSP without affecting
the lower motor neurons [10]. An in vitro study on the stability of each of the truncated proteins
generated by the disease-causing mutations found that all of the mutants were unstable, and
surprisingly, they decayed at a half-life comparable to the equally unstable alsin short form,
further suggesting that the splicing variants may be an unsuitable marker for clinical phenotype
[8]. Furthermore, since no truncated forms of alsin were detected in the lympho-blasts derived
from ALS2 patients [8], it excludes the potential gain of toxic function of these truncated
proteins, suggesting that ALS2 and related motor neuron diseases are caused by the loss of
function of alsin.

After the identification of the first mutations in ALS2, six independent studies on ALS2−/− mice
have since been published [11–16]. In this review, we summarize these recent findings related
to ALS2−/− mice and attempt to provide a perspective on the emerging pathways that may link
the different forms of motor neuron diseases.

Generation of ALS2−/− Mice
ALS2 mRNA is ubiquitously expressed in the central nervous system and non-neuronal tissues,
with the cerebellum and kidney showing the highest enrichment, and spinal cord and heart
showing the lowest [2,5]. With the exception of the liver, which appears to show selective
augmentation of the short form, the distribution of both splice variants appears to be similar at
the mRNA level. Interestingly, the short splicing variant of the mouse ALS2 gene is longer
than the human counterpart, which contains the first 13 exons of the ALS2 gene and encodes
the entire RLD domain of alsin [12,14]. Protein expression largely mirrors mRNA expression,
although the short form is undetectable, possibly due to a short half-life [8,12,14,17].

To completely abolish all of the potential functional domains of alsin, all six studies chose to
disrupt exons 2–4 of the ALS2 gene to generate the knockout mice (table 1) [11–14]. Cai and
Hadano used the same gene targeting strategy in which they deleted and replaced the 39 base-
pair BamHI fragment in exon 3 of the ALS2 gene with a neomycin gene selection cassette.
Devon deleted and replaced ALS2 exons 3 and 4 with a promoter trap vector, and Yamanaka
inserted a stop codon in exon 4 and replaced the remaining 3′ of exon 4 and a portion of intron
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4 of the ALS2 gene with the neomycin gene. Julien and Deng replaced exon 2 and part of exon
3, and exon 4 and part of exon 3 with the neomycin cassette, respectively. For the source of
DNA used in constructing the targeting vectors, Cai and Hadano used the DNA from 129X1/
SvJ (129X1) substrain, and Yamanaka and Deng used the DNA from 129S6/SvEvTac (129S6)
substrain. The origin of Devon and Julien's DNA constructs is unclear. All mice used in the
six studies are of C57BL/6 and 129 hybrid background. It appears that different substrains of
mouse embryonic stem (ES) cell lines were also used by the four groups for gene targeting,
including lines 129X1 (Cai), 129P2/Ola (129P2, Hadano), 129S1/SvImJ (129S1, Devon) and
129S6 (Yamanaka and Deng). Since 129 substrains vary extensively in their genomes (43%
of loci contain polymorphism among the 129 substrains, compared to 65% of polymorphism
between 129 substrains and C57BL/6J [18]), the different substrains of ES cells used in these
four publications may partially contribute to discrepant phenotypes observed from different
lines of ALS2−/− mice.

To confirm a complete abolishment of alsin expression, different antibodies against either the
N- or C-terminals of alsin were used in these four papers; no full-length nor truncated alsin
was detected in all six lines of ALS2−/− mice [11–14]. Although an undetectable level of either
N- or C-terminal truncated alsin may exist in these mice, it is very unlikely to contribute to the
knockout phenotypes.

General Observations on ALS2−/− Mice
ALS2−/− mice are viable, fertile, and display no obvious developmental abnormalities.
Offspring derived from heterozygous crosses are born in normal mendelian distribution.
Because muscle wasting and the resultant body weight loss are often associated with the onset
of motor neuron diseases [19], the body weights of ALS2−/− mice were monitored by all four
groups. Cai found that male ALS2−/− mice were significantly heavier compared to wild-type
littermates after 12 months of age [11]. The body weights of ALS2 heterozygous knockout mice
were between the ALS2 homozygous knockout and wild-type littermates, suggesting an alsin
dose-dependent effect on body weight control [11]. A trend of increasing body weight was also
observed by the other groups, but it did not reach statistical significance. In addition, Hadano
et al. [12] observed a number of female ALS2−/− mice exhibiting excessive body weight. Since
all ALS2−/− mice used in these four papers have a 129 and C57BL/6J hybrid background, and
C57BL/6J mice display a high susceptibility to diet-induced obesity, it may be necessary to
breed knockout mice with a C57BL/6J congenic background and use the same diet to determine
if alsin affects body weight control.

Motor Behavior of ALS2−/− Mice
To identify potential motor behavior abnormalities associated with ALS2−/− mice, Cai applied
the primary screen of the SHIRPA test battery [20] to a cohort of 12-month-old ALS2−/− mice
and their wild-type littermates. ALS2−/− mice displayed normal gait, grip, muscle tone, and
startle response. Cai found that ALS2−/− mice traveled significantly less distance within the
first 30 s than ALS2+/+ mice when transferred to a novel arena. Devon observed a similar
reduction of locomotor activity for their knockout mice in the open-field test, which lasted for
3 min. However, when Cai tested the same cohort of mice in the open-field test for 30 min,
they failed to detect any reduction in locomotor activities in ALS2−/− mice at both 12 and 20
months of age (table 2). Consistent with Cai's studies, Hadano monitored the movement of
ALS2−/− mice in their home cage for a prolonged period and did not detect any significant
change in locomotor activities. Later, Cai demonstrated that the decrease in locomotor activity
of knockout mice in the SHIRPA test is due to an increased anxiety response to a novel
environment when they were first introduced to the test chamber.
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In addition to the alteration of anxiety response, Cai and Deng found ALS2−/− mice perform
poorly in the rotarod test for motor coordination starting from 12 months of age (table 2). In
the same experimental paradigm, Yamanaka found that ALS2−/− mice began to show a motor
coordination problem at 5 months of age that worsened at 16 months of age. However, Hadano
and Devon did not observe a similar motor coordination deficit in their knockout mice. That
the acceleration of the rotating rod in Hadano's experiment was much faster compared to Cai's
and Yamanaka's may explain the different result in Hadano's paper. Cai also found that
ALS2−/− mice displayed motor learning deficits at 20 months of age, indicating that alsin,
which is most abundant in the cerebellum [5,8] , may participate in cerebellum-dependent
motor learning. Yamanaka ran a similar motor learning test for their mice at 5 and 16 months
of age, but did not find any significant alterations in motor learning. Thus, it appears that the
onset of motor learning deficit is quite late in ALS2−/− mice. Yamanaka also observed a
decrease in the running speed of ALS2−/− mice in the running wheel test starting from 5 months
of age. No similar test has been done on other ALS2−/− mice.

In summary, motor behavioral studies indicate that ALS2−/− mice display reduced locomotor
activity initially in a novel environment due to higher anxiety, exhibit a motor coordination
deficit in the rotarod test, and show reduced running speed in the running wheel test (table 2).
The lack of overt motor phenotypes in ALS2−/− mice may reflect differences in the organization
of the human and mouse motor systems. For example, the axons of upper motor neurons in
humans descend through the lateral cortical spinal tract and directly innervate lower motor
neurons in the spinal cord to control the movement. In rodents, there is no direct synaptic
connection between the lower and upper motor neurons, as upper motor neurons send their
axons mostly through the ventral medial cortical spinal tract and make synapses with the
interneurons in the spinal cord [21] . As revealed by previous genetic and clinical studies [2,
9,22–24] , most mutations in ALS2 preferentially affect the upper motor neurons. Conceivably,
the anatomical and potentially physiological discrepancy between the human and mouse upper
motor neurons may explain the relatively normal motor phenotype of the aged ALS2−/− mice.

The absence of severe motor phenotypes in ALS2−/− mice may also be related to gene
redundancy, in which genes with the similar function could compensate for the loss of function
of alsin. Recently, an alsin-related protein (ALS2CL) has been characterized, which is highly
homologous to the C-terminal half of alsin, including the MORN motif and VSP9 domain
[25] . ALS2CL has higher binding affinity to Rab5 than alsin, but it does not exhibit Rab5-
GEF activity. Co-expression of ALS2CL and Rab5 in HeLa cells induces the reorganization
of Early endosomal antigen 1 (EEA1)-negative endosomes by forming tabulated structures
[25] . In contrast, co-expression of ALS2 and Rab5 induces the enlargement of EEA1-positive
endosomes [17] , suggesting that ALS2 and ALS2CL play different roles in Rab5-mediated
endosomal trafficking. Thus, whether ALS2CL can compensate for the loss of alsin remains
to be established.

Pathology of ALS2−/− Mice
Consistent with the modest motor behavioral deficits observed in ALS2−/− mice, no major
neuropathological abnormalities have been found in these animals (table 3). No significant
difference has been observed in the numbers of cortical or spinal motor neurons between
ALS2−/− and wild-type control mice. While all the ALS2−/− models failed to demonstrate any
loss of upper or lower motor neurons, Hadano found a decrease in the number of small caliber
axons (1.4–4.5 μ m) in the ventral root of ALS2−/− spinal cord at 18 months of age. However,
Yamanaka only found a trend of insignificant decrease of large caliber axons in the ventral
root of knockout mice. Yamanaka instead observed a significant increase of swollen and
degenerating axons predominantly in the lateral column of ALS2−/− spinal cord at 16 months
of age. Approximately 20% of the corticospinal tract (CST) projects along the lateral column
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of spinal cord in mice, while the majority of CST rests at the dorsal medial columns. Julien
performed electron microscopy (EM) study on the CST and revealed the presence of
degenerative axons in CST of ALS2−/− mice at 18 months of age. Most recently, Deng provided
evidence of a significant degeneration at dorsal CST in ALS2−/− mice by amino-cupric-silver
staining. However, those studies are short to demonstrate that the degenerating axons indeed
belong to the CST. In the future, it may directly examine whether the axonal degeneration in
the CST of ALS2−/− mice by labeling the CST with anterograde tracers, such as biotinylated
dextranamine, or crossing with transgenic mice that express histological markers in CST.

Hadano found that calbindin-positive Purkinje cells were significantly decreased in ALS2−/−

mice at 18 months of age. The soma size of ALS2−/− Purkinje cells was also significantly
decreased. However, other groups could not detect similar changes in Purkinje cells of
ALS2−/− mice. Devon also reported a reduced soma size of layer V pyramidal neurons in the
sensory motor cortex of ALS2−/− mice, which has not been confirmed by the other groups.

Hadano also revealed a redistribution of type I slow muscle fibers and altered neuromuscular
junctions in aged ALS2−/− mice, which correlates with changes in single motor unit potential
and motor unit number estimation analyses. However, Cai did not detect any significant degree
of denervation potential by needle electromyography in ALS2−/− mice at 21 months of age. In
addition, the grip strength of ALS2−/− mice appeared normal [11,14] . Therefore, it remains to
be confirmed if there is any degeneration in neuromuscular junctions and muscle in the different
groups' ALS2−/− mice.

Microgliosis and astrocytosis markers were used by all four groups to assess inflammatory
responses in the spinal cord and cortical sections of ALS2−/− mice. Only Hadano detected
increased gliosis in ALS2−/− mice.

In summary, degeneration of CST is the most consistent pathology observed in multiple lines
of ALS2−/− mice. It could be worthwhile to re-examine the functional and morphological
alterations of upper motor neurons following CST degeneration in different ALS2−/− mice
strains in the future, because most ALS2-related mutations led to upper motor neuron disease
and previous clinical study suggested a potential denervation of CST in the spinal cord of ALS2
patients [10] .

Rab5-Dependent Endocytosis in ALS2-Deficient Cells and Neurons
Multiple in vitro biochemical and cell biology assays suggest that alsin dysfunction affects
endosomal trafficking through a Rab5 small GTPase family-mediated mechanism [12,13,17,
26] . However, the role of alsin in Rab5-mediated endosomal fusion remains controversial. To
determine whether alsin activates Rab5 and promotes endosomal fusion, several groups have
transfected full-length or truncated forms of alsin containing either the VPS9 domain alone,
or the VPS9 domain with other domains. While all forms of alsin could stimulate the release
of bound GDP from Rab5 subfamily GTPases in a cell-free GDP dissociation assay,
overexpressed full-length alsin was unable to stimulate Rab5-mediated endosomal fusion as
efficiently as truncated forms lacking the chromosome condensation 1 (RCC1)-like domains
(RLD) [17,26] . Analyses of a range of alsin deletion constructs suggest that multiple domains
influence Rab5-GEF activity. While an N-terminal fragment lacking the VPS9 domain
unsurprisingly lacks Rab5 GEF activity, C-terminal peptides containing solely the VPS9 are
also unable to promote Rab5 GEF activity [17] . This interplay between alsin domains in
regulating Rab5 activity results in interesting observations on the endocytic pathway.
Overexpression of wild-type Rab5A (Rab5) in cell lines promotes endosomal fusion, resulting
in the formation of large endosomal structures. The degree of fusion is enhanced if a
constitutively active form of Rab5 (Rab5Q) is expressed instead of Rab5 [27] . Co-expression
of Rab5 and a truncated alsin construct with solely MORN motifs and the VPS9 domain fail
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to replicate the enhanced endosomal fusion observed with the Rab5Q construct alone [17] .
This difference, however, is mitigated if the DH/PH domain is included with the MORN motifs
and VPS9 domain, suggesting that the DH/PH domain has a role in enhancing Rab5 activity
as well [17] . While much of the current literature suggests that DH/PH and VPS9 domains
with the MORN motifs are necessary to promote Rab5 activity in the endocytic pathway, a
regulatory role for the RLD domain has been also proposed [17] . Recently, two motor neuron
disease-related missense mutations (C156Y and G540E) have been identified within the RLD
domain, indicating that this domain also plays a very important role in the normal function of
alsin [6,7] . The RLD domain consists of a seven-bladed propeller formed from internal amino
acid repeats [28] . When only the RLD domain of alsin is expressed in cell lines, a diffuse
staining pattern similar to full-length alsin overexpression is observed, indicating a cytosolic
distribution [17,26] . Expression of alsin lacking the RLD domain in cell lines, on the other
hand, results in extensive vesicular localization associated with early endosome markers [8,
17] . Therefore, the RLD domain of alsin may prevent the association of activated Rab5 with
its downstream effectors located in early endosomes, suggesting that this domain acts as a
negative regulator of Rab5-mediated endosomal fusion.

Generation of ALS2−/− mice makes it possible to study the role of alsin in Rab5-dependent
endocytosis in vivo. In support of alsin's role in promoting Rab5-dependent early endosomal
fusion, Devon showed that the cytosol prepared from ALS2−/− mouse brains exhibited
significantly reduced endosomal fusion activities in a cell-free assay [13] . However, this
observation is not supported by their own cell-based endocytic studies in alsin-deficient
neurons [13] . Furthermore, Devon found that the accumulation of enlarged insulin-like growth
factor 1 (IGF1) receptor-containing early endosomes following IGF1 treatment was 1,000
times higher in ALS2−/− neurons as compared to wild-type controls [13] . In addition, Hadano
reported that ALS2−/− fibroblasts treated with epithelium growth factor (EGF) showed a delay
in EGF receptor-mediated endocytosis, which is supported by a similar study on neurons treated
with brain-derived growth factor by Devon [12,13] .

In summary, the dynamics of endosomal transport and fusion appear to be compromised in
cells derived from ALS2−/− mice. However, since alsin is also an activator of Rac1 GTPase
[26,29] , and Rac1 is involved in growth factor-induced endocytosis [30] , it is not clear that
the delayed endocytic responses in ALS2−/− cells is due to the dysfunction of a Rab5 or Rac1-
dependent pathway.

Alsin as a Risk Factor
One of the observations in post-mortem tissue from sporadic ALS patients is oxidative damage
to proteins, lipids, and DNA [31] . Although it remains unclear whether oxidative stress plays
a primary role in the progression of ALS, aberrant production of reactive oxygen species and
nitrogen species may contribute to the demise of motor neurons. In vitro studies showed that
alsin plays a protective role against mutant SOD1-mediated cell death through a Rac1/
phosphatidylinositol-3 kinase/Akt3 anti-apoptotic pathway, which is also involved in the
antioxi-dative stress response in cells [32] . In line with these studies, Cai found that the loss
of ALS2 rendered neurons more vulnerable to oxidative stress. However, no obvious effects
from the loss of alsin on motor neuron degeneration or survival in SOD1 G93A transgenic mice
was observed, suggesting that alsin plays a very limited role in protecting spinal motor neurons
from SOD1-mediated toxicity in vivo [33] .

Alsin also seems to protect neurons from glutamate-mediated excitotoxicity [34] . Glutamate-
mediated excitotoxicity, primarily by α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate
(AMPA)-type glutamate receptors (AMPAR) in spinal motor neurons, contributes to the
sporadic ALS [35] . AMPARs are tetramers composed of various combinations of GluR1-4
subunits. GluR2 is particularly important since GluR2-containing AMPARs are calcium-
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impermeable, and neurons lacking GluR2-containing AMPARs are more vulnerable to
excitotoxicity [35] . The presentation of GluR2 at the synaptic surface is dynamically regulated
through its binding proteins, including glutamate receptor interacting protein 1 (GRIP1).
GRIP1 transports GluR2 to dendrites and anchors GluR2 to both postsynaptic membrane and
intracellular compartments [36,37] . The RLD domain of alsin appears to interact with the
PSD-95/Dlg/ZO-1 (PDZ) domains of GRIP1, and loss of alsin alters the subcellular localization
of GRIP1. This correlates with a reduction of GluR2 at the cell/synaptic surface of ALS2−/−

neurons, resulting in an increased vulnerability of these neurons to excitotoxicity. This study
reveals a novel function of alsin in AMPAR trafficking and provides a novel molecular pathway
linking alsin deficiency with motor neuron degeneration, which may serve as a therapeutic
target for the treatment of ALS2 and related motor neuron diseases.

Conclusions
Four different lines of ALS2−/− mice have been generated independently with variations in
targeting vector, ES cell line, and probably housing conditions. As a result, while several
observations are relatively conserved across the different reported mouse knockouts, some
discrepancies are notable and help illustrate the difficulties in assigning phenotypes to mouse
models. Unlike the striking behavioral and pathological phenotypes generated from transgenic
mice overexpressing mutations in SOD1 [4] , ALS2−/− mice do not develop overt motor neuron
disease caused by substantial motor neuron degeneration [11–14] . However, ALS2−/− mice
did show signs of CST degeneration [14] , which is consistent with previous clinical
observations of potential denervation of CST in ALS2 patients [10] . Although the exact
mechanism is unclear, the lack of overt motor and pathological phenotypes in ALS2−/− mice
may reflect the intrinsic differences between humans and mice, including lifespan and
organization of motor systems, and may also relate to gene redundancy by which ALS2CL
may compensate for the loss of alsin function. It is not wholly surprising that many mouse
knockouts fail to recapitulate major neuropathological phenotypes of autosomal recessive
neurodegenerative diseases. For example, parkin and DJ-1 knockout mice, which model two
different types of autosomal recessive Parkinson's disease, do not develop the typical
pathological hallmarks of Parkinson's disease: Lewy body formation and nigrostriatal
dopaminergic neuron degeneration [38] . While it remains a challenge to model a recessive
neurodegenerative disease in mice, genetic ablations of parkin, DJ-1, and PINK1 in fruit flies
result in more obvious behavioral and pathological phenotypes [39,40] . Therefore, it would
be of interest to generate alsin-null flies and zebrafish as alternative animal models for ALS2.
In addition, it would also be very interesting to examine whether the two ALS2-related
missense mutations (C156Y and G540E) [6,7] affect the normal function of alsin through either
a loss of function or a dominate negative mechanism. The generation of ALS2 C156Y or G540E
knock-in mice would be helpful to address this question.

Despite the lack of desired behavioral and pathological phenotypes in ALS2−/− mice,
ALS2−/− neurons are very useful for the study of the physiological function of alsin and how
it contributes to the function and survival of motor neurons. Alsin-deficient neurons and
fibroblasts have been used to examine the Rab5-dependent endocytic pathway [12,13] . More
recently, Lai et al. [34] show that alsin is involved in synaptic targeting of glutamate receptors
through interaction with GRIP1, and ALS2−/− motor neurons are more susceptible to
excitotoxicity, likely due to a decrease of calcium-impermeable glutamate receptors in the
synapses. Needless to say, there are functions of alsin that remain to be discovered, which will
help us reach a better understanding of this interesting protein and motor neuron diseases in
general.
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Fig. 1.
Domain structure and disease-linked mutations of alsin. A schematic presentation of linear
structure of full-length alsin and 3D structure models of predicated alsin functional domains.
Known disease-linked mutations are also depicted. The ‘fs’ represents frame-shift, and ‘st’
represents non-sense mutation that leads to stop codon.
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Table 1
Generation of ALS2−/− mice

Group DNA
source

ES cells
substrain

Exon(s)
disrupted

Cai [11] 129X1 129X1 3
Hadano [12] 129X1 129P2 3
Devon [13] NA 129S1 3 and 4
Yamanaka [14] 129S6 129S6 4
Julien [15] NA NA 2 and part of 3
Deng [16] 129S6 129S6 4 and part of 3

NA = No information available.
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