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Mutant dynactin in motor
neuron disease
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Impaired axonal transport in motor neurons has been proposed as a mechanism for neu-
ronal degeneration in motor neuron disease. Here we show linkage of a lower motor
neuron disease to a region of 4 Mb at chromosome 2p13. Mutation analysis of a gene in
this interval that encodes the largest subunit of the axonal transport protein dynactin
showed a single base-pair change resulting in an amino-acid substitution that is pre-
dicted to distort the folding of dynactin’s microtubule-binding domain. Binding assays
show decreased binding of the mutant protein to microtubules. Our results show that

dysfunction of dynactin-mediated transport can lead to human motor neuron disease.

Selective death of motor neurons occurs in
a variety of different diseases that affect
upper and lower motor neurons. Although
a common mechanism has not been identi-
fied, defects in axonal transport have long
been implicated in this process!. Transgenic
mice with mutant superoxide dismutase-1
show deficits in slow axonal transport early
in the disease course?, and an early upregu-
lation of the kinesin superfamily motor
protein KIF1A was detected in spinal motor
neurons’. In a cell model of spinal bulbar
muscular atrophy, a motor neuron disease
caused by a polyglutamine repeat expan-
sion, cytoplasmic aggregates alter axonal
trafficking?. Furthermore, mutations in the
gene encoding KIF1BP cause an axonal
form of a hereditary neuropathy®.

We identified a mutation in the gene
encoding the p150 subunit of the trans-
porter protein dynactin (DCTNI) in a
family with a slowly progressive, autoso-
mal dominant form of lower motor neu-
ron disease without sensory symptoms
(see Supplementary Fig. 1 and Supple-
mentary Note 1 online). Onset of the dis-
ease is in early adulthood with breathing
difficulty due to vocal fold paralysis, pro-
gressive facial weakness and weakness and
muscle atrophy in the hands. Weakness
and muscle atrophy in the distal lower
extremities develop later. A genome-wide
screen showed linkage to chromosome
2p13 between flanking markers D25291
and D252114, with a maximum lod score
of 4.05 for D252109 at recombination
fraction © = 0 (Fig. 1a). Multipoint link-
age analysis with the markers D252110,
D252109 and D2S286 gave a maximum
lod score of 5.6. The gene DCTNI is
located in this interval (Fig. 1b,c). Muta-
tion analysis in the affected family showed
a single base-pair change resulting in an
amino-acid substitution of serine for
glycine at position 59 (G59S) in all
affected family members (Fig. 2a). We did
not find this mutation in the unaffected
family members or in 200 unaffected con-
trol individuals of European descent, and
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there was no variation in the remaining
transcribed sequence of DCTNI in the
affected family.

The G59S substitution occurs in the
highly conserved CAP-Gly motif of the
p15061ued subunit of dynactin, a domain
that has been shown to bind directly to
microtubules (ref. 6; Fig. 2b). Modeling
studies using the recently solved crystal
structure for an uncharacterized CAP-Gly
protein from Caenorhabditis elegans’ sug-
gest that Gly59 is not directly involved in

binding to microtubules but rather is
buried in the novel protein fold described
for CAP-Gly proteins. Modeling of the
G59S mutation suggests that the greater
size of the serine side chain may cause steric
hindrance (Fig. 2¢) and distort the folding
of the microtubule-binding domain. To
test for binding to microtubules, we
expressed 33S-labeled wild-type and G59S
mutant constructs of DCTNI spanning
residues 1-333. In the presence of micro-
tubules, 86+1% of the wild-type protein
sedimented with microtubules, but only
51+1% of the mutant G59S protein bound
to microtubules (Fig. 2d).

The dynactin complex is required for
dynein-mediated retrograde transport of
vesicles and organelles along micro-
tubules. It provides a link between specific
cargos, the microtubule and cytoplasmic
dynein during vesicle transport®. Overex-
pression of dynamitin, the p50 subunit of
dynactin, disrupts the complex and has
recently been found to produce a late-
onset, progressive motor neuron disease
in transgenic mice’. Mutations in the
Drosophila melanogaster homolog for
DCTNI (refs. 10,11) and in the gene
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Fig. 1 Positional cloning of the disease-associated gene. a, Centromeric region of chromosome 2. The cen-
tromere is indicated as a black oval. Recombinations with markers D25297 and D252114 defined the criti-
cal region of 4 Mb at chromosome 2p13. b, The region of interest contains 44 genes of known and
unknown function. Selected candidate genes are included in the figure: early growth response gene
(EGR4), dual specific phosphatase (DUSP), dynactin 1 (DCTNT), rhotekin (RTKN) and semaphorin 4F
(SEMA4F). The polymorphic markers indicated in black were used for multipoint analysis. ¢, Exon-intron
structure of DCTN1. The exons are shown in red; the first exon is partially translated. The second exon,
which contains the mutation resulting in the amino-acid substitution G595, is indicated by an arrow. See
Supplementary Note 1 online for methods.
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Fig. 2 The mutation in DCTNT and its a
effects on microtubule binding. a,
Partial nucleotide sequence of exon 2
from the wild-type (lower panel) and
mutated (upper panel) alleles. The
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heterozygous mutation C—T at AT

ACGCTT ‘.& C (oo Danio rerio

nucleotide 957 is indicated by an
arrow. b, Conservation of the
mutated region across species. The
position of the amino-acid change
from glycine to serine is indicated in
bold. ¢, Modeling of the CAP-Gly

domain of DCTN1. The wild-type
structure is shown on the left, and
the G59S mutant is modeled on the
right. Gly59 is closely packed with c
Phe88. The steric hindrance intro-
duced by the larger side chain of ser-
ine would probably distort the
folding'3-'5. d, The G59S mutation
reduces the affinity of DCTNT for
microtubules. In the presence of
microtubules (MTs), 86 £ 1% (n = 4)
of the wild-type (wt) protein pelleted
(P) with microtubules and 14%
remained soluble (S), whereas only
51 + 3% (n = 4) of the G595 mutant
bound to microtubules (upper
panel). The lower panel shows the
Coomassie-stained gel. See Supple-
mentary Note 1 online for methods.

Gly59

encoding cytoplasmic dynein heavy
chain!? produce a rough-eye phenotype
with severe disruption in the organization
of the retina and in the retinal axonal pro-
jections. The substantial but limited
reduction in the affinity of G59S for
microtubules is consistent with the late
onset and relatively mild disease progres-
sion observed in this kindred. A mutation
that more severely inhibits the ability of
dynactin to bind to microtubules would
probably result in a more pronounced
degeneration of motor neurons, as is pre-
dicted by the transgenic mouse model in
which dynamitin is overexpressed®.

Identification of the mutation in
DCTNI in the family reported here shows
that dysfunction of a protein involved in
retrograde transport can cause human
motor neuron disease. Primary motor
neurons may be particularly vulnerable to
defects in axonal transport because of their
unusual size and metabolic activity and
their dependence on trophic factors deliv-
ered from the periphery. Further studies
may indicate whether this motor neuron
disease is caused by impaired transporta-
tion of one or more specific factors or by a
more general effect. Other members of the
dynactin—dynein complex may now be
considered candidates for disruption in
other hereditary and sporadic disorders
with motor neuron degeneration.
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Note: Supplementary information is avail-
able on the Nature Genetics website.
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