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The brains of ataxia telangiectasia (AT) patients display an
aberrant loss of Purkinje cells (PCs) that is postulated to contribute
to the observed deficits in motor coordination as well as in
learning and cognitive function. AT patients have mutations in
the ataxia telangiectasia mutated (ATM) gene [Savitsky et al.
(1995) Science 268:1749–1753]. However, in Atm-deficient mice,
the neurological defects are limited, and the PCs are not deformed
or lost as observed in AT patients [Barlow et al. (1996) Cell 86:159–
171]. Here we report that PC-specific deletion of the mouse males
absent on the first (mMof) gene (Cre−), which encodes a protein
that specifically acetylates histone H4 at lysine 16 (H4K16ac) and
influences ATM function, is critical for PC longevity. Mice deficient
for PC-specific Mof display impaired motor coordination, ataxia,
a backward-walking phenotype, and a reduced life span. Treat-
ment of MofF/F/Pcp2-Cre+ mice with histone deacetylase inhibitors
modestly prolongs PC survival and delays death. Therefore, Mof
expression and H4K16 acetylation are essential for PC survival and
function, and their absence leads to PC loss and cerebellar dysfunc-
tion similar to that observed in AT patients.

ataxia telangiectasia phenotype | chromatin modification | DNA damage
response

The most striking and obvious neurological manifestation seen
in ataxia telangiectasia (AT) patients is a progressive cere-

bellar ataxia (1). Postmortem examination of brains from AT
patients demonstrates significant loss and deformities in Purkinje
cells (PCs) (2). Although a cause-and-effect relationship has not
been proven, PC loss has a strong correlative association with
AT. Mice deficient in ataxia telangiectasia mutated (Atm) display
no gross ataxia or neuronal degeneration, but motor function is
impaired without detectable PC deformity or loss (3, 4). Oxidative
stress in PCs of Atm−/− mice is increased (5), probably resulting
in increased DNA damage, the sensing and repair of which is
ATM dependent (6–8). The mammalian males absent on the first
(MOF) is an H4 histone acetylase that interacts with and influ-
ences downstream ATM functions in response to DNA damage
(9). Through histone H4 acetylated at lysine 16 (H4K16ac), MOF
has a critical role at multiple points in the cellular DNA damage
response and repair of DNA double-strand breaks (10). Acety-
lation of histone H4 at K16 by MOF also is an epigenetic signa-
ture of cellular proliferation during both embryogenesis and
oncogenesis (11), but whether MOF has a role in postmitotic cells
is not known. In this study, we determined that MOF is required
for postmitotic PC survival and that loss of MOF and H4K16
acetylation in PCs results in mice displaying neurological abnor-
malities similar to those encountered in AT patients.

Results and Discussion
Immunostaining of mouse cerebellum tissue sections confirmed
endogenous MOF expression in PCs and the presence of acet-

ylated H4K16 (Fig. S1). To deplete MOF specifically from PCs,
mice containing a conditional floxed mMof gene (MofF/F) in-
troduced by homologous recombination were crossed with mice
expressing Cre recombinase from the PC-specific Pcp2 gene
promoter (12) to obtain MofF/F/Pcp2-Cre− and MofF/F/Pcp2-Cre+

mice. The tissue-specific Pcp2 promoter becomes maximally ac-
tive 2–3 wk after birth, thus circumventing the embryonic-lethal
effect of homozygous mMof deletion (11). In cerebellum col-
lected from MofF/F/Pcp2-Cre− and MofF/F/Pcp2-Cre+ mice at
various times (10–65 d) after birth, MOF expression was easily
detected in tissue from MofF/F/Pcp2-Cre− or MofF/F/Pcp2-Cre+

mouse PCs at postnatal day 15, but expression was lost by
postnatal day 25 in tissue from MofF/F/Pcp2-Cre+ mice. As
expected, MOF expression in PC-adjacent cell types was un-
altered during the 65-d period examined (Fig. S2). Similarly,
H4K16ac was easily detected in PCs fromMofF/F/Pcp2-Cre+ mice
at postnatal day 15, but expression was gradually lost by post-
natal day 35 (Fig. S2). Calbindin (a PC-specific cell marker)
histochemical staining of cerebellum from age-matched MofF/F/
Pcp2-Cre− and MofF/F/Pcp2-Cre+ mice indicated that detectable
PC loss in MofF/F/Pcp2-Cre+ mice was first evident by postnatal
day 25, increased to 40% of PCs by postnatal day 45, and finally
reached 80% loss by postnatal day 65 (Fig. 1 and Figs. S3 and
S4). A significant decrease (P < 0.001; Student’s t test) in the
number of PCs in MofF/F/Pcp2-Cre+ mice was observed from
about postnatal day 35 onwards, but there was no corresponding
decrease in PC numbers in MofF/F/Pcp2-Cre− mouse brains (Fig.
1). Along with the loss of PC observed in brains MofF/F/Pcp2-
Cre+ mice, granular cells were visibly reduced (Fig. 1A i and ii).
Numerous PCs in tissue from MofF/F/Pcp2-Cre+ mice contained
pyknotic nuclei, perhaps reflecting an altered chromatin state
caused by decreasing H4K16ac (Fig. S2), a chromatin modifi-
cation essential for protein–protein interactions (13). After the
initial appearance of pyknotic-like PCs in tissue from MofF/F/
Pcp2-Cre+ mice, abnormal, coarse PC dendrites were detected
with calbindin staining (Fig. 2 and Fig. S4).
The effect of PC-specific MOF loss on cerebellar cortical

cytoarchitecture was analyzed further by H&E staining of cere-
bellum sections. No differences in the granular, PC or molecular
layers were observed in tissue from 15-d-oldMofF/F/Pcp2-Cre+ or
MofF/F/Pcp2-Cre− mice. However, by postnatal day 25, occasional
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pyknotic PC nuclei became apparent in tissue from MofF/F/Pcp2-
Cre+ mice (Fig. 2 and Fig. S5). Most strikingly, by postnatal day
45 there was a substantial increase in the numbers of pyknotic
PCs and degenerating PCs, accompanied by areas of frank PC
loss and modestly increased numbers of Bergmann glia at the
granule cell–molecular layer interface in tissue from MofF/F/
Pcp2-Cre+ mice (Fig. 2 and Figs. S6 and S7).
Cerebellum GFAP is necessary for the integrity of central

nervous system white-matter architecture and long-term main-
tenance of myelination (14). GFAP levels in immunostained
sections of cerebellum from 15-d-old MofF/F/Pcp2-Cre+ and
MofF/F/Pcp2-Cre− mice were similar. However, at postnatal day
25 the intensity of GFAP staining was higher in tissue fromMofF/F/
Pcp2-Cre+ mice than in tissue from MofF/F/Pcp2-Cre− mice (Fig.
2 and Fig. S8), and this intensity increased further by day 45 (Fig.
2 and Fig. S9). The increased GFAP expression observed is
compatible with the Bergmann gliosis noted in areas of PC loss.
PCs send inhibitory projections to the deep cerebellar and

vestibular nuclei, which are the only source of output from the
cerebellar cortex (15). The most obvious clinical manifestation
seen in AT patients is progressive cerebellar ataxia (1) attribut-
able to the profound loss of PCs seen in postmortem brains (2).
Therefore, we investigated whether MOF depletion in mouse
PCs results in abnormal motor coordination. We observed that,
beginning around postnatal day 35, MofF/F/Pcp2-Cre+ mice are
much less active than MofF/F/Pcp2-Cre− mice (Movie S1) and
display very slow forward walking (Movie S2). More in-
terestingly, by postnatal day 45 more than 65% of MofF/F/Pcp2-
Cre+ mice display the curious phenotype of backward walking

(Fig. 3A and Movie S2), and there is a direct correlation between
the progression of PC loss and initiation of backward walking. By
postnatal day 55, MofF/F/Pcp2-Cre+ mice exhibit only backward
walking in open field until they die (Fig. 4A and Movies S3 and
S4). A prominent visible ataxia of rapid head shaking was ob-
served only in MofF/F/Pcp2-Cre+ mice after postnatal day 45
(Movie S5), a phenotype that has not been observed in Atm-null
mice (3, 4).
Results from sensorimotor testing indicated that MofF/F/Pcp2-

Cre+ mice were impaired on the elevated platform test relative to
MofF/F/Pcp2-Cre− controls (Fig. 3B), as evidenced by the Mof F/F/
Pcp2-Cre+ mice spending significantly less time on the platform
[F(1,12) = 10.48; P = 0.007]. However, the groups did not differ
in other measures within the battery (e.g., ledge, pole, or 90° in-
clined or inverted screen), suggesting that the impaired perfor-
mance on the platform test represented a relatively specific
deficit, possibly involving disturbed balance. These tests were
performed at the age of 6–9 wk, when >40% of PCs were lost in
Mof F/F/Pcp2-Cre+ mice.
Rotarod testing indicated that the MofF/F/Pcp2-Cre+ mice also

were impaired on tasks that required fine-motor coordination,
with deficits becoming more apparent with increasing task diffi-
culty. For example, the MofF/F/Pcp2-Cre+ mice exhibited mild
performance deficits in their ability to remain on the stationary
rod (Fig. 3C) [main effect of Genotype (PC-specific mMof
knockout in mice vs. control): F(1,12) = 5.21; P = 0.042],
whereas their performance on the constant speed and acceler-

Fig. 1. PCs in cerebellum of MofF/F/Pcp2-Cre− and MofF/F/Pcp2-Cre+ mice. (A)
Calbindin staining of cerebellum. (i and ii) Immunofluorescence staining for
calbindin (red) and H4k16ac (green) of ventricle IV from cerebellum of MofF/F/
Pcp2-Cre− and MofF/F/Pcp2-Cre+ mice at postnatal days 35 (i) and 65 (ii). Loss
of PCs is quite prominent in 65-d-old MofF/F/Pcp2-Cre+ mice. (iii) PC iden-
tification by calbindin detection by HRP staining. Cerebellums of 65-d-old
MofF/F/Pcp2-Cre+ mice show widespread loss of PCs and PC dendritic calbin-
din activity with some residual PC in the 10th lobe. (B) PC density at various
ages, demonstrating progressive PC loss in MofF/F/Pcp2-Cre+ mice.

Fig. 2. Histologically stained sagittal sections of cerebellum from MofF/F/
Pcp2-Cre+ and MofF/F/Pcp2-Cre− mice. (A) (Top) H&E staining reveals minimal
pyknotic PCs in 25-d-old MofF/F/Pcp2-Cre+ mice, but by postnatal day 45 the
frequency of degenerating PCs with pyknotic nuclei and eosinophilic cyto-
plasm increases substantially. (Middle) GFAP staining reveals that levels are
similar in cerebellum of 25-d-oldMofF/F/Pcp2-Cre+ andMofF/F/Pcp2-Cre+ mice;
however, GFAP levels are increased only in cerebellum of 45-d-old MofF/F/
Pcp2-Cre+ mice, most conspicuously in areas of PC loss. (Bottom) Calbindin
staining shows similar frequency of PC cells in cerebellum of 25-d-old MofF/F/
Pcp2-Cre+ and MofF/F/Pcp2-Cre+ mice; however, PC degeneration along with
dendrite loss is quite visible in cerebellum of 45-d-old MofF/F/Pcp2-Cre+ mice.
(B) Comparison of calbindin-stained PC from MofF/F/Pcp2-Cre− mice (Left)
and MofF/F/Pcp2-Cre+ mice (Right) at higher magnification. DT, dendrite.
(i) Twenty-five days. (ii) Forty-five days.
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ating Rotarod components was impaired (Fig. 3 D and E). Spe-
cifically, an analysis of the constant speed Rotarod data revealed
that, on average across test sessions, the MofF/F/Pcp2-Cre+ mice
remained on the rotating rod for a significantly shorter time than
the MofF/F/Pcp2-Cre− mice, although performance generally im-
proved across test sessions [significant effects of Genotype,
F(1,12) = 11.98, P = 0.005, and Test Session, F(2,24) = 4.73,
P = 0.022]. Even greater performance impairments were ob-

served in the ability of MofF/F/Pcp2-Cre+ mice to stay on the
accelerating Rotarod [significant effects of Genotype, F(1,12) =
22.63, P = 0.0005, and Test Session, F(2,24) = 11.60, P =
0.0003]. In summary, the Rotarod data suggest that MofF/F/Pcp2-
Cre+ mice are impaired on tasks requiring fine-motor co-
ordination (constant speed Rotarod and accelerating Rotarod
tests) (Fig. 3 D and E). These behavioral analyses indicate that
MofF/F/Pcp2-Cre+ mice have a behavioral phenotype of severe

Fig. 3. Behavioral studies of MofF/F/Pcp2-Cre− and MofF/F/Pcp2-Cre+ mice. (A) MofF/F/Pcp2-Cre+ mice showed prominent backward walking as shown in SI
movies. Significant backward walking of MofF/F/Pcp2-Cre+ mice was observed after postnatal day 45. (B) Results from the elevated platform test showed that
MofF/F/Pcp2-Cre+ mice were able to remain on a small, circular, elevated platform for a significantly shorter time than MofF/F/Pcp2-Cre− mice (*P = 0.007),
suggesting impaired balance in MofF/F/Pcp2-Cre+ mice. (C–E) Results from the Rotarod test suggest that the MofF/F/Pcp2-Cre+ mice had mild balance deficits
and severe impairments in fine-motor coordination. (C) On average across the test sessions, MofF/F/Pcp2-Cre+ mice spent significantly less time than MofF/F/
Pcp2-Cre− mice on the stationary rod of the Rotarod test (**P = 0.042). (D) On the constant-speed Rotarod, MofF/F/Pcp2-Cre+ mice spent a significantly shorter
amount of time than MofF/F/Pcp2-Cre− mice on the rotating rod (**P = 0.005) across the test sessions. Differences were significantly different between groups
for session 2 of trial 1 (*P = 0.008), and large differences also were observed for session 1 of trial 2, session 2 of trial 2, and session 3 of trial 1 (†P < 0.049). (E)
MofF/F/Pcp2-Cre+ mice spent a significantly shorter period than MofF/F/Pcp2-Cre− mice on the accelerating rotating rod (**P = 0.0005) across the test sessions.
Pairwise comparisons showed significant differences between groups in session 1 of trial 2, and in session 3 of both trials (*P < 0.003); large differences also
were also observed in session 2 of trial 1 (††P = 0.009) and in the other remaining trials (†P < 0.035).
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impairment in fine-motor coordination and possibly mild balance
disturbances. These results are consistent with previous findings
using the same tests to characterize functional deficits in other
strains of mutant mice that have synaptic defects in cerebellar
PCs (16), mice that have nonreceptor Abl/Arg tyrosine kinase-
related cerebellum defects (17), and Atm-deficient mice (3).
The physiological effect of PC loss induced by MOF depletion

was readily visible (Fig. 4). Although the total body weight of
MofF/F/Pcp2-Cre+ and MofF/F/Pcp2-Cre− mice was similar at
postnatal day 15, the growth of MofF/F/Pcp2-Cre+ mice was sig-
nificantly reduced subsequently, with maximal total body weight
reached 25–45 d after birth that was <50% of the weight of age-
matched MofF/F/Pcp2-Cre− mice. After age 45 d, the body weight
of MofF/F/Pcp2-Cre+ mice began to decline (Fig. 4 A and B). The

loss of body weight in MofF/F/Pcp2-Cre+ mice correlated with
a decrease in food intake compared with MofF/F/Pcp2-Cre− mice
(Fig. 4C). Overall survival was dramatically decreased in MofF/F/
Pcp2-Cre+ mice, with the majority dying within 55–65 d after
birth and none surviving longer than 75 d (Fig. 4D).
The H4K16ac modification poses a structural constraint on

the formation of higher-order chromatin (13), perhaps inducing
an open chromatin configuration that is more readily accessible
to transcription as well as DNA repair. Acetylation of histone H4
at K16 also is critical for protein–protein interactions (18), and
the only mammalian protein known to perform this function is
MOF (9, 10, 19, 20), Recently, we reported that cells treated with
trichostatin A (TSA) had increased levels of H4K16ac but un-
altered MOF protein levels (10). We therefore investigated

Fig. 4. Effect of MOF and HDACi treatment on body weight, survival, and PC numbers. (A) MofF/F/Pcp2-Cre+ (Left) and MofF/F/Pcp2-Cre− (Right) mice at
postnatal day 45. (B) Body weight of MofF/F/Pcp2-Cre+ mice decreased after postnatal day 30. (C) Comparison of food intake by MofF/F/Pcp2-Cre+ and MofF/F/
Pcp2-Cre− mice. (D) Survival of MofF/F/Pcp2-Cre+ mice was significantly decreased relative to MofF/+/Pcp2-Cre− mice. Mice with PC-specific knockout of the
mMof gene (MofF/F/Pcp2-Cre+) die at 61 ± 12 d after birth, whereas MofF/F/Pcp2-Cre− mice remain healthy. (E) TSA has a positive effect on the cumulative
survival ofMofF/F/Pcp2-Cre+ mice but notMofF/F/Pcp2-Cre− mice. (F) TSA affects the frequency of PCs inMofF/F/Pcp2-Cre+ mice but not inMofF/F/Pcp2-Cre− mice.
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whether inhibition of H4K16ac de-acetylation with two different
histone deacetylase inhibitors (HDACi), TSA and EX-527 (21),
would improve survival by delaying PC loss in MofF/F/Pcp2-Cre+

mice. Short-term drug treatment of MofF/F/Pcp2-Cre+ mice ini-
tiated 30–35 d after birth delayed mouse death (Fig. 4E). A
further delay in initiating treatment to postnatal day 55 failed to
extend lifespan (Fig. 4 and Fig. S10). If drug treatment began at
postnatal day 35, a slight, but still significant, increase in PC
survival was observed in MofF/F/Pcp2-Cre+ mice, and such mice
also had a 10–12% increase in lifespan.
There was no difference in the number of PCs in MofF/F/Pcp2-

Cre+ or MofF/F/Pcp2-Cre− mice after treatment with TSA during
postnatal days 10–15. This lack of effect probably reflects the
period before cellular MOF levels began decreasing because of
Cre recombinase expression. However, when mice were treated
with TSA beginning on postnatal day 20, PC loss was significantly
delayed inMofF/F/Pcp2-Cre+mice as compared withMofF/F/Pcp2-
Cre− mice (Fig. 4F). The delay in loss of PCs inMofF/F/Pcp2-Cre+

mice was most prominent when mice were treated during post-
natal days 25–45. However, TSA had a minimal effect on MofF/F/
Pcp2-Cre+ mice when treatment was initiated at postnatal day 45.
We tested another HDACi, EX-527, which also is known to in-
crease H4K16ac levels (21, 22). MofF/F/Pcp2-Cre+ mice adminis-
tered EX-527 also displayed a delay in PC loss (Fig. S10). HDACi
treatment in MofF/F/Pcp2-Cre+ mice not only delayed the loss of
PCs inMofF/F/Pcp2-Cre+mice but also increased lifespan by about
12% (Fig. 4 and Fig. S10). Because in vitro treatment with TSA as
well as EX-527 is known to increase H4K16ac levels (10, 21, 22),
the present studies support the argument that H4K16ac has
a critical role in maintaining PC functions.
We report here that PC-specific deletion of the Mof gene in

mice produces neurological abnormalities attributable to cere-
bellar dysfunction that are similar to those seen in AT patients,
including impaired fine-motor coordination, balance deficits,
ataxia, and a most unusual backward-walking phenotype. Exam-
ination of the corresponding mouse cerebellum indicates PC de-
pletion, which is also observed postmortem in AT patient brains.
Taken together, these results suggest that the PC-specific Mof-
deletion mouse mimics the physiological developments seen in
AT patients. MOF also interacts with and influences downstream
ATM functions in response to DNA damage (9, 10, 23), sug-
gesting defective communication along the MOF/ATM pathway
in PCs. Analysis of this pathway under conditions of oxidative
stress, as occurs in the absence of ATM, may offer explanations as
to the development of other AT-related symptoms. In addition,
these mice provide a valuable means for understanding the role
of chromatin-modifying factors, such asMOF, in the function and
survival of nonproliferating postmitotic cells, especially neuronal
cells. Further advances will require the development of specific
deacetylation inhibitors, such as ones targeting the MOF modi-
fication product histone H4K16ac, which could facilitate future
treatment possibilities.

Materials and Methods
Generation of PC-Specific mMof-Deficient Mice. Targeting vectors for the
mMof locus were constructed to generate an in vivo deletion of the mMof
gene in mice. The details of generating a conditional mMof allele by
inserting a single loxP site together with a flippase recombination target
(FRT)-flanked hygromycin resistance gene cassette 1.5 kb upstream of the
mMof transcription initiation site and a second loxP site within intron 3 were
described recently (11). The construct was electroporated into W9.5 ES cells
to generate Mofflox/+ cells. Details for generation of Mofflox/+/Rosa26creERT2/+

and Mof Dflox/flox/Rosa26creERT2/+ ES cell clones have been described (11).
To generate Purkinje cell-specific Mof-deficient mice using the Cre/loxP

recombination system, Mofflox/flox mice, which contained two loxP sites
flanking exon 3 of the Mof gene, were crossed with pcp2-Cre transgenic
mice [B6.129-Tg(Pcp2-cre)2Mpin/J] (Jackson Laboratory) expressing Cre
recombinase under the control of a L7/Pcp2 promoter (24). All procedures
relating to the care and treatment of the animals were performed in ac-

cordance with the National Institutes of Health guidelines at Washington
University School of Medicine, St. Louis, Columbia University, New York, and
University of Texas Southwestern Medical Center, Dallas.

PCR Analysis of Genomic DNA. Genomic DNA was prepared from mouse tail
and several brain regions, including the olfactory bulb, cortex, and cere-
bellum, using the HotSHOT method (25). PCR was performed using a Robo-
Cycler (Stratagene) with Taq DNA polymerase (QiaTaq; Qiagen). The
procedures for primer selection and conditions used for PCR genotyping
were as described previously (11).

Histology and Immunohistochemistry. We analyzed the status of cerebellum
PCs using fresh-frozen sections as well as paraffin-embedded sections. Mice
were perfused with 4% paraformaldehyde, and dissected brains were
perfusion-fixed for 36 h before paraffin embedding.

Fixation and Sectioning. After harvest, mouse brains were removed and
perfusion-fixed with 4% paraformaldehyde. After fixation, hindbrains
(brainstem and cerebellum) were divided into four sections in the sagittal
plane. Tissues were dehydrated in xylene, embedded in paraffin, and sec-
tioned on a rotary microtome at 3-mm thicknesses. For routine histology,
paraffin sections were rehydrated, stained with H&E, and evaluated by
light microscopy.

Immunohistochemistry. Immunostainingwas performed at room temperature
on a BenchMarkXT automated immunostainer, using the UltraVIEW system
with HRP and diaminobenzidine (DAB) chromogen (Ventana Medical Sys-
tems). Optimum primary antibody dilutions were predetermined using
known positive-control tissues. Paraffin sections were cut at 3 μm on a rotary
microtome, mounted on positively charged glass slides, and air-dried over-
night. Sections then were placed onto the BenchMarkXT where the depar-
affinization and heat retrieval were performed. Sections then were
incubated for 1 h with primary mouse monoclonal antibody to calbindin
(1:50 dilution; Novocastra/Leica) or rabbit polyclonal antibody to glial
fibrillary acidic protein (1:400 dilution; Biocare) diluted in ChemMate buffer
(Ventana Medical Systems) or with buffer alone as a negative reagent
control. After washing in buffer, sections were incubated with a freshly
prepared mixture of DAB and H2O2 in buffer for 8 min, followed by washing
in buffer and then in water. Sections were counterstained with hematoxylin,
dehydrated in a graded series of ethanols and xylene, and coverslipped.
Slides were reviewed by light microscopy. Positive reactions with DAB were
identified as dark brown reaction product.

PC Counting. The number of PCs was quantified in midsagittal, 100-mm-thick
cerebellar sections prepared from age-matchedMofF/F/Pcp2-Cre− andMof F/F/
Pcp2-Cre+ mice at different ages (n = 4 for each age group). Optical images
of PCs immunostained with anti-calbindin antibody were taken using 2×,
10×, and 20× objective lenses.

Reagents. TSA purchased from Sigma was dissolved in DMSO and adminis-
tered in vivo at 1 mg·kg of body weight−1·d−1 for 10 d. EX527 was purchased
from Tocris and dissolved in 4% DMSO/10% cyclodextrin in PBS and ad-
ministered in vivo at 1 mg·kg of body weight−1·d−1 for 10 d.

Quantitation of Food Intake. Standard procedures (26) for quantitating
mouse food intake were used. In brief, mice were acclimatized to individual
cages for 1 wk. Food intake was measured every week. The body weight of
individual mice was measured before and after each test series. Chow intake
was measured by weighing the cage tops containing food pellets. Cage
bottoms were covered with polyvinyl sheets when the cage tops were
weighed, and any food spilled on sheets was collected and weighed. Food
intake was corrected for spillage.

Behavioral Studies. To provide an initial characterization of the functional
deficits in MofF/F/Pcp2-Cre+ mice, they and littermate MofF/F/Pcp2-Cre− con-
trols were evaluated on a battery of sensorimotor measures and the Rotarod
test at 6–9 wk of age. These behavioral analyses have been used previously
to assess ataxias, including ataxias of cerebellar origin, in several different
mutant mouse strains (16, 27, 28), and these methodologies are described
briefly in SI Materials and Methods. All behavioral tests were conducted by
individuals who were unaware of the genotypic status of the mice (SI
Materials and Methods).
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