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Age-appropriate cognition and subtle dopamine-independent
motor deficits in aged Tau knockout mice
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Lennart Muckea,d

aGladstone Institute of Neurological Disease, San Francisco, California 94158, USA
bBiochemistry, Cellular and Molecular Biology Graduate Program, Department of Biological
Chemistry, The Johns Hopkins University School of Medicine, Baltimore, MD 21205, USA
cDepartments of Neuroscience and Pathology, University of California at San Diego, La Jolla,
California 92093, USA
dDepartment of Neurology, University of California, San Francisco, California 94158, USA

Abstract
The microtubule-associated protein tau is expressed throughout the nervous system, most highly in
neurons but also in glial cells. Its functions in adult and aging mammals remain to be defined.
Previous studies in mouse models found either protective or detrimental effects of genetic tau
ablation. While tau ablation prevented synaptic, network and cognitive dysfunctions in several
models of Alzheimer’s disease and made mice more resistant to epileptic seizures, a recent study
described a parkinsonian phenotype in aging Tau knockout mice. Here we tested cognition and
motor functions in Tau+/+, Tau+/− and Tau−/− mice around 1 and 2 years of age. Tau ablation did
not impair cognition and caused only minor motor deficits that were much more subtle than those
associated with the aging process. Tau ablation caused a mild increase in body weight, which
correlated with and may have contributed to some of the motor deficits. However, tau ablation did
not cause significant dopaminergic impairments, and dopamine treatment did not improve the
motor deficits, suggesting that they do not reflect extrapyramidal dysfunction.
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1. Introduction
Reduction of the microtubule-associated protein tau prevents cognitive impairments in
transgenic models designed to assess the pathogenic effects of amyloid-β (Aβ) or
apolipoprotein E4 (Andrews-Zwilling, et al., 2010; Ittner, et al., 2010; Roberson, et al.,
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2007; Roberson, et al., 2011), proteins that – like tau itself – are thought to promote the
development of Alzheimer’s disease (AD) (Huang and Mucke, 2012). Alzheimer’s disease
is the most common neurodegenerative disease. It causes prolonged suffering and disability
in the elderly and takes an enormous toll on patient families and society in general
(Alzheimer's Association, 2012). Its prevalence is expected to increase ≥3-fold by 2050
(Alzheimer's Association, 2012), threatening health care systems worldwide and
underscoring the need to develop better strategies to prevent and halt this devastating illness
(Golde, et al., 2011; Huang and Mucke, 2012).

Because tau reduction might be beneficial in AD and other “tauopathies” (Morris, et al.,
2011b), it is interesting to study the consequences of this intervention in experimental
models, especially in regards to cognitive and motor functions. Up to 8 months of age,
Tau−/− mice had no impairments in the Morris water maze and other tests of learning,
memory and exploratory behaviors (Ittner, et al., 2010; Lei, et al., 2012; Roberson, et al.,
2011; Roberson, et al., 2007). At 10–12 months, Tau−/− mice also performed like wildtype
Tau+/+ controls in the Morris water maze and radial arm water maze (Dawson, et al., 2010).
However, a recent study identified Y-maze deficits in Tau−/− mice at 12 months of age (Lei,
et al., 2012). We were unable to find information in the literature on the cognitive
performance of older Tau−/− mice.

Tau−/− mice have also been reported to have motor deficits. One line of Tau−/− mice showed
deficits in rod walking and wire hang tests at 10–11 weeks of age (Ikegami, et al., 2000).
However, no additional behavioral analyses of this line appear to have been published since
this original report. In a second, more widely used line of Tau−/− mice (Dawson, et al.,
2001), subtle motor deficits were detected at 3.0–4.5-months, when the Tau−/− mice showed
an increased latency to cross a balance beam and an increased number of slipped steps, but
no impairments in several other motor tests (Morris, et al., 2011a). The effect of tau ablation
on motor behavior in older Tau−/− mice from this line is controversial. One group found no
impairment on the Rota rod at 10–12 months (Dawson, et al., 2010), whereas another found
deficits in the Rota rod, pole test and open field test at 12 months (Lei, et al., 2012). Lei, et
al. (2012) attributed the deficits they observed to a loss of dopaminergic neurons in the
substantia nigra caused by iron accumulation in the brain (Lei, et al., 2012).

To address these discrepancies and fill the knowledge gaps identified above, we assessed
middle-aged and old Tau+/+, Tau+/− and Tau−/− mice in a battery of behavioral tests and
evaluated motor components of their central nervous system histopathologically and
pharmacologically.

2. Methods
2.1 Mice

Tau+/+, Tau+/− and Tau−/− mice (Dawson, et al., 2001) on a C57BL/6 background were used
at various ages, as specified in the text. An all-female cohort was used for the initial
characterization of motor deficits at 12–15 months of age (Fig. 2); all other cohorts included
males and females (Table S1). Mice had ad libitum access to food (Picolab Rodent Diet 20,
Labdiet) and water. At the end of experiments, mice were deeply anesthetized with Avertin
and killed by transcardial perfusion with saline. One hemibrain was frozen on dry ice. The
other hemibrain was post-fixed for 24–48 hours in 4% paraformaldehyde in PBS at 4°C. All
experiments were approved by the Committee on Animal Research of the University of
California, San Francisco.
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2.2 Behavioral testing
Unless specified otherwise, mice were acclimated to the testing room for at least one hour
before testing. All testing apparatuses were cleaned with 70% ethanol between mice, unless
otherwise indicated, and with 10% bleach after each testing day. Open field, pole and
balance beam tests were carried out as described (Morris, et al., 2011a). Experimenters were
blinded to the genotype of mice.

2.2.1 Morris Water Maze—Spatial learning and memory was assessed as described
(Morris, et al., 1982) in a Morris water maze consisting of a pool (120 cm in diameter) of
water made opaque with white, non-toxic tempura paint. Water temperature was held at
20±1°C. Extra maze cues were posted on the walls of the testing room. Data were acquired
with Ethovision XT (Noldus Information Technology, the Netherlands).

Pretraining: Before hidden platform training, mice were exposed to the water maze by
having them swim down a rectangular channel for 4 trials. The hidden escape platform was
placed in the middle of the channel. If a mouse was unable to find and mount the platform
for 60 s, it was guided to it and allowed to sit on it for up to 10 s.

Hidden platform training: Following pre-training, mice were trained for 5 days to locate a
hidden platform (10×10 cm) submerged 1.5 cm below the water surface. The platform
location was fixed, while the mouse drop locations were changed between trials. Mice were
trained in four sessions per day with 3 hours of rest between sessions. Each session
consisted of two trials with inter-trial intervals of approximately 15 min. Trials were
terminated after 60 s. If a mouse did not find the platform within this time period, it was
gently guided to the platform and allowed to sit on it for 15 s. Latency to locate the platform,
as well as distance to the platform and swim speeds were recorded for the subsequent data
analysis.

Probe trials: Twenty four hours after the last hidden platform training, the platform was
removed and mice were allowed to swim in the pool for 60 s. The drop location was
opposite to where the platform used to be during hidden platform training. The percentage of
time mice spent in the target quadrant and the number of times they crossed the original
platform location were recorded.

2.2.2 Novel Object Recognition (NOR)—On two consecutive days, mice were placed
into a plexiglass chamber (20×20 cm) containing two identical objects and allowed to
explore for 10 min. Forty-eight hours after training, mice were tested in the same chamber
for 10 min after one of the objects was replaced with a novel object. Time spent exploring
each object was recorded. The novel object position alternated between mice to eliminate
any possible right-left bias. Objects were cleaned with 70% ethanol between each mouse.

2.2.3 Open field—Spontaneous movements in the open field were assessed using a Flex-
Field/Open Field Photobeam Activity System (San Diego Instruments, CA). Each mouse
was placed in the center of a clear plastic chamber (41×41×30 cm) containing two arrays of
16×16 photobeams and allowed to explore for 15 min. Movements were recorded through
beam breaks.

2.2.4 Rota rod—Five mice were placed on the Rota Rod (Med Associates Inc, VT) for
simultaneous testing and the computer recorded photobeam interruptions when mice fell off
the rotating rod. Photobeams were interrupted by the tester if the mouse held onto the rod
without walking for three full rotations. Each mouse was given three trials with a maximum
time on the Rota Rod of 300 s per trial and a 10-min rest period between trials. Mice were
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first trained at a constant speed of 16 rpm for three trials. The next two days, they were
trained for three trials in the morning and three trials in the afternoon at rotation speeds
accelerating from 4 to 40 rpm over 300 s. The average latency to fall off the Rota Rod on the
afternoon of the last day was analyzed.

2.2.5 Balance beam—The balance beam consisted of two platforms connected by a
removable plastic beam leading to an opaque box on top of one platform. On the first day,
mice were trained on a thick, round beam by placing them first a few inches from the box
and leading them into the box, and then by placing them halfway across the beam and
leading them into the box, if leading was required. The mice were then trained three times
across the whole length of the beam with approximately 10 min rest periods between trials.
On the second day, mice were again trained three times on the thick beam. On the third day,
the thick beam was replaced with a thin, square beam and the mice were tested three times.
The average latency to cross the thin beam and the average number of times a foot slipped
while crossing the beam during the testing sessions were analyzed. A trial was excluded
from analysis if the mouse dragged its hind limbs across the beam for >50% of the distance.
At 21–22 months of age, mice of all genotypes were unable to walk across the balance beam
on the third day.

2.2.6 Pole test—The pole consisted of a thin wooden dowel and a cross-shaped wooden
base placed in a clean cage. Rubber bands were wrapped around the dowel at intervals of
approximately 1.5 inches to increase traction. Mice were placed at the top of the pole facing
downwards and latency to descend the pole was measured. Trials were excluded if the
mouse jumped or slid down the pole rather than climbed down. On the first day, mice were
trained in two trials with approximately 10 min of rest between trials. On the second day,
they were given five trials and the shortest latency to descend the pole was analyzed. The
pole was cleaned with 70% ethanol between testing groups of mice from separate home
cages.

2.2.7 Pole test with 3,4-dihydroxyphenylalanine (L-DOPA)/benserazide
treatments—Acute treatment with L-DOPA/benserazide was designed as a cross-over
trial. On day 1, mice were trained twice on the pole without injection. On day 2, mice were
given an intraperitoneal (i.p.) injection of saline or of L-DOPA (20 mg/kg) and benserazide
HCl (5 mg/kg) (Sigma) in saline. The mice were then transferred to the testing room and, 30
min later, given five pole test trials. On day 3, treatments were reversed, so that mice
injected with saline on day 2 now received L-DOPA/benserazide and vice versa. Mice were
then transferred to the testing room and tested as on day 2.

The same cohort of mice was used to assess the effect of chronic L-DOPA/benserazide
treatment. Three days after finishing the acute treatments, mice were given five trials on the
pole test to assess their performance before chronic drug treatment. They were then given
water bottles containing L-DOPA (200mg/L) and benserazide (50mg/L) in 0.2% ascorbic
acid (Sigma) as described (Lei, et al., 2012). The bottles were changed daily and fluid/drug
intake per cage of group-housed mice was monitored daily. The average weight of each
mouse was calculated from measurements obtained at the beginning and end of the
treatment. For each cage, the average daily drug intake was divided by the total weight of
mice in the cage to estimate their approximate daily dose in mg of drug per kg of body
weight. On the seventh day of chronic treatment, mice were given five trials in the pole test.
Half of the mice were sacrificed the day after the last pole test. The remaining mice were
placed on normal drinking water to allow for drug washout and sacrificed six days later.
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2.3 Striatal tissues
Frozen hemibrains were covered in 2% agarose and chopped into 450-µm slices (McIlwain
Tissue Chopper, Mickle Laboratory Engineering Co. Ltd., UK). Slices were microdissected
in sterile PBS on ice. The striatum was isolated from 4–5 slices per mouse. Striatal tissues
were immediately frozen on dry ice and stored at −80°C. For each mouse, half of the striatal
tissue was used for western blot analysis, while the other half was sent to the Vanderbilt
Neurochemistry Core Laboratory for determination of bioamine levels by HPLC.

2.4 Western blot
Striatal samples were homogenized in 100µL buffer (PBS, 1mM DTT, 0.5mM EDTA, 0.5%
Triton-X100, 0.1M PMSF, phosphatase inhibitor cocktails 2 and 3 (Sigma) and protease
inhibitor tablets (Roche complete mini)) with a hand-held homogenizer. Samples were then
sonicated (Episonic mutli-functional bioprocessor 1000, Epigentek Group Inc., NY) at an
amplitude of 40% in an ice bath twice for 5 min, incubated for 20–30 min on ice, and spun
at 10,000×g at 4°C for 10 min. The supernatant was collected. Protein concentration was
measured by BCA assay (Thermo Scientific). Samples were run on a 4–12% bis-tris gel
(Bio-rad) and transferred by iBlot onto a nitrocellulose membrane (Invitrogen), which was
blocked for 1 hour in 5% milk/PBS. Blots were incubated overnight with primary antibodies
(rabbit anti-tyrosine hydroxylase (1:1000 AB152, Millipore) plus anti-alpha tubulin
(1:500,000 B512, Sigma)), followed by incubation with secondary antibodies (680LT
donkey anti-mouse (1:10,000, LI-COR Biosciences) and 800CW goat anti-rabbit (1:10,000,
LI-COR Biosciences)) and quantitation of signals by an Odyssey system (LI-COR
Biosciences).

2.5 Perl iron staining
Brain sections were stained as previously described (Perl and Good, 1992). Briefly, sections
were stained in a solution of 1% potassium ferrocyanide and 1% hydrochloric acid. They
were then rinsed with distilled water and counterstained at 60°C for 15 s in a solution of
0.1% nuclear fast red, 5% aluminum sulfate and trace amounts of thymol (storage
preservative). The sections were rinsed well in water and then mounted and analyzed. Focal
brain injury, elicited in anesthetized wildtype mice as described (Mucke, et al., 1991), was
used as a positive control.

2.6 Statistics
All data was analyzed by GraphPad Prism (GraphPad Software Inc., CA). Power
calculations were done using the Statistical Solutions, LLC Power & Sample Size Calculator
as a two-tailed t-test comparing Tau+/+ and Tau−/− groups within each age group. Alpha was
defined as 0.0167 for each test to correct for multiple comparisons. The lower sample
number and the higher standard deviation between the two groups were used in power
calculations for striatal dopamine and tyrosine hydroxylase levels. All comparisons made
had power higher than 0.80 to detect a 40% decrease from levels in Tau+/+ mice. Null
hypotheses were rejected at the p < 0.05 level.

3. Results
3.1 Chronic lack of tau does not impair learning and memory in old age

Tau+/+, Tau+/−, and Tau−/− littermates were obtained from breedings between Tau+/− mice
(C57Bl/6J). To determine whether chronic reduction (Tau+/−) or ablation (Tau−/−) of tau
impairs learning and memory in middle-aged or old mice, we behaviorally tested two
independent cohorts of mice at 11–17 or 21–22 months of age. The Morris water maze and a
novel object recognition test were used to assess spatial versus non-spatial learning and
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memory, respectively. In the Morris water maze, tau ablation had no effect on learning and
memory in 11–17-month-old mice (Fig.1 A,B). Reduction and ablation of tau did not
significantly affect learning and memory in 21–22-month-old mice either (Fig. 1C,D). Tau
ablation did not affect learning and memory in the novel object recognition test in 11–17-
month-old mice (Fig. 1E) and neither did tau reduction or ablation in 21–22-month-old mice
(Fig. 1F).

3.2 Ablation of tau and aging cause weight gain and subtle motor deficits
To determine whether chronic reduction or ablation of tau impairs motor functions in
middle-aged or old mice, we assessed two cohorts of Tau+/+, Tau+/−, and Tau−/− mice in
several motor tests at 12–15 or 21–22 months of age. Mice of all genotypes gained weight as
they aged, but Tau−/− mice weighed more than Tau+/+ and Tau+/− mice at 12–15 months and
showed a trend in this direction at 21–22 months (Fig. 2A). Tau genotype did not
significantly alter rearing or overall activity in the open field, although both were reduced by
aging (Fig. 2B,C) and Tau−/− mice showed a trend towards increased rearing at the older age
(Fig. 2B). Aging also reduced the latency to fall off the Rota rod, as did tau ablation (Fig.
2D). Because fall latency in 12–15-month-old Tau−/− mice strongly correlated with body
weight at 12–15 months of age (R2=0.64, p=0.001; Fig. S1A), this deficit may be caused
primarily by their increased weight.

At 12–15 months, Tau−/− mice took longer to descend the pole than Tau+/+ and Tau+/− mice,
whereas at 21–22 months all groups showed comparable latencies (Fig. 2E). In contrast to
the Rota rod results, pole test performance in 12–15-month-old Tau−/− mice did not correlate
with body weight (Fig. S1B). Tau ablation also increased the latency to cross a balance
beam at 12–15 months of age (Fig. 2F); correlation of latencies with body weight (R2=0.34,
p=0.04; Fig. S1C) again suggested that this may not represent a genuine motor deficit.
Independent of genotype, the oldest age group could not complete the balance beam test.
These findings suggest that complete tau ablation causes subtle motor deficits, in part, by
increasing body weight. In contrast, partial reduction of tau had no adverse effects on motor
functions even at 21–22 months of age.

3.3 Motor deficits in Tau−/− mice are probably not caused by dopaminergic dysfunction
Motor deficits in aging Tau−/− mice have been attributed to impairments of dopaminergic
neurons projecting to the striatum (Lei, et al., 2012). We therefore assessed striatal
dopamine and tyrosine hydroxylase (TH) levels of Tau+/+, Tau+/−, and Tau−/− mice at 9–11,
14–20 or 25–26 months of age. We found a gene dose-dependent trend for tau reduction to
lower striatal dopamine levels as mice aged (11–16% reduction, Fig. 3A), but this trend did
not reach statistical significance. Western blot analysis revealed a statistically significant
decrease in TH levels only in Tau+/− mice (16% reduction, Fig. 3B,C) at 25–26 months.
Notably, these were the same Tau+/− mice that, compared with age-matched controls, failed
to show any behavioral deficits at 21–22 months of age, suggesting that this subtle TH loss
may not have a significant impact on motor function. Because others recently reported a
much greater (40%) loss of striatal dopamine and TH in 12-month-old Tau−/− mice from the
same strain (Lei, et al., 2012), we confirmed by post hoc power calculations (see Methods
for details) that our analysis of striatal dopamine and TH levels was powered to detect such
a change in all of the groups, if it were present. In contrast to Lei and colleagues, we did not
find any iron accumulation in the hippocampus, striatum or substantia nigra of 14-month-old
Tau−/− mice (Fig. S2).

To further test the hypothesis that motor deficits in Tau−/− mice are caused by dopaminergic
deficits, we treated an independent cohort of 12–15-month-old Tau+/+, Tau+/−, and Tau−/−

mice with a combination of L-DOPA and benserazide. To determine the efficacy of the
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treatment, we used the pole test, because it was the only test in which 12–15-month-old
Tau−/− mice showed weight-independent motor deficits (Fig S1B). In this second cohort,
pole test latency also did not correlate with body weight in Tau−/− mice, and acute i.p.
injections of L-DOPA (20mg/kg) and benserazide (5mg/kg) did not improve latency to
descend in the pole test in any of the groups (data not shown). We then treated the same
mice with L-DOPA/benserazide dissolved in their drinking water for 7 days. On average, the
mice received roughly 24 mg/kg/day of L-DOPA and 6 mg/kg/day of benserazide, which is
close to the doses (20mg/kg/day L-DOPA and 5mg/kg/day benserazide) Lei et al. reported
to significantly improve motor functions in 12-month-old Tau−/− mice (Lei, et al., 2012). On
the 7th day of treatment, the mice were again tested in the pole test. Compared to Tau+/+ and
Tau+/− mice, Tau−/− mice again took longer to descend the pole, but L-DOPA/benserazide
treatment did not significantly improve their performance (Fig. 3D). Thus, compared with
age-matched Tau+/+ controls, Tau−/− mice have only subtle dopaminergic deficits and it is
unlikely that these deficits contribute significantly to the pole test deficits seen in 12–15-
month-old Tau−/− mice.

4. Discussion
Several new findings and conclusions emerged from this study. Middle-aged and old Tau−/−

mice had age-appropriate spatial and nonspatial learning and memory. Motor deficits were
subtle in middle-aged Tau−/− mice and undetectable in old Tau−/− mice, most likely because
deficits caused by aging became more prominent than those caused by tau ablation. Because
middle-aged Tau−/− mice had no significant reductions in striatal levels of dopamine or TH
and L-DOPA/benserazide treatment did not improve their motor deficits, it is unlikely that
these deficits were caused by dopaminergic impairments. Some of these deficits may be
caused by weight gain and others by alternative mechanisms that have yet to be identified.

Reducing tau by half had no adverse effects on any of the outcome measures until 25–26
months of age. At this age, Tau+/− mice showed a slight reduction in striatal TH levels but
no behavioral deficits, compared with age-matched Tau+/+ mice, demonstrating that partial
reduction of tau is well tolerated even in old mice. These results extend previous studies
demonstrating that Tau+/− mice performed at Tau+/+ control levels in a variety of motor tests
at 3.0–4.5 months (Morris, et al., 2011a) and showed no deficits in the Morris Water maze at
4–7 months (Roberson, et al., 2007). They also have potential therapeutic implications, as
50% reduction of tau was sufficient to improve neuronal network activity and cognitive
functions in human amyloid precursor protein transgenic mice (Roberson, et al., 2011;
Roberson, et al., 2007) and to improve axonal transport in primary neuronal cultures
exposed to Aβ oligomers (Vossel, et al., 2010).

The findings of the current study differ in several respects from those reported by Lei and
colleagues (Lei, et al., 2012). Specifically, we did not find behavioral deficits in the open
field test, abnormal iron accumulation in the brain, or significant decreases in striatal levels
of dopamine or TH in middle-aged and old Tau−/− mice, compared with age-matched Tau+/+

controls. In addition, other types of subtle motor deficits we detected in 12–15-month-old
Tau−/− mice were not significantly improved by treatment with L-DOPA/benserazide.
Because both studies assessed the same Tau−/− model (Dawson, et al., 2001) on the same
genetic background strain (C57BL/6) at comparable ages (12 and 24 months versus 12–15
and 21–22 months), it is unlikely that any of these variables accounted for the differences in
our results. Additional studies, including by independent groups, are needed to resolve the
discrepancies, which might relate to a variety of other factors, including the diet and housing
conditions of the mice and the methodological approaches used to study their phenotypes.
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Because we did observe a trend towards lower striatal dopamine and TH levels in middle-
aged and old Tau+/− and Tau−/− mice, it is possible that genetic reduction or ablation of tau
slightly increases the susceptibility of dopaminergic neurons to various injuries, including
those caused by aging, exposure to 6-hydroxydopamine (Morris, et al., 2011a) and iron
accumulation (Lei, et al., 2012). However, we consider it unlikely that the motor
impairments we observed in middle-aged Tau−/− mice reflect extrapyramidal motor
dysfunction because these mice showed only subtle trends towards dopaminergic deficits
and their motor impairments did not improve with dopamine treatment. One potential cause
of motor dysfunction is abnormal weight gain, which was evident in Tau−/− mice at 12–15
months of age and correlated with their impairments on the Rota rod and balance beam.
However, pole test deficits did not correlate with weight gain and balance beam deficits
were observed in young Tau−/− mice prior to abnormal weight gain (Morris, et al., 2011a),
suggesting the involvement of additional factors that remain to be defined.

In conclusion, the genetic ablation of tau causes minimal neurological dysfunction in
middle-aged, but not in old Tau−/− mice, as compared with age-matched wildtype controls,
and there is little evidence that partial reduction of tau is detrimental. To further assess the
safety of this potential therapeutic strategy, it would be desirable to reduce tau levels in
rodent models at different ages after their nervous system has developed and matured in the
presence of wildtype tau levels.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Lack of tau since early development does not impair learning and memory in middle-aged
and old mice. (A–D) Independent cohorts of mice comprising the indicated genotypes were
tested in the Morris water maze at 11–17 months (A, B; n=8 mice per genotype) or 21–22
months (C, D; n=11–13 mice per genotype) of age. mo, months (A, C) Learning curves
during hidden-platform training. Repeated-measures ANOVA: time effect (A, p<0.0001; C,
p<0.0001), but no genotype effect (A, p=0.37; C, p=0.28) or interaction (A, p=0.95; C,
p=0.70). (B, D) Memory retention in the probe trial (platform removed) 24 h after the end of
the last training trial. Repeated measures ANOVA: quadrant effect (B, p=0.002; D,
p=0.006), but no genotype effect (B, p=0.98; D, p=1.0) or interaction (B, p=0.98; D, p=1.0).
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T, target quadrant; O, other quadrant. Dotted line indicates chance. (E, F) The same groups
of mice were trained in a novel object recognition paradigm and tested 48h later. Repeated
measures ANOVA: object effect (E, p=0.002; F, p<0.0001), but no genotype effect (E,
p=0.47; F, p=0.42) or interaction (E, p=0.91; F, p=1.0). N, novel object; F, familiar object.
*p<0.05, **p<0.01 (Bonferroni post hoc test). Data are means ± SEM.
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Figure 2.
Complete, but not partial, tau reduction and aging are associated with weight gain and subtle
motor deficits. Mice of the indicated genotypes were weighed and analyzed in different
motor tests at 12–15 or 21–22 months of age (n=11–14 mice per age and genotype). (A)
Body weight. Two-way ANOVA: genotype (p=0.002) and age (p<0.0001) effects but no
interaction (p=0.69). (B, C) Rearing (B) and total movements (C) were measured in the open
field test. Two-way ANOVA: age effect (B, p<0.0001; C, p<0.0001) but no genotype effect
(B, p=0.42; C, p=0.55) or interaction (B, p=0.09; C, p=0.44). (D) Rota rod test. Two-way
ANOVA: genotype (p=0.01) and age (p<0.0001) effects but no interaction (p=0.67). (E)
Pole test. Two-way ANOVA: age effect (p<0.0001) but no genotype effect (p=0.88) or
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interaction (p=0.31). (F) Balance beam. *p<0.05, **p<0.01, ***p<0.001 vs. age-matched
wildtype mice or as indicated by brackets (Tukey test). Data are means ± SEM.
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Figure 3.
Mild dopaminergic deficits do not contribute to motor deficits in Tau−/−-mice. (A–C) Levels
of dopamine (A) and tyrosine hydroxylase (TH) in the striatum (B, C) were measured in
mice of the indicated genotypes at 9–11 months (n=5 per genotype), 14–20 months (n=6–7
per genotype) or 25–26 months (n=7–10 per genotype) of age. RU, relative units; TH,
tyrosine hydroxylase. (A) Striatal dopamine levels determined by HPLC. Two-way
ANOVA: no effects of genotype (p=0.10) or age (p=0.14) and no interaction (p=0.40). (B)
Representative western blot showing tyrosine hydroxylase (TH) levels in the striatum of two
mice per genotype (age 25–26 months). Alpha tubulin served as a loading control. (C)
Quantitation of striatal tyrosine hydroxylase by western blot analysis (n=4–10 mice per
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genotype and age as specified above). Two-way ANOVA: interaction (p=0.011), but no
effects of genotype (p=0.72) or age (p=0.26). Average signals in two 25–26 month wildtype
mice on each blot were arbitrarily defined as 1.0 and used to normalize signals across
western blots. (D) Pole test deficits in middle-aged Tau knockout mice are not significantly
improved by chronic treatment with L-DOPA/benserazide. Mice (n=11–14 per genotype,
age: 12–15 months) were assessed in the pole test before and on the 7th day of treatment
with L-DOPA (200mg/L) and benserazide (50mg/L) in 0.2% ascorbic acid in their drinking
water. Repeated measures two-way ANOVA: genotype effect (p=0.014) but no treatment
effect (p=0.97) or interaction (p=0.71). *p<0.05 vs. age-matched wildtype mice (Bonferroni
post hoc test of selected columns). Data are means ± SEM.
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