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Abstract

Tyrosine hydroxylase (TH) and dopamine transporters (DATS) regulate dopamine (DA)
neurotransmission at the biosynthesis and reuptake steps, respectively. Dysfunction or loss of these
proteins occurs in impaired locomotor or addictive behavior, but little is known about the influence
of DAT expression on TH function. Differences in TH phosphorylation, DA tissue content, L-
DOPA biosynthesis, and DA turnover exist between the somatodendritic and terminal field
compartments of nigrostriatal and mesoaccumbens pathways. We examined whether differential
DAT expression affects these compartmental differences in DA regulation by comparing TH
expression and phosphorylation at ser31 and ser40. In heterozygous DAT knockout (KO) (+/-)
mice, DA tissue content and DA turnover were unchanged relative to wild-type mice, despite a
40% reduction in DAT protein expression. In DAT KO (=/-) mice, DA turnover increased in all
DA compartments, but DA tissue content decreased (90-96%) only in terminal fields. TH protein
expression and phosphorylation were differentially affected within DA pathway compartments by
relative expression of DAT. TH protein decreased (~74%), though to a significantly lesser extent
than DA, in striatum and nucleus accumbens (NAc) in DAT —/- mice, with no decrease in
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substantia nigra or ventral tegmental area. Striatal ser31 TH phosphorylation and recovery of DA
relative to TH protein expression in DAT +/— and DAT -/- mice decreased, whereas ser40 TH
phosphorylation increased ~2- to 3-fold in striatum and NAc of DAT —/- mice. These results
suggest that DAT expression affects TH expression and phosphorylation largely in DA terminal
field compartments, further corroborating evidence for dichotomous regulation of TH between
somatodendritic and terminal field compartments of the nigrostriatal and mesoaccumbens

pathways.
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Dopamine (DA) plays a major role in locomotor function and reward-related behavior. In the
multistep process of dopaminergic synaptic transmission, the dopamine transporter (DAT) is
a vital component of DA signaling in the CNS, serving to transport DA from the synapse
back into the presynaptic terminals. In addition to terminating or gating DA signals, this
uptake process contributes to the maintenance of readily releasable pools of DA. Much work
studying the regulation of DA, including DAT function, has been focused upon terminal field
functions in the dorsal striatum (for the nigrostriatal pathway) or the nucleus accumbens (for
the mesoaccumbens pathway). However, it is clear that there are significant differences in
the efficiency of the DAT for DA clearance between the terminal fields and associated
somatodendritic compartments,1~4 suggesting that DAT levels may have a different effect on
DA homeostasis in these compartments. For example, DA clearance or uptake occurs at a
greater rate in the striatum compared to the substantia nigra (SN).12 Therefore, the loss of
DAT may bear significantly different consequences for how DA is regulated in the terminal
fields or somatodendritic compartments of these two pathways, including TH regulation. In
fact, evidence suggests that DA tissue content is more dependent upon TH function in the

somatodendritic than the terminal field compartments.®

Dopaminergic neurotransmission begins at the biosynthesis step, with tyrosine hydroxylase
(TH) the rate-limiting enzyme for DA biosynthesis. Physiological regulation of TH
phosphorylation in CNS is by site-specific phosphorylation at three sites (ser19, ser31, and

ser40).8 Of these sites, historically, much evidence exists for a role for ser40

phosphorylation in regulating TH activity. However, /n situ evidence suggests that for
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increased ser40 phosphorylation to affect L-DOPA biosynthesis, a threshold of
phosphorylation reaching 3-fold above basal levels is necessary.” However, increased L-
DOPA synthesis can occur without any increase in ser40 phosphorylation.”-8 Recent work in
CNS has revealed a significant role for ser31 phosphorylation in regulation of L-DOPA
biosynthesis® and DA tissue content.®-11 While ser19 phosphorylation does not have a direct
impact on TH activity,12 its phosphorylation can covary with ser31 in the somatodendritic
compartments or ser40 in the terminal field compartments,® and covary with glutamatergic
neurotransmission in striatum.13

To elucidate how DA biosynthesis can be affected by activity at the other steps of DA
neurotransmission in the CNS, experimental modulation of the proteins involved may
determine the extent of their influence. For example, DA D, autoreceptors are well-known to
provide feedback inhibition on DA release, firing rates, and synthesis, as well as increasing
the activity of the DAT,14 yielding a net effect of decreasing DA signaling. DA D5
autoreceptor regulation of TH phosphorylation has been observed in striatum,10:15-17 a5 well
as in nucleus accumbens, substantia nigra, and ventral tegmental area.1® D,-type DA
receptor agonists reduce TH phosphorylation at ser40,16 whereas antagonists (acute)
increase TH phosphorylation at ser19, ser31, and ser40,8 and chronic administration
decreases TH phosphorylation.1” In the rodent, the relative expression of DAT versus TH
protein is much greater in the terminal fields versus the somatodendritic compartments in the
nigrostriatal and mesoaccumbens pathways.1 Therefore, it would stand to reason that the
loss of DAT may impact TH regulation to a greater extent in the terminal fields, given the
evidence that DAT function influences DA homeostasis29-22 and DA-related behavior.23:24
However, DA function in the somatodendritic compartments can affect behavioral
outcomes.2>-28 Using homozygous (-/-) and heterozygous (+/-) DAT knockout mice with
both or only one DAT allele deleted, respectively,2? this study presented the opportunity to
determine if TH phosphorylation and DA tissue content in the somatodendritic
compartments were affected by the relative abundance of DAT in these areas relative to the
terminal field compartments. Here we find that DAT expression has significant effects on TH
expression and phosphorylation in terminals (striatum and nucleus accumbens), but
comparatively less, if any, effect in somatodendritic (ventral tegmental area (VTA) and
substantia nigra (SN)) compartments.

RESULTS
DAT Expression

DAT expression was less in the DAT +/- compared to wild-type in both striatum (Figure
1A,C) and SN (Figure 1B,C). The mean reduction of DAT expression in the heterozygote
was 44% in the striatum and 50% in the SN. There was no DAT immunoreactivity in the
DAT -/- genotype that was above background in either region.

TH Protein Expression

In both the nigrostriatal and mesoaccumbens pathway, there was a stark contrast in relative
TH protein expression among the three genotypes between the terminal field and
somatodendritic compartments. The expression of TH protein in the DAT -/~ in both
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striatum and nucleus accumbens was greatly diminished as compared to the wild-type,
whereas in the cognate somatodendritic compartments of the SN and VTA, TH expression
was unaffected in the DAT —/-, although a trend toward an increase was clearly observed
(Figure 2C,E). In striatum, TH protein expression increased 63% in the DAT +/- compared
to the WT, whereas TH expression decreased 73% in the DAT —/- (Figure 2A). In the SN,
no significant differences in TH expression were observed among the three genotypes.
However, a trend toward an increase was observed in the DAT —/- genotype (Figure 2B). In
the NAc, TH protein expression was decreased 80% in the DAT —/- (Figure 2D), whereas in
the VTA, no significant differences in TH expression were observed among the three
genotypes. However, as observed in the SN, there was a trend toward an increase in the DAT
—/- genotype (Figure 2E).

TH Phosphorylation at Ser31 and Ser40

TH phosphorylation at both ser31 and ser40 in the terminal fields differed among the three
genotypes, but not in somatodendritic compartments. In the striatum, ser31 was significantly
decreased in the DAT +/-, and further decreased in the DAT —/- (Figure 3A). In the SN, no
differences in ser31 were observed (Figure 3B). In the NAc, ser31 was significantly
decreased in the DAT —/- (Figure 4C), without any differences noted in the VTA (Figure
4D).

TH phosphorylation at ser40 was increased 2—3-fold in striatum and NAc in the DAT /-
mice (Figure 4 A,C). To the contrary, no differences in ser40 were observed in SN or VTA
(Figure 4 B,D).

DA Tissue Content and DA Turnover

In the terminal field compartments of both the nigrostriatal and mesoaccumbens pathways,
DA tissue content (as normalized to protein) was reduced by more than 90% in the DAT -/-
mice (Figure 5 A,C). In striatum, DA tissue content decreased an average of 96% in the DAT
—/- mice compared to the wild-type, and a similar reduction was observed in the NAc
(90%). Despite confirmed reduction of DAT protein in the heterozygote mice (Figure 1 A),
DA tissue content did not decrease in striatum (Figure 5A), or the NAc (Figure 5C).
Contrary to the major loss of DA tissue content observed in the terminal fields, DA tissue
content did not decrease in either the SN or VTA of the DAT —/- mice (Figure 5 B,D). In
fact, DA tissue content was significantly increased in the VTA of the DAT -/- (Figure 5D),
which was likely due to the 1.6-fold increase in total TH protein expression detected in this
group (though not significant).

Dopamine turnover increased in all four compartments in the DAT —/- mice, being 12- to
40-fold greater than in WT or DAT +/- in the terminal fields, whereas the increase was less
(1.3-fold above WT or DAT +/-) in the somatodendritic compartments. DOPAC levels were
significantly greater in each region in the DAT —/— mice (Figure 6).

Relationship of DA Tissue Content and TH Phosphorylation

Given the differences in TH protein expression found in the terminal fields, DA tissue
content in each sample was normalized to the amount of TH protein recovered in each tissue

ACS Chem Neurosci. Author manuscript; available in PMC 2016 July 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Salvatore et al.

Page 5

sample. DA tissue content, as normalized to TH protein, was decreased in striatum in the
DAT +/- group and even further decreased in the DAT —/- (Figure 7A). In the NAc, there
was also a decrease in the DAT —/-, but not DAT +/—-(Figure 7B). In somatodendritic
compartments, no loss of DA was observed in the DAT —/- mice in either SN or VTA.

The relative differences in DA recovered against TH expression were reflected by ser31
phosphorylation differences seen in Figure 3. In comparing striatal DA tissue content against
TH protein expression in the DAT +/- and DAT —/- genotypes, in both cases DA tissue
content was significantly less than TH expression (Figure 8A,B), suggesting that DA
biosynthesis was reduced in both genotypes.

DISCUSSION

Despite the fact that the somatodendritic and terminal field compartments comprise the same
neuron populations, much evidence supports that there is a dichotomy in regulation of DA
neurotransmission between these two compartments in both the nigrostriatal and
mesoaccumbens pathways, including TH expression and phosphorylation at the biosynthesis
step,>11.18 DA uptake,2~4 and DAT expression.1® DAT expression is much less in SN and
VTA compared with striatum and nucleus accumbens in rodent, 19 and the present results
provide additional evidence that DA regulation is less influenced by DAT in the
somatodendritic compartments. The loss of DAT was associated with decreased DA tissue
content and TH protein, but only in the terminal fields of striatum and nucleus accumbens.
The major loss of DA and TH in dorsal striatum of DAT —/- mice has been previously
reported.20-22 This study adds that this loss of DAT has comparatively much less impact
upon DA tissue content, TH protein expression, or phosphorylation in the somatodendritic
DA compartments. Previous work indicates that the DAT —/- genotype produces a loss
(though comparatively small) of TH-positive neurons in the midbrain.22 We did not observe
evidence of a decrease in TH protein expression in either SN or VTA, and, if anything, a
nonsignificant increase was observed in these areas. This disconnect between numbers of
TH-positive neurons and TH expression has been previously reported?® and may be related
to differences in neuronal activity, as affected by differences in extracellular DA, among the
three genotypes.

DAT deficiency affected TH phosphorylation at ser31 and ser40 only in the terminal field
compartments, with phosphorylation at ser31 decreasing while increasing at ser40. Acute
noncontingent cocaine also blocks DAT function, and some similarity of our results is seen
with this previous work, with effects on TH phosphorylation at both ser31 and ser40 in
terminal field regions, but not in the somatodendritic compartments.3° This study reported
decreased L-DOPA synthesis in conjunction with decreased TH phosphorylation at both
sites. However, in our study, ser31 decreased and ser40 increased in the DAT —/- genotype,
and the decrease in DA normalized to remaining TH protein matched ser31 phosphorylation
differences. However, the large increase in DA turnover in the terminal fields revealed in the
DAT -/- genotype confounds a direct interpretation of the impact of these disparate changes
in phosphorylation, as an increase in DA turnover would presumably diminish DA
bioavailability. Increased DA biosynthesis has been observed in the DAT -/~ genotype,2°
suggesting that the 2-fold increase in ser40 TH phosphorylation would increase TH activity.
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However, the relative amount of remaining DA tissue content was less than remaining TH
protein, suggesting that TH activity was decreased, although this was not directly tested
herein by assessment of L-DOPA. Yet, this observation would be consistent with the decline
in ser31 in both the DAT +/- genotype (which had increased TH expression but DA levels
equal to the WT) and the DAT —/- genotype. In our previous work investigating the
relationship of TH phosphorylation with L-DOPA biosynthesis in the four regions examined
here, there was evidence that ser31 phosphorylation has significant influence upon L-DOPA
biosynthesis. With normalization of L-DOPA against inherent TH protein recovery ser31,
but not ser40, phosphorylation paralleled differences in L-DOPA levels against TH in the
four regions examined here.> We also speculate that the reason for decreased TH protein
expression only in the terminal field regions of the DAT —/- genotype may be associated
with increased ser40 phosphorylation. Increased ser40 TH phosphorylation can be
associated with TH ubiquitination and proteosomal degradation31-32 and even irreversible
TH inactivation.33 Furthermore, increased ser40 phosphorylation occurs in conjunction with
a decrease in TH and DAT expression, decreased DA tissue content, and increased DA
turnover, in mice with genetic alteration of iron regulatory protein.3* Given these recent
observations, the increase in ser40 phosphorylation may contribute to TH protein loss and
partially contribute to accelerated DA turnover in the terminal fields of DAT —/— mice.

The particularly selective impact upon TH phosphorylation in the terminal field
compartments in the DAT +/- and DAT -/- genotypes may be related to endogenous
compartmental differences (as would be reflected in the DAT-WT genotype) in DA release
capacity, DA D, autoreceptor function, VMAT2 expression, DAT expression, or endogenous
DA stores. The loss of DAT can affect D, autoreceptor function.?! DA D, receptor
antagonist effects on TH phosphorylation are limited to ser31 TH phosphorylation in the
VTA and nucleus accumberns.18 However, much evidence supports that DA D,
autoreceptors affect TH phosphorylation6-18 following either acute or chronic treatment
with agonist or antagonists. Thus, major differences in DA uptake (as controlled by
differences in DAT expression in our study) and DA release capacity (also affected by DAT
expression) could affect DA D, autoreceptor function and, therefore, TH phosphorylation
among the genotypes. As expression of DAT is decreased relative to that in the WT, two
relevant observations affecting autoreceptor function have been reported in the striatum.
First, DA release capacity decreases to ~25% of that observed in the WT.20.23 Second, the
efficacy of autoreceptor-mediated regulation of DA release is diminished.2! Notably,
diminished autoreceptor function is also observed with continuous stimulant exposure.3°
Therefore, given that there is less extracellular DA release (with the caveat of a greatly
protracted DA clearance time in the DAT —/—20.23 and the efficacy of DA D, receptor
function is decreased), there is the possibility that the DA D5 receptor-mediated effects on
TH phosphorylation would be decreased. The major increase in ser40 phosphorylation in the
DAT -/~ genotype suggests this possibility, given that DA agonists reduce® and antagonists
increasel® ser40 phosphorylation. However, the decrease in striatal ser31 TH
phosphorylation in the DAT +/- and DAT -/~ indicates that some DA-mediated D,
regulation is still present, as antagonists also increase ser31 in striatum.1® The DA D,
receptor is coupled to ERK function,10 and given the reported decrease in autoreceptor
function in DAT +/- and DAT —/- genotypes, the decrease in ser31 TH phosphorylation, a
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target of ERK under depolarizing conditions,” would be expected. This differential response
in ser31 and ser40 phosphorylation in both nucleus accumbens and striatum indicates that,
under the conditions of DA neurotransmission imposed by the loss of DAT, autoreceptor-
mediated control of only ser40 may be abrogated, and the segregation of phosphorylation
differences in response to physiological stimuli at these two sites has been observed in other
paradigms studying TH regulation Jn vivo.11:36:37 Alternatively, differences in TH
phosphorylation response to DAT deficiency between the somatodendritic and terminal field
compartments may be related to the influence of cytosolic DA from DAT-mediated uptake.
Inhibition of L-DOPA decarboxylase by NSD-1015 (which would decrease DA content)
may increase ser31 and ser40 phosphorylation in the tissues studied here.> The compartment
specific increase in ser40 in the DAT —/- seen only in the terminal field regions may
therefore be related to the decrease in cytosolic DA we report in both regions. This terminal
field specific effect is further supported by the evidence that L-DOPA content per DA
content is significantly less in the terminal field compartments,® indicating that the much
greater quantity of DAT normally expressed likely accounts for the normal pool of DA.
Thus, removal of the DAT would carry greater impact on DA homeostasis in the terminal
fields.

Differences in DAT expression were without effect on TH phosphorylation in the
somatodendritic compartments of either the SN or VTA, suggesting that the influence of TH
regulation on DA content therein is largely independent of any contributions by DA uptake.
Dopamine release in the substantia nigra has been established for 40 years,38:3% and this
study further supports that TH function may be a primary component of how much DA is
available for release, particularly since evidence also shows that DA D, agonists are much
less effective in inhibiting DA release therein® and shows less efficiency of DA uptake in
the midbrain1—341 and less DA release in the midbrain.2=442 The expression of DAT protein
relative to TH protein is nearly 10-20-fold less in the somatodendritic compartments versus
the terminal fields,1® and DA tissue content is more dependent upon TH function in the
somatodendritic regions.® Our results seem to further extend the critical differences in DA
regulation between the two compartments, which may come into play to determine how
DAT affects TH activity in DA-dependent behavioral outcomes,*3-47 particularly if
considering the influence of DA neurotransmission in the somatodendritic compartments
upon behavior2>-28:48-50 and in disease states affected by DA loss like Parkinson’s
disease.51:52 Thus, given the major loss of DA in the striatum, it is reasonable to ask if
hyperactivity in DAT—/- is driven by elevated extracellular DA levels in striatum or in the
substantia nigra. From the perspective of reward, recent work indicates that amphetamine
self-administration was more associated with expression of DA Do/Dg receptors in the VTA
rather than the nucleus accumbens.>3 Methamphetamine, which acts in part via DAT, also
produces a differential impact on DA regulation in the VTA versus NAc!® and upon TH
phosphorylation.>*

SUMMARY

The influence of monoamine transporters upon the components of the biosynthesis and
catabolism steps of mono-aminergic neurotransmitters is a critical question to resolve to
understand the interdependent nature of the steps involved in neurotransmission. This
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question has been also addressed in serotoninergic terminal field regions in serotonin
transporter +/— and —/— genotypes.>® This study expands insight into the relative impact of
DAT removal in the DAT —/-, and partial DAT expression in the DAT +/-, to reveal a
dichotomous plasticity in TH and DA regulation between the terminal field and
somatodendritic compartments of the nigrostriatal and mesoaccumbens pathways. The
comparative lack of effect of either the DAT +/- or DAT —/- genotypes on TH regulation in
the somatodendritic compartments may be related to the relatively minor contribution of
DAT function to DA homeostasis in the somatodendritic compartments, and may be due to
the major differences in the relative abundance of DAT and TH between the terminal field
and somatodendritic compartments.1® The divergent changes in TH phosphorylation in the
terminal fields in conjunction with effects on DA tissue content likely substantiate the major
role of DAT function on DA homeostasis in DA terminals, but also its comparatively
mitigated influence on TH function and DA tissue content in the somatodendritic
compartments.

METHODS

Breeding of Mice

Male DAT -/- (KO) (Giros et al., 1996), DAT +/- (HET), and wild-type (WT) littermate
mice on a C57BL/ 6J background (bred in house for >10 generations) were maintained on a
12:12 h light/dark cycle (6:00 a.m. lights on; 6:00 p.m. lights off) with food and water ad
libitum. Two- to three-month-old male mice were used in all experiments. All animals were
maintained according to the National Institutes of Health guidelines in Association for
Assessment and Accreditation of Laboratory Animal Care accredited facilities. The
experimental protocol was approved by the Institutional Animal Care and Use Committee at
Wake Forest School of Medicine.

Dissection of Tissue and Analysis

Mice were lightly anesthetized with isofluorane and decapitated. Brains were rapidly
removed and held in ice-cold PBS solution while the dissection occurred. Striatum, NAc,
SN, or VTA punches (1 mm, 14-gauge) from DAT —/-, DAT +/-, and WT animals were
freshly dissected on ice and snap frozen in isopentane. The dissection of the discrete
midbrain tissue regions follows published methodology.>® The VTA is segregated from the
SN by triangular cuts freehand by using a #11 scalpel, cutting away from the midline of the
midbrain to isolate the VTA from the SN. The SN is dissected away from the midbrain by
cutting diagonally upward to end midway in the lateral edge of the midbrain. Tissue was
kept frozen at —80 °C until analysis for DA and DOPAC tissue content, TH protein and
phosphorylation, and DAT expression.

Analysis of Dopamine and Tyrosine Hydroxylase

An established procedure was followed to ascertain the combination of DA tissue content,
tyrosine hydroxylase expression and phosphorylation, and DAT protein expression in each
tissue sample.>® Briefly, tissue samples were sonicated in 0.1 M perchloric acid solution,
and protein precipitates were isolated from the supernatants. The supernatants were
subsequently analyzed for DA and dihydroxyphenylacetic acid (DOPAC) quantity by
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HPLC.5 The ratio of DOPAC to DA was determined from these analyses to determine any
change in DA turnover among the three groups. The protein precipitate was sonicated in 1%
SDS solution and total tissue protein was determined prior to sample preparation for blot-
immunolabeling. The expression levels of DAT were determined using Santa Cruz antibody
sc-1433 (goat host, 1 pg/mL use dilution, rabbit anti-goat secondary antibody (DAKO), TH
protein (rabbit host, Millipore, AB152), and phosphorylation at ser31 (Salvatore et al., 2009)
and ser40 (cat. no. p1580-40, Phosphosolutions, Aurora, CO)) using established
methodology.

A Grubb’s outlier test was performed on data sets to determine any outliers in results from
each genotype. After confirmation of no detection of DAT protein in the DAT —/—, DAT
expression between the WT and DAT-HET was evaluated with a one-tailed unpaired #test,
on the hypothesis that DAT expression has been previously reported to decrease in the DAT-
HET genotype.>” For all other statistical analyses, a one-way ANOVA was run on each
dependent measure obtained from the 3 groups followed by a Holm-Sidak’s multiple
comparisons post hoc test to compare DA, DA turnover, and DAT and TH expression and
TH phosphorylation differences among the three groups. Significance was set at p < 0.05.
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Figurel.

DAT protein expression in nigrostriatal pathway. (A) Striatal DAT protein expression. DAT
protein expression was on average 44% less in the DAT-HET versus WT (£=1.97, *p=
0.035, df = 13). (B) Nigral DAT protein expression. DAT protein expression was on average
50% less in the DAT-HET versus WT (¢= 2.62, *p < 0.05, df = 14). (C) Representative
Western blot of DAT expression; wild-type (WT), heterozygotes (+/—, HET), and knockout
(=/-, KO) in striatum (left) and SN (right). Nominal protein loads were 12 /g for striatum
and 90 yqg for the SN and reflect the difference in DAT expression between the two regions,

being greater in the striatum. The Ponceau staining below the

image reflects the protein

loading among the genotypes from these particular sample preparations.
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Figure2.

Tyrosine hydroxylase (TH) protein expression in nigrostriatal (A, B, C) and mesoaccumbens
(D, E) pathways relative to DAT genotype. (A) Striatum TH protein expression was
significantly different among the three genotypes (F5 19 = 48.60; p < 0.0001). Holm-Sidak’s
multiple comparisons post hoc: WT vs DAT-HET (+/-) (p< 0.001, #= 4.45); WT vs DAT-
KO (-/-) (p< 0.0001, t=5.24); DAT-HET (+/-) vs DAT-KO (-/-) (p < 0.0001, #= 9.86).
(B) Representative Western blot of TH expression in striatum and substantia nigra. TH
standard curve (0.10 to 2.5 ng total TH protein load) is shown along with expression levels
of TH protein in the WT, HET (+/-), and KO (=/-) groups in representative samples from
striatum and SN (12 and 15 g total protein load, respectively). (C) Substantia nigra TH
protein expression was not significantly different among the three genotypes (/15 = 2.43; p
=0.117). (D) Nucleus accumbens TH protein expression was significantly different among
the three genotypes (/21 = 23.95; p < 0.0001). Holm-Sidak’s multiple comparisons post
hoc: WT vs DAT-HET (+/-) (ns, ¢=1.26); WT vs DAT-KO (-/-) (< 0.0001, £=5.26);
DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.0001, £=6.52). (E) Ventral tegmental area TH
protein expression was not significantly different among the three genotypes (/19 = 2.75; p
=0.089).
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Figure 3.

Ser31 TH phosphorylation. (A) Striatum ser31 TH phosphorylation was significantly
different among the three genotypes (/21 = 37.73; p< 0.0001). Holm-Sidak’s multiple
comparisons post hoc: WT vs DAT-HET (+/-) (p< 0.01, ¢=3.33); WT vs DAT-KO (-/-) (p
<0.0001, ¢=8.61); DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.0001, ¢=5.28). (B) Substantia
nigra ser31 TH phosphorylation was not significantly different among the three genotypes
(F2,21 = 0.38; p=0.68). (C) Nucleus accumbens ser31 TH phosphorylation was significantly
different among the three genotypes (/20 = 3.52; p < 0.05). Holm-Sidak’s multiple
comparisons post hoc: WT vs DAT-HET (+/-) (ns, = 1.56); WT vs DAT-KO (-/-) (p<
0.05, t=2.63); DAT-HET (+/-) vs DAT-KO (/=) (ns, £=0.98). (D) Ventral tegmental area
ser31 TH phosphorylation was not significantly different among the three genotypes (/2 19 =
0.13; p=10.88).
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Figure 4.

Ser40 TH phosphorylation. (A) Striatum ser40 TH phosphorylation was significantly
different among the three genotypes (/2 20 = 17.01; p < 0.0001). Holm-Sidak’s multiple
comparisons post hoc: WT vs DAT-HET (+/-) (ns, ¢=1.11); WT vs DAT-KO (-/-) (p<
0.001, ¢=4.48); DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.0001, £=5.55). (B) Substantia
nigra ser40 TH phosphorylation was not significantly different among the three genotypes
(F2,21=0.02; p=0.98). (C) Nucleus accumbens ser40 TH phosphorylation was significantly
different among the three genotypes (/15 = 51.09; p < 0.0001). Holm-Sidak’s multiple
comparisons post hoc: WT vs DAT-HET (+/-) (ns, = 0.48); WT vs DAT-KO (-/-) (p<
0.0001, #=9.28); DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.0001, #=9.09). (D) Ventral
tegmental area ser40 TH phosphorylation was not significantly different among the three
genotypes (/18 = 0.19; p=0.83).
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Figureb.

DA tissue content in nigrostriatal (A, B) and mesoaccumbens (C, D) pathways relative to
DAT genotype. (A) Striatum DA tissue content was significantly different among the three
genotypes (£ 21 = 100.4; p<0.0001). Holm-Sidak’s multiple comparisons post hoc: WT vs
DAT-HET (+/-) (ns, £=0.05); WT vs DAT-KO (-/-) (p< 0.0001, ¢=12.30); DAT-HET (+/
-) vs DAT-KO (-/-) (p< 0.0001, ¢=12.25). (B) Substantia nigra DA tissue content was not
significantly different among the three genotypes (£ 1g = 1.25; p= 0.31). (C) Nucleus
accumbens DA tissue content was significantly different among the three genotypes (/221 =
139.9; p<0.0001). Holm-Sidak’s multiple comparisons post hoc: WT vs DAT-HET (+/-)
(ns, £=0.88); WT vs DAT-KO (-/-) (p< 0.0001, ¢=14.02); DAT-HET (+/-) vs DAT-KO (-/
=) (p<0.0001, £=14.91). (D) Ventral tegmental area DA tissue content was significantly
different among the three genotypes (/ 1g = 5.32; p< 0.05). Holm-Sidak’s multiple
comparisons post hoc: WT vs DAT-HET (+/-) (ns, £=0.04); WT vs DAT-KO (-/-) (p<
0.05, £=2.69); DAT-HET (+/-) vs DAT-KO (/=) (p< 0.05, {=2.85).
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Figure 6.
DA turnover (as DOPAC) in nigrostriatal (A, B) and mesoaccumbens (C, D) pathways

relative to DAT genotype. DA turnover was quantified by dividing the value of DOPAC by
DA inherent to each tissue sample. (A) Striatum DOPAC was significantly different among
the three genotypes (/21 = 13.7; p = 0.0002). Holm-Sidak’s multiple comparisons post
hoc: WT vs DAT-HET (+/-) (ns, ¢= 1.55); WT vs DAT-KO (-/-) (p< 0.001, ¢= 3.56); DAT-
HET (+/-) vs DAT-KO (-/-) (p< 0.0001, £=5.11). (B) Substantia nigra DOPAC was
significantly different among the three genotypes (/20 = 5.35; p= 0.014). Holm-Sidak’s
multiple comparisons post hoc: WT vs DAT-HET (+/-) (ns, ¢= 0.33); WT vs DAT-KO (-/-)
(p<0.05, = 2.69); DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.05, £=2.93). (C) Nucleus
accumbens DA tissue content was significantly different among the three genotypes (/2 20 =
8.60; p=10.002). Holm-Sidak’s multiple comparisons post hoc: WT vs DAT-HET (+/-) (ns,
t=1.01); WT vs DAT-KO (-/-) (p< 0.05, t=3.03); DAT-HET (+/-) vs DAT-KO (-/-) (p<
0.01, t=3.94). (D) Ventral tegmental area DA tissue content was significantly different
among the three genotypes (/20 = 15.8; p< 0.0001). Holm-Sidak’s multiple comparisons
post hoc: WT vs DAT-HET (+/-) (ns, ¢=1.84); WT vs DAT-KO (-/-) (p< 0.001, = 5.00);
DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.001, ¢= 4.67).
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Figure?.
DA tissue content normalized to TH content in nigrostriatal (A, B) and mesoaccumbens (C,

D) pathways relative to DAT genotype. (A) Striatum DA tissue content normalized to
inherent TH protein was significantly different among the three genotypes (/29 = 15.98; p
< 0.0001). Holm-Sidak’s multiple comparisons post hoc: WT vs DAT-HET (+/-) (p < 0.05,
t=2.53); WT vs DAT-KO (-/-) (p< 0.0001, = 5.65); DAT-HET (+/-) vs DAT-KO (-/-) (p
<0.01, £=3.21). (B) Substantia nigra DA tissue content normalized to inherent TH protein
was not significantly different among the three genotypes (/19 = 0.07; p=0.93). (C)
Nucleus accumbens DA tissue content normalized to inherent TH protein was significantly
different among the three genotypes (/21 = 14.72; p=0.0001). Holm-Sidak’s multiple
comparisons post hoc: WT vs DAT-HET (+/-) (ns, £=0.87); WT vs DAT-KO (-/-) (p<
0.001, £=5.07); DAT-HET (+/-) vs DAT-KO (-/-) (p< 0.001, = 4.20). (D) Ventral
tegmental area DA tissue content normalized to inherent TH protein was not significantly
different among the three genotypes (/21 = 0.21; p=0.81).
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Striatal DA tissue content versus TH protein expression and relationship of TH
phosphorylation with DA tissue content. (A) DAT-HET genotype. There was significantly
less DA tissue content versus TH protein expression in the DAT-HET (+/-) genotype
compared to WT (#=2.54, *p< 0.05, df = 13, unpaired two-tailed ¢test). (B) DAT-KO
genotype. There was significantly less DA tissue content versus TH protein expression in the
DAT-KO (-/-) genotype compared to WT (¢= 2.54, ***p=0.0002, df = 14, unpaired two-

tailed ftest).
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