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Abstract

The Src family kinase (SFK) is a subfamily of non-receptor tyrosine kinases. SFK members, Src
and especially Fyn, are expressed in the striatum. These SFK members are involved in the
regulation of neuronal and synaptic activities and are linked to the pathogenesis of a variety of
neuropsychiatric and neurodegenerative disorders. Given the fact that muscarinic acetylcholine
(mACh) receptors are highly expressed in striatal neurons and are critical for the regulation of
striatal function, we investigated the role of mACh receptors in the regulation of SFKs in the adult
rat striatum /n vivo. We found that pharmacological blockade of mACh receptors by systemic
administration of the mACh antagonist scopolamine induced a marked increase in phosphorylation
of SFKs in the striatum of male and female rats. This scopolamine-induced increase in SFK
phosphorylation occurred in the two subdivisions of the striatum (caudate putamen and nucleus
accumbens) and was time-dependent and reversible. Another mACh antagonist atropine was also
effective in stimulating SFK phosphorylation. Coadministration of subthreshold doses of
scopolamine and a dopamine D1 receptor agonist SKF81297 enhanced striatal SFK
phosphorylation. Between Fyn and Src proteins immunoprecipitated from striatal tissue,
scopolamine selectively increased phosphorylation of Fyn. The increase in Fyn phosphorylation
was accompanied by an increase in Fyn kinase activity in response to scopolamine. These results
reveal a significant role of mACh receptors in the regulation of SFKs (mainly Fyn) in striatal
neurons. Under normal conditions, endogenous mACh receptors appear to exert an inhibitory
effect on Fyn activity.
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Introduction

Non-receptor tyrosine kinases are divided into several subfamilies and are involved in the
regulation of a large number of intracellular protein substrates via a tyrosine
phosphorylation-dependent mechanism (Neet and Hunter, 1996). One of typical subfamilies
of these kinases is the Src family kinase (SFK). In this family, Src and Fyn (also known as
FynB) are key members and have been most extensively investigated. Src and Fyn are
expressed in the mammalian brain and are present in cytoplasmic and synaptic locations
(Ohnishi et al., 2011). Thus, Src and Fyn target a set of discrete substrates in these
subcellular compartments. By directly phosphorylating specific tyrosine sites on these
substrates, Src and Fyn regulate a variety of cellular and synaptic activities (Kalia et al.,
2004; Ohnishi et al., 2011; Schenone et al., 2011). Of note, Src and Fyn are sensitive to
changing cellular and synaptic input. Their activity could be upregulated by an increase in
phosphorylation at a specific site. That is, phosphorylation of Src and Fyn at a conserved
residue, tyrosine 416 (Y416), in the activation loop by an autophosphorylation mechanism
leads to activation of these enzymes (Roskoski, 2005; Okada, 2012).

The transmitter acetylcholine (ACh) in the brain interacts with two types of receptors:
nicotinic and muscarinic receptors. While the former is the ionotropic receptor, the latter is
the G protein-coupled receptor. Muscarinic ACh (mACh) receptors have five subtypes (M-
Ms) (Caulfield et al., 1998). My, M3, and M5 receptors are Gg-coupled receptors, whereas
M, and My are Gjjp-coupled receptors (Wess, 1996). Based on the type of G proteins that
mACh receptors are coupled to, activation of M1, M3, and Mg receptors enhances
phospholipase Cp1 activity, leading to yield of two signaling molecules, diacylglycerol and
inositol-1,4,5-triphosphate. Activation of M, and My receptors, on the other hand, inhibits
adenylyl cyclase and thereby reduces formation of a downstream signaling molecule, cCAMP.
mACh receptors are among the receptors widely expressed in the brain. Thus, they are
actively involved in the regulation of a variety of neural activities.

One brain area where mACh receptors (mainly M1 and M, receptors) are highly expressed is
the striatum (Levey et al., 1991). The striatum, as a key structure in the mesolimbic system,
is essential for normal brain functions in mood, cognition and movement and is linked to the
pathogenesis of various neurological and neuropsychiatric disorders. Within this region,
ACh and dopamine notably form a dynamic balance controlling homeostasis of striatal
medium spiny projection neurons. Dopamine has been well demonstrated to regulate SFKs
in the brain. While the dopamine D1 receptor agonist increased SFK Y416 phosphorylation
in the striatum, dopamine D2 receptors exerted an inhibitory effect on Y416 phosphorylation
(Hattori et al., 2006; Mao and Wang, 2015; 2016; 2017). However, whether ACh through
mACh receptors regulates SFKs in striatal neurons has been incompletely studied.

In this study, a series of neuropharmacological and neurochemical experiments were
conducted in adult male and female rats to define the role of mACh receptors in the
regulation of SFKs /n vivo. Two non-selective mACh antagonists, scopolamine and atropine,
were used to block mACh receptors. The effect of these antagonists after a systemic
injection on phosphorylation of SFKs at Y416 and expression of total Fyn and Src proteins
was investigated in the two subdivisions of striatum, the caudate putamen (CPu) and nucleus
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accumbens (NAc). The effect of coadministration of a D1 agonist SKF81297 and
scopolamine on Y416 phosphorylation was also examined in the striatum. Finally, the effect
of scopolamine on Y416 phosphorylation of immunopurified Fyn and Src and on Fyn kinase
activity was tested.

Materials and Methods

Animals

Male and female Wistar rats were used. These animals (270-360 g; Charles River, New
York, NY) were kept in our animal facility at 23°C and humidity of 50 + 10%. Food and
water were available ad /ibitum in animal rooms which were maintained on a 12/12 h light/
dark cycle with lights on at 0700. The Guide for the Care and Use of Laboratory Animals of
the NIH was used and followed throughout the course of experiment. Animal care and use
was approved by the Institutional Animal Care and Use Committee.

Systemic administration of drugs

Drugs were administered at a volume of 1 ml/kg via an intraperitoneal (i.p.) injection. Rats
were sacrificed at a time point indicated after drug administration. The dose of scopolamineg,
atropine, and SKF81297 was calculated as the salt. Scopolamine was administered at a dose
of 5 mg/kg. Selection of this dose was due to the fact that scopolamine injected at this dose
increased immediate early gene expression and phosphorylation of extracellular signal-
regulated kinases in the rat striatum /in vivo (Wang and McGinty, 1996a; Mao et al., 2017).
Atropine was injected at 5 mg/kg (i.p.). At this dose, atropine was effective in inducing
immediate early gene expression (Bernard et al., 1993) and reducing the dopamine D2
receptor antagonist raclopride-induced catalepsy (Alcock et al., 2001). An acute injection of
saline (1 ml/kg) was made in age-matched rats and served as controls.

Western blot analysis

Rats were anesthetized with sodium pentobarbital (65 mg/kg, i.p.). Animals were then
sacrificed by decapitation. Brains were removed and cut into coronal slices. The two
subdivisions of the striatum, the CPu and NAc, were dissected from the slices. Brain tissue
was homogenized in a radioimmunoprecipitation assay (RIPA) buffer containing 20 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM Nay,EDTA, 1 mM EGTA, 1% NP-40, 1% sodium
deoxycholate, 2.5 mM sodium pyrophosphate, 1 mM B-glycerophosphate, 1 mM NagVOy,
and 1 pg/ml leupeptin (Cell Signaling Technology, Danvers, MA). Homogenates were
centrifuged at 800 g for 10 min (4°C). Supernatants were collected and protein
concentrations were determined. Samples were stored at —80°C until use.

Western blots were performed to analyze changes in protein levels as described previously
(Jin et al., 2013). Briefly, proteins were separated on SDS NUPAGE Novex 4-12% gels
(Invitrogen, Carlsbad, CA). Separated proteins were transferred to polyvinylidene fluoride
membranes. Membranes were then blocked, washed, and incubated in a buffer solution
containing a primary antibody (see below) overnight at 4°C. Membranes were incubated in a
buffer solution containing a secondary antibody. Proteins on membranes were visualized by
an enhanced chemiluminescence reagent (GE Healthcare Life Sciences, Piscataway, NJ) and
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were measured using ImageJ analysis software. Values of optical density were normalized to
a loading control protein (actin).

Immunoprecipitation

This was carried out as described previously (Mao and Wang, 2016). Dissected brain tissue
was homogenized in a RIPA lysis buffer. Homogenates were centrifuged at 800 g for 10 min
(4°C). Supernatants were collected and used for immunoprecipitation. Proteins in
supernatants (300-500 pg) were incubated in a buffer solution containing a mouse antibody
against Src (2 pug) or Fyn (3 pug). Protein complexes were precipitated with 50% protein A
and G agarose/sepharose bead slurry (GE Healthcare). Precipitated proteins were resolved
on SDS-PAGE with a rabbit antibody against Src, Fyn, or phosphorylated Y416 (pY416)
(see below).

Fyn kinase activity assay

Fyn kinase activity was assayed using the Takara Universal Tyrosine Kinase Assay Kit
(Clontech Laboratory, Inc., Mountain View, CA) according to the manufacturer’s
instructions as described previously (Liu et al., 2014). After anesthesia with pentobarbital
and decapitation, the rat striatum was dissected and was homogenized in an equal volume of
the extraction buffer provided with the kit. Fyn proteins from lysates were
immunoprecipitated with a mouse anti-Fyn antibody. Immunopurified Fyn proteins were
eluted in a kinase reaction buffer and added with ATP to wells of microplates covered with
an immobilized tyrosine kinase substrate poly(Glu-Tyr) (37°C, 30 min). Samples were
washed three times, blocked with a blocking solution, and incubated with an anti-
phosphotyrosine antibody conjugated to horseradish peroxidase. The absorbance of
phosphorylated substrates was measured at 450 nm.

Antibodies and pharmacological agents

Statistics

Rabbit polyclonal antibodies used in this study include antibodies against Src (Cell
Signaling), Fyn (Santa Cruz Biotechnology, Santa Cruz, CA), or p-actin (Sigma-Aldrich, St.
Louis, MO). Mouse antibodies include those against Src (Cell Signaling) or Fyn (Santa
Cruz). A rabbit polyclonal antibody against pY416 (Cell Signaling) was used. This antibody
reacts with the Src family members when phosphorylated at the conserved activation
residue: Y416 (chicken Src), Y419 (rat Src), and Y420 (rat Fyn). Pharmacological agents
include (-)-scopolamine hydrobromide, SKF81297 [(+)-6-chloro-PB hydrobromide], and
atropine sulfate. These agents were purchased from Sigma-Aldrich (St. Louis, MO). All
agents were freshly prepared at the day of experiments. They were dissolved in
physiological saline.

Our data were evaluated statistically and these data are expressed as means + SEM. One
statistical method we used was a one- or two-way analysis of variance followed by a
Bonferroni (Dunn) comparison. Another method was a two-tailed unpaired Student’s #test.
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Results

Scopolamine time-dependently increases SFK phosphorylation

To determine the effect of pharmacological blockade of mACh receptors on SFK
phosphorylation, the mACh antagonist scopolamine was injected at a single dose (5 mg/kg,
i.p.). Rats were sacrificed at a different time point (7.5, 15, or 30 min) after scopolamine
injection. Changes in phosphorylation of SFKs at a pan autophosphorylation site within the
activation loop (Y416) were analyzed in the CPu by immunoblots. We found that pY416
levels were not altered at two early time points surveyed (7.5 and 15 min) in scopolamine-
treated rats as compared to saline-treated rats (Fig. 1A). Saline-treated rats were sacrificed
immediately (0 min) after saline injection and served as a control. Remarkably, pY416 levels
were significantly elevated at a late time point (30 min) following scopolamine injection. No
significant change in the total amount of Fyn and Src proteins was observed at all time
points surveyed. These results indicate that blockade of mACh receptors with scopolamine
increases SFK Y416 phosphorylation in the CPu. To determine the effect of scopolamine at
further later time points, we injected the antagonist at the same dose (5 mg/kg, i.p.) and
sacrificed rats at 1 or 3 h after scopolamine injection. Scopolamine persisted to increase
pY416 signals in the CPu at 1 h (Fig. 1B). However, at 3 h, the pY416 level in scopolamine-
treated rats was not significantly different from that in saline-treated rats. At 1 and 3 h,
scopolamine did not alter total Fyn and Src protein levels. Thus, a systemic administration of
scopolamine induces a time-dependent increase in SFK Y416 phosphorylation in the CPu /n
vivo.

The effect of scopolamine on SFK Y416 phosphorylation was also examined in the NAc of
the same rats. Similar to the effect of scopolamine seen in the CPu, scopolamine time-
dependently elevated Y416 phosphorylation in the NAc. As shown in Fig. 2A, scopolamine
induced a minimal change in Y416 phosphorylation at 7.5 and 15 min after scopolamine
injection. At 30 min, scopolamine induced a significant increase in pY416 levels. An
increase in pY416 levels was still seen at 1 but not 3 h in scopolamine-treated rats relative to
saline-treated rats (Fig. 2B). No significant change in total Fyn and Src protein levels was
seen at all time points surveyed. These results indicate that scopolamine can upregulate SFK
Y416 phosphorylation in the NAc.

Coadministration of scopolamine and SKF81297 increases SFK phosphorylation

D1 receptors are positively linked to SFK Y416 phosphorylation based on the fact that a D1
agonist SFK81297 (3 mg/kg, i.p.) induced a small but significant increase in Y416
phosphorylation in the rat striatum (Mao and Wang, 2015). To determine the effect of D1
receptor activation together with mACh blockade on Y416 phosphorylation, we
coadministered SFK81297 and scopolamine at a low dose (1 mg/kg for both drugs, i.p.) and
sacrificed rats 45 min after drug administration. Changes in pY416 levels were investigated
in the CPu and NAc using Western blots. We found that administration of either SKF81297
or scopolamine alone at the low dose did not significantly affect Y416 phosphorylation in
the CPu (Fig. 3A) and NAc (Fig. 3B). Interestingly, coadministration of the two agents
induced a significant increase in pY416 levels in the two regions. SKF81297 and
scopolamine when administered alone or together had no effect on total Fyn and Src protein
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expression. These data suggest that coadministration of subthreshold doses of the D1 agonist
and the mACh antagonist is able to enhance SFK Y416 phosphorylation in the CPu and
NAcC.

Scopolamine increases SFK phosphorylation in female rats

In this study, female rats were used, while male rats were used in all other studies of the
present work. This was set to explore whether there exists a sex influence over the SFK
response to scopolamine. An i.p. injection of scopolamine (5 mg/kg, 45 min prior to brain
tissue collection) induced a marked increase in pY416 levels in the CPu of female rats (Fig.
4A). Similar results were observed in the NAc as the pY416 level was higher in
scopolamine-treated rats than saline-treated rats (Fig. 4B). No significant change in Fyn and
Src protein levels after scopolamine injection was seen in both regions. Thus, like male rats,
female rats exhibited a positive response of SFK Y416 phosphorylation to scopolamine.

Atropine increases SFK phosphorylation

Another non-selective mACh antagonist atropine was used to test its effects on SFK Y416
phosphorylation. A single injection of atropine at a dose of 5 mg/kg (i.p., 45 min prior to
brain tissue harvest) increased pY416 levels in the CPu (Fig. 5A). Similarly, atropine
increased pY416 levels in the NAc (Fig. 5B). In both regions, atropine did not significantly
alter Fyn and Src protein levels. Thus, like scopolamine, atropine possesses the ability to
enhance SFK Y416 phosphorylation in the CPu and NAc.

Scopolamine selectively increases Fyn phosphorylation

Both Fyn and Src can be phosphorylated at the conserved autophosphorylation site Y416
(Roskoski, 2005; Okada, 2012). To determine whether scopolamine increases Y416
phosphorylation in either Fyn or Src or both, Fyn or Src proteins were immunoprecipitated
by an antibody against Fyn or Src, respectively, from the CPu and NAc. The level of pY416
in these immunoprecipitated Fyn and Src proteins was then analyzed by Western blot.
Interestingly, following a single injection of scopolamine (5 mg/kg, i.p.), pY416 levels were
significantly elevated in immunoprecipitated Fyn proteins from the CPu (Fig. 6A). In
contrast, pY416 levels in immunoprecipitated Src proteins remained unchanged in
scopolamine-treated rats relative to saline-treated rats (Fig. 6B). Similar results were
observed in the NAc (Fig. 6C and 6D). A significant increase in pY416 signals was seen in
immunoprecipitated Fyn but not Src. Thus, scopolamine selectively upregulates Y416
phosphorylation in Fyn rather than Src in the two subregions of the striatum.

Scopolamine increases Fyn kinase activity

An increase in Y416 phosphorylation is expected to enhance SFK kinase activity. To
determine if this is the case for Fyn responses to scopolamine, we analyzed changes in Fyn
kinase activity following scopolamine administration. To this end, we administered
scopolamine at 5 mg/kg (i.p.). We then sacrificed rats 45 min after scopolamine injection.
CPu and NAc lysates were prepared and Fyn proteins were immunoprecipitated. Kinase
activity levels of immunopurified Fyn were then assayed. We found that scopolamine
showed the ability to elevate Fyn kinase activity. As can be seen from Fig. 7, the activity
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level of Fyn was significantly elevated in the CPu (Fig. 7A) and NAc (Fig. 7B) of
scopolamine-treated rats compared to saline-treated rats.

Discussion

We investigated whether mACh receptors regulate SFKs by testing the effect of the mACh
antagonists on SFK Y416 phosphorylation in the striatum of male and female rats. We found
that a single i.p. injection of scopolamine induced an increase in Y416 phosphorylation in
the CPu and NAc. Another mACh antagonist atropine also increased Y416 phosphorylation.
The effect of scopolamine was evidently time-dependent. Scopolamine seems to selectively
target Fyn since scopolamine elevated Y416 phosphorylation of immunopurified Fyn but not
Src and enhanced Fyn kinase activity in the striatum. Of note, scopolamine and a D1 agonist
when coadministered at subthreshold doses induced an increase in Y416 phosphorylation.
These results indicate that there exists a tonic mACh tone in inhibiting Fyn activity in striatal
neurons under normal conditions.

The effect of scopolamine on striatal SFK phosphorylation has several characteristics. First,
the effect of scopolamine was time-dependent. A significant increase in SFK Y416
phosphorylation in the striatum was detected at 30 min after scopolamine injection. The
increase remained at 1 h and declined to an insignificant level at 3 h. Thus, the increase in
SFK phosphorylation induced by scopolamine is a reversible event. Second, the effect of
scopolamine was not drug-specific. Another commonly used mACh antagonist atropine
produced the same effect. Third, we tested the sex influence over the SFK response to
scopolamine. We found that scopolamine produced a comparable level of phosphorylation of
SFK Y416 in the striatum of both male and female rats. Thus, there is no significant sex
influence over the SFK response to scopolamine. Finally, our results showed a different
response of Fyn and Src to scopolamine. Fyn and Src, due to their homology in amino acid
sequence and structures, share a common step of activation, i.e., Y416 autophosphorylation
(Thomas and Brugge, 1997). However, Fyn exhibits a much higher level of expression than
Src in the striatum (Pascoli et al., 2011). Moreover, Fyn is a preferred SFK member
responsive to D1 signaling and linking D1 receptors to A-methyl-D-aspartate (NMDA)
receptors in striatal neurons (Dunah and Standaert, 2001; Dunah et al., 2004; Pascoli et al.,
2011; Mao and Wang, 2015). Like D1 receptors, mACh receptors in the striatum appear to
preferentially regulate Fyn. This notion is supported by our finding in the present study that
blockade of mACh receptors elevated phosphorylation of immunopurified Fyn but not Src.

The study on the regulation of SFKs by acetylcholine receptors is limited. An early study
found a regulatory role of acetylcholine receptors in controlling SFK activity. Application of
carbachol, an agonist stimulating both muscarinic and nicotinic receptors, elevated Src Y416
phosphorylation in a human-derived cell line (Watcharasit et al., 2001), indicating a role of
acetylcholine receptors in upregulating Src activity. However, in contrast to this finding in a
cell line, we found that the mACh antagonists, both scopolamine and atropine, consistently
increased Y416 phosphorylation in the striatum /in vivo. Apparently, in striatal neurons,
mACh receptors exert an overall inhibitory regulation of SFKs under normal conditions.
With regard to the mACh subtype possibly responsible for mediating the effect of
scopolamine and atropine, the striatum is knowingly enriched with M1 and My subtypes
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(Levey etal., 1991). M, receptors activate a Gg-coupled pathway to yield diacylglycerol and
inositol-1,4,5-trisphosphate, whereas My receptors inhibit Gj,,-coupled cAMP formation and
thus suppress protein kinase A (PKA) (Wess, 1996). G4-coupled receptors are positively
linked to non-receptor tyrosine kinases (Dikic et al., 1996; Della Rocca et al., 1997).
Activation of M1 receptors activated SFKs in COS-7 cells via a mechanism involving B and
vy subunits of G proteins (Igishi and Gutkind, 1998). In hippocampal CA1 neurons that
express the M4 subtype of mACh receptors (Levey, 1996), muscarine sequentially activated
PKC and Src to potentiate NMDA receptors (Lu et al., 1999). Thus, M, receptors generally
upregulate SFKs and therefore less likely mediate the effect of scopolamine. In contrast to
the M1 subtype, the M, receptor might be a site where scopolamine interacts with to alter
SFKs. cAMP and PKA have been shown to act as a signaling system effective in regulating
SFKs. For instance, PKA upregulated Fyn phosphorylation at serine 21 and Src
phosphorylation at serine 17, which promoted Y416 autophosphorylation of these SFKs
(Schmitt and Stork, 2002; Yeo et al., 2011). Similarly, activation of PKA with forskolin
positively regulates Fyn although not Src in spinal neurons (Yang et al., 2011). Thus, it is
possible that My receptors inhibit the cAMP-PKA pathway to inhibit SFK phosphorylation.
Blockade of My receptors by scopolamine or atropine could therefore result in an increase in
SFK phosphorylation (this study).

In addition to ACh, dopamine is another principal transmitter in the striatum. It is generally
agreed that acetylcholine and dopamine form an intrinsic dynamic balance to cooperatively
control striatal neuronal activity (Chou et al., 1992; Bernard et al., 1993; Morelli et al., 1993;
Wang and McGinty, 1996a; 1996b; 1997). At the cellular level, D1 and D2 receptors are
expressed in medium spiny projection neurons in the striatum in a segregated manner: D1
receptors in striatonigral neurons and D2 receptors in striatopallidal neurons (Gerfen et al.,
1990; Aubert et al., 2000; Bertran-Gonzalez et al., 2010). Stimulation of D1 receptors with
agonists has been shown to increase Fyn rather than Src phosphorylation in mouse cultured
striatal neurons (Pascoli et al., 2011), rat hippocampal slices (Yang et al., 2012), and the
adult rat striatum (Mao and Wang, 2015). In contrast, the D2 receptor antagonists elevated
Fyn but not Src phosphorylation in the striatum (Hattori et al., 2006; Mao and Wang, 2015;
2016). Thus, D1 receptors stimulate Fyn phosphorylation, while D2 receptors inhibit it. Of
note, M4 receptors and D1 receptors are coexpressed in striatonigral neurons (Ince et al.,
1997; Santiago and Potter, 2001). Given the fact that Gj,-coupled M4 receptors and G-
coupled D1 receptors antagonistically converge to the cAMP-PKA pathway, it is reasoned
that the two receptors regulate PKA and subsequently Fyn in an opposed manner in the same
neurons. Consistent with this notion, a positive allosteric modulator VU0152100 selective
for M, receptors suppressed SFK Y416 phosphorylation induced by the D1 agonist
SKF81297 in the rat striatum (Mao and Wang, 2015). Moreover, coadministration of
SKF81297 and scopolamine at subthreshold doses induced an increase in rat striatal Y416
phosphorylation (this study).
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Figure 1. Time-dependent effects of scopolamine on SFK Y416 phosphorylation in therat CPu
(A) Effects of scopolamine on phosphorylation of SFK Y416 and expression of Fyn and Src.

Rats were administered with scopolamine (5 mg/kg, i.p.) and were sacrificed at a different
time point (7.5, 15, or 30 min) after scopolamine injection. (B) Effects of saline and
scopolamine on phosphorylation of SFK Y416 and expression of Fyn and Src. Rats were
administered with saline (Sal) or scopolamine (Sco, 5 mg/kg, i.p.) and were sacrificed 1 or 3
h after saline or scopolamine injection. Representative immunoblots are shown to the left of
the quantified data. Note that scopolamine induced a time-dependent increase in Y416
phosphorylation, while the antagonist did not alter expression of total Fyn and Src proteins.
Data are presented as means + SEM (n = 3-5 per group). *~ < 0.05 versus saline (0 min) (A)
or saline at the same time point (B).
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Figure 2. Time-dependent effects of scopolamine on SFK Y 416 phosphorylation in therat NAc
(A) Effects of scopolamine on phosphorylation of SFK Y416 and expression of Fyn and Src.

Rats were administered with scopolamine (5 mg/kg, i.p.) and were sacrificed at a different
time point (7.5, 15, or 30 min) after scopolamine injection. (B) Effects of saline and
scopolamine on phosphorylation of SFK Y416 and expression of Fyn and Src. Rats were
administered with saline (Sal) or scopolamine (Sco, 5 mg/kg, i.p.) and were sacrificed 1 or 3
h after saline or scopolamine injection. Representative immunoblots are shown to the left of
the quantified data. Data are presented as means + SEM (n = 3-5 per group). *£< 0.05
versus saline (0 min) (A) or saline at the same time point (B).
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Figure 3. Effects of coadministration of SKF81297 and scopolamine on SFK Y416
phosphorylation in therat striatum

(A) Effects of coadministration of SKF81297 and scopolamine on phosphorylation of SFK
Y416 and expression of Fyn and Src in the CPu. (B) Effects of coadministration of
SKF81297 and scopolamine on phosphorylation of SFK Y416 and expression of Fyn and
Src in the NAc. Representative immunoblots are shown to the left of the quantified data.
Note that SKF81297 and scopolamine when coadministered induced a marked increase in
pY416 levels in both the CPu and NAc, while the two agents injected alone had no effect.
Rats were administered with SKF81297 (SKF, 1 mg/kg, i.p.) or scopolamine (Sco, 1 mg/kg,
i.p.) or the two agents together and were sacrificed 45 min after drug injection for Western
blot analysis. Data are presented as means = SEM (n = 4 per group). *P < 0.05 versus saline.
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Figure 4. Effects of scopolamine on SFK Y416 phosphorylation in the striatum of femalerats
(A) Effects of scopolamine on phosphorylation of SFK Y416 and expression of Fyn and Src

in the CPu. (B) Effects of scopolamine on phosphorylation of SFK Y416 and expression of
Fyn and Src in the NAc. Representative immunoblots are shown to the left of the quantified
data. Note that scopolamine induced a marked increase in pY416 levels in both the CPu and
NAc. Rats were administered with scopolamine (5 mg/kg, i.p.) and were sacrificed 45 min
after scopolamine injection for Western blot analysis. Data are presented as means = SEM (n

= 4 per group). *P< 0.05 versus saline.
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Figure5. Effects of atropine on SFK Y 416 phosphorylation in therat striatum
(A) Effects of atropine on phosphorylation of SFK Y416 and expression of Fyn and Src in

the CPu. (B) Effects of atropine on phosphorylation of SFK Y416 and expression of Fyn and
Src in the NAc. Representative immunoblots are shown to the left of the quantified data.
Note that atropine induced a marked increase in pY416 levels in both the CPu and NAc.
Rats were administered with atropine (5 mg/kg, i.p.) and were sacrificed 45 min after
scopolamine injection for Western blot analysis. Data are presented as means + SEM (n =4
per group). *P < 0.05 versus saline.
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Figure 6. Effects of scopolamine on Y416 phosphorylation in immunoprecipitated Fyn and Src
proteinsfrom therat striatum

(A and B) Effects of scopolamine on Y416 phosphorylation in immunoprecipitated Fyn (A)
and Src (B) in the CPu. (C and D) Effects of scopolamine on Y416 phosphorylation in
immunoprecipitated Fyn (C) and Src (D) in the NAc. Note that scopolamine selectively
increased Fyn but not Src phosphorylation in the two regions. Representative immunoblots
are shown at left of quantified data. Rats were injected with a single dose of scopolamine
(Sco, 5 mg/kg, i.p.) and were sacrificed 45 min after scopolamine injection for
immunoprecipitation (IP) of Fyn and Src, followed by immunoblot (1B) analysis of Y416
phosphorylation in immunoprecipitated Fyn and Src proteins. Data are presented as means +
SEM (n = 4 per group). *P < 0.05 versus saline.
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Figure 7. Effects of scopolamine on Fyn kinase activity in therat striatum
(A) Effects of scopolamine on Fyn kinase activity in the CPu. (B) Effects of scopolamine on

Fyn kinase activity in the NAc. Note that a single injection of scopolamine (Sco) induced an
increase in Fyn kinase activity in the CPu (A) and NAc (B). Rats were administered with
saline or scopolamine (5 mg/kg, i.p.) and were sacrificed 45 min after scopolamine injection
for Fyn kinase activity assays. Data are presented as means + SEM (n =5 per group). *P<
0.05 versus saline.
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