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Dephosphorylation studies of SKNSH-SY 5Y cell Tau proteins by
endogenous phosphatase activity
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Abstract

Recent data have shown that the microtubule-associated Tau proteins are phosphorylated but to a lesser extent than PHF-Tau pro-
teins which are the major components of Alzheimer’s disease paired helical filaments. These normal Tau proteins are highly sensitive to
the endogenous phosphatase activity during post-mortem delay. In order to understand the basic equilibrium between phosphatase and
kinase activities, phosphorylation and dephosphorylation mechanisms of Tau proteins were studied in neuroblastoma cells. The present
results demonstrate that an endogenous phosphatase activity is present and directed on Tau proteins in the SKNSH-SY 5Y cell extracts.
Interestingly, the okadaic acid-induced hyperphosphorylated Tau proteins are more resistant to the phosphatase activity than the control
Tau proteins. Our data emphasize the value of this in vitro cellular model for the study of biological conditions that control Tau protein

phosphorylation levels.
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Pathological Tau proteins (Tau 55, Tau 64, Tau 69;
also named PHF-Tau) are the major components of paired
helical filaments (PHF) found in degenerating neurons
during Alzheimer’s disease [4,6,8,9]. For a long time,
these proteins were thought to be hyperphosphorylated
when compared with Tau proteins in normal adult human
brain. In fact, normal Tau proteins found in adult human
brain biopsies are more phosphorylated than previously
reported and are phosphorylated, but to a lesser extent, on
sites that are similar to those found in PHF-Tau proteins
[10,16]. Other sites on Tau proteins could be only phos-
phorylated during Alzheimer’s disease [12]. Unlike Tau
proteins which are aggregated into PHF, adult human Tau
are rapidly dephosphorylated by endogenous phosphatase
proteins during post-mortem delay [10]. On the contrary,
foetal Tau proteins which are also phosphorylated to a
high extent might not be dephosphorylated during protein
preparation because of a deficiency in phosphatase activ-
ity in the foetal samples [11].

These data suggest that the equilibrium between phos-
phatase and kinase activities is determinant in PHF-Tau
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accumulation. One can ask if the decrease in phosphatase
activities [7], and not in phosphatase expression [1,2,13],
is sufficient to allow the accumulation of PHF-Tau pro-
teins in Alzheimer’s brain neurons. Indeed, aggregation,
phosphorylation or other post-transductional modifica-
tions can induce conformational changes which could
account for PHF-Tau protein resistance to the phos-
phatase activity.

The study of the influence of Tau phosphorylation
level on the endogenous phosphatase activity may be real-
ized using an in vitro cellular model. Recently, we
showed that Tau proteins synthesized by SKNSH-SY 5Y
human neuroblastoma cells are of foetal-type and phos-
phorylated [5]. Alzheimer-type hyperphosphorylation of
these proteins was induced by cell treatment with okadaic
acid (OA), a potent inhibitor of phosphatase 1 and 2A
proteins [3,5,14,15].

To analyze the Tau protein dephosphorylation by en-
dogenous phosphatase, the SKNSH-SY 5Y cell pellet was
washed in PBS buffer, centrifuged, then resuspended in
lysis hypotonic buffer and disrupted or not with Dounce
homogenizer (12 strokes), at 4°C. Cell lysates were incu-
bated at 37°C for different times. After SDS-PAGE elec-
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Fig. 1. (A) Schematic illustration of the 441 amino acid Tau isoform with location of the epitopes recognized by the anti-Tau antibodies. The numbers
correspond to the amino acid numbers. When epitopes are phosphorylation-dependent, the presence (P) or the absence (R) of phosphate group re-
quired for antibodies binding is indicated. (B) Cell lysates incubation for different times at 37°C (see times above the figures). Tau modifications were
analyzed by Western blotting: M19G and S28T showed that MW decreased. The increase in Tau 1 immunoreactivity and the simultaneous decrease in
immunodetection using AD2 antibody indicated that Tau dephosphorylation occurred during incubation. PHF-Tau triplet (Tau 55, Tau 64, Tau 69) of
an Alzheimer brain control (Alz) is indicated as positive control.

trophoresis and transfer, Tau protein modifications were

g . . analyzed by Western blotting using both phosphorylation-
+ Incubation Time: dependent (Tau 1 and AD2) and phosphorylation-
-g 60min independent (M19G and S28T) antibodies as described in
2 1 s | [5] (Fig. 1A). When using M19G and S28T, a decrease in
= = < £ Tau proteins molecular weight (MW) was observed (Fig.
g = g s 1B). This decrease was induced by protein dephosphory-
Z & n o< = lation as demonstrated by phosphorylation-dependent
= = « 3 - antibody reactivity: Tau 1 immunoreactivity (specific of
5 5 g o) 8 é Tau proteins when Ser 199 and Ser 202 are not phospho-

rylated) increased whereas AD2 immunoreactivity (speci-
fic of phosphorylated Ser 396 and Ser 404 residues of
Tau proteins) progressively disappeared during the
30 min of incubation (Fig. 1B). The immunoreactivity of
these antibodies indicated that the dephosphorylation of
Tau proteins occurred at various sites.

Endogenous phosphatase activity did not depend on
cell differentiation as the same results were obtained on
undifferentiated or NGF-differentiated cell extracts (data
not shown).
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Fig. 2. Inhibition of Tau protein dephosphorylation was tested by add-
ing the following compounds in the incubation buffer: OA (5 or
250 nM ), OV (5 mM) or EGTA (1 mM). Control blotting (Ctrl) was
obtained from non-treated lysates incubated or non-incubated at 37°C.
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Fig. 3. Effect of endogenous phosphatase activity on normal or hyperphosphorylated Tau proteins. SY 5Y cells were treated (B) or not (A) by adding
250 nM OA in culture medium buffer for 6 h. The cell lysates were prepared, dialyzed overnight or not and then incubated at 37°C for different times
(0, 5, 15, 30 min as indicated). The antibody used for Western blotting detection is mentioned. Note the electrophoretic migration change of Tau pro-

teins after OA cell treatment when lysates were not dialyzed and incubated.

The effects of various inhibitors of this endogenous
phosphatase activity have been studied by adding them to
the incubation buffer (Fig. 2). Adding 250nM OA
(Phosphatase 1 and 2A inhibitor) was necessary for com-
plete inhibition of the enzyme activity. Orthovanadate
(OV), which inhibits several tyrosine protein phosphata-
ses, inhibited the phosphatase activity. 5nM OA and
1 mM EGTA (Ca complexing agent) only inhibited
partially the phosphatase activity since some discrete
bands of lower molecular weight were detected with the
MI19G serum under the major band. Furthermore, with
5nM OA, Tau 1 immunoreactivity increased but to a
lesser extent than in control lysates. Thus, phosphatase 1
and 2A seemed to be implicated in Tau dephosphoryla-

tion mechanism but other phosphatases, such as tyrosine
phosphatases, could also be involved.

Since OA treatment of SY 5Y cells induced a shift
from foetal-type to Alzheimer-type Tau proteins [5,14,
15], the dephosphorylation process of these OA-modified
Tau proteins was studied. Before lysate incubation at
37°C, overnight dialysis (with three or four buffer
changes) was performed to eliminate the intracellular QA
amount in the OA-treated cell lysate. A similar dialysis of
control untreated cell extract was also performed. Al-
though dialysis was performed at 4°C, the dephosphory-
lation process of Tau proteins in untreated cell extract
appeared during the dialysis procedure as demonstrated
by the low MW and the weak Tau detection with AD2.
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After incubation at 37°C, the change in Tau-1 immunore-
activity and the disappearance of AD2 immunoreactivity
showed that phosphatase proteins were still active and the
dephosphorylation process occurred. In the OA-treated
cell lysate, Tau proteins were not modified during the
dialysis and the incubation at 37°C was not efficient
enough to induce Tau 1 epitope detection or to dephos-
phorylate AD2 site (Fig. 3). In these conditions, a longer
incubation time was necessary for obtaining a dephospho-
rylation process in OA-modified Tau proteins.

In conclusion, the present results demonstrated that
endogenous phosphatase activity, similar to the activity
which controls the phosphorylation level of Tau proteins
in neurons and which is activated during a post-mortem
delay, was present in the SY 5Y cell extracts. The foetal-
type cellular Tau proteins were sensitive to this phos-
phatase activity. Furthermore, th¢ OA-induced hyper-
phosphorylated Tau proteins were more resistant to the
phosphatase activity than the control Tau proteins. This
might be due to conformational changes occurring in case
of phosphorylation at some specific sites. This OA-
induced modification is complementary to those previ-
ously reported [5,14,15]. Note that in our cellular cell
model of Tau protein phosphorylation, we observed a
light but significant molecular weight change of Tau pro-
teins after OA treatment, even in the absence of phos-
phatase activity (Fig. 3). Interestingly, a similar change
was described for PHF-Tau proteins when compared to
biopsy Tau [16].

The presence of both phosphatase activity and OA-
induced Tau modifications suggest the use of SKNSH-SY
5Y cells as a suitable model for the study of the mecha-
nisms implicated in the control of phosphorylation level
of Tau proteins.
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