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Abstract CK2 shows disease-associated alteration in the scra-
pie experimental rodents and human prion diseases. In this
study, mammalian expressing plasmids for human CK2 sub-
units, CK2o and CK2f3, were generated. Immunoprecipitation
assays revealed stronger signals of PrP—-CK2x complexes in
the HEK293 cells co-transfected with plasmids expressing
CK2x and various PrP constructs, including PGS, CytoPrP,
PGY, and PG12. Meanwhile, obviously weaker signals of PrP—
CK2(3 complexes were also observed in the cells co-
expressing CK2(3 and PrPs. Tubulin-specific Western blots
and immunofluorescence assays revealed that similar as the
observations in the presences of PrP-specific siRNA, the ab-
normal PrPs-induced reductions of tubulin and disruptions of
microtubule structures were completely restored in the cells
when co-expressing CK2o and CK2{3. Moreover, co-
expressions of CK2« and PrPs induced phosphorylation on
p53 at the position of serine 6 (p53-Ser6), although much
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weaker than that in the cells expressing CK2« and CK203,
while expressions of either PrPs or CK2 subunits did not
change the cellular p53 level or induce phosphorylation on
p53 at Ser9. Our data here verify again the molecular interac-
tion between CK2 and PrP. Co-presences of CK2 subunits
restore the down-regulated tubulin and disrupted microtubule
structures caused by expressions of the abnormal PrP proteins
in HEK293 cells.

Keywords PrP - CK2 - Tubulin - Microtubule - p53 -
Phosphorylation

Introduction

Prion diseases, also called transmissible spongiform encepha-
lopathies (TSEs), are a group of fatal neurodegenerative dis-
eases characterized by neuronal loss and spongiform
degeneration in the central nervous system (CNS), which can
affect a series of mammalian hosts, mainly Creutzfeldt-Jakob
disease (CJD), fatal familial insomnia (FFI), Gerstmann—
Straussler—Scheinker (GSS) syndrome, and kuru in human,
scrapie in sheep and goat, bovine spongiform encephalopathy
(BSE) in cattle, and chronic wasting disease (CWD) in deer and
elk (Prusiner 1998; Johnson 2005). About 80—85 % human
TSEs have no unambiguous cause, nominated as sporadic
CJID. Approximately 10-15 % of human TSE cases refer to
genetic or familial CJD, which is related with prion protein
gene (PRNP) mutation on chromosome 20. Additionally, about
1 % human TSE cases are iatrogenically acquired* and more
than 220 vCJD cases have been reported worldwide following
contamination by BSE agent. All prion diseases are character-
ized by the conversion of the constitutive cellular prion protein
(PrPC) into the pathogenic form, which is also known as scrapie
PrP (PrP5) (Prusiner 1998). The accumulation of PrPS° has
been thought to be linked to the pathogenesis of prion disease.
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Protein kinase CK2 is a Ser/Thr kinase highly conserved
in eukaryotic cells, involving in the control of various cel-
lular processes, such as cell cycle, apoptosis, transcriptional
regulation, and signal transduction (Guerra et al. 1999;
Ahmed et al. 2002; Litchfield 2003). CK2 is much more
abundant in the brains than in other tissues. In neural cells,
there appears to be a myriad of CK2 substrates that have
clear implications in neural development, neuritogenesis,
synaptic transmission, and plasticity (Blanquet 1998). The
CK2 holoenzyme generally composes of two catalytic sub-
units (CK2x or CK2«’) and two regulatory subunits
(CK2p), which form a tetrameric structure through the
dimerization of the two (3 subunits. The &~ or o’-subunit
shows catalytic activity, while the {3-subunit modulates en-
zyme activity and substrate specificity through targeting the
enzyme to its substrates (Ahmed et al. 2002; Litchfield
2003). In addition, several lines of evidences have indicated
that the «- and 3-subunits can exist individually in vivo to
interact with other cellular proteins, implying that the CK2
subunits may have biological functions other than those
assigned to the holoenzyme (Meggio and Pinna 2003).

CK2 levels in some neurodegenerative diseases, e.g.,
Alzheimer’s disease (AD), showed the disease-related
alteration, in which the amount and activity of CK2 is
decreased (Iimoto et al. 1990; Aksenova et al. 1991;
Pigino et al. 2009). Previously, we have identified that
in the brains of experimental scrapie-infected hamsters
and mice, as well as in cerebella homogenates from
one fCJD case and one FFI case, the amounts of
CK2x and CK2f decreased, while that of CK2«’ or/
and CK2o” increased at the terminal stages (Chen et al.
2008a, 2008b). Subsequently, remarkable molecular inter-
action between PrP and CK2« has been addressed, in
which the interacting region within PrP for CK2x locates
at its C-terminal segment (residues 91-231) (Chen et al.
2008a, 2008b). The changes of CK2 level and pattern in
scrapie-infected animals and human TSE cases as well as
the molecular interaction between PrP and CK2 highly
indicate the linkage of CK2 and prion diseases. However,
the biological significance of protein interaction between
those two proteins remains unclear.

In the present study, we reconfirmed the molecular
interaction of wild-type and other abnormal forms of
human PrPs with CK2x expressed in a human cell line
HEK293. Overexpression of CK2 subunits (CK2xand
CK2f) in the cultured cells did not affect the expressions
of PrP proteins, but almost completely reversed the ab-
normal PrP mutants induced reduction of cellular tubulin
and destruction of cellular microtubule. Additionally, we
illustrated that the presences of CK2o and PrP together
induced weak but similar phosphorylation activity on the
cellular agent p53 at the position of serine 6 as that of
CK2x and CK2§.

Materials and Methods
Plasmid Construction

Human CK2«x and CK2{ specific cDNA sequences were
obtained by reverse transcriptional PCR reaction (RT-PCR).
Briefly, 1 pug SH-SY5Y RNA was mixed with 5 U avian
myeloblastosis virus reverse transcriptase (Invitrogen), 10 U
RNAsin, 20 mM deoxyribonucleotide triphosphate, and 20
pM oligo-dT in 20 ul volume at 37 °C for 30 min. The
product (2 ul) was mixed with 5 U Taq polymerase, 20 mM
deoxyribonucleotide triphosphate, and the specific primers
for human CK2« (P1=5-TAGGATCCATGAGCAGCTCA
GAGGAGGT-3’, with a BamHI site underlined and P2=5'-
CAAAGCTTCATTACTGCTGAGCGCCAGCGGC-3',
with a Hind III site underlined) or CK2p3 (P1=5'-
TAGGATCCATGAGCAGCTCAGAGGAGGT-3', with a
BamHI site underlined and P2=5'-ACAAGCTTTCA
GCGAATCGTCTTGACTGG-3', with a Hind III site under-
lined). PCR reactions were conducted with following
conditions: 94 °C for 30 s, 58 °C for 30 s, and 72 °C
for 60 s, totally 25 cycles. The PCR products were
individually inserted into T-vector (Promega) and subcl-
oned into pcDNA3.1 after verified with sequencing
assays, generating plasmid pcDNA3.1-CK2«x and
pcDNA3.1-CK2p.

The recombinant plasmids expressing human wild-type
PrP (pcDNA3.1-PrP-PGS5), mutated PrPs with nine-
(pcDNA3.1-PrP-PG9) and 12- (pcDNA-PrP-PG12) octar-
epeats insertion, and cytosolic PrP (pcDNA3.1-CytoPrP)
were generated previously (Wang et al. 2009; Wang et al.
2011a, 2011b). The expressions and distributions of various
expressed PrPs in the cultured cells were also described
elsewhere (Xu et al. 2011). The expressing plasmid for
PrP-specific siRNA (pPrP-Ri3) and the plasmid containing
the same compositions of nucleosides as Ri3 but randomly
arrayed sequence (pPrP-Ri3null) were constructed previously
(Wang et al. 2011a, 2011b).

Cell Culture and Transfection

Human embryonic kidney (HEK) 293 T cells without
detectable endogenous PrP protein were maintained in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco
BRL, USA) supplemented with 10 % (v/v) fetal cattle
serum (FCS, USA). Cells at the logarithmic growth
stage were plated into six-well plates (Falcon, USA)
24 h before transfection. Two micrograms of each plas-
mid DNA was transiently transfected per well with
Fugene™ regent (Roche, Switzerland), according to
the manufacturer’s instructions. Then, 24-48 h after
transfection, cells were harvested and employed into
further experiments.
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Preparations of Cell Lysates

Cultured cells treated with different transfections or reagents
were harvested and the whole cell lysates were prepared in
cold lysis buffer (100 mM NaCl, 10 mM EDTA, 0.5 %
Nonidet P-40, 0.5 % sodium deoxycholate, 10 mM Tris,
pH 7.5) containing a mixture of protease inhibitors. After
centrifugation at 10,000xg at 4°C for 10 min, the super-
natants were collected for further experiments.

Western Blots

The cellular lysates were separated by 12 % SDS-PAGE
and electro-transferred onto nitrocellulose membranes. After
blocking with 5 % non-fat dried milk in PBST (phosphate
buffered saline, pH 7.6, containing 0.05 % Tween-20) for
1 h at room temperature, the membranes were incubated
with 1:4,000 PrP specific monoclonal antibody (mAb) 3 F4
(Dako, Denmark), 1:2,000 diluted pAb anti-CK2«x or -
CK2{ (Santa Cruz, USA), 1:4,000 diluted mAb anti-
tubulin (Sigma, USA), 1:5,000 diluted mAb anti-p53
(R&D, USA), 1:2,000 diluted mAb anti-p53-Ser6 or anti-
p53-Ser9 (CST, USA), 1:2,000 diluted mAb anti-human (3-
actin (Santa Cruz, USA) for 2 h at room temperature, and
then incubated with 1:10,000 diluted horseradish peroxidase
(HRP)-conjugated anti-mouse IgG (Santa Cruz, USA). The
reactive signals were visualized by ECL kit (PE Applied
Biosystems, Foster City, CA, USA).

Immunoprecipitation

Immunoprecipitation (IP) was carried out using whole cell
lysates (about 400 g total protein), 2—4 pg of antibody, and
20 pl of Dynabeads® coated Protein G (Invitrogen). Cell
lysates were mixed with different antibodies at 4 °C for 34 h
and incubated with Protein G Sepharose for another 2 h. The
immunocomplexes were collected by short spin and washed
five times in washing buffer before being resolved by SDS—
PAGE. The complexes were detected by further Western blots.

Microtubule in the Cultured Cells

After transfected for 48 h, cells receiving different plasmids
were fixed in 4 % paraformaldehyde for 30 min at room
temperature and then permeabilized with 0.5 % Triton X-100
in PBS for 30 min. After blocking with 5 % fetal bovine serum,
cells were incubated with anti-a-tubulin (1:1,000) antibody
overnight at 4 °C. After washing with PBS, cells were stained
with Alexa Fluor 488 conjugated anti-mouse IgG (1:200,
Invitrogen, USA) for 1 h at room temperature. In parallel, the
cells treated with 10 uM colchicines for 48 h were used as
positive control. Fluorescently stained cells were analyzed with
confocal laser scanning microscope (Leica ST2, Germany).
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Results

Wild-Type PrP Formed Complexes with CK-2 Subunits
in the Cultured HEK293T Cells

Our previous study identified the molecular interaction be-
tween the recombinant human PrP and CK2« subunit (Chen
et al. 2008a, 2008b). To see the PrP—CK2 interaction in
mammalian cells, human CK2x and/or CK2[3 subunits
expressing plasmids co-transfected with wild-type human
PrP expressing plasmid (PrP-PG5) into HEK293T cells,
which was confirmed without detectable PrP and CK2 sig-
nals in Western blots. In the cells expressing CK2« and
CK2{ subunits, as well as expressing PrP, clear PrP-specific
signal or CK2-specific signal was detected in the immuno-
precipitation assays, after being captured with CK2 or PrP
antibodies and blotted with opposite ones (Fig. 1a). To assess
the binding activities of CK2o and CK2f3 subunits with PrP,
cells were separately received with the plasmids expressing
CK2«x and PrP or CK2{3 and PrP. Immunoprecipitation
assays, either using anti-PrP as the precipitating anti-
body and anti-CK2« as the blotting one or anti-CK2«
as the precipitating antibody and anti-PrP as the blotting
one, revealed clear PrP—-CK2a complexes (Fig. 1b).
Meanwhile, weak but repeated PrP—CK2( complexes
were also observed in the cell lysates containing human
PrP and CK23 (Fig. Ic). Those data indicate that PrP
and CK2 subunits form the complex when transiently
expressed in the cultured cells.

Octarepeat-Inserted PrP Mutants and Cytosolic PrP Formed
Complexes with CK2 in the Cultured HEK293T Cells

To test the interaction between CK2 and some abnormal
forms of PrP, two gCJD-associated PrP mutants (PrP-PG9
and PrP-PG12) and cytosolic PrP (CytoPrP) were transiently
expressed in HEK293K cells, together with human CK2«x
and CK2f3 subunits, respectively. Immunofluorescent
assays showed that unlike wild-type PrP-PGS5 that mainly
located on the cell surface, three abnormal forms of PrPs
were largely distributed in cytoplasm, which were deposited
as particles or granules. Immunoprecipitation assays with
anti-PrP as the capturing antibody and anti-CK2« and
CK2{ as the blotting ones detected obvious CK2-specific
signals in the tested cell lysates (Fig. 2). It suggests that
octarepeat-inserted PrP mutants and cytosolic PrP interact
with the expressed CK2 in the cultured cells.

Expressions of CK2 Subunits Rescued the Down-Regulated
Effects of the PrP Mutants on the Levels of Cellular Tubulin

To see the potential effect of expression of CK2 on the
abolishment of cellular tubulin due to the presences of
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Fig. 1 Molecular interactions between wild-type PrP (PGS5) and CK2
subunits expressed in HEK293T cells. Cells receiving plasmids
expressing human PrP, CK2«, and/or CK23 were harvested 48 h
post-transfection. a PrP-PG5 with CK2c«. The protein complexes in
cell lysates were precipitated with PrP mAb 3 F4 (/P: 3 F'4) and blotted
with CK2« pAb (IB: CK2«) (the first panel from above), or precipi-
tated with CK2x pAb (IP: CK2«) and blotted with PrP mAb 3 F4 (IB:
3 F4) (the second panel from above), respectively. b PrP-PG5 with
CK2f3. The protein complexes in cell lysates were precipitated with
PrP mAb 3 F4 (IP: 3 F4) and blotted with CK2(3 pAb (/B: CK2[) (the
first panel from above), or precipitated with CK23 pAb (IP: CK2[3)
and blotted with PrP mAb 3 F4 (/B: 3 F4) (the second panel from
above), respectively. ¢ PrP-PG5 with CK2« and CK2[3. The protein
complexes in cell lysates were precipitated with PrP mAb 3 F4 (/P: 3
F4) and blotted with CK2x pAb (/B: CK2«) (the first panel from
above), or blotted with CK23 pAb (IB: CK2[) (the second panel from
above). The expressed PrP, CK2«, or CK2{3 in the transfected cells
were blotted directly with individual antibodies illustrated as inputs in
the two (a, b) or three (¢) panels from bottom, respectively

abnormal PrPs, the tubulin levels in the cells expressing
wild-type and three forms of the mutated PrPs were com-
paratively evaluated by Western blots under the conditions
of mock-transfected with vector pcDNA3.1 and transfected
with CK2« and CK2f3 expressing plasmids. In parallel, PrP
siRNA transcribing plasmids pPrP-Ri3 and pPrP-Ri3null
were subjected into the experiments as controls. Forty-
eight hours post-transfection, cells were harvested. It

showed that expressions of abnormal PrPs, including
CytoPrP, PrP-PG9, and PrP-PG12, resulted in remarkable
reductions of tubulin levels, while expression of PrP-PGS5
did not change the tubulin level (Fig. 3a). Co-expression of
PrP-specific siRNA Ri3 efficiently recovered the tubulin
levels in the preparations of PrP mutants (Fig. 3b), whereas
co-expression of Ri3null did not reverse the down-
regulations of tubulin levels resulted from the expressions
of different PrP mutants (Fig. 3c). Interestingly, the tubulin
levels in the cells challenged with three abnormal PrPs were
almost totally improved when CK2x and CK2f3 were co-
expressed, making them comparable as that of the mock and
PrP-PG5 (Fig. 3d).

Expressions of CK2 Subunits Antagonized the Destructive
Actions of the Abnormal PrPs on the Cellular Microtubule
Structures

Furthermore, microtubule structures in various cell prepara-
tions were analyzed with tubulin-specific immunofluores-
cent staining. As shown in Fig. 4, expression of PrP-PGS
maintained the cellular microtubule structures similar as that
of mock, with clear fibrillating networks in cytoplasm,
whereas expressions of PrP-PG9, PrP-PG12, and CytoPrP
caused severe disruption of microtubule, showing different
sizes of vacuolation in cytoplasm. Co-expression of PrP
siRNA Ri3 in the cells receiving abnormal PrPs markedly
improved the cellular microtubule networks that were al-
most comparable with those of mock and PrP-PGS5, but
expression of Ri3null failed, highlighting that PrP-specific
siRNA Ri3 can remove the disruption effects of the abnor-
mal PrPs on cellular microtubule structures via the down-
regulation of the expressing levels of the PrP mutants.
Similar to the improvement of cellular tubulin levels ob-
served above, the microtubule structures in the cells co-
expressed with two CK2 subunits remained almost intact,
implying that introduction of CK2 in the cells will success-
fully antagonize the abnormal PrPs-induced destructive
actions on cellular microtubule structures.

Co-expression of CK2o and PrPs Induced Phosphorylation
on p53 at the Position of Serine 6

CK2 is believed as a phosphorkinase for p53 at the position
of serine 6 (p53-Ser6) (Finlan et al. 2006). To assess the
potential function of transient expression of CK2 subunits,
the plasmids expressing CK2o and CK23 were transfected
into HEK293T cells together or separately. Western blots
revealed p53-Ser6 signal in the preparation co-transfected
with plasmids expressing CK2a and CK2f3, but not in that
of CK2« or CK2f3 alone (Fig. 5a), indicating that co-
expression recombinant expressing CK2x and CK2[3 sub-
units in the cells works as phosphorkinase for p53 at the
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Fig. 2 Molecular interactions between mutated PrPs and CK2 sub-
units expressed in HEK293T cells. Cells co-transfected with the plas-
mids expressing various human PrP mutants, as well as human CK2ax
and CK2f3, were harvested 48 h post-transfection. The protein com-
plexes in cell lysates were precipitated with PrP mAb 3 F4 (IP: 3 F4)
and blotted with CK2x pAb (/B: CK2«) (the first panel from above),

position of serine 6. Meanwhile, expressions of CK2« and
CK2p, either together or separately, did not influence the
cellular p53 level or induce phosphorylation on p53 at the
position of serine 9 (Fig. 5a). To see the possible effects of
expressing PrPs on the CK2 phosphorkinase activity,
HEK293T cells were transfected with various PrP con-
structs, in the conditions of co-transfection with the plas-
mids expressing CK2« and CK2( together or co-
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Fig. 3 Influences of the expressions of various PrP constructs on the
levels of cellular tubulin. a Expressions of various PrP constructs
alone. b Co-expressions of various PrP constructs with PrP siRNA
Ri3. ¢ Co-expressions of various PrP constructs with PrP siRNA
Ri3null. d Co-expressions of various PrP constructs with CK2« and
CK2§. Cells transfected with various plasmids were harvested 48 post-
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or blotted with CK23 pAb (/B: CK23) (the second panel from above).
The expressed PrP, CK2«, or CK2f in the transfected cells were
blotted directly with individual antibodies illustrated as inputs in the
three panels from bottom, respectively. The preparations of various PrP
mutants are shown on the left (CytoPrP), middle (PGY), and right
(PG12)

transfection with the plasmid expressing CK2x or CK2f3
alone. No p53-Ser6 specific signal was observed in the
lysates of the cells expressing PrP constructs or that express-
ing PrP constructs and CK2f3 subunit, whereas relatively
weak but repeatedly identified p53-Ser6 bands were
detected in the cells co-expressing PrP constructs and
CK2« subunit together (Fig. 5b—e). In addition, the p53-
Ser6 signals in the preparations co-expressing PrP and
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transfection and the tubulin levels were evaluated by tubulin-specific
Western blots. Mock represents the cells receiving blank vector
pcDNA3.1. The different plasmid compositions are indicated above
the graphs. The specific immunoblots of tubulin and (3-actin are
indicated on the left
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mock CytoPrP

CytoPrP+Ri3null

CytoPrP+Ri3 CytoPrP+CK20+CK2f3

PGY9+Ri3null PGY9+Ri3 PG9+CK20+CK2p
colchicin PG12 PG12+Ri3null PG12+Ri3 PG12+CK204+CK2f3

Fig. 4 Morphological analyses of the influences of the expressions of
various PrP constructs on the structures of microtubule in HEK293T
cells by a confocal microscopy. The structures of microtubules of the
cells treated with various agents were monitored 48 h post-transfection.

CK2«x and CK2[3 subunits seemed to be relatively stronger
than that expressing CK2 and CK2f3 (Fig. 5b—¢). In line
with the above observations, expressions of various PrPs in
the cells, together with CK2 subunits or not, did not induce
phosphorylation on p53 at serine 9 or affect the cellular p53
level. Those results highlight that PrP might act as a binding
domain for CK2«x to phosphorylate cellular p53 at the
position of serine 6.

Discussion

Using immunoprecipitation assays, we have confirmed the
molecular interactions of wild-type and abnormal PrPs with
CK2 subunits, especially CK2«, expressed in cultured cells.
The specific binding between human PrP and CK2« has
already been addressed based on the Escherichia coli
expressed recombinant proteins; meanwhile, PrP“~CK2
and PrPS°~CK2 complexes have been repeatedly observed
in the brain tissues of normal and scrapie-infected animals
(Chen et al. 2008a, 2008b). Those results provide solid
evidence that PrP forms complex with CK2, which may
play roles either in the physiological activity of PrP protein
or the pathogenesis of prion diseases. Like the observation
in brain tissues, besides the PrP—-CK2«, significantly weak
PrP—CK23 complexes are seen in all cell preparations.

Mock represents the cells receiving blank vector pcDNA3.1. Colchi-
cine is the cells treated with 10 uM colchicine for 6 h. Various
preparations are indicated at the bottom of the graphs

These phenomena are distinct from what has been observed
in the tests with recombinant proteins purified from E. coli,
in which recombinant CK2{ is not able to form complex
with recombinant PrP (Chen et al. 2008a, 2008b). The
difference between prokaryotic- and mammalian-derived
recombinant CK2f3 proteins in interacting with PrP might
be due to the difference in tetrameric structure of the pro-
teins expressed in two systems. Nevertheless, it is implicit
that the CK2 proteins expressed in mammalian cells may
mimic their analog in brain tissues more precisely.

Normal PrP® seems to be as a protective factor for neuron
(Sponne et al. 2004). Overexpression of mutated PrP pro-
teins, such as octarepeats insertions and many CJD-
associated point mutations (Xu et al. 2011) and orientation
of PrP in cytoplasm, such as CytoPrP and ER-PrP (Wang et
al. 2010; Wang et al. 2011a, 2011b; Shi and Dong 2011),
even abolishment of glycosylation sites of PrP, such as
aglycosyl PrP (Chen et al. 2007), will cause significant
cytotoxicity. One of the obvious alterations in cellular sub-
organelle is disruption of microtubule and/or reduction of
tubulin level when overexpressed above PrP mutants. The
exact mechanism seems to be complicated, minimally in-
cluding down-regulations of a series of tubulin-associated
proteins, e.g., TPPP (Zhou et al. 2011) and MAP2 (Guo et
al. 2012), alterations of tau phosphorylating profiles, and
changes of some kinases, e.g., CCK5 and GSK3f3 (Wang et
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Fig. 5 Influences of
expressions of PrP constructs
alone or together with CK2ax
and/or CK2f3 on the levels of
p53-Ser6, p53-Ser9, and p53.
Cells transfected with various
plasmids were harvested 48
post-transfection and the signals
of p53-Ser6, p53-Ser9, and p53
were analyzed by Western blots
with individual antibodies. a
Cell expression of CK2«,
CK2f3 or CK2 and CK2f3. b
Cell co-expressions of wild-
type PrP-PG5 with different
CK2 subunits. ¢ Cell co-
expressions of CytoPrP with
different CK2 subunits. d Cell
co-expressions of PrP-PG9 with
different CK2 subunits. e Cell
co-expressions of PrP-PG12
with different CK2 subunits.
The different plasmid composi-
tions are indicated above the
graphs. The specific immuno-
blots of p53-Ser6, p53-Ser9,
p53, and B-actin are indicated
on the left

0‘)
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p53

B-actin
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p53

al. 2010). Markedly decreased tubulin in the brains of scra-
pie experimental rodents at the late stage described previ-
ously (Li et al. 2011) and clearly reduced the cellular tubulin
levels in the cultured cells overexpressed PrP mutants in this
study highly indicate the possibility of direct effectiveness
of PrP%° and PrP mutants. The interaction between PrP and
tubulin (Dong et al. 2008; Li et al. 2009) supplies molecular
basis for this direct effectiveness.

Our study has confirmed that the down-regulation of
cellular tubulin levels and disruption of microtubule struc-
tures due to expressions of abnormal PrP proteins are effec-
tively restored by co-expression of two CK2 subunits. These
protective effects of CK2 are quite similar as that of a PrP-
specific siRNA, which has been verified to be able to
antagonize the cytotoxicity of some CJD-associated PrP
mutants previously (Wang et al. 2011a, 2011b). However,
unlike the knockdown of the expression levels of PrPs by
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PrP siRNA, expression of CK2 subunits does not influence
the expression levels of PrPs in the cells. The CK2a binds
directly to both microtubules and tubulin heterodimers, and
CK2 holoenzyme exhibits a potent effect of inducing mi-
crotubule assembly and bundling in a phosphorylation-
independent manner (Lim et al. 2004). CK2 activity is
consistently enhanced in many human cancers as well as
in experimental tumors (Seldin et al. 2005; Kim et al. 2007;
Trembley et al. 2009) and down-regulation of CK2 leads to
cell apoptosis, which is being used as a potential methodol-
ogy for cancer therapy (Hamacher et al. 2007; Yde et al.
2007; Lee et al. 2011). Those data strongly indicate the
direct effect of CK2 on microtubule stability. On the other
hand, CK2 may contribute to the microtubule stability and
cell protection via its activity of protein kinase, such as
promoting the formation of kinetochore—microtubule attach-
ments by phosphorylation of CLIP-170 (Li et al. 2010),
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regulating the formation of clearance of aggresomes in
response to the stress of misfolded protein aggregates by
phosphorylation of cytoplasmic deacetylase HDAC6
(Watabe and Nakaki 2011). Additionally, either octarepeat-
inserted PrP or cytosolic PrP possesses active molecular
interaction with both cellular tubulin and CK2 like the
wild-type PrP (Dong et al. 2008; Chen et al. 2008a,
2008b). Possibly, interaction between mutated PrPs and
CK2 will directly interfere in their interactions with cellular
tubulin, therefore resulting in antagonizing their down-
regulation of cellular tubulin levels and disruption of micro-
tubule structure.

CK2 as a multifunctional protein kinase has been shown
to impact cell growth and proliferation. More than 300
growth-related proteins are the substrates of CK2
(Kawaguchi et al. 2003). One of the well-characterized in
vitro substrates for CK2 is the tumor suppressor protein,
p53, whose accumulation and activation are believed to be
regulated through protein phosphorylations and/or acetyla-
tions (Appella and Anderson 2001). At least 20 sites in
human p53, located at the N-terminal transactivation
domains, the C-terminal regulatory domain proximal or
distal to the tetramerization domain, are modified in re-
sponse to the activation of different stress signaling path-
ways (Saito et al. 2003). The phosphorylation p53 at Ser392
by CK2, which is described as the solo site modified by
CK2, has been widely documented in literatures, either in
vitro studies or in malignant carcinomas (Cox and Meek
2010; Meek and Cox 2011; Ruzzene et al. 2011). Using
specific antibodies, we have observed that expression of
CK2 subunits in the cells induces evidential phosphorylated
p53-Ser6, but does not either alter the cellular p53 levels or
induce phosphorylated p53 at Ser9. In the responses to
genotoxic stress, such as ionizing radiation (IR) and ultra-
violet (UV), or non-genotoxic stress, such as ALLN that is
an inhibitor of ubiquitin-mediated degradation by the 26 S
proteasome, taxol, and nocodazole that disrupt microtu-
bules, and N-phosphonacetyl-L-aspartate that causes deple-
tion of ribonucleotides without detectable DNA damage,
some sites of p53 are phosphorylated following activations
of several kinase-mediated signaling pathways (Saito et al.
2003), in which Ser9 is specially related with kinase CK1
and Ser6 is related with CK2 and CK1 (Knippschild et al.
1997). Interestingly, in our experimental condition, co-
presences of CK2x and PrP in HEK293T cells cause
relatively weak but clear phosphorylation of p53-Ser6,
while presence of either CK2x or PrP alone fails to
induce such phenomenon. It might be hypothesized that
PrP substitutes CK2 subunit in some extents for its bind-
ing activity to target substrates. Further analysis of the
interaction between PrP and p53 will disclose the mecha-
nism of the phosphorylating activity of CK2x—PrP com-
plex on p53-Ser6.
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