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Abstract
Several approaches have been used to study the interactions of the subunits of protein kinase CK2. The inactive mutant of
CK2α that has Asp 156 mutated to Ala (CK2αA156) is able to bind the CK2β subunit and to compete effectively in this binding
with wild-type subunits α and α′. The interaction between CK2αA156 and CK2β was also demonstrated by transfection of
epitope-tagged cDNA constructs into COS-7 cells. Immunoprecipitation of epitope-tagged CK2αA156 coprecipitated the β subunit
and vice-versa. The assay of the CK2 activity of the extracts obtained from cells transiently transfected with these different
subunits yielded some surprising results: The CK2 specific phosphorylating activity of these cells transfected with the inactive
CK2αA156 was considerably higher than the control cells transfected with vectors alone. Assays of the immunoprecipitated
CK2αA156 expressed in these cells, however, demonstrated that the mutant was indeed inactive. It can be concluded that
transfection of the inactive CK2αA156 affects the endogenous activity of CK2. Transfection experiments with CK2α and β
subunits and CK2αA156 were also used to confirm the interaction of CK2 with the general CDK inhibitor p21WAF1/CIP1
co-transfected into these cells. Finally a search in the SwissProt databank for proteins with properties similar to those derived
from the amino acid composition of CK2β indicated that CK2β is related to protein phosphatase 2A and to other phosphatases
as well as to a subunit of some ion-transport ATPases. (Mol Cell Biochem 191: 75–83, 1999)
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Introduction
Protein kinase CK2 is a multifunctional ser/thr protein kinase
composed of two types of subunits: The catalytic α and α′
subunits [Mr 37–44] and the regulatory β subunit [Mr 24–27].
(For reviews see [1–3]) CK2 is composed of α2 β2, α α′ β2
and α′2 β2 heterotetramers [4] and also, depending on the
ionic conditions, higher order aggregates [5].
The CK2β subunit has several effects on the catalytic
activity of α or α′. With most substrates, the β subunit
stimulates the phosphorylating activity of α and α′ by 5–20
fold [6]. However, with a few substrates such as calmodulin
[7, 8] or MDM-2 [9], the β subunit inhibits the phosphorylating
activity of the catalytic subunit. In addition, CK2β protects
the catalytic subunits α and α′ from heat and proteolytic
degradation and shifts upward the salt concentration required

for optimal activity. The β subunit also is responsible for the
stimulation of CK2 phosphorylation by polyamines [10] and
causes the CK2α subunit to decrease its binding to DNA [11].
A large number of studies have used site-directed mutagenesis and the yeast two-hybrid system to explore the
regions of interaction between the CK2α and β subunits. The
conclusions of these studies are that the carboxyl region of
CK2β (amino acids 171–194) plays a key role in the binding
of the α subunit [12]. It was also observed that CK2β
dimerizes and the central part of the molecule appears to be
involved in that interaction [13]. The results obtained with
CK2α mutants and with antibodies are not as clear, but they
suggest some involvement of the basic region (amino acids
74–81) in its interaction with CK2β [14].
Recent findings, however, have shown that the β subunit
of CK2 also interacts with several other proteins as shown
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in Fig. 1. CK2β, either free or as part of the holoenzyme,
binds to p53 and affects the DNA re-annealing activity of this
key tumor-suppressor protein [15]. The β subunit was found
also to bind the p21WAF1/CIP1 inhibitor of the cyclin dependent
protein kinases. The presence of p21 was found to inhibit
CK2 phosphorylation of casein and of the β subunit itself
[16]. The interaction of p21WAF1/CIP1 with CK2β seems also to
occur when this subunit is either free or bound to the α
subunit. A different kind of interaction has been observed
with the free CK2β subunit. It has been demonstrated that
A-Raf binds to CK2β and its kinase activity seems to be
stimulated by this interaction [17, 18]. The A-Raf binding of
β is competitive with CK2α. A similar observation has been
reported with c-Mos, an oncogenic protein kinase that, like
the Raf family, can phosphorylate MEK and activate the MAP
cascade that signals cell division [19]. In this case, however,
it is reported that CK2β inhibits the activity of c-Mos.
A recent report demonstrates that CK2α interacts with and
phosphorylates the catalytic subunit of protein phosphatase 2A
[20]. This interaction is blocked by the presence of CK2β and
activates moderately the dephosphorylation of MEK by PP2A.
The CK2 subunits, therefore, are promiscuous in that they
can interact with several other proteins that play important
roles in the transduction of the cell division signals. In general
these interactions of CK2 subunits with other proteins have
been demonstrated only in the yeast two-hybrid system or in
vitro and their physiological role has not been established.
In our laboratory we have undertaken the study of the role
of CK2β in vivo by the designing of an inactive mutant of
CK2α that could trap the β subunit in a dead complex. This
type of ‘dominant negative’ mutant (CK2αA156 ) has been
designed and confirmed to interact with CK2β with high
affinity in vitro [21].
In the present report, we have studied further this CK2αA156
mutant and have shown that it can bind CK2β when expressed
in transfected COS-7 cells. Paradoxically, however, the CK2

Fig. 1. CK2β subunit interacts with several proteins. In reactions 2 and 3,
the CK2α subunit interaction with CK2β is competitive with that of the
other proteins. For reactions 4 and 5, interaction may occur with both CK2β
alone or with CK2α2β2.

activity of these mutant-transfected cells appears to increase.
In addition, the interaction of transfected CK2α, CK2αA156
and CK2β with p21WAF1/CIP1 is also demonstrated. We also
present a computer analysis which indicates that there may
be a structural and/or functional relatedness between the β
subunit and the catalytic subunit of protein phosphatase 2A,
as well as to some subunits of ion transport ATPases.

Materials and methods
Expression plasmids
The cDNAs coding for the subunits CK2α, α′, and α′156
subcloned in NdeI and SalI sites of pT7-7H6 were obtained
as described [22]. For subcloning into the eucariotic expression vector pCEFL (a modified pEBG plasmid, [23]) ,
BglII and NotI sites were generated in the pT7-7H6 vector,
replacing the NdeI and SalI sites, and the coding sequences
were excised by restriction digestion at these sites. The
cDNAs were then inserted into the pCEFL vector containing
the epitope tag for influenza hemagglutinin (HA) [24] or for
the AU5 hexapeptide [25]. For subcloning of the CK2β
subunit, the previously described pGEX-2T expression
vector containing CK2β cDNA [26] was digested with EcoRI
and subcloned in pCDNA3 (Invitrogen) to change the reading
frame, then digested with BamHI and NotI and subsequently
cloned in the BglI and NotI sites of modified pCEFL
expression plasmid, encoding an epitope tag as given above.
p21 protein was expressed from vector pCDNA3.

Transfection of COS-7 cells
Subconfluent COS-7 cells were transfected or cotransfected
with expression vector alone or carrying cDNAs coding for
wail type CK2 subunits, CK2αA156 and/or p21 (1 µg DNA
per plate in each case) by the DEAE-dextran technique [27].
Cells were grown at 37°C in Dulbecco’s modified Eagle’s
medium containing 10% fetal bovine serum. Cells were
harvested at 48 h post-transfection. Transcription efficiency
was controlled by a parallel transfection of cells with 1 µg
of pCMV-βgal, checking the β-galactosidase activity
colorimetrically.
Cell lysates were prepared by washing transfected plates
with phosphate buffered saline (PBS) and cells scraped into
950 µl lysate buffer containing 50 mM Tris-HCl pH 7.5, 150
mM NaCl, 1% NP-40, 1 mM PMSF, 2 mM orthovanadate and
20 µg/µl each aprotinin and leupeptin. Lysates were centrifuged at 20,000 × g for 10 min and the supernatant fractions
were analyzed the same day or stored without prior centrifugation at –70°C. Protein was measured by the method of
Bradford [28].

77
Immunoprecipitations and Western blots
Epitope-tagged proteins from lysates were incubated with the
specific antibody overnight at 4°C and immunoprecipitates
recovered in the presence of Gamma Bind G Sepharose
(Pharmacia). Precipitates were washed three times in PBS
containing 1% NP-40, once with 0.1 M Tris-HCl pH 7.5, 0.5
M LiCl and finally, in the case of kinase reactions, with a
buffer containing 50 mM Hepes pH 7.5, 10 mM MgCl2 and
5 mM dithiothreitol or in the case of Western analysis,
samples were diluted 5 fold in the gel sample buffer.
Western blots were performed on immunoprecipitates
obtained with HA12CA5 and AU5 antibodies (Babco). These
immunoprecipitates were dissolved in an equal volume of
Laemmli denaturing buffer containing 2-mercaptoethanol
and heated at 100°C for 5 min. Proteins were resolved by SDSpolyacrylamide gel electrophoresis (PAGE) as described by
Laemmli [29]. Proteins were transferred to nitrocellulose at
150 mA for 5 h, and the nitrocellulose blocked for 2 h at room
temperature with 4% bovine serum albumin in Tris-HCl pH
7.5,130 mM NaCl and 0.05% Tween 20. Immunoblotting was
carried out with the corresponding mouse monoclonal
antibody, and visualization by enhanced chemiluminescence
detection (Amersham) using goat anti-mouse antiserum
coupled to horseradish peroxidase as secondary antibody.

Protein kinase CK2 assays
For assay of immunoprecipitates, 1 mg of protein from total
cell extracts was immunoprecipitated and then assayed in a
final volume of 50 µl containing 50 mM Hepes, pH 7.5, 100
mM NaCl, 10 mM MgCl2, 0.5mM dithiothreitol 100 µM
[γ32P] ATP (sp. act. 4000 cpm/pmol) and 5 mg/ml casein.
Incubations were for 10 min at 30°C. The reactions were
stopped by the addition of gel sample buffer for analysis on
10% SDS-PAGE. For the assay of CK2 activity in total cell
extracts, 5 µg of extract protein was used and 1 mM CK2specific synthetic peptide as substrate, without casein and
with the remaining conditions as above. The reaction was
stopped by absorbing the reaction mixture onto 1.5 cm2 pieces
of P81 phosphocellulose paper and processing as described
previously [22]. The assays of the activity of recombinant
CK2 subunits in vitro was performed as with extracts but
using the amounts indicated in each case and a 30 µl volume
assay with 100 mM NaCl and casein as substrate. All assays
were performed in duplicate and for each assay, a control was
performed in the presence of 5 µg/ml heparin and another in
the absence of substrate. The kinase activity values presented
are corrected for the amount of incorporation observed in the
presence of 5 µg/ml heparin, which was always less than 5%
of that observed in its absence. The linearity of the reaction
was determined in each case.

The source of other products used was as follows: AntiHemagglutin (HA) 12CA5 and anti-AU5 (hexapeptide
epitope) monoclonal antibodies were from Babco; antiCDK2 monoclonal antibody from Santa Cruz; Dulbecco’s
modified Eagle’s medium and trypsin from Life Technologies;
G-protein Sepharose from Pharmacia; [γ-32P] ATP from New
England Nuclear; P8l phosphocellulose from Whatman, and
all other reagents from Sigma Chemical. The CK2 specific
synthetic peptide (RRRDDDSEDD) was synthesized by
Oligopeptido, the University of Chile core facility.
Sequence analysis of CK2β
The Propsearch analysis [30] was carried out from the SwissProt databank and the computer print-out was selected for
proteins of special interest. This procedure considers amino
acid composition at the singlet and doublet levels, molecular
weight, polarity of amino acids and isoelectric point of the
given sequence and many other properties and compares
these with corresponding properties of all the proteins in the
sequence database.

Secondary structure prediction and threading
Multiple sequence alignment of all known β -subunits has been
used in prediction of secondary structure and solvent accessibility classes using SAPIENS [31, 32] and SPECTOR [33].

Results
The in vitro competition of a mutant CK2α form with
CK2α and α′
The interaction of the CK2 α and β subunits has been shown
to be inhibited in vitro by the presence of a catalytically
inactive mutant form of CK2α, CK2αA156 [21]. However, the
tissue specific expression of more than one isoform of the
CK2α subunit (α and α′) made it pertinent to determine if
this mutant can also compete for CK2β with the α′ isoform.
The native CK2 α and α′ isoforms possess significantly
different characteristics, specifically the presence of 41
additional amino acids at the carboxyl terminal region of
CK2α as well as different isoelectric points and salt sensibility [6]. In Fig. 2 it is shown that the in vitro interaction of
CK2β with both α and α′ isoforms is inhibited by the
presence of CK2αA156. In this experiment the amount of
regulatory CK2β was limiting with respect to α and α′,
however the stimulation of basal activity by CK2β was over
eight-fold in both cases. The addition of increasing concentrations of the inactive mutant CK2αA156 results in the progres-
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sive loss of the stimulation caused by CK2β, showing that
both CK2α isoforms are affected to a similar extent in their
interaction with CK2β, although the inhibition of α′ is slightly
more pronounced indicating that its affinity for β might be
less than that of CK2 α.
Interaction of CK2αA156 with CK2β in transfected cells

Fig. 2. CK2αA156 inhibits the activation of the α and α′ subunits of CK2.
Varying concentrations of CK2αA156 were used in the presence of 1 pmol
of either CK2α or α′ and 0.35 pmol of CK2β for assay under standard
conditions using casein as substrates. The basal activities of CK2α and α′
were 1.1 and 0.95 pmol/min, respectively and the fold-stimulation by CK2β
were 8.6 (α) and 8.2 (α′).

In order to investigate the interaction of the CK2β with the
inactive CK2α mutant in intact cells, hemagglutinin (HA)
epitope-tagged CK2α, CK2β and CK2αA156 were expressed
in COS-7 cells. As shown in Fig. 3A, all three proteins were
expressed at easily detectable levels as determined by
Western blotting of total cell lysates using an anti-HA
monoclonal antibody.
Cotransfection experiments which utilized both a HAtagged vector as well as an alternative epitope-tagged expression vector (AU5) permitted the immunodetection of
CK2 subunits which interact in these cells. Cells cotransfected
with AU5-CK2α and HA-CK2β were immunoprecipitated
with anti AU5 monoclonal antibody and the proteins resolved
by gel electrophoresis. Western blotting with anti-HA re-

Fig. 3. Western analysis of cell extracts from COS-7 cells overexpressing CK2 subunits. (A) COS-7 cells were transfected with pCEFL-HAα, pCEFL-HAαA156
or pCEFL-HAβ constructs and extracts prepared as given in Materials and methods. Proteins were resolved on 12% polyacrylamide gels. Western analysis
using anti-HA antibody and gel electrophoresis were performed as given in Materials and methods. The different lanes show results using extracts from
separate transfection experiments. (B) Cells were transfected with pCEFL-AU5α, pCEFL-AU5αA156 or pCEFL-AU5β and with the HA constructs as
indicated. Cell extracts were immunoprecipitated using anti-AU5 monoclonal antibody and precipitates processed by gel electrophoresis and Western blot.
Specific bands detected by the anti-HA and AU5 antibodies as well as molecular mass standards are indicated.
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vealed the presence of the CKβ (Fig. 3B, second lane),
indicating the coprecipitation of these subunits, as expected.
When the cotransfection was carried out with the AU5CK2αA156 and HA-CK2β (third lane) the presence of the β
subunit shows that the mutant subunit is equally capable of
coprecipitating this regulatory protein.
The expression of AU5-tagged-CK2β (lanes 5 and 7) and
cotransfection with the CK2α subunits as HA-tagged proteins
showed that both native and mutant CK2α subunits coimmunoprecipitated the expressed β subunit. These experiments indicate that the interaction of the mutant subunit is
as efficient as the wild type CK2α subunit in recognizing the
endogenously expressed CK2β subunit.
The effect of CK2αA156 on CK2 activity in transfected cells
The data presented in Fig. 4 represents studies of the functionality of the expressed CK2 subunits in the supernatant
fraction of total lysates of cells that have been transfected as
described in the previous section. The experiment is representative of five separate analyses of transfected cells.
Part A of Fig. 4 presents the results obtained by assaying
directly the CK2 activity of the lysate supernatant fractions
using the specific CK2 peptide substrate RRRDDDSEDD. The
endogenous CK2 activity obtained with cells transfected with
vector without a CK2 insert is low. As expected, transfection
with CK2α alone or with both CK2α and CK2β causes a large
increase in the activity of the lysates. CK2β transfection also
causes an important increase. The surprising result observed,
inactive CK2αA156 however, is that transfection with the
inactive CK2αA156 either alone or in combination with CK2β
also causes increases in CK2 activity that are similar to those
observed with CK2α or CK2β alone. In Fig. 4B, CK2 activity
is measured in immunoprecipitates using anti-HA, obtained
from the same lysates assayed above (Fig. 4A) except that the
immunoprecipitated proteins were incubated with [γ32P]ATP
and casein as substrate. The phosphorylated casein was
detected by autoradiographs of the products separated on
SDS-PAGE. In this case, the results contrast with those
obtained with whole extracts in that significant activity was
detected in immunoprecipitates from cells transfected with
CK2α and with both α and β subunits but not with the
inactive CK2αA156 mutant. The immunoprecipitate of the
cells transfected with only HA-β subunit had more activity
than those of those transfected with the CK2αA156.

The interaction of CK2 subunits with p21WAF1/CIP1
The transfections of cells with the various CK2 subunits and
the inactive CK2αA156 provided the opportunity to test their
interaction with another important regulatory protein under

Fig. 4. CK2 activity in cell extracts and immunoprecipitates of transfected
cells. Cos-7 cells were transfected with the indicated expression plasmid for
epitope-tagged CK2α, CK2αA156 and/or CK2β, or with plasmid without insert
(lane 1) and assayed. (A) Cell extracts were prepared and assays performed as
given in Materials and methods, using the specific peptide substrate
RRRDDDSEDD. Activity levels are corrected for incorporation in the presence of 5 µg/ml heparin. (B) Immunoprecipitates were obtained using the
monoclonal antibody HA12CA5 and 1 mg protein from the same cell extracts
as used in A. and assayed using casein as substrate as given in Materials and
methods. The experiment is representative of five similar analyses.

conditions that approach the in vivo situation. The interaction
of p21 WAF1/CIP1 with CK2β had been demonstrated under
strictly in vitro conditions with purified proteins [16].
The results shown in Fig. 5 demonstrate that immunoprecipitation of CK2β (lane 2), CK2α (lane 3), CK2αA156
(lane 4) as well as of endogenous CDK2 (lane 5) can bring
down HA-p21WAF1/CIP1 that can be detected by Western blot.
Densitometry of the p21WAF1/CIP1 bands demonstrates that the
amount of the protein immunoprecipitated with the transfected
wild-type α and β subunits is considerably lower than that
observed with αA156 mutant and with CDK2. This latter
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of PP2A. The β subunit of the K+/H+ ATPase is also of similar
size. As seen in Table 1, in a search for Xenopus CK2β, the
top 8 rankings of similar proteins comprised isoforms of β
subunit and these corresponded to Propsearch distances in the
range 1.85–10.63 which provide a confidence level of 80–

Table 1. Occurrence of isoforms of CK2β and various phosphatases and
ion transport ATPases during a search for Xenopus CK2β using
PROPSEARCH

Fig. 5. Effect of coexpression of CK2 subunits and epitope-tagged HA-p2l.
The coexpression of AU5-CK2α, AU5-CK2β, AU5-CK2αA156 with HAp21 in the respective expression plasmids or vector without insert was
carried out in COS-7 cells and cell lysates immunoprecipitaded with antiAU5 or anti CDK2 monoclonal antibody as described in Materials and
methods. Proteins were resolved on SDS-polyacrylamide gels and subjected
to immunoblotting using anti-HA antibody. (A) Arbitrary units obtained
by densitometry of bands detected for migration of p21. (B) Western blot
of immunoprecipitated cell lysates using anti-HA (arrow). The slower
migrating bands correspond to non-specific immunoglobulin.

immunoprecipitation was performed as a positive control
since CDK2/p21WAF1/CIP1 interaction is well established.
Relatedness of CK2β to protein phosphatase 2A
Computer analysis of the sequence of CK2β does not show
any significant similarity of this protein to other proteins in
the databank with the exception of the stellate protein from
Drosophila which has been shown to replace β in the activation of CK2α [34].
However, a program that is not based in direct sequence
comparison but rather on the aggregate analysis of many
properties and characteristics of the proteins such as size,
amino acid composition, isoelectric points and frequency of
amino acid pairs yields rather interesting results. The Propsearch program [30] revealed a high similarity between the
CK2β subunits and some protein phosphatases and ion
transport ATPases. The size (in terms of number of amino
acids and the molecular mass) of CK2β variants is very
similar for homologous CK2β and for the catalytic subunit

Rank Protein
CK2β,phosphatase
identification or Ion
code
ATPase

PROPSEARCH Confidence
distance
factor (in %)

1
2
3
4
5
6
7
8
10
11
12
17
18
19
21
22
23
28
29
30
32
35
39
40
41
45
48
49
59
64
65
66
70
71
77
92
93
95
119
120
123
127
144
150
156
158
171

1.85
1.88
2.79
3.64
8.73
10.06
10.63
10.63
10.97
11.06
11.17
11.57
11.57
11.59
11.64
11.75
11.84
11.95
11.96
11.99
12.01
12.11
12.15
12.17
12.17
12.25
12.30
12.31
12.48
12.55
12.56
12.56
12.62
12.65
12.74
12.83
12.84
12.85
13.04
13.04
13.05
13.07
13.14
13.17
13.18
13.19
13.27

kc2b_xenia
kc2b-human
kc2b-bovin
kc2b_drome
kc2b_schpo
kc2b_caeel
kc2b_arath
S47968
ptp_npvac
JH0480
p2a3_qrqth
A54907
kc2c_yeast
S52659
p2a_brana
athb_pig
p2a_medsa
p2a_pig
p2al_schpo
p2aa_rat
p2aa_human
p2ab_human
p2a2_arath
p2a1_arath
p2qb_rabit
S09378
S20348
athb_rabit
pp11_yeast
p2a4_yeast
S37086
athb_rat
B55346
A40993
pp11_schpo
p2a_drome
ppel_schpo
kc2b_yeast
S47967
kc2b_arath
S11062
atnd_bufma
ppx_rabit
ppx_human
p2a1_yeast
S42558
kka1_yeast

CK2β
CK2β
CK2β
CK2β
CK2β
CK2β
CK2β
CK2β
Phosphatase
Ion ATPase
Phosphatase
CK2β
CK2β
Phosphatase
Phosphatase
Ion ATPase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Ion ATPase
Phosphatase
Phosphatase
Phosphatase
Ion ATPase
Phosphatase
Ion ATPase
Phosphatase
Phosphatase
Phosphatase
CK2β
CK2β
CK2β
Phosphatase
Ion ATPase
Phosphatase
Phosphatase
Phosphatase
Phosphatase
Phosphatase

99.6
99.6
99.6
99.6
87.0
80.0
80.0
80.0
80.0
80.0
80.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
68.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
53.0
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99.6% of relatedness (Table 1). Interestingly the shortest
Propsearch distance of a phosphatase with β subunits is 10.97
corresponding to the 80% confidence level. Five homologous
β-subunits have considerably lower ranks compared to many
phosphatases or ion channel ATPase subunits. Out of the first
50 positions in the ranking, 15 positions are occupied by
phosphatases, especially of the PP2A type. Results of
Propsearch for other isoforms of CK2β are similar to the one
for X. laevis CK2β. Results of secondary structure prediction
using different programs are consistent and a typical result
is shown in Fig. 6. CK2β subunits are predicted to contain
both α-helices and β-strands which are roughly alternating.
This mixed α and β secondary structure predicted for CK2β
is consistent with the fold of phosphatases [35] where a
central β-sheet is surrounded by α-helices.

Discussion
As a result of the recent advances in modern biology the idea
of ‘one protein - one function’, which for many years held sway
in our thinking, has turned untenable. It has become more the
norm than the exception that proteins fulfill many functions
and that each protein interacts with and modifies the activity
of many other proteins and other biomolecules. This appears
to be true for protein kinase CK2 and its subunits. This
promiscuity and polyfunctionality of CK2 make the enzyme
more interesting, but also it makes it more difficult to define
the roles that the CK2 protein and its subunits may be
fulfilling in vivo under specific sets of circumstances.

Dominant-negative mutants that compete with the wild
type proteins for limiting factors or co-factors have been very
useful in furthering our understanding of several proteins that
act in signal transduction pathways [36]. For this reason, it
seemed interesting to attempt to generate a dominant-negative
type of mutation for CK2. Some progress has been achieved
with the mutant CK2αA156 . This mutation that changes the
catalytic aspartic acid in position 156 for alanine is catalytically inactive but retains its capacity to bind the CK2β subunit
with an affinity similar to that of the wild-type alpha subunit
[21]. This mutation has also served to show that, once formed,
the α2β2 tetramers do not dissociate to a detectable extent.
The results obtained previously had shown that the αA156
mutant could compete with the wild-type α. In the present
report, we demonstrate that it also can compete with the α′
subunit. In this respect the αA156 has served to compare the
relative affinities of α and α′ for β. This type of experiment
can be used to analyze the affinities of other α mutants towards
the CK2β subunit.
Transfection with tagged mutant and wild-type subunits
followed by immunoprecipitation of the extracts of the
transfected cells demonstrates interaction of the αA 156
subunit with the transfected β subunit. This is strong evidence
that indicates that the mutant α subunit can also trap free CK2β
in inactive complexes under in vivo conditions. The results
obtained when the CK2 activity is measured in the transfected
cells are rather intriguing. Immunoprecipitates of the transfected subunits phosphorylate casein at levels very close to
what would be expected. The wild-type α subunit is very
active and the activity is enhanced when co-transfected with

Fig. 6. A representative secondary structure prediction for PKCK2β. This prediction is for the variant from Xenopus, but, by using multiple sequence
alignment in the PHD procedure [32].
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the β subunit. The immunoprecipitates of CK2αA156 are
practically inactive. The slight activity of these latter immunoprecipitates might be due to formation of mixed tetramers
containing endogenous wild-type and αA156 alpha subunits.
The higher activity of the immunoprecipitates transfected
with β would indicate that this transfected subunit is binding
to some endogenous α subunit.
The interpretation of the results of the direct assay of CK2
activity in the extracts of the transfected cells is more
complex. The CK2 activity detected in cells transfected with
the wild-type α and β subunits fits the expected results since
it is considerably higher than the cells assayed in the extracts
of cells transfected with the control vector without CK2 inserts.
(This control CK2 activity coincides with the values obtained
with COS-7 cells that have not been transfected (not shown)).
The fact that transfection with β subunit results in higher
CK2 activity confirms a previous observation [37] and
indicates that CK2β might be limiting in the nontransfected
cells. This is relevant because it has been shown that CK2β
is synthesized in a large excess over CK2α and would suggest
that β might be physiologically bound to other proteins in
addition to undergoing rapid degradation [38]
The observation obtained with the cells transfected with
the inactive mutant CK2αA156 was unpredictable. Contrary
to the expected effect of a dominant-negative mutant, the
CK2 activity of these cells was found to be considerably
higher than that of control cells transfected with the empty
vector. Since the results on the activity of the immunoprecipitates indicate that the mutant protein does not become
activated when expressed in the cells, the only conclusion
that can be derived from the observed increased activity is
that the transfection of CK2αA156 causes an increase of the
activity of the endogenous CK2 in these cells. This increase
of activity might be due to the removal of an inhibitor by
the presence of inactive CK2αA156. In this respect it is
interesting to note that inactive CK2α has been shown to
bind PP2A [20]. The other possibility is that the presence
of CK2αA156 might cause the induction of the expression
of CK2 subunits. Since these cells are assayed 48 h after the
transfection, such an induction could occur during this
period. The transfection of CK2α subunits has been found
to induce the transcription of CK2β (W. Pyerin, personal
communication). Obviously, these unexpected results require
further analysis and experimentation.
The work presented here confirm the observation of Götz
et al. [16] who showed interaction of p21WAF1/CIP1 with CK2.
These observations, however, extend the previous results since
they demonstrate that the interaction can occur under conditions closer to the in vivo environment and that p21WAF1/CIP1 can
be brought down by antibodies against either the α or β
subunits and also that p21WAF1/CIP1 can bind to inactive CK2
complexes formed with CK2αA156. These findings are significant because p21WAF1/CIP1 has been shown to inhibit CK2

activity and, therefore, it is possible that this general cdk
inhibitor which is induced by p53 might also have a role in
the regulation of CK2 function.
The results of the Propsearch, a computer program designed
to detect related proteins, are noteworthy because they provide
a structural support for an observation which has recently
appeared in the literature, the binding of CK2α to protein
phosphatase 2A. Recently Hériché et al. [20] have demonstrated that CK2α is regulated by phosphatase 2A. Remarkably, phosphatase 2A is shown not only to interact directly with
CK2α but it is phosphorylated by CK2α. Most significantly,
phosphatase 2A associates with CK2α only in the free form
but not when CK2α exists as a holoenzyme in association with
CK2β. This suggests that CK2β and phosphatase 2A competitively bind to CK2α implying the possibility of a grossly
similar tertiary fold or a similar local structure at the binding
regions. Phosphatase 2A is phosphorylated in a dimeric form.
This is similar to the situation suggested for the quaternary
structure of PKCK2 holoenzyme which is comprised of two
copies of CK2β [5]. The CK2β binding site in CK2α is
suggested to include the residues 166–171 (Xenopus CK2α
numbering). This region has been mapped in a modelled
tertiary structure of CK2α (Srinivasan et al., submitted for
publication) where it is located in the region linking two lobes
but on the side opposite to the activation loop of the kinase
domain. Thus it does not hinder the access of substrates to
the kinase and is proximal to the ATP binding region. It is of
interest that in the recently described crystal structure of src
and hck kinases [39, 40] the regulator or adaptor domain
binding region (SH3 in this case) coincides spacially with the
site suggested for of CK2α to β subunit.
The same Propsearch program shows CK2β to be related
to subunits of ion transport ATPases found in animal cells.
This relatedness is tantalizing because the CK2β subunit has
been shown by Glover’s group to be involved in ion transport
in yeast [41].
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