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Abstract Modest dysregulation of CK2 has been shown to enhance the oncogenic potential in transgenic models
of cancer. Since nuclear matrix serves as an anchor for CK2 and plays a key role in growth-related activities, we
examined the effects of CK2 overexpression on its signaling to the nuclear matrix. Expression plasmids pCI-CK2a,
pCI-CK2b, and the bicistronic pCI-CK2ab containing full length cDNAs encoding the various subunits were employed
to transiently transfect two cell lines, BPH-1 and COS-1. Cytosol from transfected BPH-1 cells containing a or b or a 1 b
or ab showed a modest increase in CK2 activity by 26%, 1%, 20%, and 17%, respectively, over that in the controls
transfected with pCI vector. However, the corresponding increase in CK2 activity in the NM fraction was 156%, 8%,
147%, and 152%, respectively. Immunoblot analysis of the CK2 in the NM accorded with these data. Similar results
were obtained with COS-1 cells or other expression vectors. The results suggest that moderate overexpression of CK2 in
the cells evokes a differential several-fold enhancement in NM associated CK2 relative to that in the cytosol. This process
may have a bearing on the functional signaling of this kinase in relation to its possible role in oncogenesis. J. Cell.
Biochem. 74:127–134, 1999. r 1999 Wiley-Liss, Inc.
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Nuclear matrix (NM), the fibrillar network
that provides the internal scaffold for the
nuclear architecture, plays a fundamental role
in the nuclear processes related to transcrip-
tion, cell growth, and proliferation [Berezney,
1991; Getzenberg et al., 1990; Nickerson and

Penman, 1992; Stein et al., 1996]. In view of
these functions, it is likely that NM is a locus
for the association of many signaling molecules.
We have previously documented that NM repre-
sents a subnuclear site for preferential associa-
tion of CK2 (protein kinase CK2, formerly ca-
sein kinase 2 or II) in response to a growth
stimulus, and that the NM-associated CK2 is
physiologically relevant [Tawfic and Ahmed,
1994a,b; Tawfic et al., 1995, 1996, 1997]. Fur-
ther, we have presented evidence that anchor-
ing of CK2 to the NM involves disulfide bond
formation [Zhang et al., 1998].

CK2 is a ubiquitous messenger-independent
protein serine/threonine kinase consisting of a,
a8, and b subunits of Mr 41, 38, and 28 kDa,
respectively. The kinase exists as a tetrameric
form comprising of a2b2 or aa8b2 in different
tissues and is localized in both the cytoplasmic
and nuclear compartments of the cell. Several
of the putative substrates of CK2 that are criti-
cal to the process of cell growth and prolifera-

Abbreviations used: CK2, formerly known as casein kinase
2 or II; CK2-a or CK2a, protein or cDNA for the catalytic
subunit of CK2; CK2-b or CK2b, protein or cDNA for the b

subunit of CK2; CMV, cytomegalovirus; DMEM, Dulbecco’s
modified Eagle’s medium; HEPES, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid; NM, nuclear matrix; PIPES,
1,4-piperazinediethanesulfonic acid; PMSF, phenylmethyl-
sulfonyl fluoride.
Grant sponsor: U.S. Public Health Service; National Can-
cer Institute; Grant number: CA-15062; Grant sponsor:
Medical Research Fund of the U.S. Department of Veterans
Affairs.
*Correspondence to: Khalil Ahmed, Cellular and Molecular
Biochemistry Research Laboratory (151), V.A. Medical Cen-
ter, One Veterans Drive, Minneapolis, MN 55417. E-mail:
ahmedk@tc.umn.edu
Received 23 December 1998; Accepted 29 January 1999

Journal of Cellular Biochemistry 74:127–134 (1999)

r 1999 Wiley-Liss, Inc.



tion have been identified in the nuclear compart-
ment. CK2 has been implicated in many cellular
functions, but most importantly, in the regula-
tion of cell growth and normal and neoplastic
proliferation [for reviews see, e.g., Tawfic et al.,
1996; Pinna, 1990; Tuazon and Traugh, 1991;
Issinger, 1993; Litchfield and Lüscher, 1993;
Ahmed, 1994; Allende and Allende, 1995]. A
particularly intriguing feature of CK2 function
has emerged in observations showing that mod-
est overexpression of CK2-a in transgenic mod-
els of cancer causes a significant enhancement
of the oncogenic potential in the animal [Seldin
and Leder, 1995; Kelliher et al., 1996; Landes-
man-Bollag et al., 1998].

Considering that NM, a nuclear structure
that is intimately involved in regulation of cell
growth and proliferation, appears to serve as
an anchor for CK2 nuclear signaling, we de-
cided to examine the nature of CK2 association
with this structure in response to transient
moderate overexpression of various subunits of
CK2 in the cell. For these studies, we have
employed two different cell lines and two differ-
ent expression vectors for transient transfec-
tion. Our results suggest that upon overexpres-
sion of the a or a plus b subunits of the kinase
but not the b subunit, a considerably enhanced
association of CK2 with the NM occurs relative
to the change in the cytosol.

MATERIALS AND METHODS
Expression Vectors

Expression vector pCI and Zero Blunty PCR
Cloning Kit were purchased from Invitrogen
Corp. (Carlsbad, CA). The vector pBluescript II
KS (6) was obtained from Stratagene (La Jolla,
CA).

Chemicals

Restriction enzymes, calf intestinal alkaline
phosphatase, Klenow fragment of DNApolymer-
ase I, Taq DNA polymerase, and T4 DNA ligase
were all purchased from Promega Corporation
(Madison, WI). Oligonucleotides were synthe-
sized by Oligos, Etc. (Wilsonville, OR). Trizol
was purchased from Life Technologies, Inc.
(Grand Island, NY). Transfection reagent
(DOTAP) and Random Primed DNA Labeling
Kit were purchased from Boehringer Mann-
heim (Indianapolis, IN). [a-32P]dATP was pur-
chased from Amersham Corp. (Arlington
Heights, IL). [g-32P]ATP was purchased from
ICN Pharmaceuticals (Costa Mesa, CA). Slot

blot apparatus and nitrocellulose, were from
Schleicher and Schuell (Keene, NH). The spe-
cific peptide substrate (RRRADDSDDDDD) for
assaying CK2 was from Peptide Technologies
(Gaithersburg, MD). All common reagents and
chemicals were of the highest purity available.
Monoclonal antibodies against the a and b sub-
units of CK2 were obtained from Transduction
Laboratories (Lexington, KY). Full length cDNA
plasmids for human CK2-a and CK2-b (plas-
mids pBB-3 and pBB-4) were a generous gift
from Dr. O.-G. Issinger and Dr. B. Boldyreff
(Odense University, Odense, Denmark).

Cells

BPH-1 cell line was supplied by Dr. Simon W.
Hayward, Department of Anatomy, University
of California School of Medicine, San Francisco,
CA. COS-1 cells were purchased from ATCC
(Rockville, MD).

Design of Expression Constructs

The full length cDNA of human CK2a was
amplified using suitable extension primers con-
taining EcoR I site at 58 end and Xba I site at 38
end of CK2a. The CK2a PCR product was di-
gested with EcoR I and Xba I and inserted into
the EcoR I and Xba I-digested pCI vector con-
taining the human cytomegalovirus(CMV) ma-
jor immediate-early gene enhancer/promoter re-
gion. The resulting expression construct was
designated pCI-CK2a. For the construction of
pCI-CK2b, a blunt end PCR product containing
full length CK2b cDNA was cloned into the
pCR-Blunt vector. Then the full length CK2b
cDNA was cut out from this construct with Kpn
I and Xho I, and inserted into Kpn I and Xho
I-digested pCI vector. The resulting expression
vector was designated pCI-CK2b. For the con-
struction of a plasmid which can simulta-
neously express both CK2-a and CK2-b sub-
units in mammalian cells, we started from the
constructs pCI-CK2a and pCI-CK2b. The pCI-
CK2a was digested with BamH I and sticky
ends were filled in using the Klenow fragment
DNA polymerase. The pCI-CK2b was digested
with Bgl II and BamH I, and a restriction
fragment containing the CMV enhancer/pro-
moter and the CK2b-coding region was iso-
lated. The sticky ends of the isolated fragment
were filled in and the fragment was ligated
with the filled pCI-CK2a. A plasmid containing
a head to tail orientation of the CK2 a and b
genes was selected and was designated pCI-
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CK2ab. PCR analysis, restriction mapping, and
DNA sequencing were employed for confirma-
tion of the resulting expression constructs.

Similar strategies were followed to design
the pKS-Pro-CK2a and pKS-C3(1)-CK2a which
employ the probasin and rat prostate steroid
binding protein C3(1) promoters respectively
for driving the expression of CK2-a. Briefly, the
human CK2-a cDNA was cloned into the vector
pPro-SVK3 (from Dr. J. Green) to yield pPro-
CK2a-SVK3. The DNA fragment probasin-
CK2a-SV40 poly (A) from this vector was ex-
cised with restriction endonucleases Cla I and
Not I, and inserted into plasmid pBluescript
KS. The resulting plasmid was named pKS-Pro-
CK2a in which the expression of CK2-a is di-
rected by the probasin promoter. Expression
plasmid pKS-C3(1)-CK2a was generated by re-
placing the 0.5 kb probasin promoter with the
4.3 kb C3(1) promoter in the pKS-Pro-CK2a
plasmid. In this vector, the expression of CK2-a
is driven by the C3(1) promoter.

Transfection of Cells

Transient transfection of expression plas-
mids into BPH-1 or COS-1 cells was accom-
plished by using the cationic liposome transfec-
tion reagent DOTAP. Briefly, cells were grown
under an atmosphere of 5% CO2 at 37°C in
Dulbecco’s modified Eagle’s medium (DMEM)
containing 8% fetal bovine serum (FBS). Twenty
hours prior to DNA treatment, the cells were
plated at a density of 106 cells per 75-cm2 flask.
For each flask 30 µg of plasmid DNA was di-
luted in 20 mM HEPES buffer, pH 7.4, to a
volume of 150 µl and 90 µl of DOTAP was
diluted in 20 mM HEPES, pH 7.4, to a volume
of 300 µl. These two solutions were combined,
mixed well, and left at room temperature for 15
min. This was then added to 15 ml of DMEM
plus 10% FBS (previously warmed to 37°C) and
gently mixed. The medium in the culture flask
was then totally replaced with this DOTAP/
DNA medium. After 6 h incubation with the
DOTAP/DNA mixture, the media was replaced
with fresh DMEM with 8% FBS and the cells
were incubated for approximately 72 h prior to
harvest. All transfection experiments were re-
peated at least three times.

Preparative Methods

RNA preparation and analysis of CK2
subunits. The transfected BPH-1 or COS-1
cells were harvested by scraping at 72 h after

the DOTAP/DNA treatments. The cells of each
sample were divided into two portions. One
portion was used for the preparation of cell
cytosol and NM described below. The other por-
tion was used for the preparation of total RNA
using Trizol. Slot blot analysis of RNA was done
using the standard procedure [Ausubel et al.,
1993]. Each total RNA sample was applied to a
set of at least three slots using quantities of 0.5
to 5.0 µg per slot. Hybridization with labeled
CK2a, CK2b, or actin cDNA probes was carried
out according to the procedures detailed previ-
ously [Lozeman et al., 1990]. The specificity of
the CK2-a and CK2-b cDNA probes employed
by us was as established previously by North-
ern blot and S1 nuclease mapping analyses
[Ahmed et al., 1993].

Preparation of cell cytosol and nuclear
matrix. The preparation of cell cytosol and
NM from transfected BPH-1 and COS-1 cells
was carried out as described previously [Tawfic
et al., 1997]. All the procedures were performed
at 4°C except when indicated otherwise. The
cell pellets were washed with cold saline solu-
tion twice, and then suspended in CSK buffer
(consisting of 10 mM PIPES pH 6.8, 100 mM
NaCl, 0.3 M sucrose, 3 mM MgCl2, 1 mM EGTA,
0.5% Triton X-100, 4 mM vanadyl ribonucleo-
side, 1 mM PMSF, 10 µg/ml leupeptin). The cell
suspension was homogenized in a Potter-Elve-
hjem homogenizer, using 12 strokes (approxi-
mately 1 min) at 720 rpm. The homogenate was
centrifuged at 600g for 5 min. The supernatant
fraction was collected and centrifuged at
100,000g, 4°C for 1 h. The supernatant fraction
was collected as the cytosol fraction. The pellet
from the 600g centrifugation was suspended in
extraction buffer (consisting of 10 mM Tris-HCl
pH7.4, 10 mM NaCl, 3 mM MgCl2, 1% Tween
40, 0.5% sodium deoxycholate, 4 mM vanadyl
ribonucleoside, 1 mM PMSF, 10 µg/ml leupep-
tin) and left on ice for 5 min. The sample was
centrifuged at 600g for 5 min and the superna-
tant was discarded. The pellet was resus-
pended in digestion buffer (consisting of 10 mM
PIPES pH 6.8, 0.3 M sucrose, 50 mM NaCl, 3
mM MgCl2, 1 mM EGTA, 0.5% Triton X-100, 4
mM vanadyl ribonucleoside, 1 mM PMSF, 10
µg/ml leupeptin, 100 µg/ml RNase A, 100 µg/ml
DNase I). After the sample was incubated at
room temperature for 60 min, a sufficient
amount of 1 M (NH4)2SO4 was added to a final
concentration of 0.25 M. The sample was centri-
fuged at 600g for 5 min and the supernatant
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was discarded. The final pellet was suspended
in TMED buffer (consisting of 50 mM Tris-HCl,
pH 7.9, 200 mM NaCl, 5 mM MgCl2, 1 mM
EDTA, 0.5 mM DTT, 0.5 mM PMSF, 2 µg/ml
leupeptin) as the NM fraction. The characteris-
tics of this NM preparation were the same as
described previously [Tawfic et al., 1997].

Assays

Measurement of CK2 activity. CK2 activ-
ity in the cytosolic and NM fractions was deter-
mined by using a synthetic dodecapeptide sub-
strate specific for measuring the CK2 activity,
as described previously [Tawfic et al., 1997].
The reaction buffer consisted of 30 mM Tris-
HCl, pH 7.4, 5 mM MgCl2, 150 mM NaCl, 1 mM
DTT, 0.5 mM PMSF, 10 µg/ml leupeptin, 40 mM
b-glycerophosphate, 200 µM synthetic dodeca-
peptide substrate and 0.05 mM [g-32P]ATP (spe-
cific radioactivity of 3 3 106 dpm/nmol of ATP).
The reaction was started by the addition of 20
µl of the enzyme source such as the cytosol and
nuclear matrix (5–20 µg protein), and was car-
ried out for 30 min at 37°C. The 32P incorpo-
rated into the peptide substrate was deter-
mined by the paper binding method as described
previously [Tawfic et al., 1997]. Blank controls
included all the components of the reaction
except for the peptide substrate. Each assay for
CK2 activity was carried out in triplicate.

Immunoblot analysis of CK2 subunits.
Immunoblot analysis of the CK2 a and b sub-
units was carried out by probing the gel electro-
phoretically separated and blotted NM proteins
with monoclonal antibodies against the a and b
subunits of human CK2. Appropriate alkaline
phosphatase conjugated anti-mouse immuno-
globulin antibodies were employed as second-
ary antibodies. Antibody binding was visual-
ized using Nitro-Blue Tetrazolium (NBT) and
5-bromo-4-chloro-3-indolyl phosphate (BCIP) as
described previously [Tawfic and Ahmed,
1994a,b].

RESULTS
RNA Expression Levels of CK2 Subunits in Cells

Transiently Transfected with CK2-a and
CK2-b cDNAs

The transient overexpression of CK2-a, CK2-b
alone or in combination or in a bicistronic con-
struct CK2ab after transfection of BPH-1 cells

was monitored by analyzing the RNA in a slot
blot. The results in Figure 1A show that when
the blot was probed with a CK2-a cDNA probe,
there was a strong expression corresponding to
transfection by the pCI-CK2a, both pCI-CK2a
and pCI-CK2b and the bicistronic pCI-CK2ab,
whereas no enhanced signal was detected for
pCI-CK2b as compared with the cells trans-
fected with the pCI vector alone. Figure 1B
shows that when slot blot of total RNA was
probed with the CK2-b cDNA probe, there was
no increase in the signal for the pCI-CK2a but
enhancement of the signal was apparent for
cells transfected with the other constructs.
There was no change in the b-actin signal level
in any of the cells overexpressing the CK2 sub-
units when compared with the control cells
(Fig. 1C). These results suggested that success-
ful transient transfection was achieved in the
BPH-1 cells. Similar results were observed when
expression was monitored in the COS-1 cells;
further, transfection of BPH-1 cells with pKS-
Pro-CK2a and pKS-C3(1)-CK2a yielded similar

Fig. 1. Slot blot analysis of total RNA from BPH-1 cells trans-
fected with different CK2 subunit expression plasmids and
probed with the CK2-a and CK2-b cDNAs. BPH-1 cells were
transfected with various overexpression plasmids and blotted
RNA was hybridized with probes for CK2-a cDNA (A), CK2-b
cDNA (B), or actin (C). Cells were transfected with pCI-CK2a

(lane a); pCI-CK2b (lane b); both pCI-CK2a and pCI-CK2b

(lane c); bicistronic pCI-CK2ab (lane d), and pCI vector (lane e).
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results suggesting a general response of these
various cells to different transfection vectors
for overexpression of CK2 (results not shown).

Effect of Transient Overexpression of CK2
Subunits on CK2 Activity in the Cytosolic

and NM Fractions

The nature of the response of CK2 activity in
the cytosol and NM fractions isolated from
BPH-1 and COS-1 cells in response to transient
overexpression following transfection with pCI-
CK2a, pCI-CK2b, pCI-CK2a plus pCI-CK2b,
and bicistronic pCI-CK2ab was determined. The
relative CK2 activity (compared with the activ-
ity in the presence of the pCI vector alone) is
shown in Figure 2 for the BPH-1 cells and in
Figure 3 for the COS-1 cells. The results in
Figure 2 show that the cytosolic CK2 activity
was increased only modestly (,10–20%) in the
presence of the various transfectants. However,
there was two- to three-fold increase in the CK2
in the NM fraction when the cells were trans-
fected with the a, a 1 b or bicistronic ab expres-
sion plasmids, although the latter was some-
what less effective than the other two. Figure 3
shows the results under similar conditions for

overexpression of CK2 subunits in COS-1 cells.
In this case, the change in the cytosolic activity
was somewhat more marked than that ob-
served for the BPH-1 cells and the response to
various transfectants was also somewhat differ-
ent. For example, there was little change in the
cytosol from a transfectants, about 40% in-
crease for the b transfectants, whereas there
was 80–120% for the bicistronic and a 1 b
transfectants, respectively. However, distinct
results were noted for the CK2 activity in the
NM fraction. There was a 2.5-fold increase in
the NM associated CK2 activity in cells trans-
fected with the a alone, which was the same for
the a 1 b and the ab bicistronic transfectants.
There was no change in the NM-associated
CK2 when the transfection was with the b
alone. These results suggest that the modest
overexpression of the a subunit alone can evoke
a much greater preferential increase in the
NM-associated CK2 activity. These results also
suggest that the level of overexpression in differ-
ent cell types may vary as determined by CK2
activity in the cytosolic fraction; however, the
response of the NM-associated CK2 to overex-
pression appears to be more consistent in the
two cell types studied by us.

Fig. 2. Relative activity of CK2 in cytosol and nuclear matrix of
BPH-1 cells transfected with various subunits of CK2. The
results of CK2 activity for various transfection protocols are
expressed with the value for the control set at 1.0; the actual
CK2 activity values (nmol 32P/mg of protein/h 6 S.E.M.) for the
pCI control of the BPH-1 cell were 43.9 6 3.9 for cytosolic
activity, and 21.7 6 1.6 for NM-associated activity.

Fig. 3. Relative activity of CK2 in the cytosol and NM fractions
of COS-1 cells transfected with various subunits of CK2. The
results of CK2 activity for various transfection protocols are
expressed with the value for the control set at 1.0; the actual
CK2 activity values (nmol 32P/mg of protein/h 6 S.E.M.) for the
pCI control of the COS-1 cells were 11.7 6 2.1 for cytosolic
activity, and 27.5 6 2.4 for NM-associated activity.
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Immunoblot Analysis of CK2 Subunits in
Cytosolic and NM Fractions of Cells Transiently

Overexpressing CK2

The data on the NM association of CK2 under
various conditions of overexpression were fur-
ther confirmed by immunoblot analysis of the
expressed CK2 when probed with monoclonal
antibodies directed against the CK2-a and
CK2-b subunits. As shown in Figure 4, the NM
associated CK2-a and CK2-b were elevated and
corresponded to the CK2 activity data (shown
in Fig. 2) upon transfection of BPH-1 cells with
various expression plasmids pCI-CK2a, pCI-
CK2ab, or pCI-CK2a plus pCI-CK2b, but not
pCI.

Effect of Probasin and C3(1) Promoters on
Transient Overexpression of CK2-a Subunit in

BPH-1 Cells

We also examined the effect of transient trans-
fection of the prostatic BPH-1 cells with pKS-
Pro-CK2a and pKS-C3(1)-CK2a vectors in
which the expression of the CK2-a is driven by
the prostate-specific promoters probasin and
the rat prostate steroid binding protein C3(1).
Again, the results shown in Figure 5 demon-

strate that the CK2 activity in the cytosolic
fraction of the transfected cells was elevated by
about 55% and 15% in the presence of probasin
and C3(1) promoters, respectively. However, the
corresponding increase in the NM-associated
CK2 activity under these conditions was 176%
and 60%, respectively. The relatively weaker
response in the case of the C3(1) promoter-
driven expression may reflect the nature of the
promoter. However, it appears that regardless
of the type of expression vector employed, there
was a significant differential enhancement in
the NM-associated CK2 relative to a modest
overexpression in the cytoplasm.

DISCUSSION

In the present work, we have achieved tran-
sient overexpression of CK2 in different cells by
employing different promoters to drive expres-
sion of various subunits of CK2. The results
suggest that significant enhanced expression of
the CK2 subunits occurs in the BPH-1 and
COS-1 cells studied. This in general accords
with previous studies in COS-1 and COS-7 cells
[Heller-Harrison and Czech, 1991; Penner et
al., 1997]; however, the present work has also

Fig. 4. Immunoblot analysis of NM-associated CK2 from BPH-1
cells transfected with expression plasmids for the a and b

subunits of CK2. The NM was prepared from the BPH-1 cells 72
h after treatment with the DOTAP/DNA mixture as described
under the Materials and Methods. Each lane of a 10% polyacryl-
amide-SDS-urea gel contained 50 µg of NM protein which was
transferred to nitrocellulose after electrophoresis. The immuno-
assays used monoclonal antibodies against the CK2-a and
CK2-b subunits. A,B: The immunoblot of CK2-a and CK2-b
subunit, respectively. Each lane represents transfection with
different plasmids as follows: pCI-CK2a (lane a); pCI-CK2b

(lane b); pCI-CK2a plus pCI-CK2b (lane c); pCI-CK2ab (lane d),
and pCI vector control (lane e).

Fig. 5. Relative activity of CK2 in cytosol and nuclear matrix of
BPH-1 cells transfected with CK2a expression plasmids driven
by probasin or C3(1) promoter. BPH-1 cells were transfected
with pKS-Pro-CK2a or pKS-C3(1)-CK2a plasmids and CK2 activ-
ity was determined in the cytosolic and NM fractions. All other
experimental details were the same as for Figure 3.
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compared the relative expression of CK2 under
the influence of different promoters and CK2
targeting in the cytosolic versus the NM com-
partments of different cells. These results dem-
onstrate that modest overexpression of CK2 in
the cells leads to a disproportionate enhance-
ment of its association with the NM. The signifi-
cance of this observation relates to the evidence
suggesting that both the NM [Berezney, 1991;
Getzenberg et al., 1990; Nickerson and Pen-
man, 1992; Stein et al., 1996] and protein ki-
nase CK2 [Tawfic et al., 1996; Pinna, 1990;
Tuazon and Traugh, 1991; Issinger, 1993; Litch-
field and Lüscher, 1993; Ahmed, 1994; Allende
and Allende, 1995] play a role in the processes
involved in regulation of normal and abnormal
cell growth and proliferation. We have previ-
ously shown that NM serves as an anchor for
CK2 in response to various mitogenic signals
[Tawfic andAhmed, 1994a,b; Tawfic et al., 1996].
It has also been documented that CK2 appears
to be dysregulated in neoplastic cells [Issinger,
1993; Yenice et al., 1993; Gapany et al., 1995],
and modest overexpression in a transgene has
been shown to greatly enhance the oncogenic
potential in these models of cancer [Seldin and
Leder, 1995; Kelliher et al., 1996; Landesman-
Bollag et al., 1998]. However, in the latter ex-
perimental models an analysis of the CK2 activ-
ity in different compartments of the cell was not
undertaken. In an ongoing study of the relative
activity of CK2 in the cytosolic and NM compart-
ments of human prostate cancer specimens we
have noted a several-fold increase in the CK2
activity associated with the NM relative to that
in the cytosol (unpublished observations).
Therefore, our observations on the enhanced
differential association of CK2 with the NM
evoked by modest overexpression of the kinase
as determined by its activity in the cytoplasm
may be potentially important to the process of
oncogenesis.

Our results on the CK2 overexpression as
determined by measurement of activity in the
cytosolic fraction in the COS-1 cells are in gen-
eral accord with those reported previously
[Heller-Harrison and Czech, 1991] showing that
overexpression of the catalytic subunit of CK2
alone was sufficient to increase the CK2 activ-
ity suggesting the availability of the b subunit.
However, we have observed a relatively lower
CK2 activity in the cytosolic fraction compared
with that in the previous report [Heller-Harri-
son and Czech, 1991]. This may relate to differ-

ences in the methods of analysis since, unlike
the previous work, the present work employed
the high speed supernatant fraction for mea-
surement of the CK2 in the cytosolic fraction.
Further, the results with BPH-1 cells are some-
what different from those obtained by employ-
ing COS-1 cells with respect to overexpression
of CK2 in response to the catalytic subunit
alone. This suggests that following overexpres-
sion the level of CK2 in the cytosolic fraction
may depend on the cell type although the data
on the NM association of CK2 in response to
transfection with the catalytic a subunit or the
combined subunits a and b transfection were
remarkably similar in the two cell types stud-
ied. In this regard, our results accord with the
observations showing that the b subunit is pro-
duced in excess in the cells [Lüscher and Litch-
field, 1994].

An important function of the NM is in the
organization of chromatin so that the transcrip-
tionally active nucleosomes are positioned on
the NM at the time of transcription. We have
recently reported that CK2 in the transcription-
ally active and inactive nucleosomes is dynami-
cally regulated in relation to transcriptional
activity [Guo et al., 1998]. Thus, the enhanced
association of CK2 with the NM in response to
overexpression may also impact on the nucleo-
somal function under the same conditions, i.e.,
a possibly altered NM function as a conse-
quence of enhanced association of CK2.

In summary, the present results show that
NM is a preferential site of CK2 signaling in
response to an apparently modest overexpres-
sion of the kinase in the cell. This emphasizes
the significance of the differential spatial dy-
namics of CK2 in the nucleus, as suggested for
various gene regulators [Stenoien et al., 1998].
To our knowledge, the present results on the
overexpression of CK2 in cells leading to its
differential enhanced association with the NM
are the first to be reported. Such a marked
response of the CK2 signal in the NM to modest
overexpression of the kinase may be important
in its functional signaling in the nucleus espe-
cially in the context of its possible role in onco-
genesis.
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