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Abstract To address the possible alteration of casein

kinase 2 (CK2) in transmissible spongiform encephalopa-

thies (TSEs), the levels and patterns of CK2 in the brain

tissues of hamsters or C57BL mice inoculated intracere-

brally with scrapie agents 263K or 139A were evaluated by

Western blots, followed by quantitative analysis. Specific

semi-quantitative RT-PCR for evaluating the mRNA tran-

scripts of CK2 subunits was performed in parallel.

Compared with normal animals, the levels of CK2a and

CK2b in the brains of infected hamsters and mice were

significantly decreased, regardless of which scrapie agent

was. However, the expression of CK2a0 or CK2a0/CK2a00

in the animals infected with agents 263K or 139A was

considerably increased. Furthermore, decreases of CK2a
and CK2b and increases of CK2a0/CK2a00 were observed in

cerebella homogenates from one familial Creutzfeldt-Jakob

disease (fCJD) case and one fatal familial insomnia (FFI)

case. These results suggest that alterations of CK2 subunits

in brains are illness-correlative phenomena in TSEs and

indicate a potential linkage of CK2 changes with the

pathogenesis of prion diseases.

Introduction

Prion diseases, or TSEs, are fatal neurodegenerative dis-

orders of humans and animals [16, 25]. All forms of prion

diseases are characterized by common histopathological

features, such as spongiform degeneration, reactive gliosis,

neuronal loss and formation of amyloid plaques in the

central nervous system (CNS) [9, 16]. The conversion of

normal prion protein (PrPC) to a protease-resistant isoform,

PrPSc, is a key event in the pathogenesis of all transmissible

prion diseases. This transition appears to involve only a

conformational change and renders PrPSc partially resistant

to proteolytic degradation. The biological role(s) of PrPC

still remains unclear, although its conservation among

species strongly suggests a relevance in physiological

processes [8, 27, 32].

CK2 is a highly conserved serine/threonine protein

kinase which is ubiquitous in eukaryotic organisms. CK2

from most sources consists of two catalytic subunits (a and/

or a0) complexed with two b subunits, existing as an a2b2,

aa0b2, or a02b2 heterotetramer [24]. Meanwhile, CK2 is an

extremely conserved pleiotropic protein kinase with a

growing list of more than 300 substrates, the majority of

which are proteins implicated in signal transduction, gene

transcription, proliferation, apoptosis and various steps of

development [21].

CK2 has some possible neurophysiological functions in

normal tissues [4, 5, 7, 22]. It enables neural cells to control

their developmental programs, adapt to environmental

changes by modulating the strength of synaptic connec-

tions, and participate in key decision-making events that

lead to survival or death. A reduced CK2 activity and a

decreased amount of total CK2 are observed in Alzhei-

mer’s disease [2, 7, 15]. Furthermore, it has been found that

CK2 is associated with neurofibrillary tangles and the
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hyperphosphorylation of the tau protein [3]. Additional

information shows that CK2 is present in tangles and

neuronal inclusions in other neurodegenerative diseases,

including Parkinson dementia complex, chromosome 18

deletion syndrome, progressive supranuclear palsy, Kuf0s
disease and Pick’s disease [4]. These data indicate that

changes of CK2 activity and content might be a common

phenomenon in neurodegenerative diseases.

In the present study, the relative quantity of CK2, in the

context of total CK2 and its subunits, in the brain tissues of

hamsters infected with scrapie agent 263K or 139A as well

as mice infected with agent 139A were evaluated. We

found that the amount of CK2a and CK2b decreased, while

that of CK2a0 and/or CK2a00 increased, in the terminal

stage of experimental scrapie. Furthermore, decreases of

CK2a and CK2b and increases of CK2a0/CK2a00 were

observed in cerebella homogenates from one familial CJD

(fCJD) case and one fatal familial insomnia (FFI) case. The

changes of CK2 level and pattern in scrapie-infected ani-

mals and naturally occurring human TSE cases may

indicate a potential linkage between CK2 and prion

diseases.

Materials and methods

Animal brain samples infected with scrapie agents

Seven Syrian golden hamsters inoculated intracerebrally

with hamster-adapted scrapie strain 263K, five C57BL mice

inoculated intracerebrally with mouse-adapted scrapie

strain 139A, and four hamsters inoculated intracerebrally

with agent 139A were included in this study. Previous

studies confirmed that the incubation time of 263K-infected

hamsters was 79.1 ± 8.6 days [13], while that of 139A-

infected mice was 153 ± 4 days [18] and 139A-infected

hamsters was 395 ± 8.5 days [35]. The brains were

removed surgically at the moribund stage and immediately

dissected. They were then frozen and stored at -80�C until

use. For healthy controls, brains of 80-day-old hamsters and

150-day-old C57BL mice were collected.

Human brain samples

A whole-brain protein sample from normal adult donors

was purchased from Sigma (St. Louis, MO, USA). Human

brains with TSE were collected from a patient who was

definitely diagnosed with fCJD, with the PRNP gene con-

taining seven extra octarepeats [31], and from a patient

definitely diagnosed with FFI, with the PRNP gene con-

taining a D178 N mutation while homozygous for

methionine at codon 129 (Han et al. in preparation). Brain

samples of two clinical patients were taken with informed

consent. The protocol of the study adhered to the tenets of

the Declaration of Helsinki and was approved by the local

ethics committee.

The fCJD patient was a 48-year-old Chinese female with

a 4-year-long clinical course. The main clinical man-

ifestations were progressive dementia and ataxia.

Neuropathological analysis revealed typical spongiform

degeneration, and Western blots identified proteniase K

(PK)-resistant PrP signals in brain tissues [31]. The FFI

case was a 48-year-old Chinese male with a roughly ten-

month-long clinical course. The main clinical mani-

festations were progressive and untreatable insomnia,

dysautonomia, disruption of circadian rhythms, motor

dysfunction and progressive sympathetic overactivity.

Spongiform degeneration was observed in the region of the

thalamencephalon, but a PK-resistant PrP signal was not

observed by Western blot analysis.

Preparation of brain tissue samples

Brain samples from scrapie-infected and healthy hamsters

or mice and fCJD or FFI patients were washed three times

with TBS (10 mM Tris HCl, 133 mM NaCl, pH 7.4), and

10% (w/v) brain homogenates were prepared in lysis buffer

[33] containing a mixture of protease inhibitors (Sigma,

St. Louis, MO, USA). The tissue debris was removed by

low-speed centrifugation at 2,000g for 10 min, and the

supernatants were used for further experiments.

Protease resistance assay

For detection of PrPSc in brain tissues, all tested brain

homogenates were digested with a final concentration of

50 lg/ml proteinase K (PK) at 37�C for 60 min prior to

Western blots, and digestion was terminated by addition of

PMSF to a final concentration of 5 mM.

Western blot analysis

Samples were separated by 15% SDS-PAGE and electro-

blotted onto a nitrocellulose membrane using a semi-dry

blotting system. Membranes were blocked with 5% (w/v)

non-fat milk powder (NFMP) in 19 Tris-buffered saline

containing 0.1% Tween 20 (NFMP–TBST) at room tem-

perature for 1 h. Blots were incubated overnight at 4�C in

primary antibody solutions, i.e. 1:4,000-diluted polyclonal

antibodies against CK2a, CK2a0 and CK2a00 (Santa Cruz,

CA, USA), monoclonal antibody (mAb) against CK2b
(Santa Cruz, CA, USA), mAb 3F4 against PrP from ham-

ster and human (Dako, Ely, UK), mAb 1E4 against PrP

from mouse (Cell Sciences, Inc., Canton, MA) and mAb

against b-actin (Santa Cruz, CA, USA). After washing with

TBST, membranes were incubated in secondary antibody
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solution, i.e. 1:5,000-diluted HRP-conjugated goat anti-

rabbit IgG or goat anti-mouse IgG (Santa Cruz, CA, USA)

at room temperature for 2 h. Immunoreactive bands were

visualized by the ECL method (Amersham Life Sciences,

Buckinghamshire, UK).

Quantitative and statistical analysis

Quantitative analysis of immunoblot images was carried

out using Image Total Tech software (Pharmacia). Briefly,

the image of immunoblot was scanned with Typhoon

(Pharmacia) and digitalized, saved in TIF format. The

values of each target blot were evaluated. All data are

presented as the mean ± SD. Student’s unpaired t test for

comparison of means was used to compare groups. Dif-

ferences were considered significant at a P value \ 0.05.

RNA isolation and semi-quantitative RT-PCR

To measure transcription of CK2-subunits in brain samples

from hamsters and mice, CK2 specific semi-quantitative

RT-PCR was performed. Using TRIzol reagent, total cel-

lular RNA was isolated from brain tissues according to the

manufacturer’s instructions. Reverse transcription was

performed using SuperScriptTM III First-Strand Synthesis

System (Invitrogen). Briefly, 2 lg of total RNA was mixed

with 200 U of MMLV reverse transcriptase and 50 pM

oligo (dT20) in a volume of 20 ll. The mixtures were

maintained at 50�C for 50 min and inactivated by heating

at 85�C for 5 min. To remove the RNA from the cDNA,

1 ll E. coli RNase H was added to the mixture and incu-

bated at 37�C for 20 min. Aliquots (2 ll) of RT reaction

products were amplified by PCR in a volume of 50 ll

under the following conditions: 94�C for 30 s, 51�C for

30 s and 72�C for 30 s. The primers for CK2a, CK2a0,
CK2a00 and CK2b were synthesized based on the CK2

cDNA sequences in Genbank (CK2a: L15618; CK2a0:
BC057862; CK2a00: DQ354583 and CK2b: BC078807),

including CK2a-sense (5-GGGAAATCAAGATGA-3,

nt.99–113) and CK2a-anti-sense (5-ATTGCTTGAAGTC

TGT-3, nt.355–370), CK2a0-sense (5-GAGAACCTTCGT

GGTG-3, nt.259–274) and CK2a0-anti-sense: (5-GATTC

CCTTGCTGTG-3, nt.445–459), CK2a00-sense (5- AGGCA

ATGGAGCA-3, nt.950–962) and CK2a00-anti-sense (5-GC

AACACGGCAAA-3, nt.1070–1082), CK2b-sense (5-GG

CTCCGTGGTAATG-3, nt.44–55) and CK2b-anti-sense

(5-GGGATGTCCGAAAGG-3, nt.369–383), respectively.

For the internal control, b-actin-specific RT-PCR was

performed using the same amplifying conditions as for

CK2a with the primers b-actin-sense (5-TGCTGTCCC

TGTATGCCTCT-3) and b-actin-anti-sense (5-CTCGTTG

CCAATGGTGAT-3). The PCR products were analyzed by

2% agarose gel electrophoresis, and positive CK2-related

bands were further confirmed by sequence analysis.

Results

Brain tissues from seven hamsters infected with agent

263K, five mice infected with agent 139A, and five ham-

sters infected with 139A were used in this study. Western

blots with PrP-specific monoclonal antibody 3F4 for

hamsters and 1E4 for mice identified PK-resistant PrPSc in

all tested infected brains (Fig. 1). In line with the previous

study [12], the intensity of the total PrP signal without PK

treatment in animals infected with agent 263K was much

higher than that in the normal control (Fig. 2a). The raised

level of PrP in the late stage of scrapie 263K-infected

hamsters was further verified by Western blots with other

commercial PrP monoclonal antibodies, including 1E4,

6G3 and 6H4 (data not shown). To evaluate the protein

status, b-actin in the brain tissues was measured by

263K
hamster

139A
hamster

139A
mouse

31 KD
31 KD31 KD

20 KD 20 KD20 KD

PK - - + -+ +

Fig. 1 Detection of PrPSc in brain homogenates of scrapie-infected

experimental animals. Brain homogenates of infected animals were

digested with a final concentration of 50 lg/ml PK before loading to

SDS-PAGE. For Western blots, PrP mAb 3F4 was used for hamster

samples, while mAb 1E4 was used for mouse specimens. The scrapie

agents and experimental animals are indicated at the top of each

picture. PK treatments is indicated at the bottom, + with PK,

- without PK. Molecular mass markers are indicated at the left
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Western blot using equal amounts of homogenate. No

significant difference was identified between the stored

infected samples and relatively freshly prepared normal

samples (Figs. 2a, 3a, 4a), indicating no significant deg-

radation in the stored samples.

CK2 alteration in the brain tissues of hamsters infected

with scrapie agent 263K

To assess possible changes of CK2 in TSEs, total amounts

of CK2a and CK2b in scrapie 263K-infected and healthy

hamsters were evaluated by Western blot. A roughly

44-kDa CK2a-specific signal was detected in all tested

animals, but the signal intensities observed with samples

from infected hamsters were obviously lower than those

from normal ones (Fig. 2a). To obtain more detailed data,

the gray value of the CK2a signal in each sample was

collected after scanning the image, and the relative

quantity was calibrated against the gray value of the

b-actin band. The results showed that the mean relative

quantity of CK2a in the group of infected hamsters was

markedly lower than that of the control group (P \ 0.001,

Fig. 2b). Interestingly, another CK2a-specific band at the

position of Mr 38,000 was repeatedly observed in the

preparations from infected hamsters, while this signal was

almost undetectable in the healthy animals (Fig. 2a). It

could be the CK2a0, which represents another form of

CK2a, considering the electrophoretic position of this

CK2a-specific band. Quantitation of the relative band

intensities revealed that the CK2a0 in the scrapie-infected

hamsters was significantly higher than in the normal

control (P \ 0.001, Fig. 2b).
Normal Infected

CK2α
CK2α′

CK2 β

β-actin

PrP31 KD

20 KD

0.00

0.30

0.60

0.90

1.20

1.50

1.80 control

scrapie

CK2α CK2β

***

**

A

B

Fig. 2 Western blot analyses of PrP, CK2a, CK2b and b-actin in the

brain tissues of normal hamsters and those infected with scrapie agent

263K. a Western blots. Lanes 1–4 normal controls, lanes 5–8 infected

hamsters. Identical amounts of individual brain homogenate were

separated by 15% SDS-PAGE. Various specific bands are indicated

by arrows on the right. b Quantitative analysis of CK2a or CK2b band

density versus that of b-actin. The average values were calculated

from seven individual animals and are presented as mean ± SD.

Statistical differences compared with controls are illustrated as

P \ 0.01 (double asterisks) and P \ 0.001 (triple asterisks)

Normal Infected

CK2 β

β-actin

CK2α
CK2α″
CK2α′

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

***

***

CK2α CK2β

control

scrapie

A

B

Fig. 3 Western blot analysis of CK2a, CK2b, and b-actin in the brain

tissues of normal mice and those infected with scrapie agent 139A

C57BL. a Western blots. Lanes 1–5 normal controls, lanes 6–10
infected mice. Identical amounts of individual brain homogenate were

separated by 15% SDS-PAGE. Various specific bands are indicated

by arrows on the right. b Quantitative analysis of CK2a or CK2b
band density versus that of b-actin. The average values were

calculated from five individual mice and are presented as

mean ± SD. Statistical differences compared with controls are

illustrated as P \ 0.001 (triple asterisks)

1016 Arch Virol (2008) 153:1013–1020

123



Using an anti-CK2b mAb, specific reactive bands,

migrating at the position of Mr 28,000, were detected in the

brain homogenates by Western blots (Fig. 2a). Like the

a-subunit, the amount of CK2b in the group of infected

hamsters was remarkably decreased. The relative amount

of CK2b in infected animals was reduced to only 46.5% of

that in healthy animals, and this was statistic significant

(P \ 0.01, Fig. 2b).

CK2 alteration in the brain tissues of C57BL mice

infected with scrapie agent 139A

In order to elucidate whether the above results are a

common feature in TSEs or just a special case in scrapie

263K-inoculated hamsters, the presence of CK2 subunits in

brain tissues of mice challenged with scrapie strain 139A

were analyzed. Consistent with the observations in the

scrapie 263K experimental hamsters, the signals of CK2a
and CK2b weakened, while CK2a0 was enhanced, in the

C57BL mice inoculated with scrapie agent 139A (Fig. 3a).

The relative intensities of the CK2 signals revealed that the

amounts of both CK2a (P \ 0.001) and CK2b (P \ 0.001)

decreased prominently in the group of infected mice

(Fig. 3b). Additionally, another CK2a-specific band that

migrated at the position of Mr 41,000 was repeatedly

identified in the brain tissues of infected mice, and this may

represent CK2a00 (Fig. 3a). In contrast, the signals of

CK2a0 and CK2a00 isoforms were almost not detected in the

normal C57BL mice (Fig. 3a).

CK2 alteration in the brain tissues of hamsters infected

with scrapie agent 139A

To address whether the different patterns of CK2a in the

scrapie-infected animals were species-related or scrapie-

strain-related phenomenon, five hamster brains infected

with agent 139A were subjected to CK2-specific Western

blots. Figure 4 showed that the signals of the CK2a iso-

form and CK2b isoform weakened markedly in the

preparations from infected hamsters, revealing a statisti-

cally significant difference (P \ 0.001) compared with the

normal control. Similar to the pattern in 263K-infected

hamsters, only two CK2a reactive bands were visible in the

preparations of 139A-infected hamsters, which represented

CK2a and CK2a0 (Fig. 4). These results imply that the

different patterns of CK2a subunits appearing in hamsters

and mice are species-related.

Changes of mRNA transcripts of CK2 subunits

in rodent brains infected with scrapie agents

To confirm the data from the Western blots, semi-quantita-

tive RT-PCR analysis was performed for evaluating mRNA

transcripts of CK2 subunits in the rodent brains infected with

scrapie agents 139A or 263K. In addition, the transcription

of the housekeeping gene encoding b-actin was also evalu-

ated as an internal control. Analysis of five 263K-infected

and five 139A-infected hamsters revealed that the levels of

CK2a- and CK2b-subunit-specific mRNA in the brain

samples were considerably lower than that of the normal

ones, while the amounts of CK2a0 mRNA were significantly

higher than that of the control (Fig. 5a, b). In line with the

observations with scrapie-infected hamsters, the semi-

quantitative RT-PCR analysis of CK2 subunits mRNA

showed that the levels of CK2a- and CK2b-specific mRNAs

were lower, while that of CK2a0 was higher in the brains of

five scrapie-139A-inoculated C57BL mice, compared

with the normal controls (Fig. 5c). Furthermore, the tran-

scripts of CK2a00 in the brain tissues of 263K-infected and

Normal Infected

CK2α′
CK2α

CK2 β

β-actin

0.00

0.20

0.40

0.60

0.80

CK2α CK2β

**

*

control

scrapie

A

B

Fig. 4 Western blot analysis of CK2a, CK2b and b-actin in the brain

tissues of normal hamsters and those infected with scrapie agent

139A. a Western blots. Lanes 1–3 normal controls, lanes 4–6 infected

hamsters. Identical amounts of individual brain homogenate were

separated by 15% SDS-PAGE. Various specific bands are indicated

by arrows on the right. b Quantitative analysis of CK2a or CK2b band

density versus that of b-actin. The average values were calculated

from four individual hamsters and are presented as mean ± SD.

Statistical differences compared with controls are illustrated as

P \ 0.05 (asterisk) and P \ 0.01 (double asterisks)
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agent-139A-infected rodents were evaluated. As expected,

the mRNA levels of CK2a00 in the brain tissues of

139A-infected mice were higher than those of the normal

mice (Fig. 5c). However, the CK2a00 transcripts in brains

from both normal and scrapie-infected hamsters were almost

undetectable (Fig. 5a, b). To confirm the absence of CK2a00

in the hamster brains, another pair of CK2a00-specific

primers was synthesized and employed in PCR. It failed to

amplify positive bands or gave only disperse signals from

hamster brains, but yielded clear amplified bands from

mouse brains (data not shown). All amplified bands with

different CK2 primers were verified by sequence analysis to

be the individual CK2 subunit sequences.

CK2 alteration in brain tissues of human TSEs

To see possible changes of CK2 subunits in human TSE

cases, brain homogenates were prepared from cerebellar

tissues of one fCJD and one FFI case. Immunoblot results

showed that the signals of CK2a and CK2b in both fCJD

and FFI brains were obviously weaker than that of normal

control (Fig. 6). Consistent with the observations in the

139A-infected mice, two CK2a-specific signals were

visualized in the preparations of human fCJD and FFI, but

not in that of normal human brains, which may represent

CK2a0 and CK2a00 (Fig. 6). This indicates that human TSE

cases show similar alterations of CK2a subunits as scrapie

experimental rodents.

Discussion

In this study, we found that the levels of CK2a and CK2b
in the brain tissues of scrapie-infected hamsters and mice

were significantly decreased at their terminal stages, while

the amounts of CK2a0 in 263K- or 139A-infected hamster

brains and CK2a0/CK2a00 in 139A-infected mouse brains

BA C
NormalMNormal Infected Normal Infected MInfected M

CK2α

CK2α′

CK2α′′

CK2β

β-actin

139A-infected hamsters 139A-infected mice263K-infected hamsters

Fig. 5 Analysis of the mRNA

transcripts of various CK2

subunits by RT-PCR. Two lg of

total RNA extracted from each

brain sample was employed in

RT-PCR, and the PCR products

were analyzed by 2% agarose

electrophoresis. a Scrapie-

263K-adapted hamsters.

b Scrapie-139A-adapted

hamsters. c Scrapie-139A-

adapted mice. Samples of

normal and infected animals are

indicated at the top.

M represents the DNA marker

DL2000 (2,000, 1,000, 750,

500, 250 and 100 bp). RT-PCR

of each CK2 subunit and b-actin

are indicated at the left

control FFI fCJD

CK2α
CK2α″
CK2α′

CK2 β

β-actin

Fig. 6 Alteration of the patterns of CK2a and CK2b in human brains

with FFI and fCJD. A homogenate from whole brains of normal

human adult donors (Sigma) and homogenates of cerebellar tissues

from individuals with FFI and a fCJD were separated by 15% SDS-

PAGE, and CK2a- and CK2b-specific signals were visualized in

Western blots with CK2a- or CK2b-specific antibodies. The electro-

phoretic positions of CK2a, CK2a0, CK2a0 0 and CK2b are indicated

by arrows
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notably increased. The same feature was also observed in

human fCJD and FFI patients. Meanwhile, the levels of the

specific mRNAs of CK2a and CK2b were obviously

decreased, whereas that of CK2a0 and/or CK2a00 increased

in brains of scrapie experimental rodents. As a ubiquitously

expressed kinase, CK2 is widely distributed in the CNS,

e.g. in large striatal neurons, Purkinje cells and some

scattered cells in the subiculum of the hippocampus [11,

22]. In prion diseases, loss of neuron cells is common

feature, particularly in the late stage of their clinical course

[19]. The strong association between the reduction of CK2

and the loss of neurons suggests that the observation of a

low level of CK2 in brain tissues may largely result from

the destruction of neurons during spongiform degeneration

and deposits of PrPSc in the CNS.

It has been widely considered that CK2 activity is

consistently enhanced in many human cancers as well as in

experimental tumors [17, 28]. Overexpression of CK2a has

been observed in numerous benign proliferative disorders,

e.g. the proliferative glomerular lesions in rat glomerulo-

nephritis (GN) models and renal biopsy specimens from

lupus nephritis or IgA nephropathy patients. Down-regu-

lation of CK2 leads to cell apoptosis, which is being used

as a potential methodology for cancer therapy [14, 30, 34].

In contrast, the level and activity of CK2 in the degener-

ative illnesses have usually declined [4]. Male mice lacking

CK2a display a series of abnormalities in their spermatids,

probably resulting from a particular death pathway similar

to apoptosis [10]. Apoptosis in brains has been repeatedly

described in various TSEs, while PrPC is believed to have

anti-apoptotic activity for neuron cells [6, 26]. Previous

studies have illustrated that recombinant bovine PrP pro-

tein forms a complex with CK2a, resulting in up-regulation

of CK2 catalytic activity [20, 23]. Our unpublished data

also demonstrate that recombinant human PrP is able to

interact with CK2a in vitro (Chen et al. in preparation).

These results highlight the possibility that the anti-apop-

tosis activity of PrPC may be mediated through an

interaction with CK2. Although the molecular and cellular

mechanism of PrPSc-induced neuropathogenesis is not yet

fully understood, increasing evidence supports the view

that PrPSc accumulation interferes with normal function(s)

of PrPC in neurons. A loss of normal PrPC function and a

decrease in CK2 content or activity may also contribute to

neuron death in prion diseases.

The CK2a subunit mainly consists of two isoforms,

CK2a and CK2a0. Recently, a novel isoform of CK2a,

named CK2a00, was found in the human hepatoma cell

line HuH-7 [29]. These three catalytic isoforms of CK2

are the products of distinct genes localized to different

chromosomes [1]. The expression and localization of CK2

catalytic subunits occur along with neuronal development,

in which the CK2a subunit appears early during rat brain

development, whereas CK2a0 appears within mature rat

neurons at the time of dendritic maturation and synapto-

genesis [4]. Consistent with the various roles proposed for

CK2, the distribution of this protein kinase in the nucleus,

cytosol and membranes appears to be dependent on the

tissue type and the state of differentiation or stage of the

cell cycle [4]. Although there is little documentation

describing the proportion of various CK2a subunits

(CK2a, CK2a0 and CK2a00) in various kinds of tissues, the

data of this study indicate that the CK2a isomer is the

predominant one in the brain tissues of healthy adult

rodents, while CK2a0 and CK2a00 seem to be disease-

associated. The down- and up-regulation of certain sub-

units, found to be similar in all of the situations examined

(i.e. 4 prion strains) may indicate changes in composition

of the CK2 hetero-tetramers during the pathogenesis of

TSEs. Additionally, the two smaller CK2a-specific bands

present in infected brain samples are probably not be the

breakdown products of CK2a by proteolysis during stor-

age, since such smaller CK2a-specific signals were never

observed in normal brain tissues that have been stored for

years. The different distribution of various CK2a isomers

in brain tissues at different physiological and pathological

periods again indicates that the subunit constitution of

CK2 may vary according to the different state or stage of

the cells.
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