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Abstract Protein kinase CK2 is an ubiquitously expres-

sed enzyme that is absolutely necessary for the survival of

cells. Besides the holoenzyme consisting of the regulatory

b-subunit and the catalytic a- or a0-subunit, the subunits

exist in separate forms. The subunits bind to a number of

other cellular proteins. We show the expression of indi-

vidual subunits as well as interaction with the transitional

nuclear protein TNP1 and with the motor neuron protein

KIF5C during spermatogenesis. TNP1 is a newly identified

binding partner of the a-subunit of CK2. CK2a and KIF5C

were found in late spermatogenesis, whereas CK2b and

TNP1 were found in early spermatogenesis. CK2a, CK2a0,
TNP1, and KIF5C were detected in the acrosome of sper-

matozoa, while CK2b was detectable in the mid-piece.

Combinations of CK2 subunits might determine interac-

tions with other proteins during spermatogenesis. KIF5C as

a kinesin motor neuron protein is probably involved in the

redistribution of proteins during spermatogenesis.

Keywords Protein kinase � Transmission

electron microscopy � Immune histochemistry � TNP1 �
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Introduction

Protein kinase CK2 (formerly known as casein kinase 2) is

a serine/threonine kinase found ubiquitously in eukaryotes

from yeast to man. CK2 can use both ATP and GTP as

phosphate donors. It preferentially phosphorylates serine/

threonine residues in the vicinity of acidic amino acids.

The holoenzyme is a heterotetramer consisting of two cat-

alytic a- or a0-subunits and two regulatory b-subunits [1, 2].

There is increasing evidence that the individual subunits

possess functions that are different from their functions in

the holoenzyme. CK2 phosphorylates more than 300 pro-

teins that are implicated in cellular processes as diverse as

replication, transcription, translation, signal transduction,

and programmed cell death [3]. CK2 regulates the activity

of transcription factors, growth factor receptors, and cyto-

skeletal proteins. Furthermore, it is associated with

responses to DNA damage or with the regulation of

apoptosis [4, 5].

Interestingly, the individual subunits are localized

within different cellular compartments, supporting the idea

that the CK2 subunits have separable functions [6]. Some

substrates are phosphorylated by CK2a or CK2a0, but not

by the holoenzyme and vice versa [7, 8]. The regulation of

these distinct pools of CK2 activity is currently not well

understood. Further support for the idea of individual

subunit functions comes from CK2a knock-out mice,

which are not viable. The absence of CK2a or CK2b leads

to early embryonic lethality [9, 10]. However, CK2a0

knock-out mice are viable but male mice are infertile [11].

CK2a0 is highly expressed in both mice testis and brain

[12].

A rapidly increasing number of proteins are known to

interact with the individual subunits. In a yeast two-

hybrid screen we identified a member of the nuclear
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transition proteins TNP1 as a new binding partner for the

a-subunit of CK2. In mammals the transition nuclear

proteins (TNPs) appear to be intermediate proteins in the

histone to protamine transition during spermatogenesis

[13]. TNPs are highly expressed at mid-spermatogenesis

steps, coincidental with chromatin remodeling. In addi-

tion, microarray data show that not only CK2 but also

TNP1 is highly expressed in pachytene spermatocytes

and round spermatids [14, 15]. Here, we first examined

interactions of CK2a, CK2a0, and CK2b subunits with

TNP1.

KIF5C is a member of the kinesin-1 heavy chain

family, which are motor proteins that transport specific

cargoes along the microtubules. The KIF5C gene codes

for a protein with 956 amino acids and a molecular

weight of 107 kDa. The kinesin heavy chain protein

KIF5C is expressed in brain, spinal cord [16], the retina

[17], and also in spermatids [18]. We recently found that

the KIF5C protein, at least in neurons, preferentially

bound to CK2a0 [19]. Here, we applied immunohisto-

chemistry and immunogold labeling to examine the

distribution of CK2 subunits and their interacting partners

TNP1 and KIF5C in mouse testis. The results provide

new insights into the roles of these components during

spermatogenesis.

We found supporting evidence that KIF5C also binds to

CK2a and that it is co-localized with CK2a at the acro-

somes of spermatids. We found a similar distribution of

CK2a and KIF5C in late spermatogenesis, whereas CK2b
was found in early steps of sperm development. TNP1 was

detectable in spermatocytes, but not in elongated

spermatids.

Materials and methods

Antibodies

For the detection of CK2 by Western blot, immunoflu-

orescence, and immunoelectron microscopy, we used

rabbit serum #26 for CK2a, serum #30 for CK2a0, and

serum #32 for CK2b. These sera were raised against

amino acids 360–371 of CK2a, amino acids 330–349 of

CK2a0, and amino acids 206–215 of CK2b, and have

already been described [20]. In addition to Western Blot

these antibodies were also used in immune histochemical

analysis and immunofluorescence [21, 22]. KIF5C was

detected with the rabbit antibody #976, which was raised

against a KIF5C-specific peptide with the amino acid

sequence CDNTPIIDNIAPV [19]. A highly purified

TNP1 protein was used to immunize a rabbit. Rabbit

serum #770 was used for all experiments described in

the present study.

Plasmids, protein expression, and purification

The plasmid pCEP4 containing the cDNA for murine

TNP1 was kindly provided by D. Levesque, Sherbrooke

University, Canada [23]. The cDNA was cloned into

pGEX4T-1 to yield pGEX4T-1-TNP1. The protein was

expressed in Escherichia coli BL21 (DE3) cells and puri-

fied on GSH Sepharose (GE Healthcare) according to the

instructions of the manufacturer. In order to construct GST-

CK2a0, we introduced Bam H1 and Not1 restriction sites at

the 50- and 30- ends of the CK2a0 cDNA, respectively, in a

PCR reaction, using an eukaryotic CK2a0 expression vector

as template. We cloned the full-length cDNA of CK2a0

(1,050 bp) in frame with the GST cDNA of the pGEX-4T-1

vector from GE Healthcare. The construct was checked by

DNA sequencing.

Pull-down assays

GST-TNP1 or GST-tag was bound to GSH Sepharose and

washed with PBS to remove all non-bound proteins. Equal

molar amounts of CK2a, CK2b, or CK2 holoenzyme, diluted

in PBS and 0.6% CHAPS (Roth, Germany), were incubated

with TNP1 or the GST-tag for 2 h at 4�C. The Sepharose was

washed with NET buffer (150 mM NaCl, 5 mM Na-EDTA,

50 mM Tris–HCl, pH 7.4, 5% sucrose, 1% NP40) and finally

with PBS. Bound proteins were eluted with 30 ll of SDS

sample buffer (130 mM Tris–HCl, pH 6.8, 0.02% Bromo-

phenol Blue (w/v), 10% 2-mercaptoethanol, 20% glycerol,

4% SDS) at 95�C for 10 min. Alternatively, rabbit anti-

CK2a0 antibody was bound to protein A Sepharose at 4�C for

1 h. Unbound antibody was removed by washing three times

with PBS. In the next step, GST-CK2a0 was bound to the

antibody. After extensive washing with PBS, GST-

CK2a0was incubated with GST-TNP1 or, as a control, with

GST-CK2b or with the GST-tag alone. Complexes were

washed and eluted as described above.

Kinase assay

Purified cyclin H (0.5 lg) diluted in kinase buffer (50 mM

Tris–HCl, pH 7.5, 100 mM NaCl, 10 mM MgCl2, 1 mM

DTT) were incubated with 1 mM ATP and 2 lCi 32PcATP.

GST-TNP1 and the GST-tag as a control were added in

increasing concentrations upon commencement of the

kinase reaction. After 30 min at 37�C, the kinase reaction

was stopped by adding sample buffer. Proteins were ana-

lyzed on a 12.5% SDS polyacrylamide gel.

Sperm and tissue preparation, immunohistochemistry

Cauda epidydimal sperm from male mice (Swiss Webster,

retired breeders) were prepared as described in previous
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works [24, 25]. Animals were euthanized by CO2

asphyxiation and epididymides were excised. After

removal of adipose tissue, epididymides were cleaned with

Na7.4 medium (135 mM NaCl, 5 mM KCl, 2 mM CaCl2,

1 mM MgCl2, 20 mM HEPES, 5 mM glucose, 10 mM

lactic acid, 1 mM pyruvic acid, adjusted to pH 7.4 with

NaOH). After 5 to 10 small incisions, tissue was transferred

to HSB (Na7.4 medium with 15 mM NaHCO3 and 5 mg/

ml BSA). Spermatozoa were allowed to exude for 15 min

(37�C, 5% CO2). Sperm were washed twice with Na7.4.

For tissue preparation, testes were removed and fixed in

Bouin solution (6–8 h at room temperature) and in 70%

isopropanol (12 h at room temperature). After dehydration

in ascending isopropanol series and xylol, tissue samples

were embedded in paraffin and sectioned into 5-lm slices,

which were then mounted on silanized slides. For DAB

immunostaining, dewaxed and rehydrated samples were

incubated at 4�C overnight with the primary antibodies

(CK2a 1:200, CK2a0 1:50, CK2b 1:50, TNP1 1:200, and

KIF5C 1:200). Washing in PBS was followed by incuba-

tion of the slides for 30 min at room temperature with

biotinylated secondary antibodies diluted 1:200 in PBS/

biotin (1:50)/NGS (5%). After washing in PBS, the Vec-

tastain� ABC elite kit for peroxidase was applied and

peroxidase activity was determined using diaminobenzi-

dine (DAB) as chromogen. Nuclei were stained with

hematoxylin and slides were subsequently dehydrated,

embedded in Depex, and examined under a Zeiss Axiophot

microscope equipped with a Color View camera (Soft

Imaging Systems, Münster, Germany). Negative controls

were incubated with an unspecific primary antibody. For

immunofluorescence studies, sperm smears were prepared

by using 20 ll of sperm suspensions. After air-drying, the

smears were fixed in acetone (4�C, 1 min). All subsequent

steps were performed in a dark moist chamber at room

temperature. Incubation steps were as follows: Blocking

with swine serum in PBS (1:500, 1 h), primary antibody

(overnight, 4�C; dilutions see DAB immunostaining), Cy3-

labeled anti-rabbit IgG (1:50, 1 h), DAPI (1:1,000,

10 min). Each incubation step was followed by three

washes with PBS for 5 min each time. Control staining was

carried out by replacing the specific primary antibody by a

non-relevant primary antiserum or by PBS. Slides were

covered in 80% glycerol in PBS and photographed with a

Nikon TE-2000U Eclipse invertoscope equipped with a

Nikon D1 camera.

Transmission electron microscopy

For immunogold labeling, spermatozoa were used directly

after swim-out. Samples were incubated with the primary

antibodies, diluted in PBS (overnight, 4�C; dilutions

see immunohistochemistry). In control incubations, the

primary antiserum was replaced by an unspecific antibody.

Sperm samples were washed three times with PBS by

centrifugation (300 9 g, 5 min) and incubated for 1 h at

37�C with anti-rabbit IgG, labeled with 5-nm gold particles

in a 1:20 dilution in PBS. After three subsequent washing

steps, a part of the sperm samples was incubated for 30 min

in a 1% OsO4 solution in sodium cacodylate buffer (0.5 M,

pH 7.3) and washed twice with sodium cacodylate buffer

(0.1 M, pH 7.4). The residual pellet was left untreated as a

control. Both samples were then dehydrated in a graded

series of ethanol, propylene oxide, permeated with an

epon-propylene oxide mixture (6 h) and then embedded in

fresh epon. Epon was allowed to polymerize at 60�C for

3 days. Ultrathin sections were cut at 500–700 nm on a

Reichert ultra microtome equipped with a diamond knife.

Sections were collected on uncoated 100-mesh copper

grids and briefly stained with uranyl acetate and lead

citrate. To examine protein distribution in the testis, we

followed a post-embedding protocol, i.e., tissue was first

embedded and sectioned, whereas immunostaining was

performed afterwards directly on the grids. Meshes were

examined with a Tecnai 12BT electron microscope (FEI,

Kassel, Germany).

Purification of CK2 subunits and holoenzyme

Recombinant CK2 holoenzyme cloned in a bicistronic

vector [26] and the three different subunits (a, a0, and b in

pT7-7) of protein kinase CK2 were expressed in Esche-

richia coli BL21 (DE3) and the proteins were purified

according to published protocols [27, 28].

SDS polyacrylamide gel electrophoresis

and Western blot

Proteins were analyzed in 12.5% SDS polyacrylamide gels

[29]. For Western blot analysis 50–100 lg of protein

extract were transferred to a PVDF membrane by tank

blotting with 20 mM Tris–HCl, pH 8.8, and 150 mM

glycine as transfer buffer. The membranes were blocked in

PBS with 0.1% Tween-20 and 5% dry milk for 1 h at room

temperature. The membrane was incubated with the pri-

mary antibodies diluted in PBS-Tween-20 with 1% dry

milk, either overnight at 4�C or for 1 h at room tempera-

ture. Serum #26 directed against CK2a and serum #32

directed against CK2b were used in a dilution of 1:1,000

overnight. TNP1 was detected with a GST-specific rabbit

serum in a dilution of 1:1,000. Rabbit antibody #976 [19]

was used for the detection of KIF5C. After washing with

PBS-Tween-20 with 1% dry milk, the membrane was

incubated with the peroxidase-coupled secondary antibody

in a dilution of 1:10,000 (anti-mouse) or 1:30,000 (anti-

rabbit) for 1 h at room temperature. The membrane was

CK2 binding partners in spermatogenesis 3907



washed in PBS-Tween-20 and signals were developed and

visualized by the Roche Diagnostics Lumilight system

(Mannheim, Germany).

Results

Protein kinase CK2 is involved in various regulatory

pathways in the cell. Some of these functions are obviously

regulated by the interaction of individual subunits of CK2

with other cellular proteins [30]. In order to detect new

CK2-binding partners, we performed a yeast two-hybrid

screen with CK2a as bait. In the course of these studies we

identified for the first time the transitional nuclear protein 1

(TNP1) as a binding partner for CK2a. In order to verify

this interaction we performed pull-down assays with GST-

tagged TNP1 and the individual subunits of CK2, namely

a, b, and the holoenzyme. Proteins were expressed in

bacteria and purified according to conventional procedures.

Purified proteins were analyzed on a 12.5% SDS poly-

acrylamide gel and visualized with Coomassie Blue

staining of the polyacrylamide gel (Fig. 1a). Equal

amounts of the CK2 subunits were incubated with equal

amounts of GST-TNP1 or GST-tag as a control. As shown

in Fig. 1b, TNP1 bound to CK2a (lane 1) and to the

holoenzyme (lane 1), whereas there was no binding to

CK2b (lane 1). As a further control, we showed that there

was no binding to the GST-tag alone (lane 2). CK2a0 is

mostly insoluble and hard to purify [31], therefore binding

to CK2a0 was analyzed with GST-tagged CK2a0 bound to

protein A Sepharose-bound antibody #30 against CK2a0

and GST-tagged TNP1(lane 1) or GST-tag (2). As a con-

trol, protein A Sepharose-bound CK2a0-specific antibody

#30 was incubated with the GST-tag (3). Bound proteins

were analyzed on a 12.5% SDS polyacrylamide gel and

visualized by an antibody against GST-tag. Figure 1c

shows only CK2a0 but no bound GST-TNP1 protein. To

ensure that the GST-tag does not interfere with CK2a0, we

performed a pull-down experiment with GST-CK2b and

GST-CK2a0 under identical conditions as described above.

As shown in Fig. 1d, GST-CK2b bound to GST-a0 (lane 3)

but not to the CK2a0 antibody alone (lane 4). As a further

control, we also showed that GST-CK2a0 did not bind to

the GST-tag alone (lane 1) and the GST-tag did not bind to

the CK2a0 antibody alone (lane 2). Thus, from these

experiments we conclude that TNP1 binds to CK2a but

does not bind to either the b-subunit or to CK2a0.
Since CK2a represents the catalytic subunit of CK2, we

reasoned that TNP1 might influence the enzyme activity of

CK2a. For this type of analysis, we performed an in vitro

kinase reaction with the CK2 holoenzyme and increasing

concentrations of GST-TNP1, with cyclin H as a substrate.

As a control, we also used the GST-tag alone with CK2 and

cyclin H. As shown in Fig. 2, we found no differences

in the phosphorylation of cyclin H, neither in the presence

of increasing concentrations of GST-TNP1 nor in the

presence of the GST-tag. The same results were observed

for the autophosphorylation of the b-subunit. We also

Fig. 1 TNP1 binds to CK2a and the holoenzyme but not to CK2b
and CK2a0. a Coomassie Blue-stained gel of the purified proteins used

for the binding assay. b CK2a, CK2b, and CK2 holoenzyme

consisting of CK2a2b2 were incubated with GST-tagged TNP1. After

extensive washing, protein complexes were collected at GSH

Sepharose. Bound proteins were analyzed on a 12.5% SDS poly-

acrylamide gel. CK2 subunits were identified with antibody #26

against CK2a and #32 against CK2b. c Protein A Sepharose-bound

CK2a0-specific antibody #30 was incubated with GST-CK2a0 and

then with GST-TNP1 (1) or GST-tag (2). As a control, protein A

Sepharose-bound CK2a0-specific antibody #30 was incubated with

GST-tag (3). Proteins were analyzed on a 12.5% SDS polyacrylamide

gel and finally visualized with an antibody against the GST-tag.

d Protein A Sepharose bound CK2a-specific antibody #30 was

incubated with (1, 3) or without GST-CK2a0(2, 4) and then with

GST-CK2b (3, 4) or with the GST-tag alone (1, 2). Proteins were

analyzed on a 12.5% SDS polyacrylamide gel and finally visualized

with an antibody against the GST-tag
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deliberated whether TNP1 might be a substrate for CK2.

Therefore, TNP1 was incubated with CK2 and 32PcATP.

Proteins were analyzed on a 12.5% SDS polyacrylamide

gel. Figure 2 (two lanes to the right) shows that GST-TNP1

was not a substrate for CK2.

Next, we decided to investigate whether all CK2 sub-

units and TNP1 are expressed in epididymal spermatozoa.

Since we had already identified KIF5C as a new binding

partner preferentially for CK2a0 at least with regard to

neurons, we also analyzed KIF5C expression in 100 lg of

total protein extract from mouse epididymal spermatozoa.

After SDS polyacrylamide gel electrophoresis and transfer

of the proteins to a PVDF membrane, proteins were

detected with specific antibodies. We found a strong

expression of CK2a, a0 and TNP1, a considerably lower

expression for CK2b, and a very weak expression for

KIF5C (Fig. 3).

Having shown that all five proteins are present in sper-

matozoa, we then analyzed the expression of these proteins

in mouse testis. With DAB immunostaining we found the

same distribution for CK2a and KIF5C during late sper-

matogenesis. The immunoreactions visible by brown

staining appeared in the acrosome of spermatids (Fig. 4).

Immunoreaction with CK2a0 also appeared in late sper-

matogenesis but is not strictly localized at the acrosomal

region. CK2b was found in early spermatogenesis, in

spermatogonia, and in spermatozytes. No immunoreactions

were found for CK2b in the late stages of spermatogenesis.

TNP1 was also found in early spermatogenesis and in

spermatogenic cells but was no longer displayed in

spermatids.

Next, we performed an immunofluorescence analysis for

CK2 subunits, TNP1, and KIF5C in spermatozoa. CK2a-,

CK2a0-, TNP1-, and KIF5C-antibodies labeled the acro-

some of murine spermatozoa (red) (Fig. 5). CK2a
immunoreactions were also detected in the mid-piece of the

tail. CK2b-specific antibodies led to a weak staining of the

acrosome and a strong immunoreaction at the mid-piece.

Nuclei were stained with DAPI (blue).

Finally, we proceeded to identify the subcellular distri-

bution of the five different proteins by transmission

electron microscopy of spermatids and spermatozoa.

Immunoreactions with the CK2a-specific antibody were

visible as gold particles (5 nm) in the developing acrosome

of spermatids (a–c; c = magnification of b) and in the

nucleus of spermatozoa (d) (Fig. 6). A weak immune

reaction was found with the CK2b-specific antibody in the

main piece of spermatozoa but not in the acrosome (not

shown). KIF5C antibodies labeled the developing acro-

some of spermatids and spermatozoa (e–g) and

mitochondria of the mid-piece (H).

Discussion

Protein kinase CK2 is an ubiquitously expressed enzyme

from yeast to man. In mammalian cells, the most abundant

form of protein kinase CK2 is a holoenzyme consisting

of two regulatory b-subunits and two catalytic a- or

a0-subunits. However, there is an increasing number of

publications showing that the CK2 subunits are differently

expressed and localized in different cell types. One reason

Fig. 2 Influence of increasing concentrations of TNP1 on CK2

kinase activity. Purified CK2 holoenzyme was incubated with
32PcATP with cyclin H as a substrate in the absence or presence of

increasing concentrations of TNP1. As a control, we used the GST-tag

or GST-TNP1. Phosphorylated proteins were analyzed on a 12.5%

SDS polyacrylamide gel, followed by autoradiography Fig. 3 Western blot analysis of CK2 subunits, TNP1, and KIF5C in

spermatozoa. Spermatozoa extract (100 lg) was subjected to a 12.5%

SDS polyacrylamide gel. After transfer of the proteins to a PVDF

membrane, CK2a, CK2a0, CK2b, TNP1, and KIF5C were detected

with the corresponding specific antibodies

CK2 binding partners in spermatogenesis 3909



for this expression pattern might be due to the interaction

of the individual subunits with other cellular proteins.

Recently, we detected KIF5C as a new binding partner for

the catalytic subunits of CK2 [19]. Here, we show that

KIF5C was also expressed in spermatozoa. Immunostain-

ing experiments showed the same distribution for CK2a
and KIF5C during late spermatogenesis and in particular in

the acrosome of spermatids, indicating a specific function

of the two proteins not only in neurons. Furthermore, we

detected another protein, namely TNP1, in complex with

CK2a. The transition nuclear proteins constitute 90% of the

chromatin basic proteins during the steps of spermatogen-

esis between histone removal and deposition of protamines.

Only two major TNPs, TNP1 and TNP2, are prominent in

Fig. 4 Immunolocalization of

CK2 subunits, TNP1, and

KIF5C in mouse testis. CK2a,

CK2a0, CK2b, TNP1, and

KIF5C were localized in mouse

testis with DAB

immunostaining. CK2a and

KIF5C showed the same

distribution during late

spermatogenesis. The

immunoreactions (visible in

brown staining) appeared in the

acrosome of spermatids. CK2a0

is also localized in late

spermatogenesis. In addition to

the acrosomal region, the

staining is also visible in the

cytoplasm. In contrast, CK2b
was localized in early

spermatogenesis in

spermatogonia and

spermatozytes. No

immunoreactions were found

with CK2b in later stages of

spermatogenesis. TNP1 was

also found in early

spermatogenesis and in

spermatogenetic cells, but was

no longer displayed in elongated

spermatids. Corresponding

control stainings with an

unspecific antibody are shown

on the last picture of each row

(bars 20 lm)
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Fig. 5 Immunofluorescence

analysis of CK2 subunits,

TNP1, and KIF5C in

spermatozoa. Epididymal

spermatozoa were used for

immunolocalization of CK2,

TNP1, and KIF5C. CK2a,

CK2a0, TNP1, and KIF5C

antibodies labeled the acrosome

of murine spermatozoa (Cy3/

red). In addition, CK2a and

CK2b immunoreactions were

also detected in the mid-piece of

the tail. On the right side of the

panel, corresponding DIC

images are shown. Control

staining with an unspecific

primary antibody did not show

any immunoreactions (not

shown; bar 20 lm)

Fig. 6 Transition electron microscopy of spermatids and spermato-

zoa for the detection of CK2 and KIF5C. Antibodies against CK2,

TNP1, and KIF5C were used to identify the subcellular distribution of

their corresponding proteins in spermatogenesis. Immunoreactions

with the CK2a antibody are visible as gold particles (5 nm) in the

developing acrosome of spermatids (a–c; c = magnification of b) and

in the head of spermatozoa (d). KIF5C antibody labeled the

developing acrosome of spermatids and spermatozoa (e–g) and

mitochondria of the mid-piece (h). No, or only weak, immunoreac-

tions were found with CK2a0, CK2b, and TNP1 antibodies with

electron microscopy (not shown; bar 200 nm)
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rodent spermatids [32]. TNP1 is a 6,200-Da protein with

approximately 20% arginines and 20% lysines, distributed

uniformly over the polypeptide chain [33]. TNP1 is abun-

dantly expressed and its sequence is highly conserved in

various mammals [34]. Since TNP1 appears mainly in the

middle of spermatid maturation, CK2a interaction might

play a role at this stage of maturation. As shown here,

TNP1 is not a substrate for CK2, which excludes CK2

regulation of TNP1 functions by protein phosphorylation.

Instead, it might well be that TNP1 is involved in targeting

CK2a to a specific substrate during maturation of sper-

matids. Interestingly, TNP1-deficient mice show abnormal

spermatogenesis, sperm mobility is drastically reduced,

and 60% of TNP1 null males were infertile [35]. A similar

observation was made for CK2a0 knock-out mice, i.e., male

mice in which CK2a0 has been disrupted, are infertile [11].

The number of epididymal spermatozoa is less than 30%

that of controls, sperm cells exhibit head-shape abnor-

malities and many acrosomes are separated from the

nucleus [12], similar to those described in human globo-

zoospermia. Several motor proteins for the redistribution of

proteins during spermatogenesis have been established,

such as kinesin-II and cytoplasmic dynein 1b [36]. Espe-

cially KIF5C could play a major role in the nucleo-

cytoplasmic exchange activities during spermatogenesis.

There are several reports showing that naturally occur-

ring polyamines such as spermine and other proteins rich in

lysines, such as histones and polylysine, can activate CK2

kinase activity [37–39]. The activation is mediated through

the interaction of the polyamines with the acidic cluster of

CK2b. CK2a in the absence of CK2b or in the presence of

CK2b that had been mutated in those acidic residues, is no

longer stimulated by these polycations [39]. However, as

shown here, TNP1 has no influence on CK2 enzyme activ-

ity, at least not with regard to the phosphorylation of cyclin

H. The present data further support the theory about indi-

vidual roles of the CK2 subunits at least in spermatogenesis.
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19. Schäfer B, Götz C, Dudek J, Hessenauer A, Matti U, Montenarh

M (2009) KIF5C, a new binding partner for protein kinase CK2

with a preference for CK2a0. Cell Mol Life Sci 66:339–349

20. Faust M, Schuster N, Montenarh M (1999) Specific binding of

protein kinase CK2 catalytic subunits to tubulin. FEBS Lett

462:51–56

21. Kramerov AA, Saghizadeh M, Pan H, Kabosova A, Montenarh

M, Ahmed K, Penn JS, Chan CK, Hinton DR, Grant MB, Lju-

bimov AV (2006) Expression of protein kinase CK2 in astroglial

cells of normal and neovascularized retina. Am J Pathol

168:1722–1736

22. Kramerov AA, Saghizadeh M, Caballero S, Shaw LC, Li CS,

Bretner M, Montenarh M, Pinna LA, Grant MB, Ljubimov AV

(2008) Inhibition of protein kinase CK2 suppresses angiogenesis

and hematopoietic stem cell recruitment to retinal neovasculari-

zation sites. Mol Cell Biochem 316:177–183

23. Levesque D, Veilleux S, Caron N, Boissonneault G (1998)

Architectural DNA-binding properties of the spermatidal transi-

tion proteins 1 and 2. Biochem Biophys Res Commun 252:602–

609

3912 N. Mannowetz et al.



24. Wennemuth G, Westenbroek RE, Xu T, Hille B, Babcock DF

(2000) CaV2.2 and CaV2.3 (N- and R-type) Ca2? channels in

depolarization-evoked entry of Ca2? into mouse sperm. J Biol

Chem 275:21210–21217

25. Wennemuth G, Carlson AE, Harper AJ, Babcock DF (2003)

Bicarbonate actions on flagellar and Ca2? -channel responses:

initial events in sperm activation. Development 130:1317–1326

26. Shi Y, Brown ED, Walsh CT (1994) Expression of recombinant

human casein kinase II and recombinant heat shock protein 90 in

Escherichia coli and characterization of their interactions. Proc

Natl Acad Sci USA 91:2767–2771

27. Grankowski N, Boldyreff B, Issinger O-G (1991) Isolation and

characterization of recombinant human casein kinase II subunits

a and b from bacteria. Eur J Biochem 198:25–30
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37. Mäenpää PH (1977) Effects of polyamines and polyanions on a

cyclic nucleotide-independent and a cyclic AMP-dependent

protein kinase. Biochim Biophys Acta 498:294–305

38. Meggio F, Boldyreff BS, Marin O, Marchiori F, Perich JW,

Issinger O-G, Pinna LA (1992) The effect of polylysine on CK-2

activity is influenced by both the structure of the protein/peptide

substrates and subunit composition of the enzyme. Eur J Biochem

205:939–945

39. Meggio F, Boldyreff B, Issinger O-G, Pinna LA (1994) Casein

kinase 2 down-regulation and activation by polybasic peptides are

mediated by acidic residues in the 55–64 region of the beta-

subunit. A study with calmodulin as phosphorylatable substrate.

Biochemistry 33:4336–4342

CK2 binding partners in spermatogenesis 3913


	Protein kinase CK2 and new binding partners during spermatogenesis
	Abstract
	Introduction
	Materials and methods
	Antibodies
	Plasmids, protein expression, and purification
	Pull-down assays
	Kinase assay
	Sperm and tissue preparation, immunohistochemistry
	Transmission electron microscopy
	Purification of CK2 subunits and holoenzyme
	SDS polyacrylamide gel electrophoresis and Western blot

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


