
Human CDK10 Gene Isoforms

J
E
S
H

R

t
o
G
t
t
W
t
w
t
e
n
c
n
i
b
t

N

s
c
C
a
t
n
T

d
b
A

r
s
R

C
F

Biochemical and Biophysical Research Communications 276, 271–277 (2000)

doi:10.1006/bbrc.2000.3395, available online at http://www.idealibrary.com on
ean-Christophe Sergère,1,2 Jean-Yves Thuret,1,2 Gwenaëlle Le Roux,
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of transcription, and CDK8 and CDK9 are linked to
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The CDK10/PISSLRE gene has been shown to encode
wo different CDK-like putative kinases. The function(s)
f the gene products are unknown, although a role at the
2/M transition has been suggested. We characterised

wo novel cDNAs. CDK10 mRNA quantity was not found
o be correlated with cell proliferation status in HeLa or
I38 cell cultures or in human tissues. Relative levels of

he four CDK10 isoforms were studied by RT-PCR, of
hich three were principally expressed. The two ini-

ially cloned isoforms predominated in human tissues,
xcept in brain and muscle. Relative isoform levels did
ot vary during the cell cycle in culture, except when
ells entered into the cell cycle. Finally, the predomi-
ant isoforms were shown to have different translation

nitiation sites and to have different subcellular distri-
ution, due to an alternatively spliced nuclear localisa-
ion signal. © 2000 Academic Press

Key Words: PISSLRE; alternative splicing; isoform;
LS.

Cyclin-dependant kinases (CDKs) were first de-
cribed as key regulators of the eukaryotic cell division
ycle (1–3). CDK1 controls G2/M transition and CDK2,
DK3, CDK4, and CDK6 are implicated at G1/S. CDKs
re also implicated in processes other than control of
he cell cycle. For instance, CDK5 is required during
eural differentiation, CDK7, the kinase subunit of
FIIH, is implicated in cell cycle control and regulation

The HGMW-approved symbol for the PISSLRE gene is cyclin-
ependent kinase 10 (CDK10). Sequence data from this article have
een deposited in the GenBank Data Library under Accession No.
F153430.
Abbreviations used: CDK, cyclin-dependent kinase; GFP, green fluo-

escent protein; ORF, open reading-frame; NLS, nuclear localisation
ignal; RT, reverse transcription; PCR, polymerase chain reaction;
ACE, rapid amplification of cDNA ends; MW, molecular weight.
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rance. Fax: 1133 (0)1 6908 3570. E-mail: leteurtre@dsvidf.cea.fr.
271
ranscription control (4–7). New members of the CDK
amily have been isolated according to homologies in
pecific amino acid sequences and usually named ac-
ording to their sequences in the conserved “PSTAIRE”
omain (e.g., PCTAIRE, PISSLRE, and PITSLRE) (8).
ost of these new CDKs do not have a clearly estab-

ished role or cyclin partner, and could enlarge the cell
unctions of this kinase family (8).

PISSLRE was identified using two independent
CR-based strategies (9, 10). Two cDNAs were de-
cribed that are identical in their sequence encoding
he putative kinase core but divergent in their 59- and
9-extremities. This suggested the possibility of differ-
ntial expression of the PISSLRE gene, regulated by
lternative splicing. Indeed, sequencing of the gene has
ecently confirmed that the two isolated cDNAs are
erived from a single gene (11). This gene has been
enamed CDK10, although no cyclin associated with
he putative kinases has yet been reported.

A study by Li et al. using a dominant negative mu-
ant and an antisense vector led to the suggestion that
DK10 was implicated at the G2/M transition of the
ell cycle (12). However an exclusive role of CDK10 in
he cell cycle seems unlikely, since the mRNA is ex-
ressed even in non-proliferative tissues (9, 10).
he functions of CDK10 therefore remain to be fully
haracterised.
This study focuses on CDK10 isoforms. Additional

lternatively spliced forms in the 59 region of the mes-
enger were found. The relative mRNA levels of the
DK10 isoforms were shown to be tissue-dependent
nd to vary in tissue culture cells as a function of cell
roliferation status rather than cell cycle stage. Fi-
ally, the subcellular distribution of proteins corre-
ponding to the two most abundant CDK10 mRNAs
as found to be different.

ATERIALS AND METHODS

Cell culture and transfection. Primary human fibroblast WI38
ells and HeLa cells were cultured at 37°C (5% CO2) in Dulbecco
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
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odified Eagle’s medium with 10% foetal calf serum. Transfections
ere carried out using Exgen500 (Euromedex), according to the
anufacturer’s recommendations.

cDNA cloning. Polymerase chain reaction (PCR) was carried out
ith the Advantage-GC cDNA PCR kit (Clontech), using primers
C12 (59-CCAGCGCTCGGCATGGCGGAGCCAGA-39) and JC14 (59-
GGAGGAAGTCAGTGGAGGATCTTCCCAGCC-39), and the hu-
an lung MATCHMAKER cDNA library (Clontech) as the template.
CR products of 1–1.2 kb were cloned with the pMOSBlue T-vector
it (Amersham) and sequenced. 59-RACE was carried out using
ersion 2.0 59 of the RACE System (Gibco BRL) according to manu-
acturer’s instructions and oligonucleotides JC10 (59-GTCGATGC
GGTGGTCTGCGTGGTGGT-39) (WI38 fibroblast total RNA re-
erse transcription), JC36 (59-GCCAGGCCGAAATCCGCT-39) (first
CR), and JC21T (59-CTTCAGTGCGACAATCTCAT-39) (second
ested PCR).

Plasmids. P1 and P2 ORFs were inserted into a Quiagen plasmid
QE32 and sequenced. These ORFs were subsequently excised and
nserted into a phGFP plasmid to yield phGFP-P1 and phGFP-P2
phGFP is based on Invitrogen pcDNA3). All other plasmids (all
ased on pcDNA3) were constructed using PCR or PCR-mutagenesis,
nd sequenced.

Translation assays. HeLa cells (105) were collected 24 h after
ransfection, resuspended in 20 ml SDS sample buffer, and boiled for 10
in. GFP fusion proteins were detected by Western blotting using
onoclonal antibody against GFP (Clontech) after 8% SDS–PAGE. In

itro-translated 35S-labelled proteins (TNT T7 Quick Coupled Tran-
cription/Translation System, Promega) were immobilized on Ni-NTA
uperflow resin (QUIAGEN) in Ni20 buffer (50 mM Tris–HCl pH 7.5,
50 mM NaCl, 20 mM imidazole), washed 3 times in Ni50 buffer (50
M Tris–HCl pH 7.5, 150 mM NaCl, 50 mM imidazole), resuspended in

0 ml SDS sample buffer, boiled for 10 min, subjected to 8% SDS–PAGE,
nd finally revealed by autoradiography.

RNA isolation and RT-PCR analysis. Total mRNA from 106 to
07 cells was extracted using the RNA NOW reagent (Ozyme) and
reated with DNase. RNA quality was checked by electrophoresis in
.5% agarose/formaldehyde denaturing gel. cDNA was prepared
rom 5 or 10 mg total RNA, using oligo(dT)12–18 primer and Moloney
urine leukaemia virus reverse transcriptase (Gibco BRL). cDNA

mplification by PCR was carried out using CDK10-specific primers.
or radioactive RT-PCR reactions, primer JC21T was labelled with

32P]-g-ATP prior to PCR. PCR products were resolved on a 6%

FIG. 1. Structure of four transcripts of the CDK10 gene. The
ucleotides. Light-grey boxes (exons) are numbered according to the n
ccording to the isoform (P1–P4). Dark-grey boxes in X78342 and L
ntron 8 (P3 transcript) and specific 59-extremities of the X78342 and
rimers used in the various cloning procedures are indicated (not to sc
s indicated. Open boxes symbolise the open reading-frame correspo
272
on-denaturing polyacrylamide gel and either autoradiographied
Kodak Biomax film and amplifying screens) or analysed with a
-Imager 1200 (Biospace Instruments). For tissue-pattern expres-
ion, PCR was carried out on 24 cDNAs normalised against b-actin
nd serially diluted over a 4-log range, using the human RAPID-
CAN gene expression panel (Origene Technologies), as described by
he manufacturer.

Quantification of CDK10 mRNA. Northern blot analyses were
arried out with a P2 cDNA probe that hybridised with all CDK10
soforms. Expression in human tissues were accomplished using the
NA Master Blot (Clontech), which is normalised for the amount of
potted purified polyadenylated mRNA.

Cell cycle synchronisation and analysis. WI38 fibroblasts were
erum-starved for 48 h, serum was added (t 0), and cells were col-
ected for analysis at various times. HeLa cells were synchronised
ith a double thymidine block (2 mM thymidine in DMEM/FCS for
7 h, followed by growth in drug-free medium for 9 h, and then 2 mM
hymidine for 15 h). After washing in drug-free medium (t 0), cells
ere harvested at different times for further analysis. Blocks in

pecific phases of the cell cycle were obtained using either aphidicolin
mg/mL or nocodazole 250 ng/mL for 20 h. Gamma-irradiation, using
137Cs source, and cell cycle analysis were carried out as previously

escribed (13).

Microscopy. Cells were grown and transfected on glass coverslips
riefly washed in PBS, incubated upside-down on a drop of H33342
5 mg/ml in PBS) for 5 to 30 min, and mounted on a glass slide. GFP
nd H33342 fluorescence were observed with a Leica DM-RB micro-
cope, respectively using FITC and DAPI filters with an oil-
mmersion 633 objective. Images were taken on Kodak EliteChrome
00 film with the Leica DM-RD platform, then scanned.

ESULTS

haracterisation of Alternative Splicing
in the 59 Region of the CDK10 mRNAs

During cloning of the two previously characterised
DNAs (GenBank X78342 and L33264, respectively
amed isoforms P1 and P2 in this study), new CDK10
DNAs were isolated (Fig. 1). A novel isoform was first
etected using a PCR screen on a cDNA library of WI38

r beneath the 39-end of the X78342 transcript corresponds to 50
enclature suggested by Crawford et al. (11) and alternatively spliced
64 transcripts are 39-end untranslated sequences. Black boxes are
3264 transcripts (X78342 contains exon 2). JC12, JC14, and JC21T
). The P4 structure downstream from the JC21T primer is unknown,
ing to each isoform.
ba
om
332
L3
ale
nd
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ost-59-and 39-common regions of X78342 and L33264
primers JC12 and JC14). This novel 1237 base-pair
DNA (GenBank AF153430), designated isoform P3 in
his study, was identified as 8 out of 20 clones isolated
rom two independent screens. The 59-primer (JC12)
ontained the putative P1 initiating codon. We checked
hether the 59-ends described in X78342 and L33264

9, 10) could be found upstream from the P3 sequence.
olymerase chain reactions based on specific 59-
ntranslated sequences of P1 or P2 and a 39-P3-specific
rimer were carried out, but never yielded a specific
roduct (data not shown). To identify putative up-
tream nucleotides, a 59-RACE was carried out using
RNA from WI38 cells. None of the P3 clones extended

ny further upstream from exon 1a. The novel P3 iso-
orm is therefore composed of exons 1a, 1b, 4–8, intron
, and exons 9–14b, according to the nomenclature
uggested by Crawford et al. (Fig. 1). The 59-RACE also
evealed another cDNA called P4 in this study (Fig. 1).
he 59-end of P4 links exon 1a and exon 4. Since P4 was
arely detectable in subsequent RT-PCR experiments,
e did not attempt to clone full-length P4 cDNA (see
elow and discussion).

lternative Splicing in the 59-Region of CDK10
mRNA Modifies the Translation Initiation Site

Because of alternative splicing in the 59-region of
DK10 mRNA which creates a frameshift, it has been
uggested (but not demonstrated) that translation ini-
iation is different for the P1 and P2 isoforms, yielding
ifferent full-length putative kinases. For P1-cDNA,
he first methionine present in exon 1a is encompassed
n a perfect Kozak consensus and has been proposed by
raetta et al. (9) to be the initiating codon (light grey
ox, Fig. 2A). To confirm this assumption, we used
onstructs in which a GFP tag was added in frame with
he putative P1 ORF, either at the N- or C-terminus
respectively yielding GFP-P1 and P1-GFP). These con-
tructs allowed both in vitro translation and in vivo
xpression of the fusion proteins. 35S-labeled, in vitro-
ranslated GFP-P1 and P1-GFP proteins and crude
xtracts of human cells transiently transfected respec-
ively with GFP-P1 and P1-GFP constructs were sub-
ected to SDS–PAGE and respectively revealed by au-
oradiography and Western blotting with anti-GFP
ntibodies. As shown on Fig. 2B, in vivo and in vitro
ranslation products co-migrated at a size compatible
nly with the initiation of translation at that first
ethionine.
For P2-cDNA, Grana et al. (10) have used in vitro

ranslation to show that a putative kinase could be
ranslated starting at a valine encoded in exon 1a (dark
rey box, Fig. 2A). Following the same strategy used in
he P1 study, we constructed plasmids in order to ex-
ress P2-GFP and GFP-P2. As shown in Fig. 2B, in
273
itro-translated and in vivo-transiently expressed P2-
FP and GFP-P2 co-migrated at a size compatible with

he initiation of translation at the expected valine.
We have thus shown that translation can be effec-

ively initiated at a valine in the case of P2 and at an
pstream methionine in the case of P1. Since alterna-
ive splicing between exons 13 and 14b also changes
he reading frame at the end of the ORF, CDK10 P1
nd P2 mRNAs yield putative kinases with strikingly
ifferent N- and C-termini.

elative Levels of Alternatively Spliced Isoforms
Are Regulated

An RT-PCR experiment was designed and carried
ut in order to study the relative levels of the isoforms
esulting from splicing between exon 1a and exon 4. We
rst compared exponentially growing and confluent
eLa and WI38 cells (Fig. 3A). Northern blot analysis
id not show significant variation in CDK10 total
RNA between growth-arrested and exponentially

rowing WI38 cells (data not shown). As determined by
T-PCR, in HeLa cells, P2-like ends predominated
oth at confluence and in exponentially growing cells,

FIG. 2. Alternative splicing in the 59-region of CDK10 mRNA
odifies the putative translation products. (A) Nucleotide sequence

f exon 1a. The light-grey box indicates the first ATG, located in a
erfect Kozak consensus sequence and is the initiating codon in P1.
he dark-grey box indicates the GTA codon encoding the valine that
llows initiation of translation in P2. (B) In vitro and in vivo initia-
ion of translation. Left panel: whole extracts of HeLa cells trans-
ected with GFP-P1/P2 and P1/P2-GFP constructs separated by 8%
DS–PAGE and subjected to Western blotting with a monoclonal
nti-GFP antibody. Right panel: 35S-methionine labelled in vitro
oupled transcription and translation products of plasmids P1/P2-
FP and GFP-P1/P2 separated by 8% SDS–PAGE and revealed by
utoradiography. MW: P1-GFP 5 68.7 kDa, GFP-P1 5 69.3 kDa,
2-GFP 5 63.4 kDa, GFP-P2 5 64 kDa. Arrows indicate bands
orresponding to P1 and P2 products.
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hereas the situation was balanced between P1- and
2-like ends in primary fibroblasts. In both HeLa cells
nd primary fibroblasts, the relative level of P3 like-
nds was higher in confluent than in exponentially
rowing cells (30%, versus 10–15% of all CDK10 59-
nds). P4-like ends were barely detectable, consistently
mounting to less than 5% of the total CDK10 mRNA
Fig. 3A and data not shown).

These results and the fact that CDK10 had been
roposed as being involved in the G2/M transition of
he cell cycle (12) prompted us to examine the relative
evels of CDK10 mRNA during the cell cycle. WI38 cells
ere synchronised by serum starvation followed by

erum re-addition. As the cells resumed cycling, no

FIG. 3. Relative levels of alternatively spliced isoforms are reg-
lated. RT-PCR assay amplifying the region between exons 1a and 4
f CDK10 (primers JC12 and JC21T, Fig. 1). P1-like ends 5 213 bp,
2-like ends 5 175 bp, P3-like ends 5 140 bp, P4-like ends 5 102 bp.

A) CDK10 isoforms and the proliferative status of tissue-culture
ells. Autoradiography of PCR products from confluent (Confl) and
xponentially growing (Expo) HeLa cells and WI38 human primary
broblasts. Electrophoresis on a 6% non-denaturing polyacrylamide
el. (B) CDK10 isoforms in synchronised WI38 fibroblasts. RT-PCRs
f mRNA extracted from WI38 fibroblasts synchronised by serum
tarvation at various times after serum addition (0, 7, 12, 24, 30, and
6 h). DNA content of harvested cells was determined by FACS
nalysis and percentage of cells with G0/G1, S, and G2/M DNA
ontent are shown as histograms. Representative results of 2 inde-
endent experiments. (C) CDK10 isoforms in various human tissues.
T-PCR of “human RAPID-SCAN gene expression panel” (Origene
echnologies). PCR products were resolved on 2.5% metaphore aga-
ose and dyed with ethidium bromide. Representative results of 4
xperiments.
274
tive decrease in P3-like ends to the profit of P1- and
2-like ends within the first 7 h after serum stimula-
ion (Fig. 3B). HeLa cells were also synchronised with

double thymidine block. No change in the mRNA
rofile was detected as the cells resumed progression
hrough the cell cycle (data not shown). Exponentially
rowing HeLa and WI38 cells were then blocked in
arly S-phase by aphidicolin, in G2 phase by 3 or 10 Gy
f gamma-irradiation, and in M phase by nocodazole.
o change in the 59-end CDK10 profiles was detected

data not shown). Progress in the cell cycle therefore
id not affect the relative levels of CDK10 isoforms,
xcept when the cells left quiescence.
Levels of CDK10 total mRNA and relative levels of
DK10 mRNA 59-ends were then determined in differ-
ntiated human tissues. Relative levels were deter-
ined by semi-quantitative RT-PCR in 24 human tis-

ues. Almost identical patterns of expression were
bserved in most tissues, with a predominance of the
1 isoform (Fig. 3C), such as in WI38 at confluence

Fig. 3A). However, brain, muscle, and to a lesser ex-
ent, heart, displayed high relative levels of mRNAs
ith P3-like ends (Fig. 3C). The total level of CDK10
as determined by Dot blot analysis in 48 tissues (data
ot shown). CDK10 mRNA was found to be ubiqui-
ously expressed, although up to 8-fold variations were
oted. The highest levels were found in pancreas, pi-
uitary gland, lung, prostate, liver, placenta, ovary,
nd testis. The lowest levels were found in colon, PBL,
one marrow, heart, brain, muscle, and spleen. Inter-
ediate levels were found in foetal tissues (brain and

iver), as well as in kidney, small intestine, and uterus.

1 and P2 Putative Kinases Are Targeted to Different
Cellular Compartments

Since P1 and P2 were the most abundant CDK10
essengers, we determined the cellular localisation of

hese putative kinase isoforms. In the absence of anti-
odies specifically recognising CDK10 proteins, local-
sation of GFP-labelled proteins was studied. In HeLa
ells, GFP-P1 and P1-GFP proteins were strictly nu-
lear, whereas the GFP control, GFP-P2, and P2-GFP
roteins were evenly distributed throughout the cell
Fig. 4A). A slight nuclear exclusion of GFP-P2 and
2-GFP proteins was observed in a small percentage of
eLa cells (Fig. 4A; the size of the fusion protein, 64
Da, is at the upper limit for passive diffusion through
he nuclear pore). Similar results were obtained with
he human primary fibroblast WI38 and MCF7 breast
denocarcinoma cell lines.
Since P1 and P2 differ only in their extremities,

hese regions were likely to be responsible for the spe-
ific nuclear localisation of P1. The P1 C-terminal se-
uence, encoded by exon 14a, contains two stretches of
asic amino-acids separated by 10 residues that might
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NLS) (14). Fusion of the open reading-frame (ORF) of
xon 14a to the GFP C-terminus was sufficient to tar-
et GFP to the nucleus (Fig. 4C). Exon 14a therefore
ontains an autonomous NLS. The basic residues were
utated to alanine, yielding the KR344AA and
R356AA mutants. One or the other of these muta-

ions abolished the specific nuclear localisation of
FP-P1 (Fig. 4C), demonstrating that these residues
o indeed constitute a classical bipartite nuclear local-
sation signal.

ISCUSSION

A number of genes that play an important role in cell
ate are subjected to regulation by alternative splicing
f their pre-mRNA. These include several CDK regu-
ator cyclins (E, D1, and B) (15–17), phosphatase
DC25B (18), and p16 INK4a/p19ARF (19), as well as
2F (20), members of the p53 family (21, 22), and Bcl-x

23). Isoforms can behave in dramatically different
ays and have different functions. For example, Bcl-xL

rotects cells from apoptosis, whereas Bcl-xS is pro-
poptotic (23).
Since the CDK10 gene is expressed as several iso-

orms, it was important to identify them and determine
hich of them were the most expressed. P1 and P2,

orresponding to putative kinases, were the first de-
cribed (9, 10). Crawford et al. recently described the
enomic structure of CDK10, showing that P1 and P2
erive from the same gene by alternative splicing (11).
sing 59-RACE, they also obtained alternatively

pliced 59-end sequences corresponding to P1, P3, and
4 (but not P2). In addition to that group’s data, we
escribe here a 39-sequence of P3 cDNA. Although both
rawford et al. and our group found the 59-end of the
4 isoform in 50% of the 59-RACE experiments, it was
arely detectable in an RT-PCR assay based on poly-dT
everse-transcribed cDNAs (Fig. 3A). P4 could thus be

non-polyadenylated transcript. The RT-PCR assay
hat we used to study relative isoform levels detects
plicing only between exons 1a and 4. We can not
xclude that regions between exons 4 and 13 are sub-
ect to alternative splicing, which, in combination with
plicing between exons 1a and 4 and between exons 13
nd 14b, would yield a number of other isoforms. How-
ver we did not find any evidence of additional alter-
ative splicing in the 20 clones identified at the outset
f our study. We therefore think it likely that the P1,
2, and P3 cDNAs described in Fig. 1 are the most
elevant and abundant CDK10 gene transcripts.

The absolute levels of CDK10 mRNA did not corre-
ate with the proliferative status of tissues or cells.
ndeed, we found total quantities of CDK10 mRNA to
e similar in quiescent and exponentially growing tis-
ue culture cells. Foetal tissues and bone marrow,
hich have the highest mitotic index, also showed av-
275
lement those of Grana et al. and of Brambilla et al.,
ho have shown CDK10 mRNA to be ubiquitously
xpressed (9, 10). The three mRNAs corresponding to
1, P2, and P3 were present in every tissue and cell

ine we examined (Fig. 3). There was a large increase in
he relative level of the P3 isoform in growth-arrested
ulture cells and in some tissues, such as brain and
uscle. In vitro exponentially growing cells showed a

redominance of P2. In normal tissues, P1 and P2 were
he more abundant isoforms, except for brain and mus-
le. It is therefore likely that each CDK10 isoform
arries out specific functions.
Alternative splicing of CDK10 gene transcripts re-

ults in dramatically different translation products.
ndeed, our results are consistent with P1 initiating
odon as a methionine in exon 1a, and P2 initiating
odon as a downstream valine (Fig. 2). Every cDNA
solated from CDK10 displays exon 1a at its 59-end.
he ribosome-scanning translation model thus pre-
icts that transcription should start at the same me-
hionine codon in every isoform that it does in P1
DNA. The absence of exon 1b in P2 would result in a
hort, 21-amino acid polypeptide, and it has been
hown that translation of a “mini-cistron” could be
ollowed by translation initiation at a codon down-
tream from the first methionine codon (24). Alterna-
ively, initiation of translation at the valine codon in P2
ay be due to “leaky scanning,” particularly for P2
RNAs with short 59 extensions. The P1 and P2 trans-

ation products are putative protein kinases (P1 5 360
mino acids, predicted MW 5 41 kDa; P2 5 316 amino
cids, predicted MW 5 358 kDa). The P1 and P2 pro-
eins would share a common kinase core (correspond-
ng to the highly conserved CDK core domain) and
ould differ in their amino- and carboxy-termini. For

he P3 isoform, the translation product starting at the
ame methionine codon as in P1 would be a 42-amino
cid polypeptide. Downstream initiation at the P2 va-
ine codon would yield a 23-amino acid polypeptide,
nd initiation at the next downstream methionine
odon would yield a 5-amino acid peptide. We therefore
uggest that the P3 cDNA is likely to be translated into
he 42-amino acid protein. This small protein (pre-
icted MW: 4.905 kDa), the first 29 amino acids of
hich would be strictly identical to the N-terminus of

he P1 kinase, would not contain the kinase core do-
ain and should therefore be devoid of any kinase

ctivity. These hypothetical P3 polypeptides do not
elong to any protein family. We are currently seeking
roof of the actual existence of the P3 polypeptide prior
o further study of this isoform.

The P1 protein was shown to have a nuclear local-
sation signal (NLS) in its carboxy terminus (Fig. 4).
DK10 cDNAs have been cloned in various species.
he NLS sequence is partially conserved in dis-
antly related species such as Haematobia irritans
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GenBank AF034643), Drosophila melanogaster (Gen-
ank BAA03886), and Bombyx morii (GenBank
AA21484), whereas it is identical in murine cDNA

GenBank AI640100). Alternative splicing as a mode of
egulation for the presence of an NLS has already been
hown for other proteins, such as the E2F transcription
actor and p58GTA, the closest CDK10 homologue (20,
5). The differential cellular localisation of P1 and P2
rovided by the presence of an NLS in P1 again sug-
ests different roles for these two isoforms.
While the functions of the CDK10 isoforms remain

nknown, they should be important for cell fate, since
he gene is expressed in every tissue tested so far (this
tudy and (9, 10)). P2 has been described by Li et al. as
ecessary during the G2/M phase (12). Indeed, over-

FIG. 4. The P1 and P2 CDK10 isoforms are targeted to differen
DK10-P1/P2 constructs. Localisation was assessed 24 h after transf
1-GFP and GFP-P1 are nuclear proteins. Cells transfected with wi
ar beneath GFP-P2 corresponds to 10 mm. (B) Nuclear localisation
mino acids constitute the bipartite NLS. (C) NLS mutagenesis. Cell
ight panels) constructs. The GFP-NLS construct corresponds to add
276
xpression of a dominant negative mutant or an anti-
ense construct led to cell accumulation in G2/M (12).
owever, we showed here that there is no correlation
etween CDK10 mRNA levels, the cell cycle, and cell
roliferation. The accumulation of cells at G2/M could
hus be indirect, for instance, by activation of a check-
oint, as reported for the closest CDK10 homologue,
58GTA (26).
In conclusion, three main isoforms of CDK10 mRNA
ere detected in normal cells. P1 and P2 mRNAs en-

ode putative kinases and are present in all cells and
issues. P3 mRNA might encode a short polypeptide
nd is found to be the most transcribed isoform in
rowth-arrested cell cultures and in such tissues as
rain and muscles. Subcellular distribution of CDK10

bcellular compartments. HeLa cells transfected with GFP-labelled
on. Nuclei were labelled with the H33342 DNA staining reagent. (A)
ype P1 and P2 isoforms in N- and C-terminal fusion with GFP. The
gnal. Amino acid sequence encoded by exon 14a. Highlighted basic
ansfected with GFP-NLS (left panel) and with GFP-P1 mutant (two
ons of the whole 14a exon to the C-terminus of GFP.
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gene products depends on the alternative splicing of
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essengers. The study of CDK10 functions will there-
ore have to take into account all isoforms of the gene.
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