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IDENTIFICATION OF NOVEL SPLICE VARIANTS OF THE HUMAN
CATALYTIC SUBUNIT CB OF cAMP-DEPENDENT PROTEIN KINASE
AND THE USE THEREOF

FIELD OF THE INVENTION

The present invention relates to genomic- and complementary DNA sequences encoding the

6 different gene products, designated CB1, CB2, CB3, Cp4, CB4ab and CP4abc which are
novel splice variants of CP3. The present invention also relates to vectors comprising said DNA

sequences and is also directed to said proteins in diagnosis and treatment.

BACKGROUND OF THE INVENTION

Cyclic 3', 5'-adenosine monophosphate (cAMP) is a key intracellular signalling molecule, which
main function is to activate the cAMP-dependent protein kinases (PKA) [1]. PKA consists of a
heterotetramere, with a regulatory (R) subunit dimer and two catalytic (C) subunits. The
holoenzyme is activated when four molecules of cAMP bind to the R subunit dimer, two to
each R subunit, releasing two free active C subunits [2]. In man, four different R subunits
(RlIa, RIB Rlla, RIIB), and four different C subunits (Co,, CB, Cy and PrKX) have been
identified [3]. The Ca and CJ subunits are expressed in most tissues, while the Cy subunit,
which is transcribed from an intron-less gene and represents a retroposon derived from the Ca
subunit [4], is only expressed in human testis [S]. PrKX is an X chromosome-encoded protein
kinase, and was recently identified as a PKA C subunit since it is inhibited by both PKI and
Rl and the RIo/PrKX complex is activated by cAMP [6].

Splice variants of both Ca. and CB have been identified. The splice variants of Ca have been
termed Cal (previously named Ca [7]), Ca2 [8] and Ca-s [9]. Originally Ca2 was isolated

from interferon-treated cells and identified as a C-terminally truncated Coal subunit. However,
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recently a novel Co2 splice variant was reported [10]. The novel Ca2 variant was shown to be
identical to the previously identified Ca splice variant, Co-s. Moreover, Ca-s which was
originally isolated and characterized from ovine sperm [9], has later been cloned from a human
testis cDNA library and identified in human sperm [11]. Both Ca-s/Ca2 are encoded with a
truncated N-terminal end when compared to Cal. The variable parts of Cal and Ca-s are
located upstream of exon 2 in the murine Ca gene, implying that the variation in the N-
terminal end of the Cal and Ca-s/Ca2 are due to alternative use of different first exons. In
bovine, two splice variants of Cp have been identified, termed bovine CB1 [12] and bovine
CpB2 [13]. The bovine splice variants contain variable N-terminal ends in which the non-
identical sequences are most probably encoded by different forms of exon 1. Bovine CB2 is
expressed at low levels in most tissues with the highest expression in the spleen, thymus, and
kidney and to some extent brain. Furthermore, in the mouse, three splice variants of Cf3 have
been identified and are designated mouse CB1, mCB2 and mouse C[B3 [14]. Whereas mouse
CpB1 is ubiquitously expressed, mouse C(2 and mouse CB3 have so far only been identified in
the brain. The mouse CB1 and bovine CP1 are similar in the entire sequence, demonstrating
that they represent orthologe protein sequences. However, neither mouse C3 nor mouse Cp4
were similar to bovine CB2 in the N-terminal part, indicating that their N-terminals are
encoded by ﬁnrelated exons. Previous to this study, only a single splice variant of human Cf

had been identified (C1), homologous to mouse Cf1 and bovine Cf1.

SUMMARY OF THE INVENTION
The present invnetion demonstrate that the CJ3 gene encodes at least 6 different gene products,
designated CB1, CB2, CB3, CB4, CPp4ab and CP4abc. As is the case with the murine and

bovine splice variants, all the human CP splice variants vary in the N-terminal part preceding
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the part encoded by exon 2. Homologues to all Cp splice variants identified in mouse and
bovine were identified in human (CB1, CB2, CB3 and CB4) in addition to two novel Cp splice
variants (C4ab and Cf4abc), that have previously not been identified in any other species.
The present invention includes in this respect genomic DNA- and cDNA sequences encoding
said splice variants and comprises the nucleotide sequences shown in SEQ ID NO: 1,23 4,5
and 6 respectively. Wherein the said proteins are new splice variants of the Cp protein. The
present invention is further directed to vectors comprising said cDNA sequences. The
invention also includes proteins characterised by the specific amino acid CB splice variant
proteins Cf2, CPB4ab and CB4abc shown in SEQ ID NO: 7,8 and 9. The invention includes
further use of the said CP splice variant proteins and DNA sequences in preparation of

pharmaceuticals for diagnostic- and therapeutic purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. A: Identification of ¢cDNAs encoding human Cf splice variants. Schematic
representation of the protein-encoding sequences of the various Cf splice variants found in
human. Human cDNAs from total fetus and brain were amplified using primers complementary
to the CB cDNA, subcloned and sequenced. The resulting cDNAs were identical to the
previously published CB cDNA (CB1) downstream of nucleotide 46 (constant region).
However, five novel cDNA sequences, designated Cp2, CB3, CB4, C4ab and CB4abc, could

be identified based on differences in the 5’-ends of the sequences (variable region).

Figure 2: A: Structure of the human genomic region encoding the novel Cf splice
variants. Primers were made based on exon 2 and the most 5’-end of the different Cf3 cDNAs,

and used to amplify human genomic DNA by PCR. Two overlapping PCR products of 14 and
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17 kb, respectively, were identified and mapped by Southern blotting and hybridization to
oligonucleotides corresponding to the different cDNAs. As derived from the 14 and 17 kb
PCR products, exon 1-2 1-3, 1-4 and exon a, b and ¢ are located 31, 14.1, 14, 8.1, 5.4 and 4.4
kb upstfeam of exon 2. Based on restriction mapping of the PAC clone RPCI-6-228E23, exon -
1-1 is located approximately 60 kb upstream of exon 1-2. Exon 1-1 is specific for the splice
variant, which encodes CB1. The exons are indicated as vertical lines. The introns are drawn to
scale as indicated. B: Nucleotide sequence of genomic regions encoding novel splice
variants of Cp. Protein encoding sequences are in capital letters, intron and 5’-untranslated
sequences are in lower case letters. Translation initiation codons are underlined. Only the 5’-
end of exon 2 is included. C: Schematic representation of how the various human Cf
exons 5'to exon 2 may be spliced. The upper panel describes a potential model in which four
variants of exon 1 designated exon 1-1, 1-2, 1-3 and 1-4 may alternatively splice with exon 1
to encode the splice variant specific sequence in CB1, CB2, CB3 and CPB4. The lower panel
describes a model in which the exons a, b and ¢ may splice with exon 1-4 and 1-3 upstream of

exon 2 to encode the splice variant-specific sequences in CB4ab, Cf34abc and CB3ab.

Figure 3: Deduced amino acid sequence of Cf splice variants. The amino acid sequences of
the amino terminal parts of CB1 and five new splice variants, designated Cp2, C33, Cp4,
CB4ab and C4fBabc according to the cDNA clones shown in figure 1A. The amino acid
sequences are shown in the one letter code and demonstrate that six novel CP exons give rise
to five different cDNAs as a result of alternative promoter use and alternative splicing. The
myristylation motive G-N previously identified in CB1 is boxed. A PKA autophosphorylation

motive that has previously been identified in Cf1, is underlined and Ser10 which is potentially
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phosphorylated, is labeled by an asterisk. Note that there is a PKA autophosphorylation motif,

encoded by exon a, present in Cf34ab and C34abc.

Figure 4: Tissue distribution of different C splice variants. Northern blots containing
various human tissues were hybridized using probes specific for CB1, Cp2, Cp4, exon a+b and
a probe common to all CP splice variants (C common). For comparison, the same blots were
hybridized using a GAPDH cDNA (GAPDH). All C mRNAs had the same apparent length
(4.4 kb).

Figure 5: A: Species distribution of CB2. A Southern blot containing EcoRI digested
genomic DNA from various species was hybridized using a DNA probe corresponding to exon
1-2 (CB2 specific). A single hybridizing band identifying genomic sequence homologous to
human exon 1-2 was identified in mammalians such as monkey, dog, rabbit and human except .
mouse and rat. B: CP2 is not expressed in the mouse. A Northern blot containing total RNA
(20 pg pr. lane) isolated from wild type (+/+) mouse brain and spleen (lane 1 and 3), brain and
spleen of mice ablated (-/-) for CB1 (lane 2 and 4) and human peripheral blood leukocytes
(lane 5) was probed with a CB probe expected to recognize all known Cp splice variants (CB
Common, upper panel) and a CP probe specific for the CB2 splice variant (C2, lower panel).

Messenger RNA recognized by the two probes is indicated as 4.4 kb.
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DETAILED DESCRIPTION OF THE INVENTION
The present invnetion demonstrate that the human CP gene encodes ﬁve novel CB splice
variants, designated CPB2, CP3, CB4, CB4ab and CpP4abc, in addition to the previously
identified splice variant CB1 [12]. All the CP splice variants contained a unique N-terminal end,
and showed tissue specific expression. As we found no evidence of an additional exon
upstream of exon 1-1 and all the cDNA characterized had unique 5'-ends, it is reasonable to
assume that the exon 1-1, 1-2, 1-3 and 1-4 each contain a separate promoter, and that the
resulting mRNA products are due to alternative use of different promoters. Despite this, we
can not rule out the possibility that two or more of these splice variants share a common
promoter used to alternatively splice the different exons. Furthermore, we found two CP
variants, C34ab and CB4abc, that were the results of alternative splicing of either exon a and b,
or exon a, b and c, between exon 1-4 and exon 2. The presence of the corresponding mRNA
was confirmed by hybridizing a Northern blot with a probe complimentary to the sequences
found in exons a and b. This probe and the probe specific for C4 bound to an RNA with the
same apparent length located in human brain. The location of the exons a, b and ¢ may suggest
that they generate splice variants of Cf in addition to those demonstrated here. Indeed, a short
cDNA from human infant brain have been sequenced and demonstrated to contain a
combination of exons 1-3, a, b and 2 (Accession no. AA351487, see Fig. 2C). We were unable
to produce such a cDNA, which could be due to low level expression of C33 in adult brain.
The two splice variants Cal and CB1 are highly conserved in the parts encoded by
exon 1, differing in only 2 of the first 16 amino acids [7;12]. It is therefore tempting to suggest
that this region serve a specific role in the function of these splice variants. Thus, the fact that
we have identified several C3 splice variants with variable N-terminal ends could suggest that

the N-terminal domain might reflect specific functional features associated with each splice
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variant. This is supported by studies of the mouse Cf1 KO mouse, which displayed impaired
hippocampal plasticity [16]. However, to what extent N-terminal differences influence catalytic
activity is not known since it was shown that the N-terminally truncated C splice variants in
mouse, CPB2 and CP3 were catalytically active, an activity that was inhibited both by PKI and
the R subunit in vivo [14]. In addition, a study by Herberg et al [17] showed that deleting
amino acids 1-14 in the Ca isoform did not influence catalytic activity, demonstrating that the
N-terminal specific for the Ca.1/CB1 is not necessary for catalytic activity.

The N-terminal of Cal and CB1 contain two sites for post-translational modification, a
myristylation site and an autophosphorylation site [5;18;19]. In Cal, CB1 and CB3 the N-
terminal amino acid is G (Gly) which has been shown as an absolute requirement for
myristylation [20]. Despite this, it was previously demonstrated in the mouse that C33 does
not undergo myristylation in vivo [14]. This phenomena may be explained based on a recent
study, demonstrating that the amino acid C-terminal to G must be N if myristylation shall
occur. This because deamination of N to yield D is an absolute requirement [21]. Because the
amino acid C-terminal to G is L in both mouse and human C3, it explains why mouse CB3 is
not myristylated and suggests that the human CB3 may not be myristylated in vivo.

The fact that several human Cf splice variants (C2, CB3, Cp4, CB4ab and CB4abc)
lack the ability to become myristylated in vivo, question the role of this post translational
modification. Based on the Co crystal structure it appears that the myristyl group serves to fill
and shade a hydrophobic pocket in the large lobe [22], suggesting that this N-terminal
modification serves to solubilize the C subunit. This is supported by two independent
observations. Firstly, expression of an N-terminally truncated form of Cal revealed a C
subunit tightly associated with the particulate fraction [23]. Secondly, the Ca-s/Cat2 which is a

naturally occuring N-terminally truncated splice variant is tightly associate with sub cellular
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structures in both ovine- [9;24] and human [11] sperm. This taken together with a recent
report, which demonstrated that the myristyl group serves to increase the lipofilic properties of
the C subunit when binding the RII- but not the RI subuni t[25], suggests that the N-terminal
amino acids of Caul together with myristylation serves to influence C subunit solubility. Thus,
the sequence similarity between Col and CB1 and the difference in solubility of Cal and Cao-
s/Ca2, may imply comparable difference in solubility between CB1 and the truncated CP
forms.

Previously a consensus autophosphorylation motif (-KKGS' -) was identified in Cal
and CB1 [12;26], that is phosphorylated when Cal is expressed in bacteria [18;23]. In the
study by Yonemoto et al. (1993) mutation of S'° yielded an insoluble enzyme that appeared
inactive. Thus, the N-terminal domain may also have implications for catalytic activity by an
unknown mechanism. However, like the human Cf32, Cp3, C4, the mouse CP2 and CB3 lack
S' yet these splice variants are soluble and catalytically active in vivo [14]. This suggests that
the human homologues most probably are active and may imply that $'° phosphorylation is not
crucial for C subunit catalysis. Interestingly, we identified a potential autophosphorylation site
(-RKSS®-) in CB4ab and Cp4abc that was encoded by exon a. To what extent this site
represents a true autophosphorylation site that will influence CB4ab and CP4abc properties,
remains to be seen.

The human CP2 splice variant was similar to the previously identified bovine Cp2
splice variant, but we have been unable to identify a similar splice variant in mice. Interestingly,
the human CB2 splice variant is expressed only in peripheral tissues, while no detectable C32
mRNA signal is found in human brain. However, no CB can be detected outside the brain in

mice lacking the CB1 splice variant [14;16]. In addition, we were unable to detect any signal
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when hybridizing mouse DNA using a human Cf2 specific probe. Thus, it is likely that mice do
not contain a homologue of the human and bovine CB2 splice variants.

Interestingly, CP2 is the most atypical of the C3 splice variants. This subunit is encoded
with an extended N-terminal domain, which do not resemble any of the other CB splice
variants. The unique domain together with the fact that Cf2 lacks the myristylation- as well the
autophosphorylation site, and that CP2 is the only CB splice variant not identified in the brain,
may suggest specific and unique features associated with this splice variant in other tissues that
will await further studies.

The inventors suggest that tissue-specific expression of various Cp splice variants when
complexed with R subunits may imply novel PKA holoenzymes with specific functional
features that may be important as mediators of cAMP effects.

The present invention includes in this respect genomic DNA- and ¢cDNA sequences encoding
splicevariants CpB1, CB2, CB3, CB4, CB4ab and CP4abc and comprises the nucleotide
sequence shown in SEQ ID NO: 1,2,3,4,5 and 6 respectively. Wherein the said proteins are
new splice variants of the CP protein. The present invention 1s further directed to vectors
comprising said cDNA sequences. The invention also includes proteins characterised by the
specific amino acid CB splice variant proteins; C32, Cf4ab and Cp4abc shown in SEQ ID NO:
7,8and 9 respectively. The invention includes further use of the said CJ splice variant proteins
and DNA sequences in preparation of pharmaceuticals for diagnostic- and therapeutic in order

to_identify, characterize and produce pharmacological compositions .

CB2 is an enzyme that is expressed in lymphoid cells, whereby its function is to mediate the
regulatory effects of cCAMP on T cell activation. Thus, altered levels, location and/or activity of

CpB2 will according to the inventors results, have impact on the regulation and normal function
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of receptors and enzymes which are important for T cell activation and are regulated by cAMP.
This; knowledge can be used to diagnose hyperreactive and dysfunctional T cells associated
with various immune diseases.

1) Malfunctioned T cells: 1 is well known that T cells isolated from patients suffering from T
cell-dependent common variable immune deficiency (CVI) and acquired immune deficiency
syndrome (AIDS) do not respond to antigen. Furthermore, T cells isolated from patients
suffering from certain types of rheumatoid arthritis and other auto immune diseases are hyper
sensitive to foreign antigens. In both cases these situations evoke abnormal immune responses
that may involve malfunctioned CB2. This may either be monitored as constitutively activated
CPB2, sub-normal activity or dislocation of CB2.

1.1) Improving T cell dysfunction: Present invention makes it possible to identify,
characterize and produce pharmacological compositions after high through put screening that
specifically will inhibit the enzymatic activity of CB2. These compositions should be developed
such that they can be introduced orally or intra venously to enter the blood system reaching the
dysfunctional T cells.

Furthermore, dislocation of CB2 protein from the T cell membrane will short cut the
regulatory effects of CB2 on relevant receptors. Thus, the present invention makes it possible
to identify, characterize and produce pharmacological composition after high through put
screening that will specifically and irreversibly block CB2 interaction with the T cell membrane.
These compositions should be developed such that they can be introduced orally or intra
venously to enter the blood system reaching the T cell.

1.2) Down regulation of hyper active T cells: Present invention makes it possible to identify,
characterize and produce pharmacological compositions after high throﬁgh put screening that

specifically will activate the enzymatic activity of CB2. These compositions should be

10
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developed such that they can be introduced orally or intra venously to enter the blood system
reaching the dysfunctional T cells.

1.3) Kits for diagnosing CB2 mutations: T cell malfunction caused by mal function or -
localization of CP2 enzyme activity may be caused by mutation(s) in the CB2 protein. Present
invention makes it possible to develop kits, which would diagnostically facilitate if mutated

CPB2 is present. Such kits should be developed with Cf32 specific DNA probes.

Present invention makes it possible to develop a method for inspection and screening of patient
T cells for the presence and location of C32 comprising:

a) collection and washing in buffer of isolated peripheral blood T lymphocytes according to
[27];

b) preparing for identification of CB2 protein by immunofluorescence, T cells are let to settle
onto poly L-lysine coated cover slips following detergent-dependent lysis;

¢) incubation with primary antibody (Ab), either irrelevant Ab or C2 specific Ab, Ab
overshoot will be removed by washing buffer and T cells incubated with secondary anti-IgG
Ab' conjugated with a fluorescent;

d) inspection of T cells under fluorescent microscopy.

Present invention makes it further possible to develop a method of

screening patient T cells for membrane associated C(32 catalytic activity comprising:

a) collection and washing in buffer of isolated peripheral blood T lymphocytes according to
[27];

b) preparation of T cells by lysing in detergent buffer;

b) monitoring CP2 specific catalytic activity by established assay, CB1 activity is used as an

internal control to determine relative activity.

Present invention makes it also possible to screen patients for mutations in the CB2 gene and
mRNA comprising:
a) collection and washing in buffer of isolated peripheral blood T lymphocytes according to

[27];

11
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b) isolation of total RNA and genomic DNA according to established methods followed by
RT-PCR using CB2 specific primers according to cDNA sequence of CB2 specific nucleotides

or the CB2 specific exon, designated exon 1-2.

Materials and methods.

General protocols
Complementary DNA probes were radiolabeled using the Megaprime random priming kit and
a-[32P]dCTP (Amersham) as instructed by the manufacturers to a specific activity of at least 1
x 10° cpm. Synthetic oligonucleotides were radiolabeled using T4 polynucleotide kinase
(Pharmacia) and y-[32P]ATP as instructed by the manufacturer.

DNA was either sequenced manually using Thermo Sequenase radioabeled terminator
cycle sequencing kit (Amersham, Buckinghamshire, UK) or by Medigenomix (Martinsried,
Germany). Sequences were analyzed using the Wisconsin University GCG program package

(UWGCQG) and the basic local alignment and search tool (BLAST) [15].

Identification of cDNAs

The 5'-end of human Cp cDNA was amplified from human total fetus and brain Marathon
RACE-ready cDNAs (Clontech) using the Advantage KlenTaq Polymerase Mix (Clontech) as
described by the manufacturer. Amplification was performed using adapter primer 1 (Clontech)
and four diiferent primers complementary to the human CB c¢DNA sequence (5°-
CAACCCAAAGAGAAGTAAGAAAGTGGTCTA-3’,

5’- TTGGTTGGTCTGCAAAGAATGGGGGATAGC-3’,
5’-TTTTCTCATTCAAAGTATGCTCTATTTGC-3’ and

5’- AGAATAATGCCGGACTTGAAGATTTTGAAA-3’).

12
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Five cycles were performed with 45 sec 94 °C, 2 min 72 °C, five cycles 45 sec 94 °C, 2 min 70
°C, 25 cycles 45 sec 94 °C, 2 min 68 °C, and a final extension of 10 min at 72°C. The resulting
products were separated by gel electrophoresis, subcloned to pCR2.1TOPO (Invitrogen) as

instructed by the manufacturer and sequenced.

Amplification of Cp gene fragments.

A genomic fragment was amplified using an oligonucleotide corresponding to exon 1-3 (5°-
GTTTAGGTGCAATCATTCTGCTGTTTG-3") and a primer complementary to sequences in
exon 2 (5’- AAAAAGTCTTCTTTGGCTTTGGCTAGA-3’). Another genomic fragment was
amplified using a primer corresponding to exon 1-2 (5-
TGGCAGCTTATAGAGAACCACCTT-3") and a primer complementary to sequence found in
exon 1-3 (5’- CAATCCCATGTTGAACCTGGCA-3"). PCR reactions were performed using
the Boehringer-Mannheim Expand Long Template PCR kit as instructed by the manufacturer
using buffer 2. PCR was performed using human genomic DNA (Boehringer-Mannheim) as
template with 1 min at 92 °C, 30 cycles of 10 sec94 °C, 30 sec 60 °C and 10 min (extended
with 20 sec per cycle from cycle 11 to cycle 30) 68 °C, and a final incubation of 7 min at 68 °
C. Products were separated by agarose gel electrophoresis and analyzed by Southern blotting

using radiolabeled cDNAs and synthetic oligonucleotides corresponding to the different exons.

Screening of PAC library and subcloning of exon-containing sequences.

The human P1-derived Artificial Chromosome (PAC) library, RPCI-6 was screened and the
isolated bacterial clone was grown in liquid culture and plasmid DNA was isolated using ion-
exchange columns as described by the manufacturer (Qiagen, Hilden, Germany). Exon-

containing DNA restriction fragments were identified by Southern blotting using radio labeled

13
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cDNAs and synthetic oligonucleotides. Exon-containing fragments were excised from the gel

and subcloned to the pZERO2.1 vector (Invitrogen) as instructed by the manufacturer.

Generation of splice variant specific probes, Northern blotting and Southern blotting.
DNA fragments corresponding to the splice variant-specific parts of the cDNAs were amplified
by PCR. The following primers were used for the different splice variants:

CB1: 5’-GCTCTCCACCTCGCTGCCTTTCTT-3’and primer
5’-CCAGCCCCCCTTCCCTTCCCTGAC-3’,

Cp2: primer 5’-TGGCAGCTTATAGAGAACCACCTT-?»’ and primer
5’-ATTGATCTGTCCATAAGGCAGTAT-3’,

CB3: primer 5’-TCACAGCTAGCAGTAAGAGCTG-3’ and primer
5’-CAATCCCATGTTGAACCTGGCA-3’,

CB4:primer 5S’-TCTCCAGTGTGTGTGTTTACAC-3’ and primer
5’-ATGATGAAAACCAACCTTTCCA-3’.

The primers were used for amplification of the fragments from cloned RACE-products using
Taq DNA polymerase (Perkin-Elmer) as described by the manufacturer. For generation of a
probe specifically recognizing exon a and b, the primers
5’-GATATTTCTGAAGAGGAGCAAGCAGATGCATCTGATGATTTGCGTG-3’ and 5’-
CACGCAAATCATCAGATGCATCTGCTTGCTCCTCTTCAGAAATATC-3’ were
annealed, phosphorylated and ligated. A 1.5 kb fragment of Cf cDNA [5] was used for
recognizing the parts of the CB mRNA common to all splice variants. Two similar Northern
blots containing RNA from vafious human sources were purchased from Clontech. One blot
was hybridized using a probe specific for CB2, while the other blot was probed in succession
with probes specific for CB3, Cp4, exon a and b, and the 1.5 kb C3 cDNA. Both blots were

hybridized using GAPDH cDNA as control. As an almost identical pattern of hybridization was

14
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obtained using GAPDH on both blots, only one GAPDH blot is shown (Fig. 4). All probes
were hybridized in ExpressHyb hybridization solution (Clontech) as described by the
manufacturer. A Southern blot containing EcoRI-digested DNA from various species
(Clontech) and Southern blots containing human and mouse DNA digested with various
enzymes were hybridized using the probe specific for CB2. The filters were prehybridized in S
X Denhardt's solution, 5 X SSC, 50 mM sodium phosphate buffer, pH 6.8, 0.1 % SDS, 250
ug/ml single stranded salmon sperm DNA, and 50 % (v/v) formamide at 42 °C for 3 h, and
hybridized for 16 h in a similar solution containing the radiolabeled C common or Cj32 probe.
The membranes were washed four times in 2 X SSC, 0.1 % SDS for 5 min at room
temperature, followed by two washes using 0.5 X SSC, 0.1 % SDS at 50°C for 30 min.
Autoradiography was performed at -70°C using Amersham Hyperfilm MP and intensifying

screens.

In order that this invention may be better understood, the following examples are set forth.
These examples are for the purposes of illustration only, and are not to be construed as limiting

the scope of the invention in any manner.

Examples

Example 1

Identification of exons encoding novel splice variants of human C.

The 5’-ends of human Cf cDNAs were amplified from human brain and total fetus RACE-
ready ¢cDNA using four different oligonucleotide primers complementary to the previously
published human C3 cDNA sequence, in combination with an anchor primer. The resulting

PCR products were subcloned, sequenced and compared to the previously published human C

15



WO 01/48171 PCT/NO00/00445

B cDNA sequence which is now designated C31 (Fig. 1). All clones sequenced were shown to
lack the 46 first protein-encoding nucleotides in the human CB1 cDNA sequence. Instead 5
novel stretches of protein encoding sequences were identified (Fig. 1, variable region). Each of
the clones contained a translation initiation codon and one or more in-frame upstream stop
codons. The five novel cDNA sequences were designated C2, CB3, Cp4, CB4ab and Cp4abc.

All the Cp ¢cDNAs were similar from nucleotide 47 and down stream in the Cf31
cDNA, which corresponds to the start of exon 2 in the murine CP gene. The identification of
novel protein-encoding sequences upstream of exon 2, indicated the presence of several
different exons upstream of exon 2. Thus, human genomic DNA was amplified using a
combination of primers corresponding to exon 2 (antisense orientation) and the 5'-ends of the
diﬂ‘ereﬁt novel cDNAs (sense and antisense orientation) in different combinations. A 17 kb
PCR product was the result of an amplification using a primer corresponding to the 5’-end of
CB2 cDNA (sense orientation) and the 5’-end of C[3 (antisense orientation). Furthermore, a
14 kb PCR product was the result of an amplification using a primer corresponding to the 5°-
end of CB3 cDNA (sense orientation) and a primer corresponding to exon 2 (antisense
orientation). These clones enabled us to physically map six novel exons in the CB gene that
were designated 1-2, 1-3, 1-4, a, b and ¢, and which were located 31, 14.1, 14, 8.1, 5.4 and 4.4
kb upstream of exon 2, respectively (Fig. 2A). Furthermore, a PAC library was screened using
the 5' ends of C31 and CB2 cDNAs as probes. One of the clones identified, RPCI-6-228E23,
contained both exon 1-2 and an exon containing the entire splice variant-specific part of the
CB1 cDNA, which we termed exon 1-1.This PAC clone was selected for detailed restriction
mapping using CpG cutters. The digested PAC DNA was separatedyby pulsed-field gel
electrophoresis (PFGE), transferred to Southern blot membranes and hybridized with exon 1-1

and 1-2, as well as Sp6 and T7 oligonucleotide probes. These results revealed a distance of
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approximately 60kb between exon 1-1 and 1-2 (Fig. 2A). All nucleotide sequences found in the
different CB cDNAs could be identified in a continuous stretch of human genomic DNA,
thereby supporting the notion that these cDNAs are products of the same gene. Exon 1-1 was
shown to be homologous to the previously identified exon 1A of the murine C3 gene. As
shown in Fig. 2B, exon 1-2 contains the entire C[32 specific sequence, and exon 1-3 contains
the sequence specific for C3 which is homologous to the previously identified exon 1B in the
mouse Cf gene. Finally, exon 1-4 was shown to contain the sequence specific for the human
CpB4 splice variant, and to be homologous to the murine exon 1C, which encodes the N-
terminal end in the murine CB2 splice variant. Based on the CB4ab and Cp4abc cDNA
sequences, the exons a, b and ¢ (Fig. 2B), were demonstrated to be alternatively spliced in
between exon 1-4 and exon 2, with either exons 1-4, a, b and 2 or exons1-4, a, b, ¢ and 2 (Fig.
2C, lower panel). These cDNA sequences represent novel CB splice variants not identified in

any other species.

Example 2

Deduced amino acid sequence of novel Cp splice variants.

The N-terminal parts of the deduced amino acid sequences of the previously published CB1-
sequence and the 5 novel C splice variants are illustrated in Fig. 3 (upper and lower panels).
The splice variants were identical starting from the sequence encoded by exon 2 (amino acid
17 in CB1) to the C-terminus, while the N-termini varied both in length and sequence
composition. The C[32 splice variant contains a 63 amino acid sequence substituting the first 16
amino acids in CP1, and is homologous to the previously identified bovine CP2 [13].
Furthermore, the human CB3 splice variant contains four amino acids in the N-terminal

substituting the first 16 amino acids in CB1, and is similar to the previously identified murine
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CB3 [14]. The human Cf4 contains three amino acids substituting the first 16 amino acids in
CB1, and is similar to the murine Cf2 [14]. Finally, the splice variants Cf34ab and CB4abc
contain 18 and 21 amino acids, respectively, that substitute the first 16 amino acids of Cf1.
These splice variants show no homology to the N-terminus of any other C subunits identified

thus far.

Example 3

Tissue distribution of CpB splice variants.

To examine the tissue distribution of C splice variants, exon specific DNA probes and a DNA
probe common to all C@ splice variants were hybridized to two similar Northern blots
containing RNA from various human tissues. For comparison the blots were hybridized to a
. cDNA encoding glycer-aldehyde 3-phosphate dehydrogenase (GAPDH). In Fig. 4 (panel C(1)
we show that CB1 is predominantly expressed in brain and kidney with low level expression in
several other tissues as well. CB2 is expressed at high levels in thymus, spleen and kidney in
addition to a weak signal in other tissues (Fig. 4, panel Cp2). In contrast to Cp2 the exon 1-4
and exon a and b containing mRNAs appeared to be present exclusively in brain (Fig. 4, panels
Cp4 and exon a+b). Finally, probing the Northern blot with a probe common to all the C8
splice variants, we observed ubiquitous expression of Cp with the strongest signal in brain and
a somewhat weaker signal in spleen and thymus, when compared to the GAPDH signal (Fig. 4,
panel CB common). Hybridization using a DNA fragment corresponding to the Cf3 specific
c¢DNA resulted in an almost undetectable signal in the brain and no detectable signals in any

other tissues (data not shown).
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Example 4

The human CP2 splice variant is not present in the mouse.

Previously we have identified three splice variants of C[ in the mouse, CB1, CpB2 and C3
[14]. Based on the present work, it is apparent that mouse CB2 is not homologous to either
bovine or the human Cf2. Instead, mouse CP2 is homologous to what we now have
designated human Cf4. Thus, we investigated whether a Cf splice variant similar to human
CpB2 was present in the mouse genome. A Zoo-blot containing genomic DNA isolated from
human, monkey, rat, mouse, dog, cow, rabbit, chicken and yeast was hybridized using a DNA
fragment corresponding to exon 1-2 of human C. In Fig. 5 (panel A, lanes 1 to 9) we show
that a DNA fragment was detected using CP2 specific probe in man, mohkey, dog, cow, and
rabbit. In contrast, the CB2 specific probe did not recognize any fragments in the rat and
mouse suggesting that the CP2 specific exon is not present in the murine genome. To further
substantiate this observation we isolated total RNA from human, wild type mice and mice that
are ablated (knockout, KO) for exon 1A of the CP gene [16]. The RNA was isolated from
immune tissues and brain since we observed high level expression of C2 in human thymus,
spleen and peripheral blood leukocytes and high level of the other CB splice variants in the
brain (Fig. 4). The Northern blots were probed with a Cf§ cDNA probe (expected to recognize
all known CP splice variants) and a CB2 specific probe (see material and methods). In Fig. 5B
(upper panel) we demonstrate that CP is present in the brain of wild type and CB exon 1 KO
(lanes 1 and 2) and in human peripheral blood leukocytes (lane 5). The mouse spleen did not

contain Cp mRNA (lanes 3 and 4). When probing the same filter with the CB2 specific probe
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(Fig. 5, lower panel) C32 message was only detected in human peripheral blood leukocytes

(lane 5) whereas all the mouse tissues were negative for CB2 mRNA (lanes 1 to 4).
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Patent Claims.

1.
The genomic DNA sequence encoding the CB1, CB2, CB3, CB4, Cp4ab and CB4abc

splice variant proteins respectively comprising the nucleotide sequence of SEQ ID NO: 1,
wherein said proteins are new splice variants of the catalytic sub unit of c-AMP dependent

protein kinase termed Cp.

2.
The cDNA sequence encoding the CB1, CB2, CB3, CB4, Cp4ab and Cp4abe -

splice variant proteins respectively comprising the nucleotide sequences of SEQ ID NOs:
2,3,4,5 and 6, wherein said proteins are new splice variants of the catalytic sub unit of ¢-AMP .

dependent protein kinase termed Cp.

3.

The vectors comprising the DNA sequences according to claims 1 or 2.

4, ,
The specific amino acid sequences' of SEQ IDNOs 7,8 and 9 of C2, Cp4ab and CB4abc
respectively. '

5.

A protein encoded by the nucleotide sequences according to claims 1 or 2.

6.
A protein encoded by the specific DNA sequences'according to claims 1 or 2 comprising the

specific amino acid sequence of SEQ ID NO: 7,8 and 9.
7.

A kit comprising CP2 specific DNA probes.
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8.

The use of the CB2, CB4, CR4ab and CB4abc proteins for the preparation of pharmaceuticals.

9.
The use of CB2 protein for the preparation of a medicament for inhibition of the enzymatic
activity of C32.

10. .
The use of CB2 protein for the preparation of a medicament that will specifically and

irreversibly block CB2 interaction.

11.
The use of CB2 protein for the preparation of a medicament that will ag:tivate the enzymatic
activity of CB2. | |

12.
The use of the DNA sequences which is complementary to the CB1, CB2, CB3, CB4, Cp4ab

and CP4abc DNA according to claims 1 or 2 for the preparation of an anti sense drug.

13.

A Method for inspection and scfeenihg of patient T cells for the presence and location of C2
comprising: |

a) collecting and washing in buffer of isolated peripheral blood T lymphocyteS'

b) preparing for identification of CBZ protein by immunofluorescence, T cells are let to settle
onto poly L-lysine coated cover slips following detergent-dependent lysis;

¢) incubating with primary antibody (Ab), either 1rre1evant Ab or CB2 spec1ﬁc Ab, Ab
overshoot will be removed by washing buffer and T cells incubated wnh secondary antl-IgG
Ab conjugated with a ﬂuorescent

d) Inspection of T cells under fluorescent microscopy.-
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14. B
A method of screening patient T cells for membrane associated CP2 catalytic activity
comprising:
a) collecting and washing in buffer of isolated peripheral blood T lymphocytes;
b) preparing of T cells by lysing in detergent buffer;
-b) monitoring _CB2 specific catalytic activity by established assay, CP1 activity is used as an

internal control to determine relative activity.

15.

A method for screening of patients for mutations in the CB2 gene and mRNA comprising:

a) collecting and washing in buffer of isolated peripheral blood T lymphocytes; -

b) isolating of total RNA and genomic DNA according to established methods followed by
RT-PCR using Cp2 Speciﬁc primers é.ccording to cDNA sequence of CP2 specific nucleotides

or the CB2 specific exon, designated exon 1-2.

16.
A product produced by the methdd, according to claim 13, 14 and 15.

17.

A test system for screening for inhibitory- or activating molecules of the CB2' protein.

18. ,
The product from the screening method according to claim 17.
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FIGURE 2B

B

Exon 1-1:
ccagccccccttecectteecctgaccecttettgecatcgececccagacATGGGGAACGCGGCGACCE
CCAAGAAAGGCAGCGAGgtggagagcg

Exon 1-2:
agctttatatttaatgctctcattagectatatattaatattaaaacacccaaacataaagccttt
taggcagatattgcaagtttttaaaatcctcaactctagctgaaaagtgttttgctaagaaaagct
cagtaatgtgctgttttatattaacaggaaacagaacagcagtagtggtttgaataccctgcaaac
aggaagtttgacacatgcatagctcttagcttctgtgtaagaagttgtgagctccttctggaaaca
tttgcagttacattaagtaaagtgtaaatgcacatgaﬁggGCAGCTTATAGAGAACCACCTTGTAA
CCAGTATACAGGTACAACTACAGCTCTTCAGAAATTGGAAGGTTTTGCTAGCCGGTTATTTCATAG
ACACTCTAAAGGTACTGCACATGATCAGARAACAGCTCTGGAAAATGACAGCCTTCATTTCTCTGA
ACATACTGCCTTATGGGACAGATCAAgtaagttttg

Exon 1-3 and 1-4:
tgtttttaggcagagttcagtggttcgtcacaaataaatgtttcttaatttgttgtttatgactge
tcgatttccagagccatgaaatcattgtttttgataattctgttcagecttcatagttgtttcttag
gaagatttcctgacttacttccacatcaccaaaagtcctgccfbacatggcaactgttaaaatggc
aagttcacgtgctgaagttctacttaacaaggaaccattctatagattctttgtaccattttggta
caaattttggatctctggtaatcaaaacaatctgttcaccatgctacccagtcagcccaccttgct
atacaatctgtcatcttagtcctgtttcatgtgaggaattttacatttctgcaataattgccagta
acttttttgtgtattattttcttttgaataccacatggatggcatctgacactgtttgtaatgctg
aatttaatggaagtttacaaataagttattctatgattctcctttaaaaatgcagatatacatata
tgtatataatattattctcttccataacacagaatgtttaaatggttaacatttgtgctgcagtat
agctttctggctcatgaaaaatgaaagctatcagcgatctcggcaataagattcatcgccaatagt
cactagcaacagcacacagcattttaatatcagtgaggtccacagctagcagtaagagctggtgta
attgaaagacgtttaggtgcaatcattctgctgtttgcteccttgeccaggttcaacATGEGATTGTg
tgagtatttgaagaaaacagcaattttttcatatctttgaaagatgtaaaaagcgtagattagtgce
ttaaatttaagaaatctggtaatttataatcatgtggctctaaaataaaaaggtattttatttgtc
tggtggattaaagctttagaaaagctacgccttggatacaagtgaaccgataattctggtctaatg
ttgccgtggtaacaactcatgctgatataattgagaacatcttatacatcctggttcgaacatttt
ctccctgecattttgagttgttctagtggtatatgaaggaggctgggataactagcttgaaagaaa
ttcagtctagttatagacatctttggcattaatctgatgtttactagtgatatctcatgctaggcea
gttatgctttgcttctaggggcttctctttttaaaacaaaagaaagctcttttecgttttctgtgtg
ctgcatgctccagtgtgtgtgtttacaccatcggttcttcteccctctagagattagcataactcece
tttgctgttggattgttattttgagcaatatgttttggaaaggttggttttcatcATGAGTGgtaa
gtatgc

Exon a
cttgatcaagCACGCAAATCATCAGATGCATCTGgtaggaaaac

Exon b
tggacacaagCTTGCTCCTCTTCAGAAATATCTGgtaggcaagt

Exon c
gaacatgtagATTCCTTTGgtatgctcat

Exon 2
atattttcagTGAAAGAGTIT. . .
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SEQUENCE LISTING

SEQID NO: 1

PCT/NO00/00445

<110> Sigurd Qrstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og
Bjern S. Skalhegg
<120> Identification of novel splice variants of the human catalytic subunit Cp of
cAMP-dependent protein kinase and the use thereof

<160>9
<210>1
<211>

<212>genomic DNA
<213>Homo sapiens

<400>

Genomic sequence of exons and exon intron bouderies located upstream of exon
2 in the human Cp gene.

Exon 1-1:

ccagcccccce
GGGAACGCGG
Exon 1-2:

agctttatat
caaacataaa
ftctagctgaa
tattaacagg
gaagtttgac
tcecttetgga
aATGGCAGCT
CAGCTCTTCA
TCTAAAGGTA
TCATTTCTCT

ttcecttccce
CGACCGCCAA

ttaatgctct
gccttttagg
aagtgttttg
aaacagaaca
acatgcatag
aacatttgca
TATAGAGAAC
GAAATTGGAA
CTGCACATGA
GAACATACTG

Exon 1-3 and 1-4:

tgtttttagg
tgttgtttat
taattctgtt
ttccacatca
gttcacgtgc
gtaccatttt
caccatgcta
cctgtttcat
ttttgtgtat
tttgtaatgc
ctcctttaaa
cataacacag
ctggctcatg
cgccaatagt
cacagctagc

cagagttcag
gactgctcga
cagcttcata
ccaaaagtcc
tgaagttcta
ggtacaaatt
cccagtcagc
gtgaggaatt
tattttcttt
tgaatttaat
aatgcagata
aatgtttaaa
aaaaatgaaa
cactagcaac
agtaagagct

tgaccccttce
GAAAGGCAGC

cattagccta
cagatattgc
ctaagaaaag
gcagtagtgg
ctcttagctt
gttacattaa
CACCTTGTAA
GGTTTTGCTA
TCAGAAAACA
CCTTATGGGA

tggttcgtca
tttccagage
gttgtttctt
tgcctcacat
cttaacaagg
ttggatctct
ccaccttgct
ttacatttct
tgaataccac
ggaagtttac
tacatatatg
tggttaacat
gctatcagcg
agcacacagc
ggtgtaattg

ttgccatcgce
GAGGTGGAGA

tatattaata
aagtttttaa
ctcagtaatg
tttgaatacc
ctgtgtaaga
gtaaagtgta
CCAGTATACA
GCCGGTTATT
GCTCTGGAAA
CAGATCAAgt

caaataaatg
catgaaatca
aggaagattt
ggcaactgtt
aaccattcta
ggtaatcaaa
atacaatctg
gcaataattg
atggatggca
aaataagtta
tatataatat
ttgtgctgca
atctcggcaa
attttaatat
aaagacgttt

cccagacATG
GCGgtgagtt

ttaaaacacc
aatcctcaac
tgctgtttta
ctgcaaacag
agttgtgagc
aatgcacatg
GGTACAACTA
TCATAGACAC
ATGACAGCCT
aagttttg

tttcttaatt
ttgtttttga
cctgacttac
aaaatggcaa
tagattcttt
acaatctgtt
tcatcttagt
ccagtaactt
tctgacactg
ttctatgatt
tattctcttc
gtatagcttt
taagattcat
cagtgaggtc
aggtgcaatc

gaaggccg
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attctgcetgt
tgaagaaaac
attagtgctt
aaataaaaag
acgccttgga
aacaactcat
cattttctcc
gggataacta
ttaatctgat
ttctagggge
tgtgctgcat
tagagattag
tgttttggaa

Exon a
cttgatcaag

Exon b
tggacacaag

Exon ¢
gaacatgtag

Exon 2
atattttcag

SEQ ID NO:2

<110> Sigurd @rstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og

ttgctceccttg
agcaattttt
aaatttaaga
gtattttatt
tacaagtgaa
gctgatataa
ctgccatttt
gcttgaaaga
gtttactagt
ttctettttt
gctccagtgt
cataactccc
aggttggttt

CACGCAAATC

CTTGCTCCTC

ATTCCTTTGY

TGAAAGAGTT.

Bjern S. Skalhegg

<120> Identification of novel splice variants of the human catalytic subunit Cp of

2

ccaggttcaa
tcatatcttt
aatctggtaa
tgtctggtgg
ccgataattc
ttgagaacat
gagttgttct
aattcagtct
gatatctcat
aaaacaaaag
gtgtgtttac

CATGGGATTG
gaaagatgta
tttataatca
attaaagctt
tggtctaatg
cttatacatc
agtggtatat
agttatagac
gctaggcagt
aaagctcecttt
accatcggtt

PCT/NO00/00445

Tgtgagtatt
aaaagcgtag
tgtggctcta
tagaaaagct
ttgccgtggt
ctggttcgaa
gaaggaggct
atctttggca
tatgctttgce
tcgttttcetg
cttctccctce

tttgctgttg gattgttatt ttgagcaata
tcatcATGAG TGgtaagtat gc

ATCAGATGCA TCTGgtagga aaac

TTCAGAAATA TCTGgtaggc aagt

tatgctcat

cAMP-dependent protein kinase and the use thereof

<160>9
<210>2
<211>3089 nt
<212>cDNA

<213>Homo sapiens

<400> CP2

1 CCTTCTGGAA ACATTTGCAG TTACATTAAG TAAAGTGTAA ATGCACATGA

51

101

151

201

251

ATGGCAGCTT ATAGAGAACC

AGCTCTTCAG AAATTGGAAG

CTAAAGGTAC TGCACATGAT

CATTTCTCTG AACATACTGC

AGCCAAAGCC AAAGAAGACT

ACCTTGTAAC CAGTATACAG GTACAACTAC

GTTTTGCTAG CCGGTTATTT CATAGACACT

CAGAAAACAG CTCTGGAAAA TGACAGCCTT

CTTATGGGAC AGATCAATGA AAGAGTTTCT

TTTTGAAAAA ATGGGAGAAT CCAACTCAGA
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301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

ATAATGCCGG

TCATTTGGAA

TGCCATGAAG

AGCATACTTT

CTTGTTCGAC

TATGGAATAT

GAAGGTTCAG

ACATTCGAGT

TGAAAATCTC

GGTTTGCCAA

GAGTATTTGG

GGATTGGTGG

CCCCATTCTT

GGAAAGGTCC

ACGGAACCTG

ATGGTGTCAG

ATTGCTATTT

AGGCTCTGGA

GTGTCTCTAT

GGAACAAGAT

GATAAGGTAG

CATTCCAACG

CTGCATCCAC

ATAACACAGT

CTCTCCTACA

AGTGCTCCAT

CGTGATATTT

TATTGTTGTT

TCTTTGAGTA

AGATAGACTG

TCTTGGAATT

AGCTAGACCC

ACTTGAAGAT

GAGTCATGTT

ATCTTAGATA

GAATGAGAAA

TGGAGTATGC

GTCCCTGGGG

TGAGCCCCAT

ACCTCCATTC

TTAATTGACC

AAGAGTTAAA

CTCCAGAAAT

GCATTAGGAG

TGCAGACCAA

GATTCCCATC

CTGCAGGTGG

TGATATAAAA

ACCAGAGGAA

GATACCAGCA

AACAGAAAAA

GACATCTGAG

AGCTGAGACC

ACTGAGTGAG

CTATGTAACA

ACTAGACCAC

TCCATTTCTT

TTTATTTTGT

GAAGGGAAGG

GGTCAATGGC

GCTCAGACTT

TCTTATCACC

CACTATTCTG

AGAAATTTGG

TTTGAAAGGA

GGTAAAACAC

AGCAGAAGGT

AGAATATTAC

TTTTAAGGAT

GTGAAATGTT

GCACGGTTCT

ACTAGACCTC

ATCAAGGCTA

GGCAGAACTT

AATTCTCAGC

TGCTAATCTA

CCAATTCAGA

CCACTTCAGT

ATTTGACCAA

ACTCACAAGT

GGTTGAAGCT

ACTTTGATGA

TGTGCAAAAG

CTCACACTCA

GTCCTTGTTG

GTCTTTATTG

AGGCACCGCT

TTTCTTACTT

CCTTTTCAAT

TGGTGTTTCA

ATAAGTGTTG

TTGAAGATAA

GGTTTTGCCA

AAGGAAATTT

GCAATAAATT

AAGGCTGTAG

AAAAAACCCT

AAAGCCACTG

TGTTAAACTG

AGGCAGTGAA

AATTCTAATT

TTCACATCTA

ATGCAGCTCA

ATCTACAGAG

TATCCAGGTC

GGACATTATG

AAGGGCTACA

TGAAATGGCA

TTTATGAAAA

TCAGATCTCA

GAGATTTGGA

GGTTTGCCAC

CCATTCATAC

CTATGAAGAA

AATTTGGTGA

GTGTTTGCAC

AAGCAGTTAC

CCATCATCCG

AAGCAAGCAT

CTCTTTGGGT

TTCATTGGTT

GATGGGCAGT

CTTTCAGTAG

ACTTTCTAAT

AAACTCTTGG

ATACAAATTA

TTGGTAGACT

ATCAGAGGTT

PCT/NO00/00445

TGGAACAGGT

AACAGTATTA

AAGCAAATAG

TTTTCCTTTC

TATACATGGT

AGAAGAATTG

GATAGTGCTA

ATCTAAAACC

ACAGACTTTG

TGGAACTCCA

ATAAGGCAGT

GCTGGCTATC

GATTGTTTCT

AGGACCTTCT

AATCTAAAGA

GACAGATTGG

CAAAGTTTAG

GAAGATATCC

ATTTTAAAGA

TCTGTTGAGA

CTAGTTCCTT

TGTGCGCACT

TGTCTGTGCC

TGTCTTTCTC

TTCTCTAAAC

GTTATGGCTA

TTATTGCCAA

AATTATTATT

TAATTTTTGA

AGACTAACTT

AATACAGTAC

CTAGTTCCCT
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4
1901 TTCCCTCCTT TTATATCCTC CTCTCCTTGA GTAATGAAGT GACCAGCCTG
1951 TGTAGTGTGA CAAACGTGTC TCATTCAGCA GGAAAAACTA ATGATATGGA
2001 TCATCACCCA GATTCTCTCA CTTGGTACCA GCATTTCTGT AGGTATTAGA
2051 GAAGAGTTCT AAGTTTTCTA AACCTTAACT GTTCCTTAAG GATTTTAGCC
2101 AGTATTTTAA TAGAACATGA TTAATGAAAG TGACAAATTT TAAATTTTCT
2151 CTAATAGTCC TCATCATAAA CTTTTTAAAG GAAAATAAGC AAACTAAAAA
2201 GAACATTGGT TTAGATAAAT ACTTATACTT TGCAAAGTCA AAAATGGCTT
2251 GATTTTTGGA AACAATATAG AGGTATTCAT ATTTAAATGA GGGTTTACAT
2301 TTGTTTTGTT TTGTAACCGT TAAAAAGAAG TTGTTTCCAG CTAATTATTG
2351 TGGTGTACTA TATTTGTGAG CCTAGGGTAG GGGCACTGCT GCAACTTCTG
2401 CTTTCATCCC ATGCCTCATC AATGAGGAAA GGGAACAAAG TGTATAAAAC
2451 CTGCCACAAT TGTATTTTAA TTTTGAGGTA TGATATTTTC AGATATTTCA
2501 TAATTTCTAA CCTCTGTTCT CTCAGTAAAC AGAATGTCTG ATCGATCATG
2551 CAGATACAAT GTTGGTATTT GAGAGGTTAG TTTTTTTCCT ACACTTTTTT
2601 TTGCCAACTG ACTTAACAAC ATTGCTGTCA GGTGGAAATT TCAAGCACTT
2651 TTGCACATTT AGTTCAGTGT TTGTTGAGAA TCCATGGCTT AACCCACTTG
2701 TTTTGCTATT TTTTTCTTTG CTTTTAATTT TCCCCATCTG ATTTTATCTC
2751 TGCGTTTCAG TGACCTACCT TAAAACAACA CACGAGAAGA GTTAAACTGG
2801 GTTCATTTTA ATGATCAATT TACCTGCATA TAAAATTTAT TTTTAATCAA
2851 GCTGATCTTA ATGTATATAA TCATTCTATT TGCTTTATTA TCGGTGCAGG
2901 TAGGTCAfTA ACACCACTTC TTTTCATCTG TACCACACCC TGGTGAAACC
2951 TTTGAAGACA TAAAAAAAAC CTGTCTGAGA TGTTCTTTCT ACCAATCTAT
3001 ATGTCTTTCG GTTATCAAGT GTTTCTGCAT GGTAATGTCA TGTAAATGCT
3051 GATATTGATT TCACTGGTCC ATCTATATTT AAAACGTGC
SEQ ID NO:3

<110> Sigurd @rstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og
Bjeorn S. Skélhegg

<120> Identification of novel splice variants of the human catalytic subunit Cp of
cAMP-dependent protein kinase and the use thereof
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<160>9

<210>3

<211>2944 nt

<212>cDNA

<213>Homo sapiens

<400> CB3

1 TCACAGCTAG CAGTAAGAGC TGGTGTAATT GAAAGACGTT TAGGTGCAAT

51 CATTCTGCTG TTTGCTCCTT GCCAGGTTCA ACATGGGATT GTTGAAAGAG

101 TTTCTAGCCA AAGCCAAAGA AGACTTTTTG AAAAAATGGG AGAATCCAAC
151 TCAGAATAAT GCCGGACTTG AAGATTTTGA AAGGAAAAAA ACCCTTGGAA
201 CAGGTTCATT TGGAAGAGTC ATGTTGGTAA AACACAAAGC CACTGAACAG
251 TATTATGCCA TGAAGATCTT AGATAAGCAG AAGGTTGTTA AACTGAAGCA
301 AATAGAGCAT ACTTTGAATG AGAAAAGAAT ATTACAGGCA GTGAATTTTC
351 CTTTCCTTGT TCGACTGGAG TATGCTTTTA AGGATAATTC TAATTTATAC
401 ATGGTTATGG AATATGTCCC TGGGGGTGAA ATGTTTTCAC ATCTAAGAAG
451 AATTGGAAGG TTCAGTGAGC CCCATGCACG GTTCTATGCA GCTCAGATAG
501 TGCTAACATT CGAGTACCTC CATTCACTAG ACCTCATCTA CAGAGATCTA
551 AAACCTGAAA ATCTCTTAAT TGACCATCAA GGCTATATCC AGGTCACAGA
601 CTTTGGGTTT GCCAAAAGAG TTAAAGGCAG AACTTGGACA TTATGTGGAA
651 CTCCAGAGTA TTTGGCTCCA GAAATAATTC TCAGCAAGGG CTACAATAAG
701 GCAGTGGATT GGTGGGCATT AGGAGTGCTA ATCTATGAAA TGGCAGCTGG
751 CTATCCCCCA TTCTTTGCAG ACCAACCAAT TCAGATTTAT GAAAAGATTG
801 TTTCTGGAAA GGTCCGATTC CCATCCCACT TCAGTTCAGA TCTCAAGGAC
851 CTTCTACGGA ACCTGCTGCA GGTGGATTTG ACCAAGAGAT TTGGAAATCT
901 AAAGAATGGT GTCAGTGATA TAAAAACTCA CAAGTGGTTT GCCACGACAG
951 ATTGGATTGC TATTTACCAG AGGAAGGTTG AAGCTCCATT CATACCAAAG
1001 TTTAGAGGCT CTGGAGATAC CAGCAACTTT GATGACTATG AAGAAGAAGA
1051 TATCCGTGTC TCTATAACAG AAAAATGTGC AAAAGAATTT GGTGAATTTT
1101 AAAGAGGAAC AAGATGACAT CTGAGCTCAC ACTCAGTGTT TGCACTCTGT
1151 TGAGAGATAA GGTAGAGCTG AGACCGTCCT TGTTGAAGCA GTTACCTAGT
1201 TCCTTCATTC CAACGACTGA GTGAGGTCTT TATTGCCATC ATCCGTGTGC
1251 GCACTCTGCA TCCACCTATG TAACAAGGCA CCGCTAAGCA AGCATTGTCT
1301 GTGCCATAAC ACAGTACTAG ACCACTTTCT TACTTCTCTT TGGGTTGTCT
1351 TTCTCCTCTC CTACATCCAT TTCTTCCTTT TCAATTTCAT TGGTTTTCTC
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1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

1951

2001

2051

2101

2151

2201

2251

2301

2351

2401

2451

2501

2551

2601

2651

2701

2751

2801

2851

2901

TAAACAGTGC
GGCTACGTGA
GCCAATATTG
TTATTTCTTT
TTTGAAGATA
AACTTTCTTG
AGTACAGCTA
TCCCTTTCCC
GCCTGTGTAG
ATGGATCATC
TTAGAGAAGA
TAGCCAGTAT
TTTCTCTAAT
AAAAAGAACA
GGCTTGATTT
TACATTTGTT
TATTGTGGTG
TTCTGCTTTC
AAMACCTGCC
TTTCATAATT
TCATGCAGAT
TTTTTTTGCC
CACTTTTGCA
ACTTGTTTTG
ATCTCTGCGT
ACTGGGTTCA
ATCAAGCTGA
GCAGGTAGGT
AAACCTTTGA

TCTATATGTC

TCCATTTTAT
TATTTGAAGG
TTGTTGGTCA
GAGTAGCTCA
GACTGTCTTA
GAATTCACTA
GACCCAGAAA
TCCTTTTATA
TGTGACAAAC
ACCCAGATTC
GTTCTAAGTT
TTTAATAGAA
AGTCCTCATC
TTGGTTTAGA
TTGGAAACAA
TTGTTTTGTA
TACTATATTT
ATCCCATGCC
ACAATTGTAT
TCTAACCTCT
ACAATGTTGG
AACTGACTTA
CATTTAGTTC
CTATTTTTTT
TTCAGTGACC
TTTTAATGAT
TCTTAATGTA
CATTAACACC
AGACATAAAA

TTTCGGTTAT

TTTGTTGGTG
GAAGGATAAG
ATGGCTTGAA
GACTTGGTTT
TCACCAAGGA
TTCTGGCAAT
TTTGGAAGGC
TCCTCCTCTC
GTGTCTCATT
TCTCACTTGG
TTCTAAACCT
CATGATTAAT
ATAAACTTTT
TAAATACTTA
TATAGAGGTA
ACCGTTAAAA
GTGAGCCTAG
TCATCAATGA
TTTAATTTTG
GTTCTCTCAG
TATTTGAGAG
ACAACATTGC
AGTGTTTGTT
CTTTGCTTTT
TACCTTAAAA
CAATTTACCT
TATAATCATT
ACTTCTTTTC
AAAACCTGTC

CAAGTGTTTC

TTTCAGATGG
TGTTGCTTTC
GATAAACTTT
TGCCAAAACT
AATTTATACA
AAATTTTGGT
TGTAGATCAG
CTTGAGTAAT
CAGCAGGAAA
TACCAGCATT
TAACTGTTCC
GAAAGTGACA
TAAAGGAAAA
TACTTTGCAA
TTCATATTTA
AGAAGTTGTT
GGTAGGGGCA
GGAAAGGGAA
AGGTATGATA
TAAACAGAAT
GTTAGTTTTT
TGTCAGGTGG
GAGAATCCAT
AATTTTCCCC
CAACACACGA
GCATATAAAA
CTATTTGCTT
ATCTGTACCA
TGAGATGTTC

TGCATGGTAA

PCT/NO00/00445

GCAGTGTTAT

AGTAGTTATT

CTAATAATTA

CTTGGTAATT

AATTAAGACT

AGACTAATAC

AGGTTCTAGT

GAAGTGACCA

AACTAATGAT

TCTGTAGGTA

TTAAGGATTT

AATTTTAAAT

TAAGCAAACT

AGTCAAAAAT

AATGAGGGTT

TCCAGCTAAT

CTGCTGCAAC

CAAAGTGTAT

TTTTCAGATA

GTCTGATCGA

TTCCTACACT

AAATTTCAAG

GGCTTAACCC

ATCTGATTTT

GAAGAGTTAA

TTTATTTTTA

TATTATCGGT

CACCCTGGTG

TTTCTACCAA

TGTCATGTAA

ATGCTGATAT TGATTTCACT GGTCCATCTA TATTTAAAAC GTGC
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SEQ ID NO:4

<110> Sigurd Qrstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og
Bjorn S. Skélhegg

<120> Identification of novel splice variants of the human catalytic subunit C§3 of
cAMP-dependent protein kinase and the use thereof

<160>9

<210>4

<211>2973
<212>cDNA
<213>Homo sapiens

<400> CpB4
1 CTCCAGTGTG TGTGTTTACA CCATCGGTTC TTCTCCCTCT AGAGATTAGC

51 ATAACTCCCT TTGCTGTTGG ATTGTTATTT TGAGCAATAT GTTTTGGAAA
101 GGTTGGTTTT CATCATGAGT GTGAAAGAGT TTCTAGCCAA AGCCAAAGAA
151 GACTTTTTGA AAAAATGGGA GAATCCAACT CAGAATAATG CCGGACTTGA
201 AGATTTTGAA AGGAAAAAAA CCCTTGGAAC AGGTTCATTT GGAAGAGTCA
251 TGTTGGTAAA ACACAAAGCC ACTGAACAGT ATTATGCCAT GAAGATCTTA
301 GATAAGCAGA AGGTTGTTAA ACTGAAGCAA ATAGAGCATA CTTTGAATGA
351 GAAAAGAATA TTACAGGCA.G TGAATTTTCC TTTCCTTGTT CGACTGGAGT
401 ATGCTTTTAA GGATAATTCT AATTTATACA TGGTTATGGA ATATGTCCCT
451 GGGGGTGAAA TGTTTTCACA TCTAAGAAGA ATTGGAAGGT TCAGTGAGCC
501 CCATGCACGG TTCTATGCAG CTCAGATAGT GCTAACATTC GAGTACCTCC
551 ATTCACTAGA CCTCATCTAC AGAGATCTAA AACCTGAAAA TCTCTTAATT
601 GACCATCAAG GCTATATCCA GGTCACAGAC TTTGGGTTTG CCAAAAGAGT
651 TAAAGGCAGA ACTTGGACAT TATGTGGAAC TCCAGAGTAT TTGGCTCCAG
701 AAATAATTCT CAGCAAGGGC TACAATAAGG CAGTGGATTG GTGGGCATTA
751 GGAGTGCTAA TCTATGAAAT GGCAGCTGGC TATCCCCCAT TCTTTGCAGA
801 CCAACCAATT CAGATTTATG AAAAGATTGT TTCTGGAAAG GTCCGATTCC

851 CATCCCACTT CAGTTCAGAT CTCAAGGACC TTCTACGGAA CCTGCTGCAG
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901 GTGGATTTGA CCAAGAGATT TGGAAATCTA AAGAATGGTG TCAGTGATAT
951 AAAAACTCAC AAGTGGTTTG CCACGACAGA TTGGATTGCT ATTTACCAGA
1001 GGAAGGTTGA AGCTCCATTC ATACCAAAGT TTAGAGGCTC TGGAGATACC
1051 AGCAACTTTG ATGACTATGA AGAAGAAGAT ATCCGTGTCT CTATAACAGA
1101 AAAATGTGCA AAAGAATTTG GTGAATTTTA AAGAGGAACA AGATGACATC
1151 TGAGCTCACA CTCAGTGTTT GCACTCTGTT GAGAGATAAG GTAGAGCTGA
1201 GACCGTCCTT GTTGAAGCAG TTACCTAGTT CCTTCATTCC AACGACTGAG
1251 TGAGGTCTTT ATTGCCATCA TCCGTGTGCG CACTCTGCAT CCACCTATGT
1301 AACAAGGCAC CGCTAAGCAA GCATTGTCTG TGCCATAACA CAGTACTAGA
1351 CCACTTTCTT ACTTCTCTTT GGGTTGTCTT TCTCCTCTCC TACATCCATT
1401 TCTTCCTTTT CAATTTCATT GGTTTTCTCT AAACAGTGCT CCATTTTATT
1451 TTGTTGGTGT TTCAGATGGG CAGTGTTATG GCTACGTGAT ATTTGAAGGG
1501 AAGGATAAGT GTTGCTTTCA GTAGTTATTG CCAATATTGT TGTTGGTCAA
1551 TGGCTTGAAG ATAAACTTTC TAATAATTAT TATTTCTTTG AGTAGCTCAG
1601 ACTTGGTTTT GCCAAAACTC TTGGTAATTT TTGAAGATAG ACTGTCTTAT
1651 CACCAAGGAA ATTTATACAA ATTAAGACTA ACTTTCTTGG AATTCACTAT
1701 TCTGGCAATA AATTTTGGTA GACTAATACA GTACAGCTAG ACCCAGAAAT
1751 TTGGAAGGCT GTAGATCAGA GGTTCTAGTT CCCTTTCCCT CCTTTTATAT
1801 CCTCCTCTCC TTGAGTAATG AAGTGACCAG CCTGTGTAGT GTGACAAACG
1851 TGTCTCATTC AGCAGGAAAA ACTAATGATA TGGATCATCA CCCAGATTCT
1901 CTCACTTGGT ACCAGCATTT CTGTAGGTAT TAGAGAAGAG TTCTAAGTTT
1951 TCTAAACCTT AACTGTTCCT TAAGGATTTT AGCCAGTATT TTAATAGAAC
2001 ATGATTAATG AAAGTGACAA ATTTTAAATT TTCTCTAATA GTCCTCATCA
2051 TAAACTTTTT AAAGGAAAAT AAGCAAACTA AAAAGAACAT TGGTTTAGAT
2101 AAATACTTAT ACTTTGCAAA GTCAAAAATG GCTTGATTTT TGGAAACAAT
2151 ATAGAGGTAT TCATATTTAA ATGAGGGTTT ACATTTGTTT TGTTTTGTAA
2201 CCGTTAAAAA GAAGTTGTTT CCAGCTAATT ATTGTGGTGT ACTATATTTG
2251 TGAGCCTAGG GTAGGGGCAC TGCTGCAACT TCTGCTTTCA TCCCATGCCT

2301 CATCAATGAG GAAAGGGAAC AAAGTGTATA AAACCTGCCA CAATTGTATT
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2351 TTAATTTTGA GGTATGATAT TTTCAGATAT TTCATAATTT CTAACCTCTG
2401 TTCTCTCAGT AAACAGAATG TCTGATCGAT CATGCAGATA CAATGTTGGT
2451 ATTTGAGAGG TTAGTTTTTT TCCTACACTT TTTTTTGCCA ACTGACTTAA
2501 CAACATTGCT GTCAGGTGGA AATTTCAAGC ACTTTTGCAC ATTTAGTTCA
2551 GTGTTTGTTG AGAATCCATG GCTTAACCCA CTTGTTTTGC TATTTTTTTC
2601 TTTGCTTTTA ATTTTCCCCA TCTGATTTTA TCTCTGCGTT TCAGTGACCT
2651 ACCTTAAAAC AACACACGAG AAGAGTTAAA CTGGGTTCAT TTTAATGATC
2701 AATTTACCTG CATATAAAAT TTATTTTTAA TCAAGCTGAT CTTAATGTAT
2751 ATAATCATTC TATTTGCTTT ATTATCGGTG CAGGTAGGTC ATTAACACCA
2801 CTTCTTTTCA TCTGTACCAC ACCCTGGTGA AACCTTTGAA GACATAAAAA
2851 AAACCTGTCT GAGATGTTCT TTCTACCAAT CTATATGTCT TTCGGTTATC
2901 AAGTGTTTCT GCATGGTAAT GTCATGTAAA TGCTGATATT GATTTCACTG

2951 GTCCATCTAT ATTTAAAACG TGC

SEQ ID NO:5

<110> Sigurd Qrstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og
Bjern S. Skélhegg

<120> Identification of novel splice variants of the human catalytic subunit C§ of
cAMP-dependent protein kinase and the use thereof

<160>9

<210>5

<211>3017
<212>cDNA
<213>Homo sapiens

<400> CB4ab
1 AGTGTGTGTG TTTACACCAT CGGTTCTTCT CCCTCTAGAG ATTAGCATAA

51 CTCCCTTTGC TGTTGGATTG TTATTTTGAG CAATATGTTT TGGaAAGGTT
101 GGTTTTCATC ATGAGTGCAC GCAAATCATC AGATGCATCT GCCTGCTCCT
151 CTTCAGAAAT ATCTGTGAAA GAGTTTCTAG CCAAAGCCAA AGAAGACTTT

201 TTGAAAAAAT GGGAGAATCC AACTCAGAAT AATGCCGGAC TTGAAGATTT
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251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

TGAAAGGAAA
TAAAACACAA
CAGAAGGTTG
AATATTACAG
TTAAGGATAA
GAAATGTTTT
ACGGTTCTAT
TAGACCTCAT
CAAGGCTATA
CAGAACTTGG
TTCTCAGCAA
CTAATCTATG
AATTCAGATT
ACTTCAGTTC
TTGACCAAGA
TCACAAGTGG
TTGAAGCTCC
TTTGATGACT
TGCAAAAGAA
CACACTCAGT
CCTTGTTGAA
CTTTATTGCC
GCACCGCTAA
TCTTACTTCT
TTTTCAA&TT
GTGTTTCAGA
AAGTGTTGCT
GAAGATAAAC
TTTTGCCAAA
GGAAATTTAT
AATAAATTTT

GGCTGTAGAT

AAAACCCTTG

AGCCACTGAA

TTAAACTGAA

GCAGTGAATT

TTCTAATTTA

CACATCTAAG

GCAGCTCAGA

CTACAGAGAT

TCCAGGTCAC

ACATTATGTG

GGGCTACAAT

AAATGGCAGC

TATGAAAAGA

AGATCTCAAG

GATTTGGAAA

TTTGCCACGA

ATTCATACCA

ATGAAGAAGA

TTTGGTGAAT

GTTTGCACTC

GCAGTTACCT

ATCATCCGTG

GCAAGCATTG

CTTTGGGTTG

CATTGGTTTT

TGGGCAGTGT

TTCAGTAGTT

TTTCTAATAA

ACTCTTGGTA

ACAAATTAAG

GGTAGACTAA

CAGAGGTTCT

10
GAACAGGTTC

CAGTATTATG
GCAAATAGAG
TTCCTTTCCT
TACATGGTTA
AAGAATTGGA
TAGTGCTAAC
CTAAAACCTG
AGACTTTGGG
GAACTCCAGA
AAGGCAGTGG
TGGCTATCCC
TTGTTTCTGG
GACCTTCTAC
TCTAAAGAAT
CAGATTGGAT
AAGTTTAGAG
AGATATCCGT
TTTAAAGAGG
TGTTGAGAGA
AGTTCCTTCA
TGCGCACTCT
TCTGTGCCAT
TCTTTCTCCT
CTCTAAACAG
TATGGCTACG
ATTGCCAATA
TTATTATTTC
ATTTTTGAAG
ACTAACTTTC
TACAGTACAG

AGTTCCCTTT

ATTTGGAAGA

CCATGAAGAT

CATACTTTGA

TGTTCGACTG

TGGAATATGT

AGGTTCAGTG

ATTCGAGTAC

AAAATCTCTT

TTTGCCAAAA

GTATTTGGCT

ATTGGTGGGC

CCATTCTTTG

AAAGGTCCGA

GGAACCTGCT

GGTGTCAGTG

TGCTATTTAC

GCTCTGGAGA

GTCTCTATAA

AACAAGATGA

TAAGGTAGAG

TTCCAACGAC

GCATCCACCT

AACACAGTAC

CTCCTACATC

TGCTCCATTT

TGATATTTGA

TTGTTGTTGG

TTTGAGTAGC

ATAGACTGTC

TTGGAATTCA

CTAGACCCAG

CCCTCCTTTT

PCT/NO00/00445

GTCATGTTGG

CTTAGATAAG

ATGAGAAAAG

GAGTATGCTT

CCCTGGGGGT

AGCCCCATGC

CTCCATTCAC

AATTGACCAT

GAGTTAAAGG

CCAGAAATAA

ATTAGGAGTG

CAGACCAACC

TTCCCATCCC

GCAGGTGGAT

ATATAAAAAC

CAGAGGAAGG

TACCAGCAAC

CAGAAAAATG

CATCTGAGCT

CTGAGACCGT

TGAGTGAGGT

ATGTAACAAG

TAGACCACTT

CATTTCTTCC

TATTTTGTTG

AGGGAAGGAT

TCAATGGCTT

TCAGACTTGG

TTATCACCAA

CTATTCTGGC

AAATTTGGAA

ATATCCTCCT
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1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801
2851
2901
2951

3001

CTCCTTGAGT

ATTCAGCAGG

TGGTACCAGC

CCTTAACTGT

AATGAAAGTG

TTTTAAAGGA

TTATACTTTG

GTATTCATAT

AAAAGAAGTT

TAGGGTAGGG

TGAGGAAAGG

TTGAGGTATG

CAGTAAACAG

GAGGTTAGTT

TGCTGTCAGG

GTTGAGAATC

TTTAATTTTC

AAACAACACA

CCTGCATATA

ATTCTATTTG

TTCATCTGTA

GTCTGAGATG

TTCTGCATGG

CTATATTTAA

AATGAAGTGA

AAAAACTAAT

ATTTCTGTAG

TCCTTAAGGA

ACAAATTTTA

AAATAAGCAA

CAAAGTCAAA

TTAAATGAGG

GTTTCCAGCT

GCACTGCTGC

GAACAAAGTG

ATATTTTCAG

AATGTCTGAT

TTTTTCCTAC

TGGAAATTTC

CATGGCTTAA

CCCATCTGAT

CGAGAAGAGT

AAATTTATTT

CTTTATTATC

CCACACCCTG

TTCTTTCTAC

TAATGTCATG

AACGTGC

11
CCAGCCTGTG

GATATGGATC

GTATTAGAGA

TTTTAGCCAG

AATTTTCTCT

ACTAAAAAGA

AATGGCTTGA

GTTTACATTT

AATTATTGTG

AACTTCTGCT

TATAAAACCT

ATATTTCATA

CGATCATGCA

ACTTTTTTTT

AAGCACTTTT

CCCACTTGTT

TTTATCTCTG

TAAACTGGGT

TTAATCAAGC

GGTGCAGGTA

GTGAAACCTT

CAATCTATAT

TAAATGCTGA

TAGTGTGACA

ATCACCCAGA

AGAGTTCTAA

TATTTTAATA

AATAGTCCTC

ACATTGGTTT

TTTTTGGAAA

GTTTTGTTTT

GTGTACTATA

TTCATCCCAT

GCCACAATTG

ATTTCTAACC

GATACAATGT

GCCAACTGAC

GCACATTTAG

TTGCTATTTT

CGTTTCAGTG

TCATTTTAAT

TGATCTTAAT

GGTCATTAAC

TGAAGACATA

GTCTTTCGGT

TATTGATTTC

PCT/NO00/00445

AACGTGTCTC

TTCTCTCACT

GTTTTCTAAA

GAACATGATT

ATCATAAACT

AGATAAATAC

CAATATAGAG

GTAACCGTTA

TTTGTGAGCC

GCCTCATCAA

TATTTTAATT

TCTGTTCTCT

TGGTATTTGA

TTAACAACAT

TTCAGTGTTT

TTTCTTTGCT

ACCTACCTTA

GATCAATTTA

GTATATAATC

ACCACTTCTT

AAAAAAACCT

TATCAAGTGT

ACTGGTCCAT



WO 01/48171 PCT/NO00/00445

12
SEQ ID NO:6

<110> Sigurd Qrstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og
Bjern S. Skalhegg
<120> Identification of novel splice variants of the human catalytic subunit Cf of

cAMP-dependent protein kinase and the use thereof

<160>9
<210>6
<211>3031

<212>cDNA
<213>Homo sapiens

<400> CB4abc

1 GCTCCGAGTG TGTGTGTTTA CACCATCGGT TCTTCTCCCT CTAGAGTTAG

51 CATAACTCCC TTTGCTGTTG GATTGTTATT TTGAGCAATA TGTTTTGGaA
101 AGGTTGGTTT TCATCATGAG TGCACGCAAA TCATCAGATG CATCTGCCTG
151 CTCCTCTTCA GAAATATCTG ATTCCTTTGT GAAAGAGTTT CTAGCCAAAG
201 CCAAAGAAGA CTTTTTGAAA AAATGGGAGA ATCCAACTCA GAATAATGCC
251 GGACTTGAAG ATTTTGAAAG GAAAAAAACC CTTGGAACAG GTTCATTTGG
301 AAGAGTCATG TTGGTAAAAC ACAAAGCCAC TGAACAGTAT TATGCCATGA
351 AGATCTTAGA TAAGCAGAAG GTTGTTAAAC TGAAGCAAAT AGAGCATACT
401 TTGAATGAGA AAAGAATATT ACAGGCAGTG AATTTTCCTT TCCTTGTTCG
451 ACTGGAGTAT GCTTTTAAGG ATAATTCTAA TTTATACATG GTTATGGAAT
501 ATGTCCCTGG GGGTGAAATG TTTTCACATC TAAGAAGAAT TGGAAGGTTC
551 AGTGAGCCCC ATGCACGGTT CTATGCAGCT CAGATAGTGC TAACATTCGA
601 GTACCTCCAT TCACTAGACC TCATCTACAG AGATCTAAAA CCTGAAAATC
651 TCTTAATTGA CCATCAAGGC TATATCCAGG TCACAGACTT TGGGTTTGCC
701 AAAAGAGTTA AAGGCAGAAC TTGGACATTA TGTGGAACTC CAGAGTATTT
751 GGCTCCAGAA ATAATTCTCA GCAAGGGCTA CAATAAGGCA GTGGATTGGT
801 GGGCATTAGG AGTGCTAATC TATGAAATGG CAGCTGGCTA TCCCCCATTC
851 TTTGCAGACC AACCAATTCA GATTTATGAA AAGATTGTTT CTGGAAAGGT
901 CCGATTCCCA TCCCACTTCA GTTCAGATCT CAAGGACCTT CTACGGAACC
951 TGCTGCAGGT GGATTTGACC AAGAGATTTG GAAATCTAAA GAATGGTGTC
1001 AGTGATATAA AAACTCACAA GTGGTTTGCC ACGACAGATT GGATTGCTAT
1051 TTACCAGAGG AAGGTTGAAG CTCCATTCAT ACCAAAGTTT AGAGGCTCTG
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1101 GAGATACCAG
1151 ATAACAGAAA
1201 ATGACATCTG
1251 AGAGCTGAGA
1301 CGACTGAGTG
1351 ACCTATGTAA
1401 GTACTAGACC
1451 CATCCATTTC
1501 ATTTTATTTT
1551 TTGAAGGGAA
1601 TTGGTCAATG
1651 TAGCTCAGAC
1701 TGTCTTATCA
1751 TTCACTATTC
1801 CCAGAAATTT
1851 TTTTATATCC
1501 GACAAACGTG
1951 CAGATTCTCT
2001 CTAAGTTTTC
2051 AATAGAACAT
2101 CCTCATCATA
2151 GTTTAGATAA
2201 GAAACAATAT
2251 TTTTGTAACC
2301 TATATTTGTG
2351 CCATGCCTCA
2401 ATTGTATTTT
2451 AACCTCTGTT
2501 ATGTTGGTAT
2551 TGACTTAACA
2601 TTAGTTCAGT
2651 TTTTTTTICTT

CAACTTTGAT
AATGTGCAAA
AGCTCACACT
CCGTCCTTGT
AGGTCTTTAT
CAAGGCACCG
ACTTTCTTAC
TTCCTTTTCA
GTTGGTGTTT
GGATAAGTGT
GCTTGAAGAT
TTGGTTTTGC
CCAAGGAAAT
TGGCAATAAA
GGAAGGCTGT
TCCTCTCCTT
TCTCATTCAG
CACTTGGTAC
TAAACCTTAA
GATTAATGAA
AACTTTTTAA
ATACTTATAC
AGAGGTATTC
GTTAAAAAGA
AGCCTAGGGT
TCAATGAGGA
AATTTTGAGG
CTCTCAGTAA
TTGAGAGGTT
ACATTGCTGT
GTTTGTTGAG

TGCTTTTAAT

13
GACTATGAAG

AGAATTTGGT
CAGTGTTTGC
TGAAGCAGTT
TGCCATCATC
CTAAGCAAGC
TTCTCTTTGG
ATTTCATTGG
CAGATGGGCA
TGCTTTCAGT
AAACTTTCTA
CAAAACTCTT
TTATACAAAT
TTTTGGTAGA
AGATCAGAGG
GAGTAATGAA
CAGGAAAAAC
CAGCATTTCT
CTGTTCCTTA
AGTGACAAAT
AGGAAAATAA
TTTGCAAAGT
ATATTTAAAT
AGTTGTTTCC
AGGGGCACTG
AAGGGAACAA
TATGATATTT
ACAGAATGTC
AGTTTTTTTC
CAGGTGGAAA
AATCCATGGC

TTTCCCCATC

AAGAAGATAT

GAATTTTAAA

ACTCTGTTGA

ACCTAGTTCC

CGTGTGCGCA

ATTGTCTGTG

GTTGTCTTTC

TTTTCTCTAA

GTGTTATGGC

AGTTATTGCC

ATAATTATTA

GGTAATTTTT

TAAGACTAAC

CTAATACAGT

TTCTAGTTCC

GTGACCAGCC

TAATGATATG

GTAGGTATTA

AGGATTTTAG

TTTAAATTTT

GCAAACTAAA

CAAAAATGGC

GAGGGTTTAC

AGCTAATTAT

CTGCAACTTC

AGTGTATAAA

TCAGATATTT

TGATCGATCA

CTACACTTTT

TTTCAAGCAC

TTAACCCACT

TGATTTTATC

PCT/NO00/00445

CCGTGTCTCT

GAGGAACAAG

GAGATAAGGT

TTCATTCCAA

CTCTGCATCC

CCATAACACA

TCCTCTCCTA

ACAGTGCTCC

TACGTGATAT

AATATTGTTG

TTTCTTTGAG

GAAGATAGAC

TTTCTTGGAA

ACAGCTAGAC

CTTTCCCTCC

TGTGTAGTGT

GATCATCACC

GAGAAGAGTT

CCAGTATTTT

CTCTAATAGT

AAGAACATTG

TTGATTTTTG

ATTTGTTTTG

TGTGGTGTAC

TGCTTTCATC

ACCTGCCACA

CATAATTTCT

TGCAGATACA

TTTTGCCAAC

TTTTGCACAT

TGTTTTGCTA

TCTGCGTTTC
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2701

2751

2801

2851

2901

2951

3001

AGTGACCTAC

TAATGATCAA

TAATGTATAT

TAACACCACT

CATAAAAAARA

CGGTTATCAA

TTTCACTGGT

CTTAAAACAA

TTTACCTGCA

AATCATTCTA

TCTTTTCATC

ACCTGTCTGA

GTGTTTCTGC

CCATCTATAT

14
CACACGAGAA

TATAAAATTT

TTTGCTTTAT

TGTACCACAC

GATGTTCTTT

ATGGTAATGT

TTAAAACGTG

GAGTTAAACT

ATTTTTAATC

TATCGGTGCA

CCTGGTGAAA

CTACCAATCT

CATGTAAATG

C

PCT/NO00/00445

GGGTTCATTT

AAGCTGATCT

GGTAGGTCAT

CCTTTGAAGA

ATATGTCTTT

CTGATATTGA
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SEQ ID NO:7

<110> Sigurd @rstavik, Nils Reinton, Eirik Frengen, Bjern Tore Langeland, Tore Jahnsen og
Bjern S. Skalhegg

<120> Identification of novel splice variants of the human catalytic subunit Cp of
cAMP-dependent protein kinase and the use thereof

<160>9

<210>

<211>
<212>amino acid
<213>Homo sapiens

<400> Proteinsequence Cf2
Met-Ala-Ala-Tyr-Arg-Glu-Pro-Pro-Cys-Asn-Gln-Tyr-Thr-Gly-Thr-Thr-Thr-Ala-
Leu-Gln-Lys-Leu-Glu-Gly-Phe-Ala-Ser-Arg-Leu-Phe-His-Arg-His-Ser-Lys-Gly-
Thr-Ala-His-Asp-Gln-Lys-Thr-Ala-Leu-Glu-Asn-Asp-Ser-Leu-His-Phe-Ser-Glu-
His-Thr-Ala-Leu-Trp-Asp-Arg-Ser-Met-Lys-Glu-Phe-Leu-Ala-Lys-Ala-Lys-Glu-
Asp-Phe-Leu-Lys-Lys-Trp-Glu-Ser-Pro-Ala-Gln-Asn-Thr-Ala-His-Leu-Asp-Gln-
Phe-Glu-Arg-Ile-Lys-Thr-Leu-Gly-Thr-Gly-Ser-Phe-Gly-Arg-Val-Met-Leu-Val-
Lys-His-Lys-Glu-Thr-Gly-Asn-His-Tyr-Ala-Met-Lys-Ile-Leu-Asp-Lys-Gln-Lys- -
Val-Val-Lys-Leu-Lys-Gln-Ile-Glu-His-Thr-Leu-Asn-Glu-Lys-Arg-Ile-Leu-Gln-
Ala-Val-Asn-Phe-Pro-Phe-Leu-Val-Lys-Leu-Glu-Phe-Ser-Phe-Lys-Asp-Asn-Ser-
Asn-Leu-Tyr-Met-Val-Met-Glu-Tyr-val-Pro-Gly-Gly-Glu-Met-Phe-Ser-His-Leu-
Arg-Arg-Ile-Gly-Arg-Phe-Ser-Glu-Pro-His-Ala-Arg-Phe-Tyr-Ala-Ala-Gln-Ile-
Val-Leu-Thr-Phe-Glu-Tyr-Leu-His-Ser-Leu-Asp-Leu-Ile-Tyr-Arg-Asp-Leu-Leu-
Lys-Pro-Glu-Asn-Leu-Leu-Ile-Asp-Gln-Gln-Gly-Tyr-Ile-Gln-Val-Thr-Asp-Phe-
Gly-Phe-Ala-Lys-Arg-Val-Lys-Gly-Arg-Thr-Trp-Thr-Leu-Cys-Gly-Thr-Pro-Glu-
Tyr-Leu-Ala-Pro-Glu-Ile-Ile-Leu-Ser-Lys-Gly-Tyr-Asn-Lys-Ala-Val-Asp-Trp-
Trp-Ala-Leu-Gly-Val-Leu-Ile-Tyr-Glu-Met-Ala-Ala-Gly-Tyr-Pro-Pro-Phe-Phe-
Ala-Asp-Gln-Pro-Ile-Gln-Ile-Tyr-Glu-Lys-Ile-Val-Ser-Gly-Lys-Val-Arg-Phe-
Pro-Ser-Ser-His-Phe-Ser-Ser-Asp-Leu-Lys-Asp-Leu-Leu-Arg-Asn-Leu-Leu-Gln-
Val-Asp-Leu-Thr-Lys-Arg-Phe-Gly-Asn-Leu-Lys-Asn-Gly-Val-Asn-Asp-Ile-Lys-
Asn-His-Lys-Trp-Phe-Ala-Thr-Thr-Asp-Trp-Ile-Ala-Ile-Tyr-Gln-Arg-Lys-Val-
Glu-Ala-Pro-Phe-Ile-Pro-Lys-Phe-Lys-Gly-Pro-Gly-Asp-Thr-Ser-Asn-Phe-Asp-
Asp-Tyr-Glu-Glu-Glu-Glu-Ile-Arg-Val-Ser-Ile-Asn-Glu-Lys-Cys-Gly-Lys-Glu-
Phe-Ser-Glu-Phe

SEQ ID NO:8

<400> Protein sequence CB34ab

Met -Ser-Ala-Arg-Lys-Ser-Ser-Asp-Ala-Ser-Ala-Cys-Ser-Ser-Ser-
Glu-Ile-Ser-Val-Met-Lys-Glu-Phe-Leu-Ala-Lys-Ala-Lys-Glu-Asp-
Phe-Leu-Lys-Lys-Trp-Glu-Ser-Pro-Ala-Gln-Asn-Thr-Ala-His-Leu-
Asp-Gln-Phe-Glu-Arg-Ile-Lys-Thr-Leu-Gly-Thr-Gly-Ser-Phe-Gly-
Arg-Val-Met-Leu-Val-Lys-His-Lys-Glu-Thr-Gly-Asn-His-Tyr-Ala-
Met-Lys-Ile-Leu-Asp-Lys-Gln-Lys-Val-Val-Lys-Leu-Lys-Gln-Ile-
Glu-His-Thr-Leu-Asn-Glu-Lys-Arg-Ile-Leu-Gln-Ala-Val-Asn-Phe-
Pro-Phe-Leu-Val-Lys-Leu-Glu-Phe-Ser-Phe-Lys-Asp-Asn-Ser-Asn-
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Leu-Tyr-Met-Val-Met-Glu-Tyr-Val-Pro-Gly-Gly-Glu-Met-Phe-Ser-
His-Leu-Arg-Arg-Ile-Gly-Arg-Phe-Ser-Glu-Pro-His-Ala-Arg-Phe-
Tyr-Ala-Ala-Gln-Ile-Val-Leu-Thr-Phe-Glu-Tyr-Leu-His-Ser-Leu-
Asp-Leu-Ile-Tyr-Arg-Asp-Leu-Leu-Lys-Pro-Glu-Asn-Leu-Leu-Ile-
Asp-Gln-Gln-Gly-Tyr-Ile-Gln-Val-Thr-Asp-Phe-Gly-Phe-Ala-Lys-
Arg-Val-Lys-Gly-Arg-Thr-Trp-Thr-Leu-Cys-Gly-Thr-Pro-Glu-Tyr-
Leu-Ala-Pro-Glu-Ile-Ile-Leu-Ser-Lys-Gly-Tyr-Asn-Lys-Ala-Val-
Asp-Trp-Trp-Ala-Leu-Gly-Val-Leu-Ile-Tyr-Glu-Met-Ala-Ala-Gly-
Tyr-Pro-Pro-Phe-Phe-Ala-Asp-Gln-Pro-Ile-Gln-Ile-Tyr-Glu-Lys-
Ile-vVal-Ser-Gly-Lys-Val-Arg-Phe-Pro-Ser-Ser-His-Phe-Ser-Ser-
Asp-Leu-Lys-Asp-Leu-Leu-Arg-Asn-Leu-Leu-Gln-Val-Asp-Leu-Thr-
Lys-Arg-Phe-Gly-Asn-Leu-Lys-Asn-Gly-Val-Asn-Asp-Ile-Lys-Asn-
His-Lys-Trp-Phe-Ala-Thr-Thr-Asp-Trp-Ile-Ala-Ile-Tyr-Gln-Arg-
Lys-Val-Glu-Ala-Pro-Phe-Ile-Pro-Lys-Phe-Lys-Gly-Pro-Gly-Asp-
Thr-Ser-Asn-Phe-Asp-Asp-Tyr-Glu-Glu-Glu-Glu-Ile-Arg-Val-Ser-
Ile-Asn-Glu-Lys-Cys-Gly-Lys-Glu-Phe-Ser-Glu-Phe

SEQ ID NO:9
Protein sequence CB4abc

Met-Ser-Ala-Arg-Lys-Ser-Ser-Asp-Ala-Ser-Ala-Cys-Ser-Ser-Ser-
Glu-Ile-Ser-Asp-Ser-Phe-Val-Met-Lys-Glu-Phe-Leu-Ala-Lys-Ala-
Lys-Glu-Asp-Phe-Leu-Lys-Lys-Trp-Glu-Ser-Pro-Ala-Gln-Asn-Thr-
Ala-His-Leu-Asp-Gln-Phe-Glu-Arg-Ile-Lys-Thr-Leu-Gly-Thr-Gly-
Ser-Phe-Gly-Arg-Val-Met-Leu-Val-Lys-His-Lys-Glu-Thr-Gly-Asn-
His-Tyr-Ala-Met-Lys-Ile-Leu-Asp-Lys-Gln-Lys-Val-Val-Lys-Leu-
Lys-Gln-Ile-Glu-His-Thr-Leu-Asn-Glu-Lys-Arg-Ile-Leu-Gln-Ala-
Val-Asn-Phe-Pro-Phe-Leu-Val-Lys-Leu-Glu-Phe-Ser-Phe-Lys-Asp-
Asn-Ser-Asn-Leu-Tyr-Met-Val-Met-Glu-Tyr-Val-Pro-Gly-Gly-Glu-
Met -Phe-Ser-His-Leu-Arg-Arg-Ile-Gly-Arg-Phe-Ser-Glu-Pro-His-
Ala-Arg-Phe-Tyr-Ala-Ala-Gln-Ile-Val-Leu-Thr-Phe-Glu-Tyr-Leu-
His-Ser-Leu-Asp-Leu-Ile-Tyr-Arg-Asp-Leu-Leu-Lys-Pro-Glu-Asn-
Leu-Leu-Ile-Asp-Gln-Gln-Gly-Tyr-Ile-Gln-Val-Thr-Asp-Phe-Gly-
Phe-Ala-Lys-Arg-Val-Lys-Gly-Arg-Thr-Trp-Thr-Leu-Cys-Gly-Thr-
Pro-Glu-Tyr-Leu-Ala-Pro-Glu-Ile-Ile-Leu-Ser-Lys-Gly-Tyr-Asn-
Lys-Ala-Val-Asp-Trp-Trp-Ala-Leu-Gly-Val-Leu-Ile-Tyr-Glu-Met-
Ala-Ala-Gly-Tyr-Pro-Pro-Phe-Phe-Ala-Asp-Gln-Pro-Ile-Gln-Ile-
Tyr-Glu-Lys-Ile-Val-Ser-Gly-Lys-Val-Arg-Phe-Pro-Ser-Ser-His-
Phe-Ser-Ser-Asp-Leu-Lys-Asp-Leu-Leu-Arg-Asn-Leu-Leu-Gln-Val-
Asp-Leu-Thr-Lys-Arg-Phe-Gly-Asn-Leu-Lys-Asn-Gly-Val-Asn-Asp-
Ile-Lys-Asn-His-Lys-Trp-Phe-Ala-Thr-Thr-Asp-Trp-Ile-Ala-Ile-
Tyr-Gln-Arg-Lys-Val-Glu-Ala-Pro-Phe-Ile-Pro-Lys-Phe-Lys-Gly-
Pro-Gly-Asp-Thr-Ser-Asn-Phe-Asp-Asp-Tyr-Glu-Glu-Glu-Glu-Ile-
Arg-Val-Ser-Ile-Asn-Glu-Lys-Cys-Gly-Lys-Glu-Phe-Ser-Glu-Phe
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As only some of the required additional search fees were timely paid by the applicant, this international search reporf
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

[:' No protest accompanied the payment of additional search fees.
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The International Searching Authority considers that the
present application contains the following six inventions
which relate to different splice variants of the catalytic
subunit of cAMP-dependent protein kinase:

1. The splice variant c-betal according to part of claims 1-
3,5,6 and 12.

2. The splice variant c-beta? according to part of claims 1-6,
8, 12,16 and claims 7,9-11,13-18.

3. The splice variant c-beta3 according to part of claims 1-3,5
and 12. .

4. The splice wvariant c-beta4 according to part of claims 1-
3,5,8 and 12.

5. The splice variant c-betadab according to part of claims 1-
6,8 and 12. :

6. The splice wvariant c-betadabc according to claims 1-6,8 and
12.

The invention listed as Groups 1-6 do not relate to a single
inventive concept under PCT Rule 13.1 because they lack the
same or corresponding novel special technical features for the
following reasons: The claims are not so linked by a special
technical feature so as to form a single inventive concept.
Because c-beta splice variants of the catalytic subunit of
cAMP-dependent protein kinase was already known from the prior
art (see description page 2, line 19 and Guthrie et al, The
journal of Biological Chemistry, Vol 272, No47,1997, page
29560-29565) it cannot form basis of unity of invention.

As inventions 2-6 could be searched without effort justifying
additional fee, this Authority did not invite payment of any
additional fee for these inventions. Thus, inventions 1-6 have
been searched.
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Advances in Second Messenger and Phosphoprotein
Advanced, Volume 31, 1997, Kjetil Taskén et al,
"Structure, Function and Regulation of Human
cAMP-Dependent Protein Kinases"
page 191 - page 204

1-18
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