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7) ABSTRACT

The CP gene encodes at least 6 different gene products,
designated Cp1, Cp2, Cp3, Cp4, Cp4ab and Cpdabe. As is
the case with the murine and bovine splice variants, all the
human Cp splice variants vary in the N-terminal part pre-
ceding the part encoded by exon 2. Homologues to all Cj
splice variants identified in mouse and bovine were identi-
fied in human (Cp1, CB2, CP3 and CP4) in addition to two
novel CB splice variants (Cp4ab and CB4abce), that have
previously not been identified in any other species. Genomic
DNA- and cDNA sequences encode splice variants and
include the nucleotide sequences shown in SEQ ID NO: 1,
2, 3, 4, 5 and 6 respectively. The proteins are new splice
variants of the Cf protein.
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B

Exon 1-1:
ccagcccecctteectteectgaccecttcttgecatcgeecccagacATEGEEAACGCCECGACCE
CCARGRARGGCRGCGAGgtggagagcyg

FIGURE 2B

Exon 1-2:
agctttatatttaatgctctcattagectatatattaatattaaaacacccaaacataaagecttt
taggcagatattgcaagtttttaaaatcctcaactctagctgaaaagtgttttgctaagaaaagcet
cagtaatgtgctgttttatattaacaggaaacagaacagcagtagtggtttgaataccctgcaaac
aggaagtttgacacatgcatagctcttagettcetgtgtaagaagttgtgagctccttctggaaaca
tttgcagttacattaagtaaagtgtaaatgcacatgaATGGCAGCTTATAGAGARCCACCTTGTAR
CCAGTATACAGGTACARCTRACAGCCTCTTCAGRRATTCCRAGET TTTCGCTACCCCCTTATITICATAG
ACACTCTARRGCTACTGCRACATCATCRAGRRAACAGCTCTGCARRATCACAGCCTTCATTTICTCTGR
ACATACTGCCITATGGGACAGATCRAAgtaagttttg

EBxon 1-3 and 1-4:
tgtttttaggcagagttcagtggttcgtcacaaataaatgtttcttaatttgttgtttatgactge
tcgatttccagagccatgaaatcattgtttttgataattctgttcagettcatagttgtttcttag
gaagatttcc;gacttacttccacatcaccaaaagtcctgcct%acatggcaactgttaaaatggc
aagttcacgtqctgaagttctacttaacaaggaaccéttctagagattctttgtaccattttggta
caaattttggatctctggtaatcaaaacaatctgttcaccatgctacccagtcagcccaccttget
atacaatctgtcatcttagtcctgtttcatgtgaggaattttacatttctgecaataattgecagta
acttttttgtgtattattttcttttgaataccacatggatggcatctgacactgtttgtaatgety
aatttaatggaagtttacaaataagttattctatgattctcctttaaaaatgcagatatacatata"
tgtatataatattattctcttccataacacagaatgtttaaatggttaacatttgtgctgcagtat
agctttctggctcatgaaaaatgaaagctatcagcgatctcggcaataagattcatcgecaatagt
cactagcaacagcacacagcattttaatatcagtgaggtccacagctagcagtaagagctggtgta
attgaaagacgtttaggtgcaatcattctgctgtttgcteccttgccaggttcaacATGCCATIGTg
tgagtatttgaagaaaacagcaattttttcatatctttgaaagatgtaaaaagcgtagattagtge
ttaaatttaagaaatctggtaatttataatcatgtggctctaaaataaaaaggtattttatttgte
tggtggattaaagctttagaaaagctacgccttggatacaagtgaaccgataattetggtctaatg
ttgccgtggtaacaactcatgectgatataattgagaacatcttatacatcecctggttcgaacattet
ctccectgeccattttgagttgttctagtggtatatgaaggaggctgggataactagcttgaaagaaa
ttcagtctagttatagacatctttggcattaatctgatgtttactagtgatatctcatgctaggea
gttatgctttgcttctaggggcttctetttttaaaacaaaagaaagectecttttegttttetgtgtg
ctgcatgctccagtgtgtgtgtttacaccatcggttcttctcectctagagattagcataactece
tttgctgttggattgttattttgagcaatatgttttggaaaggttggttttcatcATGAGTGgtaa
gtatgc

Exon a
cttgatcaagCACGCARATCATCRAGRATGCATCTGgt aggaaaac

Exon b
tggacacaagCTIGCTCCTCTTCAGRRAATATCTGgtaggcaagt

Exon c
gaacatgtagATITCCTTTGgtatgctcat

Exon 2
atattttcagTGRAAAGRAGTT. ..
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IDENTIFICATION OF NOVEL SPLICE VARIANTS
OF THE HUMAN CATALYTIC SUBUNIT CBETA
OF CAMP-DEPENDENT PROTEIN KINASE AND

THE USE THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to genomic- and
complementary DNA sequences encoding the 6 different
gene products, designated Cp1, Cp2, Cp3, Cp4, Cp4ab and
Cp4abe which are novel splice variants of C. 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

[0002] 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 holoen-
zyme 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 (Rla,
RIB RIlat, RIIP), and four different C subunits (Ca, CB, Cy
and PrKX) have been identified [3]. The Ce and Cj subunits
are expressed in most tissues, while the Cy subunit, which is
transcribed from an intron-less gene and represents a retro-
poson derived from the Ca subunit [4], is only expressed in
human testis [5]. PrKX is an X chromosome-encoded pro-
tein kinase, and was recently identified as a PKA C subunit
since it is inhibited by both PKI and Rla and the RIo/PrKX
complex is activated by cAMP [6].

[0003] Splice variants of both Co. and CB have been
identified. The splice variants of Cot have been termed Col
(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 Cal subunit. However, recently
anovel Ca2 splice variant was reported [ 10]. The novel Cai2
variant was shown to be identical to the previously identified
Ca splice variant, Ca-s. Moreover, Co.-s which was origi-
nally isolated and characterized from ovine sperm [9], has
later been cloned from a human testis cDNA library and
identified in human sperm [11]. Both Co-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 Cot 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 C[1 [12]
and bovine CP2 [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 CP2 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 Cf have been identified and
are designated mouse CPp1, mCB2 and mouse CB3 [14].
Whereas mouse Cp1 is ubiquitously expressed, mouse C(2
and mouse CP3 have so far only been identified in the brain.
The mouse CP1 and bovine CP1 are similar in the entire
sequence, demonstrating that they represent orthologe pro-
tein sequences. However, neither mouse Cp3 nor mouse
Cp4 were similar to bovine CB2 in the N-terminal part,
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indicating that their N-terminals are encoded by unrelated
exons. Previous to this study, only a single splice variant of
human Cf had been identified (Cf1), homologous to mouse
CpP1 and bovine CR1.

SUMMARY OF THE INVENTION

[0004] The present invnetion demonstrate that the Cf gene
encodes at least 6 different gene products, designated Cp1,
Cp2, Cp3, Cp4, CP4ab and CP4abe. As is the case with the
murine and bovine splice variants, all the human Cf splice
variants vary in the N-terminal part preceding the part
encoded by exon 2. Homologues to all Cp splice variants
identified in mouse and bovine were identified in human
(Cp1,Cp2, CP3 and CP4) in addition to two novel Cf splice
variants (Cp4ab and Cp4abc), 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, 2, 3, 4, 5 and 6
respectively. Wherein the said proteins are new splice vari-
ants 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 Cp splice variant proteins Cp2, Cp4ab and
Cp4abe shown in SEQ ID NO: 7, 8 and 9. The invention
includes further use of the said Cj splice variant proteins
and DNA sequences in preparation of pharmaceuticals for
diagnostic- and therapeutic purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1: A: Identification of ¢cDNAs encoding
human Cp 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 Cp
c¢DNA, subcloned and sequenced. The resulting cDNAs
were identical to the previously published Cp ¢cDNA (CB1)
downstream of nucleotide 46 (constant region). However,
five novel ¢cDNA sequences, designated Cp2, Cp3, Cp4,
Cp4ab and Cp4abc, could be identified based on differences
in the 5'-ends of the sequences (variable region).

[0006] FIG. 2: A: Structure of the human genomic region
encoding the novel Cp splice variants. Primers were made
based on exon 2 and the most 5'-end of the different Cf
¢DNAs, and used to amplify human genomic DNA by PCR.
Two overlapping PCR products of 14 and 17 kb, respec-
tively, were identified and mapped by Southern blotting and
hybridization to oligonucleotides corresponding to the dif-
ferent cDNAs. As derived from the 14 and 17 kb PCR
products, exon 1-2 1-3,1-4 and exon a, b and c are located
31, 14.1, 14, 8.1, 5.4 and 4.4 kb upstream 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 CP1. 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 let-
ters. 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
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which four variants of exon 1 designated exon 1-1,1-2, 1-3
and 14 may alternatively splice with exon 1 to encode the
splice variant specific sequence in CA1, CR2, CP3 and Cp4.
The lower panel describes a model in which the exons a, b
and ¢ may splice with exon 14 and 1-3 upstream of exon 2
to encode the splice variant-specific sequences in Cp4ab,
Cp4abe and Cf3ab.

[0007] FIG. 3: Deduced amino acid sequence of C3 splice
variants. The amino acid sequences of the amino terminal
parts of Cp1 and five new splice variants, designated Cj2,
Cp3, Cp4, Cp4ab and C4Pabe according to the cDNA clones
shown in FIG. 1A. The amino acid sequences are shown in
the one letter code and demonstrate that six novel Cf 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 Cf1 is boxed. A PKA
autophosphorylation motive that has previously been iden-
tified in CP1, is underlined and Ser10 which is potentially
phosphorylated, is labeled by an asterisk. Note that there is
a PKA autophosphorylation motif, encoded by exon a,
present in Cp4ab and Cp4abe.

[0008] FIG. 4: Tissue distribution of different C splice
variants. Northern blots containing various human tissues
were hybridized using probes specific for CR1, Cf2, Cp4,
exon a+b and a probe common to all Cp splice variants (Cj
common). For comparison, the same blots were hybridized
using a GAPDH cDNA (GAPDH). All C1 mRNAs had the
same apparent length (4.4 kb).

[0009] FIG. 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 (CP2 specific). A single hybridizing band identi-
fying 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 ug
pr. lane) isolated from wild type (+/+) mouse brain and
spleen (lane 1 and 3), brain and spleen of mice ablated (-/-)
for Cp1 (lane 2 and 4) and human peripheral blood leuko-
cytes (lane 5) was probed with a CP probe expected to
recognize all known CJ splice variants (Co Common, upper
panel) and a Cp probe specific for the Cp2 splice variant
(Cp2, lower panel). Messenger RNA recognized by the two
probes is indicated as 4.4 kb.

DETAILED DESCRIPTION OF THE
INVENTION

[0010] The present invnetion demonstrate that the human
CP gene encodes five novel Cf splice variants, designated
Cp2, Cp3, Cp4, Cp4ab and CpP4abe, in addition to the
previously identified splice variant Cp1 [12]. All the CB
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 14 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 Cj
variants, Cf4ab and Cp4abc, that were the results of alter-
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native splicing of either exon a and b, or exon a, b and c,
between exon 1-4 and exon 2. The presence of the corre-
sponding 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 Cp4
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 Cp 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. AA35 1487, see FIG. 2C). We were unable to produce
such a cDNA, which could be due to low level expression
of CP3 in adult brain.

[0011] The two splice variants Cal and Cp1 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 Cp splice variants with variable N-terminal ends
could suggest that the N-terminal domain might reflect
specific functional features associated with each splice vari-
ant. This is supported by studies of the mouse Cf1 KO
mouse, which displayed impaired hippocampal plasticity
[16]. However, to what extent N-terminal differences influ-
ence catalytic activity is not known since it was shown that
the N-terminally truncated Cf splice variants in mouse, Cf2
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 CP isoform did not influence
catalytic activity, demonstrating that the N-terminal specific
for the Cal/Cp1 is not necessary for catalytic activity.

[0012] The N-terminal of Cetl and CB1 contain two sites
for post-translational modification, a myristylation site and
an autophosphorylation site [5;18;19]. In Cal, Cp1 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 CR3
does not undergo myristylation in vivo [14]. This phenom-
ena may be explained based on a recent study, demonstrating
that the amino acid C-terminal to G must be N if myristy-
lation 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 CR3, it
explains why mouse Cp3 is not myristylated and suggests
that the human CP3 may not be myristylated in vivo.

[0013] The fact that several human Cp splice variants
(Cp2, CB3, Cp4, Cp4ab and Cp4abe) lack the ability to
become myristylated in vivo, question the role of this post
translational modification. Based on the Ca 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 Cc.l
revealed a C subunit tightly associated with the particulate
fraction [23]. Secondly, the Ca-s/Ca2 which is a naturally
occuring N-terminally truncated splice variant is tightly
associate with sub cellular 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
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binding the RII- but not the RI subunit [25], suggests that the
N-terminal amino acids of Cal together with myristylation
serves to influence C subunit solubility. Thus, the sequence
similarity between Col and CP1 and the difference in
solubility of Cal and Ca-s/Ca2, may imply comparable
difference in solubility between CP1 and the truncated Cj
forms.

[0014] Previously a consensus autophosphorylation motif
(-KKGS'®-) was identified in Cal and Cal [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 CB2, CP3, Cp4, the mouse CP2 and CP3 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 S*° phosphorylation
is not crucial for C subunit catalysis. Interestingly, we
identified a potential autophosphorylation site (-RKSS®-) in
Cp4ab and Cp4abe that was encoded by exon a. To what
extent this site represents a true autophosphorylation site
that will influence Cp4ab and Cf4abc properties, remains to
be seen.

[0015] 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 C(2 splice variant is expressed only
in peripheral tissues, while no detectable Cp2 mRNA signal
is found in human brain. However, no CP can be detected
outside the brain in mice lacking the CP1 splice variant
[14;16]. In addition, we were unable to detect any signal
when hybridizing mouse DNA using a human Cp2 specific
probe. Thus, it is likely that mice do not contain a homo-
logue of the human and bovine CB2 splice variants.

[0016] Interestingly, CP2 is the most a typical of the CB
splice variants. This subunit is encoded with an extended
N-terminal domain, which do not resemble any of the other
CP splice variants. The unique domain together with the fact
that CR2 lacks the myristylation- as well the autophospho-
rylation site, and that Cp2 is the only CP 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.

[0017] The inventors suggest that tissue-specific expres-
sion of various Cf 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.

[0018] The present invention includes in this respect
genomic DNA- and cDNA sequences encoding splice vari-
ants Cp1, Cp2, Cp3, Cp4, Cp4ab and Cp4abce 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 Cf protein. The present invention is further
directed to vectors comprising said cDNA sequences. The
invention also includes proteins characterised by the specific
amino acid Cf splice variant proteins; Cp2, Cf4ab and
Cp4abe shown in SEQ ID NO: 7, 8 and 9 respectively. The
invention includes further use of the said Cp splice variant
proteins and DNA sequences in preparation of pharmaceu-
ticals for diagnostic- and therapeutic in order to identify,
characterize and produce pharmacological compositions.
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[0019] CP2 is an enzyme that is expressed in lymphoid
cells, whereby its function is to mediate the regulatory
effects of cAMP on T cell activation. Thus, altered levels,
location and/or activity of Cf2 will according to the inven-
tors results, have impact on the regulation and normal
function of receptors and enzymes which are important for
T cell activation and are regulated by cAMP. This knowl-
edge can be used to diagnose hyperreactive and dysfunc-
tional T cells associated with various immune diseases.

[0020] 1) Malfunctioned T cells: I 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 Cp2. This may
either be monitored as constitutively activated Cp2, sub-
normal activity or dislocation of Cp2.

[0021] 1.1) Improving T cell dysfunction: Present inven-
tion 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.

[0022] Furthermore, dislocation of Cp2 protein from the T
cell membrane will short cut the regulatory effects of Cp2 on
relevant receptors. Thus, the present invention makes it
possible to identify, characterize and produce pharmacologi-
cal composition after high through put screening that will
specifically and irreversibly block Cp2 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.

[0023] 1.2) Down regulation of hyper active T cells:
Present invention makes it possible to identify, characterize
and produce pharmacological compositions after high
through put screening that specifically will activate the
enzymatic activity of Cp2. These compositions should be
developed such that they can be introduced orally or intra
venously to enter the blood system reaching the dysfunc-
tional T cells.

[0024] 1.3) Kits for diagnosing CP62 mutations: T cell
malfunction caused by mal function or -localization of Cp2
enzyme activity may be caused by mutation(s) in the CR2
protein. Present invention makes it possible to develop kits,
which would diagnostically facilitate if mutated CB2 is
present. Such kits should be developed with Cp2 specific
DNA probes.

[0025] Present invention makes it possible to develop a
method for inspection and screening of patient T cells for the
presence and location of CP2 comprising:

[0026] a) collection and washing in buffer of isolated
peripheral blood T lymphocytes according to [27];

[0027] b) preparing for identification of CP2 protein by
immunofluorescence, T cells are let to settle onto poly
L-lysine coated cover slips following detergent-depen-
dent lysis;
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[0028] c) incubation with primary antibody (Ab), either
irrelevant Ab or Cp2 specific Ab, Ab overshoot will be
removed by washing buffer and T cells incubated with
secondary anti-IgG Ab conjugated with a fluorescent;

[0029]
copy.
[0030] Present invention makes it further possible to

develop a method of screening patient T cells for membrane
associated CP2 catalytic activity comprising:

[0031] a) collection and washing in buffer of isolated
peripheral blood T lymphocytes according to [27];

d) inspection of T cells under fluorescent micros-

[0032] b) preparation of T cells by lysing in detergent
buffer;

[0033] b) monitoring CB2 specific catalytic activity by
established assay, CP1 activity is used as an internal
control to determine relative activity.

[0034] Present invention makes it also possible to screen
patients for mutations in the Cp2 gene and mRNA compris-
ing:

[0035] a) collection and washing in buffer of isolated
peripheral blood T lymphocytes according to [27];

[0036] b) isolation of total RNA and genomic DNA
according to established methods followed by RT-PCR
using CP2 specific primers according to cDNA
sequence of CP2 specific nucleotides or the CB2 spe-
cific exon, designated exon 1-2.

[0037] Materials and Methods.
[0038] General Protocols
[0039] Complementary DNA probes were radiolabeled

using the Megaprime random priming kit and o-[32P]dCTP
(Amersham) as instructed by the manufacturers to a specific
activity of at least 1x10° cpm. Synthetic oligonucleotides
were radiolabeled using T4 polynucleotide kinase (Pharma-
cia) and y-[32P]ATP as instructed by the manufacturer.

[0040] 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 (UWGCG)
and the basic local alignment and search tool (BLAST) [5].

[0041] Identification of cDNAs

[0042] 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
different primers complementary to the human Cp cDNA

sequence  (5-CAACCCAAAGAGAAGTAAGAAAGTG-
GTCTA-3",  5-TTGGTTGGTCTGCAAAGAATGGGG-
GATAGC-3/, S-TITTCTCATTCAAAGTATGCTC-

TATTTGC-3' and
5'-AGAATAATGCCGGACTTGAAGATTTTGAAA-3").

[0043] 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

Aug. 5, 2004

electrophoresis, subcloned to pCR2.1TOPO (Invitrogen) as
instructed by the manufacturer and sequenced.

[0044]

[0045] A genomic fragment was amplified using an oli-
gonucleotide corresponding to exon 1-3 (5'-GTTTAGGTG-
CAATCATTCTGCTGTTTG-3') and a primer complemen-
tary to sequences n exon 2 (5-
AAAAAGTCTTCTTTGGCTTTGGCTAGA-3).  Another
genomic fragment was amplified using a primer correspond-
ing to exon 1-2 (5-TGGCAGCTTATAGAGAACCACCTT-
3 and a primer complementary to sequence found in exon
1-3 (5'-CAATCCCATGTTGAACCTGGCA-3"). PCR reac-
tions were performed using the Boehringer-Mannheim
Expand Long Template PCR kit as instructed by the manu-
facturer using buffer 2. PCR was performed using human
genomic DNA (Boehringer-Mannheim) as template with 1
min at 92° C,, 30 cycles of 10 sec 94° 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
exXons.

[0046] Screening of PAC Library and Subcloning of
Exon-containing Sequences.

[0047] The human Pl-derived Artificial Chromosome
(PAC) library, RPCI-6 was screened and the isolated bacte-
rial 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 cDNAs and synthetic oligo-
nucleotides. Exon-containing fragments were excised from
the gel and subcloned to the pZERO2.1 vector (Invitrogen)
as instructed by the manufacturer.

Amplification of Cf gene fragments.

[0048] Generation of Splice Variant Specific Probes,
Northern Blotting and Southern Blotting.

[0049] DNA fragments corresponding to the splice vari-
ant-specific parts of the cDNAs were amplified by PCR. The
following primers were used for the different splice variants:

Cpl: 5'-GCTCTCCACCTCGCTGCCTTTCTT-3'
and

primer 5'-CCAGCCCCCCTTCCCTTCCCTGAC-3',

cp2: primer 5'-TGGCAGCTTATAGAGAACCACCTT-3'
and

primer 5'-ATTGATCTGTCCATAAGGCAGTAT-3',

Ccp3: primer 5'-TCACAGCTAGCAGTAAGAGCTG-3'
and

primer 5'-CAATCCCATGTTGAACCTGGCA-3',

ofiZH primer 5'-TCTCCAGTGTGTGTGTTTACAC-3'
and

primer 5'-ATGATGARAACCAACCTTTCCA-3'.
[0050] The primers were used for amplification of the

fragments from cloned RACE-products using Tag DNA
polymerase (Perkin-Elmer) as described by the manufac-
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turer. For generation of a probe specifically recognizing
exon a and b, the primers 5'-GATATTTCTGAAGAGGAG-
CAAGCAGATGCATCTGATGATTTGCGTG-3' and
5'-CACGCAAATCATCAGATGCATCTGCT-
TGCTCCTCTTCAGAAATATC-3' were annealed, phos-
phorylated and ligated. A 1.5 kb fragment of Cf ¢cDNA [5]
was used for recognizing the parts of the Cf mRNA com-
mon to all splice variants. Two similar Northern blots
containing RNA from various human sources were pur-
chased from Clontech. One blot was hybridized using a
probe specific for Cp2, while the other blot was probed in
succession with probes specific for CB3, Cp4, exon a and b,
and the 1.5 kb Cf cDNA. Both blots were hybridized using
GAPDH cDNA as control. As an almost identical pattern of
hybridization was 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 contain-
ing 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 Cp2. The filters were prehybridized in 5x
Denhardt’s solution, 5xSSC, 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 CPp common or CB2 probe. The membranes
were washed four times in 2xSSC, 0.1% SDS for 5 min at
room temperature, followed by two washes using 0.5xSSC,
0.1% SDS at 50° C. for 30 min. Autoradiography was
performed at —70° C. using Amersham Hyperfilm MP and
intensifying screens.

[0051] In order that this invention may be better under-
stood, 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

[0052] Identification of Exons Encoding Novel Splice
Variants of Human Cf.

[0053] 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 Cf ¢cDNA sequence, in com-
bination with an anchor primer. The resulting PCR products
were subcloned, sequenced and compared to the previously
published human CfoacDNA sequence which is now desig-
nated CB1 (FIG. 1). All clones sequenced were shown to
lack the 46 first protein-encoding nucleotides in the human
Cp1 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 Cp2, Cp3,
Cp4, Cp4ab and Cp4abc.

[0054] All the CB ¢cDNAs were similar from nucleotide 47
and down stream in the Cf1 cDNA, which corresponds to
the start of exon 2 in the murine Cf gene. The identification
of novel protein-encoding sequences upstream of exon 2,
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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 different 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 CP2 cDNA
(sense orientation) and the 5-end of CB3 (antisense orien-
tation) Furthermore, a 14 kb PCR product was the result of
an amplification using a primer corresponding to the 5'-end
of CP3 cDNA (sense orientation) and a primer correspond-
ing to exon 2 (antisense orientation). These clones enabled
us to physically map six novel exons in the Cfi 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 CP1 and CR2 cDNAs as
probes. One of the clones identified, RPCI-6-228E23, con-
tained both exon 1-2 and an exon containing the entire splice
variant-specific part of the Cf1 cDNA, which we termed
exon 1-1. This PAC clone was selected for detailed restric-
tion mapping using CpG cutters. The digested PAC DNA
was separated by 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 approximately
60 kb between exon 1-1 and 1-2 (FIG. 2A). All nucleotide
sequences found in the different CB cDNAs could be iden-
tified 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 Cf§ gene. As
shown in FIG. 2B, exon 1-2 contains the entire CP2 specific
sequence, and exon 1-3 contains the sequence specific for
Cp3 which is homologous to the previously identified exon
1B in the mouse Cp gene. Finally, exon 1-4 was shown to
contain the sequence specific for the human Cp4 splice
variant, and to be homologous to the murine exon 1C, which
encodes the N-terminal end in the murine C[2 splice variant.
Based on the Cf4ab 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 exons 1-4, a, b, ¢ and 2 (FIG.
2C, lower panel). These cDNA sequences represent novel
Cp splice variants not identified in any other species.

Example 2
[0055] Deduced Amino Acid Sequence of Novel CB3
Splice Variants.
[0056] The N-terminal parts of the deduced amino acid

sequences of the previously published CR1-sequence and the
5 novel Cp 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
Cp1) to the C-terminus, while the N-termini varied both in
length and sequence composition. The CP2 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 C(3
splice variant contains four amino acids in the N-terminal
substituting the first 16 amino acids in Cf1, and is similar to
the previously identified murine C33 [14]. The human C(34
contains three amino acids substituting the first 16 amino
acids in Cp1, and is similar to the murine C(2 [14]. Finally,
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the splice variants Cp4ab and Cp4abc contain 18 and 21
amino acids, respectively, that substitute the first 16 amino
acids of Cp1. These splice variants show no homology to the
N-terminus of any other C subunits identified thus far.

Example 3
[0057] Tissue Distribution of Cf Splice Variants.
[0058] To examine the tissue distribution of CP splice

variants, exon specific DNA probes and a DNA probe
common to all Cp 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 (pancl Cp1) we show that Cp1 is
predominantly expressed in brain and kidney with low level
expression in several other tissues as well. CP2 is expressed
at high levels in thymus, spleen and kidney in addition to a
weak signal in other tissues (FIG. 4, panel C(32). 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 Cf 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 Cp
common). Hybridization using a DNA fragment correspond-
ing to the CP3 specific cDNA resulted in an almost unde-
tectable signal in the brain and no detectable signals in any
other tissues (data not shown).

Example 4
[0059] The Human C(2 Splice Variant is Not Present in
the Mouse.
[0060] Previously we have identified three splice variants

of CB in the mouse, Cp1, Cp2 and CB3 [14]. Based on the
present work, it is apparent that mouse Cp2 is not homolo-
gous to either bovine or the human Cf2. Instead, mouse Cf2
is homologous to what we now have designated human Cfp4.
Thus, we investigated whether a Cf splice variant similar to
human CP2 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
Cp. In FIG. 5 (panel A, lanes 1 to 9) we show that a DNA
fragment was detected using CB2 specific probe in man,
monkey, dog, cow, and rabbit. In contrast, the Cp2 specific
probe did not recognize any fragments in the rat and mouse
suggesting that the CB2 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 Cf gene
[16]. The RNA was isolated from immune tissues and brain
since we observed high level expression of Cp2 in human
thymus, spleen and peripheral blood leukocytes and high
level of the other CP splice variants in the brain (FIG. 4).
The Northern blots were probed with a Cp ¢cDNA probe
(expected to recognize all known CP splice variants) and a
CP2 specific probe (see material and methods). In FIG. 5B
(upper panel) we demonstrate that C is present in the brain
of wild type and Cp exon 1 KO (lanes 1 and 2) and in human
peripheral blood leukocytes (lane 5). The mouse spleen did
not contain Cfp mRNA (lanes 3 and 4). When probing the

Aug. 5, 2004

same filter with the Cp2 specific probe (FIG. 5, lower panel)
CP2 message was only detected in human peripheral blood
leukocytes (lane 5) whereas all the mouse tissues were
negative for Cf2 mRNA (lanes 1 to 4).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 39

<210> SEQ ID NO 1

<211> LENGTH: 108

<212> TYPE: DNA

<213> ORGANISM: Homo saplens

<400> SEQUENCE: 1

ccagcceccoee ttecetteee tgacccctte ttgccatcge cccagacatg gggaacgegg 60

cgaccgccaa gaaaggeage gaggtggaga geggtgagtt gaaggeceg

<210> SEQ ID NO 2

<211> LENGTH: 498

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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-continued

<400> SEQUENCE: 2

agctttatat ttaatgctct cattagccta tatattaata ttaaaacacc caaacataaa 60
gccttttagg cagatattgc aagtttttaa aatcctcaac tctagctgaa aagtgttttg 120
ctaagaaaag ctcagtaatg tgctgtttta tattaacagg aaacagaaca gcagtagtgg 180
tttgaatacc ctgcaaacag gaagtttgac acatgcatag ctcttagctt ctgtgtaaga 240
agttgtgagc tccttctgga aacatttgca gttacattaa gtaaagtgta aatgcacatg 300
aatggcagct tatagagaac caccttgtaa ccagtataca ggtacaacta cagctcttca 360
gaaattggaa ggttttgcta gccggttatt tcatagacac tctaaaggta ctgcacatga 420
tcagaaaaca gctctggaaa atgacagcct tcatttctct gaacatactg ccttatggga 480
cagatcaagt aagttttg 498
<210> SEQ ID NO 3

<211> LENGTH: 1392

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

tgtttttagg cagagttcag tggttcgtca caaataaatg tttcttaatt tgttgtttat 60
gactgetega tttecagage catgaaatca ttgtttttga taattetgtt cagetteata 120
gttgtttett aggaagattt cctgacttac ttccacatca ccaaaagtce tgectcacat 180
ggcaactgtt aaaatggcaa gttcacgtge tgaagttceta cttaacaagg aaccattceta 240
tagattettt gtaccatttt ggtacaaatt ttggatctet ggtaatcaaa acaatetgtt 300
caccatgeta cccagtcage ccaccttget atacaatetg tcatettagt cctgttteat 360
gtgaggaatt ttacatttet geaataattg ccagtaactt ttttgtgtat tattttettt 420
tgaataccac atggatggca tctgacactg tttgtaatge tgaatttaat ggaagtttac 480
aaataagtta ttctatgatt ctecctttaaa aatgeagata tacatatatg tatataatat 540
tattetette cataacacag aatgtttaaa tggttaacat ttgtgetgea gtatagettt 600
ctggctcatg aaaaatgaaa gctatcageg atctcggcaa taagattcat cgeccaatagt 660
cactagcaac agcacacagc attttaatat cagtgaggtce cacagctage agtaagaget 720
ggtgtaattg aaagacgttt aggtgcaatc attctgectgt ttgectcettg ccaggttcaa 780
catgggattg tgtgagtatt tgaagaaaac agcaattttt tcatatecttt gaaagatgta 840
aaaagcgtag attagtgctt aaatttaaga aatctggtaa tttataatca tgtggctcta 900
aaataaaaag gtattttatt tgtctggtgg attaaagett tagaaaaget acgccttgga 960
tacaagtgaa ccgataattc tggtctaatg ttgccgtggt aacaactcat getgatataa 1020
ttgagaacat cttatacatc ctggttcgaa cattttctce ctgccatttt gagttgttet 1080
agtggtatat gaaggaggct gggataacta gcttgaaaga aattcagtct agttatagac 1140
atctttggeca ttaatctgat gtttactagt gatatctcat gectaggecagt tatgetttge 1200
ttctagggge ttetettttt aaaacaaaag aaagctcttt tegttttetg tgtgetgeat 1260
gcteocagtgt gtgtgtttac accatceggtt cttetceete tagagattag cataactceecce 1320
tttgetgttg gattgttatt ttgagcaata tgttttggaa aggttggttt tcatcatgag 1380

tggtaagtat gc 1392
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-continued

<210> SEQ ID NO 4

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

cttgatcaag cacgqcaaatc atcagatgca tctggtagga aaac 44
<210> SEQ ID NO 5

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

tggacacaag cttgctcctc ttcagaaata tctggtagge aagt 44
<210> SEQ ID NO 6

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

gaacatgtag attcctttgg tatgctcat 29
<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

atattttcag tgaaagagtt 20
<210> SEQ ID NO 8

<211> LENGTH: 3089

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

ccttectggaa acatttgecag ttacattaag taaagtgtaa atgcacatga atggcagett 60
atagagaacc accttgtaac cagtatacag gtacaactac agctcttcag aaattggaag 120
gttttgctag ccggttattt catagacact ctaaaggtac tgcacatgat cagaaaacag 180
ctctggaaaa tgacagcctt catttetetg aacatactge cttatgggac agatcaatga 240
aagagtttct agccaaagcc aaagaagact ttttgaaaaa atgggagaat ccaactcaga 300
ataatgccgg acttgaagat tttgaaagga aaaaaaccct tggaacaggt tcatttggaa 360
gagtcatgtt ggtaaaacac aaagccactg aacagtatta tgccatgaag atcttagata 420
agcagaaggt tgttaaactg aagcaaatag agcatacttt gaatgagaaa agaatattac 480
aggcagtgaa ttttecttte cttgttcgac tggagtatge ttttaaggat aattctaatt 540
tatacatggt tatggaatat gtccctgggg gtgaaatgtt ttcacatcta agaagaattg 600
gaaggttcag tgagccccat gcacggttet atgcagctca gatagtgeta acattcgagt 660
acctccatte actagacctc atctacagag atctaaaacc tgaaaatcte ttaattgacc 720

atcaaggcta tatccaggtc acagactttg ggtttgccaa aagagttaaa ggcagaactt 780

ggacattatg tggaactcca gagtatttgg ctccagaaat aattctcagce aagggctaca 840
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ataaggcagt ggattggtgg gcattaggag tgctaatcta tgaaatggca gctggctatc 900
ccccattcett tgcagaccaa ccaattcaga tttatgaaaa gattgtttct ggaaaggtcc 960
gattcccate ccacttcagt tcagatctca aggaccttet acggaacctg ctgcaggtgg 1020
atttgaccaa gagatttgga aatctaaaga atggtgtcag tgatataaaa actcacaagt 1080
ggtttgccac gacagattgg attgctattt accagaggaa ggttgaagct ccattcatac 1140
caaagtttag aggctctgga gataccagca actttgatga ctatgaagaa gaagatatcc 1200
gtgtctctat aacagaaaaa tgtgcaaaag aatttggtga attttaaaga ggaacaagat 1260
gacatctgag ctcacactca gtgtttgcac tctgttgaga gataaggtag agetgagacc 1320
gtcottgttg aagcagttac ctagttcctt cattccaacg actgagtgag gtcetttattg 1380
ccatcatccg tgtgegcact ctgcatccac ctatgtaaca aggcaccget aagcaagcat 1440
tgtctgtgee ataacacagt actagaccac tttcttactt ctetttgggt tgtctttete 1500
ctctcctaca tccatttott ccttttcaat ttecattggtt ttetctaaac agtgeteccat 1560
tttattttgt tggtgtttca gatgggcagt gttatggcta cgtgatattt gaagggaagg 1620
ataagtgttg ctttcagtag ttattgecaa tattgttgtt ggtcaatgge ttgaagataa 1680
actttctaat aattattatt tctttgagta getcagactt ggttttgeca aaactcttgg 1740
taatttttga agatagactg tcttatcacce aaggaaattt atacaaatta agactaactt 1800
tettggaatt cactattetg gecaataaatt ttggtagact aatacagtac agetagaccce 1860
agaaatttgg aaggctgtag atcagaggtt ctagttecet ttecetectt ttatatecte 1920
ctetecttga gtaatgaagt gaccagectg tgtagtgtga caaacgtgte tcattecagea 1980
ggaaaaacta atgatatgga tcatcaccca gattetetea cttggtacca geatttetgt 2040
aggtattaga gaagagttet aagtttteta aaccttaact gttecttaag gattttagece 2100
agtattttaa tagaacatga ttaatgaaag tgacaaattt taaattttet ctaatagtece 2160
tcatcataaa ctttttaaag gaaaataagc aaactaaaaa gaacattggt ttagataaat 2220
acttatactt tgcaaagtca aaaatggett gatttttgga aacaatatag aggtattcat 2280
atttaaatga gggtttacat ttgttttgtt ttgtaaccgt taaaaagaag ttgttteccag 2340
ctaattattg tggtgtacta tatttgtgag cctagggtag gggcactget gecaacttetg 2400
ctttcatcce atgecteate aatgaggaaa gggaacaaag tgtataaaac ctgeccacaat 2460
tgtattttaa ttttgaggta tgatattttc agatatttca taatttectaa cctetgttet 2520
ctcagtaaac agaatgtctg atcgatcatg cagatacaat gttggtattt gagaggttag 2580
ttttttteet acactttttt ttgccaactg acttaacaac attgetgtca ggtggaaatt 2640
tcaagcactt ttgcacattt agttcagtgt ttgttgagaa tccatggett aacccacttg 2700
ttttgctatt ttttteotttg cttttaattt tccccatctg attttatcte tgegttteag 2760
tgacctacct taaaacaaca cacgagaaga gttaaactgg gttcatttta atgatcaatt 2820
tacctgcata taaaatttat ttttaatcaa getgatctta atgtatataa tcattctatt 2880
tgctttatta tcggtgecagg taggtcatta acaccactte ttttecatctg taccacacce 2940
tggtgaaacc tttgaagaca taaaaaaaac ctgtctgaga tgttetttct accaatctat 3000
atgtcttteg gttatcaagt gtttectgcat ggtaatgtca tgtaaatget gatattgatt 3060

tcactggtce atctatattt aaaacgtge 3089
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<210> SEQ ID NO 9

<211> LENGTH: 2944

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

tcacagctag cagtaagagc tggtgtaatt gaaagacgtt taggtgcaat cattctgctg
tttgctcett gccaggttca acatgggatt gttgaaagag tttctagcca aagccaaaga
agactttttg aaaaaatggg agaatccaac tcagaataat gccggacttg aagattttga
aaggaaaaaa acccttggaa caggttcatt tggaagagtc atgttggtaa aacacaaagc
cactgaacag tattatgcca tgaagatctt agataagcag aaggttgtta aactgaagca
aatagagcat actttgaatg agaaaagaat attacaggca gtgaattttc ctttccttgt
tcgactggag tatgctttta aggataattc taatttatac atggttatgg aatatgtccc
tgggggtgaa atgttttcac atctaagaag aattggaagg ttcagtgagc cccatgcacg
gttctatgca gctcagatag tgctaacatt cgagtacctc cattcactag acctcatcta
cagagatcta aaacctgaaa atctettaat tgaccatcaa ggetatatce aggtcacaga
ctttgggttt gccaaaagag ttaaaggcag aacttggaca ttatgtggaa ctccagagta
tttggeteca gaaataatte tcagcaaggg ctacaataag gcagtggatt ggtgggeatt
aggagtgcta atctatgaaa tggecagetgg ctatccccca ttetttgeag accaaccaat
tcagatttat gaaaagattg tttctggaaa ggteccgatte ccateccact tcagttcaga
tetcaaggac cttetacgga acctgetgea ggtggatttg accaagagat ttggaaatet
aaagaatggt gtcagtgata taaaaactca caagtggttt gccacgacag attggattge
tatttaccag aggaaggttg aagctccatt cataccaaag tttagagget ctggagatac
cagcaacttt gatgactatg aagaagaaga tatccgtgte tctataacag aaaaatgtge
aaaagaattt ggtgaatttt aaagaggaac aagatgacat ctgagctcac actcagtgtt
tgcactetgt tgagagataa ggtagagetg agaccgtect tgttgaagea gttacctagt
tecttecatte caacgactga gtgaggtett tattgccate atccgtgtge gcactetgea
tccacctatg taacaaggca ccgctaagca agcattgtet gtgccataac acagtactag
accactttet tacttetett tgggttgtet tteteccoctete ctacateccat ttetteettt
tcaatttcat tggttttetc taaacagtge tccattttat tttgttggtg tttcagatgg
gcagtgttat ggctacgtga tatttgaagg gaaggataag tgttgctttc agtagttatt
gccaatattg ttgttggtca atggettgaa gataaacttt ctaataatta ttatttettt
gagtagctca gacttggttt tgccaaaact cttggtaatt tttgaagata gactgtctta
tcaccaagga aatttataca aattaagact aactttcttg gaattcacta ttctggcaat
aaattttggt agactaatac agtacagcta gacccagaaa tttggaaggc tgtagatcag
aggttctagt tccctttecee teettttata tecctectete cttgagtaat gaagtgacca
gcetgtgtag tgtgacaaac gtgtctcatt cagcaggaaa aactaatgat atggatcatc
acccagatte tctcacttgg taccagcatt tctgtaggta ttagagaaga gttctaagtt
ttctaaacct taactgttcc ttaaggattt tagccagtat tttaatagaa catgattaat

gaaagtgaca aattttaaat tttctctaat agtcctcatc ataaactttt taaaggaaaa

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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taagcaaact aaaaagaaca ttggtttaga taaatactta tactttgcaa agtcaaaaat 2100
ggcttgattt ttggaaacaa tatagaggta ttcatattta aatgagggtt tacatttgtt 2160
ttgttttgta accgttaaaa agaagttgtt tccagctaat tattgtggtg tactatattt 2220
gtgagcctag ggtaggggca ctgctgcaac ttectgeottte atcccatgece tcatcaatga 2280
ggaaagggaa caaagtgtat aaaacctgcc acaattgtat tttaattttg aggtatgata 2340
ttttcagata tttcataatt tctaacctct gttctctcag taaacagaat gtctgatcga 2400
tcatgcagat acaatgttgg tatttgagag gttagttttt ttcctacact tttttttgece 2460
aactgactta acaacattgc tgtcaggtgg aaatttcaag cacttttgca catttagttce 2520
agtgtttgtt gagaatccat ggcttaaccc acttgttttg ctattttttt ctttgetttt 2580
aattttcccce atctgatttt atctetgegt ttcagtgace taccttaaaa caacacacga 2640
gaagagttaa actgggttca ttttaatgat caatttacct gcatataaaa tttattttta 2700
atcaagctga tcttaatgta tataatcatt ctatttgett tattateggt gecaggtaggt 2760
cattaacacc acttctttte atctgtacca caccctggtg aaacctttga agacataaaa 2820
aaaacctgte tgagatgtte tttetaccaa tetatatgte ttteggttat caagtgttte 2880
tgcatggtaa tgtcatgtaa atgctgatat tgatttcact ggtccatcta tatttaaaac 2940
gtge 2944
<210> SEQ ID NO 10

<211> LENGTH: 2973

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

ctecagtgtg tgtgtttaca ccateggtte ttetecctet agagattage ataactecct 60
ttgetgttgg attgttattt tgagcaatat gttttggaaa ggttggtttt catcatgagt 120
gtgaaagagt ttctagccaa agccaaagaa gactttttga aaaaatggga gaatccaact 180
cagaataatg ccggacttga agattttgaa aggaaaaaaa cccttggaac aggtteattt 240
ggaagagtca tgttggtaaa acacaaagcc actgaacagt attatgeccat gaagatctta 300
gataagcaga aggttgttaa actgaagcaa atagagcata ctttgaatga gaaaagaata 360
ttacaggcag tgaattttce tttcecttgtt cgactggagt atgettttaa ggataattet 420
aatttataca tggttatgga atatgtccct gggggtgaaa tgttttcaca tctaagaaga 480
attggaaggt tcagtgagcc ccatgcacgg ttctatgcag ctcagatagt gctaacattce 540
gagtacctce attcactaga cctcatctac agagatctaa aacctgaaaa tctcecttaatt 600
gaccatcaag gctatatcca ggtcacagac tttgggtttg ccaaaagagt taaaggcaga 660
acttggacat tatgtggaac tccagagtat ttggctccag aaataattct cagcaagggce 720
tacaataagg cagtggattg gtgggcatta ggagtgctaa tctatgaaat ggcagetgge 780
tatccceccat tetttgcaga ccaaccaatt cagatttatg aaaagattgt ttetggaaag 840
gtccgattee catcccactt cagttcagat ctcaaggacce ttctacggaa cctgetgeag 900
gtggatttga ccaagagatt tggaaatcta aagaatggtg tcagtgatat aaaaactcac 960
aagtggtttg ccacgacaga ttggattgct atttaccaga ggaaggttga agctccattce 1020

ataccaaagt ttagaggctc tggagatacc agcaactttg atgactatga agaagaagat 1080



US 2004/0152626 Al Aug. 5, 2004
13

-continued

atccgtgtet ctataacaga aaaatgtgca aaagaatttg gtgaatttta aagaggaaca 1140
agatgacatc tgagctcaca ctcagtgttt gecactctgtt gagagataag gtagagetga 1200
gaccgtcett gttgaagcag ttacctagtt ccttecattee aacgactgag tgaggtettt 1260
attgccatca tccgtgtgeg cactctgecat ccacctatgt aacaaggcac cgectaagcaa 1320
gcattgtctg tgccataaca cagtactaga ccactttett acttetettt gggttgtett 1380
tctoctetee tacatccatt tettccotttt caatttcatt ggttttetcet aaacagtget 1440
ccattttatt ttgttggtgt ttcagatggg cagtgttatg gectacgtgat atttgaaggg 1500
aaggataagt gttgctttca gtagttattg ccaatattgt tgttggtcaa tggcttgaag 1560
ataaactttc taataattat tatttctttg agtagctcag acttggtttt geccaaaactce 1620
ttggtaattt ttgaagatag actgtcttat caccaaggaa atttatacaa attaagacta 1680
actttcttgg aattcactat tctggcaata aattttggta gactaataca gtacagectag 1740
acccagaaat ttggaaggct gtagatcaga ggttctagtt ccctttecct ccttttatat 1800
cctoctetee ttgagtaatg aagtgaccag cctgtgtagt gtgacaaacqg tgtctcatte 1860
agcaggaaaa actaatgata tggatcatca ceccagattet cteacttggt accageattt 1920
ctgtaggtat tagagaagag ttctaagttt tctaaacctt aactgttcct taaggatttt 1980
agccagtatt ttaatagaac atgattaatg aaagtgacaa attttaaatt ttetctaata 2040
gtceotcatca taaacttttt aaaggaaaat aageaaacta aaaagaacat tggtttagat 2100
aaatacttat actttgcaaa gtcaaaaatg gettgatttt tggaaacaat atagaggtat 2160
tcatatttaa atgagggttt acatttgttt tgttttgtaa ccgttaaaaa gaagttgttt 2220
ccagetaatt attgtggtgt actatatttg tgagectagy gtaggggeac tgetgeaact 2280
tetgetttea teccatgect catcaatgag gaaagggaac aaagtgtata aaacctgeca 2340
caattgtatt ttaattttga ggtatgatat tttcagatat ttecataattt ctaacctetg 2400
ttetetcagt aaacagaatg tctgatcgat catgcagata caatgttggt atttgagagg 2460
ttagtttttt tectacactt ttttttgeca actgacttaa caacattget gtcaggtgga 2520
aatttcaage acttttgcac atttagttca gtgtttgttg agaatccatg gettaaccca 2580
cttgttttge tattttttte tttgetttta atttteoceca tetgatttta tetetgegtt 2640
tcagtgacct accttaaaac aacacacgag aagagttaaa ctgggttcat tttaatgate 2700
aatttacctg catataaaat ttatttttaa tcaagetgat cttaatgtat ataatcatte 2760
tatttgettt attatcggtg caggtaggtc attaacacca cttettttca tctgtaccac 2820
accctggtga aacctttgaa gacataaaaa aaacctgtet gagatgttet ttetaccaat 2880
ctatatgtct ttcggttatce aagtgtttet gcatggtaat gtcatgtaaa tgetgatatt 2940
gatttcactg gtccatctat atttaaaacg tge 2973
<210> SEQ ID NO 11

<211> LENGTH: 3017

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

agtgtgtgtg tttacaccat cggttcttet ccctectagag attagcataa ctccetttge 60

tgttggattg ttattttgag caatatgttt tggaaaggtt ggttttcatc atgagtgcac 120
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gcaaatcatc agatgcatct gcctgctcct cttcagaaat atctgtgaaa gagtttctag 180
ccaaagccaa agaagacttt ttgaaaaaat gggagaatcc aactcagaat aatgccggac 240
ttgaagattt tgaaaggaaa aaaacccttg gaacaggttc atttggaaga gtcatgttgg 300
taaaacacaa agccactgaa cagtattatg ccatgaagat cttagataag cagaaggttg 360
ttaaactgaa gcaaatagag catactttga atgagaaaag aatattacag gcagtgaatt 420
ttectttect tgttegactg gagtatgett ttaaggataa ttctaattta tacatggtta 480
tggaatatgt ccctgggggt gaaatgtttt cacatctaag aagaattgga aggttcagtg 540
agccccatge acggttctat gcagctcaga tagtgctaac attcgagtac ctccattcac 600
tagacctcat ctacagagat ctaaaacctg aaaatctctt aattgaccat caaggctata 660
tccaggtcac agactttggg tttgccaaaa gagttaaagg cagaacttgg acattatgtg 720
gaactccaga gtatttggct ccagaaataa ttctcagcaa gggctacaat aaggcagtgg 780
attggtgggce attaggagtg ctaatctatg aaatggcagc tggctatccc ccattctttg 840
cagaccaacc aattcagatt tatgaaaaga ttgtttctgg aaaggtccga ttcccatccc 900
acttcagtte agatctcaag gaccttctac ggaacctget gcaggtggat ttgaccaaga 960
gatttggaaa tctaaagaat ggtgtcagtg atataaaaac tcacaagtgg tttgccacga 1020
cagattggat tgetatttac cagaggaagg ttgaagetee attcatacca aagtttagag 1080
getotggaga taccageaac tttgatgact atgaagaaga agatatecgt gtetetataa 1140
cagaaaaatg tgcaaaagaa tttggtgaat tttaaagagg aacaagatga catctgaget 1200
cacactcagt gtttgeacte tgttgagaga taaggtagag ctgagaccgt ccttgttgaa 1260
gcagttacet agttecttea ttecaacgac tgagtgaggt ctttattgee atcatecegtg 1320
tgegeactet geatccaccet atgtaacaag gcaccgetaa gcaageattg tetgtgecat 1380
aacacagtac tagaccactt tcttacttet ctttgggtty tettteteet ctectacate 1440
catttettce ttttcaattt cattggtttt ctetaaacag tgetecattt tattttgttg 1500
gtgtttcaga tgggcagtgt tatggetacqy tgatatttga agggaaggat aagtgttget 1560
ttcagtagtt attgccaata ttgttgttgg tcaatggett gaagataaac tttctaataa 1620
ttattattte tttgagtage tcagacttgg ttttgccaaa actettggta atttttgaag 1680
atagactgte ttatcaccaa ggaaatttat acaaattaag actaacttte ttggaattca 1740
ctattetgge aataaatttt ggtagactaa tacagtacag ctagacccag aaatttggaa 1800
ggctgtagat cagaggttct agttcccttt ccctecoctttt atateccteet ctecttgagt 1860
aatgaagtga ccagectgtg tagtgtgaca aacgtgtete attcageagg azaaactaat 1920
gatatggatc atcacccaga ttctctcact tggtaccage atttctgtag gtattagaga 1980
agagttctaa gttttctaaa ccttaactgt tccttaagga ttttagecag tattttaata 2040
gaacatgatt aatgaaagtg acaaatttta aattttctct aatagtcctc atcataaact 2100
ttttaaagga aaataagcaa actaaaaaga acattggttt agataaatac ttatactttg 2160
caaagtcaaa aatggcttga tttttggaaa caatatagag gtattcatat ttaaatgagg 2220
gtttacattt gttttgtttt gtaaccgtta aaaagaagtt gtttccaget aattattgtg 2280
gtgtactata tttgtgagcc tagggtaggg gcactgectge aacttctget ttcatcccat 2340

gcctcatcaa tgaggaaagg gaacaaagtg tataaaacct gccacaattg tattttaatt 2400
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ttgaggtatg atattttcag atatttcata atttctaacc tctgttctct cagtaaacag 2460
aatgtctgat cgatcatgca gatacaatgt tggtatttga gaggttagtt tttttecctac 2520
actttttttt gccaactgac ttaacaacat tgctgtcagg tggaaatttc aagcactttt 2580
gcacatttag ttcagtgttt gttgagaatc catggcttaa cccacttgtt ttgctatttt 2640
tttotttget tttaattttce cccatctgat tttatctctg cgtttcagtg acctacctta 2700
aaacaacaca cgagaagagt taaactgggt tcattttaat gatcaattta cctgcatata 2760
aaatttattt ttaatcaagc tgatcttaat gtatataatc attctatttg ctttattatc 2820
ggtgcaggta ggtcattaac accacttctt ttcatctgta ccacaccctg gtgaaacctt 2880
tgaagacata aaaaaaacct gtctgagatg ttctttctac caatctatat gtecttteggt 2940
tatcaagtgt ttctgcatgg taatgtcatg taaatgctga tattgatttc actggtccat 3000
ctatatttaa aacgtgce 3017
<210> SEQ ID NO 12

<211> LENGTH: 3031

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

gctecgagtg tgtgtgttta caccateggt tetteteccet ctagagttag cataactece 60
tttgetgttg gattgttatt ttgagcaata tgttttggaa aggttggttt tcatcatgag 120
tgcacgcaaa tcatcagatg catctgecetg ctectettea gaaatatetg atteetttgt 180
gaaagagttt ctagecaaag ccaaagaaga ctttttgaaa aaatgggaga atccaactca 240
gaataatgece ggacttgaag attttgaaag gaaaaaaace cttggaacag gttcatttgg 300
aagagtcatg ttggtaaaac acaaagccac tgaacagtat tatgecatga agatcttaga 360
taagcagaag gttgttaaac tgaagcaaat agagcatact ttgaatgaga aaagaatatt 420
acaggcagtg aattttecett tcettgtteg actggagtat gettttaagg ataattctaa 480
tttatacatg gttatggaat atgtccctgyg gggtgaaatg ttttecacate taagaagaat 540
tggaaggttc agtgagcccc atgcacggtt ctatgcaget cagatagtge taacattcga 600
gtacctccat tcactagacc tcatctacag agatctaaaa cctgaaaatc tcttaattga 660
ccatcaagge tatatccagg tcacagactt tgggtttgce aaaagagtta aaggcagaac 720
ttggacatta tgtggaactc cagagtattt ggctccagaa ataattctca gcaagggcta 780
caataaggca gtggattggt gggcattagg agtgctaatc tatgaaatgg cagctggcta 840
teeccocecatte tttgcagacce aaccaattca gatttatgaa aagattgttt ctggaaaggt 900
ccgattcecca tcccacttca gttcagatcet caaggacctt ctacggaacc tgetgcaggt 960
ggatttgacc aagagatttg gaaatctaaa gaatggtgtc agtgatataa aaactcacaa 1020
gtggtttgee acgacagatt ggattgctat ttaccagagg aaggttgaag ctccattcat 1080
accaaagttt agaggctctg gagataccag caactttgat gactatgaag aagaagatat 1140
ccgtgtetet ataacagaaa aatgtgcaaa agaatttggt gaattttaaa gaggaacaag 1200
atgacatctg agctcacact cagtgtttge actctgttga gagataaggt agagctgaga 1260
ccgteottgt tgaagcagtt acctagttce ttcattccaa cgactgagtg aggtcotttat 1320

tgccatcate cgtgtgegea ctetgecatce acctatgtaa caaggcaccg ctaagcaage 1380
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attgtctgtg ccataacaca gtactagacc actttcttac ttetetttgg gttgtettte 1440
tcctcetecta catccattte ttccttttca atttcattgg ttttcetctaa acagtgetcce 1500
attttatttt gttggtgttt cagatgggca gtgttatgge tacgtgatat ttgaagggaa 1560
ggataagtgt tgctttcagt agttattgec aatattgttg ttggtcaatg gettgaagat 1620
aaactttcta ataattatta tttctttgag tagctcagac ttggttttge caaaactett 1680
ggtaattttt gaagatagac tgtcttatca ccaaggaaat ttatacaaat taagactaac 1740
ttteottggaa ttcactattc tggcaataaa ttttggtaga ctaatacagt acagctagac 1800
ccagaaattt ggaaggctgt agatcagagg ttctagttce cttteccctece ttttatatcce 1860
tcectctectt gagtaatgaa gtgaccagcc tgtgtagtgt gacaaacgtg tctcattcag 1920
caggaaaaac taatgatatg gatcatcacc cagattctet cacttggtac cagcatttet 1980
gtaggtatta gagaagagtt ctaagttttc taaaccttaa ctgttcctta aggattttag 2040
ccagtatttt aatagaacat gattaatgaa agtgacaaat tttaaatttt ctctaatagt 2100
cctcatcata aactttttaa aggaaaataa gcaaactaaa aagaacattg gtttagataa 2160
atacttatac tttgcaaaqt caaaaatgge ttgatttttg gaaacaatat agaggtatte 2220
atatttaaat gagggtttac atttgttttg ttttgtaacc gttaaaaaga agttgtttcc 2280
agctaattat tgtggtgtac tatatttgtg agectagggt aggggecactyg ctgcaactte 2340
tgettteate ccatgectca tcaatgagga aagggaacaa agtgtataaa acctgecaca 2400
attgtatttt aattttgagg tatgatattt tcagatattt cataatttet aacctetgtt 2460
ctetcagtaa acagaatgte tgatcgatca tgeagataca atgttggtat ttgagaggtt 2520
agttttttte ctacactttt ttttgecaac tgacttaaca acattgetgt caggtggaaa 2580
ttteaageace ttttgcacat ttagttcagt gtttgttgag aatccatgge ttaacccact 2640
tgttttgeta tttttttett tgettttaat tttecccate tgattttate tetgegttte 2700
agtgacctac cttaaaacaa cacacgagaa gagttaaact gggttcattt taatgatcaa 2760
tttacctgea tataaaattt atttttaatce aagetgatet taatgtatat aatcattceta 2820
tttgetttat tatcggtgca ggtaggtcat taacaccact tetttteate tgtaccacac 2880
cctggtgaaa cctttgaaga cataaaaaaa acctgtetga gatgttettt ctaccaatet 2940
atatgtettt cggttatcaa gtgtttetge atggtaatgt catgtaaatg ctgatattga 3000
tttcactggt ccatctatat ttaaaacgtg ¢ 3031
<210> SEQ ID NO 13

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Ala Ala Tyr Arg Glu Pro Pro Cys Asn Gln Tyr Thr Gly Thr Thr
1 5 10 15

Thr Ala Leu Gln Lys Leu Glu Gly Phe Ala Ser Arg Leu Phe His Arg
20 25 30

His Ser Lys Gly Thr Ala His Asp Gln Lys Thr Ala Leu Glu Asn Asp
35 40 45

Ser Leu His Phe Ser Glu His Thr Ala Leu Trp Asp Arg Ser Met Lys
50 55 60



US 2004/0152626 Al Aug. 5, 2004
17

-continued

Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Lys Lys Trp Glu Ser
65 70 75 80

Pro Ala Gln Asn Thr Ala His Leu Asp Gln Phe Glu Arg Ile Lys Thr
85 90 95

Leu Gly Thr Gly Ser Phe Gly Arg Val Met Leu Val Lys His Lys Glu
100 105 110

Thr Gly Asn His Tyr Ala Met Lys Ile Leu Asp Lys Gln Lys Val Val
115 120 125

Lys Leu Lys Gln Ile Glu His Thr Leu Asn Glu Lys Arg Ile Leu Gln
130 135 140

Ala Val Asn Phe Pro Phe Leu Val Lys Leu Glu Phe Ser Phe Lys Asp
145 150 155 160

Asn Ser Asn Leu Tyr Met Val Met Glu Tyr Val Pro Gly Gly Glu Met
165 170 175

Phe Ser His Leu Arg Arg Ile Gly Arg Phe Ser Glu Pro His Ala Arg
180 185 190

Phe Tyr Ala Ala Gln Ile Val Leu Thr Phe Glu Tyr Leu His Ser Leu
195 200 205

Asp Leu Ile Tyr Arg Asp Leu Leu Lys Pro Glu Asn Leu Leu Ile Asp
210 215 220

Gln Gln Gly Tyr Ile Gln Val Thr Asp Phe Gly Phe Ala Lys Arg Val
225 230 235 240

Lys Gly Arg Thr Trp Thr Leu Cys Gly Thr Pro Glu Tyr Leu Ala Pro
245 250 255

Glu Ile Ile Leu Ser Lys Gly Tyr Asn Lys Ala Val Asp Trp Trp Ala
260 265 270

Leu Gly Val Leu Ile Tyr Glu Met Ala Ala Gly Tyr Pro Pro Phe Phe
275 280 285

Ala Asp Gln Pro Ile Gln Ile Tyr Glu Lys Ile Val Ser Gly Lys Val
290 295 300

Arg Phe Pro Ser Ser His Phe Ser Ser Asp Leu Lys Asp Leu Leu Arg
305 310 315 320

Asn Leu Leu Gln Val Asp Leu Thr Lys Arg Phe Gly Asn Leu Lys Asn
325 330 335

Gly Val Asn Asp Ile Lys Asn His Lys Trp Phe Ala Thr Thr Asp Trp
340 345 350

Ile Ala Ile Tyr Gln Arg Lys Val Glu Ala Pro Phe Ile Pro Lys Fhe
355 360 365

Lys Gly Pro Gly Asp Thr Ser Asn Phe Asp Asp Tyr Glu Glu Glu Glu
370 375 380

Ile Arg Val Ser Ile Asn Glu Lys Cys Gly Lys Glu Phe Ser Glu Phe
385 390 395 400

<210> SEQ ID NO 14

<211> LENGTH: 357

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met Ser Ala Arg Lys Ser Ser Asp Ala Ser Ala Cys Ser Ser Ser Glu
1 5 10 15

Ile Ser Val Met Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu
20 25 30
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Lys Lys Trp Glu Ser Pro Ala Gln Asn Thr Ala His Leu Asp Gln Phe
35 40 45

Glu Arg Ile Lys Thr Leu Gly Thr Gly Ser Phe Gly Arg Val Met Leu
50 55 60

Val Lys His Lys Glu Thr Gly Asn His Tyr Ala Met Lys Ile Leu Asp
65 70 75 80

Lys Gln Lys Val Val Lys Leu Lys Gln Ile Glu His Thr Leu Asn Glu
85 90 95

Lys Arg Ile Leu Gln Ala Val Asn Phe Pro Phe Leu Val Lys Leu Glu
100 105 110

Phe Ser Phe Lys Asp Asn Ser Asn Leu Tyr Met Val Met Glu Tyr Val
115 120 125

Pro Gly Gly Glu Met Phe Ser His Leu Arg Arg Ile Gly Arg Phe Ser
130 135 140

Glu Pro His Ala Arg Phe Tyr Ala Ala Gln Ile Val Leu Thr Phe Glu
145 150 155 160

Tyr Leu His Ser Leu Asp Leu Ile Tyr Arg Asp Leu Leu Lys Pro Glu
165 170 175

Asn Leu Leu Ile Asp Gln Gln Gly Tyr Ile Gln Val Thr Asp Phe Gly
180 185 190

Phe Ala Lys Arg Val Lys Gly Arg Thr Trp Thr Leu Cys Gly Thr Pro
195 200 205

Glu Tyr Leu Ala Pro Glu Ile Ile Leu Ser Lys Gly Tyr Asn Lys Ala
210 215 220

Val Asp Trp Trp Ala Leu Gly Val Leu Ile Tyr Glu Met Ala Ala Gly
225 230 235 240

Tyr Pro Pro Phe Phe Ala Asp Gln Pro Ile Gln Ile Tyr Glu Lys Ile
245 250 255

Val Ser Gly Lys Val Arg Phe Pro Ser Ser His Phe Ser Ser Asp Leu
260 265 270

Lys Asp Leu Leu Arg Asn Leu Leu Gln Val Asp Leu Thr Lys Arg Phe
275 280 285

Gly Asn Leu Lys Asn Gly Val Asn Asp Ile Lys Asn His Lys Trp Phe
290 295 300

Ala Thr Thr Asp Trp Ile Ala Ile Tyr Gln Arg Lys Val Glu Ala Pro
305 310 315 320

Phe Ile Pro Lys Phe Lys Gly Pro Gly Asp Thr Ser Asn Phe Asp Asp
325 330 335

Tyr Glu Glu Glu Glu Ile Arg Val Ser Ile Asn Glu Lys Cys Gly Lys
340 345 350

Glu Phe Ser Glu Phe
355

<210> SEQ ID NO 15

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Met Ser Ala Arg Lys Ser Ser Asp Ala Ser Ala Cys Ser Ser Ser Glu
1 5 10 15

Ile Ser Asp Ser Phe Val Met Lys Glu Phe Leu Ala Lys Ala Lys Glu
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20 25 30

Asp Phe Leu Lys Lys Trp Glu Ser Pro Ala Gln Asn Thr Ala His Leu
35 40 45

Asp Gln Phe Glu Arg Ile Lys Thr Leu Gly Thr Gly Ser Phe Gly Arg
50 55 60

Val Met Leu Val Lys His Lys Glu Thr Gly Asn His Tyr Ala Met Lys
65 70 75 80

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
100 105 110

Lys Leu Glu Phe Ser Phe Lys Asp Asn Ser Asn Leu Tyr Met Val Met
115 120 125

Glu Tyr Val Pro Gly Gly Glu Met Phe Ser His Leu Arg Arg Ile Gly
130 135 140

Arg Phe Ser Glu Pro His Ala Arg Phe Tyr Ala Ala Gln Ile Val Leu
145 150 155 160

Thr Phe Glu Tyr Leu His Ser Leu Asp Leu Ile Tyr Arg Asp Leu Leu
165 170 175

Lys Pro Glu Asn Leu Leu Ile Asp Gln Gln Gly Tyr Ile Gln Val Thr
180 185 190

Asp Phe Gly Phe Ala Lys Arg Val Lys Gly Arg Thr Trp Thr Leu Cys
195 200 205

Gly Thr Pro Glu Tyr Leu Ala Pro Glu Ile Ile Leu Ser Lys Gly Tyr
210 215 220

Asn Lys Ala Val Asp Trp Trp Ala Leu Gly Val Leu Ile Tyr Glu Met
225 230 235 240

Ala Ala Gly Tyr Pro Pro Phe Phe Ala Asp Gln Pro Ile Gln Ile Tyr
245 250 255

Glu Lys Ile Val Ser Gly Lys Val Arg Phe Pro Ser Ser His Phe Ser
260 265 270

Ser Asp Leu Lys Asp Leu Leu Arg Asn Leu Leu Gln Val Asp Leu Thr
275 280 285

Lys Arg Phe Gly Asn Leu Lys Asn Gly Val Asn Asp Ile Lys Asn His
290 295 300

Lys Trp Phe Ala Thr Thr Asp Trp Ile Ala Ile Tyr Gln Arg Lys Val
305 310 315 320

Glu Ala Pro Phe Ile Pro Lys Phe Lys Gly Pro Gly Asp Thr Ser Asn
325 330 335

Phe Asp Asp Tyr Glu Glu Glu Glu Ile Arg Val Ser Ile Asn Glu Lys
340 345 350

Cys Gly Lys Glu Phe Ser Glu Phe
355 360

<210> SEQ ID NO 16

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Met Gly Asn Ala Ala Thr Ala Lys Lys Gly Ser Glu Val Glu Ser Val
1 5 10 15
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Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Lys Lys Trp Glu
20 25 30

<210> SEQ ID NO 17

<211> LENGTH: 80

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Met Ala Ala Tyr Arg Glu Pro Pro Cys Asn Gln Tyr Thr Gly Thr Thr
1 5 10 15

Thr Ala Leu Gln Lys Leu Glu Gly Phe Ala Ser Arg Leu Phe His Arg
20 25 30

His Ser Lys Gly Thr Ala His Asp Gln Lys Thr Ala Leu Glu Asn Asp
35 40 45

Ser Leu His Phe Ser Glu His Thr Ala Leu Trp Asp Arg Ser Met Lys
50 55 60

Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Lys Lys Trp Glu Asn
65 70 75 80

<210> SEQ ID NO 18

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Met Gly Leu Leu Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu
1 5 10 15

Lys Lys Trp Glu Asn
20

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Met Ser Val Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Lys
1 5 10 15

Lys Trp Glu Asn
20

<210> SEQ ID NO 20

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Met Ser Ala Arg Lys Ser Ser Asp Ala Ser Ala Cys Ser Ser Ser Glu
1 5 10 15

Ile Ser Val Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Lys
20 25 30

Lys Trp Glu Asn
35

<210> SEQ ID NO 21
<211> LENGTH: 39
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<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Met Ser Ala Arg Lys Ser Ser Asp Ala Ser Ala Cys Ser Ser Ser Glu
1 5 10 15

Ile Ser Asp Ser Phe Val Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp
20 25 30

Phe Leu Lys Lys Trp Glu Asn
35

<210> SEQ ID NO 22

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Lys Lys Gly Ser
1

<210> SEQ ID NO 23

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

Arg Lys Ser Ser
1

<210> SEQ ID NO 24

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 24

caacccaaag agaagtaaga aagtggtcta 30

<210> SEQ ID NO 25

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 25

ttggttggtc tgcaaagaat gggggatagce 30

<210> SEQ ID NO 26

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 26

ttttctcatt caaagtatge tctatttge 29
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<210> SEQ ID NO 27

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 27

agaataatgc cggacttgaa gattttgaaa 30

<210> SEQ ID NO 28

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 28

gtttaggtgce aatcattctg ctgtttg 27

<210> SEQ ID NO 29

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 29

aaaaagtett ctttggettt ggetaga 27

<210> SEQ ID NO 30

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 30

tggcagetta tagagaacca cctt 24

<210> SEQ ID NO 31

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
primer

<400> SEQUENCE: 31

caatcccatg ttgaacctgg ca 22

<210> SEQ ID NO 32

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
primer

<400> SEQUENCE: 32

gcteotccace tegetgectt tett 24
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<210> SEQ ID NO 33

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 33

ccagcccece tteccettece tgac 24

<210> SEQ ID NO 34

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 34

attgatctgt ccataaggca gtat 24

<210> SEQ ID NO 35

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 35

tcacagetag cagtaagage tg 22

<210> SEQ ID NO 36

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 36

tetcocagtgt gtgtgtttac ac 22

<210> SEQ ID NO 37

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 37

atgatgaaaa ccaacctttc ca 22

<210> SEQ ID NO 38

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Seguence: Synthetic
primer

<400> SEQUENCE: 38
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gatatttctg aagaggagca agcagatgca tctgatgatt tgcgtg

<210> SEQ ID NO 38

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

46

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic

primer
<400> SEQUENCE: 39

cacgcaaatc atcagatgca tctgcttget cctcttcaga aatatc

46

1. The genomic DNA sequence encoding novel human
catalytic subunits Cp2, CP4ab and Cf4abc variants of
¢-AMP dependent protein kinase termed CP3, comprising
the nucleotide sequence of SEQ ID NO:1.

2. The ¢cDNA sequence encoding novel human catalytic
subunits Cp2, Cp4ab and Cf4abc variants of cAMP depen-
dent protein kinase termed Cf, comprising the nucleotide
sequences of SEQ ID NOs: 2, 5 and 6, respectively.

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

4. The specific amino acid sequences of SEQ ID NOs 7,
8 and 9 of CP2, Cf4ab and Cp4abc, respectively.

5. A protein encoded by the nucleotide sequences accord-
ing 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 NOs: 7, 8 and 9.

7. A kit comprising Cp2 specific DNA probes of claims 1
or 2.

8. The use of the CP2, Cp4ab and Cp4abe proteins of
claims 1-6, for the preparation of pharmaceuticals.

9. The use of the CP2 protein of claims 1-6, for the
preparation of a medicament for inhibition of the enzymatic
activity of Cp2.

10. The use of the CP2 protein of claims 1-6, for the
preparation of a medicament that will specifically and irre-
versibly block Cp2 interaction.

11. The use of the CP2 protein of claims 1-6, for the
preparation of a medicament that will activate the enzymatic
activity of Cp2.

12. The use of the DNA sequences which is complemen-
tary to the CP2, Cpdab and Cp4abc DNA according to
claims 1 or 2 for the preparation of an anti sense drug.

13. A method for inspection and screening of patient T
cells for the presence and location of the CB2 of claims 1-6,
comprising;

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

b) preparing for identification of Cp2 protein by immu-
nofluorescence, T cells are let to settle onto poly
L-lysine coated cover slips following detergent-depen-
dent lysis;

¢) incubating with primary antibody (Ab), either irrel-
evant Ab or CB2 specific Ab, Ab overshoot will be
removed by washing buffer and T cells incubated with
secondary anti-IgG Ab conjugated with a fluorescent;
and

d) inspection of T cells under fluorescent microscopy.

14. A method of screening patient T cells for membrane
associated of the CP2 of claims 1-6, 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;

¢) monitoring CP2 specific catalytic activity by estab-
lished assay, CP1 activity is used as an internal control
to determine relative activity.
15. A method for screening of patients for mutations in the
Cp2 gene of claims 1 or 2 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 C(2
specific primers according to cDNA sequence of Cp2
specific nucleotides or the CP2 specific exon, desig-
nated exon 1-2.
16. Aproduct produced by the method according to claims
13, 14 and 15.

17. A test system for screening for inhibitory- or activat-
ing molecules of the CP2 protein of claims 1-6.

18. The product from the screening method according to
claim 17.
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