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ABSTRACT 

The present invention provides novel purified and isolated 
nucleotide sequences encoding the coMP-binding... c6MP 
Specific phosphodiesterase designated coB-PDE. Also pro 
vided by the invention are methods and materials for the 
recombinant production of c(GB-PDE polypeptide products 
and methods for identifying compounds which modulate the 
enzymatic activity of c(GB-PDE polypeptides. 
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CYCLIC GMP-BINDING, CYCLIC GMP-SPECIFIC 
PHOSPHODIESTERASE MATERIALS AND 

METHODS 

0001. This application is a continuation-in-part of co 
pending U.S. patent application Ser. No. 08/068,051 filed 
May 27, 1993. 
0002 Experimental work described herein was supported 
in part by Research Grants GM15731, DK21723, DK40029 
and GM41269 and the Medical Scientist Training Program 
Grant GMO7347 awarded by the National Institutes of 
Health. The United States government has certain rights in 
the invention. 

FIELD OF THE INVENTION 

0003. The present invention relates generally to a cyclic 
guanosine monophosphate-binding, cyclic guanosine mono 
phosphate-specific phosphodiester designated coB-PDE 
and more particularly to novel purified and isolated poly 
nucleotides encoding c(GB-PDE polypeptides, to methods 
and materials for recombinant production of c(GB-PDE 
polypeptide, and to methods for identifying modulators of 
cGB-PDE activity. 

BACKGROUND 

0004 Cyclic nucleotide phosphodiesterases (PDEs) that 
catalyze the hydrolysis of 3'5" cyclic nucleotides such as 
cyclic guanosine monophosphate (cGMP) and cyclic 
adenosine monophosphate (CAMP) to the corresponding 
nucleoside 5' monophosphates constitute a complex family 
of enzymes. By mediating the intracellular concentration of 
the cyclic nucleotides, the PDE isoenzymes function in 
Signal transduction pathways involving cyclic nucleotide 
Second messenger. 
0005) A variety of PDEs have been isolated from differ 
ent tissue sources and many of the PDEs characterized to 
date exhibit differences in biological properties including 
physicochemical properties, Substitute specificity, Sensitiv 
ity to inhibitor, immunological reactivity and mode of 
regulation. See Beavo et al., Cyclic Nucleotide Phosphodi 
esterases. Structure, Regulation and Drug Action, John 
Wiley & Sons, Chichester, U.K. (1990)). Comparison of the 
known amino acid Sequences of various PDEs indicates that 
most PDEs are chimeric multidomain proteins that have 
distinct catalytic and regulatory domains. See Charbon 
neau, pp. 267 in Beavo et al., Supra All mammalian PDEs 
characterized to date share a Sequence of approximately 250 
amino acid residues in length that app to comprise the 
catalytic Site and is located in the carboxyl terminal region 
of the enzyme. PDE domains that interact with allosteric or 
regulatory molecules are thought to be located within the 
amino-terminal regions of the isoenzymes. Based on their 
biological properties, the PDEs may be classified into six 
general families: the Cat"/calmodulin-stimulated PDEs 
(Type I), the coMP-stimulated PDEs (Type II), the coMP 
inhibited PDEs (Type III), the cAMP-specific PDEs (Type 
IV), the coMP-specific phosphodiesterase COB-PDE (Type 
V) which is the subject of the present invention and the 
cGMP-specific photoreceptor PDEs (Type VI). 
0006 The cQMP-binding PDEs (Type II, Type V and 
Type VI PDEs), in addition to having a homologous cata 
lytic domain near their carboxyl terminus, have a Second 
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conserved Sequence which is located closer to their amino 
terminus and which may comprise an allosteric coMP 
binding domain. See Charbonneau et al., Proc. Nail. Acad. 
Sci. USA, 87: 288-292 (1990). 
0007) The Type II coMP-stimulated PDEs (cGs-PDEs) 
am widely distributed in different tissue types and are 
thought to exist as homodimers of 100-105 kDa subunits. 
The cos-PDEs respond under physiological conditions to 
evaluated coMP concentrations by increasing the rate of 
cAMP hydrolysis. The amino acid sequence of a bovine 
heart c(GS-PDE and a partial cDNA sequence of a bovine 
adrenal cortex coS-PDE am reported in LeTrong et. al., 
Biochemistry, 29: 10280-10288 (1990) and full length 
bovine adrenal and human fetal brain c(GB-PDE cDNA 
Sequences are described in Patent Cooperation Treaty Inter 
national Publication No. WO92/18541 published an Oct. 
29, 1992. The full length bovine adrenal cDNA sequence is 
also described in Sonnenburg et al., J. Biol. Chem., 266: 
17655-17661 (1991). 
0008. The photoreceptor PDEs and the coB-PDE have 
been described as cCMP-specific PDEs because they exhibit 
a 50-fold or greater selectivity for hydrolyzing c(GMP over 
cAMP 

0009. The photoreceptor PDEs are the rod outer segment 
PDE (ROS-PDE) and the cone PDE (COS-PDE). The 
holoenzyme structure of the ROS-PDE consists of two large 
subunits C. (88 kDa) and B (84 kDa) which are both 
catalytically active and two Smaller Y regulatory Subunits 
(both 11 kDa) A soluble form of the ROS-PDE has also been 
identified which includes C, B, and Y Subunits and a ö Subunit 
(15 kDa) that appears to be identical to the COS-PDE 15 
kDa subunit. A full-length cDNA corresponding to the 
bovine membrane-associated ROS-PDE. O. Subunit is 
described in Ovchinnikov et al., FEBS Lett., 223: 169-173 
(1987) and a full length cDNA corresponding to the bovine 
rod outer segment PDE B subunit is described in Lipkin et 
al., J. Biol. Chem., 265: 12955-12959 (1990). Ovchinnikov 
et. al., FEBS Lett, 204: 169-173 (1986) presents a full-length 
cDNA corresponding to the bovine ROS-PDE Y subunit and 
the amino acid Sequence of the Ö Subunit. Expression of the 
ROS-PDE has also been reported in brain in Collins et al., 
Genomics, 13: 698-704 (1992). The COS-PDE is composed 
of two identical C" (94 kDa) subunits and three smaller 
subunit of 11 kDa, 13 kDa and 15 kDa. A full-length cDNA 
corresponding to the bovine COS-PDEC'subunit is reported 
in Liet al., Proc. Natl. Acad. Sci. USA, 87: 293-297 (1990). 
0010 cGB-PDE has been purified to homogeneity from 
rat Francis et al., Methods Enzymol., 159: 722-729 (1988) 
and bovine lung tissue Thomas et al., J. Biol. Chem., 265: 
14964-14970 (1990), hereinafter “Thomas I”). The presence 
of this or similar enzymes has been reported in a variety of 
tissues and species including rat and human platelets Hamet 
et al., Adv. Cyclic Nucleotide Protein Phosphorylation Res., 
16: 119-136 (1984), rat spleen Coquil et al., Biochem. 
Biophys. Res. Commun., 127: 226-231 (1985)), guinea pig 
lung Davis et al., J. Biol. Chem., 252: 4078-4084 (1977), 
vascular Smooth muscle Coquil et al., Biochim. BiophyS. 
Acia, 631: 148-165 (1980), and sea urchin sperm Francis 
et al., J. Biol. Chem, 255: 620-626 (1979).. c6 B-PDE may 
be a homodimer comprised of two 93 kDa subunits. See 
Thomas I, Supra coB-PDE has been shown to contain a 
single site not found in other known coMP-binding PDEs 
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which is phosphorylated by c0MP-dependent protein kinase 
(cGK) and, with a lower affinity, by cAMP-dependent pro 
tein kinase (cAK). See Thomas et al., J. Biol. Chem., 265: 
14971-14978 (1990), hereinafter “Thomas II'The primary 
amino acid Sequence of the phosphorylation Site and of the 
amino-terminal end of a fragment generated by chymotryp 
tic digestion of c(GB-PDE are described in Thomas II, Supra, 
and Thomas I; Supra, respectively. However, the majority of 
the amino acid sequence of c(GB-PDE has not previously 
been described. 

0011 Various inhibitors of different types of PDEs have 
been described in the literature. Two inhibitors that exhibit 
Some specificity for Type V PDEs are Zaprinast and dipy 
ridamole. See Francis et al., pp. 117-140 in Beavo et al., 
Supra. 

0012 Elucidation of the DNA and amino acid sequences 
encoding the coB-PDE and production of c(GB-PDE 
polypeptide by recombinant methods would provide infor 
mation and material to allow the identification of novel 
agent that selectively modulate the activity of the coB 
PDEs. The recognition that there are distinct types or 
families of PDE isoenzymes and that different tissues 
express different complements of PDEs has led to an interest 
in the development of PDE modulation which may have 
therapeutic indications for disease States that involve signal 
transduction pathways utilizing cyclic nucleotides as Second 
messenger. Various Selective and non-Selective inhibitors of 
PDE activity are discussed in Murray et al., Biochem. Soc. 
Trans., 20(2): 460-464 (1992). Development of PDE modu 
lators without the ability to produce a specific PDE by 
recombinant DNA techniques is difficult because all PDEs 
catalyze the same basic reaction, have overlapping Substrate 
Specificities and occur only in trace amounts. As a result, 
purification to homogeneity of many PDES is a tedious and 
difficult process. 

0013 There thus continues to exist a need in the an for 
DNA and amino acid sequence information for the coB 
PDE, for methods and mates for the recombinant production 
of c(GB-PDE polypeptides and for methods for identifying 
specific modulators of c(GB-PDE activity. 

SUMMARY OF THE INVENTION 

0.014. The present invention provides novel purified and 
isolate polynucleotides (e.g., DNA sequences and RNA 
transcripts, both Sense and antisense Strands, including 
splice variants thereof) encoding the coMP-binding, c0MP 
specific PDE designated coB-PDE. Preferred DNA 
Sequences of the invention include genomic and cDNA 
Sequences we well as wholly or partially chemically Syn 
thesized DNA sequences. DNA sequences encoding c(GB 
PDE that are set out in SEO ID NO: 9 or 20 and DNA 
Sequences which hybridize thereto under Stringent condi 
tions or DNA sequences which would hybridize thereto but 
for the redundancy of the genetic code are contemplated by 
the invention. Also contemplated by the invention are bio 
logical replicas (i.e., copies of isolated DNA sequences 
made in vivo or in vitro) of DNA sequences of the invention. 
Autonomously replicating recombinant constructions Such 
as plasmid and viral DNA vectors incorporating c(GB-PDE 
Sequences and especially vectors wherein DNA encoding 
cGB-PDE is operatively linked to an endogenous or exog 
enous expression control DNA sequence and a transcrip 
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tional terminator are also provided. Specifically illustrating 
expression plasmids of the invention is the plasmid hcgb 
met156-2 6n in E. coli strain JM109 which was deposited 
with the American Type Culture Collection (ATCC), 12301 
Parklawn Drive, Rockville, Md. 20852, on May 4, 1993 as 
Accession No. 69296. 

0015 According to another aspect of the invention, host 
cells including procaryotic and eucaryotic cells, are stably 
transformed with DNA sequences of the invention in a 
manner allowing the desired polypeptides to be expressed 
therein. Host cells expressing c(GB-PDE products can serve 
a variety of useful purposes. Such cells constitute a valuable 
Source of immunogen for the development of antibody 
substances specifically immunoreactive with cGB-PDE. 
Host cells of the invention are conspicuously useful in 
methods for the large scale production of c(GB-PDE 
polypeptides wherein the cells are grown in a Suitable 
culture medium and the desired polypeptide products are 
isolated from the cells or from the medium in which the cells 
are grown by, for example, immunoaffinity purification. 

0016 ccSB-PDE products may be obtained as isolates 
from natural cell Sources or may be chemically Synthesized, 
but are preferably produced by recombinant procedures 
involving host cells of the invention. Use of mammalian host 
cells is expected to provide for Such post-translational 
modifications (e.g., glycosylation, truncation, lipidation and 
tyrosine, Serine or threonine phosphorylation) as may be 
needed to confer optimal biological activity on recombinant 
expression products of the invention. c6 B-PDE products of 
the invention may be full length polypeptides, fragments or 
variants. Variants may comprise coB-PDE polypeptide ana 
logs wherein one or more of the specified (i.e., naturally 
encoded) amino acids is deleted or replaced or wherein one 
or more nonspecified amino acids a added: (1) without loss 
of one or more of the biological activities or immunological 
characteristics specific for cGB-PDE; or (2) with specific 
disablement of a particular biological activity of c(GB-PDE. 

0017 Also comprehended by the present invention are 
antibody Substances (e.g., monoclonal and polyclonal anti 
bodies, Single chain antibodies, chimeric antibodies, CDR 
grafted antibodies and the like) and other binding proteins 
specific for cGB-PDE. Specific binding proteins can be 
developed using isolated or recombinant cOB-PDE or cGB 
PDE variants or cells expressing Such products. Binding 
proteins are useful, in turn, in compositions for immuniza 
tion as well as for purifying c(GB-PDE polypeptides and 
detection or quantification of c(GB-PDE polypeptides in 
fluid and tissue samples by known immunological proce 
dure. They are also manifestly useful in modulating (i.e., 
blocking, inhibiting or stimulating) biochemical activities of 
cGB-PDE, especially those activities involved in signal 
transduction. Anti-idiotypic antibodies Specific for anti 
cGB-PDE antibody Substances are also contemplated. 

0018. The scientific value of the information contributed 
through the disclosures of DNA and amino acid Sequence of 
the present invention is manifest. AS one Series of examples, 
knowledge of the sequence of a cDNA for cGB-PDE males 
possible the isolation by DNA/DNA hybridization of 
genomic DNA sequences encoding c(GB-PDE and Specify 
ing c(GB-PDE expression control regulatory Sequences Such 
as promoters, operators and the like. DNA/DNA hybridiza 
tion procedures carried out with DNA sequences of the 
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invention under Stringent conditions am likewise expected to 
allow the isolation of DNAS ending allelic variants of 
cGB-PDE, other structurally related proteins sharing one or 
more of the biochemical and/or immunological properties 
Specific to c(GB-PDE, and non-human Species proteins 
homologous to c(GB-PDE. Polynucleotides of the invention 
when suitably labelled are useful in hybridization assays to 
detect the capacity of cells to synthesize coB-PDE. Poly 
nucleotides of the invention may also be the basis for 
diagnostic methods useful for identifying a genetic alter 
ation(s) in the coB-PDE locus that underlies a disease state 
or States. Also made available by the invention ae anti-Sense 
polynucleotides relevant to regulating expression of c(GB 
PDE by those cells which ordinarily express the same. 

0019. The DNA and amino acid sequence information 
provided by the present invention also makes possible the 
Systematic analysis of the Structure and function of c(GB 
PDE and definition of those molecules with which it will 
interact. Agents that modulate coB-PDE activity may be 
identified by incubating a putative modulator with lysate 
from eucaryotic cells expressing recombinant cOB-PDE and 
determining the effect of the putative modulator on c(GB 
PDE phosphodiesterase activity. In a preferred embodiment 
the eucaryotic cell lacks endogenous cyclic nucleotide phos 
phodiesterase activity. Specifically illustrating Such a 
eucaryotic cell is the yeast strain YKS45 which was depos 
ited with the ATCC on May 19, 1993 as Accession No. 
74225. The selectivity of a compound that modulates the 
activity of the coB-PDE can be evaluated by comparing ius 
activity on the coB-PDE to its activity on other PDE 
isozymes. The combination of the recombinant cOB-PDE 
products of the invention with other recombinant PDE 
products in a Series of independent assays provides a System 
for developing selective modulators of c(GB-PDE. 
0020 Selective modulators may include, for example, 
antibodies and other proteins or peptides which specifically 
bind to the coB-PDE or cGB-PDE nucleic acid, oligonucle 
otides which specifically bind to the coB-PDE or cGB-PDE 
nucleic acid and other non-peptide compounds (e.g., isolated 
or Synthetic organic molecules) which specifically react with 
cGB-PDE or cGB-PDE nucleic acid. Mutant forms of c(GB 
PDE which affect the enzymatic activity or cellular location 
of the wild-type coB-PDE are also contemplated by the 
invention. Presently preferred targets for the development of 
Selective modulators include, for example: (1) the regions of 
the coB-PDE which contact other proteins and/or localize 
the coB-PDE within a cell, (2) the regions of the coB-PDE 
which bind substrate, (3) the allosteric coMP-binding site(s) 
of c(GB-PDE, (4) the phosphorylation site(s) of c(GB-PDE 
and (5) the regions of the coB-PDE which are involved in 
dimerization of c(GB-PDE subunits. Modulators of c(GB 
PDE activity may be therapeutically useful in treatment of a 
wide range of diseases and physiological conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Numerous other aspects and advantages of the print 
invention will be apparent upon consideration of the fol 
lowing detailed description thereof, reference being made to 
the drawing wherein: 

0022 FIG. 1A to 1C is an alignment of the conserved 
catalytic domains of several PDE isoenzymes wherein resi 
dues which are identical in all PDEs listed are indicated by 
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their one letter amino acid abbreviation in the “conserved” 
line, residues which are identical in the c(GB-PDE and 
photoreceptor PDEs only are indicated by a star in the 
“conserved” line and gaps introduced for optimum align 
ment are indicated by periods, 
0023 FIG. 2A to 2C is an alignment of the coMP 
binding domains of several PDE isoenzymes wherein resi 
dues which are identical in all PDEs listed are indicated by 
their one letter amino acid abbreviation in the “conserved” 
line and gaps introduced for optimum alignment are indi 
cated by periods; 
0024 FIG. 3 is an alignment of internally homologous 
repeats from several PDE isoenzymes wherein residues 
identical in each repeat A and B from all coMP-binding 
PDEs listed are indicated by their one letter amino acid 
abbreviation in the “conserved” line and stars in the “con 
Served” line represent positions in which all residues are 
chemically conserved; 
0025 FIG. 4 schematically depicts the domain organi 
Zation of c(GB-PDE, 
0026 FIG. 5 is a bar graph representing the results of 
experiments in which extracts of COS cells transfected with 
bovine coB-PDE sequences or extracts of untransfected 
COS cells were assayed for phosphodiesterase activity using 
either 20 uMcGMP or 20 uM cAMP as the substrate; 
0027 FIG. 6 is a graph depicting results of assays of 
extracts from cells transfected with bovine c0B-PDE 
Sequences for cGMP phosphodiesterase activity in the pres 
ence of a Series of concentrations of phosphodiesterase 
inhibitors including dipyridamole (closed Squares), Zapri 
nast (closed circles), methoxymethylxanthine (closed tri 
angles) and rolipram (open circles); 
0028 FIG. 7 is a bar graph presenting results of experi 
ments in which cell extracts from COS cells transfected with 
bovine coB-PDE sequences or control untransfected COS 
cells were assayed for HIcGMP-binding activity in the 
absence (-) or presence (+) of 0.2 mM IBMX; and 
0029 FIG. 8 is a graph of the results of assays in which 
exacts from cells transfected with bovine c(GB-PDE 
sequences were assayed for HIcGMP-binding activity in 
the presence of excess unlabelled cAMP (open circles) or 
cGMP (closed circles) at the concentrations indicated. 

DETAILED DESCRIPTION 

0030 The following examples illustrate the invention. 
Example 1 describes the isolation of a bovine coB-PDE 
cDNA fragment by PCR and subsequent isolation of a full 
length cGB-PDE cDNA using the PCR fragment as a probe 
Example 2 presents an analysis of the relationship of the 
bovine coB-PDE amino acid Sequence to Sequences 
reported for various other PDEs. Northern blot analysis of 
cGB-PDE mRNA in various bovine tissues is presented in 
Example 3. Expression of the bovine coB-PDE cDNA in 
COS cells is described in Example 4. Example 5 presents 
results of assays of the coB-PDE COS cell expression 
product for phosphodiesterase activity, c0MP-binding 
activity and Zn" hydrolase activity Example 6 describes the 
isolation of human cDNAs homologous to the bovine coB 
PDE cDNA. The expression of a human coB-PDE cDNA in 
yeast cells is presented in Example 7 RNase protection 
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assays to detect c(GB-PDE in human tissues are described in 
Example 8. Example 9 describes the bacterial expression of 
human coB-PDE cDNA and the development of antibodies 
reactive with the bacterial c(GB-PDE expression product. 
Example 10 describes cGB-PDE analogs and fragments. 
The generation of monoclonal antibodies that recognize 
cGB-PDE is described in Example 11. Example 12 relates to 
utilizing recombinant cOB-PDE products of the invention to 
develop agents that Selectively modulate the biological 
activities of c(GB-PDE. 

EXAMPLE 1. 

0031) The polymerase chain reaction (PCR) was utilized 
to isolate a cDNA fragment encoding a portion of c(GB-PDE 
from bovine lung first strand cDNA. Fully degenerate sense 
and antisense PCR primers were designed based on the 
partial c(GB-PDE amino acid sequence described in Thomas 
I, Supra, and novel partial amino-acid Sequence information. 
0032 A. Purification of c(GB-PDE Protein 
0033 c6 B-PDE was purified as described in Thomas I, 
Supra, or by a modification of that method as described 
below. 

0034) Fresh bovine lungs (5-10 kg) were obtained from a 
Slaughterhouse and immediately placed on ice. The tissue 
was ground and combined with cold PEM buffer (20 mM 
Sodium phosphate, pH 6.8, containing 2 mM EDTA and 25 
mM f-mercaptoethanol). After homogenization and cen 
trifugation, the resulting supernatant was incubated with 4-7 
liters of DEAE-cellulose (Whatman, UK) for 3-4 hours. The 
DEAE slurry was then filtered under vacuum and rinsed 
with multiple volumes of cold PEM. The resin was poured 
into a glass column and washed with three to four Volumes 
of PEM. The protein was eluted with 100 mM NaCl in PEM 
and twelve 1-liter fractions were collected. Fractions were 
assayed for IBMX-stimulated coMP binding and cQMP 
phosphodiesterase activities by Standard procedures 
decribed in Thomas et al., Supra. Appropriate fractions were 
pooled, diluted 2-fold with cold, deionized water and Sub 
jected to Blue Sepharose(R) CL-6B (Pharmacia LKB Bio 
technology Inc., Piscataway, N.J.) chromatography. Zinc 
chelate affinity adsorbent chromatography was then per 
formed using either an agarose or Sepharose-based gel 
matrix. The resulting protein pool from the Zinc chelation 
Step treated as described in the Thomas I, Supra, or was 
Subjected to a modified purification procedure. 
0035. As decribed in Thomas I, Supra, the protein pool 
was applied in multiple loads to an HPLC Bio-Sil TSK-545 
DEAE column (150x21.5 mm) (BioPad Laboratories, Her 
cules, Calif.) equilibrated in PEM at 4 C. After in equili 
bration period, a 120-ml wash of 50 mM NaCl in PEM was 
followed by a 120-ml linear gradient (50-200 mM NaCl in 
PEM) elution at a flow rate of 2 ml/minute. Appropriate 
fractions were pooled and concentrated in dialysis tubing 
against Sephadex G-200 (Boehringer Mannheim Biochemi 
cals, UK) to a final volume of 1.5 ml. The concentrated 
cGB-PDE pool was applied to an HPLC gel filtration 
column (Bio-Sil TSK-250, 500x215 mm) equilibrated in 
100 mM sodium phosphate, pH 6.8, 2 mM EDTA, 25 mM 
B-mercaptoethanol and eluted with a flow rate of 2 
ml/minute at 4 C. 

0036). If the modified, less cumbersome procedure was 
performed, the protein pool was dialyzed against PEM for 2 
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hours and loaded onto a 10 ml preparative DEAE Sephacel 
column (Pharmacia) equilibrated in PEM buffer. The protein 
was eluted batchwise with 0.5M NaCl in PEM, resulting in 
an approximately 10-15 fold concentration of protein. The 
concentrated protein sample was loaded onto an 800 ml (2.5 
cmx154 cm) Sephacryl S400 gel filtration column (Boe 
hringer) equilibrated in 0.1M NaCl in PEM, and eluted at a 
flow rate: of 1.7 ml/minute. 

0037. The purity of the protein was assessed by Coo 
massie Staining after Sodium dodecyl Sulfate-polyacryla 
mide gel electrophoresis (SDS-PAGE). Approximately 0.5- 
3.0 mg of pure coB-PDE were obtained per 10 kg bovine 
lung. 
0038 Rabbit polyclonal antibodies specific for the puri 
fied bovine coB-PDE were generated by standard proce 
dures. 

0039 B. Amino Acid Sequencing of c(GB-PDE 
0040 cGB-PDE phosphorylated with “PATP and was 
then digested with protease yield 'P-labelled phosphopep 
tides. Approximately 100 ug of purified coB-PDE was 
phosphorylated in a reaction mixture containing 9 mM 
MgCl, 9 uM PATP, 10 uMcGMP, and 4.2 ug purified 
bovine catalytic subunit of cAMP-dependent protein kinase 
(cAK) in a final volume of 900 ul. Catalytic subunit of cAK 
was prepared according to the method of Flockhart et. al., 
pp. 209-215 in Marangos et al., Brain Receptor Methodolo 
gies, Part A, Academic Press, Orlando, Fla. (1984). The 
reaction was incubated for 30 minutes at 30° C., and stopped 
by addition of 60 ul of 200 mM EDTA. 
0041) To obtain a first peptide sequence from coB-PDE, 
3.7 til of a 1 mg/ml Solution of a C-chymotrypsin in KPE 
buffer (10 mM potassium phosphate, pH 6.8, with 2 mM 
EDTA) was added to 100 ug purified, phosphorylated coB 
PDE and the mixture was incubated for 30 minutes at 30° C. 
Proteolysis was stopped by addition of 50 ul of 10% SDS 
and 25 ul of B-mercaptoethanol. The sample was boiled until 
the volume was reduced to less than 400 ul, and was loaded 
onto an 8% preparative SDS-polyacrylamide gel and Sub 
jected to electrophoresis at 50 mAmps. The Separated diges 
tion products were electroblotted onto Immobilon polyvi 
nylidene difluoride (Millipore, Bedford, Mass.), according 
to the method of Matsudaira, J. Biol. Chem, 262: 10035 
10038 (1987). Transferred protein was identified by Coo 
massie Blue Staining, and a 50 kDa band was excised from 
the membrane for automated gas-phase amino acid Sequenc 
ing. The Sequence of the peptide obtained by the C-chymot 
ryptic digestion procedure is set out below as SEQ ID NO: 
1. 

REXDANRINYMYAQYWKNTM SEQ ID NO: 1 

0042. A second sequence was obtained from a coB-PDE 
peptide fragment generated by V8 proteolysis. Approxi 
mately 200 tug of purified coB-PDE was added to 10 mM 
MgCl, 10 uM PATP, 100 uMcGMP, and 1 lug/ml 
purified catalytic subunit of cAK in a final volume of 1.4 ml. 
The reaction was incubated for 30 minutes at 30° C., and 
was terminated by the addition of 160 ul of 0.2M EDTA. 
Next, 9 ul of 1 mg/ml Staphylococcalaureus V8 protease 
(International Chemical Nuclear Biomedicals, Costa Mesa, 
Calif.) diluted in KPE was added, followed by a 15 minute 
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incubation at 30° C. Proteolysis was stopped by addition of 
88 ul of 20% SDS and 45 ul B-mercaptoethanol. The 
digestion products were Separated by electrophoresis on a 
preparative 10% SDS-polyacrylamide gel run at 25 mAmps 
for 4.5 hours. Proteins were electroblotted and stained as 
described above. A 28 kDa protein band was excised from 
the membrane and Subjected to automated gas-phase amino 
acid Sequencing. The Sequence obtained is set out below as 
SEO ID NO: 2. 

QSL AAAWWP SEQ ID NO: 2 

0043. C. PCR Amplification of Bovine cDNA 
0044) The partial amino acid sequences utilized to design 
primers (SEQ ID NO:3, below, and amino acids 9-20 of 
SEQID NO: 1) and the sequences of the corresponding PCR 
primers (in IUPAC nomenclature) are set below wherein 
SEQ ID NO: 3 is the sequence reported in Thomas I, Supra. 

SEQ ID NO: 3 
F D N D E G E Q 

5' TTY GAY AAY GAY GAR GGN GAR CA 3' 

3' AAR CTR TTR CTR CTY CCN CTY GT 5 

SEQ ID NO : 1, Amino acids 9-20 
N Y M Y A. Q Y W K N T M 

5' AAY TAY ATG TAY GCN CARTAY GT 3' 

3' TTR ATR TAC ATR CGN GTY ATR CA 5' 

3' TTR ATR TAC ATR CGN GTY ATR CAN TTY TTR GN TAC 5' 

004.5 The sense and antisense primers, synthesized using 
an Applied Biosystems Model 380ADNA Synthesizer (Fos 
ter City, Calif.), were used in all possible combinations to 
amplify c0B-PDE-specific sequences from bovine lung first 
strand cDNA as described below. 

0046. After ethanol precipitation, pairs of oligonucle 
otides were combined (SEQ ID NO. 4 or 5 combined with 
SEQ ID NOS: 6, 7 or 8) at 400 nM each in a PCR reaction. 
The reaction was run using 50 ng first Strand bovine lung 
cDNA (generated using AMV reverse transcriptase and 
random primers on oligo dT Selected bovine lung mRNA), 
200 uM dNTPs, and 2 units of Taq polymerase. The initial 
denaturation step was carried out at 94 C. for 5 minutes, 
followed by 30 cycles of a 1 minute denaturation step at 94 
C., a two minute annealing step at 50 C., and a 2 minute 
extension step at 72 C. PCR was performed using a Hybrid 
Thermal Reactor (ENK Scientific Products, Saratoga, Calif.) 
and products were treated by gel electrophoresis on a 1% 
low melting point agarose gel run in 40 mM Tris-acetate, 2 
mM EDTA. A weak band of about 800-840 bp was wen with 
the primers set out in SEQID NOs: 4 and 7 and with primers 
set out in SEQ ID NOs: 4 and 8. None of the other primer 
pairs yielded visible bands. The PCR product generated by 
amplification with the primers set out in SEQID NOs: 4 and 
7 was isolated using the Gene Clean(R) (Bio101, La Jolla, 
Calif.) DNA purification kit according to the manufacturer's 
protocol. The PCR product (20 ng) was ligated into 200 ng 
of linearized pBlueScript KS(+) (Stratagene, La Jolla, 
Calif.), and the resulting plasmid construct was used to 
transform E. coli XL1 Blue cells (Stratagene Cloning Sys 
tems, La Jolla, Calif.). Putative transformation positives 
were Screened by Sequencing. The Sequences obtained were 
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not homologous to any known PDE Sequence or to the 
known partial c(GB-PDE sequences. 
0047 PCR was performed again on bovine lung first 
strand cDNA using the primers set out in SEQID NOs; 4 and 
7. A clone containing a 0.8Kb insert with a single large open 
reading frame was identified. The open reading frame 
method a polypeptide that included the amino acids KNTM 
(amino acids 17-20 of SEQ ID NO: 1 which were not 
utilized to design the primer Sequence which is set out in 
SEQ ID NO: 7) and that possessed a high degree of 
homology to the deduced amino acid Sequences of the cos-, 
ROS- and COS-PDEs. The clone identified corresponds to 
nucleotides 489-1312 of SEO ID NO: 9. 

004.8 D. Construction and Hybridization Screening of a 
Bovine cDNA Library 
0049. In order to obtain a cDNA encoding a full-length 
cGB-PDE, a bovine lung cDNA library was screened using 
the P-labelled PCR-generated cDNA insert as a probe. 

(SEQ ID NO: 4) 

(SEQ ID NO: 5) 

(SEQ ID NO: 6) 

(SEQ ID NO; 7) 

(SEQ ID NO: 8) 

0050 Polyadenylated RNA was prepared from bovine 
lung as described Sonnenburg et al., J. Biol. Chem., 266: 
17655-17661 (1991). First stand cDNA was synthesized 
using AMV reverse transcriptase (Life Sciences, St. Peters 
burg, Fla.) with random hexanucleotides primers as 
described in Ausubel et al., Current Protocols in Molecular 
Biology, John Wiley & Sons, New York (1987). Second 
strand cDNA was synthesized using E. coli DNA poly 
merase in the presence of E. coli DNA ligase and E. coli 
RNASe H. Selection of cDNAs larger than 500 bp was 
performed by Sepharose(R) CL-4B (Millipore) chromatogra 
phy. EcoRI adaptors (Promega, Madison, Wis.) were ligated 
to the cDNA using T4 DNA ligase. Following heat inacti 
Vation of the ligase, the cDNA was phosphorylated using T4 
polynucleotide kinase. Unligated adaptors were removed by 
Sepharose(R) CL-4B chromatography (Pharmacia, Piscat 
away, N.J.). The cDNA was ligated into EcoRI-digested, 
dephosphorylated lambda Zap(RII arms (Stratagene) and 
packaged with GigapackE Gold (Stratagene) extracts 
according to the manufacturer's protocol. The titer of the 
unamplified library was 9.9x10 with 18% nonrecombi 
nants. The library was amplified by plating 50,000 plaque 
forming units (pfu) on to twenty 150 mm plates, resulting in 
a final titer of 5.95x10 pfu/ml with 21% nonrecombinants. 
0051) The library was plated on twenty-four 150 mm 
plates at 50,000 pfu/plate, and screened with the P-labelled 
cDNA clone. The probe was prepared using the method of 
Feinberg et al., Anal Biochem, 137: 266-267 (1984), and the 
'P-labelled DNA was purified using Elutip-D(R) columns 

(Schleicher and Schuell Inc., Keene, N.H.) using the manu 
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facturer's protocol. Plaque-lifts were performed using 15 cm 
nitrocellulose filters. Following denaturation and neutraliza 
tion, DNA was fixed onto the filter by baking at 80 C. for 
2 hours. Hybridization was carried out at 42 C. overnight in 
a solution containing 50% formamide, 5xSSC (0.75M NaCl, 
0.75M sodium citrate, pH 7), 25 mM sodium phosphate (pH 
7.0), 2x Denhardt's solution, 10% dextran sulfate, 90 ug/ml 
yeast tRNA, and approximately 10 cpm/ml 'P-labelled 
probe (5x10text missing or illegible when filed.cpm/ 
ug). The filters were washed twice in 0.1xSSC, 0.1% SDS 
at room temperature for 15 minutes per wash, followed by 
a single 20 minute sash in 0.1XSSC, 1% SDS at 45° C. The 
fillers were then exposed to X-ray film at -70° C. for several 
days. 

0.052 Plaques that hybridized with the labelled probe 
were purified by Several rounds of replating and rescreening. 
Insert cDNAs were subcloned into the pBluescript SK(-) 
vector (Stratagene) by the in vivo excision method described 
by the manufacturer's protocol. Southern blots were per 
formed in order to verify that the rescued cDNA hybridized 
to the PCR probe. Putative c(GB-PDE cDNAs were 
Sequenced using Sequenase(E) Version 2.0 (United States 
Biochemical Corporation, Cleveland, Ohio) or TaqTrack(R) 
kits (Promega). 

0053) distinct cDNA clones designated coB-2, c0 B-8 
and coB-10 were isolated. The DNA and deduced amino 
acid sequences of clone coB-8 are set out in SEQ ID NOS: 
9 and 10 The DNA sequence downstream of nucleotide 2686 
may represent a cloning artifact. The DNA sequence of 
cGB-10 is identical to the sequence of c(GB-8 with the 
exception of one nucleotide. The DNA sequence of clone 
cGB-2 diverges from that of clone coB-8 5' to nucleotide 
219 of clone cgb-8 (see SEQ ID NO: 9) and could encode 
a protein with a different amino terminus. 

0054) The coB-8 cDNA clone is 4474 bp in length and 
contains a large open reading frame of 2625 bp. The triplet 
ATG at position 99-101 in the nucleotide sequence is 
predicted to be the translation initiation site of the coB-PDE 
gene because it is preceded by an in-frame Stop codon and 
the Surrounding bases are compatible with the Kozak con 
Sensus initiation Site for eucaryotic mRNAS. The Stop codon 
TAG is located at positions 2724-2726, and is followed by 
1748bp of 3' untranslated sequence. The sequence of c(GB-8 
does not contain a transcription termination consensus 
Sequence, therefore the clone may not represent the entire 3' 
untranslated region of the corresponding rRNA. 

0055. The open reading frame of the coB-8 cDNA 
encodes an 875 ammo acid polypeptide with a calculated 
molecular mass of 99.5 kD. This calculated molecular mass 
is only slightly larger than the reported molecular man of 
purified coB-PDE, estimated by SDS-PAGE analysis to be 
approximately 93 kDa. The deduced amino acid Sequence of 
cGB-8 corresponded exactly to all peptide Sequences 
obtained from purified bovine lung c(GB-PDE providing 
strong evidence that cOB-8 encodes cGB-PDE. 

EXAMPLE 2 

0056. A search of the SWISS-PROT and GEnEmbl data 
banks (Release of February, 1992) conducted using the 
FASTA program supplied with the Genetics Computer 
Group (GCG) Software Package (Madison, Wis.) revealed 
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that only DNA and amino acid Sequences reported for other 
PDEs displayed significant similarity to the DNA and 
deduced amino acid of clone c(GB-8. 

0057 Pairwise comparisons of the cQB-PDE deduced 
amino acid Sequence with the Sequences of eight other PDES 
were conducted using the ALIGN Dayhoff et al., Methods 
Enzymol, 92; 524-545 (1983) and BESTFITWilbur et al., 
Proc. Natl. Acad. Sci. USA, 80: 726-730 (1983) programs. 
Like all mammalian phosphodiesterases Sequenced to date, 
cGB-PDE contains a conserved catalytic domain Sequence 
of approximately 250 amino acids in the carboxyl-terminal 
half of the protein that is thought to be essential for catalytic 
activity. This segment comprises amino acids 578-812 of 
SEQ ID NO: 9 and exhibits sequence conservation with the 
corresponding regions of other PDEs. Table 1 below sets out 
the Specific identity values obtained in pairwise comparisons 
of other PDEs with amino acids 578-812 of c(GB-PDE, 
wherein “ratdunce” is the rat cAMP-specific PDE; “61 
kCaM' is the bovine 61 kDa calcium/calmodulin-dependent 
PDE; “63 kCaM' is the bovine 63 kDa calcium/calmodulin 
dependent PDE, “drosdunce” is the drosophila cAMP-spe 
cific dunce PDE; “ROS-C” is the bovine ROS-PDE O-Sub 
unit; “ROS-?3” is the bovine ROS-PDE B-subunit; “COS-C.” 
is the bovine COS-PDE C. Subunit; and “cGs” is the bovine 
cGs-PDE (612-844). 

TABLE 1. 

Phosphodiesterase Catalytic Domain Residues % Identity 

Ratdunce 77-316 31 
61 kCaM 193-422 29 
63 kcam 195-424 29 
drosduince 1-239 28 
ROS-C 535-778 45 
ROS-B 533-776 46 
COS-C 533-776 48 
cGs 612-844 40 

0058 Multiple sequence alignments were performed 
using the Progressive Alignment Algorithm Feng et al., 
Methods Enzymol., 183:375-387 (1990) implemented in 
the PILEUP program (GCG Software). FIG. 1A to 1C 
shows a multiple Sequence alignment of the proposed cata 
lytic domain of c(GB-PDE with the all the corresponding 
regions of the PDEs of Table 1. Twenty-eight residues (see 
residues indicated by one lette amino acid abbreviations in 
the “conserved” line on FIG. 1A to 1C) are invariant among 
the isoenzymes including Several conserved histidine resi 
dues predicted to play a functional role in catalysis. See 
Charbonneau et al., Proc. Natl. Acad. Sci. USA, supra. The 
catalytic domain of c(GB-PDE more closely resembles the 
catalytic domains of the ROS-PDEs and COS-PDEs than the 
corresponding regions of other PDE isoenzymes. That are 
Several conserved regions among the photoreceptor PDES 
and coB-PDE that are not shared by other PDEs. Amino 
acid positions in these regions that are invariant in the 
photoreceptor PDE and coB-PDE sequences am indicated 
by stars in the “conserved” line of FIG. 1A to 1C. Regions 
of homology among c(GB-PDE and the ROS- and COS 
PDES may serve important roles in conferring Specificity for 
cGMP hydrolysis relative to cAMP hydrolysis or for sensi 
tivity to specific pharmacological agents. 
0059 Sequence similarity between coB-PDE, c0s-PDE 
and the photoreceptor PDEs, is not limited to the conserved 
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catalytic domain but also includes the noncatalytic coMP 
binding domain in the amino-terminal half of the protein. 
Optimization of the alignment between coB-PDE., c6s-PDE 
and the photoreceptor PDEs indicates that an amino-termi 
nal conserved Segment may exist including amino acids 
142-526 of SEQ ID NO: 9. Pairwise analysis of the sequence 
of the proposed coMP-binding domain of c(GB-PDE with 
the corresponding regions of the photoreceptor PDES and 
cGs-PDE revealed 26-28% sequence identity. Multiple 
Sequence alignment of the proposed coMP-binding domains 
with the coMP-binding PDEs is shown in FIG. 2A to 2C 
wherein abbreviations am the same as indicated for Table 1. 
Thirty-eight positions in this non-catalytic domain appear to 
be invariant among all c(GMP-binding PDEs (see positions 
indicated by one letter amino acid abbreviations in the 
“conserved” line of FIG. 2A to 2C). 
0060. The coMP-binding domain of the coMP-binding 
PDES contains internally homologous repeats which may 
form two similar but distinct inter- or intra-Subunit cOMP 
binding Sites. FIG. 3 shows a multiple Sequence alignment 
of the repeats a (corresponding to amino aids 228-311 of 
cGB-PDE) and b (corresponding to amino acids 410-500 of 
cGB-PDE) of the coMP-binding PDEs. Seven residues are 
invariant in each A and B regions (see residue indicated by 
one letter amino aid abbreviations in the “conserved” line of 
FIG.3). Residue that are chemically conserved in the A and 
B regions are indicated by stars in the “conserved” line of 
FIG. 3. c6MP analog studies of c(GB-PDE support the 
existence of a hydrogen bond between the cyclic nucleotide 
binding site on coB-PDE and the 2' OH of c(GMP. 
0061 Three regions of c(GB-PDE have no significant 
Sequence Similarly to other PDE isoenzymes. These regions 
include the Sequence flanking the carboxyl-terminal end of 
the catalytic domain (amino acids 812-875), the Sequence 
Separating the coMP-binding and catalytic domains (amino 
acids 527-577) and the amino-terminal Sequence spanning 
amino acids 1-141. The site (the serine at position 92 of SEQ 
ID NO: 10) of phosphorylation of c(GB-PDE by c0K is 
located in this amino-terminal region of Sequence. Binding 
of c(GMP to the allosteric site on coB-PDE is required for 
its phosphorylation. 

0062) A proposed domain structure of c(GB-PDE based 
on the foregoing comparisons with other PDE isoenzymes is 
presented in FIG. 4. This domain structure is supported by 
the biochemical studies of c(GB-PDE purified from bovine 
lung. 

EXAMPLE 3 

0063) The presence of cQB-PDE mRNA in various 
bovine tissues was examined by Northern blot hybridization. 
0064 Polyadenylated RNA was purified from total RNA 
preparations using the Poly(A) Quick(R) mRNA purification 
kit (Stratagene) according to the manufacturer's protocol, 
RNA sample (5ug) were loaded onto a 1.2% agarose, 67% 
formaldehyde gel. Electrophoresis and RNA transfer were 
performed as previously described in Sonnenburg et al., 
Supra. Prehybridization of the RNA blot was carried out for 
4 hours at 45 C. in a solution containing 50% formamide, 
5xSSC, 25 mM sodium phosphate, pH 7, 2x Denhardt's 
solution, 10% dextran sulfate, and 0.1 mg/ml yeast tRNA. A 
random hexanucleotide-primer-labelled probe (5x10text 
missing or illegible when filed, cpm/ug) was prepared 
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as described in Feinberg et al., Supra, using the 4.7 kb coB-8 
cDNA clone of Example 2 exercised by digestion with AccI 
and SacII. The probe was heat denatured and injected into a 
blotting bag (6x10 cpm/ml) following prehybridization. 
The Northern blot was hybridized overnight at 45 C., 
followed by one 15 minute wash with 2x SSC, 0.1% SDS at 
room temperature, and three 20 minute washes with 0.1x 
SSC, 0.1% SDS at 45° C. The blot was exposed to X-ray 
film for 24 hours at -70° C. The size of the RNA that 
hybridized with the coB-PDE probe was estimated using a 
0.24-9.5 kb RNA ladder that was stained with ethidium 
bromide and visualized with UV light. 
0065. The P-labeled coB-PDE cDNA hybridized to a 
single 6.8 kb bovine lung RNAspecies. A mRNAband of the 
identical size was also detected in polyadenylated RNA 
isolated from bovine trachea, aorta, kidney and Spleen. 

EXAMPLE 4 

0066. The cQB-PDE cDNA in clone coB-8 of Example 
2 was expressed in COS-7 cells (ATCC CRL1651). 
0067. A portion of the coB-8 cDNA was isolated fol 
lowing digestion with the restriction enzyme Xbal. Xbal cut 
at a position in the pBlueScript polylinker Sequence located 
30 bp upstream of the 5' end of the coB-8 insert and at 
position 3359 within the coB-8 insert. The resulting 3399 bp 
fragment, which contains the entire coding region of c(GB-8, 
was then ligand into the unique Xbal cloning site of the 
expression vector pCDM8 (Invitrogen, San Diego, Calif.). 
The pCDM8 plasmid is a 4.5 kb eucaryotic expression 
vector containing a cytomegalovirus promoter and enhancer, 
an SV40-derived origin of replication, a polyadenylation 
Signal, a procaryotic origin of replication (derived from 
pBR322) and a procaryotic genetic marker (SupF). E. coli 
MC1061/P3 cells (Invitrogen) were transformed with the 
resulting ligation products, and transformation positive colo 
nies were Screened for proper orientation of the coB-8 insert 
using PCR and restriction enzyme analysis. The resulting 
expression construct containing the coB-8 insert in the 
proper orientation is referred to as pCDM8-cGB-PDE. 

0068. The pCDM8-cGB-PDE DNA was purified from 
large-scale plasmid preparations using Qiagen pack-500 
columns (Chatsworth, Calif.) according to the manufactur 
er's protocol. COS-7 cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM) containing 10% fetal 
bovine Serum, 50 lug/ml penicillin and 50 lug/ml Streptomy 
cin at 37 C. in a humidified 5% CO atmosphere. Approxi 
mately 24 hours prior to transfection, confluent 100 mm 
dishes of cells were replated at one-fourth or one-fifth the 
original density. In a typical transfection experiment, cells 
were washed with buffer containing 137 mM NaCl, 2.7 mM 
KCl, 1.1 mM potassium phosphate, and 8.1 mM sodium 
phosphate, pH 7.2 (PBS). Then 4-5 ml of DMEM containing 
10% NuSerum (Collaborative Biomedical Products, Bed 
ford, Mass.) was added to each plate. Transfection with 10 
ug pCDM8-cGB-PDE DNA or pCDM8 vector DNA mixed 
with 400 ug DEAE-dextran (Pharmacia) in 60 ul TBS 
Tris-buffered saline: 25 mM Tris-HCl (pH 74), 137 mM 
NaCl, 5 mM KCl, 0.6 mM NaHPO, 0.7 mM CaCl, and 
0.5 mM MgCl) was carried out by dropwise addition of the 
mixture to each plate. The cells were incubated at 37 C., 5% 
CO for 4 hours, and then treated with 10% dimethyl 
sulfoxide in PBS for 1 minute. After 2 minutes, the dimethyl 
Sulfoxide was removed, the cells were washed with PBS and 
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incubated in complete medium. After 48 hours, cells were 
suspended in 0.5-1 ml of cold homogenization buffer 40 
mM Tris-HCl (pH 7.5), 15 mM benzamidine, 15 mM 
B-mercaptoethanol, 0.7 ug/ml pepStatin A, 0.5 lug/ml leu 
peptin, and 5 uM EDTAlper plate of cells, and disrupted 
using a Dounce homogenizer. The resulting whole extracts 
were assayed for phosphodiesterase activity, c0MP-binding 
activity, and total protein concentration as described below 
in Example 5. 

EXAMPLE 5 

0069. Phosphodiesterase activity in extracts of the trans 
fected COS cells of Example 4 or in extracts of mock 
transfected COS cells was measured using a modification of 
the assay procedure described for the cos-PDE in Martins et 
al., J. Biol. Chem. 257: 1973-1979 (1982). Cells were hastd 
and extracts prepared 48 hours after transfection. Incubation 
mixtures contained 40 mM MOPS buffer (pH 7), 0.8 mM 
EDTA, 15 mM magnesium acetate, 2 mg/ml bovine Serum 
albumin, 20 uMHlcGMP or HicAMP (100,000-200,000 
cpm/assay) and COS-7 cell extract in a total volume of 250 
lil. The reaction mixture was incubated for 10 minutes at 30 
C., and then stopped by boiling. Next, 10 ul of 10 mg/ml 
Crotalus atrax venom (Sigma) was added followed by a 10 
minute incubation at 30° C. Nucleoside product were sepa 
rated from unreacted nucleotides as described in Martins et 
al., supra. In all studies, less than 15% of the total Hicyclic 
nucleoside was hydrolyzed during the reaction. 
0070 The results of the assays are presented in FIG. 5 
wherein the results shown are averages of three Separate 
transfections. Transfection of COS-7 cells with pCDM8 
PDE DNA resulted in the expression of approximately 
15-fold higher levels of c(GMP phosphodiesterase activity 
than in mock-transfected cells or in cells transfected with 
pCDM8 vector alone. No increase in CAMP phosphodi 
esterase activity over mock or vector-only transfected cells 
was detected in extracts from cells transfected with pCDM8 
cGB-PDE DNA. These results confirm that the coB-PDE 
bovine cDNA encodes a coMP-specific phosphodiesterase. 
0.071) Extracts from the transfected COS cells of 
Example 4 we also assayed for cGMP PDE activity in the 
presence of a series of concentrations of the PDE inhibitors 
Zaprinast, dipyridamole (Sigma), isobutyl-1-methyl-8-meth 
oxymethylxanthine (MeOxMeMIX) and rolipram. 
0.072 The results of the assays are presented in FIG. 6 
wherein PDE activity in the absence of inhibitor is taken as 
100% and each data point represents the average of two 
separate determinations. The relative potencies of PDE 
inhibitors for inhibition of c(GMP hydrolysis by the 
expressed coB-BPDE cDNA protein product were identical 
to those relative potencies reported for native c(GB-PDE 
purified from bovine lung (Thomas I, Supra). ICso values 
calculated from the curves in FIG. 6 are as follows: Zapri 
nast (closed circles), 2 uM; dipyridamole (closed Squares), 
3.5uM; MeOxMeMIX (closed triangles), 30 uM; and rollip 
ram (open circles), >300 uM. The ICso value of Zaprinast, a 
relatively specific inhibitor of c(GMP-specific phosphodi 
esterases, was at least two orders of magnitude lower than 
that reported for inhibition of phosphodiesterase activity of 
the cos-PDE or of the coMP-inhibited phosphodiesterase 
(cGi-PDEs) (Reeves et al., pp. 300-316 in Beavo et al., 
Supra). Dipyrimadole, an effective inhibitor of Selected 
cAMP- and coMP-specific phosphodiesterases, was also a 
potent inhibitor of the expressed coB-PDE. The relatively 
Selective inhibitor of calcium/calmodulin-Stimulated phos 
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phodiesterase (CaM-PDEs), MeOxMeMIX, was approxi 
mately 10-fold less potent than Zaprinast and dipyridamole, 
in agreement with results using c(GB-PDE activity purified 
from bovine lung. Rolipram, a potent inhibitor of low K, 
cAMP phosphodiesterases, was a poor inhibitor of expressed 
cGB-PDE cDNA protein product. These results show that 
the coB-PDE cDNA encodes a phosphodiesterase that pos 
ses catalytic activity characteristic of c(GB-PDE isolated 
from bovine tissue, thus verifying the identity of the coB-8 
cDNA clone as a coB-PDE. 

0073. It is of interest to note that although the relative 
potencies of the PDE inhibitors for inhibition of c(GMP 
hydrolysis were identical for the recombinant and bovine 
isolate coB-PDE, the absolute ICso values for all inhibitors 
tested were 2-7 fold higher for the recombinant cOB-PDE. 
This difference could not be attributed to the effects of any 
factors present in COS-7 cell extracts on coMP hydrolytic 
activity, since coB-PDE isolated form bovine tissue exhib 
ited identical kinetics of inhibition as a pure enzyme, or 
when added back to extracts of mock-transfected COS-7 
cells. This apparent difference in pharmacological Sensitiv 
ity may be due to a subtle difference in the structure of the 
recombinant cOB-PDE cDNA protein product and bovine 
lung c(GB-PDE, such as a difference in post-translational 
modification at or near the catalytic-site. Alternatively, this 
difference may be due to an alteration of the catalytic 
activity of bovine lung c(GB-PDE over several purification 
StepS. 

0074 Cell extracts were assayed for HicGMP-binding 
activity in the absence or presence of 0.2 mM 3-isobutyl 
1-methylaxanthine (IBMX) (Sigma), a competitive inhibitor 
of c(GMP hydrolysis. The coMP binding assay, modified 
from the assay described in Thomas I, Supra, was conducted 
in a tow volume of 80 ul. Sixty ul of cell extract was 
combined with 20 ul of a binding cocktail such that the final 
concentration of components of the mixture were 1 uM 
HcGMP, 5 uM cAMP, and 10 uM 8-bromo-cGMP. The 

cAMP and 8-bromo-cGMP were added to block HicGMP 
binding to cAK and cok, respectively. ASSays were carried 
out in the absence and presence of 0.2 mM IBMX. The 
reaction was initiated by the addition of the cell extract, and 
was incubated for 60 minutes at 0° C. Filtration of the 
reaction mixtures was carried out as described in Thomas I, 
Supra. Blanks were determined by parallel incubations with 
homogenization buffer replacing cell extracts, or with a 
100-fold excess of unlabelled coMP. Similar results were 
obtained with both methods. Total protein concentration of 
the cell extracts was determined by the method of Bradford, 
Anal. Biochem., 72:248-254 (1976) using bovine serum 
albumin as the Standard. 

0075) Results of the assay are set out in FIG. 7. When 
measured at 1 uM HIcGMP in the presence of 0.2 ml 
IBMX, extracts from COS-7 cells transfected with pCDM8 
cGB-PDE exhibited 8-fold higher c6MP-binding activity 
than extracts from mock-transfected cells. No IBMX stimu 
lation of background coMP binding was observed Suggest 
ing that little or no endogenous coB-PDE was present in the 
COS-7 cell extracts. In extracts of pCDM8cGB-PDE trans 
fected cells coMP-specific activity was stimulated approxi 
mately 1.8-fold by the addition of 0.2 mm IBMX. The ability 
of IBMX to stimulate coMP binding 2-5 fold is a distinctive 
property of the coMP-binding phosphodiesterases. 

0076 Cell extracts were assayed as described above for 
HcGMP-binding activity (wherein concentration of H 
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cGMP was 2.5 uM) in the presence of excess unlabelled 
cAMP or cGMP Results are presented in FIG. 8 wherein 
cGMP binding in the absence of unlabelled computer was 
taken 100% and each data point represents the average of 
three Separate determinations. The binding activity of the 
problem product encoded by the coB-PDE cDNA was 
specific for cGMP relative to cAMP. Less than 10-fold 
higher concentrations of unlabelled coMP were required to 
inhibit HicGMP binding activity by 50% whereas approxi 
mately 100-fold higher concentrations of cAMP were 
required for the same degree of inhibition. 
0077. The results presented in this example show that the 
cGB-PDE cDNA encodes a phosphodiesterase which pos 
SeSSes biochemical activities characteristic of native c(GB 
PDE. 

0078. The catalytic domains of mammalian PDEs and a 
Drosophila PDE contain two tandem conserved sequences 
(HXHX-E) that are typical Zn'"-binding motifs in 
Zn"hydrolases such as thermolysin Vallee and Auld, Bio 
chem, 29: 5647-5659 (1990)). c6B-PDE binds Zntin the 
presence of large excesses of Me", Mn'", Fe", Fei, Ca?" 
or Cd'". In the absence of added, metal, c0 B-PDE has a 
PDE activity that is approximately 20% of the maximum 
activity that occurs in the presence of 40 mM Mg", and this 
basal activity is inhibited by 1,10-phenanthroline or EDTA. 
This Suggests that a trace metal(s) accounts for the basal 
PDE activity despite exhaustive treatments to remove met 
al(s), PDE activity is stimulated by addition of Zn" (0.02-1 
uM) or Co?"(1-20 uM), but not by Fe?", Fe, Cat, Cd", 
or Cut". Zn"increases the basal PDE activity up to 70% of 
the maximum stimulation produced by 40 mM Me'". The 
stimulatory effect of Zn'in these assays may be compro 
mised by an inhibitory effect that is caused by Zn"concen 
trations >1 uM. The Zn-supported PDE activity and Zn'" 
binding by c0B-PDE occur at similar concentrations of 
Zn "... c6 B-PDE thus appears to be a Zn"hydrolase and 
Znappears to play a critical role in the activity of the 
enzyme. See, Colbran et al., The FASEB.J., 8: Abstract 2148 
(Mar. 15, 1994). 

EXAMPLES 6 

0079. Several human cDNA clones, homologous to the 
bovine cDNA clone encoding c(GB-PDE, were isolated by 
hybridization under Stringent conditions using a nucleic acid 
probe corresponding to a portion of the bovine coB-8 clone 
(nucleotides 489-1312 of SEQ ID NO: 9). 
0080) Isolation of cDNA Fragments Encoding Human 
cGB-PDE 

0081. Three human cDNA libraries (two glioblastoma 
and one lung) in the vector lambda Zap were probed with the 
bovine coB-PDE sequence The PCR-generated clone cor 
responding to nucleotide 484-1312 of SEQ ID NO:9 which 
is described in Example 1 was digested with EcoRI and Sall 
and the resulting 0.8 kb cDNA insert was isolated and 
purified by agarose gel electrophoresis. The fragment was 
labelled with radioactive nucleotides using a random primed 
DNA labelling kit (Boehringer). 
0082) The cDNA libraries were plated on 150 mm petri 
plates at a density of approximately 50,000 plaques per 
plate. Duplicate nitrocellulose filter replicas were prepared. 
The prehybridization buffer was 3xSSC, 0.1% Sarkosyl, 10x 
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Denhardt's, 20 mM sodium phosphate (pH 6.8) and 50 
lug/ml salmon tests DNA. Prehybridization was carried out 
at 65 C. for a minimum of 30 minutes. Hybridization was 
carried out at 65° C. overnight in buffer of the same 
composition with the addition of 1x10 cpm/ml of probe. 
The filter were washed at 65° C. in 2XSSC, 0.1% SDS. 
Hybridizing plaques were detected by autoradiography. The 
number of cDNAS that hybridized to the bovine probe and 
the number of cDNAS Screened are indicated in Table 2 
below. 

TABLE 2 

cDNA Library Type Positive Plaques Plaques Screened 

Human SW 1088 dT-primed 1. 1.5 x 10 
glioblastoma 
Human lung dT primed 2 1.5 x 10° 
Human SW 1088 dT-primed 4 1.5 x 10° 
glioblastoma 

0083) Plasmids designated cgbS2.1, cgbS3.1, cgbL23.1, 
cgbL27.1 and cgbS27.1 were excised in vivo from the 
lambda Zap clones ard Sequenced. 

0084 Clone cgbS3.1 contains 2060 bp of a PDE open 
reading frame followed by a putative intron. Analysis of 
clone cgbS2.1 reveals that it corresponds to clone cgbS3.1 
positions 664 to 2060 and extends the PDE open reading 
frame an additional 585 bp before reading into a putative 
intron. The Sequence of the putative 5' untranslated region 
and the protein encoding portions of the cgbS2.1 and 
cgbS3.1 clones are set out in SEQ ID NOs: 11 and 12, 
respectively. Combining the two cDNAS yields a Sequence 
containing approximately 2.7 kb of an open reading encod 
ing a PDE. The three other cDNAS did not extend any 
further 5' or 3' than cDNA cgbS3.1 or cDNA cgbS2.1. 

0085 To isolate additional cDNAS, probes specific for 
the 5' end of clone cgbS3.1 and the 3' end of clone cgbS2.1 
were prepared and used to screen a SW1088 glioblastoma 
cDNA library and a human aorta cDNA library. A 5' probe 
was derived from clone cgbS3.1 by PCR using the primers 
cgbS3.1S311 and cgbL23.1A1286 whose sequences am set 
out in SEQ ID NOs: 8 and 9, respectively, and below, 

Primer cqb53. 15311 
5' GCCACCAGAGAAATGGTC 3' 

(SEQ ID NO: 13) 

Primer cqbL23. IA1286 
5' ACAATGGGTCTAAGAGGC 3' 

(SEQ ID) NO : 14) 

0086) The PCR reaction was carried out in a 50 ul 
reaction volume containing 50 pg.cgbS3.1 cDNA, 0.2 mM 
dNTP, 10 ug/ml each primer, 50 mM KCl, 10 mM Tris-HCl 
pH 8.2, 1.5 mM MgCl2 and Taq polymerase. After an initial 
four minute denaturation at 94 C., 30 cycles of one minute 
at 94° C., two minutes at 50° C. and four minutes at 72° C. 
were carried out. An approximately 0.2 kb fragment was 
generated by the PCR reaction which corresponded to 
nucleotides 300-496 of clone cgbS3.1. 

0087. A 3' probe was derived from cDNA cgbS2.1 by 
PCR using the oligos cgbL3.1 S1190 and cgbS2.1A231 
whose Sequences are Set out below. 
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Primer cqbL23. 151190 
5' TCAGTGCATGTTTGCTGC 3' 

(SEQ 113 NO: 15) 

Primer cqbS2.1A231 
5' TACAAACATGTTCATCAG 3' 

(SEQ ID NO: 16) 

0088. The PCR reaction as carried out similarly to that 
described above for generating the 5' probe, and yielded a 
fragment of approximately 0.8 kb corresponding to nucle 
otides 1358-2139 of cDNA cgbS2.1. The 3' 157 nucleotides 
of the PCR fragment (not shown in SEQ ID NO: 12) are 
within the presumptive intron. 
0089. The two PCR fragments were purified and isolated 
by agarose get electrophoresis, and were labelled with 
radioactive nucleotides by random priming. A random 
printed SW1088 glioblastoma cDNA library (1.5x10 
plaques) was Screened with the labelled fragments as 
described above, and 19 hybridizing plaques were isolated. 
An additional 50 hybridizing plaques were isolated from a 
human aorta cDNA library (dT and random primed, Clon 
tech, Palo Alto, Calif.). 
0090 Plasmids were excised in vivo from some of the 
positive lambda Zap clones and Sequenced. A clone desig 
nated cgbS53.2, the sequence of which is set out in SEQ ID 
NO: 17, contains an approximately 1.1 kb insert whose 
Sequence overlaps the last 61 bp of cgbS3.1 and extends the 
open reading frame an additional 135 bp beyond that found 
in cgbS2.1. The clone contains a termination codon and 
approximately 0.3 kB of putative 3' untranslated Sequence. 
0.091 Generation of a Composite cDNA Encoding 
Human c(GB-PDE 

0092 Clones cgbS3.1, cgbS2.1 and cgbS53.2 were used 
as described in the following paragraphs to build a compos 
ite cDNA that contained a complete human coB-PDE 
opening reading frame. The composite cDNA is designated 
cgbmet156-2 and was inserted in the yeast ADH1 expression 
vector pBNY6N. 
0.093 First, a plasmid designated cgb stop-2 was gener 
ated that contained the 3' end of the coB-PDE open reading 
fame. A portion of the insert of the plasmid was generated 
by PCR using clone cgbS53.2 as a template. The PCR 
primers utilized were cgbS2.1S1700 and cgbstop-2. 

Primer cqbS2. IS1700 
(SEQ ID NO: 18) 

5' TTTGGAAGATCCTCATCA 3' 

Primer cqbstop-2 
(SEQ ID NO: 19) 

5' ATGTCTCGAGTCAGTTCCGCTTGGCCCTG 3' 

0094) The PCR reaction was carried out in 50 ul con 
taining 50 pg template DNA, 0.2 mM dNTPs, 20 mM 
Tris-HCl pH 8.2, 10 mM KC1, 6 mM (NHA)SO, 1.5 mM 
MgCl, 0.1% Triton-X-100, 500 ng each primer and 0.5 
units of Pfu polymerase (Stratagene). The reaction was 
heated to 94 C. for 4 minutes and then 30 cycles of 1 minute 
at 94° C., 2 minutes at 50° C. and four minutes at 72 C. 
were performed. The polymerase was added during the first 
cycle at 50° C. The resulting PCR product was phenol/ 
chloroform extracted, chloroform extracted, ethanol precipi 
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tated and cut with the restriction enzymes Bcl and XhoI. 
The restriction fragment was purified on in agarose gel and 
eluted. 

0.095 This fragment was ligated to the cDNA cgbS2.1 
that had been grown in darn E. coli, cut with the restriction 
enzymes Bcl and XhoI, and gel-purified using the Promega 
magic PCR kit. The resulting plasmid was Sequenced to 
verify that cgbstop-2 contains the 3' portion of the coB-PDE 
open reading frame. 

0096) Second, a plasmid carrying the 5' end of the human 
cGB-PDE open reading frame was generated. Its insert was 
generated by PCR using clone cgbS3.1 as a template. PCR 
was performed as described above using primers cgbmet156 
and cgbS2.1A2150. 

Primer cqbmet156 
(SEQ ID NO: 20) 

5' TACAGAATICTGACCATGGAGCGGGCCGGC 3' 

Primer cqbS2.1A2150 
(SEQ ID NO: 21) 

5' CATTCTAAGCGGATACAG 3' 

0097. The resulting PCR fragment was phenol/chloro 
form extracted, chloroform extracted, ethanol precipitated 
and purified on a Sepharose CL-6B column. The fragment 
was cut with the restriction enzymes EcoRV and EoRI, run 
on an agarose gel and purified by Spinning through glass 
wool. Following phenol/chloroform extraction, chloroform 
extraction and ethanol precipitation, the fragment was 
ligated into EcoRI/EcoRV digested BluescriptiI SK(+) to 
generate plasmid cgbmet 156. The DNA sequence of the 
insert and junctions was determined. The insert contains a 
new EcoRI site and an additional 5 nucleotides that together 
replace the original 155 nucleotides 5' of the initiation 
codon. The insert extends to an EcoRV site beginning 531 
nucleotides from the initiation codon. 

0098. The 5' and 3' portions of the coB-PDE open 
reading frame were then assembled in vector pBNY6a. The 
vector pBNY6a was cut with EcoRI and XhoI, isolated from 
a gel and combined with the agarose gel purified EcoRI/ 
EcoRV fragment from cgbmct156 and the agarose gel puri 
fied EcoRV/XhoI fragment from cgbstop-2. The junctions of 
the insert were Sequenced and the construct was named 
hcbgmet 15-26a. 

0099] The coB-PDE insert from hcbgmet 115-2 6a was 
then moved into the expression vector pBNY6n. Expression 
of DNA inserted in this vector is directed from the yeast 
ADH1 promoter and terminator. The vector contains the 
yeast 2 micron origin of replication, the pUC19 origin of 
replication and an amplicillin resistance gene. Vector 
pBNY6n was cut with EcoRI and XhoI and gel-purified. The 
EcoRI/XhoI insert from hegbmet156-2 6a was gel purified 
using Promega magic PCR construct, and ligated into the cut 
pBNY6n. All new junctions in the resulting construct, 
hcgbmet 156-2 6n, were sequenced. The DNA and deduced 
amino acid Sequences of the insert of hcgbmet156-2 6n 
which encodes a composite human coB-PDE is set out in 
SEO ID NOS: 22 and 23. The insert extends from the first 
methionine in clone cgbS3.1 (nucleotide 156) to the stop 
codon (nucleotide 2781) in the composite cDNA. Because 
the methionine is the most 5' methionine in clone cgbS3.1 
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and because there are no Stop codons in frame with the 
methionine and upstream of it, the insert in pBNY6n may 
represent a truncated form of the open reading frame. 

01.00 Variant cDNAs 

0101 Four human coB-PDE cDNAs that are different 
from the hcgbmet156-2 6n composite cDNA have been 
isolated. One cDNA, cgbL23.1, is missing an internal region 
of hcgbmet156-2 6n (nucleotides 997-1000 to 1444–1447). 
The exact end points of the deletion cannot be determined 
from the cDNA sequence at the positions. Three of the four 
variant cDNAs have 5' end sequences that diverge from the 
hcgbmet156-2 6n Sequence upstream of nucleotide 151 
(cDNAs cgbA7f, cgbA5C, cgbI2). These cDNAs presum 
ably represent alteratively spliced or unspliced mRNAS. 

EXAMPLE 7 

0102) The composite human cQB-PDE cDNA construct, 
hcgbmetS6-2 6n, was transformed into the yeast Strain 
YKS45 (ATCC 74225) (MATC. his3 trp 1 ura3 leu3 pde 
::HIS3 pde2:TRP1) in which two endogenous PDE genes 
are deleted. Transformants complementing the leu defi 
ciency of the YKS45 strain were selected and assayed for 
cGB-PDE activity. Extracts from cells bearing the plasmid 
hcgbmet156-2 6n were determined to display cyclic GMP 
Specific phosphodiesterase activity by the assay described 
below. 

0103) One liter of YKS45 cells transformed with the 
plasmid cgbmet156-2 6n and grown in SC-leu medium to a 
density of 1-2x107 cells/ml was harvested by centrifugation, 
washed once with deionized water, frozen in dry ice/ethanol 
and stored at -70° C. Cell pellets (1-1.5 ml) were thawed on 
ice in the presence of an equal volume of 25 mM Tris-Cl (pH 
8.0)/5 mM EDTA/5 mM EGTA/1 mM o-phenanthroline/0.5 
mM AEBSF (Calbiochem)/0.1% B-mercaptoethanol and 10 
ug/ml each of aprotinin, leupeptin, and pepstatin A. The 
thawed cells were added to 2 ml of acid-washed glass beads 
(425-600 uM. Sigma) in 15 ml Corex tube. Cells were 
broken with 4 cycle consisting of a 30 Second Vortexing on 
setting 1 followed by a 60 second incubation on ice. The cell 
lysate was centrifuged at 12,000xg for 10 minutes and the 
Supernatant was passed through a 0.8ll filter. The Supernatant 
was assayed for cGMP PDE activity as follows. Samples we 
incubated for 20 minutes at 30° C. in the presence of 45 mM 
Tris-Cl (pH 8.0), 2 mM EGTA, 1 mM EDTA, 0.2 mg/ml 
BSA, 5 mM MgCl2, 0.2 mM o-phenanthroline, 2 ug/ml each 
of pepstatin A, leupeptin, and aprotinin, 0.1 mM AEBSF, 
0.02% B-mercaptoethanol and 0.1 mM HicGMP as sub 
strate. I'C-AMP (0.5 nCi/assay) was added as a recovery 
standard. The reaction was terminated with stop buffer 
(0.1M ethanolamine pH 9.0, 0.5M ammonium sulfate, 10 
nM EDTA, 0.05% SDS final concentration). The product 
was separated from the cyclic nucleotide Substrate by chro 
matography on Biorad Affi-Gel 601. The sample was 
applied to a column containing approximately 0.25 ml of 
Affi-Gel 601 equilibrated in column buffer (0.1M ethanola 
mine pH 9.0 containing 0.5M ammonium sulfate). The 
column was washed five times with 0.5 ml of column buffer. 
The product was eluted with four 0.5 ml aliquots of 0.25 
acetic acid and mixed with 5 ml Ecolume (ICN Biochemi 
cals). The radioactive product was measured by Scintilation 
counting. 
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EXAMPLE 8 

0104 Analysis of expression of c(GB-PDE mRNA in 
human tissues was carried out by RNase protection assay. 
0105. A probe corresponding to a portion of the putative 
cGMP binding domain of c(GB-PDE (402 bp corresponding 
to nucleotides 1450 through 1851 of SEQ ID NO: 13) was 
generated by PCR. The PCR fragment was inserted into the 
EcoRI site of the plasmid pBSII SK(-) to generate the 
plasmid RP3. RP3 plasmid DNA was linearized with Xbal 
and antisense probes were generated by a modification of the 
Stratagene T7 RNA polymerase kit. Twenty-five ng of 
linearized plasmid was combined with 20 microcuries of 
alpha ruTP (800 Ci/mmol, 10 mCi/ml), 1x transcription 
buffer (40 mM Tris C1, pH 8, 8 mM MgCl2, 2 mM spermi 
dine, 50 mM NaCl), 0.25 mM each raTP, rGTP and rCTP, 
0.1 units of RNase Block II, 5 mM DTT, 8 uM rUTP and 5 
units of T7 RNA Polymerase in a total volume of 5 ul. The 
reaction was allowed to proceed 1 hour at room temperature 
and then the DNA template was removed by digestion with 
RNase free DNase. The reaction was diluted into 100 ul of 
40 mM TrisCl, pH 8, 6 mM MgCl, and 10 mM NaCl. Five 
units of RNase-free DNase were added and the reaction was 
allowed to continue another 15 minutes at 37 C. The 
reaction was stopped by a phenol eXtraction followed by a 
phenol chloroform extraction. One half volume of 7.5M 
NHOAc was added and the probe was ethanol precipitated. 
0106 The RNase protection assays were carried out 
using the Ambion RNase Protection kit (Austin,Tex.) and 10 
tug RNA isolated from human tissues by an acid guanidinium 
extraction method. Expression of c(GB-PDE mRNA was 
easily detected in RNA extracted from skeletal muscle, 
uterus, bronchus, Skin, right Saphenous vein, aorta and 
SW1018 glioblastoma cells. Barely detectable expression 
was found in RNA extracted from right atrium, right ven 
tricle, kidney cortex, and kidney medulla. Only complete 
protection of the RP3 probe was sees. The lack of particle 
protection argues against the cDNA cgbL23.1 (a variant 
cDNA described in Example 7) representing a major tran 
Script, at least in these RNA samples. 

EXAMPLE 9 

0107 Polyclonal antisera was raised to E. coli-produced 
fragments of the human coB-PDE. 
0108) A portion of the human cQB-PDE cDNA (nucle 
otides 1668-2612 of SEQ ID NO: 22, amino acids 515-819 
of SEQ ID NO. 23) was amplified by PCR and inserted into 
the E. coli expression vector pGEX2T (Pharmacia) as a 
BamHI/EcoRI fragment. The pGEX2T plasmid carries an 
ampicillin resistance gene, an E. coli lad I gene and a 
portion of the SchisroSoma japonicum glutathione-S-trans 
ferase (GST) gene. DNA inserted in the plasmid can be 
expressed as a fusion protein with GST and can then be 
cleaved from the GST portion of the protein with thrombin. 
The resulting plasmid, designated cgbPE3, was transformed 
into E. coli stain LE392 (Stratagene). Transformed cells 
were grown at 37° C. to an OD600 of 0.6. IPTG (isopro 
pylthioalactopyranoside) was added to 0.1 mM and the cells 
were grown at 37 C. for an additional 2 hours. The cells 
were collected by centrifugation and lysed by Sonication. 
Cell debris was removed by centrifugation and the Super 
natant was fractionated by SDS-PAGE. The gel was stained 
with cold 0.4M KCl and the GST-cgb fusion protein band 
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was excised and electrocuted. The PDE portion of the 
protein was Separated from the GST portion by digestion 
with thrombin. The digest was fractionated by SDS-PAGE, 
the PDE protein was electroeluted and injected subcutane 
ously into a rabbit. The resultant antisera recognizes both the 
bovine coB-PDE fragment that was utilized as antigen and 
the full length human coB-PDE protein expressed in yeast 
(see Example 8). 

EXAMPLE 10 

0109 Polynucleotides encoding various coB-PDE ana 
logs and coB-PDE fragments were generated by standard 
methods. 

0110 A. c6B-PDE Analogs 
0111 All known coMP-binding PDEs contain two inter 
nally homologous tandem repeats within their putative 
cGMP-binding domain. In the bovine coB-PDE of the 
invention, the repeats span at least residues 228-311 (repeat 
A) and 410-500 (repeat B) of SEQ ID NO; 10. Site-directed 
mutagenesis of an aspartic acid that is conserved in repeats 
A and B of all known coMP-binding PDEs was used to 
create analogs of c(GB-PDE having either Asp-289 replaced 
with Ala (D289A) or Asp-478 replaced with Ala (D478A). 
Recombinant wild type (WT) bovine and mutant bovine 
cGB-PDEs were expressed in COS-7 cells coB-PDE puri 
fied from bovine lung (native cQB-PDE) and WT coB-PDE 
displayed identical c(GMP-binding kinetics with a K of 
approximately 2 uM and a curvilinear dissociation profile 
(t=1.3 hours at 4 C.). This curvilinearity may have been due 
to the presence of distinct high affinity (slow) and low 
affinity (fast) sites of c(GMPbinding. The D289A mutant had 
significantly decreased affinity for cGMP (K-20 uM) and a 
single rate of c(GMP-association (ttext missing or illeg 
ible when filed=0.5 hours), that was similar to that 
calculated for the fast site of WT and native c(GB-PDE. This 
Suggested the lost of a slow coMP-binding Site in repeat A 
of this mutant. Conversely, the D478A mutant showed 
higher affinity for cGMP (Kof approximately 0.5uM) and 
a single c(GMP-dissociation rate (ttext missing or illeg 
ible when filed=2.8 hours) that was similar to the calcu 
lated rate of the slow site of WT and native c(GB-PDE. This 
Suggested the loSS of a fast Site when repeat was modified. 
Them results indicate that dimeric coB-PDE possesses two 
homologous but kinetically distinct c(GMP-binding sites, 
with the conserved aspartic acid being critical for interaction 
with cGMP at each site. See, Colbran et al., FASEB J., 8: 
Abstract 2149 (May 15, 1994). 
0112 B. Amino-Terminal Truncated coB-PDE Polypep 
tides 

0113 A truncated human coB-PDE polypeptide includ 
ing amino acids 516-875 of SEQ ID NO: 23 was expressed 
in yeast. A cDNA insert extending from the NcoI site at 
nucleotide 1555 of SEQ ID NO: 22 through the XhoI site at 
the 3' end of SEO ID NO: 22 was inserted into the ADH2 
yeast expression vector YEpC-PADH2d Price et al., Meth. 
Enzymol., 118:308-318 (1990) that had been digested with 
NcoI and Sall to generate plasmid YEpC-PADH2d HeGB. 
The plasmid was transformed into Spheroplasts of the yeast 
stainyBJ2-54 (pre1-407 prb1-1122 pep4-3 leu2 trp 1 ura3-52 
Apde1: URA3, HIS3 Apdc::TRP1 cir). The endogenous 
PDE genes are deleted in this strain. Cells were grown in 
SC-leu media with 2% glucose to 107 cells/ml, collected by 
filtration and grown 24 hours in YEP media containing 3% 
glycerol. Cells were pelleted by centrifugation and Stored 
frozen. Cells were disrupted with glass beads and the cell 
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homogenate was assayed for phosphodiesterase activity 
essentially as described in Prpic et al., Anal. Biochem., 208: 
155-160 (1993). The truncated human coB-PDE polypep 
tide exhibited phosphodiesterase activity. 
0114 C. 
Polypeptides 

Carboxy-Terminal Truncated cQB-PDE 

0115 Two different plasmids encoding carboxy-terminal 
truncated human coB-PDE polypeptides were constructed. 
0116 Plasmid p3J6-84Hin contains a cDNA encoding 
amino acids 1-494 of SEO ID NO: 23 inserted into the Nico 
and Sall sites of vector YEpC-PADH2d. The cDNA insert 
extends from the NcoI site at nucleotide position 10 of SEQ 
ID NO: 22 through the HindIII site at nucleotide position 
1494 of SEQ ID NO: 22 followed by a linker and the Sall 
site of YEpC-PADH2d. 
0117 Plasmid p3J6-84Ban contains a cDNA encoding 
amino acids 1-549 of SEO ID NO: 23 inserted into the Nico 
and Sall sites of vector YEpC-PADH2d. The cDNA insert 
extends from the NcoI site at nucleotide position 10 of SEQ 
ID NO: 22 through the BanI site at nucleotide position 1657 
of SEQ ID NO: 22 followed by a linker and the Sall site of 
YEpC-PADH2d. 
0118. The truncated coB-PDE polypeptides are useful 
for screening for modulators of c(GB-PDE activity. 

EXAMPLE 11 

0119 Monoclonal antibodies reactive with human c(GB 
PDE were generated. 
0120 Yeast yB12-54 containing the plasmid YEpADH2 
HcGB (Example 10B) were fermented in a New Brunswick 
Scientific 10 liter Microferm. The coB-PDE cDNA insert in 
plasmid YEpADH2 HeGB extends from the NcoI site at 
nucleotide 12 of SEO ID NO: 22 to the XhoI site at the 3' 
end of SEQID NO: 22. An inoculum of 4x10text missing 
or illegible when filedcells was added to 8 liters of media 
containing SC-leu, 5% glucose, trace metals, and trace 
Vitamins. Fermentation was maintained at 26 C., agitated at 
600 rpm with the standard microbial impeller, and aerated 
with compressed air at 10 volumes per minute. When 
glucose done to 0.3% at 24 hours post-inoculation the 
culture was infused with 2 liters of 5xYEP media containing 
15% glycerol. At 66 hours post-inoculation the yeast from 
the ferment was harvested by centrifugation at 4,000xg for 
30 minutes at 4 C. Total yield of biomass from this 
fermentation approached 350 g wet weight. 
0121 Human coB-PDE enzyme was purified from the 
yeast cell pellet. Assays for PDE activity using 1 mMcGMP 
as Substituted was employed to follow the chromatography 
of the enzyme. All chromatographic manipulations were 
performed at 4 C. 
0122 Yeast (29 g wet weight) were resuspended in 70 ml 
of buffer A (25 mM Tris pH 8.0, 0.25 mM DTT, 5 mM 
MgCl, 10 uM ZnSO", 1 mM benzamidine) and lysed by 
passing through a microfluidizer at 22-24,000 psi. The lysate 
was centrifuged at 10,000xg for 30 minutes and the Super 
natant was applied to a 2.6x28 cm column containing 
Pharmacia Fast Flow Q anion eXchange resin equilibrated 
with buffer B containing 20 mM BisTris-propane pH 6.8, 
0.25 mM DTT, 1 mM MgCl, and 10 uM ZnSO. The 
column was washed with 5 column volumes of buffer B 
containing 0.125M NaCl and then developed with a linear 
gradient from 0.125 to 1.0M NaCl. Fractions containing the 
enzyme were pooled and applied directly to a 5x20 cm 
column of ceramic hydroxyapatite (Biorad) equilibrated in 
buffer C containing 20 mM BisTris-propane pH 6.8, 0.25 
mM DTT, 0.25 MKCl, 1 mM MgCl, and 10 uM ZnSO. 
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The column was washed with 5 column volumes of buffer C 
and eluted with a linear gradient from 0 to 250 mM 
potassium phosphate in buffer C. The pooled enzyme was 
concentrated 8-fold by ultrafiltration (YM30 membrane, 
Amicon). The concentrated enzyme was chromatographed 
on a 2.6x90 cm column of Pharmacia Sephacryl S300 
(Piscataway, N.J.) equilibrated in 25 mM BisTris-propane 
pH 6.8, 0.25 mM DTT, 0.25M NaCl, 1 mM MgCl, and 20 
AlM ZnSO. Approximately 4 mg of protein was obtained. 
The recombinant human coB-PDE enzyme accounted for 
approximately 90% of protein obtained a judged by SDS 
polyacrylamide gel electrophoresis followed by Coomassie 
blue Staining. 
0123 The purified protein was used as an antigen to raise 
monoclonal antibodies. Each of 19 week old Balb/c mice 
(Charles River Biotechnical Services, Inc., Wilmington, 
Mass.) was immunized sub-cutaneously with 50 ug purified 
human coB-PDE enzyme in a 200 ul emulsion consisting of 
50% Freund's complete adjuvant (Sigma Chemical Co.). 
Subsequent boosts on day 20 and day 43 were administered 
in incomplete Freund's adjuvant. A pre-fusion boost was 
done on day 86 using 50 ug enzyme in FBS. The fusion was 
performed on day 90. 
0.124. The spleen from mouse #1817 was removed ster 
ilely and placed in 10 ml serum form RPMI 1640. A 
Single-cell Suspension was formed and filtered through Ster 
ile 70 mesh Nitex cell strainer (Becton Dickinson, Parsip 
pany, N.J.), and washed twice by centrifuging at 200 g for 
5 minutes and resuspending the pellet in 20 ml serum free 
RPMI. Thymocytes taken from 3 naive Balb/c mice were 
prepared in a similar manner. 
0.125 NS-1 myeloma cells, kept in log phase in RPMI 
with 11%. Fetalclone (FBS) Hyclone Laboratories, Inc., 
Logan, Utah) for three days prior to fusion, were centrifuged 
200 g for 5 minutes, and the pellet was washed twice as 
described in the foregoing paragraph. After Washing each 
cell Suspension was brought to a final Volume of 10 ml in 
serum free RPMI, and 20 ul was diluted 1:50 in 1 ml serum 
free RPMI: 20 ul of each dilution was removed, mixed with 
20 ul 0.4% trypan blue Sun in 0.85% saline (Gibco), loaded 
onto a hemocytometer (Baxter Healthcare Corp., Deerfield, 
Ill.) and counted. 
0126 Twox10text missing or illegible when filed 
spleen cells were combined with 40x107 NS-1 cells, cen 
trifuged and the Supernatant was aspirated. The cell pellet 
was dislodged by tapping the tube and 2 ml of 37 C. PEG 
1500 (50% in 75 mM Hepes, pH 8.0) (Boehringer Man 
nheim) was added with Stirring over the course of 1 minute, 
followed by adding 14 ml of serum free RPMI over 7 
minutes. An additional 16 ml RPMI was added and the cells 
were centrifuged at 200 g for 10 minutes. After discarding 
the Supernatant, the pellet was resuspended in 200 ml RPMI 
containing 15% FBS, 100 uM sodium hypoxanthine, 0.4 uM 
aminopterin, 16 uM thymidine (HAT) (Gibco), 25 units/ml 
IL-6 (Boehringer Mannheim) and 1.5x10text missing or 
illegible when filed thymocytes/ml. The suspension was 
first placed in a T225 flask (Corning, United Kingdom) at 
37 C. for two hours before being dispensed into ten 96 well 
flat bottom tissue culture plates (Corning, United Kingdom) 
at 200 ul?well. Cells in plates were fed on days 3, 4, 5 post 
fusion day by aspirating approximately 100 ul from each 
well with an 20 G needle (Becton Dickinson), and adding 
100 ul/well plating medium described above except con 
taining 10 units/ml IL-6 and lacking thymocytes. 
0127. The fusion was screened initially by ELISA. 
Immulon 4 plates (Dynatech) were coated at 4 C. overnight 
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with purified recombinant human coB-PDE enzyme (100 
ng?well in 50 mM carbonate buffer pH9.6). The plates were 
washed 3x with PBS containing 0.05% Tween 20 (PBST). 
The Supernatants from the individual hybridoma wells were 
added to the enzyme coated wells (50 ul/well). After incu 
bation at 37 C. for 30 minutes, and washing as above, 50 
All of horseradish peroxidase conjugated goat anti-mouse 
IgG(fc) (Jackson ImmunoResearch, West Grove, Pa.) 
diluted 1:3500 in PBST was added. Plates were incubated as 
above, washed 4x with PBST and 100 ul Substrate consisting 
of 1 mg/mlo-phenylene diamine (Sigma) and 0.1 ul/ml 30% 
HO in 100 mM citrate, pH 4.5, was added. The color 
reaction was stopped in 5 minutes with the addition of 50 ul 
of 15% H2SO. Aloo was read on a plate reader (Dynatech). 
0128 Wells C5G, text missing or illegible when 
filed4D, F1G, F9H, F11G, J4A, and J5D were picked and 
renamed 102A, 102B, 102C, 102D, 102E, 102F, and 102G 
respectively, cloned two or three times, Successively, by 
doubling dilution in RPMI, 15% FBS, 100 uM sodium 
hypoxanthine, 16 uM thymidine, and 10 units/ml IL-6. Wells 
of clone plates were Scored Visually after 4 days and the 
number of colonies in the least dense wells were recorded. 
Selected wells of the each cloning were tested by ELISA. 
0129. The monoclonal antibodies produced by above 
hybridomas were isotyped in an ELISA assay. Results 
showed that monoclonal antibodies 102A to 102E were 
IgG1, 102F was IgG2b and 102G was IgG2a. 
0.130 All seven monoclonal antibodies reacted with 
human coS-PDE as determined by Western analysis. 

EXAMPLE 12 

0131 Developing modulators of the biological activities 
of specific PDEs requires differentiating PDE isozymes 
present in a particular assay preparation. The classical 
enzymological approach of isolating PDEs from natural 
tissue Sources and Studying each new isozyme is hampered 
by the limits of purification techniques and the inability to 
definitively assess whether complete resolution of a isozyme 
has been achieved. Another approach has been to identify 
assay conditions which might favor the contribution of one 
isozyme and minimize the contribution of others in a prepa 
ration. Still another approach has been the Separation of 
PDES by immunological means. Each of the foregoing 
approaches for differentiating PDE isozymes is time con 
Suming and technically difficult. As a result many attempts 
to develop selective PDE modulators have been performed 
with preparations containing more than one isozyme. More 
over, PDE preparations from natural tissue Sources am 
Susceptible to limited proteolysis and may contain mixtures 
of active proteolytic products that have different kinetic, 
regulatory and physiological properties than the full length 
PDES. 

0132 Recombinant cOB-PDE polypeptide products of 
the invention greatly facilitate the development of new and 
specific coB-PDE modulators. The use of human recombi 
nant enzymes for Screening for modulators has many inher 
ent advantages. The need for purification of an isozyme can 
be avoided by expressing it recombinantly in a host cell that 
lacks endogenous phosphodiesterase activity (e.g. yeast 
Swain YKS45 deposited as ATCC 74225). Screening com 
pounds against human protein avoids complications that 
often arise from Screening against non-human protein where 
a compound optimized on a non-human protein may fail to 
be specific for or react with the human protein. For example, 
a Single amino acid difference between the human and 
rodent 5HT Serotonin receptors accounts for the difference 
in binding of a compound to the receptorS See Oskenberg 



US 2005/0196833 A1 

et al., Nature, 360: 161-163 (1992)). Once a compound that 
modulates the activity of the coB-PDE is discovered, its 
Selectivity can be evaluated by comparing its activity on the 
cGB-PDE to its activity on other PDE isozymes. Thus, the 
combination of the recombinant cOB-PDE products of the 
invention with other recombinant PDE products in a series 
of independent assays provides a System for developing 
Selective modulators of c(GB-PDE. Selective modulators 
many include, for example, antibodies and other proteins or 
peptides which specifically bind to the coB-PDE or cGB 
PDE nucleic acid, oligonucleotides which specifically bind 
to the coB-PDE (so Patent Cooperation Treaty International 
Publication No. WO93/05182 published Mar. 18, 1993 
which describes methods for Selecting oligonucleotides 
which selectively bind to target biomolecules) or cGB-PDE 
nucleic acid (e.g., antisense oligonucleotides) and other 
non-peptide natural or Synthetic compounds which specifi 
cally bind to the coB-PDE or cGB-PDE nucleic acid. 
Mutant forms of the coB-PDE which alter the enzymatic 
activity of the coB-PDE or its localization in a cell are also 
contemplated. Crystallization of recombinant cOB-PDE 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 47 

<210> SEQ ID NO 1 
&2 11s LENGTH 20 
&212> TYPE PRT 
<213> ORGANISM: bovine 
&22O > FEATURE 
<221> NAME/KEY: misc feature 
<222> LOCATION: (3) . . (3) 
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alone and bound to a modulator, analysis of atomic structure 
by X-ray crystallography, and computer modulating of those 
Structures are methods useful for designing and optimizing 
non-peptide Selective modulators. See, for example, Erick 
son et al., Ann. Rep. Med. Chem. 27: 271-289 (1992) for a 
general review of Structure-based drug design. 
0.133 Targets for the development of selective modula 
tors include, for example: (1) the regions of the coB-PDE 
which contact other proteins and/or localize the coB-PDE 
within a cell, (2) the regions of the coB-PDE which bind 
substrate, (3) the allosteric coMP-binding site(s) of c(GB 
PDE, (4) the metal-binding regions of the coB-PDE, (5) the 
phosphorylation site(s) of c(GB-PDE and (6) the regions of 
the c(GB-PDE which are involved in dimerization of c(GB 
PDE subunits. 

0134) While the present invention has been described in 
terms of Specific embodiments, it is understood that varia 
tions and modifications will occur to those skilled in the art. 
Accordingly, only Such limitations as appear in the appended 
claims should be placed on the invention. 

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400 SEQUENCE: 1 

Arg Glu Xaa Asp Ala Asn Arg Ile Asn Tyr Met Tyr Ala Glin Tyr Val 
1 5 10 

Lys Asn Thr Met 
2O 

<210> SEQ ID NO 2 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 2 

Glin Ser Leu Ala Ala Ala Wal Wall Pro 
1 5 

<210> SEQ ID NO 3 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&22O > FEATURE 

<223> OTHER INFORMATION: Peptide from Bovine PDE5 

<400 SEQUENCE: 3 

Phe Asp Asn Asp Glu Gly Glu Glin 
1 5 

<210> SEQ ID NO 4 
&2 11s LENGTH 23 

15 
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<400 

TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (18) . . (18) 
OTHER INFORMATION: n is a c, g, 

SEQUENCE: 4 

ttygayaayg aygarggnga rca 

<400 

SEQ ID NO 5 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (18) . . (18) 
OTHER INFORMATION: n is a c, g, 

SEQUENCE: 5 

aarctrttro trc tyconct ydt 

<400 

SEQ ID NO 6 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (15) . . (15) 
OTHER INFORMATION: n is a c, g, 

SEQUENCE: 6 

aaytayatgt aygcncarta y git 

<400 

SEQ ID NO 7 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (15) . . (15) 
OTHER INFORMATION: n is a c, g, 

SEQUENCE: 7 

titratrtaca trogngtyat rca 

SEQ ID NO 8 
LENGTH 36 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (15) . . (15) 
OTHER INFORMATION: n is a c, g, 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (24) . . (24) 
OTHER INFORMATION: n is a c, g, 

O 

O 

O 

O 

O 

O 

15 

-continued 

23 

23 

23 

23 
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<400 SEQUENCE: 

Met Glu Arg Ala 
1 

Pro 

Teu 

Ala 

His 
65 

Ser 

Asp 

Ser 

Pro 

Teu 
145 

Teu 

Arg 

Asn 

Ala 
225 

Phe 

Teu 

Glin 

Asp 

His 
305 

Glin 

Teu 

Glin 

Gly 

Tyr 

Glu 
50 

Thr 

Ser 

Arg 

Phe 

Arg 
130 

Wall 

Ile 

Phe 

Telu 

Cys 
210 

Phe 

Asn 

Ala 

Glu 
29 O 

Asn 

Wall 

Glu 

Wall 

Telu 

Phe 
35 

Arg 

Glu 

Wall 

Lel 

115 

Phe 

Phe 

Lel 

Phe 
195 

Ile 

Gly 

Ala 

Met 

Ile 
275 

Ala 

Telu 

Wall 

Glin 
355 

Gly 

Wall 

Wall 

Ser 

Pro 

Telu 
100 

Ser 

Asp 

Asp 

Telu 

Wall 
18O 

Asp 

Glu 

Glu 

Pro 
260 

Asn 

Asp 

Glin 

Telu 

Ile 
340 

Lys 

SEQ ID NO 10 
LENGTH 
TYPE 
ORGANISM: bovine 

875 
PRT 

10 

Gly 
5 

Arg 

Arg 

His 

Cys 

Gly 
85 

Asp 

Asn 

Ile 

His 
1.65 

Cys 

Wall 

Teu 

Pro 

Wall 
245 

Ile 

Lys 

Phe 

Teu 

Asp 
325 

Teu 

Cys 

Pro 

Ser 

Lys 

Thr 

Ser 
70 

Thr 

Pro 

Ser 

Asp 

Ser 
15 O 

Ile 

Glu 

Ala 

Glu 

Teu 
230 

Asp 

Lys 

Ala 

Tyr 
310 

Teu 

Lys 

Thr 

Gly 

Wall 

Gly 

Ile 
55 

Cys 

Pro 

Ile 

Asp 

Glu 
135 

Ser 

His 

Glu 

Trp 
215 

Asn 

Glin 

Asn 

Ser 

Ala 
295 

Glu 

Ala 

Lys 

Ile 

Cys Arg 

Ala Gly 

Thr Arg 
40 

Pro Wall 

Pro Leu 

Thr Arg 

Wall Ile 
105 

Lys Lys 
120 

Gly Asp 

His Lieu 

Gly Lieu 

Ser Ser 
185 

Gly Ser 
200 

Asn Lys 

Ile Lys 

Ile Thr 

His Arg 
265 

Gly Asn 
280 

Tyr Leu 

Thir Ser 

Ser Lieu 

Ile Ala 
345 

Phe Ile 
360 

Ala 
10 

Arg 

Glu 

Cys 

Glin 

Lys 
90 

Lys 

Glu 

Glin 

Asp 

Ile 
170 

Asn 

Thr 

Gly 

Asp 

Gly 
250 

Glu 

Gly 

Ala 

Telu 

Ile 
330 

Ala 

Wall 

Ala 

Ser 

Met 

Pro 
75 

Ile 

Asp 

Glin 

Cys 

Wall 
155 

Ser 

Asp 

Teu 

Ile 

Ala 
235 

Tyr 

Glu 

Gly 

Phe 

Teu 
315 

Phe 

Thr 

Asp 

-continued 

Ala 

Teu 

Wall 

Glu 
60 

Ser 

Ser 

Ser 

Met 

Ser 
1 4 0 

Thr 

Ala 

Glu 

Wall 
220 

Wall 

Thr 

Cys 

Glu 

Glu 

Ile 

Glu 

Thr 

Gly 

Asn 
45 

Gly 

Pro 

Ala 

Glu 

Pro 
125 

Arg 

Ala 

Asp 

Phe 

Glu 

Gly 

Glu 

Thr 

Wall 

Phe 
285 

Gly 

Asn 

Glu 

Ile 

Asp 
365 

Ala 

Telu 
30 

Ala 

Ile 

Arg 

Ser 

Gly 
110 

Telu 

Telu 

Telu 

Arg 

Telu 
19 O 

Ala 

His 

Asp 

Glin 

Gly 
27 O 

Thr 

Ile 

Glin 

Ser 
35 O 

Met 
15 

Ala 

Glu 
95 

Thr 

Thr 

Telu 

Tyr 
175 

Ile 

Ser 

Wall 

Pro 

Ser 
255 

Wall 

Glu 

Wall 

Arg 

Glin 
335 

Phe 

Ser 

Gly 

Telu 

Phe 

Gly 

Glu 

Phe 

Wall 

Ser 

Glu 

His 
160 

Ser 

Ser 

Asn 

Ala 

Arg 
240 

Ile 

Ala 

Telu 

Asn 
320 

Ser 

Met 

Asp 

Sep. 8, 2005 



US 2005/0196833 A1 Sep. 8, 2005 
21 

-continued 

Ser Phe Ser Ser Val Phe His Met Glu Cys Glu Glu Leu Glu Lys Ser 
370 375 38O 

Ser Asp Thr Lieu. Thr Arg Glu Arg Asp Ala Asn Arg Ile Asn Tyr Met 
385 390 395 400 

Tyr Ala Glin Tyr Val Lys Asn Thr Met Glu Pro Leu Asn Ile Pro Asp 
405 410 415 

Val Ser Lys Asp Lys Arg Phe Pro Trp Thr Asn. Glu Asn Met Gly Asn 
420 425 43 O 

Ile Asin Glin Glin Cys Ile Arg Ser Lieu Lieu. Cys Thr Pro Ile Lys Asn 
435 4 40 4 45 

Gly Lys Lys Asn Lys Val Ile Gly Val Cys Glin Leu Val Asn Lys Met 
450 455 460 

Glu Glu Thir Thr Gly Lys Wall Lys Ala Phe Asn Arg Asn Asp Glu Glin 
465 470 475 480 

Phe Leu Glu Ala Phe Val Ile Phe Cys Gly Leu Gly Ile Glin Asn Thr 
485 490 495 

Gln Met Tyr Glu Ala Val Glu Arg Ala Met Ala Lys Gln Met Val Thr 
5 OO 505 51O. 

Leu Glu Val Lieu Ser Tyr His Ala Ser Ala Ala Glu Glu Glu Thir Arg 
515 52O 525 

Glu Lieu Glin Ser Leu Ala Ala Ala Wal Wall Pro Ser Ala Glin Thr Lieu 
530 535 540 

Lys Ile Thr Asp Phe Ser Phe Ser Asp Phe Glu Lieu Ser Asp Leu Glu 
545 550 555 560 

Thr Ala Leu Cys Thr Ile Arg Met Phe Thr Asp Leu Asn Leu Val Glin 
565 570 575 

Asn Phe Gln Met Lys His Glu Val Lieu. Cys Lys Trp Ile Leu Ser Val 
58O 585 59 O 

Lys Lys Asn Tyr Arg Lys Asn Val Ala Tyr His Asn Trp Arg His Ala 
595 600 605 

Phe Asn. Thir Ala Glin Cys Met Phe Ala Ala Lieu Lys Ala Gly Lys Ile 
610 615 62O 

Glin Lys Arg Lieu. Thr Asp Leu Glu Ile Leu Ala Leu Lieu. Ile Ala Ala 
625 630 635 640 

Leu Ser His Asp Leu Asp His Arg Gly Val Asn. Asn. Ser Tyr Ile Glin 
645 650 655 

Arg Ser Glu His Pro Leu Ala Gln Leu Tyr Cys His Ser Ile Met Glu 
660 665 67 O 

His His His Phe Asp Glin Cys Lieu Met Ile Lieu. Asn. Ser Pro Gly Asn 
675 680 685 

Glin Ile Leu Ser Gly Lieu Ser Ile Glu Glu Tyr Lys Thir Thr Lieu Lys 
69 O. 695 7 OO 

Ile Ile Lys Glin Ala Ile Leu Ala Thr Asp Leu Ala Leu Tyr Ile Lys 
705 710 715 720 

Arg Arg Gly Glu Phe Phe Glu Lieu. Ile Met Lys Asn Glin Phe Asn Lieu 
725 730 735 

Glu Asp Pro His Glin Lys Glu Lieu Phe Leu Ala Met Lieu Met Thr Ala 
740 745 750 

Cys Asp Leu Ser Ala Ile Thr Lys Pro Trp Pro Ile Glin Glin Arg Ile 
755 760 765 
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-continued 

Ala Glu Lieu Val Ala Thr Glu Phe Phe Asp Glin Gly Asp Arg Glu Arg 
770 775 78O 

Lys Glu Lieu. Asn. Ile Glu Pro Ala Asp Leu Met Asn Arg Glu Lys Lys 
785 790 795 8OO 

Asn Lys Ile Pro Ser Met Glin Val Gly Phe Ile Asp Ala Ile Cys Lieu 
805 810 815 

Gln Leu Tyr Glu Ala Leu Thir His Val Ser Glu Asp Cys Phe Pro Leu 
820 825 83O 

Leu Asp Gly Cys Arg Lys Asn Arg Gln Lys Trp Glin Ala Lieu Ala Glu 
835 840 845 

Glin Glin Glu Lys Thr Lieu. Ile Asn Gly Glu Ser Ser Glin Thr Asn Arg 
85 O 855 860 

Gln Glin Arg Asn Ser Val Ala Val Gly Thr Val 
865 870 875 

<210> SEQ ID NO 11 
&2 11s LENGTH 2060 
&212> TYPE DNA 
<213> ORGANISM: human cDNA 

<400 SEQUENCE: 11 

gCggcc.gc.gc. tcc.ggcc.gct ttgtcgaaag cc.ggCCC gaC toggag Cagga C galaggggga 60 

gggtotcgag goc gag to cit gttcttctga gggacgg acc ccagotgggg toggaaaag.ca 120 

gtaccagaga gccitcc gagg cqc.gcggtgc caaccatgga gcggg.ccggc cccagctitcg 18O 

ggCagcagcg acagoagcag CagcCCC agc agc agaa.gca gCagcagagg gat Cagg act 240 

cggtogaa.gc atggctggac gat cactggg actttacctt citcatactitt gttagaaaag 3OO 

ccaccagaga aatggtoa at gcatggtttg citgagagagt to acaccatc cct gtgtgca 360 

aggaaggitat cagaggccac accgaatctt gct cittgtcc cittgcagoag agticcitcgtg 420 

cagata acag tdtcc.ctgga acaccalacca ggaaaatcto toccitctgaa tittgaccggc 480 

citcttaga.cc cattgttgtc. aaggattctgagggaactgt gagct tcctic totgacticag 540 

aaaagaagga acagatgcct cita accocto caaggtttga totatoatgaa goggaccagt 600 

gctdaag act cittggaatta gtgaaggata tttctag to a tittggatgtc. acago cittat 660 

gtoacaaaat tittcttgcat atccatggac tdatatotgc tigaccgctat tcc ctgttcc 720 

ttgtctgttga agacagotcc aatgacaagt ttctitat cag cc.gc.citctitt gatgttgctg 78O 

aaggttcaac actggaagaa gtttcaaata act gitat cog cittagaatgg aacaaaggca 840 

ttgtgggaca totggcagcg cittggtgagc ccttgaacat caaagatgca tatgaggatc 9 OO 

citcggttcaa toc agaagtt gaccalaatta caggctacaa gacacaaag.c attctttgta 96.O 

tgccaattaa gaatcatagg gaa gaggttg ttggtgtagc ccaggccatc aacaagaaat 1020 

caggaaacgg toggacattt actgaaaaag atgaaaagga citttgctgct tatttgg cat 1080 

tttgtggitat tdttcttcat aatgctoragc tictatoagac titcactgct g gagaacaaga 1140 

gaaatcaggit gctgcttgac cittgctagtt taatttittga agaacaacaa to attagaag 1200 

taattittgaa gaaaatagot gcc actatta totctitt cat gcaagtgcag aaatgcacca 1260 

ttitt catagt ggatgaag at togcto cqatt citttittctag totgtttcac atggagtgtg 1320 

agga attaga aaaatcatct gatacattaa caagg galaca to atgcaaac aaaatcaatt 1380 

acatgitatgc ticagtatgtc. aaaaatacta to galaccact ttatatocca gatgtcagta 1440 
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-continued 

aag caggcaa aattcagaac aagctgactg acctggagat acttgcattg citgattgctg 4 40 

cactaagcca C gatttggat caccgtggtg tdaataacto ttacatacag cqaagtgaac 5 OO 

atccacttgc ccagotttac toccattcaa toatggaaca coatcatttit gaccagtgcc 560 

tgatgattct taatagtcca ggcaatcaga ttctoagtgg cctotccatt gaagaatata 62O 

agaccacgtt gaaaataatc aagcaa.gcta ttittagctac agacctagoa citgtacatta 680 

agaggc gagg agaattittitt gaacttataa gaaaaaatca attcaatttg galagatcctic 740 

atcaaaagga gttgtttittg goaatgctga tigacagottg tdatctttct gcaattacaa 800 

aaccotggcc tattoaacaa C ggatagoag aacttgtagc aactogaattt tittgatcaag 860 

gag acagaga gagaaaagaa citcaiacatag aacco actoga totaatgaac agg gaga aga 920 

aaaacaaaat cocaagtatgcaagttgggit toatagatgc catctgcttg caact gtatg 98O 

ag 982 

<210> SEQ ID NO 13 
&2 11s LENGTH 18 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 13 

gccaccagag aaatggto 18 

<210> SEQ ID NO 14 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 14 

acaatggg to taagaggc 18 

<210 SEQ ID NO 15 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 15 

toagtgcatg tittgctgc 18 

<210> SEQ ID NO 16 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 16 

tacaaacatg titcatcag 18 

<210 SEQ ID NO 17 
&2 11s LENGTH 1107 
&212> TYPE DNA 
<213> ORGANISM: human cDNA 
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<400 SEQUENCE: 17 

gaga catgcc tittaatacag citcagtgcat gtttgctgct citaaaag cag goaaaattca 60 

gaacaagctg act gacctgg agatacttgc attgctdatt gctgcactaa gocacgattit 120 

ggat caccgt ggtgttgaata act cittacat acago gaagt galacatccac ttgcc.ca.gct 18O 

ttact gcc at tdaatcatgg alacac catca ttittgaccag togcct gatga ttcttaatag 240 

to caggcaat cagattct ca gtggc citcto cattgaagaa tataagacca cqttgaaaat 3OO 

aatcaa.gcaa got attittag citacagacct agc actotac attaa gaggc gaggaga att 360 

ttittgaactt ataagaaaaa atcaattcaa tittggaagat cotcatcaaa aggagttgtt 420 

tittggcaatig citgatgacag cittgttgatct ttctgcaatt acaaaac cot goccitatto a 480 

acaacggata gcagaacttg tag caact ga attttittgat caaggagaca gagagagaaa 540 

agaacticaac atagaaccoa citgatctaat galacagg gag aagaaaaa.ca aaatc.ccaag 600 

tatgcaagtt go.gttcatag atgccatctg. cittgcaactg. tatgaggc.cc to accoacgt. 660 

gtoa gaggac totttc.ccitt toctagatgg citgcagaaag aac aggcaga aatgg caggc 720 

CCttgcagala Cagcaggaga agatgctgat taatggggala agcggcCagg C caag.cggaa 78O 

citgagtggcc tatttcatgc agagttgaag tttacagaga tiggtgttgttctgcaatatgc 840 

citagtttctt acacactgtc. totatagtgt citgitatttgg tatatactitt gcc actgctg 9 OO 

tatttittatt tittgcacaac titttgagagt atagaatgaa tatttittaga g g act attac 96.O 

atatttitttg tatatttgtt titatgctact gaactgaaag gatcaacaac atccactgtt 1020 

agcacattga taaaag catt gtttgttgata titt.cgtgtac togcaaagtgt atgcagtatt 1080 

cittgcact ga ggtttittittg cittgggg 1107 

<210> SEQ ID NO 18 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 18 

tittggaagat cotcatca 18 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 19 

atgtc.tc.gag toagttcc.gc titggcctg 28 

<210> SEQ ID NO 20 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 20 

tacaga attctgaccatgga gcggg.ccggc 30 
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<210> SEQ ID NO 21 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 21 

cattctaagc ggatacag 18 

<210> SEQ ID NO 22 
&2 11s LENGTH 2645 
&212> TYPE DNA 
<213> ORGANISM: human cDNA 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (12) ... (2636) 

<400 SEQUENCE: 22 

gaattctgac C atg gag cqg goc ggc ccc agc titc ggg cag cag cqa cag 5 O 
Met Glu Arg Ala Gly Pro Ser Phe Gly Glin Glin Arg Gln 
1 5 10 

Cag cag cag CCC cag Cag Cag aag Cag cag cag agg gat Cag gaC tog 98 
Glin Glin Glin Pro Glin Glin Gln Lys Glin Glin Glin Arg Asp Glin Asp Ser 

15 20 25 

gto: gaa gCa togg Citg gac gat Cac togg gaC titt acc titc. tca tac titt 146 
Val Glu Ala Trp Leu Asp Asp His Trp Asp Phe Thr Phe Ser Tyr Phe 
30 35 40 45 

gtt aga aaa goc acc aga gaa at g g to aat gca togg titt got gag aga 194 
Val Arg Lys Ala Thr Arg Glu Met Val Asn Ala Trp Phe Ala Glu Arg 

5 O 55 60 

gtt cac acc atc cct gtg to c aag gala ggt atc aga. g.gc cac acc gala 242 
Val His Thr Ile Pro Val Cys Lys Glu Gly Ile Arg Gly His Thr Glu 

65 70 75 

tot toc tot tot coc ttg cag cag agt colt c.gt gca gat aac agt gtc 29 O 
Ser Cys Ser Cys Pro Leu Glin Glin Ser Pro Arg Ala Asp Asn. Ser Val 

8O 85 90 

cct gga aca coa acc agg aaa atc. tct gcc tot gaa titt gac cqg cct 338 
Pro Gly. Thr Pro Thr Arg Lys Ile Ser Ala Ser Glu Phe Asp Arg Pro 

95 1 OO 105 

citt aga ccc att gtt gtc. aag gait tot gag gga act gtg agc titc citc 386 
Leu Arg Pro Ile Val Val Lys Asp Ser Glu Gly Thr Val Ser Phe Leu 
110 115 120 125 

tot gac to a gala aag aag gaa cag at g cct cita acc cct coa agg titt 434 
Ser Asp Ser Glu Lys Lys Glu Gln Met Pro Leu Thr Pro Pro Arg Phe 

130 135 14 O 

gat cat gat gala ggg gac cag toc to a aga citc titg gaa tta gtg aag 482 
Asp His Asp Glu Gly Asp Glin Cys Ser Arg Lieu Lieu Glu Lieu Val Lys 

145 15 O 155 

gat att tot agt cat ttg gat gtc aca goc tta tot cac aaa att titc 530 
Asp Ile Ser Ser His Lieu. Asp Val Thr Ala Lieu. Cys His Lys Ile Phe 

160 1.65 170 

ttg cat atc cat gga citg ata tot got gac cqc tat tcc ctg titc citt 578 
Lieu. His Ile His Gly Lieu. Ile Ser Ala Asp Arg Tyr Ser Lieu Phe Lieu 

175 18O 185 

gto tdt gala gac agc ticc aat gac aag titt citt atc agc cqc ctic titt 626 
Val Cys Glu Asp Ser Ser Asn Asp Llys Phe Lieu. Ile Ser Arg Lieu Phe 
190 195 200 2O5 
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gat gtt got gala ggit to a aca citg gala gaa gtt toa aat aac tot atc 674 
Asp Wall Ala Glu Gly Ser Thr Lieu Glu Glu Val Ser Asn. Asn. Cys Ile 

210 215 220 

cgc tita gaa tog aac aaa gqc att gtg gga cat gtg gca gog citt ggit 722 
Arg Lieu Glu Trp Asn Lys Gly Ile Val Gly His Val Ala Ala Lieu Gly 

225 230 235 

gag coc ttgaac atc aaa gat gca tat gag gat cott cqg ttcaat goa 770 
Glu Pro Leu Asn. Ile Lys Asp Ala Tyr Glu Asp Pro Arg Phe Asn Ala 

240 245 25 O 

gala gtt gac caa att aca ggc tac aag aca caa agc att citt tot atg 818 
Glu Val Asp Glin Ile Thr Gly Tyr Lys Thr Glin Ser Ile Leu Cys Met 

255 260 265 

cca att aag aat cat agg gaa gag gtt gtt ggit gta gcc cag goc atc 866 
Pro Ile Lys Asn His Arg Glu Glu Val Val Gly Val Ala Glin Ala Ile 
270 275 280 285 

aac aag aaa to a gga aac ggt ggg acattt act gala aaa gat gala aag 914 
Asn Lys Lys Ser Gly Asn Gly Gly. Thir Phe Thr Glu Lys Asp Glu Lys 

290 295 3OO 

gac titt got got tat ttg goa titt tagt ggit att gtt citt cat aat got 962 
Asp Phe Ala Ala Tyr Lieu Ala Phe Cys Gly Ile Val Lieu. His Asn Ala 

305 31 O 315 

cag citc tat gag act tca citg citg gag aac aag aga aat cag gtg citg O 1 O 
Glin Leu Tyr Glu Thir Ser Lieu Lieu Glu Asn Lys Arg Asn Glin Val Lieu 

320 325 330 

Ctt gaC Ctt gct agt tta att titt gaa gaa caa Caa toa tta gaa gta O58 
Leu Asp Leu Ala Ser Lieu. Ile Phe Glu Glu Glin Glin Ser Lieu Glu Val 

335 340 345 

att ttg aag aaa ata gct gcc act att atc. tct titc atg caa gtg cag 106 
Ile Leu Lys Lys Ile Ala Ala Thr Ile Ile Ser Phe Met Glin Val Glin 
350 355 360 365 

aaa toc acc att titc ata gtg gat gaa gat togc ticc gat tot ttt tot 154 
Lys Cys Thir Ile Phe Ile Val Asp Glu Asp Cys Ser Asp Ser Phe Ser 

370 375 38O 

agt gtg titt cac atg gag tot gag gala tta gala aaa toa tot gat aca 2O2 
Ser Val Phe His Met Glu Cys Glu Glu Leu Glu Lys Ser Ser Asp Thr 

385 39 O. 395 

tta aca agg gala cat gat gca aac aaa atc aat tac atg tat gct cag 25 O 
Lieu. Thir Arg Glu His Asp Ala Asn Lys Ile Asn Tyr Met Tyr Ala Glin 

400 405 410 

tat gtc. aaa aat act atg gaa coa citt aat atc cca gat gttc agt aag 298 
Tyr Val Lys Asn Thr Met Glu Pro Leu Asn Ile Pro Asp Val Ser Lys 

415 420 4.25 

gat aaa aga titt coc togg aca act gala aat aca gga aat gta aac cag 346 
Asp Lys Arg Phe Pro Trp Thir Thr Glu Asn Thr Gly Asn Val Asin Glin 
430 435 4 40 445 

cag toc att aga agt ttg citt tot aca cott ata aaa aat gga aag aag 394 
Glin Cys Ile Arg Ser Lieu Lleu. Cys Thr Pro Ile Lys Asn Gly Lys Lys 

450 455 460 

aat aaa gtt at a ggg gtt toc caa citt gtt aat aag atg gag gag aat 442 
Asn Lys Val Ile Gly Val Cys Glin Lieu Val Asn Lys Met Glu Glu Asn 

465 470 475 

act ggc aag gtt aag cct titc aac cqa aat gac gaa cag titt citg gala 490 
Thr Gly Lys Val Lys Pro Phe Asn Arg Asn Asp Glu Glin Phe Leu Glu 

480 485 490 

gct titt gtc atc titt tot go ttg ggg atc cag aac acg cag atg tat 538 
Ala Phe Val Ile Phe Cys Gly Leu Gly Ile Glin Asn Thr Gln Met Tyr 

495 5 OO 505 
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gaa go a gtg gag aga gcc atg goc aag caa at g g to aca ttg gag gtt 586 
Glu Ala Val Glu Arg Ala Met Ala Lys Glin Met Val Thr Leu Glu Val 
510 515 52O 525 

citg tog tat cat gct tca gca goa gag gala gala aca aga gag cita cag 634 
Leu Ser Tyr His Ala Ser Ala Ala Glu Glu Glu Thr Arg Glu Lieu Glin 

530 535 540 

tog tta gog got gct gtg gtg cca tot goc cag acc citt aaa att act 682 
Ser Leu Ala Ala Ala Val Val Pro Ser Ala Gln Thr Leu Lys Ile Thr 

545 550 555 

gac titt agc titc agt gac titt gag citg tot gat citg gaa aca gca citg 730 
Asp Phe Ser Phe Ser Asp Phe Glu Lieu Ser Asp Leu Glu Thir Ala Lieu 

560 565 570 

tgt aca att cqg atg titt act gac citc aac citt gtg cag aac titc cag 778 
Cys Thr Ile Arg Met Phe Thr Asp Leu Asn Leu Val Glin Asn Phe Glin 

575 58O 585 

atg aaa cat gag gtt citt toc aga togg att tta agt gtt aag aag aat 826 
Met Lys His Glu Val Lieu. Cys Arg Trp Ile Leu Ser Wall Lys Lys Asn 
590 595 600 605 

tat cqg aag aat gtt gcc tat cat aat togg aga cat gcc titt aat aca 874 
Tyr Arg Lys Asn. Wall Ala Tyr His Asn Trp Arg His Ala Phe Asn Thr 

610 615 62O 

gct cag toc at g titt gct gct cita aaa goa ggc aaa att cag aac aag 922 
Ala Glin Cys Met Phe Ala Ala Lieu Lys Ala Gly Lys Ile Glin Asn Lys 

625 630 635 

citg act gaC Ctg gag ata Citt gca ttg citg att gct gca Cta agc cac 970 
Lieu. Thir Asp Leu Glu Ile Leu Ala Lieu Lieu. Ile Ala Ala Leu Ser His 

640 645 650 

gat ttg gat cac cqt ggt gtgaat aac tot tac ata cag cqa agt gala 2018 
Asp Lieu. Asp His Arg Gly Val Asn. Asn. Ser Tyr Ile Glin Arg Ser Glu 

655 660 665 

cat coa citt goc cag citt tac toc cat tda atc atg gaa cac cat cat 2066 
His Pro Leu Ala Gln Leu Tyr Cys His Ser Ile Met Glu His His His 
670 675 680 685 

titt gaC cag togc citg atg att citt aat agt coa ggc aat cag att citc 2114 
Phe Asp Glin Cys Lieu Met Ile Lieu. Asn. Ser Pro Gly Asn Glin Ile Leu 

690 695 FOO 

agt ggc ctic toc att gaa gaa tat aag acc acg titg aaa ata atc aag 21 62 
Ser Gly Lieu Ser Ile Glu Glu Tyr Lys Thir Thr Lieu Lys Ile Ile Lys 

705 710 715 

caa got att tta gct aca gac cta gca citg tac att aag agg cqa gga 2210 
Glin Ala Ile Leu Ala Thr Asp Leu Ala Leu Tyr Ile Lys Arg Arg Gly 

720 725 730 

gala ttt titt gaa citt ata aga aaa aat caa ttcaat ttg gala gat cot 2258 
Glu Phe Phe Glu Lieu. Ile Arg Lys Asn Glin Phe Asn Lieu Glu Asp Pro 

735 740 745 

cat caa aag gag titg titt ttg goa at g citg atg aca gct tot gat citt 2306 
His Gln Lys Glu Lieu Phe Leu Ala Met Leu Met Thr Ala Cys Asp Lieu 
750 755 760 765 

tot gca att aca aaa ccc togg cott att caa caa cigg ata goa gaa citt 2354 
Ser Ala Ile Thr Lys Pro Trp Pro Ile Glin Glin Arg Ile Ala Glu Leu 

770 775 78O 

gta goa act gala ttt titt gat caa goa gac aga gag aga aaa gaa citc 24 O2 
Val Ala Thr Glu Phe Phe Asp Glin Gly Asp Arg Glu Arg Lys Glu Lieu 

785 79 0 795 

aac at a gaa coc act gat cita atgaac agg gag aag aaa aac aaa atc 2450 
Asn. Ile Glu Pro Thr Asp Leu Met Asn Arg Glu Lys Lys Asn Lys Ile 

800 805 810 
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cca agt at g caa gtt gog titc at a gat goc atc. tcc titg caa citg tat 2498 
Pro Ser Met Glin Val Gly Phe Ile Asp Ala Ile Cys Leu Glin Leu Tyr 

815 820 825 

gag goc citg acc cac gtg to a gag gac tot titc cct ttg cita gat ggc 2546 
Glu Ala Lieu. Thir His Val Ser Glu Asp Cys Phe Pro Leu Lieu. Asp Gly 
830 835 840 845 

tgC aga aag aac agg cag aaa togg Cag gCC Ctt gca gaa cag cag gag 2594 
Cys Arg Lys Asn Arg Gln Lys Trp Glin Ala Lieu Ala Glu Glin Glin Glu 

850 855 860 

aag at g citg attaat ggg gaa agc ggc cag goc aag cqg aac to acto gag 2645 
Lys Met Lieu. Ile Asn Gly Glu Ser Gly Glin Ala Lys Arg Asn 

865 870 875 

<210> SEQ ID NO 23 
&2 11s LENGTH 875 
&212> TYPE PRT 
<213> ORGANISM: human cDNA 

<400 SEQUENCE: 23 

Met Glu Arg Ala Gly Pro Ser Phe Gly Glin Glin Arg Glin Glin Glin Glin 
1 5 10 15 

Pro Glin Glin Glin Lys Glin Glin Glin Arg Asp Glin Asp Ser Val Glu Ala 
2O 25 30 

Trp Leu Asp Asp His Trp Asp Phe Thr Phe Ser Tyr Phe Val Arg Lys 
35 40 45 

Ala Thr Arg Glu Met Val Asn Ala Trp Phe Ala Glu Arg Val His Thr 
50 55 60 

Ile Pro Val Cys Lys Glu Gly Ile Arg Gly. His Thr Glu Ser Cys Ser 
65 70 75 8O 

Cys Pro Leu Gln Gln Ser Pro Arg Ala Asp Asn Ser Val Pro Gly. Thr 
85 90 95 

Pro Thr Arg Lys Ile Ser Ala Ser Glu Phe Asp Arg Pro Leu Arg Pro 
100 105 110 

Ile Val Val Lys Asp Ser Glu Gly Thr Val Ser Phe Leu Ser Asp Ser 
115 120 125 

Glu Lys Lys Glu Gln Met Pro Leu Thr Pro Pro Arg Phe Asp His Asp 
130 135 1 4 0 

Glu Gly Asp Glin Cys Ser Arg Lieu Lieu Glu Lieu Val Lys Asp Ile Ser 
145 15 O 155 160 

Ser His Lieu. Asp Val Thr Ala Lieu. Cys His Lys Ile Phe Lieu. His Ile 
1.65 170 175 

His Gly Lieu. Ile Ser Ala Asp Arg Tyr Ser Lieu Phe Lieu Val Cys Glu 
18O 185 19 O 

Asp Ser Ser Asn Asp Llys Phe Lieu. Ile Ser Arg Lieu Phe Asp Wall Ala 
195 200 2O5 

Glu Gly Ser Thr Lieu Glu Glu Val Ser Asn. Asn. Cys Ile Arg Lieu Glu 
210 215 220 

Trp Asn Lys Gly Ile Val Gly His Val Ala Ala Leu Gly Glu Pro Leu 
225 230 235 240 

Asn. Ile Lys Asp Ala Tyr Glu Asp Pro Arg Phe Asn Ala Glu Val Asp 
245 250 255 

Glin Ile Thr Gly Tyr Lys Thr Glin Ser Ile Leu Cys Met Pro Ile Lys 
260 265 27 O 

Asn His Arg Glu Glu Val Val Gly Val Ala Glin Ala Ile Asn Lys Lys 
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275 280 285 

Ser Gly Asn Gly Gly Thr Phe Thr Glu Lys Asp Glu Lys Asp Phe Ala 
29 O 295 3OO 

Ala Tyr Lieu Ala Phe Cys Gly Ile Val Lieu. His Asn Ala Glin Leu Tyr 
305 310 315 320 

Glu Thir Ser Lieu Lleu Glu Asn Lys Arg Asn Glin Val Lieu Lieu. Asp Lieu 
325 330 335 

Ala Ser Lieu. Ile Phe Glu Glu Glin Glin Ser Lieu Glu Val Ile Leu Lys 
340 345 35 O 

Lys Ile Ala Ala Thr Ile Ile Ser Phe Met Glin Val Gln Lys Cys Thr 
355 360 365 

Ile Phe Ile Val Asp Glu Asp Cys Ser Asp Ser Phe Ser Ser Val Phe 
370 375 38O 

His Met Glu Cys Glu Glu Lieu Glu Lys Ser Ser Asp Thr Lieu. Thir Arg 
385 390 395 400 

Glu His Asp Ala Asn Lys Ile Asn Tyr Met Tyr Ala Glin Tyr Val Lys 
405 410 415 

Asn Thr Met Glu Pro Leu Asn. Ile Pro Asp Wal Ser Lys Asp Lys Arg 
420 425 43 O 

Phe Pro Trp Thr Thr Glu Asn Thr Gly Asn Val Asn Gln Glin Cys Ile 
435 4 40 4 45 

Arg Ser Leu Lieu. Cys Thr Pro Ile Lys Asn Gly Lys Lys Asn Lys Val 
450 455 460 

Ile Gly Val Cys Glin Leu Val Asn Lys Met Glu Glu Asn Thr Gly Lys 
465 470 475 480 

Wall Lys Pro Phe Asn Arg Asn Asp Glu Glin Phe Leu Glu Ala Phe Val 
485 490 495 

Ile Phe Cys Gly Leu Gly Ile Glin Asn Thr Gln Met Tyr Glu Ala Val 
5 OO 505 51O. 

Glu Arg Ala Met Ala Lys Gln Met Val Thr Leu Glu Val Leu Ser Tyr 
515 52O 525 

His Ala Ser Ala Ala Glu Glu Glu Thir Arg Glu Lieu Glin Ser Lieu Ala 
530 535 540 

Ala Ala Val Val Pro Ser Ala Glin Thr Leu Lys Ile Thr Asp Phe Ser 
545 550 555 560 

Phe Ser Asp Phe Glu Lieu Ser Asp Leu Glu Thr Ala Lieu. Cys Thir Ile 
565 570 575 

Arg Met Phe Thr Asp Leu Asn Leu Val Glin Asn Phe Gln Met Lys His 
58O 585 59 O 

Glu Val Lieu. Cys Arg Trp Ile Leu Ser Wall Lys Lys Asn Tyr Arg Lys 
595 600 605 

Asn Val Ala Tyr His Asn Trp Arg His Ala Phe Asn. Thir Ala Glin Cys 
610 615 62O 

Met Phe Ala Ala Leu Lys Ala Gly Lys Ile Glin Asn Lys Lieu. Thir Asp 
625 630 635 640 

Leu Glu Ile Leu Ala Lieu Lleu. Ile Ala Ala Leu Ser His Asp Lieu. Asp 
645 650 655 

His Arg Gly Val Asn. Asn. Ser Tyr Ile Glin Arg Ser Glu His Pro Leu 
660 665 67 O 

Ala Glin Leu Tyr Cys His Ser Ile Met Glu His His His Phe Asp Gln 
675 680 685 
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Cys Lieu Met Ile Leu Asn. Ser Pro Gly Asn Glin Ile Leu Ser Gly Lieu 
69 O. 695 7 OO 

Ser Ile Glu Glu Tyr Lys Thir Thr Lieu Lys Ile Ile Lys Glin Ala Ile 
705 710 715 720 

Leu Ala Thr Asp Leu Ala Leu Tyr Ile Lys Arg Arg Gly Glu Phe Phe 
725 730 735 

Glu Lieu. Ile Arg Lys Asn Glin Phe Asn Lieu Glu Asp Pro His Gln Lys 
740 745 750 

Glu Lieu Phe Leu Ala Met Leu Met Thr Ala Cys Asp Lieu Ser Ala Ile 
755 760 765 

Thr Lys Pro Trp Pro Ile Glin Glin Arg Ile Ala Glu Leu Val Ala Thr 
770 775 78O 

Glu Phe Phe Asp Glin Gly Asp Arg Glu Arg Lys Glu Lieu. Asn. Ile Glu 
785 790 795 8OO 

Pro Thr Asp Leu Met Asn Arg Glu Lys Lys Asn Lys Ile Pro Ser Met 
805 810 815 

Glin Val Gly Phe Ile Asp Ala Ile Cys Lieu Glin Leu Tyr Glu Ala Lieu 
820 825 83O 

Thr His Val Ser Glu Asp Cys Phe Pro Leu Lieu. Asp Gly Cys Arg Lys 
835 840 845 

Asn Arg Gln Lys Trp Glin Ala Lieu Ala Glu Glin Glin Glu Lys Met Lieu 
85 O 855 860 

Ile Asin Gly Glu Ser Gly Glin Ala Lys Arg Asn 
865 870 875 

<210> SEQ ID NO 24 
&2 11s LENGTH 2.35 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 24 

Phe Gln Met Lys His Glu Val Lieu. Cys Lys Trp Ile Leu Ser Wall Lys 
1 5 10 15 

Lys Asn Tyr Arg Lys Asn. Wall Ala Tyr His Asn Trp Arg His Ala Phe 
2O 25 30 

Asn Thr Ala Glin Cys Met Phe Ala Ala Lieu Lys Ala Gly Lys Ile Glin 
35 40 45 

Lys Arg Lieu. Thir Asp Leu Glu Ile Leu Ala Lieu Lleu. Ile Ala Ala Lieu 
50 55 60 

Ser His Asp Lieu. Asp His Arg Gly Val Asn. Asn. Ser Tyr Ile Glin Arg 
65 70 75 8O 

Ser Glu His Pro Leu Ala Gln Leu Tyr Cys His Ser Ile Met Glu His 
85 90 95 

His His Phe Asp Glin Cys Lieu Met Ile Lieu. Asn. Ser Pro Gly Asn Glin 
100 105 110 

Ile Leu Ser Gly Lieu Ser Ile Glu Glu Tyr Lys Thir Thr Lieu Lys Ile 
115 120 125 

Ile Lys Glin Ala Ile Leu Ala Thr Asp Leu Ala Leu Tyr Ile Lys Arg 
130 135 1 4 0 

Arg Gly Glu Phe Phe Glu Lieu. Ile Met Lys Asn Glin Phe Asn Lieu Glu 
145 15 O 155 160 

Asp Pro His Glin Lys Glu Lieu Phe Lieu Ala Met Leu Met Thr Ala Cys 
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1.65 170 175 

Asp Leu Ser Ala Ile Thr Lys Pro Trp Pro Ile Glin Glin Arg Ile Ala 
18O 185 19 O 

Glu Lieu Val Ala Thr Glu Phe Phe Asp Glin Gly Asp Arg Glu Arg Lys 
195 200 2O5 

Glu Lieu. Asn. Ile Glu Pro Ala Asp Leu Met Asn Arg Glu Lys Lys Asn 
210 215 220 

Lys Ile Pro Ser Met Glin Val Gly Phe Ile Asp 
225 230 235 

<210> SEQ ID NO 25 
<211& LENGTH: 244 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 25 

Phe His Ile Pro Gln Glu Ala Leu Val Arg Phe Met Tyr Ser Leu Ser 
1 5 10 15 

Lys Gly Tyr Arg Arg Ile Thr Tyr His Asn Trp Arg His Gly Phe Asn 
2O 25 30 

Val Gly Glin Thr Met Phe Ser Leu Leu Val Thr Gly Lys Leu Lys Arg 
35 40 45 

Tyr Phe Thr Asp Leu Glu Ala Leu Ala Met Val Thr Ala Ala Phe Cys 
50 55 60 

His Asp Ile Asp His Arg Gly Thr Asn. Asn Lieu. Tyr Glin Met Lys Ser 
65 70 75 8O 

Glin Asn Pro Leu Ala Lys Lieu. His Gly Ser Ser Ile Leu Glu Arg His 
85 90 95 

His Leu Glu Phe Gly Lys Thr Lieu Lieu Arg Asp Glu Ser Lieu. Asn. Ile 
100 105 110 

Phe Glin Asn Lieu. Asn Arg Arg Glin His Glu. His Ala Ile His Met Met 
115 120 125 

Asp Ile Ala Ile Ile Ala Thr Asp Leu Ala Leu Tyr Cys Lys Lys Arg 
130 135 1 4 0 

Thr Met Phe Gln Lys Ile Val Asp Glin Ser Lys Thr Tyr Glu Thr Glin 
145 15 O 55 160 

Gln Glu Trp Thr Glin Tyr Met Met Leu Asp Gln Thr Arg Lys Glu Ile 
1.65 170 175 

Val Met Ala Met Met Met Thr Ala Cys Asp Leu Ser Ala Ile Thr Lys 
18O 185 19 O 

Pro Trp Glu Val Glin Ser Lys Val Ala Leu Leu Val Ala Ala Glu Phe 
195 200 2O5 

Trp Glu Glin Gly Asp Leu Glu Arg Thr Val Lieu Glin Glin Asn Pro Ile 
210 215 220 

Pro Met Met Asp Arg Asn Lys Ala Asp Glu Lieu Pro Lys Lieu Glin Val 
225 230 235 240 

Gly Phe Ile Asp 

<210> SEQ ID NO 26 
<211& LENGTH: 244 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 26 
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Phe Glin Ile Pro Gln Glu Val Leu Val Arg Phe Leu Phe Ser Val Ser 
1 5 10 15 

Lys Gly Tyr Arg Arg Ile Thr Tyr His Asn Trp Arg His Gly Phe Asn 
2O 25 30 

Val Ala Glin Thr Met Phe Thr Leu Leu Met Thr Gly Lys Leu Lys Ser 
35 40 45 

Tyr Tyr Thr Asp Leu Glu Ala Phe Ala Met Val Thr Ala Gly Leu Cys 
50 55 60 

His Asp Ile Asp His Arg Gly Thr Asn. Asn Lieu. Tyr Glin Met Lys Ser 
65 70 75 8O 

Glin Asn Pro Leu Ala Lys Lieu. His Gly Ser Ser Ile Leu Glu Arg His 
85 90 95 

His Leu Glu Phe Gly Lys Phe Lieu Lleu Ser Glu Glu Thir Lieu. Asn. Ile 
100 105 110 

Tyr Glin Asn Lieu. Asn Arg Arg Glin His Glu. His Val Ile His Leu Met 
115 120 125 

Asp Ile Ala Ile Ile Ala Thr Asp Leu Ala Leu Tyr Phe Lys Lys Arg 
130 135 1 4 0 

Thr Met Phe Glin Lys Ile Val Asp Glu Ser Lys Asn Tyr Glu Asp Arg 
145 15 O 155 160 

Lys Ser Trp Val Glu Tyr Leu Ser Leu Glu Thir Thr Arg Lys Glu Ile 
1.65 170 175 

Val Met Ala Met Met Met Thr Ala Cys Asp Leu Ser Ala Ile Thr Lys 
18O 185 19 O 

Pro Trp Glu Val Glin Ser Lys Val Ala Leu Leu Val Ala Ala Glu Phe 
195 200 2O5 

Trp Glu Glin Gly Asp Leu Glu Arg Thr Val Lieu. Asp Glin Glin Pro Ile 
210 215 220 

Pro Met Met Asp Arg Asn Lys Ala Ala Glu Lieu Pro Lys Lieu Glin Val 
225 230 235 240 

Gly Phe Ile Asp 

<210 SEQ ID NO 27 
<211& LENGTH: 244 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 27 

Phe Lys Val Pro Val Glu Val Leu Thr Arg Trp Met Thr Tyr Val Arg 
1 5 10 15 

Lys Gly Tyr Arg Ala Val Thr Tyr His Asn Trp Arg His Gly Phe Asn 
2O 25 30 

Val Gly Glin Thr Met Phe Thr Leu Leu Met Thr Gly Arg Leu Lys Lys 
35 40 45 

Tyr Tyr Thr Asp Leu Glu Ala Phe Ala Met Leu Ala Ala Ala Phe Cys 
50 55 60 

His Asp Ile Asp His Arg Gly Thr Asn. Asn Lieu. Tyr Glin Met Lys Ser 
65 70 75 8O 

Thir Ser Pro Leu Ala Arg Lieu. His Gly Ser Ser Ile Leu Glu Arg His 
85 90 95 

His Leu Glu Tyr Ser Lys Thr Lieu Lieu Glin Asp Glu Ser Lieu. Asn. Ile 
100 105 110 
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Phe Glin Asn Leu Asn Lys Arg Glin Tyr Glu Thr Val Ile His Leu Phe 
115 120 125 

Glu Val Ala Ile Ile Ala Thr Asp Leu Ala Leu Tyr Phe Lys Lys Arg 
130 135 1 4 0 

Thr Met Phe Gln Lys Ile Val Asp Ala Cys Glu Lys Met Glu Thr Glu 
145 15 O 55 160 

Glu Glu Ala Ile Lys Tyr Val Thir Ile Asp Pro Thr Lys Lys Glu Ile 
1.65 170 175 

Ile Met Ala Met Met Met Thr Ala Cys Asp Leu Ser Ala Ile Thr Lys 
18O 185 19 O 

Pro Trp Glu Val Glin Ser Glin Val Ala Leu Leu Val Ala Asn Glu Phe 
195 200 2O5 

Trp Glu Glin Gly Asp Leu Glu Arg Thr Val Lieu Glin Glin Glin Pro Ile 
210 215 220 

Pro Met Met Asp Arg Asn Lys Lys Asp Glu Lieu Pro Lys Lieu Glin Val 
225 230 235 240 

Gly Phe Ile Asp 

<210> SEQ ID NO 28 
&2 11s LENGTH 233 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 28 

Tyr Lys Ile Asp Cys Pro Thr Lieu Ala Arg Phe Cys Lieu Met Val Lys 
1 5 10 15 

Lys Gly Tyr Arg Asp Pro Pro Tyr His Asn Trp Met His Ala Phe Ser 
2O 25 30 

Val Ser His Phe Cys Tyr Lieu Lleu Tyr Lys Asn Lieu Glu Lieu. Thir Asn 
35 40 45 

Tyr Leu Glu Asp Met Glu Ile Phe Ala Leu Phe Ile Ser Cys Met Cys 
50 55 60 

His Asp Lieu. Asp His Arg Gly Thr Asn. Asn. Ser Phe Glin Val Ala Ser 
65 70 75 8O 

Lys Ser Val Leu Ala Ala Leu Tyr Ser Ser Glu Gly Ser Val Met Glu 
85 90 95 

Arg His His Phe Ala Glin Ala Ile Ala Ile Lieu. Asn. Thir His Gly Cys 
100 105 110 

Asn. Ile Phe Asp His Phe Ser Arg Lys Asp Tyr Glin Arg Met Lieu. Asp 
115 120 125 

Leu Met Arg Asp Ile Ile Leu Ala Thr Asp Leu Ala His His Leu Arg 
130 135 1 4 0 

Ile Phe Lys Asp Leu Glin Lys Met Ala Glu Val Gly Tyr Asp Arg Thr 
145 15 O 155 160 

Asn Lys Gln His His Ser Lieu Lleu Lieu. Cys Lieu Lleu Met Thr Ser Cys 
1.65 170 175 

Asp Leu Ser Asp Glin Thr Lys Gly Trp Llys Thr Thr Arg Lys Ile Ala 
18O 185 19 O 

Glu Lieu. Ile Tyr Lys Glu Phe Phe Ser Glin Gly Asp Lieu Glu Lys Ala 
195 200 2O5 

Met Gly Asn Arg Pro Met Glu Met Met Asp Arg Glu Lys Ala Tyr Ile 
210 215 220 
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Pro Glu. Leu Glin Ile Ser Phe Met Glu 
225 230 

<210 SEQ ID NO 29 
&2 11s LENGTH 230 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 29 

Phe Lys Ile Pro Val Ser Cys Lieu. Ile Ala Phe Ala Glu Ala Leu Glu 
1 5 10 15 

Val Gly Tyr Ser Lys Tyr Lys Asn Pro Tyr His Asn Lieu. Ile His Ala 
2O 25 30 

Ala Asp Val Thr Gln Thr Val His Tyr Ile Met Leu. His Thr Gly Ile 
35 40 45 

Met His Trp Leu Thr Glu Leu Glu Ile Leu Ala Met Val Phe Ala Ala 
50 55 60 

Ala Ile His Asp Tyr Glu His Ile Gly Thr Thr Asn Asn Phe His Ile 
65 70 75 8O 

Glin Thr Arg Ser Asp Wall Ala Ile Leu Tyr Asn Asp Arg Ser Val Lieu 
85 90 95 

Glu Asn His His Val Ser Ala Ala Tyr Arg Lieu Met Glin Glu Glu Glu 
100 105 110 

Met Asn Val Lieu. Ile Asn Lieu Ser Lys Asp Asp Trp Arg Asp Leu Arg 
115 120 125 

Asn Leu Val Ile Glu Met Val Leu Ser Thr Asp Met Ser Gly His Phe 
130 135 1 4 0 

Glin Glin Ile Lys Asn. Ile Arg Asn. Ser Lieu Glin Glin Pro Glu Gly Lieu 
145 15 O 155 160 

Asp Lys Ala Lys Thr Met Ser Lieu. Ile Lieu. His Ala Ala Asp Ile Ser 
1.65 170 175 

His Pro Ala Lys Ser Trp Lys Lieu. His His Arg Trp Thr Met Ala Lieu 
18O 185 19 O 

Met Glu Glu Phe Phe Lieu Glin Gly Asp Lys Glu Ala Glu Lieu Gly Lieu 
195 200 2O5 

Pro Phe Ser Pro Leu Cys Asp Arg Lys Ser Thr Met Val Ala Glin Ser 
210 215 220 

Glin Ile Gly Phe Ile Asp 
225 230 

<210 SEQ ID NO 30 
&2 11s LENGTH 230 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 30 

Phe Lys Ile Pro Thr Val Phe Leu Met Thr Phe Leu Asp Ala Leu Glu 
1 5 10 15 

Thr Gly Tyr Gly Lys Tyr Lys Asn Pro Tyr His Asn Glin Ile His Ala 
2O 25 30 

Ala Asp Val Thr Gln Thr Val His Cys Phe Leu Leu Arg Thr Gly Met 
35 40 45 

Val His Cys Lieu Ser Glu Ile Glu Val Lieu Ala Ile Ile Phe Ala Ala 
50 55 60 
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Ala Ile His Asp Tyr Glu His Ile Gly Thr Thr Asn Ser Phe His Ile 
65 70 75 8O 

Glin Thr Lys Ser Glu Glin Ala Ile Leu Tyr Asn Asp Arg Ser Val Lieu 
85 90 95 

Glu Asn His His Ile Ser Ser Val Phe Arg Met Met Gln Asp Asp Glu 
100 105 110 

Met Asn. Ile Phe Ile Asn Lieu. Thir Lys Asp Glu Phe Val Glu Lieu Arg 
115 120 125 

Ala Leu Val Ile Glu Met Val Leu Ala Thr Asp Met Ser Cys His Phe 
130 135 1 4 0 

Glin Glin Val Lys Ser Met Lys Thr Ala Leu Glin Glin Lieu Glu Arg Ile 
145 15 O 155 160 

Asp Llys Ser Lys Ala Lieu Ser Lieu Lleu Lieu. His Ala Ala Asp Ile Ser 
1.65 170 175 

His Pro Thr Lys Gln Trp Ser Val His Ser Arg Trp Thr Lys Ala Leu 
18O 185 19 O 

Met Glu Glu Phe Phe Arg Glin Gly Asp Lys Glu Ala Glu Lieu Gly Lieu 
195 200 2O5 

Pro Phe Ser Pro Leu Cys Asp Arg Thr Ser Thr Leu Val Ala Glin Ser 
210 215 220 

Glin Ile Gly Phe Ile Asp 
225 230 

<210> SEQ ID NO 31 
<211& LENGTH 24 O 
&212> TYPE PRT 
<213> ORGANISM rat 

<400 SEQUENCE: 31 

Phe Glin Ile Pro Ala Asp Thr Lieu Lieu Arg Tyr Lieu Lieu. Thir Lieu Glu 
1 5 10 15 

Gly His Tyr His Ser Asn Val Ala Tyr His Asn Ser Ile His Ala Ala 
2O 25 30 

Asp Val Val Glin Ser Ala His Val Lieu Lieu Gly Thr Pro Ala Lieu Glu 
35 40 45 

Ala Val Phe Thr Asp Lieu Glu Val Lieu Ala Ala Ile Phe Ala Cys Ala 
50 55 60 

Ile His Asp Wall Asp His Pro Gly Val Ser Asn Glin Phe Lieu. Ile Asn 
65 70 75 8O 

Thr Asn. Ser Glu Lieu Ala Leu Met Tyr Asn Asp Ser Ser Val Lieu Glu 
85 90 95 

Asn His His Leu Ala Val Gly Phe Lys Lieu Lieu Glin Gly Glu Asn. Cys 
100 105 110 

Asp Ile Phe Glin Asn Lieu Ser Thr Lys Glin Lys Lieu Ser Lieu Arg Arg 
115 120 125 

Met Val Ile Asp Met Val Leu Ala Thr Asp Met Ser Lys His Met Ser 
130 135 1 4 0 

Leu Lieu Ala Asp Leu Lys Thr Met Val Glu Thir Lys Lys Val Thir Ser 
145 15 O 155 160 

Leu Gly Val Lieu Lleu Lieu. Asp Asn Tyr Ser Asp Arg Ile Glin Val Lieu 
1.65 170 175 

Glin Ser Lieu Val His Cys Ala Asp Leu Ser Asn. Pro Ala Lys Pro Leu 
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18O 185 19 O 

Pro Leu Tyr Arg Gln Trp Thr Glu Arg Ile Met Ala Glu Phe Phe Glin 
195 200 2O5 

Glin Gly Asp Arg Glu Arg Glu Ser Gly Lieu. Asp Ile Ser Pro Met Cys 
210 215 220 

Asp Llys His Thr Ala Ser Val Glu Lys Ser Glin Val Gly Phe Ile Asp 
225 230 235 240 

<210> SEQ ID NO 32 
&2 11s LENGTH 239 
&212> TYPE PRT 
<213> ORGANISM: drosophila 

<400 SEQUENCE: 32 

Met Ile Pro Pro Lys Thr Phe Leu Asin Phe Met Ser Thr Leu Glu Asp 
1 5 10 15 

His Tyr Val Lys Asp Asn Pro Phe His Asn. Ser Lieu. His Ala Ala Asp 
2O 25 30 

Val Thr Glin Ser Thr Asn Val Leu Leu Asn Thr Pro Ala Leu Glu Gly 
35 40 45 

Val Phe Thr Pro Leu Glu Val Gly Gly Ala Leu Phe Ala Ala Cys Ile 
50 55 60 

His Asp Wall Asp His Pro Gly Lieu. Thir Asn Glin Phe Lieu Val Asn. Ser 
65 70 75 8O 

Ser Ser Glu Lieu Ala Leu Met Tyr Asn Asp Glu Ser Val Lieu Glu Asn 
85 90 95 

His His Lieu Ala Val Ala Phe Lys Lieu Lieu Glin Asn Glin Gly Cys Asp 
100 105 110 

Ile Phe Cys Asn Met Glin Lys Lys Glin Arg Glin Thr Lieu Arg Lys Met 
115 120 125 

Val Ile Asp Ile Val Leu Ser Thr Asp Met Ser Lys His Met Ser Leu 
130 135 1 4 0 

Leu Ala Asp Leu Lys Thr Met Val Glu Thir Lys Lys Val Ala Gly Ser 
145 15 O 155 160 

Gly Val Lieu Lleu Lleu. Asp Asn Tyr Thr Asp Arg Ile Glin Val Lieu Glu 
1.65 170 175 

Asn Lieu Val His Cys Ala Asp Leu Ser Asn. Pro Thr Lys Pro Leu Pro 
18O 185 19 O 

Leu Tyr Lys Arg Trp Val Ala Lieu Lleu Met Glu Glu Phe Phe Leu Glin 
195 200 2O5 

Gly Asp Lys Glu Arg Glu Ser Gly Met Asp Ile Ser Pro Met Cys Asp 
210 215 220 

Arg His Asn Ala Thr Ile Glu Lys Ser Glin Val Gly Phe Ile Asp 
225 230 235 

<210 SEQ ID NO 33 
&2 11s LENGTH 385 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 33 

Leu Lieu Glu Lieu Val Lys Asp Ile Ser Ser His Leu Asp Val Thr Ala 
1 5 10 15 

Lieu. Cys His Lys Ile Phe Lieu. His Ile His Gly Lieu. Ile Ser Ala Asp 
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2O 25 30 

Arg Tyr Ser Lieu Phe Lieu Val Cys Glu Asp Ser Ser Asn Asp Llys Phe 
35 40 45 

Lieu. Ile Ser Arg Lieu Phe Asp Val Ala Glu Gly Ser Thr Lieu Glu Glu 
50 55 60 

Ala Ser Asn. Asn. Cys Ile Arg Lieu Glu Trp Asn Lys Gly Ile Val Gly 
65 70 75 8O 

His Val Ala Ala Phe Gly Glu Pro Leu Asn. Ile Lys Asp Ala Tyr Glu 
85 90 95 

Asp Pro Arg Phe Asn Ala Glu Val Asp Glin Ile Thr Gly Tyr Lys Thr 
100 105 110 

Glin Ser Ile Lieu. Cys Met Pro Ile Lys Asn His Arg Glu Glu Val Val 
115 120 125 

Gly Val Ala Glin Ala Ile Asn Lys Lys Ser Gly Asn Gly Gly Thr Phe 
130 135 1 4 0 

Thr Glu Lys Asp Glu Lys Asp Phe Ala Ala Tyr Lieu Ala Phe Cys Gly 
145 15 O 155 160 

Ile Val Lieu. His Asn Ala Glin Leu Tyr Glu Thir Ser Lieu Lieu Glu Asn 
1.65 170 175 

Lys Arg Asn Glin Val Lieu Lleu. Asp Leu Ala Ser Lieu. Ile Phe Glu Glu 
18O 185 19 O 

Gln Gln Ser Leu Glu Val Ile Leu Lys Lys Ile Ala Ala Thr Ile Ile 
195 200 2O5 

Ser Phe Met Glin Val Gln Lys Cys Thr Ile Phe Ile Val Asp Glu Asp 
210 215 220 

Cys Ser Asp Ser Phe Ser Ser Val Phe His Met Glu Cys Glu Glu Leu 
225 230 235 240 

Glu Lys Ser Ser Asp Thr Lieu. Thir Arg Glu Arg Asp Ala Asn Arg Ile 
245 250 255 

Asn Tyr Met Tyr Ala Glin Tyr Val Lys Asn Thr Met Glu Pro Leu Asn 
260 265 27 O 

Ile Pro Asp Val Ser Lys Asp Lys Arg Phe Pro Trp Thr Asn. Glu Asn 
275 280 285 

Met Gly Asn. Ile Asn Glin Glin Cys Ile Arg Ser Lieu Lleu. Cys Thr Pro 
29 O 295 3OO 

Ile Lys Asn Gly Lys Lys Asn Lys Val Ile Gly Val Cys Glin Leu Val 
305 310 315 320 

Asn Lys Met Glu Glu Thir Thr Gly Lys Val Lys Ala Phe Asn Arg Asn 
325 330 335 

Asp Glu Glin Phe Leu Glu Ala Phe Val Ile Phe Cys Gly Lieu Gly Ile 
340 345 35 O 

Gln Asn Thr Gln Met Tyr Glu Ala Val Glu Arg Ala Met Ala Lys Glin 
355 360 365 

Met Val Thr Leu Glu Val Leu Ser Tyr His Ala Ser Ala Ala Glu Glu 
370 375 38O 

Glu 
385 

<210> SEQ ID NO 34 
&2 11s LENGTH 353 
&212> TYPE PRT 
<213> ORGANISM: bovine 
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<400 SEQUENCE: 34 

Ile Leu Glin Lieu. Cys Gly Glu Lieu. Tyr Asp Lieu. Asp Ala Ser Ser Lieu 
1 5 10 15 

Glin Leu Lys Val Lieu Glin Tyr Lieu Glin Glin Glu Thr Glin Ala Ser Arg 
2O 25 30 

Cys Cys Lieu Lleu Lleu Val Ser Glu Asp Asn Lieu Glin Lieu Ser Cys Lys 
35 40 45 

Val Ile Gly Asp Lys Val Leu Glu Glu Glu Ile Ser Phe Pro Leu Thr 
50 55 60 

Thr Gly Arg Lieu Gly Glin Val Val Glu Asp Llys Lys Ser Ile Glin Lieu 
65 70 75 8O 

Lys Asp Lieu. Thir Ser Glu Asp Met Glin Gln Leu Glin Ser Met Leu Gly 
85 90 95 

Cys Glu Val Glin Ala Met Leu Cys Val Pro Val Ile Ser Arg Ala Thr 
100 105 110 

Asp Glin Val Val Ala Lieu Ala Cys Ala Phe Asn Lys Lieu Gly Gly Asp 
115 120 125 

Leu Phe Thr Asp Gln Asp Glu His Val Ile Gln His Cys Phe His Tyr 
130 135 1 4 0 

Thr Ser Thr Val Leu Thir Ser Thr Leu Ala Phe Gln Lys Glu Gln Lys 
145 15 O 155 160 

Leu Lys Cys Glu Cys Glin Ala Lieu Lieu Glin Val Ala Lys Asn Lieu Phe 
1.65 170 175 

Thr His Lieu. Asp Asp Wal Ser Val Lieu Lieu Glin Glu Ile Ile Thr Glu 
18O 185 19 O 

Ala Arg Asn Lieu Ser Asn Ala Glu Ile Cys Ser Val Phe Lieu. Ile Asp 
195 200 2O5 

Glin Asn. Glu Lieu Val Ala Lys Val Phe Asp Gly Gly Val Lieu Glu Asp 
210 215 220 

Glu Ser Tyr Glu Ile Arg Ile Pro Ala Asp Glin Gly Ile Ala Gly. His 
225 230 235 240 

Val Ala Thr Thr Gly Glin Ile Leu Asn Ile Pro Asp Ala Tyr Ala His 
245 250 255 

Pro Leu Phe Tyr Arg Gly Val Asp Asp Ser Thr Gly Arg Phe Thr Arg 
260 265 27 O 

Asn. Ile Lieu. Cys Phe Pro Ile Lys Asn. Glu Asn Glin Glu Val Ile Gly 
275 280 285 

Val Ala Glu Lieu Val Asn Lys Ile Asn Gly Pro Trp Phe Ser Lys Phe 
29 O 295 3OO 

Asp Glu Asp Leu Ala Thr Ala Phe Ser Ile Tyr Cys Gly Ile Ser Ile 
305 310 315 320 

Ala His Ser Lieu Lleu Tyr Lys Lys Val Asn. Glu Ala Glin Tyr Arg Ser 
325 330 335 

His Leu Ala Asn Glu Met Met Met Tyr His Met Lys Val Ser Asp Asp 
340 345 35 O 

Glu 

<210 SEQ ID NO 35 
<211& LENGTH: 402 
&212> TYPE PRT 
<213> ORGANISM: bovine 
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<400 SEQUENCE: 35 

Leu Lieu Glu Val Lieu Lieu Glu Glu Ala Gly Ser Val Glu Lieu Ala Ala 
1 5 10 15 

His Arg Ala Leu Glin Arg Lieu Ala Glin Leu Lieu Glin Ala Asp Arg Cys 
2O 25 30 

Ser Met Phe Leu Cys Arg Ala Arg Asn Gly. Thr Pro Glu Val Ala Ser 
35 40 45 

Lys Lieu Lieu. Asp Val Thr Pro Thir Ser Lys Phe Glu Asp Asn Lieu Val 
50 55 60 

Val Pro Asp Arg Glu Ala Val Phe Pro Leu Asp Val Gly Ile Val Gly 
65 70 75 8O 

Trp Val Ala His Thr Lys Lys Thr Phe Asin Val Pro Asp Val Lys Lys 
85 90 95 

Asn Ser His Phe Ser Asp Phe Met Asp Lys Gln Thr Gly Tyr Val Thr 
100 105 110 

Arg Asn Lieu Lieu Ala Thr Pro Ile Val Met Gly Lys Glu Val Lieu Ala 
115 120 125 

Val Phe Met Ala Val Asn Lys Val Asp Ala Ser Glu Phe Ser Lys Glin 
130 135 1 4 0 

Asp Glu Glu Val Phe Ser Lys Tyr Leu Ser Phe Val Ser Ile Ile Leu 
145 15 O 155 160 

Lys Lieu. His His Thr Asn Tyr Lieu. Tyr Asn. Ile Glu Ser Arg Arg Ser 
1.65 170 175 

Glin Ile Leu Met Trp Ser Ala Asn Lys Val Phe Glu Glu Lieu. Thir Asp 
18O 185 19 O 

Val Glu Arg Glin Phe His Lys Ala Leu Tyr Thr Val Arg Thr Tyr Leu 
195 200 2O5 

Asn. Cys Glu Arg Tyr Ser Ile Gly Lieu Lieu. Asp Met Thr Lys Glu Lys 
210 215 220 

Glu Phe Tyr Asp Glu Trp Pro Val Lys Pro Gly Glu Val Glu Pro Tyr 
225 230 235 240 

Lys Gly Pro Llys Thr Pro Asp Gly Arg Glu Val Ile Phe Tyr Lys Ile 
245 250 255 

Ile Asp Tyr Ile Lieu. His Gly Lys Glu Glu Ile Lys Val Ile Pro Thr 
260 265 27 O 

Pro Pro Met Asp His Trp Thr Leu Ile Ser Gly Leu Pro Thr Tyr Val 
275 280 285 

Ala Glu Asn Gly Phe Ile Cys Asn Met Lieu. Asn Ala Pro Ala Asp Glu 
29 O 295 3OO 

Tyr Phe Thr Phe Gln Lys Gly Pro Val Asp Glu Thr Gly Trp Val Ile 
305 310 315 320 

Lys Asn. Wall Leu Ser Lieu Pro Ile Val Asn Lys Lys Glu Asp Ile Val 
325 330 335 

Gly Val Ala Thr Phe Tyr Asn Arg Lys Asp Gly Lys Pro Phe Asp Glu 
340 345 35 O 

Tyr Asp Glu His Ile Ala Glu Thr Leu Thr Glin Phe Leu Gly Trp Ser 
355 360 365 

Leu Lieu. Asn. Thir Asp Thr Tyr Glu Lys Met Asn Lys Lieu Glu Asn Arg 
370 375 38O 

Lys Asp Ile Ala Glin Glu Met Leu Met Asn His Thr Lys Ala Thr Pro 
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385 

Asp 

<400 

Glu 

SEQUENCE: 

Leu Phe Glu Lieu 
1 

Wall 

Arg 

Ala 

Teu 
65 

Wall 

Met 

Wall 

Wall 

Ser 
145 

Asn 

Arg 

Thr 

Glu 
225 

Ala 

Pro 

Asp 
305 

Ile 

Ile 

Wall 

Thr 
50 

Wall 

Gly 

Glu 

Thr 

Ala 
130 

Glu 

Telu 

Gly 

Asp 

Telu 
210 

Wall 

Ser 

Wall 
29 O 

Glu 

Wall 

Wall 

Phe 

Ser 
35 

Arg 

Pro 

His 

Arg 
115 

Wall 

Asp 

Glin 

Ile 
195 

Asn 

Glu 

Ser 

Ile 

Pro 
275 

Ala 

Met 

Lys 

Gly 

Lys 

Telu 

Telu 

Pro 

Wall 

Pro 
100 

Asn 

Ile 

Glu 

Ile 

Wall 
18O 

Glu 

Phe 

Gly 

Asp 
260 

Pro 

Glu 

Phe 

Asn 

Wall 

SEQ ID NO 36 
LENGTH 
TYPE 
ORGANISM: bovine 

404 
PRT 

36 

Wall 
5 

Ile 

Phe 

Phe 

Asp 

Ala 
85 

His 

Ile 

Met 

Tyr 
1.65 

Teu 

Phe 

Pro 
245 

Tyr 

Ala 

Ser 

Asn 

Wall 
325 

Ala 

390 

Glin 

Teu 

Met 

Ser 

Ser 
70 

Glin 

Phe 

Teu 

Ala 

Wall 
15 O 

His 

Teu 

Glin 

Asp 
230 

Ile 

Asp 

Gly 

Phe 
310 

Teu 

Thr 

Tyr 

Wall 
55 

Glu 

Thr 

Ser 

Ala 

Wall 
135 

Phe 

Tyr 

Trp 

Phe 

Tyr 
215 

Wall 

Thr 

Teu 

His 

Phe 
295 

Glin 

Ser 

Phe 

Met 

Glin 

Ile 

Lys 

Ser 

Thr 
120 

Asn 

Telu 

Ser 

Ser 

His 
200 

Ser 

Trp 

Pro 

His 

Trp 
280 

Ile 

Glu 

Met 

Tyr 

Glin 

Telu 
25 

Glin 

Pro 

Wall 

Lys 

Phe 
105 

Pro 

Lys 

Lys 

Tyr 

Ala 
185 

Lys 

Wall 

Pro 

Asp 

Gly 
265 

Ala 

Cys 

Gly 

Pro 

Asn 

Glu 
10 

Cys 

Arg 

Asp 

Phe 

Met 
90 

Ala 

Ile 

Telu 

Telu 
170 

Asn 

Ala 

Gly 

Wall 

Gly 
250 

Lys 

Telu 

Asn 

Pro 

Ile 
330 

Arg 

395 

Asn 

Ser 

Asn 

Ser 

Pro 
75 

Wall 

Asp 

Met 

Asp 

Lel 

155 

His 

Phe 

Lel 

Lel 

235 

Arg 

Glu 

Ala 

Ile 

Teu 
315 

Wall 

41 

-continued 

Wall 

Ile 

Gly 

Wall 
60 

Teu 

Asn 

Glu 

Asn 

Gly 
1 4 0 

Asn 

Asn 

Wall 

Tyr 

Teu 
220 

Met 

Glu 

Asp 

Ser 

Met 

Asp 

Asn 

Asp 

Asn 

Teu 

Wall 
45 

Teu 

Asp 

Wall 

Teu 

Gly 
125 

Pro 

Phe 

Phe 

Thr 

Asp 

Gly 

Ile 

Ile 

Gly 
285 

Asn 

Asp 

Gly 

Met 

His 
30 

Ala 

Glu 

Ile 

Glin 

Thr 
110 

Gly 

Glu 

Glu 
19 O 

Wall 

Met 

Glu 

Telu 

Lys 
27 O 

Telu 

Ala 

Ser 

Glu 
15 

Ala 

Glu 

Asp 

Gly 

Asp 
95 

Asp 

Asp 

Phe 

Thr 

Thr 
175 

Glu 

Arg 

Thr 

Ala 

Phe 
255 

Wall 

Pro 

Pro 

Gly 

Glu 
335 

Pro 

400 

Arg 

Asp 

Telu 

Wall 
8O 

Wall 

Wall 

Thr 

Telu 
160 

Arg 

Telu 

Ala 

Glin 
240 

Ile 

Thr 

Ala 

Trp 
320 

Glu 

Phe 

Sep. 8, 2005 
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340 345 35 O 

Asp Glu Glin Asp Glu Val Lieu Met Glu Ser Lieu. Thr Glin Phe Leu Gly 
355 360 365 

Trp Ser Val Lieu. Asn Thr Asp Thr Tyr Asp Llys Met Asn Lys Lieu Glu 
370 375 38O 

Asn Arg Lys Asp Ile Ala Glin Asp Met Val Lieu. Tyr His Val Arg Cys 
385 390 395 400 

Asp Arg Glu Glu 

<210 SEQ ID NO 37 
<211& LENGTH: 401 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 37 

Leu Lieu Arg Asp Phe Glin Asp Asn Lieu Glin Ala Glu Lys Cys Val Phe 
1 5 10 15 

Asn. Wal Met Lys Lys Lieu. Cys Phe Lieu Lieu Glin Ala Asp Arg Met Ser 
2O 25 30 

Leu Phe Met Tyr Arg Ala Arg Asn Gly Ile Ala Glu Lieu Ala Thr Arg 
35 40 45 

Leu Phe Asn. Wal His Lys Asp Ala Val Lieu Glu Glu Cys Lieu Val Ala 
50 55 60 

Pro Asp Ser Glu Ile Val Phe Pro Leu Asp Met Gly Val Val Gly. His 
65 70 75 8O 

Val Ala Leu Ser Lys Lys Ile Val Asn Val Pro Asn Thr Glu Glu Asp 
85 90 95 

Glu His Phe Cys Asp Phe Val Asp Thr Leu Thr Glu Tyr Glin Thr Lys 
100 105 110 

Asn. Ile Leu Ala Ser Pro Ile Met Asn Gly Lys Asp Val Val Ala Ile 
115 120 125 

Ile Met Ala Val Asn Lys Val Asp Gly Pro His Phe Thr Glu Asn Asp 
130 135 1 4 0 

Glu Glu Ile Leu Lleu Lys Tyr Lieu. Asn. Phe Ala Asn Lieu. Ile Met Lys 
145 15 O 155 160 

Val Phe His Leu Ser Tyr Lieu. His Asn. Cys Glu Thr Arg Arg Gly Glin 
1.65 170 175 

Ile Leu Lleu Trp Ser Gly Ser Lys Val Phe Glu Glu Lieu. Thir Asp Ile 
18O 185 19 O 

Glu Arg Glin Phe His Lys Ala Leu Tyr Thr Val Arg Ala Phe Lieu. Asn 
195 200 2O5 

Cys Asp Arg Tyr Ser Val Gly Lieu Lieu. Asp Met Thr Lys Glin Lys Glu 
210 215 220 

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

Gly Pro Arg Thr Pro Asp Gly Arg Glu Ile Asn. Phe Tyr Lys Val Ile 
245 250 255 

Asp Tyr Ile Lieu. His Gly Lys Glu Asp Ile Llys Val Ile Pro Asn Pro 
260 265 27 O 

Pro Pro Asp His Trp Ala Leu Val Ser Gly Leu Pro Thr Tyr Val Ala 
275 280 285 

Glin Asn Gly Lieu. Ile Cys Asn. Ile Met Asn Ala Pro Ser Glu Asp Phe 
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29 

Phe Al 
305 

O 

a Phe Glin Lys Glu 
310 

Asn Wall Leu Ser Met Pro 

Wall Al 

Asp Gl 

Teu. As 
37 

Asp Il 
385 

<400 

325 

a Thr Phe Tyr Asn 
340 

u Thir Leu Met Glu 
355 

in Pro Asp Thr Tyr 
O 

e Phe Glin Asp Met 
390 

SEQ ID NO 38 
LENGTH 84 
TYPE PRT 
ORGANISM: bovine 

SEQUENCE: 38 

Glu Pro Leu Asn. Ile Lys 
1 5 

Glu Val Asp Glin Ile Thr 

Pro Il e Lys Met His Arg 
35 

Asn Lys Lys Ser Gly Asn 
50 

Asp Phe Ala Ala Tyr Lieu 
65 70 

Glin Leu Tyr Glu 

<400 

Lys Il 
1 

SEQ ID NO 39 
LENGTH 81 
TYPE PRT 
ORGANISM: bovine 

SEQUENCE: 39 

e Wall Asn. Wall Pro 
5 

Phe Val Asp Thr Leu Thr 

Pro Il e Met Asn Gly Lys 
35 

Lys Val Asp Gly Pro His 
50 

Lys Tyr Lieu. Asn. Phe Ala 
65 

Tyr 

<21 Oc 

70 

SEQ ID NO 40 
LENGTH 81 
TYPE PRT 

295 

Pro 

Ile 

Arg 

Ser 

Glu 
375 

Wall 

Asp 

Gly 

Glu 

Gly 
55 

Ala 

Asn 

Glu 

Asp 

Phe 
55 

Asn 

Telu 

Wall 

Telu 
360 

Telu 

Ala 

Tyr 

Glu 
40 

Gly 

Phe 

Thr 

Wall 
40 

Thr 

Telu 

Asp 

Asn 

Asp 
345 

Ala 

Met 

Tyr 

Tyr 

Lys 
25 

Wall 

Thr 

Cys 

Glu 

Glin 
25 

Wall 

Glu 

Ile 

Glu 

Lys 
330 

Gly 

Glin 

Asn 

His 

Glu 
10 

Thr 

Wall 

Phe 

Gly 

Glu 
10 

Thr 

Ala 

Asn 

Met 

Ser 
315 

Lys 

Phe 

Wall 
395 

Asp 

Glin 

Gly 

Thr 

Ile 
75 

Asp 

Ile 

Asp 

Lys 
75 

43 

-continued 

Gly 

Glu 

Pro 

Teu 

Teu 
38O 

Pro 

Ser 

Wall 

Glu 
60 

Wall 

Glu 

Asn 

Ile 

Glu 
60 

Wall 

Trp 

Glu 

Phe 

Gly 
365 

Glu 

Arg 

Ile 

Ala 
45 

Teu 

His 

Ile 

Met 
45 

Glu 

Phe 

Met 

Ile 

Asp 
35 O 

Trp 

Asn 

Asp 

Phe 

Telu 
30 

Glin 

Asp 

His 

Phe 

Telu 
30 

Ala 

Ile 

His 

Ile 

Wall 
335 

Glu 

Ser 

Arg 

Asn 

Asn 
15 

Ala 

Glu 

Met 

Cys 
15 

Ala 

Wall 

Telu 

Telu 

Lys 
320 

Gly 

Met 

Wall 

Glu 
400 

Ala 

Met 

Ile 

Ala 
8O 

Asp 

Ser 

Asn 

Telu 

Ser 
8O 
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-continued 

<213> ORGANISM: bovine 

<400 SEQUENCE: 40 

Lys Met Val Asn Val Glin Asp Val Met Glu Cys Pro His Phe Ser Ser 
1 5 10 15 

Phe Ala Asp Glu Lieu. Thr Asp Tyr Val Thr Arg Asn. Ile Leu Ala Thr 
2O 25 30 

Pro Ile Met Asin Gly Lys Asp Val Val Ala Val Ile Met Ala Val Asn 
35 40 45 

Lys Lieu. Asp Gly Pro Cys Phe Thr Ser Glu Asp Glu Asp Val Phe Lieu 
50 55 60 

Lys Tyr Lieu. Asn. Phe Gly. Thir Lieu. Asn Lieu Lys Ile Tyr His Leu Ser 
65 70 75 8O 

<210> SEQ ID NO 41 
&2 11s LENGTH 81 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 41 

Lys Thr Phe Asin Val Pro Asp Wall Lys Lys Asn. Ser His Phe Ser Asp 
1 5 10 15 

Phe Met Asp Lys Gln Thr Gly Tyr Val Thr Arg Asn. Ile Leu Ala Thr 
2O 25 30 

Pro Ile Val Met Gly Lys Glu Val Leu Ala Val Phe Met Ala Val Asn 
35 40 45 

Lys Val Asp Ala Ser Glu Phe Ser Lys Glin Asp Glu Glu Val Phe Ser 
50 55 60 

Lys Tyr Leu Ser Phe Val Ser Ile Ile Leu Lys Leu. His His Thr Asn 
65 70 75 8O 

Tyr 

<210> SEQ ID NO 42 
&2 11s LENGTH 81 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 42 

Lys Ser Ile Glin Leu Lys Asp Lieu. Thir Ser Glu Asp Met Glin Glin Lieu 
1 5 10 15 

Gln Ser Met Leu Gly Cys Glu Val Glin Ala Met Leu Cys Val Pro Val 
2O 25 30 

Ile Ser Arg Ala Thr Asp Glin Val Val Ala Lieu Ala Cys Ala Phe Asn 
35 40 45 

Lys Lieu Gly Gly Asp Leu Phe Thr Asp Glin Asp Glu His Val Ile Glin 
50 55 60 

His Cys Phe His Tyr Thr Ser Thr Val Leu Thir Ser Thr Leu Ala Phe 
65 70 75 8O 

Glin 

<210> SEQ ID NO 43 
&2 11s LENGTH 91. 
&212> TYPE PRT 
<213> ORGANISM: bovine 
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-continued 

<400 SEQUENCE: 43 

Glu Pro Leu Asn. Ile Pro Asp Val Ser Lys Asp Lys Arg Phe Pro Trp 
1 5 10 15 

Thr Asn. Glu Asn Met Gly Asn. Ile Asn Glin Glin Cys Ile Arg Ser Lieu 
2O 25 30 

Lieu. Cys Thr Pro Ile Lys Asn Gly Lys Lys Asn Lys Val Ile Gly Val 
35 40 45 

Cys Glin Lieu Val Asn Lys Met Glu Glu Thir Thr Gly Lys Wall Lys Ala 
50 55 60 

Phe Asn Arg Asn Asp Glu Glin Phe Leu Glu Ala Phe Val Ile Phe Cys 
65 70 75 8O 

Gly Leu Gly Ile Glin Asn Thr Gln Met Tyr Glu 
85 90 

<210> SEQ ID NO 44 
&2 11s LENGTH 84 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 44 

Leu Ile Cys Asn Ile Met Asn Ala Pro Ser Glu Asp Phe Phe Ala Phe 
1 5 10 15 

Gln Lys Glu Pro Leu Asp Glu Ser Gly Trp Met Ile Lys Asn Val Leu 
2O 25 30 

Ser Met Pro Ile Val Asn Lys Lys Glu Glu Ile Val Gly Val Ala Thr 
35 40 45 

Phe Tyr Asn Arg Lys Asp Gly Lys Pro Phe Asp Glu Met Asp Glu Thr 
50 55 60 

Leu Met Glu Ser Leu Ala Glin Phe Leu Gly Trp Ser Val Leu Asin Pro 
65 70 75 8O 

Asp Thr Tyr Glu 

<210> SEQ ID NO 45 
&2 11s LENGTH 84 
&212> TYPE PRT 
<213> ORGANISM: bovine 

<400 SEQUENCE: 45 

Phe Ile Cys Asn Ile Met Asn Ala Pro Ala Asp Glu Met Phe Asin Phe 
1 5 10 15 

Glin Glu Gly Pro Leu Asp Asp Ser Gly Trp Ile Val Lys Asn Val Lieu 
2O 25 30 

Ser Met Pro Ile Val Asn Lys Lys Glu Glu Ile Val Gly Val Ala Thr 
35 40 45 

Phe Tyr Asn Arg Lys Asp Gly Lys Pro Phe Val Glu Glin Asp Glu Val 
50 55 60 

Leu Met Glu Ser Leu Thr Glin Phe Leu Gly Trp Ser Val Leu Asn Thr 
65 70 75 8O 

Asp Thr Tyr Asp 

<210> SEQ ID NO 46 
&2 11s LENGTH 84 
&212> TYPE PRT 
<213> ORGANISM: bovine 
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-continued 

<400 SEQUENCE: 46 

Ala Ala 
10 

Phe Ile Cys Asn Glu 
1 

Met Lieu. Asn Pro Asp 

Gln Lys Gly Pro Val Glu Thr Wall Ile Asp Gly 
25 

Trp 

Pro Ile 
35 

Ser Lieu Wall Asn Lys Glu Ile Wall 
40 

Asp 

Phe Phe Glu 
60 

Tyr Pro 
50 

Asn Arg Gly 
55 

Lys Asp 

Ile 
65 

Ala Glu Thr Thr 
70 

Teu Gln Phe Leu Gly Trp Ser Leu 
75 

Asp Thr Tyr Glu 

SEQ ID NO 47 
LENGTH 82 
TYPE PRT 
ORGANISM: bovine 

<400 SEQUENCE: 47 

Glin Ile Leu Asn His Pro Leu 
1 

Ile Pro 
5 

Ala Ala 
10 

Asp 

Gly Val Asp Asp Ser Thr Phe Thr Asn. Ile Gly Arg 
25 

Arg 

Ile Glu Asn Glin Glu 
40 

Wall Ile Wall Ala 
45 

Pro Lys Asn 
35 

Gly 

Asn Lys Ile Asn Phe Ser Phe Glu 
50 

Gly Pro Trp 
55 

Lys Asp 
60 

Thr His 
65 

Ala Phe Ile Ile 
75 

Ser Ile Tyr Ser Ala 
70 

Gly 

Lys 

1. A purified and isolated polynucleotide encoding c(GB 
PDE. 

2. The polynucleotide of claim 1 which is a DNA 
Sequence. 

3. The DNA sequence of claim 2 which is a cDNA 
Sequence or a biological replica thereof. 

4. The DNA sequence of claim 2 which is a genomic DNA 
Sequence or a biological replica thereof. 

5. An RNA transcript of the genomic DNA sequence of 
claim 4. 

6. The DNA sequence of claim 2 which is a wholly or 
partially chemically Synthesized DNA sequence or a bio 
logical replica thereof. 

7. The DNA sequence of claim 4 further comprising an 
endogenous expression control DNA sequence. 

8. A DNA vector comprising a DNA sequence according 
to claim 2. 

9. The vector of claim 8 wherein said DNA sequence is 
operatively linked to an expression control DNA sequence. 

10. A host cell stably transformed or transfected with a 
DNA sequence according to claim 7 in a manner allowing 
the expression in said host cell of c(GB-PDE polypeptide 

Phe 

Asn 
30 

Wall 

Telu 

Phe 

Telu 
30 

Glu 

Ser 

Thr 
15 

Phe 

Wall Leu 

Ala Thr 

His Glu 

Asn 

Tyr 
15 

Arg 

Phe 

Leu Wall 

Ala Telu 

Telu 
8O 

Telu 

possessing a ligand/receptor binding biological activity or 
immunological property specific to c(GB-PDE. 

11. A method for producing c(GB-PDE polypeptide, said 
method comprising growing a host cell according to claim 
10 in a suitable nutrient medium and isolating c(GB-PDE 
polypeptide from Said cell or the medium of its growth. 

12. A polypeptide or peptide capable of Specifically bind 
ing to c(GB-PDE. 

13. An antibody Substance according to claim 12. 
14. A monoclonal antibody according to claim 13. 
15. A hybridoma cell line producing a monoclonal anti 

body according to claim 14. 
16. A humanized antibody Substance according to claim 

13. 

17. An antisense polynucleotide Specific for a polynucle 
otide encoding c(GB-PDE. 

18. A DNA sequence encoding c(GB-PDE and selected 
from the group consisting of: 

(a) the DNA sequence set out in SEQ ID NO:9 or 22; 
(b) a DNA which hybridizes under stringent conditions to 

the DNA of (a); and 
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(c) a DNA sequence which, but for the redundancy of the 
generic code, would hybridize under Stringent condi 
tions to a DNA sequence of (a) or (b). 

19. A method for modulating the enzymatic activity of 
cGB-PDE, comprising contacting c(GB-PDE with an effec 
tive amount of an agent that binds CGB-PDE and activates 
or inhibits c(GB-PDE. 

20. The method of claim 19 wherein the agent that binds 
cGB-PDE is selected from the group consisting of antibod 
ies, peptides, proteins, oligonucleotides, antisense mol 
ecules, non-peptide compounds, and Small molecules. 

21. The method of claim 20, wherein the agent that binds 
cGB-PDE is an anti-cGB-PDE antibody. 

22. A method for identifying an agent that specifically 
binds to c(GB-PDE comprising: 

(a) contacting c(GB-PDE with an effective amount of a test 
agent, and 

(b) determining if the test agent specifically binds coB 
PDE. 

23. A method for identifying an agent that specifically 
binds to c(GB-PDE so as to modulate the enzymatic activity 
of c(GB-PDE comprising: 

Sep. 8, 2005 

(a) contacting cQB-PDE with an effective amount of a test 
agent, 

(b) determining if the test agent specifically binds coB 
PDE; and 

(c) testing for modulation of c(GB-PDE activity. 
24. The method of claim 23, wherein the coB-PDE is 

recombinant cOB-PDE. 

25. The method of claim 23, wherein the agent is selected 
from the group consisting of antibodies, peptides, proteins, 
oligonucleotides, antisense molecules, non-peptide com 
pounds, and Small molecules. 

26. A method of using an agent that modulates the 
enzymatic activity of c(GB-PDE for treating a condition that 
involves signal transduction pathways utilizing cyclic nucle 
otides as Second messengers, comprising administering to a 
subject an agent that modulates the activity of c(GB-PDE. 

27. An agent identified by the method of claim 24. 


