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ABSTRACT 

The present invention provides novel puri?ed and isolated 
nucleotide sequences encoding the cGMP-binding, CGMP 
speci?c phosphodiesterase designated cGB-PDE. Also pro 
vided by the invention are methods and materials for the 
recombinant production of cGB-PDE polypeptide products 
and methods for identifying compounds Which modulate the 
enzymatic activity of cGB-PDE polypeptides. 
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CGMP-BINDING, CGMP-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 ?led 
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 GM07347 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-speci?c phosphodiesterase designated cGB-PDE 
and more particularly to novel puri?ed and isolated poly 
nucleotides encoding cGB-PDE polypeptides, to methods 
and materials for recombinant production of cGB-PDE 
polypeptides, 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 messengers. 

[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, substrate speci?city, sensitivity 
to inhibitors, immunological reactivity and mode of regula 
tion. [See Beavo et al., Cyclic Nucleotide Phosphodi 
esterases: Structure, Regulation and Drug Action, John 
Wiley & Sons, Chichester, UK. (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. 267-296 in Beavo et al., supra] All mammalian 
PDEs characterized to date share a sequence of approxi 
mately 250 amino acid residues in length that appears 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 isoen 
Zymes. Based on their biological properties, the PDEs may 
be classi?ed into six general families: the Ca2+/calmodulin 
stimulated PDEs (Type I), the cGMP-stimulated PDEs (Type 
II), the cGMP-inhibited PDEs (Type II), the cAMP-spec?c 
PDEs (Type IV), the cGMP-speci?c phosphodiesterase 
cGB-PDE (Type V) Which is the subject of the present 
invention and the cGMP-speci?c photoreceptor PDEs (Type 
VI). 
[0006] The cGMP-binding PDEs (Type II, Type V and 
Type VI PDEs), in addition to having a homologous cata 
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lytic domain near their carboxyl terminus, have a second 
conserved sequence Which is located closer to their amino 
terminus and Which may comprise an allosteric cGMP 
binding domain. See Charbonneau et al., Proc. Natl. Acad. 
Sci. USA, 87: 288-292 (1990). 

[0007] The Type II cGMP-stimulated PDEs (cGs-PDEs) 
are Widely distributed in different tissue types and are 
thought to exist as homodimers of 100-105 kDa subunits. 
The cGs-PDEs respond under physiological conditions to 
elevated cGMP concentrations by increasing the rate of 
cAMP hydrolysis. The amino acid sequence of a bovine 
heart cGs-PDE and a partial cDNA sequence of a bovine 
adrenal cortex cGS-PDE are reported in LeTrong et al., 
Biochemistry, 29: 10280-10288 (1990) and full length 
bovine adrenal and human fetal brain cGB-PDE cDNA 
sequences are described in Patent Cooperation Treaty Inter 
national Publication No. W0 92/ 18541 published on 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 cGB-PDE have 
been described as cGMP-speci?c PDEs because they exhibit 
a 50-fold or greater selectivity for hydrolyZing cGMP 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 0t (88 kDa) and [3 (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 identi?ed Which includes 0t, [3, and y subunits and a 6 
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 0t 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 [3 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 6 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 (X' (94 kDa) subunits and three smaller 
subunits of 11 kDa, 13 kDa and 15 kDa. A full-length cDNA 
corresponding to the bovine COS-PDE (X' subunit is reported 
in Li et al., Proc. Natl. Acad. Sci. USA, 87: 293-297 (1990). 

[0010] cGB-PDE has been puri?ed 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. 
Acta, 631: 148-165 (1980)], and sea urchin sperm [Francis 
et al., J. Biol. Chem., 255: 620-626 (1979)]. cGB-PDE may 
be a homodimer comprised of tWo 93 kDa subunits. [See 
Thomas I, supra] cGB-PDE has been shoWn to contain a 
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single site not found in other known cGMP-binding PDEs 
Which is phosphorylated by cGMP-dependent protein kinase 
(cGK) and, With a lower af?nity, by cAMP-dependent pro 
tein kinase (cAK). [See Thomas et al., J. Biol. Chem, 265: 
14971-14978 (1990), hereinafter “Thomas 11”] The primary 
amino acid sequence of the phosphorylation site and of the 
amino-terminal end of a fragment generated by chymotryp 
tic digestion of cGB-PDE are described in Thomas H, supra, 
and Thomas 1, supra, respectively. HoWever, the majority of 
the amino acid sequence of cGB-PDE has not previously 
been described. 

[0011] Various inhibitors of di?cerent types of PDEs have 
been described in the literature. TWo inhibitors that exhibit 
some speci?city 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 cGB-PDE and production of cGB-PDE 
polypeptide by recombinant methods Would provide infor 
mation and material to alloW the identi?cation of novel 
agents that selectively modulate the activity of the cGB 
PDEs. The recognition that there are distinct types or 
families of PDE isoenZymes and that di?cerent tissues 
express di?cerent complements of PDEs has led to an interest 
in the development of PDE modulators Which may have 
therapeutic indications for disease states that involve signal 
transduction pathWays utiliZing cyclic nucleotides as second 
messengers. 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 speci?c PDE by 
recombinant DNA techniques is dif?cult because all PDEs 
catalyZe the same basic reaction, have overlapping substrate 
speci?cities and occur only in trace amounts. As a result, 
puri?cation to homogeneity of many PDEs is a tedious and 
difficult process. 

[0013] There thus continues to exist a need in the art for 
DNA and amino acid sequence information for the cGB 
PDE, for methods and materials for the recombinant pro 
duction of cGB-PDE polypeptides and for methods for 
identifying speci?c modulators of cGB-PDE activity. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides novel puri?ed and 
isolated polynucleotides (e.g., DNA sequences and RNA 
transcripts, both sense and antisense strands, including 
splice variants thereof) encoding the cGMP-binding, cGMP 
speci?c PDE designated cGB-PDE. Preferred DNA 
sequences of the invention include genomic and cDNA 
sequences as Well as Wholly or partially chemically synthe 
siZed DNA sequences. DNA sequences encoding cGB-PDE 
that are set out in SEQ ID NO: 9 or 20 and DNA sequences 
Which hybridize thereto under stringent conditions or DNA 
sequences Which Would hybridiZe thereto but for the redun 
dancy of the genetic code are contemplated by the invention. 
Also contemplated by the invention are biological 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 cGB-PDE sequences and 
especially vectors Wherein DNA encoding cGB-PDE is 
operatively linked to an endogenous or exogenous expres 
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sion control DNA sequence and a transcriptional terminator 
are also provided. Speci?cally illustrating expression plas 
mids of the invention is the plasmid hcgbmet156-2 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 cGB-PDE products can serve 
a variety of useful purposes. Such cells constitute a valuable 
source of immunogen for the development of antibody 
substances speci?cally immunoreactive With cGB-PDE. 
Host cells of the invention are conspicuously useful in 
methods for the large scale production of cGB-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, immunoaf?nity puri?cation. 

[0016] cGB-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 
modi?cations (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. cGB-PDE products of 
the invention may be full length polypeptides, fragments or 
variants. Variants may comprise cGB-PDE polypeptide ana 
logs Wherein one or more of the speci?ed (i.e., naturally 
encoded) amino acids is deleted or replaced or Wherein one 
or more nonspeci?ed amino acids are added: 

[0017] (1) Without loss of one or more of the biological 
activities or immunological characteristics speci?c for cGB 
PDE; or (2) With speci?c disablement of a particular bio 
logical activity of cGB-PDE. 

[0018] Also comprehended by the present invention are 
antibody substances (e.g., monoclonal and polyclonal anti 
bodies, single chain antibodies, chimeric antibodies, CDR 
graf‘ted antibodies and the like) and other binding proteins 
speci?c for cGB-PDE. Speci?c binding proteins can be 
developed using isolated or recombinant cGB-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 cGB-PDE polypeptides and 
detection or quanti?cation of cGB-PDE polypeptides in 
?uid and tissue samples by knoWn immunogical procedures. 
They are also manifestly useful in modulating (i.e., block 
ing, inhibiting or stimulating) biochemical activities of 
cGB-PDE, especially those activities involved in signal 
transduction. Anti-idiotypic antibodies speci?c for anti 
cGB-PDE antibody substances are also contemplated. 

[0019] The scienti?c value of the information contributed 
through the disclosures of DNA and amino acid sequences 
of the present invention is manifest. As one series of 
examples, knoWledge of the sequence of a cDNA for cGB 
PDE makes possible the isolation by DNA/DNA hybridiZa 
tion of genomic DNA sequences encoding cGB-PDE and 
specifying cGB-PDE expression control regulatory 
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sequences such as promoters, operators and the like. DNA/ 
DNA hybridization procedures carried out With DNA 
sequences of the invention under stringent conditions are 
likewise expected to alloW the isolation of DNAs encoding 
allelic variants of cGB-PDE, other structurally related pro 
teins sharing one or more of the biochemical and/or immu 

nological properties speci?c to cGB-PDE, and non-human 
species proteins homologous to cGB-PDE. Polynucleotides 
of the invention When suitably labelled are useful in hybrid 
iZation assays to detect the capacity of cells to synthesiZe 
cGB-PDE. Polynucleotides of the invention may also be the 
basis for diagnostic methods useful for identifying a genetic 
alteration(s) in the cGB-PDE locus that underlies a disease 
state or states. Also made available by the invention are 
anti-sense polynucleotides relevant to regulating expression 
of cGB-PDE by those cells Which ordinarily express the 
same. 

[0020] The DNA and amino acid sequence information 
provided by the present invention also makes possible the 
systematic analysis of the structure and function of cGB 
PDE and de?nition of those molecules With Which it Will 
interact. Agents that modulate cGB-PDE activity may be 
identi?ed by incubating a putative modulator With lysate 
from eucaryotic cells expressing recombinant cGB-PDE and 
determining the effect of the putative modulator on cGB 
PDE phosphodiesterase activity. In a preferred embodiment 
the eucaryotic cell lacks endogenous cyclic nucleotide phos 
phodiesterase activity. Speci?cally 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 cGB-PDE can be evaluated by comparing its 
activity on the cGB-PDE to its activity on other PDE 
isoZymes. The combination of the recombinant cGB-PDE 
products of the invention With other recombinant PDE 
products in a series of independent assays provides a system 
for developing selective modulators of cGB-PDE. 

[0021] Selective modulators may include, for example, 
antibodies and other proteins or peptides Which speci?cally 
bind to the cGB-PDE or cGB-PDE nucleic acid, oligonucle 
otides Which speci?cally bind to the cGB-PDE or cGB-PDE 
nucleic acid and other non-peptide compounds (e. g., isloated 
or synthetic organic molecules) Which speci?cally react With 
cGB-PDE or cGB-PDE nucleic acid. Mutant forms of cGB 
PDE which affect the enzymatic activity or cellular local 
iZation of the Wild-type cGB-PDE are also contemplated by 
the invention. Presently preferred targets for the develop 
ment of selective modulators include, for example: (1) the 
regions of the cGB-PDE Which contact other proteins and/or 
localiZe the cGB-PDE Within a cell, (2) the regions of the 
cGB-PDE Which bind substrate, (3) the allosteric cGMP 
binding site(s) of cGB-PDE, (4) the phosphorylation site(s) 
of cGB-PDE and (5) the regions of the cGB-PDE Which are 
involved in dimeriZation of cGB-PDE subunits. Modulators 
of cGB-PDE activity may be therapeutically useful in treat 
ment of a Wide range of diseases and physiological condi 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Numerous other aspects and advantages of the 
present invention Will be apparent upon consideration of the 
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folloWing detailed description thereof, reference being made 
to the draWing Wherein: 

[0023] FIG. 1A to IC 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 
their one letter amino acid abbreviation in the “conserved” 
line, residues Which are identical in the cGB-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; 

[0024] FIG. 2A to 2C is an alignment of the cGMP 
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; 

[0025] FIG. 3 is an alignment of internally homologous 
repeats from several PDE isoenZymes Wherein residues 
identical in each repeat A and B from all cGMP-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; 
[0026] FIG. 4 schematically depicts the domain organi 
Zation of cGB-PDE; 

[0027] FIG. 5 is a bar graph representing the results of 
experiments in Which extracts of COS cells transfected With 
bovine cGB-PDE sequences or extracts of untransfected 
COS cells Were assayed for phosphodiesterase activity using 
either 20 uM cGMP or 20 uM cAMP as the substrate; 

[0028] FIG. 6 is a graph depicting results of assays of 
extracts from cells transfected With bovine cGB-PDE 
sequences for cGMP phosphodiesterase activity in the pres 
ence of a series of concentrations of phosphodiesterase 
inhibitors including dypyridamole (closed squares), Zapri 
nast (closed circles), methoxymethylxanthine (closed tri 
angles) and rolipram (open circles); 
[0029] FIG. 7 is a bar graph presenting results of experi 
ments in Which cell extracts from COS cells transfected With 
bovine cGB-PDE sequences or control untransfected COS 
cells Were assayed for [3H]cGMP-binding activity in the 
absence (—) or presence (+) of 0.2 mM IBMX; and 

[0030] FIG. 8 is a graph of the results of assays in Which 
extracts from cells transfected With bovine cGB-PDE 
sequences Were assayed for [3H]cGMP-binding activity in 
the presence of excess unlabelled cAMP (open circles) or 
cGMP (closed circles) at the concentrations indicated. 

DETAILED DESCRIPTION 

[0031] The folloWing examples illustrate the invention. 
Example 1 describes the isolation of a bovine cGB-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 cGB-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 cGB-PDE cDNA in 
COS cells is described in Example 4. Example 5 presents 
results of assays of the cGB-PDE COS cell expression 
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product for phosphodiesterase activity, cGMP-binding 
activity and Zn2+ hydrolase activity. Example 6 describes 
the isolation of human cDNAs homologous to the bovine 
cGB-PDE cDNA. The expression of a human cGB-PDE 
cDNA in yeast cells is presented in Example 7. RNase 
protection assays to detect cGB-PDE in human tissues are 
described in Example 8. Example 9 describes the bacterial 
expression of human cGB-PDE cDNA and the development 
of antibodies reactive With the bacterial cGB-PDE expres 
sion 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 utliliZing recombinant cGB-PDE products of 
the invention to develop agents that selectively modulate the 
biological activities of cGB-PDE. 

EXAMPLE 1 

[0032] The polymerase chain reaction (PCR) Was utiliZed 
to isolate a cDNA fragment encoding a portion of cGB-PDE 
from bovine lung ?rst strand cDNA. Fully degenerate sense 
and antisense PCR primers Were designed based on the 
partial cGB-PDE amino acid sequence described in Thomas 
1, supra, and novel partial amino acid sequence information. 

A. Puri?cation of cGB-PDE Protein 

[0033] cGB-PDE Was puri?ed as described in Thomas 1, 
supra, or by a modi?cation 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 [3-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 ?ltered 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 lBMX-stimulated cGMP binding and cGMP 
phosphodiesterase activities by standard procedures 
described in Thomas et al., supra. Appropriate fractions Were 
pooled, diluted 2-fold With cold, deioniZed Water and sub 
jected to Blue Sepharose® CL-6B (Pharmacia LKB Bio 
technology lnc., PiscataWay, N.J.) chromatography. Zinc 
chelate af?nity 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 1, supra, or Was 
subjected to a modi?ed puri?cation procedure. 

[0035] As decribed in Thomas 1, supra, the protein pool 
Was applied in multiple loads to an HPLC Bio-Sil TSK-545 
DEAE column (l50><2l.5 mm) (BioRad Laboratories, Her 
cules, Calif.) equilibrated in PEM at 40 C. After an 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 How 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 ?nal volume of 1.5 ml. The concentrated 
cGB-PDE pool Was applied to an HPLC gel ?ltration 
column (Bio-Sil TSK-250, 500x215 mm) equilibrated in 
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100 mM sodium phosphate, pH 6.8, 2 mM EDTA, 25 mM 
[3-mercaptoethanol and eluted With a How rate of 2 
ml/minute at 40 C. 

[0036] If the modi?ed, less cumbersome procedure Was 
performed, the protein pool Was dialyZed against PEM for 2 
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 
cm><l54 cm) Sephacryl S400 gel ?ltration column (Boe 
hringer) equilibrated in 0.1M NaCl in PEM, and eluted at a 
How 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 cGB-PDE Were obtained per 10 kg bovine 
lung. 

[0038] Rabbit polyclonal antibodies speci?c for the puri 
?ed bovine cGB-PDE Were generated by standard proce 
dures. 

B. Amino Acid Sequencing of cGB-PDE 

[0039] cGB-PDE phosphorylated With [32P]ATP and Was 
then digested With protease to yield 32P-labelled phospho 
peptides. Approximately 100 pg of puri?ed cGB-PDE Was 
phosphorylated in a reaction mixture containing 9 mM 
MgCl2, 9 pM [32P]ATP, 10 pM cGMP, and 4.2 pg puri?ed 
bovine catalytic subunit of cAMP-dependent protein kinase 
(cAK) in a ?nal volume of 900 pl. Catalytic subunit of cAK 
Was prepared according to the method of Flockhart et al., pp. 
209-215 in Marangos et al., Brain Receptor Methodologies, 
Part A, Academic Press, Orlando, Fla. (1984). The reaction 
Was incubated for 30 minutes at 30° C., and stopped by 
addition of 60 pl of 200 mM EDTA. 

[0040] To obtain a ?rst peptide sequence from cGB-PDE, 
3.7 pl of a 1 mg/ml solution of a ot-chymotrypsin in KPE 
buffer (10 mM potassium phosphate, pH 6.8, With 2 mM 
EDTA) Was added to 100 pg puri?ed, phosphorylated cGB 
PDE and the mixture Was incubated for 30 minutes at 30° C. 
Proteolysis Was stopped by addition of 50 pl of 10% SDS 
and 25 pl of [3-mercaptoethanol. The sample Was boiled until 
the volume Was reduced to less than 400 pl, 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 lmmobilon polyvi 
nylidene di?uoride (Millipore, Bedford, Mass.), according 
to the method of Matsudaira, J. Biol. Chem, 262: 10035 
10038 (1987). Transferred protein Was identi?ed 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 ot-chymot 
ryptic digestion procedure is set out beloW as SEQ ID NO: 
1. 

REXDANRINYMYAQYVKNTM SEQ ID NO: 1 

[0041] A second sequence Was obtained from a cGB-PDE 
peptide fragment generated by V8 proteolysis. Approxi 
mately 200 pg of puri?ed cGB-PDE Was added to 10 mM 
MgCl2, 10M [32P]ATP, 100 pM cGMP, and 1 pg/ml puri?ed 
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catalytic subunit of cAK in a ?nal volume of 1.4 ml. The 
reaction Was incubated for 30 minutes at 30° C., and Was 
terminated by the addition of 160 pl of 0.2M EDTA. Next, 
9 pl of 1 mg/ml Staphylococcal aureus V8 protease (Inter 
national Chemical Nuclear Biomedicals, Costa Mesa, Calif.) 
diluted in KPE Was added, folloWed by a 15 minute incu 
bation at 30° C. Proteolysis Was stopped by addition of 88 
pl of 10% SDS and 45 pl [3-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 mem 
brane and subjected to automated gas-phase amino acid 
sequencing. The sequence obtained is set out beloW as SEQ 
ID NO: 2. 

QSLAAAVVP SEQ ID NO: 2 

C. PCR Ampli?cation of Bovine cDNA 

[0042] The partial amino acid sequences utiliZed to design 
primers (SEQ ID NO: 3, beloW, and amino acids 9-20 of 
SEQ ID 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 V K N T M 

5 ' AAY TAY ATG TAY GCN CAR TAY GT 3 ' 

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

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

The sense and antisense primers, synthesiZed using an 
Applied Biosystems Model 380A DNA SynthesiZer (Foster 
City, Calif.), Were used in all possible combinations to 
amplify cGB-PDE-speci?c sequences from bovine lung ?rst 
strand cDNA as described beloW. 

[0043] 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 ?rst 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 Hybaid 
Thermal Reactor (ENK Scienti?c Products, Saratoga, Calif.) 
and products Were separated by gel electrophoresis on a 1% 
loW melting point agarose gel run in 40 mM Tris-acetate, 2 
mM EDTA. AWeak band of about 800-840 bp Was seen With 
the primers set out in SEQ ID NOs: 4 and 7 and With primers 
set out in SEQ ID NOs: 4 and 8. None of the other primer 
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pairs yielded visible bands. The PCR product generated by 
ampli?cation With the primers set out in SEQ ID NOs: 4 and 
7 Was isolated using the Gene Clean® (Bio101, La Jolla, 
Calif.) DNA puri?cation 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 XLl Blue cells (Stratagene Cloning Sys 
tems, La Jolla, Calif.). Putative transformation positives 
Were screened by sequencing. The sequences obtained Were 
not homologous to any knoWn PDE sequence or to the 

knoWn partial cGB-PDE sequences. 

[0044] PCR Was performed again on bovine lung ?rst 
strand cDNAusing the primers set out in SEQ ID NOs: 4 and 
7. A clone containing a 0.8 Kb insert With a single large open 
reading frame Was identi?ed. The open reading frame 
encoded 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 cGs-, 
ROS- and COS-PDEs. The clone identi?ed corresponds to 
nucleotides 489-1312 of SEQ ID NO: 9. 

(SEQ ID NO: 4) 

(SEQ ID NO: 5) 

(SEQ ID NO: 6) 

(SEQ ID NO: 7) 

(SEQ ID NO: 8) 

D. Construction and Hybridization Screening of a Bovine 
cDNA Library 

[0045] In order to obtain a cDNA encoding a full-length 
cGB-PDE, a bovine lung cDNA library Was screened using 
the 32P-labelled PCR-generated cDNA insert as a probe. 

[0046] Polyadenylated RNA Was prepared from bovine 
lung as described Sonnenburg et al., J. Biol. Chem, 266: 
17655-17661 (1991). First strand cDNA Was synthesiZed 
using AMV reverse transcriptase (Life Sciences, St. Peters 
burg, Fla.) With random hexanucleotide 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 polymerase I in the 
presence of E. coli DNA ligase and E. coli RNAse H. 
Selection of cDNAs larger than 500 bp Was performed by 
Sepharose® CL-4B (Millipore) chromatography. EcoRI 
adaptors (Promega, Madison, Wis.) Were ligated to the 
cDNA using T4 DNA ligase. Following heat inactivation of 
the ligase, the cDNA Was phosphorylated using T4 poly 
nucleotide kinase. Unligated adaptors Were removed by 
Sepharose® CL-4B chromatography (Pharmacia, Piscat 
aWay, N.J.). The cDNA Was ligated into EcoRI-digested, 
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dephosphorylated lambda Zap®II arms (Stratagene) and 
packaged With Gigapac® Gold (Stratagene) extracts accord 
ing to the manufacturer’s protocol. The titer of the unam 
pli?ed library Was 9.9><105 With 18% nonrecombinants. The 
library Was ampli?ed by plating 50,000 plaque forming units 
(pfu) on to tWenty 150 mm plates, resulting in a ?nal titer of 
5.95><106 pfu/ml With 21% nonrecombinants. 

[0047] The library Was plated on tWenty-four 150 mm 
plates at 50,000 pfu/plate, and screened With the 32P-labelled 
cDNA clone. The probe Was prepared using the method of 
Feinberg et al., Anal. Biochem, 137: 266-267 (1984), and 
the 32P-labelled DNA Was puri?ed using Elutip-D® col 
umns (Schleicher and Schuell Inc., Keene, NH.) using the 
manufacturer’s protocol. Plaque-lifts Were performed using 
15 cm nitrocellulose ?lters. Following denaturation and 
neutralization, DNA Was ?xed onto the ?lters by baking at 
80° C. for 2 hours. Hybridization Was carried out at 42° C. 
overnight in a solution containing 50% formamide, 5><SSC 
(0.75M NaCl, 0.75M sodium citrate, pH 7), 25 mM sodium 
phosphate (pH 7.0), 2>< Denhardt’s solution, 10% dextran 
sulfate, 90 ug/ml yeast tRNA, and approximately 106 cpm/ 
ml 32P-labelled probe (5><108 cpm/ug). The ?lters Were 
Washed tWice in 0.1><SSC, 0.1% SDS at room temperature 
for 15 minutes per Wash, folloWed by a single 20 minute 
Wash in 0.1><SSC, 1% SDS at 45° C. The ?lters Were then 
exposed to X-ray ?lm at —70° C. for several days. 

[0048] Plaques that hybridiZed With the labelled probe 
Were puri?ed 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 cGB-PDE cDNAs Were 
sequenced using Sequenase® Version 2.0 (United States 
Biochemical Corporation, Cleveland, Ohio) or TaqTrack® 
kits (Promega). 

[0049] Three distinct cDNA clones designated cGB-2, 
cGB-8 and cGB-10 Were isolated. The DNA and deduced 
amino acid sequences of clone cGB-8 are set out in SEQ ID 
NOs: 9 and 10. The DNA sequence doWnstream of nucle 
otide 2686 may represent a cloning artifact. The DNA 
sequence of cGB-10 is identical to the sequence of cGB-8 
With the exception of one nucleotide. The DNA sequence of 
clone cGB-2 diverges from that of clone cGB-8 5' to 
nucleotide 219 of clone cgb-8 (see SEQ ID NO: 9) and could 
encode a protein With a different amino terminus. 

[0050] The cGB-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 cGB-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 
1748 bp of 3' untranslated sequence. The sequence of cGB-8 
does not contain a transcription termination consensus 
sequence, therefore the clone may not represent the entire 3' 
untranslated region of the corresponding mRNA. 

[0051] The open reading frame of the cGB-8 cDNA 
encodes an 875 amino acid polypeptide With a calculated 
molecular mass of 99.5 kD. This calculated molecular mass 
is only slightly larger than the reported molecular mass of 
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puri?ed cGB-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 puri?ed bovine lung cGB-PDE providing 
strong evidence that cGB-8 encodes cGB-PDE. 

EXAMPLE 2 

[0052] A search of the SWISS-PROT and GEnEmb1 data 
banks (Release of February, 1992) conducted using the 
FASTA program supplied With the Genetics Computer 
Group (GCG) SoftWare Package (Madison, Wis.) revealed 
that only DNA and amino acid sequences reported for other 
PDEs displayed signi?cant similarity to the DNA and 
deduced amino acid of clone cGB-8. 

[0053] PairWise comparisons of the cGB-PDE deduced 
amino acid sequence With the sequences of eight other PDEs 
Were conducted using the ALIGN [Dayholf et al., Methods 
EnzymoL, 92: 524-545 (1983)] and BESTFIT [Wilbur 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 speci?c identity values obtained in pairWise comparisons 
of other PDEs With amino acids 578-812 of cGB-PDE, 
Wherein “ratdunce”is the rat cAMP-speci?c 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 
ci?c dunce PDE; “ROS-0t” is the bovine ROS-PDE ot-sub 
unit; “ROS-[3” is the bovine ROS-PDE [3-subunit; “COS-0U” 
is the bovine COS-PDE (X' subunit; and “cGs” is the bovine 
cGs-PDE (612-844). 

TABLE 1 

Phosphodiesterase Catalytic Domain Residues % Identity 

Ratdunce 77-316 31 
61 kCaM 193-122 29 
63 kcarn 195-124 29 
drosdunce 1-239 28 
ROS-0t 535-778 45 

ROS-[5 533-776 46 
COS-0t‘ 533-776 48 
cGs 612-844 40 

[0054] 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 IC 
shoWs a multiple sequence alignment of the proposed cata 
lytic domain of cGB-PDE With the all the corresponding 
regions of the PDEs of Table 1. TWenty-eight residues (see 
residues indicated by one letter amino acid abbreviations in 
the “conserved” line on FIGS. 1A to 1C) are invariant 
among the isoenZymes including several conserved histidine 
residues predicted to play a functional role in catalysis. See 
Charbonneau et al., Proc. Natl. Acad. Sci. USA, supra. The 
catalytic domain of cGB-PDE more closely resembles the 
catalytic domains of the ROS-PDEs and COS-PDEs than the 
corresponding regions of other PDE isoenZymes. There are 



US 2006/0216809 A1 

several conserved regions among the photoreceptor PDEs 
and cGB-PDE that are not shared by other PDEs. Amino 
acid positions in these regions that are invariant in the 
photoreceptor PDE and cGB-PDE sequences are indicated 
by stars in the “conserved” line of FIG. 1A to 1C. Regions 
of homology among cGB-PDE and the ROS- and COS 
PDEs may serve important roles in conferring speci?city for 
cGMP hydrolysis relative to cAMP hydrolysis or for sensi 
tivity to speci?c pharmacological agents. 

[0055] Sequence similarity betWeen cGB-PDE, cGs-PDE 
and the photoreceptor PDEs, is not limited to the conserved 
catalytic domain but also includes the noncatalytic cGMP 
binding domain in the amino-terminal half of the protein. 
Optimization of the alignment betWeen cGB-PDE, cGs-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 ofthe sequence 
of the proposed cGMP-binding domain of cGB-PDE With 
the corresponding regions of the photoreceptor PDEs and 
cGs-PDE revealed 26-28% sequence identity. Multiple 
sequence alignment of the proposed cGMP-binding domains 
With the cGMP-binding PDEs is shoWn in FIG. 2A to 2C 
Wherein abbreviations are the same as indicated for Table 1. 
Thirty-eight positions in this non-catalytic domain appear to 
be invariant among all cGMP-binding PDEs (see positions 
indicated by one letter amino acid abbreviations in the 
“conserved” line of FIG. 2A to 2C). 

[0056] The cGMP-binding domain of the cGMP-binding 
PDEs contains internally homologous repeats Which may 
form tWo similar but distinct inter- or intra-subunit cGMP 
binding sites. FIG. 3 shoWs a multiple sequence alignment 
of the repeats a (corresponding to amino acids 228-311 of 
cGB-PDE) and b (corresponding to amino acids 410-500 of 
cGB-PDE) of the cGMP-binding PDEs. Seven residues are 
invariant in each A and B regions (see residues indicated by 
one letter amino acid abbreviations in the “conserved” line 
of FIG. 3). Residues that are chemically conserved in the A 
and B regions are indicated by stars in the “conserved” line 
of FIG. 3. cGMP analog studies of cGB-PDE support the 
existence of a hydrogen bond betWeen the cyclic nucleotide 
binding site on cGB-PDE and the 2'OH of cGMP. 

[0057] Three regions of cGB-PDE have no signi?cant 
sequence similarity to other PDE isoenZymes. These regions 
include the sequence ?anking the carboxyl-terminal end of 
the catalytic domain (amino acids 812-875), the sequence 
separating the cGMP-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 cGB-PDE by cGK is 
located in this amino-terminal region of sequence. Binding 
of cGMP to the allosteric site on cGB-PDE is required for 
its phosphorylation. 

[0058] A proposed domain structure of cGB-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 cGB-PDE puri?ed from bovine 
lung. 

EXAMPLE 3 

[0059] The presence of cGB-PDE mRNA in various 
bovine tissues Was examined by Northern blot hybridiZation. 
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[0060] Polyadenylated RNA Was puri?ed from total RNA 
preparations using the Poly(A) Quick® mRNA puri?cation 
kit (Stratagene) according to the manufacturer’s protocol. 
RNA samples (5 pg) Were loaded onto a 1.2% agarose, 6.7% 
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 450 C. in a solution containing 50% formamide, 
5><SSC, 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 (5><108 cpm/ 
pg) Was prepared as described in Feinberg et al., supra, using 
the 4.7 kb cGB-8 cDNA clone of Example 2 excised by 
digestion With AccI and SacII. The probe Was heat denatured 
and injected into a blotting bag (6><105 cpm/ml) folloWing 
prehybridiZation. The Northern blot Was hybridiZed over 
night at 450 C., folloWed by one 15 minute Wash With 
2><SSC, 0.1% SDS at room temperature, and three 20 minute 
Washes With 0.1><SSC, 0.1% SDS at 450 C. The blot Was 
exposed to X-ray ?lm for 24 hours at —700 C. The siZe of the 
RNA that hybridiZed With the cGB-PDE probe Was esti 
mated using a 024-95 kb RNA ladder that Was stained With 
ethidium bromide and visualiZed With UV light. 

[0061] The 32P-labelled cGB-PDE cDNA hybridized to a 
single 6.8 kb bovine lung RNA species. AmRNAband of the 
identical siZe Was also detected in polyadenylated RNA 
isolated from bovine trachea, aorta, kidney and spleen. 

EXAMPLE 4 

[0062] The cGB-PDE cDNA in clone cGB-8 of Example 
2 Was expressed in COS-7 cells (ATCC CRL1651). 

[0063] A portion of the cGB-8 cDNA Was isolated fol 
loWing digestion With the restriction enZyme XbaI. XbaI cut 
at a position in the pBluescript polylinker sequence located 
30 bp upstream of the 5' end of the cGB-8 insert and at 
position 3359 Within the cGB-8 insert. The resulting 3389 bp 
fragment, Which contains the entire coding region of cGB-8, 
Was then ligated into the unique XbaI 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 cGB-8 insert 
using PCR and restriction enZyme analysis. The resulting 
expression construct containing the cGB-8 insert in the 
proper orientation is referred to as pCDM8-cGB-PDE. 

[0064] The pCDM8-cGB-PDE DNA Was puri?ed from 
large-scale plasmid preparations using Qiagen pack-500 
columns (ChatsWor‘th, Calif.) according to the manufactur 
er’s protocol. COS-7 cells Were cultured in Dulbecco’s 
modi?ed Eagle’s medium (DMEM) containing 10% fetal 
bovine serum, 50 ug/ml penicillin and 50 ug/ml streptomy 
cin at 370 C. in a humidi?ed 5% CO2 atmosphere. Approxi 
mately 24 hours prior to transfection, con?uent 100 mm 
dishes of cells Were replated at one-fourth or one-?fth 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 
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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 
pg pCDM8-GB-PDE DNA or PCDM8 vector DNA mixed 
With 400 pg DEAE-dextran (Pharrnacia) in 60 pl TBS 
[Tris-bulfered saline: 25 mM Tris-HCl (pH 7.4), 137 mM 
NaCl, 5 mM KCl, 0.6 mM Na2HPO4, 0.7 mM CaCl2, and 
0.5 mM MgCl2] Was carried out by dropWise addition of the 
mixture to each plate. The cells Were incubated at 37° C., 5% 
CO2 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 
incubated in complete medium. After 48 hours, cells Were 
suspended in 0.5-1 ml of cold homogenization bulfer [40 
mM Tris-HCl (pH 7.5), 15 mM benZamidine, 15 mM 
[3-mercaptoethanol, 0.7 pg/ml pepstatin A, 0.5 pg/ml leu 
peptin, and 5 pM EDTA] per plate of cells, and disrupted 
using a Dounce homogeniZer. The resulting Whole-cell 
extracts Were assayed for phosphodiesterase activity, cGMP 
binding activity, and total protein concentration as described 
beloW in Example 5. 

EXAMPLE 5 

[0065] 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 modi?cation of 
the assay procedure described for the cGs-PDE in Martins et 
al., J. Biol. Chem, 257: 1973-1979 (1982). Cells Were 
harvested and extracts prepared 48 hours after transfection. 
Incubation mixtures contained 40 mM MOPS bulfer (pH 7), 
0.8 mM EDTA, 15 mM magnesium acetate, 2 mg/ml bovine 
serum albumin, 20 pM [3H]cGMP or [3H]cAMP (100,000 
200,000 cpm/assay) and COS-7 cell extract in a total volume 
of 250 pl. The reaction mixture Was incubated for 10 minutes 
at 30° C., and then stopped by boiling. Next, 10 pl of 10 
mg/ml Crolalus alrox venom (Sigma) Was added folloWed 
by a 10 minute incubation at 30° C. Nucleoside products 
Were separated from unreacted nucleotides as described in 
Martins et al., supra. In all studies, less than 15% of the total 
[3H]cyclic nucleotide Was hydrolyZed during the reaction. 

[0066] 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 
cGB-PDE DNA resulted in the expression of approximately 
15-fold higher levels of cGMP 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 con?rm that the cGB-PDE 
bovine cDNA encodes a cGMP-speci?c phosphodiesterase. 

[0067] Extracts from the transfected COS cells of 
Example 4 Were 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. 

[0068] 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 cGMP hydrolysis by the 
expressed cGB-BPDE cDNA protein product Were identical 
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to those relative potencies reported for native cGB-PDE 
puri?ed from bovine lung (Thomas I, supra). IC5O values 
calculated from the curves in FIG. 6 are as folloWs: Zapri 

nast (closed circles), 2 pM; dipyridamole (closed squares), 
3.5 pM; MeOxMeMIX (closed triangles), 30 pM; and rolip 
ram (open circles), >300 pM. The IC5O value of Zaprinast, a 
relatively speci?c inhibitor of cGMP-speci?c phosphodi 
esterases, Was at least tWo orders of magnitude loWer than 
that reported for inhibition of phosphodiesterase activity of 
the cGs-PDE or of the cGMP-inhibited phosphodiesterase 
(cGi-PDEs) (Reeves et al., pp. 300-316 in Beavo et al., 
supra). Dipyrimadole, an effective inhibitor of selected 
cAMP- and cGMP-speci?c phosphodiesterases, Was also a 
potent inhibitor of the expressed cGB-PDE. The relatively 
selective inhibitor of calcium/calmodulin-stimulated phos 
phodiesterase (CaM-PDEs), MeOxMeMIX, Was approxi 
mately 10-fold less potent than Zaprinast and dipyridamole, 
in agreement With results using cGB-PDE activity puri?ed 
from bovine lung. Rolipram, a potent inhibitor of loW Km 
cAMP phosphodisterases, Was a poor inhibitor of expressed 
cGB-PDE cDNA protein product. These results shoW that 
the cGB-PDE cDNA encodes a phosphodiesterase that pos 
sesses catalytic activity characteristic of cGB-PDE isolated 
from bovine tissue, thus verifying the identity of the cGB-8 
cDNA clone as a cGB-PDE. 

[0069] It is of interest to note that although the relative 
potencies of the PDE inhibitors for inhibition of cGMP 
hydrolysis Were identical for the recombinant and bovine 
isolate cGB-PDE, the absolute IC5O values for all inhibitors 
tested Were 2-7 fold higher for the recombinant cGB-PDE. 
This difference could not be attributed to the effects of any 
factors present in COS-7 cell extracts on cGMP hydrolytic 
activity, since cGB-PDE isolated from 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 cGB-PDE cDNA protein product and bovine 
lung cGB-PDE, such as a difference in post-translational 
modi?cation at or near the catalytic site. Alternatively, this 
difference may be due to an alteration of the catalytic 
activity of bovine lung cGB-PDE over several puri?cation 
steps. 

[0070] Cell extracts Were assayed for [H3]cGMP-binding 
activity in the absence or presence of 0.2 mM 3-isobutyl 
1-methylaxanthine (IBMX) (Sigma), a competitive inhibitor 
of cGMP hydrolysis. The cGMP binding assay, modi?ed 
from the assay described in Thomas I, supra, Was conducted 
in a total volume of 80 pl. Sixty pl of cell extract Was 
combined With 20 pl of a binding cocktail such that the ?nal 
concentration of components of the mixture Were 1 pM 
[3H]cGMP, 5 pM cAMP, and 10 pM 8-bromo-cGMP. The 
cAMP and 8-bromo-cGMP Were added to block [3H]cGMP 
binding to cAK and cGK, 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 bulfer replacing cell extracts, or With a 
100-fold excess of unlabelled cGMP. Similar results Were 
obtained With both methods. Total protein concentration of 
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the cell extracts Was determined by the method of Bradford, 
Anal. Biochem, 72:248-254 (1976) using bovine serum 
albumin as the standard. 

[0071] Results of the assay are set out in FIG. 7. When 
measured at 1M [3H]cGMP in the presence of 0.2 mM 
IBMX, extracts from COS-7 cells transfected With pCDM8 
cGB-PDE exhibited 8-fold higher cGMP-binding activity 
than extracts from mock-transfected cells. No IBMX stimu 
lation of background cGMP binding Was observed suggest 
ing that little or no endogenous cGB-PDE Was present in the 
COS-7 cell extracts. In extracts of pCDM8-cGB-PDE trans 
fected cells cGMP-speci?c activity Was stimulated approxi 
mately 1.8-fold by the addition of 0.2 mM IBMX. The 
ability of IBMX to stimulate cGMP binding 2-5 fold is a 
distinctive property of the cGMP-binding phosphodis 
terases. 

[0072] Cell extracts Were assayed as described above for 
[3H]cGMP-binding activity (Wherein concentration of [3 H] 
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 competitor Was 
taken as 100% and each data point represents the average of 
three separate determinations. The binding activity of the 
protein product encoded by the cGB-PDE cDNA Was spe 
ci?c for cGMP relative to cAMP. Less than 10-fold higher 
concentrations of unlabelled cGMP Were required to inhibit 
[3H]cGMP binding activity by 50% Whereas approximately 
100-fold higher concentrations of cAMP Were required for 
the same degree of inhibition. 

[0073] The results presented in this example shoW that the 
cGB-PDE cDNA encodes a phosphodiesterase Which pos 
sesses biochemical activities characteristic of native cGB 
PDE. 

[0074] The catalytic domains of mammalian PDEs and a 
Drosophila PDE contain tWo tandem conserved sequences 
(HX3HX24-26) that are typical Zn2+-binding motifs in Zn2+ 
hydrolases such as thermolysin [Vallee and Auld, Biochem, 
29: 5647-5659 (1990)]. cGB-PDE binds Zn2+ in the pres 
ence of large excesses of Mg“, Mn“, Fe“, Fe“, Ca2+ or 
Cd2+. In the absence of added metal, cGB-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 metals. 
PDE activity is stimulated by addition of Zn2+ (0.02-1 uM) 
or Co2+ (1-20 uM), but not by Fe“, Fe“, Ca2+, Cd2+, or 
Cu2+. Zn2+ increases the basal PDE activity up to 70% of the 
maximum stimulation produced by 40 mM Mg“. The 
stimulatory effect of Zn2+ in these assays may be compro 
mised by an inhibitory effect that is caused by Zn2+ con 
centrations>1 uM. The Zn2+-supported PDE activity and 
Zn2+ binding by cGB-PDE occur at similar concentrations 
of Zn“. cGB-PDE thus appears to be a Zn2+ hydrolase and 
Zn2+ appears to play a critical role in the activity of the 
enZyme. See, Colbran et al., The FASEB J., 8: Abstract 2148 
(Mar. 15, 1994). 

EXAMPLE 6 

[0075] Several human cDNA clones, homologous to the 
bovine cDNA clone encoding cGB-PDE, Were isolated by 
hybridiZation under stringent conditions using a nucleic acid 
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probe corresponding to a portion of the bovine cGB-8 clone 
(nucleotides 489-1312 of SEQ ID NO: 9). 

Isolation of cDNA Fragments Encoding Human cGB-PDE 

[0076] Three human cDNA libraries (tWo glioblastoma 
and one lung) in the vector lambda Zap Were probed With the 
bovine cGB-PDE sequence. The PCR-generated clone cor 
responding to nucleotides 484-1312 of SEQ ID NO: 9 Which 
is described in Example 1 Was digested With EcoRI and SalI 
and the resulting 0.8 kb cDNA insert Was isolated and 
puri?ed by agarose gel electrophoresis. The fragment Was 
labelled With radioactive nucleotides using a random primed 
DNA labelling kit (Boehringer). 

[0077] The cDNA libraries Were plated on 150 mm petri 
plates at a density of approximately 50,000 plaques per 
plate. Duplicate nitrocellulose ?lter replicas Were prepared. 
The prehybridiZation buffer was 3><SSC, 0.1% sarkosyl, 10>< 
Denhardt’s, 20 mM sodium phosphate (pH 6.8) and 50 
ug/ml salmon testes DNA. PrehybridiZation Was carried out 
at 650 C. for a minimum of 30 minutes. Hybridization Was 
carried out at 650 C. overnight in buffer of the same 
composition With the addition of 1-5><15 cpm/ml of probe. 
The ?lters Were Washed at 650 C. in 2><SSC, 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 106 
glioblastoma 
Human lung dT-primed 2 1.5 x 106 
Human SW 1088 dT-primed 4 1.5 x 106 
glioblastoma 

Plasmids designated cgbS2.1, cgbS3.1, cgbL23.1, cgbL27.1 
and cgbS27.1 Were excised in vivo from the lambda Zap 
clones and sequenced. 

[0078] 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 sequences 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. 

[0079] To isolate additional cDNAs, probes speci?c 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 
















































