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ABSTRACT 

The present invention provides methods of using Zvenl and 
Zven2 polypeptides to increase chemokine production. The 
present invention also provides methods of using antago 
nists to Zvenl and Zven2 to treat in?ammation in the 
intestine. 
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USES OF HUMAN ZVEN ANTAGONISTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 10/680,755, ?led Oct. 7, 2003, Which claims the 
bene?t of US. Provisional Application Ser. No. 60/416,719, 
?led Oct. 7, 2002, US. Provisional Application Ser. No. 
60/416,718, ?led Oct. 7, 2002, US. Provisional Application 
Ser. No. 60/434,116, ?led Dec. 16, 2002, US. Provisional 
Application Ser. No. 60/433,918, ?led Dec. 16, 2002, US. 
Provisional Application Ser. No. 60/508,614, ?led Oct. 3, 
2003 and US. Provisional Application Ser. No. 60/508,603, 
?led Oct. 3, 2003, all of Which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] In the United States approximately 500,000 people 
suffer from in?ammatory boWel disease, Which can involve 
either or both the small and large boWel. Ulcerative colitis 
and Crohn’s disease are the best-knoWn forms of in?am 
matory boWel disease, and both are categorized as “idio 
pathic” in?ammatory boWel disease because the etiology for 
them is unknown. 

[0003] Ulcerative colitis involves the colon as a diffuse 
mucosal disease, characterized by in?ammation and ulcer 
ation of the mucosa or innermost lining of the colon. This 
in?ammation causes the colon to empty frequently, resulting 
in diarrhea. Symptoms include loosening of the stool and 
associated abdominal cramping, fever and Weight loss. 
Although the exact cause of ulcerative colitis is unknown, 
recent research suggests that the body’s natural defenses are 
operating against proteins in the body Which the body thinks 
are foreign (an “autoimmune reaction”). Perhaps because 
they resemble bacterial proteins in the gut, these proteins 
may either instigate or stimulate the in?ammatory process 
that begins to destroy the lining of the colon. As the lining 
of the colon is destroyed, ulcers form, releasing mucus, pus, 
and blood. The disease usually begins in the rectal area and 
may eventually extend through the entire large boWel. 
Repeated episodes of in?ammation lead to thickening of the 
Wall of the intestine and rectum With scar tissue. Death of 
colon tissue or sepsis may occur With severe disease. The 
symptoms of ulcerative colitis vary in severity and their 
onset may be gradual or sudden. Attacks may be provoked 
by many factors, including respiratory infections or stress. 

[0004] Although there is currently no cure for ulcerative 
colitis, treatments are focused on suppressing the abnormal 
in?ammatory process in the colon lining. Treatments includ 
ing corticosteroids immunosuppressives (e.g., azathioprine, 
mercaptopurine, and methotrexate) and aminosalicytates are 
available to treat the disease. HoWever, the long-term use of 
immunosuppressives such as corticosteroids and azathio 
prine can result in serious side effects including thinning of 
bones, cataracts, infection, and liver and bone marroW 
effects. In the patients in Whom current therapies are not 
successful, surgery is an option. The surgery involves the 
removal of the entire colon and the rectum. 

[0005] Crohn’s disease can involve any part of the gas 
trointenstinal tract, but most frequently involves the distal 
small boWel and colon. In?ammation can produce anything 
from a small ulcer over a lymphoid follicle to a deep 
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?ssuring ulcer to transmural scarring and chronic in?am 
mation. Although the etiology is unknoWn, infectious and 
immunologic mechanisms have been proposed. Symptoms 
are variable and can include diarrhea, fever, and pain, as Well 
as extra-intestinal manifestations of arthritis, uveitis, 
erythema nodosum, and ankylosing spondylitis. 

[0006] The traditional approach to treating in?ammatory 
boWel disease is immunosuppression With azathioprine (see, 
for example, Rutgeerts, J. Gaslroenlerol. Hepalol. 17(Sup 
pl.):S176-85 (2002)). More recently, the chimeric mono 
clonal anti-tumor necrosis factor antibody, in?iximab, has 
been used to target speci?c pathogenic disease mechanisms, 
and alloWs thorough suppression of the disease process and 
healing of the boWel in the long term. HoWever, this therapy 
is associated With problems of immunogenicity. The forma 
tion of antibodies to in?iximab interferes With e?icacy and 
is associated With infusion reactions. 

[0007] Irritable boWel syndrome (IBS) is a chronic func 
tional gastrointestinal disorder. It is a heterogeneous condi 
tion characterized by a variety of boWel symptoms including 
abdominal pain and bloating Which are usually associated 
With altered boWel habit (Collins et al, 2001). It is estimated 
that betWeen 12 and 20% of the US. population suffer from 
this condition. Di?‘ering criteria have been proposed for 
de?ning IBS, including the Manning criteria (Manning et al, 
1978), the Rome criteria (Thompson et al, 1992), and most 
recently Rome II (Thompson et al., 1999). Research reports 
on IBS frequently classify patients With IBS into the tWo 
subtypes of constipation predominant (CON) and diarrhea 
predominant (DIA) and sometimes include a third subtype 
of alternating pattern (ALT). Prokinetic agents have been a 
used in treatment of IBS CON for decades. (Callahan, M. J. 
Clin. Gaslroenlerol 35 Supp: S58-S67, 2002) 

[0008] Thus, a need still exists for therapeutic approaches 
to diagnosis and treatment of in?ammatory boWel disease 
and irritable boWel syndrome. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention provides proteins useful for 
the treatment of in?ammatory boWel disease and irritable 
boWel syndrome. Other uses of Zven1 and Zven2 polypep 
tides are described in more detail beloW. 

DESCRIPTION OF THE INVENTION 

1 . OVERVIEW 

[0010] The present invention is directed to novel uses of 
previously described proteins, Zven1 and Zven2. See US. 
patent application Ser. No. 09/712,529, noW issued as US. 
Pat. No. 6,485,938. Zven1 and Zven2 are also knoWn in the 
industry as Prokineticin2 and Prokineticin1, respectively. As 
discussed herein, Zven1 and Zven2, as Well as variants, 
fragments, and molecules having anti-Zven activity, can be 
used to regulate gastrointestinal function, symptoms related 
to IBD and IBS, and gastric emptying. Receptors for Zven1 
(Prokineticin2) and Zven2 (Prokineticin1) have been iden 
ti?ed as G protein-coupled receptors, GPCR73a and 
GPCR73b. See Lin, D. et al., J. Biol. Chem. 277: 19276 
19280, 2002. The GPCR73a and GPCR73b receptors are 
also knoWn as PK-Rl and PK-R2. 

[0011] The present invention provides methods of using 
human Zven polypeptides and nucleic acid molecules that 
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encode human Zven polypeptides. An illustrative nucleic 
acid molecule containing a sequence that encodes the Zven1 
polypeptide has the nucleotide sequence of SEQ ID N011. 
The encoded polypeptide has the following amino acid 
sequence: MRSLCCAPLL LLLLLPPLLL TPRAGDAAVI 
TGACDKDSQC GGGMCCAVSI WVKSIRICTP 
MGKLGDSCHP LTRKVPFFGR RMHHTCPCLP GLA 
CLRTSFN RFICLAQK (SEQ ID N012). Thus, the Zvenl 
nucleotide sequence described herein encodes a polypeptide 
of 108 amino acids. The putative signal sequences of Zven1 
polypeptide reside at amino acid residues 1 to 20, 1 to 21, 
and 1 to 22 of SEQ ID N012. The mature form of the 
polypeptide comprises the amino acid sequence from amino 
acid 28 to 108 as shoWn in SEQ ID N012. 

[0012] A longer form of the sequence as shoWn in SEQ ID 
N012 is included in the invention described herein. The 
longer form has the folloWing amino acid sequence: 
MRSLCCAPLL LLLLLPPLLL TPRAGDAAVI TGACD 
KDSQC GGGMCCAVSI WVKSIRICTP MGKLGDSCHP 
LTRKNNFGNG RQERRKRKRS KRKKEVPFFG RRM 
HHTCPCL PGLACLRTSF NRFICLAQK (SEQ ID 
N0129). The putative signal sequence of the longer form has 
a mature form that comprises the amino acid sequence from 
amino acid 28 to 129 as shoWn in SEQ ID N0129. 

[0013] An illustrative nucleic acid molecule containing a 
sequence that encodes the Zven2 polypeptide has the nucle 
otide sequence of SEQ ID N014. The encoded polypeptide 
has the folloWing amino acid sequence: MRGATRVSIM 
LLLVTVSDCA VITGACERDV QCGAGTCCAI SLWLR 
GLRMC TPLGREGEEC HPGSHKVPFF RKRKHHTCPC 
LPNLLCSRFP DGRYRCSMDL KNINF (SEQ ID N015). 
Thus, the Zven2 nucleotide sequence described herein 
encodes a polypeptide of 105 amino acids. The putative 
signal sequences of Zven2 polypeptide reside at amino acid 
residues 1 to 17, and 1 to 19 of SEQ ID N015. 

[0014] As described beloW, the present invention provides 
isolated polypeptides comprising an amino acid sequence 
that is at least 70%, at least 75%, at least 80%, at least 85%, 
at least 90%, or at least 95% identical to amino acid residues 
23 to 108 of SEQ ID N012, to amino acid residues 28 to 108 
of SEQ ID N012, or to amino acid residues 28 to 129 if SEQ 
ID N0129. Certain of such isolated polypeptides can spe 
ci?cally bind With an antibody that speci?cally binds With a 
polypeptide consisting of the amino acid sequence of SEQ 
ID N012. Particular polypeptides can increase or decrease 
gastric contractility, gastric emptying and/or intestinal tran 
sit. An illustrative polypeptide is a polypeptide that com 
prises the amino acid sequence of SEQ ID N012. 

[0015] Similarly, the present invention includes provides 
isolated polypeptides comprising an amino acid sequence 
that is at least 70%, at least 75%, at least 80%, at least 85%, 
at least 90%, or at least 95% identical to amino acid residues 
20 to 105 of SEQ ID N015, Wherein such isolated polypep 
tides can speci?cally bind With an antibody that speci?cally 
binds With a polypeptide consisting of the amino acid 
sequence of SEQ ID N015. An illustrative polypeptide is a 
polypeptide that comprises the amino acid sequence of SEQ 
ID N015. 

[0016] The present invention also provides polypeptides 
comprising an amino acid sequence selected from the group 
consisting of: (1) amino acid residues 21 to 108 of SEQ ID 
N012, (2) amino acid residues 22 to 108 of SEQ ID N012, 
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(3) amino acid residues 23 to 108 of SEQ ID N012, (4) 
amino acid residues 82 to 108 of SEQ ID N012, (5) amino 
acid residues 1 to 78 (amide) of SEQ ID N012, (6) amino 
acid residues 1 to 79 of SEQ ID N012, (7) amino acid 
residues 21 to 78 (amide) of SEQ ID N012, (8) amino acid 
residues 21 to 79 of SEQ ID N012, (9) amino acid residues 
22 to 78 (amide) of SEQ ID N012, (10) amino acid residues 
22 to 79 of SEQ ID N012, (11) amino acid residues 23 to 78 
(amide) of SEQ ID N012, (12) amino acid residues 23 to 79 
of SEQ ID N012, (13) amino acid residues 20 to 108 of SEQ 
ID N012, (14) amino acid residues 20 to 72 of SEQ ID 
N012, (15) amino acid residues 20 to 79 of SEQ ID N012, 
(16) amino acid residues 20 to 79 (amide) of SEQ ID N012, 
(17) amino acid residues 21 to 72 of SEQ ID N012, (18) 
amino acid residues 21 to 79 (amide) of SEQ ID N012, (19) 
amino acid residues 22 to 72 of SEQ ID N012, (20) amino 
acid residues 22 to 79 (amide) of SEQ ID N012, (21) amino 
acid residues 23 to 72 of SEQ ID N012, (22) amino acid 
residues 23 to 79 (amide) of SEQ ID N012, (23) amino acid 
residues 28 to 108 of SEQ ID N012, (24) amino acid 
residues 28 to 72 of SEQ ID N012, (25) amino acid residues 
28 to 79 of SEQ ID N012, (26) amino acid residues 28 to 79 
(amide) of SEQ ID N012, (27) amino acid residues 75 to 108 
of SEQ ID N012, (28) amino acid residues 75 to 79 of SEQ 
ID N012, and (29) amino acid residues 75 to 78 (amide) of 
SEQ ID N012. Illustrative polypeptides consist of amino 
acid sequences (1) to (29). The present invention also 
included polypeptide comprising an amino acid sequence 
comprising amino acid 28 to 129 as shoWn in SEQ ID 
N0129, and/or fragments thereof. 

[0017] The present invention further includes polypep 
tides comprising an amino acid sequence selected from the 
group consisting of: (a) amino acid residues 20 to 105 of 
SEQ ID N015, (b) amino acid residues 18 to 105 of SEQ ID 
N015, (c) amino acid residues 1 to 70 of SEQ ID N015, (d) 
amino acid residues 20 to 70 of SEQ ID N015, (e) amino 
acid residues 18 to 70 of SEQ ID N015, (f) amino acid 
residues 76 to 105 of SEQ ID N015, (g) amino acid residues 
66 to 105 of SEQ ID N015, and (h) amino acid residues 82 
to 105 of SEQ ID N015. Illustrative polypeptides consist of 
amino acid sequences (a) to (h). 

[0018] The present invention further provides antibodies 
and antibody fragments that speci?cally bind With such 
polypeptides. Exemplary antibodies include polyclonal anti 
bodies, murine monoclonal antibodies, humanized antibod 
ies derived from murine monoclonal antibodies, and human 
monoclonal antibodies. Illustrative antibody fragments 
include F(ab')2, F(ab)2, Fab‘, Fab, Fv, scFv, and minimal 
recognition units. The present invention also includes anti 
idiotype antibodies that speci?cally bind With such antibod 
ies or antibody fragments. The present invention further 
includes compositions comprising a carrier and a peptide, 
polypeptide, antibody, or anti-idiotype antibody described 
herein. 

[0019] The present invention also provides isolated 
nucleic acid molecules that encode a Zven polypeptide, 
Wherein the nucleic acid molecule is selected from the group 
consisting of (a) a nucleic acid molecule comprising the 
nucleotide sequence of SEQ ID N013, (b) a nucleic acid 
molecule encoding the amino acid sequence of SEQ ID 
N012, (c) a nucleic acid molecule that remains hybridiZed 
folloWing stringent Wash conditions to a nucleic acid mol 
ecule consisting of the nucleotide sequence of nucleotides 
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66 to 161 of SEQ ID N011, the nucleotide sequence of 
nucleotides 288 to 389 of SEQ ID N011, or to the comple 
ment of the nucleotide sequence of either nucleotides 66 to 
161 of SEQ ID N011 or nucleotides 288 to 389 of SEQ ID 
N011, (d) a nucleic acid molecule comprising the nucleotide 
sequence of SEQ ID N016, (e) a nucleic acid molecule 
encoding the amino acid sequence of SEQ ID N015, (f) a 
nucleic acid molecule that remains hybridized following 
stringent Wash conditions to a nucleic acid molecule con 
sisting of the nucleotide sequence of nucleotides 334 to 405 
of SEQ ID N014, or to the complement of the nucleotide 
sequence of nucleotides 334 to 405 of SEQ ID N014. 

[0020] Illustrative nucleic acid molecules include those in 
Which any difference betWeen the amino acid sequence 
encoded by the nucleic acid molecule and the corresponding 
amino acid sequence of either SEQ ID N012 or SEQ ID 
N015 is due to a conservative amino acid substitution. The 
present invention further contemplates isolated nucleic acid 
molecules that comprise a nucleotide sequence of nucle 
otides 132 to 389 of SEQ ID N011, nucleotides 147 to 389 
of SEQ ID N011, and nucleotides 148 to 405 of SEQ ID 
N014. 

[0021] The present invention also includes vectors and 
expression vectors comprising such nucleic acid molecules. 
Such expression vectors may comprise a transcription pro 
moter, and a transcription terminator, Wherein the promoter 
is operably linked With the nucleic acid molecule, and 
Wherein the nucleic acid molecule is operably linked With 
the transcription terminator. The present invention further 
includes recombinant host cells comprising these vectors 
and expression vectors. Illustrative host cells include bac 
terial, yeast, avian, fungal, insect, mammalian, and plant 
cells. Recombinant host cells comprising such expression 
vectors can be used to prepare Zven polypeptides by cul 
turing such recombinant host cells that comprise the expres 
sion vector and that produce the Zven protein, and, option 
ally, isolating the Zven protein from the cultured 
recombinant host cells. The present invention further 
includes products made by such processes. 

[0022] In addition, the present invention provides phar 
maceutical compositions comprising a pharmaceutically 
acceptable carrier and at least one of such an expression 
vector or recombinant virus comprising such expression 
vectors. 

[0023] The present invention also contemplates methods 
for detecting the presence of Zven1 RNA in a biological 
sample, comprising the steps of (a) contacting a Zven1 
nucleic acid probe under hybridiZing conditions With either 
(i) test RNA molecules isolated from the biological sample, 
or (ii) nucleic acid molecules synthesiZed from the isolated 
RNA molecules, Wherein the probe has a nucleotide 
sequence comprising a portion of the nucleotide sequence of 
SEQ ID N011, or its complement, and (b) detecting the 
formation of hybrids of the nucleic acid probe and either the 
test RNA molecules or the synthesiZed nucleic acid mol 
ecules, Wherein the presence of the hybrids indicates the 
presence of Zven1 RNA in the biological sample. Analogous 
methods can be used to detect the presence of Zven2 RNA 
in a biological sample, Wherein the probe has a nucleotide 
sequence comprising a portion of the nucleotide sequence of 
SEQ ID N014, or its complement. 

[0024] The present invention further provides methods for 
detecting the presence of Zven polypeptide in a biological 
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sample, comprising the steps of: (a) contacting the biologi 
cal sample With an antibody or an antibody fragment that 
speci?cally binds With a polypeptide either consisting of the 
amino acid sequence of SEQ ID N012 or consisting of the 
amino acid sequence of SEQ ID N015, Wherein the con 
tacting is performed under conditions that alloW the binding 
of the antibody or antibody fragment to the biological 
sample, and (b) detecting any of the bound antibody or 
bound antibody fragment. Such an antibody or antibody 
fragment may further comprise a detectable label selected 
from the group consisting of radioisotope, ?uorescent label, 
chemiluminescent label, enZyme label, bioluminescent 
label, and colloidal gold. 

[0025] Illustrative biological samples include human tis 
sue, such as an autopsy sample, a biopsy sample, body ?uids 
and digestive components, and the like. 

[0026] The present invention also provides kits for per 
forming these detection methods. For example, a kit for 
detection of Zven1 gene expression may comprise a con 
tainer that comprises a nucleic acid molecule, Wherein the 
nucleic acid molecule is selected from the group consisting 
of (a) a nucleic acid molecule comprising the nucleotide 
sequence of nucleotides 66 to 161 of SEQ ID N011, (b) a 
nucleic acid molecule comprising the nucleotide sequence of 
nucleotides 288 to 389 of SEQ ID N011, (c) a nucleic acid 
molecule comprising the complement of the nucleotide 
sequence of nucleic acid molecules (a) or (b), (d) a nucleic 
acid molecule that is a fragment of (a) consisting of at least 
eight nucleotides, (e) a nucleic acid molecule that is a 
fragment of (b) consisting of at least eight nucleotides, (f) a 
nucleic acid molecule that is a fragment of (c) consisting of 
at least eight nucleotides, and (g) a nucleic acid molecule 
that is a fragment of or consists of the nucleic acid sequence 
as shoWn in SEQ ID N01 12, 13, 15, 16, 17, 18, 19, 20, 23, 
or 24. A kit for detection of Zven2 gene expression may 
comprise a container that comprises a nucleic acid molecule, 
Wherein the nucleic acid molecule is selected from the group 
consisting of (a) a nucleic acid molecule comprising the 
nucleotide sequence of nucleotides 334 to 405 of SEQ ID 
N014, (b) a nucleic acid molecule comprising the comple 
ment of the nucleotide sequence of (a), (c) a nucleic acid 
molecule that is a fragment of (a) consisting of at least eight 
nucleotides, and (d) a nucleic acid molecule that is a 
fragment of (b) consisting of at least eight nucleotides. Such 
kits may also comprise a second container that comprises 
one or more reagents capable of indicating the presence of 
the nucleic acid molecule. 

[0027] On the other hand, a kit for detection of Zven 
protein may comprise a container that comprises an anti 
body, or an antibody fragment, that speci?cally binds With a 
polypeptide consisting of the amino acid sequence of SEQ 
ID N012 or consisting of the amino acid sequence of SEQ 
ID N015. 

[0028] The present invention also contemplates anti-idio 
type antibodies, or anti-idiotype antibody fragments, that 
speci?cally bind an antibody or antibody fragment that 
speci?cally binds a polypeptide consisting of the amino acid 
sequence of SEQ ID N012 or the amino acid sequence of 
SEQ ID N015. 

[0029] The present invention further provides variant 
Zven1 polypeptides, Which comprise an amino acid 
sequence that shares an identity With the amino acid 
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sequence of SEQ ID N012 selected from the group consist 
ing of at least 70% identity, at least 80% identity, at least 
90% identity, at least 95% identity, or greater than 95% 
identity, and Wherein any difference betWeen the amino acid 
sequence of the variant polypeptide and the amino acid 
sequence of SEQ ID N012 is due to one or more conserva 
tive amino acid substitutions. Illustrative variant Zven2 
polypeptides, Which comprise an amino acid sequence that 
shares an identity With the amino acid sequence of SEQ ID 
N015 selected from the group consisting of at least 70% 
identity, at least 80% identity, at least 90% identity, at least 
95% identity, or greater than 95% identity, and Wherein any 
di?‘erence betWeen the amino acid sequence of the variant 
polypeptide and the amino acid sequence of SEQ ID N015 
is due to one or more conservative amino acid substitutions. 

[0030] The present invention also provides fusion proteins 
comprising a Zvenl polypeptide moiety or a Zven2 polypep 
tide moiety. Such fusion proteins can further comprise an 
immunoglobulin moiety. A suitable immunoglobulin moiety 
is an immunoglobulin heavy chain constant region, such as 
a human FC fragment. The present invention also includes 
isolated nucleic acid molecules that encode such fusion 
proteins. 

[0031] The present invention further provides a method of 
treating defective ileal contractility disease in a mammalian 
subject in need of such treatment, comprising: administering 
to the mammalian subject a Zvenl polypeptide, Wherein the 
Zvenl polypeptide comprises the amino acid sequence of 
amino acid residues 23 to 108 of SEQ ID N012. In one 
embodiment, the disease is diabetes mellitus. In another 
method, the disease is post-operative ileus. In another 
embodiment, the disease is sepsis-related gastrointestinal 
stasis or ileus. 

[0032] The present invention further provides a method of 
treating defective ileal contractility disease in a mammalian 
subject in need of such treatment, comprising: administering 
to the mammalian subject a Zvenl polypeptide, Wherein the 
Zvenl polypeptide comprises the amino acid sequence of 
amino acid residues 28 to 108 of SEQ ID N012, the amino 
acid sequence of amino acid residues 20 to 105 of SEQ ID 
N015, or the amino acid sequence of amino acid residues 28 
to 129 of SEQ ID N0129. In one embodiment, the disease is 
diabetes mellitus. In another embodiment, the disease is 
post-operative ileus. In another embodiment, the disease is 
sepsis-related gastrointestinal stasis or ileus. 

[0033] The invention also provides a method of reducing 
in?ammation in the intestine of a mammal in need thereof, 
comprising administering to the mammal a Zvenl or Zven2 
antagonist, Wherein the in?ammation in the intestine is 
reduced. In an embodiment, the antagonist is an antibody. In 
another embodiment, the antagonist is selected from: anti 
idiotype antibodies; antibody fragments; chimeric antibod 
ies; and humanized antibodies In an embodiment, the 
antagonist is a receptor, and Wherein the receptor binds the 
amino acid sequence as shoWn in SEQ ID N012, SEQ ID 
N0129, or SEQ ID N015. In another embodiment the 
receptor comprises the amino acid sequence as shoWn in 
SEQ ID N0127 or in SEQ ID N0128. In another embodi 
ment, the antagonist is a portion of a receptor, and Wherein 
that portion of the receptor speci?cally binds to the amino 
acid sequence as shoWn in SEQ ID N012, SEQ ID N0129, 
or as shoWn in SEQ ID N015. In another embodiment, the 
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in?ammation is chronic. In another embodiment, the in?am 
mation is sporadic. In another embodiment, the in?amma 
tion is a symptom of irritable boWel syndrome. In another 
embodiment, the in?ammation is a symptom of in?amma 
tory boWel disease. In a further embodiment, the in?amma 
tory boWel disease is ulcerative colitis or Crohn’s disease. 

[0034] The invention also provides a method of treating 
in?ammation in the intestine of a mammal in need thereof, 
comprising administering to the mammal a Zvenl or Zven2 
antagonist, Wherein the in?ammation in the intestine is 
reduced. In an embodiment, the antagonist is an antibody. In 
another embodiment, the antagonist is selected from: anti 
idiotype antibodies; antibody fragments; chimeric antibod 
ies; and humanized antibodies. In another embodiment, the 
antagonist is a receptor, and Wherein the receptor binds the 
amino acid sequence as shoWn in SEQ ID N012, SEQ ID 
N0129, or SEQ ID N015. In another embodiment, the 
receptor comprises the amino acid sequence as shoWn in 
SEQ ID N0127 or SEQ ID N0128. In an embodiment, the 
antagonist is a portion a receptor, and that portion of the 
receptor speci?cally binds to the amino acid sequence as 
shoWn in SEQ ID N012, SEQ ID N0129, or as shoWn in 
SEQ ID N015. In another embodiment, the in?ammation is 
chronic. In another embodiment, the in?ammation is spo 
radic. In another embodiment, the in?ammation is a symp 
tom of irritable boWel syndrome. In another embodiment, 
the in?ammation is a symptom in?ammatory boWel disease. 
In a further embodiment, the the in?ammatory boWel dis 
ease is ulcerative colitis, Crohn’s disease, or diarrhea-prone 
irritable boWel syndrome. 

[0035] The invention also provides a method of detecting 
in?ammatory boWel disease in a biological sample, com 
prising screening the sample for the polynucleotide 
sequence of SEQ ID N011, or SEQ ID N014 or a fragment 
thereof. 

[0036] The invention also provides a method of detecting 
in?ammatory boWel disease in a biological sample, com 
prising screening the sample for the polypeptide sequence as 
shoWn in SEQ ID N012, SEQ ID N0129, or SEQ ID N015 
or a fragment thereof. 

[0037] The invention also provides a method of detecting 
irritable boWel syndrome in a biological sample, comprising 
screening the sample for the polypeptide sequence as shoWn 
in SEQ ID N012, SEQ ID N0129, or SEQ ID N015 or a 
fragment thereof. 

[0038] The invention also provides a method of detecting 
in?ammatory boWel disease in a biological sample, com 
prising screening the sample for the polynucleotide 
sequence as shoWn in SEQ ID N011 or SEQ ID N014, or a 
fragment thereof. 

[0039] The invention also provides a method of diagnos 
ing in?ammatory boWel disease in a biological sample, 
comprising screening the sample for the polynucleotide 
sequence of SEQ ID N011, or SEQ ID N014 or a fragment 
thereof. 

[0040] The invention also provides a method of diagnos 
ing in?ammatory boWel disease in a biological sample, 
comprising screening the sample for the polypeptide 
sequence as shoWn in SEQ ID N012, SEQ ID N0129, or 
SEQ ID N015 or a fragment thereof. 
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[0041] The invention also provides a method of diagnos 
ing irritable bowel syndrome in a biological sample, com 
prising screening the sample for the polypeptide sequence as 
shoWn in SEQ ID N012, SEQ ID N0129, or SEQ ID N015 
or a fragment thereof. 

[0042] The invention also provides a method of diagnos 
ing in?ammatory boWel disease in a biological sample, 
comprising screening the sample for the polynucleotide 
sequence as shoWn in SEQ ID N011 or SEQ ID N014, or a 
fragment thereof. 

[0043] The invention also provides a method of treating 
treating in?ammatory boWel disease in a mammal in need 
thereof, comrising administering to the mammal a polypep 
tide, Wherein the polypeptide comprises the amino acid 
sequenc of amino acid residues 28 to 108 of SEQ ID N012, 
amino acid residues 28 to 129 of SEQ ID N0129, or amino 
acid residus 20 to 105 of SEQ ID N015. 

[0044] The invention also provides a method of treating 
treating irritable boWel syndrome in a mammal in need 
thereof, comrising administering to the mammal a polypep 
tide, Wherein the polypeptide comprises the amino acid 
sequenc of amino acid residues 28 to 108 of SEQ ID N012, 
amino acid residues 28 to 129 of SEQ ID N0129, or amino 
acid residus 20 to 105 of SEQ ID N015. 

[0045] The invention also provides a method of treating 
treating irritable boWel syndrome in a mammal in need 
thereof, comrising administering to the mammal a poly 
nucleotide, Wherein the polynucleotide comprises the 
nucleic acid sequence of SEQ ID N011 or of SEQ ID N015. 

[0046] These and other aspects of the invention Will 
become evident upon reference to the folloWing detailed 
description. In addition, various references are identi?ed 
beloW and are incorporated by reference in their entirety. 

2. DEFINITIONS 

[0047] In the description that folloWs, a number of terms 
are used extensively. The folloWing de?nitions are provided 
to facilitate understanding of the invention. 

[0048] As used herein, “nucleic acid” or “nucleic acid 
molecule” refers to polynucleotides, such as deoxyribo 
nucleic acid (DNA) or ribonucleic acid (RNA), oligonucle 
otides, fragments generated by the polymerase chain reac 
tion (PCR), and fragments generated by any of ligation, 
scission, endonuclease action, and exonuclease action. 
Nucleic acid molecules can be composed of monomers that 
are naturally-occurring nucleotides (such as DNA and 
RNA), or analogs of naturally-occurring nucleotides (e.g., 
ot-enantiomeric forms of naturally-occurring nucleotides), 
or a combination of both. Modi?ed nucleotides can have 
alterations in sugar moieties and/or in pyrimidine or purine 
base moieties. Sugar modi?cations include, for example, 
replacement of one or more hydroxyl groups With halogens, 
alkyl groups, amines, and aZido groups, or sugars can be 
functionaliZed as ethers or esters. Moreover, the entire sugar 
moiety can be replaced With sterically and electronically 
similar structures, such as aZa-sugars and carbocyclic sugar 
analogs. Examples of modi?cations in a base moiety include 
alkylated purines and pyrimidines, acylated purines or pyri 
midines, or other Well-knoWn heterocyclic substitutes. 
Nucleic acid monomers can be linked by phosphodiester 
bonds or analogs of such linkages. Analogs of phosphodi 
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ester linkages include phosphorothioate, phosphorodithio 
ate, phosphoroselenoate, phosphorodiselenoate, phospho 
roanilothioate, phosphoranilidate, phosphoramidate, and the 
like. The term “nucleic acid molecule” also includes so 
called “peptide nucleic acids,” Which comprise naturally 
occurring or modi?ed nucleic acid bases attached to a 
polyamide backbone. Nucleic acids can be either single 
stranded or double stranded. 

[0049] The term “complement of a nucleic acid molecule” 
refers to a nucleic acid molecule having a complementary 
nucleotide sequence and reverse orientation as compared to 
a reference nucleotide sequence. For example, the sequence 
5' ATGCACGGG 3' is complementary to 5' CCCGTGCAT 
3'. 

[0050] The term “contig” denotes a nucleic acid molecule 
that has a contiguous stretch of identical or complementary 
sequence to another nucleic acid molecule. Contiguous 
sequences are said to “overlap” a given stretch of a nucleic 
acid molecule either in their entirety or along a partial stretch 
of the nucleic acid molecule. 

[0051] The term “degenerate nucleotide sequence” 
denotes a sequence of nucleotides that includes one or more 
degenerate codons as compared to a reference nucleic acid 
molecule that encodes a polypeptide. Degenerate codons 
contain different triplets of nucleotides, but encode the same 
amino acid residue (i.e., GAU and GAC triplets each encode 
Asp). 
[0052] The term “structural gene” refers to a nucleic acid 
molecule that is transcribed into messenger RNA (mRNA), 
Which is then translated into a sequence of amino acids 
characteristic of a speci?c polypeptide. 

[0053] An “isolated nucleic acid molecule” is a nucleic 
acid molecule that is not integrated in the genomic DNA of 
an organism. For example, a DNA molecule that encodes a 
groWth factor that has been separated from the genomic 
DNA of a cell is an isolated DNA molecule. Another 
example of an isolated nucleic acid molecule is a chemi 
cally-synthesiZed nucleic acid molecule that is not integrated 
in the genome of an organism. A nucleic acid molecule that 
has been isolated from a particular species is smaller than the 
complete DNA molecule of a chromosome from that spe 
cies. 

[0054] A “nucleic acid molecule construct” is a nucleic 
acid molecule, either single- or double-stranded, that has 
been modi?ed through human intervention to contain seg 
ments of nucleic acid combined and juxtaposed in an 
arrangement not existing in nature. “Linear DNA” denotes 
non-circular DNA molecules having free 5' and 3' ends. 
Linear DNA can be prepared from closed circular DNA 
molecules, such as plasmids, by enZymatic digestion or 
physical disruption. “Complementary DNA (cDNA)” is a 
single-stranded DNA molecule that is formed from an 
mRNA template by the enZyme reverse transcriptase. Typi 
cally, a primer complementary to portions of mRNA is 
employed for the initiation of reverse transcription. Those 
skilled in the art also use the term “cDNA” to refer to a 
double-stranded DNA molecule consisting of such a single 
stranded DNA molecule and its complementary DNA strand. 
The term “cDNA” also refers to a clone of a cDNA molecule 
synthesiZed from an RNA template. 

[0055] A “promoter” is a nucleotide sequence that directs 
the transcription of a structural gene. Typically, a promoter 
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is located in the 5' non-coding region of a gene, proximal to 
the transcriptional start site of a structural gene. Sequence 
elements Within promoters that function in the initiation of 
transcription are often characterized by consensus nucle 
otide sequences. These promoter elements include RNA 
polymerase binding sites, TATA sequences, CAAT 
sequences, dilTerentiation-speci?c elements (DSEs; McGe 
hee et al., Mol. Endocrinol. 7:551 (1993)), cyclic AMP 
response elements (CREs), serum response elements (SREs; 
Treisman, Seminars in Cancer Biol. 1:47 (1990)), glucocor 
ticoid response elements (GREs), and binding sites for other 
transcription factors, such as CRE/ATF (O’Reilly et al., J. 
Biol. Chem. 267119938 (1992)), AP2 (Ye et al., J. Biol. 
Chem. 269:25728 (1994)), SP1, cAMP response element 
binding protein (CREB; Loeken, Gene Expr 3:253 (1993)) 
and octamer factors (see, in general, Watson et al., eds., 
Molecular Biology of the Gene, 4th ed. (The Benjamin/ 
Cummings Publishing Company, Inc. 1987), and Lemaigre 
and Rousseau, Biochem. J. 303:1 (1994)). lfa promoter is an 
inducible promoter, then the rate of transcription increases in 
response to an inducing agent. In contrast, the rate of 
transcription is not regulated by an inducing agent if the 
promoter is a constitutive promoter. Repressible promoters 
are also knoWn. 

[0056] A “core promoter” contains essential nucleotide 
sequences for promoter function, including the TATA box 
and start of transcription. By this de?nition, a core promoter 
may or may not have detectable activity in the absence of 
speci?c sequences that may enhance the activity or confer 
tissue speci?c activity. 

[0057] A “regulatory element” is a nucleotide sequence 
that modulates the activity of a core promoter. For example, 
a regulatory element may contain a nucleotide sequence that 
binds With cellular factors enabling transcription exclusively 
or preferentially in particular cells, tissues, or organelles. 
These types of regulatory elements are normally associated 
With genes that are expressed in a “cell-speci?c,”“tissue 
speci?c,” or “organelle-speci?c” manner. 

[0058] An “enhancer” is a type of regulatory element that 
can increase the ef?ciency of transcription, regardless of the 
distance or orientation of the enhancer relative to the start 
site of transcription. 

[0059] “Heterologous DNA” refers to a DNA molecule, or 
a population of DNA molecules, that does not exist naturally 
Within a given host cell. DNA molecules heterologous to a 
particular host cell may contain DNA derived from the host 
cell species (i.e., endogenous DNA) so long as that host 
DNA is combined With non-host DNA (i.e., exogenous 
DNA). For example, a DNA molecule containing a non-host 
DNA segment encoding a polypeptide operably linked to a 
host DNA segment comprising a transcription promoter is 
considered to be a heterologous DNA molecule. Conversely, 
a heterologous DNA molecule can comprise an endogenous 
gene operably linked With an exogenous promoter. As 
another illustration, a DNA molecule comprising a gene 
derived from a Wild-type cell is considered to be heterolo 
gous DNA if that DNA molecule is introduced into a mutant 
cell that lacks the Wild-type gene. 

[0060] A “polypeptide” is a polymer of amino acid resi 
dues joined by peptide bonds, Whether produced naturally or 
synthetically. Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “peptides.” 
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[0061] A “protein” is a macromolecule comprising one or 
more polypeptide chains. A protein may also comprise 
non-peptidic components, such as carbohydrate groups. Car 
bohydrates and other non-peptidic substituents may be 
added to a protein by the cell in Which the protein is 
produced, and Will vary With the type of cell. Proteins are 
de?ned herein in terms of their amino acid backbone struc 
tures; substituents such as carbohydrate groups are generally 
not speci?ed, but may be present nonetheless. 

[0062] A peptide or polypeptide encoded by a non-host 
DNA molecule is a “heterologous” peptide or polypeptide. 

[0063] An “integrated genetic element” is a segment of 
DNA that has been incorporated into a chromosome of a host 
cell after that element is introduced into the cell through 
human manipulation. Within the present invention, inte 
grated genetic elements are most commonly derived from 
lineariZed plasmids that are introduced into the cells by 
electroporation or other techniques. Integrated genetic ele 
ments are passed from the original host cell to its progeny. 

[0064] A “cloning vector” is a nucleic acid molecule, such 
as a plasmid, cosmid, or bacteriophage, that has the capa 
bility of replicating autonomously in a host cell. Cloning 
vectors typically contain one or a small number of restriction 
endonuclease recognition sites that alloW insertion of a 
nucleic acid molecule in a determinable fashion Without loss 
of an essential biological function of the vector, as Well as 
nucleotide sequences encoding a marker gene that is suitable 
for use in the identi?cation and selection of cells trans 
formed With the cloning vector. Marker genes typically 
include genes that provide tetracycline resistance or ampi 
cillin resistance. 

[0065] An “expression vector” is a nucleic acid molecule 
encoding a gene that is expressed in a host cell. Typically, an 
expression vector comprises a transcription promoter, a 
gene, and a transcription terminator. Gene expression is 
usually placed under the control of a promoter, and such a 
gene is said to be “operably linked to” the promoter. 
Similarly, a regulatory element and a core promoter are 
operably linked if the regulatory element modulates the 
activity of the core promoter. 

[0066] A “recombinant host” is a cell that contains a 
heterologous nucleic acid molecule, such as a cloning vector 
or expression vector. In the present context, an example of 
a recombinant host is a cell that produces a Zven1 or Zven2 
peptide or polypeptide from an expression vector. In con 
trast, such polypeptides can be produced by a cell that is a 
“natural source” of Zven1 or Zven2, and that lacks an 
expression vector. 

[0067] “Integrative transformants” are recombinant host 
cells, in Which heterologous DNA has become integrated 
into the genomic DNA of the cells. 

[0068] A “fusion protein” is a hybrid protein expressed by 
a nucleic acid molecule comprising nucleotide sequences of 
at least tWo genes. For example, a fusion protein can 
comprise at least part of a Zven1 or Zven2 polypeptide fused 
With a polypeptide that binds an a?inity matrix. Such a 
fusion protein provides a means to isolate large quantities of 
Zven1 or Zven2 using a?inity chromatography. 

[0069] The term “receptor” denotes a cell-associated pro 
tein that binds to a bioactive molecule termed a “ligand.” 
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This interaction mediates the effect of the ligand on the cell. 
Receptors can be membrane bound, cytosolic or nuclear; 
monomeric (e.g., thyroid stimulating hormone receptor, 
beta-adrenergic receptor) or multimeric (e.g., PDGF recep 
tor, growth hormone receptor, IL-3 receptor, GM-CSF 
receptor, G-CSF receptor, erythropoietin receptor and IL-6 
receptor). Membrane-bound receptors are characterized by a 
multi-domain structure comprising an extracellular ligand 
binding domain and an intracellular e?‘ector domain that is 
typically involved in signal transduction. In certain mem 
brane-bound receptors, the extracellular ligand-binding 
domain and the intracellular e?‘ector domain are located in 
separate polypeptides that comprise the complete functional 
receptor. 

[0070] In general, the binding of ligand to receptor results 
in a conformational change in the receptor that causes an 
interaction betWeen the effector domain and other mol 
ecule(s) in the cell, Which in turn leads to an alteration in the 
metabolism of the cell. Metabolic events that are often 
linked to receptor-ligand interactions include gene transcrip 
tion, phosphorylation, dephosphorylation, increases in 
cyclic AMP production, mobilization of cellular calcium, 
mobilization of membrane lipids, cell adhesion, hydrolysis 
of inositol lipids and hydrolysis of phospholipids. 

[0071] The term “secretory signal sequence” denotes a 
DNA sequence that encodes a peptide (a “secretory pep 
tide”) that, as a component of a larger polypeptide, directs 
the larger polypeptide through a secretory pathWay of a cell 
in Which it is synthesized. The larger polypeptide is com 
monly cleaved to remove the secretory peptide during transit 
through the secretory pathWay. 

[0072] An “isolated polypeptide” is a polypeptide that is 
essentially free from contaminating cellular components, 
such as carbohydrate, lipid, or other proteinaceous impuri 
ties associated With the polypeptide in nature. Typically, a 
preparation of isolated polypeptide contains the polypeptide 
in a highly puri?ed form, i.e., at least about 80% pure, at 
least about 90% pure, at least about 95% pure, greater than 
95% pure, or greater than 99% pure. One Way to shoW that 
a particular protein preparation contains an isolated polypep 
tide is by the appearance of a single band folloWing sodium 
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis of 
the protein preparation and Coomassie Brilliant Blue stain 
ing of the gel. HoWever, the term “isolated” does not exclude 
the presence of the same polypeptide in alternative physical 
forms, such as dimers or alternatively glycosylated or 
derivatized forms. 

[0073] The terms “amino-terminal” and “carboxyl-termi 
nal” are used herein to denote positions Within polypeptides. 
Where the context alloWs, these terms are used With refer 
ence to a particular sequence or portion of a polypeptide to 
denote proximity or relative position. For example, a certain 
sequence positioned carboxyl-terminal to a reference 
sequence Within a polypeptide is located proximal to the 
carboxyl terminus of the reference sequence, but is not 
necessarily at the carboxyl terminus of the complete 
polypeptide. 

[0074] The term “expression” refers to the biosynthesis of 
a gene product. For example, in the case of a structural gene, 
expression involves transcription of the structural gene into 
mRNA and the translation of mRNA into one or more 
polypeptides. 
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[0075] The term “splice variant” is used herein to denote 
alternative forms of RNA transcribed from a gene. Splice 
variation arises naturally through use of alternative splicing 
sites Within a transcribed RNA molecule, or less commonly 
betWeen separately transcribed RNA molecules, and may 
result in several mRNAs transcribed from the same gene. 
Splice variants may encode polypeptides having altered 
amino acid sequence. The term splice variant is also used 
herein to denote a polypeptide encoded by a splice variant of 
an mRNA transcribed from a gene. 

[0076] As used herein, the term “immunomodulator” 
includes cytokines, stem cell groWth factors, lymphotoxins, 
co-stimulatory molecules, hematopoietic factors, and syn 
thetic analogs of these molecules. 

[0077] The term “complement/anti-complement pair” 
denotes non-identical moieties that form a non-covalently 
associated, stable pair under appropriate conditions. For 
instance, biotin and avidin (or streptavidin) are prototypical 
members of a complement/anti-complement pair. Other 
exemplary complement/anti-complement pairs include 
receptor/ligand pairs, antibody/antigen (or hapten or 
epitope) pairs, sense/antisense polynucleotide pairs, and the 
like. Where subsequent dissociation of the complement/anti 
complement pair is desirable, the complement/anti-comple 
ment pair preferably has a binding af?nity of less than 109 
M“. 

[0078] An “anti-idiotype antibody” is an antibody that 
binds With the variable region domain of an immunoglobu 
lin. In the present context, an anti-idiotype antibody binds 
With the variable region of an anti-Zvenl or anti-Zven2 
antibody, and thus, an anti-idiotype antibody mimics an 
epitope of Zvenl or Zven2. 

[0079] An “antibody fragment” is a portion of an antibody 
such as F(ab')2, F(ab)2, Fab‘, Fab, and the like. Regardless of 
structure, an antibody fragment binds With the same antigen 
that is recognized by the intact antibody. For example, an 
anti-Zvenl monoclonal antibody fragment binds With an 
epitope of Zvenl. 

[0080] The term “antibody fragment” also includes a 
synthetic or a genetically engineered polypeptide that binds 
to a speci?c antigen, such as polypeptides consisting of the 
light chain variable region, “Fv” fragments consisting of the 
variable regions of the heavy and light chains, recombinant 
single chain polypeptide molecules in Which light and heavy 
variable regions are connected by a peptide linker (“scFv 
proteins”), and minimal recognition units consisting of the 
amino acid residues that mimic the hypervariable region. 

[0081] A “chimeric antibody” is a recombinant protein 
that contains the variable domains and complementary 
determining regions derived from a rodent antibody, While 
the remainder of the antibody molecule is derived from a 
human antibody. 

[0082] “Humanized antibodies” are recombinant proteins 
in Which murine complementarity determining regions of a 
monoclonal antibody have been transferred from heavy and 
light variable chains of the murine immunoglobulin into a 
human variable domain. 

[0083] A “detectable label” is a molecule or atom Which 
can be conjugated to an antibody moiety to produce a 
molecule useful for diagnosis. Examples of detectable labels 
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include chelators, photoactive agents, radioisotopes, ?uo 
rescent agents, paramagnetic ions, or other marker moieties. 

[0084] The term “a?inity tag” is used herein to denote a 
polypeptide segment that can be attached to a second 
polypeptide to provide for puri?cation or detection of the 
second polypeptide or provide sites for attachment of the 
second polypeptide to a substrate. In principal, any peptide 
or protein for Which an antibody or other speci?c binding 
agent is available can be used as an af?nity tag. Af?nity tags 
include a poly-histidine tract, protein A (Nilsson et al., 
EMBO J. 4:1075 (1985); Nilsson et al., Methods Enzymol. 
198:3 (1991)), glutathione S transferase (Smith and Johnson, 
Gene 67:31 (1988)), Glu-Glu a?inity tag (Grussenmeyer et 
al., Proc. Natl. Acad. Sci. USA 82:7952 (1985)), substance P, 
FLAG peptide (Hopp et al., Biotechnology 6:1204 (1988)), 
streptavidin binding peptide, or other antigenic epitope or 
binding domain. See, in general, Ford et al., Protein Expres 
sion and Puri?cation 2:95 (1991). DNAs encoding a?inity 
tags are available from commercial suppliers (e.g., Pharma 
cia Biotech, PiscataWay, NI.) 

[0085] A “naked antibody” is an entire antibody, as 
opposed to an antibody fragment, Which is not conjugated 
With a therapeutic agent. Naked antibodies include both 
polyclonal and monoclonal antibodies, as Well as certain 
recombinant antibodies, such as chimeric and humaniZed 
antibodies. 

[0086] As used herein, the term “antibody component” 
includes both an entire antibody and an antibody fragment. 

[0087] A “target polypeptide” or a “target peptide” is an 
amino acid sequence that comprises at least one epitope, and 
that is expressed on a target cell, such as a tumor cell, or a 
cell that carries an infectious agent antigen. T cells recogniZe 
peptide epitopes presented by a major histocompatibility 
complex molecule to a target polypeptide or target peptide 
and typically lyse the target cell or recruit other immune 
cells to the site of the target cell, thereby killing the target 
cell. 

[0088] An “antigenic peptide” is a peptide, Which Will 
bind a major histocompatibility complex molecule to form 
an MHC-peptide complex Which is recogniZed by a T cell, 
thereby inducing a cytotoxic lymphocyte response upon 
presentation to the T cell. Thus, antigenic peptides are 
capable of binding to an appropriate major histocompatibil 
ity complex molecule and inducing a cytotoxic T cells 
response, such as cell lysis or speci?c cytokine release 
against the target cell Which binds or expresses the antigen. 
The antigenic peptide can be bound in the context of a class 
I or class II major histocompatibility complex molecule, on 
an antigen presenting cell or on a target cell. 

[0089] In eukaryotes, RNA polymerase II catalyZes the 
transcription of a structural gene to produce mRNA. A 
nucleic acid molecule can be designed to contain an RNA 
polymerase II template in Which the RNA transcript has a 
sequence that is complementary to that of a speci?c mRNA. 
The RNA transcript is termed an “anti-sense RN ” and a 
nucleic acid molecule that encodes the anti-sense RNA is 
termed an “anti-sense gene.” Anti-sense RNA molecules are 
capable of binding to mRNA molecules, resulting in an 
inhibition of mRNA translation. 

[0090] An “anti-sense oligonucleotide speci?c for Zvenl” 
or a “Zvenl anti-sense oligonucleotide” is an oligonucle 
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otide having a sequence (a) capable of forming a stable 
triplex With a portion of the Zven1 gene, or (b) capable of 
forming a stable duplex With a portion of an mRNA tran 
script of the Zven1 gene. Similarly, an “anti-sense oligo 
nucleotide speci?c for Zven2” or a “Zven2 anti-sense oli 
gonucleotide” is an oligonucleotide having a sequence (a) 
capable of forming a stable triplex With a portion of the 
Zven2 gene, or (b) capable of forming a stable duplex With 
a portion of an mRNA transcript of the Zven2 gene. 

[0091] A “riboZyme” is a nucleic acid molecule that 
contains a catalytic center. The term includes RNA enZymes, 
self-splicing RNAs, self-cleaving RNAs, and nucleic acid 
molecules that perform these catalytic functions. A nucleic 
acid molecule that encodes a riboZyme is termed a 
“riboZyme gene.” 

[0092] An “external guide sequence” is a nucleic acid 
molecule that directs the endogenous riboZyme, RNase P, to 
a particular species of intracellular mRNA, resulting in the 
cleavage of the mRNA by RNase P. A nucleic acid molecule 
that encodes an external guide sequence is termed an “exter 
nal guide sequence gene.” 

[0093] The term “variant Zven1 gene” refers to nucleic 
acid molecules that encode a polypeptide having an amino 
acid sequence that is a modi?cation of SEQ ID NO:2. Such 
variants include naturally-occurring polymorphisms of 
Zven1 genes, as Well as synthetic genes that contain con 
servative amino acid substitutions of the amino acid 
sequence of SEQ ID NO:2. Additional variant forms of 
Zven1 genes are nucleic acid molecules that contain inser 
tions or deletions of the nucleotide sequences described 
herein. A variant Zven1 gene can be identi?ed by determin 
ing Whether the gene hybridiZes With a nucleic acid mol 
ecule having the nucleotide sequence of SEQ ID NO: 1, or its 
complement, under stringent conditions. Similarly, a variant 
Zven2 gene and a variant Zven2 polypeptide can be iden 
ti?ed With reference to SEQ ID NO:4 and SEQ ID NO:5, 
respectively. 

[0094] Alternatively, variant Zven genes can be identi?ed 
by sequence comparison. TWo amino acid sequences have 
“100% amino acid sequence identity” if the amino acid 
residues of the tWo amino acid sequences are the same When 
aligned for maximal correspondence. Similarly, tWo nucle 
otide sequences have “100% nucleotide sequence identity” 
if the nucleotide residues of the tWo nucleotide sequences 
are the same When aligned for maximal correspondence. 
Sequence comparisons can be performed using standard 
softWare programs such as those included in the LASER 
GENE bioinformatics computing suite, Which is produced 
by DNASTAR (Madison, Wis.). Other methods for compar 
ing tWo nucleotide or amino acid sequences by determining 
optimal alignment are Well-knoWn to those of skill in the art 
(see, for example, Peruski and Peruski, The Internet and the 
New Biology: Tools for Genomic and Molecular Research 
(ASM Press, Inc. 1997), Wu et al. (eds.), “Information 
SuperhighWay and Computer Databases of Nucleic Acids 
and Proteins,” in Methods in Gene Biotechnology, pages 
123-151 (CRC Press, Inc. 1997), and Bishop (ed.), Guide to 
Human Genome Computing, 2nd Edition (Academic Press, 
Inc. 1998)). Particular methods for determining sequence 
identity are described beloW. 

[0095] Regardless of the particular method used to iden 
tify a variant Zven1 gene or variant Zven1 polypeptide, a 
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variant gene or polypeptide encoded by a variant gene may 
be characterized by its ability to bind speci?cally to an 
anti-Zvenl antibody. Similarly, a variant Zven2 gene prod 
uct or variant Zven2 polypeptide may be characterized by its 
ability to bind speci?cally to an anti-Zven2 antibody. 

[0096] The term “allelic variant” is used herein to denote 
any of tWo or more alternative forms of a gene occupying the 
same chromosomal locus. Allelic variation arises naturally 
through mutation, and may result in phenotypic polymor 
phism Within populations. Gene mutations can be silent (no 
change in the encoded polypeptide) or may encode polypep 
tides having altered amino acid sequence. The term allelic 
variant is also used herein to denote a protein encoded by an 
allelic variant of a gene. 

[0097] The term “ortholog” denotes a polypeptide or pro 
tein obtained from one species that is the functional coun 
terpart of a polypeptide or protein from a different species. 
Sequence dilferences among orthologs are the result of 
speciation. 
[0098] “Paralogs” are distinct but structurally related pro 
teins made by an organism. Paralogs are believed to arise 
through gene duplication. For example, ot-globin, [3-globin, 
and myoglobin are paralogs of each other. 

[0099] The present invention includes functional frag 
ments of Zvenl and Zven2 genes. Within the context of this 
invention, a “functional fragment” of a Zvenl (or Zven2) 
gene refers to a nucleic acid molecule that encodes a portion 
of a Zvenl (or Zven2) polypeptide, Which speci?cally binds 
With an anti-Zvenl (anti-Zven2) antibody. 

[0100] Due to the imprecision of standard analytical meth 
ods, molecular Weights and lengths of polymers are under 
stood to be approximate values. When such a value is 
expressed as “about” X or “approximately” X, the stated 
value of X Will be understood to be accurate to 110%. 

3. PRODUCTION OF HUMAN ZVENl AND 
ZVEN2 GENES 

[0101] Nucleic acid molecules encoding a human Zvenl 
gene can be obtained by screening a human cDNA or 
genomic library using polynucleotide probes based upon 
SEQ ID NOzl. Similarly, nucleic acid molecules encoding a 
human Zven2 gene can be obtained by screening a human 
cDNA or genomic library using polynucleotide probes based 
upon SEQ ID NO:4. These techniques are standard and 
Well-established. 

[0102] As an illustration, a nucleic acid molecule that 
encodes a human Zvenl gene can be isolated from a human 
cDNA library. In this case, the ?rst step Would be to prepare 
the cDNA library by isolating RNA from tissues, such as 
testis or peripheral blood lymphocytes, using methods Well 
knoWn to those of skill in the art. In general, RNA isolation 
techniques must provide a method for breaking cells, a 
means of inhibiting RNase-directed degradation of RNA, 
and a method of separating RNA from DNA, protein, and 
polysaccharide contaminants. For example, total RNA can 
be isolated by freeZing tissue in liquid nitrogen, grinding the 
froZen tissue With a mortar and pestle to lyse the cells, 
extracting the ground tissue With a solution of phenol/ 
chloroform to remove proteins, and separating RNA from 
the remaining impurities by selective precipitation With 
lithium chloride (see, for example, Ausubel et al. (eds.), 
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Short Protocols in Molecular Biology, 3rd Edition, pages 4-1 
to 4-6 (John Wiley & Sons 1995) [“Ausubel (l995)”]; Wu et 
al., Methods in Gene Biotechnology, pages 33-41 (CRC 
Press, Inc. 1997) [“Wu (l997)”]). Alternatively, total RNA 
can be isolated from tissue by extracting ground tissue With 
guanidinium isothiocyanate, extracting With organic sol 
vents, and separating RNA from contaminants using differ 
ential centrifugation (see, for example, ChirgWin et al., 
Biochemistry 18:52 (1979); Ausubel (1995) at pages 4-1 to 
4-6; Wu (1997) at pages 33-41). 

[0103] In order to construct a cDNA library, poly(A)+ 
RNA must be isolated from a total RNA preparation. 
Poly(A)+ RNA can be isolated from total RNA using the 
standard technique of oligo(dT)-cellulose chromatography 
(see, for example, Aviv and Leder, Proc. Nat’l Acad. Sci. 
USA 69:1408 (1972); Ausubel (1995) at pages 4-11 to 4-12). 

[0104] Double-stranded cDNA molecules are synthesiZed 
from poly(A)+ RNA using techniques Well-knoWn to those 
in the art. (see, for example, Wu (1997) at pages 41-46). 
Moreover, commercially available kits can be used to syn 
thesiZe double-stranded cDNA molecules. For example, 
such kits are available from Life Technologies, Inc. (Gaith 
ersburg, Md.), CLONTECH Laboratories, Inc. (Palo Alto, 
Calif.), Promega Corporation (Madison, Wis.) and STRAT 
AGENE (La Jolla, Calif.). 
[0105] Various cloning vectors are appropriate for the 
construction of a cDNA library. For example, a cDNA 
library can be prepared in a vector derived from bacterioph 
age, such as a kgtlO vector. See, for example, Huynh et al., 
“Constructing and Screening cDNA Libraries in kgtlO and 
Kgtll,” in DNA Cloning: A Practical Approach Vol. I, 
Glover (ed.), page 49 (IRL Press, 1985); Wu (1997) at pages 
47-52. 

[0106] Alternatively, double-stranded cDNA molecules 
can be inserted into a plasmid vector, such as a PBLUE 

SCRIPT vector (STRATAGENE; La Jolla, Calif.), a LAM 
DAGEM-4 (Promega Corp.) or other commercially avail 
able vectors. Suitable cloning vectors also can be obtained 
from the American Type Culture Collection (Manassas, Va.). 

[0107] To amplify the cloned cDNA molecules, the cDNA 
library is inserted into a prokaryotic host, using standard 
techniques. For example, a cDNA library can be introduced 
into competent E. coli DH5 cells, Which can be obtained, for 
example, from Life Technologies, Inc. (Gaithersburg, Md.). 

[0108] A human genomic library can be prepared by 
means Well-knoWn in the art (see, for example, Ausubel 
(1995) at pages 5-1 to 5-6; Wu (1997) at pages 307-327). 
Genomic DNA can be isolated by lysing tissue With the 
detergent Sarkosyl, digesting the lysate With proteinase K, 
clearing insoluble debris from the lysate by centrifugation, 
precipitating nucleic acid from the lysate using isopropanol, 
and purifying resuspended DNA on a cesium chloride den 
sity gradient. 

[0109] DNA fragments that are suitable for the production 
of a genomic library can be obtained by the random shearing 
of genomic DNA or by the partial digestion of genomic 
DNA With restriction endonucleases. Genomic DNA frag 
ments can be inserted into a vector, such as a bacteriophage 
or cosmid vector, in accordance With conventional tech 
niques, such as the use of restriction enZyme digestion to 
provide appropriate termini, the use of alkaline phosphatase 
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treatment to avoid undesirable joining of DNA molecules, 
and ligation With appropriate ligases. Techniques for such 
manipulation are Well-knoWn in the art (see, for example, 
Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 
307-327). 
[0110] Nucleic acid molecules that encode a human Zven1 
or Zven2 gene can also be obtained using the polymerase 
chain reaction (PCR) With oligonucleotide primers having 
nucleotide sequences that are based upon the nucleotide 
sequences described herein. General methods for screening 
libraries With PCR are provided by, for example, Yu et al., 
“Use of the Polymerase Chain Reaction to Screen Phage 
Libraries,” in Methods in Molecular Biology, Vol. 15: PCR 
Protocols: Current Methods and Applications, White (ed.), 
pages 211-215 (Humana Press, Inc. 1993). Moreover, tech 
niques for using PCR to isolate related genes are described 
by, for example, Preston, “Use of Degenerate Oligonucle 
otide Primers and the Polymerase Chain Reaction to Clone 
Gene Family Members,” in Methods in Molecular Biology, 
Vol. 15: PCR Protocols: Current Methods and Applications, 
White (ed.), pages 317-337 (Humana Press, Inc. 1993). 

[0111] Alternatively, human genomic libraries can be 
obtained from commercial sources such as Research Genet 

ics (Huntsville, Ala.) and the American Type Culture Col 
lection (Manassas, Va.). 

[0112] A library containing cDNA or genomic clones can 
be screened With one or more polynucleotide probes based 
upon SEQ ID NO:1, using standard methods (see, for 
example, Ausubel (1995) at pages 6-1 to 6-11). 

[0113] Anti-Zven antibodies, produced as described 
beloW, can also be used to isolate DNA sequences that 
encode human Zven genes from cDNA libraries. For 
example, the antibodies can be used to screen kgtll expres 
sion libraries, or the antibodies can be used for immuno 
screening folloWing hybrid selection and translation (see, for 
example, Ausubel (1995) at pages 6-12 to 6-16; Margolis et 
al., “Screening 7» expression libraries With antibody and 
protein probes,” in DNA Cloning 2: Expression Systems, 2nd 
Edition, Glover et al. (eds.), pages 1-14 (Oxford University 
Press 1995)). 

[0114] As an alternative, a Zven gene can be obtained by 
synthesiZing nucleic acid molecules using mutually priming 
long oligonucleotides and the nucleotide sequences 
described herein (see, for example, Ausubel (1995) at pages 
8-8 to 8-9). Established techniques using the polymerase 
chain reaction provide the ability to synthesiZe DNA mol 
ecules at least tWo kilobases in length (Adang et al., Plant 
Molec. Biol. 21:1131 (1993), Bambot et al., PCR Methods 
and Applications 2:266 (1993), Dillon et al., “Use of the 
Polymerase Chain Reaction for the Rapid Construction of 
Synthetic Genes,” in Methods in Molecular Biology, Vol. 15: 
PCR Protocols: Current Methods and Applications, White 
(ed.), pages 263-268, (Humana Press, Inc. 1993), and 
HoloWachuk et al., PCR Methods Appl. 4:299 (1995)). 

[0115] The nucleic acid molecules of the present invention 
can also be synthesiZed With “gene machines” using proto 
cols such as the phosphoramidite method. If chemically 
synthesiZed double stranded DNA is required for an appli 
cation such as the synthesis of a gene or a gene fragment, 
then each complementary strand is made separately. The 
production of short genes (60 to 80 base pairs) is technically 
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straightforward and can be accomplished by synthesiZing 
the complementary strands and then annealing them. For the 
production of longer genes (>300 base pairs), hoWever, 
special strategies may be required, because the coupling 
ef?ciency of each cycle during chemical DNA synthesis is 
seldom 100%. To overcome this problem, synthetic genes 
(double-stranded) are assembled in modular form from 
single-stranded fragments that are from 20 to 100 nucle 
otides in length. For revieWs on polynucleotide synthesis, 
see, for example, Glick and Pastemak, Molecular Biotech 
nology, Principles and Applications of Recombinant DNA 
(ASM Press 1994), ltakura et al., Ann. Rev. Biochem. 53:323 
(1984), and Climie et al., Proc. Nat ’lAcad. Sci. USA 87:633 
(1990). 
[0116] The sequence of a Zven cDNA or Zven genomic 
fragment can be determined using standard methods. Zven 
polynucleotide sequences disclosed herein can also be used 
as probes or primers to clone 5' non-coding regions of a 
Zven gene. Promoter elements from a Zven gene can be used 
to direct the expression of heterologous genes in tissues of, 
for example, transgenic animals or patients treated With gene 
therapy. The identi?cation of genomic fragments containing 
a Zven promoter or regulatory element can be achieved 
using Well-established techniques, such as deletion analysis 
(see, generally, Ausubel (1995)). 

[0117] Cloning of 5' ?anking sequences also facilitates 
production of Zven proteins by “gene cactivation,” as dis 
closed in US. Pat. No. 5,641,670. Brie?y, expression of an 
endogenous Zven gene in a cell is altered by introducing into 
the Zven locus a DNA construct comprising at least a 
targeting sequence, a regulatory sequence, an exon, and an 
unpaired splice donor site. The targeting sequence is a Zven 
5' non-coding sequence that permits homologous recombi 
nation of the construct With the endogenous Zven locus, 
Whereby the sequences Within the construct become oper 
ably linked With the endogenous Zven coding sequence. In 
this Way, an endogenous Zven promoter can be replaced or 
supplemented With other regulatory sequences to provide 
enhanced, tissue-speci?c, or otherWise regulated expression. 

4. PRODUCTION OF ZVEN GENE VARlANTS 

[0118] The present invention provides a variety of nucleic 
acid molecules, including DNA and RNA molecules, Which 
encode the Zven polypeptides disclosed herein. Those 
skilled in the art Will readily recogniZe that, in vieW of the 
degeneracy of the genetic code, considerable sequence 
variation is possible among these polynucleotide molecules. 
SEQ ID NOs:3 and 6 are a degenerate nucleotide sequences 
that encompasses all nucleic acid molecules that encode the 
Zven polypeptides of SEQ ID NOs:2 and 5, respectively. 
Those skilled in the art Will recogniZe that the degenerate 
sequence of SEQ ID NO:3 also provides all RNA sequences 
encoding SEQ ID NO:2, by substituting U for T, While the 
degenerate sequence of SEQ ID NO:6 also provides all RNA 
sequences encoding SEQ ID NO:5, by substituting U for T. 
Thus, the present invention contemplates Zven1 polypep 
tide-encoding nucleic acid molecules comprising nucleotide 
66 to nucleotide 389 of SEQ ID NO:1, and their RNA 
equivalents, as Well as Zven2 polypeptide-encoding nucleic 
acid molecules comprising nucleotide 91 to nucleotide 405 
of SEQ ID NO:4, and their RNA equivalents. 

[0119] Table 1 sets forth the one-letter codes used Within 
SEQ ID NOs:3 and 6 to denote degenerate nucleotide 
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positions. “Resolutions” are the nucleotides denoted by a 
code letter. “Complement” indicates the code for the 
complementary nucleotide(s). For example, the code Y 
denotes either C or T, and its complement R denotes A or G, 
Abeing complementary to T, and G being complementary to 
C. 

TABLE 1 

Nucleotide Resolution Complement Resolution 

A A T T 
C C G G 
G G C C 
T T A A 

R AlG Y ClT 
Y ClT R AlG 
M AlC K GlT 
K GlT M AlC 
S ClG S ClG 
W AlT W AlT 
H Al Cl T D AlGl T 
B Cl Gl T V AlC l G 
V Al Cl G B Cl Gl T 
D Al Gl T H AlC l T 
N AlClGlT N AlClGlT 

[0120] The degenerate codons used in SEQ ID NOs13 and 
6, encompassing all possible codons for a given amino acid, 
are set forth in Table 2. 

TABLE 2 

One 

Amino Letter Degenerate 
Acid Code Codons Codon 

Cys C TGC TGT TGY 

Ser S AGC AGT TCA TCC TCG TCT WSN 

Thr T ACA ACC ACG ACT ACN 

Pro P CCA CCC CCG CCT CCN 

Ala A GCA GCC GCG GCT GCN 

Gly G GGA GGC GGG GGT GGN 

Asn N AAC AAT AAY 

Asp D GAC GAT GAY 

Glu E GAA GAG GAR 

Gln Q CAA CAG CAR 

His H CAC CAT CAY 

Arg R AGA AGG CGA CGC CGG CGT MGN 

Lys K AAA AAG AAR 

Met M ATG ATG 

Ile I ATA ATC ATT ATH 

Leu L CTA CTC CTG CTT TTA TTG YTN 

Val V GTA GTC GTG GTT GTN 

Phe F TTC TTT TTY 
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TABLE 2 -oontinued 

One 

Amino Letter Degenerate 
Acid Code Codons Codon 

Tyr Y TAC TAT TAY 

Trp W TGG TGG 

Ter ' TAA TAG TGA TRR 

Asn lAsp B RAY 

Glu | Gln Z SAR 

Any x NNN 

[0121] One of ordinary skill in the art Will appreciate that 
some ambiguity is introduced in determining a degenerate 
codon, representative of all possible codons encoding an 
amino acid. For example, the degenerate codon for serine 
(WSN) can, in some circumstances, encode arginine (AGR), 
and the degenerate codon for arginine (MGN) can, in some 
circumstances, encode serine (AGY). A similar relationship 
exists betWeen codons encoding phenylalanine and leucine. 
Thus, some polynucleotides encompassed by the degenerate 
sequence may encode variant amino acid sequences, but one 
of ordinary skill in the art can easily identify such variant 
sequences by reference to the amino acid sequence of SEQ 
ID NOs12 and 5. Variant sequences can be readily tested for 
functionality as described herein. 

[0122] Different species can exhibit “preferential codon 
usage.” In general, see, Grantham et al., Nuc. Acids Res. 
811893 (1980), Haas et al. Curr Biol. 61315 (1996), Wain 
Hobson et al., Gene 131355 (1981), Grosjean and Fiers, 
Gene 181199 (1982), Holm, Nuc. Acids Res. 1413075 (1986), 
Ikemura, J. Mol. Biol. 1581573 (1982), Sharp and Matassi, 
Curr. Opin. Genet. Dev. 41851 (1994), Kane, Curr. Opin. 
Biolechnol. 61494 (1995), and Makrides, Microbiol. Rev. 
601512 (1996). As used herein, the term “preferential codon 
usage” or “preferential codons” is a term of art referring to 
protein translation codons that are most frequently used in 
cells of a certain species, thus favoring one or a feW 
representatives of the possible codons encoding each amino 
acid (See Table 2). For example, the amino acid threonine 
(Thr) may be encoded by ACA, ACC, ACG, or ACT, but in 
mammalian cells ACC is the most commonly used codon; in 
other species, for example, insect cells, yeast, viruses or 
bacteria, different Thr codons may be preferential. Prefer 
ential codons for a particular species can be introduced into 
the polynucleotides of the present invention by a variety of 
methods knoWn in the art. Introduction of preferential codon 
sequences into recombinant DNA can, for example, enhance 
production of the protein by making protein translation more 
ef?cient Within a particular cell type or species. Therefore, 
the degenerate codon sequences disclosed in SEQ ID NOs13 
and 6 serve as templates for optimiZing expression of 
polynucleotides in various cell types and species commonly 
used in the art and disclosed herein. Sequences containing 
preferential codons can be tested and optimiZed for expres 
sion in various species, and tested for functionality as 
disclosed herein. 

[0123] The present invention further provides variant 
polypeptides and nucleic acid molecules that represent coun 
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terparts from other species (orthologs). These species 
include, but are not limited to mammalian, avian, amphib 
ian, reptile, ?sh, insect and other vertebrate and invertebrate 
species. Of particular interest are Zven polypeptides from 
other mammalian species, including porcine, ovine, bovine, 
canine, feline, equine, and other primate polypeptides. 
Orthologs of human Zven can be cloned using information 
and compositions provided by the present invention in 
combination With conventional cloning techniques. For 
example, a cDNA can be cloned using mRNA obtained from 
a tissue or cell type that expresses Zven. Suitable sources of 
mRNA can be identi?ed by probing northern blots With 
probes designed from the sequences disclosed herein. A 
library is then prepared from mRNA of a positive tissue or 
cell line. 

[0124] A Zven-encoding cDNA molecule can then be 
isolated by a variety of methods, such as by probing With a 
complete or partial human cDNA or With one or more sets 
of degenerate probes based on the disclosed sequences. A 
cDNA can also be cloned using the polymerase chain 
reaction With primers designed from the representative 
human Zven sequences disclosed herein. Within an addi 
tional method, the cDNA library can be used to transform or 
transfect host cells, and expression of the cDNA of interest 
can be detected With an antibody to Zven polypeptide. 
Similar techniques can also be applied to the isolation of 
genomic clones. 

[0125] Those skilled in the art Will recognize that the 
sequences disclosed in SEQ ID NOs:1 and 4 represent single 
alleles of human Zvenl and Zven2, respectively, and that 
allelic variation and alternative splicing are expected to 
occur. Allelic variants of this sequence can be cloned by 
probing cDNA or genomic libraries from different individu 
als according to standard procedures. Allelic variants of the 
nucleotide sequences shoWn in SEQ ID NOs:1 and 4, 
including those containing silent mutations and those in 
Which mutations result in amino acid sequence changes, are 
Within the scope of the present invention, as are proteins 
Which are allelic variants of SEQ ID NOs:2 and 5. cDNA 
molecules generated from alternatively spliced mRNAs, 
Which retain the properties of the Zven polypeptide are 
included Within the scope of the present invention, as are 
polypeptides encoded by such cDNAs and mRNAs. Allelic 
variants and splice variants of these sequences can be cloned 
by probing cDNA or genomic libraries from different indi 
viduals or tissues according to standard procedures knoWn in 
the art. 

[0126] Within certain embodiments of the invention, the 
isolated nucleic acid molecules can hybridize under strin 
gent conditions to nucleic acid molecules comprising nucle 
otide sequences disclosed herein. For example, such nucleic 
acid molecules can hybridize under stringent conditions to 
nucleic acid molecules consisting of the nucleotide sequence 
of SEQ ID NO: 1, to nucleic acid molecules consisting of the 
nucleotide sequence of nucleotides 66 to 161 of SEQ ID 
NO: 1, to nucleic acid molecules consisting of the nucleotide 
sequence of nucleotides 288 to 389 of SEQ ID NO:1, to 
nucleic acid molecules consisting of the nucleotide sequence 
of SEQ ID NO:4, to nucleic acid molecules consisting of the 
nucleotide sequence of nucleotides 334 to 405 of SEQ ID 
NO:4, or to nucleic acid molecules consisting of nucleotide 
sequences that are the complements of such sequences. In 
general, stringent conditions are selected to be about 5° C. 
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loWer than the thermal melting point (Tm) for the speci?c 
sequence at a de?ned ionic strength and pH. The Tm is the 
temperature (under de?ned ionic strength and pH) at Which 
50% of the target sequence hybridizes to a perfectly matched 
probe. 
[0127] A pair of nucleic acid molecules, such as DNA 
DNA, RNA-RNA and DNA-RNA, can hybridize if the 
nucleotide sequences have some degree of complementarity. 
Hybrids can tolerate mismatched base pairs in the double 
helix, but the stability of the hybrid is in?uenced by the 
degree of mismatch. The Tm of the mismatched hybrid 
decreases by 1° C. for every 1-1.5% base pair mismatch. 
Varying the stringency of the hybridization conditions 
alloWs control over the degree of mismatch that Will be 
present in the hybrid. The degree of stringency increases as 
the hybridization temperature increases and the ionic 
strength of the hybridization buffer decreases. Stringent 
hybridization conditions encompass temperatures of about 
5-25° C. beloW the Tm of the hybrid and a hybridization 
buffer having up to 1 M Na". Higher degrees of stringency 
at loWer temperatures can be achieved With the addition of 
formamide Which reduces the Tm of the hybrid about 1° C. 
for each 1% formamide in the buffer solution. Generally, 
such stringent conditions include temperatures of 20-70° C. 
and a hybridization buffer containing up to 6><SSC and 
0-50% formamide. A higher degree of stringency can be 
achieved at temperatures of from 40-70° C. With a hybrid 
ization bulfer having up to 4><SSC and from 0-50% forma 
mide. Highly stringent conditions typically encompass tem 
peratures of 42-70° C. With a hybridization buffer having up 
to 1><SSC and 0-50% formamide. Different degrees of 
stringency can be used during hybridization and Washing to 
achieve maximum speci?c binding to the target sequence. 
Typically, the Washes folloWing hybridization are performed 
at increasing degrees of stringency to remove non-hybrid 
ized polynucleotide probes from hybridized complexes. 
[0128] The above conditions are meant to serve as a guide 
and it is Well Within the abilities of one skilled in the art to 
adapt these conditions for use With a particular polypeptide 
hybrid. The Tm for a speci?c target sequence is the tem 
perature (under de?ned conditions) at Which 50% of the 
target sequence Will hybridize to a perfectly matched probe 
sequence. Those conditions that in?uence the Tm include, 
the size and base pair content of the polynucleotide probe, 
the ionic strength of the hybridization solution, and the 
presence of destabilizing agents in the hybridization solu 
tion. Numerous equations for calculating Tm are knoWn in 
the art, and are speci?c for DNA, RNA and DNA-RNA 
hybrids and polynucleotide probe sequences of varying 
length (see, for example, Sambrook et al., Molecular Clon 
ing: A Laboratory Manual, Second Edition (Cold Spring 
Harbor Press 1989); Ausubel et al., (eds.), Current Protocols 
in Molecular Biology (John Wiley and Sons, Inc. 1987); 
Berger and Kimmel (eds.), Guide to Molecular Cloning 
Techniques, (Academic Press, Inc. 1987); and Wetmur, Cril. 
Rev. Biochem. Mol. Biol. 26:227 (1990)). Sequence analysis 
softWare such as OLIGO 6.0 (LSR; Long Lake, Minn.) and 
Primer Premier 4.0 (Premier Biosoft International; Palo 
Alto, Calif.), as Well as sites on the Internet, are available 
tools for analyzing a given sequence and calculating Tm 
based on user de?ned criteria. Such programs can also 
analyze a given sequence under de?ned conditions and 
identify suitable probe sequences. Typically, hybridization 
of longer polynucleotide sequences, >50 base pairs, is 
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performed at temperatures of about 20-25° C. below the 
calculated Tm. For smaller probes, <50 base pairs, hybrid 
ization is typically carried out at the Tm or 5-10° C. below. 
This allows for the maximum rate of hybridization for 
DNA-DNA and DNA-RNA hybrids. 

[0129] The length of the polynucleotide sequence in?u 
ences the rate and stability of hybrid formation. Smaller 
probe sequences, <50 base pairs, reach equilibrium with 
complementary sequences rapidly, but may form less stable 
hybrids. Incubation times of anywhere from minutes to 
hours can be used to achieve hybrid formation. Longer probe 
sequences come to equilibrium more slowly, but form more 
stable complexes even at lower temperatures. Incubations 
are allowed to proceed overnight or longer. Generally, 
incubations are carried out for a period equal to three times 
the calculated Cot time. Cot time, the time it takes for the 
polynucleotide sequences to reassociate, can be calculated 
for a particular sequence by methods known in the art. 

[0130] The base pair composition of polynucleotide 
sequence will effect the thermal stability of the hybrid 
complex, thereby in?uencing the choice of hybridization 
temperature and the ionic strength of the hybridization 
buffer. A-T pairs are less stable than G-C pairs in aqueous 
solutions containing sodium chloride. Therefore, the higher 
the G-C content, the more stable the hybrid. Even distribu 
tion of G and C residues within the sequence also contribute 
positively to hybrid stability. In addition, the base pair 
composition can be manipulated to alter the TIn of a given 
sequence. For example, 5-methyldeoxycytidine can be sub 
stituted for deoxycytidine and 5-bromodeoxuridine can be 
substituted for thymidine to increase the Tm, whereas 
7-deazz-2'-deoxyguanosine can be substituted for guanosine 
to reduce dependence on Tm. 

[0131] The ionic concentration of the hybridization buffer 
also affects the stability of the hybrid. Hybridization bulfers 
generally contain blocking agents such as Denhardt’s solu 
tion (Sigma Chemical Co., St. Louis, Mo.), denatured 
salmon sperm DNA, tRNA, milk powders (BLOTTO), 
heparin or SDS, and a Na+ source, such as SSC (1><SSC: 
0.15 M sodium chloride, 15 mM sodium citrate) or SSPE 
(1><SSPE1 1.8 M NaCl, 10 mM NaH2P04, 1 mM EDTA, pH 
7.7). By decreasing the ionic concentration of the buffer, the 
stability of the hybrid is increased. Typically, hybridization 
bulfers contain from between 10 mM -1 M Na". The 
addition of destabilizing or denaturing agents such as for 
mamide, tetralkylammonium salts, guanidinium cations or 
thiocyanate cations to the hybridization solution will alter 
the Tm of a hybrid. Typically, formamide is used at a 
concentration of up to 50% to allow incubations to be carried 
out at more convenient and lower temperatures. Formamide 
also acts to reduce non-speci?c background when using 
RNA probes. 

[0132] As an illustration, a nucleic acid molecule encod 
ing a variant Zvenl polypeptide can be hybridized with a 
nucleic acid molecule having the nucleotide sequence of 
SEQ ID N011 (or its complement) at 42° C. overnight in a 
solution comprising 50% formamide, 5><SSC (1><SSC: 0.15 
M sodium chloride and 15 mM sodium citrate), 50 mM 
sodium phosphate (pH 7.6), 5>< Denhardt’s solution (100x 
Denhardt’s solution: 2% (w/v) Ficoll 400, 2% (w/v) poly 
vinylpyrrolidone, and 2% (w/v) bovine serum albumin), 
10% dextran sulfate, and 20 ug/ml denatured, sheared 
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salmon sperm DNA. One of skill in the art can devise 
variations of these hybridization conditions. For example, 
the hybridization mixture can be incubated at a higher 
temperature, such as about 65° C., in a solution that does not 
contain formamide. Moreover, premixed hybridization solu 
tions are available (e.g., EXPRESSHYB Hybridization 
Solution from CLONTECH Laboratories, Inc.), and hybrid 
ization can be performed according to the manufacturer’s 
instructions. 

[0133] Following hybridization, the nucleic acid mol 
ecules can be washed to remove non-hybridized nucleic acid 
molecules under stringent conditions, or under highly strin 
gent conditions. Typical stringent washing conditions 
include washing in a solution of 0.5><-2><SSC with 0.1% 
sodium dodecyl sulfate (SDS) at 55-65° C. For example, 
nucleic acid molecules encoding particular variant Zvenl 
polypeptides can remain hybridized with a nucleic acid 
molecule consisting of the nucleotide sequence of nucle 
otides 66 to 161 of SEQ ID N011, the nucleotide sequence 
of nucleotides 288 to 389 of SEQ ID N011, or their 
complements, following washing under stringent washing 
conditions, in which the wash stringency is equivalent to 
0.5><-2><SSC with 0.1% SDS at 55-65° C., including 0.5>< 
SSC with 0.1% SDS at 55° C., or 2><SSC with 0.1% SDS at 
65° C. In a similar manner, nucleic acid molecules encoding 
particular Zven2 variants can remain hybridized with a 
nucleic acid molecule consisting of the nucleotide sequence 
of nucleotides 334 to 405 of SEQ ID N014, or its comple 
ment, following washing under stringent washing condi 
tions, in which the wash stringency is equivalent to 0.5>< 
2><SSC with 0.1% SDS at 55-65° C., including 0.5><SSC 
with 0.1% SDS at 55° C., or 2><SSC with 0.1% SDS at 65° 
C. One of skill in the art can readily devise equivalent 
conditions, for example, by substituting SSPE for SSC in the 
wash solution. 

[0134] Typical highly stringent washing conditions 
include washing in a solution of 0.1><-0.2><SSC with 0.1% 
sodium dodecyl sulfate (SDS) at 50-65° C. As an illustra 
tion, nucleic acid molecules encoding particular variant 
Zvenl polypeptides can remain hybridized with a nucleic 
acid molecule consisting of the nucleotide sequence of 
nucleotides 66 to 161 of SEQ ID N011, the nucleotide 
sequence of nucleotides 288 to 389 of SEQ ID N011, or their 
complements, following washing under highly stringent 
washing conditions, in which the wash stringency is equiva 
lent to 0.1><-0.2><SSC with 0.1% SDS at 50-65° C., including 
0.1><SSC with 0.1% SDS at 50° C., or 0.2><SSC with 0.1% 
SDS at 65° C. Similarly, nucleic acid molecules encoding 
particular Zven2 variants remain hybridized with a nucleic 
acid molecule consisting of the nucleotide sequence of 
nucleotides 334 to 405 of SEQ ID N014, or its complement, 
following washing under highly stringent washing condi 
tions, in which the wash stringency is equivalent to 0.1>< 
0.2><SSC with 0.1% SDS at 50-65° C., including 0.1><SSC 
with 0.1% SDS at 50° C., or 0.2><SSC with 0.1% SDS at 65° 
C. 

[0135] The present invention also provides isolated Zvenl 
polypeptides that have a substantially similar sequence 
identity to the polypeptides of SEQ ID N012, or their 
orthologs. The term “substantially similar sequence iden 
tity” is used herein to denote polypeptides having 85%, 
90%, 95% or greater than 95% sequence identity to the 
sequences shown in SEQ ID N012, or their orthologs. 
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Similarly, the present invention provides isolated Zven2 
polypeptides having 85%, 90%, 95% or greater than 95% 
sequence identity to the sequences shoWn in SEQ ID N015, 
or their orthologs. 

[0136] The present invention also contemplates Zven vari 
ant nucleic acid molecules that can be identi?ed using tWo 
criteria: a determination of the similarity betWeen the 
encoded polypeptide With the amino acid sequence of SEQ 
ID N0s12 or 5, and a hybridization assay, as described 
above. For example, certain Zvenl gene variants include 
nucleic acid molecules (1) that remain hybridized With a 
nucleic acid molecule consisting of the nucleotide sequence 
of nucleotides 66 to 161 of SEQ ID N011, the nucleotide 
sequence ofnucleotides 288 to 389 of SEQ ID N011, or their 
complements, folloWing Washing under stringent Washing 
conditions, in Which the Wash stringency is equivalent to 
0.5><-2><SSC With 0.1% SDS at 55-650 C., and (2) that 
encode a polypeptide having 85%, 90%, 95% or greater than 
95% sequence identity to the amino acid sequence of SEQ 
ID N012. Alternatively, certain Zvenl variant genes can be 
characterized as nucleic acid molecules (1) that remain 
hybridized With a nucleic acid molecule consisting of the 
nucleotide sequence of nucleotides 66 to 161 of SEQ ID 

characterized as nucleic acid molecules (1) that remain 
hybridized With a nucleic acid molecule consisting of the 
nucleotide sequence of nucleotides 334 to 405 of SEQ ID 
N014, or its complement, folloWing Washing under highly 
stringent Washing conditions, in Which the Wash stringency 
is equivalent to 0.1><-0.2><SSC With 0.1% SDS at 50-650 C., 
and (2) that encode a polypeptide having 85%, 90%, 95% or 
greater than 95% sequence identity to the amino acid 
sequence of SEQ ID N015. 

[0138] Percent sequence identity is determined by con 
ventional methods. See, for example, Altschul et al., Bull. 
Math. Bio. 481603 (1986), and HenikolT and HenikolT, Proc. 
Natl. Acad. Sci. USA 89110915 (1992). Brie?y, tWo amino 
acid sequences are aligned to optimize the alignment scores 
using a gap opening penalty of 10, a gap extension penalty 
of 1, and the “BLOSUM62” scoring matrix of HenikolT and 
HenikolT (ibid.) as shoWn in Table 3 (amino acids are 
indicated by the standard one-letter codes). The percent 
identity is then calculated as: ([Total number of identical 
matches]/[length of the longer sequence plus the number of 
gaps introduced into the longer sequence in order to align the 
tWo sequences])(100). 

N011, the nucleotide sequence of nucleotides 288 to 389 of 
SEQ ID N011, or their complements, folloWing Washing 
under highly stringent Washing conditions, in Which the 
Wash stringency is equivalent to 0.1><-0.2><SSC With 0.1% 
SDS at 50-650 C., and (2) that encode a polypeptide having 
85%, 90%, 95% or greater than 95% sequence identity to the 
amino acid sequence of SEQ ID N012. 

[0137] Moreover, certain Zven2 gene variants include 
nucleic acid molecules (1) that remain hybridized With a 
nucleic acid molecule consisting of the nucleotide sequence 
of nucleotides 334 to 405 of SEQ ID N014, or its comple 
ment, folloWing Washing under stringent Washing condi 
tions, in Which the Wash stringency is equivalent to 0.5x 
2><SSC With 0.1% SDS at 55-650 C., and (2) that encode a 
polypeptide having 85%, 90%, 95% or greater than 95% 
sequence identity to the amino acid sequence of SEQ ID 
N015. Alternatively, certain Zven2 variant genes can be 

Those skilled in the art appreciate that there are many 
established algorithms available to align tWo amino acid 
sequences. The “FASTA” similarity search algorithm of 
Pearson and Lipman is a suitable protein alignment method 
for examining the level of identity shared by an amino acid 
sequence disclosed herein and the amino acid sequence of a 
putative Zvenl or Zven2 variant. The FASTA algorithm is 
described by Pearson and Lipman, Proc. Nat’! Acad. Sci. 
USA 8512444 (1988), and by Pearson, Melh. Enzymol. 
183163 (1990). 

[0139] Brie?y, FASTA ?rst characterizes sequence simi 
larity by identifying regions shared by the query sequence 
(e.g., SEQ ID N012) and a test sequence that have either the 
highest density of identities (if the ktup variable is 1) or pairs 
of identities (if ktup=2), Without considering conservative 
amino acid substitutions, insertions, or deletions. The ten 
regions With the highest density of identities are then res 
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cored by comparing the similarity of all paired amino acids 
using an amino acid substitution matrix, and the ends of the 
regions are “trimmed” to include only those residues that 
contribute to the highest score. If there are several regions 
With scores greater than the “cuto?‘” value (calculated by a 
predetermined formula based upon the length of the 
sequence and the ktup value), then the trimmed initial 
regions are examined to determine Whether the regions can 
be joined to form an approximate alignment With gaps. 
Finally, the highest scoring regions of the tWo amino acid 
sequences are aligned using a modi?cation of the Needle 
man-Wunsch-Sellers algorithm (Needleman and Wunsch, J. 
Mol. Biol. 481444 (1970); Sellers, SIAM J. Appl. Math. 
261787 (1974)), Which alloWs for amino acid insertions and 
deletions. Preferred parameters for FASTA analysis are: 
ktup=1, gap opening penalty=10, gap extension penalty=1, 
and substitution matrix=BLOSUM62. These parameters can 
be introduced into a FASTA program by modifying the 
scoring matrix ?le (“SMATRIX”), as explained in Appendix 
2 of Pearson, Meth. Enzymol. 183163 (1990). 

[0140] FASTA can also be used to determine the sequence 
identity of nucleic acid molecules using a ratio as disclosed 
above. For nucleotide sequence comparisons, the ktup value 
can range betWeen one to six, preferably from three to six, 
and most preferably, three. The other parameters can be set 
as: gap opening penalty=l0, and gap extension penalty=1. 

[0141] The present invention includes nucleic acid mol 
ecules that encode a polypeptide having a conservative 
amino acid change, compared With the amino acid sequence 
of SEQ ID NOs12 or 5. That is, variants can be obtained that 
contain one or more amino acid substitutions of SEQ ID 
NOs12 or 5, in Which an alkyl amino acid is substituted for 
an alkyl amino acid in a Zvenl or Zven2 amino acid 
sequence, an aromatic amino acid is substituted for an 
aromatic amino acid in a Zvenl or Zven2 amino acid 
sequence, a sulfur-containing amino acid is substituted for a 
sulfur-containing amino acid in a Zvenl or Zven2 amino 
acid sequence, a hydroxy-containing amino acid is substi 
tuted for a hydroxy-containing amino acid in a Zvenl or 
Zven2 amino acid sequence, an acidic amino acid is substi 
tuted for an acidic amino acid in a Zvenl or Zven2 amino 
acid sequence, a basic amino acid is substituted for a basic 
amino acid in a Zvenl or Zven2 amino acid sequence, or a 
dibasic monocarboxylic amino acid is substituted for a 
dibasic monocarboxylic amino acid in a Zvenl or Zven2 
amino acid sequence. 

[0142] Among the common amino acids, for example, a 
“conservative amino acid substitution” is illustrated by a 
substitution among amino acids Within each of the folloWing 
groups: (1) glycine, alanine, valine, leucine, and isoleucine, 
(2) phenylalanine, tyrosine, and tryptophan, (3) serine and 
threonine, (4) aspartate and glutamate, (5) glutamine and 
asparagine, and (6) lysine, arginine and histidine. 

[0143] The BLOSUM62 table is an amino acid substitu 
tion matrix derived from about 2,000 local multiple align 
ments of protein sequence segments, representing highly 
conserved regions of more than 500 groups of related 
proteins (Henikolf and Henikolf, Proc. Natl Acad. Sci. USA 
89110915 (1992)). Accordingly, the BLOSUM62 substitu 
tion frequencies can be used to de?ne conservative amino 
acid substitutions that may be introduced into the amino acid 
sequences of the present invention. Although it is possible to 
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design amino acid substitutions based solely upon chemical 
properties (as discussed above), the language “conservative 
amino acid substitution” preferably refers to a substitution 
represented by a BLOSUM62 value of greater than —1. For 
example, an amino acid substitution is conservative if the 
substitution is characterized by a BLOSUM62 value of 0, 1, 
2, or 3. According to this system, preferred conservative 
amino acid substitutions are characterized by a BLOSUM62 
value of at least 1 (e.g., 1, 2 or 3), While more preferred 
conservative amino acid substitutions are characterized by a 
BLOSUM62 value of at least 2 (e.g., 2 or 3). 

[0144] Particular variants of Zvenl or Zven2 are charac 
terized by having at least 70%, at least 80%, at least 85%, 
at least 90%, at least 95% or greater than 95% sequence 
identity to a corresponding amino acid sequence disclosed 
herein (i.e., SEQ ID NO12 or SEQ ID NO15), Wherein the 
variation in amino acid sequence is due to one or more 
conservative amino acid substitutions. 

[0145] Conservative amino acid changes in a Zvenl gene 
and a Zven2 gene can be introduced by substituting nucle 
otides for the nucleotides recited in SEQ ID N011 and SEQ 
ID N014, respectively. Such “conservative amino acid” 
variants can be obtained, for example, by oligonucleotide 
directed mutagenesis, linker-scanning mutagenesis, 
mutagenesis using the polymerase chain reaction, and the 
like (see Ausubel (1995) at pages 8-10 to 8-22; and McPher 
son (ed.), Directed Mutagenesis: A Practical Approach (IRL 
Press 1991)). 

[0146] The proteins of the present invention can also 
comprise non-naturally occurring amino acid residues. Non 
naturally occurring amino acids include, Without limitation, 
trans-3-methylproline, 2,4-methanoproline, cis-4-hydrox 
yproline, trans-4-hydroxyproline, N-methylglycine, allo 
threonine, methylthreonine, hydroxyethylcysteine, hydroxy 
ethylhomocysteine, nitroglutamine, homoglutamine, 
pipecolic acid, thiazolidine carboxylic acid, dehydroproline, 
3- and 4-methylproline, 3,3-dimethylproline, tert-leucine, 
norvaline, 2-azaphenylalanine, 3-azaphenylalanine, 4-aza 
phenylalanine, and 4-?uorophenylalanine. Several methods 
are knoWn in the art for incorporating non-naturally occur 
ring amino acid residues into proteins. For example, an in 
vitro system can be employed Wherein nonsense mutations 
are suppressed using chemically aminoacylated suppressor 
tRNAs. Methods for synthesizing amino acids and aminoa 
cylating tRNA are knoWn in the art. Transcription and 
translation of plasmids containing nonsense mutations is 
typically carried out in a cell-free system comprising an E. 
coli S30 extract and commercially available enzymes and 
other reagents. Proteins are puri?ed by chromatography. 
See, for example, Robertson et al., J. Am. Chem. Soc. 
11312722 (1991), Ellman et al., Methods Enzymol. 2021301 
(1991), Chung et al., Science 2591806 (1993), and Chung et 
al., Proc. Nat’l Acad. Sci. USA 90110145 (1993). 

[0147] In a second method, translation is carried out in 
Xenopus oocytes by microinjection of mutated mRNA and 
chemically aminoacylated suppressor tRNAs (Turcatti et al., 
J. Biol. Chem. 271119991 (1996)). Within a third method, E. 
coli cells are cultured in the absence of a natural amino acid 
that is to be replaced (e.g., phenylalanine) and in the 
presence of the desired non-naturally occurring amino 
acid(s) (e.g., 2-azaphenylalanine, 3-azaphenylalanine, 
4-azaphenylalanine, or 4-?uorophenylalanine). The non 
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naturally occurring amino acid is incorporated into the 
protein in place of its natural counterpart. See, Koide et al., 
Biochem. 3317470 (1994). Naturally occurring amino acid 
residues can be converted to non-naturally occurring species 
by in vitro chemical modi?cation. Chemical modi?cation 
can be combined With site-directed mutagenesis to further 
expand the range of substitutions (Wynn and Richards, 
Protein Sci. 21395 (1993)). 

[0148] Alimited number of non-conservative amino acids, 
amino acids that are not encoded by the genetic code, 
non-naturally occurring amino acids, and unnatural amino 
acids may be substituted for Zven amino acid residues. 

[0149] Amino acid sequence analysis indicates that Zvenl 
and Zven2 share several motifs. For example, one motif is 
“AVITGAC[DE][KR]D” (SEQ ID N018), Wherein accept 
able amino acids for a given position are indicated Within 
square brackets. This motif occurs in Zvenl at amino acid 
residues 28 to 37 of SEQ ID N012, and in Zven2 at amino 
acid residues 20 to 29 of SEQ ID N015. Another motif is 

“CHP[GL][ST][HR]KVPFFX[KR]RXHHTCPCLP” (SEQ 
ID N019), Wherein acceptable amino acids for a given 
position are indicated Within square brackets, and “X” can 
be any amino acid residue. This motif occurs in Zvenl at 
amino acid residues 68 to 90 in SEQ ID N012, and in Zven2 
at amino acid residues 60 to 82 of SEQ ID N015. The 
present invention includes peptides and polypeptides com 
prising these motifs. 

[0150] Sequence analysis also indicated that Zvenl and 
Zven2 include various conservative amino acid substitutions 
With respect to each other. Accordingly, particular Zvenl 
variants can be designed by modifying its sequence to 
include one or more amino acid substitutions corresponding 
With the Zven2 sequence, While particular Zven2 variants 
can be designed by modifying its sequence to include one or 
more amino acid substitutions corresponding With the Zvenl 
sequence. Such variants can be constructed using Table 4, 
Which presents exemplary conservative amino acid substi 
tutions found in Zvenl and Zven2. Although Zvenl and 
Zven2 variants can be designed With any number of amino 
acid substitutions, certain variants Will include at least about 
X amino acid substitutions, Wherein X is selected from the 
group consisting of 2, 5, 7, 10, 12, 14, 16, 18, and 20. 

TABLE 4 

Zvenl Zven2 

Amino acid Position Amino acid Position 
(SEQ ID NO: 2) Amino acid (SEQ ID NO: 5) Amino acid 

4 Leu 4 Ala 
7 Ala 7 Val 
9 Leu 9 Ile 

14 Leu 14 Val 
35 Asp 27 Glu 
36 Lys 28 Arg 
42 Gly 34 Ala 
48 Val 40 Ile 
50 Ile 42 Leu 
52 Val 44 Leu 
53 Lys 45 Arg 
55 Ile 47 Leu 
63 Lys 55 Arg 
66 Asp 58 Glu 
71 Leu 63 Gly 
72 Thr 64 Ser 
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TABLE 4-continued 

Zvenl Zven2 

Amino acid Position Amino acid Position 
(SEQ ID NO: 2) Amino acid (SEQ ID NO: 5) Amino acid 

73 Arg 65 His 
80 Arg 72 Lys 
93 Ala 85 Leu 
102 Phe 94 Tyr 

[0151] Essential amino acids in the polypeptides of the 
present invention can be identi?ed according to procedures 
knoWn in the art, such as site-directed mutagenesis or 
alanine-scanning mutagenesis (Cunningham and Wells, Sci 
ence 24411081 (1989), Bass et al., Proc. Nat’l Acad. Sci. 
USA 8814498 (1991), Coombs and Corey, “Site-Directed 
Mutagenesis and Protein Engineering,” in Proteins: Analysis 
and Design, Angeletti (ed.), pages 259-311 (Academic 
Press, Inc. 1998)). In the latter technique, single alanine 
mutations are introduced at every residue in the molecule, 
and the resultant mutant molecules are tested for biological 
activity, such as the ability to bind to an antibody, to identify 
amino acid residues that are critical to the activity of the 
molecule. See also, Hilton et al., J. Biol. Chem. 27114699 
(1996). 
[0152] The location of Zvenl or Zven2 receptor binding 
domains can also be determined by physical analysis of 
structure, as determined by such techniques as nuclear 
magnetic resonance, crystallography, electron diffraction or 
photoaf?nity labeling, in conjunction With mutation of puta 
tive contact site amino acids. See, for example, de Vos et al., 
Science 2551306 (1992), Smith et al., J. Mol. Biol. 2241899 
(1992), and Wlodaver et al., FEBS Lett. 309159 (1992). 
Moreover, Zvenl or Zven2 labeled With biotin or FITC can 
be used for expression cloning of Zvenl or Zven2 receptors. 

[0153] Multiple amino acid substitutions can be made and 
tested using knoWn methods of mutagenesis and screening, 
such as those disclosed by Reidhaar-0lson and Sauer (Sci 
ence 241153 (1988)) or BoWie and Sauer (Proc. Nat ’lAcad. 
Sci. USA 8612152 (1989)). Brie?y, these authors disclose 
methods for simultaneously randomizing tWo or more posi 
tions in a polypeptide, selecting for functional polypeptide, 
and then sequencing the mutageniZed polypeptides to deter 
mine the spectrum of alloWable substitutions at each posi 
tion. Other methods that can be used include phage display 
(e.g., LoWman et al., Biochem. 30110832 (1991), Ladner et 
al., US. Pat. No. 5,223,409, Huse, international publication 
No. W0 92/06204, and region-directed mutagenesis (Der 
byshire et al., Gene 461145 (1986), and Ner et al., DNA 
71127, (1988)). 
[0154] Variants of the disclosed Zvenl or Zven2 nucle 
otide and polypeptide sequences can also be generated 
through DNA shu?‘ling as disclosed by Stemmer, Nature 
3701389 (1994), Stemmer, Proc. Nat’l Acad. Sci. USA 
91110747 (1994), and international publication No. W0 
97/20078. Brie?y, variant DNA molecules are generated by 
in vitro homologous recombination by random fragmenta 
tion of a parent DNA folloWed by reassembly using PCR, 
resulting in randomly introduced point mutations. This tech 
nique can be modi?ed by using a family of parent DNA 
molecules, such as allelic variants or DNA molecules from 
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different species, to introduce additional variability into the 
process. Selection or screening for the desired activity, 
followed by additional iterations of mutagenesis and assay 
provides for rapid “evolution” of sequences by selecting for 
desirable mutations While simultaneously selecting against 
detrimental changes. 

[0155] Mutagenesis methods as disclosed herein can be 
combined With high-throughput, automated screening meth 
ods to detect activity of cloned, mutageniZed polypeptides in 
host cells. MutageniZed DNA molecules that encode bio 
logically active polypeptides, or polypeptides that bind With 
anti-Zvenl or anti-Zven2 antibodies, can be recovered from 
the host cells and rapidly sequenced using modern equip 
ment. These methods alloW the rapid determination of the 
importance of individual amino acid residues in a polypep 
tide of interest, and can be applied to polypeptides of 
unknoWn structure. 

[0156] The present invention also includes “functional 
fragments” of Zvenl or Zven2 polypeptides and nucleic acid 
molecules encoding such functional fragments. Routine 
deletion analyses of nucleic acid molecules can be per 
formed to obtain functional fragments of a nucleic acid 
molecule that encodes a Zvenl or Zven2 polypeptide. As an 
illustration, DNA molecules having the nucleotide sequence 
of SEQ ID NO:1 can be digested With Bal31 nuclease to 
obtain a series of nested deletions. The fragments are then 
inserted into expression vectors in proper reading frame, and 
the expressed polypeptides are isolated and tested for the 
ability to bind anti-Zven antibodies. One alternative to 
exonuclease digestion is to use oligonucleotide-directed 
mutagenesis to introduce deletions or stop codons to specify 
production of a desired fragment. Alternatively, particular 
fragments of a Zven gene can be synthesiZed using the 
polymerase chain reaction. 

[0157] Methods for identifying functional domains are 
Well-knoWn to those of skill in the art. For example, studies 
on the truncation at either or both termini of interferons have 
been summariZed by Horisberger and Di Marco, Pharmac. 
T her. 66:507 (1995). Moreover, standard techniques for 
functional analysis of proteins are described by, for example, 
Treuter et al., Molec. Gen. Genet. 240:113 (1993), Content 
et al., “Expression and preliminary deletion analysis of the 
42 kDa 2-5 A synthetase induced by human interferon,” in 
Biological Interferon Systems, Proceedings of ISIR-TNO 
Meeting on Interferon Systems, Cantell (ed.), pages 65-72 
(Nijholf 1987), Herschman, “The EGF Receptor,” in Control 
of Animal Cell Proliferation, Vol. 1, Boynton et al., (eds.) 
pages 169-199 (Academic Press 1985), Coumailleau et al., 
J. Biol. Chem. 270:29270 (1995); Fukunaga et al., J. Biol. 
Chem. 270:25291 (1995); Yamaguchi et al., Biochem. Phar 
macol. 50: 1295 (1995), and Meisel et al., Plant Molec. Biol. 
30:1 (1996). 

[0158] The present invention also contemplates functional 
fragments of a Zvenl or Zven2 gene that have amino acid 
changes, compared With the amino acid sequence of SEQ ID 
NO:2 or SEQ ID NO:5. A variant Zven gene can be 
identi?ed on the basis of structure by determining the level 
of identity With the particular nucleotide and amino acid 
sequences disclosed herein. An alternative approach to iden 
tifying a variant gene on the basis of structure is to determine 
Whether a nucleic acid molecule encoding a potential variant 
Zvenl or Zven2 gene can hybridiZe to a nucleic acid 
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molecule having the nucleotide sequence of SEQ ID NO:1 
or SEQ ID NO:4, as discussed above. 

[0159] The present invention also provides polypeptide 
fragments or peptides comprising an epitope-bearing portion 
of a Zvenl or Zven2 polypeptide described herein. Such 
fragments or peptides may comprise an “immunogenic 
epitope,” Which is a part of a protein that elicits an antibody 
response When the entire protein is used as an immunogen. 
lmmunogenic epitope-bearing peptides can be identi?ed 
using standard methods (see, for example, Geysen et al., 
Proc. Nat’! Acad. Sci. USA 81:3998 (1983)). 

[0160] In contrast, polypeptide fragments or peptides may 
comprise an “antigenic epitope,” Which is a region of a 
protein molecule to Which an antibody can speci?cally bind. 
Certain epitopes consist of a linear or contiguous stretch of 
amino acids, and the antigenicity of such an epitope is not 
disrupted by denaturing agents. It is knoWn in the art that 
relatively short synthetic peptides that can mimic epitopes of 
a protein can be used to stimulate the production of anti 
bodies against the protein (see, for example, Sutclilfe et al., 
Science 219:660 (1983)). Accordingly, antigenic epitope 
bearing peptides and polypeptides of the present invention 
are useful to raise antibodies that bind With the polypeptides 
described herein. 

[0161] Antigenic epitope-bearing peptides and polypep 
tides can contain at least four to ten amino acids, at least ten 
to ?fteen amino acids, or about 15 to about 30 amino acids 
of SEQ ID NOs:2 or 5. Such epitope-bearing peptides and 
polypeptides can be produced by fragmenting a Zvenl or 
Zven2 polypeptide, or by chemical peptide synthesis, as 
described herein. Moreover, epitopes can be selected by 
phage display of random peptide libraries (see, for example, 
Lane and Stephen, Curr. Opin. Immunol. 5:268 (1993), and 
Cortese et al., Curr Opin. Biotechnol. 7:616 (1996)). Stan 
dard methods for identifying epitopes and producing anti 
bodies from small peptides that comprise an epitope are 
described, for example, by Mole, “Epitope Mapping,” in 
Methods in Molecular Biology, Vol. 10, Manson (ed.), pages 
105-116 (The Humana Press, Inc. 1992), Price, “Production 
and Characterization of Synthetic Peptide-Derived Antibod 
ies,” in Monoclonal Antibodies: Production, Engineering, 
and Clinical Application, Ritter and Ladyman (eds.), pages 
60-84 (Cambridge University Press 1995), and Coligan et al. 
(eds.), Current Protocols in Immunology, pages 931-935 
and pages 9.4.1-9.4.11 (John Wiley & Sons 1997). 

[0162] Regardless of the particular nucleotide sequence of 
a variant Zvenl or Zven2 gene, the gene encodes a polypep 
tide that may be characteriZed by its ability to bind speci? 
cally to an anti-Zvenl or anti-Zven2 antibody. 

[0163] In addition to the uses described above, polynucle 
otides and polypeptides of the present invention are useful as 
educational tools in laboratory practicum kits for courses 
related to genetics and molecular biology, protein chemistry, 
and antibody production and analysis. Due to its unique 
polynucleotide and polypeptide sequences, molecules of 
Zvenl or Zven2 can be used as standards or as “unknowns” 

for testing purposes. For example, Zvenl or Zven2 poly 
nucleotides can be used as an aid, such as, for example, to 
teach a student hoW to prepare expression constructs for 
bacterial, viral, or mammalian expression, including fusion 
constructs, Wherein Zvenl or Zven2 is the gene to be 
expressed; for determining the restriction endonuclease 
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cleavage sites of the polynucleotides; determining mRNA 
and DNA localization of Zven1 or Zven2 polynucleotides in 
tissues (i.e., by northern and Southern blotting as Well as 
polymerase chain reaction); and for identifying related poly 
nucleotides and polypeptides by nucleic acid hybridization. 
As an illustration, students Will ?nd that PvuII digestion of 
a nucleic acid molecule consisting of the nucleotide 
sequence of nucleotides 66 to 389 of SEQ ID N011 provides 
tWo fragments of about 123 base pairs, and 201 base pairs, 
Whereas HaeIII digestion yields fragments of about 46 base 
pairs, and 278 base pairs. 

[0164] Zven1 or Zven2 polypeptides can be used as an aid 
to teach preparation of antibodies; identifying proteins by 
Western blotting; protein puri?cation; determining the 
Weight of expressed Zven1 or Zven2 polypeptides as a ratio 
to total protein expressed; identifying peptide cleavage sites; 
coupling amino and carboxyl terminal tags; amino acid 
sequence analysis, as Well as, but not limited to monitoring 
biological activities of both the native and tagged protein 
(i.e., protease inhibition) in vitro and in vivo. For example, 
students Will ?nd that digestion of unglycosylated Zven1 
With cyanogen bromide yields four fragments having 
approximate molecular Weights of 148, 4337, 1909, 2402, 
and 2939, Whereas digestion of unglycosylated Zven1 With 
BNPS or NCS/urea yields fragments having approximate 
molecular Weights of 5231, and 6444. 

[0165] Zven1 or Zven2 polypeptides can also be used to 
teach analytical skills such as mass spectrometry, circular 
dichroism, to determine conformation, especially of the four 
alpha helices, x-ray crystallography to determine the three 
dimensional structure in atomic detail, nuclear magnetic 
resonance spectroscopy to reveal the structure of proteins in 
solution. For example, a kit containing Zven1 or Zven2 can 
be given to the student to analyZe. Since the amino acid 
sequence Would be knoWn by the instructor, the protein can 
be given to the student as a test to determine the skills or 
develop the skills of the student, the instructor Would then 
knoW Whether or not the student has correctly analyZed the 
polypeptide. Since every polypeptide is unique, the educa 
tional utility of Zvenl or Zven2 Would be unique unto itself. 

[0166] The antibodies Which bind speci?cally to Zven1 or 
Zven2 can be used as a teaching aid to instruct students hoW 
to prepare af?nity chromatography columns to purify Zven1 
or Zven2, cloning and sequencing the polynucleotide that 
encodes an antibody and thus as a practicum for teaching a 
student hoW to design humaniZed antibodies. The Zven1 or 
Zven2 gene, polypeptide, or antibody Would then be pack 
aged by reagent companies and sold to educational institu 
tions so that the students gain skill in art of molecular 
biology. Because each gene and protein is unique, each gene 
and protein creates unique challenges and learning experi 
ences for students in a lab practicum. Such educational kits 
containing the Zven1 or Zven2 gene, polypeptide, or anti 
body are considered Within the scope of the present inven 
tion. 

[0167] For any Zven polypeptide, including variants and 
fusion proteins, one of ordinary skill in the art can readily 
generate a fully degenerate polynucleotide sequence encod 
ing that variant using the information set forth in Tables 1 
and 2 above. Moreover, those of skill in the art can use 
standard softWare to devise Zven1 or Zven2 variants based 
upon the nucleotide and amino acid sequences described 
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herein. Accordingly, the present invention includes a com 
puter-readable medium encoded With a data structure that 
provides at least one of the folloWing sequences: SEQ ID 
N011, SEQ ID N012, SEQ ID N013, SEQ ID N014, SEQ ID 
N015, and SEQ ID N016. Suitable forms of computer 
readable media include magnetic media and optically-read 
able media. Examples of magnetic media include a hard or 
?xed drive, a random access memory (RAM) chip, a ?oppy 
disk, digital linear tape (DLT), a disk cache, and a ZIP disk. 
Optically readable media are exempli?ed by compact discs 
(e.g., CD-read only memory (ROM), CD-reWritable (RW), 
and CD-recordable), and digital versatile/video discs (DVD) 
(e.g., DVD-ROM, DVD-RAM, and DVD+RW). 

5. PRODUCTION OF ZVEN FUSION PROTEINS 

[0168] Fusion proteins of Zven can be used to express a 
Zven polypeptide or peptide in a recombinant host, and to 
isolate expressed Zven polypeptides and peptides. One type 
of fusion protein comprises a peptide that guides a Zven 
polypeptide from a recombinant host cell. To direct a Zven 
polypeptide into the secretory pathWay of a eukaryotic host 
cell, a secretory signal sequence (also knoWn as a signal 
peptide, a leader sequence, prepro sequence or pre sequence) 
is provided in the Zven expression vector. While the secre 
tory signal sequence may be derived from Zven1 or Zven2, 
a suitable signal sequence may also be derived from another 
secreted protein or synthesiZed de novo. The secretory signal 
sequence is operably linked to a Zven1- or Zven2-encoding 
sequence such that the tWo sequences are joined in the 
correct reading frame and positioned to direct the neWly 
synthesiZed polypeptide into the secretory pathWay of the 
host cell. Secretory signal sequences are commonly posi 
tioned 5' to the nucleotide sequence encoding the polypep 
tide of interest, although certain secretory signal sequences 
may be positioned elseWhere in the nucleotide sequence of 
interest (see, e.g., Welch et al., US. Pat. No. 5,037,743; 
Holland et al., US. Pat. No. 5,143,830). 

[0169] Although the secretory signal sequence of Zven1, 
Zven2, or another protein produced by mammalian cells 
(e.g., tissue-type plasminogen activator signal sequence, as 
described, for example, in US. Pat. No. 5,641,655) is useful 
for expression of Zven1 or Zven2 in recombinant mamma 
lian hosts, a yeast signal sequence is preferred for expression 
in yeast cells. Examples of suitable yeast signal sequences 
are those derived from yeast mating pherrnone ot-factor 
(encoded by the MFotl gene), invertase (encoded by the 
SUC2 gene), or acid phosphatase (encoded by the PHO5 
gene). See, for example, Romanos et al., “Expression of 
Cloned Genes in Yeast,” in DNA Cloning 21 A Practical 
Approach, 2”“1 Edition, Glover and Hames (eds.), pages 
123-167 (Oxford University Press 1995). 

[0170] In bacterial cells, it is often desirable to express a 
heterologous protein as a fusion protein to decrease toxicity, 
increase stability, and to enhance recovery of the expressed 
protein. For example, Zven1 or Zven2 can be expressed as 
a fusion protein comprising a glutathione S-transferase 
polypeptide. Glutathione S-transferease fusion proteins are 
typically soluble, and easily puri?able from E. coli lysates 
on immobiliZed glutathione columns. In similar approaches, 
a Zven1 or Zven2 fusion protein comprising a maltose 
binding protein polypeptide can be isolated With an amylose 
resin column, While a fusion protein comprising the C-ter 
minal end of a truncated Protein A gene can be puri?ed using 
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IgG-Sepharose. Established techniques for expressing a 
heterologous polypeptide as a fusion protein in a bacterial 
cell are described, for example, by Williams et al., “Expres 
sion of Foreign Proteins in E. coli Using Plasmid Vectors 
and Puri?cation of Speci?c Polyclonal Antibodies,” in DNA 
Cloning 2: A Practical Approach, 2nd Edition, Glover and 
Hames (Eds), pages 15-58 (Oxford University Press 1995). 
In addition, commercially available expression systems are 
available. For example, the PINPOINT Xa protein puri?ca 
tion system (Promega Corporation; Madison, Wis.) provides 
a method for isolating a fusion protein comprising a 
polypeptide that becomes biotinylated during expression 
With a resin that comprises avidin. 

[0171] Peptide tags that are useful for isolating heterolo 
gous polypeptides expressed by either prokaryotic or 
eukaryotic cells include polyHistidine tags (Which have an 
af?nity for nickel-chelating resin), c-myc tags, calmodulin 
binding protein (isolated With calmodulin af?nity chroma 
tography), substance P, the RYIRS tag (Which binds With 
anti-RYIRS antibodies), the Glu-Glu tag, and the FLAG tag 
(Which binds With anti-FLAG antibodies). See, for example, 
Luo et al., Arch. Biochem. Biophys. 329:215 (1996), Mor 
ganti et al., Biolechnol. Appl. Biochem. 23:67 (1996), and 
Zheng et al., Gene 186:55 (1997). Nucleic acid molecules 
encoding such peptide tags are available, for example, from 
Sigma-Aldrich Corporation (St. Louis, Mo.). 

[0172] Another form of fusion protein comprises a Zven1 
or Zven2 polypeptide and an immunoglobulin heavy chain 
constant region, typically an F0 fragment, Which contains 
tWo constant region domains and a hinge region but lacks the 
variable region. As an illustration, Chang et al., US. Pat. No. 
5,723,125, describe a fusion protein comprising a human 
interferon and a human immunoglobulin Fc fragment. The 
C-terminal of the interferon is linked to the N-terminal of the 
Fc fragment by a peptide linker moiety. An example of a 
peptide linker is a peptide comprising primarily a T cell inert 
sequence, Which is immunologically inert. An exemplary 
peptide linker has the amino acid sequence: GGSGG 
SGGGG SGGGG S (SEQ ID NO:7). In this fusion protein, 
a preferred Fc moiety is a human Y4 chain, Which is stable 
in solution and has little or no complement activating 
activity. Accordingly, the present invention contemplates a 
Zven fusion protein that comprises a Zven1 or Zven2 
polypeptide moiety and a human Fc fragment, Wherein the 
C-terminus of the Zven polypeptide moiety is attached to the 
N-terminus of the Fc fragment via a peptide linker, such as 
a peptide consisting of the amino acid sequence of SEQ ID 
NO:7. 

[0173] In another variation, a Zven1 or Zven2 fusion 
protein comprises an IgG sequence, a Zven polypeptide 
moiety covalently joined to the amino terminal end of the 
IgG sequence, and a signal peptide that is covalently joined 
to the amino terminal of the Zven polypeptide moiety, 
Wherein the IgG sequence consists of the folloWing elements 
in the folloWing order: a hinge region, a CH2 domain, and a 
CH3 domain. Accordingly, the IgG sequence lacks a CHl 
domain. The Zven polypeptide moiety displays a Zvenl or 
Zven2 activity, such as the ability to bind With a Zven1 or 
Zven2 receptor. This general approach to producing fusion 
proteins that comprise both antibody and nonantibody por 
tions has been described by LaRochelle et al., EP 742830 
(WO 95/21258). 
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[0174] Fusion proteins comprising a Zven1 or Zven2 
polypeptide moiety and an Fc moiety can be used, for 
example, as an in vitro assay tool. For example, the presence 
of a Zven1 or Zven2 receptor in a biological sample can be 
detected using these Zven1 or Zven2-antibody fusion pro 
teins, in Which the Zven moiety is used to target the cognate 
receptor, and a macromolecule, such as Protein A or anti-Fc 
antibody, is used to detect the bound fusion protein-ligand 
complex. In addition, antibody-Zven fusion proteins, com 
prising antibody variable domains, are useful as therapeutic 
proteins, in Which the antibody moiety binds With a target 
antigen, such as a tumor associated antigen. 

[0175] Fusion proteins can be prepared by methods knoWn 
to those skilled in the art by preparing each component of the 
fusion protein and chemically conjugating them. Altema 
tively, a polynucleotide encoding both components of the 
fusion protein in the proper reading frame can be generated 
using knoWn techniques and expressed by the methods 
described herein. General methods for enzymatic and 
chemical cleavage of fusion proteins are described, for 
example, by Ausubel (1995) at pages 16-19 to 16-25. 

6. PRODUCTION OF ZVEN POLYPEPTIDES 

[0176] The polypeptides of the present invention, includ 
ing full-length polypeptides, functional fragments, and 
fusion proteins, can be produced in recombinant host cells 
folloWing conventional techniques. To express a Zven1 or 
Zven2 gene, a nucleic acid molecule encoding the polypep 
tide must be operably linked to regulatory sequences that 
control transcriptional expression in an expression vector 
and then, introduced into a host cell. In addition to tran 
scriptional regulatory sequences, such as promoters and 
enhancers, expression vectors can include translational regu 
latory sequences and a marker gene, Which is suitable for 
selection of cells that carry the expression vector. 

[0177] Expression vectors that are suitable for production 
of a foreign protein in eukaryotic cells typically contain (1) 
prokaryotic DNA elements coding for a bacterial replication 
origin and an antibiotic resistance marker to provide for the 
groWth and selection of the expression vector in a bacterial 
host; (2) eukaryotic DNA elements that control initiation of 
transcription, such as a promoter; and (3) DNA elements that 
control the processing of transcripts, such as a transcription 
termination/polyadenylation sequence. As discussed above, 
expression vectors can also include nucleotide sequences 
encoding a secretory sequence that directs the heterologous 
polypeptide into the secretory pathWay of a host cell. For 
example, a Zven1 expression vector may comprise a Zvenl 
gene and a secretory sequence derived from a Zven1 gene or 
another secreted gene. 

[0178] Zven1 or Zven2 proteins of the present invention 
may be expressed in mammalian cells. Examples of suitable 
mammalian host cells include African green monkey kidney 
cells (Vero; ATCC CRL 1587), human embryonic kidney 
cells (293-HEK; ATCC CRL 1573), baby hamster kidney 
cells (BHK-21, BHK-570; ATCC CRL 8544, ATCC CRL 
10314), canine kidney cells (MDCK; ATCC CCL 34), 
Chinese hamster ovary cells (CHO-K1; ATCC CCL61; 
CHO DG44 [Chasin et al., Sam. Cell. Molec. Genet. 12:555 
1986]), rat pituitary cells (GH1; ATCC CCL82), HeLa S3 
cells (ATCC CCL2.2), rat hepatoma cells (H-4-II-E; ATCC 
CRL 1548) SV40-transformed monkey kidney cells (COS 
1;ATCC CRL 1650) and murine embryonic cells (N IH-3T3; 
ATCC CRL 1658). 




































































































