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METHODS OF DIAGNOSING CERVICAL CANCER 

CROSS-REFERENCE 

[0001] This application: a) is a continuation-in-part of 
international application serial no. PCT/US03/28508, ?led 
Sep. 9, 2003, Which application claims the bene?t of: US. 
patent application Ser. No. 10/630,590, ?led Jul. 29, 2003; 
US. Provisional Application No. 60/490,094, ?led Jul. 25, 
2003; US. Provisional Application No. 60/450,464, ?led 
Feb. 27, 2003 and US. Provisional Application No. 60/409, 
298, ?led Sep. 9, 2002 and, b) is a continuation-in-part of 
US. patent application Ser. No. 10/630,590, ?led Jul. 29, 
2003, Which application: i) claims the bene?t of US. Pro 
visional Application No. 60/409,298, ?led Sep. 9, 2002, and 
US. Provisional Application No. 60/450,464, ?led Feb. 27, 
2003; ii) is a CIP of of PCT Application No. US02/24655, 
?led Aug. 2, 2002, Which application claims the bene?t of 
US. Provisional Application No. 60/309,841, ?led Aug. 3, 
2001, and US. Provisional Application No. 60/360,061, 
?led Feb. 25, 2002; iii) is a CIP of US. Non-Provisional 
application Ser. No. 10/080,273, ?led Feb. 19, 2002, Which 
application claims the bene?t of US. Provisional Applica 
tion No. 60/269,523, ?led Feb. 16, 2001; and iv) is a CIP of 
US. Non-Provisional application Ser. No. 09/710,059, ?led 
Nov. 10, 2000, all of Which applications are incorporated 
herein by reference in their entirety for all purposes. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

[0002] This invention Was made With Government support 
under Small Business Innovation Research Grant No. 
1R43CA103383-01, aWarded by the National Cancer Insti 
tute. The Government may have certain rights in this inven 
tion. 

FIELD OF THE INVENTION 

[0003] The present invention relates to detection of bio 
logical markers from pathogenic organisms, such as 
observed in certain human Papillomavirus (HPV) infections, 
and methods for using such diagnostics to identify samples 
that are infected and may lead to cancerous groWth or other 
disorders. The present invention also discloses composition, 
methods and kits for the detection of oncogenic HPV E6 
proteins in clinical samples as a cancer diagnostic. 

BACKGROUND OF THE INVENTION 

[0004] Cervical cancer is the second most common cancer 
diagnosis in Women and is linked to high-risk human 
papillomavirus infection 99.7% of the time. Currently, 
12,000 neW cases of invasive cervical cancer are diagnosed 
in US Women annually, resulting in 5,000 deaths each year. 
Furthermore, there are approximately 400,000 cases of 
cervical cancer and close to 200,000 deaths annually World 
Wide. Human papillomaviruses (HPVs) are one of the most 
common causes of sexually transmitted disease in the World. 
Overall, 50-75% of sexually active men and Women acquire 
genital HPV infections at some point in their lives. An 
estimated 5.5 million people become infected With HPV 
each year in the US alone, and at least 20 million are 
currently infected. The more than 100 different isolates of 
HPV have been broadly subdivided into high-risk and 
loW-risk subtypes based on their association With cervical 
carcinomas or With benign cervical lesions or dysplasias. 
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[0005] A number of lines of evidence point to HPV 
infections as the etiological agents of cervical cancers. 
Multiple studies in the 1980’s reported the presence of HPV 
variants in cervical dysplasias, cancer, and in cell lines 
derived from cervical cancer. Further research demonstrated 
that the E6-E7 region of the genome from oncogenic HPV 
18 is selectively retained in cervical cancer cells, suggesting 
that HPV infection could be causative and that continued 
expression of the E6-E7 region is required for maintenance 
of the immortaliZed or cancerous state. The folloWing year, 
Sedman et al demonstrated that the E6-E7 genes from HPV 
16 Were suf?cient to immortaliZe human keratinocytes in 
culture. Barbosa et al demonstrated that although E6-E7 
genes from high risk HPVs could transform cell lines, the 
E6-E7 regions from loW risk, or non-oncogenic variants 
such as HPV 6 and HPV 11 Were unable to transform human 
keratinocytes. More recently, Pillai et al examined HPV 16 
and 18 infection by in situ hybridiZation and E6 protein 
expression by immunocytochemistry in 623 cervical tissue 
samples at various stages of tumor progression and found a 
signi?cant correlation betWeen histological abnormality and 
HPV infection. 

[0006] Current treatment paradigms are focused on the 
actual cervical dysplasia rather than the underlying infection 
With HPV. Women are screened by physicians annually for 
cervical dysplasia and are treated With super?cial ablative 
techniques, including cryosurgery, laser ablation and exci 
sion. As the disease progresses, treatment options become 
more aggressive, including partial or radical hysterectomy, 
radiation or chemotherapy. A signi?cant unmet need exists 
for early and accurate diagnosis of oncogenic HPV infection 
as Well as for treatments directed at the causative HPV 
infection, preventing the development of cervical cancer by 
intervening earlier in disease progression. Human papillo 
maviruses characteriZed to date are associated With lesions 
con?ned to the epithelial layers of skin, or oral, pharyngeal, 
respiratory, and, most importantly, anogenital mucosae. Spe 
ci?c human papillomavirus types, including HPV 6 and 11, 
frequently cause benign mucosal lesions, Whereas other 
types such as HPV 16, 18, and a host of other strains, are 
predominantly found in high-grade lesions and cancer. Indi 
vidual types of human papillomaviruses (HPV) Which infect 
mucosal surfaces have been implicated as the causative 
agents for carcinomas of the cervix, anus, penis, larynx and 
the buccal cavity, occasional periungal carcinomas, as Well 
as benign anogenital Warts. The identi?cation of particular 
HPV types is used for identifying patients With premalignant 
lesions Who are at risk of progression to malignancy. 
Although visible anogenital lesions are present in some 
persons infected With human papillomavirus, the majority of 
individuals With HPV genital tract infection do not have 
clinically apparent disease, but analysis of cytomorphologi 
cal traits present in cervical smears can be used to detect 
HPV infection. Papanicolaou tests are a valuable screening 
tool, but they miss a large proportion of HPV-infected 
persons due to the unfortunate false positive and false 
negative test results. In addition, they are not amenable to 
WorldWide testing because interpretation of results requires 
trained pathologists. 
[0007] Conventional viral detection assays, including 
serologic assays, sandWich ELISA assays and groWth in cell 
culture, are not commercially available and/or are not suit 
able for the diagnosis and tracking of HPV infection. 
Recently, several PCR (polymerase chain reaction)-based 
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tests for HPV infections have become available. Though the 
tests provide the bene?t of differentiating oncogenic from 
non-oncogenic infections, they are fairly expensive to 
administer and require highly trained technicians to perform 
PCR and/or luminometer assays. In addition, PCR has a 
natural false positive rate that may invoke further testing or 
procedures that are not required. Since the oncogenicity of 
HPV has been shoWn to be protein based, early detection of 
HPV DNA or RNA may lead to unnecessary medical pro 
cedures that the body’s immune system may solve naturally. 

[0008] The dif?culties in detecting oncogenic HPV in 
human samples (e.g., a sample of a tumor) using traditional 
methods are numerous. For example, detection of E6 protein 
using antibodies is difficult because E6 that is made in a 
human cell contains a number of structural modi?cations, 
e.g., disul?de bonds and phosphate groups, that cause Wild 
type E6 protein made in bacterial systems, or chemically 
synthesiZed E6 peptides, to not recogniZe E6 protein in 
human cells. Further, since oncogenic E6 proteins do not 
share an epitope that distinguishes them from non-oncogenic 
E6 proteins, a single antibody cannot be used for the 
detection of all oncogenic E6 HPV strains. 

[0009] The detection and diagnosis of disease is a prereq 
uisite for the treatment of disease. Numerous markers and 
characteristics of diseases have been identi?ed and many are 
used for the diagnosis of disease. Many diseases are pre 
ceded by, and are characteriZed by, changes in the state of the 
affected cells. Changes can include the expression of patho 
gen genes or proteins in infected cells, changes in the 
expression patterns of genes or proteins in affected cells, and 
changes in cell morphology. The detection, diagnosis, and 
monitoring of diseases can be aided by the accurate assess 
ment of these changes. Inexpensive, rapid, early and accu 
rate detection of pathogens can alloW treatment and preven 
tion of diseases that range in effect from discomfort to death. 

[0010] The folloWing publications are of interest: Munger 
(2002) Front. Biosci. 7:d641-9; Glaunsinger (2000) Onco 
gene 19:5270-80; Gardiol (1999) Oncogene 18:5487-96; 
Pim (1999) Oncogene 18:7403-8; Meschede (1998) J. Clin. 
Microbiol. 36:475-80; Kiyono (1997) Proc. Natl. Acad. Sci. 
94:11612-6; and Lee (1997) Proc. Natl. Acad. Sci. 94:6670 
5. In addition, the folloWing patents and patent applications 
are of interest: Bleul, US. Pat. No. 6,322,794; Cole, US. 
Pat. No. 6,344,314; Schoolnik, US. Pat. No. 5,415,995; 
Bleul, US. Pat. No. 5,753,233; Cole, US. Pat. No. 5,876, 
723; Cole, US. Pat. No. 5,648,459; Orth, US. Pat. No. 
6,391,539; Orth, US. Pat. No. 5,665,535; Schoolnik, US. 
Pat. No. 4,777,239. 

SUMMARY 

[0011] Methods and compositions for detection of proteins 
from pathogens that may result in oncogenic cellular trans 
formation or biological abnormalities in a variety of cell 
types (e.g., cervical, anal, penile, throat) are provided herein. 
These methods and compositions can be utiliZed to detect 
the presence of pathogens including, but not limited to, those 
that result in diseases such as cervical cancer, penile cancer, 
anal cancer and throat cancer, for example. More speci? 
cally, methods, compositions and kits are described for the 
detection of oncogenic HPV E6 proteins in clinical samples. 

[0012] One advantage of the invention is that many PDZ 
domain proteins, unlike antibodies, bind most or all onco 
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genic HPV E6 proteins from human papillomavirus, and, as 
such, make be used to diagnose cervical, and other, cancers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a bar graph shoWing that PDZ proteins 
can speci?cally recogniZe oncogenic E6 proteins from 
human papillomavirus. An ELISA assay Was used to dem 
onstrate that a PDZ protein (TIP-1) could speci?cally rec 
ogniZe full length E6 protein from an oncogenic strain 
(HPV18) but did not shoW any reactivity With a non 
oncogenic strain (HPV11). Series 1 and Series 2 represent 
independent trials. E6 ab indicates that an antibody against 
E6 from HPV18 Was used for detection instead of the PDZ 
protein. 
[0014] FIG. 2 is a line graph shoWing that PDZ binding to 
HPV18 E6 PLs is temperature dependent. This Figure uses 
a modi?ed ELISA to determine binding of the PDZ domains 
of TIP-1 or MAGI-1 (domain 2) to a peptide corresponding 
to the C-terminal 20 AA of the E6 protein from HPV18. 
Numbers in the legend represent independent experiments. 
-RT indicates that the association Was carried out at room 
temperature. Data series lacking -RT Were alloWed to asso 
ciate at 4° C. 

[0015] FIG. 3 is a line graph shoWing anti-HPV18E6 
antibody recognition of GST-HPV18E6 fusion protein. Day 
28 sera from a Balb/c mouse immuniZed With HPV18E6 
protein Was tested for reactivity to either GST-HPV18E6 
protein or GST alone. 

[0016] FIG. 4 (A-D) is a panel of four line graphs shoWing 
the effect of lysate upon ability of recombinant E6 protein 
from HPV type 16 to bind different PDZ domains. 

[0017] FIG. 5 (A-B) is an autoradiograph shoWing that 
several PDZ domains can bind and coprecipitate oncogenic 
E6 proteins from cells. 

[0018] FIG. 6 is an autoradiograph shoWing the results of 
a Western blot demonstrating detection of endogenous 
HPV16 E6 protein in the SiHa cervical cancer line. 

[0019] FIG. 7 is an autoradiograph shoWing that HPV16 
E6 protein can be detected in CasKi and SiHa cervical 
cancer cell lines by Western blots, and detection is enhanced 
When lysates are made in the presence of Proteasome 
inhibitor. 

[0020] FIG. 8 is a line graph shoWing ELISA detection of 
HPV16 E6 protein in SiHa and CasKi cervical cell lines. 

[0021] FIG. 9 is an autoradiograph shoWing dot blot 
detection of HPV16 E6 protein in cell lysates. 

[0022] FIG. 10 is an autoradiograph shoWing dot blot 
detection of endogenous HPV16 E6 protein in lysates of 
SiHa and CasKi cervical cell lines. 

[0023] FIG. 11 is an autoradiograph of a Western blot 
demonstrating that the E6 protein may be detected in a 
cervical tumor carrying HPV16. 

DETAILED DESCRIPTION 

[0024] I. De?nitions 

[0025] A “marker” or “biological marker” as used herein 
refers to a measurable or detectable entity in a biological 
sample. Examples or markers include nucleic acids, pro 
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teins, or chemicals that are present in biological samples. 
One example of a marker is the presence of viral or pathogen 
proteins or nucleic acids in a biological sample from a 
human source. 

[0026] As used herein the term “isolated” refers to a 
polynucleotide, a polypeptide, an antibody, or a host cell that 
is in an environment different from that in Which the 
polynucleotide, the polypeptide, the antibody, or the host 
cell naturally occurs. A polynucleotide, a polypeptide, an 
antibody, or a host cell Which is isolated is generally 
substantially puri?ed. As used herein, the term “substantially 
puri?ed” refers to a compound (e.g., either a polynucleotide 
or a polypeptide or an antibody) that is removed from its 
natural environment and is at least 60% free, preferably 75% 
free, and most preferably 90% free from other components 
With Which it is naturally associated. Thus, for example, a 
composition containing A is “substantially free of” B When 
at least 85% by Weight of the total A+B in the composition 
is A. Preferably, A comprises at least about 90% by Weight 
of the total of A+B in the composition, more preferably at 
least about 95% or even 99% by Weight. 

[0027] The term “biological sample” encompasses a vari 
ety of sample types obtained from an organism and can be 
used in a diagnostic or monitoring assay. The term encom 
passes blood and other liquid samples of biological origin, 
solid tissue samples, such as a biopsy specimen or tissue 
cultures or cells derived therefrom and the progeny thereof. 
The term encompasses samples that have been manipulated 
in any Way after their procurement, such as by treatment 
With reagents, solubiliZation, or enrichment for certain com 
ponents. The term encompasses a clinical sample, and also 
includes cells in cell culture, cell supernatants, cell lysates, 
serum, plasma, biological ?uids, and tissue samples. The 
term “biological sample” is meant to distinguish betWeen a 
sample in a clinical setting from a sample that may be a 
recombinant sample or derived from a recombinant sample. 

[0028] A subject “infected” With HPV is a subject having 
cells that contain HPV. The HPV in the cells may not exhibit 
any other phenotype (i.e., cells infected With HPV do not 
have to be cancerous). In other Words, cells infected With 
HPV may be pre-cancerous (i.e., not exhibiting any abnor 
mal phenotype, other than those that may be associated With 
viral infection), or cancerous cells. 

[0029] A “fusion protein” or “fusion polypeptide” as used 
herein refers to a composite protein, i.e., a single contiguous 
amino acid sequence, made up of tWo (or more) distinct, 
heterologous polypeptides that are not normally fused 
together in a single amino acid sequence. Thus, a fusion 
protein can include a single amino acid sequence that 
contains tWo entirely distinct amino acid sequences or tWo 
similar or identical polypeptide sequences, provided that 
these sequences are not normally found together in the same 
con?guration in a single amino acid sequence found in 
nature. Fusion proteins can generally be prepared using 
either recombinant nucleic acid methods, i.e., as a result of 
transcription and translation of a recombinant gene fusion 
product, Which fusion comprises a segment encoding a 
polypeptide of the invention and a segment encoding a 
heterologous protein, or by chemical synthesis methods Well 
knoWn in the art. 

[0030] A “fusion protein construct” as used herein is a 
polynucleotide encoding a fusion protein. 
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[0031] An “oncogenic HPV strain” is an HPV strain that 
is knoWn to cause cervical cancer as determined by the 
National Cancer Institute (NCI, 2001). “Oncogenic E6 pro 
teins” are E6 proteins encoded by the above oncogenic HPV 
strains. Exemplary oncogenic strains are shoWn in Table 3. 
Oncogenic strains of HPV not speci?cally listed here, are 
knoWn in the art, and may be found at the World Wide 
Website of the National Center for Biotechnology Informa 
tion (NCBI). 

[0032] An “oncogenic E6 protein binding partner” can be 
any molecule that speci?cally binds to an oncogenic E6 
protein. Suitable oncogenic E6 protein binding partners 
include a PDZ domain (as described beloW), an antibody 
against an oncogenic E6 protein; other proteins that recog 
niZe oncogenic E6 protein (e.g., p53, E6-AP or E6-BP); 
DNA (i.e., cruciform DNA); and other partners such as 
aptamers or single chain antibodies from phage display). In 
some embodiments, detection of more than 1 oncogenic E6 
protein (e.g., all oncogenic E6 proteins or E6 proteins from 
HPV strains 16, 18 and 33) is desirable, and, as such, an 
oncogenic E6 protein binding partner may be antibody that 
binds to these proteins, a mixture of antibodies that each 
bind to a different proteins. As is knoWn in the art, such 
binding partners may be labeled to facilitate their detection. 
In general, binding partner bind E6 With an binding affinity 
of 10'5 M or more, e.g., 10'6 or more, 10'7 or more, 10'8 M 
or more (e.g., 10'9 M, 10_1O, 10_11, etc.). 

[0033] As used herein, the term “PDZ domain” refers to 
protein sequence (i.e., modular protein domain) of less than 
approximately 90 amino acids, (i.e., about 80-90, about 
70-80, about 60-70 or about 50-60 amino acids), character 
iZed by homology to the brain synaptic protein PSD-95, the 
Drosophila septate junction protein Discs-Large (DLG), and 
the epithelial tight junction protein ZO1 (Z01). PDZ 
domains are also knoWn as Discs-Large homology repeats 
(“DHRs”) and GLGF repeats. PDZ domains generally 
appear to maintain a core consensus sequence (Doyle, D. A., 

1996, Cell 85: 1067-76). 

[0034] PDZ domains are found in diverse membrane 
associated proteins including members of the MAGUK 
family of guanylate kinase homologs, several protein phos 
phatases and kinases, neuronal nitric oxide synthase, tumor 
suppressor proteins, and several dystrophin-associated pro 
teins, collectively knoWn as syntrophins. 

[0035] Exemplary PDZ domain-containing proteins and 
PDZ domain sequences are shoWn in TABLE 2 and 
EXAMPLE 4. The term “PDZ domain” also encompasses 
variants (e.g., naturally occurring variants) of the sequences 
(e.g., polymorphic variants, variants With conservative sub 
stitutions, and the like) and domains from alternative species 
(eg mouse, rat). Typically, PDZ domains are substantially 
identical to those shoWn in US. patent application Ser. No. 
09/724,553, e.g., at least about 70%, at least about 80%, or 
at least about 90% amino acid residue identity When com 
pared and aligned for maximum correspondence. It is appre 
ciated in the art that PDZ domains can be mutated to give 
amino acid changes that can strengthen or Weaken binding 
and to alter speci?city, yet they remain PDZ domains 
(Schneider et al., 1998, Nat. Biotech. 17:170-5). Unless 
otherWise indicated, a reference to a particular PDZ domain 
(eg a MAGI-1 domain 2) is intended to encompass the 
particular PDZ domain and HPV E6-binding variants 
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thereof. In other Words, if a reference is made to a particular 
PDZ domain, a reference is also made to variants of that 
PDZ domain that bind oncogenic E6 protein of HPV, as 
described below. In this respect it is noted that the number 
ing of PDZ domains in a protein may change. For example, 
the MAGI-1 domain 2, as referenced herein, may be refer 
enced as MAGI-1 domain 1 in other literature. As such, 
When a particular PDZ domain of a protein is referenced in 
this application, this reference should be understood in vieW 
of the sequence of that domain, as described herein, par 
ticularly in the sequence listing. Table 9, inserted before the 
claims, shoWs the relationship betWeen the sequences of the 
sequence listing and the names and Genbank accession 
numbers for various domains, Where appropriate. 

[0036] As used herein, the term “PDZ protein” refers to a 
naturally occurring protein containing a PDZ domain. 
Exemplary PDZ proteins include CASK, MPP1, DLG1, 
DLG2, PSD95, NeDLG, TIP-33, SYN1a, TIP-43, LDP, 
LIM, LIMK1, LIMK2, MPP2, NOS1, AF 6, PTN-4, prIL16, 
41.8kD, KIAA0559, RGS12, KIAA0316, DVL1, TIP-40, 
TIAM1, MINT1, MAGI-1, MAGI-2, MAGI-3, KIAA0303, 
CBP, MINT3, TIP-2, KIAA0561, and TIP-1. 
[0037] As used herein, the term “PDZ-domain polypep 
tide” refers to a polypeptide containing a PDZ domain, such 
as a fusion protein including a PDZ domain sequence, a 
naturally occurring PDZ protein, or an isolated PDZ domain 
peptide. APDZ-domain polypeptide may therefore be about 
60 amino acids or more in length, about 70 amino acids or 
more in length, about 80 amino acids or more in length, 
about 90 amino acids or more in length, about 100 amino 
acids or more in length, about 200 amino acids or more in 
length, about 300 amino acids or more in length, about 500 
amino acids or more in length, about 800 amino acids or 
more in length, about 1000 amino acids or more in length, 
usually up to about 2000 amino acids or more in length. PDZ 
domain peptides are usually no more than about 100 amino 
acids (eg 50-60 amino acids, 60-70 amino acids, 80-90 
amino acids, or 90-100 amino acids), and encode a PDZ 
domain. 

[0038] As used herein, the term “PL protein” or “PDZ 
Ligand protein” refers to a naturally occurring protein that 
forms a molecular complex With a PDZ-domain, or to a 
protein Whose carboxy-terminus, When expressed separately 
from the full length protein (e.g., as a peptide fragment of 
4-25 residues, e.g., 8, 10, 12, 14 or 16 residues), forms such 
a molecular complex. The molecular complex can be 
observed in vitro using the “A assay” or “G assay” described 
infra, or in vivo. Exemplary PL proteins listed in TABLES 
3 and 4 are demonstrated to bind speci?c PDZ proteins. This 
de?nition is not intended to include anti-PDZ antibodies and 
the like. 

[0039] As used herein, a “PL sequence” refers to the 
amino acid sequence of the C-terminus of a PL protein (e.g., 
the C-terminal 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 20 or 25 
residues) (“C-terminal PL sequence”) or to an internal 
sequence knoWn to bind a PDZ domain (“internal PL 
sequence”). 
[0040] As used herein, a “PL peptide” is a peptide of 
having a sequence from, or based on, the sequence of the 
C-terminus of a PL protein. Exemplary PL peptides (bioti 
nylated) are listed in TABLE 3. 

[0041] As used herein, a “PL detector” is a protein that can 
speci?cally recogniZe and bind to a PL sequence. 
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[0042] As used herein, a “PL fusion protein” is a fusion 
protein that has a PL sequence as one domain, typically as 
the C-terminal domain of the fusion protein. An exemplary 
PL fusion protein is a tat-PL sequence fusion. 

[0043] As used herein, the term “PL inhibitor peptide 
sequence” refers to PL peptide amino acid sequence that (in 
the form of a peptide or PL fusion protein) inhibits the 
interaction betWeen a PDZ domain polypeptide and a PL 
peptide (e.g., in an A assay or a G assay). 

[0044] As used herein, a “PDZ-domain encoding 
sequence” means a segment of a polynucleotide encoding a 
PDZ domain. In various embodiments, the polynucleotide is 
DNA, RNA, single stranded or double stranded. 

[0045] As used herein, the terms “antagonist” and “inhibi 
tor,” When used in the context of modulating a binding 
interaction (such as the binding of a PDZ domain sequence 
to a PL sequence), are used interchangeably and refer to an 
agent that reduces the binding of the, e.g., PL sequence (e. g., 
PL peptide) and the, e.g., PDZ domain sequence (e.g., PDZ 
protein, PDZ domain peptide). 

[0046] As used herein, the terms “agonist” and 
“enhancer,” When used in the context of modulating a 
binding interaction (such as the binding of a PDZ domain 
sequence to a PL sequence), are used interchangeably and 
refer to an agent that increases the binding of the, e.g., PL 
sequence (e.g., PL peptide) and the, e.g., PDZ domain 
sequence (e.g., PDZ protein, PDZ domain peptide). 

[0047] As used herein, the terms “peptide mimetic,”“pep 
tidomimetic,” and “peptide analog” are used interchange 
ably and refer to a synthetic chemical compound that has 
substantially the same structural and/or functional charac 
teristics of a PL inhibitory or PL binding peptide of the 
invention. The mimetic can be either entirely composed of 
synthetic, non-natural analogues of amino acids, or, is a 
chimeric molecule of partly natural peptide amino acids and 
partly non-natural analogs of amino acids. The mimetic can 
also incorporate any amount of natural amino acid conser 
vative substitutions as long as such substitutions also do not 
substantially alter the mimetic’s structure and/or inhibitory 
or binding activity. As With polypeptides of the invention 
Which are conservative variants, routine experimentation 
Will determine Whether a mimetic is Within the scope of the 
invention, i.e., that its structure and/or function is not 
substantially altered. Thus, a mimetic composition is Within 
the scope of the invention if it is capable of binding to a PDZ 
domain and/or inhibiting a PL-PDZ interaction. 

[0048] Polypeptide mimetic compositions can contain any 
combination of nonnatural structural components, Which are 
typically from three structural groups: a) residue linkage 
groups other than the natural amide bond (“peptide bond”) 
linkages; b) non-natural residues in place of naturally occur 
ring amino acid residues; or c) residues Which induce 
secondary structural mimicry, i.e., to induce or stabiliZe a 
secondary structure, e.g., a beta turn, gamma turn, beta 
sheet, alpha helix conformation, and the like. 

[0049] A polypeptide can be characteriZed as a mimetic 
When all or some of its residues are joined by chemical 
means other than natural peptide bonds. Individual peptido 
mimetic residues can be joined by peptide bonds, other 
chemical bonds or coupling means, such as, e.g., glutaral 
dehyde, N-hydroxysuccinimide esters, bifunctional maleim 
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ides, N,N=-dicycloheXylcarbodiimide (DCC) or N,N=-di 
isopropylcarbodiimide (DIC). Linking groups that can be an 
alternative to the traditional amide bond (“peptide bond”) 
linkages include, e.g., ketomethylene (e.g., —C(=O)— 
CH2— for —C(=O)—NH—), aminomethylene (CH2— 
NH), ethylene, ole?n (CH=CH), ether (CH2—O), thioether 
(CH2—S), tetraZole (CN4—), thiaZole, retroamide, thioam 
ide, or ester (see, e.g., Spatola (1983) in Chemistry and 
Biochemistry of Amino Acids, Peptides and Proteins, Vol. 7, 
pp 267-357, A Peptide Backbone Modi?cations, Marcell 
Dekker, 

[0050] A polypeptide can also be characteriZed as a 
mimetic by containing all or some non-natural residues in 
place of naturally occurring amino acid residues. Nonnatural 
residues are Well described in the scienti?c and patent 
literature; a feW exemplary nonnatural compositions useful 
as mimetics of natural amino acid residues and guidelines 
are described beloW. 

[0051] Mimetics of aromatic amino acids can be generated 
by replacing by, e.g., D- or L-naphylalanine; D- or L-phe 
nylglycine; D- or L-2 thieneylalanine; D- or L-1, -2,3-, or 
4-pyreneylalanine; D- or L-3 thieneylalanine; D- or L-(2 
pyridinyl)-alanine; D- or L-(3-pyridinyl)-alanine; D- or 
L-(2-pyraZinyl)-alanine; D- or L-(4-isopropyl)-phenylgly 
cine; D-(tri?uoromethyl)-phenylglycine; D—(tri?uorom 
ethyl)-phenylalanine; D-p-?uorophenylalanine; D- or L-p 
biphenylphenylalanine; K- or L-p 
methoXybiphenylphenylalanine; D- or L-2 
indole(alkyl)alanines; and, D- or L-alkylainines, Where alkyl 
can be substituted or unsubstituted methyl, ethyl, propyl, 
heXyl, butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, iso 
pentyl, or a non-acidic amino acids. Aromatic rings of a 
nonnatural amino acid include, e.g., thiaZolyl, thiophenyl, 
pyraZolyl, benZimidaZolyl, naphthyl, furanyl, pyrrolyl, and 
pyridyl aromatic rings. 

[0052] Mimetics of acidic amino acids can be generated 
by substitution by, e.g., non-carboXylate amino acids While 
maintaining a negative charge; (phosphono)alanine; sulfated 
threonine. CarboXyl side groups (e.g., aspartyl or glutamyl) 
can also be selectively modi?ed by reaction With carbodi 
imides (REN—C—N—R=) such as, e.g., 1-cycloheXyl 
3(2-morpholinyl-(4-ethyl)carbodiimide or 1-ethyl-3 (4-aZo 
nia—4,4-dimetholpentyl)carbodiimide. Aspartyl or glutamyl 
can also be converted to asparaginyl and glutaminyl residues 
by reaction With ammonium ions. 

[0053] Mimetics of basic amino acids can be generated by 
substitution With, e. g., (in addition to lysine and arginine) the 
amino acids ornithine, citrulline, or (guanidino)-acetic acid, 
or (guanidino)alkyl-acetic acid, Where alkyl is de?ned 
above. Nitrile derivative (e.g., containing the CN-moiety in 
place of COOH) can be substituted for asparagine or 
glutamine. Asparaginyl and glutaminyl residues can be 
deaminated to the corresponding aspartyl or glutamyl resi 
dues. 

[0054] Arginine residue mimetics can be generated by 
reacting arginyl With, e.g., one or more conventional 
reagents, including, e.g., phenylglyoXal, 2,3-butanedione, 
1,2-cycloheXanedione, or ninhydrin, preferably under alka 
line conditions. 

[0055] Tyrosine residue mimetics can be generated by 
reacting tyrosyl With, e.g., aromatic diaZonium compounds 

Nov. 17, 2005 

or tetranitromethane. N-acetylimidiZol and tetrani 
tromethane can be used to form O-acetyl tyrosyl species and 
3-nitro derivatives, respectively. 

[0056] Cysteine residue mimetics can be generated by 
reacting cysteinyl residues With, e.g., alpha-haloacetates 
such as 2-chloroacetic acid or chloroacetamide and corre 

sponding amines, to give carboXymethyl or carboXyami 
domethyl derivatives. Cysteine residue mimetics can also be 
generated by reacting cysteinyl residues With, e.g., bromo 
tri?uoroacetone, alpha-bromo-beta-(5-imidoZoyl)propionic 
acid; chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2 
pyridyl disul?de; methyl 2-pyridyl disul?de; p-chloromer 
curibenZoate; 2-chloromercuri-4 nitrophenol; or, chloro-7 
nitrobenZo-oXa-1,3-diaZole. 

[0057] Lysine mimetics can be generated (and amino 
terminal residues can be altered) by reacting lysinyl With, 
e.g., succimic or other carboXylic acid anhydrides. Lysine 
and other alpha-amino-containing residue mimetics can also 
be generated by reaction With imidoesters, such as methyl 
picolinimidate, pyridoXal phosphate, pyridoXal, chloroboro 
hydride, trinitrobenZenesulfonic acid, O-methylisourea, 2,4, 
pentanedione, and transamidase-catalyZed reactions With 
glyoXylate. 

[0058] Mimetics of methionine can be generated by reac 
tion With, e.g., methionine sulfoXide. Mimetics of proline 
include, e.g., pipecolic acid, thiaZolidine carboXylic acid, 3 
or 4-hydroXy proline, dehydroproline, 3- or 4-methylproline, 
or 3,3,-dimethylproline. Histidine residue mimetics can be 
generated by reacting histidyl With, e.g., diethylprocarbon 
ate or para-bromophenacyl bromide. 

[0059] Other mimetics include, e.g., those generated by 
hydroXylation of proline and lysine; phosphorylation of the 
hydroXyl groups of seryl or threonyl residues; methylation 
of the alpha-amino groups of lysine, arginine and histidine; 
acetylation of the N-terminal amine; methylation of main 
chain amide residues or substitution With N-methyl amino 
acids; or amidation of C-terminal carboXyl groups. 

[0060] A component of a natural polypeptide (e.g., a PL 
polypeptide or PDZ polypeptide) can also be replaced by an 
amino acid (or peptidomimetic residue) of the opposite 
chirality. Thus, any amino acid naturally occurring in the 
L-con?guration (Which can also be referred to as the R or S, 
depending upon the structure of the chemical entity) can be 
replaced With the amino acid of the same chemical structural 
type or a peptidomimetic, but of the opposite chirality, 
generally referred to as the D-amino acid, but Which can 
additionally be referred to as the R- or S-form. 

[0061] The mimetics of the invention can also include 
compositions that contain a structural mimetic residue, 
particularly a residue that induces or mimics secondary 
structures, such as a beta turn, beta sheet, alpha heliX 
structures, gamma turns, and the like. For eXample, substi 
tution of natural amino acid residues With D-amino acids; 
N-alpha-methyl amino acids; C-alpha-methyl amino acids; 
or dehydroamino acids Within a peptide can induce or 
stabiliZe beta turns, gamma turns, beta sheets or alpha heliX 
conformations. Beta turn mimetic structures have been 
described, e.g., by Nagai (1985) Tet. Lett. 261647-650; Feigl 
(1986) J. Amer. Chem. Soc. 108:181-182; Kahn (1988) J. 
Amer. Chem. Soc. 110:1638-1639; Kemp (1988) Tet. Lett. 
29:5057-5060; Kahn (1988) J. Molec. Recognition 1:75-79. 
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Beta sheet mimetic structures have been described, e.g., by 
Smith (1992) J. Amer. Chem. Soc. 114:10672-10674. For 
example, a type VI beta turn induced by a cis amide 
surrogate, 1,5-disubstituted tetraZol, is described by Beusen 
(1995) Biopolymers 36:181-200. Incorporation of achiral 
omega-amino acid residues to generate polymethylene units 
as a substitution for amide bonds is described by Banerjee 
(1996) Biopolymers 39:769-777. Secondary structures of 
polypeptides can be analyzed by, e.g., high-?eld 1H NMR or 
2D NMR spectroscopy, see, e.g., Higgins (1997) J. Pept. 
Res. 50:421-435. See also, Hruby (1997) Biopolymers 
43:219-266, Balaji, et al., US. Pat. No. 5,612,895. 

[0062] As used herein, “peptide variants” and “conserva 
tive amino acid substitutions” refer to peptides that differ 
from a reference peptide (e.g., a peptide having the sequence 
of the carboxy-terminus of a speci?ed PL protein) by 
substitution of an amino acid residue having similar prop 
erties (based on siZe, polarity, hydrophobicity, and the like). 
Thus, insofar as the compounds that are encompassed Within 
the scope of the invention are partially de?ned in terms of 
amino acid residues of designated classes, the amino acids 
may be generally categoriZed into three main classes: hydro 
philic amino acids, hydrophobic amino acids and cysteine 
like amino acids, depending primarily on the characteristics 
of the amino acid side chain. These main classes may be 
further divided into subclasses. Hydrophilic amino acids 
include amino acids having acidic, basic or polar side chains 
and hydrophobic amino acids include amino acids having 
aromatic or apolar side chains. Apolar amino acids may be 
further subdivided to include, among others, aliphatic amino 
acids. The de?nitions of the classes of amino acids as used 
herein are as folloWs: 

[0063] “Hydrophobic Amino Acid” refers to an amino acid 
having a side chain that is uncharged at physiological pH 
and that is repelled by aqueous solution. Examples of 
genetically encoded hydrophobic amino acids include Ile, 
Leu and Val. Examples of non-genetically encoded hydro 
phobic amino acids include t-BuA. 

[0064] “Aromatic Amino Acid” refers to a hydrophobic 
amino acid having a side chain containing at least one ring 
having a conjugated 1-electron system (aromatic group). 
The aromatic group may be further substituted With groups 
such as alkyl, alkenyl, alkynyl, hydroxyl, sulfanyl, nitro and 
amino groups, as Well as others. Examples of genetically 
encoded aromatic amino acids include Phe, Tyr and Trp. 
Commonly encountered non-genetically encoded aromatic 
amino acids include phenylglycine, 2-naphthylalanine, [3-2 
thienylalanine, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic 
acid, 4-chloro-phenylalanine, 2-?uorophenyl-alanine, 
3-?uorophenylalanine and 4-?uorophenylalanine. 

[0065] “Apolar Amino Acid” refers to a hydrophobic 
amino acid having a side chain that is generally uncharged 
at physiological pH and that is not polar. Examples of 
genetically encoded apolar amino acids include Gly, Pro and 
Met. Examples of non-encoded apolar amino acids include 
Cha. 

[0066] “Aliphatic Amino Acid” refers to an apolar amino 
acid having a saturated or unsaturated straight chain, 
branched or cyclic hydrocarbon side chain. Examples of 
genetically encoded aliphatic amino acids include Ala, Leu, 
Val and Ile. Examples of non-encoded aliphatic amino acids 
include Nle. 
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[0067] “Hydrophilic Amino Acid” refers to an amino acid 
having a side chain that is attracted by aqueous solution. 
Examples of genetically encoded hydrophilic amino acids 
include Ser and Lys. Examples of non-encoded hydrophilic 
amino acids include Cit and hCys. 

[0068] “Acidic Amino Acid” refers to a hydrophilic amino 
acid having a side chain pK value of less than 7. Acidic 
amino acids typically have negatively charged side chains at 
physiological pH due to loss of a hydrogen ion. Examples of 
genetically encoded acidic amino acids include Asp and Glu. 

[0069] “Basic Amino Acid” refers to a hydrophilic amino 
acid having a side chain pK value of greater than 7. Basic 
amino acids typically have positively charged side chains at 
physiological pH due to association With hydronium ion. 
Examples of genetically encoded basic amino acids include 
Arg, Lys and His. Examples of non-genetically encoded 
basic amino acids include the non-cyclic amino acids orni 
thine, 2,3-diaminopropionic acid, 2,4-diaminobutyric acid 
and homoarginine. 

[0070] “Polar Amino Acid” refers to a hydrophilic amino 
acid having a side chain that is uncharged at physiological 
pH, but Which has a bond in Which the pair of electrons 
shared in common by tWo atoms is held more closely by one 
of the atoms. Examples of genetically encoded polar amino 
acids include Asx and Glx. Examples of non-genetically 
encoded polar amino acids include citrulline, N-acetyl lysine 
and methionine sulfoxide. 

[0071] “Cysteine-Like Amino Acid” refers to an amino 
acid having a side chain capable of forming a covalent 
linkage With a side chain of another amino acid residue, such 
as a disul?de linkage. Typically, cysteine-like amino acids 
generally have a side chain containing at least one thiol (SH) 
group. Examples of genetically encoded cysteine-like amino 
acids include Cys. Examples of non-genetically encoded 
cysteine-like amino acids include homocysteine and peni 
cillamine. 

[0072] As Will be appreciated by those having skill in the 
art, the above classi?cation are not absolute—several amino 
acids exhibit more than one characteristic property, and can 
therefore be included in more than one category. For 
example, tyrosine has both an aromatic ring and a polar 
hydroxyl group. Thus, tyrosine has dual properties and can 
be included in both the aromatic and polar categories. 
Similarly, in addition to being able to form disul?de link 
ages, cysteine also has apolar character. Thus, While not 
strictly classi?ed as a hydrophobic or apolar amino acid, in 
many instances cysteine can be used to confer hydropho 
bicity to a peptide. 

[0073] Certain commonly encountered amino acids Which 
are not genetically encoded of Which the peptides and 
peptide analogues of the invention may be composed 
include, but are not limited to, [3-alanine (b-Ala) and other 
omega-amino acids such as 3-aminopropionic acid (Dap), 
2,3-diaminopropionic acid (Dpr), 4-aminobutyric acid and 
so forth; ot-aminoisobutyric acid (Aib); e-aminohexanoic 
acid (Aha); o-aminovaleric acid (Ava); N-methylglycine or 
sarcosine (MeGly); ornithine (Orn); citrulline (Cit); t-buty 
lalanine (t-BuA); t-butylglycine (t-BuG); N-methylisoleu 
cine (MeIle); phenylglycine (Phg); cyclohexylalanine (Cha); 
norleucine (Nle); 2-naphthylalanine (2-Nal); 4-chlorophe 
nylalanine (Phe(4-Cl)); 2-?uorophenylalanine (Phe(2-F)); 
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3-?uorophenylalanine (Phe(3-F)); 4-?uorophenylalanine 
(Phe(4-F)); penicillamine (Pen); 1,2,3,4-tetrahydroisoquino 
line-3-carboxylic acid (Tic); [3-2-thienylalanine (Thi); 
methionine sulfoxide (MSO); homoarginine (hArg); 
N-acetyl lysine (AcLys); 2,3-diaminobutyric acid (Dab); 
2,3-diaminobutyric acid (Dbu); p-aminophenylalanine 
(Phe(pNH2)); N-methyl valine (MeVal); homocysteine 
(hCys) and homoserine (hSer). These amino acids also fall 
conveniently into the categories de?ned above. 

[0074] The classi?cations of the above-described geneti 
cally encoded and non-encoded amino acids are summarized 
in TABLE 1, beloW. It is to be understood that TABLE 1 is 
for illustrative purposes only and does not purport to be an 
exhaustive list of amino acid residues Which may comprise 
the peptides and peptide analogues described herein. Other 
amino acid residues Which are useful for making the pep 
tides and peptide analogues described herein can be found, 
e.g., in Fasman, 1989, CRC Practical Handbook of Bio 
chemistry and Molecular Biology, CRC Press, Inc., and the 
references cited therein. Amino acids not speci?cally men 
tioned herein can be conveniently classi?ed into the above 
described categories on the basis of knoWn behavior and/or 
their characteristic chemical and/or physical properties as 
compared With amino acids speci?cally identi?ed. 

TABLE 1 

Genetically 
Classi?cation Encoded Genetically Non-Encoded 

Hydrophobic 

Aromatic F, Y, W Phg, Nal, Thi, Tic, Phe(4-Cl), Phe(2-F), 
Phe(3-F), Phe(4-F), Pyridyl Ala, 
Benzothienyl Ala 

Apolar M, G, P 
Aliphatic A, V, L, I t-BuA, t-BuG, MeIle, Nle, MeVal, Cha, 

bAla, MeGly, Aib 
Hydrophilic 

Acidic D, E 
Basic H, , R Dpr, Orn, hArg, Phe(p—NH2), DBU, 

AZBU 
Polar Q, N, S, T, Y Cit, AcLys, MSO, hSer 
Cysteine-Like C Pen, hCys, p-methyl Cys 

[0075] In the case of the PDZ domains described herein, 
a “HPV E6-binding variant” of a particular PDZ domain is 
a PDZ domain variant that retains HPV E6 PDZ ligand 
binding activity. Assays for determining Whether a PDZ 
domain variant binds HPV E6 are described in great detail 
beloW, and guidance for identifying Which amino acids to 
change in a speci?c PDZ domain to make it into a variant 
may be found in a variety of sources. In one example, a PDZ 
domain may be compared to other PDZ domains described 
herein and amino acids at corresponding positions may be 
substituted, for example. In another example, the sequence 
a PDZ domain of a particular PDZ protein may be compared 
to the sequence of an equivalent PDZ domain in an equiva 
lent PDZ protein from another species. For example, the 
sequence a PDZ domain from a human PDZ protein may be 
compared to the sequence of other knoWn and equivalent 
PDZ domains from other species (e.g., mouse, rat, etc.) and 
any amino acids that are variant betWeen the tWo sequences 
may be substituted into the human PDZ domain to make a 
variant of the PDZ domain. For example, the sequence of the 
human MAGI-1 PDZ domain 2 may be compared to equiva 
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lent MAGI-1 PDZ domains from other species (eg mouse 
Genbank gi numbers 7513782 and 28526157 or other 
homologous sequences) to identify amino acids that may be 
substituted into the human MAGI-1-PDZ domain to make a 
variant thereof. Such method may be applied to any of the 
MAGI-1 PDZ domains described herein. Minimal MAGI 
PDZ domain 2 sequence is provided as SEQ ID NOS:293 
301. Particular variants may have 1, up to 5, up to about 10, 
up to about 15, up to about 20 or up to about 30 or more, 
usually up to about 50 amino acid changes as compared to 
a sequence set forth in the sequence listing. Exemplary 
MAGI-1 PDZ variants include the sequences set forth in 
SEQ ID NOS: 302-330. In making a variant, if a GFG motif 
is present in a PDZ domain, in general, it should not be 
altered in sequence. 

[0076] In general, variant PDZ domain polypeptides have 
a PDZ domain that has at least about 70 or 80%, usually at 
least about 90%, and more usually at least about 98% 
sequence identity With a variant PDZ domain polypeptide 
described herein, as measured by BLAST 2.0 using default 
parameters, over a region extending over the entire PDZ 
domain. 

[0077] As used herein, a “detectable label” has the ordi 
nary meaning in the art and refers to an atom (e.g., radio 
nuclide), molecule (e.g., ?uorescein), or complex, that is or 
can be used to detect (e.g., due to a physical or chemical 
property), indicate the presence of a molecule or to enable 
binding of another molecule to Which it is covalently bound 
or otherwise associated. The term “label” also refers to 
covalently bound or otherWise associated molecules (e.g., a 
biomolecule such as an enZyme) that act on a substrate to 
produce a detectable atom, molecule or complex. Detectable 
labels suitable for use in the present invention include any 
composition detectable by spectroscopic, photochemical, 
biochemical, immunochemical, electrical, optical or chemi 
cal means. Labels useful in the present invention include 
biotin for staining With labeled streptavidin conjugate, mag 
netic beads (e.g., DynabeadsTM), ?uorescent dyes (e.g., 
?uorescein, Texas red, rhodamine, green ?uorescent protein, 
enhanced green ?uorescent protein, and the like), radiolabels 
(e.g., 3H, 1251, 35S, 14C, or 32P), enZymes (e.g., hydrolases, 
particularly phosphatases such as alkaline phosphatase, 
esterases and glycosidases, or oxidoreductases, particularly 
peroxidases such as horse radish peroxidase, and others 
commonly used in ELISAs), substrates, cofactors, inhibi 
tors, chemiluminescent groups, chromogenic agents, and 
colorimetric labels such as colloidal gold or colored glass or 
plastic (e.g., polystyrene, polypropylene, latex, etc.) beads. 
Patents teaching the use of such labels include US. Pat. Nos. 
3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 
4,275,149; and 4,366,241. Means of detecting such labels 
are Well knoWn to those of skill in the art. Thus, for example, 
radiolabels and chemiluminescent labels may be detected 
using photographic ?lm or scintillation counters, ?uorescent 
markers may be detected using a photodetector to detect 
emitted light (e.g., as in ?uorescence-activated cell sorting). 
EnZymatic labels are typically detected by providing the 
enZyme With a substrate and detecting the reaction product 
produced by the action of the enZyme on the substrate, and 
colorimetric labels are detected by simply visualiZing the 
colored label. Thus, a label is any composition detectable by 
spectroscopic, photochemical, biochemical, immunochemi 
cal, electrical, optical or chemical means. The label may be 
coupled directly or indirectly to the desired component of 
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the assay according to methods Well known in the art. 
Non-radioactive labels are often attached by indirect means. 
Generally, a ligand molecule (e.g., biotin) is covalently 
bound to the molecule. The ligand then binds to an anti 
ligand (e.g., streptavidin) molecule Which is either inher 
ently detectable or covalently bound to a signal generating 
system, such as a detectable enzyme, a ?uorescent com 
pound, or a chemiluminescent compound. A number of 
ligands and anti-ligands can be used. Where a ligand has a 
natural anti-ligand, for example, biotin, thyroxine, and cor 
tisol, it can be used in conjunction With the labeled, naturally 
occurring anti-ligands. Alternatively, any haptenic or anti 
genic compound can be used in combination With an anti 
body. The molecules can also be conjugated directly to 
signal generating compounds, e.g., by conjugation With an 
enZyme or ?uorophore. Means of detecting labels are Well 
knoWn to those of skill in the art. Thus, for example, Where 
the label is a radioactive label, means for detection include 
a scintillation counter, photographic ?lm as in autoradiog 
raphy, or storage phosphor imaging. Where the label is a 
?uorescent label, it may be detected by exciting the ?uoro 
chrome With the appropriate Wavelength of light and detect 
ing the resulting ?uorescence. The ?uorescence may be 
detected visually, by means of photographic ?lm, by the use 
of electronic detectors such as charge coupled devices 
(CCDs) or photomultipliers and the like. Similarly, enZy 
matic labels may be detected by providing the appropriate 
substrates for the enZyme and detecting the resulting reac 
tion product. Also, simple colorimetric labels may be 
detected by observing the color associated With the label. It 
Will be appreciated that When pairs of ?uorophores are used 
in an assay, it is often preferred that they have distinct 
emission patterns (Wavelengths) so that they can be easily 
distinguished. 
[0078] As used herein, the term “substantially identical” in 
the context of comparing amino acid sequences, means that 
the sequences have at least about 70%, at least about 80%, 
or at least about 90% amino acid residue identity When 
compared and aligned for maximum correspondence. An 
algorithm that is suitable for determining percent sequence 
identity and sequence similarity is the FASTA algorithm, 
Which is described in Pearson, W. R. & Lipman, D. J ., 1988, 
Proc. Natl. Acad. Sci. USA. 85: 2444. See also W. R. 
Pearson, 1996, Methods Enzymol. 266: 227-258. Preferred 
parameters used in a FASTA alignment of DNA sequences 
to calculate percent identity are optimiZed, BL50 Matrix 15: 
—5, k-tuple=2; joining penalty=40, optimiZation=28; gap 
penalty —12, gap length penalty=—2; and Width=16. 

[0079] As used herein, the terms “sandWich”, “sandWich 
ELISA”, “Sandwich diagnostic” and “capture ELISA” all 
refer to the concept of detecting a biological polypeptide 
With tWo different test agents. For example, a PDZ protein 
could be directly or indirectly attached to a solid support. 
Test sample could be passed over the surface and the PDZ 
protein could bind it’s cognate PL protein(s). A labeled 
antibody or alternative detection reagent could then be used 
to determine Whether a speci?c PL protein had bound the 
PDZ protein. 

[0080] By “solid phase support” or “carrier” is intended 
any support capable of binding polypeptide, antigen or 
antibody. Well-knoWn supports or carriers, include glass, 
polystyrene, polypropylene, polyethylene, dextran, nylon, 
amylases, natural and modi?ed celluloses, polyacrylamides, 
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agaroses, and magnetite. The nature of the carrier can be 
either soluble to some extent or insoluble for the purposes of 
the present invention. The support material can have virtu 
ally any possible structural con?guration so long as the 
coupled molecule is capable of binding to a PDZ domain 
polypeptide or an E6 antibody. Thus, the support con?gu 
ration can be spherical, as in a bead, or cylindrical, as in the 
inside surface of a test tube, or the external surface of a rod. 
Alternatively, the surface can be ?at, such as a sheet, culture 
dish, test strip, etc. Those skilled in the art Will knoW many 
other suitable carriers for binding antibody, peptide or 
antigen, or can ascertain the same by routine experimenta 
tion. 

[0081] As used herein, the terms “test compound” or “test 
agent” are used interchangeably and refer to a candidate 
agent that may have enhancer/agonist, or inhibitor/antago 
nist activity, e.g., inhibiting or enhancing an interaction such 
as PDZ-PL binding. The candidate agents or test compounds 
may be any of a large variety of compounds, both naturally 
occurring and synthetic, organic and inorganic, and includ 
ing polymers (e.g., oligopeptides, polypeptides, oligonucle 
otides, and polynucleotides), small molecules, antibodies (as 
broadly de?ned herein), sugars, fatty acids, nucleotides and 
nucleotide analogs, analogs of naturally occurring structures 
(e.g., peptide mimetics, nucleic acid analogs, and the like), 
and numerous other compounds. In certain embodiment, test 
agents are prepared from diversity libraries, such as random 
or combinatorial peptide or non-peptide libraries. Many 
libraries are knoWn in the art that can be used, e.g., chemi 
cally synthesiZed libraries, recombinant (e.g., phage display 
libraries), and in vitro translation-based libraries. Examples 
of chemically synthesiZed libraries are described in Fodor et 
al., 1991, Science 251:767-773; Houghten et al., 1991, 
Nature 354:84-86; Lam et al., 1991, Nature 354:82-84; 
Medynski, 1994, Bio/Technology 12:709-710; Gallop et al., 
1994, J. Medicinal Chemistry 37(9):1233-1251; Ohlmeyer 
et al., 1993, Proc. Natl. Acad. Sci. USA 90:10922-10926; 
Erb et al., 1994, Proc. Natl. Acad. Sci. USA 91:11422-11426; 
Houghten et al., 1992, Biotechniqaes 13:412; J ayaWickreme 
et al., 1994, Proc. Natl. Acad. Sci. USA 91:1614-1618; 
Salmon et al., 1993, Proc. Natl. Acad. Sci. USA 90:11708 
11712; PCT Publication No. WO 93/20242; and Brenner and 
Lerner, 1992, Proc. Natl. Acad. Sci. USA 89:5381-5383. 
Examples of phage display libraries are described in Scott 
and Smith, 1990, Science 249:386-390; Devlin et al., 1990, 
Science, 249:404-406; Christian, R. B., et al., 1992, J. Mol. 
Biol. 227:711-718); Lenstra, 1992, J. Immunol. Meth. 
152:149-157; Kay et al., 1993, Gene 128:59-65; and PCT 
Publication No. WO 94/18318 dated Aug. 18, 1994. In vitro 
translation-based libraries include but are not limited to 
those described in PCT Publication No. WO 91/05058 dated 
Apr. 18, 1991; and Mattheakis et al., 1994, Proc. Natl. Acad. 
Sci. USA 91:9022-9026. By Way of examples of nonpeptide 
libraries, a benZodiaZepine library (see e.g., Bunin et al., 
1994, Proc. Natl. Acad. Sci. USA 91:4708-4712) can be 
adapted for use. Peptoid libraries (Simon et al., 1992, Proc. 
Natl. Acad. Sci. USA 89:9367-9371) can also be used. 
Another example of a library that can be used, in Which the 
amide functionalities in peptides have been permethylated to 
generate a chemically transformed combinatorial library, is 
described by Ostresh et al. (1994, Proc. Natl. Acad. Sci. USA 
91:11138-11142). 
[0082] The term “speci?c binding” refers to binding 
betWeen tWo molecules, for example, a ligand and a recep 














































































































































































































































































































