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ABSTRACT 

The invention provides reagents and methods for inhibiting or 
enhancing interactions between proteins in hematopoietic 
cells and other cells involved in the mediation of an immune 
response. Reagents and methods provided are useful for treat 
ment of a variety of diseases and conditions mediated by 
immune system cells. 
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METHODS OF IDENTIFYING MODULATORS 
OF INTERACTION BETWEEN PDZ DOMAIN 

PROTEINS AND PL PROTEINS 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/ 688,017, Which is (1) a continuation-in-part 
of US. application Ser. Nos. 09/570,118, 09/570,364, and 
09/ 569,525 (all ?led May 12, 2000), each of Which claims the 
bene?t of US. Provisional Application Nos. 60/196,460, 
60/196,528, 60/196,527, and 60/196,267 (all ?led Apr. 11, 
2000), and (2) a continuation-in-part of US. application Ser. 
No. 09/547,276, ?led Apr. 11, 2000, Which claims the bene?t 
of US. Provisional Application Nos. 60/ 182,296 (?led Feb. 
14,2000); 60/176,195 (?led Jan. 14,2000); 60/170,453 (?led 
Dec. 13, 1999); 60/162,498 (?led Oct. 29, 1999); 60/160,860 
(?led Oct. 21, 1999); and 60/134,118; 60/134,117; and 
60/134,1 14 (all ?led May 14, 1999); the disclosures ofeach of 
Which are incorporated herein in their entirety. 

1. FIELD OF THE INVENTION 

[0002] The present invention relates to peptides andpeptide 
analogues, and methods for using such compositions to regu 
late activities of cells of the hematopoietic system. In one 
aspect, the invention provides methods of modulating 
metabolism (e.g., activation) of hematopoietic cells (e.g., T 
cells and B cells) by antagoniZing an interaction betWeen a 
PDZ domain containing protein and a protein that binds a 
PDZ domain. In one aspect, it relates to fusion peptides con 
taining an amino acid sequence corresponding to the carboxyl 
terminus of a surface receptor expressed by a hematopoietic 
cell and a transmembrane transporter sequence; such fusion 
peptides are useful in regulating hematopoietic cells by inhib 
iting cell activation. 

2. BACKGROUND OF THE INVENTION 

[0003] PDZ domains of proteins are named after three pro 
totypical proteins: PSD95, Drosophila large disc protein and 
Zonula Occludin 1 protein (Gomperts et al., 1996, Cell 
84:659-662). PDZ domain-containing proteins are involved 
in synapse formation by organiZing transmembrane neu 
rotransmitter receptors through intracellular interactions. 
PDZ domains contain the signature sequence GLGF (SEQ ID 
NO:29). In the nervous system, typical PDZ domain-contain 
ing proteins contain three PDZ domains, one SH3 domain and 
one guanylate kinase domain. Examples of intracellular PDZ 
domain-containing proteins include LIN-2, LIN-7 and LIN 
10 at the pre-synapse, and PSD95 at the post-synapse. 
[0004] PDZ domains have been shoWn to bind the carboxyl 
termini of transmembrane proteins in neuronal cells. Songy 
ang et al. reported that proteins capable of binding PDZ 
domains contain a carboxyl terminal motif sequence of E-S/ 
T-X-V/I (Songyang et al., 1997, Science 275:73). X-ray crys 
tallography studies have revealed the contact points betWeen 
the motif sequence and PDZ domains (Doyle et al., 1996, Cell 
88: 1067-1076). While the interaction betWeen PDZ domains 
and ion channels in neurons have been studied extensively, 
such interactions have had limited studies in other biological 
systems, especially the hematopoietic system. 
[0005] The hematopoietic system is composed of different 
cell types that perform distinct functions. Many of its diverse 
function requires coordinated movement of cell surface 
receptors including ion channels, adhesion surface molecules 
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to coordinate cell-cell interaction, and cytokine receptors. 
Despite their diverse functional activities, all hematopoietic 
cells are believed to develop from a multipotent bone marroW 
hematopoietic stem cell. Such stem cell has been shoWn to 
express a surface marker termed CD34. During differentia 
tion, the stem cell gives rise to progenitor cells in each of 
several speci?c hematopoietic cell lineages. The progenitor 
cells then undergo a series of morphological and functional 
changes to produce mature functionally committed hemato 
poietic cells. 
[0006] Among the functions performed by hematopoietic 
cells, certain cell types are involved exclusively in immunity. 
For example, lymphocytes, Which include T cells, B cells and 
natural killer (NK) cells, are effectors in immune responses. 
Monocytes and granulocytes (i.e., neutrophils, basophils and 
eosinophils) play a role in non-speci?c forms of defense. 
Lymphocytes, monocytes and granulocytes are collectively 
referred to as White blood cells or leukocytes. On the other 
hand, other hematopoietic cells perform functions that are 
unrelated to the immune system. For example, erythrocytes 
are involved in gas transport, and cells of the thrombocytic 
series are involved in blood clotting. 
[0007] T cells and B cells recogniZe antigens and generate 
an immune response. T cells recogniZe antigens by het 
erodimeric surface receptors termed the T cell receptor 
(TCR). The TCR is associated With a series of polypeptides 
collectively referred to as CD3 complex. B cells recogniZe 
antigens by surface immunoglobulins (Ig), Which are also 
secretory molecules. In addition, a large number of co-stimu 
latory surface receptors have been identi?ed in T cells and B 
cells, Which augment cellular activation during antigen-in 
duced activation. 
[0008] In addition to the T cell antigen receptor/CD3 com 
plex (TCR/CD3), other molecules expressed by T cells Which 
mediate an activation signal, include but are not limited to, 
CD2, CD4, CD5, CD6, CD8, CD18, CD27, CD28, CD43, 
CD45, CD152 (CTLA-4), CD154, MHC class I, MHC class 
II, CDW137 (4-IBB), CDW150, and the like (Barclay et al., 
The Leucocyte Antigen Facts Book, 1997, Second edition, 
Academic Press; Leucocyte Typing, 1984, Bernard et al. 
(eds.), Springer-Verlag; Leukocyte Typing II, 1986, ReinherZ 
et al. (eds.), Springer-Verlag; Leukocyte Typing III, 1987, 
McMichael (ed.), Oxford University Press; Leukocyte Typ 
ing IV, 1989, Knapp et al. (eds.), Oxford University Press; CD 
Antigens, 1996, VI Internet Workshop and Conference on 
Human Leukocyte Differentiation Antigens. Cell surface 
antigens that Work together With TCR/CD3 are often referred 
to as co-receptors in the art. 

[0009] Speci?c antibodies have been generated against all 
of the aforementioned T cell surface antigens. Other mol 
ecules that bind to the aforementionedT cell surface receptors 
include anti gen-binding antibody derivatives such as variable 
domains, peptides, superantigens, and their natural ligands 
such as CD58 (LFA-3) for CD2, HIV gp120 for CD4, CD27L 
for CD27, CD80 or CD86 for CD28 or CD152, ICAM1, 
ICAM2 and ICAM3 for CD1 1a/CD18, 4-1BBL for CDW137. 
[0010] Activation molecules expressed by B cells, include 
but are not limited to, surface Ig, CD18, CD19, CD20, CD21, 
CD22, CD23, CD40, CD45, CD80, CD86 and ICAM1. Simi 
larly, natural ligands of these molecules and antibodies 
directed to them as Well as antibody derivatives may be used 
to deliver an activation signal to B cells. 

[0011] HoWever, prior to the present invention, it Was not 
knoWn that signal transduction folloWing stimulation of any 
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leukocyte receptor Was mediated by receptor interactions 
With PDZ domain-containing proteins. Therefore, it Was not 
even contemplated in the art that an interference of leukocyte 
surface receptor/PDZ domain interactions could regulate leu 
kocyte activation. 

3. SUMMARY OF THE INVENTION 

[0012] In one aspect, the invention provides a method of 
modulating a biological function of a cell, e. g., an endothelial 
cell or hematopoietic cell (such as a leukocyte, e.g., T cell or 
B cell), by introducing into the cell an antagonist that inhibits 
binding of a PDZ protein and a PL protein in the cell, or a 
agonist that enhances binding of a PDZ protein and a PL 
protein in the cell. In various embodiments the PL protein is 
an adhesion protein, an adaptor protein, or an intracellular 
protein. In embodiments it is CD6, CD49E, CD49F, CD138, 
CLASP-1, CLASP-4,VCAM1, CLASP-2, CD95, DNAM-l, 
CD83, CD44, CD4, CD97, CD3n, DOCK2, CD34, FceRIb, 
or FasLigand. In an embodiment the PL protein is character 
iZed by a carboxy-terminal amino acid motif that is X-S-X-A, 
X-A-D/E-V, X-V/I/L-X*-V, or X-S/T-X-F (Where X is any 
amino acid and X* is any non-aromatic amino acid). In 
embodiments, the PL protein is expressed by T lymphocytes 
or B lymphocytes. In some embodiments of this method, the 
PDZ protein is CASK, MPP1, DLG1, PSD95, NeDLG, 
SYNla, TAX43, LDP, LIM, LIMK, AF6, PTN-4, prIL16, 
41.8, RGS12, DVL1, TAX 40, TIAM1, MINT1, K303, 
TAX2, or KIAA561. 
[0013] In some embodiments, the cell is a leukocyte and the 
biological function is cell activation, cell proliferation, main 
tenance of cell structure, cell metabolic activity, or cytokine 
production. In some embodiments, the method further 
includes detecting a change in leukocyte activation. 
[0014] In preferred embodiments, the antagonist is an agent 
that inhibits the binding of a PL peptide to a PDZ domain 
polypeptide in an “A” assay, in a “G” assay, or in both anA 
assay and a G assay. The antagonist can be a polypeptide, 
such as a polypeptide having at the carboxyterrninus at least 
tWo residues that are the same as the carboxy-terminal tWo 
residues of a PL protein, such as a PL protein is expressed in 
a hematopoietic or endothelial cell that is an adhesion protein, 
an adaptor protein, or an intracellular protein. In an embodi 
ment, at least the carboxy-terminal four residues of the 
polypeptide are the same as the carboxy-terminal four resi 
dues of the PL protein. In an embodiment, the PL protein has 
a carboxy-terminal amino acid motif selected from X-S-X-A, 
X-A-D/E-V, X-V/I/L-X*-V, or X-S/T-X-F, Where X is any 
amino acid and X* is any non-aromatic amino acid. In 
embodiment, the PL protein is CD6, CD49E, CD49F, CD138, 
CLASP-1, CLASP-4,VCAM1, CLASP-2, CD95, DNAM-l, 
CD83, CD44, CD97, CD3n, DOCK2, CD34, FceRIb, or Fas 
Ligand. 
[0015] In a related aspect, the antagonist is a peptide 
mimetic of a PL inhibitor sequence peptide. In another related 
aspect the antagonist is a fusion polypeptide having a PL 
sequence and transmembrane transporter amino acid 
sequence (such as HIV tat, Drosophila antenapedia, herpes 
simplex virus VP22 or anti-DNA CDR 2 and 3). 
[0016] In another aspect, the invention provides a method 
of determining Whether a test compound is an inhibitor of 
binding betWeen a PDZ protein and a PL protein by contact 
ing a PDZ domain polypeptide having a sequence from the 
PDZ protein, and a PL peptide under conditions in Which they 
form a complex, in the presence and in the absence of a test 
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compound, and detecting the formation of the complex in the 
presence and absence of the test compound, Where less com 
plex formation in the presence of the test compound than in 
the absence of the compound indicates that the test compound 
is an inhibitor of a PDZ protein-PL protein binding. The PL 
peptide has a sequence that includes the a C-terminal 
sequence of a PL protein, such as CD6, CD49E, CD49F, 
CD138, CLASP-1, CLASP-4, VCAMl, CLASP-2, CD95, 
DNAM-l, CD83, CD44, CD97, CD3n, DOCK2, CD34, 
FceRIb, or FasLigand. In some embodiments, the PDZ 
domain polypeptide is a fusion polypeptide. 
[0017] In a related aspect, the invention provides a method 
of determining Whether a test compound is an agonist of 
binding betWeen a PDZ protein and a PL protein by contact 
ing a PDZ domain polypeptide, and a PL peptide under con 
ditions in Which they form a complex, in the presence and in 
the absence of a test compound, and detecting the formation 
of the complex in the presence and absence of the test com 
pound, Where more complex formation in the presence of the 
test compound than in the absence of the compound indicates 
that the test compound is an agonist of a PDZ protein-PL 
protein binding. 
[0018] The invention further provides an inhibitor of bind 
ing of a PDZ protein and a PL protein. In an embodiment, the 
inhibitor is characterized in that it reduces binding of a pep 
tide selected from the group consisting of a PL peptide 
selected from the group consisting of CD6, CD49E, CD49F, 
CD138, CLASP-1, CLASP-4, VCAMl, CLASP-2, CD95, 
DNAM-l, CD83, CD44, CD97, CD3n, DOCK2, CD34, 
FceRIb, and FasLigand and a PDZ domain polypeptide. In 
various embodiments, the inhibitor is a peptide comprising a 
sequence that is from 3 to about 20 residues of a C-terminal 
sequence of a PL protein selected from CD6, CD49E, CD49F, 
CD138, CLASP-1, CLASP-4, VCAMl, CLASP-2, CD95, 
DNAM-l, CD83, CD44, CD97, CD3n, DOCK2, CD34, 
FceRIb, and FasLigand; a peptide having a motif X-S-X-A, 
X-A-D/E-V, X-V/I/L-X*-V, or X-S/T-X-F, (Where X is any 
amino acid and X* is any non-aromatic amino acid); a peptide 
mimetic; or a small organic molecule. The invention also 
provides a pharmaceutical composition containing the inhibi 
tor. 

[0019] The invention also provides a method for treating a 
disease characterized by leukocyte activation by administer 
ing a therapeutically effective amount of an inhibitor of a 
PL-PDZ interaction. In embodiments, the disease is charac 
teriZed by an in?ammatory or humoral immune response or is 
an autoimmune disease. The invention further provides a 
method of reducing in?ammation in a subject, by administer 
ing an agent that inhibits binding of a PDZ protein and a PL 
protein, Where the PL protein is an adhesion protein, an adap 
tor protein, or an intracellular protein. 

[0020] The invention also provides use of an inhibitor of the 
binding of a PDZ protein and a PL protein to inhibit leukocyte 
activation or to treat a disease mediated by hematopoietic 
cells, such as a disease is characteriZed by an in?ammatory or 
humoral immune response. The invention also provides use 
of an inhibitor of the binding of a PDZ protein and a PL 
protein in the preparation of a medicament for treatment of a 
disease mediated by hematopoietic cells. 
[0021] The invention also provides a method of modulating 
a biological function of a hematopoietic cell, comprising 
introducing into the cell an antagonist that inhibits binding of 
a PDZ protein and a PL protein in the cell as deduced from 
Table 2, for example, Where the PL protein is DNAM-l and 
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the PDZ protein is MPPl, MPP2, DLGl, NeDLG, PSD95, 
LIM, AF6, 41.8 or RGS12, the PL protein is LPAP and the 
PDZ protein is DLGl or MINTl, or the PL protein is 
DNAM-l and the PDZ protein is PSD95 or MPP2. 
[0022] The present invention also relates to peptides and 
peptide analogues that bind PDZ domains in hematopoietic 
cells. In particular, it relates to fusion peptides and peptide 
analogues containing a hematopoietic cell surface receptor 
carboxyl terminal sequence and a transmembrane transporter 
sequence Which facilitates entry of the peptides into a target 
cell. The invention also relates to methods of using such 
compositions in inhibiting leukocyte activation as measured 
by cytokine production, cell proliferation, apoptosis and 
cytotoxicity. 
[0023] It is an object of the invention to administer a thera 
peutically effective amount of the aforementioned fusion 
peptides or peptide analogues as pharmaceutical composi 
tions to a subject to inhibit undesirable leukocyte-mediated 
events. 

[0024] It is also an object of the invention to administer a 
therapeutically effective amount of the aforementioned 
fusion peptides or peptide analogues as pharmaceutical com 
positions to a subject to treat an autoimmune disorder or to 
prevent transplantation rejection of a solid organ transplant. 
[0025] In one aspect, the invention provides a method of 
determining the apparent a?inity (Kd) of binding betWeen a 
PDZ domain and a ligand, by (a) immobilizing a polypeptide 
comprising the PDZ domain and at least one non-PDZ 
domain on a surface; (b) contacting the immobilizedpolypep 
tide With a plurality of different concentrations of the ligand; 
(c) determining the amount of binding of the ligand to the 
immobilized polypeptide at each of the concentrations of 
ligand; (d) calculating the apparent a?inity of the binding 
from the binding determined in (c). In an embodiment, the 
polypeptide is immobilized bybinding the polypeptide to an 
immobilized immunoglobulin that binds the non-PDZ 
domain. In an embodiment, the polypeptide comprising the 
PDZ domain is a fusion protein, for example a GST-PDZ 
domain fusion protein. 
[0026] In one aspect, the invention provides a method of 
determining the Ki of an inhibitor or suspected inhibitor of 
binding betWeen a PDZ domain and a ligand, by (a) immo 
bilizing a polypeptide comprising the PDZ domain and a 
non-PDZ domain on a surface; (b) contacting the immobi 
lized polypeptide With a plurality of different mixtures of the 
ligand and inhibitor, Wherein the different mixtures comprise 
a ?xed amount of ligand, at least a portion of Which is detect 
ably labeled, and different concentrations of the inhibitor; (c) 
determining the amount of ligand bound at the different con 
centrations of inhibitor; (d) calculating the Ki of the inhibitor 
from the binding determined in (c). In an embodiment, the 
polypeptide is immobilized by binding the polypeptide to an 
immobilized immunoglobulin that binds the non-PDZ 
domain. In an embodiment, the ?xed amount of ligand is 
betWeen about 0.01 Kd and about 2 Kd. 
[0027] In another aspect, the invention provides a method 
of identifying an agent that enhances the binding of a PDZ 
domain to a ligand, by immobilizing a polypeptide compris 
ing the PDZ domain and a non-PDZ domain on a surface; (b) 
contacting the immobilized polypeptide With the ligand in the 
presence of a test agent and determining the amount of ligand 
bound; and, (c) comparing the amount of ligand bound in the 
presence of the test agent With the amount of ligand bound by 
the polypeptide in the absence of the test agent, Wherein at 
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least tWo-fold greater binding in the presence of the test agent 
compared to the absence of the test agent indicates that the 
test agent is an agent that enhances the binding of the PDZ 
domain to the ligand. In an embodiment, the polypeptide is 
immobilized by binding the polypeptide to an immobilized 
immunoglobulin that binds the non-PDZ domain. 

[0028] In another aspect, the invention provides a method 
of determining the potency (Kenhancer) of an enhancer of 
binding betWeen a PDZ domain and a ligand, by (a) immo 
bilizing a polypeptide comprising the PDZ domain and a 
non-PDZ domain on a surface; (b) contacting the immobi 
lized polypeptide With a plurality of different mixtures of the 
ligand and enhancer, Wherein the different mixtures comprise 
a ?xed amount of ligand, at least a portion of Which is detect 
ably labeled, and different concentrations of the enhancer; (c) 
determining the amount of ligand bound at the different con 
centrations of enhancer; (d) calculating the potency (Ken’ 
hancer) of the enhancer from the binding determined in (c). In 
an embodiment, the polypeptide is immobilized by binding 
the polypeptide to an immobilized immunoglobulin that 
binds the non-PDZ domain. in an embodiment, the ?xed 
amount of ligand is betWeen about 0.01 Kd and about 0.5 Kd. 

[0029] In another aspect, the invention provides a method 
of identifying a high speci?city interactionbetWeen a particu 
lar PDZ domain and a ligand knoWn or suspected ofbinding at 
least one PDZ domain, by (a) providing a plurality of different 
immobilized polypeptides, each of said polypeptides com 
prising a PDZ domain and a non-PDZ domain; (b) determin 
ing the a?inity of the ligand for each of said polypeptides; (c) 
comparing the a?inity of binding of the ligand to each of said 
polypeptides. An interaction betWeen the ligand and a par 
ticular PDZ domain is deemed to have high speci?city When 
the ligand binds an immobilized polypeptide comprising the 
particular PDZ domain With at least 2-fold higher a?inity than 
to immobilized polypeptides not comprising the particular 
PDZ domain (a). In an embodiment, the polypeptide is immo 
bilized by binding the polypeptide to an immobilized immu 
noglobulin that binds the non-PDZ domain. 
[0030] In another aspect, the invention provides a method 
for determining the PDZ-PL inhibition pro?le of a compound 
by (a) providing (i) a plurality of different immobilized 
polypeptides, each of said polypeptides comprising a PDZ 
domain and a non-PDZ domain; (ii) a plurality of correspond 
ing ligands, Wherein each ligand binds at least one PDZ 
domain in (i); (b) contacting each of said immobilized 
polypeptides in (i) With a corresponding ligand in (ii) in the 
presence and absence of a test compound; (c) determining for 
each polypeptide-ligand pair in (b) Whether the test com 
pound inhibits binding betWeen the immobilized polypeptide 
and the corresponding ligand thereby determining the PDZ 
PL inhibition pro?le of the test compound. 
[0031] In another aspect, the invention provides an array 
comprising a plurality of different immobilized polypeptides, 
each of said polypeptides comprising a PDZ domain and a 
non-PDZ domain. In an embodiment, the array is situated in 
a plastic multiWell plate. In an embodiment, the array has at 
least 12 different polypeptides comprising at least 12 differ 
ent PDZ domains, for example, at least 12 different PDZ 
domains are from PDZs expressed in lymphocytes. In an 
embodiment, the PDZs are selected from those listed in Table 
2 or 6. 

[0032] In an aspect, the invention provides an assay device 
comprising a plurality of different immobilized PDZ-con 
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taining proteins organized in an array. In one embodiment, the 
device has at least 25 different PDZ-containing proteins. 
[0033] In a further aspect, the invention provides a method 
for identifying an interaction betWeen a PDZ domain and a PL 
by contacting a PL to a plurality of PDZ containing polypep 
tides and detecting binding of at least one PL to a PDZ. In an 
embodiment, the contacting occurs on assay device compris 
ing a plurality of different immobiliZed PDZ-containing pro 
teins organiZed in an array. In one embodiment, the device has 
at least 25 different PDZ-containing proteins. In embodi 
ments, an interaction betWeen a PDZ and more than one PL, 
or betWeen a PL and more than one PDZ, is detected. 
[0034] In a related aspect, the invention provides method 
for identifying a modulator of an interaction betWeen a PDZ 
and a PL by conducting any of the aforementioned assays in 
the presence and absence of a test compound and detecting a 
difference in at least one PDZ-PL interaction in the presence 
and absence of the test compound. In embodiments, the 
modulator is an enhancer of the interaction. In other embodi 
ments, the modulator is an inhibitor of the interaction. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIGS. 1A-1D shoW the results of exemplary assays 
in Which the binding of biotinylated peptides having a 
sequence of the carboxyl-terminus (“c-terminus”) of various 
leukocyte proteins to PDZ domains (i.e., GST-PDZ domain 
fusion proteins) Was determined using the “G” assay 
described infra. The PDZ domains are: PSD95 (FIG. 1A); 
NeDLG (FIG. 1B); DLG1 (FIG. 1C); and 41.8 (FIG. 1D). 
These and other PDZ domain fusion proteins are described 
infra (e. g., TABLE 2). In the ?gure, peptides 1-31 refer to the 
biotinylated PL peptide used in the assay, and are identi?ed in 
the Key, infra. “Peptide IDs” are de?ned in TABLE 3. Key: 

# Test Protein Peptide IDs 

1 CLASP-2 AAZL 
2 FceRIb AA25L 
3 CDW128B AA29.2 
4 KV1.3 AA33L 
5 Neurexin AA38L 
6 DOCKZ AA40L 
7 CC CKR-lR AA41L 
8 CC CKR-Z AA42L 
9 CC CKR-4 AA44L 

10 BLR-l AA45L 
11 CD49E AAl 1L 
12 CD97 AA14L 
13 VCAMl AA17L 
14 CD138 AA18L 
15 DNAM 1 AA22L 
16 CDW128A AA29.1L 
17 CC CKR 3 AA43L 
18 CLASP 1 AAlL R 

19 CD46 (Form 1) AAlOL 
20 CD95 AA13L 
21 CDW125 AA28L 
22 CD83 AA47L 
23 CD62E AA48L 
24 CD311 AA4L 
25 CLASP-4 AA3L V 
26 CD44 AA9L 
27 CD166 AAZOL 
28 CD62E AA48L 
29 CD5 AA49L 
30 CD148 AA55L 
31 DOCKZ AA40L 
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[0036] FIGS. 2A and 2B shoW the Apparent Af?nity Deter 
mination for PDZ-Ligand Interactions. Varying concentra 
tions of biotinylated CLASP-2 (FIG. 2A; TABLE 4) or Fas 
(FIG. 2B; TABLE 4) C-terminal peptides Were reacted With 
immobiliZed (plate bound) GST polypeptide or GST-PDZ 
fusion proteins (GST-DLG1, GST-NeDLG, and GST 
PSD95). The binding to GST alone (<0.2 OD units) Was 
subtracted from the binding to the fusion proteins to obtain 
the signal at each peptide concentration. This signal Was then 
normaliZed by dividing the signal at each peptide concentra 
tion by the maximum signal observed for each peptide-PDZ 
pair (i.e. the signal obtained at 30 [1M CLASP 2 peptide or 100 
[1M Fas peptide; 0.4-1.0 OD units for CLASP 2 and 1.2-2.0 
OD units for Fas). The normalized signals Were then plotted 
and ?t to a saturation binding curve, yielding an apparent 
a?inity of 21 [1M for DLG1-CLASP 2 interaction, 7.5 uM for 
NeDLG-CLASP 2 interaction, 45 [1M for PSD95-CLASP 2 
interaction, 54 [1M for DLG1-Fas interaction, 54 [1M for 
NeDLG-Fas interaction, and 85 [1M for PSD95-Fas interac 
tion. Data are means of duplicate data points, With standard 
errors betWeen duplicate data points <20%. 
[0037] FIGS. 3A-3F shoW inhibition of PDZ-PL peptide 
interactions. A ?xed concentration of biotinylated C-terminal 
peptide having a sequence based on the C-terminal sequence 
of a cell surface receptor protein (CLASP 2, CD46, Fas, and 
KV1.3; see TABLE 4) Was bound to immobiliZed GST 
polypeptide or the GST-fusion protein indicated at the top left 
of each frame, in the presence or absence of the competitor 
peptides indicated in the legend of each frame and the level of 
inhibition determined. FIG. 3A-DLG1; FIG. 3B-PSD95; 
FIG. 3C NeDLG; FIG. 3D-DLG1, FIG. 3E, PSD95; Fig. 
F-41.8. In FIG. 3A-B the competitor peptides are present at 
100 uM; in FIGS. 3C-F the competitor is present at the indi 
cated concentration. 
[0038] FIGS. 4A and 4B shoWs the results of introduction 
of a Tat-CD3 fusion peptide on T cell activation. Antigen 
speci?c T cell activation Was measured by cytokine produc 
tion. Fusion peptides containing tat and a T cell surface mol 
ecule carboxyl terminus inhibited y-interferon (IFN) 
production by a T cell line in response to myelin basic protein 
(MBP) stimulation. The level of inhibition Was determined by 
?rst subtracting the binding of the labeled peptide to GST 
alone from the binding to the fusion protein and dividing by 
the signal in the absence of competitor peptide. 

Tables 

Table 1 Amino Acid Classi?cation 
Table 2 Protein-Ligand Pairs 
Table 3 PDZ Domains 
Table 3A Note on Table 3 
Table 4 PL Peptides 
Table 5A&B Exemplary PL Motifs 
Table 6 PDZ Domain-Containing Genes Expressed in 

T Cells and B Cells 

5. DEFINITIONS 

[0039] 5 .1 A “fusion protein” or “fusion polypeptide” as 
used herein refers to a composite protein, i.e., a single con 
tiguous amino acid sequence, made up of tWo (or more) 
distinct, heterologous polypeptides Which are not normally 
fused together in a single amino acid sequence. Thus, a fusion 
protein can include a single amino acid sequence that con 
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tains tWo entirely distinct amino acid sequences or tWo simi 
lar 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 recom 
binant 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. 
[0040] 5.2 A “fusion protein construct” as used herein is a 
polynucleotide encoding a fusion protein. 
[0041] 5 .3 As used herein, the term “PDZ domain” refers to 
protein sequence (i.e., modular protein domain) of approxi 
mately 90 amino acids, characterized by homology to the 
brain synaptic protein PSD-95, the Drosophila septate junc 
tion protein Discs-Large (DLG), and the epithelial tight junc 
tion protein ZOl (ZOl). 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 
1076). 
[0042] PDZ domains are found in diverse membrane-asso 
ciated proteins including members of the MAGUK family of 
guanylate kinase homologs, several protein phosphatases and 
kinases, neuronal nitric oxide synthase, and several dystro 
phin-associated proteins, collectively knoWn as syntrophins. 
[0043] Exemplary PDZ domain-containing proteins and 
PDZ domain sequences are shoWn in TABLE 3. The term 
“PDZ domain” also encompasses variants (e.g., naturally 
occurring variants) of the sequences of TABLE 3 (e. g., poly 
morphic variants, variants With conservative substitutions, 
and the like). Typically, PDZ domains are substantially iden 
tical to those shoWn in TABLE 3, e.g., at least about 70%, at 
least about 80%, or at least about 90% amino acid residue 
identity When compared and aligned for maximum corre 
spondence. 
[0044] 5 .4 As used herein, the term “PDZ protein” refers to 
a naturally occurring protein containing a PDZ domain, e. g., 
a human protein. Exemplary PDZ proteins include CASK, 
MPP1, DLGl, PSD95, NeDLG, TAX33, SYNla, TAX43, 
LDP, LlM, LIN4K1, LIMK2, MPP2, NOSl, AF6, PTN-4, 
prlLl6, 41.8 kD, KIAA0559, RGS12, KIAA0316, DVLl, 
TAX40, TlAMl, MlNTl, KIAA0303, CBP, MINT3, TAX2, 
KIAA0561. Exemplary PDZ proteins are listed in TABLE 2 
and TABLE 3. 

[0045] 5 .5 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. 
[0046] 5.6 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 pro 
tein Whose carboxy-terminus, When expressed separately 
from the full length protein (e.g., as a peptide fragment of 
4-25 residues, e.g., 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 TABLE 2 are demonstrated 
to bind speci?c PDZ proteins. This de?nition is not intended 
to include anti-PDZ antibodies and the like. 

[0047] 5.7 As used herein, a “PL sequence” refers to the 
amino acid sequence of the C-terminus of a PL protein (e. g., 
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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 (“intemal PL 
sequence). 
[0048] 5.8 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 (biotiny 
lated) are listed in TABLE 4. 

[0049] 5.9 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. 

[0050] 5.10 As used herein, the term “PL inhibitor peptide 
sequence” refers to PL peptide an 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 anA assay or a G assay). 

[0051] 5.11 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. 
[0052] 5.12 As used herein, the terms “antagonist” and 
“inhibitor,” 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). 
[0053] 5.13 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). 
[0054] 5.14 As used herein, the terms “peptide mimetic,” 
“peptidomimetic,” and “peptide analog” are used inter 
changeably and refer to a synthetic chemical compound 
Which has substantially the same structural and/or functional 
characteristics of an 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 chi 
meric 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 conserva 
tive 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 deter 
mine 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. 

[0055] Polypeptide mimetic compositions can contain any 
combination of normatural 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 second 
ary 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. 
































































































































































































































































