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COMPOSITIONS AND METHODS OF MUTANT NOGO-66 DOMAIN PROTEINS

BACKGROUND OF THE INVENTION

[0001] This application claims priority to U.S. Application No. 60/703,134 filed on
July 28, 2005, which is hereby incorporated by reference in its entirety.

[0002] All patent applications, published patent applications, issued and granted
patents, texts, and literature references cited in this specification are hereby incorporated

herein by reference in their entirety.

[0003] The inability of central nervous system (CNS) neurons to regenerate damaged
axons severely limits patient recovery after traumatic injury, stroke, or certain
neurodegenerative diseases. Regenerative failure of damaged axons has been attributed in
part to proteins associated with CNS myelin and the scar that forms at an injury site.

Multiple factors present in myelin, including the myelin inhibitory ligands, Nogo-A, myelin-
associated glycoprotein (MAG) and oligodendrocyte-myelin glycoprotein (OMgp), have been
demonstrated to be partly responsible for the impoverished neuronal repair response

following CNS injury.

[0004] A common receptor, NgR1, has been identified to be capable of independently
binding to the three myelin inhibitory ligands. NgR1 is a 473-residue GPI-linked, neuronal,
axonally expressed protein with no intrinsic means of intracellular signaling. Signal
transduction is mediated through an NgR1/p75 NTR/Lingo-1 trimeric co-receptor complex
and with the cell by activation of Rho GTPases. Both p75 and Lingo-1 have been
demonstrated to be required for signal transductioﬁ. Recently, another co-receptor, Troy
(also known as Taj), has been demonstrated to form a functional receptor complex with NgR
and Lingo-1 to mediate cellular responses to myelin inhibitors. Because NgR1 coordinates
inhibition by interactions with multiple myelin associated inhibitory proteins, NgR1
represents a convergent target for drugs that can block myelin-derived inhibition of neuronal

repair.

[0005] Nogo-66 is an axon-inhibiting domain located at the C-terminal end of the
NogoA protein. The Nogo-66 domain consists of 66 amino acids that are displayed at the
extracellular surface and at the endoplasmic reticulum lumen of transfected cells and
oligondendrocytes. To facilitate the study of Nogo-66 interaction with its neuronal receptors,

and to explore therapeutic opportunities, the present invention provides Nogo-66 domain-
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based fusion proteins that do not aggregate during isolation or purification procedures, and

methods for using these fusion proteins.

SUMMARY OF THE INVENTION

[0006] The invention relates to proteins and peptides that comprise a mutant human
Nogo-66 domain. A key aspect of the present proteins and peptides lies in the introduction of
a mutation into the coding sequence for Nogo-66. The mutation is at amino acid position 47
of the Nogo-66 peptide, where position 47 is cysteine in the wild-type sequence. Mutating
position 47 from a cysteine to another amino acid, for example, valine, prevents Nogo-66
domain proteins from aggregating. Aggregation of wild-type Nogo-66 domain-containing
proteins into high molecular weight complexes has limited the utility of Nogo-66 domain-
based reagents. Aggregate complexes of wild-type Nogo-66-containing proteins hamper the
ability to make quantitative assessments of Nogo-66/NgR1 interactions, and therefore limits
the utility of Nogo-66 domain-based reagents. The present invention overcomes this
aggregation problem, and provides for various proteins comprising a mutant Nogo-66 domain

that can be used in assays based on the detection of NgR1 receptor/ligand interactions.

[0007] In one aspect, the invention provides a protein or peptide that comprises a
mutant human Nogo-66 domain, wherein the mutant human Nogo-66 domain does not
comprise a cysteine residue. In one aspect, the protein or peptide that comprises a mutant
human Nogo-66 domain does not aggregate, wherein the mutant human Nogo-66 domain
does not comprise a cysteine residue. In one aspect, the invention provides a mutant human
Nogo-A protein or portion thereof comprising a Nogo-66 domain, wherein the Nogo-66
domain does not contain a cysteine residue, such that the mutant human Nogo-A protein does
not aggregate. In one aspect, the invention provides a mutant human Nogo-66 protein or

peptide that does not comprise a cysteine residue such that the protein or peptide does not

aggregate.

[0008] The mutant human Nogo-66 domain proteins or peptides can be used alone or
they can be used as domains in recombinant proteins. In one aspect, the invention provides a
fusion protein, the fusion protein comprising a Nogo-66 domain that does not comprise a
cysteine residue. The Nogo-66 domain can be fused to essentially any other peptide or
protein, and mutating the cysteine residue at position 47 of the wild-type human Nogo-66

domain (see SEQ ID NO:3 for the wild-type sequence of the human Nogo-66 domain) allows
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for the fusion proteins to be isolated or purified in a non-aggregated form. The Nogo-66

domain can be at the N-terminus, C-terminus or in between the termini of the fusion protein.

[0009] . The proteins and peptides of the invention can have a mutant human Nogo-66
domain comprising an amino acid sequence of SEQ ID NO:5, 6, 7, 8 or 9, or an amino acid
sequence that is at least 95% or 99% identical to SEQ ID NO:5, 6, 7, 8 or 9 (provided that the
cysteine residue is mutated). In one aspect, the invention provides a protein comprising a
mutant human Nogo-66 domain consisting of or consisting essentially of an amino acid
sequence of SEQ ID NO:5, 6, 7, 8 or 9. In one aspect, a protein or peptide of the invention
comprises a mutant human Nogo-66 domain with an amino acid sequence of SEQ ID NO:5.
In one aspect, the invention provides an antibody that is specific to a protein or peptide of the
invention. In other words, a protein or peptide of the invention can be used as an immunogen
to generate antibodies specific to the protein or peptide. In one aspect, the invention provides
an antibody that is specific to an epitope of a protein or peptide of the invention, wherein the
epitope comprises a mutation in the cysteine residue of the wild-type human Nogo-66
domain. In one aspect, the invention provides an antibody that has been raised against the
mutant human Nogo-66 domain comprising an amino acid sequence of SEQ ID NO:5, 6, 7, §
or 9. In another aspect, the antibody that is specific to a protein or peptide of the invention
inhibits binding between a receptor and the wild-type or mutant human Nogo-66 domain.
The receptor can be, for example, NgR1. Antibodies of the invention can be screened for
their ability to inhibit binding between a receptor and the Nogo-66 domain according to the
present methods for detecting whether a candidate molecule can inhibit binding between a

Nogo-66 domain and a receptor.

[0010] In one aspect, the invention provides a fusion protein comprising: (a) a mutant
human Nogo-66 domain that does not comprise a cysteine residue (including domains
comprising the amino acid sequence of SEQ ID NO:5, 6, 7, 8 or 9); and (b) a reporter protein
domain. In one aspect, the invention provides a non-aggregating fusion protein ﬁcomprising:
(a) a mutant human Nogo-66 domain that does not comprise a cysteine residue such that the

fusion protein does not aggregate; and (b) a reporter protein domain.

[0011] For fusion proteins of the invention that comprise a reporter domain, the
reporter protein domain can comprise, for example, an enzyme, a luminescent protein, or a
fluorescent protein, or mutants, variants or portions thereof. In one aspect, the enzyme is the
human placental secreted alkaline phosphatase protein or the 3-galactosidase protein. In

another aspect, the fluorescent or luminescent protein is a luciferase protein, a green
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fluorescent protein, a yellow fluorescent protein, a red fluorescent protein, or a blue

fluorescent protein.

[0012] In one aspect, the fusion protein is secreted when expressed by a cell. The
fusion protein can further comprise a leader sequence or a peptide signal sequence. The
fusion protein can further comprise a cleavage site for an enzyme, such as a protease. In one
aspect, the fusion protein further comprises an enterokinase cleavage site. In another aspect,
the fusion protein further comprises an epitope tag. In one aspect, the epitope tag is a Hise

tag.

[0013] In one aspect, the invention provides a fusion protein comprising: (a) a mutant
human Nogo-66 domain having the amino acid sequence of SEQ ID NO:5; and (b) an

alkaline phosphatase domain.

[0014] In another aspect, the invention provides a fusion protein comprising the
amino acid sequence of SEQ ID NO:16. In one aspect, the invention provides a fusion
protein consisting essentially of the amino acid sequence of SEQ ID NO:16. The fusion
protein having the amino acid sequence of SEQ ID NO:16 is both non-aggregating and is

secreted when expressed by cells.

[0015] In one aspect, the invention provides a method for detecting whether a
receptor can bind to a Nogo-66 domain (as used herein, a Nogo-66 domain includes Nogo-66
domain comprising proteins, such as Nogo-A), the method comprising: (a) contacting a
receptor with a protein or peptide comprising a mutant human Nogo-66 domain, wherein the
mutant human Nogo-66 domain does not comprise a cysteine residue; and (b) assaying for
the presence of a protein complex comprising the receptor and the protein or peptide
comprising a mutant human Nogo-66 domain. If a protein complex comprising the receptor
and the protein/peptide comprising a mutant human Nogo-66 domain (i.e., the Nogo-66
domain does not comprise a cysteine residue such that protein/peptide does not aggregate) is
detected, this indicates that the receptor can bind to the Nogo-66 domain. If the protein or
peptide comprising a mutant human Nogo-66 domain also comprises a reporter domain, then
the assaying step can involve assaying for reporter activity from the protein or peptide.

Detection of reporter activity indicates that the receptor can bind to a Nogo-66 domain.

[0016] In one aspect, the invention provides a method for detecting whether a
receptor can bind to a Nogo-66 domain, the method comprising: (a) contacting a receptor

with a fusion protein of the invention comprising a reporter domain; and (b) assaying for
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reporter protein activity, wherein detection of reporter protein activity indicates that the

receptor can bind to the Nogo-66 domain.

[0017] In the present methods, the receptor that is being contacted can be expressed
on the surface of a cell. The receptor expressed by the cell can be encoded by a cDNA
library expression vector that has been transfected into the cell. This allows high-throughput

screening for receptors that are capable of binding to the Nogo-66 domain.

[0018] In one aspect, the invention provides a method for detecting whether a
candidate molecule can inhibit binding between a Nogo-66 domain and a receptor, the
method comprising: (a) contacting a receptor that binds to the Nogo-66 domain with: (i) a
protein or peptide comprising a mutant human Nogo-66 domain, wherein the mutant human
Nogo-66 domain does not comprise a cysteine residue, and (ii) a candidate molecule; and (b)
assaying for the presence of a protein complex comprising the receptor and the protein or
peptide comprising a mutant human Nogo-66 domain. If a protein complex of the receptor
and the protein/peptide comprising a mutant human Nogo-66 domain (i.e., the Nogo-66
domain does not comprise a cysteine residue such that protein/peptide does not aggregate) is
detected, or if lower amounts of the complex is detected as compared to samples where the
candidate molecule was not added, this indicates that the receptor can bind to the Nogo-66 |
domain. The assaying for the presence of the protein complex can be conducted by standar(i
biochemical techniques as described herein.. If the protein or peptide comprising a mutant
human Nogo-66 domain also comprises a reporter domain, then the assaying step can
comprise assaying for fluorescence or luminescence. Detection of minimal amounts of
fluorescence/luminescence or detection of lower amounts of fluorescence/luminescence as
compared to control experiments where no candidate molecule is added, indicates that the
candidate molecule can inhibit or otherwise negatively affect binding between the receptor

and the Nogo-66 domain.

[0019] In another aspect, the invention provides a method for detecting whether a
candidate molecule can inhibit binding between a Nogo-66 domain and a receptor, the
method comprising: (a) incubating: (i) a receptor, (ii) a fusion protein of the invention
comprising a reporter domain, and (iii) a candidate molecule; and (b) assaying for reporter
protein activity, wherein no or minimal detection of reporter protein activity indicates that the
candidate molecule can inhibit binding between Nogo-66 and the receptor. In this method,
the receptor can be NgR1. Further, the method can be cell-based, where a cell expressing a

receptor at its cell-surface is incubated. The fusion protein can have, for example, the amino
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acid sequence of SEQ ID NO:16. For the incubating step, the candidate molecule can be
incubated with the cell prior to, at the same time, or after the addition of the fusion protein.
Where the fusion protein comprises an alkaline phosphatase domain, the assaying step of the
method can comprise adding a fluorescent or chemiluminescent substrate to the well (see
Example 3 for a more detailed protocol). Further, assaying of reporter protein activity can
involve determining whether there is a decrease of fluorescent or chemiluminescent emission
from a sample having an addition of a candidate molecule as compared to a sample having no
addition of the candidate molecule. In the invention, candidate molecules can also be
described as drug candidates, and candidate molecules include, but are not limited to,
chemical‘ compounds like small-molecules, peptidomimetic chemical compounds that mimic
the three-dimensional structure of the Nogo-66 domain, nucleic acids, proteins, peptides, and
antibodies that bind to regions of the NgR1 receptor (including the region of the NgR1 |
receptor that binds to Nogo-66).

[0020] In the methods of the invention, the incubating or contacting or assaying can
be conducted in individual wells of multi-well plates, including 96-well, 384-well and 1536- '
well microplates. These microplates can support cell-based assays, such that cells can be
grown in culture media in these wells, therefore enabling direct assays on the cells. Further,
the microplates are standardized to work with automation and detection equipment, such that
methods that involve the detection of reporter activity can be conducted in a high-throughput

manner.

[0021] In another aspect, the invention provides a method for testing whether a
candidate molecule can inhibit binding between a Nogo-66 domain and a receptor, the
method comprising: (a) incubating in a first well (or other container or substrate): (i) a cell
expressing a receptor that binds to Nogo-66, (ii) a fusion protein of the invention, and (iii) a
candidate molecule; (b) incubating in a second well: (i) a cell expressing the receptor that
binds to Nogo-66, and (ii) the fusion protein used in step (a); and (c) assaying for reporter
protein activity from the first and second well, wherein detection of decreased of reporter
protein activity in the first well as compared to the second well indicates that the candidate

molecule can inhibit the binding between the receptor and Nogo-66.

[0022] In one aspect, the invention provides a method for testing whether a candidate
molecule can inhibit binding between Nogo-66 and NgR1, the method comprising: (a)
incubating in a first well: (i) a cell expressing the NgR1 receptor on its cell surface, (i1) a

fusion protein having the amino acid sequence of SEQ ID NO:16, and (iii) a candidate
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molecule; (b) incubating in a second well: (i) a cell expressing the NgR1 protein on its cell
surface, and (ii) a fusion protein having the amino acid sequence of SEQ ID NO:16; and (c)
assaying for reporter protein activity from the first and second well, wherein detection of
decreased of reporter protein activity in the first well as compared to the second well
indicates that the candidate molecule can inhibit the binding between the NgR1 receptor and
Nogo-66. The assaying can comprise, for example, adding an alkaline phosphatase substrate
to the first and second wells. As described in Example 3, if a candidate molecule (or “drug
candidate™) can prevent binding of a fusion protein with NgR1, then the majority of the cells
in a well will not have fusion proteins bound to their cell surface with NgR1 - therefore, in
such wells, there will be substantially little or no fusion proteins that can cleave the alkaline

phosphatase substrates and thereby generate chemiluminescence or fluorescence.

BRIEF DESCRIPTION OF THE FIGURES

[0023] Figure 1 provides the amino acid sequence of the homo sapiens Nogo-A
protein (SEQ ID NO:1; Genbank Accession No. CAB99248). The Nogo-66 domain is
located at amino acid residues 1055-1120 of SEQ ID NO:1.

[0024] Figure 2 provides the amino acid sequence for an alternatively spliced form of
homo sapiens Nogo-A (“short form”) (SEQ ID NO:2; Genbank Accession No. AAG40878),
and the Nogo-66 domain is located at amino acid residues 823-888 of SEQ ID NO:2.

[0025] Figure 3 provides the wild-type amino acid sequence of the human Nogo-66
domain (SEQ ID NO:3). The cysteine residue at position 47 is mutated in the fusion proteins

of the invention in order to prevent Nogo-66 domain-based reagents from aggregating.

[0026] Figure 4 provides the nucleotide sequence encoding the human Nogo-66
domain (SEQ ID NO:4). The nucleotides encoding the cysteine residue at position 47 of
SEQ ID NO:3 is located at nucleotides 139-141 of SEQ ID NO:4. Nucleotides 139-141 can
be mutated by standard procedures known to one skilled in the art, such as by site-directed

mutagenesis.

[0027] Figure 5 provides the amino acid sequence (SEQ ID NO:5) of a mutated
human Nogo-66 domain used in various fusion proteins of the invention. The cysteine
residue at position 47 of the wild-type Nogo-66 domain has been mutated to be a valine

residue.
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[0028] Figure 6 provides the amino acid sequence (SEQ ID NO:6) of a mutated
human Nogo-66 domain used in various fusion proteins of the invention. The cysteine
residue at position 47 of the wild-type Nogo-66 domain has been mutated to be an alanine

residue.

[0029] Figure 7 provides the amino acid sequence (SEQ ID NO:7) of a mutated
human Nogo-66 domain used in various fusion proteins of the invention. The cysteine
residue at position 47 of the wild-type Nogo-66 domain has been mutated to be a glycine

residue.

[0030] Figure 8 provides the amino acid sequence (SEQ ID NO:8) of a mutated
human Nogo-66 domain used in various fusion proteins of the invention. The cysteine
residue at position 47 of the wild-type Nogo-66 domain has been mutated to be a leucine

residue.

[0031] Figure 9 provides the amino acid sequence (SEQ ID NO:9) of a mutated
human Nogo-66 domain used in various fusion proteins of the invention. The cysteine
residue at position 47 of the wild-type Nogo-66 domain has been mutated to be an isoleucine

residue.

[0032] Figure 10 provides a basic schematic of one possible fusion protein of the
invention. The schematic shows that the fusion protein can comprise an alkaline phosphatase
domain, an enterokinase cleavage site (EK), a mutated human Nogo-66 domain, and a 6-His

tag (also referred to as “Hisg”).

t

[0033] Figure 11A-B provides the nucleotide sequence (SEQ ID NO:15) coding for a
fusion protein (SEQ ID NO:16; Figure 12) of the invention.

[0034] Figure 12 provides the amino acid sequence (SEQ ID NO:16) encoded by the
nucleotide sequence of SEQ ID NO:15. The amino acid sequence of SEQ ID NO:16
comprises the honey bee melatonin signal peptide (residues 1-21), a portion of the human
placental secreted alkaline phosphatase protein (residues 28-516), an enterokinase protease
cleavage site (residues 518-526), a human Nogo-66 domain having its cysteine mutated to a
valine (residues 528-593, where the valine in place of a cysteine is at residue 574), and a Hiss

epitope tag.

DETAILED DESCRIPTION OF THE INVENTION
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[0035] The invention provides proteins and peptides that comprise a mutant human
Nogo-66 domain, where the cysteine residue in the Nogo-66 domain is mutated such that the
proteins and peptides do not aggregate. Aggregate complexes of wild-type Nogo-66-
containing proteins hamper the ability to make quantitative assessments of Nogo-66/NgR 1
interactions, and therefore limits the utility of Nogo-66 domain-based reagents. The present
invention overcomes this aggregation problem, and provides for various mutant Nogo-66
domain-comprising proteins. Because these mutant Nogo-66 domain-comprising proteins do
not aggregate, and because they maintain their ability to bind to receptors that bind to Nogo-
A (via the Nogo-66 domain), the proteins and peptides of the invention are useful reagents for
detecting Nogo-66 domain-receptor interactions and for screening agents that can inhibit such
interactions. Agents (i.e., candidate molecules or drug candidates, which can be proteins,
peptides, small organic molecules, nucleic acids, non-organic synthetic molecules, efc.)
identified to be able to inhibit interactions or the formation of complexes between Nogo-66
domain-binding receptors (like NgR1) and the proteins/peptides of the invention are potential

drug candidates for the therapy of CNS repair and/or neurodegenerative diseases.

[0036] In certain embodiments, the invention provides proteins that comprise a
mutant human Nogo-66 domain, wherein the cysteine at position 47 (see SEQ ID NO:3) of
the human Nogo-66 domain is mutated. Mutating position 47 from a cysteine to another
amino acid, for example, valine, prevents Nogo-66 domain-based proteins from aggregating.
These mutant Nogo-66 domain-based proteins are able to bind to the NgR1 receptor, and
therefore the proteins and peptides of the invention can be used in assays to screen and
identify drug candidate compounds that can block, inhibit, prevent or out-compete binding of
the Nogo-66 domain to NgR1, thereby indicating that these drug candidates may be potential

therapeutic agents for neurodegenerative diseases and neuronal repair.

[0037] Nogo-66 Domain

[0038] The human Nogo-66 domain comprises amino acid residues 1055-1120 of
homo sapiens Nogo-A, where the amino acid sequence for Nogo-A is shown in Figure 1 and
SEQ ID NO:1 (Genbank Accession No. CAB99248). In relation to an alternatively spliced
form of homo sapiens Nogo-A (“short form™), the human Nogo-66 domain comprises amino
acid residues 823-888, where the Nogo-A short form sequence is shown in Figure 2 and SEQ
ID NO:2 (Genbank Accession No. AAG40878).
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[0039] The wild-type amino acid sequence of the human Nogo-66 domain is
presented in Figure 3 and in SEQ ID NO:3. The cysteine residue at position 47 of the Nogo-
66 domain can be mutated in order to prevent Nogo-66 domain fusion proteins from
aggregating. The nucleotide sequence encoding the human Nogo-66 domain is presented in
Figure 4 and in SEQ ID NO:4. Nucleotides 139-141 of SEQ ID NO:4 encode the cysteine
residue of the Nogo-66 domain. In various embodiments, this cysteine residue is mutated
(i.e., by mutating one or more of the nucleotides (e.g., nucleotides 139-141 of SEQ ID NO:4)
that encode for the cysteine residue) in order to prevent aggregation of the Nogo-66 domain
comprising fusion proteins of the invention. These nucleotides can be mutated by standard
procedures, for example, by PCR primer-mediated site directed mutagenesis. In one
embodiment, the human Nogo-66 domain was mutated such that the cysteine residue was
changed to a valine residue, and the amino acid sequence of this particular human Nogo-66

domain mutant is listed in SEQ ID NO:5 (Figure 5).

[0040] In other embodiments, the human Nogo-66 domain can be mutated such that
the cysteine residue is changed to a phenylalanine, leucine, serine, tyrosine, tryptophan,
leucine, proline, histidine, glutamine, arginine, isoleucine, methionine, threonine, asparagine,
lysine, serine, valine, alanine, aspartic acid, glutamic acid or glycine residue. In one
embodiment, the Nogo-66 domain can be mutated such that the cysteine residue is changed to
an alanine (SEQ ID NO:6; Figure 6), glycine (SEQ ID NO:7; Figure 7), leucine (SEQ ID
NO:8; Figure 8) or isoleucine residue (SEQ ID NO:9; Figure 9). In another embodifnent, the

mutation of the human Nogo-66 domain is a deletion of the cysteine residue.

[0041] The mutant human Nogo-66 domain comprising proteins and peptides of the
invention, whether they are or are not fused to other domains, epitopes, or heterologous
sequences, can be used as reagents in a variety of methods. For example, purposes for which
the proteins and peptides of the invention can be used include, but are not limited to, as
immunogens for the production of antibodies, as reagents to determine whether a receptor can
bind to the Nogo-66 domain because the proteins and peptides of the invention have the same
or similar ability as the wild-type Nogo-66 domain to bind to receptors, and as reagents to
determine whether an agent (i.e., chemical compounds, nucleic acids, proteins, peptides,
polymers, etc.) can inhibit or alter the binding between a receptor and a mutant Nogo-66

domain-comprising protein/peptide of the invention.

[0042] Reporter Domains
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[0043] In addition to a human Nogo-66 domain having its cysteine residue mutated to
another amino acid, the proteins of the invention also comprise a fusion protein. In one
embodiment, the fusion protein comprises a reporter protein domain. The reporter protein
domain can be a full-length reporter protein or a domain or portion of a reporter protein. In
one embodiment, the reporter protein domain comprises a portion of the human placental

secreted alkaline phosphatase protein.

[0044] The reporter protein domain can comprise, for example, an enzyme, a
fluorescent protein or a luminescent protein, or portions, mutants or variants thereof. The
enzyme can be, for example, a human placental alkaline phosphatase protein or a B-
galactosidase protein. The fluorescent protein or luminescent proteins include, but are not
limited to, luciferase, GFP, red fluorescent protein (RFP), yellow fluorescent protein (YFP),
cyan fluorescent protein (CFP), green fluorescent protein (GFP), enhanced version of Green
Fluorescent Protein (“eGFP”), blue fluorescent protein (BFP), and sapphire fluorescent

protein. The reporter protein domain can be wild-type in genetic sequence or mutated.

[0045] Fusion Proteins

[0046] The fusion proteins of the invention can comprise at least two elements: (1) a
human Nogo-66 domain that is mutated such that it does not possess a cysteine residue, and
(2) a reporter protein domain. In addition to these two elements, the fusion proteins can
further comprise at least a region coding for a cleavage site for an enzyme or a chemical
and/or a region coding for an epitope tag. Further, the fusion proteins can comprise a leader

peptide sequence at the 5° terminus.

[{0047] In one embodiment, the fusion proteins can comprise an enzyme or chemical
cleavage site between the reporter domain and the Nogo-66 domain. When situated between
these two domains, the cleavage site enables a user of the invention to separate the two
domains if needed. In one embodiment, the region coding for a cleavage site can be an
enterokinase protease (EK) cleavage site, where this site comprises the sequence -Asp-Asp-
Asp-Lys- (SEQ ID NO: 10). In one embodiment, the EK cleavage site has the sequence -
Asp-Asp-Asp-Lys-Leu-Ser-Arg-Asp- (SEQ ID NO:11). Enterokinase is a serine protease

that recognizes this amino acid sequence with a high specificity.

[0048] Cleavage sites also include, but are not limited to, cleavage sites for the
following enzymes and chemicals: Arg-C proteinase, Asp-N endopeptidase, BNPS-Skatole
[2~(2-nitrophenyl)-3-methyl-3-bromoindolenine], Caspase, Chymotrypsin, CNBr (cyanogen
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bromide), Clostripain, Enterokinase, Factor Xa, Formic acid, Glutamyl endopeptidase,

Granzyme B, Hydroxylamine, Iodosobenzoic acid, LysC, NTCB (2-nitro-5-thiocyanobenzoic

acid), Pepsin, Proline-endopeptidase, Proteinase K, Staphylococcal peptidase I, Thermolysin,

Thrombin and Trypsin.

[0049]

In the following Table, cleavage sites for enzymes and chemicals are

presented by position (“P”’) with respect to where cleavage occurs in a protein (between P1

and P1”). Amino acid positions are numbered with respect to where cleavage occurs, P1

indicates the amino acid immediately 5’ to the cleavage site. P2 indicates the second amino

acid immediately 5’ to the cleavage site, and P3 and P4 indicate the third and fourth amino

acid immediately 5° to the cleavage site, respectively. Similarly, P1° and P2’ indicate the

first and second amino acids immediately 3’ to the cleavage site. Where a dash symbol is

presented, this indicates that any amino acid can be present.

Table 1: Cleavage Sites

Enzymepame P4 [p3 [z [ T [e2
Arg-C proteinase - - |- IR |- -
Asp-N endopeptidase - |- - c ID -
| BNPS-Skatole - - - AW - 1-
F,W,Y, H, A or notE, D, Q,
Caspase 1 or L i IT , b |KorR i
|not P, E, D,
Caspase 2 D v | A D Q,KorR |
not P, E, D,
Caspase 3 D M | Q D Q.KorR |
] | jnotP,E, D, |
Caspase 4 L v D |Q,KorR
Caspase 5 L or W |H |D |- -
: | |not P, E, D,
Caspase 6 \'% | E ) Horl | D lo,KorR —
i InotP, E, D, |
Cospase 7 PoFE Y P lokaRr T
| ; |notP,E, D, |
Caspase® o pF 1" P |oKeR
Caspase9 AL E_|H ID |- -
Caspase 10 I E A __|D | S &
Chymotrypsin-high specificity (C- |- - - ForY jnot P -
ferm. to [FYW], not before P) |- - - W_ [notMorP |-
Chymotrypsin-low specificity (C- |- - - FLorY |notP -
term. to [FYWML], not before P) |- - - Jw |notMorP |-
- - - M jnotP or Y
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Enzyme name P4 1Pr3 |P2 P1 |P1’ (P2
] ‘ not D,M,P
Clostripain (Clostridiopeptidase ! R
B ) I ) | . ) )
CNBr - |- 1- M - -
Enterokinase DorN [DorN|DorN |K I -
AJFG]I, |
Factor Xa LT,Vor |DorE |G R - -
Formic acid - - - D P -
Glutamyl endopeptidase - - - E - -
GranzymeB 1 B I _ID |- -
Hydroxylamine - - - N G -
Iodosobenzoicacid » ” . AW - :
LysC - - - K - -
NTCB (2-nitro-5- } ] ] ' c }
thiocyanobenzoic acid) I
not |
- H,K, or {not P not R F,LWorY |notP
| Pepsin (pH1.3) iot ‘
- HK, or§ not P ELWor | not P
IR | ! Y
not
: - ’ H,K or {not?P not R ForL not P
Pepsin (pH>2) : R
§not
- HXK or |notP ForL - not P
|R |
Proline-endopeptidase - - I;’K T ip not P -
] ] AE,F,LL,
Proteinase K - - - T.V,Wor |- -
Staphylococcal peptidase I - - notE |E - -
Thermolysin - - - notDor E AFLLM
- G IR |G -
| Thrombin AFGL |75 not
LT, Vor {272 |P R |notD or E
M {,Wor DE
1A ;
- |- |- |[KorR  |notP -
Trypsin (exceptions noted below) [ : ui e \ — :
- - ? M R P -
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The above cleavage rules do not apply for Trypsin, i.e. no cleavage occurs, with the
following compositions of the cleavage sites:

Enzymename  |P4 |P3 P2 [|P1 [PI' [P
- - CorD K D 1-
{ Trypsin - - C K HorY |-
i - - C R K -
| TR R Har |
[0050] The fusion proteins of the invention can include an epitope tag. An epitope is

a portion of a molecule to which an antibody binds. Epitopes can be composed of sugars,
lipids or amino acids. In most cases, epitope tags are constructed of amino acids. Epitope tags
are added to a molecule (usually proteins) to provide a mechanism for visualization and/or
purification. Visualization can take place in a gel, a western blot or labeling via
immunofluorescence. Purification can occur by chromatography. An epitope tag can be
placed anywhere within the fusion protein, but typically it is placed on either the amino or
carboxyl terminus to minimize any potential disruption in tertiary structure and thus function.
Although any short stretch of amino acids known to bind an antibody could become an
epitope tag, specific epitope tags include, but are not limited to, c-Myc, HA and Hise. The c-
Myc epitope is a 10-amino acid segment of the human protooncogene myc (EQKLISEEDL
(SEQ ID NO: 12). The HA epitope is an amino acid segment of the haemo glutinin protein
from human influenza hemagglutinin protein (YPYDVPDYA (SEQ ID NO:13). The Hise
epitope is composed of siX consecutive histidines (HHHHHH (SEQ ID NO:14)). Ifsix
histidines are placed in a row, they form a structure that binds.the element Nickel, which is

especially useful for affinity chromatography-based purification.

[0051] - The reporter domain in the fusion proteins can also be an epitope tag. There
are commercially available antibodies to most of the reporter proteins mentioned above, and

these antibodies can be used in a variety of applications, including detection and purification.

[0052] In one embodiment, a fusion protein of the invention is encoded by the
nucleotide sequence of SEQ ID NO:15 (Figure 11A-B), and therefore has the amino acid
sequence of SEQ ID NO:16 (Figure 12). The amino acid sequence of SEQ ID NO:16
includes the honey bee melatonin signal peptide (amino acids 1-21 of SEQ ID NO:16), a
portion of the human placental secreted alkaline phosphatase protein (amino acids 28-516 of
SEQ ID NO:16), an enterokinase (EK) protease cleavage site (amino acids 518-526 of SEQ

ID NO:16), a human Nogo-66 domain having its cysteine mutated to a valine (amino acids
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528-593 of SEQ ID NO:16, where the valine in place of a cysteine is at amino acid position
574), and a Hise epitope tag (amino acids 594-599 of SEQ ID NO:16). Other leader peptides
or signal peptides other than the honey bee melatonin signal peptide can be used in the fusion

proteins of the invention known to one skilled in the art.

[0053] Purification/Isolation of Proteins and Peptides of the Invention

[0054] A cDNA coding for a protein of the invention can be inserted into an
expression vector in order to express and purify the protein. For example, the cDNA
sequence (SEQ ID NO:15) encoding the fusion protein of SEQ ID NO:16 can be inserted into
the pSMED2 mammalian expression vector. Such mammalian expression vectors can be
transfected into appropriate cells, such as HEK293 célls. For proteins that are secreted from
cells (such as the fusion protein of SEQ ID NO:16), the medium in which the cells are grown

is collected in order to purify the protein (see Examples 1 and 2).

[0055] Alternatively, when the invention provides a protein that is not secreted from a
cell, the protein can be purified from cell lysates. After transfection of a cell with an
expression vector containing the coding sequence for the protein, the cells can be isolated
such that protein extracts can be made from the cells. The protein extracts can then be
subjected to column-chromatography such that the protein can be purified. The protein can
be isolated by chromatography by standard procedures known to one skilled in the art. For
example, if the protein contains a 6-His tag, the fusion protein can be purified metal affinity

chromatography.

[0056] Methods for Detecting Receptor/Ligand Interactions and Agents That Can

Block or Disrupt Such Interactions

[0057] The mutant human Nogo-66 domain comprising proteins and peptides of the
invention, whether they are or are not fused to other domains, epitopes, or heterologous
sequences, can be used, for example, as reagents to determine whether a receptor can bind to
the Nogo-66 domain and as reagents to determine whether an agent can inhibit or alter the
binding between a receptor and a mutant Nogo-66 domain-comprising protein/peptide of the
invention. The proteins and peptides of the invention can be used as reagents to determine
whether a receptor can bind to the Nogo-66 domain because the mutation of the cysteine
residue in the Nogo-66 domain does not or does not significantly affect its binding ability to

receptors that can bind to the wild-type Nogo-66 domain. Thus, a determination that a
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protein/peptide of the invention can bind to a receptor indicates that the receptor can most

likely bind to the wild-type Nogo-66 domain (and therefore the Nogo-A protein).

[0058] Further, the proteins and peptides of the invention can be used to screen for
agents that can block, disrupt, inhibit, or out-compete binding between receptors and the
Nogo-66 domain (and proteins that contain the Nogo-66 domain). For example, because it is
known that the NgR1 receptor binds to the Nogo-A protein, which contains the Nogo-66
domain, the proteins/peptides of the invention can bind to the NgR1 receptor. Agents, such
as chemical compounds, nucleic acids, proteins, peptides, and polymers (also referred to
herein as “drug candidates” or “candidate molecules”), can be incubated with Nogo-66
domain binding receptors. If the incubation of an agent with the receptor prevents binding of
the receptor with a protein/peptide of the invention, then this indicates that the agent itself can
specifically bind to the receptor such that the agent can be a potential candidate molecule for |
use in the treatment of neurodegenerative diseases or CNS damage. The incubation of the

agent with the receptor can occur prior to, at the same time, or after contacting the receptor

with a protein/peptide of the invention.

[0059] Assaying for whether there is an interaction between protein/peptide of the
invention and a receptor (and therefore for assaying whether an agent or candidate molecule
can inhibit, block, disrupt, out-compete or otherwise alter binding between a receptor and a
protein/peptide of the invention) can be conducted by standard protein biochemical
techniques known to one skilled in the art. Whether the assay is cell-free (where a receptor
can be affixed in a column, resin, beads, etc.) or cell-based (where the receptor is expressed
on the surface of a cell, and the protein/peptide of the invention is added to the cell-culture),
after contacting a receptor with the protein/peptide of the invention, the sample is washed to
remove any protein/peptide that is unbound to the receptor. The sample can then be screened
by standard protein assays to determine whether the sample contains the protein/peptide of
the invention. Standard protein assays include, but are not limited to, immunoblotting, gel
electrophoresis of proteins, ion-exchange chromatography, immunoaffinity chromato graphy,
metal-chelate affinity chromatography, high pressure liquid chromatography,
immunoprecipitation, and combinations thereof (see Short Protocols in Molecular Biology,

Fifth Ed., Eds. Frederick M. Ausubel et al., John Wiley & Sons, Inc., 2002).

[0060] In one embodiment, an interaction between a protein/peptide of the invention
and a receptor can be assayed by immunoblotting, where the immunodetection is conducted

with an antibody against the Nogo-66 domain. If the protein/peptide of the invention
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comprises a heterologous epitope, such as an HA-tag or Hiss tag, then the immunoblotting
and immunodetection can be conducted with antibodies against the heterologous epitope. As
used herein, a heterologous epitope includes epitopes from reporter domains that may be
present in a fusion protein of the invention. Therefore, antibodies against reporter domains
can also be used in immunoblotting assays. In other embodiments, where the protein/peptide
of the invention comprises a reporter domain, an interaction between the protein/peptide of
the invention and a receptor can be assayed for by detecting whether fluorescence or

luminescence is emitted from the sample.

[0061] In one embodiment, the invention provides a method for detecting whether a
receptor can bind to a Nogo-66 domain, the method comprising: (a) contacting a receptor
with a protein or peptide comprising a mutant human Nogo-66 domain, wherein the mutant
human Nogo-66 domain does not comprise a cysteine residue; and (b) assaying for the
presence of a protein complex comprising the receptor and the protein or peptide comprising
a mutant human Nogo-66 domain. If a protein complex of the receptor and the
protein/peptide comprising a mutant human Nogo-66 domain is detected, this indicates that

the receptor can bind to the Nogo-66 domain.

[0062] In another embodiment, the invention provides a method for detecting whether
a receptor can bind to a Nogo-66 domain, the method comprising: (a) incubating (i) a
receptor and (ii) a fusion protein of the invention that comprises a reporter domain; and (b)
assaying for reporter protein activity from the well, wherein detection of reporter protein

activity indicates that the receptor can bind to the Nogo-66 domain.

[0063] For all the methods of the invention, the receptor that is incubated can be a
receptor expressed on the surface of a cell, and thus, the cell itself can be incubated. Further,
the receptor that is expressed by the cell can be encoded by an expression vector that has
been transfected into the cell. In another embodiment, the expression vector can be from an
expression vector library, which when used in the present methods, allows for high-

throughput screening for receptors that are capable of binding to the Nogo-66 domain.

[0064] | In another embodiment, the invention provides a method for detecting whether
a candidate molecule can inhibit binding between Nogo-66 and a receptor, the method
comprising: (a) contacting a receptor that binds to a Nogo-66 domain with: (i) a protein or
peptide comprising a mutant human Nogo-66 domain, wherein the mutant human Nogo-66

domain does not comprise a cysteine residue, and (ii) a candidate molecule; and (b) assaying
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for the presence of a protein complex comprising the receptor and the protein or peptide
comprising a mutant human Nogo-66 domain. If a protein complex of the receptor and the
protein/peptide comprising a mutant human Nogo-66 domain (i.e., the Nogo-66 domain does
not comprise a cysteine residue such that protein/peptide does not aggregate) is not detected,
or if lower amounts of the complex is detected as compared to samples where the candidate
molecule was not added, this indicates that the candidate molecule can inhibit, block, disrupt,
out-compete or otherwise alter protein interaction or binding between the receptor and the

Nogo-66 domain. The receptor can be, for example, the NgR1 protein.

[0065] To screen drug candidates in a high-throughput manner, the ability of drug
candidates to block NgR1 protein-protein interactions can be tested by detecting fluorescence
or luminescence. As used herein, the term “drug candidates” is not meant to be limiting, and
can include any chemical or biological compound, including small-molecules, nucleic acids,
proteins, peptides, and synthetic entities, including nanospheres. Fluorescent or luminescent
fusion proteins can be made with the Nogo66 domain, as described above, and/or with the

NgR1 protein.

[0066] In one embodiment, a method for screening drug candidates that can block
NgR1 interaction to a Nogo-66 domain comprises assaying whether a drug candidate can
block an alkaline phosphatase Nogo-66 domain reporter fusion protein interaction with
NgR1. For example, in Example 3, cells expressing NgR1 are incubated with an alkaline
phosphatase comprising fusion protein (such as SEQ ID NO:16) in multi-well tissue cultﬁre
plates. Ifno agent is added to the wells that can block the interaction between the Nogo-66
domain of the fusion protein and NgR1, then when a chemiluminescent or fluorescent
substrate is added to the wells, the alkaline phosphatase domain of the fusion protein will
react with the substrate such that the wells provide chemiluminescence of fluorescence that
can be detected by a luminometer or fluorometer. However, if a drug candidate is added to a
well that can inhibit or block the interaction between the Nogo-66 domain of the fusion
protein and NgR 1, then the majority of the fusion protein added to each well is prevented
from binding to NgR1. Thus, the majority of the fusion protein will be washed away in the
assay (see Example 3) prior to the addition of chemiluminescent or fluorescent substrates to
the wells. The wells containing drug candidates that can block Nogo-66 domain and NgR1
interactions will not provide chemiluminescent or fluorescent signals (or lower signals as
compared to wells not containing the drug candidates, i.e., negative control wells with no

drug candidates added). These drug candidates can then be further tested for their ability to
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help regenerate damaged axons after traumatic injury, stroke, or certain neurodegenerative

diseases.

[0067] Suitable substrates for alkaline phosphatase include, but are not limited to, p-
nitrophenyl phosphate, D-luciferin-O-phosphate or a substituted 1,2-dioxetane-phosphate.
Substituted 1,2-dioxetane-phosphates include, for example, CSPD (3-(4-methoxyspiro-{1,2-
dioxetane-3,2"-(5 -chloro)tricyclo[3.3.1.1*7]decan}-4-y1) phenyl phosphate), AMPPD or
Lumigen-PPD (disodium 3-(4-methoxyspiro {1,2-dioxetane-3,2’-tricyclo [3.3.1.1%"1decan}-
4-yl) phenyl phosphate), and AMPPD with substituted chlorine moiety on adamantine ring.

[0068] In one embodiment, a method for screening drug candidates that can block
NgR1 interaction to a Nogo-66 domain comprising protein comprises a cell-based method.
For example, a Nogo-66-fluorescent fusion protein and an NgR1-fluorescent fusion protein
can be expressed in cells that do not endogenously express the pereins, such as 293 cells. In
the absence of any agent that can block the Nogo-66 domain from binding to NgR1, then the
cells should have significant co-localization of two fluorescent color emissions. For example,
Nogo-66-domain-GFP binding to NgR1-YFP should present co-localized fluorescence of
yellow and green fluorescence. Drug candidates can then be added to cells that express the
fluorescent fusion proteins to test for inhibition of co-localized fluorescence. This can be
conducted in a high-throughput manner, where microplates (for example, 96-well, 384-well,
or 1536-well plates) are used for incubating the cells and each individual well can contain a

different drug candidate.

[0069] Co-localized fluorescence or the decrease of co-localized fluorescence can be
detected by confocal fluorescence coincidence analysis. Confocal fluorescence coincidence
analysis extracts fluorescence fluctuations that occur coincidently in two different spectral
ranges. This procedure makes it possible to monitor whether an association between
molecular fragments that are labeled with different fluorophores is established or broken.
Confocal fluorescence coincidence analysis is a very sensitive and ultrafast technique with

readout times of 100 ms and below.

[0070] Alternatively, an inhibition of Nogo-66 domain protein interaction with NgR1
can be detected by fluorescence resonance emission transfer (FRET) detection or time-
resolved FRET (TR-FRET) detection. FRET has been established as a sensor of protein-
protein interactions (Miyawaki et al. (1997), Nature, 388: 882-887). When two proteins -

comprising fluorescent protein domains interact, exciting light causes one of the fluorescent
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protein domains (fluorophore donor) to transfer its energy to a second, longer wavelength
fluorophore-(fluorophore acceptor) in a non-radiative manner. When there is a transfer of
excitation energy from the donor to the acceptor, there is no emission by the donor.
Therefore, when a drug candidate inhibits Nogo-66/NgR1 protein-protein interactions, the
drug candidate disrupts FRET energy transmission such that the donor fluorophore does emit
its fluorescence. In other words, when a drug candidate inhibits Nogo-66/NgR1 protein-
protein interactions, two types of fluorescence are detected. If the drug candidate cannot
inhibit Nogo-66/NgR 1 protein interactions, then only one type of fluorescence is. detected, as
fluorescence energy emission transfer is not inhibited. Fluorescence energy emission transfer
is distance dependent; two fluorophores have to be in sufficient proximity (less than 100

angstroms) such that an excited fluorophore can transfer its energy to a second fluorophore.

[0071] In another embodiment, a method for screening whether a drug candidate can
inhibit Nogo-66/NgR 1 protein-protein interactions can comprise bioluminescence resonance
energy transmission (BRET). In BRET, there is a luminescent donor protein and a
fluorescent acceptor protein. For example, the luminescent donor protein can comprise a
Nogo-66 domain fused to luciferase and the fluorescent acceptor protein can comprise an
NgR1 protein or domain thereof fused to yellow fluorescent protein. In most applications the
fused donor is Renilla luciferase (Rluc) and the acceptor is a fusion with YFP (to increase the
spectral distinction between the two emissions). When the donor and acceptor are in close
proximity, i.e., when the two fusion proteins interact, the energy resulting from catalytic
degradation of a coelenterazine derivative substrate is transferred from the luciferase to the
YFP, which will then emit fluorescence at its characteristic wavelength. Thus, when the two
fusion proteins interact, there are two signals, luciferase and YFP. When the two fusion
proteins do not interact, for example, when a drug candidate inhibits their interaction, then

there is only one signal that can be detected, the excited luciferase.

[0072] As various changes can be made in the above methods and compositions
without departing from the scope and spirit of the invention as described, it is intended that
all subject matter contained in the above description, shown in the accompanying drawings,

or defined in the appended claims be interpreted as illustrative, and not in a limiting sense.

EXAMPLES OF THE INVENTION

[0073] The following examples are representative of techniques employed by the

inventors in carrying out aspects of the present invention. It should be appreciated that while
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these techniques are exemplary for the practice of the invention, those of skill in the art, in
" light of the present disclosure, will recognize that numerous modifications can be made
without departing from the spirit and intended scope of the invention. Thus, the examples
described below are provided to illustrate the present invention and are not included for the

purpose of limiting the invention.

EXAMPLE 1. MUTANT NOGO-66 FUSION PROTEIN

[0074] To facilitate the study of Nogo-66 interaction with its neuronal receptors, and
to explore potential therapeutic opportunities, a recombinant human Nogo-66 fusion protein
was constructed (for a basic schematic of the fusion protein, see Figure 10). The fusion
contained a honey bee melatonin signal peptide at its N-terminus, a portion of the human
placental secreted alkaline phosphatase protein, an enterokinase (EK) cleavage site, a mutant
Nogo-66 coding region (SEQ ID NO:5), and a region coding for six consecutive histidines (6
His-tag or Hisg). The nucleotide sequence coding for the fusion protein is listed in SEQ ID
NO:15, and the amino acid sequence of the fusion protein is listed in SEQ ID NO:16.

[0075] The mutant Nogo-66 coding region contains a mutation where the cysteine
residue at amino acid position 47 of the wild-type Nogo-66 domain peptide is replaced by
val%ne. This mutation was generated by oligonucleotide site directed mutagenesis. Briefly, a
sample reaction mixture was prepared as follows: 5 pt of 10X reaction buffer from the
, QuickChange® XL site-directed mutagenesis kit from Stratagene (La Jolla, California); 2 ul
(10 ng) of dsDNA template (i.e., DNA comprising the coding sequence for wild-type human

Nogo-66 domain in a vector); 1.25 pl (125 ng) of a sense-strand oligonucleotide primer
containing the coding sequence for the amino acid desired to replace the cysteine residue (for
example, 5 -CTGCTCTTGGTCATGTGAACGTAACGATAAAGGAGCTCAGGCG -3’
(SEQ ID NO:17), where the bolded-underlined nucleotides “GTA” encode the valine that is
to replace the cysteine residue); 1.25 ul (125 ng) of a antisense-strand oligonucleotide primer
(for example, 5°- CGCCTGAGCTCCTTTATCGTTACGTTCACATGACCAAGAGCAG -
3° (SEQ ID NO:18); 1 il of dNTP mix, 3 pl of QuikSolution, ddH,0 36.5 pl to a final
volume of 50 ul. To the sample reaction mix, 1 pl of Pfu Turbo DNA polymerase (2.5 U/pl)
was added to each sample reaction. PCR was then conducted on the mixture for 1 cycle of
95°C for 1 minute, 18 cycles of 95°C for 50 seconds, 60°C for 50 seconds, and 68°C for 7.5
minutes, and 1 cycle of 68°C for 7 minutes. After PCR, the PCR samples were digested with
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Dpn I, which digests nonmutated Nogo-66 domain DNA. The digested PCR samples were

then transformed into bacterial cells for DNA preparation.

[0076] The ¢cDNA (SEQ ID NO:15) of the full-length fusion protein was inserted into
the pSMED2 mammalian expression vector and the predicted sequence was confirmed by
standard means. The vector was transfected into HEK293 cells and after 48 hours the
medium in which the cells were grown was collected (referred to as conditioned medium)
(see Example 2). After transfection, the conditioned medium was assayed to determine
whether the fusion protein was secreted from the cells. The presence of the fusion protein in
the conditioned medium was verified by Western blotting using an antibody against the
alkaline phosphatase portion of the fusion. The fusion protein was purified from conditioned
medium by TALON (BD/Clonetech) metal affinity chromatography (via the 6 His-tag of the
fusion protein) (see Example 2). The purified protein was found to migrate at the predicted
molecular weight by polyacrylamide gel electrophoresis. No bands of higher molecular
weight were identified, indicating that the protein was not aggregated as had been noted for a

similar fusion bearing the wild-type Nogo-66 sequence.

[0077] Purified fusion protein was assayed for binding to COS7 cells expressing the
human Nogo Receptor-1 protein (NgR1). Binding was confirmed by colorimetric staining of
' NgR1 expressing cells based on associated alkaline phosphatase activity conferred by the
fusion protein (see Example 3). Thus, a non-aggregated fusion protein was created that can
be used as a reagent to explore the interaction of Nogo-66 with its receptor, or receptors, as

well as to identify agents interfering in that interaction (see Example 3).

EXAMPLE 2: PURIFICATION OF A SECRETED ALKALINE PHOSPHATASE NOGO-
66 DOMAIN FUSION REPORTER PROTEIN

[0078] 293 HEK cells were transiently transfected with expression vector DNA
comprising a secreted alkaline phosphatase mutant Nogo-66 domain fusion reporter protein
(i.e., an expression vector containing the coding sequence (SEQ ID NO:15) for the fusion
protein of SEQ ID NO:16.

[0079] On Day 1: For each transfection, 40 million 293 HEK cells were plated into a
p100 plate. Fresh growth medium (DMEM + 10% HIFBS + Pen/Strep/Gln) was added

leaving 8 ml final volume.

[0080] On Day 2: For each p100 plate, 24 ul of Lipofectamine 2000 (Invitrogen,
Carlsbad, California) was diluted into 1 ml OptiPRO SFM (Invitrogen). Eight pg of
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expression vector plasmid was also diluted into 1 ml OptiPRO SFM in a sterile eppendorf. 1
ml of diluted DNA was added to 1 ml of diluted lipofectamine, mixed and incubated at room
temperature for 15 minutes. The DNA/lipofectamine mixture was then added to each p100
plate and incubated at 37°C, 5 % CO; for 16 hours.

[0081] On Day 3: The growth medium from cells was removed, and each p100 plate
was rinsed with 10 ml sterile PBS. The PBS was removed, and 10 ml of FreeStyle 293

expression medium (Invitrogen) was added to each p100 plate.

[0082] On Day 5: The conditioned medium from the plates were harvested (48 hour
accumulation). Dead cells were spun-out from the conditioned medium by centrifugation of
the medium at 1200 RPM. One tablet of Complete, EDTA-free Protease inhibitor cocktail
tablets (Roche, Indianapolis, Indiana) was added into each 50ml of dead cells-free
conditioned medium. The mixture was then put on ice, until metal affinity resin is added to

the mixture for fusion protein purification (i.e., purification via the Hise tag).

[0083] The fusion protein was purified from the conditioned medium mixture by
using BD TALON Metal Affinity Resins (Becton Dickinson Biosciences, Rockville,
Maryland). 0.25ml of TALON resin (for each 10 ml aliquot of conditioned medium) was
spun down. The resin was then equilibrated using Iml of 1X Equilibration Buffer (5X
Equilibration buffer: pH8, 250 mM Sodium Phosphate, 1.5M Sodium Chloride). The resin
was spun down again, and was put into the conditioned medium. The tube containing the
conditioned medium and the resin was then shaken slowly at 4°C for 1 hour. After shaking,
the resin was spun down and washed three times with 1X wash buffer (5X Wash buffer: pHS,
250 mM Sodium Phosphate, 1.5M Sodium Chloride, 1 mM Imidazole). The fusion protein
was then eluted from the resin using 1X Elution buffer (10X Elution Buffer: 1.5 M Imidazole
pH7).

EXAMPLE 3: ALKALINE PHOSPHATASE NOGO-66 DOMAIN FUSION REPORTER
PROTEIN BASED BINDING ASSAY

[0084] The alkaline phosphatase mutant Nogo-66 domain fusion reporter protein
(SEQ ID NO:16) does not aggregate. This allows for both ease of purification and for its use

in assays to test whether drug candidates can bind to the NgR1 receptor.

[0085] A cell-based chemiluminescent SEAP (secreted alkaline phosphastase) assay
was used to confirm binding between NgR1 and the fusion reporter protein having the amino

acid sequence of SEQ ID NO:16. This high-throughput assay can also be used to determine
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whether a drug candidate can out-compete or disrupt NgR1 and fusion reporter binding,
where if the drug candidate can out-compete or disrupt the binding, then this indicates that
the drug candidate can bind to NgR1. The following assay was used to determine that the
fusion protein of SEQ ID NO:16 can bind to NgR1. The following assays can be used to

determine whether any fusion protein of the invention that contains an alkaline phosphatase

domain can bind to NgR1.
[0086] Chemiluminescent Assay
[0087] On Day 1: CHO cells expressing NgR1 are seeded into each well of a Biocoat

poly-D-lysine cellware 96-well plate (Becton Dickinson).
[0088] On Day 2:

1. The medium is removed and cells are washed with 200 pl/well of HBAH (Hanks’

balanced salt solution, bovine serum albumin at 0.5 mg/ml) at room temperature.

2. 100 pl of conditioned medium containing the fusion protein (i.e., conditioned medium
prior to resin purification in Example 2 above) is added (or 2 ug of purified fusion protein

can be added) to each well. The wells are incubated at room temperature for 90 minutes.

3. The medium is removed from the wells. The cells are washed six times with 200 ul
HBAH at room temperature. For each wash, the HBAH is incubated with the cells for 5

minutes and the plates gently swirled.

4. The HBAH is removed. The cells are then fixed with 200 pl of fixative buffer
(acetone-formaldehyde (60%, 3%, 20 mM HEPES, pH 7.0)) for 15 seconds at room

temperature.

5. The cells are then washed three times with HBS (Hanks’ balanced salt solution), 5

minutes each time at room temperature.

6. Buffers are equilibrated to room temperature. The 5X dilution buffer from the BD
Great EscAPe™ SEAP Kit (Becton Dickinson) (“SEAP kit”) is diluted to 1X with ddH,O.

7. The HBS in the wells is aspirated away. 60 pl of 1X dilution buffer is added to each

well.

8. If the conditioned medium containing the fusion protein is to be checked, an aliquot
of the medium is diluted one to fifty with 1X dilution buffer. Then 60 pl of this dilution is
added to an empty well.
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9. If there is a need to check a heated alkaline phosphatase standard curve, 1 pl of
placental alkaline phoéphatase provided by the SEAP Kit is diluted in 300 pl 1X dilution
buffer followed by 1:2 serial dilution for 7 times to give the following standards: 0, 0.3,
0.0625, 0.125, 2.5, 5, 10, 20 ng/60 pl.

10.  The sample plates are covered and incubated at 65°C in a dry air incubator for 90

minutes.

11.  The samples are cooled on ice for 2-3 minutes, and then allowed to come to room

temperature.

12.  If a fresh alkaline phosphatase standard curve is desired, add 60 ul of alkaline

phosphatase serial dilution to each empty well (the same as step 9).

13.  Add 60 pl of assay buffer (from the SEAP Kit) to each well, and incubate for 5

minutes at room temperature.

14.  Dilute CSPD chemiluminescent substrate (from SEAP Kit) 1:20 with
chemiluminescent enhancer (from SEAP Kit).

15.  Add 60 ul of the diluted substrate to each well, incubate at room temperature for 10

minutes,

16.  Read the plates on a LMAXII Luminometer (Molecular Devices, Sunnyvale,
California). The signal will be stable for about 10 to 60 minutes. Positive signals indicate

the presence of the fusion protein bound to the cells via the NgR1 receptor.

[0089] To determine whether a drug candidate can disrupt fusion protein and NgR1
binding, the drug candidate is either pre-incubated with the cells prior to addition of the
fusion protein. Drug candidates can be added at amounts to provide final concentrations of
the compounds in the wells at 200 uM, 20 uM, or 2 UM (and also a negative control with no
drug candidate added) and incubated for about 30 minutes prior to addition of fusion protein.
If the drug candidate can block or disrupt or out compete binding of the fusion protein to
NgR1, then the well containing the drug candidate will not provide chemiluminescence that
can be detected by the luminometer, or the well will provide a lower signal of

chemiluminescence as compared to wells that do not contain the same drug candidate.

[0090] Fluorescent Assay
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[0091] Alternatively, a fluorescent based assay can be used to determine whether an
alkaline phosphatase containing fusion protein can bind to NgR1 and to determine whether a
drug candidate can disrupt such binding. For example, the AttoPhos® AP Fluorescent
Substrate System (Promega, Madison, Wisconsin) provides a highly sensitive fluorescent
alkaline phosphatase substrate. The system includes AttoPhos® Substrate, AttoPhos® Buffer
and Calibration Solution. AttoPhos® Substrate (2'~[2-benzothiazoyl]-6'-
hydroxybenzothiazole phosphate [BBTP]) is cleaved by alkaline phosphatase to produce
inorganic phosphate (Pi) and the alcohol, 2'-[2-benzothiazoyl]-6"-hydroxybenzothiazole
(BBT).

[0092] This enzyme-catalyzed conversion of the phosphate form of AttoPhos®
Substrate to BBT is accompanied ‘by an enhancement in fluorescence properties. Relative to
AttoPhos® Substrate, BBT has greatly increased quantum efficiency, and fluorescence
excitation and emission spectra that are shifted well into the visible region. Relative to other
fluorometric reporters, the BBT anion has an unusually large Stokes’ shift of 120 nm, which

leads to lower levels of background fluorescence and higher detection sensitivity.

[0093] Thus, on Day 1: Seed CHO cells expressing NgR1 into wells of a microtest
tissue culture plate, 96 well, flat bottom (Becton Dickinson). Cells are about 90-95%

confluent the next day.
[0094] On Day 2:

1. Remove medium from the wells by gentle aspiration. Add 50 ul HBAH with or
without drug candidates to be tested. Drug candidates can be added at amounts to provide
final concentrations of the compounds in the wells at 200 uM, 20 UM, or 2 uM (and also a
negative control with no drug candidate added) and incubated for about 30 minutes at room

temperature prior to addition of fusion protein.

2. Add 50 pl of conditioned medium containing fusion protein (i.e., conditioned medium
prior to resin purification in Example 2 above or 2 pug/m! of purified fusion protein in HBAH

to the wells. Incubate for another 60 minutes at room temperature on a shaker.

3. Remove buffer by inverting plates on a paper towel, wash the wells 4 times with
HBAH.

4. Add 100 pl of AttoPhos at 0.6 mg/ml to each well. Cover plates in aluminum foil.

Let the color develop for 30 minutes before reading with a fluorometer.
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5. Read the plates at endpoint read at Excitation 435 nm and Emission 555 nm with a

FlexStation 384 Microplate Fluorometer (Molecular Devices).

Calculations: (a) The average of the measurements for the wells with CHO cells not
expressing NgR1 are defined as background, and this average is subtracted from the raw data
for each well; (b) the percent total binding = (background subtracted values) divided by

(average of the background subtracted values for wells with no drug candidate added).
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WHAT IS CLAIMED:

1. A protein or peptide comprising a mutant human Nogo-66 domain, wherein the

mutant human Nogo-66 domain does not comprise a cysteine residue.

2. The protein or peptide of claim 1, wherein the protein or peptide does not aggregate.

3. A fusion protein comprising a mutant human Nogo-66 domain, wherein the No g0-66

domain does not comprise a cysteine residue.

4, A fusion protein comprising:

(a) - amutant human Nogo-66 domain that does not comprise a cysteine residue;

and

(b) a reporter protein domain.

5. The protein of claim 1, 3 or 4, wherein the mutant human Nogo-66 domain comprises
an amino acid sequence of SEQ ID NO:5, 6, 7, 8 or 9, or an amino acid sequence that is at

least 95% identical to SEQ ID NO:5, 6, 7, 8 or 9.

6. The protein of claim 1, 3 or 4, wherein the mutant human Nogo-66 domain has an
amino acid sequence of SEQ ID NO:5 or an amino acid sequence that is at least 95%

identical to SEQ ID NO:5.

7. The protein of claim 4, wherein the reporter protein domain comprises an enzyme, a

luminescent protein, or a fluorescent protein.



WO 2007/014382 PCT/US2006/029729
29

8. A fusion protein comprising:

(a) a mutant human Nogo-66 domain having the amino acid sequence of SEQ ID
NO:5; and

(b) an alkaline phosphatase domain.

9. A fusion protein comprising the amino acid sequence of SEQ ID NO: 16.

10. A method for detecting whether a receptor can bind to a Nogo-66 domain, the method

comprising:
(a) contacting a receptor with a protein according to any one of claims 1-9; and

(b) assaying for a protein complex comprising the receptor and the protein

according to any one of claims 1-9.

11. A method for testing whether a molecule can inhibit binding between a Nogo-66

‘domain and a receptor, the method comprising:
(a) contacting a receptor with:
1) a protein according to any one of claims 1-9, and
(i)  acandidate molecule; and

(b) assaying for a protein complex comprising the receptor and the protein
according to any one of claims 1-9, thereby testing whether the candidate molecule can

inhibit binding between the Nogo-66 domain and the receptor.
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12.  The method of claim 10 or 11, wherein in step (a) the receptor is contacted with a -
fusion protein according to any one of claims 4-9; and wherein in step (b) the assaying for the

protein complex comprises detecting reporter protein activity from the fusion protein.

13.  The method of claim 10 or 11, wherein the receptor is expressed on the surface of a

cell.

14.  The method of claim 10 or 11, wherein the receptor is NgR1.

15.  The method of claim 10, wherein the receptor is expressed on the surface of a cell,
and wherein the receptor is encoded by a cDNA library expression vector that has been

transfected into the cell.

16. A method for testing whether a molecule can inhibit binding between a Nogo-66

domain and a receptor, the method comprising:

(a) incubating in a first well:
@) a cell expressing a receptor that binds to Nogo-66,
(ii) a fusion protein according to any one of claims 4-9, and
(iii)  a candidate molecule;

(b) incubating in a second well:
@) a cell expressing the receptor that binds to Nogo-66, and
(ii)  the fusion protein used in step (a); and

() assaying for reporter protein activity from the first and second well, wherein

detection of decreased of reporter protein activity in the first well as compared to the second
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well indicates that the candidate molecule can inhibit the binding between the receptor and

the Nogo-66 domain.

17.  The method of claim 11 or 16, wherein the method is conducted in a high-throughput

manner.

18.  The method of claim 17, wherein the method is conducted in a 96-well, a 384-well or

a 1536-well microplate.

19. The method of claim 11 or 16, wherein the candidate molecule is from a small-

molecule chemical library.

20.  The method of claim 11 or 16, wherein the candidate molecule comprises a

peptidomimetic molecule that mimics the binding of Nogo-66 to a Nogo receptor.

21.  The method of claim 11 or 16, wherein the candidate molecule is from a peptide
library.
22.  The method of claim 12 or 16, wherein the fusion protein comprises a reporter protein

domain that comprises a human placental alkaline phosphatase protein.

23.  The method of claim 12 or 16, wherein the fusion protein is the fusion protein of

claim 9.
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24. A method for testing whether a molecule can inhibit binding between a Nogo-66

domain and NgR1, the method comprising:

(a)

(b)

(c)

incubating in a first well:

@A) a cell expressing the NgR1 protein on its cell surface,

(11)  afusion protein of claim 9, and

(iii) - a candidate molecule;

incubating in a second well:

1) a cell expressing the NgR1 protein on its cell surface, and
(ii)  a fusion protein of claim 9; and

assaying for reporter protein activity from the first and second well, wherein

detection of decreased of reporter protein activity in the first well as compared to the second

well indicates that the candidate molecule can inhibit the binding between the receptor and

the Nogo-66 domain.

25.  The method of claim 24, wherein assaying comprises adding an alkaline phosphatase

substrate to the first and second wells.
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AGLSAAPVPT
SPLSAAAVSP
SSGSVDETLF
LSAASFKEHE
GSSFSVSPKA
SSEKAKDSFN
DKKCFADSLE
PLLGDPTSEN
EVVANMPEGL
EESEATPSPV
EAMSVSLKKV
MAKVEQPVPD
EYENKEKLSA
SNDDLFISKE
ANAPDGAGSL
QAEIESIVKP
FGASLFLLLS
VAISEELVQK

LILALISLFS

(SEQ ID NO:1)

APAAGAPLMD

SKLPEDDEPP

ALPAASEPVI

YLGNLSTVLP

ESAVIVANPR

EKRVAVEAPM

QTNHEKDSES

KTDEKKIEEK

TPDLVQEACE

LPDIVMEAPL

SGIKEEIKEP

HSELVEDSSP

LPPEGGKPYL

AQIRETETFES

PCTELPHDLS

KVLVKEAEKK

LTVFSIVSVT

YSNSALGHVN

VPVIYERHQA

FGNDFVPPAP

ARPPPPPPAS

RSSAENMDLK

TEGTLQENVS

EEIIVKNKDE

REEYADFKPF

SNDDTSFPST

KAQIVTEKNT

SELNEVTGTK

NSAVPSAGAS

ENINAALQET

DSEPVDLFSD

ESFKLSLDNT

DSSPIEIIDE

LENIQPKVEE

LPSDTEKEDR

AYTALALLSV

CTIKELRRLF

QIDHYLGLAN

RGPLPAAPPV
VSPQAEPVWT
EQPGNTISAG
EASKEVSERA
EEKLVSNNIL
ERVWEVKDSK
PEGIKDRPGA
STKTSNPFLV
TAYETKMDLV
VIQPSSSPLE
EAPYISIACD
DSIPDVPQKQ
KDTLLPDEVS
FETLISSKTD
KISFSDDFSK
SPSAIFSAEL
TISFRIYKGV
LVDDLVDSLK

KNVKDAMAKTI

FIG. 1

APERQPSWDP
PPAPAPAAPP
QEDFPSVLLE
KTLLIDRDLT
HNQQELPTAL
EDSDMLAAGG
YITCAPFNPA
AAQDSETDYV
QTSEVMQESL
ASSVNYESIK
LIKETKLSAE
DETVMLVKES
TLSKKEKIPL
SFSKLAREYT
NGSATSKVLL
SKTSVVDLLY
IOATQKSDEG
FAVLMWVFTY

QAKIPGLKRK

SPVSSTVPAP

STPAAPKRRG

TAASLPSLSP

EFSELEYSEM

TKLVKEDEVV

KIESNLESKV

ATESIATNIF

TTDNLTKVTE

YPAAQLCPSF

HEPENPPPYE

PAPDFSDYSE

LTETSFESMI

QMEELSTAVY

DLEVSHKSEI

LPPDVSALAT

WRDIKKTGVV

HPFRAYLESE

VGALFNGLTL

AR
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781
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MEDLDQSPLV

SELEYSEMGS

LVKEDEVVSS

ESNLESKVDK

ESIATNIFPL

DNLTRKVITEEV

AAQLCPSFEE

PENPPPYEEA

PDFSDYSEMA

ETSFESMIEY

EELSTAVYSN

EVSHKSEIAN

PDVSALATQA

DIKKTGVVFG

FRAYLESEVA

ALFNGLTLLI

(SEQ ID NO:2)

SSSDSPPRPQ

SFSVSPKAES

EKAKDSFNEK

KCFADSLEQT

LGDPTSENKT

VANMPEGLTP

SEATPSPVLP

MSVSLKKVSG

KVEQPVPDHS

ENKEKLSALP

DDLFISKEAQ

APDGAGSLPC

EIESIVKPKV

ASLFLLLSLT

ISEELVQKYS

LALISLFSVP

2/9

PAFKYQFVRE
AVIVANPREE
RVAVEAPMRE
NHEKDSESSN
DEKKIEEKKA
DLVQEACESE
DIVMEAPLNS
IKEEIKEPEN
ELVEDSSPDS
PEGGKPYLES
IRETETFSDS
TELPHDLSLK
LVKEAEKKLP
VFSIVSVTAY
NSALGHVNCT

VIYERHQAQI

PEDEEEEEEE
TIVKNKDEEE
EYADFKPFER
DDTSFPSTPE
QIVTEKNTST
LNEVTGTKIA
AVPSAGASVI
INAALQETEA
EPVDLFSDDS
FKLSLDNTKD
SPIEIIDEFP
NIQPKVEEKI
SDTEKEDRSP
TALALLSVTI
IKELRRLFLV

DHYLGLANKN

FIG. 2
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EEEDEDEDLE

KLVSNNILHN

VWEVKDSKED

GIKDRSGAYI

KTSNPFLVAA

YETKMDLVQT

QPSSSPLEAS

PYISIACDLI

IPDVPQKQDE

TLLPDEVSTL

TLISSKTDSF

SFSDDF SKNG

SAIFSAELSK

SFRIYKGVIQ

DDLVDSLKFA

VKDAMAKIQA

ELEVLERTEF
QQELPTALTK
SDMLAAGGKT
TCAPFNPAAT
QDSETDYVTT
SEVMQESLYP
SVNYESIKHE
KETKLSAEPA
TVMLVKESLT
SKKEKIPLQOM
SKLAREYTDL
SATSKVLLLP
TSVVDLLYWR
ATQKSDEGHP
VLMWVFTYVG

KIPGLKRKAE
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1 RIYKGVIQAI QKSDEGHPFR AYLESEVAIS EELVQKYSNS ALGHVNCTIK ELRRLFLVDD
61 LVDSLK (SEQ ID NO:3)
FIG. 3
1 aggatataca agggtgtgat ccaagctatc cagaaatcag atgaaggcca cccattcagg
61 gcatatctgg aatctgaagt tgctatatct gaggagttgg ttcagaagta cagtaattct

121 gctecttggte atgtgaactg cacgataaag gaactcagge gectcttcett agttgatgat
181 ttagttgatt ctctgaag (SEQ ID NO:4)

FIG. 4
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1 RIYKGVIQAI QKSDEGHPFR AYLESEVAIS EELVQKYSNS ALGHVNVTIK ELRRLFLVDD
61 LVDSLK (SEQ ID NO:5)
L ]
Fig. 5
1 RIYKGVIQAI QKSDEGHPFR AYLESEVAIS EELVQKYSNS ALGHVNATIK ELRRLFLVDD
61 LVDSLK (SEQ ID NO:6)
L]
Fig. 6
1 RIYKGVIQATI QKSDEGHPFR AYLESEVAIS EELVQKYSNS ALGHVNGTIK ELRRLFLVDD
61 LVDSLK (SEQ ID NO:7)
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1 RIYRGVIQAT QKSDEGHPFR AYLESEVAIS EELVQKYSNS ALGHVNLTIK ELRRLFLVDD
61 LVDSLK (SEQ ID NO:8)
L)
Fig. 8
1 RIYKGVIQAI QKSDEGHPFR AYLESEVAIS EELVQKYSNS ALGHVNITIK ELRRLFLVDD

61 LVDSLK (SEQ ID NO:9)
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N-Terminus C-Terminus

 Alkaline Phosphatase . EK

His

Fig.1l0
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1 ATGAAATTCT
61 GCGACTAGTA
121 CGCGAGGCAG
181 AAGAACCTCA
241 ATCCTAAAAG
301 TTCCCATATG
361 GCCACAGCCA
421 GCAGCCGCCC
481 AATCGGGCCA
541 GCCTCGCCAG
601 GTGCCTGCCT
661 ATGGACATTG
721 GACCCTGAGT
781 GTGCAGGAAT
841 ATGCAGGCTT
201 ATGAAATACG
361 GCTGCCCTGC
1021 CGCATCGACC

TAGTCAACGT

GATCTTCCGG

CCGAGGCCCT

TCATCTTCCT

GGCAGAAGAA

TGGCTCTGTC

CGGCCTACCT

GCTTTAACCA

AGAAAGCAGG

CCGGCACCTA

CGGCCCGCCA

ACGTGATCCT

ACCCAGATGA

GGCTGGCGAA

CCCTGGACCC

AGATCCACCG

GCCTGCTGAG

ATGGTCATCA

7/9

TGCCCTTGTT
AATCATCCCA
GGGTGCCGCC
GGGCGATGGG
GGACAAACTG
CAAGACATAC
GTGCGGGETC
GTGCAACACG
GAAGTCAGTG
CGCCCACACG
GGAGGGGTGC
AGGTGGAGGC
CTACAGCCAA
GCGCCAGGGT
GTCTGETGACC
AGACTCCACA
CAGGAACCCC

TGAAAGCAGG

Fig

TTTATGGTCG

GTTGAGGAGG

AAGAAGCTGC

ATGGGGGTGET

GGGCCTGAGA

AATGTAGACA

AAGGGCAACT

ACACGCGGCA

GGAGTGGTAA

GTGAACCGCA

CAGGACATCG

CGAAAGTACA

GGTGGGACCA

GCCCGGTATG

CATCTCATGG

CTGGACCCCT

CGCGGCTTCT

GCTTACCGGG

.11A
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TGTACATTTC

AGAACCCGGA

AGCCTGCACA

CTACGGTGAC

TACCCCTGGC

AACATGTGCC

TCCAGACCAT

ACGAGGTCAT

CCACCACACG

ACTGGTACTC

CTACGCAGCT

TGTTTCGCAT

GGCTGGACGG

TGTGGAACCG

GTCTCTTTGA

CCCTGATGGA

TCCTCTTCGT

CACTGACTGA

TTACATCTAT

CTTCTGGAAC

GACAGCCGCC

AGCTGCCAGG

CATGGACCGC

AGACAGTGGA

TGGCTTGAGT

CTCCGTGATG

AGTGCAGCAC

GGACGCCGAC

CATCTCCAAC

GGGAACCCCA

GAAGAATCTG

CACTGAGCTC

GCCTGGAGAC

GATGACAGAG

GGAGGGTGGT

GACGATCATG
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1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

(SEQ

TTCGACGACG

GTCACTGCCG

ATCTTCGGGC

GGAAACGGTC

AGCGGGAGCC

GGCGAGGACG

GAGCAGACCT

TGCGACCTGG

GACAAGTTAT

GATGAAGGCC

GTTCAGAAGT

CGCCTCTTCT

ID NO:15)

CCATTGAGAG

ACCACTCCCA

TGGCCCCTGG

CAGGCTATGT

CCGAGTATCG

TGGCGGTGTT

TCATAGCGCA

CGCCeeeeae

CTAGAGACAA

ACCCATTCAG

ACAGTAATTC

TAGTTGATGA

8/9

GGCGGGCCAG
CGTCTTCTCC
CAAGGCCCGG
GCTCAAGGAC
GCAGCAGTCA
CGCGCGCGGé
CGTCATGGCC
CGGCACCACC
AAGGATATAC
GGCATATCTG
TGCTCTTGGT

TTTAGTTGAT

Fig.

CTCACCAGCG
TTCGGAGGCT
GACAGGAAGG
GGCGCCCGGC
GCAGTGCCCC
CCGCAGGCGC
TTCGCCGCCT
GACGCAGCGC
AAGGGTGTGA
GAATCTGAAG
CATGTGAACG

TCTCTGAAGC

11B

AGGAGGACAC

ACCCCCTGCG

CCTACACGGT

CGGATGTTAC

TGGACGAAGA

ACCTGGTTCA

GCCTGGAGCC

ATCCGGGTAA

TCCAAGCTAT

TTGCTATATC

TAACGATAAA

ACCACCATCA

PCT/US2006/029729

GCTGAGCCTC
AGGGAGCTCC
CCTCCTATAC
CGAGAGCGAG
GACCCACGCA
CGGCGTGCAG
CTACACCGCC
CGACGACGAC
CCAGAAATCA '
TGAGGAGTTG
GGAGCTCAGG

CCATCACTGA
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MKFLVNVALV

KNLIIFLGDG

ATATAYLCGV

ASPAGTYAHT

DPEYPDDYSQ

MKYEIHRDST

FDDAIERAGQ

GNGPGYVLKD

EQTFIAHVMA

DEGHPFRAYL

(SEQ ID NO:16)

FMVVYISYIY

MGVSTVTAAR

KGNFQTIGLS

VNRNWYSDAD

GGTRLDGKNL

LDPSLMEMTE

LTSEEDTLSL

GARPDVTESE

FAACLEPYTA

ESEVAISEEL

9/9

ATSRSSGIIP

ILKGQKKDKL:

AAARFNQCNT

VPASARQEGC

VQEWLAKRQG

AALRLLSRNP

VTADHSHVFS

SGSPEYRQQS

CDLAPPAGTT

VQKYSNSALG

Fig.

VEEENPDFWN
GPEIPLAMDR
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Ile

Lys

Phe

Arg

780

Leu

Ala

val

Ala Tyr

Thr
Thr
605
Ile
Asp
Leu
Ala
His
685
Ser
Leu
Glu
Leu
Ser
765
Asp
Leu
Leu

Ile

Leu
845

Leu

590

Ala

Arg

Glu

Ala

Asn

670

Asp

Phe

Leu

Ser

Pro

750

Ala

Ile

ser

Ala

Gln
830

Glu

Ser

val

Glu

Phe

Leu

Ser

Leu

Ile

735

Ser

Glu

Lys

Leu

Leu

815

Ala

Ser

PCT/US2006/029729

Lys

Tyr

Thr

Pro

640

Glu

Pro

Ser

Asp

Pro

720

val

Asp

Leu

Lys

Thr

800

Leu

Ile

Glu



val

Gly

Asp

Thr

Leu

GlIn

Met
945

WO 2007/014382

Ala

850

His

AsSp

Tyr

Ile

Ile

930

Ala

<210>
<211>
<212>
<213>

<400>

Ile

val

Leu

val

sSer
915

Asp

Lys

3

66
PRT
Homo

3

Arg Ile Tyr
1

His Pro Phe

Leu val Gln

35

ITe Lys Glu
50

Leu

Lys

<210>
<211>
<212>
<213>

<400>
aggatataca agggtgtgat ccaagctatc cagaaatcag atgaaggcca cccattcagg 60

4
198
DNA

Ser

Asn

val

Gly

Leu

His

Ile

Glu

cys

Asp

Ala

Phe

Tyr

Gin

sapiens

Lys

Arg

20

Lys

Leu

Gly
5

Ala
Tyr

Arg

Homo sapiens

4

Glu

Thr

870

ser

Leu

sSer

Leu

Ala
950

val

Tyr

Ser

Arg

Leu

855

Ile

Leu

Phe

val

Gly

Lys

Ile

Leu

Asn

Leu
55

val

Lys

Lys

Asn

Pro

920

Leu

Ile

Gln

Glu

Ser

40

Phe

GIn

Glu

Phe

Ala

Pro

Ala

ser

25

Ala

Leu

9/16

Lys Tyr Ser

Leu
Ala
890
Leu
Ile

Asn

Gly

Ile
10
Glu

Leu

val

Arg

875

val

Thr

Tyr

Lys

Leu
955

Gln

val

Gly

Asp

860

Arg
Leu
Leu
Glu
Asn

940

Lys

Lys
Ala
His

Asp
60

Asn

Leu

Met

Leu

Arg

val

Arg

Ser

Ile

val

45

Leu

ser

Phe

Trp

Ile

910

His

Lys

Lys

Asp
Ser
30

Asn

val

Ala

Leu

val

895

Leu

GlIn

Asp

Ala

Glu

15

Glu

cys

Asp

PCT/US2006/029729

Leu

val

880

Phe

Ala

Ala

Ala

Glu
960

Gly

Thr

Ser

gcatatctgg aatctgaagt tgctatatct gaggagttgg ttcagaagta cagtaattct 120

gctcttggtc atgtgaactg cacgataaag gaactcaggc gcctcttctt agttgatgat 180
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ttagttgatt ctctgaag

<210> 5
<211> 66
<212> PRT
<213> Homo
<400> 5

Arg Ile Tyr
1
His Pro Phe

Leu val Gln
35

Ile Lys Glu
50

Leu Lys

65

<210> 6
<211> 66
<212> PRT
<213> Homo
<400> 6

Arg Ile Tyr
1
His Pro Phe

Leu val Gln
35

Ile Lys Glu
50

Leu Lys
65

<210> 7
<211> 66
<212> PRT
<213> Homo

<400> 7

Arg Ile Tyr
1

sapiens

Lys Gly
5

Arg Ala

20

Lys Tyr

Leu Arg

sapiens

Lys Gly
5

Arg Ala

20

Lys Tyr

Leu Arg

sapiens

val

Tyr

Ser

Arg

val

Tyr

ser

Arg

Ile

Leu

Asn

Leu
55

Ile

Leu

Asn

Leu
55

Gln

Glu

ser

40

Phe

Gln

Glu

Ser
40

Ala

ser

25

Ala

Leu

Ala

ser

25

Ala

Leu

10/16

Ile
10
Glu

Leu

val

Ile
10
Glu

Leu

val

GIn

val

Gly

Asp

GIn

val

Gly

Asp

Lys

Ala

His

Asp
60

Lys

Ala

His

Asp
60

Ser

Ile

val

45

Leu

Ser

Ite

val

45

Leu

Asp

Ser

30

Asn

val

Asp

Ser

30

Asn

val

Glu

15

Glu

val

Asp

Glu

15

Glu

Ala

Asp

PCT/US2006/029729

Gly

Glu

Thr

Ser

Gly

Glu

Thr

Ser

Lys Gly val Ile GIn Ala ITe GIn Lys Ser Asp Glu Gly
5 10 15

198
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His Pro
teu val
Ile Lys
Leu Lys
65

<210>
<211>
<212>
<213>

<400>

6
p
H

8

Phe

Gin

Glu

6
RT
amo

Arg Ile Tyr
1

His Pro
Leu val

Ile Lys
50

Leu Lys
65

<210>
<211>
<212>
<213>

<400>

6
P
H

9

Phe

GIn

35

Glu

6
RT
omo

Arg Ile Tyr
1

His Pro

Leu val

Ile Lys

Leu Lys
65

Phe

GlIn
35

Glu

11/16

5702674_1.

arg Ala Tyr teu Glu Ser Glu val
20 25

Lys Tyr Ser Asn Ser
40

Leu Arg Arg Leu
55

sapiens

Lys Gly
5

Arg Ala

20

Lys Tyr

Leu Arg

sapiené

Lys Gly
5

Arg Ala

20

Lys Tyr

Leu Arg

val

Tyr

ser

Arg

val

Tyr

Ser

Arg

1le

Leu

Asn

Ley
55

Ile

Leu

Asn

Leu
55

Phe

Gln

Glu

Ser

40

Phe

Gln

Glu

ser

40

Phe

Ala Leu Gly

Leu val Asp

Ala
ser
25

Ala

Leu

Ala
ser
25

Ala

Leu

Ile

10

Glu

Leu

val

Ile

10

Glu

Leu

val

Gln

val

Gly

AsSp

Gln

val

Gly

Asp

TXT
Ala

His

Asp
60

Lys

Ala

His

Ile
val

45

Leu

ser

Ile

val

- 45

Asp
60

Lys

Ala

His

Asp
60

Leu

Ser

Ile

val

45

Leu

ser Glu Glu

Asn Gly Thr

val Asp Ser

Asp

ser

30

Asn

val

Asp

ser

30

Asn

val

Glu
135
Glu

Leu

ASp

Glu
15
Glu

Ile

Asp

Gly

Glu

Thr

Ser

Gly

PCT/US2006/029729

Glu

Thr

ser
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<210> 10

<211> 4

<212> PRT

<213> Artificial

<220>

<223> Enterokinase cleavage motif

<400> 10
ésp Asp Asp Lys

<210> 11

<211> 8

<212> PRT

<213> Artificial

<220>

<223> Enterokinase cleavage motif

<400> 11

Asp Asp Asp Lys Leu
1 5

<210> 12

<211> 10

<212> PRT

<213> Homo sapiens

<400> 12

Glu GIn Lys Leu Ile
1 5

<210> 13

<211> 9

<212> PRT

<213> Homo sapiens

<400> 13

Tyr Pro Tyr Asp val
1 5

<210> 14

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Protein purification sequence

<400> 14
His His His His His
1 5

<210> 15
<211> 1800

Ser Arg Asp

Ser Glu Glu Asp Leu
10

Pro Asp Tyr Ala

His

PCT/US2006/029729
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<212>
<213>

<220>
<223>

<400> 15
atgaaattct

DNA

gcgactagta
cgcgaggcag
aagaacctca
atcctaaaag
ttcccatatg
gccacagcca
gcagccgecc
aatcgggcca
gcctcgecag
gtgcctgect
atggacattg
gaccctgagt
gtgcaggaat
atgcaggctt
atgaaatacg
gctgccctge
cgcatcgacc
ttcgacgacg
gtcactgccg
atcttcgggc
ggaaacggtc
agcgggagcec
ggcgaggacg
gagcagacct
tgcgacctgg
gacaagttat
gatgaaggcc
gttcagaagt

cgcctettct

Artificial

Fusion of Homo

tagtcaacgt
gatcttccgg
ccgaggccct
tcatcttcct
ggcagaagaa
tggctctgte
cggcctacct
gctttaacca
agaaagcagg
ccggcaccta
cggcccgeca
acgtgatcct
acccagatga
ggctggcgaa
ccctggaccc
agatccaccg
gcctgetgag
atggtcatca
ccattgagag
accactccca
tggcccctgg
caggctatgt
ccgagtatcg
tggcggtgtt
tcatagcgea
cgccccecge
ctagagacaa
acccattcag
acagtaattc

tagttgatga

13/16

sapiens and non-Homo sapiens sequences

tgcccttgtt
aatcatccca
gggtgccgcce
gggcgatggg
ggacaaactg
caagacatac
gtgcggggtc
gtgcaacacg
gaagtcagtg
cgcccacacg
ggaggggtgc
aggtggaggc
ctacagccaa
gcgccagggt
gtctgtgacc
agactccaca
caggaacccc
tgaaagcagg
ggcgggcecag
cgtcttctcc
caaggcccgg
gctcaaggac
gcagcagtca
cgcgegeggc
cgtcatggcc
cggcaccacc
aaggatatac
ggcatatctyg
tgctcttggt
tttagttgat

tttatggtcg
gttgaggagg
aagaagctgc
atgggggtgt
gggcctgaga
aatgtagaca
aagggcaact
acacgcggcea
ggagtggtaa
gtgaaccgca
caggacatcg
cgaaagtaca
ggtgggacca
gcccggtatg
catctcatgg
ctggacccct
cgcggcettct
gcttaccggg
ctcaccagcg
ttcggaggct
gacaggaagg
ggcgeecgge
gcagtgcccc
ccgcaggegce
ttcgeecgect
gacgcagcgc
aagggtgtga
gaatctgaag
catgtgaacg

tctctgaagc

tgtacatttc
agaacccgga
agcctgcaca
ctacggtgac
tacccctggce
aacatgtgcc
tccagaccat
acgaggtcat
ccaccacacg
actggtactc
ctacgcagct
tgtttcgcat
ggctggacgg
tgtggaaccg
gtctctttga
ccctgatgga
tcctcttegt
cactgactga
aggaggacac
acccecctgeg
cctacacggt
cggatgttac
tggacgaaga
acctggttca
gcctggagec
atccgggtaa
tccaagctat
ttgctatatc
taacgataaa

accaccatca

PCT/US2006/029729
ttacatctat 60
cttctggaac 120
gacagccgcc 180
agctgccagg 240
catggaccgc 300
agacagtgga 360
tggcttgagt 420
ctccgtgatg 480
agtgcagcac 540
ggacgccgac 600
catctccaac 660
gggaacccca 720
gaagaatctyg 780
cactgagctc 840
gcctggagac 900
gatgacagag 960
ggagggtggt 1020
gacgatcatg 1080
gctgagcctc 1140
agggagctcc 1200
cctcctatac 1260
cgagagcgag 1320
gacccacgca 1380
cggcgtgcag 1440
ctacaccgcc 1500
cgacgacgac 1560
ccagaaatca 1620
tgaggagttg 1680
ggagctcagg 1740

ccatcactga

1800
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

16
599
PRT

Artificial

Fusion of Homo sapiens and non-Homo sapiens sequences

16

Met Lys Phe Leu
1

Ser

Glu

Ala

Ile

65

Ile

Ala

Asp

Gly

Phe

145

Asnh

Arg

Arg

Gly

val
225

TYr

Glu

Ala

50

Phe

Leu

Met

Lys

val

130

Asn

Arg

val

Asn

Cys

210

Ile

Ile

Asn

35

Lys

Leu

Lys

Asp

Hi's

115

Lys

Gln

Ala

Gln

Leu

TYyr

20

Pro

Lys

Gly

Gly

Gly

Cys

Lys

His

180

Tyr

Asp

Gly

val
5
Ala
Asp
Leu
Asp
Glin
85
Phe
Pro

Asn

Asn

ser
Ile

Gly

Asn

Thr

Phe

Gln

Gly

70

Lys

Pro

Asp

Phe

Thr

150

Ala

Ser

Asp

Ala

val

Ser

Trp

Pro

55

Met

Lys

Tyr

Ser

Gln

135

Thr

Gly

Pro

Ala

Thr

215

Arg

Ala

Arg

Asn

40

Ala

Gly

Asp

val

Arg

Lys

Ala

200

GIn

Lys

14/16

Leu val Phe Met

Ser

25

Arg

Gln

val

Lys

Ala

105

Ala

Ile

Gly

sSer

Leu

Tyr

ser

Glu

Thr

Ser

Leu

90

Leu

Thr

Gly

Asn

val

170

Thr

Pro

Ile

Met

Gly

Ala

Ala

Thr

75

Gly

ser

Ala

Leu

Glu

155

Gly

Tyr

Ala

ser

Phe
235

Ile

Ala

Ala

60

val

Pro

Lys

Thr

Ser

140

val

val

Ala

Ser

Asn

220

Arg

PCT/US2006/029729

val val Tyr Ile
15

Ile

Glu

45

Lys

Thr

Glu

Thr

Ala

125

Ala

Ile

val

His

Ala

205

Met

Met

Pro

30

Ala

Asn

Ala

Ile

Tyr

110

Tyr

Ala

Ser

Thr

Thr

190

Arg

Asp

Gly

val

Leu

Leu

Pro

95

Asn

Leu

Ala

val

Thr

175

val

Gin

Ile

Thr

Glu

Gly

Ile

Arg

80

Leu

val

Cys

Arg

Met

160

Thr

Asn

Glu

Asp

Pro
240



Asp

Gly

Tyr

val

Ile

305

Ala

val

Arg

Gly

His

385

Ile

val

Arg

Gln

Ala

465

Glu

Pro

WO 2007/014382

Pro

Lys

val

Thr

290

His

Ala

Glu

Ala

Gln

370

Ser

Phe

Leu

Pro

Ser

450

val

GlIn

Tyr

Glu

Asn

Trp

His

Arg

Leu

Gly

Leu

355

Leu

His

Gly

Leu

Phe

Thr

Thr

TYyr

Leu

260

Asn

Leu

Asp

Arg

Gly

Thr

Thr

val

Leu

Tyr

420

val

val

Ala

Phe

Ala
500

Pro

245

val

Arg

Met

Ser

Leu

325

Arg

Glu

Ser

Phe

Ala

405

Gly

Thr

Pro

Arg

Ile

485

cys

Asp

Gln

Thr

Gly

Thr

310

Leu

Ile

Thr

Glu

Ser

390

Pro

Asn

Glu

Leu

Asp

Asp

Glu

Glu

Leu

295

Leu

ser

ASp

Ile

Glu

375

Phe

Gly

Gly

Ser

His

Leu

Tyr
Trp
Leu
280
Phe
Asp
Arg
His
Met
360
Asp
Gly
Lys
Pro
Glu
440
Glu
Gln

val

Ala

ser

Leu

265

Met

Glu

Pro

Asn

Gly

Phe

Thr

Gly

Ala

Gly

Ser

Glu

Ala

Met

Pro
505

15/16

Gln

250

Ala

Gln

Pro

Ser

Pro

330

His

Asp

leu

Tyr

Tyr

Gly

Thr

His

Ala

490

Pro

Gly

Lys

Ala

Gly

Leu

315

Arg

His

Asp

Ser

Pro

395

Asp

val

Ser

His

Leu

475

Phe

Ala

Gly
Arg
ser
Asp
Met
Gv1y
Glu
Ala
Leu
380
Leu
Arg
Leu
Pro
Ala
460
val

Ala

Gly

Thr

Gln

Leu

285

Met

Glu

Phe

Ser

Ile

365

val

Arg

Lys

Lys

Glu

445

Gly

His

Ala

Thr

Arg

Gly

Asp

Lys

Met

Phe

350

Glu

Thr

Gly

Ala

TYyr

Glu

Gly

Cys

Thr
510

Leu

255

Ala

Pro

Tyr

Thr

Leu

335

Ala

Arg

Ala

Ser

Tyr

415

Gly

Arg

Asp

val

Leu

495

Asp

PCT/US2006/029729

Asp

Arg

Ser

Glu

Glu

320

Phe

Tyr

Ala

Asp

Ser

400

Thr

Ala

val

GlIn

480

Glu

Ala



Ala

Ile

Pro

545

val

Lys

Lys

WO 2007/014382

His

Tyr

530

Phe

Gln

Glu

His

<210>
<211>
<212>
<213>

<220>
<223>

<400>
ctgctcttgg tcatgtgaac gtaacgataa aggagctcag gcg

<210>
<211>
<212>
<213>

<220>
<223>

<400>
cgcctgaget cctttatcgt tacgttcaca tgaccaagag cag

Pro
515

Lys

Arg

Lys

Leu

His

595

17
43
DNA

Gly

Gly

Ala

Tyr

Arg

His

Asn

val

Tyr

ser

565

Arg

His

Artificial

Asp

Ile

Leu

550

Asn

Leu

His

Synthetic primer

17

18
43
DNA

Artificial

Synthetic primer

18

Asp

Gln

535

Glu

Ser

Phe

His

Asp

520

Ala

Ser

Ala

Leu

Asp

Ile

Glu

Leu

val
585

16/16

Lys Leu

GlIn Lys

val Ala
555

Gly His
570

Asp Asp

Ser

ser

540

Ile

val

Leu

Arg

525

Asp

Ser

Asn

val

Asp Lys

Glu Gly

Glu Glu

val Thr

575

Asp Ser
590

PCT/US2006/029729

Arg

His

Leu

560

Ile

Leu

43

43
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application as filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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