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PRION-SPECIFIC PEPTIDE REAGENTS

FIELD OF THE INVENTION

[001] The invention relates to peptide reagents that interact with prion proteins,
polynucleotides encoding these peptide reagents, methods of generating antibodies using
such peptide reagents and polynucleotides, and to antibodies generated using these
methods. The invention further relates to methods of using these peptide reagents to
detect the presence of pathogenic prions in a sample and to methods of using these

peptide reagents as components in a therapeutic or prophylactic composition.

BACKGROUND
[002] Protein conformational diseases include a variety of unrelated diseases,
including transmissible spongiform encephalopathies, arising from aberrant
conformational transition of a protein (a conformational disease protein) which in turn
leads to self-association of the aberrant protein forms, with consequent tissue deposition
and damage. These diseases also share striking similarities in clinical presentations,
typically a rapid progression from diagnosis to death following varying lengths of
incubation. .
[003] . One group of conformational diseases are termed “prion diseases” or
“transmissible spongiform encephalop'athies (TSEs).” In humans these diseases include
Creutzfeldt-Jakob disease (CJD), Gerstmann—Strausslef—Scheinker syndrome (GSS), Fatal
Familial Insomnia, and Kuru (see, ¢.g., Harrison's ?rincip]es of Internal Medicine,
Isselbacher et al., eds., McGraw-Hill, Inc. New York, (1994); Medori et al. (1992) N.
Engl. J. Med. 326: 444-9.). In animals the TSE's include sheep scrapie, bovine
spongiform encephalopathy (BSE), transmissible mink encephalopathy, and chronic
wasting disease of captive mule deer and elk (Gaj dusék, (1990) Subacute Spongiform
Encephalopathies: Transmissible Cerebral Amyloidoses Caused by Unconventional
Viruses. Pp. 2289-2324 In: Virology, Fields, ed. New York: Raven Press, Ltd.).
Transmissible spongiform encephalopathies are characterized by the same hallmarks: the
presence of the abnormal (beta-rich, proteinase K resistant) conformation of the prion
protein that transmits disease when experimentally inoculated into laboratory animals

including primates, rodents, and transgenic mice.
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[004] Recently, the rapid spread of bovine spongiform encephalopathy and its
correlation with elevated occurrence of spongiform encephalopathies in humans has lead
to a significant increase of interest in the detection of transmissible spongiform
encephalopathies in non-human mammals. The tragic consequences of accidental
transmission of these diseases (see, €.g., Gajdusek, Infectious Amyloids, and Prusiner
Prions In Fields Virology. Fields, et al., eds. Lippincott-Ravin, Pub. Philadelphia (1996);
Brown et al. (1992) Lancet, 340: 24-27), decontamination difficulties (Asher et al. (1986)
pages 59-71 In: Laboratory Safety: Principles and Practices, Miller ed. Am. Soc.
Microb.), and recent concern about bovine spongiform encephalopathy (British Med. J.
(1995) 311: 1415—1421) underlié the urgency of having both a diagnostic test that would
identify humans and animals with transmissible spongiform encephalopathies and
therapies for infected subjects. . .

[005] Prions are the infectious pathogen that causes spongiform encephalopathies -
(prion diseases). Prions differ signiﬁcanﬂy from bacteria, viruses and viroids. The |
dominating hypothesis is that, unlike all other infectious pathogens, infection is caused by
an abﬁormal conformation of the prion protein, which acts as a template and converts
normal prion conformations into abnormal conformations. A prion protein was first
characterized in the early 1980s. (See, e.g., Bolton, McKinley et al. (1982) Science
218:1309-1311; Prusiner, Bolton et al. (1982) Biochemistry 21:6942-6950; McKinley,
Bolton et al. (1983) Cell 35:57-62). Complete prion protein-encoding genes have since
been cloned, sequenced and expressed in transgenic animals.. See, e.g, Basler, Oeschet ;
ai. (1986) Cell A46:417-428. o | | ‘ )

[006] The key characteristic of prion diseases is the formatibn of an ébnormally
shaped protein (PrEsc), also referred to as a scrapie protein, from the normal (cellular or
nonpathogenic) form of prion protein (PrPC). See, e.g., Zhang et al. (1997) Biochem.
36(12):3543-3553; Cohen & Prusiner (1998) Ann Rev. Biochem. 67:793-819; Pan et al.
(1993) Proc Natl Acad Sci USA 90:10962-10966; Safar et al. (1993) J Biol Chem
268:20276-20284. Optical spectroscopy and crystallography studies héve revealed that
disease-related forms of prions are substantially enriched in beta-sheet structure as
compared to the predominantly alpha--heﬁcal folded non-disease forms. See, e.g., Wille
et al. (2001) Proc. Nat’l Acad. Sci. USA 99:3563-3568; Peretz et al. (1 9.97’) J. Mol. Biol.
273:614-622; Cohen & Prusiner, Chapter 5: Structural Studies of Prion Proteins in PRION
BIOLOGY AND DIéEASES, ed. S. Prusiner, Cold S.pring Harbor Laboratory Press, 1999,
pp:191-228). Tﬁe structural changes appeérl to be followed by alterations in the
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biochemical pI‘OpPI’tleS Prp° 1s soluble in non-denaturlng detergents, PrPSC is insoluble;
PrPC s readlly d1gested by proteases wh1le PP is partlally r651stant resultlng in the
formation of an N-terminally truncated fragment known as “PrPres” (Baldwm et al.
(1995); Cohen & Prusiner (1995)), “PrP 27-30" (27-30 kDa) or “PK-resistant” (proteinase
K resistant) form. In addition, PrP% can convert PrPC to the pathogenic conformation.
See, e.g., Kaneko et al. (1995) Proc. Nat'l Acad. Sci. USA 92:11160-11164; Caughey
(2003) Br Med Bull. 66:109-20.

[007] Detection of the pathogenic isoforms of conformational disease proteins in
living subjects and samples obtained from living subjects has proven difficult. Thus,
definitive diagnosis and palliative treatments for these transmissible and amyloid
containing conditions before death of the subject remains a substantially unmet challenge.
Histopatholqgica} examination of brain biopsies s risky to the subject and lesions and
amyloid deposits can be missed depending on \'vvhere.the biopsy sample is taken from.
However, there are still risks involved with biopsies to animals, patients', and health care
personnel. Further, the results from brain tests on animals are ﬁot usually obtained until
the animal has entered the food supply. In addition, antibodies generated against prion
peptides recognize both denatured PrPS° and PrP® but are unable to selectively recognize
infectious (undenatured) PrP%. (See, e.g., Matsunaga et al. (2001) PROTEINS: Structure,
Function and Genetics 44:110-118).

[008] Thus, there remains a need for corﬁpositions and methods for detecting the . -
presence of pathogenic prion proteins in various samples, for example in samples
obtained from living subjects, in blood supplies, iﬁ farm animals and in other human and
animal food supplies. In addition, there remains a need fpr methods and compositioﬁs for
diagnosing and treatiﬁg pﬁbn—rél@ted Adiseases. |

| SUMMARY OF THE INVENTION
(0091 The present invention relates, in part, to peptide reagents that interact with
prion proteins. More specifically, the peptide reagents described herein interact
preferentially with the pathogenic isoforms of prion proteins. These peptide reagents can
be used in a wide range of applications, including as tools to isolate pathogenic prions or
to detect the presence of pathogenic prions in a sample, as components of a therapeutic or
prophylactié compositiop.and/or to generate pri_én—we_cific antibodies. For example,
peptide reagents that interact preferentially w}th PrP}Sf" as compared to PrPC are usgful for

direct detection of pathogenic forms in samples obiained from living subjects, for
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example, for diagﬁosis ofa diseése or for screghihg donated blobd samples or screening
organs for organ donation. | _ o ‘ S ‘ o

1010] In a broader aspéct, tﬁé invéntién i'ncludées'éj.)(epﬁde reagent that intcré.cts
preferentially with pathogenic forms of a conformational disease protein. In certain
embodiments, the peptide reagents described herein interact preferentially with
pathogenic forms of a prion protein as compared to nonpathogenic forms of the prion
protein. The peptide reagents described herein may be partially or fully synthetic, for
example, may comprise one or more the following moieties: cyclized residues or
peptides, multimers of peptides, labels, and/or other chemical moieties. Examples of
suitable peptide reagents include those derived from peptides of SEQ ID NOs:12 to 260,
for example, peptides such as those depicted in SEQ ID NOs: 133 to 260, inclusive, and
analogs and derivatives thereof. The peptide reagents described herein may interact with
any confonnationgl disease proteins, for example, prion proteins (e.g., the pathogenic
protein PrP%, and the nonpathogenic form PrP%). In certain embodiments, peptide
reagents interact preferentially with 'PrPs° as compared to PrPC. The peptide reagents will
generally be specific for PrP% from more than one species, but may be specific for<PrPSC
from a single species.

[011] In another embodiment, peptide reagents derived from peptides shown in any
of sequences described herein are prm}ided. In certain embodiments, the peptide reagents
are derived from regions of a prion protein, for example, those regions corresponding to
residues 23-43 or 85-156 (e.g., 23-30, 86-111, 89-112, 97-107, 113-135, and 136-156
numbered according to the mouse prion sequence shown in SEQ ID NO:2) are employed.
For convenience, the amino acid residue numbers set out above are those corresponding
.to the mouse prion protein sequence in SEQ ID NO:; ; one of ordinary skill in the art
could readily identify corresponding regioﬁsA in priop proteins of othér species based on
the sequences knowﬁ in tﬁg art and the teachings provided herein. Eiemplary peptide
reégents inciude those derived from peptides having SEQID NO: 66, 67, 68,72, 81, 96,
97, 98, 107, 108; 119, 120, 121, 122, 123, 124, 125, 126, 127, 133, 134, 135 133, 134,
135, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171,
172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 249, 250, 251, 252, 253, 254, 255,
or 256; or from peptides having SEQ ID NO: 14, 35, 36, 37, 40, 50, 51, 77, 89, 100, 101,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 129, 130, 131, 132, 128, 183, 184, 185,
186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
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204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217,218, 219, 220, 221,
222,223,224, 225,226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239,
240, 241, 242,243,244, 245, 247, 257, 258,.259, or 260; or from peptides having SEQ
ID NO: 56, 57, 65, 82, 84, or 136. ,

[012] In another aspect, the invention includes a complex comprising one or more of
the peptide reagents described herein and a prion protein. ' ‘

[013] In another aspect, a method of generating antibodies that recognize prion
proteins is provided, the method comprising the step of administering any of the peptide
reagents described herein (or polynucleotides encoding the peptide reagents) to a subject
(e.g., animal). In certain embodiments, the method further comprises the step of isolating
antibodies from the animal. A related aspect of the invention includes antibodies made by
the method. Preferred antibodies are specific for the pathogenic form.

[014] In yet another aspect, the invention includes a complex comprising any of the
antibodies described herein and a prion protein. In certain embodiments, the prion
protein is a nonpathogenic isoform while in other embodiments it is a pathogenic isoform.
[015] Any of the peptide reagents and/or antibodies described herein may be
encoded for, in whole or in part, by one or more polynucleotides, which also form part of
the present invention. | ) | ‘

[016] In yet another aspecf, methods for detectiﬂg the presence of prion proteins are
provided. The detection methods may be used, intér alia, in connection with methods for
diagnosing a prion-related disease (e.g., in hurﬁan or nén-human animél subjects),
ensuring a substantially PrP5°-free blood supply, blood products supply, or food supply,
analyzing organ and tissue samples for transplantation, monitoring the decontamination
of surgical toois and equipment, as well as any other. situatioﬁ in which knowledge of the
presence or absence of the pathogenic prion is impoﬁant.

[017] The detection methods rely on the preferential interaction of the peptide
reagents of the invention with the pathogenic prion isofonn. In certain embodiments, a
method for detecting the presence of a pathogenic prio.n in a biological san‘iple is
provided. }

[018] In one exﬁbodiment, the method comprises contacting the sample suspected of
containing épathogenic prion with one or mofe of the pepﬁdp reagents described herein
under conditions that allow the interaction of the pepéide reagent(s) and the pathogenic
prion, if present; and detecting the presence or absence of the pathogenic prion in the

sample by its binding to the peptide reagent(s). The interaction of the peptide reagent(s)
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and the pathogenic prion can be carried out in solution, or one or more of the reactants
can be provided in or on a solid phase. Sandwich—type assays can be carried out in which
the peptide reagents of the invention can be used as a capture reagent, a detection reagent
or both. Other prion-binding reagents (e.g., antibodies and other binding molecules that
bind to denatured prion protein) may be used in this aspect in combination with the
peptide reagents of the invention.

[019] In one aspect of this embodiment, one or more peptide reagents of the present
invention is provided on a solid support and contacted with a sample suspected of
containing a pathogenic prion, under conditions that allow binding of the pathogenic
prion, if present, to the peptide reagent. Unbound sample materials, including any non-
pathogenic prion, can be removed and the pathogenic prion can be detected, either while
remaining bound to the peptide reagent or after dissociation from the peptide reagent.
The pathogenic prion can be detected using a detectably labeled peptide reagent (either
the same peptide reagent used to “capture” the pathogenic prion or a second peptide -
reagent of the invention) or a detectably labeled anti-prion antibody or other prion-
binding reagent. This antibody or prion-binding reagent need not be specific for the_
pathogenic form of the prion.

[020] In another aspect of this embodiment, a prion-binding reagent is provided on a
solid support and contacted with a sample suspected of containing a pathogenic prion,
under c.onditiqns that allow binding of the pathogenic prion, if present, to the prion-
binding reagent. Unbound sample materials can be removed and the pathogenic prion can
be detected, eitﬁer while remaining bound to the peptide reagent or aftp_r dissbciation from
the peptide reagent. The pathogenic pﬁon caﬁ be detected using one or more detectably
labeled peptide reagents of the invention.

[021] In another aspect of this embodiment, the pathogenic prion in a sample can be
bound nonspecifically to a solid support (e.g., an.ELI.SA plate) and detected by the
binding of one or more detectably labeled peptide reégents of the invention that interact
preferentially with the pathogenic prion isoférm.

[022] In a further erﬁbodiment, the method comprises contacting the sample
suspected of containing a pathogenic prion with one or more peptide reagents selected
from the group consisting of peptides having the sequences of SEQ ID NO: 12-260, and
analogs and derivatives thereof, under condiﬁoné_ which all?>w fhe binding of tl}e peptide
reagent(s) to the pathogenic prion, if present; and detecting the presence or absence of the

pathogenic prion in the sample by its binding to the peptide reagent(s). In preferred
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embodiments, the sample is contacted with one or more peptid,e reagents éelected from
the group consisting of peptides having the s;quénces of SEQ ID NO: 133 to 260,;
inclusi.ve, and analogs and derivatives thereof. .
[023] In still other embodiments, a method for detecting a pathogenic prion in a
sample is provided, the method comprising: providing a solid support comprising a first
peptide, wherein the first peptide comprises one or more of the peptide reagents as
described herein that interact preferentially with PrP; contacting the solid support with
the sample under conditions which allow pathogenic prions, when present in the sample,
to bind to the first peptide; contacting the solid support with a detectably labeled second
peptide, wherein the second peptide comprises one or more of the peptide reagents
described herein that interact preferentially with PrP% proteins, under conditions which
allow the second peptide to bind to pathogenic prions bound by the first peptide; and
detecting complexes formed between the first peptide, a pathogenic prion from the
sample and the second peptide, thereby detecting the presence éf the pathogenic prion in
the sample.

[024] In still other embodiments, provided herein is a method for detecting the
presence of a pathogenic prion in a sample comprising: providing a solid support
comprising a prion-binding reagent, wherein the prion-binding reagents binds prion
proteins; contacting the solid support with the sample under conditions which allow prion
proteins, when present in the sample, to bind to the prion-binding reagent; contacting the
solid support with a detectably labeled peptide reagent of the inventipn, wherein the
peptide reagent interacts preferentially with the pathogenic prion protein; and detecting
complexes formed between the prion-binding reagent, a pathogenic prion from the
sample, and the peptide reagent. | 7 |

[025] In another embodiment, a method for deteéting the presencé of a pathogenic
prion in a sample is provided, thé \method comprising the steps of providing a solid
support comprising a first peptide reagent as described herein, wherein the first peptide
reagent interacts preferentially with pathogenic forms; contacting the solid support with a
detectably labeled first ligand (e.g., plasminogen, laminin receptor and heparan sulfate),
under conciitions thaf allow'/ tfle formation of a detectably labeled peptide reagent-ligand
complex, wherein the first peptidé reagent’s binding affinity for the detectably labeled
first ligand is weakér than the first peptidé r@aéenf’s bi'ndiﬁ g affinity for a pathogeni:c
prion; contacting a sample suspected of containing pathog_en;ic' prions with ‘t‘he solid

support under conditions which allow a pathogenic prion, when present in the sample, to
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bind to the first peptide féagent and:rebiéce the first ligahd;'and detecting presence of the
pathogenic prion in the sample by decrease in detectably labeled ligand on the solid
support. o e

[026] Any of the above methods of detection of a pathogenic prion can be used in a
method to diagnose a prion-related disease. | |
[027] The present invention also provides a method for isolating a pathogenic prion
comprising: providing a solid support comprising one or more peptide reagents of the
invention, contacting the solid support with a sample known or suspected of containing a
pathogenic prion under conditions that allow the binding of the pathogenic prion, if
present, to the peptide reagent; and removing any unbound sample materials. Additional
embodiments further comprise the step of dissociating the bound pathogenic prion from
the peptide reagent, and optionally, recovering the dissociated pathogenic prion.

[028] The present invention also provides a method for removing pathogenic ‘prions
from a sample comprising: providing a solid support comprising one or more peptide
reagents of the invention, contacting the solid support with a sample known or suspected
of containing pathogenic prions, under conditions whicﬂ allow the binding of the |
pathogenic prions, if present, to the peptide reagent; and recovering the unbound sample
materials,

[029] In all of the foregoing embodiments providing a solid support comprising one
or more peptide reagents of the invention, alternative embodiments are contemplated in
which the peptide reagent is contacted with the sample prior to the pei:»tide reagent being
attached to the solid éupport. In these embodiments, the peptide reagent comprises one |
member of a bin‘dingvpair and the solid support conipﬁses the second member of the
b-il.lding pair. For exampie, the peptide reagent of the invention fnay contain or be
modified to contain biotin. The biotinylateci peiytide reagent is contacted with a sample
suspected t6 contain a pathogenic prion Llnder conditions to allow binding of the peptide
reagent to the pathogeﬁic prion. A solid support comprising avidin or streptavidin is then
contacted with the biotinylated peptide reagent. Other suitable bindiﬁg pairs are
described herein. |

[030] In any of the methods using a solid support described herein, the solid support
can be, for example, nitrocellulose, polystyrene, polypropylene, latex, polyvinyl fluoride,
diazotized paper, nylon membranes, activated beads; and/or magnetically responsive
beads, polyvinylchloride; polypropylene, polystyreﬁé: lat'ex s polycarbonate, nylon,

dextran, chitin, sand, silica, pumice, agarose, cellulose, glass, metal, polyacrylamide,
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silicon, rubber, polysaccharides; diazotized paper; activated beads, magnetically
responsive beads, and any materials commonly used for solid phase synthesis, affinity
separations, pﬁriﬁcations, hybridization reactions, immunoassays and other such:
applications. The support can be particulate or can be in the form of a continuous surface
and includes membranes, mesh, plates, pelleté, slides, disks, capillaries, hollow ﬁbérs,"
needles, pins, chips, solid fibers, gels (e.g. silica gels) and beads, (e.g., pore-glaés beads,‘
silica gels, polystyrene beads optionally cross-linked with divinylbenzene, grafted co-
poly beads, polyacrylamide beads, latex beads, dimethylacrylamide beads optionally
crosslinked with N-N’-bis-acryloylethylenediamine, iron oxide magnetic beads, and glass
particles coated with a hydrophobic polymer.

[031] In addition, in any of the methods described herein the sample can be a
biological sample, that is, a sample obtained or derived from a living or once-living
organism, for example, organs, whole blood, blood fractions, blood components, plasma,
platelets, serum, cerebrospinal fluid (CSF), brain ‘tissue, nervous system tissue, muscle
tissue, bone marrow, urine, tears, non-nervous system tissue, organs, and/or biopsies or
necropsies. . In preferred embodiments, the biological sample comprises blood, blood
fractions or blood components. The sample may be a non-biological sample.

[032] In another aspect, the present invention provides a method of diagnosing a
prion-related disease in a subject by detecting the presence of a pathogenic prion in a
biological sample from said subject by any of the detection methods described herein.
[033] In another aspect, the invention includes methods of preparing a blood supply
that is substantially free of pathogenic prions, the method comprising the steps of
screening aliquots of blood (e.g., whole quod, plasma, platelet;sl or serum) from collected
blood samples by any of the methods described he_rein; eliminating any sample in which
pathogenic prions are detected; and combining saﬁxples where patﬁogenic pﬁons are not
détected to i)rovide a blood supply substantially free of pathogenjjc prions.

[034] . In yet another aspect, the inventiop includes methods of preparing a food
sqpply, in barticular, a meat supply (e.g., beef, lamb, mutton or pork used for human or
animal consumption) that is substantially free of pathogenic prions, the method of
comprising the steps of screening, using any of the methgd;s of detection describéd herein,
samples collected from live or dead organisms that will enter the food supply or samples
collected from food intended to enter the food supply; identifying samples in which
pathogenic prions are detected; and removing from the food supply any live or dead -

organism or food intended to enter the food supply, in samples from which, pathogenic
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prions are detected; thereby providing a food supply that is substéntially free of
pathogenic prions.

[035] In another aspect, .the invention includes a solid support comprising one or
more peptide reagents as described herein. The solid support can be used, inter alia, in
the methods of the invention for detecting a pathogenic prion protein in a sample, for
isolating aprion protein from a sample, and for eliminating pathogenic prion proteins
from a sample. The solid support can be as described above.

[036] In another aspect, the invention includes various kits for detecting the presence
of a pathogenic prion in a sample, for isolating a pathogenic prion from a sample, for
eliminating a pathogenic prion from a éample, the kit comprising: one or more of the
peptide reagents described herein; and/or any of the solid supports comprising one or
more of the peptide reagents described herein and other necessary reagents and,
optionally, positive and negative controls. The peptide reagent(s) may be detectably
labeled. o .

[037] In other aspects, provided herein are compositions comprising one or more of
the peptide reagents, polynucleotides and/or antibodies described herein.

[038] In a further aspect, methods of treating or preventing prion disease are
provided, for example, methods comprising administering to an animal (e.g., non-human
or human mammal) one or more compositions described herein. In other embodiments,
the methods comprise administering a first composition comprising any of the.
compositions described herein in a priming step and administering a second composition
comprising a anyﬂ of the compositions described herein as a bobster, for example in an
amount sufficient to induce an immune response in the subject. The composition(s) may
be administered intramuscularly, intramucosally, intranasally, subcutaneously,
intradermally, transdermally, intravaginally, intrarectally, orally and/or intravenously.
[039] These and other embodiments of the subject invention will readily occur to

those of skill in the art in light of the disclosure herein.

, ) BRIEF DESCRIPTION OF THE DRAWINGS

[040] Figure 1 depicts the amino acid sequence of Human (SEQ ID NO:1) and
mouse (SEQ ID NO:2) prion protems

[041] Figure 2 depicts an ahgnment of prion proteins from human (SEQ ID NO:3),
Syrian hamster (hamster) (SEQ ID NO:4), bovine(SEQ ID NO:5), sheep (SEQ ID NO:6),
mouse(SEQ ID NO:7), elk (SEQ ID NO:8), fallow deer (fallow) (SEQ ID NO:9), mule

10
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deer (mule) (SEQ ID NO:10), and white tailed deer (white) (SEQ ID NO:11). Elk,
Fallow Deer, Mule Deer, and White Tailed Deer only vary from each other at two
residues, S/N128 and Q/E226 (shown in bold).

[042] Figure 3, panels A-F depict exemplary peptoid substitutions that may be made
to prepare any of the peptide reagents described herein. The peptoids are circled in each
panel and are shown in an exemplary peptide reagent as described herein (SEQ ID
NO:14, QWNKPSKPKTNG), in which a proline residue (residue 8 of SEQ ID NO:14) is
replaced with an N-substituted glycine (peptoid) residue. Panel A shows a peptide
reagent in which a proline residue is replaced with the peptoid residue: N-(S)-(1-
phenylethyl)glycine; panel B shows a peptide reagent in which a proline residue is
replaced with the peptoid residue: N-(4-hydroxyphenyl)glycine; panel C shows a peptide
reagent in which a proline residue is replaced with the peptoid résidue: N-
(cyclopropylmethyl)glycine; panel D shows a peptide reagent in which a proline residue
is replaced with the peptoid residue: N-(isopropyl)glycine; panel E shows a peptide
reagent in which a proline residue is replaced with the peptoid residue: N-(3,5-
dimethoxybenzyl)glycine; and panel F shows a peptide réagent in which a proline residue
is replaced with the peptoid residue: N-amino-butylglycine. | '

[043] Figure 4 depicts results of Western blotting experiments as described in
Example 2. Lanes 1 and 2 show the presence of prion proteins in normal mouse brain
homogenates (Lane 1, labeled ",C;') and in denatured infected mouse brain homogenates
(lane 2, labeled "S(_:"). Lanes 3,4 and 5 show specific binding of a peptide reagent as
described herein (SEQ ID NO:68) to pathogenic prion forms in the presence of human
plasma. In particular, Lane 3 is a huxhan plasma control and lane 4 is a normal mouse
brain homogenate sample. Lane 5 shows strong binding by the peptide reagent to PrPSc
in infected mouse brain hoﬁogenate samples.

[044] Figure 5 depicts the structures of exemplary PEG-linked peptide reagents as
described herein.

[045] Figure 6 depicts the structure of (QWNKPSKPKTN)2K (SEQ ID NO:133).

 DETAILED DESCRIPTION
[046]  The invention relates to the surp,gis_ing and unexpectegl discovery that relatively
sméll peptides (less than 50 to 100 amino a'ci‘ds, in length, pr;:ferably Lesé than 50 amino
acids in length and even more prefefably less than about 30 amino acids in length) can be

used to discriminate between nonpathogenic and pathogenic prion proteins. Thus, the
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present disclosure relates to the surprising finding that these peptides and derivatives
thereof (co_llecti.vely “peptide réagents”), may bind pathogenic and nonpathogenic protein
forms at different specificity and/ of affinity and, accordingly, can be used, in and of
themselves, as diagnostic/detection reagents or as combonents of therapeutic
compositions. Prior to the present disclosure, it was believed that only larger molecules
(e.g., antibodies, PrP®, o-form rPrP and plasminogen) could be used to differentiate
pathogenic and nonpathogenic forms. As such, previously described antigenic peptides
were used to generate antibodies that were evaluated for their ability to discriminate
between pathogenic and nonpathogenic forms. However, due to the relatively
nonimmunogenic nature of prion proteins, it has proven difficult to generate antibodies
specific for pathogenic forms. See, e.g., R.AA. Williamson et al. " Antibodies as Tools to
Probe Prion Protein Biology" in PRION BIOLOGY AND DISEASES, ed. S. Prusiner, Cold
Spring Harbor Laboratory Press, :1}99, pp:717-741. .

[047] The discovery that cerrtainipe_:pt}i-djcs as described herein interacf preferentially
with pathogenic (PrP>°) prion proteins allows for the development of novel reagents for
diagnostics, detection assays and therapeutics, inter alia. Thus, the invention relates to
peptide reagents and, in addition, relates to detection assays and diagnostic assays
utilizing these peptide reagents, purification or isolation methods utilizing these peptide
reagents and therapeutic compositions comprising these peptide reagents. Also provided
are polynucleotides encoding these peptide reagents, and antibodies generated using these
peptide reagents. The peptide reager;ts,,po}ynu_cleqtidqs and/or antibodies described
herein are ugeful in compositions and methods for detecting ‘ghe preéence of pathogenic
prions, for example in a biologigal sayhple. In addition, the invention furthér relates to
methods Qf using such peptide reagents, an.tibodieé and/or polynuélcoti desasa
comﬁonent in a therapeutic or prophylacﬁic composition.

[048] The peptide reagents, (an& polynucleotides encoding these peptide reagents)
used in the invention comprise a peptide that interacts preferentially with pathogenic
isoforms as compared to nonpathogenic isoforms. For example, in certain embodiments,
peptide reagents as described herein specifically bind to pathogenic conformational
disease protein forms and do not bind (or bind to a lesser extent) to non-pathogenic forms.
The peptide reagents described herein (and polynucleotides encoding same) may be used,
for example, to generate antibodies. , These antibodies may recognize pathogenic forms,
non-pathogeniq_ forms or bo1;.h. These .r,nol.eéules are useful, ;dlone or in various

combinations, in diagnostic assays and/or in prophylactic or therapeutic compositions.
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[049] - The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, molecular biology, immunology and
pharmacology, within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., Remington's Pharmaceu‘ﬁ'cal Sciences, 18th Edition (Easton,'
Pennsylvania: Mack Publishing Company, 1990); Methods In Enzymology (S. Colowick
and N. Kaplan, eds., Academic Press, Inc.); and Handbook of Experimental Immunology,
Vols. I-IV (D.M. Weir and C.C. Blackwell, eds., 1986, Blackwell Scientific
Publications); Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd Edition,
1989); Handbook of Surface and Colloidal Chemistry (Birdi, K.S. ed., CRC Press, 1997);
Short Protocols in Molecular Biology, 4th ed. (Ausubel et al. eds., 1999, John Wiley &
Sons); Molecular Biology Techniques: An Intensive Laboratory Course, (Ream et al.,
eds., 1998, Academic Press); PCR (Introduction to Biotecl;niqqes Series), 2nd ed.
(Newton & Graham eds., 1997, ,Spri.nger Veriag); Peters and Dalrymple, F ields Virology
(2d ed), Fields et al. (eds.), B.N. Raven fpéés, New York, NY.

[050] It is understood that the peptide feagents, antibedies and methods of this
invention are not limited to particular formulations or process parameters as such may, of
course, vary. Itis also to be understood that the terminology used herein is for the
purpose of describing particular embodiments of the invention only, and is not intended to
be limiting,.

[051] All publications, patents and patent applications cited herein are hereby

incorporated by reference in their entirety.

I. Definitions N . , o
[052] In order to facilitate an ynderstanding of the invention, selected terms used in

the application will be discussed Bglqw.,

[053] The terms “prion”, “t.);ior{ profc,ei.n"’,. “PrP profeip” and “PrP” are used
interc}}angeably herein to refer_to_bc;fch tl}(‘:,pgth.qg¢11ic protein form (variously referred to
as scrapie protein, pathogenic proteih form, pathogenic isoform, pathogenic prion and
PrPS°) and the non-pathogenic form (variously referred to as cellular protein form,
cellular isoform, nonpathogenic isoform, nonpathogenic prion protein, and PrP%), as well
as the denatured form and various recomblznant forms of the prion protein which may not
have either the pathogenic conformation or the normal cellular conformation. The
pathogénic protein form is associated with disease state (spongiform encephalopathies) in

humans and animals; the non-pathogenic form is normally present in animal cells and
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may, under appropriate conditions, be converted to the pathogenic PrP*° conformation.
Prions are nafurally produced in a wide variety of mammalian species, including human,
sheep, }:attle, and mice. A representative amino acid sequence of a hufnén prion protein is
set forth as SEQ ID NO:1. A representative amino acid sequence of a mouse prion
protein is set forth as SEQ ID NO:2. Other representative sequences are shown in Figure
2.

[054] As used herein, the term "pathogenic" may mean that the protein actually
causes the disease or it may simply mean that the protein is associated with the disease
and therefore is present when the disease is present. Thus, a pathogenic protein as used in
connection with this disclosure is not necessarily a protein that is the specific causative
agent of a disease. Pathogenic forms may or may not be infectious. The term
"pathogenic prion form" is used more specifically to refer to the conformation and/or the
beta-sheet-rich conformation of manunaﬁlian,‘avie‘m or recombinant prion proteins.
Generally, the beta-sheet-rich conformation is proteinase Klrcsistant. The terms "non-
pathog_enic" and f‘cellular" when used with respéct to conformational disease prétein
forms are used interchangeably to refef to the normal isoform of the protein whose

presence is not associated with sickness.

[055] Furthermore, a "prion protein" or "conformational disease protein" as used
herein is not limited to a polypeptide hévfné the exact sequence to those described herein.
It is readily apparent that the terms encompass conformational disease proteins from any
of the identified or unidentified species or diseases (e.g., Alzheimer's, Parkinson's, etc.).
One of ordinary skill in the art in view of the teachings of the present disclosure and the
art can determine regions corresponding to the sequences shown in the Figures in any
other prion proteins, using for 'exa_mp.le,_ sequence comparison programs (e.g., BLAST and
others described Herein) or ideﬁtiﬁpatio'n and éli gnment of structural features or motifs.
[056] .. The term "PrP gene‘." 1s usca hereifl to describe any genetic material that
expresses prion proteins including known polymorphisms and pathogenic mutations. The
term "PrP gene" refers generally to any gene of any species ;chat encodes any form of a
PrP protein. Some commonly known PrP sequences are described in Gabriel et al., Proc.
Natl. Acad. Sci. USA 89:9097-9101 (1992), and US Pat. Nos. 5,565,186; 5,763,740,
5,792,901; and WO97/04814, incorporated herein by reference to disclose and describe
such sequences'. The PrP gene can be from any animal, including the "host" and "test"
animals described herein and any and all polymorphisms and mutations thereof, it being

recognized that the terms include other such PrP genes that are yet to be discovered. The
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protein expressed by such a gene can-assume either a PrP© (non-disease) or PrP*°
(disease) form.

[057] “Prion-related disease” as used herein refers to a disease caused in whole or in

part by a pathogenic prion protein (PrP). Pﬁon-related diseases include, but are not
limited to, scrapie, bovine spongiform encephalopathies (BSE), mad cow disease, feline
spongiform encephalopathies, kuru, Creutzfeldt-Jakob Disease (CID), new variant
Creutzfeldt-Jakob Disease (nvCID), chronic wasting disease (CWD), Gerstmann-
Strassler-Scheinker Disease (GSS), and fatal familial insomnia (FFI).

[058] The term “peptide reagent” as used herein generally refers to any compound
comprising naturally occurring or synthetic polymers of amino acid or amino acid-like
molecules, including but not limited to compounds comprising only amino and/or imino
molecules. The peptide reagents of the present invention interact preferentially with a
pathogenic prion protein and are typically derived from fragments of a prion protein. The
term “peptide” will be used inte;changeably with “oligopeptide” or “polypeptide” and
no particular size is implied by use of these terms Included within the definition are, for
example, peptides containing one or more analogs of an amino acid (including, for
example, unnatural amino acids, péptoids, etc.), peptides with substituted linkagés, as
well as other modifications known in the aﬁ, both naturally occﬁrring and non-naturally
6ccurring (e.g., synthetic). Thus, synthetic peptides, dimers, multimers (e.g., tandem
repeats, multiple antigenic peptide (MAP) fénns, linearly-linked peptides), cyclized,
branched molecules and the like,.are. included within the defnition. The terms also
inélude molecules comprising one of more N-substituted glycine residues (a “peptoid”)
and other synthetic amino acids or peptides. (See, e.g., U.S. Patent Nos. 5,831,005;
5,877,278; and 5,977,301; Nguyen et al. (2000) Chen; Biol. 7(7):463-473; and Simon et
al. (1992) Proc. Natl. Acad. Sci. Us4 89(20):9367-9371 for descriptions of peptoids).
Non-limiting lengths of peptides suitable for use in the present invention includes
peptides of 3 to 5 residues in length, 6 to 10 resi:dues in length (or any integer
therebetween), 11 to 20 residues in lgngfh (or aﬁy integer fherebetweer;), 21 t(; 75 residues
in length (or any integer therebetween), 75 to 100 (or any infeger therebetween), or
polypeptides of greater than 100 residues_ in length. Typidally, peptides useful in this
invention can have a maximum iength _égitgblé for the iﬁtended application. Preferably,
the peptide is between aboﬁt 3 and 100 residues in length. Generally, one skilled in art
can easily select the ma};imum length in view of the teachings herein. Further, peptide

reagents as described herein, for example synthetic peptides, may include additional
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molecules such as labels, linkers; or other chemicél moieties (e.g., biotin, amyloid
specific dyes such as Control Red or Thidﬂavin). Such moieties may further enhance
interaction of the péptides with the prion proteins and/or further detection of prion |
proteins.

[059] Peptide reagents also includes derivatives of the amino acid sequences of the
invention having one or more substitution, addition and/or deletion, including one or
more non-naturally occurring amino acid. Preferably, derivatives exhibit at least about
50% identity to any wild type or reference sequence, preferably at least about 70%
identity, more preferably at least about 75%, 80%, 85%, 90%,91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity to any wild type or reference
sequence described herein. Sequence (or percent) identity can be determined as described
below. Such derivatives can include postexpression modifications of the polypeptide, for
example, glycosylation, acetylaﬁon, phosphorylation, and the like.

[060] Peptide derivatives can also include modifications to the native sequence, such
as deletions, additions and substitutions (generally conservative in nature), so long as the
polypeptide maintains the desired activity. These modifications may be deliberate, as
through site-directed mutagenesis, or may be accidental, such as through mutations of
hosts that produce the proteins or etrors due to PCR amplification. Furthermore,
modifications may be made that have one or more of the following effects: reducing
toxicity; increasing affinity and/or gpe‘ciﬁqjty for pri,qn proteins; facilitating cell
processing (e.g., secretion, antig.éh pr@sqﬁta‘gibn, etc.) ; and facilitating presentation to B-
cells and/or T-cells. Polypepﬁdes desp1ibe§,he:ein can be‘made recombinantly,
synthetically, purified from natgral soyrcgs; or in tiésu¢ culture,

[061] A “fragment” as used herein refers to a peptide consisting of only a part of the
intact full-length protein and structure as found in nature. For instance, a fragment can
include a C-terminal deletion and/or an N-terminal deletion of a protein. Typically, the
fragment retains one, some or alll of the functions of the full-length polypeptide sequence
from which it is derived. Typically, a fragment will comprise at least 5 consecutive
amino acid residues of the native protein; prefergbly, at least about 8 consecutive amino
acid residues; more preferably, at léast about 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 2_6, 27,28, 29, or ‘3()“c_on_sg.cq-tive amino acid residues of the native protein.
[062] The term "Mc_l'e_of_dﬁ';,”aé kjn(.)wn in the én, generally refers to a nucleic
acid molecule. A “polynucleotiide’,’j can inc;lud_e both double- ana single-stranded

sequences and refers to, but is not limited to, prokaryotic sequences, eukaryotic mRNA,
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cDNA from viral, prokaryotic or eukaryotic mRNA, genomic RNA and DNA sequences
from viral (e. g.. RNA and DNA viruses and retrbviruses), prokaryotic DNA or eukaryotic
(e.g., mammalian) DNA, and especially synthetic DNA sequences. The term also
captures sequences that include any of the known base analogs of DNA and RNA, and
includes modifications such as deletions, additions and substitutions (generally
conservative in nature), to the native sequence. These modifications may be deliberate, as
through site-directed mutagenesis, or may be accidental, such as through mutations of
hosts including prion-encoding polynucleotides. Modifications of polynucleotides may
have any number of effects including, for example, facilitating expression of the
polypeptide product in a host cell.

[063] A polynucleotide can encode a biologically active (e.g., immunogenic or
therapeutic) protein or polypeptide. Dcpg:qding on the nature of the polypeptide encoded
by the polynucleotide, a polynucleoﬁde can include as little as 10 nucleotides, e.g., where .
the polynucleotide encodes an antigen or epitope. Typically, the polynucleotide encodes
peptides of at least 18, 19, 20, 21, 22, 23, 24, 25, 30 or even more amino acids.

[064] A "polynucleotide coding sequence” or a sequence that "encodes" a selected

polypeptide, is a nucleic acid molecule that is transcribed (in the case of DNA) and
translated (in the case of mRNA) into a polypeptide in vivo when placed under the control
of appropriate regulatory sequences, (or E'{'cgntgol elements"). The boundaries of the
coding sequence are detenninéd by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3! (carﬁoxy) temﬁﬁus. A transcription termination sequence
may be located 3' to the coding sequence. ,Typical_ "control elgments," include, but are not
limited to, transcription regulatp};sg su.c:h; ?5,,21-:'011'10&{3: ljanscription enhancer elemr;“nts,
transcription tgrmination sign,a}s, and pglyadgqi{lation sequences; and translation
regulators, such as sequences for optimiéa‘tion of initiation of translation, e.g., Shine-
Dalgarno (ribosome binding site) sequences, Kozak sequences (i.e., sequences for the
optimization of translation, located, for example, 5’ to the coding sequence), leader
sequences (heterologous or native), translation initiation codon (e.g., ATG), and
translation termination sequences. Promoters can include inducible promoters (where
expression of a polynucleotide sequence operably linked to.the promoter is induced by an
analyte, cofactor, regulatory protein, etc.), repressible promoters (where expression of a
polynucleotide sequence operably linked to the prdmptgr is induced by an analyte,

cofactor, regulatory protein, etc.), and constitutive promoters.
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[065] . "Operably linked" refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual function. Thus, a
given promoter operably linked to a coding sequence is capable of effecting the
expression of the coding sequence when the proper enzymes are present. The promoter
need not be contiguous with the codlng sequence, so long as it functions to direct the
expression thereof. Thus, for example, intervening untranslated yet transcribed sequences
can be present between the promoter sequence and the coding sequence and the promoter
sequence can still be considered "operably linked" to the coding sequence.

[066] A "recombinant" nucleic acid molecule as used herein to describe a nucleic
acid molecule means a polynucleotide of genomic, cDNA, semi synthetic, or synthetic
origin which, by virtue of its origin or manipulation: (1) is not associated with all ora
portion of the polynucleotide with which it is associated in nature; and/or (2) is linked to a
polyﬁucleotide other than that to which it is linked in nature. The term "recombinant” as
used with respect to a protein or oolypepﬁde means a polypeptide produced by expression

n “Cel].

of a recombinant polynucleotide. "Recombinant host cells," "host cells," "cells,
lines," "cell cultures," and other such terms denoting prokaryotic microorganisms or
eukaryotic cell lines cultured as unicellular entities, are used interchangeably, and refer to
cells which can be, or have been, used as recipients for recombinant vectors or other
transfer DNA, and include the progeny of the original cell which has been transfected. It
is understood that the progeny of a single parental cell may not necessarily be completely
identical in morphology or in genomic or fcotal‘ DNA complement to the original parent,
due to accidental or deliberate mutation. };qogeny, of the parental cell which are
sufficiently similar to the parem:: to be oha;eote:ized by the relevant property, such as the
presence of a nucieotide sequence enc‘_cding a desired peptide are included in the progeny

intended by this definition, and are covered by the above terms.

[067] By “isolated” is meant, when refemng 1o a polynucleotide or a polypepnde

that the indicated molecule is separate and discrete from the whole organism with which
the molecule is found in nature or, when the oolynucleotide or polypeptide is not found in
nature, is sufficiently free of other biological macromolecules so that the polynucleotide
or polypeptide can be used for its intended purpose.

[068] “Antibody” as known in the art includes one or more biological moieties that,
through chemical or physical means, can bind to or associate with an epitope of a
polypeptide of interest. For example, the antibodies of the invention may interact

preferentially with (e.g., specifically bind to) pathogenic prion conformations. The term
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“antibody” includes antibodies obtained from both polyclonal and monoclonal
preparations, as well as the following: hybrid (chimeric) antibody molecules (see, for
example, Winter et al. (1991) Nature 349: 293-299; and U.S. Patent No. 4,816,567;
F(ab’); and F(ab) fragments; F, molecules (nbn—covalént heterodimers, see, for example,
Inbar et al. (1972) Proc Natl Acad Sci US4 69:2659-2662; and Ehrlich et al. (1980)
Biochem 19:4091-4096); single-chain Fv molecules (sFv) (see, for example, Huston et al.
(1988) Proc Natl Acad Sci USA 85:5897-5883); dimeric and trimeric antibody fragment
constructs; minibodies (see, e.g., Pack et al. (1992) Biochem 31:1579-1584; Cumber et al.
(1992) J Immunology 149B: 120-126); humanized antibody molecules (see, for example,
Riechmann et al. (1988) Nature 332:323-327; Verhoeyan et al. (1988) Science 239:1534-
1536; and U.K. Patent Publication No. GB 2,276,169, published 21 September 1994);
and, any functional fragments obtained from such molecules, wherein such fragments
retain immuﬁological binding properties of the barent antibody molecule. The term
“antibody” further includes énﬁbodiés gbtain@d through non-éonventional processes, such
as phage display. D

[069] As used herein, the term “monogclonal aniibody” refers to an antibody

composition having a homogeneous antib‘ody population. The term is not limited
regarding the species or source of the;A antibody, nor is it intended to be limited by the
manner in which it is made. Thué, the term encompasses antibodies obtained from
murine hybridomas, as well as human monoclonal antibodies obtained using human
rather than murine hybridomas. See, e.g., Cote, et al. Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, 1985, p 77.

[070] If polycldnal antibo,dics are desired, a selected mammal (e.g., mouse, rabbit,
goat, horse, etc.) is ggneraljy immunized with an immunogenic composition (e.g., a
peptide reagent as descr‘ibedA h%;rei%lj; Sf;r,um ,‘rirorp the immunized animal is collected and
treated according to knoWn procedlﬂ'u;cs.‘ If serum céntaininé polyclonal antibodies to the
sele‘cted' peptide reagent contains antibodies to other antigens, the polyclonal antibodies
can be purified by immunoafﬁnil;,;' cln‘éfﬁa&xg‘raiahj Techﬁiques for producing and
processing polyclonal antisera are knowﬁ in the art, see for example, Mayer and Walker,
eds. (1987) ]MMUNOCHEMICAL METHODS IN CELL AND MOLECULAR
BIOLOGY (Academic Press, London).

[071] One skilled in the art can also readily produce monoclonal antibodies
directed against peptide reagents described herein. The general methodology for making

monoclonal antibodies by hybridomas is well known. Immortal antibody-producing cell
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lines can be created by cell fusion, and also by other techniques' such as direct
transformation of B-lymphocyies with Oncogeﬁié DNA, or transfection with Epstein-Barr
virus. See, e.g., M. Schreier et al. (1980) HYBRIDOMA TECHNIQUES; Hammerling et
al. (1981), MONOCLONAL ANTIBODIES AND T-CELL HYBRIDOMAS; Keﬁﬁett et
al. (1980) MONOCLONAL ANTIBODIES; see also, U.S. Pat. Nos. 4,341,761;
4,399,121; 4,427,783; 4,444,887, 4,466,917, 4,472,500; 4,491,632; and 4,493,890.

[072] As used herein, a "single domain antibody" (dAb) is an antibody that is

comprised of an VH domain, which binds specifically with a designated antigen. A dAb
does not contain a VL domain, but may contain other antigen binding domains known to
exist to antibodies, for example, the kappa and lambda domains. Methods for preparing
dabs are known in the art. See, for example, Ward et al, Nature 341: 544 (1989).

[073] Antibodies can also be comprised of VH and VL domains, as well as other
known antigen binding domains. Examp,l@s of these types of antibodies and methods for
their preparation are known in the art (see, e.g., U .S. Pat. No. 4,816,467, which is
incorporated herein by referencc):, :1:1‘75.1; \iﬁqlv;de‘ thé following. For example, "vertebrate
antibodies" refers to antibodigs that gtﬁjgﬂ:am;‘rs or aggregates thereof, comprising light
and heavy chains which are usiualiy.gu ég:céated ina "Y" configuration and which may or
may not have covalent linkages b;t:z@@n\ ,th“e gl_}‘a.ins._ In vertebrate antibodies, the amino
acid sequences of the chains a.r¢:h‘ox-m;)'} ogqus ‘v)vith those sequences found in antibodies
produced in vertebrates, whether in situ or in vitro (for example, in hybridomas).
Vertebrate antibodies include, for example, purified polyclonal antibodies and

monoclonal antibodies, methods for the preparation of which are described infra.

[074] "Hybrid antibodies" are antibodies where chains are separately
homologous with reference to malpmalian antibody chains and represent novel
assemblies of them, so that two gﬁfﬁereﬁ; aﬁﬁgens are ﬁrecipitable by the tetramer or
aggregate. In hybrid anﬁb_od_ie,g one pa*rof hca?y and light chains are homologous to
those found in an antibégiy re:zise‘q"ag:‘a:i}_ls.;ig‘,g first el;.n,tig'er‘}, while a second pair of chains are
homologous to those fouﬁd inan antlbody ralsed a gaiﬂst a second antibody. This results
in the property of "divalencg", 19, thPMab‘lty fo bind two antigens simultaneously. Such

hybrids can also be formed using chimeric chains, as set forth below.

[075] "Chimeric antibodies" refers to antibodies in which the heavy and/or light
chains are fusion proteins. Typically, one portion of the amino acid sequences of the
chain is homologous to corresponding sequences in an antibody derived from a particular

species or a particular class, while the remaining segment of the chain is homologous to
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the sequences derived from another spécies éqd/or class. Usually, the variable region of
both light and heavy chains mimics tﬁe variable regions or antibodies derived from one
species of vertebrates, while the constant portions are homologous to the sequences in the
antibodies derived from another species of vertebrates. However, the definition is not -
limited to this particular example. Also included is any antibody in which either or both
of the heavy or light chains are composed of combinations of sequences mimicking the
sequences in antibodies of different sources, whether these sources be from differing
classes or different species of origin, and whether or not the fusion point is at the
variable/constant boundary. Thus, it is possible to produce antibodies in which neither the
constant nor the variable region mimic known antibody sequences. It then becomes
possible, for example, to construct antibodies whose variable region has a higher specific
affinity for a particular antigen, or whose constant region can elicit enhanced complement
ﬁxatiop, or to make other improvements in properties possessed by a particular constant
region. :

[076] Another exampleis"'a__l’g{,e;r;gl_gntibodies_", which refers to antibodies in
which the naturally occurring‘glpinq. acid sequence ina vqrtebrate antibody has been
varies. Utilizing recombinant DNA xep}miques,vantibpdies can be redesigned to obtain
desired characteristics. The possib}p‘ ‘{gxigjions are many, and range frbm the changing of
one or more amino acids to the cg@pla{t@ r¢lesign of a region, for example, the constant
region. Changes in the constant‘régiqg;,. in general, to attain desired cellular process
characteﬁsﬁcs, e.g., changes in Qgrr;g}eﬁ}cnt ﬁx@tion, jnteragtjon with membranes, and
other effector functions. Changes in the variable region can be made to alter antigen-
binding characteristics. The antibpdy‘ can also be‘ engineered to aid the specific delivery of
a molecule or substance to a specific cell or Atissﬁe site. The desired alterations can be
made by known techniques in molecular biology, e.g., recombinant techniques, site-

directed mutagenesis, etc.

[077]  Yet another example are ff&ﬁvé@en’c a;ntibodiqs", w}ﬁch are aggregates
comprised of a heavy-chain/:lig‘ht;—‘chglér; dlmer }391111d to the Fc (i.e., stem) region of a
second heavy chain. Thié type,of;,qnﬁbioéy"@cépes antigenic modulation. See, e.g.,
Glennie et al. Nature 295: 7;1_2 (1982)Inclu_ded also within the definition of antibodies
and light chains which are roughly V,e‘q'l_lli‘j_zal_e,n‘t, or analogous, to the sequences which
comprise the branch portion (;f the heavy and 1igh{ chains, and which have been shown to

exhibit immunological binding to a specified antigen, but which lack the effector Fe
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portion. "Fab" includes aggregates of one heavy and one light chain (commonly known as
Fab'"), as well as tetramers containing the 2H and 2L chains (referred to as F(ab)2), which
are capable of selectively reacting with a designated antigen or antigen family. Fab
antibodies can be divided into subsets analogous to those described above, i.e.,
"vertebrate Fab", "hybrid Fab", "chimeric Fab", and "altered Fab". Methods of producing
Fab fragments of antibodies are known‘ within the art and include, for example,
proteolysis, and synthesis by recombinant techniques.

[078] "Antigen-antibody complex" refers to the complex formed by an antibody
that is specifically bound to an epitope cn an antigen.

[079] A peptide (or peptide rea gﬁnt) is said to "interact" with another peptide or
protein if it binds specifically, non-specifically or in some combination of specific and

non-specific binding. A peptide (or peptide reagent) is said to "interact preferentially"

with a pathogenic prion protein if it bind with greater affinity ;md/or greater specificity to -
the pathogenic form than to nonpathogenic isoforms. A peptide reagent that interacts
preferentially with a pathogenic prion protein‘is also referred to herein as a pathogenic
prion-specific peptide reagent. It is to be understood that a preferential interaction does
not necessarily require interaction between specific amino acid residues and/or motifs of
each peptide. For example, in certain embodiments, the peptide reagents described herein
interact preferentially with pathoélen;'rcii gqfonns but, nonetheless, may be capable of
binding nonpathogenic iso‘form;s:'at, a_v‘»;qzla.‘;c,ﬂ yet detectable, level (e.g., 10% or less of the
binding shown to the polypeptide 9f; .inv[tg:rest).. Typically, weak binding, or background
binding, is readily discernible from tpe prgat:emntiallyl ipteraction with tﬁe compdund or
polypeptide of interest, e. g by useof g]}p{ppﬁgtg controls. 'In general_, peptides of the
invention bind pathogenic prj oﬁ_s in .tﬂhé‘ ﬁréSenée of 106-f61d excess of nonpathogenic
forms. ) ‘f ) | . .‘,. |

[080] The term "affinity" refers to fhe strength of binding and can be expressed
quantitatively as a dissociation constant (Kq4). Preferably, a peptide (or peptide reagent)
that interacts preferentially with a p_gth(_)genig: isoform preferably interacts with the
pathogenic isoform with at least 2 fold gre.afcex.' affinity, more preferably at least 10 fold
greater affinity and even more prgfe;ébly at léaét 100 fold greater affinity than it interacts
with the nonpathogenic isoform. ;BinQi:ng ﬁ_fﬁnity (i.e., Ky) can be determined using
standard techniques. J et h
[081] Tephniques for dét'err'pinh-lg amino acid éequeljlce “similarity” or “percent

identity” are well known in the art. In general, ,“simi'larity” means the amino acid to
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amino acid comoarison of two or more polypeptides at the appropriate place, where
amino acids are identical or possess similar chemical and/or physical properties such as
charge or hydrophobicity. A so-termed “percent identity” then can be determined
between the compared polypeptide sequences. Techniques for determining nucleic acid
and amino acid sequence identity also are well known in the art and include determining
the nucleotide sequence of the mRNA for that gene (usually via a cDNA intermediate)
and determining the amino acid sequence encoded thereby, and comparing this to a
second amino acid sequence. In general, “identity” refers to an exact nucleotide to
nucleotide or amino acid to amino acid correspondence of two polynucleotides or
polypeptide sequences, respectively.

[082] Two or more amino acid or polynucleotide sequences can be compared by
determining their “percent identity.” Percent identity can be determined by a direct
comparison of the sequenoe,iofoxmation lqetWoen two molecxlleo(the reference sequence
and a sequence with unknown % identity to the reference sequence) by aligning the
sequences, counting the exact number of ;notches betwoen the two aligned sequences,
dividing by the length of the reference sequence, and multiplying the result by 100.
Readily available computer programs can be used to aid in the analysis, such as ALIGN,
Dayhoff, M.O. in Atlas of Protein Sequence and Structure M.O. Dayhoff ed., 5 Suppl.
3:353-358, National biomedical Research Foundation, Washington, DC, which adapts the
local homology algorithm of Smith_ ox}d Waterman Advances in Appl. Math. 2:482-439,
1981 for peptide analysis. Programs for determininé nucleotide sequence identity are
available in the Wisconsin Sequence Anglysis Package, Version 8 (available from
Genetics Compﬁter Group, l\giadison, WD 1_for example, the BESTFIT, FASTA and GAP
programs, which giso roly on‘t‘hol@\rx_a‘igl‘liazgjd Woteman algorithm. These programs are
readily utilized with the default p#x::z}rggto.lfg recommended oy the manufacturer and
described in the Wisconsin Seooence Anaiysig ]éackagé referred to above. For example,
percent identity of a particular nu‘cleoti(_ieg sequence to a reference sequence can be
determined using the homology algorithm of Smith and Waterman with a default scoring
table and a gap penalty of six nuoleotlde positions. |

[083] Another method of estabhshmg percent 1dent1ty in the context of the
present mventmn is to use the MPSRCH’M package of programs copyrighted by the
University of Edinburgh, developed by J ohn F. Collins and Shane S. Sturrok, and
available from nomerous. so}urcé:sé, for example oo the illtemot. From this suite of

packages the Smith-Waterman algorithm can be employed where default parameters are
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used for the scoring table (for example, gap open penalty of 12, gap extension penalty of
one, and a gap of six). From the data generated the “Match” value reflects "sequence
identity." Other suitable programs for calculating the percent identity or similarity
between sequences are generally known in tﬁc art, for example, another alignment
program is BLAST, used with default parameters. For example, BLASTN and BLASTP
can be used using the following default parameters: genetic code = standard; filter = none;
strand = both; cutoff = 60; expect = 10; Matrix = BLOSUMG62; Descriptions = 50
sequences; sort by = HIGH SCORE; Databases = non-redundant, GenBank + EMBL -+
DDBJ + PDB + GenBank CDS translations + Swiss protein + Spupdate + PIR. Details of
these programs are readily available.

[084] An "immunogenic comgcﬁiﬁ_og" a2s used herein refers to any composition
(e.g., peptide, antibody and/or polynucleotides) where adminisfration of the composition
to a subject results in the dev.elopn‘ieﬁt: in tlﬁq subject of a humeoral and/or a cellular
immune response. The immunogér,xic;éqmpégition can be introduced directly into a
recipient subject, such as by injeé}iog:, i.n]'m'l_gtién; oral, intranasal or any other parenteral
or mucosal (e.g., intra-rectally or inﬁayaginallﬁ rqﬁte of administration.

[085] By "epitope" is meaut a sit;zon an antigen to which specific B cells and/or
T cells respond, rendering the molecqlcﬁncluding such an epitope capable of eliciting an
immunological reaction or capable of reacting with antibodies present in a biological
sample. The term is also used interchgngcably with "antigenic detenni_nant" or "antigenic
determinant site." An epitope can comprise 3 or more amino acids in a spatial
conformation unique to the epitg)p'e.‘ (};n?rql}y, an epitope consists of at least 5 such
amino acids and, more usﬁgliy, ‘consi]s%‘s, cfajt least 8-10 such amino acids. Methods of
determining spatial conformation of ammoamds are known in the art and include, for
example, x-ray crystallography %nd 2.--di.rp§:n§i6’1;1‘al nuclea‘r magnetic resonance.
Furthermore, the id@ﬁﬁcatiog of ,quitope_s,ﬁ in a given protein is readily accomplished
using techniques well known in the art, such aé ‘by fhg use of hydrophobicity studies and
by site-directed serology. See, also, Geys:en e.t al., Prbc. Natl. Acad: Sci. USA (1984)
81:3998-4002 (general method of Ar:aplzc_ﬁyv‘synth:esizing peptides to determine the location
of immunogenic epitopes in a gi_veﬁ an'tigqﬁ);:U.S: Patent No. 4,708,871 (procedures for
identifying and chemically synthe,si"z'i_ng.gai?,i.tppes 6f antigens); and Geysen et al., |
Molecular Immunology (1 98_6){4_2_3_ 709-7 15 (’rechnique‘ for identifying peptides with high

affinity for a given antibody). Antibodies that recognize the same epitope can be
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identified in a simple i immunoassay showmg the ab111ty of one antibody to block the
binding of another antibody to a target antr?en.

[086] An "immunological response” or "immune response” as used herein is the
development in the subject of a humoral and/or a cellular immune response to a peptide
as described herein when the polypejtide is present in a vaccine composition. These
antibodies may also neutralize infectivity, and/or mediate antibody-complement or
antibody dependent cell cytotoxicity to provide protection to an immunized host.
Immunological reactivity may be determined in standard immunoassays, such as a
competition assays, well known in the art.

[087] "Gene transfer" or "gene delivery" refers to methods or systems for

reliably inserting DNA of interest into a host cell. Such methods can result in transient
expression of non-integrated transferred DNA, extrachromosomal replication and
expression of transferred replicons (e.g., epi cmes), or integration of transferred genetic
material into the genomic DNA of l host cell Gene delivery expression vectors include, -
but are not limited to, vectoro derrve'i frr;m ulphavmtses pox viruses and vaccinia
viruses. When used for 1mmanrza.tron, such gene delivery expression vectors may be
referred to as vaccines or vaccine Vectors

[088] The term "sample” 1ncludes brologrcal and non-blologrcal samples. Biological
samples are those obtained or,de_rrved ﬁqm a living or once-living organism. Non-
biological samples are not derived from living or once-living organisms. Biological
samples include, but are not hmlted to, samples derived from an animal (living or dead)
such as organs (e.g., brain, liver, krdne Y etc) whole blood, blood fractions, plasma,
cerebrosp1na1 fluid (CSF), urine, tears, ’trs;,uez organs, biopsies. Examples of non-
biological samples include pharmzlxeeuticrt}s,h foods, cesmetics and the like.

[089] The terms "lzrbel" ard '.'detegtable label" refer to a molecule capable of

detection, including, but not‘lirrrite_ciirtq,, radi@gctiv_e_i_;_sotopes, fluorescers, luminescers,
chemiluminescers,venzymee,,eqzyme substrates, enzyme cofactors, enzyme inhibitors,
chromophores, dyes, metal 'i_c‘)ns,“me'kall sols, ligands (e.g., biotin or haptens) and the like.
The term "fluorescer” refers to a substance or a portion thereof that is capable of
exhibiting fluorescence in the detectable range. Parricrrlar examples of labels that may be
used with the invention include, but are not limited to fluorescein, rhodamine, dansyl,
umbelliferone, Texas red, luminol, acrddi_m}lr;r esters, NADPH, beta-galactosidase,

horseradish peroxidase, glucose Qxida;s.e, alkaline phosphatase and urease. The label can

%
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also be an epitope tag (e.g., a His-His tég), an antibody or a amplifiable or otherwise
detectable oligonucleotide. o - .

. General Overview

[090] Described herein are compositions comprising a peptide reagent (and/or
polynucleotides encoding these peptide reagents) in which the peptide reagent is capable
of distinguishing between pathogenic and nonpathogenic isoforms of prion proteins, for
example by preferentially interacting with one form and not the other. Antibodies
generated using these peptide reagents as well as compositions comprising and methods
of making and using these peptide reagents and/or antibodies are also provided (e.g., for
isolation and/or detection of the pathogenic prion protein).

[091] The invention relies in part on the discovery by the present inventors that
relatively small fragments of a prion protein can interact preferentially with the
pathogenic form of the prion. These fragments need not be part of a larger protein
structure or other type of scaffold molecule in order to exhibit this preferential interaction
with the pathogenic prion isoform. While not wanting to be held to any particular theory,
it appears that the peptide fmgmen,‘;s spontancously take on a conformation that allows
binding to the pathogenic prion isofori but not 1o the nonpathogenic prion isoform,
perhaps by minﬁcking a cqnt‘ormatigﬁ t‘hat__is,prcsent in the nonpathogenic isoform. This
general principle, that certain ﬁg g'mi'é'ntsl of ‘g conformational disease protein interact
preferentially with the pathqggnic form éf that conformational disease protein, here
demonstrated for prions, can rcagily }ne 9pialj¢d to other conformational disease proteins
to produce peptide reagents that interact pgefereﬁtia}ly with the pathogenic forms. It will
be apparent to one of ordinary skill in tﬁé art tha.t, while the fragments provide a starting
point (in terms of siic or sequence chargctgristics, for example), that many modifications
can be made on the ﬁag@;nts to p{_rﬁqégce'p;ept}'de‘ reagents with more désirable attributes
(e.g., higher affinity, greater h‘sta‘qili‘ry,. gre.a}"cc.r s,élubility, lcés protease sensitivity, greater
specificity, easier to synthesize, ejgc..).__'._: , - ,

[092] In general, the pep’gidé réztgngirs @écﬁbed h?rein are able to interact
preferentially with patlxogéllic fqr;gs of prion pr_oteil'xs.. Thus, these peptide reagents allow
for ready detection of the presence ofpathogcnic pripp proteins and, hence, diagnosis of
prion-related diseases in virtually ziny sample, biological or non-biological, including
living or dead brain, spinal cord, or other nervous system tissue as well as blood.

[093] In addition, the peptide rea‘.gen"cs described herein can be used to generate -

antibodies that may be used in diagnostic or therapeutic compositions and methods. In
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particular, where a peptide reagent and/or antibody interacts preferentially with a
pathogenic protein, it can be used to detect the presence of pathogenic isoforms, for
example by ordering, aggregating or otherwise inducing the disease form proteins to a
state that can then be detected. The peptide reagents described herein are useful in a
variety of diagnostic assays, including to detect pathogenic forms in blood-containing
samples. The antibodies and/or peptide reagents (or one or more of their component
parts) can be labeled or marked to facilitate detection and/or enhance interaction with the
prion proteins.

[094] In addition, any suitable signal amplification system can be used to further
facilitate detection, including but not limitedl to, the use of branched DNA for signal
amplification (see, e.g., U.S. Patent Nos. 5,681,697; 5,424,413; 5,451,503; 5,4547,025;
and 6,235,483); applying target ampliﬁcation techniquqs like PCR, rolling circle
amplification, Third Wave's invacier (Arruda et al. 2002 Expert. Rev. Mol. Diagn. 2:487;
U.S. Patent Nos. 6090606, 5843669,‘59855;5,7, 6090543, 5846717), NASBA, TMA etc.
(U.S. Patent No. 6,511,809; EP 0544,?.12A.1) ; 4and/or immuno-PCR techniques (see, e.g.,
U.S. Patent No. 5,665,539; InternationaLPublicétions WO 98/23962; WQ 00/75663; and
WO 01/31056). ' |

[095] Furthermore, the peptide 1'ea,gent§ and antibodies described herein can be used,
alone or in ény combinations, to treat dr prevent disease.

IIL. A. Peptide Reagents - L ‘

[096] Described herein are peptide ye.a}.gcntslthat interact with pathogenic forms of a
conformational disease protein. Contormaﬁonal diséase proteins are exemplified herein
by prion proteins. . . | 5

[097] The following is a nqﬁ-limﬁting list of diseases with associated proteins that

assume two or more different conformations.

isease . Conformational Disease Protein(s)

Prion diseases Prp°°
(e.g., Creutzfeld Jakob disease, scrapie,
bovine spongiform encephalopathy) 1. -
Alzheimer's Disease K “ APP, A* peptide,
‘ o - . Fl-antichymotrypsin, tan, non-A*
component

ALS SOD and neurofilament
Pick's disease © " . |Pick body

arkinson's disease o Lewy body

iabetes Type 1 Amylin
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Multiple myeloma — plasma cell dyscrasias |[[gGL-chain
Familial amyloidotic polyneuropathy (Transthyretin
Medullary carcinoma of thyroid - rocalcitonin
Chronic Renal failure . beta2-microglobulin
Congestive heart failure atrial natriuretic factor
senile cardiac and systemic amyloidosis Transthyretin
Chronic inflammation Serum amyloid A
therosclerosis : ApoAl
Familial amyloidosis Gelsolin
[098] Further, the conformational disease proteins listed above each include a

number of variants or mutations that result in different strains that are all encompassed by
the present invention. Functional analysis of \}arious regions and sequences of a mouse
prion protein are given below. See, also, Priola (2001) Adv. Protein Chem. 57:1-27.
Regions and residues corresponding to those:se't fof,th below for mouse (Mo), hamstér
(Ha), human (Hu), avian (A). anyd éheep (Sh) can readily be determined for other species

following standard procedures and the teachings herein.

Amino Acid(s) Function

Mo1-28 Translocation domain (cleaved)

22 Putative cleavage site

23-28 Basic region poteniially interacting with Protein X binding

site as its deletion abrogates the effect of protein X
associated mutations in the C-terminus of prion proteins.
23-88 Octarepeat region (1-9 insertions or 2 deletions potentiate

" | disease); Coppercootdination by the histidines in each of
the repeats .

34-52 Portion of Octarepeat shown for forma polyproline helix
and also to form hydroxyproline
86-91 Cleavage sites of PrP>° when Proteinase K digests
Hu82-146 7K da fragment found in diseased brains of GSS patients;
' synthetic peptide corresponding to this region forms ion
channels
HuP102 P102L mutation ass001at°d w1th GSS, does not appear to

cause spontaneous conversion of the prion protein to
protease resistant conforma’uon Proline conserved in all
species examined. '

HuP105 P105L mutation. assoc1ated w1th GSS, does not appear to
cause spontaneous conversion of the prion protein to
protease resistarit conformatlon Proline conserved in all
species examined.”

Hul02-105 PXXP motif;‘possible polyprolme type 11 helix

Mo 106 Assotiated wiili disease resistance ’ "
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Hul06-126 "Mutant forms of synthetic peptides suggested to form
copper modulating ion channels; G114 and G119 shown to
decrease fibrillogenic behavior of this peptide as peptide is
more amyloidogenic when they are mutated to A.

Mo 111 Associated with diseas® resistance

Sh104-113 Peptide co-crystallized with D13 Fab

Hal09-112 Loop specificaily recognized by D13 peptide as shown in
crystal structure (M109 and M112 are inserted into binding
pockets within the Fab).

Hul13-120 Palindromic sequence; totally conserved

Al117V Pathogenic mutation in palindrome; increases

amyloidogenic properties of peptides containing that
region

Hal29-131

Beta sheet 1 in PrP“

Hul29/Go132 Polymorphism associated with suscepubﬂlty/reswtance to
prion disease

Hal36 Alanine polymorphism aSaomated with increase in coated
pits in sheep | :

Mo138/Go142 Polymorphism’ assoc1ated with suscept1b111ty/1e51stance to
prion diseas¢

Mo141-176 Area deleted (along with 23-88) in mouse miniprion
PrP106 has no effect §uggests non-essential function for
this region |

Hal44-154 Helix A

HalSs5 Polymorphism associated with susceptibility/resistance to

| prion disease

Hal60-163 Sheet 2

MoV165 Species barrier; when human transgemc mice mutate these
residues back'to mouse sequence, much faster 1ncubat10n

. times are obtained
MoQ167 Species barrier; when hurnan transgenic mice mutate these
' residues back to miouse sequence, much faster incubation

times are obtained ‘

MoQ168 Putative Pr otein' X binding site; when mutated it protects
against prion disease :

Sh171 Polymorphsm associated with susceptibility/resistance to
prion diseasc .

MoQ172 Putative Protein X bmdmg s1te, when mutated it protects
against piion disease

176 Disulfide-linked cysteine.

Hal73-194 ‘Helix B

178 Disease-associated mutation

180 Disease-associated mutation; glycosylation site

196 Glycosylation site

198 Disease-associated muta’aon

Hu200-228 Helix C B
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HuE200 Mutation to X associated with familial CJD in Libyan Jews

(M129 polymorphism in combo also increases chances of
disease)

208 Disease-associated mutation

210 Disease-associated mutation :

MoT215 Putative Protein X binding site; when mutated it protects

‘ against prion disease '

217 Disease-associated mutation

MoQ219 Putative Protein X binding site; when mutated it protects
against prion disease

232 Disease-associated mutation

232 GPI anchor

~233 Putative GPI anchor cleavage site

233-254 Portion removed from mature protein

[099] It should also be noted that prion proteins (and other conformational disease

proteins) have two different 3-dimeungional conformations with the same amino acid.
sequence. One conformation is associated with disease characteristics and is generally
insoluble whereas the other confonna,'tioﬁ'is'ﬂnct associated with disease characteristics
and is soluble. See, e.g.; Wille, et al., “Sfmctural Studies of the Scrapie Prion Protein by
Electron Crystallography”, Proc. Natl. Acad Sci. US4, 99 (6): 3563-3568 (2002).
Although exemplified with respect to prion proteins, the'present invention is not limited
to the diseases, proteins.and strains listgd, "

[0100] Thus, in certain aspects, the pepﬁde reagents described herein comprise an amino
acid sequence derived from a naﬁlrallny Qccqfring i)rotein, for example a conformational
disease protein (e.g., prion protei.ﬁ) or élpro.féin that contains motifs or sequences that
exhibit homology to prion prqtgins. }n‘ particular, the peptide reagents of the invention
are typically derived from a natgrqﬁy@gpup?ngl prion protein. The peptide reagents are
preferably deﬂ\{ed from ﬂigamjh}p égi\gifse,quggces from certain regions of the prion
profeins. These preferred regions are ge.xnempli_ﬁ;:dA with respect to the mouse prion
sequence (SEQ ID Nd:é), in regioﬁs from amino acid residue 23-43 and 85-156, and
subregions thereof. ;I‘he invention is not 1i;pited to peptide reagénts derived from the
mouse sequences but include ﬁgptidg reagents derived in similar fashion as described
herein, from prion sequeﬁces pf any species, including human, bovine, sheep, deer, elk,
hamster. When derived from prion proteins, .‘the peptide reagents described herein may
include a polyproline type II helix motif. This motif typically contains the general
sequence PxxP (e.g., residues 102-105 of SEQ ID NO:1), although other sequences, in
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particular alanine tetrapeptides, have been suggested to form polyproline type II helices
as well (see, e.g., Nguyen et al. Chem Biol. 2000 7:463; Nguyen et al. Science 1998
282:2088; Schweitzer-Stenner et al. J. Am. Chem Soc. 2004 126:2768). In the PxxP
sequence, "x" can be any amino acid and "P" is proline in the naturally occurring
sequence but may be replaced by a proline substitute in the peptide reagents of the
invention. Such proline substitutes include N-substituted glycines commonly referred to
as peptoids. Thus, in the peptide reagents of the invention that include a polyproline type
IT helix based on the PxxP sequence, "P" represents a proline or an N-substituted glycine
residues and "x" represents any amino acid or amino acid analog. Particularly preferred
N-substituted glycines are described herein.

[0101] Further, the polynucleotide and amino acid sequence for prion profeins
produced by many different species are known, including human, mouse, sheep and
cattle. Variants to these sequences also exist within each species. Thus, tﬁe peptide
reagents used in the invention can com.pri‘se fragments or derivatives of the amino acid
sequences of any species or variant.. Eqr example, in certain embodiments, the peptide
reagents described herein are derived from any‘(;f the sequences set forth in Figure 2
(SEQ ID NOs:3-11). The sequences of the peptide reagents that are specifically disclosed .
herein are generally based on the mouse prion sequence, ho'wever, one skilled in the art
can readily substitute qonespbnding sequences from other species when appropriate. For
example, if human diagnostics or tﬁ@l“al)cutiés are desired, replacement of the mouse
sequences with those of the corresponding human sequences can be easily done. Ina
particular example, in peptide reagents derived from the region from about residue 85 to
about residue 112 (e.g., SEQID NQ;35, 3‘6, 37, 40), the leucine at position corresponding
to residue 109 may be replaced with a methionine, the valine at position corresponding to
residue 112 may be replaced with methionine, and the asparagine at position
corresponding to 97 may be replaced v;/jth serine. Likewise, if a bovine diagnostic is
desired, the appropriate SubStiﬁlﬁO;IS may be made in the disclosed peptide sequences to
reflect the bovine prion sequ,encé. Th.ps,. c‘-onﬁnuing with the above example for peptide
reagents derived from the region fro‘“x}abou‘t :r:es_,‘idue 85 to about residue 112, the leucine
ét position corresp‘ond-i’ng tg‘;'_'c‘;lidue _19_9 p.x:ay_ be .replaceci with a méthionine and thc‘
asparagine at position corre;spondirllg:tg 97“may be rei)laced with glycine. Derivatives of
prion proteins, including aﬁﬁno acid rgabl;xcqments, deletions, additions and other

mutations to these sequences can also be used. Preferably, any amino acid replacements,
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additions, and deletions as.compared to a prion protein sequence do not affect the ability
of the peptide reagent to interact with pathogenic form.

[0102] It should be understood that no matter what source is used for the peptide
reagents described herein, these peptide reagents will not necessarily exhibit sequence
identity to known prion proteins. Thus, the peptide reagents described herein can include
one or more amino acid replacements, additions, and deletions relative to the
naturallyOQoccuring prion protein or the sequences disclosed herein, so long as they retain
the ability to interact preferentially with pathogenic forms of conformational disease
proteins. In certain embodiments, conser\}a.tive aminro acid replacements are preferred.
Conservative amino acid replacements are those that take place within a family of amino
acids that are related in their side chains. Genetically encoded amino acids are generally
divided into four families: (1) acidic = aspartate, glutamate; (2) basic = lysine, arginine,
histidine; (3) non-polar = alanine, Valine; leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan; and (4) uncharged poiar = glycine, asparagine, glutamine,
cysteine, serine, threonine, tyrosine. Phénylalanine, tryptophan, and tyrosine are
sometimes classified jointly as aromatic amino acids. For example, it is reasonably
predictable that an isolated replacement of a 1@1101';16 with an isoleucine or valine, an
aspartate with a glutamate, aithrc.o‘ni.nc x_vit;lg a sle}-inieg or a similar conservative
replacement of an amino acid with a stﬁ.}c':c'urauy reléted :drﬁino acid will not have a major
effect on the biological ac_tivity. A ’

[0103] Tt will also be apparent that any"fqoml.ainationvof the n~atural‘amino acids and
non-natural amino acid analogs can,ibe used to make the peptide reagents described
herein. Commonly encountered amino acid analogs that are not gene-encoded include,
but are not limited to, ornithine (Om), arﬁinoisoﬁutyric_ acid (Aib);
benzothiophenylalanine (BtPhe); élﬁizziin (Abz); t-butylglycine (Tle); phenylglycine
(PhG); cyclohexylalanine.(Cha); norleucine (Nle); Z-naphthylalanine (2-Nal); 1-
naphthylalanine (1-Nal); 2-thienylalanine (2-Thi); 1,2,3,4-tetrahydroisoquinoline-3-
carboxylic acid (Tic); N-methylisoleucine (N-Melle); homoarginine (Har); No.-
methylarginine (N-MeArg); phosphotyrosine (pTyr or pY); pipecolinic acid (Pip); 4-
chlorophenylalanine (4-ClPhej§ 4-D ugr,qpﬁ@ny_lgﬂéniné (4-FPhe); 1-
aminocyclopropanec#boxylic acid '(i -NCPC); and sarcosine '(Sar). Any of the amino
acids used in the peptidé rq'aggntsto{ ﬂle present inyenﬁop may be either the D- or, more

typically, L-isomer.
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[0104]' Other non;ne;tuféiiy i‘).cgcurri.ﬁg"arizl'lo'g's 6f arﬁino acids that Ar.nay beusedto
form the péptide reagents described herein include peptoids and/or peptidomimetic
compounds such as the sulfonic arid boronic acid analogs of amino acids that are
biologically functional equivalents are also useful in the compounds of the present
invention and include compounds having one or more amide linkages optionally replaced
by an isostere. In the context of the present invention, for example, --CONH-- may be
replaced by --CH,NH--, --NHCO--, --SO,NH--, -- CH,0--, -- CH,CH,--, -- CH,S~-, --
CH,S0--, --CH--CH-- (cis or trans), --COCH;--, --CH(OH)CH,-- and 1,5-disubstituted
tetrazole such that the radicals linked by these isosteres would be held in similar
orientations to radicals linked by --CONIH--. One or more residues in the peptide
reagents described herein may comprise peptoids. -

[0105] Thus, the peptide reagents also may comprise one or more N-substituted
glycine residues (peptides having one or more N-substituted glycine residues may be
referred to as “peptoids™). For examplvc,Ain certain embodiments, one or more proline
residues of any of the peptide reagents described herein are replaced with N-substituted
glycine residues. Particular N-substituted glycines that are suitable in this regard include,
but are not limited to, N-(S)-(1-phenylethyl)glycine; N-(4-hydroxyphenyl)glycine; N-
(cyclopropylmethyl)glycine; N-(isopropyl)glycine; N-(3,5-dimethoxybenzyl)glycine; and
N-amino-butylglycine. (e.g., Figure 3). Other N—subétituted glycines may also be suitable
to replace one or more amino acid residues in the peptide reagents sequences described
herein. For av general review of these z}pgi:other. émiﬁé écid analogs and peptidomimetics
see, Nguyen et al. (2000) Chénl;]?éOl:17‘.(7)54?3"4'573; ‘Spatola, A.F., in Chemistry and -
Biochemistry of Anﬁno Acids, Pe;;‘.jc‘;es ;na‘;]?rgteing, B. Weinstein, eds., Marcel Dekker,
New York, p. 267 (1983). See also, §pato]z;;,= A. F., Peptide Backbone Modifications
(general reviéw), Vega Dat:a, Vol. 1, Issue 3, (March 1983); Morley, Trends Pharm Sci
(general review), pp. 463-468 (198055 Huéison, D etal., Int J Pept Prot Res, 14:177-185
(1979) (--CH,NH--, CH,CH,--); Spatola et al., Life Sci, 38:1243-1249 (1986) (--CHz--S);
Hann J. Chem. Soc. Perkin Trans. I, 307-314 (1982) (--CH--CH--, cis and trans);
Almgquist et al., ] Med Chem, 23:1392-1398 (1980) t—-COCHz--); Jennings-White et al.,
Tetrahedron Lett, 23:2533 (1982) (--COACHz-—); Szelke et al., European Appln. EP 45665
CA: 97:39405 (1982),(--CH(QH)‘CH2.~~); Holladay et al,, Tetrahedron Lett, 24:4401-4404
(1983) (--C(OH)CHy--); and Hruby, Life Sci, 31:189-199 (1982) (--CHy--S--); cach of

which is incorporated herein by reference. The C-terminal carboxylic acid can be
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replaced by a boronic acid --B (OH)Z' or boronic ester --B(OR),or other such boronic acid
derivative as disclosed in U.S. Pat. No. 5,1288.,707, incorporated herein by reference.
[0106] The peptide reagents described herein may comprise monomers, multimers,
cyclized molecules, branched molecules, linkers and the like. Multimers (i.e., dimers,
trimers and the like) of any of the sequences described herein or biologically functional
equivalents thereof are also contemplated. The multimer can be a homomultimer, i.e.,
composed of identical monomers, e.g., each monomer is the same peptide sequence.
Alternatively, the multimer can be a heteromultimer, by which is meant that not all the
monomers making up the multimer are identical.

[0107] Multimers can be formed by the direct attachment of the monomers to each
other or to substrate, including, for example, multiple antigenic peptides (MAPS) (e.g.,
symmetric MAPS), peptides attached to polymer scaffolds, e.g., 2 PEG scaffold and/or
peptides linked in tandem with or without spacer units.

[0108] Alternatively, linking groups can be added to the rhonomeric sequences to join
the monomers together and form a mﬁltimer, Non-limiting examples of multimers using
linking groups include tandem repeats using glycine linkers; MAPS attached via a linker
to a substrate and/or linearly linked peptides attached via linkers to a scaffold. Linking
groups may involve using bifunctional spacer units (either homobifunctional or
heterobifunctional) as are l(IlQWH.tO one of skill in the art. By way of example and not
limitation, many methods for incorporating such spacer units in linking peptides together
using reagents such as succinimidyl—4-(p-maleimidomethyl)cyclohexane-l-carboxylate
(SMCC), succinimidyl-4-(p-maleimidophenyl)butyrate and the like are described in the
Pierce Immunotechnology Handbook (Pigrce Chémical Co., Rockville, I11.) and are also
available from Sigfna Cheniiéal Co. (St. Louis, Mo.) and Aldrich Chemical Co.
(Milwaukee, Wis.) and déspgibgci in" Compre};ensive Organic Transformations", VCK-
Verlagsgesellschaft, Weinhe,im/ﬁcnjnany:,(:1989). Cné, example of a linking group which
may be used to link the monomeric sequences toééther is --Y;--F--Y, V\;here Yiand Y, are
identical or different and are alkylenf: groups of 0-20, preferably 0-8, more preferably 0-3
carbon atoms, and F is one or more t‘}mgtipnal grdups suqh as ~-0--, =-S--, ~=8-S--, -
C(0)--0O--, --NR~-, --C(0)--NR--, --NR--C(0O)--O--, -~-NR~-C(0)--NR--, --NR--C(S)--NR-
-, ==-NR--C(8)--O--. Yiand Y, may be optionally substituted with hydroxy, alkoxy,
hydroxyalkyl, alkoxyalkyl, amino, carboxyl, carboxyalkyl and the like. It will be

understood that any appropriate atom of the monomer can be attached to the linking

group.
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[0109]  Further, the peptide reagénts of the invention may be linear, branched or
cyclized. Monomer units can be cyclized or may be linked together to provide the
multimers in a linear or branched fashion, in the form of a ring (for example, a
macrocycle), in the form of a star (dendrimersj or in the form of a ball (e.g., fullerenes).
Skilled artisans will readily recognize a multitude of polymers that can be formed from
the monomeric sequences disclosed herein. In certain embodiments, the multimer is a
cyclic dimer. Using the same terminology as above, the dimer can be a homodimer or a
heterodimer.

[0110] Cyclic forms, whether monomer or multimer, can be made by any of the
linkages described above, such as but not limited to, for example: (1) cyclizing the N-
terminal amine with the C-terminal carboxylic acid either via direct amide bond
formation between the nitrogen and the C-terminal carbonyl, or via the intermediacy of
spacer group such as for example by cpndensa:tion with an epsilon-amino carboxylic acid;
(2) cyclizing via the formation of a bqnc} between the side chains of two residues, e.g., by
forming a amide bond between an asﬁa_z:tate or glutamate side chain and a lysine side
chain, or by disulfide bond fmxﬁation between two cysteiﬁe side chains or between a
penicillamine and cysteine side chain ot between two penicillamine side chains; (3)
cyclizing via formation of an amide bond between aAside chain (e.g., aspartate or lysine)
and either the N-terminal amine or the C-terminal carboxyl respectively; and/or (4)
linking two side chains via thet intermediacy of a short carbon spacer group.

[0111] Preferably, the peptide reagents described herein are not pathogenic and/or
infectious. ‘ - |

[0112] The peptide reagents of the invention can be anywhere from 3 to about 100
residues long (or any yalue therebetween) or even longer, preferably from about 4 to 75
residues (or any value ther@bgtvyéeﬁ)? p;efe;z_tbly frqm about 5 to about 63 residues (or
any value therebetween), and even ;ﬁqx_c ﬁrefefably frofn about 8 to about 30 residues (or
any value thergbetweén)? and mqisfcip’,il"efe':.rably the ﬁebtide reagent will be 10, 11, 12, 13,
14,15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25,.26‘, 27, 28, 29 or 30 residues.

[0113] Non-limiting éx‘amplies_:‘of p:eptidg reagents uséful n 1.:he' comipositions and
methods described hereiﬁ are derived ffom sequences shown 1n Table 1 and in Table 4.
Peptide reagents in the tables are represented by conventional one letter amino acid codes
and are depicted with their N-terminus at the left and C-terminus at the right. Amino
acids in square brackets indicate alternative residues that can be used at that position in

different peptide reagents. Round brackets indicate the residue(s) may be present or
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absent from the peptide reagent. Dﬁﬁble rdund brackets (e.g., SEQ ID NO:133) followed
by a "2" indicates that the sequence include two copies of the peptide between the double
brackets. The residue following the 'copy number designation (e.g., "K" in SEQ ID
NO:133) indicates the residue from which each copy of the peptide between the double
brackets extends. Thus, SEQ ID NO:133 (FIG. 6) is a dimer of QWNKPSKPKTN
peptide sequences, each linked by their C-terminus to a lysine (K) residue via the a- and
e-amino functional groups of lysine. Sequences including "MAPS" indicate peptides with
multiple antigenic sites as described in further detail herein. The number preceding the :
term "branches" indicates the number of copies. Thus, SEQ ID NO:134 contains 4 copies
of GGGKKRPKPGGWNTGGG while SEQ ID NO:135 contains 8 copies of
GGGKKRPKPGGWNTGGG. Any proline residue may be replaced with N-substituted
glycine residues to form peptoids. Any of the sequences in the tables may optionally
include Gly linkers (G, where n=1,2,3, or 4)yat the N- and/or C-terminal. In all of the

peptides of Table 1, (X) denotes either "G" or no amino acid residue at that position.

TABLE 1

Peptide sequence S SEP?OID
KKRPK R . 12
MANLGCWMLVLFVATWQDLCLC 13
(GGG)QWNKPSKPKTN =~ T 14
QWNKPSKPKTNMKHYV 15
NQNN[N/T]FVHDCVNIT[I/V]K[Q/E]HTVTTTTRGEN 16
TTKGENFTETD 17
GENFTETD 18
GENFTETD[V/I]K[M/I]MERVVEQMC[I/V]TQY[E/Q]ESQAYY[Q/ 19

D] (G)(R)R[G/S][S/AIS
NQNN[N/TIFVEDCVNIT[I/VIK[Q/EJHTVITITKGENFTEID[V/] | 20
K[M/IMERVVEQMC[I/VITQY[E/QIESQAY Y[Q/D](G)RIR[G/S][
S/AJS

[A/NV/T/M][V/IILESSPPVILLISFLIFLI/M]VG 21
G[N/SID[W/Y|EDRY YRENM[H/Y]RYPNQVYYRP[M/VID[Q/E/R] | 22
Y[S/NINQN[N/T] FVH

NIN/TJEVEDCVNITI/VIK[Q/EJHTVITITK 23
VYYR | - | 24
RYPNQVY YRP[M/VID[Q/E/R] - : 25
KKRPKPGG(G)WNTGGSRYPGQGSPGGNRYPPQGG 26
WNTGGSRYPGQGSPGGNRYPPQGG(G) 27
WNTGGSRYPGQGSPGGNRYPPQGG(G)[G/T]WGQPHGG 28
GGWGQGGGTHSQWNKPSKPKTN - - 29
GGTHSQWNKPSKPKTN ~ - 30
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WNTGGSR YPGQGSPGGNRYPPQGG(G)[G/TIWGQPHGGGWGQ | 31
PHGGGWGQPHGG

GQPHGGGW ' 32
RPIHFGSDYEDRY YRENMHR : 33
RPMIHFGNDWEDRY YRENMYR 34
(GGGG)C(GG)GGWGQGGGTHNQWNKPSKPKTINLKHV(GGGG) | 35
C

(GGGG)GGWGQGGGTHNQWNKPSKPKTNLKHV 36
GGWGQGGGTHNQWNKPSKPKTINLKHV(GGGG) 37
[M/LIKE[M/V] 38
KPKTN[M/LIKH[M/V] 39
C(GG)GGWGQGGGTHNQWNKPSKPKTNLKHV(GGGG)C 40
SRPIIHFGSDYEDRYYRENMHRYPEN 11
PMIHFGNDWEDRYYRENMYRPVD 42
AGAAAAGAVVGGLGGYMLGSAM 13
RPMIHFGNDWEDRY YRENMYR(GGG) 44
GGGRPMIHFGNDWEDRY YRENMYRGG 45
(GG)C(GGG)RPMIHFGNDWEDRY YRENMYR(GGG)C 46
AGAAAAGAVVGGLGG 47
GGLGG | e 48
LGS .. : 49
QWNKPSKPKTN(GGG) - 50
QWNKPSKPKTN(GGG)QWNKPSKPKIN 51
QWNKPSKPKTNLKHV(GGG) . . 52
GGWGOGGGTHNQWNKPSKPRTN 53
GGTHNQWNKPSKPKTN ’ - 54
(GGG)AGAAAAGAVVGGLGGYMLGSAM 55
(GGG)AGAAAAGAVVGGLGG ~ - . ‘ 56
(KKK)AGAAAAGAVVGGLGCY’VILGSAM : 57
YMLGSAM[S/NIR . . 58
[S/NJRP[M/I/LI[VLJH" N : 59
YMLGSAM[S/N]RP[I\/I/I/L][I/L]H . I 1 60
YMLGSAM[S/NJRP[M//LIVLJHFGIN/SID 61
[W/YJEDRY YRENM[H/Y JRYPNQVY YRP[M/VID[Q/E/R]Y 62
[W/Y]EDRY YRENM[E/Y]JRYPNQVY YRP[M/VID[Q/E/R]Y[SININ | 63
QN[N/T]

D[Q/E/R]Y[S/NJNQN[N/T] 64
(KKK)AGAAAAGAVVGGLGG 65
(GGG)KKRPKPGGWNTGGSRYPGQGS 66
(GGG)KKRPKPGGWNTGG ~ 67
(GGG)KKRPRPGG : 68
PHGGGWGQHGGSWGQPHGGSWGQ 69
PHGGGWGQPHGGSWGQ .. | 70
PHGGGWGQ T 71
(GGG)KKRPKPGGGKKRPKPGG B - 72
(GGG)GPKRKGPK - - " : 73
(GGG)WNTGGSRYPGQGS - 74
(GGG)WNKPSKPKT 75
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(GGG)RPMIHFGNDWEDRY YRENMYR(GG)C 76
QWNKPSKPKTNLKHV(GGG) , 77
(GGG)AGAAAAGAVVGGLGGYMLGSAM 78
(GGG)NKPSKPK - ' 79
(GGG)KPSKPK ' 80
(GGG)KKRPKPGGGQWNKPSKPKTN 81
KKKAGAAAAGAVVGGLGGYMLGSAMDDD 82
DDDAGAAAAGAVVGGLGGYMLGSAM 83
KKKAGAAAAGAVVGGLGGYMLGSAMKKK 84
(GGG)KKKKKKKK 85
DDDAGAAAAGAVVGGLGGYMLGSAMDDD 86
(GGG)NNKQSPWPTKK 87
DKDKGGVGALAGAAVAAGGDKDK 88
(GGG)QANKPSKPKTN 89
(GGG)QWNKASKPKIN 90
(GGG)QWNKPSKAKTN 91
(GGG)QWNAPSKPKTN R 92
(GGG)QWNKPSAPKTN. 93
(GGG)QWNKPSKPATN T T 94
(GGG)QWNKASKAKTN K 95
(GGG)KKRAKPGG 96
(GGG)KKRPKAGG - 97
(GGG)KKRAKAGG — 98
(GGG)QWNKASKPKTIN . 99
(GGG)QWAKPSKPKTN 100
(GGG)QWNKPAKPKTN * 101
(GGG)QWNKPSKPKAN 102
(GGG)QWNKPSKPKTA 103
(GGG)AKRPKPGG _ ' 104
(GGG)KARPKPGG ' 105
(GGG)KXAPKPGG - 106
(GGGKKRPAPGG .~ ' 107
(GGG)KKAPKAGG - - 108
(GGG)KKRPRPGGGWNTGG 127
QWNKPSKPETNGGGQWNKPSKPKTNGGGQWNKPSKPKTN 128
((QWNKPSKPKTN))2K 133
4-branchMAPS-GGGKKRPKPGGWNTGGG B 134
8-branchMAPS-GGGKKRPRPGGWNTGGG - 135
KKKAGAAAAGAVVGGLGG-CONE2 136
DLGLCKKRPKPGGXWNTGG 137
DLGLCKKRPKPGGXWNTG 138
DLGLCKKRPEPGGXWNT R | 139
DLGLCKKRPKPGGXWN | ~ 140
DLGLCKKRPKPGGXW : 141
DLGLCKKRPKPGGX 142
LGLCKKRPKPGGXWNTG ' 143
LGLCKKRPKPGGXWNT N 144
LGLCKKRPKPGGXWN - < 145
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LGLCKKRPKPGGXW . 146
LGLCKKRPKPGGX - 147
GLCKKRPKPGGXWNTGG 148
GLCKKRPKPGGXWNTG 149
GLCKKRPKPGGXWNT 150
GLCKKRPKPGGXWN 151
GLCKKRPKPGGXW 152
GLCKKRPKPGGX . 153
LCKKRPKPGGXWNTGG 154
LCKKRPKPGGXWNTG 155
LCKKRPKPGGXWNT 156
LCKKRPKPGGXWN 157
LCKKRPKPGGXW 158
LCKKRPKPGGX 159
CKKRPKPGGXWNTGG 160
CKKRPKPGGXWNTG 161
CKKRPKPGGXWNT 162
CKKRPKPGGXWN 163
CKKRPKPGGXW ] ' 164
CKXRPKPGGX . 165
KKRPKPGGXWNTGG. ‘ 166
KKRPKPGGXWNTG - 167
KKRPKPGGXWNT ‘ 168
KKRPKPGGXWN ] 169
KKRPKPGGXW ‘ 170
KKRPKPGGX 171
DVGLCKKRPKPGGXWNTGG 172
DVGLCKKRPKPGGXWNTG 173
DVGLCKKRPKPGGXWNT 174
DVGLCKKRPKPGGXWN 175
DVGLCKKRPKPGGXW 176
DVGLCKKRPKPGGX 177
VGLCKKRPKPGGXWNTG ‘ 178
VGLCKKRPKPGGXWNT 179
VGLCKKRPKPGGXWN ' ‘ 180
VGLCKKRPKPGGXW = ' 181"
VGLCKKRPKPGGX ‘ : 182
THSQWNKPSKPKTNMKHM © 183
THSQWNKPSKPKTNMKH - o 184
THSQWNKPSKPKTNMEK ' 185
THSQWNKPSKPKTNM 186
THSQWNKPSKPKTN - ‘ 187
HSQWNKPSKPKTNMKHM ' 188
HSQWNKPSKPKTNMKH ‘ 189
HSQWNKPSKPKTNMK 190
HSQWNKPSKPKTNM 191
HSQWNKPSKPKTN ‘ 192
SQWNKPSKPKTNMKHM 193
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SQWNKPSKPKTNMKH " 194
SQWNKPSKPKTNMK ' ' 195
SQWNKPSKPKTNM 196
SQWNKPSKPKTN 197
QWNKPSKPKTNMEHM 108
QWNKPSKPKTNMKH 199
QWNKPSKPKTNMK 200
QWNKPSKPKTNM 201
THSQWNKPSKPKTNMKHV 202
HSQWNEPSKPKTNMKEY 203
SOWNKPSKPKTNMKHV 204
QWNKPSKPKTNMKHY 205
THGQWNKPSKPKTNMKHM 206
THGQWNKPSKPK TNMKH 207
THGQWNKPSKPKTNMK 208
THGQWNKPSKPKTNM 209
THGQWNKPSKPKTN 210
HGQWNKPSKPKTNMKHM 211
HGQWNKPSKPKTNMKH 212
HGQWNKPSKPKTNMK ~ 213
HGQWNKPSKPKTNM 214
HGQWNKPSKPKTN 215
GQWNKPSKPKTNMKHM ‘ 216
GQWNKPSKPKTNMKH ; - 217
GQWNKPSKPKTNMK. 218
GOWNKPSKPKTNM - 219
GQWNKPSKPKTN 220
THGQWNKPSKPKTNMKHV 3 ' 221
HGQWNKPSKPKTNMEHV - ’ 222
GQWNKPSKPKTNMKHV ' 223
THNQWNKPSKPK TNMKHM 224
THNQWNKPSKPRTNMKH ‘ 225
THNQWNKPSKPRTNMK. < 226
THNQWNKPSKPKTNM 227
THNQWNKPSKPKIN 228
HNQWNKPSKPKTNMEHM 229
HNQWNKPSKPKTNMEH 230
HNQWNEPSKPKTNMK 231
HNQWNKPSKPKINM 232
HNQWNEKPSKPKIN ‘ . 233
NQWNKPSKPKTNMEEM 234
NQWNKPSKPKTNMKH 235
NQWNKPSKPKTNMK B 236
NQWNKPSKPRKTNM 237
NQWNKPSKPKTN [ 238
THNQWNKPSKPETNMKHVY ' 239
HNQWNKPSKPKTNMKHV . - 240
NQWNKPSKPKTNMKHV : 241

40



WO 2006/086799 PCT/US2006/007001

PHGGGWGQPHGGGWGQPHGGGWGQ 242
GGWGQGGGTHSQWNKPSKPK TNMKHM 243
QWNKPSKPKTNMKHMGGGQWNKPSKPKTNMKHM 244
GGWGQGGGTH[N/S]QWNKPSKPKIN[L/MIKH[V/M](GGGG) 245
PHGGGWGQHG[G/S]SWGQPHGG[G/S]WGQ 246
QWNKPSKPKTN[L/MIKH[V/M](GGG) 247
4-branchMAPS-(GGG)QWNKPSKPKTN(GGG) 259
8-branchMAPS-(GGG)KKRPKPGGWNT(GGG) 260

[0114] In one aspect, the peptide reagent of the invention includes each of the
peptides disclosed herein and derivatives (as described herein) thereof. The invention
thus includes a peptide reagent derived from a peptide of any of the sequences shown in
SEQID NO: 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56,'57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76,77, 718, 719,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 123, 124,125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, I163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211,212, 213, 214,215, 216, 217, 2_18,:219, 220, 221, 222, 223, 224, 225, 226, 227, 228,
229, 230, 231, 232, 233,‘234-, 235, 236, 237, 238; 239, 240, 241,242,243, 244, 245, 246,
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, or 260 and analogs (e.g.,
suiastitution of one or more proline with a N—substimtéd glycine) and derivatives thereof.
[0115]) The invention preferably includes a peptide reagent derived from a peptide of
SEQID NO: 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 72, 74, 76, 77, 78, 81, 82, 84, 89, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157, 153, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,
171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
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207, 208, 209, 210, 211, 212,'213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226,'227, 228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242,
243, 244, 245, 246, 247, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, or 260
and analogs (e.g., substitution of one or more proline with a N-substituted glycine) and
derivatives thereof.

[0116] In certain preferred embodiments, the peptide reagents specifically bind to
pathogenic prions, for example peptide reagents derived from peptides of SEQ ID NOs:
66, 67, 68, 72, 81, 96, 97, 98, 107, 108, 119, 120, 121, 122, 123, 124, 125, 126, 127, 14,
35, 36, 37, 40, 50, 51, 77, 89, 100, 101, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
128, 129, 130, 131, 132, 56, 57, 65, 82, 84, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185, 186, .187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214,215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 249, 250,
251,252,253, 254, 255, 256, 257, 258, 259, or 260, and analogs (e.g., substitution of one
or more proline with a N-substituted glycille) and derivatives thereof.

[0117] As described above, the peptide reagents described herein may include one or
more substitutions, additions, and/or mutations. For example, one or more residues may
be replaced in the peptide reagents wiﬁh other residues, foréxample alanine residues or
with an amino acid analog or N-substituted glycine residue in order.to make a peptoid
(see, e.g., Nguyen et al. (2000) Chem Biol. 7(7):463-473). |
[0118] Furthermore, the peptide reagents described herein may also include additional
peptide or non-peptide components. Non-limiting examples of additional peptide
components include spacer residues,.for example two or more glycine (natural or
derivatized) residues or aminohexanoic acid linkers on one or both ends or residués that
may aid in solubilizing the peptide reagents, for example acidic residues such as aspartic
acid (Asp or D) as depicted for example in SEQ ID NOs:83 or 86. In certain
embodiments, for example, the peptide reagents are synthesized as multiple antigenic
peptides (MAPs). See, e.g., SEQ‘ID NOs:134, (4-branchMAPS-
GGGKKRPKPGGWNTGGG) Which contains four copieé of the peptide
GGGKKRPKPGGWNTGGG; SEQ D NO:259 (4—foxranchMAPS—
GGGQWNKPSKPKTNGGG), Whicﬁ contains four cépies of the peptide
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GGGQWNKPSKPKTNGGG; SEQ ID NO:135 (8-branchMAPS-
GGGKKRPKPGGWNTGGG), which contains 8 copies of the peptide
GGGKKRPKPGGWNTGGG; and SEQ ID NO:260 (8-
branchMAPSGGGQWNKPSKPKTNGGG), which contains 8 copies of the peptide
GGGQWNKPSKPKTNGGG). Typically, multiple copies of the peptide reagents (e.g.,
2-10 copies) are synthesized directly onto a MAP carrier such as a branched Iysine or
other MAP carrier core. See, e.g., Wu et al. (2001) J Am Chem Soc. 2001 123(28):6778-
84; Spetzler et al. (1995) It J Pept Protein Res. 45(1):78-85; Tam (1998) Proc. Nat'l
Acad. Sci USA 85:5409-5413.

[0119] Non-limiting examples of non-peptide components (e.g., chemical moieties)
that may be included in the peptide reagents described herein include, one or more
detectable labels, tags (eg., biotin, His-Tags, oligonucleotides), dyes, members of a
binding pair, and the like, at either terminus or internal to the peptide reagent. The non-
peptide components may also be attached (e.g:, via covalent a‘ttacmnent of one or more
labels), directly or through a spacer (e.g., an amide group), to position(s) on the
compound that are predicted by quantitative structure-activity data and/or molecular
modeling to be non-interfering. Peptide reagents as described herein may also include
prion-specific chemical moieties such as amyloid-specific dyes (e.g., Congo Red,
Thioflavin, etc.). Derivatization ('e.g; labeling, cyclizing, attachment of chemical
moieties, etc.) of compounds should not substantially interfere with (and may even
enhance) the binding properties, biological function and/or pharmacological activity of
the peptide reagent. . . 7 N |

{0120]  The peptide reagents of the in\;éntipn will typically have at least about 50%
sequence idehtity to prion protein ﬁaém,er}ts or to the peptide quﬁences set forth herein.
Preferably, theipep‘tide reagents will have at least 70% sequence idéntity: more preferably
at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% sequence identity to
prion protein fragments or to the peptide sequenclzesA set forth herein.

[0121]  The peptide reagents as described. herein interact preferentially with the
pathogenic forms and, accordingly, are useful in a wide range of isolation, purification,
detection, diagnostic and therapeutic aﬁplications. For examﬁle, in embodiments in
which the peptide reagent interacts preferentially with péthogenic forms, the peptide
reagents themselves caﬁ be usec} fo detect patﬁogenic forms in a sample, such as a blood,
nervous system tissue (brain, épinal cérd, CSF, etc) or other tissue or organ sample. The

peptide reagents are also useful to diagnose the presence of disease associated with the
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pathogenic forms, to isolate the pathogenic forms and to decontaminate samples by
removing the pathogenic forms. )

[0122] 'The interaction of the peptide reagents with prion proteins can be tested using

any known binding assay, for example standard immuno assays such as ELISAs, Western
blots and the like.

[0123] One convenient method of testing the specificity of the peptide reagents of the
present invention is to select a sample containing both pathogenic and non-pathogenic
prions. Typical such samples include brain or spinal cord tissue from diseased animals.
Peptide reagents as described herein that bind specifically to pathogenic forms are

attached to a solid support (by methods well-known in the art and as further described
below) and used to separate (“pull down”) pathogenic prion from the other sample
components and obtain a quantitative value directly related. to the number of peptide-

prion binding interactions on the solid support. Variations and other assays known in the .
art can also be used to defnonstrate t}}e speciﬁcity of the peptide reagents of the invention.
See, e.g., Examples. P .
[0124] Although not required when using the peptide reagents described herein, these
assays may utilize the fact that prions having a pathogenic conformation are generally
resistant to certain proteases, such aé proteinase K. The same proteases are able to
degrade prions in a non-pathogenic conformation. Therefore, when using a protease, the
sample can be separated into two equal volumes. Protease can be added to the second
sample and the same test performed. Because the protease in the second sample will
degrade any non-pathogenic prions, any peptide-prion binding interactions in the second
sample can be attributed to pathogenic prions. |

[0125% Thus, non-limiting e,xampies 6‘f methods 'of evaluating binding specificity
aﬁd/ or affinity of the pe:ptiqe reagents described herejﬁ include standard Western and Far-
Western Blotting procedures; Iébeled peptides; ELISA-like assays; and/or cell based
assays. Western blots, for example, fcypig:ally employ a tagged primary antibody that
detects denatured prion profein from an SDS-PAGE gel, on éamples obtained from a
“pull-down” assay (as described heféin), that has been eIectroBlotted onto nitrocellulose
or PVDF. Antibodies that recognize dena‘gured pﬁon protein have been described
(described, inter alia, in Peretz et al. 1997 J. Mol. Biol. 273: 614; Peretz et al. 2001
Nature 412:739; Williamson et al. 1998 J. Vi‘rol. 72:9413; U.S. Patent No. 6,765,088;
U.S. Patent No.6,537,548) and some are commercially available. Other prion-binding
molecules have been described c g., motif-grafted hybrid polypeptides (see,
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WO03/085086), certain cationic or anionic polymers (see, WO03/073106), certain
pgptides that are “propagatioﬁ catalysts” (see, W002/0974444) and plasminogen. The
primary antibody is then detected (and/or afnpliﬁed) with a probe for the tag (e.g.,
streptavidin-conjugated alkaline phosphatase, horseradish peroxidase, ECL reagent,
and/or amplifiable oligonucleotides). Binding can also be evaluated using detection
reagents such as a peptide with an affinity tag (e:g., biotin) that is labeled and amplified
with a probe for the affinity tag (e.g., streptavidin-conjugated alkaline phosphatase,
horseradish peroxidase, ECL reagent, or amplifiable oligonucleotides). In addition,
microtitre plate procedures similar to sandwich ELISA may be used, for example, a
prion-specific peptide reagent as described herein is used to immobilize prion protein(s)
on a solid support (e.g., well of a microtiter plate, bead, etc.) and an additional detection
reagent which could include, but is not limited to, another prion-specific peptide reagent
with an affinity and/or detection label such as a conjugated alkaline phosphatase,
horseradish peroxidase, ECL reagent, or amplifiable oligonucleotides. Cell based assays
can also be employed, for example, where the prion protein is detected directly on
individual cells (e.g., using a ﬂuoresceptly labeled prion-specific peptide reagent that
enables fluorescence based cell sortling, counting, or detection of the specifically labeled
cells). ‘

ITI.B. Peptide Reagent Productioﬁ

[0126] The peptide reagents of the present invention can be’produced in any number
of ways, all of which are well known iﬁ the art.r Such methods are described in parent
application U.S. Serial No. 10/917,646, the disclosure of which is incorporated by
reference herein in its entirety. ,

[0127] In one embodiment, in which the peptidé reagent is, in whole or in part, a
genetically encoded peptide, the peptide caﬁ be, generated using recombinant techniques,
well known in the art. One of skill in the art coui_d readily determining nucleotide
sequences that encode the desired peptide us'i'ng standard methodology and the teachings
herein. Once isolated, the recombinant peptide, optionally, can be modified to include
non-genetically encoded components (e.g., detectable labels, binding pair members, etc.)
as described herein and as well known in the art, to produce the peptide reagents.

[0128] Oligonucleotide probes can be devised based on the known sequences and
used to probe genomic or cDNA iibraries. The sequences can then be further isolated

using standard techniques and, e.g., restriction enzymes employed to truncate the gene at
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desired portions of the full-length séquence. Similaﬂy, sequences of interest can be
isolated directly from cells and tissues containiné the same, using known techniques, such
as phenol extraction and the sequence further manipulated to produce the desired
truncations. See, e.g., Sambrook et al., supra, for a description of techniques used to
obtain and isolate DNA.

[0129] The sequences encoding the peptide can also be produced synthetically, for
example, based on the known sequences. The nucleotide sequence can be designed with
the appropriate codons for the particular amino acid sequence desired. The complete
sequence is generally assembled from overlapping oligonucleotides prepared by standard
methods and assembled into a complete coding sequence. See, e.g., Edge (1981) Nature
292:756; Nambair et al. (1984) Science 223:1299; Jay et al. (1984) J. Biol. Chem.
259:6311; Stemmer et al. (1995) Gene 164:49-53.

[0130] Recombinant techniques are readiiy used to clone sequences encoding
polypeptides useful in the claimed peptide reagents that can then be mutagenized in vitro
by the replacement of the appropriate base pair(s) to result in the codon for the desired
amino acid. Such a change can include as little as one base pair, effecting a change in a
single amino acid, or can encompass several base pair changes. Alternatively, the
mutations can be effected using a mismatched primer that hybridizes to the parent
nucleotide sequence (generally cDNA corresponding to the RNA sequence), at a
temperature below the melting temperature of the mismatched duplex. The primer can be
made specific by keeping primer.lengt}.l and base composition within relatively narrow
limits and by kee];‘)ing the mutant bése centrally located. See, e.g., Innis et al, (1990) PCR
Applications: Prqtocols for Functional Genomics; Zoller and Smith, Methods Enzymol.
(1983) 100:468. Primer extension is effected using DNA polymerase, the product cloned
and clones containing the mutated DNA, derived by segregation of the primer extended
strand, selected. Selection can be accomplished using the mutant primer as a
hybridization probe. The technique is also applicable for generating multiple point
mutations. See, e.g., Dalbie-McFarland et al. Proc. Natl. Acad. Sci USA (1982) 79:6409.
[0131] Once coding sequences have been isolated and/or synthesized, they can be
cloned into any suitable vector or replicon 'for expression. (See, also, Examples). As will
be apparent from the teachi;ngs herein, a wide variety of vectors encoding modified
polypeptides can be generated by creating expression constructs which operably link, in
various combinations, polynucleotides encoding polypeptides having deletions or

mutations therein.
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[0132]  Numerous cloning vectors are known to those of skill in the art, and the
selection of an appropriate cloning vector is a matter of choice. Examples of recombinant
DNA vectors for cloning and host cells which they can transform include the
bacteriophage A (E. coli), pPBR322 (E. coli), pACYC177 (E. coli), pKT230
(gram-negative bacteria), pGV1106 (gram-negative bacteria), pLAFR1 (gram-negative
bacteria), pME290 (non-£. coli gram-negative bacteria), pHV14 (&. coli and Bacillus
subtilis), pBD9 (Bacillus), plI61 (Streptomyces), pUCG6 (Streptomyces), YIp5
(Saccharomyces), YCp19 (Saccharomyces) and bovine papilloma virus (mammalian
cells). See, generally, DNA Cloning: Vols. I & 11, supra; Sambrook et al., supra; B.
Perbal, supra.

[0133] Insect cell expression systems, such as baculovirus systems, can also be used
and are known to those of skill in the art gnd described in, e.g., Summers and Smith,
Texas Agricultural Experimehf Station Bul?etin No. 1555 (1987). Materials and methods
for baculovirus/insect cell expression systems are commercially available in kit form
from, inter alia, lnvitrogen, San Diego CA. ("MaxBac" kit).

[0134] Plant expression systems can also be ug.ed 1o produce the peptide reagents
described herein. Generally, such systems use virus-based vectors to transfect plant cells
with heterologous genes. For a description of such systems see, e.g., Porta et al., Mol.
Biotech. (1996) 5:209-221; and Hackland et al., Arch. Virol. (1994) 139:1-22.

[0135] Viral systems, such as a vaccinia based infection/transfection system, as
described in Tomei etal., J. ¥irol. (1993) 67:4017-4026 and Selby et al., J. Gen. Virol.
(1993) 74:1103-1113, will also find use with the present invention. In this system, cells
are first transfected in vitro with a vaceinia virus recombinant that encodes the
bacteriophage T7 RNA polymerase. This polymerase displays exquisite specificity in
that it only transcribes templates bearing T7 promoters. Following infection, cells are
transfected with the DNA of interest, driven by a T7 promoter. The polymerase
expressed in the cytoplasm from the vaccinia virus recombinant transcribes the
transfected DNA into RNA that is then translated into protein by the host translational
machinery. The methqd provides fdr high level, transient, cytoplasmic production of
large quantities of RNA and its translétion product(s). -

[0136]  The gene can be\blageﬂ under the control of a promoter, ribosome binding site
(for bacterial expression) and, optionally, ;an operator (collectively referred to herein as
"control" elements), so that the i)NA sequence epcoding the desired polypeptide is

trauscribed into RNA in the host cell transformed by a vector containing this expression
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construction. The coding sequence may or may not contain a signal peptide or leader
seq\ience. With the presént invention, bo'th‘ the namfélly Ot;curring signal peptides or
heterologous sequences can be used. Léader séqueﬁces can be removed by the host in
post-translational processing. See, e.g., U.S. Patent Nos. 4,431,739; 4,425,437,
4338,397. Such sequences include, but are not limited 1o, the TPA leader, as well as the
honey bee mellitin signal sequence.

[0137) Other regulatory sequences may also be desirable which allow for regulation
of expression of the protein sequences relative to the growth of the host cell. Such
regulatory sequences are known to those of skill in the art, and examples include those
which cause the expression of a gene to be turned on or off in response to a chemical or
physical stimulus, including the presence of a regulatory compound. Other types of
regulatory elements may also be present in the vector, for example, enhancer sequences.
[0138]  The control sequences and other regulatory sequences may be ligated to the
coding sequence prior to insertion into a vector. Alternatively, the coding sequence can
be cloned directly into an expression vector that already contains the control sequences
and an appropriate restriction site. |

[0139]  In some cases it may be necessary to modify the coding sequence so that it
may be attached to the control sequences with the appropriate orientation; i.e., to maintain
‘the proper reading frame. Mutants or analogs may be prepared by the deletion of a
portion of the sequence encoding the protein, by insertion of a sequence, and/or by
substitution of one or more nucleotides within the sequence. Techniques for modifying
nucleotide sequences, such as site—directed mutagenesis, are well known to those skilled
in the at. See, e.g., Sambrook et al., supra; DZV‘/'I Clorning, Vols. I and II, supra; Nucleic
Acid H}bridization,_ supra. , . " ‘
[0140]  The expreésion vg:ctér is then used to txanéform an appropriate host cell. A
number of mammalian cell lines are known in the art and include immortalized cell lines
available from the American Type Culture Collection (ATCC), such as, but not limited to,
Chinese hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells,
monkey kidney cells (COS), human hepatocellular carcinoma cells (e.g, Hep G2),
Vero293 cells, as well as others. Similarly, bacterial hosts such as E. coli, Bacillus
subtilis, and Streptococcus spp., will find use with the present expression constructs.
Yeast hosts useful in the present invglltfon include inter alia, Sacbkaromyces cerevisiae,
Candida albicans, Candida maltésa, Hansenula polymorpha, Kluyveromyces fragilis,

Kluyveromyces lactis, Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces
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pombe and Yarrowia lipolytica. Insect cells for use with baculovirus-expression vectors
include, inter alia, Aedes aegypti, Autographa.californica, Bombyx mori, Drosophila
melanogaster, Spodoptera frugiperda, and Trichoplusia ni.

[0141] Depending on the expression system and host selected, the proteins of the
present invention are produced by growing host cells transformed by an expression vector |
described above under conditions whereby the protein of interest is expressed. The
selection of the appropriate growth conditions is within the skill of the art.

[0142] In one embodiment, the transformed cells secrete the polypeptide product into
the surrounding media. Certain regulatory sequences can be included in the vector to
enhance secretion of the protein product, for example using a tissue plasminogen
activator (TPA) leader sequence, an interferon (y or o) signal sequence or other signal
peptide sequences from known secretory proteins. The secreted polypeptide product can
then be isolated by variocus techniques described herein, for example, using standard
purification techniques such as but not limited to, hydroxyapatite resins, column
chromatography, ion-exchange chromatography, size-exclusion chromatography,
electrophoresis, HPLC, immunoadsorbent techniques, affinity chromatography,
immunoprecipitation, and the like.

[0143] Alternatively, the transformed cells are disrupted, using chemical, physical or
mechanical means, which lyse the cells yet keep the recombinant polypeptides
substantially intact. Intracellular proteins can also be obtained by removing components
from the cell wall or membrane, e.g., by the use of detergents or organic solvents, such
that leakage of the polypeptides occurs. Such methods are known to those of skill in the
art and are described in, e.g., Profein Purification Applications: A Practical Approach,
(ELV.Harrisand S. Angal, Eds, 1990). .

[0144]  For example, methods of dfsruptingécells for use with the present invention
include but are not limited to: sogication or Lll'trasoniéaﬁon; agitation; liquid or solid
extrusion; heat treatment; freeze-thaw; desi.c,cation; explosive decompression; osmotic
shock; treatment with ly’q'c enzymes including proteases such as trypsin, neuraminidase
and lysozyme; alkali treatment; and the use of detergents and solvents such as bile salts,
sodium dodecylsulphate, Triton, NP40 and CHAPS. The particular technique used to
disrupt the cells is largely a matter of choice and will depend on the cell type in which the

polypeptide is expressed, culture conditions and any pre-treatment used.

49



WO 2006/086799 PCT/US2006/007001

[0145] Following disruption of the cells, cellular debris is removed, generally by
centrifugation, and the intracellularly produced polypeptides are further purified, using
standard purification techniques such as but not limited to, column chromatography, ion-
exchange chromatography, size-exclusion chromatography, electrophoresis, HPLC, '
immunoadsorbent techniques, affinity chromatography, immunoprecipitation, and the
like.

[0146]  For example, one method for obtaining the intracellular polypeptides of the
present invention involves affinity purification, such as by immunoaffinity
chromatography using antibodies (e.g., previously generated antibodies), or by lectin
affinity chromatography. Particularly preferred lectin resins are those that recognize
mannose moieties such as but not limited to resins derived from Galanthus nivalis
agglutinin (GNA), Lens culinaris agglutinin (LCA or lentil lectin), Pisum sativum
agglutinin (PSA or pea lectin), Narcissus pseudonarcissus agglutinin (NPA) and Allivin
ursinum agglutinin (AUA). The choice of a suitable affinity resin is within the skill in the
art. After affinity purification, the polypeptides can be further purified using
conventional techniques well known in the art, such as by any of the techniques described
above.

[0147]  Peptide reagents can be conveniently synthesized chemically, for example by
any of several techniques that are known to those skilled in the peptide art. In general,
these methods employ the sequential addition of one or more amino acids to a growing
peptide chain. Normally, either the amino or carboxyl group of the first amino acid is
protected by a suitable protecting group. The protécted or deri{ratized amino acid can
then be either attached to an inert solid support or utilized in solution by adding the next
amino acid in the sequence having the complementary (amino or carboxyl) group suitably
protected, under conditions that allow for the formation of an amide linkage. The
protecting group is then removed from the newly added amino acid residue and the next
amino acid (suitably protected) is tﬁén_ added, aﬂd so forth. After the desired amino acids
have been linked in the proper éequénce, any remaining protecting groups (and any solid
sﬁpport, if solid phase synthesis techniques are used) are removed sequentially or
concurrently, to render the final polypeptide. By simple modification of this general
procedure, it is possible to add more than one amino acid at a time to a growing chain, for
example, by coupling (under conditions which do not racemize chiral centers) a protected
tripeptide with a properly protected dipeptide to form, after deprotection, a pentapeptide.
See, e.g., J. M. Stewart and J. D. Young, Solid Phase Peptide Synthesis (Pierce Chemical
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Co., Rockford, IL 1984) and G. Barany and R. B. Merrifield, The Peptides: Analysis,
Synthesis, Biology, editors E. Gross and J. Meienhofer, Vol. 2, (Academic Press, New
York, 1980), pp. 3-254, for solid phase peptide synthesis techniques; and M. Bodansky,
Principles of Peptide Synthesis, (Springer-Verlag, Berlin 1984) and E. Gross and J.
Meienhofer, Eds., The Peptides: Analysis, Synthesis, Biology, Vol. 1, for classical

solution synthesis. These methods are typically used for relatively small polypeptides,
i.e., up to about 50-100 amino acids in length, but are also applicable to larger
polypeptides.

[0148] Typical protecting groups include t-butyloxycarbonyl (Boc), 9-
fluorenylmethoxycarbonyl (Fmoc) benzyloxycarbonyl (Cbz); p-toluenesulfonyl (Tx); 2,4~
dinitrophenyl; benzyl (Bzl); biphenylisopropyloxycarboxy-carbonyl, t—amylokycarbonyl,
isobornyloxycarbonyl, o-bromobenzyloxycarbonyl, cyclohexyl, isopropyl, acetyl, o-
nitrophenylsulfonyl and the like.

[0149]  Typical solid supports are cross-linked polymeric supports. These can include
divinylbenzene cross-linked-styrene-based polymers, for example, divinylbenzene-
hydroxymethylstyrene copolymers, divinylbenzene-chloromethylstyrene copolymers and
divinylbenzene~benzhydry1aminépolys‘gyrene copolymers.

[0150] Synthesis of peptoid containing polymers can be carried out according to, e.g.,
US Patent Nos. 5,877,278 ; 6,033,631; Simon et al. (1992) Proc. Natl Acad. Sci. USA
89:9367. ‘

[0151) The peptide reagent of the present invention can also be chemically prepared
by other methods such as by the method of simultaneous multiple peptide synthesis. See,
e.g., Houghten Proc. Natl. Acad. Sci. USA (1985) 82:5131-5135; U.S. Patent No.
4,631,211.

IV. Antibodies ‘

[0152] In addition, the peptide reagents described herein used in the invention can be
used to generate antibodies as described in parent application U.S. Serial No. 10/917,646,
the disclosure of whi(;h is incorporated by reference herein in its entirety.

[0153] In certain embodlmen‘cs the antibodies raised against these peptide reagents
are specific for pathogemc prions. In other embodirnents, the antibodies bind to both
pathogenic and non-pathogenic forms. In still further embodlments the antibodies are
spemﬁc for nonpathogenic isoforms. Optionally, the antibodies described hereln inhibit

conversion of the non-pathogenic form to the pathogemc conformation. Typlcally, the
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antibodies of the invention are geﬁerated by 'administeﬁng P peptide reagent as described
herein (or polynucleotide encoding such a peptide reagent) to an animal. The methods
may also include isolating the antibodies from the animal.

[0154] The antibodies of the invention may be polyclonal or monoclonal antibody
preparations, monospecific antisera, human antibodies, or may be hybrid or chimeric
antibodies, such as humanized antibodies, altered antibodies (Fab’), fragments, F(ab)
fragments, Fv fragments, single-domain antibodies, dimeric or trimeric antibody
fragments or constructs, minibodies, or functional fragments thereof which bind to the
antigen in question.

[0155] Antibodies are produced using techniques well known to those of skill in the
art and disclosed in, for example, U.S. Patent Nos. 4,011,308; 4,722,890; 4,016,043;
3,876,504; 3,770,380; and 4,372,745. Fo; example, polyclonal antibodies are generated
by immunizing a suitable animal, such as a mouse, rat, rabbit, sheep, or goat, with an
antigen of interest (e.g., a peptide reagent as described herein). In order to enhance
immunogenicity, the antigen can be linked to a carrier prior to immunization. Such
carriers are well known to those of ordinary skill in the art. Immunization is generally
performed by mixing or emulsifying the antigen in saline, preferably in an adjuvant such
as Freund’s complete adjuvant, and injecting the mixtufe or emulsion parenterally
(generally subcutaneously or intramuscularly). The animal is generally boosted 2 — 6
weeks later with one or more injections of the antigen in saline, preferably using Freund’s
incomplete adjuvant. Antibodies may also be generated by in vitro immunization, using
methods known in the art. Polyclonal antiserum 1s then obtained from the immunized
animal. )

[0156]  Monoclonal antibod@es are generall}' Iprepared using the method of Kohler and
Milstein (1975) Nature 256:495-497, or a modification thereof. Typically, a mouse or rat
is immunized as described above. However, rather than bleeding the animal to extract
serum, the spleen (and optionally several large lymph nodes) is removed and dissociated
into single cells. If desired, the spleen cells may be screened (after removal of
nonspecifically adherent cells) by applying a cell suspension to a plate or well coated with
the antigen. B-cells, expressing membrane-bound immunoglobulin specific for the
antigen, will bind to the plate, and are not rinsed away with the rest of the suspension.
Resulting B-cells, or all dissociated spleen cells, are then induced to fuse with myeloma
cells for form hybridomas, and are cultured in‘a sélective medium (e.g., hypoxanthine,

aminopterin, thymidine medium, “HAT”). The resulting hybridomas are plated by
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limiting dilution, and are assayed fd‘r the production of antibodies that bind specifically to
the immunizing antigen (and Which do not bind to unrelated antigens). The selected
monoclonal antibody-secreting hybridomas are then cultured either in vitro (e.g., in tissue
culture bottles or hollow fiber reactors), or in vivo (e.g., as ascites in mice).

[0157]  Humanized and chimeric antibodies are also useful in the invention. Hybrid
(chimeric) antibody molecules are generally discussed in Winter et al. (1991) Nature 349:
293-299 and U.8. Patent No. 4,816,567. Humanized antibody molecules are generally
discussed in Riechmann et al. (1988) Nature 332:323-327; Verhoeyan et al. (1988)
Science 239:1534-1536; and U K. Patent Publication No. GB 2,276,169, published 21
September 1994). One approach to engineering a humanized antibody involves cloning
recombinant DNA containing the promoter, leader, and variable-region sequences from a
mouse antibody gene and the constant-region exons from a human antibody gene to
create a mouse-human antibody, a humanized antibody. See generally, Kuby,
“Immunology, 3™ Edition”, W.H. Freeman and Company, New York (1998) at page 136.
[0158] Antibodies, both monoclonal and polyclonal, which are directed against
peptide reagents as described herein are particularly useful in diagnosis and therapeutic
applications, for example, those antibodies that are neutralizing are useful in passive
immunotherapy, Monoclonal antibodies, in particular, may be used to raise anti-idiotype
antibodies. ‘

[0159] Anti-idiotype antibodies are immunoglobulins that carry an "internal image"
of the antigen of the agent against which protgction is desired. Techniques for raising
anti-idiotype antibodies are known in the art. Sge, e.g., Grzych (1985), Nature 316:74;
MacNamara et al. (1984), Science 226:1325, Uytdehaag et al (1985), J. Immunol.
134:1225. These anti-idiotype antibodies may aiso be useful for treatment and/or
diagnosis of conformational disea.ses'., S | | ‘ 4

[0 160] Antibody fragments are also included within the scope of the invention. A
number of antibody fragments are known in the art tﬁat comprise antigen-binding sites
capable of exhibiting immunological binding properties of an intact antibody molecule.
For example, functional antibody fragments can be produced by cleaving a constant
region, not responsible for antigen binding, from the antibody mﬁlecule, using e.g.,
pepsin, to produce F(ab’), fragments. These fragments will contain two antigen binding
sites, but lack a portion of the constant region from each of the heavy chains. Similarly, if
desired, Fab fragments, comprising é single arptigen binding site, can be produced, e.g., by

digestioﬁ of polyclonal or monoclonal antibodies with papain. Functional fragments,
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including only the variable regions of the heavy and light chains, can also be produced,
using standard techniques such as recombinant production or preferential proteolytic
cleavage of immunoglobulin molecules. These fragments are known as F,. See, e.g.,
Inbar et al. (1972) Proc. Nat. Acad. Sci US4 69:2659-2662; Hochman et al. (1976)
Biochem 15:2706-2710; and Ehrlich et al. (1980) Biochem 19:4091-4096.

[0161) A single-chain Fv (“sFv” or scFv”) polypeptide is a covalenily linked Vi -V,
heterodimer that is expressed from a gene fusion including Vy —and Vi- encoding genes
linked by a peptide-encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci. USA
85:5879-5883. A number of methods have been described to discern and develop
chemical structures (linkers) for converting the naturally aggregated, but chemically
separated, light and heavy polypeptide chains from an antibody V region into an sFv
molecule which will fold into a three dimensional structure substantially similar to the
structure of aﬁ antigen—bmdix}g site. Seé, e.g., U.S. Patent Nos. 5,091,513; 5,132_,405 ;and
4,946,778. The sFv molecules may be produced using methods described in the art. See,
e.g., Huston et al. (1988) Proc. Nat. Acad. Sci USA 85:5879-5338; U.S. Patent Nos.
5,091,513; 5,132,405 and 4,946,778. Design criteria include determining the appropriate
length to span the distance between the C-terminus of one chain and the N-terminus of
the other, wherein the linker is generally formed from small hydrophilic amino acid
residues that do not coil or form secondary structures. Such methods have been described
in the art. See, €.g., U.S. Patent Nos. 5,091,513; 5,132,405 and 4,946,778. Suitable
linkers generally comprise polypeptide chains of alternating sets of glycine and serine
residues, and may include glutamic acid and lysine residues’ inserted to enhance
solubility. .

[0162] “Mini-antibodies” or “minibodies” will also find use with the present
invention. Minibodies are sFv polypeptide cf)ains that include oligomerization domains
at their C-termini, separated from thx;: sFv by a hinge région. Pack et al., (1992) Biochem
31:1579-1584. The oligc;mgrization domain comprises self-associating o-helices, e.g.,
leucine zippers, that can be further stabilizga by additional disulfide bonds. The
oligomerization domain is designed to be compatible with vectorial folding across a
membrane, a process thought to facilitate in vivo folding of the polypeptide into a
functional binding protein. Generally, minibodies are produced using recombinant
methods well known in the art. See, e.g., Pack et al.,, (1992) Biochem 31:1579-1584,
Cumber et al. (1992) J. Immunology 149B:120-126.
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[0163] Non-conventional means can also be used to generate and identify antibodies.
For example, a phage display library can be screened for antibodies that bind more to
pathogenic forms than non-pathogenic forms or vice versa. See generally, Siegel,
“Recombinant Monoclonal Antibody Technclogy”, Transfus. Clin. Biol. (2002) 9(1): 15-
22; Sidhu, “Phage Display in Pharmaceutical Biotechnology”, Curr. Opin. Biotechnol.
(2000) 11(6):610 — 616; Sharon, et al., “Recombinant Polyclonal Antibody Libraries”,
Comb. Chem. High Throughput Screen (2000) 3(3): 185-196; and Schmitz et al., “Phage
Display: A Molecular Tool for the Generation of Antibodies ~ Review”, Placenta,
(2000) 21 SupplA: S106-12.

[0164] As noted above, the antibodies may also be generated by administering a
polynucleotide sequence encoding a peptide reagent as described herein into an animal.
When the peptide is expressed in vivo, antibodies are generated in vivo. Methods for
polynucleotide delivery are discqssed in below.

[0165] The specificity of the antibodies of the invention can be tested as described
above for peptide reagents. As mentioned above, prions having a pathogenic
conformation are generally resistant fo certain proteases,'sugh as proteinase K. The same
proteases are able to degrade prions in a non-pathogenic conformation. One method of
testing the specificity of the antibodies of the present invention is to select a biological
sample containing both pathogenic and ﬁon-pathogenic prions. The sample can be
separated into two equal volumes. Antibodies of the invention can be added adsorbed
onto a solid support (as further described below) and used to obtain a quantitative value
directly related to the number of antibody-prion binding interactions on the solid support.
Protease can be added to the second sample and the same test performed. Because the
protease in the second sample will degrade any non-pathogenic prions, any antibody-
prion binding interactions in the second sample can be attributed to pathogenic prions.
Variations and other assays known in the art can also be used to demonstrate the

specificity of the antibodies of the invention.,

V. Assays , o .

{0166] The peptide reagents of the invention car.l,b‘e used in a variety of assays to
screen samples (e.g., biologicél samples such as blo(,;d, Brain, spinal cord, CSF or organ
samples), for example to detect the pfesence or. absence of pathogenic forms of
conformational disease proteins in ’ghesp samples. Unlike many current prion diagnostic

reagents, the péptide reagents described herein will allow for detection in virtually any
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type of biological or non-biological samiple, including blood sample, blood products or
biopsy samples. '

[0167] The invention thus provides a method for detecting the presence of a
pathogenic prion in a sample comprising: contacting the sample suspected of containing a
pathogenic prion with a peptide reagent of the invention under conditions that allow the
binding of the peptide reagent to the pathogenic prion protein, if present; and detecting
the presence the pathogenic prion, if any, in the sample by its binding to the peptide
reagent.

[0168] For use in the method of the invention, the sample can be anything known to,
or suspected of, containing a pathogenic prion protein. The samiple can be a biological
sample (that is, a sample prepared from a living or once-living organism) or a non-
biological sample. Suitable biological samples include, but are not limited to, organs,
whole blood, blood fractions, blood components, plasma, platelets, serum, cerebrospinal
fluid (CSF), brain tissue, nervous system tissue, muscle tissue, bone marrow, urine, tears,
non-nervous system tissue, organs, and/or biopsies or necropsies. Preferred biological
samples include whole blood, blood fractions, blood components, plasma, platelets, and
serum. | '

10169] The sample is contacted with one or more peptide reagents of the invention
under conditions that allow the binding of the peptide reagent(s) to the pathogenic prion
protein if it is present in the sample.. It is well within the competence of one of ordinary
skill in the art to determine the particular condiﬁons based on the disclosure herein.
Typically, the sample and the peptidre reagent(s) are incubated together in a suitable
buffer at abouf neutral pH (ef. g., a TBS buffer at pH 7.5) at a suitable temperature (e.g.,
about 4°C), for a suitable time period (e.g., about 1 hour to overnight) to allow the
binding to occur. ‘

[0170] The presence of pathogenic prion protein in the sample is detected by its
binding to the peptide reagent(s). Detection of the presence of the pathogenic prion
protein by its binding to the peptide reagent(s) of the invention can be accomplished in a
number of ways. For example, the peptide reagent(s) of the invention can be used to
specifically “capture” the pathogenic prion protein by the formation of a first complex
between the peptide reagent(s) and the pathogenic prion protein which first complex can
be separated from the unbound sample materials, including any nonpathogenic prion

protein present in the sample. The pathogenic prion protein can then be detected by the
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addition and biﬁding of one or more peptide reagehts of the invention, which peptide
reagents have been detectably labeled (i.e., labeled peptide reagent(s)). The pathogenic
prion protein can be detected while in the first complex, or the pathogenic prion protein
can be dissociated from the first complex before the addition of and binding to the labeled
peptide reagent(s) of the invention. .

[0171] Alternatively, when the peptide reagent(s) of the invention are used to capture
the pathogenic prion protein as described above, and the first complex is separated from
the unbound sample materials, a detectably-labeled prion-binding reagent can be used to
detect the pathogenic prion protein, either while the pathogenic prion protein is in the first
complex or after the dissociation of the pathogenic prion protein from the first complex.
A “prion-binding reagent” is a reagent that binds to a prion protein in any conformation,
typically the prion-binding reagent will bind to a denatured form of the prion protein.
Such reagents have been described and include, for example, anti-prion antibodies
(described, inter alia, in Peretz et al. 1997 J. Mol. Biol. 273: 614; Peretz et al. 2001
Nature 412:739; Williamson et al. 1998 J. Virol. 72:9413; U.S. Patent No. 6,765,088;
U.S. Patent No.6,537,548), motif-grafted hybrid polypeptides (see, W0O03/085086),
certain cationic or anionic polymers (see, WO03/073106), certain peptides that are
“propagation catalysts” (see, W002/0974444) and plasminogen. It will be apparent that
if the particular prion-binding reagent used binds to a denatured form of the prion that the
“captured” pathogenic prion protein should be denatured prior to detection with the prion-
binding reagent. , J .

[0172] In.another alternative, a prior;—binding reagent can be used to capture any
prions (patﬁoge;,nic or nonpathogenic) present in the sample to forma first cémplex, and
one or more detectably—labelqd peptide reagent(s) of the invention can be used to detect
the pathogenic prions in the first complex or aftér dissociation from the first cdmplex.
[0173] In a further alternative, the sémple can be captured directly (i.e., without any
prion-binding reagent) onté a solid support and the pathogenic prion proteins, if present,
can be detected using one or more detectably labeled peptide reagent(s) of the invention.
[0174]  The above-described capture and detection steps can be carried out in solution
or can be carried out in or on a solid support, or some combination of solution and solid
phase. Some suitable solution phase formats inc}ude for example, fluorescence
correlation spectroscopy (see, Giese et al. Arch. Virol. Suppl. 2000 16:161; Bieschke et al.
Proc. Natl Acad. Sci. USA 2000 97:55468) and fluorescence resonance energy transfer.
Typically, the peptide reagenf(é) of the invention will be detectably labeled in these
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solution phase formats. Preferably, the peptide reagent(s) will be labeled with two or
more distinguishable detectable labels. The presence of a pathogenic prion protein can be
detected by the coincidence of two or more detectable labels in a first complex. Suitable
solid phase assay formats are described herein. In general, for solid phase formats, the
capture reagent (which can be one or more of the peptide reagents of the invention, or one
or more prion-binding reagents) is attached, or adapted for attachment, to a solid suﬁport
The capture reagent can be adapted for attachment to a solid support by any means known
in the art, for example, the capture reagent and the solid support can each comprise one
member of a binding pair, such that when the capture reagent is contacted with the solid
support the capture reagent is attached to the solid support through the binding of the
members of the binding pair. For example, the capture reagent can comprise biotin and
the support can comprise avidin or streptavidin. In addition to biotin-avidin and biotin-
streptavidin, other suitable binding pairs for this embodiment include, for example,
antigen-antibody, hapten—antiquy, mimetope-antibody, receptor-hormone, receptor;
ligand, agonist-antagonist, lectin-carbohydrate, Protein A-antibody Fc. Such binding
pairs are well known (see, e.g., U.S. Patent Nos. 6,551,843 and 6,586,193) and one of
ordinary skill in the art would be competent to select suitable binding pairs and adapt
them for use with the present invention. When the capture reagent is adapted for
attachment to the support as described above, the sample can be contacted with the
capture reagent before or after the capture reagent is attached to the support.

[0175] The invention thus provides a method for detecting the presence of a
pathogenic prion in a sample comprising: (a) contacting a sample suspected of containing
a pathogenic prion with a first peptide reagent under conditions ;chat allow the binding of
the first peptide reagent to the pathogenic prion protein, if pfesent, to form a first
complex; and (b) detecting the presence the pathogenic pﬁoﬂ, if any, in the sample by its
binding to the first peptide reagent. The peptide reagent is as described herein, preferably
the peptide reageht is derived from a peptide having‘a sequence of SEQ ID NO: 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 72, 74, 76, 77, 78, 81, 82, 84, 89, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,_ 169, 170, 171, 172, 173, 174,
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175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211, 212,213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228,
229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246,
247, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, or 260, more preferably, from
a peptide having a sequence of one of SEQ ID NO: SEQ ID NO: 66, 67, 68, 72, 81, 96, -
97,98, 107, 108, 119, 120, 121, 122, 123, 124, 125, 126, 127, 129, 130, 131, 132, 133,
134, 135, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,
171,172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 249, 250, 251, 252, 253, 254,
255, 256; or from peptides having SEQ ID NO: 14, 35, 36, 37, 40, 50, 51, 77, 89, 100,
101, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 128, 183, 184, 185, 186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 2.12, 213,214,215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225,226, 227,228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242,
243,244, 245,247,257, 258, 259, or 260; or from peptides having SEQ ID NO: 56, 57,
65, 82, 84 or 136. The peptide reagent can be biotinylated. The peptide reagent cén be
attached to a solid support. In some embodiments, the peptide reagent can be deteqtably
labeled. |

[0176] The invention also provides a method for detecting the presence of a
pathogenic prion in a sample comprising: (a) contacting a sample suspected of containing
a pathogenic prion with a first peptide reagent under conditions that allow the binding of
the first peptide reagent to the pathogenic prion, if present, to form a first complex; (b)
contacting said first complex with a second peptide reagent under conditions that allow
the binding of the second peptide reagent to the pathogenic prion in said first complex,
wherein said second pepﬁde reagent comprises a detectable label; and (c) detecting the
presence the pathogenic prion,r if any, in the samplg by its binding to the second peptide
reagent. o ' | .

[0177] When the method utilizing a first peptide reagent and a second peptide
reagent, the first and second peptide reagents can be the same or different. By “the same”
is meant that the first and second peptide reagents differ only in the inclusion of a
detectable label in the secénd peptide reagent.

[0178] The first peptide reagent and the second peptide reagent can be derived from

peptide fragments from the same region of a prion protein or from peptide fragments from
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a different region of a prion protein. The first peptide reagent and the second peptide
reagent can each be independently selected from peptide reagents derived from peptides’
having any of SEQ ID NOs: 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74, 75, -
76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171,
172,173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189,
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207,
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226,227,228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243,
244,245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, or 260.
[0179] The first peptide reagent and the second peptide reagent can each
independently be selected from a peptide reagent derived from peptides having SEQ ID
NO:66, 67, 68, 72, 81, 96, 97, 98, 107, 108, 119, 120, 121, 122, 123, 124, 125, 126,127,
14, 35, 36, 37, 40, 50, 51, 77, 89, IOQ; 101, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 128, 129, 130, 131, 132, 56, 57, 65, 82, 84, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158,
159, 160, 161, 162, 163, 164; 165, 166, 167, 168, 169, 170, 171, i72, 173,174,175, 176,
177,178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204; 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215,216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231,232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 249, 250, 251, 252,
253, 254, 255,256, 257, 258, 259, or 260. .

[0180]  The first peptide reagent can be selected from a peptide reagent derived from
peptides having SEQ ID NO:66, 67, 68, 72, 81, 96, 97, 98, 107, 108, 119, 120, 121, 122,
123, 124, 125, 126, 127, 133, 134, 135, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,182,
244, 249, 250, 251, 252, 253, 254, 255, or 256, and the second peptide reagent can be
selected from peptide reagent derived from peptides having SEQ ID NO: 14, 35, 36, 37,
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40, 50, 51,77, 89, 100, 101, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 128, 129,
130, 131, 132, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197,
198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
216,217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233,
234,235, 236,237,238, 239, 240, 241, 242, 243, 244, 245, 247, 257, 258, 259, or 260, or
vice versa. The first peptide reagent can be selected from a peptide reagent derived from
peptides having 66, 67, 68, 72, 81, 96, 97, 98, 107, 108, 119, 120, 121, 122, 123, 124,
125, 126, 127, 133, 134, 135, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 244, 249,
250, 251,252,253, 254, 255, or 256, and the second peptide reagent can be selected from
peptide reagent derived from peptides having SEQ ID NO: 56, 57, 65, 82, 84, and 136 or
vice versa. The first peptide reagent can be selected from a peptide reagent derived from
peptides having SEQ ID NQ: 14, 35, 36, 37, 40, 50, 51, 77, 89, 100, 101, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 128, 129, 130, 131, 132, 183, 184, 185, 186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, .
225, 226,227,228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242,
243, 244, 245, 247,257,258, 259, or 260, and the second peptide reagent can be selected
from peptide reagent derived from peptides having SEQ ID NO: 56, 57, 65, 82, 84, and
136, or vice versa. , _
[0181] The first peptide reagent can be biotinylated and may be attached to a solid
support. | o

[0182] The invention also provides a method for detecting the presence of a
pathogenic prion in a sample comprising: (a) contgcting a sample suspected of containing
a pathogenic prion with a first péptide reagent under conditions that allow the binding of
the first peptide reagent to the pathogeﬁic prion, if present, to form a first complex; (b)
removing unbound sample materials; (c) dissociating said pathogenic prion from said first
complex; (d) contacting said dissociated pathogenic prion with a second peptide reagent
under conditions that allow the binding of the second peptide reagent to the pathogenic
prion, wherein said second peptide reagent comprises a detectable label; and (e) detecting
the presence the pathogenic pﬁon, if any, in the sample by its binding to the second

peptide reagent. The first and second peptide reagents can be the same or different.
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[0183] The invention also provides a method for detecting the presence of a
pathogenic prion in a sample comprising: (a) contacting a sample suspected of containing
a pathogenic prion with a first peptide reagent under conditions that allow the binding of
the first peptide reagent to the pathogenic prion, if present, to form a first complex; (b)
removing unbound sample materials; (c) dissociating said pathogenic prion from said first
complex; (d) contacting said dissociated pathogenic prion with a prion-binding reagent
under conditions that allow the binding of the prion-binding reagent to the pathogenic
prion, wherein said prion-binding reagent comprises a detectable label; and (e) detecting
the presence the pathogenic prion, if any, in the sample by its binding to the prion-binding
reagent. The prion-binding reagent can be an anti-prion antibody, motif-grafted hybrid
polypeptide, cationic or anionic polymers, propagation catalysts and plasminogen, or any
other moiety known to bind prion proteins. ‘ ‘

[0184] The invention also provides a method for detecting the presence of a
pathogenic prion in a sample comprising: (a,) contacting a sample suspected of containing
a pathogenic prion with a prion-binding reagent under conditions that allow the binding
of the prion-binding reagent to the pathogenic prion, if present, to form a first complex;
(b) removing unbound sample materials; (c) contacting said first complex with a peptide
reagent under conditions that allow the binding of the peptide reagent to the pathogenic
prion, wherein said peptide reagent comprises a detectable label; and (d) detecting the
presence the pathogenic prion, if any, in the sample by its binding to the peptide reagent.
[0185] The invention also provides a method for detecting a péthogenic prion in a
sample, comprising: (2) proﬁding a solid support cc;mprising a first peptide reagent; (b)
contacting the solid support with a éample under conditions which allow pathogenic
prions, when present in the sample, to bind to the ﬁrs‘g peptide reagent; (c) contacting the
solid support with a detectably labeled second peptide reagent under conditions which
allow the second peptide reagent to bind to pathogenic prions bound by the first peptide
reagent; and (d) detecting complexes formed between the first peptide reagent, a
pathogenic prion from the sample and the second peptide reagent, thereby detecting the
presence of the pathogenic prion in the sample. .

[0186] Alternatively, the prion-binding reagent can be provided on the solid support.
The invention thus provides a method for detecting the presence of a pathqgenic prion in
a sample comprising: () providing a solid support comprising a pri(_m-binding reagent;
(b) contacting the solid support to a sample under conditions which allow prion protéins,

when present in the sample, to bind to the prion-binding reagent; (c) contacting the solid
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support to a detectably labeled second peptide reagent; and (d) detecting complexes
formed between the prion-binding reagent, a pathogenic prion from the biological sample,
and the second peptide reagent. ‘

[0187] The assay can be provided in a competitive format; thus the invention provides
a method for detecting the presence of a pathogenic prion in a sample comprising: (a)
providing a solid support comprising a first peptide reagent; (b) combining the solid
support with a detectably labeled first ligand, wherein the first peptide reagent’s binding
affinity to the detectably labeled first ligand is weaker than the first peptide reagent’s
binding affinity to a pathogenic prion; (c) combining a sample with the solid support
under conditions which allow a pathogenic prion, when present in the sample, to bind to
the.first peptide reagent and replace the first ligand; (d) detecting complexes formed
between the first peptide reagent and the pathogenic prion from the sample.

[0188] Generally, peptide reagents as described herein are used to bind to prion
proteins in a sample (e.g., as a caipture reageﬁt) and/dr to detect the pfesence of prion
proteins (e.g., as a detection reagent): The capture reagent and detection reagent may be
separate molecules or, alternatively one molecule may serve both capture and detection
functions. In certain embodiments, the capture apd/or detection reagents are peptide
reagents described herein that inferact preferentially with pathogenic prions (i.e., are
pathogenic-prion specific). In other embodiments, the capture reagent is specific for
pathogenic prions and the detection reagent binds to both pathogenic and nonpathogenic
forms, for example antibodies that bind to prion proteins. Such prion-binding reagents
have been described above herein. ,Alternatively, in other embodiments, the capture
reagent is not specific for pathogenic prions and the detection reagent is specific for
pathogenic prions. . o - ‘ ‘

[0189] Any suitab)lel means of detection can then be used to identify binding between
a peptide reagent as described herein and a prion protein. For example, assays as
described herein may involve the use of labeled pei)tide reagents or antibodies.
Detectable labels suitable for use in the invention in(;lude any molecule capable of
detection, including, but not limited to, radioactive isotopes, fluorescers,
chemiluminescers, chromophores, fluorescent semiconductor nanocrystals, enzymes,
enzyme substrates, enzyme cofactors, enzyme inhibitors, chromophores, dyes, metal ions,
metal sols, ligands (e.g., biotin, streptavidin or haptens) and the like. Additional labels
include, bgt are not limited to, those that use fluorescence, including those substances or

portions thereof that are capable of exhibiting fluorescence in the detectable range.
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Particular examples of labels that may be used in the invention include, but are not
limited to, horse radish peroxidase (HRP), fluorescein, FITC, rhodamine, dansyl,
umbelliferone, dimethyl acridinium ester (DMAE), Texas red, luminél, NADPH and B-
galactosidase. In addition, the detectable label may include an oligonucleotide tag, which
tag can be detected by any known method of nucleic acid detection including PCR, TMA,
b-DNA, NASBA, etc.

[0190] In addition to the use of labeled detection reagents (described above),
immunoprecipitation may be used to separate out peptide reagents that are bound to the
prion protein (e.g., pathogenic prion). . Preferably, the immunoprecipitation is facilitated
by the addition of a precipitating enhancing agent. A precipitation-enhancing agent
includes moieties that can enhance or increase the precipitation of the peptide reagents
that are bound to pathogenic prions. Such precipitation enhancing agents include
polyethylene glycol (PEG), protein G, protein A and the like. Where protein G or protein
A are used as precipitation enhancing agents, the protein can optionally be attached to a
bead, preferably a magnetic bead. Precipitation can be further enhanced by use of
centrifugation or with the use of magnetic force. Use of such precipitating enhancing
agents is known in the art. |

[0191] Assays that amplify the signals from the detection reagent are also known.
Examples of which are assays that utilize biotin and avidin, and enzyme-labeled and
mediated immunoassays, such as ELISA assays.

[0192] One or more of the steps of the assays described herein may be conducted in
solution (e.g., a liquid medium) or on a solid support. A solid support, for purposes of
the invention, can be any material that is an insoluble matrix and can have a rigid or semi-
rigid surface to which a molecule of ;’nterest (e.g., peptide reagents of the invention, prion
proteins, antibodies, etc) can be linked or attached. Exemplary solid supports include, but
are not limited to, substrates such as nitrocellulose ,polyvinylchloride; polypropylene,
polystyrene, latex , polycarbonate, nylon, dextran, chitin, sand, silica, pumice, agarose,
cellulose, glass, metal, polyacrylamide, silicon, rubber, polysaccharides,‘ polyvinyl
fluoride; diazotized paper; activated beads, magnetically responsive beads, and any
materials commonly used for solid phase synthesis, affinity separations, purifications,
hybridization reactions, immunoassays and other such applications. The support can be
particulate or can be in the form of a c‘ontinuous surface and includes membranes, mesh,

plates, pellets, slides, disks, capillaries, hollow fibers, needles, pins, chips, solid fibers,
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gels (e.g. silica gels) and beads, (e.g., pore-glass beads, silica gels, polystyrene beads
optionally cross-linked with divinylbenzene, grafted co-poly beads, polyacrylamide
beads, latex beads, dimethylacrylamide beads optionally crosslinked with N-N’-bis-
acryloylethylenediamine, iron oxide magnetic beads, and glass particles coated with a
hydrophobic polymer.

[0193]  Peptide reagents as described herein can be readily coupled to the solid
support using standard techniques. Immobilization to the support may be enhanced by
first coupling the peptide reagent to a protein (e.g., when the protein has better solid
phase-binding properties). Suitable coupling proteins include, but are not limited to,
macromolecules such as serum albumins including bovine serum albumin (BSA), keyhole
limpet hemocyanin, immunoglobulin molecules, thyroglobuline, ovalbumin, and other
proteins well known to those skilled in the art. Other reagents that can be used to bind
molecules to the support include polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, and the like. Such molecules and
methods of coupling these molecules to proteins, are well known to those of ordinary skill
in the art. See, e.g., Brinkley, M.A., (1992) Bioconjugate Chem., 3:2-13; Hashida et al.
(1984) J. Appl. Biochem., 6:56-63; and Anjaneyulu and Staros (1987) International J. of
Peptide and Protein Res. 30: 117-124.

[06194] If desired, the molecules to be added to the solid support can readily be
functionalized to create styrene or acrylate moieties, thus enabling the incorporation of
the molecules into polystyrene, polyacrylate or other polymgrs such as polyimide,
polyacrylamide, polyethylene, polyvinyl, polydiacetylene, polyphenylene-vinylene,
polypeptide, polysaccharide, polysulfone, polypyrrole, polyimidazole, polythiophene,
polyether, epoxies, silica glass, silica gel, siloxane, polyphosphate, hydrogel, agarose,
cellulose and the like. 7 o

[0195]  The peptide reagents can be attached to the solid support through the
interaction of a binding pair of molecules. Such binding pairs are well known and
examples are described elsewhere herein. One member of the binding pair is coupled by
techniques described above to the solid sﬁpport and the other member of the binding pair
is attached to the peptide reagent (before, during, or after synthesis). The peptide reagent
thus modified can be contacted with the sample and interaction with the pathogenic prion,
if present, can occur in solution, after which the solid support can be contacted with the
peptide reagent (or peptide-prion complex). Preferred binding pairs for this embodiment

include biotin and avidin, and biotin and streptavidin.
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[0196] Suitable controls can also be used in the assays of the invention. For instance,
a negative control of PrPC can be used in the assays. A positive control of PrP*° (or
PrPres) could also be used in the assays. Such controls can optionally be detectably
labeled.

[0197] Several variations and combinations using the peptide reagents of the
invention may be applied in the assays of the invention. The following non-limiting
examples are described for illustration.

[0198] In certain embodiments, assays are described for detecting pathogenic prions
in a biological sample. In such methods, the peptide reagent of the invention can be used
a s a capture reagent for pathogenic prions in a biological or a non-biological sample. In
on such embodiment, a solid support (e.g., magnetic beads) is first reacted with a peptide
reagent as described herein that interacts preferentially with pathogenic prions such that
the peptide reagent is sufficiently immobilized to the support. The solid support is theﬁ
contacted with a sample suspected of containing pathogenic prions under conditions that
allow the peptide reagent to bind to pathogenic prions. Following removal of the
unbound sample material, the bound pathogenic prions can be dissociated from the
peptide reagent and detected using any known detection mechanism, including but not
limited to Western Blot and ELISA, for example, as described below in the Examples and
references cited therein. Alternatively, the bound pathogenic prion can be detected
without dissociation from the peptide reagent.

[0199] Alternatively, the peptide reagent of the invention may be contacted with the
sample suspected of containing pathogenic prioﬁs before being attached to the solid
support, followed by attachment of the peptide reagent to the solid support (for example,
the peptide reagent can be biotinylated and the solid support comprise avidin or
streptavidin). Following removal of the unbound sample material, the pathogenic prions
may be dissociated from the peptide reagent and detected using any known detection
mechanism, including but not limited to Western Blot and ELISA, for example, as
described below in the Examples and references cited therein. Alternatively, the
pathogenic prions need not be dissociated from the peptide reagent prior to detection.
[0200] Detection of the pathogenic prions in the sample may be accomplished by
using a peptide reagent as described herein, that interacts ﬁrcfercntially with pathogenic
forms. Alternatively, pathogenic prions may be detected by non-specific detection
reagents (e.g., peptides or antibodies that bind to PrP generally). In certain embpdiments,

following dissociation from the solid suppoﬁ, the captured pathogenic prion is denatured
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prior to detection, which may facilitate detection by allowing the use of nonspecific
detection reagents. Alternatively, the captured pathogenic prion can be denatured without
dissociation from the; peptide reagent if, for example, the peptide reagent is modified to
contain an activatable reactive group (e.g., a photoreactive group) that can be used to
covalently link the peptide reagent and the pathogenic prion.

[0201] Protocols such as ELISAs as described in Ryou et al. (2003) Lab Invest.
83(6):837-43 can be performed to quantify that amount of pathogenic prion eluted from
the solid support. (See, Examples). Briefly, the wells of a microtiter plate are coated with
the captured pathogenic prion that has been dissociated (eluted) from the solid support.
The plate(s) can be washed to remove unbound moieties and a detectably labeled binding
molecule, such as a anti-prion antibody or a peptide reagent of the invention (either the
same one used for capture or a different one) is added. This binding molecule is allowed
to react with any captured sample pﬁon, the plate washed and the presence of the labeled
antibodies and/or labeled peptide reagents detected using methods well known in the art.
The binding molecule need not be specific for the pathogenic prion form but can bind to
both isoforms or a denatured PrP, as long as the capture reagent is specific for the
pathogenic prion form.

[0202] In other exemplary assays, the capture reagent and prion are not dissociated
prior to detection. For example, a solid support (e.g., the wells of a microtiter plate) ‘is
linked to a first pathogenic-prion specific molecule (peptide reagent). A biological
sample containing or suspected of containing pathogenic prions is then added to the solid
support. After a period of incubation sufficient to allow any pathogenic prions to bind to
the first molecule, the sdlid ‘support can be washed to remove unbound moieties énd a
detectably labeled secondary binding molecule as described above, such as a second anti-
PrP antibody or a prion-specific peptide reagent, added. Alternatively, a molecule that
binds to pathogenic and non-pathogenic forms (e.g., noﬁspeciﬁc capture reagent) can be
coupled to a solid support (e.g., coated onto the wells of a microtiter plate) and detection
can be accomplished using a pathogenic prion-specific detection reagent (e.g., peptide
reagent described herein).

[0203] Another exemplary assay is a "two peptide sandwich" assay can be used to
detect prions (e.g., pathogenic prions). In this technique, the solid support is reacted with
one or more first peptideﬁ reagents of the invention as described' herein, washed to remove
unreacted first peptide reage'pt a.1‘1d then ex‘pc‘;‘sed to the test sample (e.g., a biological

sample) suspected of containing a pathogenic prion protein under conditions that allow
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interaction between the first peptide reagent(s) and any pathogenic prion protein present
in the sample. Unreacted sample components are removed and one or more second
peptide reagents of the invention are added under conditions that allow interaction of the
second peptide reagent(s) to interact with any pathogenic prion protein present. The
interaction between first peptide-prion protein-second peptide can be detected by any
means that are known in the art. Typically the second peptide reagent(s) comprise a
detectable label. For this assay, the first peptide reagent(s) and/or the second peptide
reagent(s) interact preferentially with a pathogenic prion protein.

[0204] In certain embodiments, anti-PrP antibodies are used to detect prion proteins.
Antibodies, modified antibodies and other reagents, that bind to prions, particularly to
PrPC or to the denatured PrP, have been described and some of these are available
commercially (see, e.g., anti-prion antibodies described in Peretz et al. 1997 J. Mol. Biol.
2_’73_ : 614; Peretz et al. 2001 Nature 412:739; Williamson et al. 1998 J. Virol. 72:9413;
U.S. Patent No. 6,765,088. Some of these and others are available commercially from,
inter alia, InPro Biotechnology, South San Francisco, CA, Cayman Chemicals, Ann
Arbor MJ; Prionics AG, Zurich; also see, WO 03/085086 for description of modified
antibodies).

[0205] The peptide reagents of the invention may also be used in competition assays.
Means of detection can be used to identify when a ligand weakly binds to PrP® is
displaced by a peptide reagent described herein that is specific for PrP%. For instance, a
sample suspected of containing PrP5¢ may be adsorbed onto a solid support.
Subsequently, the solid support is combined witha detectably: lglbeled ligand that binds to
PrP* (e.g., plasminogen, laminin receptor and heparan sulfate) under conditions such that
the detectably labeled ligand binds fo PrP%°. The ligand- P_rPSc complexes are detected. A
PrP>°-binding peptide reagent as )desrcribed herein is then added. The binding affinity of
the detectably labeled ligand is weaker than the binding affinity of the peptide reagent for
a pathogenic prion. Accordingly, the PrP%°-binding peptide reagent will replace the
labeled ligand and the decrease in detected amounts of the labeled ligand indicate
complexes formed between the peptide reagent and pathogenic prions from the biological
sample can be detected.

[0206]  The above-described assay reagents, including the peptide reagents described
herein, can be provided in kits, with suitable instructions and other necessary reagents, in
order to conduct detection assays as de_scril_aed above. Where the peptide reagent is

adsorbed onto a solid support, the kit may additionally or alternatively comprise such
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peptide reagents adsorbed onto one or more solid supports. The kit may further contain
suitable positive and negative controls, as described above. The kit can also contain,
depending on the particular detection assay used, suitable labels and other packaged
reagents and materials (i.e., wash buffers and the like).

[0207] In still further embodiments, the invention is directed to solid supports -
comprising a pathogenic prion-specific peptide reagent. Methods of producing these
solid supports are also provided, for example by (a) providing a solid support; and (b)
binding thereto one or more pathogenic prion-specific peptide reagents.

[0208] The prion-specific peptide reagents may further be used to isolate pathogenic
prion proteins using affinity supports. The peptide reagents can be affixed to a solid
support by, for example, adsorption, covalent linkage, etc. so that the peptide reagents
retain their prion-selective binding activity. Optionally, spacer groups may be included,
for example so that the binding site of the peptide reagent remains accessible. The
immobilized molecules can then be used to bind the pathogenic prion protein from a
biological sample, such as blood, plasma, brain, spinal cord, other tissues. The bound
peptide reagents or complexes are recovered from the support by, for example, a change
in pH or the pathogenic prion may be dissociated from the complex.

[0209] Samples that can be tested according to the invention include any sample
amenable to an antibody assay, including samples from nervous system tissue (e.g., brain,
spinal cord, CSF, etc.) blood and/or other tissue samples from living or dead subjects. As
noted above, in prqfened embodiments, the samples are blood, blood product or tissue

samples obtained from a living subject.

V1. Additional Applications

A. Detection V
[0210] As described above, the peptide reagents described herein can be used to
diagnose prién disease in a subject. In addition, the peptide reagents described above can
also be used to detect pathogenic prion contamination in any samples, for example in
blood and/or food supplies. The present invention provides a method of selecting
samples from a supply of sémples, e.g., a blood supply or a food supply, comprising
selecting those samples that do not comprise pathogenic prion proteins. Thus, a blood
supply can be prepared that is substantially free of pathogenic prions by screening
aliquots from individual collected samples or pooled samples using any of the detection

assays described herein. Samples or pooled samples that are contaminated with
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pathogenic prions can be eliminated before they are combined. In this way, a blood
supply substantially free of pathogenic prion contamination can be provided. By
"substantially free of pathogenic prions" is meant that the present of pathogenic prions is
not detected using any of the assays described herein. Importantly, the peptide reagents
described herein, which have already been shown to detect pathogenic protein forms in
brain tissue diluted 10° fold by normal tissue, are the only demonstrated reagent that may
be capable of detecting pathogenic prions in blood.

[0211] The invention thus provides a method of selecting samples from a supply of
samples comprising selecting those samples that do not comprise a pathogenic prion
protein that interacts preferentially with one or more peptide reagent described herein.
Alternatively, the invention provides a method of selecting samples from a supply of
samples comprising selecting those samples that comprise a pathogenic prion protein that
interacts preferentially with one or more of the peptide reagents described herein. Using
the methods described herein, it can readily be determined which samples comprise a
pathogenic prion protein that interacts with the described peptide reagents and which
samples do not. In a further embodiment, the invention provides a method of préparing
blood supply that is substantially free of pathogenic prions, said blood supply comprising
whole blood, red blood cells, plasma,'platelets or serum, said method comprising: (a) |
screening aliquots of whole blood, red blood cells, plasma, platelets or serum from
collected blood samples by any of the detection methods provided herein for detecting
pathogenic prions; (b) eliminating samples in which patho genic prions are detected; and,
optionally, (c) combining samples in which pathogenic prions are not detected to provide
a blood supply that is substantially free of pathogenic prions.

[0212]  Similarly, the food supply can be screened for the presence of pathogenic
prions in order to provide food that is substantially free of pathogenic prions. Thus, using
any of the methods described herein, samples from live organisms intended to as food for
human or animal consumption can be screened for the presence of pathogenic prions.
Samples taken from food product intended to enter the food supply can also be screened.
Samples in which pathogenic prions are detected are identified and the live organism or
food intended to enter the food supply from \;Vhich the samples in which pathogenic
prions were detected are removed from the food supply. In ;chis way, a food supply that is
substantially free of pathogenic prions can be provided.

[0213] The invention thus provides a method of preparing food supply that is

substantially free of pathogenic prions, said method comprising: (a) screening a sample

70



WO 2006/086799 PCT/US2006/007001

collected from live organisms that will enter the food supply or a sample collected from
food intended to enter the food supply by any of the detection methods provided herein
for detecting pathogenic prions (b) eliminating samples in which pathogenic prions are
detected; and, optionally, (c) combining samples in which pathogenic prions are not

detected to provide a food supply that is substantially free of pathogenic prions.

B. Purification

[0214]  The peptides of the invention can also be used remove pathogenic prions from
a sample, both for the purpose of isolating the pathogenic prion (e.g., for concentrating
the prion protein prior to detection) and for the purpose of eliminating the pathogenic
prion from the sample (e.g., as a means of prbviding a sample that is substantially free of
pathogenic prions. In these methods, the peptide reagents are typically provided on a
solid support. The solid support comprising the peptide reagent is contacted with the
sample containing the pathogenic prion under conditions to bind the prion to the peptide
reagent. If the aim is to isolate the pathogenic prion, the unbound sample is removed and
the solid support containing the prions is collected; if the aim is to eliminate the prions
from the sample, the unbound sample is collected.

[0215] The Invention thus provides a method for isolating a pathogenic prion protein
from a sample comprising: (a) providing a solid support comprising a peptide reagent
according to the invention; (b) contacting said sample with said solid support under
conditions that allow the binding of a pathogenic prion protein, if present in said sample,
to said first peptide reagent, to form a first complex and (c) femoving unbound sample
materials. | ' .

[6216] In a further embodiment, said pathogenic priop protein may be dissociated
from said first complex. This dissociating can be accomplished by techniques that are
well known in the protein purification arts.

[0217] The invention also provides a method for eliminating pathogenic prion
proteins from a sample comprising; (a) providing a solid support comprising a peptide
reagent according to the invention; (b) contacting said solid support with a sample
suspected of containing pathogenic prion proteins under coﬁditions that allow the binding
of the pathogenic prion protéins, if p.resenfc, to the peptide reagent; and (¢) recovering the

unbound sample materials.
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C. Conipdsitions
[0218]  The invention further relates to compositions comprising the peptide reagents
and/or antibodies described herein (and polynucleotides encoding these peptide reagents
and/or antibodies) and methods of using these compositions in therapeutic and
prophylactic compositions for the treatment or prevention of prion-related diseases.
Furthermore, the antibodies, peptide reagents (and polynucleotides encoding these
antibodies and/or peptide reagents) can also be used in compositions, individually or in
combination, for prophylactic (i.e., to prevent pathogenesis) or therapeutic (to treat
disease following infection) purposes.
[0219] The precise mechanism by which the compositions described herein act to
treat or prevent disease is not critical. Without being bound by one theory, the
compositions described herein may act to treat or prevent conformation diseases by one
or more of the following mechanisms: induction of an immune response in the subject
which then treats or prevents the disease state; interaction (e.g., binding) to non-
pathogenic forms which may prevent conversion to non-pathogenic forms; binding to
pathogenic forms which may prevent pathogenic consequences; and/or binding to
pathogenic forms which may prevent the pathogenic forms from converting additional
non-pathogenic forms to disease forms. (See, e.g., Peretz et al. (2001) Nature 412:739-
743 assaying the ability of certain Fabs to inhibit prion propagation).
[0220]  The compositions can comprise mixtures of one or more of the peptide
reagents, antibodies and/or polynucleotides. These molecules may be obtained from a
variety of sources, for example, recombinantly produced protein, synthetically produced
proteins, etc. The compositions ma}; also be administered in conjunction with other
molecules; for example, antigens and immunoregulatory agents such as immunoglobulins,
cytokines, lymphokines, and chemokines, including but not limited to IL-2, modified IL-2
(cyleS-seriZS), GM-CSF, I1.-12, alpha- or gamma-interferon, IP-10, MIP1 and
RANTES. The compositions may be administered as polypeptides or, alternatively, as
naked nucleic acid (e.g., DNA), using viral vectors (e.g., retroviral vectors, adenoviral

* vectors, adeno-associated viral vectors, alphaviral vectors) or non-viral vectors (e.g.,
liposomes, particles coated with nucleic acid or protein).
[0221)  The compositions may also comprise a mixture of peptide reagent and nucleic
acid, which in turn may be delivered using the same or different modalities and/or
vehicles. The same or different compositions may be given more than once (eg,a

"prime" administration followed by one or more "boosts") to achieve the desired effects.
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The same composition can be administered as the prime and as the one or more boosts.
Alternatively, different compositions'can be used for priming and boosting.

[0222] The compositions of the invention are preferably pharmaceutically acceptable
and pharmacologically acceptable. In particularly, the compositions are preferably not
biologically or otherwise undesirable, i.e., the material may be administered to an
individual in a formulation or composition without causing any undesirable biological
effects or interacting in a deleterious manner with any of the components of the
composition in which it is contained.

[0223] Compositions as described herein will typically comprise a therapeutically
effective amount of the molecules (peptide reagents) or nucleotide sequences encoding
the same, antibodies directed to these molecules and any other of the above-mentioned
components, as needed. By "therapeutically effective amount” is meant an amount that
will induce a protective and/or therapeutic response in the uninfected, infected or
unexposed subject to whom it is administered. A "therapeutically effective amount" will
falln in a relatively broad range that can be determined through routine trials. The exact
amount necessary will vary depending on the subject being treated; the age and general -
condition of the individual to be treated; the capacity of the individual's immune system
to synthesize antibodies; the degree of protection desired; the severity of the condition
being treated; the particular composition selected and its mode of administration, among
other factors.

[0224] In certain embodiments, the peptide reagents are immunogenic and the
methods of the invention comprise édrninistering an immunogenic composition
comprising a peptide reagent as describgd herein, an anﬁbody specific for pathogenic
prions and/or polynucleotides encoding these peptidg reagents or antibodies to an animal.
The immunogenic compositions used in the invention prqferably comprise an
immunologically effective amount of these components. An “immunologically effective
amount” is an amount sufficient to allow the mammal to raise an immune response to a
prion protein, preferably a pathogenic prion. The immune response generally resultg in
the development in the subject of a secretory, cellular and/or antibody-mediated immune
response. Usually, such a response includes but is not limited to one or more of the
following effects; the prodﬁction of antibodies from any of the immunological classes,
such as immunoglobulins A, D, E, G or M; the proliferation of B and T Iymphocytes; the
provision of activation, growth and differentiation signals to immunological cells;

expansion of helper T cell, suppressor T cell, and/or cytotoxic T cell. The amount of
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antibodies produced will vary depending on several factors including the animal used, the
presence of an adjuvant, etc.

[0225] The compositions of the invention may further comprise one or more
adjuvants. Adjuvants suitable for use in the invention include one or more of the
adjuvants described in parent application, U.S. Serial No. 10/917,646, incorporated by
reference herein in its entirety.

[0226] Adjuvants suitable for use in the invention include one or more of the
following: E.coli heat-labile enterotoxin (“LT”), or detoxified mutants thereof, such as the
K63 or R72 mutants; cholera toxin (““CT”), or detoxified mutants thereof; microparticles
(i.e., a particle of ~100nm to ~150pm in diameter, more preferably ~200nm to ~30um in
diameter, and most preferably ~500nm to ~10um in diameter) formed from materials that
are biodegradable and non-toxic (e.g. a poly(o-hydroxy acid), a polyhydroxybutyric acid,
a polyorthoester, a poly_anhydride, a polycaprolactone ezc.); a polyoxyethylene ether or a
polyoxyethylene ester (see International patent application WO 99/52549); a
polyoxyethylene sorbitan ester surfactant in combination with an octoxynol (see
International patent application WO 01/21207) or a polyoxyethylene alkyl ether or ester
surfactant in combination with at least one additional non-ionic surfactant such as an
octoxynol (see International patent application WO 01/21152); chitosan (e.g.
International patent application WO 99/27960); an immunostimulatory oligonucleotide
(e.g. a CpG oligonucleotide) and a saponin (see International patent application WO
00/62800); immunostimulatory double stranded RNA; aluminum compounds (e.g.
aluminum hydroxide, aluminum phosphate, aluminum hydroxyphosphate, oxyhydroxide,
orthophosphate, sulfate etc. (e.g. see chapters 8 & 9 of Vaccine design: the subunit and
adjuvant approach, eds. Powell & Newman, Plenum Press 1995 (ISBN 0-306-44867-X)
(hereinafter “Vaccine design”), or mixtures of different aluminum compounds, with the
compounds taking any suitable form (e.g. gel, crystalline, amorphous ezc.), and with
adsorpﬁon being preferred; MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85,
formulated into submicron particles using a microfluidizer) (see Chapter 10 of Vaccine
design; see also International patent application WO 90/14837); lipospmes (see Chapters
13 aﬁd 14 of Vaccine design); ISCOMs (see Chapter 23 of Vaccine design); SAF,
containing 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer L121, and thr-
MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger
particle size emulsion (see Chapter 12 of Vaccine design); Ribi™ adjuvant system (RAS),

(Ribi Immunochem) containing 2% Squalene, 0.2% Tween 80, and one or more bacterial
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cell wall cdmpqnents from the group.consisting of monophosphorylipid A (MPL),
trehalose dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS
(DetoxTM); saponin adjuvants, such as QuilA or QS21 (see Chapter 22 of Vaccine design),
also known as Stimulon™; ISCOMs, which may be devoid of additional detergent
(International patent application WO 00/07621); complete Freund’s adjuvant (CFA) and
incomplete Freund’s adjuvant (IFA); cytokines, such as interleukins (e.g. IL-1, IL-2, IL-
4, IL-5, IL-6, IL-7, IL-12, efc.), interferons (e.g. interferon-y), macrophage colony
stimulating factor, tumor necrosis factor, efc. (see Chapters 27 & 28 of Vaccine design);
monophosphoryl lipid A (MPL) or 3-O-deacylated MPL (3dMPL) (e.g. chapter 21 of
Vaccine design); combinations of 3dMPL with, for example, QS21 and/or oil-in-water
emulsions (European patent applications 0835318, 0735898 and 0761231);
oligonucleotides comprising CpG motifs (see Krieg (2000) Vaccine, 19:618 — 622; Krieg
(2001) Curr. Opin. Mol. Ther., 2001, 3:15 — 24; WO 96/02555, WO 98/16247, WO
98/18810, WO 98/40100, WO 98/55495, WO 98/37919 and WO 98/52581, etc.) i.e.
containing at least one CG dinucleotide; a polyoxyethylene ether or a polyoxyethylene
ester (International patent application WO 99/52549); a polyoxyethylene sorbitan ester
surfactant in combination with an octoxynol (International patent application WO
01/21207) or a polyoxyethylene alkyl ether or ester surfactant in combination with at least
one additional non-ionic surfactant such as an Qcthﬁol (International patent application
WO 01/21152); an immunostimulatory oligonucleotide (e.g. a CpG oligonucleotide) and
a saponin (International patent application WO 00/62800); an immunostimulant and a
particle of metal salt (International patent application WO 00/23105); a saponin and an
oil-in-water emulsion (International patent application WO 99/11241); and a saponin (e.g.
QS21) + 3dMPL + IL-12 (optionally + a sterol) (International patent application WO
98/57659).

[0227] Muramyl peptides include, but are not limited to, N-acetyl-muramyl-L-
threonyl-D-isoglutamine (thr-MDP), N-acteyl-normuramyl-L-alanyl-D-isogluatme (nor-
MDP), N-acetylmuramyl-L-alanyl-D-isogluatminyl-L-alanine-2-(I'-2'-dipalmitoyl-sn-
glycero-3 -huydroxyphosphorylgxy)—ethyl_amine (MTP-PE), etc.

[0228] Other adjuvants suitable for mucosal or parente;al administration are also
available (e.g. see chgpter 7 of Vaccine design: the &ubunit and adjuvant approach, eds.
Powell & Newman, Plenum Press 1995 (ISBN 0-306-44867-X).
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[0229]  Mutants of LT are preferréd adjuvants (e.g., mucosal adjuvants), in particular
the “K63” and “R72” mutants (e.g. see International patent application WO 98/18928), as
these result in an enhanced immune response.
[0230]  Microparticles are also useful and are preferably derived from a poly(a-
hydroxy acid), in particular, from a poly(lactide) ("PLA"), a copolymer of D,L-lactide
and glycolide or glycolic acid, such as a poly(D,L-lactide-co-glycolide) (“PLG” or
“PLGA”), or a copolymer of D,L-lactide and caprolactone. The microparticles may be
derived from any of various polymeric starting materials that have a variety of molecular
weights and, in the case of the copolymers such as PLG, a variety of lactide:glycolide
ratios, the selection of which will be largely a matter of choice. The prions, antibodies
and/or polynucleotides of the invention may be entrapped within the microparticles, or
may be adsorbed to them. Entrapment within PLG microparticles is preferred. PLG
microparticles are discussed in fﬁrther detail in Morris et al., (1994), Vaccine, 12:5 - 11,
in chapter 13 of Mucosal Vaccines, eds. Kiyono et al., Academic Press 1996 (ISBN
012410587), and in chapters 16 & 18 of Vaccine design: the subunit and adjuvant
approach, eds. Powell & Newman, Plenum Press 1995 (ISBN 0-306-44867-X).
[0231] LT mutants may advantageously be used in combination with microparticle-
entrapped antigen, resulting in significantly enhanced immune responses.
[0232]  Aluminum compounds and MF59 are preferred adjuvants for parenteral use.
[0233] Typically, the compositions are prepared as injectables, either as liquid
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid
vehicles prior to injection may also be prepared. The preparation also may be emulsified
or encapsﬁlated in liposomes for enhanced adjuvaﬁt effect, as discussed above.
[0234]  Pharmaceutically acceptable salts can also be used in compositions of the

- invention, for example, mineral sglts such as hydrochlorides, hydrobromides, phosphates,
or sulfates, as well as salts of organic acids such as acetates, proprionates, malonates, or
benzoates. Especially useful protein substrates are serum albumins, keyhole limpet
hemocyanin, immunoglobulin molecules, thyroglobulin, ovalbumin, tetanus toxoid, and
other proteins well known to those of skill in the art.
[0235]  Compositions of the invention can also contain liquids or excipients, such as
water, saline, glycerol, dextrose, ethanol, or the like, singly or in combination, as well as
substances such as wetting agents, emulsifying agents, or pH buffering agents. A carrier
is optionally present which is a molecule that does not itself induce the production of

antibodies harmful to the individual receiving the composition. Suitable carriers are
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typically large, slowly metabolized macromolecules such as proteins, polysaccharides,
polylactic acids, polyglycolic acids, polymeric amino acids, amino acid copolymers, lipid
aggregates (such as oil droplets or liposomes), and inactive virus particles. Such carriers
are well known to those of ordinary skill in the art. Furthermore, one or more
polypeptides in the composition may be conjugated to a bacterial toxoid, such as toxoid

from diphtheria, tetanus, cholera, etc.

D. Delivery

[0236] The compositions of the invention may be administered in a single dose, or as
part of an administration regime. Nucleic acids and/or peptides may be administered may
be administered by any suitable modality including, but not limited to intramuscularly,
intramucosally, subcutaneously, intraderrnally, transdermally, intravaginally,
intrarectally, orally and/or intravenously. The dosage regime may include priming and
boosting doses, which may be administered mucosally, pérenterally, or various
combinations thereof.

[0237]  In certain embodiments, one or more components of the compositions are
administered parenterally or mucosally. Suitable routes of parenteral administration
include intramuscular (IM), subcutaneous, intravenous, intraperitoneal, intradermal,
transcutaneous, and transdermal (see e.g., International patent application WO 98/20734)
routes, as well as delivery to the interstitial space of a tissue. Suitable routes of mucosal
administration include oral, intranasal, intragastric, pulmonary, intestinal, rectal, pcular
and vaginal routes. The composition may be adapted for mucosal administration. For
instance, where the compositjon is for oral adminis@ation, it may be in the form of tablets
or capsules, optionally enteric-coated, liquid, transgenic plants, etc. Where the
composition is for intranasal administratioﬁ, it may be in the form of a nasal spray‘, nasal
drops, gel or powder. Dosage treatment may be a single dose schedule or a multiple dose
schedule. . _

[0238] The compositions (or components thereof) may also be encapsulated, adsorbed
to, or associated with, particulate carriers. Such carriers present multiple copies of a
selected antigen to the immune system and promote trapping and retention of antigens in
local lymph nodes. The particles can be phagocytosed by macrophages and can enhance
antigen presentation through cytokine release. Examples of particulate carriers include
those derived from polymethyl methacrylate polymers, as well as microparticles derived

from poly(lactides) and poly(lactide-co-glycolides), known as PLG. See, e.g., Jeffery et
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al., Pharm. Res. (1993) 10:362-368; McGee JP, et al., J Microencapsul. 14(2):197-210,
1997; O'Hagan DT, et al., Vaccine 11(2):149-54, 1993. Suitable microparticles may also
be manufactured in the presence of charged detergents, such as anionic or cationic
detergents, to yield microparticles with a surface having a net negative or a net positive
charge. For example, microparticles manufactured with anionic detergents, such as
hexadecyltrimethylammonium bromide (CTAB), i.e. CTAB-PLG microparticles, adsorb
negatively charged macromolecules, such as DNA. (see, e.g., Int’l Application Number
PCT/US99/17308).

[0239] Furthermore, other particulate systems and polymers can be used for the in
vivo or ex vivo delivery. For example, polymers such as polylysine, polyarginine,
polyornithine, spermine, spermidine, as well as conjugates of these molecules, are useful
for transferring a nucleic acid of interest. Similarly, DEAE dextran-mediated
transfection, calcium phosphate precipitation or precipitation using other insoluble
inorganic salts, such as strontium phosphate, aluminum silicates including bentonite and
kaolin, chromic oxide, magnesium silicate, talc, and the like, will find use with the
present methods. See, e.g., Felgner, P.L., Advanced Drug Delivery Reviews (1990)
5:163-187, for a review of delivery systems useful for gene transfer. Peptoids
(Zuckerman, R.N., et al., U.S. Patent No. 5,831,005, issued November 3, 1998, herein
incorporated by reference) may also be used for delivery of a construct of the present
invention.

[0240] As noted above, peptides (or antibodies) can also be delivered as nucleic acids
encoding these molecules. The desired sequence is inserted into a uni-cistronic or multi-
cistronic vector containing selected control elements (e.g., promoters, enhancers, etc.).
Once complete, the constructs can be delivered using standard gene delivery protocols
including, for example, injection using either a conventional syringe (e.g., U.S. Patent
Nos. 5,399,346, 5,580,859, 5,589,466) or a gene gun, such as the Accell® gene delivery
system (PowderJect Technologies, Inc., Oxford, England); using viral based systems such
as retroviral systems as described in (U.S. Patent No. 5,219,740), adenoviral systems
(Barr et al., Gene Therapy (1994) 1:51-58; Berkner, K.L. BioTechniques (1988)
6:616-629; and Rich et al., Human Gene Therapy (1993) &:461-476), adeno-associated
virus (AAV) systems' (U.S. Patent Nos. 5,173,414 and 5,139,941), pox viral systems,
vaccinia viral delivery systems (see, e.g., International Publication No. WO 94/26911),
avipoxviral systems, such as the fowlpox and canarypox viruses, alphaviral delivery
systems (U.S. Patent Nos. 5,843,723; 5,789,245; 6,342,372; 6,329,201) as well as other

78



WO 2006/086799 PCT/US2006/007001

viral systems; non-viral systems sﬁch as charged or uncharged liposomes (see, e.g., Hug
and Sleight, Biochim. Biophys. Acta. (1991) 1097:1-17; Straubinger et al., in Methods of
Enzymology (1983), Vol. 101, pp. 512-527; Felgnef etal., Proc. Natl. Acad. Sci. US4
(1987) 84:7413-7416)); and/or cochleate lipid compositions similar to those described by
Papahadjopoulos et al., Biochem. Biophys. Acta. (1975) 394:483-491. See, also, U.S.
Patent Nos. 4,663,161 and 4,871,488. Polynucleotides can be delivered either directly to
the vertebrate subject or, alternatively, delivered ex vivo, to cells derived from the subject
and the cells reimplanted in the subject.

[0241] The methods of the invention further comprise treating or preventing a prion-
relating disease by administéring to an animal a composition comprising an effective
amount of the antibodies of the invention.

10242] Methods of treatment may combine any of the compositions described herein,
for example peptide-containing compositions and/or antibody compositions. The various
components may be administered together or separately.

[0243] Animals suitable for use in the methods of the invention include humans and
other primates, including non-human primates such as chimpanzees, and other apes and
monkey species; farm animals such as cattle, sheep, pigs, goats and horses, domestic
animals such as dogs and cats; laboratory animals including rodents such as mice, rats,
hamsters and guinea pigs; birds, including domestic, wild and game birds such as
chickens, turkeys and other gallinaceous birds, ducks, geese and the like. Animals
suitable for use in the invention can be of any age, including both adult and newborn.
Transgenic animals can also be used in the invention. See generally, Prusiner “Prions”
Proc. Natl. Acad. Sci. USA (1998) 95:13363-13383 for a discussion of transgenic animals
currently used to study prion-related diseases.

[0244] The compositions of the invention can be used to treat or prevent prion-related
diseases. Such prion-related diseases include a disease cause in whole or in part by a
pathogenic prion protein (PrP%°). Prion-related diseases include scrapie, bovine
spongiform encephalopathies (BSE), mad cow disease, feline spongiform
encephalopéthies, kuru, Creutzfeldt-Jakob Disease (CID), Gerstmann-Strassler-Scheinker
Disease (GSS), and fatal familial insommnia (FF).
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EXAMPLES
[0245] Below are examples of specific embodiments for carrying out the present
invention. The examples are offered for illustrative purposes only, and are not intended
to limit the scope of the present invention in any way.
[0246] Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.

Example 1: Peptide reagent Production
[0247] Peptide fragments of prion proteins were chemically synthesized using

standard peptide synthesis techniques, essentially as described in Merrifield (1969)
Advan. Enzymol. 32: 221 and Holm and Medal (1989), Multiple column peptide
synthesis, p. 208E, Bayer and G. Jung (ed.), Peptides 1988, Walter de Gruyter & Co.
Berlin-N.Y. Peptides were purified by HPLC and sequence verified by mass
spectroscopy.

[0248]  In certain cases, the peptides synthesized included additional residues at the N
or C terminus, for example GGG residues and/or included one or more amino acid
substitutions as compared to wild-type sequences.

A. Peptoid Substitutions

[0249]  Peptoid substitutions were also made in the peptide presented in SEQ ID
NO:14 (QWNKPSKPKTN, corresponding to residues 97 to 107 of SEQ ID NO:2), SEQ
ID NO:67 (KKRPKPGGWNTGG, éorresponding to residues 23-36 of SEQ ID NO:2) and
SEQ ID NO:68 (KKRPKPGG, corresponding to residues 23-30 of SEQ ID NO:2). In

particular, one or more proline residues of these peptides were replaced with various N-

substituted peptoids. See, FIG. 3 for peptoids that can be used in place of any proline.
Peptoids were prepared and synthesized as described in U.S. Patent Nos. 5,877,278 and
6,033,631, both of which are incorporated by reference in their entireties herein; Simon et
al. (1992) Proc. Natl. Acad. Sci. USA §9:9367.

B. Multimerization

[0250] Certain peptide reagents were also prepared as multimers, for example by
preparing tandem repeats (linking multiple copies of a peptide via linkers such as GGG),

multiple antigenic peptides (MAPS) and/or linearly-linked peptides.
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[0251]  In particular, MAPS were prepared using standard techniques, essentially as .
described in Wu et al. (2001) J Am Chem Soc. 2001 123(28):6778-84; Spetzler et al.
(1995) Int J Pept Protein Res. 45(1):78-85.

[0252] Linear and branched peptides (e.g., PEG linker multimerization) were also
prepared using polyethylene glycol (PEG) linkers, using standard techniques. In
particular, branched multipeptide PEG scaffolds were created with the following
structures: Biotin-PEG-Lys-PEG-Lys-PEG-Lys-PEG-Lys-PEG-Lys (no peptide control)
and Biotin- PEG-Lys(Peptide)- PEG-Lys(Peptide)- PEG-Lys(Peptide)- PEG-
Lys(Peptide)- PEG-Lys(Peptide). In addition, peptide to Lys linkages were prepared:
Lys-epsilon-NH-CO-(CH2)3-Mal-S-Cys-peptide. See, FIG. 5

C. Biotinylation

[0253] Peptides were biotinylated using standard techniques following synthesis and
purification. Biotin was added to the N- or C-terminal of the peptide.

Example 2: Binding Assays
A. Pull-Down

[0254] Peptide reagents.as described herein were tested for their ability to specifically
bind to prion proteins using a magnetic bead pull down assay. For this assay, the peptide
reagents were labeled with biotin, which allowed attachment to streptavidin coated
magnetic beads.

[0255] - Brain homogenates are prepared from RML PrP5* and PrP®* Balb-c mice. In
brief, 5 mL of TBS buffer (50mM Tris-HCI pH 7.5 and 37'.5mM NaCl) with 1% TW20
and i% triton 100 was added to brains weighing ~0.5 g to produce a 10% homogenate.
The brain slurry was dounced until large particles had disappeared. Aliquots of 200 ul
were diluted 1:1 in buffer were added to pre-cooled eppendorf tubes and the samples
sonicated for several repeats of several seconds each. Samples were centrifuged for 10-
15 minutes at 500x and the supernatants removed.

[0256]  To test the effect of Proteinase K digestion, certain supernatants were divided
into two samples and 4 pl of Proteinase K was added to one sample and rotated at 37°C
for 1 hour. Eight microliters of PMSF was added to the proteinase K tubes to stop
digestion aﬁd the tubes were incubated for a minimum of 1 hour at 4°C.

[0257]  Homogenates were stored at 4°C degrees until further use and sonicated again
as described above if needed. A 10% w/v PrP® or PrP5** preparation of the brain

homogenates was incubated overnight at 4°C with a biotin-labeled peptide reagent, as
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follows Tubes containing 400 pl of buffer, 50 il of extract and 5 pl of biotin-labeled
peptide reagent (10 mM stock) were prepared. The tubes were incubated for a minimum
of 2 hours at room temperature or overnight at 4°C on platform rocker.

[0258] Following incubation, 50 pl of SA-beads (Dynal M280 Streptavidin 112.06)
were added and the tubes mixed by vortexing. The tubes were incubated, with rocking
(VWR, Rocking platform, Model 100), for 1 hour at room temperature or overnight in at
4°C.

[0259] Samples were removed from shaker, placed in magnetic field to collect the
magnetic beads with attached peptide reagent and prion and washed 5-6 time using 1 m!
assay buffer. Samples were used immediately or stored at -20°C until Western blotting or
ELISA, described below.

B. Western blotting

[0260]  Western blotting analysis was performed as follows. Bead-peptide-prion
complexes precipitated as described above were denatured after the final wash by adding
25-30 ul of SDS buffer (Novex Tris-Glycine SDS-Sample Bluffer 2X) added to each tube.
The tubes were mixed by vortexing until all of the beads were suspended. The tubes
were boiled until the tops started to come open, run on a standard SDS-PAGE gel and
transferred to a solid membrane for WB analysis.

[0261] The membrane was blocked for 30 minutes in 5% Milk/TBS-T [50 ml 1 M
Tris pH 7.5; 37.5 ml 4M NaCl, 1-10 mL Tween bring volume to 1L with milk] at room
temperature. Between 10-15 ml of anti-prion polyclonal antibodies, as described in
International Application No. PCT/US03/31057, filed September 30, 2003, entitled
“Prion Chimeras and Uses Thereof” were added at a 1:50 fold dilution to the membrane
and incubated for 1 hour at room temperature. The membrane was washed multiple times
in TBS-T. After washing, the secondary antibody (goat anti-rabbit IgG (H-+L) antibody
(Pierce) conjugated to alkaline phosphatase (AP) was added at 1:1000 dilution (in TBS-T)
and incubated for 20 minutes at room temperature. The membrane was washed multiple
times in TBS-T. Alkaline phosphatase precipitating reagent (1-step NBT/BCIP (Pierce)
was added and developed until background appeared or signal.was apparent.

C. ELISA

[0262]  Following the final wash, the bead-peptide complexes described above were
denatured with Guanidine thiocyanate and ELISAs performed on the denatured protein as
previously described in Ryou et al. (2003) Lab Inves.t. 83(6):837-43. O.D. values over

blank controls (ranging from .172-.259) were considered positive.
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[0263] Results of Western blotting and ELISA binding assays are summarized in

Table 2. In brief, proteinase K digestion of brain homogenates was not necessary in order

to detect specific binding of the peptide reagents as described herein to bind to PrP%°. As

shown in FIG. 4, in no case was binding observed to wild type brain homogenates,

indicating that the peptide reagents were binding to PrP° specifically. Furthermore,

Western blotting analysis described above detected PrP* at over four logs dilution while

ELISA was at least 10X more sensitive than Western blotting.

Table 2
Peptide reagent (biotin labeled on N- or C- | Seq Id: Western ELISA
terminal) Blot' Adosnm
3(33G65WGQGGG’IHNQWNKPSKPKTNLKH 35 + 0.687
V3¢
SGGWGQGGGTHNQWNKPSKPKTNLKHV 36 + ND
GGWGQGGGTHNQWNKPSKPKTNLKHV” 37 + ND
CzGGWGQGGGTHNQWNKPSKPKTNLKH 40 + ND
V3C
RPMIHFGNDWEDRY YRENMYR? 44 - ND
“RPMIHFGNDWEDRYYRENMYR’C 76 - ND
SC’'RPMIHFGNDWEDRYYRENMYR*C” 46 + ND
QWNKPSKPKTN* ' 50 + 0.932
QWNKPSKPKTN 14 -+ 0.775
QWNKPSKPKTN'QWNKPSKPKTN 51 - 923
QWNKPSKPKTNLKHV® 77 ++ 0.839
GGWGQGGGTHNQWNKPSKPKTN 53 + 0.254
GGTHNQWNKPSKPKTN 54 + 0.253
TAGAAAAGAVVGGLGGYMLGSAM 78 insoluble 0.259
TAGAAAAGAVVGGLGG 56 insoluble 0313
*AGAAAAGAVVGGLGGYMLGSAM 57 + 0.901
SAGAAAAGAVVGGLGG , 65 ++ 0.635
KKRPKPGGWNTGGSRYPGQGS 66 + 0.533
KKRPKPGGWNTGG 67 ++ 0.451
KKRPKPGG 63 -+ 0.765
PHGGGWGQPHGGSWGQPHGGSWGQ 69 - 0.282
PHGGGWGQPHGGSWGQ 70 0.241
PHGGGWGQ 71 - 0.263
*GPKRKGPK 73 + 1.0621
WNKPSKPKT 75 - 0.247
*NKPSKPK 79 - 0.24
*KPSKPK 80 - 0.225
*KKRPKPGGGKKRPKPGG 72 + 0.522
*KKRPKPGGGQWNKPSKPKTN 81 + 1.247
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KKKAGAAAAGAVVGGLGGYMLGSAMD 82 - 0.340
DD
DDDAGAAAAGAVVGGLGGYMLGSAM 83 - 0.237
KKKAGAAAAGAVVGGLGGYMLGSAMK 84 + "0.268
KK
*KKKKKKKK 85 + 0.530
DDDAGAAAAGAVVGGLGGYMLGSAMD 86 - 0.227
DD
“NNKQSPWPTKK 87 - 0.277
DKDKGGVGALAGAAVAAGGDKDK 88 - 0.282
*QANKPSKPKTN 89 + 0.245
*QWNKASKPKTN 90 - 0.283
*QWNKPSKAKTN 91 - 0.256
*QWNAPSKPKTN 92 - 0.230
*QWNKPSAPKTN 93 - 0.250
*QWNKPSKPATN 94 - 0.260
*QWNKASKAKTN 95 - 0.241
*KKRAKPGG 96 + 2.19
*KKRPKAGG 97 + 1.24
*KKRAKAGG 98 + 1.46
4-branchMAPS*QWNKPSKPKTN® 259 + ND
8-branchMAPS*QWNKPSKPKTN’ 260 + ND

1: Visually evaluated relative signal intensity
2: cyclized

3: GGGQG residues added/inserted at indicated position
4: GGG residues added/inserted at indicated position

5: GG residues added/inserted at indicated position

6: KKK residues added/inserted at indicated position

ND =not determined

[0264]

Results are shown in Table 3.

Table 3
Peptide reagent (biotin SEQ ID Western ELISA
Iabel on N- or C- NO Blot A4050m
terminus)
QWNKPSKPKTN 14 +i-+ 0.775
QANKPSKPKTN 89 -+ 0.245
QWNAPSKPKTN : 92 + 0.283
QWNKPSAPKTN 93- + 0.256
QWNKPSKPATN 94 + 0.230
QWNKASKPKTN 99 +/- - 0.250
QWNKPSKAKTN 91 + 0.260
QWNKASKAKTN 95 - 0.241

84
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QWAKPSKPKTN 100 ND 0.376
QWNKPAKPKTN 101 ND 0.356
QWNKPSKPKAN 102 ND 0.234
QWNKPSKPKTA 103 ND 0.262
KXRPKPGG 68 +4+ 0.765
AKRPKPGG 104 + 0.273
KARPKPGG 105 + 0.256
KXAPKPGG 106 + 0.268
KKRPAPGG 107 + 0.578
KKRAKPGG 96 ++ 2.19
KKRPKAGG 97 ++ 1.24
KKAPKAGG 108 + 1.46
GGGAWNKPSKPKTN 248 ND ND

[0265] In addition, as shown in Table 4, binding to PrP*° by the peptide reagents
having SEQ ID NO:14, SEQ ID NO: 67 and SEQ ID NO:68 was further enhanced by
substitutions at the proline residues by a number of N-substituted glycines (peptoids).

Table 4
Western ELISA

! Blot A4()5nm
* in (GGG)'QWNKPSK*KTN (SEQ ID NO:14)
Proline +++ 0.775
N-(S)-(1-phenylethyl)glycine (peptoid as circled in FIG. ++ 0.865
3A) (SEQ ID NO:109)
N-(4-hydroxyphenyl)glycine (peptoid as circled in FIG. - 0.934
3B) (SEQ ID NO:110)
N-(cyclopropylmethyl)glycine (peptoid as circled in FIG. | -++++ 1.141
3C) (SEQ ID NO:111)
N-(isopropyl)glycine (peptoid as circled in FIG. 3D) (SEQ ND 0.974
ID NO:112) '
N-(3,5-dimethoxybenzyl)glycine (peptoid as circled in S 2.045

FIG. 3E) (SEQ ID NO:113)
N-amino-butylglycine (peptoid as circled in FIG. 3F) FH- 0.776
(SEQ ID NO:114)

* in (GGG) 'QWNK*SKPKTN (SEQ ID NO:14)

N-(cyclopropylmethyl)glycine (SEQ ID NO:115) ND 0.498
N-(isopropyl)glycine (SEQ ID NO:116) - ND 1.57
N-(3,5-dimethoxybenzyl)glycine (SEQ ID NO:117) ND 0.823
N-amino-butylglycine (SEQ ID NO:118) ‘ ND 0.619
* in (GGG) 'KKRPK*GG (SEQ ID NO:68)

proline ND 0.765
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N-amino-butylglycine (SEQ ID NO:119) ND 0.61
'N-(3,5-dimethoxybenzyl)glycine (SEQ ID NO:120) ND 0.631
N-(isopropyDglycine (SEQ ID NO:121) ND 0.509
N-(cyclopropylmethyl)glycine (SEQ ID NO:122) ND 0.503
* in (GGG) 'KKRPK*GGWNTGG (SEQ ID NO:67)

Proline ND 0.451
N-amino-butylglycine (SEQ ID NO:123) ND 0.503
N-(3,5-dimethoxybenzyl)glycine (SEQ ID NO:124) ND 0.464
N-(isopropyl)glycine (SEQ ID NO:125) ND 0.555
N-(cyclopropylmethyl)glycine (SEQ ID NO:126) ND 0.344
(GGG) 'QWNKX1SKX2KTN

N-(cyclopropylmethyl)glycine at X1; N- ND ND
(cyclopropylmethyl)glycine at X2 (SEQ ID NO:129)
N-(cyclopropylmethyl)glycine at X1; N-(3,5- ND ND
dimethoxybenzyl)glycine at X2 (SEQ ID NO:130)
N-(cyclopropylmethyl)glycine at X1; N-amino- ND ND
butylglycine at X2 (SEQ ID NO:131)

N-(isopropyl)glycine at X1; N- ( ND ND
(cyclopropylmethyl)glycine at X2 (SEQ ID NO:132)

N-(isopropyl)glycine at X1; N-(3,5- ‘ ND ND
dimethoxybenzyl)glycine at X2 (SEQ ID NO:257)

N-(isopropyl)glycine at X1; N-gmino-butylglycine at X2 { ND ND
(SEQ ID NO:258)

* in (GGG) "KKR*KPGGWNTGG (SEQ ID NO:67)

N-amino-butylglycine (SEQ ID NO:249) ND ND
N-(3,5-dimethoxybenzyl)glycine (SEQ ID NO:250) ND ND
N-(isopropyl)glycine (SEQ ID NO:251) ND ND
N-(cyclopropylmethylglycine (SEQ ID NO:252) | ND ND
* in (GGG) 'KKR*KPGG (SEQ ID NO:68)

N-amino-butylglycine (SEQ ID NO:253) ND ND
N-(3,5-dimethoxybenzyl)glycine (SEQ ID NO:254) ND ND
N-(@isopropyl)glycine (SEQ ID NO:255) ND ND
N-(cyclopropylmethyl)glycine (SEQ ID NO:256) ND ND

T The optional GGG linker was not present in the peptide reagents in the experiments
shown in this table.

[0266] Furthermore, multimerization of PrPS°-binding peptide reagents also improved
afﬁnity for PrP%°. In particular, tandem repeats gave stronger si gnals (as measured by
Western blotting) than single copies. Pre-derivatized MAP forms on beads increased
binding in certain cases up to 2-fold. ’However, MAP forms caused precipitation of the
peptide in solution. .Linearly-linkeq peiotides were also tested for their ability. to enhance

binding without: causing precipitatioh.
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Examp. le 3: Antibody Production
[02'67] The following provides an example of a protocol that can be used to generate

antibodies to the peptide reagents of the invention.

[0268] Mice are immunized with a composition comprising a peptide reagent as
described herein (e.g., any one of SEQ ID NOs:12-260, preferably any one of SEQ ID
NOs:14, 35, 50, 51, 56, 57, 65, 66, 67, 68,72, 73,77, 81, 82, or analogs or derivates
thereof) either IM (intramuscular) or IP (intraperitoneal) on day 0, followed by 2 —5
boosts at intervals of not more frequently than every 2 weeks. Blood is collected before
the first immunization and then 7 days following each boost to monitor the humoral
response to the antigen. 6 orbital eye bleeds are taken from each animal (three from each
eye) of approximately 0.2 mls or less per bleed. The final boost is delivered by IV‘
(intravenous) injection. Three days after the final boost, mice are euthanized by exposure
to CO, or isofluorane followed by cervical dislocation. Spleens are then harvested for
hybridoma production.

[0269] Freund’s adjuvant, complete, is used as an adjuvant for the first injection
followed by Incomplete Freund’s adjuvant for the remaining infections, except for the IV
infection. The IV injections are prepared in saline.

[0270] Although preferred embodiments of the subject invention have been described
in some detail, it is understood that obvious variations can be made without departing

from the spirit and the scope of the invention as defined herein.
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CLAIMS

‘What is claimed is:

1. An isolated peptide reagent that interacts preferentially PrP° as compared to PrP€,
wherein the peptide reagent is derived from a peptide having SEQ ID NOs: 12, 13, 14, 15,
16,17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 72,74, 76,77, 78, 81, 82, 84, 89, 96, 97, 98, 99, 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176,
177,178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231,232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248,
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, or 260.

2. An isolated peptide reagent that interacts preferentially PrP* as compared to PrP©,
wherein the peptide reagent is derived from a peptide having SEQ ID NOs: 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171,
172,173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189,
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207,
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226, 227, 228, 229, 230, 231,232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243,
244,245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, and 260.

3. The peptide reagent of claim 2, wherein the peptide reagent is derived from a

peptide having SEQ ID NOs: 133, 134, 135, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
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200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217,
218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253,
254, 255,256,257, 258, 259, or 260.

4, The peptide reagent of claim 3, wherein the peptide reagent includes the amino

acid sequence (G),, where n= 1, 2, 3 or 4, at the N-terminal end and/or at the C-terminal.
5. The peptide reagent of claim 3 or 4, wherein the peptide reagent is biotinylated.

6. The peptide reagent of claim 2, wherein the peptide reagent is derived from a
peptide having SEQ ID NOs: 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248,
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, and 260.

7. The peptide reagent of claim 6, wherein the peptide reagent includes the amino
acid sequence (G),, where n=1, 2, 3, or4, af the N-terminal end and/or at the C-terminal

end.
8. The peptide reagent of claim 6 or 7, wherein the peptide reagent is biotinylated.

9. The peptide reagent of claim 2, wherein the peptide reagent is derived from a
peptide having SEQ ID NO:136.

10.  The peptide reagent of claim 9, wherein the peptide reagent is biotinylated.

11.  The peptide reagent of claim 1, wherein one or more proline residues, if present,

are replaced with a N-substituted glycine.
12. A polynucleotide encoding a peptide reagent according to claim 1.

13. A complex comprising the peptide reagent of claim 1 and a pathogenic prion

protein.

14. A method for detecting the presence of a pathogenic prion in a sample

comprising:
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(@) ‘contacting a sample suspected of containing a pathogenic prion with a first
peptide reagent according to claim 1 under conditions that allow the binding of the first

peptide reagent to the pathogenic prion protein, if present, to form a first complex; and

®) detecting the presence the pathogenic prion, if any, in the sample by its
binding to the first peptide reagent.

15.  The method of claim 14, wherein said first peptide reagent is detectably labeled.
16.  The method of claim 15, wherein said first peptide reagent is biotinylated.

17.  The method of claim 14, wherein said first peptide reagent is attached to a solid

support.

|
18. A method for detecting the presence of a pathogenic prion in a sample

comprising:

() contacting a sample suspected of containing a pathogenic prion with a first
peptide reagent according to claim 1, under conditions that allow the binding of the first

peptide reagent to the pathogenic prion, if present, to form a first complex;

(b) contacting said first complex with a second peptide reagent according to
claim 1 under conditions that allow the binding of the second peptide reagent to the
pathogenic prion in said first complex, wherein said second peptide reagent comprises a

detectable label; and

© detecting the presence the pathogenic prion, if any, in the sample by its

binding to the second peptide reagent.

19.  The method of claim 18, wherein said first peptide reagent and said second

peptide reagent are different.

20.  The method of claim 18, wherein said first peptide reagent and said second

peptide reagent are the same.

21.  The method of claim 18, wherein said first peptide reagent is attached to a solid

support.
22,  The method of claim 18, wherein said first peptide reagent is biotinylated.
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23. A method for detecting the presence of a pathogenic prion in a sample

comprising:

@ contacting a sample suspected of containing a pathogenic prion with a first
peptide reagent according to claim 1 under conditions that allow the binding of the first

peptide reagent to the pathogenic prion, if present, to form a first complex;
(b)  removing unbound sample materials;
(©) dissociating said pathogenic prion from said first complex;

(@ contacting said dissociated pathogenic prion with a second peptide reagent
according to claim 1 under conditions that allow the binding of the second peptide reagent
to the pathogenic prion, wherein said second peptide reagent comprises a detectable label;

and -

(e) detecting the presence of the pathogenic prion, if any, in the sample by its

binding to the second peptide reagent.

24. A method for detecting the presence of a pathogenic prion in a sample

comprising:

@ contacting a sample suspected of containing a pathogenic prion with a first
peptide reagent according to claim 1 under conditions that allow the binding of the first

peptide reagent to the pétho genic prion, if present, to form a first complex;
(b)  removing unbound sample materials;
© dissociating said pathogenic prion from said first complex;

(d contacting said dissociated pathogenic prion with a prion-binding reagent
under conditions that allow the binding of the prion-binding reagent to the pathogenic

prion, wherein said prion-binding reagent comprises a detectable label; and

()  detecting the presence of the pathogenic prion, if any, in the sample by its

binding to the prion-binding reagent.

9]



WO 2006/086799 PCT/US2006/007001

25.  The method of claim 24, wherein said prion-binding reagent is selected from the
group consisting of anti-prion antibodies, motif-grafted hybrid polypeptides, cationic or

anionic polymers, propagation catalysts and plasminogen.

26. A method for detecting the presence of a pathogenic prion in a sample

comprising:

)] contacting a sample suspected of containing a pathogenic prion with a
prion-binding reagent under conditions that allow the binding of the prion-binding

reagent to the pathogenic prion, if present, to form a first complex;
(b) removing unbound sample materials;

(© contacting said first complex with a peptide reagent according to claim 1
under conditions that allow the binding of the peptide reagent to the pathogenic prion,

wherein said peptide reagent comprises a detectable label; and

(@ detecting the presence of the pathogenic prion, if any, in the sample by its
binding to the peptide reagent.

27. A method for detecting a pathogenic prion in a sample, comprising:

(@  providing a solid support comprising first peptide reagent according to

claim 1;

(b) contacting the soﬁd support with a sample under conditions which allow

pathogenic prions, when present in the sample, to bind to the first peptide reagent;

contacting the solid support with a detectably labeled second peptidé reagent according to -
claim 1 under conditions which allow the second peptide reagent to bind to pathogenic

prions bound by the first peptide reagent; and,

(©) detecting complexes formed between the first peptide reagent, a
pathogenic prion from the sample and the second peptide reagent, thereby detecting the

presence of the pathogenic prion in the sample.

28. A method for detecting the presence of a pathogenic prion in a sample

comprising:
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(@)  providing a solid support comprising a prion-binding reagent;

(b)  contacting the solid support to a sample under conditions which allow

prion proteins, when present in the sample, to bind to the prion-binding reagent;

(c)  contacting the solid support to a detectably labeled second peptide reagent

according to claim 1; and

(@ detecting complexes formed between the prion-binding reagent, a

pathogenic prion from the biological sample, and the second peptide reagent.

29, A method for detecting the presence of a pathogenic prion in a sample

comprising:

(@)  providing a solid support comprising a first peptide reagent according to

claim 1;

(b)  combining the solid support with a detectably labeled first 1igand, wherein
the first peptide reagent’s binding affinity to the detectably labeled first ligand is weaker
than the first peptide reagent’s binding affinity to a pathogenic prion;

(c) combining a sample with the solid support under conditions which allow a
pathogenic prion, when present in the sample, to bind to the first peptide reagent and

replace the first ligand;

(d detecting complexes formed between the first peptide reagent and the

pathogenic prion from the sample.

30.  The method of claim 17, wherein the solid support is selected from the group
consisting of nitrocellulose, polystyrene latex, polyviny! fluoride, diazotized paper, nylon

membranes, activated beads, and magnetically responsive beads.
31.  The method of claim 14, wherein the sample is a biological sample.

32.  The method of claim 31, wherein the biological sample is selected from the group
consisting of organs, whole blood, blood fractions, blood components, plasma, platelets,
serum, cerebrospinal fluid (CSF), brain tissue, nervous system tissue, muscle tissue, bone

marrow, urine, tears, non-nervous system tissue, organs, and/or biopsies or necropsies.
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33.  The method of claim 32, wherein the biological sample is whole blood, plasma,

platelets, blood fractions, or serum.

34. A solid support comprising at least one peptide reagent according to claim 1.

35.  Akit for detecting the presence of a pathogenic prion in a sample comprising:
(a) a solid support according to claim 34; and

other necessary reagents and, optionally, positive and negative controls.

36. A composition comprising a peptide reagent according to claim 1.

37. A composition comprising the polynucleotide of claim 12.

38. A method of treating or preventing prion disease, comprising administering to an

animal one or more compositions according to claim 36.
39. The method of claim 38, wherein the subject is a mammal.
40. The method of claim 39, wherein the mammal is a human.

41.  The method of claim 38, wherein the composition is administered intramuscularly,
intramucosally, intranasally, subcutaneously, intradermally, transdermally, intravaginally,

intrarectally, orally or intravenously.
42, A method of treating or preventing prion disease, comprising

(2) administering a first composition comprising a composition according

to claim 36 in a priming step and

(b) administering a second composition comprising a composition
according to claim 36, as a booster, in an amount sufficient to induce an immune response

in the subject.

43, A method for isolating a pathogenic prion protein from a sample

comprising:

(@  providing a solid support comprising a peptide reagent according to

claim 34;
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(b)  contacting said sample with said solid support under conditions
that allow the binding of a pathogenic prion protein, if present in said sample, to said first

peptide reagent, to form a first complex and
(¢)  removing unbound sample materials.

44, The method of claim 43, further comprising the step of dissociating said

pathogenic prion protein from said first complex.

45. A method for eliminating pathogenic prion proteins from a sample

comprising;

(@) providing a solid support comprising a peptide reagent according to

claim 34;

(b) contacting said solid support with a sample suspected of containing
pathogenic prion proteins under conditions that allow the binding of the pathogenic prion

proteins, if present, to the peptide reagent; and
(¢)  recovering the unbound sample materials.

46. A method for selecting a sample from a supply of samples comprising
selecting those samples that do not comprise a pathogenic prion protein that interacts

preferentially with the peptide reagent of claim 1.

47. A method for selecting samples from a supply of samples comprising
selecting those samples that comprise a pathogenic prion protein that interacts

preferentially with the peptide reagent of claim 1.

48. A method of preparing blood supply that is substantially free of pathogenic prions,
said blood supply comprising whole blood, plasma, platelets or serum, said method

comprising:

(a) screening aliquots of whole blood, plasma, platelets or serum from

collected blood samples, by the method claim 14;

(b) eliminating samples in which pathogenic prions are detected; and

95



WO 2006/086799 PCT/US2006/007001

(c) combining samples in which pathogenic prions are not detected to provide

a blood supply that is substantially free of pathogenic prions.

49. A method of preparing food supply that is substantially free of pathogenic prions,

said method comprising:

() screening a sample collected from live organisms that will enter the food
supply or a sample collected from food intended to enter the food supply, by the method

of claim 14;
®) eliminating samples in which pathogenic prions are detected; and

() combining samples in which pathogenic prions are not detected to provide

a food supply that is substantially free of pathogenic prions.
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FIGURE 1

PRION AMINO ACID SEQUENCES

Amino Acid Sequence of a Full Length Human Prion Protein:

SEQIDNO.I: MANLGCWMLVLFVATWSDLGLCKKRPKPGGWN
TGGSRYPGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHGG

GWGQPHGGGWGQPHGGGWGQGGGTHSQWNKPSKPKTNM

KHMAGAAAAGAVVGGLGGYMLGSAMSRPIIHFGSDYEDRY
YRENMHRYPNQVYYRPMDEYSNQNNFVHDCVNITIKQHTYV
TTTTKGENFTETDVKMMERVVEQMCITQYERESQAYYQRG
SSMVLESSPPVILLISFLIFLIVG

Amino Acid Sequence of a Full Length Mouse Prion Protein:

SEQID.NO.2: MANLGYWLLALFVTMWTDVGLCKKRPKPGGW

NTGGSRYPGQGSPGGNRYPPQGGTWGQPHGGGWGQPHGGS
WGQPHGGSWGQPHGGGWGQGGGTHNQWNKPSKPKTNLKH
VAGAAAAGAVVGGLGGYMLGSAMSRPMIHFGNDWEDRYY
RENMYRYPNQVYYRPVDQYSNQNNFVHDCVNITIKQHTVT
TTTKGENFTETDVKMMERVVEQMCVTQYQKESQAYYDGR

RSSSTVLESSPPVILLISFLIFLIVG
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FIGURE 2

Human ~-MANLGCWMLVLFVATWSDLGLCKKRPKPGG ~WNTGESRYPGQESPGGNRYPPQGGGGW
Hamster ~-MANLSYWLLALFVAMNTOVGLCKKRPX PEG~-WNTGGSRYPCOGS PGGNRY PPQGCGTW
Bovine MVKSHIGSWILVLFVAMWSDVGLCKKRPEPGGGWNTGGSRYPGQGXPAGNRYPPQGGGEW
Sheep MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRY PPQGGGGW
Mouse - -MANLGYWLLALFVIMWIDVGLCKKRPKPGG-WNTGGSRYPGQGCSPGCNRY PPQGG~TW
Elk MVEKSHIGSWILVLFVAMWSDVGLCKERPKPGGGWNTGASRYPCGQGSPGGNRY PPQGGGGW
Fallow MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGCNNTGGSRYPCQGSPECNRYPPOGECEW
Mule MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGRGESPAGNRYPPQGGGGH
White MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRY PGQGSPGGNRYPPQGGGGW

. Kok Hhhky KR RRRANRAKFFRY AFdddhdhdhhdh RhFhhhhAkh*d %
Human GQPHGGGWGOPHGGGWGQPHGG - ~——~——~ GWGQPHGGG-WEQGGETHSQWNKPSKPKTN
Hamster GQPHGGGWGQPHGGGWGQPHGG -~~~ ——— GWGQPHGGG~WGQGGCTHNOWNKPSKPK TN
Bovine GOPHGGGWGOPHGGGWGQPHGGGWGQPHGGEWGQPHGGGCWEQGG-THGQWNK PSKPK TN
Sheep GOPHGGGWGQPHGGGWGQPHGG - ——————~ GIWGQPHGGGGWGQGG-SHSQWNKPSKPKTN
Mouse GOPHGGGWGOPHGGSWGQPHGG -~ —~———~ SWGQPHGGGE-WGQGGGTHNOQWNKFPSKPKTN
Elk GQPHGGGWGQPHGGGWGQPHGG -~~~ —~—~— GWGQPHGGGCWGQGG-THSQWNKPSKPKTN
Fallow GQPHGGGWGOPHGGGWGQPHGG ~ - —~———~ GWGQPHGGGCGWEQGG-THSQWNKPSKPKTN
Mule GOPHGGGWGOPHGGGWGOPHGG~—————~~ GWGQPHGGGGWGQGG-THSQWNKPSKEKTN
White GQPHGGGWGQPHGGEWGQOPHGG - ~———~—— GWGQPHGGGGWERGEG- THSQWNKPSKPKTN

********'k*****'******* khkkkhhkrd Kokkkok ¥ kkhkkkkkkkkk

Human MKHMAGAAAAGAVVGGLGGYMLGSAMSRPITHFGSDYEDRY YRENMHRY PNQVYYRPMDE
Hamster MKHMAGAAAAGAVVGCLGEGYMLGSAMSRPMMHFGNDWEDRY YRENMNRY PNOVYYRPVDD
Bovine MEKHVAGAAAAGAVVGEGLGGYMLGSAMSRPLIHFGXDYEDRY YRENMHRY PNOQVYYRPVDQ
Sheep MKHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRY PNQVYYRPVDR
Mouse LKHVAGAAAAGAVVGELGEYMLGSAMSRPMIEFGNDWEDRY YRENMYRYPNQVYYRPVDQ
Elk MKHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGNDYEDRY YRENMYRY PNQVYYRPVDQ
Fallow MKHVAGAAAAGAVVGGLGEYMLGSAMNRPLIHFGNDY EDRY YRENMYRYPNQVYYRPVDQ
Mule MKHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRY PNQVYYREPVDQ
White MRHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRY PNQVYYRPVDQ

g FF AR A A A A XAAAAAIARKRARRE Kk % Fd h o hkF ke d Kk 'k'k**'k‘k*-k'k*:*k‘

Human YSNONNFVHDCVNITIKQHTVITTTKGENFTETDVKMMERVVEQMCITQYERESQAYYQ-
Hamster YNNQNNFVHDCVNITIKQHTVTTTTKGENFTETDIKIMERVVEQMCTTQYQKESQAYYDG
Bovine YSNONNEFVHDCVNITVKEHTVITTTEGENFTETDIKMMERVVEQMCITQYQORESQAYYQ-
Sheep YSNONNFVHDCVNITVKQHTVITTTKGENF TETDIKIMERVVEQUCITQYQRESQAYYQ-
Mouse YSNONNFVHDCVNITIKQHTVITTTKGENFTETDVKMMERVVEQMCVTQYQOKESQAYYDG
Elk YNNONTEFVHDCYVNITVEOHTVITTTRKGENFTETDIKMMERVVEQMCITQYQORESEAY YO~
Fallow YNNONTEFVHDCVNITVKQHTVITTTKGENFTETDIKMMERVVEQMCITQYQRESEAYYQ-
Mule YNNONTFVHDCVNITVKQHTVITTIKGENFTETDIKMMERVVEQMC ITQYQRESQAYYQ~-
White YNNOQNTFVHDCVNITVRKQHTVITTTKGENFTETDIKMMERVVEQMC I TQYQRESQAY YD -

Kkhh RRAARERAL o hARK AR KA KR ARRR IR o F RhRA IR RK *kKh, o hk, hhh,

Human -~RGSSMVLFSSPPVILLISFLIFLIVG (SEQ ID NO:3)
Hamster RRSS~-AVLFSSPPVILLISFLIFLMVG (SEQ ID NO:4)
Bovine -~RGASVILFSSPPVILLISFLIFLIVG (SEQ ID NO:5)
Sheep -RGASVILFSSPPVILLISFLIFLIVG {(SEQ ID NO:6)
Mouse RRSSSTVLFSSPPVILLISFLIFLIVG (SEQ ID NO:7)
Elk ~RGASVILFSSPPVILLISFLIFLIVG (SEQ ID NO:8)
Fallow -RGASVILFSSPEVILLISFLIFLIVG {SEQ ID NO:9)
Mule -RGASVILFSSPPVILLISFLIFLIVG (SEQ ID NO:10)

White ~RGASVILFSSPEVILLISFLIFLIVG " (SEQ ID NO:11)
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FIGURE 3
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<110>
<120>
<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>
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PatentIn version 3.3
1

253

PRT

Artificial

human prion protein
1

Met Ala Asn
1

Ser

Thr

Tyr

Trp

65

Trp

Ser

Ala

Met

Tyr

145

val

Asp

Gly

Pro

50

Gly

Gly

Gln

Gly

Leu

130

Glu

Tyr

Leu

Gly

35

Pro

Gln

GlIn

Trp

Ala

115

Gly

Asp

TYyr

Leu

Gly

20

Ser

Gln

Pro

Pro

Asn

100

Ala

Ser

Arg

Arg

g1y Cys Trp

Leu

His

His

85

Lys

Ala

Ala

Tyr

Pro
165

Cys

Tyr

Gly

Gly

70

Gly

Pro

Ala

Met

Tyr

150

Met

Lys

Pro

Gly

55

Gly

Gly

ser

Gly

Ser

135

Arg

Asp

Met

Lys

Gly

40

Gly

Gly

Gly

Lys

Ala

120

Arg

Glu

Glu

Leu

Arg

25

Gln

Trp

Trp

Trp

Pro

105

val

Pro

Asn

Tyr

val Leu
10

Pro Lys

Gly Ser

Gly Gln

Gly Gln
75

Gly Gln
90

Lys Thr

val Gly

Ile Ile

Met His
155

Ser Asn
170

page 1

Phe

Pro

Pro

Pro

60

Pro

Gly

Asn

Gly

His

140

Arg

Gln

val

Gly

Gly

45

His

His

Gly

Met

Leu

125

Phe

Tyr

Asn

Ala

Gly

30

Gly

Gly

Gly

Gly

Lys

110

Gly

Gly

Pro

Asn

Thr

15

Trp

Asn

Gly

Gly

Thr

95

His

Gly

ser

Asn

Phe
175
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Trp

Asn

Arg

Gly

Gly

80

His

Met

Tyr

Asp

Gln

160

val
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His Asp Cys

Thr Lys Gly

195

val val Glu

210

Tyr Tyr Gln

225

ITe Leu Leu

<210> 2
<211> 2
<212> P

<213>

<220>

<223>

<400> 2

Met Ala Asn Leu

1

Thr

Thr

Tyr

Gly

65

Gly

Gln

Gly

Leu

Glu

Asp

Gly

Pro

50

GIn

Gln

Trp

Ala

Gly

Asp

54
RT

val

Gly

35

Pro

Pro

Pro

Asn

Ala

115

Ser

Arg

val Asn
180

Glu Asn
Glh Met

Arg Gly

Ile Ser
245

Artificial

Gly Leu

20

Ser Arg

Gln Gly

His Gly

His Gly

85

Lys Pro

Ala Ala

Ala Met

Tyr Tyr

I1g
Phe
Cys
Ser

230

Phe

Cys
Tyr
Gly
Gly
70

Gly
ser
Gly
Ser

Arg

Thr

Thr

Ile

215

ser

Leu

mouse prion protein

§1y Tyr Trp

Lys

Pro

Thr

55

Ser

Gly

Lys

Ala

Arg

Glu

Ile
Glu
200
Thr

Met

Ile

Leu

Lys

Gly

40

Trp

Trp

Trp

Pro

val

120

Pro

Asn

Lys

Thr

Gln

val

Phe

Leu

Arg

25

Gln

Gly

Gly

Gly

Lys

val

Met

Met

Gln

Asp

Tyr

Leu

Leu
250

Ala

10

Pro

Gly

Gln

Gln

Gln

90

Thr

Gly

Ile

His

val

Glu

Phe

235

Ile

Leu

Lys

Ser

Pro

Pro

75

Gly

Asn

Gly

His

Thr
Lys
Arg
220

Ser

val

Phe

Pro

Pro

His

60

His

Gly

Leu

Leu

Phe
140

Tyr Arg Tyr
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val
Met
205
Glu

ser

Gly

val

Gly

Gly

45

Gly

Gly

Gly

Lys

Pro

Thr
190
Met

Ser

Pro

Thr

Gly

30

Gly

Gly

Gly

Thr

His

110

Gly

Asn

Asn

Thr

Glu

Gln

Pro

Met

15

Trp

Asn

Gly

Ser

His

95

val

Tyr

Asp

Glin
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Thr

Arg

Ala

val
240

Trp

Asn

Arg

Trp

Trp

80

Asn

Ala

Met

Trp

val



145

Tyr

Asp

Lys

val

Tyr

225

val

WO 2006/086799

TYr

Cys

Gly

Glu

210

ASp

Ile

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

<220>
<223>

<400>
%et Ala Asn

ser

Thr

TY"r

Trp

65

Trp

ser

Ala

Asp

Gly

Pro

50

Gly

Gly

GIn

Gly

Arg

val

Glu

195

GIn

Gly

Leu

3
253
PRT

Pro

Asn

180

Asn

Met

Arg

Leu

val

165

Ile

Phe

Cys

Arg

Ile
245

Artificial

i50
Asp
Thr
Thr
val
ser

230

ser

Gln

Ile

Glu

Thr

215

sSer

Phe

human prion protein

3

Leu

Gly

35

Pro

Gln

Gln

Trp

Ala
115

Leu

Gly

20

Ser

GIn

Pro

Pro

Asn

100

Ala

Gly
5

Leu
Arg
Gly
His
His

85

Ala

Cys

Cys

Tyr

Gly

Gly

70

Gly

Pro

Ala

Trp

Lys

Pro

Gly

55

Gly

Gly

Ser

Gly

Tyr

Lys

Thr

200

Gln

ser

Leu

Met

Lys

Gly

40

Gly

Gly

Gly

Lys

Ala
120

Ser

GlIn

185

Asp

Tyr

Thr

Ile

Leu

Arg

25

GlIn

Trp

Trp

Trp

Pro

105

val

Asn
170
His
val
Gln

val

Phe
250

val
10

Pro
Gly
Gly
Gly
Gly
90

Lys

val
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155

Gln
Thr
Lys
Lys
Leu

235

Leu

Leu
Lys
Ser
Gln
Gln
75

GlIn

Thr

Gly

Asn

val

Met

Glu

220

Phe

Ile

Phe

Pro

Pro

Pro

60

Pro

Gly

Asn

Gly

Asn

Thr

Met

205

Ser

ser

val

val

Gly

Gly

45

His

His

Gly

Met

Leu
125

Phe

Thr

190

Glu

Gln

ser

Gly

Ala
Gly
30

Gly

Gly

Gly

val
175
Thr
Arg

Ala

Pro

Thr
15

Trp
Asn
Gly
Gly
Thr
95

His

Gly
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160

Hi's

Thr

val

Tyr

Pro
240

Trp

Asn

Arg

Gly

Gly

80

His

Met

TYyr



Met

Tyr

145

val

His

Thr

val

TYyr

225

Ile

WO 2006/086799

Leu

130

Glu

TYr

Asp

Lys

val

210

Tyr

Leu

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

<220>
<223>

<400>

Gly
Asp
Tyf
Cys

Gly

Glu

Gln

Leu

4
254
PRT

Ser

Arg

Arg

val

180

Glu

Gln

Arg

Ile

Ala
Tyr
Pro
165
Asnh
Asnh
Met

Gly

ser
245

Artificial

Met

TYyr

150

Met

Ile

Phe

Cys

Ser

230

Phe

Ser

135

Arg

Asp

Thr

Thr

Ile

215

Ser

Leu

Syrian hamster prion

4

Met Ala Asn Leu
1

Thr

Thr

Tyr

Trp

65

Trp

Asn

Asp

Gly

Pro

50

Gly

Gly

GlIn

val

Gly

35

Pro

Gln

Gln

Trp

Gly
20

Ser
Gln
Pro

Pro

Asn

ser
5
Leu
Arg
Gly
His
His
85

Lys

Tyr

Cys

Tyr

Gly

Gly

70

Gly

Pro

Trp

Lys

Pro

Gly

55

Gly

Gly

ser

Arg

Glu

Glu

Ile

Glu

200

Thr

Met

Ile

Pro

Asn

TYyr

Lys

Thr

GlIn

val

Phe

protein

Leu

Lys

Gly

40

Thr

Gly

Gly

Lys

Leu

Arg

25

Gln

Trp

Trp

Trp

Pro

ITe

Met

Ser

170

GIn

Asp

Tyr

Leu

Leu
250

Ala

10

Pro

Gly

Gly

Gly

Gly
90

Ile
His
155
ASn
His
val
Glu
Phe

235

Ile

Leu

LYS

ser

Gln

Gln

75

Gln

His
140
Arg
Gin
Thr
Lys
Arg

Ser

val

Phe
Pro
Pro
Pro
60

Pro

Gly

Lys Thr Asn
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Phe

Tyr

Ash

val

Met

205

Glu

Ser

Gly

val

Gly

Gly

45

His

His

Gly

Met

Gly

Pro

Asn

Thr

190

Met

Ser

Pro

Ala

Gly

30

Gly

Gly

Gly

Gly

Lys

Ser

Asn

Phe

175

Thr

Glu

Gln

Pro

Met
15

Trp
Asn
Gly
Gly
Thr
95

His
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Asp

Gln

160

val

Thr

Arg

Ala

val
240

Trp

Asn

Arg

Gly

Gly

80

His

Met
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Ala

Met

Tyr

150

val

Ile

Phe

Cys

Arg

Ser

Gly

Ser

135

Arg

Asp

Thr

Thr

Thr

215

Ser

Phe

protein

Ala

120

Arg

Glu

Gln

Ile

Glu

200

Thr

Ser

Leu

Xaa can be any naturally

100
Ala Gly Ala Ala Ala
115
Met Leu Gly ser Ala
130
Trp Glu Asp Arg Tyr
145
val Tyr Tyr Arg Pro
165
His Asp Cys val Asn
180
Thr Lys Gly Glu Asn
195
val val Glu Gln Met
210
Tyr Tyr Asp Gly Arg
225
val Ile Leu Leu Ile
245
<210> 5
<211> 264
<212> PRT
<213> Artificial
<220>
<223> bovine prion
<220>
<221> misc_feature
<222> (46)..(46)
<223>
<220>
<221> misc_feature
<222> (154)..(154)
<223>
<400> 5

Xaa can be any naturally

105

val
Pro
Asn
Tyr
Lys
185
Thr
Gin

Ala

Ile

val

Met

Met

Asn

170

Gln

Asp

TYyr

val

Phe
250

Gly

Met

Asn

155

Asn

His

Ile

GIn

Leu

235

Leu

Gly

His

- 140

Arg

Gln

Thr

Lys

Lys

220

Phe

Met

occurring amino

occurring amino

Met val Lys Ser His Ile Gly Ser Trp Ile Leu Vval
1 5

Met Trp Ser Asp val Gly Leu Cys
20

10

Lys Lys Arg Pro
25
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Leu

125

Phe

Tyr

Asn

val

Ile

205

Glu

Ser

val

acid

acid

110

Gly

Gly

Pro

Asn

Thr

190

Met

Ser

ser

Gly

Gly

Asn

Asn

Phe

175

Thr

Glu

Gln

Pro
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Tyr

Asp

Gln

160

val

Thr

Arg

Ala

Pro
240

Leu Phe val Ala

Lys Pro Gly Gly
30



Gly

Gly

Gly

65

Gly

Gly

Pro

Ala

Met

145

Tyr

val

Ile

Phe

Cys

225

Ala

Phe

WO 2006/086799

Trp Asn Thr Gly
35

Asn

50

Gly

Gly

Gly

Ser

Gly

Ser

Arg

Asp

Thr

Thr

210

Ile

Ser

Leu

<210> 6
<211> 2
<212> P

<213>

<220>

<223>

Arg

Gly

Gly

Gly

Arg

Glu

Gln

val

195

Glu

Thr

val

Ile

56
RT

Tyr

Trp

Trp

Gly

Pro

val

Pro

Asn

Tyr

180

Lys

Thr

Gln

Ile

Phe
260

Pro

Gly

Gly

85

Trp

Lys

val

Leu

Met

165

Ser

Glu

Asp

Tyr

Leu

245

Leu

Artificial

Gly

Pro

Gln

70

Gln

Gly

Thr

Gly

Ile

150

His

Asn

His

Ile

GlIn

230

Phe

Ile

ser

GlIn

55

Pro

Pro

Gln

Asn

Arg

Gln

Thr

Arg

Ser

val

sheep prion protein

Arg

40

Gly

His

His

Gly

Met

120

Leu

Phe

Tyr

Asn

val

200

Met

Glu

Ser

Gly

TYr

Gly

Gly

Gly

Lys

Gly

Gly

Pro

Asn

185

Thr

Met

Ser

Pro

Pro

Gly

Gly

Gly

90

Thr

His

Gly

Xaa

Asn

170

Pne

Thr

Glu

Gln

Pro
250
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Gly
Gly
Gly
75

Gly
His

val

Tyr

val
Thr
Arg
Ala

235

val

Gln

Trp

60

Trp

Trp

Gly

Ala

Met

140

Tyr

val

His

Thr

val

220

Tyr

Ile

Gly
45

Gly
Gly

Gly

Gln

Glu

Tyr

Asp

Lys

205

val

TYyr

Leu

Xaa

Gln

Gln

Gln

Gly

Asp

Tyr

Cys

Pro

Pro

Pro

Pro

95

Asn

Ala

Ser

Arg

Arg

val

190

Gly
Glu
Gln

Leu

Glu

Gln

Arg

Ile
255
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80
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Lys

Ala

Ala

Tyr

160

Pro

Asn

Asn

Met

Gly
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<400> 6

get val Lys Ser His Ile Gly Ser Trp Ile Leu val Leu Phe val Ala

Met Trp Ser Asp val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly
20 25 30

Gly Trp é?“ Thr Gly Gly Ser 259 Tyr Pro Gly Gin Gly Ser Pro Gly
45

Gly ?Sn Arg Tyr Pro Pro ggn Gly Gly Gly Gly Tgp Gly GIn Pro His
6

Gly Gly Gly Trp Gly GIn Pro His Gly Gly Gly Trp Gly Gln Pro His
65 70 75 80

Gly Gly Gly Trp ggy Gln Pro His Gly ggy Gly Gly Trp Gly Gln Gly
95

Gly Ser His Ser Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
. 100 105 110

Lys His val Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
115 120 125

Gly Gly Tyr Met Leu Gly Ser Ala Met Ser Arg Pro Leu Ile His Phe
130 135 140

Gly Ash Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg Tyr
145 150 155 160

Pro Ash GIn val Tyr Tyr Arg Pro val Asp Arg Tyr Ser Asn Gln Asnh
165 : . 170 175

Asn Phe val His Asp Cys val Asn Ile Thr val Lys GIn His Thr val
180 , 185 190

Thr Thr Thr Thr Lys Gly Glu Asn Phe Thr Glu Thr Asp Ile Lys Ile
195 200 205

Met Glu Arg val val Glu Gln Met Cys Ile Thr Gln Tyr GIn Arg Glu
210 215 220

Ser Gln Ala Tyr Tyr GIn Arg Gly Ala Ser val ITe Leu Phe Ser Ser
225 23Q 235 240

Pro Pro val ITe Leu Leu Ile Ser Phe Leu Ile Phe Leu Ile val Gly
245 250 255

<210> 7
<211> 254
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WO 2006/086799

<212> -

<213>

<220>
<223>

<400>

P

7

RT

Artificial

mouse prion protein

%et Ala Asn Leu Gly Tyr Trp
5

Thr

Thr

Tyr

Gly

65

Gly

Gln

Gly

Leu

Glu

145

Tyr

Asp

Lys

val

Tyr
225

Asp

Gly

Pro

50

Gln

Gln

Trp

Ala

Gly

Asp

TYyr

Cys

Gly

Glu

210

Asp

val

Gly

35

Pro

Pro

Pro

Asn

Ala

115

Ser

Arg

Arg

val

Glu

195

Gln

Gly

Gly

20

ser

Gln

His

His

Lys

Ala

Ala

Tyr

Pro

Asn

180

Asnh

Met

Arg

Leu

Arg

Gly

Gly

Gly

85

Pro

Ala

Met

Tyr

val

165

Ile

Phe

cys

Arg

cys

Tyr

Gly

Gly

70

Gly

Ser

Gly

Ser

Asp

Thr

Thr

val

ser
230

Lys
Pro
Thr
55

ser
Gly
Lys
Ala
Arg
Glu
Gln
Ile
Glu
Thr

215

Ser

Leu

Lys

Gly

40

Trp

Trp

Trp

Pro

val

120

Pro

Asn

Tyr

Lys

Thr

200

Gln

Ser

Leu

Arg

25

Gln

Gly

Gly

Gly

Lys

105

val

Met

Met

Gln
185
Asp

Tyr

Thr

Ala

10

Pro

Gly

Gln

Gln

Gin

90

Thr

Gly

Ile

Tyr

Asn

170

His

val

Gln

val
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Leu

Lys

Ser

Pro

Pro

75

Gly

Asnh

Gly

His

Thr

Lys

Lys

Leu
235

Phe

Pro

Pro

His

60

His

Gly

Leu

Leu

Phe

140

Tyr

Asn

val

Met

Glu

220

Phe

val
Gly
Gly
45

Gly
Gly
Gly
Lys
Gly
Gly
Pro
Asn
Thr
Met
205

Ser

Ser

Thr
Gly
30

Gly
Gly
Gly
Thr
His
110
Gly
Asn
Asn
Phe
Thr
190
Glu

Gln

ser

Met
15

Trp
Asn
Gly
ser
His
95

val
Tyr
Asp
Gln
val
175
Thr
Arg

Ala

Pro
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Trp

Asn

Arg

Trp

Trp

80

Asn

Ala

Met

Trp

val

160

Thr

val

Tyr

Pro
240
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val ITle Leu Leu Ile Ser Phe Leu Ile Phe Leu Ile val Gly
245 250

<210> 8

<211> 256

<212> PRT

<213> Artificial

<220>
<223> elk prion protein

<400> 8

Met val Lys Ser His Ile Gly Ser Trp Ile Leu Val Leu Phe val Ala
1 5 10 15

Met Trp Ser égp val Gly Leu Cys 5§s Lys Arg Pro Lys 550 Gly Gly

Gly Trp ésn Thr Gly Gly Ser Agg Tyr Pro Gly Gln ggy Ser Pro Gly
5 4

Gly égn Arg Tyr Pro Pro Gln Gly Gly Gly Gly ggp Gly GIn Pro His
55

Gly Gly Gly Trp Gly Gln Prc His Gly Gly Gly Trp Gly Gln Pro His
65 70 75 80

Gly Gly Gly Trp ggy Gln Pro His Gly ggy Gly Gly Trp Gly ggn Gly

Gly Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
100 105 110

Lys His val Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
115 120 125

Gly Gly Tyr Met Leu Gly Ser Ala Met Ser Arg Pro Leu Ile His Phe
130 135 140

Gly Asn Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg Tyr
145 150 . 155 160

Pro Asn Gln val Tyr Tyr Arg Pro val Asp GIn Tyr Asn Asn GIn Asn
h 165 170 175

Thr Phe val His Asp Cys val Asn Ile Thr val Lys GlIn His Thr val
180 185 190

Thr Thr Thr Thr Lys Gly Glu Asn Phe Thr Glu Thr Asp Ile Lys Met
195 200 : 205

Met Glu Arg val val Glu GIn Met Cys Ile Thr GIn Tyr Gln Arg Glu
210 215 . 220
' page 9



WO 2006/086799 PCT/US2006/007001

Ser Glu Ala Tyr Tyr GIn Arg Gly Ala Ser val Ile Leu Phe Ser ser
225 230 ‘ 235 240

Pro Pro val Ile Leu Leu Ile Ser Phe Leu Ile Phe Leu Ile val Gly
245 o 250 255

<210> 9

<211> 256

<212> PRT

<213> Artificial

<220>
<223> fallow deer prion protein

<400> 9
Met val Lys Ser His Ile Gly Ser Trp Ile Leu val Leu Phe val Ala
1 ) 5 10 15

Met Trp Ser Aap val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly
2 25 30

Gly Trp égn Thr Gly Gly Ser ﬁgg Tyr Pro Gly Gln ggy Ser Pro Gly

Gly ésn Arg Tyr Pro Pro g;n Gly Gly Gly Gly Erp Gly GIn Pro His
0 0

Gly Gly Gly Trp Gly GIn Pro His Gly Gly Gly Trp Gly Gln Pro His
65 70 75 80

Gly Gly Gly Trp g;y Gln Pro His Gly Sgy Gly Gly Trp Gly g;n Gly

Gly Thr His Ser Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
100 105 - 110

Lys His val Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
115 120 125

Gly Gly Tyr Met Leu Gly Ser Ala Met Asn Arg Pro Leu Ile His Phe
130 . 135 140

Gly Asn Asp - Tyr Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg Tyr
145 150 155 - 160

Pro Asn Gln val Tyr Tyr Arg Pro Val Asp GIn Tyr Ash Asn GIn Asn
165 170 175

Thr Phe val His Asp Cys val Asn Ile Thr val Lys Gln His Thr val
180 185 190
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Thr Thr Thr Thr Lys Gly Glu Asn Phe Thr Glu Thr Asp ITe Lys Met
195 200 205

Met Glu Arg val val Glu Gln Met Cys Ile Thr Gln Tyr GIn Arg Glu
210 215 220

Ser Glu Ala Tyr Tyr GlIn Arg Gly Ala Ser val Ile Leu Phe Ser Ser
225 230 235 240

Pro Pro val Ile Leu Leu ITe Ser Phe Leu Ile Phe Leu Ile val Gly
245 250 255

<210> 10
<211> 256
<212> PRT
<213> Artificial

<220>
<223> mule deer prion protein

<400> 10

Met val Lys Ser His Ile Gly Ser Trp Ile Leu val Leu Phe val Ala
1 5 10 15

Met Trp Ser Asp vVal Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly
20 25 30

Gly Trp Asn Thr Gly Gly Ser Agg Tyr Pro Gly GlIn G;y ser Pro Gly
35 4 4

Gly Ash Arg Tyr Pro Pro Gln Gly Gly Gly Gly Trp Gly Gln Pro His
50 55 60

Gly Gly Gly Trp Gly Gln Pro His Gly Gly Gly Trp Gly GlIn Pro His
65 70 75 80

Gly Gly Gly Trp gTy GIn Pro His Gly géy Gly Gly Trp Gly g;n Gly
5

Gly Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
100 105 110

Lys His val Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
115 120 125

Gly Gly Tyr Met Leu Gly Ser Ala Met Ser Arg Pro Leu Ile His Phe
130 135 140

Gly Asn Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg Tyr
14% Y 158 9 yr g 155 ) 160

Pro Asn Gln val Tyr Tyr Arg Pro val Asp GlIn Tyr Asn Ash Gln Asn
165 170 175
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Thr

Thr

Met

Ser

225

Pro

WO 2006/086799

Phe val His Asp

180

Thr Thr Thr Lys

195

Glu Arg val val

210

Gln Ala Tyr Tyr

Pro val Ile Leu

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

<220>
<223>

<400>

11
256.
PRT

245

Artificial

white tailed

11

Met val Lys Ser
1

Met

Gly

Gly

Gly

65

Gly

Gly

Lys

Gly

Trp

Trp

Asn

50

Gly

Gly

Thr

Ser

Asn

35

Arg

Gly

Gly

His

val

115

Tyr

ASp
20

Thr
Tyr
Trp

Trp

‘ser

100

Ala

Met

His

5

val

Gly

Pro

Gly

Gly

85

Gln

Gly

Leu

Cy§
Gly
Glu
Gln

230

Leu

val Asn Ile Thr

185

Glu Asn Phe Thr

200

GIn Met Cys Ile

215

Arg Gly Ala Ser

ITle Ser Phe Leu

250

deer prion protein

ITe Gly ser Trp Ile
10

Gly

Gly

Pro

Glin

70

Gln

Trp

Ala

Gly

Leu
ser
Gln
55

Pro
Pro
Asn

Ala

Ser
135

Cys

Arg

40

Gly

His

His

Lys

Ala

120

Ala

Lys
25

Tyr
Gly
Gly
Gly
Pro
105

Ala

Met

Lys

Pro

Gly

Gly

Gly

90

ser

Gly

Ser

val

Glu

Thr

val

235

Ile

Leu

Arg

Gly

Gly

Gly

75

Gly

Lys

Ala

Arg

Lys
Thr
GIn
220

Ile

Phe

val
Pro
Gln
Trp
60

Trp
Gly
Pro

val

Pro
140
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Gln

Asp

Tyr

Leu

Leu

lLeu

Lys

Gly

45

Gly

Gly

Trp

Lys

val

125

Leu

His
190
Ile
Gln

Phe

ITe

Phe
Pro
30

Ser
Gln
Glin
Gly
Thr
110

Gly

Ile

Thr
Lys
Arg
Ser

val
255

val
15

Gly
Pro
Pro
Pro
Gln
95

ASnh

Gly

His
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val

Met

Glu

ser

240

Gly

Ala

Gly

Gly

His

His

80

Gly

Met

Leu

Phe



Pro

Thr

Thr

Met

Ser

225

Pro

WO 2006/086799

Asn Asp Tyr Glu

Asn Gln

Phe val

Thr Thr
195

Glu Arg
210

GIn Ala

Pro val

<210> 12
<211> 5
<212> PRT

<213>

<220>

<223>

<400> 12

val

His

180

Thr

val

TYyr

Ile

peptide

Tyr

165

Asp

Lys

val

Tyr

Leu
245

Artificial

Lys Lys Arg Pro Lys
1 5

<210> 13
<211> 22
<212> PRT

<213>

<220>

<223>

<400> 13

peptide

Artificial

Tyr

Cys

Gly

Glu

Gln

230

Leu

Arg

Arg

val

Glu

Gln

215

Arg

Ile

TYr

Pro

Asn

Asn

200

Met

Gly

ser

TYyr

val

Ile

185

Phe

Cys

Ala

Phe

Arg Glu,
155

Asp GlIn

Thr val

Thr Glu

Ile Thr

ser val

235

Leu Ile
250

Asn
Tyr
Lys
Thr
Gln
220

Ile

Phe

Met

Asn

Glin

Asp

Tyr

Leu

Leu

TYr

Asn

His

190

Ile

Gln

Arg

Gln

175

Thr

Lys

Arg

sSer

val
255

PCT/US2006/007001

Tyr
160
Asn
val
Met
Glu
Ser
240

Gly

Met Ala Asn Leu Gly Cys Trp Met Leu X81 Leu Phe val Ala Igr Trp
1 5

Ser Asp Leu Ggy Leu Cys
2

<210> 14
<211> 14
<212> PRT

<213>

<220>

<223>

peptide

Artificial
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<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<400> 14
§1y Gly Gly Gln grp Asn Lys Pro Ser Lys Pro Lys Thr Asn
10

<210> 15

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 15
GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His val
1 5 10 15

<210> 16

<211> 28

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (5)..(%

<223> Xaa = Asn or Thr

<220>

<221> MISC_FEATURE
<222> (15)..(15)
<223> Xaa = Ile or val

<220>

<221> MISC_FEATURE
<222> (17)..(17)

<223> Xaa = Gln or Glu
<400> 16

Asn GIn Asn Asn Xaa Phe val His Asp Cys val Asn ITle Thr Xaa Lys
1 5 10 15
Xaa His Thr ¥a1 Thr Thr Thr Thr 5{5 Gly Glu Asn

<210> 17

<211> 11

<212> PRT

<213> Artificial

<220> _
<223> peptide

Page 14
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<400> 17
Thr Thr Lys Gly Glu Asn Phe Thr Glu Thr Asp
1 5 10

<210> 18

<211> 8

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 18

g1y Glu Asn Phe ghr Glu Thr Asp

<210> 19

<211> 38

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (9)..(09

<223> Xaa = val or Ile

<220>

<221> MISC_FEATURE
<222> (11)..(11D

<223> Xaa = Met or Ile

<220>

<221> MISC_FEATURE
<222> (2L)..QRDL
<223> Xaa = Ile or val

<220>

<221> MISC_FEATURE
<222> (25)..(Q25)

<223> Xaa = Glu or GIn

<220>

<221> MISC_FEATURE
<222> (32)..(32)

<223> Xaa = Gln or Asp

<220>

<221> MISC_FEATURE

<222> (33)..(33)

<223> Gly may be present or abhsent

<220>

<221> MISC_FEATURE

<222> (34)..(34)

<223> Arg may be present or absent

<220>
<221> MISC_FEATURE
<222> (36)..(36)
<223> Xaa = Gly or Ser
Page 15



<220>
<221>
<222>
<223>

<400>

§1y Glu Asn pPhe Thr

WO 2006/086799

MISC_FEATURE
G7..38ND

Xaa = Ser or

19

5

Glu Gln Met Cys Xaa
20

Gly Arg érg Xaa Xaa
5

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

20

63

PRT
Artificial
peptide
MISC_FEATURE
B5)..5

Xaa = Asn or

MISC_FEATURE
(15)..(15)

Xaa = Ile or

MISC_FEATURE
a»n..an
Xaa = Gln or

MISC_FEATURE
(34)..(34)
Xaa = val or

MISC_FEATURE
(36)..(36)
Xaa = Met or

MISC_FEATURE
(46)..(46)
Xaa = Ile or

MISC_FEATURE
(50)..(50)
Xaa = Glu or

MISC_FEATURE
(57)..(57)

Xaa = Gln or

Ala

Glu

Thr

Ser

Thr

val

Glu

Ile

Ile

val

Gln

Asp

PCT/US2006/007001

Thr Asp Xaa Lys Xaa Met Glu Arg val val
10 15

GIn Tyr Xaa Glu Ser GIn Ala Tyr Tyr Xaa
25 30

Page 16



WO 2006/086799 PCT/US2006/007001

<220>

<221> MISC_FEATURE

<222> (58)..(58)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (59)..(59)

<223> Arg may be present or absent

<220>

<221> MISC_FEATURE
<222> (61)..(61)

<223> Xaa = Gly or Ser

<220>

<221> MISC_FEATURE
<222> (62)..(62)

<223> Xaa = Ser or Ala

<400> 20

Asn GIn Asn Asn Xaa Phe val His Asp Cys val Asn Ile Thr éaa Lys
1 5 10 5

Xaa His Thr val Thr Thr Thr Thr Egs Gly Glu Asn Phe ;Br Glu Thr

Asp Xaa Lys Xaa Met Glu Arg val val Glu Gin Met c¥s Xaa Thr Gln
35 40 4

Tyr Xaa Glu Ser Gln Ala Tyr Tyr Xaa Gly Arg 259 Xaa Xaa Ser
50 55

<210> 21

<211> 22

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Xaa = Ala, val, Thr or Met

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = val or Ile

<220>

<221> MISC_FEATURE
<222> (20)..020)

<223> Xaa = Ile or Met
<400> 21

Xaa Xaa Leu Phe Ser Ser Pro Pro val Ile Leu Leu Ile Ser Phe Leu
1 5 10

pPage 17
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Ile Phe Leu éga val Gly

<210> 22

<211> 36

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Asn or Ser

<220>

<221> MISC_FEATURE
<222> 4)..4d

<223> Xaa = Trp or Tyr

<220>

<221> MISC_FEATURE
<222> (14)..(14)

<223> Xaa = His or Tyr

<220>

<221> MISC_FEATURE
<222> (25)..(025)
<223> Xaa = Met or val

<220>

<221> MISC_FEATURE

<222> (27)..Q27)

<223> Xaa = Gln, Glu or Arg

<220>

<221> MISC_FEATURE
<222> (29)..(029)

<223> Xaa = Ser or Asnhn

<220>

<221> MISC_FEATURE
<222> (33)..(33)

<223> Xaa = Asn or Thr

<400> 22
Gly Xaa Asp Xaa Glu Asp Arg Tyr Tyr ?rg Glu Asn Met Xaa égg Tyr
1 5 0

Pro Asn GIn val Tyr Tyr Arg Pro Xaa Asp Xaa Tyr Xaa Ash Gln Asn
=20 25 30

Xaa Phe val His
35

<210> 23

<211> 22

<212> PRT

<213> Artificial
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<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Asn or Thr

<220>

<221> MISC_FEATURE
<222> (12)..(12)
<223> Xaa = Ile or val

<220>

<221> MISC_FEATURE
<222> (14)..(14)

<223> Xaa = GIn or Glu

<400> 23

Asn Xaa Phe val His Asp Cys val Asn Ile Thr Xaa Lys Xaa ggs Thr
1 5 10

val Thr Thr ggr Thr Lys

<210> 24

<211> 4

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 24

val Tyr Tyr Arg
1

<210> 25

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (11)..(@1D
<223> Xaa = Met or val

<220>

<221> MISC_FEATURE

<222> (13)..(13)

<223> Xaa = GIn, Glu or Arg
<400> 25

Arg Tyr Pro Asn §1n val Tyr Tyr Arg igo Xaa Asp Xaa
1
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<210> 26

<211> 33

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_-FEATURE

<222> (9)..(9

<223> Gly may be present or absent

<400> 26
Lys Lys Arg Pro Lys Pro Gly Gly Gly Trp Asn Thr Gly Gly Ser Arg
1 5 10 15

Tyr Pro Gly GIn Gly Ser Pro Gly Gly Asn Arg Tyr Pro Pro Gln Gly
20 25 30
Gly

<210> 27

<211> 25

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (25)..(25)

<223> Gly may be present or absent

<400> 27
Irp Asn Thr Gly g1y Ser Arg Tyr Pro ggy Gln Gly Ser Pro $gy Gly

Asn Arg Tyr Pro Pro Gln Gly Gly Gly
20 25

<210> 28

<211> 33

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (25)..(25)

<223> Gly may be present or absent

<220>
<221> MISC_FEATURE
Page 20
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<222> (26)..026)
<223> Xaa = Gly or Thr

<400> 28
Irp'Asn Thr Gly Gly Ser Arg Tyr Pro ggy Gln Gly Ser Pro §1y Gly
5 5

Ash Arg Tyr Pro Pro Gln Gly Gly Gly Xaa Trp Gly GIn Pro His Gly
20 25 30
Gly

<210> 29

<211> 22

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 29
Gly Gly Trp Gly Gln Gly Gly Gly Thr ggs Ser GIn Trp Asn igs Pro
1 5

Ser Lys Pro Lys Thr Asn
20

<210> 30

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 30
Gly Gly Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn
17 5 10 15

<210> 31

<211> 49

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (25)..(25)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE
<222> (26)..(026)

<223> Xaa = Gly or Thr

Page 21
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<400> 31
Irp Asn Thr Gly g1y Ser Arg Tyr Pro Egy GIn Gly Ser Pro §1y Gly
5

Asn Arg Tyr Pro Pro Gln Gly Gly Gly Xaa Trp Gly Gln Pro His Gly
20 25 30
Gly Gly Trp Gly Gln Pro His Gly Gly Gly Trp Gly Gln Pro His Gly
35 40 45
Gly

<210> 32

<211> 8

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 32
Gly GIn Pro His G1y Gly Gly Trp
1 5 ’

<210> 33

<211> 21

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 33
Arg Pro Ile Ile His Phe Gly Ser Asp Tyr Glu Asp Arg Tyr Tyr Arg
1 5 10 15

Glu Asn Met His Arg
20

<210> 34

<211> 21

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 34
Arg Pro Met Ile His Phe Gly Asn Asp Trp Glu Asp Arg Tyr Tyr Arg
1 5 10 15

Glu Asn Met Tyr Arg
20

Page 22



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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

35

38

PRT
Artificial
peptide
MISC_FEATURE
D..(D

Gly may be present or absent

MISC_FEATURE
(6)..(7

Gly may be present or absent

MISC_FEATURE
G3G4..37)

Gly may be present or absent
35

PCT/US2006/007001

g1y Gly Gly Gly gys Gly Gly Gly Gly Igp Gly GIn Gly Gly g;y Thr

His Ash GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Leu Lys His
20 25

val Gly g;y Gly Gly Cys

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

§1y Gly Gly Gly §1y Gly Trp Gly Gln ggy Gly Gly Thr His Q

Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Leu Lys His val
20 25 30

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

<220>

36

30

PRT
Artificial

peptide

MISC_FEATURE
W..@

Gly may be present or absent

36

37

30

PRT
Artificial

pPage 23
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<223> peptide

<220>

<221> MISC_FEATURE

<222> (27)..@30)

<223> Gly may be present or absent

<400> 37
$1y Gly Trp Gly g1n Gly Gly Gly Thr ggs Asn Gln Trp Asn &gs Pro

Ser Lys Pro Lys Thr Asn Leu Lys His val Gly Gly Gly Gly
20 25 30

<210> 38

<211> 4

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (L..(D

<223> Xaa = Met or Leu

<220>

<221> MISC_FEATURE
<222> D..4

<223> Xaa = Met or val

<400> 38

Xaa Lys His Xaa
1

<210> 39

<211> 9

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (6)..(6)

<223> Xaa = Met or Leu

<220>

<221> MISC_FEATURE
<222> (9..(9

<223> Xaa = Met or val
<400> 39

iys Pro Lys Thr Asn Xaa Lys His Xaa
5
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<210> 40

<211> 34

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (2)..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (30)..(33)

<223> Gly may be present or absent
<400> 40

Cys Gly Gly Gly Gly Trp Gly GIn Gly Gly Gly Thr His Asn Gln Trp

1 5 10 15

Ash Lys Pro Ser Lys Pro Lys Thr Asn Leu Lys His val Gly Gly Gly
20 25 30

Gly Cys

<210> 41

<211> 25

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 41
Ser Arg Pro Ile Ile His Phe Gly ser Agp Tyr Glu Asp Arg I¥r Tyr
1 5 1

Arg Glu Asn Met His Arg Tyr Pro Asn
20 25

<210> 42

<211> 23

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 42
Pro Met Ile His Phe Gly Asn Asp Trp ggu AsSp Arg Tyr Tyr égg Glu
1 5

Asn Met Tyr Arg Pro Val Asp
20

Page 25
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<210> 43

<211> 22

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 43
Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu Gly Gly Tyr
1 5 10 15 _

Met Leu Gly Ser Ala Met
20

<210> 44

<211> 24

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (22)..02%8

<223> Gly may be present or absent

<400> 44

Arg Pro Met Ile His Phe Gly Asn Asp Trp Glu Asp Arg Tyr Tyr Arg
1 5 10 15

Glu Asn Met %r Arg Gly Gly Gly

<210> 45

<211> 26

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 45

Gly Gly Gly Arg Pro Met Ile His Phe Gly Asn Asp Trp Glu Asp Arg
1 5 10 15
Tyr Tyr Arg ggu Asn Met Tyr Arg ggy Gly

<210> 46
<211> 31
<212> PRT
<213> Artificial

<220>
<223> peptide
Page 26



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799 PCT/US2006/007001

MISC_FEATURE
(..
Gly may be present or absent

MISC_FEATURE
(4)..(6

Gly may be present or absent

MISC_FEATURE
(28)..(030)

Gly may be present or absent

46

Gly Gly cys Gly Gly Gly Arg Pro Met Ile His Phe Gly Asn Asp Trp
1 5 10 15

Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg Gly Gly Gly Cys
. 20 25 30

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

<220>
<223>

<400>
Ala G
1

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

<220>
<223>

<400>

47

15

PRT
Artificial
peptide
47

Ty Ala Ala é1a Ala Gly Ala val ¥81 Gly Gly Leu Gly ggy

48

5

PRT
Artificial

peptide
48

Gly Gly Leu Gly Gly
1 5

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

<220>
<223>

<400>

49

3

PRT L

Artificial
peptide

49

Leu Gly Ser
1
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<210> 50
<211> 14
<212> PRT
<213> Artificial

<220>
<223> peptide

<220> '

<221> MISC_FEATURE

<222> (12)..(14%8

<223> Gly may be present or absent

<400> 50
§1n Trp Asn Lys gro Ser Lys Pro Lys Igr Asn Gly Gly Gly

<210> 51

<211> 25

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (12)..(14

<223> Gly may be present or absent
<400> 51 '

GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Gly Gly Gly GIn Trp
1 5 10 15
Asn Lys Pro Ser Lys Pro Lys Thr Asn

20

<210> 52

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (16)..(18)

<223> Gly may be present or absent
<400> 52

GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Leu Lys His val Gly
1 5 110 15

Gly Gly
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<210> 53

<211> 22

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 53
g1y Gly Trp Gly g]n Gly Gly Gly Thr H

Ser Lys Pro Lys Thr Asn
20

<210> 54

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 54

PCT/US2006/007001

is Asn Gln Trp Asn Lys Pro
10 15

Gly Gly Thr His Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn
1 5 10 15

<210> 55

<211> 25

<212> PRT

<213> Artificial

<220> .
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<400> 55

Gly Gly Gly Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
1 5 10 . 15

Gly Gly Tyr Met Leu Gly Ser Ala Met
20 25

<210> 56

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>
<221> MISC_FEATURE
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<222> (D..(3) .
<223> Gly may be present or absent

<400> 56
§1y Gly Gly Ala §1y Ala Ala Ala Ala ggy Ala val val Gly g}y Leu

Gly Gly

<210> 57

<211> 25

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3)

<223> Lys may be present or absent

<400> 57
Lys Lys Lys Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
1 5 10 15

Gly Gly Tyr Met Leu Gly Ser Ala Met
20 2

<210> 58

<211> 9

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Ser or Asn

<400> 58

Tyr Met Leu Gly Ser Ala Met Xaa Arg
1 5 .

<210> 59

<211> 6

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>
<221> MISC_FEATURE
Page 30
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<222> (..
<223> Xaa = Ser or Ashn

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = Met, Ile or Leu

<220>

<221> . MISC_FEATURE
<222> (5)..(5)

<223> Xaa = Ile or Leu

<400> 59

Xaa Arg Pro Xaa Xaa His
1 5

<210> 60

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Ser or Asn

<220>

<221> MISC_FEATURE

<222> (1D..(1L)

<223> Xaa = Met, Ile or Leu

<220>

<221> MISC_FEATURE
<222> (12)..(12)

<223> Xaa = Ile or Leu

<400> 60

Tyr Met Leu Gly Ser Ala Met Xaa Arg 550 Xaa Xaa His
1 5

<210> 61

<211> 17

<212> PRT

<213> Artificial

<220> .
<223> peptide

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Ser or Asn

<220>

<221> MISC_FEATURE

<222> (A1..(11D

<223> Xaa = Met, Ile or Leu
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<220>

<221> MISC_FEATURE
<222> (12)..(12)

<223> Xaa = Ile or Leu

<220>

<221> MISC_FEATURE
<222> (16)..(16)

<223> Xaa = Ash or Ser

<400> 61

PCT/US2006/007001

Iyr Met Leu Gly Ser Ala Met Xaa Arg Pro Xaa Xaa His Phe g1y Xaa
5 10

Asp

<210> 62

<211> 25

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE
<222> (1)..(D

<223> Xaa = Trp or Tyr

<220>

<221> MISC_FEATURE
<222> (11..(1D

<223> Xaa = His or Tyr

<220>

<221> MISC_FEATURE
<222> (22)..Q22)

<223> Xaa = Met or val

<220>

<221> MISC_FEATURE

<222> (24)..Q24)

<223> Xaa = Gln, Glu or Arg

<400> 62

Xaa Glu Asp Arg Tyr Tyr Arg Glu Asn Met Xaa Arg Tyr Pro Asn Gln
1 5 10 15

val Tyr Tyr Arg Pro Xaa Asp Xaa Tyr
" 20 25

<210> 63

<211> 30

<212> PRT

<213> Artificial

<220>
<223> peptide
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<220>

<221> MISC_FEATURE
<222> (1O..D

<223> Xaa = Trp or Tyr

<220>

<221> MISC_FEATURE
<222> (11..(1D

<223> Xaa = His or Tyr

<220>

<221> MISC_FEATURE
<222> (22)..Q22)

<223> Xaa = Met or val

<220>

<221> MISC_FEATURE

<222> (24)..Q49)

<223> Xaa = Gln, Glu or Arg

<220>

<221> MISC_FEATURE
<222> (26)..(026)

<223> Xaa = Ser or Asn

<220>

<221> MISC_FEATURE
<222> (30)..030)

<223> Xaa = Asn or Thr

<400> 63
Xaa Glu Asp Arg Tyr Tyr Arg Glu Asn Met Xaa Arg Tyr Pro Asn Gln
1 5 ‘ 10 15

val Tyr Tyr Arg Pro Xaa Asp Xaa Tyr Xaa Ash Gln Asn Xaa
20 25 30

<210> 64

<211> 8

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (2)..02)

<223> Xaa = GIn, Glu or Arg

<220>

<221> MISC_FEATURE
<222> (4)..(4)

<223> Xaa = Ser or Asn

<220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xaa = Asn or Thr

<400> 64

ésp Xaa Tyr Xaa ésn Gln Asn Xaa
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<210> 65

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3

<223> Lys may be present or absent

<400> 65
Lys Lys Lys Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
1 5 10 15

Gly Gly

<210> 066

<211> 24

<212> PRT

<213> Artificial

<220> .
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3) )

<223> Gly may be present or absent

<400> 66
g1y Gly Gly Lys Lys Arg Pro Lys Pro ggy Gly Trp Asn Thr ggy Gly
5

Ser Arg Tyr Pro Gly Gln Gly Ser
20

<210> 67

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1)..(3)

<223> Gly may be present or absent

<400> 67

Gly Gly Gly Lys Lys Arg Pro Lys Pro ggy Gly Trp Asn Thr ggy Gly
1 5
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799 PCT/US2006/007001

68

11

PRT

Artificial

peptide

MISC_FEATURE

L..3

Gly may be present or absent
68

§1y Gly Gly Lys Eys Arg Pro Lys Pro ggy Gly

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

<220>
<223>

<400>

1

69

23

PRT
Artificial

peptide
69

Pro His Gly Gly Gly Trp Gly GlIn His igy Gly Ser Trp Gly ggn Pro

5

His Gly Gly SSF Trp Gly Gln
2

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

<220>
<223>

<400>

70

16

PRT
Artificial

peptide
70

Pro His Gly Gly Gly Trp Gly GIn Pro His Gly Gly Ser Trp Gly Gln
1 5 10 15

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

<220>
<223>

<400>

71

8

PRT ¥
Artificial

peptide
71

iro His Gly Gly g]y Trp Gly Gln
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

72

20

PRT
Artificial

peptide

MISC_FEATURE
(0..03)

Gly may be present or absent
72

PCT/US2006/007001

§1y Gly Gly Lys %ys Arg Pro Lys Pro ggy Gly Gly Lys Lys ﬁgg Pro

Lys Pro Gly Gly
20

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

73

11

PRT
Artificial

peptide

MISC_FEATURE
D..3

Gly may be present or absent
73 '

H

Gly Gly Gly Gly Pro Lys Arg Lys Gly ;50 Lys
1 5

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

74

16

PRT
Artificial

peptide

MISC_FEATURE
..

Gly may be present or absent

74

§1y Gly Gly Trp ésn Thr Gly Gly Sser égg Tyr Pro Gly Gln ggy Ser

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

75

12

PRT
Artificial

l.
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<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3) .

<223> Gly may bhe present or absent

<400> 75

Gly Gly Gly Trp Asn Lys Pro Ser Lys igo Lys Thr
1 5

<210> 76

<211> 27

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (25)..(26)

<223> Gly may be present or absent

<400> 76
Gly Gly Gly Arg Pro Met ITe His Phe Gly Asn Asp Trp Glu Asp Arg
1 5 10 15

Tyr Tyr Arg Glu Asn Met Tyr Arg ggy Gly Cys
20

<210> 77

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (16)..(18)

<223> Gly may be present or absent
<400> 77

Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Leu Lys His val Gly
1 5 10 15

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

78

25
PRT
Artificial

peptide

MISC_FEATURE
(1..03)

Gly may be present or absent
78

$1y Gly Gly Ala gTy Ala Ala Ala Ala

Gly Gly Tyr get Leu Gly Ser Ala get
0

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Gly Gly Asn Lys Pro Ser Lys Pro Lys
1 5 10

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

79

10

PRT
Artificial

peptide

MISC_FEATURE
(..

Gly may be present or absent

79

80

9

PRT
Artificial

peptide

MISC_FEATURE
(D..D

Gly may be present or absent

80

%1y Gly Gly Lys Ero Sser Lys Pro Lys

<210>
<211>
<212>

81
23
PRT

Gly Ala val val Gly G

PCT/US2006/007001

1y Leu
5
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<213> Artificial
<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<400> 81
Gly Gly Gly Lys Lys Arg Pro Lys Pro Gly Gly Gly GIn Trp Asn Lys
1 5 10 15

Pro Ser Lys 560 Lys Thr Asn

<210> 82

<211> 28

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 82

Lys Lys Lys Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
1 5 10 15
Gly Gly Tyr ggt Leu Gly Ser Ala ggt Asp Asp Asp

<210> 83

<211> 25

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 83
?sp Asp Asp Ala Gly Ala Ala Ala Ala ggy Ala val val Gly ggy Leu
5

Gly Gly Tyr Met Leu Gly Ser Ala Met .
20 25

<210> 84

<211> 28

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 84

Lys Lys Lys Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
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1 5 10 15

Gly Gly Tyr ggt Leu Gly Ser Ala ggt Lys Lys Lys

<210> 85

<211> 11

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<400> 85
g'ly Gly Gly Lys lgys LyS Lys Lys Lys 5__)65 Lys

<210> 86

<211> 28

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 86

ésp Asp Asp Ala Gly Ala Ala Ala Ala ggy Ala val val Gly g;y Leu
5

Gly Gly Tyr Met Leu Gly Ser Ala ggt Asp Asp Asp
20

<210> 87

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3)

<223> Gly may be present or absent

<400> 87
g]y Gly Gly Asn Asnh Lys GIn Ser Pro Igp Pro Thr Lys Lys
5 1

<210> 88
<211> 23
<212> PRT
pPage 40



<213>

<220>
<223>

<400>

WO 2006/086799

Artificial

peptide
88

PCT/US2006/007001

ésp Lys Asp Lys §1y Gly val Gly Ala igu Ala Gly Ala Ala X?1 Ala

Ala Gly Gly égp Lys Asp Lys

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

89

14

PRT

Artificial

peptide

MISC_FEATURE

LW..3

Gly may be present or absent
89

$1y Gly Gly Gln §1a Asn Lys Pro Ser igs Pro Lys Thr Asn

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

90

14

PRT

Artificial

peptide

MISC_FEATURE

..

Gly may. be present or absent
90 ‘

g1y Gly Gly Gln Erp Ash Lys Ala Ser i%s Pro Lys Thr Asn

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

<220>
<223>

<220>
<221>
<222>
<223>

91

14

PRT
Artificial

peptide

MISC_FEATURE
D..3
Gly may be present or absent
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<400> 91

§1y Gly Gly Gln Trp Asn Lys Pro Ser &ys Ala Lys Thr Asn
5 0

<210> 92

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3)

<223> Gly may be present or absent

<400> 92
gWy Gly Gly Gln Erp Asn Ala Pro Ser &55 Pro Lys Thr Asn

<210> 93

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1..(3)

<223> Gly may be present or absent

<400> 93
Gly Gly Gly GIn Trp Asn Lys Pro Ser éga Pro Lys Thr Asn
1 .5 L

<210> 94

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1)..(3)

<223> Gly may be present or absent

<400> 94
§1y Gly Gly Gln grp Asn Lys Pro Ser &%s Pro Ala Thr Asn

<210> 95
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<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

§1y Gly Gly GIn Erp Asn Lys Ala Ser &%s Ala Lys Thr Asn

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

14
PRT .
Artificial

peptide

MISC_FEATURE
(1..03)

Gly may be present or absent
95

96

11

PRT
Artificial

peptide

MISC_FEATURE
@D..3)
Gly may be present or absent

96

§1y Gly Gly Lys Eys Arg Ala Lys Pro ggy Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

97

11

PRT
Artificial

peptide

MISC_FEATURE
(1..03

Gly may be present or absent

97

g1y Gly Gly Lys gys Arg Pro Lys Ala ggy Gly

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

<220>
<223>

98

11

PRT .
Artificial

peptide
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<220>

<221> MISC_FEATURE

<222> (D..(3)

<223> Gly may be present or absent

<400> 98
§1y Gly Gly Lys %ys Arg Ala Lys Ala ggy Gly

<210> 99

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3D

<223> Gly may be present or absent

<400> 99
Gly Gly Gly GIn Trp Asn Lys Ala Ser L%s Pro Lys Thr Asn
1 5 1

<210> 100

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D)..(3)

<223> Gly may be present or absent

<400> 100

%1y Gly Gly Gln Trp Ala Lys Pro Ser i%s Pro Lys Thr Asn
5

<210> 101
<211> 14
<212> PRT
<213> Artificial

<220> .
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..(3)

<223> Gly may be present or absent

<400> 101

Gly Gly Gly GIn Trp Asn Lys Pro Ala Lys Pro Lys Thr Asn
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Gly Gly Gln Erp Asn Lys Pro Ser &%s Pro Lys Ala Asn
1 :

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Gly Gly GIn Trp Asn Lys Pro Ser 5%5 Pro Lys Thr Ala
1 5

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

102

14

PRT
Artificial

peptide

MISC_FEATURE
(L..3

Gly may be present or absent

102

103

14

PRT
Artificial

peptide

MISC_FEATURE
(1..03)

Gly may be present or absent
103

104

11

PRT
Artificial

peptide

MISC_FEATURE
@..3

Gly may be present or absent

104

10

Gly Gly Gly Ala Lys Arg Pro Lys Pro Gly Gly
1 5 10

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

105

11

PRT
Artificial
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<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

peptide

MiSC_FEATURE
(D..3)

Gly may be present or absent
105

§1y Gly Gly Lys ?1a Arg Pro Lys Pro %gy Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

106

11

PRT
Artificial

peptide

MISC_FEATURE
(L..3

Gly may be present or absent

106

%1y Gly Gly Lys Eys Ala Pro Lys Pro ggy Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

107

11

PRT
Artificial

peptide

MISC_FEATURE
(DL..(3

Gly may be present or absent
107

g1y Gly Gly Lys Eys Arg Pro Ala Pro ggy Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

108

11

PRT _
Artificial

peptide

MISC_FEATURE
(1L..3
Gly may be present or absent
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<400> 108
g]y Gly Gly Lys %ys Ala Pro Lys Ala géy Gly

<210> 109

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (1D..(AD .
<223> Gly = N-(S)-(1-phenylethyl)glycine

<400> 109

Gly Gly Gly Gln Trp Asn Lys Pro Ser &%s Gly Lys Thr Asn
1 )

<210> 110

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (11..(1AD )
<223> Gly = N-(4-hydroxyphenyl)glycine

<400> 110
Gly Gly Gly Gln Trp Asn Lys Pro Ser 5%5 Gly Lys Thr Asn
1 5

<210> 111

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>
<221> MISC_FEATURE
Page 47



<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Gly Gly GIn Trp Asn Lys Pro Ser i%s Gly Lys Thr Asn
1 5

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Giy Gly GIn Trp Asn Lys Pro Ser 5%5 Gly Lys Thr Asn
1 5

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

g]y Gly Gly Gln Erp Ash Lys Pro Ser &%s Gly Lys Thr Asn

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

WO 2006/086799

..

Gly may be present or absent

MISC_FEATURE
(11..(11)

Gly = N-(cyclopropylmethyl)glycine

111

112

14

PRT
Artificial

peptide

MISC_FEATURE
(1..03)

Gly may be present or absent

MISC_FEATURE
(AD..(11) _
Gly =-N-(isopropyl)glycine

112

113

14

PRT
Artificial

peptide

MISC_FEATURE
(1..03)

Gly may be present or absent

MISC_FEATURE
(11)..(11)

Gly = N-(3,5-dimethoxybenzyl)glycine

113

114

14

PRT
Artificial

pPage 48
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<220> ‘
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (1D..(1D

<223> Gly = N-butylglycine

<400> 114

Gly Gly Gly Gln Trp Asn Lys Pro Ser iys Gly Lys Thr Asn
1 5 0 :

<210> 115

<211> 14

<212> PRT .
<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1D..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (8)..(8) )
<223> Gly = N-(cyclopropylmethyl)glycine

<400> 115

§1y Gly Gly GIn Erp Asn Lys Gly Ser i%s Pro Lys Thr Asn

<210> 116

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (8)..(8) | _
<223> Gly = N-(isopropyl)glycine

<400> 116

Gly Gly Gly Gln Trp Asn Lys Gly Ser Lys Pro Lys Thr Asn
. Page 49



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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

g1y Gly Gly Gln Erp Ash Lys Gly Ser &ys Pro Lys Thr Asn
0

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

§1y Gly Gly Gln grp Asn Lys Gly Ser 555 Pro Lys Thr Asn

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>-

WO 2006/086799

117

14

PRT
Artificial

peptide

MISC_FEATURE
L..3)
Gly may be present or abhsent

MISC_FEATURE
(8)..(8)

10

Gly = N-(3,5-dimethoxybenzyl)glycine

117

118

14

PRT
Artificial

peptide

MISC_FEATURE
D..3D

Gly may be present or absent

MISC_FEATURE
®..(® ]
Gly = N-butylglycine

118

119

11

PRT .
Artificial

peptide

MISC_FEATURE
(D..3)

Gly may be present or absent
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<221>
<222>
<223>

<400>

WO 2006/086799

MISC_FEATURE
(9. (9 _
Gly = N-butylglycine

119

§1y Gly Gly Lys %ys Arg Pro Lys Gly E%y Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

120

11

PRT
Artificial
peptide
MISC_FEATURE
(D..3

Gly may be present or absent

MISC_FEATURE
(9..9

Gly = N~(3,5-dimethoxybenzyl)glycine

120

g]y Gly Gly Lys %ys Arg Pro Lys Gly ggy Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

121

11

PRT
Artificial

peptide

MISC_FEATURE
(L..3
Gly may be present or absent

MISC_FEATURE
(.. | )
Gly = N-(isopropyl)glycine

121

g1y Gly Gly Lys %ys Arg Pro Lys Gly ggy Gly

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

<220>
<223>

122

11

PRT
Artificial

peptide
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<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (9)..(9 .
<223> Gly = N-(cyclopropylmethyl)glycine

<400> 122
g1y Gly Gly Lys gys Arg Pro Lys Gly ggy Gly

<210> 123

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (9)..(09)

<223> Gly = N-butylglycine

<400> 123
§1y Gly Gly Lys Lys Arg Pro Lys Gly ggy Gly Trp Asn Thr g;y Gly
5

<210> 124

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1)..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (9..(9 ) )
<223> Gly = N-(3,5-dimethoxybenzyl)glycine

<400> 124
Gly Gly Gly Lys %ys Arg Pro Lys Gly ggy Gly Trp Asn Thr ﬁgy Gly
1

<210> 125
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<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

16
PRT. .
Artificial

peptide

MISC_FEATURE
(1)..03)

Gly may be present or absent

MISC_FEATURE
OMON _
Gly = N-(isopropyl)glycine

125

PCT/US2006/007001

Gly Gly Gly Lys Lys Arg Pro Lys Gly ggy Gly Trp Asn Thr ggy Gly
1 5

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

126

16

PRT
Artificial

peptide

MISC_FEATURE
(L..(3)
Gly may be present or absent

MISC_FEATURE

(9).-(9) ,
Gly = N-(cyclopropylmethyl)glycine

126

Gly Gly Gly Lys Lys Arg Pro Lys Gly Gly Gly Trp Asn Thr Gly Gly
1 5 10 15

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

127

17

PRT
Artificial

peptide

MISC_FEATURE
..3)

Gly may be present or absent
127

Gly Gly Gly Lys Lys Arg Pro Lys Pro Gly Gly Gly Trp Asn Thr Gly
1 5 10 15
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Gly

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

<220>
<223>

<400>

WO 2006/086799

128

39

PRT
Artificial

peptide
128

PCT/US2006/007001

GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Gly Gly Gly Gln Trp
1 5 10 15

Asn Lys Pro ggr Lys Pro Lys Thr égn Gly Gly Gly Gln ggp Asn LysS

Pro Ser Lys Pro Lys Thr Asn
35

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221
<222>
<223>

<400>

129

14

PRT
Artificial
peptide
MISC_FEATURE
(D..3

Gly may be present or absent

MISC_FEATURE
(8)..(8)

Gly = N-(cyclopropylmethyl)glycine

MISC_FEATURE
(1D..(D

Gly = N-(cyclopropylmethyl)glycine

129

g1y Gly Gly Gln grp Asn Lys Gly Ser &%s Gly Lys Thr Asn

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

<220>
<223>

<220>
<221>

130

14

PRT
Artificial

peptide

MISC_FEATURE
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

$1y Gly Gly Gln grp Asn Lys Gly Ser i%s Gly Lys Thr Asn

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Gly Gly GIn Trp Asn Lys Gly Ser &55 Gly Lys Thr Asn
1 5

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

WO 2006/086799

..

Gly may be present or absent

MISC_FEATURE
(8)..(8

Gly = N-(cyclopropylmethyl)glycine

MISC_FEATURE
(11)..(11)

Gly = N-(3,5-dimethoxybenzyl)glycine

130

131

14

PRT
Artificial

peptide

MISC_FEATURE
IL..3»

Gly may be present or absent

MISC_FEATURE
(8)..(8

Gly = N-(cyclopropylmethyl)glycine

MISC_FEATURE
(1n..an ]
Gly = N-butylglycine

131

132

14

PRT
Artificial

peptide

MISC_FEATURE
..

Gly may be present or absent

MISC_FEATURE
(8).-(8) _
Gly = N-(isopropyl)glycine
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<220>

<221> MISC_FEATURE

<222> (1D..(1D . )
<223> Gly = N-(cyclopropylmethyl)glycine
<400> 132

$1y Gly GTy Gln Trp Asn Lys Gly Ser 5%5 Gly Lys Thr Asn
5

<210> 133

<211> 23

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 133

Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Gln Trp Ash Lys Pro
1 5 10 15
Ser Lys Pro Lys Thr Asn Lys

20

<210> 134

<211> 68

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 134
§1y Gly Gly Lys Lys Arg Pro Lys Pro ggy Gly Trp Asn Thr %}y Gly
5

Gly Gly Gly Gly Lys Lys Arg Pro Lys Pro Gly Gly Trp Asn Thr Gly
20 25 30
Gly Gly Gly Gly Gly Lys Lys Arg Pro Lys Pro Gly Gly Trp Asn Thr
35 40 45
Gly Gly Gly Gly Gly Gly Lys Lys Arg Pro Lys Pro Gly Gly Trp Asn
50 55 60

Thr Gly Gly Gly

65

<210> 135
<211> 136
<212> PRT
<213> Artificial

<220>
<223> peptide

<400> 135
. Page 56



Gly
1
Gly
Gly
Gly
Thr
65
Asn
Trp

Gly

Gly

WO 2006/086799

Gly

Gly

Gly

Gly

50

Gly

Thr

Asn

Trp

Gly
130

<210>
<211>
<212>

<213>

<220>
<223>

<400>

Gly

Gly

Gly

35

Gly

Gly

Gly

Thr

Asn

115

Trp

136
18
PRT

Lys

Gly

20

Gly

Gly

Gly

Gly

Asn

peptide

136

Lys
5
Lys
Gly
Gly
Gly
Gly
85
Gly

Gly

Thr

Artificial

Arg
Lys
Lys
Gly
Gly
70

Gly
Gly
Gly

Gly

Pro

Arg

Lys

Lys

Gly

Gly

Gly

Gly

Lys

Pro

Arg

40

Lys

Lys

Gly

Gly

Pro
Lys
25

Pro
Arg
Lys
Lys
Gly

Ggly

Gly

10

Pro

Lys

Pro

Arg

Lys

Lys

Gly

Gly

Gly

Pro

Lys

Pro

75

Arg

Lys

Lys

Trp

Gly

Gly

Pro

60

Lys

Pro

Arg

Lys

Asn

Trp

Gly

45

Gly

Pro

Lys

Pro

125

Thr

Asn

30

Trp

Gly

Gly

Pro

Lys

Pro

Gly
15

Thr
Asn
Trp
Gly
Gly
95

Pro

Lys

PCT/US2006/007001

Gly

Gly

Thr

Asn

Trp

80

Gly

Gly

Pro

Lys Lys Lys Ala Gly Ala Ala Ala Ala Gly Ala val val Gly Gly Leu
1 5 10 15

Gly

Gly

<210>
<211>
<212>

<213>

<220>
<223>

<220>

<221>

<222>

<223>

137 .

19
PRT

peptide

Artificial

MISC_FEATURE

a4)..(14)

Xaa may be Gly or absent
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<400> 137

Asp Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15
Thr Gly Gly

<210> 138

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa may be Gly or absent

<400> 138
Asp Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15

Thr Gly

<210> 139

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa may be Gly or absent

<400> 139
Asp Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15

Thr

<210> 140

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

Page 58



WO 2006/086799 PCT/US2006/007001

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa may be Gly or absent

<400> 140
Asp Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15

<210> 141

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14

<223> Xaa may be Gly or absent

<400> 141

Asp Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp
1 5 10 15

<210> 142

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14

<223> Xaa may be Gly or absent

<400> 142
Qsp Leu Gly Leu Cys Lys Lys Arg Pro E%s Pro Gly Gly Xaa
5

<210> 143

<211> 17

<212> PRT

<213> Artificial

<220> .
<223> peptide

<220>

<221> MISC_FEATURE

<222> (13)..(13)

<223> Xaa may be Gly or absent

<400> 143

Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro G1§9G1y Xaa Trp Asn Thr
Page



Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

144
16

PRT
Artificial

peptide

MISC_FEATURE
13..as
Xaa may be Gly or absent

144

10

15

PCT/US2006/007001

Eeu Gly Leu Cys %ys Lys Arg Pro Lys 550 Gly Gly Xaa Trp ﬁgn Thr

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Leu Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 o 15

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

ieu Gly Leu Cys Lys Lys Arg Pro Lys igo Gly Gly Xaa Trp
5 ,

<210>

145

15

PRT
Artificial

peptide

MISC_FEATURE
(13)..(3)
Xaa may be Gly or absent

145

146

14

PRT
Artificial
peptide
MISC_FEATURE
(13)..(13)

Xaa may be Gly or absent

146

147
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<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

ieu Gly Leu Cys Lys Lys Arg Pro Lys igo Gly Gly Xaa
5

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

13
PRT .
Artificial

peptide

MISC_FEATURE
(13)..a3
Xda may be Gly or absent

147

148

17

PRT
Artificial
peptide
MISC_FEATURE
(12)..(12)

Xaa may be Gly or absent

148

PCT/US2006/007001

Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn Thr Gly
1 5 10 15

Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

149

16

PRT
Artificial

peptide

MISC_FEATURE
(12)..012)
Xaa may be Gly or absent

149

Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn Thr Gly
1 Y Y Y Sy 9 Y 10 15

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

150

15

PRT
Artificial
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<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (12)..(12)

<223> Xaa may be Gly or absent

<400> 150

Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn Thr
1 5 10 15

<210> 151

211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (12)..(12)

<223> Xaa may be Gly or absent

<400> 151
g1y Leu Cys Lys %ys Arg Pro Lys Pro %8y Gly Xaa Trp Asn

<210> 152

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (12)..(12)

<223> Xaa may be Gly or absent

<400> 152
$1y Leu Cys Lys Lys Arg Pro Lys Pro ggy Gly Xaa Trp
5

<210> 153

<211> 12

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>
<221> MISC_FEATURE
<222> (12)..(12)
<223> Xaa may be Gly or absent
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<400> 153
$1y Leu Cys Lys %ys Arg Pro Lys Pro ggy Gly Xaa

<210> 154

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (A1L..(1L

<223> Xaa may be Gly or absent

<400> 154
ieu Cys Lys Lys érg Pro Lys Pro Gly igy Xaa Trp Asn Thr E}y Gly

<210> 155

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (11)..(1L

<223> Xaa may be Gly or absent

<400> 155
Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn Thr Gly
1 5 10 15

<210> 156

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (11)..(11)

<223> Xaa may be Gly or absent

<400> 156
&eu Cys Lys Lys ?rg Pro Lys Pro Gly ggy Xaa Trp Asn Thr

<210> 157
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<ll> 13
<212> PRT
<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (11)..(1DL

<223> Xaa may be Gly or absent

<400> 157

ieu Cys Lys Lys ?rg Pro Lys Pro Gly g1y Xaa Trp Asn
0

<210> 158

<211> 12

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (11)..(1D

<223> Xaa may be Gly or absent

<400> 158
Leu Cys Lys Lys Arg Pro Lys Pro Gly %gy Xaa Trp
1 5

<210> 159
<211> 11
<212> PRT
<213> Artificial

<220> :
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1D..(1D

<223> Xaa may be Gly or absent

<400> 159
ieu Cys Lys Lys Arg Pro Lys Pro Gly ggy Xaa
‘ 5

<210> 160

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide
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<220>

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa may be Gly or absent

<400> 160

Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn Thr Gly Gly
1 5 10 15

<210> 161

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (10)..C10)

<223> Xaa may be Gly or absent

<400> 161

Cys Lys Lys Arg Pro Lys Pro Gly Gly iga Trp Asn Thr Gly
1 5

<210> 162

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa may be Gly or absent

<400> 162
Cys Lys Lys Arg Pro Lys Pro Gly Gly iga Trp Asn Thr
1 5 .

<210> 163

<211> 12

<212> PRT

<213> Artificial

<220>
<223> peptide

<220> :

<221> MISC_FEATURE

<222> (10)..(C10)

<223> Xaa may be Gly or absent

<400> 163

Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
. Page 65



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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

164

11

PRT
Artificial

peptide

MISC_FEATURE
(10)..C1L0)
Xaa may be Gly or absent

164

10

Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp
1 5 10

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

165

10

PRT
Artificial
peptide
MISC_FEATURE
(10)..(10

Xaa may be Gly or absent
165

Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa
1 5 10

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

&ys Lys Arg Pro Lys Pro Gly Gly Xaa Igp Asn Thr Gly Gly
5

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

166

14

PRT
Artificial

peptide

MISC_FEATURE

(9..9
Xaa may be Gly or absent

166

167

13

PRT
Artificial
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<220>
<223>

<220>
<221>
<222>
<223>

<400>

iys Lys Arg Pro ;ys Pro Gly Gly Xaa {rp Asn Thr Gly
0

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Lys Lys Arg Pro %ys Pro Gly Gly Xaa Irp Asn Thr
1 0

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

peptide

MISC_FEATURE
9..(9
Xaa may be Gly or absent

167

168

12

PRT
Artificial

peptide

MISC_FEATURE
(9..(9

Xaa may be Gly or absent

168

169

11

PRT
Artificial

peptide

MISC_FEATURE
..
Xaa may be Gly or absent

169

Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10

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

<220>
<223>

<220>
<221>
<222>
<223>

170

10

PRT )
Artificial
peptide
MISC_FEATURE
(P..(9

Xaa may be Gly or absent
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<400> 170

Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp
1 5 10

<210> 171
<211> 9

<212> PRT
<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (9)..(09)

<223> Xaa may be Gly or absent

<400> 171
Lys Lys Arg Pro Eys Pro Gly Gly Xaa
1

<210> 172

<211> 19

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14

<223> Xaa may be Gly or absent

<400> 172
Asp val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Ash
1 . 5 10 15

Thr Gly Gly

<210> 173

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa may be Gly or absent

<400> 173

Asp val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
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Thr Gly

<210> 174

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14

<223> Xaa may be Gly or absent

<400> 174

Asp val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15
Thr

<210> 175

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa may be Gly or absent

<400> 175
Asp val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15

<210> 176

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa may be Gly or absent

<400> 176

Asp val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799 PCT/US2006/007001

5 10 15
177
14
PRT
Artificial
peptide
MISC_FEATURE
(14)..a4
Xaa may be Gly or absent
177

ésp val Gly Leu Cys Lys Lys Arg Pro Lgs Pro Gly Gly Xaa
5 1

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

178

17

PRT

Artificial

peptide

MISC_FEATURE

(13)..(13)

Xaa may be Gly or absent
178

¥a1 Gly Leu Cys Lys Lys Arg Pro Lys Pgo Gly Gly Xaa Trp égn Thr
5 1

Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

179

16

PRT

Artificial

peptide

MISC_FEATURE

(13)..(13)

Xaa may be Gly or absent
179

XaW Gly Leu Cys Eys Lys Arg Pro Lys igo Gly Gly Xaa Trp égn Thr

<210>

180
pPage 70



<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Xaa Trp Asn
1 5 10 15

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Xal Gly Leu Cys %ys Lys Arg Pro Lys 550 Gly Gly Xaa Trp

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

¥a1 Gly Leu Cys %ys Lys Arg Pro Lys 550 Gly Gly Xaa

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

<220>
<223>

<400>

WO 2006/086799

15
PRT_ .
Artificial

peptide

MISC_FEATURE
(13)..(13)
Xaa may be Gly or absent

180

181

14

PRT
Artificial

peptide

MISC_FEATURE
(13)..(13)

Xaa may be Gly or absent

181

182

13

PRT
Artificial

peptide

MISC_FEATURE
(13)..(13)
Xaa may be Gly or absent

182

183

18

PRT
Artificial

peptide
183
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Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15
His Met

<210> 184

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 184

Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 1
His

<210> 185

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 185

Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15

<210> 186

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 186
Thr His Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
1 5 10 15

<210> 187

<211> 14 -
<212> PRT

<213> Artificial

<220> )
<223> peptide

<400> 187

Thr His Ser Gln Trp Ash Lys Pro Ser k%s Pro Lys Thr Asn
1 5
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<210> 188

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 188

His Ser Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15

Met

<210> 189
<211> 16
<212> PRT
<213> Artificial

<220>
<223> peptide

<400> 189

?15 Ser GIn Trp Asnh Lys Pro Ser Lys iro Lys Thr Asn Met Lys His
5 0 15

<210> 190

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 190

His Ser Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15

<210> 191

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 191
gis Ser G1n‘Trp ésn Lys Pro Ser Lys 550 Lys Thr Asn Met

<210> 192

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide
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<400> 192

gis Ser Gln Trp Asn Lys Pro Ser Lys igo Lys Thr Asn
: ) 5 )

<210> 193

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 193
Ser GIn Trp Asnh Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His Met
1 5 10 15

<210> 194

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 194

Ser GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 _ 15

<210> 195

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 195

ier Gln Trp Asn %ys Pro Ser Lys Pro i%s Thr Asn Met Lys

<210> 196

<211> 13

<212> PRT

<213> Artificial

<220> .
<223> peptide

<400> 196

Ser Gln Trp Asn Lys Pro Ser Lys Pro i%s Thr Asn Met
1 5

<210> 197

<211> 12

<212> PRT

<213> Artificial
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<220>
<223> peptide

<400> 197
ier Gln Trp Asn %ys Pro Ser Lys Pro iys Thr Asn
0

<210> 198

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 198

GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His Met
1 5 10 15

<210> 199

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 199
Gln Trp Asn Lys Pro Ser Lys Pro Lys Igr Asn Met Lys His
1 5

<210> 200

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 200

Gln Trp Asn Lys Pro Ser Lys Pro Lys Ihr Asn Met Lys
1 5 0

<210> 201

<211> 12

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 201
Gln Trp Asn Lys Pro Ser Lys Pro Lys Igr Asn Met
1 5

<210> 202

<211> 18

<212> PRT
. . Page 75
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<213> Artificial

<220>
<223> peptide

<400> 202

Thr His Ser Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15
His val

<210> 203

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 203

His Ser Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15
val

<210> 204
<211> 16
<212> PRT
<213> Artificial

<220>
<223> peptide

<400> 204

Ser Gln Trp Asn Lys Pro Ser Lys Pro a%s Thr Asn Met Lys ggs val
1 5

<210> 205

<211> 15

<212> PRT

<213> Artificial

<220> .
<223> peptide

<400> 205

GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His val
1 5 10 15

<210> 206

<211> 18

<212> PRT

<213> Artificial

<220> .
<223> peptide
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<400> 206

Thr His Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 ) 10 15
His Met

<210> 207

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 207

Thr His Gly Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15
His

<210> 208

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 208

Thr His Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15

<210> 209

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 209
Thr His Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
1 5 10 15

<210> 210

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 210

Thr His Gly Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

WO 2006/086799

211

17

PRT
Artificial

peptide
211

PCT/US2006/007001

His Gly Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15

Met

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

<220>
<223>

<400>

212

16

PRT
Artificial

peptide
212

His Gly GIn Trp Ash Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15

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

<220>
<223>

<400>

His Gly Gln Trp Asn Lys Pro Ser Lys 550 Lys Thr Asn Met Lys
1 5

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

<220>
<223>

<400>

213

15

PRT )
Artificial
peptide

213
15

214

14

PRT
Artificial

peptide
214

Tis Gly GIn Trp Asn Lys Pro Ser Lys igo Lys Thr Asn Met
5

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

215

13

PRT
Artificial
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<220>
<223> peptide

<400> 215
His Gly Gln Trp ésn Lys Pro Ser Lys Ero Lys Thr Asn
1 0

<210> 216

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 216
Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His Met
1 5 10 15

<210> 217

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 217

Gly Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15

<210> 218
<211> 14
<212> PRT
<213> Artificial

<220>
<223> peptide

<400> 218
Gly GIn Trp Asn Lys Pro Ser Lys Pro iys Thr Asn Met Lys
1 5 0

<210> 219

<211> 13

<212> PRT

<213> Artificial

<220> ’
<223> peptide

<400> 219
§1y Gln Trp Asn %ys Pro Ser Lys Pro 5%5 Thr Asn Met

<210> 220
<211> 12
<212> PRT
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<213> Artificial

<220>
<223> peptide

<400> 220

§1y Gln Trp Asn %ys Pro Ser Lys Pro 5%5 Thr Asn

<210> 221

<211> 18

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 221
Thr His Gly Gln Trp Asn Lys Pro Ser E%s Pro Lys Thr Asn %gt Lys
1 5

His val

<210> 222

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 222
His Gly Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15

val

<210> 223

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 223,
Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His val
1 Y g 5y Y 10 15

<210> 224

<211> 18

<212> PRT

<213> Artificial

<220> .
<223> peptide
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<400> 224

Thr His Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15
His Met

<210> 225

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 225

Thr His Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15
His

<210> 226

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 226
Thr His Asn Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15

<210> 227

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 227

Thr His Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met
1 5 10 15

<210> 228

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 228

Thr His Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn
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<210> 229

<211> 17

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 229

His Asn Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15
Met

<210> 230

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 230

His Asn Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met iys His
1 5 10 5

<210> 231

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 231
His Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys
1 5 10 15

<210> 232
<211> 14
<212> PRT
<213> Artificial

<220> .
<223> peptide

<400> 232

His Ash Gln Trp Asn Lys Pro Ser Lys ;60 Lys Thr Asn Met
1 5

<210> 233

<211> 13

<212> PRT

<213> Artificial
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<220>
<223> peptide

<400> 233

gis Asn GIn Trp Asn Lys Pro Ser Lys Ero Lys Thr Asn
5 0

<210> 234

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 234

an GIn Trp Asn %ys Pro Ser Lys Pro igs Thr Asn Met Lys Hgs Met
. 1

<210> 235

<211> 15

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 235

Asn GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
1 5 10 15

<210> 236

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 236
ésn GIn Trp Asn %ys Prc Ser Lys Pro &ys Thr Asn Met Lys
0

<210> 237

<211> 13

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 237
ésn Gln Trp Asn Eys Pro Ser Lys Pro E%S Thr Asn Met

<210> 238
<211> 12
<212> PRT
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<213>

<220>
<223>

<400>

ésn Gln Trp Asn Lys Pro Ser Lys Pro i%s Thr Asn
5 ;

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

<220>
<223>

<400>

WO 2006/086799

Artificial

peptide
238

239

18

PRT
Artificial

peptide
239

PCT/US2006/007001

Thr His Asn GIn Trp Asn Lys Pro Ser iys Pro Lys Thr Asn ?gt Lys
1 5 0

His val

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

<220>
<223>

<400>

240

17

PRT
Artificial

peptide
240

His Ash GIn Trp Asn Lys Pro Ser Lys 550 Lys Thr Asn Met &gs His
1 5

val

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

<220>
<223>

<400>

241

16

PRT
Artificial

peptide
241

ésn Gln Trp Asn Eys Pro Ser Lys Pro &%s Thr Asn Met Lys ggs val

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

<220>
<223>

242

24

PRT
Artificial

peptide
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<400> 242
Pro His Gly Gly Gly Trp Gly Gln Pro His Gly Gly Gly Trp Gly Gln
1 5 10 15

Pro His Gly ggy Gly Trp Gly Gln

<210> 243

<211> 26

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 243
g]y Gly Trp Gly §1n Gly Gly Gly Thr Tgs Ser Gln Trp Asn Lgs Pro
1

Ser Lys Pro Lys Thr Asn Met Lys His Met
20 25

<210> 244

<211> 33

<212> PRT

<213> Artificial

<220>
<223> peptide

<400> 244
Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His Met Gly
1 5 10 15

Gly Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Met Lys His
20 25 30
Met

<210> 245

<211> 30

<212> PRT

<213> Artificial

<220> ‘
<223> peptide

<220>

<221> MISC_FEATURE
<222> (1D..(1L

<223> Xaa = Asn or Ser

<220>
<221> MISC_FEATURE
<222> (23)..(023)
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

Xaa = Leu or Met
MISC_FEATURE
(26)..(026)

Xaa = val or Met

MISC_FEATURE
27)..@0)
Gly may be present or absent

245

PCT/US2006/007001

g]y Gly Trp Gly g]n Gly Gly Gly Thr gas Xaa GIn Trp Asn igs Pro

Ser Lys Pro Lys Thr Asn Xaa Lys His Xaa Gly Gly Gly Gly
20 25 30

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

246

23

PRT
Artificial

peptide

MISC_FEATURE
(11)..(11D

Xaa = Gly or Ser
MISC_FEATURE
(20)..Q20)

Xaa = Gly or Ser
246

Pro His Gly Gly Gly Trp Gly GIn His Gly Xaa Ser Trp Gly GIn Pro
1 5 10 15

His Gly Gly éga Trp Gly Gln

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

247

18

PRT
Artificial

peptide

MISC_FEATURE

(12)..(12)

Xaa = Leu or Met
MISC_FEATURE
(15)..(15)
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<223> Xaa = val or Met

<220> -

<221> MISC_FEATURE

<222> (16)..(18) ,

<223> Gly may be present or absent

<400> 247

GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Xaa Lys His Xaa Gly
1 5 10 15
Gly Gly

<210> 248
<211> 14
<212> PRT
<213> Artificial

<220> '
<223> peptide

<400> 248
g]y Gly Gly Ala Trp Asn Lys Pro Ser &ys Pro Lys Thr Asn
5 0

<210> 249

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> ()..(D) )
<223> Gly = N-butyl-glycine

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Gly = N-butylglycine

<400> 249
§1y Gly Gly Lys %ys Arg Gly Lys Pro ggy Gly Trp Asn Thr ggy Gly

<210> 250

<211> 16

<212> PRT

<213> Artificial

<220> .
<223> peptide
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<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> D)..(D )
<223> Gly = N-(3,5-dimethoxybenzy1)glycine

<400> 250
Gly Gly Gly Lys Lys Arg Gly Lys Pro Gly Gly Trp Asn Thr Gly Gly
1 5 10 15

<210> 251

<211> 16

<212> PRT

<213> Artificial

<220> .
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Gly = N-(isopropyl)glycine

<400> 251
g1y Gly Gly Lys %ys Arg Gly Lys Pro ggy Gly Trp Asn Thr g;y Gly

<210> 252

<211> 16

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1)..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (D)..(7) _
<223> Gly = N-(cyclopropylmethyl)glycine
<400> 252

Gly Gly Gly Lys Lys Arg Gly Lys Pro ggy Gly Trp Asn Thr ggy Gly
1 5
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/086799

253

11

PRT
Artificial

peptide

MISC_FEATURE
(1..03)

Gly may be present or absent

MISC_FEATURE
(7)..(7 .
Gly = N-butylglycine

253

§1y Gly Gly Lys %ys Arg Gly Lys Pro ggy Gly

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

254

11

PRT
Artificial

peptide

MISC_FEATURE
..

Gly may be present or absent

MISC_FEATURE
(..

Gly = N-(3,5-dimethoxybenzy1)glycine

254

§1y Gly Gly Lys Lys Arg Gly Lys Pro Gly Gly
5 10

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

255

11

PRT
Artificial

peptide

MISC_FEATURE
(L..3)
Gly may be present or absent

MISC_FEATURE
(7)..(7 )
Gly = N-(isopropyl)glycine
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<400> 255
§1y Gly Gly Lys tys Arg Gly Lys Pro igy Gly

<210> 256

<211> 11

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> @)..(D )
<223> Gly = N-(cyclopropylmethyl)glycine

<400> 256
Gly Gly Gly Lys Lys Arg Gly Lys Pro iéy Gly
1 5

<210> 257

<211> 14

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1D..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (8)..(8) . .
<223> Gly = N-(isopropyl)glycine

<220>

<221> MISC_FEATURE

<222>  (11)..(11) .
<223> Gly = N-(3,5-dimethoxybenzyl)glycine

<400> 257
§1y Gly Gly Gln grp Asn Lys Gly Ser &%s Gly Lys Thr Asn

<210> 258

<211> 14

<212> PRT

<213> Artificial

<220>
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<223> peptide

<220>

<221> MISC_FEATURE

<222> (1)..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (8)..(8) .

<223> Gly = N-(isopropyl)glycine

<220>

<221> MISC_FEATURE

<222> (1L..(Q1D

<223> Gly = N-butylglycine

<400> 258
g]y Gly Gly Gln grp Ash Lys Gly Ser i%s Gly Lys Thr Asn

<210> 259

<211> 68

<212> PRT

<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (D..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (15)..020)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> ((32)..(37)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (49)..(054)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (66)..(68)

<223> Gly may be present or absent
<400> 259

Gly Gly Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Gly Gly
1 5 10 15
Gly Gly Gly ggy GIn Trp Asn Lys ggo ser Lys Pro Lys ggr Asn Gly
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Gly Gly Gly Gly Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn
. 35 40 . 45
Gly Gly Gly Gly Gly Gly GIn Trp Asn Lys Pro Ser Lys Pro Lys Thr
50 55 60
Asn Gly Gly Gly
65

<210> 260
<211> 136
<212> PRT
<213> Artificial

<220>
<223> peptide

<220>

<221> MISC_FEATURE

<222> (1..(3)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (15)..020)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (32)..037)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (49)..054)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (66)..(7D)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (83)..(83)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (100)..(105)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (117)..(122)

<223> Gly may be present or absent

<220>

<221> MISC_FEATURE

<222> (134)..(136)

<223> Gly may be present or absent

<400> 260
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Gly
Gly
Gly
Gly
Thr
65

Asn
Trp

Gly

Gly

WO 2006/086799

Gly

Gly

Gly

Gly

50

Gly

Thr

Asn

Trp

Gly

Gly

Gly

Gly

35

Gly

Gly

Gly

Thr

Asn

115

Trp

Lys

Gly

20

Gly

Gly

Gly

Gly

Asn

Lys
5
Lys
Gly
Gly
Gly
Gly
85
Gly

Gly

Thr

Arg

Lys

Lys

Gly

Gly

70

Gly

Gly

Gly

Gly

Pro

Arg

Lys

Lys

Gly

Gly

Gly

Gly

Lys
Pro
Arg
40
Lys
Lys
Gly
Gly
Gly
1

Gly

Pro

Lys

Pro

Arg

Lys

Lys

Gly

10

Pro

Lys

Pro

Arg

Lys

Lys

Gly

Page 93

Gly

Gly

Pro

Lys

Pro

75

Arg

Lys

Lys

Trp

Gly

Gly

Pro

60

Lys

Pro

Arg

Lys

Asn

Trp

Gly

45

Gly

Pro

Lys

Pro

Arg

Thr

Asn

30

Trp

Gly

Gly

Pro

Lys

110

Pro

Gly
15

Thr
Asn
Trp
Gly
Gly
95

Pro

Lys
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Gly

Gly

Thr

Asn

Trp

80

Gly

Gly

Pro
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