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(57) ABSTRACT 
Peptides are disclosed that inhibit the conversion of protease 
sensitive prion protein (PrPsen) to the protease resistant 
isoform (PrPres). These peptides comprise discrete frag 
ments of prion proteins, and are shoWn to inhibit the in vitro 
conversion of PrPsen to PrPres in a cell-free system. Numer 
ous peptides are disclosed that include at least tWo amino 
acid residues from the highly amyloidogenic region P113 
120 of the PrP protein. None of these peptides conferred 
protease-resistance to the PrPsen molecules. The presence of 
residues 119 and 120 from the highly hydrophobic sequence 
AGAAAAGA (position 113 to 120) produced a particular 
inhibitory effect. The inhibition occurred With a high degree 
of speci?city (e. g. With an IC5O of less than about 1000 ttM). 
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INHIBITORS OF FORMATION OF PROTEASE 
RESISTANT PRION PROTEIN 

[0001] This is a Divisional patent application of US. Pat. 
No. 6,211,149, Which claims priority from US. Provisional 
patent application No. 60/085,160, ?led May 12, 1998. 

FIELD OF THE INVENTION 

[0002] This invention concerns peptides and pharmaceu 
tical compositions that are useful to inhibit formation of 
protease resistant prion proteins (PrPres), such as the pro 
tease resistant prion proteins associated With transmissible 
spongiform encephalopathies. 

BACKGROUND OF THE INVENTION 

[0003] Transmissible spongiform encephalopathies (TSE) 
are fatal neurodegenerative diseases that include such 
human disorders as sporadic and familial CreutZfeldt-Jakob 
disease (CJD), kuru, fatal familial insomnia, and Gerst 
mann-Straussler-Scheinker syndrome. Animal forms of the 
diseases include scrapie in sheep and bovine spongiform 
encephalopathy in cattle. These diseases are characteriZed 
by the formation and accumulation in the brain of an 
abnormal proteinase K resistant isoform (PrPres) of a nor 
mal protease-sensitive host-encoded prion protein (PrPsen). 
PrPres is formed from PrPsen by a post-translational process 
involving conformational changes that convert the PrPsen 
into a PrPres molecular aggregate having a higher [3-sheet 
content. The formation of these macromolecular aggregates 
of PrPres is closely associated With TSE-mediated brain 
pathology in Which amyloid deposits of PrPres are formed in 
the brain, Which eventually becomes “spongiform” (?lled 
With holes). 

[0004] In the past, the TSE diseases Were a medical 
curiosity because the transmissible agent Was dif?cult to 
inactivate With heat, radiation or chemicals that Would be 
expected to inactivate infectious living organisms such as 
bacteria and viruses. Instead, this class of diseases appeared 
to be transmitted by exposure to an unusual agent, for 
example by ritual cannibalism in the Foret people of NeW 
Guinea, or feeding of animal parts to cattle in bovine 
spongiform encephalopathy (BSE). Iatrogenic CJD has also 
been caused by administration of human groWth hormone 
derived from cadaveric pituitaries, transplanted dura mater 
and corneal. 

FIELD OF THE INVENTION 

[0005] This invention concerns peptides and pharmaceu 
tical compositions that are useful to inhibit formation of 
protease resistant prion proteins (PrPres), such as the pro 
tease resistant prion proteins associated With transmissible 
spongiform encephalopathies. 

BACKGROUND OF THE INVENTION 

[0006] Transmissible spongiform encephalopathies (TSE) 
are fatal neurodegenerative diseases that include such 
human disorders as sporadic and familial CreutZfeldt-Jakob 
disease (CJD), kuru, fatal familial insomnia, and Gerst 
mann-Straussler-Scheinker syndrome. Animal forms of the 
diseases include scrapie in sheep and bovine spongiform 
encephalopathy in cattle. These diseases are characteriZed 
by the formation and accumulation in the brain of an 
abnormal proteinase K resistant isoform (PrPres) of a nor 
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mal protease-sensitive host-encoded prion protein (PrPsen). 
PrPres is formed from PrPsen by a post-translational process 
involving conformational changes that convert the PrPsen 
into a PrPres molecular aggregate having a higher [3-sheet 
content. The formation of these macromolecular aggregates 
of PrPres is closely associated With TSE-mediated brain 
pathology in Which amyloid deposits of PrPres are formed in 
the brain, Which eventually becomes “spongiform” (?lled 
With holes). 

[0007] In the past, the TSE diseases Were a medical 
curiosity because the transmissible agent Was dif?cult to 
inactivate With heat, radiation or chemicals that Would be 
expected to inactivate infectious living organisms such as 
bacteria and viruses. Instead, this class of diseases appeared 
to be transmitted by exposure to an unusual agent, for 
example by ritual cannibalism in the Foret people of NeW 
Guinea, or feeding of animal parts to cattle in bovine 
spongiform encephalopathy (BSE). Iatrogenic CJD has also 
been caused by administration of human groWth hormone 
derived from cadaveric pituitaries, transplanted dura mater 
and corneal grafts, as Well as exposure of surgeons to 
affected tissue during neurological procedures. The TSE 
diseases took on neW urgency, hoWever, When it appeared 
that cross-species infection of humans in Europe may have 
occurred, perhaps from the ingestion of beef from affected 
coWs. That development has further stimulated an interna 
tional search for a better understanding of the pathophysi 
ological mechanism of the disease, and possible treatments. 

[0008] The presence of a native prion protein (PrP) has 
been shoWn to be essential to pathogenesis of TSE. The 
cellular protein PrPsen is a sialoglycoprotein encoded by a 
gene that in humans is located on chromosome 20. The PrP 
gene is expressed in neural and non-neural tissues, With the 
highest concentration of its mRNA being in neurons. The 
translation product of the PrP gene consists of 253 amino 
acids in humans, 254 in hamsters and mice, 264 amino acids 
in coWs, and 256 amino acids in sheep (all of these 
sequences are disclosed in US. Pat. No. 5,565,186, Which 
describes methods of making transgenic mice that express 
species speci?c PrP. Other sequence information is included 
in Locht, C. et al., Proc. Natl. Acad Sci. USA 83:6372-6376, 
1986; KretZschmar, H. A. et al., DNA 5:315-324, 1986; 
Yoshimoto, J. et al., Virus Genes 6:343-356, 1992; Gold 
mann, W. et al. Proc. Natl. Acad Sci. USA 87:2476-2480, 
1990). In prion protein related encephalopathies, the cellular 
PrPsen is converted into the altered PrPres that is distin 
guishable from PrPsen in that PrPres (1) aggregates; (2) is 
proteinase K resistant in that only approximately the N-ter 
minal 67 amino acids are removed by proteinase K digestion 
under conditions in Which PrPsen is completely degraded; 
and (3) has an alteration in protein conformation in Which 
the amount of a-helical conformation for PrPsen is reduced, 
and the amount of [3-sheet conformation for PrPres is 
increased. 

[0009] If PrPsen is not expressed in the brain tissue of 
animal recipients of scrapie-infected neurografts, no pathol 
ogy occurs outside the graft, demonstrating that PrPres and 
PrPsen are both required for the pathology (Brander et al., 
Nature 379:339-343, 1996). The long latency period 
betWeen infection and the appearance of disease (months to 
decades depending on species) has prompted the develop 
ment of a cell-free in vitro test, in Which PrPres induces the 
conversion of PrPsen to PrPres (Kocisko et al., Nature 
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370:471-474, 1994). See also Prusiner et al., WO 97/16728 
published May 9, 1997. The in vitro interaction between 
PrPres and PrPsen occurs With species and strain speci?ci 
ties that mimic TSE species barrier effects and strain dif 
ferences in vivo (Kocisko et al., Proc Natl Acad Sci USA 92, 
3923-3927, 1995; Bessen et al., Nature 375, 698-700, 1995; 
Bossers et al., Proc. Natl. Acad. Sci. USA 94, 4931-4936, 
1997; Raymond et al., Nature 388, 285-288, 1997), hence in 
vitro cell free culture techniques are considered to accurately 
predict pathological developments in the brains of infected 
animals. These in vivo and in vitro observations indicate that 
direct interactions betWeen PrPres and PrPsen form PrPres 
and promote TSE pathogenesis. 

[0010] Small synthetic peptides containing certain PrP 
sequences have previously been shoWn to spontaneously 
aggregate to form ?brils With a high degree of [3-sheet 
secondary structure of the type seen in the insoluble deposits 
in TSE af?icted brains (Gasset et al. Proc. Natl. Acad. Sci. 
USA 89, 10940-10944, 1992; Come et al., Proc. Natl. Acad. 
Sci. USA 90, 5959-5963, 1993; Forloni et al., Nature 362, 
543-546, 1993; Hope et al., Neurodegeneration 5, 1-11, 
1996). Moreover, other synthetic PrP peptides have been 
shoWn to interact With PrPsen molecules to form an aggre 
gated complex With increased protease-resistance (Kaneko 
et al., Proc. Natl. Acad Sci. USA 92, 11160-11164, 1995; 
Kaneko et al., J. Mol. Biol. 270, 574-586, 1997). The PrP 
derived synthetic peptide Ala Gly Ala Ala Ala Ala Gly Ala 
(SEQ. ID. NO. 1) from positions 113 to 120 of the PrP 
peptides has been described as the most highly amy 
loidogenic peptide in the protein (Gasset, M., et al., Proc. 
Natl. Acad Sci. USA 89, 10940-10944, 1992), Which indi 
cates that it Would be eXpected to promote the formation of 
PrPres. 

[0011] Holscher et al. (J. Virol. 72:1153-1159, 1998) 
recently shoWed that a mutant mouse PrP lacking the 
sequence from 114 to 121 (spanning the highly amy 
loidogenic region) is not converted into a proteinase K-re 
sistant isoform after eXpression in scrapie-infected mouse 
neuroblastoma cells. This ?nding further supported the idea 
that this highly hydrophobic sequence promoted PrPres 
formation. US. Pat. No. 5,618,673 disclosed a scrapie 
speci?c palindromic oligonucleotide that hybridiZed to the 
DNA of scrapie infected tissue for use in diagnostic assays. 
US. Pat. No. 5,679,530 described a prion binding protein 
and peptide that Were said to be useful in the non-histologic 
diagnosis of prion diseases. 

[0012] Although these discoveries have supported the 
grim suggestion that certain PrP sequences can promote the 
formation of insoluble PrP deposits in the brain and else 
Where in the body, they have done little to provide an 
approach for inhibiting the formation of such deposits. 
HoWever, US. Pat. No. 5,276,059 disclosed that mammalian 
diseases associated With amyloid protein formation, and the 
conversion of PrPsen to PrPres, could be treated by admin 
istering Congo Red dye to the mammal. US. Pat. No. 
5,134,121 disclosed the use of a nerve groWth blocking 
peptide to treat prion associated diseases. 

[0013] Nonetheless, the need still remains for agents that 
Will speci?cally inhibit the formation of PrPres, and by 
extension prevent or sloW the deposition of amyloid deposits 
in the tissues of animals that have been eXposed to a TSE, 
or are suffering from a neurodegenerative disorder having 
the characteristics of a spongiform encephalopathy. 
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SUMMARY OF THE INVENTION 

[0014] The present invention takes advantage of the sur 
prising ?nding that certain synthetic peptides, Which incor 
porate the most amyloidogenic region Ala Gly Ala Ala Ala 
Ala Gly Ala (SEQ. ID. NO. 1) of the PrP protein, can 
actually inhibit the formation of PrPres under conditions 
Where it Would otherWise be formed. In one embodiment, 
the invention includes a puri?ed peptide comprising or 
consisting essentially of XZ, Where X includes at least tWo 
consecutive amino acid residues, such as the carboXy ter 
minal residues of the dipeptide Gly Ala from SEQ. ID. NO. 
1, and Z is a peptide region that, in cooperation With X, 
inhibits conversion of protease sensitive prion protein 
(PrPsen) to protease resistant prion protein (PrPres) under 
conditions in Which PrPres Would otherWise be formed. In 
particular embodiments, X may also be the tetrapeptide Ala 
Ala Gly Ala (SEQ. ID. NO. 2), the heXapeptide Ala Ala Ala 
Ala Gly Ala (SEQ. ID. NO. 3)), or the octapeptide Ala Gly 
Ala Ala Ala Ala Gly Ala (SEQ. I). NO. 1), and Z is Val Val 
Gly Gly Leu Gly Gly Tyr (SEQ. ID. NO. 4) or Val Val Gly 
Gly Leu Gly Gly Tyr Met Leu Gly Ser Ala Met Ser Arg Pro 
Met Met His Phe (SEQ. ID. NO. 5), Val Val Gly Gly Leu Gly 
Gly Tyr Met Leu Gly Ser Ala Met Ser Arg Pro Ile Ile His Phe 
(SEQ. ID. NO. 24) or a subsequence or variant thereof that 
interferes With the conversion of PrPsen to PrPres. 

[0015] It has been found that even very short synthetic 
peptides, such as peptides consisting essentially of amino 
acid residues 119-128 (SEQ. ID. NO. 6), are able to inhibit 
the formation of PrPres. Hence the invention includes pep 
tides XZ Where X consists of at least the last tWo consecutive 
amino acids (Gly Ala) of SEQ. ID. NO. 1, and Z comprises 
at least the ?rst eight amino acids of SEQ. ID. NO. 5. In 
more speci?c embodiments, X consists of at least the last 
four, siX or eight consecutive amino acids of SEQ. ID. NO. 
1, and Z consists of at least the ?rst sixteen or even all 
tWenty-one amino acids of SEQ. ID. NO. 5 or SEQ. ID. NO. 
24. In a particularly disclosed embodiment, the puri?ed 
peptide consists of SEQ. ID. NO. 8 (IaP 109-141), Which has 
an IC5O of about 30 pM in inhibiting the cell free conversion 
of PrPsen to PrPres. 

[0016] In yet other embodiments, the puri?ed peptide 
consists of an amino acid sequence Which has an amino 
terminal Gly Ala motif, or a variant With conservative 
substitutions therein; and has a carboXyterminal motif that is 
homologous to at least positions 120-128 of PrP (Which is 
conserved across all knoWn species), such that When 
eXposed to PrPsen in therapeutically effective amounts, the 
peptide speci?cally inhibits formation of PrPres in the 
presence of PrPsen, under conditions Where PrPsen Would 
otherWise be formed. The speci?city of the inhibition is 
suf?cient, in such embodiments, that the IC5O of the inhibi 
tory peptide is less than about 1000 pM, for eXample less 
than about 550-600 pM. 

[0017] In other embodiments, the peptide comprises a 
subsequence of at least tWo amino acid residues from SEQ. 
ID. NO. 1, and a subsequence of SEQ. ID. NO. 13, but not 
a sequence of ten or more consecutive amino acid residues 
from positions 90-100 or 90-105 of HaPrP as shoWn in FIG. 
10. In other embodiments, the peptide is a variant of the 
amino acid sequences discussed herein, but Without amino 
acid substitutions that Would be eXpected to change the 
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conformation of the peptide. Substitutions that change the 
conformation of the synthetic peptide are avoided in these 
embodiments. 

[0018] The invention also includes a pharmaceutical com 
position comprising a peptide, or a variant or mimetic 
thereof, and a pharmaceutically acceptable carrier or diluent. 
The pharmaceutical composition may be used as a diagnos 
tic agent (for eXample to detect the presence of PrPres in a 
body ?uid such as blood or cerebrospinal ?uid), or may be 
in a unit dose form of a therapeutic agent for the treatment 
of spongiform encephalopathy. The invention also therefore 
includes a method of treating a spongiform encephalopathy, 
such as a TSE, by administering a therapeutically effective 
amount of the pharmaceutical composition to an animal that 
has been eXposed to the transmissible agent, or Which is 
exhibiting signs, symptoms or laboratory evidence of a TSE. 
If the animal is merely suspected of having been eXposed to 
a TSE, the treatment is a prophylactic method of preventing 
the progression of the disease. In a situation Where the 
animal is already believed to be exhibiting signs or symp 
toms of the disease, the treatment is also a method of 
improving the neurological or other biological condition of 
the animal. 

[0019] The invention also includes in vitro methods for the 
inhibition of the conversion of PrPsen to PrPres, in Which 
PrPsen is eXposed to the inhibitory peptides in the presence 
of PrPres to inhibit the conversion of PrPsen to PrPres, and 
a method of screening for variants, analogs and mimetics of 
the inhibitory peptides that inhibit the conversion reaction in 
the assay. Also included are a speci?c binding agent (such as 
a monoclonal or polyclonal antibody) that binds an inhibi 
tory peptide. 

[0020] Also provided by the invention are nucleic acid 
molecules encoding the peptides disclosed herein, as Well as 
vectors including these nucleic acid molecules. 

[0021] The peptides of the present invention are particu 
larly useful in designing analogs, derivatives or mimetics for 
use as a diagnostic agent or as a therapeutic inhibitor of the 
conversion of PrPsen to PrPres. The invention therefore also 
includes analogs, derivatives or mimetics of the disclosed 
peptides, as Well as methods for screening such compounds 
Which inhibit conversion of PrPsen to PrPres. The screening 
method includes contacting PrPsen With PrPres and a dis 
closed peptide, or peptides having one or more conservative 
amino acid substitutions, or analogs, derivatives or mimetics 
thereof, and determining Whether the peptide, analog, 
derivative or mimetic inhibits conversion of PrPsen to 
PrPres. 

[0022] Speci?c preferred embodiments of the present 
invention Will become more evident from the folloWing 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic representation of the hamster 
PrP sequence, shoWing localiZation of some of the synthetic 
peptides of the present invention. 

[0024] FIG. 2 is an SDS-PAGE phosphor image of rep 
resentative conversion reactions shoWing concentrations at 
Which certain peptides inhibit conversion of PrPsen to the 
protease resistant form. 
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[0025] FIG. 3 is an SDS-PAGE phosphor image of rep 
resentative conversion reactions obtained after PK digestion 
(PK+) in the absence (—) or presence (+) of indicated 
concentrations of peptides. 

[0026] FIG. 4 is a dose response curve shoWing the 
inhibition of the conversion reaction from PrPsen to PrPres 
in the presence of varying concentrations of syntheticpep 
tides: .P113-141 (SEQ. ID. NO. 9); OP115-141 (SEQ. ID. 
NO. 10), IIIP117-141 (SEQ. ID. NO. 11); API 19-141 (SEQ. 
ID. NO. 12); IP121-141 (SEQ. ID. NO. 13). 

[0027] FIG. 5 is a dose response curve shoWing the 
inhibitory effect of PrP synthetic peptides .P119-136 (SEQ. 
ID. NO. 14), OPI 19-141 (SEQ. ID. NO. 12) and ‘P119 
128 (SEQ. ID. NO. 6.) on the cell free conversion assay. 

[0028] FIG. 6 is a dose response curve shoWing relative 
inhibition of the conversion reaction for several variant 
peptides: .HaPI09-141 (SEQ. ID. NO. 15); IHaP109 
141(dell 13-116) (SEQ. ID. NO. 16); and @MoP109-141 
(SEQ. ID. NO. 17). 

[0029] FIG. 7 is a dose response curve shoWing the effect 
of murine PrP synthetic peptides 0 MoP109-141 (SEQ. ID. 
NO. 17) and lIlMo3F4P109-141 (SEQ. ID. NO. 29), on 
murine PrP cell free conversion. 

[0030] FIG. 8 shoWs the results of Fourier transform 
infrared spectroscopy for several of the peptides of the 
present invention, and controls, Which illustrates that all the 
inhibitory peptides of the present invention shoWed evidence 
of high [3-sheet content, as a necessary but not sufficient 
property for conversion inhibition. 

[0031] FIG. 9 is an SDS-PAGE phosphor image of super 
natant (S) and pellet (P) fractions obtained by centrifugation 
after performing a conversion reaction by miXing 
S-HaPrPsen With hamster PrPres in the absence (control) or 
presence of certain of the peptides shoWn in the illustration. 

[0032] FIG. 10 shoWs the amino acid sequence of the 
Syrian hamster and human PrP across a comparison WindoW 
at positions 90-231. 

SEQUENCE LISTINGS 

[0033] SEQ. ID. NO. 1 shoWs the amino acid sequence at 
positions 113-120 (P113-120) of hamster PrP (Which is 
conserved across many mammalian species, including 
humans, mice, sheep and coWs). 
[0034] SEQ. ID. NO. 2 shoWs the amino acid sequence of 
hamster PrP at positions 117-120. 

[0035] SEQ. ID. NO. 3 shoWs the amino acid sequence of 
hamster PrP at positions 115-120. 

[0036] SEQ. ID. NO. 4 the amino acid sequence of ham 
ster PrP at positions 121-128. 

[0037] SEQ. ID. NO. 5 shoWs the amino acid sequence of 
hamster PrP at positions 121-141. 

[0038] SEQ. ID. NO. 6 shoWs the amino acid sequence of 
hamster PrP at positions 119-128. 

[0039] SEQ. ID. NO. 7 shoWs the amino acid sequence of 
hamster PrP at positions 106-128. 

[0040] SEQ. ID. NO. 8 shoWs the amino acid sequence of 
hamster PrP at positions 109-141. 
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[0041] SEQ. ID. NO. 9 shows the amino acid sequence of 
hamster PrP at positions 113-141. 

[0042] SEQ. ID. NO. 10 shoWs the amino acid sequence 
of hamster PrP at positions 115-141. 

[0043] SEQ. ID. NO. 11 shoWs the amino acid sequence of 
hamster PrP at positions 117-141. 

[0044] SEQ. ID. NO. 12 shoWs the amino acid sequence 
of hamster PrP at positions 119-141. 

[0045] SEQ. ID. NO. 13 shoWs the amino acid sequence 
of hamster PrP at positions 121-141. 

[0046] SEQ. ID. NO. 14 shoWs the amino acid sequence 
of hamster PrP at positions 119-136. 

[0047] SEQ. ID. NO. 15 shoW the amino acid sequence of 
HaP109-141 (KI16), SEQ. ID. NO. 16 shoWs the amino acid 
sequence ofHaPI09-141 (de1113-116), and SEQ. ID. NO. 17 
shoWs the amino acid sequence of MoP109-141 (Which is 
actually MolO8-140, but has been renumbered to align With 
the corresponding hamster sequence), all of Which are 
variant inhibitory peptides. 

[0048] SEQ. ID. NO. 18 is HaP23-232, SEQ. ID. NO. 19 
is the 254 amino acid sequence for mouse PrP, SEQ. [D. NO. 
20 is the 253 amino acid sequence for human PrP, SEQ. ID. 
NO. 21 is the 264 amino acid sequence for bovine PrP, and 
SEQ. ID. NO. 22 is the 256 amino acid sequence for sheep 
PrP. 

[0049] SEQ. ID. NO. 23 is the amino acid sequence for 
human PrP (HuPrP) at positions 109-141, While SEQ. ID. 
NO 24 is the amino acid sequence of human PrP at positions 
120-141. 

[0050] SEQ. ID. NO. 25 is the DNA sequence of the open 
reading frame (ORF) of hamster PrP, and SEQ. ID. NO. 26 
is the corresponding amino acid sequence. 

[0051] SEQ. ID. NO. 27 is the DNA sequence of the ORF 
of mouse PrP, and SEQ. ID. NO. 28 is the corresponding 
amino acid sequence. 

[0052] SEQ. ID. NO. 29 shoWs the murine amino acid 
sequence Mo3F4P109-141 Which is a variant of MoPI09 
141 With Met substitutions at P109 and P112. 

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS 
Abbreviations and De?nitions 

The following abbreviations and de?nitions are used herein: 

CJD CreutZfeldt-Jakob disease 
Ha Hamster 
Hu Human 
Mo Mouse 
P Position of an amino acid Within a sequence 
PrP Prion protein 
PrPsen PrP sensitive to Proteinase K degradation 
PrPres PrP resistant to Proteinase K degradation 
PK Proteinase K 
TSE Transmissible spongiform encephalopathy 

[0053] Prion: An infectious agent believed to cause 
spongiform encephalopathies in animals (including 
humans). The term “prion” is a contraction of the Words 
“protein” and “infection.” 
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[0054] PrP protein: An animal protein that is the transla 
tion product of the PrP gene (hamster ORE shoWn in SEQ. 
ID. NO. 25 and 26 and mouse in SEQ. ID. NO. 27 and 28 
as examples), Wherein the protein consists of 253 amino 
acids in humans (SEQ. ID. NO. 20)(as disclosed in 
KretZschmar et al., DNA5:315-324, 1986; Pucket et al., Am. 
J. Hum. Genet. 49:320-329, 1991), 254 amino acids in 
hamster (as partially disclosed in SEQ. ID. NO. 18) and 
mice (SEQ. ID. NO. 19), 264 amino acids in coWs (SEQ. ID 
NO. 21), and 256 amino acids in sheep (SEQ. ID. NO. 22). 
The amino acid sequences of all of these proteins are knoWn, 
and are disclosed in US. Patent No. 5,565,186, as Well as in 
Locht, C. et al., Proc. Natl. Acad. Sci. USA 83:6372-6376, 
1986; KretZschmar, H. A. et al., DNA 5:315-324, 1986; 
Yoshimoto, J. et al., Virus Genes 6:343-356, 1992; and 
Goldmann, W. et al. Proc. Natl[ Acad. Sci. USA 87:2476 
2480, 1990. The PrP protein includes a native PrPsen 
isoform Which is degraded by proteinase K, and a patho 
logical PrPres form Which is not degraded by proteinase K, 
and Which induces a conformational change in PrPsen to 
form characteristic amyloid deposits of the type seen in the 
spongiform encephalopathies. 
[0055] The term “PrP” refers generically to peptides from 
animal PrP, and includes speci?c human, hamster, murine, 
sheep, bovine or avian forms of the PrP. Inhibitory PrP 
peptides and cDNAs are orthologs of the disclosed murine 
and human PrP sequences and are thus structurally related 
by the possession of similar amino acid and nucleic acid 
structures. The region from positions 119-136 of the PrP is 
identical in humans (P113-136), mouse (P112-119), mink, 
rat, sheep (P116-123), coW (P124-13 1), Chinese hamster 
and Armenian hamster. Sequences are substantially homolo 
gous across even longer regions in different species. For 
eXample mouse and human sequences are identical across a 
WindoW of 113-141, eXcept for a He for Met substitution at 
position 138 in the aligned mouse sequence. The hamster 
and human sequences are identical across a WindoW of PI 
13-141, eXcept for a He for Met substitution at each of 
positions 138 and 139 of the human sequence. The mouse 
and hamster sequences are identical across a comparison 
WindoW of P109-141, eXcept for a Met to Leu substitution 
at each of P109 and P112, and a Met to lie substitution in the 
mouse sequence. 

[0056] Inhibitory PrP peptide: any peptide Which, When 
contacted With naturally occurring or recombinant PrPsen 
results in the inhibition of induction of a conformational 
change Which can be identi?ed by the presence of enhanced 
[3-sheet formation, increased solubility, and/or increased 
protease resistance relative to PrPsen. In one embodiment, 
the inhibitory PrP peptide is a naturally occurring, recom 
binant or synthetic amino acid sequence having a sequence 
substantially similar (eg 90% or greater homology, such as 
95% or greater homology) to a portion of SEQ. ID. NO. 9 
or 23, or a subsequence or variant thereof. 

[0057] In speci?c embodiments, the inhibitory PrP peptide 
is characteriZed as having at least 10 contiguous amino acid 
residues of SEQ. ID. N09 or 23, for eXample at least 18 
contiguous amino acid residues, and in particular embodi 
ments at least 23 contiguous amino acid residues. In par 
ticular embodiments, the contiguous amino acid residues 
begin at least at position 113 of the human or hamster 
sequence, or corresponding positions in aligned sequences 
of other species. 
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[0058] The inhibitory peptides speci?cally inhibit the cell 
free conversion of PrPsen to PrPres, in an assay of the type 
disclosed in Example 3, With an IC5O of less than about 1000 
pM, for example less than about 600 pM, 550 pM, 200 pM, 
120 pM, or even 100 pM. Although the assay of Example 3 
uses hamster PrP to determine inhibition of the conversion 
reaction (conversion of PrPsen to PrPres), human or other 
PrP may be substituted in the assay, particularly in instances 
Where it is desired to test variants that are to be used in 
different species (see Example 7). For example, inhibition of 
the conversion reaction for human PrP may be tested by 
substituting human PrP for hamster PrP in the assay of 
Example 3. 

[0059] Variant inhibitory peptides: inhibitory peptides 
having one or more amino acid substitutions, one or more 
amino acid deletions, and/or one or more amino acid inser 
tions, so long as the peptide retains the property of inhibiting 
the conversion reaction. Conservative amino acid substitu 
tions may be made in at least 1 position, for example 2, 3, 
4, 5 or even 10 positions, as long as the peptide retains 
inhibitory activity, as readily measured by the cell free assay 
of inhibitory activity disclosed in the present speci?cation. 
In speci?c embodiments, the changes, deletions, insertions, 
and the like, are in the sequence positions P106-118, P129 
141, or P136-141, outside of the P119-128 region (SEQ. ID. 
NO. 10) that has been found to have highly inhibitory 
activity. 

[0060] Conditions that Would be expected to convert 
PrPsen to PrPres: The cell free conversion assay of Example 
2, Without the inhibitory peptides, in Which the conversion 
reaction is driven by the exposure of PrPsen to PrPres (and 
not exposure of PrPsen to peptide fragments of PrP, as Was 
done in Kaneko et al., Proc. Natl. Acad Sci. USA 92111160 
11164, 1995). The assay of the present invention avoids 
conversion of PrPsen into an insoluble aggregate that is 
resistant to protease K, Without being “speci?cally” resistant 
to protease K. The inhibition of the conversion reaction that 
Would be expected to convert PrPsen to PrPres can be 
quantitated, for example by determining the percentage of 
the ratio betWeen the conversion in the presence of an 
inhibitory peptide and the control conversion reaction in the 
absence of the peptide. Inhibition of “conversion” may be 
determined by the ratio betWeen the PK-resistant 35S 
labeled bands that are approximately 5-10 kDa loWer in 
molecular mass than the non-digested 35S-PrPsen as quan 
ti?ed by phosphor autoradiographic imager analysis, as in 
Example 2 (With results expressed in a relative conversion 
percentage, as shoWn in FIGS. 4-7). In speci?c examples, 
the relative conversion percentage is less than 75%, 50% or 
particularly 25% at a peptide concentration of less than 1000 
pM, for example less than 500, 250 or even 100 pM. 

[0061] Sequence identity: the similarity betWeen tWo 
nucleic acid sequences, or tWo amino acid sequences is 
expressed in terms of the similarity betWeen the sequences, 
otherWise referred to as sequence identity. Sequence identity 
is frequently measured in terms of percentage identity (or 
similarity or homology); the higher the percentage, the more 
similar are the tWo sequences. 

[0062] Methods of alignment of sequences for comparison 
are Well-known in the art. Various programs and alignment 
algorithms are described in: Smith and Waterman, Adv. 
Appl. Math. 21482, 198 1; Needleman and Wunsch, .J. Mol. 
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Bio. 481443, 1970; Pearson and Lipman, Methods in Molec. 
Biology 241307-331, 1988; Higgins and Sharp, Getne 
731237-244, 1988; Higgins and Sharp, CABIOS 51151-153, 
1989; Corpet et al., Nucleic Acids Research 16110881-90, 
1988; Huang et al., Computer Applications in BioSciences 
81155-65,1992; and Pearson et al., Methods in Molecular 
Biology241307-31,1994. Altschul et al. (1994) presents a 
detailed consideration of sequence alignment methods and 
homology calculations. 

[0063] The NCBI Basic Local Alignment Search Tool 
(BLAST) (Altschul et al., J. Mol. Biol. 2151403-410, 1990) 
is available from several sources, including the National 
Center for Biological Information (NBCI, Bethesda, Md.) 
and on the Internet, for use in connection With the sequence 
analysis programs blastp, blastn, blastx, tblastn and tblastx. 
It can be accessed at http1//WWW.ncbi.nlm.nih.gov/BLAST/. 
A description of hoW to determine sequence identity using 
this program is available at http1//WWW.ncbi.nlm.nih.gov/ 
BLAST/blast_help.html. 
[0064] Homologs of the inhibitory PrP peptides are typi 
cally characteriZed by possession of at least 70% sequence 
identity counted over the full length alignment With the 
disclosed amino acid sequence of either the human, hamster, 
mouse, sheep, coW or other amino acid sequences using the 
NCBI Blast 2.0, gapped blastp set to default parameters. 
Such homologous peptides Will more preferably possess at 
least 75%, more preferably at least 80% and still more 
preferably at least 90% or 95% sequence identity determined 
by this method. When less than the entire sequence is being 
compared for sequence identity, homologs Will possess at 
least 75% and more preferably at least 85% and more 
preferably still at least 90% or 95% sequence identity over 
short WindoWs of 10-20 amino acids. Methods for deter 
mining sequence identity over such short WindoWs are 
described at http1//WWW.ncbi.nlm.nih.gov/BLAST/blast 
_FAOs.html. One of skill in the art Will appreciate that these 
sequence identity ranges are provided for guidance only; it 
is entirely possible that strongly signi?cant homologs or 
other variants could be obtained that fall outside of the 
ranges provided. 

[0065] The present invention provides not only the peptide 
homologs that are described above, but also nucleic acid 
molecules that encode such homologs. 

[0066] Speci?c binding agent1 An agent that binds sub 
stantially only to a de?ned target. As used herein, the term 
“PrP inhibitory peptide speci?c binding agent” includes 
anti-PrP inhibitory peptide antibodies and other agents that 
bind substantially only to the PrP inhibitory peptide. The 
antibodies may be monoclonal or polyclonal antibodies that 
are speci?c for the PrP inhibitory peptide, as Well as immu 
nologically effective portions (“fragments”) thereof. Prefer 
ably, the antibodies used in the present invention are mono 
clonal antibodies (or immunologically effective portions 
thereof) and may also be humaniZed monoclonal antibodies 
(or immunologically effective portions thereof). Immuno 
logically effective portions of monoclonal antibodies 
include Fab, Fab‘, F(ab‘)2, Fabc and Fv portions (for a 
revieW, see Better and HoroWitZ, Methods. EnZymol. 
1781476-496, 1989). Anti-inhibitory peptide antibodies may 
also be produced using standard procedures described in a 
number of texts, including “Antibodies, A Laboratory 
Manual” by HarloW and Lane, Cold Spring Harbor Labo 
ratory (1988). 
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[0067] The determination that a particular agent binds 
substantially only to the inhibitory peptide may readily be 
made by using or adapting routine procedures. One suitable 
in vitro assay makes use of the Western blotting procedure 
(described in many standard texts, including “Antibodies, A 
Laboratory Manual” by HarloW and Lane). Western blotting 
may be used to determine that a given PrP inhibitory peptide 
binding agent, such as an anti-PrP inhibitory peptide mono 
clonal antibody, binds substantially only to the PrP inhibi 
tory peptide. 

[0068] Vector: A nucleic acid molecule as introduced into 
a host cell, thereby producing a transformed host cell. A 
vector may include nucleic acid sequences that permit it to 
replicate in the host cell, such as an origin of replication. A 
vector may also include one or more selectable marker genes 
and other genetic elements knoWn in the art. 

[0069] Transformed: A transformed cell is a cell into 
Which has been introduced a nucleic acid molecule by 
molecular biology techniques. As used herein, the term 
transformation encompasses all techniques by Which a 
nucleic acid molecule might be introduced into such a cell, 
including transfection With viral vectors, transformation 
With plasmid vectors, and introduction of naked DNA by 
electroporation, lipofection, and particle gun acceleration. 

[0070] Isolated: An “isolated” biological component (such 
as a nucleic acid, peptide or protein) has been substantially 
separated, produced apart from, or puri?ed aWay from other 
biological components in the cell of the organism in Which 
the component naturally occurs, i.e., other chromosomal and 
extrachromosomal DNA and RNA, and proteins. Nucleic 
acids, peptides and proteins Which have been “isolated” thus 
include nucleic acids and proteins puri?ed by standard 
puri?cation methods. The term also embraces nucleic acids, 
peptides and proteins prepared by recombinant expression in 
a host cell as Well as chemically synthesiZed nucleic acids. 

[0071] Puri?ed: The term puri?ed does not require abso 
lute purity; rather, it is intended as a relative term. Thus, for 
example, a puri?ed peptide preparation is one in Which the 
peptide or protein is more enriched than the peptide or 
protein is in its natural environment Within a cell. Preferably, 
a preparation is puri?ed such that the protein or peptide 
represents at least 50% of the total peptide or protein content 
of the preparation. 

[0072] Operably linked: A ?rst nucleic acid sequence is 
operably linked With a second nucleic acid sequence When 
the ?rst nucleic acid sequence is placed in a functional 
relationship With the second nucleic acid sequence. For 
instance, a promoter is operably linked to a coding sequence 
if the promoter affects the transcription or expression of the 
coding sequence. Generally, operably linked DNA 
sequences are contiguous and, Where necessary to join tWo 
protein coding regions, in the same reading frame. 

[0073] Recombinant: A recombinant nucleic acid is one 
that has a sequence that is not naturally occurring or has a 
sequence that is made by an arti?cial combination of tWo 
otherWise separated segments of sequence. This arti?cial 
combination is often accomplished by chemical synthesis or, 
more commonly, by the arti?cial manipulation of isolated 
segments of nucleic acids, e.g., by genetic engineering 
techniques. 
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[0074] Mammal: This term includes both human and 
non-human mammals. Similarly, the term “subject” includes 
both human and veterinary subjects. 

[0075] Animal: Living multicellular vertebrate organisms, 
a category Which includes, for example, mammals and birds. 

Inhibition of PrP Conversion Reaction With 
Inhibitory Peptides 

[0076] In the present invention, novel peptides Were spe 
ci?cally designed to interfere With conversion of PrPsen to 
PrPres. These peptides Were obtained from a variety of 
subsequences of hamster PrP sequence, and Were studied for 
their ability to inhibit the generation of PrPres under cell 
free conditions. A group of peptides from the central portion 
of the PrP molecule having high [3-sheet content displayed a 
strong inhibitory effect on the cell-free conversion assay. 
Although the disclosed assay Was performed With hamster 
PrP, it can also be performed With hamster, mouse, sheep, 
bovine and human PrP. See eg Raymond et al., Nature 
388:285-288, 1997. 

EXAMPLE 1 

Materials 

[0077] Peptides—The folloWing peptides Were synthe 
siZed by the laboratory of molecular structure of NIH 
NIAID, Rock-ville MD: hamster P106-128 (SEQ. ID. NO. 
7), hamster P109-141 (SEQ. ID. NO. 15), P113-141 (SEQ. 
ID. NO. 9) and P121-141 (SEQ. ID. NO. 13). Peptides Were 
>95% pure and analysis by high pressure liquid chromatog 
raphy revealed only a single peak. AlZheimer’s disease 
amyloid-[3-protein fragment 1-40 (A[31-40) Was purchased 
from Sigma Chemical Co. (St. Louis, Mo.). LyophiliZed 
peptides Were dissolved in deioniZed Water at a concentra 
tion of 2 mM, distributed into 20 ml aliquots, stored at —20° 
C. 

EXAMPLE 2 

Labeling and Puri?cation of PrPsen and PrPres 

[0078] The radiolabeling and the puri?cation of the 35S 
PrPsen Were performed as previously described by Ray 
mond et al., Nature 388:285-288, 1997. Brie?y, 90% con 
?uent Syrian golden hamster brain cells Were cultured for 30 
min at 37° C. in 1.5 ml methionine/cysteine de?cient 
medium folloWed by a 90-120 min incubation With 1.4 mCi 
35S methionine/cysteine per 25 cm2 ?ask. Then the cells 
Were Washed tWice With PBS (20 mM sodium phosphate pH 
7.4, 130 mM NaCl), and lysed in 1.5 ml lysis buffer 
containing 5 mM Tris-HCI pH 7.4, 140 mM NaCl, 5 mM 
EDTA, 0.5% sodium deoxycholate and 0.5% Triton. The 
proteins Were precipitated by addition of 5 volumes of 
methanol, resuspended in detergent-lipid complexes, immu 
noprecipitated by overnight incubation at 4° C. With anti-PrP 
3E4 monoclonal antibody (Kascsak et al., J. Virol. 61:3688 
3693, 1987), and immune complexes Were collected by 
binding to Protein-A sepharose beads. Radiolabeled PrPsen 
Was eluted from sepharose beads using 0.1 M acetic acid and 
stored at 4° C. until use. The 35S-labeled hamster PrPsen 
used in this study Was the glycophosphoinositol-negative 
form (35S-HaPrPsen) described previously (Kocisko et al., 
Nalure 370:471-474, 1994). 
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[0079] PrPres Was puri?ed from brains of scrapie-infected 
Syrian golden hamsters by detergent lysis and differential 
centrifugation (Hope et al., EMBO J. 512591-2597, 1986). 
The hamsters had been infected 70 days previously With the 
hamster scrapie strain 263K. The yield of PrPres Was 
determined by Western blotting using a rabbit polyclonal 
PrP antiserum (R27) raised against a synthetic hamster PrP 
peptide (residues 89 to 103) (Caughey et al., J. Virol. 
65:6597-6603, 1991). The purity of the preparations Was 
estimated at 50-60% by silver staining of SDS-PAGE gels. 
The hamster PrPres preparation (HaPrPres) Was then diluted 
to I mg/ml in PBS containing 1% sulphobetaine 3-14 and 
stored at -20 ° C. 

EXAMPLE 3 

Cell-free Conversion Assay 

[0080] The cell free conversion reaction Was performed as 
previously described (Kocisko et al., Natture 370:471-474, 
1994; Raymond et al., Nature 388:285-288, 1997). The 
puri?ed PrPres Was partially denatured With 2.5 M guani 
dine hydrochloride (Gdn-HCI) for 30 to 60 min at 37 ° C. An 
aliquot of 200 ng of HaPrPres, typically 8 ml, Was then 
incubated for 40 hours at 37° C. With ~1 ng immunopuri?ed 
35S-PrPsen (~12,000 cpm/reaction) in a ?nal volume of 20 
ml of conversion buffer (50 mM sodium citrate pH 6, 5 mM 
cetyl pyridinium chloride, 0.625% N-lauryl sarcosinate) in 
the presence or absence of the inhibitory peptides. At the end 
of the incubation time, each reaction Was split 1:10, the 
major fraction Was digested With 100 mg/ml proteinase K 
(PK) in Tris-saline buffer (50 mM Tris pH8, 130 mM NaCI) 
for 1 hour at 37° C. and the minor part (—PK) Was reserved 
as an undigested control. 

[0081] The PK reaction Was stopped by the addition of 10 
ml of a mixture of 4 mg/ml thyroglobulin, 20 mM pefabloc 
to each fraction (+ and —PK). Samples Were then precipi 
tated in 5 volumes of methanol and centrifuged for 20 min 
at 14,000 rpm. The pellets Were resuspended in sample 
buffer (65 mM Tris-HCl pH6.8, 5% glycerol, 5% SDS, 4 M 
urea, 5% P-mercaptoethanol, 0.5% bromophenol blue), 
boiled 5 min and analyZed by SDS-PAGE on NOVEX 
pre-cast gels. The percent of the conversion Was calculated 
by the ratio betWeen the PK-resistant 35S-labeled bands, and 
the bands that are approximately 5-10 kDa loWer in molecu 
lar mass than the non-digested 35S-PrPsen, as quanti?ed by 
phosphor autoradiographic imager analysis. At the concen 
tration used, none of the peptides affected the PK digestion 
of PrPres (data not shoWn). 

[0082] Various PrP synthetic peptides Were tested for 
effects on the in vit7o conversion of metabolically labeled 
PrPsen molecules into PrPres. The localiZations of some of 
the peptides in the primary hamster PrP sequence are shoWn 
in FIG. 1. The peptides Were used in the cell-free conversion 
assay at a variety of concentrations, up to a ?nal concen 
tration of 0.8 mM. As shoWn in FIG. 2, the PK- (non-PK 
treated) 35S-HaPrPsen (in the ?rst lane) appeared as a 
double band With molecular Weights of 30 and 28.5 kDa, 
corresponding to mono and unglycosylated forms of the 
molecule respectively. In the absence of HaPrPres (lanes 
marked PrPres-) no PK-resistant bands Were seen in the 
control experiment, indicating that none of the synthetic 
peptides alone Were able to promote the conversion of 
35S-HaPrPsen to a PK resistant form. 
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[0083] In the presence of 200 ng of HaPrPres (lanes 
marked PrPres+), but in the absence of a suf?cient amount 
of inhibitory PrP peptide, tWo PK resistant 35S-labeled 
bands Were obtained With molecular Weights of 24 and 20 
kDa. FIG. 2 shoWs that peptides P23-37, P57-64, P57-72, 
P57-80, P139-170 and P218-232 failed to inhibit the con 
version reaction at the concentrations tested. HoWever, tWo 
synthetic hamster peptides, P106-128 (SEQ. ID. NO. 7) and 
P109-141 (SEQ. ID.NO. 8), Were able to inhibit the forma 
tion of 35S-labeled PK-resistant PrP bands. A third peptide, 
P89-103, partially inhibited the conversion to PrPres. 

[0084] The quantitative effect of peptide concentration on 
the cell-free conversion Was examined further using tWo of 
the most inhibitory hamster peptides (P106-128 and P109 
141), and the results are shoWn in FIG. 3. The peptide 
concentrations required to inhibit 50% of the hamster PrP 
conversion reaction (ICSO) Were calculated to be 230 mM 
and 30 mM for the peptides P106-128 and P109-141 respec 
tively (FIG. 3). In contrast, an unrelated amyloidogenic 
peptide, AlZheimers AP 1-40, Was unable to inhibit the 
PrPsen to PrPres conversion at all concentrations tested 
(FIG. 3). These results clearly demonstrated that the con 
version reaction Was speci?cally inhibited, With an IC5O of 
less than about 250 pM, by peptides from the central portion 
of PrP molecule. 

EXAMPLE 4 

Additional Structure Function Studies 

[0085] The PrP synthetic peptide Ala Gly Ala Ala Ala Ala 
Gly Ala from position 113 to 120 has been described as the 
most highly amyloidogenic peptide in the protein (Gasset, 
M., et al., Proc. Natl. Acad Sci. USA 89, 10940-10944, 
1992.). To assess the in?uence of this sequence contained in 
both P106-128 and P109-141 (both of Which displayed 
inhibitory activity), tWo peptides Were synthesiZed (P 
13-141 =SEQ. ID. NO. 9 and P 121-141 =SEQ. ID. NO. 13) 
Which differed only in the hydrophobic highly amy 
loidogenic sequence. SEQ. ID. NO. 9 ef?ciently inhibited 
the in vitro conversion With an IC5O value of 40 pM (FIG. 
3). In contrast, P121-141 failed to inhibit the conversion at 
all the concentrations used (FIG. 3). When incubated With 
the labeled PrPsen in the absence of PrPres, none of these 
peptides conferred PK-resistance to PrPsen molecules (FIG. 
3). Thus, the hydrophobic amyloidogenic sequence from 
positions 113 to 120 appeared to be active in helping provide 
the inhibitory effect of peptides from this region of PrP. 

[0086] In order to ?nd the minimal number of hydropho 
bic amino acid residues from the amyloidogenic sequence 
that Would still provide inhibition of the conversion reaction, 
several partially deleted peptides Were synthesiZed (P119 
141=SEQ. ID. NO. 12, P117-141=SEQ. ID. NO. 11 and 
P115-141=SEQ. ID. NO.10). The presence of tWo of the 
hydrophobic residues (Gly Ala) Was suf?cient to cause the 
inhibition of the conversion because PI 19-141 Was nearly as 
inhibitory as P113-141, With an IC5O of about 120 pM. 
HoWever, the IC5O Was decreased up to three-fold as addi 
tional hydrophobic amino acid residues from the highly 
amyloidogenic sequence Were added (FIG. 4). Whereas the 
IC5O of P119-141 (positions 119-120 from the amy 
loidogenic sequence) Was 120 pM, the IC5O for P117-141 
(positions 117-120 from the amyloidogenic sequence) Was 
80 pM, While the IC5O for P115-141 (positions 115-120 from 
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the amyloidogenic sequence) Was 40 pM. Additional amino 
acids from the highly amyloidogenic sequence did not 
decrease the ICSO. For example P113-141 (With all eight 
amino acid residues from the highly amyloidogenic 
sequence) still retained an IC5O of 40 pM, substantially the 
same as for P115-141 in Which only six residues from the 
highly amyloidogenic sequence Were present. 

[0087] FIG. 4 is a dose response curve demonstrating the 
inhibition of the conversion reaction performed in the 
absence (0 pM) and the presence of increasing concentra 
tions of hamster peptides (SEQ. ID. NOs. 9-13). The data in 
the graph represent the mean of three independent experi 
ments and are plotted as the percentage of the ratio betWeen 
the conversion in the presence of the peptide and the control 
conversion reaction. 

EXAMPLE 5 

Minimal Sequence Still Provides Inhibition 

[0088] To further investigate minimal sequences that still 
provide inhibition of the conversion of PrPsen to PrPres, 
synthetic peptides P119-128, PI 19-136 and PI 19-141, Were 
compared in the cell free assay, and dose response curves 
prepared (FIG. 5). The assays Were performed as in 
Example 3, With 200 ng hamster 263KPrPres mixed With 
12,000 cpm of immunopuri?ed 35S-labeled hamster PrPsen 
in the presence of hamster peptide sequences. The data Were 
plotted as the percentage of the ratio betWeen the conversion 
in the presence of peptide and the control conversion reac 
tion in the absence of peptide. Each point represents the 
mean of three independent experiments, With the standard 
deviation being shoWn as bars in FIG. 5. The IC5O values 
represent the concentration of peptide capable of inhibiting 
50% of the conversion reaction. 

[0089] FIG. 5 demonstrates that P119-128 still retains 
inhibitory activity, With an IC5O of about 550 pM. The IC5O 
is reduced for the longer sequence P119-141, but is even 
loWer for P119-130, Which has the loWest IC5O (less than 100 
pM) of the three peptides. 

EXAMPLE 6 

Variant Peptide Inhibition Assay Studies 

[0090] Additional structure function studies Were per 
formed of several more variant peptides to illustrate that the 
speci?c inhibitory activity of the peptides Was retained. 

[0091] HaP109-141 (K116) (SEQ. ID. NO. 15) Was syn 
thesiZed using the amino acid sequence of the region 109 
141 of the hamster PrP, but an Ala to Lys non-conservative 
substitution Was made at position 116. As shoWn in FIG. 6, 
this variant still retained speci?c inhibitory activity, With an 
IC5O of 150 pM. 

[0092] HaP109-141(dell 13-116) (SEQ. ID. NO. 16) is a 
deletion variant in Which positions 113-116 of the HaP109 
141 sequence Were deleted. FIG. 6 shoWs that this deletion 
mutant had an excellent IC5O of 70 pM. 

[0093] MoP109-141 (SEQ. ID. NO. 17) is the murine 
sequence instead of the hamster sequence. The murine 
sequence still speci?cally inhibited the hamster PrP conver 
sion reaction With an excellent IC5O of 70 pM. The hamster 
P113-136 sequence is conserved across both species (and 
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indeed across multiple species such as human, mouse, 
hamster, coW and sheep), demonstrating that mutations 
outside this sequence are not deleterious to the speci?c 
inhibition reaction. 

EXAMPLE 7 

Murine Inhibition Assay Studies 

[0094] To demonstrate that the inhibition of PrP conver 
sion can be accomplished in other species, in addition to 
hamster, PrPsen and PrPres Were isolated from mice (as 
described in Example 2) then incubated With murine syn 
thetic peptides as described in Example 3. 

[0095] MoP109-141 (SEQ. ID. NO. 17) is the amino acid 
sequence of the region 109-141 of the Wild-type murine PrP. 
Mo3F4P109-141 (SEQ. ID. NO. 29) Was synthesiZed using 
the amino acid sequence of the region 109-141 of the murine 
PrP, but non-conservative Met substitutions Were made at 
positions 109 and 112. 

[0096] FIG. 7 demonstrates that both murine synthetic 
peptides inhibited murine PrP conversion With the same IC5O 
of 50 pM, indicating that this method can be used to prevent 
PrPsen to PrPres conversion in different animal species. In 
addition, non-conservative substitutions at certain residues 
do not inhibit the conversion reaction. 

EXAMPLE 8 

Fourier transform infrared spectroscopy (FTIR) 

[0097] LyophiliZed peptides Were rehydrated by mixing 
With conversion buffer and incubated for 4 to 60 hours at 
room temperature before FTIR analysis. Samples (6 ml) 
Were loaded into variable pathlength cells With CaFl2 plates 
adjusted to a pathlenogth of 6 mm. After purging the sample 
chamber to reduce the Water vapor contribution, spectra 
Were collected With a Perkin-Elmer System 2000 spectrom 
eter equipped With a MIRTGS detector. Spectral parameters 
Were as folloWs: 254 scans; 4 cm-1 resolution; 1 cm/sec 
OPD velocity; Kaiser-Bessel apodiZation. Buffer spectra 
Were subtracted from peptide spectra to give a ?at baseline 
in the 1800-2200 cm'1 region. AWater vapor spectrum Was 
then subtracted to minimiZe the Water vapor bands in the 
1750-1850 cm'1 region. 

[0098] Fourier transform infrared spectroscopy Was used 
to compare the conformations of the PrP and AB 1-40 
peptide to see if there Was a correlation betWeen inhibitory 
ef?cacy and conformation. The A6 1-40 peptide consists of 
P1-40 of the AlZheimer’s disease amyloid [3 peptide, Which 
is a [3-sheet region of the much longer amyloid precursor 
protein. The peptides Were incubated for 4-60 hours in 
conversion buffer Without any PrPsen or PrPres. FTIR 
spectra of peptides incubated for 24 hours at a concentration 
of 2 mM are shoWn in FIG. 8. Five of the peptides 
(P106-128, P109-141, P113-141, P121-141 and A [3 1-40) 
shoWed prominent absorbance maxima at ~1630 cm'1 Which 
Were indicative of a high 13-sheet content. For SEQ. ID. 
NO. 8 this predominant absorbance at 1630 cm'1 Was 
maintained doWn to concentrations of 0.2 mM. These same 
?ve peptides Were at least partially insoluble as each formed 
a visible particulate suspension. TWo other PrP peptides 
(P89-103 and P218-232) maintained clear solutions and had 
absorbance maxima near 1667 cm_1, With no evidence of the 
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[3-sheet absorbance at ~1630 cm_1. Although all the inhibi 
tory peptides showed evidence of a high [3-sheet content, 
other peptides, such as P121-141 and AB 1-40, shoWed a 
similar [3-sheet content but gave no inhibition of conversion. 
Thus, the potential to form a high amount of [3-sheet 
structure is not sufficient for the speci?c inhibitory activity 
of any given peptide. 

EXAMPLE 9 

Peptide Sedimentation Studies 

[0099] Considering the propensity of hydrophobic PrP 
peptides to aggregate in vitro, We investigated Whether the 
inhibition of the conversion could be explained by peptide 
induced aggregation of 35S-HaPrPsen, Which might prevent 
conversion of this precursor protein. For this purpose, con 
version reaction mixtures Were centrifuged in the presence 
or absence of various peptides, and pellet and supernatant 
fractions Were analyZed for 35S-HaPrPsen. 

[0100] Immunopuri?ed 35S-HaPrPsen (12,000 cpm/reac 
tion) Was incubated for 24 hours at 37° C. With 200 ng of 2.5 
M Gdn-HCl pre-treated HaPrPres in the absence or presence 
of indicated concentrations of peptides P109-141, P113-141, 
P121-141 and AP3 1-40. At the end of the incubation time, 
the samples Were centrifuged at room temperature for 20 
min at 14,000 rpm. The supernatants and the pellets Were 
separately collected and methanol precipitated prior to SDS 
PAGE analysis and phosphor autoradiographic image quan 
ti?cation. 

[0101] Whereas 35S-HaPrPsen remained soluble in the 
absence of peptides, incubation With either inhibitory pep 
tides (P109-141 and P113-141) or non-inhibitory peptides 
(P121-141 and A[31-40) caused aggregation and pelleting of 
35S-HaPrPsen as seen in FIG. 9. Thus, although peptide 
induced aggregation of PrPsen occurred, this sedimentation 
Was not suf?cient for the inhibition of the conversion reac 
tion. 

EXAMPLE 10 

Peptide Design 
[0102] The above Examples illustrates that the PrP syn 
thetic peptides of the present invention are involved in 
PrPres/PrPsen interactions, and that peptides from the cen 
tral part of PrP sequence, P106-128, P 109-141, or P113 
141, Were very efficient at inhibiting the in vitro cell-free 
conversion of PrPsen to PrPres (30 mM<IC5O<230 mM). 
The presence of the corresponding hamster sequence from 
113 to 120 correlated With the inhibition of the conversion 
reaction. Indeed, all the peptides having this sequence such 
as P106-128, P109-141, or P113-141 had an inhibitory 
effect, Whereas P121-141 did not exhibit this property. 
Interestingly, residues 119 and 120 appeared to be suf?cient 
for inhibition, because P119-141 Was nearly as effective as 
P113-141. Peptides from the amino-terminal region such as 
P23-37, P57-64, P57-72 and P57-80 and from the carboxy 
terminal region such as P139-170 and P218-232 did not 
inhibit the conversion reaction. Outside of this region, only 
P89-103 Was able to slightly decrease the conversion When 
incubated at the high concentration of 0.8 mM (FIG. 2). The 
P89-103 region is contained in the PK-resistant core of 
PrPres, and its location is adjacent to the most inhibitory 
peptide sequences. These data suggested that, unlike the 
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central portion of PrPres, the amino and the carboxy 
terminal regions of the molecule are less involved in the 
intermolecular interactions resulting in PrPres formation. 
This explanation is consistent With the fact that the carboxy 
and amino-terminal portions of PrPres are more sensitive to 
the PK digestion than the central part (Hope, J ., et al., EBO 
J. 512591-2597, 1986; Oesch, B., et al., Cell 40:735-746, 
1985 

[0103] The presence of PrP amino acid residues from 113 
to 120 correlated With maximal inhibition, but other amino 
acid residues are involved in the speci?c intermolecular 
interaction. Positions 121-128, for example, seem to have 
the greatest modulating activity, but the entire modulating 
sequence 121-136 provides an even better IC5O than the 
sequence 121-128. The adjacent sequence from 129 to 141 
also appears to plays a modulatory role in the inhibition of 
conversion. 

[0104] One skilled in the art could perform a randomiZed 
site-directed mutagenesis procedure, such as described by 
Huang et al., J. Mol. Biol. 258:688-703, 1996; or PalZkill 
and Botstein, Proteins: Stritct. F117Ct. Getiet. 14:29-44, 
1992. Brie?y, one or more regions of contiguous codons 
from either the full-length peptide, for one of the smaller 
synthetic peptides, is chosen for randomiZation. A random 
library is generated Which contains all of the possible 
substitutions for the selected region. Mutated peptides are 
tested for their ability to prevent in vitro PrPsen to PrPres 
conversion as described in Example 3. 

[0105] In conjunction With randomiZed site-directed 
mutagenesis, one skilled in the art could use either simple 
predictive algorithms (Chou and Fasman, Biochem. 13:222 
245, 1974; Gamier et al., J. Mol. Biol. 120:97-120, 1978) or 
computer softWare (for example MOLSCRIPT, Kraulis, J. 
Appl. Crystallog. 24:946-950, 1991; in addition see http:// 
hera.1mb.uni-muenchen.de/groups/gbm-pd/int-soft.htg or 
http://WWW.public.iastate.edu/~pedro/research tools.html 
for softWare and email server links) to predict the peptide 
secondary structure of Wild-type and mutated PrP synthetic 
peptides. Mutated peptides that maintain the same predicted 
secondary structure as the Wild-type peptide are tesed for 
their ability to prevent PrPsen to PrPres conversion as 
described in Example 3. 

[0106] The mechanism of action of the inhibitory peptides 
is still unclear, but the data in the above Examples indicates 
that the inhibitory peptides provide an effective approach to 
inhibiting the pathologic mechanism of conversion of 
PrPsen to PrPres, Without themselves conferring PK resis 
tance to 35S-PrPsen. This result is surprising in vieW of the 
reports by others that incubation of hamster PrPsen With 
hamster peptide P90-145 resulted in the formation of a 
PK-resistant, sedimentable PrPsen/peptide complex 
(Kaneko, K., et al., Proc. Natl. Acad. Sci. USA 92:11160 
11164, 1995; Kaneko, K., et al., J. Mol. Biol. 270:574-586, 
1997). 
[0107] The inhibitory PrP peptides of the present inven 
tion provide neW approaches for therapeutic intervention in 
the relentless fatal course of TSE diseases. The folloWing 
examples illustrate possible peptide modi?cations, describe 
methods of therapeutic administration, and enable alterna 
tive approaches to treatment of these diseases. 
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EXAMPLE 11 

Peptide Modi?cations 

[0108] The present invention includes biologically active 
molecules that mimic the action of the inhibitory PrP pep 
tides of the present invention, and speci?cally inhibit the 
conversion reaction from PrPsen to PrPres. The peptides of 
the invention include synthetic embodiments of naturally 
occurring peptides described herein, as Well as analogues 
(non-peptide organic molecules), derivatives (chemically 
functionaliZed peptide molecules obtained starting With the 
disclosed peptide sequences) and variants (homologs) of 
these peptides that speci?cally inhibit the conversion assay 
reaction. Each peptide ligand of the invention is comprised 
of a sequence of amino acids, Which may be either L- and/or 
D- amino acids, naturally occurring and otherWise. 

[0109] Peptides may be modi?ed by a variety of chemical 
techniques to produce derivatives having essentially the 
same activity as the unmodi?ed peptides, and optionally 
having other desirable properties. For example, carboxylic 
acid groups of the peptide, Whether carboxyl-terminal or 
side chain, may be provided in the form of a salt of a 
pharmaceutically-acceptable cation or esteri?ed to form a 
C1-C16 ester, or converted to an amide of formula NRlR2 
Wherein R1 and R2 are each independently H or CJL-C16 alkyl, 
or combined to form a heterocyclic ring, such as a 5- or 6 
membered ring. Amino groups of the peptide, Whether 
amino-termninal or side chain, may be in the form of a 
pharmaceutically-acceptable acid addition salt, such as the 
HCl, HBr, acetic, benZoic, toluene sulfonic, maleic, tartaric 
and other organic salts, or may be modi?ed to C1-C16 alkyl 
or dialkyl amino or further converted to an amide. 

[0110] Hydroxyl groups of the peptide side chain may be 
converted to CJL-C16 alkoxy or to a CJL-C16 ester using 
Well-recognized techniques. Phenyl and phenolic rings of 
the peptide side chain may be substituted With one or more 
halogen atoms, such as ?uorine, chlorine, bromine or iodine, 
or With C1-C16 alkyl, C1-C16 alkoxy, carboxylic acids and 
esters thereof, or amides of such carboxylic acids. Methyl 
ene groups of the peptide sidechains can be extended to 
homologous C2-C4 alkylenes. Thiols can be protected With 
any one of a number of Well-recognized protecting groups, 
such as acetamide groups. Those skilled in the art Will also 
recogniZe methods for introducing cyclic structures into the 
peptides of this invention to select and provide conforma 
tional constraints to the structure that result in enhanced 
stability. For example, a carboxyl-terminal or amino-termi 
nal cysteine residue can be added to the peptide, so that 
When oxidiZed the peptide Will contain a disul?de bond, 
thereby generating a cyclic peptide. Other peptide cycliZing 
methods include the formation of thioethers and carboxyl 
and amino-terminal amides and esters. 

[0111] The activity of the peptides disclosed herein lies not 
in the precise amino acid sequence, but rather in the epitopes 
inherent in the amino acid sequences encoded by the DNA 
sequences. It is possible to recreate the inhibitory activity of 
any of these peptides by recreating the epitope, Without 
necessarily recreating the exact amino acid sequence. This 
can be achieved by designing a nucleic acid sequence that 
encodes for the epitope, but Which differs, by reason of the 
redundancy of the genetic code. Similarly, the DNA 
sequence may also be varied, While still producing a func 
tional inhibitory peptide. 
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[0112] The degeneracy of the genetic code further Widens 
the scope of the present invention as it enables major 
variations in the nucleotide sequence of a DNA molecule 
While maintaining the amino acid sequence of the encoded 
protein. The genetic code and variations in nucleotide 
codons for particular amino acids is Well knoWn. Based upon 
the degeneracy of the genetic code, variant DNA molecules 
may be derived from the DNA sequences disclosed herein 
using standard DNA mutagenesis techniques, or by synthe 
sis of DNA sequences. 

[0113] Additionally, standard techniques may be used to 
produce variant peptides Which vary in amino acid sequence 
from the peptides encoded by the DNA molecules disclosed 
herein. HoWever, such variant peptides Will retain the essen 
tial characteristic of the peptides encoded by the DNA 
molecules disclosed herein, ie the ability to inhibit the 
conversion reaction With speci?city, for example With an 
IC50 of less than about 1000 pM, for example less than about 
800, 550, 200, 100 or 80 pM. This inhibitory property can 
readily be determined by the cell free conversion reaction 
assay described herein. Variant peptides include those With 
variations in amino acid sequence, including minor dele 
tions, additions, insertions and substitutions. 

[0114] While the site for introducing an amino acid 
sequence variation is predetermined, the mutation per se 
need not be predetermined. For example, in order to opti 
miZe the performance of a mutation at a given site, random 
mutagenesis may be conducted at the target codon or region 
and the expressed peptide variants screened for the optimal 
combination of desired activity. Techniques for making 
substitution mutations at predetermined sites in DNA having 
a knoWn sequence as described above are Well knoWn. 

[0115] In order to maintain an optimally functional pep 
tide, particular peptide variants Will differ by only a small 
number of amino acids from the peptides disclosed in this 
speci?cation. Such variants may have deletions (for example 
of 1-3 or more amino acid residues), insertions (for example 
of 1-3 or more residues), or substitutions that do not interfere 
With the desired inhibitory activity of the peptides. Substi 
tutional variants are those in Which at least one residue in the 
amino acid sequence has been removed and a different 
residue inserted in its place. In particular embodiments, such 
variants Will have amino acid substitutions of single resi 
dues. Such substitutions generally are made in accordance 
With the folloWing Table 1 When it is desired to ?nely 
modulate the characteristics of the peptide. 

TABLE 1 

Original Residue Conservative Substitutions 

Ala Ser 
Arg Lys 
Asn Gln, His 
Asp Glu 
Cys Ser 
Gln Asn 
Glu Asp 
Gly Pro 
His Asn; Gln 
Ile Leu, Val 
Leu Ile; Val 
Lys Arg; Gln; Glu 
Met Leu; Ile 
Phe Met; Leu; Tyr 
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TABLE l-continued 

Original Residue Conservative Substitutions 

Ser Thr 
Thr Ser 
Trp Tyr 
Tyr Trp; Phe 
Val Ile; Leu 

[0116] Greater changes in biological activity may be made 
by selecting substitutions that are less conservative than 
those in Table 1, i.e. selecting residues that differ more 
signi?cantly in their effect on maintaining (a) the structure 
of the polypeptide backbone in the area of the substitution, 
for example, as a sheet or helical conformation, (b) the 
charge or hydrophobicity of the molecule at the target site, 
or (c) the bulk of the side chain. 

[0117] Peptidomimetic and organomimetic embodiments 
are also within the scope of the present invention, whereby 
the three-dimensional arrangement of the chemical constitu 
ents of such peptido- and organomimetics mimic the three 
dimensional arrangement of the peptide backbone and com 
ponent amino acid sidechains in the peptide, resulting in 
such peptido- and organomimetics of the peptides of this 
invention having substantial speci?c inhibitory activity. For 
computer modeling applications, a pharmacophore is an 
idealized, three-dimensional de?nition of the structural 
requirements for biological activity. Peptido- and organo 
mimetics can be designed to ?t each pharmacophore with 
current computer modeling software (using computer 
assisted drug design or CADD). See Walters, “Computer 
Assisted Modeling of Drugs”, in Klegerman & Groves, eds., 
1993, Pharmaceutical Biotechnology, Interpharm Press: 
Buffalo Grove, 111., pp. 165-174 and Principles of Pharma 
cology (ed. Munson, 1995), chapter 102 for a description of 
techniques used in CADD. Also included within the scope of 
the invention are mimetics prepared using such techniques 
that produce either peptides or conventional organic phar 
maceuticals that speci?cally inhibit the conversion reaction 
as determined by the conversion assay. 

EXAMPLE 12 

Peptide Synthesis and Puri?cation 

[0118] The peptides provided by the present invention can 
be chemically synthesized by any of a number of manual or 
automated methods of synthesis known in the art. For 
example, solid phase peptide synthesis (SPPS) is carried out 
on a 0.25 millimole (mmole) scale using an Applied Bio 
systems Model 431A Peptide Synthesizer and using 9-?uo 
renylmethyloxycarbonyl (Fmoc) amino-terminus protec 
tion, coupling with dicyclohexylcarbodiimide/ 
hydroxybenzotriazole or 2-(1H-benzo-triazol-1-yl)-1,1,3,3 
tetramethyluronium hexa?uorophosphate/ 
hydroxybenzotriazole (HBTU/HOBT), and using 
p-hydroxymethylphenoxymethylpolystyrene (HMP) or Sas 
rinTM resin for carboxyl-terminus acids or Rink amide resin 
for carboxyl-terminus amides. 

[0119] Fmoc-derivatized amino acids are prepared from 
the appropriate precursor amino acids by tritylation and 
triphenylmethanol in tri?uoroacetic acid, followed by Fmoc 
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derivitization as described by Atherton et al. (1989, Solid 
Phase Peptide Synthesis, IRL Press: Oxford). 

[0120] SasrinTM resin-bound peptides are cleaved using a 
solution of 1% TFA in dichloromethane to yield the pro 
tected peptide. Where appropriate, protected peptide precur 
sors are cyclized between the amino- and carboxyl-termini 
by reaction of the amino-terminal free amine and carboxyl 
terminal free acid using diphenylphosphorylazide in nascent 
peptides wherein the amino acid sidechains are protected. 

[0121] H or Rink amide resin-bound products are rou 
tinely cleaved and protected sidechain-containing cyclized 
peptides deprotected using a solution comprised of tri?uo 
roacetic acid (TFA), optionally also comprising water, thio 
anisole, and ethanedithiol, in ratios of 100:5:5:2.5, for 0.5-3 
hours at room temperature. 

[0122] Crude peptides are puri?ed by preparative high 
pressure liquid chromatography (HPLC), for example using 
a Waters Delta-Pak C18 column and gradient elution with 
0.1% TFA in water modi?ed with acetonitrile. After column 
elution, acetonitrile is evaporated from the eluted fractions, 
which are then lyophilized. The identity of each product so 
produced and puri?ed may be con?rmed by fast atom 
bombardment mass spectroscopy (FABMS) or electrospray 
mass spectroscopy (ESMS). 

EXAMPLE 13 

Recombinant Production of Peptides 

[0123] Methods for the production of the inhibitory pep 
tides of the invention from cloned genes by genetic engi 
neering means are known in this art (even though the 
inhibitory peptides are not). The discussion which follows is 
accordingly intended as an overview of this ?eld, and is not 
intended to re?ect the full state of the art. 

[0124] DNA encoding an inhibitory peptide may be 
obtained, for example, by chemical synthesis. The inhibitory 
peptides may be synthesized in host cells transformed with 
a recombinant expression construct comprising a nucleic 
acid encoding the inhibitory peptide cDNA. For the pur 
poses of this invention, a recombinant expression construct 
is a replicable DNA construct in which a nucleic acid 
encoding an inhibitory peptide is operably linked to suitable 
control sequences capable of effecting the expression of the 
inhibitory peptide in a suitable host. Generally, control 
sequences include a transcriptional promoter, an optional 
operator sequence to control transcription, a sequence 
encoding suitable mRNA ribosomal binding sites, and 
sequences which control the termination of transcription and 
translation. See, Sambrook et al., 1990, Molecular Cloning: 
A Laboratory Manual (Cold Spring Harbor Press: New 
York). 
[0125] Vectors useful for practicing the present invention 
include plasmids, viruses (including phages), retroviruses, 
and integratable DNA fragments (i.e., fragments integratable 
into the host genome by homologous recombination). Cul 
tures of bacteria, such asE coli, are an example of a possible 
host for recombinant inhibitory peptide synthesis. Trans 
formed host cells are cells which have been transformed or 
transfected with recombinant expression constructs made 
using recombinant DNA techniques and comprising nucleic 
acid encoding an amino acid transporter protein. Trans 
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formed host cells may express the inhibitory peptides. See, 
Sambrook et al, ibid. In principle, any higher eukaryotic cell 
culture is also useful, Whether from vertebrate or inverte 
brate culture. Propagation of such cells in cell culture has 
become a routine procedure. See Tissue Culture, Academic 
Press, Kruse & Patterson, editors (1973). Examples of useful 
host cell lines are neural progenitor cells C17-2 and C27-3, 
neuroblastoma cells, and other cells described in Example 
15. 

EXAMPLE 14 

Pharmaceutical Compositions 

[0126] The invention provides homogeneous composi 
tions of the inhibitory peptides, for example a composition 
that is comprised of at least 90% of the peptide, variant, 
analog or mimetic in the composition. Such compositions 
are useful as diagnostic and therapeutic agents When con 
stituted as pharmaceutical compositions With the appropriate 
carriers or diluents. In diagnostic embodiments, detectably 
labeled peptide ligands may be used in methods for diag 
nosing diseases or pathological conditions by shoWing that 
the peptides are capable of inhibiting the PrPres conversion 
reaction that is associated With the pathogenesis of spongi 
form encephalopathies. Similarly, therapeutic methods of 
treatment are encompassed by the invention and provide 
using pharmaceutical compositions of such peptides admin 
istered in vivo in therapeutically-effective amounts. 

[0127] Although the preferred mode of administration 
Would be directly into the CNS Where the peptides can 
interfere With the formation of PrPres in the brain, intrave 
nous, intramuscular or other parenteral administration are 
also contemplated to interfere With PrPres formation outside 
the CNS. It is postulated that prion diseases have an early 
stage in Which the infectious agent acts primarily in the 
lymphoreticular system (such as the spleen and lymph 
nodes), hence peripheral administration of the peptides 
could act outside the CNS to inhibit progression of the 
disease. Oral administration is possible, but the acidic envi 
ronment of the stomach often degrades small peptides, 
Which Would complicate that mode of administration. Sup 
positories represent an alternative mode of administration 
that avoids the acidic environment of the stomach. Retro 
grade axoplasmic transport into the brain (from the olfactory 
bulb) via inhalation is also a possible mode of administra 
tion, as is ocular administration (for example in the form of 
eye drops, particularly if the peptide is expressed by a 
neurotrophic organism such as HSV). 

[0128] Any of the common pharmaceutical carriers, such 
as sterile saline solution or sesame oil, can be used. Routes 
of parenteral administration include, but are not limited to, 
subcutaneous (sq), intracranial ventricular (icv), intrathecal 
(it), intravenous (iv), intramuscular (im), topical ophthalmic, 
subconjunctival, nasal, aural and transdermal. Peptides of 
the invention may be administered sq, iv or im in any 
conventional medium for intravenous injection, such as an 
aqueous saline or oil medium. The medium may also contain 
conventional pharmaceutical adjunct materials such as, for 
example, pharmaceutically acceptable salts to adjust the 
osmotic pressure, buffers, preservatives and the like. Among 
the preferred media are normal saline and sesame oil. 

[0129] Embodiments of the invention comprising medica 
ments can be prepared With conventional pharmaceutically 
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acceptable carriers, adjuvants and counterions as Would be 
knoWn to those of skill in the art. The medicaments are 
preferably in the form of a unit dose in solid, semi-solid and 
liquid dosage forms such as tablets, pills, poWders, liquid 
solutions or suspensions, and injectable and infusible solu 
tions, for example a unit dose vial. Effective dosage ranges 
included in the unit dose container can readily be determined 
from the effective concentrations shoWn in the dose response 
curves of FIGS. 4-7, or similar curves generated for variants, 
analogs, mimetics, etc. 

[0130] The pharmaceutical compositions may also be 
administered as intranasal inhalants, for example in phar 
maceutical aerosols utiliZing solutions, suspensions, emul 
sions, poWders and semisolid preparations of the type more 
fully described in Remington: The Science and Practice of 
Pharmacy (19th Edition, 1995) in chapter 95. A particular 
inhalant form is a metered dose inhalant containing the 
active ingredient, in a suspension or a dispersing agent (such 
as sorbitan trioleate, oleyl alcohol, oleic acid, or lecithin, and 
a propellant such as 12/11 or 12/114). 

EXAMPLE 15 

Intracerebral, Intrathecal or Intraventricular 
Administration 

[0131] Direct intracerebral injection of the peptide is pos 
sible, or delivery can be accomplished by sustained delivery 
reservoirs or pumps that deliver a preselected concentration 
of the peptide to areas of the brain being treated. Direct CNS 
delivery can be directed particularly to areas of the brain that 
are found to be affected on an MRI scan, or delivered to 

areas of the brain knoWn to be affected by the particular 
strain of TSE being treated. 

[0132] The intrathecal injection method alloWs the appli 
cation of small quantities of drug directly into the area 
surrounding the spinal cord, Without surgical intervention. 
The peptide is then able to circulate in the cerebrospinal ?uid 
(CSF) that is present in the subarachnoid space and in the 
ventricles of the brain. Intrathecal injection is achieved With 
disposable 30 g, 1/2 inch needles mated to a 10 ul luer tip 
syringe (Hamilton, Reno, Nev.). Drug is administered in 
arti?cial cerebrospinal ?uid (CSF) and injection volumes 
and concentration can be determined from the dose response 
information given in this speci?cation. 

[0133] When the subject is a mouse, it is placed on a ?at 
surface, With its head in a toWel cupped gently With the heel 
of the palm, and the thumb and fore?nger lightly pushing 
doWn on the iliac crests With enough force to stretch the skin 
across the loWer back. The needle is inserted into the tissue 
just medial to the L5 spinous process so that it enters the 
groove betWeen the spinous and transverse processes. This 
site maximiZes vertebral accessibility and minimiZes the 
possibility of spinal damage. The needle is then moved 
carefully forWard to the intervertebral space as the angle of 
the syringe is decreased from about 30° to 15°. The tip of the 
needle is inserted so that approximately 0.5 cm is Within the 
vertebral column Which is reliably indicated by a ?ick of the 
mouse’s tail. 

[0134] In a human, conventional lumbar puncture With a 
spinal needle can be used to access the epidural or intrath 
ecal space. 
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[0135] For icv injections, a 26 g 1/2 inch needle is ?tted 
With a piece of polyethylene tubing so that 3 mm of 
uncovered needle enter the mouse’s skull. (The sleeve 
ensures that the depth of the needle is appropriate for the 
depth of the lateral ventrical in the mouse). The needle is 
held at a 45° angle and inserted at Bregma, 1-2 mm lateral 
to midline. The needle readily punctures the skull at this 
suture, so no incision is required for accurate placement. The 
needle tip is toWards the tail, and the 3 mm depth alloWs 
direct placement of the drug into a lateral ventricle. In a 
human, icv injections can be performed using MRI guided 
stereotactic procedures. 

EXAMPLE 16 

Administration from Producer Cell 

[0136] PrP peptides delivered from producer cells can also 
provide inhibitory concentrations of the peptides in the 
brain. An example of expression of protein products by ex 
vivo gene transfer in neural progenitor cells is provided, for 
example, by an adaption of the method of LocoraZZa et al., 
Nature Medicine 21424-429, 1996. Ecotropic retroviruses 
are produced by transfection of a GP-E86 packaging cell 
line With a construct containing the inhibitory peptide under 
transcriptional control of mouse phospho-glycerate kinase 
(PGK) promoter. Recipient neural progenitor cells C17-2 
and C27-3 are transduced and analyZed for the presence of 
an unrearranged inhibitory peptide by Southern blot and 
polymerase chain reaction (PCR). Infected cells are then 
subcloned, by limiting dilution, to select those displaying the 
highest expression of the inhibitory peptide. The infected, 
peptide producing cells are transplanted into the brain of the 
animal to be treated, Where the cells produce the inhibitory 
peptide to inhibit in vivo conversion of PrPsen to PrPres. 
The number of cells can be varied, depending on the degree 
to Which the cells are producing the peptide, and the desired 
concentration of the peptide in the area of the brain being 
treated. Additional information about grafting nerual pro 
genitor cells into the CNS can be found in Snyder et al., Cell 
68133-51, 1992. 

[0137] PrP variants have also been overexpressed in neu 
roblastoma cells, as in Holscher et al. (Holscher, C., et al., 
J. Virol. 72, 1153-1159, 1998). Neuro2a cells (purchased 
from the American Type Culture Collection) are maintained 
at 37° C. in 5% CO2 in Dulbecco’s modi?ed Eagle’s 
minimum essential medium (DMEM) supplemented With 
10% heat-inactivated fetal calf serum and penicillin-strep 
tomycin. One day before transfection, 10° Neuro2a cells are 
plated onto 10-cm diameter dishes. Cells are transfected by 
the modi?ed CaPO4 precipitation protocol of Chen and 
Okayama, Mol. Cell. Biol. 712745-2752, 1996. The total 
amount of transfected DNA is adjusted (for example to 20 
pg) by adding calf thymus DNA (Sigma Chemical Co.) as a 
carrier. After incubation for 8 to 19 hours at 35° C. and 3% 
CO2, cells are Washed With serum-free medium and then 
incubated With complete medium at 37° C. and 5% CO2. 
Cells producing the PrP variant peptide can then be detected 
by immunoblots With speci?c monoclonal antibodies, or 
With nucleic acid probes. 
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[0138] Neuronal and non-neuronal cells can be grafted 
into the CNS for delivery of the peptide. Donor cells suitable 
for recombinant expression of the peptide and grafting into 
the CNS are discussed in Snyder et al., Neurobiology of 
Disease 4169-102, 1997. Potential producer cells include 
neurons, astrocytes, oligodendrocytes, glial cells, adrenal 
medulla, SchWann cells, myoblasts, ?broblasts and others. 
Additional information about the use of producer cells and 

neurotrophic viral vectors (such as HSV) to deliver expres 
sion products to the CNS are given in Culver, Gene Therapy, 
1996, chapter 5, especially pages 79-81. 

[0139] MRI-guided stereotactic implantation of vector 
producer cells viral vectors can be accomplished as 

described in Culver, Gene Therapy, chapter 6, particularly 
pages 114-115. 

EXAMPLE 17 

DNA Vaccine 

[0140] Inhibitory PrP peptides Which are not themselves 
capable of forming PrPres could also be delivered via DNA 
vaccination. Examples of techniques for DNA injection for 
this purpose are disclosed, for example, in US. Pat. Nos. 

5,736,524; 5,703,057; 5,721,340; 5,705,151; 5,697,901; and 
5,620,896. 

[0141] For example, inhibitory PrP peptide P109-141 is 
expressed in a recombinant DNA vector under the control of 
a strong promotor such as the human cytomegalovirus 
immediate-early promotor Which has been shoWn to be 
effective in DNA vaccination studies (eg Foecking and 
Hofstetter, Gene 451101-105, 1986). A concentration of 10 
pig/ml of DNA in a saline solution is administered via an 

intravenous injection or at a peripheral site via particle 
bombardment (gene gun). Delivery of the DNA via intra 
venous injection has been shoW to lead to the expression of 
the recombinant molecule in many organs (e.g. revieWed in 
Hassett and Whitton Trends in Microbiology 41307-412, 
1996), and both techniques have been shoWn to elicit 
protective immune responses toWards infectious agents. 

[0142] Another delivery method Would be receptor-medi 
ated targeting of the peptide to cells. In this instance, a 
protein Which interacts With a cell-surface receptor is linked 
to the recombinant DNA and used to target the DNA to the 
appropriate cells for inhibition of PrPres formation (as in 
Wagner et al., Proc. Natl. Acad Sci. USA: 8916099-6103, 

1992). 
[0143] In vieW of the many possible embodiments to 
Which the principles of the invention may be applied, it Will 
recogniZed that the illustrated embodiment is only a pre 
ferred example of the invention, and should not be under 
stood as a limitation on the scope of the invention. Rather, 
the scope of the invention is de?ned by the folloWing claims. 
We therefore claim as our invention all that comes Within the 

scope and spirit of these claims. 




























