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(57) ABSTRACT 

The invention provides an isolated or puri?ed peptide that 
binds at least one plasma protein. In one embodiment, the 
isolated or puri?ed peptide binds to ?brinogen, comprises no 
more than 10 amino acids, and comprises an amino acid 
sequence Xaal-Xaa2-Xaa3-Xaa4-Xaa5, and amino acid 
sequence Gly-Xaa6-Arg-Xaa7, or an amino acid sequence 
selected from speci?c amino acid sequences provided herein. 
Alternatively, the isolated or puri?ed protein binds to al 
proteinase inhibitor and/or a protein complex comprising 
Apo-Al lipoprotein and paraoxonase. The peptide comprises 
no more than 10 amino acids and comprises an amino acid 
sequence Xaa8-Xaal-His-Xaa1-Xaa3, and amino acid 
sequence His-Xaas-Xaag-Xaal-XaalO-Xaa2, or an amino 
acid sequence selected from speci?c amino acid sequence 
provided herein. In addition, the invention provides isolated 
or puri?ed peptide that binds to von Willebrand Factor. The 
peptide comprises an amino acid sequence Xaa4-Xaa5 -Xaa5, 
an amino acid sequence Tyr-Leu-Xaall-Xaa4-Xaa12-Thr, or 
an amino acid sequence selected from speci?c amino acid 
sequences provided herein. 
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PLASMA PROTEIN-BINDING LIGANDS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This patent application claims the bene?t of US. 
Provisional Patent Application No. 60/372,091, ?led Apr. 15, 
2002. 

FIELD OF THE INVENTION 

[0002] This invention pertains to isolated or puri?ed pep 
tides that bind plasma proteins and methods of use. 

BACKGROUND OF THE INVENTION 

[0003] Currently available processes for the commercial 
production of many proteins are complex, require numerous 
puri?cation steps, and lack e?iciency. Large scale puri?ca 
tion of, for example, plasma-derived proteins is commonly 
performed by alcohol fractionation based on the methods of 
Cohn established over 50 years ago (Cohn et. al., J. Am. 
Chem. Soc, 68, 459 (1946)). Production yields for such pro 
teins are loW While manufacturing costs are high. HoWever, 
a?inity chromatography has been proven as an effective and 
e?icient alternative for purifying a protein from a complex 
(heterogeneous) protein mixture. Af?nity chromatography 
using peptide ligands has advantages over immunoaf?nity 
chromatography Which employs antibodies (Baumbach & 
Hammond, BioPharm, 5, 24-35 (1992)). Peptide ligands con 
sist of only a feW amino acids, Which, unlike large murine 
antibodies, are not likely to cause an immune response if 
contamination of the puri?cation product occurs. Peptide 
ligands also are more stable compared to antibodies, and can 
be manufactured aseptically in large quantities under Good 
Manufacturing Practice conditions. The interactions betWeen 
peptide ligands and target proteins can be easily modi?ed to 
alloW mild elution conditions for separation and to provide 
greater control of interactions by the practitioner. 
[0004] Due to the lack of existing ligands for puri?cation of 
some proteins, af?nity chromatography has yet to be applied 
for commercial scale puri?cation of many plasma-derived 
proteins. Despite advances in other protein puri?cation tech 
niques, many current separation methods are inef?cient in 
avoiding contamination With undesired proteins. Accord 
ingly, there remains a need in the art for alternative materials 
for the e?icient separation of plasma proteins from complex 
mixtures. The invention provides such materials and methods 
of use. These and other advantages of the invention, as Well as 
additional inventive features, Will be apparent from the 
description of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The invention provides an isolated or puri?ed pep 
tide that binds at least one plasma protein. In one embodi 
ment, the isolated or puri?ed peptide comprises no more than 
10 amino acids and comprises an amino acid sequence Xaal 
Xaa2-Xaa3-Xaa4-Xaa5 (SEQ ID NO: 1), Wherein Xaal is a 
hydrophobic amino acid, Xaa2 is a basic amino acid, Xaa3 is 
a polar amino acid With a side chain comprising an amide, 
Xaa4 is a hydrophobic amino acid or an aromatic amino acid, 
and Xaa5 is an acidic amino acid. Alternatively, the peptide 
comprises an amino acid sequence Gly-Xaa6-Arg-Xaa7 (SEQ 
ID NO: 2), Wherein Xaa6 is Pro or Gln, and Xaa7 is any amino 
acid except Pro. An isolated or puri?edpeptide comprising no 
more than 10 amino acids and comprising an amino acid 
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sequence selected from the group consisting of SEQ ID NOs: 
7-15, 17-19, and 28, also is provided. The isolated and puri 
?ed peptide binds to ?brinogen. 
[0006] In another embodiment, the invention provides an 
isolated or puri?ed protein that binds to al proteinase inhibi 
tor (API) or a protein complex comprising Apo-A1 lipopro 
tein and paraoxonase. The peptide comprises no more than 10 
amino acids and comprises an amino acid sequence Xaas 
Xaas-Xaal-His-Xaal-Xaa3 (SEQ ID NO: 3), Wherein Xaal is 
a hydrophobic amino acid, Xaa3 is a polar amino acid With a 
side chain comprising an amide, and Xaa8 is an aromatic 
amino acid. 
[0007] In addition, the invention provides an isolated or 
puri?ed peptide that binds to API. The peptide comprises no 
more than 10 amino acids and comprises an amino acid 
sequence His-Xaas-Xaag-Xaal -XaalO-Xaa2 (SEQ ID NO: 4), 
Wherein Xaal is a hydrophobic amino acid, Xaa8 is an aro 
matic amino acid, Xaa9 is an acidic amino acid or a hydro 
phobic amino acid, Xaal0 is a hydrophobic amino acid or His. 
Xaa2 is a basic amino acid. Alternatively, the peptide com 
prises an amino acid sequence selected from the group con 
sisting of SEQ ID NOs: 36, 38, 39, 45, 48, 54, and 55. 
[0008] Further, an isolated or puri?ed peptide that binds to 
a protein complex comprising Apo-A1 lipoprotein and 
paraoxonase is provided. The peptide comprises no more than 
10 amino acids and comprises an amino acid sequence 
selected from the group consisting of SEQ ID NO; 59-62. 
[0009] An isolated or puri?ed peptide that binds to von 
Willebrand Factor (vWF) also is provided. The peptide com 
prises no more than 6 amino acids and comprises an amino 
acid sequence Xaa4-Xaa5-Xaa5 (SEQ ID NO: 5), Wherein 
Xaa4 is a hydrophobic amino acid or an aromatic amino acid, 
and Xaa5 is an acidic amino acid. The peptide does not com 
prise His, Arg, or Lys. The peptide alternatively comprises no 
more than 10 amino acids and comprises an amino acid 
sequence Tyr-Leu-Xaall-Xaa4-Xaal2-Thr (SEQ ID NO: 6), 
Wherein Xaall is an aromatic amino acid or His, Xaa4 is a 
hydrophobic amino acid or an aromatic amino acid, and 
Xaal2 is a hydrophobic amino acid or a polar amino acid. In 
another embodiment, the peptide comprises no more than 10 
amino acids and comprises an amino acid sequence selected 
from the group consisting of SEQ ID NO: 74 and SEQ ID NO: 
75. 
[0010] Compositions comprising the isolated or puri?ed 
peptide and methods of using the isolated or puri?ed peptide 
also are provided by the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The invention provides an isolated or puri?ed pep 
tide (i.e., ligand) that binds to a plasma protein. In particular, 
the invention provides an isolated or puri?ed peptide that 
binds to ?brinogen, a complex comprising Apo-A1 lipopro 
tein and paraoxonase, (x1 proteinase inhibitor (API), and/or 
von Willebrand Factor (vWF). The isolated or puri?ed pep 
tide ligand is useful in a variety of contexts, including sepa 
ration of plasma proteins from complex mixtures or samples, 
binding (e. g., immobilization) of plasma proteins to porous or 
non-porous surfaces, probes, sequestration of plasma pro 
teins, coatings for medical and research devices, and thera 
peutics. The inventive peptide ligand preferably comprises no 
more than 10 amino acids (e.g., 7, 8, 9, or 10 amino acids). 
More preferably, the peptide comprises no more than 6 amino 
acids (e.g., 5, 4, or 3 amino acids). Short peptides are ideal 
ligands for use in many protein-binding assays and puri?ca 
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tion techniques due to cost considerations, ?delity of synthe 
sis, and speci?city in binding a target protein. In describing 
the invention, the standard three letter abbreviations and 
single letter abbreviations (in accordance With nomenclature 
recommendations set forth by the IUPAC-IUB Joint Com 
mission on Biochemical Nomenclature (JCBN)) for amino 
acids Will be used interchangeably herein. 
[0012] A great majority of peptides are composed of sub 
units selected from 20 naturally-occurring amino acids, 19 of 
Which are chiral and, therefore, exist in either D- or L-con 
?gurations. Amino acids are commonly classi?ed based on 
the hydrophobicity, acid or basic nature, charge, and polar 
characteristics of their side chains. The classes of amino acids 
based on the chemistry of the side chains are presented in 
Table 1. The peptide ligands of the invention contain neither 
Cys nor Met due to the inherent susceptibility of these amino 
acids to oxidation. In addition, since His has a pKa of 6.2 
(NIST Chemistry WebBook), it can function as a hydropho 
bic amino acid (uncharged) as Well as a charged basic amino. 
Gly has only a hydrogen and, therefore, is not considered as 
having a side chain. The polar amino acids are further classi 
?ed through the presence of either a hydroxyl group (Ser or 
Thr) or the presence of an amide group (Asn or Gln). Naph 
thylalanine is an analog of the aromatic amino acid Tyr. 

TABLE 1 

Side Chain Chemistry Amino Acid Residues 

Acidic Asp and Glu 
Basic Lys, Arg, and His 
Polar Uncharged Ser, Thr, Asn, and Gln 
Hydrophobic Ala, Val, Leu, Ile, and Pro 
Aromatic Phe, Tyr, and Trp 
No Side Chain Gly 

[0013] These characteristics of amino acids are important 
to their function as binding motifs in peptide ligands. Meth 
ods of evaluating such characteristics of individual amino 
acids are known in the art and described, for example, in 
Black and Mould, Anal. Biochem, 193, 72-82 (1991), Inter 
national Patent Application WO 02/083851 and US. Patent 
Application Publication US-2003/0027751-A1. In addition 
to the 20 naturally-occurring amino acids commonly found in 
peptides, several modi?ed amino acids are available for gen 
eration of peptides. Exemplary modi?ed and unusual amino 
acids are provided in Table 2. Amino acids can be chemically 
modi?ed to increase stability to proteolytic digestion, resist 
chemical modi?cation under harsh conditions, modulate 
chemical properties such as charge, polarity, and the like. 

TABLE 2 

Symbol Amino Acid Residue 

Aad 2-Arninoadipic acid 
bAad 3-Arninoadipic acid 
bAla beta-Alanine, beta-Aminopropionic acid 
Abu 2-Arninobutyric acid 
4Abu 4-Arninobutyric acid, piperidinic acid 
Acp 6-Arninocaproic acid 
Ahe 2-Arninoheptanoic acid 
Aib 2-Arninoisobutyric acid 
bAib 3-Arninoisobutyric acid 
Apm 2-Arninopimelic acid 
Dbu 2,4 Dialninobutyric acid 
Des Desmosine 
Dpm 2,2'—Dialninopimelic acid 
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TABLE 2-continued 

Symbol Amino Acid Residue 

Dpr 2,3-Dia1ninopropionic acid 
EtGty N-Ethylglycine 
EtAsn N-Ethylasparagine 
Hyl Hydroxylysine 
aHyl allo-Hydroxylysine 
3Hyp 3-Hydroxyproline 
4Hyp 4-Hydroxyproline 
Ide Isodesmosine 
AIle allo-Isoleucine 
MeGly N-Methylglycine, sarcosine 
MeIle N-Methylisoleucine 
MeLys 6-N-Methyllysine 
MeVal N-Methylvaline 
nal' 1-Naphthylalanine 
na2' 2-Naphthylalanine 
Nva Norvaline 
Nle Norleucine 
Orn Ornithine 

[0014] Partial or complete retro-inverso modi?cation of 
peptide ligands of this invention also is possible in the context 
of the invention. When the modi?cation involves more than a 
single peptide bond, the reversed sequence betWeen tWo non 
amino acid residues is comprised of the enantiomeric amino 
acids. Changing speci?c amino acidresidues can confer resis 
tance to proteolytic digestion to the inventive peptide ligand. 
Thus, the overall effect of the modi?cation is to reverse the 
direction of the amide bond between selected residues While 
conserving side chain composition and three-dimensional 
conformation. Thus, retro-inverso ligands also Will bind the 
targeted plasma protein and can provide additional resistance 
to biological degradation. Retro-inverso ligands are further 
discussed in, for example, Berman et al., “Synthesis and 
Biological Activity of Cyclic and Acyclic Partial Retro-In 
verso Enkephalins,” pp. 283-286, Peptides Structure and 
Function, Hruby and Rich, eds., Pierce Chemical Company 
(1983) and Goodman and Chorev, Acc. Chem. Res., 12, 1-7 
(1 979). 
[0015] The invention provides an isolated or puri?ed pep 
tide that binds ?brinogen. Fibrinogen is the precursor of 
?brin, the major protein involved in the clotting of blood. 
Fibrinogen is comprised of three pairs of polypeptides (Aot, 
BB, and W) joined by disul?de bonds, Which, upon cleavage 
of the Aot- and B[3-chains by thrombin, convert ?brinogen 
into ?brin. In one embodiment, the ?brinogen-binding pep 
tide comprises or consists essentially of no more than 10 
amino acids and comprises an amino acid sequence Xaal 
XaaZ-Xaa3 -Xaa4-Xaa5 (SEQ ID NO: 1). In this respect, Xaal 
is a hydrophobic amino acid, Xaa2 is a basic amino acid, Xaa3 
is a polar amino acid comprising an amide in the side chain, 
Xaa4 is a hydrophobic amino acid or an aromatic amino acid, 
and Xaa5 is an acidic amino acid. Preferably, the N-terminal 
amino acid of the amino acid sequence is a D-amino acid, i.e., 
the N-terminal amino acid is in a D-con?guration. In one 
embodiment, Xaal is D-Ala, Xaa2 is Arg, Xaa3 is Asn or Gln, 
and Xaa5 is Asp. Preferably, the amino acid sequence is 
D-ARQFDF (SEQ ID NO: 20) or D-ARNIDV (SEQ ID NO: 
21). 
[0016] In another embodiment, the invention provides an 
isolated or puri?ed ?brinogen-binding peptide comprising an 
amino acid sequence Gly-Xaa6-Arg-Xaa7 (SEQ ID NO: 2), 
Wherein Xaa6 is Pro or Gln (preferably Pro), and Xaa7 is any 
amino acid except Pro. The peptide comprises or consists 



US 2008/0160501A1 

essentially of no more than 10 amino acids. Preferably, the 
amino acid sequence is selected from the group consisting of 
GQRW (SEQ ID NO: 16), GPRYFV (SEQ ID NO: 22), 
GQRWAH (SEQ ID NO: 23), GPRRTS (SEQ ID NO: 24), 
GPRALW (SEQ ID NO: 25), GPRTHV (SEQ ID NO: 26), 
GPRKLD (SEQ ID NO: 27), GPRWHI (SEQ ID NO: 29), 
GPRELH (SEQ ID NO: 30), GPRFIE (SEQ ID NO: 31), and 
GQRWQE (SEQ ID NO: 32). An isolated or puri?ed ?brino 
gen-binding peptide comprising or consisting essentially of 
no more than 10 amino acids and comprising an amino acid 
sequence selected from the group consisting of HWQ (SEQ 
ID NO: 7), FDI (SEQ ID NO: 8), HNP (SEQ ID NO: 9), HNK 
(SEQ ID NO: 10), HWR (SEQ ID NO: 11), WEW (SEQ ID 
NO: 12), KFF (SEQ ID NO: 13), KKY (SEQ ID NO: 14), 
PGY (SEQ ID NO: 15), PWFIPG (SEQ ID NO: 17), 
WEIYQT (SEQ ID NO: 18), WNGQPA (SEQ ID NO: 19), 
and GPRPNI (SEQ ID NO: 28) also is contemplated in the 
context of the invention. When the amino acid sequence is 
PWFIPG (SEQ ID NO: 17), WEIYQT (SEQ ID NO: 18), or 
WNGQPA (SEQ ID NO: 19), the amino acid sequence com 
prises a D-amino acid at the N-terminus. 

[0017] The peptide ligand of the invention is “isolated or 
puri?ed.” By “isolated” is meant removed from its natural 
state or resulting from synthesis. By “puri?ed” is meant any 
degree of puri?cation of the peptide ligand from its natural 
state or from its state of synthesis. Desirably, contaminants, 
such as other proteinaceous and nonproteinaceous compo 
nents, Which could interfere With the diagnostic and thera 
peutic applications of the inventive plasma protein-binding 
peptide ligand, are removed. It Will be appreciated that the 
complete (absolute) isolation or puri?cation of the peptide is 
not required. 
[0018] In certain embodiments, the isolated or puri?ed pep 
tide of the invention comprises or consists essentially of no 
more than 10 amino acids. Accordingly, a peptide ligand can 
comprise amino acids in addition to the amino acid sequence 
speci?cally set forth herein and designated a SEQ ID NO. For 
example, the ?brinogen-binding peptide of the invention can 
consist essentially of 10 amino acids, six of Which are 
ARQFDF (SEQ ID NO: 20), a plasma protein (e.g., ?brino 
gen)-binding motif. The remaining one, tWo, three, or four 
amino acids can be on the N- or, preferably, the C-terminus of 
the plasma protein-binding motif and should not prevent con 
tact of the plasma protein-binding motif With the target 
plasma protein. The remaining amino acids can, for instance, 
serve as a linker to a support, stabiliZe peptide conformation, 
modulate binding speci?city or af?nity, and/or comprise a 
second binding motif. HoWever, the isolated or puri?ed pep 
tide can consist or consist essentially of the plasma protein 
binding motif. For example, the ?brinogen-binding peptide 
can consist essentially of the amino acid sequence ARQFDF 
(SEQ ID NO: 20). 
[0019] The isolated or puri?ed peptide of the invention 
binds to one or more plasma proteins, namely ?brinogen, 
API, a complex comprising Apo-A1 lipoprotein and paraoxo 
nase, and/or vWF. In other Words, the isolated or puri?ed 
peptide comprises or consists essentially of an amino acid 
sequence that binds to a plasma protein (in, for example, a 
mixed sample) With moderate to strong avidity under con 
trolled conditions of pH, ionic strength, and solvent compo 
sition. As described above, the binding avidity can be modu 
lated by the presence of amino acids adjacent to the plasma 
protein-binding motif. Alternatively, binding avidity can be 
decreased or increased by substituting single amino acids 
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and/or by terminal deletion of amino acids in the amino acid 
sequences provided herein. In addition, varying the pH, ionic 
strength, and components of a composition comprising the 
isolated or puri?ed peptide can modify binding avidity. It is 
generally preferred that the inventive peptide ligand selec 
tively binds to one of the aforementioned plasma proteins to 
the exclusion of other proteins. It is not required that the 
inventive peptide ligand bind to the entire, intact plasma 
protein, although this may be preferred in some embodiments 
of the invention. It can be advantageous for the inventive 
peptide ligand to bind to a subunit of a plasma protein (e.g., a 
site involved in catalysis or protein-protein interaction). In 
this respect, the inventive peptide ligand ideally binds to a site 
on the plasma protein that is unique to the plasma protein in 
order to retain speci?city of the inventive peptide for the 
plasma protein. For example, it is preferred that the isolated or 
puri?ed peptide binds to the plasma protein With at least 
tWo-fold (e.g., three-fold, ?ve-fold, or ten-fold) greater avid 
ity than the isolated or puri?ed peptide binds to other proteins. 
Likewise, the inventive peptide ligand can bind to a complex, 
e.g., a protein complex, that comprises the plasma protein. 
For example, factor VIII (fV III) in plasma is often associated 
With vWF. The isolated or puri?ed peptide can bind to such a 
plasma protein complex, if desired. 
[0020] The invention further provides an isolated or puri 
?ed peptide that binds to API and/ or a protein complex com 
prising Apo-Al lipoprotein and paraoxonase. API is a 53,000 
Da molecular Weight glycoprotein that circulates in plasma at 
an approximate concentration of 1.5 mg/ml. API controls 
tissue destruction through inhibition of endogenous serine 
proteinase activity, speci?cally neutrophil elastase, and is the 
mo st concentrated serine proteinase inhibitor in blood plasma 
(Johnson et al., Biochem. Biophys. Res. Comm, 72, 33-39 
(1976)). Apo-A1 lipoprotein is a component of high density 
lipoprotein (HDL) particles found in mammalian blood and 
lymph circulation. HDL particles are predominantly involved 
in reverse cholesterol transport. HDL particles serve as a 
preferential oxidative substrate over loW density lipoprotein 
(LDL) particles and protect LDL particles from oxidation. 
HDL particles also adsorb lipopolysaccharide endotoxins, 
and may prevent vascular collapse seen in endotoxic shock. 
HDL particles additionally comprise paraoxonase (also 
knoWs as arylesterase), a 43,000 Da molecular Weight, cal 
cium-dependent ester hydrolase that catalyses the hydrolysis 
of a broad range of esters, such as organophosphates, as Well 
as unsaturated aliphatic and aromatic carboxylic esters. Apo 
A1 lipoprotein and paraoxonase are often found in plasma 
associated With HDL. 

[0021] The inventive peptide ligand that binds to API and/ 
or a protein complex comprising Apo-Al lipoprotein and 
paraoxonase desirably comprises no more than 10 amino 
acids. Furthermore, the inventive peptide ligand comprises an 
amino acid sequence Xaas-Xaas-Xaal-His-Xaal-Xaa3 (SEQ 
ID NO: 3), Wherein Xaal is a hydrophobic amino acid, Xaa3 
is a polar amino acid With a side chain comprising an amide, 
and Xaa8 is an aromatic amino acid. Preferably, Xaa8 at posi 
tion 1 of the amino acid sequence of SEQ ID NO: 3 is Trp, Tyr, 
1-naphthylalanine (na1'), or 2-naphthylalanine (na2'). 
Optionally, Xaa8 at position 1 is a D-amino acid. Xaa8 at 
position 2 of the amino acid sequence of SEQ ID NO: 3 
preferably is Trp, Tyr, na1', or na2', While Xaal at position 3 
preferably is Leu. Xaal at position 5 preferably is He. Also 
preferably, Xaa3 at position 6 of the amino acid sequence of 
SEQ ID NO: 3 is Asn or Gln. For example, the isolated or 
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puri?ed peptide can comprise or consist essentially of one of 
the following amino acid sequences: WWLHIN (SEQ ID 
NO: 33), YWLHIN (SEQ ID NO: 34), WYLHIN (SEQ ID 
NO: 35), FWLHIN (SEQ ID NO: 37), na1'WLHIN (SEQ ID 
NO: 40), na2'WLHIN (SEQ ID NO: 41), Wna2'LHIN (SEQ 
ID NO: 42), WLLHIN (SEQ ID NO: 43), WWLHIA (SEQ ID 
NO: 44), nal'YLHIN (SEQ ID NO: 49), na2'na1'LHIN (SEQ 
ID NO: 50), na1'na1'LHIN (SEQ ID NO: 51), na2'YLHIN 
(SEQ ID NO: 52), na1'na2'LHIN (SEQ ID NO: 53), WWL 
HAN (SEQ ID NO: 56), YYLHIN (SEQ ID NO: 57), WFL 
HIN (SEQ ID NO: 58), WWAHIN (SEQ ID NO: 61), or 
WWLHIA (SEQ ID NO: 63). 
[0022] In another embodiment, the inventive peptide ligand 
comprising or consisting essentially of no more than 10 
amino acids binds to API and comprises an amino acid 
sequence His-Xaas-Xaag-Xaal-XaalO-Xaa2 (SEQ ID NO: 4). 
In this embodiment, Xaal is a hydrophobic amino acid, Xaa2 
is a basic amino acid, Xaa8 is an aromatic amino acid, Xaa9 is 
an acidic amino acid or a hydrophobic amino acid, and Xaal0 
is a hydrophobic amino acid or His. The inventive peptide 
ligand preferably consists of amino acids in the L-conforma 
tion. For example, the inventive peptide can comprise or 
consist essentially of an amino acid sequence HFVAPH (SEQ 
ID NO: 46) or HFDLHR (SEQ ID NO: 47). 
[0023] In another embodiment, the API-binding isolated or 
puri?ed peptide comprises an amino acid sequence WWL 
FIN (SEQ ID NO: 36), WWLRIN (SEQ ID NO: 38), WWL 
LIN (SEQ ID NO: 39), AKVSKG (SEQ ID NO: 45), 
Tnal'LHIN (SEQ ID NO: 48), PLRGYY (SEQ ID NO: 54), 
or WKVYAD (SEQ ID NO: 55). Ideally, the amino acid 
sequence comprises an N-terminal amino acid that is a 
D-amino acid. 

[0024] Further, an isolated or puri?ed peptide that binds to 
a protein complex comprising Apo-Al lipoprotein and 
paraoxonase is provided. The inventive peptide ligand com 
prises or consists essentially of no more than 10 amino acids 
and comprises an amino acid sequence selected from the 
group consisting of AWLHIN (SEQ ID NO: 59), WALHIN 
(SEQ ID NO: 60), WWAHIN (SEQ ID NO: 61), and 
WWLAIN (SEQ ID NO: 62). The inventive peptide ligand 
can bind to the Apo-Al lipoprotein portion of the complex, 
the paraoxonase portion of the complex, or the intact HDL 
particle complex comprising both proteins. In binding 
paraoxonase, the amino acid sequence preferably is 
naI'WLHIN (SEQ ID NO: 40). To bind Apo-Al lipoprotein, 
the amino acid sequence preferably is WFLHIN (SEQ ID 
NO: 58) or WWLHAN (SEQ ID NO: 63). 
[0025] In another embodiment of the invention, the isolated 
or puri?ed peptide binds to vWF. In that W III is typically 
found in circulation complexed With vWF, the isolated or 
puri?ed peptide can bind to a protein complex comprising 
vWF and W III. vWF mediates platelet adhesion to injured 
bloodvessels through the interaction of speci?c domains With 
GPIb and GPIIb/IIIa receptors located on platelets and endot 
helium. It also serves as a carrier for procoagulant fV III in 
circulating blood, Where the tWo molecules are present as the 
vWF/fV III complex. In one embodiment, the isolated or puri 
?ed peptide comprises or consists essentially of no more than 
6 amino acids and comprises an amino acid sequence Xaa4 
XaaS-Xaa5 (SEQ ID NO: 5), Wherein Xaa4 is a hydrophobic 
amino acid or an aromatic amino acid, and Xaa5 is an acidic 
amino acid. The inventive peptide ligand of this embodiment 
does not contain basic amino acids (e.g., His, Arg, or Lys). 
Preferably, Xaa5 is Asp or Glu. Optionally, the isolated or 
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puri?ed peptide comprises or consists essentially of the 
amino acid sequence ADENDL (SEQ ID NO: 64), AEEESP 
(SEQ ID NO: 65), EADna2'ED (SEQ ID NO: 66), EIFWDE 
(SEQ ID NO: 68), FSYDED (SEQ ID NO: 69), LEDna2'EE 
(SEQ ID NO: 70), PLVEDD (SEQ ID NO: 71), WDEPFY 
(SEQ ID NO: 72), YVDEDD (SEQ ID NO: 73), or WEEPEQ 
(SEQ ID NO: 111). 
[0026] The vWF-binding inventive peptide ligand altema 
tively comprises or consists essentially of no more than 10 
amino acids and comprises an amino acid sequence Tyr-Leu 
Xaal-Xaa4-Xaa12-Thr (SEQ ID NO: 6), Wherein Xaal 1 is an 
aromatic amino acid or His, Xaa4 is a hydrophobic amino acid 
or an aromatic amino acid, and Xaal2 is a hydrophobic amino 
acid or a polar amino acid. Desirably, Xaall is His or Tyr, 
Xaa4 is Tyr or Ala, and Xaal2 is Gln or Leu. For example, the 
isolated or puri?ed peptide of the invention can comprise or 
consist essentially of the amino acid sequence YLHYQT 
(SEQ ID NO: 74) orYLYALT (SEQ ID NO: 75) 
[0027] In another embodiment, the vWF -binding inventive 
peptide ligand comprises or consists essentially of no more 
than 10 amino acids and comprises the amino acid sequence 
EDSWDV (SEQ ID NO: 67),YHLGWL (SEQ ID NO: 76) or 
QWFPEK (SEQ ID NO: 77). Other vWF-binding inventive 
peptide ligands contemplated in the context of the invention 
comprise or consist essentially of the folloWing amino acid 
sequences: AAHDna2'W (SEQ ID NO: 78), APWPHD (SEQ 
ID NO: 79), ANWGKE (SEQ ID NO: 80), AWKWSA (SEQ 
ID NO: 81), DQGLLR (SEQ ID NO: 82), EAVSRF (SEQ ID 
NO: 83), IEna2'EGR (SEQ ID NO: 84), IFFSQS (SEQ ID 
NO: 85), KDHNna2'E (SEQ ID NO: 86), LGRLGna2' (SEQ 
ID NO: 87), LPRADW (SEQ ID NO: 88), LSQTWA (SEQ ID 
NO: 89), LPELYH (SEQ ID NO: 90), LVRDKV (SEQ ID 
NO: 91), NIIGHV (SEQ ID NO: 92), NADna2'AE (SEQ ID 
NO: 93), PAKHSE (SEQ ID NO: 94), Pna2'PTVA (SEQ ID 
NO: 95), PVGRFE (SEQ ID NO: 96), PVHKLN (SEQ ID 
NO: 97), QYYTGR (SEQ ID NO: 98), RDVNRY (SEQ ID 
NO: 99), REALWI (SEQ ID NO: 100), REPQSD (SEQ ID 
NO: 101), RIFNLV (SEQ ID NO: 102), SSQna2'NK (SEQ ID 
NO: 103), SNVDGR (SEQ ID NO: 104), SYHASL (SEQ ID 
NO: 105), VATKLL (SEQ ID NO: 106), VLARQL (SEQ ID 
NO: 107), VGHFNF (SEQ ID NO: 108), VSKWGG (SEQ ID 
NO: 109), VYWDGT (SEQ ID NO: 110), WLTSSA (SEQ ID 
NO: 112), WPKAPV (SEQ ID NO: 113), WTNWQS (SEQ 
ID NO: 114), YAPVRF (SEQ ID NO: 115), YKQLRG (SEQ 
ID NO: 116), YPHna2'VV (SEQ ID NO: 117), YQSNWV 
(SEQ ID NO: 118), orYYVTSE (SEQ ID NO: 119). 
[0028] The isolated or puri?ed peptide can be combined 
With carrier to form a composition. Any suitable carrier can be 
used, and several carriers suitable for detection methods, 
protein library screening, a?inity chromatography prepara 
tion, and therapeutics are knoWn in the art. The characteristics 
of the carrier Will depend on the particular embodiment of the 
invention. For example, the carrier can be a liquid carrier such 
as, for example, Water, petroleum, physiological saline, bac 
teriostatic Water, Cremophor ELTM (BASE, Parsippany, 
N.J.), phosphate buffered saline (PBS), or oils. The compo 
sition and/ or carrier can include diluents, ?llers, salts, buffers, 
stabiliZers, solubiliZers, preservatives, and/or other appropri 
ate materials. The composition can comprise the target pro 
tein, if desired. The composition need not be a liquid, but also 
can be in the form of a gel, cream, aerosol, and the like. 
Compositions and carriers, including pharmaceutically-ac 
ceptable compositions and carriers, are further described in, 
e.g., Urquhart et al., Lancet, 16, 367 (1980), Lieberman et al., 
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Pharmaceutical Dosage FormsiDisperse Systems, 2nd ed., 
vol. 3, (1998), Ansel et al., Pharmaceutical Dosage Forms & 
Drug Delivery Systems, 7th ed. (2000), Remington’s Phar 
maceutical Sciences, and US. Pat. Nos. 5,708,025 and 5,994, 
106. 

[0029] The isolated or puri?ed peptide of the invention can 
be isolated from nature or synthetically generated. Several 
methods are available for identifying and isolating the inven 
tive peptide ligand from a natural source. For example, 
reverse phase and ion exchange chromatography, precipita 
tion, and a?inity chromatography using ligands (such as anti 
bodies) can be used to obtain the isolated or puri?ed peptide. 
Monoclonal antibodies that speci?cally bind the inventive 
peptide ligand can be generated using standard immunization 
techniques described in, for example, HarloW and Lane, Anti 
bodies, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y. (1988). Use of such antibodies to detect and isolate 
target proteins from a complex mixture is knoWn in the art and 
requires only routine laboratory techniques. The inventive 
peptide ligand can be generated by recombinant means by 
synthesizing a nucleic acid sequence that encodes a desired 
amino acid sequence, such as one of the amino acid sequences 
described herein. The nucleic acid sequence is introduced 
into bacterial or mammalian cells (ioreactorsj to achieve pro 
tein production. Alternatively, the inventive peptide ligand 
can be generated synthetically using methods such as those as 
described in the Working examples provided-herein. Like 
Wise, candidate peptide ligands can be screened for binding to 
one or more plasma proteins using methods such as those set 
forth in the Working examples. 
[0030] The peptide ligands of the invention are appropriate 
for use in research, diagnostic, and therapeutic settings. The 
targets for the inventive peptide ligand, e.g., ?brinogen, APl, 
Apo-A1 lipoprotein and paraoxonase, and/or vWF, are medi 
cally-relevant plasma proteins With a Wide array of applica 
tions. Fibrinogen has been produced commercially for use in 
hemostatic preparations, normally marketed as ?brin sealants 
or ?brin glues, to decrease blood loss and the time to hemo 
stasis during surgery or folloWing critical injuries. Many cur 
rent processes for production of ?brinogen are complex, 
require numerous puri?cation steps, and often result in 
impure concentrates. 

[0031] Partially puri?ed APl (PROLASTIN, Bayer) has 
been used for chronic replacement therapy in individuals With 
congenital APl de?ciency to prevent tissue damage associ 
ated With uninhibited neutrophil elastase. HDL particles, of 
Which Apo-A1 lipoproteins are a subunit, are predominantly 
involved in reverse cholesterol transport. HDL particles act as 
a preferential oxidative substrate over LDL particles and pro 
tect LDL particles from oxidation. HDL also adsorbs 
lipopolysaccharide endotoxins and may prevent vascular col 
lapse seen in endotoxic shock. Paraoxonase is able to 
detoxify. paraoxon and a number of other insecticides, e.g. 
diazonin, as Well as the potent nerve gases sarin and soman 
that target acetylcholinesterase. In addition, one possible sub 
strate for paraoxonase is oxidized LDL (Aviram et al., Arle 
rioscler Thromb. Vasc. Biol., 18(10), 1617-24 (1998); Mack 
ness et al., FEBSLeZZ., 423(1), 57-60 (1998); and Costa et al., 
Ann. Rev Med., 54, 371-92 (2003)). Paraoxonase has been 
shoWn both to prevent formation of oxidized LDL and to 
hydrolyze LDL-derived oxidized phospholipids. Since accu 
mulation of oxidized LDL is one of the key factors in devel 
opment of atherosclerosis, paraoxonase activity may corre 
late With development of this disease. Thus, infusion of 
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paraoxonase can prevent or reverse atherosclerotic plaque 
formation, as Well as provide protection against organophos 
phate poisoning. 
[0032] vWF is essential for the normal arrest of bleeding 
after tissue injury (hemostasis). Without binding to vWF, the 
biological half-life of W 111 is reduced from approximately 14 
hours to about 3 hours. Hence, qualitative or quantitative 
abnormalities of plasma vWF results in a mild bleeding dis 
order, Which can remain undiagnosed -for many years. Very 
loW levels of vWF is associated With loW levels of fVHl, 
Which causes symptoms similar to hemophilia A (Sadler et 
al., Journal ofBiological Chemistry, 266(34), 22777-2278 
(1991); Ruggeri et al., FASEB J., 7(2), 308-316 (1993); Gins 
burg, Thrombosis and Haemoslasis, 82 (2), 585-591 (1999); 
and Federici et al., Haemophilia, 4, 654-660 (1998)). Von 
Willebrand disease (V WD) is the most common hereditary 
bleeding disorder affecting both males and females With an 
estimated prevalence of 1% in the population WorldWide (Ro 
deghiero et al., Blood, 69, 454-459 (1987) and Werner et al., 
J. Pediatr, 123, 893-898,(1993)). A congenital de?ciency of 
fVlll is responsible for hemophilia A, a severe bleeding dis 
order, Which affects 1 in 10,000 males. Plasma-derived vWF 
and fvlll is still the mainstay of treatment for VWD and 
hemophilia A. 
[0033] The peptide ligands of the invention are ideal probes 
for quantifying, detecting, and characterizing the plasma pro 
teins described herein. The inventive peptide ligands can be 
engineered to comprise radiolabelled amino acids or can be 
conjugated to a marker to facilitate detection. Thus, the inven 
tive peptide ligand binds a target plasma protein, and detec 
tion of the inventive peptide ligand indicates the presence of 
the plasma protein. On the other hand, plasma proteins can be 
captured by the inventive peptide ligand for detection, quan 
ti?cation, or characterization using other means such as mass 
spectroscopy or Western Blot. Preferred methods of charac 
terizing a target, such as a plasma protein, are described in 
US. Provisional Patent Application No. 60/372,091. 
[0034] The inventive peptide ligand also is suitable for use 
in a?inity chromatography protocols to purify, separate, or 
isolate plasma proteins from complex protein mixtures, such 
as plasma and Cohn fractions, for research or therapeutic 
applications. Accordingly, the invention provides a method of 
separating, isolating, purifying, characterizing, identifying, 
or quantifying a plasma protein or complex thereof (e.g., 
?brinogen, APl, a complex comprising Apo-A1 lipoprotein 
and paraoxonase, and/or vWF) in a sample. The method 
comprises contacting a sample comprising the plasma protein 
(e.g., ?brinogen, APl, a complex comprising Apo-A1 lipo 
protein and paraoxonase, and/or vWF) With the isolated or 
puri?ed peptide to form a plasma protein-peptide complex. 
The method fuirther comprises separating, isolating, purify 
ing, characterizing, identifying, or quantifying the plasma 
protein-peptide complex. To facilitate separation of the 
plasma protein-peptide complex from the sample, the inven 
tive peptide ligand preferably is attached to a support. 
Examples of suitable supports include, but are not limited to 
insoluble support matrices such as a naturally occurring poly 
mer, for example, a polypeptide or protein, such as cross 
linked albumin or a polysaccharide such as agarose, alginate, 
carrageenan, chitin, cellulose, dextran or starch; synthetic 
polymers such as polyacrylamide, polystyrene, polyacrolein, 
polyvinyl alcohol, polymethylacrylate, polyester, per?uoro 
carbon; inorganic compounds such as silica, glass, kiesel 
guhr, zirconia, alumina, iron oxide or other metal oxides; or 
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co-polymers consisting of any combination of tWo, or more of 
a naturally occurring polymer (e.g., polysaccharide or pro 
tein), synthetic polymer or inorganic compounds. Such 
insoluble supports can be subjected to cross linking or other 
treatments to increase their physical or chemical stability and 
can be formed into various shapes including ?bers, sheets, 
rods, or membranes. Also appropriate are soluble support 
matrices comprising polymers such as dextran, polyethylene 
glycol, polyvinyl alcohol or hydrolysed starch Which provide 
af?nity-ligand matrix conjugates for use in liquid partition 
ing; or supports comprising compounds such as per?uoro 
decalin Which provide af?nity-ligand matrix conjugates for 
use in the formation of a?inity emulsions. The support can be 
modi?ed by treatment With an activating agent. In one 
embodiment, the support is any compound or material 
Whether particulate or non-particulate, soluble or insoluble, 
porous or non-porous Which can be used to form a novel 
ligand-matrix conjugate and Which provides a convenient 
means of separating the inventive peptide ligand from solutes 
in a contacting solution. The support also can be nylon, cot 
ton, or other material commonly used in bandages, patches, 
and other Wound coverings. A preferred support for use in the 
invention is, for example, a resin bead or membrane con 
structed of agarose, cellulose, dextran, glass, silica, meth 
acrylate, hydroxyethyl methacrylate, polyacrylamide, sty 
renedivinylbenZene, or any composites or co-polymers 
thereof. Many a?inity chromatography procedures for both 
small and large scale isolation of target proteins, as Well as 
methods of adhering peptides to solid supports, are knoWn in 
the art. 

[0035] In one embodiment, a plasma protein is removed 
from a sample for detection and characteriZation. For 
example, the inventive peptide ligand is immobiliZed on a 
support (e.g., a resin bead), and the peptide-support complex 
is af?xed in an array Within a porous ?rst matrix, such as an 
agarose gel. Plasma is brought into contact With the ligand 
support complexes. In one aspect, the plasma sample perco 
lates through the porous ?rst matrix to effect contact betWeen 
peptide-support complex and plasma protein. Alternatively, 
the plasma sample is contacted With the peptide-support com 
plexes prior to immobilization in the porous ?rst matrix. The 
inventive peptide ligand captures the desired plasma protein 
and separates the plasma protein from the remainder of 
sample. The plasma protein is subsequently dissociated from 
the peptide-support complex through capillary action of a 
transfer solution moving through the porous ?rst matrix and 
past the plasma protein-peptide-support complexes. The 
transfer solution carries the eluted plasma protein from the 
porous ?rst matrix to a second matrix, such as a membrane, 
onto Which the plasma protein adheres. Once transferred to 
the membrane, the plasma protein can be detected. In a clini 
cal setting, detecting the presence or absence of speci?c 
plasma proteins can indicate an underlying medical condi 
tion, such as a bleeding disorder (?brinogen or vWF de? 
ciency) or an increased risk of atherosclerosis (paraoxonase 
de?ciency). Accordingly, the invention provides a diagnostic 
assay comprising the inventive peptide ligand in combination 
With a means of detecting the plasma protein or plasma pro 
tein complex. 
[0036] The binding of the inventive peptide ligand to a 
plasma protein also can be exploited to attract or sequester a 
plasma protein to a location on or Within a mammal. The 
inventive peptide ligand, strategically applied, can attract and 
capture plasma protein in a region of-the body in need thereof, 
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such as Wound or other physical insult. On the other hand, an 
implant or covering comprising the inventive peptide ligand 
can sequester plasma protein, thereby removing plasma pro 
tein from circulation. The invention provides a medical 
device or implant comprising a substrate comprising the 
inventive peptide ligand, Which can be infused into the sub 
strate or coated thereon. Devices and implants can be com 
posed of any suitable physiologically-acceptable material. 
Examples of suitable materials for producing non-biodegrad 
able administration devices or implants include hydroxapa 
tite, bioglass, aluminates, other ceramics, cotton, nylon, and 
the like. Topical administration of the inventive peptide 
ligands is particularly preferred and can be achieved using, 
for example, a drug reservoir, transdermal patch device, ban 
dage, or any of the foregoing in combination With a cream, 
ointment, or salve comprising the inventive peptide ligand. 
Examples of suitable matrixes include those described else 
Where herein and in US. Pat. No. 5,270,300. Implants or 
devices can take the form of a matrix, such as a sponge, tube, 
telfa pad, pad, poWder, or nanoparticle, Which can release the 
inventive peptide ligand as dictated by the practitioner. In 
certain embodiments, the inventive peptide ligand is applied 
to a Wound to promote clot formation or minimiZe harmful 

in?ammatory responses, optionally in conjunction With a 
Wound dressing. Likewise, the inventive peptide ligand can be 
incorporated into in situ tissue scaffolding to reduce scar 
healing and promote normal Wound healing. The inventive 
peptide also can be incorporated into arti?cial skin graft and 
biodegradable matrices including polyglycolic acid and spi 
der silk protein. 
[0037] The invention provides a method for exploiting the 
biological activity of plasma proteins in the therapeutic or 
prophylactic treatment of Wounds, bleeding disorders, local 
iZed in?ammation, metabolite toxicity, and the like. For 
example, the invention provides a method of promoting clot 
formation by administering to a mammal the inventive pep 
tide ligand that binds to ?brinogen, Which captures ?brinogen 
in the area of, for example, a Wound, thereby promoting clot 
formation and enhancing Wound healing in the mammal. 
Wounds suitable for treatment With the inventive peptide 
ligand include any lesion or injury to any portion of the body 
of a mammal including burns, trauma-induced injuries 
including excisional Wounds, ulcers, post-surgical injuries 
pressure sores, bedsores, and conditions related to diabetes 
and poor circulation. Additionally or alternatively, a method 
of enhancing Wound healing can comprise administering to a 
mammal the inventive peptide ligand that binds vWF. Immo 
biliZed vWF Will bind platelets to promote clot formation. In 
addition, co-localiZation of W III Will stimulate coagulation. 
A mixture of ligands that bind vWF and ligands that bind 
?brino gen Will bind both ?brino gen and vWF, thereby accel 
erating clot formation. For example, ARQFDF (SEQ ID NO: 
20) can be synthesiZed and coupled through a linker to a 
macroporous support, e.g., an adsorbable bandage, at a den 
sity of about 1 umol to about 50 umol (e.g., about l0, 15, 20, 
25, 30, 35, 40, or 45 umol) ofpeptide/ml of sWollen bandage. 
Similarly, EADna2'ED (SEQ ID NO: 66) can be synthesiZed 
and then coupled to a macroporous bandage at a similar 
density of peptide/ml of sWollen bandage. The peptide den 
sities for both ligands are adjusted When coupled to non 
porous support materials to provide a surface density of about 
0.1 umol to about 10 umol (e.g., about 2, 3, 4, 5, 6, 7, 8, or 9 
umol) per square meter of surface area of the support. 
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[0038] In a method of therapeutically or prophylactically 
treating tissue damage (optionally due to uncontrolled lym 
phocyte elastase activity), the inventive peptide ligands that 
bind API protein can be administered to a mammal to attract 
API protein to a tissue suffering from or at risk of suffering 
from tissue damage, thereby treating the tissue for damage 
therapeutically or prophylactically. Lung tissue is particu 
larly susceptible to damage caused by uncontrolled lympho 
cyte elastase activity, Which can lead to emphysema. Ligands 
that bind HDL may be localiZed to areas of atherosclerotic 
plaque formation, thereby concentrating HDL and accelerat 
ing the reverse transport of cholesterol and protecting against 
further oxidative damage of LDL through the arylesterase 
activity of paraoxonase. 
[0039] The invention further provides a method for increas 
ing the half-life of proteins and pro-drugs in circulation. 
Peptide ligands of the invention that bind ?brinogen, vWF, 
and/ or HDL can be synthesiZed onto, or attached to, a protein, 
pro-drug or other moiety such that the peptide ligand facili 
tates the association of the desired compound to ?brinogen, 
vWF, and/or HDL in the circulation. The large siZe of these 
molecules Will prevent the removal of the attached loW (e.g., 
less than 25,000 Dalton) molecular Weight proteins and pro 
drugs from being rapidly ?ltered by the kidney and voided in 
the urine. 
[0040] The folloWing examples further illustrate the inven 
tion but, of course, should not be construed as in any Way 
limiting its scope. The folloWing materials Were used in the 
examples: lyophiliZed human plasma (AccuclotTM Reference 
Plasma, Normal, Cat. No. A7432, Lot No.: 090K6513 from 
Sigma); lyophiliZed control normal plasma (Art. No. 823542, 
Lot No. 40640 from Chromogenix); factor VIII-de?cient 
plasma (FACTOR VIII D-1, Lot No. 031K6117, from 
Sigma); American Red Cross (ARC) human pooledplasma of 
30 units (lot 080902); rabbit anti-human ?brinogen poly 
clonal antibody (Code No. P0455; Dako Corp.); goat anti 
rabbit HRP-conjugated IgG (Cat. No. 074-1506; KPL); ARC 
?brinogen (Lot No. 28309022A; Baxter, Glendale, Calif.); 
HRP-labeled goat anti-humanAPI antibody (Cat. No. 55236, 
Lot No. 01 140; ICN);ARCAPI protein (Lot No. 61 1 1009 and 
Lot No. 6112001, Kamada, Israel); Kodak X-OMAT; Kodak 
BIOMAX ME; HRP-conjugated polyclonal sheep anti-hum 
nan vWF-antibody (Lot No. AHP062P, Serotec); primary 
monoclonal anti-vWF antibody (Lot No. 101.104, Enzyme 
Research); rabbit anti-human albumin antibody (No. A0433, 
Lot No.031K4897, Sigma); goat anti-rabbit-PA-se (Tropix); 
ECL Plus (Pierce); DEPFMU (di-ethyl phospho 6,8-di?uoro 
4-methylumbelliferyl), Tergitol (Sigma); GelBond® ?lm 
sheets (Cat. No. 53749; BMA); and KPL chemiluminescent 
substrate (Amersham). All chemicals Were reagent grade or 
better. Combinatorial libraries and resins Were synthesiZed at 
Peptides International, Inc., Louisville, Ky. All experiments 
and chromatographic evaluations Were performed at room 
temperature, unless speci?ed otherWise. 

EXAMPLE 1 

[0041] This example describes a method for generating an 
isolated or puri?ed peptide of the invention. 

General Preparation of Combinatorial Library 

[0042] A 3-mer, 4-mer, and 6-mer peptide library Was syn 
thesiZed onto Toyopearl-AF Amino 650M resin (Tosohaas, 
Montgomeryville, Pa.). The siZe of the resin beads ranged 
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from 60-130 mm per bead. Initial substitution of the starting 
resin Was achieved by coupling of a mixture of Fmoc-Ala-OH 
and Boc-Ala-OH (1 :3.8 molar ratio). After coupling, the Boc 
protecting group Was removed With neat TFA in full. The 
resulting deprotected amino groups Were then acetylated. 
Peptide chains Were assembled via the remaining Fmoc-Ala 
OH sites on the resin bead. Standard Fmoc synthetic strate 
gies Were employed. 
[0043] In a typical experiment, six grams of Fmoc-Ala 
(Ac-Ala-)Toyopearl Resin Was deprotected With 20% piper 
dine/DMF (2><20 min), then Washed With DMF (8 times) and 
equally divided into 18 separate reaction vessels. In each 
separate vessel, a single Fmoc-amino acid Was coupled to the 
resin (BOP/NMM, 5-10 told excess) for 4-7 hours. The indi 
vidual resins Were Washed and combined using the “split/ 
mix” library technique (Furka et al., Int. J. Peptide Protein 
Res., 37, 487-493 (1991); Lam et al., Nature, 354, 82-84 
(1991); International Patent Application W0 92/ 00091 
(1992); US. Pat. No. 5,010,175; US. Pat. No. 5,133,866; and 
US. Pat. No. 5,498,538). The cycle of deprotection and cou 
pling Was repeated until the amino acid sequence Was com 
pleted (six cycles for a hexamer library). The ?nal Fmoc Was 
removed from peptide resins using 20% piperidine/DMF in 
separate reaction vessels during the last coupling cycle. Side 
chain protecting groups Were removed With TFA treatment 
(TFAzH2OzPhenol, 90:5:5) for 2 hours. Resins Were Washed 
extensively and dried under a vacuum. Peptide densities 
achieved Were typically in the range of 0.06-0.12 mmol/ g of 
resin. 
[0044] Sequencing and peptide composition of peptide 
ligand-resin bead complexes Were con?rmed, and the degree 
of substitution of the resin Was calculated by quantitative 
amino acid analysis at CommonWealth Biotechnologies, Inc., 
Richmond, Va. Sequencing Was performed at Protein Tech 
nologies Laboratories, Texas A&M University, by Edman 
degradation using a HeWlett PackardG1005A. 

Radiological Primary Screening of Combinatorial Libraries 

[0045] Following the protocol of Jentoft et al. (Meth. Enzy 
m0l., 91, 570-579 (1983)), ?brinogen Was labeled via reduc 
tive Cl4-methylation. The Cl4-labeled formaldehyde Was 
obtained from ICN (Cat. No. 1723783). ARC human ?brino 
gen (Lot No. 28309022A), manufactured at Hyland Baxter 
Facility (Glendale, Calif.) from cryo-precipitate, Was used for 
the radiolabeling. 
[0046] Speci?cally, 0.45 mg of?brinogen in 1.0 ml PBS or 
2 mg ofAPI in 0.5 ml PBS Was mixed With 50 ml or 25 ml of 
NaCHBH3, respectively. After careful mixing, 3 ml of C14 
labeled formaldehyde (57 mCi/mmol) Was added and gently 
stirred for 2 hours at room temperature. The non-incorporated 
Cl4-labeled formaldehyde Was separated from the Cl4-la 
beled ?brinogen or Cl4-labeled API by dialysis against 0.15 
M NaCl, 0.020 M sodium citrate, pH 7.5, using Slide-A 
LyZer Cassette (MWCO 10,000) dialysis bags from Pierce. 
The dialysis Was performed overnight at 40 C. The C14 
labeled proteins Were stored in aliquots at —800 C. The 
?brino gen andAPI concentrations Were quanti?ed using opti 
cal density readings at 280 nm and an extinction coe?icient of 
15.0 or 5.0 for a 1% solution, respectively. The resulting 
concentrations Were about 1 rM for Cl4-labeled ?brinogen 
and 30 mM for 14C-labeled API. 
[0047] The number of disintegrations per minute (DPM) of 
radioactive samples Was determined using a Beckman LS 
3801 Scintillation AnalyZer and ScintiVerse II (SX 12-4; 



US 2008/0160501A1 

Fisher). Values of DPM Were corrected for the background of 
the liquid scintillation counter (30-40 DPM) unless speci?ed 
otherWise. 
[0048] Peptide libraries attached to Toyopearl-AF Amino 
650M resin or Tentagel resin Were evaluated With 14C-la 
beled ?brinogen and API. All steps Were performed at room 
temperature. Speci?cally, 20 mg of Toyopearl resin beads or 
40 mg of Tentagel resin beads Were suspended in 20% metha 
nol for a minimum of 2 hours in 15 ml conical polypropylene 
tubes (Corning). After rinsing With distilled Water, the resin 
beads Were equilibrated in 0.15 M NaCl, 0.020 M sodium 
citrate, pH 7.3. The resin beads Were then blocked for 2 hours 
With 1% casein (Sigma) in 0.15M NaCl, 0.020M sodium 
citrate, pH 7.3. Following blocking, the resin beads Were 
centrifuged and the supernatant removed. A solution contain 
ing 1 mM of Cl4-labeled ?brinogen or 30 [1M of Cl4-labeled 
APl Was applied to the resin beads in the blocking solution in 
the presence of 0.1% TWeen-20 (Sigma). The materials Were 
incubated for 2 hours. The resin beads Were Washed With 0.15 
M NaCl, 0.020 M sodium citrate, 0.05% TWeen-20, pH 7.3, in 
a batch method (?brinogen ligands) or in disposable BioRad 
10 ml columns (APl ligands) until radiation counts reached 
the background level of less than 40 DPM. The resin beads 
Were divided into separate tubes to obtain approximately 5-10 
mg of resin beads per sheet. This Was accomplished by mix 
ing each aliquot of resin beads With 20-22 ml of 1% loW 
melting agarose solution (Sigma) at less than 400 C., and 
rapidly pouring the mixture onto GelBond® ?lm sheets 
(BMA Cat. No. 53749, 16x18 cm; Cat. No. 53759, 12.5><24.5 
cm). Spreading of the resin beads to the edge of the gel sheets 
Was prevented by creating frames (about 23 cm><about 10 cm 
or about 15 cm><about 15 cm) With several layers of masking 
tape. About 20-22 ml of resin bead-agarose mixture Was 
plated on each GelBond sheet. Special care Was taken to 
spread the beads in an even monolayer to facilitate identi? 
cation and isolation of individual “hot” beads. The agarose 
gel Was then air-dried overnight and placed, bead side doWn, 
on X-ray ?lm (Kodak Biomax MR). The agarose and autora 
diography ?lm Were exposed for 4-14 days folloWed by a 
second exposure of 7 days in an about 20 cm><about 25 cm 
stainless steel cassette. Afterwards, the ?lms Were taped 
together and marked With several staple holes to ensure 
proper alignment of beads in agarose to ?lm. After the ?lms 
Were developed, the positive beads that appeared on both 
?lms Were identi?ed under the microscope and picked by 
aligning the developed ?lm(s) and agarose gel via the staple 
holes. Beads to be sequenced Were carefully picked by cutting 
a square trench around the bead With a scalpel, and hydrating 
this area With distilled Water. The beads Were then scooped 
out individually With the help of a bent needle, transferred to 
a Well of 96-microplate (NUN C) containing Coomassie stain, 
and Washed multiple times With Warm Water to remove the 
agarose completely. The bead Was subsequently Washed in 
6.0 M guanidine-HCl for a minimum of 30 minutes, folloWed 
by 3-5 rinses of Water and storage in 100% methanol before 
being submitted for sequencing by Edman degradation. 

Primary Screening of 3-mer Library for Fibrinogen-Binding 
Ligands 

[0049] Each screening step Was performed at room tem 
perature for 1 hour in 1.5 ml Eppendorf tubes With gentle 
rotation. After each step of the screening method, resin beads 
Were concentrated by centrifugation at 14,000 g for 1 minute 
to exchange solution. One milligram of resin Was suspended 
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in 100 ml of 20% methanol. After Washing With 500 ml of 
0.12 M NaCl, 0.020M sodium chloride, 0.1% (v/v) TWeen 
20, pH 7.0 (SST buffer), folloWed by 500 ml of0. 12 M NaCl, 
0.020M sodium chloride, pH 7.0 (SS buffer), the resin Was 
blocked With 500 ml of 5% human serum albumin. The resin 
Was Washed With SS buffer and incubated With 500 ml of 3 
mg/ml ?brinogen or plasma. The resin Was Washed tWice With 
SS buffer, and the subjected to a mini-gel immuno-bead blot 
assay and Western Blot. 
[0050] The mini-gel immuno-bead blot assay Was designed 
for quick analysis of several resins.A layer of 1% agarose (3 .6 
ml) Was loaded in a 60 mm culture dish, over Which Was 
layered 0.8 ml of 1% loW-melting agarose containing 100 ml 
of 1 mg pretreated resin. The bead-containing agarose gel Was 
removed With a 50 ml Falcon tube and subjected to overnight 
transfer of proteins captured in the gel system onto a nitro 
cellulose membrane using 6.0 M guanidine (GuHCl). The 
transferred proteins Were captured on the membrane and the 
immobiliZed ?brinogen Was visualiZed With a primary anti 
?brinogen antibody, a secondary HRP-labeled antibody, and 
KPL chemiluminescent substrate. 

Primary Screening of 6-mer Library forAPl-Binding Ligands 
[0051] Approximately 40-90 mg of ToyoPearl 650-M 
amino resin displaying a library of D- or L-hexamers Was 
loaded into a disposable BioRad column (BioRad). The resin 
beads Were sWollen overnight in 2 ml of 20% MeOH With 
rocking at 40 C. The column Was drained, and the resin beads 
Were Washed With 20 column volumes (CV) of equilibration 
buffer (EQ buffer; 20 mM sodium citrate, 140 mM NaCl, pH 
7.2-7.4). A sample of beads (0.05 ml) Was blocked With 5 ml 
EQ buffer plus 3% human serum albumin at room tempera 
ture for 2 hours While rocking. The column Was Washed With 
2 CV EQ buffer. Five milliliters of human plasma diluted IX 
With EQ buffer Was added to the resin beads. Binding of the 
peptide ligands to target protein Was alloWed to proceed for 30 
minutes at room temperature While rotating. The plasma Was 
drained from the column, and the resin beads Were Washed 10 
times With 10 ml TBS +0.1% (v/v) TWeen 20, folloWed by a 
?nal Wash With 2><10 ml TBS. 
[0052] The transfer of speci?c target proteins from resin 
beads Was accomplished as folloWs. A gel system Was pre 
pared With a 1% agarose base Was overlayered With and a 
mixture of plasma-incubated resin beads (20 [1.1), green APl 
control beads (3 [1.1) in 1.0 ml of 0.5% loW melting (LMP) 
agarose. The proteins Were transferred onto a PVDF mem 
brane Millipore) using 2.0 M NaCl, 20 mM sodium citrate 
buffer, pH 7.4, for 20 hours at room temperature. The mem 
brane Was then blocked With TBS plus 5% non-fat dry milk at 
room temperature for 2 hours While rocking. APl Was 
detected on the membrane With an HRP-labeled APl primary 
antibody (ICN Cat. No 55236; Lot No. 01140) diluted 1:10, 
000 in TBS plus 5% nonfat dry milk for one hour at room 
temperature. The membrane Was Washed With TTBS buffer 
and the antibody detected With chemiluminescent substrate 
(ECL plus, Amersham) using Kodak BIOMAX MR ?lm. 
After aligning the ?lm With the agarose gel system, 70 beads 
corresponding to positive spots on the ?lm Were picked. The 
resin beads Were stripped With 8 M guanidine folloWed by 
Washing.With TTBS buffer and TBS buffer. The resin beads 
Were re-blocked and incubated With 200 ml diluted plasma 
according to the previous methods. Target protein Was again 
transferred to a PVDF membrane, and API Was detected 
according to the above methods. Five positive beads Were 
picked, the peptide ligands of Which Were sequenced by 
Edman degradation on PROCISE Model 494 (Applied Bio 
System) sequencer. 
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Con?rmation of API-Binding Ligand Beads Following Posi 
tive Radiolabel Identi?cation 

[0053] The API-binding resin beads identi?ed in the radio 
labeled gel blots Were Washed With Warm Water to remove 
remaining agarose, and the resin beads Were Washed With 6.0 
M guanidine as outlined above. After extensive Washing With 
Water and methanol, the resin beads Were transferred to an 
Eppendorf tube, equilibrated With EQ buffer, and blocked for 
about 45 minutes With 1% casein in EQ buffer. After rinsing 
the resin beads With EQ buffer, the resin beads Were exposed 
for 1 hour to 1.0 mg of puri?ed API in EQ buffer. The API 
solution Was removed and the resinbeads Were Washed exten 
sively With TBS plus 0.1% (v/v) TWeen-20 buffer. For the 
transfer of API protein to a PVDF membrane, a gel Was 
prepared With a 1% agarose base. The resin beads Were then 
quantitatively transferred in 50 ml of EQ buffer to 1.0 ml of 
0.5% loW melting LMP agarose, containing 3 [1.1 of PIK 
SITTMiAPI control beads (green agarose beads; Prometic, 
Cambridge, UK) in 0.010 M sodium phosphate, 0.05M NaCl, 
pH 7.6, buffer. The LMP agarose-resin mixture Was quickly 
overlayered onto the 1I% agarose gel bed as outlined above. 
Bound API Was transferred from the resin beads onto PVDF 
membrane (Millipore) With 2.0 M NaCl, 20 mM sodium 
citrate buffer, pH 7.4, for 3 hours. Identi?cation of positive 
resin beads Was accomplished With HRP-labeled anti-API 
primary antibody as outlined above. 
[0054] API-binding peptide ligands from the 6-mer library 
includeAKVSKG (SEQ ID NO: 45), HFVAPH (SEQ ID NO: 
46), HFDLHR (SEQ ID NO: 47), and WWLHIN (SEQ ID 
NO: 33). 
Primary Screening of 6-mer Library for vWF/FVIII Ligands 
[0055] The ToyoPearl 650-M amino resin displaying the 
library of D- or L-hexamers (60-300 mm) Was incubated 
either With plasma or puri?ed vWF in TBS buffer or EQ 
buffer. The captured proteins Were subsequently eluted step 
Wise from the resin beads With sodium chloride (0.5 M, 1 .0 M, 
2.0 M) and guanidine (2-6 M). The target proteins Were 
detected immunologically after transfer onto a PVDF mem 
brane. One of three detection strategies Was employed to 
detect target protein binding. A one-step immunodetection 
assay using a speci?c HRP-conjugated polyclonal sheep anti 
human vWF antibody Was performed. A differential-subtrac 
tive immuno-detection assay entailed detecting proteins 
transferred onto membranes With speci?c HRP-conjugated 
polyclonal sheep anti-human vWF antibody in 1:10,000 dilu 
tion.(AHP062P; Serotec) folloWed by exposure to chemilu 
minescence substrate ECLPlus. Membranes Were stripped 
and re-probed With rabbit anti-human albumin antibody (No. 
A0433, Lot No. 031K4897 from Sigma) folloWed by second 
ary alkaline phosphatase-labeled goat anti rabbit antibody 
(Tropix). Following ?lm development, ?lms Were aligned 
and dots that appeared on ?lms for vWF and on albumin ?lms 
Were deemed background signal. Dots positive for vWF but 
not for albumin Were considered positive. A detection assay 
using radio-labeled antibody also Was performed. Freshly 
I125-radiolabeled monoclonal anti-human vWF antibody, 
101.104 (V WFAE; EnZyme Research) in dilution 1:250 in 
hSA-Hepes-0.14 M NaCl-TWeen buffer Was used for detec 
tion. After Washing, membranes Were exposed to Kodak ?lms 
for 48 hrs at —800 C. Positive beads Were picked and prepared 
for re-probing. 
[0056] All beads collected from several gels Were pooled in 
the same tube, Washed With Water and incubated in 8 M 
Guanidine to remove remaining proteins before re-probing. 
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After extensive Washing With Water and citrate buffer, the 
resin beads Were blocked With 3% human albumin for 2 hours 
and incubated With human plasma. Resin beads Were immo 
biliZed in agarose gels (6 cm><7 cm) and target protein Was 
transferred to a PVDF membrane in 2 M NaCl for 20 hours. 
Membranes Were blocked, incubated With 101.104 anti-vWF 
antibody, and detected With secondary goat/anti-mouse-HRP. 
In some experiments, sheep anti-human vWF antibody con 
jugated With HRP Was used for detection. Positive beads Were 
picked, Washed, and the attached ligands Were sequenced. 
[0057] vWF/fV III binding peptides identi?ed from the 
6-mer library include QWFPEK (SEQ ID NO: 77), 
YHLGWL (SEQ ID NO: 76), YLHYQT (SEQ ID NO: 74), 
EDSWDV (SEQ ID NO: 67), LEDna2'EE (SEQ ID NO: 70), 
EADna2'ED (SEQ ID NO: 68), andYVDEDD (SEQ ID NO: 
73). 
[0058] For some re-probing experiments, resin beads 
linked to target proteins Were visualiZed by adding speci?c 
antibody and color substrate to facilitate further alignment. 
Detection of a target protein bound to the resin beads by 
non-labeled monoclonal antibody 101.104 anti-vWF Was 
used folloWed by goat/anti-mouse antibody conjugated With 
alkaline phophatase and FastRed prior to immobilizing beads 
in the agarose gel. Additional substrate CDPStar Was applied 
directly onto a gel With immobiliZed beads, and the gel Was 
exposed to a Kodak ?lm. Dark spots on the ?lm Were corre 
lated With red spots on the gel to ensure appropriate align 
ment. The proteins from resin beads immobiliZed in the gel 
Were transferred onto a membrane and developed again With 
radiolabeled monoclonal antibody against vWF. The ?lms 
and gel Were aligned, and resin beads that appearedpositive in 
all stages Were picked, Washed, and attached ligands 
sequenced. 

EXAMPLE 2 

[0059] This example illustrates the puri?cation of ?brino 
gen from plasma using af?nity chromatography employing a 
D-ARQFDF (SEQ ID NO: 20) resin. 
[0060] ToyoPearl AF- Amino 650 M resin beads displaying 
dried D-ARQFDF (SEQ ID NO: 20) peptide via an epsilon 
amino caproic acid (EACA) spacer Were suspended in 2O%/o 
methanol for a minimum of 2 hours before equilibration in 
0.12-0.15 M NaCl, 0.020 M sodium citrate, pH 6.5-7.5. For 
2.0-2.1 ml columns, about 0.5 mg of resin Was obtained. The 
resin Was subsequently packed in an Orni Column of 1.0-1.5 
cm diameter and evaluated either on an AKTAExplorer Sys 
tem or BIO RAD BioLogic LP. Optical density at 280 nm-320 
nm and conductivity Was constantly monitored during the 
evaluations. FloW rates Were selected according to column 
siZe to achieve linear velocities of 30-60 cm/hour and resi 
dence times betWeen 5-8 minutes. 
[0061] All evaluations Were performed at room tempera 
ture With cryo-rich plasma that had been 0.8 pm and 0.45 pm 
?ltered. A linear velocity (LV) of 60 cm/H Was maintained 
throughout the experiments. Fifty milliliters of plasma Was 
applied at 1.5 ml/min (RT:6.7) onto 10 ml column (height 5 .7 
cm, CF:1.77 cm2) that had been equilibrated With 0.14 M 
NaCl, 0.020 M sodium citrate, pH 7.0 (EQ buffer). After the 
column Was Washed With EQ buffer to baseline, the ?brino 
gen Was eluted With 0.3 M glycine, 0.5 M NaCl at pH 9.0 (10 
CV). The column Was regenerated With 2% Sarkosyl, 2.0 M 
guanidine-HCl, 30% ethanol, folloWed by a 70% ethanol/2% 
acetic acid mixture and stored in 20% methanol. 
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[0062] Quantitative ?brinogen recoveries from plasma 
Were consistently achieved at resin-to-plasma ratios of 113.5 
to 1145, giving a dynamic resin capacity of 6-8 g/L of resin at 
peptide ligand densities betWeen 0.67-0.94 mmol/ g resin. The 
D-ARQFDF (SEQ ID NO: 20) resin Was used for over 15 runs 
With minimal changes in performance, dynamic resin capac 
ity, or purity of ?brinogen eluates. 
[0063] The ?brinogen recoveries of tWo evaluations are 
provided in Table 3. 

TABLE 3 

Total 
Volume Fibrinogen* Fibrinogen Recovery 
(ml) (mg/ml) (mg) (%) 

Evaluation 1 

Plasma Load 25 2.04 51 100 
FloW thru + Post Wash 40 <0.15 BD BD 
Elution 30 1.54 46 91 
Evaluation 2 

Plasma Load 25 2.04 51 100 
FloW thru + Post Wash 30 <0.15 BD BD 
Elution 15 3.6 54 100 

*Fibrinogen antigen (nephelometric analysis) 
BD = below detection 

[0064] As evidenced by the data of Table 3, recoveries of 
about 100% of the bound ?brinogen from the sample Were 
achieved. This example demonstrates the puri?cation of 
?brinogen from plasma using an isolated or puri?ed peptide 
of the invention. 

EXAMPLE 3 

[0065] This example illustrates the puri?cation of ?brino 
gen from plasma using a peptide consisting essentially of the 
amino acid sequence HWQ (SEQ ID NO: 7) attached to a 
chromatography resin. 
[0066] Five milliliters of plasma Was applied at a How rate 
of 0.2 ml/min. onto a 0.8 ml column (RT:4.0 min) containing 
a resin displaying the HWQ ligand, and Was equilibrated With 
0.14 M NaCl, 0.020M sodium citrate, pH 7.0 (EQ buffer). 
After Washing the resin With EQ buffer and 0.5 M NaCl, pH 
7.0, to baseline, the bound ?brinogen Was eluted With 2.0 M 
NaCl, pH 7.0 or 0.3 M glycine, 0.5M NaCl, pH 9.0. All ofthe 
Wash and elution buffers contained 0.020 M sodium citrate. 
Complete elution of ?brinogen Was not achieved With either 
elution buffer. HoWever, dynamic resin capacities of 5-8 mg 
Were reached. The resin Was regenerated With 2 M guanidine 
HCl, 2% Sarkosyl, 30% ethanol and 70% ethanol/2% acetic 
acid, folloWed by storage in 20% methanol. 
[0067] This example demonstrates the puri?cation of 
?brinogen from plasma using an isolated or puri?ed peptide 
ligand comprising three amino acids and attached to solid 
support. 

EXAMPLE 4 

[0068] This example illustrates the puri?cation of Apo-A1 
lipoprotein from plasma using D-WFLHIN (SEQ ID NO: 58) 
peptide ligands. 
[0069] Apo-A1 lipoprotein puri?cation Was accomplished 
With D-WWLHIN (SEQ ID NO: 33) peptides and several 
analogs. Indeed, about 100% Apo-A1 lipoprotein depletion 
from plasma Was repeatedly obtained With D-WWLHAN 
(SEQ ID NO: 56) and D-WWLHIN (SEQ ID NO: 58). Four 
teen milliliters of ?brinogen-depleted plasma Was loaded 
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onto a 2.3 ml column (CF:0.785 cm2) at 0.4 ml/min. (LV:30 
cm/H; RT:5 .8) that had been equilibrated With 0.14.M NaCl, 
0.020 M sodium citrate, pH 7.0 (EQ buffer). After the column 
Was Washed With EQ buffer to baseline, Apo-A1 lipoprotein 
Was eluted With 2.0 M NaCl, 1% Tween-20, 0.020M sodium 
citrate, pH 7.0. The column Was regenerated With 2.0 M 
guanidine-HCl, 2% Sarkosyl, and 2% acetic acid and stored 
in 20% methanol. 
[0070] This resin captured Apo-A1 lipoprotein at a resin-to 
plasma ratio of 1135 Without any losses in the ?oW-through of 
albumin and API protein. SDS-PAGE data of reduced and 
non-reduced in-process samples demonstrated complete 
removal of Apo-A1 lipoprotein by WFLHIN (SEQ ID NO: 
58) in ?oW-through of ?brinogen-depleted plasma. The 
recoveries of API, albumin, and Apo-A1 lipoprotein from F1 
(?brinogen)-depleted plasma using D-WFLHIN (SEQ ID 
NO: 58) are given in Table 4. 

TABLE 4 

Load FloW Through Elution Recovery (%) 

API (mg) 10.6 12.5 i 118 

Apo-Al (mg) 12.9 BD 9.1 71 
Albumin 372 86 i 104 

(mg) 

BD = below detection 

[0071] According to the nephelometric analysis, 71% of 
Apo-A1 lipoprotein Was recovered in 2.0 M NaCl, 1% TWeen 
eluate, Whereas 100% of API and albumin Were recovered. 
Complete Apo-A1 lipoprotein depletion Was accomplished 
With load of 1 4 ml ofF 1 -depleted plasma on a 2.3 ml D-WFL 
HIN (SEQ ID NO: 58) displaying resin. 

EXAMPLE 5 

[0072] This example illustrates the preparation of ?brino 
gen and Apo-A1 lipoprotein-depleted plasma using D-ARG 
FDF (SEQ ID NO: 20) and D-WWLHAN (SEQ ID NO: 56) 
peptide ligand resins. All column chromatographic steps 
Were performed at room temperature using the AKTAEx 
plorer or BioRad systems. 
[0073] Toyopearl AF Amino 650M resin displaying a pep 
tide consisting essentially of the amino acid sequence D-AR 
QFDF (SEQ ID NO: 20) Was suspended for 2 hours in 20% 
methanol. After Washing With distilled Water, the resin Was 
packed into an Omni column gcolumn volume (CV):10 ml; 
diameter 1.5 cm; CF 1.77 cm ) and equilibrated in 0.14 M 
NaCl, 0.020 M sodium citrate, pH 7.0 (EQ buffer). Fifty 
milliliters of ?ltered plasma (0.80 mm, Nalgene CN, Cat. No. 
380-0080; 0.45 pm, Corning Calif., Cat. No. 431155; 0.20 
pm, Nalgene PES, Cat. No. 165-0020) Were loaded on the 
Omni columns at a linear velocity (LV) of 50 cm/H (?oW rate 
(FR):1.5 ml/min; residence time (RT):6.7 minutes). The 
?oW-through Was collected in column volumes. After pooling 
?brinogen-depleted plasma (50 ml), the ?oW-through Was 
loaded onto a column comprising a resin displaying anApo-: 
Al lipoprotein-binding ligand (D-WWLHIN (SEQ ID NO: 
33)), as described beloW. The ?brinogen-binding column Was 
Washed With 12 CVs of EQ buffer and the ?brinogen eluted 
With 10 CVs of 0.3 M glycine, 0.5 M NaCl, pH 9.0. The 
column Was regenerated With 10 CVs of 2% Sarkosyl, pH 8.0, 
folloWed by 10 CVs of 2.0 M guanidine (GuHCl). After 
Washing With 5 CVs of distilled Water, the column Was further 
cleaned With 6 CVs of 30% ethanol and 6 CVs of 70% ethanol 
containing 2% acetic acid. The resin Was stored in 20% 
methanol after rinsing extensively With distilled Water. 
[0074] Toyopearl AF Amino 650M resin (2.5 g) displaying 
peptide ligands consisting essentially of an amino acid 
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sequence D-WWLHAN (SEQ ID NO: 56), attached to the 
resin via an EACA spacer, Was suspended in 20% methanol 
for 2 hours before packing into Omni columns and equilibra 
tion With EQ buffer (CV:10.6 ml, CF 1.77 cm2, CH:6.0 cm). 
Forty-two milliliters of the ?oW-through collected from the 
?brinogen-binding column described above Was loaded at a 
How rate of 1.5 ml/min (LV 50 cm/H) and collected in CVs. 
The column Was Washed to baseline With 10 CVs of EQ 
buffer, and the Apo-A1 lipoprotein Was eluted With 10 CVs of 
2.0 M NaCl, 1% (v/v) TWeen-20, pH 7.0. The column Was 
regenerated in the same Way as described for the D-ARQFDF 
(SEQ ID NO: 20)-bearing column. The ?oW-through pool 
herein Will be named F 1 -Apo-depleted plasma and used for 
the evaluation of API-binding ligand resins. 
[0075] The regeneration steps described above, outlined for 
the D-ARQFDF-bearing column and the D-WWLHAN 
bearing column, Were implemented prior to ?rst time use of 
the resins. Nephelometric protein determinations of ?brino 
gen, API, Apo-A1 lipoprotein, and albumin in process 
samples Were performed With a DADE BEHRING 
Nephelometer BN II. A BioRAD GS-800 Calibrated Densi 
tometer Was used for densitometer analysis. Coagulation 
assays Were performed WithAutomatic CoagulationAnalyZer 
Electra 1400C. According to nephelometric and clotting 
analysis, ?brinogen Was 100% captured by D-ARQFDF 
(SEQ ID NO: 20). API Was recovered 100% in the How 
through of D-ARQFDF (SEQ ID NO: 20) resin, and 90-95% 
after D-WWLHAN (SEQ ID NO: 56) chromatography. 
Ninety percent of Apo-Al lipoprotein Was detected in the 
?oW-through after treatment With the D-ARQFDF (SEQ ID 
NO: 20) resin, but no Apo-A1 lipoprotein could be detected 
by nephelometry and SDS-PAGE analysis after treating With 
the D-WWLHAN (SEQ ID NO: 56) resin. 

EXAMPLE 6 

[0076] This example illustrates the puri?cation of API 
using a L-HFVAPH (SEQ ID NO: 46) peptide ligand. 
[0077] Fibrinogen and Apo-A1 lipoprotein-depleted 
plasma (prepared in Example 5) Was loaded at a linear veloc 
ity of 30 cm/hour (0.4 ml/min; RT:5.1) onto 2.0 ml column 
(CF:0.785 cm2) that had been equilibrated With 0.14 M 
NaCl, 0.020 M sodium citrate, pH 7.0 (EQ buffer). After the 
column Was Washed With EQ buffer and 2.0 M NaCl, 0.020 M 
sodium citrate, pH 6.0, to baseline, the API protein Was eluted 
With 2.0 M NaCl, 1% TWeen 20, 0.020 M sodium citrate, pH 
6.0. The column Was regenerated With 2.0 M guanidine-HCl, 
2% Sarkosyl and 2% acetic acid and stored in 20% methanol. 
SDS-PAGE analysis of in-process samples (reduced and non 
reduced samples) Was performed using a Novex 8-16% gra 
dient gel. Not all of the API Was quantitatively eluted, but 
could be eluted using 2M guanidine. Puri?cation of API 
protein to approximately 70% purity Was accomplished With 
ligand HFVAPH (SEQ ID NO: 46) (isolated from an L-Li 
brary). Table 5 summarizes the nephelometric results of this 
run. 

TABLE 5 

Vol- Total Recovery Albu- Albumin 
ume API API of bound min Recovery 
(ml) (mg/ml) (mg) API (%) (mg/ml) (%) 

Load 9.5 0.74 7.03 22.6 100 
FloW through 16 0.21 3.36 100 12.6 94 
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TABLE 5-continued 

Vol- Total Recovery Albu- Albumin 
ume API API of bound min Recovery 
(I111) (mg/ml) (mg) API (%) (mg/ml) (%) 

PostWash 8 <0.04 0.93 3.5 
Elution Pool 8 0.15 1.2 33 <0.02 
(With dialysis) 
Elution Pool 8 0.21 1.68 46 <0.02 

(Without 
dialysis) 
2 M 4 0.1 0.4 11 <0.02 
Guanidine#23 

[0078] As is apparent from the data set forth in Table 5, 46% 
of the captured API protein Was recovered in the 2.0 M NaCl/ 
1% TWeen elution. As this ligand does not bind albumin from 
plasma in the presence of sodium citrate, 94% of the albumin 
Was recovered in the ?oW-through. Thus, this example dem 
onstrates the removal of API protein from plasma folloWing 
the binding of API protein With a peptide ligand of the inven 
tion. 

EXAMPLE 7 

[0079] This example illustrates the puri?cation of API 
using D-AKVSKG (SEQ ID NO: 45) and D-WWLHIN (SEQ 
ID NO: 33) peptide ligands. 
[0080] Initial evaluation proved that a peptide having the 
amino acid sequence D-AKVSKG (SEQ ID NO: 45) or 
D-WWLHIN (SEQ ID NO: 33) binds albumin in addition to 
API protein in plasma. Conditions that prevented the binding 
of albumin from F1 -Apo depleted plasma Were identi?ed. 
The capture of albumin by AKVSKG (SEQ ID NO: 45) and 
D-WWLHIN (SEQ ID NO: 33) can be prevented in the pres 
ence of 50 mM caproic acid or 1.0-2.2 M NaCl, respectively. 
An example for API puri?cation With AKVSKG (SEQ ID 
NO: 45) is provided. F1 -Apo-depleted plasma (10.7 ml) con 
taining 50 mM caproic acid, Was applied at 0.4 ml/min 
(LV:30 cm/h; RT:5. 1) onto a 2.0 ml column (CF:0.785 cm2) 
that had been equilibrated With 0.14 M NaCl, 0.020 M sodium 
citrate, pH 7 .0 (EQ buffer). After the column Was Washed With 
19 CVs of EQ buffer to baseline, API protein Was eluted With 
2.0 M NaCl, 0.020 M sodium citrate, pH 6.0. The column Was 
regenerated With 2.0 M guanidine-HCl, 2% Sarkosyl and 2% 
acetic acid and stored in 20% methanol. 

[0081] The process yields are given in Table 6. 

TABLE 6 

Vol- Total API Albumin 
API ume API Recovery Albumin Recovery 

(mg/ml)+ (ml) (mg) (%) (mg/ml)* (%) 

Plasma 1.19 10.7 12.7 100 20 100 
FloW 0.07 28.0 2.0 16 7.8 95 
through + 
Post Wash 
Wash 0.11 12.0 1.3 10 0.63 3.6 

(0.3 M 
NaCl) 
Wash 0.06 2.0 0.1 0.1 0.14 0.1 
Wash <0.04 2.0 0.06 0.05 
Elution 0.76 10.0 7.6 60 <0.02 
(2 M 
NaCl) 
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TABLE 6-continued 

Vol- Total API Albumin 
API ume API Recovery Albumin Recovery 

(mg/ml)+ (ml) (mg) (%) (mg/ml)* (%) 

Elution 0.05 10.0 0.5 4 <0.02 

(1% 
Tween) 

*Nephelometric Determination 

[0082] As illustrated by the data in Table 6, 71% of the 
capturedAPI protein was recovered in the 2.0 M NaCl elution 
pool according to the nephelometric analysis. The albumin 
concentration was below the detection limit in the API elution 
pool. The purity of the API eluate was 85% according to 
densitometric analysis. Thus, this example demonstrates the 
puri?cation of API from plasma using a resin displaying a 
peptide ligand of the invention. 

EXAMPLE 8 

[0083] This example illustrates the binding of paraoxonase 
by resin-bearing peptides comprising the amino acid 
sequence D-WWLHAN (SEQ ID NO:56). 
[0084] Paraoxonase binding to a WWLHAN (SEQ ID NO: 
5 6)-displaying resin was evaluated according to the following 
protocol. Rabbit serum diluted 1/ 10 times with PBS (100 ml) 
was incubated in a rotating Eppendorf tube with 50 [1.1 of 
D-WWLHAN (SEQ ID NO: 56)-displaying resin suspension 
containing approximately 5 [1g of resin. The resin was previ 
ously soaked in 20% methanol overnight and washed 3 times 
with PBS to remove the methanol traces and resuspended in 
paraoxonase assay buffer (20 mM Tris pH 8.0, 150 mM NaCl, 
and 2 mM CaCl2). After I hour incubation at 370 C., resin 
beads were precipitated by centrifugation at 8000 g for 1 min 
in an Eppendorf microcentrifuige. Supematants were trans 
ferred into separate Eppendorf tubes and resin bead pellets 
were resuspended in equal volumes of paraoxonase assay 
buffer. Paraoxonase activity of resin bead suspensions and 
supernatant solutions was measured. In particular, 100 [1.1 of 
paraoxonase assay buffer containing 100 [mi of DEPFMU (a 
?uorogenic substrate for paraoxonase detection) was mixed 
with 10 ml of supernatant or 10 [1.1 of resinbead suspension, or 
the original serum solution in a standard microtiterplate well. 
After thorough mixing, the plate solution was incubated for 
20 minutes at 370 C. Hydrolysis of DEPFMU was quanti?ed 
by measuring the ?uorescence level at 355 nm emission and 
at 460 nm excitation using a commercial ?uorometer. The 
level of ?uorescence correlates with the level of 6,8-di?uoro 
4-methylumbelliferyl released from DEPFMU as a result of 
paraoxonase-mediated hydrolysis. The actual amount of 6,8 
di?uoro-4-methylumbelliferyl released in the assay can be 
calibrated with a known amount of 6,8-di?uoro -4 -methylum 
belliferyl. 
[0085] Following incubation with the resin, less than 4% of 
the original paraoxonase activity remained in the serum. 
Thus, this example demonstrates the ability of inventive pep 
tide ligand to bind paraoxonase and remove paraoxonase 
from a sample, while leaving paraoxonase activity intact. 

EXAMPLE 9 

[0086] This example illustrates the dissociation and recov 
ery of paraoxonase from the peptide ligand-bearing resin of 
Example 8. 
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[0087] Paraoxonase, or any plasma protein, can be recov 
ered from the isolated or puri?ed peptide of the invention 
coupled to a bead (i.e., a support) by several different 
approaches, including washing beads with buffers with high 
and low ionic strength, high and low pH, or buffers compris 
ing up to 50% of ethylene glycol and different detergents. No 
paraoxonase activity was eluted from the heads into the supe 
matant without use of detergent. The maximal recovery of 
paraoxonase as measured by paraoxonase activity was about 
32% of the original content and obtained using a buffer com 
prising 0.33% tergitol. Increases in tergitol concentration 
resulted in signi?cant inhibition of paraoxonase activity. SDS 
PAGE analysis con?rmed that the majority of the proteins 
were eluted using a tergitol concentration of 0.33%. 
[0088] Thus, this example illustrates the dissociation of a 
plasma protein, paraoxonase, from a peptide ligand-support 
complex, while retaining protein activity. 

EXAMPLE 10 

[0089] This example demonstrates the binding of paraoxo 
nase by multiple isolated or puri?edpeptides of the invention. 
[0090] Several different D-WWLHIN (SEQ ID NO: 33) 
analogs were screened for the ability to bind to paraoxonase 
under the conditions described in Example 7. For this experi 
ment, the following resins were tested: WWLHAN (SEQ ID 
NO: 56), AWLHIN (SEQ ID NO: 59), WALHIN (SEQ ID 
NO: 60), WWAHIN (SEQ ID NO: 61), WWLHIA (SEQ ID 
NO: 63), WYLHIN (SEQ ID NO: 35), WWLFIN (SEQ ID 
NO: 36), and nal'WLHIN (SEQ ID NO: 40). 
[0091] Following contact with resin-bound peptide 
ligands, little, if any, activity was detected in any of the 
remaining supematants indicating that all of the resins bound 
paraoxonase ef?ciently. Signi?cant activity was detected 
with head fractions displaying D-WALHIN (SEQ ID NO: 
60), D-WWAHIN (SEQ ID NO: 61), D-WWLFIN (SEQ ID 
NO: 36), and D-nal'WLHIN (SEQ ID NO: 40), indicating 
very ef?cient binding of paraoxonase. The maximal activity 
of paraoxonase was associated with the D-nal'WLHIN (SEQ 
ID NO: 40) resin. 

EXAMPLE 11 

[0092] This example illustrates a method of removing 
vWF/fV III from plasma using a peptide ligand of the inven 
tion, D-EADna2'ED (SEQ ID NO: 66), in chromatographic 
format. 
[0093] Pooled human plasma (20 ml) was added to 0.8 ml 
of resin and incubated for 30 minutes while gently rotating. 
Resin was settled under gravity or by short gentle centrifuga 
tion, and the supernatant was collected (the equivalent of 
“?ow-through” of the previous examples). The resin was then 
packed into an Omni column and the chromatography was 
completed using the AKTAExplorer system. The ?ow rate 
was kept constant at 0.4 ml/min (LV:31 cm/h; retention 
time:2 minutes). After washing of the resin with EQ buffer to 
baseline, the bound proteins were eluted from the resin with 
10 column volumes (CV) of 0.5 M NaCl, followed by 10 CVs 
of0.75 M NaCl, 1.0 M NaCl/1% Tween (all in 0.02 M sodium 
citrate, pH 7.0) and 2.0 M guanidine. Twenty-?ve microliters 
of 0.4 M calcium chloride was added to each fraction col 
lected, and the fractions were evaluated by OD reading and 
Western Blots for vWF and W III antigen. The W III activity 
of pooled fractions was determined by chromogenic and 
coagulation assays. 
[0094] The results of the recoveries of W III are summa 
riZed in Table 7. 



US 2008/0160501 A1 

TABLE 7 

Jul. 3, 2008 

Total Total 
Volume FVIII FVIII Recovery* FVIII FVIII Recovery* * 

ID (ml) (IU/ml)* (1U) (%) (IU/ml)** (1U) (%) 

Plasma 20 1.07 21.4 100 0.423 8.46 100 
Load 
Flow- 20 0.08 1.6 7.5 0.08 1.6 18.9 
Through 
Wash (0.5 M 10 0.12 1.2 5.6 0 0 0 

NaCl) 
Elutionl 10 0.46 4.6 21.5 0.39 3.9 46 

(0.75 M 
NaCl) 
Elution 2 10 0 0 0 0 0 0 

(1.0 M 
NaCl) 

*Chromogenic Assay 
**Coagulation Assay (Automatic Coagulation Analyzer Electra 1400C) 

[0095] As is apparent from the data set forth in Table 7, 
fVIH activity dropped signi?cantly in the ?ow-through com 
pared to the starting material, which indicates the binding of 
fVlHI to the resin. fVIH activity was recovered from the resin 
by elution with 0.75 M NaCl, and vWF was con?rmed by 
Western Blot. Thus, this experiment demonstrates that 
D-EADna2'ED (SEQ ID NO: 66) resin binds vWF/fVHI and 
can remove the vWF/fVHI complex from plasma without 
disrupting activity of the target protein. 
[0096] All references, including publications, patent appli 
cations, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference were indi 
vidually and speci?cally indicated to be incorporated by ref 
erence and were set.forth in its entirety herein. 

[0097] The use of the terms “a” and “an” and “the” and 
similar referents in the context of describing the invention 
(especially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless 
otherwise indicated herein or clearly contradicted by context. 
The terms “comprising,” “having,” “including,” and “con 
taining” are to be construed as open-ended terms (i.e., mean 
ing “including, but not limited to,”) unless otherwise noted. 
Recitation of ranges of values herein are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling within the range, unless otherwise indi 

cated herein, and each separate value is incorporated into the 
speci?cation as if it were individually recited herein. All 
methods described herein can be performed in any suitable 
order unless otherwise indicated herein or otherwise clearly 
contradicted by context. The use of any and all examples, or 
exemplary language (e.g., “such as”) provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherwise claimed. No language in the speci?cation should be 
construed as indicating any non-claimed element as essential 
to the practice of the invention. 
[0098] Preferred embodiments of this invention are 
described herein, including the best mode known to the inven 
tors for carrying out the invention. Variations of those pre 
ferred embodiments may become apparent to those of ordi 
nary skill in the art upon reading the foregoing description. 
The inventors expect skilled artisans to employ such varia 
tions as appropriate, and the inventors intend for the invention 
to-be practiced otherwise than as speci?cally described 
herein. Accordingly, this invention includes all modi?cations 
and equivalents of the subject matter recited in the claims 
appended hereto as permitted by applicable law. Moreover, 
any combination of the above-described elements in all pos 
sible variations thereof is encompassed by the invention 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 119 

<21o> SEQ ID NO 1 
<211> LENGTH: 5 

<212> TYPE: PRT 

<2l3> ORGANISM: Artificial 

<22o> FEATURE: 

<223> OTHER INFORMATION: Synthetic 
<22o> FEATURE: 

<221> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (1) . . (1) 

<223> OTHER INFORMATION: Xaa is a hydrophobic amino acid 
<22o> FEATURE: 

<221> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa is a basic amino acid 
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—cont inued 

FEATURE: 

NAME/KEY: MISCQFEATURE 
LOCATION: (3) . . (3) 

OTHER INFORMATION: Xaa is a polar amino acid with a side chain 

comprising an amide 
FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (4) . . (4) 

OTHER INFORMATION: Xaa is a hydrophobic or aromatic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (5) . . (5) 

OTHER INFORMATION: Xaa is an acidic amino acid 

SEQUENCE: l 

Xaa Xaa Xaa Xaa Xaa 

l 5 

SEQ ID NO 2 
LENGTH: 4 

TYPE: PRT 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic 
FEATURE: 

NAME/KEY: MISCQFEATURE 
LOCATION: (2) . . (2) 

OTHER INFORMATION: Xaa is Pro or Gln 

FEATURE: 

NAME/KEY: MISCQFEATURE 
LOCATION: (4) . . (4) 

OTHER INFORMATION: Xaa is any amino acid except Pro 

SEQUENCE: 2 

Gly Xaa Arg Xaa 
l 

SEQ ID NO 3 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic 
FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (l) . . (1) 

OTHER INFORMATION: Xaa is an aromatic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (2) . . (2) 

OTHER INFORMATION: Xaa is an aromatic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (3) . . (3) 

OTHER INFORMATION: Xaa is a hydrophobic amino acid 
FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (5) . . (5) 

OTHER INFORMATION: Xaa is a hydrophobic amino acid 
FEATURE: 

NAME/KEY: MISCQFEATURE 
LOCATION: (6) . . (6) 

OTHER INFORMATION: Xaa is a polar amino acid with a side chain 
comprising an amide 

SEQUENCE: 3 

Xaa Xaa Xaa His Xaa Xaa 

l 5 

SEQ ID NO 4 
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LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial 

FEATURE: 

OTHER INFORMATION: Synthetic 
FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (2) . . (2) 

OTHER INFORMATION: Xaa is an aromatic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (3) . . (3) 

OTHER INFORMATION: Xaa is an acidic or a hydrophobic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (4) . . (4) 

OTHER INFORMATION: Xaa is a hydrophobic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (5) . . (5) 

OTHER INFORMATION: Xaa is a hydrophobic amino acid or His 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (6) . . (6) 

OTHER INFORMATION: Xaa is a basic amino acid 

SEQUENCE: 4 

His Xaa Xaa Xaa Xaa Xaa 

l 5 

SEQ ID NO 5 
LENGTH: 3 

TYPE: PRT 

ORGANISM: Artificial 

FEATURE: 

OTHER INFORMATION: Synthetic 
FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (l) . . (1) 

OTHER INFORMATION: Xaa is a hydrophobic or aromatic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (2) . . (2) 

OTHER INFORMATION: Xaa is an acidic amino acid 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (3) . . (3) 

OTHER INFORMATION: Xaa is an acidic amino acid 

SEQUENCE: 5 

Xaa Xaa Xaa 

l 

SEQ ID NO 6 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial 

FEATURE: 

OTHER INFORMATION: Synthetic 
FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (3) . . (3) 

OTHER INFORMATION: Xaa is an aromatic amino acid or His 

FEATURE: 

NAME/KEY: MISCiFEATURE 
LOCATION: (4) . . (4) 

OTHER INFORMATION: Xaa is a hydrophobic or aromatic amino acid 
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<220> FEATURE: 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (5) . . (5) 

<223> OTHER INFORMATION: Xaa is a hydrophobic amino acid or a polar 

amino acid 

<400> SEQUENCE: 6 

Tyr Leu Xaa Xaa Xaa Thr 
l 5 

<2ll> LENGTH: 3 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: '7 

His Trp Gln 
l 

<2ll> LENGTH: 3 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 8 

Phe Asp Ile 
1 

<2 10> SEQ ID NO 9 
<2ll> LENGTH: 3 

<2 12> TYPE: PRT 

<2l3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: 9 

His Asn Pro 
1 

<2 10> SEQ ID NO 10 
<2ll> LENGTH: 3 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: 10 

His Asn Lys 
1 

<2 10> SEQ ID NO 11 
<2ll> LENGTH: 3 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: 11 

His Trp Arg 
1 
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<2lO> SEQ ID NO 12 
<2ll> LENGTH: 3 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Sythetic 

<400> SEQUENCE: l2 

Trp Glu Trp 
l 

<2lO> SEQ ID NO 13 
<2ll> LENGTH: 3 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: l3 

Lys Phe Phe 
1 

<2 10> SEQ ID NO 14 
<2ll> LENGTH: 3 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: l4 

Lys Lys Tyr 
1 

<2 10> SEQ ID NO 15 
<2ll> LENGTH: 3 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: 15 

Pro Gly Tyr 
1 

<2 10> SEQ ID NO 16 
<2ll> LENGTH: 4 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: l6 

Gly Gln Arg Trp 
1 

<2 10> SEQ ID NO 17 
<2ll> LENGTH: 6 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 00> SEQUENCE: 17 

Pro Trp Phe Ile Pro Gly 
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<2lO> SEQ ID NO 18 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: l8 

Trp Glu Ile Tyr Gln Thr 
l 5 

<2lO> SEQ ID NO 19 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: l9 

Trp Asn Gly Gln Pro Ala 
l 5 

<2lO> SEQ ID NO 20 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 2O 

Ala Arg Gln Phe Asp Phe 
l 5 

<2lO> SEQ ID NO 21 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 21 

Ala Arg Asn Ile Asp Val 
l 5 

<2lO> SEQ ID NO 22 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 22 

Gly Pro Arg Tyr Phe Val 
l 5 

<2lO> SEQ ID NO 23 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 23 
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Gly Gln Arg Trp Ala His 
1 5 

<2lO> SEQ ID NO 24 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 24 

Gly Pro Arg Arg Thr Ser 
1 5 

<2lO> SEQ ID NO 25 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 25 

Gly Pro Arg Ala Leu Trp 
l 5 

<2lO> SEQ ID NO 26 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 26 

Gly Pro Arg Thr His Val 
l 5 

<2lO> SEQ ID NO 27 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 2'7 

Gly Pro Arg Lys Leu Asp 
l 5 

<2lO> SEQ ID NO 28 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 28 

Gly Pro Arg Pro Asn Ile 
l 5 

<2lO> SEQ ID NO 29 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 






































