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(57) ABSTRACT 

The present invention is related to a peptide having an amino 
acid sequence comprising at least 8 consecutive amino acids 
of the human lactoferrin protein or of the bovine lactoferrin 
protein, whereby the peptide is Suitable to act as a cell-pen 
etrating peptide. 
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PEPTIDES USEFUL AS CELL-PENETRATING 
PEPTIDES 

0001. The present invention is related to a peptide which is 
Suitable for use as a cell-penetrating peptide, complexes com 
prising the same and use thereof. 
0002 Cell-penetrating peptides (CPPs) such as the anten 
napedia-derived penetratin (Derossi et al., Biol. Chem..., 269, 
10444-10450, 1994) and the Tat peptide (Vives et al., J. Biol. 
Chem., 272, 16010-16017, 1997) are widely used tools for 
the delivery of cargo molecules such as peptides, proteins and 
oligonucleotides (Fischer et al., Bioconjug. Chem., 12, 825 
841, 2001) into cells. Areas of application range from purely 
cell biological to biomedical research (Dietz and Bahr, Mol. 
Cell. Neurosci, 27, 85-131, 2004). Initially, cellular uptake 
was believed to occur by direct permeation of the plasma 
membrane (Prochiantz, Curr. Opin. Cell Biol. 12, 400-406, 
2000). In the past years, evidence has been accumulated that 
for several CPPs endocytosis contributes at least significantly 
to the cellular uptake for several CPPs (for a review, see 
Fotin-Mleczek et al., Curr. Pharm. Design, 11, 3613-3628, 
2005). Given these recent results, the specification of a pep 
tide as a CPP therefore does not imply a specific cellular 
import mechanism, but rather refers to a function as a peptide 
that, when conjugated to a cargo, either covalently or non 
covalently, enhances the cellular uptake of the cargo mol 
ecule. 
0003. Although these CPPs have been proven to be in 
principle suitable for the delivery of peptides, proteins and 
oligonucleotides into cells, there is still a need to provide 
further CPPs allowing the delivery of such molecules as cargo 
molecules. In particular, there is a need for CPPs which (i) 
allow for a rapid release of cargo molecule from the endoly 
sosomal pathway and (ii) avoid immunological reactions 
upon application in man. 
0004. The problem underlying the present invention is 
Solved in a first aspect by a peptide having an amino acid 
sequence comprising at least 8 consecutive amino acids of the 
human lactoferrin protein or of the bovine lactoferrin protein, 
whereby the peptide is Suitable to act as a cell-penetrating 
peptide. 
0005. In an embodiment of the first aspect the peptide 
comprises at least four cationic amino acids. 
0006. In an embodiment of the first the human lactoferrin 
protein has an amino acid sequence according to SEQ. ID. 
No. 1 and the bovine lactoferrin protein has an amino acid 
sequence according to SEQ. ID. No. 2. 
0007. In an embodiment of the first aspect the peptide 
comprises at least two Cys residues or analogs thereof. 
0008. In a preferred embodiment of the first aspect the 
peptide comprises a disulfide bond created by two Cys resi 
dues or an analogous bond formed by the cysteine analogs. 
0009. In an embodiment of the first aspect the peptide 
comprises a moiety having an alpha-helical conformation of 
about 12 to 20 amino acids in length, and a moiety having a 
beta-sheet conformation of about 8 to 12 amino acids in 
length. 
0010. In an embodiment of the first aspect the peptide 
comprises from about 8 to about 60 amino acid residues. 
0011. In a preferred embodiment of the first aspect the 
peptide comprises from about 20 to about 45 amino acid 
residues. 
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0012. In an embodiment of the first aspect the peptide has 
an amino acid sequence corresponding to amino acid posi 
tions 20 to 64 of the amino acid sequence according to SEQ. 
ID. No.1. 

0013. In an embodiment of the first aspect the peptide has 
an amino acid sequence, whereby the N-terminal end of the 
peptide is an amino acid corresponding to amino acid posi 
tions 20 to 64 of the amino acid sequence according to SEQ. 
ID. No.1 or SEQ. ID. No. 2. 
0014. In an embodiment of the first aspect the peptide is 
selected from the group comprising 

0.015 a peptide having the amino acid sequence 
KCFQWQRNIVIRKVRGPPVSCIKR (SEQ. ID. 
No.3), 

0016 a peptide having the amino acid sequence 
CFQWQRNMRKVRGPPVSC (SEQID. No.4), 

0017 a peptide having the amino acid sequence 
FQWQRNMRKVRGPPVS (SEQ. ID. No.5), 

0.018 a peptide having the amino acid sequence 
FQWQRNMRKVR (SEQ. ID. No.6), 

0.019 a peptide having the amino acid sequence KCR 
RWQWRMKKLGAPSITCVRR (SEQID No. 29), and 

0020 a peptide having the amino acid sequence 
CRRWQWRMKKLGAPSITC (SEQID No. 30) 

0021 
0022. In a preferred embodiment of the present invention 
the cell penetrating peptides comprise an amino acid 
sequence according to SEQID No. 3, SEQID No. 4, SEQID 
No. 29 or SEQID No. 30 or a sequence with an identity of at 
least 40%, preferred of at least 50%, in particular preferred of 
at least 75% or at least 90% to said sequences. 
(0023. Peptides comprising SEQID No. 3, SEQID No. 4, 
SEQ ID No. 29 or SEQID No. 30 with at least 40% identity 
are preferred characterized by the replacement or deletion of 
1 to 13 amino acids of SEQ ID No. 3 or SEQ ID No. 29 
respectively 1 to 10 amino acids of SEQID No. 4 or SEQID 
No. 30. Wherein sequences with a replacement of one or more 
amino acids with homologue amino acids are of increased 
interest. 
0024. The peptides comprising an amino acid sequence 
according to SEQID No. 3, SEQID No. 4, SEQID No. 29 or 
SEQ ID No. 30 or a sequence with at least 40% identity 
comprise at least 8 amino acids (peptides derived from SEQ 
ID No. 4 or SEQ ID No. 30) respectively 9 amino acids 
(peptides derived SEQ ID No. 3 or SEQ ID No. 29). Said 
peptides have preferred between 10 and 45 amino acids and 
preferred between 14 and 25 amino acids. 
0025 Preferred peptides comprising an amino acid 
sequence according to SEQID No. 3, SEQID No. 4, SEQID 
No. 29 or SEQ ID No. 30 possess a cationic charge, in par 
ticular of at least four cationic amino acids located in SEQID 
No. 3, SEQ ID No. 4, SEQID No. 29 or SEQ ID No. 30. A 
further preferred feature of said peptides is the presence of at 
least two cysteines or cysteine analogous which may form a 
disulfide bridge or an analogue bridge. Both cysteines or its 
analogous enclose at least 6 amino acids, preferably between 
12 and 43 amino acids. 

0026. In a preferred embodiment of the first aspect the 
peptide is a derivative of the peptides according to any of 
SEQ. ID. No. 2 to 5, whereby the methionine residues is 
replaced by an amino acid selected from the group compris 
ing valine, isoleucine, norvaline, leucine and norleucine. 

and derivatives thereof. 
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0027. In a more preferred embodiment of the first aspect 
the peptide is a peptide having an amino acid sequence 
selected from the group comprising 

(SEO. ID. No. 7) 
KCFOWORNVRKVRGPPVSCIKR 

(SEO. ID. No. 8) 
KCFOWORNIRKVRGPPVSCIKR 

(SEO. ID. No. 9) 
KCFQWQRNXRKVRGPPVSCIKR, whereby X is norvaline, 

(SEQ. D. No. 10) 
KCFOWORNLRKVRGPPVSCIKR, 

(SEQ. D. No. 28) 
KCFQWQRNXRKVRGPPVSCIKR, whereby X is norleucine, 

(SEQ. ID. No. 11) 
CFOWORNVRKVRGPPVSC 

(SEQ. ID. No. 12) 
CFOWORNIRKVRGPPVSC 

(SEQ. ID. No. 13) 
CFQWQRNXRKVRGPPVSC, whereby X is norvaline, 

(SEQ. ID. No. 14) 
CFOWORNLRKVRGPPVSC 

(SEQ. ID. No. 15) 
CFQWQRNXRKVRGPPVSC, whereby X is norleucine, 

(SEQ. ID. No. 16) 
FOWORNVRKVRGPPVS 

(SEQ. ID. No. 17) 
FOWORNIRKVRGPPVS 

(SEQ. ID. No. 18) 
FQWQRNXRKVRGPPVS, whereby X is norvaline, 

(SEQ. ID. No. 19) 
FOWORNLRKVRGPPVS 

(SEQ. D. No. 20) 
FQWQRNXRKVRGPPVS, whereby X is norleucine, 

(SEQ. ID. No. 21) 
FOWORNVRKVR 

(SEQ. ID. No. 22) 
FOWORNIRKVR 

(SEQ. D. No. 23) 
FQWQRNXRKVR, whereby X is norvaline, 

(SEQ. D. No. 24) 
FOWORNLRKVR 
and 

(SEQ. D. No. 25) 
FQWQRNXRKVR, whereby X is norleucine. 

0028. In an embodiment of the first aspect the derivatives 
have a linkage group preferably selected from the group com 
prising thioethers, whereby the linkage group replaces the 
disulfide bond formed by these Cys residues. 
0029. In an embodiment of the first aspect, the peptide is 
radioactively labelled, preferably by having incorporated a 
radioactively labelled amino acid, whereby more preferably 
the radioactively labelled amino acid is a tritium-labelled 
amino acid. 
0030. In an embodiment of the first aspect the peptide 
further comprises a moiety which is suitable for detection 
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using a method for detection, whereby such moiety is prefer 
ably selected from the group comprising fluorophores, radio 
active tracers and haptens, whereby preferably the hapten is 
biotin. 
0031. The problem underlying the present invention is 
also solved in a second aspect by a complex comprising a 
peptide selected from the group comprising a peptide accord 
ing to the first aspect, human lactoferrin and bovine lactofer 
rin, and a cargo molecule. 
0032. In an embodiment of the second aspect the cargo 
molecule is covalently or non-covalently bound to the pep 
tide. 
0033. In an embodiment of the second aspect the cargo 
molecule is selected from the group comprising nucleic acids, 
amino acids, peptides, proteins, carbohydrates, lipids, and 
small molecules and mixtures of any of thereof. 
0034. In an embodiment of the second aspect the cargo 
molecule is present as or part or a structure, whereby the 
structure is selected from the group comprising nanopar 
ticles, microparticles, liposomes and micelles. 
0035. In a preferred embodiment of the second aspect the 
nucleic acid is a nucleic acid selected from the group com 
prising DNA molecules, RNA molecules, PNA molecules, 
siRNA molecules, antisense molecules, ribozymes, aptam 
ers, Spiegelmers and decoy molecules. 
0036. In an alternative preferred embodiment of the sec 
ond aspect the peptide is selected from the group comprising 
peptides for vaccination. 
0037. In a further alternative preferred embodiment of the 
second aspect the nucleic acid is a nucleic acid-based vaccine. 
0038. In a still further alternative preferred embodiment of 
the second aspect the nano-particles and/or the micro-par 
ticles comprise or consist of a pharmaceutically active com 
pound. 
0039. The problem underlying the present invention is 
also solved in a third aspect by a composition comprising at 
least a peptide selected from the group comprising a peptide 
according to the first aspect, human lactoferrin and bovine 
lactoferrin, and a cargo molecule. 
0040. The problem underlying the present invention is 
also solved in a fourth aspect by a composition comprising a 
complex according to the second aspect. 
0041. The problem underlying the present invention is 
also solved in a fifth aspect by a nucleic acid coding for a 
peptide according to the first aspect, preferably having a 
nucleic acid sequence according to SEQ. ID. No. 26 or SEQ. 
ID. No. 27. 
0042. The problem underlying the present invention is 
also solved in a sixth aspect by a composition comprising a 
nucleic acid according to the fifth aspect and a cargo mol 
ecule. 
0043. In a preferred embodiment of the the sixth aspect the 
cargo molecule is a nucleic acid and more particularly a RNA 
Suitable for vaccination. 
0044. In a preferred embodiment of the sixth aspect the 
cargo molecule is a nucleic acid coding for a peptide. 
0045. In a preferred embodiment of the sixth aspect the 
nucleic acid according to the fifth aspect is operably linked to 
the nucleic acid coding for a peptide. 
0046. In a more preferred embodiment of the sixth aspect 
the nucleic acid according to the fifth aspect and the nucleic 
acid coding for a peptide are linked in-frame. 
0047. In an embodiment of the sixth aspect the peptide is 
a pharmaceutically active agent. 
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0048. The problem underlying the present invention is 
also solved in a seventh aspect by the use of a peptide accord 
ing to the first aspect as a cell-penetrating peptide. 
0049. The problem underlying the present invention is 
also solved in an eighth aspect by the use of human lactoferrin 
or a functional derivative thereof or of bovine lactoferrin or a 
functional derivative thereof as a cell-penetrating peptide. 
0050. In an embodiment of the eight aspect the human 
lactoferrin has an amino acid sequence comprising amino 
acid positions 20 to 711 of the amino acid sequence according 
to SEQ. ID. No. 1 or functional derivative thereof and/or the 
bovine lactoferrin has an amino acid sequence comprising 
amino acid positions 20 to 708 of the amino acid sequence 
according to SEQ. ID. No. 2 or a functional derivative thereof. 
0051. The problem underlying the present invention is 
also solved in a ninth aspect by the use of a peptide according 
to the first aspect as a transfection agent. 
0052. The problem underlying the present invention is 
also solved in antenth aspect by the use of human lactoferrin 
or a functional derivative thereof or of bovine lactoferrin or a 
functional derivative thereof as a transfection agent. 
0053. In an embodiment of the tenth aspect the human 
lactoferrin has an amino acid sequence comprising amino 
acid positions 20 to 711 of the amino acid sequence according 
to SEQ. ID. No. 1 and/or the bovine lactoferrin has an amino 
acid sequence comprising amino acid positions 20 to 708 of 
the amino acid sequence according to SEQ. ID. No. 2 or a 
functional derivative thereof. 
0054 The problem underlying the present invention is 
also solved in an eleventh aspect by the use of a composition 
according to the third, the fourth, and the sixth aspect for the 
manufacture of a medicament. 
0055. In an embodiment of the eleventh aspect the cargo 
molecule is a pharmaceutically active agent. 
0056. The problem underlying the present invention is 
also solved in a twelfth aspect by the use of a composition 
according to the third, the fourth, and the sixth aspect for the 
manufacture of a diagnostic agent. 
0057. In an embodiment of the twelfth aspect the cargo 
molecule is a diagnostic marker. 
0058. The present inventors have surprisingly found that 
human and bovine lactoferrin and more specifically peptides 
thereof, which are also referred to herein as the peptides 
according to the present invention, are Suitable to act as cell 
penetrating peptides (CPP) and may thus deliver cargo mol 
ecules to the cytoplasm of a cell. A CPP is preferably any 
peptide or protein which is suitable to penetrate a cellular 
membrane, more preferably the plasma membrane of a mam 
malian cell. However, it is to be understood that preferably the 
term CPP does not imply a specific cellular import mecha 
nism. More specifically, the present inventors have realized 
that specific peptides derived from human lactoferrin are 
released from the endolysosomal compartments in a highly 
efficient manner which in turn goes along with a highly effi 
cient release of any cargo molecule(s). Once the cargo mol 
ecules are available in the cytoplasma they may exert any 
effect associated therewith. Insofar, the polypeptides accord 
ing to the invention provide for an efficient means for influ 
encing the biological mechanisms and pathways of a cell 
which can be used for both research as well as therapeutic and 
diagnostic applications. As used herein and if not indicated to 
the contrary, the term peptides according to the present inven 
tion preferably also comprises human and bovine lactoferrin 
as preferably defined herein. 
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0059. The peptides according to the present invention are, 
in principle, fragments of the human or bovine lactoferrin, or 
a derivative thereof. Because of this origin, the peptides 
according to the present invention exhibit, apart from them 
being Suitable to deliver cargo molecules to the cytoplasm, a 
beneficial immunological profile insofar as the respective 
peptides will not elicit an immune response in a human or 
bovine host exposed to the respective peptides according to 
the present invention. 
0060 Human lactoferrin (hLF) is a 77 kDa iron-binding 
glycoprotein of 692 amino acids that constitutes 15% of the 
amount of protein contained in human mother milk and can 
also be found in low concentrations in blood plasma (Nemet 
and Simonovits, Haematologia (Budap.) 18, 3-121985). The 
bovine homologue (b|LF) consists of 688 amino acids and 
shares 68% amino acid identity with hF (Crichton, Adv. 
Protein Chem. 40, 281-363, 1990). However, only 0.5-1% of 
bovine milk protein is b|F. For both proteins antimicrobial 
(Orsi, Biometals 17, 189-196, 2004; Ward and Conneely, 
Biometals 17, 203-208, 2004), antifungal, LPS binding (Vo 
gel et al., Biochem. Cell Biol. 80, 49-63, 2002) and antiviral 
properties (Berkhout et al., Biometals 17, 291-294, 2004) 
have been reported as well as several enzymatic activities like 
DNase, RNase, ATPase and phosphatase activity (Kanysh 
kova et al., Eur. J. Biochem. 270,3353-3361, 2003). Lactof 
errin (LF) proteins also act as transcription factors (He and 
Furmanski, Nature 373, 721-724, 1995) and have an impact 
on immune regulation by inducing the secretion of interleu 
kins (Sorimachi et al., Biochem. Mol. Biol. Int. 43, 79-87, 
1997; Vogel et al., 2002). 
0061 The peptides according to the present invention are 
preferably fragments of the N-terminal region of the human 
or bovine lactoferrin. Further structural features which either 
individually or in any combination may be realized by the 
peptides according to the present invention are disclosed in 
the following. 
0062 Preferably, such fragment and thus a peptide accord 
ing to the present invention contains at least four cationic 
amino acid residues. More preferably, these fragments are 
cationic, i.e. have an overall positive charge at physiological 
pH values. 
0063. The peptides according to the present invention may 
share a combination of secondary structures such as an alpha 
helix and a beta sheet. In particular such helix and such sheet 
form individual moieties of the peptides. Most preferably, the 
peptides comprise a helix-turn-sheet structure. The length of 
Such moieties typically range from 12-20 amino acids and 8 to 
12 amino acids in length for the moieties with alpha-helix and 
beta-sheet conformation, respectively. 
0064. A further feature inherent to preferred embodiments 
of the peptides according to the present invention is the pres 
ence of at least two Cys residues. Such Cys residues are 
spaced apart from each other by a number of intermittent 
amino acids. Preferably the number of such intermittent 
amino acids ranges from 8 to 20 amino acids, more preferably 
14 to 18 and is most preferably 16. In a still further embodi 
ment the two Cys residues are located at the N-terminal end 
and at the C-terminal end of the peptide according to the 
present invention. It is within the present invention that the 
respective Cys residues, either individually or in combina 
tion, are located at or close to the ends of the peptide, i.e. form 
the N-terminal end and the C-terminal of the peptide. Alter 
natively, one or both of said Cys ends do not form the respec 
tive end of the peptide, but the peptide comprises further 
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amino acids upstream of the respective Cys residue in case of 
the N-terminal end, or downstream of the respective Cys 
residue in case of the C-terminal end. In a still more preferred 
embodiment the two Cys residue form an intramolecular 
disulphide bond, whereby such disulphide bond preferably 
exists under conditions existing when applying or using the 
peptides according to the present invention as CPPs. It is 
known to the ones skilled in the art how to generate Such 
disulphide bond upon or during synthesis of the respective 
peptide. In an alternative embodiment, the two Cys residues 
form an intermolecular disulphide bond. 
0065. In a still further embodiment the disulphide bond, if 
any, is replaced by a moiety which structurally and function 
ally replaces the disulfide bond, however, is not subject to 
reductive cleavage. Such moiety is exemplified by, but not 
limited to, a methylene group (JACS, 1985, 107,2986-2987, 
Bioorg. Med. Chem Letter 1999, 9, 1767-1772, J. Med. 
Chem, 2002, 45, 1767-1777), a thioether bridge (Yu et al. 
Tetrahedron Lett. 1998, 39, 6633-6636), a carbonyl bridge 
(Pawlak et al. J. Pept. Sci. 2001, 7, 128-140), and a longer 
aliphatic chain (Tetrahedron Lett. 2001, 42,5804-5804), 
whereby each of said moiety replaces the disulfide bond. 
Depending on the specific protocol and moiety used for con 
necting the two amino acid residues, the replacement of cys 
teine residues by other building blocks, e.g. homoserine, may 
be required (Yu et al. Tetrahedron Lett. 1998, 39,6633-6636) 
as will be acknowledged by the ones skilled in the art. Pref 
erably the length of the longer aliphatic chain is from about 2 
to about 10 C atoms, whereby this range comprises any inte 
ger length in-between. 
0066. The length of the peptides according to the present 
invention preferably ranges from about 8 amino acid residues 
to about 60 amino acid residues. More preferably the length 
ranges from 15 to 45 amino acid residues, more preferable 
from 18 to 22 amino acid residues. It will, however, be 
acknowledged by the ones skilled in the art that the length of 
the peptides is not necessarily limited thereto and derivatives 
thereof can be created by the ones skilled in the art using the 
technical guidance provided herein. Any modification insofar 
is within the scope of the present invention which still pro 
vides for peptides which act or can act as CPPs. 
0067. In a further preferred embodiment the peptides 
according to the present invention are fragments of the human 
or bovine lactoferrin. Preferably the human lactoferrin has the 
amino acid according to SEQ. ID. No. 1, and the bovine 
lactoferrin the amino acid sequence according to SEQ. ID. 
No. 2. More preferably, the peptides according to the present 
invention correspond in their amino acid sequence to a 
sequence of amino acids comprised or defined by amino acid 
positions 20 to 64 of the sequence according to SEQ. ID. No. 
1 or of the sequence according to SEQ. ID. No. 2. However, it 
is also within the present invention that only part of the 
peptides according to the present invention is located within 
the above defined range of the amino acid sequence of human 
or bovine lactoferrin. 

0068. In a more preferred embodiment, the peptides 
according to the present invention are derived from the human 
or bovine lactoferrin as specified in the previous paragraphs 
and share one or several, preferable all of the further structural 
features disclosed herein. 

0069. In a further embodiments the peptides according to 
the present invention are derivatives of any of the peptides 
according to the present invention described herein and in 
particular as disclosed in the previous paragraphs. It will be 
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acknowledged by the ones skilled in the art that the amino 
acid sequence of said peptides may be changed without that 
said peptides lose the characteristic of being functional as a 
CPP. Preferable such changes are made to the amino acid 
sequence. More preferably such change comprise the 
replacement of an amino acid of a distinct category by another 
amino acid of the same category. Such categories are prefer 
ably neutral amino acids, hydrophobic amino acids (in par 
ticular including aliphatic amino acids), cationic amino acids, 
anionic amino acids, thiol-containing amino acids, aromatic 
amino acids and heterocyclic amino acids. Hydrophobic 
amino acids (including aliphatic amino acids) are preferred 
selected from the group consisting of glycine, alanine, Valine, 
leucine and isoleucine, aromatic amino acids are preferred 
selected from the group consisting of phenylalanine, tyrosine 
and tryptophane, ionic amino acids are preferred selected 
from the group of cationic amino acids like lysine, arginine, 
histidine and anionic amino acids like aspartat and glutamat, 
neutral amino acids are preferred selected from the group 
serine, threonine, asparagines, glutamine and methionine, 
thiol-containing amino acids are preferred cysteine and 
methionine and heterocyclic amino acids are preferred pro 
line and histidine. Especially the methionine residue in posi 
tion 46 may be exchanged for an aliphatic residue Such as, for 
example, but not limited to, Valine, norvaline, leucine or 
norvaline. As peptides may be obtained by protocols of 
organic synthesis, amino acid replacements are not limited to 
those of proteinogenic amino acids. Any building block 
including, but not limited to, non-proteinogenic amino acids 
and beta-amino acids, that may be incorporated by Suitable 
chemical procedures may be included in the peptide. 
0070 Particularly preferred peptides according to the 
present invention are those having an amino acid sequence 
according to SEQ. ID. No.3 and according to SEQ. ID. No. 4, 
and respective derivatives thereof. 
0071. It is within the present invention that if a peptide 
according to the present invention is the human or bovine 
lactoferrin, such peptide, in a preferred embodiment, also 
comprises fragments of the full-length human or bovine 
lactoferrin protein. Such fragments are preferably function 
ally active fragments. As used herein a functionally active 
fragment of the human or bovine lactoferrin is or comprises a 
part of the amino acid sequence according to SEQ. ID. No.1 
or SEQ. ID. No. 2 under the provision that such fragment still 
exhibits a CPP activity, preferably a CPP activity as defined 
herein. Preferably the activity of said peptide as a CPP, or CPP 
activity, may be determined by conjugation of the respective 
peptide to a fluorochrome or hapten that in this case serves 
both as a reporter group and as a cargo molecule and enables 
the detection and quantification of cellular uptake by methods 
known to those familiar with the art. Such methods include 
but are not limited to (i) flow cytometry and fluorescent 
microscopy for fluorophores serving as reporter group or (ii) 
fixation and permeabilization of cells followed by incubation 
with a reagent Suitable for the detection for haptens serving as 
a reporter group. Alternatively, the CPP may be radioactively 
labeled, e.g. by incorporation of radioactively labeled amino 
acids and the cellular uptake determined by radiography. The 
latter method enables the determination of uptake and distri 
bution for the peptides alone, without any cargo. It is under 
stood that to the degree the respective method allows so, the 
uptake and distribution may also be determined and quanti 
tated for tissues and whole organisms. Alternatively, the 
uptake may be determined indirectly by means of the biologi 
cal activity of a cargo molecule conjugated to the CPP and 
with the cargo molecule exerting its biological activity only if 
the molecule enters the cell and reaches a particular subcel 
lular localization Such as the cytoplasm or nucleus. 



US 2010/0061932 A1 

0072. In a further embodiments the peptides according to 
the present invention further comprise a moiety which is 
suitable for detection. More specifically, such moiety allows 
for the detection of the peptide. The moiety may be any group 
Suitable for Such purpose. Respective moieties are known to 
the ones skilled in the art and comprise, however, are not 
limited to, fluorophores, such as for example carboxyfluores 
cein, or biotin. Preferably the detection occurs by means of 
fluorescence. Alternatively, the detection may also occur by 
means of radioactivity, e.g. after incorporation of Iodine 
by protocols known to those skilled in the art. Detection may 
occurat the level of an individual cell, a tissue, an organ oran 
animal. Preferably the animal is a mammal and more prefer 
ably selected from the group comprising a dog, a cat, a sheep, 
a goat, a rat, a mouse, a cow, a horse and a human being. 
0073. In a further aspect of the present invention the pep 
tides according to the present invention form a complex 
together with a cargo molecule. Such cargo molecule may be 
any cargo molecule as defined herein. The complex can be 
either a covalent or a non-covalent complex comprising at 
least one peptide according to the present invention and at 
least one cargo molecule. It is also within in the present 
invention that the complex comprises more than one peptide 
according to the present invention, i. e. a plurality of Such 
peptides, whereby the plurality of the peptides may comprise 
a plurality of the same or of different peptides. Also, the 
complex according to the present invention may also com 
prise more than one cargo molecule, whereby the plurality of 
the cargo molecules may comprise a plurality of the same or 
of different cargo molecules. 
0074. In one embodiment, the complex between the pep 

tide(s) according to the present invention and the cargo mol 
ecule(s) is formed by covalent bonds. Such covalent bonds 
are preferably formed between either suitable reactive group 
of the peptide and the cargo and more preferable between a 
terminus of the peptide according to the present invention and 
the cargo molecule(s). Depending on the chemical nature or 
the cargo molecules, the moiety, group or radical with which 
such covalent bond is formed varies and it is within the skills 
of a person of the art to create Such bond. In one embodiment, 
the covalent bond may be an amide bond formed between the 
carboxy group of the C-terminal amino acid of a peptide 
according to the present invention and the alpha amino group 
of the N-terminal amino acid of a peptide constituting a cargo 
molecule. Alternatively, the complex can beformed based on 
non-covalent bond(s). Such non-covalent bonds can be ionic 
bonds, hydrogen bonds or hydrophobic interaction or a com 
bination of Such bonds. In one embodiment Such non-cova 
lent bonds may be formed by a stretch of lysine residues, 
attached by covalent bonds to a peptide according to the 
present invention and the phosphate backbone of a oligo 
nucleotide. Preferably the stretch of lysine consists of about 5 
to 15 lysine residues. 
0075. The cargo molecules are, in principle, not limited 
with regard to size, chemical nature and/or function. In accor 
dance therewith the cargo molecule may be selected from the 
group comprising nucleic acids, peptides, molecules, lipids, 
carbohydrates, nano- and micro-particles and combinations 
thereof. In a preferred embodiment, the cargo molecules are 
within the bounds set by applications in cell biology or thera 
peutical applications. 
0076. In an embodiment the nucleic acid is any polymer 
consisting of at least two nucleotides which are covalently 
linked. In an embodiment a nucleic acid can be a DNA mol 

Mar. 11, 2010 

ecule or a RNA molecule or a mixture thereof. It is also within 
the present invention that the nucleic acid consists of L-nucle 
otides, D-nucleotides or mixtures. In a further embodiment, 
the base moiety, the Sugar moiety and/or the phosphate moi 
ety of the individual nucleotide can be individually and inde 
pendently modified for each and any of the nucleotides form 
ing the nucleic acid or the respective analog. Particularly 
preferred modified Sugar moieties are those having a methyl, 
methoxy, ethyl or ethoxy group at the 2' atom of the Sugar 
moiety. Particularly preferred modified phosphat moieties are 
phosphothioates. In another preferred embodiment, peptide 
nucleic acids are employed 
0077. In another preferred embodiment the cargo mol 
ecule is an amino acid, originating from the group of L- or 
D-amino acids. The amino acid may be any amino acid, 
whether naturally occurring or non-natural. 
0078. In another preferred embodiment the cargo mol 
ecule is a peptide, consisting of at least two amino acids which 
are covalently linked, preferably through a peptide bond. In 
an embodiment the peptide consists of L-amino acids, 
D-amino acids or mixtures thereof. The amino acids may be 
any amino acids, whether naturally occurring or non-natural. 
In a preferred embodiment the term peptide thus also com 
prises peptides and proteins as generally understood in the art. 
The peptides or proteins may be purified from natural 
Sources, obtained through organic synthesis or obtained by 
conjugation of synthetic amino acids or peptides to peptides 
or proteins obtained from natural sources by protocols famil 
iar to those skilled in the art and exemplified but not limited to 
native chemical ligation. Preferably, peptides will have a 
length of 2 to 40 amino acids, more preferably of 2 to 20 
amino acids and most preferably of 4 to 15 amino acids. As 
used herein, the term protein preferably refers to a polypep 
tide containing secondary structure and more preferably ter 
tiary structure. 
0079. In another preferred embodiment the cargo mol 
ecule is a small molecule, whereby a small molecule is pref 
erably a molecule having a molecular weight of 1000 D or 
less and more preferably representing a drug or a drug can 
didate. A particularly preferred class of small molecules are 
heterocyclic Small molecules. 
0080. In another preferred embodiment the cargo mol 
ecule is a lipid or a Substructure of a lipid such as a moiety 
thereof. Preferably, a molecule of this class will exert a par 
ticular function once acting on the cell either inside or in the 
plasma membrane. An example for the former is diacylglyc 
erol. This example illustrates that a lipid exerting Such par 
ticular function is preferably selected from the group com 
prising intracellular messengers. An example for the latter 
and thus representing a possible cargo molecule is a lipopep 
tide, preferably a lipopeptide with a S-2,3-bis(palmitoy 
loxy)-(2RS)-propyl-N-palmitoyl-(R)-cysteinyl-(S)-seryl 
tetra-(S)-lysine moiety and most preferably a peptide with a 
S-2,3-bis(palmitoyloxy)-(2RS)-propyl-N-palmitoyl-(R)- 
cysteinyl-(S)-seryl-tetra-(S)-lysine acting as an agonist or 
antagonist of a Toll-like receptor. 
I0081. In another preferred embodiment the cargo mol 
ecule is a carbohydrate. 
I0082 In another preferred embodiment the cargo is a con 
trasting agent used for magnetic resonance imaging. Such 
contrasting agents are for example but not limited to gado 
linium (III)-DTPA (diethylenetriamine-pentaacetic acid) or 
gadolinium (III)-DOTA (1,4,7,10-Tetraazacyclododecane-1, 
4,7,10-tetraacetic acid) 
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0083. In another preferred embodiment, the cargo mol 
ecule is a particle. A particle may be a polymer particle, 
consisting, for example, of cross-linked polystyrene, cross 
linked N-(2-hydroxypropyl)methacrylamide, cross-linked 
dextran, a liposome, or a micelle. Preferably, the particle 
serves as a carrier or container for a functional molecule. The 
functional molecule may be any molecules exerting a func 
tion inside cells, e. g. chemotherapeutics and oligonucle 
otides and preferably those that may also serve as cargo 
molecules for the peptides according to the present invention. 
In general coupling of the functional molecule to the particle, 
respectively loading of the functional molecules into the par 
ticle, is intended to improve the pharmacokinetic properties 
of the functional molecule, e.g. by prolonging its circulation 
in the organism while coupling of the peptide(s) according to 
the present invention mediates the delivery of these functional 
molecules into cells. In addition to the peptide(s) according to 
the present invention, the particles may further be modified by 
a moiety or a molecule that mediate a targeting of the particles 
to specific cells. One example for Such targeting are antibod 
ies directed against proteins enriched on the Surface of cancer 
cells. In one embodiment the particle may have a ferromag 
netic core. Such particles may be used in applications such as 
magnetic fluid hyperthermia (Jordan et al., Int J Hyperther 
mia, 12, 705-722, 1996) 
0084. In another preferred embodiment the cargo mol 
ecule is a quantum dot. Coupling of the peptide(s) according 
to the present invention to the quantum dot may be achieved 
by covalent coupling, for example by amide bond formation 
between Suitable functionalities on the peptide and the quan 
tum dot or by non covalent interactions, for example between 
a biotin moiety and a streptavidin molecule coupled to the 
quantum dot. In one example a cell-penetrating peptide was 
covalently linked to a quantum dot by elongation of the cell 
penetrating peptide with a cysteine residue and coupling to 
amino-functionalized quantum dots using a heterobifunc 
tional linker (S. Santra et al., Chem Comm, 2005, 3144 
3146). 
0085 Inafurther embodiment, the cargo molecules can be 
defined in functional terms. 
I0086. In a particular embodiment the cargo molecule is a 
siRNA molecule. 
I0087 siRNA molecules are small interfering RNAs 
directed to a target nucleic acid, preferably mRNA, coding for 
the target molecule. siRNA is a double stranded RNA having 
typically a length of about 21 to about 23 nucleotides. The 
sequence of one of the two RNA strands corresponds to the 
sequence of the target nucleic acid to be degraded. In other 
words, knowing the nucleic acid sequence of the target mol 
ecule, preferably the mRNA sequence, a double stranded 
RNA may be designed with one of the two strands being 
complementary to said mRNA of the target molecule and, 
upon application of said siRNA to a system containing the 
gene, genomic DNA, hnRNA or mRNA coding for the target 
molecule, the respective corresponding target nucleic acid 
will be degraded and thus the level of the respective protein be 
reduced. The basic principles of designing, constructing and 
using said siRNA as medicament and diagnostic agent, 
respectively, is, among others, described in international 
patent applications WO 00/44895 and WO 01/75164. 
0088. In a particular embodiment the cargo molecule is a 
ribozyme. 
0089 Ribozymes are catalytically active nucleic acids 
which preferably consist of RNA which basically comprises 
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two moieties. The first moiety shows a catalytic activity 
whereas the second moiety is responsible for the specific 
interaction with the target nucleic acid. Upon interaction 
between the target nucleic acid and the second moiety of the 
ribozyme, typically by hybridisation and Watson-Crick base 
pairing of essentially complementary stretches of bases on 
the two hybridising strands, the catalytically active moiety 
may become active which means that it catalyses, either 
intramolecularly or intermolecularly, the target nucleic acid 
in case the catalytic activity of the ribozyme is a phosphodi 
esterase activity. Subsequently, there may be a further degra 
dation of the target nucleic acid which in the end results in the 
degradation of the target nucleic acid as well as the protein 
derived from the said target nucleic acid due to a lack of newly 
synthesized protein corresponding to the target nucleic acid 
and a turn-over of prior existing respective protein. 
Ribozymes, their use and design principles are known to the 
one skilled in the art, and, for example described in Doherty 
and Doudna (Ribozym structures and mechanism. Annu ref. 
Biophys. Biomolstruct. 2001; 30: 457-75) and Lewin and 
Hauswirth (Ribozyme Gene Therapy: Applications for 
molecular medicine. 2001 7: 221-8). 
0090. In a particular embodiment the cargo molecule is an 
antisense molecule. 

0091. The use of antisense oligonucleotides for the manu 
facture of a medicament and as a diagnostic agent, respec 
tively, is based on a similar mode of action as the one of 
siRNA molecules and ribozymes. Basically, antisense oligo 
nucleotides hybridise based on base complementarity, with a 
target RNA, preferably with a mRNA, thereby activate RNase 
H. RNase H is activated by both phosphodiester and phos 
phorothioate-coupled DNA. Phosphodiester-coupled DNA, 
however, is rapidly degraded by cellular nucleases with the 
exception of phosphorothioate-coupled DNA. These resis 
tant, non-naturally occurring DNA derivatives do not inhibit 
RNase Hupon hybridisation with RNA. In other words, anti 
sense polynucleotides are only effective as DNA RNA hybrid 
complexes. Examples for this kind of antisense oligonucle 
otides are described, among others, in U.S. Pat. No. 5,849.902 
and U.S. Pat. No. 5,989,912. In other words, based on the 
nucleic acid sequence of the respective target molecule, either 
from the target protein from which a respective nucleic acid 
sequence may in principle be deduced, or by knowing the 
nucleic acid sequence as such, particularly the mRNA, Suit 
able antisense oligonucleotides may be designed base on the 
principle of base complementarity. 
0092 Particularly preferred are antisense-oligonucle 
otides which have a short stretch of phosphorothioate DNA (3 
to 9 bases). A minimum of 3 DNA bases is required for 
activation of bacterial RNase H and a minimum of 5 bases is 
required for mammalian RNase H activation. In these chi 
meric oligonucleotides there is a central region that forms a 
substrate for RNase H that is flanked by hybridising “arms' 
comprised of modified nucleotides that do not form substrates 
for RNase H. The hybridising arms of the chimeric oligo 
nucleotides may be modified such as by 2'-O-methyl or 
2'-fluoro. Alternative approaches used methylphosphonate or 
phosphoramidate linkages in said arms. Further embodi 
ments of the antisense oligonucleotide useful in the practice 
of the present invention are P-methoxyoligonucleotides, par 
tial P-methoxyoligodeoxyribonucleotides or P-methoxyoli 
gonucleotides. 
0093. In a particular embodiment the cargo molecule is an 
aptamer or a Spiegelmer. 
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0094. Aptamers are D-nucleic acids which are either 
single stranded or double stranded and which specifically 
interact with a target molecule. The manufacture or selection 
of aptamers is, e.g., described in European patent EP 0533 
838. Basically the following steps are realized. First, a mix 
ture of nucleic acids, i. e. potential aptamers, is provided 
whereby each nucleic acid typically comprises a segment of 
several, preferably at least eight Subsequent randomised 
nucleotides. This mixture is subsequently contacted with the 
target molecule whereby the nucleic acid(s) bind to the target 
molecule. Such as based on an increased affinity towards the 
target or with a bigger force thereto, compared to the candi 
date mixture. The binding nucleic acid(s) are/is Subsequently 
separated from the remainder of the mixture. Optionally, the 
thus obtained nucleic acid(s) is amplified using, e.g. poly 
merase chain reaction. These steps may be repeated several 
times giving at the end a mixture having an increased ratio of 
nucleic acids specifically binding to the target from which the 
final binding nucleic acid is then optionally selected. These 
specifically binding nucleic acid(s) are referred to aptamers. 
It is obvious that at any stage of the method for the generation 
or identification of the aptamers samples of the mixture of 
individual nucleic acids may be taken to determine the 
sequence thereof using standard techniques. It is within the 
present invention that the aptamers may be stabilized such as, 
e.g., by introducing defined chemical groups which are 
known to the one skilled in the art of generating aptamers. 
Such modification may for example reside in the introduction 
of an amino group at the 2'-position of the Sugar moiety of the 
nucleotides. Aptamers are currently used as therapeutical 
agents. However, it is also within the present invention that 
the thus selected or generated aptamers may be used for target 
validation. 

0095. The generation or manufacture of spiegelmers 
which may be used or generated according to the present 
invention directed against a target molecule, is based on a 
similar principle. The manufacture of Spiegelmers is 
described in the international patent application WO 
98/08856. Spiegelmers are L-nucleic acids, which means that 
they are composed of L-nucleotides rather than aptamers 
which are composed of D-nucleotides as aptamers are. 
Spiegelmers are characterized by the fact that they have a very 
high Stability in biological system and, comparable to aptam 
ers, specifically interact with the target molecule against 
which they are directed. In the purpose of generating 
Spiegelmers, a heterogonous population of D-nucleic acids is 
created and this population is contacted with the optical anti 
pode of the target molecule, i.e. with the D-enantiomer of the 
naturally occurring L-enantiomer of the target molecule. Sub 
sequently, those D-nucleic acids are separated which do not 
interact with the optical antipode of the target molecule. How 
ever, those D-nucleic acids interacting with the optical anti 
pode of the target molecule are separated, optionally deter 
mined and/or sequenced and Subsequently the corresponding 
L-nucleic acids are synthesized based on the nucleic acid 
sequence information obtained from the D-nucleic acids. 
These L-nucleic acids which are identical in terms of 
sequence with the aforementioned D-nucleic acids interact 
ing with the optical antipode of the target molecule, will 
specifically interact with the naturally occurring target mol 
ecule rather than with the optical antipode thereof. Similar to 
the method for the generation of aptamers it is also possible to 
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repeat the various steps several times and thus to enrich those 
nucleic acids specifically interacting with the optical antipode 
of the target molecule. 
0096. In a particular embodiment the cargo molecule is a 
short double-stranded oligodesoxynucleotide acting as a 
decoy molecule by specifically binding to transcription fac 
tors inside the cell. These decoy molecules are said to be taken 
up efficiently by cells without a need for specific carriers. It is 
expected that the efficiency and cytoplasmic delivery may be 
further enhanced by conjugation to a CPP according to the 
present invention 
0097. In a particular embodiment the cargo molecule is an 
antibody. 
0098. The manufacture of an antibody is known to the one 
skilled in the art and, for example, described in Harlow, E., 
and Lane, D., “Antibodies: A Laboratory Manual.” Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., (1988). 
Preferably, monoclonal antibodies may be used in connection 
with the present invention which may be manufactured 
according to the protocol of Köhler and Milstein and further 
developments based thereon. Antibodies as used herein, 
include, but are not limited to, complete antibodies, antibody 
fragments or derivatives such as Fab fragments, Fc fragments 
and single-stranded antibodies, as long as they are Suitable 
and capable of binding to protein kinase N beta. Apart from 
monoclonal antibodies also polyclonal antibodies may be 
used and/or generated. The generation of polyclonal antibod 
ies is also known to the one skilled in the art and, for example, 
described in Harlow, E., and Lane, D., “Antibodies: A Labo 
ratory Manual.” Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y., (1988). Preferably, the antibodies used for 
therapeutical purposes are humanized or human antibodies as 
defined above. 
0099. The antibodies which may be used according to the 
present invention may have one or several markers or labels. 
Such markers or labels may be useful to detect the antibody 
either in its diagnostic application or its therapeutic applica 
tion. Preferably the markers and labels are selected from the 
group comprising avidine, Streptavidine, biotin, gold and 
fluorescein and used, e.g., in ELISA methods. These and 
further markers as well as methods are, e.g. described in 
Harlow, E., and Lane, D., “Antibodies: A Laboratory 
Manual.” Cold Spring Harbor Laboratory, Cold Spring Har 
bor, N.Y. (1988). 
0100. It is also within the present invention that the label or 
marker exhibits an additional function apart from detection, 
Such as interaction with other molecules. Such interaction 
may be, e.g., specific interaction with other compounds. 
These other compounds may either be those inherent to the 
system where the antibody is used Such as the human or 
animal body or the sample which is analysed by using the 
respective antibody. Appropriate markers may, for example, 
be biotin or fluoresceine with the specific interaction partners 
thereof Such as avidine and streptavidine and the like being 
present on the respective compound or structure to interact 
with the thus marked or labelled antibody. 
0101. In a particular embodiment the cargo molecule is a 
target specific binding peptide. 
0102. Such peptides may be generated by using methods 
according to the state of the art Such as phage display. Basi 
cally, a library of peptide is generated, such as in form of 
phages, and this kind of libraries is contacted with the respec 
tive target molecule. Those peptides binding to the target 
molecule are subsequently removed, preferably as a complex 
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with the target molecule, from the respective reaction. It is 
known to the one skilled in the art that the binding character 
istics, at least to a certain extent, depend on the particularly 
realized experimental set-up such as the salt concentration 
and the like. After separating those peptides binding to the 
target molecule with a higher affinity or a bigger force, from 
the non-binding members of the library, and optionally also 
after removal of the target molecule from the complex of 
target molecule and peptide, the respective peptide(s) may 
subsequently be characterised. Prior to the characterisation 
optionally an amplification step is realized such as, e.g. by 
propagating the peptide coding phages. The characterisation 
preferably comprises the sequencing of the target binding 
peptides. Basically, the peptides are not limited in their 
lengths, however, preferably peptides having a lengths from 
about 8 to 20 amino acids are preferably obtained in the 
respective methods. The size of the libraries may be about 10° 
to 10', preferably 10 to 10" different peptides, however, is 
not limited thereto. 
0103) A particular form of target binding peptides are the 
so-called “anticalines' which are, among others, described in 
German patent application DE 19742 706. 
0104. In a further aspect the invention is related to a 
nucleic acid coding for a peptide according to the present 
invention. Such nucleic acid can be easily derived by the ones 
skilled in the art based on the amino acid sequence of the 
peptide and the genetic code. It will be acknowledged that 
depending on the host organism the particular sequence can 
be adapted to the codon usage of the respective host organism. 
The nucleic acids sequence for the most preferred peptides 
according to the present invention can be taken from SEQ. ID. 
No. 26 and SEQ. ID. No. 27. 
0105. In a further aspect the invention is related to a 
nucleic acid coding for a peptide, whereby said peptide con 
sists of a peptide according to the present invention and a 
further peptide or protein, and whereby said protein is gener 
ally referred to as fusion peptides/proteins. According to pro 
tocols known to those skilled in the art this nucleic acid may 
either serve the expression and purification of recombinant 
proteins, which as one part comprise the peptide(s) according 
to the present invention, or may be used in combination with 
Suitable carriers in therapeutic strategies generally referred to 
as gene therapy. In a preferred embodiment the nucleic acid 
coding for the further peptide fused to the nucleic acid coding 
for the peptide according to the present invention, codes for a 
peptide serving as a peptide for vaccination. In another pre 
ferred embodiment the nucleic acid codes for a peptide, 
whereby the peptide preferably acts as a competitive inhibitor 
of molecular interactions inside the cell. In another preferred 
embodiment the nucleic acid codes for a peptide, whereby the 
peptide preferably acts as a Substrate for an enzymatic reac 
tion inside the cell. In another preferred embodiment the 
nucleic acid codes for the domain of a protein, whereby the 
domain preferably acts as a competitive inhibitor of molecu 
lar interactions inside the cell. In another preferred embodi 
ment the nucleic acid codes for an enzyme, whereby the 
enzyme is preferably from the group of hydrolases. 
0106. In a still further aspect the invention is related to a 
fusion protein as defined herein and more particularly to a 
fusion protein encoded by a nucleic acid coding for a fusion 
protein in accordance with the present invention. 
0107. In a further aspect the present invention is related to 
a composition comprising either a complex according to the 
present invention, a composition comprising a peptide 
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according to the present invention, a composition comprising 
a nucleic acid coding for a peptide according to the present 
invention, a composition comprising a peptide according to 
the present invention and a cargo molecule, a composition 
comprising a fusion protein according to the present inven 
tion, a composition comprising a nucleic acid coding for Such 
fusion protein and a composition comprising human lactof 
errin and a cargo molecule. It is within the skills of the one of 
the art that Such compositions according to the present inven 
tion may comprise one or several of the peptides according to 
the present invention, one or several of the nucleic acids of the 
present invention, and/or one or several of the cargo mol 
ecules. In connection therewith it is preferred that the term 
“several' means several different species of the respective 
compounds or molecules. It will be well acknowledged by the 
ones skilled in the art that the composition typically com 
prises a multitude of the individual species of the peptide of 
the present invention, of the nucleic acid coding for Such 
peptide and/or the of the cargo molecule. In connection there 
with it is to be understood that any of the cargo molecules 
described herein can be used. 

0108. In a further aspect the present invention is related to 
the use of any of the compositions or constituents thereof 
described herein as transfection agent, as a medicament, as a 
diagnostic agent. In case the composition is used as a medi 
cament or as a pharmaceutical composition, preferably the 
cargo molecule is a pharmaceutically active agent. Such phar 
maceutically active agents may be a chemotherapeutic as for 
example daunorubicin or peptides interfering with molecular 
interactions inside the cell, or any of the molecules described 
herein as cargo molecules, whereby preferably said cargo 
molecules are pharmaceutically active or a pre-forms of Such 
pharmaceutically active molecules. In case the composition is 
used as a diagnostic agent, preferably the cargo molecule is a 
diagnostic marker. Such diagnostic marker may be a fluoro 
genic Substrate to detect the activity of a pathologically rel 
evant protease, for example a caspase involved in the initia 
tion and execution of apoptosis, inside the cell. 
0109. It is within the present invention that the peptides 
according to the present invention are preferably delivered to 
a specific type of cells or tissue or organ comprising Such 
specific type of cells. In a preferred embodiment such specific 
delivery is mediated through a targeting moiety or targeting 
molecule which are, in their entirety, also referred to hereinas 
the targeting entity. 
0110. In a more preferred embodiment, such targeting 
moiety is either part of the peptide according to the present 
invention or part of the cargo molecule. Alternatively or addi 
tionally, Such targeting moiety is part of the complex or com 
position according to the present invention. 
0111. The targeting entity is preferably selected from the 
group comprising peptides, proteins, including antibodies, 
antibody fragments, single chain antibodies, aptamers, 
Spiegelmers and ligands binding cell Surface receptors. It will 
be acknowledged by the ones skilled in the art that in principle 
a partner moiety or molecule of any combination of interac 
tion partners can be used which provides for a targeting, as a 
targeting entity. This includes the use of ligands to receptors 
which are expressed and more particularly overexpressed on 
a distinct cell type or ligands or molecules which are 
expressed and more particularly overexpressed on a distinct 
cell type. In the latter case a particularly prominent interac 
tion partner thereof which acts as a targeting entity is selected 
from the group comprising antibodies, aptamers, Spiegelm 
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ers, highly specific binding peptides, and anticalines. This 
kind of interaction partners and their specificity for a particu 
lar type of cell are known to the ones skilled in the art. Among 
others, the ErbB2 protein is specific for breast cancer cells. 
Accordingly, an antibody directed thereagainst is a suitable 
targeting entity. 
0112. In a preferred embodiment, the targeting moiety is 
included in or on the particles described herein which may be 
used as cargo molecules. Due to the size of such particles, the 
use of a more bulky targeting entity Such as an antibody is 
preferable in connection with such embodiment. 
0113. In another preferred embodiment, the CPP, i.e. a 
peptide according to the present invention, is coupled to a 
moiety that intramolecularly masks the CPP and prevents the 
CPP from acting as a CPP. An enzymatically cleavable bond 
is incorporated between the CPP and the masking moiety. 
Such an intramolecular masking approach has been described 
for the targeting of a fluorophore conjugated to the CPP 
nonaarginine. The nonaarginine CPP was linked to a hexa 
glutamic acid stretch via a peptide linker corresponding to the 
cleavage site for matrix metalloproteinases 2 and 9. These 
proteases are secreted by tumor cells in high concentrations. 
Secretion of proteases selectively cleaves the CPP-mask con 
struct in the vicinity of tumor cells, thereby enabling the 
efficient uptake of the CPP-cargo construct into the tumor 
cells.(T. Jiang et al., Proc. Natl. Acad. Sci., USA, 101, 17867 
17872, 2004). Insofar, this embodiment represents an effec 
tive targeting or delivery means for tumor specific targeting 
and/or delivery. 
0114 Pharmaceutical compositions of the present inven 
tion may be manufactured by processes well known in the art; 
e.g., by means of conventional mixing, dissolving, granulat 
ing, dragee-making, levigating, emulsifying, encapsulating, 
entrapping or lyophilizing processes. 
0115 Pharmacological compositions for use in accor 
dance with the present invention thus may be formulated in 
conventional manner using one or more physiologically 
acceptable carriers comprising excipients and auxiliaries 
which facilitate processing of the active compounds into 
preparations which can be used pharmaceutically. Proper for 
mulation is dependent upon the route of administration cho 
S. 

0116 For injection, the compounds of the invention may 
beformulated in aqueous Solutions, preferably in physiologi 
cally compatible buffers such as Hanks’s solution, Ringer's 
Solution, or physiological Saline buffer. For transmucosal 
administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are 
generally known in the art. 
0117 Formulation that promote penetration of the epider 
mis are known in pharmacology, and can find use in the 
treatment of many skin conditions, such as, but not limited to, 
psoriasis and fungal infections. Formulations that promote 
penetration of the epidermis and underlying layers of skin are 
also known, and can be used to apply compositions of the 
present invention to, for example, underlying muscle or 
joints. In some preferred therapeutic embodiments, formula 
tion comprising compositions of the present invention that 
deliver compounds for alleviation rheumatoid or osteo-arthri 
tis can be administered by applying a cream, ointment or gel 
to the skin overlying the affected joint. 
0118 Oral and parenteral administration may be used 
where the peptide and/or complex is made stable enough to 
weather the harsh proteolytic environment of the gut. If so, 
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the composition according to the present invention can be 
formulated readily by combining the active compounds with 
pharmaceutically acceptable carriers well known in the art. 
Such carriers enable the compounds of the invention to be 
formulated as tablets, pills, dragees, capsules, liquids, gels, 
syrups, slurries, Suspensions and the like, for oral ingestion by 
a patient to be treated. Pharmacological preparations for oral 
use can made with the use of a Solid excipient, optionally 
grinding the resulting mixture, and processing the mixture of 
granules, after adding Suitable auxiliaries, if desired, to obtain 
tablets of dragee cores. Suitable excipients are, in particular, 
fillers such as Sugars, including lactose, Sucrose, mannitol, or 
Sorbitol; cellulose preparations such as, for example, maize 
starch, wheat starch, rice starch, potato starch, gelatin, gum 
tragacanth, methyl cellulose, hydroxypropylmethyl-cellu 
lose, Sodium carboxymethylcellulose, and/or polyvinylpyr 
rolidone (PVP). If desired, disintegrating agents may be 
added, such as the cross-linked polyvinyl pyrrolidone, agar, 
or alginic acid or a salt thereof Such as sodium alginate. 
0119) Dragée cores are provided with suitable coatings. 
For this purpose, concentrated Sugar Solutions may be used, 
which may optionally contain gum arabic, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or tita 
nium dioxide, lacquer Solution, and Suitable organic solvents 
or solvent mixtures. Dyestuffs or pigments may be added to 
the tablets or dragee coatings for identification or to charac 
terize different combinations of active compound doses. 
I0120 Pharmaceutical compositions which can be used 
orally include push-fit capsules made of gelatin, as well as 
soft, sealed capsules made of gelatin and a plasticizer, Such as 
glycerol or Sorbitol. The push-fit capsules can contain the 
active ingredients in admixture with a filler Such as lactose, 
binders such as starches, and/or lubricants such as talc or 
magnesium Stearate and, optionally, stabilizers. In soft cap 
Sules, the active compounds may be dissolved or Suspended in 
Suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. In addition, stabilizers may be added. 
All formulations for oral administration should be in dosages 
Suitable for Such administration. 

I0121 For buccal administration, the compositions may 
taken in the form of tablets or lozenges formulated in con 
ventional manner. For the Small peptides and complexes of 
the invention, this may prove useful. 
0.122 For administration by inhalation, the composition 
according to the present invention are conveniently delivered 
in the form of an aerosol spray presentation from pressurized 
packs or a nebulizer, with the use of a Suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichloro 
tetrafluoroethane, carbon dioxide or other suitable gas. In the 
case of a pressurized aerosol the dosage unit may be deter 
mined by providing a valve to deliver a metered amount. 
Capsules and cartridges of e.g. gelatin for use in an inhaler or 
insufflator may be formulated containing a powder mix of the 
compound and a suitable powder base such as lactose or 
starch. 

I0123. The composition according to the present invention 
may beformulated for parenteral administration by injection, 
e.g., by bolus injection or continuous infusion. In this way it 
is also possible to target a particular organ, tissue, tumor site, 
site of inflammation, etc. Formulations for infection may be 
presented in unit dosage form, e.g., in ampoules or in multi 
dose container, with an added preservative. The compositions 
may take such forms as Suspensions, Solutions or emulsions 
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in oily or aqueous vehicles, and may contain formulatory 
agents such as Suspending, stabilizing and/or dispersing 
agents. 
0.124 Pharmaceutical compositions for parenteral admin 
istration include aqueous solutions of the compositions in 
water Soluble form. Additionally, Suspensions of the compo 
sitions may be prepared as appropriate oily injection Suspen 
sions. Suitable lipophilic solvents or vehicles include fatty 
oils such as sesame oil, or synthetic fatty acid esters. Such as 
ethyl oleate or triglycerides, or liposomes. Aqueous injection 
Suspensions may contain Substances which increase the vis 
cosity of the Suspension, such as Sodium carboxymethyl cel 
lulose, Sorbitol, or dextran. Optionally, the Suspension may 
also contain Suitable stabilizers or agents which increase the 
solubility of the compositions to allow for the preparation of 
highly concentrated Solutions. 
0.125. Alternatively, one or more components of the com 
position may be in powder form for constitution with a Suit 
able vehicle, e.g., sterile pyrogen-fee water, before use. 
0126 The compositions may also be formulated in rectal 
compositions such as Suppositories or retention enemas, e.g., 
containing conventional Suppository bases such as cocoa but 
ter or other glycerides. 
0127. In addition to the formulations described previously, 
the composition according to the present invention may also 
be formulated as a depot preparation. Such long acting for 
mulations may be administered by implantation (for example 
Subcutaneously or intramuscularly) or by intramuscular 
injection. Thus, for example, the compositions may be for 
mulated with suitable polymeric or hydrophobic materials 
(for example as an emulsion in an acceptable oil), or as part of 
a Solid or semi-solid implant that may or may not be auto 
degrading in the body, or ion exchange resins, or one or more 
components of the composition can be formulated as spar 
ingly soluble derivatives, for example, as a sparingly soluble 
salt. 
0128. The pharmaceutical compositions also may com 
prise Suitable Solid or gel phase carriers or excipients. 
Examples of Such carriers or excipients include but are not 
limited to calcium carbonate, calcium phosphate, various 
Sugars, starches, cellulose derivatives, gelatin, and polymers 
Such as polyethylene glycols. 
0129. Pharmaceutical compositions suitable for use in the 
present invention include compositions wherein the active 
ingredients are contained in an amount effective to achieve its 
intended purpose. More specifically, a therapeutically effec 
tive amount means an amount of compound effective to pre 
vent, alleviate or ameliorate symptoms of disease or prolong 
the survival of the subject being treated. 
0130 Determination of a therapeutically effective amount 

is within the capability of those skilled in the art, especially in 
light of the detailed disclosure provided herein. 
0131 For any compound used in the methods of the inven 

tion, the therapeutically effective amount or dose can be esti 
mated initially from cell culture assays. For example, a dose 
can be formulated in animal models to achieve a circulating 
concentration range that includes the ICso as determined in 
cell culture (where inhibitor molecules are concerned). Such 
information can be used to more accurately determine useful 
doses in humans. 
0132) Toxicity and therapeutic efficacy of a composition 
of the present invention can be determined by standard phar 
maceutical procedures in cell cultures or experimental ani 
mals, e.g., for determining the LDs (the dose lethal to 50% of 
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the population) and the EDs (the dose therapeutically effec 
tive in 50% of the population). The dose ratio between toxic 
and therapeutic effects is the therapeutic index and it can be 
expressed as the ratio between LDs and EDs. Compounds 
which exhibit high therapeutic indices are preferred. The data 
obtained from these cell culture assays and animal studies can 
be used in formulating a range of dosage for use in human. 
The dosage may vary within this range depending upon the 
dosage form employed and the route of administration uti 
lized. The exact formulation, route of administration and 
dosage can be chosen by the individual physician in view of 
the patient’s condition. (See e.g., Fingl, et al., 1975, in “The 
Pharmacological Basis of Therapeutics' Ch. 1 p. 1). 
I0133. The amount of composition administered will, of 
course, be dependent on the Subject being treated, on the 
subject's weight, the severity of the affliction, the manner of 
administration and the judgment of the prescribing physician. 
0.134. A pharmaceutical composition that comprises a 
peptide of a composition according to the present invention 
can be Supplied Such that the peptide and one or more of the 
cargo molecules are in the same container, either in solution, 
in Suspension, or in powder form. The peptide according to 
the present invention can also be provided separately from 
one or more of the cargo molecules, and can be mixed with 
one or more of the cargo molecules prior to administration. 
Various packaging options are possible and known to the ones 
skilled in the art, depending, among others, on the route and 
mechanism of administration. For example, where the pep 
tide according to the present is supplied separately from one 
or more of the cargo molecules, the compositions may, if 
desired, be presented in a pack having more than one cham 
ber, and in which a barrier can be ruptured, ripped, or melted 
to provide mixing of the peptide according to the present 
invention with the cargo molecule. Alternatively, two sepa 
rately provided elements can be mixed in a separate container, 
optionally with the addition to one or more other carriers, 
Solutions, etc. One or more unit dosage forms containing the 
cargo molecule can be provided in a pack. The pack or dis 
penser device may be accompanied by instructions for admin 
istration. Compositions comprising a compound of the inven 
tion formulated in a compatible pharmaceutical carrier may 
also be prepared, placed in an appropriate container, and 
labeled for treatment of an indicated condition. Suitable con 
ditions indicated on the label may include any disease which 
may be treated or prevented or diagnosed using the compo 
sitions according to the present invention. In particular, the 
invention is ideally Suited to gene therapy. 
I0135) In a further aspect the present invention is related to 
a method for the treatment or prevention of a patient compris 
ing the administration of a composition according to the 
present invention. 
0.136. In a further aspect the present invention is related to 
a method for diagnosing a patient comprising the administra 
tion or use of a composition according to the present inven 
tion. 

0.137 It is within the present invention that such nucleic 
acid coding for a peptide according to the present invention 
can be used as a vaccine or part of a vaccine. Preferably, the 
vaccine comprises a nucleic acid, more preferably an RNA, 
coding for an antigen which is Suitable to elicit an immune 
response in a host organism, whereby the nucleic acid coding 
for a peptide according to the present invention and the 
nucleic acid coding for Such antigen are administered to said 
host organism. Such administration may be done separately 
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or in a combined manner. In a further embodiment, the 
respective nucleic acid may be contained or comprised in a 
vector, more preferably an expression vector which allows the 
expression of the nucleic acid(s) in said host organism. The 
further elements of such vector and in particular of such 
expression vector are known to the ones skilled in the art and 
comprise, among others one or several of the following ele 
ments: a promoter, an enhancer and a terminator. The antigen 
is preferably an antigen which is related to disease which is to 
be treated or prevented by the vaccine according to the present 
invention. In addition, the vaccine may also contain constitu 
ents exerting a so-called adjuvants effect and those acting as 
initiators of T helper cell responses. 
0.138. In a still further embodiment, the present invention 

is related to a kit for transfection, for the treatment and/or 
prevention of a disease comprising a composition according 
to the present invention and, optionally one or several ele 
ments selected from the group comprising 
0.139. The present invention will now further be illustrated 
by reference to the following figures and examples from 
which further features, embodiments and advantages may be 
taken. In particular, 
0140 FIG. 1 shows a diagram depicting the concentration 
dependant uptake of various CPPs labeled with carboxyfluo 
rescein at their N-termini, expressed as extent of cell-associ 
ated fluorescence; hLF-peptide refers to a peptide consisting 
of amino acids 38 to 59 according to SEQ. ID. No. 1, bLF 
peptide refers to a peptide consisting of amino acids 33 to 50 
according to SEQ. ID. No. 2; cell associated fluorescence was 
determined by flow cytometry; 
0141 FIG.2 shows a series of microphotographs obtained 
by confocal laser scanning microscopy indicating the concen 
tration dependence of the intracellular distribution of the 
human lactoferrin-derived peptide and the bovine lactoferrin 
derived peptide (see FIG. 1) at various concentrations: 
0142 FIG. 3A is a diagram showing the impact of various 
endocytosis inhibitors on the uptake of a fluorescein-labeled 
hLF-peptide (peptide sequence according to FIG. 1) with the 
fluorescein-hIF concentration being 5 uM (EIPA, 5-(N- 
Ethyl-N-isopropyl)amiloride: MRCD, Methyl-f-cyclodex 
trin; CPZ, Chlorpromazine); the uptake was determined by 
flow cytometry. Error bars represent the mean deviation of 
triplicates; 
0143 FIG. 3B is a diagram showing the impact of various 
endocytosis inhibitors on the uptake of a fluorescein-labeled 
hLF-peptide (peptide sequence according to FIG. 1) with the 
hLF concentration being 20 uM; 
014.4 FIG. 4 shows pictures obtained by confocal laser 
scanning microscopy indicating the influences of endocytosis 
inhibitors on the uptake of fluorescein-labeled hLF-peptide at 
a peptide concentration of either 2 or 20 uM into HeLa cells; 
0145 FIG. 5 is a diagram showing the extent of the uptake 
of the fluorescein-labeled hLF peptide corresponding to 
amino acids 38 to 59 according to SEQ. ID. No. 1 compared 
to truncated forms thereof illustrating the structure-activity 
relationship corresponding to amino acids 40 to 55 according 
to SEQ. ID. No. 1 (LF1-Peptide) and amino acids 40 to 50 
according to SEQ. ID. No. 1 (LF2-Peptide); and 
0146 FIG. 6 is a diagram depicting the cytotoxicity of the 
hLF peptide expressed as cell viability in percent at various 
concentrations of the fluorescein-labeled hLF peptide for 
HeLa cells incubated for different incubation times; for each 
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pair of columns, the first column refers to cells incubated with 
peptide for 6 hours and the second column to cells incubated 
with peptide for 0.5 hours. 

EXAMPLE 1. 

Experimental Procedures 

0147 Cells and Reagents. The human cervical carcinoma 
cell line HeLa was obtained from the AmericanType Culture 
Collection (Manassas, Va.). HeLa cells were maintained in 
RPMI 1640 medium with stabilized glutamine and 2.0 g/L 
NaHCO, (PAN Biotech, Aidenbach, Germany) supple 
mented with 10% fetal calf serum (PAN Biotech). Chlorpro 
mazine was from Calbiochem (Bad Soden, Germany), 5-(N- 
Ethyl-N-isopropyl)amiloride (EIPA), methyl-3-cyclodextrin 
(MECD) and MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe 
nyltetrazolium bromide were obtained from Sigma (Deisen 
hofen, Germany). 
0148 Peptide synthesis. Peptides were purchased from 
EMC microcollections (Tübingen, Germany). The purity of 
all peptides was determined by analytical HPLC. The identity 
of the peptides was confirmed by MALDI-TOF mass spec 
trometry. Peptides with a purity of less than 85% were puri 
fied by preparative HPLC. Purity of all peptides used was 
>95% (214 nm HPLC). The peptides were N-terminally 
labelled with carboxyfluorescein as described (Fischer et al., 
Bioconjugate Chem. 14,653-660, 2003). 
0149 Peptide stock solutions. Peptides were dissolved in 
DMSO to concentrations of 10 mM. These stock solutions 
were further diluted in PBS or medium. Peptide concentra 
tions of DMSO stock solutions were determined based on the 
absorption of carboxyfluorescein by UV/VIS-spectroscopy 
of a 1:100 dilution in 0.1 M Tris/HCl buffer (pH 8.8) with 
absorptions measured at 492 nm and assuming a molar 
extinction coefficient of carboxyfluorescein of 75,000 
L/(mol·cm). 
0150 Flow cytometry. To determine the efficiency of pep 
tide loading, HeLa cells were seeded at a density of 50,000 
per well in 24-well plates (Sarstedt, Nimbrecht, Germany) in 
serum containing RPMI 1640. One day later, the cells were 
washed with medium and incubated in 300 uL RPMI 1640, 
containing peptides in the appropriate concentrations for 30 
minutes. Each condition was tested in triplicate. After incu 
bation, cells were washed with medium, detached by 
trypsinization for 5 minutes, suspended in ice-cold PBS con 
taining 0.1% (w/v) BSA, and measured immediately by flow 
cytometry (BD FACS Calibur System, Becton Dickinson, 
Heidelberg, Germany). In each case, the fluorescence of 
7,000 vital cells was acquired. Vital cells were gated based on 
sideward and forward scatter. 

EXAMPLE 2 

Uptake Efficiency of Peptides Derived from Human 
and Bovine Lactoferrin 

0151. The human and bovine lactoferrin-derived peptides 
were synthesized by solid-phase peptide synthesis. To detect 
uptake and the subcellular distribution in living cells, both 
peptides were labelled with carboxyfluorescein at the N-ter 
minus. In order to determine whether the lactoferrin-derived 
peptides possessed activity as cell-penetrating peptides, the 
cell-associated fluorescence in HeLa cells incubated with 
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bLF-Peptide or hLF-Peptide was determined by flow cytom 
etry. Antp and the Tat-peptide were selected as well-estab 
lished CPPs for comparison. 
0152 For all four peptides, the cellular fluorescence, mea 
Sured by flow cytometry, increased with peptide concentra 
tion as depicted in FIG. 1. 

EXAMPLE 3 

Structure-Activity Relationship 

0153. With 22 amino acids, the hLF-peptide is a CPP of 
intermediate length. Nonaarginine has only nine amino acids, 
the popular CPP transportan 27. Four of the seven cationic 
amino acids, and the aromatic amino acids are localized in the 
sequence nested within the cystein residues. In the full length 
protein, these cystein residue form a disulfide bridge that 
constrains the domain into a loop conformation. In addition, 
the cellular uptake of truncated peptides (LF1 and LF2, table 
1) lacking the terminal cystein-residues was tested and com 
pared to those containing the cystein residues. 

TABLE 1. 

Primary structures of the peptides used in this 
study. All peptides were synthesized as peptide 

amides. Fluo represents 5 (6) - carboxy 
fluorescein, CONH, the amidated C-terminus of 

the peptide. 

Entry Peptide Sequence 

1. Tat- Fluo-YGRKKRRORRR- CONH, 
Peptide 

2 Antip- Fluo-RQIKIWFQNRRMKWKK-CONH, 
Peptide 

3 hLF- Fluo-KCFQWQRNMRKVRGPPVSCIKR-CONH 
Peptide 

4. oLF- Fluo-PEWFKCRRWQWRMKKLGA-CONH 
Peptide 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 33 

<21 Os SEQ ID NO 1 
&211s LENGTH: 711 
212s. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 
<223> OTHER INFORMATION: human lactoferrin 
22 Os. FEATURE: 

<221s NAMEAKEY: SIGNAL 
<222s. LOCATION: (1) . . (19) 

<4 OOs SEQUENCE: 1 
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TABLE 1 - continued 

Primary structures of the peptides used in this 
study. All peptides were synthesized as peptide 

amides. Fluo represents 5 (6) - carboxy 
fluorescein, CONH2 the amidated C-terminus of 

the peptide. 

Entry Peptide Sequence 

5 LF1- Fluo-FQWORNMRKVRGPPVS-CONH, 
Peptide 

6 LF2- Fluo-FQWORNMRKVR-CONH 
Peptide 

0154) The results are depicted in FIG. 5. 
0155 Uptake of both peptides lacking the cysteins was 
only about one tenth of the uptake of the hLF-peptide con 
taining the two cysteine residues. 

EXAMPLE 4 
Cytoxicity of hLF-Peptide 

0156. In the experiments described above, using a concen 
tration range of the hLF-peptide of up to 40 um, no cytotoxic 
effects could be observed. However, for live cell microscopy 
of peptide uptake mostly rather short incubation times of less 
than one hour were employed. It was therefore also tested 
whether for longer incubation times and higher concentra 
tions, the peptide affected cell viability. HeLa cells were 
incubated with the hl. F-peptide at concentrations ranging 
from 1.25 uM to up to 160 uM for either 6 or 0.5 hours. 
Afterwards cell viability was determined using an MTT test. 
The result thereof are depicted in FIG. 6. 
(O157. When cells were incubated with peptide for only 30 
minutes, no cytotoxicity was observed for concentrations up 
to 40 uM. After 6 hours, the cell viability was slightly reduced 
for peptide concentrations higher than 5 uM. At concentra 
tions higher than 40 uMall cells were killed. 
0158. The features of the present invention disclosed in the 
specification, the sequence listing, the claims and/or the 
drawings may both separately and in any combination thereof 
be material for realizing the invention in various forms 
thereof. 

Met Lys Lieu Val Phe Lieu Val Lieu Lleu Phe Lieu. Gly Ala Lieu. Gly Lieu. 
1. 5 1O 15 

Cys Lieu Ala Gly Arg Arg Arg Arg Ser Val Glin Trp Cys Ala Val Ser 
2O 25 3 O 

Gln Pro Glu Ala Thir Lys Cys Phe Glin Trp Glin Arg Asn Met Arg Llys 
35 4 O 45 
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- Continued 

Val Arg Gly Pro Pro Val Ser Cys Ile Lys Arg Asp Ser Pro Ile Glin 
SO 55 6 O 

Cys Ile Glin Ala Ile Ala Glu Asn Arg Ala Asp Ala Val Thir Lieu. Asp 
65 70 7s 8O 

Gly Gly Phe Ile Tyr Glu Ala Gly Lieu Ala Pro Tyr Llys Lieu. Arg Pro 
85 90 95 

Val Ala Ala Glu Val Tyr Gly Thr Glu Arg Gln Pro Arg Thr His Tyr 
1OO 105 11 O 

Tyr Ala Val Ala Val Val Llys Lys Gly Gly Ser Phe Glin Lieu. Asn. Glu 
115 12 O 125 

Lieu. Glin Gly Lieu Lys Ser Cys His Thr Gly Lieu. Arg Arg Thir Ala Gly 
13 O 135 14 O 

Trp Asn Val Pro Ile Gly Thr Lieu. Arg Pro Phe Lieu. Asn Trp Thr Gly 
145 150 55 160 

Pro Pro Glu Pro Ile Glu Ala Ala Val Ala Arg Phe Phe Ser Ala Ser 
1.65 17O 17s 

Cys Val Pro Gly Ala Asp Llys Gly Glin Phe Pro Asn Lieu. Cys Arg Lieu. 
18O 185 19 O 

Cys Ala Gly Thr Gly Glu Asn Lys Cys Ala Phe Ser Ser Glin Glu Pro 
195 2OO 2O5 

Tyr Phe Ser Tyr Ser Gly Ala Phe Lys Cys Lieu. Arg Asp Gly Ala Gly 
21 O 215 22O 

Asp Wall Ala Phe Ile Arg Glu Ser Thr Val Phe Glu Asp Lieu. Ser Asp 
225 23 O 235 24 O 

Glu Ala Glu Arg Asp Glu Tyr Glu Lieu. Lieu. Cys Pro Asp Asn. Thir Arg 
245 250 255 

Ser Pro Val Asp Llys Phe Lys Asp Cys His Lieu Ala Arg Val Pro Ser 
26 O 265 27 O 

His Ala Val Val Ala Arg Ser Val Asn Gly Lys Glu Asp Ala Ile Trp 
27s 28O 285 

Asn Lieu. Lieu. Arg Glin Ala Glin Glu Lys Phe Gly Lys Asp Llys Ser Pro 
29 O 295 3 OO 

Llys Phe Glin Lieu. Phe Gly Ser Pro Ser Gly Glin Lys Asp Lieu. Lieu. Phe 
3. OS 310 315 32O 

Lys Asp Ser Ala Ile Gly Phe Ser Arg Val Pro Pro Arg Ile Asp Ser 
3.25 330 335 

Gly Lieu. Tyr Lieu. Gly Ser Gly Tyr Phe Thir Ala Ile Glin Asn Lieu. Arg 
34 O 345 35. O 

Ser Ser Glu Glu Glu Val Ala Ala Arg Arg Ala Arg Val Val Trp Cys 
355 360 365 

Ala Val Gly Glu Glin Glu Lieu. Arg Lys Cys Asn Gln Trp Ser Gly Lieu 
37 O 375 38O 

Ser Glu Gly Ser Val Thr Cys Ser Ser Ala Ser Thr Thr Glu Asp Cys 
385 390 395 4 OO 

Ile Ala Lieu Val Lieu Lys Gly Glu Ala Asp Ala Met Ser Lieu. Asp Gly 
4 OS 41O 415 

Gly Tyr Val Tyr Thr Ala Gly Lys Cys Gly Lieu Val Pro Val Lieu Ala 
42O 425 43 O 

Glu Asn Tyr Lys Ser Glin Glin Ser Ser Asp Pro Asp Pro Asn. Cys Val 
435 44 O 445 
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- Continued 

Asp Arg Pro Val Glu Gly Tyr Lieu Ala Val Ala Val Val Arg Arg Ser 
450 45.5 460 

Asp Thir Ser Lieu. Thir Trp Asn. Ser Val Lys Gly Llys Llys Ser Cys His 
465 470 47s 48O 

Thir Ala Val Asp Arg Thr Ala Gly Trp Asn. Ile Pro Met Gly Lieu. Lieu. 
485 490 495 

Phe Asin Gln Thr Gly Ser Cys Llys Phe Asp Glu Tyr Phe Ser Glin Ser 
SOO 505 51O 

Cys Ala Pro Gly Ser Asp Pro Arg Ser Asn Lieu. Cys Ala Lieu. Cys Ile 
515 52O 525 

Gly Asp Glu Glin Gly Glu Asn Lys Cys Val Pro Asn. Ser Asn. Glu Arg 
53 O 535 54 O 

Tyr Tyr Gly Tyr Thr Gly Ala Phe Arg Cys Lieu Ala Glu Asn Ala Gly 
5.45 550 555 560 

Asp Wall Ala Phe Val Lys Asp Val Thr Val Lieu. Glin Asn. Thir Asp Gly 
565 st O sts 

Asn Asn. Asn. Glu Ala Trp Ala Lys Asp Lieu Lys Lieu Ala Asp Phe Ala 
58O 585 59 O 

Lieu. Lieu. Cys Lieu. Asp Gly Lys Arg Llys Pro Val Thr Glu Ala Arg Ser 
595 6OO 605 

Cys His Lieu Ala Met Ala Pro Asn His Ala Val Val Ser Arg Met Asp 
610 615 62O 

Llys Val Glu Arg Lieu Lys Glin Val Lieu. Lieu. His Glin Glin Ala Lys Phe 
625 630 635 64 O 

Gly Arg Asn Gly Ser Asp Cys Pro Asp Llys Phe Cys Lieu. Phe Glin Ser 
645 650 655 

Glu Thir Lys Asn Lieu Lleu Phe Asn Asp Asn. Thr Glu. Cys Lieu Ala Arg 
660 665 67 O 

Lieu. His Gly Lys Thr Thr Tyr Glu Lys Tyr Lieu. Gly Pro Glin Tyr Val 
675 68O 685 

Ala Gly Ile Thr Asn Lieu Lys Lys Cys Ser Thr Ser Pro Lieu. Lieu. Glu 
69 O. 695 7 OO 

Ala Cys Glu Phe Lieu. Arg Llys 
7 Os 71O 

<210s, SEQ ID NO 2 
&211s LENGTH: 708 
212. TYPE: PRT 

<213> ORGANISM: Bos sp. 
22 Os. FEATURE: 

<223> OTHER INFORMATION: bovine lactoferrin 
22 Os. FEATURE: 

<221 > NAMEAKEY: SIGNAL 
<222s. LOCATION: (1) . . (19 

<4 OOs, SEQUENCE: 2 

Met Lys Lieu. Phe Val Pro Ala Lieu. Lieu. Ser Lieu. Gly Ala Lieu. Gly Lieu. 
1. 5 1O 15 

Cys Lieu Ala Ala Pro Arg Lys Asn Val Arg Trp Cys Thir Ile Ser Glin 
2O 25 3O 

Pro Glu Trp Phe Lys Cys Arg Arg Trp Gln Trp Arg Met Lys Llys Lieu. 
35 4 O 45 

Gly Ala Pro Ser Ile Thr Cys Val Arg Arg Ala Phe Ala Lieu. Glu. Cys 
SO 55 6 O 
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- Continued 

Ile Arg Ala Ile Ala Glu Lys Lys Ala Asp Ala Val Thir Lieu. Asp Gly 
65 70 7s 8O 

Gly Met Val Phe Glu Ala Gly Arg Asp Pro Tyr Llys Lieu. Arg Pro Val 
85 90 95 

Ala Ala Glu Ile Tyr Gly Thr Lys Glu Ser Pro Gln Thr His Tyr Tyr 
1OO 105 11 O 

Ala Val Ala Val Val Llys Lys Gly Ser Asn. Phe Glin Lieu. Asp Gln Lieu 
115 12 O 125 

Glin Gly Arg Llys Ser Cys His Thr Gly Lieu. Gly Arg Ser Ala Gly Trp 
13 O 135 14 O 

Ile Ile Pro Met Gly Ile Lieu. Arg Pro Tyr Lieu Ser Trp Thr Glu Ser 
145 150 155 160 

Lieu. Glu Pro Lieu. Glin Gly Ala Val Ala Lys Phe Phe Ser Ala Ser Cys 
1.65 17O 17s 

Val Pro Cys Ile Asp Arg Glin Ala Tyr Pro Asn Lieu. Cys Glin Lieu. Cys 
18O 185 19 O 

Lys Gly Glu Gly Glu Asn Glin Cys Ala Cys Ser Ser Arg Glu Pro Tyr 
195 2OO 2O5 

Phe Gly Tyr Ser Gly Ala Phe Lys Cys Lieu. Glin Asp Gly Ala Gly Asp 
21 O 215 22O 

Val Ala Phe Val Lys Glu Thir Thr Val Phe Glu Asn Lieu Pro Glu Lys 
225 23 O 235 24 O 

Ala Asp Arg Asp Glin Tyr Glu Lieu. Lieu. Cys Lieu. Asn. Asn. Ser Arg Ala 
245 250 255 

Pro Val Asp Ala Phe Lys Glu. Cys His Lieu Ala Glin Val Pro Ser His 
26 O 265 27 O 

Ala Val Val Ala Arg Ser Val Asp Gly Lys Glu Asp Lieu. Ile Trp Llys 
27s 28O 285 

Lieu. Lieu. Ser Lys Ala Glin Glu Lys Phe Gly Lys Asn Llys Ser Arg Ser 
29 O 295 3 OO 

Phe Glin Lieu. Phe Gly Ser Pro Pro Gly Glin Arg Asp Lieu. Lieu. Phe Lys 
3. OS 310 315 32O 

Asp Ser Ala Lieu. Gly Phe Lieu. Arg Ile Pro Ser Llys Val Asp Ser Ala 
3.25 330 335 

Lieu. Tyr Lieu. Gly Ser Arg Tyr Lieu. Thir Thr Lieu Lys Asn Lieu. Arg Glu 
34 O 345 35. O 

Thir Ala Glu Glu Wall Lys Ala Arg Tyr Thr Arg Val Val Trp Cys Ala 
355 360 365 

Val Gly Pro Glu Glu Gln Lys Lys Cys Glin Gln Trp Ser Glin Glin Ser 
37 O 375 38O 

Gly Glin Asn Val Thr Cys Ala Thr Ala Ser Thr Thr Asp Asp Cys Ile 
385 390 395 4 OO 

Val Lieu Val Lieu Lys Gly Glu Ala Asp Ala Lieu. Asn Lieu. Asp Gly Gly 
4 OS 41O 415 

Tyr Ile Tyr Thir Ala Gly Lys Cys Gly Lieu Val Pro Val Lieu Ala Glu 
42O 425 43 O 

Asn Arg Llys Ser Ser Llys His Ser Ser Lieu. Asp Cys Val Lieu. Arg Pro 
435 44 O 445 

Thr Glu Gly Tyr Lieu Ala Val Ala Val Val Lys Lys Ala Asn. Glu Gly 
450 45.5 460 

Lieu. Thir Trp Asn. Ser Lieu Lys Asp Llys Llys Ser Cys His Thir Ala Val 
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465 470 47s 48O 

Asp Arg Thir Ala Gly Trp Asn. Ile Pro Met Gly Lieu. Ile Val Asn Glin 
485 490 495 

Thr Gly Ser Cys Ala Phe Asp Glu Phe Phe Ser Glin Ser Cys Ala Pro 
SOO 505 51O 

Gly Ala Asp Pro Llys Ser Arg Lieu. Cys Ala Lieu. Cys Ala Gly Asp Asp 
515 52O 525 

Glin Gly Lieu. Asp Llys Cys Val Pro Asn. Ser Lys Glu Lys Tyr Tyr Gly 
53 O 535 54 O 

Tyr Thr Gly Ala Phe Arg Cys Lieu Ala Glu Asp Val Gly Asp Val Ala 
5.45 550 555 560 

Phe Val Lys Asn Asp Thr Val Trp Glu Asn Thr Asn Gly Glu Ser Thr 
565 st O sts 

Ala Asp Trp Ala Lys Asn Lieu. Asn Arg Glu Asp Phe Arg Lieu. Lieu. Cys 
58O 585 59 O 

Lieu. Asp Gly. Thir Arg Llys Pro Val Thr Glu Ala Glin Ser Cys His Lieu. 
595 6OO 605 

Ala Val Ala Pro Asn His Ala Val Val Ser Arg Ser Asp Arg Ala Ala 
610 615 62O 

His Val Lys Glin Val Lieu. Lieu. His Glin Glin Ala Lieu. Phe Gly Lys Asn 
625 630 635 64 O 

Gly Lys Asn. Cys Pro Asp Llys Phe Cys Lieu. Phe Llys Ser Glu. Thir Lys 
645 650 655 

Asn Lieu. Lieu. Phe Asn Asp Asn Thr Glu. Cys Lieu Ala Lys Lieu. Gly Gly 
660 665 67 O 

Arg Pro Thr Tyr Glu Glu Tyr Lieu. Gly Thr Glu Tyr Val Thr Ala Ile 
675 68O 685 

Ala Asn Lieu Lys Lys Cys Ser Thir Ser Pro Lieu. Lieu. Glu Ala Cys Ala 
69 O. 695 7 OO 

Phe Lieu. Thr Arg 
7 Os 

<210s, SEQ ID NO 3 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 3 

Lys Cys Phe Glin Trp Glin Arg Asn Met Arg Llys Val Arg Gly Pro Pro 
1. 5 1O 15 

Val Ser Cys Ile Lys Arg 
2O 

<210s, SEQ ID NO 4 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 4 

Cys Phe Gln Trp Glin Arg Asn Met Arg Llys Val Arg Gly Pro Pro Val 
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1. 5 1O 15 

Ser Cys 

<210s, SEQ ID NO 5 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 5 

Phe Gln Trp Glin Arg Asn Met Arg Llys Val Arg Gly Pro Pro Val Ser 
1. 5 1O 15 

<210s, SEQ ID NO 6 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 6 

Phe Glin Trp Glin Arg Asn Met Arg Llys Val Arg 
1. 5 1O 

<210s, SEQ ID NO 7 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 7 

Lys Cys Phe Glin Trp Glin Arg Asin Val Arg Llys Val Arg Gly Pro Pro 
1. 5 1O 15 

Val Ser Cys Ile Lys Arg 
2O 

<210s, SEQ ID NO 8 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 8 

Lys Cys Phe Glin Trp Glin Arg Asn. Ile Arg Llys Val Arg Gly Pro Pro 
1. 5 1O 15 

Val Ser Cys Ile Lys Arg 
2O 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
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<222s. LOCATION: (9) ... (9) 
223s OTHER INFORMATION: Norwaline 

<4 OOs, SEQUENCE: 9 

Lys Cys Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg Gly Pro Pro 
1. 5 1O 15 

Val Ser Cys Ile Lys Arg 
2O 

<210s, SEQ ID NO 10 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 10 

Lys Cys Phe Glin Trp Glin Arg Asn Lieu. Arg Llys Val Arg Gly Pro Pro 
1. 5 1O 15 

Val Ser Cys Ile Lys Arg 
2O 

<210s, SEQ ID NO 11 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 11 

Cys Phe Glin Trp Glin Arg Asn Val Arg Llys Val Arg Gly Pro Pro Val 
1. 5 1O 15 

Ser Cys 

<210s, SEQ ID NO 12 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 12 

Cys Phe Glin Trp Glin Arg Asn. Ile Arg Llys Val Arg Gly Pro Pro Val 
1. 5 1O 15 

Ser Cys 

<210s, SEQ ID NO 13 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (8) ... (8) 
223s OTHER INFORMATION: Norwaline 

<4 OOs, SEQUENCE: 13 

Cys Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg Gly Pro Pro Val 
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1. 5 1O 15 

Ser Cys 

<210s, SEQ ID NO 14 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 14 

Cys Phe Glin Trp Glin Arg Asn Lieu. Arg Llys Val Arg Gly Pro Pro Val 
1. 5 1O 15 

Ser Cys 

<210s, SEQ ID NO 15 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (8) ... (8) 
<223> OTHER INFORMATION: Norleucine 

<4 OOs, SEQUENCE: 15 

Cys Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg Gly Pro Pro Val 
1. 5 1O 15 

Ser Cys 

<210s, SEQ ID NO 16 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 16 

Phe Glin Trp Glin Arg Asn Val Arg Llys Val Arg Gly Pro Pro Val Ser 
1. 5 1O 15 

<210s, SEQ ID NO 17 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 17 

Phe Glin Trp Glin Arg Asn. Ile Arg Llys Val Arg Gly Pro Pro Val Ser 
1. 5 1O 15 

<210s, SEQ ID NO 18 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 
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22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (7) . . (7) 
223s OTHER INFORMATION: Norwaline 

<4 OOs, SEQUENCE: 18 

Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg Gly Pro Pro Val Ser 
1. 5 1O 15 

<210s, SEQ ID NO 19 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 19 

Phe Glin Trp Glin Arg Asn Lieu. Arg Llys Val Arg Gly Pro Pro Val Ser 
1. 5 1O 15 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (7) . . (7) 
<223> OTHER INFORMATION: Norleucine 

<4 OOs, SEQUENCE: 2O 

Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg Gly Pro Pro Val Ser 
1. 5 1O 15 

<210s, SEQ ID NO 21 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 21 

Phe Glin Trp Glin Arg Asn Val Arg Llys Val Arg 
1. 5 1O 

<210s, SEQ ID NO 22 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 22 

Phe Glin Trp Glin Arg Asn. Ile Arg Llys Val Arg 
1. 5 1O 

<210s, SEQ ID NO 23 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (7) . . (7) 
223s OTHER INFORMATION: Norwaline 

<4 OOs, SEQUENCE: 23 

Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg 
1. 5 1O 

<210s, SEQ ID NO 24 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 24 

Phe Glin Trp Glin Arg Asn Lieu. Arg Llys Val Arg 
1. 5 1O 

<210s, SEQ ID NO 25 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (7) . . (7) 
<223> OTHER INFORMATION: Norleucine 

<4 OOs, SEQUENCE: 25 

Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg 
1. 5 1O 

<210s, SEQ ID NO 26 
&211s LENGTH: 66 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 26 

aaatgct tcc aatggcaaag gaatatgaga aaagtgcgtg gcc ct cotgt cagctgcata 6 O 

aagaga 66 

<210s, SEQ ID NO 27 
&211s LENGTH: 2136 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: human lactoferrin 

<4 OOs, SEQUENCE: 27 

atgaaacttg tct tcct cqt cctgctgttc Ctcgggg.ccc ticggactgtg tctggctggc 6 O 

cgtaggagaa ggagtgttca gtggtgcgcc gtatic ccaac Ccgaggccac aaaatgctt C 12 O 

Caatggcaaa ggaatatgag aaaagtgcgt ggc cct cct t cagctgcat aaa.gagagac 18O 

tcc.cccatcc agtgitatcca ggc cattgcg gaaaacaggg ccgatgctgt gacccttgat 24 O 
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<223> OTHER INFORMATION: Norleucine 

<4 OOs, SEQUENCE: 28 

Lys Cys Phe Glin Trp Glin Arg Asn. Xaa Arg Llys Val Arg Gly Pro Pro 
1. 5 1O 15 

Val Ser Cys Ile Lys Arg 
2O 

<210s, SEQ ID NO 29 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 29 

Lys Cys Arg Arg Trp Glin Trp Arg Met Lys Llys Lieu. Gly Ala Pro Ser 
1. 5 1O 15 

Ile Thr Cys Val Arg Arg 
2O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 30 

Cys Arg Arg Trp Glin Trp Arg Met Lys Llys Lieu. Gly Ala Pro Ser Ile 
1. 5 1O 15 

Thr Cys 

<210s, SEQ ID NO 31 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 31 

Tyr Gly Arg Llys Lys Arg Arg Glin Arg Arg Arg 
1. 5 1O 

<210s, SEQ ID NO 32 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 32 

Arg Glin Ile Lys Ile Trp Phe Glin Asn Arg Arg Met Lys Trp Llys Llys 
1. 5 1O 15 

<210s, SEQ ID NO 33 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 33 

Pro Glu Trp Phe Lys Cys Arg Arg Trp Gln Trp Arg Met Lys Llys Lieu. 
1. 5 1O 

Gly Ala 

1. A peptide having an amino acid sequence comprising at 
least 8 consecutive amino acids of the human lactoferrin 
protein or of the bovine lactoferrin protein, whereby the pep 
tide is Suitable to act as a cell-penetrating peptide. 

2. The peptide according to claim 1, whereby the peptide 
comprises at least four cationic amino acids. 

3. The peptide according to claim 1, whereby the human 
lactoferrin protein has an amino acid sequence according to 
SEQ. ID. No. 1 and the bovine lactoferrin protein has an 
amino acid sequence according to SEQ. ID. No. 2. 

4. The peptide according to claim 1, whereby the peptide 
comprises at least two Cys residues or analogs thereof. 

5. The peptide according to claim 4, whereby the peptide 
comprises a disulfide bond created by two Cys residues or an 
analogous bond formed by the cysteine analogs. 

6. The peptide according to claim 1, whereby the peptide 
comprises a moiety having an alpha-helical conformation of 
about 12 to 20 amino acids in length, and a moiety having a 
beta-sheet conformation of about 8 to 12 amino acids in 
length. 

7. The peptide according to claim 1, whereby the peptide 
comprises from about 8 to about 60 amino acid residues. 

8. The peptide according to claim 7, whereby the peptide 
comprises from about 20 to about 45 amino acid residues. 

9. The peptide according to claim 1, whereby the peptide 
has an amino acid sequence corresponding to amino acid 
positions 20 to 64 of the amino acid sequence according to 
SEQ. ID. No. 1. 

10. The peptide according to claim 1, whereby the peptide 
has an amino acid sequence, whereby the N-terminal end of 
the peptide is an amino acid corresponding to amino acid 
positions 20 to 64 of the amino acid sequence according to 
SEQ. ID. No. 1 or SEQ. ID. No. 2. 

11. The peptide according to claim 1, whereby the peptide 
is selected from the group comprising 

a peptide having the amino acid sequence 
KCFQWQRNMRKVRGPPVSCIKR (SEQ. ID. No.3), 

a peptidehaving the amino acid sequence CFQWORNMR 
KVRGPPVSC (SEQ. ID. No.4), 

a peptide having the amino acid sequence FQWORNMR 
KVRGPPVS (SEQ. ID. No.5), 

a peptide having the amino acid sequence FQWQRNM 
RKVR (SEQ. ID. No.6), 

a peptide having the amino acid sequence KCR 
RWQWRMKKLGAPSITCVRR (SEQ. ID No. 29), and 

a peptide having the amino acid sequence 
CRRWQWRMKKLGAPSITC (SEQ. ID No. 30), 

and derivatives thereof. 
12. The peptide according to claim 11, whereby the peptide 

comprise a sequence according to SEQ. ID No. 3, SEQ. ID 

15 

No. 4, SEQ. ID No. 29, SEQ. ID No.30 or a derivative of said 
sequences with an sequence identity of at least 40%. 

13. The peptide according to claim 11, whereby the peptide 
is a derivative of the peptides according to any of SEQ. ID. 
No. 2 to 5, whereby the methionine residues is replaced by an 
amino acid selected from the group comprising Valine, iso 
leucine, norvaline, leucine and norleucine. 

14. The peptide according to claim 13, whereby the peptide 
is a peptide having an amino acid sequence selected from the 
group comprising 

(SEO. ID. No. 7) 
KCFOWORNVRKVRGPPVSCIKR 

(SEO. ID. No. 8) 
KCFQWQRNIRKVRGPPVSCIKR 

(SEO. ID. No. 9) 
KCFQWQRNXRKVRGPPVSCIKR, whereby X is norvaline, 

(SEQ. ID. No. 10) 
KCFOWORNLRKVRGPPVSCIKR, 

(SEQ. ID. No. 28) 
KCFQWQRNXRKVRGPPVSCIKR, whereby X is norleucine, 

(SEQ. ID. No. 11) 
CFOWORNVRKVRGPPVSC 

(SEQ. ID. No. 12) 
CFOWORNIRKVRGPPVSC 

(SEQ. ID. No. 13) 
CFQWQRNXRKVRGPPVSC, whereby X is norvaline, 

(SEQ. ID. No. 14) 
CFOWORNLRKVRGPPVSC 

(SEQ. ID. No. 15) 
whereby X is nor leucine, CFOWORNXRKVRGPPVSC 

(SEQ. ID. No. 16) 
FOWORNVRKVRGPPVS 

(SEQ. ID. No. 17) 
FOWORNIRKVRGPPVS 

(SEQ. ID. No. 18) 
FQWQRNXRKVRGPPVS, whereby X is norvaline, 

(SEQ. ID. No. 19) 
FOWORNLRKVRGPPVS 

(SEQ. D. No. 20) 
FQWQRNXRKVRGPPVS, whereby X is norleucine, 

(SEQ. D. No. 21) 
FOWORNVRKVR 
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FOWORNIRKVR, 

(SEQ. ID. No. 23) 
FQWQRNXRKVR, whereby X is norvaline, 

(SEQ. ID. No. 24) 
FOWORNLRKVR, 
and 

(SEQ. ID. No. 25) 
FQWQRNXRKVR, whereby X is norleucine. 

15. The peptide according to claim 11, whereby the deriva 
tives have a linkage group selected from the group comprising 
thioethers, whereby the linkage group replaces the disulfide 
bond formed by these Cys residues. 

16. The peptide according to claim 1, whereby the peptide 
is radioactively labelled, preferably by having incorporated a 
radioactively labelled amino acid, whereby the radioactively 
labelled amino acid is a tritium-labelled amino acid. 

17. The peptide according to claim 1, whereby the peptide 
further comprises a moiety which is suitable for detection 
using a method for detection, whereby such moiety is selected 
from the group comprising fluorophores, radioactive tracers 
and haptens, whereby preferably the hapten is biotin. 

18. A complex comprising a peptide selected from the 
group comprising a peptide according to claim 1, human 
lactoferrin and bovine lactoferrin, and a cargo molecule. 

19. The complex according to claim 18, whereby the cargo 
molecule is covalently or non-covalently bound to the pep 
tide. 

20. The complex according to claim 18, whereby the cargo 
molecule is selected from the group comprising nucleic acids, 
amino acids, peptides, proteins, carbohydrates, lipids, and 
small molecules and mixtures of any of thereof. 

21. The complex according to claim 18, whereby the cargo 
molecule is present as or part or a structure, whereby the 
structure is selected from the group comprising nanopar 
ticles, microparticles, liposomes and micelles. 

22. The complex according to claim 20, whereby the 
nucleic acid is a nucleic acid selected from the group com 
prising DNA molecules, RNA molecules, PNA molecules, 
siRNA molecules, antisense molecules, ribozymes, aptam 
ers, Spiegelmers and decoy molecules. 

23. The complex according to claim 20, whereby the pep 
tide is selected from the group comprising peptides for vac 
cination. 

24. The complex according to claim 20, whereby the 
nucleic acid is a nucleic acid-based vaccine. 

25. The complex according to claim 20, whereby the nano 
particles and/or the micro-particles comprise or consist of a 
pharmaceutically active compound. 

26. A composition comprising at least a peptide selected 
from the group comprising a peptide according to claim 1, 
human lactoferrin and bovine lactoferrin, and a cargo mol 
ecule. 
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27. A composition comprising a complex according to 
claim 18. 

28. A nucleic acid coding for a peptide according to claim 
1, preferably having a nucleic acid sequence according to 
SEQ. ID. No. 26 or SEQ. ID. No. 27. 

29. A composition comprising a nucleic acid according to 
claim 28 and a cargo molecule. 

30. The composition according to claim 29, whereby the 
cargo molecule is a nucleic acid and more particularly a RNA 
Suitable for vaccination. 

31. The composition according to claim 29, whereby the 
cargo molecule is a nucleic acid coding for a peptide. 

32. The composition according to claim 31, whereby the 
nucleic acid according to claim 28 is operably linked to the 
nucleic acid coding for a peptide. 

33. The composition according to claim 31, whereby the 
nucleic acid according to claim 28 and the nucleic acid coding 
for a peptide are linked in-frame. 

34. The composition according to claim 31, whereby the 
peptide is a pharmaceutically active agent. 

35. Use of a peptide according to claim 1 as a cell-penetrat 
ing peptide. 

36. The method of using human lactoferrin or a functional 
derivative thereof or of bovine lactoferrin or a functional 
derivative thereof as a cell-penetrating peptide. 

37. The method according to claim 36, whereby the human 
lactoferrin has an amino acid sequence comprising amino 
acid positions 20 to 711 of the amino acid sequence according 
to SEQ. ID. No. 1 or functional derivative thereof and/or the 
bovine lactoferrin has an amino acid sequence comprising 
amino acid positions 20 to 708 of the amino acid sequence 
according to SEQ. ID. No. 2 or a functional derivative thereof. 

38. The method of using a peptide according to claim 1 as 
a transfection agent. 

39. The methodofusing a human lactoferrin or a functional 
derivative thereof or of bovine lactoferrin or a functional 
derivative thereof as a transfection agent. 

40. The method according to claim39, whereby the human 
lactoferrin has an amino acid sequence comprising amino 
acid positions 20 to 711 of the amino acid sequence according 
to SEQ. ID. No. 1 and/or the bovine lactoferrin has an amino 
acid sequence comprising amino acid positions 20 to 708 of 
the amino acid sequence according to SEQ. ID. No. 2 or a 
functional derivative thereof. 

41. The method of using a composition according to claim 
26 for the manufacture of a medicament. 

42. The method according to claim 41, whereby the cargo 
molecule is a pharmaceutically active agent. 

43. The method of using a composition according to claim 
26 for the manufacture of a diagnostic agent. 

44. The method according to claim 43, whereby the cargo 
molecule is a diagnostic marker. 
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