
Muteins of human lipocalin 2 (Lcn2, hNGAL) with affinity for a given target 

Summary 

[0001] The present invention relates to a novel library for the generation of muteins and to 

novel muteins derived from human lipocalin 2 (Lcn2, hNGAL) and related proteins that bind 

a given target with detectable affinity. The invention also relates to corresponding nucleic 

acid molecules encoding such a mutein and to a method for their generation. The invention 

fmiher relates to a method for producing such a mutein. Furthermore, the invention is directed 

to a pharmaceutical composition comprising such a lipocalin mutein as well as to various uses 

of the mutein. 

[0002] Lcn2 muteins according to this invention show potential as therapeutic and/or 

diagnostic reagents in several disease areas. For example, they may serve to bind and deplete 

pathological forms of natural biomolecules such as the amyloid beta peptide in Alzmeiner's 

disease. In another example they may be employed for the specific targeting of various labels 

or toxins to disease-related cell surface markers such as the fibronectin extra-domain B, which 

is associated with tumor neovasculature. Due to the paIiicular benefits of the Lcn2 muteins 

that can be generated according to this invention various other applications or examples are 

possible. 

Background 

[0003] Alzheimer's disease (AD) is the most common form of dementia in the elderly 

population. Associated with AD is the defective processing of the amyloid precursor protein 

giving rise to the potentially neurotoxic, 40-42 residues encompassing amyloid beta peptide 

(A~). Subsequent aggregation of A~ to oligomers and long fibrils plays a pivotal role in the 

course of the disease, culminating in the formation of senile plaques (Haass and Selkoe 

(2007) Nat. Rev. Mol. Cell. Biol. 8, 101-112). Despite the increasing significance of AD there 

is still an unmet need for effective therapies to prevent, cure or decelerate this dementia. 

[0004] CUD'ent anti-amyloid approaches aim at (i) the prevention of A~ formation, (ii) 

blocking of its aggregation, (iii) reduction of soluble A~ levels in the brain, and (iv) 

disassembly of existing amyloid plaques. So far, immunotherapies, compIising both active 

and passive immunization of AD patients, have been most promising in this field (Dodel et al. 

(2003) Lancet Neurology 2, 215-220; Lichtlen and Mohaje11 (2007) 1. Neurochem. 104, 859-

874; Brody and Holtzmann (2008) Annu. Rev. Neurosci. 31, 175-193). However, recent 

clinical trials with active immunization of AD patients were ceased due to the incidence of 

meningoencephalitis in 6 % of the patients. Due to these potential adverse side effects of Fc­

mediated immunological functions, non-Ig binding reagents, such as Anticalins, provide an 

alternative. The identification of an Affibody molecule with specificity for amyloid beta is 
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one example to illustrate the potential of engineered non-Ig binding proteins (Gronwall et al 

(2007) J. Biotechnol. 128, 162-1S3; Hoyer et al. (200S) Proc. Natl. A cad. Sci. USA 105, 

5099-5104). 

[0005] However, the bacterial origin of Affibodies may cause problems with 

immunogenicity in human patients. 

[0006] Fibronectin (FN) plays an essential role in cell adhesion, migration, proliferation, 

and differentiation. FN is a large, modular, dimeric glycoprotein comprising multiple domains 

of type I, II, and III. Alternative splice variants of FN such as its extra-domain B (ED-B), 

which is incorporated between the FNIII7 and FNIIIS domains, are expressed in a tissue­

specific and developmental stage-dependent manner (Zardi et al. (1987) EMBO J 6, 2337-

2342). 

[0007] EO-B is absent from normal adult tissue except during wound healing and 

neoplastic vascularization. Consequently, EO-B containing fibronectin is abundantly 

expressed in many different tumor types that attract neovascularization and undergo aberrant 

angiogenesis. While the actual biological function of EO-B in angiogenesis remains elusive, 

its incorporation into FN serves as excellent marker for tumorgenesis. Generally, 

discrimination between malignant tissues and healthy organs is an advantageous therapeutic 

strategy as the selective targeting of drugs directly to the tumor tissue leads to an increased 

local drug concentration. 

[OOOS] In order to specifically detect and target EO-B, recombinant antibody fragments 

were raised using phage display antibody technology. One of the isolated antibody fragments 

is the L19 single chain Fv (Carnemolla et al. (1996) Int. J. Cancer 68,397-405; Ebbinghaus et 

al. (2004) Curro Pharm. Des. 10, 1537-1549). Addressing ED-B by L19 in combination with 

an effective cytotoxic agent currently shows prospects for cancer therapy and diagnostics 

(Schliemann and Neri (2007) Biochim. Biophys. Acta 1776, 175-192; Kaspar et al. (2006) Int . 

.T. Cancer 118,1331-1339). 

[0009] However, the L19 scFv fragment is prone to oligomerization. 

[0010] Due to the above remaining problems in the treatment of Alzheimer" s disease and 

the diagnosis or therapy of tumors, it is an object of the present invention to provide 

alternative methods and compounds which can be used in the treatment of Alzheimer's 

disease and the diagnosis or therapy of tumors. 

Detailed description of the invention 

[0011 ] The inventors found that specific muteins of proteins derived from Lipocalin 2 are 

attractive compounds due to their greater stability and even smaller size. The inventors 

identified a specific group of Lipocalin 2 muteins with mutations at specific positions which 

show high affinity and specificity for example for EO-B. Such Lcn2 muteins specifically 
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recognize ED-B containing fibronectin on human cells with high sensitivity and thus show 

pospects as therapeutic reagents for the diagnosis and treatment of tumor diseases. 

[0012J The inventors were also able to identify specific Lcn2 muteins with high affinity 

and specificity for the A~ peptide. Such Lcn2 muteins can even inhibit A~ aggregation and 

thus show pospects, possibly after further improvement and modification, as therapeutic 

reagents to treat AD. 

[0013 J Furthermore, the present invention also describes new random libraties based on 

the human Lcn2 scaffold which permit the efficient generation of muteins, such as the 

muteins of the present invention, with high affinity and specificity for a given target in 

general. Examples for such libraries or sections thereof are shown in Figures 1 and 2. 

[0014J In one aspect at least at 1,2,3,4,5,6,7,8,9,10,11, 12,13,14,15, 16, 17, 18, 19, 

20 nucleotide triplet(s) encoding for any of the sequence positions 36,40,41,49, 52, 68, 70, 

72, 73, 77, 79, 81, 96, 100, 103, 106, 125, 127, 132, and 134 of the linear polypeptide 

sequence of hLcn2 a random mutagenesis was carried out by allowing substitution at this 

positions by a subset of nucleotide triplets. A subset of nucleotide triples can refer to, but is 

not limited to (a) less than the 64 possible triplets encoded by the nucleotides NNN (if N = A, 

T, G, C that means 4x4x4=64 possible triplets), (b) less than the 32 possible triplets encoded 

by the nucleotides NNK or NNS, (c) less than the necessary triplets to encode all 20 natural 

proteinogenic amino acids. In another embodiment, nucleotide triplets coding for cystein are 

not used for substitution during the mutagenesis. That means that the mutagenesis does not 

lead to muteins carrying new cysteins which were not already included in the original not 

mutagenized sequenze. Thus, in this aspect it is specified how the nucleotide triplets look like 

which are to be introduced into the positions which are to be mutagenised as specified in this 

paragraph (see also Example 1 and Figure 2). 

[0015] Thus, in a first aspect the present invention is directed to a method of generating a 

mutein derived from human Lipocalin 2 (Lcn2; also known as human neutrophil gelatinase­

associated lipocalin, hNGAL, or as siderocalin). The muteins obtained with this method can 

bind to a non-natural target with detectable affinity. The method comprises subjecting a 

nucleic acid molecule encoding for human Lipocalin 2 (Lcn2, hNGAL) to mutagenesis at a 

nucleotide triplet coding for at least one of anyone of the sequence positions corresponding to 

the sequence positions 96, 100, and 106, of the linear polypeptide sequence of human 

Lipocalin 2, resulting in one or more mutein nucleic acid molecule(s). 

[0016] In accordance with the above, the term "human Lipocalin 2" or "human neutrophil 

gelatinase-associated lipocaJin (hNGAL)" includes structural homologues, already identified 

or yet to be isolated, from other species which have an amino acid sequence homology or 

sequence identity of more than about 60%. It is preferred that these human lipocalins 

desclibed above comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 mutated 
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amino acid residues at any of the sequence positions corresponding to the sequence positions 

33,36,40,41,42,43,44,46,47,48,49,50,51,52,54,55,59, 65,68,70,72,73,75,77,78, 

79,80,81,86,87,98,96,99, 100, 103, 106, 107, 110, 111, 125, 127, 132, 134, 136 and 138 

of the linear polypeptide sequence of hNGAL. The term "homology" as used herein in its 

usual meaning and includes identical amino acids as well as amino acids which are regarded 

to be conservative substitutions (for example, exchange of a glutamate residue by a aspartate 

residue) at equivalent positions in the linear amino acid sequence of two proteins that are 

compared with each other. The term "sequence identity" or "identity" as used in the present 

invention means the percentage of pair-wise identical residues - following homology 

alignment of a sequence of a polypeptide of the present invention with a sequence in question 

- with respect to the number of residues in the longer of these two sequences. 

[0017] The percentage of sequence homology or sequence identity is determined herein 

using the program BLASTP, version blastp 2.2.5 (November 16, 2002; cf. Altschul, S. F. et 

aI. (1997) Nucl. Acids Res. 25, 3389-3402). The percentage of homology is based on the 

alignment of the entire polypeptide sequences (matrix: BLOSUM 62; gap costs: 11.1; cutoff 

value set to 10-3
) including the propeptide sequences, using the human Lipocalin 2 as 

reference in a pairwise comparison. It is calculated as the percentage of numbers of 

"positives" (homologous amino acids) indicated as result in the BLASTP program output 

divided by the total number of amino acids selected by the program for the alignment. It is 

noted in this connection that this total number of selected amino acids can differ from the 

length of the human Lipocalin 2. 

[0018] In case a protein other tha human Lipocalin 2 is used in the present invention, the 

definition of the mutated sequence positions given for human Lipocalin 2 can be assigned to 

the other lipocalin with the help of published sequence alignments or alignments methods 

which are available to the skilled artisan. A sequence alignment can, for example, be carried 

out as explained in WO 99/16873 (cf. Fig. 3 therein), using an published alignment such as 

the one in Fig. 1 of Redl, B. (2000) Biochim. Biophys. Acta 1482, 241-248. If the three­

dimensional structure of the lipocalins is available structural superpositions can also be used 

for the detennination of those sequence positions that are to be subjected to mutagenesis in 

the present invention. Other methods of structural analysis such as multidimensional nuclear 

magnetic resonance spectroscopy can also be employed for this purpose. 

[0019] The homologue of human Lipocalin 2 can also be a mutein protein of human 

Lipocalin 2 itself, in which amino acid substitutions are introduced at positions other than the 

positions selected in the present invention. For example, such a mutein can be a protein in 

which positions at the solvent exposed surface of the p-barrel are mutated compared to the 

wild type sequence of the human Lipocalin 2 in order to increase the solubility or the stability 

of the protein. 
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[0020] In general, the term "human Lipocalin 2" includes all proteins that have a sequence 

homology or sequence identity of more than 60%, 70% 80%, 85%,90%, or 95% in relation to 

the human Lipocalin 2. It is preferred that these human lipocalins described above comprise 1, 

2,3,4,5,6,7,8,9,10,11, 12,13,14,15,16, or 17 mutated amino acid residues at any of the 

sequence positions corresponding to the sequence positions 33, 36, 40, 41, 42,43, 44, 46, 47, 

48,49,50,51,52,54,55,59,65,68,70,72,73,75,77,78, 79,80,81,86,87,98,96,99,100, 

103,106,107,110,111,125,127,132,134, 136 and 138 of the linear polypeptide sequence 

ofhNGAL. 

[0021] Thus, in a fmiher aspect, the present invention provides a mutein derived from 

human Lipocalin 2 (i.e., human lipocalin mutein or a mutated human lipocalin, preferably a 

mutated mature hNGAL, wherein said mature hNGAL has the SWISS-PROT Data Bank 

Accession Number P80188, more preferably said mature hNGAL has the amino acid 

sequence shown in SEQ ID NO:44). This mutein includes at least one or two mutated amino 

acid residue at any of the sequence positions corresponding to the sequence positions 96, 100 

and 106 of the linear polypeptide sequence of human Lcn2, and wherein the mutein binds a 

given non-natural target with detectable affinity. 

[0022] As used herein, a "mutein," a "mutated" entity (whether protein or nucleic acid) or 

"mutant" refers to the exchange, deletion, or insertion of one or more nucleotides or amino 

acids, respectively, compared to the naturally occuning (wild-type) nucleic acid or protein 

"reference" scaffold. Preferably, the number of nucleotides or amino acids, respectively, that 

is exchanged, deleted or inserted is 1, 2, 3,4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19,20 or more such as 25, 30, 35, 40, 45 or 50. 

[0023] The tenn "human neutrophil gelatinase-associated lipocalin" or "hNGAL" or 

"lipocalin 2" or "Lcn2" as used herein to refer to the mature hNGAL with the SWISS-PROT 

Data Bank Accession Number P80188 (exemplified herein as SEQ ID NO:44). 

[0024] In this context, it s noted that the invention is based on the surprising finding that 

subjecting human Lipocalin 2, rat u2-microglobulin-related protein (A2m) and mouse 

24p3/uterocalin (24p3) to mutagenesis at one or more of these above-mentioned 3 sequence 

position provides for muteins that have a sufficiently affine binding to pre-defined target 

which can include, but is not limited to a peptide, a protein, a fragment or a domain of a 

protein, and a small organic molecule. 

[0025] The given target may be any desired non-natural targetlligand. In one embodiment, 

the tenn "non-natural ligand" refers to a compound, which does not bind to native mature 

hNGAL under physiological conditions. 

[0026] The term "organic molecule" or "small organic molecule" as used herein for the 

non-natural target denotes an organic molecule comprising at least two carbon atoms, but 

preferably not more than 7 or 12 rotatable carbon bonds, having a molecular weight in the 
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range between 100 and 2000 Dalton, preferably between 100 and 1000 Dalton, and optionally 

including one or two metal atoms. 

[0027] The tenn "peptide" as used herein for the non-natural target refers to a dipeptide or 

an oligopeptide with 2 to 45 amino acids. In one embodiment, the peptide has 2-40, 2-35, 2-

30,2-25,2-20,2-15 or 2-10 amino acid residues. The peptide may be a naturally occurring or 

synthetic peptide and may comprise - besides the 20 naturally occurring L-amino acids - D­

amino acids, non-naturally OCCUlTIng amino acids and amino acid analogs. In one 

embodiment, the peptide is an amyloid beta peptide (Abeta or AP). In another embodiment, 

the amyloid beta peptide is an AfJ40 peptide or an AfJ42 peptide. 

[0028] In one embodiment, the small organic molecule is a compound showing the 

features of an immunological hapten. 

[0029] In one embodiment, the non-natural target which is a protein is fibronection or a 

domain thereof, such as the EB-domain or a fragment of the EB-domain. 

[0030] A human Lipocalin 2 mutein of the invention may comprise the wild type (natural) 

amino acid sequence outside the mutated amino acid sequence positions. On the other hand, 

the lipocalin muteins disclosed herein may also contain amino acid mutations outside the 

sequence positions subjected to mutagenesis as long as those mutations do not interfere with 

the binding activity and the folding of the mutein. Such mutations can be accomplished very 

easily on DNA level using established standard methods (Sambrook, 1. et al. (1989) 

Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, 

Cold Spring Harbor, NY). Possible alterations of the amino acid sequence are insertions or 

deletions as well as amino acid substitutions. Such substitutions may be conservative, i.e. an 

amino acid residue is replaced with a chemically similar amino acid residue. Examples of 

conservative substitutions are the replacements among the members of the following groups: 

1) alanine, serine, and threonine; 2) aspartic acid and glutamic acid; 3) asparagine and 

glutamine; 4) arginine and lysine; 5) isoleucine, leucine, methionine, and valine; and 6) 

phenylalanine, tyrosine, and tryptophan. One the other hand, it is also possible to introduce 

non-conservative alterations in the amino acid sequence. In addition, instead of replacing 

single amino acid residues, it is also possible to either insert or delete one or more continuous 

amino acids of the primary structure of human Lipocalin 2 as long as these deletions or 

insertion result in a stable folded/functional mutein. 

[0031] As an overview, such modifications of the amino acid sequence include directed 

mutagenesis of single amino acid positions in order to simplify sub-cloning of the mutated 

lipocalin gene or its pmis by incorporating cleavage sites for celiain restriction enzymes. In 

addition, these mutations can also be incorporated to further improve the affinity of a 

lipocalin mutein for a given target. FUlihennore, mutations can be introduced in order to 

modulate certain characteristics of the mutein such as to improve folding stability, serum 
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stability, protein resistance or water solubility or to reduce aggregation tendency, if necessary. 

For example, naturally occuning cysteine residues may be mutated to other amino acids to 

prevent disulphide bridge formation. However, it is also possible to deliberately mutate other 

amino acid sequence position to cysteine in order to introduce new reactive groups, for 

example for the conjugation to other compounds, such as polyethylene glycol (PEG), 

hydroxyethyl starch (HES), biotin, peptides or proteins, or for the formation of non-naturally 

occuning disulphide linkages. Exemplary possibilities of such a mutation to introduce a 

cysteine residue into the amino acid sequence of a human Lipocalin 2 mutein include the 

introduction of a cysteine (Cys) residue at least at one of the sequence positions that 

correspond to sequence positions 14, 21, 60, 84, 88, 116, 141, 145, 143, 146 or 158 of the 

wild type sequence of hNGAL. The generated thiol moiety at the side of any of the amino 

acid positions 14,21, 60, 84, 88, 116, 141, 145, 143, 146 and/or 158 may be used to PEGylate 

or HESylate the mutein, for example, in order to increase the serum half-life of a respective 

human Lipocalin 2 mutein. 

[0032] In one embodiment, the mutein of the present invention includes mutated amino 

acid residues at least at any 2 or all 3 of the sequence positions corresponding to the sequence 

positions 96, 100 and 106 of the linear polypeptide sequence of human Lipocalin 2. 

[0033] In a fmiher embodiment of the invention, the mutein includes at least 1, 2, 3,4, 5, 

6,7,8,9, 10, 11, 12, 13, 14, 15, 16, or 17 mutated amino acid residues at any of the sequence 

positions corresponding to the sequence positions 33, 36, 40, 41, 42, 43, 44, 46, 47, 48, 49, 

5~ 51,5~ 54,55, 5~ 65,68, 7~7~73,75,77, 78,7~ 8~ 81, 8~ 87, 98, 96,99,100,103, 

106, 107, 110, 111, 125, 127, 132, 134, 136 and 138 of the linear polypeptide sequence of 

hNGAL. In a further embodiment, the mutein includes at least 2,3,4,5,6,7, 8, 9, 10, 11, 12, 

13, 14, 15, 16, 17 mutated amino acid residues at anyone of the sequence positions 33, 36, 

40,41,42,43,44,46,47,48,49,50,51,52,54,55,59,65,68, 70, 72,73,75,77,78,79,80, 

81,86,87,98,96,99, 100, 103, 106, 107, 110, 111, 125, 127, 132, 134, 136 and 138 of the 

linear polypep6de sequence ofhNGAL. In still a further embodiment, the mutein includes 18, 

19 or 20 mutated amino acid residues at anyone of the sequence positions 33, 36,40,41,42, 

43,44,46,47,48,49,50,51,52,54,55,59,65,68,70,72, 73, 75, 77, 78,79,80,81,86,87, 

98,96,99, 100, 103, 106, 107, 110, 111, 125, 127, 132, 134, 136 and 138 of the linear 

polypeptide sequence of human Lipocalin 2. 

[0034] In one embodiment of the present invention, the mutein includes mutated amino 

acid residues at at least any 10, 14, 15, 20, 22, 24, 26, 28, 29, 30, 31, 32, 33, 35 or all 45 of 

the above-listed sequence positions. 

[0035] A mutein of the invention which binds to an amyloid beta peptide, such as AfJ40 

peptide or an AfJ42 peptide, can comprise with respect to the mature human Lipocalin 2 wild 

type amino acid sequence illustrated in Figure 17 (Lcn2) at least 2,3,4,5,6,7,8,9, 10, 11, 
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or 12 amino acid replacements which include, but are not limited to Leu36 ~ Valor Cys; 

Ala40 ~ Tyr or Lys or Val; Ile41 ~ Thr or Ser or Leu; O1n49 - Leu or Trp; Leu70 - Gly; 

Arg72 ~ Gly or Asp; Lys73 - Leu or Thr or Asp; Asp77 - Asn or His or Leu; Trp79 -

Lys; Asn96 - Ile or Arg; TyrlOO ~ GIn or Arg or Glu; Leul03 ~ Met or Arg or Gly; 

Tyrl06 - Tyr or Ala or Trp; Lys125 - Thr or Valor Glu; SerI27 ~ Gly or GIn or Ala; 

Tyr132 - Met or Ser or Thr; and Lys134 - Asn. It was found that such muteins can 

diminish A~ aggregation in vitro or in vivo. It is preferred that the mutein described herein 

binds to and inhibits aggregation of A~, preferably A~40, more preferably under assay 

conditions as specified in Example 11 (preferably including the ratio 1: 10 mutein : A~40). 

The present invention also relates to muteins as described above having a comparable 

biological function when compared with mutein US7. "Comparable biological function" 

means that these muteins are able to bind to and inhibit A~, preferably A~40, with a deviation 

of the aggregation inhibiting activity in respect to US7 of not more than about 40%, 30%, 

20%, 15%, 10%, 5%,2,5%,2% or 1 %, for example under conditions which equate to or are 

identical with those set out in Example 11 (preferably including the ratio 1: 10 mutein : A~40). 

The present invention also relates to the muteins described herein for use in the treatment or 

prevention of neurodegenerative diseases such as Alzheimer's disease. 

[0036] In one embodiment, a mutein of the invention which binds to an amyloid beta 

peptide, such as AfJ40 peptide or an AfJ42 peptide comprises the following amino acid 

replacements Leu36 - Val; Ala40 ~ Tyr; Ile41 - Thr; Gln49 ~ Leu; Leu70 - Gly; Lys73 

~ Leu; Asp77 - Asn; Trp79 ~ Lys; Asn96 ~ Ile; TyrIOO - GIn; Leul03 ~ Met; Lys125 

~ Thr; SerI27 - Gly; Tyr132 ~ Met; and Lys134 ~ Asn. An example of a mutein 

including such amino acid replacements is S l-A4 illustrated in Figure 17 (SEQ ID NO: 39). 

[0037] In a further embodiment, a mutein of the invention which binds to an amyloid beta 

peptide, such as AfJ40 peptide or an AfJ42 peptide comprises the following amino acid 

replacements Leu36 ~ Val; Ala40 ~ Lys; Ile41 - Ser; Gln49 ~ Trp; Leu70 ~ Gly; Arg72 

~ Gly; Lys73 ~ Thr; Asp77 ~ His; Trp79 ~ Lys; Asn96 - Arg; TyrlOO ~ Arg; LeuI03 

~ Arg; Tyrl06 - Ala; LysI25 - Val; Serl27 - GIn; Tyrl32 ~ Ser; and Lys134 - Asn. 

An example of a mutein including such amino acid replacements is US-7 illustrated in Figure 

17 (SEQ ID NO: 41). 

[0038] The invention also envisages a mutated mature hNGAL lipocalin (as deposited in 

SWISS-PROT Data Bank under Accession Number P80188, preferably having the amino acid 

sequence shown in SEQ ID NO:40) comprising at a position cOlTesponding to a position 36, 

40,41,49,70,72,73,77,79,96,100,103,106,125,127,132,134 of the linear polypeptide 

sequence of wild type hNGAL one or more mutated amino acids as described herein. 

[0039] In another embodiment, a mutein of the invention which binds to an amyloid beta 

peptide, such as AfJ40 peptide or an AfJ42 peptide comprises the following amino acid 
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replacements Leu36 -+ Cys; Ala40 -+ Val; lle41 -+ Leu; Gln49 -+ Leu; Leu70 -+ Gly; 

Al:g72 -+ Asp; Lys73 -+ Asp; Asp77 -+ Leu; Trp79 -+ Lys; Asn96 -+ Arg; Tyrl 00 -+ Glu; 

Leul03 -+ Gly; Tyrl06 -+ Trp; Lys125 -+ Glu; Serl27 -+ Ala; Tyr132 -+ Thr; and Lys134 

-+ Asn. An example of a mutein including such amino acid replacements is H I-G 1 illustrated 

in Figure 17 (SEQ ID NO: 43). 

[0040] In another embodiment, a mutein of the invention which binds to an amyloid beta 

peptide, such as AfJ40 peptide or an AfJ42 peptide comprises the following amino acid 

replacements Leu36 -+ Ala; Ala40 -+ Val; Ile41 -+ Leu; Gln49 -+ Leu; Leu70 -+ Gly; 

Arg72 -+ Asp; Lys73 -+ Asp; Asp77 -+ Leu; Trp79 -+ Lys; Asn96 -+ Arg; TyrlOO -+ Glu; 

Leul03 -+ Gly; Tyrl06 -+ Trp; Lys125 -+ Glu; Ser127 -+ Ala; Tyrl32 -+ Thr; and Lys134 

-+ Asn. An example of a mutein including such amino acid replacements is H1GA illustrated 

SEQ ID NO: 50. 

[0041] It is preferred that the mutein described herein above binds to and inhibits 

aggregation of AP, preferably AP40, more preferably under assay conditions as specified in 

Example 23 (preferably in a ratio of 10:2 AP40 : H1GA). The present invention also relates to 

muteins as desclibed above having a comparable biological function when compared with 

mutein H1GA. "Comparable biological function" means that these muteins are able to bind to 

and inhibit AP, preferably AP40 with a deviation of the aggregation inhibiting activity in 

respect to HIGA of not more than about 40%, 30%, 20%, 15%, 10%, 5%, 2,5%, 2% or 1 %, 

for example under conditions which equate to or are identical with those set out in Example 

23 (preferably in a ratio of 10:2 AP40 : H1GA). The present invention also relates to the 

muteins described herein for use in the treatment or prevention of neurodegenerative diseases 

such as Alzheimer's disease. 

[0042] In another embodiment, a mutein of the invention which binds to an amyloid beta 

peptide, such as AfJ40 peptide or an AfJ42 peptide comprises the following amino acid 

replacements Leu36 -+ Val; Ala40 -+ Val; Ile41 -+ Leu; Gln49 -+ Leu; Leu70 -+ Gly; 

Arg72 -+ Asp; Lys73 -+ Asp; Asp77 -+ Leu; Trp79 -+ Lys; Asn96 -+ Arg; Tyr100 -+ Glu; 

Leu103 -+ Gly; Tyr106 -+ Trp; Lys125 -+ Glu; Ser127 -+ Ala; Tyrl32 -+ Thr; and Lys134 

-+ Asn. An example of a mutein including such amino acid replacements is H1GV illustrated 

SEQ ID NO: 52. 

[0043] It is preferred that the mutein described herein above binds to AP40 under assay 

conditions as specified in Example 2]. The present invention also relates to muteins as 

described above having a comparable biological function when compared with mutein H] GV. 

"Comparable biological function" means that these muteins are able to bind to AP, preferably 

AP40 with a deviation of the aggregation inhibiting activity in respect to H1 GV of not more 

than about 40%, 30%, 20%, 15%, 10%, 5%, 2,5%, 2% or 1 %, for example under conditions 

which equate to or are identical with those set out in Example 21. The present invention also 
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relates to the muteins described herein for use in the treatment or prevention of 

neurodegenerative diseases such as Alzheimer's disease. 

[0044] In a further embodiment, a mutein of the invention which bind to extra-domain B 

or a fragment thereof comprises the following amino acid replacements Leu36 - Lys; Ala40 

- His; Ile41 - Asp; Gln49 - Arg; Tyr52 - GIn; Ser68 - Asn; Leu70 - Arg; Arg72 -

Val; Lys73 - His; Asp77 - Asn; Trp79 - Arg; Arg81 - Trp; TyrlOO - Trp; Tyrl06 -

Trp; Lys125 - Arg; Serl27 - Tyr; Tyrl32 - Leu; Lys134 - Glu and Ser146 - Asn. An 

example of a mutein including such amino acid replacements is N7 A illustrated in Figure 17 

(SEQ ID NO: 20). 

[0045] In another embodiment, a mutein of the invention which binds to extra-domain B 

or a fragment thereof comprises the following amino acid replacements Leu36 - Arg; Ala40 

- Met; Ile41 - Arg; Gln49 - Ala; Tyr52 - Val; Ser68 - Lys; Leu70 - Met; Arg72-

GIn; Lys73 - Arg; Asp77 - Lys; Trp79 - Met; Arg81 - Asn; Asn96 - Ala; TyrlOO -

Pro; Leu103 - Pro; Tyrl06 - Thr; Lys125 - His; Serl27 - Phe; and Lys134 - His. An 

example of a mutein including such amino acid replacements is N9B illustrated in Figure 17 

(SEQ ID NO: 24). 

[0046] In another embodiment, a mutein of the invention which binds to extra-domain B 

or a fragment thereof comprises the following amino acid replacements Leu36 - Ala; Ala40 

- Thr; lle41 - Trp; Gln49 - Tyr; Tyr52 - GIn; Ser68 - Asn; Arg72 - Met; Lys73 -

Ser; Asp77 - Arg; Trp79 - Met; Arg81 - His; Asn96 - Ser; Tyrl 00 - Trp; Tyrl 06 -

Trp; Lys125 - Arg; Serl27 - Tyr; Tyr132 - Phe; and Lys134 - Gly. An example of a 

mutein including such amino acid replacements is N 10D illustrated in Figure 17 (SEQ ID 

NO: 26). 

[0047] In a further embodiment, a mutein of the invention which bind to extra-domain B 

or a fragment thereof comprises the following amino acid replacements Leu36 - Glu; Ala40 

_ Ser; Ile41 - Leu; Gln49 - Arg; Leu70 - Arg; Lys73 - Ser; Asp77 - His; Trp79 -

Leu; Asn96 - Leu; TyrlOO - Lys; Leu103 - His; Tyrl06 - Phe; Lys125 - Thr; Serl27 

_ Ala; and Lys 134 - Phe. An example of a mutein including such amino acid replacements 

is N7E illustrated in Figure 17 (SEQ ID NO: 22). 

[0048] The above muteins described with reference to Figure 17 can include further amino 

acid replacements. The muteins can further comprise amino acid replacements whkh can 

include, but are not limited to Gln28 - His or Cys87 - Ser. Other possible amino acid 

replacements include, but are not limited to Tyr52 - GIn or Val; Ser68 - Lys or Asn; or 

Arg81 - Trp or Asn or His. 

[0049] The lipocalin muteins of the invention are able to bind the desired non-natural 

target with detectable affinity, i.e. with a dissociation constant (KD) of at least 200 nM. In 

another embodiment, the mutein binds the given non-natural target with a KD of 111M or less, 
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or 100 I-LM or less, or 1 I-LM or less, or 500 nM, or 200 nM or less, or 100, nM or less, or 50 

nM or less, or 10 nM or less, or 1 nM or less. In another embodiment, lipocalin muteins bind 

the desired target with a dissociation constant for a given target of at least 100, 20, 1 nM or 

even less. The binding affinity of a mutein to the desired target can be measured by a 

multitude of methods such as fluorescence titration, competition ELISA or sUliace plasmon 

resonance (Biacore). 

[0050] It is readily apparent to the skilled person that complex formation with the target is 

dependent on many factors such as concentration of the binding partners, the presence of 

competitors, ionic strength of the buffer system etc. Selection and enrichment is generally 

performed under conditions allowing the isolation of lipocalin muteins having, in complex 

with the desired target, a dissociation constant as indicated above. However, the washing and 

elution steps can be carried out under varying stringency. A selection with respect to the 

kinetic characteristics is possible as well. For example, the selection can be performed under 

conditions, which favor complex formation of the target with muteins that show a slow 

dissociation from the target, or in other words a low koff rate. Altematively, selection can be 

performed under conditions, which favor fast formation of the complex between the mutein 

and the target, or in other words a high kon rate. 

[0051] A mutein of the invention typically exists as monomeric protein. However, it is also 

possible that an inventive lipocalin mutein is able to spontaneously dimerise or oligomerise. 

Although the use of lipocalin muteins that form stable monomers may be preferred for some 

applications, e.g. because of faster diffusion and better tissue penetration, the use of lipocalin 

muteins that form stable homodimers or multimers may be advantageous in other instances, 

since such multimers can provide for a (further) increased affinity and/or avidity to a given 

target. Furthermore, 01igome11c forms of the lipocalin mutein may have slower dissociation 

rates or prolonged serum half-life. 

[0052] It is also noted that the complex formation between the respective mutein and its 

ligand is influenced by many different factors such as the concentrations of the respective 

binding partners, the presence of competitors, pH and the ionic strength of the buffer system 

used, and the experimental method used for determination of the dissociation constant KD (for 

example fluorescence titration, competition ELISA or surface plasmon resonance, just to 

name a few) or even the mathematical algorithm which is used for evaluation of the 

experimental data. 

[0053] Therefore, it is also clear to the skilled person that the KD values (dissociation 

constant of the complex formed between the respective mutein and its target/ligand) may vary 

within a certain experimental range, depending on the method and experimental setup that is 

used for determining the affinity of a particular lipocalin mutein for a given ligand. This 

means, there may be a slight deviation in the measured KD values or a tolerance range 
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depending, for example, on whether the KD value was determined by surface plasmon 

resonance (Biacore) or by competition ELISA. 

[0054] In one embodiment, the muteins disclosed herein can be linked, either N- or C-

terminal to an affinity tag such as pentahistidine tag, a hexahistidine tag or a Strep-tag®. Thus, 

the present application encompasses also all explicitly and generic described muteins 

equipped with such tags. 

[0055] The telm "fragment" as used in the present invention in connection with the feature 

lipocalin mutein fragment relates to proteins or peptides derived from full-length mature Lcn2 

that are N-terminally and/or C-terminally shortened, i.e. lacking at least one of the N-terminal 

and/or C-terminal amino acids. Such fragments comprise preferably at least 10, more 

preferably 20, most preferably 30 or more consecutive amino acids of the primary sequence of 

mature Lcn2 and are usually detectable in an immunoassay of mature Lcn2. 

[0056] Also included in the scope of the present invention are the above muteins, which 

have been altered with respect to their immunogenicity. 

[0057] Cytotoxic T-cells recognize peptide antigens on the cell surface of an antigen­

presenting cell in association with a class I major histocompatibility complex (MHC) 

molecule. The ability of the peptides to bind to MHC molecules is allele specific and 

correlates with their immunogenicity. In order to reduce immunogenicity of a given protein, 

the ability to predict which peptides in a protein have the potential to bind to a given MHC 

molecule is of great value. Approaches that employ a computational threading approach to 

identify potential T-cell epitopes have been previously described to predict the binding of a 

given peptide sequence to MHC class I molecules (Altuvia et aL (1995) J. Mol. BioZ. 249: 

244-250). 

[0058] Such an approach may also be utilized to identify potential T-cell epitopes in the 

muteins of the invention and to make depending on its intended use a selection of a specific 

mutein on the basis of its predicted immunogenicity. It may be furthennore possible to subject 

peptide regions which have been predicted to contain T-cell epitopes to additional 

mutagenesis to reduce or eliminate these T-cell epitopes and thus minimize immunogenicity. 

The removal of amphipathic epitopes from genetically engineered antibodies has been 

described (Mateo et al. (2000) Hybridoma 19(6):463-471) and may be adapted to the muteins 

of the present invention. 

[0059] The muteins thus obtained may possess a minimized immunogenicity, which is 

desirable for their use in therapeutic and diagnostic applications, such as those described 

below. 

[0060] For some applications, it is also useful to employ the muteins of the invention in a 

conjugated form. Accordingly, the invention is also directed to lipocalin muteins which are 

conjugated to a compound which can include, but is not limited to organic molecules, an 
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enzyme label, a colored label, a cytostatic agent, a toxin, a label that can be photoactivated 

and which is suitable for use in photodynamic therapy, a fluorescent label, a radioactive label, 

a chromogenic label, a luminescent label, metal complexes, metal, such as colloidal gold, 

haptens, digoxigenin, biotin, a chemotherapeutic metal, or a chemotherapeutic metal, to name 

only a few evocative examples. The mutein may also be conjugated to an organic drug 

molecule. The conjugation can be calTied out using any conventional coupling method known 

in the art. 

[0061] In general, it is possible to label a Lcn2 mutein described herein with any 

appropriate chemical substance or enzyme, which directly or indirectly generates a detectable 

compound or signal in a chemical, physical, optical, or enzymatic reaction. An example for a 

physical reaction and at the same time optical reaction/marker is the emission of fluorescence 

upon irradiation. Alkaline phosphatase, horseradish peroxidase or p-galactosidase are 

examples of enzyme labels (and at the same time optical labels) which catalyze the formation 

of chromogenic reaction products. In general, all labels commonly used for antibodies (except 

those exclusively used with the sugar moiety in the Fc part of immunoglobulins) can also be 

used for conjugation to the muteins of the present invention. The muteins of the invention 

may also be conjugated with any suitable therapeutically active agent, e.g., for the targeted 

delivery of such agents to a given cell, tissue or organ or for the selective targeting of cells, 

e.g., of tumor cells without affecting the surrounding normal cells. Examples of such 

therapeutically active agents include radionuclides, toxins, small organic molecules, and 

therapeutic peptides (such as peptides acting as agonists/antagonists of a cell surface receptor 

or peptides competing for a protein binding site on a given cellular target). Examples of 

suitable toxins include, but are not limited to pertussis-toxin, diphtheria toxin, ricin, saporin, 

pseudomonas exotoxin, calicheamicin or a derivative thereof, a taxoid, a maytansinoid, a 

tubulysin or a dolastatin analogue. The dolastatin analogue may be auristatin E, 

monomethylauristatin E, auristatin PYE and auristatin PHE. Examples of cytostatic agent 

include, but are not limited to Cisplatin, Carboplatin, Oxaliplatin, 5-Fluorouracil, Taxotere 

(Docetaxel), Paclitaxel, Anthracycline (Doxorubicin), Methotrexate, Vinblastin, Vincristine, 

Vindesine, Vinorelbine, Dacarbazine, Cyclophosphamide, Etoposide, Adriamycine, 

Camptotecine, Combretatastin A-4 related compounds, sulfonamides, oxadiazolines, 

benzo[b]thiophenessynthetic spiroketal pyrans, monotetrahydrofuran compounds, curacin and 

curacin derivatives, methoxyestradiol derivatives and Leucovorin. The lipocalin muteins of 

the invention may also be conjugated with therapeutically active nucleic acids such as 

antisense nucleic acid molecules, small intelfering RNAs, micro RNAs or ribozymes. Such 

conjugates can be produced by methods well known in the art. 

[0062] In one embodiment, the muteins of the invention may also be coupled to a targeting 

moiety that targets a specific body region in order to deliver the inventive muteins to a desired 
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region or area within the body. One example wherein such modification may be desirable is 

the crossing of the blood-brain-barrier. In order to cross the blood-brain barrier, the muteins 

of the invention may be coupled to moieties that facilitate the active transport across this 

barrier (see Gaillard PJ, et al. (2005) International Congress ,(,,'eries. 1277,185-198 or Gaillard 

PJ, et al. (2005) Expert Opin Drug Deliv. 2(2), 299-309). Such compounds are for example 

available under the trade name 2B-Trans™ (to-BBB technologies BV, Leiden, NL). Other 

exemplary targeting molecules to which the muteins of the present invention may be coupled 

include antibodies, antibody fragments or lipocalin muteins with affinity for a desired target 

molecule. The target molecule of the targeting moieties may, for example, be a cell-surface 

antigen. Cell-surface antigens may be specific for a cell or tissue type, such as, for example, 

cancer cells. Illustrative examples of such cell surface proteins are HER-2 or proteoglycans 

such as NEU -2. 

[0063] As indicated above, a mutein of the invention may in some embodiments be 

conjugated to a compound that extends the serum half-life of the mutein (in this regard see 

also PCT publication WO 2006/56464 where such conjugation strategies are described with 

references to muteins of human neutrophil gelatinase-associated lipocalin with binding 

affinity for CTLA-4). The compound that extends the serum half-life may be a polyalkylene 

glycol molecule, such as polyethylene (PEG) or an activated derivative thereof; hydroxyethyl 

starch, fatty acid molecules, such as palmitic acid (Vajo & DuckwOlih (2000) Pharmacal. 

Rev. 52, 1-9), an Fc part of an immunoglobulin, a CH3 domain of an immunoglobulin, a CH4 

domain of an immunoglobulin, albumin or a fragment thereof, an albumin binding peptide, or 

an albumin binding protein, transferrin to name only a few. The albumin binding protein may 

be a bacterial albumin binding protein, an antibody, an antibody fragment including domain 

antibodies (see US patent 6,696,245, for example), or a lipocalin mutein with binding activity 

for albumin. Accordingly, suitable conjugation compounds for extending the half-life of a 

lipocalin mutein of the invention include albumin (Osborn et al. (2002) .T. Pharmacal. Exp. 

Ther. 303, 540-548), or an albumin binding protein, for example, a bacterial albumin binding 

domain, such as the one of streptococcal protein G (Konig, T. and Skerra, A. (1998) .T. 

I7111nUnol. Methods 218, 73-83). Other examples of albumin binding peptides that can be used 

as conjugation partner are, for instance, those having a Cys-Xaal-Xaa2-Xaa3-Xaa4-Cys 

consensus sequence, wherein Xaal is Asp, Asn, Ser, Thr, or Trp; Xaa2 is Asn, GIn, His, lIe, 

Leu, or Lys; Xaa3 is Ala, Asp, Phe, Trp, or Tyr; and Xaa4 is Asp, Gly, Leu, Phe, Ser, or Thr as 

described in US patent application 2003/0069395 or Dennis et al. (Dennis et al. (2002) .T. 

BioI. Chem. 277, 35035-35043). 

[0064] In other embodiments, albumin itself or a biological active fragment of albumin can 

be used as compound of a lipocalin mutein of the invention that extends the serum half-life of 

the mutein. The term "albumin" comprises all mammal albumins such as human serum 
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albumin or bovine serum albumin or rat albumin. The albumin or fragment thereof can be 

recombinantly produced as desclibed in US patent 5,728,553 or European patent applications 

EP 0 330 451 and EP 0 361 991. Recombinant human albumin (Recombumin®) for use as a 

protein stabilizer is for example available from Novozymes Delta Ltd. (Nottingham, UK). 

[0065] If the albumin-binding protein is an antibody fragment it may be a domain 

antibody. Domain Antibodies (dAbs) are engineered to allow precise control over biophysical 

properties and in vivo half-life to create the optimal safety and efficacy product profile. 

Domain Antibodies are for example commercially available from Domantis Ltd. (Cambridge, 

UK and MA, USA). 

[0066] U sing transferrin as a moiety to extend the serum half-life of the muteins of the 

invention, the muteins can be genetically fused to the N or C terminus, or both, of non­

glycosylated transferrin. N on-glycosylated transferrin has a half-life of 14-17 days, and a 

transferlin fusion protein will similarly have an extended half-life. The transfemn carrier also 

provides high bioavailability, biodistlibution and circulating stability. This technology is 

commercially available from BioRexis (BioRexis Pharmaceutical Corporation, PA, USA). 

Recombinant human transferlin (DeltaFerrinTM) for use as a protein stabilizer is also 

commercially available from Novozymes Delta Ltd. (Nottingham, UK). 

[0067] If an Fc part of an immunoglobulin is used for the purpose to prolong the serum 

half-life of the muteins of the invention, the SynFusion™ technology, commercially available 

from Syntonix Pharmaceuticals, Inc (MA, USA), may be used. The use of this Fc-fusion 

technology allows the creation of longer-acting biopharmaceuticals and may for example 

consist of two copies of the mutein linked to the Fc region of an antibody to improve 

pharmacokinetics, solubility, and production efficiency. 

[0068] Yet another alternative to prolong the half-life of a mutein of the invention is to 

fuse the N- or C-terminus of a mutein of the invention to long, unstructured, flexible glycine­

rich sequences (for example poly-glycine with about 20 to 80 consecutive glycine residues). 

This approach disclosed in W02007/038619, for example, has also been term "rPEG" 

(recombinant PEG). 

[0069] If polyalkylene glycol is used as compound that extends the half-life of the mutein, 

the polyalkylene glycol can be substituted or unsubstituted. It can also be an activated 

polyalkylene derivative. Examples of suitable compounds are polyethylene glycol (PEG) 

molecules as desclibed in WO 99/64016, in US Patent 6,177,074 or in US Patent 6,403,564 in 

relation to interferon, or as desclibed for other proteins such as PEG-modified asparaginase, 

PEG-adenosine deaminase (PEG-ADA) or PEG-superoxide dismutase (see for example, 

Fueliges et al. (1990) The Clinical Efficacy of Poly(Ethylene Glycol)-Modified Proteins J. 

Control. Release 11, 139-148). The molecular weight of such a polymer, prefen'ably 

polyethylene glycol, may range from about 300 to about 70.000 Dalton, including, for 
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example, polyethylene glycol with a molecular weight of about 10.000, of about 20.000, of 

about 30.000 or of about 40.000 Dalton. Moreover, as e.g. described in US patents 6,500,930 

or 6,620,413, carbohydrate oligo- and polymers such as starch or hydroxyethyl starch (HES) 

can be conjugated to a mutein of the invention for the purpose of serum half-life extension. 

[0070] In another embodiment, in order to provide suitable amino acid side chains for 

conjugating one of the above compounds to the muteins of the invention artificial amino acids 

may be introduced by mutagenesis. Generally, such artificial amino acids are designed to be 

more reactive and thus to facilitate the conjugation to the desired moiety. One example of 

such an artificial amino acid that may be introduced via an artificial tRNA is para-acetyl­

phen ylalanine. 

[0071] For several applications of the muteins disclosed herein it may be advantageous to 

use them in the form of fusion proteins. In some embodiments, the inventive mutein is fused 

at its N-terminus and/or it's C-terminus to a protein, a protein domain or a peptide such as a 

signal sequence and/or an affinity tag. 

[0072] For pharmaceutical applications a mutein of the invention may be fused to a fusion 

partner that extends the in vivo serum half-life of the mutein (see again PCT publication WO 

2006/56464 where suitable fusion pminer are described with references to muteins of human 

neutrophile gelatinase-associated lipocalin with binding affinity for CTLA-4). Similar to the 

conjugated compounds described above, the fusion partner may be an Fc part of an 

immunoglobulin, a CH3 domain of an immunoglobulin, a CH4 domain of an 

immunogloubulin, albumin, an albumin binding peptide or an albumin binding protein, to 

name only a few. Again, the albumin binding protein may be a bacterial albumin binding 

protein or a lipocalin mutein with binding activity for albumin. Accordingly, suitable fusion 

partners for extending the half-life of a lipocalin mutein of the invention include albumin 

(Osborn, B.L. et al. (2002) supra J. Phannacol. Exp. Ther. 303, 540-548), or an albumin 

binding protein, for example, a bacterial albumin binding domain, such as the one of 

streptococcal protein G (Konig, T. and Skerra, A. (1998) supra J. ImmunoZ. Methods 218, 73-

83). The albumin binding peptides described in Dennis et aI, supra (2002) or US patent 

application 2003/0069395 having a Cys-Xaal-Xaa2-Xaa3-Xaa4-Cys consensus sequence, 

wherein Xaal is Asp, Asn, Ser, Thr, or Trp; Xaa2 is Asn, GIn, His, Ile, Leu, or Lys; Xaa3 is 

Ala, Asp, Phe, Trp, or Tyr; and Xaa4 is Asp, Gly, Leu, Phe, Ser, or Thr can also be used as 

fusion partner. It is also possible to use albumin itself or a biological active fragment of 

albumin as fusion partner of a lipocalin mutein of the invention. The term "albumin" 

comprises all mammal albumins such as human serum albumin or bovine serum albumin or 

rat serum albumin. The recombinant production of albumin or fragments thereof is well 

known in the ali and for example described in US patent 5,728,553, European patent 

application EP 0 330 451 or EP 0361 991. 
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[0073] The fusion partner may confer new characteristics to the inventive lipocalin mutein 

such as enzymatic activity or binding affinity for other molecules. Examples of suitable fusion 

proteins are alkaline phosphatase, horseradish peroxidase, gluthation-S-transferase, the 

albumin-binding domain of protein G, protein A, antibody fragments, oligomerization 

domains, lipocalin muteins of same or different binding specificity (which results in the 

fonnation of "duocalins", cf. Schlehuber, S., and Skerra, A. (2001), Duocalins, engineered 

ligand-binding proteins with dual specificity derived from the lipocalin fold (BioI. Chern. 382, 

1335-1342), or toxins. 

[0074] In particular, it may be possible to fuse a lipocalin mutein of the invention with a 

separate enzyme active site such that both "components" of the resulting fusion protein 

together act on a given therapeutic target. The binding domain of the lipocalin mutein attaches 

to the disease-causing target, allowing the enzyme domain to abolish the biological function 

of the target. 

[0075] Affinity tags such as the Strep-tag@ or Strep-tag@ II (Schmidt, T.G.M. et al. (1996) 

1. Mol. Biol. 255, 753-766), the myc-tag, the FLAG-tag, the His6-tag or the HA-tag or 

proteins such as glutathione-S-transferase also allow easy detection andlor purification of 

recombinant proteins are fmiher examples of preferred fusion pminers. Finally, proteins with 

chromogenic or fluorescent properties such as the green fluorescent protein (GFP) or the 

yellow fluorescent protein (YFP) are suitable fusion partners for a lipocalin mutein of the 

invention as well. 

[0076] The tenn "fusion protein" as used herein also comprises lipocalin muteins 

according to the invention containing a signal sequence. Signal sequences at the N -terminus 

of a polypeptide direct this polypeptide to a specific cellular compartment, for example the 

periplasm of E. coli or the endoplasmatic reticulum of eukaryotic cells. A large number of 

signal sequences is known in the art. A preferred signal sequence for secretion a polypeptide 

into the periplasm of E. coli is the OmpA-signal sequence. 

[0077] The present invention also relates to nucleic acid molecules (DNA and RNA) 

complising nucleotide sequences coding for muteins as described herein. Since the 

degeneracy of the genetic code permits substitutions of certain codons by other codons 

specifying the same amino acid, the invention is not limited to a specific nucleic acid 

molecule encoding a mutein of the invention but includes al1 nucleic acid molecules 

comprising nucleotide sequences encoding a functional mutein. 

[0078] Therefore, the present invention also includes a nucleic acid sequence encoding a 

mutein according to the invention including a mutation at least at one codon of any of the 

amino acid sequence positions 96, 100 and 106 of the linear polypeptide sequence of Lcn2. 

[0079] The invention as disclosed herein also includes nucleic acid molecules encoding 

Lcn2 muteins, which comprise additional mutations outside the indicated sequence positions 
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of experimental mutagenesis. Such mutations are often tolerated or can even prove to be 

advantageous, for example if they contribute to an improved folding efficiency, serum 

stability, thermal stability or ligand binding affinity of the mutein. 

[0080] A nucleic acid molecule disclosed in this application may be "operably linked" to a 

regulatory sequence (or regulatory sequences) to allow expression of this nucleic acid 

molecule. 

[0081] A nucleic acid molecule, such as DNA, is referred to as "capable of expressing a 

nucleic acid molecule" or capable "to allow expression of a nucleotide sequence" if it 

complises sequence elements which contain information regarding to transcriptional andlor 

translational regulation, and such sequences are "operably linked" to the nucleotide sequence 

encoding the polypeptide. An operable linkage is a linkage in which the regulatory sequence 

elements and the sequence to be expressed are connected in a way that enables gene 

expression. The precise nature of the regulatory regions necessary for gene expression may 

vary among species, but in general these regions comprise a promoter which, in prokaryotes, 

contains both the promoter per se, i.e. DNA elements directing the initiation of transcription, 

as well as DNA elements which, when transcribed into RNA, will signal the initiation of 

translation. Such promoter regions normally include 5' non-coding sequences involved in 

initiation of transcription and translation, such as the -35/-10 boxes and the Shine-Dalgarno 

element in prokaryotes or the TATA box, CAAT sequences, and 5'-capping elements in 

eukaryotes. These regions can also include enhancer or repressor elements as well as 

translated signal and leader sequences for targeting the native polypeptide to a specific 

compartment of a host cell. 

[0082] In addition, the 3' non-coding sequences may contain regulatory elements involved 

in transcriptional termination, polyadenylation or the like. If, however, these tennination 

sequences are not satisfactory functional in a particular host cell, then they may be substituted 

with signals functional in that cell. 

[0083] Therefore, a nucleic acid molecule of the invention can include a regulatory 

sequence, preferably a promoter sequence. In another preferred embodiment, a nucleic acid 

molecule of the invention comprises a promoter sequence and a transcriptional termination 

sequence. Suitable prokaryotic promoters are, for example, the tet promoter, the lacUV5 

promoter or the T7 promoter. Examples of promoters useful for expression in eukaryotic cells 

are the SV 40 promoter or the CMV promoter. 

[0084] The nucleic acid molecules of the invention can also be part of a vector or any 

other kind of cloning vehicle, such as a plasmid, a phagemid, a phage, a baculovirus, a cosmid 

or an aJiificial chromosome. 

[0085] In one embodiment, the nucleic acid molecule is comprised in a phasmid. A 

phasmid vector denotes a vector encoding the intergenic region of a temperent phage, such as 
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M13 or fl, or a functional part thereof fused to the cDNA of interest. After superinfection of 

the bacterial host cells with such an phagemid vector and an appropriate helper phage (e.g. 

M13K07, VCS-M13 or R408) intact phage particles are produced, thereby enabling physical 

coupling of the encoded heterologous cDNA to its corresponding polypeptide displayed on 

the phage surface (reviewed, e.g., in Kay, B.K. et al. (1996) Phage Di::,play of Peptides and 

Proteins - A Laboratory Manual, 1st Ed., Academic Press, New York NY; Lowman, H.B. 

(1997) Annu. Rev. Biophys. Bion1ol. Struct. 26, 401-424, or Rodi, DJ., and Makowski, L. 

(1999) Curl'. Opin. Biotechnol. 10,87-93). 

[0086] Such cloning vehicles can include, aside from the regulatory sequences described 

above and a nucleic acid sequence encoding a lipocalin mutein of the invention, replication 

and control sequences derived from a species compatible with the host cell that is used for 

expression as well as selection markers conferring a selectable phenotype on transfOlmed or 

transfected cells. Large numbers of suitable cloning vectors are known in the art, and are 

commercially available. 

[0087] The DNA molecule encoding lipocalin muteins of the invention, and in particular a 

cloning vector containing the coding sequence of such a lipocalin mutein can be transformed 

into a host cell capable of expressing the gene. Transformation can be performed using 

standard techniques (Sambrook, J. et al. (1989), supra). 

[0088] Thus, the invention is also directed to a host cell containing a nucleic acid molecule 

as disclosed herein. 

[0089] The transformed host cells are cultured under conditions suitable for expression of 

the nucleotide sequence encoding a fusion protein of the invention. Suitable host cells can be 

prokaryotic, such as Escherichia coli (E. coli) or Bacillus subtilis, or eukmyotic, such as 

Saccharomyces cerevisiae, Pichia pastoris, SF9 or HighS insect cells, immortalized 

mammalian cell lines (e.g. HeLa cells or CHO cells) or primary mammalian cells. 

[0090] The invention also relates to a method for the production of a mutein of the 

invention, wherein the mutein, a fragment of the mutein or a fusion protein of the mutein and 

another polypeptide is produced starting from the nucleic acid coding for the mutein by means 

of genetic engineering methods. The method can be carried out in vivo, the mutein can for 

example be produced in a bacterial or eucaryotic host organism and then isolated from this 

host organism or its culture. It is also possible to produce a protein in vitro, for example by 

use of an in vitro translation system. 

[0091] When producing the mutein in vivo a nucleic acid encoding a mutein of the 

invention is introduced into a suitable bacterial or eukaryotic host organism by means of 

recombinant DNA technology (as already outlined above). For this purpose, the host cell is 

first transformed with a cloning vector complising a nucleic acid molecule encoding a mutein 

of the invention using established standard methods (S ambro ok, J. et al. (1989), supra). The 
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host cell is then cultured under conditions, which allow expression of the heterologous DNA 

and thus the synthesis of the corresponding polypeptide. Subsequently, the polypeptide is 

recovered either from the cell or from the cultivation medium. 

[0092] In one aspect, the present invention relates to a method for the generation of a 

mutein of the invention, comprising: 

(a) subjecting a nucleic acid molecule encoding a human Lipocalin 2 to mutagenesis at a 

nucleotide tliplet coding for at least one of anyone of the sequence positions corresponding to 

the sequence positions 96, 100, and 106 of the linear polypeptide sequence of Lcn2, resulting 

in one or more mutein nucleic acid molecule(s). 

[0093] The method can further comprise: 

(b) expressing the one more mutein nucleic acid molecule(s) obtained in (a) in a suitable 

expression system, and 

(c) enriching the one or more mutein(s) having a detectable binding affinity for a given 

target by means of selection and/or isolation. 

[0094] The term "mutagenesis" as used herein means that the experimental conditions are 

chosen such that the amino acid naturally occurring at a given sequence position of Lcn2 

(hNGAL; Swiss-Prot data bank entry P80188) can be substituted by at least one amino acid 

that is not present at this specific position in the respective natural polypeptide sequence. The 

term "mutagenesis" also includes the (additional) modification of the length of sequence 

segments by deletion or inseliion of one or more amino acids. Thus, it is within the scope of 

the invention that, for example, one amino acid at a chosen sequence position is replaced by a 

stretch of three random mutations, leading to an insertion of two amino acid residues 

compared to the length of the respective segment of the wild type protein. Such an insertion 

of deletion may be introduced independently from each other in any of the peptide segments 

that can be subjected to mutagenesis in the invention. In one exemplary embodiment of the 

invention, an insertion of several mutations may be introduced into the loop AB of the chosen 

lipocalin scaffold (cf. International Patent Application WO 2005/019256 which is incorporated 

by reference its entirety herein). The tenn "random mutagenesis" means that no predetennined 

single amino acid (mutation) is present at a certain sequence position but that at least two 

amino acids can be incorporated with a certain probability at a predefined sequence position 

during mutagenesis. 

[0095] The coding sequence of human Lipocalin 2 is used as a starting point for the 

mutagenesis of the peptide segments selected in the present invention. For the mutagenesis of 

the recited amino acid positions, the person skilled in the art has at his disposal the various 

established standard methods for site-directed mutagenesis (Sambrook, J. et a1. (1989), 

supra). A commonly used technique is the introduction of mutations by means of peR 

(polymerase chain reaction) using mixtures of synthetic oligonucleotides, which bear a 
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degenerate base composition at the desired sequence positions. For example, use of the codon 

NNK or NNS (wherein N = adenine, guanine or cytosine or thymine; K = guanine or thymine; 

S = adenine or cytosine) allows incorporation of aU 20 amino acids plus the amber stop codon 

during mutagenesis, whereas the codon VVS limits the number of possibly incorporated 

amino acids to 12, since it excludes the amino acids Cys, Ile, Leu, Met, Phe, Trp, Tyr, Val 

from being incorporated into the selected position of the polypeptide sequence; use of the 

codon NMS (wherein M = adenine or cytosine), for example, restricts the number of possible 

amino acids to 11 at a selected sequence position since it excludes the amino acids Arg, Cys, 

Gly, Ile, Leu, Met, Phe, Trp, Val from being incorporated at a selected sequence position. In 

this respect it is noted that codons for other amino acids (than the regular 20 naturally 

occurring amino acids) such as selenocystein or pyrrolysine can also be incorporated into a 

nucleic acid of a mutein. It is also possible, as described by Wang, L., et al. (2001) Science 

292,498-500, or Wang, L., and Schultz, P.G. (2002) Chem. Comnt. 1, 1-11, to use "artificial" 

codons such as VAG which are usually recognized as stop codons in order to insert other 

unusual amino acids, for example o-methyl-L-tyrosine or p-aminophenylalanine. 

[0096] The use of nucleotide building blocks with reduced base pair specificity, as for 

example inosine, 8-oxo-2'deoxyguanosine or 6(2-deoxy-B-D-ribofuranosyl)-3,4-dihydro-8H­

pyrimindo-1,2-oxazine-7 -one (Zaccolo et al. (1996) .T. Mol. Bioi. 255, 589-603), is another 

option for the introduction of mutations into a chosen sequence segment. 

[0097] A further possibility is the so-called triplet-mutagenesis. This method uses mixtures 

of different nucleotide triplets, each of which codes for one amino acid, for incorporation into 

the coding sequence (Virnekas B, Ge L, Pltickthun A, Schneider KC, Wellnhofer G, Moroney 

SE. 1994 Trinucleotide phosphoramidites: ideal reagents for the synthesis of mixed 

oligonucleotides for random mutagenesis. Nucleic Acids Res 22,5600-5607). 

[0098] One possible strategy for introducing mutations in the selected regions of the 

respective polypeptides is based on the use of four oligonucleotides, each of which is pattially 

derived from one of the conesponding sequence segments to be mutated. When synthesizing 

these oligonucleotides, a person skilled in the art can employ mixtures of nucleic acid 

building blocks for the synthesis of those nucleotide triplets which cOlTespond to the amino 

acid positions to be mutated so that codons encoding all natural amino acids randomly arise, 

which at last results in the generation of a lipocalin peptide library. For example, the first 

oligonucleotide corresponds in its sequence - apart from the mutated positions - to the coding 

strand for the peptide segment to be mutated at the most N-terminal position of the lipocalin 

polypeptide. Accordingly, the second oligonucleotide corresponds to the non-coding strand 

for the second sequence segment following in the polypeptide sequence. The third 

oligonucleotide corresponds in turn to the coding strand for the corresponding third sequence 

segment. Finally, the fourth oligonucleotide corresponds to the non-coding strand for the 
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fOUlth sequence segment. A polymerase chain reaction can be pelformed with the respective 

first and second oligonucleotide and separately, if necessary, with the respective third and 

fOUlth oligonucleotide. 

[0099] The amplification products of both of these reactions can be combined by various 

known methods into a single nucleic acid comprising the sequence from the first to the fourth 

sequence segments, in which mutations have been introduced at the selected positions. To this 

end, both of the products can for example be subjected to a new polymerase chain reaction 

using flanking oligonucleotides as well as one or more mediator nucleic acid molecules, 

which contribute the sequence between the second and the third sequence segment. In the 

choice of the number and an'angement within the sequence of the oligonucleotides used for 

the mutagenesis, the person skilled in the art has numerous alternatives at his disposal. 

[00100] The nucleic acid molecules defined above can be connected by ligation with the 

missing 5'- and 3'-sequences of a nucleic acid encoding a lipocalin polypeptide and/or the 

vector, and can be cloned in a known host organism. A multitude of established procedures 

are available for ligation and cloning (Sambrook, J. et al. (1989), supra). For example, 

recognition sequences for restriction endonucleases also present in the sequence of the 

cloning vector can be engineered into the sequence of the synthetic oligonucleotides. Thus, 

after amplification of the respective peR product and enzymatic cleavage the resulting 

fragment can be easily cloned using the corresponding recognition sequences. 

[00101] Longer sequence segments within the gene coding for the protein selected for 

mutagenesis can also be subjected to random mutagenesis via known methods, for example 

by use of the polymerase chain reaction under conditions of increased error rate, by chemical 

mutagenesis or by using bacterial mutator strains. Such methods can also be used for further 

optimization of the target affinity or specificity of a Jipocalin mutein. Mutations possibly 

occurring outside the segments of experimental mutagenesis are often tolerated or can even 

prove to be advantageous, for example if they contribute to an improved folding efficiency or 

folding stability of the lipocalin mutein. 

[00102] According to one embodiment of the present invention, the above method includes 

subjecting the nucleic acid molecule encoding a human Lipocalin 2 protein to mutagenesis at 

least at 2 or 3 nucleotide triplets coding for any of the above indicated sequence positions of 

human Lipocalin 2. 

[00103] In one further embodiment, the method further includes subjecting the nucleic acid 

molecule to mutagenesis at at least one nucleotide triplet coding for any of the sequence 

positions corresponding to the sequence positions 33, 36, 40, 41, 42, 43, 44, 46, 47, 48, 49, 

50,51,52,54,55,59,65,68,70, 72, 73, 75, 77, 78, 79,80,81,86,87,98,96,99, 100, 103, 

106,107, ]10,111,125,127,132,134,136 and 138 of the linear polypeptide sequence of 

hNGAL. 
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[00104] In a still further embodiment, the method includes subjecting the nucleic acid 

molecule to mutagenesis at nucleotide triplets coding for at least any 2,3,4, 5,6, 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 of the sequence positions corresponding to the 

sequence positions 33, 36, 40, 41, 42, 43, 44, 46, 47, 48, 49, 50, 51,52,54,55,59,65,68,70, 

72,73,75,77,78,79,80,81,86,87,98,96,99,100,103,106, 107,110,111,125,127,132, 

134, 136 and 138 of the linear polypeptide sequence of human Lipocalin 2. 

[00105] According to the method of the invention a mutein is obtained starting from a 

nucleic acid encoding hNGAL. Such a nucleic acid is subjected to mutagenesis and 

introduced into a suitable bacterial or eukaryotic host organism by means of recombinant 

DNA technology. Obtaining a nucleic acid library of human Lipocalin 2 can be carried out 

using any suitable technique that is known in the art for generating lipocalin muteins with 

antibody-like properties, i.e. muteins that have affinity towards a given target. Examples of 

such combinatorial methods are described in detail in the international patent applications 

WO 99/16873, WO 00175308, WO 03/029471, WO 03/029462, WO 03/029463, WO 

2005/019254, WO 20051019255, WO 2005/019256, or WO 2006/56464 for instance. The 

content of each of these patent applications is incorporated by reference herein in its entirety. 

After expression of the nucleic acid sequences that were subjected to mutagenesis in an 

appropliate host, the clones carrying the genetic information for the plurality of respective 

lipocalin muteins, which bind a given target can be selected from the library obtained. Well 

lmown techniques can be employed for the selection of these clones, such as phage display 

(reviewed in Kay, B.K. et al. (1996) supra; Lowman, H.B. (1997) supra or Rodi, DJ., and 

Makowski, L. (1999) supra), colony screening (reviewed in Pini, A. et al. (2002) Comb. 

Chern. High Throughput Screen. 5,503-510), ribosome display (reviewed in Amstutz, P. et al. 

(2001) Curro Opin. Biotechnol. 12,400-405) or mRNA display as reported in Wilson, D.S. et 

aI. (2001) Proc. Natl. Acad. Sci. USA 98, 3750-3755 or the methods specifically described in 

WO 99/16873, WO 00175308, WO 03/029471, WO 03/029462, WO 031029463, WO 

2005/019254, WO 2005/019255, WO 2005/019256, or WO 2006/56464. 

[00106] In accordance with this disclosure, step (c) further comprises in another 

embodiment of the above methods: 

(i) providing as a given target/ligand a compound selected from the group consisting of a 

chemical compound in free or conjugated fOlm that exhibits features of an immunological 

hapten, a peptide, a protein or another macromolecule such as a polysaccharide, a nucleic acid 

molecule (DNA or RNA, for example) or an entire virus particle or viroid, for example, 

(ii) contacting the plurality of muteins with said target/ligand in order to allow formation 

of complexes between said ligand and muteins having binding affinity for said target/ligand, 

and 

(iii) removing muteins having no or no substantial binding affinity. 
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[00107] In specific embodiments of the invention, the target/ligand is a non-natural target 

which includes, but is not limited to a peptide, a protein, a fragment or a domain of a protein, 

or a small organic molecule. In one embodiment the small organic molecule is a compound 

showing the features of an immunological hapten. In a further embodiment, the peptide is an 

amyloid beta peptide, such as AfJ40 peptide or an AfJ42 peptide. In still another embodiment, 

the non-natural targe is fibronectin or a domain thereof, such as the EB-domain or a fragment 

of the EB-domain. 

[00108] In one embodiment of the methods of the invention, the selection in step (c) is 

carried out under competitive conditions. Competitive conditions as used herein means that 

selection of muteins encompasses at least one step in which the muteins and the given non­

natural ligand of human Lipocalin 2 (target) are brought in contact in the presence of an 

additional ligand, which competes with binding of the muteins to the target. This additional 

ligand may be a physiological ligand of the target, an excess of the target itself or any other 

non-physio10gica11igand of the target that binds at least an overlapping epitope to the epitope 

recognized by the muteins of the invention and thus interferes with target binding of the 

muteins. Alternatively, the additional ligand competes with binding of the muteins by 

comp1exing an epitope distinct from the binding site of the muteins to the target by allosteric 

effects. 

[00109] An embodiment of the phage display technique (reviewed in Kay, B.K. et al. 

(1996), supra; Lowman, H. B. (1997) supra or Rodi, D. J., and Makowski, L. (1999), supra) 

using temperent M13 phage is given as an example of a selection method that can be 

employed in the present invention. Another embodiment of the phage display technology that 

can be used for selection of muteins of the invention is the hyperphage phage technology as 

described by Broders et al. (Broders et al. (2003) "Hyperphage. Improving antibody 

presentation in phage display." Methods Mol. BioI. 205:295-302). Other temperent phage 

such as f1 or lytic phage such as T7 may be employed as well. For the exemplary selection 

method, M13 phagemids are produced which allow the expression of the mutated lipocalin 

nucleic acid sequence as a fusion protein with a signal sequence at the N-terminus, preferably 

the OmpA-signal sequence, and with the capsid protein pIlI of the phage M13 or fragments 

thereof capable of being incorporated into the phage capsid at the C-tenninus. The C-terminal 

fragment ilpIII of the phage capsid protein comprising amino acids 217 to 406 of the wild 

type sequence is preferably used to produce the fusion proteins. Especially preferred in one 

embodiment is a C-terminal fragment of pIlI, in which the cysteine residue at position 201 is 

missing or is replaced by another amino acid. 

[00110] Accordingly, a further embodiment of the methods of the invention involves 

operably fusing a nucleic acid coding for the plurality of muteins of human Lipocalin 2 and 

resulting from mutagenesis at the 3' end with a gene coding for the coat protein pIlI of a 
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filamentous bacteriophage of the M13-family or for a fragment of this coat protein, in order to 

select at least one mutein for the binding of a given ligand. 

[00111] The fusion protein may comprise additional components such as an affinity tag, 

which allows the immobilization, detection and/or purification of the fusion protein or its 

parts. Furthennore, a stop codon can be located between the sequence regions encoding the 

lipocalin or its muteins and the phage capsid gene or fragments thereof, wherein the stop 

codon, preferably an amber stop codon, is at least partially translated into an amino acid 

during translation in a suitable suppressor strain. 

[00112] For example, the phasmid vector pTLPC27, now also called pTlc27 that is 

described here can be used for the preparation of a phagemid library encoding human 

Lipocalin 2 muteins. The inventive nucleic acid molecules coding for the hNGAL muteins are 

inserted into the vector using the two BstXI restriction sites. After ligation a suitable host 

strain such as E. coli XLI-Blue is transformed with the resulting nucleic acid mixture to yield 

a large number of independent clones. A respective vector can be generated for the 

preparation of a hyperphagemid library, if desired. 

[00113] The resulting library is subsequently superinfected in liquid culture with an 

appropriate M13-helper phage or hyperphage in order to produce functional phagemids. The 

recombinant phagemid displays the lipocalin mutein on its surface as a fusion with the coat 

protein pUI or a fragment thereof, while the N-terminal signal sequence of the fusion protein 

is normally cleaved off. On the other hand, it also bears one or more copies of the native 

capsid protein pIlI supplied by the helper phage and is thus capable of infecting a recipient, in 

general a bacterial strain carrying an F- or F-plasmid. In case of hyperphage display, the 

hyperphagemids display the lipocalin muteins on their surface as a fusion with the infective 

coat protein pIU but no native capsid protein. During or after infection with helper phage or 

hyperphage, gene expression of the fusion protein between the lipocalin mutein and the capsid 

protein pUI can be induced, for example by addition of anhydrotetracycline. The induction 

conditions are chosen such that a substantial fraction of the phagemids obtained displays at 

least one lipocalin mutein on their surface. In case of hyperphage display induction conditions 

result in a population of hyperphagemids carrying between three and five fusion proteins 

consisting of the lipocalin mutein and the capsid protein pIlI. Various methods are known for 

isolating the phagemids, such as precipitation with polyethylene glycol. Isolation typically 

occurs after an incubation peliod of 6-8 hours. 

[00114] The isolated phasmids can then be subjected to selection by incubation with the 

desired target, wherein the target is presented in a form allowing at least temporary 

immobilization of those phagemids which can'y muteins with the desired binding activity as 

fusion proteins in their coat. Among the various embodiments known to the person skilled in 

the art, the target can, for example, be conjugated with a carrier protein such as serum 
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albumin and be bound via this carrier protein to a protein binding surface, for example 

polystyrene. Microtiter plates suitable for ELISA techniques or so-called "immuno-sticks" can 

prefelTably be used for such an immobilization of the target. Alternatively, conjugates of the 

target with other binding groups, such as biotin, can be used. The target can then be 

immobilized on a sUlface which selectively binds this group, for example microtiter plates or 

paramagnetic particles coated with streptavidin, neutravidin or avidin. If the target is fused to 

an Fc portion of an immunoglobulin, immobilization can also be achieved with surfaces, for 

example microtiter plates or paramagnetic particles, which are coated with protein A or 

protein O. 

[00115] Non-specific phagemid-binding sites present on the surfaces can be saturated with 

blocking solutions as they are known for ELISA methods. The phagemids are then typically 

brought into contact with the target immobilized on the surface in the presence of a 

physiological buffer. Unbound phagemids are removed by multiple washings. The phagemid 

particles remaining on the surface are then eluted. For elution, several methods are possible. 

For example, the phagemids can be eluted by addition of proteases or in the presence of acids, 

bases, detergents or chaotropic salts or under moderately denaturing conditions. A preferred 

method is the elution using buffers of pH 2.2, wherein the eluate is subsequently neutralized. 

Alternatively, a solution of the free target can be added in order to compete with the 

immobilized target for binding to the phagemids or target-specific phagemids can be eluted 

by competition with immunoglobulins or naturalliganding proteins which specifically bind to 

the target of interest. 

[00116] Afterwards, E. coli cells are infected with the eluted phagernids. Alternatively, the 

nucleic acids can be extracted from the eluted phagemids and used for sequence analysis, 

amplification or transformation of cells in another manner. Starting from the E. coli clones 

obtained in this way, fresh phagemids or hyperphagemids are again produced by 

superinfection with M13 helper phages or hyperphage according to the method described 

above and the phagemids amplified in this way are once again subjected to a selection on the 

immobilized target. Multiple selection cycles are often necessary in order to obtain the 

phagemids with the muteins of the invention in sufficiently em1ched form. The number of 

selection cycles is preferably chosen such that in the subsequent functional analysis at least 

0.1 % of the clones studied produce muteins whh detectable affinity for the given target. 

Depending on the size, i.e. the complexity of the library employed, 2 to 8 cycles are typically 

required to this end. 

[00117] For the functional analysis of the selected muteins, an E. coli strain is infected with 

the phagemids obtained from the selection cycles and the conesponding double stranded 

phasmid DNA is isolated. StaJiing from this phasmid DNA, or also from the single-stranded 

DNA extracted from the phagemids, the nucleic acid sequences of the selected muteins of the 

26 



invention can be determined by the methods known in the art and the amino acid sequence 

can be deduced therefrom. The mutated region or the sequence of the entire hNOAL mutein 

can be sub cloned on another expression vector and expressed in a suitable host organism. For 

example, the vector pTLPC26 now also called pT1c26 can be used for expression in E. coli 

strains such as E. coli TO 1. The muteins of human Lipocalin 2 thus produced can be purified 

by various biochemical methods. The hNGAL muteins produced, for example with pT1c26, 

carry the affinity peptide Strep-tag II (Schmidt et aI., supra) at their C-tennini and can 

therefore preferably be pmified by streptavidin affinity chromatography. 

[00118] The selection can also be carried out by means of other methods. Many 

corresponding embodiments are known to the person skilled in the art or are described in the 

literature. Moreover, a combination of methods can be applied. For example, clones selected 

or at least enriched by "phage display" can additionally be subjected to "colony screening". 

This procedure has the advantage that individual clones can directly be isolated with respect 

to the production of a human Lipocalin 2 mutein with detectable binding affinity for a target. 

[00119] In addition to the use of E. coli as host organism in the "phage display" technique 

or the "colony screening" method, other bacterial strains, yeast or also insect cells or 

mammalian cells can be used for this purpose. Further to the selection of a human Lipocalin 2 

mutein from a random library as described above, evolutive methods including limited 

mutagenesis can also be applied in order to optimize a mutein that already possesses some 

binding activity for the target with respect to affinity or specificity for the target. 

[00120] Once a mutein with affinity to a given target has been selected, it is additionally 

possible to subject such a mutein to another mutagenesis in order to subsequently select 

variants of even higher affinity or variants with improved properties such as higher 

thermo stability, improved serum stability, thennodynamic stability, improved solubility, 

improved monomeric behavior, improved resistance against thermal denaturation, chemical 

denaturation, proteolysis, or detergents etc. This further mutagenesis, which in case of aiming 

at higher affinity can be considered as in vitro "affinity maturation", can be achieved by site 

specific mutation based on rational design or a random mutation. Another possible approach 

for obtaining a higher affinity or improved properties is the use of error-prone PCR, which 

results in point mutations over a selected range of sequence positions of the lipocalin mutein. 

The error-prone PCR can be can'ied out in accordance with any known protocol such as the 

one described by Zaccolo et al. (1996) 1. Mol. BioI. 255, 589-603. Other methods of random 

mutagenesis thatare suitable for such purposes include random insertion/deletion (RID) 

mutagenesis as described by Murakami et al. (2002) Nat. Biotechnol. 20, 76-81 or 

nonhomologous random recombination (NRR) as described by Bittker et al. (2002) Nat. 

Biotechnol. 20,1024-1029. If desired, affinity maturation can also be carried out according to 

the procedure described in WO 00175308 or Schlehuber et al. (2000) 1. Mol. BioI. 297, 1105-
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1120, where muteins of the bilin-binding protein having high affinity to digoxigenin were 

obtained. A further approach for improving the affinity is to carry out positional saturation 

mutagenesis. In this approach "small" nucleic acid libraries can be created in which amino 

acid exchanges/mutations are only introduced at single positions within any of the four loop 

segments. These libraries are then directly subjected to a selection step (affinity screening) 

without further rounds of panning. This approach allows the identification of residues that 

contribute to improved binding of the desired target and allows identification of "hot spots" 

that are important for the binding. 

[00121] In one embodiment, the above method for modifying a mutein further includes 

introducing a Cys residue at at least one of any of the sequence positions that correspond to 

sequence positions 14, 21, 60, 84, 88, 116, 141, 145, 143, 146 or 158 of the wild type 

sequence of human Lipocalin 2 and coupling a moiety that is able to modify the serum half 

time of said mutein via the thiol group of a Cys residue introduced at at least one of any of the 

sequence positions that correspond to sequence positions 14, 21, 60, 84, 88, 116, 141, 145, 

143, 146 or 158 of the wild type sequence of hNGAL. The moiety that is able to modify the 

serum half time of said mutein may be selected from the group consisting of a polyalkylene 

glycol molecule and hydroxyethylstarch. 

[00122] In a further aspect, the present invention is directed to a mutein of human Lipocalin 

2 having detectable binding affinity to a given non-natural ligand of human Lipocalin 2, 

which is obtainable by or obtained by the above-detailed methods of the invention. 

[00123] In some human Lipocalin 2 muteins of the invention, the naturally occurring 

disulfide bond between Cys 76 and Cys 175 is removed. Accordingly, such muteins (or any 

other human Lipocalin 2 mutein that does not comprise an intramolecular disulfide bond) can 

be produced in a cell compartment having a reducing redox milieu, for example, in the 

cytoplasma of Gram-negative bacteria. 

[00124] In case a lipocalin mutein of the invention comprises intramolecular disulfide 

bonds, it may be preferred to direct the nascent polypeptide to a cell compartment having an 

oxidizing redox milieu using an appropriate signal sequence. Such an oxidizing environment 

may be provided by the periplasm of Gram-negative bacteria such as E. coli, in the 

extracellular milieu of Gram-positive bacteria or in the lumen of the endoplasmatic reticulum 

of eukaryotic cells and usually favors the formation of structural disulfide bonds. 

[00125] It is, however, also possible to produce a mutein of the invention in the cytosol of a 

host cell, preferably E. coli. In this case, the polypeptide can either be directly obtained in a 

soluble and folded state or recovered in form of inclusion bodies, followed by renaturation in 

vitro. A further option is the use of specific host strains having an oxidizing intracellular 

milieu, which may thus allow the fon-nation of disulfide bonds in the cytosol (Venturi et al. 

(2002) 1. Mol. BioI. 315, 1-8.). 
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[00126] However, a mutein of the invention may not necessarily be generated or produced 

only by use of genetic engineering. Rather, a lipocalin mutein can also be obtained by 

chemical synthesis such as Merrifield solid phase polypeptide synthesis or by in vitro 

transcription and translation. It is for example possible that promising mutations are identified 

using molecular modeling and then to synthesize the wanted (designed) polypeptide in vitro 

and investigate the binding activity for a given target. Methods for the solid phase and/or 

solution phase synthesis of proteins are well known in the art (reviewed, e.g., in Lloyd­

Williams et al. (1997) Chemical Approaches to the Synthesis of Pep tides and Proteins. CRC 

Press, Boca Raton, Fields, GB, and Colowick (1997) Solid-Phase Peptide Synthesis. 

Academic Press, San Diego, or Bruckdorfer et al. (2004) Curro Pharm. Biotechnol. 5,29-43). 

[00127] In another embodiment, the muteins of the invention may be produced by in vitro 

transcription/translation employing well-established methods known to those skilled in the 

art. 

[00128] The invention also relates to a phalmaceutical composition comprising at least one 

inventive mutein referred to in the claims or a fusion protein or conjugates thereof and, 

optionally, a phannaceutically acceptable excipient. 

[00129] The lipocalin muteins according to the invention can be administered via any 

parenteral or non-parenteral (enteral) route that is therapeutically effective for proteinaceous 

drugs. Parenteral application methods comprise, for example, intracutaneous, subcutaneous, 

intramuscular or intravenous injection and infusion techniques, e.g. in the form of injection 

solutions, infusion solutions or tinctures, as well as aerosol installation and inhalation, e.g. in 

the fonn of aerosol mixtures, sprays or powders. Non-parenteral delivery modes are, for 

instance, orally, e.g. in the form of pills, tablets, capsules, solutions or suspensions, or 

rectally, e.g. in the form of suppositories. The muteins of the invention can be administered 

systemically or topically in formulations containing conventional non-toxic phannaceutically 

acceptable excipients or carriers, additives and vehicles as desired. 

[00130] In one embodiment of the present invention the phannaceutical is administered 

parenterally to a mammal, and in particular to humans. Corresponding administration 

methods include, but are not limited to, for example, intracutaneous, subcutaneous, 

intramuscular 0)' intravenous injection and infusion techniques, e.g. in the form of injection 

solutions, infusion solutions or tinctures as well as aerosol installation and inhalation, e.g. in 

the form of aerosol mixtures, sprays or powders. A combination of intravenous and 

subcutaneous infusion and lor injection might be most convenient in case of compounds with 

a relatively short serum half life. The pharmaceutical composition may be an aqueous 

solution, an oil-in water emulsion or a water-in-oil emulsion. 

[00131] In this regard it is noted that transdennal delivery technologies, e.g. iontophoresis, 

sonophoresis or microneedle-enhanced delivery, as desclibed in Meidan and Michniak (2004) 
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Am. 1. Ther. 11(4), 312-316, can also be used for transdennal delivery of the muteins 

described herein. Non-parenteral delivery modes are, for instance, oral, e.g. in the fOlm of 

pills, tablets, capsules, solutions or suspensions, or rectal administration, e.g. in the form of 

suppositories. The muteins of the invention can be administered systemically or topically in 

formulations containing a variety of conventional non-toxic pharmaceutically acceptable 

excipients or can-iers, additives, and vehicles. 

[00132] The dosage of the mutein applied may vary within wide limits to achieve the 

desired preventive effect or therapeutic response. It will, for instance, depend on the affinity 

of the compound for a chosen ligand as well as on the half-life of the complex between the 

mutein and the ligand in vivo. Further, the optimal dosage will depend on the biodistribution 

of the mutein or its fusion protein or its conjugate, the mode of administration, the severity of 

the disease/disorder being treated as well as the medical condition of the patient. For example, 

when used in an ointment for topical applications, a high concentration of the human 

Lipocalin 2 mutein can be used. However, if wanted, the mutein may also be given in a 

sustained release formulation, for example liposomal dispersions or hydrogel-based polymer 

micro spheres , like PolyActive™ or OctoDEX™ (cf. Bos et al., Business Briefing: 

Phannatech 2003: 1-6). 

[00133] Accordingly, the muteins of the present invention can be formulated into 

compositions using pharmaceutically acceptable ingredients as well as established methods of 

preparation (Gennaro and Gennaro (2000) Remington: The Science and Practice of 

Pharmacy, 20th Ed., Lippincott Williams & Wilkins, Philadelphia, PA). To prepare the 

pharmaceutical compositions, pharmaceutically inert inorganic or organic excipients can be 

used. To prepare e.g. pills, powders, gelatine capsules or suppositories, for example, lactose, 

talc, stearic acid and its salts, fats, waxes, solid or liquid polyols, natural and hardened oils 

can be used. Suitable excipients for the production of solutions, suspensions, emulsions, 

aerosol mixtures or powders for reconstitution into solutions or aerosol mixtures prior to use 

include water, alcohols, glycerol, polyols, and suitable mixtures thereof as well as vegetable 

oils. 

[00134] The pharmaceutical composition may also contain additives, such as, for example, 

fillers, binders, wetting agents, glidants, stabilizers, preservatives, emulsifiers, and 

furthermore solvents or solubiHzers or agents for achieving a depot effect. The latter is that 

fusion proteins may be incorporated into slow or sustained release or targeted delivery 

systems, such as liposomes and microcapsules. 

[00135] The formulations can be sterilized by numerous means, including filtration through 

a bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid 

compositions which can be dissolved or dispersed in sterile water or other sterile medium just 

prior to use. 
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[00136] A mutein of the present invention or a fusion protein or a conjugate thereof can be 

employed in many applications. In general, such a mutein can be used in all applications 

antibodies are used, except those with specifically rely on the glycosylation of the Fc part. 

[00137] Therefore, in another aspect of the invention, the invented muteins of human 

Lipocalin 2 are used for the binding and/or detection of a given non-natural ligand of human 

Lipocalin 2. Such use may complise the steps of contacting the mutein with a sample 

suspected of containing the given ligand under suitable conditions, thereby allowing 

formation of a complex between the mutein and the given ligand, and detecting the 

complexed mutein by a suitable signal. 

[00138] The detectable signal can be caused by a label, as explained above, or by a change 

of physical properties due to the binding, i.e. the complex formation, itself. One example is 

plasmon surface resonance, the value of which is changed duling binding of binding partners 

from which one is immobilized on a surface such as a gold foil. 

[00139] The muteins of human Lipocalin 2 disclosed herein may also be used for the 

separation of a given non-natural ligand of human Lipocalin 2. Such use may comprise the 

steps of contacting the mutein with a sample supposed to contain said ligand under suitable 

conditions, thereby allowing formation of a complex between the mutein and the given 

ligand, and separating the mutein/ligand complex from the sample. 

[00140] In both the use of the mutein for the detection of a given non-natural ligand as well 

as the separation of a given ligand, the mutein and/or the target may be immobilized on a 

suitable solid phase. 

[00141] The human Lipocalin 2 muteins of the invention may also be used to target a 

compound to a pre-selected site. In one such embodiment, a mutein of human Lipocalin 2 is 

used for the targeting of a phannaceutically active compound to a pre-selected site in an 

organism or tissue, complising of: 

a) conjugating the mutein with said compound, and 

b) delivering the muteinlcompound complex to the pre-selected site. 

[00142] For such a purpose the mutein is contacted with the compound of interest in order 

to allow complex formation. Then the complex comprising the mutein and the compound of 

interest are delivered to the pre-selected site. This may, for example, be achieved by coupling 

the mutein to a targeting moiety, such as an antibody, antibody fragment or lipocalin mutein 

or lipocalin mutein fragment wit binding affinity for the selected target. 

[00143] This use is in particular suitable, but not restricted to, for delivering a drug 

(selectively) to a pre-selected site in an organism, such as an infected body pmi, tissue or 

organ which is supposed to be treated with the drug. Besides fonnation of a complex between 

mutein and compound of interest, the mutein can also be reacted with the given compound to 

yield a conjugate of mutein and compound. Similar to the above complex, such a conjugate 
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may be suitable to deliver the compound to the pre-selected target site. Such a conjugate of 

mutein and compound may also include a linker that covalently links mutein and compound 

to each other. Optionally, such a linker is stable in the bloodstream but is cleavable in a 

cellular environment. 

[00144] The muteins disclosed herein and its derivatives can thus be used in many fields 

similar to antibodies or fragments thereof. In addition to their use for binding to a support, 

allowing the target of a given mutein or a conjugate or a fusion protein of this target to be 

immobilized or separated, the muteins can be used for labeling with an enzyme, an antibody, 

a radioactive substance or any other group having biochemical activity or defined binding 

characteristics. By doing so, their respective targets or conjugates or fusion proteins thereof 

can be detected or brought in contact with them. For example, muteins of the invention can 

serve to detect chemical structures by means of established analytical methods (e.g. ELISA or 

Western Blot) or by microscopy or immunosensorics. Here, the detection signal can either be 

generated directly by use of a suitable mutein conjugate or fusion protein or indirectly by 

immunochemical detection of the bound mutein via an antibody. 

[00145] Numerous possible applications for the inventive muteins also exist in medicine. In 

addition to their use in diagnostics and drug delivery, a mutant polypeptide of the invention, 

which binds, for example, tissue- or tumor-specific cellular surface molecules can be 

generated. Such a mutein may, for example, be employed in conjugated form or as a fusion 

protein for "tumor imaging" or directly for cancer therapy. 

[00146] Thus, the present invention also involves the use of the human Lipocalin 2 muteins 

of the invention for complex fonnation with a given non-natural ligand or target. 

[00147J In a further aspect, the present invention also encompasses the use of a mutein 

according to the invention for the manufacture of a phannaceutical composition. The 

pharmaceutical composition thus obtained may be suited for the treatment of 

neugrodegenerative disorders, such as Alzheimer disease. The phannaceutical composition 

can also be used for the treatment of cancer, the treatment of fibrosis 1'0 the treatment of an 

inflammation. The pharmaceutical composition may be used as monotherapy or as 

combination therapy. 

[00148] In still another aspect, the present invention features a diagnostic or analytical kit 

comprising a mutein according to the present invention. 

[00149J Another aspect of the present invention relates to a method of treating a subject 

suffering from a neurodegenerative disease, or cancer, or fibrosis, or an inflammation, 

including administering a respective mutein of the invention or a phannaceutical composition 

comprising a mutein of the invention to a subject in need thereof. 
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[00150] The subject in need of such a treatment may be a mammal, such as a human, a dog, 

a mouse, a rat, a pig, an ape such as cymologous monkeys to name only a few illustrative 

examples. 

[00151] In still another aspect, the present invention features a method for in vivo imaging 

in a subject, including administering to said subject a mutein of the invention or a 

pharmaceutical composition comprising a mutein of the invention. The subject may be 

defined as above. 

[00152] The invention is further illustrated by the following non-limiting Examples and the 

attached drawings in which: 

[00153] Figure 1 illustrates the PCR assembly strategy for the simultaneous random 

mutagenesis of the 20 amino acid positions 36,40, 41, 49, 52, 68, 70, 72, 73, 77, 79 81, 96, 

100, 103, 106, 125, 127, 132, and 134 (underlined and numbered) in the amino acid sequence 

of the mature Lcn2. These 20 positions were divided into four sequence subsets. For 

randomization of the amino acids in each subset an oligodeoxynucleotide was synthesized 

(SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4) wherein NNK mixtures of the 

nucleotides were employed at the mutated codons. N means a mixture of all four bases A, C, 

G, and T while K means a mixture of only the two bases G and T; hence such a triplet 

encodes all 20 natural amino acids as well as the amber stop codon TAG, which is translated 

as glutamine in the E. coli supE-strains XLI-blue (Bullock et aI., BioTechniques 5 (1987), 

376-378) or TG 1 (Sambrook et aI., Molecular Cloning. A Laboratory Manual (1989), Cold 

Spring Harbor Press) that were used for phagemid production and gene expression. Four 

additional oligodeoxynucleotides (SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 

NO:8) with fixed nucleotide sequences corresponding to the non-coding strand (written below 

the DNA double strand sequence in 3'-5' direction) and filling the gaps between the 

aforementioned oligodeoxynucleotides were also used in the assembly reaction. Two shorter 

flanking oligodeoxynucleotides (SEQ ID NO:9 and SEQ ID NO:10), which were added in 

excess and carried biotin groups, served as primers for the PCR amplification of the 

assembled, entirely synthetic gene fragment. The two flanking primers each encompassed a 

BstXI restriction site (CCANNNNNNTGG), giving rise to mutually non-compatible 

overhangs upon enzyme digest. This special arrangement of restriction sites enabled a 

particularly efficient ligation and cloning of the synthetic gene. Substitution of the amino acid 

Gln28 to His with respect to the original Lcn2 sequence was necessary to introduce the first 

BstXI site, while the second one naturally occurs in the cDNA of Lcn2. Furthermore, the 

unpaired residue Cys87 was replaced by Ser during the gene assembly. After one pot PCR the 

resulting gene fragment was inserted into a vector providing the missing parts of the Lcn2 

structural gene. This illustration also depicts two ShOlt primers (SEQ ID NO: 45 and SEQ ID 
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NO: 46) upstream and downstream, respectively, of the cassette flanked by the two BstXI 

restriction sites, which served for double stranded DNA sequencing. 

[00154] Figure 2 illustrates the nucleotide sequence of a library of synthetic Lcn2 genes 

(only the central cassette flanked by the two BstXI restriction sites, as in Figure 1, is shown). 

This gene fragment was prepared by Sloning BioTechnology GmbH. Compared with the 

ONA library described in Figure 1 there are two differences. First, whenever possible codons 

optimized for E. coli expression were used throughout for the non-mutated amino acid 

positions. Second, a mixture of 19 different triplets (GAC, TIC, CTG, CAC, AAT, AGC, 

ACC, GCA, ATG, CCT, GTT, TGG, GAG, CAA, ATC, GGA, CGT, GCA, TAC), each 

encoding a different amino acid except Cys, was employed at the 20 randomized positions, 

which are identical to the ones depicted in Figure 1. Numbering of amino acids corresponds 

here to an internal scheme employed by Sloning BioTechnology GmbH, whereby Gly no. 1 is 

the first amino acid codon directly following the upstream BstXl restriction site. 

[00155] Figure 3 shows the SEC elution profiles of the recombinant Af) fusion proteins 

Trx -Af)28 (A) and MBP-Af)40 (B) after expression in E. coli. The purity of both the synthetic 

Af)40 and the recombinant Af) fusion proteins was assessed by SDS-PAGE analysis (C). Both 

fusion proteins were expressed in the cytoplasm of E. coli JM83. After disruption of the cells 

with a French Pressure Cell the proteins were purified via His6-tag affinity chromatography 

and then further applied to a Superdex 75 HR 10/30 column in the case of Trx-Af)28 or to a 

Superdex 200 HR 10/30 column in the case of MBP-Af)40. Both proteins eluted mainly as 

monomer in the size exclusion chromatography and were essentially homogeneous after 

purification. A~40 was obtained from the Keck Foundation, treated with HFIP, evaporated in 

a SpeedVac and finally dissolved in distilled H20. The 15% gel shows samples of A~40 after 

the HFIP treatment and Trx-A~28 and MBP-A~40 after IMAC purification and SEC. M 

depicts the molecular weight marker with the corresponding band sizes in kOa displayed on 

the left of the gel. 

[00156] Figure 4 represents an overlay of the SEC elution profiles of the Lcn2 muteins Hl­

Gl, Sl-A4, and US7 (A) and the analysis of the purified proteins via 15% SOS-PAGE (B). 

The three Lcn2 muteins HI-GI, SI-A4, and US7 were expressed in the periplasm of E. coli 

JM83 or TGI-F (as shown here) and purified via Strep-tag II affinity chromatography. All 

three muteins eluted predominantly as monomeric proteins from the Superdex 75 HR 10/30 

column with a retention volume of 10 to 11 ml. Peak intensities differed depending on the 

expression yield of the particular mutein. (B) shows a 15% SOS-PAGE analysis of 

recombinant wild-type Lcn2 (lanes 1, 5) and the muteins US7 (lanes 2, 6), HI-G 1 (lanes 3, 7), 

and S I-A4 (lanes 4, 8) after Strep-tag II affinity purification and SEC. Lanes 1-4 show the 

Lcn2 muteins reduced with 2-mercaptoethanol, lanes 5-8 show the proteins under non-
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reducing conditions. M represents the molecular weight marker with the corresponding band 

sizes in kDa displayed on the left of the gel. 

[00157] Figure 5 depicts the binding activity of the Lcn2 muteins HI-OI, SI-A4, and US7 

in capture ELISAs whh different biotinylated A~ targets. StrepMAB-Immo at 10 Ilg/ml was 

immobilized on micro titre plates and employed for capturing of 1 IJ,M Lcn2 muteins via the 

Strep-tag II. In figures A to C the binding of the Lcn2 muteins SI-A4 and US7 to (A) 

biotinylated A~40, (B) biotinylated Trx-A~28, and (C) biotinylated MBP-A~40 are shown. 

Binding was detected by incubation with ExtrA vidinl AP and a subsequent chromogenic 

reaction with pNPP. Ovalbumin (Ova), thioredoxin (Trx), and maltose binding protein (MBP) 

were used as negative controls. Additionally, binding of wild-type (wt) lipocalin was tested. 

The data were fitted to a monovalent binding model. Figure D shows the same ELISA setup 

performed with Lcn2 HI-0l and biotinylated A~40 and Trx-A~28 as targets. KD values 

determined for A~40 were 2.7 nM for SI-A4, 6.8 nM for US7, and 16.2 nM for HI-GI, 

corresponding values for Trx-A~28 were 1.9 nM, 2.4 nM, and 24.3 nM. Binding to MBP­

A~40 showed a KD value of 4.7 nM for SI-A4 and 11.4 nM for US7. Accordingly KD values 

for A~16-27 were 2.6 nM and 2.1 nM. 

[00158] Figure 6 shows the binding activity of the Lcn2 muteins SI-A4 and US7 in a direct 

ELISA. The A~ targets Trx-A~28 and MBP-A~40 as well as the control protein maltose 

binding protein (MBP) were immobilized at 2 IJ,M in PBS over night. Bound Lcn2 muteins 

were detected via their Strep-tag II using Streptavidinl AP followed by a chromogenic reaction 

with pNPP. As a control, the binding of wild-type (wt) lipocalin was tested. The data were 

fitted to a monovalent binding model. KD values determined for Trx-A~28 were 16.2 nM for 

SI-A4 and 9.6 nM for US7, corresponding values for MBP-A~40 were 149 nM and 49.7 nM. 

[00159] Figure 7 shows the binding activity of the Lcn2 muteins SI-A4 (A) and US7 (B) in 

a competitive ELISA. StrepMAB-Immo was ilmnobilized at 10 IJ,g/ml on microtitre plates 

and employed for capturing of 1 IJ,M Lcn2 mutein via the Strep-tag II. For competition, a 

constant concentration of biotinylated Trx-A~28 as tracer was mixed with varying 

concentrations of unlabeled Trx-A~28. Bound biotinylated Trx-A~28 was subsequently 

detected via incubation with ExtrAvidin/AP followed by a chromogenic reaction with pNPP. 

The data were fitted using a sigmoidal equation. The KD values were 21.7 nM for SI-A4 and 

76.9 nM for US7. 

[00160] Figure 8 depicts the kinetic real time analysis of Lcn2 muteins S1-A4 (A) and US7 

(B) measured on a Biacore instrument at a flow rate of lOlli/min. The MBP-A~40 fusion 

protein was coupled via amine chemistry on a CMD 200! chip (LlRU = 1455) and each of the 

purified Lcn2 muteins was applied in a series at different concentrations. The measured signal 

is shown as a grey line whereas the curve fit is depicted as a black line in each case. The kon 
and kofr rates of both muteins differed significantly CkonCS1-A4) = 0.48.105 M-1s-1, kon(US7) = 
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2.02.105 M-1s-1
, koff(S 1-A4) = 8.36,10-5 s-\ koff(US7) = 25.2.10-5 

S-l). However, the overall KD 

values were quite similar with 1.74 nM for S1-A4 and 1.25 nM for US7. 

[00161] Figure 9 shows the functional activity of the Lcn2 muteins Sl-A4 and US7 tested 

in a thioflavin T aggregation assay. 100 /-lM A/340 was incubated with 10 /-lM ofUS7, Sl-A4, 

wild-type (wt) lipocalin or with PBS at 37°C without shaking. At indicated time points 20 /-ll 

of each sample were mixed with 180 /-ll of 5 /-lM thioflavin T and fluorescence was measured 

with an excitation wavelength of 450 nm and an emission wavelength of 482 nm. The Lcn2 

mutein US7 showed potent inhibition of aggregation at a ratio of 1:10 (US7:A/340). Sl-A4 

was not able to significantly inhibit aggregation at this ratio but exerted clear inhibition at a 

ratio of 1:2 (Sl-A4:A/340) (not shown). The wild type Lcn2 did not reveal an inhibitory effect 

on A/3 aggregation. 

[00162] Figure 10 shows SDS-PAGE analysis, after staining with Coomassie brilliant blue, 

of recombinant ED-B (lane 1), FN7B8 (lane 2), and FN789 (lane 3) after ion exchange 

chromatography. All samples were reduced with 2-mercaptoethanol. M: molecular weight 

marker (Fermentas, St. Leon-Rot, Germany). 

[00163] Figure 11 shows SDS-PAGE analysis, after staining with Coomassie brilliant blue, 

of Lcn2 muteins N7 A (lane 1), N7E (lane 2), N9B (lane 3), and N10D (lane 4) after Strep-tag 

II affinity purification. All samples were reduced with 2-mercaptoethanol. M: molecular 

weight marker (Fermentas, St. Leon-Rot, Germany). 

[00164] Figure 12 depicts binding activity in the ELISA. A microtiter plate was coated 

with the purified proteins FN7B8 and FN789 and incubated with a dilution series of the 

selected Lcn2 muteins, followed by detection with Streptavidin-alkaline-phosphatase 

conjugate and pNPP substrate. Recombinant Lcn2 muteins N7 A, N9B, and N 1 OD revealed 

negligible signals in this assay for FN789, which lacked the ED-B and served as a negative 

control. 

[00165] Figure 13 depicts the kinetic real time analysis of Lcn2 mutein N9B measured on a 

Biacore instrument. FN7B8 was coupled via amine chemistry to a CMD 200 m sensor chip 

(ilRU = 500) and the purified Lcn2 mutein was applied at varying concentrations. The 

measured signal is shown as a grey line whereas the curve fit is depicted as a black line in 

each case. The kinetic constants determined from this set of curves are listed in Table 2 

(Example 17). 

[00166] Figure 14 depicts the kinetic real time analysis of Lcn2 mutein N7E measured on a 

Biacore instrument. FN7B8 was coupled via amine chemistry to a CMD 200 m sensor chip 

(ilRU = 500) and the purified Lcn2 mutein was applied at varying concentrations. The 

measured signal is shown as a grey line whereas the curve fit is depicted as a black line in 

each case. The kinetic constants determined from this set of curves are listed in Table 2 

(Example 17). 
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[00167] Figure 15 depicts the kinetic real time analysis of Lcn2 mutein N7 A measured on a 

Biacore instrument. FN7B8 was coupled via amine chemistry to a CMD 200 m sensor chip 

(~RU = 500) and the purified Lcn2 mutein was applied at varying concentrations. The 

measured signal is shown as a grey line whereas the curve fit is depicted as a black line in 

each case. The kinetic constants determined from this set of curves are listed in Table 2 

(Example 17). 

[00168] Figure 16 depicts the kinetic real time analysis ofLcn2 mutein NI0D measured on 

a Biacore instrument. FN7B8 was coupled via amine chemistry to a CMD 200 m sensor chip 

(~RU = 500) and the pmified Lcn2 mutein was applied at varying concentrations. The 

measured signal is shown as a grey line whereas the curve fit is depicted as a black line in 

each case. The kinetic constants determined from this set of curves are listed in Table 2 

(Example 17). 
[00169] Figure 17 illustrates a sequence alignment of human Lcn2 muteins designated S 1-

A4 (SEQ ID NO: 39), US-7 (SEQ lD NO: 41), HI-Gl (SEQ ID NO: 43), N7A (SEQ ID NO: 

20), N7E (SEQ ID NO: 22), N9B (SEQ ID NO: 24) and NI0D (SEQ ID NO: 26) with Lcn2. 

The last line below the sequences indicates secondary structural features of the lipocalin 

(Schonfeld et al. (2009) Proc. NatI. Acad. Sci. USA 106, 8198-8203). 

[00170] Figure 18 represents an overlay of the SEC elution profiles of the Lcn2 muteins 

HIGA and HIGV (A), and the analysis of the purified proteins via 15% SDS-PAGE (B). The 

two Lcn2 muteins HIGA and HIGV were expressed in the periplasm of E. coli JM83 and 

purified via Strep-tag II affinity chromatography. Both muteins eluted predominantly as 

monomeric proteins from the Superdex 75 HR 10/30 column with a retention volume of 10 to 

11 ml. Peak intensities differed depending on the expression yields of the lTIuteins, (B) shows 

a 15% SDS-PAGE analysis of recombinant Lcn2 muteins HI-Gl, HIGA, and HIGV after 

Strep-tag II affinity purification and SEC. All three Lcn2 muteins are shown under reduced 

conditions using 2-mercaptoethanol. M represents the molecular weight marker. 

[00171] Figure 19 depicts the binding activity of the Lcn2 muteins HlGA, HIGV, and Hl­

G1 in capture ELISAs with the biotinylated AB targets AB40 (A) and Trx-AB28 (B). 

StrepMAB-hnmo was immobilized at 10 Ilgl1nl on micro titre plates and employed for 

capturing of 1 11M Lcn2 muteins via the Strep-tag II. Binding of the biotinylated targets, 

applied in a dilution series, was then detected by incubation with ExtrA vidinl AP and a 

subsequent chromogenic reaction with pNPP. Biotinylated ovalbumin (Ova) and thioredoxin 

(Trx) served as negative controls and exhibited no binding to the Lcn2 muteins (not shown). 

The data were fitted to a monovalent binding model. KD values determined for A~40 were 4.2 
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nM for HIGA, 4.9 nM for HIGV, and 21.5 nM for HI-Gl; corresponding values for Trx­

A~28 were 3.8 nM, 4.2 nM, and 24.4 nM, respectively. 

[00172] Figure 20 depicts the kinetic real time analysis of Lcn2 muteins HIGA (A) and 

HIGV (B) measured on a Biacore X instrument at a flow rate of 20 Ill/min. The MBP-A040 

fusion protein was coupled via amine chemistry to a CMD 2001 chip (i1RU = 1316) and each 

of the purified Lcn2 muteins was applied in a series at varying concentrations. The measured 

signal is shown as a grey line while the curve fit is depicted as a black line in each case. The 

kon and koff rates of both muteins were calculated as follows: kon(HIGA) = 5.77·104 M-ls-

1, kon(HIGV) = 6.84·104 M-ls-1, koff(HIGA) = 2.75·10-5 s-1, koff(HIGV) = 7.26·10-5 s-

1. The overall KD values were 0.476 nM for HIGA and 1.06 nM for HIGV. 

[00173] Figure 21 depicts the kinetic real time analysis of the Lcn2 mutein HIGA 

measured on a Biacore T100 instrument with immobilized A040 using an extended 

dissociation time for a trace measured at high concentration. The target peptide A040 was 

coupled via amine chemistry onto the Biacore CM5 chip (i1RU = 325), and the purified Lcn2 

mutein HIGA was applied at a flow rate of 30 Ill/min. For exact determination of the low koff 

rate, dissociation was performed for 7200 s at the highest concentration tested. kon rates were 

determined using the dilution series of the Lcn2 mutein HI GA with both association and 

dissociation times of 300 s. The kinetic values for HIGA were determined as follows: kon = 
1.25·105 M-1s-1, koff = 1.18·10-5 s-l, and KD = 0.095 nM. 

[00174] Figure 22 (A) shows the functional activity of the Lcn2 mutein H1GA tested in a 

thioflavin T aggregation assay. 500 III of 1 mg/ml monomeric A0 was incubated in the 

absence or presence of different molar ratios of Lcn2 mutein HIGA in 0.5 x PBS at 37°C 

with stirring. Aggregation reactions were prepared in triplicates. For fluorescence 

measurement 20 III of a sample taken at periodic intervals was each mixed with 180 III ThT at 

a final concentration of 50 11M in 0.5 x PBS and analysed at an excitation wavelength of 450 

nm and an emission wavelength of 482 nm. The Lcn2 mutein HIGA showed potent inhibition 

of aggregation at an equimolar ratio. At a subequimolar ratio of 10:2 (A040:HIGA) 

aggregation was still significantly reduced. (B) In contrast, equimolar amounts of neither BSA 

nor Lcn2 as negative controls had an inhibitory effect on the aggregation of A~40. 

[00175] Figure 23 summarizes the KD values determined in the different ELISA setups as 

well as in surface plasmon resonance measurements for the Lcn2 muteins HIGA and HIGV. 
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[00176] Figure 24 illustrates a sequence alignment of the Lcn2 muteins SI-A4 (SEQ ID 

NO: 39), US7 (SEQ ID NO: 41), HI-Gl (SEQ ID NO: 43), HIGA (SEQ ID NO: 50), HIGV 

(SEQ ID NO: 52), N7 A (SEQ ID NO: 20), N7E (SEQ ID NO: 22), N9B (SEQ ID NO: 24), 

and NI0D (SEQ ID NO: 26) with Lcn2 (SEQ ID NO: 44). 

[00177] Figure 25 illustrates a mutual sequence alignment of the muteins HIGA (SEQ ID 

NO: 50) and HIGV (SEQ ID NO: 52) with their precursor HI-Gl (SEQ ID NO: 43) and the 

wt Lcn2 (SEQ ID NO: 44). 

[00178] Figure 26 illustrates specific binding activity of the Lcn2 Variant N7E for FN7B8 

in an ELISA. A microtiter plate was coated with FN7B8, FN789, BSA or ovalbumin and 

incubated with a dilution series of N7E, followed by detection with streptavidin-alkaline­

phosphatase conjugate and pNPP substrate. The Lcn2 variant N7E revealed negligible signals 

in this assay for FN789, BSA and ovalbumin. 

[00179] Figure 27 depicts the kinetic real time analysis of Lcn2 variants N7 A (A), N7E 

(B), N9B (e) and NI0D (D) measured on a Biacore X instrument. The single fibronectin 

domain ED-B was coupled via amine chemistry to a CMD 200 m sensor chip (.6RU =180) 

and the purified Lcn2 variants were applied at varying concentrations. The measured signals 

are shown as traces together with the curve fits. The kinetic constants detennined from these 

sensorgrams are listed in Table 3 (Example 24). 

[00180] Figure 28 depicts the analytical size exclusion chromatography of Lcn2 variants 

N7 A (A), NI0D (B), N9B ce) and N7E CD). Affinity-purified protein was applied to a 

Superdex S75 10/30 column equilibrated with TBS. The arrows indicate the exclusion volume 

of the column (6.7 ml). Analytical gel filtration resulted in a prominent peak for each of the 

four Lcn2 variants. The apparent molecular weight of the proteins was 21.0 kDa for N7 A, 

21.3 kDa for NI0D, 21.7 kDa for N9B and 21.7 kDa for N7E, indicating the presence of only 

monomeric species. 

[00181] Example 1: Construction of a mutant Lcn2 phage display library 

[00182] A combinatorial library of Lcn2 variants was generated on the basis of the cloned 

cDNA (Breustedt et al. (2006) Biochim. Biophys. Acta 1764, 161-173), which carried the 

amino acid substitutions eys87Ser, to remove the single unpaired thiol side chain (Goetz et al. 

(2000) Biochemistty 39, 1935-1941), as well as Gln28His to introduce a second BstXI 

restriction site. Mutagenesis and polymerase chain reaction (peR) assembly of this region 

was essentially performed according to a published strategy (Beste et al. (1999) Proc. Natl. 
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A cad. Sci. USA 96, 1898-1903; Skerra (2001) 1. Biotechnol. 74,257-275), this time using a 

one pot amplification reaction with oligodeoxynucleotides (SEQ ID NO: 1-10) as illustrated 

in Figure 1. Oligodeoxynucleotides were designed such that the primers with SEQ ID NO: 1-

4 corresponded to the coding strand and carried degenerate codons at the amino acid positions 

36, 40,41, 49, 52, or 68, 70, 72, 73, 77, 79, 81, or 96, 100, 103, 106, or 125, 127, 132, 134 

respectively, while primers with SEQ ID NO: 5-8 corresponded to the non-coding strand and 

did not carry degenerate codons or anticodons. The two flanking primers with SEQ ID NO: 9 

and SEQ ID NO: 10 were used in excess and served for the amplification of the assembled 

randomized gene fragJTlent. All PCR steps were performed using Go-Taq Hot Start DNA 

polymerase (Promega, Mannheim, Germany) as described (Schlehuber et al. (2000) 1. Mol. 

BioI. 297, 1105-1120). 

[00183] Oligodeoxynucleotides that did not carry degenerate codons were purchased in 

HPLC grade from Metabion (Munich, Germany). NNK-containing oligodeoxynucleotides 

were purchased desalted from the same vendor and further purified by urea PAGE. The 

resulting DNA library was cut with BstXI (Promega, Mannheim, Germany) and cloned on 

the phagenud vector phNGALI02 (SEQ ID NO: 11), which is based on the generic 

expression vector pASK111 (Vogt and Skerra (2001) 1. Mol. Recognit. 14 (1), 79-86) and 

codes for a fusion protein composed of the OmpA signal peptide, the modified mature Lcn2, 

followed by an amber codon, and the C-terminal fragment of the gene III coat protein of the 

filamentous bacteliophage M13, i.e. similar as previously described for the bilin-binding 

protein (Beste et aI., supra; Skerra, supra). After electroporation of E. coli XLI-Blue (Bullock 

et aI. (1987) Biotechniques 5, 376-378) with the ligation mixture of 8,4 ).lg digested PCR 

product and 94 ).lg digested plasmid DNA, 1 x 10 10 transformants were obtained. 

[00184] Alternatively, a cloned synthetic Lcn2 random library, which is described in Figure 

2, was obained from Sloning BioTechnology GmbH (Puchheim, Gennany). The central gene 

cassette flanked by the two BstXI restriction sites was amplified via PCR in 20 cycles using 

appropriate primers (SEQ ID NO: 9 and SEQ ID NO: 10) and subcloned on phNGALI08 

(SEQ ID NO: 12) yielding a library with a complexity corresponding to 1,7 x 1010 independent 

transfonnants. phNGALI08, which is based on the generic expression vector pASK75 

(SkeiTa (1994) Gene 151, 131-135), codes for a fusion protein composed of the Omp A signal 

peptide, the modified mature Lcn2, the Strep-tag fol1owed by an amber codon, and the full 

length gene III coat protein of the filamentous bacteriophage M13 (Vogt and Skerra (2004) 

ChemBioChem 5,191-199). 

[00185] The following steps in library generation were pedormed identically for both Lcn2 

librmies. 100 rnl of the culture, containing the cells which were transformed with the phasmid 

vectors on the basis of phNGAL102 or phNGALl 08, respectively, coding for the library of 

the lipocalin muteins as phage pIlI fusion proteins, were transferred to a sterile Erlenmeyer 
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flask and incubated for one hour at 37°C, 160rpm in 2YT medium without antibiotic 

selection pressure. Before infection with VCS-M13 helper phage the culture was diluted in 

2YT medium to an OD550 of 0,1 with the corresponding antibiotic added and further grown 

under identical conditions until an OD550 of 0,6 was reached. After infection with VCS-M13 

helper phage (Agilent Technologies, La Jolla, USA) at a multiplicity of infection of 

approximately 10 the culture was shaken for additional 30 min at 37°C, 100 rpm. Then the 

incubator temperature was lowered to 26 °C and the shaker speed was increased again to 160 

rpm, after 10 min kanamycin (70 fig/ml) was added, followed by induction of gene expression 

via addition of anhydrotetracycline (ACROS Organics, Geel, Belgium) at 25 fig/I (125 fil of a 

200 fig/ml stock solution in dimethylformamide, DMF per liter of culture). Incubation 

continued for another 12-15 hat 26°C, 160 rpm. 

[00186] Cells from the complete culture were sedimented by centrifugation (30 min, 18000 

g, 4°C). The supernatant containing the phagemid particles was sterile-filtered (0.45 fim), 

mixed with 114 volume 20 % w/v PEG 8000, 15 % w/v NaCl, and incubated on ice for at least 

2 h. After centrifugation (30 min, 18000 g, 4 0c) the precipitated phagemid particles from 1 

liter of culture were dissolved in 30 ml of cold BBS/E (200 mM Na-borate, 160 mM NaCI, 1 

mM EDTA pH 8.0) containing 50 mM benzamidine (Sigma) and Pefabloc 1 fig/ml (Roth, 

Karlsruhe, Germany). The solution was incubated on ice for 1 h. After centrifugation of 

undissolved components (10 min, 43000 g, 4 0c) each supernatant was transferred to a new 

reaction vessel. 

[00187] Addition of 114 volume 20 % w/v PEG 8000, 15 % w/v NaCI and incubation for 60 

min on ice served to reprecipitate the phagemid particles until the phagemids were aliquoted 

and frozen at -80°C for storage. For the first selection cycle phagemids were thawed and 

centrifuged (30 min, 34000 g, 4°C), the supernatant was removed, and the precipitated 

phagemid particles were dissolved and combined in a total of 400 fil PBS containing 50 mM 

benzamidine. After incubation for 30 min on ice the solution was centrifuged (5 min, 18500 g, 

4°C) in order to remove residual aggregates and the supernatant was used directly for the 

phage display selection. 

[00188] Example 2: Preparation of AB targets in different formats 

[00189] AP40 peptide (SEQ ID NO: 29), corresponding to amino acids 1 to 40 of the 

mature beta-amyloid sequence (Dodel et al. (2003) Lancet Neurology 2, 215-220), was 

purchased as synthetic, lyophilized peptide either with a C-terminal biotin group attached via 

a lysine spacer (Peptide Speciality Laboratory, Heidelberg, Germany) or in a non-labeled 

fonn (W. M. Keel<: Laboratory, New Haven, USA). Homogeneously monomeric AP40 was 

obtained by dissolving up to 5 mg of the peptide in 0.5 mL of 1,1 ,1,3,3,3-hexafluoro-2-

propanol (HFIP; Sigma-Aldrich, Steinheim, Germany) at room temperature for at least 0.5 h. 

Subsequently, HFIP was evaporated in a SpeedVac concentrator, and AP40 was dissolved in a 
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suitable volume of distilled H20 followed by sonication (Bandelin, Sonorex, RKI00, 

Germany) in cold water for 15 min. After filtration with a 0.22 !-Lm filter (Spin-X Centrifuge 

Tube Filter; Corning, USA), protein concentration was detennined by absorption 

measurement at 280 nm using the calculated extinction coefficient of 1490 M-1cm-1 (Gasteiger 

et al. (2003) ExPASy: the proteomics server for in-depth protein knowledge and analysis. 

Nucleic Acids Res. 31, 3784-3788, http://www.expasy.ch/tools/protparam.html). 

[00190] Shorter versions of the beta-amyloid peptide, such as the N-terminal peptide A~l-

11 (SEQ ID NO: 30) and the central peptide A~16-27 (SEQ ID NO: 31), were also purchased 

from the Peptide Speciality Laboratory. These shorter versions were dissolved straight in the 

buffer of choice without previous HFIP treatment. 

[00191J In addition to the synthetic peptides, two vectors encoding different recombinant 

A~ fusion proteins were constructed for the purpose of bacterial expression: First, a fusion 

protein with the maltose binding protein (MBP, pMBP-His, SEQ ID NO: 32) was constructed 

according to H011schansky et al. «2005) Protein Sci. 14, 1753-1759) resulting in pASK75-

MBP-Abeta40 (SEQ ID NO: 33). Second, pASK75-TrxAbeta28H6 (SEQ ID NO: 34), in 

which amino acids 1 to 28 of the mature amyloid peptide were inserted into the active site 

loop of thioredoxin (Trx, pASK75-TrxH6, SEQ ID NO: 35), was constructed according to 

Moretto et al. «2007) 1. BioI. Chem. 282, 11436-11445). 

[00192] Sequential cloning of human A~40 carrying an extended N-terminus in frame with 

the gene of the maltose binding protein yielded the new plasmid pASK75-MBP-A~40 a 

derivative of the vector pASK75 (Skerra (1994) Gene 151, 131-135). This vector encodes a 

fusion protein of the maltose binding protein followed by a His6-tag for facile protein 

purification, a tobacco etch virus (TEV) recognition site for cleavage of the fusion protein as 

well as the sequence of human A~40. The vector is under tight control of the tetracycline 

promoter/operator system and allows expression of the fusion proteins in high yields in the 

cytoplasm of E. coli. 

[00193] The sequence coding for amino acid 1 to 28 of the mature amyloid peptide (A~28) 

was inserted into the thioredoxin loop via a unique CpoI site in the active site loop of 

thioredoxin (nucleotide position 99-105, corresponding to amino acid residues 34 and 35) 

yielding the vector pASK75-Trx-Abeta28H6. 

[00194] Both A~ fusion proteins, Trx-A~28 and MBP-A~40, as wen as the unfused control 

proteins Trx and MBP were expressed in E. coli JM83 (Yanisch-PelTon et al. (1985) Gene 33, 

103-119) at 37°C. Protein expression was induced at an optical density ODsso of 0.5 by 

adding 200 !lg/l anhydrotetracycline (aTc; Acros, Geel, Belgium) dissolved in water-free 

dimethylfonnamide (DMF; Sigma-Aldrich, Steinheim, Gennany) and continuing incubation 

with agitation for 3 h. Cells were harvested by centrifugation at 4200 g at 4 °C for 20 min. 

The cell pellets from a 2 L culture were resuspended in 20 mllysis buffer (100 mM Tris/HCl 
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pH 8.0, 50 mM NaCI, 1 mM EDTA) and the resulting suspension was homogenized by three 

passages through a French Pressure CelL Insoluble material was removed by centrifugation 

(34500 g, 4°C, 20 min), the supernatant was filtered with a 0.45 11m filter (Filtropur S 0.45; 

Sarstedt, Nuembrecht, Germany) and used for affinity purification via the His6-tag of each 

protein. After immobilized metal affinity chromatography (IMAC) the fusion proteins were 

further purified via size exclusion chromatography (SEC). 

[00195] Protein concentrations were determined by absorption measurement at 280 nm 

using calculated extinction coefficients of 66350 M-lcm-l for MBP (SEQ ID NO: 32) 69330 

M-lcm-l for MBP-AP40 (SEQ ID NO: 33), 15470 M-lcm-l for Trx-AP28 (SEQ ID NO: 34), 

and 13980 M-lcm-l for Trx (SEQ ID NO: 35) (Gasteiger et al., supra). 

[00196J For the following experiments both AP fusion proteins, Trx-AP28 and MBP-AP40, 

as well as ovalbumin (Ova; Sigma-Aldrich, Steinheim, Germany), Trx, and MBP, which 

served as control proteins, were labeled with either biotin or digoxigenin (DIG) at a molar 

ratio of 2: 1 (labelling reagent: target protein). 

[00197J To this end, D-biotinoy1-E-aminocaproic acid-N-hydroxysuccinimide ester (Roche 

Diagnostics, Mannheim, Gennany) or digoxigenin-3-0-methylcarbonyl-E-aminocaproic acid­

N-hydroxysuccinimide ester (Roche Diagnostics, Mannheim, Gennany) dissolved in water­

free dimethylformamide (DMF; Sigma-Aldrich, Steinheim, Gennany) or dimethylsulfoxide 

(DMSO; Sigma-Aldrich, Steinheim, Germany) was added in a 2-fold molar ratio to the 

protein in PBS (4 mM KH2P04, 16 mM Na2HP04, 115 mM NaCI, pH 7.4). The mixture was 

rotated for 1 h at room temperature. Then, 1 M Tris/HCl pH 8.0 was added to a final 

concentration of 10 mM and incubated for 10 min to saturate remaining active NHS ester 

groups, and the labeled proteins were purified via SEC on a Superdex 75 HR 10/30 column 

(Amersham-Phannacia, Freiburg, Germany). To be used as target in phage display selection, 

Trx-AP28 was first labeled with digoxigenin for 1 h, then - to block any unpaired Cys 

residues - a 50-fold molar excess of iodoacetamide (Sigma-Aldrich, Steinheim, Germany) 

was added, followed by incubation for lh. Subsequently, the modified protein was treated 

with 1 M Tris/HCI pH 8.0 and pmified as above. 

[00198J Example 3: Selection of Lcn2 muteins with affinity to the AB40 peptide by phage 

display 

[00199J For each panning cycle about 1012 recombinant phagemids in PBS (4 mM KH2P04, 

16 mM Na2HP04, 115 mM NaCl, pH 7.4) were blocked with 2 % (w/v) BSA in PBS/T (PBS 

containing 0.1 % (v/v) Tween 20 [polyoxyethylene sorbitan mono1aurate; AppliChem, 

Darmstadt, Germany]) for 1 h. Portions of 50 and of 25 ilL of Streptavidin-coated magnetic 

bead suspension (Dynabeads M-280 Streptavidin; Dynal Biotech, Invitrogen, Karlsmhe, 

Germany and Streptavidin Magnetic Particles; Roche Diagnostics, Mannheim, Gennany) 

were separately washed with PBS/T and blocked with 2 % (w/v) BSA in PBS/T for 1 h. The 
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25 !J,L of blocked beads were used for preadsorption of the blocked phagemids to remove 

phagemids specific for the beads, the 50 !lL were used later for the selection cycle. 

[00200] The blocked phagemids were incubated for 30 min with the 25 !J,L washed and 

blocked Streptavidin-coated magnetic beads. The beads were then pulled down with a single 

tube magnetic stand (Promega, Mannheim, Germany) for 2 min, and the supernatant 

containing phagemids not bound to the beads was incubated for 1-2 h with 100 nM 

biotinylated A~40 from Example 2 in a total volume of 400 flL. The mixture of phagemids 

and peptide target was then incubated for 0.5 h with the 50 !lL blocked beads and 

subsequently pulled down with a single tube magnetic stand for 2 min. The supernatant 

containing unbound phagemids was discarded. The target/phagemid complexes bound to 

magnetic beads were washed 10 times with 400 !lL PBSIT, and then bound phagemids were 

eluted under rotation for 10 min with 350 !J,L 0.1 M glycine/HCl, pH 2.2, followed by 

immediate neutralization with 55 !J,L 0.5 M Tris base. Alternatively, elution was performed 

under denaturing conditions with 400 !lL 4 M urea in PBS for 30 min, followed by dilution 

with 1 mL PBS. Elution under denaturing conditions with either acid or urea was applied for 

selection cycles 1 and 2 whereas for cycles 3 and 4 elution was performed under conditions of 

competition by adding 400 !lL 100 flM non-biotinylated A~40 to the beads with the bound 

phagemids and rotation for 1 h. In total, 4 selection cycles were performed. 

[00201] For amplification of eluted phagemids an exponentially growing culture of E. coli 

XL-1 Blue was infected for 30 min at 37°C. Remaining bead-bound phagemids were eluted 

by addition of E. coli XL-1 Blue in the exponential growth phase directly to the beads. After 

centrifugation at 4 °C the bacterial pellet was resuspended in a suitable volume of 2x YT 

medium (16 giL Bacto Tryptone, 10 giL Bacto Yeast Extract, 5 giL NaCl, pH 7.5), plated 

onto LB-Cam plates (10 giL Bacto Tryptone, 5 giL Bacto Yeast Extract, 5 giL NaCl, 15 giL 

Bacto Agar, 35 mg/L chloramphenicol, pH 7.5), and incubated for 14-16 h at 32°C. Cells 

were then scraped off the plates and employed for rescue and reamplification of the 

recombinant phagemids. 

[00202] Screening of the enriched phagemid pools was performed by a screening ELISA 

(Example 5) after the fourth panning step. 

[00203] Example 4: Selection of Lcn2 muteins with affinity to the Trx-AB28 fusion protein 

by phage display 

[00204] For each panning cycle about 1012 recombinant phagemids in PBS (4 mM KH2P04, 

16 mM Na2HP04, 115 mM NaCI, pH 7.4) were first blocked for 1 h with 2 % (w/v) BSA in 

PBS/T (PBS containing 0.1 % (v/v) Tween 20) for cycles 1 and 2. From selection cycle 3 

onwards, 2 % (w/v) skim milk (Sucofin, TSI, Zeven, Germany) in PBS/T was used as 

blocking reagent. 50 and 25 !J,L anti-DIG-IgG coated magnetic bead suspension (Europa 
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Bioproducts Ltd, Cambridge, UK) were washed with PBS/T, and separately blocked for 1 h 

with 2 % (w/v) BSA in PBS/T or skim milk. 

[00205] The blocked phagemids were incubated for 30 min with the washed and blocked 25 

/-LL anti-DIO-IgO coated magnetic beads. The beads were then pulled down with a single tube 

magnetic stand (Promega, Mannheim, Oennany) for 2 min, and the supernatant containing 

phagemids not bound to the beads was incubated for 30 min with 15 /-LM non-labeled Trx 

fromExample 2 to remove phagemids specific for Trx. Digoxigenated and carboxymethylated 

Trx-AB28 from Example 2 was then added to a final concentration of 100 nM, and the 

mixture was incubated for 1-2 h in a total volume of 400 /-LL. The mixture of phagemids, Trx, 

and Trx-AB28 was then incubated with the drained blocked beads from the 50 /-lL portion for 

0.5 h. The beads were then pulled down with a single tube magnetic stand for 2 min. The 

supernatant containing unbound phagemids was discarded. The magnetic beads with the 

bound phagemids were washed 10 times with 500 /-LL PBSIT. Subsequently, bound 

phagemids were eluted under rotation for 30 min in 400 /-LL 4 M urea in PBS, followed by 

dilution with 1 mL PBS. In total, 6 selection cycles were performed. 

[00206] For amplification of eluted phagemids an exponentially growing culture of E. coli 

XL-1 Blue was infected for 30 min at 37°C. Remaining bead-bound phagemids were eluted 

by addition of E. coli XL-l Blue in the exponential growth phase directly to the beads. After 

centrifugation at 4 °C the bacterial pellet was resuspended in a suitable volume of 2x YT 

medium (16 giL Bacto Tryptone, 10 giL Bacto Yeast Extract, 5 giL NaCl, pH 7.5), plated 

onto LB-Cam plates (10 giL Bacto Tryptone, 5 giL Bacto Yeast Extract,S giL NaCl, 15 giL 

Bacto Agar, 35 mg/L chloramphenicol, pH 7.5), and incubated for 14-16 h at 32°C. Cells 

were then scraped off the plates and employed for rescue and reamplification of the 

recombinant phagemids. 

[00207] Screening of the enriched phagemid pools was performed by a filter-sandwich 

colony screening assay (Example 6) after the sixth panning step. 

[00208] Example 5: Identification of Lcn2 muteins specific for AS via screening ELISA 

[00209] After four cycles of phagemid selection with AB40 as described in Example 3, the 

enriched pool of Lcn2 muteins was subcloned on phNOAL98 (SEQ ID NO: 27), used for 

transfonnation of the E. coli supE strain T01-F (a derivative of E. coli K12 T01 (Kim et al. 

(2009) 1. Am. Chem. Soc. 131, 3565-3576), and subjected to screening ELISA. 

[00210] For this purpose, single colonies from the enriched pool were grown in 96-well 

plates (Multiple Well Plate 96 round bottom with lid; Sarstedt, Nuembrecht, Oennany) in 

100 /-lL TB-Amp medium (12 giL Bacto Tryptone, 24 giL Bacto Yeast Extract, 55 mM 

glycerol, 17 mM KH2P04, 72 mM K2HP04 , 100 mg/L ampicillin) at 37°C over night. A new 

plate with 100 /-lL TB-Amp medium was inoculated with the overnight cultures, and grown to 

exponential phase at 22 °e or 37 °e. Periplasmic expression of Lcn2 muteins was induced 
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with 20 ilL 0.2 Ilg/mL anhydrotetracycline (aTc; Acros, Gee!, Belgium) dissolved in water­

free dimethylformamide (DMF; Sigma-Aldrich, Steinheim, Gennany) for 13-17 h at 20°C. 

Periplasmic proteins were released with 40 ilL BBS (800 mM Na-borate, 640 mM NaCl, 8 

mM EDTA, pH 8.0) including 1 mg/mL lysozyme by incubation for 1 hat 4°C and agitation 

at 750 rpm (Thermomixer Comfort, Eppendorf, Hamburg, Germany). After blocking with 40 

ilL 10 % (w/v) BSA in PBS/T (4 mM KH2P04, 16 mM Na2HP04, 115 mM NaCI, pH 7.4 with 

0.05 % (v/v) Tween 20) for 1 h at 4°C and 750 rpm the plates were centrifuged for 10 min at 

4 °C and 3000 g. The supematant was used for ELISA. 

[00211] For selective capturing of the Lcn2 muteins carrying the C-terminal Strep-tag II 

(Schmidt and Skerra (2007) Nat. Protoc. 2, 1528-1535), a 96-well MaxiSorp polystyrene 

micro titre plate (Nunc, Langenselbold, Gennany) was coated with 10 Ilg/mL StrepMAB­

hnmo (IBA, Gottingen, Germany) in PBS over night at 4 °C and blocked with 3 % (w/v) BSA 

in PBS/T (PBS with 0.1 % (v/v) Tween 20) at room temperature for 1 h. After 3 washing 

steps with PBS/T, 120 ilL of the cell extract from above was applied per well and incubated 

for 1.5 h at 300 rpm. After washing, biotinylated A~40 from Example 2 was added at a 

concentration of 0.5 11M and incubated for 1 h. As a control, biotinylated Ova instead of A~40 

was used. The wells were washed again, and bound biotinylated peptide or protein was 

detected with 50 ilL of ExtrAvidin/AP conjugate (Sigma-Aldrich, Steinheim, Gennany) 

diluted 1 :5000 in PBS/T for 1 h, followed by signal development in the presence of 100 flL 

0.5 mg/mL p-nitrophenyl phosphate (AppliChem, Dannstadt, Gennany) in 100 mM Tris/HCI, 

pH 8.8, 100 mM NaCl, 5 mM MgCb for up to 1 h. Absorption at 405 nm was measured in a 

SpectraMax 250 reader (Molecular Devices, Sunnyvale, USA). 

[00212] Alternatively, 0.5 flM non-biotinylated A~40 from Example 2 was directly 

immobilized onto a 96-well MaxiSorp polystyrene microtitre plate (Nunc, Langenselbold, 

Germany), followed by blocking. After incubation with the cell extract from above and 

washing, bound Lcn2 muteins were detected via the Strep-tag II using a 1: 1500 dilution of 

Streptactin/AP conjugate (IBA, Gottingen, Gennany). As a control, 0.5 flM Ova was 

immobilized onto the ELISA plate. 

[00213] Example 6: Identification of Lcn2 muteins specific for Trx-A628 via filter­

sandwich colony screening assay 

[00214] After six cycles of phagemid selection with Trx-A~28 as described in Example 4, 

the mutagenized Lcn2 gene cassette was subcloned via BstXI (Fermentas, St. Leon-Rot, 

Germany) on the plasmid phNGALI 24 (SEQ ID NO: 42), which encodes a fusion of the 

OmpA signal peptide, the Lcn2-coding region with the C-terminal Strep-tag II (Schmidt and 

Skerra (2007) Nat. Protoc. 2, 1528-1535) followed by an amber stop codon as well as a gene 

for the albumin-binding domain (ABD) from streptococcal protein G (Schlehuber et al. 

(2000) 1. Mol. BioI. 297, 1105-1120). 
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[00215] Then, a filter-sandwich colony screening assay was performed, whereby the Lcn2-

ABD fusion proteins were released from the colonies plated on a hydrophilic filter membrane 

(PVDF type GVWP, 0.22 j.lm; Millipore, Schwalbach, Germany) and functionally captured 

on an underlying second membrane (hnmobilon-P membrane, 0.45 j.lm; Millipore, 

Schwalbach, Germany) coated with human serum albumin (HSA, Sigma-Aldrich, Steinheim, 

Germany) following a procedure described in detail by Schlehuber et al. «2000) 1. Mol. BioI. 

297, 1105-1120). This membrane was probed with 100 nM of DIG-labeled Trx-AP28 from 

Example 2 in PBS/T for 1 h. The bound target conjugate was detected with an anti-DIG 

Fab/alkaline phosphatase (AP) conjugate (Roche Diagnostics, Mannheim, Germany) followed 

by a chromogenic reaction with 5-bromo-4-chloro-3-indolyl phosphate, 4-toluidine salt 

(BCIP; AppliChem, Darmstadt, Germany) and nitro blue tetrazolium (NBT; AppliChem, 

Darmstadt, Germany). Having identified spots with intense colour signals on this membrane, 

the corresponding colonies were picked from the first filter and propagated for side by side 

comparison in a secondary colony screen. 

[00216] For this purpose isolated bacteria as well as bacteria expressing control Lcn2 

muteins, such as the wild-type lipocalin, were stippled onto a fresh hydrophilic membrane and 

grown until small colonies became visible. Binding was tested both for the DIG-labeled Trx­

AP28 as well as for the DIG-labeled control proteins Trx and Ova. Lcn2 muteins that gave 

rise to specific signals for the Trx-Ap28 target in this secondary screen were further 

propagated for plasmid isolation and subsequent sequence analysis. 

[00217] Example 7: Soluble production and purification of Lcn2 muteins specific for AS 

andED-B 

[00218] The recombinant Lcn2 and its muteins were produced by periplasmic secretion in 

E. coli BL21 (Studier and Moffat (1986) .1. Mol. BioI. 189, 113-130), E. coli W311 0 

(Bachmann (1990) Microbial. Rev. 54, 130-197), E. coli JM83 (Yanisch-Perron et al. (1985) 

Gene 33, 103-119) or the E. coli supE strain TGI-F (a derivative of E. coli K12 TG1 [Kim et 

al. (2009) 1. Am. Chern. Soc. 131, 3565-3576] that was cured from its episome using 

acridinium orange). For soluble protein expression the plasmid phNGAL98 (SEQ ID NO: 27) 

was used, encoding a fusion of the OmpA signal peptide with the mature Lcn2 protein (SEQ 

ID NO: 28) and the C-tenninal Strep-tag II, whereby the plasmid can'ies the two non­

compatible BstXI restriction sites for unidirectional subc10ning of the mutated gene cassette. 

[00219] The soluble protein was affinity-purified by means of the Strep-tag II (Schmidt and 

Skerra (2007) Nat. Protoc. 2, 1528-1535), followed by size exclusion chromatography (SEC) 

on a Superdex 75 HR 10/30 column (Amersham-Phannacia, Freiburg, Gennany) using PBS 

buffer. Protein purity was checked by SDS-PAGE (Fling and Gregerson (1986) Anal. 

Biochem. 155, 83-88). Protein concentrations were detennined by absorption measurement at 

280 nm using calculated extinction coefficients of 31400 M-1cm-1 for wt Lcn2 (SEQ ID NO: 
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44) and of 26930 M-Icm-I for the A~ specific muteins HI-Gl (SEQ ID NO: 43), 24410 M­

Icm-I for Sl-A4 (SEQ ID NO: 38), and 26930 M-Icm-1 for US7 (SEQ ID NO: 41). The 

calculated extinction coefIicients of the ED-B specific Lcn2 muteins were 37930 M-1cm-1 for 

mutein N7A (SEQ ID NO: 20),22920 M-1cm-1 for N7E (SEQ ID NO: 22), 21430 M-Icm-1 for 

N9B (SEQ ID NO: 24), and 39420 M-1cm-1 for NlOD (SEQ ID NO: 26) (Gasteiger et al. , 

supra). 

[00220] Example 8: Measurement of binding activity for different AS targets in ELISA 

experiments 

[00221] For selective captming of the Lcn2 muteins carrying the C-tenninal Strep-tag II 

(Schmidt and Skena (2007) Nat. Protoc. 2, 1528-1535), a 96-well MaxiSorp polystyrene 

micro titre plate (Nunc, Langenselbold, Germany) was coated with 10 flg/mL StrepMAB­

Immo (lBA, G6ttingen, Gennany) in PBS over night at 4°C and blocked with 3 % (w/v) BSA 

in PBS/T at room temperature for 1 h. After 3 washing steps with PBS/T, 50 flL of a 1 flM 

solution of the purified Lcn2 muteins from Example 7 were applied to all wells for 1 h. After 

washing, 50 flL of a dilution series of the biotinylated targets A~40, MBP-A~40 or Trx-A~28 

from Example 2 were added and incubated for 1 h whereby the biotinylated fOlIDS of Ova, 

MBP and Trx from Example 2 served as negative control proteins. The wells were washed 

again and bound conjugate was detected with 50 J-lL of ExtrAvidin/AP conjugate (Sigma­

Aldrich, Steinheim, Germany) diluted 1:5000 in PBS/T for 1 h, followed by signal 

development in the presence of 100 J-lL 0.5 mg/mL p-nitrophenyl phosphate (AppliChem, 

DalIDstadt, Germany) in 100 mM Tris/HCl, pH 8.8, 100 mM NaCl, 5 mM MgCl2. The time 

course of absorption I1A/l1t at 405 nm was measured in a SpectraMax 250 reader (Molecular 

Devices, Sunnyvale, USA) and the data were fitted with KaleidaGraph software (Synergy 

software, Reading, PA) to the equation 

I1A = I1Amax x [L]tot / (KD + [L]tot) 

whereby [L]lot represents the concentration of the applied ligand conjugate and KD is the 

dissociation constant (Voss and Skena (1997) Protein Eng. 10,975-982). 

[00222] Alternatively, for a "direct" ELISA, 2 J-lM unlabeled A~40 target from Example 2 

was adsorbed onto a 96-well MaxiSorp polystyrene microtiter plate (Nunc, Langenselbold, 

Germany) and incubated with the purified Lcn2 mutein, which was detected via the Strep-tag 

II using a 1: 1500 dilution of Streptavidin/ AP conjugate (GE Healthcare UK Ltd, 

Buckinghamshire, UK). As a control, 2 J-lM MBP from Example 2 was adsorbed onto the 

ELISA plate. Absorption at 405 nm was measured in a SpectraMax 250 reader (Molecular 

Devices, Sunnyvale, USA). 

[00223] Alternatively, a "competitive" ELISA was perfonned in a similar manner as the 

"capture" ELISA described above. Again, after immobilizing StrepMAB-Imrno and washing, 

50 J-lL of a 1 flM solution of the pmified Lcn2 mutein from Example 7 was applied to all 
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wells for 1 h. After washing, the biotinylated target Trx-AB28 ii'om Example 2 was applied at 

a fixed concentration of 5 nM (for SI-A4) or 40 nM (for US7) in the presence of varying 

concentrations of the free non-labeled Trx-AB28 target as competitor. Starting with a 100-fold 

excess, the competitor concentration was decreased by the factor 3 in each step. hl this case, 

the data were fitted to the sigmoidal equation 

~A = (~Amax - ~Amin)l(l+ ([L]to/ree/KD)p) + ~Amin 

with curve slope p (Hill coefficient) as a fUliher parameter. 

[00224] The following table 1 summarizes the KD values determined in the different ELISA 

setups as well as in surface plasmon resonance (see Example 9). 

Table 1: 

KD [nM] 

Sl-A4 US7 H1-G1 

A~40 (Capture ELISA, see Fig. 5) 2.7 ± O.l 6.8 ± 0.4 16.2 ± 1.9 

Trx-AB28 (Capture ELISA, see Fig. 5) 1.9 ± 0.1 2.4 ± 0.2 24.3 ± 3.8 

MBP-Ar340 (Capture ELISA, see Fig. 5) 4.7 ± 0.1 11.4 ± 0.6 n.d. 

A~16.27 (Capture ELISA, see Fig. 5) 2.6 ± 0.3 2.1 ± 0.1 n.d. 

Trx-Ar328 (Direct ELISA, see Fig. 6) 16.2 ± 4.4 9.6 ± 1.7 290 ± 62 

MBP.Ar340 (Direct ELISA, see Fig. 6) 149 ± 31 49.7 ± 8.1 n.d. 

Trx.Ar328 (Comp. ELISA, see Fig. 7) 21.7 ± 1.5 76.9 ± 4.5 n.d. 

MBP.Ar340 (SPR, see Fig. 8, Example 9) 1.7 1.3 n.d. 

[00225] Example 9: Measurement of binding activity for AI) via surface plasmon resonance 

(SPR) 

[00226] Real time analysis of Lcn2 muteins was performed on a Biacore X system 

(Biacore, Uppsala, Sweden) using PBS/T (PBS containing 0.005 % (v/v) Tween 20) as 

running buffer. A 50 /1.g/mL solution of MBP-AB40 from Example 2 in 10 mM Na-acetate, 

pH 4.5 was immobilized onto a CMD 2001 chip (Xantec, Dusseldorf, Germany) using 

standard amine coupling chemistry, resulting in a ligand density of 1455 resonance units 

(RU). The purified Lcn2 muteins Sl-A4 and US7 from Example 7 were applied in 

concentrations ranging from 2 nM to 125 nM at a flow rate of 10 ).lLlmin. The sensorgrams 

were corrected by subtraction of the corresponding signals measured for the control channel, 

which had been activated and blocked with ethanolamine. Kinetic data evaluation was 

performed by fitting with BIAevaluation software V 3.0 (Karlsson et al. (1991) 1. Immunol. 

Methods 145, 229-240). During this step the kon and koff rates were fitted globally, while the 

maximum response difference Rmax was fitted locally for each curve. 
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[00227] Example 10: Determination of the A{3 epitope via epitope mapping on a SPOT 

membrane 

[00228] The SPOT membrane (Amino-PE0500-UC540 sheet, 100 x 150 mm, 1ntavis, 

Kaln, Germany) for mapping the A~ epitope of the Lcn2 muteins Sl-A4 and US7 was 

prepared in an automated procedure as described by Frank ((2002) 1. Immunol. Methods 262, 

13-26) using a MultiPep RS instrument (Intavis, Kaln, Germany) and activated amino acids 

from the same vendor. The A~40 amino acid sequence (SEQ 1D NO: 29) was synthesized on 

the membrane in successive hexamers, decamers, and pentadecamers, each with a dislocation 

of 1 amino acid, thus covering the entire sequence. The C-termini of these peptides became 

covalently attached to the membrane whereas their N-termini were acetylated. hnmobilized 

Strep-tag II served as a positive control for the detection method. 

[00229] Side chain deprotection was peIformed with 95 % trifluoroacetic acid (Sigma­

Aldrich, Steinheim, Gennany), 3 % triisopropylsilane (Sigma-Aldrich, Steinheim, Gennany), 

and 2 % distilled H20 for 2 h. After washing the membrane 4 times with dichloromethane 

(Sigma-Aldrich, Steinheim, Germany), twice with dimethylformamide (Sigma-Aldrich, 

Steinheim, Germany), and twice with ethanol, the membrane was air-dried. 

[00230] Prior to use, the membrane was washed once with ethanol, 3 times with PBS (4 

mM KH2P04, 16 mM Na2HP04, 115 mM NaCI, pH 7.4), and blocked with 3 % (w/v) BSA in 

PBS/T (PBS containing 0.1 % (v/v) Tween 20) for 1 h. After washing 3 times with PJ3S/T, the 

membrane was incubated with the Lcn2 mutein Sl-A4 (50 nM), US7 (100 nM) or wild-type 

Lcn2 (100 nM) in PBS/T for 1 h and washed 3 times with PBS/To Then, the membrane was 

incubated with a 1: 1500 dilution of Streptavidin/ AP conjugate (OE Healthcare, 

Buckinghamshire, UK) in PBS/T for 1 h for the protein detection via the Strep-tag II. 

Subsequently, the membrane was washed 3 times with PBS/T and once in AP buffer (100 

mM Tris/HCl, pH 8.8, 100 mM NaCl, 5 mM MgCh), followed by a chromogenic reaction 

with 5-bromo-4-chloro-3-indolyl phosphate, 4-toluidine salt (BC1P; AppliChem, Darmstadt, 

Germany) and nitro blue tetrazolium (NBT; AppliChem, Darmstadt, Germany) in AP buffer 

as described by Schlehuber et al. ((2000).T. Mol. BioI. 297,1105-1120). 

[00231] Comparison of the the membranes incubated with S 1-A4 and wild-type Lcn2, 

respectively, yielded prominent spots that only occun'ed upon incubation of the membrane 

with Sl-A4 and not with wild-type Lcn2. With the pentadecameric A~40 fragments the motif 

LVFFAED appeared to be essential for binding of Sl-A4. With the shorter hexameric and 

decameric peptide sequences binding of SI-A4 to the minimal motives VFFAED and 

FFAEDV was detected. The Lcn2 mutein US7 showed a very similar epitope profile in this 

assay. 

[00232] Example 11: Functional analysis of Lcn2 muteins with affinity to A{3 in a ThT 

aggregation assay 
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[00233] Solubilized and homogenously monomeric, non-biotinylated Aj340 £i'om Example 2 

was subjected to a thioflavin T aggregation assay in the presence or absence of various Lcn2 

muteins. Thioflavin T (ThT; Sigma-Aldrich, Steinheim, Gelmany) specifically binds to 13-
sheet-rich amyloid fibrils and oligomeric precursors but not to the monomeric Aj3 peptide, 

which is accompanied by an increase in ThT fluorescence (Khurana et al. (2005) J. Struct. 

Biol. 151,229-238). 

[00234] To this end, ThT was dissolved in distilled H20 to a concentration of 1 mM. The 

working solution was prepared by diluting the 1 mM stock solution to a final concentration of 

5 iJ-M with 5 mM glycine/NaOH, pH 8.5. 500 iJ-L of a 1:1 mixture of 200 iJ-M Aj340 in 

distilled H20 (dissolved according to Example 2) and 20 /-lM of the Lcn2 mutein from 

Example 7 in PBS was incubated at 37°C without agitation. Before each fluorescence 

measurement at different time points, samples were vortexed shortly 10 times and 20 iJ-L of 

the respective sample were mixed with 180 iJ-L of the ThT working solution. Fluorescence 

intensity was measured with an excitation wavelength of 450 nm and an emission wavelength 

of 482 nm in a luminescence spectrometer (LS 50 B, Perkin Elmer, Waltham, USA). 

[00235] As illustrated in Figure 9, the Lcn2 mutein US7 showed potent inhibition of Aj340 

aggregation at a ratio of 1: 10. 

[00236] Example 12: Preparation of recombinant fibronectin fragments containing the extra 

domain B (ED-B) 

[00237] Three different recombinant fragments of human fibronectin were used as targets 

for selection: the extra domain-B alone (termed ED-B; Zardi et al. (1987) EMBO Journal, 6, 

2337-2342), the same domain in context of its adjacent domains 7 and 8 (referred to as 

FN7B8), and FN789 comprising the conventional domains 7, 8 and 9, thus lacking ED-B 

(Carnemolla et al. (1996), Int. J. Cancer, 68, 397-405; Leahy et al. (1994) Proteins 19, 48-

54). 

[00238] Coding sequences of FN7B8, FN789, and ED-B were cloned on the vector 

pASK75 (Skerra (1994) Gene 151,131-135) or its derivative pASG-IBA-33 (IBA, Gottingen, 

Germany), yielding pASK75-FN7B8 (SEQ ID NO: 13), pASK75-FN789 (SEQ ID NO: 17), 

and pASG-IBA-33-EDB (SEQ ID NO: 15), respectively. All constructs provide a His6-tag at 

the carboxy terminus for the pmification via immobilized metal affinity chromatography 

(!MAC) and were produced as soluble proteins in the cytoplasm of E. coli TGl/F [a 

derivative of E. coli K12 TG 1 (Gibson (1984) Studies on the Epstein-Barr virus genome, 

Cambridge University, England)] or BL21 (Studier and Moffatt (1986), 189, 113-130). 

Therefore, a 2-L culture of E. coli harboring the expression plasmid was grown to mid-log 

phase at 37°C in LB-medium containing 100 iJ-g/ml ampicillin. After addition of 200 iJ-g/L 

anhydrotetracycline (Acros, Geel, Belgium) growth was continued for 5 to 7 h at 37°C. Cells 

were concentrated by centrifugation, resuspended in 35 ml ice-cold chromatography buffer 
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(40 mM Hepes/NaOH, 1 M NaCI, pH 7.5) and lysed by sonification (S250D, Branson, 

Danbury CT, USA). 

[00239] The purification protocol given below was the same for all three recombinant 

fibronectin fragments. The cleared lysate was applied to a Zn2+/IDA-Sepharose column (GE 

Healthcare, Munich, Germany) charged with 10 mM ZnS04 and equilibrated with 40 mM 

Hepes/NaOH, 1 M NaCl, pH 7.5. Bound Protein was eluted with a shallow gradient between 

o to 300 mM imidazole (pH adjusted with HCI) in chromatography buffer. Fractions 

containing recombinant protein were identified by SDS-PAGE, mixed with EDT A to a final 

concentration of 1 mM, and dialysed against 20 mM Hepes/NaOH, pH 7.4 overnight. 

Subsequently, the protein was loaded on an ion-exchange chromatography column (Resource 

Q, GE Healthcare, Munich, Germany) equilibrated with 20 or 40 mM Hepes/NaOH, pH 7.4. 

To elute bound fibronectin fragments a gradient between 0 and 300 mM NaCl was used. 

[00240] Finally, purity of the proteins was confirmed by SDS-P AGE analysis and size 

exclusion chromatography. To determine the concentration of proteins by absorption 

measurement at 280 nm, the following calculated extinction coefficients (Gasteiger et al. 

(2003) Nucleic Acids Res. 31, 3784-3788) were used: 31,400 M-Icm-I for FN7B8, 28420 M­

Icm-I for FN789, and 11460 M-Icm-I for ED-B. Typically, about 10 to 20 mg purified protein 

was obtained per 2-L shake flask culture. Purified proteins were stored at 4°C and used for all 

experiments. 

[00241] Purified fibronectin fragments were digoxigenin-Iabeled with an excess (4:1 molar 

ratio) of digoxigenin-3-0-methylcarbonyl-E-aminocaproic acid-N-hydroxysuccinimide ester 

(Roche Diagnostics, Mannheim, Germany) for 1 h at room temperature according to the 

supplier's manual. To remove free digoxigenin the protein solution was applied to a PD-IO 

desalting column (GE Healthcare, Munich, Germany) equilibrated with 40 mM Tris/HCI, 115 

mM N aCI and 1 mM EDT A, pH 7.S. Successful digoxigenation and integrity of the protein 

was checked by SDS-PAGE, ESI mass spectrometry or dot blot via staining with Anti­

Digoxigenin-AP, Fab fragment (Roche Diagnostics, Mannheim, Germany). 

[00242] Example 13: Selection of Lcn2 variants with affinity to ED-B by Phage Display 

[00243] Altogether four phagemid display selection cycles were carried out using the Lcn2 

random phagemid library based on the synthetic gene collection originally synthesized by 

Sloning BioTechnology GmbH as described in Example 1. For the first selection cycle about 

Sx1012 recombinant phagemids dissolved in 300 ilL TBS/E (40 mM Tris/HC1, l1S mM NaCl 

and 1 mM EDTA, pH 7.4) supplemented with 50 mM benzamidine were blocked for 30 min 

by adding 100 flL 8 % (w/v) BSA (Sigma-Aldrich, Munich, Germany) in TBS containing 0.4 

% (v/v) Tween 20 [polyoxyethylene sorbitan monolaurate; AppliChem, Darmstadt, 

Germany]). Then, this solution was incubated for 1 h with Anti-Digoxigenin IgG Magnetic 

Beads (Europa Bioproducts, Camblidge, UK) that had been blocked for 1 h with 2 % (w/v) 
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BSA in TBS/T (TBS containing 0.1 % (v/v) Tween 20) and charged with 400 fll of 0,1 flM 

digoxigenin-Iabeled recombinant FN7B8 (see Example 12). 

[00244] After collecting the beads via a magnet and discarding the supernatant, 10 washing 

steps with TBS/T were perfonned and remaining bound phagemids were first eluted with 400 

fllof 0.1 M triethylamine (pH not adjusted) for 6 min, followed by a second elution with 350 

fll of 0.1 M glycine/HCI, pH 2.2 for 8 min. Eluates were collected and immediately 

neutralized with an appropriate amount of 2 M acetic acid or 50fll 0.5 M Tris base, 

respectively, combined, and used to infect exponentially growing E. coli XLI-Blue. The 

phagemids were titered and reamplified plior to the next panning step following published 

protocols (Beste et al. (1999) PNAS 96, 1898-903; Schlehuber et al. (2000) J Mol Biol 297 

1109-20). 

[00245] For the second round of selection about 2x1012 amplified phagemids were used and 

elution of bound phagemids was perfonned by competition with 400 fll of 231 nmol/ml free 

recombinant ED-B for 75 min. 

[00246] In the third and fourth selection cycles about 2xl012 of the amplified phagemids 

were first incubated for 1 h with 100 nM digoxigenin-labeled FN7B8. Then, the phagemid­

antigen complexes were captured on Anti-Digoxigenin IgG Magnetic Beads for 20 min. After 

washing the beads ten times with TBSIT, bound phagemids were eluted by competition with 

400 fll of 140 to 231 nmol/ml of free recombinant ED-B for 75 min at room temperature. 

[00247] Example 14: Selection of Lcn2 valiants with affinity to ED-B by screening ELISA 

[00248] Enrichment of Lcn2 muteins resulting from the phage display selection described in 

Example 13 which specifically bind to the target protein ED-B was monitored by screening 

ELISA. Using the pooled phasmid preparation from the last panning step, the mutagenized 

gene cassette was subcloned via BstXI on the expression plasmid phNGAL98, which encodes 

a fusion of the OmpA signal peptide for the periplasmatic production in E. coli and the Lcn2 

coding region with the C-terminal Strep-tag II (Schmidt and SkelTa (2007) Nat. Protoc. 2, 

1528-1535). Soluble expression of individual Lcn2 muteins in 96-well plates was perfonned 

as follows: 100 fll TB medium (Tartof and Hobbs (1987) Bethesda Research Laboratory 

Focus 9, 12) containing 100 flg/ml ampicillin was inoculated with a single, randomly picked 

colony and incubated for 5 h at 37°C with shaking (500 to 800 rpm; Thermomixer comfort; 

EppendOlf, Hamburg, Germany). For each clone 100 fll of fresh medium was inoculated with 

10 fll of this culture and incubated for 1 to 2 h at 37°C with shaking followed by lowering the 

temperature to 22°C. After further incubation for 2-4 h expression of Lcn2 muteins was 

induced in exponentially growing cells for 12-14 h with 0.2 flg/ml anhydrotetracycline 

(Acros, Geel, Belgium). Peri plasmic release of proteins was effected by the addition of 40 fll 

2xBBS (0.2 M borate/NaOH, 160 mM NaCI, 1 mM EDTA, pH 8.0) containing 1mg/ml 

lysozyme (Roche Diagnostics, Mannheim, Germany) for 1 h at room temperature with 
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shaking. Lysates were blocked with 40/-11 10 % w/v BSA (Applichem, Darmstadt, Gennany) 

in TBS and 0,5 % Tween-20 for 1 h and cell debris was removed from the crude extract by 

centrifugation for 10 min. 

[00249] To adsorb FN7BS or FN789 on the surface of a 96-well Nunc Maxisorp plate 

(Thermo Fisher Scientific, Langenselbold, Germany) 50 /-11 of a 100 /-1g/ml protein solution in 

TBS was added per well and incubated overnight at 4°C. After three washing steps with 

TBS/T, wells were blocked with 2 % (w/v) BSA in TBS/T for 3 h at room temperature and 

washed repeatedly before exposition to crude extract from E. coli. For ELISA, 50 fll of the 

cleared lysate was applied per well, incubated for 1 h, followed by washing three times with 

TBS/T. Bound Lcn2 muteins were detected with Streptavidin-alkaline phosphatase conjugate 

(1:1500 in TBS/T; GE Healthcare, Munich, Germany) using the substrate 4-nitrophenyl 

phosphate (pNpp, 0.5 mg/ml; AppliChem GmbH, Darmstadt, Germany) in 0.1 M Tris/HC1, 

0.1 M NaCI, 5 mM MgCh, pH 8.S (see Example 16). 

[00250] Four clones were identified in this screening ELISA. In subsequent expeIiments 

(see Examples 16-18) these four Lcn2 muteins were found to also show specific binding 

activity for FN7B8 in ELISA, SPR-analysis, and in immunofluorescence microscopy of ED-B 

positive human colon cancer cells. These Lcn2 muteins were designated as N7 A (SEQ ID 

NO: 20), N7E (SEQ ID NO: 22), N9B (SEQ ID NO: 24), and NlOD (SEQ ID NO: 26). 

[00251] Example 15: Soluble protein production and puIification of Lcn2 and its variants 

[00252] See Example 7 for details. 

[00253] Example 16: Measurement of binding activity for ED-B in an ELISA 

[00254] To adsorb FN7B8 or FN789 onto the surface of a 96-well Nunc Maxisorp plate 

(Thermo Fisher Scientific, Langenselbold, Germany) 50 /-11 of a 100 /-1g/ml protein solution in 

TBS/E was added per well and incubated at room temperature for 2 h. Additionally, to 

include control proteins, blank wells were exposed to 120 /-11 2 % (w/v) BSA (AppliChem, 

Darmstadt, Germany) in TBS/ET. After three washing steps, wells were blocked with 120 fll 

2 % (w/v) BSA (AppliChem, Darmstadt, Germany) in TBS/ET for 2 h at room temperature 

and washed repeatedly before 50 flL of a dilution series of the purified Lcn2 mutein was 

added and incubated for 1 h. The wells were washed again and bound Lcn2 muteins were 

detected with 50 /-1L of Streptavidin-alkaline phosphatase conjugate (GE Healthcare, Munich, 

Germany) diluted 1: 1500 in TBS/T for 1 h, followed by signal development in the presence of 

50 /-11 0.5 mg/ml p-nitrophenyl phosphate in 100 mM Tris/HCl, 100 ruM N aCl, 5 mM MgClz, 

pH 8.8. The time course of absorption I1AIM at 405 nm was measured in a SpectraMax 250 

reader (Molecular Devices, Sunnyvale, CA) and the data were fitted with KaleidaGraph 

software (Synergy software, Reading, PA) to the equation 

I1A = I1Arnax x [L]tot/(KD + [L]tot) 
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whereby [L]tot represents the concentration of the applied ligand conjugate and KD is the 

dissociation constant (Voss and Skerra (1997) Protein Eng. 10, 975-982). 

Lcn2 variants N7 A, N9B, and NlOD, respectively, were found to specifically bind to FN7B8 

with KD values of 14.8 nM (N7A), 40.l nM (N9B), 30.0 nM (N7E), and 51.2 (NI0D) but not 

to FN789 or BSA. 

[00255] Example 17: Measurement of binding activity for recombinant Fibronectin FN7B8 

via surface plasmon resonance (SPR) 

[00256] Real time analysis of Lcn2 muteins was perfonned on a BIAcore X system 

(BIAcore, Uppsala, Sweden) using HBS/ET (20 mM Hepes, pH 7.5, 150 mM NaCl, 1 mM 

EDTA containing 0.005 % (v/v) Tween 20) as mnning buffer. 200 flg/ml solution of 

recombinant FN7B8 in 10 mM Na-acetate, pH 4.0 was immobilized on a CMD 200 m 

Sensorchip (XanTec bioanalytics, Duesseldorf, Germany) using standard amine coupling 

chemistry (Biacore, Uppsala, Sweden) , resulting in a ligand density of about 500 resonance 

units (RU). The purified Lcn2 mutein was applied at a flow rate of 25 fll/min at 

concentrations of 2.5 up to 160 nM. The sensorgrams were corrected by subtraction of the 

corresponding signals measured for the control channel, which had been activated and 

blocked with ethanolamine. Kinetic data evaluation was pelfonned by global fitting with 

BIAevaluation software V 4.1 (Karlsson et aI. (1991) J. Immunol. Methods 145, 229-240). 

Table 2. Kinetic binding data of selected Lcn2 muteins for FN7B8 determined by surface 

plasmon resonance. 

Lcn2 variant kon [M"Vl] koff [sol] KD[M] 

N7A 4.6xl06 2.6xl0-2 5.8xl0-9 

N7E 4.1x106 3.0xlO-2 7.2xlO-9 

N9B 2.1xl06 7.5xl0-2 3.6xl0-8 

NI0D 1.5xl06 5.8xl0-2 3.8xl0-8 

[00257] Example 18: Immunostaining of ED-B positive CaC02 ce11s 

[00258] Human cancer colon cells (CaC02 cells kindly provided by H. Daniel, Technische 

UniversWit Mtinchen, Germany; Pujuguet et aI., Am. J. Pathol. 148, 579-592) were cultured 

on the Nunc Lab-TekTM II chamber slide™ system (4 chambers per slide; Thermo Fisher 

Scientific, LangenselboJd, Germany) in MEM with Earle's Salts and L-Glutamine, 

supplemented with 10 % Fetal Bovine Semm, Ix MEM non-essential amino acids, and 50 

flg/ml gentamycin (PAA Laboratories, Pasching, Austria) at 37°C in a humidified atmosphere 

until cell confluence was about 50 to 70 %. Cell monolayers attached to the cover slide were 

washed with PBS (Dulbecco's without Ca2+ and Mg2+; PAA Laboratories, Pasching, Austria), 
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followed by distilled water, and then fixed and counterstained with ice-cold methanol 

containing 5 iJg/ml DAPI (4',6-diamidino-2-phenylindol; Sigma-Aldrich, Munich, Germany) 

for 5 min. 

[00259] All subsequent incubations were calTied out in the dark. Fixed cells were washed 

and incubated with 500 iJl 1 iJM wild type Lcn2, Lcn2 mutein, PBS or ED-B specific 

antibody scFv-Ll9 (Pini et al. (1998) 1. Bioi. Chern. 273, 21769-21776) for 1 h. All of these 

reagents were purified as Strep-tag II fusion proteins(Schmidt and Skerra, supra). Cells were 

washed with PBS and incubated with unlabeled Antibody StrepMABimmo (5 iJg/ml in PBS; 

IBA, Gottingen, Germany) for 1 h, followed by 2 washing steps. Finally, specific binding to 

CaC02 cells was detected using a fluorescence labeled anti-mouse IgG (H+L) F(ab'h 

fragment Dylight-488 conjugate (Cell Signaling Technology, Danvers, USA), diluted 1 :200 in 

PBS, as a secondary antibody. 

[00260] All Lcn2 variants and also the antibody scFv-Ll9 showed specific cell staining 

when observed under a Axiovert 40 CFL microscope (Carl Zeiss, Gottingen, Gennany) 

whereas recombinant wild type Lcn2 and PBS revealed negligible signals in this assay. 
[00261] Example 19: Generation of the AS-specific Lcn2 muteins HIGA and HIGV via 

exchange of a free cysteine residue in H I-G 1 at position 36 

[00262] Cys36 was replaced with Ala or Val by site-directed mutagenesis. To this end, a 

PCR was conducted with the degenerate oligodeoxynuc1eotide DH-4 (SEQ ID NO: 45) and 

the second oligodeoxynuc1eotide J08rev (SEQ ID NO: 48) as well as plasmid DNA encoding 

the Lcn2 mutein HI-Gl as template (SEQ ID NO: 37). The amplified fragments were 

subc10ned via BstXI on the expression plasmid phNGAL98 and sequenced to identify the 

individual substitution variants. Depending on the introduced amino acid exchange the 

resulting Lcn2 variants were named HIGA (SEQ ID NO: 49, 50) and HIGV (SEQ ID NO: 

51, 52). 

[00263] Example 20: Soluble production and purification of the new AB-specific Lcn2 

muteins HIGA and HIGV using E. coli cultures with a high optical density 

[00264] The recombinant Lcn2 and its muteins were produced by periplasmic secretion in 

E. coli JM83. For soluble protein expression the plasmid phNGAL98 with the corresponding 

BstXI insert encoding either HIGA (SEQ ID NO: 49) or HIGV (SEQ ID NO: 51) was used. 

[00265] Cultures were grown under agitation at 22°C in 2 L LB medium containing 100 

mg/L ampicillin (Amp). Gene expression was induced at a cell density of ODs5o = 2.5 by 

adding anhydrotetracycline (aTc) to a final concentration of 0.2 mg/L. After incubation for 5 

h the cells were harvested by centrifugation, resuspended in 40 mL ice-cold periplasmic 
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fractionation buffer (0.5 M sucrose, 1 mM EDTA, 100 mM Tris-HCI pH 8.0) containing O.l 

mg/mL lysozyme and incubated on ice for 30 min. The resulting spheroplasts were 

sedimented by repeated centrifugation, and the supernatant containing the soluble 

recombinant protein was recovered. 

[00266] The soluble protein was affinity-purified by means of the Strep-tag II, followed by 

size exclusion chromatography (SEC) on a Superdex 75 HR 10/30 column using PBS buffer 

(4 mM KHzP04, 16 mM NazHP04, 115 mM NaCl, pH 7.4). Protein pUlity was checked by 

SDS-PAGE . Protein concentrations were determined by absorption measurement at 280 nm 

using a calculated extinction coefficient of 27055 M-1cm-1 for the A~ specific muteins 

HIGA (SEQ ID NO: 50) and HIGV (SEQ 1D NO: 52). 

[00267] Example 21: Measurement of binding activity for MBP-AB40 via sUliace plasmon 

resonance on a BiacoreX instrument 

[00268] Real time analysis of the interaction between Lcn2 muteins H1GA or HIGV and 

MBP-A~40 (SEQ ID NO: 33) was performed on a Biacore X system using PBS/T (4 mM 

KHzP04, 16 mM NazHP04, 115 mM NaCI, pH 7.4 containing 0.005 % (v/v) Tween 20) as 

running buffer. A 15 flg/mL solution of MBP-A~40 from Example 2 in 10 mM Na-acetate, 

pH 4.5 was immobilized onto a CMD 2001 chip (Xantec, Dusseldorf, Germany) using 

standard amine coupling chemistry, resulting in a ligand density of 1316 resonance units 

(RU). The purified Lcn2 muteins H1GA and H1GV from Example 20 were applied in 

concentrations ranging from 4 nM to 128 nM at a flow rate of 20 flL/min. The data were 

double-referenced by subtraction of the con'esponding signals measured for the control 

channel, which had been activated and blocked with ethanolamine, as well as subtraction of 

the measured signals for an average of buffer injections. Kinetic data were fitted globally 

using the B1Aevaluation software V 3.0 (Karlsson et al. (1991) I. Immunol. Methods 145, 

229-240). 

[00269] Example 22: Measurement of binding activity for AB40 VIa surface plasmon 

resonance on a Biacore TWO instrument 

[00270] Real time analysis of the interaction between the Lcn2 mutein HIGA and A~40 

(SEQ ID NO: 29) was peliOlmed on a Biacore TWO system (Biacore, Uppsala, Sweden) 

using PBS/P (4 mM KHzP04, 16 mM NazHP04, 115 mM NaCI, pH 7.4 containing 0.005 % 

(v/v) SUliactant P20) as running buffer. A 10 flg/mL solution of A~40 from Example 2 in 10 

mM sodium acetate pH 4.5 was immobilized onto a CM5 chip (Biacore, Uppsala, Sweden) 
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using standard amine coupling chemistry, resulting in a ligand density of 325 RU. The 

purified Lcn2 mutein HIGA from Example 20 was applied in concentrations ranging from 1 

nM to 32 nM at a flow rate of 30 ).1L1min. The dilution series of HIGA was injected with both 

association and dissociation times of 300 s to obtain kon information. For exact determination 

of the low koff rate the highest concentration was analysed using a dissociation time of 7200 s. 

The data were double-referenced as in Example 21. kon and koff for the binding reaction were 

determined from the entire data set using Biacore T100 Evaluation Software V2.0.3 for data 

processing and kinetic fitting. The data was globally fitted using a 1: 1 binding model. 

[00271] Example 23: Functional analysis of the Lcn2 mutein HIGA in a ThT aggregation 

assay 

[00272] For the Thioflavin T (ThT) aggregation assay synthetic A~ peptide (SEQ ID NO: 

29) was dissolved in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP; Sigma-Aldrich, Steinheim, 

Germany) for 12 h. HFIP was evaporated under vacuum, and A~ was dissolved in a suitable 

volume of H20 dd, sonicated for 15 min at 4°C, and filtrated (Costar Spin-X centrifuge tube 

filter cellulose acetate membrane, 0.45 ).1m; Corning Inc., Corning, NY). The solubilized 

monomeric A~ was then immediately used for the aggregation assays. 

[00273] 500 ).11 of 1 mg/ml A~ was incubated in the absence or presence of various Lcn2 

muteins at different molar ratios or BSA in 0.5 x PBS at 37 °C with stining. Aggregation 

reactions were prepared in triplicates. For fluorescence measurement 20 ).11 of periodically 

removed samples was mixed with 180 ).11 ThT at a final concentration of 50 ).1M in 0.5 x PBS 

and analysed at an excitation wavelength of 450 nm and an emission wavelength of 482 nm 

using a FluoroMax-3 spectrofluorimeter (HORIBA Jobin Yvon, Grasbrunn, Gennany). 

[00274] Example 24: Measurement of binding activity for the recombinant fibronectin 

single domain ED-B via surface plasmon resonance (SPR) 

[00275] Real time interaction analysis of Lcn2 muteins was performed on a BIAcore X 

instrument using HBS/ET (20 mM Hepes, pH 7.5, 150 mM NaCI, 1 mM EDTA containing 

0.005 % (v/v) Tween 20) as running buffer. 100 ).1g/ml solution of recombinant ED-B in 10 

mM Na-acetate, pH 4.0 was immobilized on a CMD 200 m Sensorchip using standard amine 

coupling chemistry, resulting in a ligand density of about 180 resonance units (RU). The 

pmified Lcn2 mutein was applied at a flow rate of 25 flllmin at concentrations of 2.5 up to 

160 nM. The sensorgrams were corrected by subtraction of the corresponding signals 

measured for the control channel, which had been activated and blocked with ethanolamine. 
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Kinetic data evaluation was perfOlmed by global fitting with BIAevaluation software V 4.1 

(Karlsson et al. (1991) 1. Immunol. Methods 145, 229-240). In the case of N10D the 

heterogeneous analyte competing reaction model was used for data fitting, resulting in two 

sets of kinetic constants. 

[00276] Table 3. Kinetic binding data of Lcn2 muteins for ED-B detelmined by surface 

plasmon resonance. 

Lcn2 variant k on [M-ls-I ] koff [sol] KD[M] 

N7A 1,8x106 0,138 1,27 x 10-7 

N7E 3,lx106 0,054 1,73 x 10-8 

N9B 1,45x106 7,62xlO-3 5,26 X 10-9 

NlOD kl = 6,21x105 k l= 0,064 

k2 = 2,94x104 k2 =3,35xlO-3 
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Claims 

1. A method for the generation of a mutein derived from human Lipocalin 2 (Lcn2, 

hNGAL) wherein said mutein binds a given non-natural target with detectable affinity, 

said method comprising: 

(a) subjecting a nucleic acid molecule encoding a human Lcn2 protein to mutagenesis 

at a nucleotide triplet coding for at least one of any of the sequence positions 

corresponding to the sequence positions 96, 100, and 106, of the linear 

polypeptide sequence of human Lcn2, resuiting in one or more mutein nucleic 

acid molecule(s). 

2. The method of claim 1, further comprising 

(b) expressing the one more mutein nucleic acid molecule(s) obtained in (a) in a 

suitable expression system, and 

(c) enriching the one or more mutein(s) having a detectable binding affinity for a 

given target by means of selection and/or isolation. 

3. The method of claim 1 or claim 2, further comprising subjecting the nucleic acid 

molecule to mutagenesis at least at 1, 2, or all 3 of nucleotide triplets coding for any of 

said sequence positions 96, 100, and 106 of Lcn2. 

4. The method of anyone of claims 1 to 3, further comprising subjecting the nucleic acid 

molecule to mutagenesis at least at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 or all 

17 nucleotide triplet(s) coding for any of the sequence positions 36, 40, 41,49, 52, 68, 

70, 72, 73, 77, 79, 81, 103, 125, 127, 132, and 134 of the linear polypeptide sequence of 

hLcn2. 

5. The method of anyone of claims 1 to 4, subjecting to random mutagenesis at least at 1, 

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 nucleotide triplet(s) 

encoding for any of the sequence positions 36, 40, 41, 49, 52,68,70, 72, 73, 77, 79,81, 

96, 100, 103, 106, 125, 127, 132, and 134 of the linear polypeptide sequence of hLcn2 

by merely allowing substitution by a subset of nucleotide triplets. 

6. The method of anyone of the preceding claims, wherein nucleotide triplets coding for 

cysteine are not used for substitution during the mutagenesis. 
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7. A mutein derived from a Lcn2 protein obtainable by a method of any of claims 1 to 6 

said mutein comprising at least one mutated amino acid residue at any of the sequence 

positions corresponding to the sequence positions 96, 100 and 106, of the linear 

polypeptide sequence of Lcn2, and wherein the mutein binds a given non-natural target 

with detectable affinity. 

8. The mutein of claim 7, wherein the mutein comprises 2 or 3 mutated amino acid 

residues at the sequence positions 96, 100, and 106 of the linear polypeptide sequence of 

Lcn2. 

9. The mutein of claim 7 or claim 8, further comprising at least 1,2,3, 4, 5, 6, 7, 8,9, 10, 

11, 12, 13, 14, 15, 16, or 17 mutated amino acid residues at any of the sequence 

positions corresponding to the sequence positions 36, 40, 41,49, 52, 68, 70, 72, 73, 77, 

79, 81, 103, 125, 127, 132, and 134 of the linear polypeptide sequence of Lcn2. 

10. The mutein of anyone of claims 8 or 9, comprising at least 2,3,4,5,6, 7, 8,9, 10, 11, 

12, 13, 14, 15, 16, 17 mutated amino acid residues at any of the sequence positions 36, 

40, 41, 49, 52, 68, 70, 72, 73, 77, 79, 81, 96, 100, 103, 106, 125, 127, 132, and 134 of 

the linear polypeptide sequence of Lcn2. 

11. The mutein of claim 10, comprising 18, 19 or 20 mutated amino acid residues at anyone 

of the sequence positions 36, 40, 41, 49, 52, 68, 70, 72, 73, 77, 79, 81, 96, 100, 103, 

106, 125, 127, 132, and 134 of the linear polypeptide sequence of Lcn2. 

12. The mutein of anyone of claims 7 to 11, wherein said non-natural target is selected 

from the group consisting of a peptide, a protein, a fragment or a domain of a protein, 

and a small organic molecule. 

13. The mutein of claim 12, wherein the small organic molecule is a compound showing the 

features of an immunological hapten. 

14. The mutein of claim 12, wherein the peptide has a length of 2-45 amino acids. 

15. The mutein of claim 14, wherein the peptide is an amyloid beta peptide. 

16. The mutein of claim 15, wherein the amyloid beta peptide is an A~40 peptide or an 

A~42 peptide. 
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17. The mutein of claim 15 or 16, wherein the mutein comprises with respect to the mature 

hLcn2 wild type amino acid sequence at least 3,4,5,6,7,8,9,10,11, or 12 amino acid 

replacements selected from the group consisting of Leu36 - Valor Cys; Ala40 - Tyr 

or Lys or Val; lIe41 - Thr or Ser or Leu; Gln49 - Leu or Trp; Leu70 - Gly; Arg72 

- Gly or Asp; Lys73 - Leu or Thr or Asp; Asp77 - Asn or His or Leu; Trp79 -

Lys; Asn96 - lIe or Arg; TyrlOO - GIn or Arg or Glu; Leul03 - Met or Arg or Gly; 

Tyrl06 - Tyr or Ala or Trp; Lys125 - Thr or Valor GIu; Serl27 - Gly or GIn or 

Ala; Tyr132 - Met or Ser or Thr; and Lys134 - Asn. 

18. The mutein of claim 17, having the sequence of SED ID NO: 39(Sl-A4) or SEQ ID NO: 

41 (US7) or SEQ ID NO: 43 (HI-Gl). 

19. The mutein of claim 12, wherein the protein is fibronectin or a domain thereof. 

20. The mutein of claim 19, wherein the fibronectin domain is the extra-domain B or a 

fragment thereof. 

21. The mutein of claim 19 or 20, wherein the mutein comprises with respect to the mature 

hLcn2 wild type amino acid sequence at least 3,4,5,6,7,8,9,10,11, or 12 amino acid 

replacements selected from the group consisting of Leu36 - Lys or Glu or Arg or Ala; 

Ala40 - His or Met or Thr or Ser; lIe41 - Asp or Arg or Trp or Leu; Gln49 - Arg or 

Ala or Tyr; Leu70 - Leu or Arg or Met; Arg72 - Valor Arg or GIn or Met; Lys73 -

His or Arg or Ser; Asp77 - Asn or His or Lys or Arg; Trp79 - Arg or Met or Leu; 

Asn96 - Lys or Ala or Ser; Tyrl00 - Trp or Pro or Lys; Leul03 - His or Pro; 

Tyrl06 - Phe or Trp or Thr; Lys125 - Arg or His or Thr; Serl27 - Tyr or Phe Ala; 

Tyrl32 - Leu or Phe; Lys134 - Glu or His or Gly or Phe; and Ser146 - Asn. 

22. The mutein of claim 21, having the sequence of SED ID NO: 20 (N7 A) or SEQ ID NO: 

22 (N7E) or SEQ ID NO: 24 (N9B) or SEQ ID NO: 26 (NI0D). 

23. The mutein of anyone of claims 7 to 22, wherein the mutein further comprises with 

respect to the mature hLcn2 wild type amino acid sequence amino acid replacements 

selected from the group consisting of Gln28 - His and Cys87 - Ser. 
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24. The mutein of anyone of claims 7 to 23, wherein the mutein does not comprise a 

mutated amino acid residue at any of the sequence positions conesponding to the 

sequence positions 137 and 145 of the linear polypeptide sequence of Lcn2. 

25. The mutein of anyone of claims 7 to 24, wherein the mutein comprises with respect to 

the mature hLcn2 wild type amino acid sequence amino acid replacements selected from 

the group consisting of Tyr52 ---+ GIn or Val; Ser68 ---+ Lys or Asn; Arg81 ---+ Trp or Asn 

or His. 

26. The mutein of anyone of claims 7 to 25, wherein the mutein is conjugated to a 

compound selected from the group consisting of organic molecules, enzyme labels, 

radioactive labels, colored labels, fluorescent labels, chromogenic labels, luminescent 

labels, haptens, digoxigenin, biotin, cytostatic agents, toxins, metal complexes, metals, 

and colloidal gold. 

27. The mutein of anyone of claims 7 to 26, wherein the mutein is fused at its N-terminus 

and/or its C-terminus to a fusion partner which is a protein, or a protein domain or a 

peptide. 

28. The mutein of anyone of claims 7 to 26, wherein the mutein IS conjugated to a 

compound that extends the serum half-life of the mutein. 

29. The mutein of claim 28, wherein the compound that extends the serum half-life is 

selected from the group consisting of a polyalkylene glycol molecule, hydroethylstarch, 

a Fc pari of an immunoglubolin, a CH3 domain of an immoglobulin, a CH4 domain of 

an immunoglubolin, an albumin binding peptide, and an albumin binding protein. 

30. The mutein of claim 29, wherein the polyalkylene glycol is polyethylene (PEG) or an 

activated derivative thereof. 

31. The mutein of anyone of claims 27, wherein the fusion partner of the mutein is a 

protein domain that extends the serum half-life of the mutein. 

32. The mutein of claim 31, wherein the protein domain is a Fc part of an immunoglobulin, 

a CH3 domain of an immunoglobulin, a CH4 domain of an immunoglobulin, an albumin 

binding peptide, or an albumin binding protein. 
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33. The mutein of claim 29 or 32, wherein the albumin binding protein is a bacterial 

albumin domain or a lipocalin mutein. 

34. The mutein of claim 33, wherein the bacterial albumin binding domain is the albumin 

binding domain of streptococcal protein G. 

35. The mutein of claim 29 or 32, wherein the albumin binding peptide has the formula 

Cys-Xaaj-Xaa2-Xaa3-Xaa4-Cys, wherein Xaaj is Asp, Asn, Ser, Thr, or Trp; Xaa2 is 

Asn, GIn, His, lie, Leu, or Lys; Xaa3 is Ala, Asp, Phe, Trp, or Tyr; and Xaa4is Asp, Gly, 

Leu, Phe, Ser, or Thr. 

36. The mutein of anyone of claims 1 to 35, wherein the mutein binds the given non-natural 

target with a KD of 1 f-LM or less, or 100 f-LM or less, or 1 f-LM or less, or 500 nM, or 200 

nM or less, or 100, nM or less, or 50 nM or less, or 10 nM or less, or 1 nM or less. 

37. A nucleic acid molecule comprising a nucleotide sequence encoding a mutein of any 

one of claims 7 to 36. 

38. The nucleic acid molecule of claim 37, wherein the nucleic acid molecule is operably 

linked to a regulatory sequence to allow expression of said nucleic acid molecule. 

39. The nucleic acid molecule of claim 37 or 38 comprised in a vector. 

40. The nucleic acid molecule of claim 37 or 38 comprised in a phagemid vector. 

41. A host cell containing a nucleic acid molecule of anyone of claims 37 to 40. 

42. A method for the production of a mutein according to anyone of claims 7 to 36, 

wherein the mutein, a fragment of the mutein or a fusion protein of the mutein and 

another polypeptide is produced starting from the nucleic acid coding for the mutein by 

means of genetic engineering methods. 

43. The method of claim 42, wherein the mutein is produced in a bacterial or eucaryotic 

host organism and is isolated from this host organism or its culture. 

44. A pharmaceutical composition comprising at least one mutein of anyone of claims 7 to 

36. 
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45. Use of a mutein of anyone of claims 7 to 36 for the binding/detection of a given target, 

comprising: 

(a) conlacting the mutein with a test sample supposed to contain said target, and 

(b) detecting the mutein/target complex by a suitable signal. 

46. Use of a mutein of any of claims 7 to 36 for the targeting of a compound to a preselected 

site comprising 

(a) contacting the mutein with said compound, and 

(b) delivering the mutein/compound complex to the preselected site. 

47. Use of a mutein of anyone of claims 7 to 36 for complex formation with a given target. 

48. Use of a mutein as defined in anyone of claims 7 to 36 for the manufacture of a 

phannaceutical composition. 

49. Use of a mutein as defined in anyone of claims 15 to 18, wherein the pharmaceutical 

composition is for use in treatment of a neurodegenerative disease. 

50. The use of claim 47, wherein the neurodegenerative disease is Alzheimer's disease. 

51. Use of a mutein as defined in anyone of claims 19 to 22, wherein the pharmaceutical 

composition is used in cancer treatment, treatment of fibrosis, treatment of diseases 

involving neovascularization, or treatment of inflammation. 

52. A diagnostic or analytical kit comprising a mutein as defined in anyone of claims 7 to 

36. 

53. A method of treating a neurodegenerative disease in a mammal comprising 

administering to said mammal an effective amount of a mutein as defined in anyone of 

claims 15 to 18. 

54. A method for treating a disease selected from the group consisting of cancer, fibrosis, 

and inflammation, in a mammal comprising administering to said mammal an effective 

amount of a mutein as defined in anyone of claims 17 to 20. 
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