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with affinity for a given target Summary [0001] The present invention
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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]  Current anti-amyloid approaches aim at (i) the prevention of AP formation, (ii)
blocking of its aggregation, (iii) reduction of soluble AP levels in the brain, and (iv)
disassembly of existing amyloid plaques. So far, immunotherapies, comprising 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 Mohajeri (2007) J. 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



one exanple to illustrate the potential of engineered non-1g binding
proteins (Gonwall et al (2007) J. Biotechnol. 128, 162-183; Hoyer et al.
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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) Curr. 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.
J. 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 ED-B. Such Lcn2 muteins specifically
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i n t hi swpasegioaphbstisgmnalwmgBhampltazeheandai gneass fhat 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 (Len2; also known as human neutrophil gelatinase-
associated lipocalin, ANGAL, 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 any one 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 lipocalin (h(NGAL)" 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
described above comprise 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17 mutated



[ 0015] Thus, in a first aspect the present invention is directed to a nethod

of generating a nmutein derived from human Lipocalin 2 (Lcn2;

human

al so known as

newoaphidedqyel at i naseassoci ated |i pocal i n, hNGAL, PoI/ER301ioc®@ecal i n) .

The nuteins obtained with this nmethod can bind to a non-natural target
detectable affinity. The nethod conprises subjecting a nucleic acid

| e encoding for human Lipocalin 2 (Lcn2, hNGAL) to nutagenesis at a
nucl eotaindeo aeid pésedues atamgoff the sequeherapesitome cofregropdingeo dfe teheerse gositions

posi L1 ooy epnands i, ug 41as senuanGe 05} 145085, 305 107220 73087 781

nol ecu

Ilnear
nuteln
term”

| i poca
yet to

pept i sequénce I n_one or
é/ 80.dile 86@% 9&9%&91 &Q&)103g tﬂﬁéﬁ nt 8¢ &bk daﬁcbﬂwlﬁ %Heléﬁaww&
h}ﬂffﬁé‘hhéd?%@;l' e uéfe s@fuenRUSBANGAUS, mﬁhtbhngﬁbﬁbldg95§s ASEPRERICH its

with

t he
nor e
he

[in hNGAL " des structural . ues,. already .identified or
d eyt e

uswal; Ak Pagegs! %ﬁ/aémélﬁ gl g g g sy

honol ogy be rcomqstaene substianiont yfootxamyle, d:)dahzlihgabﬁi ut g16@fratel fesidse py afaepareatt t hat

| 1 , 4 . 6 Sy 9,
WA g R AR R A P IR Sisben Goatblietins el ooz
am no &omalreésmduezs:halthqnifhmemhesegmger'r@@tipésq'rt"ﬁmg'tyécatsrlescbbnthienge&eot t he
sequenGeyash Ll dr pé@ent&& o%lpaifl%’ise‘l%ientical residues - following homology

t hese
10, 11,

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
al. (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 107) 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 determination 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 B-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.



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,
WO 2011/069992 PCT/EP2010/069028

[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
of hNGAL.

[0021]  Thus, in a further 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 Len2, 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 occurring (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 term "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 op-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 target/ligand. In one embodiment,
the term “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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Spectr @s{@ %riﬁ@@{a%o?pm. PORIHY GHlerh@bnst &Y the RUGRS 56 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 parts by incorporating cleavage sites for certain restriction enzymes. In
addition, these mutations can also be incorporated to further improve the affinity of a
lipocalin mutein for a given target. Furthermore, mutations can be introduced in order to

modulate certain characteristics of the mutein such as to improve folding stability, serum
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linear polypeptide sequence of hANGAL. In still a further embodiment, the mutein includes 18,

19 or 20 mutated amino acid residues at any one 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 Ap40
peptide or an Af42 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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biological function when compared with mutein US7. “Comparable biological function”
means that these muteins are able to bind to and inhibit A, preferably AB40, 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 : AR40).
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 Ap40 peptide or an Ap42 peptide comprises the following amino acid
replacements Leu36 — Val; Ala4d0 — Tyr; lle41 — Thr; GIn49 — Leu; Leu70 — Gly; Lys73
— Leu; Asp77 — Asn; Trp79 — Lys; Asn96 — lle; Tyr100 — Gln; Leul03 — Met; Lys125
— Thr; Serl27 — Gly; Tyrl32 — Met; and Lys134 — Asn. An example of a mutein
including such amino acid replacements is S1-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 Ap40 peptide or an Ap42 peptide comprises the following amino acid
replacements Leu36 — Val; Ala40 — Lys; lled1 — Ser; GIn49 — Trp; Leu70 — Gly; Arg72
— Gly; Lys73 — Thr; Asp77 — His; Trp79 — Lys; Asn96 — Arg; Tyr100 — Arg; Leul03
— Arg; Tyrl06 — Ala; Lys125 — Val; Ser127 — Gln; Tyr132 — 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 corresponding 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 Ap40 peptide or an AP42 peptide comprises the following amino acid



domai n thereof, such as the EB-domain or a fragnent of the EB-domain.
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hNGAL. In a further enbodinment, the mutein includes at least 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 nutated am no acid residues at any
one of thwoenqueme positions 33, 36, 40, 41, 42, 43, 42CT/EP2010/069028

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; Illed1 — Asp; Glnd9 — Arg; Tyr52 — Gln; Ser68 — Asn; Leu70 — Arg; Arg72 —
Val; Lys73 — His; Asp77 — Asn; Trp79 — Arg; Arg81 — Trp; Tyrl00 — Trp; Tyrl06 —
Trp; Lys125 — Arg; Serl27 — Tyr; Tyrl32 — Leu; Lys134 — Glu and Serl46 — Asn. An
example of a mutein including such amino acid replacements is N7A 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; lledl — Arg; GInd9 — Ala; Tyr52 — Val; Ser68 — Lys; Leu70 — Met; Arg72 —
Gln; Lys73 — Arg; Asp77 — Lys; Trp79 — Met; Arg81 — Asn; Asn96 — Ala; Tyrl00 —
Pro; Leul03 — Pro; Tyr106 — Thr; Lys125 — His; Ser127 — 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; lledl — Trp; GInd9 — Tyr; Tyr52 — Gln; Ser68 — Asn; Arg72 — Met; Lys73 —
Ser; Asp77 — Arg; Trp79 — Met; Arg81 — His; Asn96 — Ser; Tyrl00 — Trp; Tyr106 —
Trp; Lys125 — Arg; Ser127 — Tyr; Tyr132 — Phe; and Lys134 — Gly. An example of a
mutein including such amino acid replacements is N10D 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; lle4l — Leu; Glnd9 — Arg; Leu70 — Arg; Lys73 — Ser; Asp77 — His; Trp79 —
Leu; Asn96 — Leu; Tyr100 — Lys; Leul03 — His; Tyr106 — Phe; Lys125 — Thr; Ser127
— Ala; and Lys134 — 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 which can
include, but are not limited to GIn28 — His or Cys87 — Ser. Other possible amino acid
replacements include, but are not limited to Tyr52 — GlIn 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 (Kp) of at least 200 nM. In

another embodiment, the mutein binds the given non-natural target with a Ky of 1 uM or less,
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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,
WO 2011/069992 PCT/EP2010/069028

or 100 uM or less, or 1 uM 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 surface 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 kq¢r rate. Alternatively, 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 kg, 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, oligomeric 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 Ky, (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 Kp 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 Kp values or a tolerance range
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or Thr préBably, kAt prefefiiily 30 br W EUaG il O ahifUeIBI ) fmegRegiditabsh Al3
aggregation_ in.vitro o i referreg t hat &tF[g;gl mut ei n descri bed

i i It 1.
her ei n PSR 200 A Riglly detectibls W iTwRingpSSaY 5T m3RE LESd) o AL340, nor e
pr ef er 4b056]undeso ashaled donldd $dopasf alse preewmit finvedtiom afex@aplbevel hufgmse wariabl y

i ncl uding. £ 0 Ji@fdiQuitn %g%éa,l{ %glrg%@\q}gél%)nicit he present invention also

relates to muterns as cribed e ‘havi ng a conpar abl e bi ol ogi cal
functi dA0¥Hen (corpaicebicallt Fecpiias pepiBie. ant@shapanabe eceli Birtge ohlanf yrtgenon”
means  thakndde el Mt &sbSade val & ERsdiiNdafop lﬁﬁgcdrﬂﬁﬂti@ilh%rpéq?mpl&{ ehati@pl y

A1340, wth a deviation of the aggregation_ inhibiting activjty in respect
to US7 Mtleqidt sy abiliharet 48 RePledy toagnd sodftsopleenss isqlels spprifisogng 10
for exaoptlated Ve thenginiindasnivy. dh oediuab eedude dhnRih8gdnite it dfcaliveh plotéihpse
set out,in.Exanple .11 eferabl.y includin he rat.1.0 1:.10 nutein . 340).
The pr b TEEErvhRb FeRiRR e Me b e Pale bl rigl i aReR ST o
i n t he noleatderencf geatpvavempooaches fhateogéyenepapitagomil seasdsg sppivacts to
Al zhei qggnti?y gbt%ﬁf’i‘acief—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. Biol. 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 furthermore 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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[ 0036] I n one enbodi ment, a nutein of the invention which binds to an

anyl oid beta peptide, such as Afl 40 peptide or an Afl 42 peptide conprises

t he fol | owDreg11Z0899%0 aci d repl acements Leu36 -> Val; Ala20TAEP20igns902dedl - >
Thr; GLn49 -> Leu; Leu70 -> dvy; Lys73 -> Leu; Asp77 -> Asn; Trp79 -> Lys;
Asn96 -> Ile; Tyrl00 -> dn; LeulO3 -> Met; Lys 125 -> Thr; Ser127 -> Qy;
Tyr132 -> Met; and Lys 134 -> Asn. An exanple of a nmutein including such
am no &oryine gpeheermdored litsl, Slcyddstatid aent, at ©din, @ 1y uha caid be SBEQdabiN@d 39) .
[0037] A i 4 J to an
A A e i P L LI

t he fold SUPMHELENS ﬁﬂbelaca Hipigesicatelapelt @%@éw@elplexe%metamsa}a@ as fouy@al gald41 ->
Ser; G:h'aﬂt%ns ﬁlé@xi@enkﬁ‘k&?&m Ecﬁrﬁothé’faﬁ&%c‘rﬁet@ ¥ a bﬂéﬂ&herﬁ i mABIP do/nanie Hi S;
Trp79 Asn96 . - >Aar£9 ,lr,100-> Ar f{g >Arg Tr106-> Al a;

Lys 125>n1>sa\faw Sehsptvsy examples,) The ppigin malialso naoruky&at ef3lp a8 AgHiic drue
exanpl endécude. m]nbebmugmdnnimm@ catrﬁzld cduufiog acy doﬂvepﬂlmem[ﬁlﬁlglrﬁethlﬁi- Known
illust Al eddrg n Figure 17 (SEQ ID NO 41). [0038] The invention al so

envi sages a nutated mature hNGAL |ipocalin (as deposited in SWSS-PROT Dat a
Bank underl] Acdesginoral,NiimseposRix1 88, labaled drcalB| mukedwvidegeritied bareimowatbi eny

; equencg, I%gﬂma c'h@m@é&db@ca%@ 6%n2GAIPHhEh ety & laaﬁééa,p%&n&%s%sa%@{ézagdbmi 2t7 0a
132, 138mppuncher §ighnbi aﬁB‘FWﬁS@pPhW%éﬁW@ﬂe@r eﬁzywarla reagen.Neatanle fQira mor e

rruE at egh %ﬂ@e@ﬁbﬂﬁ?@& Hesemt Bar el react{oaﬂﬁe&kém gfé?éﬂﬁ@iloﬂﬂgﬂdér@ﬁj&%ce a
nmutein o e .l nven 0 an eta e,.,.Suc as

A1 20 9ORE T HEdoEn AR SBRARAES ol PReERY REbToRom hE R <R a0
2011/ 062997RCHf Eﬁgfﬁl‘fﬂéﬂﬂg(ﬁﬂﬂ at @@l sageriend spticaliBbels pwileh cailyad Ghe fornation 11e41
I-_ZuLeu %r%ﬁ% gEmc 'rga%golggfgdgct'&ilncge eraﬁ‘ggqgoelscﬁd%ﬁﬂtmk%ggffor a@o%icﬁﬁégcgét

Tr p; Lylg%zsxclﬂm@lw ;usgbwiththe sugalr awlqty in g Ecparhef mnunqur@tmlms) can/AHse. b%n

exanpl s&f £ Lu%’aﬁ'oﬂ ﬂpkﬁé%ﬁgnfsmharﬁr&emaﬁwm{&p a6 8ARBHLS Jf ShdhimvEktion
|IIustrated |n re 17 (SEQ 43). [0040] |l n anot her enbodi nent, a

mut ei n oY ¥pR bF HQ%IHE?‘%% mltﬁalg theyapgpticlly aFtiyerRfeRt. Sefot ogdhe tngaied,s

Af | 40 raieptzergle)f@ﬁclaﬁgeﬁfsl th2a gmai telg tIS@lIEpdSIi 61@5n bheorfthd kawdtivg ta@:mg actdls,
repl acerrent Leu70

> ady® Isyéumgf S5 Wg% a%@cwggp theAﬁgﬁf‘%un n&@éﬂmﬁl ﬁ%m@‘a}%ﬁ E e
Arg; Tyhat@;&utlcalt_‘; activeeaddB inel@eyradiopudlpds: toxing; sniyls d@anic>mGlegylesenkl7 - >
Ala;, T

Such anbebapeuti? glitdc, 3n A pirities fgdifag nEXARR Sl %r%%%ﬁ%&é‘%s%&?i

pr ef er rEPephidas @qﬁ@emg dion adureteit B@dhﬂfeﬁléq An gpsiven sehdar tasgethdExanmles e

aggr egatite Q‘fxmﬁll%cluﬁé Qfd? LA lﬁél%oto ﬁé&h@slﬁfo&irﬁ rd?ﬂlith{erim%fn ﬁ@i%ay%)onn
condi ti ons, as sgem |e i n_ Exanple ZS%q(rgrefera in aratio of .2 Al1340

H1 GA)PSCUAREI9BR §é?fPX1|nm9%1F&hF%fHIC§T b ar dqrapye thererlt ai tﬁ%‘“ﬁ-sad’%%‘/é?f}sﬁ‘é? -dbove
haV| ng tebutpimpasiabd eddlaswtmglanalogﬁmndmeoﬂowﬁaﬁn c oiagued nwdyt h)emahﬁstltnh-ilEA

Corrparable func |on s_that. t e gt ef b|nd
to.and TIPSR, oy AP0 RY BB pll i DS TP YRRl ot o
i nhi bi tmqigdqaémt wiet yotj lntmt@t pJeGusPﬂamlnH;C.@mcpiatmoOanpletlm h%ﬁh@bwacﬂéld%coe@%

20% 1?%0&9}(@[) q”f?:htgxerlo/%nal{ﬁcgéhﬂe ‘F}Dé)&fmtﬁ&ﬂmgthklﬂgﬁie G?'ﬂglagﬁrp n@m\é‘f‘l‘étﬁl@

equate to or are identical ose set out in (preferably in
a rati o/igdesing; 2 Vingetpine, Hlléa&)ar amé pfestophosphyaiie; orEt%H%tSier elAgligmyeet he

nut ei nCHgacktibed dwhskentdah US8 irflafebe cor@atfBNt s@fonRm@leNt b2 di@blines,
neur Od%%nzo?{)]a}tnlol\)ll?engésifg fietic sl;slyoieta?ls)yrélnsz r}ne(%n etraﬁygro?uran 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 interfering 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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[0042] I n anot her enbodi nent, a nutein of the invention which binds to an
anyl oid beta peptide, such as Afl 40 peptide or an Afl 42 peptide conprises
t he fol | owDreg11Z0899%0 aci d repl acements Leu36 -> Val; Ala20TAEP204alop9okdedl - >
Leu; GLn49 -> Leu; Leu70 -> @y; Arg72 -> Asp; Lys73 -> Asp; Asp77 -> Leu;
Trp79 -> Lys; Asn96 -> Arg; Tyr100 -> G u; Leul03 -> dy; Tyrl06 -> Trp;
Lys125 -> @ u; 5erl127 -> Ala; Tyrl1l32 -> Thr; and Lys134 -> Asn. An exanple
of a nuegdm oi ach dimy tleulkdilyafinaexampld wiegrtiaceote ntoslifictibil @dyi el destratde ed SEQ
1D NO tﬁezcroés(ﬂggd'g} g{e H1SoPb &I ERS Qr Htad:he cfHéE ﬂ#e.nblggé—ﬁfa!irpﬁgn'léﬁrtgé @iy €
blndsto Al er assay conltlons as s ied In Exarrplle 1. The

pr esentof jthe dktenten arayobe é‘]’la’cl‘?éis t BofAticethps a@h@& ghej ddige dasrorh avmﬁgthas

g 0 nFar éblafrlfér l@ge@I@a@nﬁalpJfétrao;t(Q%)mmﬁ@mm&%rwsmrla%f1ev? 18‘%@'8 0{ G@ig\]kliﬁf abl e
i 0o og a a ese e able to, bin 0

o1 ot o2 i MBS e Ol DR B R aoE 0L M SRPRISIAT Ly KM (y i n
r espectaviitabidl Gvleo fthe ataderan@e tABaMraabBU{toBBB t38plo0% B Y S Yeiddf N LD Wthd; 5%
2 o1 ¥unbRly AL SqlIRL 6 ARG bRTR L EF RHMELE: h0eloARE [FAlie

with t iosaPr§ resen nvention
2011/ 0G%@@vabﬁﬁazamﬁlba@x)ﬁagm@htatoeshpo@lmrreutmms evits affiagy fobedetiedgnrgef or

use in dfAefid Ctea Rkt ﬁ{ol&ﬁﬁ:V&f%é Qﬁg&ing‘“ﬁ%&fe%@ ngef&te'xxlﬁlaﬁ' %@%Sc%ﬁ s%l»f%’b as

Al zheimer's djseas€. [0 In a further enb tein of the
i nvent i3BANCEH- Sb‘Ffﬁ%F %IﬁlgéR% m&y&’érﬁﬁ?ﬂﬁBf@ra gelk Prlisten tyPEnBIC . 15 5pAMBlEs t he

foll ovw(:aﬂcear&mm 1BGdtehtik e pk A FBE Bf SudhedeBbsurfacd- poteiAd aOHER- ﬂbﬁgr olebgfhbans ASp;
GLn49 -> Ar y552 -> dn; Ser68 -> Asn; Leu70 -> Arg; Arg72 -> Val; Lys73

-> Hi s ‘ilté Asn; Trp79 -> Arg; Arg8l1 -> Trp; Tyr100 -> Trp; Tyr106 ->
Trp; LYG0G3RS5 -As ArdicateSenide, -a>m'ﬁ§elin of ythd 3@ventiohemay liy sofid@4embodangnianit

Copl acSomnERed R RIBPRNE e Bt BN hifE EPHETIRI Gu i fronud poc,
anot heraISQrﬂféB |pn’elmatloa W@Oﬁ/iﬁ%éﬂ h\élermwhtqoenlgamrc bras¢giebsare sleesttbed vthai n B

or a fragmepts theh@ehs Cmﬁﬁﬂnﬁl?sne‘hﬂgpﬁlpl ée&%@& a@%d‘&e@qgﬁcﬁﬁﬂv@ﬂﬁmﬁ LeU36
-> Arg; .Alad40 -> Met; 41 -> Ar > Val ; ber6

Lys; Lty r GRLAA. ﬂf coRguRd Uiy §%ﬂ3&thﬂrsgmrmbﬂ#e fray .2 PRETSIEE ot ;
Arg81l -gl’yoé‘ﬁ fnole%ﬁl’éQ ﬁlch%s@oﬁgetth’nkQQEG? OPﬁ@ acth&bbli&ferw&tlﬂ Beredy mlAfoxyethyhr ;
el ud B UER aREEORETE g AEERENTE e N & skt mie dPlgife™r " Seo
| D NO @4)52 [leD46] Fopanof reimmmedebmgint ¢ Cil3ndrinedin obfin irveunoeglentlinon G ch
01, ST Bl SR BRSO 5 o
Tyr52 -8 athuminhidyge proteag riranpiegiptonamgeenly pyfeyy 3Thesallgampin ';49‘1@)1?18 profeingay Tr p79
-> Met jpeAY BidlertaP aiﬁ'uﬁnn Hifa rBte%? ran ahyibd®P an>anfibbdy XEh&f includinp dolﬂn\éﬁl ?—25
ot o SpRBIA e VS ReaR 600 243 dof Epimitinery TN R LN gure
17 ( SEQoi RIbh&in. 289cordingly, suitable conjugation compounds for extending the half-life of a

lipocalin mutein of the invention include albumin (Osborn et al. (2002) J. Pharmacol. 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) J.

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

as conjugation partner are, for instance, those having a Cys-Xaa;-Xaa;-Xaas-Xaas-Cys

consensus sequence, wherein Xaa; is Asp, Asn, Ser, Thr, or Trp; Xaa, is Asn, Gln, His, Ile,

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

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

Biol. 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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[0047]In a further enbodinent, a nutein of the invention which bind to
extra-domain B or a fragnent thereof conprises the following amno acid
repl acenmawo0a63®2- > 3 u; Alad40 -> Ser; 1led4l -> Leu; GCmAP2018/069008 Leu70
-> Arg; Lys73 -> Ser; Asp77 -> His; Trp79 -> Leu; Asn96 -> Leu; Tyr100 ->
Lys; LeulO3 -> His; Tyr106 -> Phe; Lys 125 -> Thr; 5er127 -> Ala; and Lys
134 -> Phe. An exanple of a nmutein including such am no acid replacenents
i s N7E albumis tar dtogrchei serin gulhtmlimbr(@E@bulﬁ)iﬂ\ldhezabum{nor@ﬂmgh@tab@‘vd oant I8 ns

descr i qg&n’f&ﬁiﬁtlk?r@&ﬁ:@& Gs HQSCEB e&{§ Z)aE:ﬁPS '798; 55’9 &r ﬁﬁ'lroi)l a%ﬂt qg% ?&'tlgns

repl acenent mut eI ns can rise am no enents

whi ch &0 Baerdbend BEt0 %éle99ﬂotReM>rnbmé@|t hl@lm‘ﬂb@nmﬂqp@nbmm gor use &gt

Qt her  pR&SinkkA iRt [EQOﬁé‘ota‘ﬁléﬂ§ﬁ)¢aQﬁBl@Efﬁr§ Nlomsiﬁﬁés Démtuar o&mghhﬂgsmﬂ@d L 0
or n or | S.

Tyr52 -> Val ; 5er > Lys or.Asn; -

[ 0049] ﬁ)n%%]u pgéaﬂ“’r LGRS I%‘ﬂtémn F-Fvéﬂt‘i%‘r[t?o%‘f raa%meat t'b nEﬁYnBet%éioH‘é& red
non- natadtibddyt Erogﬁin Whtibodiet (elAﬂ:)abdre eagihedred yo alloweprewis¢ borarad |o$61dﬁbpl;ysm91

ConSt a\r;)tr%(;eﬁg g %Ia hnr 4 vo?l?aa‘;lf % e to. %4 atlentk nog)}in%ﬁ [sgﬁ%[ ghﬁr%@ftmac W Irg'filg! nds
2011/ Ompﬁm@maaﬁd@@@@m caromefciallyl ayrilitde £r,0rroDoma{1ms MdofCdrelygigeor 500
nM or U?[@QH@M@rU £ps, or 100, nMor less, or 50 nMor less, or 10 nMor

| ess, nM or TeSs. In another enbodiment, |ipocalin nuteins bind the
desir eci Q%ﬁl getUsing Hansferiasecd Boresn te exishashe sesnmahabitsrott the dutteiss ohthg east
100, ZvaeahuaM QE Iﬁw@ﬂlsldaﬁs@e géiﬁummdmg% ad ftheﬂNé ¥r of te@m[ﬁlhfse})ﬁbbt(h bheodesi red
t ar get asu t ude of. net S resceng

R e R TR S RSl 1 e R iy b

[ 0050] Ittansfsrrrreﬁd]ohpr@tpmaméh'mmlarly havesda dxitardeq dnls-difie. t Thattransfiepirecarfiaraist i on
witht gel i t neent ' . the
bi ndi ng)? S ﬁl h ﬁo Fﬂgﬁﬁeil énbclg&sé%ﬂ%ﬁ g@ I t{)u'r%lslﬁdﬂﬁgns?%ﬂgt rg(riiIR %@ﬂ#&{}%ﬁ’ flsbuf fer
syst emcetnénercséllhe@wlﬂbleafmmemqliqxrtﬁeH%l gxgeffi@rraatqeytl@é r@QfPW@‘dOIEm%r USA).

condi t iRRREmB|NafMHIFah h@aﬂs?é?hﬁt {2 PErrinPPES! e ML £1 NStelip%tadlizel Ns CANP! ex
wth the desir d tar di ssoci ation constant as_indi cated above.

Howev e ComyIpEc Srf’EPnéNGf’Pﬁ’ﬂleét%@ Led{Nognghpm; Q@out under varying

stringgo@yr] A Iselh e tpaetnofvdnt imnﬁelsqge@iuths tub&l kdrnkd pﬁrp@btﬁfoapﬂoﬁfrigsthb @&ruht
pOSSIb| the_.s erfornme

P onat CitglraTe §F ihsimieing o M e Rap T G SanBRe Pt TR RIS SR Ia S nay
show a fsirm\ﬂydiosEDEhamaoeutfcabnind]é\/lﬂar{@%%),, nay ba u@ﬂ:d]élfhevmedcsf @ud Bovilksadn

rate. ‘ﬁB];&g& | YBl thé% Gibh o Bﬁgex bq‘guﬂgebflﬁﬁ’hqﬁﬂac‘éﬁﬁ&ﬁs eire) exa\é@heﬁhor

favor fas mati on of t e conp mutern an etarg
i N ot héPnsigr efs o 1sppis ledrihe apeein] o] IR Hat B¢ regen tahean ﬁl%témiiydﬁ el |y

exi st s pAgrnRORIMBYidsC sl And FRWBMRI effitiehdy. @l SO

[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 W0O2007/038619, 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 described in WO 99/64016, in US Patent 6,177,074 or in US Patent 6,403,564 in
relation to interferon, or as described for other proteins such as PEG-modified asparaginase,
PEG-adenosine deaminase (PEG-ADA) or PEG-superoxide dismutase (see for example,
Fuertges 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, preferrably
polyethylene glycol, may range from about 300 to about 70.000 Dalton, including, for
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possi bl e that an inventive lipocalin nutein is able to spontaneously
dinmerise or oligonerise. Al though the use of lipocalin nmuteins that form

st abl e nmowormerizen®my be preferred for sone applications, PETEP20I00693€ Of
faster diffusion and better tissue penetration, the use of |ipocalin
muteins that form stable honodinmers or nultiners may be advantageous in

ot her instances, since such nmultiners can provide for a (further) increased
af f i ni teyampld/ pelyethiyidin¢ glycol withiamolecalageteighFof thartnitr@0, of ia@mtréﬂi()@Of of ns of

the |ip ?8&' d@‘-lir%frélbg?ta YaooeDsitd 3"‘@/{] rgdv%ﬁoag' ?:Tg?&nrb ‘E?U@r R @BEEGsFer um

hal f-1i so not e OI’ITB.IOI’] et’'weén the

r espector ¥ 1é| earbeltydrate oligeyaad nodymess [sudnesedarsly ophipidrogygtherséaeh {RAES br s

S ]yc h agaf be c@@ﬂgﬁﬁ{ troeHa rhﬁﬂﬁifn &fthé hﬁreﬂtatﬂﬁp@t@ Eie ‘Tf“ﬁe Gg Ek?:g]ﬁﬁfalftlﬁ{s %Xtehﬂﬁrcli pr esgnce
Oor CoO (0] an onic s reng 0 e purrer s se an

Phe. o idenda i RREnSabaG T gf GeteRaP AR oGP HEn LD IR . Cohat ant
KD (f orcoejmgﬂpigeorfel di oliceshoen cempoindattd dr, mawip et ttelioventibh Sﬁfuﬂalaumﬁ@mds

pl asnmon_r.e I | t hm
whi ch |nrslar u@ee@%g?cegv 3l ua{ %I?le%%?(}? %Jr%& Eh %? aafl Q%a‘ﬁmgéﬁ ﬁ %ﬁer e 8l§ée it

i s al san@k geactive anéehwskiol faeldiltqj@rﬂseocpmwwn he tke[)dmede“sm(ﬂm $necixampbmof

const antiphn LAFGARIRS LRf FRA nRGIeeR IR &S] I%Catrhf{aamﬁﬁArls gﬁf’a Adedy1-

target/ || gand)‘ may vary within a’certain experinental range, dependi'ng on
t he netiedyldadngxperinental setup that is used for determining the affinity

of a pao¢7igul &or ké%@ﬂ@bpl%a@i@h@bﬂthfz@ﬁutémg'di/sel’tbséd BaBa. it fﬂ’zl?rﬁberﬁﬁaﬁlﬁagéohﬂ(ﬁ may
be a sllg t devj at.i on %@Jéthe measu](rﬂed KD vg(ges or.a to erancg range

2011/ 085985BCH BRIHTHPOBYIP AERRAL FRC FBPOLRERS1 B IHFn{iKe MyEn {

val ue wags deteenimunadd/by it5uC ftaceny @snpotaie somardedéBhiacorag)eptde bych as a

conpet i f ngﬂsegbén%aﬁégpﬁfhlﬁrﬁug@% enbodi ment, the nuteins disclosed herein

can be mnal to an affinity tag such as
pent ahil8Q72di nd'or abamacwscahmﬁlp@ﬁqmé atragfeinrofghsinveptianagay be fusti i a fushen

Pr esentyARQ! th&akks BRCATPAS R Mg qifebl dRxRblehl by 2 S PO§RMIiEatdRSWO bed
mut ei nsosg/s %g)ed wi th such tags. [0055] The term "fragnment” as used in the

pr esent? Whelieﬁu%ﬂﬁél&mwrmef Arerdeacriedwitheraf ‘?rﬁ%‘i?élt? AUHRe PPy ment

rel at e&ﬁm;ﬂﬁlet@ldﬁﬁmwias@@c@&tbdﬂ(ﬁpodﬂml wiglel bfnrdﬁfgi affﬂhity E@n(gThAma)t lfrtﬁld.r(m 2hd hat
are N-term aII aIIy rtened st _one

of the RPJtué? é)lmpﬁﬁﬁﬁordeﬁfr{ 8? r?é{F l%bupégnérsﬂ@ﬁ ?‘F élrrgﬁt% c? Hl se
pr ef er ammunaglobelast al (CHAodempmef @ atnl yin@dynogtedulipr ef eCHBI ydoBQiror ofroare

Core AR AT SRS, O R e AU RLE

t he scapmeginly Befepr eiait. therabwmindindiee prateiniBise dbendt kacksial whhugrn 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. Pharmacol. 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. Immunol. Methods 218, 73-
83). The albumin binding peptides described in Dennis et al, supra (2002) or US patent
application 2003/0069395 having a Cys-Xaa;-Xaa,-Xaasz-Xaas-Cys consensus sequence,
wherein Xaa; is Asp, Asn, Ser, Thr, or Trp; Xaa, is Asn, Gln, His, Ile, Leu, or Lys; Xaaj is
Ala, Asp, Phe, Trp, or Tyr; and Xaa, 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 art and for example described in US patent 5,728,553, European patent
application EP 0 330 451 or EP 0 361 991.
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have been altered with respect to their imunogenicity. [0057] Cytotoxic
T-cells recogni ze peptide antigens on the cell surface of an antigen-
present i myocelloshper2associ ation with a class | major hi sroTmpp@iobtoRs t y
conplex (MHC) nolecule. The ability of the peptides to bind to VHC

nol ecules is allele specific and correlates with their inmmunogenicity. In
order to reduce imunogenicity of a given protein, the ability to predict
whi ch [epti] desTherfusiop patreir mayavefer mewpbtienteristicstto tiy mdentoyedipgralenmMed

nmol ecul . nﬁﬂ?51 éﬁﬁqp .

t hr eadlsﬁ%H %pép?)lfrz ﬁ@%céN?t g?\;o i y p%?glrrqflﬁ)a{}ola%fr el ﬁ%@stéﬁtg[ﬂgkuswn
previ 01P§q>t91né|e§érﬁlﬂié]dnq dhesrhatase. hpseiishi pyosidase. gglv@ﬁtlweﬁttméfeéaéauébfce to
VHC cl %ﬂﬁm{mmi)ﬂcﬁﬁgf”&ﬁlaﬁlﬁ' 6fuﬁ1*0Qe1§tGa|protéﬂ¢199x5) anhboﬁ@'fra EQIItS & me%%ﬂﬂ@@o)
[0058] Such. an agg%@ach may al so be {I|IZEd to ide Ilf ent| T-cel

epi t op&eMast R efPHIEIE O KIS Q0 PSR! BRG MEoSRES ’éléi FFﬁ“ %1“? e

i nt ende“dxmmlenaofskelhe@ﬂm@n obf Saﬂﬂnﬁei,fs.,Caﬁmeema,oh ©bel)b&giosalofs, Blﬁgin@:lfﬁﬂl cted

| mnOGEINE bitind drolTB B 45 LDSHATRASLROSPBlnt Bosubh Sk BERL A, gl ons

i ona
nutagedé§ﬁ§3ﬂb)pemmce or ellnlnate these T-cell epitopes and thus mninize
| MUNOggi4G! t @Iﬁﬁufa?ni? cﬁEﬁBi}' tBafhi'E &NEQéathﬂHﬁﬁ'tefnr %Q%ﬁfckh&@wl% a
engi neer ed anti bodi es descrl teo et . (20 Hybrid

19( 6) : 46BUAY 19NZXHE JeHye b%@ea%la%tthﬁ bgght' ﬁ@mﬁﬂ@@ths%f etF?éU]@Pés ﬁpnum@mu on.

[ 0059] Thethvited disa glk}afs tHeRipai e r ¥R YTHR QSR ES d Sm i f mﬂezm)cmmmaﬁl@mmhw,
which is desirable for

App! | cdt IS BEEuY B gbets B Bar Reroscor kot TeaiaoRpl fBeiTons,

it is afdetazef.ul to enpl oy the nuteins of the invention in a conjugated

&ﬁlr A\ éd'n’]@ﬁ}é t%ggﬂtﬁ sh&l"af‘s%é Stk nbd%\%g ér%tﬂég%tﬁg% f&stge (%tp?@M fl@b@fe d to

or gani d I%CPle le§55aﬁ53 V@)ZGHQWGQ%MIE’F@G@/ @6@@26“@129@@ w’béﬂg ol

col or eqdrhiahi€!suct & Y RathaineSs- ﬁfgﬁs@éraseaalfs@)éﬂlew @as&zQﬁ%ctlgﬁ'%hdﬁ)@q)uﬁﬁcatlon of
photoactlvated and which is suitable for use.in p otodynamc t her apy.

f1 uor edERORILINA @roteigs prefuAe Gxpmplead Prefarredh fusipgRasingrs) kpally, PéOtF%Vﬁg]scent

ljabel s cﬁﬁirﬁdgeﬁmm{ ﬁmesceﬁepaipertfemhcla_&s ahd Igmedaﬂludg@dcém Ibl@ﬂiﬁlef(iSFP) or the

i goxi ge i oti er apeut.i a chenot her apeut met al
o nandeBn et Bt TUE LRkt FeiEn Rttt el PR R bl ea o
an or gamventidn agwalbl ecul e. The conjugation can be carried out using any

Convent[b@ﬂﬁl CRUPtd g "fﬁ':s‘folﬂogr&é]ﬁ"'%si Qsdd e -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)
comprising 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 all 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 Len?2.
[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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[0061] In general, it is possible to |label a Lcn2 nutein described herein
with any appropriate chem cal substance or enzyme, which directly or

i ndi r ect Iwogenewat9es a det ectabl e conpound or signal i nPaT&reN®ed028
physical, optical, or enzymatic reaction. An exanple for a physical
reaction and at the same tine optical reaction/marker is the em ssion of
fluorescence upon irradiation. Al kaline phosphatase, horseradi sh peroxi dase
or | 3- gdlecaptnemtals mugagenaisa ke snwhti@n zarawilealfelesat¢dand can evére psavgetot bare
opti cal C et i quﬁ;]? ti

pr oduc adL%ﬁR%e%esnerg &aﬁﬁ }l s&glct)ltrlrﬂrr%%% %QE@I)I%O%P&&HU glﬁécrsl&% xéglglt t hose
excl usisteilify . @r@a}\pt@hh{%@r 1@?@6@1}%‘!&4@@%@@6 npgeigart of i mmunogl obul i ns)

can al 500418 useHudiOE ac@NhsBAatE ARcloSed M&hIUpFlidIsioR indyR 'PheSBRliHkeyeRtd on.
The mnut ei ns of the |nvent|o[1 may al so he co

gated with sui t.abl e
t her apStiEaN JERERT &% ator@ tpauenssy) th ﬂP%(r FERIEH We Of \a}ﬁgy eig fek!

agentsm@iecmlcgl ven cell, tissue or organ or for the selective targetl ng of
cells, r t t C e surd ceIIs
Examp) JR8" <0t AR EpRelle) W AR Ao M T (0P R 4

t oxi ns nuglel amdrlgahr:@lenmre@palds "t@raéllovvhexlafp@mn of pepuqldésie( qoencas 1ﬁepti des
acti ng 8% pRgANghSRMAHUN ShichOforfaif Gi‘lllflorrﬁé’tfdcnafe%alrdﬁﬁgefbt R4nsCfip tﬂﬁﬁi hﬁ’d?ér

conpeti ng for a protein binding site on_a given cellul ar tar? Exanpl es
of sui tEBplatiensk r%ﬂ%ﬂﬁm Huesuch sequspees e "pRerale linkesl” de theyausleoTide Requence

di pht h%htc&hﬁ Wepol ypeplids. Spsratile haﬁzeg&@mm&geemo\bmh fhe fegllatdtgariuehse or a

deri vat e axoi ansi noi d ubul ysin.o olastatin
ol oouieent T The Bt 18 b P o Sasmhedied TR eVl SR P rt it n
E, aur iesp@bdion. PYie pradseauatu&t@ﬂﬂla retifatoEx seguine sieafssary tfos patel expaggeioh macl ude,

but _ar st i racil,
Taxor on 2 uRbEER R SRRl e SRERAPLAN e SRR B, 7 plck R
Met hot rceraing ot MSIpaempter P¥/ Seci-¢- slPNﬁeelemffsrrt@lég’M@,g the Hotiationi oferansrsintionazi ne,

Cycl ophospham %\IA BIORG%d dfichAWHA kA bed GRAPRAE GliMEsi o f0 HRE higth@st b A-4
rel at ed corrpoun sul f onam des, oxad| azol i nes, benzo[ bft hi ophenes

synt hett§agslape- ATORRFER HEZIORD METRA Ya HiF lds 2 rioR- o8 Hgothigyences yrwlYss ihd
cur aci nnigiefiérv af trmﬁs‘énpﬂﬂ@i Elﬁi(bt@fﬁsﬂd’t@ﬂl mchcharthyasﬂ/we)sboadad ah@ﬂ(kOS(lﬁhd: Mal ghlfgo

| i pocal t.ei ns,_of the 0 0 _be conj u

t hor apdler b P aRrvb” R cRea 1 el CaEhe e hEnf o e Seaths Blomany in

nmol eculeekyrysteml Thésat egfomsi g RMAsincloile repnhi®MAs aor repidsey efesentSush wetlnpugat es
can be t r nt,
tho mut arAggRte il 8 BOE ot P e e e oRE R
t ar get sompap@entafa@ hosdsellr egi on in order to deI iver the inventive nmuteins to
a desi r[@@taz]V\DIRQ&émQ@%&%P&H ERALLQY Q@&@s?ﬁlary%hﬂaﬁl R ulafo@@ewn{ehtsrin&cheedﬂody

One exanpl € wherein such nmodific tlon may !gs | e |sfl crossi.ng of
t he bl 6‘6&”15‘?%1%%%% ferpnatipn, pelygaenylgtion (9§st ?H “19?’%15’ ANgs5r Firgmatioh e
mut ei nse@fentdyeare nvtesatisfactoryefyinbgonadind pm‘utlﬂalrmjsetelle shelnhhdy fag bé kiatiaitédhe
active L hs1sxf)a scitblngtlonaf h| S barri er (see Gaillard PJ, et al. (2005)

| nt er nat'on RS es 1277,185-198 or Gaillard PJ, et al. (2005)
Expert (@3 Dﬂihgremm w. NGy  ackb@Ogije oSubh ivvmpiounchs chideor rexdapie
avai | a%@wueéﬂgfef%ﬁ% R 3 ARBIEecick! &N SThéi! eRHRa | ARARKAR! £hudie &R den,
NL) . rex rrp ar rgeting [ ecul es to he mutel ns of

pr esentMaleRpdsof Wﬁ?nt@é‘ HURIISEY i Hemage S%ﬂﬂervffoa%g tragparipsienst tﬁlf%ﬁ‘é‘?ﬂ s or

| i pocalstdueitd. eSuiabwi pldkafybtidipiymbers aedes é@%ﬂ@rm@ttem&wﬂéﬁ theTh;@U\as get

nol ecul e of the. t etin eties may, for e a.cel

oot § gerrogiet Sk A2 RO ARy SR e g wF R P earesapt e 2L sy pe,
such asye thoiSVelgnpheter oathe €iIM¥glrbmotet.l | ustrati ve exanpl es of such cell
surface tel - r 0 I S

i ndi cat e bO\;Igl% IﬁerFelth_{g&%%g@efLﬁges ?ﬁ\@% %l'?%ﬁr%%a&%l %&Sbggy_tgggo%?%g%] (%Ais%%y

conj ugathed king of ctampovahicle.lvach axa plasigidg h@h@nudn dtiaze) 4 Basulpvirph@ aesmed n (i n
this r%gaﬁqﬁ§§@d1@hl%gld°g}£epubl i cati on WD 2006/ 56464 where such conj ugati on
strategies are described with references to, nmuteins of human neutroph|I

gel at i N84 asdBingt @B0qipsRtalthe nHFlels BFiAdRAGede s ffamprised ita RhasmidThe
conpoundadrhidtveeit @aitest heect@rentddiag thel infeepaiiRyrepi@naf pabyipdrkiyl ghage, Guyic &

nol ecul e, such as pol yethylene (PEG or an activated derivative thereof;
hydr oxyet hyl starch, fatty acid nol ecules, such as palmtic acid (Vajo &
Duckworth (2000) Pharmacol. Rev. 52, 1-9), an Fc part of an inmunogl obulin,
a CH3 domain of an inmunogl obulin, a C# domain of an i munogl obul in,

al bumin or a fragnment thereof, an al bumin binding peptide, or an al bum n

bi nding protein, transferrin to name only a few. The al bum n bi ndi ng
protein may be a bacteri aI aI bum n b| nd| ng pr ot ein, ~an anti body, an

o . g NSNS N A r



WO 2011/ 069992PCT/ EP2010/ 069028 al bumi n or bovi ne serum al bum n or rat

al bum n. The al bum n or fragnent thereof can be reconbinantly produced as
descri bedwproliBepmbent 5, 728, 553 or European patent applPCtarzansctrs 0 330
451 and EP 0 361 991. Reconbi nant human al bumi n (Reconbum ni 0) for use as a
protein stabilizer is for exanple avail able from Novozynes Delta Ltd.
(Nottingham UK). [0065]1f the al bum n-binding protein is an anti body
fragmend13 or fimpr béurctidoagiant tacﬁtebbﬁdg/d toDBrEDN Adf irb@dﬂeéftédﬁb@in&pe‘on of

engi ne?féeega(:ttéha{l"lhlogtv%eﬂh%ths&cﬁ % eﬁYcFCec%r |ca%®r%rﬂ{3 lbéxe%}}aﬁﬁ%'g” vivo

hal f-1ife to creat and e Domai n

Ant i bodVIEXKGE: & CM k@it M@Wdﬁ@ggpm@cmam piigHacety &W@drﬁﬁﬁ‘?h@ phygical

§ Earrbr Ic@ﬁlﬁh gll-ﬂfs? ﬁ@%nb@ed?h@@érolot LOROED N %ltg ESRSHERdihE p@@p@pt{ﬂéi cﬁgpiam @oxt end
e serumnal - e o0 mut ei e | can

homet s B PUte UHS GOYRNOR o 6 Ra¥ itKult alof R8 Feis DRGHE 5/ yey

t ransf dTrbtems N@mc@byca@@yMahmﬂ lgtadfdsf Abaidemha’sesa, Na‘bvabnkerYoLoMnah? HiBys,

and a tiapsterrip,fus ﬁ'ysp%%tn%'zns"“ ! 2@' 5@11 a5} yorrﬁ &, A % Qﬁo o Qia' f-life.

Thetrén Frin Carri &fVal 86 provi des b1 Gavali ablllt Y "but i on
and ci f¢M%tGiuny inialﬁlbﬁetlywlm 87t%¢hnol ogy is comerci al y avail abl e from

Bi oRexir§odepl ORexh S1dnMa {7@1‘%&&’4 EfiPincfHRE PRI #8R (hE '?& uﬂ% sei@&?@?ﬂ&%%ed‘“ man

transferrln (DeltaFerrinTM for use as a protein s s al so
commer GPAYY §iky ANFIGII ¥1G PUINFINSVHEIHES ada?qcahwaltel(l Nétﬂ%q wgﬁ%rrﬁn Grolicatiqoe7] | f

an Fc padtcoffrolaRqhéntes aghiaulrdm d spetieedomPhtiflovitiihpaRet ¢l Hadlsongd trbe

serumhal f-1.ife of . .the nuteins.of the i.nventjo e SynFusi
O G T IR R A AT SRR i TR
USA), maystbetediselds. [khge usmbab dfhiustalble -dusnoretteshrelkagwnahl tbesut lhed areat i on

of lon armaceuticals and may for exanple consist of two
copi es%gkn?eﬁ&hlﬁ:ﬁ%\%ﬁ&l@l nked to the Fc region of an antibody to inprove

phar mado®iMet iThe, DNAInuplp¢ule gncoding Imosalic mintpnsedtithe ingaetion, podaspayeeulairfot her

al ter nRidn¥ie (' @handnd iR Lalde bl cebr @‘udﬁuz{ Bp&tafh ntli&iniAN 8Bt aRFolded O
fuse the NN or C-termnus_of a nutein of the invention to |ong

unst r ud®t@redost sk Fiableg Pl EXpESiEh ﬂéee&‘ﬂ’énéré%nsf rgratigy £33 ke Bfeﬂf%mjfiyla% Wit h
about z&nﬂada&h@mmsecsa&nbt@olgUyalanm%ags|ﬁhpﬁg) Thi s approach di sclosed in

W2007/ f t PEQ) .
"o00e] OB mreS RS A8 elfe RES Ratrshlker v L RITRAehRY [ o
of t he amdiselongd hdreinpol yal kyl ene gl ycol can be substituted or unsubstituted.
tommounBleR, R AShHad 6k RohY HeithliaRE AL AT \ERIPIE R Rleast) PO ©
99/ 64018 nygleqtide pequsnee elcmlmg@?&m@n prefenofphe Byventem O3itada hpy ceBs ean i t o

i nterferrydic, @&M%%u&&%mfaoasozpmeéoz r ot B 3B sS WP LIRS oPESRaPRAC, k@dh as
aspara &ge PEG adenosi n% eam nase 5 G AD 1?.{ PEG su erQX| de gl sc{'rut ase
(see f ARPYES  ieYitiges &4 PAS{H 90 ighn cgpecks ¢4 léad myreatize

Pol y( Etdiathlﬁmlmncaeyldmleﬁ tMp dH dliaad]1PooCHONS:11) o@ﬁiarrga Imanﬁﬁhlm&xellil 139-148) .

T GRS 21 5. 60in B, 080 RLEL T A, ARl 6L Y 06 S
1nvent10n, wherein the mutein, a fragment of the mutein or a fusion protein of the mutem 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 comprising a nucleic acid molecule encoding a mutein

of the invention using established standard methods (Sambrook, J. et al. (1989), supra). The
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WO 2011/ 069992PCT/ EP2010/ 069028 exanpl e, pol yet hyl ene glycol wth a

nol ecul ar wei ght of about 10.000, of about 20.000, of about 30.000 or of
about 40.WO0QoDalevwn. Moreover, as e.g. described in US parare06sH9, 930 or
6, 620, 413, carbohydrate oligo- and polyners such as starch or hydroxyet hyl
starch (HES) can be conjugated to a nutein of the invention for the purpose
of serumhalf-life extension. [0070] 1 n another enbodi nent, in order to
provi déostuiellab ltlenamiltnedamiddr sindgiaphawhish fapwoapjesgan ioh thedreeerologoimeDABov e

compou e | | t eV T N | .be
i odangdn D, R IMESL O L OREHE pahlle. § R B Al e ST &7
desi gnéeraverca@itheiieom dhecteilves feomythersyliivedon mefiunt.at e t he conj ugation to the
desi r eqomax) et Yin o%eas?é@,m_ls%r&fenﬁ UERnash alhte it€ iaahe®bd For 8l gbnbRdbn MBEYa be
introduced vi.a an artificial .tRNA is para-acetyl phenyl al ani ne. [0071] For
sever alMUpPIof & N¥HLIO8F CYMEISAE ei ns di scl osed herein it may be advant ageous
t 0 use (Hhemsubjedthe £ midkeiofhcitiusoleculp endodingsa hhimnas Dippcaliddod Merignedihgt a

i nventiyv Jteln. | - it term nd/ it's. C i n a

or ot o L ElsTHles S HERE B ool helt L SROHAE R Bhccforfiols LTI o
af fi ni tthe scqgendeQOFZPROPO,pINAr anxk Eift dfcthe liapys| pobsaepadessegquense eif h.co?, redvdting

i nvent 08, dBYmBe stk RiQdidsopruRant ner that extends the in vivo serum
hal f-l1ife of the mutein (see again PCT publication WD 2006/ 56464 where

sui t abll@0Fsi drieprgthetesandpehefeorPrised with references to nuteins of human
neut r oghj | € egpleddihNBeONRSHEOCI NAitEH HucRAEaid MoMdule(Hi dHdiing] &f () T 4 Yuitdle
CTLA-4). Simlar .to the conjugated conpounds descri bed above, the fusion
partner may eBBreésﬁorF%ySBeg?’tangf an i mmunogl obulin, a CH3 donain of an

i mmunodgébulenrighiag Gtddordooramnreofuein (s )nmvivggh detectable, biedibg atfimityafor al duen n

bi ndi n j r ] j.nding protein, to nane only a few. Again,
the al gﬂ%&ﬁ&}}b@%&?r?éga?%{ogfbﬁh‘}r}%ggogagwg' bacterial al bumn binding protein or a
| i pocallP®P4dut eihg tosm Embiag@neﬁlg” ae vjodi heyein oreags Banihe. expedoeaeheinditiongiatabl e
fusi on cREIIHNRER thA'th&xhERILEE dddGaltlobelrlihe aPh @vdd REBAdeMNpdtid 8 Pénd he

i nvention include al bumn supra J. Pharnacol .

b (Gsborn, B.L. et al. (2002)

Exp. THBYNGAdgPwisubrosdaa bagk egiyy £BQLsf) F2BibFFhY! btﬁgtb&%}eaﬁb?neeaeamaé}d a
tc);a?t er itiedt iﬁhd&lp’i‘iaﬂérsltlzitnﬁliis RPecidpd Silté(;rﬁim(me asptdtee @aar?fposypkp@%@@gﬁg&b. ’gllieOtB gl) n

Koni T. an erra, . A 1 upra,J. Lnounol . tho 73- .
Ths ot op RSt A s B B RN mot TREEE of M RS, Bt Semsiee,r L
pat ent segptiite &y idoletiaD 081130698 35 ohawi NyraaGye- Kaki Than 2t XadBHiXtwiscQys of
consen . , 4 . LR S
o *aTHEAPUAER: CPISKRLD. iRm0y o3 Bl ot TighadBn
Xaad i strpish ofgthjee pandomppputatms, legdinghio @aningdryen (é typedmaty Aeidi (ridgay ¢ ner .
| ]E [ fb%bﬁfﬁaﬂ%@&? itlm_ %ngtﬁ dfftﬁe %sﬁ%ﬂﬁv@lsbérﬁé{trqmﬁe ﬁ/tilait%é) Iofcih. @ﬁ:hia\ﬂ?nie'i@&ir' Ehnt
(0] a u n as usi.on a ner. a | calln.nutelr.n o e |1 nventi on. e
term " & 9eiFAR %r?ﬁrlfl geucy Im‘%ﬁﬁﬁ‘fjépﬂg%t?&h?%%‘ URREHN ZBY R ﬂ?npeé’élﬁﬁﬁﬁgé’il%%ﬁﬁ n or
bovi ne tsaraambalshbjetted @6 niaigenedisiin dlebitvdntion Theoneeeeplara Rintpd okt tof alte of
al bum n_or  .fragnments thereof. i s 1 _known .in the ar nd r .exanpl e
Gocor 1 bt BATRR Sort DRSS bRl DR OER e B0 ABTor BTG )
or EP Gipgedinggaffoldud. 2a¢ma0e8d F2RrATARMRALON §60QL65/D BIASwitieh i isiorporgsed t ner
may confelreRaN fOAMRGY %_Eﬂegf) % &0n t"&%dblﬂ"rﬁﬁ'tﬁlfréﬁ%sik T RRGA! thik ;{H-'%ggé‘ieﬁﬂﬁéh as

enzymatic activity or"binding affinity for other nolecules. npl es of
sui t ablSEBGuINBY FO(BRRECR) B RIFIEA! Rhe CpHYIE prRatase POREPE duhHias it kaploUase,

gl ut hatahfifo &ill§ adishe m2sordtetewah UMD IBBAHIBLyHR B rBd @fne @ keqiIRhEe fosifisOt €i n
A, antibady fragnents, oligonerization domains, |ipocalin nuteins of sane
or di ffdéWlB%fn%‘ig%H?shsg specificity (which results in the formation of
"duocal[005], dthe SdiMgekagnence & humna [Sp@niia,2 A& ufcdO8Kl h, stddting gloimsfor the

engi ne | i i ndi. [ e LE]Ci [ . t he

T pocar i egfﬁg‘?_ﬁfll%w?g@%%%“’%h%,S%&%@ﬁﬁl%ﬁseﬁfﬁﬁ%%ﬁs?ﬁ%ﬁ%ﬁ%ﬁ{? o

par ti cuhearecitpd aminp 4id pogtpi. ¢het persansekibied inptbe Akt sl @isprfsak the viapioent i on

W th aegablished standard methods for site-directed mutagenesis (Sambrook, J. et al. (1989),
supra). A commonly used technique is the introduction of mutations by means of PCR

(polymerase chain reaction) using mixtures of synthetic oligonucleotides, which bear a
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separate enzyne active site such that both "conmponents"” of the resulting
fusion protein together act on a given therapeutic target. The bi ndi ng
dormai n ofwoOhetldepreeal in nmutein attaches to the di sease- eal&irPagonedoget ,
all owing the enzynme domain to abolish the biological function of the
target. [0075]Affinity tags such as the Strep-tag(r) or Strep-tag(r) II
(Schmdt, TGM et al. (1996) J. Md. Biol. 255, 753-766), the nyc-tag,
t he FLAe¢mmte bire chingbsitiay atthe dhgrddAeqeagco popriaise Fosexswphe, aise of the codon

gl ut at hHERG: KNG Qf\f]efs 1 EhASE éérﬁﬁe?;hbﬂi’l‘é 8@ sqlié&qh#lﬁﬂle W%@%ﬂ@wdr th 'eO” of

r econbi nant I‘Ot are urt exa erre n ner
Fi nal | = 9@@@@ H<CYiRsE) é%@\@swgeﬁ@peﬂen of ?ﬂ@p@%@h@ﬂ?ﬁr Pt thejagabes af@a ca@l,ort he

green fdukas afeebineRk OtvBbRad @ePodh VNS Mﬁhﬂsot‘h/e fﬂuweesﬁewss@rymreb@o(a‘(&?) are

sui tabl e .fusign tners for | i pocalin . of th
[ 0076) 7N i o T2 Sk sraifee 48 Sty Eoh U A60c SirbritEad i PockAl n
mut ei ngroae doindi mgorpOrateldemtmﬂerﬁeiaamdcmttainnoﬁwgleq)oey@paﬂe SEERC @ise SF glﬁtal

Sequencgg%rgi\IM#]gwl%r&% N nml'hsen PRLYR @%ﬂeéjﬁgﬁl%ﬁer ?es&ncitp IR IHJ%%P &P %(%sgl%(l)? 0 a

SpeCIfI ' Conpart frenty 16 exanplre tr
endopl asnee hady &t | lc@tl msﬂ@tedeaﬁﬁmryoppetleesmse 1tmxtladgsethn @mver aads Sighals,

sequem@? 18 L‘%ﬂOMét'P%et o, axl‘atl frofth B&ﬁé %Jo?ﬁbr%ls&l Bk (SEquUe elfICQ:r RRfFNEH on a

pol ypeptide into the periplasm of col | t he OmpA-si ghal sequence
[ 0077] Thié 15tRESEHt 1Si I?Ri%‘htﬂilaérFoéP%% fqreptaf:regmﬁrw Atigs dthan ke de%qlfe%@lf’@@lf%lw and
RNA) Cwawrhﬁg ragmﬁwa&lagt sudﬁz a§ @Ql@ﬁ‘&@/@t%nﬁ@ld ﬁﬁolmﬁe mﬂ @1'5(51%6 afcolpsaled ied a

Cor t ol RUEBHGRE B SEAGH Eanghe ROHaE P51 frcting SoNE A ng! Sbialon Heiehee
i nvent 292, 433-5}, ol Wanlgeﬁ Iamd aclspecPiG. 20020 |(Ziea:. é?omzh riplleldutoelser\'mmrﬂlcm@j_ a
mut ei n gf, the NV GoL R s ﬂg‘da;flg %@QO ugl s‘?%pc & g d %ﬁ—u&q se?Pg@B%,LSI ng

nucl eot1 de sequences encoal ng ererore
presentunnwémmr@rﬁcai85f9rﬁmpiéesmethmlubﬁm@ma@r pragw alepwedi ng a nutein

accor ]9' 0(%)6 10 tie ﬂs@%ﬁﬂiﬂc%tﬁ@%hﬂ&h@%l@c@%g%ﬁ 'r%hg@& bh?ea dir @ ec@ﬁ@tylccagiqar of
oy OF ISR, AL SIS ROclt Lons 2oy B0 AR A0 PR LIS BTRT 1 oo
i ncl udesrintitdoei Q_O&QtldeJMreC@aeﬁal@laﬁeﬂl(D@G;CIDZMJYUBle n255, #3003y, aEpPhbhEr
ggglj_} Iogogglglé %ﬁ%@g%ﬁ%&%@%@tgtbo%s 1rp[o a cﬁosen sequ %lfllgé’l sceenp O?' tions WO
[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 (Virnekis B, Ge L, Pliickthun 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 partially
derived from one of the corresponding 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 correspond 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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of experinmental nutagenesis. Such nutations are often tolerated or can even
prove to be advantageous, for exanple if they contribute to an inproved

fol di ng ewbi2eilgwey? serum stability, thermal stability ecT/EPgandedRfIdi ng
affinity of the nmutein. [0080] A nucleic acid nolecule disclosed in this
application may be "operably linked" to a regul atory sequence (or

regul atory sequences) to all ow expression of this nucleic acid nol ecul e.

[ 0081] Aowrtic bamjuencaciegmant. dcpdlpmese bhas réiidon ke beperforentdtwitlathe"regpativee of

expr essflrgtgatﬁ QG LS ﬁ'ﬁcgog@é el aré%él CHPARE&ar yt Qi h%We?}?%@{1§esﬁilf&1alﬁf a

nucl eot 1 de sequence” It conprises s quence e énents which contain
i nfor nﬁ?@lﬂhoh&oga?léiﬁ#& to transcriptional and/or translational regulation,

and suqbogz;qqum%;ﬁffﬁau&pﬁfoab&ty of bbthest théR 1%5&10%'@111{39@ teabmedw %ﬁous
encodi t he tide.. An oper ble |jnkage is a | e.in

Cogul ntkpyh ceRieAER SRiln nucISh GeRhre st Srbe e P Be i e TR hect ed
in a wayquehad s@n&lﬁtsem Wik naxgioas dhenbechivtr@iueed siehaadlentel pdsitidne. T@gw atory
regi ong, RECERSR of e @%ﬁu&? & ?&%péx%ﬁl ﬁeoﬁ'e ?ﬁsr{ec\‘f\gc{ %’thHQW%O%P &5&S<Eha§3n”}eacu n

gener al“"these rise contai ns
both t hl@mgrfd)mr@ Obgqrnusbotldeseas WNK aél enrent snadé meaﬂuatwgnucrielm avid inedécoresof

transc rv!/}HEH ObhtriBte WRE ketonddNDetGleEMRI SecWhd GRd oMb frdt ieﬁﬁérﬁ"e' s@?ﬁeﬁ@tlﬁ (RNA,

Wil % the tnitiation of translation. Such pronoter ons nornmally
i ncl udé swe 96 e BT PRY @écﬂﬁ@ﬁé@gentﬁwé}lvé@ pequEnetqiahe ehg@w%qoaﬁ%westf%n and

transl ahd @Dtagshtehy, &e teﬂanslaﬁéd ilerhB@KQﬁs afifleilo € althatBebal gaanrgogl.ement in
or t he TATA . ces d5-c el ene

D ey SR T dtielis i el Lo DGR L Bp e PR aiofr v nin: s

as wel Imiagng vansdai'sadqengsadl amndcleeaded es@nﬂu@mé$oéadm pdyg@mdagmdﬁoe theat i ve
po' ype%&tﬁ? an c%n%@ §deliGn GOTRR H&?%r lsﬂl Bﬁ{m&t‘ﬁhé pf, %%9[?%11&&‘ Q& ésiog

non-co ? sequences nay cont al or
transcrairq)tambéle @r hgatieni clp@lﬂga@@ﬁ@lr%qlﬁ n epral.t HE8P), keprd)f Fommelm

these t&d¥hiiRhi QAuERIYEDE SstA¢tRnNBidondtle S ClQY YrdtMiCln raleduBn® BRKid Cul ar
host cell, then they may be substituted with signals functlonal i n_that

cel | . [y Wfé?recfaarféf eriginggradeinto Bigi gavRsce Ot @fnﬂ%ﬁﬁ]é qligorpisBidesatUsncl ude

a regU|a&EDra19hp$1ﬁq&tﬁj’1hC@f iR @és@éﬁmeyPaRppl@ﬂﬁ&teﬁncB emzwm& cleivagaahbaesydtigf erred
enbodi rises a pronoter

nven n
oo o e e R AR B e aeh S L B e R b e o ok ot | 6
pr onot ¢0&10d] e Lohger soqmpmdeesegnieatst withjor deogane, cadive Ifcaclh%prptemmelecrted)rfom he T7
r onot I r f r i a Ils
P oo g drEBIP e aRh UBIATREEURD YARIGH] nlulic RN AR 0N MeAUKA RS nehe >
of t he byrivenst therpodunerasesehaberegefian yidepcoustiqdys obAncippped emey rakd, By cbemishbni ng

vehi cl Qnut§g5ﬁ951§-§r By I%lslﬁg Wablerid RHAEL Xirdins %&h%ﬂ&hocﬁs QAGIooBH e fo@fu@t%fﬂ d or
an artifi.ci.al. ch rotgosoma %&0%25 In g .ment., the. ng\glelc aci d

e e
mol eculoBUMLzagg daieht i PECHCIh 2 rﬁ PRralip gputgisn Hwations, Resp ity
encodi rgcurfieg iontsétegaisegmeags of experandnedipaiitegdnegibageoftaunleradd 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, 110, 111, 125, 127, 132, 134, 136 and 138 of the linear polypeptide sequence of
hNGAL.
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WO 2011/ 069992PCT/ EP2010/ 069028 ML3 or fl, or a functional part thereof
fused to the cDNA of interest. After superinfection of the bacterial host
cel | s wi tWwo=othegey2phagem d vector and an appropri at e heCp@rP2@phage2{ e. g.
ML3KO7, VCS-ML3 or R408) intact phage particles are produced, thereby
enabl i ng physical coupling of the encoded heterol ogous cDNA to its
correspondi ng pol ypeptide di splayed on the phage surface (reviewed, e.g
in Kay,[0B.OK] db aktill (f1988) erPhagmeli st ayetlofd Reptdes esbjactth gPthat sudsic -acal

Labor atrl‘?(;lé(cd}@ﬂ)uﬁhtaé ﬁ":ag nuclétgt‘?cfeet%%tsp (lfo%lﬁﬁg fo e QraIﬁE?YZ% Jlroé’v%ae 8,%, QO

(1997) Annu Bi onol truct Rodi ;
MakowsKil; 18, 18146935, r17 a8 49 B\ A @éﬁhwseq@oce 87sitgys, ccrrmse]dseg:rﬁo élllf'om ng

vehi cl esqueae portioida3, 36iddes f raoms hey ﬂegwl ag M%S@eﬂUSBCﬁS 59e§9:r65b&¢ 7@bove

oS, 2 2 fénﬁ‘f,c%n??,ﬁ%egiqﬁi%ﬁ o038, By B B THRE Dy e 5B O

the hosB4cHd antihaB otfsheusedr paypeprige eapmem dhuneh|LipscaieRect i on mar kers
conf er rb('r)’T']g)Sj* 3 ‘819&1 b %I’éﬁltoﬁpgf 82 hianshol ﬂﬁﬁeiﬁris .torb%{i‘ Jde%r‘%fﬁg%%%%
unbers ‘or s nown in the art, “an

Lar ge A oni ng VEctors are ' na are
commer agivgleloy aelvlaﬁlh@lding hN@G@J] $h@1 BNAuetoice edifl eise nduditery to i poleagtienismancei ns

of the jhiygRtd %o aaﬂﬁta'oﬂa %Eéria‘? B @k g&}ﬂl@ﬂbﬂgo %ﬁﬁérﬁﬁgﬁﬁl@&ﬁ’é Bt R obiBfhafiCdi Ng

sequence of such ocalin nmutein c be transfor into a host cell

capabl & te%we@@n ﬁ’ aiHBe geneleicrpgid dosef igmaa driperliper f8y Preerrtied Ryt
st andaﬁﬁmtg%lyruuquae téhandue okt is kno®in al the (aﬂt%Q)gen@utm{gahpodaﬁﬁaﬁﬁtm@sztH he

t di t.ed t t
o) o8 e Bl da e BB et s g kit e B of ¢ ur e
under ococtdcombimgtosial et ogls fane descpibed si «iatadfmtthe imniaéomalqlataeqpp}lmeons

encodi '1905‘35}’1%89% W@E@(ﬂéﬂsﬁ% L8 '0@)09@?1;{510”“/(? §/@i§4§ fbﬁ) 6?/0& e%arW"(’f

pr okar yoti richia coll us su |F|s

eukar y@@pé/m%?cﬁélh VHO 200SEHAR 5Ty WY 2083/819250aer BOCHINS/ 16t dpr énstare Bhe H| gh5

insect gRlehSof éa@f“@f frRbd ?ﬁ@m%ﬁﬁ@dmﬁ&ﬁﬁ&é biaR@Dy(i@feencE@ERif & tSefire
cells) or primary ian, cell I?he invention also relates fo a

met hod & ﬁt"lﬁ@”ﬂ%dﬁc@l? dRclsic aﬂmﬁeevwcs% ﬂi%ew‘?rﬁxﬁé‘HFF@ﬁ OWRBREFITSSHE Hut ei n,
a fragnpplopdhtettost, i €lofeOtardyih g $heo @ert@h@hﬁ)ﬂoﬁn@tﬁod he theltpﬁirﬁhtgmi raspetivey

ol ypept d ro rt'.n fro the n e odi ng, for
Pt o0 r g i RuRLRC RS FhE B bl s Refes S el M. W o
out in hmpwo tecﬂquuwtcm he eapldyed fex thepickecten pf dnkm:ekd)ncm saclbax:plargea;hsp@ay
eucar S o f e ni its
out tuy SrevfoRdh ROODKOR ANEIobAFD L ADLEN B, BT ADYA DR oPRISE Dfo“a%% e by
use of Makawskijlt. r@9?$)aﬁ§?|r@k p@}pngy%:fe@mng (reviewed in Pini, A. et al (2002) Com

Chem. High Throughput Screen. 5, 503-510), ribosome display (reviewed in Amstutz, P. et al.
(2001) Curr. Opin. Biotechnol. 12, 400-405) or mRNA display as reported in Wilson, D.S. et
al. (2001) Proc. Natl. Acad. Sci. USA 98, 3750-3755 or the methods specifically described in
WO 99/16873, WO 00/75308, WO 03/029471, WO 03/029462, WO 03/029463, 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:

(1) providing as a given target/ligand a compound selected from the group consisting of a
chemical compound in free or conjugated form 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,

(i)  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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[ 0091] When producing the nmutein in vivo a nucleic acid encoding a nutein of
the invention is introduced into a suitable bacterial or eukaryotic host

or gani smw9 208a63990f reconbi nant DNA technol ogy (as al r eatEPeulosvesl
above). For this purpose, the host cell is first transformed with a cl oning
vector conprising a nucleic acid nolecul e encoding a nutein of the

I nvention using established standard net hods (Sanbrook, J. et al. (1989),
supr a) .[00Kg] WDsp&ifi¢ 66OOAARAT/ EPRO 1Ved600D28e gtt/lgahd i§ s nbhentucall thugeed

under ﬁﬂﬁéﬂ flcRASs, b‘ﬁ@is%t ﬁhhf%&’t@é%%ﬁé&e‘ 9 r&gmtg?ra%ﬁ%ﬁtr(ﬂl cﬂﬂtﬂﬁ @Pﬁgﬁ&gnt hus

the synthesis of 'the correspondi pol ype sequent
pol ypepvmaoﬁ@lqllsorxg@%ml@aﬂ%ﬂﬂ Ip8E eefngis ﬂ&f‘eﬁmalb prgamrm@lﬁ@ulé Ut #icomppe

nedi umsh&@ﬁlg?dlé o€ SSHEBIMuidISeibl aapRh. Inrﬁ/ﬁﬂﬂlbp&nbé‘dlﬁkﬁﬁ theOpeptiaBihad for

the generation of a mit he Jnventl [pr i Si ubj ecting a
nucl o gt DR ise e e ButAe BTG AR LeP i 1§ at'ﬁﬂﬂ?%{ée)ﬁéihoéﬁfa%n

nucl eottheeort-natplabtargodifivgorfeotin at a demain thaeofkudnys the EBodorhdie o edigmeeat
p05|t|0@%}q@§r ﬁﬁpndlng to the sequence positions 96, 100, and 106 of the
| i near U1 de " sequence of Lcn2, resulting in one or nore nutein

nucl ei do%ﬂcﬂ&ﬂ rfdmloac eng{odljmerft OB Thesherdst ¢fodie Gaventiont Her seteotrpn il step((g) is

expr esshi@qldif vABS: B R RVE @bRui RS @o&p@ﬁh@e BO Bt elsSdse @ RERIN RRlahNhGR) 1N

a suitabl e expression system and (c) enriching the one or nore nutein(s)
havi ng Salegétreel ABICESHNSBMARSET 14 Ifst Pne sfepdn gYh}@lhthe 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-physiological ligand 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
complexing 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. Biol. 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 plIl of the phage M13 or fragments
thereof capable of being incorporated into the phage capsid at the C-terminus. The C-terminal
fragment AplIll 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 plIl, 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 plll of a
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target by neans of selection and/or isolation. [0094] The term "nutagenesi s”
as used herein neans that the experinental conditions are chosen such that
t he am nowaechd/magoar al | y occurring at a given sequence POTIEP2@N0/064028.cn2
(hNGAL; Swi ss-Prot data bank entry P80188) can be substituted by at | east
one amno acid that is not present at this specific position in the
respective natural polypeptide sequence. The term "nutagenesis” also

i ncl uddBamérgoysaadictiophieie)of mhedMfl B damilpir tir atfregmeangt thisofoas pryteemae ogleghent s
by del %%le%t?éasf &%qﬁﬁtkfﬁrfopfhe F\‘ﬁiu?éoﬁp iSeRfbA}Q. acids. Thus, it is within the
scope 0 I nvent | on or ‘exa ne am no acid at a chosen
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d th t Lhe; S =.
deni ng o alag Sl B b o AT Remt o 5 e s HEHBO O8N ne
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42, 43 phagmidJgNAzy isolaged. M“Béfmﬁlﬂn%Efmﬂﬂ DA, @gl“BgomﬁbeSW@fiﬁ@ndq% 75
77, 78 DNAex8fcte@lromBe pBdgent8s, t’6nuc®le adi@Qequkdss okQBe selétled hdRinsloklhe 125,
127, 132, 134, 136 and 138 of the linear pol ypepti de sequence of hNGAL. WO
2011/ 069992PCT/ EP2010/ 069028 [00104] In a still further enbodi nent, the
met hod i ncl udes subjecting the nucleic acid
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nol ecul e to nutagenesis at nucleotide triplets coding for at |east any 2,

3, 4, 5 6, 7, 8 9, 10, 11,12,13, 14, 15,16,17, 18, 19 or 20 of the sequence
posi ti onswoantigspadi ng to t he sequence positions 33, 3@CTARP2014069042, 43,
44, 46, 47, 48, 49, 50, 51, 52, 54, 55, 59, 65, 68, 70,

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 hNGAL mutein
can be subcloned on another expression vector and expressed in a suitable host organism. For
example, the vector pTLPC26 now also called pTlc26 can be used for expression in E. coli
strains such as E. coli TG1. The muteins of human Lipocalin 2 thus produced can be purified
by various biochemical methods. The hNGAL muteins produced, for example with pTlc26,
carry the affinity peptide Strep-tag II (Schmidt et al., supra) at their C-termini and can
therefore preferably be purified 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
thermostability, improved serum stability, thermodynamic 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 carried out in accordance with any known protocol such as the
one described by Zaccolo et al. (1996) J. Mol. Biol. 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 00/75308 or Schlehuber et al. (2000) J. Mol. Biol. 297, 1105-
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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 WO 2oummooki pocal in 2. [00105] Accordi ng to thePg@EtEre@onboordhe

i nvention a nutein is obtained starting froma nucleic acid encodi ng hNGAL.
Such a nucleic acid is subjected to nutagenesis and introduced into a

sui tabl e bacterial or eukaryotic host organi sm by neans of reconbi nant DNA
t echnolldgy. wittanwieimg o theidilei-bindwigdorbicr havng)ﬂligiumlﬁimityitpahgdﬁdigﬁnm oa&re be
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[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 formation of disulfide bonds in the cytosol (Venturi et al.
(2002) J. Mol. Biol. 315, 1-8.).
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[ 00106] I n accordance with this disclosure, step (c) further conprises in
anot her enbodi nent of the above nethods: (i) providing as a given
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[00131] In this regard it is noted that transdermal delivery technologies, €.g. iontophoresis,

sonophoresis or microneedle-enhanced delivery, as described in Meidan and Michniak (2004)
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WO 2011/ 069992PCT/ EP2010/ 069028 fi |l anent ous bact eri ophage of the ML3-fam |y
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WD 2011/ 069992PCT/ EP2010/ 069028 [ 00126] However, a nutein of the invention
may not necessarily be generated or produced only by use of genetic

engi neer iwQ.20Rawb®e, a |ipocalin mutein can al so be obt acmaw2dxy/o6dvesn cal
synthesis such as Merrifield solid phase pol ypeptide synthesis or by in
vitro transcription and translation. It is for exanple possible that
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tabl et §90 LBPS WiiBero$Op kiR pAEat RIS BENEL ARSI Q mbRHH s dVoxi® idmebRidenfn form
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|t v a R | e R BEen RN L RO s P M R PP in
i nj ect idthesiByetiopher conpflersiosmade with aregvesrnopingéiralrligang or (hegat. as aer osol
i nst aw@@mm and fuMhat atgeen) thé pebsehtNintéRichO1§8 SficAa9%9! théTuxd Wf @SmuRRf ay's

or powders.. A conbinatiqon of iptravenous and subcutaneous infusion and /or
i nj ect i267PHGht g‘g’ %V@tl%ﬁ%%ﬁﬁl%r}?ariugacé%eo f ﬁl&%m%9rﬁwmaﬁ%e| y
short sautwmachaidal | cdaposltien pthak madelitddc alhayg obposiitéd nfarayhde trasnegtieolls
solutiogn, an oil-i.n ter enul.sio r.a water-ih-oil emulsion, [00131] In
this r aus @il MRGRerS TP ud Mylei e Bl s o T Pl Bl eomBog o

i ont opiven ebbde o bprhibe esptnent oficacenebdlreateshtinicBbirodie b vig yreatasndelsar i bed
| Vel danyandid CiRL i 2004lical V0 2034406 I982 KT EEROL00G00RB AMo o, Ther
11(4), 312-316, can also be used for transdernal delivery of t mut el ns
descriE@Hmﬁ@ﬂéﬂﬁmﬂmdn;parenteral delivery nodes are, for instance, oral
e.g. inoohw)f aninfanpinkt §spe&@H1ee¢1r§sen€mmi@sfea&ﬁéy& dRRBoRic STUSRBAGAIGNS, Of
rectal adm.ni stration J e formof suppositories. The nuteins of

. e.g. |
t he in§8ﬁ?P§ﬁg8&WHB@iﬁ8W?ﬁ$§?g}éﬂe¥§gpgww5§rIy or topically in formulations
cont ai H0G9% \aratletr yaspdct ©6 nive ptesan dhvantinn treldies tp hamathoé ulfiteatihy aambgept abl e
exci pi . ri I : d vehicles.. 32].. The. . of the
it o1 n WL SRR BEoa Bl YRy R of P BRI e ML REARG
pr eventipctediag pdminigeringherespeatitve enuteis 9b fiweinverntionjdr [a, phgnacenidead aemposdepend on
the afEbﬁbhﬁn?%rﬁh&nQ@@RQﬂQQﬁﬂ@&o@SQHQ§QHnE&ﬂﬁ&Q0§S wel | as on the
half-1ife of The conplex between the nutein 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 node of adm nistration,
the severity of the disease/disorder being treated as well as the nedica
condition of the patient. For exanple, when used in an ointnent for topical
applications, a high concentration of the human Lipocalin 2 nutein can be
used. However, if wanted, the nmutein B2y al so be given in a sustained
rel ease fornul ation, for exanple |iposonal dispersions or hydrogel -based
pol ymer m crospheres, |ike PolyActiveTm or Oct oDEXTm (cf. Bos et al.,
Busi ness Briefing: Pharmatech 2003: 1-6). [00133] Accordingly, the nuteins
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[ 00134] The pharmaceuti cal conposition may al so contain additives, such as,
for exanple, fillers, binders, wetting agents, glidants, stabilizers,

pr eser vatwoesil/memksi fiers, and furthernore sol vents or PSOIERPRI0I0E®RSE OF
agents for achieving a depot effect. The latter is that fusion proteins my
be incorporated into slow or sustained release or targeted delivery
systens, such as |iposones and m crocapsul es. [00135] The formul ati ons can
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steri| EX{@EPEE- or ot her sterl | e medi um just prior to use.
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In gendfal SUBIGEh Cliing; AR IS, & daidh S‘étPJFCtabp‘inP 4t 198 nbe ol PHE 88 i e
used, @hm@mﬁcemtﬁmsétompbhuspmrﬂpmmlgl y metkin of thden@hicosYhatsubjpctomaly hiee Fc
part. %g?zls a‘ggg efore i n anot her aspect of the invention, the invented
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pre-sel one suc teln pocalln 21is

used f@ﬁdl{tlﬁéalt @rg@éﬁ@wgu@ﬁotéd%H§E@a8%di®c5a|S|E;Q ARt N, &ﬂ&anHQB $EQ ID

pre- Se'm%@@lqtﬁlﬂx%dlnﬁd@&lw @M rrdsh St toCtﬁéYHdSﬁ sbdifig Qtfranda()vrﬁféﬁlb!éw I'ng

t he nutei i ound, and g%) Cglel .V (gCM] r%t ein/co ound]éq
conpl exh§ 3)1%'6 ?Hsbie s%ﬁ% {EANLCE N F 0D ?]CUQ HIge pliF pgee bEeTIRS n i s
cont ac taé@iemﬁtﬁbrieh @h(gmmwmd:lm‘udemmfeeato ugedondere agsemalyl mmtmnﬁWshoﬁer
formati n the co r pyeloll f

i nteres ankm gléf)ldf\:/oex Otl(ﬁ(lgﬂlg%eﬂ):elmg%t e§ %Etﬁbnlﬁlﬁnl%) EICB eé‘@ﬁ%‘%f“e, be
achi ev@dcdsy @dup¢mn@ luhten randwisn stved asapgeeisndpmticeP¢R gm@hﬁa&ioanomlna body,
ant i boci&fseﬁl{‘tﬁ’&fr%ﬂﬁre S)Lﬂtlﬂa‘?féa%e'ng fi hfsh{‘ 8% tk)v'op@ach@{kﬂ Ili'ﬂ'l&‘:s‘ 'e@cﬁ Eﬁ&ﬁﬁ&%seﬂ&

bi ndi n afflnlty ected tar his use is i partlcular

sui t abl IblIFStHGHOUr e%tf:r (¢ AANTHNN; Mﬁ@& gxm& rﬂ:featqulﬁﬁmegiél B FBpafbla o a

pre- seﬁ@&ﬁﬂ osSupéh |eﬁzﬁﬁe QAigani $his iRl a&a@ghnhdmftaﬁt@dtri@adﬂ @5 tenablegsdie or
or gan iC

conpl e LR TP FANaREHBEaRAT GI° PAIEFESET SRE R T BaRmdResthe

react edsin2 b Hizewih \rﬁpeaanphmmdgmml indl dqeenconjadgatasafy toniiteiducara first

compou r)thISLi[g, lv&Hilet e tsgceon%bgﬁ/eenﬁgﬁﬁgr Seeurs Yh hth@‘ cﬁw %9 {[032. 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 Len2

structural gene. This illustration also depicts two short primers (SEQ ID NO: 45 and SEQ ID
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WO 2011/ 069992PCT/ EP2010/ 069028 nmay be suitable to deliver the conpound to
the pre-selected target site. Such a conjugate of nutein and conpound may
al so i nclwoeon/depezer that covalently links nmutein and eorErecd/ osw2&ach
other. Optionally, such a linker is stable in the bl oodstream but is
cleavable in a cellular environnment. [00144] The nuteins disclosed herein
and its derivatives can thus be used in nmany fields simlar to anti bodies
or fragi@nt® upsercsmofandldovadtiedmorespastivéigi of twecasmttelfiandedyyttbe ave Uppor t,

al | ow V}Qstﬁé}ﬁm s%%&hlaf eﬁe&i‘f‘é?@od”ﬂi‘é &thdOd D@I&Qeﬁfu % or a fusion protein of

this tar bé I nmo I zed or separated ins can be used for

| abel i r{@g i) h Fagiur@n% Jihstratgh t%mtm%mﬁe S8AYeNEP QA lﬂbférySQﬁo@m&w@é lgm2gepesot her
group hamy Mg &indaheskar! flakbd i e tQJ’o BeKi P@%ﬁbﬁ%&g aé hapfg(aﬁeer |1§§Hcﬁ§n) By
doi ng their respective targla,tg g‘fﬁg#ﬂ?ﬁ S or f t her eof
can be getceiagnetr ity RicPpygd i gBi:S%m ﬁﬁ afe r’i%'3 of
the i n\mﬁAllmnargzaiascﬁﬂfe&m Faudet dele Eﬂ&&moahiffelshd‘elscﬁlm’te@hé)iﬁvﬂfﬁpﬁ%ﬂb&fcodons

establ i %Bﬁﬁlze%n?olry}ii z eX 1Iess%jr§ v@e QISCCF lﬂ]ll% out \%Is tﬂ% Iﬁo§ | &tgteg ranlﬁi{%e Cldb

m croscopy of | mtinose n ection signal can
gener atpesitidhy. srond, lﬁymugeredif ¥ élflfemtbltleplmﬁt (éiACcB"ﬁﬁuQHﬁa OACt aVlom@Eot ei n

or indig&et G AT@W"@T‘TC‘FG@%Q@ 'CK‘A OTATU"Q}(? U@Q}T‘“’G@An TA®, Wch

anti body. [00145] Numerous possib appl I cati ons i nventive nuteins
al so exfeqdinga réli%nmprilcsid%ﬁcppfoﬁw( dVasHarrloypdeaty the &pe{@IHB)éIPF%P%%PDdr ug

del i veryhictRaubiémicapel ﬂﬂ@@a&s @@1@&1 ihBiguv erﬁﬂermngoﬂmhb ndigls chb@esporal e,
ti ssue- or tunor-s

fi | f | b ted. Such
2 mut olMfrgy PSMIbY, e &rigavetl 1S i0he BRTORpRE Biovh MRt a it Bl on
pr ot ei nhd frst dminvoicid coagn dgecthyr fotlbwagtthy updreamaBseX t retshmtmpynte [ 00146] Thus,

the pr 36@];5% ?lir}{/e P Qh&l/ss ﬁlol @E@le\ﬁlﬁ%n fli’é%eoqule tr@c%ﬁrba iy Vﬁéﬂn @%gﬁ{ hl%tc%ns

mut ei n entlon ormat1 on at ur al

| i gand Tox- Aﬁa?quét) ang @@Eﬂ?}ﬁ‘lﬁ)r{%aﬁmm@qﬁsm peét coli. Ale ppasesitborthihenyitbetial so

enconpagsRsintiige #e6mBinaft AP F&iidh ﬁt%?e%sdsk/ibgasgé%séd‘l?y SDSQ’KGE And19%is tAE Both
manuf acture of .a pharnmaceutical conposition. J)Mggelgrggraocﬁeutl cal orrp sition

t hus oBHPhBEPISIRY WhE cxprased ipdhe eyieplasm of ke fiel YR gk the gells
di sor defith a Mﬁh&&es&h@@lhﬂfe pibﬁ:ﬁﬁsﬁere'ﬁﬁﬁﬁ@dilaﬁm@%lﬂig @f@hlt?@ﬁﬁﬁﬁdtbgmﬂl}c an

I'so b d t he. .t i t th
' oat ot T fyfthet UL EEH SHPeraf 7R RN Hhma P fickl FbRSBk U A B ed as
nonot heluapyleo 20841k dﬁtﬁOrraﬂmmm ity Ifeer oy .of [NOBR-4E3401 lBoﬁt ptdteinneluledrmaispeat , t he
pr esentrndﬂ%\&f‘e?tlhotﬂefs‘??et H{c‘?ésu?h dh RN e%rhﬁh Emcf‘g\?’eké’ tge%s%g\ 1aﬂ‘3! thoﬁBgB{e'oﬁé 1 eIa

nut ei n according to pr esent 1 nv her a ct o
pr esentPufifgaipn; of4p évaétOésanteé fromghabeckoFoundataen, ﬁ@a@dwﬁj HEIP, §M¢H0é¢tf3<h§1 f r om

a neur QhB@eMesAdrdvien My BaSRed A ABANGEH,0 OThd 15?% @8l showRlsaPlek BF A@aURkEON,

phar madBu B RaBHEbSit: DS Ba NG VB AR ey BASCHBVTHRABAR (01 St oM
subj ectdepiotsn@e thdlévata ofeight Wk Ox1:1t0 GIROE RSP S EZD BAHI0H 26838 KIROdiSflhyelhen

subj ec 'Pfto??lg of1 such a treatnent may be a mammal, such as a human, a

dog, SE€, Qt, a pi g, an ape such as cynologous nonkeys to nane only
a few |[D(D Lﬁéﬂ r eFtlgw dercargstrdgs an pods Of thaSEE ielutioapaefiles ofathpéen? muitnpHésent

I nvention J1eak Ua[rﬁsUSW ) Qﬁ’c@' tlfeoa[nal 1sVdetHe :p{lﬁﬂéc{‘ rdté?n@vﬁ“l@%‘@bs PREEUG)NY

admi ni st ér| ng to_said su j ect teln o nventi on or phar TTB.CGUtI cal
conposi hedhreééﬁﬁ?ﬂ%qtﬁgsaﬂnﬁﬂe%% apch BS/ iWeap ek Bis s seF i t@%mr@é%smraﬁl peoli
def i nedMB3 @bPGE-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% SDS-PAGE analysis of
recombinant wild-type Len2 (lanes 1, 5) and the muteins US7 (lanes 2, 6), H1-G1 (lanes 3, 7),
and S1-A4 (lanes 4, 8) after Strep-tag Il affinity purification and SEC. Lanes 1-4 show the

Len2 muteins reduced with 2-mercaptoethanol, lanes 5-8 show the proteins under non-
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[00152] The invention is further illustrated by the followng non-limting

Exanpl es and the attached drawi ngs in which: [00153] Figure 1 illustrates

t he PCR aweentilogowbr at egy for the simultaneous random nmeCAFPrEvioso00$ t he 20

am no 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 nunbered) in the

am no acid sequence of the mature Lcn2. These 20 positions were divided

into f (mducsgqcumdtt@ns uMsepissenffiothe magldorarzatigbnmarfker wethdhd norespouting harehch

subset synt hesi zed (SEQ ID NO 1, SEQ ID NG 2,
%@@Dyéwt @9 ididlgr eSSy (SEQ Q

SEQID rei n°NNK mi xtures of the nucl eotides were
enpl oyé@tOlaSt t%gw%@%teatfdttedlngta%\awsoféh%ﬁ%mt%ms HI{Gk SdrAbaed N C,

G and;if cythmleqzﬁsmamn alffﬂréﬁt Wiingfat@NAP thildetst xveemgesm%aradt(f ughﬁln@@s such
atriplet O%aﬁo es all atura e arrber S

[ ]
B oton oA i Bt iRl L Ak e o e Ao e er DL YA dis
XL1- bl WerepBug Mbdk fegured A tBibTechindguest G (ISR )utcAR6S B28) ant UBItho( gabr ook

et 20 bl egul a6l 991G RRAL ALY, MARURohASEEN MER! L BPLENG T DOT

Press) for ha emd prod ne expression
addi t1 dhiading| waodetoxtydh by m@tlbaﬂleg WSE@XtD\N@nBAP %@ ] Dubt(@qﬁent SEQ@MERANG 7,

SEQ | D MXi) wif nﬂNI‘P Wlﬂ?ﬁ&ﬁh‘%@"vé)dﬁn&%ﬁl&ﬁﬂ ?&%%Brn?a‘i{bg@gin'aﬂlg Olrenle(MBP)

non- codi ng stra tten below t | e strand Seq nce 1 n -
di r ect iVoHY vegeldRst qugPFYF‘gCQ“r‘i@ Sgéﬁ@eltb%@ubéﬂntlﬁe ohPaldetypf (VB rlgcalin was fesied. °

]9: [ gﬁdmmtactvg@tﬁt&e&ow%enata&m Bﬁtﬁ(hl DrﬁoaéleFl ageenBhyws alecgaNo tlngrELIStApse‘s or t er
ankl n eoxynuc an
AR SN A R R R T R R SR et al e DM e e M
anplif |de&tmmedd’br Apd Oasse rth? etd/,[ femSilJrAefI \6.& M li@t US7 gemk 16.Lagviefot HITGE, t wo
f1 anki

anki %Ser{éa' g&ﬁfgm\%ﬁfep f&“‘f%ﬁk@% eok2 1By 2rzﬁﬁM aﬁa'ﬁ% M ‘?31&95? Wfﬁ

gi ving non- at 1 bl'e over on enz

speci alAR#Ordagededto WﬂUGF els¢.7indf iernS 1sAt461§de1r1a1bﬂlMcha |§ar t\t:ethagl efiloes ent

| i gati gg RB%s-0Y QRiNY 6 L2 S hetic gene. Substitution of the am no acid
Gln28 t S w,th respect to the ori g,nal Lcn2 sequence was necess ry to

i nt roddﬁ%ﬁf‘%ﬂ]e Kigyrei6 sopytheshipding gatiyily efiile bepomytcived hatwnd U/ Badifest i n
the cDWAISA. DBBZAB Eatfgt:tbel’rm)at[ezs tulftEMmmBmdasresm dyah&y¢sfolvamsteie platoad by

was | nouut PouE SuGacEER hmsikEh ot Rrietn gl G Bt B e ASndih A0S
st r uct weat defected viilhair birbpusterlhtision Sabg@wdmm/\E tfelldweanl ts,zmltrompgﬂfcr ma@SEQdI D
NG 45

o AR S SO ST RN g0

restri ditiedrio gimenpvalgag @nd@e myedsl thoy vilBefilesergtipednigadT }D&&2§ é’tfﬂ!i@ﬁ@tzrté\/l fpp0154]
Fi gure A-Alhisd mﬂ\ﬁortth@ rtuﬁé@ehm@t ngayﬁﬁq\@BpfA[md whtany n®f asya haM.c Len2

I k t t Xl t
genes (Ul Highnd wove RSN acq%?ysef&e?]écrpfe hesTad o S sd By
EI oni nglcﬁjtnﬁp'éauhatﬂmgy Q‘I’@ﬁMA@)Hﬁ@bE\daMrﬁfﬁoblhﬁe@Mﬂb |ptgrra1r yn @tesmmrbqﬂiatem

| gure el r r ne 0 |

opt 1 m 288 (BI S Bp i aflhs U R iR T PR s RS e e R Rt e
anmi no atonfdarposoltqeometlonSeﬁoh@tlnalamdxtmee\MB 29 niacfef ewesttmmedplwetﬂls Ve TTC,
CTG %&ceﬁélﬂorﬁ%f u’ﬁ%ele%x A‘g@& ggt[nd gﬂtm Ta% 'I%@t %as %E%eq%ﬁgy

GCA, TAC), each_ encodi ng amno a except Cys, was e ed at

the 209 ttérﬁwzwu%@tltw@hExtr«%ﬁtd@r{Aé’rfeﬂpw%by @athqreoeeﬁ@ ISAEONIEIT £ in

Fi gure The dblwn@@‘élfﬂ&dQﬂcsm%rH J18maidh 0&quabn. ERANN$aliey Rele@ 1anninfoe SN 4 schene
echnol ogy GrbH, whereby Ay no. 1 is the first

enpl oy g Bi
anm no %93}/1\6[3 ﬁ% rectly followng the upstream Bst X1 restriction site.
[ 00155][0¢HcUr d“l@lmtﬂ)&@tdthme%@tlelreﬁhtm prabfsisl @4 ca? nitheing Sd:oﬁmo(izﬁtbeumti 04\

I:lcj)ls: ?nt('ﬁé%%e%%ﬂﬁgd -ght)‘(a g\‘]a[%ﬁl% ]%é}%lﬁn Het' c%%%tgoo(fand&{/ e r econbi naﬁmo Z}% (Elum on
pr ot ei motmsv@sms@édlaoganmshm@&ym &M 20@)chiBdRU FukiSonh apt exckiofisharer e

expr essgefikd LEﬁ@nﬁYéMé’sﬁﬂ?lpﬁgd F a &Rlek at]&‘@%ren%(grf%ntgitﬁhb' PiHeQReRhrelREnge! | S
with a_French Pressure proteins were purjf via Hi s6-tag

af i ni tySAYbHet é@wéﬁlﬁw@ﬁ%ﬁ%eeﬁu% fif Bedepigsest tSeabtask anettbeacaé:ﬁser g hﬂﬂémﬁtO/ 30
col um ahd ki hertdageotf mhtcknsAlf28d aignifcadtlPUReISdexd)200.48R01M 30, kQiusm <4 n t he
case of MBP-A1340. Both proteins eluted mainly as nononer in the size

excl usi on chronmat ography and were essentially honbgeneous after
purification. A1340 was obtained fromthe Keck Foundation, treated with

HFI P, evaporated in a SpeedVac and fiBally dissolved in distilled H20. The
15% gel shows sanpl es of A1340 after the HFIP treatnent and Trx- A28 and
MBP- AA0 after I MAC purification and SEC. M depicts the nol ecul ar wei ght

mar ker W|th t he correspondl ng band 5| zes |n kDa d| spl ayed on the Ieft of

NN A ™ N~ Y L



[ 00160] Figure 8 depicts the kinetic real tine analysis of Lcn2 nuteins Si
-A4 (A and U57 (B) neasured on a Biacore instrunent at a flow rate of 10
i1/ mn. WoeoNBiBI®2340 fusion protein was coupl ed via arChEPCHONHT®LREY on a
CMVMD 2001 chip (ARU = 1455) and each of the purified Lcn2 nuteins was
applied in a series at different concentrations. The neasured signal is
shown as a rey | | i ne whereas the cyrve fit is deplcted as a black line in
each cas® 107" Kork.aSd-Abff 8.8a11638 sofkhdi¥y) mased he” ol )f Heweuersihgovéiat dat | y

b011/ g%ﬁ%&/%&&%ﬁ%@%@%g% 84;%3%‘%%&(1“1 2?,\?Mf°§U35610 s1, kOff(US7) =

25. 21018 Figyyieed, ghowst the fgrsional|ackpty af thed-cne meutgigh Sd- %4 aid BSTvipsted 1. 74
nM f or 11$&'tlﬁ6ﬂ§sﬂﬂ Tla rr%gﬁ%ﬁ saS 00 ;Na | wsl 1gwtﬁtea WP VG M@f tgncgi-anal
76

2gar egat] Wpsz\gabmo%gy SOVRR RBS 46 3020 A St s &?%{%%fﬁn[}s M- Ag

w | d-t y;;ﬁeac(}u\m)nplle weteahnaed@mmi §0huIRBS @M tRibflavint T bmdjﬂusxhedenn@waﬁtneamﬂed: at ed
time pOIlH;[ 3 gxcu?l 101? elg@%}? lo‘? 4\§6r glllci( glg er. %stSJJ[%nlvEéanePf::ill 4%%12 1li|Jf\|/| E}EAOEEA? vin T

and fl uoresceénce d vvlt an exci Poh \Wav e nm and
an em gsutein I\A&Y/@h@w@ poterit iABDitim of Tdggrdgerion ptin et 06T: 1@%&&5&%%&1 -Ad

i nhi bi t\*fa@rho?fabﬁgtgr ?glgl?ffldaﬁﬂ %hl@lt 5 146 tf?)fn attHi9 rétwf_’gut%fjtga clemlimhfbiESatNPt

able to S|gn| i cant % ation at this ratio but exerted clear
i nhi bi MO a}( & FadiaByp <&®tzsh(>\gml Aﬂaem@zmye{h didrhpy ealameniipiteryiafiset Len2
di d notonrgy eadre@iiohnhi bi tory effect on Al3 aggregation. [00162] Figure 10

h | th Ca b

shove g ey Sk Bt I R 2 Ll e, o
exchangé rectu*mbmmmgila@ylané\l 1), EdBBeGanee?)e and &Y Whbd 3 -affer captxahhgnol .

M | e : 00 14

Fi gur e o EMERAITRBIes et TSR it 2,0l thanc UMM R
bl ue, onarkesr{PememgdsnSt. Neao- Bpaﬁ?eenll)mym?E (lane 2), N9B (lane 3), and N1OD

(I'ane 4o rd3t erFnglhfeeJH sth%st |S'DSﬁf’AG'E dna1yRHT hfftérc.s@atlﬂlﬁg withl ¢o&ﬁd§§’ils%§ﬂl%’i gleeduced
W|th2rrer ul ar_“wei ght

capt oet rker erment as
Lo on- St Leck Prvsgiyy R T Acbned) NG it 22 NDETne o Ao HE S8nd 1 atpr Strep g
ELI gé\ A Sﬂirﬁfyopmﬁﬁxratlbh anel vaspleoategd ravuichd tvhfal thﬁbl%h}.&detﬁdﬁgﬂ eMl;mEN&BSr and
FN7 and .l ncupat ser| s of the selected Lcn2 nuteins,
f ol | onet § "4 eéféFFrghe tﬁt g??“eBPg&e&‘Pﬁ“ 4l kal i ne- phosphat ase conj ugate and
pPNPP suoskedht & lglRecmT‘demauatbmcbng amme}l s tHe7IAL_IS¥O BA maigchbtidiQateeweateded
o0 L Ialie R B0Ae bl FNGREAG AU FNTRD in UG AE e g EReBoRT:

gativ 16 t

served as control ng Figure epicts kKinetic real
tinme aﬁalley@ﬁisLéﬁQ LeRzingyt ellaw Bbheé@mt@@ orithy %rea)&w@n1a&i@ﬂmembmphaqaw B8

was COléth%QatE'aﬁdgm s@%&ﬁﬂeSRéé/orﬁlﬁnﬁqt%z?@Qtefﬂsw0N9thrm NARY =veQ) and
LcnZ nmutein was. a ns. The

the purifijée t d in ncentrat |
measur é‘&g]églglr‘?aﬂlgr}a? lélhtg%ﬁnaséasy for 333@381 Wﬁ@%ﬁ@%@éﬂ && ﬁé’é‘F\FSWF taslasne@é%‘fect ed
as a blcastoll | ne | n each case. The k| netic const ants determned fromthis

set of rj;ﬁ(;)llr \é?s ure 13 eﬁ:tI t%e};meh I al @1516 an. é/ms }&ﬁni mu%‘em 'l:3| G 4 ndaeDi cts

t he Ki iC rea sure on A acpre
i nst r uriBmore ﬁmmemfh@wpwwcmp@dam nelighelmingistry ta @ (MOMY2@0em @ ehgor

chi p (ARRU==S50)_aad e hguritdy t&&ﬂ ki8R mgt ides AR ﬂnge@bn@&mm ¢ MBhe

concentrations, "The neasured signal Is sho as a grey-line whereas the
curve fiqasyied gigpRkisedond % beisy mﬁvmer?aﬁ thacnvedids depistefias ey blackc Bk itant s

det er meagd cideOMht hiiget®edondfan Wl@mimddefrbinSthed sétrofTall @ Ze (IRX@N Tadid)2 WO
2011/ oqgggzqqégzpzom/ 069028

xample
[00166] Figure 14 depicts the kinetic real time analysis of Len2 mutein N7E measured on a
Biacore instrument. FN7B8 was coupled via amine chemistry to a CMD 200 m sensor chip
(ARU = 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 tinme analysis of Lcn2 nmutein N7A
nmeasured on a Biacore instrunment. FN/B8 was coupled via am ne chem stry to
a C\VD 200won2samses92chi p (ARU = 500) and the purified LcR2TmMPR@E006942%
applied at varying concentrations. The neasured signal is shown as a grey

| ine whereas the curve fit is depicted as a black Iine in each case. The
kinetic constants determned fromthis set of curves are listed in Table 2
( Exanpl[@0167) . Higoed$)depicguthe kirgtid eqil Gtre anhlysikiof &rnZ muean NZAmpeanedymi s  of

Lcn2 el i i éﬁtﬁgt% C Vi a
am nenﬁ%gdr%? %th?s g?ttngﬁg%ggg%z‘g% ?n()@“eeglgxg%%gh?%az ARU :t05§0; an%@flﬁlesgg%ri%?llped
Lcn2 Wﬂﬁgpn:v@&o)aﬂjﬁl thedpyitfiegdaEgiih A cemt ARRRlicdnal. vari@eneiseirteadioss.gh i s
shO\r/]m aﬁea&l@?% &¥nhl ﬂtes_hmﬁr@aatsg& qmgbbtme@ea{sithe ic?rv@qnitiﬁh@ﬂc@ta a@fabtblaa&ihé e in
eac case. e Kinetic constants eter neq.rTrom IS set 0 curye re
TSt eq Sl sam Ao L R 5) deqrODAEoN OB, B S10F S st disd T 86 onee
al i gnnegBkammple@yan Lcn2 nutei ns designated Si- A4 (SEQ ID NO 39), US-7
(SEQ | o1 41 ] I i [/ S . ; I D
o 22 00 g r Tl e bedifint e h S Am, NERuRER L2,
li ne bel Bwcarhenstmgeeh ¢&E Béndicenupledsé emdwrahemistiyctouwr GMIT 831 ur sgsafchithe

| i poca éhRU( §C§m?fa§fddth%t Hied PO &R CwadNabdliedAGabhryme! conkfiratiBfls. The
8198- 8203). %OO 70] Fi g}aure 18 represents an over]ay of 'the SEC elution
prof i | é8eagyred ygnphshaiynels is 2y dne avkereas dhe cve fiird depisted palayklpek Bre fhe
purifi edctpeeeTRE Kihatic 1&H: QRS- RAKRifdd) fromhid va dicadvésuiieiIngedHkGhagied HLGY
wer e efﬁres eﬂﬂ)n the periplasmof E coli JMB3 and purified via Strep-tag

11 af fisH PP Enr natglo]g,raphy. Both nutejns el uted predonmi nantly as nononeric
pr ot ei AS0KPdmEigaredpidlupteitesra sqqreney Bignpsniuefhumannlen2rarsisidsierdedimt of 10

to 11 N itk es, e i . 5 i i s of
e mut o (ST N b N AL L R R e L N e e
H - Gl, 2dLGNE 81 Hh®NOa22)eNIBt(SEQ- Ay (: 124ahiid MN1OD (SEQ ) d&X: i26h wathd .c8EC. Al |

t hree n fei are shown undey. reduced, condi tions. usi ng . .

2" ror c e daH Ao PEIoR EpESEIFS A FolGOUIaY EFYR TRt PodPPEYine gur o
19 depi(Sintdi@ RIINB0ODY ACE] Nud ARl SAeULL 1g6, RUDSIgng3)HLGA, HIGY, and Hl- Gl
in capture ELISAs with the biotinylated Al13 targets Al340 (A) and Trx-Al1328
(B). StipepihB-Higue lasprasemtbiahi vedayof #@ SEG/ehticonprofites off ithe écpd atuednand

of "1 e i sFiong ARt e ahapbboo % MG Lo SUPRALR, gy "1 1

det ect efolayenD bRk IFIG AVl HEXGV AVdrdieRprakkednt the HLRSIEH SRME. GBI INDER ML
reaction with pNPP. Bioti nfyl ated oval bumin (Ova) and thioredoxin (Trx)

ser ved ragfipggat iSiepdemntll offenitynghrermaiasiandy. Betbinhdeing olwed peedogrpantiyt & ns

not s . i . bl ndi al ues
dot er itk By PR St G704 ) BROG B L0 MEBSE e ff oI Liica,
4. 9 nMifianl. HéfRVinteasidieR differedMidpendibk oedthe exqprésBpoiedngl thalnuasing.qB) Thowkl 328
were 3.8 nM_ 4.2 n and 24, 4 ng/#j, respectively. ﬁ[1100172 Fi gure 20 depicts
the ki feti% SRAPAG Yot gkraso 1q_38hgc%%’it%§5 &al.(AY Ganangtde Y siter

neasur I i q! r a : Ol 1k
VBp: AL STSPTE HEURRRY Burfct ARh BN S Bkl Tid Bl aRdslonn! A Eid0B i o
(ARU = cBdi6pnsaumsiheZateraiptdetanpliM fapedteits e moltailmsweight rapibi.ed in a series

at varyj oncentrations. The neasured si | is sho e ine

whi | o AhACaEe el B de D ne dauTe sy s Fne Mrelach E2ad EFnbddi® and
kof f ratesn QfapRed [EINUAST )Eh WRE Sis@lyEMbat £ @SedsOh A) kafi( HEGAR25 ®)77104
M1 ST Kort FiB. Saogs, San i ol f/’?‘ﬂﬁ“: N 5-1, koff%zllGV) =
7. 2610-Y%egVIA Bhimnmov ems| imnkbilradduets 10engm). e/ Gnintdtifror pleitGAndnemplo®éd vt f or
H1GV. [00173] Figure 21 depicts. the kinetic real tinme analysis of the Lcn2
mut ei n CRRIANERASIUHAE LoRZ anEpiae oide the1ioen-1at LuRiningwh e HrEByIptes dyreats40

usi ng e i ssocil.atl J t : -

concant PR, A LA RATEE WA i TGl By SRR HE B b and 0

ont o t hebByaawrchrotMgeniti ipadtibRWith BRBP, Batidylated guathiuhiie dOkendhdnthiceédoxitl GA
was applied at a flowrate of 30 i.ilimn, . For exact deternination of the

| ow koft r"SéF’éf,ed @ §§%§’61V8tc%tﬁ°1§v&§8 Béli‘l*’{ﬁ‘?‘{?%‘ab @Fﬂgf?dg‘“f LC%% MUFENSHNGhERWN)-
concent i : . r A i ; i i i es
ot he L BB e e R A Pk 3%t 300
s. The kinetic values for HLGA were determ ned as foll ows: kon = 1.25.105
Mis-1, koff = 1.1810-5 s-1, and KD = 0.095 nM [00174] Figure 22 (A) shows
the functional activity of the Lcn2 n3Tein HLGA tested in a thioflavin T
aggregation assay. 500 pi of 1 ng/m nononeric Al3 was incubated in the
absence or presence of different nolar ratios of Lcn2 nutein HIGA in 0.5 X
PBS at 37 Cwith stirring. Aggregation reactions were prepared in

— ~ o~ o o o,




[00175] Figure 23 sunmarizes the KD values determned in the different

ELI SA setups as well as in surface plasnon resonance neasurenents for the
Lcn2 nut ewo0HlG#9%and H1IGY. WO 2011/ 069992PCT/ EP2010/ 0®00X»2¢10049%068 Fi gur e
24 illustrates a sequence alignnment of the Lcn2 nuteins S1-A4 (SEQ I D NO
39), U7 (SEQID NGO 41), H-GL (SEQ I D NO 43), HLGA (SEQ ID NO 50), HiGv

SEQ I D [7 NG , | D NO 22 EQ | D NG
(24) N NMN%@%{%E% ﬁA EJW%Q %Vmﬁ@ﬁgié &ﬁc@ mrre&mnd)ﬂta)wm fS %ﬁr e 25
illustr z%svéemtml4§%w%ﬂetz4amlﬂmwz§§&tloé1 the nmuteins HIGA (SEQ I D NO 50)

and Hl (SEQ D NO B52) wth their recursor H-GL (SEQ ID NO 43) and the
wt  Lcn20QISED IHigwe 20 dgpicth @Eﬂk&pt1GW@anQ&dYShmsﬁ EatZeswugpec Hi GA bhnaidg

activi e Lcn2 Varl nt N¢E for EN7B8 jn A m.cratit | ate
s codl I8V (bl FeprHab o ~BE SORGImGUA b lsn ot P Relphy ehpeipR b

di | uti gpsis®pioRsin Has NéEpled Olal LNVRE chdMdRY &CH ICMDWIObNchip (ARU = 1316) and each
streptavi di h-al kal i nephosphat ase conj ugate and pNPP substrate. The Lcn2

var i antof Nrppurdieddicad mueging giap |aeplsngln@| seriphat ‘{‘ﬁrEln&%anrmOIﬁl\ﬂ?@@me%ﬂ@Chnd

oval bu 0 Fi 7 ct e ki n. t.i n SL ST f Lcn2
Ouat ooy AR 5P E Rl Bt A PRl S D T B KR ST

i nst r un®@Atand XBE releROf sothlrblﬁt@mcvf&dr@cﬂ@ﬂaw aERIBwWyaRoPURIABA- Y173 180V 5-
chenlstry to a CVD 200 m sensor chip (ARU =180) and the purified Lcn2

var i antls koe(H Gppt beéd- 188 Malsyl, nigofeédHE€ent+ at75d0sy s-Thkof@hluyY ed 7sioghiad s- ar e
shown as. jraces ether w ur h constants

det er mi nghe PYSAY W%aéuesge‘ﬁ%%?)g 7&?& g‘?ﬁﬂfﬁ}é @ %@gg?rﬁgh?aanpl e 24).

[ 00180][0dH73Y" FigedePi dpietd e Aidthikt feaPltingd éﬁal?é‘i@'dfsth@nwﬂ enatiagHaghy of
Lcn2 variants A (A, NIOD (B), N9B (C) and N/E (D). Affinity-purified

pr ot ei rm%alsreép@n |aed31ta®ra H%bn@ﬁéwrr@ns \m@i 3Olrn<d11h|md édd0| rPnatand ewiendedrBS,
The arr excl usi o ) tical
gel fil Sso‘f |t(1)°nn ?lesulof &d"ih meas‘rlrgmaﬁ1 Conc ntfﬂlonegjgﬁ alr1gétt %eéotlgioﬁﬁ Lc?ﬁsy

var i antcsupldd @iacdvpias eﬁktmlrmy @ﬁt@l thé B\i‘ﬁ:logahCM?Sf cHip CARU Gt 82)Santiase pdriflek DenX or
N7A, 21. 3 kDa for N1OD, 21.7 kDa for NO9B and 21.7 kDa for N7E, indi catlng
the prdsdpiad K§A oris popRssHa] W Eyfeeh Hsu/ming Fengxagsdagsmanation o st lewdtaton of
a muta I 0 Lcn2
var} antiedneoBong S peRbd D7 3105 by fishe SRTRANIPEIRL I 2hRE B,

( 2006) dBteﬂﬁmemusBlgomhychluUAﬁtsané.s76ﬂthelﬁan|.ﬁ&)cm Wik widr bbthdadsbreatéon mal aci d

substitutians s87 to_renove the single unpaiyed thiol de chain
( Goet z dgsogptio (’}i@ebyfe @?%H@W@W&? vides f@rsﬁl‘%g\mre determpncy aésfof@‘ﬁSzéfﬂpg to

i ntrodycs, %) Qnd (B r8eﬁhglsqt LS 1 6.00Milpgenesi s and pol ymerase chain
reaction ( é%qcasse I y 0 Is region was essentially perfornmed according
to a puybldizehedigirea22eq@y) shBestiee fincaidnal @dd88) offhed.cnNatultein YDA tested in a

2011/ 069992PCT/ EP2010/ 069028 Al SA 96, 1898-1903;. Skerra, (2001) J.
Bi ot ecﬁlwagavw 1 aggreeptyep) assaj g s0¢ Mr@? mgﬂb MAEMSHE ARpYast incubassh i &Bfct | on

W t h Olab%@@%i‘é%@ﬂc%oéﬂ cﬁﬁ@reﬁtsﬁglalr Do oflLéIn@ mﬁt%lﬂ Hllé%t {2 gdx PBS th %b}r‘% 1.

A i godeoxynucl eot1 des were designed such that the priners wth

1- 4 covithess@imnngd Aggretgaaomochan@orst rveﬁmd pregaedr fin etlhp(tieQemerFar eﬂumdsmsceat t he
amno acid 05|t s 36, 4 70,, 72

96, 10074 e ?f‘félfeﬂ itsvfho 1§4ntF{eV§1§e%%S. PR W%\V ﬂﬂ%@ REB LS
SEQ I D aM¥élal 5o&eﬁ9£t[&&3mmm h®.3 RePYNRCHEiREd Bt drenditaich Hhebidith 6R43Y

degenerate codons or anticodons. The two flanking prinmers with SEQ ID NO 9
and SEQm fdNoD emBsipe pavelsegh ioh 48X sas $hahansentearHil A &hlweérpptennf mdadftﬂu@n of

the assgrblesd BRIATLE Sy AR5 LIRETENY: My R SLERS Holf BB Rds st na

Go- Taq ymer ase r'one ei m Ger many) escr bed
( Schl ehgpepat@in s stl(IIZS@@ﬁﬂlcahﬂy Meducedi(Bh In eshtrastl 3@Bmdk2 @hnounts of nelther BSA

nor Len2 as negative controls had an inhibitory effect on the aggregation of AB40.
[00175] Figure 23 summarizes the KD values determined in the different ELISA setups as

well as in surface plasmon resonance measurements for the Len2 muteins HIGA and HIGV.
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[ 00183] A i godeoxynucl eotides that did not carry degenerate codons were
purchased in HPLC grade from Metabi on (Miunich, Germany). NNK-contai ni ng

ol i godeoxwyoueliewbi9des were purchased desalted fromthe samEPI@E0dcr28Nd
further purified by urea PAGE. The resulting DNA library was cut with Bst Xl
(Promega, Mannhei m Germany) and cloned on the phagenid vector phNGAL102

SEQ | based on th t K111
(Voot AP0k crfiaine B0 Sion Bl gt GHERTCHAT (85 Lond By AbdReOrDl
fusi on NahOig] US‘??@PQSIBdNéf 41Y‘?IIQTP'%SEQQD%{IOP@E’} Hi@}A i BAG! a8, by €

Lcn2, followed by an anber codon, and the C-term nal tragment of the gene
1] codSEQrI@c BNiOn 5@i N’h‘e (SEQaIEeNOoQQ) pedt SHQ@phaYe: RM3NIB. SEGIMNQr24s

i i i nsbindi tei Beste et al., :
Brer o Sy OECERPEENE el bRp Tspa SR R Pho) 1 R TRl Ge  bul i bck ot i
(1987) B0 1ot7CimpEeess fplust%& §ﬁ&}uawséciheh&eaﬁgrﬂ@etnt ent¥ ﬁiﬁt@frﬁé‘ H)lfG& ($EQUD

di gested PCR product and 8 gested plasm d DNA,

transf d?%iﬁ)@ndéilé}%l&SEQd@dN O[ @))mxt]l thgix enﬁnla’ﬁmvléhﬁl @SEQ Bhé\H) s%tahétﬂilec Lcn2
random I d b ry \t}ﬁ Q described in Figure 2, was obained from Sl oni ng

Bi oTechn §@b ]f uchheim Germany). The central gene cassette flanked
by the [DWSBStFXgun’eezﬂ lluctdtenspetifie indsg adtplityfifele Ve PaRaitMNADfGYN S usi ng
appropriate prinmers (SEQID NO 9 and SEQ I D NO 1%) and subcl oned on
phNGAL 1081 - B EeTotisyr Rlate | veRsrgpated) wﬁh N/ B tHN7$9¢ B9t ek py¢fbumin and
corres 0] RPAN ch i's
based gl(r?]&'? h{eégg‘;é%%agal cc?:ﬂ%l)?%rs(]aegggl gﬁ veéﬁgir%vg%&{sﬁgy ?%Eg]? h(%%%% ég%lka lLI‘

131- 13phpsphathes cdmugare ﬁmispNPIP pluhmetenTh@Ixmﬁseahamf NﬂEee@mibél ighpidle pepid de,
the nodified magur ep-tag followed by an anber codon, and the
full | eRginegRRET |Ff\]7|8§3§§A 1h ‘g‘f ‘the filamentous bacteriophage M3
(Vogt é}@@lﬁgerlf@ul(ezgpéépl%%kﬁl@ﬁ@ MaP tindd ;nalygssi)s) of w@géﬂlan-wﬁﬂAotAPWﬁg
steps in rar eneration were perforned identically for both

i br ari(Bs. NQ_B(ICmandit(}ib (Puimaasged mm Buemonngt imetrmebﬁts Tw:nlsuiglw\ébwnectm

t ransf oy ned m d vect hNGA 10 r

pnneaL 268 DR Ve ea St S itE o B B prBer sa R R ns as
phage phl lhd pid Ipcrrfzt@hlaﬁus WEE @p]il[e@rkﬁfvﬁfyﬁ@%cérﬁeﬁtrﬁioﬁﬁ i Tie el 8fals VO
2011/ 069992PCT/ EP2010/ 069028 fl ask and incubated for one hour at 37 C

160r pmarstpyn sreieicasiagicthep withghe rwivedite Tdhe kératiceangirits defeaningd fignethese
infecti 3 e culture was diluted in 2YT nedi um
to an d%ggrs'? g%%sv%\/nndtlﬁ%h EIr%)(rae %oén‘@ ng anti biotic added and further

gr own Yoelso] i CRiglhleCES dqﬁdftéiltlﬁd Qﬂilﬂytwal size @Rclabob @hafm Ao @apids of Bachegrianky t er
i nfection wt 9 gpgl | ent. Technol ogi es, La Jolla, USA)

at a mi¥ytd pr’CNt19Doﬁ‘B)r r%‘f%i:t(?bﬁn%f xR ROrifEedt protedly | wasr @PPRES teaken
for adg; E}%ﬂgggggqo Qofﬁtmrﬁ ﬁbr&t@&’d tﬁ{nTBSThﬁlr% atﬂ}a%fs éﬁkﬁ%@ﬁf%rextc g%ﬁrv%mﬁ'iéa Was

| ower e the er spee was i ncreased again rpom after
10 m n dfaimaegtemn (6.7Gnughatflicakes] ftickedn résoltbdwed poyminatyshk dor eich gé tie:

expres vi.a addition of anhydrotetracycli O i CS,

B! gi Ry Takenay gt T ST MGRoLS g0 R i 15t BRI orat ol i for A

di met hyhformRg-de.oNr 70854 fdr NSB éﬁd 231U’V kbﬁ%r NVB Clﬁgéﬁﬁﬂg‘thG %ésbﬁtlé%f ofngr
another 12-15 h at 26 C, 160 rpm 86] Cells fromthe conplete culture
wer e sedinvarriedpdyescent ri f ugati on (30 mn, 18000 g, 4 C). The supernat ant
cont ai ni ng the phagem d particles was sterile-filtered (0.45 pm), m xed
with 1/4 volume 20 % w v PEG 8000, 15 % w v NaCl, and incubated on ice for

at | eagpoRin. Hahle P@Hnrs!rﬁé%%tdf(aﬁm(téﬁ 1800 phd&08h18y liBraly the precipitated
phagem [1tier culfure were di ssol j@ 0O m of coI d

icles. | rom
BBS/ E dg%@%ﬁrmmoeeﬂla&oea HeErnfh varipnis\wSEERCTH§dg0 inglosgst
benzamictiNve (Bﬁlugfdiﬂb eamld (BedcaBiochirh. IButhm AB@thM,Ka@l $73)h®whldﬁeéarmed/)the The
sol utlon nas i, N t g g7cse for 1 thAft r centr dtL gatlo n[ E%m ved
conponént’s® { i) STRH S lz?ﬁb 35 >0 R S HRE T AAPA RS S ?5&}%‘?% P a new
reacti dﬁOQﬁ)és@lethenilSI@)l8?] 1&&5]11941610 apfwell 4s \,Gan&HmZG) %twdeGPEG“s@@ﬁm Bstsl % w v
NaCl a bat. em d
Dk i At fﬁe %’i‘ut&%’ ne80 a glsi W@ﬂ'nér& Sfafn/ g%cﬁéh Eﬁ@ﬂiﬁ&és@fni)ﬁl §t W@re%%lﬂ

particles unti quot an rozen a

st or agevasgssentiplhy PPﬁf%IFn‘%e@Cé@Hdi%ntoc‘}/EP‘élsb%gfé‘%ﬁ@S(%Feeett%a(/wa%aﬁwc Natl.
centrifuged (30 mn, 34000 g, 4 C, the supernatant was renoved, and the
precipitated phagem' d particles were dissolved and conmbined in a total of
400 pi PBS contai ning 50 mM benzam di ne. After incubation for 30 mn on ice
the solution was centrifuged (5 mn, 38500 g, 4C) in order to renove

resi dual aggregates and the supernatant was used directly for the phage

di splay selection. [00188] Exanple 2: Preparation of Al3 targets in

d| ffer ent for mats [00189] A1340 pept| de (SEQ I D NO 29) correspondl ng to

o a v ~ Y " o, o -~ 1




[ 00190] Shorter versions of the beta-anyloid peptide, such as the

N-term nal peptide AI31- 11 (SEQ ID NGO 30) and the central peptide

Al 316- 27 WEEQ 1/I89M4®. 31), were al so purchased fromthe PeptEPdeoSpmes al ity
Laboratory. These shorter versions were dissolved straight in the buffer of
choice without previous HFIP treatnent. [00191] In addition to the
synthetic peptides, two vectors encoding different reconbi nant Al3 fusion
pr ot ei M adefe YoAI6r U89% HOG 0 Sketre (wlp)dséwct)échbalcﬂéﬂia] 2’é3§pﬂm8morusm@ar st, a
fusion NO
32 vas e D G g A b Bl ISPID NS ?%ﬁ%}?ﬁ%ﬁéﬁc. .
14, 1758Figure)l. Qélgmlqomgiqlwt%%w@ depigpedrtish 4h ™ ﬂ(wsE@nP@mtb NQe dnd,

pA§K75-4Tcroﬁ/éb@1na8&66thgsg@n b NG arﬁﬂc)amddrue heGhte DA a@ﬂiefh‘imf}o h&d%gsﬁtmg he
mat ur e e | de e C I Te (0]

G W TN P e SR CREVN 4@398‘ e Tog et Soge By Y32 b ng
to Mor eés‘.pectﬁtelyil whild 200y with SEQIID Xoem8 cBi2spchiléd 6> the 46h)codin@Bha2] and

e e o LG B LR A S0 SRR D AR ARG g o
pASK?SaNBFSEQBZ(I\I@ Héweveausedanwcqsmnd@cttvgd f@rA@K‘A@p@@kmmof(mgmen@ﬂb 151,
131- 133)ndolbei géifet g rﬁaﬁogﬁSPéRf éﬂéﬂso&}e&rﬁgrﬁjln'ﬂe@ gec}g%goﬁ& Bl RdbREG,

protein followed by a H s6-tag for facile proteln tion, a tobacco
etch viPelnerIEPromBessgMannbeinsGesmapy) s deagiakfd (Seh Eh@ﬁer@éuabr%%t ei

wel | apibheosaqoenceo)of human A1340. The vector is under tight control of
the tet i ne pronot tor sstemadallows ressi on ,of

fuei on DFS6E BB Ebr GRS cRin S b aPeshraR SoRBSITae g he
sequendflgodiraty from Mﬂtzrbmoracc}s/hhnfbht GeBaf). Niﬂ(rmnuamn@wgmde@xpmmﬂaoddes
A1328 t t

( )we\iyé‘%ukd?ﬁ?e{d Sé%ah«%lf ?ﬁ?hh‘%he TR nucl”aélggﬁlgtg& guﬁfg&{‘ bl qﬁe%G@' e 10

the active-'site oredoxi n

cor r es goiudinggDNe hhﬁarﬁowa& icdt wel i ek (P3gmggay Ia@)nn g, &qum@amﬁeandecd@@d on
PASKT75d phARetia23édor QIQ@%&]IOQOJ[ S 3D Waham), PHRLCE] Rsbas-gﬂxorﬁjtﬁe?%eﬁ&@c

VBP- A1340 as wel | unfused contrgl proteins Trx a
expr es SERHCFHOTE Veqip) P/§§1€é§1 (Yas %‘@hglFf‘é’Far GROL} J- a0l (Regagyit. éé‘na? 3?3%%@11(1119)
at 37 Coddrfor @ifisi6ix pfogsis |coﬁnpm&ﬁ df Bk ORgh Aatigad] peplide; @he MOdFiel ynAI&n0f 0.5

by addi 2 /1 h d t Agr
) sool VP et BPOpRaR it el bR S P s L Rl B et m
Ger manyjlaraerdowo hadterinphged Mlbatel oimitart & pgivicasiyodestobed3 fdr. theetilis-bivetire

har VeStpg&E y(B%?cQte{ élf Q%Ial gﬁer?a{ sﬁ% A&te@%g:%‘g&({r%otg& Ifﬂ ll hﬁggfé r‘ﬁ:@I agclzli ets

ture were resus ysi s buf rl s/ HC1
V\D 201t @Bg@@&b@p@bmmsoégb 313991 Bitly thesbgWNa(ﬁureloan EETAReHed

resul ti &HW' h ©8ig8asd B@EEﬁﬂﬂDNAe@ xopo 1t ﬁﬂirﬁ%rﬁﬁﬁ@&@i@@ oBtlafn@BJgh a Fr enCh
c eiéuﬁﬁ%% t wé'te%‘%‘é%‘é AP M A AR R TR
0.45; lamab eﬁmned\lﬁenﬂﬁlemlng B16£Edsdhaalyogy ahdeME@l:hhalm a:ﬂe‘nnlanjz)y Tbu cérftrat @kmeon Vi a
the H 56 t lieﬁ%iﬁ‘(é)her Ot srtB(I I‘CStI‘ICEIOIE rsq:crensbwas am frfée P@H n les usm

pro

If1lan
chr omatoyr ap 181 pur IV 8

excl usmpproq:»hat@rmrmgs ApRO I@E@ 9 [amDSEQ IIP’ert)ei(Bv andn@é)ntomad |oor1§1Nﬁ?e4sb108

deter mi ?@m I o tion
coeffi c?ggtlgbylg?b@gg%dlﬁga?ﬁ??y or %)Igﬂ%%}gE @Hﬂ%@gg?%'%@ %e?néﬁdeﬁf:

VBP- A13uosforpnts. DPINESABZ8. whichoisvbasem an ft fr" grflaﬂ%%@@sxl%@emrm@ I§74§, and

13980 N/Bﬂ&f&mb@rc‘?ﬂeﬂsﬂsm I1B>5)N@ade35br;{£aaﬁn rg@[n &mpsed oﬁtﬂ@r@h AlsDR3P6]

For the fo xerlrre th ,A13 f oteln A138a

vep- a1 pa0tie, e Rl TouiRoihon tieoyath sedRUSHREPT of “hajes Fhifa ﬁﬂhy)
Trx, aﬂdlgl’tIB@ena/\HI chat geotemdofathe (fﬂmhembuspbamt@wphagev\lemé (N@gehmﬁs}tatrtdﬁ(zé)()ﬂher
bIOtIn@[ éngg]g} G) at a molar ratio of 2:1 (labelling reagent:

t ar get el 9 To this end, D-biotinoyl-e-am nocaproic

aci d- NL ](:8r5i|) é@d@ilwmd@p@m bbra(mwpaatlma@mchif@l@ledlvdﬂﬁweﬂyﬁor@@ﬁhvhﬁy% or

di goxi g@pirfs Srfr AEs ML eathe %Gnta@nlﬁg‘tﬂ%%ﬁp Rx@ﬁ&l @&k%ﬁ%gﬁ&%&%% ﬁHa@Mhe
ester (Roche Diagnostics, Mannhei gﬁﬁ issolved in water-free

di met hyestgrneihthgebac ot PhajGyik ] errplzhﬁGAétl@ eherflvaterGogyg fog the library of

di met hythes Updcaxin dutéibVaOphSicgpmE Alstbhi fBteins] lefh@iitferfl TBNY IS Icngdser i N a
2-fold nolar ratio to the protein in PBS (4 nM KH2PO4, 16 nM Na2HPO4, 115
mv NaCl, pH 7.4). The m xture was rotated for 1 h at room tenperature.
Then, 1 MTris/HCL pH 8.0 was added to a final concentration of 10 nM and

i ncubated for 10 mn to saturate remaidi ng acti ve NHS ester groups, and the
| abel ed proteins were purified via SEC on a Superdex 75 HR 10/ 30 col um
(Amer sham Phar naci a, Freiburg, Germany). To be used as target in phage

di spl ay sel ecti on, Trx A1328 was f| rst Iabel ed with d| gom gem n for 1 h,

o e~ o 1 o Y



WO 2011/ 069992PCT/ EP2010/ 069028 25 !IL of bl ocked beads were used for
preadsorption of the bl ocked phagem ds to renove phagem ds specific for the
beads, t hwo02011vd6299%ere used | ater for the selection cyclPeT/HPOARO6J028 he

bl ocked phagem ds were incubated for 30 mn with the 25 !'IL washed and

bl ocked Streptavidin-coated nmagneti c beads. The beads were then pulled down
with a single tube magnetic stand (Pronmega, Mannheim Germany) for 2 mn,
and t hdlaskiped natentedc tmt anenhog phageit, doOnmh ino2Wd mediuine whthauls ant@sotic
'nCUbat ctfic91r %%ss%{)@ f&}% 1ﬁﬁgtl&mfh0{7C§¥#/I% %gﬁ?%% ft’hQ %E—Eﬁ%r(% Edifuttd)irf

total vo m xt ure peptide target was
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cont ai unboun hag m _ds was he t Xes
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bound pbpgeimaslywer tae ehhﬁmdwurnwakeﬂﬁiaﬂdlmnilcﬁo thth a6 317 thoa@al 'Tlhbn @hel M
lycin fo | 0.5 M
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PBS. El4 ) fki nhQ&Q%ﬂAH%e‘%R@@dS QFg%nY&‘st@e&' Eagfuns% ds gr%/ll{ﬁ%aht LI

applied for selection cycles reas for c
per f or POl KEHEdrstedndplptighdn d%ln@ﬁwa@fm%m@ﬁ ngléﬁrn'éteﬂ@(ﬁ Gulture) 1 drrupation
non- bi Qbhﬁwdeatf@darﬁﬂ%@ﬂwHah%be:ad@oyprﬁh t he bound phagem ds and rotation

f 1 |, el ect I 0020 F

Lo e eadPht s e B8 S B 5% S5 mB e Y TEhier Ho o asopo

coli Xlg ¥ ®ludhwaspérniteatt mdltzﬁmng 3be phapeatid @Zrti’ﬁlesﬁeamstmﬂngﬁl@aﬂ((b@ nch),

phagemnql%emtg bl %lﬁﬁilel% 0/? %‘E@‘sdbfo N N L gmc? Webdiy @ﬁ‘% E&Pﬁ”&% I al
ase di he

gromh p rec er cen tien a
bact er i2alt. Adfédr] C@ﬂtrxﬁagatlroeéa% pended00re. 4 °§l)|th%1meélpwt@16 radagdmighpavticlereldominh (16
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( Exanplreackpn sédselr t he fourth panni ng step. [00203] Exanpl e 4: Sel ection of
Lcn2 fiH%)

di spl 236?08320%&%@ Lo ke 2008 o FLALRAR, 1735 3 Rl B inclbera 0 s
PBS (4 T RHEPETYed B ieRaRERPole phagmiiprecies ysml ﬁle49ha\%@ﬁéiswqr§ glignased ed
for 1 RnWiftdyer a¥0-§0WV forBRAabd) FBShd rFBR1£ah dyak flglagerﬁld%\&éfé \hawaeegt 20)

for cycles. n Fro tjon cycle 3 onwards % ) ski.m m | k
( Sucof iRt ’f‘@‘“ﬁ (%Qv‘é‘Hl %@bﬁrﬂ%ﬁf 43?1 bESrRerRaEnt, ¥y rS‘?OBffdoé‘% g rRESRIRIFRLS i 50
and 25 phhgenaiitpartidlds-W g6 dialved andgsabined beaebtslusfpﬂ@ﬁqﬂms &antgdpiag SHOnM
2011/ 069992PCT/ ERP201.0/ 06902 roduct shed
wth paaanie- A RGARGR  JRRRUE Bepblier oo b i bR Rt TG
skim m41°@) ui ©0®®5§> rimevdaretstﬂuekiagmg@em asl hersspémetabawes usastk dB@thyi fior whet h t he
washedﬁﬁgge@g A5 &Gecdon! I L anti-DI G 1gG coated magnetic beads. The beads
were t n%ulled down vmth a si nIe tube magnetic stand (Pronega, Mannheim
Ger manyy anple Z baenapation i dihiarsehy indifherantfppmathhageni ds not bound to
t2 he beadsiseas A[m)up%me (SE(% 80 Nm)n 294, tddrikSpdndin¥ fw&ng@b@é@ﬁ 1 Tooxad bpm?fmpl 3
to renpve speci r 0 ed and .c ate
Trxo AL o, B B cehianse Bt suabd2PhIal e AN HERner 2 Pantbr b0 n

and t heurihxtadras swathetic)dudpdilectd fpeptide &tHer mthea Caélailna/lcﬂloIIrEgmhp 408ched via The

T e
t hen abpratoryg| Mew emm .j Idorge 0 nPnAaingric was
super ﬁ%ﬁoamedcg\,md?gs@uvﬁg HbO N p&@%f@%ﬁd@aﬁ o %@@ro@em 1@@3%&&2beads

wi th the boun agem ds were washed times with

Subsequetrang! ( PE?p neflgpHagikichsS tﬁ)@h@%l@ﬁr@&nﬂnﬁé?omd%%m%tﬁrqE?Fafab’a?ﬁ(hS fn 400
'L 4 Mubsepently, PBP v&fa@le{/@@ﬁe@m A8 paati Vad covckhtrdkoTandPBE40 s Uik @lved b a

sel ection cycles were perfornmed. [00206] For anplification of eluted
phagem ds an exponentially growing culture of E. coli XL-1 Blue was
infected for 30 mn at 37 C. Renaini ng bead-bound phagem ds were el uted by
addition of E. coli XL-1 Blue in the ékponential growh phase directly to
the beads. After centrifugation at 4 C the bacterial pellet was resuspended
in a suitable volune of 2x YT nedium (16 g/L Bacto Tryptone, 10 g/L Bacto
Yeast Extract 5 g/ L thl pH 7 5) plated onto LB—Can1pIates (10 g/L Bacto
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[ 00207] Screening of the enriched phagem d pools was perfornmed by a
filter-sandw ch col ony screening assay (Exanple 6) after the sixth panning
step. [00R0&p11begespl e 5: I dentification of Lcn2 nutei nsPspapRéiomcdoos Al3
via screening ELI SA [00209] After four cycles of phagem d selection with
Al1340 as described in Exanple 3, the enriched pool of Lcn2 nuteins was
subcl oned on phNGAL98 (SEQ ID NO 27), used for transformation of the E.
col i supiakdt railumd Gif- Bistilled dé&/Q vatlpwed dfy Eonicasion KBhdElBl, Ckinereet R 100(2009)
J. Am 7 j C p
002101 e B e T o S ehuee o o
in 96-viebe FiliresComung i PiSE)nrptep) a¢eacosrationndasodetsrnided h byi @bsosatian edt |
Nuenbr eghikuref@hRN2¥) nhilu hE taleulhRdARRNARA dobTflcledt 8f Laddaat'emTrizRieies 24

g/L Bacto. Y ct nmM gl ycerol., 17 KH2PO4, 72 nM K2HPO4,. 100
oL R AT ERAGE e S e ot SPLt B R BaPeE  apd AR
medi umMeteid AaduRad. 8d, 31843788 ehtepwwivgdkpasut/woBgropadngliovyp t o exponenti al

phase C@r .37 C. Peripl 1 C_expressi e i\pduced
Mo 201 10E8bo B Eistby BB 38 et BRPUE o of BT R Reb B MRy Cr T e
(aTc; Adr(GEQ IB:ND; 3Brirgi theyentiad poptided b Ho-WatSEQ 1P O} Inewtiy| af sorpreetiagks] ( DVF;
Si gma- A liehpepati€ 'Sggﬁbl\s&y L%Bfﬁ?d}%/) TRRE shttel helidHs véle Hissbl8Ed &Eaﬁ%ﬁ\%‘iﬁ the
proteins were rel eased th 40 .L BBS (800 mM Na-borate, 640 NaCl, 8
mM EDTARUTrplacheicewithougpisyiors RgAR{re1s8%yne by incubation for 1 h at 4 C
and agi[b@td1pn [Atadd®idn 't Thd INRRARMpEeCOWD GlettorEpROBME! diffeldamiebdibinant

Ger many After ?I.ocki ng with 4d(7)35t L 10 %é%v BSA in PBS/Z% (t4 . KH2PO4,
16 mv BN PRI RPIGERSIS Uy (o BF PHRYS /S‘%t?ﬁ‘ )RREER 201> B at 4
C and Po@einpnith the nmpdlate bindergeproeit (N BBged BPais1SEQiID MO: 32)Gvanansddedy. The

it o naappy ARt O B %, B RN SR [PaRosids)
Nat . PrMBBoAbemAU16HQ 1B3BD; 33).98:0nell pABKT STirpA puidstic, (He T MQti4r & pl at e

(Nunc, JangenaRl RoAJ] (528 RANY mARTe GRRIGE X‘é%ﬁc‘[b WOrel el vt @BMAB IR (| BA,
Cotti ngf and bl ocked with 3 % (wv) BSA

, Cer . PBS i ght “at

in PBS/ qeoqx p%ﬁ{lgf@a@%f?l@kfﬂwe\ﬁ%gﬁ% SE%; IRNOLM Ve FePstiss 36PIHUNH Af t er
3 vvia_shiM@fe&bepﬁi MQ@(}O}’)_l?B&iog,C}ikgl)fzsz,.1u4g$-ﬁum?)gglol extrac'; from above was
a | e an. I.NCUDa or . a r er waspnl ng, .
P R R e AR 3 Bilne8 A0 ey By R BRI 5P R [
and i nchbatmdof dre MaktoseAbingdingoprtotedh ,yidddat ihey hew qdasid pASK EadBR-AR1840 was

d. | i b i i t i
use E@ﬁvmlg & tﬂ@nsctﬁl§§g6§?@§é3fa0@@ 4 éyﬁkdﬁéffﬁ;igyl%ﬂﬁ% DERS] €08 a

protein was detected Xt r Avi conjugate .

( Si grma-fingien ipsofeinsphthh apaktosechinding, prajeinutodlewed 5poe Hisctaestar fastle pratein

foll ?\A%rihk‘atlﬁi-ngﬁ%baﬁ&%/ @t'cHQIHﬁF‘KTEV) Fe'&%gﬁfi&? @igfﬁ)r%feeagl% &ftthé-flﬁ(i)%l ﬁn[?/fe_lﬁ'ﬂ—as HeL
p- ni trophenyl phospha e rnst.adt , rmany) in is :
pH 8. 8,“"06‘2]06Sy ther %qa@%,ce ?%é@q.ﬁh%ﬁc{o& il “ﬁ@erpﬂb%‘%Sr“Bﬁr%Ofaijheié%aW Was
measur @dornotefompeot kahdix ardQllowadeprefdutnl of tHeaiusiDe\prateins ity yialde,in LEA) .

[00212]C on‘I t&r noafté \ég).y, 0.5 [t.Mnon-biotinylated A1340 from Exanpl e 2 was
di rectly Priooi 17264 onto a 96-wel | Maxi Sorp polystyrene mcrotitre plate

(Nunc, [0@¥génsdieseduncGeodiagyor, anfiod hadddoRs 4l the kiahge amfytoed peptisiedAB28n wi t h
the celyqCriaaal intd A8 KGRI URSH N0unihReho LGRS iMhELBSVIGHE 1R! 6FT e
via the Strep-tag |l using a 1;1500 dilutron ? Streptactin/ AP conjugate
(1BA, dvergdagennudsptidenpysitions 9% 10dneqrensporsling (¢ aniny acidassiduatolsh Fuilclzé% ont o

t he ELIy%djaé@{@VCC{&QAQQ75EKQEVQ$@a@H6,denti fication of Lcn2 nuteins specific
for Trx: 8 via filter-sandw.ch on eeni assa 00214] After six
oyc es F T hagtif aBabherant (- SR Sl IBPEEBYL s SRR e omiiniacathl ¢ he
nmut agempiraeis Ten2ndBIBP vaesaptessedds F5 udlc 1488 dYenischBB¢rXin tlaé r(he8R) dgere 3B,

Leon- R )o ] - - whj odes
o fusi ag o) e tnga ey o, PR Bl SRl e Py

C- t er miadding S0 pedl aghydrotegeewelide (ahel Skuesr Ge¢l2GpRiumatdisspived ae . water-free

1528- iﬁl%ﬁéth&&&ﬂn&%ée PyMEN AFREIAISHAP ﬁ&ﬁ%m@%e%hﬁy)%dacoﬂﬁﬂﬁn @ficubBon

al bum n-bindi ng donain (ABD) from streptocqoccal protein G Schl ehuber et

al . (2008) agtatigpfor hoCcllpwpre hapgestegibyyyentrifpentonm 3y 48892 QM@Q 841969028

[ 00215]ThEken peBetk ifilohes 2 Janduir€ efeOleORpersded 6L N0 MAl 18 S BT 00 N O isEdC]
whereby the Lcn2- ABD fusion proteins were released fromthe col oni es
plated on a hydrophilic filter menbrane (PVDF type GWWP, 0.22 pm

M I 1lipore, Schwal bach, Germany) and functionally captured on an underlying
second nenbrane (I mmobil on-P nenbrane420.45 pm M 1lipore, Schwal bach,
Germany) coated with human serum al bum n (HSA, Sigma-Aldrich, Steinheim
Germany) followi ng a procedure described in detail by Schl ehuber et al.
((2000) J. Mol. Biol. 297, 1105-1120). This nenbrane was probed with 100 nM

o 1 7~ AR A M/ o v - o N . Y



[00216] For this purpose isolated bacteria as well as bacteria expressing
control Lcn2 nmuteins, such as the wild-type lipocalin, were stippled onto a
fresh hydwophitdégserenbrane and grown until small col oni esThPcEN®6RSI bl €.

Bi nding was tested both for the DI G| abeled TrxA1328 as well as for the

DI G | abel ed control proteins Trx and Ova. Lcn2 nuteins that gave rise to
specific signals for the Trx-Al1328 target in this secondary screen were

f ur t herptp8.0payatM dNaCdr 1 piIMRTA) sl the lrezmltmgckuspfmgleq mthogwgamm@bbjaﬁmwsi S.
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specific Al3"and ED-B onbi nant n Its telns
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expr es SPBEY SR ARy 356t Sl DAY dorg I8 pREWHORENCHHE By i o
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the O " {hngb: HHICRBLEGSIEG IDMKEE 3BY 15l RERSIM fbrCALIARS (She) IMNO wof the

non-conpat i bl e Bst Xl riction sit for unidirecti onal

nut at edngdAZBLNMs sex tf@rT{m@E@P ek 3§M%reége;sreb@1euwwas affinity-purified by
means @Ho1dee $lok ﬁ&rfoﬂgwirﬂg &&mm bam%ﬁk@ﬁd@p&?&mjrrm 28 Rh@MIBP- AB40,

1528- 1535 foll h t EC S d
7o bR ForY! ooy RE RO amie P FRE R oS R R iy Y TR preh
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Anal . @1@ ljal?éhngfe g@t t@rep I%Ité} concentrations were determ ned by

absor ption rrea ur ene usi ng cal cul ated extinction coefficients
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carrylngthe -term nal Strep-tag t an kerra(
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| n ove a n oCKe o, (W v
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[t.L ofTre-ARA8t wii s?@itulhbccl@d @htﬁ Beopigenihi fod ILanzhenut ab tsodkr oy ExpdifedeCys wer e
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and Tr Xy PMt @ﬁg E)HZS é%ﬁ&ﬁﬁ'ﬂﬁ&i&%@% ve control proteins. The wells were
washed agal n an nd conj ugate was det ect ed with 50 [t.L of. ExtrAV| d| n/ AP
conj ugdP@I9Bki diamaicis: Salection of hica? mutesy withyaffinity (o &g AB4opeptide bpplage f or 1
h, foll by S|gnal developnent in the presence of 100 [t.L 0 5 ng/ m

o 5. 5 CHB0Y iPRCE P8 REIRRE£20u 108 EFTBYothreas BT aatLbPBd B RUADat a0

nm was l6eaSUNed ROy, a1 Spad Naalbpd 730 weeatprkddvolte Cub aw/xDeB/SmﬁsPBS{IhmBSal e,

USA) a t war e,
Readt ngonpiing 2 € Ko R UEER o ThELE “Sﬁ ) Ry RiCRE )
[L]tot aéms@ébﬂesmmd) éunicerfartiensoef 6 at1¢11@ mllh @foﬁtreip@amﬁn@@wp@@mgeetmd KD
is the b@h&%ﬁ eﬁhbf?%[f}ﬂﬂ%éaﬁé‘tM@é@s§tr@151§'v1§ﬁ1‘3rlﬁﬁlaﬁ 198&kh Pﬁr%ﬁbglanal&hrls&@le
975- 982 222] ternatively, f direct” ELISA, M unl abel ed
A1340 t ’ElYfaP S ESPAifiE Magpedic Rartielgs R arheo Dineggstigss M%&?I@br%many)
pol yst yea eepitra£19twdseéd RitAPS ' NUAE bldched ansel @ohay) BBAMRMB)S/Bfck 1 AcTiat ed
with the purified Lcn2 mutein, which was detected via the Strep-tag |1
using a 1:1500 dilution of Streptavidin/ AP conjugate (CGE Heal thcare UK Ltd,
Bucki nghanshire, UK). As a control, 2 [t.M MBP from Exanple 2 was adsor bed
onto the ELI SA plate. Absorption at 48% nm was neasured in a SpectraMax 250
reader (Mol ecul ar Devices, Sunnyvale, USA). [00223] Alternatively, a
"conpetitive" ELISA was perfornmed in a simlar nmanner as the "capture”

ELI SA descri bed above. Again, after inmmobilizing StrepMAB-1 o and washi ng,



50 [t.L of a 1 [t.Msolution of the purified Lcn2 nutein from Exanple 7 was
applied to all WD 2011/ 069992PCT/ EP2010/ 069028 wells for 1 h. After

washi ng, wbeotiwpimyl ated target Trx-Al328 from Exanpl e PETiER0180pd0Red at a
fixed concentration of 5 nM (for S1-A4) or 40 nM (for US7) in the presence
of varying concentrations of the free non-I|abeled Trx-A1328 target as
conpetitor. Starting with a 100-fold excess, the conpetitor concentration
was decbels ef bhyckehdeidicvor Bed doepchdsrgpn étheilecked ghagerhids datremmer e

L1t Led dhoodnigs SRl el he%%c?sHﬁ%%ﬁfL Wﬁeﬁﬁ@@ﬁwr ORI sdlebifoh dyclel £ OLTT €€/ KD) P)

+ AANnn rve sl ope P I Cl ent as_ a Ul’t par aneter.

[ 0022411062481 f dihe Rpehgd t hsRemitls sveradrgubasdifpe 3Rmmawubsth@8§etﬂm“r@éhpd ad he
di ffer endckbd k& t§@iﬂﬁpé‘oa@e§1 M@éﬂetlél%eécﬂ SitHef RE& RERIABNpUIRIAARICRIth S8fhkxanpl e

9 Tablllbee %ﬁagnetlc stalvli (Promega U1§17annhelm Germany) for 2 min, and the supernatant
containing phagemids not bound to the beads was incubated for 1-2 h with 100 nM
biotinylated AB40 from Example 2 in a total volume of 400 pL. The mixture of phagemids
and peptide target was then incubated for 0.5 h with the 50 uL 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 uLL PBS/T, and then bound phagemids were
eluted under rotation for 10 min with 350 pL 0.1 M glycine/HCI, pH 2.2, followed by
immediate neutralization with 55 uLL 0.5 M Tris base. Alternatively, elution was performed
under denaturing conditions with 400 UL, 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 uL. 100 uM non-biotinylated AB40 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 g/L Bacto Tryptone, 10 g/L. Bacto Yeast Extract, 5 g/l NaCl, pH 7.5), plated
onto LB-Cam plates (10 g/L Bacto Tryptone, 5 g/L. Bacto Yeast Extract, 5 g/L. NaCl, 15 g/L.
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 10"* recombinant phagemids in PBS (4 mM KH,PO,,
16 mM Na,HPO,, 115 mM NaCl, 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 UL anti-DIG-IgG coated magnetic bead suspension (Europa
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H -Gl A1340 (Capture ELISA, see Fig. 5) 2.7 0.16.8 0.416.2 1.9
Trx- Al328 (Capture ELISA see Fig. 5) 1.9 0.1 2.4 0.2 24.3 3.8 MBP-A1340
(Capt ure WORBA/ 0692 Fig. 5) 4.7 0.1 11.4 0.6 n.d PCT/EP2010/069028

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
UL anti-DIG-IgG 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 30 min with 15 uM 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 pL. The mixture of phagemids, Trx,
and Trx-AP28 was then incubated with the drained blocked beads from the 50 pL 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 uL PBS/T. Subsequently, bound
phagemids were eluted under rotation for 30 min in 400 uL. 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-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 g/L Bacto Tryptone, 10 g/L. Bacto Yeast Extract, 5 g/l NaCl, pH 7.5), plated
onto LB-Cam plates (10 g/L Bacto Tryptone, 5 g/L. Bacto Yeast Extract, 5 g/L. NaCl, 15 g/L.
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 AB via screening ELISA
[00209] After four cycles of phagemid selection with AB40 as described in Example 3, the
enriched pool of Len2 muteins was subcloned on phNGAL98 (SEQ ID NO: 27), used for
transformation of the E. coli supE strain TG1-F (a derivative of E. coli K12 TG1 (Kim et al.
(2009) J. 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, Germany) in
100 pL TB-Amp medium (12 g/L Bacto Tryptone, 24 g/L. Bacto Yeast Extract, 55 mM
glycerol, 17 mM KH,PQOy, 72 mM K,HPQO,, 100 mg/L ampicillin) at 37 °C over night. A new

plate with 100 pL. TB-Amp medium was inoculated with the overnight cultures, and grown to

exponential phase at 22 °C or 37 °C. Periplasmic expression of Lcn2 muteins was induced
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2.1 0.1 n.d. Trx-A1328
290 62 MBP-A1340 (Direct
A1328 ( CompT/HERI18AG903®E Fi g.

Al 316-27 (Capture ELISA, see Fig. 5) 2.6 0.3
(Direct ELISA, see Fig. 6) 16.2 4.4 9.6 1.7
ELI SA, sewoRhyg/068992149 31 49.7 8.1 n.d. Trx-
7)

with 20 pL. 0.2 pg/mL anhydrotetracycline (aTc; Acros, Geel, Belgium) dissolved in water-
free dimethylformamide (DMF; Sigma-Aldrich, Steinheim, Germany) for 13-17 h at 20 °C.
Periplasmic proteins were released with 40 uL BBS (800 mM Na-borate, 640 mM NaC(l, 8
mM EDTA, pH 8.0) including 1 mg/mL lysozyme by incubation for 1 h at 4 °C and agitation
at 750 rpm (Thermomixer Comfort, Eppendorf, Hamburg, Germany). After blocking with 40
uL 10 % (w/v) BSA in PBS/T (4 mM KH,PO,, 16 mM Na,HPO,, 115 mM NaCl, 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 supernatant was used for ELISA.

[00211] For selective capturing of the Lcn2 muteins carrying the C-terminal Strep-tag 11
(Schmidt and Skerra (2007) Nat. Protoc. 2, 1528-1535), a 96-well MaxiSorp polystyrene
microtitre plate (Nunc, Langenselbold, Germany) was coated with 10 pg/mL StrepMAB-
Immo (IBA, Géttingen, 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 uL of the cell extract from above was applied per well and incubated
for 1.5 h at 300 rpm. After washing, biotinylated AB40 from Example 2 was added at a
concentration of 0.5 uM and incubated for 1 h. As a control, biotinylated Ova instead of AR40
was used. The wells were washed again, and bound biotinylated peptide or protein was
detected with 50 puL 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 uL
0.5 mg/mL p-nitrophenyl phosphate (AppliChem, Darmstadt, Germany) in 100 mM Tris/HCI,
pH 8.8, 100 mM NaCl, 5 mM MgCl, for up to 1 h. Absorption at 405 nm was measured in a
SpectraMax 250 reader (Molecular Devices, Sunnyvale, USA).

[00212] Alternatively, 0.5 pM non-biotinylated AB40 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, Germany). As a control, 0.5 uM Ova was
immobilized onto the ELISA plate.

[00213] Example 6: Identification of Lcn2 muteins specific for Trx-AB28 via filter-

sandwich colony screening assay

[00214] After six cycles of phagemid selection with Trx-AB28 as described in Example 4,
the mutagenized Lcn2 gene cassette was subcloned via BstXI (Fermentas, St. Leon-Rot,
Germany) on the plasmid phNGAL124 (SEQ ID NO: 42), which encodes a fusion of the
OmpA signal peptide, the Len2-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) J. Mol. Biol. 297, 1105-1120).
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21.7 1.576.9 4.5 n.d. MBP-A1340 (SPR, see Fig. 8, Exanple 9) 1.7 1.3
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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. Len2 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 AR
and ED-B

[00218] The recombinant Lcn2 and its muteins were produced by periplasmic secretion in
E. coli BL21 (Studier and Moffat (1986) J. Mol. Biol. 189, 113-130), E. coli W3110
(Bachmann (1990) Microbiol. Rev. 54, 130-197), E. coli JM83 (Yanisch-Perron et al. (1985)
Gene 33, 103-119) or the E. coli supE strain TG1-F (a derivative of E. coli K12 TG1 [Kim et
al. (2009) J. Am. Chem. Soc. 131, 3565-3576] that was cured from its episome using
acridinium orange). For soluble protein expression the plasmid phNGALSS (SEQ ID NO: 27)
was used, encoding a fusion of the OmpA signal peptide with the mature Len2 protein (SEQ

ID NO: 28) and the C-terminal Strep-tag 1I, whereby the plasmid carries the two non-
compatible BstXI restriction sites for unidirectional subcloning 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-Pharmacia, Freiburg, Germany) using PBS
buffer. Protein purity was checked by SDS-PAGE (Fling and Gregerson (1986) Anal.
Biochem. 155, 83-88). Protein concentrations were determined by absorption measurement at
280 nm using calculated extinction coefficients of 31400 M"em™ for wt Len2 (SEQ ID NO:
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aggregation at a ratio of 1:10. [00236] Exanple 12: Preparation of

reconbi nant fibronectin fragnents containing the extra domain B (ED B)
[00237] Three different reconbi nant fragnments of human fibronectin were
used as targets for selection: the extt8$a donai n-B al one (ternmed ED B; Zardi
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di goxi geni n-| abel ed FN7B8. Then, the phagem dantigen conpl exes were
captured on Anti-Di goxigenin | gG Magnéd®i c Beads for 20 mn. After washing
the beads ten times with TBS/ T, bound phageni ds were el uted by conpetition
with 400 pi of 140 to 231 nmol/m of free reconbinant ED-B for 75 mn at
roomt enperat ure.




[00247] Exanple 14: Selection of Lcn2 variants with affinity to ED-B by
screening ELI SA [00248] Enrichnment of Lcn2 nuteins resulting fromthe
phage di swbayligsb®eti on descri bed in Exanple 13 whi ch spetidre@aloby2di nd to
the target protein ED-B was nonitored by screening ELI SA. Using the pooled
phasm d preparation fromthe |ast panning step, the nmutagenized gene
cassette was subcloned via BstXl on the expreSS| on plasm d phNGAL98, which
encoded0@X7lisitorampie { GreD&epAingiigmal thre il ¢ orvig lepitgrer ingppisgaini € SPOT
product[ﬁé;ﬁho 4L E. coli and the Lcn2 codi ng regl on vvlth the C-terninal

t‘a&;ﬂ—(_ﬁchm dt and Skerra (2007) Nat. Protoc 1528-1535). Sol ubl e
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pr oduc tGesmamy)chndurifré |b¢®t tetxmzocbanﬁﬁtﬂTaAgplu(tilsandearantadt G00269) mse]é bEffalnrpI e 7
for dEtaéltiEs%nbEc@Qggzélle@%PPﬂaﬁ %ﬁ)OO)’}’%aﬁ[H[ MOl |4 P9 activity for ED-B

in an ELI SA adsor 8 or FN789 onto the surface of a 96-wel |

Nunc MARYEEM p n%i?taéls?l‘ll'l?ért% the gppapbrajgs e lrated Withngbvise pib Mald-Gee eiy) 50
pi of ge @&Metgg/ﬁadw pEcRhifer® Qputsi @R bif) BB&AIEedAeﬁonaﬂldelﬁhﬁ@ﬁrofvmé Im@ﬂﬁane

ncubat e ro t ature for d nal | ncl ude contr.
et orneth S Ao SR eRld hpeaghy ZWISth B erts sbTREREmAGS cRoRe
Dar nst dMEFAED rmpg/a)red |to bBskdeitial Aot dindidy ef Shashi With she pisyrtendlek amevir end

bl OCke%e Qlcléggtpde Sé@/s VQm%ﬁ@ﬁéﬁ‘@ElAmg e?frﬂ%&?%dtivg’g @BXQZDI gthBS/ ET

for 2 r 0o ure an repea ore

diluti &Eﬁé?é?‘i’e@sctetchel gbe |ch?e(mq_@nﬂ%t@wdmseraduedara}mopmmﬁét erdthﬁ&)r 1
h. The juell s were washed again and bound Lcn2 nuteins were detected with 50
[t.L of S rept avi di n-al kal i ne phosphat ase COI’lj ugate (GE Heal t hcare, Munich,
Germant[?O?cﬁ utie@mple; £ hoFunetiopad of I SEVGENLALY nt in
the pregeregtidfase, pi 0.5 nmy/m  p- mtrophenyl phosphate in 100 mM Tri s/ HC1,
100 MM NaCl, 5 nmM MyCl2, pH 8.8. The time course of absorption AA/At at 405
nm was neasured in a SpectraMax 250 reader (Ml ecul ar Devi ces, Sunnyval e,
CA) and the data were fitted with Kal ei daG aph software (Synergy software,
Readi ng, PA) to the equation AA = AAm& x [L]tot/ (KD + [L]") WO

2011/ 069992PCT/ EP2010/ 069028 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 var| ants N7A NgB and N10D,
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[ 00255] Exanple 17: Measurenent of binding activity for reconbi nant

Fi bronectin FN7B8 via surface plasnon resonance (SPR) [00256] Real tine
anal ysi s w0 2bomigoeat ei ns was performed on a Bl Acore X sysTaPR{iBloswmes e,
Uppsal a, Sweden) using HBS/ET (20 mM Hepes, pH 7.5, 150 mM NaCl, 1 nmM EDTA
containing 0.005 % (v/v) Tween 20) as running buffer. 200 |ug/ m sol ution
of reconbinant FN7B8 in 10 mM Na-acetate, pH 4.0 was i mmobilized on a CVD
200 m $e0R881 c Hiopnbilikad Red hbinogereuylyineenonbuies sel-tiotinyla@d rAfaityyoru Sixmgpkt2andar d
am ne i ' (B : | | td | i gand
Gensi ty S bESed RN T AR Rio RAFNR g FAESERY or alh R ML ILE |

appl i edngeing Fhisflavint®e (BhT:28igp1ar Mdricht Stebheiant Germags spacifcaly jpndsoto180 nMm
The senrp@itGicAmnweerisias 88 ldidomyrié ﬁmcﬁ%fsi it @ tb g GRNHRSRONH PeptRiegnal s

neasured .for the control channel,. i had bee ctivat ed Pcked with
Ot omondifts Agomeened Bixed Boarsany i faoiSeenes By S0 RS o SR6E W

Bl AevalBiet i1®h 220f268pre V 4.1 (Karlsson et al. (1991) J. Inmmunol. Methods

e e T A R

kof f [ svarkingBolulbn WAA pep8sed(y diluging he2l BIM %Ok QolNTeh 1, 4 kag@oncentration of
5 uM with 5 mM glycine/NaOH, pH 8.5. 500 puL of a 1:1 mixture of 200 uM AP40 in
distilled H>O (dissolved according to Example 2) and 20 uM 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 pL of
the respective sample were mixed with 180 pL 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 Len2 mutein US7 showed potent inhibition of AR40
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
FN7BS), 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
pASKT7S5 (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 Hise-tag at

the carboxy terminus for the purification via immobilized metal affinity chromatography

(IMAC) and were produced as soluble proteins in the cytoplasm of E. coli TG1/F [a
derivative of E. coli K12 TGI1 (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 pg/ml ampicillin. After addition of 200 pg/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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3.0x10-2 7.2x10-9 N9B 2. 1x106 7.5x10-2 3.6x10-8 N1OD 1.5x106 5.8x10-2
3.8x10-8 [00257] Exanple 18: |Imunostai ning of ED-B positive CaCo2 cells

[ 00258] Huoenticmper col on cells (CaCo2 cells kindly precirdedolopedd2s Dani el ,
Techni sche Universitat Minchen, Germany; Pujuguet et al., Am J. Pathol.
148, 579-592) were cultured on the Nunc Lab-TekTm II chanber slideTM system
(4 chanmbers per slide; Therno Fisher Scientific, Langensel bold, Germany) in
MVEM wi t(#0 Eal¥ll ElepesBad®@H, dndl DNaGQl,upEn.fe and dpdelme nomticaticnh (SLO0B% MatedonBovi ne

Serum ﬂa?ﬁbM?'\éT‘G(ﬁ‘S& sential am no acids, and 50 |lug/nl gentamycin (PAA
Laborat or| es, Pasch?s'ng, Austria) at 37C in a humdified atnosphere until

cel | cdf#333enddevpiyification pseoed) gigembelos wandholsagerior &l bedfetrcombinagt cover

slide Wayéhonas RRgmehts TRBS el I PRECHaS apiiieladta LEZADANSEpEIRT: chiin (GE

Labor ator | S, AR Sioh Bermiih 'chiked with 10 mM ZnSO, and equilibrated with 40 mM
Hepes/NaOH, 1 M NaCl, pH 7.5. Bound Protein was eluted with a shallow gradient between
0 to 300 mM imidazole (pH adjusted with HCI) in chromatography buffer. Fractions
containing recombinant protein were identified by SDS-PAGE, mixed with EDTA 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-PAGE 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'em™ for FN7BS, 28420 M’
'em™ for FN789, and 11460 M'cm™ 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-labeled with an excess (4:1 molar
ratio) of digoxigenin-3-O-methylcarbonyl-€-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-10
desalting column (GE Healthcare, Munich, Germany) equilibrated with 40 mM Tris/HCI, 115
mM NaCl and 1 mM EDTA, pH 7.5. 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 L.cn2 variants with affinity to ED-B by Phage Display
[00243] Altogether four phagemid display selection cycles were carried out using the Len2

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
5x10" recombinant phagemids dissolved in 300 uLL. TBS/E (40 mM Tris/HCI, 115 mM NaCl
and 1 mM EDTA, pH 7.4) supplemented with 50 mM benzamidine were blocked for 30 min
by adding 100 uL. 8 % (w/v) BSA (Sigma-Aldrich, Munich, Germany) in TBS containing 0.4
% (vl/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, Cambridge, UK) that had been blocked for 1 h with 2 % (w/v)
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WO 2011/ 069992PCT/ EP2010/ 069028 foll owed by distilled water, and then fixed
and counterstained with ice-cold nethanol containing 5 [ ug/ nl DAPI

(4', 6-di awvDdbnine299phenyl i ndol ; Sigma- Al drich, Minich, Gecwa®g)10/06902% m n.

[ 00259] All subsequent incubations were carried out in the dark. Fixed
cells were washed and incubated with 500 pi 1 [tMwld type Lcn2, Lcn2
mutein, PBS or ED-B specific antibody scFv-L19 (Pini et al. (1998) J. Biol.
Chem 283\ iRTBSOF PIRY 6pnthimingl0.h. % AVAv) aivebmégbaméa@gﬂdswwe 80 puiroif 0i legdMas
Strep-t ( ] )a supra). Cells were washed
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C in 2[00248] JmiecbchSalenﬁlmoﬂm2rnghantammihmfflhutﬂto( B by GremninxBEESSi on
was i ngyeRd atEn%Cﬁl%lSIllt SH828b b Qgégﬁ fr/oﬁ'l t'ﬁﬁ\?}{agedcﬂw%BMi%?E&fr@@%){P' i ne

(aTc) to a |na concentration o ation t he
cel | s exampitaty adichaspsgificalht pindugdhq @ﬁget reetgipfelAde svap mopgtorad bycecreasiing

peri pl agnka. U204 boBRAIMSMY HepRa0sDB3R2Be last panning step, the mutagenized

gene cassette was subcloned via BstXI on the expression plasmid phNGAL9S8, which encodes

a fusion of the OmpA signal peptide for the periplasmatic production in E. coli and the Len2
coding region with the C-terminal Strep-tag II (Schmidt and Skerra (2007) Nat. Protoc. 2,
1528-1535). Soluble expression of individual Len2 muteins in 96-well plates was performed
as follows: 100 pl TB medium (Tartof and Hobbs (1987) Bethesda Research Laboratory
Focus 9, 12) containing 100 ug/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;
Eppendorf, Hamburg, Germany). For each clone 100 pul of fresh medium was inoculated with
10 pl 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 pug/ml anhydrotetracycline
(Acros, Geel, Belgium). Periplasmic release of proteins was effected by the addition of 40 ul
2xBBS (0.2 M borate/NaOH, 160 mM NaCl, 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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fractionation buffer (0.5 Msucrose, 1 nM EDTA, 100 nM Tris-HCL pH 8.0)
containing 0.1 ng/nL |ysozyne and i ncubated on ice for 30 mn. The

resul ti ngvephavwpivast s were sedi mented by repeat ed cent PCEpatioongo2and t he
supernat ant containing the sol uble reconbi nant protein was recovered.

[ 00266] The soluble protein was affinity-purified by neans of the Strep-tag
1, followed by size exclusion chromatography (SEC) on a Superdex 75 HR
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PBS 37 irring. Aggregation reactions were prepared in

tripli M el Apor HwdKescldded measurement 20 | of periodically renoved
sanples was mxed with 180 | ThT at a final concentration of 50 Min 0.5 x
PBS and anal ysed at an excitation wavel ength of 450 nm and an em ssion
wavel engt h of 482 nm using a FluoroMax-3 spectrofluorinmeter (HORIBA Jobin
Yvon, G asbrunn, Germany). [00274] Exanple 24: Measurenent of binding
activity for the reconbi nant fibronecf4n single domain ED- B via surface

pl asnmon resonance (SPR)




[00275] Real time interaction analysis of Lcn2 nuteins was perforned on a
Bl Acore X instrunment using HBS/ET (20 mM Hepes, pH 7.5, 150 nM NaCl, 1 nmM
EDTA contwiononge®905 % (v/v) Tween 20) as runni ng buf f @CT/EPO@olocaylsril
solution of reconmbinant ED-B in 10 mM Na-acetate, pH 4.0 was i nmobilized on
a CVD 200 m Sensorchi p using standard am ne coupling chem stry, resulting
in aligand density of about 180 resonance units (RU). The purified Lcn2
mut ei n wigsehapidlli.epetserds fthoowoncanheatafn 26 thel dppliad digand worjugatatandnkp af tie 5 up
to 160 M, Jhe, s r reqco e su ti of 14 he
corresﬁ%%%ﬁ%gﬁgi%gg %gne sﬁggdﬁFOrs%ﬁgicg#?¥%l‘Eﬁgﬁﬁelgaahig% hgﬁs%%gh

act i vatléa? yadanss g@réeai W end IRER &tsaestively. Wars Pond (o smrggplty proxo 10V 089028
Ki neti GyilaKg vanat batd. 9 awvas7 Reubarim Ny ) doabai SME@I 0 3.1 thﬁimeMﬁhlaat i on
sof tware_V § 1 Eg risson et al. (1991) J. Immunol. Methods 145, 229-240).
In t he RESESRPr t he heterogeneous anal yte conpeting reacti on nodel was
used f @002b&{ a Hxatripientf]: Mesutehiengof bintling asgtisy tifr rk¢anaiinmt Fanrshanih ENTER276]

Table 3. Ki ' indin f Lcn2 nmuteins for ED-B determ ned by
surfacJlaﬁﬁ%ﬁ%hﬁ?@g@ﬁééﬂ‘gaé‘ggfﬁ%@ variant koo [Ws-1] - koff [s 1] KD [M N7A

1, 8x1040@25638 Real time analysis of Lcn2 muteins was performed 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 running buffer. 200 ug/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 Len2 mutein was applied at a flow rate of 25 ul/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 performed by global fitting with
BIAevaluation software V 4.1 (Karlsson et al. (1991) J. Immunol. Methods 145, 229-240).

Table 2. Kinetic binding data of selected Len2 muteins for FN7B8 determined by surface

plasmon resonance.

Lcn2 variant Kon [M's] Kotr [™'] Kp [M]
N7A 4.6x10° 2.6x107 5.8x10”
N7E 4.1x10° 3.0x107 7.2x107
N9B 2.1x10° 7.5x10 3.6x10®
N10D 1.5x10° 5.8x107 3.8x10°

[00257] Example 18: Immunostaining of ED-B positive CaCo?2 cells
[00258] Human cancer colon cells (CaCo2 cells kindly provided by H. Daniel, Technische
Universitdt Miinchen, Germany; Pujuguet et al., Am. J. Pathol. 148, 579-592) were cultured

on the Nunc Lab-Tek™ II chamber slide™ system (4 chambers per slide; Thermo Fisher
Scientific, Langenselbold, Germany) in MEM with Earle’s Salts and L-Glutamine,
supplemented with 10 % Fetal Bovine Serum, 1x MEM non-essential amino acids, and 50
ung/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 Ca*" and Mg2+; PAA Laboratories, Pasching, Austria),
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1,27 x 1117 N/E 3,1x106 0,054 1,73 x 1118 N9B 1, 45x106 7, 62x10-3 5, 26 X
10-9 N1OD kIl = 6,21x105 k_1= 0, 064
WO 2011/069992 PCT/EP2010/069028

followed by distilled water, and then fixed and counterstained with ice-cold methanol
containing 5 pg/ml DAPI (4°,6-diamidino-2-phenylindol; Sigma-Aldrich, Munich, Germany)
for 5 min.

[00259] All subsequent incubations were carried out in the dark. Fixed cells were washed
and incubated with 500 pl 1 uM wild type Lcn2, Len2 mutein, PBS or ED-B specific
antibody scFv-L19 (Pini et al. (1998) J. Biol. Chem. 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 pg/ml in PBS;
IBA, Géttingen, Germany) for 1 h, followed by 2 washing steps. Finally, specific binding to
CaCo2 cells was detected using a fluorescence labeled anti-mouse IgG (H+L) F(ab’),
fragment Dylight-488 conjugate (Cell Signaling Technology, Danvers, USA), diluted 1:200 in
PBS, as a secondary antibody.

[00260] All Len2 variants and also the antibody scFv-L.19 showed specific cell staining
when observed under a Axiovert 40 CFL microscope (Carl Zeiss, Gottingen, Germany)

whereas recombinant wild type Len2 and PBS revealed negligible signals in this assay.
[00261] Example 19: Generation of the AB-specific Len2 muteins HIGA and HIGV via

exchange of a free cysteine residue in H1-G1 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 oligodeoxynucleotide DH-4 (SEQ ID NO: 45) and
the second oligodeoxynucleotide JO8rev (SEQ ID NO: 48) as well as plasmid DNA encoding
the Len2 mutein H1-G1 as template (SEQ ID NO: 37). The amplified fragments were
subcloned via BstXI on the expression plasmid phNGAL98 and sequenced to identify the
individual substitution variants. Depending on the introduced amino acid exchange the
resulting Len2 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 AP-specific Len2

muteins HIGA and HIGV using . coli cultures with a high optical density

[00264] The recombinant Lcn2 and its muteins were produced by periplasmic secretion in
E. coli IM83. 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 ODsso = 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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k2 = 2,94x104 Ic_2 =3 ,3 5 x 1 0-3 WD 2011/ 069992PCT/ EP2010/ 069028 d ai ns
1. A nmethod for the generation of a nutein derived from human Lipocalin 2
(Lcn2, hN@BLRp1misersei n sai d nutein binds a given non-nat RCAIEPR@0HE1028v t h
detectable affinity, said nmethod conprising: (a) subjecting a nucleic acid
nol ecul e encoding a human Lcn2 protein to nutagenesis at a nucl eotide

triplet coding f | east f f , itions .
cor o BBRAVTY S e S Gl pb Y ONERA00 o8 1 HrHCL 0B, & br PRI Adar

pol ypephd/Af $RAVERE ARl iWBEBRd LGN dce MBS W0t inflf. e ORGUIBHe "YhBrIPULRI ReRUC] €i C
acid nolecul e(s). 2. The nethod of claim1l1, further conprisin b

expr essedigiented dye repaedmeterifugation.eiandadhed swpbmeahe(@ntonai ted sohiblea) i n
a suitable exagn{tes?.on sxéste and (c) enriching the one or nore nutein(s)

havi ng_rﬁcogg’[l% &t %nmaﬁ_?cr?ﬁggfifi nity for a given target by means of

sel ectijgmaand/ e sbRBlcafioRkin wis ITRitFBIARd ®F hdaak BY TheOlr Ll M, Zolldwbdtier

conpri sing subjecting the nucleic acid
size exclusion chromatography (SEC) on a Superdex 75 HR 10/30 column using PBS buftfer
(4 mM KH,PO,, 16 mM Na,HPO,, 115 mM NaCl, pH 7.4). Protein purity was checked by
SDS-PAGE . Protein concentrations were determined by absorption measurement at 280 nm
using a calculated extinction coefficient of 27055 M-lcm-1 for the AP specific muteins

HIGA (SEQ ID NO: 50) and HIGV (SEQ ID NO: 52).

[00267] Example 21: Measurement of binding activity for MBP-AB40 via surface plasmon

resonance on a BiacoreX instrument

[00268] Real time analysis of the interaction between Lcn2 muteins HIGA or HIGV and
MBP-AR40 (SEQ ID NO: 33) was performed on a Biacore X system using PBS/T (4 mM
KH;PO,4, 16 mM Na,HPO,4, 115 mM NaCl, pH 7.4 containing 0.005 % (v/v) Tween 20) as
running buffer. A 15 pg/mL solution of MBP-APB40 from Example 2 in 10 mM Na-acetate,
pH 4.5 was immobilized onto a CMD 2001 chip (Xantec, Diisseldorf, Germany) using
standard amine coupling chemistry, resulting in a ligand density of 1316 resonance units
(RU). The purified Len2 muteins HIGA and HIGV from Example 20 were applied in
concentrations ranging from 4 nM to 128 nM at a flow rate of 20 uL/min. The data were
double-referenced by subtraction of the corresponding 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 BIAevaluation software V 3.0 (Karlsson et al. (1991) J. Immunol. Methods 145,
229-240).

[00269] Example 22: Measurement of binding activity for APB40 via surface plasmon

resonance on a Biacore T100 instrument

[00270] Real time analysis of the interaction between the Lcn2 mutein HIGA and APR40
(SEQ ID NO: 29) was performed on a Biacore T100 system (Biacore, Uppsala, Sweden)
using PBS/P (4 mM KH,PO,, 16 mM Na;HPO,, 115 mM NaCl, pH 7.4 containing 0.005 %
(v/v) Surfactant P20) as running buffer. A 10 pg/mL solution of AB40 from Example 2 in 10

mM sodium acetate pH 4.5 was immobilized onto a CMS5 chip (Biacore, Uppsala, Sweden)
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nol ecul e to nutagenesis 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
nmet hod ofwarmgtiaweoef clainms 1 to 3, further conprising ®abjEPetiongR$he
nucleic acid nolecule to nutagenesis 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 seq uence 05|t|ons 36, 40 41, 49, 52, 6 70, 72, 73 7,79, 81,
103, 121§mg182&rn i gming, qoupdne oeheprery, j e fing fpg&qddge@gbj&fn%%; &U-niih2.

5. The @hh@@' L@ﬁz ?rﬂﬁ(elf?@ﬁ@%( f&h@E%ﬂic% xéas aﬁif!ﬁb&ﬁ{ &&Qeﬁt?atfoﬁ@%éﬁ ggenesi s
at least at 1, 2, 3, 14, 157 16, 17, 18,
19, 20 nMitd 30 Mde atﬂqvptaeet 0%30 yeh/(mldl Tﬂga dlbmoarsyn@foft}hlé}/smlaem]c@ecﬁ)wsﬂlthOdns 36,
40, 41, 49, 52, 79,.81, 96, 10 125, .127,
132, aﬁés"f%o?na“? ﬁiﬁs?‘?%o&rzﬁlﬁ ?fp%?étsi gLy Eed&@“@f‘“%i%& e’b%?%r@?‘éﬂ}hté‘?ﬁ owi ng

subst | Lo kOB WY, ¢ PatS URIBEN R cIneBhRRIoh GehstahhIRbRl inga diR® IR @heOdf 20y sone of
t he precedi ng clai ns, erein nucleotide triplets coding for cysteine are

not usddefdsta weisstoublgtrefsrenged iafngl Exemplefaglenasd Ko fopde binding reaction were
383;{ ggi%%:?nzlglg/ f%%gﬁoél9§98gt% set s1r(1:g'n‘ﬁ a%ore f‘ﬁfo a(?uatlggrg ?twal(f]e g’%ﬁjp? Ih?ser: c%ta
| east memiﬁgﬁreﬂklamm@maglﬁler@w ﬂh@gl@bath@ﬁusiﬂgel seputeempadi ti ons
correspondi ng to the sequence p03|t|ons 96, 100 and 106, of t he |inear

pol ypeﬂ@@zf | sdxamplea2d QI al apglysipef gienleanpieinn HAGK imga THT segess

non- nat,ur.al target mnth detectable afflnlty 8. The nuteln of claim?7,

wher ei e nutein conprises 2 or 3 nutated am no acid residues at the
sequenge0yyasi tHookise PBiofldda, T andr)ldg@rdgfamtrhesshy lﬁﬁhetppAﬁ pepliddSERquenoe of
Lcn2. 9.The nutein of claim7 or cla further conpr|S|ng at least 1, 2,

3, 4, 39 gvasydislveg imd,1.143,3, 3112~'><af1130r01249r012@01 1GIFIBy Stemaryidiichd Sighhsdmaci d

oS! SRRV % I SAUSGEREE TG 530009 LI TSGHRRES

132, analubkedofOf],® de, {dniaad fBelypephi deCsaquemaedqlob@n8pin-X centrifuge tube

filter cellulose acetate membrane, 0.45 pum; Corning Inc., Corning, NY). The solubilized
monomeric AP was then immediately used for the aggregation assays.

[00273] 500 pul of 1 mg/ml AP 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 stirring. Aggregation
reactions were prepared in triplicates. For fluorescence measurement 20 ul of periodically
removed samples was mixed with 180 ul ThT at a final concentration of 50 uM 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, Germany).

[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 NaCl, 1 mM EDTA containing
0.005 % (v/v) Tween 20) as running buffer. 100 pg/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
purified Len2 mutein was applied at a flow rate of 25 pl/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.
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10. The mutein of any one of clains 8 or 9, conprising at least 2, 3, 4, 5
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 nutated am no acid residues
at any ofwoOheligsesence positions 36, 40, 41, 49, 52, 68PCTEP20R/069038 77,
79, 81, 96, 100, 103, 106, 125, 127, 132, and 134 of the |inear

pol ypepti de sequence of Lcn2.

Kinetic data evaluation was performed by global fitting with BlAevaluation software V 4.1
(Karlsson et al. (1991) J. 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 determined by surface

plasmon resonance.

Lcn2 variant Kon [M's!] Kofr [s™'] Kp [M]
N7A 1,8x10° 0,138 1,27 x 107
N7E 3,1x10° 0,054 1,73x10®
N9B 1,45x10° 7,62x107 5,26 x 10”
N10D k= 6,21x10° k1= 0,064

k» = 2,94x10* k,=3,35x10"
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11. The mutein of claim 10, conprising 18, 19 or 20 nmutated am no acid

resi dues at any one of the sequence positions 36, 40, 41, 49, 52, 68, 70,
72, 73, ™WO268/068%2 96, 100, 103, 106, 125, 127, 132, amdTAEP4o10focdobe | i near
pol ypepti de sequence of Lcn2. 12. The nutein of any one of clains 7 to 11,
wherein said non-natural target is selected fromthe group consisting of a
peptide, a protein, a fragnment or (ﬂonain of a protein, and a snal

organi ¢ nol ecule. 13. The nutein of ‘¢PM™m 12, wherein the small organic

nol ecul e is a conpound showi ng the features of an innunological hapten 14.

The mJtleI nA.CI)_]:ﬁne?ﬂo%l orlt%e Es é’&l?rraﬁog he uetg Ell &jeg}vggsfrc%nl Elga | %?pocgh @c&ﬁbet a

aci ds. e

pept i de 18NGHle \thﬂrellnrﬁamif mgfedi hmﬂsa g}xﬁ'@r@nnnatﬂhrel @ngﬂlt ovith dfé@%abé%pﬁfmde‘ is an
A40 pept i dgi@neibd iRt de. WO 2011/ 069992PCT/ EP2010/ 069028 17. The
mutein of claim215 or 16, "wherein the nutein conprises wth respect to the
mat ure hLch® wisPRieqtise nielsiocid melesals riveding @ hugiatles? pyoteig to gutagengsis g

10, 11, or 12 &ﬂhr}ﬁlcﬁs@tlde h@;pkta@@rﬁegﬂf@ gakeetnd Iram dthie FeQuHcE PoSitishY ng of
Leu36 -> Val or e4l. -> Thr

or or r
Cous Ginas - s ERabndhe: o e otausdls ISRy 190 109 389 ™ . o1 e dea’ o
or Thr or Asp; pAbp@ptide>seqsencorofHisnanr Liréd) resT1ﬂqm7g9m ond_ys mofs nBbein >nuBkeicor
Arg; Tyr 100 -> . or Qu; LeulO3 -> Met or Arg or Ay; Tyrl06 ->
Tyr or Ala or ?Clg'nq?}géulé% -> Thr or Val or Qu; Serl27 -> dy or Gn or
Ala; Tyr132 -> Met or Ser or Thr; and Lys 134 -> Asn. 18. The mutein of

claim b7, hgay h{é%dhﬁc&ﬁlﬂqeﬁﬁﬁle%oéﬁ% hP NO 39(S1-Ad) or SEQ I D NO 41
ID NO .43 (HI-Gl). 19. The nute

(Us7) or S in of clai 2, n the
protein i 3%8 b%ﬂé&w&qﬂ& oRe FioRIMEIACIISEHC a@@ oleEuRiH &JB i &MH&@
wherein the fi bﬁlﬁb@@éxpﬂeS@@ﬁByﬂem5aﬂd‘le extra-domain B or a fragrrent t her eof .
21. The mutein of .claim 19 or te| t h._respect
Co”the. mat ik RECHBMEL 0TS, BE nis aiEhrh hallenHbSufhif Rihg St for® D
8, 9, 10, 11, @rveh2argetinoneanisdf sepdtmoemdfor ssoktiloect ed from t he group
consisting of Leu36 -> Lys or Qu or Arg or Ala; Alad40 -> His or Met or Thr

or Ser; 11e4l -> Asp or Ar(% or Trp or Leu; Gln49 -> Arg or Ala or Tyr;
Leu70 3> Lahedrethpdy Oérclwét i glaom -2 fygtheipeompising sapiactie W@tnuwgmﬁ> H s

or Arg or Mecuﬁsﬂa@ﬁum en@ﬁ@ a@feaé‘ﬂ'a‘@ 10D, érYaﬁl Dbf Mdeotiie R PletsTofnd fOF alebf OF
Leu; Asn96 -> S or or ﬁ):o {&68 Trp or Pro or Lys; Leul03 -> H's
or Pro; TyF@ééC @HWSH}OH‘TPB ?/stCi‘§5 -> Arg or His or Thr; 5er127
-> Tyr or Phe Ala; Tyr132 -> Leu or Phe; Lys 134 -> @Qu or Hs or Ay or
Phe; and 5%% Aﬁ?ethod (ﬁ‘s ar}ry one 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 any one 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 any one of the preceding claims, wherein nucleotide triplets coding for

cysteine are not used for substitution during the mutagenesis.
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22. The nmutein of claim 21, having the sequence of SED ID NO 20 (N7A) or
SEQ ID NO 22 (N7E) or SEQ ID NO 24 (N9B) or SEQ ID NO 26 (N1OD). 23. The
mut ei n ofwarnyligeeef clainms 7 to 22, wherein the nutei nPCUMEPREN/06WRPr i SES
with respect to the mature hLcn2 wild type am no acid sequence am no acid
repl acenents selected fromthe group consisting of Gln28 -> H s and Cys87
-> Ser. WD 2011/ 069992PCT/ EP2010/ 069028 24. The nutein of any one of
clains 77 té e8cindenedniiehe hnuleirmtedoelstamable dynpmietedavfry aff ethiasilrio Gaci d
residue at %@anﬁg'ntc%ﬁlp:??ﬂlgeﬂ(f PO ﬁlh&'ﬂe% £2b SSROREUDYI of S j&ﬁhé%@c}b%ﬂ&e
positions 137 and 14570 i near ' ypept 1 de sequence Lcn2. " 25. The
nmut ei n of &AstiYHecyTespprdipg to the Szauenmep%itwnﬁh% prd dApof sBg ligiean
respect to mfygepmi%% k& BRLWA, dnd YRRraMROmacitbinedy e Res mAifAiraGhdet

repl acerren S I%@ﬁif £romthe group consisting of Tyr52 -> @ n or Val;

Ser 68 - V’éh - -> Trp or Asn or His. 26. The nutein of any one
of cl ai ns 7 to 25, V\/nerel n the nutein is conjugated to a conpound sel ected
fromt g P sistin f n ecul nzy I i tive
| abel s%ecor[g?e t?@b!éfgi,al Iﬁo‘?’fe?ésrgfe%nth%l Ja;'gleeﬁnstéo Fl(s)eﬁngeoﬁrgc IP[% arﬁlﬁgrﬁ%ﬁgscent
| abel s, haptsehiss atdhgesdugess ppsitisine P6.nl, 00cyndoKitentithe h@@npslypcmbdemsquem af

conpl exes, (pgials, and colloidal gold. 27. The nutein of any one of clains
7 to 26, wherein the nutein is fused at its N-termnus and/or its
Cterminus to a fusion partner which is a protein, or a protein domain or a

pept | de)t gahe Thigeifubfedl finoT ro}ﬁﬂyln@?efugthelféh@hﬁ‘ﬁslﬁ zttﬁea%ﬁl, wzenes s, Eh@, 9,ntlt)el nis

conj ugat e a endas e ser.um e nmut el n.

o pat e 12 o FE REIT A e bR ot St M e phehd Relehe

hal f-l1ife pssmmisecam&sbdndmgn tbhbe grooepeqminsiont BO.GI0HH 124D A2y 68.K, EAg7I7ycol

mol ecul e, %‘dsﬁg%é‘,yﬂézéf’if*1‘32,%5?13&’%%Ehecifne dlﬁl@#ﬂé?@éegﬁ%({e’bf&n?ﬁ domai n of
., a onalr’n o upol1n,

an i mogl obuli an | nmuno bum n bi ndi ng
pepti de, and an al bum n binding protein. 30. The nutein of claim 29,

wher ei not henpelwah ey bﬁyen@bﬁ/&a&ng £§01P9|d()%{ﬂ?ﬁé RNk 1dEED)3. ar 580 At bVA], qcﬂ
derivati velgher eof ., _31. The nmutein of (gr on€ of clains 27, wherein
t

fusi on part el dft ﬂfhe%mw SHated aming G FeidysHal # Hdbe é@&ugwqusrf@nééﬁum

hal f-1ife ab, 41b9r9miil &8n70322, 7Bhe7, MY 81 no®f100] &03N184, 125hep i 132t hied pP3Obei n
donmain is g} 1 art of lObz*mJ a CH3 domain of an
G Hle nog

i nmunogl ob AT AR e lobulin, an al bumin binding

peptide, or an al bum n bindi ng protein.
11. The mutein of claim 10, comprising 18, 19 or 20 mutated amino acid residues at any one
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 Lcn?2.

12.  The mutein of any one 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 AB40 peptide or an
AP42 peptide.
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WO 2011/ 069992PCT/ EP2010/ 069028 33. The nutein of claim29 or 32, wherein
the al bumn binding protein is a bacterial albumn domain or a lipocalin
mut ei n. ¥O0 20hiwemaseei n of claim 33, wherein the bacteri aCTalPbawionooRs ndi ng
domain is the al bum n binding domain of streptococcal protein G 35. The
mutein of claim?29 or 32, wherein the al bum n bindi ng peptide has the
formul a Cys- Xaai - Xaa2- Xaa3- Xaa4- Cys, wherein Xaai is Asp, Asn, Ser, Thr, or
Trp; Xaa2 is Asn, Gdn, H's, Be, Leu, or Lys; Xaa3 is Ala, Asp, Phe, Trp, or

Tyr; arlé/ X%é n{u%elﬁ‘%? Clagnylﬁ drei% wﬁ@ﬁem ﬁ% J&lil c-gﬁfprlsgSGWltﬂ_l?& ayL§ 't}{é I‘ﬂgtu?éqy one

of clains wherein the nutein 9|ven non- natura et
with a KD biﬁnﬂ Wi tyReeasaino g¢id pequenroat 1%%% 4 05r 017\ 8 19.eldsor bf ampw awlg or

200 nM or k@ﬁaﬁm@ﬁtsls%etemo@d thle%%u p &nsREnOM PEuIESSValsr Af; YAy ] g§S, oOr
S 61 &

1 nMor |ess ei ¢_aci cul risin eot j de .sequence
encodi ng aoﬁﬁV%PhVﬁ¥q§% ﬁg“ ﬁ% f! gnp e§§rq¥ﬁéﬂﬁ§8r§ﬂéwaéﬁaﬂz

nol ecul e of- chlgiomn Axp; LykiEY eb ﬂLeﬁh;@Tth@lr@Lsp A@p?ﬂ o lAsawrddis ©rdpar ak;ﬂ@ +H nked
to a regul iﬁ%n@%ﬁaeﬂ‘ r/&rf%, 3 @Wﬁﬁr esgArgpxgg SEéﬂo@”C'd\%t or%' 4 mlecul e.

39. The nucte€i'c ac claim rised in a vector. 40.
The nucl ei dyddod—nbyreeuib of Tipt iy 237—oTh3er &’@h@rﬁble@erlrﬂa—)pﬁébgelnﬁm gect or .

41. A hostpggkﬂr PNt VAL BOs@ orthl-eind 13¢1 4 nPhgpul e of any one of clains 37
to 40. 42. thod for the productlo of a nmutein according to any one of

clainms 7 to 36 wherein the nmutein, a fragnent of the nmutein or a fusion
pr ot ei ngof Thbenuih oF Blain d7 anQinkahe p@lhlylﬁ&piﬂsﬂz@ 13 NO: 39(8led 45628 EQND Noom t he

nucl ei ¢ aci in by neans of genetic engineering methods.
43. The neﬁﬂé@gg* gﬂ%fhpigﬁzgﬁ%ﬁéﬂ W-the nutein is produced in a bacteri al
or eucaryotic host organismand is isolated fromthis host organismor its

cul tur 89. 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; Ile41 — Asp or Arg or Trp or Leu; GIn49 — Arg or
Ala or Tyr; Leu70 — Leu or Arg or Met; Arg72 — Val or Arg or Gln 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;
Tyr106 — Phe or Trp or Thr; Lys125 — Arg or His or Thr; Ser127 — Tyr or Phe Ala;
Tyrl132 — 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 (N7A) or SEQ ID NO:
22 (N7E) or SEQ ID NO: 24 (N9B) or SEQ ID NO: 26 (N10D).

23. The mutein of any one of claims 7 to 22, wherein the mutein further comprises with

respect to the mature hLen2 wild type amino acid sequence amino acid replacements

selected from the group consisting of GIn28 — His and Cys87 — Ser.
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44. A pharnmaceuti cal conposition conprising at | east one nutein of any one
of claims 7 to 36. WD 2011/ 069992PCT/ EP2010/ 069028 45. Use of a mutein of
any one oVochuis899Z to 36 for the binding/detection of &CgiRPeIL06IEL ,
conprising: (a) contacting the mutein with a test sanple supposed to
contain said target, and (b) detecting the nutein/target conplex by a
suitable signal. 46. Use of a nutein of any of clains 7 to 36 for the
targeti2dg dheanageimpauaty poe af plasel/est 88 whereincepnigimdogsajotcamm@oting t he

mutein wit Hu%ﬁé&’ gﬁﬁ@%&'adresﬁlﬂg zgtbe)hTdeI} 'tﬁéegéq?'lgnéeh ol R &! Wt&%@' ex

to the preselecte mut el ny one 7 to 36
for conpl exequenseerasisiongl $ hand ki efrihe hn@épolmsptldgs%q@mcw%@@ n as defined
in any one of clains 7 to 36 for the nanufacture of a pharmaceuti cal
conmposi,tio 49. Use of a nmutein fined | one of. clalns 15 to 18,
wher ei 12t hg h RUHHROL 4Ry 08¢ © ?f‘? 2 whergig rt ¥ i COIPRISS D f5ppagt to
neur odegenéreahitue ldicae askl typd amilﬁmeacu‘SEqOéncelamlm dcld repheeients tsblected from

heur Odegen?}{eaéri)l\{pecglis%%gg &t '&“?rSﬁ‘l—th?lian? r\}al;%egéiiésg»aﬁ% or Asn; Arg81 — Trp or Asn

or His.

26. The mutein of any one 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 any one 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 any one 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 part 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 any one 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.

102



51. Use of a nutein as defined in any one of clains 19 to 22, wherein the
phar maceuti cal conposition is used in cancer treatnent, treatnent of
fibrosis,wonentwee of di seases invol ving neovascul ari zaCir@mp2o10/06902eat ment
of inflammation. 52. A diagnostic or analytical kit conprising a nmutein as
defined in any one of clains 7 to 36. 53. A nethod of treating a

neur odegener ati ve disease in a manmal conprising admnistering to said
manmal 38n dhe gutteineorbimt2%or 32mwherain dbe adfurme dbindingrproeme isofi pkgrins 15

to 18. 54. jarchgcTolo It Mol Q{gaﬁhﬂguéldlsease sel ected fromthe group
consi sting OP cancer, fibrosis, inflanmation, in a manmal conpri sing

adm ni stering to said manmmal an effectlve anmount of a nutein as defined in
any one4of Tak @hit®in bf dAm283, 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-Xaa;-Xaa,-Xaas-Xaas-Cys, wherein Xaa; is Asp, Asn, Ser, Thr, or Trp; Xaa, is
Asn, Gln, His, Ile, Leu, or Lys; Xaajz is Ala, Asp, Phe, Trp, or Tyr; and Xaa,is Asp, Gly,
Leu, Phe, Ser, or Thr.

36. The mutein of any one of claims 1 to 35, wherein the mutein binds the given non-natural
target with a Ky of 1 uM or less, or 100 uM or less, or 1 uM 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 any one of claims 37 to 40.

42. A method for the production of a mutein according to any one 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 any one of claims 7 to
36.
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

WO 2011/069992 PCT/EP2010/069028

Use of a mutein of any one of claims 7 to 36 for the binding/detection of a given target,
comprising:
(a) contacting the mutein with a test sample supposed to contain said target, and

(b) detecting the mutein/target complex by a suitable signal.

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.

Use of a mutein of any one of claims 7 to 36 for complex formation with a given target.

Use of a mutein as defined in any one of claims 7 to 36 for the manufacture of a

pharmaceutical composition.

Use of a mutein as defined in any one of claims 15 to 18, wherein the pharmaceutical

composition is for use in treatment of a neurodegenerative disease.

The use of claim 47, wherein the neurodegenerative disease is Alzheimer’s disease.

Use of a mutein as defined in any one 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.

A diagnostic or analytical kit comprising a mutein as defined in any one of claims 7 to
36.

A method of treating a neurodegenerative disease in a mammal comprising
administering to said mammal an effective amount of a mutein as defined in any one of
claims 15 to 18.

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 any one of claims 17 to 20.
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