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gel ati nase-associated lipocalin (hNGAL), rat a2-m croglobulin-rel ated
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Antibodies, 1.e. immunoglobulins, are a classical example for proteins which selectively
bind targets by way of non-covalent interaction. These proteins play a crucial role as
30 reagents in the fields of biotechnology, medicine, bioanalytics as well as in the biological
and life sciences in general. Despite manyfold needs for binding proteins in conjunction
with the recognition, binding or separation of ligands/targets, almost exclusively
immunoglobulins are currently used for such purposes. The application of other proteins
with defined ligand-binding characteristics, for example the lectins, has remained restricted

35  to special cases.
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Accordingly, it is an object of the invention to provide alternative lipocalin muteins having

binding affinity to a given target.

25  This object is solved by the method and the muteins with the features of the present

independent claims.

Such a method is a method for generating a mutein of a protein selected from the group
consisting of human neutrophil gelatinase-associated lipocalin (hNGAL), rat aa-
30  microglobulin-related protein (A2m) and mouse 24p3/uterocalin (24p3), said mutein
having detectable affinity to a given target, comprising the step (a) of subjecting the
protein to mutagenesis at one or more of the sequence positions which correspond to the
sequence positions 33 to 54, 66 to 83, 94 to 106, and 123 to 136 of hNGAL, resulting in
one or more mutein(s) of the protein.
35
The method preferably comprises a further step (b) of enriching at least one resulting

mutein having binding affinity for a given target from the one or more mutein(s) by
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dimensional structure of AINGAL, A2m, and 24p3.
25

The number of the segments (loops) defined above which are used for mutagenesis can

hus e amino acid positions which are subjected to mutagenesis are

vary. It is not necessary to mutate all four of these loops altogether, for example in a
concerted mutagenesis, but it is also possible to subject only two or three of the loops to
generate a mutein having detectable affinity to a given target.
30
In a preferred embodiment of the method according to the invention, the respective protein,
ie. hNGAL, A2m or 24p3 is subjected to mutagenesis at one or more of the sequence
positions which correspond to the sequence positions 40 to 50, 70 to 79, 101 to 103, and
125 to 132 of ANGAL. For example, if A(NGAL is selected for the generation of a mutein,
35 hNGAL is subjected to mutagenesis at one or more of the sequence positions 40 to 50, 70
to 79, 101 to 103 and 125 to 132.
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accor di mepsees.-t he state of the art (Fltzgerald, Drug Di scov. Today 5 (2000),
253- 258). In one exanple of the present invention, a combinatorial
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used for the complete randomization of these 20 amino acid positions (i.e. each of the 20
natural amino acid is allowed at each of these selected 20 positions), 32%° possible codon
25  combinations exist. If 16 amino acid positions are used for the randomization, 32'°
possible codon combinations exist. Accordingly, increasing the number of amino acids
which are subjected to random mutagenesis by 4 (from 16 to 20) results in an increase by
32% =~ 10% in the combinatorial complexity. However, the number of mutants which can be
physically realized in the corresponding DNA-based library cannot be deliberately
30 increased due to experimental limitations and is usually restricted to a value of about 1-10°
to 1-10'® according to the state of the art (Fitzgerald, Drug Discov. Today 5 (2000), 253-
258). In one example of the present invention, a combinatorial DNA-based library
containing just approximately 1-107 sequence variants (muteins) was used.

35  Considering that the small accessible section of the combinatorial sequence space is further
reduced by a factor of approximately 10°, it is surprising that it is possible at all to isolate
from a combinatorial library containing just 1-10” such muteins of hNGAL (or A2m or
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by conpethWNGHIL.ELI SA or by the techni que of surface plasnon resonance.

Preferably such a mutein carries an amino acid substitution at 5 to 10, more preferably at 8
to 12 or most preferred at 10 to 18 or at 10 to 20 of the selected 20 sequence positions.

25
In one preferred embodiment, the mutein has the amino acid sequence of SEQ ID NO: 12.

This mutein is also referred to as TlpcA.

The muteins of the invention are able to bind the desired target with a detectable affinity,
30 i.e. with an affinity constant of preferably at least 10° M. Affinities lower than this are
generally no longer measurable with common methods such as ELISA and are therefore of
secondary importance for practical applications. Especially preferred are muteins which
bind the desired target with an affinity of at least 10° M, corresponding to a dissociation
constant for the complex of 1 uM. The binding affinity of a mutein to the desired target can
35  be measured by the person skilled in the art by a multitude of methods, for example by
fluorescence titration, by competition ELISA or by the technique of surface plasmon

resonance.
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incorporating cleavage sites for certain restriction enzymes. For example, the mutation

Glu28 to His, and/or Thr145 to Ala can be introduced into the hNGAL gene in order to
25  simplify the cloning of the mutated gene segment via two new BstXI restriction sites at

these positions. Furthermore, mutations can be introduced within or without the four
peptide loops in order to improve certain characteristics of the mutein of the protein chosen
as scaffold, for example its folding stability or folding efficiency or its resistance to
proteases.
30
In a preferred embodiment, for instance, Cys87 of hNGAL is exchanged to Ser or Ala,
whereby its covalent crosslinking with other proteins such as gelatinase B (which might
oceur in in vivo applications of a mutein) can be prevented and its monomeric structure can
be stabilized. Similarly, Cys residues which may occur as a result of the mutagenesis and
35  selection of the mutein of the invention are not always crucial for the binding of the given
target and may be substituted by Ser or Ala in order to prevent covalent bond formation or

oxidation of the thiol group.
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carried out under conditions which will allow isolation and enrichment of muteins having
an affinity constant of at least 10> M to the target. However, the washing and elution steps

25  can be carried out under varying stringency. For example, if muteins having an affinity
constant of at least 10° M are to be isolated, washing and elution can be performed under
increased stringency, i.e. more stringent conditions. A selection with respect to the kinetic
characteristics is also possible. The selection can, for instance, be performed under
conditions which favor complex formation of the target with muteins that show a slow

30  dissociation from the target (receptor), or in other words a low Ko rate.

The term “plurality” as used herein means that at least two muteins that differ from each

other in their amino acid sequences are present. The upper limit of muteins generated by

mutagenesis is usually restricted by the experimental conditions and is generally between
35 10" and 10"
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the invention, a random mutagenesis is carried out, in which at least 4, preferably 6, more

25  preferably 8 to 12 or 8 to 15 amino acids are allowed to be incorporated into a selected
sequence position of hNGAL, A2m or 24p3. In a particularly preferred embodiment, at
least one sequence position is subjected to complete randomization, i.e. all 20 amino acids
are allowed to be incorporated at this position during mutagenesis. From the above, it is
also clear that the amino acid naturally present at a certain sequence position of the

30  respective protein such as hNGAL can also be present in the mutein after having subjecting

this position to mutagenesis.

In a preferred embodiment of the method of the invention, the target is a protein. The
protein can be provided either in free or conjugated form or as a fusion protein for the

35  selection of muteins.
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consisting of enzyme label, radioactive label, fluorescent label, chromogenic label,
25  luminescent label, a hapten, biotin, digoxigenin, metal complexes, metals, and colloidal
gold. The mutein can also be conjugated to an organic molecule. The term “organic
molecule as used in the present application preferably means an organic molecule
comprising at least two carbon atoms, but not more than 7 rotatable carbon bonds having a
molecular weight between 100 and 2000 Dalton, preferably 1000 Dalton and a molecule

30 including one or two metal atoms.

In general, it is possible to label the mutein with any appropriate chemical substance or
enzyme, which directly or indirectly generates in a chemical, enzymatic or physical
reaction a detectable compound or a signal that can be used for detection. An example for a
35  physical reaction is the emission of fluorescence after excitation with radiation or the
emission of X-rays by a radioactive label; alkaline phosphatase, horseradish peroxidase or
B-galactosidase are examples of enzyme labels which catalyse the formation of
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exanpl e Digh &6 ﬂﬁelosed in the German Patent DE 199 26 068. Affinity tags such as the Stzep—
Tag® or the Strep- tag® II (Schmidt et al, J. Mol. Biol. 255 (1996), 753-766) or

25  oligohistidine tags (e.g., His6-tags) or proteins such as glutathione-S-transferase which can

be used for purification by affinity chromatography and/or for detection (e.g. using the
specific affinity of the Strep-tag® for streptavidin) are further examples of preferred fusion
partners. Proteins with chromogenic or fluorescent properties such as the green fluorescent
protein (GFP) are suitable fusion partners, too.
30
The term fusion protein as used herein also includes muteins of the invention, for example
muteins of hNGAL, that are equipped with a signal sequence. Signal sequences at the N-
terminus of a polypeptide according to the invention can be suitable to direct the
polypeptide to a specific cell compartment during the biosynthesis, for example into the
35  periplasm of E.coli or to the lumen of the eukaryotic cell or into the medium surrounding
the cell. In so doing, the signal sequence is cleaved by a signal peptidase. It is also possible
to use other targeting or signaling sequences which are necessarily located at the N-
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30  promoter regulatory sequence that can comprise a transcriptional region functional in a cell
and a transcriptional terminating region functional in a cell. Elements used for transcription
or translation are promoters, enhancers, leader sequences, transcription initiation sites and
transcripton termination sites, polyadenylation signals, ribosomal binding sites such the
Shine-Dalgarno sequence and the like. These regulatory sequences and/or the mutein of the

35 invention can be part of a vector. Accordingly, the invention also refers to a vector
comprising a nucleic acid sequence coding for a mutein of hNGAL, A2m or 24p3 as

disclosed here.
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A preferred use of the mutein is the detection of a target by a mutein of the invention or a
fusion protein thereof, which comprises the steps of contacting the mutein with a sample
suspected of containing the given target under suitable conditions, thereby allowing

30 formation of a complex between the mutein and the given target, and determining the
complexed mutein by a suitable signal. This signal can be caused by a label such as a
fluorescent or chromogenic label as explained above. This signal can also be caused by the
change of a physical properties which is caused by the binding, i.e. complex formation
itself. An example of such a properties is plasmon surface resonance the value of which is

35 changed during binding of binding partners from which one is immobilized on a surface
such as a gold foil.
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epitope. In this respect, it is to be noted that this ability to bind to a native epitope has been
reported only for a limited number of recombinant antibodies, irrespective whether they
have been produced by the classical immunization protocol of Kéhler and Milstein (Nature
256 (1975), 495-497) or by combinatorial techniques such as phage display. The use of a
30 mutein for validation of a drug target does not only comprises the detection of a target
which is a protein, but also detection of a target which is a protein domain, a peptide, a

nucleic acid molecule, an organic molecule or a metal complex.

In a further aspect, the invention refers to a pharmaceutical composition comprising a
35  mutein of human neutrophil gelatinase-associated lipocalin, rat a,-microglobulin-related
protein (A2m) or mouse 24p3/uterocalin (24p3) according to the invention or a fusion

protein thereof and a pharmaceutically acceptable carrier.
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25  surfactants (such as Tweens, Pluronics or polyethylene glycol), innocuous proteins like
serum albumin, sorbitan esters, oleic acid, lecithin, amino acids such as glycine, buffers,
salts, sugars or sugar alcohols. The formulations also can include bronchodilating agents.
The formulations will be sterile. Aerosols generally will be prepared from isotonic
solutions. The particles optionally include normal lung surfactant proteins. Exemplary
30 formulations for inhalation of proteins are disclosed in US Patent 6,099,517, for example.
Administration of dry powder compositions for inhalation of a mutein of the invention is
also possible. Suitable dry-powder formulations are described in US Patent 6,123,936, for

example.

35  One option for preparing pharmaceutical compositions suitable for inhalation includes to
form aerosols of particles in an aqueous or non-aqueous, e.g. fluorocarbon propellant,

suspension. Such particles include, for example, intramolecular aggregates of the
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Injectable formulations can be sterilized by numerous means, including filtration through a
bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
25  compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medium just prior to use.

The coding sequence for the each of the proteins used as scaffold here can serve as a
starting point for mutagenesis of the peptide segments selected in the present invention.
30 The coding sequence of hNGAL has been described by Bundgard et al.,, Biochem.
Biophys. Res. Commun. 202 (1994), 1468-1475. The coding sequence of A2m and 24p3,
respectively has been published by Chan et al., Nucleic Acid Res. 16 (1988) 11638; and
Stoesz et al., Oncogene 11 (1995), 2233-2241, for example. For the mutagenesis of the
amino acids in the four peptide loops, the person skilled in the art has at his disposal the
35  various known methods for site-directed mutagenesis or for mutagenesis by means of the
polymerase chain reaction. The mutagenesis method can, for example, be characterized in

that mixtures of synthetic oligodeoxynucleotides, which bear a degenerate base
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located in the polypeptide sequence of hNGAL at the most N-terminal position.
25  Accordingly, the second oligodeoxynucleotide corresponds at least partially to the non-
coding strand for the second sequence segment following in the polypeptide sequence. The
third oligodeoxynucleotide corresponds in turn at least partially to the coding strand for the
corresponding third sequence segment. Finally, the fourth oligodeoxynucleotide
corresponds at least partially to the non-coding strand for the fourth sequence segment. A
30 polymerase chain reaction can be performed with the respective first and second
oligodeoxynucleotide and separately if needed, with the respective third and fourth
oligodeoxynucleotide by using the nucleic acid which encodes the scaffold protein and/or

its complementary strand as a template.

35  The amplification products of both of these reactions can be combined by various known
methods into a nucleic acid which comprises the sequence from the first to the fourth

sequence segments and which bears the mutations at the selected amino acid positions. To
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25  mutagenesis or by using bacterial mutator strains (Low et al., J. Mol. Biol. 260 (1996),
359-368). Such methods can also be used for the further optimization of the target affinity
or target specificity of a mutein which has already been produced. Mutations which
possibly occur outside the segments of the sequence positions 33 to 54, 66 to 83, 94 to 106
and 123 to 136 of hNGAL, for instance, can often be tolerated or can even prove
30  advantageous, for example if they contribute to an improved folding efficiency or folding

stability of the mutein.

After having brought the coding nucleic acid sequences that were subjected to mutagenesis
to expression, the clones carrying the genetic information for the plurality of respective
35  muteins which bind a given target can be selected from the library obtained. Known
expression strategies and selection strategies can be employed for the selection of these

clones. Methods of this kind have been described in the context of the production or the
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The fusion protein can contain other components such as for example an affinity tag or an
epitope sequence for an antibody which allows the immobilization or the later purification
25  of the fusion protein or its parts. Furthermore, a stop codon can be located between the
region coding for hNGAL or its mutein and the gene segment for the coat protein or its
fragment, which stop codon, preferably an amber stop codon, is at least partially translated

into an amino acid during translation in a suitable suppressor strain.

30 Phasmids here denote plasmids which carry the intergenetic region of a filamentous
bacterial phage, such as for example M13 or f1 (Beck and Zink, Gene 16 (1981), 35-58) or
a functional part thereof, so that during superinfection of the bacterial cells with a helper
phage, for example M13K07, VCS-M13 or R408, one strand of the circular phasmid DNA
is packaged with coat proteins and is exported into the medium as so-called phagemid. On
35  the one hand this phagemid has the hNGAL mutein encoded by the respective phasmid
built into its surface as a fusion with the coat protein pIIl or its fragment, wherein the

signal sequence of the fusion protein is normally cleaved off. On the other hand it carries
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25 are known for isolation of the phagemids, such as for example precipitation with

polyethylene glycol.

The isolated phasmids can be subjected to a selection by incubation with the desired target,
wherein the target is present in a form allowing at least a temporary immobilization of
30 those phagemids carrying muteins with the desired binding activity as fusion proteins in
their coat. Among the various embodiments known to the person skilled in the art, the
target can for example be conjugated with a carrier protein such as serum albumin and be
bound via this carrier protein to a protein binding surface, for example polystyrene.
Microtiter plates suitable for ELISA techniques or so-called "immuno-sticks" can
35  preferably be used for this immobilization of the target. Alternatively, conjugates of the
target can also be implemented with other binding groups such as for example biotin. The
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For the functional analysis of the selected muteins, an E. coli strain is infected with the
phagemids obtained from the selection cycles and the corresponding double stranded
phasmid DNA is isolated. Starting from this phasmid DNA or also from the single-
stranded DNA extracted from the phagemids, the nucleic acid sequences of the selected
30  muteins of the invention can be determined by the methods common for this purpose and
the amino acid sequence can be derived therefrom. The mutated region or the sequence of
the entire hANGAL mutein can be subcloned in another expression vector and expressed in a
suitable host organism. phNGAL7 can for example be used as the expression vector (cf.
Fig.3) and the expression with phNGAL?7 derivatives can be performed in E. coli strains,
35  for example E.coli-TG1. The muteins of hNGAL produced by genetic engineering can be
purified by various proteinchemical methods. The hNGAL muteins produced for example
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25  digoxigenin binding muteins of the bilin-binding protein for the purpose of an "affinity
maturation" (DE 199 26 068, WO 00/75308; Schlehuber et al., supra) and can also be
applied to a mutein disclosed here in a corresponding manner by the person skilled in the
art.

30  The invention is further illustrated by the following non-limiting examples and the attached

drawings in which:
Figure 1 schematically depicts the phasmid vector phNGALS;

35 Figure 2 schematically illustrates the production of the library of lipocalin muteins at the

nucleic acid level,
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20  Figure 10 depicts the binding of the AINGAL mutein N4 to interleukin-8 in an ELISA;
Figure 11 schematically depicts the expression vector pTNFa;

Figure 12 depicts the binding of TNFa to the AINGAL muteins TNF-V1 and TNF-V2
25 — together with hNGAL as a control — in a colony spot assay.

Fig.1 shows a schematic drawing of phNGALS5. This vector codes for a fusion protein of
the OmpA signal sequence, a modified hNGAL with the three amino acid substitutions
GIn28 to His, Leul37 to Ile as well as Thr145 to Ala, the Strep-Tag II affinity tag and a
30  shortened form of the M13 coat protein pIll, comprising the amino acids 217 to 406 (pII).
The entire structural gene is subject to the transcriptional control of the tetracycline
promoter/operator (tetp/ °) and ends at the lipoprotein transcription terminator (ty,p). Further
clements of the vector are the origin of replication (ori), the intergenic region of the
filamentous bacterophage fl (f1-IG), the ampicillin resistance gene (bla) coding for B-
35  lactamase and the tetracycline repressor gene (tetR). An amber stop codon, which is
partially translated into Gln in SupE amber suppressor host strain, is located between the
coding region for AINGAL with the OmpA signal sequence and the Strep-Tag II as well as
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25 ID NO:2 using the phNGAL3-plasmid-DNA (SEQ ID NO:8) containing the cloned
hNGAL c¢DNA as template. In another PCR, a nucleic acid fragment with 179 base pairs
was amplified (1. PCR, PCR B) with the primers SEQ ID NO:3 and SEQ ID NO:4, also
using phNGAL3 as template. phNGAL3 differs from phNGALS only by two missing
BstXI restriction sites at positions 283 and 630 and one further Bs#XI restriction site at
30  position 675, showing the hNGAL wildtype sequences there. The mixture of both PCR
products, which were partially overlapping, served as template in another amplification (2.
PCR) with the two flanking PCR primers SEQ ID NO:5 and SEQ ID NO:6, wherein a gene
fragment of 386 base pairs was obtained. This fragment contained the mixture of all 20
mutated codons and was subsequently cloned using the two BstX restriction sites on the
35  vector phNGALS. The use of these two restriction sites, the special arrangement of which
led to two non-compatible overhanging DNA ends during the restriction digest, enabled a
particularly efficient ligation. The substitution of the amino acids GIn28 to His and Thr145
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g25 measurements with the hNGAL mutein TlpcA were performed by Enzyme-linked

Immunosorbent Assay (ELISA). Binding of TlpcA and Tear lipocalin (squares) was
compared to the interaction of ANGAL and Tear lipocalin (open circles). TlpcA binds Tear
lipocalin in a concentration-dependent manner. hNGAL does not show a significant
binding signal.
30
Fig.6 shows a schematic drawing of phNGAL12. This vector codes for a fusion protein of
the OmpA signal sequence, a modified INGAL with the four amino acid substitutions
GIn28 to His, Cys87 to Ser, Leul37 to Ile as well as Thr145 to Ala, the Strep-Tag® II
affinity tag and a shortened form of the M13 coat protein pIll, comprising amino acids 217
35 to 406 (pIIl). In addition, phNGAL12 carries two silent mutations within the coding region
of the OmpA signal sequence in order to remove an EcoK12 restriction site. The entire

structural gene is subject to transcriptional control by the tetracycline promoter/operator
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25  Fig.8 shows a graphical representation of the data from Example 10, in which binding
measurements with the hNGAL muteins and a thrombospondin peptide were performed by
Enzyme-linked Immunosorbent Assay (ELISA). Binding of hNGAL muteins RFY-B
(circles), RFY-C (squares), and RFY-E (diamonds) to the thrombospondin peptide was
compared with the interaction of h(NGAL (triangles) and the thrombospondin peptide. The

30  thrombospondin peptide was immobilized to the avidin-coated microtiter plate via a biotin
group attached to its C-terminus. The hNGAL muteins bind the thrombospondin peptide in
a concentration-dependent manner, whereas hNGAL does not give rise to a significant
binding signal. A low level of cross-reactivity between the hNGAL muteins and the avidin
was observed in the absence of the peptide (open symbols).

35
Fig.9 shows a graphical representation of the data from Example 11, in which binding
measurements with the hNGAL muteins to a thrombospondin peptide were performed
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the sequence listing as SEQ ID NO:31. The segment begins with the Ndel restriction site
and ends with the HindIll restriction site. The vector elements outside this region are
25  identical with the vector pRSET5a, the complete nucleotide sequence of which is given

under EMBL access No. X54202.

Fig.12 (A) shows the result of the colony spot assay from Example 18, in which binding of
trimeric TNFo to immobilized muteins of hNGAL was tested. E. coli TG1-F cells
30  expressing the following ABD-fusion proteins were spotted either four or five times on a
hydrophilic membrane according to (B): hNGAL, the bilin-binding protein (BBP), two
unrelated muteins from the library described in Example 6, 9 clones isolated in the colony
screening assay described in Example 17, and — as a control — no protein. The muteins
secreted from the respective colonies were immobilized on a HSA-coated hydrophobic
35 membrane as outlined in Example 18. Binding of digoxigenated TNFo was visualized
employing an anti-digoxigenin Fab-Alkaline-Phosphatase conjugate. (B) depicts the

positions where the respective clones were spotted on the membrane.
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The subsequent amplification step was also carried out in a 100 pl mixture, wherein

25  approximately 6 ng of both of these respective fragments were used as templates, in the
presence of 50 pmol of each of the primers SEQ ID NO:5 and SEQ ID NO:6. The
remaining components of the PCR mixture were added in the same amounts as in the
previous amplification steps. PCR took place with 20 temperature cycles of 1 minute at 94
°C, 1 minute at 55 °C, 1.5 minutes at 72 °C, followed by a subsequent incubation for 5

30 minutes at 60 °C. The PCR product was purified using the E.ZN.A. Cycle-Pure Kit
(PeqLab).

For the cloning of this fragment, which represented the library of the hNGAL muteins in
nucleic acid form, it was first cut with the restriction enzyme BstXI (New England
35  Biolabs) according to the instructions of the manufacturer and purified by means of the
E.ZN.A. Cycle-Pure Kit. After a second restriction digest with BszXI, the nucleic acid
fragment was purified by preparative agarose gel electrophoresis, resulting in a double
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ice and subsequently centrifuged for 15 minutes at 4000 g and 4 °C. The cell sediment was

washed twice each with 500 ml ice-cold 10 % w/v glycerol and was finally resuspended in

25 2 ml of ice-cold GYT-medium (10 % w/v glycerol, 0.125 % w/v yeast extract, 0.25 % w/v
tryptone).

The Micro Pulser system (BioRad) was used with the cuvettes from the same vendor
(electrode separation 2 mm) for the electroporation. All steps were carried out in the cold
30 room at 4 °C. Each 5 ul of the DNA solution mentioned above was mixed with 40 pl of the
cell suspension, incubated for 1 minute on ice and finally transferred to the cuvette. After
the electroporation the suspension was immediately diluted in 2 ml of ice-cold SOC-
medium (2 % w/v tryptone, 0.5 % w/v yeast extract, 10 mM NaCl, 10 mM MgSO,, 10 mM
MgCl,) and was shaken for 60 minutes at 37 °C and 200 rpm. The culture was diluted in 2
35 1 2xYT-medium with 100 pg/ml ampicillin (2YT/Amp) and cultivated until the ODssp
caused by the replicating cells was raised to 0.64. By employing in total 34.2 pg of the
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components (5 minutes, 18500 g, 4 °C) each supernatant was fransferred to a new reaction

25 vessel.

Mixture with 1/4 volume 20 % w/v PEG 8000, 15 % w/v NaCl and incubation for 30 to 60
minutes on ice served to reprecipitate the phagemid particles. After centrifugation (20
minutes, 18500 g, 4 °C) the supernatant was removed and the precipitated phagemid
30  particles were dissolved and combined in a total of 400 pl PBS. After incubation for 30
minutes on ice the solution was centrifuged (5 minutes, 18500 g, 4 °C) in order to remove
residual aggregates and the supernatant was used directly for the affinity enrichment.

Immuno-sticks (NUNC) were used for the affinity enrichment of the recombinant
35  phagemids carrying the hNGAL mutein fusion proteins. These were coated overnight with
800 pl of human Tear Lipocalin (Tlpc) (450 pg/ml) in PBS.
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war med Tas37 C, 20 mxed with 3 ml of an exponentially growing culture of
E. coli XL1-blue (OD550 = 0.5), and incubated for 30 mnutes at 37 C, 200
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were subsequently sedimented (2 minutes, 4420 g, 4 °C), resuspended in 600 ul of the
culture medium, and plated out onto three agar plates with LB-medium containing 100
ng/ml ampicillin (LB/Amp; 140 mm diameter).
25
After incubation for 14 hours at 32 °C, the cells were scraped from the agar plates, each
with addition of 10 ml 2xYT/Amp-medium, were transferred to a sterile Erlenmeyer-flask,
and were shaken for 20 minutes at 37 °C, 200 rpm for complete suspension. 200 ml of
2XYT/Amp-medium prewarmed to 37 °C were inoculated to an ODssp = 0.08 with an

30  appropriate volume of this suspension.

For the repeated production and affinity enrichment of phagemid particles the same
procedure as described at the beginning of this example was used. In these cases 50 ml
2xYT/Amp-medium was inoculated with 0.2 to 1 ml of the suspension of the cells grown
35  on the agar plates and phagemids were produced during a period of seven instead of five
hours at 30 °C. Four further selection cycles with the Tlpc were carried out in this way.
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of appr axniselegivw @n8itions) was transformed with 2 pl of this ligation mixture according to

the CaCly-method (Sambrook et al., supra).

A hydrophilic PVDF membrane (Millipore, type GVWP, pore size 0.22 pm), labelled at

25  one position and cut to size, was laid onto an LB/Amp agar plate. 150 pl of the cell
suspension from the transformation batch, which had been centrifuged (5000 g, 2 min, 4
°C) and resuspended in 500 pl of the culture medium, were uniformly plated onto this
membrane. The agar plate was incubated for 7.5 hours at 37 °C until the colonies had
reached a size of approximately 0.5 mm.

30
In the meantime a hydrophobic membrane (Millipore, Immobilon P, pore size 0.45 pum),
also cut to size, was moistened with PBS according to the instructions of the manufacturer.
It was subsequently agitated for 4 hours at RT in a solution of 10 mg/ml human serum
albumin (HSA, Sigma) in PBS. Remaining binding sites on the membrane were saturated

35 by incubation with 3 % w/v BSA, 0.5 % v/v Tween 20 in PBS for 2 hours at RT. The
membrane was washed twice for 10 minutes each with 20 ml PBS and agitated afterwards
for 10 minutes in 10 m! LB/Amp medium, to which 200 pg/l anhydrotetracycline were



30 In the neantinme a hydrophobic nmenbrane (MI1ipore, Imobilon P, pore
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i nstruct iwoe93ptdsbhe nanufacturer. It was subsequently agiPCatepd2/im@po 4 hours
at RT in a solution of 10 ng/m human sedan al bumin (HSA, Sigma) in PBS.
Remai ni ng bi nding sites on the nmenbrane were saturated 35 by incubation
wth 3 %wv BSA, 0.5 %v/v Tween 20 in PBS for 2 hours at RT. The
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The rremg e was subsequently washed each twice wth PBST and once with

PBS for 5 ?ﬁnutes and agitated for 10 mnutes in AP-buffer (0.1 M Tris/HCL
pH 8.8, 0.1 MNad, 5 nM MyC12). For the chronpgenic reaction, the

merbr an?\%@%&ﬂﬁ%ﬁ%ﬁ thé céhgugﬁte AR B hiSEne (Was Wakkdl t?r@eé times with PBST, _
5- br ono- 4- chl or o-.3-1i ndol yl| 5phos hate4toIU| Roth 50 g/m in
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recogn %ven I?}:JBS’I" and gcselvxt/l hPBS (Ilor 5 %rlrr?utgs antd aeglt(a\’t%ll? FOSmlnutes i Ap- ey (Bei
M Tris/HCl pH 8.8, 0.1 M NaCl, 5 mM MgCL). For the chromogenic reaction, the
membrane was incubated in 10 ml AP-buffer, to which 30 pl 5-bromo-4-chloro-3-indolyl

25  phosphate 4-toluidine salt (Roth, 50 pg/ml in dimethylformamide) and 5 ul nitro blue
tetrazolium (Roth, 75 pg/ml in 70 % v/v dimethylformamide) were added, until distinct
colour signals could be recognized at the positions of some of the colonies. In this way the
binding activity for the protein ligand, i.e. Tlpc, of the ANGAL muteins produced by these
colonies was detected.

30
Twelve of the colonies giving rise to colour spots were cultured from the first membrane.
Their plasmid DNA was isolated and the hINGAL gene cassette was subjected to sequence
analysis by use of the Genetic Analyzer 310 system (Applied Biosystems) according to the
instructions of the manufacturer using the oligodeoxynucleotide SEQ ID NO:11 as primer.

35  The twelve sequenced clones exhibited only eight different sequences, which were named
TlpcA, TlpeB, TlpcC, TlpeD, TlpcE, TlpcF, TlpeG, TlpcH. The clone TlpcA was found
five times. The nucleotide sequences of the clones were translated into amino acid
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the supernatant, were resuspended in 20 ml of periplasmic release buffer (100 mM

Tris/HCI pH 8.0, 500 mM sucrose, 1 mM EDTA) with cooling for 30 minutes on ice.

Subsequently the spheroplasts were removed in two successive centrifugation steps (15

minutes, 4420 g, 4 °C and 15 minutes, 30000 g, 4 °C). The supernatant comprising the
25  periplasmatic protein extract was dialyzed against CP-buffer (100 mM Tris/HCI pH 8.0,
150 mM NaCl, 1 mM EDTA), sterile-filtered, and served for the chromatographic

purification.

The purification took place by means of the Strep-Tag® II-affinity tag (Schmidt et al.,
30  supra) which was situated between the hNGAL variant and the albumin binding domain. In
the present case the streptavidin mutein "1" was employed (German Patent 196 41 876.3;
Voss and Skerra, Protein Eng. 10 (1997), 975-982), which was coupled to an NHS-
activated sepharose (Pharmacia) yielding 5 mg/ml immobilized streptavidin, relative to the
bed volume of the matrix.
35
A 4 ml bed volume chromatography column filled with this material was equilibrated with
20 ml CP-buffer at 4 °C at a flow rate of 40 ml/h. Chromatography was monitored by
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gel el pedledpherestch iblds wgreadaduéahea@e,rgsmmﬁj@ber Biehem 155 (1986),
83-88) and were pooled. The protein yields were between 30 g and 70 g per

1 1 culture. Table 1. Sequence characteristics of selected hNGAL nuteins 10

Pos. hNGithle Tt ,S;c_@eilid@dﬁréﬁl@ﬁﬁbs‘ldfgc!@ﬁﬁ bOEATL pofeii pcG Tl pcH 40 Al a Qés Ggy
L T
Ty T ePhhe aieRingteRy BEptioiBte) HpE g Rbe e 1 RRES Y Rps e Leu

47 Asp Leu Arg Ala Ser Trp Phe d n* Phe 49 dn Ser Trp Ile Ser Cys Vval Val

Phe 50 Lys l\/gtlaSerE/glg ro]-_,g_ln Pherleuya70 Leyyleupkgu GhaGy Asp Ser
Pro @n* 20 72 Arg & aAsnGIu n*AIaA 73 Lys Asp Asp Tyr Lys
Lys A n Asn PF&Y 77V ArYTPr oF¥al A¥RLAsnTFHp | FEYSer S€F9 THFESTyr Met Lys

Thr Val Aeg At}‘a.uAl’gGlﬁl Prord yiLeu TyheTyr GPn® PheeVal Ileu 250102 Ay Ile
Serydeu Jpp Vol Prop¥al Thy . 103, heu ¥al.lep, Lyr @™ Ley Ser Ihr Met
47 Asp Leu Arg Ala Ser Trp Phe Gln* Phe
49 Gln Ser Trp Ile Ser Cys Val val Phe
50 Lys Met Ser Phe Ala Pro Gln Phe Leu
70 Leu Leu Leu Glu Gly Asp Ser Pro Gln*
20 72 Arg Met Arg Ala Asn Glu Gln* Ala Arg
73 Lys Asp Asp Ty Lys Lys Gln Asn Pro
77 Asp Arg Pro Val Asn Asn Trp Ile Ser
79 Trp Tyr Met Lys Thi Val Arg Ala Arg
101 Pro Gly Leu Tyr Tyxr Pro Phe Val Leu
25 102 Gly Ile Ser Leu Trp Val Pro Val Thr
103 Leu vVal Leu Tyr Gln* Leu Ser Thr Met
125 Lys Ser Trp Leu Gly Glu Arg Ala Lys
127 Ser Met Ala Cys Arg Ala Lys Lys Ser
128 Gln Thr Asp Pro Met Ser Ala Thr Asp
30 130 Arg Gln* Gln Gly Glu Gln His Lys Asp
132 Tyr Ala Trp Lys Thr Leu Ser Leu Ile
55 Ile val®
98 Lys Asn®

35 *These glutamine residues were encoded by amber stop codons.
°These amino acid substitutions arose due to random

mutations.



125 Lys Ser Trp Leu Ay GQu Arg Ala Lys 127 Ser Met Ala Cys Arg Ala Lys
Lys Ser 128 A n Thr Asp Pro Met Ser Ala Thr Asp 30 130 Arg An* G n Ay
Gu @n HvemBY4eEp 132 Tyr Ala Trp Lys Thr Leu Ser Leu PPCa#/EPBB1d4b@® Val 98
Lys Asn 35 *These gl utam ne resi dues were encoded by anber stop codons.
These am no acid substitutions arosegue to random nutations. WO 03/ 029463
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phosphatase. For this purpose, 100 ul of a solution of 0.5 mg/ml p-nitrophenyl phosphate
(Amresco) in AP-buffer (100 mM NaCl, 5 mM MgCl,, 100 mM Tris/HC1 pH 8.8) were

20 filled into the wells and the product formation was monitored by measuring the absorption

at 405 nm in a SpectraMax 250 photometer (Molecular Devices).

Example 6: Preparation of a library with more than 10 billion independent hNGAL

muteins

25
A random library of hNGAL with enhanced diversity was prepared by concerted
mutagenesis of in total 20 selected amino acid positions in the four peptide loops using
PCR in multiple steps according to Figure 2. The PCR reactions were performed in a
volume of 100 pl in both of the first amplification steps, wherein 10 ng phNGALS (Fig.1)

30 plasmid DNA was employed as template, together with 50 pmol of each pair of primers
(SEQ ID NO:1 and SEQ ID NO:2 or SEQ ID NO:3 and SEQ ID NO:4, respectively),
which had been synthesized according to the conventional phosphoramidite method. In
addition, the reaction mixture contained 10 pl 10xTaq buffer (100 mM Tris/HCI pH 9,0,
500 mM KCl, 15 mM MgCl, 1 % v/v Triton X-100) and 10 pl dNTP-Mix (2 mM dATP,

35 dCTP, dGTP, dTTP). After bringing to volume with water, 5 u Taq DNA-polymerase (5
w/pl, Promega) were added and 20 temperature cycles of 1 minute at 94 °C, 1 minute at 60
°C, and 1.5 minutes at 72 °C were carried out in a thermocycler with a heated lid
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t he paramagnetic particles in a concentration of 10 ng/m were washed

three times with 100 pl TE-buffer. The 25 paramagnetic particles were then
dr ai ned Tartbismhat,eldOwiltdf thd coromR@ighyoivaideble susp@igon of the paramagnetic particles

in a concentration of 10 mg/ml were washed three times with 100 pl TE-buffer. The

25  paramagnetic particles were then drained and mixed with 11 to 22 pmol of the DNA-
fragment in 100 pl TE-buffer for 15 min at room temperature. The paramagnetic particles
were collected at the wall of the Eppendorf vessel with the aid of a magnet and the
supernatant containing the purified DNA fragment was recovered for further use in the
following ligation reaction.

30
The DNA of the vector phNGAL12 (Fig.6) was cut with BstXI as described above and the
larger of the two resulting fragments (3971 bp) was isolated by preparative agarose gel
electrophoresis. For the ligation, 6.85 pg (30 pmol) of the PCR fragment and 78.65 pg (30
pmol) of the vector fragment were incubated in the presence of 855 Weiss Units of T4

35 DNA ligase (Promega) in a total volume of 8550 pl (50 mM Tris/HCI pH 7.8, 10 mM
MgCl,, 10 mM DTT, 1 mM ATP, 50 pg/ml BSA) for four days at 16 °C. The DNA was
then precipitated by adding 110 pg tRNA from yeast (Boehringer Mannheim), 350 ul 5 M
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Example 7: Phagemid presentation and selection of hNGAL muteins against an eight-

amino-acid peptide from the cell- binding domain of human Thrombospondinl

25  ("thrombospondin peptide™)

The 1500 ml culture, containing the cells which were transformed with the phasmid
vectors corresponding to phNGAL12, but coding for the library of the lipocalin muteins as
fusion proteins, were infected with VCS-M13 helper phage (Stratagene) at a multiplicity of
30 infection of approximately 10. The culture was shaken for additional 30 minutes at 37 °C,
160 rpm. Then the incubator temperature was lowered to 26 °C and Kanamyecin (70 pg/mi)
was added. After 10 minutes, anhydrotetracycline was added at 25 ug/l (1875 ul of a 20
ng/ml stock solution in DMF) in order to induce gene expression. Incubation continued for
another 15 hours at 26 °C, 160 rpm.
35
The cells were sedimented by centrifugation (60 minutes, 12500 g, 4 °C). The supernatant
containing the phagemid particles was sterile-filtered (0.45 pm), mixed with 1/4 volume
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Bl ood 98hg Q@gmylategmﬂlg’gqaQﬂomhwpﬂﬁ@nmﬁdqﬂeﬂved om the cell binding domain
Tyr - Val of\ﬁ{mé\@ﬁ"hrﬁﬂfobp’&rdﬁﬁa(m&@né-}éﬁaﬁlI@Ibbdlf)mﬂ)l)Sﬁ@&iﬁ@%zﬂ]&rgﬂ@}&f ani no

o B A T L gEt e o P i O MO B o

phagem ds@rcne peid3 et usg tbgehdr MGAL Strenidvédingcoa2 pEamaghéts putiges@wal) agl

ali quot, of .t r L f 0

i nut esterepaedh B Ryl BUARRT iy R AR R e R TR R e
phagem nllutepmrtl cI es were dissolved in 1 m PBS. After incubation for 30
m nutes on ice the solution was centrifuged (5 mnutes, 18500 g, 4 C) to

;]? %D OnV?t r(()als fsluﬁh taréa gﬁt guoz%% tﬁehgrec1pﬁg e n%g%rr]r}lds rgmda{b%\efg tw ogEtrelgugegr the

(20 minutes, 18500 g, 4 °C), the supernatant was removed, and the sedimented phagemid
particles were dissolved in 1 ml PBS. After incubation for 30 minutes on ice the solution
was centrifuged (5 minutes, 18500 g, 4 °C) to remove residual aggregates and the
supernatant was directly used for the affinity enrichment.
25
In order to enrich peptide-binding phagemids, 40 pl of a 825 nM solution (33 pmol) of the
biotinylated thrombospondin peptide in PBS (prepared by mixing 100 ul of a 10 pM
solution of the synthetic peptide in DMF with 1112 ul PBS) was mixed with 260 ul of a
solution of the freshly prepared phagemids (between 2¢10'? and 5+10" colony forming
30  units, cfi) and incubated at RT for 1 h so that complex formation between the peptide and
the muteins presented by the phagemids was able to occur. Then, 100 pl of a solution of 8
% w/v BSA, 0.4 % v/v Tween 20 in PBS was added.

Parallel thereto, 100 ul of the commercially available suspension of streptavidin-
35  paramagnetic particles (Dynal) were washed three times with 100 ul PBS. Herein, the
particles were kept suspended for 1 min by rotating the 1.5 ml Eppendorf vessel and then
collected at the wall of the vessel with the aid of a magnet, and the supernatant was
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anpl i fi ¢asi on, this phagenid soI ution (1 1 m, containing between 107 and
1010 cfu, dependi ng on the selection cycle) was shortly warned to 37 C,
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4420 g, mli ocf;)ah ex%grlfesi ﬁﬂ}g eggoqug cgl(?urle o(%fE tco i ﬁﬂ Sotle® (ODssp = 0.5 at 37 °C), and
incubated for 30 minutes at 37 °C, 200 rpm. The cells infected with the phagemids were
subsequently sedimented (2 minutes, 4420 g, 4 °C), resuspended in 600 pl of the culture
25 medium, and plated out onto three agar plates with LB-medium containing 100 pg/ml
ampicillin (LB/Amp; 140 mm diameter).

After incubation for 14 hours at 32 °C, the cells were scraped from the agar plates, each
with addition of 10 ml 2xYT/Amp-medium, were transferred to a sterile Erlenmeyer-flask,
30  and were shaken for 20 minutes at 37 °C, 200 rpm for complete resuspension.

For another cycle of production and affinity enrichment of the phagemid particles 50 ml of
2xYT/Amp medium prewarmed to 37°C were inoculated with 0.2 to 1ml of said
suspension so that the cell density was ODsso = 0.08. This culture was incubated at 37°C,
35 160 rpm to a cell density of ODssp = 0.5. Then the culture was infected with VCS-M13
helper phage (Stratagene) at a multiplicity of infection of approximately 10 and the culture
was shaken for further 30 minutes at 37 °C, 160 rpm. Kanamycin (70 pg/ml) was
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bet ween E&Ql%pltev\g): I%gﬁt%ﬁcation of thrombospondin peptide-bindine hNGAL muteins by use of

the "colony screening" method

25  For the analytical production of the hNGAL muteins as fusion proteins with the Strep-
Tag® II and the albumin-binding domain the gene cassette between the two BstXI
cleavage sites was subcloned from the vector ppNGAL12 on phNGAL7.

For this purpose the phasmid DNA was isolated from the mixture of the E. coli clones
30 obtained by infection with the phagemids from Example 7, eluted as a result of the fourth

and the fifth selection cycle, using the Plasmid Midi Kit (Qiagen). The DNA of both

preparations was cut with the restriction enzyme BstXI and in each case the smaller of the

two fragments (347 bp) was purified by preparative agarose gel electrophoresis as

described in Example 6. The DNA of the vector phNGAL7 was cut with Bs¢XI and the
35 larger of the two fragments (3971 bp) was isolated in the same way.
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Tween 20 in PBS for 2 hours at RT. The membranes were washed twice for 10 minutes
each with 20 ml PBS and immersed afterwards for 10 minutes in 10 ml LB/Amp medium,
25  to which 200 ng/l anhydrotetracycline was added.

Finally, they were marked at one position and were laid onto culture plates with LB/Amp
agar, which additionally contained 200 pg/l anhydrotetracycline. The hydrophilic
membranes from above, on which the colonies were grown, were laid onto the

30  hydrophobic membranes in such a way that both of the marks superimposed. The culture
plates were incubated each with a stack of both membranes at 22 °C for 15 hours. During
this phase the respective INGAL muteins were secreted from the colonies on the upper
membrane and were immobilized via their albumin-binding domain on the HSA on the
lower membranes.

35
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hNGAL sgﬁﬁggygcgnél\@isthggpﬂoﬁféged to sequence analysis by use of the
Genetic Analyzer systemwth Big Dye Term nat or Cycl e Sequencing Kit

(Applied Bi osystems) according to the instructions of the manufacturer and
usi ng the dlthgeslessy pusbred fem PakhihDc MR fdul a8 102150rﬁrdym%rﬁvej'@ﬁmilg9nse

seﬂggncgg cl OrS]‘f%f:‘*‘@ xh| b| ted o%¥ %yvxglﬁé%)b%l ffﬂ%r@ent se ur%nc% ﬁY—\;h%r?%ﬁ‘Y
RFY-J, RBiYesponding hydrophlhc membranes Their plasmid DNA was isolated and the hNGAL
gene cassette was subjected to sequence analysis by use of the Genetic Analyzer 310
system with Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems) according to
the instructions of the manufacturer and using the oligodeoxynucleotide SEQ ID NO:11 as
25  primer.

The 19 sequenced clones exhibited only twelve different sequences, which were named
RFY-A, RFY-B, RFY-C, RFY-D, RFY-E, RFY-F, RFY-G, RFY-H, RFY-I, RFY-J, RFY-
K and RFY-L. The clone RFY-B was found twice and the clone RFY-C was found six

30 times. The clone RFY-J exhibited a deletion of 3 nucleotides, resulting in the deletion of
one amino acid situated within peptide loop No. 4 at position 125. An amber stop codon,
which is translated into the amino acid glutamine in a supE suppressor strain, was
identified in clone RFY-L.

35  The nucleotide sequences of the clones were translated into amino acid sequences and
those amino acids which deviate from the original AINGAL protein are given in Table 2a,b.
The nucleotide sequences of the muteins RFY-B, RFY-C, and RFY-E are also given as



K and RFY-L. The clone RFY-B was found tw ce and the clone RFY-C was found
six 30 times. The clone RFY-J exhibited a deletion of 3 nucleotides,

resul t i ngwonspimaeilel eti on of one am no acid situated w t RCA/EPepiG48@ | 0Op
No. 4 at position 125. An anber stop codon, which is translated into the
am no acid glutam ne in a supE supprgssor strain, was identified in clone
RFY-L. 3.5 The nucl eoti de sequences of the clones were translated into

am no acid sequences_and _those amino_acids which deviate fromthe, original
hNGAL prEtelln Ny é3 ghRerly NORRmd SEQpID NfKe? iy eestivenee JistaentsaBinot he
nut ei ns afl ¥edhent¥sYofGhesd MEhteYale diven &l SHO g MeD:24 SO ID3N0ZHA6E SEQ ID

PCT/ EP02/10490. 43 SEQ . LD NO 23, SEQ ID NO 25 and SEQ I D NG 27 in the
sequencﬁql'gémW@.Se%ﬁggalﬂﬁ%ﬁ% aci d sequences of these nuteins are given as

SEQ ID NO 24, SEQ ID NO 26 and SEQ ID NGO 28 in the sequence listing. 5 The
mut el ns =B Y- i gh L ce ' I : tively
B e e
addi t i ophaske fonfetdiled Rirragterizghion oh Bwarbindiag acisetyi tnsadgiti andha aiudeis &%éi tion

in the ;ADCREHALKECHRSIIRNMIAPREA BHPbALBE in 1RTERIoYnI ﬂg%ﬁsN g,ieﬁeé@ﬂ 18 P

Sequencg characteristics of selected hNGAL nuteins Pos. RFY- A RFY-B

RFY-C REMYE RFY-F RFY-G RFY-H 40 Ala Phe Ay Ay Thr Ay Leu Ser Mt
42 Leu Qu Thr Hs Pro Thr Phe Ay Val 15 44 GQu Leu Tyr Leu Leu Val Al a

Pr eu S Ser Arg Asn Val .Thr Leu Ser. Ile. 47 Asp Arg Leu Val Leu Leu
Phgl(teuT S 28,3equencegharacleistcs of seleoted PNDAL mueing. ., 50 Lys Thr Val Asn GQu
Arg ArgPbeu VaNGAD ROYEAURNEtBABFYASpRFYeDPRBYTHr RFYSFPRBY-B2RAKgHPhe Trp

Leu Met Met Ser Lys Pro 73 Lys Ser Ala Met Asp Gy Ser Asn Ser 77 Asp Leu

Asn Pro Leu Lys Ser Pro Glg 79 Trp Leu Lys Phe Pro Lys Lys Lys Gu 25 101
Pro Phe E8u PPdaAspPkBt PFeYCysCArg TbZ d §l¥eu BFYy Ph8eAl a BeF Phe Val

Ay 1034keu Asp Lewiheu gy AspiSer Aka Asphrl25ph¥s AsnmyProvAsn Pro G n
Pro Qu Arg
15 44 Glu Leu Tyxr Leu Leu val Ala Pro Leu
46 Lys Ser Arxrg Asn Val Thr Leu Ser Ile
47 Asp Arg Leu Val Leu Leu Phe Leu Pro
49 Gln Phe Ser Pro Thr Ser His Arg Asn
50 Lys Thr vVal Asn Glu Arg Arg Leu Val
20 70 Leu Met Asp Asp Ile Pro Thr His Pro
72 Arg Phe Trp Leu Met Met Ser Lys Pro
73 Lys Ser Ala Met Asp Gly Ser Asn Ser
77 Asp Leu Asn Pro Leu Lys Ser Pro Gly

Odragloris

79 Trp Leu Lys Phe Pro Lys Lys Lys Glu

25 101 Pro Phe Leu Pro Asp Met Pro Cys Arg
102 Gly Leu Gly Phe Ala Ser Phe Val Gly
103 Leu Asp Leu Leu Leu Asn Ser Ala Asp
125 Lys Asn Pro Asn Pro Gln Pro Glu Arg
127 Sexr Ser Gly Pro Lys His Ile Leu Leu

30 128 Gln Gln Gly Arg Asn Lys Ser Asn Lys
130 Arg Arg Ile Tyr Trp Pro Pro Pro Gln
132 Tyr Tyr Trp Glu Lys Ser Pro Leu Ile
106 Phe®

35



127 Ser Ser Ay Pro Lys Hs Ile Leu Leu 30 128 A n An @y Arg Asn Lys Ser
Asn Lys 130 Arg Arg Ile Tyr Trp Pro Pro Pro A n 132 Tyr Tyr Trp G u Lys
Ser Pro LwO0 0Bl029463.06 Phe 35 WD 03/ 029463 PCT/ EP02/ 10490 2¢TEX0L/€0420:
Sequence characteristics of selected hNGAL nuteins Pos. hNGAL RFY-1 RFY-J
RFY-K RFY-L 40 Ala Cys Arg G n Ser £ 42 Leu Gy Leu Pro Pro 44 du Leu
Cys Lys Ser 46 Lys Ser Pro H's Leu 47 Asp Phe Phe Leu Ala 49 d@n Asn Val
Ser Ay 0 s Pro Thr 72 Arg Hs Qu
Lys AsniabigZbi3cquencegharacioristigs SHA e 0 Ser 15 79 Trp Thr His
Il e Argrod0l BreaG grivys AFIZ-AsRFY1R2REYyLSer Phe Trp Phe 103 Leu Cys Ser
G u Ser 125 Lys Met MA Thr Lys 20 127 Ser Leu Pro Gy Lys 128 dn Asn Ser
Thr Lys 130 Arg Asn Ile Pro Asp 132 Tyr Ser Au Thr Pro 106 Tyr Ser 25
126 Val PPo *AThi s @let anPmeg reSidue #as encoded by an anber stop codon.

These amjpo aggg sugigi tutigns prgse gyg to accidental nutations outside
ns.
1

the random zed positi
44 Glu Leu Cys Lys Ser

46 Lys Ser Pro His Leu
47 Asp Phe Phe Leu Ala
49 Gln Asn Val Ser Gly
10 50 Lys Gly Arg Leu Gln*
70 Leu Lys Lys Pro Thr
72 Arg His Glu Lys Asn
73 Lys Gly Arg Met Ala
77 Asp Arg Ala Pro Ser
15 79 Trp Thr His Ile Arg
101 Pro Gly Lys Ala Asn
102 Gly Ser Phe Trp Phe
103 Leu Cys Ser Glu Ser
125 Lys Met AAA  Thr Lys
20 127 Ser Leu Pro Gly Lys
128 Gln Asn Ser Thr Lys
130 Arg Asn Ile Pro Asp
132 Tyr Ser Glu Thr Pro
106 Tyr Ser®
25 126 Val Pro®

* This glutamine residue was encoded by an amber stop codon.
These amino acid substitutions arose due to accidental
mutations outside the randomized positions.

30 A This amino acid deletion arose due to an accidental

mutation outside the randomized positions.

Example 9: Production of the hNGAL muteins

35  For preparative production of the hNGAL muteins RFY-B, RFY-C, and RFY-E obtained
from Example 8 the mutagenized coding region between the two BstXI cleavage sites was
subcloned from the phNGAL7 vector on the expression plasmid phNGAL1S (Fig.7). The



30 A This amino acid deletion arose due to an accidental nutation outside
the random zed positions. Exanple 9: Production of the hNGAL nmuteins 35 For
prepar at iwe opiozidaxt i on of the hNGAL nutei ns RFY-B, RFY-C, Pam®PREY4E)
obtained from Exanple 8 the nutageni zed codi ng regi on between the two
Bst XI cl eavage sites was subcloned #igom the phNGAL7 vector on the
expression plasmd thGAL15 (Fi g.7). The WD 03/029463 PCT/ EP02/ 10490 45
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m xture was |1%][c bated at 16C for 16 h. 5 | the ligation m xture were

then useP 'y’ insform E. coli JMB3 (Yani sch-Pennon et al. CGene 33
(1985) 103-119) according to the CaCl2 net hod, obtaining 2.0m of a cell
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4420 ¢, Medd)m and incabated at BitOMonts ht he supernatant, were resuspended |n 20
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mM sucr ose, iL m\{l EDTA). and i ncubated for 30 m nutes_on i
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for 3 further hours at 22 °C, 200 rpm.

25  The cells from one flask were centrifuged (15 minutes, 4420 g, 4 °C) and, after removing
the supernatant, were resuspended in 20 ml of pre-chilled periplasmic release buffer (100
mM Tris/HC1 pH 8.0, 500 mM sucrose, ] mM EDTA) and incubated for 30 minutes on ice.
The spheroplasts were then removed in two successive centrifugation steps (15 minutes,
4420 g, 4 °C and 15 minutes, 30000 g, 4 °C). The supernatant comprising the periplasmatic

30  protein extract was dialyzed against CP-buffer (100 mM Tris/HCI pH 8.0, 150 mM NaCl,
1 mM EDTA), sterile-filtered, and used for the chromatographic purification of the
hNGAL mutein.

The purification method was based on the C-terminal Strep-Tag® Il-affinity tag (Schmidt
35 et al, supra). In the present case the streptavidin mutein "1" was employed (German Patent
196 41 876.3; Voss and Skerra, supra), which was coupled to an NHS-activated sepharose



hNGAL nutein. The purification nmethod was based on the Cterm nal
Strep-Tag(r) Il-affinity tag (Schmdt 35 et al., supra). In the present
case the worogp2ees din nutein "1" was enpl oyed (Gernman Pat @cti/EPA96440 876. 3;
Voss and Skerra, supra), which was coupled to an NHS-activated sepharose WO
03/ 029463 PCT/ EP02/ 10490 46 (Pharmagia) yielding 5 ng/m immobilized
streptavidin per 1 m of the bed volune of the matrix. A4 m bed vol une
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one hour the solution was renoved and the wells of the mcrotiter plate
wer e wagheth i @ drddsiRanett bNuRBPnity) Br GE INGAL S@bik FCthl MEREH0EH0RAR0
binding sites, the welTs were filfTed with I00T of 4 %wvVv BSA1Tn PBST and
i ncabat @apidsin E3d2Anour at RT, followed by three tines washing with PBST.
Then a dilution series of the nmuteins from Exanple 9 was prepared, starting
from 10(%09

Me detection of binding in an ELISA (Enzyme-linked Immunosorbent Assay) the wells
of a microtiter plate (Maxisorb, Nunc) were filled each with 50 pl of a 50 pg/ml solution of
Avidin (Fluka) in PBS and were incubated over night at room temperature (RT). After

25  washing three times with PBST, 50 pl of a1 uM solution of the biotinylated
thrombospondin peptide SEQ ID NO: 18 in PBST were filled into the wells and the
peptide was immobilized via complex formation between biotin and the preadsorbed
avidin. After incubation for one hour the solution was removed and the wells of the
microtiter plate were washed three times with PBST. In order to saturate unspecific

30  binding sites, the wells were filled with 100 ul of 4 % w/v BSA in PBST and incubated for
one hour at RT, followed by three times washing with PBST.

Then a dilution series of the muteins from Example 9 was prepared, starting from 100 nM
concentration, and followed by 1 hour incubation at RT. As a control for unspecific
35  binding to avidin, a similar dilution series of hNGAL and its muteins was applied to wells
where the thrombospondin peptide had been omitted. After washing three times with
PBST, Anti-strepll-antibody-HRP-conjugate (IBA), diluted 1:8000 with PBST, was



concentration, and followed by 1 hour incubation at RT. As a control for
unspecific 35 binding to avidin, a simlar dilution series of hNGAL and
its muteiwe oda4applied to wells where the thronbospondi nrpgmproziendb@d been
omtted. After washing three times with PBST,

Anti-strepll-anti body- HRP- conj ugat e 41 BA), diluted 1: 8000 with PBST, was WO
03/ 029463 PCT/ EP02/ 10490 47 applied to the wells. Incubation was perforned

for 1 hour, at RT and foll owed by shi three nd tw ce
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system 35 (BIACORE). First 35 1 of the biotinylated thronbospondi n peptide

at a concentration of 1 )
The resulting binding curves are depicted in Fig.8. The values obtained for the apparent

dissociation constants of the complexes between the hNGAL muteins and the

20  thrombospondin peptide are summarized in the following table:

hINGAL variant Kp [nM]
hNGAL: -
RFY-B: 43302
25 RFY-C: 4.6+ 0.6
RFY-E: 8.2+0.8

" no detectable binding activity

30  Example 11: Measurement of the affinity of the hNGAL muteins for the thrombospondin

peptide using SPR

The binding affinity of the ANGAL muteins to the thrombospondin peptide SEQ ID NO:
18 was determined by surface plasmon resonance (SPR) using the BIAcore X system
35  (BIACORE). First 35 pl of the biotinylated thrombospondin peptide at a concentration of 1
ng/ml (prepared by mixing 1 pl of a 200 pg/ml peptide solution in DMF with 199 pl HBS
buffer containing 150 mM NaCl, 10 mM HEPES pH 7.4, 3 mM EDTA) was immobilized



p ghnl (prepared by mxing 1 | of a 200 g/m peptide solution in DM with
199 | HBS buffer containing 150 M Nad, 10 nM HEPES pH 7.4, 3 nM EDTA)
was i nmobwbiozezb4¢iD 03/ 029463 PCT/ EPO2/ 10490 48 to the surCampopiosone fl ow
channel of a streptavidin-coated sensor chip SA (BIACORE) according to the
instructions of the manufacturer, regylting in an anount of ca. 400
response units (RU). Binding curves of the hNGAL nutei ns were then neasured
by applying 351 of each purified nuteins fromExanple 9 in HBS bhuffer at
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SPR ne r ts i ciation constants of the conpl exes between
t he hN i&e%%&nn%gtgégﬁbz\g‘%ﬁégﬁbospondi n peptide are summari zed in the

following table: 25 hNGAL variant 1UD M hNGAL: -* RFY-B: 105.416.5
REY-C. 196 cdrve Wwas/fittdd Dy Fon-fkhr ?e];aéﬂﬁslﬂé%re@ recdOsston ' RitH %@Eélﬁ%lf%ebédﬁ%d@

activity Exanple 12: Sel ection o L myt ei ns agai nst human | nt e,r%euki n- 8
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d ar k- Lgive 3, ]=(FERD ) DKL +[P]R9 ThereBP )], i97Ahd Otbtal H20Mcentration of immobilized

thrombospondin peptide (in RU), [L]; is the concentration of the applied mutein or
hNGAL, respectively, [P ¢ L] is the concentration of the formed complex (in RU), and Kp
is the dissociation constant under equilibration conditions.

20
The resulting binding curves are depicted in Fig.9. The values obtained from SPR
measurements for the dissociation constants of the complexes between the hNGAL
muteins and the thrombospondin peptide are summarized in the following table:

25  hNGAL variant Kp [nM]
hNGAL: -k
RFY-B: 105.446.5
RFY-C: 106.1415.7
RFY-E: 107.2+114
30

" no detectable binding activity

Example 12: Selection of ANGAL muteins against human interleukin-8 (IL-8)

35  The recombinant human cytokine interleukin-8 (Baggiolini and Clark-Lewis, FEBS Lett.
397, (1992), 97-101; HyN-
AVLPRSAKELRCQCIKTYSKPFHPKFIKELRVIESGPHCANTEIIVKLSDGRELCLDP



AVLPRSAKEL RCQCI KTYSKPFHPKFI KELRVI ES GPHCANTEI | VKLSDGRELCLDP WD 03/ 029463
PCT/ EP02/ 10490 49 KENWQRVVEKFLKRAENS- COOH;, SEQ I D NO 29) was conj ugat ed
wi t h bi otwo o3geaeps and used as a target for affinity enripchrmPot/1dspeom t he
i brary of phagem ds representing the hNGAL nuteins in the presence of
streptavi di n-coated paramagnetic paidicles (Dynal). 5 The conj ugat e was
pr epar ed by m Xi ng 5.6 nnol (12.5 g) of sul fosuccini mdyl-
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(ca. 1 @;Lﬁer%é!])ltmgaiﬁch fong k&bﬂﬁlﬁﬁofatzﬂl flfabelledfllﬁ@wfabétbwdthqabti gr-gatcon
bet ween t(gef %%g “Erl and the muteins presented by the phagem ds was

al | dhved HODAVEY AICCHYINRIOT {9859 of a solution of 8 % w v BSA, 0.4 %v/v
Tween 20 in PBS was added. 30 Parallel thereto, 100 | of the commercially
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BSA i n PBSTinetibddd fo8rB30Iniutes on ice and finally centrifuged (5 minutes, 18500 g, 4 °C) to

remove residual aggregates.

In order to enrich IL-8-binding phagemids, 30 ul of a 1 pM solution (30 pmol) of

25  biotinylated interleukin-8 was mixed with 270 ul of the phagemids in PBS (ca. 10" cfu)
and incubated at RT for 1 h so that complex formation between the cytokine and the
muteins presented by the phagemids was allowed to occur. Then, 100 pl of a solution of 8
% w/v BSA, 0.4 % v/v Tween 20 in PBS was added.

30 Parallel thereto, 100 pl of the commercially available suspension of streptavidin-
paramagnetic particles (Dynal) was washed three times with 1 ml PBS. Herein, the
particles were kept suspended for 1 min by rotating the 1.5 ml Eppendorf vessel and then
collected at the wall of the vessel with the aid of a magnet, and the supernatant was
pipetted off. In order to saturate unspecific binding sites, the paramagnetic particles were

35  incubated with 1 ml of 2 % (w/v) BSA in PBST at RT for 1 h.



WO 03/ 029463 PCT/ EP02/ 10490 50 After renoving the supernatant as above,
the m xture of the biotinylated IL-8 and the phagem ds was added to the
par amagnewpD®3paa463 cl es, and the particles were resuspende@CTard2/ingubat ed
at RT for 10 min. Finally, free biotin-binding sites of streptavidin were
saturated by adding 10 | of a 4 nM Dsgdest hi obiotin (Sigm) solution in PBS
to the 5 mxture and incubating said m'xture at RT for 5 n1n This step
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plates with medi um cont ai ni ng
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rn i on_was tr t.0 ster
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cycl e ofbepdsoducti on and affinity enri chrrent of t he phagem d particles, 50
m of  2xYT/ Anp medi um prewarmed to 37 C was inoculated with 0.2 to 1 nl of
sai d suspen5| on so that the cell density was OD550 0.08. This culture
was i ncuisathsuaross pf emplifigionpthe i Phageeid soeing (tlyo B, copsBunEbEWseia s
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and, af t1‘1‘:I‘i'i1utes, 4420 g, 4 °C), resuspended in 600 ul of culture medium, and plated out onto three

agar plates with LB-medium containing 100 pg/ml ampicillin (LB/Amp; 140 mm

diameter).

25
After incubation for 14 hours at 32 °C, the lawn of colonies was scraped from the agar
plates, each with addition of 10 ml 2xYT/Amp-medium. The suspension was transferred to
a sterile Erlenmeyer-flask and shaken for 20 minutes at 37 °C, 200 rpm.

30  For another cycle of production and affinity enrichment of the phagemid particles, 50 ml of
2xYT/Amp medium prewarmed to 37 °C was inoculated with 0.2 to 1ml of said
suspension so that the cell density was ODsso = 0.08. This culture was incubated at 37 °C,
160 rpm until a cell density of ODsso = 0.5 was reached. Then, the culture was infected
with VCS-M13 helper phage (Stratagene) at a multiplicity of infection of approximately 10

35 and the culture was shaken for further 30 minutes at 37 °C, 160 rpm. Kanamycin (70
rg/ml) was subsequently added, the incubator temperature was lowered to 26 °C and, after
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to 25 g/l to induce gene expression. Incubation continued for another 15
hours at W6 03029860 rpm The cells were sedi mented by cent PCmpar/i@o (15
m nutes, 12000 g, 4 C). The supernatant 5 containing the phagem d
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The pha@beielpaeteisediesntedrby ceepifegitipnt(df ednitys, Hi2R0hg, MFE€h Thedupahatawt 20 %

w v PEG 0 : : i i f } es,on ice.
Af t eérD C 8%1§gi|918 Iég %@i %@?\Q’éﬁlﬁg\?% C%e‘lg g‘h%sg\s%ﬂieg%%%g& %)35 d% H%’ h\ggss %%é%an g‘}[{ gln ? /4vvas
r enoved velwner(ié-Sgnb &0 b tev FEPBRYL A do pely Nagll.emdwessdnenbstag) foed hian 270 |
(P Esm 'rbl\f %\gfser 'C?ngo ﬁ&pgoq})hhg%o? ’n} he sgpégqrfg\)'at?gpféeﬁ)i%@d? Hgggmr ect Ii&&?g&f{ Eged

ut es, , U u i : y
affinit QISéW?Cﬁﬁh%H"ng PR et lEanas 18%%2?3?0@51095%?)(% MUIBIGHAE ¥ r i ed
out | In ﬁ{(&:trﬂ)ugﬁb’-intzo t\Ed?ITE @1113ea|ctid@ntzésfsé1§.atxs@f&ﬁ @ﬁntﬂﬂﬂ#@‘éﬁo;ﬂﬁ&kﬂ&is@lfﬁi ng |
I nterl eukin- us.e f "col, screeni ng" net r the an tica
or et Fampaeniys e, 11Paieng "6l oS bRT R Curt i e 8ok R0
I I and wésselal bum n- bi ndi ng domai n as described in Exanple 3, the gene
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DNA of r ut, opdt I the two
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( Przoo”eg%%<a1nmﬁe013§/: ? e%ﬁggatgﬂfﬁilo&&ﬁ%lgtgins binding interleukin-8 by use of the "colony

screening" method

For the analytical production of the hNGAL muteins as fusion proteins with the Strep-
Tag® II and the albumin-binding domain as described in Example 3, the gene cassette

25  between the two BstXI cleavage sites was subcloned from the vector phNGAL12 on
phNGAL7.

For this purpose the phasmid DNA was isolated from the mixture of the E. coli clones
obtained by infection with the phagemids from Example 12, eluted after the fifth selection
30  cycle, using the Plasmid Midi Kit (Qiagen). The DNA was cut with the restriction enzyme
BstXI and the smaller one of the two fragments (347 bp) was purified by preparative
agarose gel electrophoresis as described in Example 6. The DNA of the vector phNGAL7
was cut with Bs¢XI and the larger one of the two fragments (3971 bp) was isolated in the
same way.
35
For the ligation, 100 fimol of the isolated small DNA-fragment was mixed with 100 fmol of
the large DNA-fragment and incubated with 1.5 Weiss Units of T4 DNA ligase (Promega)



52 in a total volunme of 20| (30 MM Tris/HCL pH 7.8, 10 MM Mgd 2, 10 nM
DTT, 1 mM ATP), followed by incubation overnight at 16 C. E. coli TGL-F-
(E. coli w02308463 which had |ost its episonme through repeargporul4buri ng
under non-selective conditions) was transformed with 4 | of this ligation
m xture according to the CaCl2-net hogh (Sanbrook et 5 al., supra), obtaining
2.0 Ml of a cell suspension. The cell suspension was centrifuged (5000 g,
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accordl ng to the instructions of the manufacturer. 20 Coating w th HSA was
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hydr ophablze o:ﬁammainmteQOISnnmuch a way that both marks superinposed. The
culture plate was incubated with the stack of both nmenbranes at 22 C for

15 hours. Duri ng@'g hi s phase the respective hNGAL nuteins were secreted
from t hin thsl weandisncy 8 hyReophphie merebmpa MdilEperenksraobilpmobi pare sde 4 Lithei r
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the Lip with the oIonles rans to S [ Anp
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washed trfghﬁBHtSlAﬂ(&gmi)Qﬁ PRSH‘RIRHiaﬁﬁngamﬁmgl dites 30 tid mEBSEEne WordSh Q204 63
PCT/ EPOZ{CuQé]flon with 20 ml 3 % (w/v) BSA, 0.1 % (v/v) Tween-20 in PBS for 2 hours at RT.

The membrane was washed twice for 10 minutes with 20 ml PBS and immersed afterwards

for 10 minutes in 10 ml LB/Amp medium, to which 200 pg/l anhydrotetracycline was
25  added.

Finally, it was marked at one position and laid onto a culture plate with LB/Amp agar,
which additionally contained 200 pg/l anhydrotetracycline. The hydrophilic membrane
from above, on which the colonies were grown, was laid onto the hydrophobic membrane
30 in such a way that both marks superimposed. The culture plate was incubated with the
stack of both membranes at 22 °C for 15 hours. During this phase the respective hNGAL
muteins were secreted from the colonies on the upper membrane and were immobilized via

their albumin-binding domain via the HSA at the lower membrane.

35  After this, the upper membrane with the colonies was transferred to a fresh LB/Amp agar
plate and stored at 4 °C. The hydrophobic membrane was removed and washed three times
for 5 minutes each with 20 ml PBST.



53 For analysis of the binding activity of the i mobilized hNGAL nutei ns,
the nenbrane was incubated for 1 hour in 3.5 m of a solution of 100 nM
di goxi geraiDed/02d468 i n PBS. 5 The conjugate was prepared byCwmbBPong4%¢l nnol
(9.2 g) of digoxigenin-3-O nethyl carbonyl-c-am nocaproic acid

N- hydr oxysucci ni m de ester (DI G NHS,sfRoche) dissolved in 2.3 1 DMSO with
1.4 nnol (12.5 pig) human reconbinant 1L-8 (Pronocell) dissolved in 50 |
H2O 37.7 1 H2O and with 10 | | Ox concentrated PBS/ NaCH pH 8.5. The

m xture was incubated under stirring at RT for 1 h. Excess reagent was
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t he hydlggpacalauqha{wab{@ag gﬂ@lrtw@g@ cultured fromthe correspondi ng
hydrophi lic nenbrane. T¥1e| r plasm d DNA was isolated and the hNGAL gene

casigtte was subjected to sequence analysis by use of the Genetic Analyzer
310 sysftlaamwinttirariki wadDyeshEe threatimes wit PBRAI dolBepdarycinaugatibn forApiplur @dth
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35 The Eucleo i de seq uences of the clone translated into its_am no

201 8 Sc UL HERTHHROSTHOGAC i A5 TBET AP EaSDARY oh I 0EW 4k B o B
ori gi naBo hiNGAbrofioet-ehloraa B enddilyd @hosphate 4-toluidine salt (Roth, dissolved at 50 pg/ml

in dimethylformamide) and 5 pl nitro blue tetrazolium (Roth, 75 pg/ml in 70 % v/v
dimethylformamide) were added, until distinct colour signals could be recognized at the
positions of some of the colonies.
25
From 200 colonies which appeared on the membrane 9 gave rise to an intense colour spot
on the hydrophobic membrane and were cultured from the corresponding hydrophilic
membrane. Their plasmid DNA was isolated and the hNGAL gene cassette was subjected
to sequence analysis by use of the Genetic Analyzer 310 system with Big Dye Terminator
30 Cycle Sequencing Kit (Applied Biosystems) according to the instructions of the
manufacturer and using the oligodeoxynucleotide SEQ ID NO:5 as primer.

All 9 clones exhibited the identical sequence, indicating that a single mutein was

preferentially enriched during the selection procedure. This mutein was named variant N4,
35

The nucleotide sequences of the clone N4 was translated into its amino acid sequence and

those amino acid residues which deviate from the original hINGAL protein are given in



WO 03/ 029463 PCT/ EPO2/ 10490 54 Table 3. The nucl eoti de sequence and the
full amno acid sequence of the nutein Nd is also given as SEQ I D NO 30
and SEQ IWONG02843 Tabl e 3: Sequence characteristics of hRGMEPIuiEIN N4 5
Pos. hNGAL N4 40 Ala Asp 42 Leu Tyr 44 du Ala 46 Lys Ser 10 47 Asp Leu
49 G@n @y 50 Lys Leu 70 Leu Val g2 Arg Tyr 15 73 Lys Asp 77 Asp Val
79 Trp Ser 101 Pro Qu 102 dy Ala 20 103 Leu VaI 125 Lys Asp 127 Ser

Arg 12 0 Arg Ser mpl e 14: roduc of t he
hNGAL W?ptag % IQIAGFIBW eﬁPéﬁg?‘&tﬁP%aﬁﬂﬁ&@ﬁ aé‘H“%fa h-“@qHﬂé&Lo t& 61 bgt ai ned
f rom Exalpletveh3s SEQEIDBEIOG0 adDSEQIPeNOB4as i sol ated fromthe variant in
PphNGAL7 and subcl oned onto the expression plasmd phNGAL15 (Fig.7). The
resul ting pI asmd encodes a f|SS|on protel n of the nutein N4 with the OmppA
si gnal dab Dequs B\ 2GS NOOE gdintlie St r ep- Tag(r)OII affinity
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44 Glu Ala

46 Lys Ser

10 47 Asp Leu
49 Gln Gly

50 Lys Leu

70 Leu Val

72 Arg Tyr

15 73 Lys Asp
77 Asp Val

79 Trp Ser

101 Pro Glu

102 Gly Ala

20 103 Leu Val
125 Lys Asp

127 Ser Arg

128 Gln Pro

130 Arg Ser

25 132 Tyr Glu

Example 14: Production of the hNGAL mutein N4

For preparative production of the hNGAL mutein N4 obtained from Example 13, the BstXI

30  cassette was isolated from the variant in phNGAL7 and subcloned onto the expression
plasmid phNGALIS (Fig.7). The resulting plasmid encodes a fusion protein of the mutein
N4 with the OmpA signal sequence at the amino terminus and the Strep-Tag® II affinity
tag at the carboxy terminus.

35  For subcloning, the phNGAL7 plasmid DNA coding for the relevant mutein was cut with
the restriction enzyme BstXI, and the smaller one of the two fragments (347 bp) was
purified by preparative agarose gel electrophoresis as described in Example 6. In the same



WO 03/ 029463 PCT/ EP02/ 10490 55 manner, phNGAL15 vector DNA was cut with
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and 15 m nutes, 25000 g, 4 C). The supernatant conprising the periplasmatic

protein @&sﬁg@&komg% il tﬁky@eéozﬁ@m@sttraﬂs‘%r&uﬁtfs%g %19&1 fs\/luafdch%é*@éo RAl 8 0, 150
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2988 g, 4 °C and 15 minutes, 25000 g, 4 °C). The supernatant comprising the periplasmatic

protein extract was dialyzed against CP-buffer (100 mM Tris/HCI pH 8.0, 150 mM NaCl,

25 1 mM EDTA), sterile-filtered, and used for the chromatographic purification of the
hNGAL mutein.

The purification method was based on the C-terminal Strep-Tag® II affinity tag (Schmidt
et al., supra) employing Strep-Tactin® Superflow-material (IBA). A 4 ml bed volume
30  chromatography column filled with of this material was equilibrated with 20 ml CP-buffer
at 4 °C at a flow rate of 2 ml/min. Chromatography was monitored by measuring the
absorption at 280 nm in a flow-through photometer. After application of the periplasmatic
protein extract (flow rate 0.8 ml/min) the column was washed with CP-buffer at a flow rate
of 2 ml/min until the base line was reached. Bound hNGAL mutein was eluted with a
35  solution of 2.5 mM D-desthiobiotin (Sigma) in CP-buffer at a flow rate of 1 ml/min. The
fractions (2.5 ml each) containing the purified ANGAL mutein were pooled, concentrated
to a final volume of approximately 500 pl using YM 10 centricon tubes (MW-cutoff 10
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Detection of bound mutein N4 was accomplished using 3,3°,5,5 -tetramethylbenzidine and
H,0, as substrates for horseradish-peroxidase. For this purpose, all wells were filled with
100 pl of a ready-to-use HRP-substrate solution (Biochem Immunosystems). The colour

25  development was stopped after a few minutes by adding 100 pl of 0.3 M sulphuric acid.
Product formation was measured via endpoint absorption at 450 nm in a SpectraMax 250
photometer (Molecular Devices).

The curve was fitted by non-linear least squares regression with the help of the computer

30  program Kaleidagraph (Synergy software) according to Example 10. The resulting binding
curves are depicted in Fig.10. The value obtained for the apparent dissociation constant of
the complex between the ANGAL mutein N4 and IL-8 is 300 & 34 nM.

Example 16: Selection of hANGAL muteins against biotinylated TNFo

35
Recombinant human Tumor Necrosis Factor o (TNFo, SEQ ID NO:31, SEQ ID NO: 35)
was conjugated with biotin groups and used as a target for affinity enrichment from the
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from the TNFO conjugate by means of a PD-10 gel filtration column (Pharmacia)

according to the manufacturer's instructions with PBS as running buffer.

25  For the isolation of phagemids displaying a mutein with affinity for TNFa, one aliquot of
the precipitated phagemids obtained as in Example 7, which were kept at -20 °C for long
term storage, was thawed and the phagemids were pelleted (20 minutes, 18500 g, 4 °C).
After removal of the supernatant, the sedimented phagemid particles were dissolved in 270
ul PBS, incubated for 30 minutes on ice and finally centrifuged (5 minutes, 18500 g, 4 °C)

30 toremove residual aggregates.

30 pl of a 1 uM solution (30 pmol) of biotinylated TNFo (prepared by mixing 200 pl of a
2,5 uM solution of the biotinylated cytokine in PBS with 300 pl PBS) was mixed with 270
ul of the phagemids in PBS (ca. 10" cfu) and incubated at RT for 1 h so that complex

35  formation between the cytokine and the muteins presented by the phagemids was allowed
to occur. Then, 100 pl of a solution of 8 % w/v BSA, 0.4 % v/v Tween 20 in PBS was
added.
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25  For the purpose of amplification, the eluted phagemid solution (1.0 ml, containing between

0" and 107 cfu, depending on the selection cycle) was shortly brought to 37 °C, mixed

with 3 ml of an exponentially growing culture of E. coli XL1-blue (ODsso = 0.5 at 37 °C),

and was shaken at 200 rpm for 30 minutes at 37 °C. The infected cells were sedimented (2

minutes, 4420 g, 4 °C), resuspended in 600 pl of culture medium, and plated out onto three

30  agar plates with LB-medium containing 100 pg/ml ampicillin (LB/Amp; 140 mm
diameter).

After incubation for 14 hours at 32 °C, the lawn of colonies was scraped from the agar
plates, each with addition of 10 ml 2xYT/Amp-medium. The suspension was transferred to
35  asterile Erlenmeyer-flask and was shaken for 20 minutes at 37 °C, 200 rpm.
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Pl asmi dvkssdi. Kit (Q agen). The DNA was out with the restriction enzyne

20  The phagemid particles were reprecipitated by mixing with 1/4 volume 20 % w/v PEG
8000, 15 % wi/v NaCl, followed by incubation for 60 minutes on ice. After centrifugation |
(20 minutes, 18500 g, 4 °C) the supernatant was removed and the precipitated phagemid
particles were dissolved in 270 ul PBS. After incubation for 30 minutes on ice the solution
was centrifuged (5 minutes, 18500 g, 4 °C) and the supernatant was used directly for the

25  affinity enrichment. Four further selection cycles with TNFO peptide were carried out in
this way.

Example 17: Identification of hNGAL muteins binding TNFa by use of the "colony

screening" method

30
For the analytical production of the hNGAL muteins as fusion proteins with the Strep-
Tag® II and the albumin-binding domain as described in Example 3, the gene cassette
between the two BstXI cleavage sites was subcloned from the vector phNGAL12 on
phNGAL7.

35

For this purpose the phasmid DNA was isolated from the mixture of the E. coli clones
obtained by infection with the phagemids from Example 16, eluted after the fifth selection



Bst XI and the smaller one of the two fragnments (347 bp) was purified by
preparative agarose gel electrophoresis as described in Exanple 6. The DNA
of the vewDms/phBKGAL7 was cut with BstXl and the | arger ®ca/EPD2/10380 t WO
fragments (3971 bp) was isolated in the 5 sane way. For the ligation, 100
finol of the isolated small DNA-fragggnt was mixed with 100 finol of the

| ar ge DNA-fragnment and i ncubat ed vm'th 1.5 Wiss Units of T4 DNA |igase
(Promega) . in_a total volume of 20 | (13[,0 Tri s/ HCG F{78 10 mM Mgd 2,
10 mm Deycle.usinavthe ¢lasnpst MidpKitd@eagepy Ths QbAtTasFuovathing rstrigtion gngme  col
TGllt F- (BEzXICgAd titel dmdiak, 01?(@%{(3’(1'13 th»gdﬁh@ﬁénts (34EppF e ﬁuﬁf@&gﬂ p@pﬁaﬁle@lf hi
cul turing under, non-selectiyv is
li gati oﬁg?‘ﬁ’%et %‘?1eel%?(t,r(98ﬁ YRy ¢ geslcﬁg ddé](g ﬁ%‘%ﬁoahf(‘ émf’g@}? Veﬁftor QF{Né} pra),
obt ai ni mgs 2udwith Em’z‘Xhamthe Isugsppaersofdhe tWhdragelehtsq@9peb) was \malatedentthe f uged
(5009 g,mﬁeg)§ 4 C), resuspended in 100 | of the culture nmedium plated on
an agar at'6215 cont ai ni ng LB/ Anp nedium and i ncubated at 37 Cfor 14 h to
determ ne the transformation efficiency. A hydrophilic PVDF nmenbrane

(M1 p%foﬁthetlyg%o@m P bRIES Ilgo@atéh éﬁan DN)A ﬁJa ehtl \%!; rﬁixed VB ROl 8p and

cut to sjze, was laid onto_an suspensi on_from

20 a fr daml af&ealaklﬁofrﬁ@pﬁlﬁﬁnsa@%lhate@\m@hl M%elb%@ﬂlt% 9%%?&%&%@%9@%) 1 of
t he abow@ad@@p%mﬁfé dﬂmﬂ 0 MWHCI PES7.8 10 M 0ged, (FORM BT It 4 C),

resUSPena, Kol vl iShinalii aSihiehl SoBr A AG @f B2t egR0t0 thi s

i ncubat édd flost #ts Sepismntes tlabu@y r@eatatli ¢ultuhieg caddeni res-tekdtive aohditlong whze of

appr ox! ka0t 81 23 R IEARTERTLL oAy 38 GRRORA ErBBIRTaRE, GMLLL | por e

| nmobi | Si z€, WasS nol stene PBS
accor di g tsw.prah @h‘fﬁlmmgu%@ ing %)fleli H@Smﬁelﬁ atheicell suspeagion gpsveelrifigad was

agg' e\éeq (iR%O A% Lt '40’@) f1‘é§usﬂelﬂi@8' Eﬁl@ ul'%pft{l@cﬂgnéﬂneﬁfm@ phRbEA g plie n'?/ 31
i gma émai ni ng bi ndi rane, were saturate

by 36 |ﬁ€%5’t‘lﬂ%n§%1 20Ty a@é(%ﬁ@? Ehidmad s o gﬁ%e@ dc?teimd)ae(gf‘

Tween- 2QrahsfoRB&idmodfficndyour s at RT. The nenbrane was washed tw ce for 10

mnutes with 20 Ml PBS and 1imersed afterwards for 10 mnutes in 10 ni

LB/ Amp medium to which 200 p.g/| anhydrotetracycline was added. 35
Fi nal | y,A hydwgkilicd? K@l naembraee &QIIEQIQntyaﬁ&}VWPd porit §z& 024 ok, dabslled 6t wi t h

LB/ Amp %ﬁé@oauwwﬁ&ﬂcﬁqgls&b%@ 1h¥ o%%ﬁmm ﬁ%garqe{ﬁteanﬁvml%@ﬁeh%mowe The

hydr ophi | mbr ane . from above

| ai dOontioliEHe RYHPEPHIE: Eatﬁ%rfﬁmhehe\sﬂdo%v 62@326 C%c%éﬁ%ﬁfﬁ%@égw \ggove

described ligation mixture, was centrifuged (5000 g, 2 min, 4 °C), resuspended in 100 pl of
the culture medium, and uniformly plated onto this membrane in order to obtain 400 to 500
colonies. The agar plate was incubated for 7.5 hours at 37 °C until the colonies had reached
a size of approximately 0.5 mm.

25
In the meantime a hydrophobic membrane (Millipore, Immobilon P, pore size 0.45 um),
also cut to size, was moistened with PBS according to the instructions of the manufacturer.
Coating with HSA was achieved by agitation for 4 hours at RT in 10 ml of a solution of 10
mg/ml HSA (Sigma) in PBS. Remaining binding sites on the membrane were saturated by

30 incubation with 20 ml 4 % (w/v) skimmed milk powder, 0.1 % (v/v) Tween-20 in PBS for
2 hours at RT. The membrane was washed twice for 10 minutes with 20 ml PBS and
immersed afterwards for 10 minutes in 10 ml LB/Amp medium, to which 200 pg/l
anhydrotetracycline was added.

35  Finally, it was marked at one position and laid onto a culture plate with LB/Amp agar,
which additionally contained 200 pg/l anhydrotetracycline. The hydrophilic membrane
from above, on which the colonies were grown, was laid onto the hydrophobic membrane



in such a way that both of the marks superinposed. The culture plate was
i ncubated with the stack of both nenbranes at 22 C for 15 hours. During
t hi s phaswotohmaespecti ve hNGAL nutei ns were secreted fr @cTtEPe2/t@b®ni es on
t he upper nenbrane and were inmobilized via their al bum n-binding domain
via the HSA on the | ower nenbrane. 5;After this, the upper nmenbrane with
the colonies was transferred to a fresh LB/ Anp agar plate and stored at 4

C. The hydrophobi c, renbrane was_ renoved and shed three tine for, 5

mi nut es R &R SEK they befh pide marls ﬁ@ﬁrlgﬁﬁaﬁf‘@sﬁﬁg&fﬂwélﬁp ﬁ%ﬁSﬁ@c@e&eﬂwﬂy of
the i Moy kthle df SGAm dmbrehddsattdpe @b arigouna SDuridpe this pasdeaghe defpattivie hour
in 3.5 '@C‘ﬁ%a sol ution of 0((1) an qlieqoxil? enated TNFa in PBST %ﬁnt %ieni ng
0.5 % wit R BT TRDBTRIERS Db Mo R IPHE cohee BPRRaERDEYe TRCEHy 40
mol ( 27mmoylized vial tBeiNabuiRodhdjngtiossdh viadhe HSA on BF [dwdvBbwatdy 10 nnol
(1877 g) TNFa dissolved in 235 | PBS/NaOH pH 8.5 in a total volunme of 1
m PES/NaCH pH 8.5. The m xture was incubated with stirring_at room

t enper atAffes tgiRThe upperimpmbrexe a4t the selenies Was treneised b9 dgslt EBMIRESTNFa

conj ugat@bynd feRE%t afCaTRPh I ofRIbid inkinbaink Qs GenbiRY dddnNAiRBCIde BaeOr di ng
to the manufacturer's mstiﬁéélons with PBS as running buffer. 20 The

menbr andPimdliiHehEah e 1 Twith PBST, followed by incubation for 1
hour with 10 ml anti-di goxi geni n Fab- Al kal i ne- Phosphat ase conj ugat e

di | d_ 1:1000.i BST £ d i . i.a ] i i i
ar oo Erhe e Pote DY actf Bl S e AR R BRGE R I PRI L
for 5 mtmuntiesybasatidfoadittoat ad3.6 anl of@ smutiohed 100 nAPdzxigefdted TNEQrintPBsT

chr onogeni ;. & io SrhERpSyY@as i ncubated in 10 nl AP-buffer, to
whi ch 3§B?ﬁgﬁﬁg'§r0@§:/gﬁlpor 0- 3-|ﬁl§gol yl " phosphate 4-tol uidine salt (Roth,

di ssolved at 50 g/m in dinethylformande) and 5 d nitro blue tetrazolium
(Roth, 7e@bAjughtd Wi p¥ephtad bytichBIngof BRE1aDT 89)g) WeDEGAdHB dRo¢HRY tissslv&t | nct

col 8 odn I38 BIRB SR T bREnr B TRe SNED GissPSR0 b 205 hRS BIRIREHE S it i pl
ﬁ o:j? gyhsxctptebmmgw oé)eipﬂﬂi’rB@e MNa©HIEH §isv Thg nrikine: wes irnnulmtmiew_ ﬁbhtbﬁngapm}om_ gn t he
oy andanir PR Crol S BB B, JhOeh DS FRRART R TR 0

subj ect eurans ofeqfdhde gahaliljrsiien solunmme (Wrarmpeia)Caererdiag 35 t%ﬁan@rzv'éz#cﬂgm system

wi th Bi gndderidied Witk eheras GYiify RERwenci ng Kit (Applied Biosystens)
according to the instructions of the manufacturer and using the

ol i g8deoxynucl eotide SEQ ID NO5 as pri ner.
The membrane was washed three times with PBST, followed by incubation for 1 hour with

10 ml anti-digoxigenin Fab-Alkaline-Phosphatase conjugate diluted 1:1000 in PBST for
detection of bound TNFa via its digoxigenin groups. The membrane was washed twice
with PBST and once with PBS, each for 5 minutes, and agitated for 10 minutes in AP-

25  buffer. For the chromogenic reaction, the membrane was incubated in 10 ml AP-buffer, to
which 30 pl 5-bromo-4-chloro-3-indolyl phosphate 4-toluidine salt (Roth, dissolved at 50
pg/ml in dimethylformamide) and 5 pl nitro blue tetrazolium (Roth, 75 pg/ml in 70 % v/v
dimethylformamide) were added, until distinct colour signals could be recognized at the
positions of some of the colonies.

30
From 1800 colonies which appeared on the membranes of multiple colony screening
experiments 14 giving rise to intense colour spots on the hydrophobic membrane were
cultured from the corresponding hydrophilic membrane. Their plasmid DNA was isolated
and the hNGAL gene cassette was subjected to sequence analysis by use of the Genetic

35  Analyzer 310 system with Big Dye Terminator Cycle Sequencing Kit (Applied
Biosystems) according to the instructions of the manufacturer and using the
oligodeoxynucleotide SEQ ID NO:5 as primer.



WD 03/ 029463 PCT/ EPO2/ 10490 62 Fromthese 14 nmuteins, 13 exhibited the
sane sequence, which was denom nated TNF-V1, whereas the fourteenth
sequence wasmedHber ent and was desi gnated TNF-V2. 5 The necrgp?/da9o
sequences of the clones TNF-V 1 and TNF-V2 were translated into their

am no aci d sequences and those am nogaci d residues which deviate fromthe
original hNGAL protein are given in Table 4. The nucl eoti de sequences of
the nuteins TNF-V1 and TNF-V2 are also given as SEQ ID NO 32 and SEQ ID
NG 33, respectively. The full amno acid sequences of these two nuteins
are gi vefroasth&keQ4 Mufds, BB exlitlitsBERe sdmd\@quedo®, @hichrvesplatinueted TNEMIe 4:

TR vL TERD b PRI By P g S AR N I VA vl 46 Lys Leu
Phe 47 Asp Qu Asn 49 d@n Phe Ile 20 50 Lys Phe Ser 70 Leu Thr Asp 72

Arg leu ’1911u36‘r1ucié;‘btif%Sse&%éﬁc@'s'S Bf the/clORR W\Al S INFIVT R Gt fdd 11%9 théig AAA*
Ile 101 Pro Lys Ay 02 Ay H s Asn Leu Asp Ay

127 Ser RFO LS S&Wﬂ@snar@ HlOS% ramui%@cu&rr@&ﬂfl@s @&’ g@Qat?yﬁm%sthe Afiginags
Mut ei n TISRGNIL pracds atehgives od @bl nie The siudidetidd sq@shdes @f tBO muteins TNF-V1
and TNF-V2 are also given as SEQ ID NO:32 and SEQ ID NO:33, respectively. The full
amino acid sequences of these two muteins are given as SEQ ID NO: 36 and SEQ ID NO:

10 37, respectively.

Table 4: Sequence characteristics of ANGAL muteins TNF-V1 and TNF-V2
Pos. hNGAL TNF-V1 TNF-V2

40 Ala Phe Gly
15 42 Leu Phe Phe
44 Glu Leu Val
46 Lys Leu Phe
47 Asp Glu Asn
49 Gln Phe Ile
20 50 Lys Phe Ser
70 Leu Thr Asp
72 Arg Leu Ala
73 Lys Glu Asn
77 Asp Phe Ala
25 79 Trp Glu Arg
80 Ile AAA"  Ile
101 Pro Lys Gly
102 Gly His Asn
103 Leu Gly Val
30 125 Lys Asp Gly
127 Ser Ser Asp
128 Gln Gln Ser
130 Arg Arg Asn
132 Tyr Asn Arg

35
* Mutein TNF-V1 lacks the isoleucine residue at position 80
due to a deletion of nucleotides 238 to 240.



due to a deletion of nucleotides 238 to 240. WO 03/029463 PCT/ EPO2/ 10490
63 Exanple 18: Confirmation of the binding activity of selected hNGAL
mut ei ns WO 03MEA63 by use of the "col ony spot assay” 5 ThePCOIEPOY1EPOt assay
was conducted in a simlar manner as the col ony screening assay outlined
in Exanple 17 except that single colgnies of E. coli harbouring the
correspondi ng expression plasmds were spotted froma naster plate onto
the hydrophilic nmenbrane - marked with a grid - instead of plating a
suspensi on of transformed cells. Each respective clone was spotted with a
steri | eExaoglh 18i Clon@irhdion Jfate bordife aeivity BESecloctt® WG mogbinb ifq TIOFaenbr ane
(MIlip t e..ga/\/\P, re size 0.22 Vin that was placed on a culture
pl at e BY fise qfie cston S.BP 3PHs were grown at 37 C for 5 hours. In the
meanti me a hydrophobi c nenbrane (MI1lipore, Imobilon P, pore size 0.45 m)
was [ | ' to. the.l t] f R urer.
Coat g 5y Pronibiql S0 B6C Q0B o A RaAdE a5 3RS oPlonl dEeBRRE AR 0%
of a soPutinehindfxampleny] rxceptiliar Sngipwplonies PBE. caéhaibantieg Bierdiragosdings on
the nMenbrARGioWsI1Snsiat Wead egbiRd fréie UPRLUANpIaW bihto 20e TydRploHcWhidibiBRA- 0.1 %
(v/v) Tween-2Q.in P.Eis.for demhqurs at RT., The rregorane wa%?\éﬁshed twice for
10 m nuf@Eeivtih ity ipshead-of platinges Sspensionetiisangormat celin Kaphiaseeetive 10 nd
LB/ Anp cfenk was spartethivith 2 6@ritegloditapioy ditbérefouacy divengmeasnaddaddropRific
Fi ly, Jt. rked. at ositi.on d lajd onto,a cultur | ate with
byt melnbraB SIS e GOSyPIRE LOL0 22D B Busfed b sithEp Beief me
The hydwahhB/Aapraget Cehe wetg giowaliode; C dor hdueh t he col oni es were grown, was
| aid onto the hydrophobic nenbrane in such a way that both of the marks
superinposed. The culture plate s incubated with 25 the stack of both
menbr anBs i ety %L.‘/@rsph § §oe %r}en&lﬁm%eaplﬂa%bl%war%ﬁé@?i%ﬁ HENGAL
mut ei nlswegﬁiss@eﬂ ﬁﬁiﬂﬂPBlSCHdibcbﬂﬁlbgCt@ljtﬁé\ irRgueiors e tu@ﬁﬁiﬁlufﬁ@ﬂﬂ%ra@ﬁatﬁ@dwl er e
i il vi a, their_ al bum n- bi,ndi n nai n the HSA on t he
o andS Sy anieh e by el aor s AR HE B Bl oie Rufhih 2 g e ¢ e
to a fré8gmiBhABD Reguainingdipdiag eitesnuh tht onedbrate dve@ safhmtddylgr inpliabibs
menbr ang;mes) gy dpwas 0 | 1B J Mt e3CRTW 20 m
i b )ﬁg\x@png%, hed }93?&2 Ié#ééﬁszo PPpg r%thgﬁrs ACRTWED

PBST. To confirmt Ing acti )f the spotted Ins towards TNFa
t he menBFERENGESS Yarke PrievBatl@aningies Vithady mi RBS agd pnmestsed aflgmpedoerof 100

nM di gox) genadsad 1ONTHEBAMBREdiuaD tEARAR0D m@/ltan%&ﬁbw&ucﬁﬁhmsi addedk powder
(a l.5 tMstock solution of the digoxigenated Fa in PBS was therefore

1: ¥5 diluted in PBST cont ai ni ng skimed m |k powder). WO 03/029463
PCT/ EPORihaldy} 90was marked at one position and laid onto a culture plate with LB/Amp agar,

which additionally contained 200 pg/l anhydrotetracycline. The hydrophilic membrane

from above, on which the colonies were grown, was laid onto the hydrophobic membrane
in such a way that both of the marks superimposed. The culture plate was incubated with
25  the stack of both membranes at 22 °C for 15 hours. During this phase the respective
hNGAL muteins were secreted from the colonies on the upper membrane and were
immobilized via their albumin-binding domain on the HSA on the lower membrane.

After this, the upper membrane with the colonies was transferred to a fresh LB/Amp agar
30  plate and stored at 4 °C. The hydrophobic membrane was removed and washed three times
for 5 minutes each with 20 ml PBST.

To confirm the binding activity of the spotted muteins towards TNFo the membrane was

then incubated for 1 hour in 3.5 ml! of a solution of 100 nM digoxigenated TNFa, in PBST
35  containing 0.5 % w/v skimmed milk powder (a 1.5 uM stock solution of the digoxigenated

TNFa in PBS was therefore 1:15 diluted in PBST containing skimmed milk powder).



64 The nmenbrane was washed three tinmes with PBST, followed by incubation
for 1 hour with 10 ml anti-di goxi geni n Fab- Al kal i ne- Phosphat ase conj ugat e
di | uted IwW00029453 PBST for detection of bound TNFa vi a i PETAPgDXI4gENI N
groups. The nenbrane was washed twice w th PBST and once with PBS, each
for 5 mnutes, and agitated for 10 nbAutes in AP 5 buffer. For the
chrom)genl Cc reaction, the menbr anes were i ncubated in 10 mM AP-buffer, to
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t he pr ot(étratagdlﬁ:) s avelaboitl) oordirmiing thefhinding raCtj@mb roif ST Mlhends TRF-YB)to of
enri,ch n?Np& ﬁeﬁ% one resulting nutein having binding affinity for a given
target romt ne or nore nuteins by selection and/or isolating said at

| east one nmutein. 15 3. The method of claim1l or 2, wherein the nutagenesis
in step (a) results in a plurality of muteins of the protein. 4. Method
according to any of clainms 1 to 3, wherein the protein is subjected to

mut agenesi s at one or nore of the sequence positions which correspond to

t he sequence 20 positions 40 to 50, 70 to 79, 101 to 103, and 125 to 132
of hNGAL.



5. Method according to claim4, wherein the protein is subjected to

mut agenesi s at one or nore of the sequence positions which correspond to
t he sequewoaspzasd i ons 40, 42, 44, 46, 47, 49, 50, 70, 72CTEP)2/70A90 79,
101, 102, 103, 125, 127, 128, 130, and 132 of 25 hNGAL. 6. Method
according to any of clainms 1 to 5, waegrein a nucleic acid coding for the
one or nore nutein(s) of the protein, which nucleic acid results from

mut agenesis, is operably fused at the 3' end with a gene coding for the
coat pro@hﬂﬁﬁpﬂll of a filamentous 30 bacteriophage of the ML3-fam |y or
for a fragnent of this coat protein, in order to select at |east one

mutein for the bindi of the given target, .7. t ei.n _of human neut.r ophi |
gel at 1 nase- acs LTS 4pgtEdne A THREAL Y Dl sIECRE EPpt kPR P Elrea
p][ ]9_t ei tn Qﬁqaw)anm!eunmnmt bgﬂdqu&/st uhanamﬂ:lmoc(a;‘mp(BNGz’dy)g reg ogtetieghbhibn-r@&edi Edlt ng
af fi Y. . e - o]
6. v 0B ERRRLSR A dd AhARE iR SRR AR BBV T T
wher ei n TyiggTiargst.nobyrismgrthesiapdd)of: wherein the nutein caries one or nore
of the am no Q{eie _i@%hid{'éih%%n@% 28sis 4t [ or thBFel 4P tiie>seldnce OfmRAIoRE t O

i NGAL. 5 9. Mitei n.of hNGAL accor di ng tog%@%' m87 hzgw]g% EgE%a?’m n agl d
sequgnceWEthS‘E@SPP]EﬁF@li??q"@E@P‘E“N@S 3to 01D Rlé) & o JooNéPo8. 10.
Mit ei n a¢QAL] REultidg aNYnObr b mmeiA(d) of the pabteimh i s conjugated to a | abel
sel %ted fromthe group consisting of an organic nol ecul e, an enzyne

| abel”, radioactive label, 10 fluorescent |abel, chrornogenic |abel,
| um nescent |Zabédthodohdgieh furtegoxhpresmgihelstept(bnof: net al conpl exes, netal s,

and col | oi dal - i tejn: c I i ein. of o A2m or
24p3 accordi neélg?l I(l)lﬂgna& ]leadqf %211: g‘l%rlrl@ ﬁ% lﬁgﬁgloﬂmmﬁ%?g@%l%%mgﬁgy%g géwgl%%geﬁt n or a
pr ot ei n HemdlaneprpegengEcing by pejpetion and/ox isqlating said bl least og TAReINNi ty tag is
operably fused to the amno term nus or the carboxy term nus of the
mutein. 12. Nucleic acid l.ecul e conpri.si a_ sequence encadi ng, a. nutein
of HGAL. ¥ a8t S Lo oh PieGtei R FHGEEHF R I SR (A RISy P of

cl ai ms 7plalifilof n2éxeib3 of Bleggromaeut i cal conposi tion conprising a nutein of
hNGAL, A2m or 24p3 or a fusion protein thereof according to any of clains

7 to 11 and a pharmaceutically acceptable carrier. 25 14, Method for
produci ng a rutMethodfaceaudiag, to xmmn rclampd tor 3.avhirski ba puetsineissubjepied dof
accor di ngy{,0eR8Y¥ a?fontlo?imEre HfliRe ddqueiResRitibnk MEi PRI ESHEPBAd td el Mgk Qe

protein thereof ,
20  positions 40 to 50, 70 to 79, 101 to 103, and 125 to 132 of ANGAL.

5. Method according to claim 4, wherein the protein is subjected to mutagenesis at
one or more of the sequence positions which correspond to the sequence positions 40, 42,
44, 46, 47, 49, 50, 70, 72, 73, 77, 79, 101, 102, 103, 125, 127, 128, 130, and 132 of
25 hNGAL.

6. Method according to any of claims 1 to 5, wherein a nucleic acid coding for the
one or more mutein(s) of the protein, which nucleic acid results from mutagenesis, is
operably fused at the 3' end with a gene coding for the coat protein plIl of a filamentous

30  bacteriophage of the M13-family or for a fragment of this coat protein, in order to select at

least one mutein for the binding of the given target.

7. Mutein of human neutrophil gelatinase-associated lipocalin (hWNGAL), rat o,-
microglobulin-related protein (A2m) or mouse 24p3/uterocalin (24p3) having detectable
35  binding affinity to a given target, obtainable by the method of any of claims 1 to 6.



IS produced starting fromthe nucleic acid encoding the nutein by neans of
genetic engineering nethods in a bacterial or eukaryotic host organi sm and
is isol atwo oBiozarsi his host organismor its culture. 30 1PCTWPe2/0f49@ mnutein
of hNGAL, A2m or 24p3 or a fission protein thereof according to any of
claims 7 to 11 for the detection of g given target, conprising the steps of
contacting the nutein with a sanpl e suspect ed of contai ning the given

bet veen 1 he RubBISI AN GA oiopeRimess TaFhar Mhsi AEet i MORGO R LUl oxed
”}Jgf 'mnlbz‘he@uié Eﬁj %ﬂteﬁ% S:hﬂfb? oneV%D 12?%6?%9263?11(??5( &R0 Bﬁlﬂsﬁﬁt@ﬁps @3112185_. - BHg of
Sept i deffh’a%\ﬁﬁucIAQ?GOIEB?%d:{r%@t%Lg, an or ggni celmr;l gz:uloreoo(ral 2 rrg?g: néoﬁpl ex
and the detection is carried out for validation of the protein as
phar gacol ogi gar,fii'gr hAGAGL acc%rding to claim 7 having the amino acid sequence of SEQ

ID NO:17, SEQ ID NO:24, SEQ ID NO:26 or SEQ ID NO:28.

10. Mutein according to any of claims 7 to 9, which is conjugated to a label selected
from the group consisting of an organic molecule, an enzyme label, radioactive label,
10 fluorescent label, chromogenic label, luminescent label, a hapten, digoxigenin, biotin,

metal complexes, metals, and colloidal gold.

11. Fusion protein comprising a mutein of ANGAL, A2m or 24p3 according to any
of claims 7 to 10, wherein an enzyme, a protein or a protein domain, a peptide, a signal
15 sequence and/or an affinity tag is operably fused to the amino terminus or the carboxy

terminus of the mutein.

12. Nucleic acid molecule comprising a sequence encoding a mutein of hNGAL,
A2m or 24p3 or a fusion protein thereof according to any of claims 7 to 11.
20
13. Pharmaceutical composition comprising a mutein of hNGAL, A2m or 24p3 or a
fusion protein thereof according to any of claims 7 to 11 and a pharmaceutically acceptable

carrier.

25 14. Method for producing a mutein of hNGAL, A2m or 24p3 or a fusion protein
thereof according to any of claims 7 to 11, wherein the mutein or the fusion protein thereof
is produced starting from the nucleic acid encoding the mutein by means of genetic
engineering methods in a bacterial or eukaryotic host organism and is isolated from this
host organism or its culture.

30

15. Use of a mutein of hNGAL, A2m or 24p3 or a fusion protein thereof according
to any of claims 7 to 11 for the detection of a given target, comprising the steps of
contacting the mutein with a sample suspected of containing the given target under suitable
conditions, thereby allowing formation of a complex between the mutein and the given

35  target, and determining the complexed mutein by a suitable signal.
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16. Use of claim 15, wherein the given target is a protein or protein domain, a
peptide, a nucleic acid molecule, an organic molecule or a metal complex and the detection

is carried out for validation of the protein as pharmacological drug target.



