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Antibodies, i.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, bicanalytics as well as in the biological

and life sciences in general. Despite manyfold needs for binding proteins in conjunction

with the recognition, binding or sepavation of ligands/targets, almost exclusively

immunoglobulins are currently used for such purposes. The applidatiou of other proteins

with defined ligand-binding characteristics, for example the lectins, has remained restricted
35 tospecial cases.
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Such a method is a method for generating a mutein of a protein sslected from the group
consisting of human neutrophil gelatinase-associated lipocalin (hN GAL), rat €g-

30 microglobulin-related protein (A2m) and mouse 24p3/uterocalin (24p3), said mutein
havirig 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 targst from the onme or more mutein(s) by
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5§3rres ondi ng positions of 24p3 are
- he number of the segments (loops) defined above which are used for mutagenesis can

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,
i.e. ANGAL, 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 hNGAL 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
t0 79, 101 to 103 and 125 to 132.
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physically realized in the corresponding DNA-based library camnot be deliberately
30 increased due to experimental limitations and is usually restricted to a value of about 1-10°
to 1:10m 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 (nwteins) was used. -

35  Considering that the small accessible section of the combinatorial sequence space is further
reduced by a factor of approximately 108, it is surprising that it is possible at all to isolate
from a combinatorial library containing just 1-107 such muteins of hNGAL (or A2m or
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This mutein is also refeired to as TlpcA.

The muteins of the invention are able to bind the desired target with a detectable affinity,

30  ie. with an affinity constant of preferably at least 10° M. Affinities lower than this are
generally no longer measurable with common methods such as BELISA and are therefore of
secondary importance for practical applications. Especially preferred are muteins which
bind the desired target with an affinity of at least 105 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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peptide loops in order to improve cerfain characteristics of the mutein of the protein chosen
as scaffold, for example its folding stability or folding efficiency or its resistance to

proteases.

30
Ina plefened 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 gelection of the mutein of the invention are not always crucial for the binding of the given
target and may be substifuted by Ser or Ala in order to prevent covalent bond formation or

oxidation of the thiol group.



carried out under conditions which will allow isolation and enrichnent of
mut ei ns MEVMPI4@En affinity constant of at |east 105 M 1d[; /@:ﬂ h@rget
However, the washing and elution steps 125 can be carrie (8{1 ﬁH f varyi ng
stringency. For exanple, if muteins-having an affinity constantMfcratzoos

| east 106 M' are to be isolated, washing and el ution can be perforned
under increased stringency, i.e. nore stringent conditions. A selection
with respect to the kinetic characteristics is also possible. The

igkgféﬁﬂﬁl c??ﬁa??% ?uctﬁlﬂsdfquLbﬁyEB?f fsosruB'&Ee’tuﬁéﬂ%ﬁgot1 qsﬂﬂit{té{ﬂ;ﬁlﬁums o%h favor
di ssocp(%t{l 08 S ar%’t]ﬁotaﬁbdt ﬁ‘@?t&é} 1&-( bé&%ﬁ 0l r%fls JSEI%H'?) ot HeR copparsd o hIWAderr rate.
The t elmiltiplraspect, t i "shasldubechdtet ¢hat dreamnesdnhdhveitioh eRSAlsé WareRMliSighg t hat
14 o LB U W, S AT E G S5 o
t he exkfém W@ﬁﬁ*@Fedc&ﬁdm}’ othsr snitkble agdnre paidl hize hiNGAL p&ﬁjpb@t?deaﬁﬂl $9"Z. WO
03/ 0294,68ndd Eﬂﬁﬁ@?ﬁé@ﬁ%es&%ﬁﬁf& i%gg?et ‘I Budtfo B ¢ Bﬁl%F Hﬁ? used

her ei n. neans % ; eé %rl ment al  con ons are c osen t he
am no BEPHORSLSTF XP?‘P&: utor FREMBIE by seetibn vectpisiNGAd. Tof bNGAL AI m or

24p3 can be substituted by at l|east one amno acid that is not present’at

t hi t t tid Th
i, TREPeee A bl Libeldth LERRER) Yol it PV EEP Ry gt h of
sequengi¥ens &jgeing scopipogad é?tfllidn 1pselecis@ftarorthe grogneomistingr € andlemicti ds.

Thus, ¢0tmp|o§n&\‘ni e of ) sRaReoph Wilg) HINGR fe&ﬂlgrs R3hn ihRlu ?fé%ngfr h:tpfﬁlone am no

id at 1ﬁhosen sequence position Is rep Y2e random

t at | DAPUOPLBIOHED Phangihsr ﬁ’é%’??l}l‘élﬁ%% (tIQ\BOIé?ﬂﬁtW@ fé%ﬂ@ll‘a{!é}é pfusteinsomtar ed t o
t he :jesagt brgdt in(fideety &W%ﬂﬂﬁl@e@ﬂlwﬁ1ﬂlegés bdiReWh |s£tdtt¥@1@t BA® i tins The term
ran s redet er.nmi ned sSi ani no aci d
(r:rtl?t aﬂﬁ‘){'r]l% 9&9&%25%1¥§9ﬁ;?a33%&e)rt%18? gq@@nﬁe@lovﬁﬁ%lr’f‘ﬁ‘ oS thahé? At9 east two
am no %}éﬂé@laébﬁldbg 4fApidy.porated into a sel ected sequence position during

mut agene5| s with a certai n pr obability. Such experinmental conditions can,
for e ncor orat|2% éodons with 15 a degenerate base

conposi ? i Brlnlol ﬂﬁisﬁlgpglt i 'lugr ApHun ¢ uspi@anditpns, m9seodIst tis on whi ch
are t dobeednisteeedtihe Fagetemerin ﬁl,urahﬁpobrimtelim veiriclo areNRKta0ted MYt @k ltArast.

%?gég?gsgléllgﬁnto @k éﬁ slon?s.‘f&ill% dﬂc’ché‘\b‘éﬁ?tp&oﬂﬁ)]é}} ﬁ%fh%ﬁ% i$ E%Feng%g%ﬁllb% gl ring
i ncor ptg? g EHOILR PSR aaign 08 he.biading periners SeregEEHaTRE contpphsotivg agys, |le,

Leu, t l\datupem@es i8h Btleﬂ'gthiofg@b Wuffers &l THe Isaemd@pﬁ@d %ﬁ*lélﬂﬁéht tlbge&gal ! eft ed
oSiti i or exanpl e,
Iroest r Icg%e% %g ne‘ﬂﬁbé’ylagl{f%nf)gg%@b ﬂ@fﬁ“ﬁﬁ"@@%é‘“ﬁ 811111&11“%’5 Ogmé'éql%%hﬁgﬂ%gg uence
posi t i aorefiilcenistant ebat leaste)’ tMid taathie g etc Howevergthe Gyshinglayd eldeion kleps Met,
_Pb% TdaR 1be\@lnécf QLW 1lﬂﬁfef‘garyh&c§}ﬁ{??éﬁgeﬁ?1aéx lf%tﬁéln? ﬁ%ﬁgqq él%?ﬁ" b} ton. In

ﬁn%pl’ eferre % gﬂé n% é/l % I nvent
‘it ageCH{%%‘f“E &t east [0 M o ke toi0g 1sgheted v 11|ﬂ§é1§@ ehlfloﬁﬁélfl bP apifymed yidee 25
pr ef erindrbased strimghicyot. cnbe shngeni cundiiungsA aclectidd Qﬁﬁ@e?@cth@ thdgigsdor at ed

into %lﬁt’%ﬁ%%f e%szglggﬁbgﬁglepoﬂ%et e?@cg?n canG%'of 11'16‘%511103, be 1Pclforn1ed under

parti cuf
CDI’ldlthllS wluch favor complex formation of the target with muteins that show a slow

30  dissociation from the target (receptor), or in other words a low ke 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
35 107 and 102,
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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 positipn of the

30 respective protein such as INGAL 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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molecular weight between 100 and 2000 Dalton, prefembly 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
enzynie, 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
A-galactosidase are examples of enzyme labels which catalyse the formation of
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The term fusion protein as used herein also includes muteins of the invention, for example
muteins of AINGAL, that are equipped with a signal sequence. Signal sequences at the N-
terminus of a polypeptide according to the invention can be suitable to divect the
polypeptide to a specific cell compartment during the biosynthesis, for example into the

35  periplasm of E.coli ot to the lumen of the eukaryotic cell or into the medium swrounding
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 franscriptional terminating region functional in a cell. Elements 'use-d for transcription
or translation are promoters, enhancers, leader sequences, transcription initiation sites and
transcripton termination sites, polyadenylation signals, ribosomal binding sites such the
Shine-Dalgamo 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
fluosescent or chromogenic label as explained above. This signal can also be caused by the
change of 2 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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In a further aspect, the invention refers to a pharmaceutical composition comprising a

35  mutein of human neutrophil gelatinase-associated lipocalin, rat o»-microglobulin-related
protein (A2m) or mouse 24p3/uterocalin (24p3) according to the invention or 2 fusion
protein thereof and a pharmaceutically acceptable carrier.
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salts, sugars or sugar alcohols. The formulations also can include blonchodllatmg agems
The formulations will be sterile. Aerosols generally will be prepaved from isotonic
solutions. The particles optionally include normal lung surfactant proteins. Exemplary
20 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 inverition 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 acrosols of particles in an aqueous or non-aqueous, 6.g. fluorocarbon propellant,
suspension, Such particles include, for example, inframolecular aggregates of the
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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 synthstic oligodeoxynucleotides, which hear a degenerate base
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‘-«i

its complementary strand as a template.

35 The amplification products of both of these reactions can be combined by various lmown
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



expression of the mutated hNGAL structural gene as a fusion protein with a
signal sequspegsat the N-termnus, preferably the OnpA-signal sequence,
and with the coat 15 protein pill of the phage ML3 ( Mbdel Pa@ndriumsal , in
"The Bacteriophages", Vol. 2 (1988), Plenum Press, New Yorl c,2 3#xrc4b®)0 0w
fragments of this coat protein, whidY are incorporated into the phage
coat, at the CGtermnus. The C-termnal fragnent Aplll of the phage coat
pr ot ei Ahiswudc hotharft the lpsodmtsYCz@lﬁi‘o@%xﬁ{%bQ%ezs% eE%dAt?G s Ry g, natur al . coat

prot ei used roduce t usi on IS BLERsFscham
Especi a?ao%h gy lg fﬂrag%%% ﬁg@"{“é@ﬁ? ﬂ%tfdeg 8° P twalk s dllmom mtdlzn:bn t he

cyst ei h"écﬁé@s et encdecufrsswhich reoR@ibuies thei Ginge BEtWeSn HRE E@é&ﬁﬁ é"" Beiher a mm

Ly e R S e e BT °“e“1b§xaf;”&mtwgq?c{eo§é he’

ffltnl t ]%/ @% rt{
bi e AYPeH ofthe Hléa?%?é)’lllﬁlﬂomﬁ&:@ﬁeadw @ noftagdnesit a8 it AE-HeBByO" 1S

P, WA e 40t ol R L BB D o i s

for f gené se
fragmsﬁ@lne us%%esm%g S g]a'BHISPB?ai'f erably an amber stop codon, is at |east
partially translated. into an amno acid during translation in a suitable

sSuppr e$RO musfel: gnote | asm.ds which carry the
i ergenemlc rcgéﬁ?%rl}ﬁﬂg?ﬁh&% grﬁmg’? 83@ ‘ﬁa?&ﬂ'be%c%\I13$5ﬁ%§8°01§nﬁ§h111§§h¢ Grurexanpl e

or PERL ée%tks efnte Arplein wadeantowhith SbptaiBEruEiondtat tig Edisbtéd hQRRInsPar t

e ot s i ranssner o0 ULl LIRS il sESL ol L el v

hage, X 3
B agm %Jl%% ﬁn‘P ﬁ\?%{\'/h Q&o?af@ﬂﬁﬁk%ﬁéd/wstb&nwctcg, axboart hﬁlcloﬁé@u{ h]e medi um
as) so- Iélmwlehlosp n@msn'dA Onlt’Add hepmeaiuh@raée atmn% el Eﬂ £y 'Ef?esn# L

t ha t
rru ei nme”&@ﬁﬁg gy teQEmB Hﬁcith'evgqulg) OP aPSanF g%qﬁgﬁg, gy&{;ggtgs ;uglnlg aqgcil gnal

S1 0N
%uerﬂ?@w 6?165 Wéfﬁfrﬁgtils%orp%i@uﬁlem nqmgmeﬂomeqmmwdvm&zﬁ arecmsa besatther hand
I t carthe esr¥poddihg 241didnd 8 Wﬁx@?&@é&@%@&?ﬁn% %rlﬁ\l?(}% re copies

e
f th f t f th ﬁ‘agf’§gﬁﬂ’ﬁ atapabl
o | niusehdCoF AR mBIH 84 B e 1oL ol ek o Hpfors br e powsitje Rloatngs. v

F- pl aéwﬂaolyqlﬁwgthﬁhe myeSpancphg( sdstridtion enplnid) Thie ameﬂﬁgl 5€GnRBLYREE, kD g{]pac kaged

e st aaar e SO BB RESI

f uhglt |a6tﬁ§1fe%ft% Bﬁ’l rg‘rr‘]i eﬁ%i’é‘"“% E}OE%?E@ empisagthagbisiad seThece positonpHNEBRS (Fi g. 1)

can for exanple be used in the constructlon of the phasmd wth the

oot 1 Qe autBe ko iihe T e B By WDt S o STISENGALS Vi o

both &RN@fsa bfﬁpmpteg(jo ﬂ@ty:tom mtutmnmst €s lm%nmhmnfoﬂm&itjﬂléjﬁy §§aeof
i ncor ity poBehdpyset ELaNs redciBh i @Hich %Hdlﬁ&?s Ef %8 ed Sﬁ%{fé %:56-9 rcﬁelk@c 1 :
Xﬁ% b ln?{ﬁargengs l ocﬁﬁg{t 11atl?d(gFFl TeLC|tm e
"ﬁ ar &' fade™tin Hl 5% 86 srfg-rﬁ’;‘i" &t pl.ef- dviol. mwsmt@ms as
4 $Si @ﬁa 368 Sutinmetipds Efu glsb bb Iuaﬂfcyfm ntlleeﬁ11111étealﬁm{1wﬁid SO tarsd % Qi Rﬁes

obt ai ge S u ture accor lngto
oot rreta,l gg gﬁ&ﬁ&ﬁ? &0k %m%ﬂf%vﬂl ﬁ f%ea'g@rt léere:nt pﬁogu?#f Mptagans which

p0951b y occur outside the segments of the sequeuce positions 33 to 54, 66 to 83, 94 to 106

and 123 to 136 of LWNGAL, for instance; can ofien 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 thess
clones. Methods of this kind have been described in the context of the production or the
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20 Phasmids here denote plasmids which carry the intergenetic region of a filamentouns
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 plll 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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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 immeobilization of
30  those phagemids carrying muteins with the desired binding activity as fusion proteins in
their coat. Among the various embodiments known fo the person skilled in the art, the
farget 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 fechniques 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 wi_th' other binding groups such as for example biotin. The



20 whi ch show detectable affinity to a given target (cf. Exanples 4, 5). It
is additionally possible to subject the nmuteins produced to a further
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mat uration” (DE 199 26 068, WD 00/ 75308; Schl ehuber et al., supra) and can
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codi ng :
wuteins with detectable affinity for the given target. Depending on the size, ie. the
complexity of the library employed, 2 to 8 cycles are typically required to this end.

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 fiom the single-
stranded DNA extracted from the phagemids, the nucleic acid sequerices of the selected

30 mumteins of the invention can be determined by the methods common for this purpose and
fhe amino acid sequence can be derived therefrom. The mutated region or the sequence of

the entire INGAL mutein can be subcloned in andther 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 h(NGAL produced by genetic engineering can be
purified by various proteinchemical methods. The hNGAL muteins produced for example



35 lactamase and the tetracycline repressor gene (tetR). An anber stop
codon, \/\/{ﬂ,@ﬂ.i{b@m;parti ally translated into A n in SupE anber suppressor

host strain, Iocat ed between the coding region for hNeaAE/Epd bl dphe O npA
signal sequence and the Strep-Tag Il as well as WO 03/029463 28 March 2006
PCT/ EP02/]10490 2 March 2006 the codilng region for the truncated phage

coat protein pill. Both the two BstXl-restriction sites used for the
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anplified (1. PCR, PCRB) with the priners SEQ ID NO 3 and SEQ | D NQO 4,
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30  Theinvention 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
mucleic acid level;



led to two non-conpati bl e overhangi ng DNA ends during the restriction
digest, enabled a particularly efficient ligation. The substitution of the
am no acjds Gln28 to H s and Thr 145 WO 03/ 029463 24 PCT/ / 2 March
2006 to W%é’:’mlﬁ%:’respect to the original sequence as wel Fgﬁpé(?éﬁ?’@mtzoos
mutation in the codon for Serl156 were previously acconplished during the
constructi on of pHNGALS5 in order t &2 i ntroduce both of the BstX
restriction sites into the hNGAL structural gene. 5 Fig.3 shows a draw ng
of pPbNBMe 3PhiGALTiclgdepitetheedpiasionvegootiN@AREde of the OmpA-signal
sequence, a nodified hNGAL according to Fig.1l, the Strep-Tag(c) Il affinity
tag, and an al bum n-bi nding domain (abd) of protein G from Streptococcus

( Kr aul Figuet 4at schempiiely depicts tigyeprassigs)vectoopllysdy . Al | further genetic

el ements are identical with pliNGALS. A relevant segnent fromthe nucleic
aci d sequence of phNGAL7 is reproduyc 0 ether.with the enc daed am no
acid sEtguenée ﬁ@lﬁtﬁ@eéj&%&ﬂféh&%ﬁlﬁg?%é S lﬁﬁ’%@lb‘imcparﬁ%mé@%‘ begi ns
with the Xbal - sgsiol bgleliflenSkite hiGATenssg BLISAt he Hindl Il restriction site.
The vector elements outside this region are identical with the vector
pASK75, the conplete nucleotide sequence of which is given in the German
pat ent Fubd i6C atdhemafiiEllfdeficts BSpldsmid gedirgphM ol a drawi ng of pTLpc3.
pTLpc3 codes for a fusion protein nade of the OnpA- signal sequence, a

modi fi ed human Tear Lipocalin with the am U&Pﬁéﬁgubsti tution Cys97 to
Sex0 andigwhd SsPepativdydepicts the pxpipssiPvEEor her genetic el enents are
identical with phNGAL5. A relevant segnent fromthe nucleic acid sequence

of pTLRe3 is repraduced. t.ogether with RO waGI quence in
he" sedudiito | FOPRHY sy PHRG oo B Y e e R e S bl AL 2N0C 11y
Xbal - restri ct i eithdiNGARRpgdcatds—\ip oithrombosgondin peptidedSEQ BA NG 18} ipgd  The -
vector elenentgzeelside this region are identical with the vector PASK75,
the conplete nucleoti de sequence of which is given in the Gernan patent
pub¥ication DE 44 17 598 Al. Fig.S shows a graphical representation of the

data f IP@T@@X anmpldepidts thatbintling bf Henditeips RFY-BRRE V@ med RS XvEt-Hrogefberl | NGAL

mut ei n PCA wer, ¢ r n = h I G AMARE R4 14ssay (ELI SA).
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i nteraction of abiuGARS EnviriFesplas e ESEPRANCE HTER EPPYA %)e TlpcA bi nds Tear

i pocalin in a concentration-dependent manner. hNGAL does not show a
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sequence, a nodified 1INGAL with the four am no acid substitutions GLn28

to H s, 0Ng87 t 4'!:993& i diOtileleRp RSB dotorpTRIFG145 to Ala, the
Strep- 'IFéé?/T(%:) ”1(1’ Sgﬁl}qr}it tgb and eapshortenedﬁform of the ML3 coat protein
pln, conprising amno acids 217 35 to 406 (pill). In addition, phNGAL12

carri esgigiye Si gerttepimttmmnﬂiagwifm@amhbem@sﬁ@mgwe@isaw—&’ﬂsnﬁ& nBA si gnal
sequence in order to re - 0 restr Siskf, The entire :
st géct ur al gene‘tf’get@qﬁlﬂlglg %ﬁtaggnéééﬁ?lpfﬁgndgﬁdgﬁg?rglr@by the tetracycli ne_,)
pronot er/ operat or WO 03/ 029463

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
Gln28 to His, Leui37 to Ile as well as Thrl45 to Ala, the Strep-Tag II affinity tag and a
30  shortened form of the M13 coat protein pIIl, comprising the amino acids 217 to 406 (pIII).
The entire structural gene is subject to the transcriptional control of the tetracycline
promoter/operator (tet”’®) and ends at the lipoprotein transcription terminator (tipp). Further
clements of the vector are the origin of replication (ori), the intergenic region of the
filamentous bacterophage f1 (f1-1G), 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 (NGAL with the OmpA signal sequence and the Strep-Tag II as well as



25 PCT/EPO 2/1 0 4911 2 March 2006 (tet"/0) and ends at the |ipoprotein
transcripig @mabgzm nator (tip,). Further elenments of the vector conprise
the origin of replication (ori), the intergenic regi on ofPGHEPIRIIbAIENt OUS
bacteriophage fl (fl-1GQ, the anpicillin resistance gene (bl ap ¢adi-RI208k
13-l actamase, and the tetracycline?}epressor gene (tetR). An amber stop
codon,ﬂvx/ni g.h Is partially translated 5 into A n in supE anber suppressor
host stheabdg regiohdeathe dninedtud phadeha€H@tdMd pIIE BRR 0o a}}‘ﬁf% RBased with
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restrighhePecthl £a, ?%%ggﬁ%olréteel eigsnt s outside this.region are idéntical
with the vector piIé > CORRIete ST oRde sevepce Rt wiach isgi¥ee in bt Genuah i s
gi ven Raent peblication PRy Eh§9%abl i cati on DE 44 17 598 Al. 15 Fig.7 shows a
schemati c drawi ng of phNGAL15. phNGALI5 codes for a fusion protein of the
Ci pA—ﬁ%%na seq%?nce with a.nodified |'i NGAL according to Fig.6 and the
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’sﬁth h@@%{}gﬂﬂi@otﬁemmmesjzm (SEQ Dt Ne:1ASEe lI[D erd:ni SEQAM fgb":?%ndand ends
W t 5] ] AR | . r nts outside this region

PRy i ‘{"ﬁ&g‘%ﬁ caPecive fuidlis FRE UoRaRIR Pt ewesuence. of
it cn F i XFER SFpioxe idb FRtHatR gifes. Bl tocthe icompDEitidu ChoSH8 i tifei 9. 8
D1 R A e ot TRt pe, phE e BloR o TAG R akhed R T e
were poaGE SRUR Sl 1 ihlaldh B EFHRGS o ghnd edagpPEEN XL ng. of

| 1 NGAKBRYRE| ‘ﬁsalRé!O'E‘ﬁCh(lﬁiuPt56(51?$7)RE?€-67$)squ’aGeSOSmnafdd>kREYaLE Mélesymnds) to
t he fige (0735} infl8! (1S9 . it h ¢ he.i.nteracti of hNGAL

(441 angl es sgg:d .tlﬁ%ﬁf%%g%ospor?’ ?ﬁ pg[ﬁtﬁl%d[}g&%}hlsegg% ﬂ?a&lr“()eﬁ%&ea‘g%ﬁﬂg‘ﬂwpept i de
vias i ﬁ%ﬂ%? T E§* 16 que-ap&’k/‘F?ﬂoﬁ-% te¥ampiecfos tgene explessien Vi ather acietial  gr oup
at t acHeains or prganiatse sudbna monsEhee bIGA] wilidih 6 fiSsebiin thd heudiirapphpsgeydi n

epti ' n : | @n- ner, wher.eas hNGAL does not give
Prbe Scalt NRCATIRRNGS oh 89 ERRNICH) o NS ey HUSHEE Pollito b tiecseboni o

rise ta,a,significan i n
bet weSHUIFHE! BRaRt T pramals inatle Siscaied iviagensis. dosmsie doidriidhnabéance. of
g ooty S R A R e A T T
R el N R S G A e AR e FERE dpr STt wassne 2bu soimd
“RCT/ EPYSALOZDNA as template. In another PCR,» a nucleic acid fragment with 179 base pairs |
was amplified (1. PCR, PCR B) with the primers SEQ ID NQ:3 and SEQ ID NO:4, also
using phNGAL3 as template. phNGAL3 differs from phNGALS ounly by two missing
BsiX1 restriction sites at positions 283 and 630 and one further BseXI restriction site at
30  position 675, showing the hNGAL wildtype sequences there. The mixture of both PCR
products, which were partially overlapping, seryed 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 BseX Testriction 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



2 March 2006 enpl oyi ng surface plasnon resonance spectroscopy (SPR). The
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peptide in a concentration-dependent "manner, whereas hNGAL does not give
rise to a significant binding signal. No cross-reactivity of the hNGAL
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Tmmunosorbent Assay (ELISA). Binding of TipcA and Tear lipocalin (squares) was :
compared to the interaction of h(NGAL and Tear 1ipoca1in (open circles). TlpcA binds Tear
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Fig.6 shows a schematic drawing of phNGALI2. This vectot codes for a fusion protein of
the OmpA signal sequence, a modified KINGAL with the four amino acid substitutions
GIn28 to His, Cys87 to Ser, Leul37 to Ile as well as Thrla5 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 (pIIf). In addition, phNGAL12 carries two silent mutations within the coding region
of the OmpA signal sequence in-order to remove an EcoK12 réstriction site. The ‘entire
structural gene is subject to transcriptional control by the tetracyclme promoter/operator
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Mennhgihe-théed | manMosorbent 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 ANGAL (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 INGAL does not give rise to a significant
binding signal. A low level of cross-reactivity between the INGAL 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 Exaniple 11, in which binding
measurements with the hNGAL muteins to a thrombospondin peptide were performed
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Fig.12 (A) shows the result of the colony spot assay from Example 18, in which binding of
trimeric TNFo. to immobilized muteins of hINGAL was tested. E. coli TGI-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 TNFa 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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30 minutes at 60 °C. The PCR product was purified using the B.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 pwrified by means of the
EZ.N.A. Cycle-Pure Kit. After a second restriction digest with BstXI, the nucleié 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 2000 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 % wiv | )
tryptone).

The Micro Pulser system (BioRad) was used with the cuvettes from the same vendor
(electrode separation 2 mm) for the electroporation. All 'stéps were carried oufc in the cold
20 room at 4 °C. Bach 5 pl of the DNA solution mientioned above was mixed with 40 pl of the
cell suspension, incubated for 1 minute on ice and ﬁna}ly transferred to the cuvefte. 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 MgSQOq, 10 mM
MgCly) and was shaken for 60 minutes at 37 °C and 200 rpm. The cglture was diluted in 2 |
35 | 2xYT-medium with 100 pg/ml ampicillin (2YT/Amp) and cultivated until the ODss
caused by the replicating cells was raised to 0.64. By employing in total 34.2 pg of the
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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 hINGAL mutein fusion proteins. These were coated ovemnight with
800 pl of human Tear Lipocalin (Tlpc) (450 pg/ml) in PBS.
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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 911spension 200 m! of
?xYT/Amp-medmm prewarmed to 37 °C were inoculated to an ODssp = 0.08 with an

30  appropriaté 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
2x Y T/Amp-medium was inoculated with 0.2 to 1 m! 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 Tipc were carried out in this way.
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For the ligation, each 100 finol of the two DNA-fragments were mixed with 1.5 Weiss
Units T4 DNA ligase (Promega) in a total volume of 20 #l (30 mM Tris/HCI pH 7.8, 10
mM MgCl,, 10 mM DTT, 1 mM ATP), followed by incubation ovemnight at 16 °C-. E. coli

20 TGI-F (£ coli K12 TGI, which had lost its episome through repeated culturing under
r{én—selectiv_e conditions) was transformed with 2 i of this ligation mixture according to
tﬁe CaCly-method (Sambrook et al., supra).

A hydrophilic PVDF membrane (Millipore, type GVWP, pore size 0.22 um), 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 p! 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 L),
also cut to size, was moistened with PBS according to the instructions of the manufacturer,
It was subsequent]y 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 PBRS and agitated afterwards
for 10 minutes in 10 ml LB/Amp medium, to which 200 1g/l anhydrotetracycline were
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membrane was incubated in 10 ml AP-buffer, to which 30 1.11 5-bromo-4-chloro-3-indolyl |
25 phosphate 4-toluidine salt (Roth, 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. In this way the
binding activity for the protein ligand, i.e. Tlpc, of the INGAL 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 hNGAL gene cassette was subjected fo sequence
analysis by use of the Genetic Analyzer 3 10 system (Applied Biosystems) according fo 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
TipcA, TlpeB, TlpeC, TipeD, TlpcE, TipeF, TlpeG, TlpcH. The clone TlpcA was found
five times. The nucleotide sequences of the clones were translated into amino acid
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150 mM NaCl, 1 mM EDTA), sterile-filtered, and served for the chromatographic
purification.

The purification took place by ineans_ of-the Strep-Tag® II-affinity tag (Schmidt et al.,
30  supra) which was situated between the ANGAL 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 am 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. Clromatography was monitored by
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mi nut e voith il0en! afd sbnuamfoérmam(w @-ﬂfksdﬂ@lﬁigﬁn (Siiginap th cmbﬁfﬁee.rh“éhmabﬂme_
elecgtro :1.0N . § Ll enst on was
et SR e Ld ST bl e 2 A DS Do ad Tt ED ZRT 10 o
60 m nulesirophopisTEing mob GrpsersopheArall Bigchemad 58i (108@d §3n88). Hd1 were

2XYT- megopn. Tﬁ@ﬁbi‘&&iﬂ'é'ﬂdslﬁgfe%’d%eeﬁ@%%iahhim peél t ABRhd 0 an ODS50 of 0.5

and cultivated at 37 until the OD550 was raised to 0.7 as caused by the
replicating cells. By enploying in total 85.5 g of the |igated DNA,
1. 8. 10 Ihbiahss @neraet chaysetesistid o selected KNGl Ismomitiger usi ng 20 al t oget her 43

el ectraoporati n e r ther rding to
Ex rg?pl 2;_9 L Exlgﬁrr%%‘g izlpggagé%géd]s{ﬁr é@ﬁ%%nﬂ%# srlckahlpeccﬂtji og}cg(fc@‘- L nuteins
agai nst an eight amno-acid peptide fromthe cell- binding domain of human

Thronmbospendi 2y 5 ("&pLombgspondi g, pepidde” Jyahe AP macyl t yg, contai ning
the cells which were transformed with_the phasm d. “vectors correspondi ng t*9
PhNGAL122 put“e¥di n§2for T¥e 1iPFQry WLt het$% pod8s n Mf%i n€¥s  fusion

prot ei nsga werelinf eglad wiyh VCSML3 Pied perGliragertest r atlagendraat a

mul.ti pligihty 30 i pf.ect Lpn, of Proxd ot 10. e ur s shaken
forltsaddi%onaﬁivﬁo mi'%[dt eség{11 37G%,LP %joﬂfperréysrherﬁ%ﬂe ?r%%ba?’oe\ﬁ@terrper ature
was | owet'ed tdspe CGand | EaBamARta (7RFPg/ AP waheadd&Ln*af tRe 10 mi nutes,
anlhydy ote$ r acgthi nes@,gz agged at1@5 gddr ( 18Kk pt wifl aI Zﬂalbpg{gﬂe st ock .d
solution_jin in. order_to i e e expression. ubati.on conti nue
for ano%¢1er %ghoulﬁl%{:at 5%’"'0, nr%g‘l% rg‘zrenfaBS e cell's vve%ﬁqee sec}fenl%snt ed by
centrifugati chep60 hénut ebeul1258bug, GlY) . A st natR¥et  ¢dat*ai ning the
ph%@enu%@artigc#es Mes stgrgle-Aidtergsh (0.d; ni Jg1dW xed v t iyl .4 vol ume VO
03/029463. 38 PCT/ EPO2/ 10490 2 MarchOI?OOG (375 m). ice-cold 20 %wv PEG
8000, 15/% w hYRacl28Bnd PR ubat¥t forYdne ¥our &1 ESThft &

centrifugati onsp30 Argut eBro185@91 g, Asit) tAmn preRxpit dtled plexgeni d
particle we dis ved,.n 6 of mcol d . Fhe solut] on A i ncubat ed
on ice f?)% 60&‘%nutzgl:andMé€vas stri'f)lgjf ed ‘F%SO tpﬂ. SS %:entrl ugati on
tubes. PPter BsAtriBdYatibatof TEi ssBYVed Breonpdient &35 niliift es, 18500

g, % C1each supernatant ves troesferred toval nevexro val  Thr |
103 "Leu Val Ienw Tyr Gln* Leu Ser Thr Met )
125 Livs Ser Trp Leu Gly @Glu Arg 2Ala 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 Liys 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.



centrifugation tube. The phagem d particles were reprecipitated by m xing
with 1/ 4webhises@d0 % W v PEG 8000, 15 %wyv Nad, followed by incubation
for 60 m nutes on ice. The phagernids were 10 ali quot ed (ECTEIR&Nd)1 M
EDTA and 50 mM benzani dine (Signma) were added for long term st ¢jz3@8 3ooe
-20C. The biotinylated synthetic th?énbospondl n peptide derived fromthe
cell binding domain of human Thronbospondi nl (Tul asne et al., Blood 98
(2001), 3346-3352; H2N- Arg Phe 15

Tyr - Va'E’xMﬁBI‘e'\@tl\IéE%{'
caproi c acid) was | e R-8od 883N
particles (Dynal) as target for affinity enrlchrrent fromthe I|brary of
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emove ;1.*&32@@ Afe Paliog MR S8 bk MAETE. B wled sk b salytiamebiteor t he
af fi ni Pyt F?ﬁlrﬁlélﬁwmtcmﬁ ﬂlﬂhﬁﬁdéfmumue'mplcﬁranﬂ&;ﬂhmp ifRed Eﬂa hhagepids, 40 |

of a Sl Mits athditehl sudd i1k R pldigin BOLLAXLELSA LI OLY C}gﬁ{\a%'egl peptide

qée(t re e% |ng 100
pept i d \P’ﬁ ’Bﬁﬁ—e | Affgsone hayr s sajuiign Wamemweld aid ‘aashséﬂthﬂebon of
the friéuaed wlthmﬂremmhagﬁlmﬂomer(a@%vmir %ra%gﬁé%a%&j Pa%‘aﬂé@g&%‘ ek ° formng

30 t
bet e e PR AP Stechla Bone Pl ualily Gucmmon i 1 s by f5komen abl ¢
‘td occlifs aﬁtﬁ!énat R3o pfieniwashisg|thteeotimes Gith WBED, 55&&@[\&14111{0 Moép E{ge%en 20 in

"'F'>Bs mnﬁ@d&d(&g?ﬁé)a Hhﬁéedﬁhﬁfo@b With PR P! whl sh0F it fhe &E%ﬁ:? Vﬁl'ewés washed

syspe st.repta aramaghef1 ¢ pa
t lk%r%ee | rr%lswé\f ]%8)61%? P§§ ﬁ%‘?@ By wapng sve héleésﬁflﬂld?&s'k&pﬁtvmrsmemded for
| min wih PBSaDleh:gtlom of theSTeat 111Emaﬁlm douid Mems Snbiizkh ﬁﬂemlﬂu?éiﬁf%@t t he

waII [ a t he supernata

03/ 023916%&%9 %ﬁ?‘l’élpgié"/ %@?ﬁg g Ff8ﬂh“'£‘%88{1§~“tpﬁﬁﬁﬁpéf&awff by fhey ﬂ%rélmq 0
sat ur JA8SRAFEse diorithisiwpnsagl 09i tled a aoﬂnmqnaafeﬂrﬁg@mﬂ 8 n}ilm;meﬁﬁ%o

i ncubghedesso} hlA@Oblﬁ'ferquO@ﬁ@IMa\ClB§ d—ﬁ&h’f o é @% reerVI ng
the s t he |ot|nﬁate 1%,4151%751“ tide 5
95 ¢ el n@‘t‘%ﬁ Hsﬁmc% é%f¥5£Wétl%wa%@ﬁg?ueé bmqasm@tﬁe ahzmptfgp

parti & W@rléaﬁ@@@t@@émdéiommmmmmladumD&Tca‘spr 10 mn. Finally, free

bi otin-binding sites of streptavidin were saturated by adding 10 pl of a 4
mM D- st h' o%i f_| nl_(tS| gn’ta) sol ut [ o? [ n PBS to the m xt ure and I ncubati ng

Shep-uagfé oy Il - as part of t he fusion prot ein of the muteins and the phage
1Q5coat protein plll fragnment- fromformng a conplex with streptavidin.
o B A random library of WNGAL with enhanced diversity was prepared by concertecl
mutagenesis of in total 20 selected amino acid positions in the four peptide loops using
PCR in multiple steps according to F1gu1e 2. The PCR reactions were performed in a
volume of 100 pl in both of the first amplification steps wherein 10 ng thGALS (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 NQO4, respectively),
which had been synthesized according to the conventional phosphoramidite method, In
addition, the reaction mixture contained 10 pl IOXTaq buffer (100 mM Tris/HCI pH 9,0,
500 mM KCl, 15 mM MgCly, 1.% viv. 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
wpl, Promega) were added and 20 temperature cycle_s 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 1id



Unbound phagenm ds were renoved by washing the paramagnetic particles eight
times with 1 m of fresh PBST containing 1 nM D desthiobiotin. Each tine
the partywglgszovgse collected with the aid of the nmagnetpapgpidi@ion
supernatant was stripped off. Finally the bound 15 phagem dsz weresiel 2@, by
resuspendi ng the particles in 950 | blof 0.1 Mglycine/Hd pH 2.2 and

i ncubation for 15 mnutes. After co% ecting the particles with the magnet,
the supernatant was recovered and inunediately neutralized by addition of
150 gl (Epeodaim followed 0 ardimak mcupajiopof® &f mbwasi £t &8t F6en Thehdssirpthageni. d
sol uti Qﬂgﬁﬁe&ioﬁlﬁrod@@waaliwmga hedawe edde b9 HrepandivbQbArost el slep@pPRirags on t he

. %
o poneRERLPED Aot R ﬁ@%%x%eftﬂaxlﬁg«%%éﬁ?é)-:moi 52 37 ).

and incubated for 30 mnutes at 37 C, 200 rpm The cells infected with the

hagem | edi m.nut es,ané -0 4 :
oot endia b aBo AR S PRl ER Bt Bl B0 Bifhurcl ltbeln | o
agar plppresiniteli 6\1-ofdhie tiyn BOW Grawany WeS ugrds templatpindhe prepence Bf 20 np; 140
FFom e ok e o B S T B e R B mre
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M nut esf e IR BixROweremdflat indhagnet 2ouesus petiei previokoamplifehtier stepscl e of
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D A AR Bl 20 hespR Shied 61 RIARET: QPR ' ginfiR R07C T L
suspendifomimges #af2 tGefodlomed dermsubgequerns iopgBbor: for HgninTies st 69°Eulhe was

i ncuba ; iRutE 2 e8! tydeesietiv Eppo = 0.5: Then the
cul turtg%v%a roii%}gﬁségn\%é?hﬁ@%{-e%ﬂ%}pﬁel}E)er glﬁalgg%egtrat agene) at a ‘
multiplicity of infection of approximtely 10 and the culture was shaken
folr f urbhefe cBéhing Bfithe DA fBigment WiGeh repraseitedithariiptary of i hN@ARIn)uteias \é\D
03/029463 40 PCI/ EP . : : : i-pcubat or

t efrper &F ﬂ‘l""gle]l\(fvaag1 %\ﬂ%q’rzé%c_g?%qﬁgl\y%&%n%fg g%tdgﬁ%q&rlnﬁ nmﬁj%l%%l@qgsgﬁ%hfé%gtz %?% acycline
was addistil Promegr) agcordingl e ethe dpdrustignseals thsnmanpiaciyer K BntesWHiBg  for
anot he ][ﬁ-a%ﬁlehp@frs(iw%{uc&@ﬁ@es iﬂx@Qermglpuﬁﬁil‘m pepirativedgrae gehatedteghdysis )
centrifugation m.nut es . SUp : ing the
hageieh PAFERE VSRRl T et ytiey AR PG REbARlLF kALY, 1O

vol une wet@ rdind;iel:l)vi@ﬂl'e%SMhiotFPE@SbhO@lpu@Bﬂgfdlwi\/SOEthn,‘Wﬁ]ha’ff%ni@fl‘ihﬁéﬂﬁa@ ed for i
h | Cer 1H ' ' e MBI cul BROD R erdnCauithible fprBei pi t at ed
phggemﬁﬁ“&é‘éﬁ%%%ﬁag?@ﬁgﬁﬁs‘{sﬁ%&gﬁﬁ% fr11%2 iﬁ%cgf cold Eréxgn Tlﬁle sol uti on was

i ncubatseBsegpent 8@ Te8HIM nut es and was 1o distributed into two 1.5
reaction vessels. After centrifugation of undi ssolved conponents (5

1 nut 850 | 1.anNs ti
2 A g O, ST et
vol une 2 epngentrasicg ofl 30 gugyol wime oyaghegl Wakg Hmes ignd Obﬂ}x*é:'glﬁggﬁ%ﬁi 8% for 6

M Bt eS,,0mdgastic PhitRles OREHE théd@atieonind 20ixed mtles] 14 830Pmgl ofHhE) DNAe 3
-super naftre?grlllgen\tl\ﬁf 106 HP 'Yﬁgm%%g ot qg Rh G TR ?etm% rRAROEH Sammagnctic particles -
were collected at the wall of the Eppendorf vessel with the aid of a magnet and the
supeniatant containing the purified DNA fragment was recovered for further use in the
following ligation reaction. ' ‘
30 _ _
The DNA of the vector phNGAL12 (Iig.6) was cut with BsiXI as described above and the
larger of the two resulﬁng'fragmeﬁts (3971 Bp) was isolated by preparative agarose gel
electrophoresis. For the ligation, 6.85 ug (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/HCl pH 7.8, 10 mM
MgCly, 10 mM DTT; 1 mM ATP, 50 pg/ml BSA) for four days at 16 °C. The DNA was
then precipitated by adding 110 g tRNA from yeast (Boehringer Mannheim), 350 pl 5 M




particles were dissolved in | m PBS. After incubation for 30 m nutes on

i ce the woltapzoams was centrifuged (5 mnutes, 18500 g, 4 C) and the
supernatant was used directly for the affinity enricl nnBGT/EPE/MEf urt her
selection cycles with the thronbospondin peptide were 20 carei gdredt 2006
this way. Exanple 8: ldentificati or® bf t1ronbosoondui pepti de- bi ndi ng hNGAL
muteins by use of the "col ony screening”" nethod 25 For the anal yti cal

pr oduc¥ BRI fqetate; mwALL 300 b eibenalspet 850 phofmeighith Widhe! f?ﬁu‘%{gﬁ%& TagQo | |
and t heo abbfagitg b id ' ne.cassette between the St X

cl eavage sites mas??hvaglf,gﬁée(gé?}]g%%%lﬁ%g?&% ﬁ&mﬂ@% ZoH¥NEAL EaclFor this
pur po hﬁeflﬁgatﬁﬂ%?s“n‘i"%f 1?5%/1@'1%35@ gbleghagdl (7001 v/ie-20PE), WertidhgddnG ﬁlﬁim il clones
30 obt HiG08q, By C), e elided ikt Yhch i Exanple 7, el uted as a
regul tgf V&@&ef pus b and Lhe 1 7 f‘h@i“g’lﬂgfé%)r gﬁ£%&aﬁ dispivesl lsti d M di
Ki (é agen) - -The~ DRIE! SRMES A g cangenitatiomef Wbug/ud. with the restriction

enzynme Bst Xl and in each case the smaller of the two fragnents (347 bp)

was purtd hreshrB¥ondd i - S el el.ectrophoresis as described in
Exanpl & 61%1 %ﬁe Dmfﬁégg?én?tﬁgfﬁ@%%{ﬁo?él%hﬁéﬂi?‘ Gﬂkf{éatsgﬁ\mtjﬁl‘hﬁw (Baifidclt e 35
| ar ger*oFURTHEVAs 3t ayfasnosding oy hetmsithada describb@igtbs ERalnfR same way. WO
03/ 029463 41 PCT/ EP02/ 10490 2 March 2006 For the ligation, each 100 fi nol

t hep .S smal :fragments was mixed with 100 finol of the large
m f ?%fgcrsrle@h‘f: %E%EFBWESLF“L lw%gé”aanw@é i gomuctionpaisle tiePeoreegafohnta  t ot al
vol unsawe vewdon(el¢cdoderbbphrativhtiGhmpHorhs el C13, Vi DTT, . 1 .ni MATP),
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lhyg r loEﬂf;i §0 eimeFatnBhHE smes2q0Viprh) Phe eultry B QMPeld ROLS Pb:@sﬁgﬁe%m? !
abel t@flain [ n ize,Wer 1d onto gar
plates. . ét?gﬁg @P%@?ﬁgﬁgg}lﬁl éj’ﬁ%@#@l%ﬁnﬁ%ﬁ? Pﬁ@'f?‘éﬁ@?’é‘?’#ﬁ@iﬂbﬁ Hat ches,
whi chUHY lﬁggjﬁs"é?é"ﬁtrf“isﬂl6%9-7(550@93%1,bﬂllm‘wﬁcdtingi)ella.rﬂy eeplSMeNmagsi n 500 Al
- of th85.6ulg of the riigdied HNWE 165+ U0 fiRkGloymBl@ LR gRhRed HeSE 15, Menmbr.anes. The
20ar AlAkAR: W8 SedRiHRAbE A hor 11 %glho rs at 37 G until tR&EE bHfes had-
reached A S| ze oOf agprom nabE ¢ e ENSermants myake Fadhari wasdt sesotdimy ephobi c
nenbrg’f‘?é’éplﬁm | I'i pore, |mmobilon P, pore size 0.45 gnu), also cut. to
size, were noistened with PBS according to the instructions of the 20
agi tat eoll for 4 hours at room tenperature

manuf I, hey .were then each
i 10@?%[11 g7 P-ﬂ prese .ta% and, sal 2) in

PBS. aiagidngpeptidedifirgn diet exllonb
\%th BurdthbRpdRdM Nediahyy 0.5 % v/v

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 Kanamyein (70 pg/ml)
was added. After 10 minutes, anhydrotetracycline was added at 25 pg/l (1875 ul of 2 20

pg/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



Tween 20 in PBS for .2 hours at RT. The nenbranes were washed tw ce for 10
m nutes each with 20 mMl PBS and i mersed afterwards for 10 mnutes in 10
nil LB/ AW?}H?&H*)W 25 to which 200 g/1 anhydrotetracycl ippg/Mas@sded.
Finally, ey were marked at one position and were laid onto QuMhWER pbakes
with LB/ Anp agar, which additionald{y contained 200 g/l ant
ydrotetracycline. The hydrophilic rrenbranes from above, on which the
col onies were grown, were laid onto the 30 thdrophobl C nenbranes%tltp such a
n

way t h&7Sombhicefeoldned HawksPEGFOPPnbo%ew!v Hafel, @nt qguhated, foriqneg hppy cubat ed
each V“”%‘hA@te? [ R A €L ﬂﬁﬁﬂ@ésansmoag zeﬂcpﬂfeqmea; tmvpﬁaoem pargclet hi s

phase the respectlve hN Wﬁﬁeﬁ? were sec 01% cetf Ocql on |es on the
upper WeEnSissHEehRPORY 4 cp SAIPE VR ECROHP ‘Bﬂ"r’i %II ndPRY F&%in on
t2 he Hifvta@ I’Hlfthhleuteﬁqmr twmﬂ@&ziamggnﬁrgsumt?esloﬁzﬁera@ilmlmﬁnarfomdmalg@d 2 g/a{ ch

er i.S ra n rre o]
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at eés an@ store e hydrophobi ¢ nenbr anes
wer e r eemvifegatmadtied three times for 5 m nutes each with 20 nnl PEST. 5
For anal ysis of the binding activi ty of the immobilized hNGAL rrut eins the
menbranes were_then incubated faqr hour_,in ution of
the bi dlierghagemifd P%IHP]SW%HEGFPIBB’*&I?%@DFW P’E%Tmf' {lmﬁﬁ%ﬁsp o¥K P}%uti on of
t he bi (gm@yia%ed/mmlg eloived biplfrcubatsort foe 68 feineted pd O@. The phegemids vRBST) . The
nenbr an ed, t Y 2ddag bt on for 1
hotf V\nafﬂm\i%dﬁ?mﬁfl 59}1 @fl%?#ﬁgﬁ% os?o% eggaga;gglfr?j dggjtﬁzqveg ?d% ma, drlution
1: 40, 00&mi stoRES T -200¢. det ecti on of bound peptides via their biotin groups.
The menbranes were washed twi ce with PEST and once. vvith PBS; each for 5
mnutes, and agitated for 1Q m nutes in AP- Tris/HC. pH 8.8,
0.1 M e biotnyiated gyathstic tyogrbospendim PER%é‘ﬁPE“I Qa’é’tt&“& Gell Pt dpiafes wer e)
l nCUbatc&%uh{hnl‘ﬁhrBhbéﬁrodehi €Tulasiecerwlh, Blood®8 (2BOb), Bds-33 10 FaNeA@-Rliredol y|

hosph 5 150 n
E AL hy ROy PR T ehee REY £y BIARALUOE, 25500 150 NOFEM Ack? /%0 70 %
v/ v di meptojé aud}rms ereyl togsther yahe%ﬂrepm@}-c%@m%’éa%%ﬁ lgleﬂgWs" Y&ul d be

recognlt;,qul by atihifyPeSichingRsieh HeMbraly dihphapemidsi epresdilingf the NG@ALoni es (9
i sol ated from panning cycle four and 10 fromcycle five) giving rise 20 to

i nt enséBBWBur spots on the hydrophoebi c nenbranes were cultured fromthe
correspondl ng hydrophilie menbranes. Their plasm d DNA was isol ated and the

hNGAL f}&égo%tetaez I‘P@§l§ﬂdpbﬁﬁféﬁﬂe&ﬂtaﬁﬁqﬂﬁg§rﬁld§fﬁ&in‘)/ﬁﬁcﬁfehwasltﬁﬁtnﬁigeﬂhe
Z€

?ZBSH e@oBm%tmpgaec i gtaseto 2 et Foh e PR TIREARE Per ana

usi ng theticles gecedixsohteddh @ani HBSSE@ed iDe@tion fora¥) mpxdigsrdnnige themelitipg
sequenced. cl on X ot e A feBlofat reSig M €A% tggmr{ahﬂwere
naned  Vy SRtligerd Y W% Wl oL ol Ll E, REY-G %@ H RFY-|
RFY-J, $¥pwinatant was duectly used for the afﬁmty enrichment.

25

In order to enrich peptide-binding phagemids, 40 1 of a 825 nM solullon (33 pmol) of the )
biotinylated thrombospondin peptide in PBS (prepared by n:uxmg 100 ul of a 10 uM

solution of the synthetic peptide in DMF with 1112 pl PBS) was mixed with 260 ul of a

solution of the freshly prepared phagemids (between 2¢10'2 and 5-10"? colony forming

30  umits, cfu) 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 §

% w/y BSA, 0.4 % v/v Tween 20 in PBS was added.

Parallel thereto, 100 pl 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 Bppendorf vessel and then
collected at the wall of the vessel with the aid of a magnet, and the Supernatant was



| C and RFY-L. The clone RFY-B was found twi ce and the clone RFY-C was found
six 3 .1%5946 he clone RFY-J exhibited a deletion of 3 nucleotides,
resulting in the deletion of one amno acid situated wctrde/pap; i de | oop
No. 4 at position 125. An anber stop codon, which is transl apedsidt opdde
amno acid glutamne in a supE suppressor strain, was identified in clone
RFY-L. 35 The nucl eoti de sequences of the clones were translated into am no

aci dstBppeiehEer s tol 43 LN acids- which deviate fromthe original hNGAL
pr ot i rﬁﬁ%:?e Y’:ﬁi ;ﬁﬁ %T%Eiﬁee%g}%ﬁ&qlﬂ%n%g%e § RARARER PaEIcks Were nmut ei ns
RFY- BOUGER With L o WivdB 3 3o PGS @t RISomDL03/ 029{ 63 43 PCT/ EP02/ 10490 2
March 2006 SEQ ID NG 23, SEQ ID NO 25 and SEQ I D NO 27 in the sequence
these nuteins are given as SEQ ID

| i sthRg. . Ty id
o 21 e B B s Sh o et s amooitiondiomgpete The
Rut 4ds hRFRhageands RRY-aCdedwio cthe verrembmierd ﬁawi&&ﬁaaﬁlﬁ &gng&{iagss “[;c«?g pectively
: ' racteylzation. of .their binding activity. In
ﬁ&@?ﬁb@ﬁg o el legcRt RINBE SIMEE BBALE e tistimb Remagreschpos 1 on
'n (HEPPLHIbIPRHREES Bhaddin 4 rdet ad 16M DidssibiobjothnSies) s30uEahl 6 2a:
SeqURBi ¢o tiandAxiues bisd Inedb 196 teins.15 20 ;25 -~ 30
ngﬂ%ﬂ%ﬁ@ i%g& @ fvﬁgg%(?%{%?ﬁgﬂ %—“@1—' é‘ﬁr%"ﬁ sefved for
40AI"aPhe % ‘Fpétaﬁ SN a5l fep g BFtRis Rf diRhmRbee® sndathe phage
1Q4Gceﬂ'am’sﬁuudﬁﬁmmmnofoemi@w@ﬁﬁleﬁwm&vﬁmmeuSer Ile
P

47AspAr gLeuVal LeuLeuPheLeuPr o 49d nPheSer Pro . Thr Ser Hi sAr gAsn
70LeuMet AspAspl | eProThr Hi sPro

SOLﬁg’g{-\l\éﬁ?‘l ﬁnG_UAr gArgLeuVval . L
\) 72,A51 L PhAssigs Yere Wmvérbwowagmgy&s@mnﬁmé@aﬁcy@%mﬂﬁ% with
' _)77AdphkoAsiRhoPBSTY&Senhe @ M BIRLBINLYS! LYglYs :
101@59%%%@11 AS gﬁtﬁfr oCysArqg 102G yLeu@yﬁél&Hé%e&ﬁcésywew
1030 RUASHLET 8 & ghjAgIct And the supeinatant was stripped off, Finally the bound
15  phagemids were eluted by resuspending the particles in 950 pl of 0.1 M glycine/HCI pH
2.2 and incubation for 15 minutes. After collecting the particles with the magnet, the
supernatant was recovered and immediately neutralized by addition of 150 ul of 0.5M
Tris. '

20  For the purpose of amplification, this phagemid solution (11 mi, containing BBLWBen 107
ang_}_ 1019 cfu, depending on the selection cycle) was shortly warmed to 37 °C, mixed. wit.h- 3
ml.of an exponentially growing culture of £. coli XL1-blue (ODssq = 0.5 at 37 °C}, and
incubated for 30 minutes at 37 °C, 200 rpnﬁ. The cells infected with the phagemids were
subsequently sedimeénted (2 minutes, 4420 g, 4 °C), resuspended in 600 ul of the cﬁ!;ture
‘medium, and plated out onto three agar plates with LB-medium containing 100 pg/ml
ampicillin (LB/Amp; 140 mm diameter).

20
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N

After incubation for 14 hours at 32 °C, the cells were scraped from the agar plates, each
with addition of 10 m] 2x Y T/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 1 ml of ‘ said
suspension so that the cell density was ODsso = 0.08. This culture was incubated at 37°C,
35 1601pm to a cell density of ODssy = 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



125LysAsnPr oAsnProd nProd uArg 127Ser Ser d yProLysHi sl | eLeulLeu

1283 nd nd yAr gAsnLysSer AsnLys 130Ar gArgl |l eTyr Tr pProProProd n

132Tyr Ty T ysSer ProLeul | e 106Phe 35 WD 03/ 029463 4 | e 2b: Sequence
char act 19 &8 "!;Hzof sel ect ed hNGAL nut ei ns Pos. hNGAL RFbeF:F%%%"\Iﬁ%\Q K gdeY- L
40Al aCysArgG nSer 42Leud yLeuProPro 443 uLeuCysLysSer 46LysSerProHi sLeu
47AspPhePhelLeuAl a 49d nAsnVal Ser d O50LysGI yArgLeud n* 70LeuLysLysProThr
72Ar gH sd uLysAsn 73Lysd yArgMet Al a 77AspAr gAl aProSer 79TrpThrHi sl eArg

101Pr adbehyadlvodidad, k02 HeyiSasiRbeispfibewiOBiverdsdyts I6r°Q aHeafteb 26 yiahdes, AAAThr Ly s

127Ser LeuProd yLys 128G nSer Thy L s, L] eProAsp .132Tyr Ser.d uThr Pro
To6Ty PERI s Bokis NEeri o 0 B R S By RN et due
was erfodethesy Sdausmbas °ct B wadon. These amino acid substitutions arose
due to accidental nutations outside the random zed positions. 30 A This

FsdobE el BT FESH L e g R . oroplle frehlidberan:
containing the phagemid particles was sterile-filtered (0.45 pm), was mixed with 1/4
volume (12.5 ml) 20 % w/v PEG 8000, 15 % w/v NaCl, and was incubated for 1 h on ice.
After centrifugation (20 minutes, 18000 g, 4 °C) the precipitated phagemid particles were
dissolved in 2 ml of cold PBS. The solution was incubated on ice for 30 minutes and was

10 distributed into two 1.5 ml reaction vessels. After centrifigation of undissolved
components (5 minutes, 18500 g, 4 °C) each supematant was transferred to a new reaction
vessel.

The phagemid particles were reprecipitated by mixing with 1/4 volume 20 % w/v PEG
15 8000, 15 % w/v NaCl, followed by incubation for 60 minutes on ice, After centrifugation

(20 minutes, 18500 g, 4 °C) the supematant was removed and the precipitated phagemid

particles were dissolved in 1 ml PBS. Affer incubation for 30 minutes on ice the solution

was centrifuged (5 minutes, 18500 g, 4 °C) and the supernatant was used directly for the

affinity enrichment. Five furtl-ler selection cycles with the thrombospondin peptide were
20 carried out in this way.

Example &: Identification of thrombospondin Dentide—-binding 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 BsiXI "
cleavage sites was subcloned from the vector phpNGAL12 on phNGAL7.

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

and the fifth selection cycle, nsing 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 BszXI and the
35 larger of the two fragments (3971 bp)-was isolated in the same way.



35 For preparative production of the hNGAL nuteins RFY-B, RFY-C, and RFY-E
obt ai negdo oiExanpl e 8 the nnitageni zed coding regi on between the two
Bst XI cl eavage sites was sub cloned fromthe phNGAL7 vBCT/@roxmnidnhe
expression plasmd phNGAL15 (Fig.7). The WO 03/029463 45 PCT/ EPQ2{dR49806 2
March 2006 plasm d thus obtai ned érjrcoded a fusion protein of the nutein
with the OmpA signal sequence, at the am no term nus and the Strep-Tag(r)O
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Str QﬂesT @19 (Hc)méﬂtb?&% @%fe)/sat\ﬁ@tgd &?ﬁ@%sﬂgﬁp\y@@j "?ée("rfﬁ}t’;' e(p}lé '2/1 gﬁfe42r g?gng

cas VI
\Voss Vé"'r?& ‘é‘réﬁg 185“3 ?\F\AR"-E: Hhgemenlrapdsedere ovaahed\HGcadbi Vahgeits&ephar ose WO
03/ G284 63h 46 AHEEROR ihRERQd afterwards for 10 minutes in 10 m] LB/Amp medium,

.25 1o which 200 pg/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 g/l arﬂtydlotetzacyclme 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 cu[tttre
plates were incubated each with a stack of both membranes at 22 °C for 15 howrs. During '
this phase the respective INGAL muteins were secreted from the colomies on the upper

membrane and were immobilized via their albumin-binding domain on the HSA on the
lower membranes.
35
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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
oile 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 franslated into amino acid sequences and
those amino acids which deviate from the original hWNGAL protein are given in Table 2ab.
The nucleotide sequences of the muteins RFY-B, RFY-C, and RFY-E are also given as



5 tetramet hyl benzi di ne and H202 as substrates for horseradi sh-peroxi dase.
For thiyoRsnRAsE, 100 gl of a ready-to-use HRP-substrate solution (Bi ochem
fi rmunosystemj was filled into the wells and the col oeCcTdpygtpent was
stopped after a few m nutes by adding 100 pl of 0.3 M sul ph@r Maraei dooe
Product formati on was neasured vi &3 he endpoi nt absorption at 450 nmin a
SpectraMax 250 phot oneter (Mol ecul ar Devices). 10 The curve was fitted by

non- | $E@dD Néax3i, & 90 P8 HRASSHQ DML hepaelp of t.he ¢ uter program
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i Mo NPiZBd8 the deqpersosipiangli n peptide (in A450 units), [L]t is the
concentration of the applied nmutein or 15 hNGAL, respectively, [P L] is

the clgncentrat' of the formed complex (in A450 units), and I(0 is the
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i n Fichogn fFhéetwiddduharaoltiaatnethfREir bhgi Lent j.ssoci ation ctonstants of
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are summar| _zéa 1“1t e FUP 1261R GRgPRASHIc8: in dherandomiziadgiomrappedred @ BV hNGAL:
4.3 flargely uRigveB: RFY-C: 4.6 f 0.6 RFY-E: 8.2 f 0.8 no detectabl e binding
activity 30 Exanple 11: Measurenent of the affinity of the hNGAL nutei ns
or thronbospondi n  peptide using SPR The binding affinity of the hNGAL
LY i (atastenisingi pleptetd d&GEENhEINO. - 18 was det erm ned by
sur f @ee .pl asoRn, REYORARNES.ES _Ysi i C X system 35 (Bl ACORE).
First 35 pl of the biotinyl atﬁgg ﬁ?ﬁb@%@?ﬂﬁnﬁggﬁpi BéYaG &F¥okcentrati on
~yf 1 g/m (prepared by mixing 1 | of a 200 g/m peptide solution in DV
Avith 499 gRLHEBS Pheffe@lgont @ilyi ngTh30 myhyad ;.10 HEPES pH 7.4, 3 M
3 T0458 2 XBFch B8B6 45 1o the
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an ampant ofsca.s4P0 LegpoNgg,uUNi ;57 (R _Binding curves of the bNGAL
2 S appl %llng%glpl Feachpuri f+8d nuteins from

g;ﬁ;)?z geégphgggﬁ%ﬁfﬁzﬁggf (%ﬁ%ent?a?i onbes bebheen BOO nMpasd 25 ri M usi ng
HBS- EF° ( HBSLuont Bl ngsdr 005p26 Sur fAst angeP20)yAs a pf4inni g buffer and a
contiggousrfbowdle Ofyr P/ g1y arg Arg Leu Val. -
20 70 Leu Met Asp ABp Ile Pro Thr His Pro
72 Arg - Phe Trp Leu Met Met Sexr Lys Pro
73 Lys Ser Ala Met Asp Gly Ser Asn Ser
77 Asp Leu Asn Pro Leu Lys Ser Pro Gly
79 Trp Leu Lys Phe Pro Lys Lys Lys Glu
E,,%S 102 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 Ser Ser Gly Pro Lys His Ile Leu TLeu
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



Steady state resonance val ues were neasured at the end of the injection
phase for the channel with the imobilized thronbospondin peptide for each
protein cqoncentration 10 applied. Only negligible buffer c wer e

det ect ed“vgﬁ’:”???é“second channel of the sensor clip, whi CRS@E%?@Q& 2006
control. These values were directly-plotted against the concentration of
the 1i NGAL mutein. The curve was fi%% ed by non-linear |east squares
regression with the help of the conputer 15 program | Cal ei dagraph (Synergy
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and | Cosqis Lhg di éggci ahi-gn c@ngt angepnder equilibration conditions. 20 25
30 The resulting binding clirves are depicted in Fig.9. The val ues obtai ned
from SPR2 nehSurenBh¥s f&FY hePH?ssoB¥cgti on constants of the conpl exes

bet weenghhe BNGAL 1.8utei oysandnyie tbsponbospondi n peptide are summarized in
the foll %WI ng t abl 8; hNG@L varf'_ha?%t KO]('&M 1hNGAL: - "~ RFY-B: 105.46.5

RFY- C 18B. 1- ¥¥F5. 7°REY- EFT67. 2°11. 4”76 detectabl e bi nding activity Exanpl e
12: Sel e@ti ohspf hNEBAE nuPbens Bgai nskliuman interl eukin-8 (I1L-8) 35 The

r econbi ggnt E‘gﬂan G¥LoKI ke | ngefl eud;'hf- 8 (Baggioliui and Cark-Lew s, FEES
7 P

Lett. , (1992),.97-101; - H2N- AV LPRS Al CELRC QCI | CTYSI CPFHPI CFI | ( ELRV
| EXY) GPHEANTELYS | CBED GRABESLDPLS 032463 5 49 PCTI EP02110490 2 March

2006 | CEYWWQRWME! CEyCRAENS- OOSH:y SEEhtD NO 29) was conj ugated with biotin

groups and used as _a target for affipity enrichnent fromthe-library of
phageni d$ réﬁﬁ’eseﬁ{tlisng %ﬁrél hl\@f in%‘l?%i ns in the presence of )

st rept avidi nigyeat edlyar adegnet Met paktéacles (Dynal), The conjugate was
prepar ed-by 'Sgi ngfﬁ 6 nRh@l (3265 9%epf sul fosuccini mdyl-2-

(bi oti nai ni do) et hyl - ?. 3-di,thiopropiopnate (NHS-SS-Biotin, Pierce) dissolved
inl13. 4 AP H2B*Pwi t APE. 4 Hidl (%?5 i #6¥ human reconbinant IL-8 (Pronocell)

di ssol ved i N Al g0, 3ys6 R1E2O asd with 10 | | Ox concentrated PBS/ NaCH

pH 8. 5. .The m,xtur s igpeubated 10pygder stirring at roomtenperature
(RT) f&rogl hfal%ce;%se\éfea%nt vvasst hen renoved fromthe
- 103 Leu Cys er Glu Ser

© 125 Lys Met AAA  Thr Lys
20 127 Ser Leu Pro Gly Lys
128 Gln Asn Sexr  Thr Lys
130 Arg Asn Ile Pro Asp
132 Tyr Ser Glu  Thr Pro
106 Tyr Ser”®
25 126  Val Pro® gj

* This glutamine residue was encoded by an amber stop codon.
° These amino acid substitutions arose due to accidental
mutations qutéide the randomized positions.
30 A This amino acid deletion arose dué to an accidental

mutation outside the randomized positions.

Example 9: Production of the hNGAL muteins

35  For preparative production of the INGAL muteins RFY-B, RFY-C, and RFY-E obtained
from Example 8 the mutagenized coding region between the two BsX1 cleavage sites was
subcloned from the phtNGAL7 vector on the expression plasmid phiNGAL1S5 (Rig.7). The



| L-8 conjugate by nmeans of a PD-10 gel filtration colum (Pharmacia)
accor di ngyd @/dabg; manufacturer’'s instructions using PBS/ NaOH pH 8.5 as
running buffer. Biotinylated IL-3 eluted fromthe PD-10 pCayrparyoyes .-
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phagemnmigr pabtlonings thee hesHid ed. | | .PBS, incubated for 30 m nutes
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par andBFimang arqubated at 372MFot behparti cl es were resuspended and 1 ficubat ed
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e sThaltdlRNEWADNE BRLOAL 7 for 1 h reduce the di-sulfide bond
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. : °C). The supematant comprising the periplasmatic
protein exfract was dialyzed against CP-buffer (100 mM Tris/HCI pH 8.0, 150 1ﬁM NaCl

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

30

The purification method was based on the C-terminal Strep-Tag® II-afﬁlﬁty tag (Schunidt
= ek

35 etal,supra). In the present case the streptavidin mutein "1" was employed (German Patent

196 41 876.3; oss and Skerra, supra}, which was coupled to'an NHS-activated sepharose



For the. purpose of anplification, the eluted phagemd solution (1.0 nl,
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rpmfor 30 mnutes at 37 C. The infected cells were sedinented (2 m nutes,
4420 g, 4 C), resuspended in 600 | 48f culture medium and pl ated out onto
three agar plates with LB-medi um containing 100 gg/nil anpieillin (LB/ Anp;
140 rmPheingait)eidlding 3 Mbkerimnnubilbet isteptdvidin pér honlr of tht b&Rv&hme bEteawn of

col oni 83, 48s scraped fromthe agar plates, each with addition of 10 m
2xYT/ A}}B-Wedi um The suspension was transferred to a sterile
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new reactl phagem" particles were reprecipitated by
mxing with 1/4 volunme 20 % w v PEG 8000 15 %wv NaCl, followed by

i nCUbaEleﬂDfequ SR agi Bk RS fihe uﬁhutv/b‘ftﬂeﬁrhmmmwgatﬁomheﬁﬁmﬂ spuindist es,
18500 g, 4 C i supernatant was renpved and the precipitated phagem d
pa%ch c L solved in 270 A] PBS. After incubation for 30 m nutes on
ice the solution was centrifuged (5 mnutes, 18500 g, 4 © and the

super nab Ak d dﬁscﬁ%ﬁmﬁgﬁ{ dEL A GE%Q)m@fxﬂtd’éﬂ E%1@st@9ﬂﬁ@§say)ﬁﬂ&%elﬂyr t her
sel ectign cyc es V\A %’I\ﬁa iw en”ﬁ . 413 Pfs g\@ﬁ 20, Exanp {e 13-
| dent i pf & griftgtiteppla K“ioh s were e ¢ cI 'é Qut el %/ gse of “the
" col onwyidinr(@riiniy' PBEtduddvérerintubeted ekl bightpt mogdmpetmut@f (RIheABRGAL
mut el n%msls’mg USL QN 4RIQE GRS PASTD 40761 Y 8P M 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 umspecific
30  binding sites, the wells were filled with 100 jil 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,  similar dilution series of hINGAL and its muteins was applied to wells
where the thrombospondin peptide had been omitted. After washing three times with
PBST, Anti-strepIl-antibody-HRP-conjugate (IBA), diluted 1:3000 with PBST, was



Tag(c) Il and the al bum n-bi ndi ng domai n as described in Exanple 3, the
gene caswotsmeibet ween the two Bst Xl cl eavage sites was subcloned fromthe
vector phNGAL12 on phNGAL7. For this purpose the phasni FCDERIES sol at ed
fromthe mxture of the E. coli claones obtained by infectior Makdeht heos
phagem ds from Exanple 12, el uted dfter the fifth selection 30 cycle, using
the Plasmid Mdi Kit (Q agen). The DNA was cut with the restriction enzyne
Bst XI 2apked eeths ekl dincintiontwas Iperfomed foadMRGE 8t B B4Rd ?&)ow@gﬁglﬁ jed by
nple

. . . 1
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25 RFY-C: 4.6+ 0.6
’n._) RFY-E: : 8.2+£0.8
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" 1o detectable binding activity

30  Example 11: Measurement of the affinity of the hINGAL muteins for the tlu'omboépondin
pentide using SPR.

The binding affinity of the hNGAL 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 ul of the biotinylated thrombospondin peptide at a concentration of 1
ug/ml (prepared by mixing 1 pl of a 200 pg/ml peptide solution in DMF with 199 il HBS
buffer containing 150 mM NaCl, 10 M HEPES pH 7.4, 3 mM EDTA) was immobilized




whi ch additionally contained 200 g/|I anhydrotetracycline. The hydrophilic
menbrane from above, on which the colonies were grown, was |laid onto the
hydr opMsh#02843br ane 30 in such a way that both nmarks Suehimpeised. The
culture plate was incubated with the stack of both nmenbranes: aerzh &6y
15 hours. During this phase the regpective hNGAL nu teins were secreted
fromthe col onies on the upper nenbrane and were inmmobilized via their
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310 systemwi th Big Dye Term nator 30 Cycle Sequencing Kit (Applied

Bisos yigV&dg) vagiegbr di ng to thejoliaM‘luctl ons of the "‘“}
hNGAL: . -
RFY-B; 105.4 £6.5
RFY-C: | 106.1£15.7
RFY-E: o 107.2+£11.4

30
' * 1o detectable binding activity

Example 12: Selection of INGAL muteins aeainst human interleukin-8 (I1.-8)

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



manuf acturer and using the oligodeoxyiiucleotide SEQID NO 5 as priner.

Al |

9 cl onesvexrhibitéxed the identical sequence, indicating that_a si ngl e nutein
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preferentially enriched during the sel ection procedbfFEEP§ 0

Yrut ei n

was naned variant N4. 35 The nucl eotgj de sequences of the cl one M-S2006

translated into its amno acid seqtf

nce and those am no aci d residues

whi ch deviate fromthe original hNGAL protein are given in WO 03/029463 54
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(biotinamido)ethyl-1,3-dithiopropionate (NHS-SS-Biotin, Pierce) dissolved in 3.4 ul H,O
with 1.4 nmol (12.5 pg) human recombinant J1L-8 (Promocell) dissolved in 50 pl H,0, 36.6
1l H,O and with 10 pl 10x concentrated PBS/NaOH pH 8.5. The mixture was i;cubated
under stirring at room temperature (RT) for 1 h. Excess reagent was then removed from the
IL-8 conjugate by means of a PD-10 gel filtration column (Pharmacia) according to the
manufacturer's instructions using PBS/NaOH pH 8.5 as rumning buffer. Biotinylatéd IL-8
¢luted from the PD-10 column was adjusted to a final concentration of MM with the same
buffer resulting in a total volume of 1.24 ml Labelled IT.-8 was stored in aliquots at -80 °C
and thawed directly prior to use.

qu_the isolation of phagemids displaying a mutein with affinity for IL-8, one aliquot of the
pref:jpitated Qhagemids, obtained as in Example 7, which were kept at -20 °C for long term
stof;ge, was thawed and the phagemids were pelleted (20 minutes, 18500 g, 4 °C). After
removal of the supemnatant, the sedimented phagemid particles were dissolved in 270 pl
PBSH, incubated for 30 minutes on ice and finally centrifuged (5 minutes, 18500 g, 4 °C) to
remove residual aggregates.

In order to enrich IL-8-binding phagemids, 30 ! of a 1 M solution (30 plmol) of

biotinylated interleukin-8 was mixed with 270 ul of the phagemids in PBS (ca, 10" cfi)
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
% wiv BSA, 0.4 % v/v Tween 20 in PBS was added.

Parallel thereto, 100 pl of the commercially available suspension of streptavidin-
paramagnetic particles (Dynal) was washed three times with 1 m! 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
incubated with 1 ml of 2 % (w/v) BSA in PBST at RT for 1 L.



30 cassette was isolated fromthe variant in phNGAL7 and subcl oned onto the
expression plasmd phNGAL15 (Fig.7). The resulting plasm d encodes a
fissionwoaserssonf the mutein N4 with the OwA signal seguepsfioaly t he
amno termnus and the Strep-Tag(c) Il affinity tag at the2caabexy2006
term nus. 3s For subcloning, the phbgAL7 plasm d DNA coding for the

rel evant nutein was out with the restriction enzyrre BstXI, and the smaller

one of the two fragnments (347 b r|f| arative agar ose gel
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25000 g, 4 ©. The supernatant conprising the periplasmatic protein
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rate O. tl|Jr‘in) the col um was washed with CP-buffer at a flowrate of 2
m 2B n until the base Iine was reached. Bound hNGAL nnttein was el uted w-t
a Alter 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 cycie‘ 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 ODsss = 0.5 was reached. Then, the culfure was infected
with VCS-M13 helpér 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
pg/ml) was subsequently added, the incubator temperature was lowered to 26 °C and, after




35 solution of 2.5 nM D-desthiobiotin (Sigma) in CP-buffer at a flowrate
of 1 m /WO aIes3 fractions (2.5 nm each) containing the purified hNGAL
nnttein were pool ed, concentrated to a final volune of J’pﬁﬁfﬁi’%?/#ﬁt)ﬁl y 500
Il using YM 10 centricon tubes ( utof f 10 WO 03/ 029463 562 March 2006
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The cOraY\FRECHELPup furhes seleetion cyclea stithdftfavers cor{pdens iDMisW4y t he hel p
of the conmputer 30. program | Cal ei dagraph (Synergy software) according to

2anpheadfle 180 Reh&S Uk ibh 03 RIGIY Mo GH! V6525848 'i‘Ctgd In Fi9.10. The value
obt ai ned for, the apparent o OCT at T ot toRStant—erC s ohthel "seloput ween t he
hNGALSeRutas mgthodhy || - S js 300:b 34 nM Exanple 16: Sel ection of hNGAL

mut ei ns‘;;agai nst biotinylated TNFa I) 35 Recomnbi nant human Tunor Necrosis
Fact of,, a1, . PNO.S S NO., 35) was conjugated with biotin
gr oupsmanlé %5@8‘3%59%& _CﬁlPﬁe‘%]F q%&&é‘ﬁ‘ AEtging 9p ifesiom proteins rwitth theVBp- 3/ 0 2
9463 E28® II and. the albumin-binding domain as described in Example 3, the gene cassette

1,35 between the two BsiXI cleavage sites was subcloned from the vector phNGALI2 on
() phNGALZ.

-

-

- For this purpose the phasmid DNA was isolated from the mixture of the E. coli lclones
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 IVector phINGAL7

was cut with BsrXT and the larger one of the two fragments (3971 bp) was isolated in the
same way. ‘

35

Fc_:r the ligation, 100 fmol 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)
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ter renoval of the supernatant, the
sedi mentieiofane Wﬂteb' P’é‘i‘es were dissolved in 270 | PBS, incubated for
30 mnutes on ice and finally centrifuged (5 mnutes, 18500 g, 4 C) 30 to
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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
fr.om'above', on which the éolonies were grown, was laid onto the hydrophobic 1'{1embralle

30 in such way that both marks superimposed. The culture plate was incubated with the
staclk 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.
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: ii ' si on.
S BhEISPBEh TGRSl B 24§ e, Loducs gene oxpreos
on the hydrophobic membrane and were cultured fiom the corresponding hydrophilic
. membrane. Their plasmid DNA was isolated and the INGAL 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 nanted 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 hNGAL protein are given in



The cells were seduuented by centrifugation (15 m nutes, 12000 g, 4 C). The
supernatant containing the phagemd particles was sterile-filtered (0.45
jinn), vwapeskizned Wwth 1/4 volume (12.5 m) 20 % W Vv PEGc§R®H:/10h50 Yo W vV
NaCl, and was incubated for 1 h on ice. After centrifugation MA@cH BghgS.
18000 g, 4 C) the precipitated phaggm d particles were 15 dissolved in 2 m
of cold PBS. The solution was incubated on ice for 30 m nutes and was
distributed into two 1.5 nil reaction vessels, After centrifugation of

undi ssbed Teorpoladifesseguenseanddie lganmopcidisagpencgaf the paisatthis was
transf;ggor?deﬂ@ %megag,@tain@rg,g(%/gsggt 34.20 The phagem d particles were
reprecipitated by mxing with 1/4 volunme 20. % w v 'PEG 8000, 15 % w v
NaCl, followed by. incubation for 60 mnutes on ice. After centrifugation
(20 m Tubles, SetB&(6 charadteriicstaf@NSifdemn@{alit was renoved and the

preci pl%é,_glte en;gd particles were dissolved in 270 jil PBS. After

i nCubattion for m nutes on ice the solution was centrifuged (5 m nutes,
18500 ¢?04 Glaand A#2 supernatant was used directly for the 25 affinity
enrichngnt. four foydher selection cycles with TNFD peptide were carried
out in this way. anple 17: Identification of hNGAL nuteins binding TNFc
by use 4 tHEYcolB Y screening nethod .. 30 For the analytical production
of the 44 NGALysrut eBems as fusion proteins with the Strep- TagO Il and the
al.bhum nz ind‘,%% do‘?r%ir‘n as described in Exanple 3, the gene cassette
bétween” { he Bs cl eavage sites was subol oned fromthe vector phNGAL12
on phNEAL7.GBS FoRlYhis purpose the phasnmid DNA was isol ated from the

m xtures@f thies E. £ohi clones obtained by infection with the phagem ds
from Exanpl e 16, eluted after the fifth selection WD (13/029463 60 -
PCT/ EPO%Y i 049d 2 Y@tch 2006 cycle, using the Plasmid Mdi Kit (Qagen).
The DNA7svas. Ztr Wi Tyt he restriction enzyne BstXl- and the smal l:ler one of
trl% t wo, ragﬁii;glts 43847 bp) was purified by preparative agarose gel
el"éctrophoresi s as described in Exanple 6. The DNA of the vector phNGAL7
was cut7%i t AERt XIVahd the | arger one of the two fragnents (3971 bp) was

i sol ategsin the b5geane way, For the ligation, 100 finol of the isolated
snmal | Egl@-frﬁﬁonentg s mxed with 100 finol of the |arge DNA-fragnent and
i ncuba Wi 1.5 iss Units of T4 DNA |igase (Pronega) in a total :
vol tungodf 2BlYy (3®layM Tris/HCL pll 7.8, 10 nM MyCl2i 10 nm DTT, -1 M 10
A'I:,I%),\thgglovxgguby {yAcubation overnight at 16 C. E. coli TAd-F (E coli K12
Tq, Ich had lost its episone through repeated cul t.uring under

non- seléeti VEEondPfPons) was transformed with 4 | of this |igation

m xt ur g2accoselrng Aogt he CaCl2-nmet hod (Sanbrook et al., supra), obtaining
2.0 m 195 a &fﬁ' sgspension. The cell suspension was centrifiiged

130 Arg Ser
25 132 Tyr Glu ‘ﬂj

e

Example 14: Production of the AINGAL mutein N4

For preparative production of the 1iNGAL mutein N4 obtained from Example 13, the BstXI
30 cassette waé isolated from the variant in phiNGAL7 and subcloned onto the expression
plasmid phNGAL15 (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.

45 For subcloning, the phNGAL7 plasmid DNA coding for the relevant mutein was cut with
the restriction enzyme BsrXI, 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




(5000 g, 2 mn, 4 C, resuspended in 100 | of the culture nedium plated on
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% ( v/ \P}praheeserdiog fntheERGlpmetiDdhobtainimt 2. 6Rh] ofggeﬂgg%ﬁgﬁn \»@? é‘\i\lﬁf ﬂ ’ﬂeﬁ([j twce

for 1Qusdenst | BS _and i rsed afterwards Tor es in 10
oLB/ ugrﬁ p Egﬁ’féﬁén? &tt%p?/\ﬁa%‘ﬁ %galfu}lgéﬁ}grrﬂ?rmﬁ Pt psahaed a3 NAS fadded. 35
hal I'yY,™it was marked at one position and laid onto a culture plate with

LB/ Anp agar, which additionally contained 200 g/|I anhydrotetracycline. The
hydr ophigl.i r from.a ,..on_which the col onies were grown, was
;.mﬁ/:i d gbntsgigﬁ]gaﬁ%ggﬁﬁ%&? ccor?eﬁﬁggn'ém\?@”@ﬂtéﬁ%%@ B IRCTaEPOM 10480 2
"_Narch PorReditieh fallowisd thyaindobatfenobvedhightrar 69 SgP&d @BQ%‘EHIC g;l' he,cul ture
pl at e BAS mpnaediateh W (o] ofh _nenbranes at 2 or 15 hours.
q%i ngréchj(g% D aﬁase1 thwI %ggﬁ%%?‘ﬁiééaﬁ%&ci&ﬁ‘%rﬁﬁ? elflﬂ%‘ﬂ%@& eW@écﬂPetné(pffth@m t he
co oan:,pe{sh1L e VoppAkeRedbRaE anda2Q0emear untivedi Dsgd=v0.5 vid Qbdched.
al buniErptsssioh ofjthe ametein N4 aza&hmdd&[\bpaddiﬂgzb@pgﬁ gﬂﬁg%?eﬁic @ft@r&t is, the
upper of it hathe ¢ i es. was transfefre a - esn pﬂ:ﬂp agar
pl ate ogﬁg%@?gg&a{]ﬂ%l% m‘?‘#@%ll’] s @B‘EQ%‘PE Wid fprianed fesanogend édumand washed
three tunes for 5 mnutes each with 20 nil PEST. 10 For analysis of the
bi ndi The a€llsi foh Yine Flablh §etd PRR fubZ e m\ﬁﬁ\& i I he nmenbrane was then
i;qpub@g?esq érﬂ%taﬁlt Q:,our in63. nj ifug%{?ﬂg 30 ufin%gr\ﬁoﬁ’ﬁalég %g&ﬁdﬁﬁnﬁ‘é‘ﬁét ed TNFa
i‘n PEST  Bontai iy G $PeReinstd mhabipisiobiisdaviptasntit eelese puffat @09as
- At i Al e b
in 27T i : a_dissal.ved in - p
8.5 i&q%s tat, I#/Sol tne gg]péfnéwfe%ﬁgéfv%g&? SSHiVg cetnEatinn Stops &1 vminvitese ubat ed
with & né} ad lﬁd@ﬁﬂfeﬁ,e’frf%’@% #re). (TR pufesnatant omipxisingshe RARERLaMES t hen
r enovgrdicin extachwad Slatyzed Bpaig&t€P-BNffer (100 mM Tris/HCI PH 8.0, 150 mM NaCl,

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

Th_e purification method was based -on the C-terminal Strep-Tag® II affinity tag (Schmidt
et al., suprd) employing Strep-Tactin® Superflow-material (IBA). A 4 ml bed volume
30 chromatography column filled with of this material was equilibrated with 20 mil .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 pen'ﬁlasmatic
protein extract (flow rate 0.8 mV/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 2 flow rate of 1 mV/min. JThe
fractions (2.5 ml each) containing the purified hANGAL mutein were pooled, congentrated
to a final volume of approximately 500 ul using YM 10 centricon tubes (MW-cutoff 10




means of a PD-10 gel filtration colum (Pharmacia) according.to the ,
manuf acturer's instructions with PBS as running buffer. 20 The nmenbrane
was was{iRfoddyweg tinmes with PBST, followed by incubati O'ﬂcfrg:rpuzl‘mb r with

10 m anti-di goxi geni n Fab- Al kal i ne- Phosphat ase conj ugate di latgd-ob Y i n
PBST for detection of bound TNFa wia its digoxigenin grouips.- The nenbrane
was washed twce wth PBST and once with PBS, each for 5 mnutes, and
agitated for 10 minutes in AP 25 buffer. For the chronogenic reaction, the
menbr ddee, WdHliperelipad anplyspd po filp ARDSpalecryleideygnl (Hlirgpand Gregerson,

5- brong f&)mh@mm%meﬁawas&mﬁﬁaabgﬁﬂraheh ko, E&) 8ad §tofedek B ocdi ssol ved at
50 g/mp i n di met hyl formam de) and pl nitro blue tetrazolium (Roth, 75
pg/mM in 70 %v/v dinethylfonnam de) were added, until distinct colour

Si gnal Bxanglé dSbblenscansmit o8 theadffitiite of the hiNG Ab sauddin $ohfer OL-& then@IIOAI es. 30
355Fr qf 00 col oni es whi ch appeared on the nenbranes of nultiple colony
sciee experinments 14 giving rise to intense col our spots on the

hydr ophobi ¢ nmenbrane were cultured fromthe correspondi ng hydrophilic

menbr gng. thd RRidctifl 86 BindinDNA MEBLISIOkAlethenffifh s NHNGALLOERE) 6RgSRI t € Was

i Uh’ BRGTeyE: Retmih o, SAPL e bRt Pl R H of Al SRyt T

accor diFngal én HBS bveshightciti ©RE. Gifter varshing vlirae tinmss rwidn #BET], Rge the was

16950 ot AR M PRLIE} Wk RetveRl OB B8ST MR Wi ch
was desommchvedvaENEcuphted witle PESS ahe cowelt Adar b lagubRde alawells Wewsr ent and

was  deg) goakgade fiblks ¥an PRSTHRINMShEA LR GHR VGRS sPirateRGyif] QUGS FWF- V1 and
TNF- V2 were tranél ﬁﬁﬁgw' nto _thei am no_acl d sequences and those am no ")
r K n

acid résYFEEvRe fgkhia ford kawAtRfi-nal  hNGAL protein are given i
Tabl e 4. The nucl eoti de sequences- of the nuteins TNF-V1 and TNF-V2 are
al,so gj . D NQY NG 33, 4 i . | am no
2P0 ot Sefiod ft kp i i ROGIRENCLEEL S s SRSBEEGIN e Mpoty (BT D
NO.  Hop7ExserlpddiWarepiypared in PRSTy startiig freig| & cancenisgipgnele] ¢Wbr &8 feri sti cs
of hNGAatidUEs tisspddific WihdadrdtoTINAdM? a RaGilda NEikiol NEridsl JiNfhe Aud QAN RURA Y
42LeuP£)%ﬁgg to wells where the JL-8 had been omitted. Complex formation was allowed for 1
hour at RT, followed by three washes with PBST and incubation at RT for 1 .1_16ur with

20  anti-strepIl-antibody-HRP-conjugate (IBA) diluted 1:3000 in PBST.

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 Exaniple 10. The resulting binding
curves are depicted in Fig.10. The value obtained for the apparent dissociation constant of
the complex between the INGAL mutein N4 and IL-8 is 300 & 34 nM.

Example 16: Selection of LNGAL muteins against biotinylated TNFu

35
Recombinant human Tumor Necrosis Factor « (TNFe, SEQ ID NO:31, SEQ ID NO: 35)

was conjugated with biotin groups and used as a target for affinity enrichment from the




pRe

4G uLeuVal 46LysLeuPhe 47Aspd uAsn 49d nPhell e 50LysPheSer 70LeuThr Asp
gzgrgLeum msmb@lgssG uAsn 77AsBPheAI a 79TrpG uArg 8011 eAAA* I | e 1014F;BoLysGl y
102d yH sAsn 103Leud yVal 125LysAspGy 127Ser Ser Asp 128dGTeFRiAp

130Ar gAr gAsn 132Tyr AsnArg 35 * Nut |n TNF-V1 | acks the isol gughpenr gs6gue
at position 80 due to a deletion  nucl eoti des 238 to 240. WD 03/ 029403
63 PCT/ P-P02/ 10490 2 March 2006 Exanple 18: Confirmation of the binding
act i vilPyargf ﬁbamué@eplrammguhemmzomumga;btd@yedth%eiegéuﬁeh%l R Bl spot

assay'in 513'[}1@5853‘@4 Wleg&ﬂdn?ﬁﬁﬁ ﬁﬁ'ﬁnﬁ%} ﬁ%t lc% ?Q%’éa)m ar manner as the

hat single col onies
col ony screening ass out t ot
of E. yc0|f har bouring the corresponding expression plasmds were spotted

from aoﬂa&tmd@dt@h&)quoﬁﬁu@&tWQD&% r?g ﬂwﬁi?m)ﬁrg%g%n\ﬁ” th agrid -

uspen fra ve
cI one 3 tfhg ﬁéP]teéﬂg‘%\la’FFFl 1{%‘&? Hi ecedigg i pirking ThE0 (Blang @r of. | Saeﬁderres ont o
a hydﬁ%& 119350, 1@9-ﬂrﬁ4)hm1men(wltbﬁmpﬂrg;g. gm% G Cgfgr) Qa%ﬂﬁgargssl%z k! 3t7 hzét
:‘Ngf E hour s oS ﬁeﬁﬁh}eﬁéa;én 1%5'1 dEBI gp %Pa&ﬁ‘zh{mﬁﬂ i Skerra.) dunobi | on
P, po p@“&’i@%@@ 646 (19p4), %—Mﬁ) s:tcepbﬂhat/\thh Ipldﬂﬂ&uﬁp@ﬂ!h@llékﬂnﬁlﬁnédﬂ%y'ﬂo[‘ﬁ*}cr uctions

agitation for 4
of theasRiHIbaLEILEPC f@fﬁgﬁgop'&&%lo%ésef piiaEs. A &cc%ﬁgtﬁﬁ?s soluplps,
gemal mo&edn i h}& cl;{gop Sd GAn op selpgsed i isubssevestly dteeziat edd Mywing tHeagilon Wit h
20 ni pelt Uf (W ciltuRSAedimlin%s | M:(I\ljrasT wm@@ niM rg’eﬁé ff@‘%@ﬁ W3 r@éﬂo?d The
menbr aRe é%@? YRERe %&d\%cﬁg) tI‘N‘Eon was| pr&rlf ie from tlat solution in its trimeric form

fterwar
(Loluengel et al., Cytokine 12 (1999), 573-577) by subsequenily employing Immobilized

Metal Affinity Chromatography (IMAC; Porath er al., Nature 258, (1975) 598-599) and -

15  size exclusion chromatography. The protem yield was approximately 1.5 mg per 1 | culture
volume.

The conjugate was prepared by reactlng 40 mmol (24.3 pg) of NHS-S8-Biotin (Pierce)
dissolved in 25 wl H,0 with 10 nmol (187.7 pg) human recombinant TNFDO dissolved in -

20 - 235 pul PBS/NaOH PH 8.5 in a total volume of 1 ml PBS/NaOH pH 8.5. The mixture was
incubated with stirring at room temperature (RT) 3 for 1 h. Bxcess reagent was then removed
ﬁom the TNFO conjugate by means of a PD-10 gel filtration column (Pharmacia)
accor dmg to the manufacturer's instructions with PBS as running buffer.

“t
n

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
1l PBS, incubated for 30 minutes on ice and finally centrifuged (S minutes, 18500 g, 4 °C)
30  toremove residual aggregates.

30 plof'a 1 pM 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 1 PBS) was mixed with 270
Ml of the phagemids in PBS (ca. 10" cfi) 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.




10 minutes in. 10 nil LB/ Anp nedium to which 200 g/1 anhydrotetracycline
was added. 20 Finally, it was marked at one position and laid onto a

cul t ur ewnl @t h LB/ Anp agar, which additionally contairmedyade g/ |
auhydrotetracycline. The hydrophilic nmenbrane from above, orZ Wamih t2006
colonies were grown, was |aid ontogghe hydrophobic nenmbrane in such a way
that both of the marks superinposed. The culture plate was i ncubated with

| 25 the stack of both nenbranes at 22 C for 15 hours. During this phase the
respective J hNGAL nuteins were secreted fromthe col onies on the upper

rremtJL %lfhlﬁiﬂdm\é@i@; 10MUNQYF tieZ @Fmmicacibigi #vaBdum usydakiodi BY ﬁ%gﬁbianpn the HSA
on e | ower

menbrane. After this, the upper menpran h e cql oni es was
CF ano MEFRAESERS DA S DB S e 5P e Ritis | SRehbAe Hrren e
hydr oghaiules wertkeansispasled érovmdhn Apdotatisdhéd 1t S Epbérdest vesel abd fienut es each
WL 200 PRS0 SR At g PUOLBG PO e R0, o1
t olar ds % dI'IELa. G S mengrane was P%gan_i ncu a%léc}’ fﬂgr eﬁuﬁ&‘aﬁ? FE m of a
sol ut ipdpetisfl ofhdn ondaditeeatiugieninspeciinbinding PRSTHG parsmagedtivi patidesswetew v

Ski MTEghie PRMEGT o(fgv}(@q\mmﬁbm HIRTORy 9f t he di goxi genated TNFv. in
PBS was therefore 1:15 diluted in PBST containing skimred mlk powder). WO

03/ 029463 64 PCT/ EPOC2/ 10490 4 March 2006 The nenbrane was washed t hree
ti mes AfidrhreRoSihg thelshganedart s iabeud)aht arixthey oflthh GidtinMdtdd TR Mid the

ant.i - di,goxi geni n 3 | i ne: Phosphat.a conjugate.diluted 1:10 i n PEST
fgb cPé & Snwagf.g@g%ﬁ% lﬁ%\ﬁﬁ f EIEF ?%fcéeiﬁa%dgme a&‘%ffbyele"r‘ﬁéu%%‘%gane was
was hedutlvincebatsd athRPEST l@manoFRuelly fike PBBin-Taading fsges BT sirepieédin wed agi t at ed
for 1Q.mnuk adaiﬁi%@#b laflgfae& mm-&ebﬁ&mt&ﬁgﬁ?)cs&m P PRSt Reggenbr anes

were i ncubated.in - buf f er t o_ whi _ ‘ L
5- br orFBUXHIE a1 a%*bgt%ﬁ&f et FHE for %n%ﬁiﬁ?soﬁt%seg‘éﬂ for patvsnting &80l ved at”
50 .t Btrep-tap®@di ek gt bf theehdicke pradeid of the muteing abd tte flabe agapratain(@Xit h, 75

gég,} difgagzﬁen%_fyﬁfog{n%ﬁ%s%gj \rrmﬂg??%ta\)’ﬁﬁe added. Distinct colour signals

recogni ze posi ns Where the nuteins TNF-V1 and TNF-V2
were spotted, whereas no binding signal to could be observed for hNGAL

wi | dt y@l%oﬁlﬁaiag iy wefdYef¥bved b iwakiinBiidiafdmpnetiepiiticles Bizat Bghebort he
AR

vect or. pBBP2 hl.eh t al..J. .~ Bial. .297 (2000),..1105:-1120), 'two
s ol ok Bt el R o Bath phat eripining bR RN SR BT B ol e 0
( bot h warabellertetiwih teelal iy magnet fdrih¢ hipemiatantweasqpipeitsi off Kinallyy teei n
(Bar bayy LA gLRELKES WetdPbiutel Fnhdl REALS cARiitorR A Ebendt@ el JdestiRe bi ndi ng
L2 vi o b3y ,aend%&F- V2 10 . i %rﬁgé ( b%”?l@ b, s 85 QLA VS
1. MethBdPBST gekdiiag | myMepiiobiqiingmdyl F&Y& SEesoldisnryBrirewacyr oup
consi sdti3Tge®ffor hlmpnreteust the divulfidpcbatd tmtinedSiadhe dinke: mbjzodlalietwdeRNGAL) ,
rat a2z m.cr.ogl | | : L. ' erocalin
(24p3) TEG STt it 2o RLE R LA, B Ride ARy hold, TRMAT sctiie HLe >
conprising the step (a) of:
25  For the purpose of amplification, the eluted phagemid solution (1.0 ml, containing between )
107 and 10° cfu, depending on the selection cycle) was shortly brought to 37 °C, mixed
. h]
with 3 ml of an exponentially growing culture of £, cofi XL1-blue (ODssp = 0.5 at 37 °C),
and was shaken at 200 rpm for 30 minutes at 37 °C. The infected cells were sedimented (2
mimutes, 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/m! 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 fransferred to
35 asterile Erlenmeyer-flask and was shalen for 20 minutes at 37 °C, 200 rpm,



subjecting the protein to nutagenesis at one or nore of the sequence

posi ti oWe algee#s3 correspond to the sequence positions 43,(}%?'2/197&0 to 79,

101 to 103, and 125 to 132 of hNGAL, resulting in one or Pei n(s) of

the protein. Method of claim| furt.her conprising the step (B Mdrch 2006

enriching at |east one resulting mifein having binding affinity for a given

targetF fro the one or nore nmuteins by selection and/or isolating said at

| east “Gh&NARFrenisle afprgduction hediafiinityleatichihierarnof Zhe pHAgERId D d-fiQedBY %ggﬂesi s in

step QaYTr&asw hididh arBlvihad fo Is the. pratein. 4. t hod
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of themrgihuemfdrangmbrlﬁllowhﬁimcﬂql’ﬁbgﬁ; from human neutr ophi |

g&l ati nase-associ ated lipocalin (hNGAL), rat 30 a2-m croglobulin-related
protein (A2m) or nouse 24p3/uterocalin (24p3), wherein the nmutein conprises

a nut Beq esllsavergsedimentedrby ohitrifgntion (LE RdR1tBHIROOPEY RIS @%%%tt 0
a5 i - t 101 03 125 o, f hNGAL,
S Comeiflag | thoWragilid Burties Wae Rodiduriloies (GaS Jim). Ak, i Wi Yan ¢ ar got
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Qrre t. ositi.ons ]
33 "SRRG 5 PP ESIRET 198 30hkiGh el Bicubsiss on jorit 30 rokuiemiaad wes 6.

Mut ei HstgbutiGito atwor B nylt sactian mesely:  Afemh@n@ific s 8 351 SndsuBRki t Ut ed
and/ o efte N nlihg ' & cFy r f the.amno acid _
subst Lo l?f? ons_I(Glu2Se%lgtsa?o;g’qﬁ%)lrﬁ%g%%tgﬂ&%g@%%n?%?%f\l@ﬁﬁ.re"‘f@‘)@. Mut ei n
of hNE™accor di ng to cl.aim6 or 7 having the am no acid sequence of SEQ

IDNO 17, SEQID NO 24, 'SEQ ID NO 26 or SEQ ID NO 28. 10. Mitein -

corel l.ai A ich.is i ed to a:l abel selected
??omﬁgg%la%?gﬁ%iﬁ%éﬁ%%?s B Sentycifhiateq B siingtw iR A Yolimie d vianry g
r adi $28Y4 174 WheNaChsfoHowiest s nsnbatioalfer 60 ciineroge iiec Afabetntrifusgaiigescent

| abel(20 anitnatps,er8500ipg xiand Bupelia®ld: dras EBbHd &ﬁfrﬁlefﬁg&?npigggm@@n? d

col | ol da d...11 Fusi eln conpri,sing a mutern c ; m or ;
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pr ot 743 cqnividierd & patasddSS0R &idgte) andCths eqpeenaantand/ Rbd Aedfyf ihithy tag is
,2Per abinityl it Rfnledt. HAGr AHIRP sdIE B YR 18 Wil ENERS Ec%)%e were carried out in

) this way.

Example 17: Identification of HNGAL muteins binding TNFa by use of the “colony
scregning” 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 cassetie

between the two BstXI cleavage sites was subcloned from the vector phiNGALIZ2 on
phNGAL?7. |

35

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




termnus of the nmutein. 12. Nucleic acid nol ecul e conprising a sequence
encoding a nutein of hNGAL, Almor 24p3 or a fusion protein thereof
accordi mmp dx;2amp of clainse 6 to 11. 25 13. Phar naceut i c@croammpesid i on
conprising a nutein of hNGAL, Al mor 24p3 or a fusion proteih ndowstead006
according to any of clains 6 to 11ggnd a pharmaceutically acceptable
carrier. 30 14. Method for producing a nutein of hNGAL, Almor 24p3 or a
fusion protein th of [.n a f claing 6 to wherein the
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Al m orw@ps vmthﬁsmandmhqalameepne ohiheduh fagnaanti (3§71 bphwys isofated inithe 6 to 11

forg thﬁng%%ptlon of a given target, conprising the steps of contacting
the muteln th a sanple suspected of containing the given target under

suitable conditions, thereby allow ng formati on of a conpl ex between the
mut ei Nedkige hhﬁlon51mﬁﬁcﬁldf@ﬁﬂ@élate@lgﬁaﬂwfﬂdmgt WhHEM BE M XD ﬁﬁdlefn by a
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2Os)upra) o\gtau)mg 2.0ml of a cell suspension. The cell suspension was centrifuged
{5000 g, 2 min, 4 °C), resuspended in 100 pl of the culture medium, plated on an agar plate
15 containing LB/Amp medium and incubated at 37 °C for 14 L to determine the
transformation efficiency. ' "

. A hydrophilic PVDF membrane (Millipore, type GVWP, pore size 0.22 pm), labelled at
- one position and cut to size, was laid onto an LB/Amp agar plate. The cell suspension from
20  a fresh transformation batch, which had been transformed with 3-6 pl of the above
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. . '

NG

In the meantime a hydrobhobic membrane (Millipore, Immobilon P, pore size 0.45 pm),

also cut to size, was moistened with PBS according to the instructions of the manufacturer.

_ Coating with HISA ‘was achieved by agitation for 4 hours at RT in 10 mt of a solution of 10

mg/ml HSA (Sigma) in PBS. Rerhaining 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 ig/l
anhydrotetracycline was added. ' B

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




<223> n: a, g, cor t; ki g or t <220> <221> msc feature <222> (26) ...
' t; k: or t <220> <221> msc_feature <222> (32)

(28)(;2&)3&3)23}121%2@296‘ Cgf)rc or t;gk: g or t <220> <221> REEMYaee <222>

(38) ... (43) <223> n: a, g, c or ti ki g or t <220> <221> A IMarfcdat2008

<222> (47) ...(52) <223> n: a, g, Elor t; k: g or t <220>. <223> Prinmer

<400> 1 g taggt ct ¢ gcagggaat n nkattnnkag annkgacnnk nnkccgnnkn 50

nkat giRased & Meydhattath of Tk ML supRringdddt> ThE cu&&%%ﬂat%s%%@iteg é”}i jficial

sequerﬂlqeestiég%&’ b\é@l %’t{ g%?f&@ P%AE gg%géqd'%?s %lbungc tlglv$ rl:;{c'lgseniihe Aepective<220>
<22 1> 1ﬁ€}g\;£ fxggtiemsewelgz Qeg;etgcg g‘l)om the ce®nies22BHhen upper fhembraAE dnd Whred OF C
<220> imuRRilizedivicthEie atbufin- bﬁﬁﬁ%ﬁoﬁfﬁ%ﬁ via-the ﬁ§§)on<iﬁg%owél membxgie cort; ma

orcC
Alfter 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.

10 For analysis of the binding activity of the immobilized ANGAL muteins the membrane was
then incubated for 1 hour in 3.5 ml of a solution of 100 nM digoxigenated TNFet in PBST
containing 0.5 % w/v skimmed milk powder.

The conjugate was prepared by reacting 40 nmol (27.5 pg) of DIG-NHS (Roche).dissolved
15  in 27 pl DMSO with 10 nmol (187.7 p1g) TNFe. dissolved in 235 ul PBS/NaOH pH 8.5 in
a total volume of 1 ml PBS/NaOH pH 8.5. The mixture was incubated with stirring at room
temperature (RT) for 1 h. Excess reagent was then removed 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.
20
The membrane was washed three times with PBST, followed by incubation for 1 hour with
10 rnl anti-digoxigenin Fab-Alkaline-Phosphatase conjugate diluted 1:1000 in PBST for
detectlon of bound TNFa via its digoxigenin groups. The membrane was washed twice
with PBST and once with PBS, each for § minutes, and agitated for 10 minutés 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 % viv
dimethylformamide) were added, until distinct colour signals could be recognized at the
positions of sonie 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
oligadeoxynucleotide SEQ ID NO:5 as primer.




<220> <221> m sc_feature <222> (56) ... (59) <223>n: a, g, cor t; m a

or ;: <220> <223> Prinmer <400> 2 ggctgggaac ctggaacaaa agtcctgatm

nng a ttrmn 50 mnaaammng acggaggtga cattgt 3 <211>
m\ga%gﬁl%h&glb artificial sequenceg2228>g <221>gmal;(“z Fg(%t}%gggcm%ﬁﬁ

(53) ... (61) <223> n: a, g, c or L, ki g or t <220> <223> Prinmer <400> 3

tgttccaggt tcccagccag gcgagttcac gc%gggcaac attaagagtt 50 acnnknnknn

kacgagttac ctcgtccga 79 <210> 4 <211> 77 <212> DNA <213> artificial

sequence <220> <221> m sc_feature <222> (31) ... (34) <223>n: a, g, Cc or
U M Bofy these ?@ﬁﬁtenﬁz 24 s heay e uxﬁﬁ:@ 27hicB Gas dencﬁﬁ@éted"?mk\m a, g, ¢
or t; m WD 03/ 0294 <22

<223> Whelgasoté %@u’@pnm SCRUENEE Fps dclg'gpa g dsesrgnate& eV x222> (44) - (49)

5 The nucleotide sequences of the clones TNF-V1 and TNF-V2 were translated into their
amino acid sequences and those amino acid residues which deviate from the original-
hNGAL protein are given in Table 4. The nucleotide sequences of the 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 (INGAL muteins TNF-V1 and TNE-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
. 43 Gln Phe Ile
20 50 Lys Phe Ser
70 Leu Thr Asp
72 Arg Leau Ala
73 Lys Glu Asn
77 Asp Phe Ala
25 79 Trp Glu Arg
g0 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 Tyx Asn Arg

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




<221> m sc feature <222> (52) ... (54) <223> n: a,g, c or t; ki gor t
<220> 2@ nkigsmer <400> 4 PCTI EP02110490 2 March 2006 ccttggttct
cccgtagatg gtaatcttga ammnctcmmn gtt nmnmmaa 50 a_cnnn_ctt%[éT/EEmaoamcat
agcatgc 77 <210> 5 <211> 54 <212> DNA <213> artificial sequénnerei?m6
<223> Prinmer <400> 5 cttccaggac aa€éaattcc at gggaagtg gtatgtggta .ggtctcgcag
50 ggaa 54 <210> 6 <211> 39 <212> DNA <213> artificial sequence <220>
<223> Prinmer <400> 6 cctttagttc cgaagccagc tccttggttc tcccgtaga 39 <210> 7

A - . i d
<211>gk23dle lﬁg%ﬁﬁ oﬁ?ﬂs? q{iﬁé'cgt : eee 20> <221> sig_peptide

by mutems T TNER23>
"Strep-tag |l and fragnent of phage coat

pr ot ei npi Il <220> .

5  The colony spot assay was conducted in a similar manner as the colony screening assay

outlined in Example 17 except that single colonies of £, coli harbouring the corresponding

expression plasmids were spotted from a master plate onto the hydrophilic membrane -

marked with a grid - instead of plating a suspension of transformed cells, Each respective

clone was spotted with a sterile tooth pick either four or five times onto a hydrophilic

10  membrane (Millipore, type GVWP, pore size 0.22 um) that was placed on a culture plate
with LB/Amp agar. Cells were grown at 37 °C for 5 hours.

In the meantime a hydrophobic membrane (Millipore, Immobilon P, pore size 0.45 fum)
was moistened with PBS according to the instructions of the manufacturer. Coating with
15  HSA was achieved by agitation for 4 hours at RT in 10 ml of 2 solution of 10 mg/m! HSA
(Sigma) in PBS. Remaining binding sites on the membrane were saturated by i1icubation
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 1g/l anhydrotetracycline was 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

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

‘) 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 membrane.

~ After this, the upper membrane with the colonies was transferred to a fresh LB/Amﬁ agar
30  plate and stored at 4 °C. The hydrophobic membrane was removed and washed thiree 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 TNFq, in PBST
35  containing 0.5 % w/v skimmed milk powder (a 1.5 uM stock solution of the digoxigenated

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



<221> CDS WD 03/ 029463 <222> (85) ... (618) <223> mature hNGAL <220>
<221> CDS <222> (619) ... (648) <223> STrep-tag Il affinity tag <220>

<221> <222> (649) ... (651) <223> anber stop codon <220> <221>
CDS <2235 ?%@)‘“3. .. (1221) <223> amino acids 217-406 of Pﬁﬁp‘%@&m Nidd
<400> 7 PCT/ EPO2/ 10490 2 March 20 t ct agat aacg agggcaaaa a atg aaa aag
aca get atc gcg att 45 Met Lys Lys Thr Ala lle Ala Ile -21 -20 -15 gca gtg
gca ct% get %%t ttc get acc gta gc% cag_gcc cag gac 90, Ala Val Ala Leu Al a
Gy Ph&hamenTnaness weshedthyesimesavith BB T, foflgwed by nepbaiien et hpwavdlac ct g
atc ccgg %ﬂcmﬁﬁéigﬁﬁfgeﬁh%a%gﬁﬂc@ﬁga—ﬂid%8]9&&5e;le%ﬁjugﬁl%r dihféd Pe0oAsPPBET foke Pro
Ala PrqQ Pro Leu Ser Jpé? Val 'Prdg%PS' 10. 15 cigrﬁa%gca .aac ttc f:%ﬂ)%gc aac caa
ttc ca eteii&l’aagb?lﬁ’& O 16D 15 | RGPS nt BHE TGP FRIASHS AETT™ Be Hi s
Ay LysifirgeIyran2dn2s w3fh BB§, gih fggs nuhctegcmdggiatdtfoyt@ natitec tic ARga gaa
gac_aag gac22 Val Valk . le 1 el A O p Lys
Asp5 35%911%@4?0&@5 cé%cgm%%%magagt{oét Hleﬁdé&g?éﬁ %ﬁér? giﬂ%é)g{geﬂé{r%é@a&é%ﬁaﬁi aag
270 Ptowiial 3§ gl fbromgi-ghlerofrindelybphysphatp &-tgbmle9§altﬁgoﬂA§bsseyf§d9@ 55 60
agc tal@so %%Fmﬂhf’diﬁ&lﬁhytlféﬁnﬂhﬁiefﬁlgi § Ll nRQoblae RtasdiRa gRéW! 7DAEN31O70Ser Tyr
Asn Vav/v dline?he)rlfo\l%mnlfcﬁasl wl?erilg aﬁeg. b%ﬁné’tyc%lolh\:{' SSLgnQﬁz céﬁﬁ @eSIeZggnZZSed at those

positions where the muteins TNF-V1 and TNF-V2 were spotted, whereas no binding signal

10 could be observed for hNGAL wildtype (encoded by phNGAL7), bilin-binding protein

(encoded by the vector pBBP22; Schiehuber et al. J. Mol. Biol. 297 (2000), 1105-1120),

two unrelated muteins from the library of ANGAL muteins described in Example 6 (both —

subcloned on phlNGAL7), and for the clone expressing no protein (harbouring pBluescript . )

(Stratagene) as a plasmid), confirming the binding activity of TNF-V1 and TNF-V2 to

15 TNFo (Fig.12).
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the one or more muteins by selection and/or isolating said at least one mutein.

Method of claim 1 or 2, wherein the mutagenesis in step (a) results in a plurality of
muteins of the protein.

Method according to any of claims 1 to 3, 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 ANGAL.

Method according to any of claims 1 to 4, 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 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.

Mutein derived from human neutrophil gelatinase-associated lipocalin (hNGAL), rat
ce-microglobulin-related protein (A2m) or mouse 24p3/uterocalin (24p3), wherein the
mutein comprises a mutation at one or more of the sequence positions corresponding
to sequence positions 40 to 50, 70 to 79, 101 to 103, and 125 to 132 of hNGAL, and

wherein the mutein has detectable binding affinity for a given target.
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9. Mutein of hLNGAL according to claim 6 or 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 6 to 9, which is conjugated to a label selected from
the group consisting of an organic molecule, an enzyme label, radioactive label,
fluorescent label, chromogenic label, luminescent label, a hapten, digoxigenin, biotin,

metal complexes, metals, and colloidal gold.

11.  Fusion protein comprising a mutein of hNGAL, A2m or 24p3 according to any of
claims 6 to 10, wherein an enzyme, a protein or a protein domain, a peptide, a signal
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 6 to 11.

13.  Pharmaceutical composition comprising a mutein of hNGAL, A2m or 24p3 or a
fusion protein thereof according to any of claims 6 to 11 and a pharmaceutically

acceptable carrier.

14,  Method for producing a mutein of hANGAL, A2m or 24p3 or a fusion protein thereof
according to any of claims 6 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.



375 1231 <220> <221> mat_peptide <222> (85) ... (1221) <223> fusion
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Ala Ile Al aodfickims ¢ to 3¢ forithe detgctipnopfegiven gragstcomprisingdhgsiepsaafcogtaatige g cag
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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 target as pharmacological drug target.
10
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230 235 240 get atg acc gaa sat gcc gat gaa aac gcg cta cag tct gac get 855
WO 03/ 029463 PCT/ EPO2/ 10490 8/ 41 2 March 2006 Ala Met Thr G u Asn Ala Asp
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Ay 275 280-2385a06d, acér g@tm:gatet et get ggc tct aat tcc caa atg get caa
gtc990 Ala Thr Ay Asp Phe Ala Gy Ser Asn Ser An Met Ala G n Val 290 295
300 ggt ge@%ggt gat aat tca cct tta atg aat aat ttc cgt caa tat1035 Ay Asp
Ay Asp ASHlsgpisprEratdne Met Asn Asn Phe Arg G n Tyr 305 310 315 tta cct tcc
ctc cct c%gizfcﬁﬁgtt"g(agétqt_ cgg cot ttt gtc ttt1080 Lea Pro Ser Leu Pro G n
Ser val du'tys Ar@'ProPié Val Pne 320 325 330D ggc get ggt aaa cca tat
gaa ttt tgheatt gat tgt gac aaaatall25 Gy Ala Ay Lys Pro Tyr @ u Phe Ser
Il e Asp QS 1ASHiskysedthiee 335 340 345 aac tta ttc cgt ggt gtc ttt gcg ttt ctt
tta tat gidzzgcoisaccll®B) Asn Leu Phe Arg Ay Val Phe Ala Phe Leu Leu Tyr Val
Ala Thr 3802335b 3603t ctoattg m:ak @t & ttt tct acg ttt get aac ata ctg cgt aat
aagl215 Phe Met Tyr Val Phe Ser Thr Phe Ala Asn Ile Leu Arg Asn Lys.. 365
370 375 q%§°fct,ta taagctt 1231 A u Ser 379 <210>9 <211>805 <212>DNA

I< 2 g '

<213>ar ti 13267 a] SEetitiee;

<223> n: a, g, ¢ or t; m: a or ¢

<220>
«<223> Primer

<400> 2 €>

ggctgggaac ctggaacaaa agtectgatm nngtamnnac acttctimnn 50
mnnaaamnng acggaggtga cattgta 77

<210> 3

<21l 789

<212> DNA .
<213> artificial sequence

<2205
<221> misc_feature
<222> {53) ...(61)

<223»> n: a, g, c or t; k: g or t

«220>
<223> Primer

<400> 3 -

tgttecaggt tcecagecay gegagtteac getgggeaac attaagagtt 50
acnnknnknn kacgagttac ctcgtcocga 79

<210> 4

«211> 77

«212> DNA

«213> artificial sequence

<220>
<221> misc_feature
<222> (31) ...({3¢)

<223> n: a, g, cor £; mi a or ¢

<220>
<221> misc_feature
<222> (37) ... (40)

<223> n: a, g, cor t; m; &8 or c

«220>



<220> <221>sig_peptide <222>(22)...(84) <220> <221>mat peptide <222>(85)
(7990 68228%Busi on protein of nodified hNGAL, Strep- tzl%lllEf:’{gand al bum n

bi ndi ng domai n <220> <221> CDS <2273 (85) ... (618) < %8 hnG AL
<220> <@21> ©RS_VE63L029463 <2225 (619) ... (648) <223> Strepmhagn! boos
af finit y<2Pay ¥41.<2@0F <221> CDS <222> (649) ... (795) <223>-al bunin

bi ndi ng FéAdi T 8F Pr ¢t errk:Gk<406x 9 PCT/ EP02/ 10490 2 March 2006 tctagat aac
gagggcaaag,a atg aaa aag aca get atc gcg att 45 Met Lys Lys Thr Ala lle

Al a Ile<£§i>m§ c%%g“g%g gtg gca ctg get ggt ttc get acc gta gcg cag gcc cag
gac 90 Abs. VehyAla lsep Ala Ay Phe Ala Thr Val Ala Gn Ala Gn Asp -10 -5
-1 1 tcez2a8€ o:Ca,HaAG grg”akpﬁfg@wgcc cca cct ctg agc aag gtc cct 135 Ser
Thr Ser Asp Leu Ile Pro Ala Pro Pro Lau Ser Lys VvVal Pro 5 10 15 <ctg cag
cag aac <E&¢> cag gac aac caa ttc cag ggg aag tgg tat 180 Lau G n dn Asn
Phe A n<A3}p Asam&n Phe A n Gy Lys Trp Tyr 20 25 30 ctg gta ggt ctc gca
gag sat<%&§ att ctc aga gaa gae aaa Sac 225 Val Val @y Lau Ala Gy Asn
Ala lle aJ’&rg G u Asp Lys Asp 35 40 45 ccg caa aag atg tat gcc acc atc
tat gag ctg aaa gaa gac aag 270

ccttggtict cccegtagdtg gtaatcttga amnnctemnn gttmnnmnna S0
acmnncttaa agaacaccat agcatgc . 77

«210> 5
<211l> 54
<212> DNA
;“) <213> artificial sequence

«<220>
«223> Primer

<400> 5

cttccaggac aaccaattee atgggaagktg gtatgtggta ggtctecgcag 50
ggaa .
) 5¢

<210> 6

<211l> 39

<212> DNA

<213> artificial seguence

<220>
<223> Primer

<400> 6

;;) cotitagtte cgaagccage tecttggtte tcecegtaga 39

<210> 7

<211> 1231

<212> DNA

<213> articial sequence

<220>

<221> sig_peptide
<222> (22} ... (84)
<220>

221> mat_peptide
<222> (85} .,.(1221)

<223> fusion protein of modified hNGAL, Strep-tag II and fragment
of phage coat protein pIII

<220
<221> CDS



Pro Gn Lys Met Tyr Ala Thr Ile Tyr Qu Lau Lys Qu Asp Lys 50 55 60 agc
tac sat gtc acc tccgtc ctg ttt agg aaa aag aag tgt Sac 315 Ser Tyr Asn Val
Thr Ser walozkzdéPhe Arg Lys Lys Lys Cys Asp 65 70 75 t ace¢mgrmlioimgg act
ttt gtt cca ggt tgc cag ccc ggc gag#trc 360 Tyr Trp lle Arg ZThmaPBe Yabs
Pro Gy @p22:d(BSPr-o (638 d u Phe 80 85 90 acg ctg ggc aac att aag agt tac
cct gga tE&acgterft PWYERL ctc 405 Thr Leu Ay Asn Ile Lys Ser Tyr Pro Gy
Lau Thr Ser Tyr Lau 95 100 105 gtc cga gtg gtg agc acc aac tac aac cag cat
get atg %ﬁ 2:1 g450 Val Arg Val Val Ser Thr Asn Tyr Asn Gn Hs Ala Mt
Val Phe 11 :;Eglqu_qggg,aag aaa gtt tct caa aac agg gag tac ttc aag att acc
atc 495 bbb k¥sed-Yag VA aBBiniE nafsn Arg Gu Tyr Phe Lys Ile Thr Ile 125
130 135 tac ggg aga acc aag gag ctg cot tcg gaa cta aag gag aac ttc 540

Tyr Gy AegesThr Lys @ u Lau Thr Ser Gn Lau Lys @u Asn Phe 140 145 150 atc
cgc ttc t€&l=a&AStct ctg ggc ctc cct gaa aac cac atc gtc 585 |Ile Arg Phe
Ser Lys Sé#21d64% -y - L8+ !'Pro G u Asn His Ile Val WD 03/ 029463 PCT/ EP02/ 10490
10/ 41" 2 K&Fth 23886 =88 “PEB" 165 ttc cct gtc cca atc gac cag tgt atc gac ggc
agc get tgg,tcc 630 Phe Pro Val Pro Ile Asp Gn Cys Ile Asp Ay Ser A a
Trp Ser 146,.1Fp5180 cac ccg cag ttc gaa aaa cca get agc ctg get gaa get aaa
gtt 675 <bbs ReexyG.n(PAe@yGu Lys Pro Ala Ser Leu Ala Gu Ala Lys Vval 185
190 195 ctgagehispeacCdd 2022406t §F gag: gaacdiacpygt gtt tcc gac tac tac 720

Leu Ala Asn Arg Qu Leu Asp Lys Tyr dy Val Ser Asp Tyr Tyr 200 205 210 aaa
aac ctc atc aac aac get aaa acc gtt gaa ggt gtt aaa get 765 Lys Asn Leu
Ile Asn A8M°Al7a Lys Thr Val Qu Ay Val Lys Ala 215 220 225 ctg atc gac gaa

att ctc gca gca ctg ccg taataagctt 805 Leu Ile Asp Qu Ile Len Ala Ala Leu

Pro 230 %@Eﬁgataacg agggcaaaa a atg aaa aag aca gct atc geog att 45

Met Lys Lys Thr Ala Ile Ala Ile
-21 -20 -15 )
gea gtg gea ctg get ggt tke get ace gta geg cag geo cag gac 390
Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Gln Asp
-10 -5 -1 1

tcc ace teca gac ctg atc cca gac cca cct ctg age aag gte cet 135
Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro
5 ° . " 1lo0 15

ctg cag cag aac ttc cag gac aac caa tte cat ggg aag tgg tat 180
Leu Gln Gln Asn Phe @ln Asp Asn Gln Phe His Gly Lys Trp Tyx
20 25 30

ctg gkta ggt ctc geca ggg aat gea att cte aga gaa gac aaa gac 225,
val Val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp
35 40 45

ccg caa aag akg tat gee acc atc tat gag ctg aaa gaa gac aag 270
Pro Gln Liys Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys .
50 . 55 60

t;'

agc tac aat gkc ace tecc gtc ctg ttt agg aaa aag aag tgt gac 315
Ser Tyr Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp
65 70 75

tac tgg atc agg act ttt gtt cca ggt tge cag ccc gge gag ttc 360
Tyr Trp Ile Arg Thr Phe Val Pro Gly Cys Gln Pro Gly Glu Phe
80 85 90

acg cty gge aac att aag agt tac cct gga tta acg agt tac cte 405
Thr Leu Gly Asn Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Leu
95 100 105

gte cga gtg gtg agc acc aac tac aac cag cat get atg gtg tte 450
val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met Val Phe
110 115 120

ttt aag aaa gkt tet caa aac agg gag tac tic aag att acc atc 495
Phe Lys Lys Val Ser Gln Asn Arg Glu Tyr Phe Lys Ile Thr Ile



<210> 10 <211> 580 <212> DNA <213> artificial sequence <220> <221>

Si g_peptWod3/0xRg2> (22)...(84) <220> <221> mat_peptide <222> (85) ...
(570) <223> fusion protein of nodifisgd human tear Li pocaPCHERAHIN?Y ep- tag
Il <220> <221=26DS <222> (85) .:3g (543) <223> re human t eamaddmnoaloien
<220> <221> CD8 <222> (544)...(570) <223> Strep-tag Il affinity tag <400>
10 tct agl?a:cgacg agggcaaaa a atg aaa aag aca get atc gcg att 45 Met. Lys Lys
Thr Al a 1% SAF 9P| &< 229-2@ <t qptatqyt grageha Glag ag@tetlt Csget acc gta gcg
cag god B@fegﬁi‘z 0TPIALYS \BliU Apa AlaSenl @LGhyu Plye g'fif-ﬁﬁlrph‘dal 54%& adnAaAa
Ser -10 -5 -1 03/ 029463 11/*4% PCT/ EP02/ 1049%5%gac gag gag att cag gat

gtg tca 4@0c8edrtog al, Gt ECe 132

Asp Val Serafd yndherlEps EZ% ng g%:(sgz IL%;EESQ?@ I8 oot gt‘é cgti§Sgac agg gag
ttc cct gag atgsaat cty gaa togaty 180 Mt  THP ﬁ@l My3Arg Uu Phe Pro Uu
Met Asn Leu U u Ser Val 20 25 30 aca ccc atg acc Ctc acg acc ctg gaa ggg
ggc aac HfgCHasat9cra2te gihrcdr agbvatc Tk &l adBrgcthigd- e U, Ay Ay Asn
Leu U u FRPaPS5Vab 25 Algy AgpcSlac Cyatige otsg @lya sagialggerL@g:-t gC cag gag gtg
aag gcc 270 Ly&°val Thr Met Led7le Ser Ay ArgsBys G n Uu Val Lys Ala 50
55 60 cac ccg cag thkc gaa aaa tag get ggc gge gge ket ggt ggt ggt 675

His Pro Gln Phe Glu Lys Gln Ala Gly Gly Gly Ser Gly Gly Gly
185 " 180 1395

2 March 2006 Asp Uu Uu lle @n

ket ggec gge gge tet gag ggt ggt ggec tet
gag g9t ggc ggt tet 720
Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser
. 200 205 210

gag ggt gge gge tet gag gga gge ggt tec ggt
ggt ggc tct E 765
Glu Gly Gly @Gly Ser Glu Gly Gly Gly Ser Gly Gly Gly Ser g%y
215 220 225

Ecc ggt gat ttt gat tat gaa aag atg gea aac
get aat aag ggg 810
Ser Gly Asp Phe Asp Tyr Glu Lys Met Ala Asn Ala Asn Lys Gly
230 235 240

gck atg acc gaa aat gec gat'gaa aac gcg cta cag tet
; gac gckt 855
Ala Met Thr Glu Asn Ala Asp Glu Asn Ala Leu Gln Ser Asp gla
245 250 255

aaa ggc aaa ctht gat tct gtec gect ack gat tac ggt get get ate 9200
Lys @ly Lys Leu Asp Ser Val Ala Thr Asp Tyr Gly Ala Ala Ile
260 265 270

gat ggk tte att ggt gac gtt tee ggce ekt geck aat
ggt aat ggt 945
Asp Gly Phe Ile Gly Asp Val Ser Gly Leu Ala Asn Gly Asn Gly
275 280 288

H:) get act ggbt gat ttt get gge tet aat tce caa atg gct caa gte 990
Rla Thr Gly Asp Phe Ala Gly Ser Asn Ser Gln Met Ala Gluy Val
290 295 ‘ 300

ggt gac ggt gat aat teca cet tta atg aat aat ttc cgbt caa tat 1035
Gly Asp Gly Bsp Asn Ser Pro Leu Met Asn Asn Phe Arg Gln Tyr
308 310 315

tta cet tece cte cct caa tcg gtt gaa tgt cge cct ttt gte ttt 1080
Leu Pro Ser Leu Pro Gln Ser Val Glu Cys Arg Pro Phe Val Phe
320 325 330

ggc get ggt aaa cca tat gaa £tt tct att gat tgt gac aaa ata 1125
Gly aAla Gly Lys Pro Tyr Glu Phe Ser Ile Asp Cys Asp Lys Ile
335 340 325

aac tta tte cgt ggt gte tet geg ttt ctt tka tat gtt geg ace 1170
Asn Leu Phe Arg Gly Val Phe Ala Phe Leu Leu Tyr Val Ala Thr
350 355 380



gtc
U u
gtg
Tyr
ggc
Leu
aag
Asn
etc
Thr
540
150
Hi s

12

ctg gag aaa act gac gag ccg gga aaa tac acg gcc gac ggg 315 Val Leu
Lys Thr Asp Uu Pro Ay Lys Tyr Thr Ala Asp Ay 65 70 75 ggc aag cac
gca weasmbsicat ¢ agg tcg cac gtg aag gac cac 360 @ yrtyspadimiodal Al a
Ile Ile Arg Ser Hi's Val Lys Asp6dis 80 85 90 tac atc ttt 2 adateH 20k
gag ¢ttt zar tgygradtttcty gre Wgasd0Bac Byp crtIEECE’helaTyaagSeuu u @y Uu

H s Ghy ‘E%TFH? davyatheafer I8r 109G &%Aéfgdlatrgaua @8 Bty ggc aga gac ccc
aac aac ctg 3Bha gee 450 dyYMNal Lys Leu Val &y Arg Asp Pro Lys Asn
Leu lél ;E:thL 120 ttg gag gac ttt gag aaa gcc gca a gcc cgc gga
agqugSEZfsag uAspPheUIuLysAIaAIaGIyAIaA‘g y Leu Ser
125 130 3I3b gag age ate ctc atc ccc agg cag agc gaa acc tgc tct cca ggg
Uu Ser Ile Leu lle Pro Arg Gn Ser Uu Thr Cys Ser Pro Ay 140 145
ago get tgg tct cac ccg cag ttc gaa aaa taataagctt 580 Ser Ala Trp Ser
Pro Gn Phe Uu Lys 155 160 <210> 11 <211> 18 <212> DNA <213>

artifici éPlgécﬁJence <220> <223> Prinmer <400> 11 ccactcccta tcagtgat <210>

<211> 2212> DNA <213> artifici al sequence 18 WD 03/ 029463

PCT/ EP02/3% 9@”@@{1%1‘3@ MaEGRe2006 <220> <221> CDS <222> (1)...(537) <223>
Mut ei n Tl pca , <400> 12

<220>
<221> sig peptide
<222> (22}...(84)

<220>
<221> mat_peptide ‘i)
<222> (85)...(1221)

<223> fusion protein of hNGAL, Strep-tag II and fragment of phage
coak protein pIII

<220>

<221> CDS

<222> (85)...(618}
<223> mature hNGAL

«<220> .

<221> CDS

<222> (619)...{648)

<223> Strep-tag II affinity tag

<220>

«221> CDS

<222> (649)...{651}
<223> amber stop codon

<220> )
<221> CDS

<222> (652}...{1221)

<2235 amino acids 217-406 of coat protein pIII

. <40Q(> 8

tctagataacyg agggcaaaa a até aaa aag aca gct atc gog att 45
Met Liys Lys Thr Ala Ile Ala Ile
-21 -20 -15

gca gtg gca ctg get ggt titc get ace gta geg cag geoc cag gac S0

Bla Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Rla Gln Asp
-10 -5 -1 1

tcc acc tca gac ctg atc cca gee cca cct ctg agc aag gtc cct 135
Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro



cag gac tcc acc tca gac ctg atc cca gcc cca cot ctg agc aag 45 dn Asp Ser
Thr Ser wapoieaidsle Pro Ala Pro Pro Leu Ser Lys 1 5 10 15 tc cct ctg cag
cag aac ttc cag gac aac caa ttc cat ggg aag 90 Val Pro LA 0N 1E% Asn Phe

G n Asp Asn Gn Phe Hs Gy Lys 20,25 30 tgg tat gtg gta ggt & elaged Q006
aat tgt att gtg aga cag gac 135 Trp Tyr Val Val y Lau Ala @y Asn Cys

Ile Val Atg €id)cAgRadScd0cdd bt afd Gag0gct Qly g,i atgcgagcc atc tat
gag ctg &ad ¢eacl8(sD ieuclehsPrmsiSeln Mek mtféﬁ‘ﬂy lgp T e Tyr Qu Lau
Lys A u 50 55 68%gac aag agc taczzmat gtc acc tccagtc tta ttt atg gat aag
aag 225 Lys Ser T r Asn VaI Thr Ser Val. Lau Phe Met Asp Lys Lys 65 70
75 tgt c§ ? %@g ggf %gg 942 ‘E%Eaﬁsggqaat gec cag oy g 270 COys Arg
Tyr Tyr BHe B y T LeY PrRr@luchee 8958% 00 gag ttc acg ctg
ggc aac att aag agt tac ggt att gty acg agt 315 u Phe Thr Lau Ay Asn

Ile Lys Seg cbar a&d yichlw@eVade The é@tgégagoctaoga GLE gtc ﬂg gtg gtg agc
acc aac Pac @acLgagetatyrgeia ahg De0ryd Wi LRY 13 gif 31% Na er Thr Asn
Tyr Asn Gn Hs Ma Mt 110 115 B20 gtg ttc ttt agg tog gtt atg acg aac tag
gag gcg ttc;e%g att 405 %/%l Ehetghggléys Ser Val Met Thr Asn G n du Ala -
Phe Lys 5% gte & fFGa2 FOQ @A tghgeet g3got tog gaa cta
aag gag 450 Yfhr gﬂ??gf %ﬁryviﬂ'd‘ h’r’hel_g’é gﬁl Iygubye §vSerspd u Lau Lys du
140 145 150 aac ttc atc cgc ttc tot aaa tot ctg gfgc ctc cot gaa aac cac 495
Asn Phe tie wAglathegpakt LS dau P Asn His 155 160 165 atc
gtc ttc cat Igbcrrecaﬁ‘uﬁrm ggfgptxgtgﬁ 535-5%%9533 %?Dg git S11E%al Phe Pro
Val Pro lle Aspe@n Oys Ile Asp @sy 170 175 <3105 13° <211> 400 <212>
PS{T <213> artificial sequence
o acg ctg gge aac att aag agt tac cct gga tta acg agt tac ckc 405

Thr Leu Ggg Asn Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Leu

190 105

gte cga gtg gtg age acc aac tac aac cag cak gck atg gtg tte 450
Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met Val Phe
110 1158 120

ttt aag aaa gtt tct caa aac agg gag tac ttc aag att acc akec 495
Phe Lys Lys Val Ser Gln Asn Arg Glu Tyr Phe Lys Ile Thr Tle
125 130 135

tac ggg aga acc aag gag ctg cct tcg gaa cta aag gag aac tte 540
Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu Asn Phe
140 145 150

atc cgc tte tec aaa tct ctg gge cte cct gaa aac cac ate gkte 585
Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile Val
155 160 i65

A
) tte cck gte cca ate gac cag tgt ate gac ggc age gct tgg tec 630
- Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly Ser Ala Trp Ser
170 175 180

c§c ccg cag ttc gaa aaa tag gct gge gge gge tct ggt ggbt ggt 675
His Pro Gln Phe Glu Lys GlIn Ala Gly Gly Gly Ser Gly Gly Gly
185 150 . 195

teot gge gge gge tet gag ggt ggt gge tet gag gat ggec ggt tet 720
Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser
200 205 210

gag ggt ggc ggc tct gag gga ggc ggt tce gat ggt gge tek ggt 765
Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Gly Gly Gly Ser Gly
215 220 225

tce ggt gat ttt gat tat gaa aag atg gea aac get aat aag ggg 810
Sexr Gly Asp Phe Asp Tyr Glu Lys Met Ala Asn Ala Asn Lys Gly
230 235 240

get atg acc gaa aat goce gat gaa aac gog cta cag tet gac gect 855



WO 03/ 029463 13/41 PCT/EP02/10490 2 March 2006 <220> <221> SICGNAL <222>
(-21)...(-1) <220> <221> CHAIN <222> (1)...(379) <223> fusion protein of

modi fi edy hoisptrep-tag Il and fragment of phage coat i i1l <220>
<221> <292> (1)...(178) <223> mat ugmi hNGAL <220> <221>P@flgg(%l>lr{lfaﬁ &) 2006

(188) <2282 3 rﬁprfe dob ALF B (Y 19 52293, <1323 as?233 (189) <223> anber
stop codon <220z5 < 1> <222> (p890) ... (379) <xE3> am no acids 217-406 of
coat protein pill. <400> 13 Met Lys Lys Thr Ala lle Ala lle -21 -20 -15
Al a Val Ah&a doeuadd acfdoptPhe édta@ gthractapatAltac @oh Ntag@ mtAs@Poo-10 -5 -1 1
Ser Thr Ses GAsplyedet |PepFiey Mhmdrmrbsz{é‘mrs%w% AmliTipro 5 10 15 Leu
gn Ealn Asn Phez‘ﬁn Asp Asn d n %Phe HIS dy Lys 1 Tyr 20 25 30 Val Val

y Leu LuA(r_, Pro @n Lys
Met Tyr %E%g’% %ﬁ@l )égfi gt c gg gzﬁg% ﬁ%&g égt Tyr Asn Val

Us rg

Thr Ser y52 ¥S 285

gct act ggt gat ttt gct ggc tct aat tce caa atg gect caa gbte 990
Ala Thr Gly Asp Phe BAla Gly Ser Asn Ser Gln Met Ala Gln Val
290 285 300

ggt gac ggt gat aat tca cct tta atg aat aat tte cgt caa tak 1035
Gly Asp Gly Asp Asn Ser Pro Leu Met Asn Asn Phe Arg Gln Tyr
305 31o 315

tka cct tee cte ook caa tog gtt gaa tgbk cge cet tit gte ttk 1080
Leu Pro Ser Leu Pro Gln Ser val Glu Cys Arg Pro Phe Val Phe
320 325 330 i)

ggc geb ggt aaa cca tat gaa ttb tet att gat tgt gac aaa ata 1125
Gly Ala Gly Lys Pro Tyr Glu Phe Ser Ile Asp Cys Asp Lys Ile
335 340 345

aac tta tte cgt ggt gtc ttt geg ttt ctt tta tat gtt gec ace 1170
Asn Leu Phe Arg Gly Val Phe Ala Phe Leu Leu Tyr Val Ala Thr
350 355 360

tkt atg tat gta'ttt tct acg ttt get aac ata ckg cgt éat aag 1215
Phe Met Tyr Val Phe Ser Thr Phe Ala Asn Ile Leu Arg Asn Lys .
365 370 375

gag tet taataagekt ‘ ' 1231
Glu Ser
379

<210> 9 .
<211l= 805 :)
<212> DNA

<213> artificial sequence

«220>
<221> sig_peptide
<222> (22)...{84)

<220>

<221> mat_peptide

<222> (85)...(7925)

<223> fusaon protein of modified hNGAL, Strep-tag II and albumin
binding domain

<220>

<221> CDS

222> (85)...(618)
<223> mature hNGAL

«<220>
<221> CDS



Pro Gy Cys Gn Pro Gly Gu Phe 80

75 Tyr Trp Ile Arg Thr Phe Val
65 7075 Ty P o Pro Gy Leu Thr Ser Tyr Leu 95 100

85 90 Thwdeuw26dey Asn Ile Lys Ser Tyr

/RRR/1RAD Ser Thr
105 WD 03/029463 PCT/ EP02/ 10490 14/ 4},.2 March 2006 Val .
Asn Tyr Asme:d@iti s .Aba&)Met Val Phe %]!0 115 120 Phe Lys Lys YaMa®en SopgAsn
Arg G u Fye3Plsertysabl & Ebfinike tdk25 130 135 Tyr Ay Arg Thr - Lys Gu Leu
Ala Ser Qu Leu Lys Qu Asn Phe 140 145 150 Ile Arg Phe Ser Lys Ser Leu
Ay Leu Pro Qu Asn Hs Ile Val 155 160 165 Phe Pro Val Pro Ile Asp Gn
Qys lle °>GI Ser Ala Trp Ser 170 175 180 H's Pro @ n Phe Gu Lys @
AIaGIyg%GIC % %Gy Ay 185190%?(5)%ergygygygggﬁgg
dy d y e 00Q_205 udy Gy Gy
Gg Gg 3‘2{3>ga$hey = 2 £n O% %0%551525 Ser Ay Asp Phe Asp Lyr Ssu
Lys Met Ala Asn Al a Asn Lys Gly 230 235 240 Ala Met Thr G u Asn a p
A u Asn AwsLeu A n Ser Asp Ala 245 250 255 Lys Gy Lys Leu Asp Ser Val
Ala Thr Asp Tyr Ay Ala Ala Ile 260 265 270 Asp Gy Phe Ile Ay Asp Val
Ser Ay B&FIA %a%gﬁgﬁoyaﬁﬁ G a2¥5a@3840:a285c Alta Jdyr a€d y Asqy Phe Ala Gy
Ser Asn Ser G n Met Ala G n V4t Ly9dyodEhel3g: Gly MspiXd y Asp Asn Ser Pro
Leu Met Asn Asn Phe Arg G n TV ~3b5 g%tg gég Iéeu ﬁ% aer Il:sg E;g 'Ic';yp CS;|elrJ
Val G u &S gl B3l Qtf@@t\@lt i’l:egcgé% Yoda &
Phe Ser AlsevABRIGYSdS e a1 ‘53350%%%%1533&%5?5 ASE A% Ay Val Phe
Al a Phe Leu Leu Tyuo\/al AI a Thr 35@ 3
tcc acc tea gac ckg ate ceca goe cea cct ctg agec aag gtc ecct 135
Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro
5‘") 5 10 15
ctg cag cag aac tte cag gac aac caa ttc cag ggg aag tgg tat 180
Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
20 25 30
ctg gta ggt cte gea ggg aat gea att cte aga gaa gac aaa gac 225
Val Val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp
35 40 45
ccg caa aag atg tat gce ace ate tat gag ctg aaa gaa gac aaé 270
Pro Gln Lys Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys
50 55 60
agc tac aat gtec ace toe gte ctg ttt agg aaa aag aag tgt gac 315
Ser Tyr Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp
65 ' 70 75
tac tgg atc agg act ttt gtt cca ggt tge cag ccc gge gag tke 360
- Tyr Trp Ile Arg Thr Phe Val Pro Gly Cys Gln Pro Gly Glu Phe
j 80 85 20
acg cté ggce aac att aag agt tac cct gga tta acg agkt tagc cte: 405
Thr Leu Gly Asn Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Leu
95 100 105
gtc cga gtg gtg age acc aac tac aac cag cat get atg gkg tte 450
Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met Val Phe
110 115 120
LEL aag ama gtt tct caa aac agg gag tac ttc aag att ace atc 495
Phe Lys Lys Val Ser Gln Asn Arg Glu Tyr Phe Lys Ile Thr Ile
125 130 135
tae ggg aga acc aag gag ctg cct teg gaa cta aag gag aac thte 5490
Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu Asn Phe
140 145 150
atc cgc ttec boC aaa tect ckg gge cte cct gaa aac cac ate gtc 885
Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile val



Phe Met Tyr Val Phe Ser Thr
gag tct du Ser 379 <210> 14

artificiag ozmeousgnce <220>

Phe Ala Asn Ile Leu Arg Asn Lys 365 370 375
<212> PRT WD 03/029463 <213>

<211> 400

<221> SI GNAL

<222> (-21)..

PCT/ EPO2/ 10490 2 March 2006 <220>1#221> CHAIN <222>
fusion protein g hNGAL, Strep-i@ag ||

plIl <220> <221>

<222> (1)...
<222> ( EA?) cct gtel8B) ax@23e> Syriap- tag dak gdd roe topttigy €@20530 <221>
(189) <Z2@>Pmmiyel Broopleddprflazats> 11%2‘@2>G1y<2@2i\1g1’9®) Sexr

(178).

and fragnmanptg of phage

ﬂbﬁ@(ﬁhdé@

. 23#3) k22306

<223> mature hNGAL <220> <221>

am no aci ds 21727806 of coat prcﬁ?ﬁ n pIII

Alalle -21 -20 -

cac ccg cag
An ASp His Pro Gln

185

ctg get aac
Leu Ala Asn
200

aaa aac ctc
Lys Asn Leu
215

ctg atec gac
Leu Ile Asp
230

<210> 10
<211l> 580
«212> DNA

Val

Phe Glu Lys Pro

cgt gaa
Arg Glu

ate aac
Ile Asn

gaa att
Glu IXIle

ckg
Leu

aac
Asn

ctc
Leu

gac
Asp

get
Ala

gca
Ala

<213> artificial sequence

«220>

<221> sig peptide

<222> (22},

| <2205

. (84)

<221> mat_peptlde

<222> {(B5}.

. (570)

Ala Ser Leu

190

aaa
Liys
205

aaa
Lys
220

gca
Ala
2356

tac
Tyr

acce
Thr

ctg
Leu

ggt
Gly

gtt
val

ccg
Pro

<400> 14

Ala Glu Ala Lys Vval
195

gtt tec gae tac tac
Val Ser Asp Tyr Tyr
210

gaa ggt gtt aaa gct
Glu Gly Val Liys Ala
225

taataagett

(379) <223>
VggsAda.(H n A a

720

765

805

<223 qulOn protein of modified human tear Lipocalin and Strep-

tag II

<220>
221> CDS
<222> (85).

. {543)

<223> mature human tear DLipocalin

<220>
<221> CDS

<222> (544}.
<223> Strep-tag II affinity tag

<40G> 10

tctagataacyg

gca gtg gea
Ala Val Rla

.‘(550)

agggcaaaa a atg aaa aag aca gct atc geg att
Met. Lys Lys Thr Ala Ile Ala Ile
-21 -20

ctg gct ggt tite gect acce gta gog cag gec goe tea
Teu Bla Gly Phe Ala Thr Val Ala Gln Ala RAla Ser

~10

-5

-15

-1 1

90

coat protein
<222>

Met Lys Lys Thr Al a,lle

t;.lt5 élaa aaa cca gactL% c ctg gggtygapar.]%cél gaa gtt



-10 -5 -1 1 Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro 5
10 15 Le¥0@B#H28bh Asn Phe A n Asp Asn A n Phe An Gy Lyiggmg T}/r 20 25 30
Val Val Ay Leu Ala Ay Asn Ala Ilejikgu Arg A u Asp Lys EPGRILY 45 pro
A n Lys déet gdyrgabl acihagld dyd 6k Wobehled ¥§q @l @§90aLI S...50 58 BAr&hr2096
Asn Val Hipr cBerclvalld ednPe Mg sky S1kyshd ¥ep Qs ASP L %ﬁfzo 5 Tyr Trp lle
Arg Thr Phe Val Pro Ay Cys G n o Ay GQu Phe 80 §5 90 WO 03/029463

PCT/ EP02/10490 16/ 41 2 March 2006 Thr Leu Gy Asn Ile Lys Ser Tyr Pro Qvy.
Leu Thr %r,iﬁrﬁﬁa%ﬁc Gg9 1. iggcgjéwam@tg\/aat Va&bE Ser tFhrgtdsysoTyr Asn A n Hi s
Ala Met Val “Phes 110 118 Oprﬁngg%ﬁ"iﬁt a1 IsErcly fendi#lArg G u Tyr Phe
Lys Ile Thr Ile 125 130 135 Tyr y Arg Thr Lys B u Leu Thr Ser du Leu
Lys G u AsncBhergldQ: 45 dogQdd ecd; a%% Sctafhal8Y g/ Leu Pro G u
Ain H 5 dhecrame 16h 160 SRo e e v %ﬁ'ﬁ);’@ﬁeﬁﬁsgiﬁiﬁs 7S iTe Asp Gy
Ser Ala Trp Ser 35170 175 180 HisedPro G n Phe Audsys Gn Ala Ay Ay Ay
Ser Ay Ay Ay 185 190 195 Ser Ay Ay Ay Ser Au Ay Ay Ay Ser Qu
Ay dy 3PyI%pEcc Y 2% a¥arat g9Geys Hof Ggy g8ergt@ saddgycGry Gy Ser Ay

y Gy 8733 Jhr Mef bop T3osSeePlycAye A% e CAsValykysGhliaLys Met Al a Asn
Ala Asn Lys Gy°°230 235 240 Ala®Met Thr Gu Asn€la Asp G u Asn Al a Leu

A n Ser Pe aq 248 2.220c YoskVs. J-guU As Séar Val_Ala Thr Asp Tyr
S SIA reha g s e T at et Gy Leu A s
5

Q

Ay A avAtandd @1 260 ad
Asn Gy Ant Glys];a@g ? ¥

ggc aag cac gtg gca tac ate atc agg tcg cac gtg aag gac cac 360
’i} Gly Lys His Val Ala Tyr Ile Ile Arg Ser His Val Lys Asp His
L 80 85 90

tac atec ttt tac tek gag age gag cte cac ggg aag ccg gkc cga 405
Tyr Ile Phe Tyr Ser Glu Gly Glu Leu His Gly Lys Pro Val Arg
95 100 105

cgg gtg aag cte gbtg gge aga gac cec aag aac aac ctg gaa gecg 450
Gly Val Lys Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala
110 ) 118 120

tky gag gaé ttt gag aaa gec gra gga geoc cge gga cto agc acg 495
Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr
125 1390 135

gag agc ate cke ate cocc agg cag age gaa ace tge tet cca ggg 540
Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly
140 145 150

age get tgg tet cac ceg cag ttec gaa aaa taataagott 580
Ser Ala Trp Ser His Pro Gln Phe Glu Lys

rﬁ) 155 160

<210> 11

<211l> 18

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 11

ccacteeccta tcagtgat . 18
<210> 12

<211> 537

<212> DNA
213> artificial sequence



275 280 285" Ala Thr Ay Asp Phe Ala Gy Ser Asn Ser G n Met Ala A n Val
290 295 300 Gy Asp Ay Asp Asn Ser Pro Leu Met Asn Asn Phe Arg A n Tyr
305 310 BO®3M0&M6Pro Ser Leu Pro.A@n Ser Val Au Cys Arg REDERR&OM@MI Phe
320 325 330 Ay Ala Ay Lys Pro Tyrt2@'u Phe Ser Ile Asp Cys AgpMayshl beos
335 340 3Z8®>Asn Leu Phe Arg Ay Val Phe Ala Phe Leu Leu Tyr Val Ala Thr
350 355 3%)>PREBSMet Tyr Val Phe Ser Thr Phe Ala Asn Ile Lein Arg Asn Lys
365 370 3732>Q'l) Sert®3879 WO 03/ 029463 <210> 15 <211> 258 <212> PRT <213>
artifici g 235% EHEeTE P41 <220> <221> SIGNAL  <222> (-21)... (-1)

PCT/ EP02/ 10490° 2 March 2006 <220> <221> CHAIN <222> (1)...(237) <223>
fusion pesy @iar efc BREidcheghdMNAlarc SHzeped aga ldctapey abbulkms bi ndi ng domai n
<220> <28i® Asg282>Thd )ser. Xsb/83u T3223» AW Ore MNGMu €220ys <221> <222>
(179) (188 <223> Strepstag Il affinityl@ag <220> <221%5

gtec cct ctg cag cag aac ttec cag gac aac caa ttc cat ggg aag 90
Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys
20 25 30

tgg tat gtg gta ggt cte gca ggg aat tgt att gtg aga cag gac 135
Trp Tyr Val val Gly Leu Ala Gly Asn Cys Ile Val Arg Gln Asp
' 35 . 40 45 ‘

ctt ctg ceg tet atg atg tat gee acc ate tat gag ctg aaa gaa 180

Leu Leu Pro Ser Met Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
50 55 . 60

gac aag age tac aat gtc ace teec gte kta tkt atg gat aag aag 225
Asp Lys Ser Tyx Asn Val Thr Ser Val Leu Phe Met Asp Lys ILys
65 70 : 75

tgt cgg tac tat atc agg act ttt gtt cca ggt tcec cag ccg ggc 270
Cys Arg Tyr Tyr Ile Arg Thr Phe Val Pro.Gly Ser Gln Pro Gly
80 . g5 ' 20

gag ttc acg ctg gge aac akt aag agt tac ggt att gttt acg agt 315
Glu Phe Thr Leu Gly Asn Ile Lys Ser Tyr Gly Ile Val Thr Ser
95 100 105

tac ctc gte cga gtg gtg age acc aac tac aac cag cat gct atyg 360
Tyr Leu Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met
110 115 120

gtg tkc ttb aag tcg gtt atg acg aac tag gag gcg ttc aag akt 405 ) j
Val Phe Phe Lys Ser Val Met Thr Asn Gln Glu Ala Phe Lys Ile -
125 130 135

acc atc tac ggg aga acc aag gag ctg gct teg daa cta aag gag 450
Thr Ile Tyr Gly Arg Thr Lys Glu Leu Ala Sex Glu Leu Lys Glu
. 140 145 150 -

aac ttec atc cgc tke tckt aaa tect ctg ggec ctc cct gaa aac cac 495
Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His
155 160 165

atc gte ttc cet gtc ceca atc gac cag tgt atc gac gge age 537
fle Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly Ser
170 175

<210 13

<21ll> 400

«212> PRT

«213> artificial sequence



<222> (189) ... (237) .<223> album n binding domain of Protein G <400> 15
Met Lys WO A a I[le Ala Ile -21 -20 -15 Ala Val Ala Leu Ala Gy Phe
Ala Thr Val Ala Gn Ala Gn Asp -1gn5 -1 1 Ser Thr Ser PRIEPPHIMMG e Pro
Ala Pro Pro Leu Ser Lys Val Pro 5 10 15 Leu G n A n Asn Phe OMarA3p 28306
Adn Phe GPAA Yy Lys Trp Tyr 20 25 30 Val Val Ay Leu Ala Ay Asn Ala lle
Leu Arg GPEXASPSNA%s Asp 35 40 45' Pro Gn Lys Met Tyr Ala Thr Ile Tyr Gu
Leu Lys Gfﬁhﬁéﬁg S‘(5§ 55 60 Ser Tyr Asn Val Thr Ser Val Leu Phe Arg Lys
Lys Lys QygoAsp 65 70 75 Tyr Trp Ile Arg Thr Phe Val Pro Gy Cys G n Pro
Gy Gu Phg, 8Qx8p 90 Thr Leu Ay Asn Ile Lys Ser Tyr Pro Gy Leu Thr Ser
Tyr Leu <9%2:100) 105:¥9) 03{ 029463 PCT/ EP02/ 10490 18/ 41 Pl/al Arg Val Vial Ser
Thr Asn ¥yz3-Asts@nnpkbisifl & Mak; 115 120 Phe_Lys Lys Val Ser
A n Asn Af phGhe cBat Pheeliysorre f'\l'{%!f:t }I@IBEL' %gep}%(?gl% G rirepienly g Thr Lys
Gu Leu Thr Ser Qu Leu Lys Qu Asn Phe 140 145 150 Ile Arg Phe Ser Lys
Ser Leu (1()Leu Pro GQu Asn His Ile Val 155 160 165 Phe Pro Val Pro Ile
Asp G n %f/:lle Asp Ay Ser Ala Trp Ser 170 175 180 His Pro G n Phe Qu
Lys Pro AA3.Sgf, _Le‘ltllﬁéi Gu Ala Lys Val 185 190 195 Leu Ala Asn Arg Gu
Leu Asp LS. TaHeo@GhYy Ser Asp Tyr Tyr 200 205 210 Lys Asn Leu Ile Asn
Asn Ala Lys Thr Val Qu dy Val Lys Ala 215 220 225 Leu Ile Asp Qu lle
Leu Al a #2asLeu Pro 230 235

<221>

<222> (179} ...(188)

<223> Strep-tag II affinity tag
;i) <220>
- <221>

<222> (189)

<223> amber stop codon

<220

<221

<222> (1%0)..,(379)

<223> amino acids 217-406 of coat protein pIIX

<400> 13

Met Lys Lys Thr Ala Ile Ala Ile
~21 -20 -15

Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Gln Asp

-10 -5 -1 i
ﬁt) Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro
- 5 10 15

Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
20 25 30

Val Val Gly Leu Ala Gly ‘Asn Ala Ile Leu Arg Glu Asp Lys Asp
35 40 45

Pro Gln Lys Met Tyr ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys
50 55 60

Ser Tyr Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp
65 70 75

Tyr Trp Ile Arg Thr Phe Val Pro Gly Cys Gln Pro Gly Glu Phe
80 85 20

Thr Leu Gly Asn Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Len
95 100 " 105



<210> 16 <211> 183 <212>. PRT <213> articifial sequence <220> <221>
SIGNAL  <222> (-21)...(-1) <220> <221> CHAIN <222> (1) ... (1) <223>
fusi on WwoLsHIYIH modi fied human tear Li pocal in and Streprkag/1hdog <220>
<221> <222> (1)...(152) <223> npatusathuman tear Lipocalin <220ar&224606
<222> (1931 nxq. Va(l]-@ai se228n abf eRprtag &ln abfiniat ¥ed 3g; $4Q0> 16- Met Lys Lys
Thr Ala Ile Alaaide -21 -20 -153:2 March 2006 Al azo/al Ala Leu Ala Ay Phe
Ala Thr Val Ala G n Ala Ala Ser WO (131029463 -10 -1 1 PCT/ EP02/10490 2
March 2008e Agps BruVeE (Fer| @nGhen Asp Gl TSePhelfysThre Thp IMyr Lau Lys Ala 5
10 15 Met Thr V&d® Asp Arg Au PRé°Pro Gu Met AstPiau Gu Ser val 20 25 30
Thr Pro Met Thr Leu Thr Thr Lau Qu Ay Gy Asn Lau Gu Ala 35 40 45 Lys
Val Thr u 50 55 60 Val Lau
G u Lys Thr ; dﬁ AE %ms%s%]%/{l %12 ?%fseghgl@hguws %X;\S/Aé%gph% 75 Ay Lys H's
Val Al a Tyr IIe Ile Arg Ser H's Val Lys Asp Hi's

Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile val
155 160 165

Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly Ser Ala Trp Ser
170 175 180

His Pro Glmn Phe Glu Lys Gln Ala Gly Gly Gly Ser Gly Gly Gly
185 190 195

Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser

200 205 210
Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Gly Gly Gly Ser Gly . i)
215 220 225

Ser Gly Asp Phe Asp Tyr Glu Lys Met Ala Asn Ala Asn LYs Gly
230 235 249

Ala Met Thr Glu Asn Ala Asp Glu Asn Ala Leu Gln Ser Asp Ala
245 250 255

Lys Gly Lys Leu Asp Ser Val Ala Thr Asp Tyr Gly Ala Ala Ile
280 . 265 - 270

Asp Gly Phe Ile Gly Asp Val Ser Gly Leu Ala Asn Gly Asn Gly
275 280 285

Bla Thr Gly Asp Phe Ala Gly Ser Asn Ser Gln'Met Ala Gln Val
290 295 300

Gly Asp Gly Asp Asn Ser Pro Leu Met Asn Asn Phe Axrg Glm Tyr
305 310 315

Leu Pro Ser Leu Pro Gln Ser Val Glu Cys Arg Pro Phe Val Phe
320 325 ‘ 330

Gly Ala Gly Lys Pro Tyr Glu Phe Ser Ile Asp Cys Asp Lys Ile
' .33s5 . 340 345

Asn Leu Phe Brg Gly Val Phe Ala Phe Leu Leu Tyr Val Ala Thr
350 355 360

Phe Mek Tyr vVal Phe Ser Thr Phe Ala Asn Ile Leu Arg Asn Lys
365 370 375

gag tct
Glu Ser
378

«210> 14
«21l> 400
<212» PRT



80 85 90 Tyr Ile Phe Tyr Ser Gu Ay GQu Lau Hs Ay Lys Pro Val Arg 95
100 105 wllog/o¥aks Lys Lau Val Gy Arg Asp Pro Lys Asn Asn gau Ju Ala 110
115 120 Lau Gu Asp Phe Gu Lys Ala;Nja Ay Ala Arg Ay PREESBHIHNE 125
130 135 G14,Sekeikhk & dialedegPro Arg G n Ser Au Thr Cys Ser PromMar¥h 2406
145 150 Ser Ala Trp Ser Hs Pro A n Phe Au Lys 155 160 <210>-17 <211>
178 <212220PRT <213> artificial sequence <220> <221> <222> (1)...(178)
<223> Mn%ilpn I@ea <400> 17 A n Asp Ser Thr Ser Asp Lau Ile Pro Ala Pro
Pro Lau SéR>Ly=21)4-5-2D 15 Val Pro Leu G n A@n Asn Phe Gn Asp Asn @ n Phe
Hs Ay Lys 20 25 30 Trp Tyr Val vVal Ay Lau Ala Ay Asn Cys Ile Val Arg
A@'n Asp 030 45 Leu Lau Pro Ser Met Met Tyr Ala Thr Ile Tyr Qu Lau Lys
Gu 50 1§q}é§g Lys Ser Tyr Asn Val Thr Ser Val Lau Phe Met Asp Lys Lys
65 70 785270YS(AN. Q. Ryky Tyr Ile Arg Thr Phe Val Pro Gy Ser Gn Pro Gy W
03/ 029402 2RCTH sPOR/ckA490: 20/ iba2, Mareh 2006 ggd%aén@er@ erﬁ’J} Jhr Leu Gy
Asn || e dops Bertelypr@ry |l e Val Thr Ser 95 100 105 Tyr Leu Val Arg Val Va
Ser Thr Asn Tyr Asn An Hs Ala Met 110 115 120 Val Phe Phe Lys Ser Va
Met Thr‘é%Q>G n Qu Ala Phe Lys Ile 125 130 135

<221>
<222> (1)...(178)
<223> makture hNGAL

<220>
221>
) <222> (179)...(188)
{_) <223> Strep-tag II affinity tag

<220>

<2221 >

<222> {189)

<223> amber stop codon

<220
221>

. <222> (190)...(379)
"+ «223> amino acids 217-406 of coat protein pIIT

T 400> 14

Met Lys Lys Thr Ala Ile Ala Ile
-21 -20 -15

\a) Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Glun Ala Gln Asp
-10 -5 -1 1

Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro
Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
20 25 30

Val val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Rsp Lys Asp
35 40 45

Pro Gln Lys Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys
50 55 60

Ser Tyr Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp
65 70 : 75

Tyr Trp Ile Arg Thr Phe Val Pro Gly Cys Gln Pro Gly Glu Phe
80 85 g0



Thr Ile Tyr Ay Arg Thr Lys Qu Leu Ala Ser Qu Leu Lys u 140 145 150
Asn Phe Ile Arg Phe Ser Lys Ser Leu. Gy Leu Pro Gu Asn H's 155 160 165
I'l e Val viRhesfromsval Pro Ile Asp Gn Cys Ile Asp Ay 170p&foris2dos 18
<211> 11 <212> PRT <213> artificaliéBequence <220> <223> pept iMerdlerdomsd
from human t hronbospondin 1 <220> <221> MOD Res 2222> (11) <223>

bi oti nyl g1 dru<i@Oren] S1ArkysPher Tyr Nal CNabeMihrTeey Tys Ldwa Aca Lys 1 5 10
<210> 19 <211> 9@231 <212> DNAL213> artificiall®equence <220> <221>

[ tid <22 (.22 220 2 t id 222
?égypep(‘liﬁgf)l 3§a ér e go? <T|yr P?Sf" 36 %t’rs g‘g Eﬁ%ﬁ%l %’th;p-t;g Il and

fragnent of phage coat prote| n p i <220> <221> CDS <222> (85) ... (618)
<223> mappd e BNGALvah) 582200 M 035029463 $R2 13 GHS w2242 e( 619) ... (648)
<223> Strep-tagedsl affinity taguiso 135

Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu Asn Phe
140 ) 145 150

Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile Val
155 160 165

Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly Ser Ala Trp Ser
170 175 180

}iis Pro Glmn Phe Glu Lys Gln Ala Gly Gly Gly Ser Gly Gly Gly

185 180 1595
Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser )
200 205 210

Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Gly Gly Gly Ser Gly
215 220 225

Ser Gly Asp Phe Asp Tyr Glu Lys Met Ala Asn Ala Asn Lys Gly
230 235 240

Ala Met Thr Glu Asn Ala Asp Glu Asn Ala Leu Gln Ser Asp Ala
245 - : 250 255

Lys Gly Lys Leu Asp Ser Val Ala Thr Asp Tyr Gly Ala Ala Ile
260 2865 270

Asp Gly Phe Ile Gly Asp Val Ser Gly Leu Ala Asn Gly Asn Gly
275 280 285"

Ala Thr Gly Asp Phe Ala Gly Ser Asn Ser Gln Met Ala Gln Val
230 295 300

Gly Asp Gly Asp Asn Ser Pro Leu Met Asn Asn Phe Arg Gln Tyr
305 310 _ 315 :

Leu Pro Ser Leu Pro .Gln Ser Val Glu Cys Arg Pro Phe Val Phe
320 325 ’ 330

Gly Ala Gly Lys Pro Tyr Glu Phe Ser Ile Asp Cys Asp Lys Ile
338 340 345

Asn Deu Phe Arg Gly Val Phe Ala Phe Leu Leu Tyr Val Ala Thr
350 355 360

Phe Met Tyr Val Phe Ser Thr Phe Ala Asn Ile Leu Arg Asn Lys
365 370 375

Glu Ser
37%



<220> <221> CDS <222> (649) ... (651) <223> anber stop codon 21/41 <220>

plll
aag
gtg
Al a
ctg
Pro
caa
Hi s
gaa
Lys
aag

<221> CBR)42@B¥363 652) ... (1221) <223> am no acids 217_4%86@%1 coat protein

<400> 19 PCI/ EP02/ 10490 2 Margh;2006 tctagataacg a HAHY atg aaa
aca.ges. alsc gcg att 45 Met Lys Lys Thr Ala lle Ala |le -21Magéh-3260gca
gat <efg- gals ggc ttc gat acc gta gag cag gcc cag gac 90 Ala Val Al a Leu
G y<Phz- Alrg Thr Val Ala G n Ala A n Asp -10 -5 .-1 1 tcc acc tca gac
at c <@t¥ getiticdatatequénreagc aag gtc cct 135 Ser Thr Ser Asp Leu lle
Al a Pro Pro Leu Ser Lys Val Pro 5 10 15 ctg cag cag aac ttc cag gac aac
ttc: :ﬁl“ ag tgg tat 180 Leu An Gn Asn Phe A n Asp Asn G n Phe
Glyj s (_gﬁyr (_q 25 30 ctg gta ggt ctc gca ggg aat gca att ctc aga
gac aaa gac 225 Val Val Ay Leu Ala Ay Asn Ala Ile Leu Arg Qu Asp
Asp35040 45 ccg caa aag atg tat gcc acc atc tat gag ctg aaa gaa gac
270 <2Pr:o cBhmw Lys Met Tyr Ala Thr Ile Tyr Qu Leu Lys Qu Asp Lys 50 55

60 agc kagzadt)gtd2ytc tcc gtc ctg ttt agg aaa aag aag tgt gac 315 Ser Tyr
Asi a Vak23r fSgonvarotiedn ¢Hha@odifyellyitiGhys diyep-Cus WspndR1BOnisb tac tgg atc

agg
Phe

agt
Ay
cat
Met

:J

act Pfpdingt flowads ggt tcc cag cca ggc gag ttc 360 Tyr Trp Ile Arg Thr
Val Pxo @y Ser An Pro Ay Qu Phe 80 as, 90 acg ctg ggc aac att aag
tac act” gga tta acg agt tac ctc 405 Thr Leu Ay ASlIle Lys Ser Tyr Pro
LeuJ¥y., Ser Tyr Leu 95 100 105 gtc cgs gtg gtg agc acc aac tac aac cag
get «pdg gtg. t.tigzAS50 Val Arg Val Val Ser Thr Asn Tyr Asn A n Hs Aa
Val <Phe mature hNGAL '

<220>

<221>

<222» (179)...(188)

<223> Strep-tag II affinity tag

<220>

<221>

<222> (189)...(237)

<223> albumin binding domain of Protein G

<400> 15

Met Lys Lys Thr Ala Ile Ala Ile
-21 -20 ~15

Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Gln Asp
-10 -5 -1 1

Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro
Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
20 25 30

Val Val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp
35 40 45"

Pro Gln Lys Met Tyr Ala Thr Ile Tyr Glu Teu Lys Glu Asp Lys
50 55 60 .

Ser Tyr Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp
65 70 75

Tyr Trp Ile Bbrg Thr Phe Val Pro Gly Cys Glan Pro Gly Glu Phe
80 85 S0

Thr Leu Gly Asn Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Leu
85 100 105



110 115 120 ttt aag aaa gtt tat caa aac agg gag tac ttc aag att acc atc 495
Phe Lys Lys Val Ser A n Asn Arg Qu Tyr Phe Lys Ile Thr Ile 125 130 135 tac
099 agavases/é@sigag ctg gat tcg gaa cta aag gag aac ttc fggiepiiddsd 029463
PCT/ EPO2/ 10490 22/ 41 2 March 2006 1yr Ay Arg Thr Lys G u Lep whAcIPesodsd U
Leu Lys G u Asn Phe 140 145 150 atc ago ttc tot aaa tot ctg ggc ctc cot gaa
aac cac wlcagh cv:38%l bére TAr psRhty:Sésn |Gls Ber AleeEVall@e Pro G u Asn Hi s
Ile VaI 155 160+1P65 ttc cot gtclE%a atc gac caglﬁgt atc gac ggc ago got tgg
too 630 _Phe Pro Val. Pro Q %¥ !M Sgi Ala Trp Ser 170
175 180 THc "¥dd¥Cal 't PE S%\‘épﬁé‘a c?{f& Ylg%ké g@ Yot ggt ggt ggt 675
H's Pro A n Phe u Lys GInAIa y Ay Ay Ser y Ay Ay 185 190 195 tot
ggc ggc %gceg Mgﬁuggﬁs a8t RUCTOlegaNudtHu 98¢ d8tadnObne’/20 Ser Ay Gy
dy Ser u y Ay Ser AQuiddy Ay Ay 5er 1800 205 210 gag ggt ggc ggc
tot gag gga ggc ggt too ggt ggt ggc tot ggt 765 GQu Ay Ay Ay Ser Gu
Ay dy GeyrSereh@ ser@ys Sky IBar GG ye@ F¥o2@Mh 296 Hipollggiagat ttt gat tat gaa
aag atg gca aacls(jot aat aag ggg*®10 Ser Ay AspéPhe Asp Tyr Gu Lys Met
Al a Asn 230 35 24 t a cC .ga 00 gat gaa aac gegd
eta cag ¥ h(f“t PQ% Fr°8!%e Pﬂ’a fe Ysr%}g%sﬁ éésg" @% g%gr ?JQASI’I Ala Leu dn
Ser Asp Ala 24§' 50 255 aaa ggc aaa ctt gat tot gtc got act gat tac ggt got
got atC.y:190Q daysrid ¥1l Y§s i ABRD sSerueMahiAbae Bhs Aspvdyr Ay Ala Ala lle
260 265 270 gatigygt ttc att ggtigmc gtt too ggci1est got sat ggt sat ggt 945
Asp Ay Phe Ile Gy Asp Val Ser Ay Leu Ala Asn Ay Asn Gy 275 280 285 got
act ggt Tt AtlﬁtAgoi\f?gﬁb-‘ 125)5 P§§t LY%é"YbéﬁYaY’if} §oit AeaaTYgﬁ €&¥990 Ala Thr Ay
Asp The Ala dy*%Ber Asn Ser G n*%kt Ala dn Val 2280 295 300 ggt gac ggt gat
sal tea Lol \Lhad Esglepggn 3 Aésc g@tmsaﬁalt@fu 183%a1 Gy A8p Ay Asp Asn Ser )

Pro Leu 225

Leu Ile Asp Glu Ile Leu Ala Ala Leu Pro
© 230 235

<210> 16

<211> 183

<212>»- PRT

«213> articifial sequence

<220>
<221l> SIGNAL
<222> (-21)...(-1)

<220>

<221> CHAIN - )
<222 (1)...(1) ' -j)
<223> fu51on protein of modified human teax Llpocalln and Strep- -
tag II

<220>

<221

<222> (1}...{152)

<223» makure human tear Lipocalin

<220

<221l>

€222> (153)...{162)

<223> Strep-tag II affinity tag
<400> 16

Met Lys Lys Thr Ala Ile Ala Ile
-21 -20 -15

Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Ala Ser



305 310 315 tta cot too ctc cot caa tog gtt gaa tgt cgc cot ttt gtc ttt
1080 Le&yoy@9eper Leu Pro. Gn Ser Val u Cys Arg Pro Phe Val The 320 325
330 ggc got ggt aaa cca tat gaa tttotot att gat tgt gac ROHEBRAD25 dy
Ala Ay Lys Pro Tyry4d u Phe 5er IIe_,S,&sp Cys Asp L_)és |l e 335 3404 20s6ta
ttc cgt ggt gtc ttt gcg ttt ctt tta tat gtt gcc acc 170 Asn Leu Phe Arg
Gy Val #hechl &1thelel oln ey vBYr sddleiN mhxrThip 390 RA5.36Q,ftt atg tat gta ttt
tot acg ttt got aac ata ctg cgt sat aag 1215 PhaesgMet Tyr Val The Ser Thr
The Ala Asn Ile Leu Arg Asn Lys 365 370 375 WD 03/ 029403 PCT/ EP02/ 10490
23/ 41 gd§ t Bt BAtARgRIE ClE eSO §79 Me21Bsn 26u &Rlder FQD <212> PRT <213>
artificial sequéhce <220> <221>*% GNAL <222> (321)... (-1) 12323 March
2006 <2297 prldide GHA > . (379),.<223> fusion protein of nodified
hNGAL, Strep-taSEII aneg1 F?ﬁé%rrén%gg%u%‘a’géelycég’f gocflé’i Alpil <220> <221>
<222> (1)...(178) <223> mature nodified.  hNGAL <220> <221> <222> (179)
(188) <228agt ﬁ?gza-l"teaglvehﬂ 10d fseni dly hog o820 6R22AP rys ala

55 60

Val Leu Glu Lys Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly
65 70 75

Gly Lys His Val Ala Tyr Ile Ile Arg Ser His Val Lys Asp His
a0 85 g0

Tyr Ile‘Phe Tyr Ser Glu Gly Glu Leu His Gly Lys Pro Val Arg

,Aj 9s 100 105
e Gly Val Lys Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala
110 115 ) 120
Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr
125 i30 135
Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly
140 145 150
Ser Ala Trp Ser His Pro Gln Phe Glu Lys
155 160
<210 17
<211> 178
<212> PRT
<213> artificial sequence
«220>
fﬁ) <221>
o <222> (1)...{178)
<223> Mutein Tlpca
<400> 17 :

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 5 i0 : 15

Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln phe His Gly ﬁys
20 25 3o

Trp Tyr Val Val Gly Leu Ala Gly Asn Cys Ile Val Arg Gln Asp
3s 49 45

Leu Leu Pro Ser Met Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
50 55 60

Asp Lys Ser Tyr Asn Val Thr Ser Val Leu Phe Met Asp Lys Lys
65 ' 70 75

Cys Arg Tyr Tyr Ile Arg Thr Phe Val Pro Gly Ser Gln Pro Gly



<222> (189) <223> anmber stop codon <220> <221> <222> (190) ... (379)
<223> am no acids 217-406 of coat protein plll <400> 20 Met Lys Lys Thr Al a

Ile

Al awd e3/02923 -20 -15 Ala Val Ala Leu Ala Ay Phe A gcthifpoMadioN @ A n

Ala Gdn Asp -10 -5 -1 1 Ser Thr Sew4Asp Leu Ile Pro Ala Pro Prieatei Here

Lys
Trp
Asp

50 55 60 Ser Tyr Asn

Phe Val o Sdr et kb BRD By 4 brs D Erone iR 18 aly Asn 114 Lys

Phe
Ser
Tyr
Arg
Al a
Ay
Cys
Al a
Ay

Val Pro 5 10 15 Lew Gln G n Asn Plee A n Asp Asn GacPhe His Ay Lys

Tyr 20 25 30 Vval Val y Leu Ala Gy Asn Ala Ile Leu Arg G u Asp Lys

35 @ HBEe [y T@‘hvgﬁwﬁtlﬂws AR® THHr G @lqWel@hr Bex Lys G u Asp Lys
Thr Ser Val L*¥8 Phe Arg Lys L%S Lys Cys Asp WO

Tyr Pro Ay Leu Thr Ser Tyr Leu 95 100 105 Val Arg Val Val Ser Thr Asn
Asn vainpid $hAl wysVBér Val MéheThd 36n khh dR20nPhehkyisssLyse Val Ser @ n Asn
Gu Tyr Phe Lys IkesThr Ile 125 130 135 Tyr Ay Args Thr Lys GQu Leu
Ser Qu Leu Lys Qu Asn Phe 140 145 150 Ile Arg Phe Ser Lys -Ser Leu
Leu Proltg lTYAs‘ﬁLYI-I?’%g [The Dyg) Clv 581 PE 9B5CPHdePriy=ValE Pro Ile Asp G n
Ile Asp Gy Ser AMY Trp Ser 170 T78 180 His Pro G Phe Gu Lys Gn

G y B yPl’% }il§e}(rgGPye gey L ySerlgéJ. 1‘3%9 12!5%5PJ.S§ 191%11%3{5 d y Ser. du d y

160 165

Ile val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175

<210> 18 : ':)
<211l> 11

<212> PRT

<213> artifical sequence

<220>
<223> peptide derived from human thrombospondin 1

<220>

«221> MOD_Res

2222> (11}

<223> biotinylation

<400> 18

Arg Phe Tyr Val Val Met Trp Lys Aca Aca Lys
1 5 10

<2105 19 .
«211l> 1231 ’ :)
<212> DNA )
«213> artificial sequence

<220>

'«221> sig peptide
«222> {22)...(84)
<220>

<221> mat_peptide
<222> (85)...(1221)

<223> fusion protein of modified hNGAL, Strethag IT and fragment
of phage coat protein pIII

«220>

<221> CDS

<222> {85)... (618}
«223> mature hNGAL

220>



200
215
230
245
260
275
290
305
320
335
350
365

205 210 du dy Ay Ay Ser u dy

2202

235 240 Ala Met Thr

31443

B3/5@k63d Y Asp Phe Asp Tyr Qu
A u Asn A

p

250 255,y Gy Lys Leu Asp Ser Val

265 240 Ao Y. Bhgy 1 le Ay Asp Val
280 285> Adt&eghgag&y AspnfherAa Gy

295 300 Ay Asp.dy Asp Asn Ser
310<33%> Leu Pro Ser
325<335° @ Ala Ay Lys Pro Tyr

é Arg Ay Val

i

<213> arbpii epal

9 ey ‘PR
Mt Ry To%0R|
370 345, A u Ser V\D 03/ 029463 379 25/41 <210> 21
<221> sig_peptide

sequence <220>
(648) <223> fusion protein of nodified

<221> metzpepisoe.. 42223 (85). ..

Pro
Leu Pro A n Ser
du
Phe

Phe 5er Thr

Ay
Lys
du
Al a
S5er
Ser
Leu
Val
Phe
Al a
Phe

Ay

Met

Asn

Thr

Ay
Asn

Met

Au

Ser

Phe
Al a

Ser Gy
Al a.
Al a
Asp

Leu Al

Ser

Asn
Cys
Ile
Leu
Asn

hNGAL ard2St repad agils 222006 o£20he MBS 32x1( 85)

<400> 158

tctagataacg

gca
Ala

tce
Ser

ckyg
Ley

ctg
val

ccg
Pro

age
Ser

tac

Tyr

acg
Thr

gtc
val

[od o ot
Phe

tac

gtg
val

acc
Thr

cag
Gln

gta
val

caa
Gln

tac

Tyr

tgy
Trp

ctyg
Leu

cga
Arg

aag
Lys

999

gct
Ala

tca
Ser

cag
Gln
20

ggt
Gly
35

aag
Lys
50

aat
Asn
65

ate
Ile
80

ggec
Gly
95

gtg
val
110

ada

Lys
125

aga

agggcazaa a

ctg
Leu
~10

gac
Asp

aac
Asn

cke
Leu

atg
Met

gte
Val

agg
Arg

aac
AsH

gtg
Val

gtk
Val

acc

gct ggce
Ala Gly

ctg atc
Leu Ile

tte cag

Phe Gln

gca ggg
Ala Gly

tat gee
Tyr Ala

acc tcce
Thr Ser

act ttk
Thr Phe

att aag

Ile Lys

agec acc
Ser Thr

tct caa
Ser Gln

d4ag gagq

a

Tyr

Asn
Arg
Asp
Lau
Ile

ASS

GI y Ay Ser Gy
Al a Asn
Leu @'HEEEHW#@p Al a

Ay Abam#tén!l2eos

Lys Ay

a Asn dy Asn Ay
n et Ala dn Val

(618)

atg aaa aag aca gct atc geg att
Met Lys Lys Thr Ala Tle Ala Ile

=21

tte
Phe

cca
Pro

gac
Asg

aat
Asn

ace
Thy

gte
val

gtt

val’

agt
Ser

aac
Asn

aac
Asn

ctyg

-20

got
Ala

geceo
Ala
10

aac
Asn
25

gca
Ala

40

ate
Ile
55

cbg
Leu
70

cea
Pro

85 .

Eac
TyT
100

tac
Tyr
115

agyg
Arg
130

gct

-18

acc gta gecg cag gee cag
Ala Gln Ala Gln

Thr
-5

cea

Pro

caa
Gln

att
Ile

tat
Tyr

ttt
Phe

ggt’

Gly

cck
Pro

aac
Asn

gag
Glu

teg

val

cet
Pro

tteo
Phe

cke
Leu

gag
Glu

agg
Arg

tece
Ser

gga
Gly

cag
Gln

tac
Tyr

gaa

ctg
Leu

cat
His

aga
Axg

ctg
Leu

aaa
Lys

cag
Gln

tta
Leu

cat
His

ttc

Phe

cta

age
Ser

999
Gly

gaa
Glu

aaa
Lys

aag
Lys

cca
Pro

acg
Thr

gct
Alg

aag
Lys

aag

-1

aag
Lys
15

aag
Lys
30

gac
Asp
45

gaa
Glu
&0

aag
Lys
5

ggc
Gly
90

agt
Ser

105

atg
Met
120

att
Tle

1
gte
Val

tag
Trp

aaa
Lys

gac
Asp

tgt
Cys

gag
Glu

tac
Tyr

gtg
Val

acc
Thr

135

gag

aac

gac
Asp

cck
Pro

tat

Tyr

gac
Asp

aag
Lys

gac
Asp

tke
Phe

ctc
Leu

tte
Phe

atce
Ile

tte

45

50

135
180
225
270
315
350

405

495

Phe Arg @ n Tyr
Pro Phe Val Phe
Cys Asp Lys lle
Tyr Val .
Leu Arg
<211> 658

<222> (22)...

Al a Thr
Asn Lys
<212> DNA
(84) <220>



<223> mature hNGAL <220> <221> CDS <222> (619) ... (648) <223> Strep-tag
Il affinity tag <400> 21 PCT/EP02110490 2 March 2006 tctagataac gagggcaaaa

a at

Val
tca
Lau
gac
Adn
ctc
du
gaa
Lys
Ser
tgg
Arg
att
PCT/
Tyr
get
Val

g agm @Pdof3a got atc gcgatt 45 Met Lys Lys Thr Al gdidgidhfad! e -21
-15 gca gtg get ctg got ggc ttezugot acc gta gcg cag gcc cagagas 900sAl a
Al a dyauchy ard yhoPbes Alla Jdr aMalsecAlAauGdn Ara dBunadspre 10 -5 -1 1 tee acc
gac ctg ata@4eca gcc cca cotiefg agc aag gtc et 135 Ser Thr Ser Asp
Ile Pro Ala Pro Pro Lau Ser Lys Val-Pro 5 10 15 ctg cag cag aac ttc cag
aac ¥&acg% ¢t€a ‘:gg d"&? I%g%%tctigﬁt 93U 2TF Fag AEASHC PR&5 A n Asp Asn
Phe &8 ¢ SEy ST %:ﬂ? ??’ 36° T GtalFycict e Heat ggg sat gea att
aga gaa gac aaa gac 225 Va al Gy Lau Al a y Asn Ala Ile Leu Arg
ASp deySchsRtdcA0athy faelcfBg2R8c a8 ¢ af@%c%CEggaE@ctéﬁo gag ctg aaa
gac magr2d ¥alPr:@ & dsysciMetysltic A=g diy sttt e1lyfrfGssr Lau Lys G u Asp
50 55 60 agegotac sat gtc act7¢o00 gtc ctg tttieagg aaa aag sagtgt gac 315
Tyr Asn Val Thr Ser Val Lau Phe Arg Lys Lys Lys Cys Asp-65 70 75 tac
at c |Ggeatcagt ftegera Gea ggt 91%069¢ &g C cias ng_:egéggﬁtt gI86675S Tyr Trp lle
Thr BRePIACLPr e ir duF “nAijr e RiaMe R ¥ 8% 6§ acg ctg ggc aac
aag agt t ac®ect gga tta acgla{)gt tac ctc 4050 03/ (129463
EPozf_/choiagg%@/ e beike Gyt 458 ek Sgdey 50 SQc Tyde BLO Ghy Leu Thr Ser
Leu 3 Qi% b@iéi%%@%%l é?ﬁ@araiﬁ g ;g%%geg%cge@ac tac aac cag cat
atg gtg tt@ed50 Val Arg Vakosval Ser Thr Asmaéyr Asn Gn His Ala Mt
Phe
gag agt gge gge tek gag gga gge ggt tec ggt ggt gge tet ggb 765
Glu Gly Gly Gly Ser Glu Gly Gly CGly Ser Gly Gly Gly Ser Gly
215 220 228 ‘i)

tece ggt gat ttt gat tat gaa aag atyg gca aac gct aat aag ggg 810
Ser Gly Asp Phe Asp Tyr Glu Lys Met Ala Asn Ala Asn Lys Gly
230 235 240

get aktg acc gaa aat goc gat gaa aac geg cta cag tct gac gect 855
Ala Met Thr Glu Asn Ala Asp Glu Asn Ala Leu Gln Ser Asp Ala
245 250 255

aaa'ggc aaa ctt gat tct gte gct ack gat tac ggt-gqt get ate, 500
Lys Gly Lys Deu Asp Ser Val Ala Thrx Asp Tyr Gly Ala Ala Ile
260 265 270

gat ggt tte att ggt gac gkttt tec gge ctt get aat ggt aat ggt 245
Asp Gly Phe Ile Gly Asp Val Ser Gly Leu Ala Asn Gly Asn Gly
275 © 280 285

get act ggt gat ttt get gge tet aat tee caa atg get caa gte 550
Ala Thr Gly Asp Phe Ala Gly Ser Asn Ser Gln Met Ala Gln Val
250 295 300

ggt gac ggt gat aat teca cct tta atg aat azat ttc egt caa tat 1035
Gly Asp Gly Asp Asn Ser Pro Leu Met Asn Asn Phe Arg Gln Tyr
305 310 315

tta cct btee eote cot caa teg gtt gaa tgt cge cet ttt gtc tkk 1080
Leu Pro Ser Leu Pro Gln Ser Val Glu Cys Arg Pro Phe Val Phe
320 325 o i3o

ggc get ggt aaa cca tat gaa ttt Ect att gat tgt gac asa ata 1125
Gly Ala Gly Lys Pro Tyr Glu Phe Ser Ile Asp Cys Asp Lys Ile
335 340 3%5

aac tta tbc cgk ggt gte tEk geg ttt ckt tta tat gtt gee ace 1170
Asn Lieu Phe Arg Gly Val Phe Ala Phe Leu Leu Tyr Val Ala Thr
350 355 360

ttt atg tat gta ttt tct acg ttt get aac ata ctg cgt aat aag 1215
Phe Met Tyr Val Phe Ser Thr Phe Ala Asn Ile Leu Arg Asn Lys
365 270 375



110
Phe
ggg
Thr
tcc
Ser
cag
I'le
Hi s

115 120 ttt aag aaa
Ly swoys/(¥is3 Ser G n
aga acc aag gag ctg
Lysgéd wdkethathhgSar
aaaclwtseet g ggc etc
Leu A y¥72eu Pro Qu
tgt ate gac ggc age
Asp Gloy ger Ala Trp
Pr o<ﬁ E\g G u Lys

gtt tot caa aac agg gag tac ttc aag att ace atc 495
Asn Arg Qu Tyr Phe Lys Ile Thr 0 135 tac
cot tcg gagsgta aag gag aac ttc %P@%& y Arg
Gu lieu Lys Gu Asn Phe 140 145 1§9321amer@gczo@g
cct gaa aac cac ate gtc 585 I1le Arg Phe Ser Lys
Asn H's Ile Val 155 160 165 ttc cot gtc cca atc gac
get tgg tcc 630 Phe Pro Val Pro Ile Asp G.n Cys
Ser 170 175 180 cac cog cag ttc gaa aaa taataagctt
185 <210> 22 <211> 209 .212> PRT <213> artificial

sequenceg, %Zzéﬁ <221> SIGNAL <222> (-21)... (-1) <220> <221> CHAIN <222>

(188), g2 chasiQRudd-at ei n of nodifi ed hNGAL and Strep-tag Il <220>
<221> <222> (1)...(178) <223> mature nodi fied hNGAL <220>. <221> <222>

(1).

(179)

. 220>188) <223> Strep-tag Il affinity tag <400> 22 Met Lys Lys Thr

Al a IIe<2N34> BI@NAL- 21 -20 -15 Ala Val Ala Leu Ala Ay Phe Ala Thr Vval Ala-
An Al as@% Aspt)--16-)5 -1.. 1 658

kf

<220>
<221> CHAIN
«222> (1}...(379)

<223> fu51on protein of modified hWGAL, Strep- tag IT and E£ragment
of phage coat protein pIII

<220>
<221>
«222> (1}...{178)

<223> mature modified hNGAL

<220>
<221>
«222> {179)...{188)

<223> Strep-tag II affinity tag

<220
<221
«222> (189)

<223> amber stop codon

<220>
<221>
<222> (190}...(379)

<223> amino acids 217-406 of coat protein pIII

<4Q00> 20
Met Lys Lys Thr Ala
-21 -20

Ala Val Ala Leu 2la
-10

Ser Thr Ser Asp Leu
5

Leu Gln Gln Asn Phe
20

val val Gly Leu ala
is

Pro Gln Lys Met Tyr
50

Ser Tyr Asn Val Thr

Ile ala Ile
-15

Gly Phe Ala Thr Val Ala Gln Ala @ln Asp
-5 -1 1

Ile Pro Ala Pro Pro Leu Ser Lys Val Pro
10 15

Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
25 30

Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp
40 45

Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys
55 60

Ser Val Leu Phe Arg Lys Lys Lys Cys Asp




Set Thr Ser Asp Leu Ile Pro Ala Pro Pro lieu Ser Lys Val Pro 5 10 15 WO
03/ 029463 PCTI EP02110490 27/41 2 March 2006 Leu G n A n Asn Phe Gn Asp
Asn G nMhBEH63G y Lys Trp Tyr 20 25 30 Val Val Gy L&CTAPA/@Y Asn Al a
lle Leu Arg Gu Asp Lys Asp 35 40244 Ppro A n Lys Met Tyr Al & MardH e0ha
Gn Leu Lys Au®Bsp Lys 50 55 60° Ser Tyr Asn Val’5. Thr Ser Val' Leu Phe Arg
Lys Lys S Asp.__ - 0 75 Ty e Arg. T P | Pro Ay Ser @n
Pro Gy %X’UT 2:;28%9;82535013%%%1'_%@ éﬁg éﬁ%n‘;ﬁ er?_;;’%gs‘gfu ¥§? Pro Gy Leu Thr
Ser Tyr Leu 95 100 105 Vval Arg Val Val Ser Thr Asn Tyr Asn An H s Al a Mt
Val Phe Thi10ed H8y120 1Rhaykysrl ye: Vadb Seridd nnAsarArg o Tyr Phe Lys Ile
Thr Ile 125 130°335 Tyr Gy Argdrhr Lys A u LeuoFhr Ser Qu Leu Lys Gu
Asn Phe 140 145 150 Ile Arg Phe Ser Lys Ser Len Gy Leu Pro G u Asn His
Il e Val Vai5%r91§q11\6% SBhePPrFaVa~ PFD Gﬁr/‘flel{lﬁsbl%;“ﬁtopaé Phe Asp Gy Ser Ala
Trp Ser 170 1757180 His Pro G n*Phe Qu Lys 18322210> 23 <211> 534 <212>
DNA <21 afdd FLEI C (1)...(534) <223>

mut ei n %E$£ §<£§g>@213§%§gggg%nt%g?gogé%ﬁ?%;ﬁgegg%cégfa & %%ea gee cca cct ctg
agc aag 45 dn Asp Set Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys 1 5

10 i 5 Tyr Gly Arg Thr Lys Glu Leu Ala Ser Glu Leu Lys Glu Asn Phe
140 145 150

Ile Arg Phe Ser Lys Sexr Leu Gly Leu Pro Glu Asn His Ile val
155 160 165

Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly Ser Ala Trp Ser
170 175 180

His Pro Gln Phe Glu Lys Gln Ala Gly Gly Gly Ser Gly Gly Gly
185 190 ’ 1385

Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser
200 205 210

Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Gly Gly Gly Ser Gly
215 220 225

Ser Gly Asp Phe Asp Tyr Glu Lys Met Ala Asm Ala Asn Lys Gly
230 235 240

Ala Met Thr Glu Asn Ala Asp Glu Asn Ala Leu Gln Ser Asp Ala
245 250 255

Lys Gly Lys Leu Asp Ser Val Ala Thr Asp Tyr Gly Ala Ala Ile
260 265 270

Asp Gly Phe Ile Gly Asp Val Ser Gly Leu Ala Asn Gly Asn Gly
275 280 285 )

Ala Thr Gly Asp Phe Ala Gly Ser Asn Ser Gln Met Ala Gln Val
290 295 300

Gly Asp.Gly Asp Asn Ser Pro Leu Met Asn Asn Phe Arg Gln Tyr
308 - 310 315

. Leu Pro Ser Leu Pro Gln Ser Val Glu Cys Arg Pro Phe Val Phe
320 325 330

Gly Ala Gly Lys Pro Tyr Glu Phe Ser Ile Asp Cys Asp Lys Ile
335 340 345

Asn Leu Phe Arg Gly Val Phe Ala Phe Leu Leu Tyr Val Rla Thr
350 355 380

Phe Met Tyr Val Phe Ser Thr Phe Ala Asn Ile Leu Arg Asn Lys
365 370 378

glu Ser




gtc cct ctg cag cag aac ttc cag gac aac caa ttc cag ggg aag 90 Val Pro Leu

A n d nweas/@b&3d n Asp Asn @ n Phe A n Gy Lys 20 25 30?(621??0%@{1 ctg gta
ggt ctc gca ggg sat ggg att acg agasgat gac 135 Trp Tyr 9931y Leu

Ala Gy Asm@y Ile Thr Arg Tyr Asp WD 03/029463 PCT/ EP02/ 104D M8 12 0 63D
40 45 2 March 2006 cgg ctg ccg tct gtg atg tat gcc acc atc tat gag ctg aaa
gaa 180 Arg Leu Pro Ser Vval Met Tyr Ala Thr Ile Tyr Qu Leu Lys Qu 50 55

60 gac & 0%1 tac aat gtc acc tcc gtc gat ttt tgg get aag aag 225 Asp Lys
Ser Tyr y B Thr Ser Vval Asp Phe Trp Ala Lys Lys 65 70 75 tgt aat tac
aag atcgaggg> l%}glagtgeq%ggceggt tcc cag cca ggc 270 Cys Asn Tyr Lys lle

Arg Thr Phe Va Pro G@n Pro dy 80 85 90 gag ttc acg ctg ggc aac
att aag<apd-=tac gat ctg ett acg agt 315 du Phe Thr Leu Gy Asn Ile Lys
Ser Tyr <Rew Glig_spepidéar Ser 95 100 105 ttc ctc gtc cgs gtg gtg ago acc aac
tac aac <83y dae) get(8atg 360 Phe Leu Val Arg Val Val Ser Thr Asn Tyr Asn
A@n Hs Ala Met 110 115 120 gtg ttc ttt aag ccg gtt ggg ggg aac att gag tgg
ttc aag > 40 VI Phe Phe Lys Pro Val Ay Ay Asn Ile Qu Trp Phe Lys
Ile 125 g—Pa C tac ggg aga acc aag gag ctg cct tcg gaa cta aag gag
450 Th e I u,the Ser Qu Leu Lys Gu 140 145
150 aacQ%%c gtaé{%ng(%y?%g‘t%fg mgg%étegﬁf:étﬁ i Ebte & éaa aac cac 495 Asn
Phe Il e<fog Phe Ser Lys Ser Leu Ay Leu Pro A u Asn Hi s 155 160 165 atc gtc
ttc cct<gdle €A atc gac cag tgt atc gac ggc 534 1Ile Val Phe Pro Val Pro
lle Asp<&2r C§S) |- é68p Gy 170 175 <210> 24 <211> 178 <212> PRT <213>
arti f| c 41> >s Btigfc BNGAL

-

- ) «220>
- <221> CDS
<222> (619)...(648)
<223> Strep-tag II affinity tag

<400> 21
tctagataac gagggcaaaa a atg aaa aag aca gct ate geg: att 45
Met Lys Lys Thr Ala Ile Ala Ile

-21 -20 -15

gca gty get ctg gect gge tte get ace gta gog cag gee cag gac 90 -
Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Gln ASp
. -10 -5 -1 L

tec ace tca gac ckg ate coca goc cca cck ctg agc aag gke cct 135
Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys val Pro
5 10 15

) ctg cag cag aac ttc cag gac aac caa ttc cag ggg aag tgg tat 180
JJ) Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
20 25 30

ctg gta ggk cbc geca ggg aat gea ath cte aga gaa gac aaa gac 225
Val Val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp
35 40 i 45

ccg caa aag atg tat gcec ace atc tat gag ctg aaa gaa gac aag 270
Pro Gln Lys Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys
50 55 60

agc tac aat gtc acc tec gte ctg ttt agyg aza aayg zag tgt gac 315
Ser r Asn Val Thr Ser val Leu Phe Arg Lys Lys Lys Cys Asp
65 70 75

tac tgg atcragg act ttt gttt cca ggt tece cag cea gge gag tte 360
Tyr Trp Ile Arg Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe
BO 85 : 90

acg ctg ggc aac att aag agt tac cct gga tta acg agt tac cte 4ag0s




<220> <221> <222> (1)...(178) <223> nutein RFY-B <400> 24 A n Asp Ser Thr
Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys 1 5 10 15 WD 03/029463 29/41
PCT/ EPO¥d.631@0469al Pro Leu G n A n Asn Phe A n Asp Asn @cr/eEthentd@dn Ay Lys
20 25 30 Trp Tyr Val Val Gy lieu A1 Ay Asn Ay Ile Thr Arg NgrcAspo0og5
40 45 Armgrlsin Bry sSer iMalyd/bier Tivr At@ GThrbeul cheper Gy tssu Lys A u 50 55 60
Asp Lys Ser Tyrs#sn Val Thr Serl0¥al Asp Phe Trplﬂéa Lys Lys 65. 70 75 Cys
Asn Tyr Lys lle Ar Thr Phe Val Pro G§§ Ser 80 85 90 G u Phe

ro

Thr Leu HFy°KshY is? rtaL %ﬁ a 9“‘—’-‘9%?10‘%)50105 Phe Leu
Val Arg“\?élAr\?aFa%VI’alT% : &fi hﬁ aihBt 110115 120 Val Phe
Phe Lys Pro Va y Ay Asn IIe Glu Trp Phe Lys IIe 125 130 135 Thr Ile

Tyr Ay ARG bad e G et bed sEhraggesaddtue| iteUady arBdec 440 495 150 Asn Phe
Il e Arg fRher,Sekyd e 1Sedr ket KshyadcealPrrgr Gie D Ihk SThi5Hel60 165 11e Val Phe
Pro Val Pro Ile2fAsp @ n Cys Iletsasp Gy 170 1733x210> 25 <211> 534 <212>
DNA <213> artificial <220> <221> CDS <222> (1). (5342 sequence <223>
mut ei n RRY-I@g aga acc aaq dgag ctg cct teg gaa cta aag gag aac tte 540

Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu Asn Fhe

140 145 150

atc cgc ttc tcc aaa tet ctg gge cte cct gaa aac cac atc gke 585
Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile Val
155 160 . 165

tte ceot gte cca atc gac cag tgt atc gac ggc agc gckt tgg kce 630
the Pro Val Pro Ile Asp Gln Cys Ile Asp Gly Ser Ala Trp Ser
170 175 180 : ,t) )

cac ccg cag ttc gaa aaa taataagctt 658
His Pro Gln Phe Glu Lys
185

<210> 22

<211l 209

<212> PRT

<213> artificial seguence

<220>
<221> SIGNAL
«222> (-21}...¢{-1})

<220>

<221> CHAIN

<222> (1}...{188)

«223> fusion protein of modified hNGAL and Strep-tag II

<2205 - )

<221>
<222> (1)...(178) _
<223> mature modified hNGAL

<2205

<221>

<222> (179)...({188)

«223> Strep-tag II affinity tag

<400> 22

Met Lys Lys Thr Ala Ile Ala Ile
-21 -20 -15

Ala Val Ala Lieu Ala Gly Phe Ala Thr Val Ala Gin Ala Gln Asp
-10 -5 -1 1

Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val‘Pro
5 10 15



- <400> 25 cag gac tcc acc tca gac ctg atc cca gcc cca cct ctg agc aag 45
A n AspwoAr: 5er Asp Leu Ile Pro Ala Pro Pro Leu Ser 5 10 15 gtc
cct ctg caé“%ggsaac ttc cag gac aagy é?a ttc cag ggg aagégﬁ%éiﬂm#Wo Leu A n
G@n Asn Phe A n Asp Asn G n Phe Gn y Lys 20 25 30 tgg tat xtargha 2006
ctC gcargg@1aaéidadn e SRl 229%hsGl @088 538 cilf Ey X ng val ‘dy Leu Ala
Gy Asn Ay IleoH s Arg Lea Aspz85 40 45 2 Marc 08 aat gtt cog cct aat
atg tat gcc acc atc tat gag ctg aaa gaa 180 WO 03/029463 PCT/EP02/10490
30/ 41 2Vakiveh $2Q0EeWngriaVély Pso APrOTlAs heVBrg Tohu Abm r¥bradg e Tyr A u Leu Lys
Gu 50 55 60 jﬁc aag ago tac aé? gtc acc tcc gt&s gat ttt ctt atg aag aag
225 Asp L g g E iy g Phe Leu Met Lys Lys 65 70 75
tgt cog tao ?t Y £ a8 %at 1f“tt t'{ylc(é é@'t‘ Ityéc §sB&sggc 270 Cys Pro
Tyr Phe IIe Arg Thr The Val Pro‘ y Ser Gn Pro y 80 85 90 gag ttc acg
Ctg ggCsemgyaldsnaog agl $ACvECAel dheChty @ g %g,t Al Bys Phe Thr. Leu Gy
Asn |l e Lys SerssTyr Pro Phe Leuzdhr Ser 100 gt Lte gtc cgs gtg gtg
agc acc aac tac aac cag cat get atg 360 Phe Leu VaI Arg Val Val Ser Thr
Asn TyrT¥sAxEE fleHhxg Ahy et VAl Grd B y194 @iy HrbcGlvt tlaageaat gtt cct agg aac
tat gag gag tt@Oaag att 405 VaP5Phe Phe Lys Asm®®val Pro Arg Asn Tyr Gu

G u Phe_L 5 0 135 ace, atc t a acc aag gag ctg cct tcg gaa
cta aagTth)e/l%e é;& ]%1 ﬁ?ewfy?e Krrﬁ ﬁalﬁ'rg%gs't‘h% rLEEF'Fﬁ’i" Ser du Leu Lys
A u 140 145 150 aac ttc atc cgcC ?tc tcc aaa tct ctg ggc ctc cct gaa aac cac
495  AsweiPheg Iva@ g sPhernSefisd ¥r 386 deun hikawkPy9r Gpy Asn His 155 160

165 atc gtc ttwmocct gtc cca ateigac cag tgt atcigac ggc 534 1le Val Phe

JPro Val Prolle Asp An Cys Ile Asp Ay 170 175
Phe Lys Lys Val Ser Glm Asn Arg Glu Tyr Phe Lys Ile Thr Ile
- _1 25 130 135
Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu Asn Phe
140 145 150

Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile val
155 160 165

Phe Pro Val Pro Ile Asp Gin Cys Ile Asp-Gly Ser Ala Trp Ser
170 175 ’ 180

His Pro Gln Phe Glu Lys
i85

<210> 23

<211> 534

<212> DNA

<213> artificial sequence

_r

<220>

<221> CDS

<222> (1)...(534)
<223> mutein RFY-B

<400 23

cag gac tcec ace teca gac ctg atc cca geoec cca cet ckg age aag 45
Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 5 10 15

gte cect ctg cag cag aac ttec cag gac aac caa tte cag ggg aag 90
Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys
20 25 30

tgg tat ctg gta ggkt cte gea ggy aat ggg att acg aga takbt gac 135
Txrp Tyr Val Val Gly Leu Ala Gly Asn Gly Ile Thr Arg Tyr Asp




<210> 26 <211> 178 <212> PRT <213> artificial sequence <220> <221>

<222> (1)...(178) <223> mutein RFY-C <400> 26 @ n Asp Ser Thr Ser Asp Leu
Il e Prowaloaok¥ies Pro Leu Ser Lys 1 5 10 15 Val Pro Leu &ttve@dmoy The A n
Asp Asn An The Gn Ay Lys 20 252880 Trp Tyr Val Val Gy Leu M¥ar3daoksn
Ay lle Hs Arg Leu Asp WD 03/ 029463 RGTf EP02110490 34541 35 40 45 2 March
2006 Asn Val Pro Pro Asn Met Tyr Ala Thr Ile Tyr Qu Leu Lys Gu 50 55 60
Asp Lys Ser Tyr Asn Val Thr Ser Val Asp Phe Leu Met Lys Lys 65 70 75 Cys
Pro Tyrcﬁétﬁl‘"éngFg’f'ﬁ’f %t%ECPri_gc WP &af ?nc'ﬁ 833393283885 90 G u Phe
Thr Led™d yeRASHA FEX 14 g Ny Ty AL T PHE £ET OFHrPBefYs §54100 105 Phe Leu Val
Arg Val Vval Ser Thr Asn Tyr Asn An H's Ala Met 110 1 £ 120 Vval Phe Phe
Lys Asn Val Pro Arg Asn Tyr Gu G u Phe Lys Ile 125 130 135 Thr Ile Tyr
Gy Arg Thr Lys Gu Leu Thr Ser Gu Leu Lys Gu 140 145 150 Asn Phe Ile
Ar g PhegfemragysgcSedc lsey dloyadeticPrgac@ar Abh tdosgetlbdy 360 @5 |1 e Val Phe
‘Pro Val 24 v |=rASpr @sn GisThy éeat\s‘blégv PRG Frp78la<PRORy27 <211> 534 <212>
DNA <213> artificial $Equence <220> <221> CDS 75

tgt aat tac aag atc agg act ttt gtt cca ggt tecec cag cca gge 270
Cys Asn Tyr Lys Ile Arg Thr Phe Val Pro Gly Ser @ln Pro Gly
80 : 85 90

gag tte acg ctyg gge aac att aag agt tac gat ctg ctk acg agt 315
@Glu Phe Thr Leu Gly Asn Ile Lys Ser Tyr Leu Gly Leu Thr Ser
a5 lo¢ 105 ,i)

ttec ctc gte cga gtg gtg age acce aac tac aac cag.cat gct atg 360
Phe Leu Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met
110 115 120

gkg tte ttt aag ceg gtt ggg ggg aac att gag tgg tte aag att 405
val Phe Phe Lys Pro Val Gly Gly Asn Ile Glu Trxp Phe Lys Ile
125 ‘ 130 1358

acc ate tac ggg aga acc aag gag ctg cct teg gaa cta aag gag 450
Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu
140 14s 150

aac ttec ate ecge the tco aaa tect cbtg gue ctc cok gaa aac cac 495
Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His
155 160 1658

\J

atc gkc tke cct gte cca atc gac cag tgt atc gac gge 534
Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175

<210> 24

<21l1> 178

<2125 PRT

<213> artificial sequence

<220>

<221>

«222» (1) ...(178)
«223> mutein RFY-B

<400=> 24

Gln Asp Ser Thr Ser BRsp Leu Ile Pro Rla Pro Pro Leu Ser Lys
1 s .10 15




<222> (1)...(534) <223> nutein RFY-E <400> 27 cag gac tcc acc tca gac ctg

atc
Pro
ttc
Lys
135
acg
Pro

ccay@as/neQes cct ctg agc sag 45 G n Asp Ser Thr Ser ASEBLGU Ile Pro Al a

Pro Leu Ser Lys 1 5 10 15 gtc ggl, ctg cag cag aac t PETERBYY4Y aac caa
q n. Asp Asn & MaPbe B06d y

Ca%y498,-833,9%h ¥al, Lrople n @gn Phe G
20 25 30 tgg tat Q@gsét%ﬁeggflgc%g o) B 5§ d¥E acg age gtt gac
Trp Tyr Val Val Gy Leu Ala Ay Asn Ay Ile Thr AP@ Val Asp 35 40 45

Ct Frpcyt ORICE] 8ly LeAtAIC GlACELAE T, had 108 gy2a3,9as 180 Thr Leu
Ser Arg Met Tyr AB&a Thr Ile Tyr Ga4p Leu Lys n 50435 60 WO 03/029463

PCT/ EP22/ 10490 32/41 March 2006 ac aag agc tac aat gtc acc tcc gtc cct

ttt
Lys
ggc

90 gag ttc acg ctg gges aac att aag agt,gtac a

Thr
cgs
Val
cat
Pro
t og
Leu
aac
155
Val

)

e

at ¢ §gtehage o4 5?5 MBE priy 81 &ehhrTi4e Reh OYul LethiysSeduVal Pro The Met dy
Lys 65 70 75 tgt %ag tac aag atc 5a'f"gg act ttt gtt €Ba ggt tcc cag cca
27Q¢ ¥ r I he Val _Prq Gy Ser Gn Pro Gy 80 85
p Qs b¥S TN aly ¥al |8, 68 T sp._ DHE Ttralﬁétgz.%atr_.g cg agt 315 Qu Phe
Leu Ay Asn Ile Lys Ser Tyr Net Ser Asn Thr Ser 95°100 105 ttc ctc gtc
gt FrgtAprager doe aBC AlQCrhaashe 39l CAb @8f sat Un3bfo B Leu Val Arg Val
Ser Thr Asn Tyr A Gn Hs Ala Mats 110 115 120 gtgottc ttt aag cag gtt
aa% aac cct gag tct ttc aagatt 405 Val The Phe Lys Gn Val H's Lys Asn
a GreetephRr I fherengleshys §5¢ fiye baw Sludeggfrager acc aag gag ctg cct
gaa cta aag gag 450 Thr Ile Tyr ¥ Arg Thr Lys &% Leu Thr Ser Qu
Ly endd gbuldSn 0 t tc tcc.a tct ctg ggc ctc cct gaa
cac 495 Asn%ﬁefﬂl ggﬁrc‘ss&T e:La grr1 ] %sﬁ e?iig{ﬁs% F%J Pro Gu Asn His
160 165 atc gtc ttc cct gtc cca atc gac cag t9t atc gac ggc 534 lle

Ph¥aPraheVake Prye Pioevdls gl@ ¢l psn Ille ASPTE Phd As175
125 130 135

Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Iiys Glu
140 145 150

Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Agn His
155 160 165

Ile Val Phe Pro val Pro Ile Asp Gln Cys Ile Asp Gly
: 170 ' 175 '

<210 25

<211l> 534

<212> DNA

<213> artificial sequence

<220>
<221> CDS
<222> {1}...(534)

<223> mutein RFY-C
<400> 25
cag gac tec acc tea gac ckg atc cca gee ¢ca cct ctg age aag 45
Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 5 10 15
gte cct ctg cag cag aac ttc cag gac aac caa tte cag ggg aag 90

Val Pro Leu Gln Gln Asn Phe Glmn Asp Asn Gln Phe Gln Gly Lys
20 25 30

tgg tat ctg gta ggt cte gea ggg aat ggg att cat aga ctg gac 135
Trp Tyr Val Val Gly Leu Ala Gly Asn Gly Ile His Arg Leu Asp
35 20 45

aat gtt ceg cct aat atg tat gce acec atc tat gag ctg aaa gaa 180



<210> 28 <211> 178 <212> PRT <213> artificial sequence <220> <221>
<222> (1)...(178) <223> mutein RFY-E <400> 28 A n Asp Ser Thr Ser Asp Leu
Ile Pr qvél(,gmf?j_;@z, Pro Leu Ser Lys 1 5 10 15 Val Pro Leugﬁz }ﬁ%n The G n
Asp Asn G n The Gn Ay Lys 20 25pa9 Trp Tyr Val Val Eeug H vodsn
Gy Il 0. I Lh sg@,ypt Tyr ‘Ala Thr Ile
Tyr QSEh{}afpg"\é@u MMQ§5E€% %8%?5&54% ey 31:}5 4166P02/ 10410 Asp Lys
Ser Tyr Asn VaI Thr Ser Val Pro Phe Met Ay Lys Lys 2 March 2006 65 70 75
Cys Lys Tyr Lys Ile Arg Thr Phe Val Pro Ay Ser Gn Pro dy 80 85 90 Gu
The Thr Leu Ay Asn Ile Lys Ser Ty r NEt Ser Asn Thr Ser 95 100 105 Phe Leu
Val ArgaVafaa/a%Bcséc ﬁﬁgﬁnﬁ yEeng g iﬂq ¢ %F/eg Eifb t1% 120 val Phe
Phe Ly®e® WVEerHe P 3°d A 130 135 Thr lle .
Tyr Ay Arg Thr Lys u Leu Thr Ser GI u Leu Lys Gu 140 145 150 Asn Phe
Ile Arg Phe Ser Lys Ser lieu Gy Leu Pro Gu Asn H's 155 160 165 Il e Val
Phe Prag¥akednacl t AsP ablh acEystd ket Asp ddty ted Hagld 92403709 <211> 77
<212> PRE 213> Pthenule Arg Thr Phe Val Pro Gly Ser Gln Pro Gly

80 85 90

gag tte acg ctg ggc aac att aag agt tac cecg ttt ctt acg agt 315
Glu Phe Thr Leu Gly Asn Ile Lys Ser Tyr Pro Phe Leu Thr Ser
95 100 : 105

ttc cte gte cga gtg gtg agec ace aac tac aac cag cat gct atg 360
Phe Leu Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met ”)
110 115 120

gtg ttec ttt aag aat gtt cect agg aac tat gag gag tte aag att 405
val Phe Phe Lys Asn Val Pro Arg Asn Tyr Glu Glu Phe Lys Ile
) 125 130 135

acc aktc tac ggg aga acc aag gag ctyg cct tcg gaa cka aag gag 450
Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu
140 - 145 150

aac tte ate cge tke tcc aaa kot ctg gge ctc cct gaa aac cac 495
Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His
15% 160 165

atec gte ttc cct gte cca ate gac cag tgt atc gac gge 534
Tle Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175

"

<210> 26

<211> 178

<212> PRT

<213> artificial seguence

<220>

<221>

<2232> (1)...(178)
<223> mutein RFY-C

<400> 26

Gln Asp Ser Thr Ser Asp DLeu Ile Pro nla Pro Pro Leu Ser Lys
1 5 10 15

Val DPro Leu Gla Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys
20 25 30

Trp Tyr Val Val Gly Leu Ala Gly Asn Gly Ile His Arg Leu Asp




<220> <221> <222> (1)(77) <223> reconbi nant human interleukin-8 <400> 29
Al a Valwbesfdugs Arg Ser Ala Lys Gu Leu Arg Cys G n WSPHQ{% %é 5 10 15 Lys
Thr Tyr Ser Lys Pro Phe H's Pro Lyg,fhe Ile Lys Gu Leu PaiE104 Arg Val
Ile Gu Ser Ay Pro Hgs Cys Ala Asn Thr Gu lle Ile 35 40 45 \erdysddeu
Ser Asp Ay Arg GQu °éu Cys Len Asp Pro Lys Gu 50 55 B0 Asn Trp Val A n
Ar g ValacMalziGpbo Lot AReubehyley 81 A8 A1 flc1 024 Onykdafign Ser 77 <210> 30
<211> 534 <212> DNAse213> artifical sequence <220> <ggl1> CDS WO 03/029463
<222> (1)...(534) <223> nutein N4 34/41 PCTI EP02/ 10490 2 March 2006 <400>
30 cag gactycenyriica %Ak TargsSet FatdaPglhe ben MebtIuwst §yagec aag45 A n Asp
Ser Thr Ser Asp Leu I9% Pro Ala Pro Pr'§ Leu Ser Lys 1 351015 gtc cct ctg

cag cag,aac ttc c.aac, ca c.ca OVaI ro Leu Gn Gn Asn
Phe d %yﬂs r°A§rﬁré%% ]gls A rc?h &1%31%%2%%%63? 28 8% gta ggt-cte gea

ggg sat gat att tat aga gcg ga0135 Ti p Tyr Val Val Ay Leu Ala Ay Asn Asp

IT'e Tyrgidl sheflrRr ASR A Abh 42et £s 5k €60pB0bnd tu BhJstat gcc acc atc tat
gag ctg aaa gaal80 Sews Leu Pro Ay LewoMet Tyr Ala Thaosle Tyr GQu Leu Lys
Au
Fhe Leu Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met
110 115 120

Val Phe Phe Lys Asn Val Pro Arg Asn Tyr Glu Glu Phe Lys Ile
125 130 ' 135

Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu
> 140 145 150

Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly lLeu Pro Glu Asn His
155 160 165

Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175

. <210> 27
«<211> 534
<212> DNA
«213> artificial sequence

<220>

<221> CDS

<223> (1)...(534)
«223> mutein RFY-E

<400> 27

R:) cag gac tcc acc tca gac ctg atc ceca gee cca cch ctg agc aag 45
Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys

gtc cck ctg cag cag aac ttc cay gaé aac caa tte cag ggg ‘aag 90,
Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys ’
20 25 30

tgg tat ctg gta ggt ctc gca ggg aat ggy att acg aga gtk gac - 135
Trp Tyr Val val Gly Leu Ala Gly Asn Gly Ile Thr Arg Val Asp
35 40 45

. acg ctg ccg tet cgg dtg tat gec acc atc tat gag ckg aaa gaa 1890
Thr Leu Pro Ser Arg Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
50 55 60



50 55 60 gac aag agc tac sat gtc acc tcc gtc gtt ttt tat gat aag aag225 Asp

Lys
tac
Arg
att
Tyr
aac
Al a
aag
130
Ile
ttc
Phe
cca
Ile
31

mat

Ser Tyr Asn Val Thr Ser Val Val Phe Tyr Asp Lys Lys 65 70 75 tgt gtt
t cowdlgragg@s act ttt gtt cca ggt tcc cag cca ggc270 e¥$/x gg,m]'% Ser lle
Thr Phe Val Pro Gy Ser An Prey@dy 80 85 90 gag ttc acg<ciigreiycaas
aaggﬁ:ghag/ Gcoed get @tladc8cadtdlt@it Bhe dhradcenadd w2hsn Il e Lys Ser
A upH ayVakr Thrr Ses v@d M00sdO5al tirockle gbt @galygt gvgt g agc acc aac tac
cag cat get atg36esPhe Leu Val Argoval Val Ser Thr7Asn Tyr Asn G n His
Met 110 115 120 gtg ttc ttt aag gat gtt agg ccg aac agt gag gag ttc
att 405 VaI ‘Phe Phe L Va Arc%aPrq: tcc C% e he Lys Ile 125

135°%c &2 cT%a(cgg é@ %iﬂ cta aag gag450 Thr
Tyrc)@ tT@’ @ aﬂﬁfeu n Leu Lys Ggg 140 145 150 aac

atc cgc ttc tcc aaa tct ctg ggc ctc cct gaa aac cac495 Asn Phe Ile Arg
Ser Lys Ser Leu Ay Leu Pro Qu Asn His 155 160 165 atc gtc ttc cct gtc
at cgfipeceagat g ghc agacaiggedadhst| @cVatls Phe PtoaddlagPr 31Fl e Asp A n Cys

AspGTE Ph¥\@h@ 10§16 2sRCIVEPDD/SEET NG5 A8 MFPOTH7SeP March 2006 <210>
<211> 522 <212> BNA <213> artifit¥%l sequence <2282 . <221>

_peptide <222> (4)...(513) <223> fusion protein of turmr necrosi s factor

a and ar:t];r_lz Q*.ltg: ygtgagga<%@g>gtg< %cc.cqgc tac aac cag cat gct atg 360

Phe Leu Val Arg Val Val Sexr Thr Asn Tyr Asn Gln His Ala Met
110 115 : 120

gtg tte ttk aag cag gtt cat aag aac cet gag tet tte aag-att 405
Val Phe Phe Lys Gln Val His Lys Asn Pro Glu Ser Phe Lys Ile
125 130 135 -

iy

—’

acc atc tac ggg aga acc aag gag ctg cct teg gaa cta aag gag 450
Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu
140 145 150

aac ttc atc cge tte teo aaa tet cbg ggc cte cct gaa aac cec 495
Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Fro Glu Asn His
155 o7 160 165

ate gtc tte cck gte cca ate gac cag tgt atc gac ggc 534
Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175

«210> 28

«211l> 178

<212> PRT

«213> artificial sequence

9

<2205

<221>

«222> (1)...(178)
<223> mutein RFY-E

<400> 28

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 ] 19 15

val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Fhe Gln Gly Lys
20 25 30

Trp Tyr Val Val Gly Leu Ala Gly Asn Gly Ile Thr Arg Val Asp
35 40 45

Thr Len Pro Ser Arg Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
50 55 60




| <222> (4)...(42) <223> Affinity tag Arg-Gy-Ser-His(6)-dy(3) <220> <221>

CDS
atg
Hi s
agt
Pro
tgg
Asn
aac

<2280 08/48)63 . . (513) <223> mature tunor necrosis fagﬁgfmﬁ% (ﬁ%0> 31 cat
aga gga tcg cat cac cat cac cajymgac ggt ggc ggg gtc F dy Ser
Hi sash sybli serHrgr Hss @iy Th: ysetd yalVako bnd 1t agp iheardLt t @ MORHACH 0GCY
gac aag cct gta gé8& cat gtt 90 Arge Ser Ser Ser ArgrisThr Pro Ser Asp Lys
Val Ala Hs VvVal 15 20 25 gta gca aac cct caa got gag ggg cag ctc cag

ct g“EalYRgeT18%s Lye| A4 ah’AsPﬁeljfa& BY CAY £°@ GLGRFeG¥ Leu G n Trp Len
Arg 30 35 40 cgg §ec sat gcc ctc cty gce sat gge gtY gag ctg aga gat
1801 A\He Ad A8 A andrPl1 L8l s A AR v Yoe¥al Gl L&Y Arg Asp Asn 45 50

55 cag ctg gtg gtg ccastca gag ggc ctgggac ctc atc taclot cc cag 225 dn Leu

Val
aag
dn
atc
Val
t gc
Arg
t at
Ay
ttc
Leu
t at

Val Pro Ser Gu Ay Leu Tyr Leu Ile Tyr Ser G n 60 65 70 gtc ctc ttc
ggcPleadeggzlt Hog 0et Valcseaccheatsnglyr ebe @hcHZ/ Q1aM@: Leu Phe Lys Ay
Gly Cys Pro Ser ThP His-Val Leu L&k 75 80 85 acc cew® acc atc agc cgc
gcc c.tcc tac cag acc_aaq gtc 315 Thr His Thr Ile Ser Arg Ile Ala
Ser %yrphﬁpr’?eTﬁfsg Wl B9 98 AAg0P e Ble te ke LrE c atc aag ago ccc
cag agg gag acc cCa 360 Asn Leu t¥u Ser Ala Ile I3S Ser Pro Cys Gn
A uphg 1 Pr c ,L09 tat gag ccc atc
ctg gga 40 rl%ﬁ,uﬁg 131-11'51.9@&&9%139@& gl%?(gﬂ%rll g?’g%rl Pro Ile Tyr Leu
120 125 130 WD 03/ 029463 PCT/ EP02/ 10490 36141 2 March 2006 ggg gtc
caghwmt ghygddeadny §h¢ paclyyIectieuagly Jai Fyagehi as45fls Ay Val Phe G n
Gu Lys Ay Asp ArH Leu Ser Ala G4? Ile 135 140 145 sat cgg ccc gac

ctc acttt gcc gag tct g%ca&gtctac 495
Ile Val Phe Pro Val Pro IIe Asp Cln Cys Ile Asp Gly

1706 175

<210> 29
<211> 77
<212> PRT
<213> human

<220>

<221> )

222> (1} ... (77

<223> recombinant human interlevkin-8-

<400> 29

Ala Val Leu Pro Arg Ser Ala Lys Glu Leu Arg Cys GIn Cys Ile
1 5 16 15

Lys Thr Tyr Ser Lys Pro Phe His Pro Lys Phe Ile Lys Glu Leu
20 25 30

Arg Val Ile Glu Ser Gly Pro His Cys Ala Asn Thr Glu Ile Ile
35 40 45

val Lys Leu Ser Asp Gly Arg Glu Leu Cys Leu Asp Pro Lys Glu
50 ) ' 58 - 60

asn Trp val Gln Arg Val Val Glu Lys Phe Leu Lys Arg Ala Glu
65 70 75

Asn Ser
77

<210> 30

<21l> 534

<2125 DNA

<213> artifical sequence

«220>
«221> CDS



Asn Arg Pro Asp Tyr Leu Asp Phe Ala Gu Ser Ay @n Val Tyr 150 155 160
ttt ggg atc att gcc ctg tgaaagctt 522 Phe Ay Ile lle Ala Leu 165 170
<210> 33v0 a20¥63534 <212> DNA <213> artificial sequenceecsZ@9zi10s5221> CDS
<222> (1)...(534) <223> nmutein TNBM¥IL <400> 32 CAG GAC TCC ADG1ahtch GAGECTG
ATC CCA <> QGA. COB3€TG AGC AAG 45 G n Asp Ser Thr Ser Asp Leu Ile 'Pro Ala
Pro Pro 42edr Sutelydie]l 5 10 15 GIC CCT CTG CAG CAG AAC TTC CAG GAC AAC CAA
TTC CAG GGG AAG 90 Val'Pro Leu dn @n Asn Phe G n Asp Asn G n Phe Gn Gy
Lys 20 25 650 TGG TAT CTG GIA GGT CTC GCA GGG AAT TTT ATT TTT AGA TTG GAC
135 Trp*iy7 Val val Gy Leu Ala Gy Asn Phe Ile Phe Arg Leu Asp 35 40 45

TTG GAG A fed BEAT&G %SJ ACE AT TAL GAGETGAAMMGAS 180 Leu G u
Pro Phe &Readyeted YihrAbdr hBp tehieriByprddata v bys 1eh eb0b5 60 GAC AAG AGC
TAC AAT GIC ACC TCC GTG ACG TTT TTG GA® AAG AAG 225 Asts Lys Ser Tyr Asn

Val Thr. Ser Val Thr Phe Leu @u Lys Lys 65 70 75 TGT TTT TP_C GAG AGG ACT
TTT GIT TEACGFTGBICAT CEA EaCtEAS276° ‘%Z‘S‘F‘hé’a?ﬁgg@ﬁ‘ﬁ A'Y Thr Phe Val
Pro Gy %8drPg heprGochiP éFh 86 38 8% PIE ACCTETCTEALYPAS ATT AAG AGT TAC
PAG CAT GGT ACG AGT TTC 315 Phe Thr Lél Gy Asn Ile Lys Ser Tyr Lys His

Ay Thr Ser Phe 95 100 105 0 CTC GIC CGA GIG GIG AGC ACC AAC TAC AAC CAG

CAT &CT ﬁEGﬁQT G 36 NQ O -0 20463 PETd BRO 210490 37 /kh FadvBrmh 2006 Leu Val
Arg Val Mal reeralhralAsly Tyt Manclyd nstHiaspAlla et 2valaldlfspl1l5 120
as 40 45

tet ttg ccg ggt ttg atg tat gec ace ate tat gag ctg aaa gaa 180
Ser Leu Pro Gly Leu Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu -
50 55 60 )

gac aag age tac aat gte ace tee gte gtt ttt tat gakt aag zag 225
BAsp Lys Ser Tyr Asn Val Thxr Ser Val Val Phe Tyxr Asp Lys Lys
65 70 75

tgt gtt'tac tcg atc .agd act tkk gkt cca ggt tce cag cca gge 270
Cys Val Tyr Ser Ile Arg Thr Phe Val Pro Gly Ser Gln Pro Gly
80 85 90

gag ttc acg ctg gge aac att aag agt tac gag get gtt acg agt 315
Glu Phe Thr Leu Gly Asn Ile Lys Ser Tyr Glu Ala Val Thr Ser
' 95 100 105

tte ckte gtec cga gtg gtg agc acc aac tac aac cag cat gct atg 360 _
Phe Leu Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met )
110 115 120

gtg tte tkt aag gat gtt agg ccg aac agt gag gag tte aag att 405
val Phe Phe Lys Asp Val Arg Pro Asn Ser Glu Glu Phe Lys Ile
125 130 135

acc atc tac goug aga acc aag gag ctg cct tcg gaa cta aag gayg 450
Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu
140 145 150

aac ttc atc cge tte tcc aaa tct ctg gge ctc cct gaa aac cac 495
Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His
155 160 165

ate gtec ttc cct gtc cca atc gac cag tgt atc gac ggc 534
rle Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly



TTC
Lys
AGA
Lys
AAA
Leu
TGT
175
CDS
ctg
Al a
caa
Ay
gac

TTT AAG GAT GIT AGT CAG AAC CGI GAG AAT TTC AAG ATT ACC 405 Phe Phe
AspvyasnBass G n Asn Arg A u Asn Phe Lys Ile Thr 125%{%@ &%{?‘ TC TAC GGG
ACC AAG GAG CTG CCT TCG GAA CTAPAG GAG AAC 450 F S5 Arg Thr
G u Leu Thr Ser g Led Lys Gu Asm .140 145 150 TTC ATC2CBErfhC2TQ6
TCT CTG GGC CTC CCT GAA AAC CAC ATC 495 Phe Ile Arg Phe Ser Lys Ser
Ay Leu Pro Gu Asn His Ile 155 160 165 GIC TTC CCT GIC CCA ATC GAC CAG
ATGz@\E:?GGC 531 Val Phe Pro Val Pro lle Asp Gn Cys Ile Asp Ay 170
2513%2%219 534 <212> DNA <213> artificial sequence <220> <221>
<2 ., ) > mut ei n. TNF- V2 <400> 33 cag gac tcc acc tca gac
atc é%g glg%ftg:%‘}lic?:equ%gg agc aag 45 dn Asp Ser Thr Ser Asp Lea Ile Pro
Pro Pro Leu Ser Lys 1 5 10 i5 gtc cct ctg cag cag aac ttc cag gac aac
ttcz2eag ggg aag 90 Val Pro Leu G n @ n Asn Phe @n Asp Asn G n Phe G@n
Lys220- 2&t30eptgget at ctg gta ggt ctc gca ggg aat ggt att ttt aga gtt
13522Fppl4ryr - VERIVal Ay Leu Ala Ay Asn Ay Ile Phe Arg Val Asp' 35 40

45 ttt <@3aB>cogiabtproteimpbf tuabr gecrewic &icorat ggdgatitigimadagaa 150 Phe Asn

Prolle Ser Met Tyr Ala Thr Ile Tyr Qu Leu Lys Qu 50 55 60 gac aag agc
tac aat“ cc tcc gtc gat ttt get sat aag aag 225 Asp Lys Ser Tyr Asn
Val Thr ? )Phe Ala Asn Lys Lys 65 70 75 tgt gcg tac cgg atc agg
act ttt<zg i %gngg{itg‘gchrga& ga. - g@g@?@%\@,%/ 029463 PCTI EP02/ 10490 38/ 41
22 March 2006 Cys A rg lle Arg r Phe Val Pro Ay Ser Gn Pro Ay
80 65 A=zo0>

<221> CDS
i <222> (43) ...(513)

)

<223> mature tumor necrosis factor o

<400> 31

cat atg aga gga teg cat cac cat cac ¢at cac ggt gge ggg gke 45
Met Arg Gly Ser His His His His His His Gly Gly Gly Val
1 5 10

aga tca tect tetb cga acc ceg agk gac aag cct gta gece cat gkt 90
Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His val :
15 20 25

gta gca aac cckt caa get gag ggg cag cke cag tgg ctg aac cge 135
val Ala Asn Pro Gln ARla Glu Gly Glmn Leu Gln Trp Leu Asn Ary
30 35 40

cgg gce aabt gecc cte cbkg geo aat gge gbtg gag ctg aga gat aac 180
Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn
45 50 55

cag ctg gtg gtg cca tca gag ggc ctg Eac cke ate tac tcc cag 225
Gln Leuw Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln
&0 65 70

gktc ctc ttc aag ggc céa ggc tgc'ccc tce ace cat gtg ctc cte 270
val Lr,eu Phe Lys Gly Gln Gly Cys Pro Ser Thr His.Val Leu Leu
75 B8O 85

acc cac acc atc age cge aktc gee gtec tece tac cag acc aag gtc 315
Thr His Thr Ile Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val
30 95 100

aac ctc cte tet gee ate aag age ccc tge cag agg gag acc cca 360
Asn Leu Leu Ser Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro
105 ii0 115

gag gdg gct gag gec aag cece tgg tat gag cce abe tat ctg gga 405
Glu @ly 2la Glu Ala Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly
120 125 130



gag ttc acg ctg ggc aac att aag agt tac ggt aat gtg acg agt 315 du Phe
Thr Leu Ay Asn Ile Lys Ser Tyr Gy Asn Val Thr Ser 95 100 105 ttc ctc gtc
cga gty Q32a$é acc aac tac aac cag cat get atg 360 TRETIEPO2/Mabo Arg Val
Val Ser Thr Asn Tyr Asn G n Hs AP®Ivet 110 115 120 gtg ttc #tMaxal g@o6gtt
gat tag aac aat gag cgg ttc aag att 405 Val Phe Phe Lys Ay Val Asp Ser
Asn Asﬁ!QQEIGLFCAF c ? ¥ &3 13"6’ 95 %F(?ca%ﬂ é’c‘fﬁ 48% acc aag gag ctg
cat @BE aglcfhe &g §dy E&YS T’PeA“f?r VeAPGR THP T @ u Leu Thr Ser
G u Leu"Lys du 140 145 150 aac ttc atc ago ttc too aaa tat ctg ggc ctc cot
gaa aaGaEaLyft98c AsNtherd lgec Altg Fhe o88Ttdey §gdR%g LRy Qo sbeu Pro G u Asn

H s 155s360-gl65o alsp Gf:C Léd Asf Giheghila @i RixCcRaGIRAGL B¥r at ¢ gac ggc 534
Il e Valisthe Pro Val Proitie Asp A n Cys ldoe Asp. Ay 170 175 <210> 34
<211> 178 <212> PRT <213> artifical sequence <220> <221> <222>

(1).. %}%kﬂ%ﬁ%ﬂ%‘l AENAIRRIGSE F2EA n Asp Ser Thr Ser Asp Leu Ile Pro
Al a v &be See Hﬁsbe .5 10 15 Val Pro Leu G n G n Asn Phe G n Asp Asn
an Ph nGy Lys 0'? 30TrpTyr Val Val Gy Leu Ala Ay Asn Asp Ile

Tyr ArgAIa Asp 35 40 45 Ser Leu Pro Gy Leu Met Tyr Ala Thr Ile Tyr Qu
Leu Lys2&hd 3250 55 60 Asp Lys Ser Tyr Asn Val Thr Ser Val Val Phe Tyr Asp

Lys Lysz21655s8@ 75 Cys Val Tyr Ser Ile Arg Thr Phe Val Pro Gy Ser Gn Pro
dy WO<Q32028463 39/41 80 85

<213> artificial sequence

<220>

<221> CDS

<222> (1}...(534)

<223> mutein TNF-V1 ' ’i)
<400> 32

CAG GAC TCC ACC TCGA GAC CTG ATC CCA GCC CCA CCT CTG AGC AAG 45
Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 5 10 15

GTC CcCT CTG CaG CAG AAC TTC CAG GAC ARC CAA TTC CAG GGG AAG 90
val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys
20 25 30

TGG TAT CTG GTA GGT CTC GCA GGG AAT TIT ATT TTT AGA TTG GAC 135
Trp Tyr Val Val Gly Leu Ala Gly Asn Phe Ile Phe Arg Leu Asp
35 40 45

TTG GAG CCG TTT TTT ATG TAT GCC ACC ATC TAT GAG CTG ARA GAA 180
Leu Glu Prg Phe Phe Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu (:)
50 : 55 €0 ‘

GAC BAG AGC TAC AAT GTC ACC TCC GTC ACG TTT TTG GAG ARG ARG 225
Asp Lys Ser Tyr Asn Vdl Thr. Ser Val Thr Phe Leu Glu Lys Lys
65 ' 70 75

TET TTT TAC GAG AGG ACT TTT GTT CCA GGT TCC CAG CCA GGC GAG 270
Cys Phe Tyr Glu Arg Thr Phe Val Pro Gly Ser Gln Pro Gly Glu
80 85 g0

TTC ACG CTG GGC BAC ATT ARG AGT TAC ARG CAT GGT ACG AGT TTC 315
Phe Thr Leu Gly Asn Ile Lys Ser Tyr Lys His Gly Thr ser Phe
- 95 100 ' 108

CTC GTC CGA GTG GTG AGC ACC ARC TAC ARC CAG CAT GCT ATG GTG 360



PCT/ EP02/ 10-190 2 March 2006 90 G u Phe Thr Leu Gy Asn |le Lys Ser Tyr

Au
Adn
du
du
Pro
Asp
(1).
tag
Arg-

Ay
H s

Arg'

Al & Ser 95 100 105 Phe Leu Val Arg Val Val Ser Thr Asn Tyr Asn
Hi swﬁlasm}/glt” 110 115 120 Val pPhe Lys Asp Val Ar f@ﬂ%"gﬂ@%’ger Gu
Phe teysvdl @rqldn +30 TE r d ¢ Megcmh2Oger
Leu Lys G u 140 1%ST%S§‘A5%£nPhe§|?DA %\ﬁg% ‘Q“Lk’ ’S'Ser Leu Ay Leu
G u Asn H's 155 160 165 Ile Val Phe Pro VaI Pro IIe Asp A n Cys Ille
d y TTE7TET] 2BG GATOSTI3 BGT CAB1AAC 10T rBlisr PRI as@20pr as@bz CHAIN <222>

. ( FPe) Phe2 58S FssVain Sp¥ Gtlai kerofry WHor Asrechodiys factar a and affinity
<220>  <221> <22%3%5 (1)...(13) <2239 Affinity tag 135
A y-Ser-H s(6)-dy(3) <220> <221> <222> (14) ... (170) <223> mature

Ay 1tk yrably ara B AV9 o281 S A p°Lys Pro val Ala
Val 15 20 25 Val 148l a Asn Pro nl GI n Trp Leu Asn

30 35 40 Arg Ala Asn Al a Leu LeuAIaAsnGIyVaI uLeuArgAspAsn

t unor- ng@&%@e&@%&m& A3 E %fcg &Ayﬂ%; H'S H'S Hs Hs Hs

45 50 55 A n Leu Val Val Pro Ser Qu Ay Leu Tyr Leu Ile Tyr Ser Gn 60 65

70

TTC ATC CGC TTC TCC AAA TCT CTG GGEC CTC COT GAA AAC CAC ATC 495
Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His Tle

155 160 1a5
GTC TTC CCT GTC CCA ATC GAC CAG TGT ATC GAC GGEC 531
Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly

170 175 '

«210> 33 \
<211> 534 . ‘
<212> DNA

<213> artificial sequence

<220

<221> CDS

<222> {1)...(534)
<223> mutein.TNF-V2

<400> 33

cag gac tee acc tea gac ctg atc ceca gec cca cck cotg age aag 45
Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 5 1o is

gtc cck ctg cag cag aac ttc cag gac aac caa tte cag ggg aag S0
Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys
20 25 30

tgg tat ctg gta ggt ctc gca ggg aat ggt att ttt aga gtt gac 135
Trp Tyr Val Vval Gly Leu Ala Gly Asn Gly Ile Phe Arg Val Asp’
35 : ; 40 ) 45

Ett aat ccg att tct atg tat gec acc atec tat gag ctg aaa gaa 180
Phe Asn Pro Ile Ser Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
50 58 €0

gac aag agc tac aat gtc acc tce gte gat ttt get aat'aag aag 225
Asp Lys Ser Tyr Asn Val Thr Ser Val Asp Phe Ala Asn Lys Lys
: €5 70 75

tgt geg tac cgg atc agg act ttt gtt cca ggt tec cag cca gge 270




Val Leu Phe Lys Ay @n Ay Cys Pro Ser Thr Hs Val Leu Leu 75 80 85 WD
03/ 029463 PCT/ EP22/ 10490 40141 March 2006 Thr His Thr Ile Ser Arg Ile Ala

Val Ser Thr Lys Val 90 95 100 Asn Leu Leu Ser s Ser Pro
Cys 4 w &é’"%ﬁh Thr Pro 105 110 Lkxidu Gy Ala Qu Npgé‘]ﬂ&i;@é}%)?&ﬁhpzwys
Gu Pr ocg,g entbyfydt @ug Gl 24 @hd 2Zmel B Gy ValsdhelGrrolay G u Lys Ay Asp
Arg Leu Ser Ala GQu Ilse 135 140 145 Ashn Arg Pro Asp Tyao Leu Asp Phe Al a
GQu Ser dy dn Vval Tyr 150 155 160 Phe Ay Ile Ile Ala Leu 165 170 <210>
?6) <211> )1t7tg <212ﬁ€ PBTa%ié:é;/%rgtlfl I%%{;’E ;%g%ce <22u> <1r2521> <222>

1 22%> “hit 4 Asp Leu Ile
Pro Al ;\‘1 1&G° iy Esn Il?[ ?i? ? o Lou n Asn ltohe A n Asp
Asn Gn Phe Gn Gy Lys 2 0 25 30 Trp Tyr Val Val Gy Leu Ala Gy Asn Phe
Ile Phe Arg Leu Asp 35 40 45 Leu Gu Pro Phe Phe Met Tyr Ala Thr Ile Tyr

G u Leutkysctd grc 20a Tfrgbcd\spe lys Ser tdyraspdsyrgvakt Ber Sar Mad Thr Phe Leu
G u Lys PhysleugBal/@rg 5aly ¥aPlier T S TAY sTHILoPHEs Vak ¥to Ay Ser A n Pro.
Gy Ju 80 85 90 Phet*Phr Leu Ay Asnitte Lys Ser Tyr ’r_%Ps Hs Ay Thr Ser

528 1?2 3%%8 t]éoéttl_eagg\gaglt A\EQ g¥@| tc\éa‘l;lacsg.gtt -E;grg cgg tij:ré/ aag att Qog_" s Ala Met Val

Phe Phe Lys Gly Val Asp Ser Asn Asn Glu Arg Phe Lys Ile
125 130 135

acc atec tac ggg aga acc aag gag cktg cct tecg gaa cta aag gag 450
Thr Ile Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu
140 145 150

aac tke atec cge tte tee aaa tek ctg gge cte cet gaa aac cac 485
Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu Asn His
155 160 165

atc gtec tte cckt gte ceca ate gac cag tgt atc gac ggce 534
Ile Val Phe Pro Val Pro Ile Asp Gin Cys Ile Asp Gly
: 170 175

<210> 34

<211l> 178

<212> PRT

<213> artifical sequence

<220>

<221>

«222> (1)...{178} -
<223> mutein N4 .‘)
<400> 34

Gln Asp Ser Th¥ Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
1 -5 10 : 15-

Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys
20 25 30

Trp Tyr Val Val Gly Leu Ala Gly Asn Asp Ile Tyr Arg Ala RAsp
35 40 45

Ser Leu Pro Gly Leu Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
50 55 60

asp Lys Ser Tyr Asn Val Thr Ser Val Val the Tyr Asp Lys Lys
65 70 75

Cys Val Tyr Ser Ile Arg Thr Phe Val Pro Gly Ser Gln Pro Gly




.

Phe Pile Lys Asp Val Ser A n Asn Arg Qu Asn Phe Lys Ile Thr 125 130 135
Ile Tyr Gy Arg Thr Lys Qu Leu Thr Ser Qu Leu Lys G n Asn 140 145 150
Phe || eW< §3/PH63Ser Lys Ser Leu Ay Leu Pro Glu. Asn H s HOREM®1066029463
PCT/ EP02/ 10490 41/41 2 March 2006 %%l 160 Val Phe Pro Val Pré@& MagchAspodbn
Cys Ile Asp Gy - 170 178 <210> 37 <211§ 178 <212> PRT®£213> artificial
sequence <2 1> 22> 1 < 2 te' TNE- V2 <400> 37 165
An %gﬁ *h e]rg AsGlY%‘eu )Lf-sr %rP(r;%u lr SN ys 15 10 15 Vval
Pro- Leu Gln G n Asn Phe G n Asp Asn Gln Phe Gln Gly Lys 20 25 30 Trp Tyr
Val Val g@le nkewall m-gGvil Aan &Gy Thi esPhey-Asgh dah ®Bspai3me40 45 Phe Asn Pro
Ile Ser Met Tyr Ala Throlle Tyr GQu LewsLys Gu 50 55180 Asp Lys. Ser Tyr
Asn Val Thr Ser Val Asp Phe Ala Asn Lys L 65 70 75 s Ala Tyr Arg lle
Arg Thr YHe kg Phprlysch Pé’éll A PRy d"SGI ébl §ougedyF PRe Thr Leu Ay Asn
Ile Lys Ser Tyr Ay ASH Val Thr Ser 0100 105 Phe Led*¥al Arg Val Val Ser

Thr Asn an t OsYal:Bh Lys Ay Val Asp
Ser Asn %éf I%Sq"y})\rg T @0 Lys I]f\§Fs Gl‘%%g lé% % ¥g Leﬁl g”&goe y Arg Thr Lys
Gu Leu Thr Ser Qu Leu Lys u 140 145 150 Asn Phe Ile Arg Phe Ser Lys

Ser Leu ﬁnyPi}.é:‘lIlE’l’ngGﬁhle Asf I#sSSer Leu Gly Leu Pro Glu Asn His
. 155 160 165

Ile val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175

f:) <210> 35

<211l> 170
<212> PRT

<2205

<221> CHAIN

<222» (1)...(1r70)

«223> fusion protein of tumor necrosis factor o and affinity tag

<2205
<221> -
<222> (1)...(13})
<223> Affiniky tag Arg-Gly-Ser-His(6)~Gly(3)
<220>f?%
; 2221> '
<222> {14} ...{170)
«223> mature tumor necrosis factor o

,i) <400> 35

Met Arg Gly Ser His His His His His His Gly Gly Gly Val
1 5 10

Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
15 _ 20 25

val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Rrg’
30 35 40

Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn
45 RN 50 55

Gln Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln
60 €5 70

val Leu Phe Lys Gly Gin Gly Cys Pro Ser Thr His Val Leu Leu
75 80 )




155 160. 165

WO 03/029463

Thr His Thr Ile Ser Arg Ile Ala Val Ser

30

Asn Leu Leu

105

Glu
120

Gly
135

Asn
150

Phe
lés

<210>
<211>
«212>
«213> artificial seguence

Gly Ala

val

Arg

Gly

36
178
PRT

Phe

Pro

Ile

Il e Val

Phe Pro Val

85

Ser Ala Ile

110

Glu Ala Lys

125

Gln Leu Glu

Asp

Ile

140

Tyr Leu

Ala

155

Lys Ser Pro Cys
Pro Trp Tyr Glu
Lys Gly Asp Arg

Asp Phe Ala Glu

Leu -
170

40/41

Prolle Asp An Cys Ile Asp Gy

170 175

PCT/EP(2/10490

Tyr Gln Thr Lys val

ig0

Gln Arg Glu Thr Pro

1i5

Pro Ile Tyr
130

Leun Ser Ala

145

Ser Gly Gln
160

Leu Gly

Glu Ile

val Tyr

March 2006

<220>
<221>

<222>

(1) ...(178)

<223> mutein TNF-Vi

<400> 36

Gln

1
Val
Trp
{t) Leu
Bsp
Cys
Phe
Leu
Phe

Ile

Phe

Asp

Tyr

Glu
Lys
Phe
Thr
val

PHE

Tyx

Ile

Serxr

Leu

val

Pro

.Ser

Tyr
Leu
Arg
Lys
Gly

Arg

Thr

Glin

Val

Phe

Tyr

Glu

Gly

val

Asp

Arg

Phe

Ser
Gln
20

Gly
35

Phe
S0

Asn
65

Arg
Asn
85

val
110

val
125

.Thr

140

Ser

Asp

Asn

Leu

Met

Val

Thr

Ile

Ser

Ser

Lys

Lys

Leu

Phe

ala

Tyr

Thr

Phe

Lys

Thr

Gln

Glu

Ser

Ile

Gln

Gly

Ala

Ser

val

Ser

Asn

Asn

Leu

Leu

Pro
Asp
Asn
Thr
Vél
Pro
Tyr
Tyx
Arg
Thx

Gly

Ala
10

Asn
25

Phe
40

Ile
55

Thr
70

Gly
85

Lys
100

Asn
115

glu
130

Sexr
145

Leu

Pro éro Leu

Gln Phe Gln

Ile Phe Arg

Tyr Glu Leu

Phe Leu Glu

Ser Gln Pro

His Gly Thr

Gln His Rla

Asn Phe Lys

Glu Leu Lys

Pro Glu Asn

Ser
Gly
Leu
Lys
Lys
Gly
Ser

Met

.Ile

Glu

Lys
15

Lys
30

"Asp

45

Glu
60

Lys
Glu
20

Phe
105

val
120

Thr
i35

Asn
150

Ile

it
#
:



WO (13/029463

41741

PCT/EPO2/10490)

2 March 2006

155 160 165
Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
170 175
<210> 37
<211> 178
<212> PRT
<213> artificial segquence
<220>
<221>
<222> (1)...(178)
<223> mutein TNF-V2
<400> 37
Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys
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t:) val Pro Lieu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys
20 25 3Q
Trp Tyr Val Val Gly Leu Ala Gly Asn Gly Ile Phe Arg Val Asp
35 : 40 45
Phe Asn Pro Ile Ser Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu
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Asp Lys Ser Tyr Asn Val Thr Ser Val Asp Phe Ala Asn Lys Lys
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