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35 mutein. It is also possible, as described by Wang, L., et al. (2001) Science 292, 498-500, or
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30 conservative substitutions (for example, exchange of a glutamate residue by a aspartate residue)
at equivalent positions in the linear amino acid sequence of two proteins that are compared with
each other. The term "sequence identity” or "identity" as used in the present invention means the
percentage of pair-wise identical residues - following homology alignment of a sequence of a
polypeptide of the present invention with a sequence in question - with respect to the number of

35 residues in the longer of these two sequences.
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30 vertebrates such as mammals (e.g., human, monkey, dog, rat or mouse) or birds or reptiles.

In case a protein other than tear lipocalin is used in the present invention, the definition of the
mutated sequence positions given for tear lipocalin can be assigned to the other lipocalin with the
help of published sequence alignmerts or alignments methods which are available to the skilied

artisan. A sequence alignment can, for example, be carried out as explained in WO 99/16873 (cf.
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In case the binding site at the open end of the B-barrel is subjected to mutagenesis a lipocalin

35 mutein according to the invention comprises mutations at any two or more of the sequence
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am no _acid s uence Such npdi fications of the am ng acid seguence

i ncl udd drgt th%ﬁ#&d%%éﬂél%o"&f a gtrstel of ablagsh Broamigo acids ip9e; PepiiisegTpe:
order to mhﬂﬁ)bzlrlqutl‘&lbhrdﬁig(mbﬂ@ed}fmd; RaotnMiet esthé iepRe@lcbRpSEREefluck bA26

Oneymes, PHCBEAR Gt P Bisee et e o 4P Gtion el o abitpor s pting s

further idpsoMerdihe affinity of a liocalin nutein for a given target
(cf. Exanples 17-19 and 24). In one enbodinment, a nutation is
introduced in at |east one of the sequence positions (of the

| i pocabi nAtgoadieghprakguttih dbviopiwodspinpdittsospoisms mogatipns dttan p tveo @& InordEE thd 1

Fur ¢ ner mof dherbt o doBER S BSH B SEHGIN s MATBRo i Rgns BI AT
char act er 6%77.¢sd §7-97 196 theulirenpadypehtidessequen¢anply Inwnftwdlpngalm shd bildifidmal
or water Soluiisht efnytv% ornity ﬁ@ﬁ%&g&g&r Op%&ﬁ&ﬁs?ﬁ‘gﬁégéﬁﬁg géémghtfs ﬁ&%’g@g e r

The lipocalin miterns o e I nventl are a

target wi thpseuense pegsticas 2f30ni3tEp, 79-8% and HO3-14i0tof theringdrfoohipenyide cmgmnnf
of pr Qberﬁﬂﬁéﬁt@afrhb&%ﬁﬁ 105 M1. Lower affinities are generally no

| onger neasurabl e with comon nethods such as ELI SA and therefore of
secondary inportance. Especially preferred are |ipocalin nuteins,

whi ch bi ng thil gessR6i fs@@tet A0 B nWnbd? oPihe @ég‘}deﬁist(ﬁéoﬁéf) déﬁned Eﬁcﬁ@ Rfvhgeg QreM’séd

corresponding to a dissocjation consta t he npl ex of

bi ndi ng ’g’f %Wﬁ?rS?SIB‘Fa“ YRt Ny tetf'Bmf"rPéPtEf@ssFFtélﬂlstl%Frh{féfl ”ttﬁﬁmﬁ@"l'%ﬁé}i?rt@@

by a mult segmgﬁ oglkolﬁyelt Bﬁdfneﬁﬁﬁﬁf ﬁﬁnuta&@alffoﬂﬂff‘ﬁ&@ﬂégﬁeﬁts ﬂn@teth%f each of the

Conpetition or .surface.pl asnmon resonance ear taq

SRITT RN RIS (B HPRRE b RRERGH T aseiapnRert solropampls taghigee

such as mmaﬁmton@hm Ok, Ofo ?}dll&feé:)sdgdlbmgoméﬁ biadisg sitd18 oRIcLDEBRRatOh mutcmd

conpetltors |on| ength o ectlon

COMPEt | € Ohing BBk AT el bl R P T g Sk g

i sol ati ontwafor thrqaeemants amik eloresl ehdw/fitiegd EaﬂrehﬁofmutEgbiyesB@ﬁ‘Eﬂiﬂng 0dlecute with

| east 105

st eps canontl})ﬁ)é%%eaern ool g’tngmﬁtf de ‘Sv"éﬂrtl?ﬁigﬁé Eﬁ@ﬁ%@ meﬂg’%agpgé? }"%Vr? binding
30 affinity towards a second target, sequence positions in any of the four loops of the second binding

site can then be mutated. It is also possible, however, to mutate peptide loops of both binding

sites, even if a given target is {o be bound by cone of the binding site only.

The lipocalin muteins of the invention may comprise the wild type (natural) amino acid sequence

35 outside the mutated segments. On the other hand, the lipocalin muteins disclosed herein may also
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with respect to the kinetic characteristics is possible as well. For
exanpl e, the selection can be perfornmed under conditions, which
favor conplex formation of the target with nuteins that show a sl ow
di ssociation fromthe target, or in other words a |ow koff rate. 5 A
tear lipocalin nutein of the i nvention nay be used for conpl ex

formation v e tar non- nat ur.al

target/|i a%ﬂrﬁ%ga‘%ﬁg l‘{?“gr?me Sglﬁgﬁe S Bosé %F\éélﬁ’éer??gé? mutageRsH A deness

free or ctwpamatdahsilomm mﬁcﬂe mt{ﬁhdabmémg eaivity @sd the falﬁmlgmﬁwamhmh Gakh

hapten, a r_an r

fr agment {nﬁgﬁé s EPé H&Bmgﬁsh?& %rg egjsﬂg Jort n va usf% )éftg‘?lﬁgﬁloﬁﬁ% d Nethads

apepti de, (%mbmokgb@é@ix@ﬁﬂﬂjlﬂédmm Cleming LéeLchomwrd MamahPnd)Bd., Gold Sprmg
ol ysagch a

pol ysagchgbiler ke ryréggfgag RS B0kor, Iy p9£s9oflee§ﬁe%%m§g§9gw %%Hno ha

gl obul ar &8lensP éfeyw@wen&prdﬁlehonsemﬂ SranpneAcy anbstmmnemﬂlpsubsutwons may

trans- Mengs aRReraiQt Sid) ad QM.QIIOVa%Hi Ibé}dlféql: lep?a!c&p@{t Q%he c&l %I&Ilru c{;l

i nmune systens SUCh as an nmol ecul e or ce sur ac
i s indi cafepife @FW‘%EWFFW“&%@%@‘WFW the FeplagrmeR(s amoggthb@embmeoﬂtbe

15 bi nd OfUIwarﬁra@&%B{ ) Qﬁmﬁ’e RE@HES bt thEéb'inn@Xm Srtic %cMn@'JhtExﬁi@ 2iand)
O

to a domain of a cell surface re%ﬂli)tor when it is part
receptdr AHREREPRHMYLPARES: L IEIREHRT Lpfac: AR isolgndinealsutipe, W@‘ﬂ%}?@ndd@mi n

in sol uti gf6)bhenyiiaginglQyroiire, ﬁ@dhﬁﬁapﬁirpdﬂﬂﬂgotﬁ& hénd R b @oRHRIGRoRSe
wel | . However the . i a{ﬂ?ntlo ) means limted to nuteins that
onl y -bi nd"¥URMSFHEVORIFLLDT ‘2t etaé’?lé‘é't‘cédsegﬁﬁm?t is also possible to

obtain muteins of tear I'i pocalin by nmeans of nutagenesis which show
specific 0b| njty tao li andso Iar wei ght
shoh s beaietiihl bl beidite pareniiPeBnite S hlprPrtialfre Hipdrie

of thabsi nmsntomsmn toydet ¢@lsinypli€x issli-slomﬁg mﬁnln‘ﬂ”rmutamadpﬁpncelurn gerdoyyeire [)altsl by

is also [ t.iV ocal in . N
spont aneo@g?@&@ﬂm%ﬁqu%e@pes f:][)} Laiil rc?tn t1ot1)1 cgymes. | In ﬁécf trl' hg%e TIB.FEEIIO Epc&%%%fcf n
mut ei ns tbfatncmzpomeéttalfﬂlrélemm melﬂﬁm@u@fld yoqahmﬁmrtmedoﬁmgwbm tetrgree (.
25 S Mol kiAol g o8], il B BRRbEA of Bl AR BaudedSh HoasPlne of the

i pocal i n"nut'ei ns that rmsta i mers or can ev
be pr ef er jeapenaepawsitionsotths liptsakinframayorls ﬂtaawrmmd uaeseﬁtmncwosxelbmsrztltf@ri}l
| ncr eagedafgiopink Mne%ﬁﬂ:ﬁfﬁefa@d@sgédeﬂceto@hlﬁn&'té@?ﬁ 60@111995&11&%?:151% D IBhean be

0I|goner|c forns of |poca In muteln m have pro on e serum
hal f-fi f elntrgdcrbin cadsrio mpiatecsxiqippharacteristic of e mytein gich ﬁfﬂoogmpztorﬂ@foldmg

nut ei NS Oftating of WHE LBty anarécﬁ!@eedg@ég&%mande&%@héde&@{w the
invention is also directed to |ipocal i'n nutein$S which dare conjugated
to a | abel selected fromthe group consisting of enzyne | abels,

r ag i f)act | 'Vige lipa B Sautei Y ob iR Ghvie ARl afe ablefltd bind B aeibd tadhelvih d&é&fa%@ﬁﬁﬁwc
abpe

conpl §§ e!sluemr‘?g ?F:'g’ “étgf%g'g%qsnf BFH‘E Gfﬂglsﬂ %?eag‘h@% g@? eﬁ‘wqgrlﬁ&}“l‘alpeé Ggetﬁtég‘lmny no
conj ugat e@dng® nﬁﬁkuﬁ&b@&ﬁth&o&ﬁmﬁ‘ﬁicﬂﬁﬂd @ch éERISﬁﬁﬂﬂth@éf@ﬁ@f&ccﬁmh@ oetancas

used her gj fer denot 12 ¢
oast  tvoEOAT BB HEH® BAReeRT BRI RnNg ol e ey wg@w&%e@f Pdbfe
~car bon bolaaks 106 Waly Bﬁg:sﬁonﬂﬁlg&ﬁuldasocmblg bénsiamk dfhie toamdex dfe v EThe HHdind
,[28\80”5?;} E%E{Pigp ; af r%ﬂt%l%l th]éoc%(s)ire%atlartggtndan be nm%as%pf}dl b(gfnaarlnll.rl¥1tudg %k %%'t'hgéfls su(r:]qeasor
30 flucrescence titration, competition ELISA or surface plasmon resonance.

It is clear to the skilled person that complex formation is dependent on many factors such as
concentration of the binding partners, the presence of competitors, ionic strength of the buffer
system etc. Selection and enrichment is generally performed under conditions allowing the

35 isolation of lipocalin muteins having an affinity constant of at least 105 M-1 to the target.
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5 1n general, it is possible to |abel the lipocalin nutein with any
appropriate chem cal substance or enzyne, which directly or
indirectly generates a detectable conmpound or signal in a chemcal,
physi cal or enzymatic reaction. An exanple for a physical reaction is
the em ssion of fluorescence upon irradi ation or the em ssi on of

X-rays wh | | Al k sphat ase,

hor ser adi %Wgzér‘gg? %Srggggg&(ﬁgt&m% eg ‘faB %Poé‘#'éndé& %“‘He“@h%fﬁlﬁmo“
| abel s whith raspeas 4 the {rinetia dheraftoristias lsmnssdﬂe sshwallnBoreifple SAE kdlé@Hon can be
products. L8, ge8 or_ant i bodi es

(except t A olsérgl exc dgg?o\?gimw @@‘éﬁ&v&ﬁ %ng%r}é%ronrﬁghgtt%ﬁtﬁl ﬁ’é’teff'é&]&ﬁgfh?w
of i mmnégﬁomspﬁ%f)m(fm the tegehor uscéhiﬂfv&@rdscadmykgpﬂateon to the nuteins
of thesgpresent invention. The nuteins of the invention nay al so be
conjugated with any suitable therapeutically active agent, e.g., for
the t ar gefderrdapsalia mptes of izinveatiermay heosed fgf scamplexdbimativh withie given @regan
or for theps @drg&tmw%belé doRlid@tl fl&a&hmﬁﬁd 'ﬁe rsrég& @%QJ%HHASSPB? Gy cf?anmlcal

w t hout affecti ngh%l?e surroundi ng nor mal

t her apeut PEBRIHd Jretrpa,er copiuptied fPﬁB ird qxﬁ’&l%fﬂa@lﬁiwé@ﬂ zmmmqi@gxcas hagitdn, a
organi ¢ mikbiﬁfat:lé Qf5h adeifloid hOload b hiBRP sﬁza(g%iéﬁhh&éofﬂ%ﬁﬂaﬁlﬁ iR g
es

as aggral st s/ onj sts oL; a cell surface receptor or pepti )
conpet ngmfpd? g BEPB Y OWE‘“ﬁﬁmﬁiegar ic @gifljag Phgo- pepofsrerhariiit e
| i pocal i noﬂmmgﬁl:és Oireof. Pa brefeil e@Bodynt JGWEMBhtionthe @urB& i€ 9 plokgiatred
wi th ther aﬁ% ut | cg I?ﬁ/egz%t @:/rgqlqj cI ei ¢ acids such as 20 anfisense

Qucl eic af / {014 RYPIEMFOL A o P AR T X A PRy T ags-membrane
r'i'bozy mesproSircinvol eslrin ceiaigaslingpacdagopenooitbeithnttyie 7Rl o sleh WelnvIO Rl
mmybe. adv ANl L e R RS <SP P PR oee 96 boiehe o

maybe advanta eous use
prefe ﬂﬁedbledrbtdd |fmmmg§ oftygoteinyBurtekaraplé.igpmaeih cam bind @i aﬁotmmrf éefaedll alrfakd S

25 N
o S S PR AL RS LT,

h~

LICI

pepti de suc
part ner rrﬁ%m%@ﬁlf @iﬂtln@.wf &Mmreqmsbmpmu@&d as Iaeolnlhleepmtepm @s welhdfmdeiver the

mut ei n Suﬁberf%%n lsea@;,wggﬂsqmﬁ@ o\{h%té’mé)ﬁ]attbh&%ﬁr{ﬂu frfl%gdlﬁc}iecfuaa‘r [(agﬁe&eﬁutms

nol ecul es. nE sulta usi on proteins
phosphat a@@ POsHPls & a*mlg Fugras ok feghkrocalifl b heans efn@agenesis Whichstow spenific

al bunip- bbinath PerAARP®B 1Bk oALNESD) rﬁu@,ula%@itgﬁesﬂcrﬁs b0k, a8y e;n oﬁ&gé%ﬁéeﬁm

ol i goneri zati on domai ns, |ipocalin nuteins sane or
bi ndi ng specificity (mhlch results in the fornatlon of "duocalins"

cf. Schlg kﬁébﬂ[ﬁocalﬁi mutaiﬂ df tSKElR/étﬂbon f&p;c@ﬁﬁ@é@cs as ﬁlo%mergﬁ‘ét&n IWVer it is also

1335- 134r2]3 g lﬁp &?ﬂﬁl cul ar, bie possible to fuse a
I'i pocal i PY¥IPGitRAL 4P “{Vﬁ‘étwer{ SEALT SRR i @éﬁ%‘?tgteéuséhéwsea@t?hﬂ@m%s?e
35 such tAnlioublotha use(ldfl’llipmﬁﬂhﬁ{elrﬁfthal ftﬁ?:ngﬁsluhﬂdnﬂlﬁerfs l—kﬁis@eﬂly é?érﬁ‘dccii'@lue to the
oget her act a en  t her ape tlc t ar ge omai n_of
(oget ber GRbiR Radipse i aRT s SRt oy g i T e
t Pe enz %/ nenddirsdrn of nulihsisicam etelﬂ&:etprﬁbmgil t26d sifiod @G&H xﬁﬁllnﬁlfsrstdaﬁ pfo&fdﬁ ﬁér J

[f two bi o] t ntions. each o
them has. Qugre st ARy e oA s hien Wi Ut Qe RSt e
tetraval elrnoczrtmlrmamhmayﬁaﬁecpmtengedIsérufncbmlféliearrpl e a duocalinis
generated fromonly one 5 nutein having two binding sites that

specifically bind biotin, a tetraval ent nol ecul e (honodi ner)
conpap @bl Bor some eprdioatzont,df is usethi tolenipioyathdomeimetof dreanyention idd Rbelebfobn.

monorrer bA&gﬁiir%Tf tﬁ%'iﬁ’\}eh@on is also directed to lipocalin muteins which are conjugated to a label

selected from the group comsisting of enzyme labels, radioactive labels, colored labels,

fluorescent labels, chromogenic labels, luminescent labels, haptcns; digoxigenin, biotin, metal
complexes, metals, and colloidal gold. The mutein may also be conjugated to an organic

35 molecule. The term "organic molecule” as used herein preferably denotes an organic molecule
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nol ecul e) can be obtained. Due to expected avidity effects such a
mutein m ght be a useful analytical tool in nethods that make use of
the detection of biotin groups. Alipocalin nutein that

spont aneously fornms honodimers or -rmultimers can, of course, also be
used for such a purpose. 10 Affinity tags such as the Strep-tag(r)

or Strep- t@ffdsingat 1eﬁ§%@a%n atém%@@( préer a@h nof_‘;lc?rgﬁ'%a B]ev taﬁabi%ﬁ%lbgré%on 5

753-766), the rrrlyc tag
proteins 8HEIE H@o e@‘m‘l%}t“é?éﬁ mﬁéﬁlsﬂserb&h’#eﬂ%@démwdmnowem 080 Battomn

and/ or pukid dpeidhdlHIn@bdifEGRBPIARL eI NS are further exanples of
preferred fusion partners. Finally, proteins with chrompgenic or 15

fluorescent properties such as the green fluorescent protein (G-P) or

the yelsl o dehstel, R&C‘;ﬁ‘nﬁﬂible ﬁﬂé&&h@h[{ol:alﬁprﬁut&ﬁ Qith lalh;f &B}oﬁn&‘é%ﬁ&ﬂca?ﬁ!b?sﬁ%e%r
for a Ilpocal the invention as wel term"fusion

of
b ot o1 1+ P CHHL FattHY 21 00 i B EiEs Ak BeaRp FomPRIEAPEESE o BeRisal, o
the i nvepitysioal omeﬁ@mtmgeaau@i InakxHGIIEHCE . hﬁlﬁm%acﬁszﬂli'@%eémﬁ&oﬁ he
N-term nug of a /pe % jrect . this peptide to a specific
cel | ul ar CONPAr cﬁé‘ﬂ‘? “Tg ?“05‘)?5&?{’)?‘813?1%0 géﬁyf)}" %‘H‘Isl% agadiqagiiye lphel. yligaline
endopl as npitosphataet |mmbmdisl®{3ere:d&£é yDB-IgEl?cléﬁldaSe méekzﬁﬂi;ﬂ@ dFenBere IQISelsSWHBl@'
sequenges referr nce
secr e'?L ?zxjoncalta‘CI F@\Sfeﬁm{&l&g FEF%“%@" AP P Cﬁf n%eneﬂ:‘ﬂi ﬂﬁﬁu@f'lst"r?@mc’nly used
OTpA- si gniet agtibpdigscxcedb tiblse epﬂm\&m userdveith i tha s@as Qudi€ty aih e tFR2 part of
nucl ei ¢ agid, i,Sin otlde se es
€oding for mut |0§§1m§§&8(§% '%Q&ifoﬁg?}é 0%86%0 ﬁ’&"’éﬁ ﬁgs elﬂ‘é%dgz"e& g
genetic boigaspbhainventanseyialsobs ompgeted wih ey svitatlel ﬂﬁﬂphymdtﬁenvemgdmns
speci fyi ngg tf&?ﬂé@ﬁgetm«ﬂge %F Shen 5&% b Q%R)% l:é}i‘ hésﬁe ‘%réanl il & %%e?ec?ve

specific nucl elc acid e en%o usron
i nventp onaegaing Heplides. csffmm%e@lsenfbo@@ff@pmg ﬂl@@‘&rrtelsdmg)mqnmabalﬂngxamPles of

nucl eot i dgcis %ﬂ%&%ﬂlﬁ&ﬁ@@hé&ﬁs ﬁmlu%@ i g&ﬁd&? %xu}s“ %@Porﬁﬁrﬁé ffnoﬁbullesn ad '€

preferred enbodi nent "'of the nucleic aci ecu ventron It
sequence PEARRIE B%desf(ﬁ‘ﬁhﬁ% Bretices anting asaeqniststatagamisiy afaself wafiace receptor or

| i pocal i rpeplides ebpdtinpr@h Qfoieﬁﬂm@:l&%éﬁ% BRALSed &ﬁu]ﬁl"&ﬁl‘g@t’) el‘he ﬁﬁéc‘éhﬁ ﬁmtcms of

derlvedf om t'he VEGP Brote rotein 2, roteln

35 14 | n BRGYFLPR Faghee %%ﬂ“ﬂ’@ﬁ‘?d WHB*&WB?@F%“Y&@&WF @e'qweﬁléesuch as

encodzag atisetechitlae aad diokgults) sinbe intérfiia s RINKE, GHEB RNESor iRy h AN Sudt
any two nmore of the se enc 03| ons .in the peptide segnents

corresponaplrﬁléat?scaflﬁgp’éogﬁi? ¥@° 8 wpinieags 49 70-77, and 87- 97

of the linear polypeptide sequence of human t ear Ilpocal [ n vvith t he

sequence Qrre gndi n o, th S|t|ons
12, 13, 43, g§61‘L7f %%9% O?Q’e ‘%‘% “Eﬂil"s Piggy hr“f&?‘r‘ﬁ‘ﬂtageé’éﬁmluff’d%%ﬂﬂﬂw
bei ng parfoirzed faslblyplptGEfSeIn pestkrret amhocﬁmeﬂth tlie 1meﬂﬁﬁ1t@dalﬁﬁ1nﬂdh FOded bi1e

| e ' d 0 t ti
Sompr | od KApARRARCEGRRRS Dol Y b oL BRRRLSe B b o R

t he pept isad/or amaffeighient s cor r espondi ng t o t he sequence positions
24-36, 53-66, 79-84, and 103-110 of the linear
The fusion partner may confer new characteristics to the inventive lipocalin mutein such as
enzymatic activity or binding affinity for ather molecules. Examples of suitable fusion proteins
30  are alkaline phosphatase, horseradish peroxidase, gluthation-S-transferase, the albumin-bindin g
domain of protein G, protein A, antibody fragments, oligomerization domains, lipocalin muteins
of same or different binding specificity (which results in the formation of "duccalins", cf.
Schlehuber, S., and Skerra, A. (2001), Biol. Chem. 382, 1335-1342), or toxins. In particular, it
may be possible to fuse a lipocalin mutein of the invention with a separate enzyme active site

35 such that both "components" of the resulting fusion protein together act on a given therapeutic
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pol ypepti de sequence of human tear lipocalin. C Also preferred are
nucl ei ¢ acid nol ecul es encoding a nutein of the invention conprising
mut ati ons at any two or nore of the sequence positions in the peptide
segnents corresponding to 15 the sequence positions 7-14, 43-49,
70-77, and 87-97 of the linear polypeptide sequence of human tear

I|pocaI|n nd additiona QRS a wo or nore of
the s equetﬁllc’,ggE %{E)éo@ﬁ(?m% e a e tt%eélpﬁ%%{‘ fys %‘ g’ ?ﬁgﬁseé SCPEE ARt el ViR
sequence thosizymeriom2in-t8@holss %&;oi&@e%ﬂ;ﬂcnmﬁ t03rghdl OF tofo Hidpecific Rp@Elin

| t I t
o P20t RGPS Bl LA AR 40 B 1l HETHI T
mut ei ns, "dypdain’, 8 ttrpyalenemalgcile is Sorabd. Aiforaxhmpls adm:tcaIIIdEganbnateé ﬁ-gmnlysm)f
experi ge%ﬁ’tlamrﬂgﬁﬁ% ding sHHGRat F%Qréfﬂ@ﬁﬂ Lﬁ'l ?{]&Mﬁ}lﬁfi Cb]u (lom’ dbmegﬂ

even prove to vant ageous, ex ey con
i mproved dogipaTahlg tefireptavisiorhioh i lmnwtﬂélmbli, ini whiclpeach mgaemderthind bngbiotin

af finity fiedis cﬁﬁ'B@b&an@ mwgﬁﬁa@d aﬁuﬁy %%&Lﬁa%ﬁ&h %@H bk ] kOB

application oper ab Hg atory sequence (Oof

regul at ordpaky 3@%@%@@)@@88 @qumkeé%@@f @§§¢t@fﬁoap iptinsgreiipe] A lipocaliyi mutein that
ol ecul €. sphntiteelsy forBEhdndih&s st ﬁmlt&lé@é’baﬁ‘%f EMB hiSo BeSk&! f'b?ﬁcﬂ 98@]—2?33 W

"capabl e of expressing a nucleic aC|d mol ecul e* or capabl e
expre%glon of a nucl eotide sequence"” if it conprises seguence

el enent s mhawagm&@mm SikepraEd ér@&eﬁ-ﬁg@msﬂﬁmﬁthG RN&GA. I(Etsspﬁ%t Biol.
and/or tr%g @Jm%g b uI at| @1 E'B sequences are "operably
(i nked" t 1§ %PW “@n 8 ﬁ@ﬁﬁﬁéqﬁ&ﬁﬁﬁﬁbPﬁH@w“mﬁﬁdl“
oper abl e glmtatka)gexSnﬁmefeﬂasd‘dm:gﬂow I&aS\MalbﬁEhdnhgdlbﬁ@hﬂfﬁﬁtwh)bf SRAMBIA&E proteins
sed_ar

I t he t
e S BP SR ph e R LS B SR b Bl
regi ohs rfboessat ploinmle&gsmhe agHproess iflmoremayt piaregn a}lm)\gr geeelles flubtdbcehn
|t k tes,
donta; ns BEFR (FRey S8R5, rbRNRLRS B ELOERCR R F e i Rabi i3l g

the initiation of transcrlptlon as wel | as DNA elenents whi ch, when

transcri bgd (.0 &, f R%]H[Ijl"l asstfs&irﬁééelﬁ gﬁo cgfnbﬁég hﬁgcaﬂﬂ rﬁlﬁeq&sgc%lj 5|to %UCh

pl’ onot er regi ons nor uences 1 nv
in initidoyesHomeontaininga ﬁigmllsmvemdsngnﬁﬁmuamea At ths @%ﬂqnmsus tfen poiﬁﬁptaclbo

boxes; @n%&&%ﬁumpﬁ@é tQQEﬁEQifl‘EL&%Ponﬁﬂ&rt&EﬂkﬁF )f(ﬁﬁrg’ﬁe tf?{a%ehﬁ%ﬂéf%cma&

CAAT 5 seguences, -ca elements in eu

regi ons é%ﬁfﬂ&?&leﬁniaﬁer%}a'éu@ﬁﬁ@akw?nwﬂs AdyEergrier @ﬁsmlﬁwea@s enpwiniy

transl at qg i, g@?éfer?éﬂl%%@l%@rﬁfen&@&%&:@@&ﬁ a?@l&pépﬁﬂgﬁﬁd thdp Pﬁsrﬁ%% £\Bliis the
pol ypeptide to Q@%ﬁ@'c conpartment of a host cel n addition,

t he 3' néﬁm¥%aﬁﬂ § nces may contain regul atory elenents i nvol ved
E? 10 transcrlptlonal ternlnatlon polyadenylatlon or the like. If,
0

wev %, hese ternlnatl %equence ar, t satlsfact%yg functlonal
in o far (TEFEFIBEnIOL RO e & FElFic i FeicHBs (PN6: 9 MAhCTEHEES
f unct i onakcledtide bafueinet éodln-ﬁﬂafrﬁftﬂﬁﬁs d@cﬁlbt@helleﬁl &ﬁbﬁh@ﬂﬂg@&kﬁc?oﬂﬁe gehdtic
i nvention can in ul at or pref ra
or oot e QS EE by n i sy g 1o St o s e
nmol ecul e infentidreisinot Britedw a specific nucleic acid molecule encoding a fusion protein of the
invention but includes all nucleic acid molecules comprising nucleotide sequences encoding a

30 functional fusion protein.

In one preferred embodiment of the nucleic acid molecule of invention its sequence is derived
from the coding sequence of human tear lipocalin. In other preferred embodiments the nucleic
acid is derived from the VEGP protein, VEG protein 2, LCN 1 or ALL 1 protein

35 ’
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conprises a pronoter sequence and a transcriptional termnation
sequence. Suitable prokaryotic pronoters are, for exanple, the tet
pronoter, the lacUVb pronoter or the T7 pronoter. Exanples of
pronoters useful for expression in eukaryotic cells are the SV40
pronoter or'the CW pronpoter. 20 The nucleic acid nol ecul es of the

i nventio can g a vector or any other, clonin

veht ol ea Ingin sietered chipRmeite et don® ptnt o sScBBhe e
artifici anvencbm ommpmaemutahmsaatmngftm bedorendfabé segpénce tphetionsdh ehecpepdda
nol ecul e | s ed aind m t

vect or enc%‘gﬂqS i eep I'n @rtoagzﬁls%un & PO% Ighlg&f g%ﬁ%?@nﬁ plhcg%)gé’feosf t@ehh'égr
25 ML3 orpqiyptptlctarsecaletﬁqgmf humaraﬂearpmmtahn fvith dloef sefueseech ositionsrenefPhiddiog to the

i nterest efqi t 420, I i1 h
an phagerfol i SHBCL L 16, 4s00s, 0, 7b 12, 1658002 e 43} o il bbb
VCS- M13 obeirR4B8icularly pisferigdage particles are produced, thereby
enabl i ng physical coupling of the encoded heterol ogous cDNA to its
correspondi ng polypeptlde di spl ayed on the phage surface (reviewed,
e.g., in Kajurter pefeged embodimapothe neeigecidieqyingg enspiingt muein agerading to the
Prot ei ns m@enhéip%rﬁﬁlrﬁéé’ HI%&HB@S%QI'H}' tvlé BL ﬁgre» ofAE@G’é”q%che PBb&fshs xh\l@l‘{& piplikle

NY; Lowman Annu. Rev. oph Biotnol. Stru

26, 40104 25¢gm %ntﬁ&aiespomilng to tmqmmlkpns -36(&39@(9)79%@@ l@pllﬁ of the linear
Bi ot echnoéolyp@%hde S&qzm&%)ofhﬁﬂ&htegh@e@dﬁg vehi cl es can include, aside

fromthe regul atory sequences descri bed above and a 35 nucleic acid
equence encoding a lipocalin nutein of the invention, replication

and contr@iso pldferfedCide ﬁ@cﬂ&c deidi Meleculds Qam:camsgoe ehudsn @ mamv&aiuen \binpridifpe
host cel |l that is used f ﬁgﬁress on a§ as sel ection nar510§
conf er ri NYUAWE ALY B B “B’h"e GBI B ?fEF‘bﬁhF‘rB%P G sepghs FatrRgding o
cellsis Lamg@equémmpemmmf? S44|4Baﬂgl 20-T7, and 18F-9V ef ey Knear poljpeptide sefjtdnee of
art, and are avali | ecule n i
i pocal i nh%f‘g?%%ﬁa{l? u¥atzﬁr\}s ?{;[d a?icrllxﬁo%ag @upa%on art @ b % ot %'Ixozglog ﬁ?(% seguence
\1; ect or c?ptismnm in gqetphmctemegm@tmqwnmhnglib tlmsc@eacel popn@tom 24hF86nﬁﬂ é@ A9-Gan
e trans g the gene.
Tr ansf or Qdﬁ@%l%%ﬁﬂ%?h&%?ﬁd¥é§§# n%géggﬁ 3 %Bngéﬁﬁgques ( Sanbr ook,
J. et al. (1989), supra) Thus, the invention is also directed to a
host ¢gl | l%qmegf cﬁf a@glsao eﬁlﬁgl]eﬁ'n' a¥so llﬂeﬂgﬂcﬁfc‘ﬁkﬁ nﬁﬁec@hé@rlcg&ﬁg TDek ﬂ'ﬁhféin 10
The tran ornme are cultured under conditions Suitable For
expr essi owhigl cqnpsiss mm@h etations quiside the segmeralsy cxperimsnighmpagrnesis Sugh

the i nveng@fhas %'o?t@ptbﬁcrm cﬁf‘év&?prgﬁﬂo Q@adpﬁrﬁigalid’s%f &xam Elgffrﬂg:t)( 8éntribute

Escl zerichia tali (E f) or Bacillus subtill or .eu such
as Sacchatro\nﬁya@vgveééfalémgﬁf&&ncym%ﬂn stabj ity Hgand bSiﬂ@Ecﬂff"FiYgﬁ eﬂ%@et
cells, immrtalized manmalian cell lines (e.g. HeLa cells or 15 CHO

ells primary mammalian cells. The inventjon al at es
met hoéf’f oft npfgic a%ﬁmm%ﬂlsslpse& indhsePRlicstiemaY b, Qegrebi émf iesﬁafaw
a fusion Ra@INed or ARG seq@RBRYY tolIBE expression of this nuclelc acid molecule.

A nucleic acid molecule, such as DNA, is referred to as "capable of expressing a nucleic acid
molecule" or capable "to allow expression of a nucleotide sequence” if it comprises sequence
30 elements which contain information regarding to transcriptional and/or translational regulation,
and such sequences are "operably linked" to the nucleotide sequence encoding the polypeptide.
An operable linkage is a linkage in which the regulatory sequence elements and the sequence to
be expressed are connected in a2 way that enables gene expression. The precise nature of the
regulatory regions necessary for gene expression may vary among species, but in general these

35 regionscomprise a promoter which, in prokaryotes, contains both the promoter per se, i.e. DNA
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(a) subjecting a nucleic acid nolecule encoding a tear lipocalin or a
honol ogue thereof, 20 wherein said tear |ipocalin or honol ogue

t hereof has at | east 60% sequence honology with human tear

| i pocalin, to nutagenesis at two or nore different codons, resulting
in one or nDre mut ei n nucleic acid nDIecuIes(s) (b) expressing the
one or nore |n nu el c. Cld | ecul e(s t ai in (a) in a

U t bl o BT SrHP D nfialh ar SRnsEestiBnr ofllg AV St bha e,
havi ng a mmace(bb@intceRIHAnﬂilmjgrﬂ thé imitiafod ommslguotesudhqn-gﬁbter RYioRERMBR IS
sel ection_an tion. ln further, enbaodi nents of .t his.nethod,
Che nuct aPaUE trerdg iR e s M R e fea A g o i e
mut agenesﬁ&/-m badxe amd tthIﬂnaiDﬁlgamermtemndnnpmk:hy@eg ol gl AYA rhes| E(AIAITde
triple s) y ,

epti b usihnBlard3Cenbit eicmifh Iy Bls Ao 8tios HLSS R BRFes o
Accor di ngepresspr elpgentudsf well %mmisbteéﬁ@hdrﬁgé lodtrysegregcdsdoetagsting tedetive f
this exc @tuk.éEL &ﬁb@o SRR 9fstlBg encoded amno acid. In the
met hod of ratio n or a fusion protein thereof is obtained
starting fron1the 35 nuclelc acid encoding tear lipocalin or a

honol oguept HAKRAS theh¥ fidh- @&@;@g@&&&dmw cmtaﬁggeg@ﬁfoa eﬂc&eﬁ@%mveabm

introduced 1nto a suitable ba rial or” eukar Host organi sm by

neansl®f tFasgsiphpnabismingbion, Robupenylabgy ortheslikg) If, élaﬂyvemhqsq: tgEeinalisn seayencih e

coding s %]élﬁ‘di G&Isﬁamrﬁfaﬁctﬁﬁﬁm SartiAANRE: Eefithed IBPHA) bdkubRRstbd whh silals
al . (1992 . Chem 5 267, 20282- 20287 can serve as a
starting Hmﬁﬁﬂﬂﬁwmﬁﬁgagene5|s of the peptlde segments selected in

the present invention. For the nutagenesis of the amino acids in the

N-termn tide stre he three tide | s BC, DE, _an
PG at 't ool e rd pitlepdp Sishe Gesmtipan Ritude e B Sp aapsp bt o
It he nag ureqho&mtme@iena bnamdthétgna:faedd&tnba&mwﬂa A %m&addam ﬁﬁwuldlﬂﬂtehﬂentmn
oops AB, assi sai d .bi ndi n ocket, . t .
ber Son SITPHEFS FRrop e spera AL e DU s o P e g bbfaryorc
est abl i sheomsita agtaiodexmepleotisef momstet, thedidUdSipesinaerivaie i siomofebErImsiesk ,
J. et al. (19 r t i

i ntroductStd roma% 1S u?elf@ %%] gx;ﬁr‘essﬁ\jg ”E‘Eiﬂla yogégglispa(%? Q’%egg‘goe om olﬂeﬁ or the CMV
reacti on)promotay m xt ures of synthetlc ol i gonucl eoti des, which bear a
degen? gate base conposition at the desired sequence positions. The
use nucl eotide building blocks with reduced base pair

speci f i ci¥he,nuglsictagid masleguisiseof itheoigvengion Fan asrobeheamnsised Wra Yasfortopany other

intr OdUCtdltﬂfhggf/ekﬁEfésaEﬁc‘ﬂn% b ﬁ}é%&xlilﬁss E‘gﬁ\a %&ﬁ&sﬁru§ CEIMRAs: orurtificial

further possi I's the so-cal tri tagenesis. This metho
uses m xtdraEoserpesginfamErfenad eﬁ@eﬂmﬁ,@éw@@w&@d@ His GRS I abard.

for one asxrpﬁh@mﬁwe&omao&b@vecme&ams ﬁkhrﬁé}cérﬁﬁ1@ﬂ5@§f&t@ﬁ{bé}9nt%ﬁ£§éesﬁl&?as
e possi bl e strategy . f |ntrodu0|n nutations in the selected

regi ofis dYli3 #rél: oppigiigralRart st %@bﬁp thecDNAsofiinterest- pHersHeerintestizrof they r
ol i gonucl edkiisl 88st cald Gith @lichWh bdgeinf v@@ebﬁdnahwp rgﬂﬁ!e‘ﬁélgezfﬁh @aeqskoy he

cynt hosi VR SLB A PuilBekstsas e pdpen b en b BePod Rl o g
enpl oy m @ﬁbwe@ﬁct&foldgum dBNA to its corrcspondmg polypeptide displayed on the phage surface
(reviewed, e.g., in Kay, B.X. et al. (1996) Phage Display of Peptides and Proteins - A Laboratory

3¢ Manual, 1st Ed., Academic Press, New York NY; Lowman, H.B. (1997) Anni. Rev. Biophys.
Biomol. Struct. 26,401-424, orRodi, D.J., and Makowski, L. (1999) Curr. Opin. Biotechnol, 10,

8§7-93). '

Such cloning vehicles can include, aside from the regulatory sequences described above and a

35 nucleic acid sequence encoding a lipocalin mutein of the invention, replication and control
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acid building blocks for the synthesis of those nucleotide triplets
whi ch correspond to the amno acid positions to be nutated so that
codons encoding all natural am no acids randomy arise, 25 which at
| ast results in the generation of a lipocalin peptide library. For
exanple, the first oligonucleotide corresponds inits sequence -

apart fro ions -.to 0 strand for the
pept i de sg%%rle to E(gﬂcr’rrugg ggetu Scotmf'{ah@ Wbtgfe“e&-o aﬂtﬁﬂéﬁ usﬁ‘gg’FF’in??“B? AWl
| i pocal i nas W?m&k@econﬁmrt';mmhghw phdﬂetyge@ﬁmlsmim@nmuﬁrismteﬂdﬁls nge
correspon Il e_second se nce
fol | ow ngquﬁﬁ't’%s ‘é*’*‘é%?“}%%%ﬁ?ﬂi&é°2%%€%§°& B e oIy ta BeLaRIRe g0
corresponds in tamto the coding st rand f or the corresponding third
sequen g I : t t corre sponds. to
he non can pe s mekeel endoing 1Afehf Hildndd AEBNENER, W SRSERD R eas
chai n r ead®5YkopaRINgdhgrading pagaencapf sych hbpqcelspem@mvw e trmfoamﬂ iseadnst
ol i gonucl Qélldaﬂﬁﬂ@(ﬁf@x&@é%ﬁﬁ%‘aglsﬁ{e Tfaﬁsfﬂﬁﬁa@iﬁﬁéd’n%e PW{JTHB&D&? rés?&?ﬂ%%&n{c}{l%gl%es

third and fo onucl eot i he anplfiticatiorf produ

both of t f‘?%al:?'iagﬁb‘?gehﬁfpﬂé Tﬁﬁ*ﬁﬁhﬁrﬂ@wnﬁwva}w ditestedionkosiesilisontsining a
into a si Rgdiec MiC hBleculatd dsciRBPidrsih.Ng t he sequence fromthe first to
the fqQurth sequence segnents, in which nutations have been

i ntrodiced at the sel ected positions. To this end, both of the

product s ThstrdneforRecHip cellsxee cﬁﬂtbﬂe&ﬁﬁ&ﬂcdnﬁxt@né"éﬁ%ﬂ)@ﬁo)/%&éﬁ@n SR tdcleotide
reacti on usi rgfla ki n 50'%"2@3?(}?10“(:16%{1 bﬁ as one or nore

(redi at or FCCTEF & REPE 2 HISIOB 2ATELO ey o8t elecan de gigkpryetic, such
bet ween t heEsskairhit cali (. t41D of Bickiths smm@raﬁ@k&@@mth asTdab&am@B&@%ﬁszhé

schematic he chor t he nunher an
arr angerre%{cyl%l f’ﬁggs ﬁ%g@g thsgrr‘lsécet%glrs “i‘fgmtaﬁ)‘ﬁdd%m? Bf’?lﬁ[ S§3§elg‘%fa&f’ust°ﬁe
mut agéfhesCEO cehg Opgnmwmmahexdcalls the art has nunerous alternatives
at his disposal. 10 The nucl eic acid nol ecul es defined above can be
connected by ligation with the mssing 5 - and 3'-sequences of a
nucl ei ¢ aéhaimesboriilsnyelates lopaesttiaddonshd sepepidndéa mntinaccardies W eetinenticang
can be c}aaRd pldle organism A nultitude of established
procedures are avéﬁp&%ﬁw?ﬁﬁﬁfl gatl on and cloning (Sanbrook, J. at
al . (1989), <abr aybieqing arucleinsicid moleasispnading:s teae jpesatiwer sfhomolkfue thereof,
restriggtion endonelesAsAs 3@0&[1@%%0&%@9%&&%%@% 1ng h& &LenLng

vector can be englneered into the sequence o
ol i gonucl eot i des NOTAIGEY with &l@raﬂéﬁ%bhrqcaléaiqr@ﬁaa@ﬂeasw&mry@@@f&@nt Raps,

product and enZYE’@tﬂlﬂﬁgﬁﬂcﬁr@Bﬁﬂ&etﬂﬁmﬁﬁ§d¥é1&hd@mﬁfe@rﬂéﬁ%ﬂt can be easily
cl oned using coryespondi nglwéecocnr tion sequences, 20 Lo

sequence seg tgstﬁﬂg % e %G W%ﬁ”cﬂ%‘ract“ﬁ@oﬁﬁc%@? ﬁbtéléP‘éb‘lt@hmf&)r
rmt agenesis can smtasmemeﬁwhjswnmnao random nmut agenesi s via known

tho for se of th e chain reaction under
condi ggons of n%ﬁ%affé?# 9e PP ha%i}g %ge %}ﬂ bipRiRgRfEnibsios 2 given faqget
usi ng bacterial butgimof sddcdbmand/dpisetisiet hods can al so be used for
further optim zation of the target affinity or specificity of a
i pocalin nmutein. Mutations possibly occurring outside the 25
segnent s lofiurthepembadindngslof thist raglenietie auddieachf helecule@bebeth@didely G@fjechM &)

prove to xﬁﬁage%ﬁé‘&ﬁ\% BB ore different codons (i.e., usually nucleotide triplets) in any one, two,

30 three or all four above-mentioned peptide segments arranged at either end of the B-barrel

structure. Accordingly, it is sufficient to exchange only one base in a codon if this exchange

results in a change of the encoded amino acid.

In the method of generation a mutein or a fusion protein thereof is obtained starting from the

35 nucleic acid encoding tear lipocalin or a homologue thereof, which is subjected to mutagenesis
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for exanple if they contribute to an inproved folding efficiency or
folding stability of the lipocalin nutein. After expression of the
nucl ei ¢ acid sequences that were subjected to nutagenesis in an 30
appropriate host, the clones carrying the genetic information for the
plurality of respective Iipocalin mut ei ns, which bind a given target

can be sel ect dfr t he r bt aj ned. Wl |l known techpi can
be enpl oyedic R3S ﬁlétfﬂ?l%h 6% af?{eeélkar%&ﬁﬁiggt,or%aﬂgﬁl smfﬁ?éagreg?@ inay
(revi evvedDNthetyloloByK@.saheadalouth(l&%@e)supra; Lowran, H. B. (1997) supra
or Rodi, D.1., and Mkowski, L. (1999) supra), colony screening
(reviewed in Pini, A at al. (2002) Conmb. Chen:. 35 Hi gh Throughput
Screen. 5Th&@8ing s@uecnaeiohdecnanle, SphaytefriposaineBedlyB.Anat (1992) J.RiolaCheal. .

Feport S T A2 o cagHefl 82yRng oot Birigbiags B e bl ot
08, 3750- BrETpresan ivvepben Heithe mt!tagehemqgﬁ&gemmmdayl theeld Hirinépakpeptidestetale d

K |
:? 2d| 3y, Barlﬁ’ th@Ehles% I\%E&dk%&)s BCS W Bid 1;6‘3 aﬂggééggfbf Jﬁ;% p- gaq[eg %ﬁ%ﬁ 4P fociea

p hage is @ﬁ'weﬁ% taﬁﬂeaﬁmekh@ﬂsﬂe mﬁdlrsg Peekeéaﬁtw%lrﬁs thefos depiide vpar Ay G EFtrad
i nventio nGI-I'éﬁ&ﬁlYIﬁ&smgnstmd b'xr&hr@%%ﬁ@t EH&%EPS&M &Iﬂfadﬁr@tﬂ?ﬁ{ l’?d@rat H?M%szﬁ HeRadns -

1 or lytic phage suc oyed as wel
exenpltdr yeskbliged F%WWFFBEF‘S f‘?\?lf@e %‘FF&E?@H%E‘(E‘&’F (Sa&}b&?kéb%f\?Mw %?)e’“P” a). A
produced yddiEdhipbdedWehiihe: iS%P I@B&icaBn @ffmﬁtﬁtﬁm%;f' fkad of P@R@}ﬁilhﬁbtﬁﬁé@hﬂﬁ c

aci d sequence as.a fusion a. si 10 se uen e at the
Rt er mt m et DR AED iR “Legiafrolies iimbdea acatiieR ot coreR ey
protein maa de@riedtsb@ep&bqg;embﬂssTMusé bﬁ@ﬁ&ﬁﬁ@e Hufleig elockaypiablegucal behig
|ncorporate % e.ca si.d a the. C.term #l

C termnafP ?F‘él m%ﬁ or "i”:P ° GPstHe® B é°€‘é°;5‘sfi°ﬂ“‘6r“&}f°élil “’é‘o";Eﬂ}Litaéi“Hsgmm 2
anmi no 1aci dmséhkéquencetOfinatt. A faethasipbsdibtlitpa tlﬂaaqmehmﬁelmlst -ipttedenestdd This tisthod
to produc hef i r ot ei eC| dIS a C-t.er.m pal
fragent S B8 bER TR S Rice dEPBR A Ak CColt RO ol mlinS a1 e
IS mssi nlgccepomtsorrlepltm:@dmwe@mrmaher am no aci d. The fusion protein
may conprise additional conponents such as an affinity tag, which
allows the imuobilization and/or purification of the fusion protein
or its paPrs.pEtiblehekiese,fon 1glf@ﬂ@lcmedmtat@am ipe theo sateetdd beegigaenoft Hee

sequenge Jegﬂ%@reg?@ggp@@esngbgst@@ ﬂhQﬁ%f'fB‘urQJhgbﬂLéleHﬁﬁe@'é&éh émn&mﬁ pRftags

20 capsid §§nents t ereof, wherein the stop
pr ef er abl deripd Empene of ghe opEwANding segpence saEstenisp b armtgiedc icar%g atethen

into an MesiAfs theshdi &Ie’bﬁ&b%' L QR skifleBinShtl 4PN @& of nucl
strain. aﬂI"—{a"or Selxa%pee gB ’ hag enﬁaﬁe veét or nTLPC? Flﬁjuﬂ can obgucueé%d

for the cisisiul d’é‘ﬁPE?ﬁkfrfPf e mﬁﬁes ofithese EHCFOQH%’(BH?QW‘?J}P&HC%P@% to the amino
|i pocal i naciwpfeltMS toTﬁfeanutaeé@m th¥€coa o eﬁab@duegcmﬂnmhl%uh@&mmdhmﬁ @fise2S
{he rrutateclig{){fil Lﬁgrrehnts are i d][llntot eV %tor usi ng. t he’
Bst XI 2PestRFl e B iepuliadn thegeneaian, rﬁ T PRI H0RaR FOf PLATS hptirst
: nL 0 a SLbﬂg@h&o&aohé&&or&:&po@dmmﬁls@?quaﬁccE apﬁrofrmehd maiafte positlére - temy kbdifng
ibrary is s ue eripfec cul t.ure .w
apbr opy | SREAS ChioRhAR BB a® Pl s et Mre@tral por g Sated ggate
The reco nfmlmpﬁdcpha@edmgiy dhéqebcmmhgmﬁcled;uqe msﬁéspdshcmﬁ e ﬂorecmdhtgsstrand for
jmu: T 2C€ at%lc SCCO ds sequence segmetg%olf owmg lgrﬂ’%tp% ypeﬁlde sequrcnc% ,Phe%rq%gi gonuc?eohge ’
30 corresponds in tumn to the coding strand for the corresponding third sequence segment. Finally,
the fourth oligonucleotide corresponds to the non-coding strand for the fourth sequence segment.
A polymerase chain reaction can be performed with the respective first and second

oligonucleotide and separately, if necessary, with the respective third and fourth oligonucleatide.
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30 the N-term nal signal sequence of the fusion protein is normally

cl eaved off. On the other hand, it also bears one or nore copies of
the native capsid protein pll1ll supplied by the hel per phage and is

t hus capable of infecting a recipient, in general a bacterial strain
carrying a F- or F-plasmid. During or after infection gene

expressio (e} t I.sed_qf ocal i n_nut ei
and the cabgimpiRadtthoUled b oty ERTR IR R e somEnad i E s Rud B s
of anhydr titet siglymwicleivecidFhmpB§ng thelsegednoniran thd ifirdt artse fonsh shosessegnialts,
that a su di s, at_ .20

| cast oner | Rk nitaibhEd HasblhlieR dAF s B BT TR 308 nprfSr e
known for Plioéﬁﬂt%tu‘ﬂfnn@f ekanglh gy spbjeatulcn sasevppepnpiaseattiaimreastion using flanking
pol yet iyl gRenGlivkRts as|v§e(Pl| a@tohé)& rﬁéﬁ@h&@ihﬂo}' niffefdHcR Iﬁglte&{l a@h cﬁ' Lfteotﬂe
peri od ‘of 6-8 hours. I sol ate age aret en sufec

sel ect i onsgap¥Ice §EWEEH ‘Pﬁ &%B%é ndghe thléﬂ#ﬁeﬂmﬂhc #egienteBhis procesiure is Wﬁememcnlly
the tar geﬁe%;»i‘oﬂu&rc@ﬁﬁ‘ 31 1 the éh‘afcg‘oﬁihls AUB aRd ar{“fﬁ@&{leiﬁ vﬁtﬁfﬁ%’cﬁ% %gﬁfence of the

i nmobi l'i zafi on of oseglage di spl ayi ng nuteins wit esl I ec

bi ndi ng aBigoppisptidessised for the mvgeners. siEnsOn Fhilled dride ant basioreaseus gitempives
art. For ghwmigsalt he target can be conjugated with a carrier protein
such as serum al bumin and be bound via this carrier to a

pr ot eil¥- bi ndi ng surface such as 10 pol ystyrene. Mcroliter plates

sui t abl e Ty nuklelcSfidingsiédited UEfineo &b@@cﬁﬂ:‘e'e&%ectbdfﬁjdﬂ%bh GkER' lthe%ﬁ@kmg 5t and
an al so

preferred Alterna%lvel of .the tar

[l erent E44EFHES BRI A A e ipocel SRV BSPUER Ge A S K g e Beun
hen be i ciomddiih akxﬁ)dm(hbst&t:g’aﬁlﬁmeﬁ mulitidelof st dblistRe bReddus ki La%lﬁlﬂe foki _gahb:i S
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l'i pocalin muteins 30 obtained can be purified fromtheir host
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30 appropriate host, the clones carrying the genetic information for the plurality of respective
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known techniques can be employed for the selection of these clones, such as phage display

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

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

35  High Throughput Screen. 5, 503-510), ribosome display (reviewed in Amstutz, P. et al. (2001)
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in the art such as gel filtration or affinity chromatography.
However, the selection of lipocalin nmuteins can al so be perforned
using ot her nmethods well known in the art. Furthernore, it is
possi ble to conbine different procedures. For exanple, clones 35
selected or at |east enriched by phage di spl ay can subsequently be
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descraBedlslmysthgtdrksa‘eplacbdhyaﬂoth?dl amfid@6id) Nat. Bi ot echnol.

1024-1029. Affinity maturation can also be carried out accordl ng to
t he procedure described in WO 00/ 75308 or Schl ehuber, S. et al.
(2000) J. Thefhsiomgjrotein IQ"Q/?OIHQIISB@dd_iﬁQ@l compenentysutledsas affinity tag, which allows the
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obt ai ned. 2 elnvent onasoreaestoa
pr oduct i ofrndP lagatpdpaswvepndiie seauen¢arogionsicoerdingtia liopalinton s muteeas and the phage

f ragmggt &fpSIH Q&xe%!r'% dédi‘en@srthél'eéfu\ﬁhé?éln %%ﬁh&ﬂoﬂf rER8L h e a‘t@t Rer

pol ypeptide is uced starting from cleic aci

the nut ei lahpahel rféanaiﬁte@mm @Ie%%@w#@nsm@ﬂwb@lgntahinéunmsmatr@an
be carried out in vivo, the rrutel n can for exanple be produced in a
25 bacterjal or eucaryoti ¢ host anismand then isolated fromthis

host or gahfr$KATBRI: the REAganYH ¥ectqr |T§‘P 85 Kg Derade s foothp pgiiecion ofn vhegs n

i.n vitro, lifre eﬁ%ﬂﬁi@ﬂi@mbﬂmkﬁ@oﬂﬂmmtdiﬁ 'vhetlﬁ@ntw@nﬁleﬁidcmn&yoﬁte@B&mngﬂa@
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30 theN-terminal signal sequence of the fusion protein is normally cleaved off. On the other hand, it
also bears one or more copies of the native capsid protein pIII supplied by the helper phage and s
thus capable of infecting a recipient, in general a bacterial strain carrying a P- or Fiplasmid.
During or after infection gene expression of the fusion protein comprised of the lipocalin mutein
and the capsid protein pIlI can be induced, for example by addition of anhydrotetracycline. The

35 induction conditions are chosen such that a substantial fraction of the phage obtained displays at
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under conditions, which allow expression of the heterol ogous DNA and
thus the synthesis of the corresponding pol ypeptide. Subsequently,
the pol ypeptide is recovered either fromthe cell or 35 fromthe
cultivation nedium Since many |ipocalins conprise intranolecul ar

di sul fide bonds, it 22 can be preferred to direct the polypeptide to
a cell caonmpartnent having an oxidizing redox-mlieu using an
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provi ded skéh dshedigitatipn aRipoBth@Fet P AsdlNEon@FERTy e Glerdd iReub&in
or in the L%gﬁg%g t he endoplasmatic reticulumof eukaryotic cells
and usualP° 5Y 8%%he correct formation of the disulfide bonds. It
is, however, 5 also possible to generate a nutein of the invention in
the cytosgl .o ost_cell, preferably E. coli. In this case, the
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conposition ¢ K Sl t .l east gne inventive .nutein or a.fusi.on

orot i n CRBPEGTT Al RER RS Tl ghetd B FTar e By g mepfetely
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appl i cat isolutiome ﬂhodsted:pmgc mgpetherdf l;ﬂsubjxcacdgb egloti_an _seﬂ@d;ign m@oﬁsf_erably, s_election
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techniques, é.g. 1n e formof injection solutions, Infusion

sol ut i ondowhe rasprotive texget. Bepanding oadhestomplesity phibe dibtart ¢raployed -8 cycles are

i nhal ati Qg g,h;is@n&-he formof aerosol mxtures, sprays or powders.
n- par ent (I'1 ofe ivery nodes are, for instance, orally, e.g. in the

form#% pills, tablets, capsules, solutions or suspensions, or

rectal | y,pomg funbﬁ'onfgh&amg G@tﬂéd seRBed HRRAK h@kingan £160% nBMke4in R ifctddRgh

i nvention can be adm nistered systen ca or topically. in

. ) lcally o pically,
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desired. 23 In a preferred enbodinent of the present invention the

! P :
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in the art such as gel filtration or affinity chromatography.

However, the selection of lipocalin muteins can also be performed using other methods well
known in the art. Furthermore, it is possibie to combine different procedures. For example, clones

35 selected or at least enriched by phage display can subsequently be subjected to a colony-screening

21



nost preferable application method, taking advantage of the | ow
mol ecul ar wei ght of the nmuteins. 5 Accordingly, the nmuteins of the
present invention can be fornulated into conpositions using
pharmaceutically acceptable ingredients as well as established

net hods of preparation (Gennaro, A L. and GEnnaro A R (2000)
Rem ngton: The Science and Practlce of Pharm
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| i posonmes an m cr ocapsul es. formul ati ons can be sterilized
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wat er or HfHgr m%‘PE’PPP ooy gromy dsertipp/deletion (RIR) m%esa&sw. & é@%@ﬁh by
from 1he nvubeienidi scd QM?NataBzB’ﬂéHﬁzlon 20f761N @r @ 5A6bgbuR Yadbin@dtofbination

st o0 PURHEY S el &7 18R 4 PR Hon P iR 36 54 TO sy
appl ihgat :moaﬁ?iac:abgmhogﬁ caried uamkpm?inge@thetmmtmmdl negg?s?ﬁgiwommos ey
can ol so BaRTHEf s 8uceadlZ, et pRE 27 HRsdagb st ehan PLbEPitighs
site. Faqrotsindhviag high pifmay tohBgaxigesinwearsoleainddact ed with t he conpound
of interest in order to allow conplex formation. Then the conpl ex

conprising the mutein and the conmpound of interest are delivered the
pr esel ectlhd irvientgon alyoirglates @ amethad fprthe prodicdion o4 matsineof thplinvemben, whercin

restricteg xhﬁlrem]:jé){g%%grﬁm K ®e ein & iﬁmg\ﬂigﬁ gt Rt bk dﬂ) anbfflel eﬂ&?ylp .

such an infecte art or or S su pose
Wit h t he perduged starbng, mﬁ@élu@iﬁwlﬂﬁ el {veY i o Fh@éﬂim!tl Wgaﬂs§f3¢1§tlc Cngmeenﬂg
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When producing the mutein in vivo a nucleic acid encoding a mutein of the invention is
introduced into a suitable bacterial or eukaryotic host organism by means of recombinant DNA
30 technology (as already outlined above). For this purpose, the host cell is first transformed with a
cloning vector comprising a nucleic acid molecule encoding a mutein of the invention using
established standard methods (Sambrook, J. et al, (1989), supra). The host cell is then cultured
under conditions, which allow expression of the heterologous DNA and thus the synthesis of the
corresponding polypeptide. Subsequently, the polypeptide is recovered either from the cell or

35 from the cultivation medium. Since many lipocalins comprise intramolecular disuifide bonds, it
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separation of a given target, conprising contacting the nutein with a
sanpl e supposed to contain said target in order to allow conpl ex
formation, and separating the nmutein/target conplex from the sanple.
In such uses the conplex conprising the nmutein and the target may be
i mmobilized 10 on any suitabl e solid phase. The detectabl e signal
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exanpl e, dRCPep| Bt)tﬁdlatdﬁ Rield$, Goi] 2d Colilos Pa@gm)tsw%emsppgixﬂh Byrtkkis.
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i.e. the analysis whether a polypeptide assumed to be |nvoI ved in

t he el rRpr e or. di sorder eed
sorreﬂ%%/v (’:Igg g&g)tg%lt%/ogx a(% r%%[e??os a gﬁagg%cegtgc%gfogn 0 t:on chrH]lansmu at ??a%t one inventive
val i dat i meptein pr ofueion pa:&euathpﬂwaﬁM@@hwamhcaﬂngcapsab@%mplaktes advant age
of the ability of a mutein of 5 the present invention to specifically
recogni ze a surface area of a protein in its native confornation,
i.e. to Bhabpecslimmutginsvecordinate g invenptiqnivias by adspeisteredivia apy parentéral aroored
that thi g2kl (s Féetﬁél § GRA LiefaifNvechi W o phdidthdo

(ecorrbl nant anatlE bod |§§°u 1 b heait}};e egg ] #nven?&&e%?ﬁéﬁrﬁ&%r
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fol | ow n%lfthﬂ:'drsﬁ&yﬁ&%oﬁ&@rﬁﬂ#cﬁspardnférﬂl\/ﬁélﬁ@fy modes are, for instance, orally, e.g. in the

form of pills, tablets, capsules, solutions or suspensions, or rectally, e.g. in the form of

30 suppositories. The muteins of the invention can be administered systemically or topically in
formulations containing conventional non-toxic pharmaceutically acceptable excipients or

carriers, additives and vehicles as desired.
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Figure 1 shows the polypeptide sequence of mature human tear

|'i pocalin (SWSS-PROT 15 Data Bank Accession Nunmber MB0424). Figure
2 schematically depicts the structure of the lipocalin fold. Figure 3
schematically illustrates the generation of the library of tear

|'i pocalin nmuteins 20 random zed at the closed end of the (3-barrel

at the nu I.C_Aci . Figure 4 schematically depicts the . .

phageni d \f}xlegtpg? p‘!icﬁﬁ@&ﬁl‘“ﬁ?tgﬂf?g‘eﬁlgsgﬂte’r?ﬁ?r}t‘(?ﬁltﬁ?/ Fé%lﬁ"fa ?“é‘c;l‘slh’é Wrdaisieigd
vect or pTpRaBeralls aRiagmad, a8d Slasivelur o Abiynsi Withistasal iestaltabien BeiMedna bf MB
of the Ii HYefQhbiL 88K cdd Nt el n rngorrizdat Lt en end
of the O- ag el &al%l %ﬁ’gcalrﬁft?g eﬁgh’g%l%aﬁ‘éa\l}éﬁg‘?o oY glogcgl%rﬁ”eehg'??fg Ipyjeins.
depi cts the phagem d vector pTLPCl2. 30 Figure 8 shows a schematic

drawi ng o | t ' pLcts the.binding
of o i R REn Gy RAERBIeAR of 8 ke Holebitpgeh B o B SOy g
depi cts t ARUBRGSHHGHHY arceptphie mpedientstsevell asaablishad oefitordpofipreptmtidnCDRmhaio)
an ELI SAa 1Fagrifien goI n Db O t : %!g 7 10
Dinmer to h_CD_Zgyi n_%ﬁ?’ %ﬁf)é%@@) Eaﬁtrﬂgﬁgh?%'c@;éc&dgtﬂgrﬁee %711?1 [ ngébgkgﬁg!’
TLPC nut eligpmgeft Williems & WilkigsnP hig PAh Tiipresare themphguaeeutigal compositions,

schemat Eﬁgl&:ﬁacéﬁmm& Bed HRIABBUR kAL okEipRat Sk Qﬁdyﬁﬁﬁ'ﬁgﬁ‘c& e.& pills, powders,

CD25- pc ?.J Zeog@ﬁr 10 Ifi gure 14 shows t he st ai ni %g f
expr eELQ' néf HiTaRs BupRoshories fofes apRip factospddle gteariy go ftasalis, 585 WAXSE .

Fi gur e 15satialvenigtidqalyols, depial bisd hdi@nek BNE itk ¥aSHSs RF R SodueBion of
Figure 16 &i'_giol cts the bi ndhnﬁ'hof_@tgg%xﬂonorrerl c fraction of the TLPC
frut ei n FO2 Bk STPCELES LR AF UFPS ghpo{dprg for respiyptifusion iptagalytienser
t'he bi ndi segpsof mixheesdirivrtd osefifichaleivarer,aficohble, sTYdR6],MAsl @I aktOstitSh1MhidEbH

to human %DQIS i n.EL .. 20 Figure 18 schematically depicts the
manmal i an"'h F%ﬁgﬁ@g?‘? o e%?g[gtog? CD154- pcDNA3.| Zeo(+). Figure 19 shows

the sf&ining of CHO cells expressing human CD25 with

fl uor escejn- e in F92. 8 .M. 2 E15;. Figure .20 depjcts
the bi nd?ifn% %%%?h%%ﬁé‘%“%ﬁgf’%&%5‘89"5‘%&32“%?1%%939?“51 g ARPPIES e, iers,
respect i vettiing agentsnalida@be Gabilizean plstBAlves Gritisifiers 284 fistieanat isclabrty or
depi cts tRQLAKALSE bR #8 bHRLvidk T+ Esbfefrect. The latter is that fusion proteins may be

incorporated into slow or sustained release or targeted delivery systems, such as liposomes and

20 microcapsules.

The formulations can be sterilized by numerous means, including filtration through a bacteria-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions

which can be dissolved or dispersed in sterile water or other sterile medium just prior to use.

o as
As is evident from the above disclosure, 2 mutein of the present invention or a fusion protein ora
conjugate thereof can be employed in many applications. In general, such a mutein can be used in
all applications antibodies are used, except those with specifically rely on the glycosylation of the
. Fc part. ‘
30

A matein of the invention can also be used for the targeting of a compound to a preselected site.
For such a purpose the mutein is contacted with the compound of interest in order to allow
complex formation, Then the complex comprising the mutein and the compound of interest are

delivered the preselected site. This use is in particular suitable, but not restricted to, for delivering
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Fi gure 22 depicts the binding of the TLPC nutein 5100.1 108 nonomer
and dinmer to hCD33-Fc in an ELISA. 35 Figure 23 depicts the binding
of the TLPC nutein 5101.2 A20 to hCD33-Fc in an ELISA. 27 Figure 24
depicts the binding of the TLPC nutein 5101.2 008 nononer and di ner
to hCD33-Fc in an ELISA Figure 25 depicts t he binding of the TLPC
mutein 510 1 5 Bl Acore experinments. Flgure
26 depi ot SRRE R HAME 1 SR AR eI o P EOTERT WEGh OUTROIYR P Re
Bl Acore weikpdridmnts. 10 Figure 27 depicts the binding of the TLPC
mutein S101.2 008 to hCD33-Fc in Bl Acore. Fig. | shows the

pol ypepti de sequence of mature human tear |ipocalin (SWSS-PROT Data
Bank Accéssthousiafteenveh@@424cindis tie ahﬂiing/damed:tdm of £ §iversthiger drehet lﬁmlecule
(2000) Bi ) iS _Lespect, i S _hot
that  aShuiy Bl EhBAM e Bt vl Pl serbft fbiiet TR ST o ke B
fol | ow ngd@@@ng)bfetbe mrent/lh@t%g@m@ﬂathymumibld jigat &l mutemiaeialys be kiad<or, the

the fi t t
sequence. SPiorrh B Bt o BRrthe B ftn e B, Ploy L B RIS e
| ast two @id ageayip aIde*'a%aH@N a@mldew fosnatigesnd Sippraiieg e alutin/dedebtatplex from
Third, t hﬁe% Y46 uS P A BB e LonBIHE e aS bid 0B o3t JHQ%JS d&éﬁ,@}hzws

changed to hese changes" are in t sequénce
listi HBS OW%FYW@FPSPH%PW no acids GGD are indicated as first three
20 reS| dues of the used tear |ipocalin. The four segnments (AB, CD, EF

and at the open end of the (3-barrel in which amno acids are
éxc hangedT%ﬁ'CE’t Pk sy SR bF i%@déé'&d@ﬁb @s giplained@bpye. onjy Arthange of physical

under | i ni pgperilReusSWEIMdEnDs. tH@Eoﬁﬁl@x fanand, tRe. d}héeﬂﬁlﬁﬁeiﬂs' 143RBh LifiGice
stretch in which tatl%&ﬁarel qQduced to_create blndln site

at the cl'S&REENEe G5 S Rar P Eng Pk ey of BindipgpinsR o wejfheone is
under kB ni ingnobilized segjsiefacesichasi gdlofusl. of TLPC that are nutated in the
exanples 25 are additionally |abeled with asterisks. Fig. 2
schematically illustrates the characteristic features of the
| i pocal i ﬁTﬁeahutel@adrsdbstﬂd@reﬁmand:IkMMatl\E)s Ban t@ﬁQ&ﬁ)lsedShlmaa)r fielb @inciiag i

Shovn s ol or AmBRE elcSl, iPadsRio Wi (P buinRo b Sineby AiPulpelte
whi ch i s Bchefdi giveamalitiy opa esrgugate ar am proteocef] thin $argdt $o bd iponobilized or
SO TED L Rpite® " hleinl hein BYBEQIBATBANGN M EOBRGAL) BMatbodyR EEARGS

Is in y apalr o I nes“bet ween nec
| oops ar esubsidngponany othier grovnkaying bidchrimical Ritvity wodefinedbioding tharagtebistics @y

are topol d I
O T R R L

| i pocal i r@o‘ﬂ@t REPRAck D thery E‘éfﬁt(ﬁ@ﬂ‘b aélﬁﬁlréﬂa thenyentinni¢ar sesvgdo éftechehemical
3- barr el stlpaisrek IE&QﬁeahQQP&té’bﬁslfeggnal%aﬂH{éthg@ te CFMéErIIEé]A to?@@ésh:% BYd & & dh

term nal  pol ypeptide region buil he cl ose and are ‘use
in thé> prisieEReory ﬁexéﬁlwwﬁpﬂﬁwx%rﬁ%a’mteawnaﬂ%} FRateithe bB Eongratey! direetly by

The par t susebf £ehitable mutein conjugate or fusion protein or indirectly by immunochemical detection of

the bound mutein via an antibody.

Numerous possible applications for the inventive muteins also exist in medicine. In addition to
30 theirusein diagnostics and drug delivery, a muiant polypeptide of the invention, which binds, for
example, tissne- or tumor-specific cellular surface molecules can be generated. Such a mutein
may, for example, be employed in conjugated form or as a fusion protein for “tumor imaging" or

directly for cancer therapy.
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formthe three main structurally conserved regions (SCRs) of the
fold, SCR1, SCR2 and SCR3, are nmarked as boxes. 5 Fig. 3
schematically shows a strategy for the concerted mutagenesis of 17
selected amno acid positions in the nodified TLPC by repeated

pol ymerase chain reaction (PCR). For the sequence near the

N-term nu adfrea f the three peptid .and F
respect i vé??f, eTjIfpa te&ﬁflg ﬁ‘e? e A5 9 a%thgg %?isrcg%d h ﬁ&% epg?hdgpﬁ&l’ £ the
ol i godeoxmty@iseﬂtetlﬁea palypayind hssined b, be( iBHEvddOn NE devglopsa@ or Pragess 4f a
SEQ | D NOy, e BHE! LIRS B use 1
i ndi cat ed ieél ﬁrgﬁ Es?elsdre&r\llé%sg 110%81 eo?ra%?hmes co0 osgio?i&on c gsseer‘l)1
from t he edliidetiyefapesteit hsaétapmglpelce\ dmaopgetmwga@me@f tha ebikifteés myeigot

codon, t tat d l;at

958" 1 o pHagnd o A B spboifcally BABHE O QG0 AR 4 Bk 181181 Rlte
(1987) Bi ohéwimtioués tGhindoe lerzeaepupperm thig Sspish eidkwé@ naqed thatthisabiity hag
certain appliy «g@%ﬁ& Oy tH04 ﬁﬁﬁmxﬁbeg%ﬁﬁecemﬁﬁﬁ%h@&di@ H@M‘.@f tllilfﬁ@s%%f la@l

strains or or ) suc a nonsense codon can be substitut Y

gl ut ani neinvarBive mexeln ey vebérsian oba grug tasgetsis mat lpiieddp dhe FRizclige Hgglif’%e ns &8
nucl ei c aﬁa&&tsf b AR hclMek helRBchas 6 !efnsdo\flﬁlﬁlsgﬁeghﬂécsl Rkl PLaR1 Molecdles,
A with the respective priners SEQ ID NG EQID NGO 4 using
t he pWngmlaquaula\ﬁ%%@@mﬂem 2) as a tenplate. In another PCR
a nucleic acid fragment with 123 base pairs was anplified (PCR no.

1, B) with th ID NO . 5_and. ID NQ._ 6 tively,
& 56 us! ngheEstien RouRanBINated oe FRARD e Y gat RBRebFOREt s 20

served as a tenplate in another anpllflcatlon (PCR No. 2) with the

two 5'-bigtinylated fla )
SEQ I D NO%‘%“'Z Lnd ash?fe%‘g%&"? %PE?R SRjen %‘E?Ss“?aﬂ“ﬁlg}?m%‘ ‘§§(})‘é’ uﬂh?"%ﬁé’fs.sﬁﬁ?%“é
anpl i fliscation of a MANBinkageesion KfunddIMBEERd).pai rs. This fragnment
conprising a mxture of all 17 nutated codons was subsequently
cloned into the vector pTPLC7 using the two BstX restriction sites,
the speci &iguze 2 angechentaticily dkpicth testtudters pivbe Hipesalinfabdt i bl e

over hangi ng 25 DNA ends enabling a particularly efficient |igation.
The ligation efficiency could be inproved by purification of the

di gest ed Pigré Bagneshentasicalaribysigine the ceatritioptod tedibrry o wa Beyasn miis
am no cid substi 5 shdi@hkcidet@t i ons in
t he co2 on for Al a- %%dfﬂ'ﬁlga@h%égegfg‘ﬁ%%ésggﬁ’zﬂtggﬁe. n the codon for

Al a21 and Hi sl 06 were previously acconplished during the

const ruct 0 pT%a‘ﬁ@al@&ﬁ%&tstt Oﬂh@ﬁémﬁdU&%r@@LPC@f t he Bst X
restricti o Sites into the TL codi ng sequence. Fig. 4 shows a
schematic drawi ng of the vector pTLPC7 encoding a fusion protein
conpri sed ggdyre 5he QeRAnaticalRAlepBR SN PERA)TLRCEDdi fi ed TLPC with
he amino acid substitutions Al aSAsp, Ser6dy, Asp7dy, Cysld Ser,
and G4PL04Gln (for the TLPC cDNA, see Redl et al., 35 supra) and a

truncat ed fiair@6of tdbRervlidalyaBtstiRle tiRi g&uﬁhtﬂdn of ¢lemithrinyi off geaa tiporalim ciugkéns
217 to 406 29 (plll ressi, 0 n of the
tetracycline pr ormtré‘%‘y)B}b@B&f @P g?@eeflﬁf’& @ %r# the??%‘%géél?g%vfﬂon is
term nated at the l'i poprotein transcription termnator (tipp). The
vector further n,origjn of o] ori), the
i nt er geni LFL g EiTon g&“?’ﬂ lcf‘l? h" a%%%gé’!*éf"?rapﬁ?%&ﬂ

30

Figure 8 shows a schematic drawing of the expression vector pTLPCS.

Figure 9 depicts the binding of the TLPC mutein S69.4 Q13 to rhuVEGF165 in an ELISA.
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the ampicillin resistance gene (bla) coding for (3-1actanase and the
tetracycline repressor gene 5 (tetR). An anber stop codon, which is
partially translatedinto G n in SupE anber suppressor host strain,
is |located between the TLPC codi ng region and the coding region for
the truncated phage coat protein plll. Both the BstXl -restriction

estriot et 100° FRRR Ao lob oFl L ERru AR NS SRR et o g2 in an

nucl ei ¢ acid sequenddSaAf a Xbal- H ndl Il segment of pTLPC7 is shown
together with the encoded ami no acid sequence in 10 the sequence
listing as SEQ 1D NO 1. The vector sequence outside this region is

i dent i cal Figurall t hadepists tpAsidng of tHeg LECmpiten 876 UHL EDintet & HEPUENGEIISA.
whi ch iss given in the German patent publication DE 44 17 598 Al .

Fig. 5 shows a_schematic draw ng of the vector pTLPC6. pTLPC6 encodes
a fusion fFidrelh wspielsishinding o thet HPCONMARS6EA A6 ts bgn@enCR25 i@ an ELISA.
nodi fi ed TLPC according to Fig. 1, and the Strep- tag(r) Il affinity
tag. Gtherw se,_the vector is identical to pTLPC7. The nucleic acid
sequence E;“fguge 13(h o schepmatigatly depigindha masmmalinn pagfecionsieean D 25esDRNAS. ieb ).

t he encoded ami no acid sequence in the sequence listing as SEQID
NO 2. Thﬁ_ veci‘gr sEq}(Jepce_Qutsi de this region is identical with that
of pASKE75IBERELE o nPRY NG IRINIEESE (O ecllg semesainglhunyiniCORS with §luotesteindaticled
Ger man pat ent publ ITE®C wein 267 PEG417598A1. Fig. 6 schematically shows
a strategy for the concerted nutagenesis of 17 or 19 sel ected am no
@,i d positions in the nodified TLPC by repeated pol ynerase chain
reaction Fig@R)15 Forscherariciyidzmess 0R eofredsRapeAB grupes. f or war d

ol i godeoxynucl eoti des were synthesized (SEQ ID NO 25 26, SEQ I D NO
27, and SEQ ID NGO 28), which differs in length coding for a

r andoibz elighoold  ABepists thelbindag od theandrenstio fraddipn tofvehe AMPCT @LEi 0 FID8QI1.2
aci ds, respectivel | i godeoxynucl eotide for | oop
CD (SEQ I D NGO 29) \.Qlffur e?%{2§Y§£“;§IT'IrSROf two ol i godeoxynucl eoti des
was synthesized (SEQ ID NO 30, and SEQ ID NGO 31) for the peptide

| oops EF T el ol i iges ar i
Fandom nUSEent Hes TR Uitk SRERRRA, L RBL G AR BT SR e
the am no acids ar 8upgh GR2hineaEfliA-Three nucleic acid fragments with
142, 348, and 154 base pairs were anplified (PCR No. 1, A with the
respect :\I\C/fg'ig mer s SEgiI D NO 26, SEQID NO 27, SEQ ID NO 28, and
SEQ I D NGt i ngFhematicalby) denists p| the; nirgpnenghiag Fi tmsfgctiogEQrecor NOD153)
as a tenplate. In gaowRerzREs. a nucleic acid fragnment with 119 base
pairs was anplified (PCR No. 1, B) with the prinmers SEQ I DNO 30 and
35 SEQ ID NO 31, respectively, also using pTLPC 12 as tenpl ate. The

m.xt ure OFigi@RYf r agioRmtH staBhglof SR dellGexipfeiin alNeD3s Fithldlesta-hnaba
{he tggee PCR fragr[rg%:s A.@%gﬁfmm PCR No.1 A (varying in

| engt A°of | oop AB) ot f24t!ds in another anplification (PCR
No. 2) enploying the two 5 -biotinylated flanking PCR prinmers given

L2030 BALEER by A G T LR
fragment s consi st i regpeofiveBB6 hudd?CDanhth 38 1pase pairs in size which
conprises nearly the

30 Figure 21 schematically depicts the expression vector pTLPC14.

Figure 22 depicts the binding of the TLPC mutein S100.1 108 monomer and dimer to
hCD33-Fc in an ELISA.

35 Figure23  depicts the binding of the TLPC mutein S101.2 A20 to hCD33-Fc in an ELISA.
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whol e structural gene of tear lipocalin with either 17 (for |oop AB
and | oop AB extended by 4 amno acids) or 19 (for | oop AB extended
by 2 am no acids) nmutated codons. The fragnments were subsequently
cloned into the vector pTPLCl12 using the two Bst Xl restriction sites,
the special arrangement of which led to two non-conpati bl e

over hangi end ficient

The | i gat P%ngeuﬁ“l ci gﬁrpgaég%u quw?%%g%)}np%r)ﬁ d t?’%‘?‘?“gf %{"ﬁ]gme‘ to
di gested PCR-fragne h¢D %&F‘b@ri’a%tl c streptavidin coated beads. The
am no acid substitution Serl4Pro and Lys 114Gln as well as the

si |l ent rrut t| 0 |n the codon for Met2l, ValllO, and in the codon
for Vail Rpicu e pindingorfpine JREE Wuteinn$l0PHEI08 diister tre hCBB3-BE in
pTLPCl25i n order tgmﬁtg&gm@oth of the BstXl restriction sites
into the TLPC codi ng sequence. 15 Fig. 7 shows a schematic draw ng of
the vector pTLPC 12 encoding a fusion protein conprised of the OmpA
si gnal sedtigwree6( Ongepicts the biadElg e Gk I TIPCt Btein §1h1.2 23504 hﬁb@ﬁi—FpnPﬁI)éﬂo}J'
the amno acid substitutions Serl4Pro, Lys |114d n,

G ul 04GLn (for the TPPEYHNA, see Redl et al., supra) and a
truncated form of the IV113 coat protein pl 1, conprising am no aci ds
217 20,to0 1] the contraol of th

tetr acjy&(szl |lﬂ§ﬁ-p r&gm)t aeelp F6pet %\IP dﬁg %ts%t ﬁ??di mu?%st‘e{@llnz Q984n 8EPP3HFr HthfA§°13

termnated at the |ipoprotein transcription termnator (t1PP). The

vector f | i cat.ion

(nter geni (L:jEF l% ggfﬁ%‘ﬁ qg?gdlﬂjgﬁ?&l@e%eﬁﬁ%g u%“t“%‘&@a? %il hp@‘f*’l“‘f%y}ssfé‘}g?]‘{)amf‘a"k

?rr}[)l cill : rceession Namber M@@@‘l( Bi8animodidagef fabwo M}Bdaomjmhﬁn@zdphﬂ Acta,
etracycli 0

par 1 ol 1y T2k SPREIRbet 08 lted bl dBluma BBl PSRBT ol Fyisfain

strai nt3 i shg fglawiag ebﬂé@mﬂ@e’ﬁr ‘lhﬁ gergrapan @ﬂcnonzjmrm-gmm Bty tHe st éadiNgrminal

regi on f olamiddeacid kﬂﬂ&é@%@%e%ﬁcﬂﬁe@&ﬁﬁ &{kﬁl'nﬁnr? ﬂ&‘ilﬁ&%ﬁl@ (I%lﬁ]?]é) L deleted.

Bst XI -restriction sites used onl
cassette aRPEHES RELY? Criermingl anipaaciq Ieé}ﬁlkﬂs }‘M@e aleq dedated: Fhirdy énevﬂartxpe

| abel ed. Thpeivdal Ryenc@pdstichesHeENASDY ivadchiRali 1o @GﬁdTﬁéée clﬁﬁ%&%fgreﬁgctcd

pTLPCl12 is hovvn t‘ﬂ et her vvlth the encoded am no_acid seque
t he sequent e afiashed sequencapigfings ineyhighnthe eminoasids S1GR aruadictedas Bistibree

this rxyi 0siddes dfshd ﬂ%&mﬁocMIﬁetf%%eﬁenMQﬁ?@D Epﬁncf?@ﬁpﬁt?ﬁeeopen end of
nucl eot i d?he nin r man

ce af which s
publ i cat i on%%%nfg R WIIEHMIAD acidy aye ¢ ?‘%9\@’7‘3&“5&%"{ the d?‘h‘ﬁﬁ%@f GEPE e
expr essi odonkdcimgierliniigPTiR: segﬁm CRlas PfCDdind&hé N&érﬁﬁ'nal Bé;@i'&i@ktfhtc@rfm Wheh

A sign f dt ear ocal i.n
(Fro. iy " Byt BR RO RS aicsd ba MRl dincile 583 e S P Ordfieh Dhver Shmirkaci
St r ep- t agbely and single ule'leéma'rgt Tlﬁesgu;r:ernes prbsltldme of TIPQMhel £¢ SuRkh th BeGIRPRS

6f pTlfsmﬂe%dﬁxﬁBfaﬂg%gﬂthﬂglﬁé%%ﬁ( wi th the encoded am no acid sequence

in the sequence tin b NO 24, The segnent begins with the
Xbal restriction site and ends with the Hndlll restriction site.

vect or pasife *PRARcA] Eldfich HoSuhRgLAR B Tb S ibeali R4 Gefrgine e
in the GeFiear PR (9 eupmr The aieh brs DIEsLdf (b4 5RErakbL p-4Ficg wilkishouted-
gr aphi cal pLRPr £8 QRS O 3rBrs hie1a8aER Al fOf mlﬁgsn%nd,l t{esmnaté:(p I wlhlcgI
30 additionally present in some lipocalins, is also schematically shown). The hydrogen-bonded
connection of two strands is indicated by a pair of dotted lines between them. The connecting
loops are shown as solid curved lines. The two ends of the B-barrel are topologically distinct. One
end has four B-hairpins (loops AB, CD, EF and GH), the opening of the known ligand binding
site of the lipocalins is here and called the open end. The other end of the B-barrel has three loops -
35 (BC, DE and FG), which togsther with the N-terminal polypeptide region build the closed end
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measurenents with TLPC nutein and the prescribed target rhuVEGF165 as
well as the unrelated target BSA were performed by ELISA. Bi nding of
TLPC nutein 569.4 013 (filled circles) to 10 rhuVEG- 165 i mobili zed
on the ELISA plate was conpared with the interaction of the nuteins
with BSA (open circles) as control (also imobilized on the ELISA

pl ate). The TLPC nuteins bound rhuVEGF165 in a

concent r ad aynusge pretd eresenidryeeriion tstoduss ap eltepgivieinding siti Thginags which

Si gnal S Q&ntﬂ{% tﬁﬂé@mﬁfﬂrsﬁ—hcﬁﬁﬁﬂy Luk&edd 1&%?&%’(8@1{9%%@él’ol&@@l@@ﬁ@ﬁﬁ@(ﬁw 15
Fig. graphi cal representation of the data from Exanple 10,

in whi chmsmdieﬁgsbm@asur enents of the TLPC nutein 576.1 H10 Mononer
with the prescribed target hCD22 as well as the unrelated targets
hl gd, HSA and hCD33-Fc were performed by ELI SA Bi dln t he

i mobiS| i Fled shpesirgleripve retiiesnior %ﬁwedtlautﬁsams %@ﬁe%ﬂwa? ady
was co lrrpﬁdjisﬁﬁms Wtﬂéeﬂn&cﬁﬁed ’HIIFI Wabdeard JJCID%?@?:JBI&EJQ |re5hcﬂ‘¢rt (MCRD Foithe @@ﬁe_zlgrc]:e
triangles open cjrcle e
TLPG it B4 U HESRIREE 295 1or 46 o6 SHET BRI o S o B Dl d
no si gni {vhicRite alirddbidgars tobtahBated hieoligedcegimbleatide orat fHiathagized) (SEQGID NO:
targets. hi esentation,of the.data.f,rom
el o 20E4 WARTERER ot h S PERRFERHne RBack picuid el

H10 DQiomem the §ehuénbeh$li’ngslmid foeltk doaipgetion BB, fasm el alltogshea fBeet frossible stop

Bi nai ng SFCTL] OB FBE PR A Reoed al e By R UE St iy e

(cl osed s gluthmm)a imths EcmimpEdtrmstﬂ]bbiee (Bulpds@at. (}:ﬂﬂ'fMEOT@éHIMSéL B6-
wWith hl

Gt arondey ® phEE] (SRR eF 2. pul b ARG BEURLERL (BB p ARl
manner , wherbagsrisietraigg gmrgamt sublh @ BPNIERSS Cefiealcan b@#l@sta@@ébx aaﬁumﬂ@-
the it %[?c},ggig b b{}ﬁe lr&'tvﬁ_l %téo'aee@@ AnBiaphkig aheh GRHAS @smge | s of

t he ata ich b I nding neasurenents wt

TLPC nut slanasgified Ned 1+ Wowigh e éqqustébp Prmeye SEQEPINGS %véllﬂEQa@ Nﬂe“
unr el at edgh a0 GTEPEARLMES DR 2PN RS, B HAhBHIPER) aln@fkeic acid
Fc-fragnment” were perforned b i ndi ng of .t he TLP% r@t{&g}r& d
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acid substitution Glu104Gin as well as the silent mutations in the codon for Ala-3 of the ompA

signal sequence, in the codon for Ala2l and His106 were'previously accomplished during the
construction of pTLPCS in order to introduce both of the Bs:X1 restriction sites into the TLPC

30 coding sequence.

Fig. 4 shows a schematic drawing of the vector pTLPC7 encoding a fusion protein comprised of
the OmpA signal sequence (OmpA), a modified TLPC with the amino acid substitutions
AlaSAsp, Ser6Gly, Asp7Gly, Cys101Ser, and Glul04Gln (for the TLPC cDNA, see Redl et al.,
35 supra) and a truncated form of the M13 coat protein plIl, comprising amino acids 217 to 406
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to the loops EF and GH, respectively. These oligonucleotides are bearnmg random nucleotides as

30 indicated in the sequence listing in which the amino acids are to be mutated. Three nucleic acid

fragments with 142, 148, and 154 base pairs were amplified (PCR No. 1, A) with the respective

primers SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID NO: 29 using the

pTLPCI12 plasmid-DNA (Fig. 7, SEQ ID NO: 23) as a template. In another PCR, a nucleic acid

fragment with 119 base pairs was amplified (PCR No. 1, B) with the primers SEQ ID NO: 30 and

35 SEQIDNO: 31, respectively, also using pTLPC12 as template. The mixture of PCR fragment B
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30 is identical with that of pASKY75, the complete nucleotide sequence of which is given in the
German patent publication DE 44 17 598 Al.

Fig. 8 shows a schematic drawing of the expression vector pTLPCS. pTLPCS codes for a fusion

protein of the OmpA signal sequence with a modified tear lipocalin according te (Fig. 4)
3%  followed by the T7 detection tag (T7) and the C-terminal Strep-tag® IT. A relevant segment of the
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Fig. 20 shows a graphical representation of the data from Exanple 26,
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30
Fig. 12 shows a graphical representation of the data from Example 14, in which binding
measurements with the TLPC mutein S67.7 C6 and the prescribed target CD25 as wéll as the
unrelated targets capture mAb, HSA, FCS and captured human IgG Fe-fragment were performed
by ELISA. Binding of the TLPC mutein S67.7 C6 (closed circle) to CD25-Fc (immobilized on
35 the ELISA plate viaa capture mAb) was compared with the interaction of the mutein with capture
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measurenents of the nononeric as well as dineric fraction of the TLPC
mutein S101.2 008 with the prescribed target hCD33-Fc as well as the
unrel ated targets hCD22 and hlgG were 20 performed by ELI SA. Bi ndi ng
of the TLPC nutein 5101.2 008 to hCD33-Fc (closed circles; closed
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Fig. 15 shows a schematic drawing of pTLPC9. Thxs vector codes for a fusion protein of the

OmpA signal sequence, a modified tear lipocalin according to Fig. 1, the Strep-tag® I and an
30 albumin-binding domain (abd) of protein G from Strepfococcus (Kraulis et al. (1996) FEBS Lett.
378, 190-194). An amber stop codon has been introduced between the Strep-tag® 1T and the C-
terminal albumin binding domain to allow soluble expression of the TLPC mutein without the
ABD when employing a non-supressor £, coli strain. A relevant segment of the nucleic acid
sequence of pTLPC? is reproduced together with the encoded amino acid sequence in the

35 sequence listing as SEQ ID NO: 22. The segment begins with an Xbal restriction site and ends
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| Fig. 18 shows a schematic drawing of the mammalian transfection vector CD154-

30 pcDNA3.1Zeo(+). This vector codes for the complete cDNA sequence of human CD154
according to NCBI ACCESSION BC_074950 [gi:49902361]. A relevant segment of the nucleic

acid sequence of human CD154 is reproduced together with the encoded amino acid sequence int

the sequence listing as SEQ ID NO: 11. The segment begins with a Xhol restriction site and ends

with the Apal restriction site. The vector elements outside this region are identical with those of

35 the vector pcDNA3.1Zeo(+) (Invitrogen).
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50 g/ BSA) for 24 h at 16C. The DNA in the ligation m xture was

then precipitated by 30 adding 208 gl yeast tRNA (10 ng/m sol ution

in H2O (Roche)), 8330 | 5 M ammnium acetate, and 33.3 m ethanol.

I ncubation at RT for 1 h was followed by centrifugation (30 m nutes,

16000 g, 40). The precipitate was washed with 5 m ethanol (70%v/v,
centrjf %10 m_nut es 16000 g, 4C), and air dried until the
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descr i bedFign2 Bt lagcHemakid drawing of the expression vector pTLPCI4, pTLPC14 codes for a
fusion protein of the OmpA signal sequence, a T7 detection tag (T7) with a modified tear

(

lipocalin according to (Fig. 7) followed by the C-terminal Strep-tag® II, A relevant segment of

30 the nucleic acid sequence of pTLPC14 is reproduced together with the encoded amino acid
sequence in the sequence listing as SEQ ID NO: 25. The segment begins with the Xbal restriction
site and ends with the HindIH restriction site. The vector elements outside this region are identical
with the vector pASK75, the complete nucleotide sequence of which is exhibited in the German
patent publication DE 44 17 598 Al.
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enpl oying two different oligodeoxynucleotides (SEQ ID NO 27 and SEQ
ID NO 28) for preparation of the fragnents from PCR A, conprising
six or twelve additional random nucleotides for the insertion of two
or four amno acids. In order to stabilize |oop AB bearing the four
amno acid insertion, the Ntermnal and C-term nal anchor positions
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SEQ ID NO 34 and 10 pnol of the nediating priner SEQ ID NO 32. The
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and purifi8d.d the DNA of the vector pTLPCl2 (Fig. 7) as
scrlbed'Irhn g«i{%‘&e 1. For the 30 ligation reaction, 1.97 g (10

|) of each PCR fragnment and 84 g (30 pnol) of the vector
25 Fig. 25 shows a sensorgram of binding measurements from example 31 in which the binding

signal measured in RU (= response units) is plotted against the time. During injection the TLPC
mutein S100.1 108 associates with the prescribed target hCD33-Fe, After injection the surface is
washed with running buffer and the mutein dissociates from its target. Association rate and

dissociation rate constants (ko and ko) were determined using the BlAevalnation software 3.1.
30 Fig. 26 shows a sensorgram of binding measurements from example 31 in which the binding

signal measured in RU (= response units) is plotted against the time. During injection the TLPC
mutein $101.2 A20 associates with the prescribed targethCD33-Fe. After injection the surface is
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fragment were incubated in the presence of 840 Weiss Units of T4 DNA
| igase (Pronega) in a total volune of 8400 p1(50 nmM Tris/HC1 pH 7.8,
10 MM Mg 2, nM DTT,1 nM ATP, 50 pg/m BSA) for 38 h at 16C. The DNA
inthe ligation m xture was then precipitated by adding 210 pi yeast
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oiutlon concentration 0.2 g/ to tlth
bact eebal the twd mxétsnaﬁnmnenmﬁwﬁ’ bphwasnarFified it Préﬂar@aea&ﬁﬁi%ﬁe g?b@ﬂ%“ﬁ azgsisg o

%rH Aft PERUraEMeNAMB 97 312, (30pnd) EE th
3020 nv 5 %(ag?erlgg}n%ﬁ%%énqu %@B%HHB&E%; rW%S dlgaclng? (eacl"b \)/vel Ie
and the preatosfragmeni wg@m@qgedﬂ@phe preserice of 3 eiss Units of 4 ligase (Promega)

in a total volume of 8330 pl (50 mM Tris/HCI pH 7.8, 10 mM MgClz, 10 mM DTT, 1 mM ATP,
50 pg/ml BSA) for 24 h at 16°C. The DNA in the ligation mixture was then precipitated by
30 adding 208 pl yeast tRNA (10 mg/ml solution in H,0 (Roche)), 8330 ul 5 M ammonium acetate,
and 33.3 ml ethanol. Incubation at RT for 1 h was followed by centrifugation (30 minutes, 16000
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DNA was dissolved to a final concentration of 200 pig/ml in a total volume of 416.5 pl water.
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1 h at 22C and 700 rpmat 60%rH To mnimze non-specific binding
interactions in the subsequent ELISA experinment, obtained crude cell
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multiple steps according to Fig. 6. In loop AB a length variation was introduced by insertion of

30 either two or four amino acids using the same PCR strategy as described in Example 1, but
employing two different oligodeoxynucleotides (SEQ ID NQO: 27 and SEQ ID NO: 28) for

preparation of the fragments from PCR A, comprising six or twelve additional random

nucleotides for the insertion of two or four amino acids. In order to stabilize loop AB bearing the

four amino acid insertion, the N-terminal and C-terminal anchor positions were fixed by the

35  amino acid substitutions V24W, D258 and M31N, N32S enceded by the oligonucleotide SEQ ID
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For subsequent ligation of the TLPC muteins from above a 3944 fragment was prepared and
purified from the DNA of the vector pTLPCI12 (¥ig. 7) as described in Example 1. For the
30 ligation reaction, 1.97 pg (10 pmol) of each PCR fragment and 84 g (30 pmol) of the vector
fragment were incubated in the presence of 840 Weiss Units of T4 DNA ligase (Promega) in a
total volume of 8400 pl (50 mM Tris/HC] pH 7.8, 10 mM MgCls, 10 mM DTT, 1 mM ATP, 50
ug/ml BSA) for 38 h at 16°C. The DNA in the ligation mixture was then precipitated by adding
210 pl yeast tRNA (10 mg/ml solution in H,0 (Roche)), 8400 1 5 M ammonium acetate, and
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9 Val met 43 39 Thr Leu 45 41 Ju Lys 47 43 Ay Hs 69 65 Au Gy
70 66 Lys Arg 72 68 Asp Lys 74 70 Pro Arg 75 71 Ay Lys 90 86 Arg
pro 92 8 ys Arg. 97 93 Tyr Val This am no acid
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For selection of TLPC muteins, 2 x 10'2 to 1 x 1013 phagemids of the library obtained in
Examplel were used. In brief, the phagemids were centrifuged (21460 x g, 4°C, 20 min) and
resuspended im 1 ml PBS (4 mM KH,PO,, 16 mM Na,HPO,, 115 mM NaCl, pH 7.4) containing

15 50 mM benzamidine, PBS containing 6% w/v bovine serum albumin (BSA; Roth) and 0.3%
Tween 20 was used as blocking buffer. Prior to the incubation with the target protein, phagemids

from the library were incubated in bovine serum albumine-blocked polystyrol wells 2 times for

15 minutes for the depletion of ﬁhagcmids representing multi-reactive or misfolded lipocalin
mautein. Recombinant human vascular endothelial growth factor (165 aminoacids, huVEGF165)

20  produced in insect cells (R&D Syterns) was coated on the polystyrole plates with a concentration
of 2.5 pg/ml. After incubation of the blocked phagemids in the coated and blocked wells,
adsorbed phagemids were eluted chemically. The adsorbed phagemids were treated with 300 !

0.1 M glycine/HCl pH 2.2 per respective well for 10 minutes followed by immediate
neutralization of the pH of each elution fraction by mixing it with an appropriate amount of 0.5 M

25 Tris. Beginning with the second enrichment cycle, only half of the combined phagemid solutions
was used for phagemid amplification. After each cycle of selection the titers of the phagemid

input, the eighth wash fraction and the eluted phagemids were deterind by spot titration. In brief,

serial dilutions of the phagemid solution were mixed with E. coli XI.1-Blue cells and incubated

for 30 min at 37°C. Aliquots of the infected cells were "spottet” on LB/Amp agar plates and

30 incubated over night at 37°C, On the next day, the colonies per spot were counted and the titers of

the phagemid solutions (cfu/ml) determined. The phagemid amplification was performed at 22°C,

Four further selection rounds against thuVEGF165 were carried out in this way employing the

preparation of amplified phagemids from the respective previous enrichment cycle with the
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12.5 nn) (339 Bppdasisslatedin tHSQndWdy,. 17.5 nm) in a GENiosPlus plate 10
reader. The curve was fitted by non-linear |east squares regression

with the help of the conmputer program!i 7 Kal ei dagraph (Synergy
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t he apparent dissociation constants of the conplex between the TLPC

@t ein 569.4 013 and the prescribed target protein rhuVEG-F165 were
i dent?% i tingle £1 098 g0laniey Toibined 2fter thip transformation harbouring the respective TLPC

plasmids coding for the TLPC muteins were picked from these agar plates into 70 pl per well

T

2xYT/Amp in flat bottom 384 well plates (Greiner) by means of an automated colony picker
(Genetix) and grown overnight at 37°C at 700 rpm on a benchtop shaker (Biihler) in a humidified
incubator (MMM Medcenter) at 60 % relative humidity (rfH). The cultures were diluted 1:100
30 into 100 u1 2 x YT/Amp in round bottom 96 well plates (Nunc) by means of a 96 pin replicating
head (Genetix) and grown for about 1 h at 37°C and 60% rH, followed by an incubation for 3 h at
22°C and 60% rH, both at 700 rpm, until the ODssq reached approximately 0.6, The 384 well
plates were kept as “master” plates at -80°C after adding 25 pl 60% v/v glycerol to each well.
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measur abl e binding activity was obtained for the control protein BSA.
Table 2: Affinity binding constants of the TLPC nutein and r huVEGF165
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(Vitalia), was added to each well and incubated for 1 hour at room temperature. Plates were again

washed five times and 10yl of the fluorogenic HRP-substrate QuantaBlu™ (Pierce) was added to

detect bound TPLC muteins by means of the attached anti-T7 monoclonal antibody-HRP-

conjugate. After 45 minutes at room temperature fluorescence was excited at a wavelength of 320

30 nm (% 12.5 nm) and measured at 430 nm (+ 17.5 nm) in a GENiosPlus plate reader (Tecan).

A selection of 183 TLPC muteins showed significantly higher binding signals on the prescribed
target protein (thuVEGF165) compared to the unrelated control protein (HSA) and were
subsequently subjected to a secondary high-throughput ELISA screening experiment. Therefore,

35 these clones were transferred from the 384 well master plates described above onto LB/Amp
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\é\ﬂ |5thlg pem&hﬂcca%n%lltbearﬁ&&%ﬂome eI Mgl:ﬂﬁﬁdmbxhuﬂﬁéit &tkr TIPIG-8TES; GRuchay g

rp 9 V
43 39 Thracgprding4s thy lr@f@q@gﬁaﬂf e mapu S}“iyé"c%‘eg%%%“Lf@W‘“’“f’zg%‘ﬁ ‘Eﬁgp
Asn RNaseA-conjugate by means of size exclusion chromatography using a HiTrap colurnn

(Amersham) according to the instructions of the manufacturer employing PBS as running buffer.

20 After overnight incubation, the plates were washed as described above and blocked by the
addition of 100 ul/well PBST/0.05 containing 2% w/v BSA at the conditions described above,
followed again by washing of the plates. 10 ul of the blocked bacterial lysates of the selected
TLPC muteins mentioned above were transferred to each of the wells coated with either

C‘ : thuVEGF165 or the control proteins and incubated for 1 h at ambient temperature. Bound TPLC
' 25  muteins were detected with anti-T7 monoclonal antibody-HRP-conjugate and the fluorogenic

HRP-substrate QuantaBlu™ as described above.

A selection of 36 TLPC muteins were confirmed on rhuVEGF165 (insect cells) and additionally
showed high signals on thuVEGF165 (E.coli} and rmVEGF164 (insect cells), but did not show
30  binding on unrelated control proteins (HSA or milk powder). '

TLPC muteins with the highest binding signals on the prescribed target thuVEGF165 versus the
control proteins were selected for sequence analysis. Therefore, 4 ml LB/Amp were inoculaied
with 40 ul of the glycerol stock from the respective well of the 384 well master plate and cultured
35 for subsequent isolation of the plasmid DNA as described at the beginning of this example. The
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74 70 Pro dy 75 71 dy VvVal 90 86 Arg Pro 92 88 His Arg 94 90 Lys
Ser 97 93 Tyr The 49 Exanple 9: Production of the TLPC nuteins For
the preparative production of the nutein 576.1 H O, obtained from
Exanpl e 8, the nutagenized coding regi on between the two Bst Xl

cl eavage sites was subcloned fromthe vector pTLPC7 (Fig. 4) on the

expressio | asm d P Fig. 8). The opbtajned plasm d thus encoded
B Tt op i SRS G TP armdiarsei v SR B edp A SequaHeleo ARG
t he T7-t aip ¥©: dtdpriasr bihen aﬁtomﬁp:d Geﬂg(cm.)najylzmaystéxﬂaaﬂﬁhésﬂ%m%tbﬁxs) §b5&ﬂln§

col oni es tlve

t ransf or rrgocfhgnftﬁﬁt‘ %ns Wﬁ% dfag'brﬁ%&oy&%ﬂ%%‘g ’ﬁ‘é‘n"‘fﬁ c}ﬁﬁe%‘?eﬁ‘:@?@tl
H O. The éﬁafdeddesmﬁmsexpresm on, the 1 liter 10 fermentation, the
SA- chr grat ography and the size excl usi on chr omat ography was perforned
as described in Exanple 5. It was found, that the nutein 576.1 H O

el uted fr8imumigge sdqpencexef susaegmﬁncetﬂ Chinﬂmmiadg.rfamﬂmnz(l SisE). Tha ohe@ith the best

di stinct r
respecti Veﬁallﬁ?DV g&ﬁaﬁgl ng a fini fy 31%1918&{:% %o%‘céeloﬁ hsczé? i"ghEaflgged into
det er mi neaw.am% aqifl pegnenceySEQaFHNE: 19:in M@a@qu@n@ fisting) atdhéhosd nimiotagidef

e iy Ehafokdhidhaintid db AR pBiirRS A IR hfl Alfledvel) O

obt ai ned as descri was teste assa

bi ndi g t &iVenipdaple éé%heéhmﬁ@ﬁﬁg‘go%‘Mﬁstch‘éﬁe’ébﬁthedﬁtc@mmt@nﬁ%tswwﬁaaﬁ'm;tyfor
HAS, and hvegrie28 dégahbg@inggxgﬁll R@gse, the wells of black Fluotrac 600
ELI SA pl ates (G einer; 384 wel were coated wth 20 | of hCD22 (5
Sg/ mlL, Peprotech) or control prot eins hCD33-Fc (I g/m, R&D

esear ch) TaHiSA Sed@bnbiéhatacteBbedeB) antibh FFGEIES T P thuteid@Ckson

| mmunoResearch) O N at 4C. After another washing step, a dilution
series of the mutein 576.1 H O obtained in Exanple 9, in 25 PEST
covering an appropripate concentridsi on raggnpE4esided 960 4idug coat ed
hCD22 and the conito rot ei CD33- Fc, HSA and hlgG and incubated
for 1 h at RT. BoLI bes w@i&?ﬂﬁ%equently detected via

Streptactin-HRP @M&J@ (Imrd@gcbth e fluorogenic HRP—substrate
Quant aBl uTM (PI E ordjn respective manufacturers'
recommendat i ons. R@‘e&% S| 1S'edl ncubation tinme at room
tenperature, fluoreflpence wadruecatsdfldgt at a wavel ength of 320 30 nm (
12.5 nm) and neasureg at 430 nm (4 17.5 nm) inpya CGEN osP(ljgs pl ate

reader. The curve was fitted by non-linear |east squareS-regression
with the hel p of the9corrputer prdgram Kal ei ddyr aph ( Syher gy

software) as describgd in Exanplg 6. 50 Te Arg
11 7 Gin Arg
- 12 8 Asp Ser
(‘~" 13 9 Val Met
43 39 Thr Leu
45. 41 " Gl Lys
47 43 Gly His
69 65° Glu Gly
70 66 Lys Arg
72 68 Asp Lys
74 70 Pro Arg
75 71 Gly Lys
90 86 Arg Pro

02 88 His Ala
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The resulting binding curves were depicted in Fig. 10 and Fig. 11.
The val ues obtained for the apparent dissociation constants of the
conpl exes between the TLPC nutein and the target protein hCD22 as
wel | as conpl exes between the TLPC nuteins and the control proteins
hCD33-Fc (R&D Systens), human I1gG (Jackson InnunoResearch) and
human serum al bum n (HSA, 5 Sigma) are summarized in Table 4. No
measur abl e binding &tivity was #btai ned forL¥he contreairg proteins.
Table 4: Affinity bighdi ng constagys of the TEHC nmutei ng,fLPC mutein
kD FnM hCD22 kD fnM hCD33-Fc kD ftnM hleGl kn"fnM HSA CD22 576.1
HLO 101 °3thip amingacidsubyiiiipinmaroseiipn sqesientahmutatiopputsiie ey ipedomigpd-posifons.
detectabl e binding activity Exanple 11: Phagem d presentation and
sel ecti on, of the extracel | ul ar domai n of human
CD25 enpl<eSHRdy £ fe WL - mutein 51 o5 The target used for the

sel ect i orpeplhe gagﬁa@m&ubﬁoﬂmw h\ieih 8697 O MPdRBARE M Bhkakdphy BHh¥ E. coli K12

descri bed e. 1 and the sub u tion_of
Chece ButminaMel nEboaRadys TR ot 8Tk B SoaEB RN erpadionis
(r econbi nanéin vasaded Fdr-tBe prplashatid préducidi \FIEEIﬁ)ce fikdRrexplassisuth a6 bpRspriate

CD25-specific i_ns .from.the phagem.d |ibr described. i
Seanp! o puinsE el Soiilip A e B AP E pite o Rt B it e
mMAb ( Moussk (AMdL-Bin000)2297, §®5-Be@anma Fragnment Specific; Jackson

| mmunoResearch) was coated on the polystyrole plates at a
concentration of 5 g(m . After blocking with 2.5% w v BSA in PBS,
@25 F¢ d¥hen langemppamintsadf inmteriaf whieugeded rithe Wagliaiftieddrain Wl babadoufiog tene
hour at ﬁgﬂﬁ

Adsorbed%I %%gﬂﬂgﬁ$w%ﬂjxﬁﬂﬁ% H%HR&HEnatu?fﬁﬁﬁkga ltlonggkﬂ@WDBvT
M gl yci ném@utelmqltwaéon ina WY or 1QBdorkastarkamg Imeth@ pregobsesergied imSehiweck,

| dent i {1 GaL hidfsiafa 3n. QPPoaAL N9 NG 3TITGE FoIRaY oM s Grid qut at 25°C. The
hi gh-t hr oughput screeni ng net hod For e_anal ytical production
of the Tm@eﬁﬁ@@mgﬂt@quw@atw Bt 3%catiation. ﬁraao 171 tiseastorjonyeen agguration

( Novage N )wad kephed 3098 ia aorc&cﬁlﬁ{grfhé"ﬁllmegpémptt@gﬁd@ inl 03 f0 19Edchor tsﬁﬁct%ﬁélad
their characterization Zﬂ%ﬂﬁ%yefl t hr oughput 1’I{%LI SA screenin

gene casd¥EKeptgbtiiioam Wh fixpndg “éea%i'é%ﬂ Wiy 188UlGES a%‘a‘Baucéflib A fpd
f rom t he buek pifke 0T REGKHEROwR O uEied depWisdstarthie With 07 PHRUPESto(CBRERLIEONO
24; Fig. 2 For this purpose the plasm d DNA was isolated fromthe
nlxture(ﬁ %@m& coli clones obtained by 5 infection with the
phagenlds fron1Exaane 11 eruted as a result of the last selection

ns was, carrjied out .according

t O t h 0 hﬁér ee }no RB:&@ %qné%% penplasrm r?flz;lctlon in a single step chromatographic protocol

with Strep-Tactin Superflow (IBA) using a column of appropriate bed volume and suitable

C-- equipment according to the manufacturers’ recommendations.

Gel filtration was carried out with Superdex 75 material (Ametrsham Pharmacia Biotech) using a
25 column of appropriate bed volume and suitable equipment according to the manufacturers’
recommendations. The monomeric fractions were pooled and used for the further

characterizations steps.

Example 6: Measurement of the affinity of the TLPC muteins for VEGF in ELISA
30 The affinity of the TLPC muteins for VEGF was measured as follows, In brief, a dilution series

of the mutein S69.4 O13 obtained as described in Example 5 was tested in an ELISA assay for
binding to thuVEGFL165 and the control protein BSA.
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protocol described in Exanple 4. Crude cell extracts were tested for
binding to the specific target CD25 (immobilized to the mcrotiter
pl ate as described in Exanple 11. In parallel, crude cell extracts
were tested for binding to the unrel ated proteins HSA, Hunan Ganma
G obul in (Jackson 10 Im*runoResearch) and capture mAb, coated at
concentrations of 10 g/m 10 glm and 5 g/nm, respectively. C ones
with specFes %lsmumﬁwep%béaf@ k JRlobrac G micrasieer iphte(Greioem & yelll \gehe

t hr oughpugoatad! A BSEAN- rthEGPm(;ﬁs%%@yeus)Cin'dd% £othnf @@hsmﬁﬁ{)%mea%t@é

binding to the s eins _as used for the primry eenin

addi ti onaPIUE}ﬁﬁéw@g%ﬂg{YQQﬁ%MsB ( é)shAf@DEB'ASh{I}ge"E?@nﬁq‘?ﬂ?wem lpsking step with

sCD4OLi gam% wihefiikpiowdertia PBY T MbdvReitier M&@)p Amthtih |sé’nes %@%%téﬁ sééh

gg/ m @ﬁﬂ %&%and 3% res ectively 12 clones with a al

on the3sp¥ét i et PPORIEE ﬁ?f&F@mBPF R Wi iBruheied f‘?}‘r’o"t1 é'i 1?{5 mv@%

3e| ected r(:;cmttdtahé bllnkéci%\oéllsdBomﬂqmﬁéiﬁ ?va@fsuﬁsb@leﬂ'tkgpéét@@dﬁev@ aseeYy hﬁmw@}&al

eterm ne oxynucl e i mer

an aut omafa gg(ge '°8m}5€|’1a§f %@gﬁ SRS’ (S}&B (é fNﬂgglilstaégrﬁsfnﬂed ove.

accor di ngAfter atheppirorstateuintubation umetdneomnammdmmeﬂu@mbwlm ¢AdeecBhtga
e Ter 20 Ki t st ens nmut ei n

we founa b Ben gt b e R i B Py Bl ompahi e

nucl ed®i deadequence of this clone, 567.7 Cb, vvas translated into the
anm no aci d sequence and those amino acids deviating fromthe nodified
TLPC encoded by pTLPC8 (SEQ ID NO 24) are given in Table 5. The
@rucl eot i deheseygene htiwtbynerlineackast squates tegreggonyivithehe lxdp SE@chDpNDpraztam

bl e 5:
apect 11 ci g p R (HIRIEREbREE) ol oM 0, PIIEUTIY A . phereoy
Nunber i ngFadtHe ft#gorsuiigtiog of impmobilissd target (inaelatiysefuomseanag mmjts), dib]w the

t ec . e C
A; ;nC?EQ edcoﬂ:d%@ratﬁm‘lofféél Sﬁ@g? "I%gg r%tla‘mq(a!’pl_ L1 Cf 13 ‘igpi ¢h c%Z e“rat?oan rﬂé A

Lys Gy cogg)bex B Ie a;tu/cﬁblomsqpng%gnﬁs;ﬁtjm a@ ¥oag F;he apparent d1ssoc1at10n

constant.

The resuliing binding curves versus thuVEGF165 and BSA are depicted in Fig.9, The \-JaIues
20 obtained for the apparent dissociation constants of the complex between the TLPC mutein $69.4
013 and the prescribed target protein thuVEGFI65 were identified as 109 = 34 nM (Table 2). No

measurable binding activity was obtained for the control protein BSA.

C.V Table 2: Affinity binding constants of the TLPC mutiein and thuVEGFE165
’ 25

TLPC mutein KploM] thuVEGF165 EphMIBSA
VEGF 569.4-013 109 = 34 J*-

* No detectable binding activity

Example 7: Phagemid presentation and selection of TPL.C muteins against the extracellular

domain of human hCD22 empleving polystyrol multiwell plates

30 Por the selection of TLPC muteins the phagemid library from example 1 was employed. The
selection of TLPC muteins was performed as described in Example 3. The deviations from the

protocol are described in the following: Prior to incubation with the target protein phagemids
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90 86 Arg His 94 90 Lys Thr 97 93 Tyr Leu Exanple 13: Production
of the TLPC nutein For the preparative production of the nutein 567.7
C6 described in Exanple 12, the E. coli K12 strain WB 110 harbouri ng
t he expression vector pTLPC8 encoding this nutein was used for the 5
periplasmatic production via fermenter cultivation as described in
Exanple 5. The nutein was purifie

e asnm_c fraction a
singl e stiEpe bR ABREL GYF BpHHR dﬁf%?%gwked\ﬂﬂyﬁty@? :’J’Ité{'e"ts Ty 18 yBytes & anr
material hd Bépletits ngpk'fhcrﬁlﬁidbl fﬁ"les&ftmgpiﬁﬁlﬂﬁédc&be obeﬂsfwlalbﬂl ﬂ@czﬂiﬁdmu&lmst T e

il rat ot peghatp oD R BhEF G, vES RETRERAR pobraf et vims

Phar naci a;o&exﬂtlﬁrdm)ofusugng R th&ﬁxhwmlontscepmmpd pmgemmsdvemﬁaated vaih @00 pil

Sul1 20 o S0P AEE G0 90,40, LG T SELI B FAGARI LR

characte I’rleiiﬁzﬂiz@lﬁkﬁ‘l csﬂﬂegﬁi ofleEchEhmnp Frectibd by magdmemﬁrm appropiipte Zrhdunhdftlys

%7 7 o W B Pk YuCTR b ORI 00 b T i DE S

assay f orvslhidr hymirmtes Ajtowed ty @m@ar@n@nelhztah@l ofdhe 1B Pf gaclelutiorsiracken bt e

mAb, HSA, t [

bur pose, " Ph &R 8 AR5 A HATREer F TRREICIARTTOL e & nbiioA sfp 300 41
384 web| )expeneatialtygrowids Wi fhluelf@Doaphoyt &Sywse tamsipsed )ﬂ?rﬁth Yeihane ingylbpted
Fcg, n Fr ' 338 tnﬁﬁ%atf 478¢, ﬂ@%ﬁﬂgﬁwuﬂl W&Q&ﬂs‘%&ﬁ«ﬁém%wa mﬁ%malfaaflt@@

of 5 C, After a washin %gg
€u bs eq ue mon‘kkﬁlr@élphitﬁjng‘i %}BIW% Wassls% W phagemid apkiiestion s g‘Ef@'Pe ’@@29‘9“1
_ conce nlffdrﬁe' c@@rrﬁifna@n/ of glle Bhagd@Ri iAslAl &l tRehritRESHRRARIDhh Qmi @y s pheQitfatiad

I n para , the unrel ated prot ei ns

( Fét al Cayss rs&fpm‘ﬁd afiusach syngt selestion i e 3%@%1;?“&&@%% g“"c?f vgsh

99/ M 351068416k aiitfle di0ted pRAgemi® SRREdin 6 Bxample 3addi ti on, human 1gG Fc 5
fragnent (Accurate Chem cal) was captured at a concentration of 5

/tg/mM via the capture mAb coated at 5 g/m . After another washing
step, a dikrd F@Mhes Sdldclidn efuntid ggamyt BCD256/ére7caBied out PBES mymphgirgrthe

appropriate conce tra ran dded t.o the.

the cont rIPPESRORS! RGP ﬁ@lg@ﬁ?ﬂﬁ%%ﬁ%ﬁ RSRE© lﬁ%gcvmgég&%gl ngnt?Q ﬁé “Fﬁt
Fc fragnesiemivd tanenlpatioatil £ 1 phagenads wefe utBadibeiming mth\mmsecond ermchment
subse§ entl detected via Streptactin-HRP conjugate (1BA) and the
f1uor gen‘f YE*¥HRP- subst rat e Quant aBl uTM (Pl ERCE) according to the
respecti ve manufacturers'

Example 8: Identification of hCD22-binding TLPC muteins by use of a high-throughput
ELISA screening method
C . For the analytical production of the hCD22-binding TLPC muteins equipped with an C-terminal

25 T7 detection tag (Novagen) as well as a Strep-tag® II affinity tag and their characterization by
high-throughput ELISA screening, the gene cassette containing the TLPC between the two BszXT
cleavage sites was subcloned from the vector pTLPC7 (Fig. 4) into the vector pTLPC8 (Fig. 8).
The hCD22-binding TLPC muteins were identified by a high-throughput ELISA screening
method described in Example 4. TLPC muteins that bound hCD22 specifically in the primary

30 screening were selected for more detailed binding analysis in a secondary high-thoughput ELISA

screening experiment as described in Example 4 as well.
For the detection of target-specificity of the TLPC muteins, wells of black Fluotrac 600 ELISA

plates (Greiner; 384 well) were coated overnight at 4 C with 20 pul of a solution of hCD22 (5
35 pg/ml, Peprotech) or, as a control, with hCD33-Fc (1 pg/ml, R&D Research), hIgG1 (10pg/mt,
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recommendati ons. After an appropriate incubation tine at room
tenperature, fluorescence was excited at a wavel ength of 320 nm (
12.5 nn) and neasured at 430 nm( 17.5 nm in a 15 GENi osPlus plate
reader. The curve was fitted by non-linear |east squares regression
with the help of the conputer program Kaleidagraph (Synergy
software) as described in Exanple 6. 20 The resulting_binding curves
ver sus cab?kﬁoéénmem?méhﬂﬁ@é?ﬁﬂ‘aﬂ@ rgiag TBA, hyaysn sqrem albrmin (§ 32

val ue obt gbpgrhsh il ds laeoﬂp%eer&m&\ra@ B $WHgAhl RNaIRE Prﬂka)%thtcmxﬁpnpl ex
between the TLPC nutein 567.7 and the prescribed target protein
CD25-Fc is summarized in Table 6. No neasurable binding activity was

obt ai ned Amesrehqrr,pemur@ﬁs spercmc@mﬂgbua@mwz:es sa@ﬂaadd%num&l@rwque@@mmed
human 1 gG_Fe fragment. Tabﬁé Aff n|t di, g%ﬁﬁ@ﬁ@%% bet ween
The TP TRG L epyses st ob fhaefmdliq 5o it
1178 22 &rﬁﬁ&hﬁ%ﬁtﬁ@en@ﬁt@ﬁfa@?m Qystedi (ﬁqapﬁkdm i08)stents) ReordinpretBsinstonchommi
CD25 30 For the_.generation of, a [ exXpr essi WUDAN ..
D2, CHOK T EB g aplonRg e e Ty peRpacd Re: ShBRity 1t [Rfbied
expr essi oBioy@eie). ADRGuacNASnds Zelabited thSERe daqlhd@:elﬁk, thEprgme S1®)H10. The

oriod 16 B0 LR AEST N A AL 4SS0 et O

t he fabl oahbsaga.nnffmmdsaiempﬂl@fmrmmd imudifisd JUEBG crcadtd h‘u’ﬁhPC Pig. Sjate given in

anpl | 1 edel oGPl gye{agaﬁgsg@g Bhb7e B0y HRBOE KRS INO PR

usi ng forward pri mer everse pri NO. 36.

e PCR product coding for the full-length protein incl udi ng t he

t

signal pe i % [? tor pCR-Bluntll-TOPO
(I'nvitro Ehne’s éeéﬂa&%ﬁ b ?rgs%he gga[glr Pe??ll:‘g@mr{%@om*rendat| ons. The
CD25 cDNA was exci sed from the resulting vector by X/ aol/H ndlH
restriction digestiorpgnd isolated Ipygagarose geglpel ectgmgubgresi s as
desribed in Sarrbrook_t' al .. (supra) The fragnent was purified
(Wzard SV C eahjumgpe prekjumbering accordii®d i nto the expression
vect or pcDNAS. IZe@(v-m n([,ngctrogﬂﬁge%hﬁ&mgp been linearized with the
sane 10 restriction enzynes. E. coli XL1-Blue was transfornmed with
the resulting expression vectorﬂ*ﬂ&%ﬁﬁggﬁm& | Zeo(+)) and the DNA
was extracted and purigfi ed using thed4EndoPree Pl@am d Maxkig Kit

(Q agen). 400.000 CHO K1 cells (DSMz,. No. ACC 1 grown at. 37 Cin
DVEM G ut amax | medi um (G bco) cont gr ning 10% (Vv/v) FCS and 5% Cop
were plated in 3.5 cm@l ates and wer @& transfectetle 15 t heAfgol | owi ng
day using 4 g plasm dH;IA and 10 | Li gof ect am ne 0 (1nvi{gogen)
according to the manu turer's recomendati ons. I'ls were ei t her
transfected with CD25i2 pcDNA3. | Zeo(+)8 or pcDNA3.Aspeo(+) aSyscontrol .
One day later, the cellés were trypsingzed and vy

Trp
43 39 Thr Gln
45 41 Glu Asp
47 43 Gly Lys
70 66 Lys  Leu
72 68 Asp Asn
74 70 Pro Gly
75 71 Gly Val
90 86 Arg Pro
92 88 His Arg
04 90 Lys Ser

97 93 Tyr Phe
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transferred into five 9.5 cmplates. The follow ng day, selection
started by addition of 200 g Zeocin per m nmedium After one week,
Zeocin-resistant clones were transferred into 24 well 20 plates and
subsequently cultured in T25 culture flasks (Geiner). CD25
expression of several clones was analyzed by FACS anal ysis as
described_in Exa ple 16. Cl ones exh| biting the highest expression
wer e keptl,gX .t pdnetion of the TLPl mateing yrt her assays were perforned

Wi th t hesgyragd |p1ephl|aﬁﬂ5 pmau&t@nnﬁ&ﬁaqm&tpsﬁ@ H12b5 oﬁﬁmlfﬁoﬂ@xm{ﬁéts g
of TLPCrrutelnzﬁ%?%E ecific binding to_a CHO cell |ine_expressing

hurman CD2UH§RE! g region 'ff-‘twnmw BuXbelegvage %%%WSfSP‘ecmeﬂapwglquctal
CHO cel | ﬂ’EHPQ??’QKt@’%%ﬁ tﬁb@xﬂuﬁﬁiﬂ ﬁaaa pTLRCR (il BW TGY bIMABId plas ASAY endcRéd
this purpoftsi CI??I}?@ ? +)- or cDNA3 IZ%(%%%Q- transf ect ed
oo ool S hRinpPRupE awfththf isrlse KRR oA 2 e S e
with 0.2 g%t 86 CeEbfinusAppr oxi mat el y 200. 000 cells were resuspended
in 30 Al PBS/2% v/v FCS and incubated with 10 g S67.7 C6 obtai ned as

described in Exanple 13 and | abeled with fluorescein
( Fl uor esciingle bél6niecair B ooo&AMB3 and Bl cilicWat () rédpsaticellymvere dyhsfmﬁae with the

Sehl enubot PSP Qlink Rl @ gl Sy i G5 S8 L0 e

negat L0e fexmentatiby, the® Agclubmutograptecodthe siasxclusiod cirpmetoFiaplGy \eawmﬂtmhe&bys

TLPC8 a I
grrpl oyednﬂg_@g@ex r e@% %ﬁ%?ugg n@f hglte% ?ﬁﬁnl gﬁb&-}[{@h E%F't gé%te}é@%b%
(Acr |C§!IOHI[WE£1@§)/ (SHE) iy tway Histinch ipedkededniebiting AvmomeriGhid Fimegig protein,
I'sot ype q@@%&%g Pd BhaiR0 affh ity bt tlaﬁ'ﬁagﬁbn's %s @&%&m LEErRahed

twice with PBS/ 2% v/v FCS prior to analysis ow cytometry using
a FACSCal i bur (Becton Dickinson). 5 Both the CD25 specific mutein

567. 71536 Bish1O£0: %u%’t Bftﬁe ARt h@weq'm e in¥1asRi ng  of the
CHO cel | T‘ I ne_expressi ng Si gnr 1 cant st ai ni ng of

the nock- fi&hrt@ﬂéwe%weaqmﬁﬁrlﬁ%%@btaeﬁﬂsgescmh@le&wﬂﬁe WS ltegted i

TLPC and BIg§A 25419 Wrbhdsieas bifdcEatated hODDZIAMHILE onB6T frotel hCD3NES HASS b
The obt agﬁ %’f hi stograns. are depicted in Fig.14. 10 Exanple 17:

Gener at i an error-prone-PCR library for the affinity maturation
of a CD25- specific TLPC nmutein The CD25-specific nmutein S67.7-C06

br ocedlr & Hih, r{%; e Ll R R E PR Bt Pt Bl %‘ar%’@;gjazded

1 30 $6 6f BCOAE, (5 e/ehPemyic lopre tECIBGRKep{lp/ond D
TS| b1 el ) Sl TR € 0 Lk DL G L,
CD25, was pr e‘fo d&‘ rT‘d‘P%%I n%ﬂa@%ucﬁeg |§e anal ogs - g%@l@%aag
dPTP ( TEBU- Bi o) according to the nethod described in Ilterature

(Zaccol o gh. gl ?F‘(T%U%cat%s}?? Mahution B0l (ﬁ'etl?eg'ﬁut%ﬁozig(i’ﬁl(} dﬁgﬁﬁeﬁ% Example 9, in

grror-prone anpli reaction t nﬁ/@p
oti goRsic| R apeeringSEEprPpriv concentiioSEEe Bk #dded @ themoaied iy doR 2andibe ¢mfrol

with the ﬂ?&@ik?%@ﬁ%@%@pﬁ&%%nd ﬁg@eaﬁdhﬁé@oated for 1 h at RT. Bound mutein was
subsequently detected via Streptactin-HRP conjugate (IBA) and the fluorogenic HRP-substrate

QuantaBlu™ (PIERCE) according to the respective manufacturers’ recommendations. After an
appropriate incubation time at room temperature, fluorescence was excited at a wavelength of 320

30 nm (+ 12.5 nm) and measured at 430 nm (x 17.5 nm) in a GENiosPlus plate reader.

The curve was fitted by non-linear least squares regression with the help of the computer program
Kaleidagraph (Synergy software) as described in Example 6.
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20 ol i godeoxynucl eotides are flanking the BstXl restriction sites,
the anplification resulted in point nutations randomy distributed
over the BstXl gene-cassette, which conprises nost of the structural
gene of the TLPC nutein. The PCR product was purified using the

W zardSV Gel and PCR Cean-Up System (Pronmega) and for cloning
purposes, this fragnent representing the affinity-matured library of
TPLC nut ditasesilting biotieE cutaes wert deptsdis Fig. 18 andiig. 1 The vaiees oblained for then
C 25 enz %@er@ﬁﬁ%ﬁaﬁg)ﬂ%&ﬁl oﬁﬁ&%falesa& bwersmems@ Fod el aqa&eeﬁce& rcin

manuf acturer and then purif descri bed above, resulting i

doubl e sthCRHded veias P@lag}ﬁ@ﬁ tbefG’FG‘B@S TREE| iR el the, otk profyigs- CD33-Fe
f ragme Nt SRBOE SfRfendsh GOFRE B Yl GERInAMoREESch)SHE R hal 'séiultxlhﬁhﬁmn

-biotin ta%s usi ng stre taV| di n- coated parana netl beads I\/Erck)
as deser i e msmﬂr in Tablgy. mme@%%béﬁla@ﬁvg ‘?‘i“égl’ PBiP Jﬁmetdﬁ%t the control
af fini typ@aglgg ed nuteins fromabove a 3907 fragrrent was prepared and
purified fromthe DNA of the vector pTLPC7 (Fig. '4) as described in
Exanple 1. For the ligation reaction, 3.32 jig (15 pnol) of the PCR
fragment @pE 43 A8inlty®i A% sdffthetTl&’CM@tei&l@r fragnment were incubated
in the presence of 420 Weiss Units of T4 DNA |ligase (Pronega) in
atotal volune of4200 | (50 MM Tris/HCL pH 7.8, 10 M MgCl 2, 10 mM

DIT, 1 nM AERC @btef0 pkoinMih@SZ) konMIBCDHA3-Fd 6 Gp [MME RINA | k MR HSA
ligation t hep,,Rr pitated py 56 adding 105 gl yeast

t RNA (10 m%@&% on ﬂ]r% ‘I-S% (Roche)), 4200 | 5 M arnnoni um
cetate, andlofin nm et hanol. Further processing was perforned
according to. e 1 and at _the end the DNA was dissolved tp a
final conc@?ﬁzr%giqg['kl of g‘o‘gggllﬁd in atotal volune of 210 /cl of
water. 5 The pf;ﬁa@ar ati on and transformation of el ectroconpetent E.
col i 1- et .al supra) was carried out according to
Exanpi% EN‘B%%%‘ I&ae?tf%‘f al of 42 g ligated DNA about 2.6 x 109
transformants were obtained in altogether 21 el ectroporation runs.

ghe ”a”(jix%r !Bg:tﬁ i Eggm;f‘g“ﬁ‘l;&i;@#&e‘ln&%e1£ GGPAETPRE RlntdRA 9SS RS
escri be dppITca[ oI WO U3/ uzu /I

Exanpl e Jgirafilalpedothajy ef hamant G2 emmiovin NS - | npr oved
CD25- speck TPLC nmut ei ns enpl oyi ng pol ystyr ol mul tlwel I pI ates For
the selection of affinity-inproved CD25-specific TL ns from
t he er r orlhs asers ugsaior the 5 81?‘3}10(1}@?85 FRRSHIC ?&%&fﬂ?g’ef ge§“ ?féigeSB‘Fbed

sel ecisony ‘EQir%ﬂ@@ hh@MhEBehs¥ddeft cRarditédR@NIS tisdsé ﬁm&mseﬁELm e{)@al;]re%ms O]
strategy A ective c t ho
descri bed' a@%ﬁﬁl%‘?‘ SYSTHRS 'ing F’gﬁgm?mﬁ?g’%ﬁ?g‘f g:ﬁltﬂer
described in the followng. Prior to the incubation with the t ar get
protein, phage e |ibr :
Boryat yr oA Flecgon bPfbESBperlapAtpt Hlchs M U ket ihd deid BEIEE i
phagen dsExatnekdni tongdsmi beldctivewet parformed, vvﬂmxsﬂrldied:apthnepom&msermm&ﬁumn
20 Thgo CaREUES M Ra Rl SR o2 ST R By T BRI oty RO i
at a concentration of 5 pg/ml. After blocking with 2.5% w/v BSA in PBS, CD25-Fc at a
concentration of 5 ug/ ml was added, incubated for one hour at RT and used for entichment of

Urr”

CD25-specific phagemids. Adsorbed phagemids were eluted under denaturing conditions with 0.1
M glycinefHCI pH 2.2, as described in Example 3.

25
Example 12: Identification of a CD25-binding TLPC mutein by use of a high-throughput

ELISA screening method
For the analytical production of the TLPC muteins equipped with a C-terminal T7 detection tag

(Novagen) as well as a C-terminal Strep-tag® II affinity tag and their characterization by high-

51



| mmunoResearch) was coated on the polystyrole plates at a
concentration of 5 g/m. After blocking with 2.5 %wv BSA in PBS,
CD25-Fc at a concentration of 0.063 g/m (selection strategy A or
0.016 g/m (selection strategy B) was added and incubated for one
hour at RT. 25 Adsor bed phagem ds were el uted under denaturing
conditions and by conpetition using the bacterial strain XLI blue as
descr i bednPrENERERRIFA steenig, fegeRs Gagsette betwesidhoaiNg BofiFhlpaage sites W sub-
cycle abpubd fo thkQddor prrc QHQ anNol 1Fid Al Qud T eI (SEQ WO IND: 15533,

i nput for the enrichnment process; and 8, 10 and 12 washi ng cycl es
were perforned, respectively. The phagem d anplification was

per f gr {Teg‘oﬁt:ils(zi)gﬁcﬁﬁd tb@piasl(rjrﬂd Ezqamﬁﬂseso&t@»ffa@mae fohaire bh@emha@dﬁi:eﬁ Sbtﬁiﬁ?cﬂay
i ncubat e | a | cat,l (0]
Lo S hiioR Tai BopRaemis R P e (DR e Bl Et ke i atean ahge

scr eeni ngereedihgtor Emzsxspmﬂa:rmﬁtgahs wad capieddutdccadingto thh bighttBGugpuekiSAas

e PR P S B B P Ea MR RS
5 E eC a?] :1 etGDQSl:(Snmdalueﬁh@thbmmlﬁsttexplamlaedwgmdsh Essmpiad 1 S lpetaticledude @&h
} AN Zg%xtll:acts v?e%r)%étecgfIW{Eﬁgn%&ﬁggn}ggééﬁghot&nﬁfﬂpg H&éﬁﬁ%ﬁa %T&Sbgziﬁi?g&:g&?
fromthe Imnrnumﬁeaemh) mivkcaptureguhb, codtesiat sonotntratione df 19yg/ral, 10vfsbuland f Lglnd.h
the phag?%%ﬁivﬁg éﬁh&cﬁitﬁ’@?e’é&{c%ﬁcﬁ& }»&999 @%hﬁm{e% ﬁ' U&@&dﬂ@ Blgh-

result o ection cyc After subclonin
gasset t e HraeghputFIBs psen M@ls\a&sér, pudp PRtRES Warsdested forbt Fﬁifl? %me@fot@s

coi | K12 TG For @Rl ﬂg&mf&(&%ﬁ&ﬂbﬂﬁﬁﬁfmﬁ‘il Lmelateu m&zﬁsoqg@si cﬁ@%@&;@ﬁlﬁmﬁmc

nut ei ns was carri e VI a ter-sandw c Screen
met hod b&gwan ¥P40kisapd: dgsdiatalopdiunies & 1p KSRt Ewﬁtf@ﬁted@ 10 éslrr%uS g/l

(suprgy . ag@g,% feb®rlyhon of single clones obtained from QN cultures
in 384 well mcrollter plates was spotted in duplicates in an
identical pattern onto 6 hydrophilic PVDF nenbranes laid on top of

LB/ @t”ﬁ f @ c%ﬁ@sf wifd z‘ﬂﬁiﬂﬁs%%lﬁl R pedfic ﬁrg’ﬁ&é&dmvﬂilﬁlﬁmﬁh n(tlfﬁmeélzhté’c) prottéifnt @bre
ro or ours a not her i ncu e

3 hour's. SHesauond e Mokt ieRicertiy ABS et BNiis ot Bitast bRy fe

15 Pydr O]anhﬁrhneﬁxyﬁﬁdﬂbcﬂﬁlﬂ (SE@BE.NEIﬂ 3Wiat IpritléSon mhm;lbmatad Ganaticwanbyzel gysterd

on top. o

ol at B ook Behdite S Wb Rfts BB, HaburlGer Sy B Dy

During t Mesnipitas@yddfiequasipg &it (\A@pﬂ'ddlfﬁiommms)n@nmu@nr\msmm bearanrivitiede

col oni es dﬂnr(\)é e sege%pgrg %rggegg{eaﬂ%ﬁa@ggu&@%%tﬁlécﬁm fiid iR "PC& tl%%{r?_nslated

al bunmi n-brn menbran
i denti fi duato tlr@rarrmfo agidfspquience-ahdribpenaauno mse\s@t@@ﬁrontthmpféﬁﬁﬂm%@coded

hydr opholy ??ons@@@?@%ﬁ RERR npﬁhbus @ﬁgﬂcieeade%adan& HAskf 268 Mas0

oncent ra nM
25 given as SEQ ID NO: 20.

Table 5: Sequence characteristics of a selected TLPC mutein_with specificity for CD25

Pos Pos. TLPC8 567.7C6
Numbering according Numbering according

to wild-tvpe Tipnc to the experimentally

used truncated Tlpc
8 4 Glu Val
9 5 Glu Gly

10 6 Ile Arg
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nMand 0.1 nM. Mitein/CD25-Fc conpl exes were detected via anti-human
| gG Fc- HRP conj ugat e ( Per oxi dase-conj ugated Goat Anti-Human |gG
Fcg, mma Fragnent Specific; Jackson C 25 | mmunoResearch) and the
chronmogeni ¢ DAB substrate kit for peroxi dase (Vector Laboratories)
according to the respective manufacturers' reconmendations. In
parallel, nmutein expression was nonitored via Streptactin-HRP
conjugate (1BA) and the DAB substfate kit accGiding to tKheg
respecti ve nmanuf ac&urers' reconmepdati ons. A E\gﬁal of 9 @l}pnes from
selection strategy™B with the highest signal on" the | owest
concentration 3018f CD25-Fc was %el ect ed and¥ahe nucl eolfwle sequence
of the respective ,ALPC gene cassejyte was det gy ned usi @gythe
ol i godeoxynucl eoti de SEQ I D NO as primer on an automat'ed Cenetic
Anal yzer system (Afplied Biosystéds) accordi nflio the inddzuctions of
t he manufacturer -gnploying the Bgg Dye Term pgg or Cycl eG@aquenci ng
Kit (Applied Biosystens). 8 unique nuteins conhtaining a functional
insert were identi’ied. Fromthed® | clone WASPsel ect ed®FBr 58
further characteripgati on. The nucjeoti de sequegge of thigegl one,
F92.8 ML.2 E15, was translated into the am ng_acid sequence and
t hose ami no acids "devi ating from7odified TLPE¥ncoded b{*P pTLPCO
(SEQ ID NO 22) argg given in Tablgg 7. The nuclageti de sequmeice of
clone F92.8 ML.2 E15 is also given as SEQ ID_NO 21. 5 ble 7:
Sequence char act efistics of a sel®cted TLPC ni¥®in with i*Hproved
finity for CD25¢7Pos. Pos. TLPG@3 F92.8 ML. 2 TyNunberi nglaccor di ng
Unmbering according E15 to wild-type Tlpc to experinentally used
truncted Tloc 8 4 Gu val 95 dudy 106 lie Arg 11 7 dn Arg
12 8 Asp Eamplé 33:9rddbctionof thATIIIC Muteidl a 43 39 Thr Gy 45 41 Qu

Ala 50 4Igscn' %eupregpa}[ativé &Ué&ti& gf tl\{aarlnuteiza%ﬁ § ds3é§sc9n¥d in E%arggle f@, th'ﬁ oli K12

strain W3110 harbouring the expression vector pTLPC8 encoding this mutein was used for the

5 periplasmatic production via fermenter cultivation as described in Example 5.

The mutein was purified from the periplasmic fraction in a single step chromatographic protocol

with Sfrep-Tactin Superflow material (IBA} using a column of appropriate bed volume and

suitable equipment according to the manufacturers’ recommendations.

10

Gel filtration was carried out with Superdex 75 material (Amersham Pharmacia Biotech) using a
(' column of appropriate bed volume and suitable equipment according to the manufacturers’
recommendations. The monomeric fractions were pooled and used for the further
characterizations steps.

15 .
Example 14: Measurement of the affiniiy of the TLPC mutein for CD25 in ELISA

A dilution series of the mutein S67.7 C6 obtained as described in Example 13 was tested in an

ELISA assay for binding to captured CD25-Fc and the control proteins capture mAb, HSA, FCS
and captured human IgG Fe-fragment.

20
For this purpose, the wells of a black Fluotrac 600 microtiter plate (Greiner; 384 well) were

coated with the capture mAb (Mouse Anti-Human IgG, Fegmm, Fragment Specific; Jackson
ImmunoResearch) at a concentration of 5 pg/ml for 1 h at RT or O/N at 4 °C, After a washing
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74 70 Pro Leu 75 71 Ay Asp 90 86 Arg His 94 90 Lys Thr 97 93 Tyr
Leu 99 95 Phe Leu As can be seen from Table 7, the CD25 nutein
F92.8 ML.2 E15 carries amno acid nutations 10 conpared to wld type
Tl pc at the framework positions 23, 50, and 51. 59 Exanple 20:
Production of the affinity-inproved TLPC nmutein sel ected by the

colony screening nethod For the preparative production of the nutein
F92. 8 ML. geiin goubsenysat blopkins sigp Mith 10 % whemik powdesi inkEBSEtER2HFMBLL0

har bour i n@nemaemmﬁg/ﬁmmaa&ran@mb«md@wg h&\g amr%n g}i&ﬁa %M@:ﬁaﬂé&d
5 for the_periplasmatic production via fernmenter culti

descri bedPPIFEXERPTe BAbTHEANMR FhS widEtzh &aift Seums doviiregea) pers moasqlnaé
fraction édacentstiogl ot sSighpl, abngmta@napRs, %ﬁ&ﬁm} m\éﬂdxho@thhﬁﬁn &SN
Superf#ow nateml étg?@%e r‘]@ a col rm of aqul prg ate bed vol ure and
sui t abPe BHHG 4, ?ff“ﬁb ?Jcatpﬁlée A GpngeRtizrign of H%%me
10 Cel fitdatedtat Hpgmms carried out with Superdex 75 material (Amersham
Phar maci a Bi otech) using a C colum of appropriate bed vol une and

sui t abl e equi pnent according to the nmanufacturers' reconmendati ons.
It was f oéfiel, anbthat whshéngnaitpeialilE@ch Sribdl o2thE hiteth 620 dar mmBSEc@Jeﬁ@c an

excl usi on k cant neri c .an
G rer ¢ pieBfHE Rohddnbdtd Yt WAChaB e AR C R e R ool Bt
wer e pool egtusnaAbs B8Af BES tirbeapuwedimmac fig Fe fragimner tahd insulsiteelfor 1 h at RT.

Exanpl injt: i Dity- | d,TLPC

et ool UE bbbl Bhbddl bt Sleolddin Bp) oniielc"REAY 00 ks
5 nononigtoregenis dRA-ybptrate Qlﬁ@@ﬁltﬂﬁ $PIGBLE) aredrding to £h@ rebpsntive meoiifagiurers’
canpl e %@cd@ﬁﬁeﬁd@%n@dAfté} aflfp (‘EE@ 13560 il nﬁgfogﬂfé%gp%%g%aﬂc?%sg%ce was

CD25- Fc and_the control ns capture aptured

human | gGXedesk %ta?g%w%engthﬁé 33% Say( e} fist measured afl 43 ninkad 7ihnm) in a

Exanphe 14eNy@iePplatb@ler. 5 pg/ nl CD25-Fc and 2.5 pg/m hunman | gG
Fc-fragnent were used for capturing. 25 The resulting binding curves
versus captured CD25-Fc and capture mAb are depicted in Fig. 16 and

Fig. 17, Tmﬁﬁéwwﬁd‘:éﬂby—ﬁbﬂ-hﬂﬁﬂé%sqﬁbﬁeﬁtcﬂﬁﬁlsﬁlﬁﬁltl{tﬁ@le & 8dthputer program
di ssoci at n con nts of _the L etween the TLPC nutein F§5. 8
¥ BscHbecin Bk papie fa

ML. 2. E15 NOTE38EP dyrﬁfwff%{ﬁa)%ws B8¥cPar get protein CD25-Fc

are summrl zed in Table 8. No nmeasurabl e binding activity was

obt ai ontrol proteins e HAb, HSA, F and. _.

capt u? g ﬁj%shtltllné %mé g Cpry Sh capnaredcc%gslljfgc and capture mAb arecé-,pmteg in Fig.12,
The value obtained for the apparent dissociation constant of the complex between the TLPC
mutein 867.7 C6 and the prescribed target protein CD25-Fc is sumiarized in Table 6. No
measurable binding activity was obtained for the control proteins capture mAb, HSA, FCS and

captured human IgG Fc fragment.

C oo
Table 6;: Affinity binding constant between the TLPC mutein and CD?25-Fe
TLPC mutein K [nM] CD25-Fe
S67.7 C6 1178 =228

Example 15: Generation of a CHO cell line expressing human CD25

30 Forthe generation of a stable cell line expressing human CD25, CHO-K1 cells (DSMZ, No. ACC
110) were transfected with the expression vector CD25-pcDNA3.1Zeo(+) (SEQ ID NO:10; Fig.
13} encoding human CD25 (NCBI ACCESSION NM_000417 [gi:4557666)).
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Table 8: Affinity binding constants between the affinity-inproved
TLPC mutein and CD25-17C TLPC nmutein Kn-1nM CD25-Fc F92.8 M. 2E15
nmononmer 131 34 60 F92.8 ML.2 B15 diner 6 1.8 Exanple 22:
Generation of a CHO cell |ine expressing human CD154 For the
generation of a stable cell l|ine expressing human CD154, CHO K1 cells
(DSMZ, No. ACC 110) were transfected wth the expression vector
CD154- pcia3xpk&siot *&ctc(fSE@SL@DI\&B[\KZeo(}1wasl-‘dbgame118) desmitmdimdge followingCDES 4

NCBI ACCES i . 54
|(oc DNA3. | f%l? \/?gs%gécﬁ%?%e& ’gescr %:Js&m pTH?%%IP’ Cﬁi\gAwgﬁ gyﬁﬁpéip@gﬂ
obt ai ned Blbwl Lyxpheetadiyrity- ¥ wingfamand JERIS SEQNDBIO:ACERDSY @M BT1DBEQID

4990 fg,
|51 1°S0RH e Al WS R R SSESRES T B
cDNA was lizetad intntheicloying vegtns pER AJundi-TORO @@stmgan)eqm@yg Hghe Iﬁ@ﬂuf@ml 31 e
ol i gonuc lltgcﬁﬁn%ﬁaah%}f%‘l"hp 635 (?Iﬁ\b@%s okdidel %d}}ﬂhe?i‘gsult-ﬁbqlewb KASERAIT

encodi ng conpl ete sequence of hunan was excised fromthis
vect or vitestiction digestiop Andisgiaied bypgaosxigel 31301’-109121951313&& desribed iarSapbigpk et al.

agar ose gglyn '?Eéﬁ%&faf fad ﬁurﬁﬁd @szﬁfdbﬁd Cldin smm @Q&n@:ta) ad li &umﬁta)the
The frag nt yurified SV d ean Kit, rorre th@'hﬁame

| i gat ed |q?$P@SS!%eVE‘é PeRSAgr ‘?,((ﬂ Hﬂv1§”sgeabm t}aﬁéﬁfﬂr)h“‘(ﬁ“ﬁ

\)/(Vlh_llc gii.B' aqgﬁ?c?@n |ehi}@l§b§ | E. f‘&leKl%f]BﬁJB &val @c?ﬁsfcﬁtﬁﬁﬂ Fight the ResEIAiAY BXfiession vector
ue bacteria were transfor Wi in

V6ot or  CStDED DORAAG £k g e pITA S cE e B R PR e P ey

@i ng thevEndeRQegesl asmd Maxi Kit (Qagen). 2 0 Gowh and

transfection of CHO Kl cells (DSMZ, No. ACC 110) with the expression
vector CD 154-pcDNA3. 1Zeo(+) was carried out based on the protocol

descri becﬁOﬂ 0@(§H@|—Iél aeils (DBWEANO. AGHF £K] roniuat 35 ¥y BrYEY] Ghitamand sedium
anal yzed Eﬂgﬁwﬂiﬁ'ﬁl 10%4 @/\??Cﬁl SR 860wk B pﬁi&ﬁm Scrd ﬁlategrﬂ%% transfected

exhlbltlng t ession were used for all further assays up
to pasSaghefaiowings a:asmsﬂawgwﬂaém;zi@wrw 0y Lipotegmingf QR nyirosracceiine

mutein fop %Qeﬁlaﬁﬁfﬁct@ef@' Rborh@erdehiidnc.eldells | Wae SXtRE e isitdiel UWRH‘ €hz5
The nutein d

was tested for specific b| ]g to %O
cel | |i necBRPBZep(iyomnsdiA3-Eoos) psrortrgl Gy %ﬂytlﬁ?Fe@“Fﬁe gfy“ fids
pur pose, ithgelddAatolnNd Serk ples! (Tl’&a‘folwwmsdecmn started by addition of 200 ;.Lg
pcDNA3. | Zeo( +) -transf ect

gg sdescrlbeilnExFr%*%gecé_ azg
respect i VEPYLRETE! AeriE: ﬂéﬁef"’re EORT-TRFEM P AUIRE RIS FFOE SRy

E/DTA ?;%\ppf“ﬁé@ damtsgésyq&éﬁﬂy O Rugiah TS walree flasks Q@ﬁmgﬂ.e@DﬁiﬁeﬁﬁeskloxPﬁeﬂ%l
viv F and 1 ncubate ic E

fracti on CHELFH %&m?@ﬁsﬁgayﬁ?%s E?fnﬁ% dl%r &5’878 thlggi g%lth% higrest o
mol ar ratdx@rcmdn_hzvcré kqm rsegkevere ﬁﬁiananésh‘,ﬂlruher‘&(sfa}fs werctporfammed ovithaipmsocal

acid I\l-sglcci ni{ndé é FI uka) based on the protocol described in
gti“hl ehube™ & IRCSR Pgeano(s pra). As a negative control, 2.5 gg of the

25 Example 16: Testing of TLPC mutein for specific binding to a CHO cell line expressin
human CD25
The mutein S67.7 C6 was tested for specific binding to a CHO cell line expressing human CD25
in a flow cytometry assay. For this purpose, the CD25-pcDNA3.1Zeo(+)- or pcDNA3.1Zeo0(+)-

transfected CHO cells described in Example 15 were detached from culture flasks with 0.2 % w/v
30 EDTA. Approximately 200.000 cells were resuspended in 30 pl PBS/2% v/v FCS and incubated
with 10 pg S67.7 C6 obtained as described in Example 13 and labeled with fluorescein
(Fluorescein-5(6)-carboxamido caproic acid N-succinimidyl ester; Fluka) at an equimolar ratio
based on the protocol described in Schlehuber and Skerra (Biol. Chem. (2001) 382, 1335-1342).
As a negative control, 10 pug of the recombinant wild type TLPC encoded by pTLPCR and labeled
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reconbi nant wild type TLPC encoded by pTLPCB and | abeled with
fluorescein at a twofold nolar ratio was enpl oyed. CD25 expression
was confirmed with FITC | abel ed anti-CD25 mAb (Acris, DMb19F), using
FITC- | abeled 1g@ (Acris, SMOF) as isotype control. After 30 mn

i ncubation on ice, cells were washed twice with PBS/ 2% v/v FCS prior
to analysis by flow 5 cytonetry using a FACSCal i bur (Becton

Di cki nsonyith Bypmsceineat 4n eitimolar kaiorwas ethplopes FScixpiegsipnuwes epnfigRedgwith
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type TLP%»][%B% RIAR G ISRQMRRYS LaRd § ESestabunGieBEn Db, cel | 1ines
tested e obtained histograns are depicted in Fig. 19. C Exanple

24: ldéntification of affinity-inproved CD25-bi ndi ng TLPC mut ei ns by
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anal yti cal of the affinity-inm vedTLPgé nut ei, ns equi ppedb
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Bt U ol BAUREE o 2l RERETH e e i e Setuir e (R g,
into poLPC8 (Fig. 8). 20 For this purpose the plasm d DNA was
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fra;gments not or incorpletely digested were removed via their 5'-biotin tags using streptavidin-

coated paramagnetic beads (Merck) as described in Example 1.

30 For subsequent ligation of the affinity-matured muteins from above a 3907 fragment was
prepared and purified from the DNA of the vector pTLPC7 (Fig. 4) as described in Example 1.
For the ligation reaction, 3.32 pg (15 pmol) of the PCR fragment and 38,7 pg (15 pmol) of the
vector fragment were incubated in the presence of 420 Weiss Units of T4 DNA ligase (Promega)
in a total volume 04200 ul (50 mM Tris/HC1 pH 7.8, 10 mM MgCl,, 10 mM DTT, 1 mM ATP,
35 50 pg/ml BSA) for 48 h at 16°C. The DNA in the ligation mixture was then precipitated by
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(Applied Biosystens) according to the instructions of the

manuf acturer enploying the Big Dye Term nator Cycle Sequencing Kit
(Appl i ed Bi osystens). 7 unique nuteins containing a 5 functional
insert were identified. Fromthese, 3 clones were selected for
further characterization. The nucl eotide sequence of these clones,
599. 3 H24 and S99.3 Cl13 derived fromselection strategy A and S99. 4
F15 obt aadiéry FO5ahyesstitRSAI( bhng/ml saletipp iBOEoche)aAZ10a4d & ¥ amunonith ecetatd. no

acid  se W@Wﬁ%gm J)v&;,e#&ﬁeggéﬁe%ﬁg];eg%mgé 1 4ok eldhfne

nucl eot i @@%ww@m@efbfo adfirghesncaggticn ¢i240189bin3 tetalvoliee af@18gdolavaers
Is also given as SEQ ID NO 17, SEQIDNO 18 and SEQ I D NO 19,
respectively. C Table 9: Sequence characteristics of selected TLPC

nut ei Bs Whe Prepasgion gedtransiormatiop of ¢lectiersrapetep colpgd1-BiyeiByliankgt a., pppry)
S99. 3 C13a5398ridh dalR oty aeEi eI 'B?%ﬁlbf&gmgﬁ@&&l@!f@u%/ KaBRAIN Al bkt 3.6 x

w | d-type ;Tinc exp used truncted Au
Ay Gy &yrangigrmpniyevergebtalpe 171\@5083%1' 7 fe%mmtgﬁ%laﬂs Eetlﬁfoam%wv@ey
dy 4 y fukiBes¥@lor hie éshxétﬁiﬁ of Pagerdfds Memeﬂh@xﬁgfle $ef the BET 2flibaibn RO
Asn gzpé%Thr y Ay Ay 45 41 Au Ala Ala Ala 67 63 Val Val
AIaVaI 0% lLys Gy Ay dy 72 68 Asp Asn Asn Asn 74 70 Pro Lou
Leu beu 75 71 Gy Asp Asp Asp 86 82 Ala Ala Val Ala 90 86 Arg His
Hs H s .

Len Len

(r omthe na:ftémmrhMogmg gommm’n nn:mwal mmés
For the selection of affinity-improved CD25-specific TLPC muteins from the error-prone PCR

library described in Example 17, 3 rounds of selection were performed with 2 different strategies
15 {selection strategy A and B, respectively) according to the general method described in Example
3. The deviations from the protocol are described in the following. Prior to the incubation with
the target protein, phagemids from the library were incubated in BS A-blocked polystyrol wells 2
times for 15 minutes each for the depletion of phagemids presenting multi-reactive or
misfoldedlipocalin muteins.
20
The capture mAb (Mouse Anti-Human IgG, Fcgamma Fragment Specific; Jackson
ImmunoResearch) was coated on the polystyrole plates at a concentration of 5 pg/ml. After
blocking with 2.5 % w/v BSA in PBS, CD25-Fc at a concentration of 0.063 pg/m! (selection
C strategy A) or 0.016 pg/ml (selection strategy B) was added and incubated for one hour at RT.
" 25 Adsorbed phagemids were eluted under denaturing conditions and by competition using the
bacterial strain XI.1 blue as described in Example 7. In the first, second and third selection cycle
about 2 x 10", 1 x 10" and 1 x 10" phagemids were used as input for the enrichment process;
and 8, 10 and 12 washing cycles were performed, respectively. The phagemid amplification was
performed as described in Example 3 except that the phagemids were incubated at 22°C instead
30 of26°C.

Example 19: Identification of affinity-improved CD235-specific TLPC muteins by use of the

colony screening method
For the analytical production of the TLPC muteins as fusion proteins with the Strep-tag® Il and

35 the albumin-binding domain (ABD) and their characterization by colony screening, the gene
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not only nutations in the binding site at the closed end of the
O-barrel structure but also nmutations in the peptide segnents
formng the natural |ipocalin binding pocket (here residues 28, 32 of
AB 5 peptide |loop) and at positions of the framework region
(positions 67 and 86 of the Tlpc sequence, respectively). Exanple
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for the capialthdlb@bahdiSrames.capture mAb, HSA, FCS and captured human
| gG Fc-fragment. Table 10: Affinity binding constants between the

af fi n?f)y i nproved TLPC nuteins and CD25-Fc TLPC nutein Kp | nM

CD25- Fc S84 1 itiéifichidn ofefini§Athpoved, SR8 AekificaRReiftf; b hdrdpHobldmdniasmed e
21 Phage‘%rg L rgeengg ﬂ]t p"’lf‘ra{n%f] wf’a}p 9 dl?fgll‘egtc (;[olnc(:)e?ltrgtgon-srg%_ (&)E}I% I( l%snl\?%all\ﬂsf nl\EI hOeB
nM and 0.1 aM). Mutein/CD25-Fc complexes were detected via anti-human IgG-Fc-HRP
C conjugate (Peroxidase-conjugated Goat Anti-Human IgG, Pegumm: Fragment Specific; Tackson
’ 25 ImmunoResearch) and the chromogenic DAB substrate kit for peroxidase (Vector Laboratories)
according to the respective manufacturers’ recommendations. In parallel, mutein expression was
monitored via Streptactin-HRP conjugate (IBA) and the DAB substrate kit according to the

respective manufacturers’ recommendations,

A total of 9 clones from selection strategy B with the highest signal on the lowest concentration
30 of CD25-Fc was selected and the nucleotide sequence of the respective TLPC gene cassette was
determined using the oligodeoxynucleotide SEQ ID NG: 37 as primer on an automated Genetic
Analyzer system (Applied Biosystems) according to the instructions of the manufacturer
employing the Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems). 8 unique

muteins containing a functional insert were identified. From these, 1 clone was selected for
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extracel |l ul ar domai n of human CD33- Fc enpl oyi ng pol vstvrol nultiwel |
pl ates and protein A magnetic beads For the selection of TLPC
muteins the phagemd |ibrary, as described in Exanple 2, was used.
The sel ection of TLPC nmuteins enploying polystyrol rmultiwell plates
was performed as 15 described in Exanple 3. The deviations fromthe
protocol are described in Exanple 7. The target hCD33-Fc (R&D

Resear ch) fugher aipraeterizayion. Jiie eetlatids feeuapod gfsbiy clohe, FHas BEL. B 1A was transiated

concent r at . - lL.ect | .TLPC i

per f or nedhzdﬁ@? %‘ff‘% 2o Pnce MAPSE o0 Bl oA 18 prepodoy
essent i al PTLEGR (SEQ IoNOhE) iaveaiven int Tables. She nimdeotidnseiiaace pirioneBOA S\WAE2
chosen asEpjgg[gbr%g,engggg@@%:?Pagem ds and target. The phagem-‘ds
were el uted under acidic (0.1 glycin/Hl pH 2.2; 10 rain RT;
neutraldi zation with 0.5 M Tris-base) and/or basic conditions (70 nm
triethyl amiyer: sbQudiicdcHRTucteRgek bAd defedlel PPN eid with Thbed iRfYol cds
followed by a fina acterra elutton stéep, as
7. 25 The deviations fromthe protocol are described in Exanple 7

w th the exceptiggs, that prior tpgs, i ncubati ofypiict h t hepgoayrggeh protein
0

phagenids fromthe |ibrary were incubated with 100 Al ‘of _ BSA- bl ocked
protein A Mf%@%ﬁ% each, for the defldtion of
phagem ds ptoesigihtypaWpaul ti 1 @paimenellor m sfol ded |ipocal i n nuteins.
30 65 Four rounds of selection against hCD33-Fc were carried out in
this way enploying the pré&ﬁiﬁﬁ%ﬁ&gﬂg anpl i fi ed phagenids fromthe
g“especti ve previ o8s enrichnment cycle wth thegmexceptionviahat only
bout 1 1011 phagem’ ds were uti Bi zed begi nni@g with the ?econd
cycle. 5 Exanple 28: Identification of hCD33-Dindi ng TLPEDhut ei ns by
use of a high-thrl®ughput ELI SA €6creening nethed For theaAanal yti cal
production of the;hCD33-binding JLPC muteins (legui pped wi hp an
N-term nal T7 detection tag (Novagen) as welT 'as a Strep-gt ag(c) U
affinity tag at tl3e G-terminus afd their chasacterizati Gly by
hi gh-t hroughput Bkl SA screening, gt he gene casggtte contajping the
TLPC 10 between the two Bst XI cl eavage sites was subcl oned fromthe
vector pTLPC12.(R#g. 1) into the9 vector pTLAMt4 (Fig. 28)a The
hCD33- bi ndi ng TLRg nut ei ns were qgdentified bypa high- th@gpghput
ELI SA screening nethod as described in exanple 4. TLPC nut’ei ns that
bound hCD33 spe(f’iSfi cally in thé“pri mary scré8Ring were 48 ected for
nore detailed bimgdi ng anal ysis igg a secondarghi gh-t hougn,put ELI SA
screeni ng experinent as described in the sane exanple. 15 For the
detection of target-specificity %t the recontMAant TLPC Mak ei ns,
wel I's of black Flmotrac 600 ELIGBA plates (Gigsner; 384 @gpll) were
coated overnight gt 4 Cwth 20 6t8| of a sol utASon of

D Asn

- 74 70 Pro Leu
75 71 Gly Asp
90 86 Arg His

o4 90 Lys . Thr

97 93 Tyr Leu

99 95 Phe Len

As can be seen from Table 7, the CD25 mutein F92.8 M1.2 E15 carries amino acid mutations
10 compared to wild type Tlpc at the framework positions 23, 50, and 51.



Af fini Pure nouse anti-human 1gG Fc Gamma fragnent - specific anti body
(5 Itg/m, Jackson |ImonoResearch) and as a control, with hCD22 (5
g/ mL, Peprotech), hlgGLl(10g/m, Jackson 20 I nmunoResearch),
streptactin (10 g/m, 1BA), human serumal bumn (1 OQy/ M, Signa) as
well as a conjugate of RNase A (10,ug/m; RNase from Fl uka) and

di goxin. The target hCD33-Fc was captured via the anti-human 1gG
FcGa, aa, EfannnehtPodectidn of thebithoshimbeoved TLAQ nidiein blkéted be thd &on
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as SEQ ID NO 25. Table 11:, Se uen ter f se ted
B S R L e e S O B R S
Nunbering according to the wild type Tlpc 25 Asp Val Pro Ay +4 - -
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in ELISA,

A dilution series of the mutein F92.8 M1.2 E15 monomeric and dimeric fractions obtained as

20 described in Example 20 was tested in an ELISA assay for binding to captured CD25-Fc and the

control proteins capture mAb, HSA, FCS and captured human IgG Fe-fragment.

The assay was performed as described in Example 14, except that 2.5 pg/ml CD25-Fc and 2.5
C' : pg/ml human IgG Fe-fragment were used for capturing.
25
The resulting binding curves versus captured CD25-Fc and capture mAb are depicted in Fig. 16
and Fig. 17, respectively. The values obtained for the apparent dissociation constants of the
comialex between the TLPC mutein F92.8 M1.2 E15 monomer or dimer and the prescribed target
protein CD25-Fc are summarized in Table 8, No measurable binding activity was obtained for the

30 control proteins capture mAb, HSA, FCS and captured human IgG Fc fragment.

Table 8: Affinity binding constants between the affinity-improved TILPC mutein and CD25-Fc¢

TLPC mutein Kp.inM] CD25-F¢
F92.8 M1.2 E15 monomer 131 +34
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31 Met Leu Ala Thr 32 Asn Phe Thr Cys 33 Leu Leu Ala Ser 56 Leu
Phe Phe Val 57 Ile Ay Gy Val 58 Ser Asn Tyr Arg 65 Lys Asn Lys
Lys 83 Lys Asn Asn Asn 105 Leu His Leu Val 106 H's Met Met Met
108 Lys Trp Val Leu 109 Pro Thr Leu Pro These am no acid
substitutions arose from accidental nutations outside the random zed
10 positions. 67 +2, +4 describe the insertion of two or 4 am no
acids in loop 1 of tHR8SMPCHISbBin&ry descri bed6ii.8 Exanpl e 2. Exanpl e
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wer e Jdoa@eﬂNMﬂﬂed{Q) Ghvit6goBBwhich hidlbegh ithgarizaAf With kteusame mat®eion enzymes.
anti - hun@&ll-lﬂge Fﬁac%ﬂgﬂ were ftlral?s@m&' @RECME' ﬁesﬁﬂﬁé b8$¥es£i§n t&{cm' 'CD154-

pcDNA3.1Zeo(+) and the DNA was extracted and purified using the EndoFree Plasmid Maxi Kit
(Qiagen).

20 Growth and transfection of CHO-K1 cells (DSMZ, No. ACC 110) with the expression vector
CD154-pcDNA3.1Zeo(+) was carried out based on the protocol described in Example 15. CD154
expression of several clones was analyzed by FACS analysis as described in Example 23, Clones

. exhibiting the highest expression were used for all further agsays up to passage no. 30,

25 Example 23: Testing of affinity-improved TLPC mutein for specific binding to CHO cell
line expressing human CD25

The mutein F92.8 M1.2 E15 was tested for specific binding to a CHO cell line expressing human
CD25 in a flow cytometry assay, For this purpose, the CD25-pcDNA3.1 Zeo(+)- or CD154-
pcDNA3. 1Zeo(+)-transfected CHO cells described in Examples 15 and 22, respectively were
30 detached from cuiture flasks with 0.2 % w/v EDTA. Approximately 200,000 cells were
resuspended in 30 pl PBS/2% v/v FCS and incubated with 2.5 g of monomeric FO2.8 M1.2E15 -
fraction obtained as described in Example 20 and labeled at a twofold molar ratio with
fluorescein (Fluorescein-5(6)-carboxamido caproic acid N-succinimidyl ester; Fluka) based on

the protocol described in Schlehuber and Skerra (supra). As a negative control, 2.5 pg of the
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Jackson I munoResearch) and as a control, with hlgG (10g/m, Jackson
| mmunoResearch) 25 O' N at 4C. The targets hCD33-Fc (1 g/m, R&D
Research) and hCD22-Fc (1/tg/m, Peprtoech) were captured via the
Affini Pure nmouse anti-human |1 gG Fc Gamma fragnent - specific anti body
for |1 h at RT. Afterwards, the ELISA was perforned with the TLPC

mut ei ns from Exanple 29 as described in Exanple 10. 30 The resulting
bi ndi ng crucfdmtﬁnamewﬂd fyipt TERCaacales by pBEBCE andchabeter with Guenesteinras a twofold
depi cted | 4
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manuf act uRdig 1% ecommendat i ons. 3000RU hCD33- Fc (R&D research) were
gaptured to this surface by injecting 10 1 of a 0.2 ng/m hCD33-Fc
olution at a fl o I . ) Ny .

2/ Cl/mn.HE e
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I'i pocal i n; mut.6el Q;RdeeshaBasideieaTs@mbleals ditedhs Hrodilit oflfhe labidctiatcycle.

bi ndi ng curves
J Screening for affinity-improved, CD25-specific muteins was carried out according to the high-

throughput ELISA protocol described in Example 4. Crude cell extracts were tested for binding to

( . CD25-Fc captured at different concentrations (5 pg/ml, 1 pg/mi, 0.2 pg/ml, 0.04 pg/ml and 0.008

25  ug/ml, respectively). In parallel, crude cell extracts were tested for binding to human IgG Fe-

fragment (Accurate Chemical) captured at a concentration of 5 pg/ml via the capture mAb which

was coated at 5 pg/ml. Clones showing specific binding properties and retaining high signals on

the lowest target concentrations were confirmed in a secondary hi gh-throughput ELISA, In this

assay, crude extracts were tested for binding to CD25-Fc captured at 1 ug/ml and 0.1 pg/ml. In

30 addition, crude extracts were tested for binding to the unrelated proteins capture mAb, HSA,

CD154 and Human Gamma Globulin (Jackson ImmunoResearch), coated at 5 pg/ml, 10 pg/ml, 5
pg/ml and 10 pg/ml, respectively.

A total of 13 clones from both selection strategies giving rise to a high signal at the lowest

concentrations of captured CD25-Fc and low signals on the unrelated proteins was selected and
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were fitted using the Bl Aeval uation software 3.1 from Bi acore and are
shown in Flgs.25-27. The 20 resulting affinity binding constants of

the TLPC nuteins are sunmari zed in Table 13. Table 13: Affinity

bi ndi ng constants of the TLPC nuteins TLPC rmutein kk- 1, | koff a K

| NMLhCD33- Fc  CD33 S101.2 A20 2.3 x 104 2.0 x 10'3 87 CD33 5101.2 008
1.3 x 104 1.9 x 10'3 146 CD33 5100.1 108 1.5 x 104 8.5 x 10-4 .57 69
What is ﬂieaxiu&mdtuﬁesseqﬁencﬁ ofntiteeienpegfivenTHER gepacasseisol s fAefermigrdr &ing Hae

mitein cg dé&iﬁuﬁéohh@ggb AR08 Ptnerifl £h MMbrledc OGNt halyBEROGIm ! O

the w no acld sequence of mature human tear _|ipocalin as
set f or t prﬂlle$Etgsys|:ma®accg}8hr\&ﬁ@ﬂlé|lrr$tf§<alods phbemATRRCtuSs SRl Y RGPS L Fn

ggy gBSalf%[%_gnat%oggaeﬁé ue%ﬁno %{71! (gﬁyhea%lo%em% 7 Sﬁquﬁﬁmte‘i}@ cdﬁ?amlﬁgsa

and wherein said nute 1p ses at
| east sso%ns@«qu@mw W@«d@nttfyd AKirem thegsey P@Wefﬂassleatﬁéi %F”ﬁ%‘%f aRCIEARLR

nat ural Qgéied?ifde eto%aﬁesé tlea&Gako91 Wk hind 8be6 tb| deriedd irdimfsylectﬁn
The nutein

l'aim 1, wherein the nutein conprises a
A 1o acHeRtoanA a0 A LD ORRg DO R R B Thiet Toid S0 s aB)ld
|28 29, g@;uer?tla 1am§3‘lose3a3mn05§nd35ﬁwaﬁﬁfg fréi3 modifiod FERCD Gncoﬂ%b)apﬁmqsﬁﬁ Whe
i near tide sequenc ture wld-t
tear |i p 2 arg eggiven &y £ Pl ?ﬁ @E@“Eﬁ“%seﬁm%"f dlqﬁlgéjﬁ%d;%)lf{%ho 99cI arrm
furthgy @gﬂﬁ'ﬂlﬂs%o:’g&eﬂ@smm iNenat, SEG IoNac ] HandiSES TDONE: l%edsg@ueedy
fromany of amno acids 8, 9, 10, 11, 12, 13, 43, 45, 47, 70, 72, 74,

75, 90, 92, 94, and 97. 4. The rruteln of clalml V\/nerelnthe rrutseln

S conj ugy . X B ¥ ‘ !
grganl c nol ecul es enzyme | abel S, radl oactl ve | abel S, coI ored | abel s,
fluorescent |abels, chronopgenic | abel s, lum nescent | abel s, haptens,
di goxi geni n, Bootin, met&es. conpl ELPES etS8p.3 HoAnd SEQB IR JaS9GEEL 5.
The nmutein gf Iaimlrm the nutein is fused at its N-term nus
or its Ct eﬁﬁﬁaﬁ%s-g a—m?%@e%nn, a protein donain or a peptide. 6. A

nmet hod f or Md_lgg_tmratmmg_m nmut ei n of hurman tear |ipocalin of
claim1l, COMRLIR (| g‘pj ecting a nucleic acid ol ecul e encoding
a human tem—ﬁgp% in ageneS| s and changing at |east 12-16
codons of the correspdﬁ%@équence posi tions encodi ng am no acids
25, 26, 27, 28g 29, 30, 3L 32, 33,GgR6, 57, &f, 83, Mok, 106, VD8 and
109 of the Ilnear pol ypept| de seq& ce of h man t ear,l i pocal Iclf‘l
according to SBEQ I D NO 58 (b) expressing a Y 70 Iea% one i n
nucl ei ¢ acid nfj ecul es obt5a| ned in fla) in alyitable Agpressi ayg
system and (cl enrichi n%eat IeastG ne mut eAn havi ”gm% det ectﬂgl e

bi ndi ng affi ni for a gi ven target means
12 Asp Gly Gly Gly
- 13 9 Val Leu Leu Leu
C 28 24 Phe Phe Ser Ser
32 28 Asn Asp Asn Asn
43 39 Thr Gly Gly Gly
45 41 Glu Ala Ala Ala
67 63 Val Val Ala Val
70 66 Lys QGly Gly Gly
72 68 Asp Asn Asn Asn
74 70 Pro Leu Leu Leu
75 71 Gly Asp Asp Asp
86 82 Ala Ala Val Ala

20 86 Arg His His His
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selection and/or isolation. 7. A pharmaceutical conposition
conprising at |east one nutein of claiml1l. 8 The nethod of claim®,
further conprising subjecting before or in step (a) or after step

(c) the nucleic acid nol ecul e encodi ng human tear lipocalin to

nmut agenesi s at |east at 12-16 codons of any of the sequence
positions 8, 9, 10, 11, 12, 13, 43, 45, 47, 70, 72, 74, 75, 90, 92,
94, and 97 of Phe I|near ﬁglypept|d§3%equenc8“bf hunaﬁ“%ear Ilbmnalln

according to SBQ ID NO 58 71 1 BRUENCE ), STING 410> Pi efj,a
Prot eol ab AG 595120> Mut ei ps of hurmgn tear Ilpocalln <150>

PCT/ EP03/ 09404°%151> 2003-08-25 10 ¥i60> 39%%210> 1lew211> 1hem3 15
<212> DNA <213> artificial sequence <220> <221> sig_peptide 20

<222> (22 84 > mat t| d <222> 5 . (1113) 25
<223> fu s%‘ Cnang)brg %eé‘ i f’ﬁmbzfab#;gz ﬁF iTRE nﬂ_ g?‘ﬂ.til dfr P@é‘i‘?ﬁ%gméfmﬁﬁﬁéw Opfained
protein_pidtbaly2R@ionsiA AibivdDE sidoat ¢22Reed B Df the B-béded RuctureRBaisd Fltbiis
TLPC <2 2@1 p%atliia s%ﬁ&ﬁf fe faxltuHJ t%e n&uraﬁmocahn%m%n?g poclget Lileze residues 28, 32 of AB

5  peptide Joop) and at positions of the framework region (positions 67 and 86 of the Tlpc sequence,

respectively).

Example 25: Production of the affinity-improved TLPC mutein selected by the high-

(‘ throughput ELISA screening method
10 For the preparative production of the muteins $99,3 H24, $99.3 C13 and $99.4 F15 described in
Example 24, the E. coli K12 strain W31 10 harbouring the expression vector pTLPCS encoding

these muteins was used for the periplasmatic production via fermenter cultivation as described in

Example 5.

15 The mutein was purified from the periplésmic fraction in a single step chromatographic protocol
with Strep-Tactin Superflow material (IBA) using a column of appropriate bed volume and

suitable equipment according to the manufacturers’ recommendations.

Gel filtration was carried out with Superdex 75 material (Amersham Pharmacia Biotech) using a
20 column of appropriate bed volume and suitable equipment according to the manufacturers’
( recommendations. The monomeric fractions were pooled and used for the further

- characterizations steps.

Example 26: Measurement of the affinity of the affinity-improved TLPC mutein for CD25
25 inELISA |

A dilution series of the muteins $99.3 H24, $99.3 C13 and $99.4 F15 obtained as described in

Example 25 was tested in an ELISA assay for binding to captured CD25-Fc and the control

proteins capture mAb, HSA, FCS and captured human IgG Fe-fragment,

30 The assay was performed as described in Example 14, except that 2.5 pg/m! CD25-F¢ and 2.5
pg/ml human IgG Fe fragment were used for capturing.
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<223> anber stop codon <220> <221> CDS 40 <222> (544) ... (1113)
<223> am no acids 217-406 of coat protein plll <400> 1 45 tctagataac
gagggcaaaa a atg aaa aag ace get atc gcg att 45 Met Lys Lys Thr Ala

Ile
cag
Adn
tgg
Tyr
aat
Leu

Al a
gcc
Al a
t at
Leu
ctg
du

ggc

10

15

20

25

30

Ile -21 -20 -15 gca gtg get ctg get ggc ttc get acc gta gcc
gat gga 90 50 Ala Val Ala Leu Ala Ay Phe Ala Thr Val Al a

Asp Gy -10 -5 -1 1 gga gag gag att cag gat gtg tca ggg acg
cTlg resaliing binding Survell wers@ cap@irad QIH2S-Kd and Aappurd/mlAbSer defdcied ThFig . R0p

2 e Seiodfr b8 Bl GG P oA BB ety SRR,
SenteMaB%Q@ 123, 319.3 6B &d 984 Ri6 endithg passcrilstidargggpratcic GRAJ-Kyaae
| o ngn c%ftafag% qg Zﬁégle;;gfabf) rbﬁldh%tactn}{y \%ag%bt-gm’ed }_tt}rthe!'c%ﬂng (}J'llot%y

g@gm@tlgAb,e@S@&&Szameap_vsdmaan Pwﬁxagmem IIe Ser GI y Arg cys
Val Lys Ala 50 55 60 gtc ctg gag aaa act gac gag ccg gga aaa
gcclgac 009 315 10 Vval Leu Glu Lys Thr As Glu Pro a

ableAOn AT hind; 1_%_-‘_1_5,.‘“»:

3 3 . 2 3 L A -' = ST 2 g
aag gac cac 360 dy Lys H|s VaI AIa Tyr IIeIIe Arg Ser His
Asp H's 15 80 85 90 tac atc ttt tac tot ga %gc cag ctc cat

cog gtc cga 405LLE&muieine phe Tyr S@Pﬁ@]ﬁ@g—@L@ n Leu Hs Qy

Val Arg 95 100 1$49.3 @ 302 + 46
599.3 C13 307 43
$99.4 F15 22+24

Example 27: Phagemid presentiation and selection of TPIL.C muteins against the

extracellular domain of human CD33-Fc employing polystyrol multiwell plates and protein

A magnetic beads
For the selection of TLPC muteins the phagemid library, as described in Example 2, was used.

The selection of TLPC muteins employing polystyrol muliiwell plates was performed as
described in Example 3. The deviations from the protocol are described in Example 7. The target

hCD33-Fc (R&D Research) was directly coated on the polystyrol plates with a concentration of 1
pg/ral.

The selection of TLPC muteins was performed employing protein A beads (Dynabeads Protein A,
Dynal) essentially folloeing the instructions of the manufacturer. BSA was chosen as blocking
agent for phagemids and target, The phagemids were eluted under acidic (0.1 M glycin/Hel pH
2.2; 10 min RT; neutralization with 0.5 M Tris-base) and/or basic conditions (70 mM
_triethylamine; 10 min RT; neutralization with 1 M Tris/HCI, ph 7.4) followed by a final bacterial

elution step, as described in Example 7.

The deviations from the protocol are described in Example 7 with the exception, that prior to
incubation with the target protein phagemids from the library were incubated with 100 ul of
BSA-blocked protein A beads, 2 times for 15 minutes each, for the depletion of phagemids

presenting multi-reactive or misfolded lipocalin muteins.,
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tg aag ctc gt C aga gac coo aag aac aac ctg gaa gcc 450 dy
?/g? Eyg Lag Val %3 %\?g Asp Pro Lys Asn Asn Leu u Ala 110 115 120
25 ttg gag gac ttt gag aaa gcc gca gga gcc cgc gga ctc ago acg 495
Leu Gu Asp Phe Qu Lys Ala Ala Gy Ala Arg Ay Leu Ser Thr 12-5 130
135 gag ago atc ctc atc coo agg cag ago gaa acc tgc tot cca ggg 540
30 Qu Ser Ile Lau Ile Pro Arg G n Ser Au Thr Cys Ser Pro Ay 140

145 150 Hoay repotls gfj selegion gagmnstchcw-’ﬁcgg»meg@mddomutggqhgg@a)gglﬁp cg%g
585 Xaa [ gﬂ u

155 160 ﬂ?‘@”gﬁ““‘%ﬁcﬁt@? el i et b tor Pho s €5 e dve
gag 630 e@%@“@ {haigniy 1@ @yﬂeﬂzgs v@ryuiBized GginnGgywill the Seyndeyced U
~. . 170 - 175 180 40 gga ggc ggt too ggt ggt ggc tct ggt too ggt gat
ttt gat tat 675 dy d _G Ser €} _G Ay Ser Gy Ser Gy Asp Phe
Asp Ty? Hoampaps dentitigationof heR33-h e g hipherhemi;

acc gaa $EEIS qsg,-ez,gg lr@hu,dLys Met Al a Asn AI a Asn Lys GI y Al a NEt Thr
A u Asn S_J 205 210 gaa aac gcg cta cag tot gac got aaa ggc

aaa ctt gat thF 6‘laly7‘8§ P‘%C%ﬁf@ebcm%bw g TEBC alueisequippy \Atkeanll\ysarrﬁinylt
Lys L nddd (A ® a
géf : teg %]5 [iefstio ‘g;bcbz,g‘eg g@l?gs W%l}l gs Qﬁgrtepi‘tg% ﬁ;érfﬁﬂlapta%?lt thgﬁ‘ttej]gxﬁﬂus%ﬁ tl%l |
Phe Ile %}a 5*‘ dpoughppt SLISA graecgine. he eeigonssatie ccgmgeumsatheg@fc
got aod dewegtnthe tvist@X)Ecl&E@ge s}(@d waa@iibcfdn¥d k64 1R VRcBSPTIBN 24813, Hidio Ale?
Thr Ay Asp fﬁgf g@ % tct sat tcc caa at et” caa
gtc ggt gac OIg%hfLP?é i 20k 186D ébg“ Ty madsinscyvpre Nelentifed bipjanhisghal
@ y Asp Gryughpy EIﬂ&ASereeﬂﬁ@nﬁ%d%?Qescﬁbed in example 4. TLPC muteins that bound

hCD33 specifically in the primary screening were selected for more detailed binding analysisina

secondary high-thoughput ELISA screening experiment as described in the same example.
i5
For the detection of target-specificity of the recombinant TLPC muteins, wells of black Fluotrac
G600 ELISA plates (Greiner; 384 well) were coated overnight at 4 °C with 20 {1 of a solution of
AffiniPure mouse anti-human IgG F¢ Gumm fragment-specific antibody (5 pg/ml, Jackson
ImmonoResearch) and as a control, with h\CD22 (5 pg/ml, Peprotech), hIgG1 (10pg/ml, Jackson
20 ImmunoResearch), streptactin (10 ug/ml, IBA), hurman serum albumin (10ug/ml, Sigma) as well
as aconjugate of RNase A (10 pg/ml; RNase from Fluka) and digoxin. The target hCD33-Fc was
captured via the anti-human IgG Fcgamma fragment-specific antibody for I h at RT,

C Muliiple TLPC muteins turned out to bind hCD33-Fe specific and the nucleotide sequence of the
25 TLPC gene cassette was determined from several clones using the oligodeoxynucleotide SEQID
NO: 37 as a primer on an automated Genetic Analyzer system (Applied Biosystems) according to
the instructions of the manufacturer employing the Big Dye Terminator Cycle Sequencing Kit
(Applied Biosystems).

30 The sequencing of clones revealed from the polystyrol multiwell panning revealed 4 different
lipocalin muteins. Two of them were analysed furiher. The nucleotide sequence of these clones
was translated into the amino acid sequence and those amino acids deviating from the modified
TLPC encoded by TLPC14 (Fig. 21) are given in Table 11. The nucleotide sequences of these
lipocalin muteins, named S101.2 008 and §101.2 A20, are given as SEQID NO 16, and SEQ ID

35 NO 15, respectively.
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cct tta atg sat sat ttc cgt caa tat tta cct tcc ctc cct caa 945 Pro
Leu Met Asn Asn Phe Arg G n Tyr Leu Pro Ser Lou Pro @ n 275 280 285
10 tcg gtt gaa tgt cgc cct ttt gtc ttt ggc get ggt aaa cca tat 990
Ser Val Qu Cys Arg Pro Phe Val Phe Ay Ala Ay Lys Pro Tyr 290 295
300 gaa ttt tct att gat tgt gac aaa ata aac tta ttc cgt ggt gtc 1035
15 du Phe Ser Ile Asp Cys Asp Lys Ile Asn Lou Phe Arg Ay Val 305
310 315 Th¢ seqgegirgtdf addres selectadafrory tite groeinas detd paraing kedalegt tavot differtwt
1080 Ph Thr R V

1080 o BQg&ggbﬁn@mL%e h&g%oﬁgé 5 X@%ncﬂmﬁh élsr{e 318 &/ggag Sidsen @L g at§§xgm§tt
1123 Thwam@smedm@rheam@omd SPEGUENASIN thsa a@muo ®igs ds&sumimmmnmﬁmﬂ 2

<211> 53
IR e e e o e
(85) 5..a{$FQIPNY:2»23> fusion protein of TLPC and a Strep-tag ||

affinity tag C' <220> <221> CDS <222> (85) ... (540) <223> mature

TLPC 45 <220> <221> CDS
Table 11: Sequence characieristics of selected ann-hCD33-Fc muteing

Pos. TLPC 5101.2-A20 S101.2-008  S100.1-108

Numbering according

to the wild type Tlpe

( X 25 Asp Val Pro Gly
+4 - - -
+3 - - -
+2 - Asp =
+1 - Leu -
26 Arg His Ser Ser
27 Glu Gly -~ Leu Gly
28 Phe Val Thr Ser
29 Pro His Len 1le
30 Glu Asp Gin Cys
31 Met Leu Ala Thr
32 Asn Phe Thr Cys

(' : 33 Leu Leu Ala Ser
56 Leu : Phe Phe Val
57 Ile Gly Gly Val
58 Ser Asn Tyt Arg
65° Lys Asn Lys Lys
83 Lys Asn Asn Asn
105 Leu His Leu Val
106 His Met Met Met
108 Lys Trp Val Leu
109 Pro Thr Leu Pro

° These amino acid substitutions arose from accidental mutations outside the randomized

10 positions.
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<222> (541) ... (570) <223> Strep-tag Il affinity tag 50 <400> 2

t ct agat aac gagggcaaaa a atg aaa aag aca get atc gcg att 45 Met Lys
Lys Thr Ala lle Ala Ile 55 -21 -20 -15 gca gtg get ctg get ggc ttc

get acc gta gcc cag gcc gat gga 90 Ala Val Ala Leu Ala Ay Phe Al a
Thr val Ala Gn Ala Asp dy -10 -5 -1 1 4 atg acg gtg gac agg gag

ttc cct gag atg aat ctg gaa tcg gtg 135 Mt Thr Val Asp Arg G u Phe
Pro G u MeE, Aghsdibe thelinseiSion ofiab ob4 AfdinbacidSindew Icfehesl I NG descBal in
acc ctg %Eﬁar%ﬂ g,99c aac ctg gaa gcc 180 Thr Pro Met Thr Leu Thr Thr
Leu Gu y Asn Leu Qu Ala 20 25 30 10 aag gtc acc atg ctg ate
agt ggc cgg tgc cag gag gtg aag gcc 225 Lys Val Thr Met Leu Ile Ser

Ay Arg Gfgay ﬁz@ﬂo}iﬁbtldnyo%tﬂﬂ fiffeiflo OtC ctg gag aaa act gac gag
cCcg gga aaa Val Leu Qu Lys Thr Asp Qu
Pro A ¢ L& tfrtyprenmtwmpavdmwn egot BEDEDmugye SAeY1 K8cS il gﬂaartdaioatzc

tc a t 5
Ag aog | DI GRmindl Cor BlafiC 2 R Gorid Yodntie b balber M Bttt

cag ctc cHtes @’@bsuéﬁl@n@é@%ﬂ’é vecks PEEBC121ig Diow ﬂﬁﬁépwroﬂ%a‘snﬂ IniFIKEG,M @19

Leu H s Gy, 'Flyesoﬂ?ilﬁbd\f@fisnﬂ ﬁhu@gncg&dgaqfumgr? 1%9:?1 %{tge ﬁtﬁﬁmc\tvfh %E%r%rgg 51%&?

gac ccc aag aac gaa gc¢

Pro Lys A&e%“%?\afl_de'g -{g,ag,&f ﬁleggtemusl"ﬁgwﬁ@@ fhethew@ dhet the @-tﬁwuaaa
gcc gea gga gcc cgc gga ctc agc acg 450 Leu Au Asp Phe Qu Lys Ala
Ala Gy Aéi%gfg%glogey ofLE(.)éJolE%\;ﬂI& {felmentation) or E. coli-JM83 (shaker flask expression) were
C N transformed with the pTLPC14 plasmids coding for the TLPC mateins $100.1 108, S101.2 A20

or S101.2 QO8, respectively. The shaker flask expression, the 1 1 fermentation, the SA-

chromatography and the size exclusion chromatography (SEC) were performed as described in

15 Example 5. The SEC revealed a dimeric and a monomeric protein fraction for the clones $100.1-
108 and S101.2 O08. The binding affinity of monomeric and dimeric fraction was separately
determined in an ELISA,

Example 30: Measurement of the affinity of the TLPC muteins in ELISA
20 Forthe determination of binding affinity of the selected TLPC muteins from Example 28 for the

prescribed protein target hCD33-Fc as well as the unrelated control proteins in an ELISA the
wells of black Fluotrac 600 ELISA plates (Greiner; 384 well) were coated with 20 il hCD33-Fe¢
(1 pg/ml), AffiniPure mouse anti-human IgG F¢ gamma fragment-specific antibody (5 pg/mil,
Jackson ImmunoResearch) and as a control, with hIgG1 (10pg/ml, Jackson ImmunoResearch)

25 OfN at4°C. The targets hCD33-Fc (1 pegfml, R&D Research) and hCD22-Fc (1g/ml, Peprtoech)
were captured via the AffiniPure mouse anti-human IgG F¢ gunma fragment-specific antibody for
1 h at RT. Afterwards, the ELISA was performed with the TLPC muteins from Example 29 as
described in Example 10,

)

30 Theresulting binding curves were fitted as described in Example 10 and are depicted in Figs. 22-
24. The values obtained for the apparent dissociation constants of the complexes between the
TLPC muteins and the target protein hCD33-Fc as well as complexes between the TLPC muteins
and the control proteins hCD22-Fc (R&D Systems) and HSA (Sigma) are summarized in Table
12.

35
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110 115 120 gag ago atc ctc atc ccc agg cag agc gaa acc tgc tct cca
ggg 495 35 Au Ser Ile Leu lle Pro Arg Gn Ser Au Thr Cys Ser Pro
Gy 140 145 150 agc get tgg tct cac cog cag ttc gaaaaa taataagctt

535 C_

Ser Ala Trp Ser Hs Pro Gn Phe Au Lys 40 155 160 <210> 3

<211> 55 45 <212> DNA <213> artificial sequence <220> <221> m sc
feature

<220> <2233b

a, g, cor t; ki gort
t ggagg nnknnknnkn

- )
@ !.!;

nknnknnkgt cagggacgtg 50 gt atc 55 5 <210> 4 <211> 50 5 <212> DNA

<213> artif I seguence <220> <221> m sc feature 10 <222> (19)
S oh) | < IEb A ey~ IoTTRED3 T KR CERA e bbbzl e

15 <222> (25) CD33S(@7} A2823> n: ;2+®.72C Or t; mxa or ¢ <220x% <221>

msc feature opasgi012008 187 +26.9 # #
(monomer) _
CD33 $100.1 108 131 £38.8 * ND
(monomer) '
CD33 5101.2 008 (dimer) 83+£13.7 x -*
CD33 $100.1 108 (dimer) 6.3+ L4 * ND

i0

15

20

* No detectable binding activity; ND = not determined

Example 31: Measurement of the affinity of the TLPC muteins in BIAcore

14000 response units (RU) AffiniPure mouse anti-human IgG Fc Gamma fragment-specific

antibody (Jackson ImmuncResearch) were coupled by amine coupling to a CM5 sensor chip
(Biacore) according to the manufacturers' recommendations. 3000RU hCD33-Fc (R&D research)
were captured to this surface by injecting 10 ul of a 0.2 mg/m! hCD33-Fc solution at a flow rate
of 2 ul/min. HBS (10 mM HEPES, 150 mM NaCl, 2 mM EDTA, 0.005% v/v Tween pH 7.4) was
used as running buffer. All samples were diluted in this running buffer. The TLPC muteins,
obtained in example 29, were added to the hCD33-Fc captured surface by injection of a 40 i
sample with 2 20 ul/min flow rate. The solutions of added TLPC mutein were 10 uM and 6.4 uM
for $101.2 A20 and S101.2 008, respectively. The surface of the chip was regenerated with 10
mM HCI followed by recoupling of hCD33-Fc before the next lipocalin mutein was measured.
All measurements were performed on a BIAcore X apparatus. To determine the binding affinity
of $100.1 108 2000 RU of hCD33-Fc were captured to the surface described above and the
solution of the lipocalin mutein added had a concentration of 5 pM. The obtained binding curves
were fitted using the BIAevaluation software 3.1 from Biacore and are shown in Figs. 25-27, The

resulting affinity binding constants of the TLPC muteins are summarized in Table 13.

Table 13: Affinity binding constants of the TLPC muteins

TLPC mutein kon M5! Ko [s™1 Kp [nMIhCD33-Fc
CD33 S101.2 A20 2.3 x 10* 2.0x 107 87
CD33 $101.2 008 ‘1.3x10* 1.9x 107 146
CD33 $100.1 108 1.5x 10* 8.5x 10 57
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20 <222> (31) ... (33) <223>n: a, g, cor t; m aor ¢ <220> <223>
Primer 25 <400> 4 gaccttggct tccaggttm ncccrmncag mmncgt gagg
gtcatgggtg 50 30 <210> 5 <211> 54 <212> DNA <213> artificial
sequence 35 <220> <221> misc_feature <222> (20)...(22) C <223> n
a, g, cor t; ki gor t 40 <220> <221> msc_feature <222>
(26)...(26) <223> n: a, g, cor t; ki gor t 45 <220> <221>

m sc_f ealWnaeis ckdrmedid-32) .. (37) <223>n: a, g, cor t; k: gor t 50
<220> <223> Prinmer <400> 5 55 ggtgaaggcc gtcctggagn nkact nnkga
gnnknnkaaa tacacggccg 50 acgg 54 6 <210> 6

1. A mutein of human tear lipocalin, wherein the mutein comprises at least 12-16 amino

acid mutations with respect to the wild type amino acid sequence of mature human tear

lipocalin as set forth in SEQ ID NO: 58 wherein said mutations are selected from any of amino
acids 25, 26, 27, 28, 29, 30, 31, 32, 33, 56, 57, 58, 83, 105, 106, 108 and 109, and wherein said

mutein possesses at least 80% sequence identity with SEQ ID NO: 58 and binds a given non-

natural target of human tear lipocalin with detectable affinity.

2. The mutein of claim 1, wherein the mutein comprises at least any 16 amino acid

mutations at any of the sequence positions 25, 26, 27, 28, 29, 30, 31, 32, 33, 56, 57, 58, 83, 105,

106, 108 and 109 of the linear polypeptide sequence of the mature wild-type form of human

tear lipocalin set forth in SEQ ID NO: 58.

3. The mutein of claim 1, further comprising 12-16 additional amino acid mutations

selected from any of amino acids 8, 9, 10, 11, 12, 13, 43, 45, 47, 70, 72, 74, 75, 90, 92, 94, and

97.

4. The mutein of claim 1, wherein the mutein is conjugated to a label selected from the

group consisting of: organic molecules, enzyme labels, radioactive labels, colored labels,

fluorescent labels, chromogenic labels, luminescent labels, haptens, digoxigenin, biotin, metal

complexes, metals, and colloidal gold.

5. The mutein of claim 1, wherein the mutein is fused at its N-terminus or its C-terminus to

a protein, a protein domain or a peptide.

6. A method for the generation of a mutein of human tear lipocalin of claim 1, comprising:

(a) subjecting a nucleic acid molecule encoding a human tear lipocalin to mutagenesis and

changing at least 12-16 codons of the corresponding sequence positions encoding amino acids
25, 26, 27, 28, 29, 30, 31, 32, 33, 56, 57, 58, 83, 105, 106, 108 and 109 of the linear
polypeptide sequence of human tear lipocalin according to SEQ ID NO: 58, (b) expressing at

70



<211> 64 <212> DNA <213> artificial sequence 5 <220> <221>

m sc_feature <222> (22)...(24) <223>n: a, g, cor t; m aor ¢ 10
<220> <221> misc feature <222> (31) ... (33) <223>n: a, g, c or t;
m a or ¢ 15 <220> <221> misc feature <222> (37) ... (39) <223> n:
a, g, cor t; m aor ¢ 20 C <220> <221> msc feature <222> (43)

. (45) <223> n: a, g, cor t; m aor ¢ 25 <220> <223> Priner
<400> 6 30 ctggccctca gagtaaaaga t mmngt ggtc mmncacnmnc gammngat ga 50

t gt at gcdemwst giegaueih midfeic<ald molecuRd bbtad8d i) Pa BINMbIEZEkBResdon bstedi, ahd (¢)

seqguence <220> <223> Prj ner
d enric Ong atzleast one mutefn har\rr?ng a detectable binding affinity for a given target by means of

selection and/or isolation.
7. A pharmaceutical composition comprising at least one mutein of claim 1.

8. The method of claim 6, further comprising subjecting before or in step (a) or after step
(c) the nucleic acid molecule encoding human tear lipocalin to mutagenesis at least at 12-16
codons of any of the sequence positions 8, 9, 10, 11, 12, 13, 43, 45, 47, 70, 72, 74, 75, 90, 92,
94, and 97 of the linear polypeptide sequence of human tear lipocalin according to SEQ ID NO:
58.
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<400> 7 45 gtttcgctac cgtagcccag gccggtgg 28 <210> 8 <211> 37 50
<212> DNA <213> artificial sequence <22 <223> Prinmer 55 <400> 8
gaccggcttc ccatggagct ggccctcaga gtaaaag 37 7 <210> 9 <211> 63

<212> DNA 5 <213> artificial sequence <220> <223> Priner 10 <400> 9
ccaggacggc cttcacctcc tggcaccggc caepuatceagiraiNegt gacc 50 ttggcttcca
ggt 63 15 <210> 10 <211> 862 <212> DNA <213> artificial sequence
C 20 <220> <221> misc _feature <222> (541) ... (543) <223> anber
stop cogon <138> Fiopts FEoepdapr¥s cDNA <400> 10 30

<120> Muteins of human tear lipocalin

<150> PCT/EP03/09404
<151> 2003-08-25

10
<160> 39

<210> 1
<211> 1123
15 <212> DNA
<213> artificial sequence

<220>
<221> sig_peptide
(_ 20 <222> (22)...(84)
- <220>
<221> mat_peptide
<222> (85)...(1113)

25 <223> fusion protein of modified TLPC and a fragment of phage coat
protein plIIl

<220>
<221> CDS
30 <222> [8B5)...(540)

<223> mature TLPC

<220>
<221> misc_feature
35 <222> (541)...(543)

<223> amber stop codon

<220>
- <221> CDS
(. 40  <222> {544)...{1113)
<223> amino acids 217-406 of coat protein pIII

<400> 1

45 tctagataac gagggcazaa a atg aaa aég aca gct atc gcg att 45
Met Lys Lys Thr Ala Ile Ala Tle
-21 -20 -15

gca gtg gct ctg gect gge tte get ace gta goc cag gec gat gga 80
50 Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Gly
-10 -5 -1 1

gga gag gag att cag gat gtg tca ggg acg tgg tat ctg aag geg 135
Gly Glu Glu Ile Gln Asp Val Ser Gly Thr Trp Tyr Leu Lys Ala
55 5 10 15 ’

atg acg gtg gac agg gag ttc cct gag atg aat c¢tg gaa tcg gtg 180
Met Thr Val Asp Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val
20 25 30
60



t ct agat aacg agggcaaaaa atg aaa aag aca get ate gcg att 45 Mt Lys
Lys Thr Ala ile Ala Ile 35 gca gtg get ctg get ggc ttc get acc gta
gcc cag gcc gat gga 90 Ala Val Ala Leu Ala Ay Phe Ala Thr Val Al a
Gn Ala Asp Ay gga gag gag att cag gat gtg tca ggg acg tgg tat ctg
aag gcg 13%mcad@dGayg @ae Galakbeadd atAgpa Vg Sgr a&k yetbhyaalgpe Tyr Leas
Lys Al a at ghacBrqgiigt gihe bgy Tgaditrt Gew olugely @ty Raatlevt gligadat cg gt g
180 Met Thr Val ASp Arg Au Phe Pr& Gu Met Asn Led>d u Ser Val 45
aca ccc _atg acc ctc acg acc ctg gaa ggg ggc aac ctg gaa gcc 225 Thr
Pro Met ®Thre2Be¥tCTREC BHE £l 26k (P98 §9Qo99 Asie £80 968 LPTAl 225@caag gt370
ace atg ct dJYét‘éaJa@"Prg‘ﬁé ey HySEa %%99% Gy Gdece27hYs BY8 Val Thr
Met Leu Ile Ser A y°Arg Oys GlnGIu Lys Ala 55 ¢ ctg gag aaa
act gac ga% §t ga aaa tac acg %%g 315 Val Leu Qu Lys Thr
el

AP Selen ?ngaiaiég;%%r AR ERE e o
y

atc agg tog cac
Ile Arg Ser Hi s Va s Asp His 8 %ac atc ttt tac tct gag ggc cag

CFC cat ggg;g %t% &latég atcTX{c aé ?ﬁec;rcy t;eara C%éflc gag An
Hs Gy Lys;Er agggrgfl% %IPQA 9159 ut&C aag aaC
aac ctgsggaa gcc 45 07 Gly Val Legk Va Arg As Pro Lys Asn Asn
Leu Gu Ala 10 ttg gag gac ttt gag aaa gcc gca gga gcc cgc gga ctc
agc acg 49%acle Gy Asprihgaddyclysy Aka Alagdd Yafl &Abtk Gy Leu &er
Thr gag ageyat £1LbBe alye €6C cag%16agLAgeu 383 6L L gelch=1caay;ggg 540
15 Au Ser Ile Leustle Pro Arg A ni@r Gu Thr Cys 13@r Pro Ay tag
jet ggeoOggc ggc tct ggt ggt ggt tct ggc ggc ggc tct gag 585 Xaa Al a

y Ay d woBestdCGhyg @ty €y gberagd yadOeyc Aay Ser a&t eid0gaLgcggt gotso
ggc tct gaglggialgges ggt Y2t Ghagrggesig@eo gge 2ot Agag<B3Clu Gly Gy Gy
Ser Qu-Jdy Ay G¥0Ser Gu Ay dy1-dy Ser Gu 25 Igda ggc ggt tcc
ggt ggt ggc tot ggt tcc ggt gat ttt gat tat 675 Ay Ay Ay Ser Ay
dy d % Sertt@ §29SER< Gt)t D 2PhPCASPEATPPa gec cge gga ctec agc acg 495

Leu Glu Asp P Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr
125 130 135

gag agc atc ctc atc ccc agyg cag age gaa acc tgc tct cca ggg 540
30 Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly
140 145 150

tag gct ggc ggc ggce tct ggt ggt ggt tct gogc ggc ggc tect gag 585
Xza Ala Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Glu
35 155 160 165

ggt ggt ggc tet gag ggt gge ggt tet gag ggt gge gge tet gag 630 -
Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu
(“ 170 : 175 180
- 40
gga ggc ggt tcc ggt ggt gge tet ggt tec ggt gat ttt gat tat 675
Gly Gly Gly Ser Gly Gly Gly Ser Gly Ser Gly Asp Phe Asp Tyr
185 190 195

45 gaa aag atg gca aac gct aat aag ggg gct atg acc gaa aat gcc 720
Glu Lys Met Ala Asn Ala Asn Lys Gly Ala Met Thr Glu Asn Ala
200 205 210

gat gaa aac gcg cta cag tect gac get aaa gge aaa ctt gat tet 765
50 Asp Glu Asn Ala Leu Gln Ser Asp Ala Lys Gly Lys Leu Asp Ser
215 220 225

gtec gect act gat tac ggt gect get ate gat ggt tte att ggt gac 810
Val Ala Thr Asp Tyr Gly Ala Ala Ile Asp Gly Phe Ile Gly Asp
55 230 235 240

gtt tcc ggc ctt get aat ggt aat ggt gect act ggt gat ttt gect 855
Val Ser Gly Leu Ala Asn Gly Asn Gly Ala Thr Gly Asp Phe Ala
245 250 255



30 gaa aag atg gca aac get aat aag ggg get atg acc gaa aat gcc 720

Gu Lys Met Ala Asn Ala Asn Lys Ay Ala Mt Thr Qu Asn Ala gtg aca
cot caa cct gaa gaa cag aaa gaa agg aaa acc aca gaa 360 35 Val Thr

Pro @n Pro Qu Qu A@n Lys Gu Arg Lys Thr Thr Gu atg caa agt cca
atg cag cca gtg gac caa gcg agc ctt cca ggt 405 Mt A n Ser Pro Met
G n Pro ValegAspetGhat Alcg Ser atewcPr ceaCoye 40t ©@¢ ggh@atgeatagga gaa cowo
cca cca tg§lyateradtn gaa GecMacdlgaglafal 480 A4 §10PspAkgn €u Pro Pro
Pro Trp Gu Asn GEBOAla Thr Gu ArgP45 att tat cat 4fc gtg gtg ggg

cag atg gtt tat tat ca c gtc 495 Ile Tyr His Phe Val Val Gy Qn
Vet Val TyEstyiticere Gr Ak tBo AGCHuATt dCPant 48T Beactadtaga Gt
cct get gad’ragIce“g E tAng %SEOPh‘Gpﬁngy T &PgFA e’f_ett?ul—ﬁ”“so By dy Pro

Ala du Ser VaI aaa atg acc cat ggg aag aca ag tsgg acc cag ccc

cag thoat %CE 5%& I\/bt Th tt'E" sthI a%; Ct]: gA{ g‘iaa Thr An Pgrg(a
dn I A %%19. &c gaa gag
aag 630 Q%s Tal %hg ﬁe nyoggiyu A u Lys
60 cct cag gca agc ccc gaa ggc cgt cct gag agt gag act tcc tgc 675

Pro G n A %a§egttp{:9t Cgtltl ﬁthgAE gjagre?aagalcla %%I::: ga tg-@rcg‘l?e(ggt '§c Ctlcb35

gtc acfsaca1acmhadaly tihk ﬁs%ﬁc% @\s%_algysa@@e Gad Laéunge,etArgC@ly Q. Leu Val
Thr Thr Thr Asp Phes A n Ile ddu Met Ala Al 15 acc atg gag acg

tcc ata ttt aca aca gag tac cag gta gca gtg 765 Thr Met G u Thr Ser
Il e Phe ThrtThfedChtt e AantMalgtAl godVake k08 98¢ Jigt et ket t ¢ cti®so
ctg atc agengtxlzCbEe k@ TdgTagtvagog810r pAkavdd yyOyaiVede Bbe Leu Leu
I'e Sek0Val Leu LemolLeu Ser Gy 153zt c acc tgg cag 3gg aga cag agg

ag agt aga aga aca atc tag 855 Leu Thr Trp G n Arg Arg An Arg Lys

Ser Arg ArgcThrtt] bet aagatwacBb2ot 200 tCasx@ Oy It t=2Ehzc820 1123
Thr Phe Ala Asn Ile Leu Arg Asn Lys Glu Ser
1333 340
25
<210> 2
<211> 535
<212> DNA

30 <213> artificial sequence

<220>
<221> sig peptide
<222> (22)...{84)
35
<220>
<221> mat peptide
<222> (85)...{570)
(:‘ <223> fusion protein of TLPC and a Strep-tag II affinity tag
} 40
<220>
<221> CDS
<222> (85)...(540)
<223> mature TLPC
45
<220>
<221> CDS
<222> (541)...(570)
<223> Strep-tag II affinity tag
50
<400> 2
tctagataac gagggcaaaa a atg aaa aag aca gct atc gcg att 45
Met Lys Lys Thr Ala Ile Ala Ile
55 =21 =290 -15
geca gtg get ctg get gge tte get ace gta gece cag gec gat gga 90

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



<212> DNA 25 <213> artificial sequence <220> <223> CD154 cDNA 30
<400> 11. aagatac catttcaact ttaacacagc aig atc gaa aca tac aac 45

Met

ctg
Pro
acc
Adn
180
aag
Ile
ate
Adn
gag
Ile
gag
Au
cct

Adn
tta
Adn
ctg
du

Ile Au Thr Tyr Asn 35 caa act tct ccc cga tct gcg gcc act gga
ccc atc agc atg 90 dA@n Thr Ser Pro Arg Ser Ala Ala Thr Ay Leu
Ile Ser Met 40 aaa att ttt atg tat tta ctt act gtt ttt ctt atc
cag at @ti3s59 bys dekeadheadvBitc Tyt bew dteuadfhrctyalaaPltey bew || e IEfAr
Met at tMeggia ¥al dea &a Git tPhgefrgEgu tMet &4t LeatGlageeraggltt g gac
45 lle Gy Ser>Ala Leu Phe Al a®al Tyr Leu HislArg Arg Leu Asp
ata®gaa gat gaa agg aat ctt cat gaa gat ttt gta ttc atg 225 Lys
du Aspcd ‘EFCAPBQ ASA tEucH £°¢ ‘EF9A§EE‘ PHE Y81 2PR&REICSH0%Raa acg®
cag agd fgce ﬂ‘ét déa Igegj’aTB’ééFhégIae‘JtE 3y F'Rc PRSI BV Thr Ile
Arg Cys Asn Th? Gy Gu Arg Ser 5I_eu Ser Leu 55 @Pg aac tgt gag
at{,aaa_agc ca agc q S 315 Le Aésn s ?
Ao E R gt Y Shhe 1 %@sgéf e 3&?9 % $8ac ad”
gag acg aag aa gaa aac ag ¢ 6g AS §h Lys Qu
Thr Lys Lys @ u Asn Ser Phe 10 gaa atg caa aaa ggt gat cag eat

caa atty.gcg 062y Gak i 40,34 Wet Gin lys . SxAsR G0 Asn Ppo

I g5 Al g g B ‘?L?ls ﬁuah QL #RYco¢ q'g@g Aghy 338 AGAcaca tCt gtg
cag tgg get 450, [le Ser GI u Alsgz Ser Ser Lys ThrggThr Ser Val Leu

Trp Ala 10 gaa aaa gga tac tac acc atg agc aac aac ttg gta acc
gaa 49%qcQ4dy bys &hYgchyead WicTide Mpy +28r cASBeAHaglett Wal Thr Fieu
sat go@igaeysCagds 6y ACC TEE tr1aaml «agag Gaa ggavel Cykaksd atsatc 540

5 Asn2@ y Lys A néieu Thr Val Lys Arg G n Gy Lou Tgr Tyr Ile tat

cc
Adn

caa gtc acc ttc tgt tcc aat cgg gaa get tcg agt caa 585 Tyr Al a
Val ThrtaPhetcCpst Ser SN g&r gl erdAkbbe Set &rr a8 recg gte cga 360
Tyr Ile Phe Tyr Ser Glu Gly Gln Leu His Gly Lys Pro Val Arg
: 80 85 90
25 :
ggg gtg aag ctc gtg ggc aga gac ccc aag aac aac ctg gaa gec 405
Gly Val Lys Leu Val Gly Arg Asp Prc Lys Asn Asn Leu Glu Ala -
95 100 105

30 ttg gag gac ttt gag aaa gcc geca gga gocc cgce gga cte age acg 450
Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr
110 115 120

gag agc atc ctc atec ccec agg cag age gaa acc tgce tet cca ggg 495
35 Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly
140 145 150

agc gct tgg tet cac ccg cag ttc gaa aaa taatzagett 535
Ser Ala Trp Ser His Prc Gln Phe Glu Lys
40 155 160

<210> 3
<211> 55
45 <212> DNA
<213> artificial sequence

<220>
<221> misc feature
50 <222> (21)...(38B)

<223> n: a, g, c or t; k: g or t

<220>

<223> Primer
55 ‘

<400> 3

gtagcccagg cecgatggagg nnknnknnkn nknnknnkgt cagggacgtg 50
gtate 55



20 C_get cca ttt ata gcc agc ctc tgc cta aag tcc ccc ggt aga ttc
630 Ala Pro Phe Ile Ala Ser Leu Cys Leudys Ser Pro Ay Arg Phe 25
gag aga atc tta ctc aga get gca eat acc cac agt tcc gcc aaa 675 Qu
Arg Ile Leu Leu Arg Ala Ala Asn Thr His Ser Ser Ala Lys 30 cct tgc
ggg caa caa tcc att cac ttg gga gga gta ttt gaa ttg 720 Pro Cys Ay
Gn dAn Ser Ile Hs Lau Gy Gy Val Phe Qu Leu caa cca ggt get tcg
gtg ttt gtc2a@t 4gtg act gat cca agc caa 765 35 d@n Pro Ay Ala Ser
Val Phe Val<2Asn 5¥al Thr Asp Pro Ser A n gtg agc cat ggc act ggc ttc
acg tcc5ttt<2% Ffa ctc aaa ctc 810 Val Ser Hs Ay Thr Ay Phe Thr

Ser Phe QG y2Léu Ebifigpal gugere C- tgaacagt gt 820 45 <210> 12 <211>
613 <212> DNA <213> artificial sequence 50 <220> <223> 569.4-013
<400> 12 5§ at aac gggcaaaa a atg aaa aag aca get atc gcg att
45 Lys ele Ala Ile gca gtg get ctg get ggc ttc get
acc gcc a90 60AIaVaIAIaLeuAIaGIyPheAIa
Thr VaI * §g¢ ggc ata cga aga agc atg tca ggg

acg tgg tat E&g aag gcg 135 Gy Gy lle Arg Arg Ser Met Ser @y Thr

Trp Tyr LeLt2 ys H{A‘E@ éa@t& acg gtg gac agg gag ttc cct gag atg aat ctg
gaa tcgsgt g,180 Mt 1hyy Val Asp Arg Qu Phe Pro duMet Asn Leu Gu

Ser Val acajgge atg, _z%c <&, cragg gti. ¢t g aag ggg cat aac ctg gaa gcc
225 10 Thr Pro Met Thr Leu Thr Lou Lou Lys Gy H's Asn Leu Qu Al a

aag gtc acgqoagg ctg atc agt ggc cgg tgc cag gag gtg aag gcc 270 Lys
Val Thr Metczbeunike ddaeuddy Arg Cys G n Gu Val Lys Ala 15 gtc ctg
@gg cgpoactzaag @ag. .aggsimag aaa tac acg gcc gac ggg 315

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

<220>
<223> Primer
25
<400> 4
gaccttgget teccaggtimn nccomnncag mnncgtgagg gtcatgggtg 50
30
<210> 5
<211> 54
<212> DNA
<213> artificial sequence
35
<220>
<221> misc_feature
<222> (20})...(22)
(: <223> n: a, g, ¢ or t; k: g or t
) 40
<220>
<221> misc feature
<222> (26)...(28)
<223> n: a, g, ¢ or t; k: gor t
45
<220>
<221> misc feature
<222> (32)...(37)
<223> n: a, g, ¢ or t; k: gor t
50
<220>
<223> Primer
<400> 5
55
ggtgaaggcc gtcctggagn nkactnnkga gnnknnkaaa tacacggccg 50

acgg 54



Val
aag
Hi s
tac
Ser
aga
Arg
gga
Al a
acc
Cys
get
Trp
du

55 <220> <23

aag
agtg
Al a
gtg
Cys
ttc
Pro

@gg

Lou
cac
Val

tct
du
gac
Asp
gcc

Ar g5

tgc
Her
tgg
He

Lys

aca
get

Gy Arg Thr Lys Qu Arg Lys Lys Tyr Thr Ala Asp Gy 20 ggc
gtg gca tac atc atc cct tcg get ggg cgt gac cac 360 Gy Lys
Ala Tyr Ile lle Pro Her Ala Val Arg Asp H's 25 gtg atc ttt
gag ggc cag ctc cat ggg aag ccg gtc cga 405 Val Ile Phe Tyr
G yz2@8ndeu Hs Ay Lys Pro Val Arg ggg gtg aag ctc gtg ggc
ccc2aby ¢dac aac,ctg gaa gcc 450 30 Ay Val Lys Leu Val Ay
Pro2lys DN8n Asn Leu Qu Ala ttg gag gac ttt gag aaa gcc gca
cg€2yda ctelfigdel atyu89% Leu Gu Asp Phe Gu Lys Ala Ala Ay
Gy Lou Her Thr 35 gag agc atc ctc atc ccc agg cag agc gaa
t ct“%éa g 540 Gu Ser Ile Leu Ile Pro Arg Gn Ser Gu Thr
Pr 2G5 r?%i tg’)éea tcg atg acc ggt ggt cag cag atg ggt agc
p

tctzg APR) Her Met Thr Ay Ay G@Gn @n Mt Ay Her Ala

045 ¢at &égitdy 1€ §ad ada"t fataagctt 613 H's Pro G n Phe

50 <§§g>0> 13 <211> 613 <212> DNA <213> artificial sequence

> 0. LH. Q. <400> 13 60 tctagataac gggggcaaaa a atg aaa
get,abe @geg atgsA5 Met Lys Lys Thr Ala Ile Ala Ile 12 gca
ct g0 9og, t coaat tace gta gec cag gec gat ggg 90 Ala Va

LeusAla Gy Phe a Thr Val Ala G n Ala Asp Gy 5 gga aga tgg cgt

t gt
Trp
ccc
du
aago

25

30

35

40

45

50

55

tggobea ggg acg tgg tat ctg aag gcg 135 dy Arg Trp Arg Val
Ser<28ly mibe Bapudyr Leu Lys Ala 10 atg acg gtg gac agg gag
gagzatyg @af. ctigegaa tcg gtg 180 Met Thr Val Asp Arg G u Phe
Met<2Asnleeua gy Sedr Yalm:aeaocec atg acc ctc acg cag ctg gat
aac ctg gaa gcc 225

<220>

<221> misc feature

<222> (43)...(45)

<223> n: a, g, c or t; m: a or ¢

<220>.
<223> Primer

<400> 6

ctggccctca gagtaaaaga tmnngtggtc mnncacmnne gamnngatga 50
tgtatgecac gtge 64

<210> 7
<211> 28
<212> DNA :
<213> artificial seguence

<2Z20>
<223> Primer

<400> 7

gtttegetac cgtagecccag geccggtgg ' 28
<210> 8

<211> 37

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 8

gaccggcttc ccatggaget ggccctcaga gtaaaag 37



15 Thr Pro Met Thr Leu Thr A n Leu Asp Gy Lys Asn Lou G u Ala aag
gtc acg atg ctg atc agt ggc egg tgc cag gag gtg aag gcc 270 Lys Val
Thr Met Leu Ile Ser Ay Arg Cys An du Val Lys Ala 20 gtc ctg gag
ttg act aat gag ggg gtg aaa tac acg gcc gac ggg 315 Val Leu Qu Leu
Thr Asn Qu Gy Val Lys Tyr Thr Ala Asp Gy 25 ggc aag cac gtg gca
tac atc atc2d8y 9cg egg gtg tct gac cac 360 Gy Lys Hs val Ala Tyr
Ile Ile Proc2Ser 8 g Val Ser Asp His 30 ttt atc ttt tac tct gag ggc
cag ctc _cat<? ?g%g ccg gtc cgs 405 Phe Ile Phe Tyr Ser Gu Ay Gn
Leu Hi s°d y2lys tdiimtiel AFJIUGH%E gt g aag ctc gtg ggc aga gac ccc aag
aac aac ctg gaa gcc 450 35 dy Val Lys Leu Val Ay Arg Asp Pro Lys
Asn Asn Led?&tu Al.a ttg gag gac ttt gag aaa gcc gca gga gcc cgc gga
ctc age acg495 "iBE G u Asp Phe Gu Lys Ala Ala Gy Ala Arg Gy Leu
Ser Th5040<4% gag age atc ctc ate ccc agg cag age gaa acc tgc tct
cca ggg 540 8fu Ser Ile Leu Ile Pro Arg G n Ser Au Thr Cys Ser Pro
Ay 45 gat cg.a g e get tgg tc
585  Asp Alg%‘jg e TR ey e R e el T e go
cac ccg cag ttc gaa aaa taataagctt 613 H's Pro A n Phe Qu Lys 5

<210> 14 <211> 613 <212> DNA <213> artificial sequence 60 <220>
<223> S100.41598 13 <400> 14 tctagataac gggggcaaaa a atg aaa aag aca
got atc gcgoatt ok Met Lys Lys Thr Ala lle Ala Ile 5 gca gtg got ctg
got ggc ttcogot m@C gta gcg cag gcc gac gca 90 Ala Val Ala Leu Ala
Ay Phe Al a2Thr MakrAial Gdyubhee Asp Al a
20
(; <220>
<221> misc_ feature
<222> (541)...(543)
<223> amber stcp codon
25

<220>

<223> CD25 cDNA

<400> 10
30
tctagataacg agggcaaaaa atg aaa aag aca gect atc gcg att 45
Met Lys Lys Thr Ala Ile Ala Ile

35 gca gty get ctg gct gge ttc get acc gta gec cag gec gat gga 90
Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Gly

. gga gag gag att cag gat gtg tca ggg acg tgg tat ctg aag gcg 135
(: 40 Gly Glu Glu Ile Gln Asp Val Ser Gly Thr Trp Tyr Leu Lys Ala

atg acg gtg gac agyg gag ttc cct gag atg aat ctg gaa tcg gtg 180
Met Thr Val Asp Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val
45

aca ccc atg acc ctc acg acc ctg gaa ggg ggc aac ctg gaa gcc 225
Thr Pro Met Thr Leu Thr Thr Leu Glu Gily Gly Zsn Leu Glu Ala

50 :
aag gtc acc atg ctg ata agt ggc cgg tge cag gag gtg aag gcc 270
Lys Val Thr Met Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala

55 - gtc ctg gag zaa act gac gag ccg gga aza tac acg gcc gac ggqg 315
Val Leu Glu Lys Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly

ggc aag cac gtg gca tac atc atc agg tcg cac gtg aag gac cac 3860
60 Gly Lys His Val Ala Tyr Ile Ile Arg Ser His Val Lys Asp His



10 tcg atg acc ggt ggt cag cag atg ggt gcc tca gac gag gag att 135
Ser Mt Thr Ay Ay A@n @n Mt Ay Ala Ser Asp Qu Gu Ile 15 cag
gat gtg cca ggg acg tgg tat ctg aag gcg atg acg gtg ggt 180 dn Asp
Val Pro Ay Thr Trp Tyr

tgt acg tgt agt
Cys Thr Q/%tig;eﬁ

<h
CEL
e e

%%%

ggc aac ctg-gaa gcc adg
Asn Leus@u Ala Lys Val

@y Asn Hi s Val

35

Leu Lys Ala Met Thr Val
tg aca coo at

ﬁ g 298 o ?C
g?r Giﬁ] rGlg{ %l%/g@u

C acc

Thr

atc ttiOtadta0%9 ARG TPyrIqq et 1Ay
Phe Tyr tct'*Yag-ugeP gag Gty “4t 4§

450 40 Ser

gtt ggc ag%a%
Gy ArgsAsp:

Gu dy du Val

acc 225 20 Ser

Gy tct ggg tcg att

i Eassias

Met 25 gtt gtt cgt ggc cgg tgc cag gag
gtg aag gcayogt Lbfy0A¢ @aAg3d hgaVade Yot Aldald Yadr @ Qyse G G u Mal
Lys Al a ValGlkew1GLys lnes B0 arty A3aCAga@re Ay sguén aaa deACcACPIFCC gac
gga ggc sat cac gtg 360 Thr Asp Qu Pro Ay Lys Tyr Thr Ala Asp Ay

P

Leu

g8f dCsCHakILysC
% Gy c”&tasﬁ’f‘-’b G&&ﬁdg%g%%r cag ctc
Met Ay Leu Pro Val

a6, £CE. 330 2AL ARGt U038 URG L1S AT gag. ]
TSN Ams S ST AL e e

Glcy

et
&

AFs

Arg Ay Val

shrAsar Lay &l e

Ser IJOe
g gaa ‘ggg
Gy Gy

gca tac atc atc agg tcg cac gtg aag gac cac tac

Tyr 4%%

d n Leu

{11 495 Mal
n:,eehw%% A

ag aaa

gcc gca gga gcc cgc gga ctc ago acg gag agc atc ctc 540 du Lys Ala
Ile Leu 50 atc ccc agg cag

ago gaa accatgect gbc cova goytagmsgosait ggt ttet &85 ggeidge RrtogAsg G reeSer
A u Thr CygaSeklaprdy Gly Ser SAF £17r pLlySety 5Brcay 6oy LGags+t €lgaa aaa

taataagftt 613 Hs Pro Gn Phe Gu Lys 60 <210> 15
@NA 14 <213> artifici %I seguence
- _ ggt ggt ggc tct gag ggt ggc
Ser Glu Gly

Ala Gy Ala Arg Gy Leu Ser Thr

25

30

35

40

45

50

55

60

Gly

gga
Gly

gaa
Glu

gtg
Val

atg
Met

. cac

His

att
Ile

cag
Gln

aaa
Lys

tgec
Cys

cct
Pro

Gly

ggc
Gly

aag
Lys

aca
Thr

caa
Gln

tgc
Cys

tat
Tyr

gga
Gly

atg
Met

aca
Thr

cag
Gln

Gly

ggt
Gly

atg
Met

cct
Pro

agt
Ser

agg
Arg

cat
His

tac
Tyr

acc
Thr

ggt
Gly

gca
Ala

tcc
Ser

gca
Ala

caa
Gln

cca
Pro

gaa
Glu

ttc
Phe

agg
Arg

cac
His

gaa
Glu

agc
Ser

ggt
Gly

aac
Asn

cct
Pro

atg
Met

cct
Pro

gty
Val

gct
Ala

g9g
Gly

atg
Met

ccc
Pro

ggt
Gly

gct
Ala

gaa
Glu

cag
Gln

cca
Pro

gtg
Val

cta
Leu

aag
Lys

gag
Glu

gaa
Glu

Gly

ggc
Gly

aat
Asn

gaa
Glu

cca
Pro

cca
Pro

999
Gly

cac
His

aca
Thr

acc
Thr

ggc
Gly

du Ser

56203

Gly

tct
Ser

aag
Lys

caqg
Gln

gtg
Val

tgg
Trp

cag
Gln

aga
Arg

agg
Arg

agt
Ser

cgt
Arg

Ser

ggt
Gly

999
Gly

aaa
Lys

gac
Asp

gaa
Glu

atyg

Met

ggt
Gly

tgg
Trp

cag
Gln

cct
Pro

gag
Glu

tce
Ser

gct
Ala

gaa
Giu

caa
Gln

aat
Asn

gtt
Val

cct
Pro

acc
Thr

ttt
Phe

gag
Glu

ggt
Gly

ggt
Gly

atg
Met

agg
Arg

gcyg
Ala

gaa
Glu

tat
Tyr

gct
Ala

cag
Gln

cca
Pro

agt
Ser

ggc
Gly

gat
Asp

acc
Thr

aaa
Lys

age
Ser

gcc
Ala

tat
Tyr

gag
Glu

cce
Pro

ggt
Gly

gag
Glu

ggc
Gly

ttt
Phe

gaa
Glu

acc
Thr

ctt
Leu

aca
Thr

cag
Gln

agc
Ser

cag
Gln

gaz
Glu

act
Thr

<211> 613 <212>
tct gag 630
Ser Glu

gat tat 675
Asp Tyr

aat gcc 120
Asn Ala

aca gaa 360
Thr Glu

cca ggt 405
Pro Gly

gag aga 450
Glu Arg

tge gtc 495
Cys Val

gte tgc 540
Val Cys

cte ata 585
Leu Ile

gayg aag €30
Glu Lys

tce tge 675
Ser Cys



<223> S101.2-A20 5 <400> 15 tctagataac gggggcaaaa a atg aaa aag aca
get atc gcg att 45 Met Lys Lys Thr Ala I9e Ala Ile 10 gca gtg get
ctg get ggc ttc get acc gta gcg cag gcc gac gca 90 Ala VvVal Ala Leu
Ala Ay Phe Ala Thr Val Ala A n Ala Asp Ala 15 tcg atg acc ggt ggt
cag cag atg ggt gcc tca gac gag gag att 135 Ser Met Thr Gy Ay dn
Gn Mt Ay A a Ser_ Asp aGEtIIeZOCa%ggat g) gcg%acgt 0
tat ctg aagegc@ala%gra@g 610 705 tr18007 GhD ASPril: WGy, L Tr o Hr
Leu LyssAla Met Thr Va cat ggt gtt cat gat ctt ttt ttg gaa tcg
gtg aca ccc atg acc '225 25 Hs Gy Val His Asp Lou Phe Leu G u Ser
Val Thr Pr achkitclhig Glcg &g z86 et §cgaaa gy §4€ cagacotat gegadggcc andy
gtc acc at gh27@=t Gew Thar SethiléctheGhr Ghy @@uyT¥sElheklGile Akd Lys Val
Thr Met 30 ttt ggt aat ggc cgg tgc cag gag gtg aac gca gta ctg gaa
aaa 3150 phe (%%CCAsn 5% ‘%@G n Glgu Val chn Q%Vg%%égu a ua%ws
35 act gac Erlh g §t g gg t tg 3

Thr Asp @ ugq ro X Lys FhriA %ﬁgﬁg 3 % ? g 28 W&F 40 gca
tac atc atc agg tcg cac gtg aag gac cac tac atc ttt tac 405 Ala Tyr
e Il esAr grsefcdic§s VBl Ly 288 Raldl 84oTHEg 18 gga&ractacstcgag g99C &G
cat atg ggg.chgthAetp Gi16 £S5 A8gE18t Erf ags (el ardSmeetidu Ay Gu
Hs Mt Ay Trp Thr Val Arg Ay Val @n Leu gtt ggc aga gac ccc aag
aac aac ctg gaa gcc ttg gag gac ttt 495 Val Ay Arg Asp Pro Lys Asn
Asn Leu 4 waAkerdeu A u Asp Phe 50 gag aaa gcc gca gga gcc cgc ggee2
ctc agéPacg gag agc atc ctc 540 Qu Lys Ala Ala Ay Ala Arg Ay Leu
@ér Thr & u Ser IIe Lou 55 atc ccc agg cag agc gaa acc tgc tct cca
ggg agc get ] t 585 Ile Pro Arg An Ser u Thr Cys Ser Pro Gy
Ser Ala Trp (§§ cac ccg cag ttc gaa aaa taataagctt 613

25 <213> artificial sequence

<220>
<223> CD154 cDNA

30 <400> 11.

aagatac catttcaact ttaacacagc atg atc gaa aca tac aac 45
Met Ile Glu Thr Tyr Asn

35
caa act tct ccc cga tet geg gec act gga ctg cce ate age atg 90
GIln Thr Ser Pro Arg Ser Ala Ala Thr Gly Leu Pro ITle Ser Met
. 40 aaa att ttt atg tat tta ctt act gtt ttf ctt atc acc cag atg 135
(;_ Lys Ile Phe Met Tyr Leu Leu Thr vVal Phe Leu Ile Thr Gln Met

att ggg tca gca ctt ttt gct gtg tat ctt cat aga agg ttg gac 180
45 Tle Gly Ser Alas Leu Phe Ala Val Tyr Leu His Arg Arg Leu Asp

azg ata gaa gat gaa agg aat ctt cat gaa gat ttt gta ttc atg 225
Lys Ile Glu Asp Glu Arg Asn Leu His Glu Asp Phe Val Phe Met

50
aaa acg ata cag aga tgc aac aca gga gaa aga tcc tta tcc tta 270
Lys Thr Ile Gln Arg Cys Asn Thr Gly Glu Arg Ser Leu Ser Leu

55 '
ctg aac tgt gag gag att aaa agc cag ttt gaa gge ttt gtg aag 315
Leu Asn Cys Glu Glu Ile Lys Ser Gln Phe Glu Gly Phe Val Lys

60 gat ata atg tta aac aaa gag gag acg aag aaa gaa aac agc ttt 360

BAsp Ile Met Leu Asn Lys Glu Glu Thr Lys Lys Glu Asn Ser Phe



Hi s

Pro dn Phe Au Lys 15 <210> 16 <211> 619 5 <212> DNA <213>

artificial sequence <220> <223> 5101.2-Q@@8 10 <400> 16 tctagataac
gggggcaaaa a atg aaa aag aca get atc gcg att 45 Met Lys Lys Thr Ala

Ile
gca
20

135
cag
Asp
ctg
Lou
ctg
Au
tgc
Adn
acg
Al a
gac
Hi s
gtc
Val
An

.

Ala Ile 15 gca gtg gctctg get ggc ttc get acc gta gcg cag gcc gac
90 Ala Val Ala Leu Ala Gy Phe Ala Thr Val Ala A n Ala Asp Al a

“or' Vel ol O B AR S TR

gatsgtg cca ggg acg tgg tat ctg aag gcg atg acg gtg cct 180 dn
Val Pratd ¥%tThes U I abeWakysScA8a Mot JHy tValcBrogPatettg todh
acg cttrieagergelu agk gegsgaaisCthgtrgr aa CLIC 1.8 5%51n30-Asp=Leu Ser
Thr Leu A n Ala Thr Ala G u Her Val Thr Pro atg acc ctc acg acc
gaa ggg ggc aac ctg gaa gcc aag gtc 270 Mt Thr Leu Thr Thr Leu
d ¥9d yeAstra goe A3 M ey $tVarolBagaccatiy gEe aFgt ctawagge cglfs
cag gadlftiyrsadlyy goa Ga TEE §'e5158eT AR AVt L?i‘hé(abggTWu &Y Arg Oys
Gu Vval Lys Ala Val Leu 40 gag aaa act gac gag ccg ggt aaa tac
gcc gac,.goa, 09c, acOdiclys, T &3P 3 U Pra Ay Lys Tyr Jfy
Asps A %SQQ%S%% 5 %Ecggglgo 959 %@a@‘;@ggat@m&g ag9 4,00r¢a6,9tg aag
cac tac atc 40 Hs Val Ala Tyr Ile Ile Arg Her H's Val Lys Asp
Tyr Ile ttt tac tct gag ggc gag ctg atg ggg gtg ctt gtc cga ggg
450 5GaPhgclyea Her &autG yegl ted edt Mty Gy oValtdgesgtVaba Ar g @8y
cag ct dvgtalagfen agad Yac Phecvaafpraden day €l Agadegceet Ggngag 495
Loa®Val Gy Arg Asp Pro Lys Asn Asn Leu Gu Ala Leu du

gct cca ttt ata gec age ctc tge cta aag tcec ccoc ggib aga tte 630
Ales Pro Phe Ile Ala Ser Leu Cys Leu Lys Ser Pro Gly Arg Phe

25
gag aga atec tta ctc aga gct geca aat acc cac agt tcc geco aaa 675
Glu Arg Tle Leu Leu Arg Ala Ala Asn Thr His Ser Ser Ala Lys

30 cct tge ggg caa caa tec att cac ttg gga gga gta ttt gaa ttg 720

Pro Cys Gly Gln Gln Ser Ile His Leu Gly Gly Val Phe Glu Leu

caa cca ggt gct tcg gtg ttt gtc aat gtg act gat cca agc caa 765
35 Gln Pro Gly Ala Ser Val Phe Val Asn Val Thr Asp Pro Ser Gln

gtg agc cat ggc act ggec ttc acg tec ttt gge tta ctc aaa ctco 810
Val Ser His Gly Thr Gly Phe Thr Ser Phe Gly Leu Leu Lys Leu
40

tgaacagtgt 820

45 <210> 12
<211> 613
<212> DNA
<213> artificial sequence

50 <220>
<223> 569.4-013

<400> 12
55 tctagataac gggggcaaaa a atg aaa aag aca gct atc gcg att 45
Met Lys Lys Thr Ala Tle Ala Ile
gca gtg gct ctg gct gge tte get acc gta geocc cag gcc gat gga 90

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



55 gac ttt gag aaa gcc gca gga gcc cgc gga ctc agc acg gag agc 540
Asp Phe Qu Lys Ala Ala Gy Ala Arg Gy heu Her Thr Gu Her 60 atc
ctc atc ccc agg cag agc gaa acc tgc tct cca ggg agc get 585 |Ile Lou
lle Pro Arg Gn Her Gu Thr Cys Her Pro Gy Her Ala 16 tgg tct cac
Cog cag tt @igardaads t@at azggeut BPotcalupgHm9 His tRF -G maPliesd u LS 5
<210> 17 <E}¥181wT3e Ay &g For A T §3v o TieiTar seqbehdés <220>
<223> S599. 3-H24 15 <400> 17 tctagataac gagggcaaaa a atg aaa aag aca
got atcggcg.gti A2, Vel Lys. [heAlgglle Alag éé 0. .£q96a gtg, got
ctg got ggG:tt £ gi’qﬁl\fé ﬁggéceh% ag, ¢ g%% %QSN a Lou
Ala Ay Phe Ala Thr Va Gn Ala Asp d y25 gga gtg ggt aaa cqgt

gga ctg tca ggg acg tgg tat ctg aag gcg 135 dy Val Ay Lys Arg Ay
Leu Her { yackhecclapg Bae tiet aby scotAl atB@aatqyoacs: ghg Gacgaggegag ttxs
ccc gaglat ghgatratigt gdia toy Tht g-eb8leu Mes Glyr AMalRsAsipuAEl @l Phe Pro
Gu Met Asp Leu A u Her Val aca coo atg acc ctc acg gga ctg get ggg

ggt gac Ct% aa oog225 %gi Thr ggro %/bthhg% Leu gThr Leu Al a S%\%é
Ay Asp L A t
gté aaIO ggo 57%a lié 3%@9 & 6§t g?ga‘%% Q% th(g %C?Elgu val

Lys Al a 240 gtc ctg gagggg act aat gag ctg gat aaa tac acg gcc gac ggg
315 Val Leu-Guy Ghy cHar anﬁsgagdégl—ﬁéb Asp al-a\ést;-é/raca-rﬁcc%ﬁc AP Ay 315

Val Leu Gly Arg Thr Lys Glu Arg Lys Lys Tyr Thr Ala Asp Gly

20
(r~ ggc aag cac gtg geca tac atc atc cet teg get gtg cgt gac cac 360
: Gly Lys His Val Als Tyr Ile Ile Pro Ser RAla Val Arg Asp His
25 gtg atc ttt tac tct gag ggc cag cte cat ggg aag ccg gte cga 405

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

ggg gtg aag ctc gtg ggc aga gac ccc aag aac aac ctg gaa gco 450
30 Gly Val Lys Leu Val Gly Arg Asp Pro Lys Asn &sn Leu Glu RAla

ttg gag gac ttt gag aaa gece gea gga goc cge gga ctc agc acg 495
Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr
35
gag agc atc ctc atc ccc 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
40
(“ gat gca tcg atg acc ggt ggt cag cag atg ggt age get tgg tet 585
—t Asp Ala Ser Met Thr Gly Gly Gln Gln Met Gly Sexr Ala Trp Ser
45 cac ccg cag ttc gaa aaa taataagctt 613

His Pro Gln Phe Glu Lys

50 <210> 13
<211> 613
<212> DNA
<213> artificial sequence

55 <220>
<223>» 5876.1-H10

<400> 13

60 tctagataac gggggcaaza a atg aaa aag aca gct atc geg att 45
Met Lys Lys Thr Ala Ile Ala Ile



45 ggc aag cac gtg gca tac atc atc cat ccg cat gtg act gac cac 360
Gy Lys His Val Ala Tyr Ile Ile His Pro Hizs Val Thr Asp His 50 ttg
atc ttt tac tct gag ggc cag ctc cat ggg aag cog gtc cgs 405 Leu lle
Phe Tyr Ser Au Ay Gn Leu Hs Gy Lys Pro Val Arg ggg gtg aag ctc
‘gtg ggc aga gac coo aag aac aac ctg gaa gcc 450 55 dy Val Lys Leu
Val Ay Ar$ %t‘iPrg 6t LSS AZh 9AS ttI_CeEC‘GaGCA@té Etﬂgcq ‘ﬁ"a@a*t t%9gag a¥h
gcc gca ggatgcéirded &% CAyo et agsT YEurd ¢ ﬂgg&aPﬁ%p &% Lys Ala
Ala GygAla Arg Gy Leu Her Thr 60 gag agc atc ctc atc coo agg cag
ago gaa accggragggg ¢hgCGR %gtéé%ﬂghcﬁgugsgag L& tg@ucégl gafrgggArg kD
Ser G u ThrgiQysrSekp G cgatTC8et Gy at gg L9ty Lagacag atg
ggt agc get tgg tct 585 5 Asp Ala Ser Met Thr y Ay Gn @n Mt
Gy Ser Ala Trp Ser cac ccg cag ttc gaa aaa taataagctt 613 His Pro
A n Phé0d wthyscd @ta22EG>adB gag2tb>cEd Jag 18 9<24R2 =t DNRa<@dBxtarti f i LACal
sequence WP IRIAHOHrB GEY FhepPraFYpMetgitn Lagdtlaaerdgggcaaaa a
atg aaa aag aca get atc gcg att 45 Met Lys Lys Thr Ala Ile Ala lle
25 gca gtg et ct C ttc cc cc c cc ga 90
A2 Val oAl dupelt ALG QY Etp Ao hie q§g 33%1930 gga
gtg ggt aga cgt gga ctg tca ggg acg gg Pta g aag gcg dy Vval
Gy Arg Arg Gy Leu Ser Ay Thr Trp Tyr Leu Lys Ala 35 atg acg gtg
gac agg gagabCg:Leeggay aty a8aCakt gogagdqte 644 A80tqMeig The Val Asp
Arg G u SernyBreelGrur Mett BsnIlewssd alSerg\Mals Gln Glu val Lys Ala

20
(—‘ gtec ctg gag ttg act aat gag ggg gtg aaa tac acg gcc gac ggg 315
Val Leu Glu Leu Thr Asn Glu Gly Val Lys Tyr Thr Ala Asp Gly
25
ggc aag cac gtg gca tac atc atc ccg teg cgg gtg tet gac cac 360
Gly Lys His Val Ala Tyr Ile Ile Pro Ser Arg Val Ser Asp His '
30 ttt atc ttt tac tct gag ggce cag ctc cat ggg aag ccg gtc cga 405

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

ggg gtg aag ctc gtg gge aga gac ccc aag aac aac ctg gaa gec 450
35 Gly Val Lys Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala

ttg gag gac ttt gag aaa gcc gca gga gcc cgc gga cte age acg 495
Leu Glu Asp Phe Glu Lys 2la Ala Gly Ala Arg Gly Leu Ser Thr
40
(M- gag agc ate ctc atc ccc agg cag agc gaa acc tge tet cca ggg 540
Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly
45
gat gca tcg atg acc ggt ggt cag cag atg ggt agec gect tgg tct 585
Asp Ala Ser Met Thr Gly Gly Gln Gln Met Gly Ser Ala Trp Ser
50 cac ¢cg cag ttc gaa aaa taataagett 613

His Pro Gln Phe Glu Lys

55 <210> 14
<211> 613
<212> DNA
<213> artificial sedquence

60 <220>
223> 8100.1-I08



aca ccc atg acc ctc acg ggg ctg get ggg ggt gac ctg gaa gcc 225 40
Thr Pro Met Thr Leu Thr Ay Leu Ala Gy &y Asp Leu Au Ala aag gtc
acg atg ctg atc agt ggc cgg tgc cag gag gta aag gcc 270 Lys Val Thr
Met Leu Ile Ser Ay Arg Cys G n Gu Val Lys Ala 45 gcc ctg gag ggg
act aat gag4efyldat aaa tac acg gcc gac ggg 315 Ala Leu u Ay Thr
Asn G u Leu Asp Lys Tyr Thr Ala Asp Gy 50 ggc aag cac gtg gta tac
atc atc cat-CtRYtéat %&g%&aﬁagﬁc c t%@@‘i‘ et iﬁc\ﬁg YAk Tyr e
Ile HisgPro His Val Thr Asp His 55 1tg atr¢ "ttt fat tét™gag ggc cag
ctc cat ggg aag ccg gtc cga 405 Leu Ile Phe Tyr Ser Gu Gy dn Leu
Hs Gy LygcRrégVabe Mg 89949t ¢:3ag-tChec 3td GUC cagycdagaLGEa 2ag aRc
aac ctg gaalgceai4bf= 186Q £aycValphkysid ehr Vah £y oA G1ASEPR0a Lys Asn
Asn Leu Qu Ala 18 ttg gag gac ttt gag aaa goo gca gga gcc cgc gga
ctc agblacg 495 Leu Gléu Atsp Phe Qu Lys Ala Ala Ay Ala Arg Ay L3§u
Ser Thr 5 g&§ agt @IEt €tafed cBe AgyIgagcagerggac a6 Ixcatet ccalggg
540 Qu S rlg?goﬂ% Gy eClpr GG AIST ey %@US%F*SQ%US&“ Pt® Ay gat
gca tog atg acc ggt ggt cag cag atg ggt ago got tgg tot 585 10 Asp

Al a Sefg Mt Thr Gy, Gy NoMet. Gy, S8 % TR 58 £3C: €O CRY
(1 gataad baiaggbuonad aht o ob ol it GDafl IR ol TS
<211> 613 20 <212> DNA <213> artificial sSequence C <220> <223>

S99. 4-F15 25 <400> 19 tctagataac gagggcaaaa a atg aaa aag aca got

atc gcg at ttcdSgggVety laygs tors addircgAl @gtl bea Alcg ¢ 238 ccc atg acc 225
20 Ser Gly Ser Ile Cys Thr Cys Ser Glu Ser Val Thr Pro Met Thr

ctec acg acc ctg gaa ggg gge aac ¢tg gaa gcc aag gtc acc atg 270
Leu Thr Thr Leu Glu Gly Gly Asn Leu Glu Ala Lys Val Thr Met

25
gtt gtt cgt ggc cgg tgc cag gag gtg aag gca gta ctg gag aaa 315
Val Val Arg Gly Arg Cys Gln Glu Val Lys Ala Val Leu Glu Lys

30 ‘
act gac gag ccg ggt aaa tac acg gecc gac gga gge aat cac gtg 360
Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly Gly Asn His Val

35 gca tac atc atc agg tcg cac gtg aag gac cac tac atc ttt tac 405

Ala Tyr Ile Ile Arg Ser His Val Lys Agp His Tyr Ile Phe Tyr

tct gag gge gag gtg atg ggg ttg cct gtc cga ggg gtc cag ctc 450
40 Ser Glu Gly Glu Val Met Gly Leu Pro Val Arg Gly Val Gln Leu
gtt ggc aga gac cecc aag aac aac ctg gaa gcc ttg gag gac ttt 495
Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala Leu Glu Asp Phe
45
gag aaa gcc gca gga gcc cgc gga ctc agc acg gag agc atc cte 540
Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr Glu Ser Ile Leu
50
atc ccc agg cag age gaa acc tge tet cca ggg age get tgg tet 585
-Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly Ser Ala Trp Ser
55 cac ccg cag tte gaa aaa taataagett 613

His Proc Gln Phe Glu Lys

60 <210> 15
<21i> 613
<212> DNA



gca
Val

ggt

Arg
agg
Arg
ggg

cgg
Cys
t ac
Thr
act
Asp
cgs
19

Ay
gac t
Phe
atc
Pro
cag

613

gtg got ctg got ggc ttc get acc gta gcc cag gcc gat gga 90 Al a
Ala Leu Ala Gy Phe Ala Thr Val Ala ¢&in Ala Asp Ay 35 gga gtg

aga cgt gga ctg tca ggg acg tgg tat ctg aag gcg 135 dy Val Gy
Arg Ay Leu Ser Gy Thr Trp Tyr Leu Lys Ala _ 40 atg acg gtg gac
gag toes2tec agayfiatigl emtuetqy gaa tog gtg 180 ~. Met Thr Val Asp
Gu Her Pro Au Met Asn Leu Qu Ser Val aca ccc atg acc ctc acg
ctg get<?géy ggt gac ctg gaa gcc 225 45 Thr Pro Met Thr Leu Thr

Leu AI &28% S&PY-278p° Leu G u Ala aag gtc acg atg ctg atc agt ggc
t gc® cag ag gtg aag gcc 270 Lys Val Thr Met Leu Ile Her Ay Arg
Adn duo ys Ala 50 gtc ctg gag ggg act eat gag ctg gat aaa

acg gc%c %/atgggggéég%ca\é%g A‘eu qﬁc%y Lgraésgct a"l!cl‘c?éfg A§P Lys 4-Eyl’

Al a Asp cac gt% a é%“ysarh& t€ Gataceg,cat gtg
gaggcac 360 Gy Lys Hi s Val 'I')Y/ le Ile Hs Pro Hs Val Thr

Hs 60 ttg atc ttt tac tot gag ggc cag ctc cat ggg aag cog gtc
405 Ledaldt®y Phe ctyrgdencGttcGot &o dteugdd safbdgeclys: Bro Val Arg
gog gt glaafplchea geg YgeGhgdhgaklacBor dad Alac Gaad let #prgdda gcc 450
Val Lys Leu Val Qy Arg Asp Pro Lys Asn Asn Leu Gu Ala 5 ttg gag

ttt5ga cg\la%ggcc gca cc%c gga ctha ac 4359« LegBGI u As
Gu Ly g %ﬁ g S tc ct’e
cce ag%eﬁal\&fta&%r cgg ggg fop‘s%lgq % e Leu Ile
Arg Gn Ser Gu Thr Q/s Ser Pro Gy gat gca tcg atg acc ggt ggt
cagpat %a%%ataggg geh {@0at§ttgaBhatr by AsSh NA8erachblrolBtc Ay Qsy
A n Mete1fd AspSes1 Alra dIyp Therrrgaty:CCegu Q3¢ AlL Mgaarnaadal @at aagctt
Hs Pro Gn Phe Au Lys 20 C <210> 20 <211> 613 25 <212> DNA

cat ggt gtt cat gat ctt tit ttg gaa teg gtg aca ccc atg acc 1225
25 His Gly val His Asp Leu Phe Leu Glu Ser Val Thr Pro Met Thr

ctc acg acc ctg gaa ggg gge aac ckbg gaa gee aag gtce ace atg 270
Leu Thr Thr Leu Glu Gly Gly Asn Leu Glu Ala Lys Val Thr Met

30
ttt ggt aat ggc cgg tgc cag gag gtg aac gca gta ctg gaa aaa 315
Phe Gly Asn Gly Arg Cys Gln Glu Val Asn Ala Val Leu Glu Lys

35
act gac gag ccg ggt aaa tac acg gcc gac gga ggc aat cac gtg 360
Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly Gly Asn His Val

40 gca tac atc atc agg tecg cac gtg aag gac cac tac atc ttt tac 405

Ala Tyr Ile Ile Arg Ser His Val Lys Asp His Tyr Ile Phe Tyr

tct gag gge gag cat atg ggg tgg act gtc cga ggg gtc cag ctc 450
45 Ser Glu Gly Glu His Met Gly Trp Thr Val Arg Gly Val Gln Leu

gtt ggc aga gac ccc aag aac aac ctg gaa gcc ttg gag gac ttt 495
Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala Leu Glu Asp Phe

50
gag aaa gcc gca gga goc cgc gga ctc age acg gag age atce cte 540
Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr Glu Ser Ile Leu

55
atc ccc agg cag agc gaa acc tgc tet cca ggg age get tgg tet 585
Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly Ser Ala Trp Ser

60 cac ccg cag tte gaa aaa taataagett 613

His Pro Gln Phe Glu Lys



<213> artificial sequence <220> <223> 567.7-C06 30 <400> 20
tct agat aac gggggcaaaa a atg aaa aag aca get atc gcg att 45 Met Lys

Lys
gcc
Adn
ctg
Lys
gtg
aca
Thr
acg
Met
act
Asn
atc
Ile
ctc
H s
aac
Leu
agc
Thr

Y0

Thr Ala Ile Ala lle 35 gca gtg, get ctg get ggc ttc get acc gta
cag gcc gat gga 90 Ala Val Ala Leu Ala Gy Phe Ala Thr Val Al a
Ala Asp Ay 40 C gga gtg ggt aga cgt gga ctg tca ggg acg tgg tat
aag gcg 135 Gy Val Ay Arg Arg Gy Leu Ser Ay Thr Trp Tyr Leu
Al a 45%@%&@8/ gtg gac agg gag ttc ccc gag atg aat ctg gaa tcg
180_ l\/glgil%> rgéf‘al Asp Arg Gu Phe Pro Gu Met Asn Leu G u Ser Val
ccc”at C c_acg.ggg ctg get ggg ggt gac ctg gaa gcc 225 50
Pro Met-*Th aEEhfl'ﬂ’rglcﬁe%uf_ré Ala Gy Gy Asp Leu Gu %\Ia aag gtc
atg ct ng%;g agt ggc cgg tgc cag gag gtg aag goo 270 Lys Val Thr

Leu Ile<2 >rsgo Arg, Cys G@n @u Val Lys Ala 55 gtc ctg gag ggg
aajjgag ctg gat ‘aaa tac acg gcc gac ggg 315 Val Leu Qu Ay Thr

A u Ley,fpspkys Tyr Thr Ala Asp Ay 60 ggc aag cac gtg gca tac
atc cat tcg cat gtg act gac cac 360 Gy Lys Hs Val Ala Tyr Ile
H s SercHigut¥at cHagghAspaHh s 20aid gaatsgt #da GaE dret g@agrfgc cag
cat ggg aag ccg gtc cga 405 DLett Lhe (IRheTiyr1SereGis Gy G n Leu
d y5Lys Pro Val Arg 5 ggg gtg aag ctc gtg ggc aga gac ccc aag aac
ctg gaa gcc 450 dy Val Lys Leu Val Gy Arg Asp Pro Lys Asn Asn
du A &304t g;g-acgg@,% £0¢ tJageHaacyEtages %gécg%f’g@c ga ct®
acg 49%12 %t B3 tREpAPhE QT ReLY e AP VAL VIAERAY &Y Leu Ser
15&gag agc atc ctc atc ccc agg cag agc gaa acc tgc tct cca ggg

U Sqigll& Ley Jok e Qv Gily 56f FledNbaORgSeg BEe QY 135

Ser Met Thr Gly Gly Gln Gln Met Gly Ala Ser Asp Glu Glu Ile

25 cag gat gtg ceca ggg acg tgg tat ctg aag gcg atg acg gtg cct 180
Gln Asp Val Pro Gly Thr Trp Tyr Leu Lys Ala Met Thr Val Pro

gat ttg tect ctg acg ctt cag gct act gcg gaa teg ghtg aca ccc 225
30 Asp Leu Ser Leu Thr Leu Gln Ala Thr Ala Glu Ser Val Thr Pro

atg acc ctc acg acc ctg gaa ggg gygc aac ctg gaa gcc aag gte ‘270
Met Thr Leu Thr Thr Leu Glu Gly Gly Asn Leu Glu Ala Lys Val

35
acc atg ttt ggt tat ggc cgg tge cag gag gtg aag geca gta ctg 315
Thr Met Phe Gly Tyr Gly Arg Cys Gln Glu Val Lys Ala Val Leu

40
gag aaa act gac gag ccg ggt aaa tac acg gcc gac gga ggc aat 360
Glu Lys Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly Gly Asn

45 cac gtg gca tac atc atc agyg tcg cac gtg aag gac cac tac atc 405

His Val Alaz Tyr Ile Ile Arg Ser His Val Lys Asp His Tyr Ile

ttt tac tet gag ggc gag ctg atg ggg gtg ctt gtc cga ggg gte 450
50 Phe Tyr Ser Glu Gly Glu Leu Met Gly Val Leu Val Arg Gly Val

cag ctc gtt ggc aga gac ccc aag asc aac ctg gaa gcc ttg gag 495
Gln Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala Leu Glu

55
gac ttt gag aaa gcc gca gga gec cge gga ctc age acg gag agc 540
Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr Glu Ser

60

atc ctc atc ccc agg cag age gaa acc tge tet cca ggg age gct 585
Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly Ser Ala



gat gca tcg atg acc ggt ggt cag cag atg ggt agc get tgg tct 585 20
Asp Ala Ser Met Thr Ay Ay Gn An Mt @y Ser Ala Trp Ser C cac ccg
cag ttc gaa aaa taataagctt 613 His Pro Gn Phe Qu Lys 25 <210> 21

<211> 727 30 <212> DNA <213> artificial

m sc_feature

<223> F92.8E15 40 C.,

aca get at c,tgg
get ct gSget
Leu Ala™ @y Phe Ala Thr Val

cgt gga ctg tca ggg acg tgg tat ctg
Leu Ser.,&hy {Fhr Trp Tyr Lou Lys

CCC gagqaig A3t ctg gaa tcg gty

Ay
ttc
Pro
ggg
Ay
cag
Au
gac
Ay

35 <222> (571)

(573)

sequence

<220> <221>
<223> anber stop codon

<220>

<400> 21 tctagataac gggggcaaaa a atg aaa aa
Fapyaaaripatgagcite Ala |l e 45 gea gt‘i}%

ke 4‘59 Jliss tEg
=% {1t° gef Aot Ty
Ala dn

aGlec%ysc ag

d upMetezAshn dygu A u Ser Val a

ggt gaxzety Ggarial 2uefée Thr

@y Asp Leu @y Val
gag gtgz2aeg gcc 270 Lys Val

Val

0945315 Val

20

25

30

35

40

45

50

55

60

21 aag gtc
Thr

tctagataac gagggcaaza a

gca
Ala

gga
Gly

atg
Met

aca
Thr

aag
Lys

gtc
Val

ggc
Gly

ttg
Leu

999
Gly

ttg
Leu

gag

gtg
Val

gtg
Val

acg
Thr

ccc
Pro

gtc
Val

ctg
Leu

aag
Lys

atc
Ile

gtg
Val

gag
Glu

agc

gct
Ala

ggt
Gly

gtg
vVal

atg
Met

aca
Thr

gag
Glu

cac
His

ttt
Phe

aag
Lys

gac
Asp

atc

ctg
Leu

aaa
Lys

gac
Asp

acc
Thr

atg
Met

999

Gly

gtg
Val

tac
Tyr

ctc
Leu

ttt
Fhe

ctc

gct
Ala

cgt
Arg

agyg
Arg

ctc
Leu

ctg
Leu

act
Thr

gca
Ala

tet
Ser

gtg
Val

gag
Glu

atc

ggc
Gly

gga
Gly

gag
Glu

acg
Thr

atc
Ile

aat
Asn

tac
Tyr

gag
Glu

ggc
Gly

aaa
Lys

CcCCC

ttc
Phe

ctg
Leu

tte
Phe

gga
Gly

agt
Ser

gag
Glu

atc
Tle

ggc
Gly

aga
Arg

gcc
Ala

agg

ca

atg
Met

gct
Ala

tca
Ser

cee
Pro

ctg
Len

ggc
Gly

ctyg
Leu

atc
Ile

cag
Gln

gac
Asp

gca
Ala

cag

aag
Al a
180
ccc
Pro
acg

gcc gat gga 90 Al a Val

Al a

a Asp Ay 50 gga gtg ggt aga
Gy Arg Arg

Met Al a Val

gcg 135 dy Vval
55 atg gcg gtg gac agg gag
Asp Arg A u Phe
atg acc ctc acg ggg ctg get
Met Thr

Lou Thr Gy Leu Al a

atg ctg atc agt ggc cgg tgc

Met Leu Ile Ser Ay Arg Cys @ n
Lys2Aba B9gs-cizet g gag ggg act sat gag ctg gat aaa tac acg gcc
Leu du Gy Thr Asn Qu Leu Asp Lys Tyr Thr Al a Asp
ggc aag4eér Igtg gca tac atc atc cat tcg cat gtg act gac cac 360

aaa aag
Lys Lys

acc gta
Thr Val

999 acg
Gly Thr

gag atg
Glu Met

get ggg
Ala Gly

cgg tge
Arg Cys

gat aaa
Asp Lys

cat ccg
His Pro

ctec cat
Leu His

ccc aag
Pro Lys

gga gcc
Gly Ala

agc gaa

aca
Thr

gcc
Ala

tgg
Trp

gat
Asp

ggt
Gly

caqg
Gln

tac

Tyr

cat
His

999
Gly

aac
Asn

cge
Arg

acc

gct
Ala

cag
Gln

tat
Tyr

ctg
Leu

gac
Asp

gag
Glu

acqg
Thr

gtg
Val

aag
Lys

aac
Asn

gga
Gly

tge

atc
Ile

gcc
Ala

ctg
Leu

gaa
Glu

ctg
Leu

gtg
Val

gcc
Ala

act
Thr

ccqg
Pro

ctg
Leu

ctc
Leu

tet

gcg
Ala

gat
Asp

aaqg
Lys

tecg
Ser

gaa
Glu

aag
Lys

gac
Asp

gac
Asp

gte
val

gaa
Glu

age
Ser

cca

att
Ile

gga
Gly

gcg
Ala

gtg
Val

gce
Ala

goc
Ala

g99
Gly

cac
His

cga
Arg

gcc
Ala

acqg
Thr

999

45

90

135

180

225

270

315

360

405

450

495

540



10 Gy Lys His Val Ala Tyr Ile lle Hs Ser Hs Val Thr Asp His ttg

atc
Leu
ctc
Val
aaa
Al a
cag
Ser
tag
Xaa
tac
Ay
gaa

ctt tac tct gag ggc cag ctc cat ggg aag ccg gtc cgs 405 Leu lle
Tyr Ser Qu Ay Gn Leu Hs Gy Lys Pro Val Arg 15 ggg gtg aag
gt g ggc aga gac ccc aag aac aac ctg gaa gcc 450 dy Val Lys Leu
Gy ArglAsprPrbe (ys HsnPAsrbetl-CGoear Alla RO Cyg Sgagfgaélytt gag
gcc gca gga gcc cgc gga ctc agc acg 495 Leu G u Asp Phe GQu Lys
Ala Gy Ala Arg GI Leu Ser Thr acatcctcatcccca
age_ gaghcia gﬁg “t,cag%gﬁg%4 %%@r 99 @giﬁ E IE‘FB Argg%5
d u’ThiBye'?s tcc ¢&dc~geg £&" gaa aaa
get agc ctg get 585 30 Ser Ala Trp Ser HIS Pro Gln Phe G u Lys
Al a SercgkeibPAbag gaa gaf -adaagtiadhd get aac cgt gaa ctg gac a@a
got gttui638-o Gu pAkaclysyVal Leu Ala Asn Arg A u Lou Asp Lys Tyr
Valo35 tcc gac tac tac aaa aac ctc atc aac aac get aaa acc gtt
675 Ser Asp Tyr Tyr Lys Asn Leu Ile Asn Asn Ala Lys Thr Val Qu

40 ggt gtt aaa get ctg atc gac gaa att ctc gca gca ctg ccg taa 720

Ay
727

Val Lys?APalBeu Ile Asp Gu Ille Lou Ala Ala Leu Pro 45 taagctt
<210> <2213(1&211> 727 <212> DNA <213> artificial sequence

<220> b8 <x312> {%8c feature <222> (571) ... (573) <223> anber stop

codon

aaa

C

<2203180 2=55BCIFT| 98P L400> 22 22 tctagat aac gagggcaaaa a atg
aag aca<298§ atc gcg att 45

<223> 899.3-C13

20
<400> 18
- tctagataac cagggcaaaa a atg aaa aag aca gct atc gcg att 45
Met Lys Lys Thr Ala Ile Ala Ile
25
gca gtg gect ctg get gge tte get acce gta gec cag gec gat gga 90
Als Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Gly
30 .
gga gtg ggt aga cgt gga ctg tca ggg acg tgg tat ctg aag gcg 135
Gly Val Gly Arg Arg Gly Leu Ser Gly Thr Trp Tyr Leu Lys Ala
35 aty acyg gtg gac agg gag tcc ccc gag atg aac ctg gaa teg gtg 180

Met Thr Val Asp Arg Glu Ser Pro Glu Met Asn Leu Glu Ser Val

aca ¢cc atg ace ctc acg ggg ctg get ggg ggt gac ctg gaa gcc 225
40 Thr Pro Met Thr Leu Thr Gly Leu Ala Gly Gly Asp Leu Glu Ala

aag gtc acg atg ctg atc agt ggc cgg tgc cag gag gta aag gec 270
Lys Val Thr Met Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala

45
gcc ctg gag ggg act aat gag ctg gat zaa tac acg gcc gac ggg 315
Ala Leu Glu Gly Thr Asn Glu Leu Asp Lys Tyr Thr Ala Asp Gly

50
ggc aag cac gtg gta tac atc atc cat ccg cat gtg act gac cac 360
Gly Lys His Vval val Tyr Ile Ile His Pre His Val Thr Asp His

55 ttg atec ttt tac tct gag ggc cag ctc cat ggg aag ccg gtc cga 405

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

ggg gtg aag ctc gtg ggc aga gac ccc aag aac aac ctg gaa gcc 450
60 Gly Val Lys Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala



Met
gta
Al a
ctg
Lys
180
aca
Pro
acc
Met
act
Asp
atc
Ile
cat
H s
aac
Leu
ctc
Ser
540
agc

a
G
Val
aac
Leu
gaa

Lys Lys Thr Ala lle Ala lle 5 gca gtg get ctg get ggc ttc get acc
gcc cag gcc gat gga 90 Ala Val Ala kgu Ala Gy Phe Ala Thr Val
Gn Ala Asp Gy 10 gga gag gagatt cag gat gtg tca ggg acg tgg tat
aag gcg 135 Ay Au Qu lle @n Asp Val Ser Ay Thr Trp Tyr Leu
Al a at gtacgegQge gact Qg agagcrt gccoba gag afq gaatctet gggaagt cg gt
15 MetleThElwake ASp Aryg L& BRhBLEPEOY Alg Mt GAgr<uee:@rhr Ser Val
ccc atg acc ctc acg acc ctg gaa ggg ggc aac ctg gaa gcc 225 Thr
I\/EtSThr Leu Thy Thr Leu Au Gy Ay Asn LeutG u Ala 20 aag gtc
st et gof gt i Ebcfoebtonle o8l A Srtones el al
Leu Il €& Sef y Arg S AU Va Lys a %gtccgﬁagaaa
gac gag ccg gga aaa tac acg gcc gac ggg 315 Val Leu Qu Lys Thr
G u Prqaf ycd ¥sg Bty ddW ght ayohspadClodg 30 q0g6: @38 LACt@ gcgca tams
at t0aggsboglcaer glef BagGUAGLeacl360n Macycly SeHizmaValp Aka Tyr Ile
Arg Ser His Val Lys Asp His tac atc ttt tac tct gag ggc cag ctc
ggg aag ccg gtc ga%a 405 33 T}a/r gi?:fcg Phe Tyr Ser Qu Ay Gn ;6333
Ay Lys?@Preaare agt g-2aagf gtg ggc aga gac ccc aag

ct g gad'gce U5 Pégygggpyiys Leu Val Gy Arg Asp Pro Lys Asn Asn
GU Ala 40 C ttg gag gac ttt gag aaa gcc gca gga gcc cgc gga
ago acg 495 Leu Qu Asp Phe Qu Lys Ala Ala Ay Ala Arg Ay Leu
Thr 45 gag, agc atc ctc atcccc agg cag agc gaa acc tgc tct cca ggg
A u Serqilegkeu Ile Pro Arg A n Ser Gu Thr Cys Ser Pro Ay 50
gebot ggoti 68 oz@C ccg cag ttc gaa aaa tag get ago.ctg get 585 Ser
Trp Sercols Reo-1d:01 Pheu&hdk Lys Xaa Ala Ser Leu Ala gaa get aaa
ctg get aac cgt gaa ctg gac aaa tac ggt gtt 630 55 Au Ala Lys
Leu Al a&28sn Arg Qu Leu Asp Lys Tyr dy Val tcc gac tac tac aaa
ctc at c2aae s@acs-get aaa acc gtt gaa 675 Ser Asp Tyr Tyr Lys Asn
I125Asn Asn Ala Lys Thr Val G u 60 ggt gtt aaa get ctg atc gac
att ctcd4gea Igca ctg ccg taa 720

tctagataac gagggcazaaa a atg aaa aag aca gct ate gcg att 45
Met Lys Lys Thr Ala Ile Alz Ile

30
geca gtg get ctg get ggc ttc get acc gta gec cag gecc gat gga S0
Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Gly

35 :
agga gtg ggt aga cgt gga ctg tca ggg acg tgg tat ctg aag gcg 135
Gly Val Gly Arg Arg Gly Leu Ser Gly Thr Trp Tyr Leu Lys Ala

40 atg acg gtg gac agg gag tcc ccc gag atg aat ctg gaa tecg gtg 180

Met Thr Val Asp Arg Glu Ser Pro Glu Met Asn Leu Glu Ser Val

aca ccc atg acc ctc acg ggg ctg gct ggg ggt'gac ctg gaa gcc 225
45 Thr Pro Met Thr Leu Thr Gly Leu Ala Gly Gly Asp Leu Glu Ala

aag gtc acg atg ctg atc agt ggc cgy tgc cag gag gtg aag gcec 270
Lys Val Thr Met Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala

50
gtc ctg gag ggg act aat gag ctg gat aaa tac acg gcc gac ggg 315
Val Leu Glu Gly Thr Asn Glu Leu Asp Lys Tyr Thr Ala Asp Gly

55 :
ggc aag cac gtg gca tac atc atc cat ccg cat gtg act gac cac 360
Gly Lys His Val Ala Tyr Ile Ile His Pro His Val Thr Asp His

60 ttg atc ttt tac tct gag ggc cag ctc cat ggg aag ccg gtc cga 405

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



Ay Val Lys Ala Leu Ile Asp Qu Ile Leu Ala Ala Leu Pro 23 taagctt
727 5 <210> 23 <211> 1156 <212> DNA <333> artificial sequence 10
<220> <221> misc _feature <222> (574)...(576) <223> anber stop
codon 15 <220> <223> pTLPCl12 <400> 23 20 tctagataac gagggcaaaa a
atg aaa aag aca get atc gcg att 45 Mt Lys Lys Thr Ala lle Ala lle
25 gca gtg ggetakt gagcitcgyges e ayet srccygtamrggedrr eag gocdgmigcgca 90450
Al a Val Al &lFelrlAlEs Ao Phe CAY &rFhPsn/Ero Ava B AAr &AsplyAPazt cg at g
acc ggt5ggt cag cag atg ggt gcc tca gac gag gag att 135 30 Ser Met
Thr % ac %tc 3 u ctc gt g C%%
900 acy tg&e al1 L gi ok el Eﬁa L%u%@ Gt pro By
Thr Trp. Tyr Leu Lys a hr Val Asp agg gag ttc cct gag atg
aat ctg gaa tcg gtg aca ccc atg acc 225 Arg Qu Phe Pro Gu Met Asn
Leu G L0SergaVYadgcThtc Rite Mt ctbirage 44 ate @ega@ctgettrtgass @gg ggc Bac
ctg gaa gcclaagpmiite deo Aty P27 (hrgleln Fhr Glur The@y& derGyo Gly Asn Leu
Gu Ala Lys Val Thr Met 45 ctg ata agt ggc cgg tgc cag gag gtg aag
gcc gtc ctg ag aaa 315 Leu lle Ser Ay Arg Cys @ n du VaI Lys Al a

U by o w8

Hi s VaI
cac ccg cag ttc gaa aaa taataagett 613
His Pro Gln Phe Glu Lys
20
<210> 20
<211> 613

25 <212> DNA
<213> artificial sequence

<220>

<223> 8567.7-C06
30

<400> 20

tctagataac gggggcaaaa a atg aaa aag aca gct atc gecg att 45
: Met Lys Lys Thr Ala Ile Ala Ile
35

gca gtg gct ctg get gge ttec get ace gta gee cag gec gat gga 90
Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Gly

40

(“; gga gtg ggt aga cgt gga ctg tca ggg acg tgg tat ctg aag gcg 135
Gly Val Gly Arg Arg Gly Leu Ser Gly Thr Trp Tyr Leu Lys Ala

45 atg acg gtg gac agg gag ttc ccc gag atg aat ctg gaa teg gtg 180
Met Thr Val Asp Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val

aca ccc atg acc cte acg ggyg ctg gct ggg ggt gac ctg gaa gcc 225
50 Thr Pro Met Thr Leu Thr Gly Leu Ala Gly Gly Asp Leu Glu Ala

aag gtc acg atg ctg atc agt ggc cgg tgc cag gag gtg aag gcc 270
Lys Val Thr Met Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala

55
gte ctg gag ggg act aat gag ctg gat aaa tac acg gcec gac ggg 315
Val Leu Glu Gly Thr &Asn Glu Leu Asp Lys Tyr Thr Ala Asp Gly

60

ggc aag cac gtg gca tac atc atc cat tcg cat gtg act gac cac 360
Gly Lys His Val Ala Tyr Ile Ile His Ser His Val Thr Asp His



tac atc atc agg tcg cac gtg aag gac cac tac atc ttt tac 405 Al a
Ile Ile Arg Ser H's Val Lys Asp His Tyr Ile Phe Tyr 55 tot gag
gag ctc cac ggg aag ccg gtc cga ggg gtc cag ctc 450 Ser Au Ay
Leu Hs Gy Lys Pro Val Arg Gy Val dn Leu 60 gtt ggc aga gac
aag aac aac ctg gaa gcc ttg gag gac ttt 495 Val Gy Arg Asp Pro
Asn Asn Leu Gu Leu Gu Asp Phe 24 gag aaa gcc gca gga gcc
gga ct ¢tagecag t%& § Befegay @96t €2H40c Brugdy sah wIAltE Ciy Al a ¥cg
Leu, Ser*eFhileGPe SeF §9eCleFls @it leediggetcays 56 Yaage tge tct
gg9g tag get ggc ggc 585 I1le Pro Arg A n Ser Qu Thr Cys Ser Pro

Xaa Al el Egz gt ag-.g%tgqa { £l 902, 890, A0g Lol 93
99t gg ? galgéé Lyvae 3% %é Sk audy
Ay Ser 15 gag ggt ggc 99 tct gag ggt ggc 990 tCt gag gga ggc
tcco675 du dy Ay Ay Ser Qu dy Ay Ay Ser u dy dy Ay
got ggtctgogadt gic got ¢C aggtocgated pta gat tat ggaataagyakgggca 74206

20 Ay dylehyGCiSepsidRpeSeru Gvy BAsprRPhélAdgaTirg Glu UepsSvelChiAl a aac

get

Asn L

gac
Al a
gat
Ay
ggt
ﬁip
Ser

gtt
du

aat aag ggg get atg acc gaa sat gcc gat gaa aac gcg 765 Asn Al a
yisGl y Al a I\/bt Thr G u Asn Al a As G u Asn Ala 25 cta cag tc5t

ge aa%lgggcg itstf et SECt gt ;’g%ﬁ ﬁf g& SBIGSTLEN PR Ser ASp
Lys dy EysLet’ r PR at éaé:t get fet atc

ggt ttc att ggt gac gtt tcc ggc ctt 855 Tyr Ay Ala Ala Ile Asp
Phe 11 Qa8 yPsy Rl S8Y o@ Yokt 3596t gagd: gt RAt ggtcget aciss
gakott tasgeflaggéer et @at cle@190€6in AL Msncld geASNaGap Ak Thr Ay
Phe Ala Gy Ser Asn Ser caa atg get caa gtc ggt gac ggt gat aat

cot tta atg sat 945 40 A n Met Ala dn Val Ay Asp Ay Asp Asn
Pro Le2MetcoAsSad S&F f3ac 2egttaeheacafr tta cct tcc ctc cct caa t4g
gagstgtﬂlgg}@’o ASh "PRe“Ar §¥& n Tyr Leu Pro Ser Leu Pro Gn Ser Val

<210> 21
<211> 727
30 <212> DNA
<213> artificial sequence

<220>
<221> misc_ feature
35 <222> (571)...(573)

<223> amber stop codon

<220>

<223> F9%2.8 El5
40

<400> 21

tctagataac gggggcaaaa a atg aaa aag aca gct atc gcocg att 45
Met Lys Lys Thr Ala Tle Ala Tle
45 '

gca gtg gct ctg get gge tte get ace gta gec cag gec gat gga 90
Als Vel Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Gly

50
gga gtg ggt aga cgt gga ctg tca ggg acg tgg tat ctg aag gcg 135
Gly Vel Gly Arg Arg Gly Leu Ser Gly Thr Trp Tyr Leu Lys Ala

55 atg gcg gtg gac agg gag ttc ccc gag atg aat ctg gaa teg gtg 180
Met Ala Val Asp Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val

aca ccc atg acc ctc acg ggg ctg gct ggg ggt gac ctg gga gte 225
60 Thr Pro Met Thr Leu Thr Gly Leu Ala Gly Gly Asp Leu Gly Val



cgc
Pro
gac
Lys
acc
Phe

cct ttt gtc ttt ggc get ggt aaa cca tat gaa ttt tct att 1035 Arg
Phe Val Phe Ay Ala Ay Lys Pro Tyr Ghu Phe Ser Ile 50 gat tgt
aaa ata aac tta ttc cgt ggt gtc ttt gcg ttt ctt 1080 Asp Cys Asp
Ile Asn Leu Phe Arg Ay Val Phe Ala Phe Leu 55 tta tat gtt gcc

ttt at gabattghagtdty ted adecqdit jggeygase ddRDagledy dyd gal Al a27bhr
Met TyriyVaValPlier St Téw IPhessAl lAdmo atva €lrg GéygtVedalvaa@dagag tct

taataagctt 1156 60 Ile Leu Arg Asn Lys G u Ser 25 <210> 24 <211>

613

45
get
Thr
tgg
Trp
gaa
Ser
gcc

AR

<212> DNA <213> artificial seggggncg 5 <%20>8 <223§%gTI§PCB 115
et at’cZgcg a

eeﬁggﬁﬁég?g@} aACq g%’g‘;’et Jagc ttc

acc gta gcc cag gcc gat gga 90 Ala Val Al a Leu Ala Gy Phe Al a
Val Al gyod fafNcac AfR @ tg8tgag:gadt aldy 629 (98tagt Eaa: Gac999 as®
t atoct gl@agygegs 1335 a20 ¢ yr1d wmGnus |4 © 1 vASprivahsSenrnsd y Thr

Tyr Leu Lys Ala atg acg gtg gac agg gag ttc cct gag atg aat ctg
tcg gtg 180 Met Thr Val Asp Arg A u Phe Pro Glu Met Asn Leu Qu
Val 25 tagacetEtatiFcatet gte WegcAt ctetapt a%e coacet g gaths
225 THEUPES WBY TPRr StoG THI TR L84 ggAg‘ﬁl B&d G u Al a

30 aag atc acc atg ctg ata agt ggc cgg tgc cag gag gtg aag gcc 270

Lys
ctg
Au
gca

(_.

Val Thrg eUy 1 & Yadal §a N8 AN G Val. a.35 ot g
gag aaa@lyﬁ@ﬁﬂ Y é;c (‘ﬁ }a}r@eo gggn @@ﬁiﬁ 15 Val Leu

Lys Thr u y ys Gy ggc aag cac gtg
tagoatc atc agg tog cac gtg aag gac cac 36
ttg gag gac ttt gag aaa gcc gca gga gec cge gga cte age acg 495

Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr

25 gag agc atc ctc atc ccc agg cag age gaa acc tgce tot cca ggyg 540
Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly

agc gct tgg tcc cac ccg cag ttc gaa aaa tag gect age ctg get 585
30 Ser Ala Trp Ser His Pro Gln Phe Glu Lys Xaz Ala Ser Leu Ala

gaa gct aaa gtt ctg gct aac cgt gaa ctg gac aaa tac ggt gtt © 630
Glu Ala Lys Val Leu Ala Asn Arg Glu Leu Asp Lys Tyr Gly Val
35

tcc gac tac tac aaa aac cte atc aac aac get aaa acc gtt gaa 675
Ser Asp Tyr Tyr Lys Asn Leu Ile Asn Asn Ala Lys Thr Val Glu

40

ggt gtt aaa gct ctg atec gac gaa att ctc gca geca ctg cecg taa 720
Gly Val Lys Ala Leu Ile Asp Glu Ile Leu Ala Ala Leu Pro

45 _
taagett 727

<210> 22
50 <211> 727
<212> DNA
<213> artificial sequence

<220>

55 <221> misc_feature
<222> (571)...(573)
<223> amber stop codon

<220>
60 <223> pTLPCY

<400> 22



40 Ay Lys H's Val Ala Tyr Ile Ile Arg Ser H's Val Lys Asp H s tac
atc ttt tac tct gag ggc cag ctc catggg aag ccg gtc cgs 405 Tyr Ile
Phe Tyr Ser Qu Ay Gn Leu Hs Gy Lys Pro Val Arg 45 ggg gtg aag
ctc gtg ggc age gac ccc aag aac aac ctg gaa gcc 450 Gy Val Lys Leu
Val Ay Arg Asp Pro Lys Asn Asn Lou Gu Ala 50 ttg gag gac ttt gag
aaa (cc gcacggmrtgec TCYoIggRacéc agetaega 498 atewclarcAspr Rhe G u 49s
Ala Ala Ay Ala Arg Ay Lou Her ThfesSygdgsafer dte Tiechb dlecc agg
cag agc gaa acc tgc tct cca ggg 540 Gu Her Ile Leu IIe Pro Arg @n

Her tcg acc cag
oot age ceiions it aid oAy dlid B Ml o Wt
Gy Her Ala Trp S cac ctcg cag tic gaa aaa t aat aagtht %13 H s

Pro G n Phe Gu Lys 5 <210> 25 <211> 613 <212> DNA <213> artificial
sequente a<azx)zag<a?232aPGhPCl4 +s4093 2 1&y tat agat ase ggagggcaesa
a atg aaa aag @uacyetIlat elrgegp atall 8& GMetThkySrd yor Thwu ¥ alhe Ala Il e
20 gca gtg get ctg get ggc ttc get acc gta gcg cag gcc gat gca 90

Al a Val Al e;tléeu Ala Gy Phe A%a Th(réc%/gl Al a chggaga,%s gAlg tcg %
acc ggp (ggt % c ga;g t92f35¢9 g gSer

Thr §7 e@% aﬁag @% g\‘aphge?roASg ‘? LPP E¥atydtligt g cca
ggg acg tgg tat ctg aag gcg atg acg gtg gac 180 dn Asp Val Pro Ay

Thr Trp Tyracheted ¥ggAld Mal 2IhracMale ASRa 305298 989 ddiColfhcgag atgps
aat ctg gaantCerOhet Atk C&LL TaE IrndCLe?ddu Gly Gly Asn Leu Glu Ala

20
(;' aag gtc acc atg ctg ata agt ggc cgg tgc cag gag gtg aag gcc 270
Lys Val Thr Met Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala
25
gtc ctg gag aaa act gac gag ccg gga aaa tac acg gcc gac ggg 315
Val Leu Glu Lys Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly
30 ggc aag cac gty gca tac atec atc agyg teyg cac gtg aag gac cac 360

Gly Lys His Val Ala Tyr Ile Ile Arg Ser His Val Lys Asp His

tac atc ttt tac tct gag gge cag ctc cat ggg aag ccg gtc cga 405
© 35 Tyr Ile Phe Tyr Ser Glu Gly Gln Leu His Gly Lys Pro Val Arg

ggg gtg azag ctc gtg ggc aga gac ccc aag aac aac ctg gaa gec 450
Gly Vel Lys Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala
40
(;, ttg gag gac ttt gag aaa gcc gca gga gecc cgc gga chtc age acg 495
Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr
45
gag agc atc c¢tc atc. ccc agg cag age gaa acc tge tect cca ggg 540
Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly
50 agc gct tgg tet cac ccg cag ttc gaa aaa tag get age ctg get 585

Ser Ala Trp Ser His Pro Gln Phe Glu Lys Xaa Ala Ser Leu Ala

gaa gct aaa gtt ctg gct aac cgt gaa ctg gac aaa tac ggt gtt 630
55 Glu Ala Lys Val Leu Ala Asn Arg Glu Leu Asp Lys Tyr Gly Val

tcc gac tac tac aaa aac ctc ate aac aac gct aaa acc gtt gaa 675
Ser Asp Tyr Tyr Lys Asn Leu Ile Asn Asn Ala Lys Thr Val Glu
60

ggt gtt aaa gct ctg atc gac gaa att ctc gca gca ctg ccg taa 720
Gly Val Lys Ala Leu Ile Asp Glu Ile Leu Ala Ala Leu Pro



Arg Gu Phe Pro Gu Met Asn Leu Gu Ser Val Thr Pro Met Thr 35 ctc
acg acc ctg gaa ggg ggc aac ctg gaa gcc aag gtc acc atg 270 Leu Thr
Thr Leu Qu Ay @y Asn Leu Qu Ala Lys Val Thr Met 40 ctg ate, agt
ggc cgg tgc cag gag gtg aag gcc gtc ctg gag aaa 315 Leu lle Her Ay
Arg Cys An Gu VaI Lys Ala Val Leu Qu Lys act gac gag ccg gga aaa
tac acg gcc gac g ggc aag cac gtg 360 45 Thr Asp Gu Pro Gy L
Tyr Thr Al aFaﬁ@‘E)ttGy Ay Lys His Val gca tac atc atc agg tcg cac g{?d
aag gac.cac tac atc ttt tac 405 Ala Tyr Ile Ile Arg Her His Val Lys
Asp H s™Tyr, lbezghe Tyr 50 tct gag ggc gag ctc cac ggg aag ccg gtc
cga ggg gtc 450 Ser Qu Ay Qu Leu Hs Gy Lys Pro Val Arg
dy Vval gtt ggc aga gac ccc aag aac aac ctg gaa gcc ttg
gag gac ttgﬁzg§au.§kuggx AP ASP Pro Lys Asn Asn Leu Gu Ala Lou GQu
Asp Phep60 gag aaa gcc gca gga gcc cgc gga ctc ago acg gag agc atc
ctc 540 Guwbys Ala Ala Ay Ala Arg Ay Leu Ser Thr Gu Ser Ile Leu
27 atc cccxagg 0ag AQGeugaa acc tgc tot cca ggg ago got tgg tot 585
Ile Pro Argoebn Seny A.usTéw Cys Ser Pro Ay Ser Ala Trp, Ser 5 cac cog
cag ttc gaxcaas dmdataagetdéod3 H's Pro A n ?he Qu Lys 10 <210> 26
<211> ®6 <212> DNA <213> artificial sequence 15 <220> <221> m sc

feature <222p>(22) ... (48) <223>n: a, g, cor t; ki gor t 20
<220> <223> pTLPC12
<400> 23
- 20
(w tctagataac gagggcaaaa a atg aaa aag aca gct ate gecg att 45

Met Lys Lys Thr Ala Ile Ala Ile

25 gca gtg gct ctg get gge ttc get ace gta gog cag gee gat gea 90
Als Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Ala

tcg atg acc ggt ggt cag cag atg ggt gee teca gac gag gag att 135
30 Ser Met Thr Gly Gly Gln Gln Met Gly Ala Ser Asp Glu Glu Ile

cag gat gtg cca ggg acg tgg tat ctg aag geg atg acg gty gac 180
Gln Asp Val Pro Gly Thr Trp Tyr Leu Lys Ala Met Thr Val Asp
35
agg gag titc cct gag atg aat c¢ctg gaa tecg gtg aca ccc atg acce 225
Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val Thr Pro Met Thr
- 40
(_, ctc acg acc ctg gaa ggg ggc aac ctg gaa gcc aag gtc acc atg 270
Leu Thr Thr Leu Glu Gly Gly Asn Leu Glu Ala Lys Val Thr Met
45 ctg ata agt ggc cgg tgc cag gag gtg aag gee gtc ctg gag aaa 315

Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala Val Leu Glu Lys

act gac gag ccg gga aaa tac acg gocc gac ggg ggce aag cac gtg 360
50 Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly Gly Lys His Val

gca tac atc atc agg tcg cac gtg aag gac cac tac atc ttt tac 405
Ala Tyr Ile Ile Arg Ser His Val Lys Asp His Tyr Ile Phe Tyr

55
tct gag gge gag ctc cac ggg aag ccg gtc cga ggg gtc cag ctce 450
Ser Glu Gly Glu Leu His Gly Lys Pro Val Arg Gly Val Gln Leu

60

gtt ggc aga gac ccc aag aac aac ctg gaa gec ttg gag gac ttt 495
Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala Lsu Glu Asp Phe



<223> Priner <400> 26 25 tatctgaagg cgatgacggt gnnknnknnk nnknnknnkn
nknnknnkga 50 atcggtgaca cccatg 66 30 410> 27 <211> 72 <212> DNA
<213> artificial sequence 35 <220> <221> m sc feature <222> (22)

... (b54) <223> n: a, g, cor t; ki gor t 40 <220> <223> Priner
<400> 27 45 tatctgaagg cgatgacggt gnnknnknnk nnknnknnkn nknnknnknn 50
knnkgaat cg gtgacaccca tg 72 <210> 28 50 <211> 75 <212> DNA <213>
artificial gﬁé@?é‘n deg08Re H5C LI91905CEE §ISaR T 29 SFF23Eq 75 -{451)

%§ tAla A

<223> n; a, KL Pop 479 €008 6= <5F3S BrivTet 1S £980> 28 28
t at ct gaagg cgatgacgtg gtcannknnk nnknnknnkn nknnknnknn 50 kaattcgctg

gaat cggt ga £acssk 49y 2g<2ddD322%ct2{de 146 22l tPNAE2d3> qakt i fi cigl

sequence Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly Xaa Ala Gly Gly

10 ‘
ggc tet ggt ggt ggt tet gge ggc gge tet gag ggt ggt gge tet 630
Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser

15 gag ggt ggc ggt tect gag ggt ggc ggc tect gag gga ggc ggt tcc 675

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

ggt ggt gge tet ggt tce ggt gat ttt gat tat gaa aag atg geca 720
20 Gly Gly Gly Ser Gly Ser Gly Asp Phe Asp Tyr Glu Lys Met Ala

aac gct aat zag ggg get atg acc gaa aat gcc gat gaa aac gcg 765
Asn Ala Asn Lys Gly Ala Met Thr Glu Asn Ala Asp Glu Asn Ala

25
cta cag tct gac gct aaa gge aaa ctt gat tect gtc gect act gat 810
Leu Gln Ser Asp Ala Lys Gly Lys Leu Asp Ser Val Ala Thr Asp

30
tac ggt gct gect atc gat ggt ttc att ggt gac gtt tecc gge ctt 855
Tyr Gly Alz Ala Ile Asp Gly Phe Ile Gly Asp Val Ser Gly Leu

35 get aat ggt aat ggt goct act ggt gat ttt gect gge tct aat tcc 300

Ala Asn Gly Asn Gly Ala Thr Gly Asp Phe Ala Gly Ser Asn Ser

caa atg gct caa gte ggt gac ggt gat aat tca cct tta atg aat 945
40 Gln Met Ala Gln Val Gly Asp Gly Asp Asn Ser Pro Leu Met Asn

.

aat ttec cgt caa tat tta cct tece ctec cct caa tcg gtt gaa tgt 980
Asn Phe Arg Gln Tyr Leu Pro Ser Leu Pro Gln Ser Val Glu Cys

45
cgc cct ttt gtc ttt ggc gect ggt aaa cca tat gaa ttt tet att 1035
Arg Pro Phe Val Phe Gly Ala Gly Lys Pro Tyr Glu Phe Ser TIle

50
gat tgt gac aaa ata aac tta ttc cgt ggt gte ttt geg ttt ctt 1080
Asp Cys Asp Lys Ile Asn Leu Phe Arg Gly Val Phe Ala Phe Leu

55 tta tat gtt gcc ace ttt atg tat gta ttt tct acg ttt gct aac 1125

Leu Tyr Val Ala Thr Phe Met Tyr Val Phe Ser Thr Phe Ala Asn

ata ctg cgt sat aag gag tct taataagctt 1156
60 Ile Leu Arg Asn Lys Glu Ser



10 <220> <221> misc feature <222> (20) ... (28) <223>n: a, g, Cc or
t; m a or ¢ 15 <220> <223> Prinmer <408z 29 20 tcacctcctg
gcaccggccm nmmmnmmnca tggtgacctt ggcttc 46 C_ <210> 30 <211> 44 25
<212> DNA <213> artificial sequence <220> <221> msc feature 30
<222> (22) <210244 <223> n: a, g, c or t; ki g or t <220> <223>
Primer 35 <400x%130 aaat acacgg ccgacggagg cnnkcacgtg gcatacatca tcag
44 40 <210G2131 DNE . <211> 51 <212> DNA <213> artificial sequence

45 <220> <P223> arcsEidigdtspameneg22> (18) ... (23) <223>n: a, g, c or
t; m aor ¢ 50 <220> <221> msc feature <222> (27) ... (32)
<220>
<223> pTLPCS
<400> 24
10
tctagataac gagggcaaaa a atg aaa aag aca gct atc geg att 45
Met Lys Lys Thr Ala Ile Ala Ile
15 gca gtg gct ctg gect gge ttc gect acc gta gcc cag gec gat gga 90

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

gga gag gag att cag gat gtg tca ggg acg tgg tat ctg aag gcg 135
20 Gly Glu Glu Ile Gln Asp Val Ser Gly Thr Trp Tyr Leu Lys Ala

atg acg gtg gac agg gag ttc cct gag atg aat ctg gaa tecg gtg 180
Met Thr Val Asp Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val

25
aca ccc atg acc ctc acg acc ctg gaa ggg ggc aac ctg gaa gcc 225
Thr Pro Met Thr Leu Thr Thr Leu Glu Gly Gly Asn Leu Glu Ala

30
aag gtc acc atg ctg ata agt ggc cgyg tgcec cag gag gtg aag gcc 270
Lys Val Thr Met L,eu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala

35 gtc ctg gag aaa act gac gag ccg gga aas tac acg gcc gac ggyg 315

Val Leu Glu Lys Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly

ggc aag cac gtg gca tac ate atc agg tcecg cac gtg aag gac cac 360
40 Gly Lys His Val Ala Tyr Ile Ile Arg Ser His Val Lys Asp His

tac atc ttt tac tet gag ggec cag ctc cat ggg aag ccg gtc cga 405
Tyr Ile Phe Tyr Ser Giu Gly Gln Leu His Gly Lys Pro Val Arg

45
ggg gtg aag ctc gtg ggc aga gac ccc aag aac aac ctg gaa gcc 450
Gly Val Lys Leu Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala

50
ttg gag gac ttt gag aaa gcc gca gga gcc cge gga ctc agc acg 495
Leu Glu Asp Phe Glu Lys Ala Ala Gly Ala Arg Gly Leu Ser Thr

55 gag agc atc cte atc cec agyg cag age gaa acc tge tet ceca ggg 540

Glu Ser Ile Leu Ile Pro Arg Gln Ser Glu Thr Cys Ser Pro Gly

gat gca tcg atg acc ggt ggt cag cag atg ggt age gect tgg tet 585
60 Asp Ala Ser Met Thr Gly Gly Gln Gln Met Gly Ser Ala Trp Ser



<223>n: a, g, cor t; m aor ¢ 55 <220> <223> Priner <400>
agct ggaccc ctcggacmmn mmncccmmnm nnct cgcggt cagagtaaaa 50 g 51
<210> 32 <211> 66 <212> DNA 5 <213> artificial sequence <220>
Primer 10 <400> 32 ccgtcggccg tgtatttacc cggctcgtca gttttctcca
gtactgcctt B0 ceaecey oskggeaaesggablagecth <210> 33 <211> 39 <212
<213> arti fiigi Bto Séyudrcelu 29s <220> C <223> Priner <400> 33 25
caggat gt gc cagggacgtg gtatctgaag gcgatgacg 39 <210> 34 30 <211>
<212> ngA <213> artificial sequence <220> 35 <223> Priner <400

<210> 25

<211> 613

<212> DNA

<213> artificial sequence
10

<220>

<223> pTLPC1l4

<400> 25
15
tctagataac gagggcaaaa a atg aaa aag aca gct atc geg att
Met Lys Lys Thr Ala Ile Ala Ile

- 20 gca gtg gct ctg goct gge tto get ace gta geg cag gec gat gea
(; Ala Val Ala Leu Ala Gly Phe Ala Thr Val Ala Gln Ala Asp Ala

tcg atg acc ggt ggt cag cag atg ggt gcc teca gac gag gag att
25 Ser Met Thr Gly Gly Gln Gln Met Gly Ala Ser Asp Glu Glu Ile

cag gat gtg cca ggg acg tgg tat ctg zag gcg atg acg gtg gac
Gln Asp Val Preo Gly Thr Trp Tyr Leu Lys Ala Met Thr Val Asp

30
agg gag ttc cct gag atg aat ctg gaa tcg gtg aca ccc atg acce
Arg Glu Phe Pro Glu Met Asn Leu Glu Ser Val Thr Prc Met Thr
35
ctc acg acc ctg gaa ggg gge aac ctg gaa gcc aag gtc acc atg
Leu Thr Thr Leu Glu Gly Gly Asn Leu Glu Ala Lys Val Thr Met
o 40 ctg ata agt ggc cgg tge cag gag gtg sag gece gtc ctg gag aaa
(m; Leu Ile Ser Gly Arg Cys Gln Glu Val Lys Ala Val Leu Glu Lys

act gac gag ccg gga aaa tac acg gec gac ggg ygc aag cac gtg
45 Thr Asp Glu Pro Gly Lys Tyr Thr Ala Asp Gly Gly Lys His Vval

gca tac atec atc agg tcg cac gtg aag gac cac tac atc ttt tac
Ala Tyr Ile Ile Arg Ser His Val Lys Asp His Tyr Ile Phe Tyr
50

tct gag gge gag cte cac ggg aag ccg gte cga ggg gtc cag cte
Ser Glu Gly Glu Leu His Gly Lys Pro Val Arg Gly Val Gln Leu

55
gtt ggc aga gac ccc aag aac aac ctg gaa gce ttg gag gac ttt
Val Gly Arg Asp Pro Lys Asn Asn Leu Glu Ala Leu Glu Asp Phe

60 gag aaa gcc goa gga goc cgc gga ¢te age acg gag age atc ctc
Glu Lys Ala Als Gly Ala Arg Gly Leu Ser Thr Glu Ser Ile Leu

31 60
29
<223>

>61BNA

39
> 34

45

90

135

180

225

270

315

360

405

450

495

540



gttcttgggg tctctgccaa cgagctggac ccctcggac 39 40 ~.,." <210> 35
<211> 24 <212> DNA 45 <213> artificial sequence <220> <223> Pri ner
50 <400> 35 ccgcttcact gccccggetg gtcc 24 55 <210> 36 <211> 24
<212> DNA <213> artificial sequence 60 <220> <223> Prinmer <400> 36
30 cttctgttgt ctgttcccgg cttc 24 5 <210> 37 <211> 18 <212> DNA
<213> arti f4tei a¥c S8¢UEECRIC 102 TLFOSIXIPBEPr PeRRICHFOSIBFZC5 585
ccact ccct a tTEagtYarT 18" o1 Gou B <51 Sep Fropflw Sep SIHNARCSe913>

artificikal sequence <220> <223> Priner 25 <400> 38 cccttgaacc

tcet Cgt cg c%%ccgg‘?’cag ttc gaa aaa taataagett
His Pro Gln Phe Glu Lys

613

10

<210> 26

<211> 66

<212> DNA

<213> artificial sequence
15

<220>

<z2Z1> misc_feature

<222> (22)...1(48)

<223> n: a, g, c or t; k: g or t
20

CN <220>
) <223> Primer
<400> 26
25

tatctgaagyg cgatgacggt gnnknnknnk nnknnknnkn nknnknnkga 50
atcggtgaca cccatg 66

30 <210> 27
<211> 72
<212> DNA
<213> artificial secguence

35 <220>
<221> misc_feature
<222> (22)...(54)
<223> n: a, g, ¢c or t; k: gor t

40 <220>
(~ <223> Primer

<400> 27

45 tatctgaagg cgatgacggt gnnknnknnk nnknnknnkn nkanknnknn 50
knnkgaatecg gtgacaccca tg 12

<210> 28
50 " <211> 75
<212> DNA
<213> artificial sequence

<220>
55 <221> misc_feature
€222> (25)...(51)

<223> n: a, g, cor t; k: gor t

. <220>
60 <223> Primer

<400> 28



30 <210> 39 <211> 23 <212> DNA <213> artificial sequence
<223> Primer <400> 39 40 gagcctgggg actglccaca ccc 23 C,

10

15

20

25

30

35

40

45

50

b5

60

tatctgaagg cgatgacgtyg gtcannknnk nnknnknnkn nknnknnknn
kaattegctg gaatcggtga caccce

<210> 29

<211> 46

<212> DNA

<213> artificial sequence

<220>
<221> misc_ feature
<222> (20)...{28)

<223> n: a, g, ¢c or t; m: a or c

<220>
<223> Primer

<400> 29
tcacctectyg gecaccggecom nnmnnmnncea tggtgacctt ggctte
<210C> 30
<211> 44

<212> DNA
<213> artificial sequence

<220>
<221> misc_feature
<222> (22)...(24)

<223> n: a, g, ¢ or t; k: gor t

<220>
<223> Primer

<400> 30
aaatacacgg ccgacggagg cnnkcacgtg geatacatca tcag
<210> 31
<211> 51

<212> DNA
<213> artificial sequence

<220>
<221> misc_feature
<222> (18)...(23)

<223> n: a, g, c or t; m: a or ¢

<220>
<221> misc_feature
<222> (27)...(32)

«<223> n: a, g, cor t; m: a or ¢

<220>
<223> Primer

<400> 31

agctggacce cteggacmnn mnnccemnnm nnctcegecct cagagtaaaa
g

35 <220>

50
75

46

44

30
31



LY

10

15

20

25

30

35

40

45

50

55

60

29

<210> 32

<211> 66

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 32

ccgtcecggeeg tgtatttace cggetegtceca gttttcteca gtactgectt
cacctcctgg caccgg

<210> 33

<Z11> 398

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 33

caggatgtge cagggacgtyg gtatctgaag gegatgacg

<210> 34

<211> 3%

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 34

gttecttgggg tctctgceccaa cgagetggac cecteggac

<210> 35

<211> 24

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 35

ccgcettecact geccecggetg gtcece

<210> 36

<211> 24

<212> DNA

<213> artificial seguence

<220>
<223> Primer

<400> 36
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cttetgttgt ctgttceegg ctte

<210> 37

<211> 18

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 37

ccacteccta tcagtgat

<210> 38

<211> 23

<212> DNA

<213> artificial seguence

<220>
<223>» Primer

<400> 38

cccttgaacc tcctcgttcg acc
<210> 39

<Z11> 23

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 39

gagcctgggg actttccaca ccc

30

24
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23

23



