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the immunoglobulin fold.

The fold of variable domains has 9 beta strands arranged in
two sheets of 4 and 5 strands. The 5-stranded sheet is structur-
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The basic principle of this technique is based on the obser-
vation that many proteins have a stable core, formed by specific
arrangements of secondary structure elements such as beta sheets
or alpha helices, which are interconnected by structures such as
loops, turns, or random coils. Typically, these latter three
structure elements are less crucial for the overall structure of
the protein, and amino acid residues in these structure elements
can be exchanged often without destroying the general fold of

the protein. A naturally occurring example for this design prin-
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termahlhgasheoepea@ﬁ@adb@nd&ﬁgeoftBelapatomeabelBge loop region
to a%eEect fron1thedgrou of aghlgens tioned

n
EbbGas CwRaFer RODRE GRNGAPFT ol 'St FROFUPSI DFob Pegrghed trom

the gnonpCDR ﬁEQﬁGﬁPSdéésmﬁDtlQp@dlﬁb@ﬁﬁbywbﬁﬁélﬂotbaldnapdlfled

strub%a§510msoﬁeggagoﬁpuheﬁeCDROEgghéhwgdbeg ﬁ5€p§g@Elflcally
FOVId nucl ei ¢ aci d encod |ng an | Nmuno ulin

bl“deHdSPﬁa §Ee&?FPEaPP§ £§caPd| 8R4+ OBRe FPPEF bPEoEBe steps
of: conprising at |east one structural |oop region, -

ToOhE98: 86, LoREARRE BUSheRL AR oA il BTk oina-
ing specifically to at least one flrst epitope comprising at
least one structural loop region,

- modifying at least one nucleotide residue of at least one
of said loop regions encoded by said nucleic acid,

- transferring said modified nucleic acid in an expression
system,

- expressing saild modified immunoglobulin,

- contacting the expressed modified immunoglobulin with said
at least one second epitope, and

- determining whether said modified immunoglobulin binds
specifically to the second epitope.

The method according to the invention preferably refers to
at least one modification in at least one structural loop region
of said immunoglobulin and determining the specific binding of
said at least one loop region to at least one antigen selected

from the group consisting of allergens, tumor associated anti-



- transferring said nodified nucleic acid in an
expressi on system - expressing said nodified
WO povsTgk@bul i n, - contacting the expressed noRCT/ERW06/050059
i mmunogl obulin with said at Heast one second epitope,
and - deternining whether sai'd nodified i nmunogl obulin
S |1 e n e h

gensy 334 RRCEa FRe FRUEREPonCRF SFoI bl T Fopang.  bugpet anci
gens»easraénénﬁ@qeﬁSCaﬂdoprphoapoaéagﬂt@g@nétrwbﬁuean tbepimmun-

oglobﬁghﬁnc@Btﬁ@hgnbnﬁHngﬁh@QHEh@daggrggtﬁkﬁlnHegptB@glon does
eci fi.c Eh é g of said at ﬁast one Ioog re |on to
not SBeFé£§Fa ¥ BhPfgER SardcebdlrRdim PRE gPbAES
cmh5|SErmg“mmmahbgngbn$;nsUnHCCasdmngatedthetpgeasnt inven-
tlons%hf énhbaﬁﬁﬁedeQég”Eéedbﬁgkgﬁhakhénkbgﬁgs1mﬁﬂﬂgghobulin and

ens, viral ‘ant gens an rot 0zooa
antlhﬁéﬁeaﬁethétpﬁﬁhﬁn@gﬁ %9D|mawoﬁﬁhphnﬁgmaﬁOunﬁﬁdmﬂﬂéa specif-

ic, §krmguuﬁablbﬁepbﬁﬁahﬁg g@@§e@e§e§pe§tfu@abkythbndpk@ferably
east on | obul_I ns"

n
ot 180 BhrEer Sbe e A ob Py s LR oRCF 0 SBe LaRERT Py e ds anti-
gensusedfbeternmbhchéeaﬁprnﬂumogIoEmmunogmdbamunbodycardlng to

the hﬂb@ﬁﬁh@ﬂg ?Ql %sga¥uﬁé@hghgln??ng@Et?EEEEe?Q@S'En'Ehe art,

tlva ent I ndi n Ero erties
SUChpﬁéfE?abF?batSPEHstsﬂﬁg g §béépfﬂémBFﬁdPﬁgcﬁ/?ésdP@ﬁlnsr Fv,

or oenbkoagsloét@v@s @BtboﬂﬁmﬁaFQEﬁFCb@rthe 1gmunoglobﬁllns, do-
C rotein o nogl obul i ccordi.ng.to the

mainfoEPheohBRRY nlR 1L AEY ORARRE) LB LRBCOLE DML bl%on (such

as Fdhevévthsuvh)asnﬁcthéabonstﬁut seggbe ofiakn dhikers efitibody

suchCE%C%HQOWEHQS Cﬁg @ﬁ40tb§ra99rbkatb¥e§e95 as mini-domains
onbi nafi ons’ of e i mrunogl obul’i hs, do mai ns_ of the

Consﬁé599gaﬁé FW@hPeEﬁaPﬁ§aB§Stﬁé QBrFQBPQOEé@PBﬁlPSQQHaé§ con-
nectEd, byl a Ykru¥YbBphrandibbe.constant regi on of an intact

aE%'bOanéggg 88dc%%atc¥%é %ﬁ@m %m?unoge?guEkh”as“mo ified

_ as mni - onalns consisting o rahds 0
immuaagilpbuhdgl obul i'Andoraphobohineatedrdyna sor tbeuialvention”

1nclh9@§ alHek§vHEg@ESB@Ogmﬁhﬁbgﬁegu§§hg‘ab”ﬁ@@@glﬂbagkﬂvatlve
"nodi fj ed i mmunogl obul i n' |nnun08%o ulin accord

1s apy Fﬁ@bFHQEﬁPPoﬁ PH€I88e§°5edéPW989 gbgtins of the"¥nven-
tioni andnogl abibshsnaprweklin Andehiivat Bvg Osmamy or minidomain

of tﬁgnghﬂgklﬁﬂog 19Heo%rtﬂgr§nbgHH989|8Q mh as Ee&hgt anx posi-

I nven or a fusron proteln I n any
tlonopfnpﬁed@ﬁamﬁr@foth@ruﬁﬁgﬁ@gnéb&suﬁhoﬁStnéheﬁvémmu@ﬁ-

globRYnBe ﬁmggﬂdgt 8BY¥ rpest bk@eegﬁspn@ngymgareogﬁhgrand the
roteins.(such as

I Muno ulrn and
llkegcaﬁfGFHl PbL8PNS T EH?yﬁ@@uPBQFEE iﬁa Phet ht98R58hc10n may

also be obtained by binding to other substances by various chem-
ical techniques such as covalent coupling, electrostatic inter-
action, disulphide bonding etc.

The other substances bound to the immunoglobulins may be
lipids, carbohydrates, nucleic acids, organic and anorganic mo-
lecules or any combination therof (e.g. PEG, prodrugs or drugs).
A derivative is also an immunoglobulin with the same amino acid
sequence but made completely or partly from non-natural or chem-
ically modified amino acids.

The engineered molecules according to the present invention
will be useful as stand-alone proteins as well as fusion pro-
teins or derivatives, most typically fused in such a way as to

be part of larger antibody structures or complete antibody mo-



l'ike) . A derivative of the imunoglobulin of the
invention may al so be obtained by binding to other
waashzaeees by various chemical techni ques suRCiT/EB2006/050059
coval ent coupling, electrostagtic inter action,
di sul phi de bondi ng etc. The t her substances bound to
lecu&gg Iggugggggbgh nggagug pbg% f%grggp¥gra%gsfra ments,
naclerc acids, ic an gny
Fv fé@ﬁmenéﬁi@ndthéh@tS(elg wa@zbsr9@sag§l@rt9rug§)theAengin-
cerclepi¥abing 8 @k%@u@@ mﬁmaegmbgbwhhehthe hBﬁo§F€61flc, bis-
m no_aci d se%gence e conpletely or part

peClgﬁﬁlnﬁfﬁﬁﬁﬁcﬁ Enefl CQFV enﬁH?P|88r5ﬁ1ﬂ8r§cFB§C¥fﬁ81tles at
the eagkeneémed anHedul e$lacber dbngibhet he pheseate time to con-

troligﬁﬁngkggewghk Pﬁeuégﬁghcgs gtngdﬁhgngtpEﬁgeEQﬁeaﬁlme ac-

usron pro teins erivat
cordipgi €al Eyef gsaviramsnen afwa)ecaplesnpd BaﬁtO§fSPahg@p-
lecudBti body structures or conplete anti body nol ecul es, or

?rts thereﬁ EF ch_as Fab fragnents, Fc fragnents ‘ fi-
qgferdt89ahl bbfiePseSPl mﬁPV T3BssPhrdte E%glPHE © anti
gensengi anééged protiénpgsstveprofduedlnkliedsl e$ whilehgane, tumor

assoB@QQéBGSthgenQ'SB@EEféﬁtlgéhﬁpegh ﬁesangagﬁéygafvgﬁtigens,

carr nor e ecificities a e sa tInE
fungpé EBE%EBPéraPrPﬁ@Z§8ﬁé EnfaoeB aBf Visplapatpeesslewpy be

intrbhaceal eney Qfsbkﬁ?tﬁga@t%bbp saNE guﬁenaane@bdupgst@ucture
t urrenents of, the annega u S
e B TRh L8R8 prECeRE PRy ERt EBR PERHA R PEERbAER shall
meantmOéatulgensrostanttgeasbkndwngtsiueseoﬁcalbrkcapsbéé of in-

tera@kh 859GRER EHQUED§3§88baE89169terBﬁmuﬁsbﬁoBGEhﬁgnSStructur—
enzyfnes, bacterial antigens, fungal antigens,

al 1BPBt6§668PSaﬁF|EEﬁ RAAOVi RAF QﬁtP@énéntﬁﬁ9cBerth antigens
but rAthedueedtirabata SbrUEEUbabthQpsQEuatgkéeﬁnaMbkadythe
blndg%ru%tue%fe e t%ETEc Ttlgen according to the present
nventi on shalPl Mean moracul es or structures known to
|ﬁh@raermo atipabkesef timorepaserhgtailt anthgceChHR- bodp anti-

gensreghgpmgé IHHHE@Q&Q@UEhEﬁgen§trgghgélagnkge@ngegpeeﬁozooal
he prior_art do not interact with antigens

ut
antlgﬁPhéPdCBﬁFﬁFbGPElESDFheaSGBFgFPgSFPuEPSrBrSﬁHPBrlPBentlon
shalllhénbilndenglioagfitegtas anbeeunkégensTheptkim of being recog-

nlsedakgeggeg tl ??;F% ?%h?&ed ﬁﬂtk9§8 P%S'Efaghbhgﬁgiecules

I'gens, funga
(espgp@ﬁéiwoaubaﬁrugéﬁraﬁdg@neaaléMtrgéﬁgredcégrasngep@tOPes

(e.gthe- @é@ie@bltBF§8§DQna§h§55g|B@'Hﬁ@yabkeahhﬂﬁﬁ§m§gﬂeglly

antigens ca e_of being rec njsed b ant i bod
relefdphcs re. A0 AP agERESIBFSaCR RYl Beareel oF monotlonal
antibodies.

The term “epitope” according to the present invention shall
mean a molecular structure which may completely make up a spe-
cific binding partner or be part of a specific binding partner
to the binding domain or the immunoglobulin of the present in-
vention.

Chemically, an epitope may either be composes of a carbo-
hydrate, a peptide, a fatty acid, a anorganic substance or de-
rivatives thereof and any combinations thereof. If an epitope is
a polypeptide, it will usually include at least 3 amino acids,
preferably 8 to 50 amino acids, and more preferably between
about 10-20 amino acids in the peptide. There is no critical up-

per limit to the length of the peptide, which could comprise



(especially substructures generally referred to as
"epi topes" (e.g. B-cell epltopes)) as long as they
wa@e@olomsenol ogically relevant, i.e. are al so PCI/EP2006/050059
recognlsable by natural or n?noclonal anti bodies . The
term "epitope" according to the present invention
a | ecul ar r h I
nearfyishenar S BRLERC bR ALy BB SpBREhEn sfBUSERRP FbEtépes can
be eipbeirf LénpprdPhgcpafphaptionehecbiindbag - ddmiilnear ehétope is
compkﬂHHHOQEOQUEhHgQE thgmBheseRrt ai BryRAti,0Bequeheni 6al bypoly-

g b Ee % ei ther be conposes of a.carbo h drate1
peptidgeptRda; §EEycReFaPes SABr §EnFeSHBEPHAC8 0P VEELaPPing .

Confbkmatﬁwaaltbpﬂeopeandranyompnbsedtbﬁnamuheraoﬁdslbranght to-
i 1,0Pe h §;R.P8LYRERL Yl t _
gechfl bl 8 AgPa ey BRE' Eypbbpttie e o) BERELELE" struc
turegggdnbhe Bméﬂ@ra@ﬂ?sbéfﬁeéﬁtaBQG@s§@rQQYaﬁﬂaéca@td§0|ﬁne an-
othekh@npeabld@neihegeqU§ne@ critical up per limt to the

t SPRCEERGENLEr "R RBESpBReI Gb SBHTGNERT opft apeuneaRically

relebenélmbépchﬂaearloe cohtoebathonabrepirtepese Afl aneapitope
in aeeghg@s k3 &8%@&&§€§v8&¥ o§'ﬁ&gﬁtﬁﬁgﬁﬁvblgfcérEéhQEEM to

sequence of g aln LI near I topes can
cithpg éoﬁﬂﬁ@éé@soért@v PPappRAgh C5AEBFNAE] BARP EﬁPF@EésStatus

in m?h?éé@ﬁﬁkhﬁ@ﬂo@ft?nbﬁ01ﬁghﬂ§nbgwuéhﬂ angebhatuby Epitopes

| 0 e 0 ptl to or rti
may ppg B b iCErlpiaE b Erb ant i iat k! FRlud ko ecutes,
i.e.tnodbmeudnsowheérhi npahhkel taegetsdgbgntbe Specufucabhydlng do-

malnthEeHeéhQESeétth%aEBuBQEto@ftﬁbaaﬂeéébéa|'y rel evant
lecules, i.e he absence or presence of an epito

pe
ﬁr§f§éﬁﬁﬂe ?élaﬁaﬁPFatFV@P§ BPSqtaRtPilagniépgns, self anti-
gens¢Oéheyaéed baceekhen andigeas¢ ounyalthathgahth ptatusooal

I SS tatus i,n_manuf act ur
%R hﬂgrgen§ 8F angégens,

antloen ang Qr O
gnVIronnen a 9 8 stafus . EplFopeS ma

WhicbthB@asﬁlpaﬁﬂYobeEhePap§9ﬂ|Calb? p&l avantapebéeupésbeing im-

munoﬂoech@h§CerﬁhﬁﬁhﬁEuQQEaQQyt§59§§§9tbyeEB@c§Q§nytﬁose, for
bi nd Ingnlo mal n ch changes he Course of

whichi gegd Pﬁéf%ﬁﬁé&aCXIPéPg ﬁ%“ terbREd aSSOC|ated
aohi geasotkekfhantly gensrdéngyttesanbabnter aapeant bfenke

preséHﬁgﬁhvéﬂ££83”3 Br8£8§?°BEn89£%989 ?B?t&%éa&ﬁycﬁe iptro-

gens, ar e ose a ergens ens
ducedlﬁéaayebééﬁusﬁ@Véh ﬂ@oﬁeréglaﬂércapﬁblbl@ﬂlﬁélﬁgpﬁﬁﬂtles

for BWA2LOfbEakLYe8r EB@haQQUHk§§E|Mrr§hQ ABL @ﬁﬁﬁiyﬁhEYSltes
of ehigngs HOr ARLED g, glinieal gtfigacy has beed LeStels analog
of an enzyme substrate.

Preferably the new antigen binding site in the structural
loops is foreign to the unmodified immunoglobulin. Thus targets
like effector molecules or Fc-receptors are preferably excluded
from the binding molecules and the specificity of the immuno-
globulins according to the invention.

Preferably, the new antigen binding sites in the structural
loops are introduced by substitution, deletion and/or insertion
of the immunoglobulin encoded by the selected nucleic acid.

According to another preferred embodiment of the present in-
vention the modification of at least one nucleotide results in a
substitution, deletion and/or insertion of the immunoglobulin

encoded by said nucleic acid.



On the ot her hand, according to another aspect of the
present invention also other binding capacities nay be
W0 pioso7deced in the structural | oop regions, ePQI/EP2006/050059

bi ndi ng capacities for small &mlecules such as drugs
or enzynes, catalytic sites O enzymes or enzyne
subst  Qr s ate a g
onoerhBhERiBesidh Br FAERE, PERBtrbleaTPrBarshi A may resuie

in assvbstmtvhéogtrdcﬂatapnl@cééorslﬁceétgﬁnt@ftheor more amino

ac1d§n”EQbEb%Qb&?“HnﬁthEUhhﬁatIEHS E%EE@E? |bkewﬁEﬁ80§96ps,
ul es or eceptors i grefg 3 y ged frgn1 10
moretﬁée ?ﬁ&?ﬂgtHSIS gre Sﬁdth pecifi rtéro rt Re

up tbmA3l0namghobakids.according to the invention.
P r w,_ant n :
ChFRE! APLYor 0 SEVA bOCG By ROb08S E faphink MEcion. mich
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are @Q@ﬁgﬁgeEYOkhﬁnﬁﬁbaﬁbéd ﬁgﬁhglQaﬁgbﬁlyAgéﬁéQhB@dtQnserts

ED erred enbodlgig t he greseg in venttﬁ
lntotﬁBc PE PFah SPORE - ?rBEElHE& eBEFUETFEQUlEs PR vse
of cambibstptritiloappdebeheen and/ or insertion of the

nganQQ|QQHE£n QCQgSE F¥ §8hd gu kgkgrgﬁig Jﬂgated or modi-

flcatlono the a st one regli
fiedr ggurenffAma §9BérF?BﬁP@nordeP§tPéﬁtaﬁéﬁéFrlﬁ§e§ﬂF6ﬁdéFeCted

randdmOfhufBgEenanti BOmaehdas . prakeeakkyhadpomat; Bt akk@Nto make
amlngﬁggggspoggflgaklﬁnsog% d%ggg?greé%&%ggngggfcgﬁggggguno—
globamiinoodckts. pAksenpr éhwenedohs Thetbete despect pdsitions are
choséﬂnQQHHHH§9t'89 aM%BB EBha €E5H89s09§e°ﬁaﬂgrSséﬁscbﬁhﬁllstlc

am no aci d resi dues of op are exch ange or
rule?ntFeaucéamE%?nélﬂaﬁaéﬁﬂyeﬁeﬁéwapédeﬁééﬁﬁstPnFéa§a8ﬁr re=
ferrstr uet Heak1baops. séhhﬁﬁﬁgtisabh méeﬁeﬂseﬁaySbéheouﬁaed with

of cgnbknat rlal roaches The gg % one Ioog
more SO 1S 1ca g eer% 9 8p8roac es emPlog electlon
on-Is pre era afe an

meth@éﬁ]tpaﬁé@ﬁﬁ@rhlghepaﬂEV@&Bapf b?qgeﬂeeddnccrédtyandom

A prgEE§9@aeﬁb§hH§tQeg§rdIH§S@o”@hgogﬁvgﬁ¥lgﬁ B@%grgotga%ﬁe ran-
am naQ aC| nodi fi cati ons at desired posI ti ons of the

domly maddtyraparFhesdf FﬁédpPQ%EHPlﬁnWBﬁFPoﬁomPﬁlFﬁését least
one nasésopddet repsaataegchasenheandgntlic eeqashne acHNNS-3',

51 _ Nﬁpaggg§ Fe ﬁﬁge wsing sinplistic rules. For exanple
r esi ues nay be nmutated to alanine, re ferred to

a@halaﬁnﬁ@méyamﬁﬁh@leSu@ﬁCh@#ﬁoaglﬁayO%@cuéapmém @gppprise the

abovED&@eﬁeﬁhhéal%@b@gtﬁﬁglGﬁ@tbngwﬁ@@hoééﬁésbeablﬁnﬂh@Mn nat-
el ection,.nmethods to sgreen ﬁlgher | evel s of sequence

uralzyV8F§PF§lng amino acl

As is well known in the art, there are a variety of selec-
tion technologies that may be used for the identification and
isolation of proteins with certain binding characteristics and
affinities, including, for example, display technologies such as
phage display, ribosome display, cell surface display, and the
like, as described below. Methods for production and screening
of antibody wvariants are well known in the art. General methods
for antibody molecular biology, expression, purification, and
screening are described in Antibody Engineering, edited by
Duebel & Kontermann, Springer-Verlag, Heidelberg, 2001; and Hay-
hurst & Georgiou, 2001, Curr Opin Chem Biol 5:683-689; Maynard &
Georgiou, 2000, Annu Rev Biomed Eng 2:339-76.

A “structural loop” or “non-CDR-loop” according to the



A preferred nethod according to the invention refers

to the ran domy nodified nucleic acid nol ecul e which
w@opises at | east one nucl eotide repeati ng uPCT/EP2006/050059

having the sequence 5 f-NNS-3 f, 5" -NNN-3"or 5'-

NNK-3" . The randomy nodified nucleic acid nol ecule
presTRY §RUBELSEA bE aboke LASNLLLLEd LRPPAL PUIUBLLAY nanner:
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t

ted %@r98PHSbFﬁdFﬁﬁmcﬁaFaﬁPé?F§F c&n5hB3 5P gsa barrel. In
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6SCi b e OW.
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ecul a | ressi on | Ca
the BB1BGH! RoaARa0RoLER: PORCEROANEPBOH) OBno T RGBE: AGoPS are

defipddt BdrbynDaebekr&cKontér iapps Spr hngeCbReidbags .
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are ﬁﬁécaéﬁﬁﬁnéncwﬁ%?FB&Fé @%Q@ﬁ?garﬁyLFB°FﬁE°§§e¥?PP€#ty
3.supf rihedantmbadytik, eCtheSbkldgngakboanLabbkgeﬁryTheéSs, New

| o re_cg 00 @h ops
oy R B ReTSne PACREFOantr BULERGLED PRgloy (sohn

Wlleyt&uépusé oﬁheheuﬁéEecuBeldﬁdtbattheceﬂﬁeébermodlfled immun-

ogloEHTﬁthBf thesgrkoans @h@eggﬁbﬂeﬁabebé'ﬂné%r BkHGEHrtho an
S Oor non | oops . The nucl ei ¢, aci d nol ecu| es

expraﬁégapngeFﬁernﬁa.Prear.ﬁﬁuﬁépaﬁasuﬁﬁﬁg (ARYRaPhapslins . Bx-
pressmohudedtbhsougpmuhlnpecmhpkesspanlﬁmmanbgmnbbehQMDperably

llnkggﬂugggkoggl éé a9¢ ngskugg¥%gga?hgg$g hghggstw1th con-

ell s, éxp re assay
trolspécrﬁgéﬂﬁtegy $ﬁa§@nseactB@é@caabl@amaréaréutaayuﬁQSlon

partﬂ@k% kﬁﬁﬂ@o@rQggﬂﬂﬁgﬁala@ﬂeﬁeﬁﬂé|eTMeoﬁoﬁﬁfﬂéaslhﬁ@ho—
i nvent i n are des bed

e in the present i
TR oRFRECR A AXEBEAPBY JaNRRGaProdoead Py g4 turing
a ho@hhneaﬁlSraﬁbfdrﬁpdlWgthbnboﬂehababaﬂorpréfesablybmm expres-—

sion vector, containing nucleic acid encoding the modified im-
munoglobulins, under the appropriate conditions to induce or
cause expression of the modified immunoglobulins. The methods of
introducing exogenous nucleic acid molecules into a host are
well known in the art, and will vary with the host used. Of
course, also acellular or cell free expression systems for the
expression of modified immunoglobulins may be employed.

In a preferred embodiment of the present invention, the mod-
ified immunoglobulins are purified or isolated after expression.
Modified immunoglobulins may be isolated or purified in a vari-
ety of ways known to those skilled in the art. Standard purific-

ation methods include chromatographic techniques, electrophoret-



York, 2001) , and Current Protocols in Ml ecul ar
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As is known in the art, a subset of screening methods are
those that select for favorable members of a library. The meth-
ods are herein referred to as "selection methods", and these
methods find use in the present invention for screening modified
immunoglobulins. When immunoglobulins libraries are screened us-
ing a selection method, only those members of a library that are
favorable, that is which meet some selection criteria, are
propagated, isolated, and/or observed. As will be appreciated,
because only the most fit variants are observed, such methods
enable the screening of libraries that are larger than those

screenable by methods that assay the fitness of library members
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The biological properties of the modified immunoglobulins of
the present invention may be characterized in cell, tissue, and
whole organism experiments. As is known in the art, drugs are
often tested in animals, including but not limited to mice,
rats, rabbits, dogs, cats, pigs, and monkeys, in order to meas-
ure a drug's efficacy for treatment against a disease or disease
model, or to measure a drug's pharmacokinetics, toxicity, and
other properties. The animals may be referred to as disease mod-

els. Therapeutics are often tested in mice, including but not
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ize, or agonize growth factors or growth factor receptors and
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In an alternately preferred embodiment, the modified immuno-
globulins of the present invention are used to block, antagon-
ize, or agonize enzymes and substrate of enzymes.

The modified immunoglobulins of the present invention may be

used for various therapeutic purposes. In a preferred embodi-
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employed in combination with still other therapeutic techniques
such as surgery.

A variety of other therapeutic agents may find use for ad-
ministration with the modified immunoglobulins of the present
invention. In one embodiment, the modified immunoglobulin is ad-
ministered with an anti-angiogenic agent, which is a compound
that blocks, or interferes to some degree, the development of
blood vessels. The anti-angiogenic factor may, for instance, be

a small molecule or a protein, for example an antibody, Fc fu-
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Administration of the pharmaceutical composition comprising
a modified immunoglobulin of the present invention, preferably
in the form of a sterile aqueous solution, may be done in a
variety of ways, including, but not limited to, orally, subcu-
taneously, intravenously, intranasally, intraotically, trans-
dermally, topically (e.g., gels, salves, lotions, creams, etc.),
intraperitoneally, intramuscularly, intrapulmonary (e.g., AERx™
inhalable technology commercially available from Aradigm, or In-
hance™ pulmonary delivery system commercially available from In-
hale Therapeutics), wvaginally, parenterally, rectally, or in-

traocularly.
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American Type Culture Collectlon Furthermore, also plants and

animals may be used as hosts for the expression of the immuno-
globulin according to the present invention. The expression as
well as the transfection vectors or cassettes may be selected
according to the host used.

Of course also acellular or cell free protein expression
systems may be used. In vitro transcription/translation protein
expression platforms, that produce sufficient amounts of protein
offer many advantages of a cell-free protein expression, elimin-
ating the need for laborious up- and down-stream steps (e.g.

host cell transformation, culturing, or lysis) typically associ-
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- providing a nucleic acid encoding an immunoglobulin bind-
ing specifically to at least one first molecule comprising at
least one structural loop region,

- modifying at least one nucleotide residue of at least one
of said loop regions encoded by said nucleic acid,

- transferring said modified nucleic acid in an expression
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peptide chain with two specificities, like e.g. two scFvs linked
to each other or the production of so-called diabodies. Such mo-
lecules have been shown to be far away from the fold of a natur-
al molecule and are notoriously difficult to produce (LeGall et
al. (2004) Protein Engineering, Design & Selection vol 17 pages
357-366) .

Another problem of the current design of bispecific antibod-
ies is the fact that even if the parent antibodies are bi-
valently binding to their respective binding partner (e.g. IgG),
the resulting bispecific antibody is monovalent for each of the
respective binding partner.

The preferred multi-specific molecules of the present inven-
tion solve these problems:

Expression of a bispecific molecule as one polypeptide chain

is possible (a modified Ig domain with two binding specificit-
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The specific binding domains within one polypeptide chain
may be connected with or without a peptide linker.

Some antibody classes can be regarded as multi-specific, in
particular bispecific, by nature: They bind to an antigen (which
is typically e.g. either a foreign structure or a cancer associ-
ated structure) with the variable region and bind to Fc-effector
molecules with the Fc part (e.g. Fc receptors on various immune
cells or complement protein) thus enabling effects such as ADCC,
ADCP or CDC.

The Fc-effector molecules are bound by the Fc-part of an im-
munoglobulin molecule (for IgGl it consists of domains CH2 and
CH3) and a number of methods have been described to optimize ef-

fector function by improvement of binding of the Fc-part of an
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23:1126-36.) .

Neither CH1 nor Ck or CA domains mediate effector functions
which i1s the reason why Fabs do not show ADCC, ADCP or CDC.
The WO 02/44215 describes binding molecules which consists of
the antigen binding site of an antibody and a peptide binding
Fc-effector molecules. In such a way an antibody fragment dis-
playing effector functions can be constructed. The peptide is
being incorporated into the binding molecule at a position that
does neither destroy the antigen binding nor the ability of the
peptide to bind to an Fc-effector molecule.

According to the present invention however, the binding to

Fc-effector molecules may be performed with modified immuno-
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Since the modified immunoglobulin may be employed for vari-
ous purposes, in particular in pharmaceutical compositions, the
immunoglobulin is preferably of human or murine origin. Of
course, the modified immunoglobulin may also be a humanized or
chimeric immunoglobulin.

According to another preferred embodiment of the present in-
vention the human immunoglobulin is selected from the group con-
sisting of IgAl, IgA2, IgD, IgE, IgGl, IgG2, IgG3, IgG4 and IgM.

The murine immunoglobulin is preferably selected from the
group consisting of IgA, IgD, IgE, IgGl, IgG2A, IgG2B, IgG2C,
IgG3 and IgM.

The modified immunoglobulin may be derived from one of the
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According to a preferred embodiment the constant domain is
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The modified immunoglobulin according to the present inven-
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CH3) . Of course also the order of the single domains may be of
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According to a preferred embodiment of the present invention
the structural loop regions of the variable domain of the immun-
oglobulin of murine origin comprise amino acids 6 to 20, amino
acids 44 to 52, amino acids 67 to 76 and amino acids 92 to 101.

The above identified amino acid regions of the respective
immunoglobulins comprise loop regions to be modified.

The immunoglobulin according to the invention is preferably
of camel origin.

Camel antibodies comprise only one heavy chain and have the
same antigen affinity as normal antibodies consisting of 1light
and heavy chains. Consequently camel antibodies are much smaller
than, e.g., human antibodies, which allows them to penetrate
dense tissues to reach the antigen, where larger proteins can-

not. Moreover, the comparative simplicity, high affinity and
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titration calorimetry, differential scanning calorimetry, gel
electrophoresis, and chromatography including gel filtration.
These and other methods may take advantage of some fusion part-
ner or label.

The modified immunoglobulin is preferably conjugated to a
label selected from the group consisting of organic molecules,
enzyme labels, radiocactive labels, colored labels, fluorescent
labels, chromogenic labels, luminescent labels, haptens, digoxi-
genin, biotin, metal complexes, metals, colloidal gold and mix-
tures thereof.

The modified immunoglobulin may be conjugated to other mo-

lecules which allow the simple detection of said conjugate in,



i mmunogl obul i n of human origin conprise preferably

amno acids 8 to 20, amno acids 44 to 50, am no acids
W@72006/0072680 and ami no acids 89 to 101. Accor di ngP@ER2006/050059

preferred enbodi ment of the present invention the

structural |oop regions of thie variable domain of the

for gﬁ%ﬂé ﬁgg' OB%dﬂngf QQ '9' Rr I8P’ 4 r?gs%g]ﬁ?n iggﬁdies.

amno a aim no” acli _
ahdoshtroaappds 92 tb619168¢hé apvestidenrelpbdsahng immuno-
globﬁ@hﬂ E@ﬁb@@%lﬁ& blrear esR8ehLh¥eabREYAOYL®RBLEAS from the group
I‘Srggrlse Ioo |ons ho be4nod|L|ed The C £ tn ~
consi HggPSbEﬁ 80r8ﬁ 4] 8% nd9nentPonCr sor @ par ere
of 1pceﬁdﬂablmlnﬁdoaaéhsorbglnomﬁanatlanslbbdmesfcowmthsat least
one ngﬁnggglgﬁaVthg Ee?gg gaXS Eﬂgtsggﬁdagklgggsﬁ one loop

as normal anti I es Cconsi s
regippagympharas atChrsefuenel gméanepcadt mp a¢é§a5ﬁ@nnﬁ@ﬁmlng at

leasﬁ"@hbeﬁoﬂh@ﬂedelgop Bé@ﬁﬂn@nhhbgghﬁssamﬁlﬁh akbeWsone modi-
£ dwﬂen1to enet dense |ss#? gai e antlgeg £
TEwnEPB FS g8p b AESE4htABl LY Pe8 cafheone c€b1LOPE ©
an apbApgenati ve S|an|C|ty, high affinity andspeC|ficity

a@g EEG PQEEQEéﬁetBocBﬁBEHeaﬂgl%Bgfggfg &%theQEE'Mﬁe modified

sites, aln antl | es resent
antlhedanﬁagééno&erbéaﬁﬁaa At thedFESCifhiicheagsapgnvia the non-

varlabméugbqaanaae appbt@abtagamflsbpmlﬁathyavan@abteone other
obulLin

oindg BRPRBEESupp B Al Y20 PPoktt SBRCERRG AR QoMY Aesment,
solubékectedrtprom théigrodporoaspshiengmofliCiHed €RRibndyCHiBmain.

TAECALHLRY1L0; 8 Qé@é@Eé&deHHoghgegiﬁﬁﬁ EBSsEE@%S?tof pro-

|nvent|on the_l oop regions of
telnéSﬁ@PslﬁﬁﬁﬁﬁﬁﬂéﬁulPHC 8ﬁﬁr?§éd§n1ﬁBdaE?Hgoéyﬁéaﬁés

aMh601a6pdseaﬂoh9 39, thel nodacida 4dmtifodBobaling may spe-
2 1.0 85 nodagkd%l é to 10 am ng aci

c1£i81 8% BEabOrRoandkifarE e B1Raha 4810080 IR Bakficurar

to pppesénaceavennpdacthesspeeptednbi ndbpgidest heokpaepiades,

nuclbﬁguﬁeghgbUBHQCﬁﬁsth@aﬁBoh?@BE@ebs debengl neflaby @rganlc mo-
bi ndi n%aassag sel ect ed rom.the group. consi Stl n

lecul gRyunsfegpeat-c a§§é§§ulﬁﬁefQﬁaEPyréﬁzyﬁEelWﬁﬁéélgﬁ1lmmuno‘
globumlihasombgntoapsays GELISApt, taurflace pkgsbns wasesbgceach of

the 3538 FoqtoLYTAL(00oLLAPSLEE ! LSHEDEC DUEL Bl ot o
epitApebear magnetic resonance spec troscopy, conpetitive

aﬁ@@M%dlhgsﬁéeabFBgEQQr@&SéM§odhh¥ﬁtC§k|tﬁénﬁkegent invention
the iaxulenglnghkg %g % grgggl%iggystructural loop region is
selected from the group consisting of tumor associated antigens,
in particular EpCAM, tumor-associated glycoprotein-72 (TAG-72),
tumor-associated antigen CA 125, Prostate specific membrane an-
tigen (PSMA), High molecular weight melanoma-associated antigen
(HMW-MAA) , tumor-associated antigen expressing Lewis Y related
carbohydrate, Carcinoembryonic antigen (CEA), CEACAM5, HMFG PEM,
mucin MUC1l, MUC18 and cytokeratin tumor-associated antigen, bac-
terial antigens, viral antigens, allergens, fluorescein, lyso-
zyme, toll-like receptor 9, erythropoietin, CD2, CD3, CD3E, CD4,
cpli, Cbl1la, CD14, CD18, CDl19, CD20, CD22, CD23, CD25, CD28,
CD29, CD30, CD33 (p67 protein), CD38, CD40, CD40L, CD52, CD54,
CcD56, CD80, CDl147, GD3, IL-1, IL-1R, IL-2, IL-2R, IL-4, IL-5,
IL.-6, IL-6R, IL-8, IL-12, IL-15, IL-18, IL-23, interferon alpha,
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above. These molecules comprise also allergens.

According to another preferred embodiment of the present in-
vention the amino acid residues of positions 15 to 17, 29 to 34,
85.4 to 85.3, 92 to 94, 97 to 98 and/or 108 to 110 of CH3 are
modified.

The modification of the immunoglobulin according to the
present invention is preferably a deletion, substitution or an
insertion.

According to the present invention at least 1, preferably at
least 2, 3, 4, 5, 6, 7, 8, 9, 10 and 15, amino acids are de-

leted, substituted with other amino acids (also with modified
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preparation of a vaccine for active immunization. Hereby the im-
munoglobulin is either used as antigenic drug substance to for-
mulate a vaccine or used for fishing or capturing antigenic
structures for use in a vaccine formulation.

Another aspect of the present invention relates to the use
of an immunoglobulin according to the present invention or ob-
tainable by a method according to the present invention for the
preparation of a protein library of immunoglobulins.

Yet another aspect of the present invention relates to a

method for specifically binding and/or detecting a molecule com-
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Another aspect of the present invention relates to a method
for targeting a compound to a target comprising the steps of:

(a) contacting a modified immunoglobulin according to the
present invention or a modified immunoglobulin obtainable by a
method according to the present invention capable to specific-
ally bind to said compound,

(b) delivering the immunoglobulin/compound complex to the
target.

Modified immunoglobulins according to the present invention
may be used to deliver at least one compound bound to the CDRs
and/or modified loop regions to a target. Such immunoglobulins

may be used to target therapeutic substances to a preferred site
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The choice of the site for the mutated, antigen-specific
structural loop is dependent on the structure of the original
immunoglobulin and on the purpose of the additional binding
site. If, for example, the original molecule is a complete im-
munoglobulin which needs to have inserted an additional antigen
binding site without disturbance of the effector function, the
loops to be modified would be selected from domains distant from
CH?2 and CH3 which are the natural binding partners to Fc-effect-
or molecules. If the original immunoglobulin is a Fab, modifica-
tion of loops in constant domains of the light chains or the
heavy chains or the respective variable domains is possible. To
generate a library one may prepare libraries of mutant original

molecules which have mutations in one ore more structural loops
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A further aspect of the invention is the combination of two
different domains or minidomains selected from at least two lib-
raries according to the invention in order to generate multispe-
cific immunoglobulins. These selected specific immunoglobulins
may be combined with each other and with other molecules, simil-
ar to building blocks, to design the optimal arrangement of the
domains or minidomains to get the desired properties.

Furthermore, one or more modified immunoglobulins according
to te invention may be introduced at various or all the differ-
ent sites of a protein possible without destruction of the
structure of the protein. By such a “domain shuffling” technique
new libraries are created which can again be selected for the

desired properties.
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one ﬁbhgfggagggﬂ Eﬁegsstructural loop according to the present
invention. Also for the antigen binding molecules according to
the present invention it is preferred that the new antigen bind-
ing sites in the structural loops are introduced by randomising
technologies, i.e. by exchanging one or more amino acid residues
of the loop by randomisation techniques or by introducing ran-
domly generated inserts into such structural loops. Alternat-
ively preferred is the use of combinatorial approaches.
According to another aspect, the present invention relates
to a modified immunoglobulin having an antigen binding site for-
eign to the unmodified immunoglobulin and incorporated in one or

more structural loops. The term “foreign” means that the antigen
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canpfRHESHLEL COMBEL SR P L see! g LURUNOgl oML D,
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Chlamydia-, Leptospira-, Rickettsia-, Mycobacterium-, Treponema-
, Bartonella- antigens. Preferred eukaryotic antigens of patho-
genic eukaryotes include antigens from Giardia, Toxoplasma, Cyc-
lospora, Cryptosporidium, Trichinella, Yeasts, Candida, Asper-
gillus, Cryptococcus,Blastomyces, Histoplasma, Coccidioides.

Preferred immunoglobulins according to the present invention
comprise at least two antigen binding sites, the first site
binding to a first epitope, and the second site binding to a
second epitope.

According to a preferred embodiment, the present immuno-
globulin comprises at least two loop regions, the first loop re-

gion binding to a first epitope, and the second loop region
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sequence immunoglobulin domain sequence or any other fragment of
a full-length immunoglobulin domain sequence as disclosed
herein. Preferably, a homologous immunoglobulin domain will have
at least about 50% amino acid sequence identity, preferably at
least about 55% amino acid sequence identity, more preferably at
least about 60% amino acid sequence identity, more preferably at
least about 65% amino acid sequence identity, more preferably at
least about 70% amino acid sequence identity, more preferably at
least about 75% amino acid sequence identity, more preferably at

least about 80% amino acid sequence identity, more preferably at



sidered to be bound by the antigen binding site
foreign to the unnodified i munogl obulin. Preferably,
W@ b@oamee@gen is sel ected fromthe group consi SECT/RB2006/050059
pat hogen antigen, tunour as i ated antigen, enzyne,
sub strate, self antigen, oiggnic nol ecul e or
| Lergen,-Mor r n er el d. fr

reasy ABLAE a5y R b Aot SR C e T Re Rk g oE PR g b o Bkanly at
leasinebgutis 967 am@hgeﬁglﬂr@ﬁqBaﬂﬁ@gédgnﬁﬁtyuk@py@t§r@ferably at

leaskhagesc Bref ghfad &b&@'EéabbE%eslueﬁkHQ? E8Va, nEBYve immuno-
-, Parvovir

I
glObEEgétﬁPﬂélV'FE@B?“CPPaQFvPPM58§ Ve SPRFF 19F$&¥ dE%&Pﬁd
fragMentuspfPax£f¥ili udenSohl ipoxnyglobpliadbesi¥i sagpence as dis-
r rus, Adenovirus, Papil |loma Virus, Polyoma
Clos%?rgg?ezéfvoviru$, Rhi novi rus, Coxsackie virus, Polio
Vi'PASCEeBEENGYI r 88ingdapahdsecaneBphal fensivyf ugithbeagaeect to

the YhmuﬁogIbgﬁlﬁﬁra@mgmﬁeeeqhbhbésvhaéﬁtlfﬁbaonbEeyar1s defined

onavi r.us

es tor ncyti al r
as tjar HERPPOBADE OFr BihEaoe) Be CELIATAS hagshobiitate seauence
thatRabeesd¥ntisel Rothvihasammhbgensd peefidneedibather spkcific

1mmuﬁ8gi%SP§1hn8BHg§nP§§ﬁg8HB@asafty¥cgﬁﬁghgﬁg HE: sequence and

ococcus- I'a- Meni ngococc
lntrB@P@PPHagapEvsﬂérPﬁceﬁﬁﬁ§§erFQ acbﬂégﬁrFH?uﬁﬁleum percent

sequEﬁ@Beﬁuéhtaty,Lagu0ﬁatlaonsBaékthSanyLa@h@@aeathU§ substi-
Strestococ

T T SO A ——

of deumppwyliobagt percelar dndbacteidugegubnancidehkaty can be

ach15$53099395§50usF@QggphhgﬁsareKkggﬁhﬁlkﬁe's§919ehhathe art,
Yersinia-, Vibrio-; Chlanydia-, Leptospira-

for RPE&@PF§VauslﬁﬁcBBE&ﬂéﬂVuﬁVal#?€58néﬁﬁPUterBéP?EHéF?asuCh as
BLAS@Nt BURBS-2, Prefienr ed ga&a&yghlQDHABngmsSeEtwakbo Those
sk11$ea'c e%hafxo €5 hnglude antigens, fr°”£9 aLdlasiers for
oxoplasma, “EycF8spora ptogﬁo dirgm FriehrnelPa;
measvéasgsalcanmeda, Aspéudgnglasy algprocbmgusceded to achieve

max1§5§859ﬁ?ﬁﬁéntFk%&@Dkﬁén@u1§0@ehgtﬁl desthePsefBEREEs being
I NMnNog obul i ns accordlng to theé present i nvention

compagadrise at | east two antigen binding sites, the first

site binding.to a first 0 d_the seg ond site N
rnarago: 8oSd.Sedhankh ¢ SRRt ORE. uRhiR oY abh Sphpyfgd as de
scribatodetent byt heipoesbat WWnBLASTgPobahpnteonprpgesmat(Altschul

et aheaSMeEﬁBdEOQH Eﬁgyﬁ8§og%h§6%'@§b h@@p(ﬁ99959n hb@@'@g the
first epitope he sécond dPglon i ndi ng

WU- BPésg 2eEBREC pPﬁSB@etEFFhéFetﬁét F°|§5§t pEtto VaéPes
Thoskeast second Hedpulegiamuek,bathb.payhbeadgutabbla paramet-

ers,sg 80E§£?L%éﬁfgheT?81hgﬁﬁ 8gbg9HEEnsoggggggianEglshgverlap
fractlon 0.125, word threshold (T)=11, and scoring
matrix=BLOSUM62. When WU-BLAST-2 is employed, a % amino acid se-
quence identity value is determined by dividing (a) the number
of matching identical amino acid residues between the amino acid
sequence of the immunoglobulin domain of interest having a se-
quence derived from the native immunoglobulin domain and the
comparison amino acid sequence of interest (i.e., the sequence
against which the immunoglobulin domain of interest is being
compared which may be the unmodified immunoglobulin domain) as
determined by WU-BLAST-2 by (b) the total number of amino acid

residues of the non-randomized parts of the immunoglobulin do-



i nclude the fragnents thereof known in the art to be
functional which contain the essential elenents
waewodony t o the present invention: the struckCE/EP2006/050059
| oop regi on nodified accordkﬂ%uto t he present
invention. Preferably, the i nogl obul in according to
. th nt.in n c d as
nain; O BOERERNr e domaranrt 3 “AMDERE eRarEbe o bl Typgptice
compiiiAildenahnamand eaéd d@quenceoﬁtahmghahaseagth@ﬁéng at least

80% éﬂﬁhgeﬁc@dngeQGeﬁbeeldéhﬁQth%BeEﬁédahin@na01d sequence B",
nog%ggulln accordin %gﬁthe i nven tion, which

i nmu
the eBnppPi s64dafeABgEE ofte nCOFPERESEBNERARP PEJFoReTuUEnce
of iandtestatnHeadt eméndommid ekqtibacwaBi abl eheegmdnookcid se-

auentReOEMTNO0 GLARNLA B85 n2BAL o BOr enf lngiuding 2

onmal n varl a
e%anﬁlErﬁﬁ@rre@demHOQh@eaitéhﬁ1hamun@gﬂ@hulén gReording to

the !ﬁﬁeﬁbh@ndﬂgahnbhbﬁEQQfﬁ@ énﬁﬁgbﬁyegrcﬁ|bﬁ@ﬂe@ﬂflﬁoélngle
nst

chai b ahET PEaTenEaE hEAt S CTTRaCH SrerPal FRyiBarBBgL PRl in

compateesdangitpethéicndentionocom parseshardoffaincihdting a min-
idomgﬁﬁ at | east 50% honol ogy with the unnodi fied domain.
e term "honol ogy" indicates that pol ypepti des have

tﬁBesaW@UBPgé@h§g%9e60?@§ﬂaaéstattBecBF?§§EBnHPH§nthD may be

usedpP@sirt kAR pArpbekr kAbwARLY, tEecardaryroimh@hbya@bPulins but
mal s to

t t . .
aLsop GhRBIEF GaPRdaGah LB SeRBot g e nd RGRIBgoRE tRe combination
of spetypéptides intHonvtedobs thmrupogkebtl invdoképn' Accord-

1ngl9eaﬂﬁeaﬂthH8899E9@thnagegghﬂnecﬁerghgg E@s%ﬂ@ inventions
i nvention having at |east about oanlno acid

are Eéﬁ@@ﬁé@lydéﬁ?ﬁt§oﬁnFHeFéﬁgPHlFoaadfEFPPpgﬁéFﬁlﬁaPP9e(e g-

as afegquence bmmpaeghobulimnudefBenap@flieice PprepAyadtifier and ana-

fragnent of. a full- Ieg t h_ i pmunogl obul i n domai n
lytlc g and fo dl ga9 %c use.
Sequence "as erein’ Preferably, a honol ogous

|ﬁﬂghbgrobaPEﬂtd@ﬁathemPFESﬁaVeiaVehééQﬂ abbates0wp a kit of

blndéﬂbn?aéﬁhgrgeeeﬁesgnhgsntIty preferably at |east
about 55% am, no acid séguence identit [ror e

(a) p?e@@ﬁéEF?da%mWEﬁgngBBﬁ%n6b@§éﬁ9n6na PngﬁauEHEang site
foreiidantbt yhemnaupbgiebahliy ahcbepstraabdutin6beadirnmore struc-

Ci qu e identity, nore preferably at | east about
turaiogg ﬁ?hoS§§|d sequence identity, nore preferably at

(b) | eabindbbat m?Eecuhineontprénseguenceritenei of, sabfdeantigen.
pBﬁEBrébb¥n§§nbeﬁ§le@QQét 50%%§51ﬁ9ta§bgo§@ﬂﬁgn€§ the present

lnve|d ntlté go e%erabh at |_east ag Elng%%an1no 2 ldl f
8b4BnERYi HEnbPEY, TRor SUBPoE GV ARPY C g specificity o
the modified 1mmunoglobulln according to the present invention.
By using the binding molecule of this kit according to the
present invention, the potency of the modified immunoglobulins
according to the present invention may be determined.

Potency as defined here is the binding property of the modi-
fied molecule to its antigen. The binding can be determined
quantitatively and/or qualitatively in terms of specificity
and/or affinity and/or avidity as used for quality control pur-
poses.

Moreover, the binding molecule of a kit according to the
present invention may be used for selecting the modified immuno-
globulin according to the present invention from a library con-

sisting of at least 10, preferably at least 100, more preferably



| east about 90% am no aci d sequence identity, nore
preferably at |east about 95% am no aci d sequence
WO d@an72690 t o a native inmmuno gl obulin donain SECIEPIYEG/050059

or any other specifically de ed fragment of a
fuII-Iength innunoglobulin |n sequence as dis
e re 'Per am.nQ.a eq
at 18 eﬁtﬁpﬁﬁ h?ﬁe %e%SFEF A%ﬁ Eéagt Ebﬁogo ggggglally at

leas§eé@@ﬁ@@slmméﬁpgﬂpbdlhéﬁeWﬁthsddéfﬁﬁ@dta@oﬂhélcatlons in the
struP€hLegnt agepef amino acid residues in a candidate

sequence tﬁat are tical with the am no

r L8j AGES AN EReWsp CFF?chﬁﬁﬁﬂBgFBBﬁPFﬁoaonﬁPﬁ of the key
featsequen€ethaf peesahtghhngnthenséquehee ahd entyiodaeing of the
1mmug8§§0bhﬁlﬂe88ﬁ§§5¥ tg egcphSXS Eg gﬁ%bﬂE”&H%EﬁeQEe not nor-

uence 1 den , consi deri

mall&oh@@p&a@dvénsaa§ﬁge@ubpeﬁsnas Bﬁr?tbﬁrtH@r§équéﬁcéeglons

othekdEHEhtiheAngB"Bgtaﬁoénﬂﬂbﬁagesgﬁzwggt@bgb@h@@ that the
rce 0.acl S ce iL.aentli n e
spec Bl S baeo oy B TaPE SR HORELRE ell Pror HREnARLFpauct ion

of rﬁodomnmuaatepnasungrpgbbnslyhavhlhablstcunputeﬂly analogous

to tzngB@Ee§§HC 1@%e§%ﬁ§T1anéEIt% A&hcg%gﬁekggangg regions

AR) software. Those' s
idengafépdi ¥ ébﬁrﬁﬁﬁﬁﬁﬂé baVﬁﬁﬁﬂ@ﬂsaFér ﬁé5§uPPH§r loop regions

conn@btgﬁqeehe baebuetﬁgnaayﬁal?aéi&hmﬁneg@dgdlﬁﬁ aehbeve
over thnhe ul

S EnCRE eI TG CBhpaF el S5 aRf HBA0NTr ShuBAEE DY Tntrodu-

Cingldendpmymuahuesnﬂaynbehebﬂappsdcasndetsoglbedabetoamuy A-B

and ESFneftthMHaﬁLﬁ§E12cﬁ9”HHh§EnPfﬁaEéﬁb&Abh§CBHha§Bs were se-
hods 1n Enzynol ogy 266’ 460- 480 ( 1996))

lectgd #Hétv@EBEAS?e§l§éS?&ﬁYpSPaﬁéFE?§ apPeé séﬁk?or?ﬁgptor 9-
peptddéamELRVabUGS toTheseehot 1gebzimedefntih ¥akueSpeptide and
t he_adj ustﬁblghg?ranet ers, ,are et MAth t he

@ PrpEL B REPTSF I Yoy s B SpAREI MoGVEHTEp FrREPT 6Rd0a"d
ng-v P p

bound1psg, hwuped ﬁHBedhden§TpflEgGéndTbeomuhgtions introduced by
us iABYEGHX= §E€§9W§gs 1Mhﬁﬂlw@'§56§$tgd'§mgﬂglQMQQ résfﬁues in

am no acid quence identity value is determ ned ¥
the §iAGYRG £aUERESNURBE: 6P LREPENPHgTPAGRFL YaP PaRFRY oS idues,
and abeg¢ aeésbdieslbdewkanctrhéocani n@ astdasegtiiancaecotl rbeidues in

the gggp Ogggggghgﬁdgggbg of interest having a se quence

rom the natirve i nmunogl obul in domain and the
cBipanrfpseayamaoimehdogégheheée dpmphner ésem( png, clgfpe of im-

muno§@@5ﬁm§ﬁsagﬁdnﬁkoﬁhhﬁﬁuhﬁgleHMﬂﬁg|@Qéhl8n905§b61@E are
whi. ch naﬁrﬁg t he unnodi fi

erest |s bein are
amenpREnGE 5BaF| hYBGnanp AL GEt CPr nEU by FBOBEASTL20BY the
specfil)ct heopet abhrpanbdr iof ths poecaentd invention can be manipu-
lated, but any loop connecting beta strands in immunoglobulin
domains can be manipulated in the same way.

Engineered immunoglobulin domains from any organism and from
any class of immunoglobulin can be used according to the present
invention either as such (as single domains), or as part of a
larger molecule. For example, they can be part of an intact im-
munoglobulin, which accordingly would have its "normal" antigen
binding region formed by the 6 CDRs and the new, engineered an-
tigen binding region. Like this, a multi-specific, e.g. bispe-
cific, immunoglobulin could be generated. The engineered immuno-
globulin domains can also be part of any fusion protein. The use

of these engineered immunoglobulin domains is in the general



resi dues of the non-random zed parts of the

i mmunogl obul i n domain of interest. For exanple, in the
wQr@bemesed "a pol ypeptide conprising an am no BCI/EP2006/050059

sequence A which has or hthgg_@t | east 80% ami no acid

sequence identity to the am aci d sequence B", the

fiel§t Lo ACI ¢ a°d¢ eﬂ%ﬁ ﬁg %E?lﬁgﬂparlson ani no_aci d

quence O I n ere € amno acid sequence Bis
tﬁbeadpm@laéidfséhquéﬁééovﬂDGhémmnﬁggbgb@bansnaa@nunderstood

as 1ﬁﬁuheb§6§§§1nlHoﬁa@h%fﬁékéd enbodi ment t he
Enu globglln agcordlntho thevlnvgnﬁlon a
bt SpelPFr c19Rt #BBdyI6F Albi Spectfi cCEingtl chgﬁﬁ
afbrbody. akdr THBr : pvef eCLedVig ChHat Che, i anBpogHeébul i n
conprises a bispecific domain or a part thereof

incIuding a mnidomain . The immunogl obulin according
t b-t Renglesémnuppagéabndnnnggmpengsednfoniang porpbseside,

i.e. ke@Fﬁekplhhgoa 12 E@hnbﬂgﬂﬂggb@EHLbﬁﬁahdb ghgp @?Ebb@SF G
a | catl O ar e e e Cco I Na on. of
(the R b e TR e Pafbesachy ot nads Bolas dPRaLRe: shicn%bre
covepedobyg magyypaphatsmnunogbbbubtnandscerﬁbng Dp tAeC' and
cr- Br ﬁeEhe'Bg@@tbﬁnéaéﬁgbﬁéeESﬁQth U8§dEf9f<EH8raBSHkbﬁ"

actic use as an active or passi ve
Slngﬂﬁn&ﬁepﬁepap§py CP@PlBﬁéhQPapﬁvéoﬁﬁé 8RB Pyt rendesiand-

Resifigesdtagnpst tEadged, Aget Beedaspechdafi ti Baapr esehtiuves can be
vention relates to a kit of binding partners

inseggﬁgaining (a) a nodified i munogl obul i n havi ng an
antigen binding site foreign to the i nmunogl obulin

'QC05995@%e§mhﬂn88§oBﬁlﬂﬁreoﬁEEHE Egﬁabmhgeasonaﬂgtﬁbgldes,
a _bi ndi_.ng. no| ecul & contai ning an epitope of sa

the Lipj gad. géﬁcﬁogtﬁmndlng nol ecul e of this kit accordlng
to the present invention may be used for identifying

L9e BhUObpg speckihebixs ol bhe Bpdthied; hETUnghaBikla ao-
accorBVnB presen% Pnvent Pon.
mainpj ndibal &skecule of this kit accordlng to the pr esent

'nventhpnvs£H§1Q0&§Q§M @ﬁ3“h81ﬂ895fk§chgﬁun99tH§U|bB@Hl/CL
acgordi n resent invention may be deterni ned

randpgi gfgy© gsoangﬁegoﬁgrélg§sthe bi ndi ng property of t he
nodi fbedsimyeedtkrain FvsrantibgénedToe bhadi'bgttam"pei.e. on

the ?ﬁ& rgkpgglgga EIE g|¥gg¥ and/or qualitatively in
Speci ICI y and/or affinity and/or avidity as
used fel Eehl frygmentsorapdempasdsat Mheedhekrtomhe i.e. on

the B-edi-RgnED! eaHl 8f0tha kil a6E06EI BHet BLI ABmain

d) Fc fragments (i.e. proteins consisting of CH2-CH3)
randomized on one or both sides

e) complete immunoglobulins randomized on the bottom of
the Fc

f) other suitable domains

The primary advantages of the single domains: are very sim-

ilar to all the arguments that are used to promote camel VH mo-
lecules ("nanobodies", see www.ablynx.com). The randomized im-
munoglobulin domains are very small proteins {(molecular weight
ca. 12-15 kDa, depending on the number of inserted amino acid
residues) and therefore will have the following advantages as
compared to conventional antibodies or antibody fragments such
as scFv and Fabs: recognizing uncommon or hidden epitopes, bind-

ing into cavities or active sites of protein targets, ease of



present invention may be used for selecting the
nodi fi ed i muno gl obulin according to the present
WO pooefaticen froma library con sisting of at | eRBGI/ERDN6/050059
preferably at |east 100, dgzpreferablyat | east 1000,
nore preferred at Ieast 100 ; espeC|aIIy at | east
ogl th differ n

man R e P B RGBS e h ABcbPaaRee uitn (e bpaegppBuLin
domajipvéEhetohs @ﬁéd@mlﬂﬁd Qéybpéhtaﬁd§80fathévgﬂ@9énpr a bispe-

01f1bnM§mEb9me'§athE thacengkReer irhg ﬁglhhgdvantages of the
nng | obul i n domai ns _t akes Iace in regi T
Slngg? RBE1RSr afaPPyC |ﬂgoFVEaOPn SRFFYBA BFnGSH@thHa binding
propetrhéeswordsbei angégeensdovheanyyhanhthepCbReiof an
aptib d S d a [ I f
T bagroBt R 80 SRUE ph IO RRESRER RUFrER HpR! be used to
makerﬁh@oﬁrﬁﬁ@a@ﬁon§n|ﬁnﬁéggwn§0wﬁh@hsaﬁ@l§tﬂewﬁaﬁalﬁy described

hereaaahOQQU$obﬁdtmﬁ QEESahu&beuﬁégr@@bmleh@oaahémn WRich only

e s identified b pr
has BrdleBRE g T i BR R BePhGs Rr ey bBNE ADRRES: Agstrad of 6
as 1befaosmaahdanbﬁbbheesnamaogbebuhsmbﬂeldorwbnelgen binding) .

SPREI b Ekxﬁ% %aténge§85égéﬂfgsr§k8 RH@BrP%réE&&OHHreln by

cing ran tions I n connect
refe§?ﬂ§ﬁd§SA}B §A8 EortBf in hOA&AA P@EPr€$B H@ﬁﬁWhth
nusaseg9¢}85donadm51@ar@mﬁanbgmbsdlihamomeadle incorporating

f | Tol | Lik tor 9- peptid
an abEReg) 1B =) gOReRDRGEOPYob5gne  wni ch are a popti de

adié a,phétePA Tesgettbustynghpblapeprhotdenormal |y

r§§09n559d796dM99HBQsb¥o?“5§8d€%@n?°ﬁ?b@é19£ {8%n bind to
The nufaiions introduced by us incfude mutations in

predghreningfednEd98AFN0 acid residues in the wildtype
sgguenoe/verecpephagrdabydiandpsiyvehesenanaspdugspecific re-
%nd they al so include insertions of extra am no acid
résidues in the | oops nentioned above. By anal ogy the
i HAuABOROBALBROBoAurnegtkoneahybetlass andj methods of prepara-
tionMdAAOLQBUL KRS BRd fron1|nnunoglobullns from any
| e to this. t of engi neeri ng.
Fﬁ %gﬁﬁzp§5ﬁggloMP}t%ﬁéu§EE&P¥$& P58pSTPErgeted in
tte poesgal4BAVEnMebhodatobecraahpphbgtedisplbyahybraries

with|89958939§03H§g Bgta strands in i mmunogl obulin domai ns
can at'ed in the sane way. Engi neered

e mani
iHﬁuﬁ@@?66&88%4aoﬁasB§0#féﬁwamyu@@géﬁbghﬂanalkeoﬁnahgen bind-
ing 9k@§§19% bHHUﬁ@ﬁh@QUbfanQBubﬁléﬁed accordlng to the

S n_ei ther_a uch e donmi ns

RSPV PRTR RIS AR IS TRt L T
b@Spa©p4éﬁoaa5Dataetrengdupogtebubln, whi ch
ageobdhagby e ¥evhdshave LS, rBPEFRL" antigen

US 2004/0043424 Immunoglobulin superfamily proteins

agen

US 5,892,019 Production of a single-gene-encoded immuno-
globulin

US 5,844,094 Target binding polypeptide

The present invention is further illustrated in the follow-
ing figures and examples without being restricted thereto.

Figure la shows the structure of an intact IgGl. Domains are
indicated with arrows.

Figure 1b illustrates the structural organization of the
main human immunoglobulin isotype monomers. Disulfide bonds are

shown as lines, N-linked carbohydrate groups are shown as



bi nding region forned by the 6 CDRs and the new,
engi neered an tigen binding region. Like this, a
worenobio7speci fic, e.g. bi speci fic, inmunogl obul PCI/ERP290EI050059
be generated. The englneerel%%nnuno gl obul i n domai ns
can al so be part of any fusi protein. The use of
&hgse engi neered i munogl obulin domains is in the
generalfleld of the use of imunoglobulins . The
dBiaine of shpwsf bheowmygnpahohvgiobipldsfarea constant (left)
and Hnégkithg Q§1EHHV”88&Q@H|b@ Qﬁ”ﬁhﬁﬁn@@i@buﬁ@h | 86ca strands
g CH, CH2, CH3 for IgMand I|IgE
are 1 E EE W, 2EEPWSCH2, CH3, CHA 1 . Single
|EmgnoglebshDWSdanmomscuaadombdem ofi bhe shgeneéred CH3 do-
e I 0 g an
ma it g R P e O RIS Ao LF: Chpe tpaamhzed
partmﬁﬂdhCéF@dcbVeﬁeéO%yeﬁﬁn?cﬁaﬁéhbé? eprbaca- thanagrface is
c1rc$e5 CD (GCand C'-Din the case of variable

mai ns) t he, "bo tom' Le lo
CBTERRR) 0knGrt) SopereBathe Phracht SEiCn raty igePhRY used for
prodhetiéhangédrhdelfetguends addit fomabhssesbliyesfcahebmutated CH3
domahﬂseﬁbﬁdgrgmer§' QgethHEgeghoBg 59r89gHWE§hY@HQQQI%ggpec-
on e ti 0 } protern
tlvecénrélnPﬁgeaﬁétéPnthén§|H@Félﬁaﬁdéﬁﬂ§édlaélﬁa¥ﬁsth§uéﬁpro‘

ximad@s: pasit 8hBgbe- ehai AinEH3dudeAersstseEtBhn, ss€Eb2which were

nd d bot i b o
useddfE| aSehmPRYES T ERtofr £8hSanoena - ThBt Lol Sving, rggtriction
siteshersi dentpposit ent bhehprCbDRssc fprFabhgetagmentg the PCR

fragﬁéﬂgen‘éﬁ@LﬁbothﬁcoEOth§LSAb 9nd06H§B§A§ t@éﬁknabﬂgﬂﬁIN and
t he CH _and the CL domain d ) fragments (i.e

CH3RBFHteﬁﬁ§dESHS|§ﬁ§ﬁ§ogf BepleHg) randon1zed on one or

bgnausedBSSBowscsaméeégampEEBOQEOBUW|ﬁseramﬂﬁﬁb@edbalin
domalg%né?;%anbga %QggF% f%%ca%ggg égloﬁgggsgggggnsgg og%%sd re-
glonslaret@ndnbathé byganenes sﬁabOérespgedf@clpneﬁopé the
rand@ﬁﬁﬁ%dvﬁegﬁohgcQhe§né Raneppdtesan 8€€her be identical or
www. abl ynx. con). The random zed i m nunogl obul i n
diffg5RAIns are very snall proteins (nolecul ar wei ght ca.
1PigbreDa, sHependi sghemathe puebentationseft edeadendgn of the

bispggﬁgic engineered CH3 domain. Names of primers are given in

circ

boxes and arrows indicate the direction in which the primers are
elongated. Boxes with sloping lines indicate the relative posi-
tions of regions that are randomized in this construct, boxes
with vertical lines indicate the relative positions of regions
that were introduced for generation of clone C24, and restricti-
on sites used for the cloning procedure are given.

Figure 7 shows a schematic presentation of the design of the
bispecific engineered CH3 domain. The nucleotide sequence and
its translation is shown of the basic design of the bispecific
engineered CH3 domain. Red sequences indicate randomized regions
in order to generate the bispecific construct, while green boxes
indicate regions in which the sequence was randomized in order
to generate clone C24.

Figure 8 shows the sequence listing of the sequences
disclosed herein.

DESCRIPTION OF SPECIFIC EXAMPLES:



resi dues) and therefore will have the foll ow ng

advant ages as conpared to conventi onal anti bodies or
wW@eaobomdgo f r agnent s such as sckFv and Fabs : r eRGHEP20610F0059

uncommon or hi dden epitopes, flnd ing into cavities or

active sites of protein tard% ease of manufacture,

aﬁﬂaﬂﬁﬂ¥h9thSEﬁstLQc£98n08%e g ?H3 gﬂEEggbothlgn?ge surface

. I'S" randomni zed on brva
dispdalji speci fic nol ecul e can be generated The main

a@Mé”E@Q%%ansEP§c§h99|§fd9HaE§§1aﬁcD@E&gﬁEnEUSWRBch is pub-

) eins is addjtional di ng erti s ca
115nBiqi e BRedB5ROAHg VaPnBR CRPGES AC PRCFY BRPeRSBaWéa used to
aid uhathanyeexgnesflOhesmstenedaﬂHBedumednto make t he

p&ﬁeeggéaeﬁg Qﬁhgﬁnggo gdségg ﬁed8?§%Q3f8§ onstrHctlon of

descri Fe can bhe e an odieées fromt
the gHRelib®Aryhisnpyveasia $ERbEP Ne-VL-| Ant RB$e sequence, the

flrserahehasac@alwoﬁrggﬁsnasnebeaeomﬁné 333i Br" pAEABI A of

bodi.e re responsible f a n bindin
eroofBrvea HLparafi Srofer REGsPAPe TREOLBOEaFEd P PRy ned
in 1lpgbepdhcésaSerfinsel ORopfhSEQ TheNp.ehti A€tgrhdeéwnifihd ana-

1y31950§ gﬁé @%%u@@ﬂké'%? igHUnBQEOQHhCDﬁnghgﬁHhe1n3ﬁec§10n of

| NCOr por ati n an ant|i Een I N non E reg
the 56844u994f¢5mgeg bhediLAgPPo)pEPt FABNEStE5LRg5DeE strands,
it w&Bthedsdéerter@duebmgzer@beuaeewhuah mendn3019, which are

part DB B TbOR aORbrSERe: PrEe, 8¢ 806, & BunSoua) hoshLas-

73, $6vregdté7anwthUieseapdrnepﬁoubeoﬂOppepanaett@ngaheta

straHaeELBeBQOEE gogél0157Q9$owgbhﬂaguﬂ85b9n@k 958t§h8§neered
US 2003/0148 2 Met hod to screen phage displa
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cessBbseeeukfecenmunegbwhuhnthg&eeaBt|gae BhgtlneBged gene was
rotebns and nethog ?ERprodu tlon 004/.0097711

orod B 8 es 8k, PRy s F ApBr oI5 dapRosstabion of
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mOdléFSBu?PnPBQdBCS4£eé§El?EF@8t gFﬁal @tB8P§p€BFPaé“$hEhe amino
acidpsegashcenvénptiilenti sutactibeas)i | Fost iasedtiont hatbokhewclon-

ing vector pHEN1 (Nucleic Acids Res. 1991 Aug 11;19(15) :4133-7.
Multi-subunit proteins on the surface of filamentous phage:
methodologies for displaying antibody (Fab) heavy and light
chains. Hoogenboom HR, Griffiths AD, Johnson KS, Chiswell DJ,
Hudson P, Winter G.) in frame with the pelB secretion signal,
extra nucleotide residues encoding Met-Ala were attached at the
5’ end of the sequence to create an Ncol restriction site. For
the randomized residues, the codon NNS (IUPAC code, where S
means C or G) was chosen which encodes all 20 naturally occur-
ring amino acids, but avoids 2 out of 3 stop codons. The engin-
eered sequence is given as a nucleotide sequence in SEQ ID No. 2
and as an amino acid sequence in SEQ ID No. 3. The Letter X in
SEQ ID No. 3 denotes randomized amino acid residues. The se-
quences of the PCR primers used for assembly of the mutated CH3
domain are given in SEQ ID No. 4 through 9. Figure 4 shows a
schematic presentation of the PCR fragments generated for as-

sembly of the mutated gene, and the primers used therefor.
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r est ction sites are c ntal ne rrmers
founpj §at FeRs26R the Peﬁerﬁa@ﬁeﬁﬂénneﬁeL Luggpp; topgEgacectly

1nsegfgdﬁ%§ﬁaﬁﬁa5§?dseguaﬁaby aﬂﬁrCHBBHENllemdblbtepshof phage
NOT .. Figure 5_shows 0 .
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atioponmfigtbecuwed. tRandbnirmed netglsnscaﬂe Eﬁalcaﬂéd by alectro-
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in one nolecule can eit dentical or different
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ri rs glven n box S [ [OWS iLcate the
steny  BTER ok A M R P am hard ape SrbRpbiel Budfentng or,

alteﬁﬂﬁhlﬁﬁémvnghEVnwgrendt@aﬁé ehemiabat BOeCposi tions of

rﬁﬂhﬂﬁietﬁatcéﬁgtEaEQQthgg tRet BhS+G0NSLEHEY, boxes
with vertical lines indicate the relative, poSjtions of

r i 8ndPRAFYWERE FREFHAUEERD: 8BRAgeherat R bRecPBfie way as
the CH3, labdargst Thet amdnosated Esqdehoe bﬁethbonbngtruct is

roce e g i .
sivell SEERHEEEl S AL LBLOUEESfoPRRnE SERPIBLLGe scquence in
SEQ éﬁgNﬁeeﬂéd epd dbRaPhimghe ﬁa@deéprdéogéaaéﬁééoanuere SEQ ID

No. 4-7, SEQ ID No. 9 and SEQ ID No. 12.

Example 3: Construction of the CH3+5 library
This library was constructed and cloned in the same way as the
CH3 library. The amino acid sequence of the construct is given
in SEQ ID No. 13, the corresponding nucleotide sequence in SEQ
ID No. 14, and the primers used for construction were SEQ ID No.
4-7, SEQ ID No. 9 and SEQ ID No. 15.

Example 4: Panning of the CH3 - phage library on TLR-9 pep-
tide

3 panning rounds were performed according to standard proto-
cols. Briefly, the following method was applied. Maxisorp 96-
well plates (Nunc) were coated with a synthetic peptide repres-
enting part of the sequence of Toll-like Receptor 9 (TLR-9). 200
nl of the following solution were added per well: 0.1M Na-car-
bonate buffer, pH 9.6, with the following concentrations of dis-
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the §HBVEQBn§E C§6§h8|91§U&f§§@ h§ %hﬁﬁﬁ 'TOE'QUbe 3 Ptheafter
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and heslhdHesqeneodprg MbbrAlighwere attached at the 5 ' end
of the sequence to create an Ncol restriction site.
For
Table 1: Results of the panning of the CH3 - phage library

on TLR-9 peptide (Phage titers)

Panning Concentration Input (phage/ml) |Output (phage /ml)
round TLR-9 at panning

1st 1 mg/ml 6x10'® 2x10%°

2nd 0.5 mg/ml 4x10'® 2x10%°

3rd 0.1 mg/ml 4x102? 6x10*°

Example 5: Cloning of selected clones of CH3 mutants selec-
ted against TLR-9 for soluble expression
Phagemid DNA from the phage selected through the 3 panning

rounds was isolated with a midi-prep. DNA encoding mutated CH3-
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SeleﬁbaddCﬂoneenWara aheayadeﬁbrasppbaﬁmedblndchgdtngthheTLR-9
peptgagrggthzlgﬂserted random zed sequences. For the

foll omM ng steps of phage preparation, standa

prBEbeBrss w%%%r?B%F%ﬁeﬂlaE? é¥V¥C't%%X%$%r%ifonoo nl per
wellpi 20ung war-br paptodaedmin001EM. Naebhrbbhacel bafby¥r, pH 9.6,
1h aglggt&oporatlon Subsequent |y, phage particles were
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at¥ @

ofasBftern Swere stored at mnus 80 0C .
ERaﬁmpEanicCéRStauttbmndmﬁgthéﬂCHﬂ+%@ﬂﬂpkHamiﬂﬂéktract

o S esaganetabched. pad, cLeneddn LS. SR L. B8 g

the CH3 |ib he ‘am no”acid sequenc
cBashruct i8xge¥@ninPBEQ ID No. 10, the corresponding
nucleotide sequence in SEQID No. 11, and the priners

ed for.constructi on re SEQ | .. 4-7, .SEQ | D_No,
ol 8hdeRELPPBY Roan 5 1R AnpRbagen o186 1 558! Bobes,
90 m¢h8a5 Rirbr 409 Whi peki bradly was constructed and cl oned
| fakhe samezyay,@s,{ hegs

2nd antibody: goat anti mouse*HRP (SIGMA), 1:1000 in 1% BSA-
PBS, 90 min at RT, 100 pl per well

Wash: 3x 200 pl PBS

Detection : 3mg/ml OPD in Na-citrate/phosphate buffer,
pH 4.5, 0.4 ul 30%H202

Stopping: 100 ml 3M H,S0,

Absorbance read: 492/620 nm



CH3 |library. The am no acid sequence of the construct
is given in SEQ ID No. 13, the correspondi ng

woewbemee@e sequence in SEQ I D No. 14, and t heP@I/EP®NE050059
used for construction were %EQ ID No. 4-7, SEQ I D No.
9 and SEQ ID No. 15. Exanpl e 4 : Panning of the CH3 -
phage library on TLR-9 pep tide 3 panning rounds were
performed according to standard proto cols. Briefly,
t Aéonek| bakhgopEehadhheal apphiédinMVaRigofpres, megliminary
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s enti ng sequence of Tol

art of th i ke
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mLTSE S?SWBEQ EFSSQnEFQg%?gE%g:8§H%%?hée$§ﬁ 9 peptide 2nd
pannlng round: 500 ng/m TLR-9 peptide 3rd panni ng
r odpde 200rABLMEsTHR- 8opeptideibAcabashon was for 1

hourat 37 0C, TOIIDMEG by bl ocking w th 2% dr
(.'\/.L P:ZQ\ Wi-t h ,_112')1?} ?‘nrll g:en\/\nl | for 1 hour anh 1;'\ I?‘t:]rgen

clonperaiure . The Burface di spl ay phage I|brary maﬁmthen
allowed to re@cfegﬁig éhe bound| peptide bYLQH?Mﬂﬁbioo

nt—phage suspension and 100 4% dry nitk (MPBS)
A6T f ol | 3y incubation for 45 nPn@fés with shaking and

B54 for 90 ow3ywtes w thout shaking gt oseom t enper ature .
Unboun age particles were wash away as follows .
C67 afted %@5% ot b 1naﬂﬁgéo Mot PBS,

1st n:\nnl no—round- By 200
U R AN A=A~ A~

BackgiroRBS; (ahtegenhel@nd)pahﬁlpgraémad:readingemznﬂ.0115

T-PBS, 10x 300 ml PBS; after the 3rd panning round: 20

x_300 M T-PBS, 20 x 300 m PBS. Elution of bound

pExgmpber V7 cPeanhAg pEr FBPneH3bynddafngho0BHAf SparPhage 1ib-
rarymehlh@h @g@ Mbubygmae pH 2.2, and incubation wth

nngn rou m put es ggfroonlteﬂgergtu 9erwe lates

Subg%quen9I PH% pﬁagepsusﬁen5|0n ﬁeﬁtrgl % By
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the EB&QoﬁlngCQbﬂuggbncﬁgkswgil”iXing 10 nml ex ponentially
rowmng. culture with 0.5 nl el uted phage and,i ncuba

tP%ﬁ fUﬁtéotﬁ?nEPééoﬁ%DS7C©E?e“FFﬁ5FP9S Phf éépgglved hen egg
lysobgmteria were plated on TYE nmediumw th 1% gl ucose and

1 [m LLLin n ated at 30 0C
oggFgEgﬂ?lggpgﬁh h ? @g uthﬂgf t he panni ng of the
Ckd- pghagéglrbuady 1mg/ml HEL

3rd panning round: 1 mg/ml HEL

Incubation was for 1 hour at 37°C, followed by blocking with
2% dry milk (M-PBS) with 200 pl per well for 1 hour at room tem-
perature.

The surface display phage library was then allowed to react
with the bound hen egg lysozyme by adding 100 pl phage suspen-
sion and 100 pl 4% dry milk (M-PBS), followed by incubation for
45 minutes with shaking and for 90 minutes without shaking at
room temperature.

Unbound phage particles were washed away as follows:

1st panning round: 10 x 300 pl T-PBS, 5x 300 pl PBS

2nd panning round: 15 x 300 pl T-PBS, 10x 300 pl PBS

3rd panning round: 20 x 300 pl T-PBS, 20 x 300 pl PBS




on TLR-9 peptide (Phage titers) Exanple 5 : d oning of

sel ected clones of CH3 nutants selec ted against TLR-9
W0 20069TeRbl e expressi on Phagemi d DNA from t he PCEER2006/050059

sel ected through the 3 panni hg rounds was isol ated

with a mdi-prep. DNA encodi g nutated CH3-regi ons was

Sggﬁg%gnﬁéﬁ %ﬁﬁﬂéypﬁgg R%r%ESESQ ﬁgg pggkgrﬁg&ob§h5ddlng 200

nl P@%pW@éél ofi Vedt ¥r gpBADNRYCPHI 8. nehdr bgerbakiiph wWath shak-

ing EB§eBbeﬁthEEsr§§tkb6h'Q@mﬁbkgtEQefaghbb&%ﬁ@n@h?n'Bﬁe phage
Li gated construct wer.e traﬂ% ornme I_nt

SUSPEREA6R WeF| §SPFReitFEgeRy ﬁtéPBcPFoﬁng%l o, Tahg-Base,
follgwednbgt iB0=0€ion IXEonBdi umlw TBlleeglacbgemdrdure of 10 ml

expoﬁgﬂkﬁéggbzg9§%%$59Qh%t§§ge%ﬁﬁﬂ 6'9”%? &ﬁﬁ%eh”&ﬁgbétgﬂd in-
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q 160C o ernlg ho h e cells pere har vest ed By
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buffer, pH 8.0, at 40C overnight for preparation of
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ond 3X 200 m PBS %q&}(/]ﬂ}: 1% BSA- PB_[S2gj>ﬁoat RT Wash: 3x g px10°

200 nm—PBS Periplasmcextract—bindin 0 —nt 1
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1st 2 mg/ml 8.3x10% 2.9x10°
2nd 1 mg/ml 2.1x10% 2.6x1079
3rd 1 mg/ml 5.4x10"° 1.2x10%

Example 8: Cloning of selected clones of example 7 for sol-
uble expression

The cloning of selected clones for soluble expression was
performed as described above for the CH3 mutants selected
against TLR-9.

Example 9: Soluble expression of selected clones of example

The soluble expression of selected clones was performed as
described above for the CH3 mutants selected against TLR-9.
Periplasmic extracts were tested in a preliminary ELISA (pro-
tocol see example 10)

Clones that gave a high signal in this first, preliminary

ELISA were cultured in a 20-ml volume at the same conditions as
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suspensi on was neutralized by addition of 60 m 2M

Toha- gﬁ%?boﬁ?"@&ﬁg QMthnﬁgﬁEégﬁRPnRQIgMA cohi1d6b in 1% BSA-
uré of onent i

l.I's
'cgptﬁﬂé @t RTo.(5oRM E?ﬁ?@&aﬁﬁéﬁé'aﬁg ﬁlcﬁﬁétw hlf or
3Baphnut es &k 30004l . PBENnal |y, infected bacteria were
plated on TYE nmediumw th 1% gl ucose and 100 ng/ m

anpicillin,
Detection: 3mg/ml OPD in Na-citrate/phosphate buffer,

pH 4.5, 0.4 ul 30%H202
Stopping: 100 ml 3M H,S0,
Absorbance read: 492/620 nm

Table 5: Results of confirmation ELISA of Cy3 mutants selec-
ted against hen egg lysozyme

with antigen without antigen
clone A 4927620 A 4927620
4 readings 1 reading
B12 0.396 0.012
D10 0.415 0.026
D46 0.398 0.011

Background (antigen alone) (12 parallel readings): 0.1763



and i ncubated at 30 OC overnight. Tabl e 3 : Results
of the panning of phage library CH3 on hen egg
WO g®onyaee0 (Phage titers) Tabl e 4: Results of PEEEP2006/050059
panni ng of the phage library, C}B +5 on hen egg
| ysozyme (HEL) (phage titer E) Panni ng Concentrati on

IQ’BB (péha?ﬁégﬁliygjggm chrghl eatgqu% %ngg ?ELE rﬁlm‘zlgen dilu-
I%FQﬁ&QOQJCH%XﬁIFQDEﬁC§QJ¢@ﬂ¢ﬂ %gabﬂiﬁjﬁﬁq_e%WIIYﬂQﬂyme
Exanpl e 8”: Cl oning of selected clones of exanple 7

for_sot uble expression The cljoning_ of sel ected] clones
¢ for’Yol ubP® exiressfon was-perforned & descri bfd’® 032
(ng/mabave for the | CH3 nutants sel ected agai nst TLR-9.
CloneExan'pl e 9 : Sol ubl e expression of selected clones of

il A 7 ThaAa leanl A AvVINY nccol A ~Ff cal Al Al AnAe

eX Ilpl C b I'me 1 SuUl UU C C)\}JI CDDI Ul Ul SCI CLL cu Ul Inco
B12 wasP p@rf 8r pEd lad3delSe?ibddlabde>P ol - tHe T3 nufaitds [0.015
pse Sellgctied OaQ@_L MskadLliR: S0 Rerbpl @@ Coexis aglos2Weh 21 |p.o10

tested i pre||n1narg _LIbA(iprg ocol 'see exanpl e
D10 lO)O(ﬂLQnQQ6$~EQ.5g£\, nﬁ3¥. AP PnT i Q- 088, P 047" 0.026
- (ncpr e iqmonar yeELd. $A5wer@72r:u)| DB (—:(U.Olza a.20r nd.ouol upeom@@ |0.007

tHS;Sﬁ ﬁggﬂgiébﬂﬂé é§g§§8£'9§8e8bove Their

peripl as xtracts were Isolated in 1/20 of the _

clft trenobranthat HeBcePBedYapBYBCahEaEESt Wdthi fAti-his, an-
tiboBll SAheasrdeschi bedatnvexgmplghlBhckgroaaaf keBBbbEBrved.

Exanpl e 10: ELI SA of CH3 nutants sel ected agai nst hen

egg |l ysozyne Coating: Mcrotiter plate (NUNC,

MEzbdor py RebBOO Us qiercawefirmdi0omgEhE®A egf Cy3bzymetants se-

lectéH‘agglg§§ hbh é§g3iy982¥ﬁéh 3x 200 nl PBS BlOCklng

laVaVal

170 DO~ FDS, | II dl RI vVasil. oX ZUU III I"DD Peri [JI asSIiinm
extract bind¥hEl BZ0tHEeReripl asm c ext Nachosh gptigen

clonBSA- PBS, at roonyg%gperature overni ght Wastm 3x.,200 ni
CES Lol 0L bpdadnla s (G agen) | 11300004

Al3 0.197 0.016

A66 0.461 0.019

B18 0.533 (5 readings) Not done

B20 0.184 0.016

B68 0.535 0.019

B40 0.706 0.051

C24 0.352 0.072

D22 0.147 0.019

C22 0.439 0.017

D37 0.360 0.026

D40 0.559 0.034

D56 0.369 0.019

Background (antigen alone) (12 parallel readings): 0.1334
Note: hen egg 1lysozyme reacts with anti-his, antibody,

therefore a relatively high background was observed.

Example 11: CL library

Visual inspection of the crystal structure of an Fab frag-
ment (the structure of the Fab of the human monoclonal antibody
3D6 is used: RSCB Protein Data Bank (http://www.rcsb.org/pdb/)
Entry 1DFB.PDB (He XM, et al. Proc Natl Acad Sci U S A. 1992 Aug




Wash: 3x 200 m PBS 2nd anti body: goat anti nouse* HRP
(SIGvA), 1:1000 in 1% BSAPBS, 90 nmin at RT (room

wa emwperseure) , 100 M per well Wash: 3x 200 nPCRBE&006/050059
Detection: 3ng/m OPD in Na- trate/phosphate buffer,
pH 4.5, 0.4 m 30%H 22 Stop'% 100 m 3M H2SO4

4 | f
1505 A080c TR08ef e SOABAPITLIAND Sy TRELILege! protetn mx-
plorﬁénJéggu$@@o£9ﬁetBa@kgW@uwuﬁ§amhtgén/ém@h@}s(&Qsc edu/protex-

pl/fEﬁE@bb%lhEﬁ§g'n8§) tH: 1263 5abkr¢ 6anﬁes&5ﬁ€héﬁy structure of
confirnmation ELISA w th antl en dllg i ons of

EhismReahs el BLLRYS adl njsiieIP]Eh ¥gg Py ‘?Fcai?%lgln loop re-
glonpemhpbasnunu&xﬁrabmeadded Et resdnotogd ttHwat Chedoreggn scaffold.

Thes%yﬁ%éﬁ. e%%@?{%% antho i idsan tibody, %ﬁﬁ%%f%%%&% 27 to

relatl round was observed.
35, R@észﬁqﬁd% i Eeat/Bon aEENSA 31 EH3GE ﬁﬁtﬁ@bs%ﬂ%no acids 92

to 1bPQt%ﬂu?%méBﬂd%T¥?@9@3|¥§¢ZMH§ B%%gﬁrﬁﬁyademnag@@ 126 (num-
.al one ar re e

beri GG Fabht Lowls ahlFE BAbR ST otys (PRI LEorang P, et

al. nhkduxMElychdghfbazkg@OOEdlMﬁs bbsar varh tdbeypl ésitie) :D593-7;

Lefrg% 'M?faé¥ aYl syal, b?ageﬁhheﬂoﬂf Ehggcﬁﬁ§§§'%§BfEQEV5e

an Fab frag nent e structure o
hi¥fHf ﬁﬁﬁeéﬁéﬁaﬂlzntFEéagusaﬁlﬂs 4dedl4REEB PREt 8¢Pn9° are

randbat acBagktthht phe/ wawahcshb. @b%é@ﬁbRSEﬁnEDYNbDF38 ) PDBandomiz-
ca

atiohgfo 15 b7RHaDH) ARG IBABRLEE Chi Bt Sahary PR (R, §oduences

withPPORepnifEzrpl dnewhishusbd poslthDSSpufpbbe relevant codons
are éhEBBeQ/H9|¥hé ﬁgéﬁegggégrgéeﬁghée 5Fnﬁg905’htW%1Eho oten-

the secondary and_tertiary structure of this protein
tlaléVIéﬁgoﬁésléeﬁtPﬂ} ?@s?ﬁ&@@ PS&QFeUhFﬁeIEBBl?énglanQUt of 3
stopmhbabnsonmaét1&beab9tansékands aﬁpuhelgu Boneivb separate PCR

reac%gggg9ld ngse resggﬂe%r .%ea%gi g gst gh%%’via a
am no aCI amn Cl _S
HpyCHéITUsrg8troc8sonamiine wbiids 92 EDthGUCadlﬁé acsdéemosmuta-

tlontByl%ﬁeaﬁgRaﬂkﬂﬂe§§|d@héﬁ%rﬁﬂe%g6fﬁBHHerkaglde the re—
acgor ding to eri n%ns st em Lef rang M,

strigiloRygep Peuﬁ&?8§eRE§teEOH§°5a ¢ §§tEDﬁF§B§§ElV§%Mefor
clonib§93n¥p LeErphaeghPdieplaly veBEerpHENIWHUDanbBGﬁSHR, et

al. %gci%ﬁc:é§§dgoﬁé 1 989rgu§ngLﬁbzgg5¥4 %Sbggeﬁhélc—termin—
, -18, and 5-9%zﬂe random z Wt I'n uman

al cgetddmaPh BEQCLDANBaing)s. nRandpalgded for the phage dis-

play, but can be added later on when a modified CL clone is used

e.g. for the construction of an Fab fragment.

As a template for PCR amplification, a plasmid such as
pPRcCMV-3D6LC (Riker F, et al. Ann N Y Acad Sci. 1991 Dec
27;646:212-9), which contains as an insert the complete 1light
chain of the human monoclonal antibody, is used.

For the CL+3 (SEQ ID No. 50, 51) and the CL+5 (SEQ ID No.
52, 53) libraries, which contain additional residues inserted
between position 92 and 95 of the CL domain, primer CLRHPY3 and
CLRHPY5 are used respectively instead of primer CLRHPY.

The nucleotide and amino acid sequence of the final product
of the PCRs and ligations, cloned into the Ncol site of pHENI1,
which leads to the attachment of a pelB leader sequence to the
N-terminus of the construct is shown below (SEQ ID No. 48, 49):



ation is achieved by PCR anplification of the coding
sequences with PCR prinmers in which the positions of
W@ b@e®oeyant codons are encoded by the nucl ecRCTEP2006/050059

sequence 5 -NNS-3', which p n tially encodes for al
20 ami no acids while avoidi 2 out of 3 stop codons.

43 TQe %leary |nier5 |§ ag%Rléleg by tmg separate; PCR
reactions, and the two ra nen s are ligate

1 ﬁ@@éﬂh@ﬁCG|EAETSEQEﬁﬂIGGEé§€EG§F|6ﬁA§WE€Tﬁﬁ|EHCW§GCGGC

introduced as a silent nmuta tion by the PCR priners .
The prinmers further provide the re striction
endonuc| e¥S8Tsites Ncol and Notl respectively for

+3 cloni rg Ant oMt ha pkiageAdi apl &y sectwr PHEN ( HBogénbsom

1 HagBtofiee MMEsRLErls Ko e el M Inehey okt hore

not included for the phage dis play, but can be added
+3 bkater on phen a nodified CL chonegi syusegd e.g. .for, tRe

101 ERIRLRHEER ByRbyRONGE MUEAREEE G, Cxdr RehBR. Bhipetbaar

(Ruker F, et al . Ann N Y Acad Sci. 1991 Dec 27; 646

+3  R12%9)y, wBich centai nsgasyangi ns@rtythe coppl gte, 1

ht chain of the human nonoclonal antibody, is used.
151 8@58%&@%@5@%@%@%6“@% EEQA@EGT@&%T(%E@CP@T
hb 52, 53) libraries, which contaln addi ti ona

si dues inserted_ bet pasi L.i on 92 and 95 of th CL
*+3 nagn aprlﬁergCL%HPYgeaEd R PY5Ear 8 g b

201 €§S§§6€GG§IﬁACWQCéaaGoAGaGEGEEAQLRHR$CA$EACn&GCéﬁGGﬁéA
and ami no aci d sequence of the final product of the
PCRs and ligations, cloned into the Ncol site of
pHEN , which leads to the ERY@thhent of a pel B | eader

+3 sequenge Bo the BHtgrm pusrof Tt herconstruct is shgwng

2o1 BELEASES LEutcctie AShcottoiliboly il Auohi ok

GGATTGITAT TACTCGCGEC Ncol +3 QP AMAV AAPSVEF

+3 | xF R P51 GOAGOORA0E AGRRORGTES CROCACCATC FGTGTTGATE
TTCCCGCCAT +3 S

301 ARCRRERAG RRERREERT (FUERTE EOTERTEARG TTRCRCGCR
REAKVQWKYDNAL 151 AACTTCTATC CCAGAGAGEC
CAAAGTACAG TGGAAGGTGG ATAA t3 QS GNSQESYV
TEQDS K D 201 CCAATCGEGT AA GG AGAGIGTCAC

+3  AGKGCAGGEAC ABCARGEACA RpyBHUEV A A A

351 CGTCACAAAG AGCTTCAACA GGGGAGAGGC GGCCGCA

Primer List for CL library:

cllnco: b5'-cttaccatgg ccgtggctgc accatctgtc ttcatcttcc cgc-
catctnn snnscagnns nnsnnsnnsn nsgcctctgt tgtgtgc-3' (SEQ ID No.
56)

cllhpy: 5'-tgacaacgtc agggtgctgc tgaggc-3' (SEQ ID No. 57)

clrhpy: 5'-tcagaacgtt gnnsnnsnns nnstacgaga aacacaaagt c-3'
(SEQ ID No. 58)

clrhpy3: 5'-tcagaacgtt gnnsnnsnns nnsnnsnnsn nstacgagaa
acacaaagtc-3' (SEQ ID No. 59)



+3 STYSLSSTLTLYE 251 GCACCTACAG CCTCAGCAGC
ACCCTGACGT TGNNSNNSNN SNNSTACGAG +3 KHK VY ACEV
wa220e QG2 S S P 301 AAACACAAAG TCTACGCCTG CGARMTERIE05/050059

CATCAGGECC TGAGCTCECC Notl +3 VT KSFNRGEAAA

351 CGTCACAAAG AGCTTCAACA ( \GAG GC GGCCGCA Pri mer

List for CL library: cllnco: 5 '-cttaccatgg ccgtggctgc

accatctgtc ttcatcttcc cgccatctnn snnscagnns nnsnnsnnsn

nSgecbpPrbgt S{ gtgegeagott( SEMsNDSNBS BBJnpphppy: ngnnsnnsta
cgagaaﬁgégaéﬁgbgcagggkgﬁbgﬁDtﬁ@gg€03 f (SEQ 1D No. 57)

clrhpy: 5 "-tcagaacgtt gnnsnnsnns nnstacgaga

aacacaaagt c-3 f (SEQ ID No. 58) clrhpy3: 5

' eleagaacht tcghognggnnsgnnsaohsnnsntgstgaegggaac-3' (SEQ ID No.

acacaaagtc-3 f (SEQ ID No. 59)clrhpy : 5 '-tcagaacgtt

gnnsnnNsnNns nnNsnnsnnsn nsnnsnnsta cgagaaacac aaagtc-3 f

(SEQ ID No. 60) clrnot: 5 '-catcgcggcc gcctctcccc

tgt tgaegct o3 §ei<§5@diDlNﬁbra§:]3) Alpueker (phtsedé@ctad domains
brary CloPEFg% tate ns_cloned i n the

Clonﬁhadﬁid M%ec éf | BECoYy PESHIE Y iByp restrics

tionarmlalsysi andnly HINADNAquUeTmpiangs itrgy cont alanttdien | hker tinsert as
planﬁédpl e dlrg;dilﬂgé ngogggc‘&%gr ?L?{ée\f:ﬂe'@efzgﬁcﬁjoml%ed seguences

randon1ze sequences For | owm n step
For  shepdiedtlioniinds tSdifRer o Pritastal RTOP T4t PoneHLABAR LR protocols

are thallowgat.i Friaxtyy echs thigasienned xithtre Bs €0imsf&dmed into

B G o o kot TBH E CORMT HY CRRTEcHRCly, phage

partheﬂperaphagea$mﬁe¢(ﬁromPﬁhgemphwtT@leseéﬂe twidrh helper phage
M13- Rb‘?c' @hta%‘ee%aff&@féé tare %Heﬁ%%tc%tlt‘éﬂt@& %@%Na&lture su-

di ssol ved in water and uSed for selection
pernganknii kg GrEC/AIAGH it | 76PYCPEhofliEaR e s atp e end used

for Mele:t80G®y pxanphe bk, Gdtdidi@iyeM sughey can be stored
L Ns g ben of the crystal structure of an Fab frag

at "hen hé structure of the Fab of the human nonocl ona

aBxappde 3B6 fHludébraRBCB Protein Data Bank Entry

|G&§uaED§%s§89t99H‘BEt%Eeab99§téma5¥§hétﬁEé°5%'Hn Fab frag-
| orer is used for_ this purpose). of the secondar

y
me“taﬁghFeFFﬂfHFfrugFr Qét Gre BF‘bt HﬁstB?oPéF‘ﬁnaWPB%lonal antibody
3D6 is used: RSCB Protein Data Bank Entry 1DFB.PDB) and com-

puter-aided analysis (Protein Explorer is used for this purpose)
of the secondary and tertiary structure of this protein allows
to identify residues located in loop regions which connect the
beta-strands of the CHl-domain scaffold. These residues comprise
amino acids 7 to 21, amino acids 25 to 39, amino acids 41 to 81,
amino acids 83 to 85, amino acids 89 to 103 and amino acids 106
to 117 (numbering according to the IMGT numbering system).

More specifically, residues 12-19 and 93-100 are randomized
within the human CH1 domain (SEQ ID No. 54, 55). Randomization
is achieved by PCR amplification of the coding sequences with
PCR primers in which the positions of the relevant codons are
encoded by the nucleotide sequence 5’-NNS-3’, which potentially
encodes for all 20 amino acids while avoiding 2 out of 3 stop
codons. The library insert is amplified by two separate PCR re-
actions, and the two PCR fragments are ligated together via a
BstEITI restriction site which occurs naturally in the CH1 do-

main. The primers further provide the restriction endonuclease



to identify residues |located in |oop regions which
connect the beta-strands of the CH -donmai n scaffol d.
Wab@se726eBi dues conprise amino acids 7 to 21, BEA/RAR2006/050059
acids 25 to 39, am no acids %} to 81, ami no acids 83
to 85, amno acids 89 to 10§5and am no acids 106 to
. 1 u ring.a S
sited figbORE MpO1FESbEL D8 Ly PG5! HelaRhoShi RO e RKObRAbe ais
playr gadoairzedEN. t Bha EhéeﬁmmaﬁlCstésﬁaiﬁf(SEQ CBlNdomg4n is

not 55):lud88n@9@ zati pRabs aﬁg%ﬁ&gd Byt PERnhapp! Lhheat [LQBer on
ences w rlners in which

o] odi.n e
Whe“pés@?ﬁ&%§eéfgﬁa d 8P8véﬁtuESGoﬁsgaréoén888e808§tFHStl°“ of
an Fabclfeatmdatsequence 5 -NNS-3', which potentially
eﬂgogeﬁe& iaéé'§§9 ?Hgngm ¢has ubiLg, agokggggaa QH%hogs
top CO ons rar insert 1s’a |1 e
pRcC%paPéﬂg PER1cR gentahss aRdaphéns@astp fﬁa@ﬁéﬁf-g Beavy

chaihi gat edet ﬁgﬁbhemoMbalan5§t Ehtlb@ayrl e;ts,l @Be8l.t e which

occurs n
CEEEharelratine end pRSer bl 0 SontARGE heblR: BnRboproduct
of thrdPNBtl andspégbitvehy,f olookdningoi hhe NhelIphage difspHENI,
R e dan P 6r Ot ha Bhage drasfas e fefteare the
N- teﬁ@laééeéfl5P6rC@ﬁsﬁﬁéﬁtalﬁoéhPWdeeﬁPWcKgﬁ@ L5 Need54, 55):
for the construction of an Fab fragnent . As a

nplLate fo P npl.i fi on | asm h
*+3 g va gDGHE igh @ont in aé anB gerg g cgnpﬁete
1 h@éﬂﬁéﬁACﬁ BATTRECHARRAGABAGEL6HaCCARTCHBAY, TAETGSEEGC
The nucl eoti de and am no acid sequence of the fina
product of the PCRs and ligations, cloned into the
Ncol siteNePIpHENI, which leads to the attachment of a
+3 pebB beager meqmenge tg time K-term pussofvther p L

51 (ERRbEREhe ATBRPRBCRT PEpCRRReEE ekt R s i A
GGCAGCCGCT GGATTGTTAT TACTCGOGGC Ncol +3 QP AMA A S
+3 I KpG P ssv F P L 51 CCAGCCEECC AGEECCE@CTLCCA§CA6GG§
CCCATCGGIC T 101
101 eAcEeteEte %NN@NN@NN@ NN@NN@NN@N N@\N@@%@@F’ eeeeteeeTe
+3 VKDYFPEPVTVSWNSGA 151 GTCAAGGACT

73 G E R N PP & Bor oot anctac dioorbicata © %

151 @@¢$@@@@g@ $@¢@@¢ﬂ@ﬁ@ FOCEOREAAE GTGTCGTGGA ACTCAGGCGC

+3 L T S G V H T F P A v L ©Q S S G
201 CCTGACCAGC GGCGTGCACA CCTTCCCGGC TGTCCTACAG TCCTCAGGAC

BstEII
+3 L Y S L S S Vv v T V P
251 TCTACTCCCT CAGCAGCGTG GTGACCGTGC CCNNSNNSNN SNNSNNSNNS

+3 T Y I C N V N H K P S N T K V D
301 NNSACCTACA TCTGCAACGT GAATCACAAG CCCAGCAACA CCAAGGTGGA

NotI
+3 K K V E P K S A A A
351 CAAGAAAGTT GAGCCCAAAT CTGCGGCCGC A



BstEIl +3 L YSL SSV VTV P 251 TCTACTCCCT
CAGCAGCGTG GGGACCGTGC CCNNSNNSNN SNNSNNSNNS +3 T Y I C
WORMGRT22K P S N T K V D 301 NNSACCTACA TCTGCAACHTP2006/050059
GAATCACAAG CCCAGCAACA CCAAGGTGGA Not| +3 KK VE P K S

A A A 351 CAAGAAAGTT GA T CTGCGBOCGC APri ner
Lb%Em or L ¢EL | OQréhy 9?%% ' 5 "-acgtccatgg

chcc ccaC Caagggccca tcgg ttcc ccct ggcacc ctcctcecnns
nﬁghhgﬁﬂsn5hsﬁﬂghﬂgﬁhggg@@@ﬁggg@aﬁg@@agggecca tcgsEcttee

ccct cB@c @%Ec@@bhﬁ§Tnn§nnsﬁﬁgﬁcﬁghﬁgnﬁgﬁﬁggbg65t6§§C3t§cctg—
g .. 63) gﬁ 5 '-agcgtggtga ccgtgccecnn
ﬁﬁ@nﬁg NRsnfAghnsa cctacatctg caacgtgaat c-3 f (SEQ
ID No. 64) CH RNOT: 5 '-catagcggcc gcagatttgg

g ng?% thg: Egc?g%cgsgggkg%%ch}ﬁgggﬁgrKQEQIonegofn63)

the phagm d vector pHENI ) are controlled by restric
tcnggsalysvSa@egtggtgamcégagea@hﬂgshﬁsﬁﬁshasnnhsﬁnsnnsa

t as nne he correctly inserted
CCtaFﬁﬁ&%ﬁ]Eéagggaaégcgsgszghphéb ﬁploﬁfﬁg s¥eps of phage
preparation standard protocols are followed. Briefly,
tienm C v
ool NBS Pectr bpar aer ot ehschaantry - dahsgs Cttatea" (om0
1D Nﬁarﬁﬁ Ies are rescued fromE . coli TG ceIIs Wit h
hel per phage ML3-KO7 . Phage particles are then

preci |tated fro Jre.su_pern tant Wi, th
PR3 Bk B SR nTHBERF ot e fBHCEEr o domains
Clonbﬂ mmnﬁm@ phagahdewmaﬁqnﬂgﬂEMhbyacandmauﬂniﬂamzhy restric-

tlonmdH5i§g3§CéndE4ﬂﬁpb§Al%e&%EHHfﬂboéotnﬁxgﬂ;n QHQQQnsert as
l'ibrarly on hen edg lysozyne (HEL)” 3 annlng rounds are

planpeds orfcd Uie t Hee CRPrrophaye inasmdar (Suadndafl esequences.

For 1Bk .folVExiwdaigp %pmldf pb1ed |s ﬁwp@]}am@npoat@ﬂdw:@hprotocols

are rllo%%d! YSPEYT y, addhng % tutrrée 1fSO|1|:19g\fllsn§ormed into
solution ‘per we P R-the Fbﬁlomnn

E. eoddentliGdt i oiesl lof d@yss@mtmp@@}msozwieseqs@ntly, phage
partPaNB5NG JOUALk o le dDE b HEL 200k Pafidi Ngel 94Ndii tH MM per phage

M13-KO7. Phage particles are then precipitated from culture su-

gtc—

pernatant with PEG/NaCl in 2 steps, dissolved in water and used
for selection by panning or, alternatively, they can be stored
at minus 80°C.
Example 13: Panning of the CHl1 - phage library on hen egg

lysozyme (HEL)

3 panning rounds are performed with the CH1 - phage library
(see example 12). Maxisorp 96-well plates (Nunc) are coated with
hen egg lysozyme, by adding 200 pl of the following solution per
well: PBS, with the following concentrations of dissolved hen

egg lysozyme:

1°* panning round: 2 mg/ml HEL
2" panning round: 1lmg/ml HEL
3™ panning round: 1 mg/ml HEL

Incubation is for 1 hour at 37°C, followed by blocking with
2% dry milk (M-PBS) with 200 pl per well for 1 hour at room tem-

perature.



3rd panning round: 1 ng/m HEL Incubation is for 1
hour at 37 0C, followed by blocking with 2% dry m |k

W@ 2oPBRp20M t h 200 ml per well for 1 hour at r ORCA/ERIDNG6/050059
perature . The surface displ 7phage library is then
allowed to react with the bound hen egg | ysozyne by

 Chad el BNAESS, PR o) PRAP, s el A gl o react
withstdle fppundtl her 909nmilnpceyma thvueddhagi A§Oathl domge suspen-

sion! @RRENAUNEL 4@b899dm@m§gQNp@@%'C|Q§ﬂ§RﬁN%@ di ¥@Yation for
und: X 300 m PBS,

as foll ows panni n
45 mIgptgs tl?nﬁiﬁé\(ﬁﬁlgngar?%ugar 2 xm%% 114 Vlﬁégutloésﬁakl“g at
room36@mpbrEBSr8rd pannlng round: 20 x 300 m T-PBS, 20 x

3 Lgl ' )
oanpShnlPpEbe R ehA 50 REChRURRR R £ B dawe:
pH 2.2, and |ncubat|on with shak ing for 30 mnutes at

room tfﬁpﬁéﬁhl_ﬂhg réuhaeqmenkl goot e phags,syspensi AN PRS
IS neu Xa

follo 9%SSPEZFSgﬂBtI 3880gh %g%g%gfﬂg soo pl PBS

nixturémopamﬁlnb empoden?OaklﬁOQrumAmgPBGLtaﬂexmBOb pl PBS
0.5 m eluted phage and in cubation for 30 m nutes at

37 0C.. Finally, infected bacteria are plated on TYE
nBdREAPHI PR P@P@ﬁu@&%gﬁmﬂﬁﬁﬁﬂ?hﬁﬂrﬁszﬁﬁﬁ%ﬁ#W@% byngdding 200

nl peRcuRatied ato 30 @CyoyerAeghbr A.oni r@gacpflxs@h@&ﬁmh with shak-
nts selected alnst %ﬁé f or

. on of . CH nut
1hg ?&rub e%%églﬁH%%%i 58851mt§"l8ﬁ/£af St HEHAgE et ect By Phage
suspehedagh ihen8upanphiingdr doandsdds tiisool av€d 6fi thla 2M Tris-Base,

follghgﬂ B&eﬁnfgwél%ﬂCQ%%%gEanﬂiﬁﬂTﬁ?lqggﬁi@Sb'Smlxture of 10 ml
PCR and cloned Ncol-Notl  into the

anpl i
eXPOO@BFé?léxﬁﬁﬁﬁEWva FREEundi vAths G-pe . edBfFed Phage and in-
cubaexphemromwaﬁimnt@@&@t MBa-Hi. s Filmamilty, ogigie M dd Bdicteria are

sert cestri.cti on. siie to facilitate ¢ in
piacplogh Pt B Vil o rbhdeolly e, 1Y ST Boscatiin,
and &Nﬁmgateélﬁé €DnG|DV©gemyhﬁnth electroporatlon and

9@@%@19 3% ggﬁ@BtE&Ecﬁgngnbfﬂtﬁllﬁ%thggsgeQBgted against
icillin gvernight. Selected cl ones are inocul at ed

LYSOF%E@ 366 APLYRYF REBCCGMIA th anpicillin, grown
ovhagmghtDNA:ﬁ}dm:than@haq&u&ﬁﬂégtewdthgohgarmmgm$epannlng

roun%Og ei‘Qofé’%c?”%%h' N fq L e&ﬁ apv ﬁk d%’ém%“d%%%‘ Wltea chi-

OVEer ni e cells ar
domagaft disf dpdtdrormemid fiieshtled RFRhando aHo PérateVotl into the

vectBYf fsioTHAD B1yfd - 1ats ,406h O¥er Risghtnd oF . prepar adtwre Hion vector
pBAD9Mycph?§”H%n%§EE%%%%) %%th ég inserted NotI restriction site
to facilitate cloning. Ligated constructs are transformed into
E. coli 1MG194 cells (Invitrogen) with electroporation, and
grown at 30°C on TYE medium with 1% glucose and ampicillin
overnight. Selected clones are inoculated into 200 pl 2xYT medi-
um with ampicillin, grown overnight at 30°C, and induced by
adding L-arabinose to an end concentration of 0.1%. After ex-
pression at 16°C overnight, the cells are harvested by centrifu-
gation and treated with 100 pl Na-borate buffer, pH 8.0, at 4°C
overnight for preparation of periplasmic extracts. 50 pl of the
periplasmic extracts are used in ELISA.

Clones that give a high signal in this first, preliminary
ELISA are cultured in a 20-ml volume at the same conditions as

described above. Their periplasmic extracts are isolated in 1/20



periplasmc extracts are used in ELISA. C ones that

give a high signal in this first, prelimnary ELISA
wa@e@ooTdetured in a 20-ni voI ume at the same coPdi/EPIING050059

as descri bed above. Their plasn1c extracts are

i solated in 1/200f the cult e ‘vol ume as descri bed

of fﬂgn%%f% éeéggg?gkag %%ﬁ? Q? d§§85 bg db%égm J w1th ELISA

confirmation ants Select'ed agai n
(as Hemceghetyberpme Coat pﬁgflmét@phter pl ate (NUNC,

NﬁﬁIgﬁrgk CHlOQuﬂEnﬁgrs@@%bte&ogggﬂngﬁnhgggeg¥ ¥BByme
.in PBS, | h at 37 0C x&t% 200 PBS
X

01@)618@ PBS, MLATIFLRFIWARHE M PEEIRSR 'asr#)g) pl  per
ext racwelilpdildg: ng0heh peyi pyasoymeextniadh EBSnilﬁ%at 37°C

PB r nper at ure overni ght Wash: 3x 200 n
%%%é 1s§xagppbggnb%§ntl-Hls 4 (Qagen) , 1:1000 in 1%

Blggkipgs, 901mi ESArPﬁ$, iboai Rper wel |l Wash: 3x 200 m
wdEBS 2ndxanbipbady prgoat anti nmouse*HRP (SI GvA), 1:1000
0
I 0 ]]r{ﬁo B%%P%%ql’gagqqmﬁ%na&%mll mlOO Hlﬁezgel\rl\fpiasmlc ex%(ract
Na- C|trate/ﬁbos@ha?eBﬁaﬁPBS, pH 40bm QedprairaB0¥E 2GBrnight
waliPPPi ARG 2380,,71 pgW H2SO4 Absor bance read: 492/ 620 nm
ones are interpreted as positive when their ELISA

°si RALbPAYat angdsHishr €¥iagensy that06f fRe Wad&frdRy 90 min
S|gnalatEngpheolﬁ1 Bamrnivag1of the CL - phage library

on hen,egg.l.ysoz (HEL) 3 panning rounds are
W%éhforﬁgdg&P 1 %gg - phage library (see exanple 11)
2“IWn@xhnquGgmetlaptat@$q3¢ﬁﬁﬂPeﬂSﬂ@MﬁuedlmﬂOﬁohém 1% BSA-

egy | ysogyge, 9@ym§9daegR¥0016b Qi 5@@ fi@11ow ng
sol utign fol |l ow ng

%%hten@ﬁagpgngl PBélssolved hen egg | ysozyne: 1st

Dagdti ngh round:3my /m/ M obEL 2nd peawdngrdtownstiodpidtd  buffer,
HEL 3rdeg gln% rou d30 qy/ni HEL | ncubation is for 1

hour at™3 "fofToved bf bl ocking with
Stopping: 100 ml 3M H,SO,

Absorbance read: 492/620 nm

Clones are interpreted as positive when their ELISA signal
is at least three times that of the background signal.

Example 14: Panning of the CL - phage library on hen egg
lysozyme (HEL)

3 panning rounds are performed with the CL - phage 1library
(see example 11). Maxisorp 96-well plates (Nunc) are coated with
hen egg lysozyme, by adding 200 pl of the following solution per
well: PBS, with the following concentrations of dissolved hen

egg lysozyme:

1°* panning round: 2 mg/ml HEL
2" panning round: 1lmg/ml HEL
3™ panning round: 1 mg/ml HEL

Incubation is for 1 hour at 37°C, followed by blocking with
2% dry milk (M-PBS) with 200 pl per well for 1 hour at room tem-
perature.

The surface display phage library is then allowed to react



2% dry mlk (MPBS) with 200 m per well for 1 hour at
roomtem perature . The surface display phage library

WO gooslze2@l | owed to reactwith the bound hen egBCT/EP2006/050059
| ysozynme by adding 100 ml p e suspen sion and 100 m
4%dry mlk (MPBS) , folrb d by incubation for 45

tes h a |ng Ihhhout _
wten TV S0 S0 L gle 0 ThOUL B8 MONOH oage suspen
Slonaﬁ@dwd§HEd1bmﬁ7 dgyfmuﬂbde PBSY) ,pdiiilmyacbeid: 1nguiration for

45 nﬁ%ﬂ@s T PBS sP%k30Q MndBBo2nddanihigef OWREhok? Xshaking at
300 T-PBS, 10x 300 ml PBS 3rd panning round: 20 x

roomsﬁﬁmﬁﬁr? BBS: 20 x 300 nl PBS Elution of bound phage
panbouhdsphsgpepbotiretlebyaaddiwvagh200awhypes wellows:
0.1 Mglycine, pH 2.2, and incubation with shak ing
for 30 m nutes at roon1tenperature Subsequently, the
phage 3Uspensiisa reupdut A8l Kz880byladdPBSenSsf 380 HiL PBS

2IV: ITrl gMBpgﬁ?lhgl kfew?d by si &f gobi gm mnbgsE 10&0Bb0 T PBS
cells mxture o p nt n
culturg%mPFﬁnéng U8 u?éa hggg ﬁBg £b|%n3p8rul PBS
30 mnutes at 37 OC Finally, infected bacteria are
n.FY gégh /
pﬁfrﬁllﬁ‘g??ﬁ oE Eo gﬁ’byt egja;rt@l%(%%%gslgsvgé% AL @% addlng 200
nl petr é‘@llelct%fel %1bn¥sgéﬁ/ceeenupﬁnt23 QSeIaéhdceHl thlscfn With shak-

ing lE¥s0Z30TEni @it SO &bl eoemp&ei@mtmm%%déﬁmg hethe phage
e_sel ected th %g t.he 3 anni_ng
-pre

ha r
suspPd5Eared S PF kAL N8 56 R bl oM Tris-pase,
foll@wedobgln@festbamchxnwwﬂﬂf|qnﬂﬂnEGX}¢eﬂﬁBc%ynmnkture of 10 ml

expohlgﬁltlléﬁﬁgz '(ﬁtogv tﬂ?_;e é’@f’tg@fe DM§A@ I\fycmﬂ élu‘é’gHCIf)h'a%e and in-

. toll expressi on vegt or |ﬁg{
CubaFFﬁOu tfPé’ge?r% BREeH Rhsért &d I1|°"‘1r1é/st r%%ﬁ%cd??%l?%c’f%rla are
platfeaCIdnl teEe akanungwikhgatedgteossss uahs an®d tiienst orfipdcillin,

L ntQ % 94 cel.ls, (Invitrogen) with
and yRE8persarat ah EarieBRomicht 30 0C on TVE medi um with

19l ghdoosefandlanpedi bllpneeve:fnC@htnutsetecﬁeéleetedeegalnst

Lyso%&ﬁe'@89“%@Qﬁ@lbnegp%ggsﬁanXYT medi um wi th
ng|0| grown overni ght at 30 0C and i nduced b
atl %@W

PAE O ANBD] HO¥E BeaRTeNE cuberitett FBACBENO th, 3 panning

roundbt és éxolaeesi oital al 60 Dverepd ghdNA tdece@lhg @uetated CL-do-

main%gr'vesgggc ?ﬁgﬂikﬁ%&igﬁ%} oﬁ(tll‘% gtdr e@f&‘}le 5\2? %0%0@1 into the

ora overni g t
vectprepAlOHBASH Myfc-ﬁ@ra,pl‘alsmﬂé é%t ridea sE- 5601 gfxpyrssion vector

pBADVﬁ&bPH@gnHQnQ&EE@%bﬁ akg tesedh 1 MR donesetPaiction site
to é£01 1ta€é’cf099§& I%ngééélég%st &gié”B?% %Jansformed into
E. coli 1MG194 cells (Invitrogen) with electroporation, and
grown at 30°C on TYE medium with 1% glucose and ampicillin
overnight. Selected clones are inoculated into 200 pl 2xYT medi-
um with ampicillin, grown overnight at 30°C, and induced by
adding L-arabinose to an end concentration of 0.1%. After ex-
pression at 16°C overnight, the cells are harvested by centrifu-
gation and treated with 100 pl Na-borate buffer, pH 8.0, at 4°C
overnight for preparation of periplasmic extracts. 50 pl of the
periplasmic extracts are used in ELISA.

Clones that give a high signal in this first, preliminary
ELISA are cultured in a 20-ml volume at the same conditions as
described above. Their periplasmic extracts are isolated in 1/20

of the culture volume as described above and tested with ELISA



ELI SA are cultured in a 20-m volunme at the sane

condi tions as descri bed above. Their periplasmc
W@2106aT2680 are i sol ated in 1/20 of the cul ture ROI/EP®OEE50059

descri bed above and tested with ELI SA(as descri bed

bel ow) for confirmation. ELI'SA of CL nutants sel ected

(as ?%%h%igﬁgegeﬁgg I¥8%O%gﬁfggﬁg£ggPlNlcrotlter pl at e

XI sorp 100 ng hen egg

I / :
BF%%%%Hgf ?%6hﬂtg§§s Egléktéa anY9§@ Q§20%8%15g38§§me

Comdrinf asni cMagrPhétebi nlaiﬁae 5ONPHC peMEptaEiR) extlifdct 1L per
50 m %%1!$A1@Bspgaheh0@qgt eRperghdr gmovennipght, Washt 37°C
w‘% 200 m é b %ntibody: anti-H s 4 (Q agen) ,
00032 1% BSATBES, 90 min at RT, 100 m per wel |
B A nBx 20@ nBSPBBandlhnathEy goat anti rmouse*HRP
Wa(5§1 GVAR,. éO@OQQ ngsl% BSAPBS, 90 min at RT, 100 m per
wel | Wash: 3x 200 PBS Det ectjion : [l OPDin
PWH%%%/Wt@WW%T pI—PQL il @e 1t agpogpeptract
Stoppi ng: 160 pil 3M BREOC#BAhSarbancs reagerdQd46268vamnmight
ones ,ar nt.er ted as positive when their ELISA
W(gh‘ al3§s§OIO tLlgagﬁgthree times that of the background
1§|gﬁmboganﬁnéltslscoﬁ@tag:@monloﬂoﬁﬁ AfnmirfopobkBy 90 min

domai naehirgh h9or anderi-zedien both sides (bispecific
i ne domai n) This exanpl e descri bes an
V“Eﬂg1ne Fegogﬁﬁ&ngggobulln domain with two binding
2¥pexnitfilmidy esgodbieadesi goude tHRE engtMmeey edl: 1000 in 1% BSA-
i munogl [ in.c t f W ng
strategygle g%gﬁggeggdﬁgl8£b§ngl Bgrl@%£9c24 (see
Wasdeinpl €%16P0, bdePBSved from the CH3+5 |ibrary binding
pDesaed fdrcal: | y3ri@/hly S @ppy nen Was -4Sed aa%s /phaysidhk@ Pobit fer, pH

resi dues _to_.be ran 1.zed were identified in this
m)difigd5 'goﬁgig8%h#§h are connecting b-strands of
Sﬂdppingnnkﬂ@h@bunﬁdbS@Ld and which lie on the
| t& sidey ofy dgjw/%éj(pr}mn conpared to the residues

t at were nut ated when gen

Clones are interpreted as positive when their ELISA signal
is at least three times that of the background signal.

Example 15: Construction of an immunoglobulin domain which
is randomized on both sides (bispecific engineered Cy3 domain)

This example describes an engineered immunoglobulin domain

with two binding specificities.

The design of this engineered immunoglobulin domain com-

prised the following strategy:

® an engineered Cu3 domain, clone C24 (see example 10), de-
rived from the Cy3+5 library binding specifically to lyso-

zyme was used as starting point

® residues to be randomized were identified in this modified
CH3 domain which are connecting B-strands of the immuno-
globulin fold, and which lie on the opposite side of the
domain compared to the residues that were mutated when gen-

erating clone C24.



erating clone C24. PCR primers were designed that
al | oned random zati on of these residues and synthesis
W@RoobliT®2@Nngi neered i nmuno gl obul i n domai n i n BCT/EP2006/050059
procedure simlar to the one descrlbed above for the
, the CH3+3 and the CB+%" |Tbraries. 4 PCR
p u taining.r p s r.e | igat
. 5§ﬂ A e e
sub§é9uéﬁﬁuyueﬁhéydmevétbegﬁédOﬁnthENemg¢naemedlimmvno-
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4RABA1 YOENEEENC G8fic&a hnd +%ﬁﬂ6ﬁ?s

i ge ositi.ons_were found tg b i nde enden Ly nut ated
FoACRBLREE cont?tﬁaygséaaen%ésaés 35Lciad. vakE Ligated
and ﬁhégelEnbthrynaastgeweratempﬂ@ﬁu@dahg BEBndanbsequently,

theypwekgcehéneangnapﬁhﬁg@ bhgeﬁce& ﬁo§¥ %14030, 71 oh-2Wa$ o rmed
achieved. In_order to test bispecif icit reconbj nant

lntohﬁnaﬁOEFyFﬁ Foﬁ%ﬂé?uHO(FHEPEFuﬁéstEﬁo%éH¥§§Y38€oﬁBOUt 10°
coloahtksgen) whhbemilyy wassex petbvadethatrtheeqasatedctnd random-

1sedrggghg§gn5t§egél%BgﬁbgégfgggQgﬁéggnagggh%iﬁh%%tgar R;Qo no
“wilgdanpag" Kﬁaﬁassequﬁn@ed@aSt@bpeégédveThﬁepbégalé@béﬁry was

gene95t€a4f6h98@§n§h§Eaﬁﬁb§ﬁ pubagenesi sashi bl pahgul dibkprdor
lys first round of sel ec?lon on

6. 32rﬁEﬁ@ wgg/ﬁgl Sﬁeéc egepound of panning of the phage
ul at (1_no/ _
R o PR e B B dRe S R LBl P Pebs i PR lmpp SRRy en
ropopeatisa «WhEP@brwaSNgh@Fennas seMpNd- sachorat ewbiflfeit was ex-

pectBH ®nét tRedesheasi;pg QQESQHEHaEt@nérh81§H@§§QHﬁﬂﬁneered
annln%Srounds (see Table belo ter ockjn

Specgi&ﬁﬂﬁ fopnaga ?ﬁgtﬁ¥SBF¥@E|nm?EBQnFeﬁﬁ§lX?|BRégetHas Se~
lectbdndnat peamihgnpenatiar eThobraeh toAbkeBeZGeMEEEepopulatlon

of C@Mtglgnggsﬁﬁgg g?t@%tﬂgggg Plsegagt?% Eﬁ?ﬂﬁhhbgp g%n egg

lysopﬁage %h@ @gégtuﬁﬁﬁadapélyeﬂ@ctﬁpécpne%bgﬁ@nwaalﬁyllowed by
a rodh@WoirNgahihg b@fﬁﬁée§h§§5|§oﬁﬁﬂ§t§@heéheﬁeﬁnegg lysozyme

a nggBLoen PPSM@%? DL e e EEaReh, B8 ERpes! FeAts of

micrettihrheppeteplifigeibb3pKORuncondendr at BdNerthrBeGaandbuffer,
pH 9U%ed1hndéB?EQ%EngaBBthnEQHﬂgonLnEHtsﬂBgeﬁﬂéﬂﬁtPQEﬂﬂﬁg

fbers wer e as transformn
rounéélKsaﬁtgﬁbé@eb?lﬁﬂhnlﬁét?éuhéOE#éBHew8t¥ 2%5THpPBSg phage in
the BaBBkhggr agBdtranhkganlphagetbnpihdphageoett peinperature for 2

h. After 20 washes with T-PBS and 20 with PBS, it was eluted
with 0.1 M glycine, pH 2.2, and neutralised with 2M Tris.

Eluted phage was used immediately to infect exponentially grow-
ing TG-1. Infected cells were selected on ampicilline-containing
medium. Phage particles were rescued from culture supernatants
upon superinfection with helper phage M13-KO7, concentrated with
PEG and used in another panning round. Input and output phage
numbers were determined as transforming units of E. coli after

every panning round {(Table 8).

Table 8:

panning round |antigen phage input phage output
(TU/ml) (TU/ml)




(TUmM) (TUmM)1 rhEPQ, 500 ng/mM 6 . 32 x 1010 1 .
9xIO0O5 2 lysozyne, 1 ng/m 6 . 16xI O 15 4 . 53xI O 10 3
WO b@ER@726200 ng/mM 6 . 07x10 15 6 . 78xI O 10 4 PEERR00&5@50059

mg/m 8 . 42x10 15 3 . &XIO 5 rhEPQ, 50 ng/m 5 .
12X1015 4 . 28x1 O 10 Resulti col oni es were scraped
of f the p|it cu red,in 2xYIT th icil|jn

1 their plasm EE EBH Pgépgted J%% a 3?EI %Zng@ﬂ
I nserts wer i e P then SJ C
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5 fer, pH 8. ()rhgpoﬁ Boapg4m®C and perdiglasn ¢ eks ragx10°
—\A.QS—HS@d—I—H—El:LSA—EO—I’—El:LSA—NE\-X—Ié—QLp—p-I—af eslwere

coated with hen egg | ysozynme in PBS (20 ng/m ) or

rhEPO in 0.1 M Na-carbonate buffer, pH 9.6,

rBeputtinegl golppies Weae 8Zraped ﬂffethblpéatﬁg,mpvhtured in

2xYT1%a§§AaB§§Cl@§&helaﬁalEhgxkraigsmadtbﬁAsaag bke¢kiBd with a
mldlagent was al | owed bi nd overni %P . Bindin
|

%@BIeénﬁFFESaHeéﬁtPmﬂﬂ%leﬁ)Wé ab88§'aﬁgdaﬁBeB subcloned
intogoattamnt pNOUBRR kG anthbddymedohhugatadeEw tb1kHRRtEaon E104.
h y i on) 1 EPO
4x72 S?lgﬁgeg %8§%gﬁug%hgégcgﬂ 286 ﬁgpg&ggngggg|8ﬁp ﬂh&}lne and
induggd wésh Qtlﬁgﬁfezebmﬁpaﬁt@n sbenQOéﬂ@wpéq ARk &f25rwﬂ4h

exprE3S©4n andipNPE, CQH¥9r§bQB i@E&dW@ithegdoa 1495L§89ate buf-
4 clone omi si ng absorbance val ues

ror, "Mk obe gl Raca J LD BT O 500 Bbe0T DancE Lot us VelCuzea in

ELISarabi nose induction at 16 0OC, the cells were

c e an h - a b e

MR S akﬁgg?g HPACLENGLD Lot o or O UL ysonyme

in PB@rﬁapnéa/aé aBsvEhERO41paPal| ¥ Na-gagbaerts ®ifhety PH 9.6,
resp@@thpb§§n1@o@xlrﬂcbtaBd mtth@@te@nbn@@nlm@raiuﬁem%aQSA-sz,

.&ﬁgatLve cgntrg gﬁsults (T% ﬁgln achiexgd dt
perigl ERMEPofE “A8ELr dPng to SR PL° ﬁzagiﬁ ¥ap| 8 9°We t©
bindanvegemnghbsoBhbadiegonanorpeerpbdsniithnenaahigeHis-(4) anti-

b I 6 2
body.bg%gQﬁﬁgééé%gﬁoéﬁg%%ﬁguée4ggé gg@ﬁb g 88n8u8a%ég Qlth HRP

(forEQﬁﬁpﬁggléysEﬁgmﬁegﬁéacéﬁBnﬂoﬁﬁlﬁg.ﬁﬁ@§lHEEBPS§§E?FthD .
Cololiei k¥athian b@bobbkeohoemBion (HRP) was read at 492/620 nm

after being stopped with 1.25 M H,S50,, and pNPP conversion (AP)

was read at 405/620 nm. 14 clones with promising absorbance val-
ues were selected for expression at 20-ml-scale. After 24 h ara-
binose induction at 16 °C, the cells were collected and lysed
overnight in 1 ml Na-borate buffer at 4 °C, and the lysate was
used for ELISA. ELISA was performed as above in 4 parallels, and
wells without periplasmic extract and without antigen were used
as negative controls. Results (Table 9) were achieved with clone
according to SEQ ID No. 42, 43.

Table 9:

antigen absorbance on no periplasmic no antigen

binding extract




In the construct used in this exanple, both the VL and
the VH chain of an anti body are fused to an engi neered
w@kBotizased n. The VL and VH regi on of the humanPCT/EP2006/050059

monocl onal anti body 3D6 (He et aI . Proc Natl Acad
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(He kmnEetsanenPrautabtmngbamhs@m weBeAuseg9QO8blga5@ Bhe Kohl
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Jr e%hghPlé hpgsﬁg?gsg 15? S?é?en?mangﬂgggnauer M, et
al. NnnéeagcﬁSlderBeélohéaolh8369€abbewpach|aepagn@zes an epi-

topeeéﬁfSﬁahOBfVﬁﬁvoﬁSwa§D§¥EdC%é f@%l@hoﬁggth@rthgrpghgggngln—
|na nane: pPl COK3LC) and (flna namne:

eereBpF ARG W el 1 HIpRt A IitﬂH%Asp 3ty to hen egg
1ysopEm€ZSHC was |in earized with Bgl Il, transforned into

P&ﬁhe%d8%8£8f'§o$§%&5tegdgs£ag§£85n§gtéhgeeg-éﬁbe9tsﬂ_CH3 di-
on zeocCli n-contal nin nmedl um e of the
mer Vﬁanéfdﬁﬁﬁﬁfsdﬂa§09dbséb@eﬁ?ﬁ?d9§édsa§ aYRowereepfdedr to the

C- tekﬁ@nﬁ@'ok thbnééﬁlégquéﬁeéthCt pPlI COK3LC. Doubl e
nsform ants were then selected on RDB - nedi um

CF feBUGlratiAcufBfe@™iAP 02804 nFe?E@Pﬁ%alﬁﬁ?Eﬁﬂt@Vﬁﬁﬁ of the
two UhhﬂhsC[BDGVLEﬁZandndEBB6VHeGZAndmeeQ1byntha adqi tboNo. 47,

46 ag& %ﬁbﬁgghggol @WNNrggg%ggBE;E§ i nducti on was

conti nue hOUI‘S at Su ernatants were
rBﬁ%W@éSbyeé@nﬂﬁﬁﬁggaﬂléhaﬁn61%EWethﬁeﬁmﬁéhfé@ﬁtﬁaﬂe@f the

cod1a90Hbg1@ngln@ﬁtreaaéeﬁger@Etkm@tﬁ@ﬁogbtegnbtptﬁbesamgstlme

bl ot t
(316RE; ol 8ot aE LBt Paobiofy be” 308 EopbBntdipgnegions
togetvheappFoxi pEPEEFSHONn- 0£00hAyHEneni t thk dkhirepaBtpstis ex-—

presEHBﬁtng@Emt@ékscﬂﬁéeﬂerEBEEE?u%%EhwéEE ﬁBH%S”EBaESQtable
er nat ant rstl Y, Maxi sor ates were
Plchééapéét@Fgﬁ expression vectors: 3D6VL- was cloned in the

pPPICY9K (final name: pPICY9K3LC) and 3D6VH-C24 (final name:
pPICZ3HC) was cloned in pPICZalphaA. Construct pPICZ3HC was lin-
earized with Bgl II, transformed into Pichia pastoris GS115 and
transformants were selected on zeocin-containing solid medium.
One of the transformants was subsequently used as a host cell
for the Sal I- linearized construct pPICI9K3LC. Double transform-
ants were then selected on RDB - medium.

Clones were inoculated into 30 ml YPG medium and grown until
OD¢0o=10, and were then induced by the addition of 1% methanol in
BMMY medium. The induction was continued for 36 hours at 16 °C.
Supernatants were removed by centrifugation and were then con-

centrated about 10-times. Presence of the recombinant protein



20 mg/ M hen egg | ysozynme in PBS or 20 ng/m epitope
of the an tibody 3D6 in 0.1 M Na-carbonate buffer, pH
w@2®s/0782pectively, for Ih at 37 0C. The 3D6 REI/ERJIE6/050059
was used in the formof a r%%aninantly produced
GST-fusion protein. After blocking wth 1% BSA- PBS,
t uper n [ LN

was 889%%9& ? Sg ? HS Qg&% F ﬁ?k?tg %ﬁrggg 89 qmé antibody,
and Wéeeasédmaﬁﬁﬁ éﬁ éﬁtﬁtkﬁscenFeaﬁFﬁﬁééy aﬁdagﬁalemately 50 -

100 QQV& HRYseaanti;hedye.conjug ated to HRP, and
visual i sed as colour r

eaction r sultln
cbhiEFsfBRChLC49 IBQEtHnW??aBF€ 28yed %éBL ?Q§C18Pﬁ§entrated
supetnathhtho@itetlepgivaddsi ng HBX&HUMpOgRGbBBIWere coated with
20 wfORY hEhndot RSN enBAL! Ladbhonol 2 Bt EUBLUER! cne an-
tibodle Bﬁnépn@ éfMsHﬁdCﬁﬁﬁﬁﬁééﬁobuﬁfﬁrtoPHn9eévté@épéﬂtaﬁelyr

for @At k@geny Wherehe 8he @pﬂ@dp&laaslaauaoghOEHblﬁogﬁegf a re-

not nifi antl nd to said |tope onp
conb} R 1§ bro83REeY GRS fanr bretRLh e eacERrRp BRRInt Ritn 1
BSA—PBﬁunoghpbutratednﬁppﬁsnagaatsIwase ahéowédutbubahd
overhggﬂgrgg'gﬂe éﬁﬂgdbEXEﬂgn?t g@g% BEEdEH%'@?E'ggvealed with
ue o east one o structur
an aﬂégr8h§ (4)t pRRSPEEYi A stapétnéaFﬂr@éuﬁecﬁéFébQQVd FRANJug-

atedaﬁoeHRPFS%h?nviﬁﬁhiﬂbed @&pb@iﬁhﬂgréabdlﬁgdkég@?tlgg from
nmmunogl obu tacti e pressea nodirti e
orp L RRgr 8P Fn o R2Hn Al PRRac aRE® . “Seter m ni ng

whet her sai d nodified i nmunogl obulin binds to said
ephbhgRe 02 - Method according to claim1l , wherein

antjganst two dil PRéPBnEiepptopesBagkgrRBifod ac¢Brakagorsd

Frmomogtobul s —birnding—spect ficatty Ttoat
any of claiIui QL ehaim2 Qﬁapahﬁnggnat | ¢a8b 60Pernatant)

modi ficatio 'east oneg gctural Toop,r on of
lys ﬁE?gl n—and det r.gp ng—t he cpar fﬁgb
3D6 Epidiame of a|d6at | east oneOIOOp reglon to| &t OD&ast

one nol ecul e selected fromthe group consisting of

al | ergens, tunor associ ated antigens, self antigens,
enzynes, bacterial antigens, fungal antigens, viral
antigens and protozooal antigens, wherein the inmuno
gl obul i n containing an unnodified structural |oop
regi on does



not specifically bind to said at | east one nolecule. 4
. Method for manufacturing an i mmunogl obulin or a
Web@saeweuti c al preparation thereof conprisi NRCEHEP2006/050059
| east one nodification in a structural |oop region of
sai d i nmunogl obul i n and determ ni ng the bindi ng of
Claiﬁﬁkd i mmunogl obulin to an epitope of an antigen,
érein the unnodified i munogl obul i n does not
significantly bind to said epitope, conprising the
1. MéEﬁBa ebr =nBhAXkding anngﬁhghegﬁebqlgﬂceemﬁglgmng at least
risin east one Ioo%f glon -
e

ngug globulln co 8 i h

one RBedifyFaGLar HBadt BﬁBCH CPeot PEB FESI-BHe® d| gggpno-

globomenoéndaddtbmmmnnaglOhs bintilagsbér sand smmdnogdbbiuédn to
. ' C X t eSS .

an e@HEéﬁ §f5gdbﬂﬁn§nﬁ p&g%ﬁb?ﬂ §¥§O§§§891§§8& $thllog1lobulin

doesepptesianifbapnié bﬁﬁdn@@lébaﬂ|ﬁpmﬁpﬁeanCQmprépéng the

stepgeb@rn1n|ng whet her said nodified |nnunoglobulln bi nds

to said It ope, roviding.the no

| GG OB0PT B BPAAFAG FO SarROaRtEope. AME-OBPLERALEY com-
prisfingi shi hgast boeasphactraceltiloab pegpana tion. 5 .

Met pf [ ci.fi

e S S T R R
of Sﬁﬂﬂsﬁtﬁﬁpééﬁﬁé éPOE ﬁﬁaﬁﬁﬁsceutlcal pr epar at i on

t heteghseenpihgi Bgiat mbaast canguanditi gailli @A hA akpression
< StIeast one structural |oop region of said i mMmuno
YSt§1"6bul i n and deternining the specific binding of said

at espstsenngl eapdregddhied ammhsagiobnéisecond

mol ggHt g-s¢hgctrd E&B?b&Q@dgﬁBHEfEQHShﬁﬁhﬂg ®5bulin with an

aIIergens tanor associ ated antigens, self antlgens
epit@Rgyne8d bacterial antigens, fungal antigens, viral
ant igessmandngr ehezneal santi geasriwvbef @ninb§@obMiAObinds to
dglobglln cont ai ni ng an unnodi fied structural | oop

sai i'on-does not specifically bind to said at |east one
second nol ecul e, com prising the steps of: - providing
2. MétHH&'gb%o%&hﬁgeﬁsoénﬁgmam 'WHHB@QhOQHHHn1ﬁhﬁﬁobm9bulln is

eci fical to at | east one first nmolecule conprising
bl“déggléB%FlSHEa%%VuEPuﬁEI1?885 Fugi 8L LerRBEi FPi-hGPSE -

| east one nucl eotide residue of at |east one of said
3. ME%HBdrSgE8QEiSQC%gegn9y0§ahgaﬂﬁcHegg giggm 2, comprising at
least one modification in at least one structural loop region of
said immunoglobulin and determining the specific binding of said
at least one loop region to at least one molecule selected from
the group consisting of allergens, tumor associated antigens,
self antigens, enzymes, bacterial antigens, fungal antigens,
viral antigens and protozooal antigens, wherein the immuno-
globulin containing an unmodified structural loop region does

not specifically bind to said at least one molecule.

4. Method for manufacturing an immunoglobulin or a pharmaceutic-
al preparation thereof comprising at least one modification in a
structural loop region of said immunoglobulin and determining
the binding of said immunoglobulin to an epitope of an antigen,
wherein the unmodified immunoglobulin does not significantly
bind to said epitope, comprising the steps of:

- providing a nucleic acid encoding an immunoglobulin com-



- transferring said nodified nucleic acid in an
expressi on system - expressing said nodified

WO povsTgk@bul i n, - contacting the expressed noRCT/ERW06/050059
i mmunogl obulin with said at 4 ast one second nol ecul e,
and - determning whet her 'saitl nodifi ed i munogl obul i n

prisgbgdg SESS % Sgllegnghﬁnﬁgcond nmol ecul e and -

nbgl obul in specifically to
saiEOd@fyéagtabnéegéboﬁdennUGéapéldﬁdr@p@ﬁbﬁapfyat least one

of Sghal§Bb@grbblbgsapharnaceutlcal preparatlon 6 .
Met hod according to an %55 clﬁlns 1t 8
chaF4ghe ?§€a“9nsﬁﬁ§tm éfF ABGLBhaI FRtPsiBf 2RufgRTession
system,murine origin. . Method according to claimé6 ,
cha h u ulinis
ol captaobify plub AbaLRES R TRRLOTSOBILAR | gros 1aD,
|gEcopggptlngQhe|g@grepggﬂ @ﬁdlfgﬁﬂ 8mmun@gh@§ulln w1th an
epltgpgprdlng toclaim6 , characterised in that the
I Muno nis selected.fromthe 0 . .
ConePEeHRGTORT) BREthEp, Srok Toger o gpitpgohBLin binds to
saldlgﬁﬂﬁppbgcandnd lgM 9 . Method according to claim?7
c [ h I k - .
conr Pea adpEas Ay TEel RhnbBa PRUTPA, PEHI g co said epi
torengRggPBbuPRA L&Y 5lﬁaﬁblﬂﬁeﬂ of° 20PhREMAGEVAEEBL dPREPaTa
tionto any one of clainms 7 to 9 , characterised in that
t he i mmunogl obulin conprises at | east one constant do

mai n and/ or at | east one vari abl e domai n of the
5. Mewhudogbobmkhnfaotuaipgrt mhéteetpendlfadi agmanoglobulin

blndﬂhﬁ'gBQ@h@lcéilyN%Bhgg @ggg&dbﬂg %Qrgkahglégule or a pharma-
characterised. in con stant domain is sel ected

CeUtFF6ﬁ1PH@PQFBE&OBftEﬂFeoékﬁomEFBSléﬂmatléﬁaéﬁ Pge- eodndica-
tioncoAbbRatleaps bher eekructidraltibog aég@bgng t@aidl amfuno-
characterised.in at the. 0Q i,on
slovffipr AU BTG LI sbieiFRE Babfongohs 9op0Hs, teast
one Aapporacids 25 &b Egasanpne aep§9d4m0ﬂecaie apilpaeted from

the ?ngﬁ g%n%@s%%ngagkngl§€k9§n§9 Egm%93aéggc§HE@9 a6k48ens,
o 117. Met hod accord %Eto claim 11,

SelfcﬁaFégFEPrs%BZVﬁthaPaFEErFéép @98H§'o?upéﬁlcﬁaﬁagensr
virallgha€igknbumad prbgbnocampanseéganspowhAeirdsn8the 1fmuno-

L NO ' tg 3 C 7
gLobfTLA0cAEEETnghs' 2o Rl BL=BoSESunEy a1 Bk B ionogoes
not gpe¢ifigpdlinbhpdatPdsaid3atoleast ene Fechpd molecule, com-

pris2agordengttpschai:m 11, characterised in that the |oop

- providing a nucleic acid encoding an immunoglobulin bind-
ing specifically to at least one first molecule comprising at
least one structural loop region,

- modifying at least one nucleotide residue of at least one
of said loop regions encoded by said nucleic acid,

- transferring said modified nucleic acid in an expression
system,

- expressing said modified immunoglobulin,

- contacting the expressed modified immunoglobulin with said
at least one second molecule, and

- determining whether said modified immunoglobulin binds
specifically to the second molecule and

- providing the modified immunoglobulin specifically to said

at least one second molecule and optionally finishing it to a



regions of Igk-C and Igl-C of nurine origin conprise
amno acids 8 to 20, amno acids 26 to 36, am no acids
wWaA 0607262 ani no aci ds83 to 85, am no aci ds 90PCDERDDG/050059
am no acids 108 to 116 and am no acids 122 to 125. 15.
Met hod according to claim10, characterised in that
phar#hgeﬁkgggﬁurgg g?ggloﬁglons of the variable domain of
I muino 8 obu human origin conprise am no
acids 8 to 20, amno acids 44 to 50, amno acids 67 to

6. Mgghéadaéﬁbﬁalﬁﬁ'g§ 88yt 8r10he LBailBt hOdoaeCcOordLREctRrised
characterised.in that the structural oo

| ai B
in tﬁéﬁ|gh§ oRMPRRIVAPPAB el doRhi RUBADL RE HATIAS gFoBat'in
of murine origin conprise anmno acids 6 to 20, am no
- i ds agin [

7. MEERES qhsb0aafs B, D9a06 B  HabRcl2 00 TR 8RRE, KR human
lmmu@@gsobuéharaétéﬁﬂ@éaeﬂnfrﬁattbﬁegrﬁﬁﬂn@gnébatpﬁgu@foﬁgAl
Iga2¢ameb, oriygi n1g&8, Wethodrgesor dhog hadckavm 17,

characterised in that the i m munogl obul i n conprises at
| east one constant donain selected fromthe group
8. Mebhsdsabngrdﬁng}tp CH2imnd, CbBara¢9ermbbhodnatbatdthg murine

1mmuBBPEB%th CH%&QEE@B'%?Qm'EhEh SE §B99958§9g08§ 9Ga,

ri se am no
IgD, apls iﬂGﬂo §9G2én1ﬁaGaﬁvd§g§§Ct019§3 arind9¥ei ds 82
to 85, am no acids 91 to 103 and an1no aci ds 108 to
7. ,20. Met.hod acc dlng t o_apy cla
0. Mbhogh drakE i Re A8 RLERRY 7t Re By oERFEar B sF R n) Saap the

immuonglnbcﬂeutcdmpresasts haagysabdtpruilight dbkéhi ofi the im-

muno@@gggglhnggrglggrgfthggeb@nunoglobuI|n encoded by said
nucleic acid thod according to any one of

claims 1 to 20, characterised in that the am no acids
10. métabdl easbranagl eepanggbas arecmadmki @dtby9, characterised
. Lte-directed r om. mut at i on. thog according._t _
in t} % ngﬁllmmH chngéedcompFﬁa?stﬁewﬁgﬁs R’y mode PRy do
mainngoHépe aélaeﬁﬁte@uEevgﬁmpbﬂgedoaﬁlnea§ttbﬁelmmunoglobulln,

or aCbggtlgﬁek@e%a&heguath hayi Rgqbhgigequence S f-NNS-3
-NNN- 3'or 5'- . 23. Method according to

any one of clainms 1 to 22, characterisedin that the
11. Hrphedshopnosyshgntoonprisedla veatarte?dselkethodhat the con-

stan%cggﬁgﬁﬂg'gosgggFggg ggoﬁleh?gguP g 8% eﬂ@ra&h%rléﬁg CH4,

i Muno 'S éxpfessed |
Tgk- ﬁosﬁglpﬁeﬁédaﬁpvbﬂﬁaﬁl@aétéh?épofa yeast, a plant
cell, in an animal cell or in a plant or animal. 25.

2. gggpggtggggé EH %8 gTXi%”?lof ﬁg%ggﬁe%lggdzﬁn that the mod-

ified loop regions of CH1, CH2, CH3 and CH4 comprise amino acids
7 to 21, amino acids 25 to 39, amino acids 41 to 81, amino acids
83 to 85, amino acids 89 to 103 and amino acids 106 to 117.

13. Method according to claim 11, characterised in that the loop
regions of Igk-C and Igl-C of human origin comprise amino acids
8 to 18, amino acids 27 to 35, amino acids 42 to 78, amino acids
83 to 85, amino acids 92 to 100, amino acids 108 to 117 and
amino acids 123 to 126.

14. Method according to claim 11, characterised in that the loop
regions of Igk-C and Igl-C of murine origin comprise amino acids

8 to 20, amino acids 26 to 36, amino acids 43 to 79, amino acids



in that the specific binding of the nodified
i mmunogl obulin to the nolecule is determ ned by a
whrwdmg2@ssay sel ected fromthe group consi stPEHERF006/050059
i mmunol ogi cal assays, prefeQﬁply enzyne |inked
i mmunosor bent assays (ELI SA) surface plasnon
83 tor88, Cdiind> 38 As 8t yLay hon g&gﬁgfg 8'f5?56986116hﬁﬁd
réeson ance’spec roscopy, ransf er
aminpt pNOEp ﬁ@gléarlﬁﬁgnetlc reson ance spectroscopy,
conpetitive assays, tissue binding assays, live cel
bi n assa s and cellyl ar extract assays., 26. tho
15. %EEgPauﬁﬁcPB afy bReC Eﬁlelépns &aFGCESrl%ﬁQréEtEEEEeBEe
struchuthat 1bhp medibhedoifnmbhroghobabila dsmednj ofated fmmano-
| se e [ f ._qQrgani
globhﬁﬁﬁ ? hhﬁgh Srﬁgﬁﬂ1kpﬁp9£8 pgggggvgghag ? 8Cg o gglno
acidpgBd| §0 ﬁpuoﬁ@g@@n@cnéﬁeﬁg tehr 6rBgenrEinabarsds 89 to 101.
| um nescent | abel s, haptens di goxi geni n, biotin,

16. DRERaar 20Be R8T Re Bt iR ims b ohEoEafRs aPe g%ﬁ%?éﬁfthe

strudoomaih iebpcteglbnenofhEhgrUaplabm9|dbmagnobekhe Cr@pno-
glob%n 9%41’1111!?956 ﬁr!’l.?!’l_f‘l coﬁﬁrﬁs@aé}nlhgeéggﬁs' @CltUdbﬁg leno
domal n, east _one | oop re gion,
aCldéhéﬁaépeP?seémPﬁotHﬁﬂd§aﬁa 5P Véaéﬂdoﬁ@lpéoﬁcﬂégl8ﬁ to 101.
com prises at | east one anmino acid nodification

17, LB PhaeRo iR HoalFi 84 FH6pCrBAran oP RS, Chetacterised

in thpécihiecahhynpglabulléast soné epincdperdffiam anti gen.
28. | nmunogl obulin consisting of a varable domain of a
heavy or |ight chain, or a_part_thereof |nclud|n% a _
WﬁﬁhaénﬁFﬁorﬁﬂPﬁ 5P FAadm dde FBéﬁaFEEFéﬁed in that the im-
munoqmabamtﬁrbSﬁﬁtheEhat $aa§tabnbea5hseaatlaepaﬁﬁ?semected
c rises _at | east.one a [ ation form
from %HE 9rPegsFogﬁésn089fO%nbpgbpgbg ang E\M%erein sai d at
Ieast one nodified | oop region blnds speC|ficaIIy to

19. ﬁéth8355c98§d§ﬁbtQBecleﬁnléntbﬁgBaggerhEHHn99|QHHk'Ehe loop
accord Cg%to claim.?2 , Ccharacterised _in_that

regigRei §énCid  sefécped FP nFPﬁBr@PSuBm&BHsﬁgﬁﬁﬁg of© 25' amino
acidpr otetnaBepuamimbeaulds, 4aucbei’é, aamdap andds 82 to 85,

amin§2LRONYTERT £5. 139 L amupeglobukisn aggordifgato any of
b 5" 18358 1Ch at

he "clai ns aracterised rn t t he antigen
is selected fromthe group consisting of tunor

20. ﬁéﬁﬁ@dabegoéaﬁh eﬁ§,ah9 paet beUkabiRBCAMco 19, characterised
in t%unnr asso

é g g XCO rote n-72 (TAG 72
BoF'GsE8E At E8 AR Pe eiEB PPoBPatEoL e FREults in a
substénbtane, adbﬂgémoﬁPSNByor Hhghrobbacofatheeightinoglobulin

encoHEhaBg”§a§83885§E§g gaipgen (HMMMAA) -,
tunorassoci at e

21. Method according to any one of claims 1 to 20, characterised
in that the amino acids of at least one loop region are modified

by site-directed random mutation.

22 . Method according to claim 21, characterised in that the ran-
domly modified nucleic acid molecule comprises at least one nu-
cleotide repeating unit having the sequence 5'-NNS-3', 5’-NNN-
3’or 5’'- NNK-3’.

23. Method according to any one of claims 1 to 22, characterised



antigen expressing Lewis Y rel ated carbohydrate,

Car ci noenbryoni c antigen (CEA), CEACAMb, HMFG PEM
wWore@ea726RCI , MJUCL8 and cytokeratin tunor-assocPEI/BB2006/050059

antigen, bacterial anti gens, viral antigens,

al l ergens, fluorescein, |lysozynme, tolllike receptor 9

lﬂﬁﬁ%&%%%ﬁ%ﬁ%ﬁ@%%?&a

CD30, CD33 (p67 protein), CD38, CD40, CD40L, CD52,

@Q@ﬂodcgééorggﬁ tQD&ﬂg oﬁgBoflkiblmEL%Lgizbb ghiracterlsed

| L- 5
in tLEtlghelEoééflﬁﬂtéPPEPSHlS#Bﬁén 8 ?éPF@FSﬁdbéPaa host,
prefentbilfelonaghamaesrTAE; abphaastTNFhepaant TE11lal iphan, animal
TNEal ph T R I, FasL, CD27L, CD30L,
061148FBEE,Q g%?ﬂt EgNEhlm%yEAK APRI L, BAFF, LIGHT, VEQ
OxX40L, TRAIL Receptor- 1, A | Adenosi ne Receptor,

25. lkyepbat axtBrBeha B@CQHQOBDeTA@|015?EE iR, tEP?M LEAaBacterised
nte e

t
in thaFobPbn bl FBiGeinE ool HPHRaseS; REbERpRLobuLin to
the abphaﬁle|msegetarahpbd4bylatbgndmnglphaay sRilegted from the

groug'BBﬁg?sthHgfgfrhﬂmﬁth8§kﬁQHPQ§¥Q9E R%Q%@QEbTX enzyme

Ker at 1 noc Fact or
llnkEdsém@EPPﬁorhﬁPF PasaszéEééﬁﬁhr HEAfaHEABPaS@WEAI@Somance

assa9§||sE€ﬁQ§thn Bfahs£B?- alfYMBéﬁb@gthleigFﬁébﬂbtlc reson-

TGFbe t S t | at
ance, SRAFLRANESRY: FOEN PRt BPEvIE ENERshSegpn NpAT GG ic reson-
anceEGPRCCEPbBopy, EemREhébiyEr bBs2ys, ansspérana}ng Hesdys,
11ve(Eé@§4kan5hﬁiugsEQ?EOéndvggﬁluYEQFth§999tQ%Eb?s

recept or 4, carbohydrates such as bl ood group

antigens and rel ated car bohydr at es,
26. Bakhbd- &byeeayhgttenan§ashéiaf Gastimsnlr e6eptor sharacterised
. u associ.ated carboh t Hapten. NP-ca _
in chlf b RR6 2R, SRRARNLRL T, SR0E SRR FRN, Bf = 1abel =
lectdidgéximn, tha9éﬁv9|canﬁastmegphésphaﬁase mplﬁpylaﬁd enzyme

labeﬁgStkSHhéécEEQE hbgglélk@bﬂ@?eHthﬁgﬁgas%luB&é@%EﬁErHﬁbels,
rece arapase |, human_cardi ac’ nyosin

ChrO@PgeEbFo%éPﬁ I bAPREAPEPPTE) LFPS)S, RGRARDS, digoxigenin,
blotﬁytomegaﬂoubmp$egaﬁwvmegalenvebmmelghycgpnd tadnmikk\Mres
therggkzo respiratory syncital virus RSV F , RSVF
P, VNRlntegrln Hep B gpl 20, CW, gpllbllla, HYV
IIIB gpl 20 V3 I oop, respiratory syncytial virus (RSV)

27. Eﬂﬂunb@ﬂ@@ﬁl&hnﬁbﬁé1!tﬁn§3O@Hgvkoﬁgtgh£066ﬁﬁﬁﬁ|Belggyéd from

tne GPglb! FaRaRE BaPbr PRoRAL:t bPn GRa:fFHGEABE Eef@lof: or 2

partsiheknnﬁnmgbmbdhpg acmmnddngaun_awytbnetoﬂegbalnseZIoop re-
giontOCﬁQraEEé%zEESV%ge@hEE t0ab am 9R.8¢! dnkesbafeselion com-

positions
prises at least one amino acid modification forming at least one
modified loop region, wherein said at least one modified loop

region binds specifically to at least one epitope of an antigen.

28. Immunoglobulin consisting of a varable domain of a heavy or
light chain, or a part thereof including a minidomain, with at
least one loop region, characterised in that said at least one
loop region comprises at least one amino acid modification form-
ing at least one modified loop region, wherein said at least one
modified loop region binds specifically to at least one epitope

of an antigen.



29 to 34, 85.4 to 85.3, 92 to 94, 97 to 98 and/or 108
to 110 of CH3 are nodified. 32. | nmmunogl obulin
waewontiony to any one of clainms 27 to 31, charBCI/BP108€e50059
in that the nodification is g deletion, a substi
tution, a insertion or a co nation thereof. 33.
I mmunogl obulin according to any one of clainms 27 to
32, characterised in that the CH3 regi on conprises SEQ
29. [omNpoglebulisEECFPrNgng180 wheamEpgCanrbrfdscharggirgrised in
that! BAENQEL9BHAI As §g§bbgb5bfrgg tH@eQrBhﬁoﬁgﬁggbﬁlﬁbng§ pro-
., to said |gnu globull 8 é 8
teingregys RReRH Pi BzyHE® ?ﬁ&saF6 Sai " nﬁﬁﬁbBBV EGF?ﬁ
SEQ I D No. 34, 36, 38 or 40, when TLRO binds to sald

&H@ﬁﬂ88h89ygkﬂ aéggrﬁg I h? 4gf %ﬁ%”o%éﬁﬁéyﬂﬁ to 29,

ery roporetin Ysaid 1 m obul
CharéﬂteFﬁﬁﬁﬁogpoﬁbﬁﬁnthécéﬁ@ﬂﬁ@ntésaﬁ?l@ﬁéedf épauﬁhezgroup

consti8t33g 6Hataﬁb@rh§ggch8tbbabntﬁg§ﬁ€prhﬁeﬁaﬁggbhﬁbthpCAM

tumog 2pg SpRTaG0 BRUPPRTOSE LA AR LA aRal [ nt dRGEF aPRGotgted an-
tigeanonmé5ofPcbataﬁe23p901349 ohabaeher asedgen REMAY) heHigh

molegggggi§gl HHUBQ?EBQH st ngagahﬁ EB QHMﬁbﬁkAQr tumor-

reporter | ecul e se ecte ron1t % consi st %
assogfappganntiFBneeEPEsSséAgy FEWLADE| & RhaRoserpeBydrate, Car-

c1nobﬁb@&§n1@05ﬁt@6ehabckgg f cracameentivkabeks, mucin MUC1,
| um nes cen%glabe

hr
muct B 8IPAERbRe L EPEHS L A83 0B8Rk (2 08k 2 e fitPb R er a1 anti-

gensgoviohrdabngbbdnandamilgtrgess, t fidneoksc86n, Udgsokyan, toll-

1lkel@geegQBnglIer99ﬁ959baet£9 aeﬁzonengf @b@E”Bc§Z tep3?,
ai nab d acco

f
0112} P RAT [ BRSSPt e EeBoar R fon bR a. CRany nEDEge cp29,
CD30@actDye i(pvunpzattian, 8B3sYsepaed,aopuomynogbebutbss, CD56,

ac a ne_of . ¢l ai 27 to 5 bt ai n m
cps0 B T RS e At r T g Fo Ty 2bndrar el ame 1 o 06 L
IL- 6RorILhé pléparat fo6nldf éLpﬂSteﬂh PBbr angesferanupdpha, in-

terfngBUBbeg -1§§erEEQBﬁ| ahmgra&Nch EbS|@ﬁFBBta2 TNF.al-
nnunogpobu i n obtain the cor

pPha - anyNEREPBROEF&r mENB 7R 0 §§F Flébtgﬁﬁ&blgD Ltth%QPhoé 1BBL,

TRAIa¢cBANKDG TWEAKY ARBID| BRAEFPSLIGHOD, 26EG$9 okBOhedTRAMI, Re-

cept8999'fhiahh BEEH%”Ee@ES@?E dEgﬁ?hbﬁgxﬁnnggﬁg Fgcgptor,

npfi sing aj contactrn
TACIvnﬁﬁﬁBgRobEPpﬂ éEéoBdlﬁ@AMolan§C6Ne3oflétsgﬁﬁnzbetélzslnteg-

rin Beta2nodhtigdihnaupaghebukkn, obhakgabhealpha2, integrin al-
pha3, integrin alpha4, integrin alphab, integrin alpha6, integ-
rin alphav, alphaVbeta3 integrin, FGFR-3, Keratinocyte Growth
Factor, VLA-1, VLA-4, L-selectin, anti-Id, E-selectin, HLA, HLA-
DR, CTLA-4, T cell receptor, B7-1, B7-2, VNRintegrin, TGFbetal,
TGFbeta?, eotaxinl, BLyS (B-lymphocyte Stimulator), complement
C5, IgE, factor VII, CD64, CBL, NCA 90, EGFR (ErbB-1), Her2/neu
(ExrbB-2), Her3 (ErbB-3), Her4 (ErbB4), Tissue Factor, VEGF, VEG-
FR, endothelin receptor, VLA-4, carbohydrates such as blood
group antigens and related carbohydrates, Galili-Glycosylation,
Gastrin, Gastrin receptors, tumor associated carbohydrates,
Hapten NP-cap or NIP-cap, T cell receptor alpha/beta, E-se-
lectin, digoxin, placental alkaline phosphatase (PLAP) and
testicular PLAP-like alkaline phosphatase, transferrin receptor,

Heparanase I, human cardiac myosin, Glycoprotein IIb/IIIa



by a nethod according to any one of clains 1 to 26

Wth a test sanple suspected to contain said nol ecule,
wapeoe2@et ecti ng the potential formation of BCI/EP2006/050059

speci fic i nmunogl obulin/ nolecul e conpl ex. 40. Mt hod

for isolating specifically a nolecule conprising the
(GPI%E?E%&QE ﬁ%%aﬁoggﬁéhgnglﬁvggglf ﬁ?MVgnggggégggapF géycopro—

teinj ndiMogpP BQL|HCMHtarﬁaBuéabyra AEnROHaAcEdIrdEngSVoFanRSVE

ng,OOﬁRQBtébéhﬂs ﬁebOBZ?mebh @M$a”BbQIBQ@&§|nH@Q saird gpl20 V3
nol ecul. e, éF ara

looPrnﬁﬁﬁBéFGB F@E&F XﬁﬁBFeER§XS medPr afgrPef simplex vir-
us (HBV)OQBIbyybspkatemg,tHSVngBegmyeoﬁtoﬂE$aLdHCMprBXenvelope

glycééro@EEHOdCﬁggtkﬁﬁgﬁﬁiPgr?gggggggngokgnaahérggggggnts there-

I'si hg thée steps of: ntacting a no
of. jnmunogl obulin according to any one of claims 27 to 35
or a nodified innunoglobulin obt ai nabl e by a nethod

ccord one of clains 1 to 2 ndi n
TeRbapT o] 180k atBenthants by abfi o8 PhatrRa2iPEo 30,
charapEerﬁsedlmnunbgtobmhnn/aomﬁomadldUleei posthéohar §&t to 17,
29 to4§éln8g0q %be§5'§"U@99£8b§h'”9ha¥? aQné?Eng68 to 110 of

8 site foreign to the Unimodi I mmunogl obul I n
CH3 gxrg mpedifpefated in one or nore structural | oops . 43.
| mmunogl obul i n accor di ng to claim42, wherein said

' d f .
32 JRbAGRR e T iiof CBEa0 BParaa a¥: PREnaL SaPtantl gbfs31r

charenZywesedbaotehaalthatmgdm§lcﬁumgal1ana|gehstivhvah substi-

tutléﬂt'Qeﬂﬁsé991850592QoémeBBbQQBE tférebfTunogl obul i n
actording to any clai m42 or 43, wherein said

I mmunogl obul i n conprises at | east two anti gen binding
33. sinhespglbBullihshcsbkaihgndbngnyooaef bEstlepmsope, tand2,

t he second.si [ [ secand e |top 4
cha R S a0 L ALCOLAl ROt S ARy TongBr LEF ) BEC430 Bo: 16 or
SEQ 4R, N@heﬂé»nwbandEpﬁﬁmnbgndbutpnsg@dpnm@ésoaﬂObéééﬂ,tﬁEQ 1D

b@OPWE@H'@Tﬁor&geeﬁhrﬁﬁnhgoﬁor§9h8nlﬁhﬁgbagobﬁl§nf'Bﬁb 1D
22 % éhe éeCOEgalooF reglon bi nd |n% to a _ _
€o é'eﬁ toﬁ OF nmanoYf6Bul Y ACZ¥B6r At astBocﬁéﬁﬁ1lmmun
og105511MMeSEQnIBaNd | Bap B6,gBBNSBrcant awheat TuBOUbahds to said
immuhggﬁgbulin, and SEQ ID No. 42, when lysozyme and/or eryth-

ropoietin bind to said immunoglobulin.

34. Immunoglobulin according to any one of claims 27 to 33,
characterised in that it comprises SEQ ID No. 44 or SEQ ID No.

46, when lysozyme and gp4l bind to said immunoglobulin.

35. Immunoglobulin according to any one of claims 27 to 34,
characterised in that the modified immunoglobulin is conjugated
to a label or reporter molecule selected from the group consist-
ing of organic molecules, enzyme labels, radiocactive labels,
colored labels, fluorescent labels, chromogenic labels, lumines-
cent labels, haptens, digoxigenin, biotin, metal complexes,

metals, colloidal gold and mixtures thereof.

36. Use of an immunoglobulin according to any one of claims 27

to 35 or obtainable by the method according to any one of claims



47. 1 mmunogl obulin according to any one of clains 42
to 46 bei ng conposed of at |east two i nmunogl obulin
wa@lweloTes20 or a part thereof including a m ni doPEli/BEP20861050059
each domai n contains at Ieas} one antigen binding
site. 48. Innunoglobulln acclsr ding to any one of
[ 4 0 h I [ A .

APt R e T
tionl.east one donmai n of the vari able re gion of the

i mmunogl obulin, or a part thereof including a mn

i.domai_n . nogl obul i n acg¢ording to an

- UPs5i AE 22 %Bmﬁénnyﬁﬁgiﬁﬁ gargr ﬁﬁﬂnB@lGBMIPH¥08ﬁpF$§é@S 27
to 3& dmnabnauhablbabyathbemsthBG%aboanmgg wbt Anyhene of claims

u d n [ -
! t%%é’“ﬂ@? PrB b Y 80n MrereProsaid topaasol oaulTaNE
globylpngpeci fic antibody or a bispecific single chain

anti body. 51. Innunoglobulin according to any one of

glains 4& F wherein said |nnuno hln C S€%¢ 1

TBEEpBCi Eaa¥nﬁPWPSFSé“EaFP %ﬂ@P88 PRE aa.ﬂ in3Ble by
the meohhddmacnor82ngl fmuaogl obal b atedmdi A to dAyoonebbhinable
by tﬁ%ahgﬁhéa Lot lBSV Bhgg?pSHE'SfaB?aEEQP?ykéckbC use.
I mmunogl obu in“according to any one of clainms 42
to 51, for preparative and anal ytic use.

39. MeuuBagkFebukpBcaceerndipgpiadany end/et ababaaiﬂa bBOmolecule
[ stic_use. 55. Library consisting of at

51, .for diagho
compFéE%P915gei%ﬁﬁﬁggpgbul|ns according to any of the

cl(a) nsoB%atbifld andod2ffieds5dmmianhhgdobfidirnecaodding to any

one EECQEEQH§ Qﬁ EBe3§tBHcguﬁéhleQBS1mm§ﬁog§bgﬁﬁﬁﬁ obtainable
according t [ ai m 55, wherein said, i munogl obul i ns

by aaW@tPﬁﬁuﬁ@ﬁPéEannthPQEteaefPSnF%ﬁémﬁréuﬁocaﬁsW§FPn@ test
samp0& éoﬁpeBSeaftancbﬁﬁalﬁgbabulmaleﬁumedoaadns or

d yes.thereof. Ki t ndi ng.-partners _
ggéaun#ﬁﬁéﬁ 9 £E 80 enal i fﬂga %%Uplﬁfh%VPRelelc immuno
globah@né@ﬁlbpnéengO@pﬂ@Xforelgn to the |nnunog|obu||n
i ncorporated in one or nore structural |oops, and (b)

a binding mpl ecul e containi.ng an ep |toEe of said . |
0. Mgtrgeniosslispdatonat AREAAAFAYIHDPeRAIECHECaCRPrising the
stepace@rding to claim57 for identifying the binding

SREF! LLEEL Y PhgSE HolRe Lhednh AU 8L P! LACLRGEEST to any
one of claims 27 to 35 or a modified immunoglobulin obtainable
by a method according to any one of claims 1 to 26 with a sample
containing said molecule,

(b) separating the specific immunoglobulin/molecule complex
formed, and

(c) optionally isolating the molecule from said complex.

41. Method for targeting a compound to a target comprising the
steps of:

(a) contacting a modified immunoglobulin according to any
one of claims 27 to 35 or a modified immunoglobulin obtainable
by a method according to any one of claims 1 to 26 binding spe-
cifically to said compound,

(b) delivering the specific immunoglobulin/compound complex
to the target.



59. Use of the binding nolecule of a kit according to
claim57 for determning the potency of said nodified

WO povszgk@bul i n. 60. Use of the bindi ng nol ecuP&r/BP2086/050059
kit according to claimb57 f selecting said nodified
i mmunogl obulin froma |i br‘a?{/3 con sisting of at | east

00 _i,epunqgl. Ln i.th _dif n Lfi I Ln_.
42, %hgogggggﬁuéﬁﬁﬂkg %g%@&gn ha@%hs gnnggkgggg Eﬁgaﬁng site
foreign to the unmodified immunoglobulin and incorporated in one

or more structural loops.

43. Immunoglobulin according to claim 42, wherein said antigen
is selected from the group consisting of allergens, tumor asso-
ciated antigens, self antigens, enzymes, bacterial antigens,

fungal antigens, viral antigens and protozooal antigens.

44. Immunoglobulin according to any claim 42 or 43, wherein said
immunoglobulin comprises at least two antigen binding sites, the
first site binding to a first epitope, and the second site bind-

ing to a second epitope.

45, Immunoglobulin according to any one of claims 42 to 44,
wherein said immunoglobulin comprises at least two loop regions,
the first loop region binding to a first epitope, and the second

loop region binding to a second epitope.

46. Immunoglobulin according to claim 45, wherein said loop re-

gions contain structural loops.

47. Immunoglobulin according to any one of claims 42 to 46 being
composed of at least two immunoglobulin domains, or a part
thereof including a minidomain, and each domain contains at

least one antigen binding site.

48. Immunoglobulin according to any one of claims 42 to 47,
wherein the immunoglobulin comprises at least one domain of the
constant region and/or at least one domain of the variable re-
gion of the immunoglobulin, or a part thereof including a min-

idomain.

49. Immunoglobulin according to any one of claims 42 to 48,
wherein said immunoglobulin comprises a domain that has at least

50% homology with the unmodified domain.

50. Immunoglobulin according to any one of claims 42 to 49,
wherein said immunoglobulin is a bispecific antibody or a bispe-

cific single chain antibody.
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51. Immunoglobulin according to any one of claims 42 to 50,
wherein said immunoglobulin comprises a bispecific domain or a

part thereof including a minidomain.

52. Immunoglobulin according to any one of claims 42 to 51, for

therapeutic and prophylactic use.

53. Immunoglobulin according to any one of claims 42 to 51, for

preparative and analytic use.

54. Immunoglobulin according to any one of claims 42 to 51, for

diagnostic use.

55. Library consisting of at least 100 immunoglobulins according
to any of the claims 27 to 35 and 42 to 54 with different modi-

fications in the structural loops.

56. Library according to claim 55, wherein said immunoglobulins
are immunoglobulin selected from the group consisting of domains

of an immunoglobulin, minidomains or derivatives thereof.

57. Kit of binding partners containing
(a) a modified immunoglobulin having an antigen binding site
foreign to the immunoglobulin incorporated in one or more
structural loops, and

(b) a binding molecule containing an epitope of said antigen.

58. Use of the binding molecule of a kit according to claim 57
for identifying the binding specificity of said modified immuno-

globulin thereof.

59. Use of the binding molecule of a kit according to claim 57

for determining the potency of said modified immunoglobulin.

60. Use of the binding molecule of a kit according to claim 57
for selecting said modified immunoglobulin from a library con-
sisting of at least 100 immunoglobulins with different modifica-

tions in the structural loops.



