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1 METHOD FOR OPTI M ZI NG PROTEI NS HAVI NG THE FOLDI NG
PATTERN OF | MMUNOGLOBULI N 5 BACKGROUND TO THE

I NVENTI ON TECHNI CAL FI ELD The present invention
relates to a nmethod for optimsing the biophysica
properties of proteins of the inmmunoglobulin (IQ)
superfamly. It is thus exkceptionally suitable for
use on anti bodi es. However, it is not restricted
solely to these, but can theoretically be extended
loto all the menbers of the imunogl obulin

w5 EBH b¥ruhing Fifb T I aRE A FRE DB Ry

al so rel ates to net h@BIMMUROGLDBUIGNpPr ot ei ns of this
kind and their medi cal use. BACKGROUND 15Bi onvol ecul es
such as proteins, polynucleotides, polysaccharides

BADKGROEBND ke THERINVENHGEN- i ngly gai ni ng- commerci al
[ as nedi cines, as diagnostic agents, as
TEQW‘%‘@%@‘(% foods, detergents and the |ike, as
Th{él_ ﬁﬁe%@hicilgvegrﬁa@ wéiﬁsg@d rriéiﬂiomryptm@ﬁg trappbpresichigprsperties of pro-
.The need for su orngl ecul es can no |onger .
toip R YA (B SRR o R i e eRtE Y Spiableciopse on
antibodiesl mbﬁm igrﬁd:tefes&ietsd %blﬁmt@ &tesF,ad)ut &aulu treesstichilytbe extended
‘requires t use o i ot echno- 2 I ca oducti.on .
o b qsiers NG T SrLenlB PG U RF 57 Do AL i Taf S8 el thereot
sudi & €5 Nec-fugih Gadtelns eI Nsentioh thushsd rewitad foametbdds di@reparing
DNA t hat codes Lo.r the desired protein, and the
proé?'%?fﬁg’stkﬁ’@raé\gft PhiFY%35YA% abl e expression vec- tor.

After transfection of the reconbi nant expression
vector, into suitable prokaryotic or 25 eukaryotic

BA%&@QNBn cell s and subsequent sel ection of _
Bickickstafca&uen as hesteimb] peiyriuckelidss, bligsdcahériesaing the like are increas-
_cultivated in .bi.ore%ct ors ang. t he 'de&.i r ed .Erot eti n_i S i i
inghqsning GAMMerRR! IMREriedq & BPdiERES o TIAPIOSUR AEPTIS: 2mpdditives to
foold§, ditergémts BaE tes fileg a_@;ﬂétdgmsrgiﬁr_&%ara@mﬂhﬂénymjdrIalepleiaﬂons. The
i s worked up an urified. ies, Jparticylar
nogch 0" SUE PRTDISKHIRSHE b PR TGP it BB IRA e case of
prof@¥ss - by Relating molecules from natural sources, but requires the use of biotechno-

logical production methods..

The biotechnological preparation cf proteins typically begins with the isclation of the DNA
that codes for the desired protein, and the -cloning thereof into a suitable expression vec-
tor. After transfection of the recombinant expression vector into suitable prokaryotic or
eukaryotic expression cells and subsequent selection of transfected, recombinant cells the
latter are cultivated in bioreactors and the desired prbtein is expressed. Then the cells or

the culture supernatant is or are harvested and the protein contained therein is worked up

and purified.

Antibodies, particularly the subclass immunoglobulin G (IgG), are among the most impor-

tant proteins produced biopharmaceutically. They have a wide range of applications from

basic research through diagnostics to a range of therapies, e.g. the treatment of tumours.

Antibodies are complex glycosylated prot_ein molecules, in the case of IgG made up of two
light and two heavy chains (see Figure 1). The recognition and binding of the antigens
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tant proteins produced bi opharmaceutically. They have

a w de range of applications from basic research

t hrough di agnostics to a range of therapies, e.g. the

treatment of tunours. Antibodies are conpl ex

gl ycosyl ated protein nolecules, in the case of 1gG

made up of two |ight and tdw heavy chains (see Figure

1). The recognition and binding of the antigens 2

take place via two identical antigen binding sires,
taleoplacd Vie dvp aleatic estigesdindmgygires, 99-called @araiengst(see Figure 1). The

structure t ' A ' ' i -
taeLHAME ol inpiapet. oo Mntoh Xidhiy poeciRplyieLdgnised by
théb latidi mg it Siralirapis atsepioapled do a pjiralitedf soycagied siteatar|fynsgons which

effector, funct | ' , ' by b8 eFScior functions in-
arg phe&‘_?i?{;{ by fgwfaqltcr_f? ﬁ}e‘g@ gc;ffh%g ‘lzsgtb@{nﬁgl Olmbg R el clor functions in
clfderinter slizsthe rectifdiod ef thetoempleitzent Bysterst{fveR'eBanisiepepdent cytotox-

e PBlT SRbey iR e R AN SR ERs G TXBPEDT.

cytotoxicity (ADCC). In spite of the range of

appl ications anti | es : ' -
o 80 0L 008 RSP DB oot ey i e o
sirbt girinmainubrastanuinhof toe sery hightteamuffarteringcostsr i Thelefege, a variety of

10str at egi es_hav ] _ ' i ; .
o TG DR BRI b leck R iR curing proc
es8bé, aPsinfs@f attag fov inmoving thei bidlogjtal aronsries«r en astiksdy gre for ex-

antib are .far i fij i on .
anaqﬂ? mﬁ%?%atéorpa tgﬂ?ei %ﬁﬁ@éggcﬁgﬁ %@&giggy rér%%ﬁllogi??téor? ogfthe Fc effector
fuidienécOffet appoaciiesnot idvased @ feduciag thedwieregengity of the molecule,

directed dugi ' .
bl BSSFEd Gy P8 e RS BSTRE b Bocwos, epormat.
clddvihigadf Wteemipabarktiovacidpgroahscaf proteins ydeaniinatiops, ¢ifteagnt gy cosylation

f Ctermnal .an po. aci , . _ .
_ paﬁg%qﬁgﬁg al’m%'a}$%wpgﬁqed%rﬁ{ggg,@lt§% En@iﬁé\%ﬁﬁgﬁn tge 8Py5|cochem|cal_

properies of dntibddies, dushi bp biatityariddgbibilit fortekremplep Qpligtiging the prop-
f the physi i i€ i i aa. h
erfes SEHPISY FER A8 5iQls e By BArpl R Fbad kO Rp e e

the properties of antibodies thus has a potentially

extrenmel y_byoad, ran ) [JreTol-y ing. in order to -
Eﬁ%?@ﬁ" ﬁ%%‘r%‘d(ﬁﬁfe%%@‘%“@ﬁ!d% uring Sro@%{nﬁiﬁg\%ﬁm _Or oo
beasbi® tosefonmfisl fanation inherent irethe efitgs! fiisl strycdurpe Fbisfulti-stage

it _fgntr:tion'n rent def i B t ot be misfold-
sty art PhEr Bl et A RRE e BpeS) el e oo misfol
in§¢ eslisgyrbyationadThereaare algiéat gnanytdiseases hiakean heratiriguleghio protein

i sfoldings and,a t] . r. ir nati

e Seks Beoure B VRN S B ey P Ry Ao natve
folied keitelbngs netrremnin iadiso odtivesdatai Theseibpidadonmeglen dizheimers,

ej t her, do, not achi eve thei.r i\ >f Ql ; E b .
PR PR IR O oy PO o & B Rl Bouin bitecn
ndidfica® paomnkion pozéssiengthisss afthe lekpensa'of prasdchiie; yeld, quality and/or

%Errgl oi doses. If protein m sfoldings of this kind
st T in biotechnol ogi cal production processes, this

is at the expense of product titre, yield, quality
and/ or tabH.

A number of sclenti lCi gt}{ldies have already dealt with the clarification of the structuring
process of antibodies, known as antibody folding ( Goto, Y. and Hamaguchi, K., Journal of
Molecular Biology 156, 891 - 810, 1982; Thies, M.J.W. et al., Journal of Molecular Biology
203, 67 - 79, 1999; Feige, M.J. et al., Journal of Molecular Biology 365, 1232 — 1244,

2007: Feige, M.J. et al., Journal of Molecular Biology 344, 107 — 118, 2004). Antibodies
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30A nunber of scientific studies have already dealt
wth the clarification of the structuring process of
anti bodi es, known as anti body folding ( Goto, Y. and
Hamaguchi, K., Journal of Ml ecul ar Biol ogy 156, 891
-910, 1982; Thies, MJ.W et al., Journal of
Mol ecul ar Biol ogy 293, 67-379, 1999; Feige, MJ. et
al ., Journal of Ml ecular Biology 365, 1232- 1244,
2007; Feige, MJ. et al., Journal of Mbdlecular
beRirglte g dalled g supetibfhily RBRA)s vekpiidesgieas in Batoe. Bagides the

to the. so-call ed. | erfam./ly. whi ' . .
P LT Shiohies et URCTAROY RBLEE bt Vit oL fosvper
faﬁ\]w héﬁ{é@ifkﬁb@?ﬂhbﬁ?gﬁ@wxﬂd afteibegéir fohﬁﬂgepromﬂb@o@, E.etal,

(0] | S er- \ av, n.t Ao
sk gt ek b ieR R AR BERUL SOLBE" g of e
ledtiar Bislogy 26H, 166 - Myisce00GPali Bl aigy., Fo6ceelilgs of ik National Acad-
en%fogfﬂ%%gg |?1|f thggg]jlté_q %ﬁt&é'@fﬁﬁ&%&? ’O, %4 g’{aggfﬂo%%wrﬂé following pic-
tur@ﬁ%@%ﬂﬁ?ﬂr@%ﬁoﬁﬁe bh@eﬁﬂ&tét@ﬁﬂbsé&r&ﬂ#mmuomn@ pEthe etains of the Ig

the United State ri.ca, 100, 394-.399, 2003). :
SUPEATI HeSis RSO v GRS faho 2715 une sp e e pleated shees
stiBt@Rte(cbedigiyetant B, THE #itlFyahd thengootiutéeinghe tanpisteaitructuring

super

oSSR . AL R R IR oror e &

suﬁéﬁé’rﬁﬂ)}a‘ b@taQ&ﬁiﬂﬁ@loﬂuliml Stkaras®, B, EGndEF a_nr&zdnﬁ)(edmdwitthmqaf Iready
concl udes int Cc ete structuring 10starting.fr
merioged a'reoﬁ%aﬂ%isgéf? Beths e & e fRihg n%c?%pf%?!% prodinsif? General.
t opol ogy of a menber of the I g superfamly,
bet a2- m_cr oql i Strands B, C, E and F are
SUMMARY Om%&g&"gﬂp&dy nmentioned are postul ated to
be the core of the folding process for Ig proteins in
eneral ., SUWRARY COF THE | NVENTL 15 T r -
TR BNOTRTHERES § S oD BTG BReess BpP5Eatl qujpodies or
profeRRaRAt M vE Hd irpsiregiodulirforirgl puttetrh @hataatesddie that the natural
el R eIRETEe. ol BEHRE Ui @GR g6 e e blk By Ioducing
addiieharsah byicgdd Bteppdlitertreatelioand/er inarercihgdetix beakers or helix-
i ntroduci ng addi tion sal.t .bridges internal to the
degtabilizingmups (BPIPe ABYPREYAE)i x breakers or hel i x-
20dest abi i sing groups (proline and/or glycine). In .
anot her aspect the inyentjon relates . i .
In BREEEAHECHGR CBYERPR FAEs foct b‘ﬁ?&ﬁ%ﬁ?%&q 2foess oy prepgring anti
bR RipRsteb Wtithitane théenmurogbglinfidingipdtemichgracterised in that
attern, characteri fed in tha

p na, t he nat wral, or L
the ﬁ{ayumlgéaptﬁ@ppcé Qpll %Iﬁglﬁptés are a?%iﬂ%c{ %{% et@?lsqlﬁpténg is preferably
cdriicn SR ifddrhags wWhidprrefve halor fewlbptiteal hietihl eletments. doepirisularly
whi ch have no or few optipal helical
OrIRFER GIDRP TP e PReTE SRUGE REIT S BR Fof e o' Bast one
cahelaht@dmah TTECLS asd/er CLRinGS atigastiofie constent Oghsibmeneand/or vari-
constant donmai n , CH2 and/or CH3 into at |east one

ablefenaRteeny. BoWei n and/ or variable domain (e.g. VL
or VH). ' '

In another aspect the invention relates to processes for improving the biophysical proper-
ties of proteins which have the immunoglobulin folding pattern, characterised in that at
least one amino acid in the |g domain is replaced by another amino acid that increases

the likelihood of the formation of a helix, preferably an a helix.
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30l n anot her aspect the invention relates to
processes for inproving the biophysical proper- ties
of proteins which have the i munogl obulin folding
pattern, characterised in that at |east one am no
acid in the Ig domain is replaced by another am no
acid that increases the likelihood of the formation
of a helix, preferably an a helix. 4 The formation
probability is preferably cal cul ated using an

lTS étﬁ)E'ﬁ}oﬂé@ﬁW i %F@éﬂa%iy%@%u%@ﬂ g"é Aotk partlcularly the

era g rep aced ani no aci ocated in.th
A%@I.Poaigm eRFelaraBlV G FeRlacEd SEHAR ECId s Iarisd In the region between

twh @r[fléa‘iéﬁ A deY sindsy §rt|éxléwjof%p?éwlaﬁﬂ BRrRd Eand el'hta replaced
amno acid nmay be |ocated in a region that

anahm ecidynayas lacdted incafegionribetialieady rea pelicgbeieichie.5ahe purpose of

[ [ .
anazm}l Iﬂzg 3{38 eg %F%ﬁ* grﬁst @r‘ucli nn'(;‘ér@%%%[m Heﬂcé?@l)eﬁ?@gglfs tH waregfse the prob
abhnu obhefiofomaeiiamofdhis efenent| Ehehelix fqrmatwmcast be dnqmsrsé for exam-

t

o PSS LAl RIFTR b AShE0 Bty s
qumte&f attledst | m thé sitondspdsiionf(ieti+a) aftes dwt precedngB-glegted gheet strand

or g? ;Snlagtldr? e %qnu:q%rfzzte S&éﬂ?%& heaﬁﬁﬁéﬁ%@%b@%@@ﬂs&%@ ghéseq &fhna.
Pr@ﬂne@fa%ﬁnﬁd&e nephcedt iy pdraidosioriabhist isawtherRrainemer glycine,
ci.ne are replaced.b

pr@fgqalbﬁre@; aﬁqiranc? (A paﬁ;teﬁltﬁis *ﬁsﬂﬁggpgﬁa}ﬁéf %?N\ET'%} A)& inserting an

anfi®LEE tha? AES blthbidel side dhBR ih BLERE u@p ittt itad améptac:ng (|—>|+3)
bri dges bé)l nserting an anmno acid that has a c
+

(- ardnath) o GRGHTIR Ay WHENASA $ids BhainyoLps pheRTe Sharge. At
ng{q‘t fv?ciqéh?l}lo a(cld's?ﬁlré' Bt Hw 113( ins€f't9+95fbr fﬂ@&%%l&?hé\@ $ide chains with

has a si oSi char ge
an|appositer (W@f%ﬁhﬁﬁr@@lf@sbeﬁd’%e”db? |r‘éﬁ‘|%qqd)ﬁm’ﬂ% é?'f’% Being FUCh that the

smtemh%ln@térré’gﬁlﬁ tmrﬁ'rb gﬁvﬁidﬁbd‘ﬁ’\ QB?éfé'rfPed/\éthodlfﬁé‘{ﬁt the exchanged

osite charge, the spaCing between the refl aced
angno amdaanecmpbatergfr@n onhenathet b2 {ii3) B ArrisHaplemals mino acids

Oé.lhor m. a %%%%ﬂgéﬂggna;h&h%t QFeeﬁ a'(’\et%r éH e R§m0g|cal

s are separa ne anot
coh@’ tighg(may bégmarﬁlc(amdmraépamc an!dr ‘ehlwmrgaomacfwsjge ef histidine may

el b 09 e P 538 S5 s cppoament
thé postiant twhicheargishiney, lyaisp ar histdiae isdnseted @ |aap@|stbiwﬂéready present

B
seﬁﬁ@ﬁdislmﬂtnatlyla&emprbsm anuspta dﬁubm@itmndge caryb¢ ingersed in

wr]@ %P%‘i‘,{%?‘c‘%% Figrﬂciecr@td%v eﬁgrtrrll {(J&Sa 3 %E:p%gre%éft?@% ﬁmﬁﬁﬁﬂand i+3,
i+4btit-8.ak Wea@lsmbm&srpa@ twmaramedammmansiem pekitions i gnd i+7, i+8 or i+9

haB$ L on 8‘5’% Oggﬂr cad esee Wh \Ahe-glgl{ﬁ% arznen%aéll:lflm & p%@llt bn i+3, i+4 or i+5
ha@ raadip@edtemer@ nF& tlanpnmoaelmmrwseomcmgaaremmamds may be inserted
ons i. .and

bygputﬁﬁ_ p%%t?lé ey?]%?égiﬁ % (c);o%r%spg)rndlnﬁ%rﬁﬁo ?ﬁ%én gl%salrjeg(gjy E:n]%ént in the
startfnﬁfg quethSe hiavwedaibtkesatitaidgs obfhig hed sapertic haid gglutamic acid or ar-

gmr&es |s%ef8W§S?rpaer§ﬁ%ﬁ1ae eﬁ‘&% ﬁ)%?hhh Cr)+r33 %r or |Jr5 %r&én‘éd’ @mbodiments
aré€ eharastposuat inghat Efteothaeixdsangethd erqtells eomtenus pyrelical element with the

S ko BTSSP A LR P e

In a double salt bridge of thls ki nd, aspartic acid,
glutamic acid or ar-
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30 ginine is preferably present in the central
position i+3, 1+4 or i+5. Preferred enbodi nents are
characterised in that after the exchange the protein
contains a helical element with the sequence
KPKDTLM SR (SEQ I D NO 8), KAEDTLHI SR (SEQ I D NG 9),
TKDEYERH 5 (SEQ I D NO 10)§ TPEQNKSHRS (SEQ I D
NO 16), and/or SKADYEKHK (SEQ ID NO 11). In another
aspect the present invention relates to the
(SED%B%QGL&‘PE@IWRSFW (s&ll 1© hel1ie) alndke SERBIVEKHKYSEQ ID
domai ns that have no or few optimum helical elenents,
NG{Jdh as for exanple the I g domain of
bet a2-m croglobulin (SEQ ID NGO 3), the variable
domains (VL, VH) or, the constant

i £ |
In |aﬁﬁtﬁﬁb=’gqpssuh? ﬁgesemh@vw'aﬂ §%ﬁt§ﬁﬁ%@eg{5‘éﬁ@ﬂ%} Gy suitable heical

el Y Sorhihs Al End 6%&&%’@%‘% @Altelements, such as for example
I mmunogl obul i n domaj ns

the 13 JaahHe SRCIEG O BRI RS ECTR N Jh 159 AT retas (Vi Vi or the

coftstanf diirﬁlaﬁh 1 bhenrhiheibumi. ThE &ahé;ﬁméﬂ gieinghisanay @rglnate for
10preferably carried out usin t |ch

example o s Gaskant igmyacipdu %F%?@ngﬁ ﬁ%b% 3% Va“ams of

suBk b@fen@ 6pﬁrﬁ|léé‘%?‘ér&)ésﬁé a@ﬁbrﬂ[ﬁg&@ itk |ﬁ6é?i1ﬁ Gﬁ Cmaitfarisbl%mtatlon is
sane or greater le

pr@‘g@yﬁ@g:qd@g Leeg ahrggthgé K \@Ip\ugp dﬁ% ﬁ? ,'guch§%ef Frgwo acids (preferably
ab@ﬁpﬁﬁghilnbteﬁldgﬁéﬂé rePacé P A€ eRindeRitPitg8enddofahe same or greaier

enb t, th ted
it S S g b B o oty

thérf‘fhgl %ﬁé@é& sﬂﬁﬁ@ﬁceﬂﬁ ApfFerfePtbdYimest, Di ifscntad sEqueh&e is a heli-

domai n" of an i nunogl obul in. Suj é /e
cahipmend from mﬁa@ﬂm}@eﬂ&he EsPiRSPESHask SEY é“h%’zéJ and/or Eand
of F%(%T@Wdﬁﬁ«.a(ﬁé%d Rn’ﬂﬁoﬁ%bﬁﬁrﬂ Budathle FBicalEémeariale (PERample

thexageauenes BﬁKgghMé%% és%ﬁat"&m%ghﬁ?fﬂ ér*éw%né)f(zs‘%@%"b(sm ID NO:5,
sé@t?ho TRGEERD N%EQS)' d?tﬂ@QAE@)rLﬂrsmsba@erm Iopfraiska HHRaefrom

Sﬁadg,owncﬁlg) H’&Q%%%@EH&% u;qr\tq; frqy SHRS 5@) plg\lg do?nam (SEQ ID
gﬁa‘@@ﬂﬁ(ﬁﬁ@ (SRANB Kib)16h frem th@ﬁumuﬁm dsaapaSER 1D NO:13) or

SHARGR{HI SFRIRNG 151G e 08 K9P e LA g 1D NOT12),

protein that has an i mTunogI obuI | n fol d| ng pattern
characterised in that a nmethod as herei Pbefo

In geelten aFRACTIBE PIAREPLTIAYIOD KYAIS DR PETIESP 105 PEREFDT BTQpin that

| hal" ﬂtlrﬁhﬂﬁodﬂab@ﬂ fB%H’% pan@rr, BRaractéFesntih afutlal Method d$ h@embefore
pat

tern 1S appl to a protein of this ki H
desgrihieifeidmpraying wetWV%ﬁ'é?Wf@a“qssof@%ﬁ?'B% uhig "ﬁ"%‘h’?dmm”‘
no?%'bbhn foRirRNAHReH isPRREd tolSroRiire6BAls Kirldvaatthe modikapestein thus

rotein that has an i mmunogl obul in fol ding

Obquéﬁﬁxpfﬁﬁﬁﬂjaéﬁ’%}c@ nmet hod according to the

i nvention as herei nbefore de- 30scribed. Preferably

it 1s an antibody, partjicularly a conple %
In apeteoRAPEBILNE Wqu@hmagqﬂongelates to a protein that has an immunoglobulin

folding pattern, produced by a method according to the invention as hereinbefore de-
scribed. Preferably it is an antibody, particularly a compiete immuneglobulin, containing

two light and two heavy chains.

In another aspect the present invention relates to a protein which has an immunoglobulin

folding pattern and at least one variable domain (e.g. Vi or Vi), characterised in that it
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two light and two heavy chains. 6 contains at |east
one helical elenment in this variable domain.
Preferably, this helical elenment has the sequence
KPKDTLM SR (SEQ I D NO 8), KAEDTLHI SR (SEQ I D NO 9),
TKDEYERH (SEQ | D NO 10), TPEQAKSHRS (SEQ I D NG 16),

or SKADYEKHK (SEQ ID NO. 11§. In a preferred aspect of
the invention, the variable donmain has the ability to
5bind specifically to an antigen. In another aspect

cdnbingutesRNbné NMRAL &lemeniah atiesartabicad i Frofetdiay, ihiaRelical ele-

i et i ~aymo<BroT eI HERHBN A RaEDT| BB gTID nos),

TRIDEYERM SEQU@'N’G 18), TeEQyRKSIERBTBAN IDINONER OCSNADHEKHK (SEQ

i ekt aﬂ.ln 1 Pl eHha e S/ aMeie he B=4E BeR R iag e abitty t
biRESIECHCAY tBahwhabény, in humans. In a preferred
enbodi ment, a protein of this kind contains a CH2

domai n whi ch contains a helical elenent with the
In %ﬂ&ﬁ@ﬁ%_lqgté %@Rpg@ E&thgi@é proT&BﬁiéERh‘s aSinLkbglobulin
or, t eguence . ,
(ol DY B B S S ATEIAnt SR G S A e i Gp jegsed in that I
coﬁfaﬁ%%ﬂﬁeh'c@l\/e&é}hérﬂﬂn tHed edritart @ lorﬁallﬂfvgﬁm Iﬁlasvdihlghermx fimation
rn and at. | eas

| rmuno% obulin f d| n E%ﬁég I
prelabdingthen éch%lrfﬂ e %& dofgiaretEipg é‘%o“ﬁ‘“% n P\ ypans. Inapre-
fer%mérﬁbétﬁm@ntl"@'plr&@iln cﬂf k?ﬁmﬁﬁ coMtainBiasC podtsignivhidn sBhtains a helical

e e S kS RS BB K o 0

TPEHQWKBRRS: (SEQ 1 noefeq lof 8@ seflebeBIADYEKHIK (SR ND Of0:11).
this kind contains a CH1 donmain which contains a

helical 20 elenment wth the sequence KPKDTLM SR ( SEQ

In b%th@ a%.bect%@@s%ﬁ&érﬁgﬁ?réiﬁem Qprotdi K@E‘bﬁﬂ&ds(&ﬁﬁ@rﬁuﬁogiobuhn
TPEQWKSHRS ( SEQ | D NQ &?fy or th sequence
foldRAB? PRI SEISSLPIEDEJEN! fomalngY RBF Ged piFegislise In that t con-

ta:IQsE 3%@!’6&1! él@iﬂhl%m inGRis lcehetbSsddmiwhmReH ihks @thigher helix formation prob-
-rni crogl ob

25at t hel i
abBivaRERE PP ARTST B A r T dPeneeRaris 2aga!y T igers iz pre-
fervdd é}nﬁé'tﬁ%’néﬁ' a htﬂ@ﬁfbf KRKhE MbSERNE SEE 1| dInidi Bhich contalns a helical

eﬁé&rﬁgh%sm%é BBl (AR R B R lsea D Nos)

TMYJE@H (3E0 AP NAE0), TPEEUVKSHRS PEEQEDING:NEBsTtheBequence SKAD-
elates to a protein which has an inmunogl obulin

YEIB@‘% FHA Ptern, which conprises at |east one
heI|caI el ement in an | g domain, which has a higher
e AT SRR 00, 2 ML 58l L SR i s
at fbestSE@ He@cé\}l\lgeﬁerﬂﬁn gﬂé dicgné\l@ p'lrgfefe(ﬂly é/\ﬁé;hc@reié‘rlﬁ%ﬂ vBtHNBe se-
or
QuBheer KL USSR N KBEDTRHETR (3G NGRS BPEYREH (SEQ
|Di?4g!¢ng ¢|S!)EQWI€@?ERB (BEQNDING: 16§ @ SRAE YRAERTISECER NSEQ).

In another aspect the present invention relates to a protein which has an immunoglobulin
folding pattern, which comprises at least one helical element in an Ig domain, which has a
higher helix formation probability than a helical element which is contained in one of the
sequences SEQ iD NO: 1, SEQ ID NO:12 or SEQ ID NO:13 (C, WT) or SEQ ID NO: &,
SEQ ID NO:14 or SEQ ID NO:15 (C2 WT). In a preferred embodiment, a protein of this
kind contains a helical element with the sequence KAEDTLHISR (SEQ D NO: 9).
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7 In another aspect the present invention relates to
a protein as hereinbefore described for nedical use.
5In anot her cipeut the pi uzi it invention relates to
a bi ot echnol ogi cal nethod of nodifying the

bi ophysi cal properties of antibodies or proteins

whi ch have the i munogl obulin fol ding pattern,
characterised in that optimsation of the natural
helical elenents is carried out. In another aspect
the present invention relates to a biotechnol ogi ca

IngAP RS BF R STE PN GRS A0 & PG G GIoGtE P RCToed for

médtsliveg pattern, characterised in that

transpl antation of the natural or optimsed helical
el ements is carried out, preferably in domains which

In %ﬂ&ﬁef‘&srféb{ thewrapht Fventbalréleet tek eftguhaolodiosl method of modifying
advant ages of the |nv

tng BB YRF AL ProPerten &) CRIEE a6 PITEs st Dot P aRaas Ruin folding

paRtBfh, BedEEteriddY ihMkatfobidlsaberadniae ﬁa’[um! helpaeslementd i tarried out.
yi eld with at the sane tine qual itatively

hi gher-val ue proteins, greater flexibility in the

In RHbthE S5PletOfe @féﬁ’eﬂﬁﬁverﬂtoﬁ rsiates toiabitebhnglogisiienethod of modifying
partjicularly under s ss condi.tio j

S
th¢ BiopBYSH POPSgRGT anibREs of BRIRTYE %ha\jgﬁ‘séfamuaﬁas'?“"” folding
paﬁbﬁ} BRAbEbRSedAA SRt G REpldMatidneofitihe aatliiador opThM&dhOal elements is

greater robustness qf the nman fact%‘r1 %ef Q¢ F? ot
Cafffﬁdso%eﬁﬁ TeEabhol dogalIsWiFLRg«e N dew op Il elggents.
prior art. The present invention can therefore
preferably be applied t rocesses fo re
THecRRoRE o1 B PIeSGE B AR R D AR BT ppd stabitty,
fe\PérQﬁﬁfbldlﬂlgEVM Heide, %%mﬂﬁé!yﬁé %l@r&e@r{mulc‘eﬁelﬂ With at the same
ot her, nol ecul es of the imun

tlquﬂgtqﬁ@y ppgaﬁﬁw% PIOIRING @Fq%tff)egzggl AL ?q%%qr@ﬁé? o’ process, a
sidWeR uBioldind Red gRHiduRAY uﬁ@éﬂs@e@s germaions, av iriprévemandgysolubility

B e A

thd. E%a%ﬁ@oﬂdsﬂ*&s eheSarifatturingprocsek atiisedw maidodh dsadxs'tinctiy supe-
ains are shown darker. The r

FIOaH;t hgeHobRR !}ngorﬁw W@rﬁ@)canttﬁ% GR/BF&'E rgtay ﬁ% ﬁpBIfedtQ[H processes

folArépaiaBtforatitlanthtiBities Hay Fc—fd@&h preteinat e frosent invention may
ef f ect or functions are |abell ?9\

however also be applied o other molecules of the immunoglobulin super‘a"nl ly including

fragments and derivatives or fusion proteins thereof that contain domains with homology

to immunoglobulin domains.

DESCRIPTION OF THE FIGURES
FIGURE 1: ANTIBODIES OF THE IGG SUBCLASS

. The two light chains are light-coloured, the heavy chains are shown darker. The regions

responsible for antigen binding (paratopes), the glycosylation of the C2 domain and the

Fc part that mediates the effector functions are fabelled.
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8 FI GURE 2: BETA2- M CROGLOBULI N AS REPRESENTATI VE OF
THE | GSUPERFAM LY The 3-pleated sheet strands B, C, E
and F of the human beta2-nicroglobulin (SEQ ID NO 3)
are |abelled. 5 FIGURE 3: | MMUNOGOBULI N G TOPOLOGY
‘Short helical elenents in the Ig topology in the
context of an |1gG nol ecul e8which attach the p-pleated
sheets to one another are shown dark. 10 FlI GURE 4:
LOCATI ON OF THE HELI CAL ELEMENTS IN THE | GGL CL
FIREDME . BETADMIEROBLOBUNENI AT REPRESENTIATE/ENOFI THE 1G-

el enents in a constant anti body domain is shown using
Spﬁg%%Ye of a human 1gGL CL domain. The P-pleated

TRE BRlieatdd s’:l{éé’éstﬁand@ B ©, ERndfF oftha@ Rdmén ded2thierddRbURRAISEQ 1D NO:
el enent s ix 1 and Helix 2 are labelled. 15 Fl GUR

3Bar8d§ww:TER| SATI ON OF THE CL- FOLDI NG | NTERVEDI ATE BY
NI\/R SPECTROSCOPY This Figure shows the peak
nplitudes obtained in the first NVR spectrum during

F'lGﬁH%E di MMEPNPCLLBVLANHEPRPEPR)f oup by conpari son
sw H?EIcQPeEEr%ht¥‘?r1 e t&yesmgyw%scoafetx%f afn%@'rﬁcbl&gjié Which attach

he structural "él enments of the nmurine kappa
’fh@lﬁ laleaiaﬁ sheSEQ B MO app v dRitin schematl cally
above the peak anplitudes. FI GURE 6: STRUCTURI NG OF

THE 1 GG CL DOMAI N The degree of structuring in the
FIGAIRIE AgLQOABIONAIFATHE DELIGHY. R MENTRAN JHECCGodePAMAIN

i s Bl e e SRRy BN SRS AGER s s
G (DB ESPEOTERDECURD [BEAIR, NATIZN Thed-ertep sbes! skranssi A B, C., D,

E R AR R e A B e

bet a2- m crogl obulin | oops (dashes & 30(*Its) (CL to

| FIESZJHEzé ;&éégﬁﬁ%ﬁ%ﬂﬁ?ﬁtﬁ glfzfnﬁg\?mé INTERMEDIATE BY NMR

SPECTROSCOPY
This Figure shows the peak amplitudes obtained in the first NMR spectrum during refold-

ing for each associated group by comparison with the native peak amplitudes after refold-
ing is complete. The structural elements of the murine kappa C, domain (SEQ 1D NO:1)

.are shown schematically above the peak amplitudes.

FIGURE 6: STRUCTURING OF THE IGG C, DOMAIN
The degree of structuring in the folding intermediate of the murine kappa C, domain (SEQ

ID NO:1) is determined by NMR spectroscopy. Natively structured regions are shown

dark.

FIGURE 7: CD-SPECTROSCOPIC EXAMINATION

The CD-spectroscopic examination of the murine kappa C, domain (dashes) (C, WT;
SEQ iD NO:1), of the C, domain with the human beta2-microglobulin loops (dashes &
dots) (C, to B2m; SEQ ID NO: 2) as well as of human beta2-microgiobulin (line) (B2m WT,;

SEQ ID NO: 3) and beta2-microglobulin with the C -helices (dots) (B2m to C¢; SEQID
NO: 4) is carried out at 20°C-in PBS. C, with the betaZ-microglobulin helices (C, to p2m;
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SEQ ID NO 3) and beta2-mcroglobulin with the

CL-helices (dots) (132mto CL: SEQID NO 4) is

carried out at 20Cin PBS. CL with the

bet a2-m croglobulin helices (CL to [32m 9 SEQ ID

NO 2) shows the spectrum of an unfol ded protein, all

the other proteins have tHe signature of a beta

pl eat ed sheet protein. FI GURE 8: | NFLUENCE OF THE

HELI CAL ELEMENTS ON BETA2- M CROGLOBULIN 5 AMYLO D
SHORVND: N O RE asdetremB an unfdidist grafeR, BINReldRHIGbtBIAS have the

in anyloid formati on under all conditions wth

S’%@flﬁ?‘)ﬁ?@?@gql%%ﬂf sheel RFRINWT: SEQ ID NO. 3) by
transplantation of the CL-helices (132mto CL; SEQ ID

FIGURRRINBCORNCRRS THE T Rk co bt s OhieadigrodLosuun

ANPEOID %uRfv.}‘b‘Ed}NS fragrrent ed by ul trasound treatnent).
10 FI GURE 9; N | GGl- MOLECULE Locatin

ARM, @eaﬁwiemeg@d"%ﬂ%éhq f%%tl%*wwiw@rwam ¥ndeAag! genditions with
be@?%ﬁrd%tﬂqb%%? ST e i3y tﬂytf’ﬂh’sﬁﬁﬁtetlﬁ thOANRefdes (B2m

and t timsation of helix i nser
to S SENOS ) MegpurgmesiscaTe Cﬁé’l@é\ﬂuh@i R 5D ias well as in PBS in
th@%r%é%% é?{doé‘ﬂsgﬁce(cﬁ)seéaygaﬁﬂrmfaﬁéﬂ@d—ty RifadoamireBEAt).

to KAEDTLH SR (SEQ ID NG~ 9)). FlI GURE 10:
STRUCTURAL COWMPARI SON OF THE W LD TYPE- CH2 DOMAI N
i oo i Xh SPRNMGEDMBERLE  FUV- OD spect ra
"NOV- CD spectra (B), consequently secondary

Loaattmgttm opfawye@,hellxc@oslge & Guademain (A) ¢y hmlgﬁéfm%@ule (Cn2
Hejé%%rﬁlﬂ%&%)iw Nd® ﬁtﬁ’dath@mhﬂsa( iR eegx HitygAselt &(Aﬁcﬁgat salt

and I'"x1 nutant (solid |line

briggss and remoxing thesimtix|breayer pBYine (B)duRiation: KRRETFWMISR (SEQ 1D NO:
8)%T@%E+JMS3§§?T§@%I | The thermal stability of the

omai n ashed line) (CH2 WI; SEQ ID-
NO 5) 25and of the Helixl nutant (solid line) (CH2

FIGBREXD: g‘l*h@@TUF@EQZd)HPNﬁIS@N OB THEAFH DYy CEMAIN WITH

spectroscop eatlng rate I s

THEHéEHKHtQFﬁHWféE[HtM%?ANT}e WI I d-type is deternined as
FURAEH shectid)@nk RUv-8D dpeeras @Bdnsk§udtly 4efondary and tertiary struc-

ture, are virtually identical for the IgG1 Cn2-wild-type domain (dashed line} (Cy2 WT,; SEQ

1D NO: 5) and the Helix1 mutant {solid line) (Cu2 Helix1 mutant; SEQ ID NO: 6).

FIGURE 11: THERMAL STABILITY INVESTIGATION

The thermal stability of the wild-type Cn2 domain (dashed line) (Cx2 WT; SEQ ID NO: 5)
and of the Helix1 mutant (solid line) (Cy2 Helix1 mutant; SEQ ID NO: 6) is measured by
FUV-CD spectroscopy at 218 nm. The heating rate is 20°C/h. The meiting point of the
wild-type is determined as 56.0 °C, while that of the mutant is 60.4 °C.

DETAILED DESCRIPTION OF THE INVENTION

Terms and designations used within the scope of this description of the invention have the

following meanings defined hereinafter. The general terms "containing” or "contains” in-
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 are ARHIRUISFERIANSi 9N SRy isHITRceS (P G-

30 DETAI LED DESCRI PTION OF THE | NVENTION 10 dude the
nore specific term"consisting of'. Moreover, the
ternms "single nunber” "and "plurality"” are not used
restrictively. The present invention relates to

nmet hods for inproving the biophysical properties,
particu- 5 larly for incri@asing the stability,
.folding efficiency and for reduci ng the aggregation
of proteins of the imunoglobulin superfamly, as

cM@é khedfotd SpasiicUiim PESHsAitinG drhumoraesef, ivesl terfig€'single number" and
i mmunogl obul i n sﬂgerf mly currently includes nore

"Raly 788 nat v5ese C‘b’re teins. The econonical |y nost

i mportant group consists of the inmunoglobulins

(anti bodi es).. There are, v ous cat egori. e
T'i‘%ﬂﬁ?ﬁ%@l"b“ﬁﬂ?"?’h%e]at? 18 melgprs %"@E“P’Pﬂ@gﬁ Shya'?a‘ AreRRrties, particu-

ﬁ}fwrnmnﬁc Q3N wﬁm@@méﬁ@ﬁatdome@nwa@ kHe aggr gation of pro-
surf aces T-ceél | co- rece tors

tepg.of thg ngp%p?ulm@@u‘p@ﬁf %}s%{qﬁl@s tmﬁga g’t{e@ﬁqthus modified. The

mﬁrﬁtﬂlo@ldbﬁhﬁ Stlerfaffly tirvattly @sbiddes andrk GR1M wo&ﬁm&mtpr@@ms The eco-
MHC nol ec uIe , and certai n cytokine

DO FBPAr AT BT Sengsts oh e HEUnRglg AR oPoRRe). There are

vdrrﬂU@Bél@b&’@é'dfﬂnﬁM%PfoﬁBﬁr{ngw &% hat, a@(BeIQMSQ:}Y Y. Other members
common struct ural enent s i e so-calle

d;?gqungptorsﬁhg) Weé‘eB%F?a?rWsco‘

stiANRoF AGEQIRES thephiusd §9$€érhlrpﬁoteﬁ€¢hfatta¥@in0@bédf in antigen presen-
consi st of about 70 to 110 am no aci gtﬁ % %v&_

tafigreiecd- MHC galsguisshApdsertainayiofiedetariors 59! #ptlliar muscle pro-

teS] GPdicABdf ﬂwé%ﬁﬁﬁb@lﬁbm!ﬁrﬂu@bﬂarﬂﬂy aretchéﬂaaieﬁgéd w common structural
di sul phi de bridge. Antibodi es of the c|as

elemep th sp<alisEnrnogiobpinydoragips nggmatr\%srl g g%f’?’@ﬁ’lns have a
cotfANY bR tARELA8d ThePtybREME dctlst b eﬂ:’bht ﬂ.hfbl Tﬂ@ arhifo @868 (however,

case, which are joined together by coval

thefe e pisp §xamples g%tg' mg’eﬁf@qm@@ S ETERY @}drf[&qugp@y contain an in-
tra%mrldl%hlmd@ecﬁlﬁmﬁﬁlé% of e dlébsd@@%r@(an@le are made up of

so-cal |l ed vari abl e )h a const ant
r

fougubEnitsa & Wealsp! E?\%\‘fy @kﬁ‘ﬁtaéfj Ao fogpfical l.\éfﬁ cp@%adrﬁﬁgqgcase
wrﬁéﬂ‘hre%iﬂaed fdgéther By c6¥dtant d&ﬂtﬂhh@dﬂrﬁge@fo f@inas %%ab@d\/‘structure

contain an additional con ant

EEICB '*SB’?ﬁlaﬁbCQ‘ﬂéR}'é‘s o lgdeqaing: g spic@l \t%'ﬁ‘B'&r %ﬂ\d@c‘f%‘ﬁ%’”t (Culg
doHia% Ium'm RAGH ABA dhalrdoditdies feat &uhng dbmaine gw, T, Cu2, and Cy3).

") a sandwi ch-like structure w
Aﬂ’ﬁ'?ﬂ‘?'@bﬁofbﬁseé 4 3wﬁ|'%%C?r§alf‘€1“|?é’6m‘893'£§?%6”%q%€@ﬁ% ). Ig do-

méﬂﬁé hé)@ar AbhRhctedstR! RBbFAnE BRRiure! tha emubédiobdiin %lﬁxﬂg ﬁ)attern (in

he " ee- di nensi onal repr esent ation is remnis
Engfieh 'rgd’Plﬂ’dd%Flé@{"Chﬂi%S‘ﬂé%‘frﬁd\ét G GERPRable cPBLAREAS ifprmed by
twh BRestB %ﬁéﬁtlp%ﬂﬂlei @-%Iéafgdesl'h\ééﬂézt%dg(@t FigBreaf) ETHeOE RfcefimbAsional

t he edges of ol ded sheet. The pepti

reBfRRISA 5 ISRPRL POVIERITH. | AY BRGICE W iRy R5pcated i the

she@RtEh8lthe iHRRvENtl 0GREMY éfed@bé’t@d Msédwﬁ%&nﬁmpiy folded sheet.
stabilisation formal ong epti de

Theceafivs H@qumf@aalwéhtv%c%msam%ﬁr@@t Brg Enaigt 1 idgegen bridg-

ind Boﬂcfé%efe@é@ﬁﬁl sﬁiﬂ:ﬂi@bhod e sRAGINE pHIgiepEes backbase NMecurring in pairs
am no acid mé‘l %eater than in the si |f|cantl
at ﬁ@ﬂ%ar&@rﬁﬁaé?utg Béy iix therfpided she¢tntheispagng e ﬁPESFﬁﬁaﬁ"'&&‘mmo ac-

ide¥s tkLi - g*éat@n"@hbﬁ irt 1@ si@lifichntly more compact o helix. The spacing is 0.35 nm

compared with 0.15 nm in the helix.
However, as the side groups are close together, large pleated sheet regions are generally

only formed when the side group residues are relatively small and not all equally charged.
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However, as the side groups are close together, |arge
_pl eated sheet regions are .generally only formed when

" the side group residues are relatively snall and not -

al | equally charged. 1 To identify 3-pleated sheets,
CD ("circular dichroisnt) spectroscopy and NWVR

("nucl ear magnetic resonarde") spectroscopy may be
used and for statistically evaluating the frequency
t he Ramachandran Pl ot may be used (Ramachandra''’

TSIt R-Féated Shed®!CD Bedular GichPism’ Qgpedh%@&)py éH&ﬁNMR ("nuclear

i ndi vidual 13- strands are referred to as
megngtic resqilange”) spectrosgqny, mayalg%l&eg,qqa f@rostqtﬁgcqjly@gﬁlupypg the fre-
qd@ﬂc? ihe ﬁa&%a@f&ﬁaa&n PiBt m@;ebéﬁgétﬁﬂ%ﬁ}acﬂ'é‘rﬁiréﬁ abl &6At UMol. Biol. 7,

g i s assi st ed | nteractions_of
951?@90% I-[a"edﬁqhwgu%[@rﬁ'éanSﬁafq'fgfel”ﬁglt?jés 6 Bt ﬁeD E.F,GorC,C

ei8 aB8WIrGiRg tdind ro‘Pcﬂffnn PhicHaesy HRENER T %uéhé@n Gfﬁe afdilisation of the

I f present, a highly consérved disul phi bo
ol e S b I IoBE SEMETOR RSB B A G Fade ofige sand-
wigH ¥iRFodeh b@lﬂbé@bé}ﬁlbgﬁ tHeQﬁu%hSQam‘if\W%nﬁ Renig P conserved disulphide

cyst'ei nes may vary genera etween 55 and 75
bash besvertt GSteiNggORpY @f fa% ﬁaﬂﬁ% F@franf%ﬁﬁihcgp%aw ¢frpgnino acids lo-

catté/d)bé%ﬁrleéﬁ tHeQb 2l Biefied Py ivaRnsi® i %bh&a%bﬁhé&ﬂ 561 9A&7H Smino ac-
typically contain 7 13-strands. The sequence regions
idp fanieble domainesel dmpanaglobyas txpiseiy cenain fdt-plandg véie constant do-
eqiigjace variability or, particularly
mg'ﬂg%iégg%ﬁg{lgﬂ? %omal ns of inmunogl obulins, by short
15helical elenents. A helix is a right- or

Tﬂeesfe\tﬁﬁgﬁ%dl%gioﬁg h&@eeﬁ %6 ggf’rﬁﬁdﬂré Wb Byl s fudlirel %d'bs with high

main chain enters in

Seauhw\@@ehllmymm@m@lawnm thel Qqﬂstgnt@rmjmg,q)f lgnnmglpgl@buttrﬁeby short -
he@!%l%@ A Ih@! 3 g%r ridé\g-nrg %ﬂ{*ﬁﬁé&{lﬁgd @8 bxono%gﬂﬁsrtmcﬁﬁé‘ﬂﬁﬁ protein in

am no
wrach d@h(mhhyrwp cﬁ;tm wgevchsin efyem gwt@@rm;irogﬁﬁ big@ingberd with a car-

bq?ug V%r 19]5 ?f tﬁg g“aiﬁc’ glgeﬁrgslnt # %gﬁ( g‘?n aﬂ’lge'llg %&%C@E%ﬁwned by the
hyﬁfcfg%ﬁtbnby nd ®00d isFoot drelno Iaeids )(<|+$hapﬁkowebrtdgewg bond). In the a-helix

dr o en brid th
uweqqrggs;eénpg?fQB Brﬁ;ﬁlpgﬁl Tolfelgeltel ﬁl 1“ f % ﬂﬁ?(ﬁdw r each amino
acﬁ'hialtlﬁlﬁs cﬂfsef b\e1G0YL Aortiase ihgBx sHaped theéwatdhs(ldﬁ—ﬂi hﬁdrogen bridging
pical helix in_a protein conprises abo

bong) and 116 TGS Ea IFHRSEB oGS BT UTE HER Pl o e amino acids

ar€ 'Ic%ﬁ?é@to?ﬂé?@éjﬁle%h?fﬁ\ BBlc¥I KeliR A A Brodsth ampwséa@bbgcﬁo amino acids
am no acids are al so known.

(3 Hens @apm@bcb(yga%uc?l gemaeie mase Yl sleaneo @5i4s |9 helices made up
of ég%h@%mi%z@(&%rdlm nl Mehtal SitoRBAr) efactlirR@WIpRsins can be

, for exanple by x-ray structural analysis or
detrratinegrexpagnenialy PERGF s KBRWR PRstCo R} SFRINRIS Dy x-ray structural

an% Std’r ﬂﬁ&l@@ﬁfr}]agﬂaﬁ rB&atcd %é&’rbéc%ﬁy mﬂh@eh’érés’,\coﬁﬁy The helix

however,” be determ ned using suitab

formags@n iprohebilibeday alsh. hqv@vsmbﬁ@eéafmwegéﬁ@@ﬁ@éat(lwemwhms based
on\{he St 48 Cequencé BRSOz, VDQ\@n%HB”ﬂ_m( lg?f?) t[ﬂaﬂ/eMnge'npbﬁhe Multiple

Sequence Approxi nmation wthin

SegupRts APFEBXITELIPD w;th@é%éga@bwoq\ﬁlpﬁagg% ng@gc%maanson with
erjrd'n‘c B8y %ﬂlj @_rfgc?r{ F’f@ﬂg' IIaiidth %dbﬂ?ﬁ{és 44, 49%%95Q90r0|x ., Viguera

Lacr orX, a AR & Serrano,

ARER RET@EOI lﬂdwsﬁ‘-’é E@P'HPW@ %P@HP'@W@P'%U Ht(efl‘ f‘%‘l%s Liqgghnotifs, long-
rafly b StrostdR8-ionic strength dependence and prediction of NMR parameters. J.

Mol. Biol. 284, 173-191). The AGADIR algorithm described in the abovementioned refer-
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| b'%@%icﬁ! RTOPQIES

range el ectrostatics, ionic strength dependence and
predi ction of NVR paraneters. J. M. Biol. 284,
173-191). The AGADI R al gorithm described in the
abovenentioned refer- 12 ences is preferred within
the scope of the present invention. In the case of
const ant i mmunogl obul i n ddAai ns helical elenents are
| ocat ed between the 3-pleated sheet strands A and B
as well as E and F. OThe present invention is based

erﬁ&és'ié?ﬁrefériédlvﬂ@ntth@%cdﬁﬂd bfaad p@sémquiv&hﬁa@n ax ﬁmel dxBe bt edtistant im-

for the b|ophy rotei |ch
URGEIF T AOGRER TP BT AT R PR o T ATt Sheet strands
Akelieca well &eahgrFof this kind, particularly by

changi ng the anmino acid sequencé,‘ whi ch bring about

an increase in thelikelihood of helix fornation,

THY ﬁ%@éﬂ%\bérﬁkfu i8baded16h the findingl tRatPeic bingctires arpiFrpeaant for the
bi ophysi cal gropertl es, .and in artl cu

%of qrﬂtgwhlm téadfeﬁ &;nqug@%n Fq?qz% pattern. By opti-

misfgtiengal @idmeritLarabis kind, paribihdy bycheaging Mesammo acid sequence,
i néreased and_ t he unfol djn

WHER B GPRLboRirGTaeh e GO O TR Rplabl of an a-heii,

it ﬂ‘s.%ﬁ‘éibi’e% 1rﬁ;ﬂ8v@@ioﬁl%%wé13§r Srtbﬁlléﬁdwyartlculaﬁ/hhérs&ablhty (e.g. thermal
erence | s reina

StA U TSR O0re PO EToR 2B Pl BEr Hhes i areesed andhe un-

 folfgtpeBs 86 a/di BY thaeadsndy! t@&ﬁ‘ﬁoftjm;}t é‘g@ré@aﬁleﬁ &t Bragloff formation can

t he sequence, while the term "succeedi ng" neans

‘becqeggqu indie WBY-C- t er mi nus of the sequence. Using

hi gh-resol uti on NMR-spectroscopy the folding pat h of

an anti body domai n has _been clarjifjied,wth yirtu }4 i .
Wﬁ?r@n’ie@r?'é‘?oﬂsdf‘?%h?r@f”aﬁﬁ &r@%‘:@'r@n&” 65“00?#9,9 v%%s't'o $ In amino
adﬁig@q&%& the wlbd @céd'l%"frﬁé‘énstdltﬁer tdﬁhef N—ltmsoéf the sequence,

hi s domai n, the donal n, _

WG he g sReBng THesNyHestr £ DecTRamias ol BeRaUsNEe ve

CIS state At | ow tenperatures this process is

sl ow and hence the folding path is djrectl
U%’F&h‘éﬁﬂ%sct'lﬁ‘oﬂlw%‘E@EWQ%E%S/e f?lglngvggthfog Gﬁgnf thqﬂy 0§>H1air¥ has been
cldridl QithQirtagy Ql%hhry %séﬁ,lhblﬁ(dﬂ TFH tﬁ'e@arahd 8).IThis wasiedde possible by

the Fﬁcléja ?f‘}@g Ej]%g%élng |OE° th:% dcpﬁ'\@lﬁ, Spe?} 'rb ésﬂtm%qé}y the, isogrisation of the

T)fr.“m Prods dont vl mitRe ChRestSBOAL Ioﬁ@ém&‘@htu?&&hswﬂ@s &f extremely
the domain are alread%/ﬁfull str ctu

SIEmandPREE LG o & HESSH BrerBble MBS SRBYal pps found

th&ttdritelid 8 the rEétE}é ls@Gcthredd saz@aw foldell ERGAUrehs fi)rﬁltedt £s®talled fold-
articular

affairs and it i s apparent
inG FATTeRIBNg.clofo NNy SRNECAR thahdh '&ﬁﬁ%’%gwt%lm?&iaﬁe fﬂeém” helical
elél'h&l% Yof SHe'défrairt veCitcat Rl afudtied Sifirnmishdother regiorb @f the pro-
F postulated to be the fo

el oriraueos o Eh oA FGLE o G rars ac 12

alf‘@rtt'ttga%gn Sérﬁ&ﬁﬁéﬁtﬁe %H@ﬁ hélib@héﬂéin@ﬁis opfr@rwmbdncgﬁdorﬁ@n afe highly struc-
anti bodi es

(R WeTERE i SRAIBE: BoBAE LGP REY bk g O Padipus are less
strtuﬁt%ﬁ‘épl @P?;ﬁhﬁlgﬁg &e progerfies or@k h@ll@ﬁﬁ?h&glb&h%@ﬁhﬁit@l properties
donmai ns or exanp n e variabl e domai.ns
of @otipRskesayio SRBIS GBI Dl PGPS eAreit Bos gl Hilenced, atso
bﬁ%ﬂkﬁ%oﬁbf thB @clidd eRhicdits bawtaethbaomairizator example into the vari-
ptimsin protein that es entlae){hasa ﬁ] 8!
abiq-]:é@palgg c:h dolgot have access to the helical elements. = Another advantage of

the invention is the fact that optimising a protein that essentially has a pleated sheet struc-
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ture is carried out via short helical elements which
are substantially better understood in their
properties and are consequently easier to nodify than
pl eated sheet structures. The present invention
rel ates to a biotechnol ogi cal nethod of producing
anti bodi es or proteins whildh have the i munogl obul in
folding pattern, characterised in that the natura
helical elenents are optimsed. Preferably, this
tuﬁ’aqlé 'cﬁig@ﬁd'wl g sR&H helﬁ;léi @Eineﬁt)s vﬁf‘rsmré lsul(gj}sta'ddily bettealunderstood in
salt brjdges internal to the hel n novi,n :
IR PIOpREIeE REALS CPBRTSILY SARFGD R Ry Peai® et Hurtyres
that conprises the i munogl obulin folding pattern is

A B o e GBS B BBl s oo

teii8 Q\F“ifcth‘ﬂ%vjé@*’iﬁrrﬁﬁlﬂfo@[o%uuﬁ' hﬁﬁ@g pdtrr, 1t x@iabtehsetl @rthat the natural heli-

m f th ;
Cainglgfr%%gsr%e ﬁ:"@%@%ﬂﬁﬁ?ﬁ%ﬁﬁ&n &n@[ﬂo q?rg%is c%ﬁg\%f Qy Nggrting addi-

tldnEVMBri@Beéiin%Pnél% tHeafelik @nﬁl’bt te?ﬂo&ln@lhem bricakers (pvblrmrhand!or gly-
do not ocCcur in nature.int

ci1%. BrATIET Gp RESPS TS PERB PG EAeLRYS Bisent Wit the
scBhaBEthEaRVentibh, @prbﬁearﬁﬁhi@ﬁhes ahesstoheilgldenain\é the structure de-

subst ance ( TNF 1i bod neant
scabR BRErBeiolhe Thres Rt PRYGHET BRT RGO TR naelisuper
fahWHH@ﬁJeﬁ@Hﬂe' pisferdbly tHﬁtﬁJrlﬁglwuﬁdsaHoww,r thi nveatierr sisareates to

be obtained.f of exar
artmqeﬁ pgﬂelaﬁwhggﬁio nefpecyr ngp{el I rBsr %rmgypg\g@nﬁgave? gn ig domain, for
ex%h‘fimYe P RicklpréBms susigs baindRepi whithistanhums- rﬁetﬂﬂatatdcamve sub-
er o

bi nds s eC|f|caII to an anti
stanis (GNP R ATt RpaRS Srforan. aheioen of st nvEnton, not
orflCFRh i RIbRIIAsO b 8% &Rl tRaf dieuvia hafié endlmaqibs Sbedfineifor example

bﬁ.%u%%%}r&ﬁw ﬂya% gg\gge& bga!stq,%tnlpqr%ﬁ{o?%ﬁ% ttlts;{sy Rave at least

orld88 \WizliifthBthast9F8toBE ah Q)trﬁ:’S%ﬁéClﬁC@@_{ td érhax’ft@enyelther on its own
chai ns of the subtypes

onastiarih oiTEE s SORBCRNGD AP HET Rl e “ROABE G agle oo

- mﬁﬁéﬁﬁé@m%umgtdb@wm viyey may con- tain primate

20

25

30

(particularly human), rodent or other mammalian
sequences, and may be 25chineric or humani sed

Oﬁﬁg?ﬁ{hﬁﬁad‘bgIojﬁuhlmﬁhﬁrcoh%mﬁhlalﬁﬂbdnﬁmﬂfmb ghtland swaheavy chains,
preferre e | nrmunogl obul ins
thesaefrthe 6585 ﬁgs with hegiy el clf ﬂ"etsmg%gs% Fq?.’p q@ ang 19@4 are pre-

: fef?é@ ClH 88 fmAGASYISHUNEs h@ytﬂé&nbrﬁbcemtal mrp.olyslohalt byt na:tmrenmey may con-

del eti ons and/or insertions o{hp ? AL be
taip rEmte (R iquinal GRAEN: HRIPH p 8 fBamge ?%89%”8%%| g may
chiRéo orf [RImeiceark8uertiol € ¢Hupiarf dimGanBsd Srrabnagotfulins are preferred.

exanpl e co Ienent dependent oxi ci. t
ThenmmURolsBHYSTERAHaR FOTEERS A g @wfafew %‘i"{‘&}’ %}&&iﬁpﬂm‘smﬁ?

pr@&&%@%b@or&ﬁ@ ttp%b‘im/eﬂf o:F(‘sBBstﬁEtd:lnat dﬁlbthlﬂs anwosinasitisns of amino
be nodul at e ote a
acsie whigh 8¢ %ﬁab@w&%}a"&& hebies Bhederieey ﬁng}HSe%r example.
effecid? fichahs suchiddGomdxahite B@ﬂmym@htaderm@ndéd‘l eytotoxmlty (CDC), anti-
het er og eneltﬁ/ of the nol EBH:' can rde uce FQ

bc@yﬁﬁgp@dent cellular cytotoxicity ( C%‘ apoptos:s inguction or’ FcRn-mediated ho-
meostasis may be modulated. By removing potential deamidation, oxidation and glycosy-
lation sites or deleting the C-terminal lysine at the heavy chains, the heterogeneity of the

molecule can be reduced, for example.
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14 Besides conpl ete i munogl obulins the skilled man

is famliar with a nultitude of proteins derived

t herefrom whi ch contain I g domains. Thus, he w |

known for exanple fragments of inmmunogl obulins such

as Fab, F(ab')2 or Fc-fragnments, Fc-fusion proteins,

Fc- Fcfusi on proteins, sindke-chained antibodi es which

consist of a fusion of the variable do- 5 mmins of a

light and a heavy chain (scFv), single domain
B%éi@éém hfste (rﬁpﬁbsagiwunﬁ@ tr@mh lﬁﬂtrnahf:s mrqlhsyartvhm a/rﬂEIitiﬁ}de)f proteins

omain of a heavy or t .C suc i 0 .

aSfreR MRS e g oS el s trol SaouB T sl Bediagments
ofG@ARInbgIBbuling sUEH &s REb, IF(Bb 06 Fsfragihieminy ticdsion proteins, Fe-Fo-

triabaodi es, fusjon. proteins of these constructs.
f”i‘@f—*é’BOtP'P%gﬁ‘F@?ﬂg‘ %Ja@ﬂ@ﬁiﬂfeamhr SRR e varidble do-
mEMB Bf & tigiftfant Rhewey cRdh esdreyistigie dimdrobiRibOORS ISANY) MbIth consist
nt const

e, Pt d L Sl o S P e, o

thaﬂbhﬁﬁﬂbrﬁ@o@é!s bérpatliffien vhhblide, &Y VEEESAINLIsASiabeRed, friabodies,
DNA clonjng. Qther anti body fragnents are

aﬂf’(faﬁ'oﬁ'?’qﬁt‘?’%ﬂféﬁ?iﬁ YSEHCan be produced by
proteolytic digestion with pepsin. 15 By gene cl oni ng

or de novo gene synthes|is. it is, also
Faby féﬁ%[?‘@‘%tﬁ%?gﬁr%?{% Fhilgen BYpor rgsﬂgmr&'%?ih? &%{W@f@s&‘“g‘“ns of both
cr{éms)h’v{rﬂéhhél’@%e‘{cﬁfogaweﬁ by &g @cﬂléceﬁt coridgar wgﬂ)’nS( VH')eyaﬁ@ be produced
i g chain

VL) .
foy examepie fiemeapy el o Pa@ﬁ%mf B MGB A prolRE of SH%!? g§ papain or by

DME PR, EDhePhmBoly frabRehideare Yeate), frag@enty pehid cdrhtse produced by
constant chains is not pos- 20 sible in these Fv

preteqiyfie Aigestiop i dPeRsing r agnents are often stabilised by
some other method. For this purpose the variable
regions of the heavy and l|ight chains are o

[ ften .
By GRROElonoa 61 Heohy SHEATMBPSa 'dh8Rp POBRPEJ8 PerRghahpriened ant-
bodly RPNl Ahich PsBITbAR FHCthd Svarifisls tregioha ol the heavy (VH) and Irght

preferably 15 am no acid Thi,s produ
cHBI ot MR SR ATAVE o EHETURHS HEPOTISTS 7Pl Rdgoment of the var
aHieoﬁéﬁ)h &As Wa%npﬁiﬁﬂlhgané tk@@r@telrﬁtmbur&IEﬂtb@d(ynsftﬁra@ﬁant$E not pos-
are also referred S_Si n%Le chain FVf{S;ﬁrTE ther
sifle e ApeSeERurfAdTeT. BER T PUBTS o1 AIeRrARISEIGoY some othe
mé&lBSE! IFRRdhis lpliridRs tthy QAFiabld athions of tHealtegy emdhigne chers are often
devel oped for produci ng nul.tiperic

Joife<, QSRS bY THRENS (Y Ert PG PoPLTt G2 %P@‘&&gé\é?@ i Rfrpino acids, par-
tic@Rti, pRIE@BIYWISt dninBRcRIE e dr lﬁﬁbﬁ&@e@ka singl8 olypéptitie chain in which Vi

properties and i ncreased bjndin v In order to
N 250 S RAEORENET SR PORIIGIGT HE ey T2t e &iSo refermec
to LB&G Bndih PUWaEHeAR (SUSVIOERAMIER] dTScht Bitibodies are known and de-

mul timerisati on domai ns. The nultimerisati on donai ns

SCHB§d-be, for exanple, the CH3 region of an |gG or
helix structures ("coiled coil structures") such as

t he Leuci ne Zi pper .donmai ns er. .strategie
In D3 YRAEH HBT0LrAd ARSI G BV Fze, e ﬁ?@ewm PFQGV%E% Mifiarg soFv de-
rtvﬁﬁ\Féé fTrﬂgtﬁ%ﬂhorﬂfsetobtﬁﬁéiucfeofecﬁmbhaﬁﬁdtlﬁadte@mnt(] emgroved pharmacoki-

dia-, tri- and entabod| es te m "di abo
nells SRR SSr AT BEPUBAOTE 2 Feihe o7 Qipgrisaton of

th€l@EFY fbbivents they are produced as fus;on protems with multlmensation domains.
The muliimerisation domains may be, for example, the Cy3 region of an IgG or helix struc-

tures ("coiled coil structures") such as the Leucine Zipper domains. In other strategies the
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Shortening the peptide linker in the scFv nolecule to

5to 10 amno acids results in the 5 formation of

honodi mers by superinposing \./HV,, chains. The

di abodi es may additionally be stabilised by inserted

di sul phi de bri-dges. Exanpl es of diabodies can be

found in the literature. Tie term "m ni body" is used

inthe art to denote a bival ent honodi meric scFv

derivative. 10 It consists of a fusion protein which
in@ﬁlﬁt@hﬁgﬁi\;\h}i@n grBVﬁ agd O’[lrefy‘lorﬁg)lf itrrﬁ’@bﬂl Gg@agbléhi #re used for multimerisa-
_prefera st_preferably Ig , as
tuﬁ‘ (el 0 i bﬁ'%r q%ﬁ’ JJFﬁn s connects the scFv fragnents
THy temalmsab@f:l "Ais hJs@gen tfRgh®ic dahate aofivdigs hoandiraerd $UFeT derivative,

regi on.

SLSTR e B i et B8 ot n e

foﬂrﬁé_% SHiroRldinidts boBupér m\@'d)s\ﬁy_‘ [V L dsHs. t"fh];% distdds ﬁ’:lay additionally
trl

equence, | ead rnatlon
borhELrorh RENSE R BRAIPTISC CHEOH + EXETHERDT dRpPdiRRERL be found in the
litevatgd have a bi-, tri- or tetravalent structure are
al so derivatives of scFv fragnents. The ,
mul tinmerisation is achieved by 20neans of di-, tri-

THY tebt"hiTBEdye s:médenel tﬁ@ ah t6 tdéw@tbwmaierﬁh@nm;rhérﬁﬁsmruenvanve
is also_aware of glo %rom sharks and r
n

It GPRSIHS 2F 8 TRTIATLEn | R B o4 BRI &t BImynogiobuln, pref-
erﬂ.ﬂ?S@Gf RioB prefiraliy 1§61, aaSZBﬁmelﬁsétmt regi@nSs i THiss conedfRethe scFv frag-
var| abl e ang flve caonst e(gl ons I?Fl ajnik, M F.
MERIE QY §79955 0L ALINIE TRYADI Ofég 68 2 IFBE®eI%%002) . | n
addltl on the skilled.man is al so aware of anti bodi es
| amas or ot her ani of the ca fam | o
THARET "EBHEIELS SO0 o i A ARG TR Tl SPEw erivative,
THea¥iHerg fudih oy J-AblBhandnd Wee 608 Shiattsed@erRiensads to the formation of
(Haners-Casterman, C. et al., Nature 363, 446 -448,

trifg%3) . 30The ski l led man al so knows of derivatives
and variants of these canelid anti bodi es yvhi ch

consi st only of one or nore variable donains of thes
Thenisrgrasrds kﬁ@‘é(W” IS B nhodies, WBER fiave 2 By i Glylctravalent
StraStufO 3P RIsANdsrRAtNRS of &mfr@grd@mn NTHY FriuRpskrisaticy & achieved by
al so known based an se qces from ot her speci es,
meang of Mol /Y EEARRHC RY SBFCt§Shumani sed form ( Hol t

et aI , Trends in Biot echnol ogy 21(11) 484 - 490,
in an

- . Variants of these I’lg ld ‘? o "
TR R afGF EBAIE % ALTTREISICB TG BRI PTG (Fyghich are known

as“l@NARt{"r%mﬂé}ﬁ@bﬂiie@@Cbr'ﬁ)r Fhesytd @tdIMed dfrkeadi ®abd®isists of one
anot her ide linkers. To_prolong the

Vaf'ﬁb'géﬂﬁﬁf’e QTR eBieT IS Meely Hptkes %W?W&E'E”}UBO*OM 688 -
698! dggzypol ypeptide units, e.g. with the Fc part of

i mmunogl obulins or with a protein occurring in the

bl ood serum such as al bum n, for exanple.
In addition, the skilled man is alsc aware of antibodies from llamas or other animais of the

camelid family which consist of only two shortened heavy chains each having one variable
and two constant domains (Hamers-Casterman, C. et al., Nature 363, 446 — 448, 1993).
The skilled man also knows of derivatives and variants of these camelid antibodies which
consist only of one or more variable domains of these shortened heavy chains. Such
molecules are also known as domain antibodies. Single domain antibodies are also
known based on sequences from other species, e.g. from mice and humans, or in human-
ised form (Holt et al., Trends in Biotechnology 21(11), 484 - 490, 2003,). Variants of these
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The ternms "helical elenment” and "helix" are used
synonynously in the context of the present invention.
They relate-to-an thirillu .16cl-sequence of 4 to 12
amno acids, preferably 6 to 12, nost preferably 8,
9, or 10 amno acids, which can forma helix. 10 By
"optimsing" in the contedf of the present invention
is meant a change in the primary structure of a
protein, by which the |ikelihood of formng a helica

d&h@lﬁ%ﬁhbdd'bstlhdzlﬁo@m@te%més tt$at ba@srﬁ@ﬁﬁ@mém}bm wﬁa@e demams and
helical element is created in th

arg|fodglETdinked W%@W%@ertbﬁf@eﬁ %‘W@rsc é:lr o &FPISB% Fl'tei h?éf I'E)Ef In serum,
ddrhaif apfiidids mapaled be filisalty oth'éS pél?fbébtlﬂg ubtd, ieqd. QB Yhe Fc part of

,stablllt 15sol ubi lity and tendency to aggregation
'nrrwmogw Pé“sr%dﬂ@eﬂpfﬂﬁ"ﬂ %@UHH}QNH]“%Q'?%%‘?’U% %w@raéral%mn for ex-

thod of changing the primary structure of a protein
is to mutate its am no acid sequence, i.e. the
exchange (substitution), renoval (deletion) or
TheefrRé tHelib A RIditedrd PBlx" @fe Bded KASHYRBLRIARKROCHEdE of the pre-

This is normal ly done by correspondingly changing the
SR GG IOHO NI 1AL ERTOT RGP SPAUSRESRS 1 HPSTINR Fads, Preferably 6

toAQl fhoSESIERALR &yl op db%ﬁﬁh&%ﬂids&( wWRERICRR $britda h&lixS
20( r econbi nant ) DNA in a host cell.. The skilled man
has standard nethods available to himfor doi ng this.

By "’bp%%ﬁrfge in e @Gﬁfex{ &ehé Br‘é@@r‘it'a%nh@% BlRSari 8 cﬁange m the primary
bi ot echnol ogi cal process for prepari ng" anti -

stiyetume eft%Pfﬁée"ﬂ rbé(twmwéwthh%'lmﬁﬁﬂhf@gn'as@ q‘ica'&ﬂe@?% in this protein is
indt8h4eRY o by SRS hElidaP&Emieht i& BRlatedhin thig PddiR Wit the Bbj@f:tlve of im-

t he natural or optim sed helical elenments is carr
Proxieg ”Prté?@WﬂB@')Pr?!PﬁrEest ¢fdhig ﬁf‘ﬁ?fﬂa‘iﬁ%'?ry isdplding &ﬁ@!ﬁncyr stability,

sold?ﬁfi@y Mh%?%‘hg&éﬁﬁhdﬁﬂmkhfiﬂ%dgﬁéd Wﬂﬁ‘e'b%h#ni%%hon A preferred

el enent s ranspl antation i s neant,

methpd eﬁ&hanﬂﬁa ﬂv%amrae@rﬁérﬁ'efua OfEPralfimis t%muaat% 8%1 a@ﬁ@@qﬁ se-
quentd i ézth@'@x&%tr@@'(&?oshwn@ﬁboFéh%vaﬁ{ﬁb@ﬂoﬁﬁdrdntﬁﬂ@dﬁiﬁ(ﬁs@ﬁlon) of at
r

the sane | en In a particul a preferred
qugt,ﬁ@q PRiNG acignEhig s qﬁgmgilwéqr]ecbm cogegag;ﬁny%q:t@ngmg the deoxyribo-

nutlef e !/'UI@Q) th&iBdas tHi§é\‘ﬁho%ﬁi @égéﬁ@%sﬁg@eﬂﬂ@xpmssmg this

CH2 and/or CH3 into at_|east one constant

(regaEnbBRN) ANA ingphest g8l e tiiledgpanjas standard mefhpds givejlable to him
for dbind¥@igl 9 donain is replaced by another amino acid

that” i ncreases the probability of the fornmation of a

helix. The formation probability is preferably

in ‘éﬁd)tﬁé‘ll RIpREt tHE irVanfich Ri38Y fotdWibteBRIdidiaH! ﬁfdc)ésé ‘ﬂ&ﬁ preparmg anti-
DIR algorithm Preferably, the exchanged a

boﬁ@ﬁ @ PEOteins takhaveghs H“E@P%%W"P\XEJC"FS Pahierat @?fr%m%r@ed in that

' tra%&rﬁ@ﬁlgﬁon ahé haka ok ¥phiséy ﬁ&lcéi A8efs ¥ cdrriénsutFrreferably this

he exchanged am no acid may be in a region that
trappplasigloriasagiedaqyt ke demaige fHat BaverpROBIVRPIiMyE Rgtlicgplements.

Byqranesaaﬁ@ngn RYREANIA uh.a cameXingtrbfacdidritofhn sﬂnﬁfaseaad defjuence of
then to increase the helix formation probabjl of

4 R Pmin@ AgHE bFrFIGOtHGT FRINp GeideRenyenea! tesamk &eaa@edn f particularty

pr@éﬁ@@bmbbé.rdehﬁ oABIoR 910?& hélickPelBRefitd R irbnkr@eed fforh BEleh&t one
domain is proline or aé/m ne, and é)referabl if it is

copgiant: demaip QLe§s¥ angfor qed BiaAershaas Forsa Cj.. idpppin and/or vari-
abRfdchait bg dnegedi ng (3-pl eated sheet

in another aspect the invention relates to methods of improving the biophysical properties
of proteins, that have the immunoglobulin folding pattern, characterised in that at least one
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iostrand or at nost in the penultimte position
(i-A-2) before the next $3-pleated sheet strand.
Proline or glycine are replaced by an am no acid that
is neither proline nor glycine, preferably by
al ani ne. Another possibility is the introduction of
salt bridges by introducidd an anino acid that has a
charged side chain in such a way that it is at a
spacing (i->+3), (i->+4) or (i->+5) froman am no
amﬁiochctdi&ﬂhdalgsdomm Baepiheédbyodnotiice anﬂmoamdi that Inaregees e probabil-
ire ser

.de- 1

rt)f cﬁfé{\e E}E@gt@] %féa l&eﬂiél ﬁ‘b g?rngﬁ%gropgg ’&tﬂ ésr;gg]eer Y F@cnﬁ%gd using an

algoRBmN parielliBethe tAGABIRGHIgNen. Rrifarablgcind extisarget eofiredacid is in
SO

AP CeReR M AT SO Rar o FFHE R DR QL LRioR 2 F

*Ia@eﬂfmaa%@i sfiparaidatay bem orgioandthaeabynd 4 helkbitdiuctBe. The

ol A b S e R e B e PGBl A lhease e
h@:lay@mﬁiuel b%'abﬁ’@'nﬂ itHié er@nenh ahe rmayx faah@nam&ad Heriodreskeed for exam-

ut am ¢ aci l.e ar
oo ekt eSatne T B9 toBRy 'S REIGe B §Fiae, ano preferably
if & RAbOfed BOBAstiMPR&ONd pbditon D) Fteptief sreteding ﬁ-pleated sheet
enbodi ment t he p03| tion at which argl ni ne, |ysi

strangtor @f mest i thenassiutisiate PosiEoryir-ahRalery g F%fa&yp'eated Sheet
st@n@mﬁfbﬁlﬂé 3t #f&lﬁn@éret r‘ély:)ﬁt?@d Gy SEMBURId th@ﬂs hBRnR PRIk PBr glycine,

or asg_@rtlc acid is i nserted
preferakdy b:palao:nal Ayotberressipiliprie derbirodyctien ofsaldrigpes Ryniroducing

% h%%eacgﬂ Hatth 'a{‘a? é&dmﬁé‘cm ﬁ\rbuclgév@a ﬁ ﬁlg%?a'sﬁacmg (i—i+3),

oduce m no acl ds are
(H;BSH ) bi Ginsi+b) fa:md an-atiine add that haba aslewbalh oéﬁ'la oppositstgharge. If de-

sweg Sat(j?és,t\_evgo ﬁ%{'{}"g asc:%na]lrg ﬁrg%ﬁggﬁpl‘ E?]e i%é n%l%gr%.aéi 02)99% ite c?rarge
wiiketh@spauingisdteteat trmoadchammedlaﬂﬂno aoids lsrseleet'edrmasthatﬁhe side chains

argﬁB%SI ‘& Chaﬂg?,n Frh% E#e?eerp %re?%o% m%’nt?l%r é)?c%gﬂ | r%H‘lino acids are

- sep¥lfled RYAonk fanctkr eg pqmﬁway 3@m|m4;) @chate aanrezo ad:ud& eEctympIes of

present in the s n uence,
arﬂslnp @ﬁvgs wthtrﬁggt[\ﬁ yngpar %ﬂpﬂg‘% S}%ﬂ rgclfraier Bh){ﬂoéi?ﬁl% gencgta 1ons that may
b@uﬁdﬂhé‘@dé gilui}afrﬁﬁé @d&labi' ﬁsmsﬁ”ﬁsﬁrl while bhgniognysirad or histidine have
osition i+ err

pdShaplY et e PTG BP P P Es ARG B e B oobifent,the po-
sxﬂilfnoét@\!rﬂbtpér@h&ien Frsimelte histigine & iese@ted oniid Gptbheilysﬁmaém pessent is

cl KPKDT{E\M(C? %g&ég[?st’t\mlg S%ItlgEéT\}legwu c 8?‘8 §é@9ﬁf‘ﬁ’° acid is in-

sé}«l@db'é)s HtiohdlEy divebix pﬁagqmemasn KADBIE e BRridGECr B2 INGerddd in which
timsed therefron% é e .sequence TK YERH SEQ |
in it+3, i+4or

jugpse 1SrRsRdYcRE WhErein S aMIpRaCIEs AgdRed e NS PE N

|+f) Eﬁb"%ﬂ %@Wg @8T@E@\Kﬂ+rﬁ§tr(e$@nb Bcﬁ@lril;ﬁ)sﬂfolns iratidh &Thuﬂmn i+9 have
anmbda omai n or .the segue
SSRGS 00, BN PE e Sia PRSHRTA Rap i Ses an b
pdif8Rhirgé SE&NQS ;ﬂtﬂb)ose Bmoﬁemdmrngmmhcm@ map bedeserted by muta-

i nvention re o the

1
t'or'i‘e PessHY 8y W?é' Pﬂ&f%spa’aﬂlaé %‘5%’%%?5%%é‘?’ﬁ%dyo?fe?%"@ M fhe starting
PRI N Reldurl satl mﬂgebsmngs'mﬂ) asparfioaciexglnpic adidkol grginine is

omai n of beta2m . (SE NO.3) .. the . :
oSS 0EL 2 0 000l QB (SEQ LD NG Lt chr
actétikedfin 1h@’tmmgrh@bx&hahgs theT;hetetrr amsgrsaan helttabélement sith the se-
U KRBT AR (QEQ ID NO:8) from the human 1gG Cy,2 domain (SEQ ID NO:5,
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exanpl e fromthe constant i nmmunogl obulin domains CL,
CH2 or CH3 or may be variants of such el enents,

opti mi sed by processes according to the invention.
The transplantation is preferably carried out using a
method in which 4 to 12 successive am no acids

- (preferably about 10 amni nd8acids) are replaced by an

am no aci d sequence of the sane or greater 15l ength,
whil e the am no acid sequence inserted has a higher

shel IDNG oraEt S Em I NaR e dr ithe/hdiiR @6qlﬁéh%e IKAFDAT SR (SEQ iD NO:9)
uen In a preferred enbodi the inserted

OB e BT Medieran el KARHERH SRR RGBT M Kt e kappa

c[ B@méﬁ‘(SE@ﬂDbe sheeds uceaampléommqgwmno ﬁcam; ﬂEam the hu-

r an i mmunogl obul i n.
"RBIRER G oA A IR NG Tk tenes SKARYREEKSEG 1D No:11)
fréf R hibvh SReppEQ, | darid @:cﬁ PRt human CH2 donai n
(SEQ 20 I D NGO 5, SEQ I I\IOl4or SEQIDI\IO 15) or
t he KAEDTLHI SR sequence optim sed therefrom (SEQ I D

InNMAofer addtet mewe.ﬂ&%‘ﬁ&&&&%@é t%ﬂg@aﬁ%}mlfx bdNithBIe helical
0

nmuri ne kap mai n ID NO 1 e sequence

BTN A PEGAIBEREN &) 1k ST RIS GRS for example

thﬁg@)ﬁ@n Nf)oétgi—nﬂérobbﬁuﬁrﬁw @N@@Dﬁ&%&&&&néu@s &VL Vy) or the
fromthe hunan

C%taphd%f‘ frest 05%8%‘?‘3&'?%’“6? dde ﬁ'ta”ﬂﬂ%tﬁé P@mqﬂé‘a ’B?légr'Q'Bat“ for

eXxaniPIOfes hd @nsRIE PRhUMEIsbulh gbRkihs )L, NGsC, @ br may be var:ants of
[ rmuno | obulin folding pattern, characterl sed inth

SUg r?ﬁ"l‘ﬁ%ﬁ QB“rH@F‘éPWQé?C@F%eSo%EWWB '?%E”V?WPOW%‘FWSH@”W“O” 18

prefefady sdrést o} ru@l?@ré meholfin hih &itH 92 shadesbiay Bnirdeacids (preferably
i mmunogl obu- |in foldi ngﬂaattern is applied to a

al}S’Pbﬂ‘é?W'”@facldﬁ? IredeRcehRYyaR ARINGRA $9@d'eﬁ?eo?féb%8%rn% gr greater

le®in, wiié tﬁ@@fﬁﬁhola%mesqe{u@ﬁéémséﬂb@dmﬁ.gﬁ@lﬂenx Mahbestsprebability
pr epar i n%{)r ot ei ns the expressi on of reconbi nant

thasnile; rApIResst segaenes. Hha Peqiersec eBRAIBARY HhedatareA seruanke is a

hefl88 ielcRtbr@ i Bmans RshicH BétRen (r@r;pbs@m@d %ﬁeétfgtr@h@sSA)ané“%nd/or E
sufficiently well known to the

angdfr ofi il %{rC»t %ﬂ@ﬂ iof P%dﬂ%ﬂowwmb%ﬂﬁaalﬁ hq"%ﬁ“ eﬁf‘iqﬁﬂs have for
xampheqﬂé s8GucP%P mww fsmrsﬁggbq@@eao ﬁﬁml tRe BUKAN R? d6main (SEQ

DS ERIT NG of SRy MBS RegEP BiHISR Seaprrasptimised

thé\@frbm (ééQabero épﬁh@@é elﬁée IKDESERH GHQ EENDSI0) 86maBé murine
lines fromnu

KeBh Car ARt BBOdD HOThe Sediancad PERTVESHRS éE@dhﬁWﬁ from
thé Rl & 8SmERYSECSI® ﬁ@%‘?bﬁﬂm@%@éh%c@%l@(@m\ﬁd@m ID NO:11)

prokaryotic host cells & col!) or yeast cells.
from) thedwBtandered et d Pﬁ’é‘"p(ls%ga NOH#ntion relates to a
protein that has an i munogl obul in fol ding pattern

produced by a nmethod according to the inventiaqn
In ﬁ@?@?*’rﬂ?@?@ﬁ@e aesSer| ipegntiopyr %'FT@P AP Process T arpPaHg BBEﬂ}e'“ that

ha@@zhtiﬂnﬁidrhaﬁlbb(ulrﬁ f@l@fﬁ?' p%ttt@rrl eraraeghisuih itiat aGRGthed 83 Réreinbefore
i ght and chains, 10l n another as

depw@eﬂﬁ@g@ﬁfovrwaﬁtbmﬁwg@'&r%ertteé % PP et W&tfﬁﬁggmunoglobu-

lin aadinwﬂé}alu@wnba td alp%teg dms Rihd, e1dGh@ndd@ias bra¥If thus ob-
vari abl e domain (VL or E% C aracterlsed in that it
taipemhisAxpesgediv|g fe%ﬁt cel- Mrtheds of Prepaging Rrteips BY HisRapigssion of re-

coh@fdéh{ilbi\lx iPBEH el 8Ny &Ebs@ﬁb&ﬁ %Qﬂ‘ﬁﬁa%n Qﬂhé @bs#ééf%@fd%sed protein
helical elenents_of this kind and

(PiO¥RSH o BISEHShySP SR WP KR 1 SR TR, D PEFICGE the skilled

méihe el SRma Sith MBtHAs oﬁgﬂﬁéési@’fnmﬁlo\jwbljlﬂﬁ' i ed@?ﬁitﬁ host cells,
of this 15 kind contains a helical ele

prefer@hlydrampplian ¢ nmesielsranbatall “|”1°'§'/fr9'??& avﬁry aﬁhﬁ 23“’“988 ham-
aci d sequence of the sane length that occurs
naturally in a variable domain of an imunogl obul i n.
The reference for naturally occurring variabl e
domai ns of this kind may be the variabl e domai ns that
are deposited in the data base of the NCB! GenBank
under accession nunbers AAK19936 (1gGlL VH) and
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quence KPKDTLM SR (SEQ I D NO. 8), KAEDTLH SR (SEQ I D
NG 9), TKDEYERH (SEQ ID NO 10), TPEQVWKSHRS (SEQ I D
NO 16) or SKADYEKHK (SEQ ID NO 11). Particularly
preferably, the helical elenent is |ocated between

- the pleated sheet strands E and F. 25in another

aspect the present inventildn relates to a protein

that has an i nmunogl obulin folding pattern and at

| east one constant domain of type CH2, characterised
sﬂen(@rﬁm’tulwﬁ grisens, aLHG callsh el talidinee lfremﬁﬁtrrmmnj/élbma cells (e.g. NSO

n.t hat s _a_hi gher, helix faqr
B0 Rin 1 BBiaie o P L af b eErBHE Comair ot i slso advan-
tagecusly bégrodated ialprekaryotib hostitells @4 A. Do@r vbadtagllsser ve
as a reference for-such a domain. In a preferred
enbodi nent, a protein of this kind 30 contains a CH2
incetticn avle ot thecméateah rsentidnakiztal to @l peoeint that Has atnhmmunogiobuiin

uence KAEDTL SR TKDEYERH D
ToRSb A D Lt ¥ G PRLERREIRS {Eihe VBTG aejergpberore de-
scﬁlﬁé@\FEdeh%t(IﬁE@ drianitiBodyl Jparticulafie b abhipietd iemtvedgicbalin, containing

| ocat ed between the pl eated sheet strands

g I SRR BRI E ot ho Op dormi o 2071

anot her aspect the present invention rel ates to a

3t it sl PP s AR b S nogiobun

fomh@r;ﬁ@@ﬁf arest Idaaﬁ‘.t bh@tramdble:c_‘lerﬂaih e, & \ﬂ_@l dﬁ@@cthe?i:smﬁhat it con-

Jntlscns i C a hi gher hel .

te3 AR ST AD 15 P9 Dt s Y Bk Vagbig dgmains do

no&ﬁbrﬁt@m&@hﬁhléwef this Kirticarglaoa® Deaimgtdvedin teicbibphysical proper-
[ urally in In a rfrred

o3 Rydn RABictn of Sedh HEBF e oG SEPEURE Ryt omain of tis
klnibcfmitdlns/@ hefcatelBmRnIwitia lgﬁdatéra'lehffoﬁ?mmn obdbilith than any amino

C%_?’Jnce P D%Elrrl\l/%&@ S%g}\ﬁﬁcfﬂ@na KAEDTLHHSQQE%F fan —

noblﬁbihﬁfﬁ Tok réfecense wmﬁamﬁﬁbﬂﬁaﬁﬁﬁé?dbrﬁamoﬂ.&\)s kind may be the

P bl I | t
ey SR NS B o T gt D08 SR angr scces
sidrveuniBdls AORADIGE (IHGANSE) ARd Amaeslz ige1 prsreprteferred embodiments,

thé, RIS s aearano da e TayanuaT Caltdia RreligH gRiét Wih the se-
qudﬁd&@KPKDWLﬁiER e 1B NGB, AEDTILENER (SEQ 1H Nhe), TKDEYERH (SEQ

quence KEKDTIM SR (SEQ | D NO. 8) .. K Q,lD
DRSS RN RRA SR PG 1@01%}@%5‘%&&%% 8011 p Particw
tarY@réferabip theHeeXEibhehSEQchidd Wawlekh. thé Blear@tdheét strands E and F.

aspect the present invention relates to a protein
that has an immnogl obulin folding pattern which

in Qﬁ&ﬁér‘ Specithe bRASht iﬁO&tiBﬁ'réiét@ls €k prREh thal had ah g’nmunogiobulm
domain that has a hig hel i x formatian proba

folging patiemand @ jeast %’Pﬁs?ﬂ"sfarﬁ‘égom@”(% BPgi Grgach q{agﬁgegfm 1 that it con-
tathé‘ﬁ héﬁta[ aﬁn@hﬁiﬁqm% cSE@athidN@m ﬂnat ﬁE&Qa h@héﬁl@l[ﬁ fcﬂfnaﬁ&@probabllaty

I D NO
fh%@?‘@ﬁi@emfst qf@%wamam RC?NB'P%'F%PE@@H "Hff%?ﬂ%%ﬁ@ 'Da{“o 5 may
se%QatsQi Rf@Enddvopstdrnéldenahaims pﬂeféwéd @lﬂbocﬁﬂn@meabrm.h libf this kind

he seguence KAEDTLHI SR (SE% \%
Co%téﬁ'éa whEOpRIB YaYRN Gan{al 7 B Cﬁb?'ﬁ‘fﬂégt i ‘Qeﬁﬁﬂa‘feéicﬁ KAEDTLH'SR

(sthab N@Sg)ammmmgls&mu MO29), frad Qéqt@nﬁéitrPEQW!&mRS (SEQID
cont ai ns the sequence ?&O

N ) 5 SRRy TR 2615 NG Pah G leiebit Bed i o et dgoated be-

twédhViBB bleRifed Seat SFandd Aafd BlaRtBr Esandd 61 thd el R Eemain.
descri bed for
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medi cal use in therapy or diagnostics. The nedica

use of antibodies an other proteins 30 with Ig

folding patterns is known to the skilled nan and a

nunber of such substances are |icensed as drugs (e.qg.

Ri t uxi mab, Trastuzumab, Etanercept). In particul ar

the skilled man is fan1llém w th nethods of preparing
formul ati ons of such substances (for exanple
physi ol ogi cal | y buffered aqueous sol utions) and for
Irashmatimrsspedt fige predertdmention efat¢dios oteth thkeimed ardbcatredlobulin

o0 PR B0 R e ek e S PRa kBl ROl ol KB b that it con-
tdires a@hélicat elethaod in his adnstat Idonhamfwmmjd!nésw higherteslix formation prob-

N N T X SR

dehainactaring edturailytis btmahe .mapmfarcdmsnmhcal e pris of this kind

ofaRBicen oo woh SR 5y BIRR EleplLufth HeHiense KPrOTLMISR

(SE@ib _wo.m, KhEDEFLH;SR/eﬂ;Ex_aIID N@@)leTiE)DEgERfﬂ (SE_O IR0}, or |
TRERHSITRS (S QB N0 1B o T SRR HkABYERHE B RNpHa). Prer
eﬂaatyumalheMal efeimaont sddcdied betaker thermiedisd sseat atrandsdh and B and/or E
E g@ t&éﬁc{on domai ns that have no helical el enent s
a@c{ PEYE D7 helical el enents. 10 The fol | ow ng
are further definitions and ﬁxFLgnati ons thﬁ:/eare of
i Aok B e Tt e Bhrie st PR ho pRE by ywhich has

aipsaxd voe el slesenbinrzany demping pefarably hhelital @lchasit with the se-

ajener SRR RIS ERDONIG T e HHiER R RIoUTg ) JeEERH (s

T 181, PR KSHERE( SHQ 1IN 85 or, SKADYXHKIS (PEQ s SICat1).
nucl eoti de sequence of any |ength which codes for a

product of interest. The gene product or "product of
Inianbtheesépect egresmntinvgntionoeiatssito a moﬂeyﬂeaﬁ hagean immunoglobulin

ol R B9 8 AR GO s vt
higdrévetts formaorbgropateiite than anhélics! dierhént taa is esrdgdibed inrone of the se-

oieE! SEETRLPT, S PR SR BR3P, VAR SER o nos,

SEQID eERaAdirSEd Maydent$Ca WTsh ansefeirae egiodimeht, a protein of this

LR B RO BT O VAR i R (Gl g

|nclude codon opt|n1sat|ons for adaptlng to a
In; aﬂp ?géﬁp%:% he qrﬁenéwgﬁrgtfog refrgen ég %go(gtgln tg er'éatgaza(rgaelm%funogiobulin
foRirgqritasare, bdamhfme -sSeqoarice SEQ Irsith HaBECHDBWNGL Gdind/or SEQ 1D
N§F¢l surface-bound pol ypeptide. The term "nucleic

T , "nucleotide sequence"” or "nucleic acid

sequence” indicates an oligonucleotide nucl eoti des,

oSG e R b 5 0k b Wros o
mé&dice luee O theeplloe degnastits. 5hei mBﬁru:af 07 asfemnm art dﬁtber proteins
A RSBS00 P 9508 e BSLE T onos v
licenel ssdragd @G Ritidhiab, Trdshgemed| BlanBCBptEdipattiediar the skilled man
is nga@%e n§1sr'lne§th8cris gF prggé/r%gsfx%urfgh%lng o% LR s%lbls g(r:]éjsc(lfo(?'%txldr%!e physio-

logically buffered aqueous solutions) and for administering medicaments of this kind when

indicated ({for example by intravenous injection or infusion).
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22 Proteins/polypeptides with a bi opharmaceuti cal
significance in connection with the present invention
i nclude for exanpl e antibodi es or inmunogl obulins and
ot her proteins with an i munogl obulin folding
pattern, e.g. nenbers of the immunoal obulin
superfam |y, and the deriatives or fragments
thereof. Cenerally, these are substances that act as
agoni sts or 5antagoni sts and/ or have therapeutic or

IO RGP Sbpact BRDbresatlt i;rﬂr@ﬁﬂorﬂrb%tdsetb @ BigethHRRidatiggthodof modifying

nmn CJ d sequen or . :
g BiGRLHES. eheperbrech i i § RestEs 75 P i diumgglobyi folding
patesngtdharabidried 8Y thabths Aalurt heiesclemeh®i €16 opirhiebd.have
been nodified post-translationally by reactions such
as gl ycosyl ati on, phosphoryla- rn acetylation or
.rpmt*@. @sﬁo‘) cr%s;sremt irfventicpxaRRisdo aTHtﬁc&'fo%Edar ®eibd bhfodifying

t mpdi fi ed, for
B e e s e stiesr ProtEiEs Hhep Heve e dhmigoslelu folding
patieeh, fchaizeterived h tBANEhsplaataBorNsE the neturasr ermxe%(camﬂc@l elements is
1.NS, e reta

cqrrfif-écp %t:tgfrg r ? {ngﬁtfc)r%q)?%vapl? leggg]e[hp%ﬁlene%s or less suﬁaglg helical
elp@kyept i des may nmultinmeri se and form hono- and
heteroners. 15 Expression vectors nmay theoretically
be prepared by conventional nethods known in the art.

Tﬂéhtencﬁmh@ afd Bahér dFBRibhPandeExpiinatibes fhengreicd Mdortance in connection

nponent s, of a vector, e.g. suitable pronoters,
W'QhWﬁrﬁ’E“eﬁeé‘ V@M@ nat i on and pol yadenyl ati on si gnal s,

anti biotic resistance genes, sel ectable narkers,

elicationstartin oints and splicjn inaI . .
REHTPISHTS B PresgnLIngRItAR it ablineyPdyGes By geappibinant expression
in @rmﬁu 661, WhedRprédsibn VRCRS M wked wiaeH Eﬁhﬁﬂﬁ@@@&to the host cell. The ex-
phagem ds, cosmids or viral vectors suc

PSR CRA 9T PB4 5 AT HErtAIF? GRBETIes @ nucleotide sequence of

arfdEnIR ARG cBHES fOf ial prodst | fmdtebw[ peﬁe gemPpYustior tisrod®d of interest”
well” as synthetic or artificia

s gengrabng @ﬁe}%n@gwp@ﬂ%@eefzﬁeaﬁ% 8t iffeg'@%tr%%”asﬁ“@é%%rSPf However, it

méy’ Biseahd RN 89 aﬁﬂﬁr@é MRNDA. O KidbleY §drieC ofS Rt 1€ 0B sy !E)Elqﬁe%t in its full
exampl e lication ori

gl 6 AMERICT g T it a Ui BN s PRS0 HRgbe senomic DNA

or pRéRAIIOEDIA o?'&@rr&ﬁﬁin@fngﬁf&gh@ﬂts&brl f@s;oﬁs mﬂﬁ@géneﬁﬁf interest may be
eukar %Otl C exPr essiop vectors ontain

th%mgpﬁ' gegﬁg eNge: ffrhagrqaﬁ dab‘@ uoﬂ therwise mo leé %u"h modifica-

tioR8 linonide! cﬁ!ﬁbhdﬁ;tiﬁﬁéﬁﬁ@ﬁ@ﬁ:r atigptitgavrn partc s syl &l humanisation.
obt ai ned commercially from var.i ous con‘ganl e

Suc
THeLGRE Ao BeY T SRS, CO0R 101 9374 P ORET GG ear-focated,

mémbraiShouRl 8regrsuriBslbe @t pdl¥pepli@A or BD Bi osci ences
Clontech, Palo Alto, CA, USA. 30 Eukaryotic or

prokaryotic host cells are transfected or transforned
THY febm SHidIaR | RiIEX HLRESHGN séRRINGESor ¥RaBRic a8l |s§qlﬁmde“ indicates an

ohag&?{o@ﬁ? Sr?%l,%aslpg%ﬁ% ;@{cggg $6r§y B%ﬁ? ?rag agutlt(‘ngrre%? as wei! as DNA or
RINA WY (RWBANE B6 synthetic origin which occur as single or double strands and can
represent the coding or non-coding strand of a gene. Nucleic acid sequences may be
modified using standard technigues such as site-specific mutagenesis, PCR-mediated

mutagenesis or de novo synthesis from oligonucleotide segences.
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23 Saccharonyces cerevisiae, Pichia pastoris and
Hansenul a, while the latter are particularly rodent
cells such as e.g. nouse, rat and hanster cell |ines.
Bacteria, particularly Escherichia coli, Bacillus
subtilis, Pseudononas (P. aeruginosa, P. putida) ,

St rept omyces, Schi zosaccha&2onyces, Lactococcus

| actis, Salnonella typhinmuriumand Agrobacterium
tunefaC|ens are preferably used as prokaryotic host

F‘?&bin§/pol9f)erﬁﬂb§ WithsahesHaehbee gied! |srgnﬁ|c§ﬁt!é 1h @Bh@dckivn with the present
preferr ed The successful transfection

”t"leﬁ?fg‘f BFHES i %rPWW%é”WP@s%dW&W@Q'@EP'I@ ot pihg{rproteins with an

IRRRRAEASIAR FOISIRG REIHEGCE. @dme&bb@, dffﬁee infH&diclin 8sddranily, and the
in transfornmed, genetically ed, reconbi nant or )

dervay Rt fﬁa%‘é‘?ﬂt% SRl c ﬁseﬁﬁ@uéltgﬁﬁ‘f’t HE %‘G%’}aﬁ?ﬁs tBgt adhas agonists or
aREg6e Rt ah@onMeRt theripeMicdraidpdsRidpdivations. host cel I's

for the purposes of the invention are hanster cells

such as BHK21, BHK TIC, CHO CHO K1, CHO DUKX,
Tﬁé’@rw}%!y@ép@é@ rb¥eft" &elided F amino acid sequences or proteins and

deri vatijves/descendants of these cell |ines

reters e PQIYRIEr §/0qu’if§fr@rqlcgj§ dranyderstbaihis teEm @0 ipgirges proteins which
hﬂtﬁ)é@n D&k &*@&-tfé@ﬂslaﬁ@ﬂé]?@' resdtdhs Yubhies @@(’zésyil’dii@n phosphoryia—

DUKX cells. Al so suitabl earen_\l/eormcellsf
tigry @C%@E‘é“ %Pré’feé'? REACHS D %{rﬁi‘a%’?/ ol Resiructyp gt the PO’YP‘“P“de may

bél @fdawrt fb?%&é#ﬁﬁn@eagd@nﬁémm‘oné hestiof€ ot idseARss 0{'"9%\6@50@3 and fu-
derivatives and descendants of these cells

sif MR 9tReT REeleins. Pyl ajifon gpuplenwth thedta P%f EH'W’@}J@@IOIDU“”S while
retdifif§ 18! bidlETBA Sactilitye € In bddifion, TR KB Beptided 8Rd\S mullimerise and form
eukaryotic cells, including but not restricted to
hqraers3nd helle®ers. hird and 20pl ant cells, may al so be
used as host cells for the production of
bi opharrnaceutical pro- teins. The transfection
EXessiaTciciess inanibepretieally be frepargd ﬁwcyﬂvﬁﬂt'ea%hra%h%qs known in the

al®Nahefe hAs@XRIRRAHIVN HehE Ffctiohd Uotpdpiehta df réa‘:-‘vector e.g. suitable
invention is carried out by caonventignal nethod

propotess| BNRANCALS. ASTBIASINY anf apRlyasdenyBHon Wdnalte 'ﬂfr@P’Ot’C resistance

géhea TR IEcthth P PSR RE s TRENliSdtRA sﬁérﬂr‘ﬂfﬁ@ﬁis' &Hd spﬂ@ﬂn@'swﬁbls Conventional
phosphat e copreci pitation, el ectroporati

clg@pg, gg{tq)rgﬁnay(!ye q@soqjgggowt ipeam)e Siasipidsy bacterIOphages phagemids,

cdshds fRClikANvedibRt @péRSds fHasiieRsusM r@fr@hﬁjs%t la@8nciitdses, adeno-
viral infections. The transformation of prokarYotl C

agsgeigted oyinusesieng rg:w Y‘ﬁlﬂﬁ’%iﬂfqbdésdﬁ’elbﬁ% sypthelieor artivicial chromo-

SO ESminkeh@hRRRoMRS! OTHe BGEPYdlic kpfesioh Svecitye Bipically Bfo contain
carri ed out using-conventional nethods. Suitable

PrAANRI P SEANE N ERFeSY DY 2 AN BXANRIE coPIGRYER é’c“GtB‘na“dcﬁ@H’i‘Qi'&I resistance

gerieS aYHIBN LI rdphBat® éﬁd !ﬁélé&’[mﬁcﬁf tRX YWD irC Ba&éntM A number of eu-
chI ori de, magnesi um chl ori de, rmnganese chl ori de

kqwtyeqmgﬂsglﬁe V@p&ﬂg%whtﬁh AR MHNE BIRBIRE ddtes for the introduction of a
pdhAkiERb P nké ARS MG 8Rd sgrﬂe/?\‘iéapbéj bB&irled dohﬁnermally from vari-

i'nvention stable transfection is preferably carried
oUSLEOMRRNGS 8N ta$eSkalagene, La Jolla, CA, USA; Invitrogen, Carlsbad CA, USA;

Promega, Madison, WI, USA or BD Biosciences Clontech, Palo Alto, CA, USA.

Eukaryotic or prokaryolic host cells are transfected or transformed with suitable
expression vectors. Yeast cells and mammalian cells are preferably used as

eukaryotic host cells. The former are, in particular, Kiuyveromyces,
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structs are either integrated into the genone of the

host cell or an artificial chrono-

some/ m ni chronmosone, or are episomally contained in

stabl e manner in the host cell. 5 The transfection

met hod whi ch gives the optimum transfection frequency

and expression of the het&3ol ogous gene in the host

cell in question is preferred. The host cells are
preferably established, adapted and cul tivated under

Sé@éﬁ’é?oHy%ES Cdé'ﬂé‘x'nbia‘én%cmﬁtﬁﬁfé\hé )énUnHEﬁgélﬂJié(‘hWhe ahe latter are
free fromani mal proteins/peptides. Exanples of

padicotamyrrodant geltlshsachablesg nﬁ\@iuae; réd | angehampaies crelzmes Bacteria,

ok By S5 RGN B B ekl ) seroinoss, P

leda)rmlsﬂ:‘ﬁmyt:@é Bedizoanédvibmtasalactbesen® sactis, Salmonella
Modi f 1 ed Ibeccosl\/bdlum(II\/DM Si gma), CD CHO

typhisoutivro e Agsebagiadumdnmelepigns gre pse ly used as prokaryotic

nAHI G BhrerS BRSSPI Bredpome successt
trérhmbﬁdrpglemm@fbdnaﬁm betH@cdr%@Gmmnthéliswmtanrm«d)i'@sswn vector
ma). Each of these nmedia may optional]y

'a@qm nemeAt diewi IPMERAN o [RSUB npBuARsTmed, h&eﬁﬁﬂ%‘”y modified,

e?:Bpr{b‘? arftt B?rtrﬁ% ‘1%% V\alﬁ? &re aRUlhd, sl;ubAe(ft of the present

rans errirn factor, insu

ingeodrh factor), salts (e g. sodium chI oride, cal CI um
magnesi um phosphate), buffers (e.g. HEPES),
nucl eosi des (e.g. adenosine, thym dine), glutam ne,

- PfdifRSEuI@Irytid¥edst Em ToR RN u §§efsj &ths invantidrbaret iadsster cells such

and/ or trace 20el enent s. R?ﬁ serum free ne
v

231 HHR 1061 Do I ¢ GHENAURRY EHET BUKK i ) GHO-DG44 cels

or08ér¥v§nwcie%b§rmah@s e kidsk adefidines| ngaﬂ‘@@lbﬂy Mufér#’edﬂa\oee CHO-DG44,
been m xed th a suitable anmount of

ChReDYIEX{ plﬁﬁl"l(br?“@f BiKSk seNro tPRRICHSEY Qﬁe@ﬁ@%@ﬂ% %I%DUKX cells.
AlBY @E:Eé%llésar‘é rﬂsdﬂe@s ir&atthélfrfaugé %ef%?ébﬁﬂmsm @h@lspwo cells and de-

aval | es include
rwiszéwsaerqc@n@mg) these, pelt fness E'P\‘—i’@’t"?roﬁeféﬂah\f@naé’tdi %%ﬁcw?ams of these

céTQddtﬁér‘?ﬁarﬁﬁlaha‘h &é]l@tmcﬁi}’di’r‘ig?&ﬁ r@ﬂfésﬁfctéa% Qe MR abians, mice, rats,
: enes, one or nore ‘suitable selectin

maralteyadegwtﬁ Prienkanyets eafis. EBP'U@*UQ Pt Fe%!?%%ﬁ’t Ye%ﬁ’emssct bird and
p!é‘r‘itece'ﬂ§ er?laWﬁ!sBrbé Bsdd aglfbdtl 0LRs S SIRE PrddilctidrooUbiOPhdtmaceutical pro-
such as for exanple ami no 30acids or nucleotides.
tel@8ne expression and sel ection of hi gh produci ng host
cells: The term "gene expression" or "expression”
relates to.the transcription and/or translation

~ The transfection of the eukaryotic host cells with a potynucleotide or one of the expression

vectors according to the invention is carried out by conventional methods. Suitabie meth-
ods of transfection include for example liposome-mediated transfection, calcium phos-
phate coprecipitation, electroporation, polycation- (e.g. DEAE dextran)-mediated transfec-

tion, protoplast fusion, microinjection and viral infections.

 The transformation of prokaryotic host cells with a polynucleotide or one of the expres-

sion vectors according to the invention is carried out using conventional methods. Suit-
able methods include for example electroporation, chemical treatment of the cells with for
example calcium chioride, magnesium chloride, manganese chioride, polyethylene glycol

or dimethylsulphoxide, bacteriophage transduction
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of a heterol ogous gene sequence in a host cell. The
expression rate can be generally de- 25 term ned,
either on the basis of the quantity of corresponding
MRNA which is present in the host cell or on the
basis of the quantity of %fne product produced which
i s encoded by the gene of nterest. The guantity of
mRNA produced by transcription of a selected

nucl eoti de sequence can be determ ned for exanple by
northern bl ot hybridisation,

Acécf?ﬁlﬂg %%?\&V%g&%‘f%?ﬂ% ddrﬂe?réf‘éral%p a{rrq%as {S‘\Slj IRQNl‘ﬂI;h the con-

SRCR) arEPIEtih@i ingeovdied hn’tar’ieeegﬁmdwdofoy]eah(mwetttcecbn artificial chromo-

SBHER AR E5cRSRUBE L 00 PR A6E RUpOBoh 43 oot con
The Strsfectiohotethodidin @hmmd&swymumnﬁamfﬁﬁtmfrmumy ang expression
oﬂﬁ& %8&#09@% g'éHS rft'hg n3% Glin 38&#%{1 f%orgff rr%&‘.e F%gt ein,

h
anal ys! s or f I uor esceﬁcgr |OE)m croscopy, direct
A S k¥ rda BRI B AHEL B XA B0 Y3l e
cqddives, mtaawbnm meglatvd*utrhera freecfiminm eninal propirsdeepddes. nExxamples of
oA B bRl e RSB EE 2 b At I e
(Siwne)sf)uibléomos Hodified Eeglsell\dfeziuﬁd EM@M igmoh) cMimimaldd dsential Medium

Skl U RIGHRLA e BRI A LS Kiomo

P er’ab I N suspensi on
(IMrﬂgem Oartsbatlj CA, !ASAb\&I—E}-ﬁF%MiE Qnvigbger) esegendree {CHO-Medium

S, PO EICABOBHRIONS. ] (00 T8 g o

"Dseym-petl gelaaj eveeligpiSiphua)t Edcﬁ of thesp medE may sptexpihelsssupplemented

wifLPRH SPpRSIE) SBLaPRlR: sl RS arabMadotiely RENA
transfeotin, @Ipldeanaltgrmhdmigle Irmuhm-lilpar grdwtt't favibi)csalts $e.g. sodium chloride,

A AR, 5T CEUAD g5 Rl € Snosie

thpmideed glesminee gloarsd adtimartequivalest nudfierds, laptilbefidssaralfat trace
d r
e!%rﬁ!enl\tt% S«R%@h&e%r& evgg\érzeﬁdeé Er%gﬂd%%ﬁeg ékéc{tﬂﬂﬁ% [Eﬁtﬂe?%eﬂgon the host
ceﬁts malycadmt tEngultbvelatgusig mbdile whiat leiva beep olixgdepth alegiabledamount of
serﬁj | eic acids, e.g. by fractionation on
noaffinity and i on exchange col ums, 25 ethanol
pr eci pitation, reversed phase HPLC or chronmat ography

Sed? ?%%Sf pr. &kérgﬁlcq{os?f@%lisﬁﬁer?%?g ﬂuq'ggr]phg glb&%nn%gﬁig gﬁgt are also

resu Uri
cohetacalhogcadabipr Exainples mietesidr] Ty Mgesmﬁb iYiaamd Nibsiedia (Sigma).
cells are known to the skilled man and descri bed in
the literature. 30 The invention will now be
Fod érecsaldadidn by gereftiealyrmoedified saliseha mspressrems sr rogrevesjectebie marker

ge%e? rg?\e 0(5 F%WE%% se%gctfb‘g%ggy s'%n gd\bsedofg %eaﬁgml% EP LSifable "drop-

m Cro
out” medla are used which lack additives essential to growth, such as for example amino

acids or nucleotides.

Gene expression and selection of high-producing host celis:
The term "gene expression” or "expression” relates to the transcription and/or translation
of a heterologous gene sequence in a host cell. The expression rate can be generally de-
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P2m bet a2- m crogl obul i n bp: base pair 5CD: circul ar
di chroi sm CH2: second constant domain of a heavy Ig
chai n CHO Chi nese Hanster Ovary CL:constant domai n of
a light Ig chain DHFR di hydrof ol at e-reduct ase i oOE.
coil : Escherichia coli
EDTA: et hyl enedi am ne- N, N, R°, N'-tetraacetic acid
ELI SA: enzyne- | i nked i nmunosor bant assay FUV:far
ul travi ol et GdnCl: guani di ne hydrochl ori de
terrsiGSH]: gjthat ah e besiCSBEGEegiuantitylofaneeshodinghmBEA which is present in

RS PR MEL LA 0P B & B S8R BRGECLAER Wencoded by
the gene of interest. The quantity of mRNA produced by transcription of a selected nu-
cleotide sequence can be determined for example by northern blot hybridisation, ribonu-
clease-RNA-protection, i sifu hybridisation of celluiar RNA or by PCR methods {e.g.
quantitative PCR). Proteins which are encoded by a selecied nucleotide sequence can
also be determined by various methods such as, for example, ELISA, protein A HPLC,
western blot, radioimmunoassay, immunoprecipitation, detection of the biological activity
of the protein, immune.stainin'g of the protein followed by FACS analysis or fluorescence
microscony, direct detection of a fluorescent protein by FACS analysis or fluorescence

microscopy.

in another aspect the proteins according {o the invention are produced in a process in
which production cells are multiplied and used to produce the coding gene product of in-

terest. For this, the selected high producing cells are cultivated preferably in a serum-free

culture medium and preferably in suspension culture under conditions which allow ex-
pression of the gene of interest. The protein/product of interest is preferably obtained
from the cell culture medium as a secreted gene product. If the proiein is expressed with-
out a secretion signal, however, the gene product may also be isolated from cell lysates.
in ordér {o obtain a pure homogeneous product which is substantially free from cther re-
combinant proteins and host cell proteins, conventional purification procedures are carried
out. First of all, cells and cell debris are removed from the culture medium or lysate. The
desired gene product can then be freed from contaminating soluble proteins, polypeptides
and nucleic acids, e.g. by fractionation on immunoaffinity and ion exchange columns;
ethanol precipitation, reversed phase HPLC or chromatography on Sephadex, silica or
cation exchange resins such as DEAE. Methods which result in the purification of a het-

erologous protein expressed by recombinant host cells are known to the skilled man and

described in the literature.

The invention will now be described by reference to some embodiments by way of exam-

pie.

EXAMPLES
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zol g: i mrunogl obul i n 1 gG i nmunogl obul i n G kb: ki | obase
LC. I i ght chai n mAk: nonocl onal anti body 25MD: nol ecul ar
dynam cs MIX: met hotrexat e NVR nucl ear nagnetic
resonance NPT: neomyci n- phosphot ransf erase NUV: near

ul travi ol et 30PCR pol ynerase chain reaction _
SEAR: secreted al kal i ne ph&éphat ase W-wi Il d-type 27
METHODS Protein production in bacteria and .

urification -
ABBREVIATIONS

AFM: atomic force microscopy

Bom: , beta2-microglobulin

bp: : base pair

CD: ' circﬁ!ar dichroism

Cu2: R second constant domain of a heavy Ig chain
CHO: Chinese Hamster Ovary

Cu , constant domain of a light ig chain
DHFR: | dihydrofolate-reductase

E. coli: Escherichia coli

EDTA: . ethylenediamine-N,N,N’,N -tetraacetic acid
ELISA: - enzyme-linked immunosorbant assay
FUV: far ultraviolet

GdmCl: guanidine hydrochloride

GSH: o © - glutathione

GSSG: glutathione disulphide

HSQC: heteronuclear single quantum coherence
HC: heavy chain

HT: hypoxanthine/thymidine

lg: ' immunoglobulin

igG: immunoglobulin G

kb: kilobase

LC: light chain

mAk: ' monoclonal antibody

MD: molecular dynamics

MTX: - methotrexate

NMR: . nuclear magnetic resonance

NPT: necmycin-phosphotransferase

NUV: near ultraviolet

PCR: polymerase chain reaction

SEAP: secreted alkaline phosphatase

WT: wild-type
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For the expression of the proteins, the reconbi nant
E.coli bacteria BL21 DE3 (Stratagene, 5CA USA) are
cultivated overnight in selective LB nmediumat 37C
and 300 rpmin shaking flasks. In order to produce

i sotope-1abelled proteins for NVR neasurenents, the
reconbi nant bacteria are @iltivated in M M ni nal

medi um (Sigma) with 15N ammoni um chl ori de as the sole
nitrogen source or optionally additionally 13C

METHEEx®: as the sol e carbon source. 10 Then the

"“inclusion bodies" are isolated. For this, the
bacteria are renoved by centrifugi ng and resuspended
Pioteid pfodobliorr in batietia aptHpdrifsatidd mM EDTA, 100 nM NaCl ,

LS ol B e £ O e

CROUS haratcutiCzteByvemight infastestiveohB (2006t 37381 an8@0firp)r in shaking

raiE o R HERBM0E P yoTed FRARIGR Boedy B e recoms.
naht Bact_é?a amdcﬁ;ﬁféteglgimr?mwnmneqhm@@ge) \@VilfhPNEtWﬂOﬂﬁﬂ!d chioride
Q . ) . 1 .
o s Sl A B AP, e T s Barvor
saifeed), CH2 WI (SEQ ID NO 5) and CH2 Hel i x1- nmut ant
(SEQ ID NO 6) the inclusion body pellet is then

resuspended in 100 mM Tris/HCI, pH 8.0, 10 mM EDTA, 8
Thénuhe sincloslomppdies ciré Gobatdd: Septhis, tredactdriarane tdmadved Glyaentrifuging

o BE RS o, 0 B DI s T Motso
hihitop Vi Her czllg brealpskedalirea Fednoh dreekspmdredivgtnt 2% m/v2BBomX4100 and stirred
Trls/ o 8.0,..10 V, | R ”: DTA, i1 » .
fordy Bt +°6” Svferyaten ho't it P B A HLoRL Bogigs are i
latbaian ai geliotaraehen aisespentdd twicalin YOGuM TrisddCl hHGLEH0anM EDTA,
75 L filt ion. : A dohn. :
03RS Bty ol At e HE o (g LGB o . orthe
prdieins GmREITASESHD N NP, nvVie GHEBEQUDINO B Zin2(BEGSEQ ID NO: 5) and
O BHERdSEEL BT D sPb Rl Fotook bt Rieh Bfvgpgnaea m 100
mighosHGIt gH @l 10,ns EDST AVISGd itk arRDappliéd B a Q-Sepharose column that
- { net | { |
o RO ABHO oS AR T TR T, 1S i EDTRgaPlsga. At the pro-
teind 3A0Adhe AdwiBanigh and @) refdited svgreigtzin 260 mild Td$/HOE, epdtt 8.0, 100
r b \ . i _ N
AR EBEPRA | BTR CRk BT DRbr Sre Bor Cirdlenft: s the pro
teiiag@eentrAbt @nd Wiaslly pugfied thnoughweeSeerderTSpg pelfitgation column
qubﬁfﬁﬁ)&ﬂﬁﬁcar ried out with 50 mM sodi um phosphat e

| 'GdnCl. Refolding by dialysis is carried
out in 250 MM Tris/HCI, pH 8.0, 5 nM EDTA, 1

For purifying the proteins C, WT (SEQ ID NO: 1), C_ P35A (SEQ ID NO: 7) and C, to Bm
(SEQ ID NO:2) which contain an N-terminal His tag, the inclusion bodies are solubilised in
100 mM sodium phosphate (pH 7,5), 6 M GdmCl, 20 mM B —mercaptoethanot for two
hours at 20°C. Insoluble components are then eliminated by centrifugation (48000g, 25
min, 20°C). The supernatant is diluted five times in 50 mM sodium phosphate (pH 7,5), 4
M GdmC! and applied to a nickel chelate column (Ni-NTA, Qiagen). After washing with
five column voiumes elution is carried out with 50 mM sodium phosphate (pH 4), 4 M
GdmCl. Refolding by dialysis is carried out in 250 mM Tris/HCI, pH 8.0, 5 mM EDTA, 1
mM oxidised glutathione at 4°C overnight. Aggregates are eliminated by centrifuging
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nmM oxi di sed gl ut at hi one at 4C overni ght. Aggregates

are elimnated by centrifuging 28 (48000g, 25 nin,

4C). To renove the N-termnal H's tag, 0.25 units of

t hrombi n (Novagen) are added for 16 hours at 4C per

mlligramof protein. After further centrifugation,

the proteins are finally ﬁﬁlri fied through a

Super dex75pg gel filtration colum equilibrated in 20

mM sodi um phosphate (pH 7.5), 100 MM NaCl, 1 nM EDTA.
(450, $p et r4SE pyreCDvetisshitermme slisstee, ©&9 pnitsoofdigrombdin (No-

J - 5 . - .
v P pled 1ol BBREN ARaRet it ot R AR Y Eontrfugaton,
thepaseinedrd firaity fOFie23brongh atSugerstest wigroet Bilgart ealgmp gauilibrated
_qf 5 | | . :
ngpa sl B s3oiRTivabo PR T spectra

concentration of 50-100 pMin 5 mm quartz di shes.

Jg/éas rements are carried out at 20C in PBS. Spectra
CHSREOSGMY ated 16-fold in each case, averaged and
Chwideurebmnteseadmiciay ér atasce JTEmpetirenviaripater. Measurements

nmeasur.ed, at 8 (CH2 Wi/ mutant) or 205 nm (CL,
afi§§¥ﬂ®f%§\&§f§ﬁ?§ t espectively, in PBS at 10 pM

protein concentration in a 1 mmquartz dish at a

h | rate of 20C/ e in in
=0} Rt of e SR B et or o
a D)2 MBSubri disk, mearétV/ GDtdpebind arermeesRo(AXMEPESdP nm at a protein

acet at e I dium ; °
cEEhb P BV Bl BB Mkl g el ut o 20
in BT eSpdciralaye adduenuatbditl 6-6oid irseachcabatayeraged and duffer-corrected.

with gentle.tilting at
epsteinrargioanad atrse ALl iR G fmaliahl; 200y (Co
WTm@ents) reepeastively, iIBtRBS hiel Of (M pesteid contentratiendintent mm quartz dish at

anal ysed | n t AFM The AFM contact node with a scan
g o1 28"y

a Berlipg T mnute i s used. Measurenents are
carried out using a Digital 25Instrunments Ml tinode

canni ng Prqbe m croscope and DNP-S20 tips. "Seeds'
A’?Né”egaesf'(?e”%‘?rgf ed frombeta2-nmicroglobulin fibrils (pH

Fok-fibYillisationrexpbaménty af 190 100 protein selstiomintiES UMl iy avedidth buffer A
(223%{@505@%1%%?%% %‘?mwf %{gﬁnlé _Bﬁgép%ate? pHH.f%r 2.§F9ﬂ§ fin&'PH value is
thus at pH 1.5 or pH 3.0, respectively. The solution is incubated for 7 days with gentle tilt-
ing at 37°C, then 20 yit of the solution are applied to fresh mica surfaces, washed three
times with sterile filtered water and then analysed in the AFM. The AFM contact mpde
with a scan speed of 1.5 pm/minute is used. Measurements are ca_rfied out using a Digital
Instruments Multimode Scanning Probe microscope and DNP‘—SZO tips. "Seeds™ are gen-
erated from beta2-microglobulin fibrils (pH 1.5} by incubating for 10 minutes in the ultra-

sound bath. For "seeding" experiments, 2 yl of "seeds” are added to 100 !JL of mixture.

NMR measurements _
Unless stated otherwise, all the spectra are measured at 25°C in Bruker DMX600,

DMX750 and AVANCES00 spectrometers. Assignments are undertaken using standard
triple resonance spectra. For refolding experiments and real-time HSQC measurements,
C, is unfolded in 2 M guadinium chioride and then diluted 1:10 with ice-cold PBS. The



15

20

25

30

NMR neasurenents 30Unl ess stated otherw se, all the
spectra are neasured at 25C in Bruker DMX600, DMX750
and AVANCE9O0O spectroneters. Assighments are
undertaken using standard triple resonance spectra.
For refolding experinents and real -tinme HSQC
measurenments, CL is unfold8d in 2 M guadi ni um
chloride and then diluted 1:10 with ice-cold PBS. The
29 HSQC neasurenents during the fol ding process are
Heara medsmuﬁneﬁt% d2fh@therfyidihg prodesaart camadd/ordt 0T Bgery 14 min and
SPAR . CGe thesis The sequence region for the
HV@WQ? %E%faégnaln and CL domain is anplified by
PCR fron1a human 1 gGl- anti body gene or the kappa
chain of .the murine antibody MAK33 (Augustine, J. G
GEfe YNesfS i o . Chem 276 (5), 3287 - 3294, 2001).

Tgééﬁeq%aée ragtcat fooihe ivdldHseCt2doraih ant! I0g thnaﬁroaahmuﬁad by PCR
mut a SI usi n eni C
1 g B R B e B D L AR o pREY MAK2

Al(GUQSBtﬁ@rTBU ®. afal. H}@I% eChem, ql{ﬁﬂ (:3) S&Qtdﬁciﬂﬁgﬂtﬂwm ,Tlhe F;35A mutation is

| n, B2m n e mut ant Wi e transpl an

g aiamioe L SoTPRS s TSGR LG T e By For expres-

sib®n £l m@fslt]‘&éhﬁmregfont e teeO TRt BbAaBRS ll’@dftsﬁx-loﬁttljmlsed Cn2 mutant,

cells t X.nmutati.o re.inserted into

B%@"Jv@ o6 Sgn et b B P B PR B SRt oo

k Sﬁir tHe bk@'emﬁrﬁgfetﬁe Corlﬂlp?llet”ﬁrmbodﬁm CH(|3 -DG44 cells the
u ptic ce ectio cells

h% 5o e er Bl b wiRwe Gerorrian B e Ry sntibdy gene by

PCR$RAAGRBIsRINgSnitag&ret primérsee CHO- S- SFM | nedi um
suppl enented wi th hypoxant hi ne and thym di ne (HT)
(I'nvitrogen GrbH, Karlsruhe, DE) in cell culture

EdHapysotis call cuaflfe éﬁuaam;oat mosphere and 5% CO2. The
oG e S B SR e SIS Aot el B Kerum e
cm@rf;snw|a;hle@10rrp§upblerﬁeméd)ﬁﬁtﬁthypafhrmﬁ§ agedneniging (BT (Invitrogen
GiapHo ki R sl ALLES TeS ShAT T T e hergand 5% CO,.
P HoKatsr L. E o el ALKGE ST ST7CT @RS TogBhere gnd 5% CO:.
THRAs! &dmf‘ésé@d:biaﬁmtybabcdet@'rmﬁléca{mﬁ@faddze&bx (nrlovptis) and the cells are
L tam ne a 6 pL Pl us eagent
b E5efeR s seacriiEne Bol Tro G AR o eNSRA e PN
and added in a vol - ,
For the transfection of CHO-DG44, Lipofectaming Plus Reagent {Invitrogen) is used. For
each transfection batch a total of 1.0 — 1.1 pg plasmid-DNA, 4 pL Lipofectamine and 6 pL
Plus reagent are mixed according to the manufacturers' instructions and added in a vol-
ume of 200 pL to 6x10° cells in 0.8 ml of HT-supplemented CHO-S-SFMil medium. After
three hours' incubation at 37°C in a cell incubator 2 mL of HT-supplemented CHO-S-
SFMIl medium are added. After a cultivation period of 48 hours the transfection mixtures

are either harvested (transient transfection) or subjected to selection. As one expression
vector contains a DHFR selection marker and the other one contains an NPT selection
marker, 2 days after transfection the co-transfected cells are transferred into CHO-S-
SFMI medium without added hypoxanthine and thymidine for the DHFR- and NFT-based

selection and G418 (invitrogen) is also added to the medium in a concentration of 400

poiml.
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25 ume of 200 pL to 6x105 cells in 0.8 m of
HT- suppl enented CHO-S-SFM | nedium After three
hours' incubation at 37Cin a cell incubator 2 nL of
HT- suppl enrented CHO SSFM | nedi um are added. After a
cultivation period of 48 hqurs the transfection
m xtures are either harvesPed (transient
transfection) or subjected to selection. As one
expression vector contains a DHFR sel ecti on marker
A @itFR-beseolt greve aonigdificationadfike Mtedwred delesgogais Bmies is carried out by

f ct
T30 £ el S MPKSERRERA oSBT S8 oo
Hafrde CHO-SeSEME iedisinand t hymi di ne for the DHFR- and
NPT- based sel ection -and (418 (invitrogen) is also
added to the nedi-:umin a concentration of 400 pg/ni.
EXpoessidbHERidnased gene anplification of the integrated
FAShETBRARMA HECRD: m%ﬁﬁa%ga%gtgxﬁ%bh%wg {drosBh which are

selection agent a concentration

baSed @Ohe mmmﬂ\éwestﬁr f(V\@enetr:J—EG SFaN, | Ampeimiltal- Fsrschung/Drug Re-

%r&s %' 81§t t1§§§) é:rﬂf m{eE?te ééb%n of‘ %r%ég’us gene via the
aryotrc expression vectors are use d “wh

cobrdéredion rof tGhéV pA@adehéépmmc(t%rTrhlerﬂrstR/egoretBlé’ﬁ contains the dhfr
t 4

BRIl A RS e IE el 0 o i s e

dhifenimigeine i m)!anen‘mmm NBW o¢neCiKior thich awpesd @M/NF’T se!ection marker,

incﬁrﬁcﬁ%tﬁf% \Ag%}@hﬂc{n%tery &hd GIFK-EQ%?%?HX%F? ec{ﬁé \D% ‘iﬂ&ﬁeﬁed from the

ene ts as an
comamdeeial pleamidhpBiS Vi Stratagene, piBl Jd@, (Gfe WHA) apianilgghép Bsu3l

fraigﬁ]en? pjﬁ\ﬁgreadregﬁtéc?'pofl\fggﬁ) 9@ ﬂﬁ 'th{(?él%ﬁé}h %f\@é’ MR%%WDNggolymerase

ection early pronoter
thd KagoEytagenidaded with $hegdzio, bm&suawsnmfradmanﬁ thiadirst vector, which

Wi C%;[‘?gsétghf@ﬁ%gh&%%ﬁ&%@ﬁ%ﬁﬁ&? t el\rlli"g g%@%\ Iv@:\s n%aﬁed It is

theDfNFt"vaplamngE (ml@zma@hmetclmofwmcm IKldemwe@mW02004f050884
pol ynerase 15 the fragnent was |ligated with the 3750
bp Bsu361/ Stul fragment of the first vector, which

Fondtee edpsesstondaEecdhenictia ol BhavDBEIASpalagens, 45 USHdhe ventor

: jfied. It is the NPT. variant F240l
p%ﬁg%ﬁ@%@é@fssﬁgg ‘cl oni ng of which is described in

- W2004/ 050884. For the expression in Escherichia

<SRRI e, o [ *

TherquantBaatibanf thes ssypssHdeardibadies fin Tt supernsitants @f stably transfected

ARl P ERREELTR A SR BRI Sprb PLs, vg on

thacoehdndg. g@atmmw mGoEedwger@nt (&amﬁgfaomaz@urm@[b)n@d on the

otﬁﬂ%ﬁ ga% %%c%ﬂ at!?—:H t ngﬁgﬁahr@ggg Hbmpaggﬂgﬁtﬁmdg éSlgma ). The

stag;xdatd ased ishpuriiied lampady phlite sAmag isohmei dsothe @&r@w&)i antibodies in
each% gtandard used is purified antibody of the sane
|so?ype as the expressed anti bodies in each case. 30
SEAP Assay The SEAP titre in culture supernatants
nsiently transfected CHO D344 cells is
éﬂan ied using the SEAP Reporter Cene Assays
Thacsmlutmg incuithee sepefaiantarfiom yappentit rangfected CHO-DG44 cells is

quaﬂﬁedl{% ghE SERRCREN AR BRR U sS 8y FMbNding t8he manufacturer's operat-

ing instructions (Roche Diagnostics GmbH).
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Ther moFl uor0 nethod I n order to anal yse the thernal
stability of the optim sed proteins/imunogl obulins,
a gPCR system (M3005P-rm Stratagene) is used, based
on the ThernoFl uor method. A sol vatochrom c/

envi ronnent -sensitive fluqgrescent dye is used as an

i ndi cat or of m nor SChangég in the thermal stability
of proteins. This fluorescent dye, which has a snal
quan- tumyield in aqueous solution, interacts with
Theyrchotplead methodon- nat i ve structures of the protein

h f 0l .
B Bal e B0 B e Bl BB bl
qFFER eystbme RGO Y| Siezdag@ml)l ist nsedrtmes og the TheamipFluor® method. A
s PR ] It bR FERERafEhEt e QAo mirr
cHab6ges mﬂﬁ@%)mafﬁltﬁbnm'safsmmntTmIfﬂLbl’ﬁe;cpmicuiyeJ \mhlpm bbes smaii quan-
il S0 et PR afs iR b Oaobte Mo B Ly of e pro-
tei thddl i vofbleing ssredrededt &y@t&m@aﬂge {ser Tétmeammdacﬁloomf the dye with pro-
‘o R iR B FaeS S i PR peg e ruores-
cenes deteEANRIRMINgsMROCEDRIRBoEDR! d>fIE?tRﬁMbd}{thﬂ$dEeemng 854 — 863,
ZCE,G?PHYSI CAL PROPERTI ES OF | MVUNOGLOBULI N DOVAI NS The

step is'to identify the helical elenments or the
corresponding |loops, if no helices 20are present, in

o et BT LB, b RGBS GBIE0 B8 i

 vabosfgtamper mirutdidys placaims yoltiine oh20 LLesghierZuM pratyie and 4x

Syg{cﬁhﬁg%(pﬁ&?r@( g{)@ aESOéﬁ)gt%% rtarsgee sltgslpsoiuﬁ%ogrinwtrogen) are used
in treeniffief ihaakito be tdstdchiesmchegsons, optim sation is

carried out according to the followi ng plan: 251. Al

the proline and/or glycine groups are repl aced by
EXandielten : PROCERGRE FOQR tMRRAVING THE BOPHY ICAL PRORERBES OF

' ' nt 2 that is to be prioritised).

IMW&@@L@F%U%@N‘A?@SON y carried out if the group
TheHiadt step ib o Kentife fearedidali clemnantts bh’(hefcorreﬁpogdmgp)ocqfst E£no helices

t he prec eet str
ars, PiesBo 116 BPpH SR SR hal e ase SfrebRE en ¥ g ror oot
misdlion. Théve debe ohedristaad aaﬂtmdytchharnssmd Heicdshere iatveays tidaabed, for

of addition ri, ,e N d Gk
exgpg@- g%lg\ir;ﬁlla;? ip‘eﬁg% sMe ES a@dg—géc'; :d ?ﬁn .g%eewgyF {:ﬁ@gg 4). Yher identi-
fichtioni of ghesleaegjens, optimisation iss:ao‘iedamm afdoediegnto thh éollpeingArign:

conbi nation of arginine, lysine, histidine, aspartate

or glutamate may be used. The groups that are to be
r eplAidiesiprlisé amwosgipeinatedipb yret mpl,acémbyemcdherfam'no acid, prefera-

am nﬂf %in%%'(lf Ith%rg frésnl’cl)rceontﬂlc?wfﬂ? {)%Eé it to be prioritised). The substitu-
-tion is only carried out if the group that is to be replaced is not the first group after
the preceding B-pleated sheet strand or the last group before the succeeding B-
pieated sheet strand.

2. Then the helices are stabilised by the insertion of additional salt bridges. This is
done by replacing previously existing amino acids with amino acids having
'charged side chains of a different charge. Any combination of arginine, iysine, his-
tidine, aspartate or glutamate may be used. The groups that are to be replaced
must be separated by two, three or four amino acids, to ensure the formation of
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32 the salt bridge in the helix, so that the charged
groups inserted wll for exanple have the nunbering i
and 1+3, i and 1+4 or i and 1+5. Al pernutations of
t he above-nenti oned groups are possible. Preferably,
however, arginine, lysine _gor histidine is inserted
cl oser to the C-term nus than aspartate or glutamate.

Double salt 5 bridges are also theoretically
possible, if they accord with the helix |ength and
al | thecsaditonidge mdhﬁhglle pediat ined:hafged gsaspnesrigd sdlbfor example
and F:J\?e th%'hgmgénlﬁ'l%r@q% |éad Hl4+<§' iShd 5+'59Ag'b§rnﬁlg9t§cﬁu‘§%@|the above-
as descri pre oups and 1
eac hmieatienedrgsounsrase @h%ﬂ!@@ mfﬁr@bbfh@vgavgwrgimse lysipe oy histidine
12 R3Redrae ¢ ?}QQP[%HH@CQQ%:H@S trgh BOSchd Oblitiatet Dbuble sat

i +5, "asparta tamate or arginine sh u

pr ef ericgsis\arge! ngelﬂcaliﬂmsﬁi@ Ftiiegy, acepdywith the heiix iength and all
sol vgnt r

o ot VGRS Syt iol BERNAEORYp' ity B AR ard 167, 48 or
gr oui® ard mplai:ed raetdeembed uphesdgusivh eGrgpms uﬁnsiaﬂ’ a*r%or i+9 each have

desc ~
e ol o s SR B1s e 15 ESPHRCHUEING A1 s
~ f or niari oA, »oaﬂ onitSaaspertate, gitamate ﬂpar@wn&aﬁf@uld nrhiwably be used. In
Agad n are
ht t fh, étét? o gr%,g) vegg?@o%%! geo%?g énrcrager?oo ath% Surf?ce of the protein are fo
aqadlue F@tm:et! htm ) or any other algorithmfor
pred foofr@r
e e R
gr oupsnt b@ad/edz(ﬁrewmacﬂdrtfyaamln@ﬁcrdh whi@hd@@i ta aariecrease in the

. be r%g&%ﬁgof% aﬂ’ﬁréf%nloe R Tlpé)ﬁéérpaﬁ mﬂ’ﬂ‘;(g%lr&lntemet ad-

ot hef
i n dressintts:/ \ iseslk : .
el e
fir ool iﬂﬁ%ﬁ?@éﬁ“&i‘m%ﬁ@ﬂaﬁfﬁw ?2%“%@%%@%’{%2?@?@* fo pasis. n
domethis, stqmr ehbreablept-etresel guipaiaestedfontthe surfage of the proteln are to
subcﬂ)ea % t he sane organi smfromwhich the
ol ecu fat are to be optim sed originate. Then :
Farhariaipe |an1|m1y|c©matr§$ araoricther antibetyciomsinsgandéorioffeer immunoglobu-

”ﬁ%%s‘@?ﬂ E’@%F{Q%eéé-ﬁﬁéé%ﬁ‘lr E&%ﬂ!#ﬁ%ﬁ%b@ b%'o%uﬂd?the correspond-

ingunmps tshouid 'rfqub be remaceddyer helindionsa eonstard antbasyidlpmedn, preferably

f~a q [ S t
ool Pt P MBSt 9 ity e s
ard oorhe np’amu*.edt osgmatenﬂ'thamthe( atinpgsiap is qameqnmdta@pwgfngl_o the above

Jﬁ? Q ID NGO 1) and CL-P135A (SEQ ID 30NG 7) are
PTP e oD nantly produced in E. coli. The first four
N-term nal amno acids in CL W each result fromthe
I \

=GRRBER £ VRS A TR e e T ST NERF ApE ORI
In Pdlbﬂ%rsmesd:errtamlnmpﬁeah”ddb@ﬁumﬂb ofdhﬁmwlmmﬁathr%am Qﬂ‘tbhoﬁig domain,
hlgh*retst%ﬁ@ néﬁﬁg@ﬂapinvé{t{g?ﬁoﬁwrgl gh@g dubod 5‘1% AGHRAIMAKSS C. domain

OW t enper at ur es
ar(dFa grotesutsntdGHPBHA). The ipsoteine fd WHESEQR HRNOWD andatP135A (SEQID

NB% A #ecSm‘BlﬁSHﬁ?pB‘é&‘!&ﬁH E. 381 The first four N-terminal amino acids in C

WT each result from the chosen cloning strategy into the expression vector pET28a and

ody ‘domal ns an or ot g ob

do not occur naturally in the C domain. NMR spectroscopy can be used {o monitor the
folding of the C_ domain, after unfolding in the denaturing agent GdmCl, in real fime at low
temperatures (Figures 5 and 6). It is found that the two short helical elements between
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strands A and B and between _strands E and F are

al ready conpletely structured in the nmain folding

internediate (Figures 5 and 6). It can thus be

postul ated that they play an inportant part in the
~folding process of these and other anti body domains.

The speed-determ ning ste& of folding the CL domai n,

before which the folding internmediate is popu- 5

| ated, is the isomerisation of the proline group 35
stfargin/t s#ranB abd betiveen Shends B aeq Ftang slregady epmipetalx slneotigred in the

bR o R PR BB BBt Bty o

ingdostand pesEd thafoleling ;.’orobessmﬁthelﬁmnd othes antifaty dosame. iThe speed-

%rr%*llhén SEﬁq of ﬁ)\ﬁﬁék n% %ﬁ%da goéétfdgg é% Qhé Qfd Né{mteﬂneiﬂla e is popu-

latddr Ischel lsotheasation nf the prolifeegrGlip a@fm'lnnrdniﬁb QXAWFRtrEfoBe th:s group

RSO A, P BRSNS LI o i

lntia@ﬁ'edlate tﬁh beGitébilsed quBumbﬂum tNidR Giestigatans o Weoofirm the kinetic

Satedhek NI L T o I R Ao e

tumembmsapmmammdﬁmr addltl onal or alter- 15nat|ve
optimsation of the helices it is possible for
exanple to resort to additional salt bridges within

EXARPDEI3: XTRANSRIANTATHONGDE HERICAL BLEMENTS (prol i ne

A SasBEwihe BraLlgmRERe Pevkeial oM LRCrsloh fompib B o2 2na G
in@araion ﬂbmtah\quhlogh‘taskﬁnpﬂgbﬂlmarkecﬁ hal:aea)rarrdethe g@iatteldomains

(wﬁ@ﬂ@g{eﬂ ng {h%ﬁl%er% ’F §rha ﬂ%{ige I ete'&?og?B ﬁo%tg}a (r)1 Eg{: %&fﬁﬁ%\épor alter-

native |o§%$dttcﬂhﬁf&lﬁe Btlicendids Possitde Br ﬁﬂam:ple o mesdrt Fo additional salt

S ok A9 TR e Bl G g P aroume

TR iddity 3) thust:pwcea“csuejayu bet deenansBated by siudbsomghe G5 domain of the

g AL, B A o BOBHASRARG b ton, o

twhltR:ligd! @lehdrgs BLC t(PigliBR &) wiich 8@metidh€R-pderded sheed strands A and B

O’% %Ela S Ff’?qﬁ%mﬁ) %O?Fég (gcon lfrfr%ﬁ. E"?égfre%gucedm Sy Bhtaz-

mErog?c'ftﬁmh (FigUree) (GJertﬁzfro GECND: ON2)n@bnmanseain tramumrupwred regions
he.firs

or
inBgA T PP P e el P e STRsidnB Bk b ik '“S%”' Cu (B to
CSSE@tiPQNOI M)t Ghe heotekpr @steifom and@ymrto @Eﬁﬂ@,aasmebrr&@l et wild-type

SeE RSB b8 e, ROl Sl PRI oo
cc{ﬁaﬂl%tzirssfouumtmnmtgnﬁlhg aeibs ETELeVV6for tHesfirbteN-teraninal am®io acid in C,
0 er eas, beta2-mcr
g i%??;ﬂ?.fﬁ’ﬁ%éﬁ%ﬁfﬁf LS bl
h n C g L a -
cqutdﬁq\ztg o %ﬁdgrg;)%r f% }rﬁgag Egﬁﬁgﬁ%@%u e IR tt%gbs(aﬁgg of its helices (= C,
togig?il)l !Z\ﬁielrémﬁbéﬁﬂ}%;drbglbbm:rdmcomes Ia@mﬁomttlgxessq:frommw aggregation
et a2- 1 Cr.o in ei.n : r
i B AR A TSN
IFel 2] Vredee saoleed ot bt hat even in the
(sgg%%’g@ Erm24 ;el T ,tho %sngfgelﬁzr:ggéi.%?%s ﬁémgéf\lre% and thus in
CHEFXL P ﬁ‘eie%@c'?“lﬂ? PP pé VM& oImal n a

re ity icbhstiute RéBusefadding aletreats] Qhewem:yemmwway of example are
OPTI M SATI ON OF THE HUMAN | GGL CH2 DOVAI N
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5Wthin the 1gG Fc-fragnent (Figure 1) the CH2 domain
is-the weakest link in ternms of sta- bility. In
addition, the Fe fragnent can be regarded as a

general platformof 1gG anti bodi es, so that

optim sation of the biophysical properties of the CH2
domai n on the one hand shdfll d i ncrease the overal
stability of the Fe fragnment and on the other hand
shoul d constitute an optim sation that is universally
abigfb isnclab bein ahsEentidl hﬂ% }':c_em' hgtAu)rih@ ef érhtlros)tjy hgﬂn'fams ahd & positive
. human donai n i gure is selecte or
"@H?T%ﬁ@gﬁggik%ﬂﬁﬁytional salt bridges are inserted
into it by targeted nutagenesis (Figure 9B). Both CH2

EXATHE 4 SR THE AR 1l 0 By v

VY 188 Sl Ft-rameadiFigurd hethk i0,g tdoMalreis aabai@et IR imtirehs of sta-

ol A BT Ty D R OB AT 7 GRRB PITB A 9 antioc

ie8Ngb mee@:tméan@ﬁgmthemwyabblxprmﬁerﬁds?f@:&c@mam on the one hand
rne ur

An .sesc 0 e teins sh

Sohi eeng Merave sl i e P £3getd et o gie nrashouid con-
stithié hphirisanbh ¢iat issuniversaiigepplicapiehanged from t he

Wl d-type domain in terns of the secondary structure

and tertiary structure (Figure 10), but has a nelting

F%th@tétx_tahpte_, ihe ftﬁﬁ‘heﬁ)@oﬁ? gﬁ'ﬂf” (gém,xztadoiﬂém (Flgfrgcmbi)ﬁs’ §banected for
0 | M. Sl e rs ell X | e an e .
o Siion A ingIaet PERGs AT dissted b DY it R fuTeaaposts (Figure
BbOBBtHCHZMUn@é]nS wilityRetd,2 WNEERID NO: 6f asdHept A Cy2 Helix1

LS B i S TR L g

C,QZ HBBI1ahtaht resafserrdn @it dioséAEbhiy dtrately mitdthekesieséion vector
made first of all to SeEV\ﬂ”?t er the substitution of
PE 1rebenand dogs nal gaeH et epiaia ISR (SEQ I D NO

' Al@i¥ée@ cbh{éd@d?wgﬁm puriied @Fbtélgﬁho’#mﬁbb@ﬂﬁg dayachhiis possible
) | X-0 | M Se seuenceeerre
toigene®e A Ses SAMRIN WijEh S igplly HE&@J@B?‘EEQ"”& e&’f‘égﬁ‘g‘]{"&é{“ In terms

ofnné §§¢d}|n@a @ﬂubﬂjﬁélérﬁcﬂéi'ﬂa@ﬁstr&tlﬁél(mg@@ 1@91tbLM\héé‘la mifting point that is

é% %{i} %?;1 )a?fbl %g%nﬁr t OnSSIE@:%‘v C@p?t“%gq hlgher ylekgj can be ob-

tam@B %{r@néioldurcg%fﬁ@ted@ﬁmmam Cle tdreain e Bediteel) iRbicative of an

KPKDTLJ SE the CH2 domain (=
ORMW"EPC%'N% ﬂ?égg’uﬁ’?&?‘ﬁwﬁ‘ﬁ@a%mﬁ@fter refelrret(j to as
| gGL-WI) 35

EXAMPLE 5: EXPRESSION OF OPTIMISED ANTIBODIES IN CHO CELLS

| By transient transfection of CHO-DG44-cells a check is made first of all fo see whether the

substitution of the helical sequence element KPKDTLMISR (SEQ ID NO: 8) in the Cu2
domain of an IgG1 antibody gene by the helix-optimised sequence element KAEDTLHISR
(SEQ ID NO: 9) has an influence on the expression of the 1gG1 molecule. Co-transfection
is carried out with the following plasmid combinations:
a) controf plasmids pBI-26/1gG1-HC and pBI-49/IgG1-LC, which for a monoclonal
igG1-antibody with the sequence region KPKDTLMISR (SEQ ID NO: 8) in the Cy2
domain (= wild-type configuration; hereinafter referred to as IgG1-WT)
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b) p8I-26/19gGL-HChel i x1 and pBI-49/1gGL-LC, which for
a nonocl onal 1gd -anti body, in which the first helix
in the human CH2 domain is optim sed by substitution
of the sequence regi on KPKDTLM SR (SEQ I D NG 8)
byKAEDTLH SR (SEQ I D NO 9),_53 Pools are transfected
for each conbination, wt I’?’5equi nol ar anounts of the
two plasmi ds being used in each co-transfection.
After 48 h cultivation harvesting is carried out and
t e PGB/ g eHChielix1 hed pBI-#9/ta e .evhicipior aancneciohsl I9G1-antibody,
det e CnBYrsFhbmlin 1 RIBLPRELohBintdEndia0PhPaldsfiltion of the
efficiency are corrected by ¢o- P ansfectl on Wt h & .
SEAPsemugnessgon KK TNISRASEQ ITONCE) by BAERTLOHSR (SEQ iD NO:9)
plasm d DNA to each transfection m xture) and
subsequent neasure- 10 nent of the SEAP activity. In .
3 &obis ape rankdendertion eath cotslieationowitls equimslan amopals of B¢ two piasmids

Y th g e :
o9 s 380 85 DA el B BT ot ana e
IgBa\iitredim thechedl caiture fstiperatant is ldetesxmed HyiEbHS A Diti¢rences in the trans-

Al T : , e
B 0o Ly B REREh A P DB i g (e
tiaredfl 190 nfSiFplassicibDNA to eaﬁsfrmtmﬁnn ofixt@ieDe mAubsealierd neasure-
EARESE S5 A S bl Yebeb 5 SApE ol gt ean
bessatwnythtr the sfutatioed ircthlel relix egin giitteec©12 damalayte Igttignolecule do

t.h ransf j i = . i ' t nfed .
Pl BRSSO TSl SRl 8 il o oo
taDif Brdesrephrgble avithripddef ofdg®1 witld-typeitradeiceigdisplis. he

addi tion of 100 nM MIX. For the material production

the cells are grown in a 10-day fed-batch proc- 20ess
Forstatimkamgdedibask€HOTRE 4pwelld, icodranefaction is demied oul wifrothe same

the WI or Hel ix1-nut.an t ior :
P'ﬁrglpgpw% ag?qsl a)r(ﬁ g%&hﬁﬁﬁg vggflg% %@%ﬂﬂg%@%%l&%ﬁﬁeﬂed cells takes
plader wioadayd aft@Ehelrahsfhctiond) HTsfresamedion vdin theedditien aigt00qug/mL of

G%{ﬁf er};(‘l?f}%g%@é,‘_ g Dﬁ%%%‘é?%ﬂg F@fﬁﬁfid%go%(@wg ?ﬁ("the addition of

100 IMTae, Farkhe mBieriabpraduttionithey cells abe gremerip afl@rdaytied-batch proc-

-equi | i.bration . H 3 I -
oA AT ARSI 95 809 0 gty oo o
bddyeThelpliotdirA afifnity chMofmategrpphys(MabSelestirireteindt GorHealthcare) is car-

profiles for 0, ANt - » _
o g Ao PP B 3D A oo v
diira pthespivate, ridd niy sbtiermT¢tdoriveFpid 3, cpndustivityd.6.8B;nS/cm) for the

B AT T

 5.5bytiteaddit@h ainthi Bad pH T heeurification pefilesdonghe duo antitiedy variants

the | %G%WF ant i body under both basic and acidic
g PR benditi ons. In PBS at pH 7.1 the CH2 domai n of
the Helix1- mutant exhibits a nelting tenperature

ol ) T ISR IO il O o

ofinddieg the Tatwaldiafjiod!fdlaraent in therGasieniain thedheriret stability of the Helix1-

L ) BRI B PR

battf basie nagp ecitic buffentariditons Ot PBS shiphl 811 theé QB domatnuaf dre Helix1-

hel i cal. .el f bR e
rlBbl e Sl Reflp 6 R Piag s €2 domain of e i1
Wi gt imtdtogMoadeltate pHotlé.ctid evered schigher. Prigsigniisaniyncrease in

i S

occurs for exanple in the CH2



5 domai ns of human 1g& (SEQ ID NO:14) and |g&4 (SEQ

I D NO 15)) with KAEDTLHI SR (SEQ I D NO 9). The

i ncreased tenperature- and pHstability is

particul arly advant ageous i.n the process step of

virus inactivation in order to increase the product

safety of -therapeu- tic pr3(§tei ns, as this step is

carried out at an acid pH Oher advantages are the

greater flexibility in chromatography and in the
ceutiobieprepdrationudf aherape uticipeoteiose Optirisdigrcyf the natural helical element of

t & A X %taiiri eﬁ%g gqsé g@nf-ﬁga.br{ﬂ?f\{rggro%%é) Fo%%gtngész&i théé%technologically pro-
duced therapeutic proteins by replacing the naturally occurring sequence region
KPKDTLMISR (SEQ ID NO:8) (thié sequence region also occurs for example in the Cy2
domains of human igG2 (SEQ ID NO:14) and igG4 {SEQ 1D NO:15)) with KAEDTLHISR
(SEQ ID NO:9). The increased temperature- and pH-stability is particularly advantageous

in the process step of virus inactivation in order to increase the product safety of therapeu-

“tic proteins, as this step is carried out at an acid pH. Other advantages are the greater

flexibility in chromatography and in the protein formulation, the lower tendency to aggrega-

tion and the improved storage stability.
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5. 25 6. 7. 30 8. Bi ot echnol ogi cal process
for preparing antibodies or proteins that have the

i mmunogl obulin folding pattern, characterised in that
the natural helical elenments are optim sed. Process
according to claim1, chargcterised in that the
optimsation is carried o by i ntroduci ng additiona
salt bridges internal to the helix and/or by renoving
hel i x breakers, Bi otechnol ogi cal process for
preparing antibodies or proteins that have the

p mﬁ{}?lﬁw in folding pattern, characterised in that
ﬁwe natural or optim sed helical elenents are

transpl anted. Process according to claim 3,

c hf’;\r ?%‘ieecﬁ'lipéig ig%lrﬁr{rnéo%]ts af?ﬂﬁe%nnﬁ‘%\rnﬁbméé &?rot@’g@ Wﬁwé\&the immu-

are transter east “one cons

CH2 awmebwin GH3ng pabermt chasegerissidn Hwhtheatur@Hielickd eminrents are op-
ﬁ griabl e domain. Process for inproving the

bi ophysi cal properties of proteins that have the

i mmunogl obul in folding pattern, characterised in that

at, | - [ e ® .
7 bR res RIS At chalsbfer 3R e piriERIcR iEfarried o
of t bue:ntrodwrmg adilisahsaiidiridges Piterpalds trwdcﬁdix @ng/gr pyoremoving helix
cl a| r%haracterised in that the formation

pr obabl 1( y is calculated using an al gorithm Process

according to claim5.or 6, characterised in that the

r | | i A 1.0 . }

‘ \;\%g %%?g @&lﬁ:géé%sk ??r fg%gafrﬁg ahfbddis &ri9iais Bk WaRthe immu
nog!obulin foiding pattern, characterised in that the natural or optimised helical

elements are transplanted.

4. Process according to claim 3, characterised in that one or more helical elements
are transferred from at least one constant domain C., Cu2 and/or Cy3 into at least

one constant Cy1 domain and/or variable domain.

5. Process for improving the biophysical properties ‘of proteins that have the immu-
noglobulin folding pattern, characterised in that at least one amino acid in the Ig
domain is replaced by another amino acid that increases the likelihood of the for- -

mation of a helix.

Process according to claim 5, characierised in that the formation probability is cal-

o

culated using an aigorithm.

7. Process according to claim 5 or 6, characterised in that the replaced amino acid is

located in the region between two. B-pleated sheet strands.

8. Process according to claim 7, characterised in that the replacéd amino acid(s) is
(are) located in the region between two B-pleated sheet strands of type A and B
and/or between two B-pleated sheet strands of type E and F.
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Process according to claim?7, characterised in that

the replaced amno acid(s) is (are) located in the

regi on between two p-pleated sheet strands of type A

and B and/or between two P-pleated sheet strands of

type E and F. 38 9. Procegs according to one of

Clains 5 to 8, characterised in that the repl aced

amno acid(s) is (are) located in a region that

al ready has a helical structure. ~10. Process
ac®oPeasss aecostied b ong fiGiaims &1 8o charpeipdsaddp thad ihe rgplaced
that 5pER) ddRs A5 (HEYBERE R & rdof 1BSeHeBYy Ris RRERAI &ficthire.
which I's neither proline nor "glycine. 11. Process
according to one of Clainms 5 to 9, characterised in

thay PRt @EL AR @S  driadt didmsd 1B RALRSHaHER ik BRit Brdifie or glycine
inserted in such"a way that it is at a spacing

(- >i ®3pplaged by amymbie goid whighis Toitaen MBlINEMR §Vaeed

whi ch has a side chain of the opposite charge. 12.

Process according to claim11l, characterised in that )
at1} Bepsess ersordinghe enei d$laime S tadephasactarineshn il 8n gnire acid that
chai i . L toe. \ I E T
tho [ dEhetol s RO R e R T PRI R MR AR D0 (i),
ar e gbliet)too(ifo+Fh fmrmsah amioma atifbwhith ha8a sideabeinof the opposite
according to claim12, characterised in that the two
replggg ‘am no acids are separated from one anot her

by 2 or nore amno acids ((i->i+3), (i->i+4) or

(2 bbb e BP0, AT o e o

aci dmsérsedgivhitiahave side dhains wilpan bpposite icHargaitie tshacing between the

5. “ProuEs =G5s St gbr L e e HellR b 2Dl e P san rivge.
cha!r act eri lsed. in thathi tshgdpﬁzi iti oin at 25 whi ch
pScPiPsessiail Hrodiont?. PhdlBrisled R 3% i By tape mino ecivs

t hanarelepa@sdd frarm onb anethgt bit 201 Morcardino iacids k143, (i—i+4) or
acid is 1nserted or is optionally already present.

16. ®rédks accor di ng to one of Clainms 11 to 15,
characterised in that a sequence is 30prod in=rl

wherein up to 3 amng acids are inserted at posjtions,

i 1én8rqce-®?aqcmiiraﬁt°i clamals Qfetd chragigrsed;in dhap phe 9{3‘?‘9 BWS inserted
Whi | gminB e cRIZiNGIuFhigl Scia e aBitid AéNand i 8ther-dminb B3id0E arginine,
I +9 have side chains of the sane charge, whereas the

anmi nksiBe PeRisidingosition i +3, i+4 or i+5 have an

opposite charge.

15. Process according to one of Claims 11 to 14, characterised in that the position at
which arginine, IySine or histidine is inserted or is possibly already present is closer
to the C-terminus than the position where glutamic acid or aspartic acid is inserted

or is optionally already present.

16. Process according to one of Claims 11 to 15, characierised in that a sequence is
produced wherein up to 3 amino acids are inserted at positions i and i+3, 4 or
i+5 as well as i+7, i+8 or i+9, while the amino acids and positions i and i+7, i+8 or
i+9 have side chains of the same charge, whereas the amino acids at position i+3,

i+4 or i+5 have an opposite charge.
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39 17. Process according to claiml16,
characterised in that at the central position i+3,

I +4 or i+5 aspartic acid, glutamic acid or arginine
is introduced or is optionally already 5present. 18.
Process according to one of Clainms 1 to 17,
characterised in that aftef the exchange the protein
contains a helical element with the sequence
KPKDTLM SR (SEQ I D NO: 8), KAEDTLH SR (SEQ I D NG 9),
TKDEYERH (SEQ | D NO 10), 10SKADYEKHK (SEQ I D NO 11),
and/ or TPEQXKSHRS (SEQ I D NO 16). 19. Process

"according to one of lainms 1 to 18, characterised in

t hieft Prpcess acrosding isgbivel Gshargctedsatsindhas at thel ceptsal fogition i+3, i+4
an am: u . : . .

ani 1 3 (R ecgle 260 AIERICH BB RITR 1P Iy OpERk e BREhal aireacy
hel i Rreb&ttmat i on prob- 15ability than the repl aced

sequence. 20. Process according to claim 19,

characterised in that the inserted sequence is a

heli8i Bedcesd anperding toovnet dfElamadttarity, denadterisefl imthiat gfter the ex-
(aL) v : L . . .

P orsnel o Y LR R U] e 20, 8he L

t he {Siseil NO:8efOERIEHISR SH2ID BAY9)eTKIHEMERM(ERLY IRENO:10),

3 SRASPRRRRTSE 1 Bty Soeehieagdsct oo

and/ or
i mmunogl obul i n. 2522. Process according to one of

CL8! Rl dofhg IR BiE3do18, KBl RE PRBLE )2 suos
NO: 89iye #ABDECIdsSRe (SHEZeDYNO: Bhino FHDERERIMCE SEQelsBme or greater
2 Won IR AR ey SRR (35 on oo
pr epatriitnthaa tpe wrdaoedtsegueritas an i nmunogl obul i n

folding pattern, char- acterised in that a process

according to one of Clains Ito 22 is applied to this
p 20t Rrionessaavdotdingg foralaimi 19, chargctetisediin !t the insgriedsegdence is a

in %Jﬁgatele%%At “from491e constant domain of a light (C,) or heavy (Cy) immu-

nogiobulin chain.

21. Process according fo claim 20, characterised in that the inserted sequence is a
helical element from the region between the B-pleated sheet strands A and B

and/or E and F of a C; or Cy domain of an immunoglobutin.

22. Process according to one of Claims 19 to 21, characterised in that the inserted se-
quence contains the sequence KPKDTLMISR (SEQ ID NO:8), KAEDTLHISR
(SEQ ID NO:9), TKDEYERH {(SEQ ID NO:10), SKADYEKHK (SEQ ID NO:11),
TPEQWKSHRS (SEQ ID NO:16) or KPKDTLMISR (SEQ ID NO:8).

23. Process for preparing a proiein that has an immunoglobulin folding pattern, char-
acterised in that a process according to one of Claims 1 to 22 is applied io this pro-

tein, and the protein thus obtained is expressed in a host ceil.
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24. Protein that has an i mmunogl obulin fol ding
pattern, prepared by a process according to one of
Clains 1 to 23. 25." Protein according. to

- claim24, characterised in that it is an antibody. 5

26. Protein that has an i nogl obul i n fol di ng
pattern and at | east one vari abl e donmai n,
characterised in that it contains a helical element
in this variable domain. 27. Protein that has an

i n#fuRogeioliatings golimugogekyliefeidiangatiern| paseredipy a process accord-
cons atype CH2, characterised in
thath%Qnggng%gﬁgwﬁg%lcal el ement in this constant
domai n which has a higher helix formation probability
h ! S
semEreh e RS IETRE 2Bl ePe Mg ksl ooy

i mmunogl obul i n fol di ng pattern and at | east one

ot 1 132 9yl Gl oS 838 0 i o

- domaimainabharacthasedan iiihag hie;zonlam3| mhﬁllgalrmrnem :rpmb\wmﬂabietqomam
"than a helical elenent in a CHl-domai n occurring :

natural ly in humans. 29. Protein according to
cl i Ricgetn trah hasan enmg@wimtwlm frading neﬁ@raladd btlepstaine constant do-

ﬁllo eg&g&ﬁ%&ﬁ)tﬁlnﬁs%a&h% ?l%f 2 25 ei%%gttspihas constant

NO 1@gm@n WHIGADEIHMO B ErElix tpmmjiomgrobamhty thaptachalical element in a.

accog terised in that
t he s%lu %Lﬁl cal h@}@cﬁpgﬁ?gcgn la| ns t'he sequence
KPKDTLM SR (SEQ I D NG 8), KAEDTLH SR (SEQ I D 25NQO 9),

T 1 16) N

S0 R g Mot RS peBhRlooRtant do

I nrumeigl of ywiei Gy 1 ohataetgrigeatinéranjt canfaiis aapdicalteldresnd in this constant

one I i . .
BIEThFST ol 2Dk R Bt BB ARG gomet n

cal €l'lenemeinwhcwting satoaly & medansn one of the

sequences SEQ ID NO 1, SEQ ID NO 12 or SEQ ID NO 13

(CL WI) or SEQIDNO 5, SEQID NO 14 or SEQ ID
N@2 1BrofeliHacapring to claim 27, characterised in that the said helical element con-

tains the sequence KAEDTLHISR (SEQ ID NO:9), TKDEYERH (SEQ 1D NO:10),
TPEQWKSHRS (SEQ ID NO:16) or SKADYEKHK (SEQ ID NO:11).

,..

30. Protein according to claim 26 or 28, characterised in that the said helical element
contains the sequence KPKDTLMISR (SEQ ID NO:8), KAEDTLHISR (SEQ ID
NQO:9), TKDEYERH (SEQ 1D NO:10), TPEQWKSHRS (SEQ iD NO:16) or SKAD-
YEKHK (SEQ ID NO:11).

31. Protein that has an immunoglobulin folding pattern, which has at least one helical
element in an Ig domain, which has a higher helix formation probability than a heli-
cal element which is contained in one of the sequences SEQ ID NO: 1, SEQ ID
NQ:12 or SEQ ID NO: 13 (CL WT)or SEQ ID NO: 5, SEQ D NQ: 14 or SEQ ID
NO:15 (Cy2 WT).
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41 32. Protein according to-claim 31, characterised
in that the said helical elenment contains the
sequence KAEDTLHI SR (SEQ ID NO 9). 33. Protein
according to one of Clainms 24 to 31 for nedicinal

use. 5 34. Biotechnol ogicgl; process for nodifying the
bi ophysi cal properties of antl bodi es or proteins that
have the inmmunogl obulin folding pattern,

characterised in that optimsation of the natural
hel4 EHteip etRERiNg 19 glapmy A 1 .icbgrastarised fjdihat the said helical element con-

Bi ot eflanAé 864 erke ARG I SRISEFOID NG00 t he
bi ophysi cal properties of antibodies or proteins that

have the i mmunogl obulin fol ding pattern,

C el PR b8@Sidihg té BAd of Clamal ARt AtboRedEinkiNRenat ur al
or optim sed helical elenents is carried out. 15 20

25 30
34. Biotechnological process for modifying the biophysical properties of antibodies or

proteins that have the immunoglobulin folding pattern, characterised in that optimi-

sation of the natural helical elements is carried out.

35. B|otechnolog;cal process for modifying the biophysical properties of antibodies or
proteins that have the immunoglobulin folding pattern, characterised in that trans-

plantation of the natural or optimised helical elements is carried out.



