- 1 - Organic Compounds Field of invention The present invention relates to a method for the
production ofaheteraldgous recombinant polypeptide of interest with a defireg Aomnegengys
N-terminus. The present invention combines a chromatography system with a fusion polypeptide that
comprises the polypeptide of interest and an additignal part, a second polypeptide, which exhibits an
autoproteolytio function and which is linked to the N-terminus of the polypeptide of interest. The
chromatography system which forms part of the present invention allows for the activation of the
autoproteolytic function of the N-terminal part of said fusion polypeptide while the fusion polypeptide is
bound to the chromatography system. Bind@ggarﬁ@ ing.and eleavage of the fusion polypeptide are
conducted in the same chromatography system, from which the polypeptide of interest can then be
isolated in its purified form. Background of invention While most polypeptides of interest, e.g.
pharmaceutically useful proteins, originate from eukanjotes, they are, due to high expression rates and
high yieldsr,Fugiu II%/i rodu%ed in bacterial cells. However, the mechanism of polypeptide synthesis in
bacteria diffefs%ront th‘ipieukaryotes; polypeptides expressed in bacterial cells usually have either
an additional foreign amino acid at the N-terminus or are inhomogenous in respect to their N-terminus,
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comprising RS9 S R & ePhiryBe BiitE Raaefiflisisdinkse arsretohrapelogesitieyitem, from
autoproteolyfitcachivipsiypeiesaly itheresitopiotense: NoRkReslivg usrifderaptoproteolytic activity of the
fusion partner leads to the cleavage of the polypeptide of interest with a homogenous N-terminus. If a
polypeptide is produced in the cytoplasm of bacterial cells, under certain conditions, the production
rate of the feAyBERRIdRASTiRERHIRIN the folding kinetics. Therefore high density polypeptide
aggregates are formed, which are deposited in the cytoplasm of the cell as inclusion bodies. The
production %?H@Ytﬂ@@i“ﬂg%gﬁﬁ@e@@ iﬂ{é%y%(?& %%%Fﬁ?a'@ag{iiﬁﬁc | inferest far production on,
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bodies are lpw solubiljty of the inclusion bodies and the necessity to r e polypeptide.
Accordinglﬁ'ﬁ?@@e@@ﬁﬁ’ GEIR AL BEITENES YnipfelheeiRaaRY SRS BRRPh &f r%‘ﬁﬂd%@em'i@%ﬁ)ired in
order to gaisinhe tirdvgiecatll) thetiwddibormbthiopeapjp eptideccfiinterest: dne inforeplatthaugl tiehsse of
the autoprotgglytic activity of a fusion polypeptide as described above consistently leads to the
production of a polypeptide with a homogenous N-terminus, the process of purification of the desired
product remains tedious, especially if it is expressed in form of cytoplasmatic inclusion bodies. The
processing @IV euANSRily diepormpiadingpresiials refaditiguicleavdbe, prifivatirticanddghlation.
Thus, the complexedPwastEBRIE BrABSSHIANL RSBSARItahallenagath regardhio fasiandscastgifective
production oﬂfa Pugle}{Pepgges.r i-ln-his is xcerféiingly the cagc%for productio%%g industrial scale. Accordingly,
there is an ohgong need Tor g siﬁﬁﬁ'g%ﬂ Yeaditle pPECEESTor Blodtidifst ind BUKRIC ko BH-ite,
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greatly facilitated by the combination of a specitic affinity chromatography method with a fusion
poiypeptideps?);g‘fg th\?/ ié:E elfts gﬁt%pfﬁé%ﬁytﬁeg%?ﬁﬁ& TRUBTHE B o CesLaty BAIPBUCEbNIGEH in a

concerted adWsreFRORRUSHYBIMAR gRPaShY 'Syetarnus, which has no additional amino acids. The known
methods attempt to reach this goal by incorporating additional steps in the process of




According to,a fi there is provided a method for the production of rolo olypeptide
of interest Wl?g(g %%@Eggggous N-terminus, using a fusion polypeptide comprg n}‘g”iﬁé’ 1 gptlde of
interest and N-terminally thereto a autoprotease, saidimethod comprising the steps of a) blndlng of the
fusion polypeptide in a soluble, autoproteolytically inactive tarn by an affinity Chromatography system,
b) refolding of the fusion polypepticie thereby activating the autoproteolytic function of the fusion

polypeptid gﬁﬁ@ of, interest subse ntIy
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chromatography and wherein the fusion pOIypeptlde comprises a polycationic affinity tag, or |s anion
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the autoprotberlytigeastitritypolyts:plider ofi mabratiwith Rarisdaeiadusipnmpigenfide is produced in a
denatured form in cytoplasmatic inclusion bodies. These inclusion bodies are isolated from the cells

and solubiitzed under conditions that preserve the inactivity. Then the fusion p0|ypept|de is selectively
bound to a ErtdiadRsEHisisHs Wﬁ%@ﬂ%ﬁl@l@&fiﬁﬁb%@l@hﬁ%@ﬁd&? eelslitionsrthatkeepridiidtdetiinal
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part is activated and the polypeptide of interest Is ¢ eav esu Ing‘n fation or an alte

purified, reSHHEBLRERE I Hetharesninmng I@oﬁ‘%éﬁ@@l‘@ﬁ@ﬂﬁtﬁu&’ﬁﬁhﬂb&ﬂf@ﬁ' priveriepaf
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washing outn% erag% tln com ents ? fold|n and Séa eaying of the polypeptide of
interest as we é)sypuﬁ%l/lng epoypevp ?dlé%gﬁ t %@W M WE% ?&ﬁgphy
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out within tHg SR M HERIYIPRRAVPRAIRSIaNMR Selectively bound to thechromatography
system. According to a second aspect, there is prowded N1 of CSFV for use in a method as defined

above. According to a third aspect, there is provided a use of N' of CSFV in a method as defined
above. 4a Beteitéigiemaptissingf didrdusiatiobodies is complex, especially since correct refolding is

required in order to gain the biologically active form of the polypeptide of interest.

Therefore, although the use of the auloproteolyfic activity of a fusion polypeptide as
described above consistently leads to the production of a polypeptide with a homogenous N-
terminus, the process of purification of the desired product remains tedious, especlally if it is
expressed in form of cytoplasmatic inclusion bodles. The processing involves numerous
steps including washing, refolding, cleavage, purification, and isclation.
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Thus, the complex downstream processing poses a big challenge with regard to fast and
cost effective production of polypeptides. This is exceedingly the case for production on

industrial scale. Accordingly, there is an ongolng need for a simple and feasible process for
production and purification of polypeptides.

Summary of the invention



A new method for the production of a heterologous polypeptide of interest with a homogenous
N-terminus is provided, which greatiy reduces the complex processing usually necessary in order to
acquire active polypeptide, Accordingly, the present invention relates to a method for the production of
a heteroiogous polypeptide of interest with a homogenous N-terminus, using a fusion poiypeptide
comprising the polypeptide of interest and N-terminally thereto a poiypeptide exhibiting autoproteolytic
function, said method comprising the steps of a) binding of the fusion polypeptide in a soluble,
autoproteolytically inactive forrn by an affinity chromatography system, b) refolding of the fusion
polypeptide therebg?activating the autoproteotytic function of the fusion polypeptide and causing

cleavage SYHHA het BRSO JRSTERASERHRE SHiFftel e BRY By SUBES RS, it fePHetR¥Blogous
polydpﬁpticferosﬁﬁmﬁilﬂm@ Mtere&ngs&kdipﬁg@&agemdﬁ@eﬂ @rg;oagna&f;fé@ilggﬁj?r{ﬁaaﬁé@gg%@m @){é&gm As
used hereip. Qwing.t " e the meanings.described below The term "heterglogous
poiypepti?g%?%r%( r%%ffé%%f%gﬁéﬁ;%p%dﬁ% Which 8 ﬁé%n‘é%?moglé%d EB;“%EH%M Ay bE&iring
autoprote &8&/RBTHE riaisly WokHrpEasHHPpoNpdpid e tixamplesofthetervicgoing polypeptides
of interestraeilnmustial @IRLMAS {RFORAFLABZIMSELRIPRaRtdes with therapeutic activity, in
particular for the therapy of humans. The term "fusion polypeptide" refers to a polypeptide consisting
of two or more polypeptides. In particular, a fusion polypeptide may comprise an affinity tag, an

autoprotediyticigary, foreférsidyeeraltepmteaseyiakd a pelypeptident iniemstidn #ig meaning of the
present inyh ir%@j fusi ide comprises the polypeptide of interest and, N-terminally linked
thereto, a p%%pep%%%s\ﬁigti?%? g%%%f&%&ﬁc“%ﬁc %%i“#ég%gﬁg ‘denatured form in the meaning of the
present inbeiriondesighages theidiologicalydeactivesfoing dhthe @xpeesseddusianspolypeptide, as

obtained as@pragueietic & mihpracambiaant pragduetion-RIcess ysuallyasabtaingd after
solubilisin(%th(% !nclusiop b:(,)(}i s. The tergn "Leerfoldi,n% refers to the mechanism during which the
solubilized ol Paptide PEGTENE it n&tiv8 EBiro RS R EHA RIS g AP AstiViRy ™. &) réforifilting a
protein froffies dngstareds iptgetive) staltleldnitsoadtivelferm Tiodytenmhdautopretsobytic dtingttna” refers to
_th(_a gutoprg@@éy@@@%iyitmggwe @_ﬁ‘ tmggu%@ﬁagggﬁwgghﬁ&ngg{;@ggwgglceagg%gugp -r%olyp_eptide
is in its dfﬁgttgrgd state a d;/vl%cgh I ac_tlvat?d u 8Qnﬁrefol,dlng of the fusion polypeptide. The fusion
polypeptid&i§ BOTRd 1o e GRrdmatodraphy sy;ﬁ? nfinSY S5 SUHE SRR dpFol et RICAMELioning part
is inactiveP il hasto béesaeh tvaeisis magairstenduriang theorhiangel of @onditionsfitiavage of
the polypeplideabiaest spadihergalienWithin theseens,af theresent inyantiondhe initiation of
cleavage is %ﬁggmplished while tt]_ielfusion poh%)eptid? is refolded, whereby it is transferred from the
inactive to the active SIate “THE Presedt RveRtion Provitfes S HPorRRIGRFRERT AAMEETStetn, which
establishezobipefingiopfaiiuion ok papit el ienbetehmimasognaendendtwizirg dorditons, and
maintainsiingingies thedusien padnentbataxgrts the autoproteolytic function through all changes of
conditions which follow. Since the refolding takes place while the polypeptide is bound to the
chromatography system, an additional requirement is that the affinity system does not interfere with
the refolding process. Also this problem is solved by the present invention. As used herein the term
"denaturizing" shall mean conditions under which the native three dimensional structure of a
polypeptide is disrupted. in the autoproteolytically active part of the fusion polypeptide, refolding leads
to an activation and thus initiation of cleavage. Simultaneously the polypeptide of interest part regains
its native conformation, consequently, the cleaved polypeptide of interest is in its native, active form.
Since the autoproteolytically active part of the fusion polypeptide remains bound to the column after
cleavage, and since unbound contaminating components are washed from the column prior to
initiation of cleavage, already purified, refolded polypeptide of interest is eluted from the column. Thus
further work up for separation of the two parts of the fusion polypeptide, separation from cleavage
agent or refolding is dispensable.



- 6 - The fusion polypeptide within the scope of the present invention is provided by production within a
bacterial host cell, in an initially inactive form. In a preferred embodiment of the present invention the
fusion polypeptide is provided by recombinant expression in a bacterial host cell in the form of
inclusion bodies, utilizing a host cell that is transformed with an expression vector comprising a nucleic
acid molecule which codes for the fusion polypeptﬁ:fé. As used herein the term "inclusion bodies" shall
refer to agg es,containing heterologous polypeptides present In the cytoplasm of transformed host
cells. Thesglgal%%ggp gﬁ%ﬁ Shernidacs tﬁ@‘ﬁﬂ@sﬁ@ipémmy@epmmmébyssgﬁﬁ@g@ﬁ;@;the
cytoplasm. Eﬂ@"lﬁ&amm&mfétef@étr@msiﬁ@m@9%&%&%&&%‘@5{&{%& agell %?r?a}apmr%g a vector
coding for W&e%&t&g&g@/dﬁ&%&%ﬁ&lq %%der "[,%Inltla,te cleavage on the column, thé'd %Bﬁﬁ%‘olytlc
activity of the fusion polypeptide has 6 be N ABEY HEntha dasosrea sy durrestvipressionsdf dbe
polypeptide" RAtFir e et e lf-Exprastiont Uhdemtanditionsitiaboaise:the deppsiign ofLthe i
expressed polymﬁtﬁéﬁzmﬁbﬁg%tmgggy&%&o&éﬁg Hég%!%é{}; i,for? of inclusion bodies, the ~
prerequisite of inactivity Is met. A bacterial host cell 16 be e‘f’nploye§ ¥t accordance with the present
invention can be, for example, gram-negative bacteria such as Escherichia species, for example E.
e 30 g S S b
Bacillus sp,, in p,grti%ular Bacillus subtilis. E. coliis Datti SR Bt Teaas priwperiineTivenegiression
vector used i tRE THEIREd BTHE préSeREmvEniiviusomprisissa eteicragigimolees anbighisedes for
a fusion poﬁwmﬁﬁ@@ﬁfempﬁﬁm@&ip@@@%ﬁ%@m@%&x@@ﬁ autoprateolytic function and C-terminally
thereto the.ppjypepiide.afintssest, The ¢ eSava &is exerted 'a% the" %%E?frhfn%‘l‘%vﬁ% olﬁfﬁ% the fusion
autoproteolytically active onpepYi e, res cﬁiﬁ§ WHorssehoseskterinipediofitne desired under
polypeptid& o ik ferb dhsmddeimisat earhefpmmamvgmj@@mggm@qgggﬁ,%xﬁ&!%@ s
autoproteodgtie function is an autoprotease. As used herein the term "autoprotease” shall refer 10 a
polypeptide that possesses autoproteolytic activity and is capable of cleaving itself from a larger
polypeptid% moiety, preferably a naturally occurring autoprotease. The concept of autoproteases as
such is welPataiiablrsivthechiitietidedn fiodhe, arheaasy:Raturaly, Qe cUrHNg. rotease systems are
known. Welkstugdiegdsautoprotease systems are e.g. viral Fp')%oteases, devﬂé%.‘gﬁ)%ngé%ﬁaﬁ%pg%?ﬁé{tf&@? HetR,
Hedgehog proteins (the carboxyterminal autoprotease thereof), RumA autoprotease domain, UmuD,

etc). Viruses within the Flaviviridae, including the pestiviruses all have the NS3 proteases in common.

It has beeM&lsovaniintyeliawideveiypepaieikyng 2 YWest Nile viruses that the protease domain is
located in gheqJ-tegminal =180, g;bdurés of NS3 ané%%ﬁ%%éﬁﬁé 8?@33?/5@5?%tﬁ5§\?§?5§?@85and
NS2B/NS3 junctions in an app fent InfranolRRaRst fRmoRhikitay Sie sttepiatise anth Bt NS3
sequence&Bifed A 0dearaation stmp it anliane peativiisA BIpegHences. ApN:terminal

. . ol : fative
autoprotemﬁgmmﬁ,nméﬁawﬂ@ﬁgg%gggﬁg% oc%tégng-grg ith disease virus (%MD ], which are
positive-s%ggg/gel?}\ildﬁéviglfges belonging to the family |c.omavi|§|d S SFRfRah RS vales et to as
leader protease (Lpro). DETORts T ha e in TegHiRnsfivyiSeisiatiprotsasesitraddiianto eeavag itself
off the poRpitrentide @ds@a@@tmb@i@@@f@@@%ﬁm&?%&g@ﬁgL}thggit of tge %Jkar atic
initiation fgstef4Q m%gg{w%}&éhe shutoff of cap-dependent host cell B? R SHAESs.
Since picomaviral RNA is not capped, 1 gontinues to be translated as the cap-binding protein complex
is inactivated. However, the aphthovirus leader proteinase gene is not required for viral replication in
cell culturéntavthethsr 8863 INRPIH irus. family are 2A and 3C, which have significant
identity ngnﬁgy@mwggg?s@erine,-pr%%ife@%g%ﬁ%%t‘ asas LI LR Withre e Heaibeotein
precursor. One short éxample for Hftopr oG ST varntisls isf heeteades peatenaseefiihe Beet
yellows virus, which possesses a non-conserved N-terminal domain (functions in RNA amplification)
and a conserved, papain-like C-terminal domain required for autoproteolysis. - 8 -- Autoproteases can
also be found in retroviruses, such as in the Gag-Pol polyprotein of human immunodeficiency virus
(1-1ly-1). The polyprotein comprises a 99 amino acid rotease that releases itself after dimerization with
a second protease from another polyprotein. More preferably the term "autoprotease" refers to the

autoprotease NI' of a pestivirus, including all derivatives thereof with autoproteolytic activity.



The present invention relates to a further embodiment, wherein the autoprotease is NIN of a pestivirus,
or a derivative thereof with autoproteolytic function. Pestiviruses are small enveloped viruses with a
genome which acts directly as mRNA. Two virus-encoded proteases that have been identified in
Pestiviruses are the autoprotease and the serine protéése NS3. The protease WI' is located at the
N-terminus of the polyprotein. Ni'm constitutes the first protein in the polyprotein of Pestiviruses and
undergoes autoproteolytic cleavage from the following nucleocapsid protein. This cleavage takes place
otter the lady abLl SR theieinirérekcorPnOps1 sarRestivirs e apRy Ag5aun ofm?cthpﬁgg
which inclutsiligfeadse @tbmmpthﬂrﬁiﬂ@ﬁﬁladpﬁéﬂiﬂﬁé%wg%m?ﬁ%FV the border disease virus ggDV)
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and the bow&@w{%gg@r{@%}éysﬁgBVD.gﬁ Accordingly in a more prefgﬁ%F dAbRREh MR dhis
present invention, the pestivirus is selected Trofi tHEltelie bHosm/io BBy cand BY RV M GSEY
being particularly preferred. In an even more preferred embodiment of the present invention the
autoproteasg NR e following amino acid sequence: SEQ ID NO 1:
(1)-MELNHFELL\]( %%%%é@%%}%; ﬁ?MMW%W@TEK@W&W@@B&%%
LRDLPRK@T%??SGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDEAQFCEVTKRIGR
VTGSDGKLYHIYVCVDGCILLKLAKRGTPRTLKWIRNFTNCPLWYTSC-(168), - 9 - See also EMBL
database Qﬁﬁ%ﬁmg tguan%?e& X87939, amino acids 1 to 168, reading from N-terminal to the C-terminal
direction. Derivativés with attoptotediiie fameasrer eorsing t6'the present inventionargderyed from
the autopréfé‘é@e NPr of a pestivirus by mutagenesis, in particular amino acid substitution, deéfetion,
addition and/or amino acid insertion, as long as the required autoproteolytic activity, in particular for
generating a desired heterologous polypeptide of interest with homogeneous N-terminus, is retained.
Methods for generating such derivatives by mutagenesis are familiar to the skilled person. Itis
possible by such mutations to adapt the properties of the autoprotease NPm in relation to different
heterologous polypeptides to be cleaved from the fusion polypeptide. In particular a polypeptide within
the scope of the present invention can be designed to have improved properties compared to the
originally occurring autoprotease, while still exhibiting the autoproteolytic activity of NPP3 of a
pestivirus. Particularly preferred in this respect are derivatives, which show Improved properties in
respect of solubility as well as superior binding to the chromatographic affinity system, which
properties are especially useful within the context of the present invention. The autoproteolytic
properties of derivatives obtained by mutagenesis can be tested as described e.g. in WO 01/11056.
Derivatives of the naturally occurring NPr of a pestivirus as depicted in sequence ID No 1 above are
especially preferred, wherein cysteine residues are replaced. More preferred in this respect are
derivatives of the naturally occurring N10, wherein the three cysteine residues C112, C134 and C138
are replaced by other amino acid residues, e.g. glutamic acid. A particularly preferred derivative
comprises the following amino acid sequence: SEQ ID NO 2:
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPOSTLKLPHDRGRGDIRTT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDEAQFEEVTKRIGR
VTGSDGKLYHIYVEVDGEILLKLAKRGTPRTLKWIRNFTNCPLWVISC-(168) - 10 - are exchanged to
glutamic acid residues, glycine 54 is exchanged to aspartic acid and leucin 143 to glutamine. This
derivative comprises the following amino acid sequence: SEQ ID NO 3: (1)-M ELN H
FELLYKTSKQKPVGVEEPVYDTAG RPL FGNPSEVHPOSTLKLPHDRGEDDI ETT LRDLPRKG
DCRSG NH LG PVSG IYIKPG PVYYQDYTG PVYH FtAPLEFFDEAQFEEVTKRIG R VTGSDGKLYH
IlYVEVDG EILLKQAKRGTP RTLKW | RNFTNCP LVVVTSC-(168)



Thus in another aspect the present invention also relates to a process as described above, wherein
the fusion polypeptlde comprises a derivative of an autoprotease NPI. of CSFV, wherein in addition to
the replacement of at least one cysteine residue as described above, at least one hydrophobic amino
acid residue is replaced by a hydrophilic residue. Preferred within the present invention is a derivative
of an autoprotease Nr of CSFV, wherein in additiotto the replacement of at least one cysteine residue
as described-aboy, géf g&ggmre at least one of the following amino acids are replaced: V24, A27, L32,
G54, L75, A109, Vll% VP 456 BB 891 58. A preferred example is a derivative wherein the
following amino acids are exchanged by threonine (T): alanine (A) 109, valine (V) 114, isoleucine (1)
155 and phenyladaniRe 58, TS | her aspect the present invention relates preferably to a
process as 37%scrib§d ab ve?%hgr%ingt}he Gsion igfolﬁpé‘&ﬁﬁ@@&ﬁ’?ﬁi%&@%ﬁﬁ@tm pliarautggrotease
NPr of CSFV Wﬁ&&%ﬂ%&“&%ﬁ%@&rw@%ﬁmm of attieastions: aysteing sesidye as.described
above, the foltowing amindacidsajeieatarechby duapnine (T): alanine (A) 109, valine &%ﬁ%ﬁﬁfa ¥
isoleucine (0155 and phenylalanine (F)158. Another, within the present invention more preferred
derivative of an autoprotease Nix of CSFV, comprises the following amino acid sequence: SEQ ID NO
4: (1)-MELW@@WRT@R@@%WWMWM&%%@%&EW%Q%}' P L%HD(%%RGDIRTT
ROPGENHLERUSGLY KRG Pav%%m e RAPLEFFDETQFEE T TKATSRPEOUS

TGSDGKLYHIYVEVDGEILLKLAKRGTPRTLK RA-PNCTBT RIS CLpieB) & fasionhusiypapiadser
aspect the present |r%/en%o%am?giﬁ%f@faﬁﬁ?%té@do%iﬁmﬁe&@a&@m@riQeg houswhereidhe
fusion polypﬁﬁﬂ@Mi@smf{ﬂeriyaﬁvmﬁﬁm%%@éﬁ@%ﬂ'“&% CSFV having a sequence

. el =@ 5 Ot g - :
according te.sEQEING 4 gég%ggl%%ﬁgr?fgr%d iW|th|n_ the presen mventioh ¥ & ¥eridatiie srean
autoprotease N131§f CSFV. wheréin in additi Wf@%ﬁe‘%p@%’@efﬁ@'ﬁt by seasiripedtysieinsrapidue as

described abGvRThBHEGIHIRG ahififoTaeier breivesptien, anshange alani aling (V) 114,
isoleucine (¥ 185 ambppeiypiataaine s )-408 gg%neﬁgﬁ%ﬁi{?%&e ; R) é?ﬁgﬁ?grﬁ?c%@@%ﬂ%)
glycine (G)%v&?ﬁ@imgmec i li%@j%%inine R) 57 with gIttamic dAG{EYS Rrivieerdide f)inessiith
glutamine (Q). Thus In another @ﬁ@@ﬁ%@mﬁmmmm@fﬁ@%&’%ﬁs[yi%cess
as describetPaBiétiad whensirietfusioonpatyp ephigegamprises a derivative of an autoprotease Nr of
CSFV, wherein in addition to the replacement of at least one cysteine residue as described above the
following a@éno agli%%%ave been exchanged: alanine (A) 109, valine (V) 114, isoleucine (I) 155 and
phenylalanine {5 § rdeimmaneriemrginhed (RyS Srevitieghuigsacishez) nglygine (G) 54 with
aspartic acid (D), arginine (R) 57 with glutamic acid (E), and leucine (L) 143 with glutamine (Q). Most
preferably ivative, of oprotease Nt of CSFV according to the present invention comprises
the fol|owir%gh§iﬁg zfc"i%@é eahéjc%&% i@l@&'@?(ﬁiwﬁmm 2 polypepiide which is nof naturally
FELLYKT W@E@W@mm&mﬁﬁ@%%kﬁgff&% i )
LRDLPRKB@@@B@W%&V@@gﬂgpﬁ%{%@@%wm%m FFDET( Sk pRbpapice.
TGSDG Kgﬁg%ggyogecglLL %%KR_G PRTLKW IRRTTNCBTWATRS dagtissjairaneimanothercasest
preferred aspact the presentinvention Sesastissadivipricesstasideser iBedabaNe dvhgieinthe

fusion polypeptide comprises a derivative of an autoprotease NP a of CSFV having a sequence

according ToS e B NOh S dR ually preferred aspect the present invention relates to a
process for the ,rogiuctior?) of ﬁetiero og%%%mp%t%iﬁgﬁ%%@%ﬁ@@é*%@@?WWtemimth're fusiesptides.

polypeptide cOTHiHEEs & é‘é?i%tﬂ@wfmﬂm)otmﬁ&’wéﬁ?%ﬁ}ﬁiﬁa\(g@ %ﬁeﬂ}@ﬁ%%%gcordig% to -
K ,

My repiome:

12 - SEQ.ABiNGLIE, avhereipriftaddilianaAsparagl is replaced with threonine’ YaRd
threonine (. 458,s geplaged with serine (S)%a%%?)t@@ &p Ay in the meaning of the present

0N pGiypaptde comprises the

' polypeptide of interest ang N-terminall
linked thereto, 2 polypeptide with an autoprofeolvii i

< funclion.

The ferm “denatured form™ in

the meaning of the present fi b
| ‘ | ¢ preseni invenfion desi
biclogically inactive form of the e ke

xpressed fusion polypentide, as obtainad 25 & prod.uct of



The derivative of an autoprotease NPre of CSFV which is utilized in the process according to the
above aspectvef g present invention forms also part of the present inventigg-gRe-%etRRISRS the
following amino acid sequence: SEQ ID NO 32: (1)-M ELNH
FELLYKTSKQKPVGVEEPVYDTAGRPLFGTPSEVHPOSTLKLPHDRG EDD | ETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDETQFEETTKRIGRV
TGSDGKLYHIYVEVDGEILLKQAKRGTPRTLKWIRNSTNCPLWVTSC-(168). In another preferred
aspect the heseEscinbintibrpretieion prpresessdoritheprotiazitan efttreterdalotdus protéinssisn
described aggues wherein the fusion polypeptide comprises a derivative of an autoprotease Nfx of
CSFV having a sequence according to SEQ. ID NO. 32, wherein in addition alanine (a) 28 is replaced
with glutamic acid (E), serine (S) 71 is replaced with phenylalanine (F) and arginine (R) 150 is
replaced witfhbistidinérétdiirklierdtivativeref arevioprotéasad\ifiict @RFYowbiphis pilizedindhe
process ac i e dnvention forms also part.of the present invention
Bnd comprioat T e oAb S TR N o LR AR PRI o
(1)-MELNHENaYRE SRGSp Vel tEim st P GRPLFG TPSEVHPQSTLKLPHDRGEDDIETT
LRDLPRKGDCRFG NH LGPVSG IYIKPGPVYYQDYTGPVYHRAPLEFFDETQ FEETTKRI G RV

TGSDGKLYFIFI‘ I'YVEV.DGE | @&%@(R?TE H;I'L P%V RNSTNCPLWVISC@168). Preferably in the
process accolding to e Presanting ERTHSH e e 101 AT UBEAR RELRNID RIS AE SV URIRR the
sequence apgdneingwbiSEQInDIpIe3Zhik: ike dusido sioppwiitida fritdia deattoatbinsahiebashitteithree
first amino agigls,RHRIRRSYIRGMI G m@@@%ypmg}%{@@sulin, further more preferably with human

proinsulin, most preferably with recombinant human proinsulin, for the production of proinsulin. - 13 --
It is preferred according to the present invention if the derivative of an autoprotease NPr of CSFV has

in addition tétthefueiolaceriyprpidat tedshumide ysteinghresidugsitessrinnd abayesafiteagheneief the
following ami j . . arging lycine 64, arginine (R).57. .
threonine ('Irgﬁ%%og&ig%n %ﬁ%’%@g '§§§%§ﬁ§iﬁ% Iﬁﬁﬁfg%e%%gr%v%gt@&a toiF the'al %gpr% égggeg% Pr of
CSFV accottn#'8ecop ressitianserigarasae maaalmrpiislene injseasénsedtibemefiersiVitdciiveine
reg(ijd(uEe) asI @6§ébﬂ’%@¥@éﬁ@ifﬂ@hﬂ% '_ ﬁi@@%ﬁ%gﬁﬁ@ég@%@@ﬁ%%&@hﬁ% M@f@é‘i&(ﬁr?ilcog
aci , gly; wit rtic aci rginine th glutamic aci threoning :
114, 155, 1@%&%%@&%%&5 %Zér)lqg HIERY, (E)‘ﬂ?%iﬁf%f’éﬁﬁ&%%?q%%ﬁiagéa%r%é’% %tta%pvg‘rﬁc acid
(ID) or serin¢sgrdrinventinnepSivisepreichretiaiotitanhic eiinin sysieproteiise itabfi@BF \bindingh afre

utilized in t%@f@ﬁ@ﬁf@@@ﬁ%@éﬁ@sw—%ﬁ&e&ﬁ@ért&é‘r@ésﬁﬁﬁbieaﬁ&iisﬁsf%ﬁaﬁfi&@ﬁ%ﬁoﬁa

present invention an conéprise the following amino acid sequences: SEQ 1D 92: ("1 N
FELLYKTSR BAEHEEUN EA &R PS RE RIBERe IR iRy Bhigysirad epsvgesraf conditions

LRDLPRKGIHER SGNK.L SRS G | KETGRMY YARE:Y PGEY WHRAME b pRERSIHRIGR the

ELN HrE LY B e, o T A S B e e s ot
LRDLPRKABefesenit trepefeding riscrseWsaihismselernR APEHROES IFERETRIGR VTGS DG
KLYH IYVEVDG El LLKNAKRGTPRTLKWSRNSTNCPLWVTSC-(168). SEQ ID 96: (1)-M ELN H

FELLYKTSKOKPVGVEERYYDTAG RPLFGNPSEVHPQSTLKLPH DRG EDD| ETT LRD LPRKG
DCRSG Nfﬁ%%\_‘ﬁ‘é@ﬁ@(?ﬁww TR D SRR RigEIRNe native three
VTGSDGK IGHPAVIENIEEIE KAKRGIHRLIK WBRAETNCPLWVISC-(168).

in the autoproteolylicaily active part of the fusion polypeptide, refolding leads to an activation
and thus initiation of cleavage. Simultaneously the polypeptide of interest part regains its
native conformation, consequently, the cleaved polypeptide of interest is in its native, active
form. Since the autoproteclytically active part of the fusion polypeptide remains bound to the
column after cleavage, and since unbound confaminating components are washed from the
column prior fo initiation of cleavage, already purified, refolded polypeptide of inferest is
eluted from the column. Thus further work up for separation of the two parts of the fusion
polypeptide, separation from cleavage agent or refolding is dispensable.



- 14 - (1 )-MELN HFELLYKTSKQKPVGVEEPVYDTAGRP LFGNP SEVHPQSTLKLPHDRGEDDI Eli
LRDLPRKGRERSANILGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDESQEEERIKRIGR
VTGSDGKLYH IYVEVDG EILLKHAKRGTP RTL KW S RNST NCPLWVTSC-(168). SEQ ID 98:
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLBEGNPSEVHPQSTLKLPHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDESQFEESTKRIGC
VTGSDGKLYHIYVEVDGEILLKQAKRGTPRTLKWSRNSTNCPLWVTSC-(168). The expression vector
encodes the polypeptide of interest as the part of the fusion polypeptide which is to be cleaved off
autoproteolytic ce Wi tinvention, a variety of, polype t(i?d s of interest can
pe produca by Lol FAEBR A 8 R b B R B MR e B, e
exerts phaYfiaiscidinstariachor) whdiean ibitialkainptésdastected from the group consisting of an
interferon, an interleukin, a growth hormone, a growth factor, a cytokine, an enzyme, an enzyme
inhibitor, an antibody and an aptibody fragment, and the like, for example interferon alpha 2A,
interferon %ﬁd‘%%?ﬁérfé SRt IR e SR ARG ORI R SHABR L I RemHEE I, RiekirRdiby
growth factercgrhimaltoptpresiomyistinbalztnig! fastbcetjinriuooyte lnadsdiak

factor, Pl PR HERAHE 5 IISGEE eI A DN, SR BRI i

somatropin, interleukin 11, interleu ragment, and smail peptides such as calcitonin,
parathyroid@HHEREEPHS OB PRYRRRIIEEN, CD 40 ligand soluble form, plasminogen activator, sex
steroid binding protein, epidermal growth factor, tissue factor extra cellular domain. In addition the

polypeptid inter, any.other.kind of pql tide in particular a polypeptide which is
especially %‘%’é%goﬁ%ﬁﬁﬁ%g metﬁig%jssf%{?ggp%ireg‘s e r¥ %%lf 5?%@0%&@?&%%?? rgﬁﬁ%gh@%%@%ﬁ?%%% r to be
employed ipivieeptoesseraseidr dintheo eWorssent inmeattomethditusioalipoThegmideieapesabiigtinked
to at least gpeteXPERIIMHRCRIEbEBARNGS BXRIESHAPHAN N SAGHS BESR AR IR ticular,
promoters (such as the lac, tac, T3, T7, trp, gac, vhb, lambda pL or phoA promoter), ribosome binding
sites (for example natural ribosome binding sites which belong to the abovementioned promoters, cro
or synthetidsibgsoirtetsindihg Sives); tarsbnsiptmsitestindtal sréfer exampisl o ARG er Wweajor WO
2006/113953@5‘&{&'52@&@(9@839@ ﬁék;p:egmyector may also contain sequences encoding fusion
domains, as described below, that are present at the N-terminal end of the fusion polypeptide and that
are required for its binding to the affinity chromatography system, e.g. polyamino acids like polylysine

or, for imml;naﬁf{?iiﬁbcmﬂﬁmatwd mm@%wmmtﬁﬁf @QSbrme@m@r%Mf Ixﬁﬁﬁ;ﬁét PeREde
sequences far whi cific anti is available. W own epitope tags for,whic ecifi
monoclona @Xﬁvﬁ%@%@*‘%@? ?ef%%tiffi%é%%% att?eni‘n%c]ﬁ aELé?&e%%Pﬁ eh2d 9#85%%8%85 ﬁtﬁﬁiﬁ?ﬁﬁéﬂgj%nd
c-myc tagswithia prefbesicelimbuerassisrotnderpresdlichsbatioaythdrexprgssittinnvettbe isxpnekmdid.

The transfoiangcbbrederaino<yishidsm B SXPIRTIRIBIANAIR IR i RERRIBANGSINEN the
mlcroblolog)!cal prac,gr%c]e Known,&ﬁr se. The host strain is generally brought up starting from a single
colony on ZTRIEARNR SRR 'R IRehiso possible to employ cryo-preserved cell suspensions (cell
banks). The strain is generally cultivated in a multistage process in order to obtain sufficient biomass

ol e WS SaRRPMAL S & BARIAE HARIaRRE IR e RRRRI g gPoes

to employ a complex me rexa owever, It'1s'also possible 10 use de ihed media
(for exampfEEiftele AléaIfRYatRdematie pretcifclseheishimerrdtshéopraepimbentdii wristheended
tEat the engﬁ%@_u%m@téﬂ?p@?ﬁmﬁh@‘%n@@hﬁiﬁ?%@l@ é%@&:@%’gg@m%@dﬁé‘f%&ﬁﬁw&éjn
these case carried.out at relative h,temperature (for example Qr. . Inducible systems
are particulgarrly? gﬁ?abb C’ei%rbg’rbgﬁégi}ng ¥n%%gig$ﬁ e&ieuge(?g %*Q&m%ﬁﬁ?ﬂfﬁ‘ﬁ?&*i%? I%%,mﬁ{a& b%s
promoter). Bacilluarger isqadicrenBanibtsguisiiisem consiswribfuepiupatifgrofbimr éastas! (fermenters), it
being preferred to employ defined nutrient media. In addition, it is possible greatly to increase biomass
and product formation by metering in particular nutrients (fed batch). Otherwise, the process is

analogous 10" ThEBRERRPMIRAlon Y3RE [ boe Laelhed kil raseririsyentinn epmieRs T AtRieie AT dies
are isolatedrfotsnutiee Whishcedidesaforaarfasisnopalpepiag, cdMprising a polypeptide which exhibits

autoproteclytic function and C-terminally therefo the polypeptide of interest. The cleavage is
exerted at the C-terminal end of the aufoproteclytically active polypeptide, resulting in a
homegenous N-terminus of the desired polypeptide.




centrifugation. The wet cell mass is disintegrated by mechanical, chemical or physical means such as
high pressure@bamegenizer, beads mills, french press, hughes press, osmogicishosksdrtgEgents,
enzymatic lysis or a combination thereof. Preferably, disruption of the cells takes place by high
pressure homogenization. In the preferred embodimeént where the recombinant fusion polypeptide is
deposited as inclusion bodies, the inclusion bodies can be obtained for example by means of
high-pressure dispersion or, preferably, by a simple centrifugation at low rotor speed. The inclusion
bodies are keparafedds aremdiugatiohtbe piesefittiatimrior thepuipiratide xalsitigRhdopasttoivticelation
to the desi%&glggﬁ%t%}g{gégé} can then be improved by multiple resuspension of the inclusion
bodies in various buffers, for example in the presence of NaCl (for example 0.5-1.0 M) and/or
detergent (for example Triton X-100). Preferably the purity of the inclusion body preparation is

improved bjsaverdl kashingstepswituaniotsduriiersiergid. 300D poxyehataiefoliopmd s dwo

times 1 M jQK). - Lfinally distill ater). This usually.results in remoyal of.most of the
foreign polgge%tm%sg%%}?h%ﬁégﬁg&c%go% b%gi%)é% I%?pzﬁéegggﬁﬁiéﬁ%rﬁfﬁrg é%éﬁr e%ht%%l\’{f‘?gfééq% ?}?er
isolated indMigieithydicniialy erperdeupiiopthtaans pfascmtriospimibritelitiestes provebsawell
described ahaushwheraupnia apRIcAten dhaslyemalamanisriedhieRiyidedduaion.
polypeptid ii_lls solﬂliﬁecé nder chaot{gt%ic conditions that inhibit its autopro eo%gac activity. As used
herein the (oIt eHASHr S BIAESHANIRIRISEF . SHEIRERs e AR PiRiEasRra B ElAREEHA RIBIRIAS can
be observet$-Thddetidontitidyshican beiadhie\#esfocakarypieniyshdditioprofedetergents:falcslatiurea or
guanidine M&bwggmgw%%f%@jﬁerem polypeptides. However it is within the competency of
the person skilled in the art to adjust conditions accordingly for any respective polypeptide. The
inclusion bodies are solubilized using a chaotropic agent Upon solubilization inclusion bodies are

dissolved avitaenonittioibeuldadvisgensimrindihe thstpatiutedus hinsathand Sntelsnelesy iy
interactions.} in I v uanidine HC1 a tr ionic detergents as
%Mﬁéﬂ. ﬁq‘rag ée%ﬁe%rﬂgigéif%né%@ﬁ WES %eﬁ?uer}gﬁ?% ang({l\?es?r@le virises zngg%e

N-lauroylsarcosine. In anot he present invention Tnclusion bodies are

solubilized B RjtaBUS Keskdl Bolbadiriarairaline B resisivesipaNSasdus msiptionia fokaline
pH. - 17 - ARaassbhareis tsdarmm "selt NSzaiing’ shabieisniodhe prararSiesRsRANEIOEisRve the

inclusion baqdies. Solubllization.yesults in a m olecular dispersign of the polypeptides with
minimum ir%%agf%sﬁ% ?ﬁfgeek‘-)f%’ § 3t %E}Lé- néeggé’é’ﬁ‘éﬁggg ?)%?8&%%?\5%9"@%&8[%9% YrRRYdR A Pbdies
within the seop@esiviaphiSasequanstsn, is conducted by suspension in 50 mM Tris/HCI, 8 M urea, pH
7.3, adding a reducing agent, e.g. 50 mM DTT, in the case that oxidized cysteine residues are present.
Where nec ss%r it is possible to remove potentially insoluble material, for example by centrifugation.

In the casefat IR THAMRUIORERRS b alStaresRisteckh shlibrvinemm trolandmedhdirsgsell
homogenatersssiibiEdRidwhithesferpraitivotrapdRBIDiagk it theldadpyirotier itheigPhdlizadinglusion

bodies. Th ili I ide | [ plied to the chromatography system by
PR R RO s S e g
chromatografiingreisasasdjiistsditioefairaragp isebiof d-r sobmsotoive fitaissatibxmitsitscitic
autoproteolytigriunetianaise ERlikeky sa8060 BefaBdRRN WtRASRARI Y SndRARtRRICESRMItONS.
Under thes%céﬂréd!st#’?&ﬁ%? f%8|%§0|§§f‘e ide,is %ena?%urlzed, F?ar%g,ln%qtlve. In the course of the
processing 6f the polypeplida BH THe SESROIREHER RYERESHe FIBSR RiRmANRY, BBhistRSbic,
with the resefiptifsh tHechidiovegoly peptichnstatibas kit cds-patirg configiuratoplanddhestitapsdteolytic
function is agtivaled. thhe:Rinding. Rf EUEHU il lytic. f QN s majptain ring
the change of cglr%i’tigﬁng %@%@gg hé’é}g?g ?F%Sﬁ% g‘gogsér%%aﬁﬁﬂsgﬁgﬁ%fﬁ%l%gfﬁéﬂﬁ%&ﬁ%ﬁ%ote

molecular ift&#4&ions and therefore formation of biological structures. Conditions may differ for
different molecules. Citrate, and sulfate ions as anions and quarternary amines or ammonium ions as

cations exhifii.t i opic. eff | ther reagents, suc, detergents or redo
oystems. mea S o T 2 A 8 DR B ALt e
art to adjust%ﬂ‘f&fti%’ﬁﬁ sbyoreimgaTdkevisynespeisasesy e midteasers aren ivieintd avifhin the

chromatogragigyrelsite frepabeciselaativeinhinding fusipraagly %OWE%WQ%&Q%@@Q‘ gggditions

and maintaining.binding under cosmotropic conditions can b d within the framework of the present
invention. TWéE%‘%’C& 8? & %%M%Bgﬁa‘ﬂ%s?&m PRESESSES Sréireenamirshinhisarinel idomaiform of
a column, Hiwvetiensiimfiy/atsofigdatiotemb msiriikevbd pplapairplgartasnatesialsrilkm pody iy ene
glycol modiﬁg@&ggagﬂinity peptide. Chromatography systems suitable for use within the present
invention may be baséd on a cellulose binding domain, they may be cation exchange chromatography
systems using polycationic tags like e.g. polyarginine or polylysine as well as anion exchange
chromatography with polyanionic tags like e.g. polyasparagine. Accordingly within the present
invention the affinity chromatography system Is preferably selected from the group consisting of
immobilized metal ion chromatography (IMAC), cation exchange chromatography, anion exchange
chromatography, cellulose binding domain chromatography and peptide affinity chromatography. More

preferably the affinity chromatography system used is cation exchange chromatography, wherein the
fiicinn nolvvnentide comnricace a nolvveatinnie taad Even more nrafarred iec the 1ice nf aithar a




For cation exchange chromatography the expressed fusion polypeptide comprises an N-terminal
polycationic {ag.-fia% gxaymple a polyarginine or polylysine tag. The solution cp&amrm%goeg%oressed
fusion polypeptide that was extracted from the host cells is (filtered) and loaded onto a column packed
with any medium suitable for cation exchange chromgtegraphy such as e.g. SP Sepharose FF, CM
Sepharose FF, Fractogel EMD S03-. Preferably buffers with low conductivity are applied. After loading
unbound material may be washed out and refolding may be started by introduction of a buffer with low
urea concentration. At a urea concentration lower than 0.5M the target protein is cleaved off and can

be eluted fr the column -1 on tide comprises a po anionic ref rab
polyasparagg;?e IS Ueed as aa?fin?)? ﬁag %@“’F“#th%rrﬁ? [Y&derm @ﬁem %%é%@\% Qh%o ﬂ%ﬁ’ b?rﬁding
properties iBUmaidbilizeAedicitiow w‘iﬂﬁIf%%ﬁﬁﬁt@W@MA@ﬁMﬁ%@@@WlMp&fﬁtﬁh&
embodimenf, g theREasentinyeRianhe AN QDA YARML SYRIRM R IR if etal ion
affinity chromatography (IMAC), and the fusion polypeptide comprises a metal ate a inity tag. In
this case the fusion polypeptide is detected and bound by means of a metal chelate affinity tag

comprised iﬁo’telrpmii@m&yptb@tm embatishentedf ikferpresant invesiiondbe NEtalichalataadiisity tag

is a polyhisij ﬂ@rﬁ% Athé?e%?m Ak ?o?&ﬁ ific pogdinate covalent binding between
histidine or other s itab e unique amino acrds[% ura P{esent on the surface of the protein or
grafted with recombinant DNA techniques) and various |mmob|I|zed metal ions, such as copper, nickel,
zinc, or irowwm@mmﬁi@ma@ém@méﬂé%@ﬂﬁﬂn&h%@%gﬁtd{% @M@é@ lersgful within
the present |nv ntion. In a rred embodiment of the res nt invention, Ni21l- Chelating Sepharose
Fast flow (@? W gr%d V gﬁa %i@e%”@} ﬁ’g‘ﬁ%mely, the affinity chromatography
may be immunoaﬁinity chromatography, employing epitope tags as described above which are

present a bedhiRBIR oA 147198 ARASBICSANY JE AHRIE L epmElP BRI s v

an antibody recognizing said tag. Anot within the scope of the present invention a prefe affinity

chromatogrépfiicRrEESY pWFﬁ@ﬁﬁ?a@‘?ﬁ@%%?ﬁ@ﬂ lﬁ%@iﬁ%%g@ﬁié’@ﬁ@ﬁtﬁ?ﬁ@@rﬁ%%ﬂf@?ﬁﬁ@ using
oligopeptidedigaites seri2@ -mtieass thish drhinpastistesd Al siscateligapenydrséravaug lepgieof up

1035 aming e 6NN RMRIS e e NG SrearaLvEnLon dhe sl

chromatogra system ut zes an oligopep | and twelve amino aci

preferred oﬁéﬁ@?@&ﬁ%‘ﬁrﬂ#ﬁi’é@ﬁﬁ%ﬁﬁtﬁ f@’&ﬁi’i‘ﬁi&ﬁi@*ﬁﬁﬁﬂ@%iﬁ@ﬁ?%ﬂb@ digfvagigtahdssplactively
binds to thesprartipé thetfaisian Q@Wpﬁﬁ@d@@g@ﬁ&@@ﬁgt@p@@@gtic function under chaotropic conditions
and maintains binding during change towards as well as under cosmotropic conditions. This form of
affinity chromatography makes use of the specific binding of certain polypeptides to other
polypeptideBestivinisegdivpieskamup fopathogbodiehicligopeptriesrays caiparb|etief slendiogl awiilinity
igands as willar e, Molsyesaissrig uRaeticahsI Ay g MOLAHECTID lathaLEs i they
are usually not toxic. These features are considered as an advantage especially when applie dma
biopharmac@)‘f@giprocess Peptide ligands directed against a target molecule can be identified from
combinatorial peptide libraries or biological libraries in a way, known to the person skilled in the art. In

the context et? eiratgi 8}&0%@%8' Seqnin%ga PERL é)ede (t*i_‘an%lsJ ?\t/;%? %p'fe&g%i{g r?igls gtro ic

conditions. r pep ti nown in the aft, are
oIigopeptid@ﬁ@&?ﬁ}bfwm&%wﬂéﬁﬂﬁ\fhs%ye@&@w&{nm. GEEM ketiing tmjtigtiﬂaﬂy@rﬁﬁmdé ligands
are generated by SPOT synthesis PIN synthesis teabag synthesis, mix and split method, described in
Ruiwu Liu, taI EPperimentaI H é@%rg%) 11-30 or the PELICAN method, descergd in
Joseph A. Bletth&Y &R AI°iRi P 1BE F’ &L 199 pregey wyeafiog e auipRGaReNSrigt can
be applied foS&ivcharitieg Mimngammmm&quemm preferred embodiment of the present invention,
the ligands are generated separately and afterwards immobilized on the chromatographic matrix. In
another preferred embodiment of the present invention, the peptide ligands are synthesized directly on
the chroma@@%ﬂﬂr@%&tnx The oligopeptide Iigand exerts a high degree of specn‘rcrty The

oligopeptidgg that e sBEIheszeId Panaeterzsakhytheir

Condions. 8 ié%%%%ﬁ%@iﬁﬁ%%\%‘%ﬁi@%?ﬁ&?ﬁ@ﬁ%%%éﬁﬁéﬁ%d%%?\e@r‘t%iii@a

YTGSDGKLYRIYVCVDGCILLKLAKRGTPRTLKWIRNFTNCPLWVTSC-(168),

or the amino acid sequence of a derivative thereof with autoproteoiytic function.



-21 - against the part of the fusion polypeptide according to the invention that exerts autoproteolytic

function. In agfyrinedrareterred embodiment of the present invention the oligppeptidgdigandhas an
amino acid sequence selected from the group consisting of SEQ ID NO 6: VSIFEW, SEQ ID NO 7:

AVSIEWY, SEQ ID NO 8: AVSFIWY, SEQ ID NO 3:8/8FIWYK, SEQ ID NO 10: ASRFWYA, SEQ ID
NO 11: AFYTWYA, SEQ ID NO 12: AFYRWYK, SEQ ID NO 13: AFYRWY, SEQ ID NO 14:
AFYRWYA, SEQ ID NO 15: AVSIFEWY, SEQ ID NO 16: AVSRNWY, SEQ ID NO 17: ASRFWY, SEQ
ID NO 18: AFYRWYAA, SEQ ID NO 19: AFYRWY, SEQ ID NO 20: ASRFWYAA, SEQ ID NO 21:

AFYRVVYAR, SEQ IRNOZEAEY SABH iR shiope afihe presentinvention aligopeptide

ligands ma%;be used with a free N-terminus or wit erminus, blocking béing chieved e.g.
by acetylati$ieTRSE frehsrfetersdiniiBeififhent of the present invention, wherein the derivative of the
naturally occurring NPr of CSFV according to SEQ ID NO 5 is used in combination with an

oligopeptide, li elected from. the grqup consisting.of SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO
12, SEQ |D%ré%?éj?§ ezsn%%%‘f@t?ﬁfﬁ%"?i’% %r%e O HE B e%keir%’\‘}%ﬁfgfﬁr%‘(%’g* fRREearP %ﬂi’f&/
matrix comﬁﬁﬁsﬁﬁéﬂﬁ?ﬁé;ﬁﬁ_ﬁﬁrﬁ&@rﬂj rers vty Y ganid gorepiisinppeistitie bovuts edpietstitis, solid
phase, whereitithe ik Uaiand semBrisiaciReniie bonsaseleried. e dlRuing aiguR Of

ligands: - 22 - a) pe i{ies com%]‘sing the formula X1X2X3X4, wherein X1 to ;are amino acid residues
and at leasttRA 65 1 RaNE3NSAiqe i) hripiRieacts RpbRRridRetonRta MBRk brerraenmseiein X5
to X5 are ahirovanit residsgsdtifietsidniend b tsiXs dadl dandhaideast RoegtnthitodrisiEiar D;

and c) pol N0 A&l %%[ﬂ@jti MiNo.acid .o the onsisting,of R E and D
and a)npaniliiforﬂa%%idﬁ%rﬂ!oggogwmey j?'tﬁ%%fr uﬁﬁ%@sfﬁir@ %ﬂ? War?ﬁ%p%é%égrgﬁﬁﬁ? ogpﬁ%q@?%oﬁ%,
poly-KW, pBIjORPIS5Sy-RF, Bolirion, ioofjierenpomianiogty-erypanijden/openy domardisol I, with
and that g Dol einG AEls Sbeotele 5 C) TS A ot ot 20 T o] es
These aﬁin?i)tg%g%iﬁgg%gsﬁ%%%é%? .r% 5 éegt?%ﬁ% gg‘s%%ﬂ%l%%%*l’@%@%ﬁ%@@ AEHR® @ﬁ@‘cially to
bind Wm , g iihavbibiing fiswdovisien st acdvty opetfiohmypabtdatigBadicwamffmitiermadrices
bind Nix , itgdadyptivesransbivainraraianssharenipensl pRAIRRIGERIGEANS: AMBIRY LIRS

kosmotropic conditions, at.least the NPm -part of e.g. a fusion protein, Preferably, the péptides
mﬁ)%Wél‘@%%lé%er%é ég?gfégm&i%@%%&éra%ﬂ) Wiirh Pierefipsrasaarecialiecially

according t%safufr?d
of 6 to 8, awsatubwithielidwesidRtefiablyestdbiisotierpositively charged amino acid is present in
these oligopeptides. The poly-amino acids according to c) have a preferred length of at least 35 amino
acid residues, more preferred at least 50 amino acid residues, especially at least 100 amino acid
residues. SPRRiftiRrpRabticPoesiasinh delaliescohtaipnhivrnrpeanamblesolealesinsiaatds for
culture mediassibaii asgpBiYAKYG 141 1088V 20.000 - 50.000 Da; SIGMA product No. P9285), poly-KY,
4:1 (MW 20.000 - 50.000 Da; SIGMA product No. P4695) or poly-KF, 1:1 (MW 20.000 - 50.000 Da;
SIGMA product No. P3150). The affinity ligand according to the present invention may be chemically
modified, eSisE¥RliKpa @thataatusalrifmsariaidbical expestiiiuseds cepioteproviseents alinier

molecule. aB8veAfseligdiasepraniatal Wanmesaerkeadiuanpies iBihedyentrt Tpldarss in
appropriate,, Preferabl ,theé?oljd hase js,selecte féom the grou&gon&stlng of chromatograph

material, esﬁﬂigcféel?y ippoit %ﬂ?gﬁ% e Hifo SEUHFAY o ECUBRTA ﬁde%ﬁ&%éﬁ%ﬁb%ﬁ%gne) or
ethylene glyetitinestiiicidl 24 Fbpoty Kidss, anecretitecqiaigsothitromethdosadreniiranes.gnigoeahips,

glass plates, Qs MeAHFAMAY SURAMBderivative comprises the following amino acld sequence:

SEQ ID NO 2:
(1-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLKLPHDRGRGDIRTT
LRDLPRKGDCRSGNHLGPYSGIYIKPGPVYYQDYTGPVYHRAPLEFFDEAQFEEVTKRIGR
VIGSDGKLYHIYVEVDGEILLKLAKRGTPRTLKWIRNFTNCPLWVTSC-{168)

Another preferred derivative of the naturally occurring NP of a pestivirus, is the one wherein
in addition to the cysteine mutations described above, the arginines in positions 53 and 57



According to the present invention various types of solid phase supports may be used, such as the
supports basgd angelhyase, agarose (Sepharose or Macro-Prep gels), dexirap, (SSpharexgels),
acrylamide (Sephacryl, Trisacryl gels), silica (TSK, SW gels), poly(styrenedivinylbenzene) (Source or
Poros gels), ethylene glycol-methacrylate copolymersi(+oyopearl HW, TSK, PW, fractogel EMD gels)
or mixtures, in particular of agarose and dextran (Superdex gel). The supports approved for human or
veterinary use by the competent American authorities (FDA for food and drug administration) or the
Eurzpzan ldmtmdgﬂmﬁsoll\glliultfm&cpﬁéiﬁubﬁ;lgﬁki@@ﬁésl mﬁﬂé&b&s w%@mﬂ@wwmﬁ be
onded, pr valent ing, to the affinity ligand.according to the present invention (the
support is jﬁ%@ﬁ%ﬁ%ﬁ(ﬁﬁ F’zfe%%g%g’eeécg [ H eass{e%h@ﬁ%w ﬁ%%}? @g}%%%%;s%%%%atrix backbone,
any natural or synthetic and organic or inorganic material known per se to be applicable in solid phase
separation g&prateins gnd other biomolecules, e.g. natural or synthetic polysaccharides such as

couost, S T La Sy SR B LT DA L g BRI Ad: bonr
gum, xantheR IR HIROMIRS SN0 PSR RNy VTS SY HIQTLE S FOT FQPEBATKRIGRIINS;

gelatins; sy t- oo". e malypeidamidesanc methacrylamides;
polyimides; polyesters; polyethers; poly rﬁ\/%fn%ﬁ%fgfnpoung SUCh 2 %@%ﬁ% ohols and

polystyrenes; polyalkenes; inorganic materials such as silicious materials such as silicon dioxide
including amorphous silica and quartz; silicas; metal silicates, controlled pore glasses and ceramics;
metal oxides and sulfides, or combinations of these natural or synthetic and organic or inorganic
materials. The matrix backbone is preferably selected from agar-agar, agaroses, celluloses, cellulose
ethers suchf BESideeiiee gybest iheseresarh oxyandtinslse relotes frolyamines saateasribed above,
poly(meth)agpyhamigesiaalyyiipleahpiscsiisase aadeonuplied pare m&%sgw%@he@w

interesting solid phase materials as matrix backbones are e.g. agar or agarose beads such as
Sepharose \%?ﬁ%f%& g t@@a%st% Fﬁ@ﬁﬁi&m?g%ﬁf Bidrash o8f sueiRinm desidiR A fienrTiRi AoV A,
dextran basédbbebuisesupirehSuiplaacien dedanriduiaiBiopdated byl oserbpaiid keafland membranes
such as Perloza cellulose from Secheza, Czechoslovakia; composite beads such as Sephacryl and
Superdex, Pharmacia Biotech; beads of synthetic organic polymers such as Fractogel from
Toso-HaasPIREKrasOBIE HisuRremsnt parealinn dsaiodgeativc 96An Butrssiare BB Pa@¥dcro
Prep from BibeaeinHic Wligod feparaspliosmémSpakiand bhweydmrdddisasrys nesiademBioserra,

USA, Enzagr Azlactone, 3M, USA. heads of siliceous materials syc ntrolled pore glass,
PROSED, f o B o U S YA B B e ot G e
form of beatidQ: Héhdbrihes, duttBat! B INDFI RS AT PiefitOB anchiGylel 0S epdfivatArbauhErshribiogies,
USA. Typicailbib salhehasasmaeRacibRacopiedAne eadling Wclegalapienld phase
matrix, may, eéﬁ, be !@t e form of irregular particles or spherical beads, membrahes or sheets,
moulded sURREEES: &lidRe 2rPLemnYHRARLS (itefial may further be fully or partly permeable or
completely impermeable to proteins. In a particularly interesting embodiment of the present invention,
the matrix ig f Ir | ith sizes in the range of 1-10000,pm,,
preferably 1051%%)%% %ffﬁ\lﬁcﬁ S J?é%oB%%@?ﬁﬁ%%ﬁf&%%ﬁc@%%ﬁ%%t%ngs %ﬁ’é’%%%ﬁ%?%%‘%‘i?@ pm,
preferably S52(0 phetminvh Svsian priveeride somprisatsiseruativey tbran ciuiridtsese N&Tsing
contrlolled NGRAY, it X S @Hai_m:ﬁmw_ Féf%é@%ﬁl i%?%ﬁe%ﬁ&%%?@?@%iﬁgﬂ&%‘EHQ%%ST&%%ﬁ%edd bed
conglomerates, which are especially applicable in large scale operatjons for fluidised or expanded be
chromatogré% %ea%hﬁé Egjgv %eﬁ@ﬁ{{c’oﬁf& RIS !ﬂfﬁgé%aﬂ&mmfé‘ﬁt higBEERPr6oN-pARKETEEIGHins,
e.g. simple bidcitalgssintdh A5 one dheniksldnine 4 k.| i4notienedtrditiptordseprasentiny entien
may be attasianchiitia aplitlhassaRIBHRkENYRE eERalsAl bR RE aci
applicable ?(?:athis purpose, either by a di?ect cfslemica:%fegctloriaéétweie%%h@bgmﬂ%ﬁﬁgaeﬁ@ﬂé)@c%?&ng to
the presentAYEREGT and the solid phase material or by a preceding activation of the solid phase
material or of the ligand with a suitable reagent known per se making it possible to link the matrix
backbone %E&ﬁlﬁénﬂ' Examples of such suitable activating reagents are epichlorohydrin,

ally

epibromohydrin, -glycidylether; bis-epoxides such as butanedioldiglycidylether; halogen- - 25 -
substituted @lipHElieESTRPBIKASKGUPHSHEEMIMDTAB R GRPSESHRRSTEX IR PRIGHNGaIRET

aldehydes suehasuuiptirdie SIRIRSEOANIBSA IR AP IOARRY el tiAS
sodium-me §§#%%3§ ar ogmligizgg’lg?gﬁﬁgzines ?ljg@as cyanuric ¢ or%l%(;; su onyﬁ(ﬁg%%\ées
such as tosﬁ b AR S P e LA RE A B DR TR MG WYTiS {168k thyIpyridinium
toluene-4-sulfonates; oxazolones; maleimides; pyridyl disulfides; and hydrazides. Among these, the
activating reagents leaving a spacer group SP1 different from a single bond, e.g. epichlorohydrin,
epibromohydrin, allylglycidylether; bis-epoxides; halogen-substituted aliphatic compounds; divinyl
sulfone; aldehydes; quinones; cyanogen bromide; chloro-triazines; oxazolones; maleimides; pyridyl
disulfides; and hydrazides, are preferred. Especially interesting activating reagents are believed to be
epoxy-compounds such as epichlorohydrin, al134-glycidylether and butanedioldiglycidylether. For

nantide affinityy chromatonnaranhy within the eceane Nf the Nnrecant invventinn  anyvy matriv ricefiil for the




As used herein the term %iligopeptides” shall refer to proteinaceous compounds, containing at least
three amino agidsoklisualy such oligopeptides have a length of up to 35 amine-acids,Jusigably a
length of 4 to 20 amino acid residues. Accordingly, in a preferred embodiment of the present Invention
the affinity chromatography system utilizes an oligopéptide ligand of five to twelve amino acids length,
more preferred of six to eight amino acids length, especially comprising a tryptophan residue, which
ligand selectively binds to the part of the fusion polypeptide exerting autoproteolytic function under
chaotropic conditions and maintains binding during change towards as well as under cosmotropic
conditions. Fhis. f inj raphy: s use of the ific hinding of certain
polypeptidegﬁqmgﬁéﬁﬁe%%iﬁgé&ggﬁg&é%ﬁ?ﬁ% E%%vfﬁn r%%%ﬁ%%@'eé?é%&o e&i&é‘%c%?é éafpable
of serving EafIRRY IRpRYas wRefrN than Aisdom srdrteddsiies mgisenantiedyalivb lifygretidmmolgase

selectivity, ¥ prices Bty aresusually saldenie ibhase featuses are considered as an advantage
especially when applied in a biopharmaceutical process. Peptide ligands directed against a target

molecule ¢ identifi bipatorial tide libraries or biological libraries in a way, known to
the person %ﬁﬁ%é@%ﬁ%ﬁﬁ%r@gﬁ 'SF ﬁi%é? %?rvéesnehﬁp iﬁ%&ﬁ%ﬂ‘;’asé&‘?%gﬁ %?8%085 &di n(?é was
performed éntfer.cibefizipic eddlinioisiiehestsatint ifaideast cowlitys nh ecpidisent idesntmml have
turned out tabesEes RN arARis iz hathealiltydaRineNB Ad MPIbiSigmeralsias fand
proteins being or co rl% g mcyt ntsil-gggof) der denaturing conditions, €.g. 4 M urea. Meth.dds for
peptide syn%gé%&fggf?ﬁ%n %"%m a%eg?' 3 %@?&rﬁﬁrgﬁiﬁﬁ%’@ {heé @ﬁ@ﬁb’@p%@&@g‘ﬁ%§%i@ﬁare
subject to tReiprésentinventdns P refbrabivoagid, (e pegiite iganss ale grnsrdicschy BFQhd

synthesis, RIN-RyNENESis W&MQ?§§ mix and split method, described in Ruiwu Liu, et al.
Experimental Hematology 31 (2003) 11-30 or the PELICAN method, described in Joseph A. Buettner
et al., Int.‘ergtide Prlg%tein Rest 1‘7 %L996 70-83, Several linker chemistries can be applied for
anchoring o He FIShsiPatRst hsprese %@Yﬁﬁ?@ﬁéﬁ%ﬁﬁﬁﬁ&%éﬂ?@f?ﬁ%@%m hOERfS, #fe
ligands are dfsoeikatd diseyrarsteleaniiafiesioa mdyiveniieil zedmoizdher chyomhio gbphisunpttcdse

another preferr [ fi [ ' ptide, ligapds ar nthesi irectly on
e et SRS UG  HE WA A0 B S BN gL'

oligopeptid&€tRapes @ Rovarae KigwiRG AMine sckiscavaiesrassiandedtidaning ¢hatR valioe () their
ability to sefetjvislylduinind\ Ry, 198" d3idprisieyisesina ARy sien nelversiides tereadiHndeirdesstning

conditions. Within:th ] t.invention such, igopeptide ligand |s directed against

the part of tﬁ}g[%@%ngg%ﬁgggp%%%cpﬁfd% %gwtr?gl'tﬁg%\r/tiecnﬁgﬁ r&@( &’%ﬁ?%ﬁ%%%&’é%@%ﬁ&%n a

further preféfe@hipisdim dnt Brmdhekgamingition the oligopeptide ligand has an amino acid

sequence selected from the group consisting of VSIFEW, AVSIEWY, AVSFIWY, VSFIWYK,

ASRFWYANDEY BIaRGADINFINR WG 1AE SRUM YAl UMY A Y SIFEYEY, AMSERYMY . AS BRWAK:

AFYRWYA@@&%&X&/&Q r’i“%%s F\elavfgocs ol AFYRWYAA and AFYSVVYAA. Within the scope of the
ptide S

present invention oligop ﬁArﬁ%ya%‘é”Bsaé’&dﬁﬁWﬂ%% N-terminus or with a blocked

i
igan
N-terminus, blocking being achieved e.g. by ac(et)ylation. Most preferred is an embodiment of the
present invepipmpwizeein the derivative of the naturally occurring NP") of CSFV according to SEQ 1D
NO 5 (sinc%@%wﬁ?g%m{t is. mutant has a sequence motif "EDDIE" from residue 53 to 57
(instead of i | P %V%?M?gﬁ@&ﬁéfﬁmPmﬁﬁﬁkﬁfﬁ%%mgﬁmed
"EDDIE"-mutdint REHB CRESSHDEB Y M dHKPGHAY YR ORDPERIRIgRIEFsEIETRAH FoNTireaEReuUp
consisting of AW YA A4 . rdingly, preferred
affinity Iigagfjs are seE@:ﬁ%ﬁ%ﬁ%&%ﬁ%@%&%ﬁ%@%ﬁ%&@gﬁﬁv%%DWY VSYDWY,
VSVDWY, VSWDWY, VSYDWY, VSFDWY, VSDEWY, VSEEWY, VSIEWY, VSYEWY, VSVEVVY,
VSWEWY, WX EVahovel Eitdt HEIEHAY ¥ stdaEhiVore RIADNVL IR BRY\réiakdls VPV N RIRWELVVY,
DDYDWY, DFIZ;EV%\@( VSIFV‘(’/Vgé FSIEEW, WSIFE(W,\[ LIWY, VSLIDW, VSLIEW, VSLIWE, FSLEEW,
vsDLDW, JESTERR 37 oWe ViR £ P RR YRS RRIE LRSS Gt NBIE L7 BYlapElises?,
VSIEWY, -8 of CSRV\IvawingSi Issyyensy dnee i@\ IVEE OISR, VSFIWE, VSIFEW, VSIFWE,
FSIFEW, WSIFEW, VSLIWY, VSLIDW, VSLIEW, VSLIWE, FSLIEW, WSLIEW, FSYFEW, FSFYEW,
WSFYEW, FSYIEW, WSYIEW (all these peptides are binding Nrx at pH 7.3), AFYTWYA, AFYRWYK,
AFYRWY, A PRAAPEA SRpER\REReried cRsnpviatherpresmyiansen oy Yalaias LIR Vi Yoxoeasmi R e,

AFNRWY Ap/SBERIY &, RHQRONYA AoRIRY XA AESBYAYAbAET RNMYA A YR Ao /YA,
AFYFWYA,C%\%@,&IEY%WY@,aAFY‘ﬂ%AR\éV;\;@aAFYL}LW?%gPWYA, AFYTWYA, AFYVWYA,
AFYWWYAS NIRREAER PaR 8 RS RRWRY A HSRERNIS 2rerHARAP 2SRRI A,
VWRNVVYA, VYRNVVYA, VSRAWYA, VSRFWYA, VSRWWYA, VSRYWYA, VSRNFYA, VSRNYYA,
VSRNWFA, VSRNVVWA (all these peptides have a specifically high affinity to NPR) mutants with the
EDDIE motif in amino acid residues 53 to 57), Ac-AFYTWYAK, Ac-AFYRVVYKK, AcCAFYRVVYK,
Ac-AFYRVVYAK, Ac-AFFRWYAK, Ac-AFGRINYAK, Ac-AFHRVVYAK, AcAFIRWYAK,

Ac-AFLRWYAK, Ac-AFMRWYAK, Ac-AFNRVVYAK, Ac-AFPRWYAK, AcCAFQRWYAK,

Ac-AFRRWYAK, Ac-AFSRWYAK, Ac-AFTFIWYAK Ac-AFVRWYAK, AcCAFYRWYAK, Ac-AFYFWYAK,
Ar_AEVOC\/\/VAK Acr_AEVI\/\/VAK Ar.AEVM\/\/VAK A~AEVN\N/\/VAK Ar~_AEVDPWYVAK

¢




In a particularly preferred embodiment of the present invention the spacer is generated by reaction of
the chromatggsaphie madsix with diaminodipropylamine (DADPA) and subsagugrtrseqagiigagyith
succinic anhydride (SA), The resulting terminal carboxy group on the spacer is chemically activated
and preferably linked to a terminal amino-group. The{igand is immobilized on the matrix or on the
spacer via a reactive group that it comprises. In the case of peptide ligands such reactive groups may
be either the amino, carboxy or the sulfhydryl group. Within the present invention anchorage of the
peptide on SECMENINOr HHevspager mie@cﬂrtmia@pamgihi@ Qartisulanymaeéariech Wheonite(inding of
the fusion kR ggﬁﬁ)}t (frt%gerscr maﬁ)&r n(fgén has been eccempllshed, unbourrd contaminating
components can e y be Washt e co uch contaminating compounds might for example
be host cell polypeptides and nucleic acids, which were occluded into or adsorbed on the inclusion

bodies, andiremain.dtee.Paly BaRijiesebaior-aliar Sell DrA RN MReNeH AR rasichal sampeRsRs from

an enzymatjc c cell disruption. After washing qnly the fusion polypeptide remalns bound to the column
so that the ool stsHE 4ré'c L?g?ésﬁ% YRIAREG 'S8R S BiRATh § OF R PTESTON FORMEae%
establishecbcmdmsehéim&rfqﬁmmmefwhﬁrm:@eﬂﬂense In order to induce refolding, conditions are
changed to cosmotropic. In a preferred embodiment the step of refolding of the fusion polypeptide is
performed by the chan e from chaotropic to cosmotropic conditions via buffer exchange. Buffers can
be alternati %%%H or mstantaneously changed to cosmotroplc condrtrons In one preferred

embodiment piiEe sl PRV AP0

conducted ?ﬁ@rh '
embodiment of the presen ‘ ad ]
fusion polypepiB&td-Hd kv f&ﬁ'@@@ﬁﬁﬁ@“ﬁﬂ@ﬁb\m@@ﬁ&ﬁﬁ)eptlde mrght be

facilitated if the buffer exchange is accompanied by a temperature adjustment. This can, for example,

be introduc cooling/he tln et. Therefare, in a preferred embodiment, a coollng/heatlng
jacket is ap%f @g(f%? r%,g?ga é?fs@ﬁ?e?fﬁﬁdém’e@@f}“p?@?éﬁéb@@ AIREOGARRIGE BrobiRianof

desired temipsestivgqusop totdine i cltonibba teisoway wiusfekertipe fative adjystptiie iscaghiesed: Upon
change of ¢ he %‘?ﬁ‘@ o pattexering the
autoproteolﬁ%%ﬂﬁﬁ%&é@%ﬁe@%ﬁﬁAségareggﬁﬂt gt%%ﬁ%ﬁ? % é%ggég] ypeér%%eﬁéfbl?r?erge%t is

cleaved off &‘F‘ﬁ”ﬁi@tlﬁ&@i@ﬁ@iﬁf@ﬂ%@ﬁilﬂ?@ébéﬁi#ﬁfr@ﬂdﬁh@'éﬁéﬁdwcﬂ‘éélﬁk sritretkar dbysorleeady a
homogenousif-feaninismidiieeaiepiiteqRNSR R r{fRenrtivit o:taméme.required for refolding of
the fusion polypeptide, the velocity of the mobile phase with the cosmotropic buffer is reduced or

stopped when all chaotropic buffer is displaced from the packed bed. After refolding is complete, the
liberated poljpseptitieatverntrsstisapeinasedit Trefifs B/ pedukb dshdtidey forthe pfestin g wicdiem Biropic
buffer. The Bsigjgnig f&&tﬁpﬁr@m%m R Rl OB HURSRIAE ARl iAvailicl SAUED AisiRRs
polypeptide s eluted by conventional means, e. g. high salt concentration, a pH-change or NaOH to
regenerate Fh m@@%@m%@n%r regeneration the packed bed is washed with a buffer that

strips the autoprotease from the adsorbent. These buffers comprise either acidic or alkaline solutions
or organic sgg tgére equilibration with starting buffer/chaotropic buffer the packed bed is ready
for the next cyc en necessary, because the cleavage rate might not be as high as desired,

PTEQmPRETINGHDRIPCHCAHEEADRIGBIDIERS re-fed

into another nt invention. T*r liberated
polypepuded%%%@?@%%ﬁ%ﬁ%@!%ﬁ?ﬁﬁ%’fﬁﬁﬁé%@& e
partially or iff @SDRISIS(ERY WIVIASHE BOAVRGTRIETEOPE RNBENGBERAY TIR@AtES, the polypeptide of
interest in the effluent is either partially or preferably completely refolded. In one embodiment of the
present invention, refolding of the autoproteolytic active part of the fusion polypeptide might be
complete, while.th tide of interest remains partly unfolded. This situation can occur for
example whefEHER eBé’ly 5%8e Wp?ﬁéfeﬁ%ggdg'%?é) c&%p@?%ﬁfdm‘%ﬁ@ﬁ‘ e SamAEvE gRfoen
trimerizaton potoguolriEe SR pioS St oviiiotie cequenize oS dich o lFEEpHT NOf&ﬁtw&sRiﬁng‘bsmquire

particular C%ﬁrlggﬁd&dﬂ%t@oﬁm'%msw g;ﬁ&%%@@%naaa% ﬁe& %ﬂ«% rBftrat

completed in a separate step, where special conditions, e rotonic str e comglete
removal of d@@rg@ﬂ@%ﬁmﬁlﬁ%@ﬁsmrﬁ aﬁt@é@@?@lﬁn@!lﬁefd‘r@mgnc@mw@@nemeﬁ pcefembmhwrtrhe
scope of therprea@ntanYA0HEM HhAseNAitaPHE3oR6cEbR Y eehiasany, state where the fusion
polypeptide stays adsorbed to the column. The present invention also discloses oligopeptide ligands
and derivatives of N" of CSFV as described hereinabove for use according to the present invention.
The present invention also relates to the use of an oligopeptide and a derivative of N" of CSFV as
described hereinabove according to the present invention. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary skill
in the art. The present invention is described further with reference to the following examples, which
are illustrative only and non-limiting. In particular, the examples relate to preferred embodiments of the
present invention. Examples




Example 1: Production of a heterologous polypeptide in accordance with the invention, utilizing peptide
affinity chronyagographysand different fusion polypeptides 1.1. Production ofq-hetesglagasspolyp
eptide utilizing fr autoprotease of pestivirus This example describes the production of GFPmut3.1 as a
fusion polypeptide of pestivirus autoprotease 6xHis-N3 whereby refolding and cleavage are performed
on a peptide affinity matrix. The GFPmut3.1 used in the fusion construct with N" in the examples
hereafter, is a mutant of GFP which is optimized for production in E. coll. GFPmut3.1 carries the
following artiiforaefdrreglacemimisioSH2 ipresplacadentkin ¥, 1Bc6fcviithite anaSalidsroepiasad vith A.

Position 17 ' [ -SNp-Gmut3.1-pET30a
et to the o B S B e R e
described UHdERS! 97 PR olowinosateiie wrideskevhAaneh erisagetisaininfoffetlasiidaeited in
1.2.2 belows4,. Ialghwenraograpiyaaupent Jhe chromaiographyd Uesdhexamplgsl argmedormed

on an AKT lorer, chromatography syst ersham Biosgiences). The prepared peptide
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4-hydroxyn@p¥}-gm gmé@ﬁﬁ&olyswrene-l% divinylbenzene resin (HMP resin, Wang resin).
Protecting groups for side chains are tertbutyl (t-Bu) for tyrosine, serine and threonine, OtBu for
glutamic acid and aspartic acid, tertbutoxycarbonyl (Boc) for lysine and tryptophane and trityi (Trt) for
cystein, histidine, asparagine and glutamine. For the coupling of the first amino add
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20% piperidin., Side chain deprotection and cleavage from the resin ar y reaction with a
cleavage mAAGRP BRI YSinHEURREHSEBRERPEA), 2.5 % water and 2.5 % triisopropylsilane
(T1S). After washing with dichloromethane (DCM) the crude peptide is purified by repeated ether
precipitatio%gtﬂqw%_by lyophilization. The peptides are further purified by RP-HPLC on a Luna 15 p
018(2) 250 x 21.2 mm column (Phenomenex, Torrence, CA, USA) with P 3500 pumps (Amersham
Bioscienced ! BB AIEFSWeER KGRy 8 VRER\Orad G RAL-E GUPS EYHBRAIRTE KEPWEREEDDIETTA) at

30 mi/min. RrefypRReiORSAMIaNRYSER REEIRAWHT-AdBR AR Mo I-eiamatoaraRR tiewlett
Packard, U%ég%ﬁ a luna 3p 018}(@)1 100 x 4.6 mm colu%fxl*ghenomenex) with a linear gradient of
1% acetoniti it Y Mo aE R PARRE AR SEIHEINGP Ak 41884 laser WO
2006/113959PCT/AT2006/000168 - 33 - desorption ionization - time of flight mass spectrometry
(ThermoBiogg@)(éi%SIjempstead, UK). 1.1.3 Preparation of affinity matrix

(1)-MELNHFELLYKTSKQKPVGVEEPYYDTAGRPLFGNPSEVHPQSTLKLPHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDESQFEESTKRIGR
VTGSDGKLYHIYVEVDGEILLKNAKRGTPRTLKWSRNSTNCPLWVTSC-(168).

SEQ D g€
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLKLPHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDESQFEESTKRIGR
VIGSDGKLYHIYVEVDGEILLKDAKRGTPRTLKWSRNSTNCPLWVTSC(168).

SEQ D 97



The affinity matrices used in example 1 are prepared in the following way: 10 g of Fractogel epoxy (M)

(Merck, Dargtaglis/saesaany) is reacted with 50 ml 1 M Diaminodipropylamigg {d2AdaEéss {es 48 hours
at room temperature. After the reaction the gel is washed with a 50 ml 20mM HCI and 3 times 50 ml

water. The gel is resuspended in water, the pH is adjdsted to 7.0 by addition of 0.1 M NaOH and 2 g of
succinic anhydrid is added. After 30 minutes gentle stirring the pH is adjusted to 7.0 by addition of 10
M NaOH and another 2 g succinic anhydride are added. After another 30 minutes stirring the gel is
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way: 1 g oMiBERrEKiogel &/ RidaiicilMAth s BA DA SA/EPRbET TR 8 S¥NTECHI68apter 1.1.3 and
washed 2 times with 5 ml Acetonitrile. Activation is perfomed W|th 3 mI 0.1M

SuccinimlséltrlchIoroethylcarbonate and 0.1 M triethylamine dissolved in acetonitrile for 3 hours. The
gel is sub g%ﬁlg%ashed with acetonitrile and 1 mM HCI The peptlde AFYRWYA is dissolved in

PBS at a conegpiRHMEDR] BHnskakb i @f Ly rElamT reacted

o2 e rie A Yo b i e e
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peptides on CIM-epoxy: Peptides are dissolved in a 100 mM Na2CO3 buffer pH 10.0 containing 0.15
M Nadi. The CIM-disks are mounted in a cartridge supplied by the manufacturer and the peptide

solution Is gfﬁm@*ﬁiﬁﬁﬁ@ﬂ tHEEIRghapeoafsk thsingdypariden plAnieeans ﬁ&%ﬁc@@ thea MHiRiation
mode for 48k aa@rmmwt@ewu@aw@m&wmi@cﬂﬁmm@dm o h@ﬂ@f&ﬁ@rpﬁeémefore
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(DE3) expresgivng ﬁmugmmp&ﬁyﬁeq)m@mmlgﬁgﬁm@meeméhammr& ghsernepeioginch ®tiigttag
and a C-teinaly fuPednRBY Sl AT b BrauhChgeie Wlad Iiltision BRYRSRIIG, o
comprises the following amino aci uence: ID'NO 23: 1 MHHHHHHELN HFELLYKTS

- OKPVGV LB BRI LB RIt SR A RIEHES: on snzyme Rhiblor, 2h anibody
and an antibody fragment, and the like, for example interferon alpha 24, interferon alpha 2B,
interleukin-3, interleukin-6, human growth hormone, (prolinsulin, insulin like growth factor,
granuiocyte-colony stimulating factor, granulocyte macrophage-colony stimulating factor,
macrophage-colony stimulating factor, interferon beta 1, bovine somatropin, porcine
somatropin, interleukin 11, interleukin-2, a2 Fab-fragment, and small peplides such as
calcitonin, parathyroid hormone {PTH), or a glucagon, CD 40 ligand soluble form,
plasminogen activator, sex steroid binding protein, epidermal growth factor, tissue factor
extra cellular domain.

S

in addition the polypeptide of interest can be any other kind of polypeptide in particular a
polypeptide which is espedially suited for analytical methods, e.g. Green Fluorescent Protein.

In the expression vector to be employed in the process according to the present invention,
the fusion polypeptide is cperably linked fo at least one expression control sequence.
Expression control sequences are, in particular, promoters (such as the lac, tac, T3, T7, &rp,
gac, vhb, lambda pL or phoA promoter}), ribosome binding sites (for example natural
ribosome binding sites which belong to the abovementioned promoters, cro or synthetic
ribosome binding sites), or transcription terminators (for example B T1T2 or bla).



60 61 DIRTTLRDLP RKGDCRSGNH LGPVSGIYIK PGPVYYQDYT GPVYHRAPLE FFDEAQFCEV
120 121 TICRIGRUNGSSDGKLYHIYVC VDGCILLKLA KRGTPRTLKW IRNBINECPEW 60168

VTSCSGTMRK 180 181 GEELFTGVVP .5

The vector may alse contain sequences encoding fusion domains, as described below, that
are present at the N-ferminal end of the fusion polypeptide and that are required for its
binding to the affinity chromatography system, e.g. polvamino acids like polvlysine or, for
immuneaffinity chromatogography, so-called “epitope tags”, which are usualty short peptide
sequences for which a specific antibody is available. Welt known epitope tags for which
specific monoclonal antibodies are readily available include FLAG, influenza virus
haemagglutinin (HA), and c-my¢ tags.

In a preferred embodiment of the present invention, the expression vector is a plasmid,

The transformed bacterial host cell, i.e. the expression strain, is cultivated in accordance with
microbiological practice known per se.

The host strain is generally brought up starting from a single colony on a nutrient medium,
but it is also possible fo employ cryo-preserved cell suspensions (cell banks). The strain is
generally cultivated in a multistage process in order fo obtain sufficient biomass for further
use.

On a smali scale, this can take place in shaken flasks, it being possible in most cases to
employ a complex medium (for example LB broth). However, it is also possible to use
defined media (for example citrate medium). Since in the preferred embodiment of the
present invention it is intended that the expressed fusion polypeptide is in the form of
insoluble inclusion bedies, the culture will in these cases be carried out at relatively high
temperature (for example 30°C or 37°C). Inducible systems are particularly suitable for
producing inclusion bodies (for example with the trp, lac, tac or phoA promaoter).

On a larger scale, the multistage system consists of a plurality of bioreactors (fermenters), it
being preferred to employ defined nutrient media. In addition, it is possible greatly to
increase biomass and product formation by metering in particular nutrients (fad batch).
Otherwise, the process is analogous to the shaken flask,

in the process according to the present invention, the inclusion bodies are isolated from the
host cell in a manner known per se.

For example, after the fermentation has taken place, the host cells are harvested by
centrifugation, micro filtration, flocculation or a combination thereof, preferably by



ILVELDGDVN GI1KFSVSGEG EGDATYGKLT LKFICTTGKL PVPWPTLVTT 240 291 FGYGVQCFAR

YPDHMKQHRREKSAMPEGYV QERTIFFKDD GNYKTRAEVK FEGDTLVNRY,300,3940 kK GIDFKED
GNILGHKLEY NYNSHNVYIM ADKQKNGIKV

- 16 -

centrifugation. The wet cell mass is disintegrated by mechanical, chemical or physical means
such as high pressure homogenizer, beads mills, french press, hughes press, osmotic
shock, detergents, enzymatic lysis or a combination thereof, Preferably, disruption of the
celis {akes place by high pressure homogenization. In the preferred embodiment where the
recombinant fusion polypeptide is deposited as inclusion bodies, the incluslon bodies can be
obiained for example by means of high-pressure dispersion or, preferably, by a simple
cenfrifugation at low rotor speed. The inclusion bodies are separated by centrifugation or
microfiitration or a combination thereof. The purity in relation to the desired polypeptide of
interest can then be improved by multiple resuspension of the inclusion bodies in various
butfers, for example in the presence of NaCl (for example 0.5-1.0 M) andfor detergent (for
example Triton X-100). Preferably the purity of the inclusion body preparation is improved by
several washing steps with various buffers (e.g. 0.5 % Deoxycholate followed by two times 1
M NaCl solution — and finally distilied water). This usually results in removal of most of the
foreign polypeptides from the inclusion bodies.

In preparation for the affinity. chromatography, the isolated inclusion bodies need fo be
soiubilized.

The present invention relates to a process as described above, where prior to application to

the chromatography system, the provided fusion polypeptide is solubilized under chaotropic
conditions that inhibit its autoproteolytic activity.

As used herein the term “chaotropic” shall refer o conditions where no or little intra-
molecular interactions can be observed. These conditions can be achieved for example by
addition of detergents, alcohol, urea or guanidine HCL Conditions may differ for different
polypeptides. However it is within the competency of the person skilled in the art to adjust
conditions accordingly for any respective polypeptide.

The inclusion bodies are solubilized using a chaotropic agent. Upon solubilization inclusion
bodies are dissolved and a monomolecular suspension with substantially reduced intra- and
inter-molecular interactions is obtained. Preferred solvents are urea, guanidine HCi and
strong fonic defergenis as N-lauroylsarcosine. In another embodiment of the present

invention inclusion bodies are also solubilized using an agqueous alcohol solution at alkaline
pH or simply an agueous solution at alkaline pH.



NFKIRHNIED GSVQLADHYQ 360 361 QNTPIGDGPV LLPDNHYLST QSALSKDPNE KRDHMVLLEF
VTAAGITHGM:RELX 16958 he bacterial host cell, i.e. the expression strain, igculivated ¢gsagcordance
with microbiological practice known per se. The strain is generally brought up starting from a single
colony on a nutrient medium, but it is also possible-td’employ cryopreserved cell suspensions (cell
banks). The strain is generally cultivated in a multistage process in order to obtain sufficient biomass
for further use. On a small scale, this can take place in shaken flasks, it being possible in most cases
to employ a complex medium (for example LB broth). However, it is also possible to use defined media

(for examplescifgatermesiuny 1ok RBIGHIIVALAN sR-AMat Vel ume RIBseu UG el dheib o SiFainhe
(inoculated,w'%p a siﬁgl colgn (%é with cell stpension from a cryo-culture) is grown, the temperature
for this cullV SO eray BUAY BHEEH o e P BRUBE RRSIHOR P 1S MRS
routinely tovdperdtératmdtdtivelpdigtetenspendaniesfatienmmple 30C or 37C). The main culture is set
up in a larger volume (for example 500 ml), where it is in particular necessary to ensure good aeration
(large volume of flask compared with the volume of contents, high speed of rotation). Since it is
intended thatESTEediBA ke Prhdizaion oklichisipmieminneviiinbie s6aies tha@eraAtSUNRFIOII in
most casesmmww@mp@f?mﬁw ae@/damwﬁeimmram@(é@a pnmlg@grﬁ%&aﬁcm@w&lﬂ, )
systems ar ' ¢ it or producing. inclusion bodies (for example with tip, lac, tac or phoA
promoter). %@ﬁ%ﬁé%@%ﬁﬁ%ﬁ%gﬁ%@t@ﬁag %8%“%‘8%%88* ﬁs%gﬁ%%te gieﬁng’ptical density of 0.5to 1.0
in shaken flasks), in these cases the inducer substance (for example indoleacrylic acid, isopropyl
pi-D-thiogaigeiaRy rrreside=iRI Ghisipdded @nthircubalienls seiinediokido RPUES R this
time, most of tg$ NI' fusion polypeptide is deposited - 35 - as inclusion bodies in the bacterial
cytoplasm.cﬁql 5 ggﬁ%ﬁ% cells can be harvested and processed further. On a larger scale, the
multistage system consists of a plurality of bioreactors (fermenters), it being preferred to employ
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the process. In addition, it is possible greatly to increase biomass and product formation by metering in
particular nBIHEE Rl d'BEResN et ShRiecRe Brihedusienwak g iersihechdhedoliguing & dample,

a preliminasgistadiipefcrmdaesitar badles.main stage fermenter are used, the cultivation temperature being
chosen similar to that in the shaken flask. The preliminary stage fermenter is inoculated with a
so-called inoculum which is generally grown from a single colony or a cryoculture in a shaken flask.

Good aeratidi® & bilged aelvberriideds dobentiitod andseaplishis dhe whsameiparashyeisiem dyd

especially ipdahgRisnsians BIRRebhiGRdRsisHRy ANaa8. MHFi AW evsse BrSRESrEasasRRMmade
distinctly logger or[[‘;;)?red t%the shaken %&skt'@e r&s%[]tn%g{ cells are_once asgaln delivered for further
processing. 1 G S R &Y SEh B ] ed su al"the part of the fusion polypepiide that

exhibits the autoproteoiytic function is selectively recognized and bound under denaturizing,
chaotropic conditions. Under these conditions the fusion polypeptide is denaturized, and
inactive. In the course of the processing of the polypeptide on the column, conditions are
changed fo renaturazing, cosmotropic, with the result that the fusion polypeptide folds back
into its native configuration and the autoproteciviic function is activated. The binding of the
part exerting the autoproteolytic function is maintained during the change of conditions.

As used herein the term "cosmotropic” shall refer io conditions that promote molscular
inferactions and therefore formation of biclogical structures. Conditions may differ for
different molecules. Citrate, and sulfate ions as anions and quarternary amines or
armmonium ions as cations exhibit the highest cosmotropic effect. Also other reagents, such
as detergents or redox systems, may be introduced to promote refolding. It is within the

competency of a person skilled in the art to adjust conditions accordingly for every
respective polypeptide.



After harvesting, the cells (850 g wet weight) are suspended in 2500 ml of 50 mM Tris/HCI, 5 mM
EDTA, 1 % TuitennisA92spH 8.0. The chilled suspension is passed through a-ARYs2QR0.high pressure
homogenizer (Invensys) for three times at 800 bar to disrupt the cells. Between the passages the
suspension is chilled on ice and homogenized usingi@n-Ultraturrax. The homogenate is centrifuged at
low speed (JLA 10.500, 7500 rpm, 30 min) to obtain the inclusion bodies containing the recombinant
fusion polypeptide. 1.1.7 Solubilization of inclusion bodies The pellet is suspended in 50 mM Tris/HCI,

5 mM EDTh, frideipisom¥-diidnaitbgramndseeniniiigehid s stepisappsaticy AftdsragdRQapashing

step the pellet i in E The obtained.inclusion baody-suspension.is stored at -20 C for
furtner vsel TS SLRTEE SOl AR AR W ST PRI D& b B
DTT, pH 7888 réBiindhthéiettirecisefuliie espsgohénentinsrdineveatty sénfuganomipopaiiveptide
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mM Nac urea, p o, reach a palypeptide copcentration of about 2 mg/ml. - 36 - 1.1.
Binding of e NGl POTDSEEEF it QHFOTE BERSRR: LRI G D PARAS BBt s
applied to affirdigtogetid® ADPA-SA-VSFIWYK (0.5 x 5 cm) matrix, whereby preparation and coupling of
the respective peptide is conducted as described above in 1.1.2 and 1,1.3. The column is equilibrated
with 50 mM _Tris/HCI, 100 mM NaCl, 4 M urea, pH 7.3 with a linear flow rate of 50 cm/h. The flow rate
is increase&hsPBsias MM v SRR RMITRRIBToR UbeL Wihin dimererrrdrioyisighaesnbibinat §indterial
Unbhound C@@ﬂﬂ@@@%ﬁi@mﬁﬁptﬁﬁyiﬂm@cﬁﬁlMi(‘f@|§M§@@@M%ﬁéﬁ®?@im@%yf§é@h§fﬂsing
exchange to refoldi r, specifically to 0.5.M Tris/HCI,,2 mM EDTA, 3 % glycerol, 5 mM DTT, pH
7.3, is perf r?TEYéE%%ﬁ% 4%%0@&% \}éc') 'm%ggﬁi.qwaeRe%l3%i§y§|ggvaagse %’% e l%tio%nfgﬁeragﬁ%%n eg the
conditions frofrarigataepicwiicbshotiopiciate fweiog. polypepuiiaineallowed to refold for 25 h on the
chromatography resin by stopping the flow. The active autoprotease cleaves off the C-terminally fused
GFPmut3.1, The subsequent elution with refolding puffer at a flow rate of 50cm/h results in_purified
native GRPARGEINR B LGRS BF L S L Bt BRI ST PRSE. | PIpeably
Regeneratiea!@@bﬁmﬂm g?bﬂmcﬂmﬁﬂﬁamgféph}obﬁ_wmmrmmeurwgt@gmhhwa@%t adliow rate
of S9em/n. xR cpaaliadiatee e BARRALIE ARG gAY UGN AHEPHRIRERE O

pestivirus This example describes the production of GFPmut3.1 as a fusion polypeptide’of a mutant of
pestMrus abtprstessarRipred pantidenaifinitysiiomaesErteiolding and cleavage are performed on a
peptide affinity matrix. Preparation of oligopeptide ligands and affinity matrix are performed as
described i example.1.1,., the,same.chromagography equipment as described in example 1.1 is used.
PP s L R R
chromatography, wherein the fusion polypeptide comprises a polycationic tag. Even more

preferred is the use of either a polyarginine or polylysine affinity tag.

For cation exchange chromatography the expressed fusion polypeptide comprises an N-
terminal polycationic tag, for example a polyarginine or polylysine tag. The solution
containing the expressed fusion polypeptide that was extracted from the host cells is
{filtered} and loaded onto a column packed with any medium suitable for cation exchange
chromatography such as e.g. SP Sepharose FF, CM Sepharose FF, Fractege! EMD SO,
Preferably buffers with low conductivity are applied. After loading unbound material may be
washed out and refolding may be started by introduction of a buffer with low urea
concentration. At a urea concentration lower than 0.5M the target protein is cleaved off and
can be eluted from the column.

Another preferred embodiment of the present invention is one, wherein the affinity
chromatography system is anion exchange chromatography and wherein the fusion



A DNA fragment containing the gene for an N-terminally truncated NI3m including a 7-His tag at the
N-terminus issampéifieckdzg PCR primer pair: T7-pET (SEQ ID NO 24): 5- GMAT{tMicAGACT CAC
TAT AGO -3: NPr R-Kpn (SEQ ID NO 25): 5- ATA CGG TAC CAG AGC MC TAG TTA CCC ATA
ATG-3' from MPG-pET (Sandoz) plasmid and insert&8 via Ndel arid Kpnl (Asp718) restriction sites into
pPET-30a (# 69909-3, 2002-2003 catalogue, Novagen, CN Biosciences Inc., Merck KgaA, Darmstadt,
Germany). Transformation of the ligation reaction into E. coil DH5alpha (# 10643-013, Invitrogen
catalogue Z0UBHpRde cgETPlishs Feptiioniylissi@brijoratiselcr 609, Fatuamaragimis, RO Boxatilip
Carlsbad, Gadifornia 92008), isolation of plasmid DNA from transformed clones and-verification by
sequencing results in plasmid 7H-N-pET30a plasmid. From the plasmic, pGFPmut3.1 (#6039-1,
catalogue 1999, BD Biosciences Clonetech, 1020 East Meadow Circle, Palo Alto, CA 94303-4230,
USA) the GFRuritt3. preferueheenisodliseaiiplificddy RERprimer paititl BrEsKpioy SERHERNR:=26): 5-
GM AGG Tﬁ&&%}l{% EM&%@&%&&%&@FP R-Sal (SEQ ID NO 27): 5- TAA GTC GAC TTAlII
GTA TAG TTC ATC CAT GCC-3' Isolated by gel extraction and cloned via Kpnl - Safi restriction sites
into the 7H-NPR'-pET30a construct thus creating the amino acid sequence SGT

(75: r:\rre-g Iyﬁ?&o&mg@l{%}g@hi W@iﬁ%ﬁﬁméﬁﬂﬂwﬂ & S‘a@'@?é%ﬁ ﬁi&%nﬁf@i@ éﬁ@%ﬁ%&?&?@ﬁ%@w
-Np-GmMm = ola s veriie , AeSCLl ove. -o50-- I 0 uction o -
G-sp-ra T e R e o R R R 00 G RSt o308 Blypepice

ATGGAACTEMATFEM Mt ARG reUNtTacAAAACTAGCAAGCAAAAACCTGTFGGCGT
TGAAGAGCCGGTCTACGATACTGCAGGTCGTCCTCMTTGGGAATCCGTCCGAAGTG
CACCCCCAGTICAACCCTCAAGCTTCCCCATGACCGCGGACGCGGTGACATTICGTACAA
CGCTGCGB AT EFE AerEeiah RXEesEds AT felsded cré s R marse vA @ cnesat ggiete
GTCGGGGAHRIY ACATHAAHICTAGGTCCCGTCTATTACCAAGACTACACTGGTCCGG
ACCATCGTGCACCTCTGGAATTCMGATGAAGCTCAAI Ii | GCGAAGTGACT CGT
ATTGGCCGTGTAACCGGTTCGGA«CGGGAACTGTAQCACATCTACGTGTGCGTTGATG
GCTGTATECE BeeERistet cnbwira e arpntioenivcke ceirbrviy eliniydeds a
TAACTTC/}D@I?W]E@E@@&@@TGGGICACTAGTTGCTTCGTTAACCAACATCTGTGCG
GTTCACACCTTGTGGAAGCCCTGTATCTGGTGTGTGGCGAACGCGGATTCIII T ATACC

IMAC is based on the specific coordinate covalent binding between histidine or other suitable
unique amino acids (either naturally present on the surface of the protein or grafted with
recombinant DNA techniques) and various immobilized metal ions, such as copper, nickel,
Zing, or iron. Chromatographic materials known in the art for the use in IMAC may also be
useful within the present invention. In a preferred embodiment of the present invention, NiZ*-
Chelating Sepharose Fast flow (GE Healthcare, Uppsala, SE) Is used as matrix.

Alternatively, the affinity chromatography may be immunoaffinity chromatography, employing
epitope tags as described above which are present at the N-terminus of the fusion

polypeptide and are bound to the chromatographic matrix via an antibody recognizing said
tag.

Another, within the scope of the present invention a preferred affinity chromatographic
method, which has the required binding properties, is affinity chromatography using
oligopeptide ligands.

As used herein the term "oligopeptides” shall refer to profeinaceous compounds, containing



CCGAAAACGCGGCGCGAAGCCGAAGATCTTCAGGTTGGTCAAGTGGAACTGGGCGGA
GGTCCGGCHAGGIc@H43AGCCTGCAACCGCTGGCGCTTGAAGGGTCCCHGRAAAMGRE
GGTATTOTTGAACAGTGCTGTACCTCCATCTGCTCTCTGTATCAGCTGGAAAACTACTG
CAATTAATAA is custom-synthesized and inserted-i@tib-pUC119 ( NCB1 # U07650: National Center for
Biotechnology Information Plasmid Database, National Library of Medicine, Building 38A, Bethesda,
MD 20894, USA) by Operon Biotechnologies Inc. (1000 Atlantic Avenue, Suite 108 Alameda , CA
94501, USA) idzastthtbisspiasmidideelBatiyarocinsidiopseddencevindinnigH 47 bold, 35 amplifieddey PCR
using the following primer pair: 6H-r-F-Ndel (SEQ ID NO 29): 5"- CTC TCA TAT GCATCA CCATCA
TCATCA CGA ACT CM TCA Ill CGA ACT GCT C3' and Ins-R-Sall (SEQ ID NO 30): 5"- CTT TCG
TCG ACT BaroTingiT.dreueaedmmbrdns:rive (Ro0sLsER0 SORTTATROTIBMP oL B8na8YrapEY 30a

(# 69909- 3%&@%%@%&%@'&93@9@!% Al &'%Wdé‘%m@ﬂ&%d&gér% Parmstapisdaeamany)
str-Ins-pET30a. 6HsNPR)-Ins-pET30a is cut at the Spel

cut at the same restriction sites creatin

and Sall reﬁﬁéﬁoﬁ’%@”‘mg arlge ﬁ%%%?le?ﬁ%fﬁ@ %ﬁ@@?%@%ﬂ&ﬁﬁ’gk@s@’ bRl iarscaslsciiveiiny
removing thénseduehegdor @irthinfisiion Folyprephte errt?@amm@m@m@ Wm&m&ﬂmﬁ&mc{for
constructio [ d S C rag oding for
GFPmut3. 1ﬂgﬁf§t!%ate?ﬁ§ 3% li%%iﬁé%ctlon @% Ilgatl ﬁ‘g};%% %%@%%&ﬁﬁ#&?@ip@fg&p t%r the
construct 6Pp§ﬂIEQWnut3 1-pET30a is obtained, coding for a fusion of synthetic NP") with GFPmut3.1.
The DNA sequences are controlled as described under 1.2.1.1). 1.2.1.3 Construction of

S-Np-Ins-p T30 From th struct co talnl the DNA sequ for N
custom-syn hesa%%maﬁo egﬁnf d #\’Fg% %@E’?B GBEFSNn Bidt @t%;lf%% fodiee ﬁ% [ﬁ@%@gpr%fﬁﬁﬁﬁ{n
sequence réqiweﬁﬁ@amm m‘wm%ngﬁm fottowiteykodme frpairantibBditde (BE@PINOASY )
5" COCGACALATGRANECAATTHA) CRAS FornthassRSaLIBEOHD NG 3 Tosreaing

fragment is isplated ? arose gel electrophoresis and gel extraction and ligated via the newly

created resﬁ?@jﬁ@ﬂ‘%’tgg tgeigﬁa@glﬁiﬁomﬁ@éﬁs %ﬁﬁ@t\f@@%ﬁm&@tﬁﬂsﬁ%@%%m
restriction sitesiriladvBii#us exppenizéiofvblars migh Nl ins-piopRA@s: ﬂMIMmQMWIWS
12.1.1). 1. %h%t&?%ﬁ%%?%“t&%@ﬂf HERRIESG ‘é@d%v%ﬁl&%%ﬁ' nqg{&gﬁ%bﬁgﬁg% Sogfaining

the DNA sequence for N'-pro-insulin custom- syn esized and Inserted |

Blotechnolc}?jf&%‘ﬁéitﬁ@"w R FLBHYe FBAYINCY i anhented Wlla@md&ﬁéfhéﬁdh@vﬂ@@@ﬁrﬁﬁﬁ%w
N™-F-Ndel (@&621DrNExEdn, @Bebening for peptide ligands was performed under chaotropic conditions.

Methods for pepiide synthesis known in the art, are suitable for preparation of the
oligopeptide ligands which are subject to the present invention. Preferably though, the
peplide ligands are generated by SPOT synthesis, PIN synthesls, teabag synthesis, mix and
split method, described in Ruiwu Liu, et al. Experimental Hematology 31 (2003} 11-30 or the
PELICAN method, described in Joseph A. Bueftner et al., Int. J. Peplide Protein Res. 47
(1996}, 70-83. Several linker chemistries can be applied for anchoring of the first amino acid.
In one preferred embodiment of the present invention, the ligands are generated separately
and afterwards immobilized on the chromatographic matrix. In ancther preferred
embodiment of the present invention, the peptide ligands are synthesized directly on the
chromatographic matrix.

The oligopeptide ligand exerts a high degree of specificity. The oligopeptides that are
synthesized within the scope of the present invention are characterized by their ability to
seiectively bind NP°, NP® derivatives and fusion polypeptides thereof under denaturing
conditions. Within the scope of the present invention such an oligopeptide ligand is directed



N13'-R-Sall (SEQ ID NO 32): -40 - 5"-CGC AGA GAT GTT GGT CGA CGC TGC MC TAG TG-3' and
inserted via te newlyigreated restriction sites for Ndel and Sall (bold lettersy¢ita thenye6iegpET30a
creating S-Np-6H-pET30a. From S-Np-6H-pET30a the NPr sequence is amplified by two standard 50
pl PCR reactions: one with 50 pmol NPm-F-Ndel prifier-(table 1 below) and 50 pmol reverse mutation
primer (3%), 5 units Taq DNA-polymerase (# GC 002004, 2004 catalog, Genecraft, Treskow &mile 10,
D-48163 Minster, Germany), Ix PCR buffer (# GC 002006, 2004 catalog, Genecraft) and 20 nmol each
dNTP mixt@ st dhe13004, Ff0tkecdtsion, Gevpertify); thecsatandtwitth60ipventidl-RxSalbpeitser (see
table 1 belowdoprst&pmelidayard mutation primer (5'-), 5 units Tag DNA-polymerase, Ix PCR buffer
and 20 nmol each dNTP mixture. PCR reaction takes place in a heated lid thermocycler using the
following program: 94C for 3 min; 25 cycles: 94C for 30 sec, 54C for 30 sec, 68C for 1 min; final
incubation &t 88Crfoer7mmifer Erkephmirsaretdmnoveddry @uAgitek(n:RER RipificalipmiKiniQ MGEN

GmbH, Qiaﬁ%ﬂ%@éé%ém%r‘:@@éééimeﬁ%@@@&8&%‘% 06, Qiagen Product Guide 2004)

according tg the manufacturers recommendatio quic pin Handbook July 2002).
One-hundr&ditt 87 btPoCREIEE¥Mbined and amplified in a standard 50 pl PCR reaction with 50 pmol
N'-F-Ndel psipdeiSEQPID N@31¥Fand 50 pmol W-R-Sall primer (SEQ ID NO32), 5 units Taq
DNAponm%.r %é%%grafgvgfp § buffer (Genecraft) and 20 nmol each dNTP mixture (Genecraft)
in a heated lid thermocycler using thé following program: 94C for 3 min; 25 cylces: 94C for 30 sec,
54C for 30 SE& BBB®P:1 nii®HWaliacubation at 68C for 7 min. Free primers are removed by
QlAquick PER:Roirification Kitk@U@EEN) according to the manufacturers recommendations. The PCR
fragments ggé(r@gﬁ@d via u- Sall restriction sites into vector pET30a. The construct is then
used for the u al%h tEp"“Mils is done in six consecutive steps to introduce the amino add
changes oriEE=RY IBrdOsEle ity g véGpective primers as indicated in table 1 below. The outcoming
plasmid of g@@@%s%gpngpw DNA sequence analysis as described (see 1.2.1.1). The last
mutational ste gll55T and F1587) is done by a single PCR reaction with the primer pair NrAt-F-Ndel
(SEQ ID NGB BAPW Ao8RA¥850PCT/AT2006/000168 - 41 - 5-GCA ACT PLOT GAC CCA CAC
TOG ACA SET RGNUGIET QVEIREGYGOT CCA Il 1 CAG 0-3" and the resulting PCR product is
inserted vias@g Np&@g@ﬁag}%@\ﬁ&l{etters, table 1 below) restriction sites into S-Np-6H-pET30a. DNA
sequence analysis as described (see 1.2.1.1) verifies the sequence of construct EDDIE-6H-pET30a.
Table 1: Fr%é@ﬁ‘ﬁ@-éﬁ-péWEDDlE is amplified by PCR using the following primer pair:
6H-Nr-F-Ndsst( S5 RAD §O A9 NaR-Sal, (SEQ ID NO 32) and the resulting fragment are used to
replace Nr%%&grl%g r tlif% SE%?%%{% del and Spel (bold letters) in the construct S-Np-Ins-pET30a (see
1.2.1.3) creafin IE-Tns- Oa. The vector 6H-EDDIE-Ins is digested by Spel/Safl, the larger
fragment isBle@tPHy@&le|cbEBPMOrédis and extraction, thereby removing the sequence for pro-insulin.
The insert igggneraiec:py a@ﬁm’construct containing a synthetic sGFPmut3.1 gene -42 -
TGCAGCAAAGGCGAAGAACTG11l ACCGGTGTGGTGCCGATTCTGGTGGAACTGGATG
GCGATGTEAAERN & T ARKT MY ABCGTGAGCGGCGAAGGTGAAGGCGATGCGACCTA
TGGTAAACTGACCCTGAAATTIATTTGCACCACCGGCAAACTGCCGGTGCCGTGGCCG

ACCCTG L GGTTATGGCGTGCAGIGCTITGCGCGCTATCCGGATCACA
TGAAAC@@@‘%@%%%%%&M&*&%‘ EAT 66’&%?9@ BRI TRRY 8 AReuiB Adtse N-

terminus or with a biocked N-terminus, blocking being achieved e.g. by acetyiation.

Most preferred is an embodiment of the present invention, wherein the derivative of the
naturally occurring N*° of CSFV according to SEQ 1D NO 5 is used in combination with an
oligopeptide ligand selected from the group consisting of SEQ 1D NO 10, SEQ ID NO 11,
SEQ ID NO 12, SEQ ID NC 13 and SEQ ID NO 14.

Therefore, the present invention also provides an affinity matrix comprising a solid phase
and an affinity ligand comprising peptide bonds coupled to this solid phase, wherein the
affinity ligand comprising peptide bond is selected from the following group of ligands:



Al AAAGATGATGGCAACTATSASAAACCCGCGCGGMGTGWI Il GAAGGTGAT
ACCCTGGTaMeieGas TGMCTGMAGGCAUGAI | | AAAGAAGATGGTAAGATE6E 00158
GGGCCATAAACTGGMTATMCTATMCAGCCATMCGTGTATAUATGGCGGATA A AC AG CGGTATT
GTGAAC | Il TTCGCCATAACATTGAAGATGGCAGEGTG
CAGCTGGCGGATCATTATCAGCAGAACACCCCGATTGGTGATGGCCCGGTGCTGCTGC
CGGATAACCATTATCTGAGCACCCAGAG CGCGCTGAGCAAAGATCCGAACGAAAAACG

AT A A A ot T B e th

[ 3 stam-prepared by Operon Biotechnologies Inc with the
primer pairaggﬁu%%&? %%%ﬂﬁﬁ%@ﬁg% TCC ACT AGT TGC AGC AM GGC GM G-3' and
SGFP-R-Sh) (SE@HDieCU)ishg tha BBTITEXSRAWhRETAE Ik CAGLEOND a:8 radiduparified
PCR prodygt ds dhen,digestedavin spelt Balangd igated wtothe,Sgelsall fragment of 6H-EDDIE-Ins,

thereby substituting the proinsuline gene by sGmut3.1 to form the construct

6H-EDDIERGmRRY - APIEP S5 srHE TN L GHARES Sekbpwarant BefFoHE S AesE8er &l (see
1.2.1.1). 12 an@rarsidmnainincEedironunee sitheejlnareprertngironF ame M moéfeasiariaigulture
(grown at ] 1 Q-0 D). ILsyspensiqp is co ice for.15-min
(continuou&%ﬁ’%‘%ﬂﬁ&eﬁ%@&%?%%ﬁ? ?’E&gﬁ m@sa%ggl ?#(Qeﬂs %%?%ﬁ%r%&eérﬁbggﬁmpletely.
The remairiphyf-péllatdsndysd¥bend in one liter of de-ionized water at 4 C, spun down (4 C, -43 - 2500
g 110 minjagainandwashatBdinesdasal-midrgenzeshyataideGmatiiermitanbesniEiveng
steps (4 Cu zggog 10 min) TQ eIIFt is finally, washed with 50 ml 10% sle_rlllze(a lycergl solution (4
) pelletedCo8H5S FEbAH 1 he YU R A IS 6 e AiLB BRI LBIE 2 (4 ©),
frozen andastinedaidsegitiadiguots at -80 'C. One aliquot of electrocompetent cells is thawed on ice,

1p1 of ligation reaction containing 5ng DNA added and transferred without air bubbles to an
electroporation cuvette with 1mm electrode fﬁa'& Electroporation takes place with a BIO-RAD Gene
0

PulserTM (Bi6SR &Lk desnsitdiaisa Waba i b e ishideprs cuplacuer dasciiped SareIN: n,
1652077, lafp&didipde BedeEIthiE mlivativdO88) fnsivding Bik-RakRqiuismciintiblehéBidifkads

Laboratori . red; \Y e ' 98. Life Science
Research %?og(}ﬁg}%%%%g%i%to 5 Rl:\%;é §§ f’ggﬁ%%%ﬁg?\?ﬁé@*#ﬁ@%%%ﬁﬁ%@ﬁ%ﬁ‘g%ﬁ%_5 ms.
Immediatel§oidteanandsisplundes insmatiosiosandiiptenat Baskitg Nedarbriras:, ®fospow/v NaCl)
is added apgdiaghsuspension transferred to a sterile 14 ml plastic tube and incubated for 30 min (37 C,
225 rpm). The suspension is then plated on selection medium. After incubation over night at 37 C
colonies are picked, transferred to 2 ml TY-broth and incubated over night at 37 C and 225 rpm. 1 ml

of the overhiggiecuityrthispepliddo aptasting jore pangtivr(yreiaalarckfertiotissarididgopladided”)
preparatior,sybigqiedipdestrction analuals R ad PN ARRIUSHT RS ALS! %Fé?&ﬁ?,%%é%@ce

analysis the plasmid is used for further transformation in expression strains by the method described

herein. 1.2 BPERNRbSEISRaSABRRRAGIB B/SEpTHE Fees Plisrnspitssoll RaviS!Y-EINIEES¢HNntaining a
PET30 plasmiselipgassinpavdusigafpobihentteoiihieni\3Eaminalritopsaioesaire tRimraHt and a

Coem) SRS B AR SRR A aRL Splili
preferred poly-amino acids are e.g. commercially avaliable poly-amino acids for culture
media, such as poly-KW, 4:1 (MW 20.000 — 50.000 Da; SIGMA product No. P9285), poly-
KY, 4:1 (MW 20.000 ~ 50.000 Da; SIGMA product No. P4695) or poly-KF, 1:1 (MW 20.000 ~
50.000 Da; SIGMA product No. P3150).

The affinity ligand according to the present invention may be chemically modified, especiaily
acetyiated, esterified, amidated, oxidised, reduced or provided with a linker moiecule.

The affinity ligand is preferably linked to the solid matrix by covaient bonds.
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As solid phase material, all materlals already applied in the present field are appropriate.
Preferably, the solid phase is selected from the group consisting of chromatography
material, especially supporis based on cellulose, agarose, acrylamide, poly(styrene-
divinylbenzene) or ethylene glycol-methacrylate copolymers, microliter plates, nitroceliuiose
membranes, microchips, glass plates or metal coated supports.

According to the present invention various types of solid phase supports may be used, such
as the supports based on cellulose, agarose (Sepharose or Macro-Prep gels), dextran
(Sephadex gels), acrylamide (Sephacryl, Trisacryl gels), sllica (TSK, SW gels), poly{siyrene-
divinylbenzene) (Source or Poros gels), ethylene giycol-methacryiate copolymers {Toyopeart
HW, TEK, PW, fractogel EMD gels) or mixtures, In particular of agarose and dexdran
(Superdex gel). The suppotts approved for human or veterinary use by the competent
American authorities (FDA for food and drug administration) or the European Union
agencies will be more particularly selected. In addition, the support selected must be
bonded, preferably by covalent bonding, to the affinity ligand according to the present
invention (the support is said to be functionalized). The solid phase matrix may comprise, as
the matrix backbone, any natural or synthetic and organic or inorganic material known per se
to be appiicable in solid phase separation of proteins and other biomolecules, e.g. natural or
synthetic polysaccharides such as agar-agar and agaroses; celiuloses, celiuiose ethers such
as hydroxypropy! cellulose, carboxymethyl celluose; starches; gums such as guar gum, and
gum arabic, gum ghatti, gum fragacanth, locust bean gum, xanthan gum; pectins; mucins;
dexirans; chifins; chitosans; alginates; carageenans; heparins; gelatins; synihetic polymers
such as polyamides such as polyacrylamides and polymethacrylamides; polyimides;
polyesters; polyethers; polymeric vinyl compounds such as pelyvinylaicohols and
polystyrenes: polyalkenes; inorganic materials such as silicious materials such as silicon
dioxide including amorphous silica and quartz; silicas; metal silicates, controlied pore
giasses and ceramics; metal oxides and sulfides, or combinations of these natural or
synthetic and organic or inorganic materials.

The matrix backbone is preferably selected from agar-agar, agaroses, celluloses, cellulose
ethers such as hydroxypropyl cellulose, carboxymethyl celiulose, polyamides such as
poly(meth)acryl-amides, polyvinylaicohols, silicas, and controlled pore glasses.
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Especiaily interesting solid phase materials as matrix backbones are e.g. agar or agarose
beads such as Sepharose and Superose beads from Pharmacia Biotech, Sweden and
Bilogel A from Blorad, USA: dextran based beads such as Sephadex, Pharmacia Biotech;
cellulose based beads and membranes such as Perleoza cellulose from Secheza,
Czechoslovakia; composite beads such as Sephacryl and Superdex, Pharmacia Biotech;
peads of synthetic organic polymers such as Fractogel from Toso-Haas, USA; POROS
media from Perceptive Biosystems, USA, Bio-Rex, Bio-Gel P and Macro Prep from Biorad,
HEMA and Separon from TESSEK and Hyper D and Trisacryvl media from BioSepra, USA,
Enzacryl and Azlactone, 3M, USA; beads of siliceous materials such as confrolled pore
glass, PROSEP, from Bioprocesing, England and Spherocll, BloSepra; and coated silica
composites in the form of beads or membranes such as ACTI-DISK, ACTI-MOD and
CycloSep from Arbor Technologies, USA. '

Typically, the solid phase matrix backbone, as weil as the resulfing functionalised solid
phase matrix, may, e.g., be in the form of irregular particles or spherical beads, membranes
or sheets, moulded surfaces, or sticks. The solid phase material may further be fully or partly
permeable or completely impermeable to proteins. In a particularly interesting embodiment
of the present invention, the matrix is in the form of irregular or spherical beads with sizes in
the range of 1-10000 pm, preferably 10-1000 pm; such as 10-80 pm for high performance
applications and such as 50-500 um, preferably 50-300 pm, for preparative purposes.

A particular interesting form of matrix Is a density controlled matrix in the form of a
conglomerate comprising density controlling particles. These conglomerates, which are
especiaily applicable in large scale operations for fluidised or expanded bed chromatography

as well as different batch-wise chromatography technigues in non-packed columns, e.0.
simple batch adsorption in stirred tanks.

The affinity ligands according to the present invention may be attached to the solid phase
material by any type of covalent bond known per se to be applicable for this purposs, either
by a direct chemical reaction between the affinity ligand according to the present invention
and the solid phase material or by a preceding activation of the solid phase material or of the
ligand with a suitable reagent known per se making it possible to link the matrix backbone
and the ligand. Examples of such suitable activating reagents are epichlorohydrin,
epibromohydrin, allyl-glycidylether; bis-epoxides such as butanedioidiglycidyviether; halogen-



301 IDFKEDGNIL GHKLEYNYNS HNVYIMADKQ KNGIKVNFKI RHNIEDGSVQ LADHYQQNTP 360

361 IGDGP\{4 RRINIB¥ESTQSAL SKDPNEKRDH MVLLEFVTAA GITHGMBPEL Y- 0dcaileare
cultivated as described under 1.1.5.
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substituted aliphatic compounds such as di-chioro-propanol, divinyl sulfone;
carbonyidiimidazole; aldehydes such as glutaric dialdehyde; quinones; cyanogen bromide;
periodates such as sodium-meta-periodate; carbodiimides; chioro-triazines such as cyanuric
chloride; sulfonyl chlorides such as tosyl chlorides and tresyl chlorides: N-hydroxy
succinimides; 2-fluoro-1-methylpyridinium toluene-4-sulfonates; oxazolones; maleimides;
pyridyl disuifides; and hydrazides. Among these, the aclivating reagents leaving a spacer
group SP1 different from a single bond, e.qg. epichlorchydrin, epibromchydrin, aliyl-
glycidylether; bis-epoxides; halogen-substituted aliphalic compounds; divinyl sulfone;
aldehydes; quinones; cyanogen bromide; chloro-triazines; oxazolones; maleimides; pyridyl
disulfides; and hydrazides, are preferred,

Especially interesting activating reagents are believed to be epoxy-compounds such as
epichiorohydrin, allyl-giycidvlether and butanedicldiglycidyiether.

For peptide affinity chromatography within the scope of the present invention, any matrix
useful for the immobilization of peplide ligands can be used. Preferably Fractogel epoxy (M),
from Merck, Darmstadt, Germany) or equally preferred “monolithic chromatography medium”
ClM-epoxy is used. The ligands can be Immobilized either directly onto the chemically
activated backbone of the chromatography matrix, or via a spacer or linker. in the lalter case
a spacer is coupled to the chromatographic matrix, said spacer is then chemically activated,
in order to altow binding of the ligand. Preferably Fractogel epoxy matrices are used in
combination with spacers.

in a particularly preferred embadiment of the present invention the spacer is generated by
reaction of the chromatographic matrix with diaminodipropvlamine (DADPA) and subsequent
reaction with succinic anhydride {(SA). The resulting terminal carboxy group on the spacer is
chemically activated and preferabiy linked {o a terminal amino-group. The ligand is
immobilized on the matrix or on the spacer via a reactive group that it comprises. in the case
of peptide ligands such reactive groups may be either the amino, carboxy or the sulfhydryl
group. Within the present invention anchorage of the peptide on the matrix or the spacer via
an amino bond is particularly preferred.



- 44 - 1.2.4 Isolation of inclusion bodies Disruption of the cells is performed enzymatically. Briefly, the
cells are suspgndediitkgkd ml of 20 mM Iris/NC, 5 mM EDTA, 2 mM MgCI2, pirf. 242506 &f lysozyme
and 300 U of Benzonase(r) are added. After incubation for 45 mm at RT,1.3 g Mae' and 0.5 ml Triton
X-100 are added. After another 15 min the suspensgg-is centrifuged (Beckman JA 25.50, 10 000 rpm,
15 min, 4 C) to obtain the inclusion bodies. 1.2.5 Solubilization of inclusion bodies The pellet Is
washed once in 20 ml of 0.5 % deoxycholate, twice in 20 ml of 1 M NaCl, then washed with H20. The

][es%tﬁlting pp}@%&aimgr@mt' thﬁi&%ﬁﬁ%@&&é@;iﬁq_ Eﬁ&@f@%&@@@l\% .hi'méé&sm#@éfs grémH@ééé-Z? ?E?tfor
urther use. An.aliquot of the suspension is ed.1l:5wi MM Tri urea 3to
dicsonve e E B ORI B FRRN AR IS PERRLNE IHERIbRS S TEEHE Aot ibon is
diluted 1: Blwite.50 mM Tris/HCI, 100 mM NacCl, 4 M urea, pH 7.3. 1.2.6 Binding of the fusion
polypeptide 2 ml of the solution with an approximate polypeptide concentration of 2 mg/ml are applied
onto a peptide affinity matrix as described above. Briefly, a Fractogel-DADPA-SAAFYRVVYA (0.5
inner diam@&ehses bRy 186 RIBrariacRiptiBes Ak TSRCP REtRIRMAIGHE FUWPUIES, SITEANg m) of
the samplexpkeainjgntackaiiadlendstgsobBpsurtvigab@piidasingeoutaricen boum oI aminatings,

material Un n(%p n e withd'?%column volumes of equilibration buffer at a flow
rate of 15&?% 5 e?%ﬁﬁ%ﬁlgfﬁﬁgg%%@%ég §§#erfeg¥xc e%’nge with 4.5 column volumes 01 200 mM
Tris/HCI, 2 mM EDTA, 10% Glycerol, pH 7.3. 1.2.8 Refolding, cleavage and elution The bound fusion

ﬂ ﬁg%@@%@%@iﬂwgﬁ@gBméfﬁe%%m_ﬁhkf&m%h%@%@iwgﬁ?sﬁraw?ﬁhy ,
au OprO ease cleaves at Its specltic site an eleases e Tusion_partner uto.l. n e Sion
e S S S T Tl DYEANE BIR 55 B Beor S OB, woimg

a flow rate @it 156ight Amihorddidcimgdharspatieliyethmpdsina by heditphely ratisoeh amish dig280 nm and

fluorescence ataneaHatonAL 488 BM &&'ﬁ%ﬁ%@%%éé%%ﬁirﬁ SICONRIAINBHIEHsen
partner GFPmut3.1are further analyzed by SDS-PAGE for purified GFPmut3.1, -45-1.2.9
Regeneratidipaifrierrnsfitisnarnd mnlaigitsHotne prbecshanse SwagdnasarhasiundeEolumn is
performed withnbtestitnaandilisnes of OA M NaOH at a flow rate of 150 cm/h. Example 2: Production of
a heterologous polypeptide in accordance with the invention, utilizing immobilized metal ion affinity
chromatography This example describes the production of GFPmut3.1 as a fusion polypeptide of a

mutant of pE¥sRtY aliedintychsenatoar=pxn aiep BE oliherspsciisdlinidigaptceraivtage are
performed a5k HTRRIHIZREMRIGH RIS N Mialfimple known from antibodies. Oligopeptides are

capable of serving as affinity ligands as well. Thase molecules offer high chemical stability,

sfficiency, selectivity, low price and they are usually not toxic. These features are considered
as an advantage especially when applied in a biophamaceutical process. Peptide ligands
directed against a target molecule can be identified from combinatorial peptide libraries or
biological libraries in a way, known to the person skilled in the arl. In the context of the
present invention, screening for peptide ligands was performed under chaotropic conditions.

These affinity ligands according to the present invention have turned out to be specifically
characterized by their ability to bind N™ and N™-fusion proteins {(and proteins heing or
cormnprising mutants thereof) under denaturing conditions, e.g. 4 M urea.

Methods for peptide synthesis known in the art, are suitable for preparation of the
oligopeptide ligands which are subject to the present invention. Preferably though, the
peptide ligands are generated by SPOT synthesis, PIN synthesis, teabag synthesis, mix and
split method, described in Rulwu Liy, et al. Experimental Hematology 31 (2003) 11-30 or the
PELICAN method, described in Joseph A. Buettner et al,, Int. J. Peptide Protein Res. 47
{1296), 70-83. Several linker chemistries can be applied for anchoring of the first amino acid.



The His-tag is introduced into the fusion polypeptide in order to be able to use the same construct in
both IMAC ardpeptidesEfinity chromatography so that both methods can becclirgetiygompared. The
tag is not required for the interaction of the fusion polypeptide with the oligopeptide ligand during
affinity chromatography. Preparation and solubilizath-of inclusion bodies is performed as described in
example 1.2.4 and 1.2.5. 2.1 Preparation of chromatographic column binding of the fusion polypeptide
to the chromatographlc column Chelating Sepharose Fast flow (Amersham Biosciences) is packed into

the column'fPaHRG ghirs RiPeNEH pilbe arasenvesiion. el igerdgereatieteratsdvagiasatet with
water. In a w&&@wdk& rﬁﬁf@@%&'@ﬁtﬁe'@%ﬂ%@ﬁ&%ﬁ% ERlRMARRIR R dRiFFLe; Of the total column
volume of 100b g %ﬁ?‘FNISO re a Ile épdg Ni2+ ions are washed out, After equilibration
of the colurn wWith 50 MM Frid® i %IWBP g iggnds. %%%W%%‘B"Wiye%g@solutlon
with a concétraigsiibousl mg/ml is applled onto the column. The loading flow rate is 50 cm/h.
46 - After washing out unbound sample components with 5 column volumes of equilibration buffer, a
buffer exchange to 500 mM Tris/Acetate, 025 M sucrose, 1 mM DTT, pH 7.3 is performed. 2.3
Refolding, di %%95%@8?\%&%?#&%%%%%%%% AR AHE oW R @@W‘@@%ﬁ@?\% fusion
polypeptidesyothefiindundiiip dre sfojding tikepredenr dtvatvslervessaitibe-Bisigninar sy Rbition of the

polypeptid fl iy at velo m/h using 1m1 of
500 mM T%%Acé%@ %g%ig\ﬁ/l gﬁac?ﬁ)s H¥?%§%%&S%P§§&%P rac I6hs aﬁ‘é?e&]%% 58 hd analyzed
by fluorescﬁﬁi‘;@t%% FW@WQW%@W@W@W%Q@ rsescktion Fliogeeion dpeot tyalirected
M@ﬂémﬁ%gﬁﬂ% acelamPdisRRichaieRlorigde, pH 3.5 at a flow
rate of SOcm/p en? n column cleavage of NPmEDDIE-sSPA-D This example describes the
production o?s q cocc fétein A domain D by expression as a fusion polypeptide of a mutant of
pestivirus autoprotease Npro: NPmEDDIE, whereby refolding and cleavage are performed on a

peptide affifty MREX A fMSINRIE erminally
fused Protein A doma?r% (SSPA- D?E@f%mEﬁég&gwﬁgggﬁgH!Q%ERBQ% %2@% %%/!vs

Recombinafit'E° Cacﬁ'ldﬁﬁ/%'einff st Seé&mmﬁh?ggé%ﬁ%@tﬁ%rﬁ&\é%ﬁ%%%’ EW0SiaY BENhEptide
with the follg&iiy dHiASREW ERNEERWATE, WWQWIWM&'&WSKWW 1.1.5. Amino
acids 1 to 168§ dYSio q@éf re ausnce of NpraERDIE whereas amino acids
169 to 229 refer ﬁ?ﬁ]ﬁ%tgguence%% X% f‘%l YRTskQkpPvGY

- EEPVYDTAEKS HENPSEVH PQSTLKLPHD RGEDDIETTL60 61 RDLPRKGDCR SGNHLGPVSG
IYIKPGPVYY QDYTGPVYHR APLEFFDETQ FEETTKRIGR 120

Within the scope of the present invention oligopeptide ligands may be used with a fres N-
terminus or with a blocked N-terminus, blocking being achieved e.g. by ac{et)yiation.

Most preferred is an embodiment of the present invention, whereln the derivative of the
naturaily occurring N™ of CSFV according to SEQ 1D NO § (since amino acid sequence of
this mutant has a sequence motif "EDDIE" from residue 53 to 57 (instead of “RGDIR” in the
wild type), this mutant (and other mutants comprising this motif) is termed *"EDDIE"-mutant
herein} is used in combination with an oligopeptide ligand selected from the group consisting
of ASRFWYA, AFYTWYA, AFYRWYK, AFYRWY and AFYRWYA.,

Accordingly, preferred affinity ligands are selected from the group consisting of VSDDWY,
VSEDWY, VSIDWY, VSYDWY, VSVDWY, VSWDWY, VSYDWY, VSFDWY, VSDEWY,
VSEEWY, VSIEWY, VSYEWY, VSVEWY, VSWEWY, VSYEWY, VSFEWY, DDDDWY,
DDEDWY, DDIDWY, DDYDWY, DDVDWY, DDWDWY, DDYDWY, DDFDWY, VSIFWE,
FSIFEW, WSIFEW, VSLIWY, VSLIDW, VSLIEW, VSLIWE, FSLEEW, VSDLDW, VSDLEW,
VEYIDW, VSYIWE (all these peptides are binding NP at pH 5.5), VSIDWY, VSIEWY,



121 VTGSDGKLYH IYVEVDGEIL LKQAKRGTPR TLKWTRNTTN CPLWVTSCAD AQQNKFNKDQ
180 - 47 - 18%QeA%E4-NM PNLNEEQRNG FIQSLKDDPS QSTNVLGEAK-KLNESRQARK; Isolation
and solubilization of inclusion bodies takes place as described in example 1.1. Binding of the fusion
polypeptide to the chromatographic column Fractog@RRADPA-IT-peptide (0.5 x 5 cm) matrix, whereby
selection and coupling of the respective peptide is conducted as described above, is equilibrated with
50 mM Tris/HCI, 100 mM NaCl, 4 M urea, pH 7.3 with a linear flow rate of 150 cm/h. 1 ml of the

polypeptidersption igsanpicd s aiineas v alesiwel \aOremt Vel yatevsenetsased to 150

e T R e B S LR aaggene o

washed out With™

specifical YW W Wi STEIGE V2. MR HBWX a0 0594 periidse 510 binkirD- Nﬁ’g’r&itp%@WY"ﬁWW(ﬁ is
performed ptharg

GrpplumpvRINReS-Heloldingreleayaae andlyiian Adarghangingribegonditions from
chaotropic to cosmotroplc% the fusion é\%}ﬁ eptlde is allowed to refold for 25 h on the chromatography

resin by st()%%‘rﬁavt ‘é RW&’ ScfiVi &o@ﬁfs%\’yfé%vég %RWCQE%%Y@%WE%% D. The
subsequend BERIGN W) thFgfolding J&Hﬁmlﬁﬁmm QWSWR

neyaran At hevalrices is

performed 2J-a1,.190 gqmﬂ@g e L Wﬂf{ﬁiﬁ Nohand gleavage of
6His- N"ED%%@%& 1 Thisexample esﬁérlbes th'g prucmn b%natlve : %i' ut3.1 by expression
ofa6H|sNWﬁW‘ﬁ£ ASTEpD Yﬁ;%%lﬁ%ﬁm\’%% MANE, SERBRYE R M RHIA Amatrix

referred to gsALigek PESIEMAGhranratpgr Wmmﬂmmﬂhmam Bdpsydedgbaye. Example

5:0n COM%E& VR (a%[ { Ee%ep !p%p%%eé%ave a specifically high affi inity to NP° mutants with the
EDDIE motif in amino acld residues 83 to 57), Ac-AFYTWY YKIK, Ac-
AFYRWYK, Ac-AFYRWYAK, Ac-AFFRWYAK, Ac-AFGRWYAK, Ac-AFHRWYAK, Ac-
AFIRWYAK, Ac-AFLRWYAK, Ac-AFMRWYAK, Ac-AFNRWYAK, Ac-AFPRWYAK, Ac-
AFQRWYAK, Ac-AFRRWYAIK, Ac-AFSRWYAK, Ac-AFTRWYAK, Ac-AFVRWYAK, Ac-
AFYRWYAK, Ac-AFYFWYAK, Ac-AFYGWYAK, Ac-AFYLWYAK, Ac-AFYMWYAK, Ac-
AFYNWYAK, Ac-AFYPWYAK, Ac-AFYTWYAK, Ac-AFYVWYAK, Ac-AFYWWYAK, Ac-
AFYYWYAK, Ac-AKWFRYAK, Ac-VSRNWYK, Ac-ASRNWYAK, Ac-ASRFWYAK, Ac-
FSRNWYAK, Ac-VFRNWYAK, Ac-VWRNWYAK, Ac-VYRNWYAK, Ac-VSRAWYAK, Ac-
VERFWYAK, Ac-VESRWWYAK, Ac-VERYWYAK, Ac-VSRNFYAK, Ac-VSRNYYAK, Ac-
VERNWFAK, Ac-VSRNWWAK, YWKA, Ac-YWKAK, YKYA, Ac-YKYAK, YWRA, Ac-
YWRAK, ARWY, Ac-ARWYK, YWRA, Ac-YWRAK (all these peptides have improved

immobilisation capabilities to the substrate due to N-terminal acetylation and C-terminal
lysination).

For peplide affinity chromatography within the scope of the present invention, any matrix
useful for the immobilization of peptide ligands can be used. Preferably Fractogel epoxy (M),
from Merck, Darmstadt, Germany) or equally preferred "monolithic chromatography medium”
CiM-epoxy is used. The ligands can be immoblilized sither directly onto the chemically
activated backbone of the chromatography matrix, or via a spacer or linker. In the latter case
a spacer is coupled to the chromatographic matrix, said spacer is then chemicalily activated,

in order to allow binding of the ligand. Preferably Fractogel epoxy matrices are used in
combination with spacers.



This example describes the production of native sSSPA-D by expression of a NmEDDIESSPA-D fusion
polypeptide weloltieg: asxd cleavage on an affinity matrix referred to as Actigelspglyiéis/o0o168
Chromatography conditions are the same as described above. Example 6: On-column refolding using
cation-exchange chromatography Crude NPr37-6Hig(1 )MELNH
FELLYKTSKQKPVGVEEPVYDTAGRPLFG NPSEVH PQSTLKLPHDRGRG DI RTT
LROLPRKGDCRSGNHLGPVSGIYIKPGPVYYDDYTGPVYHRAPLEFFDETQFEtz | | KRIGRV
TGSDGKLVHI PYEGIRCE kiRl RETERTRK \WTRN FEREP i FSTHa 68pdeciaendsaled dxtracts

were reSU%@Q&ﬂﬁﬂdﬂtﬁe%&%t@@r%&ﬁaﬂﬂ%ﬁﬁ@ﬁrﬁﬂo@i@m@%m@ Hﬁ@@%ﬁ%%ﬁb%ﬁ&@e\ﬁﬂas 0.5
mg/ml. 2 ml were lo %ed onto a HiTrap SP S&erﬁﬁgrose ~F column (2.?%x 0.7 cmi.d.; column volume 1
i, GE HolARIES 40 £ HHEdP ARG Lt SrSVIRR SRR AT e e AEF B
described abew:sliheacdinian was! theafoulibr-drehdngediintaraimifferdentaimipg 58ambigiand is
Na-phospnmmﬁze@%@%émfﬁx D BOE e dO Y @gfegg%g%eé%@x g@{@'c%ﬁgeéhﬁ potgin.was

allowed to refold for 1 hour at room temperature. Elution o and cleaved proteins was carried

out by furtfEPERRAEIEERY AR B REroIRsyRRY B shpadN e mBIve Gahory Uer 28fidnthg 2 M
Neel, 50 mivioiia-pivdp isdeopidenit RetaltdingatHietyus isnin peinds dhishavasmonitatediRS-PAGE
analysis. 'é'r?' !gg'%&ﬁ é ﬁ%@g%ﬁg@%&gﬁg{?uction of a heterologous polypeptide of interest with a

- ing a fusi

homogenous N-terminus, Us n polypeptide comprising the polypeptide of interest and
N-terminally thereto a autoprotease, said method comprising the steps of a) binding of the fusion

polypeptideyinsa spitibigscasgoprotesyically W%ﬁﬁi&@%%é%ﬂm& LOMAIOHRPRYHBY SRR, b)
N

refolding of the fusian polypeptide, thereby activa the autoproteqglytic f Inction of the fusion
polypép%d@%‘%?ﬁ@??&? 4 %ﬁ%ﬁ%&e@f‘?ﬁ%‘*ﬁ/%%?gﬁﬁﬁg@"BBF%‘é%iﬁés& iﬁ%ﬁl#é%??l‘ﬁﬁoﬁﬁ) '@ﬁbu ¥8ntly
eluting the $iestbrotodauinpting eptivewfdatovight idreszsargdidistdpsarelcpolipetrition amb adfisity
chromatogiaply S¥HEMM iR aid; AN LM ARIKRISLRN SGRIONLEHCRANIR in the

chromatogra&ghy and wherein the fusmn,FOI%{peptlde comprises a polycationic affinity tag, or is anion
exchange RPGTREHGG APy UhATRR SRMRIHRENRRIGS Pl serirsid anipRaese oG CRRYmelighe
method acceliditerupticlaimfisrwiesidgntbaljusiomusidypepiicepiriprasidack holerpm Hinanbmiession in

a bacterial ﬁgﬁ@%i@ﬁﬁég{gg&&}g%&ﬁm §1 O'eeaz ?H%ﬁ:gﬁ ! st cell that is transformed with an

expression vector compriSing a nucleic acli e es for the fusion polypeptide. 3. The
method according to claim 1, wherein the autoprotease is NPR' of a pestivirus. 4. The method

according t@isiie) & b alsiarTbRIpssiitef issiginsied AR RS MeURCIRsIsiaaR SonfiforRPMand
BVDV. 5. The m thodj acco, il ;9 to clajm 4, wherﬁln th% ?utogrotease is Wei of CSFV and has the
following i SeIARHER 8 ALe S VHIRRS e ohanged (o comotrapt,

(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLKLPHDRGRGDI

R B BRI YT R YR B RS QB by e

KRIGRVTGSDGKLYHIYVCVDGCILLKLAKRGTPRTLKWIRNFINC
method acEBRHRG FoBSRARicrRRsMekoRinFandifionsvip hafforMFeheNeMk of CSFV and has the

following amino acid sequence: SEQ ID NO 2:

LRDLPRKCDEIRCCRER Ay S CUTAURN O PrED A R el Sonitons.
TKRIGRV TG StsaRefere vrbesiivesnt ol hx reserRmyaationhemmebaop\ol rbeolissy puifdrevittethod
according teogiatrsbitvbereinisheonbirpatpREMis eaeslyaly e B NRR-OACGRE Yuang Banthrdollawing

amino acid sequence: , oy , .
anotner equally preferred embodiment of the present invention the exchange of buffers is

conducted gradually.

Binding of the fusion polypeptide to the column and/or refolding and cleaving of said fusion
polypeptide might be facilitated if the buffer exchange is accompanied by a femperature
adjustment. This can, for example, be introduced by a cooling/heating jacket. Therefore, In a
preferred embodiment, a cooling/heating jacket Is applied for femperature adjustment; more



SEQ ID NO 3: (1)-MELNHFELLYKTSKQKPVGVEEPWDTAGRPLFGNPSEVHPQSTLKLPHDRGEDDI
ETTLRDLPRIKSRGEREGENHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFREAQREEMooics
TKRIGRVTGSDGKLYHIYVEVDGEILLKQAKRGTPRTLKWIRNFTNCPLVVVTSC-(168) 8 The method
according to claim 4, wherein the autoprotease is a @@rvative of NI' of CSFV and has the following
amino acid sequence: SEQ ID NO 4:

(10-MELNHFELLYKTSKQKPVGVEERNDTAGRPLEGNPSEVHPQSTLKLPHDRGRGDI
RTTLRDLRR#EIDGREESNITESE YR O PEPILEYSIRNTE MO BAR kERE BT T this way

TKRIGRV \Y) | TPRILKVVTRNTTNCPLVVVISC-(168) 9. The method
TKRIGRV LGS AGHL YV EYRGRILARRG:

toc ere e autoprotease Is a derivative of NPra of CSFV and has the following
amino acid sequence: SEQ ID NO 5:

1)-MELN LK " RHPR
e S SO
|

KRIGRVTEEH BRI ¢ VR B A6 MeRER BRAHTRNAFRIGY INEP PV Fe S tpaaY Iy fused. The
method aceotgiagiideckiinntsredickeinshesdobft ationidiafifiiitystag deiteldctad fronspeifisigininhehand

T The me S Ry MR PG D RRe g, ™
polypeptidéﬁ@'ﬁ?@?f@?ﬁ?&ﬁ‘%%tﬁ‘3H§rf@'@@fI’"@ﬁﬁl%&Fdﬁf@iﬁ%@%ﬁ@%ﬁ@mmﬁﬁdﬁatbﬁfﬁéiﬁcit}’
exchange. of5Be kdobiig"wbeShitfond sesmerastadiacaording4e ansehing: claigasal thddrdde Use
of NP" of GRiRd,ing Mead sergringdo an PR Qg B, me Israted
polypeptide of Interest is washed out from the packed bed by further feeding of cosmotropic
buffer. The N-terminal autoproteolytic part of the fusion polypeptide as well as un-cleaved
fusion polypeptide is eluted by conventional means, e. g. high salt concentration, a pH-
change or NaOH, to regenerate the chromatography material. For regeneration the packed
bed is washed with a buffer that sirips the autoproiease from the adsorbent. These buffers
comprise either acidic or alkaline solutions or organic solvents, After re-equiibration with
starling buffer/chaotropic buffer the packed bed is ready for the next cycle,

When necessary, because the cleavage rate might not be as high as desired, un-cleaved
fusion polypeptide that is washed off the column during the regeneration step can be re-fed
into another circle of the chromatography process according to the present invention.

The liberated polypeptide of interest can be obtained optionally via cholee of the respective
buffers either in a partially or In a completely refolded state. Within the scope of the present
invention, the polypeptide of interest in the effluent is either partially or preferably completely
refolded. in one embodiment of the present invention, refolding of the autoproteolytic active
part of the fusion polypeptide might be complete, while the polypeptide of interest remains
parily unfolded. This situation can occur for example when the polypeptide of interest has a
very complex conformation, for example a di- or trimerizaton, or comprises a prosthetic
group or a cofactor. Such polypeptide of interests might require particular conditions in order
to complete refolding. Accordingly in such cases folding may be completed in 2 separate
step, where special conditions, e.g. protonic strength and pH or the complete removal of
detergents, which are usually added during refolding, can be generated,



<110> Sandoz AG Boehringer Ingelheim Austria GmbH <120> Organic Compounds <130> r47641

<140> PCT/AJR00@/P094H8 <141> 2006-04-25 <150> GB0508435.5 <1513 20054 26, 5:450>
GB0508434.8 <151> 2005-04-26 <150> GB06053793 <151> 2006-03-16 <160> 56 <170> Patentin

version 3.3 <210> 1 <211> 168 <212> PRT <213>-pygstivirus <400> 1 Met Glu Leo Asn His Phe Glu
Leu Leo Tyr Lys Thr Ser Lys Gin Lys 151015

Within the scope of the present invention, the conditions may be changed to any state where
the fusion polypeptide stays adsorbed fo the column,

The present invention also discloses oligopeptide ligands and derivatives of NP of CSFV as
described herelnabove for use according o the present invention. The present invention also

relates to the use of an oligopeptide and a derivative of N'™ of CSFV as described
hereinabove according o the present invention.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understoad by one of ordinary skill in the art.

The present invention is described further with reference to the following examples, which

are lliustrafive only and non-limiting. In particular, the examples relate to preferred
embodiments of the present invention.

Examples

Example 1.

Production of a heterologous polypeptide In accordance with the invention, utilizing
peptide affinity chromatography and different fusion polypeptides

1.1. Production of a heterologous polypeptide utilizing N"° autoprotease of pestivirus

This example describes the production of GFPmu3.1 as a fusion polypeptide of pestivirus

autoprotease 6xHis-N", whereby refolding and cleavage are performed on a peptide affinity
matrix.

The GFPmut3.1 used in the fusion construct with NP in the examples hereafier, is 2 mutant
of GFP which is optimized for production in E. coli. GFPmut3.1 carries the following aminc
acid replacements: S 2 is replaced with R, S 85 with G and S 72 Is replaced with A. Position

178 to 415 of the sequence of the entire fusion construct named 6H-sNp-Gmut3.1-pET30a
refer to the sequence of GFPmut3.1.



Pro Val Gly Val Glu Glu Pro Val Tyr Asp Thr Ala Gly Arg Pro Leo 202530 Phe Gly Asn Pro Ser Glu Val
His Pro Gingerzéhyrlsgesbys Leo Pro 354045 His Asp Arg Gly Arg Gly Asp Be-Asg-hE ddrseu Arg Asp
Leo Pro 505560 Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leo Gly Pro Val Ser Gly 65707580 lle Tyr
lle Lys Pro Gly Pro Val Tyr Tyr Gin Asp Tyr Thr Gly B26-859095 Val Tyr His Arg Ala Pro Leo Glu Phe
Phe Asp Glu Ala Gin Phe Cys 100105110 Glu Val Thr Lys Arg lle Gly Arg Val Thr Gly Ser Asp Gly Lys
Leo 115120125 Tyr His lle Tyr Val Cys Val Asp Gly Cys lle Leu Leu Lys Leu Ala 130135140 Cys Pro
Leu Trp VatdrutrSedayst 165 vector 6H-sNp-Gmut3,. 1-pET30a is described under 1.2.1.1 and 1.2.1.2

helow,

Transformation of hosteells is performed as desoribed in 1.2.2 below.

1.1.1 Chromatography equipment
The chromatography runs in example 1 are performed on an AKTA 100 Explorer
chromatography system (Amersham Biosclences). The prepared peptide sffinity sorbents

are packed into HR 5 columns (5 mm i.d., Amersham Biosciences). The gel volume is
approximately 1 mi.

1.1.2 Preparation of oligopeptide ligands
The oligopeptide ligands used in example 1 are produced In the following way:

Solid Phase Peptide Synthesis is performed on a 433A pepiide synthesizer {(Applied
Biosystems, Vienna, Austria) with 1-hydroxy-1H-benzotriazol/N,N'-dicyclohexylcarbodiimide
(HOBYDCC)-activation of Fmoc-protected amino acids (Bachem, Bubendorf, Switzerland).
Peplides are synthesized on a 4-hvdroxymethyi-phenoxymethyl-copalystyrene-1%
divinylbenzene resin (HMP resin, Wang resin). Protecting groups for side chains are tert-
butyt {+-Bu) for tyrosine, serine and threonine, OtBu for giutamic acid and asparfic acid, tert-
butoxycarbonyl (Boc} for lysine and trypiophane and trityl (Trt) ﬁor cysiein, histidine,
asparagine and glutamine. For the coupling of the first amino acid 4-dimethylaminopyridine
{DMAP) is used as a catalyst. After coupling of the first amino acld, a capping step is
accomplished by using benzoic anhydride. Deprotection of the Fmoc group is performed with
20% piperidin. Side chain deprotection and cleavage from the resin are caried out by
reaction with a cleavage mixiure containing 95% triflourocacetic acid (TFA), 2.5 % water and
2.5 % trilsopropylsilane (TIS). After washing with dichloromethane (DCM) the crude peplide
is purified by repeated ether precipitation followed by lyophilization. The peptides are further
purified by RP-HPLC on a Luna 15 u C18(2) 250 x 21.2 mm column (Phenomenex,
Torrence, CA, USA) with P 3500 pumps (Amersham Blosciences, Uppsala, Sweden), using
a linear gradient of 5-50% acetonitrile vs. water (0.1% TFA) at 30 mi/min, Purity is confirmed
by analytical RP-HPLC with a HP 1090 liquid chromatograph (Hewlett Packard, USA) using
a Luna 3p C18(2) 100 x 4.8 mm column {Phenomenex) with a linear gradient of 1%
acetonitrile per minute. Homogeneity and identity are verified by matrix assisted laser



<210> 2 <211> 168 <212> PRT <213> artificial <220> <223> Seq ID No. 1; replaced Cys <400> 2 Met

Glu Leu Asn {lis f3hgessbeu Leu Tyr Lys Thr Ser Lys Gin Lys 151015 Pro Yal.Gly, Mal iy Glu Pro
Val Tyr Asp Thr Ala Gly Arg Pro Leu 202530 Phe Gly Asn Pro Ser Glu Val His Pro GiIn Ser Thr Leu

Lys Leu Pro 354045 His Asp Arg Gly Arg Gly Asp H&ag Thr Thr Leu Arg Asp Leu Pro 505560 Arg
Lys Gly Asp Cys Arg ser Gly Asn His Leu Gly Pro Val Ser Gly 65707580 lle Tyr lle Lys Pro Gly Pro Val
Tyr Tyr Gin Asp Tyr Thr Gly Pro 859095 Val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Glu Ala Gin

Phe Glu 1088053tk fonization - time of flight mass spectrometry (ThermoBicanalysis, Hempstead,
UK.

1.1.3 Preparation of affinity mafrix
The affinity matrices used in example 1 are prepared in the foliowing way:

10 g of Fractogel epoxy (M) (Merck, Darmstadt, Germany) is reacted with 50 mi 1 M
Diaminodipropylamine (DADPA) for 48 hours at room temperature. After the reaction the gel
is washed with a 50 mi 10mM HCl and 3 times 50 mi water. The gel is resuspended in water,
the pH is adjusted to 7.0 by addition of 0.1 M NaOH and 2 g of succinic anhydrid is added.
After 30 minutes gentle stirring the pH is adjusted to 7.0 by addition of 10 M NaOH and
another 2 ¢ succinic anhydride are added. After another 30 minutes stiring the gel is
washed with 50 ml 0.1 M NaOH, 50 mi phosphate buffered saline (PBS), 3 times with 50 m!
water and 20 % ethanol. After suction drving the gel is stored at 4° C.

1.1.4 Activation of the carboxy-group and immobilization of peptides:
The affinity matrices according to example 1 are activated in the following way:

1 g of wet Fractogel is modified with a DADPA-SA spacer as described in chapter 1.1.3 and
washed 2 times with § mi Acelonifrile. Activation is perfomed with 3 ml 0.1 M Succinimidyl-
trichloroethyicarbonate and 0.1 M triethylamine dissolved in acetonitrile for 3 hours. The gel
is subsequently washed with acetonitrile and 1 mM HCIL The peptide AFYRWYA is dissoived
in PBS at a concentration of 3 mg/ml. 5 mi of the peptide solution is rapidly added to the gel
and reacted for 24 hours. The peptide VSFIWYK; is dissolved in dimethylformamide (DMF)
containing 0.1 M triethylamine. 5 mi of the peptide solution are rapidly added to the gel and
reacted for 24 hours. Coupling yield is determined by RP-HPLC of samples before and after
coupling.

Immobilization of peptides on CiM-epoxy:

Peptides are dissolved in a 100 mM Na,CO; buffer pH 10.0 containing 0.15 M NaCl. The
ClM-disks are mounted in a carlridge supplied by the manufacturer and the peptide solution
ls slowly pumped through the disk using a P1 pump (Amersham Biosciences) in a circulation
mode for 48 hours at room temperafure. Coupling vield is determined by RP-HPLC of

samples before and after coupling. After coupling remaining epoxy groups are blocked with
0.5 M ethanclamine, pH 10.0 for 48 hours.



Glu Val Thr Lys Arg lle Gly Arg Val Thr Gly ser Asp Gly Lys Leu 115120125 Tyr His lle Tyr Val Glu Val

e Thr Ao ISTLEEDS

S Leu Ala 130135140 Lys Arg Gly Thr Pro Arg TQJ

St L

0 Cys Pro Leu Trp Val Thr Ser Cys 165 <210> 3
<213> artificial <220> <223> derivative of Seq Id No;3 <400> 3 3 Net Glu Leu Asn His Phe Glu Leu
Leu Tyr Lys Thr Ser Lys Gin Lys 151015

1.1.5 Expression of the fusion polypeptids

%g Arg Asn
> PRT

Recombinant E. coli HMS 174 (DE3) expressing a fusion pelypeptide comptising the N-
terminal autoprotease N™ with a GxHis-tag and a C-terminally fused GFPmut3.1 are culiured
ina 10 [ -fermenter. The fusion polypeptide comprises the fellowing amino acid sequence:

SEQ D NO 23:

1 MHHHHHHELN HFELLYKTSK CQKPVGVEEPV YDTAGRPLFG NPSEVHPQST LKLPHDRGRG &0
61 DIRTTLRDLP RKGDCRSGNH LGPVSGIYIK PGPVYYQDYT GPVYHRAPLE FFDEAQFCEV 120
121 TERIGRVTGS DGKLYHIYVC YDGCILLELA KRGTPRTILEW TRNFINCPLW VISCSCIMREK 184
181 GEELEFIGVVE ILVELDGIVH GHKFSVEGEG EGDATYORLT LKFPICTTGKL PVEWETLVTT 240
241 FGYGVQCFAR YPDHMKQHDF FKSAMPEGYV OERTIFFKDD GNYKTRAEVK FEGDTLVNRI 300
301 ELKGIDFEED GHILGHKLEY NYNSHNVYIM ADKOKNGIKYV NFKIRHNIED GSVOLADHYQ 360
361 ONTPIGDGEV LLPDRHYLST VIAAGITHGM DELYK

QSALSKDPNE KRDHMVLLEF

The bacterial host cell, i.e. the expression siraln, Is cultivated in accordance with

microbiological practice known per se. The strain is generally brought up starting from a
single colony on a nutrient medium, but it is also possible to employ cryopreserved cell

suspensions (cell banks). The strain is generally cultivated in a8 multistage process in order
to obtain sufficient biomass for further use.

On a small scale, this can take place in shaken flasks, it being possible in most cases to
employ a complex medium (for example LB broth). However, it is also possible o use
defined media (for example citrate medium). For the cuitivation, a small-volume pre-culture
of the host strain (inoculated with a single colony or with cell suspension from a cryo-culture)
is grown, the temperature for this cultivation not generally being oritical for the tater
expression resull, so that it is possible routinely to operate at relatively high temperatures
(for example 30°C or 37°C). The main culture is set up in a larger volume (for example
500 mi}, where it is in particuiar necessary to ensure good aeration (large volume of flask
compared with the volume of contents, high speed of rotation). Since it is intended that
expression take place in the form of insoluble inclusion bodies, the main culture will in most
cases also be carried out at relatively high temperature (for example 30 or 37°C). inducible
systems are particularly suitable for producing inclusion bodies (for example with trp, lac, tac
or phoA promoter). Afier the late logarithmic phase has been reached (usually at an optical
density of 0.5 to 1.0 in shaken flasks), in these cases the inducer substance (for example
indoleacrylic acid, isopropyl B-D-thiogalactopyranoside = IPTG) is added and incubation is
continued for 1 to 5 hours. During this time, most of the N fusion polypeptide is deposited



Pro Val Gly Val Glu Glu Pro Val Tyr Asp Thr Ala Gly Arg Pro Leu 202530 Phe Gly Asn Pro Ser Glu Val

His Pro Gin r s Leo Pro 354045 His Asp Arg Gly Glu Asp Asp lle Glu Thr Thr Leu Arg
Asp Leu Pro%%éééglﬁ%%ﬁ/ys Gly Asp Cys Arg Ser Gly Asn His Leo Gly Pro Val'séd ?ﬁf?kﬁg%ﬁ?O?SSO lle

Tyr lle Lys Pro Gly Pro Val Tyr Tyr Gin Asp Tyr Thr. @dy Pro 859095 Val Tyr His Arg Ala Pro Leu Glu
Phe Phe Asp Glu Ala Gin Phe Glu 100105110 Glu Val Thr Lys Arg lle Gly Arg Val Thr Gly ser Asp Gly
Lys Leu 115120125 Tyr His lle Tyr Val Glu Val Asp Gly Glu lle Leu Leu Lys Gin Ala 130135140 Lys

Arg Gly ThiRraAigidhihbeRL Ys P HAMBASRRRRANTAS Liia0daR169:Cys RARLSHT Yl Thr

SerC
erys processed further,

On a larger scale, the multistage system consists of a plurality of bioreactors (fermenters), i
being preferred to employ defined nutrient madia in this case in order o be able to improve
the process engineering control of the process. In addition, it is possible greatly fo increase
biomass and product formation by metering in particular nutrients (fed batch). Otherwise, the
process is analogous to the shaken flask. For example, a preliminary stage fermenter and a
main stage fermenter are used, the cultivation temperature being chosen similar to that in
the shisken flask. The preliminary stage fermanter is noculated with & so-called insculum
which is generally grown from a single colony or a cryoculture in a shaken flask. Good
aeration and a sufficient inducer concentration must also be ensured in the fermenter - and
especially in the main stage thereof. The induction phase must, however, in some cases be

made distinclly longer compared to the shaken flask. The resulting cells are once again
delivered for further processing.

1.1.8 Isofation of inclusion bodies

After harvesting, the cells (850 g wet weight) are suspended in 2500 mi of 50 mM Tris/MCl, 5
mM EDTA, 1 %Triton X-100, pH 8.0. The chilled suspsnsion is passed through an APV-2000
high pressure homogenizer {Invensys) for three times at 800 bar to disrupt the cells.
Between the passages the suspension is chilled on ice and homogenized using an
Ultraturrax. The homogenate Is centrifuged at low speed (JLA 10.500, 7500 rpm, 30 min) to
obtain the inclusion bodies containing the recombinant fusion polypeptide.

1.1.7 Solubilization of inclusion bodies

The pellet is suspended in 50 mM Tris/HCI, 5 mM EDTA, 1 %Triton X-100, pH 8.0 and
cenirifuged. This step is repeated. After a H,O-washing step the peliet is suspended in H:0.
The obtained inclusion body-suspension is stored at -20 °C for further use. The inclusion
body-suspension is diluted 1 : & with 50 mM Tris/HCI, 10 M urea, 50 mM DTT, pH 7.3 at
room temperature. insoluble components are removed by centrifugation. A polypeptide
concentration of about 15 mg/mi is obtained. The polypeptide solution is diluted with 50 mM

TrisfHG!, 100 mM NaCi, 4 M urea, pH 7.3 to reach a polypeptide concentration of about 2
mg/mi.



165 <210> 4 <211> 168 <212> PRT <213> artificial <220> <223> derivative of Seq. Id No 1 <400> 4
Met Glu Le%s%i Phe Glu Leo Leo Tyr Lys Thr Ser Lys Gin Lys 151015%5 9@ %y Glu Glu
Pro Val Tyr Asp ﬁ,&%%%ly Arg Pro Leo 202530 Phe Gly Asn Pro Ser Glu a%gﬁ\lés ?c))é( F§§Ser Thr
Leo Lys Leo Pro 354045 4 Arg Lys Gly Asp Cys ArgsSer Gly Asn His Leu Gly Pro Val Ser Gly

65707580 lle Tyr lle Lys Pro Gly Pro Val Tyr Tyr Gin Asp Tyr Thr Gly Pro 859095 Val Tyr His Arg Ala
Pro Lets Glu Phe Phe Asp Glu Thr Gin Phe Glu

1.1.8 Binding of the fusion polypeptide fo the chromatographic column

0.5 mi of the polypeptide solution s applied to a Fractogel-DADPA-SA-VSFIWYK (0.5 x 5
cm) matrix, whereby preparation and coupling of the respective peptide is conducted as
described above in 1.1.2 and 1.1.3. The column is equilibrated with 50 mM Trs/HCI, 100 miM

NaCl, 4 M urea, pH 7.3 with a linear flow rate of 50 cm/h. The flow rate is increased to 150
erm/h after sample injection.

1.1.9 Washing out of unbound contaminating material
Unbound components are washed out with 5 column volumes of equilibration buffer. A buffer

exchange to refolding buffer, specifically to 0.5 M Tris/HCl, 2 mM EDTA, 3 % glycerol, 5 mM
DTT, pH 7.3, is performed with 4.5 column volumes.

1.1.10 Refolding, cleavage and elution

After changing the conditions from chaotropic to cosmolropic, the fusion polypeptide is
allowed to refold for 25 h on the chromatography resin by slopping the fiow. The active
autoprotease cleaves off the C-erminally fused GFPmui3. 1. The subsequent elution with
refolding buffer at a flow rate of 50cm/h results In purified native GFPmut3.1, as is confirmed
by fluorescence measurements and SDS-PAGE.

1.1.11 Regeneration

Regeneration of the chromatography resin is performed with 0.1 M NaCH at a flow rate of
B50cmih.

1.2 Production of a heterologous polypeptide utilizing a derivative of N°° autoprotease of
pestivirus

This example describes the production of GFPmut3.1 as a fusion polypeptide of a mutant of

pestivirus autoprotease NP°: 6xHis- N”° EDDIE, whereby refolding and cleavage are
performed on a peptide affinity matrix.

Preparation of oligopeptide ligands and affinity matrix are performed as described in
example 1.1., the same chromatography equipment as described in example 1.1 is used.

1.2.1 Construction of the plasmid:



100105110 Glu Thr Thr Lys Arg lle Gly Arg Val Thr Gly Ser Asp Gly Lys Lets 115120125 Tyr His lle
Tyr Val Glu AR @I lu lle Lets Lea Lys Lets Ala 130135140 Lys Arg Gly Thr Pro Ar Thr Lea Lys
Trp Thr Arg \A@i Thr réi/? sn 145150155160 Cys Pro Leu Trp val Thr Ser Cy é%gz{’“ﬂ ®<211> 168
<212> PRT <213> artificial <220> <223> derivative pf Seq. Id No 1 <400> 5 Met Glu Leu Asn His Phe .
Glu Leu Leu Tyr Lys Thr Ser Lys Gin Lys 151015 Pro Val Gly Val Glu Glu Pro Val Tyr Asp Thr Ala Gly
Arg Pro Leu 202530 Phe Gly Asn Pro Ser Glu Val His Pro GIn Ser Thr Leu Lys Lets Pro

1.2.1.1 Construction of 7H-Np-Gmut3. 1-pET30a plasmid:

A DNA fragment containing the gene for an N-terminally truncaied N™ including a 7-His tag
at the N-terminus Is amplified by PCR
primer pair;

T7-pET {SEQ ID NO 24);
5% GAA ATT AAT ACG ACT CAC TAT AGG -3,

NP™ R-Kpn (SEQ 1D NO 25);
&°- ATA CGG TAC CAG AGC AAC TAG TTA CCC ATA ATG-3"

from NPS-pET (Sandoz) plasmid and inserted via Ndel and Kpnt (Asp718) restriction sites
into pET-30a (# 69908-3, 2002-2003 catalogue, Novagen, CN Bilosciences Inc., Merck
KgaA, Damstadt, Germaﬁy). Transformation of the ligation reaction into E. coli DH5alpha {#
10643-013, invitrogen catalogue 2003, Invitrogen Life Technologies Corporation, 1600
Faraday Avenue, PO Box 6482 Carlsbad, California 92008), isolation of plasmid DNA from
transformed clones and verification by sequencing results in plasmid 7H-N"-pET30a
plasmid. From the plasmid pGFPmut3.1 (#5039-1, catalogue 1999, BD Biosciences

Clonetech, 1020 East Meadow Circle, Palo Alto, CA 94303-4230, USA} the GFPmut3.1
sequence is alsc amplified by PCR
primer pair:

GFP F-Kpn (SEQ ID NO 26):
5'- GAA AGG TAC CAT GCG TAA AGG AGA AG-3'

GFP R-8al (SEQ 1D NO 27):
5-TAA GTC GACTTATTT GTATAG TTC ATC CAT GCC-3”

isolated by gel extraction and cloned via Kpnl - Safl restriction sites into the 7H-NP"-pET30a
construct thus creating the amino acid sequence SGT (serine-glycine-threcnine) immediately

following the cleavage site. The sequence of construct 7TH-Np-Gmut3.1-pET30a Is verified as
described above.



354045 His Asp Arg Gly Glu Asp Asp lle Glu Thr Thr Lets Arg Asp Leu Pro 505560 Arg Lys Gly Asp

Cys Arg Ser‘gly '§ Leu Gly Pro Val Ser Gly 65707580 lle Tyr lle Lys %% ¥ifoNY I Jyr Tyr Gin
Asp Tyr Thr yz&%ﬂ 9895 Val Tyr His Arg Ala Pro Lets Glu Phe Phe Asp%(ﬁrj 'Zr éé?g Qﬁée Glu
100105110 S Tyr His lle Tyr Val Glu Val Asp Gly Glglle Leu Leu Lys Gin Ala 130135140 Lys Arg Gly

Thr Pro Arg Thr Leu Lys Trp Thr Arg Asn Thr Thr Mn 145150155160 Cys Pro Leu Trp Val Thr Ser Cys
165 <210> 6 <211> 6 <212> PRT

1.2.1.2 Construction of 6H-sNp-Gmut3. 1-pET30a plasmid:
The DNA sequence for NP -pro-insulin (SEQ ID NO 28):

ATGGARCTCAATCATTTICGAACTGCTCTACAAAACTAGCAAGCAAAAALCTETTEECGT
TGAAGAGCCGGTCTACGATACTCCAGGTCOTCCTCTTTTTGGGAATCCGTCCCGAAGTE
CACCCCCAGTCAACCCTCAAGCTTCCCCATCGACCGCGBACGCGOTGACATTCGTACAA
CGCTGCGCOATCTGCCTCGTAAMGGCCATTGTCGCTCTGGAAACCACCTAGGTCCGET
GTCGGGCATTTACATTAAACCAGGTCCCGTCTATTACCAAGACTACACTGGTCCGETTT
ACCATCGTGCACCTOTGGAATTCTTTGATGAAGCTCAATTTTGCGAAGTGACTAAACGET
ATTGGCCETGTAACCGGTICGGACGGGAAMCTEGTACCACATCTACGTCTEGCGTTGATG
GCTGTATCCTGCTGAAACTCGCGAAGCGCGBAACCCCTCGCACCCTGAAATGBATCCG
TAACTTCACTAACTGTCCACTGTGGGTCACTAGTTGCTTCGTTAACCAACATCTGTGCG
GTTCACACCTTGTGGAAGCCCTGTATCTGGTETGTGGCGAACGCGGATTCTTTTATACC
CCGAAAACGCGOGCGCGAAGCCGAAGATCTTCAGGTTGGTCAAGTGGAACTGGGCGGA
GGTCCEGGAGCCBGGBAGCCTGCAACCGCTEGCELCTTGAAGGGTCGCTGCAAAAACGC

GGTATTGTTGAACAGTGCTGTACCTCCATCTGCTCTCTGTATCAGCTGGAAAACTACTG
CAATTAATAA

is custom-synthesized and inserted into pUC119 ( NCBI # U07650: National Center for
Biotechnology Information Plasmid Database, National Library of Medicine, Bullding 38A,
Bethesda, MD 20884, USA) by Operon Biotechnologies inc. (1000 Atlantic Avenue, Suiie
108 Alameda , CA 94501, USA). From this plasmid the N" -pro-insulin sequence, indicated
in bold, is amplified by PCR using the following primer pair:

GH-N"°-F-Ndel (SEQ D NO 29):

5'- CTC TCA TAT GCA TCA CCA TCA TCA TCA CGA ACT CAATCA TTT CGA ACT GCT G-
g

and Ins-R-Sail (SEQ 1D NO 30}
5-CTT TCG TCG ACT TAT TAATTG CAG TAG TTT TC-37

and the resulling fragment is isclated by agarose ge! elsctrophoresis and gel extraction and
figated via the newly created restriction sites for Ndel and Sall {(bold letters} into the vector



<213> pestivirus <400> 6 Val Ser lle Phe Glu Trp 15 <210> 7 <211> 7 <212> PRT <213> pestivirus

<400> 7 Ala r Trp Tyr 15 <210> 8 <211> 7 <212> PRT <213> pestivirus <400> 8 Ala Val
Ser Phe lle T@%%ﬂs?i %JO> 9 <211> 7 <212> PRT <213> pestivirus <400 FOIr L BRI Trp Tyr
Lys 15 -39~

pET30a (# 69909-3, 2002-2003 catalog, Novagen, CN Biosciences Inc., Merck KgaA,
Darmstadt, Germany) cut at the same restriction sites creating 6H-sN" -Ins-pET30a. 6H-
s“"r°u!ns-pET30a is cut al the Spel and Sall restriction sites, the larger fragment isolated by
gel electrophoresis and exiraction, thereby removing the sequence for pro-insulin, To
prepare the insert the vecltor 7HNp-Gmui3.1-pET30a (for construction see 1.2.1.1) is
digested by the same enzymes and the excised DNA fragment coding for GFPmut3.1 is
isolated by gel exiraction. By ligation of this DNA fragment into the prepared vector the
construct 6H-sNp-Gmut3.1-pET30a is obtained, coding for a fusion of synthetic N™ with
GFPmut3.1. The DNA sequences are confrolled as described under 1.2.1.1).

1.2.1.3 Construction of 8-Np-Ins-pET30a

From the construct containing the DNA sequence for N™-pro-insulin custom-synthesized
and inserfed into pUC119 by Operon Biotachnologies Inc the N"-pro-insulin sequence
required is amplified by PCR using the following primer pair:

NPP-F-Ndel (SEQ 1D NO 31):
5-CCCGACATATGGAACTCAATCATTTCGAAC-3’
and ins-R-Sall (SEQ 1D NO 30)

The resulting fragment is isolated by agarose ge! electrophoresis and gel extraction and
ligated via the newly created restriction sites for Ndel and Sall (bold letters) into the vector
pET30a, cut at the same restriction sites. The DNA sequence of plasmid sN"-ins-pET30a is
controlled as described (see 1.2.1.1).

1.2.1.4 Construction of 6H-EDDIE-sGmut3. 1-pET30a piasmid:

From the consiruct containing the DNA sequence for N -pro-insulin custom-synthesized
and insered into pUC119 by Operon Biotechnologies Inc the NP -sequence required is
amplified by PCR using the following primer pair:

NFP-F-Ndel (SEQ 1D NO 31)

and

NP -R-Sall (SEQ ID NO 32):



<210> 10 <211> 7 <212> PRT <213> pestivirus <400> 10 Ala ser Arg Phe Trp Tyr Ala 15 <210> 11

<211>7 <212> PRIJ- <213> pest virus <400> 11 Ala Phe Tyr Thr Trp Tyr Ala 15 <210> 12 <211> 7
<212> PRT 251 894 rus PCTTAT2006/000768

~ 40—
5-CGC AGA GAT GTT GGT CGA COGUC TGC AAC TAG TG-3'

and inserted via the newly created restriction sites for Nde! and Sall {bold letters) inte the
vector pET30a creating S-Np-6H-pET30a, From S-Np-8H-pET30a the N sequence is
amplified by two standard 50 ul PCR reactions: one with 50 pmol NP°-F-Nde! primer (table 1
below) and 50 pmol reverse mutation primer (3°-), 5 units Tag DNA-polymerase (# GC
002004, 2004 calalog, Genecrait, Treskow Strate 10, D-48163 Minster, Germany), 1x PCR
buffer (# GC 002006, 2004 catalog, Genecraft) and 20 nmol each dNTP mixiure (# GC
013004, 2004 catalog, Genecraft); the second with 50 pmol NPP-R-Sall primer (see fable 1
helow) and 50 pmel forward mutation primer (5°=), § units Tag DNA-polymerase, 1x PCR
buffer and 20 nmol each dNTP mixture. PCR reaction takes place In a heated lid
thermocycler using the following program: 94°C for 3 min; 25 cycles: 94°C for 30 sec, 54°C
for 30 sec, 68°C for 1 min; final incubation at 68°C for 7 min. Free primers are removed by
QlAquick® PCR Purification Kit (QIAGEN GmbH, Qiagenstrasse 1, D 40724 Hilden,
Germany, Cal. Nr. 28106, Qiagen Product Guide 2004) according to the manufacturers
recommendations {QlAquick® Spin Handbook July 2002). One-hundredth of both PCRs is
combined and amplified in a standard 50 ul PCR reaction with 50 pmol NP°-F-Ndel primer
(SEQ ID NO31) and 50 pmol NP-R-Sall primer (SEQ ID NO32), § unifs Taq DNA-
polymerase (Genecraft), 1x PCR buffer (Genhecraft) and 20 nmol each dNTP mixture
{Genecraft) in a heated lid thermocycier using the following program: 94°C for 3 min; 25
eylces: 94°C for 30 sec, 54°C for 30 sec, 68°C for 1 min; final incubation at 68°C for 7 min.
Free primers are removed by QlAguick PCR Purification Kit (QIAGEN} according fo the
manufacturers recommendations. The PCR fragments are inserted via the Ndel and Sall
restriction sites into vector pET30a. The construct is then used for the next mutational step.
This is done in six consecutive steps fo introduce the amino acid changes one by one,
selecting the respective primers as indicated in table 1 below. The outcoming plasmid of
each step is conirolied by DNA seguence analysis as described (see 1.2.1.1). The last

mutational step (11557 and F158T) is done by a single PCR reaction with the primer pair
NPP-F-Ndel (SEQ ID NO 31)

and

3'_I155T,F168T (SEQ 1D NO 33):



<400> 12 Ala Phe Tyr Arg Trp Tyr Lys 15 <210> 13 <211> 6 <212> PRT <213> pestivirus <400> 13

Ala Phe Tyr /g JoR /I <210> 14 <211> 7 <212> PRT <213> pestivirus;£4002. 14 Ala Phe Tyr Arg
Trp Tyr Ala 15 <210> 15 <211> 8

-4 -

5-GCA ACT AGT GAC CCA CAG TGG ACA GTT AGT GGT GTT ACG GGT CCA TTT
CAG G-3

and the resuliing PCR product is inserted via the Ndel and Spel (bold letters, table 1 below}
restriction sites into 8-Np-6H-pET30a, DNA sequence analysls as described (see 1.2.1.1)
verifies the sequence of construct EDDIE-6H-pET30a.

Table 1:

5 _CHeE SEQ 1D NO 34: GCT CAATTT GAG GAA GTG ACT AMA CG

3 C112E SEQ ID NO 35: CGT TTA GTC ACT TCC TCA AAT TGA GC

5 C134E SEQ ID NO 36: CAT CTACGT GGAGGT TGATGG C

¥ _C134E SEQ ID NO 37: GCCATC AAC CTC CAC GTA GAT G

5 C138E SEQ 1D NO 38: GTT GAT GGC GAG ATC CTG CTG

3 _0138E SEQ 1D NO 39: CAG CAG GAT CTC GCC ATC AAC

5_A109T.VII4T |SEQ ID NO 40: CTG GAA TTC TTT GAT GAA ACC CAA TTT GAG
GAA ACC ACT AAA CGT ATT GG

I_AT09T.V114T |SEQ ID NO 41: CCA ATA CGT TTA GTG GTT TCC TCA AAT TGG
GTT TCA TCA AAG AAT TCC AG

S'_R33E, GB54D, |SEQ ID NO 42: CAT GAC CGC GGA GAA GAT GAC ATT GAA ACA

RETE ACGCTGC

F_RE3E, G54D,[SEQ 1D NO 43: GCA GCG TTG TTT CAA TGT TCAC CTT CTC CGC

RSTE GGT CAT G

5 _1L143Q SEQ 1D NO 44: GAT CCT GCT GAA ACA GGC GAA GCG CGG AAC

F_L1430Q SEQ IDNO 45: GTT CCG CEGC TTC GCC TGT TTC AGC AGG ATC

From EDDIE-6H-pET30a EDDIE is ampiified by PCR using the following primer pair:

6H-N"°-F-Ndel, (SEQ ID NO 29) and N"*-R-Sal, (SEQ 1D NO 32) and the resulting fragment
are used to replace N™° via restriction sites for Ndel and Spet (bold letters) in the construct
S-Np-Ins-pET30a (see 1.2.1.3) creating 6H-ECDIE-Ins-pET30a. The vector 6H-EDDIE-Ins is
digested by Spel/Sall, the larger fragment isolated by gel electrophoresis and extraction,

thereby removing the sequence for pro-insulin. The Insert is generated by PCR from =
construct containing a synthetic sGFPmut3. 1 gene

SEQ 1D NO 486:



<212> PRT <213> pestivirus <400> 15 Ala Val Ser lle Phe Glu Trp Tyr 15 <210> 16 <211> 7 <212>

PRT <213> pestiviks 5400> 16 Ala Val Ser Arg Asn Trp Tyr 15 <210> 17 FZRBeehdnaRT <213>
pestivirus <400> 17 AIa Ser Arg Phe Trp Tyr

- 4D

TGCAGCAAAGGCGAAGAACTGTTTACCGGTETGGTGCCEATTCTGETGGAACTGGATG
GCGATCTGAACGOTCATAATITAGCBTGAGCGGCGAAGGTGAAGGCGATEGORBACCTA
TOETAAACTGACCCTGAAATTTATTTGCACCACCGGCAAACTGLOBETGCCETRGOCE
ACCCTGBTGACCACCTTTGGTTATGGCGTGCAGTECTTTGCECGCTATCCGGATCACA
TEAAACAGCATGATTTTTTTAAAAGCGCGATGCCGGAAGGTTATCTOCAGGAACGCACT
ATTTTTTTTAAAGATCGATGGCAACTATAAAACCCGECGCGGAAGTGAAATTTGAAGGTGAT
ACCCTCGTGAACCGCATTGAACTGAAAGGCATTGATTTTAAAGAAGATGGTAACATTCT
GGCCCATAAACTGGAATATAACTATAACAGCCATAACGTGTATATTATGGCGGATAALL
AGARAAACGGTATTAAAGTCAACTTTAAAATTCGCCATAACATTGAAGATEGCAGCETE
CAGCTGGCGEGATCATTATCAGCAGAACACCCCGATTGGTGATGGCCCGRTECTGCTRE
CGGATAACCATTATCTGAGCACCCAGAGCGCGCTGAGCAAAGATCCGAACGAALLACG

CGATCACATGGTGCTGCTCGAATTTGTCGACCGCGRUGGETATTACGCATGGCATGGAT
GAACTGTATAAA TAATAA

in pUC119 custom-prepared by Operon Biotechnologies Inc with the primer pair
sGFP-F-Spe, (SEQ 1D NO 47):

5-GGA TCC ACT AGT TGC AGC AAA GGC GAA G-&

and

sGFP-R-Sal (SEQ 1D NO 48):
-CGA GGT CGA CTT ATT ATT TAT ACA GTT CAT C-3..

The purified PCR product is then digested with Spel/Sall and ligated into the SpellSall
fragment of 6H-EDDIE-Ins, thereby substifuting the proinsuline gene by sGmut3.1 to form

the construct 6H-EDDIE-sGmut3. 1-pET30a. The DNA sequences of each step are controlled
as described (see 1.2.1.1).

1.2.2 Transformation:

Electrocompetent cells are prepared from one liter of bacterial culture {grown at 37 °C and
225 rpm to ODee=0, 5). The cell suspension is cooled on ice for 15 min {continuous
agitation) pelleted (4 °C, 2500 g, and 10 min) and the supernatant removed completely. The
remaining pellet is re-suspend in one liter of de-ionized water at 4 °C, spun down {4°C,



15 <210> 18 <211> 8 <212> PRT <213> pestivirus <400> 18 Ala Phe Tyr Arg Trp Tyr Ala Ala 15

<210> 19 <211>» K 5244 PRT <213> pestivirus <400> 19 Ala Phe Tyr Argi;lg%gﬁﬁ%g@%%? 20
<211> 8 <212> PRT <213> pestivirus

- 43 —

2500 g ,10 min) again and washed 2 times in 50 mi de-ionlzed water (4 °C) with intermittent
centrifuging steps (4 °C, 2500 g , 10 min)., The pellet is finally washed with 50 ml 10 %
sterilized glycerol solution (4 °C) pelleted (4 °C, 2500 g ,10 min) and re-suspended in 2.5 mi
10 % sterillzed glycerol solution (4 °C), frozen and stored in 40 ul aliquots at ~80 °C. One
aliquot of electrocompstent cells is thawed on lce, 1ul of ligation reaction containing 5Sng
DNA added and transferred without air bubbles to an electroporation cuvette with tmm
eleclrode gap. Electroporation takes place with a BIO-RAD Gene Pulser™ (Bio-Rad
Laboraiories inc., 2000 Alfred Nobel Drive, Hercules, CA 94547, USA; cat. n. 1652077, Life
Science Research Products 1998} including BIO-RAD pulse controller (Bio-Rad Laboratories
Inc., 2000 Alfred Nobe! Drive, Hercules, CA 94547, USA; catl. n. 1652008, Life Sclence
Research Products 1998) set to 1,5 kV, 25 yF, 200 Ohms with a time constant shorter than
4.5 ms. immediately thereafier 180 pl TY-broth (1.0% wiv Peptone, 0.7% wiv Yeast exiract,
0.25% wiv NaCl) is added and the suspension fransferred {o a sterile 14 mi plastic tube and
incubated for 30 min (37 °C, 225 rpm). The suspension is then plated on selection medium,
After incubation over night at 37 °C colonies are picked, transferred to 2 mi TY-broth and
incubated over night at 37 °C and 225 rpm. 1 m! of the overnight culture Is used for plasmid
preparation by standard methods and the plasmid preparation subjected to restriction
analysis and DNA sequencing. After verification by sequence analysis the plasmid is used
for further transformation in expression strains by the method described herein.

1.2.3 Expression of the fusion polypeptide
Recombinant E. coli HMS 174 {DE3) containing a pET30 plasmid expressing a fusion
polypeptide with an N-terminal autoprotease 6H-NPPEDDIE and a C-terminal GFPmut3.1

with the following amino acid sequence are cultivated in baffied flasks in LB-broth at a total
volume of 1.8 1

SEQ 1D NO 48:

1 MHHHHEHHELN HEBLLYKTSK QKPVGVEEPV YDTAGRPLFG NPSEVHPQST LKLPHDRGED 60
61 DIETTLRDLP RKGDCRSGNH LGPVSGIYIK PGPVYYQDYT GPVYHRAPLE FFDETQFERT 120
121 TKRIGRVTGS DGKLYHIYVE VDGEILLKQA KRGTPRTLKW TRNTINCPLW VTSCSKGEEL 180
1Bl FTGVVPILVE LDGDVNGHKF SVSGEGEGDA TYGKLTLKFI CTTGKLPVPW PTLVITFGYG 240
241 VQCFARYPDH MKQHDFFKSA MPEGYVQERT IFFKDDGNYK TRAEVKFEGD TLVNRIBLKG 300
301 IDFKEDGNIL GHKLEYNYNS HNVYIMADKQ KNGIKVNFKI RENIEDGSVQ LADHYQQONTE 360
361 IGDGPVLLPD WHYLSTQSAL SKDPNEKRDH MVLLEFVTAA GITHGMDELY K

Celis are cultivated as described under 1.1.5.



<400> 20 Ala Ser Arg Phe Trp Tyr Ala Ala 15 <210> 21 <211> 8 <212> PRT <213> pestivirus <400>

21 Ala Phe Ty Asgs/ipsdyr Ala Ala 15 <210> 22 <211> 8 <212> PRT <213p@estivistsosde> 22 Ala
Phe Tyr Ser Trp Tyr Ala Ala 15 <210> 23 <211> 415 <212> PRT <213> pest virus <400> 23

V.V -

1.2.4 Isolation of inclusion bodies

Disruption of the cells is performed enzymatically. Briefly, the cells are suspended in 40 mi of
20 mM TrisMHCL 5 mM EDTA, 2 mM MgCl, pH 8.2, 72 mg of lysozyme and 300 U of
Benzonase® are added. After incubation for 45 min at RT,1.3 g NaCl and 0.5 m! Triton X-~100

are added. After another 15 min the suspension is centrifuged {Beckman JA 2550, 10 00C
rpm, 16 min, 4 °C) to obtain the inclusion bodies.

1.2.8 Solubilization of inclusion bodies

The pellet is washed once in 20 mi of 0.5 % deoxycholale, twice in 20 ml of 1 M NaCl, then
washed with HO. The resulting pelist (approximately 2 g wet weight) is suspended in 10 mi
of H,0 and stored at =20 °C for further use.

An aliquot of the suspension is diluted 1 : 5 with 80 mM Tris/HCI, 10 M urea pH 7.3 to
dissoive the inclusion bodies. Affer cenirifugation fo remove insciuble components the
solution is diluted 1 : § with 50 mM Tris/HCl, 100 mM NaCl, 4 M urea, pH 7.3.

1.2.6 Binding of the fusion polvpeplide

2 mi of the solution with an approximate polypeptide concentration of 2 mg/m! are applied
onto a peptide affinity matrix as described above. Briefly, a Fraclogel-DADPA-SA-
AFYRWYA (0.5 inner diameter x § cm) is equilibrated with 50 mM Tris/HC!, 100 mM NaCl, 4
M Urea, pH 7.3. 2 mi of the sample are injected at a flow rate of 25 cm/h.

1.2.7 Washing out of unbound contaminating material
Unbound components are washed out with & column volumes of equilibration buffer at a flow

rate of 150 em/h. Refolding is induced by a buffer exchange with 4.5 column volumes of 200
mM Tris/HCL 2 mi EDTA, 10 % Giycerol, pH 7.3.

1.2.8 Refolding, cleavage and elution

The bound fusion polypeptide is allowed to refold for 25 h by stopping the flow. Upon the
refolding the bound autoprotease cleaves at its specific site and releases the fusion partner
GFPmut3.1. Then the fusion polypeptide is washed out by the a 200 mM Tris/HCI, 2 mM
EDTA, 10 % Glycerol, pH 7.3 buffer using a flow rate of 150 cm/h. 1 ml fractions are
collected and analyzed for UV absorbance at 280 nm and flucrescence at an excitation of
4886 nm and emission of 520 nm. Fractions containing the fusion partner GFPmut3.1 are
further analyzed by SDS-PAGE for purified GFPmut3.1.



8 Lys Thr Ser Lys Gin Lys Pro Val Gly Val Glu Glu Pro Val Tyr Asp 202530 Thr Ala Gly Arg Pro Leu
Phe Gly Asnoré8ri GGlisdv/al His Pro Gin 354045 Ser Thr Leu Lys Leu Pro BigsAsBoM@deisArg Gly
Asp lle Arg Thr 505560 Thr Leu Arg Asp Leu Pro Arg Lys Gly Asp cys Arg Ser Gly Asn His 65707580
Leu Gly Pro Val Ser Gly lle Tyr lle Lys Pro Gly Pro A& +yr Tyr 859095 Gin Asp Tyr Thr Gly Pro Val
Tyr His Arg Ala Pro Leu Glu Phe Phe 100105110 Asp Glu Ala Gin Phe Cys Glu Val Thr Lys Arg lle Gly
Arg Val Thr 115120125 Gly Ser Asp Gly Lys Leu Tyr His lle Tyr Val Cys Val Asp Gly Cys 130135140
lle Leu Leu Lys Leu Ala Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp

1.2.8 Regeneration
After elution of the cleaved off polypeptide of Interest regeneration of the column is
performed with 5 column volumes of 0.1 M NaOH at a flow rate of 150 cméh.

Example 2:

Production of a heterologous polypeptide in accordance with the invention, utifizing
immobilized metal lon affinity chromatography

This example describes the production of GFPmut3.1 as a fusion polypeptide of a mutant of
pestivirus autoprotease N™: GxHis- NPUEDDIE, whereby refolding and cleavage are
performed on an immobllized metal jon affinity matrix.

The His-tag is introduced into the fusion polypeptide in order to be able io use the same
construct in both IMAC and peptide affinity chromatography so that both methods can be
directly compared. The tag Is not required for the interaction of the fusion polypeptide with
the oligopeptide ligand during affinity chromatography.

Preparation and solubliization of inclusion bodies is performed as described in example 1.2.4
and 1.2.5.

2.1 Preparation of chromatographic column binding of the fusion polypeptide fo the
chromatographic column

Chelating Sepharose Fast flow (Amersham Biosciences) is packed into the column fo a bed
dimension of 0.5 Inner diameter x 5 cm and storage solution is washed out with water. In a
next step the metal ion Ni*" is loaded onto the column. About two thirds of the total column
volume of 100 mM NICl; or NiSQ,4 are applied. Unbound Ni** ions are washed out. After
equilibration of the column with 50 mM Tris, 100 mM NaCl, 4 M ures, pH 7.3, 0.5 mi of the

polypeptide solution with a concentration of about 2 mg/ml is applied onto the colurnn, The
loading flow rate is 50 cm/h.

2.2 Washing out of unbound contaminating material



145150155160 lle Arg Asn Phe Thr Asn Cys Pro Leu Trp val Thr Ser Cys Ser Gly 165170175 Thr Met
Arg Lys Glyfdu-aisvlzgss#he Thr Gly Val Val Pro lle Leu 180185190 Val GlpdseuAsi: &ly:ésp Val Asn
Gly His Lys Phe Ser Val Ser Gly 195200205 Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys
Phe lle 210215220 Cys Thr Thr Gly Lys Leu Pro val4&re Trp Pro Thr Leu Val Thr Thr 225230235240
Phe Gly Tyr Gly Val Gin Cys Phe Ala Arg Tyr Pro Asp 245250 S met Lys 255 Gin His Asp Phe Phe
Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 260265270 Arg Thr lle Phe Phe Lys Asp Asp Gly Asn Tyr
Lys Thr Arpfida Gishing out unbound sample components with 5 column volumes of equilibration

buffer, a buffer exchange to 500 mM Tris/Acetate, 0.25 M sucrose, 1 mM DTT, pH 7.3 is
pesformed.

2.3 Refolding, cleavage and elution

After 4.5 column volumes the flow is stopped to allow the fusion polypeptide to refold and
upon refolding the autoprotease cleaves off the fusion pariner. Elution of the polypeptide of
interest is performed by activating the flow again at a velocity of 150 em/h using 1mi of 500
mM Tris/Acetate, 0.25 M sucrose, 1 mM DTT, pH 7.3buffer, Fractions are collected and
analyzed by fluorescence measurements and SDS-PAGE.,

2.4 Regeneration

Regeneration of the chromatography resin is carred out with 50 mM acetate, 8 M
guanidinium chiorlde, pH 3.5 at a fiow rate of 50cm/h.

Exampie 3:
On column cleavage of NP EDDIE-sSPA-D

This example describes the production of staphylococcal Protein A domain D by expression
as a fusion polypeptide of a mutant of pestivirus autoprotease Npro: NP°EDDIE, whereby
refolding and cleavage are performed on a peptide affinity matrix. A fusion protein
comprising the autoprotease NPPEDDIE and the C-terminally fused Protein A domain D
(sSPA-D) referred to as NP EDDIE-sSPA-D are prepared as follows:

Recombinant E. colf HMS 174 (DE3) containing a pET30 plasmid expressing the fusion
polypeptide with the following amino acid sequence are cultivated in a 10 | fermenter as
described in 1.1.5. Amino acids 1 to 168 of the entire fusion construct refer to the sequence
of NproEDDIE whereas amino acids 169 to 229 refer to the sequence of sSPA-D.

1 11 21 31 41 51

! | % f ! !
1 MELNHFELLY KTSKQKPVGV EEPVYDTAGR PLFGNPSEVE POSTLKLPED RGEDDIETTL 60
€l RDLPREKGDCR SGNHLGPVSG IYIKPGPVYY QDYTGPVYHR APLEFFDETQ FEETTKRIGR 1249
1231 VTGSDGKLYH IYVEVDGEIL LEQAKRGTPR TLKWTRNTTN CPLWVTSCAD AOONKEFNKDO 180



275280285 9 lle Asp Phe Lys Glu Asp Gly Asn lle Leu Gly His Lys Leu Glu Tyr 305310315320 Asn

Tyr Asn Ser yis Aty M@shyr lle Met Ala Asp Lys Gin Lys Asn 325330335 Ghr-heskyg¥aldgn 'he Lys
lle Arg His Asn lle Glu Asp Gly Ser 340345350 Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro lle

Gly Asp Gly 355360365 Pro Val Leu Leu Pro Asp Asa7His Tyr Leu Ser Thr Gin Ser Ala Leu
370375380 Ser Lys Asp Pro Asn Glu Lys Ara AS His Met Val Leu Leu Glu Phe 385390395400 Val Thr
Ala Ala Gly lle Thr His Gly Met Asp Glu Leu Tyr Lys 405410415 <210> 24 <211> 24 <212> DNA
<213> artifiéfs} <EPEFEILNYM PNLNEEQRNG FIQSLKDDPS QSTNVLGEAK KLNESQAPK

Isolation and solubilization of inclusion bodies takes place as described in example 1.1.

Binding of the fusion polypeptide to the chromatographic column
Fractogel-DADPA-IT-peptide (0.5 x 5 cm) matrix, whereby selection and coupling of the
respective peptide is conducted as described above, is equilibrated with 50 mM TrisfHCL,
100 mM NaCl, 4 M urea, pH 7.3 with a linear flow rate of 150 em/h. 1 mi of the polypeptide

solution Is applied at a linear flow velocity of 50 cm/h. The flow rate is increased to 150 am/h
after sample injection.

Washing out of unbound contaminating material

Unbound components are washed out with 5 column volumes of equilibration buffer, A buffer
exchange to refolding buffer, specifically to 1 M Tris/HCI, 2 mM EDTA, 0.25 M sucrose; 10
mM O-monethioglycerol, pH 7.3, is performed with 6 column volumes.

Refolding, cleavage and elution

After changing the conditions from chaotropic to cosmotropic, the fusion polypeptide is
allowed to refold for 25 h on the chromatography resin by stopping the flow. The active
autoprotease cleaves off the C-terminally fused sSPA-D. The subsequent elution with

refolding buffer results in native sSPA-D. Regeneration of the matrices is performed with 10
CV of 0.2 M NaOH at 150 cm/h.

Example 4:
On column refolding and cleavage of 6His-N" EDDIE-GFPmut3.1

This example describes the production of native GFPmut3.1 by expression of a 6His-
NPPEDDIE-GFPmut3.1 fusion polypeptide, refolding and cleavage on an affinity matrix

referred {o as Actigel-polyiKW. Chromatography conditions are the same as described
above.

Example 5:

On column cleavage of NP EDDIE-sSPA-D



<223> primer <400> 24 gaaattaata cgactcacta tagg24 <210> 25 <211> 30 <212> DNA <213> atrtificial
<220> <223 g 1$460> 25 cggtaccaga gcaactagtt acccataatg30 <210>p2Gs2%dd @6 212> DNA

<213> artificial <220> <223> primer <400> 26 gaaaggtacc atgcgtaaag gagaag26 <210> 27 <211> 33
<212> DNA <213> artificial 10 <220> <223> primer 400> 27

This example describes the production of native sSPA-D by expression of a N“EDDIE-
sSPA-D fusion polypeptide, refoiding and cleavage on an affinity mairix referred to as
Agtigel-polyKY, Chromatography conditions are the same as described above.

Example 6:

On-column refolding using cation-exchange chromatography

Crude NPR37-6His

{1 IMELNHFELLYKTSKOQKPVGVEEPVYDTAGRPLFGNPSEVHPQS TLKLPHDRGRGDIRTT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDETQFEETTKRIGRV
TGSDGKLYHIYVEVDGEILLKLAKRGTPRTLKWTRNTTNCPLWYTSC-{168)) inclusion body
extracts were resuspended in 8 M urea, 50 mM Na-phosphate pH 7.0. The final protein
concentration was 0.5 mg/mi. 2 ml were loaded onto a HiTrap SP Sepharose FF column {2.5
x 0.7 em id.; column volume 1 mi; GE Healihcare) at a linear velocity of 50 cm/h previously
equilibrated with the same huffer as described above. The column was then buffer-
exchanged into a buifer containing 50 mM Na-phosphate pH 7, 2 mM EDTA, 5 % glycerol,
10 mM a-monothioglycerol (MTG). The protein was allowed to refold for 1 hour at room
temperature. Elution of refolded and cleaved proteins was carried out by further application
of refolding buffer. Regeneration was performed with a buffer containing 2 M NaCi, 50 mM

Na-phosphate pH 7. Refolding of the fusion protein (6 His) was monitored by SDS-PAGE
analysis.



taagtcgact tatttgtata gttcatccat gcc33 <210> 28 <211> 768 <212> DNA <213> artificial <220> <223>
plasmid <400> 28 atggaactca atcatttcga actgctctac aaaactagca agcaaaaacc tgttggcgtt60 gaagagccgg
tctacgatac tgcaggtcgt cctctttttg ggaatccgtc cgaagtgcacl20 ccccagtcaa ccctcaagct tcceccatgac
cgcggacgcg gtgacattcg tacaacgcetgl80 cgcgatctge ctcgtaaagg cgattgtcge tctggaaacc acctaggtcc
ggtgtcgggc240 atttacatta aaccaggtcc cgtctattac caagactaca ctggtccggt ttaccatcgt300 gcacctctgg
aattctttga tgaagctcaa ttttgcgaag tgactaaacg tattggccgt360 gtaaccggtt cggacgggaa actgtaccac
atctacgtgt gcgttgatgg ctgtatcctg420 ctgaaactcg cgaagfgcgg aacccctcge accctgaaat ggatccgtaa
cttcactaac480 tgtccactgt gggtcactag ttgcttcgtt aaccaacatc tgtgcggttc acaccttgtg540 gaagccctgt
atctggtgtg tggcgaacgc ggattctttt ataccccgaa aacgcggcgc600 gaagccgaag atcttcaggt tggtcaagtg
gaactgggcggaggiccggg agccgggage660 ctgcaaccgce tggcgcettga agggtcgetg caaaaacgcg gtattgttga
acagtgctgt720 acctccatct gctctctgta tcagctggaa aactactgca attaataa768 <210> 29
1. A method for the production of a heterclogous polypeptide of interest with 2 homogenous
N-terminus, using a fusion polypeptide comprising the polypeptide of interest and N-
terminally thereto a autoprotease, said method comprising the steps of a) binding of
the fusion polypeptide in a soluble, autoproteciytically inaciive form by an affinity
chromatography system, b} refolding of the fusion polypeptide, thereby activating the
autoproteolytic funciion of the fusion polypeptide and causing cleavage of the
heterclogous polypeptide of interest, and c) subsequently eluting the heterologous
polypeptide of interest wherein said steps are conducted on one affinity
~ chromatography system, wherein said affinity chromatography system is cation
exchange chromatography and wherein the fusion polypeptide comprises a
polycationic affinity tag, or is anion exchange chromatography and wherein the fusion

polypeptide comprises a polyanionic tag.

2. The method according to claim 1, wherein the fusion polypeptide is provided by
recombinant expression in a bacterial host cell in the form of inclusion bodies, utilizing a
host cell that is transformed with an expression vector comprising a nucleic acid

molecule which codes for the fusion polypeptide.
3. The method according to claim 1, wherein the autoprotease is N”° of a pestivirus.

4. The method according to claim 3, wherein the pestivirus Is sefected' from the group
consisting of CSFV, BDVand BVDV. '

5. The method according to claim 4, wherein the autoprotease is N*° of CSFV and has the

following amino acid sequence:

SEQ ID NO ’l
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLKLPHDRGRGDI
RTTLRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDEAQFCEVT
KRIGRVTGSDGKLYHIYVCVDGCILLKLAKRGTPRTLKWIRNFTNCPLWVTSC-(168),



<211> 52 <212> DNA <213> artificial <220> <223> primer <400> 29 ctctcatatg catcaccatc gtcatcacga
actcaatcat ttcgaactgc tc52 <210> 30 <211> 32 <212> DNA <213> artificial <220> <223> primer <400>
30 ctttcgtcga cttattaatt gcagtayttt tc32 <212> DNA11 <213> artificial <220>

.

6. The method according to claim 4, wherein the autoprotease is a derivative of NP° of
CSFV and has the following amino acid sequence:

SEQID NG 2:

(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQS TLKLPHDRGRGDI
RTTLRDLPRKGDCRSGNHLGPYSGTYIKPGPVYYQDYTGPVYHRAPLEFFDEAQFEEEY
TKRIGRVTGSDGKLYHIYVEVDGEILLKLAKRGTPRTLKWIRN FTNCPLWVTSC-(168)

/. The method according to claim 4, wherein the autoprotease is a derivative of NP© of
CSFV and has the following amino acid sequence:

SEQ D NO 3:
(D-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLKLPHDRGEDD!
ETTLRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDEAQFEEY
TKRiGRVTGSDG KLYHIYVEVDGEILLKQAKRGTPRTLKWIRNFTNCPLWVTSC-(168)

8 The method according to claim 4, wherein the autoprotease is a derivative of NP® of
CSFV and has the following amino acid sequence:

SEQ ID NO 4:
(M)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLKLPHDRGRGD!
RTTLRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEEFDETQFEET
TKRIGRVTGSDGKLYHIYVEVDGEiLLKLAKRGTPRTLK\N’TRNWNCPLWVTSC~{188)

9. The methed according to claim 4, wherein the autoprotease is a derivative of NP© of
CGSFV and has the following amino acid sequence:

SEQID NO 5:

(1 )—MELNHFELLYKTSKQKPVG\/EEPVYDTAG RPLFGNPSEVHPQSTLKLPHDRGEDDI
E"!"TLRD;LPRKGDORSGNHLGPVSG TYIKPGPVYYQDYTGPVYHRAPLEFFDETQFEETT
KRIGR\{TGSDGKLYHIYVEVDGEELLKQAKRGTPRTLKWTRNWNCPLW\/TSC~(1 68).



<223> primer <400> 31 cgcgacatat ggaactcaat catticgaac30 <210> 32 <211> 32 <212> DNA <213>
artificial <220> <223> primer <400> 32 cgcagagatg ttggtcgacg ctgcaactag tg32 <210> 33 <211> 52
<212> DNA <213> artificial <220> <223> primer <400> 33 gcaactagtg acccacagtg gacagttagt
ggtgttacgg gtccatttca ggb2 <210> 34 <211> 26 <212> DNA <213> artificial <220> <223> plasmid
<400> 34 gctcaatttg aggaagtgac taaacg26 <210> 35 <211> 26 <212> DNA <213> artificial

5.

10. The method according to claim 1, wherein the polycationic affinity tag is selected from

polyarginine and polylysine.

11. The method according to claim 1, wherein the polyanionic {ag is polyasparagine,



<220> <223> plasmid <400> 35 cgtttagtca cttcctcaaa ttgagc26 <210> 36 <211> 22 <212> DNA <213>
artificial <220> <223> plasmid <210> 3712 <211> 22 <212> DNA <213> atrtificial <220> <223>

- plasmid <400> 37 gccatcaacc tccacgtaga tg22 <210> 38 <211> 21 <212> DNA <213> artificial <220>
<223> plasmid -52-

12. The method according to any of the preceding claims, wherein the step of refolding the
fusion polypeptide is performed by the change from chaofropic o cosmotropic

conditions via bufier exchange.



<400> 38 gttgatggcg agatcctget g21 <210> 39 <211> 21 <212> DNA <213> artificial <220> <223>
plasmid <400> 39 cagcaggatc tcgccatcaa c21 <210> 40 <211> 50 <212> DNA <213> artificial <220>
<223> plasmid <400> 40 ctggaattct ttgatgaaac ccaatttgag gaaaccacta aacgtattgg50 <210> 41 <211>
SO <212> DNA <213> artificial <220> <223> plasmid <400> 41 ccaatacgtt tagtggtttc ctcaaattgg
“gtttcatcaa agaattccagb0 <210> 42 <211> 37 <212> DNA <213> artificial <220>

B3

13. NP of CSFV for use in a method according to any of ihe claims 1 to 12.

14. Use of NPP of CSFV in a méthod according to any of the claims 1 o 12.



<223> plasmid 13 <210> 43 <211> 38 <212> DNA <213> artificial <220> <223> plasm_ic_i <400> 43
.gcagcgttgt ttcaatgttc accttctccg cggtcatg38 <210> 44 <211> 30 <212> DNA <213> artificial <220>
<223> plasmid <400> 44 gatcctgctg aaacaggcga agcgcggaac30 <210> 45 <211> 30 <212> DNA
<213> artificial <220> <223> plasmid ; 1

SEQUENCE LISTING

<110> sandoz AG ) u
Boehringer Ingelheim Austria GmbH

<120> 0Organic Compounds
<130> r47641

<140> PCT/AT2006/000168
<i4i>  2006-04-25

<150>" GBO508435.5
<151> 2005-04-26

<150> GB0OS508434.8
<151> 2005-04-26

<150> GB0605379.7
<151> 2006-03-16

<160> 56

<170> PatentIn version 3.3

<210> 1

<211> 168

<21Z> PRT

<213> pestivirus

<400> 1

Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys GlIn Lys
1 5 10 15

Pro val Gly val Glu Glu Pro val Tyr Asp Thr Ala Gly Arg Pro Leu
20 25 30

Phe Gly Asn Pro Ser Glu val His Pro GlIn Ser Thr Leu LYs Leu Pro
35 40 45

His Asp Arg Gly Arg Gly Asp Ile Arg Thr Thr Leu Arg Asp Leu Pro
50 55 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gly pPro val ser Gly
65 70 75 80

Ite Tyr Ile Lys Pro Gly Pro val Tyr Tyr GIn Asp Tyr Thr Gly Pro
85 90 a5

val Tyr His Arg Ala Pro Leu Glu Phe phe Asp Glu Ala GIn phe Cys
100 105 110

Glu val Thr Lys Arg Ile Gly Arg val Thr Gly Ser Asp Gly Lys Leu
115 120 125

Tyr His Ile Tyr val Cys val asp Gly Cys Ile Leu Leu Lys Leu Ala
139 135 140

Lys Arg Gly Thr Pro Arg Thr rLeu Lys Trp 1le Arg Asn Phe Thr Asn
145 150 155 160



<400> 45 gttccgcegct tegecetgttt cagcaggatc30 <210> 46 <211> 720 <212> DNA <213> artificial <220>
<223> plasmid <400> 46 tgcagcaaag gcgaagaact gtttaccggt gtggtgccga ttctggtgga actggatggc60
gatgtgaacg gtcataaatt tagcgtgagc ggcgaaggtg aaggcgatgc gacctatggtl20 aaactgaccc tgaaatttat
ttgcaccacc ggcaaactgc cggtgccgtg gccgaccctgl80 gtgrilccacct ttggttatgg cgtgcagtgc tttgcgegct
atccggatca catgaaacag240 catgattttt ttaaaagcgc gatgccggaa ggttatgtgc aggaacgcac catttttttt300
aaagatgatgcgga}g;lzg:(gakae:?\J agccegegey gaa tg;laat ttgaaggtga taccctggtg360 aaccgcattg aactgaaagg
cattgatttt aaagaagatg gtaagaﬁ%rsg ccHthaa 420 ctggaatata actataacag ccataacgtg tatattatgg
cggataaaca gaaaaacggt480 attaaagtga actttaaaat tcgccataac attgaagatg gcagcgtgca gctggcggats540
cattatcagc ggaacacecc gattggtgat ggeecggtge tgctgeecgga taaccattat600 ctgagcacce agagegegcet
gagcaaagatrrpaaggaaa aacgcgatca catggtgctg660 ctggaatttg tgaccgcggce gggtattacg catggcatgg
atgaactgta GgaalII20

<220>
<223> Seq ID No. 1; replaced Cys

<400 2

Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys Gln Lys
1 5 10 15

Pro val Gly val Glu ¢Tu Pro val Tyr Asp Thr ala Gly Arg Pro Leu
20 235 30

Phe Gly Asn Pro Ser Glu val His Pro Gln Ser Thr Leu Lys Ley Pro
35 40 45

His éép Arg Gly Arg Gly Asp Ile arg Thr Thr Leu Arg Asp Leu Pro
55 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gly Pro val ser Gly
65 70 75 80

Ile Tyr Ile Lys ggo Gly Pro val Tyr T%r Gin Asp Tyr Thr Gly Pro
9 95

val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Giu ATa GIn Phe Glu
100 105 110

Glu val Thr Lys Arg Tle Gly Arg val Thr Gly Ser Asp Gly Lys Leu
115 120 125

Tyr His ITe Tyr val Glu val Asp Glvy Glu Tle Leu Ley Lys Leu Ala
130 135 140

Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ile Arg Asn Phe Thr Asn
145 150 155 160

Cys Pro Leu Trp val Thr Ser Cys
165

<210> 3

<211> 168

<212> PRT

<213> artificial

<220>
<223> derivative of seq Id No 1

<400> 3



14 <210> 47 <211> 28 <212> DNA <213> artificial <220> <223> pr_ir_n(_ar <400> 47 ggatccacta
gttgcagcaa aggcgaag28 <210> 48 <211> 31 <212> DNA <213> atrtificial <220> <2_2_3_> primer <400>
48 cgaggtcgac ttattattta tacagttcat c31 <210> 49 <211> 411 <212>' PRT <213> artificial <220> <223>
autoprotease <400> 49 Met His His His His His His Glu Leu Asn His Phe Glu Leu Leu Tyr 151015 Lys
Thr Ser Ly§e@ir@ngmmVa| lgGIsy Vied @MGJeluPt@LV% YEYASE02R30; s % n Lys

pro val Gly VS1 Glu Gy Pro val ;gr Asp Thr ala Gly Agg Pro Leu
2 ) 3

Phe Gly Asn Pro Ser Glu val His Pro Gln ser Thr Lau Lys Leu Pro
35 40 45

His Asp Arg Gly Glu Asp Asp Ile Glu Thr Thr Ley Arg Asp Leu Pro
50 55 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Ley Gly Pro val Ser Gly
65 70 75 80

Ile Tyr Ile Lys Pro Gly Pro val Tyr Tyr Gln Asp Tyr Thr

Yy Pro
85 90

[Sa N
Gt ot

val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Glu Ala Gln Phe Glu
100 105 110

Glu val Thr Lys Arg Ile Gly Arg val Thr Gly Ser Asp Gly Lys Leu
115 120 125

Tyr His Ite Tyr val Glu val Asp Gly Glu Ile Leu Leu Lys G1In Ala
130 135 140

Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ile Arg Asn Phe Thr Asn
145 150 155 160

Cys Pro Leu Trp val Thr Ser Cys
165

<210> 4

<211> 168

<212> PRT

<213> artificial

<220>
<223> derivative of Seq. Id No 1

<400> 4

Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys Gln Lys
1 5 10 i5

Pro val 61y val Glu Glu Pro val Tyr Asp Thr Ala Gly Arg Pro Ley
20 25 30

Phe Gly Asn pro Ser Glu val His Pro Gln Ser Thr Leu Lys Leu Pro
35 40 45

His Asp Arg Gly Arg Gly asp Ile Arg Thr Thr Leu Arg Asp Leu Pro
50 55 60



Thr Ala Gly Arg Pro Leu Phe Gly Asn Pro Ser Glu val His Pro Gin 354045 Ser Thr Leu Lys Leu Pro His
Asp Arg Gly Glu Asp Asp lle Glu Thr 505560 Thr Leu Arg Asp Leu Pro Arg Lys Gly Asp Cys Arg Ser
Gly Asn His 65707580 Leu Gly Pro Val Ser Gly lle Tyr lle Lys Pro Gly Pro Val Tyr Tyr 859095 Gin Asp
Tyr Thr Gly Pro Val Tyr His Arg Ala Pro Leu Glu Phe Phe 100105110 Asp Glu Thr Gin Phe Glu Glu
Thr Thr LyssAsgiie C&%A)gng@k,}'hA,ngg‘l;g AgB e L}yﬁ IB(; Té/r Hj IIe Tyr val Glu Val
Asp Gly Gl§330135140 15 lle LetolLeu Lys Gin AIa Lys7Arg G ro Arg T, Leu Lys Trp
145150155160 Thr Arg Asn Thr Thr Asn Cys Pro Leu Trp Val Thr Ser Cys Ser Lys

Ile Tyr Ile Lys Pro Gly Pro val Tyr Tﬁr Gln Asp Tyr Thr 6ly Pro
85 g G5

val Tyr His Arg Ala Pro Leu 6lu phe Phe Asp Glu Thr Gin fhe Glu
160 195 110

Glu Thr Thr Lys arg Ile Gly Arg val Thr Gly Ser Asp Gly Lys Leu
ii5 120 125

Tyr #is Ile Tyr val Glu val Asp Gly Glu Tle Leu Leu Lys Leu Ala
136 135 140

Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Thr Arg Asn Thr Thr Asn
145 1560 155 160

Cys Pro teu Trp val Thr Ser Cys

165
<210> 5
<211> 168
<212> PRT
<213> artificial
<220>
<223> derivative of Seq. Id No 1
<400> §

Met Giu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser tys GlIn Lys
1 5 10 15

Pro val aly gg? Glu Glu Pro val ;yr Asp Thr Ala Gly Arg Pro Leu
5 30

Phe Gly %sn Pro ser Giu val His Pro GIn Ser Thr Leu Lys Leu Pro
5 40 45

His Asp Arg Gly Glu Asp Asp Ile Glu Thr Thr Leu Arg Asp Leu Pro
50 55 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gly Pro val ser Gly
65 70 75 80

Ile Tyr ile Lys Pro Gly Pro val Tyr Tyr Gin Asp Tyr Thr Gly Pro
85 90 95

val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Glu Thr 61n rhe Glu
100 105 110

Glu Thr Thr Lys Arg Ile Gly Arg val Thr Gly ser Asp Gly Lys Leu
115 120 125



165170175 Gly Glu Glu Leu Phe Thr Gly Val Val Pro lle Leu Val Glu Leu Asp 180185190 Gly Asp Vall
Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly 195200205 Asp Ala Thr Tyr Gly Lys Leu Thr Leu
Lys Phe lle Cys Thr Thr Gly 210215220 Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Gly Tyr
Gly 225230235240 Val Gin Cys Phe Ala Arg Tyr Pro Asp His Met Lys Gin His Asp Phe 245250255
Phe Lys Serylashet RrorGiluvely ur Val GGl 1y e 00, 260255270 Bl Lys Asp Asp Gly
Asn Tyr Lys ThiiA¥g Ala Glu Val Lys Pié Glu 275280285 Gly#sp Thr Leu val Asn Arg lle Glu Leu Lys
Gly lle Asp Phe Lys 290295300 Glu Asp Gly Asn lle Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser
305310315320 Arg Gly Thr Pro Arg Thr Leu Lys Trp Thir Arg Asn Thr Thr Asn
145 150 155 160

Cys Pro bteu Trp val Thr ser Cys

165
<210> &
<211> 6
<212> PRT
<213> pestivirus
<400> &

Xai Ser Ile Phe Gluy Trp
5

<210 7

<21ll> 7

<Z1Z7> PRT

<213> pestivirus

<4Q0> 7

§1a val Ser Ile Glu Trp Tyr
5

<210> 8

<21il> 7

<212> PRT

<213> pestivirus

<400> 8

é?a val ser pPhe Ile Trp Tyr
5

<210> 9

<21l> 7

<212> PRT

<213> pestivirus

<400> 9

Xa? Ser phe Ite Trp Tyr Lys
5

<210> 10

<211> 7

<212> PRT

<213> pestivirus

<400> 10

§1a Ser Arg phe Trp Tyr ala
5

<230> 11
<2il> 7
<212> PRT



His Asn Val Tyr lle Met Ala Asp Lys Gin Lys Asn Gly lle Lys Val 325330335 Asn Phe Lys lle Arg His
Asn lle Glu Asp Gly Ser Val Gin Leu Ala 340345350 Asp His Tyr GIn Gin Asn Thr Pro lle Gly Asp Gly
Pro Val Leu Leu 355360365 Pro Asp Asn His Tyr Leu Ser Thr GIn Ser Ala Leu Ser Lys Asp Pro
370375380 Asn Glu Lys Arg Asp His Met Val Leu Leu,Glu Phe Val Thr Ala Ala 385390395400 Gly lle
Thr His GlyzMét Age&ilivieusTyr Lys 405410 16 <210> 50

<4G0> 11

?'ﬁa Phe Tyr Thr Trp Tyr Ala
. 5

<210 12

<211> 7

<21Z> PRT

<213> pestivirus

<400> 12

éia Phe Tyr Arg Trp Tyr Lys
5

<210> 13

<231> 6

<212> PRT

<213> pestivirus

<400> 13

éia Phe Tyr Arg Trp Tyr
5

<210> 14

<211> 7

<212> PRT

<213> pestivirus

<400> 14

QTa Phe Tyr Arg Trp Tyr Ala
5

<210> 15

<211> 8

<212>  PRT

<213> pestivirus

<400> 15

i?a val ser Tle phe Glu Trp Tyr
5

<210> 16

<211> 7

<212> PRT

<213> pestivirus

<400> 16

éla val Ser Arg Asn Trp Tyr
5

<210> 17

<211> 6

<217?> PRT

<213> npestivirus

<400> 17



<211> 168 <212>PRT <213> artificial <220> <223>

QTa Ser Arg Phe Trp Tyr
3

<210> 18

<211> 8

<212> BRT

<213> pestivirus

<400> 1§

Ala Phe Tyr Arg Trp Tyr Ala Ala
1 5

<210> 18

<Z211> &

<212> PRT

<213> pestivirus

<400> 19

Ala Phe Tyr Arg Trp Tyr
1 5

<210> 20

<Z211> 8

<212> PRT

<Z13> pestivirus

<400> 20

Ala Ser Arg Phe Trp Tyr Ala Ala
1 5

<210> 21

<Zil> 8

<212> PRT

<213> pestivirus

<400> 21

Ala Phe Tyr Arg Trp Tyr Ala Ala
1 5

<210> 22

<Z11> 8

<212> PRT

<213> pestivirus

<400> 22

Ala Phe Tyr Ser Trp Tyr Ala Ala
1 5

<210> 23
<211> 415
<212> PRT

<213> pestivirus

<400> 23

Met His His His His His His GTu Leu Asn His pPhe Glu Leu Leu Tyr
1 5 10 15



ivati fseqidnol <400>50 Met Glu Leu Asn His Phe Glu Leu Lea Tyr Lys Thr Ser Lys Gin
EsgvlaStzlglg PrquaI Gly Val Glu Glu Pro Val Tyr Asp Thr Alfa Gly Arg Pro Leu 202530 Phe Gly Thr Pro
Ser Glu Val His Pro Gin ser Thr Lea Lys Leu Pro 354045 His Asp Arg .Gly Glu Asp Asp lle Glu Thr Thr
Leu Arg Asp Lea Pro 505560 Arg Lys Gly Asp Cys_Ar% Ser Gly Asn His Leu Gly Pro Val Ser Gly
65707580 HEsT ﬂ/’hiﬂeﬁﬂys%ﬁo Qly Pyo VabTle’gg(ﬁmaAsmLyGiI'dwrp%y\g%no Tyr Asp

Thr Ala Gly Arg Pro Leu pPhe Gly Asn Pro ser Glu val His Pro Gln
35 40 45

Ser Thr Leu Lys Leu Pro His Asp Arg Gly Arg Gly Asp Ile Arg Thr
50 55 60

Thr Leu Arg Asp Leu Pro Arg Lys Gly Asp Cys Arg Ser Gly Asn His
65 70 75 80

Leu Gly Pro val Ser Gly Ile Tyr Tle ;ys Pro Gly pPro val Tyr Tyr
85 0 a5

Glin Asp Tyr Thr Gly pPre val Tyr His Arg Ala Pro Leu Glu Phe pPhe
100 165 110

Asp Glu Ala GIn phe Cys Glu val Thr Lys Arg Ile Gly Arg val Thr
115 120 125

Gly ser Asp Gly Lys Leu Tyr His Ile Tyr val Cys val Asp Gly Cys
130 135 140

Ile Leu Leu Lys Leu Ala Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp
145 150 155 160

ITe Arg Asn phe Thr Asn Cys Pro Ley Trp val Thr Ser Cys Ser Gly
165 170 175

Thr Met Arg Lys Gly Glu Glu Leu Phe Thr Gly val val pro 1le Leu
180 185 190

vai Glu Leu Asp Gly Asp val Asn Gly His Lys Phe Ser val ser Gly
185 200 205

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
210 215 220

Cys Thr Thr Gly Lys Leu Pro val Pro Trp Pro Thr Leu val Thr Thr
225 230 235 240

Phe Giy Tyr Gly val Gln Cys Phe Ala Arg Tyr Pro Asp His Met Lys
245 250 255

GIn His Asp pPhe Phe Lys Ser Ala Met Pro Glu Gly Tyr val GIn Glu
260 265 270

Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr arg Ala Glu
275 280 285

val Lys Phe Glu Gly Asp Thr Leu val Asn Arg Ile Glu Leu Lys Gly
290 295 300



859095 val Tyr His Arg Ala Pro Lea Glu Phe Phe Asp Glu Thr Gin Phe. Glu 100105110 Glu Thr Thr
Lys Arg lle Gly Arg Val Thr Gly Ser Asp Gly Lys Lea 115120125 Tyr His lle Tyr val Glu val Asp Gly Glu
lle Leu Leu Lys Gin Ala 130135140 Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Thr Arg Asn ser ThrlAs.n
145150155160 Cys Pro Lea Trp Val Thr Ser Cys 165 210> 51 <21_1> 168 <212> PRT <213> atrtificial
<220> <223> derivative of seq id no 1 <400> 51 Met Glu Leu Asn His Phe Glu tea Leu Tyr Lys Thr ser

Lys Gin Ly%%él%Sp%Z Lys Glu Asp Gly Asn Ile iLey (331)5( His Lys Leu Glu
1

Tyr
305 310 320
Asn Tyr Asn Ser His Asn val Tyr Ile Met Ala AsSp Lys GIn Lys Asn
325 330 338
Gly Ile Lys val Asn Phe Lys Tle Arg His Asn Ile Glu Asp Gly Ser
4G 345 350
val Gin Leu Ala Asp His Tyr 6In GIn Asn Thr Pro le Gly Asp Gly
355 360 365
Pro val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu
370 375 380
Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met val Leu Leu Glu phe
385 390 395 400
val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
405 410 : 415
<210> 24
<21i> 24
<212> DNa
<213> artificial
<220>
<223> primer
<400> 24
gaaattaata cgactcacta tagg 24
<210> 25
<211> 30
<212> DNA
<213> artificial
<220>
<223> primer
<400> 25
Cggtaccaga gcaactagtt acccataatg 30
<210> 26
<211 26
<212> DNA
<213> artificial
<220>
<223> primer
<400> 26
gaaaggtacc atgcgtaaag gagaag 26
<2i0> 27
<211> 33
<212> DNA

<213> artificial



Phe Gly Thr Pro Ser GU Val His Pro Gin Ser Thr Leu Lys Leu Pro 354045 His Asp Arg Gly Glu Asp
Asp lle Glu Thr Thr Leu Arg Asp Leu Pro 505560 Arg Lys Gly Asp Cys Arg Phe Gly Asn His Leu Gly
Pro Val Ser Gly 65707580 lle Tyr lle Lys Pro Gly Pro Val Tyr Tyr Gin Asp Tyr Thr Gly Pro 859095 Val
Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Glu Thr Gin Phe Glu 100105110 Glu Thr Thr Lys Arg lle Gly
Arg val Thr Gly ser Asp Gly Lys Leu 115120125 Tyr His lle Tyr Val Glu Val Asp Gly Glu lle Leu Leu
Lys Gin A'ii 133340.Lys Arg Gly Thr Pro His Thr Leu Lys Trp Thr Arg Asn Ser Thr Asn
145150155160 Cys Pro Leu Trp Val Thr Ser Cys 165 <210> 52

<400> 27

taagtcgact tatttgtata gticatccat gec

<210
<211>
<212>
<Z213>

<220>
<223>

<400> 28
atggaactca

28
768
DNA

gaagagcegg
coccagteas
cgcgatctye
atttacatta
gcacctcigg
gtaaccggtt
ctgaaactcyg
tgtccactgt
gaagccctgt
gaagccgaag
ctgcaaccyc
acctegatet
<210>
<Z11>
<212>
<213>

<220>
<223>

<400>

29
52
DNA

29

artificial

plasmid

atcattitcga
tctacgatac
coctcaaget
ctcgtaaagg
aaccaggtcce
aattctttga
tggacgggaa
tgaagegeqgy
gygtcactag
atctggtgtg
atcttcaggt
tggcgcttga
gctcrctgta

artificial

primer

actgoretac
tgcaggtcgt
tccccatgac
cgattgtege
cgtcrattac
tgaagctcaa
actgtaccac
aacccctege
ttgcttegtt
tggcgaacge
tggtcaagtyg
agggtcgetg
tcagctggaa

aaaactagca
ccictttttg
cgcggacgeg
tetggaaace
caagactaca
trttgcgaag
atctacgtgt
accctgaaat
aaccaacatc
ggattctttt
gaactgggcg
€aAaaacgcy

aactactgea

ctctcatatyg catcaccatc atcatcacga actcaatcar

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

30
32
DONA

30

artificial

primer

ctttcgtcga cttattaatt gcagtagttt tc

<2310>
<211

31
30

agcaaaaacc
ggaatcogtc
gtgacattcg
acctaggtece
ctggtecggt
tgactaaacy
gcgttgatgg
ggatcegtaa
tgtgcggttc
ataccccgaa
gaggtcegag
gtattgttga

attaataa

ttcgaactge

tgtiggegtt
cgaagtgeac
tacaacgoty
ggtgtcggge
ttaccatcgt
tattggccgt
ctgtatcctg
cttcactaac
acaccttgtg
aacgcggege
agcegggage
acagtgctgt

tc

33

60
124G
180
240
300
360
420
480
540
606
6690
720
768

52

32



<211> 168 <212> PRT <213> artificial <220> <223> derivative of seq id no 1 <400> 52 Met Glu Lou
Asn His Phe Glu Leu Leu Tyr Lys Thr ser Lys Gin Lys 151015 Pro Val Gly Val Glu Glu Pro Val Tyr Asp
Thr Ala Gly Arg Pro Leu 202530 Phe Gly Asn Pro Ser Glu Val His Pro Gin Ser Thr Lou Lys LOU Pro
354045 His Asp Arg Gly Glu Asp Asp lle Glu Thr Thr Lou Arg Asp Lou Pro 505560 Arg Lys Gly Asp
Cys Arg Set2Bd Asmikis Lou Gly Pro Val Ser Gly 65707580 lle Tyr lle Lys Pro Gly Pro Val Tyr Tyr Gin
Asp Tyr ThF@%PrG"S@@(‘DQFJ

<220>
<223> primer

<400> 31
Cgltyacatat ggaactcaat catttcgaac 30

<210> 32

<211> 32

<Z212> DNA

<213> artificial

<220>
<223> primer

<400 32
Cgcagagatg ttggtcgacg ctgcaactag tg 32

<Z210> 33

<231l> 52

<212> DPNA

<Z213> artificial

<220>
<223> primer

<400= 33
gcaactagty acccacagtg gacagttagt ggtgttacgg gtccatttca gg 52

<210> 34
<211> 26
<212> DNA
<213> artificial

<220>
<223> plasmid

<400> 34
gctcaattty aggaagtgac taaacg 26

<Z210> 35

<211> 26

<212> DNA

<213> artificial

<220>
<223> plasmid

<400> 35
cgtttagtca cttcctcaaa ttgage 26

<210> 36

<21l> 22

<212> DNA

<213> artificial

<220>
<223> plasmid

<400> 36
catcracgtg gaggttgatg gco 22



18 Val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Glu Ser Gin Phe (flu 100105110 Glu Ser Thr Lys Arg
lle Gly Arg Val Thr Gly Ser Asp Gly Lys Leu 115120125 Tyr His lle Tyr Val Glu Val Asp Gly Glu lle Leu
Leu Lys Ser Ala 130135140 Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ser Arg Asn Ser Thr Asn
145150155160 Cys Pro Leu Trp Val Thr Ser Cys 165 <210> 53 <211> 168 <212> PRT <213> artificial
<220> <2232 derivative of seq id no 1 <400> 53 Met Gt Leu Asn His Phe Glu Leu Leu Tyr Lys Tim

i > 27
Ser Lys GIngjg> 2,
<213> artificial

<220>
<223> plasmid

<400= 37
gecatcaace tocacgtaga tg 22

<210> 38

<211> 21

<212> DNA

<213> artificial

<220
<223> plasmid

<4Q0> 38
gttgatggcg agatcctgetr g 23

210> 39

<211> 21

<212> DNA

<213> artificial

<220>
<223> plasmid

<400> 39
cagcaggatc tcgccatcaa ¢ 21

<210> 40

<211> 50

<212> DNA

<213> artvificial

<220>
<223> plasmid

<400> 40
ctggaattct ttgatgaaac ccaatttgag gaaaccacta aacgtattgg 50

<210> 41
<211> 50
<212> DNA
<213> artificial

<220
<223> plasmid

<400> 41
Ccaatacgtt tagtggttic ctcaaattgg gtttcatcaa dgaatteccag 50

<210> 42

<211> 37

<212> DNA

<213> artificial

<220>
<223> plasmid

<400> 42
catgaccdcy gagaagatga cattgaaaca acgctge 37



151015 Pro val Gly val Glu Glu Pro Val Tyr Asp Thr Ala Gly Arg Pro Leu 202530 Phe Gly Asn Pro Ser
Glu Val His Pro Gin Ser Thr Leu Lys Leu Pro 354045 His Asp Arg Gly Glu Asp Asp lle Glu Thr Thr Leu
“Arg Asp Leu Pro 505560 Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gly Pro Val Ser Gly 65707580
lle Tyr lle Lys Pro Gly Pro Val Tyr Tyr Gin Asp Tyr Thr Gly Pro 859095 Val Tyr His Arg Ala Pro Leu
Glu Phe Phe Asp Glu Ser Gin Phe Glu 100105110 Glé*Ser Thr Lys Arg lle Gly Arg Val Thr Gly Ser
Asp Gly Lys Leu 115120125 Tyr His lle Tyr Val Glu Val Asp Gly Glu lle Leu Leu Lys Asn Ala
1301351405 33

<212> DNA
<213> artificizl

<220>

<Z223> plasmig

<d400> 43

gcagegttagt ttcaatgtic acctictccg cggteatyg

<2 10>
<211>
<212>
<Z213>

<220>
<223>

44
30
DNA

<400> 44

gatcctgctg aaacaggoga agcgeggaac

<210>
<211>
<212>
<213>

<220>
<223>

<400> 45
gittccgeget

45
30
DNA

<210>
<Z211>
<Z12>
<213>

46
720
DNA

<220>
<223

<400> 46
Tgcagcaaag

gatgtgaacyg
aaactgaccc
gtgaccacct
catgattttt
aaagatgatg
aaccgcattg
ctggaatata
attaaagtga
cattatcage
ctgagcacce

ctygaattty

artificial

glasmid

artificial

plasmid

tegectgret

artificial

plasmid

gcgaagaact
gtcataaatt
tgaaatttat
ttggttatgg
ttaaaagcge
gcaactataa
aactgaaagg
actataacag
actttaaaat
agaacacccc
agagcgeget

tgaccgeggce

cagcaggatc

gtttaccggt
tagcgtgage
ttgcaccacc
cgtgcagtge
gatgceceggaa
aacccgegeg
cattgatttt
ccataacgtg
tcgecataac
gattggtgat
gagcaaagat

gggtattacg

gtggrtgcega
ggcgaaggtyg
ggcaaactgc
tttgcgeget
ggttatgtge
gaagtgaaat
aaagaagatg
tatattatgg
attgaagatg
ggcecggtge
€Cgaacgaaa

catggcatgg

ttctggtyga
aaggcgatge
cggtgccgtyg
atccggatca
aggaacgcac
ttgaaggtga
gtaacattct
cggataaaca
gcagcgtygcea
tgctgecgga
aacgegatca

atgaactgta

actggatggce
gacctatggt
gccgaccctyg
catgaaacag
cattitttee
taccctygotg
gggccataaa
gaaaaacggt
gctggeggat
taaccattat
catggtgcetg

taaataataa

38

30

30

60
126
180
240
300
360
420
480
540
600
660
720



Cys Pro Leu Trp Val Thr Ser Cys 165 <210> <211> <212> <213> <220> <223> <400> 54 168 PR_T
artificial derivative of seq 54 id no 1 Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Ly.s Gin

" Lys 151015 Pro Val Gly Val Glu Glu Pro Val Tyr Asp Thr Ala Gly Arg Pro Leu 202530 Phe Gly Asn Pro
Ser Glu Val His Pro Gin Ser Thr Leu Lys Leu Pro 35%245

<210> 47

<211> 278

<2312> DHA

<213> artificial

<220
<223> primer

<400> 47 ‘
ggatccacta gttgcagcaa aggcgaag 28

<210> 48

<211> 31

<Z2172> DHNA

<213> artificial

<220>
<223> primer

<400> 48
cgaggtcgac ttattattta tacagttcat ¢ 31

<210> 49
<211> 411
<212> PRT
<213> artificiali

<220>
«Z223> autoprotease

<400> 49

Met His His His His His His Glu Leu Asn His Phe Glu Leu Leu Tyr
1 5 10 15

Lys Thr Ser Lys Gln Lys Pro val g?y val Glu Glu pro val Tyr Asp
20 5 _ 30

Thr ala Gly Arg pPro Leu Phe Gly Asn Pro Ser Glu val His Pro Gln
35 40 45

Ser Thr Leu Lys Leu Pro His Asp Arg Gly Glu Asp Asp Ite Glu Thr
50 55 60

Thr Leu Arg Asp Leu Pro Arg Lys Gly Asp Cys Arg Ser Gliy Asn His
65 70 75 80

Leu Gly pro val ser Gly Ile Tyr Tle Lys pPro Gly Pro val Tyr Tyr
85 90 95

Gln Asp Tyr Thr Gly Pro val Tyr His Arg Ala Pro Leu Glu Phe pPhe
100 105 110

Asp Glu Thr Gln phe Glu Glu Thr Thr Lys Arg Ile Gly Arg val Thr
115 120 125

Gly Ser Asp Gly Lys Leu Tyr His Tle Tyr val Glu val asp Gly Glu
130 135 140



His Asp Arg Gly Glu Asp Asp lle Glu Thr Thr Leu Arg Asp Leu Pro 505560 Arg Lys Gly Asp _Cys Arg
Ser Gly Asn His Leu Gly Pro Val Ser Gly 65707580 lle Tyr lle Lys Pro Gly Pr_o Val Tyr Tyr Gin Asp Tyr
‘Thr Gly Pro 859095 val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Glu Ser Gin Phe' Glu 100105110
Glu Ser Thr Lys Arg lle Gly Arg Val Thr Gly Ser Asp (ilg Lys Leu 115120125 Tyr His lle Tyr val Glu Val
Asp Gly Glu lle Leu Leu Lys Asp Ala 130135140 Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ser Arg Asn
Ser Thr Asn 145150155160 Cys Pro Leu Trp Val Thr Ser Cys 165 <210> 55 <211> 168 <212> PRT

Ile Leu Leu Lys GIn ala Lys arg Gly Thr pro Arg Thr Leu Lys Trp
145 150 155 16

Thr Arg Asn Thr Thr Asn Cys Pro Leu Trp val Thr Ser Cys Ser Lys
165 170 175

Gly Glu Glu Leu phe Thr Gly val val pro Ile Leu val 6lu Leuy Asp
180 185 130

Gly Asp val Asn Gly His Lys Phe Ser val Ser Gly Glu Gly Glu Gly
195 200 205

Asp Ala Thr Tyr Gly Lys Leu Thr teu Lys Phe Tle Cys Thr Thr Gly
230 215 220

Lys Leu Pro Val Pro Trp Pro Thv Leu val Thr Thr pPhe Gly Tyr Gly
225 230 235 240

s

val GIn Cys phe Ala Arg Tyr Pro Asp His Met Lys Gln His Asp Phe
245 250 255

Phe Lys ser Ala Met Pro Glu Gly Tyr val 6¢in Glu Arg Thr Ite phe
260 265 270

Phe Lys Asp Asp Gly Asn Tyr Lys Thr arg Ala Glu val Lys Phe Glu
275 280 285

Gly Asp Thr Leu val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys
290 295 300

Glu Asp Gly Asn ITe Leu Gly His Lys Leu Giu Tyr Asn Tyr Asn Ser
305 310 315 320

His Asn val Tyr Ile Met Ala Asp Lys Gin Lys Asn Gly Ile Lys val
325 330 335

Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser val Gln Leu Ala
340 345 350

Asp His Tyr GIn GIn Asn Thr pro Ile Gly Asp Gly Pro val Leu Leu
355 360 365

Pro Asp Asn His Tyr Leu Ser Thr 6ln Ser ala Ley Ser Lys Asp Pro
370 375 380

Asn GTu Lys Arg Asp His Met val Leu Leu Glu Phe val Thr Ala Ala
385 390 395 AQ0

Gly ITe Thr His Gly Met asp Glu Leu Tyr LYS
405 410



<213> artificial <220> <223> derivative of seq id no 1 20 Met Glu Leu Asn His Phe Glu Leu Leu Tyr
Lys Thr Ser Lys Gin Lys 151015 Pro Val Gly Val Glu Glu Pro Val Tyr Asp Thr Ala Gly Arg Pro Leu
*202530 Phe Gly Mn Pro Ser Glu Val His Pro Gin ser Thr Leu Lys Leu Pro 354045 His Asp Arg‘ Gly Glu
Asp Asp lle Glu Thr Thr Leu Arg Asp Leu Pro 505560 Arg Lys Gly Asp _Cys Arg Ser Gly Asn His Leg5
Gly Pro Val.$gi.Gly 65707580 lle Tyr lie Lys Pro Gly Pfo Val Tyr Tyr Gin Asp Tyr Thr Gly Pro 8590

Val Tyr His<Ang-AlaiRgo Leu Glu Phe Phe Asp Glu Ser Gin Phe Glu 100105110
<212> PRT
<213> artificial

<220>
<223> derivative of seq id no 1

<400> 50

Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys Gin Lys
i 5 10 15

Pro val Gly ggi Glu Glu Pro val ;yr Asp Thr ala Gly Arg Pro Leu
5 30

Phe Gly Thr Pro ser Glu val His Pro Gln Ser Thr Ley LYS Leu Pro
35 490 45

. His Asp Arg Gly Glu Asp Asp Ile Glu Thr Thr Leu Arg Asp Leu Pro
{ o 50 55 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gty Pro val ser Gly
65 70 75 80

Ile Tyr Ile Lys Pro Gly Pro val Tyr Tyv GIn Asp Tyr Thr Gly Pro
85 90 a5

val Tyr His Arg Ala Pro Leu Glu Phe phe Asp Glu Thr GTIn rhe Glu
100 105 110

Glu Thr Thr Lys Arg Ile Gly Arg val Thr Gly Ser Asp Gly Lys Leu
115 120 125

Tyr His Ile Tyr val Glu val asp Gly Glu Ile Leu Leu Lys Gln Ala
130 135 140

Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Thr Arg Asn Ser Thr Asn
145 150 155 160

Cys Pro teu Trp val Thr Ser Cys
165

<210> 51

<211> 168

<212> PRT

<213> artificial

<220
<223> derivative of seq id no 1

<400> 51

Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys GIn Lys
1 5 10 15

pro val Giy val Glu Glu Pro val Tyr Asp Thr Glu 6ly Arg Pro Leu
20 25 30



Glu ser Thr Lys Arg lle Gly Arg Val Thr Gly Ser Asp Gly Lys Leu 115120125 Tyr His lle Tyr Va'IA\GIlfA\VaI
Asp Gly Glu lle Leu Leu Lys His Ala 130135140 Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ser r%Tsn
'ser Thr Asn 145150155160 Cys Pro Leu Trp Val Thr Ser Cys 165 <210> 56 <211> '168 <212>P

<213> artificial <220> <223> derivative of seq id no 1 <7400> 56 Met Glu Leu Asn His Phe Glu LeuLLeu
Tyr Lys Thr ser Lys Gin Lys 151015 Pro Val Gly Val G][u Glu Pro Val Tyr Asp Thr Ala Gly Arg Pro Leu

202530 Fhe Gly g?r Pro Ser Glu val 215 Pro Gln ser Thr Leu Lys teu Pro
- 0 45

His Asp Arg Gly Glu Asp Asp Ile Glu Thr Thr Leu Arg Asp Leu Pro

50 35 60
Arg Lys Gly Asp Cys Arg Phe Gly Asn His Leu Gly pro val ser Gly
63 70 75 80
Ile Tyr Ile Lys Pro Gly pro val Tyr Tyr Gin Asp Tyr Thr Gly Pro
85 80 95
val Tyr His Arg Ala Pro Leu Glu Phe phe Asp Glu Thr 6¢1n Phe Gglu
100 165 110
Glu Thr Thr Lys Arg 1le Gly Arg val Thr ¢ly ser Asp Gly Lys Leu
115 1206 125
Tyr His I'le Tyr val ¢lu val Asp Gly Glu Ile Leu Leu Lys GIn Ala
130 135 140
Lys Arg Gly Thr Pro His Thr Leu Lys Trp Thr Arg Asn Ser Thr Asn
145 150 155 160
Cys Pro Leu Trp val Thr Ser cCys
165
<210> 52
<211> 168
<212> PRT
<213> artificial
<220>
<223> derivative of seq id ne 1
<400> 52

Met Giu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys GIn Lys
1 5 i0 15

Pro val Giy val Glu Glu pro val Tyr Asp Thr Ala Gly Arg Pro Leu
20 25 30

Phe Gly Asn Pro Ser Glu val His Pro ¢ln Ser Thr Leu Lys Leu Pro
35 40 45

His Asp Arg Gly Glu Asp Asp Ile Glu Thr Thr Leu Arg Asp Leu Pro
50 55 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gly Pro val ser Gly
65 70 75 80

Ile Tyr Ile Lys Pro Gly Pro val Tyr Tyr GIn Asp Tyr Thr Gly Pro
85 90 95



Phe Gly Asn Pro Ser Glu Val His Pro Gin Ser Thr Leu Lys Leu Pro 354045 21 Arg Lys Gly Asp _Cys
Arg Ser Gly Asn His Leu Gly Pro Val Ser Gly 65707580 lle Tyr lle Lys Prp Gly Prp Val Tyr_ Tyr Gin Asp
Tyr Thr Gly Pro 859095 Val Tyr His Arg Ala Pro Leu Glu Phe Phe Asp Giu Ser Gin Phe Gill '
100105110 Glu Ser Thr Lys Arg lle Gly Cys val Thr Gly Ser Asp Gly Lys Leu 115120125 Tyr His lle
Tyr Val Glu Val Asp Gly Glu lle Leu Leu Lys Gin Ala 135140 Lys Arg Gly Thr Pro Arg Thr Leu Lys

Trp ser Arg Asn Ser Thr Asn 145150155160 Cys Pro Leu Trp Val Thr Ser Cys 165
gva% Tyr His ﬁgg Ala Pro teu Glu ;gg Phe Asp Giu Ser %ig Phe Glu

Glu ser Thr Lys Arg Ile Gly Arg val Thr Gly Ser Asp Gly Lys Leu
115 120 125

Tyr #His Ile Tyr val Glu val Asp Gly Glu Ile Leu Leu Lys Ser Ala

130 135 140
Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ser Arg Asn Ser Thr Asn
145 150 155 160
Cys Pro Leu Trp val Thr Ser Cys

165

<210> 53
<211> 168
<212> PRT
<213> artificial
<220>
<223> derivative of seq 1id no 1
<400> 53

Met Glu Leu Asn His Phe Glu Leu Leu Tyr Lys Thr Ser Lys GlIn Lys
1 5 10 15

Pro val Gly val Glu Glu Pro val Tyr Asp Thr Ala Gly Arg Pro Leu
20 25 30

Phe Gly Asn Pro Ser Glu val His Pro Gln Ser The Leu Lys Leu Pro
35 40 45

His Agp Arg Gly Glu Asp ggp Ile Glu Thr Thr Leu Arg Asp Leu Pro
5 60

Arg Lys Gly Asp Cys Arg Ser Gly Asn His Leu Gly pro val ser Gly
65 70 75 80

Ile Tyr Ile Lys Pro Gly pro val Tyr Tyr Gin Asp Tyr Thr G6ly Pro
85 90 95

val Tyr His arg Ala Pro Leu Glu Phe phe Asp Giu Ser Gln Phe Glu
100 105 110

Glu Ser Thr Lys Arg Ile Gly Arg val Thr Gly Ser asp Gly Lys Leu
115 120 125

Tyr His Ile Tyr val Glu val asp Gly Glu Ile teu Leu Lys Asn Ala
130 135 140

Lys Arg Gly Thr Pro Arg Thr Leu Lys Trp Ser Arg Asn Ser Thr Asn
145 150 155 160
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