-1- Organic Compounds Field of invention The present invention relates
to a process for the recombinant production of a desired heterologous
polypeptide of interest with a clearly defined homogeneous N-terminus in
a bacterial host cell, wherein initially a fusion polypeptide which
comprises a derivative of the autopfiotease NP of Pestivirus and the
heterologous polypeptide of interest is provided by expression in a host
cell. The heterologous polypeptide of interest is produced in the host cell
in form of cytoplasmic inclusion bodies, which are then isolated and
treated in such a way, that the desired heterologous polypeptide is
cleaved from the fusion polypeptide by the NP™ autoproteolytic activity.
Background of invention InGngapiedimtipawfdecombinant proteins in
heterologous organisms such as the expression of human or other
eukaryotic proteins in bacterial cells it is often difficult to obtain a clearly
Field pffingenfiorerminus which is as nearly 100% homogeneous as possible.
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N"® g B g ical proteins are produced in the cytoplasm of bacteria
ceaig%}%r&é{xamp e Escherichia colt). In these host cells the

pharmaceutical proteins are accumulated in adequate quantities and are
Backgftamdeésiastias Insoluble inclusion bodies (IBs) inside the cell. These

in 1he| %E@@éﬁ%l@%@%&%ﬁﬂ%%&ﬁ%@ ;rzL( i![Qeq(eroiogous organisms such as the expression
of human or other eukaryotic proteins in bacterial cells it is often difficult to obtain a clearly
defined N-teﬁninus which is as nearly 100% homogeneous as possible. This applies in
particular to recombinant pharmaceutical proteins whose amino acid séquence in many

cases ought to be identical to the amino acid sequence naturally occurring  in
kumans/animals,

~ On natural expression, for example in humans, many 'pharmaceuticaf proteins which are in
use for therapy as well are transported into the extraceliular space. A signhal sequence is
present in the precursor protein for this purpose and cleavage of this signal sequence results
in a clearly defined N-terminus. For several reasons such homogeneous N-termini are not
aiways easy to produce, for example in bacterial cells.

For production on industrial scale, many pharmaceutical proteins are produced in the
cytoplasm of bacterial cells (for example Escherichia colff. In these host cells the
pharmaceutical proteins are accumulated in adequate quantities and are often deposited as
insoluble inclusion bodies (IBs) inside the cell. These IBs have great advantages in working
up and purification of the target protein. In addition, the protein expressed in the form of IBs
is protected from profease degradation by intracellular proteases.



up and purification of the target protein. In addition, the protein expressed
in the form of IBs is protected from protease degradation by intracellular
proteases. -2- As used herein the term "inclusion bodies" shall refer to
- aggregates containing heterologous polypeptides present in the
cytoplasm of transformed host cells.ZFhese appear as bright spots under
the microscope and can be recovered by separation of the cytoplasm.
However, production of IB material requires in vitro refolding of the
expressed protein. This can in many cases be effected by methods
known per se. Only in rare cases is export of the target protein into the
bacterial periplasm with the aid of a pro- or eukaryotic signal sequence
suitable. Because of the low transport capacity of the bacterial export
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mechanism for cleaving N-terminal leader sequences to form mature
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produgyRéseentially deleted when the following amino acid is serine, alanine,
glycine, methionine or valine and when the N-terminus is exposed, i.e. not
"hidden" inside the protein. If the following amino acid is a different one,

Hok:eYﬁ’EEdit&&aﬁaf@thnﬁ@nﬁ' difeteminsicitaBsPacis atﬁ@t,éséﬁg&ﬂqs@"ﬁﬂsée of
eu ] i ein, in most cases cleavage
o o B 1 KB eI e, e e
. r%r?gnlggi?ng!egyn?gees;ss Bt ?eﬁ?ﬁi"ﬁ@s{fﬁ@ﬁf@f?ﬂiéﬁﬂ@%fvm@casety form mature
. . of all cytoplasmic proteins starts with a methionine which is
specified by the appropriate -stajj't cadon (ATG = initiation of _translaﬁon'). This N-termfnat
methionine is retained in many proteins, while in others it is cleaved by the methionine
aminopeptidase (MAP) present in the cytoplasm and intrinsic to the host. The e%ciency of
the cleavage depends essentially on two parameters: 1. the nature of the following amino
acid, and 2. the location of the N-terminus in the three-dimensional structure of the protsin
The N-terminal methionine is preferentially deieted when the foliowing amino acid is serine.
alanine, glycine, methionine or valine and when the N-terminus is exposed, i.e. not "hidden':
inside the protein. if the foliowing amino acid is a different one, in particular a charged one
(olutamic acid, aspartic acid, lysine, arginine), or if the N-terminus is focated inside the
protein, in most cases cleavage of the N-terminal methionine does not ocour,

Even if an amino acid that promotes cleavage is present at position 2, the cleaQage is rarely

complete. It is usual for a not inconsiderable proportion (1-50%) of the target protein to
remain unatfected by the MAP.



complete. It is usual for a not inconsiderable proportion (1-50%) of the
target protein to remain unaffected by the MAP. -3- This in-homogeneity
or deviation from the natural sequence is, however, unacceptable in
many cases because these products frequently show different
immunological (for example inductidi of antibody formation) and
pharmacological (half-life, pharmacokinetics) properties. For these
reasons, it is necessary in most cases to produce a nature-identical
product (homogeneous and without foreign amino acids at the
N-terminus). In the case of cytoplasmic expression, the remedy here in
most cases s to fus ava uence Ieadeé) for a specific
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directly as mRNA and is 12.3 kb in size and from which the viral gene

cts are transcribed in the cytoplasm. ThIS takes place in the form of
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additiyalﬂ}e gléeﬁmt?fa ic activity of N™ can be lnduced in vitro, by application of special
buffers, so that the polypeptide of interest can be obtained by cleavage of fusion

po}ypeptldes that are expressed in 1Bs.

Pestiviruses are small enveloped viruses with a genome which acts directly as mRNA and is
12.3 kb in size and from which the viral gene products are transcribed in the cytoplasm. This
takes place in the form of a single polyprotein which comprises about 4000 amine acids and
which is broken down both by viral and by cellular proteases into about 12 mature proteins.

Pestiviruses comprise the subclasses CSFV (classical swine fever virus), BDV (border
disease virus) and BVDV (bovine viral diarrhoea virus).

N" is an autoprotease with a length of 168 amino acids and an apparent M. of about
20,000 (in vivo). It is the first protein in the polyprotein of Pestiviruses and undergoes
autoproteolytic cleavage from the following nucleocapsid protein C. This cleavage takes
place after the last amino acid in the sequence of N*™, Cys168,



NP is an autoprotease with a length of 168 amino acids and an apparent
Mr of about 20,000 (in vivo). It is the first protein in the polyprotein of
Pestiviruses and undergoes autoproteolytic cleavage from the following
nucleocapsid protein C. This cleavage takes place after the last amino
acid in the sequence of N1, Cys16844- Use of the naturally occurring
autoprotease NPm of Pestivirus for production of heterologous
polypeptides of interest may be limited though, as activation of
autoproteolytic function of NPm in vitro is susceptible only to specific
renaturazing conditions. These conditions that allow for the cleavage
activity of NPm in vitro are inhibitory for certain other interactions which
u are necessary or desirable in some settings for production of heterologous
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polypeptides of interest with homogenous N-termini is provided, which
makes use of the derivatives of autoprotease NP' of Pestivirus, also part

Summary,of sruentien

Within the present invention it has surprisingly been found, that certain derivatives of the
naturally occurring autoprotease NP® of Pestivirus, which have a lower pt and enhanced
solubility are suitable for use in a wider range of conditions. In addition these derivatives
were surprisingly found to have improved autoproteolytic activity in vitro.

Accordingly within the scope of the present invention an improved process for the production
| of heterologous polypeptides of interest with homogenous N-termini is provided, which
makes use of the derivatives of autoprotease NP of Pestivirus, also part of the present
invention.

Detalled description of invention
The present invention relates to a process for the recombinant production of a heterologous

polypeptide of interest, comprising
(i) cultivation of a bacterial host cell which is transformed with an expression vector which



invention. Detailed description of invention The present invention relates
to a process for the recombinant production of a heterologous

polypeptide of interest, comprising (1) cultivation of a bacterial host cell
which is transformed with an expression vector which -5- comprises a
nucleic acid molecule which codes-for-a fusion polypeptide, the fusion
polypeptide comprising a derivative of an autoprotease NPf of Pestivirus,
wherein at least one cysteine residue of the naturally occuring
autoprotease NP’ of Pestivirus is replaced by another amino acid residue,
and a second polypeptide, which is connected to the derivative at the
C-terminus of the derivative in a manner such, that the second
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8PLWVTSC (168)
(v) isolation of the cleaved heterologous polypeptide,

A preferred autoprotease N of pestivirus from which a derivaﬁve according to the present

invention is derived, is the autoprotease N™ of CSFV, havmg the following amino acid
sequence: '

SEQID NO 1:

(1)-MELNHFELL YKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQS TLKLPHDRGRGDIRTT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFEDEAQFGEVTKRIGR
VTGSDGKLYHIYVCVDGCILLKLAKRGTPRTLKWIRNFTNCPLWVTSC(168)

Within the present invention the above sequence is mutated in order to generate fusion
polypeptides with improved properties, the fusion polypeptides comprising a derivative of an
autoprotease N of Pestivirus, wherein at least one Cysteine residue of the naturally
occuring autoprotease N of Pestivirus is replaced by another amino acid residue, and a
second polypeptide, which is connected to said derivative at its C-terminus in a manner
such, that the second polypeptide is capabie of being cieaved from the fusion polypeptide by
the autoproteolytic activity of the autoprotease derivative, said second polypeptide being a
heterologous polypeptide.



Within the present invention the above sequence is mutated in order to

generate fusion polypeptides with improved properties, the fusion

polypeptides comprising a derivative of an autoprotease NP of

Pestivirus, wherein at least one cysteine residue of the naturally occuring

autoprotease W of Pestivirus is repficed by another amino acid residue,

and a second polypeptide, which is connected to said derivative at its

C-terminus in a manner such, that the second polypeptide is capable of

being cleaved from the fusion polypeptide by the autoproteolytic activity

of the autoprotease derivative, said second polypeptide being a

heterologous polypeptide. _g(r) Accordingly, the present invention relates

to such derivatives of the naturally occurring NP" of Pestivirus, which are
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aggregate. Within the present invention such derivatives of the naturally

occurring W of Pestivirus are preferred, wherein the number of cysteine
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- Accordingly the present invention relates to a derivative of an autoprotease NP® of CSFV
~ wherein at least one cysteine residue of the naturally occuring autoprotease NP® of CSEV is
feplaced by another amino acid residue. | ' '

- Thus the present invention also relates in another aspect (o a process as described above,
wherein the fusion polypeptide comprises a derivative of an autoprotease N™ of CSFV,
wherein at ieast one cysteine residus of the naturally occuring autoprotease NP° of CSEV is
replaced by another amino acid residue.

Preferably the present invention relates to a derivafive of an autoprotease N of CSFV
wherein at least one cysteine residue of the naturally occuring autoprotease NP™® of CSFv

selected from the group consisting of C112, C134 and C138, is replaced by another amino
acid residue,

Thus in another aspect the present invention preferably relates to a process as described
above, wherein the fusion polypeptide comprises a derivative of an autoprotease N™ of



Preferably the present invention relates to a derivative of an autoprotease
NP of CSFV, wherein at least one cysteine residue of the naturally
occuring autoprotease NP' of CSFV selected from the group consisting of
0112, 0134 and C138, is replaced by another amino acid residue. Thus in
another aspect the present inventiod preferably relates to a process as
described above, wherein the fusion polypeptide comprises a derivative
of an autoprotease NP' of -7- CSFV, wherein at least one cysteine residue
of the naturally occuring autoprotease NPr of CSFV, selected from the
group consisting of 0112, C134 and 0138, is replaced by a another amino
id residue. Even further preference is given to a derivative of an
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residue. Thus in another aspect the present invention more preferably
relates to a process as described above, wherein the fusion polypeptide
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the autoprotease N" of CSFV comprising the following amino acid
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the fusion polypeptide comprises a derivative of an autoprotease NP of
FurthefSretélanving éi@gfbeg%ﬂ%ﬁﬁgdm%tg SAOPrUTEass K7 of CSFV comptising the

following amino acid sequence:

- SEQ ID NO 2: -
(1 )-MELNHFELLYKTSKQKPVGVEEF’VYDTAGRPLFGNPSEVHPQSTLKLPHDRG RGDIRTT
LRDLPRKGDCRSGNHLGF’VSGIYIKPGPVYYQDY_TGPVYHRAPLEFFDEAQFEEVTKRIGR
WGSDGKLYHIYVEVDGEILLKLAKRGTPRTLKW{RNFTNCPLW\!T.SC-(‘l68)

Thu_s in another aspect the present invention relates with further preference to a process as
described above, wherein the fusion polypeptide comprises a derivative of an autoprotease
N of CSFV having a sequence according to SEQ ID NO 2.

Solubility of the derivatives is determined in the following way:

After 72 hours a concentrated solution of the respective N™ derivative is centrifuged, the
peilet dissolved and applied to SDS gel-electrophoresis. A part of the supernatant is
combined with probe buffer and applied to SDS gei-elecirophoresis. After electrophoresis
~the bands are stained with coomassie blue, quantified by densifomstry with an



Solubility of the derivatives is determined in the following way: After 72
hours a concentrated solution of the respective NpfO derivative is
centrifuged, the pellet dissolved and applied to SDS gel-electrophoresis.
A part of the supernatant is combined with probe buffer and applied to
SDS gel-electrophoresis. After eletfsr()"phoresis the bands are stained with
coomassie blue, quantified by densitometry with an AlphaDigiDocm
system and the amount of precipitated material is calculated. For
experimental details see example 2. lonic strength of the buffer is often
limiting to certain production processes. Therefore the present invention
relatesJp a further aspect to derivatives of the naturally occurring NP' of
A!phapl;@%%us,w h?f\fg DDAl pRTRRAR, ARGHEIR olsc iRy ates.  For
experpigdaitidtails seisexsafga8d to adapt the pi of the NPf of Pestivirus moiety
of the fusion polypeptide to be expressed as close as feasible to the pi of

._the seco 0 tide (the polypeptide of interest). For example, the
onic RE3EES Bol AL 55 IR PP BGTH ia Prsos Ein BPiT R e
presegtineotign delséesdiyaffonther RepiOoAtssyedive\ofviikh methelfyreseuring N°® of
Pesﬁﬁggnt]{néaﬁgféb@%wﬁr@agegﬁ;ﬂi&?ﬁ ﬁ@réalmy\b%&i‘rﬁfﬁgtw t PLaRSFus. ttis
0 wherejn in ition.to the replacement of at least one
preferé?/gtg?n%u%%tSI ifte Zg %(;}eh&ﬁge(? %%8\5/%@315 18R n%‘?gél%iéugﬁﬁn%oygﬁphde to be
EXPreRSSR 36 i5ieap| aeciganiblm tactik PhinbeskbrasidielyrERtidsirthablypeptide of
intere8BPP6E BxarRpRRaNE INVEBTiPagBIRALAS WIS b thRr SR WilaR i HMag#eYe a pi
of fro %gqug)e?% %t‘);?a\@,f}_/gheé%r} c}tI%%)fusmn polypeptide comprises a
|

erivative of an autoprotease fO of CSFV, wherein in addition to the
replacement of at least one cysteine residue as described above, at least
Acconﬂﬁ@lb.aﬁﬁmf RO ;ﬁé%ﬁ@%ﬁﬁ&rﬂmﬁéﬁgrﬁkﬁéf heSidiGRENNS @C%ri&%%@‘%f an
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amin@asioosaids. are exchanged: H5, K16, N35, R53, G54, R57, L143, K145

and R150. A preferred example is a derivative wherein the following
Thus in another aspe'ct'the present invention relates with further preference to a process as
| described above, wherein the fusion polypeptide comprises a derivaiive of an autoprotease
NP® of CSFV, wherein in addition to the replacement of at least one cysteine residue as

described above, at least one basic amino acid residue is replaced by an acidic aminoe acid
residue.

Further preference is given fo a derivative of an autoprotease NP° of CSFV, wherein in
addition to the replacement of at least one cysteine residue as described above,
furthermore, at least one of the following amino acids are exchanged: H5, K16, N35, R53,
G54, R57, L143, K145 and R150. A preferred example is a derivative wherein the following
amino acids are exchanged: arginine (R) 53 with glutamic acid (E), giycine (G) 54 with
aspartic acid (D), arginine (R) 57 with glutamic acid (E), and leucine (L) 143 with glutamine
{Q).

Thus in another aspect the present invention relates with further preference to a process as
described above, wherein the fusion polypeptide comprises a derivative of an autoprotease



amino acids are exchanged: arginine (R) 53 with glutamic acid (E), glycine
(G) 54 with aspartic acid (D), arginine (R) 57 with glutamic acid (E), and
leucine (L) 143 with giutamine (Q). Thus in another aspect the present
invention relates with further preference to a process as described above,
wherein the fusion polypeptide comgrises a derivative of an autoprotease
-9- NP' of CSFV, wherein in addition to the replacement of at least one
cysteine residue as described above, the following amino acids are
exchanged: arginine (R) 53 with glutamic acid (E), glycine (G) 54 with
aspartic acid (D), arginine (R) 57 with glutamic acid (E), and leucine (L)
oo 143 With Iutamir_leég%.ﬁln another preferred embodiment of the present
N B e eI, i A BeR o e preriese@eriproridesst ansniprtainetifesidue as
desclitkdvebgyvantieofalieisg Gueinoes Gis Qi dehahiddd: Mrginine (R) 53 with glutamic

acid %’Egﬁéﬁ'ﬁ@@%\ﬁ%g@&/ R TGRS NP RV HIESRE HSED ang
leucip %WM@EPVSGMKPGPVYYQDYTGPVYHRAPLEFFDE
AQFEEVTKRIGR VTGSDGKLYHIYVEVDGEILLKQAKRGTPRTLKW

In arlbthdr DGR \SAbatinkd B bt Bt $IBsBROIRIASR SChENe R RSN RS B tcase
NP oqlt?%#@ates to a 550%%?3 as described above, wherein the fusion
p

ofVpeptiad Lom ARG BVRR AL PELREFFotease NP of CSFV
having a sequence according to SEQ ID NO 3. In jet another aspect the
SEQPENend:invention relates to a derivative of the naturally occurring NP of a

(R B e S R R R R ceBbeT
LRDIFREBRGRIBIHBGPVE SIVIHRCRONBIRY TS BMGHRAR ERE B QREEVTKRIGR
VTGBDGHE YNPCORID BRI K QresREivRe DRWRRIET RIS pilgdatsrof an

autoprotease NP of CSFV, wherein, in addition to the replacement of at
least one cysteine residue as described above, at least one hydrophobic

Thusgmanstheirsesri teigrassnideveniion matrophits tesiduesssh s ideanitbdrabove,
wher6inpeiet theiopreaR/isiicentiomsses dlademinidPsp es sdpaRaRea bV BsFy

having a sequence according to SEQ ID NO 3. .

- In jet another aspect the present invention relates to a derivative of the naturally occurring
NP of a Pestivirus, which shows in addition to the reduced aggregation and more neutral pl
further enhanced solubility, as compared to the naturally ocourring NP of a Pestivirus.

Solubility Is determined as described above.

Accordingly the present invention relates to a derivative of an autoprotease NP® 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.

Thus in another aspect the present invention also relates to a process as described above,
wherein the fusion polypeptide comprises a derivative of an autoprotease NP® of CSFV,
wherein in addition fo the replacement of at least one cysteine residue as described above,
at least one hydrophobic amino acid residue is replaced by a hydrophilic residue.,



wherein the fusion polypeptide comprises a derivative of an autoprotease

NP" 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. -10- Preferred within the

present invention is a derivative of amgautoprotease NP' of CSFV, wherein

in addition to the replacement of at least one cysteine residue as

described above furthermore at least one of the following amino acids are

replaced: V24, A27, L32, G54, L75, A109, V114, V121, L143, 1155 and

F158. A preferred example is a derivative wherein the following amino

acids are exchanged by threonine (T): alanine (A) 109, valine (V) 114,
ProfRsR LHhin (e sBasant iivenfiataisine G)IRiVENS R S0RIHSIASRCRFG: cary
wherphe se atifi@ Nt e r as described above, ’

Q@é%%é?ﬁ%fﬁ 8@9( IQ.a@tFHRé’ %@gtel{\e G &5t 85?8{@3393}30"9

furthYhREein.the fusion polypeptide comprises a derivative 0
urth NP‘(.")% o%t %%%J ?‘3\/?1%% E" PWHGIRTND IRES apteeianract VR4t ARG G54, L75,
A10% 61 heVitdidhidds BB aise! Shoderéfientad eyingRMEND AHUSREWhersin the
followimglareithd s thie andnexchinalanip valise,(\) 114, ispleucine
isoletdibeofn 334 Qﬁoe(ﬁgé%l ani nn?n?éagglﬁ%%ﬁ? vﬁﬁii%i%gn %rt@eiﬁén\)ﬁpﬁ&(v) 114,
more preferre erK/a ve o toprotease NPrO of CSFV, comprises
the following amino acid sequence: SEQ ID NO 4:

Thus(in) anNEhbH-He Fbdt YHET, KLKAVfe R T NPSEVHPOSTLK .

abové, RiHeRARRIR LY gﬁﬁ&%% gﬂ%ﬁ régj ﬁ%&%ﬁﬁ% errocesst ° gescn: *

CSF\#Fé%LPRK,GDC‘RSG TPKIBES R ftvaiiver Gpary piroRPatesRRDE™ of
E'E‘F‘I"P(ﬁ@m to the replacement of at least one cysieine residue as described

abovey GBUGHi| ANVIDVERGE Hrb HAARETEP RMNET RN TENGD @()V 109, valj
M ) tir .'t ?é\?tglp V)
e R e S A R GHS ol o o

relat a
Pfefefé%%ﬁ?@é '&gd@rﬁihﬁy@Wﬁ?%tU’b’?aémpcmrpﬁﬁg\mbawmvmg amino acid
sequelguence according to SEQ ID NO 4. Even more preferred within the

present invention is a derivative of an autoprotease NP' of CSFV, wherein

SEQ ,‘? ﬁgjjti}jon to the replacement of at least one cysteine residue as
escribed above the following amino acids have been exchanged:

(1)-MBIAITE LY DK QKIVSIXEERMY DTAG RPLFGNPSEVHPQSTLKLPHDRGRGDIRTT
LRDLPRKGDCRSGNHLGPVSGinKPGPVYYQDWGPWHRAPLEFFDETQFEETTKR#GR\/
TGSDGKLYHiYVEVDGEILLKLAKRGTPRTLKWTRNTTNCPLWVTSC-(168)

Thus in another aspect the present invention more preferably relates to a process as
d::cribed above, wherein the fusion pglypepﬁde comprises a derivative of an autoprotease
N™ of CSFV having a Sequence according to SEQ ID NO 4,

Even more preferred within the present invention is a derivative of an autoprotease NP® of
CSFV, wherein in addition to the replacement of at least one cysteine residue as described
above the following amino acids have been exchanged: alanine (A) 109, valine (V) 114
isoleucine (I} 155 and phenylalanine (F) 158 by threonine (T), arginine (R) 53 with giutamic;
acid (E), glycine (G) 54 with aspartic acid (D), arginine (R) 57 with giutamic acid (E), ar;d
leucine (L) 143 with glutamine (Q).

Thus in another aspect the present invention relates even more preferably to-a process as



isoleucine (1) 155 and phenylalanine (F) 158 by threonine (T), arginine (R)
53 with glutamic acid (E), glycine (G) 54 with aspartic acid (D), arginine
(R) 57 with glutamic acid (E), and leucine (L) 143 with glutamine (Q).
Thus in another aspect the present invention relates even more preferably
to a process as -11- described abovg, wherein the fusion polypeptide
comprises a derivative of an autoprotease NP'0 of CSFV, wherein in
addition to the replacement of at least one cysteine residue as described
above the following amino acids have been exchanged: alanine (A) 109,
valine (V) 114, isoleucine (1) 155 and phenylalanine (F) 158 by threonine
desor T); ar%inine %3 with glutamic acid (E), glycine (G) 54 with aspartic
B9 Yaryinsnein RieSusivitt polyiapligeasich ' ).143 with
NP c@IG&fminWlﬁ@biMmSé&HﬁIﬁrﬂp%éh%ﬁg{;i‘\e/%té\r/}dgggfrg ?ﬁ?&ﬁ"é&i&w"v@'&fﬁm
descrﬁéféé@&&ﬂ{g%ﬂgtoo the present_ invention comprseaHeRSIGIRIRpareaidue as
g@g@%{ﬁﬁ gpids have been exchanged: alanine (A) 109, valine (V)

acid sequence:
it B e R SETS L8 o
(@), AFRIBRIG [?%Rﬁ%% ﬁ%@v@%ﬁfﬁsﬁa@yﬂ?}@%@m P oletapEacid
TOFEETTRRIGRY ' TEERRaR

M WEVDGEILLKQAKRGTPRTLKWTRNTTNCPLW VTSC-(168). Thus in
ost prafstably trestprefene s ackd enkivent| Iso relates to a
inventBRASSABrRS s RS HHRRY, bove wi?g?%ﬁusﬁ?r%%%ggﬁ?ﬁf@'%ﬁ?pﬂﬁeﬁf gsent
derivative of an autoprgte'ggg5 RS SEf¢eapsy having a sequence according
to SEQ ID NO 5. In another equally preferred aspect the present invention
SEQ e to a process for the production of heterologous proteins as
(1)-MEdRgaribac ol h@éﬁi olypeptide comprises a derivative
R S e
| S WNET el M RGP RApAraEMEGRY SRS eRret YRR RHIS Ry
TGSD%Y&HMVQ@EM@%WRWB@MWW&BE@@@ 1%3 ivative of
an autoprotease NP' of CSFV which is utilized in the proc'Zs A‘ccording to
Thus inthaeh ahove aspect of the present invention forms also part of the présent
~ Tinvention BIfgt preferred aspect the present invention aiso refates to & process as

d " v £y - » N
zsocnbed above, wherein the fusion polypeptide comprises a derivative of an autoprotease
N™ of CSFV having a sequence according to SEQ iD NO 5, '

in another equally preferred aspect the present invention relates to g process for th
production of heterologous proteins as described above, wherein the fusion pol er tic:3
comprises a derivative of an autoprotease NP of CSFV having a sequence accotZi:g t:
SEQ. ID NO. B, wherein in addiion asparagine (N) 35 is replaced with threonine (T), and
threonine (T) 158 is replaced with serine (S). -

:’he derivative of an autoprotease N*™ of CSFV which is utilized in the process according fo
he above aspect of the present invention forms also part of the present invention and
comprises the following amino acid seguence:

SEQ ID NO 32;



comprises the following amino acid sequence: SEQ ID NO 32: -12-
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGTPSEVHPQSTLKL

PHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDE

TQFEETTKRIGRV -12 -
TGSDGKLYHIYVEVDGEILLKQAKRGTPRTLKWTRNSTNCPLW

VTSC-(168). In another preferred aspect the present invention relates to a

process for the production of heterologous proteins as described above,

wherein the fusion polypeptide comprises a derivative of an autoprotease

NP' of CSFV having a sequence according to SEQ. ID NO. 32, wherein ip
izrm;%xm@@%w%%@wmmmmmp@aﬁglfmgﬁghédg;ETT

ReGNphesyatamn [ ed wit

Tesﬁ@ﬁgﬁﬂwﬁb'%vﬂlfsﬂiﬂé’&ggg §[ﬁan@ggt§%§£\g%g‘gg’ HEED [ETTKRIGRV

utilized in the process actording the RGN SENERE YR PHa68Nt

invention forms also part of the present invention and comprises the

in anfdhewsrgenninaspsid FROMRBSAL SR : .
hete,g,%mgl_yg{g;ﬁi_@g SK ﬁ%}v&v%%ﬁg@/\%%r%%tﬁﬁ‘f?ffﬁ%@(/ﬂ%@'@%%?n of
o PHDRGEDDIET ribed above, wherein the fusion polypeptide comprises a
VPR REPREIRSRINT P 0SB ViR G @ SearaRY GBI RARLETFRE, 30
Whersh G BECTTRI RIS (3138 RGE N WEYRGH R M@Agggggﬂ;ﬁ W :
ith ohENS [SG(: Preferably'in the proces CLDeding th TgPlaced
" pp?gger%ﬁ*r%:ﬁ\érﬁ( %1%%&%2@/%%lgﬁa‘ﬁ/ﬁYSBrﬁég‘ét'mn%f@SFV with the
sequence according to SEQ ID NO 32 is used in fusion with a protein that

The darivati ; . . ;
oV BB R S D LIRS e
the foReferably with recombin@nt%uman e aliNs o eRe b ivenEaBanst comprises
proinsuli p?t??ﬁr%%‘r‘@?%ccording to the present invention if the
derivative of an autoprotease NP'0 of CSFV has in addition to the
SEQ Iepiecgment of at least one cysteine residue as described above at least
one of the following amino acids exchanged: arginine (R) 53, glycine (G)

(1)- MELNHF I N TP VoIRGB ORPLES e WSROI SRR R I8
LRDL%U@Q@NV@@@%&I‘Pr?(PGPWYQDYTGPWHRAPLEFFDETQFEETTkRIeRv
TGSDGKLYHEYVEVDGEILLKQAKRGT‘PHTLKWTRNSTNCPLWVTSC-(168).

Preferably in the process according to the present invention the derivative of an
autoprotease N°° of CSFV with the sequence according fo SEQ ID NO 32 is used in fusion
with a protein that contains at least the three first arﬁino acids of proinsulin, more preferably
with proinsulin, further more preferably with human proinsulin, most preferably with
recombinant human proinsulin, for the production of proinsulin.

It is preferred according to the present invention if the derivative of an autoprotease NP® of
CSFV has in addition to the replacement of at least one cysteine residue as described above
at least one of the foliowing amino acids exchanged: arginine (R) 53, glycine (G) 54, arginine
(R) 57, threonine (T) 108, 114, 155, 158 and leucine (L) 143. Preferred derivatives of the
autoprotease N°° of CSFV according to the present invention have in addition to the



autoprotease NP' of CSFV according to the present invention have in
addition to the -13- replacement of at least one cysteine residue as
described above, the following amino acids are exchanged: arginine (R)
53 with glutamic acid (E), glycine (G) 54 with aspartic acid (D), arginine
(R) 57 with glutamic acid (E), threonipze (T) 109, 114, 155, 158 with serine
(S) and leucine (L) 143 with glutamine (Q) or asparagine (N) or aspartic
acid (D) or serine (S) or histidine: Such preferred derivatives of an
autoprotease NP of CSFV which are utilized in the process according the
above aspect of the present invention forms also part of the present
invention and comprise the following amino acid sequences: SEQ ID 92:

replaggonent of i HEAL YINT SIEQIB Vs MEERVAGET PSEVHPOSTLK
are ARHIPRGERD %ETE;;’{I& 9 i ﬁ%bﬁg %e%clla':ﬁowmg a.mmo acids
eroifR ALY BXGRCREC P DGR AHSEl fesie fe AR AsmeirD (D),

@% TW' | & a0 EeE By thrgonine (T) 109, 114, 186, 158 with serine (S) and
eUCiPVEN M8 il KBRS TRRF LAWURRINS TR B MIS LIRS PEQD (5) or

histidie:
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK

Such preferRd B DEETEE of an autoprotease N™ of CSFV which itized i
ap
RRIGR IKPGPVYYODY TGP NERe-pigcess
accol:d?h@ Q%%\ﬁ/?}ﬁh@ g¥§e%wnven%n ormgalso part of the present invention

2 R T R U ERABSRRRBFSRTL KWSRNSTNCPLW

VTSC-(168). SEQ ID 96:
SEQ(D)94ELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK

O Y R BIAR B NP RS T R ABREEE DR T
LR DL B B RO R AN R T BB LRGP Y BERHRAR ARG EBR LW rioR

VTGSRIKETN SEQ D 97:
(1)-|v|E|_N%ﬁ%ggﬁéﬁéﬁmﬁgﬁﬂwwﬁﬁpQSTLK

LPHDRGEDDIETT
SEQ |85t PRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDE

_ 7 | LLKHAKRGTPRTLKW S
(1) M%@&E@@&%@%ﬁ%@@@ﬁi%EVHPQSTLKLPHDRGEDDrE"rT
LRDLPRIREDERIANHL Ry GIYIKPGPVYYQDYTGPVYHRAPLEFFDESQFEESTKRIGR

VTGSDGKLYH YVEVDGEILLKNAKRGTPRTLKWSRN STNCPLWVTSC-(168)

SEQ ID 96:
(1)-M ELNHFELLYKTSKQKPVGVEEPWDTAGRPLF GNPSEVHPQSTLKLPHDRGEDDIETT

LRDLPRKGDCRSGNHLGPVSG!YlKPGF’VYYQDYTGPVYHRAPLEFFDESQFEESTKR&GR
VTGSDGKLYH iYVEVDGElLLKDAKRGTPRTLKWSRNSTNCPLWVTSC—(‘f68).

SEQ ID 97:

(1)-MELNH FELLYKTSKQKPVGVEEPVYDTAG RPLFGNPSEVH PQSTLKLPHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSG!YIKPGPVYYQDYTGPWHRAPLEF FDESQFEESTKRIGR
VTGSDGKLYH! YVEVDGEILLKHAKRGTPRTLKWS RNSTNCPLWVTSC-(168).

SEQ ID 98:



- 14-
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK

LPHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDE

SQFEESTKRIGC VTGSDGKLYHLYMEVDGE ILLKQAKRGTPRTLKW
SRNSTNCPLW VTSC-(168). The derivatives of the naturally occurring
NPm of CSFV described above which are part of the present Invention,
have improved properties over the naturally occurring NPm of CSFV and
are therefore suitable to enhance efficiency of protein production.
Refolding of the derivatives described in this invention can be induced in

& RN @W@ﬁ@&ﬁ@mmrmmn@w@gﬁ;ﬁrﬂgﬁwﬁew

Dummﬂ OCHIMTI 2 efore the derivates

vredgRsied ahay B T Ao S HeRE Ao FBtaC
Ao Tor succe\éﬁﬁbgé%’ﬁ@ﬂgﬁﬂwmwwmem@ﬁves

which are last described herein is particularly preferred within the present
The dereatiasd sfuBdadtg aiitabilityfon mse. i ticularly wide range of
preséﬁtaﬁwki%ﬂt%%n itions.rlgrtl%@f%ér"l‘[ﬁg{rg a%pe%t%%%?é%%ﬁ@ﬁ%@%%ﬁt@ﬁ@ﬁﬁ@f the
use of any bt the JBPRdeResirsfitep bt asamimaLEBE WHesCOsRY and
are Mssiom é%ﬁﬁ@s@fmﬂ@modﬁ'ﬁmpfd?emgﬂg%dg&%g_emi%sﬁjﬂg of the
deriviritere sbeai@linaiR INGRIBRSBHRYSANGL I us D the process for ~ =
e.0. (REEMBIRANG %ogyrgtmﬁ of heterologous po ypep')tti%éré% i9g:FaRge of conditions,
according to the precantinVefoRetRaiiRlRepsTie B evoukn bristysmgtonal
Zhe'%fﬂ@ SrrReriroe daeaibstebdenivativettabia foAULNIARRATENRT QA GREY. trar
o ndhadlow de westesipdimeniral inventien indyctijon of
oo RiaiEl e A o R bt ST iroMrich By st
ReplePlY e RaRKADS of e ybep!
- diluting the fusion polypaptide LldRIPIBA ArsHst nrtiomaiuete iefeldtagiity for
use ]%B%gi}"'ﬁfé’ idetrrega sibreassismeptititoissrefolded and thus activated. In
a particularly preferred embodiment, the solubilizate is diluted with an
* arginine-containing buffer so that the final concentration of arginine is up
na ffﬁ%‘?’é RiPpreierapIssn-eMonAisteativelye dibation isyalsqrR0SSINIG; L. of an
- . : : . . :
mwwg%ﬁmlgﬁcBQWiﬂggiﬁdée&@&%@ %ratﬂe %?gcg Sgtircl)%t%f heterologous
pofypé’é%@@fﬁﬂ&légf‘g}%m&ng ?gﬁla present invention. '

Thus in the process for recombinant production of heterologous polypepiides of interest

according to the present invention, the fusion polypeptide comprises any one of the above
described derivatives of an autoprotease NP° of CSFV.

In a preferred embodiment of the present invention, induction of autoproteciyvtic cleavage of
the heterologous polypeptide is performed by diluting the fusion polypeptide under conditions

which promote refolding. Thereby the inactive fusion polypeptide Is refolded and thus
activated,

In a particularly preferred embodiment, the solubllizate is diluted with an arginine-containing
buffer so that the final concentration of arginine is up to 1.0 M, preferably 0.4-0.6 M
Alternatfvely, dilution is also possible by dialysing the solubilized inclusion bodies against an
appropriate arginine-confaining cleavage buffer.



-15- The temperature of the reaction solution for the cleavage is, for
example, between 0C and 30C. The temperature can preferably be
10C-20C. The pH of the reaction solution is, for example, 5.0-9.0. The pH
is preferably 7.0-8.0, in particular 7.0-7.5. Most preferably the pH is 7.4.
Where appropriate, the reaction solugion contains DTT in a concentration
of 0.5-100 mM. The DDT concentration is preferably about 5.5 mM. The
protein concentration in the reaction solution during the cleavage can be,
for example, in the region of 20-150 g/ml. The protein concentration is
preferably less than 40 p.g/ml. The reaction solution can contain tris/HCI
in a concentration of, for example, up to 1.5M during the cleavage. The
tris/HCI concentration is preferably between 0.4M and 1.2M. The reaction

The SSHHEPAGRHEHLS In a.copcentration range of for example
30°Cb%"¥eien 0,2 and?%%/g%léléﬁoeér@m'r% efg}égw fr?]n%alj‘ﬂﬂ?el%l Chfgemplei detisedm0°C and
AlSS, THERIAHIB PRI beoHt2BI8TA in a range of about 1-3 mM

EDTA. Preferably the EDTA concentration is 2mM. Other buffer systems
The pke &HlgRePRSRAA KLRIAGS _f aloinine-containing and/or tris/HCI-
paﬁi&ﬁéﬁ?iﬂi'?% ffetrs. In a paﬁic?éfg%/agé?éézddéeﬁlgmrﬁgnﬁ wiefprably thé-8.0, in
cleavage Bulter e 9ok tsmbbiafute during the cleavage is 10C-20C,
and the cleavage buffer contains about 10mM DTT as reducing agent,
Whe. Bivbplat %@ il alsLan TA. 1ig,a,ll , the heterologous
The BIOPRSRICRWRich h%[? been cleaved rlg?ntg f&%ﬁ%ﬁ@iﬁﬂe%o-5-100 mM,
isolated I a mannEFERGRH BE?%@.ﬁIW-In another preferred embodiment
of the present invention, induction of autoproteolytic cleavage of the
- The neisnatogestr-aaiMne iRl RGT mad Ry.Rinding the fusion polypeptide
the rd§loRBAINILY ch;opﬁ%’gra hic systerrﬁ , %59@’8%!83}‘8?8&9{1&3 Rrig@mple, in
inactive Torm, ‘ahd - sUTSBGTRIACapsteation isfpratsaloingds ffen. 40 ng/ml.
particular, in a first step the fusion
. Th i ' U .
@ reaction solution can contain tris/HC! in a concentration of, for example, up to 1.5M

during' the cleavage. The tris/HCI concentration is preferably between 0.4M and 1.2M

The reaction solution can contain glycerol in a concentration range of for example between
0.2 and 1%. More preferably the glycerol concentration is 5%,

Also, the reaction solution can contain EDTA i
i a range of about 1-3 mM EDTA. P
the EDTA concentration is 2mM, ey

Other buffer systems are also aal i )
' possible in piace. of arginine-containing a ;

" nd -

containing buffers, g for tris/HCI

in é particularly preferred embodiment, the pH in the cleavage buffer is 7.4, the temperature
during the cleavage is 10°C-20°C, and the cleavage buffer contains about 10mM DTT as
reducing agent, 0.5M NaCl, 5% glycerol, and 2mM EDTA.

Finally, the heterologous polypeptide which has been cleaved from the fusion polypeptide is
isolated in a manner known per se.



polypeptide is bound to the chromatographic system. Binding is
maintained while conditions are changed such, that the autoproteolytic
part of the fusion polypeptide regains its activity. The polypeptide of
interest is cleaved and eluted while the autoproteolytic part of the fusion
polypeptide remains bound to the chygmatographic system. In a
particularly preferred embodiment of the present invention the affinity
chromatographic system is a column, and the fusion polypeptide is
inactivated by denaturation. Therefore reactivation of the autoproteolytic
activity is induced by application of refolding buffer and thus refolding of
the fusion polypeptide. In a particularly preferred embodiment of the

n: a@p@%n@f’f@é‘n;;ﬁnmmm iefcm@dggég&i:rrl]sﬁv&#fégaf \éﬂyact‘:agnfoélflo\évéql roteolytic

cieavaB pO BH Oy sQdiu 0 e, 5% glycerol, "Zm

an ;EQR 10 MM D%T%%%ﬂ ﬁ%ﬁ%l’g %?f‘]’&géeégﬁ%f’é?ﬁ fﬁ@ fusistvipRlypeptide to
terms shal hag/arhis SR e rmsepmiralytiThmteim dhateraleg e, and

S“?S%@Bérﬂﬂﬂ&c@ﬁm@éa" rafidisgn pmﬁ%emi%m'a}ﬁg‘r,isiﬂoé nﬁ%ﬁrasl,{gp the fusion

Polypelstieod buAd LiePEAIEARRANRANCLIASHY Kisiom, amgamg%@%@%‘g%‘&ﬁm

' tide or polyprotein. Examplées o
:;e cﬁ%@%ﬁ%@?@%@%@?ﬁ% ISRy Ridhy dvgien peipbetisieitipains its activity,
© RRafi mrﬁﬁtﬁamwmmmmﬁcﬁﬂt%ﬁﬁm&%icmﬁ e fusion
polypehisienapelyiseriifg isafey %H%R%%@Péy{#@s‘y%%rg%isting of two or more

polypeptides. In particular herein fusion polypeptides can comprise an
affinity tag, an autoproteolytic part, preferably an autoprotease, and the

ta
ina %ﬁwéﬁme&mwwmmm teotypeptidavehtivietnstafifiRy SHoiGtographic
systepoiy e ptidmto mm@mvxﬂgwem%mel}%e minus. -17- ™
reactié‘é%MQMéoatﬂstﬁPé?e%? Icinv%néi’?n an expression Vector C2IRHEqeRy Therefore
thus rhjch encodes the p VpeptaeYofiMerest Ly Repfieatien wicradeiding buffer and
us %S@H@df(}@e\;}#ﬁlﬂﬁ’ Rolymsetideaved off autoproteolytically. In accordance
with the present invention, a variety of polypeptides of interest can be

In a pRFASERF RYrLSECLRHSR, an expression vector. For example, the

" e g’% i —
N e, pr\m@ [GerapRsitingr A NaCl, 20 mM sodium phosphate, 5% glycerol

2mM EDTA, 10 mM DTT 0,01% Brij, pH 7.4, |

As used herein the following terms shall have the meanings described below:

The term "heterologous polypeptide of interest” means a polypeptide which is not naturally
cleaved by an autoprotease N*™° of Pestivirus from a naturally occurring fusion polypeptids or
polyprotein. Examples of heterologous polypeptides are industrial enzymes (process
enzymes) or polypeptides with pharmaceutical, in particular human pharmaceutical, activity.

The term fusion polypeptide” refers to polypeptides consisting of two or more polypepfides.
In particular herein fusion polypeptides can comprise an affinity tag, an autoproteolytic part
preferably an autoprotease, and the polypeptide of interest. |

The term “polypeptide of interest” refers to the polypeptide to be produced with a
homogenous N-terminus.



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 antibody fragment, and the like, for example interferon alpha 2A,

interferon alpha 213, interleukin-3, interleukin-6, human growth hormone,

(pro)insulin, insulin like growth factog;zgranulocyte-colony stimulating

factor, granulocyte macrophage-colony stimulating factor,

macrophage-colony stimulating factor, interferon beta 1, bovine

somatropin, porcine somatropin, interleukin 11, interleukin-2, a Fab-

fragment, and small peptides such as calcitonin, parathyroid hormone

(PTH), or a glucagon, CD 40 ligand soluble form, plasminogen activator,
hocosiicsta i bresng i SRR WUPEL USSR R B e

o i QARGHLL tion t olypeptide of interest can be any other

:ufzﬁfﬁd cﬁf g@eptﬁd%ﬁg%aﬁ%uﬁr%ep&'il%gp?lcgwmfgﬂ hihditanpeuteaved off
HHORor & g@ﬂ | INGFRdanRcy vdihe ¢ MitRSRIE domeRtiatem vretR ol xigssiltes of
Interapé crsy ke bedwsptoypdsa sheuerose xResaEHNadRA N PERSAMANYENOD oo
of antaa@stq§igﬁep9|¥p§§g}gepiﬁap,gg£ Rl i,.l,ié]l%% t%at Igast ?ne expreséionr}or%?gfmde
the giSgence.  Expression contro?séquencgé LR PRI HAMRIR R SRipsted from

(SUEH ASHRRET el infsTeran.an Iggevkip, RusowihiomngienA prowtbteRtor, =
Cﬁoigﬁ%mmhgai@myr(f@rzmnamplemaﬂﬁa@dyitaﬁacmeaﬁ&_edéﬁygr%mmbia?nd the
like, foe Rcpanye [ t crQ.or synthetic ribosome

el Hﬁ%EQﬂFHtBF%?&R S@? P Iﬂ%érﬂ%ll] in- Bmlt?f‘?%@af?”ma"

inding site r transcription terminators (for éxa
growtﬁ rﬁg I|\T/"é“]i":ri?gf %ﬁ%&%b‘&ﬁ@m’%@ §irReMbdader: sianyleavienaleny stisyiating factor,
gran%iH@mb@ﬂmbwgmmaﬁmﬂ\'W%%ﬂnﬂh%ﬂhﬁ%ﬁﬂng factor,

e e £ e s e A i o
im_r'nunoaﬁ}n_lt &’roe,%g{’gﬁrg%f%{%BﬁEhlW@Mﬂ!ﬁbé@'@‘? it area glucagon,
CD 4g digan? srivblseisnivie psmioeass sotivahichsespasiie amdandyisaNalaliemal

‘growtiWrettbn dssue pitapesiagscmuhndesipecific monoclonal antibodies are
readily available include FLAG, influenza virus haemagglutinin (HA), and

in adéi-myc tags. -18- In a preferred embodiment of the present Invention, the

ipclsdioivRentfescl ipkeserichan baceesiattheskinelldodon spaeyRchisibGar a
poiyp@mwhbwaéw@iﬁuﬁhaw%ﬁlyﬁi@!%ﬁ%@%g. Green Fluorescent Protein.

In the expression vector to be empioyed in the process according to the present invention,
the fusion polypeptide is operably linked fo at least one expression control seguence,
Expression control sequences are, in particular, promoters (such as the lac, tac, T3, T7, irp,
gac, vhb, lambda pL or phoA promoter), ribosome binding sites (for example natural
ribosome binding sites which beiong to the abovementioned promoters, cro or synthetic
ribosome binding sites), or transcription terminators (for exampie rrB T172 or bia),
The vector may also contain sequences encoding fusion domains, as described below, that
are present at the N-terminal end of the fusion poiypeptide and that are required for its
binding to the affinity chromatography system, e.g, polyamino acids like polylysine or, for
immunoaffinity chromatography, so-cafied ‘epitope tags”®, which are usually short peptide
sequences for which a specific antibody is available. Well known epitope tags for which
specific monocional antibodies are readily available inciude FLAG, influenza virus
haemagglutinin (HA), and c-myo tags.



selected, for example, from the group of the following micro organisms:
Gram-negative bacteria such as Escherichia species, for example E. coil,
or other Gram-negative bacteria, for example Pseudomonas sp., such as
Pseudomonas aeruginosa, or Caulobacter sp., such as Caulobacter
crescendos, or Gram-positive bactetg-such as Bacillus sp., in particular
Bacillus subtilis. E. coil is particularly preferred as host cell. As used
herein the term "transformed host cell" shall refer to a cell containing a
vector coding for a heterologous polypeptide. The bacterial host cell, i.e.
the expression strain, 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
Ina SriReesRnss i : train is generally |
fﬁtivated ina muIt{iécit?allﬂgﬁg %ﬁ%@(ﬁr{lﬁ%}g?ﬁ%% tgﬁlgléafﬁ%?ent'%ﬁ)aﬁég%r
further use. On a small scale, this can take place in shaken flasks, it being
A Tacci@'% gﬁ;ﬁ%&b@_%@m ﬁj&wmmpmmagiwmef@r}&éﬁm%dﬁﬁn can be
selechugt WEME!, o | e ﬁor ex e ,
bactefidl & dg‘f%}?ar%% tgee%l%gtioﬁ%ﬁgﬁ%%ﬁrﬁ%m r%l-‘%au ftire: (a)cgp. [-feggtive
strain (inoculated with & anigte CorSATRP itk PE AE)5E ARA-fesrtive bacteria,
for exgpBie FRGHIPTO RS WP, BMsh@Em Paeatiomdoashtsrogitivean CeligbagER Y., such
as Cwmmtimééeéiﬁhesla& rCRARLBESIfR r@&{&;ﬁé%ﬂbﬂt Qslisaegﬁﬁgb %;%tiﬁ%cuiar
; N\ igh temperatures (for example 30C or . The
Bamll%{ﬁﬁﬁéﬁﬁﬁ%ﬁéﬁs% %‘f# %P%Pé%}rg O'Sajﬁﬁz‘? “Elample 500 ml), where it is
in particular necessary to ensure good aeration (large volume of flask

As ussshipseird ththethe Uedusierabeaienterhighupnesy &f wiation), ]Fﬁ?}% 'L Rector

i I ke place in the form of insoluble inclusio
codzn%‘ﬂ‘éjﬁgtépaég%g ;??'?gé%%ﬂe

s, the main cuUltdre will'in most cases also be carried out at relatively
high temperature (for example 30C or 37C). Inducible systems are

e ettt e ol Soanoue S RBETO G win
microtiélo r GULS % .
.in k.}reaﬁ) ned §Jsuall at _19‘-5_an ?%gca density Oqe(‘st%rqu 1%6%9@?15&9?%%@'9”‘ a

TR & AU ARE b eAfdr Possible to employ cryo-preserved cell
sugpensuons (cell banks). The stran is generally cultivated in a muliistage process in order
to obtain sufficient biomass for further use.

On a small scale, this can take place in shaken flasks, it being possibie 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). For the cultivation, a small-volume pre-culture
of the host strain (inoculated with a single colony or with cell suspension from a cryo-culiure)
is grown, the temperature for this cultivation not generally being critical for the later
expression result, so that it is possible routinely to operate at relatively high temperatures
(for example 30°C or 37°C). The main culture is sat up in a larger volume (for example 500
mi), where it is in particular necessary to ensure good aerafion (large volume of flask
compared with the volume of contents, high speed of rotation). Since 1t is intended that
expression take place in the form of insoluble inclusion bodies, the main culture will in most
cases also be carded out at relatively high temperature (for example 30°C or 37°C).
Inducible systems are particularly suitable for producing inclusion bodies {for example with
tp, lac, tac or phoA promoter). After the late logarithmic phase has been reached (usually at



example indoleacrylic acid, isopropyl (3-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 as inclusion bodies in the

bacterial cytoplasm. The resulting 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 defined nutrient

media in this case in order to be able to improve the process engineering

control of the process. In addition, it is possible greatly to increase

biomass and product formation by metering in particular nutrients (fed

og;t;ﬁh). Otherwise, the process is analogous to the shaken flask. For
an opjigah gresiypot ndinarnystagadesneser in_stage fermenter are
exaddg@d;ﬁg@e%w@tg@dte@g%atir%&ein_g@ﬁ(%%ﬁ%%ﬁﬁ%ﬁg%%q‘fﬁertﬁé'bs"ance {for
incubt ;dken flask.’ The prélimiRany st '%?H?@ﬁgpﬁﬁﬁ%dmt’edlm)ais added and
TESERAR HORSISE R Witech hewrenBusitiy thievimearbat BB O Bivnentia
Is depositedtiae inclusihakisnilasly i%eogaa&mﬂ% %ggs?n su'ﬁicient inpluceP% ypeptide
hamg@ag%g%gig&ggét@i‘% be ensured in the g? enter - AR esUliBgiARfisncan be

of.

the main stage there If’he induction phase must, however, in some
cases be made distinctly longer compared with the shaken flask. The

On 2/ jasgmisgatel e rauttisteya gainerd elivarad 59%fwﬁpé?ﬁi%?E%S@é%?génj%ementers) it

being SRS ¢S AR ent invention, the inclusion
the pi3Qlated from th%&gﬁggwg%ﬁﬁggerwanﬂﬁ i Eh%r?ﬁiﬁ Ee0IHer oxbergiie, @ftatprove
- "the fermetitanonenzrs ke hfnemosss. Hostiritisnatbih podeBIRh R 1o increase
biomass i gt folwatiitttatiortdrcr BHARAEALGADRIDALGR there { .
proceseeieEalyday ) . : . batc?a) therwise, the
s@8nHfdaa ia'l;fgegggt@cell ass Is disintegratéd’n
main "A85030ical, chemical or 5 ysical means aifefi ALHRRaGYetaardermenter and a
the /10O enizer. beadeShthisherenivairaciormerntsepbess ostestiGimhack that in
© SERiERgiank, B preistogs RN BEIERL, SRICIE . e
whichdisrg@ih)ﬁl@fgmq}&ﬁag%%gjgc&ggx hi f:?pressure homogenizafor: [Roculum
mbin: SigHIEIR R sbefrodireid dBpod

ithe ase that the recombinant'f
aeratitits @gggjﬁf@ IR BRRSRAatiRSs R BlsodisaineddonesmIiRdor - and

especially. intha ﬁ]@h@ﬂ%ﬂ?@eﬁép’ﬁmihﬂtﬁﬂoﬁf?fﬁ&blﬁugyt?o@iéognle'
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the pr?cess according to the present invention, the inclusion bodies are isolated from th
hos_t cell in a manner, known per se. )

For ‘exampie, efter the fermentation has taken place, the host cells are harvested b
centrifugation, micro filtration, flocculation or a combination thereof preferabl by
centrifugation. The wet cell mass is disintegrated by mechanical, chemical c; physical -
such as high pressure homogenizer, beads mills, french press hughes pr:ss o':ea? )
shock, detergents, enzymatic lysis or a combination thereof, Pre,ferably disru ti;) r:(:hm
cells takes place by high pressure homogenization. in the favoure’d casz t:taj the
recombinant fusion polypeptide is deposited as inclusion bodies, the inclusion bodies can t:'e
obtained for example by means of high-pressure dispersion or, preferably, by a si Ee
centrifugation at low rotor speed. The inciusion bodies are separated by ce;stﬁfu ati i
microfiltration or a combination thereof. The purity in relation fo the desired pofypzpt;:: :;



microfiltration or a combination thereof. The purity in relation to the
desired polypeptide of -20- interest 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-1 00). Preferably the purity g§the inclusion body preparation is
improved by several washing steps with various buffers (e.g. 0.5 %
Deoxycholate followed by two times 1 M NacCl solution - and finally
distilled water). This usually results in removal of most of the foreign
polypeptides in the inclusion bodies. As used herein the term
nt "sglubili?zﬁlation" shall refer to the process necessary to dissolve the
NISrgsE IEAloineIo die dmBolei Batiomipes wWis b an ispersion.of
buffetfae fop bRARESH mgtgrgy&%uggﬁq- ‘g;\i;r})de iﬁgﬁﬁgﬁgEﬁéﬁ%%(eﬁrpggf%ﬁs%"ar tous
exanigfeHed y&/_a}ﬁ@f solubilization o inc Jsmrfb%ﬂ?é% Qitrtin? b anshpredstaergent (for
<oy Dresent inventan, RLeLRRi g euy ol thsdnaliesion ERiyveTaisHdE |s $iroved by
VoA Ting Serriitipveresiuifiraget 08 8 HREMURILE f618)ed by two fimes 1
eventually

M NeGUaoiitio sy : SRS e
BHI- el AR ABIRLY WESS 1O srg%{linrﬁgé(é%é%%r}%\fﬂwemost of the

toreidi &8 feine residues. Where necessary'|
dg{)%eﬁﬁgﬁya?ﬁssglHﬁén#{{éﬂgﬁgﬁqt?ﬁexample by centrifugation. In the case
that the inactive fusion polypeptide is produced soluble within the cell, the

As ustidrifeeeiceichempaenait:itisioissied further work up described

InclustIP YR e, saibilized inclusion boﬁ@%%e"ﬁ?‘%ﬁﬁ? EF76t Widissaive the

with Since the cell homogendre 1s° dltexFPantielecuian pissremiod ofrthodiigmiptides
HELUR iz g dsinirttoieitarirterattiGiscontaining buffer so that the final

concentration of Tris/HCl is up to 1.5 M, preferably 0.4-1.2 M.
ossible by dialysing the solubilized inclusion

i iluion. is also
: z;eﬁéﬁ%“ @%\é%s% uagl}li ‘%&8?0%ri%?@ﬁ‘?%ﬁ—?é‘?scwﬁfﬁa?ﬁhﬁg%mﬁged)mﬁe&nt invention,
n?ﬁgﬁécqycgﬁwﬁmaﬁéa E%WMItﬁ ehufda, ph 7.4 BiRfirgfa @Qducin_]c_; agent,
©.9. Hhprthinte, bkt SuaslankeiBEHdedRL, 2R MM §‘8§1§H 8&2@ ha}tg%sda?ign of

eventlBINNSEARKE {Qﬁer? jon. sglution for the cleavage'is,
insol g*etwe?n,océe%%d 3oc9§#ﬁ%ste%eé?aﬂ?@i%ﬂ%%‘ﬁa%§i%tpcr@nzce@.potenﬁany
nsoiuble material, for example by centrifugation.

In t-he case that the inactive fusion polypeptide is prdduced soluble within the cell. the
clarified cell homogenate is subjected fo the further work up described above for the

solubilized inclusion bodies except for the ifuti
, step of dilution since the cefl ho '
aiready diluted, rosenate .

in a preferred embodiment, the solubllizate is diluted with & Tris/HCI containing buffer so that
the final concentration of Tris/HC] is up to 1.5 M, preferably 0.4-1.2 M. Alternatively, dilution
is also possible by dialysing the solubilized inclusion bodies against an appropriate ,Tris/HCl
containing cleavage buffer. Tris/HO can be replaced by other salts eg. 0.2 -~ 1,5 M NaCl if
an appropriate buffer substance is added €g. 20 mM sodium phosphate.

The temperature of the reaction solution for the cleavage is, for example, between 0°C and
30°C. The temperature can preferably be 10°C-20°C.

The pH of the reaction solution is, for example, 5.0-9.0. The pH Is preferably 7.0-8.0, in



The pH of the reaction solution is, for example, 5.0-9.0. The pH is
preferably 7.0-8.0, in -21- particular 7.0-7.5. Most preferably the pH is 7.4.
Where appropriate, the reaction solution contains DTT in a concentration
of 0.5-100 mM. The DDT concentration is preferably about 10 mM. The
protein concentration in the reactiopzﬁolution during the cleavage can be,
for example, in the region of 20-150 g/ml. The protein concentration is
preferably less than 40 g/ml. The reaction solution can contain arginine in
a concentration of, for example, up to 1.OM during the cleavage. The
tris/HCI concentration is preferably between 0.4M and 0.6M. The reaction
solution can contain glycerol in a concentration range of for example
paﬂi@éawééma,mmmmm@ preferably the glycerol concentration is 5%.
Also, the reaction solution can contain EDTA in a range of about 1-3 mM
Wher%DaTA' Preferably the EDTA c_oncentration is 2mM. Other buffer systems
arS AP PRSsitiE Fopttiee eviaigmisetematamngandiordsiattiol of 0.5.100 M
The [3ghteonreptutiter s hrefepancuany praiprred embodiment, the pH in the '
cleavage buffer is 7.4, the temperature during the cleavage is 10C-20C,
The pt’{%% cr%eav%%e buffer contains about 1_0mM DTT as reducing agent, 0.5M
e e 85058 pobonraen e o U, i
I polypepibiel orvtbic the fusion protein
is isolated in a manner Enown per sﬁf?ﬁﬁ?ﬁ%ﬁﬁ%ﬁ% 0 48498k
The rfauaréfﬁgrg wiih reference to the fqllpwipg examples, which are illustrative only
s B0 AorTIHHRR Fam SRt rigivine exanpieserdtatiedoRrRieBRenple, up to 1.0M
U geRRIs Tidlspescoldanmais R AMELES Wi TG gbent
invention it is possible to express and produce a wide variéty
or "polypeptides of interest"), especially such

The rég&(i) o aﬁ' téﬁroteins i j
prot%?n%é]vb! 0 cgréconga:n glycerol in a concentration range of for example between

0’,2 and 30%.: More preferably the glycerol concentration is 5%.

Also, the reaction soiution can contain EDTA j . '
: A In a range of about 1-3 mM EDT
the EDTA concentration is 2mh. * ey

Other buffer systems are also ible i |
possible in placs of arginine-containin i
containing buffers. ¢ sl e

In a- particularly preferred embodiment, the pH in the cleavage buffer is 7.4, the temperature
dur:ng-j_ the cleavage is 10°C-20°C, the cleavage buffer contains about 10mM DTT as
reducing agent, 0.5M NaCi, 20 mM sodium phosphate 5% glycerol, and 2mM EDTA.

.Fmaliy, the heterologous polypeptide which has been cleaved from the fusion protein i
Isolated in a manner known per se, ;

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

are Hh-:straﬁve only and non-imiting. In particular, the examples relate to preferred
embodiments of the present invention.



problematic to express in usual systems, e.g. proteins with toxic effects on
the host cells, proteins which are insoluble or have low solubility, proteins
which have other solubility disadvantages (e.g. shorter proteins). The
present derivatives also show - in the form of specific fusion constructs or
specific activation conditions improvegents in cleavage rates, expression
rates, overall production rates. Moreover, expression in inclusion bodies
with the present constructs show advantageous results for the above
mentioned problems (see e.g. example 11). For example, small proteins
have generally low expression rates in E. coli, because they are rapidly
degraded in bacterial cells; the constructs according to the present

EXAMia&%on allow elevated expression levels (see example 14). Examples 1,
3, 4, 5, 8 and 9 describe the production of proinsulin utilizing different
ects_of the process according to the present invention. The sequence

A
Wgtho? %ﬁo?ﬁ%ﬁ?ﬂiéﬂ Ridfibelole restb 1D NeZpbedoranogphRnen HARBALALY of
recofﬁ@‘?é’(ﬁﬁﬁmﬂdmé‘ﬁﬂl@dﬁﬁﬁé@r&qm@&?ﬂc%s é%fa lin |}'§. sometimes
probrafﬂﬁ@@ot%@?é%%imsggf%%enl' Production’ of a%eter. ISHBUL R yhieh are
orotdifd riE%t éinsulin) bé:e olting, using HTBEs ¥t i pantenBEI® IBbst cells,

, Norgﬁ? 1B 59"k Srahiye opeesniutiiing ﬂrdtérk’luiatbﬂnﬁg\?ecg{hgpoggmbimy
disadirniasmstiec cimdenipetad) NG SRR R M pTginsulin (SEQID
specOior2 8o TG %T%ch}@'%%%% CTG&[&%AC N S T
exw&gwgcoe TCTACGATACTGLATETEE TR et0rdT FeBRE Tates,

CACCCCCRETR: RREsBarates. Moreover, expression in inclusion bodies with the

PSR PP e AT B RO COEREAGERAE GF GAGAT, A
exam@& CGCGCGATCTGCCTCGT GGCGATTGTC%%%E% problems (see e.g.

CCACCTAGGTCCGGT _
GTCGGGCATTTACATTAAACCAGGTCCCGTCTATT'ACCAA(BACTACA

Fore i ‘
.di@i:@@,.-[%'@.ﬂ;@;qtq;msA@@@ﬁmﬂﬁmgﬁie@&@ﬁigsquT%,T RS % are

rapidly degraded ln_ bacterial ceils; the constructs aécsrding'to the pfesent invention . alt :

elevated expression levels (see example 14). -

of . i i
' ;l'eEan:ocess according to the present invention. The sequence of proinsulin is given below
in i l

) .D.NO 6, forming the non-bold part of the sequence. In the following for convenienc
pronsulin is sometimes referred to as insulin. )

Example 1
P E] ) 3

:Tiugt-mn of a heterclogous poiypeptide of interest (insulin} by refolding, using the
N"-derivative with SEQ ID NG 5 (EDDIE) ' ! ’

1.1 Generation of derivatives

1.1.1 Mutational PCR

From the consiry frvi
ct containing the DNA sequence for N*".pro-insulin (SEQ ID NO 6):



ATTGGCCGTGTAACCGGTTCGGACGGG
CTGTACCACATCTACGTGTGCGTTGATG GCTGTATCCTGCTG

CTCGCGAAGCGCGGAACCCCTCGCACCCTG TGGATCCG
TAACTTCACTAACTGTCCACTGTGGGTCACTAGTTGCTTCGTTAACCA

ACATCTGTGCG - 23
GTTCACACCTTGTGGAAGCCCTGTATCTGGTGTGTGGCGAACGCGG

ATTCTTTTATACC
CCGAAAACGCGGCGCGAAGCCGAAGATCTTCAGGTTGGTCAAGTGG

AACTGGGCGGA
GGTCCGGGAGCCGGGAGCCTGCAACCGCTGGCGCTTGAAGGGTCG

AT A A R B TG T G AAC T C TC T ACAAAAC TAGCAARC AL A A T

TOASERICOSSRAASGARIGETRTACEICEATCTCC LT AN
T LA s

CAC
cGe o ke
Grcmlﬁm;‘%mwﬁgmmg% . Befhesda. MDE%%@X%%%%&?AGGTCC@GY
ACC g{.%[gigng%o%es Inc. ?8% gﬁ%ﬁ%‘%&@ FQQM@Q&MAGU&G%CGGW
Aﬁﬁéﬁﬁ‘&éﬁéhézgm;&;ﬂé@%m o t llowin rlmer%%ﬁWCGT
GeTOTARTERERARAQLLand N -R-Sﬁ%‘%ﬁ@ﬂ%mm@%&!@mye
the newl cre%egﬁéwgﬁﬁwmmmmm,ﬁh
TAA %6 cce
Gwmmgfﬁma%mﬁﬁﬁ armsta t%&%‘remm
CCOAARAMSraAR: Wg % a. From §5€E3 - @WQ?%%WBTACC
corpliied .ﬁ%@%&% Rf\6H PEPTHARETIORT ONeCTIEEIA OO ca A
oty e S S PR AR oo

COTATTEET SalachaTerTE AR TSER: Lol
CAATFRETRNA-polymerase (# GC oozoﬁ%ﬁéﬁ%ﬁ%ﬁ@%@ﬁmm
Strat e 10, D-48163 Munster, Germany), 1x PCR buffer (# GC 002006

o 1 C31EI0G 2004, Genecraft and 20 nmol each dNTP mixture (# GC 013004,
at is quisthog- e sEen enid s HI SAEANGHRY %}J\‘ FETN T
Bioteck S an%%&gg 50 %%%I og one for\jvté;ég'g%]l[ &ﬁ?ﬁ?m Qﬁggéﬁé@édtre for
Befhesf&Q”MBar%E 1 (SEQ 1D'ND 74180358 thiatianal Hibsaanies WediEMA Buiding 384,
1081y MR A8 USERby, BperanBRechnolopah iﬁl&ﬂﬁ’ﬁﬁﬁ%ﬁnf@%ﬁi}nue St
108 Alspedion takes4siate USA ) 2oheated é%é%gg%%ye{ﬁé e N -
108 | 5 _ ) re -sequence,
:mdéca:é: Cfac 1B i@‘éﬁsﬁﬁﬁ@d Wbéé %/lglge fcfiegfg%\fv?rgg primer pair;
crea: ; dei,. (S.EQ -iD NO 20) and N"™ -R-Sall, (SEQ ID NO 21) and inserted via the newly
. 6; restriction sites for Ndel and Saij (bold letters, table 1 below) info the vector pET30
908-3, 2002-2003 catalogue, Nova iosci De i
. gen, CN Biosciences Inc Merck K
- . gaA, Darmstadt,
Germany) creating S-Np-6H-pET30a. From S-Np-6H-pET30a the NP sequence is amplified
- ie
in by two standard 50 Hl PCR reactions: one with 50 pmol N"™ _F.Ndel primer (SEQ ID NO
12;)) ?:d 50 pmol of one raverse mutation primer selected from Table1, (SEQ ID NO 8. 10
! ' i , 16, 18), 5 units Taq DNA-polymerase (# GC 002004 catalog 2004 Genec;raft’
reskow StraRe 10, D-48163 Miinster Ger ’ ’
, \ many), 1x PCR buffer # GC 002008
cataio
t2hC}04, Ger;ecraft and 20 nmol each dNTP mixture (# GC 013004, catalog 2004 Genecraft)g'
& second with 50 pmol N°® -R.Sall primer (SEQ ' | ’
ID NO 21) and 50 pmol of one f
' ‘ orward
mutation primer, selected from Tablet, (SEQ IDNO 7, 9 11 13, 15, 17) 5 units Ta D:;
N t W, ' ’ f q -
polymerase, 1x PCR buffer and 20 nmol each dNTP mixture. PCR reaction takes place in a




sec, 54C for 30 sec, 68C for 1 min; final incubation at 68C for 7 min. 1.1.2
Amplification of mutant by PCR The mutation primers given in Tablet are
used to introduce the respective amino acid changes. One-hundredth of
both PCRs is combined and amplified in a standard 50 lil PCR reaction
with 50 pmol NP™ -F-Ndel primer (SE£ 1D NO 20) and 50 pmol N' -R-Salll
primer (SEQ ID NO 21), as described above. Free primers are removed
by QIAquick PCR Purification Kit (Qiagen GmbH, Qiagen Strasse 1, D
40724 Hilden, Cat. Nr.28104, Quiagen product guide 2005) according to
the manufacturers recommendations. The PCR fragments are inserted
via the Ndel and Sall restriction sites into vector pET30a. The construct is

heatgeelid themctdoyde wxing e RIeNRLSIRIYrd RIS AqRe énmefﬁ] %%ggé%:tgwc for 30

sec, mr@quyy%gg%éo' ce the amino acid changes e
create the desired N#gﬁﬁa f%.’ﬂﬁﬁ%“%?é 88 Hhifor&kainple the process
is repeated six times. The respective amino acid exchanges are indicated

1.1.2 A apiidicatitvecd motanirigyesmid of each step is controlled by DNA
sequence analysis as described (see 4.1) The mutations 1155T and

The Eglu% ]t')are introduced by a single PCR reaction with the primer pair N"
“F-Nde? (SERS O NG2b) ZAeler_are 3680 ARSBIEER te MapEShANIAS, acy

changesu Angrmoasibchicidthiperias MimbieNdak el restriction sjtes
reactiotOnRHNGY G FFB0R NP %ﬁ'{&t@é o[&all ﬁgﬁﬁgﬁnﬁ%g %}H‘%ﬁiﬁgég PCR
(SEQSB I} FDDIE- 6H-pET 304, whare EDDIE SArRISEP preariinResatiorimer
' Bur autoprotease RPFEPERES FhieMes Fpel Dives. aabisinddeBNMIARIGER PCR
urifigatiane it  SinarediGyrairRisaeisl Shanges: 5 4§;12;4ﬁd§EQ3% Np %-‘ Gguia
produBAhEd 30e6) ade Mg IS ety 35rs TeSitnrenpio 781 cquiagen
aro EABIE AL IS TEA AT S REE S CIaMerseisne i BOBAmgments
CTACGT COAGEY PalNaticion sites iH0NSROMBTNR, THeGSFME S then
used iopieeet ONEICRASEA. TS & do18HR RERLUP &%ﬁ&éo@é{ %@J EI%G oduce
the G GRS iestay 13U AERIOND 12, 6AC CAC GAT ETLTTEE
exam;@ecﬁéa‘}%éécﬁ A109T V114T SEQ | 13: N ST9Epe of this
indi GAT GAA A CTAR SRdimes. The respective amino acid exchanges are
in lcat.ed in table 1. The outcoming plasmid of each step is controlled by DNA sequence
analysis as described (see 4.1 ) The mutations 1155T and F158T are introduced by a single
PCR reaction with the primer pair N -F-Ndel (SEQ ID NO 20) and 3'_I155T, F156T (SEQ
-ID NO 18) and the resulting PCR product is inserted via the Ndel and Spel resfriction sites
;n;o S-Np-6H-pET30a. The combination of all eleven amino acid changes results in EDDIE
-pET30a, where EDDIE stands f o s
DN n s or thé mutant of the autoprotease NP of CSFY with SEQ

Table1: Mutation primers with corresponding amino acid changes:

5 _C112E SEQIDNO7: GCT CAA TTT GAG GAA GTG ACT AAA CG

3_C112E SEQIDNO 8: CGT TTA GTC ACT TCC TCA AAT TGA GC

5 _C134E SEQ ID NO 9; CAT CTA CGT GGA GGTTGATGG C

3'_C134E SEQ IDNQ 10: GCCATC AAC CTC CACGTAGAT G

5'_C138E SEQ ID NO 11: GTT GAT GGC GAG ATC CTG CTG

3'_C138E SEQ ID NO 12: CAG CAG GAT CTC GCC ATC AAC

S_A109T,V114T |SEQ ID NO 13 CTG GAA TTC TTT GAT GAA ACC CAA TTT GAG




-25- GAA ACC ACT AAA CGT ATT GG 3'_,A109T,V114T SEQ ID NO 14:
CCAATACGT TTAGTG GTT TCC TCA AAT TGG GTT TCA TCA AAG
AAT TCC AG 5'_R53E,G54D,R SEQ ID NO 15: CAT GAC CGC GGA

GAA GAT GAC ATT GAA ACA 57E ACG CTG C 3'_R53E,G54D,R SEQ
ID NO 16: GCA GCG TTG TTT CAAZGT CAT CTT CTC CGC 57E GGT

CAT G 4F14

GGGGTT Q ID NO 17: GAT CCT GCT GAA ACA GGC GAA

GCG CGG AAC QIDNO18:GTTCCG CGC TTO GCC TGT TTC AGC

AGG ATCQ

ID NO 19: GCA ACT AGT GAC CCA CAG TGG ACAGTT

AGT GOT GTT ACG GGT CCATTT CAG G N -F-Ndel | SEQ ID NO 20 :
CGC GAG ATA TGG AAC TCA ATC ATT TOG AAC 3 NP -R-Sall SEQ

At T AN T

IDNO 21:Q

AG-.TG 1.2

Liw 4

GEA ACHASH MRl CETAT &S COCTEEANC

This-nroces ogous to the one

3 ACRHTSYTRLPT
described ur
conducted a

EpfasmigbThisrecessiscanducted analogous to the one |
5D DOyt A ARG A T8 TS PIOCEEEASAAT TGG

aldg 654 (B AbReradstabestunder 4.2 below. 1.4
QLIS

5'_RBE3HEREAMR 4
575 to the one dk

3_Red5r51e48H0

S7E ml M9-KAN

laﬁ@mwmndﬁﬁ@w%@b i nrl- ietad an
eseribed under 4.3 below. 1.5°C ea%a%e %1)% ey ﬁ.grﬁ“\ ACA
ansformed as described in 4.2. with construct 6H-

iRSPET A (FBr PAIGOEOM B il

CGC
®etioa(sd mM Na2HPO4, 20 mM KH2PO4, 10 mM NacCl,

3 L%S@'V.' NH4

incubated a

EdmMMaSO4--0-4 9% wiv Glucose, 50pg/ml Kanamycin),
EQ gbnﬁ‘%'rg?ﬁ)focﬁ EETFEA A Gief ARGICG CGG AAC

3-~i'1é4>§6”ression

WA I NOHEGRTBRCEEadTTElS CO TP T RO NB ARG &

3" I185T,F158T

SEQ ID NO 19: GCA ACT AGT GAC CCA CAG TGG ACA GTT AGT
GGT GTT ACG GGT CCATTT CAG G

NP -F-Ndel

SEQ ID NO 20 : CGC GAC ATA TGG AAC TCAATCATT TCG AAC-3

NP -R-Sall

SEQ ID NO 21: CGC AGA GAT GIT GGT CGA CGC TGC AAC TAG
TG

1.2 Construction of plasmid

This process is conducied analogous to the one described under 4.1,

1.3 Transformatio

n of host cells

This process Is conducted analogous to the one described under 4.2 beiéw.

1.4 Expression an
These processes a

1.5 Cleavage

1 ml of over night
EDDIE-SDDins
medium {50 mM N

0.4 % wiv Glucose

d fermentation

re conducted analogous to the one described under 4.3 below.

culture of host cells transformed as described in 4.2, with construct 6H-

-pET30a (for construction see 4.1) is transferred into 100 mi MB-KAN

a2HPO4, 20 mM KH2PO4, 10 mM NaCl, 20 mM NH4C!, 1mi MgS04
» S0pg/m) Kanamycin), incubated at 37°C and 225 rpm fo an QD of 0.5

and induced for expression with 1 mi IPTG at 37°C for 2 h. Cells are spun down at 2500 g



-26- for 15 min. The pellet is suspended in 8 ml lysis-buffer (20mM

Na2HPO4, 75 mM NaCl, 5 mM EDTA, 2 mM MgCI2), transferred into a

pre-cooled press chamber and incubated at 1380 bar for 5 min. The valve

is opened slowly and 500 pi aliquots poured drop by drop (2 - 4 drops/10

sec) into 1,5 ml tubes. The homogegate is spun for 15 min at 19000g and

40C, the supernatant discarded and the pellet suspended in 30 pl

lysis-buffer (or H20). 500 pi Guanidinium HCI-solution (5 M Guanidinium

HCI, 120 mM Tris pH7.3, 25 mM OTT) are added and incubated for 40

min at room temperature. 10 pi are transferred into a clean reaction tube

for TCA-precipitation (1B control), another 10 pl are transferred into a
for 18 kmém Tt peiet is-shibeFRIBAABY 1. LK it j refoldin
EDT:Q‘W@{MQ@M@@% %ﬁﬁf/%%?l g%rgﬁ gﬁ%ﬁ%@%ﬁ%ﬁ W rﬁ@%ﬁg%é n??ﬂ“%%lﬂfé mM
cor 5N ALRTTO owgacF y PRBPRAIGA Press shambsicensiiansbates shuaso bar
do" dBin, the Kt araagdinopbl endissoivedaiotpipbuS® Srdd Edrop (2 - 4

ropgstoisediuffier oh ehthehasicrrs hieh i zed by

lis staiped with Coomasgie B
superaltant 6feGrad S 0¢ tﬁ%?%a?'(% Iesnvﬁlla%%\go?%rﬁﬁglﬁéli&g@{g@,&p{f@n@o@ﬁ@pm@ pl

Guan%m“n' 2ﬁ7§16, Laborc IKalien
(RECHERRIEROR, MnBUaniisives SCR51 200 THB petrss SystAane) are
addeghengaindshataside 40eaifUaionoRP KAGRISESATY PPRCTIIPARE 2 clean
tisFetQbR RIS | based,on measurement of absorption o
:::! hite light bé{%}é’%é?iﬁ aﬁeﬁ&?ﬂ ré?i)’c?ggrg'é%re% ELRee Sansfemgd e clean
%efg'r\r’ﬁ ARORYPLBRBYi SPdisiar vh42800 refatditigrbutfeE (CEIBNRY, 5 o
i'vcew@mgémmwm@;mmwwﬁa@% doRaORLNE M) ek A A Beon
he TOR f | e pellet is suspended in 40 nil/g 1ysis™
T AR BARR  hnt to co
SR RRLA1G 08 G5 8 TEyaiuralon od isivaghiovalsizby bySDS.PAGE.
The - ggksltgesialneslighipreSoonassib (EBRRMATBIATteRHBEUNRIAA 0415 TN 97616
Laborvemsdritame-19% llizgdy] g ysi en)thecell - '
IndusieuAad lgla% is ﬁry%i%%ggwjﬁgza%oﬁgg ; fo%@og/r%%ﬁgth Bertieiie  GmbH,
is_,cardged and tﬁe" n Ius?%Hcﬂﬁdié\’é,’V('I@)' 3Gvedtie - 2o0s Inefusinsidasdie Sfusion
polypeptidenssaidecrigrved autoprotease are  quantified by densitometry based on

measurement of absorption of white flight by the stain and amount of cleavage is calculated

Example 2
Determination of solubility

The pellet of an 800 mi culiure of £ colf BL21 (DE3) transformed with EDDIE-8H-pET30a
{for construction see 1.1.2) is prepared as described under 4.3, The pellet is suspended in
40 mlfg lysis puffer (20 mM Na;HPO,, 75 mM NaCl, 5 mM EDTA, 2 mM MgCl;, 10 mM 2-
Mercaptoethanai pH 8). Lysis of the celis is achieved by two passages through pressure cell
(1380 bar). After incubation for 15 min. with 1% Triton X-100 (solubilized in Smlfg lysis
puffer) the celi homogsnate is centrifuged with 25000 g for 45 min, the supematant
discarded and the inclusion bodies (IB) stored at -20 °C. Inclusion bodies are dissolved o]
1,3 mifg IB in Guanidinium chloride solution (8 M GuCl, 120 mM Tris, 25 mM DTT, pH 7.5)
incubated for 3.5 h at room temperature and centrifuged with 25000g for 15 min. The
supernatant is diluted to 30 mi/g IB in refolding puffer (0.4 M Tris, 10 mM DTT, 2 mM EDTA
5 % Glycerol, 7.3 pH), incubated over night at room temperature, centrifuged and sterife:



1,3 ml/g IB in Guanidinium chloride solution (5 M GuCl, 120 mM Tris, 25
mM OTT, pH 7.5) incubated for 3.5 h at room temperature and
centrifuged with 250009 for 15 min. The supernatant is diluted to 30 ml/g
IB in refolding puffer (0.4 M Tris, 10 mM OTT, 2 mM EDTA, 5 % Glycerol,
7.3 pH), incubated over night at room4temperature, centrifuged and sterile
-27- filtered. The Nm derivative is purified by ion exchange
chromatography on an SP Sepharose column with a volume of 50 ml.
The column is equilibrated with 3 CV of 0.4 mM Tris pH 7.3 and after -
application of the refolding solution washed with 150 mM NaCl 20 mM
Na2HPO4, pH 7.5. Elution is carried out with 3 CV 600 mM NacCl, 20 mM

filterrgh e YIS esivalyeds plurtiidd B iohagiang ml each
cofummmmdmﬁ@r&tgm?@rﬁ@ }Bni@adia“d Ly 5%@hﬁ‘%%a‘g*§ﬁes‘?phar°se
and gp@tg)%ﬁAarQéco%g?entncon plus- 8 ) ﬁ@&ﬂ!%%%&fﬁﬁm@hﬁls pH 7.3
L 2004 iip6Fe €3t SPAIYAT SobitorvasteriaviBiltBamMNe0].88 InM HPO,
p u&r@'—&'@ﬁtfﬁ@@&lﬂﬁﬂmwmlﬁ W@W%@g@ﬁlwﬁgws %%b&%ee 4
7.5. ma:ma@meq&mrﬁi'@&ﬁ?%&@@}ﬁ n, Microcon YM-10, #45407, P
by miFRSKECAlalague,2004, Millipore Co oratioR) 18P FAMRinet ABberanentrated
0T tempe_re{%irg. Ry Fomitcra fiescihddmaeGeat imodsceeatsifigiRtonos,
ipere Qﬁm?mozﬁwmrmﬁ;ﬁﬁn\.am@@H@h@f%@h’g’gﬁiﬂﬁlge%%( fiop (30
min &SJB@ﬁ@(ﬁ@fgmiggfgg[u%ogsagﬁgfdtt%SDs gel-electropho esis. 1694 '81"'
Micro%s_%liﬂa%ﬁ aare combined with 10 P12 §§§W@@6%%tﬁufﬁemMmlcon
{70pabRlied 10'S 8l RIBHLHeHEinguA RO dtitipbrer eSiERR O HS 46rmin at
'00QgafRELront Eoweratsie At Rue AR50 mupiliss go?UQggc,g e @) od (10
min, #rebthg, ﬁiﬁﬂuﬁh%%@r?é?,'tﬂ&ggﬁeqtgpgl i\&} (‘:flClﬁlated. xample 5°
and aBEﬂQH?&'%@ff a %%%otogous 0 &/pep?loo grimdy (1ﬁ§mﬁ)%ﬁ‘éf_9mmgbuffer
S USIH% oné “of 16 N oTaBRvERRed Githob the SEpranRnB s 4oresines ivgiVi o gl 2x

Biftcien bulispsnd unpind to S0D GRRIANGBAONNS BLSACHOL i e

bandstere wiainete iMAtIEESmMBLLL T 4. The outcome 10
amouRESMANER IS, a550rd] gﬁlo ﬁ%%@u%ge i%%?eﬁ%ﬁ%ﬂ@%@ﬁ%ﬁﬁ@ﬁkﬂnd the
SEQ ID I%ﬁz)é?f%seeeeni?1 BRCHRt8% Generation of derivatives

Example 3

p , . .
roduct:in of a heterologous polypeptide of interest {(insuiin) by refolding, using one
of the N™"-derivatives with SEQ ID NO 2, 3 or 4, respectively

T‘Z: dslfferant steps of the process are performed analogous for each of the three derivatives
w

. EQ I'D NO 2,3 or 4. The outcome for these derivatives is according to the resuits
achieved with the derivaiive with SEQID NO 5 (see example 1)

.

3.1 Generation of derivatives

3.1.1 Mutational PCR :
This process is conducted analogous to the one described under 1.1.4

3.1.2 Amplification of miutant by PCR
This process is conducted analogous to the one described under 1.1.2.



3.1.1 Mutational PCR This process is conducted analogous to the one
described under 1.1.1. 3.1.2 Amplification of mutant by PCR This process
is conducted analogous to the one described under 1,1.2. -28- 3.2
Construction of plasmid This process is conducted analogous to the one
described under 4,1. 3.3 Transformagan of host cells This process is
conducted analogous to the one described under 4.2 below. 3.4
Expression and fermentation These processes are conducted analogous
to the one described under 4.3 below. 3.5 Cleavage This process is
conducted analogous to the one described under 1.5, Solubility and
cleavage efficiency can be tested using the techniques disclosed under
3.2 Copstindtinmofpmemixample 4 Production of a heterologous polypeptide

This prdbéatastdinguliphhy. an column refolding, using the W..derivative with
SEQIDNO 5 (EDD%@P@?&%‘S %ﬁ?ﬁf\ﬁﬂa 9e55Hhed pnfeatet the mutant of
the naturally occurring autoprotease NN'0 of CSFV with the sequence

3.3 TrreefonmatioS Bt NElS. For this experiment the construct

This Prodady GHdrRiNES -Ins is used to express the fusion polypeptide
6H-EDDIE-SDD-In§R 1%@}?‘&35?8 S &5RaEbes et 2heoverminally
6xhistidine tagged mutant form of the pestiviral autoprotease N", SEQ ID

34 Em,ﬁhm&mmwaﬂinker (serine, aspatrtic acid, aspartic acid) and

Thes# 8 eRAYENSR YoiReRsulin. 4.1 Construction of plasmids The DNA |
sequence for N‘-pro-insu%ﬁ]a@g@ ?Btﬁft?%‘? [escabsmubpervesizeidvand
inserted into pUC119 (NCBI #007650: National Center for Biotechnology

3.5 Cleavagetion Plasmid
This process is conducted analogous to the one described under 1.5

y
..5

Example 4

B , .
r?duction of a heterologous polypeptide of interest (insuiin) by on column refolding
using the N"-derivative with SEQ ID NO 5 (EDDIE) |

in the following “EDDIE” indicated the mutant of the haturally occurring autoprotease N© of
CSFV with the sequence according to SEQ ID NO 5,

For this experiment the construct pET30-6H-EDDIE-SDD-Ins is used to express the fusio

poiypeptide  BH-EDDIE-SDD-Ins. This fusion polypeptide comprises ém N-termi in
Bxhistidine tagged mutant form of the pestiviral autoprotease N™, SEQ ID NO 5 foll ”m:a y
a SDD-linker (serine, aspartic acid, aspartic acid) and the sequem’:e of pro-insulir,t e

4.1 Construction of plasmids

The DNA sequence for N®-pro-insuline (SEQ ID NO 8) is custom-synthesized and insert

into pUC119 (NCB! #U07850: National Center for Biotechnology information ::ise e'd
Database, National Library of Medicine, Building 38A, Bethesda MD 208094 Uszsmid
Operon Biotechnologies, inc. {1000 Atiantic Avenue, Suite 108 A!am’eda . CA 94;01 U}S:)y



Database, National Library of Medicine, Building 38A, Bethesda, MD
20894, USA) by Operon Biotechnologies, Inc. (1000 Atlantic Avenue,
Suite 108 Alameda , CA 94501, USA). -29- From this construct the
N"-sequence (indicated in bold) which is required is amplified by PCR
using the following primer pain NP-$2Ndel (SEQ ID NO 20) and ins-RSall
(SEQ ID NO 22), (5'- CTT TCG TCG ACT TAT TAATTG CAG TAG TTT
TC-3') and the resulting fragment inserted via the newly created restriction
sites for Ndel and Sall (bold letters) into the vector pET30a.
Transformation (see 4.2) into E. coil strain DH5alpha (# 10643-013,

Invitrogen catalo%l&% 2003, Invitrogen Life Technologies Corporation, 1600
From s, gagsiueintie, O wsevanss diedirieddn akoriienmosyirsgliiempiiied by

PCR péirgrite: BitAving risetgeipdBAS&anG BN ADSQUEY) ep@nalysis verifies
%ns-RSSMRéE%IQEWQ 9”@%&% Fﬁﬁg‘?’%ﬁ‘ggi{g&&@ U ?f"ﬁ“r‘é éj?r

EDDIE SE D NO 5) Is am using” the following
and fé?.ﬁ?a B TR ANHIRRIAq §E(§‘ﬂ3"ﬁ¥@/?§§a 84 eviricterpsitosTias e Sall
(bold EEssT it TEASHRANEGIA TG MBSk T96E @Gﬂn&@' &8 TnarBbMBaipha (#

10646 3%&%‘0@%%@:&%56&6%2&@@%60&6%&9'1 é?ddSrcﬁ%Pa S€ 1600

e R L0 b i o e o
seiectg@a:}gge,s wf&mmamprmm trerifize- mmrmsqrmame Fram BiDmE-6H-
pET3® Bep R RufdddchdARidns PE %ty BER #5igg g@; @ﬁ%g ”Bt‘?rﬁ\ using
the f air. SDDIns-F- ?{p%scﬁﬁépﬁ% 5' GTA ACT A GA
REg-PesTRST-Pa E-NOL 1R FETITEATAT BRI TCA
CCA AR EACHHIMECT LASTRAISET mem@a‘eaﬁﬁ Ox3-insd NP SERBEINCSEQ D
NO 2V)@W@%I§H§$r£@h§ﬁ?h@é&jt§?&bz&@'W"@Rtﬁ“ﬁééﬂiﬁﬁSnC&Eb%t%FMei and Spel
(boid ?e'ﬂe 5 Ins :g%aﬁ Feaﬁ%—( -EDDIE-SDDIns- \%IEETBOa
sequ hees or d e SChSr RSP ﬁlgf?aﬁﬂ}%"k% H&%rﬁﬂﬁf?@tﬁ a
Suifaf%?aﬁ@ar@st@cﬁlﬁﬁqis@sNﬂ"zaumrgremﬂm Pledhadionseateamceelis mliﬂed from
plasrdeEDDIRMMOpETEos 8f memg:mmwﬁgvmew Sir288 DA R,

o8 Bl Ask e eRe i B D A "%2;%55‘5’%%9-3

and Iﬁérﬁaﬁﬁ}hd%ﬁ%{D NO 22) and the resulting fragment used to replace the pro-insulin
sequence via restriciion sites for Spel and Sall (bold letters) in the construct BH-EDDIE-ins-
pET30a to create 6H-EDDIE-SDDIns-pET30a. The sequences of the constructs are verified
by DNA sequencing according fo standard techniques.

4.2 Transformation

~ Electrocompetent celis are prepared from one liter of bacterial culture {(grown at 37 °C and
225 rpm to ODgyp=0,5 ). The cell suspension is cooled on ice for 15 min {continuous
agitation) pelleted (4 °C, 2500 g,10 min) and the supernatant removed. The remaining peilet
is resuspend in one liter of deionized water at 4 °C, spun down (4 °C, 2500 g ,10 min) again
and washed 2 times in 50 mi de-ionized water (4 °C) with intermittent centrifuging steps
(4°C, 2500 g , 10 min). The pellet is finally washed with 50 mi 10 % sterilized glycero!
solution {4 °C) pelieted (4 °C, 2500 g ,10 min) and resuspended in 2.5 mi 10 % sterilized
glycerol solution (4 °C), frozen and stored in 40yl afiquots at —80 °C. One aliquot of
electrocompetent cells is thawed on ice, 1pl of ligation reaction containing 5ng DNA added



is resuspend in one liter of deionized water at 4 C, spun down (4 C, 2500
g,10 min) again and washed 2 times in 50 ml de-ionized 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 resuspended isg.5 ml 10 % sterilized glycerol
solution (4 C), frozen and stored in 40 pi aliquots at -80 C. One aliquot of
electrocompetent cells is thawed on ice, 1pl of ligation reaction containing
Sng DNA added -30- and transferred without air bubbles to an
electroporation cuvette with Imm electrode gap. Electroporation takes
; place with a BIO-RAD Gene PulserTM (Bio-Rad Laboratories Inc., 2000
a o _ .
it Mo e e ot b U8 T e oo
Alfre %Bépr?ci)Laboratoﬁes Inc., %‘ggéﬁée%e %f%%%’i%@@f%r&ﬁ@é@@)ﬁ@@?@ooe
ROTar o1 Si85Ries. (8 ShRdTcdIRAs st PIGERETY, 19053 E8Hde Rbsearch
s A o e SRS G5 GG S S
obep | Bal eqg._unde ransferred into the cell.
1998 @é’p?gi?%e%t%g;egf% %?ﬁ%‘%r&hqé%f?%ﬁﬁeﬁﬂ%@ Berpaigh, Products
Yeast eXtract, O %%%QR/%H@I)“T@ adiee epnbten frgpee tisinndtiansiomerkby a
Plasmig spensi-teg nspriasivitet eunddringt bRterbiGRdNiRG3 1S 285 [Mfky
theredhe sasmnsiqi}dg,thﬁ@n,p@}@g,ém&‘%le&?gp eqjum, After incubg'tion over e
addedl me?azug ggjs?nieﬁ_‘, are picked, transferred Yo 5% Y atofaarw/y NaCl) is
__incubaté over R @daWdaz%tGWﬁrﬁﬂmeﬁﬁnéubmmiQMHW@ fsr 30
min (Yseld e pagthidns epspatisionoy thtanglarstinoatsedsiantibg plosmid incubation
over mphpatalipPCSubjeGtadde gkt i seguencing. After
night ¥egficatign,by sequence gl}i%%i?%he g@nﬁﬁ@%ﬁi@ﬂ”%rﬂqgrmc”bam over
transformation inexpresson SCrFLIBY Hdtuie dsmertinsriaivipeipadBon by
standary inetansts and fopmmissmitb prepanatiof aiguetetioh SRS ARMLIL 68T DNA
sequevelhg raAfeioreeifoagale oy 366 ARAY ALl R oalg dilted by 10 with
transf&%‘éﬂ&ﬁiH@ﬁg&%ﬁs%%Q%QﬁUbated for'30 minutes at 78, U fan further
followed by induction of protein exsraadidessibed haminp TG
(Isopropyl-thiogalactoside) for 2 hours at 37C, 225 rpm. Cells are

4.3 Expressitachhy Rerishegdion at 2500 g for 10 minutes

10 mi of an over night expression culture of cells transformed as described above under 4.2
are diluted by 10 with TY-medium (see 1.1.2) and incubated for 30 minutes at 37°C 22‘5
rpm, foliowed by induction of protein expression with 1 mM IPTG (Esopropyl-thioga!actc:side)
for 2 hours at 37°C, 225 rpm. Cells are harvested by centrifugation at 2500 g for 10 minutes
and the pelist is resuspended in 8 mi lysis buffer (20 mM Na;HPO,, 75 mM NaCl. 5 mi
EDTA, 2 mM MgCl,, pH 8.0). The suspension is then transferred into a precooled p;essure
celi and incubated at 1380 bar for 5 minutes. After that the valve is slowly opened and the
suspension of disrupted cells is poured drop by drop (2-4 drops/10 seconds) into a clean
coflection tube, After a second passage through the pressure cell the suspension is divided
into aliquots of 500 pf and inclusion bodies are isolated by centrifugation at 4°C, 20000 g for
30 minutes and stored at -20°C (supernatant is removed before freezing),

4.4 On column cleavage of insulin



and the pellet is resuspended in 8 ml lysis buffer (20 mM Na2HPO4, 75
mM NaCl, 5 mM EDTA, 2 mM MgCI2, pH 8.0). The suspension is then
transferred into a precooled pressure cell and incubated at 1380 bar for 5
minutes. After that the valve is slowly opened and the suspension of
disrupted cells is poured drop by drag (2-4 drops/10 seconds) into a clean
collection tube. After a second passage through the pressure cell the
suspension is divided into aliquots of 500 pl and inclusion bodies are
isolated by centrifugation at 4C, 20000 g for 30 minutes and stored at
-20C (supernatant is removed before freezing). 4.4 On column cleavage
o offinsulin -31- One of these aliquots is resuspended in 30 NI H20 and
ne ; . . - :
o i st 0 RO BT
: ng,rh,gggmg]ﬁg_r%{nr qun;lge{,ature the inclusionbodi a
inciu@ (yﬁ(?lglsvgg are then applied onto a a‘&nczﬁﬁﬁ%mfféatm#@mparatum the
T immobilized etst RRRYSHAM fieurRpindGonbHa GomgerdRiras ek Rith an
'mmaoRlized Mgk afficia MRSz Modiehmpntakier i solum ”6546(?254‘&? »
\r soatof sebrrapoipbimesEYaghE, Quande ydectiond anel o C
guanfeﬁﬂé‘&irﬁrt%;ﬂlgolfg Jhe mutated N Pmis in uced By rapRPiHifelcbieernig¥ief 5M
refolding butrer (26 HNFOSMEIPpHY st areUsHer. 3E08 inbiidéd Uy SUpid buffer
sy o e S 08 o
m ki rou terwards the column’is '
o %%dwsmﬂQ‘Wét}%‘}“éﬂﬂ%i’ﬁ%hm’iﬂﬁﬂéﬁwét@me in the

. led column s incubate
flow t@ cehefana 2%%’8 YTRBSPBlrGoRIsiRRRied vobmpfistindbeHdsr at least 80

. DD-Ins Is was
MU RIS B ERs s MR b ETOOAANDEYr Sl s
by on column refolding, using the N"m-derivative with SEQ TD NO 2, 3 or

Exan{blégspectively For this experiment a construct analogous to that
described in example 4 is used. This fusion polypeptide comprises an

P""“K‘fﬁ@ﬁ%%mmxﬁ!mmnaggmﬁﬁuammes@f(mnﬁ§g Gl HRRLQISASS,
usingied @ IER AL QihBLEBPRBIY D, ]Z)”’%\%ggf?% 8%? DD-Iinker'isenne, ng:
ns

aspartic acid, aspartic acid) and the sequenc ulin. 5.1

Fo i:hConstru_ction of piasmids
I tis experiment a construct analogous tfo that described in example 4 is used. This

fusion polypeptide comprises an N-terminally 6xhistidine tagged mutant form of the pestiviral
O

autopr.otea‘se N°® (SEQ ID NO 2,34 respectively), followed by an SDD-linker (serine

aspartic acid, aspartic acid) and the sequence of pro-insulin, ,

5.1 Construction of plasmids

The construction of the piasmids is perf
41, performed analogous to the process described under

5.2 Transformation

The transformation of the host cells is performed analogous to the process dessribed under
4.2, '

5.3 Expression and fermentation

l'he expression and fermentafion is performed analogous to the process described under
3.



The construction of the plasmids is performed analogous to the process
described under 41 5.2 Transformation The transformation of the host
cells is performed analogous to the process described under 4.2. 5.3
Expression and fermentation The expression and fermentation is
performed analogous to the processzdescribed under 4.3.-32- 5.4 On
column cleavage of insulin The on column cleavage of Insulin is
performed analogous to the process described under 4.4 with similar
results. Example 6 Production of a heterologous polypeptide of interest
(domain D of protein A from Staphylococcus aureus) by refolding, using
the N' =derivative with SEQ 1D NO 5 (EDDIE) For this experiment the

3.4 Qroaoiumr olEEAgE BPteEEPA-D is used to express the fusion protein

The BPENETTHODER y&s ipré iQn.protein comprises a mutant form of the

4 4@%Ssqr¥1ifal auto%)?otease mwgtﬁe%@@ﬁggwg?yﬁD@Emewwmed under
' omalkabr%ﬁ"g aphylococcus aureus protein A. 6.1 Construction of

plasmid A codon optimized DNA sequence for domain D of

ExanSirpdylococcus aureus protein A, (SEQ ID NO 25): ’
GCACAACAGAATAAGTTTAACAAAGACCAGCAGAGCGCATT

G GAg’&
Prod& PA o quogous polypeptide of interest (domain D of protein A from

Staplylororcie eaGhs) TKyT eAfdit TNV ) GCTTTATICAGT
o AAAAGACE @Sing SRS Wit S£6715 o 5
| ACCCATCTCAGAGCACCAACGTTCTGGGCGAAGCAAAGAAACTGAAC

- GAATCTCAGGC ACCAAAA
For this experiment the consiruct PET30-EDDIE-sSpA-D is used fo express the fusion

protein EDDIE-sSpA-D. This fusion protein comprises a mutant form of the pestiviral

autoprotease N°” with (SEQ ID NO 5), (EDDIE) f
\ ollowed by domain D of St
aureus protein A. wrviososeus

6.1 Construction of plasmid

L (

GCAGACGCACAACAGAATAAGTFTAACAAAGAGCAGCAGAGCGCAWCTACGAAATTCT
GAACATGCCGAATCTGAATGAGGAACAACGTAATGGCTTTATE'CAGTC'ITTAAAAGACG
ACCCATCTCAGAGCACCAACGTTCTGGGCGAAGCAAAGAAACTGAACGAATCTCAGGC
ACTCAAAA

is assembled by PCR of six partially overlapping oligonuclectides

SpAD1Spe (SEQ ID NO 26):
ATATACTAG’ITGCGCAGACGCACAACAGAATAAGTTTAACAAAGACCAGCAG'

SpA-D2 (SEQ ID NO 27):
CATGTTCAGAATTTCGTAGAATGCGCTCTGCTGGTCTTTGTTAAACTTAT-



is assembled by PCR of six partially overlapping oligonucleotides

SpADISpe (SEQ ID NO 26):
A'FI)'ATA(?TAGTTGCGCAGACGCACAACAGAATAAGTTTAACAAAGACC

GCAG; SpA-D2 (SEQ ID NO 27):
éATGTTCApGAATTTCGTAGAATG.G_@CTCTGCTGGTCTTTGTTAAACTT

AT; -33- SpA-D3 (SEQ ID NO 28):
CATTCTACGAAATTCTGAACATGCCGAATCTGAATGAGGAACAACGT

AAT; SpA-D4 (SEQ ID NO 29):
GGGTCpGTCTTTTAAAGACTGAATAAAGCCATTACGTTGTTCCTCATTC

: -D5 (SEQ ID NO 30):
SF’A'@R%( - AW(&R&)?AGACGACCCATCTCAGAGCACCAACGTTCTGGGCG

cmmmc&%@ﬁcﬁ@@é@r&bﬁ%ﬁ' AACGTT

TTTTGGTGCCTGAGATTCG gﬁWﬁﬁ%ﬁ%@‘%@fgﬁm
in a 50 pl PCR reaction with 5 units Taq DNA-ponmerase_( io .

SpARF GEHION@Mecraft GmbH, Raiffeisenstr. 12, 59348 Li dinghausen,

ETOWTIACR ' i ug]ilg%ﬁ Genecraft), 20 nmol

GGare Mﬂ%&%ﬂﬁﬂb@ - m
each dNTP mixture (GC-013-002, enecrd i S%T&C go "

ros%ram: initial incubation at 94 C 3min, 25 cylces of 94 sec,

{ inal i i in. 1 pi of the first
SpA- BLEESFENSD IV, and final incubation at 68C for 7 min ]
T4 ified tion with 50 pmol of
TCAWMM%M@&W@@A@P@%%QRA & :
5'- and 3'-flanking primers (SpA- D1 Spe and%pﬁ!gg ﬁ%@uccess

i d by 1% agarose gel
the gene assembly procedure is analyze N
SpA'é%e%ﬁ'c%?@é@@?ﬁé%hanner known per se. The purified sSpA-D PCR

' | ing hosphorylated
"TTTGGIGe 0T ahgsTed rtoReahARsT B Apfligaled SAERE
pE'EBO-EDDIE-GHa (for construction see un§er 1%% ad§§>1r_<§|ng to

hods. Transformation into E. coil strai_n DHSalpha (#
in a i@@f&%’?ﬁé‘ﬁgg@;ﬁ n&ta'm'igu”éazooﬂALpulymgméIts%@lé%ﬂ%i@ii!fgﬁﬁi 8C-002,
Genegaftp GHatith, REDRiEaisray Avesuss TRAgKAlE CAERREN A TIS puter

ure descri

(delivét3aQfin iﬁ;%@‘ﬁﬁ?@&ﬁiﬁf%‘%@@% "INTP mixiure (GC-013-002, Genecraft)
using 'tﬁ%'?él%@vi%%%%rrg'rgf%mai in%rt?b;tion at 94 °C 3min, 25 cyices of 84°C 30 sec, 54°C
30sec, 68°C 30 sec, and final incubation at 68°C for 7 min. 1 i of the first PCR is directly
amplified in a standard 50 ul PCR reaction with 50 pmof of 5'- and 3'-flanking primers (SpA-
D1 Spe and SpA-D6_Sal). The success of the gene assembly procedure is analyzed by 1%
agarose gel electrophoresis in a manner known per se. The purified sSpA-D PCR product is
digested with Spel and Sall and ligated into dephosphorylated pPET30-EDDIE-6Ha {for
construction see under 1.1.2) according to standard methods. Transformation into £ coli
strain DHSalpha (# 10643-013, Invitrogen catalogue 2003, invitrogen Life Technologies
Corporation, 1600 Faraday Avenue, PO Box 6482 Carlsbad, California 82008), is performed
analogous to the procedure described under 4.2, Isolation of plasmid DNA from selected

ciones in a manner known per se and DNA sequence analysis as known in the art verify
PET30-EDDIE-sSpA-D.

6.2 Transformation

The transformation of the host celis is performed analogous to the process described under
4.2.



clones in a manner known per se and DNA sequence analysis as known
in the art verify pET30-EDDIE-sSpA-D. 6.2 Transformation The
transformation of the host cells is performed analogous to the process
described under 4.2. - 34 - 6.3 Expression and Fermentation The
expression and fermentation is petfggned analogous to the process
described under 4.3. 6.4 Cleavage of domain D of protein A from
Staphylococcus aureus Cleavage of domain D of protein A from
Staphylococcus aureus is performed analogous to the process described
under 1.5. Example 7 Generation of the derivative according to SEQ ID
NO 32 (EDDIEN35T,T1585; asparagine 35 replaced by threonine, and
6.3 Exneassion 268 Feplmaesdtinhserine): Starting from the derivative comprising
Th RN riyative wherein in addition N35 is replaced by
° %ﬁ%@i’hll%%éis repléalgfg’ 5‘\'( %%%‘Pm%‘?r&é?g%%ﬁﬁatﬁt?oH%ﬂqs@@eggribed under
" described in 1.1.2. Two consecutive steps are performed using the primer
pairs: 5' N35T (5'CTC TTT TTG GGA CCC CGT CCG AAG TG3) and

6.4 Cha Tof 4 T C AAA AAG AG3') as well as E
RS AAEAS o
VB8R Q RAef PRIeB fdrem Slannices @ rEras s Pedorsedtiagslogous to
the pegpa destshasbontteréace EDDIE in the vector 6H-EDDIE-Ins-pet3oa via
the Ndel and Spel restriction sites. The DNA sequence of derivative
Exa EE IEN35T,T158S is verified by DNA sequencing. Example 8
MB®duction of a heterologous polypeptide of interest (proinsulin), using the

GenepgritD- eritiadivdenithtivE QatediingS 1o SEQ ID NO 32 (EDDIEN35T,T1588S;
asparagine 35 rep!aced by threonine, and threonine 158 replaced by serine):

Starting from the derivative comprising SEQ ID NO 5 (EDDIE)- 2 derivative wherein in
addition N35 is replaced by T, and T 158 is replaced by S is consiructed by mutational PCR
as described in 1.1.2. Two consecutive steps are performed using the primer pairs: 5' N35T
(5'CTC TTT TTG GGA CCC CGT CCG AAG TG3) and 3'_N35T (5'CAC TTC CE;G»!;'«w CGG
GGT CCC AAA AAG AG3') as well as E S_T158S (5°GGA CCC GTA ACA GCA CTA ACT
GTC C3') and E 3'_T1588 (5'GGA CAG TTA GTG CTG TTA CGG GTC C3'). The resulting
fragment is used to replace EDDIE in the vector 6H-EDDIE-Ins-pet30a via the Ndel and Spel

restriction sites. The DNA sequence of derivative EDDIEN35T,T158S is verified by DNA "
seqguencing.

Exampie &
Produciion of a heterologous polypeptide of interest (proinsufin), using the NP™.
derivative with SEQ ID NO 33:

8.1 Generation of the derivative aceording to SEQ ID NO 33:

ing of EDDIEN35T,T158S-Ins-pet30a is used for random mutagenesis with the GeneMorph
PCR I random mutagenesis kit (Stratagene, 11011 North Torrey Pines Road, La Jolia, CA
82037, USA, Cat#200550 catalog 2005,). In detail, 5p 10x buffer {GeneMorphil), 1ul 40 mM
dNTP-mix (GeneMorphil), 2,5ut (103 ng each) primer-mix IF-Np-Nde-F (5-AAG GAG ATA



8.1 Generation of the derivative according to SEQ ID NO 33: 1ng of
EDDIEN35T,T158S-Ins-pet30a is used for random mutagenesis with the
GeneMorph PCR Il random mutagenesis kit (Stratagene, 11011 North
Torrey Pines Road, La Jolla, CA 92037, USA, Cat#200550 catalog
2005,). In detail, 5pl 10x buffer (GegeMorphli), 1pl 40 mM dNTP-mix
(GeneMorphil), 2,5pl (103 ng each) primer-mix IF-Np-Nde-F (5'-AAG GAG
ATA -35- TAC ATATGG AAC TCA ATC ATT TCG AAC TG-3') and
IF-Np-Ins-Spe-R (5'-TAA CGA AGC AAC TAG TGA CCC ACA GTG GAC
AGT TAG T-3'), 1NI Mutazyme(r) (GeneMorphli), 1ng EDDIEN35T,
T158S-Ins-pet30a, A. dest. ad 50p1. This mixture is subjected to the
TAC RIGWIREFER-PRAGATE: ATMITCBGADPEL 29 23R4 3P-Rp046pa3R $5912R caa
AGC IWNTARETBRAEGECRCA QT E4S Sheeagtion with the given
ing %Bgms%t[m}l&g%a&%m 4 mutationlgglpl)({er%‘%%r égh&?ﬁmg},&ﬁ&f“%@hmr
the reaction mix 18 pUridGsify st IAGAek PUR Pitifteasosulifected to the
followipgfeR-BrmemJimje S8Casse 11060030 4diBET, 28404, FHIAELR. final
step: prodibt guide RORS) ReLOrANGIRARR MANYWRCHEn Srecommendations,
mutafbRConSistion of L.Fglasmids The constrﬁtﬂlteltt(‘)%n %’%’ %heaﬁ?gg r?l(?f %ﬂﬁ\ Teads to 4
perfofmed anlg_f%g_ol ?3’?@@%&?%5%%@0%69%@@} Wi i Hafifiegmesing  the
g!ﬁgﬁﬁ%&ﬁ:ﬂﬁ@ t&ie.m_@ezgmmhfmggiene t'ljt] tb;tﬁ}z:t Hilden,
a i - HatR0DYE ks g iction sites thus,
creating a random mutagenesis pool o NP'derlvaé?/ge%T'?grf recommendations.
Transformation The transformation of the host cells is performed
8.2 Conshiptinn @f Plaswifess described under 4.2. 8.4 Expression and
The demstretiaptiost The RARHRESIR BRI I SRIRIRSRSHormed analogaus to
4.1. Hhe %%?ﬁe?ﬁsdﬁgﬁéib?% under 4.3, 8.5 Cleavags ;%g%s%%?ggv egfg_”bed under -
i analssls is coRduc ea 28GR BrlaRie1Used to replace the N™ gene in the
plasmid EDDIE -ins-pet30a via the Ndel and Speil restriction sites thus creating a random

mutagenesis pool of N"™ derivatives.

8.3 Transformation

The fransformation of the host cells is performed analogous to the process described under
4.2

8.4 Expression and fermentation

The expression and fermentation is performed analogous to the process described under
4.3, '

8.5 Cleavage analysis

Cleavage analysis is conducted as described under 1.5.

Exampie 9

Production of a heterologous polypeptide of interest (proinsutin) using the NP™.
derivative according to SEQ ID NO 32:

Alternatively the derivative according to SEQ ID NO 32 can be used in the process described



Example 9 Production of a heterologous polypeptide of interest
(proinsulin) using the NP'- derivative according to SEQ ID NO 32:
Alternatively the derivative according to SEQ ID NO 32 can be used in the
process described -36- above. The derivative Is produced as described in
example 7. The steps described undgr_8.2 to 8.5 are performed analogous
for the derivative with SEQ ID NO 32. Example 10 10. 1.Generation of
Threonine-Serine derivatives of EDDIE: To further increase to polarity of
EDDIE the amino acids Threonine (T) in positions 109, 114, 155, 158 and
Glutamine (Q) 143 are replaced by Serine (S) by gene assembly. To this
the gene for EDDIE is split into the following set of 15 overlapping

abovgi@bﬁmmegmma@ma@é@égg;lgmfesgyibed in 6.1: Primer List:

The Sleps

e ATCAT 17 CORR G PR BE FIRAKRIESH ASR99REIMAR Rreato RIGSEQ

TGAAGAGCCG e2;

GGAATCCGTCCGAAGTGCACCCCCAGTCAACCCTCAAGCTTCCCCAT
GACCGCGGAG eg3;

Exangp@MBCGCGATCTGCCTCGTAAAGGCGATTGTCGCTCTGGAAAC e4;
GGGCATTTACATTAAACCAGGTCCCGTCTATTACCAAGACTACACTG
GTCCGGTTTACCATC esagc;

10. 1 GroRrie PLTHOONIATBETE GeATaIVA GIEDMETGAGGAAAGCACTA

AACGTATTGGCCGTGTAAC e6;

To fU%QTACCA ATCTACGTGGAGGTTGATGGCGAGATCCTGCTG
e

aglg_crease 0 polarity of EDDIE the amino acids Threonine (T) in positions 109, 114,

155, @@g&@wm@@mameﬁ%@@@@ﬁ%&rﬁ%@&%&%@% the
gene TFrGEDEE: a§; @;ﬂ\%%%&%&é@& Ang %eglgpgr%Agiégr%cgoﬁges and

asse@%@ﬁ%&%ﬂ%ﬁ'ﬁ?ﬁ?&?@‘AMM@AGGACGACCTGCAGTATCGTAGA

CCGGCTCTTCAACGCCAACAG elb;
PrimeBGIASKGCAGATCGCGCAGCGTTGTTTCAATGTCATCTTCTCCGCGGTCA

at;CAATdRfP R '

es:cCTEREAATbdolebT Ak Aeafi@roncrere CECLATBACCGOBOAG
o4 AP AAREG AR LA AT TAMACECGACCAGTG

eBage; 6T GCACCTCTGGAATTCTT"I‘GATGAAAGCCAA'I"I’TGAGGAAAGCACT AAACGTATTGECCGTGTAAC
e8,CTGTACCACATCT. ACGTGEAGGTTGATEECGAGATCCTERTS -
e7age:CCCOT CGCACCCTGAAATGGAGCCGTAACAGCACTAACTGTCCACT GBTEeGTC

e8;GT, AGAGCAGTFCGAAATGATI‘GAGTTCCATATGTCGCG
eQ;CACTTCGGACGGATI"CCCAAAAAGAGGACGACCTGCAGTATCGT AGACCGBLTCTTCAACGCCAACAG
el G;GAGGGAGATCGCGCAGCG‘ITGTI"TCMTGTCATCTTCT CCGCGGTCATGGRGAAG

et CTGGTTTAATGTAAATGLCCGACACCGGACT, AGET! GETTTCCAGAGCGACAATCGECCTTTAC
912;CAAAGAATTCCAGAGGTGCACGATGGTAAACCGGACCAGTG

e13,CT CCACGTAGATGTGG’E’ACAGTTTCCCGTCCGAACCGGWAOACGGCCAATACG'ITT AG

&1 4agc:CCAT‘{TCAGGGTGCGAGGGGTTCCGCGCTFCGCGCT’I“I‘FCAGCAGGATCTCGCGATCAAC

815;,CECAGAGAT GTTGETCRACGCTECAACT, ABTGACCCACAGTGGACAGTTAG

The resulting fragment is used to replace the N*® gene in s-Np-6H-pet30a via the Ndel and
Spel restriction sites. The DNA sequence of derivative 92 is verified by DNA sequencing.
Transformation into bacterial cells and expression and fermentation in done as described
under 4.2 and 4.3. Cleavage analysis is conducted as described under 1.5.



el3;
CTCCACGTAGATGTGGTACAGTTTCCCGTCCGAACCGGTTACACGGC

CAATACGTTTAG
€94agc,CCATTTCAGGGTGCGAGGGGTTCCGCGCTTCGCGCTTTTCA
GCAGGATCrCGCCATCAAC el5; a7
CGCAGAGATGTTGGTCGACGCTGCAACTAGTGACCCACAGTGGACA
GTTAG The resulting fragment is used to replace the NP' gene in
s-Np-6H-pet30a via the Ndel and Spel restriction sites. The DNA
sequence of derivative 92 is verified by DNA sequencing. Transformation
into bacterial cells and expression and fermentation in done as described
no. |l addasidinas GIREVagavan@ysis 1S conauctedas-tdeseribed-urder

52 | REeE/GEED ARETE ATibEhansss-ip-Wdervative 92 RE3E, G54D, R57E,
A109S-C112E \1 '

uuuuu AE CEB 100 61385 45 4R SoHE5S FFIBEE

92:
SEQ (D9AELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK

(1)-MEE N BRE ]
LRD PRKGDCR SO By S AR ANRSE S ST K PHDRGEOIRETT
L?%%EE%%N%GPVSGMKPGPVWQDYTGPWHRAPL&FFDESQFEESTKR;GR
VICSO@STEVEVDOLILY REARREH SR RWERREHMUS ENG
VTSC-(168). EDDIE 143 derivatives: To exchgﬁéﬁ;ﬁhe aé%%@?gﬂ%
: ith.a number of other polar amino acids (D, G, H, K, N, Q)
fDDlgigl%)anﬁ%rlgﬁ%"e“bM Is repaced by the degenerated oligonucleotide el4vaw
0 exsbanginithg trainn wiecSites GaM BARIHLE VA WHIGL b iR pesition 143
Q) oﬁé\g{h%@ﬁé@/&l)fs$g} ge%]bé&v%\évﬁs a reverse o|ig’%%f§§§?%3ﬁ%%cfﬁta%ﬁ* K, N,
th§ reverese complementary iplet W ited oligonucieotide e14vaw containing the

e ey SRR PN IR N GO HITT I E T E LT QN ERET E Chaw is
a revarse ALIGMTETRE EENEGAAR Bhersane BB AN OFFas and
SCripe

insertion in s-Np-6H-pet30a resulted in the mutants "de n table of

etavawBRAF S od, ation into bacterial cells and expression and
“fermentation in %%Eseﬁgg eSS S IR USrAE AR TeCtatarage analysis is

The sE@adygted as d%ﬁ:ribed under 1.5. Table of mutants: no. Amino acid
chan%es N g VRGBS Rebinrertinmin sHYTEHALENS, resLidl iVidd futants

descriperintakle obmutenttaN, 11555, F158S

Transformation into bacterial cells and expression and fermentation in done as describad
under 4.2 and 4.3. Cleavage analysis is conducted as described under 1.5,

Table of mutants:

no.  Amino acid changes in NP derivative
85 |RE3E, G54D, RS7E, A109S, C112E, V1148, C134E, C138E, L143N, 11558, F1588
96 1RB3E, G54D, R57E, A108S, C112E, V1148, C1 34E, C138E, L143D, 11558, F1588
87 |RS3E, G54D, R57E, A108S, C112E, V1148, C134E, C138E, L143H, 11558, F158S

98 |RS53E, G54D, R57E, A109S, C112E, V1148, R120C, C134E, C138E, L143Q, 11558
F158S | |

SEQ ID 85;




96 R53E, G54D, R57E, A109S, C112E, V114S, C134E, C138E, L143D,
11555, F158S 97 R53E, G5 4D, R57E, A109S, C112E, V114S, C134E,
C138E, L143H, 11555, F158S 98 R53E, 054D, R57E, A1095, C112E,
V114S, R120C, C134E, C138E, L143Q, 11555, F158S SEQ ID 95: -38-
(1)-MELNHFELLYKTSKQKPVGVERRVYYDTAGRPLFGNPSEVHPQSTLK

LPHDRGEDDIETT
LRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDE

SQFEESTKRIGR VTGSDGKLYHIYVEVDGEILLKNAKRGTPRTLKW

SRNSTNCPLW VTSC-(168). SEQ ID 96:
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK

(1-MENERRE EDOIERTIKPV GVEEPVYDTAGRPLF GNPSE
RGEQDIETT
LRDLPHNIRIG BGR RPN B R R R RN R SEY, Bﬁéﬁ%&i@é@%mmeﬂ

WG%%%%STKRIGR |

CR IV EMPE RS NAHROIPR KR
VTSC-(168). SEQ ID 97:

SEQ (B JYELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK

(1) EESFY P FACRRCREMNR SEVR BSOS bl
CRA DRGEDDIETT
LRDuWmmmtmmmﬁiw&m\qgﬁf%%#%&ﬁ}GR

TG Y N B AR O TR AT SRR LIO RS VP OSTLK

LPHDRGEDDIETT
SEQ IIRPL PRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFFDE

1)-MENHFES W -
{(_QDL%DGK%‘YH|%&%YEEEWA%@@*FBWWW@MDRGEDD!ETT
. ami‘é{;ﬁ%%%ﬁR{%ﬁlwaﬁmmwmmaﬁﬁé%é%%gﬁmgg
OOERIDEEILRHAKARASRATING the 6His tag
(FVNVDKLAAALEHHHHHH) NPf is"ampE ii?leislfiroldrﬁﬂgﬁ (168).
-6H-pet30a with the primer pair sNp FVN R Sal (5'-GAG AGT CGA

s-N
SEQ [BE¥ TAA COA AGC AAC TAG TGA CCC ACA GTG-3') and NPt -F-Ndel

(I ATRNEEST RIS e RS ACR (pAGnand e tesulin
lace NP1-6H via the Testrictio RTRRGERIETT
LRDL%@H%E@WL%IS%8fﬁKPGPWYQDYTGPVYHRAPLEFFDESQFEESTKRIGC

VTGSD%KLYH!YVEVDGEELLKQAKRGTPRTLKWSRNSTNCPLWWSC-( 168).

Construction of SNp-FVN-6H-pet30a

To insert the peptide FVN-6H containing the first three amino acids of insulin and the &His
ta? (FVNVDKLAAALEHHHHHH) N is amplified from plasmid s-Np-6H-pet30a with the
primer pair sNp FVN R Sal (5-GAG AGT CGA CGT TAA CGA AGC AAC TAG TGA ccC
ACA GTG-3") and NP -F-Nde| primer (SEQ 1D NO 20) by a standard PCR reaction and the
resulting fragments used to repiace N*°-8H via the restriction sites Ndel and Sall b

standard procedures creating plasmid SNp-FVN-6H-pet30a. '

Example 11



standard procedures creating plasmid sz-_FVN-f.SH-petBOa. Example 11
-39- Production of a heterologous polypep'Flde of |nt.eres'_[ (d(_)uble domfaln
D of Staphylococcus aureus protein A) using t_he N -der‘lvgtlve accor.dlng
to SEQ ID NO 5 (EDDIE) and the NP%derivative containing the amino
acid substitutions C134E and C138gg11.1 Co_nstructlon of
pET30.6H-EDDIE-sSpA-D-sSpA-D The domain D of Staphylocoqcus
aureus protein A generated by gene assembly (see Example 6) is .
amplified by PCR from pET30-EDDIE-sSpA-D (6.1) by use of the pr|6rT1er
pair (SpA-Di;GCAGACGCACAACAGAATAAGTTTAAC and SpA-DE6; .
Ti-fTGGTGCCTGAGATTCGTTCAGTTTCTTTGCTTCGCCCAGAACGTT)

Produstigneeie hetdlpldgesa palpeftitastintrendidonsi 2 admEraspie 6 an

i j S ly._process. In a first step single domains
S OIS B S memeRa b wo 5
(EDIE) 2 fap Ve rertyative centrininor o e Bei0 SIGTRGSEIGRGT G
C138ETGAGATTCGTT C and SpA-DLink;

OSSR RIS nTaseTTT
ACAAAGACCA ). T :

The domain &b fbrSienbriaeeerts @& pmairadiieAhgetitatied tBINBENS LBl (see
Sambla@iis Bt siar i BERDEDBILLURIBEAN NS EIACERS o)
(SDA@Y%&QQE%B;%%%%%%&%%%:Cﬁgs : aoreve%@ complement&pA-Ds;
m“gge% %rﬁé%éf %%%‘%%ﬁmm endr PEHPELGRSLABRAEGTENY B5iAf bkentially
the sHErRCENtRcaiooatiiBraNAeH Ekdnibe comelSmaniay r%(égeg?xn%é%]a)}nuﬁ ssermbly
D e e B S P RRERR G G delosmaoai
(SDA%]EH 8repeats of domain D. To allow subsequent isolation and cloning

CTG%T@QG@"EW@’WAWW‘B@WGTGCGTCTGCTTFTGGTGCCTGAGATTCGT!‘
C and SpA-DLink;
GAACGAATCTCAGGCACCAAA&GCAGACGCACAACAGAATAAG‘E‘FTAACAAAGACCAGC
AG). in this PCR reaction the link-primer concentration is reduced fo 0.5 pmol, while the that
of tempiate (single domain D) is elevated to 10 - 25 pmol. The reverse-!ink~primer attaches a
reverse complementary sequence of the 5’ end to the 3'end of the monomer and the forward
link-primer attaches a reverse complementary sequence of the 3’ end to the 5 end,
respectively. These new 5 and 3’ linking-ends of domain D anneal with the complementary
3'and &' linking-sequences of another domain D, respectively. Hence, many units of one
specific domain are linked together producing synthetic genes with multiple repsats of
domain D. To aflow subsequent isolation and cloning and to get rid of the 5 and 3' ends
attached during the first PCR reaction, anchor and restriction sites are incorporated by a

second PCR with the adapior-primer pair: fish-R-Sal-
Sp/_-‘\;GATCTTCAGGTTGGTCAAGTGGGTCGACTTA‘I FTTGGTGCCTGAGATTCGTTCAGT
TTC and fish2-F-Spe-SpA; 0agaGAAGAgTGGCTACTGTAGAG

ACTAGTTGCGCAGACGCACAACAGAATAAGT‘!TAAC. One tenth of the first PCR reaction
is directly added to the second PCR mixture containing 0.5 pmol adaptor-primer. The
reaction products are separated by agarose gel electrophoresis and the fragments
containing the double domain D extracted from the gel by QlAquick Gel Extraction Kit. The
double domain D genes are amplified by PCR using 50 pmol of anchor-primers (fish2-



attached during the first PCR reaction, anchor and restriction sites are
incorporated by a second PCR with the adaptor-primer pair: fish-R-Sal-
SpA;GATCTTCAGGTTGGTCAAGTGGGTCGACTTATTTT
GGTGCCTGAGATTCGTTCAGT TTC and fish2-F-Spe-SpA;
9agaGAAGAgTGGCTACTGTAGAG,, _
ACTAGTTGCGCAGACGCACAACAGAATAAGTTTAAC. One tenth of the
first PCR reaction is directly added to the second PCR mixture containing
0.5 pmol adaptor-primer. The reaction products are separated by agarose
gel electrophoresis and the fragments containing the double domain D
extracted from the gel by QIAquick Gel Extraction Kit. The double domain

F;ﬁgggmgg@mmgx/&gg@gﬁéﬁg ég@f%h&fﬁ%‘%%&é@%% fjrsé'ﬁ%q'é?’ee),
Zooh SIS TICE A S N ————
f Uigns fessizd Ypeths spapcorymes, intich ESANSH 2EREH 99 quence
o pramﬂu!ihmamemmmmaﬁhméeﬁmi%@%%ﬂﬁ%@ qf the sequence

- _ o bl : D_' g % 0 qﬁbt@u%pETSO-
BH EQU%O'%HA"3‘%%‘#%_%“@%8%@%gﬂ%&ﬁﬁg&ﬁ%wﬂﬁ%omus

aure DSOSt PET |
With ol domain D of Staphylococcus aureus protein A). 11.2
Expression of pET30-6H-EDDIE-sSpA-D-sSpA-D Transformation into
acterial cells, expression and fermentation is done as described under

11.2 GXpresgianef SR FkEH-ERIEs Sphdustahas described under 1.5
+that besides of the cleaved N™-EDDIE protein and the double
Tmngfg*ﬁ%%ﬁ%eB?n‘%?Sﬁiﬁ@Ftﬁé‘ErﬁéFé%éad fasmeeniatiseils (mbeosOfpatbediinger

domain
4.2 and 43, Qlravagn anelsusubieduateibas TherieteUde: q%?é@@é%&}%%?%éﬁses of
fhe obIceEDE R MR EBR B UYSHRSH oS LA an
fusiongg’%t‘ééﬁﬁgb%@:?‘%ﬁd veréql§ w in vivo cleavage rate. 11. 3 ¥YHLtRicnuspieaved

_DET30-NPMC134ETETHBE R PR oungh A hensqluble 11346401 3RO it is
cons’(%é‘aﬁéﬂd@%%?nb’ﬁﬁé@%ﬂﬁ%@mmn@%|Brhlﬁd\%':substitutions G1 3R and

C1 38&%@%MVMWQJ%%JWTCATTTCGAACTG3') and IF Np
SpAD-Spe-R ‘
(5'CGTCTGCGCAACTAGTGACCCACAGTGGACAGTTAGTS3') out with

11.3 CiectestiiohT pET30-N"°C1 34E/C138E-sSpA-D-sSpA-D

The NPPC134E/C138E DNA sequence is amplified with the primer pair IF Np-Nde-F
(5’AAGGAGATATACATATGGAACTCAATCATTTCGAACTG?»') and IF Np SpAD-Spe-R
(5'CGTCTGCGCAACTAGTGACCCACAGTGGACAGTTAGTS') cut with the restriztion
enzymes Ndel/Spel and inserted into the vector pET30-6H-EDDIE- sSpA-D-sSpA-D

digested with Ndel/Spel thereby replacing 6H-EDDIE with NF°C134E/C138E and giving rise
to the construct pET30-N"C134E/C1 3BE-sSpA-D-sSpA-D.

11.4 Expression of Npro C134E, ¢1 38E-sSpA-D-sSpA-D

Transformation into bacterial cells, expression and fermentation is done as described under
4.2 and 4.3. Cleavage analysis conducted as described under 1.5 reveales, that most of the
uncleaved fusion protein was found in the insoluble fraction after cell disruption via French
Press. This result shows that by use of different N°° derivatives the amount of in vivo
Cleavage rates and direction of the expression of the fusion proteins into inclusion bodies
can be controfled. Moreover, refolding of NP°C1 34E/C138E-sSpA-D-sSpA-D shows besides
almost zero in vivo cleavage still approx. 33 % cleaved products in vifro.



enzymes Ndel/Spel and inserted into the vector pET30-6H-EDDIE-
SSpA-D-sSpA-D digested with Ndel/Spel thereby replacing 6H-EDDIE
with NP" C134E/C138E and giving rise to the construct pET30-1
fP'CI34E/C138E-sSpA-D-sSpA-D. 11.4 Expression of Npro C134E,
C138E-sSpA-D-sSpA-D Transformagion into bacterial cells, expression
and fermentation is done as described under 4.2 and 4.3. Cleavage
analysis conducted as described under 1.5 reveales, that most of the
uncleaved fusion protein was found in the insoluble fraction after cell
disruption via French Press. This result shows that by use of different NP
derivatives the amount of in vivo cleavage rates and direction of the
expression of the fusion proteins into inclusion bodies can be controlled.
Moreover, refolding of NP"0C134E/C138E-sSpA-D-sSPA-D shows
Exanpsieides almost zero in vivo cleavage still approx. 33 % cleaved products
in vitro. -41- Example 12: Production of a heterologous polypeptide of
resgégAC, a direct target of oncogenic transcription factor Jun) using

Prod R 2 e USRS, ROMESEIGE DB EpeshCOIADUGIOeb: trget.of

oncogppitDDaRsIAEIIGhefgetoe fosm)AGsgliiRe! idreel.0lonc0
(Eam@nscription factor Jun which is involved in cell trans%rma |05?C1 asr%? B NO &
tumorigenesis, is amplified from a cDNA clone pACO1(Markus Harti et. at.

12.1 %AC, a direct tar%% of oncogenic transcription factor Jun, is involved in
-1 CRISHYRUM AEBRERPIER A rigenesis. PNAS 98, 13601-13606, 2001) by
PCR with the oligonucieotide primers
'Th o JAC%GA‘}'I'ES:ACIAGTTGCAT(SCCCAACGGAGG) and JAC2
YCRTE o t9e famaet clopmatTiGASApiom taingshevsieelianslSial in

- cell trpasfraiationims! anooigingde, theapphnse Hapsyined4 . syltin
et. alfragmeny iﬁil‘é%?qa{%é?l%ﬁ‘:&%%emsgﬁg ene,froﬁﬂgﬁr}%ﬂqﬁ]@@%}sﬁ-@%ﬁﬁ q#arﬂ
transfﬁ?rﬁ%ﬁate 6%— DDIE-JAC-pet30a. The Ly RiRRe B HeRors tinvelvade in cell
~veriied by ONASTERERg BNAS Mg 36RiInda60RC 2000 PCR with the
oligornyeigaliismatimernto M GIAT CACTAB PaUREERARECHEIRAIRAIONN  acs
(GATMWQ@MGW@CCACAGCCACA) containing the Spel and Sall restriction sites

laccording to the protocol described in 1.1.1. The resulting fragment is used o replace the
insulin gene from 8H-EDDIE-Ins-pet30a to create 8H-EDDIE-JAC-pet30a. The sequences of
the construcis are verified by DNA sequencing according to standard technigues.

Transformation into bacterial cells and expression and fermentation in done as described
under 4.2 and 4.3. Cleavage analysis is conducted as described under 1.5.

Example 13:

Production of a heterologous polypeptide of interest {interferon alpha 1, IFNA1) using
the N"-derivative with SEQ ID NO 5 (EDDIE) |

13.1 Construction of 6H4-EDDIE-sIFNA1 -pet3la:

The gene encoding IFNA1 {(gene bank accession number NM_024013) is assembled by
PCR as described (1 0.1} using the following oligonucleotide set:

IFNA1-1 ATA TAC TAG TTG CAT GGG ACCGACCTCT
IFNAT-2 AAA TG CAT TGC AGC TTA ACA GAA CTA ATG CCG TCA GAA AGG CAG AGG TCG GTG CCATGC



under 4.2 and 4.3. Cleavage analysis is conducted as described under
1.5. Example 13: Production of a heterologous polypeptide of interest
(Interferon alpha 1, IFNAI) using the WO-derivative with SEQ ID NO 5
(EDDIE) 13.1 Construction of 6H(r)EDDIE-sIFNA1-pet30a: The gene
encoding IFNA1 (gene bank accessign-number NM_024013) is
assembled by PCR as described (10.1) using the following
ollgonucleotide set: IFNA1-1 ATA TAC TAG TTG CAT GGC ACC GAC
CTC T IFNAI-2 AAATGG CAT TGC AGC TTA ACA GAA CTA ATG CCG
TCA GAA AGG CAG AGG TCG GTG CCA TGC -42- IFNAL3 GTT CTG
TTA AGC TGC AAT GCC ATT TGT TCT TTA GGC TGC GAT CTG CCA
fg::‘;‘ ERARETAAET ST SERINT IF AT TAIEGCTG COEATECAGABE TABGC
o ATE EG TORITASARE TABPALSR T TBT PREA GG BAGATECAENAL
o t’ﬁ‘?‘)& BB T BT PABE EREW AATASCL ATTCAT TTASHOCORITECTC
i j‘ ‘?C&%’;T‘E‘ﬁf‘;ﬁé@ﬁ"é’@’* PARATSBV I FRACCITRAT A MABAGEC
., M ‘E’EA@ T EARANE AL PR TERATATEC IBRESTHAC
M ct.xe ] %I??%"c??%&@@ﬂ@q’@@m@&m cc
A AG ‘f‘ﬁﬁA E‘?ﬁ‘& @R%CEGA%AR?@“HE%‘M% FBCEOTTEG
ﬂc;zgcmp/% T CEAETRETEAdTGRATCTA
unt B G i a@% $ ’@Aﬁ"@‘@@f EUETRE TG
a3 616 T 1 RS GAAA 7% ATTTTG FRAPRSPET
IFNAT-AACS MeGcde QEBSFI &E E@%J einy EA% W‘&:

5Gf3 A& K k LA
IFNA1-3 A& aF EEGRG CEQGH,:A% clzgr AT é\ M&eaoﬁ&cr

IFNA1-TBATA A CREH ATt 1o Md & HAGAHESP
CCC IFNAI-12 ATACTT GCG CAC CGC TAA A é:FE? %%TC

. TAATAATGG GGT ACC TTC TAA GCC CGC IFNAI-13 CTC TAT TTT
R HP0mert e Aineeivd wirthsossiictom BTzrnes GPal Ad ST andised to
repiac@@mAmimgeneFm BHACOIBTHS-FEDEAT Srkafe CACEIHSSFNG L

e c T AT CGA TGG IFNAL-15 GTG
The SARKEL ICHTEIAAR TAT RABOT] A0R SEA TGS N @@Pﬁm .

techniCGC ATG GGA GAT CGT TCG CG
8%@ CAG CTC TCG TAATCT IFNAI-16 ATATGT CGA OTT ATT CCT

TCT TAC GCA GAC GGT CTT GCA GAT TAC GAG AGC TGC TGA
TransfFaiEieifRS uiiteHiPEUIE s SlRety A e esiiclionengymes Spe
underdsl S %Ihaéﬁd;é sed to re ace thg(ié@:nsullnﬂg%?]dqu e 'g saﬁe?gﬁ‘é”bed

to create 5)5}::8 gﬂa paul 'ﬁ@%’@&“?ﬁé"%gﬁﬁ‘@?h%fsl@f’ﬁﬁé é@nstructs are

verified by DNA sequencing according to standard
Exampie 14:

Production of a heterologous polypeptide of interest (Hepcidin), using 6H-EDDIE-Ins:

The DINA sequence of hepcidin is amplified by PCR from the template "huhep in pCR2.1" (8.
Ludwiczek, Department of Internal Medicine, University of innsbruck) using the primer pair
"Hep25 F Spe”(5-TCG ACT AGT TGC GAC ACC CAC TTC CCC ATC-3")/"Hep R Sal" (5'-

ATC GTC GAC TTA CGT CTT GCA GCA CAT CCC AC-3".

The resulting DNA fragment is digested by Spel/Sall and cloned into pET30-6H-EDDIE-Ins
digested with the same enzymes, which results in a replacement of the sequence of
proinsulin with the hepcidin25 sequence, thereby giving rise to the construct pET30-6H-
EDDIE-Hep25 (fusion of EDDIE with mature hepcidin).



techniques. Transformation into bacterial cells and expression and
fermentation in done as described under 4.2 and 4.3. Cleavage analysis
is conducted as described under 1.5. Example 14: Production of a
heterologous polypeptide of interest (Hepcidin), using 6H-EDDIE-ins: The
DNA sequence of hepcidin is ampliigd-by PCR from the template "huhep
in pCR2.1" IS. Ludwiczek, Department of Internal Medicine, University of
Innsbruck) using the primer pair "Hep25 F Spe"(5'-TCG ACT AGT TGC
GAC ACC CAC TIC CCC ATC-3")/"Hep R Sal" (5'- ATC GTC GAO TTA
CGT OTT GCA GCA CAT CCC AC-3). The resulting DNA fragment is
digested by Spel/Sall and cloned into pET30-6H-EDDIE-Ins digested with

T'ansfﬁ%m@mﬁ?ﬁ@ﬁﬁhﬁw&%ﬁmﬁﬁmmmp&muem@d&mms@pmef(cm N,

23024F,08teatHenwith b e y

bacter:&nget u%t T3O%’I:ﬁ%?§5? E-Hep25 f%s!'ogggétﬁ E %%éﬁ%&ﬁom Catalog)
o RSP p e 806 HRE BrsrEbe yRdanthaansbi.3. After

that %Lﬂmﬁﬁlwmmmmmw lasozéﬁatataa@eam 138Eb TAHER SIS is

conduBie® ek Ot chiBedO URabr 22 0Bke Uadid 004, RI0Y d&’ hacterial cgells E-
Hepm% gessmn and fermentation is done as described un er 454 A?Sp %QP
that cell-harvest, cell-disruption, isolation of IBs, maturation and cleavage
analysis is conducted as described under 1.5. The results show about
80% cleavage of EDDIE- Hepcidin25. -44- Claims: 1. A process for the
recombinant production of a heterologous polypeptide of interest,
comprising, (i) cultivation of a bacterial host cell which is transformed with
an expression vector which comprises a nucleic acid molecule which
codes for a fusion polypeptide, the fusion polypeptide comprising a
derivative of an autoprotease NP of Pestivirus, wherein at least



one cysteine residue of the naturally occuring autoprotease NP" of

Pestivirus is replaced by another amjno acid residue, and a second

polypeptide which is connected to the first polypeptide at the C-terminus

of the first polypeptide in a manner such, that the second polypeptide is

cay able of being cleaved from the fusion polypeptide by the

au oproteolytlc activity of the first polypeptide, said second polypeptide

being a heterologous polypeptide, wherein cultivation occurs under

1. copaitiensiovitielraausinarppesticivobzehkisiolngpotypayptizsicmef interest,
éﬁ ﬂglg] of corresponding cytoplasmic inclusion bodies, (ii) isolation of
the inclusion bodies from the host ceII iii). solu |I|z tion of the iso
fneniaiaiop ohiRBagiETThERR FSh WG HP%&%BWI‘FC \?Q Che/ginr-o VB86r which
d:mtmmﬂegaumpbiy;mn‘ud@ﬁeﬁuiﬁemwfme$Herfa§lmiﬁpd}9b@sﬂtj@e dha {ygion

othe.ceVs Eléﬂi%%{)@'@%U&%ﬁb(ﬂ@@é@ﬂ”@fdmiéﬁsﬁuwfvﬁf@f@dﬁ? least

BAIBYOR
gﬁ%“gfgﬁgw%ﬂ%%ga@g R gD R RS Sl 2 e B s repicd
byasistiageoficacy @ﬁ@ﬂ@@@%@wu@éﬁtw wh@%faﬁﬂt‘%?ﬁéd to the first

b%%!gé&zééea% l@i%#m%u% stary atye-of parattonreiaaseaNRicf BeHNe second
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m@taliy QGRivEing astoptease MIRINHESIMAS salectedpirmssidheraufusion
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due are e ative of'an autoprotease NP' of CSFV,
WW%% 9t presiysreries i ife e &ehaturally occuring
dtitepibikasierNP ef i Siad selestardvdies the group consisting of C112,
g h3AARELE IBR b reRIACRA Ry ARRIBEHE NG S ie PelySs he WimtNRBst from
erivatives wherein at |east one cysteine residue of the naturally
fsrryRaliRRR e Y NP O of CSFV is selected from the group

Q%§b‘?§ﬂﬂw O {hd LRalekBdeantldgd a8 sl feapacediiméreal uimatisaritt derivatives
S B sl P el e BlIRAASORAG 2R AR Y

Ing 10 Claim 3, com
CSFV is selected from the group cons:st;ng of C112, C134 and C138 is replaced by a

Clai

glutamic acid residue are excluded.

2. A derivative of an autoprotease NP° of CSFV, wherein at least one cysteine residue of the
naturally occuring autoprotease NP© of CSFV is replaced by another amino acid residue,
wherein NP derivatives wherein at least one cysteine residue of the naturally occurring
autoprotease NP of CSFV is selected from the group consisting of C112, C134 and
C138 is replaced by a glutamic acid residue are excluded.

3. A derivative of an autoprotease N** of CSFV, wherein at least one cysteine residue of the
naturally occuring autoprotease NP° of CSFV selected from the group consisting of C112,
C134 and C138, is replaced by another amino acid residue, wherein NP® derivatives
wherein at least one cysteine residue of the naturally occurring autoprotease NP of
CSFV is selected from the group consisting of C112, C134 and C138 is replaced by a
glutamic acid residue are excluded.

4. The derivative of the autoprotease N°° of CSFV according to claim 3, comprising



-45- the following amino acid sequence: SEQ ID NO 2:
(1)-MELNHFELLYKTSKQKPVGVEEPVYDTAGRPLFGNPSEVHPQSTLK
LPHDRGRGDIR -45-
TTLRDLPRKGDCRSGNHLGPVSGIYIKPGPVYYQDYTGPVYHRAPLEFF
DEAQFEEVTKR
IRV GBSO SHLY bit\ieyRadel LKLAKRGTPRTLKWIRNFTNCPLW
VTSC-(168) 5. The derivative of an autoprotease NP O of CSFV
ggéogﬁl'@aég one of the claims 2 to 4, wherein in addition to the replaced
é n idues at least one basic amino acid residue is replaced by an

oL AT G REEHEY GY/ERRY YoTHER R G CAPS TIGTR OB HIE REDRGHGDIR
CORYiaseating e ridinrisudare iy additerdoaraPlasehEXSIBINE/TKR

SRR O R R R R et N

of CSFV according to one of the claims 2 to 4, wherein in addition to the

5. reptadedisyaieinar esidpescasiest ohedndraphelitasine afife @sidye to 4,
[ ilic resi - ivati f.an. 0 .

e Bt AR A R
By SRIRRE FH RIRAIE ANBRiAGLIENY Scids are replaced by T: Al 09,
V114,1155 and F158. 9. The derivative of an autoprotease NP of CSFV

6. ARCOHINGHA0N 0L RIRIARE Rtogt cHMPERID RPN timdRRIAR Mdition

sl e S el
P4 adtivith RS 1 BitiTire aegivafiEvelel®. autoprotease NP' of CSFV

according to claim 9, wherein in addition the following amino acids have

been exchanged: N3 g T and, Jd5 %?.11.1;@_? erivatiye of an
£ aﬁ%p%?%%%’éa §€>ar”o"%”i° étf%asc%qc}‘rdiﬁg {6 clains T ,%\?ﬂé}f}eﬁrﬁ)}i]@ ea%%‘fﬁgnz to4,

MeersNon AT iErRiR R TaRIteIC YiipreRERHRY abieasi @ rdrarhobiy prinel acid
R&Eehy Hplaced by a hydrophilic residue.

8. The derivative of an autoprotease N of CSFV according fo claim 7, wherein in addition
to the replaced cysteine residues the following amino acids are replaced by T: A109,
V1141155 and F158.

9. The derivative of an autoprotease NP of CSFV according to one of the claims 2 to 4,
wherein in addition to the replaced cysteine residues the following amino acids have
been exchanged: A109, V114 1155 and F158 by T, R 53 with E, G 54 with D, R 57 with
E, and L143 with Q.

10. The derivative of an autoprotease N”° of CSFV according to claim 9, wherein in
addition the following amino acids have been exchanged: N35 by T and T158 by S.

11. The derivative of an autoprotease N™° of CSFV according to claims 10, wherein in

addition the following amino acids have been exchanged: A28 by E, §71 by F and R150
by H.

12. The derivative of an N™ of CSFV according to claim 2 or 3 wherein at least one of the



12. The derivative of an NP' of CSFV according to claim 2 or 3 wherein at
least one of the -46- following amino acids have been replaced in addition
to the replaced cysteine residues: éﬁaihine (R) 53, glycine (G) 54,
arginine (R) 57, threonine (T) 109, 114, 155, 158 and leucine (L) 143. 13.
The derivative of an Np* of CSFV according to claim 2 or 3 wherein at
felrstingperointh ecifis loavin Hsem ol amid snhedditivedn feplapiedsnh gdiitieresidues:
henre 29393@%%!!?@ IE5IesGiRFRINI S RIRSWIE Bfytaric agid £5)158 and
lycine 4 with aspartic acid (D), arginine (R) 57 with glutamic acid
%‘?‘ﬂ% nlAg (T) 109,114,155,158 with serine (S) and leucine (L) 143
with glutamine (Q) or asparagine (N) or aspartic acid (D) or serine (S) or
13 histgiggivbdvd seapinder vskveaefdhimatsansntease Nuviodr&iS FVeast one of the

?@?%9‘? 918788 %Qé& @é@??r%g@cé’@i%ﬁcﬁ’ﬁ8ﬁ?§%n§%8f§ﬂ8@ Pl idues:

Tl rocess according to claim 1, wherein the fusion pon,peEP?de N
HINIR &) 2 iRy s ah o SIHESE N Wi aRgT s St Ao 2SBINE )
dithetiTiglinesn® tacti3E), threonine (T) 109,114,155,158 with serine (S) and leucine (L)

143 with glutamine (Q) or asparagine (N) or aspartic acid (D) or serine (8) or histidine.

14. Use of a derivative of the autoprotease NP® of CSFV according to one of the claims 2 to
13 in a process according to claim 1.

15. The process according to claim 1, wherein the fusion polypeptide comprises a
derivative of an autoprotease NP of CSFV, according to one of the claims 2 to 13.



