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1 Method for producing carboxy-terminal amidified peptides The present
invention relates to the production of carboxy-terminal (C- terminal)
amidated peptides, with C-terminal amidated lysine, in particular 5 with
the biological activity of GLP-1, the chemical-or biotechnological
precursors and intermediates thereof, methods for the production thereof
and uses thereof for the production of pharmaceutical products. The
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high growth rates throughout the world. It Is therefore to be expected that
drugs which show high therapeutic benefits in the field of this disease
muUstebpreseld ansdablenindieiendindiopatitgdundigoaotitgaatenterminal (C-
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expected that diabetic sequelae will be less marked or much delayed. 20

The peptides described in US2004/0106547 Al are found to be particularly
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residiregrtheHemprationedgieing Gdanmilrl lamidatedi@s Fobdexpected that

pr%‘i’ggg%hg%'?@&’ﬁ@g% RO RIGELGLAR Metaests s, i@ﬁ@%%@%%ust

inU 04/ : Al"One relates to a biotechnological method,
wHSF PG aN PRI ISR B AT B80S SUAR S rget protein is

isolated from the cell disintegration product. However, peptides which are
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modification to be used specifically in the peptide synthesis as 2

reggianipiiliie R AldRG SYEeYsdR6d 2t AlVE B ARSI PR articularly
active on account of the introduction of one or more C-terminal lysine
residues, the terminal one being C-terminal amidated.

For the production of these peptides, various production methods are
mentioned in US2004/0106547 A1. One relates to a biotechnological
method, wherein, after infraceliular expression in yeasts, the target protein
is isolated from the cell disintegration product. However, peptides which are
C-terminal amidated are only formed in traces by microorganisms, so that
biotechnological production as proposed in US2004/0106547 A1 can only
be effected very laboriously or cost-intensively.

As an alternative, the application describes the chemical total synthesis of
the peptides in question. For this a modified Merryfield synthesis is
proposed, which is however still very laborious and is associated with high
costs. Among the reasons for this are the fact that the amino acids used for
the synthesis must first be produced and purified, in order then after
chemical modification to be used specifically in the peptide synthesis as
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removed and the target peptide or product purified, before it can be
form_ulated as a pharmaceutical. The chemical total synthesis is thus
feq5|ble at great expense, and to little ecological advantage. 5 Enzymes
which are capable of amidating peptides at the C terminus have already
long be_en known. These enzymes are called (Eipper et al., Mol.

Endocrinol. 1987 Nov; 1 (11): 1987) pebtidylglycine alpha-amidating

enzyme {RAM). e pradugtioroasghatsiiicattpe ofrstebtiaNgienpimerig be
10 familiar toé'ﬁ(;:- erson %l%lrlrlﬁg 'ﬁutgeoqrt Bgmsmge%@% in defailbe
mBTERE cherzynie g_reparatidﬂs are commer ially available
(efgrrRUDIRtlyaseteal Ry iBESERERLY € 1‘*9*6@?@-9%%%2%%@?&? s thus
URDAG9234, J4SH2DeRGE) 568 19685 ard DR TET ALSAN1@8Bradbury et

al. (Biochem. Biophys. Res. Commun. (1983) 112(2): 372-377 showed "in

vitro" that PAM pref tiall ' , i
(RS o 31 i SRS, THE) g ol it o nave
angiRezagidsriy thesN-temminal Pustosnaygirine’sueHlgy reaahé! al., Mol
gi%r&%@@vgﬁ%imﬁop It hes noveeepigstiy iigtexendipha-amidating
ol seguence O : i i i i .
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30 step from its C-t_erminal glycine-_elongated precursor peptide/protein. In
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fg%%%?#&ﬂﬁ(ﬂ?&dErﬁfQFﬁgN%@rﬁﬁ@yfﬁﬁIﬁimﬂlﬂ@egiybyrt@esbw@gs‘etard the
aing t venti isplay the biological activity of GLP-1, din-
4 6?%%'@%@5@%%%? 5 alogs or derivatives theretln\;.I )?C ° exendn

It has now been found that exendin derivatives with a C-terminal sequence
of basic amino acids, in particular an ofigo- or poly-lysine sequence, which
further bear a C-terminal glycine residue, are recognized as substrates

surprisingly well by PAM.

Thus surprisingly, according fo the invention, biotechnological production of
amidated peptides at considerably lower cost is rendered possible, in
particular of such amidated peptides as are described in UsS2004/0106547
A1, whereby the desired product can be prepared by a singie enzymatic
step from its C-terminal glycine-elongated precursor peptide/protein.

In the process according to the invention, biologically active peptides are
produced which contain one or more hasic amino acids, preferably lysine,
histidine and/or arginine residues, in particular lysine residues with a C
terminal lysine residue, wherein the final C-terminal lysine residue is C-
terminal amidated. Preferably the peptides produced by the process
according to the invention display the biological activity of GLP-1, exendin-
4 or biologically active analogs or derivatives thereof. '
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The present invention thus in particular enables the biotechnological
production of the compound No.2 from US2004/0106547. The said
compound No.2 has the sequence (Seqg. ID No.1): 5 NH2-HGEGTFTSDL
SKQMEEEAVR LFIEWLKNGG PSSGAPPSKK KKKK-NH2 Peptides of

the formula | are thus objects of the present invention: (AS)n-XmYp
(formula 1), 10 wherein AS is one or mdre genetically encodable amino
acids; n is 5-2000, preferably 10-1000, in particular 15-500, quite

especially preferably 20-400; 15 X i m ic:ami s\8loqicai
e e R OV e g
particliatitysing: fhds corsporeferdily%3-18Mn @@%/IHJQB%Y&LIS oneor°2
mggenpeuial tbar gr athiscegidsqréteabll Yiydiie; and 20 p is 1-10,

DGR AR IS g LR ACTR DML BB PRSI
(AS)n and/or (AS)nXm preferably are a biologically active peptide or
protein. Quite particularly preferred are the compounds of the formula |
aqeopiestof 2% SenyDiaNoazs NHE- R EES PFISDN SROMBERIGR
LFIEWLKNGG PSSGAPPSKK KKKKG (Seq ID No.2) and biologically
active derivatives ther%pf WitT 3 homology of at least 60%, preferably
Sd@b$}ﬁ“f)(£?t\(&lar 9094 Y0 Ao )a further object of the present invention

are: a) nucleic acid molecules coding for a peptide according to the
iny@qdiam preferably DNA, cDNA or RNA molecules; b) expression

i Shior® S e BB e o o

ontaining the nucleic.acid mol es o ,
expressiénScAsAR L IRERin 1o i‘H\}é?ft%gH,l?frE%%%q}ly 8%'(%%%85?&? ally

vectors, gigharsicla@tesplession vectors for expression in yeast and/or

bagterial,cells; 4,.d) brsheglls sonipiningdhe urleiawasid mesiagles,
e O ey Tysne st R NdaR deothf L VRIHaricRigFayRiY,
m is 1-15, preferably 3-10, in particular 6-8;
Y is one or more neutral charge amino acids, preferably
glycine; and
p is 1-10, preferably 1-5, in particular 1;
wherein n, m and p are whole numbers and (AS)n and/or (AS)InXm
nreferably are a biologically active peptide or protein.

Quite particularly preferred are the compounds of the formula 1 according to

Seq ID No.2:
NHz- HGEGTFTSDL SKQMEEEAVR LFIEWLKNGG PSSGAPPSKK KKKKG

(Seq ID No.2) and biologically active derivatives thereof with a homology of
at least 80%, preferably 80%, in particular 90%.

Alsc a further object of the present invention are:

a) nucleic acid molecules coding for a peptide accerding to the
invention, preferably DNA, cDNA or RNA molecules;

b) expression casseties containing the nucleic acid molecules
according to the invention;

c) vectors containing the nucleic acid molecules or expression
cassettes according to the invention, preferably expression vectors,
in particular expression vectors for expression in yeast and/or

bacterial cells;
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or yeast cells, optionally also co-expressing the enzyme PAM; €) in vitro
expression systems which enable the translation of RNA 5 molecules into
protein. Also yet another object of the invention are methods for the
production of C-terminal amidated peptides of the general formula 11 10
(AS)n-Xm-NH2 (formula 1) wherein AS is one or more genetically
encodable amino acids; n is 5-2000, préferably 10-1000, in particular

15-500, quite espgcia blv 20-400x: (AS Ineandior _
(AS)n&r??(fs??a Béﬁggiggﬁg ‘ﬁﬁ\% Y 2O0H0Qek> areh Fer  expression

peptide or protein iS O I e :
basic amAsSRIES G dERAIRESTRETEN, t%r@%rgg@nﬁgﬁie&%gfﬁeeoédeﬂai
and/or arginjgasircphsticokorigdineian t@ielgferﬁ%@g'ﬁ%/%ﬁmﬁﬁ Béll\’ﬁcular
6-8; an)d ;R%L,%”%}B%%%MH%QHH’%BGW whskintay thehesticellof RNA
accorg'ng to the invention are cultured in a suitable nutrient medium, b)

the pepti(ﬁ%%‘%%‘é‘@ﬁiIﬂbotBrfﬁg'mvention are expressed, c) optionally the
peptides according to the invention are released from 25 a suitable

pf%?QBBS%PhEHB%PBbs_ raaﬂ@ecmaWenok}rt@gﬂboe@sfﬁn ﬁ?@@&tﬁﬁﬁﬂ of
ste or. the intermediate Step RrRRtionally after
puﬁﬁk%ﬁaﬂ,agm&%%?edo vﬁ\a/ﬁﬁ{%gi L;ﬁ) hagg?nidatingrenzyme to give

compounds of the general formula II; and e) the compounds of the general

formula Il A puKitien it a suitable Ydamanigell) preferably by preparative
chrq_r%a}te%graphic methods. However, the person skilled in the art is aware

| separation

that the combinations of known biochemical. or bi [
metffods Ry IMQ&W“&@@M?&B@?%%E igﬁ'\?ﬁé‘é%i 5 Preferably, th
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C-termin %@% Heertides [for] the production of compounds
according to Seq ID No.1. 5 Firstly, in the context of the process
ac@tﬂgling to the invention, the ability of microorganist!gs to produce

hetérBlogand/pepliges/Srotsimship gl RYE peptde or prowein,

X is one of more hasic amino acids or derivatives thereof,
preferably lysine, histidine and/or arginine, in particular lysine;

m is 1-15, preferably 3-10, in particular 6-8; and

n and m are whole numbers and wherein

a) the host cells according to the invention are cultured in a suitable
nutrient medium,

b) the peptides according to the invention are expressed,

c) optionally the peptides according to the invention are released from
a suitable precursor peptide by enzymatic cieavage,

d) the expression products from step b) or the intermediate products
from step c), optionally after purification, are reacted with an alpha-
amidating enzyme to give compounds of the general formuta 1i; and

e) the compounds of the general formula il are purified in a su%table
manner, preferably by preparative chromatographic methods.

However, the person skilled in the art is aware that the combinations of
known biochemical or biophysical separation methods can also lead to the

desired purification result.

Preferably, the process according to the invention is used for the
production of C-terminai amidated peptides [for] the production of
compounds according to Seg D No.1.



this, the degired peptide/protein sequence is translated into the 5
corresponding DNA sequence, which is coupled to a host-specific
promoter sequence. Depending on the expression strategy, the target
peptld_e can be expressed here in such a manner that it is formed by the
cells dlr_ectly or indirectly as a fusion protein while remaining intracellular
The fusion protein can either be reacted directly with PAM, before it is .
processed 10 chemically or enzymatically to the desired target protein, or

itis, in the reverse order, first cleaved int i . .

nE A AR 6 R R AT Db T ey o of

sefeictedy thersiis tolpardo thd pierePCSkItGRER RS AHAURE thE fidtited. For

g%@%g;séﬂgf%%% i#l@!ﬂzfgélasg@@@m@ra bidging ceeniberivishiaibwithe the

. 1IN SuU i .

5 LR SR DO Cobtey Ot e Fremore

rocassinge Thepseding MATEGERESHO TP A FE@SQIGFQS? heEsagan oo

memhesdionexampla;te amiamacithanattiofonmés @wem@d;@H%rﬂ%rect% or

chemical, cleavage wit ide i hla: .
oeREIR NSt eﬁ%%ﬁg%@%% halide isnassieiltiasexaaplaze fusion

: L ce DDDDK is 20 sel ridai
et ien GERO5GRRWITPEEOALE 1 Sobable TFlor ohamnlt s>
10 tetsApARtigRSequeeTIEGRIlS teléotedstied drRatbdiaiical’bs 1S M e
:g%@%%’?gggﬁ)ﬁgr?z-c\{ggebﬁgf@fﬂi%tﬁmmﬂa@e@anasemoreaﬂnb@uééaﬁon
. . roteins.w ini. Beain i .
hiéftbdFﬁé.CiWPfhéVl%gQaﬁ%&aé(@&igﬁ%%‘Ii@v?%hagﬁgweg?aég%@%@i%%d' then 115
entesakitwasiesipdemmisidloaliar Haivslyi oW S Pt RATETS Tnust be linked
e*ﬁ%&ﬁ%ﬁ%@él%‘%dbgwgﬁbmidmah béorelctisedidateatie pidbRipartners
15 eithe lnéhe form of{a {l%sfl%]epﬁﬂg%ﬂﬁg"ﬁcf%i@y@@t(w@!W@hgftﬁéﬁﬁs,target
celld ?H& |ffe818)?@%ng IC englneerlng[ in particular of.30 microor '
prefepilsy bﬁ@tﬁﬁ%@lfﬂ%@%ﬁﬁ%’e e Batibshial Caltsare gézrﬂel%te de of
as PaHPRSSIAG sum, mlﬁersimd@rt@emm@roftfré%a@mnﬁ@tgnae%\mino
pmtgft 9%%%8%%%@@O%ée%(?'ﬂ%mﬁ&ﬁ@emmm adititadystiogen halide
tar_a protein‘into the periplasm or mtq the cﬁjl r mﬁgitgg §érﬂ85b .
orgﬁnl%?ﬁélté‘ﬁd Hhelod %c?plgeawgﬁgﬁed%]rﬁis e Known to thg DDIC s
20 peesnpcbiledsinttiie Aridiasenambst 14768 eEAARSo HAIEONnase 1
COBIE(l é!'gffeme@(mwﬂi@%w';ﬁt%%%mbeb&a@@@s,s&fecf%then

and Biolabs, |nvitrogen.and.Ro fi ‘
caﬁéﬁ%gﬁ%@l\é@%ﬁpﬁaﬂs FonT Sug e%rr%‘s% t ergg?gﬁg\@t%g%%ggi% Sesign.

whisbroaiis raovesyieseSTandhecRIRsIBESINg enzyme for proteirs whose N
termini begin with histidine. In the examples section below, the cleavage

25  using enterokinase is described.

Alternatively, however, if it is export-compatible, the target peptide can be
released into the medium either in the form of a fusion protein, or directly in
natural form. For this, cells modified by genetic engineering, in particular of
30  microorganisms, preferably bacteria or yeasts, can be used. If bacterial
cells are selected as the expression system, there is also the option of
releasing the target protein directly or a corresponding fusion protein which
contains the target protein into the periplasm or into the culture medium.

35  Host organisms and methods in principle availabie for this are known to the
person skilled in the art. These are to a large extent also available
commercially from a multitude of suppliers. As typical exampies, the firms
New England Biolabs, Invitrogen and Roche may be mentioned. In the
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Hovyever it is glso clear to the person skilled in the art that the range of the
5 micro-organisms coming into use is constantly being extended, just as is
thg repertoire of biotechnological methods. Embodiments specialized in
thls_ respect are also covered by the object of the present invention.
Typically by way of example the following host/vector systems are 10
mentioned: bacteria of the type E. coil, §. carnosus, Salmonella, Bacillus

Z%%Ii% ﬁﬁﬁ%@g&m aﬁgme@@@woffm@stynﬂd{e lacts |Rerphsworis;ferences
osaccharomyces pombe isiae. Below, by way of
ex‘é(ﬁiﬁié?fﬁgig@@éfos\ﬂfs%é?n% %gggd%% S‘(\:Soéik?‘[(lz and E. 15 coli B is
described. The person skilled in the art is however aware that these

sypiems Bteniioarsh hyssryoofexamplencfisiediutit det 6h 35 s BSitASS frthe

variaton which adsedor gxampledion s selaetionan puieblastometess is

or 'Ol reguf}fory nucleic’acid sequences, th Sn tic _properti t{i] :

O NoS FESRR LD, BEB)mEE S haSb A ELreetgn

megibericardtismoveovat blgthaotieqeishie skiee e iR that the

pr?ctlt(_:al gxan:plgas described in the text represent only a very small

selection in relation to the possibjlities ac i |

tne VPISAIS" EhnidHon UG AT antics WMe T JESAeyol (Va0 are

cormptiesset Withteia EHRsbPE GeiAdb 5o SADARE imaHBCRRlAnEacTIus

::@bﬁ;ﬁlig:tﬁﬁ!bﬁm%&}%a@\gdcbwwmmengqmtwﬁee Kosteckl the. gearsdoris,
ich codes for tiyit -the control of a host-

spgﬁ%g?éaﬁ G ’é‘é(&ﬁ% CS‘em isﬁeggéxsés%ﬁi%égmnce can eitherS E)e

stably incorporated into the chromosomal DNA sequence in question, or

beBQdwessnhvay afsecandiplasmidse phsytiderosireespreadiosPidsinand E.

o e e e expromo
r, ned in a ic_exnressi

unitRSHhaLeIRmA tﬁ@ejg\?@%gqggnc"é%higﬁ el es%l](%rcltioté%glrca:;( gﬁgiﬁeﬁﬁ& of
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or AT
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thagresambisyihefiganiskasrie ek otk ickhsytekbstaespab@idy a very

PreGUSPlalaction in relation to the possibilities actually feasible.

One alternative to the “in vitro” amidation using PAM arises when the
enzyme is co-expressed with the precursor protein to be amidated in one
and the same host cell. This is achieved by introducing into the host cell the
gene sequence which codes for a PAM activity under the control of a host-
specific regulation seguence. This expression seguence can either be
stably incorporated into the chromosoma! DNA sequence in question, or be
present on a second plasmid in parallel to the expression plésméd for the
target protein, or be integrated as a second expression cassette in one and
the same vector, or even be cloned in a polycistronic expression unit in
phase with the gene sequence which codes for the target protein under the
control of the same promoter sequence.

The present invention thus includes biotechnoiogical methods for the
production of peptides of the formula | or derivatives thereof, which display
at least 60%, preferably at least 80%, in particular at least 90% homology
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5 which can then be converted into a peptide corresponding to the formula
I in the presence of an enzyme directly or by linkage with one or more
basic amino acids or derivatives thereof in order, preferably lysine,
histidine and/or arginine residues in order, in particular lysine, wherein the
sequence is C-terminal amidated. 10 Further objects of the invention are
also the uses of the compounds of forrhula | or the C-terminal amidated

pept f fornula Il according to the invention, which have been
pﬁ(ﬂgé{ﬁcgjé)rby tLe method according to the invention, in particular the

compounds according to Seq ID No.1 or 2, for 15 the production of a . that
phEmmapedicaigsrod acosHadHarmiaR el MRS A H SR ARSHEFLSTY -

the reatment o caibeRysikaie metalbelisnhidiseyths siraticprpde precursor
preferably for the treatm i | &5 2 QExriplentia |
D Loy Wos B M airhete by 2o fadOpias ¢

' .coli-specific DNA sequence coding for. AVE1 44- .
P retneegonc el R SE SEFIBRES oA Torie BUpdde o Tors basic

AVIRAnd4-Gls 25 (SedivBtiNes2fiveasgrépaoedeSayafe aely; lysine, histidine
TTLREAR I i R CAGE TREEACET Gequence
T@&R&A@ﬁ@ﬁ%ﬁa‘%@% gfﬁéﬁr@ér%ﬁ& FGA

_ : GGAAGAAGA AGCTGTTCGT CTGTTCATCG
AATE AR A RIS RS TGGT CCGTCCTCCG GTGCTCCGCC

TICGAAAAAG AAGAAAAAGA AAGGT TGATA ATAGCATGCA

CC%‘ILL%Q% CG-CACRI GRERRA GRANIT GAAARAAA BeThempounds of
t f th £ .
R S e e v

syiTthesisrThiseyntiesis Wes BBraH NG Xh B EXPEaiT M BgKng to the
Syphesin oyFiesar Ry Riseoapmuhds teesatogrice§SediDNolapr &2, for
5- TTTTTTAAGC TTGCACGGTGAAG:R Serotiiio-4comprisesrihreutical
re&'@n ﬁ%%?ﬁ?g seonse str?r%, b) Primer a has the C .
|Dfézrrmasommﬁwﬁ@*vef?ﬁﬁé%&éﬂ@éﬁ%@e%%#@%@ %%%‘%Oi'sm
AGEBAGET PertASGGTSemAR oTthaArRampest sheippaigsgneliitus.

comprises the region 1-59 of the antisense strand.

Examples

Example 1. Synthésis of an E. coli-specific DNA sequence coding for
AVE@-AA*GW

Firstly, the gene sequence Seq ID No.3 coding for the peptide AVE1.4s-Gly
(Seq ID No.2) was prepared:

Seqg ID No.3:
WBTWTAAGCTI'G CACGGTGAAG GTACCTTCAC CTCCGACCTG TCCAAACAGA

TGGAAGAAGA AGCTGTTCGT CTGTTCATCG AATGGCTGAA AAACGGTGGT
CCGTCCTCCG GTGCTCTGCC TTCGAAAAAG AAGAAAAAGA AAGGT TGATA
ATAGCATGCA CGTGCGGCCG CACCTGGTCGA CGAATTCAAA AAAA

The synthesis of the gene sequence was effected using PCR technology.
For this, the following 5 primers were synthesized by chemical DNA
synthesis. This synthesis was effected using the Expedite™ DNA synthesis

system.

a) Primer zpbu has the sequence (Seqg 1D No.4):



c) Primer zp3b has the sequence (Seq ID No.6): 5'- GGACGGACCA

- CCGTTTTTCA GCCATTCGAT GAACAGACGA ACAGCTTCTT
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CTTCCATCTG TTTGGACAG -3' 10 Seq ID No.6 comprises the region
40-108 of the antisense strand. d) Primer zp3c has the sequence (Seq ID
No0.7): 5- GTGCATGCTA TTATCAACCT TTCTTTTTCT TCTTTTTCGA
AGGCGGAGCACCGGAGGACG GACEACCGTT TTTC -3' Seq ID No.7

compriseg,t_h%ﬁqijxﬂ RLde4ehbacnisessestand. 15 e) Primer zp3d
has the sequence (Seq ID No.8); 5- TTTTTT 1C
GGTGC@@t@@“@/ﬂ@@ﬁ‘@%@W&WAF@%ME%%Q%&NQ8
comprises the region 144-197 of the antisense strand. 20 Using the _
primers, cliggs were-Reidetnedsgnseratisely under standard
co d“‘onﬂ?:gng%%(%ﬂ%%d@ﬁm@@cmmmmﬁs AGIBTABETTC

zp5u were used. The PCR cycle number was 5. In the second reaction,

1/40 of thAGEETECAAG S E MM YT ng each of the primers zp5u and
zp3b in 19yptesidrbreastintds 10 egitre pratiottint meitiriee S5aNds
treated with 100 ng each of the primers zp5u and zp3c in a further 10

cycles. Fpglally, in Z%SQPECR cycles with 1/4Q of e\py uct from reaction 3
an@ the priees fAgl QW}%EE@@%@OQE L;ge'@ ACGA
synthesiz8d GRAGSEAG & ge éectrop %t}.\e/ggA T %G

desired DRI Wa POTIRTIGIHE rdactédiihAe-festriction 30
eNzymes£co d Ehddind3 inaceardaneewithdhtisense strand.
manufact ?&s@ir?&r’é&%%g%ew Engla?ﬁtquiolabs). In parallel, DNA of the
plasmid pUC19 (New England Biolabs) was treated with the enzymes

E

ORI anptied 3 Geetfragests) frensehS ek Ve 9) mixtures were

separatedsyymedIsTa 8 TAZYE AGEbAEGE BRAThEN Tife! rESilAl et
f tf 9 ' :
ragmen T%%g%%%ﬁ%ﬁé%@ﬁé@pﬁ@d@%@mmmmMWe@

isolated. ments were ligated to eripnaT4li
reaction MH@M%&WR@&?&B%%&Q& ﬁ’c%)gl c%ﬁléﬂ&?rﬁéggﬁg,sg?ar}%

5 E. coli XL10 Gold) were transformed with the ligation mixture and plated

out pnto FoY BgibamatciinNBlasmid DNA was
iso% ted f?gi% @Bw%@ﬂiﬁéﬁ@@m&ﬂg@r@aﬁé@m&ecﬁm@me
analysis.

CTATTATCAA CCTT =3 _
Seq 1D No.8 comprises the region 144-_197 of the antisense strand.

Using the primers, 4 PCR reactions were performed consecutively under
standard conditions at 54°C. In reaction 1, 100 ng each of the primers zp3a

| and zp5u were used. The PCR cycle number was 5. In the second

reaction, 1/40 of the reaction was treated with 100 ng each of the primers
zpbu and zp3b in 10 cycles. In reaction 3, 1/40 of the product of reaction 2
was freated with 100 ng each of the primers zpdu and zp3c in a further 10
cycles. Finally, in 25 PCR cycles with 1/40 of the product from reaction 3
and the primers zp5u and zp3d, the desi;’ed DNA fragment was
synthesized, and its length was checked by gel electrophoresis. The
desired DNA fragment was purified and reacted with the restriction
enzymes EcoR1 and then with Hind3 in accordance with the
manufacturers’ instructions (New England Biolabs).

In parallel, DNA of the piasmid pUC19 (New England Biolabs) was treated
with the enzymes EcoR1 and Hind3. The fragments from the cleavage
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10 The plasmid DNA of the desired fragment was named pSCHPUCZP10.

It was used as the starting material for the production of expression

vectors for the synthesis of the precursor peptides according to the

invention in E. coli K12 cells. 15 Example 2: Construction of expression
vectors which code for the precursor peptide AVE144-Gly For the

production of the peptide AVE1_44-Gly$the coding sequence was

introduced into the vec ThioH] 0 firen lawiregeneCatatogha. the
20RO %rf?usé?cg)na'é%%%irg foﬂ%éﬁ% mtie]rgd?xﬁ?@hi%ég&wm With.fion
thé@é@@ﬁ%@pﬁé@'ﬂw,‘i@ﬁ‘-@i\}éiﬁtﬁ@ %}%ro Tq'r%raéseprecogni,tlon ,
sequenceiddRRRKT masddfmasd: ByriesdeeriewineAtiaringsdn a T4 ligase
(Invitrogen) - -4y, | aBfltandhiendie ¢Bhetagehimtstrain
théetgrggﬁés}ﬂp?@@;\%é1@49@%@%%&1Qﬁ Wi@aﬁéﬂm%’ﬁ&ébgwbigt@d
thd=preibride! 8 PAIN ?@'@vﬁﬁgﬁﬁr@%ﬁghcalfln. . Ltd.)._ Two pri

withuhe fooedzy seqtencwieiaisgniegned: AP prtﬁﬁmg \;ﬁﬁ{% was

Bamkil cleavagesie Sem RN eS8 =Fl TTHEFSBATCOGCITA TEAUSNCE
CGATGACAAG CACGGTGAAG GTACCTTC-3" 30 Primer ZP_thiohisrev

withBVEBORI cleavage site (Seq ID N0.10): 5' - T I II'TTGAAT
TCGTCGACCA GGTGC -3' The primers Zp_thiohisf and ZP_thiohisrev
WeT%éIS@QsJFh@ ROBR rendtiont @5rardesgaentardsomitiennieiiPUCZP10. It

pSCHPUCZP10 e temok gRtovasipreskicadvectors
whitf’a Sé?%clgg\;%\leétwn ’Ht‘%ee enz ﬁiﬁtﬁﬁ 15 Eaiabr?éItZEc Rl ‘(Ygsj&ifgﬁﬁéﬂn in E
ins@ﬂéb@rﬁdﬁﬂ@ﬁ@ﬂ@%ﬁ%ﬁfgﬁ{ @W%%S%n%%%ﬁy%ﬂoened with BamH1
anddicriRl, salgs T4 ligase reaction. 10 Competent E. coli BL21 cells were
transformed with the ligation mixture and plated out onto selective agar

which contained 25 mg/I ampicillin. The [ was [eisolaied frem the
somETINES and%%ﬁ?ﬁg '%%/ Reé(ﬁ? %u SEC?[%%NA sequence
analysisi Ttrepdesided pOsitivedidnes, which 5 were named

pTHIOHisAZP10-Gly, were analogously checked for expression of the

fusjon protein in accord mplg=14,9% e RAlentiHS 4R was
OnEt)ﬁé %igrgﬂfhéé*%%sﬁffﬁ%g%r ;ﬁﬁ%n ana%giiﬁpgge clone gv%%ﬁg?é?gg No
andrfensiepesdiiep the prRIGETON R THRGel LIRS B Materal, The  °
fusieBemratejn fotuseshcoritsis thioretiing {ipieHasiInkedi ol ifitRked with the
AVELA4-Gly i ancemigrokinase regognitionsasiiease (Seaghitiva. ajuence
'DDDDK, was formed. By treatment with enterokinase (invitrogen),
AVE4.-Gly was released and can then be converted into the target protein
AVE._44-NH- in accordance with Example 7 (below) in the presence of PAM

(Wako Pure Chemicais Ind. Lid).

Two primers with the following sequence were synthesized:
Primer Zp_thiohisf with a BamH1 cieavage site (Seq ID No.9):
5. TTTTTTGGAT CCGGTGATGA CGATGACAAG CACGGTGAAG GTACCTTC-3

Primer ZP_thiohisrev with an EcoR cleavage site (Seq 1D No.10):
5 - TTTTTTGAAT TCGTCGACCA GGTGC -3

The primers Zp_thiohisf and 7P thiohisrev were used in a PCR reaction
under standard conditions with pSCHPUCZP10 DNA as the template. A
PCR fragment was produced, which after cleavage with the enzymes
BamH1 and EcoR1 was directly inserted into the pTHIOHIsA vector,
correspondingly opened with BamH1 and EcoR1, in a T4 ligase reaction.
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US5496924, the content whereof is hereby expressly incorporated into the
present application by reference, proposes an expression system which in
principle enables the production of made-to-measure fusion proteins. The
15 advantage of the system lies in the fact that fusion proteins with a small-
ballast content can be produced. If the sequence segments A-B are fused
with AVE1_44-Gly via the enterokinasé@ecognition sequence DDDDK,

then a fusion protejn with,t oy e aeid sgguenceixture
(S%a‘TI‘SeW&{LE T‘E‘% he, fllQuing Bens Gnskaming, 8 ity

alfd 12) 75 obtained: 20 Seq ID No.11: T
AE@@@@@@GW? @@W@%%%%ﬂ@dﬂﬁﬂ&%%‘?&gfﬁéﬁc%%ém;‘ Fhe
CLRRANGA GATGEIGEIGGACOTECIRGT Foh PO SAAY PCR and

CEGTATCARM Gd AAGRECANAQEHACGEETAToNes, which
cAtsRr R st CAC !ﬁﬁuee cC C
A@@%TW@QA@E@@*@%%%&E‘ E‘fAA%%A)‘?G %%%TGT&QCK@C{IC ::r
CATEEMIGE GTCARMMIGIETGG FeOEPOETEEES 14 of the
C$§§ﬁTJ§%MA@M@M@%wmmmm$na'vsx& one
ATGCA

CGTGC GGCCGCAAG . . ¢
MABTS 885521 Egegcé'Lﬁpﬁ%%ﬁ!}'ﬁé_ﬁ?\%ﬁé&%ﬁ%@@?%&ger quantities o

DRREKHGEGT BEST SDUSKGNEEE APRAHE N PIRIEEBEUR s finked
PRSIKIIKKGIipe prapasationidhties codimniinessstysnse(wag D No.12).
effected by PCR technology. For this the following primers were

synthesized: 30 1) Primer psw3_zpc¢olf (Seq ID No.13); 5:- .
IR R IR SN R A AT (R R Lt NRSrRorglg into the
ThersgaHeRpeIRAfsrPBMETHhas CVRIGPRES RS GRS 1¥E Syfitton Yikch
ang the‘gﬁ‘@“&% AVE. oA Gvsodinehseaurnamdsa)ehimen proteins. The

3 Zpcol ID No.14): 5- GIGTT T ,
'?’ié@@ é‘é%%iv ‘i’f?gr @;@E&ﬂoﬁé-'*)Fﬁe%gﬁ&e{?c%ﬁg%g% &@ﬂéﬁ%%nh a small
i

us corresgond56to),*\trﬁaare fused
syhtiiatic interienkired begpiestesfhidiRR e6RGTE TaBI8T 6t
USBA969724, Sousrs ihe mineaciim 3438 cbgeitidrois of ense SRR then 2

amino acid methionine,, Th of t imer egigvesapsnyshSeq 1D
S S SR Rt ot

ACKATTROACGZA (s Botaiped:

Seq D No.11:
GSAAACAGAATTC ATGGCECCGA CCTCTTCTTC TACCAAAAAG CTCAACTGC

AACTGGAACA COTGCTGOTG GACCTGCAGA TGATCCTGAA CGGTATCAAC
AACTACAAAA ACCCGAAACT GACGCGTATC GACGATGACG ATAAACACGG
TGAAGGTACC TTCACCTCCG ACCTGTCCAA ACAGATGGAA GAAGAAGCTG
TTCGTCTGTT CATCGAATGG CTGAAAAACG GTGGTCCGTC CTCCGGTGLT
CCGCCTTCGA AAAAGAAGAA AAAGAAAGGET TGATAATAGC ATGCACGTGC

GGCCGCAAGC TTAAAAAA

Seq D No.12:
i\/iegPTSSSTKK TOLQLEHLLL DLQMILNGIN NYKNPKLTRI DDDDKHGEGT

ETSDLSKQME EEAVRLFIEW LKNGGPSSGA PPSKKKKKKG

The preparation of the coding gene seqguence was effecied by PCR
technology. For this the foliowing primers were synthesized:

1) Primer psw3_zpcolf (Seq ID No.13): ’
5. CGTATCGACG ATGACGATAA ACACGBGTGAA GGTACCTTC -3



The primer hybridizes upstream with the EcoR1 cleavage site which is
contained in plasmid pK50 (Figure 33 of US5496924). 4) psw3_zplocolrev
with Hind3 cleavage site (Seq ID N0.16): 20 5' - TTTTTTAAGC
TTGCGGCCGC ACGTGCATGC TATTATCAAC CTTC- 3" Two PCR's
were performed in parallel. One was performed on DNA of the plasmid
pK50 with the primer pair pBprimefl and psw3_zpcolrev at 500C and the
other reaction with the primer pair psw3_zpcolf and 25 psw3_zplOcolrev
at 54C on DNA of the plasmid pTHIOHiISAZP10-Gly. The PCR rodu%ts i
weTnpusiiectafteragahelgrirophdhesis eupia Aie e BREANGS6t r§¢8§&% ion site

were mixed jn.ak:d ealgyangd iepdediciedsnwetnied PCR with the primer
pair pBprimefl and psw3_zplOcolrev. The PCR product was treated with
the enzymes EcoRI and Hind3 and inserted into the 30 plasmid pK50,

5 op@N&fimarapaiid witkaleyd 2Ry AL & T4 ligase reaction.

CompeieniHooticRs AL eatis GRISHANSLRAET WAR the Tig&endnixture

and plated out onto selective agar which contained 25 mg/l ampicillin.

Plasmid DNA was reisolated from some c¢lones and.an RC
and b@bg@%@ﬁ@@ﬁl}é&%ﬁfé%%%ﬁéﬂ%. g ﬁgec lgnﬂj's*%{/qegr@ina?ne%q??eme

PBARIAN accbwitng chetkie for eixpres4RiPaf ke aSoNprafeinoTRYS 4-38

express r aely sassrepeciiometfanddyof the primer
10 SDésg?%gEBﬁg%%g dl\/%s?e?oﬁ?@%%eter i é’tg}f protein sequence analysis.

12 %%ﬁ%@%ﬁ%ﬂ@e@%‘% Posfwr%g rmentation of larger quantities

of material. Example 3: Fermentation of the strains constructed in

EX%"{‘B irRdE @Q@@Ngd@);transformed with different plasmid vectors

e
coding % jd ixﬁ{-‘x@' éf}g‘%o_[gprotein) were cultured in a
fermerit h’%‘%ﬁﬁf g‘a‘ﬁdr;w'géadlum o’? complex medium (see Example 1) at
1530C or 37C and a pH of 7.0. The pH adjustment was effected using an

NH4n soptiosr Lya%izés wateneaevdthatin beafslcdirmsangs SRUern s
through a contro iohikeR! thegdisspivedaxyygen in the culture
bro&c%:%a}ligteaﬂﬁa%) I%%@S%gﬁgih processes in mineral salt medium, a
glucose solution (60% wi/v) was fed in (8 g/L/hr to 26 g/L/hr) ffr
conapletiors of tHe titel yihasnTRCipaAVRES 5 & &&%ﬂ?éﬁﬁ@@ jon was ’
effegleciipthe AT 4B RIEHS ATHIGOATED FNTEATEHAQ)CTRE— 3

QOduration of the induction was 6-8 hrs. The expression of the target

roteins was detected by SDS
P Two PCR's were pe?“/formed in parallel. One was performed on DNA of the

plasmid pK50 with the primer pair pBprimeft and psw3_zpcolrev at 50°C
and the other reaction with the primer. pair psw3_zpcolf and
25  psw3_zptOcolrev at 54°C on DNA of the plasmid pTHIOHISAZP10-Gly.
The PCR products were purified after gel electrophoresis separation, one
aliquot of each were ‘mixed in a 1:1 ratio and then reacted in a third PCR
with the primer pair pBprimef1 and psw3_zp10Ocolrev. The PCR product
was treated with the enzymes EcoR1 and Hind3 and inserted into the
30 plasmid pK&0, opened in paraliel with these enzymes, in a T4 ligase
reaction. Competent E. coli BL21 celis were transformed with the ligation
mixture and plated out onto selective agar which contained 25 mg/l
ampicillin. Piasmid DNA was reisolated from some clones and analyzed by
PCR and subsequent DNA sequence analysis. Positive clones were named
35 pBZP100 and were checked for expression of the fusion protein.

The expression products were analyzed by mass spectrometry and by
SDS-PAGE and the N terminus determined by protein sequence analysis.
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10

polyacrylamide gel electrophoresis (SDS-PAGE). The expression of
AVE,_44-Gly(-fusion protein) in E. coli BL21/pBZP100 20 was carried out
as described below: 100 L of cell suspension were withdrawn from a
permanent culture of E. coil BL21 cells stored at -80C, and incubated for
10-16 hrs with shaking at 37C in 0.5 L of preculture medium. The main
culture in the fermenter was 25 inoculatgd to an inoculation density of 0.01

to 0.05 OD600 with the a u ities of
N8 D S 5 FOe 30 05 I Yoot & ot R T
cultuméemeedium: Defined mineral salt medium (minimal medium) based on
glucose as the 35 carbon source (Jeffrey H Miller: Experiments in
MO%%C?U%'? Genelics, %?'%%?%%Fé%%l&%&ﬁﬁ%dm@ﬁm@e

co ﬁwe glucose initially present in the main culture 13

medium, a glucose solution was fed in. Protein expression induced b

ad@tl@@tofBEIG & ImMufznyfanteievthxinifes ©Xiression %fvtﬁ%t%.&ﬁdmg for
p“%t 55% thenguction abservesh Bideing feeexampledherSOEBRRBET in

s tmafé%r%%%é”m T ROrR R A T ot PR 270

fighs o cell Stispensi

n, whic
beanavithdriwh Trémthe tém@éimw@ﬁra@atfféﬁe%@f&ﬁtﬁ% HpRTh me glution
a”g& eGaet #P\@QEEQ dange ydtatbe afah@f@@ﬁwm svasSHUGt TS tm@@dmm@ntrof

u

fus%rr%“ca,}g’ ‘355'3%“55@0 LPIQIEIN, J30/BNAR 0NN e BARIAVE bedh Gbnrstant at

mass of a recombinant E. coli strain were

res&@&fenra@afm e e N
EDA).Gel) digirigetaiionsvas perforaig by mgpletianiel the bateh
homﬁge“' “0” Bhe&%?o?é‘ﬁ?%%&@&mgmmﬁé@% barkrasaldilen of

nts in omoge
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lter 111
angapphied dite Mpr@m&m&to@rﬁ@ﬁ@’@@hﬁ@é@ﬁﬁcé@% %%%‘%
B'OSB\%E%%m@@%l3électrophoreszs (SDS-PAGE).

The expression of AVE, ..~Gly(-fusion protein) in E. coli BL21/pBZP100
was carried out as described below:

100 ul. of cell suspension were withdrawn from a permanent culture of E.
coli BL21 cells stored at -80°C, and incubated for 10- 18 hrs with shaking at
37°C in 0.5 L of preculture medium. The main culture in the fermenter was
inoculated to an inoculation density of 0.01 to 0.05 ODsn with the
appropriate quantity of precufture.

Precuiture medium:
5 g/L Bacto trypione
10 g/L yeast extract
5 g/L NaCl

Main culture medium:
Defined mineral salt medium (minimal medium) based on giucose as the
carbon source (Jeffrey H Miller: Experiments in Molecuiar Genetics, Cold

Spring Harbor Laboratory (1972)).

After consumption of the giucose initially present in the main culture



equilibrated with buffer (50 mM Tris/HCI pH 7.3; 1 mM EDTA). After the
sample had been applied, a washing step was effected with equilibration
buffer (2 column volumes), followed by a further washing step with 10%
high salt buffer (50 mM Tris/HCI pH 7.3; 1 M NaCl, 1 mM EDTA). The 25
fractionation was effected by application of a salt gradient using high salt
buffer over 5 column volumes. The fusigh protein content of the individual

frac“od”s wag @@F é%%&?'@?«&tr@ehweﬂso&@weg;@r(@mamdm%d by
&YSEM, Invitrogen). Fus on protein- contaln \gﬁr%f the fusion

coﬂ%iﬁetﬂ‘ é?fdf%-gﬁcéﬁtfﬁwd et B anaa ore
uIt@ﬁl@&tlaﬁmmemdhmmQim&}ﬁ&ﬁembrane) The concentrate was
used directly for the protease cleavage reaction by buffer exchange into

enteroklnase buffer 5 0 1R)
5 or HEtRGr B[J f| ra upeg’a 57% JPMENAGeh 2 e GaelRiovex

er?& ioscienc Cs)}ls of
betmmeﬁagec@ldﬁw@e 1r%%sc@@h S:?@ﬁ?ﬁb &f‘él&(fé%%‘bf thd SPBBIRS Was
eff@gegu r@r@grq}gmgﬁqu(mwaagem)hdremerbbm%@tfaﬁe&(@@rrﬁwlffefeﬂf
T”S/ mM Hacl, 2 2P Géddnaererdancenaithhrifacturer’s
matiti

nstruétrons 4 Example 5: Purification of a thioredoxin
fusmfﬁfpﬁit@rﬁ containing Seq ID. No.3 5 200 g of biomass of a

40 recombinant E. coli strain were resuspended in 50 mM Tris buffer (pH

74 LMY ER T sl sinitassatignmprongiomed by twofold high

pressure homogenization (Rannie high pressure homogenizer, 1000 bar).
Insoluble components in the homogenizate were removed by
cemtifatiatiat tid &bk atantGhaduntendef Offder pressure 10 (Sartorius

0.2z,pm,fi ?%F@!ﬁ%éﬁ“&fa@@@«ﬂﬂhﬁﬂr@ﬂt@ B. cbwnmrtagraphge gelemspended in

(S ham libgat
o SR T T i wom o
apprmr@gwé@rmn@%%;@mr@ﬁéct@ﬂ m TRl AHBIPEEHE (2LaRgRnZ2

Volmreaﬂ@rhgr@@gtmatmnwmzﬁect&ﬂlﬁymﬁslrdjawwﬁa%ﬁrtweﬂts in

ar 'er}% U\ ge %Qié%%@f?é&ﬁ%?&ww'ééﬂ%@ghﬁ% O3 MSNpEintan was
over mn volumes e 1IN gonte |

fra@ﬁ@ﬁ%‘i/\rﬁ‘sd@sﬁ’éﬂs‘@&’@E@%‘P%‘ﬂ?c#?&%ﬁegrs . Q? ? I\%Wd %‘ﬂ'ﬂf%‘éabnto

20 gelasmtemamgmmerﬂdm“ﬁué‘iwm@t&n%m ﬁ{@?ﬁ%@%@ﬁg% eprevrously '
CO@% GRnceniratet:B- M OFfaltHMiliporaailttafitkatiER TR)l, After the
kDgample had been applied, a washing step was effected with equilibration

buffer (2 column volumes), followed by a further washing step with 10%
high salt buffer (50 mM Tris/HCI pH 7.3; 1 M NaCl, 1 mM EDTA). The

95 fractionation was effected by application of a salt gradient using high salt

buffer over 5 column volumes. The fusion protein content of the individual
fractions was tested by SDS gel electrophoresis (NuPage® Novex 12% gel
system, Invitrogen). Fusion protein-containing fractions were combined and
concentrated between 5- and 10-fold {Millipore ultrafiltration cell, 16 kDa

30  cut-off membrane). The concentrate was used directly for the protease

cleavage reaction by buffer exchange into enterokinase buffer (50 mM
Tris/HCl pH 7.4; 50 mM NaCl, 2 mM CaCly), or further purified by gel
filttration {(Superdex 75, Amersham Biosciences) before the cleavage
reaction. '

35
The cleavage of the fusion proteins was effected with enterokinase

{Invitrogen) in enterokinase buffer (20 mM Tris/HCi, 50 mM NaCl, 2 mM
CaCl, pH 7.4} in accordance with the manufacturer's instructions.
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20 membrane). The concentrate was further fractionated by gel filtration
chrqmatography (Superdex 75, Amersham Biosciences). A previously
equmbrated column (50 mM Tris/HCI pH 7.4; 200 mM NaCl) was loaded
with up to 5% of the column volume with concentrated fusion protein
soll_Jtlon. The elution is effected by rinsing with equilibration buffer. The 25
fusion protein content of the individual fractions was again tested by SDS
gel electrophoresis ((NuPage(r) Novex 12% gel system, InvitrogenTM.

The relevant fractions were co ned, cancentrated
(VineapipiecsncBRERFEARiA ?Eﬁ?ﬁﬁoﬁp \{/auéé%%l ne ?e)%gn%ﬁgg{%ﬁ gea I
exghamge into enterokinase bu_ffe_r (20 mM Tris/HCI pH 7.4; 50 mM NaCl)
was effected by 30 means of diafiltration units (Vivascience). The

processing of the AVE1_ 44-Gl fecurso st f
e R B A0 BRI A, 55 A e B etior o

Clcvaga Drodbofb el tarokiRRLY b CALE PSSR P AR A oTmed
%ﬂ)'a%c%me fsion prelgingeusingnengerokatase, tfiRecleivatiégns pressure

pr%@ﬂe sepaiated Jgoms%ﬁgo?@%%bexé%%ch@%%wm were

ar Ame sham

oscience
sofanmwwéévadﬁmww%oaomé/éﬂﬁoﬁy%g ot AL S essure
Aﬁ(@aacmlwmmfghe fifateinysautioh) omo tappiedicishy @qghn%*@a@’ap y
COLIE, §H\)’Jru%zég'u%rﬂgghﬁnﬁ%@%M&tébb\l@%\t@@scbprwummmeﬁ with
Triguier, (?Q'WM hifisted @%l?%a\gl con uﬁbﬁltpﬁ%@%ﬁ M been
Thepallidion aohthehAES eI VBIS AR féf&%rﬁ?o glumn
graglientdey 5%@%&'&%@&{&&&&@0&@ whlsones. 1) Breldetitficaoa salt

f AVEL 44
gffgﬁQ&EB lé%)ygt ?}I %gﬁ oreigBr Lgﬁsﬁlﬁg%w&vgBM NAS|, 1 mM

o an ool oo o BEr 21 B
orgamesaiveat dstHaally, 30 sogdirmidbaaphine sisidhedagncdiavex 12% gel
é\ol?lg(ls’(é; dGn oYi?J’a%%gwa Glt%tnt E\Sﬁ%ﬁﬂﬁ@ﬁt&iﬁx MaRiEXamples7tombined
~and concentrated 5- 1o 10 foid I&:}rrpore I_\%ra ration cell, 10 kDa cut-off
membrane). The concentrate was further fractionated by gel filtration
chromatography (Superdex 75, Amersham Biosciences). A previously
equilibrated column (50 mM Tris/HCI pH 7.4: 200 mM NaCl) was loaded
with up to 5% of the column volume with  concenirated fusion protein
solution. The elution is effected by rinsing with equilibration buffer. The
fusion protein content of the individual fractions was again tested by SDS
gel electrophoresis ((NuPage® Novex 12% gel system, invitrogen™, The
relevant fractions were combined, concentrated to ca. 5 mg/mi {Vivaspin
concentrators with 10 kD cut-off, Vivascience) and the buffer exchange into
enterokinase buffer (20 mM Tris/HCI pH 7.4, 50 mM NaCl) was effected by

means of diafiltration units (Vivascience).

The processing of the AVE;..-Gly precursor stage was then effected using
enterokinase analogously to Example 4.

Example 8: Separation of the cleavage products from the enterokinase
_cleavage reaction

After the cleavage of the fusion proteins using enterokinase, the cleavage
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Thg regction was performed using the enzyme PAM (peptidyl-glycine-
amldatlng enzyme Wako Pure Chemicals Ind., Ltd. (Ordering No. 161-
1697_1)) in accordance with the manufacturer's instructions concerning the
reaction conditions. 25 The following solution was made up: 1 UM CuSO4
5 mM Kl 3 mM Na ascorbate 30 230 U/ml catalase (bovine, Fluka) 600
U/ml PAM (Wak_o Chemicals) 0.1 M TrisJHCI pH 7.0 with 0.001 % Triton
Z(\%é)iod %{%%lgﬁ%%og?gg%%g; lﬁg@@%ﬁﬁ%h{@t BYGoand thbartbe chromato-
n (Tr | fi
po@f@éﬂ"ﬂ‘aﬁi%ﬂ}’W%ls@d%egm%%%&cﬁbon%%%%ﬁg t géﬁllﬁfrlt@hﬂlsr‘ngth of 'the
incuhated at8y @dlistesbtieseaf fHe FeERbPWASRliBNE b%}’ée&iﬂbmj‘%ﬂde'
dﬁ{gptgw%wim@ frenversiofttbe remictidhenvpsesiopplyd gyuilibrated
ge%&%]}gﬁ%ﬁehﬁﬁgtﬁ %39{ %‘?AU%QJEUQQBG (BacHeLOMixtUreanasdheny of ca.
nger chroratography (Shodex C%? &ymmtarpg
IECOONRE2E)(SXTBIRshiRtera! W?&llﬁﬁf\%}iﬁﬁy@ ﬁéfﬂﬂ“w%‘é fﬁg?eq‘?o ACAE
E?Wﬁéglg@@gﬁd w;mMath@spbateibuﬁﬁétypﬁf 7a d0upadetphitiie elution
u - e wEah §
e ST pBGE;ghaée hufferpbbed b AyaGeative aglumgradient to

a e ture with a throughflow rate of 10 2 ml/min or 1
mIFRMMMNatey Frat i GRYISNEINR S 280 nm) were collected and the
mass of the relevant peptide determined by MALDI-MS. The mass

Sp?ﬁ%omgmﬁicﬁﬂéwsﬁﬁ were pedermatingthrantiost umeptaafitser stages to

BRUKER Reflex IV 15 type. T mples irectl h
VAT SRR O 5 chr ey R Wiy e
508 dukan(Etryl | DHEYEPPRORI 5086 TRckMi 1S rer RO BBIRRH FRha R 1Zed
the, AVEL A4 HR wiasmsrngsmedt. The product 20 obtained can be

supplied for further pharmaceutical use. Pharmaceutical formulations can

thereafter be produced in k : :
by %i@@imort@fc%m’@m eﬂb!% gﬁga&%%%@aggﬂg 2 G REROR SKiler IR gE was

totally sequenced via Edman.
Example 7: Conversion of AVE us-Gly into AVE..44-NH>

The reaction was performed using the enzyme PAM (peptidy!-glycine-
amidating enzyme Wako Pure Chemicals Ind., Lid. (Crdering No. 161-
16971)) in accordance with the manufacturer's instructions concerning the

reaction conditions.

The following sclution was made up:

1 uM CuSO4

5 mM Kl

3 mM Na ascorbate

230 U/m! catalase {bovine, Fluka)

800 U/mi PAM (Wako Chemicals)

0.1 M Tris/HCI pH 7.0 with 0.001% Triton X-100

The solution was preincubated for 1 hr at 37°C and then the AVE1.4Gly
protein solution (Tris/HCI pH 7.0, 80 ug/ml final concentration) was added.
The reaction mixture was then further incubated at 37°C. The course of the
reaction was followed by sampling at different times. At maximai
conversion, the reaction was stopped by addition of a 50 mM EDTA
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formulation additives to the biologically active peptide or peptide

derivative. 17 Claims: 1. A compound of the general formula I: 5

(AS)n-XmYp (formula i), wherein AS is one or more genetically encodable

amino acids; n is 5-2000, preferably 10-1000, in particular 15-500, quite

especially 10 preferably 20-400; X is one or more basic amino acids or

derivatives thereof, preferably lysine, Higtidine and/or arginine, in

parti u!ar lysine; mis 1-15, preferably 3-10, in particular 6-8; Y is one or

mate HEttral charge amino acids, preferably glycine; 15 pis 1-10,

preferably 1-5, in particular 1; wherein n, m and p are whole numbers and

(ASHeanetar(4S) it peefereddy idtzebiolsgicalBisdtivépeptide ofxchanger

brofein, 2 A Fmenuad e claimedin gendondisteisigineci g The
N cgn an o%&

ID NoO ically active der'Ygé[ive thereof with a homology of at

SRSRRPHTS SR hy'

c,cgd‘l'ng for a compound as defined

in claims Eh2r23\4. ADnudlesié pgrheleduié aistaimed irechEMOs Wisich
is a DNA a1 RNAs 558 Rualsicaeis naetesui aslaimddviniatelor more of

claims 3-4, which is a cDNA. 30 6. An expression cassette containing a
nucleic acid molecule as claimed in one or more of claims 3-5. 7. A vectar

cofftaénig mueler epfiaRieali a8 dRiPREG Rl BhdoR fd QH9BEQYL fate of

3-50naMEXPrassipmeassette as claimed in claim 6, wherein the said
vector optionally contains regulatory sequences. 8. An expression vector
as claimed in claim 7. 18 9. A vector as_claimed in one or mor%gftﬁ@imgss of

7-8Toe ke Sisrtinnpderirginn ahsk’ B, HE o SOUET &h aining

the relevant peptide determined by MALDI-MS. The mass spectrometric
analyses were performed with an instrument of the BRUKER Reflex v
type. The samples were used directly for the MALDI-MS anaiysis, or diluted
to a concentration of ca. 50 pmol/ul with 50% TAag ([1+1] 0.1% TFA + 50%

acetonitrile).

The expected mass for the AVE.-NH, was confirmed. The product
obtained can be supplied for further pharmaceutical use.

Pharmaceutical formulations can thereafter be produced in a manner
known to the person skilled in the art by addition of suitable pharmaceutical
formulation additives to the biologically active peptide or peptide derivative.



10

a) a nucleic acid molecule as claimed in one or more of claims 3-5, b) an
expression cassette as claimed in claim 6, or c) a vector as claimed in one

or more of claims 7-9. 10 11. A host cell as claimed in claim 10, which is a
bacterial or yeast cell. 12. A host cell as claimed in one or more of claims

10 to 11, which in addition co-expresses the enzyme PAM. 15 13. Anin

vitro expression system containing a ntéleic acid molecule as claimed in
ong,or more of claims 2-3. 14. An in vitro expression system as claimed in
clégfﬁﬁ‘iﬁ'which in addition co-expresses the enzyme PAM. 20 15. A

method for the production of C-terminal amidated peptides of the general
formuladb A rofid2o@ormallfomnuthErein 25 AS is one or more
genetically encodable amino acids; n is 5-2000, preferably 10-1000, in
particular 15-500, quite especitall re{ rably 20-400; and (AS)n and/or
(AS)n-XrﬁAp‘?é‘f\é@B%ﬁs a biolcggfgéﬁiyaa tive peptide or protein, 30 X is one

or more basic amino acids or derivatives thereof, preferably lysine,
hisfjding;and/or arginine, in particular lysine; mis 1-15, preferably 3-10, in
particular,6-8; and n and m in a) host cells
as’definetf iﬂr“(ﬁa?h@%ﬁlgf ﬁﬁ%{%fg&ggﬁﬁg&i@eﬁﬁggg %’f?@ﬁned .itn Cl%g@%i all
13r14 aré&:@ﬂ@@&@irpéeé%ﬁ%Ye%ﬂM'rﬁ%cmam?“%rtheg compdlinds™ y
defined inpedadmabiareespiessed, c) optionally the compounds defined in
clagm 1 are 5‘?{838?9&14‘ 03, SUILARIR PERGYESEF Repiide sanzyatipmTerably

chemical cleavage; 19 d) the expression produgcts fr b) or the
intermedibf@Hto @é@'ﬂ%ﬂ“&@ﬁ 59%%%11@”93&5{8‘?‘gg%mrsﬁ[ﬁ%gtion step, are
reagted witht arb ahpbimeiv 4thg, éhAATEWRICF the C-terminal amidated
peptide ofdhe geperalformulrall dasrefiadi Sdmadslitakieraalneiycine;

, preferably by a preparative chromatographic method.

20

25

30

35

D is 1-10, preferably 1-5, in particular 1;
wherein n, m and p are whole numbers and (AS)n andlor {  ASINXm
preferably is a biologically active peptide or protein.

2. A compound as claimed in claim 1, which is defined by Seq ID No.Z,
and biologically active derivatives thereof with a homology of at least 60%.

A nucleic acid molecuie, coding for a compound as defined in claims 1-

w

4 A nucleic acid molecule as claimed in claim 3, which is a DNA or RNA.

5 A nucleic acid molecule as claimed in one or more of claims 3-4, which
is a cDONA.

8. An expression cassette containing a nucleic acid molecule as claimed in

one or more of claims 3-5.

7. A vector containing a nucleic acid molecule as claimed in one or more of
claims 3-5 or an expression casseite as claimed in claim 6, wherein the
said vector optionally contains regulatory seguences.

8. An expression vector as claimed in claim 7.



16._A method as claimed in claim 15 for the production of a compound as
defined in claim 2, preferably according to Seq ID No.2, 10 17. A method
as g:laimed in one or more of claims 15-16, wherein the compounds
deflr!ed according to claim 1 are released from suitable precursor
peptldgs by enzymatic cleavage. 15 18. A method as claimed in claim 17
wh_ereln the compounds defined accortlihg to claim 1 are released from ’
suitable precursor peptides by means of the enzyme enterokinase. 19.

Use of a C-terminal amidated peptide which was gbtain rg'@g Sy
20%ne oV RIGRE @ﬁc%ﬁ%%-‘%qg‘?tﬁé Bi8Guc |oﬁ?%iﬁ p?%frﬁ%ﬁeu eal o
prediseerar e pleanisaceutical formulation. 20. Use of a compound as

claimed in one or more of claims 1-2 for the production of a
pharmaceutical product ar a pharmaceutical formulation. 25 21. Use as

5 clameé\iﬁ%ﬂéps W&I@'B*r@aims 20-21 for the production of .
medicajment dlo@wéamﬁ@ﬁ%@ GEBRHNFAE r?fé?a%dﬁ%dﬁ&la@& 5
Use agclaimegiaslaim béeriheputaivetivinoflaimédicament for the 30

treatment of diabetes, D Q40076 Xt SEQLENGELISTING <110>

vecioras ¢l ﬁ@ﬁ@
Aventi¥ PRafa \:_)eutscl!1 and GmbH <120> Method for the production of

carboxy-terminal amidated peptides with GLP1 activity <130>
10 DEAV2R0HO078! 54 40sindd Irp celi®0$01 8/RICI0S PREFIERASY, gepst cell
<210> 1 <211> 44 <212> PRT <213> Synthetic sequence <220> <223>

Description of the syntheti : i ide-
D Sat e Ae Clamaa 1R 55 Y HENS AeBlitfisMBRLRES Kfitn in
addition co-expresses the enzyme PAM.

15 13. An in vitro expression system containing a nucleic acid molecule as
~ claimed in one or more of claims 2-3.

14. Anin vitro expression system as claimed in claim 13, which in addition
co-expresses the enzyme PAM.

20
15 A method for the production of C-terminal amidated peptides of the
general formula 1l
(AS)In-Xm-NH; (formuia 1l)
wherein '
o5 A8 is one or more genetically encodable amino acids;
n is 5-2000, preferably 10-1000, in particufar 15-500, quite especially

preferably 20-400;

and
(AS)n and/or (AS)n-Xm preferably is a biologically active peptide or protein,
30 X is one or more basic amino acids or derivatives thereof,

preferably lysine, histidine and/or arginine, in particular lysine;
m is 1-15, preferably 3-10, in particular 6-8; and
n and m are whole numbers and wherein
a) host cells as defined in claims 10-12 or expression systems as
35 defined in claims 13-14 are cuitured in a suitable nutrient medium,
b) the compounds defined in claim 1 are expressed,
c} optionally the compounds defined in claim 1 are released from a
suitable precursor peptide by enzymatic or chemical cleavage;
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25
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<400> 1 His Gly Glu Gly Thr Phe Thr Ser Asp Leu Ser Lys GIn Met Glu
Glu 151015 Glu Ala Val Arg Leu Phe lle Glu Trp Leu Lys Asn Gly Gly
Pro 5er 20 25 30 Ser Gly Ala Pro Pro 5er Lys Lys Lys Lys Lys Lys 35 40
<210>_ 2 <211> 45 <212> PRT <213> Synthetic sequence <220> <223>
Description of the synthetic sequence: synthetic peptide <400> 2 His Gly
Glu Gly Thr Phe Thr 5er Asp Leu 5er L*ys Gin Met Glu Giu 151015 Glu

Ala VvV Leu Phe 21eG |
Ser G%bA\I}g PYSPIO %'e?rnL s L BLé_eFHF_ ? T@%ﬁ%@?ﬁ%@ﬁ@?ﬁ@ @oducts
<211> 19@R2ALP DNNN%‘B?ﬁﬁfeﬁoD’s‘é@G@HBB I3poziysacted ith an

Descriptignatthe syathetiersgauensed synthetic DNA <400> 3 page |
DEAVE,%O% 0876 Xt L t&éﬂ%f&%‘? @ Q%W@éhéﬁﬁpfém Il is purified

ctgtccaaac agatg aa a 60 agaa tttca tc aatr%gctg hic

ggtecgtedhcBgRiete fﬁ‘@”@'@étt@ % 38 AgdaB% Bgaaaggﬁ% aafg%tcaF
gcacgtgcggetimgtacctgg 180 tcgacgaatt caaaaaaa <210> 4 <211> 23
<212> DNA

16. A method as claimed in claim 15 for the production of a compound as
defined in claim 2, preferably according to Seq ID No.2.

17 A method as claimed in one or more of claims 15-16, wherein the
compounds defined according to claim 1 are released from suitable
precursor peptides by enzymatic cleavage.

18. A method as claimed in claim 17, wherein the compounds defined
‘according to claim 1 are released from suitable precursor pepfides by
means of the enzyme enterokinase.

19 Use of a C-terminal amidated peptide which was obtained according to
one or more of claims 15-18 for the production of a pharmaceutical product
or a pharmaceutical formulation.

20. Use of a compound as claimed in one or more of claims 1-2 for the
production of a pharmaceutical product or a pharmaceutical formulation.

21 Use as claimed in one or more of claims 20-21 for the production of a
medicament for the treatment of carbohydrate metabolism disorders.

29 Use as claimed in claim 21 for the production of a medicament for the
treatment of diabetes.



<213> Synthetic sequence <220> <223> Description of the synthetic
sequence: primer <400> 4 23 ttttttaagc ttgcacggtg aag <210>5 <211>
59 <212> DNA <213> Synthetic sequence <220> <223> Description of
the synthetic sequence: primer <400> 5 cttccatctg tttggacagg tcggaggtga
aggtaccttc accgtgcaag cttaaaaaa 59 <210> 6 <211> 69 <212> DNA
<213> Synthetic sequence <220> <223> Description of the synthetic

sequence: primer <400> 6 ggacggaccacogitiftcagaecaticgat gaacagacga
acagcttctt cttccatctg 60 tttggacag <210s£Gu=RdASHsTNG212> DNA <213>

Synthetic,sequanse 72205 s2A3z:Pescintion of the synthetic sequence:
primer <400> 7 g;tgcatgcta ttatcaacct ttctttttct tctttttcga aggcggagca

ccgga@}&abigggtegggggggg\%@ﬁ%gm?g“ '2911> 54 <212> DNA

<213> Synthetic sequence
<130> DEAV2004/0076

<140>
<141>

<160> 16
<3170> PatentIn ver. 2.1

<210> 2

<211> 44

<212> PRT

<213> Synthetic sequence

<220> _
<223> Description of the synthetic sequence; synthetic
peptide: MOD_RES K44 amidation

<400> 1
His Gly Glu Gly Thg phe Thr Ser Asp L%S ser Lys Gin Met G;? Glu
1

Glu Ala val Arg Leu Phe Ile Glu Trp Leu Lys Asn Gly Gly Pro Ser
20 25 30

Ser Gly Ala Pro Pro 3er Lys ng LYS Lys Lys Lys
35

<210> 2

<211> 45

<212> PRT

<213> Synthetic sequence

<220 _ ‘
<273> Description of the synthetic sequence: synthetic peptide

<A400> 2
His Gly Glu Gly Thr pPhe Thr ser Asp L%E ser Lys Gln Met Gig Glu
1 5

Glu ala val Arg ceu Phe Ile Glu Trp Leu Lys Asn Gly Gly Pro ser
20 25 30

ser Gly Ala Pro Pro Ser Lys Lys Lys Lys tys Lys Gly
35 40 45

<210> 3

<211> 198

<212» DNA

<213> Synthetic sequence

<220 _
<223> Description of the synthetic sequence: synthetic DNA

<400> 3
page 1



<220> <223> Description of the synthetic sequence: primer <400> 8
ttttttgaat tcgtcgacca ggtgcggcecg cacgtgcatg ctattatcaa cctt 54 page 2
DEAv2004-0076.txt <210> 9 <211> 48 <212> DNA <213> Synthetic
sequence <220> <223> Description of the synthetic sequence: primer
<400> 9 ttttttggat ccggtgatga cgatgacaag cacggtgaag gtaccttc 48 <210>

10 <211> 25 <212> DNA <213> synthetic sequence <220> <223>
Description of the synthetic sequence: p&g{(%g%>%% 25 ttttttgaat
tcgtcgacca ggtge <210> 11 <211> 324F S 1325 iGa0a 60
oL S ot ek o o e s o ST S
DNA gcd00satl gegriaearnd Feaitac tibdcs it Hefteasa Ay acticatic Tos
tgcaaE’fﬁ@%g%aﬁ acacétgcatg ctggacctgc agatgatcct gaacggtatc aacaactaca
aaaacccgag 120 actgacgcgt atcgacgatg acgataaaca cggtgaaggt
accttﬁégfcmacctgtc 180 caaacagatg gaagaagaag ctgttcgtct gttcatcgaa

tggct tggtcc 240 gtcctccggt getcecgectt cgaaaaagaa
gaaaﬁ%%%%gg?ga?ngacatgcacg 300 tgcggccgca agcttaaaaa a 321

< ¥4 475 _ o
210 <.%:Eg> Description of the synthetic sequence: primer

<400> 4 s
tritttaage ttgcacggtg aag

<210> 5

<211> 59

<212 DNA

<213> Synthetic sequence

<220> ) o
<223> Description of the synthetic sequence; primes

0> 5
zggccatctg ttrggacagy tcggaggtga aggtaccttc accgtgeaag cttaaaaaa 59

<210> 6

<2131> 69

<212 DRA

«213> Synthetic sequence

<220> ) o
<?223> Description of the synthetic sequence’ primer

<400> 6 )
ggacggacca cogitttica gccattcgat geacagacga acagettctt cttccatetg gg

tttggacag

<210> 7

<211> 74

<212> DNA

<213> synthetic sequence

<220> ) o
<223> Description of the synthetic sequence: primer

400= 7
;tgcatgcta ttatcaacct ttottettot totitticga aggcggagca ccggaggacg gg

gaccaccgtt Ttrc

<210> 8

<21i> 54

<212> DNA

<213> Synthetic sequence

<220> ‘ o
<223> Description of the synthetic seguence: primer

<400> 8
rtttttgaat tcgtepacca ggtgeggecg cacgtgoaty ctattatcaa ccty 54

page 2



<211>90 <212> PRT <213> Synthetic sequence <220> <223>
Description of the synthetic sequence: synthetic peptide <400> 12 Met
Ala Pro Thr ser ser Ser Thr Lys Lys Thr GIn Leu GIn Leu Glu 1510 15
His Leu Leu Leu Asp Leu GIn Met lle Leu Asn Gly lle Asn Asn Tyr 20 25
30 Lys Asn Pro Lys Leu Thr Arg lle Asp Asp Asp Asp Lys His Gly Glu 35
40 45 Gly Thr Phe Thr ser Asp Leu Ser Lys GIn Met Glu Glu Glu Ala val
50 55 60 Arg Leu Phe lle Glu Trp Leu Lys Ash Gly Gly Pro Ser Ser Gly
Ala 65707580 Pro Pro Ser Lys Lys Lys.Lys Lys Gly page 3
DEAV2004-Q076.txt 85 90 <210> 13 Dé%ﬁl'g% 155 DNA <213
Synthe:t&&lseﬁﬂ,lence <220> <223> Description of the synthetic sequence:
primerﬁ%ﬁb@@mt@g@wa@g atgacgataa acacggtgaa ggtaccttc 39 <210>
14 <21< > 36 <212> DNA <213> Synthetic sequence <220> <223>
Descriptian afdhesynihatissegueacecprisrierr <400> 14 gtgtttatcg
tcatcgtega tacgegteag tttcgg 36

rrttttggat ceggtgatga cgatgacaag cacggtgaag graccttc 48

<210= 10
<211> 25
<212> DNA
<213> Synthetic seguence

<220 ‘ o
<723> Description of the synthetic sequence. primer

<400> 10 - 55
ttrrrtgaat Toghogacca ggtgc

<210> 11
<21i> 321
<212> DNA
«213> Synthetic sequance

<220> '
<223 Description of the synthetic sequence: synthetic DNA

<400= 11

ggaaacagaa trcatggegc cgacctette ttctaccaaa aagactcaac tgcaactygy &0
acacctgCtg Ctggacctge agatgatcct gaacggtato aacaactaca aaaacccgaa 120
actgacgegt atcgacgatg acgataaaca cggtgaaggt accttcacct ccgacctgtc 139
caaacagaty gaagaagaag ctottcgbct gttcatogaa tggctgaaaa acggtggtce 240
gtcctocggt getccgoott cgaazaagaa gamaamgaas ggttgataat agcatgeacg 300
tgeggeogea agcottaaaaa a 321

<21il> 12

<211= 90

<212> PRT

<213> Synthetic sequence

<220> ) A
<223> Description of the synthstic sequence: synthetic peptide

<400> 12
mer Ala Pro Thr Ser ser Ser Thr LyS L{g Thr Gin rteu Gin ng Glu
1 5

Mis lLeu Led Leu Asp Leu Gin Met Ig§ Ley Asn Gly Ile A;B Ash Tyr
20

Lys Ash Pro Lys Leu Thr Arg IES ASP ASP ASp Asp ng His Gly Glu
35

gly Thr pPhe Thr Ser Asp Leu Ser LYS Gln Met Gég Glu Glu Ala val
50 55

Arg Leu Pha Zle Glu Trp Leu Lys Asn Gly Gly Pro ser Ser Gly Ala
65 70 75 80

Pro Pro Ser Lys LyS Lys Lys Lys Lys Gly
page 3



<210> 15 <211> 22 <212> DNA <213> Synthetic sequence <220>
<223> Description of the synthetic sequence: primer <400> 15
tgagcggata acaatttcac ac 22 <210> 16 <211> 44 <212> DNA <213>
Synthetic sequence <220> <223> Description of the synthetic sequence:
Zrimer <400> 16 ttttttaagc ttgcggecegce acgtgcatgc tattatcaac cttc 44 page

DEAVZ004-0076. txT
BS 90

<210> 13
<21l>» 39
<Z12» DNA
<213> synthetic sequence

<220 _
<223> Description of the synthelic sequence: primer

<400 13
cgtatcgacy atgacgataa acacggtgaa ggracctic 39

<210> 14
<21i> 36
<212> DNA
<213 Synthetic sequence

<220> )
<223> Description of the synthetic sequence! primer

<400 14
gtgtttatcg teatcgtoga tacgegtcag titcgg 36

<210> 15

<211» 22

<212> DNA

<213> Synthetic sequence

<220> ’ )
«223> Description of the synthetic sequence: primer

<400> 15 .
tgagcggata acaatttcac ac 22

<210> 16

<211> 44

<21Z2> DNA

=213 Synthetic sequence

<220 _
<223> Description of the synthetic sequence. primer

<4Q0> 16
tritttaage Thgeggocge acgtgcatge tattatcaac cttc 44

page 4



