1 Method for producing carboxy-terminal amidified peptides SUMMARY In a first aspect, there is
provided a method for the production of C-terminal amidated peptides of the general formula 11
(AS)n-Xm-NH2(formula 1) wherein AS is a genetically encoded amino acid; n is 5-2000; and X is a
basic amino acid or derivatives thereof, m is 1-15;1and n and m are whole numbers and wherein i) a
host cell transformed with an expression cassette, vector or an in vitro expression system, each
containing aitersier scrdudnacatodrtaaing rrmfiled: RABHEE Xm2-Yp(formula 1) wherein AS is a
genetically encodable amino acid; X2 is a basic amino acid or derivatives thereof; m2 is 1-15 Y is at
least one rguUltiligiRIYge amino acid; p is 1-10; wherein nz, m2and p are whole numbers; is cultured in

a nutrient medium, ii) the nucleic acid sequence is expressed, iii) optionally th resse
compound%kffﬁééﬁ@%mﬁfﬁr&ﬁrwﬁ%%@MW%o‘?r é’ﬁfi‘@gg 8|€§7 E‘Z'"i\?fthe
expressiongprightets freptiddsarfttre igtmeretifetenptadlucts from Hi) are reacted with an alpha-amidating
enzyme after an optional purification step, and

{ASIN-Xm-NH2 (formula 1)

wherein

AS is a genetically encoded amino acid;

nis 5-2000;

and

X is a basic amino acid or derivatives thereof,

mis 1-15; and

n and m are whoie numbers and wherein

i) a host cell transformed with an expression cassette, vector or an in vitro expression
system, each containing a nucleic acid sequence encoding formula I

(AS)N-Xmx-Yp (formuia 1)

wherein

AS is a genetically encodable amino acid;

X, is a basic amino acid or derivatives thereof,

m, is 1-15

Y is at least one neutral charge amino acid;

pis 1-10;

wherein n,, moand p are whole numbers;

is cultured in a nutrient medium,

i) the nucleic acid sequence is expressed,

iii) optionally the expressed compounds are released from a precursor peptide by
enzymatic or chemical cleavage, '

iv) the expression praducts from i) or the intermediate products from iii) are reacted with
an alpha-amidating enzyme after an optional purification step, and

v) the C-terminal amidated peptide of the general formuia [l is purified.



v) the C-terminal amidated peptide of the general formula Il is purified. la DETAILED DESCRIPTION
The present invention relates to the production of carboxy-terminal (O-terminal) amidated peptides,
with C-terminal amidated lysine, in particular with the biological activity of GLP-1 , the chemical or
biotechnological precursors and intermediates thergof, methods for the production thereof and uses
thereof formmuﬁcal products. The number of people suffering from diabetes or
obesity is i i f rates throughout the world. It is therefore to be expected that
drugs which show high therapeutlc benefits in the field of this dlsease must be.made available in
increasing TelREasht UGG PaRAE 4B pRe RO HE580%)0PIBE A &1 Y88 ibes peptides derived
from exendimmivhighoitaccoumtialtheiitb|Sotbenigar-rowesing hsivh Bieafimbrance as possible
drugs in thg freatmentebdiabetesinr ether matabaliccisarderswhictecamsfopiexample lead to obesity.

In particular, on, Age0 %EOH&%B%&O@&I&@J Theshagise ahaction.iisratsesent expected that
diabetic se uéﬁae will less marked o muqh m%gmuté: {9‘3%?@5 described in US2004/0106547 Al
heqntro lon 0

are found tBHe-EFIEAIAR %rc?\?e%% HERBLRLD one or more C-terminal lysine
residues, the terminal one being C-terminal amidated. For the production of these peptides, various
production Thethars arefmentierediinitgSR004i0166547 Ah<ohe!sdimE2t'd Wittechnological method,
wherein, aﬁ%n@;@&%'uﬁéﬁm&@ﬁ@m myeasts, the tkgeigeoteindsissiated frem the cell

disintegratian proghich, Hawsyer eRtides wihrare-G-emaiaaanidated are gy formed in traces by
microorganis s sot lotech |cal pro E ion as tqtroposed in US2004/0106547 Al can only be
s*

effected veﬁ‘?lﬁﬁgﬁcﬂéf&@r@d@éﬁﬁ@ 2R 817"RsAh ditémnative, the application describes the chemical
total synthesis of the peptides in question. For this a modified Merryfield synthesis is proposed, which
is however Biitevenyisihatioud S2004/A456eHEt et WikshigaTosrlidem vy the F&d8ons for this are the
fact that the.aming agldsruspddesdhe snthesismistdigtbepeadycediandsparifed, in order then after

chemical mod'flfe@tlon 'obe sl sngciicall méh@&oﬁm SINHESiSAS o7 regeiants. At the end of the
synthesis, the"protective % oups must b remove tgég%% g(#ﬁcﬂwgﬂw purified, before it
can be fornTOfiRQ G PR YR t%aaﬂ 8H1 mlca ?aPsyn eS| is thus feasible at great expense,

and to little e@@b@igiGéﬁh@(/éhfﬁ@éﬂQ‘Er?i%%@%ﬁf@f?g?etlﬁbétbfea&ﬁ’é‘?ﬁ?dﬁm%é% ides at the C terminus
have alreadyioagbsersknosiae Tiicse leswymesas ClRSA@EHer et al., Mot. Endocrinol, 1987 Nov; 1
(11): 1987) peptidyiglycine alpha-amidating enzyme (PAM). The production and purification of such

PAM enzymes i 1 famyliar, %é@‘%rP@é%@}é)@“@gswm @FE%@J&% BE%da@a@i@ed in detail: moreover,
many such enZ)Pme reparatl e.co gérma r@ % %ggg ?fsﬁ,@l , Cytotechnology 31,
1999: 85- 94%@?@89%99%‘38%@%2 "@éﬁ% (5% 5 and JPO 7184). 15Bradbury et al.
(Biochem. Biesiyas. R RBiRRh e Pf@% 1¢5MRFD %a;g howed "in vitro" that PAM preferentially
recognizes as substrate peptides whose C terminus consists of the amino acid glycine. They also state
that basic amipogeidsdn ipiNdenmiaal pesiiien toglpcinestramghnretertidte maction rate of the PAM.
20 It has ”OWQ%%'MB“W g@@&?@%@%”\@tw%é\"miétf%t%mén@h@@aH@@i@gl@ilbaSIC amino acids, in
particular an oe g Iys ne. %%aa%ee %%E%Wﬁ{ lpggg‘[g Béqg@g@bgjwe residue, are -

recognlzed as rlsm
is isoiated Trom the L,ell d!Simegra’non product. However, peptides which are

C-terminal amidated are only formed in traces by microorganisms, so that
biotechnological production as proposed in US2004/01068547 A1 can only
be effected very laboriously or cost-intensively.

As an alternative, the application describes the chemical total synthesis of
fne peptides in guestion. For this a modified Merryfield synthesis is
praposed, which is however still very laborious and is associated with high
costs. Among the reasons for this are the fact that the amino acids usad for
the synthesis must first be produced and purified, in order then after
chamical modification to be used specifically in the peptide synthesis as



Thus. surprisingly, accorqling to the invention, biotechnological production of amidated peptides at
ponS|derany lower cost is rendered possible, in particular of such amidated peptides as are described
in U$2004/010§547 AI‘,.Whereby the desired product can be prepared by a single enzymatic 30 ste
from its C-tgrmln_al glycine-elongated precursor peptide/protein. In the process according to the P
invention, biologically active peptides are produced wkich contain one or more basic amino acids

preferably lysine, histidine and/or arginine residues, in [ i i [ [
_ / , . , In particular lysine residues with a
lysine residue, whersimthe faalhe-tenchindl peinayradiasis it @rmiRal dmdadas ﬁi%fé%a ?ytte}lr(;n el

peptides producggrpwgg g@@eﬁ%a@@@inggpﬂ@@ inveptmudisplayiite birsityiealtac@iityPéf GLP-1,

exer_1din4 or biolagically active analogs or derivative r T resenhi ' [
pa_rtlcular enable@fﬁ&é%técﬁﬁo%d?ﬁﬁrg’rao%u%\é%%\\(:oft e c%ﬂn% nﬁéhi FI§I3€)692 fromhggggéﬁ/r})ﬁ%ug&]? The
said compound Neegihlsahersatpereesesaqd @W&lf)?w&éjég%ﬁ SKQMEEEAVR .

iLrllf/IeErx\i/cl)_rlﬁl\(IA@iSC;nF:Sr?]?(AI?PSKK II<KKK-NH2 Peptides of the formula | are thus objects of the present
5-2000), p'referab yﬂf@j%%%r(wm& )ageogél%{?‘iﬁff_éi‘ ASImpNRiey 'pesegenaticaly@nendable amiro acids; is
D b (G B TR Bl 1 %“teze%ﬁ)ee?'a}' RLgferably 20:400;515igpne or more
. amino acid8'6r V!WW&QWWBE STy /4 e,ehls%(%ne anglgg rginine, in particular lysine;
s 1-15, preferablyd6iiimpartiifard:8; is oré br m'lﬂ%"/ﬁe@@ﬁf’@ﬁwég%\%iﬁgp@ab@mﬁ% &i2bly Yo
?’Lysc)'zeén%?grz(%rggﬂ]zjrﬁep(iﬁfﬂmb*yﬁé%H&H@%ﬂm|§ha; wihvefeition of ancip Brehveoie/Meaers and
10 familiar to the person skilled in the art and has been described in detail:
moreover, many such enzyme preparations are commercially available
( (e.g. K Ohsuye et al, Cytotechnology 31, 1999: 85-94, US4708934,

US5789234, USE255067, USE319685 and JP0177184).

15  Bradbury et al. (Biochem. Biophys. Res. Commun. (1983) 112(2): 372-377
showed “in vitro” that PAM preferentially recognizes as subsirate peptides
whose G terminus consists of the amino acid glycine. They also state that
basic amino acids in the N-terminal position to glycine strongly retard the
reaction rate of the PAM.

20
It has now been found that exendin derivatives with a C-terminal sequence
of basic amino acids, in particular an oligo- o poly-lysine sequence, which
further bear a C-terminal glycine residue, are recognized as substraies
surprisingly welt by PAM, '
25

Thus surprisingly, according to the invention, biotechnological production of

amidated peptides at considerabty lower cost is rendered possible, in

particular of such amidated peptides as are described in US2004/0106547

A1 whereby the desired product can be prepared by a single enzymatic
30  step from its C-terminal glycine-elongated precursor neptide/protein.

In the process according to the invention, biologically active peptides are
produced which contain one or more basic amino acids, preferably lysine,
histidine and/or arginine residues, in particular lysing residues with a C

35 terminal lysine residue, wherein the final C-terminal tysine 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.



preferably are a biologically active peptide or protein. Quite particularly preferred are the
compounds of the formula | according to 25Seq ID No.2: NH2- HGEGTFTSDL SKQMEEEAVR
LFIEWLKNGG PSSGAPPSKK KKKKG (Seq ID No.2) and biologically active derivatives thereof with a
homology of at least 60%, preferably 80%, in particular 90%. 30Also a further object of the present
invention are: a) nucleic acid molecules coding for a peptide according to the invention, preferably
DNA, cDNA or RNA molecules; b) expression cassettes containing the nucleic acid molecules
according to the invention; 35c) vectors containing the nucleic acid molecules or expression cassettes
according to thetinuention: prefierablyoexpression veutirsian saalaRr ipraidprhielesiSaor
expression in yeast ré%or{ b&ct%i@ﬂ %%Irlﬁbo"u% hegt eellsgantapimpte roadeic. adideanalecules,
expression casseies 6f vectors according to the intlgntiolrb ngf? ably bacterial or yeast cells,

forice

optionally also coPEXpRESSIMPR8RAMMETN Pég'in Vitro' eXpressio ich enable the
translation gf RNA-rHiGIERTES 2. SrERMEARDYet-& %ﬁ%ﬁéﬁﬁ%ﬁﬁg}? ggg%&hods for the
production of C-terminal amidated peptides of the general formula Il 10(AS)n-Xm-NH2(formula 11)
wherein ASis one or more genetically,encodabl [ jfs: 1S5z ; ly 10-1000, in

_ |  8¢IflS; 45,°22000; Rreferably ,
particular 15-50(53,9@.“9@%ﬁé@%f@rg}éﬁﬂaﬁﬁa&gﬁa&g?g&md (AS)n and/or (AS)n-Xm is a biologically
active peptide or protein, Xis one or more basic amino acids or derivatives thereof, preferably lysine,
histidine and/or @&@Wgn{q@articula(fblﬁfmais,1-15, preferably 3-10, in particular 6-8; and

10
wherein
¢ AS s one or more genefically encodable amino acids;
n is 5-2000, preferably 10-1000, in particular 15-500, quite especially
preferably 20-400; ‘ _
15 X is one or more basic amino acids or derivatives thereof,

preferably lysine, histidine and/or arginine, in particular lysing;
m is 1-15, preferably 3-10, in particular 5-8;
Y is one or more neutral charge amino acids, preferably
giycine; and |
20 p is 1-10, preferably 1-5, in particular 1
Whefein n, m and p are whole numbers and (AS)n andfor (AS)nXm
preferably are a biologically active pepfide or protein.

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

{ 25  Seq D No.Z:
NH,- HGEGTFTSDL SKQMEEEAVR LFIEWLKNGG PSSGAPPSKK KKKKG
(Seq ID No.2) and biologically active derivatives thereof with a homology of

at least 60%, preferably 80%, in particular 90%.

30 Also a further object of the present invention are:
a} nucleic acid molecules coding for a peptide according fo the
invention, preferably DNA, cDNA of RNA molecules;
b} expression casseties containing the nucleic acid molecules
according to the invention; |
35 c) vectors containing the nucleic acid molecuies or expression
cassettes according to the invention, preferably expression vectors,
in particular expression vectors for expression in yeast andior

bacteriai cells;



20 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 25a suitable precursor peptide
by enzymatic cleavage; d) the expression products from step b) or the intermediate products from step
c), optionally after purification, are reacted with an alphaamidating enzyme to give compounds of the

general formula Il; and e) the compounds of the general formula I ar%%urified inSaisHitabIe
30manner, preferally bygrepatativecctisdrigtoghgphitlflethods HoWalH- it p&fsdH SKilled in the art
is aware that the combjnatigng ofnauanbiosbesmitaborbinphipsieati separafisa theliteie 6an also lead

to the desired purification result. 5 Firstly, in,th X ecerdipg 1o the invention, the
ability of microorganisrfis 16 %%8%1% ﬁgggjré%g(?d%gr:g%i%%%%m%?i%e?(goi}gﬁiggo&thﬁqgm desired
peptide/protein seqagntevlpansRitEEFiAtb %Métg%rmgﬁ%ngﬂ?ﬁﬁN %etuence, which is coupled to a
host-specifig promoter sggtigaeandepeteling on the expression strategy, the target peptide can be
expressed here in such a manner that it is formed by the cells directly or indirectly as a fusion protein

while remaining intracellular. The fusion pratein can either be re irectly witthBAMbsfore it is
processed 10 ch‘@ﬁﬁc‘éﬂ?%’?@ﬁ‘?&n?&ﬂfé@ll@ﬂ thd YESired (arg eTSiﬁ%%??ﬁ%r it is,\ﬁi!n the reverse order,

first cleaved intogthe fusien dragherds) ¢rsfors eidRenmdarsAly FEE&itn with PAM takes place. If a
fusion strategy is selected, then it is clear to the person skilled in the art that the fusion partners must

be linked together via idgi mber which al avage of the partners 15 in such a
B N torm i SE L) e o

manner thatthe N term y§-Xm-Gly lengthened target peptide is correctly present after the
processing. Therg@reia multitude of options for the design of the bridging member. If for example the
amino acid methignine js @ﬁ&@@%@@@aﬁ%ﬂﬁﬁ&l%m@w@é&/ﬁfﬁiﬁ%ﬁ%@%n halide is possible. If for
example a pentarpePtid% %f_%%ﬁeBHﬁ@%?oQQ@Wﬁdﬁl 20spladtadaas helTidgiig exmbe)then
cleavage with enterokinase is possible, |f for example the tetrapeptide sequence IEGR is selected,
then the cleavage can t@éeéﬁ‘@tggfdz\ﬁé%% or Xa. With appropriate design, Genenase(r) can be used as
the processimg eaggme for proteins whose N termini begin with histidine. In the examples section

below, the cleavage 2ysingreimterakinnse istsieneibetdy active peptide or protein,
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
20 nand 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 0 the invention are expressed,

c) optionally the peptides according to the invention are released from

25 a suitable precursor peptide by enzymatic cieavage:

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

e) the compounds of the general formula il are nurified in a suitable

30 manner, preferably by preparative chromatographic methods.

However, the person skilied in the art is aware that the combinations of
known biochemical or biophysical separation methods can also lead to the
desired purification result.

35
Preferably, the process according to the invention is used for the

production of C-terminal amidated peptides [for] the production of

compounds according to Seq D No.1.



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 contaips the target protein into the periplasm or into
the culture medium. 35Host organisms and methods iff principle available 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 UPIEX FYAMAIce diRdkins: HwpRralenddorabs toviteogereaiiorREthaliiy B
mentioned. In the 6c talogue descriptians frg\g@e 8%@@?5B§%g&5@r@u@ﬁmﬂe@@e§which
provide an overvi@WB?‘%F%a@éﬁ?ﬁ)mdﬁqa Wever j IS also clear to the person g@&ed m(ghetﬁg that the
range of the 5 migrieorganismssioedingrrEdRe R ebnsBriDERg Bxtelt ek jUSt as is the repertoire
of biotechnol$gic%lorg}ggm;‘d iEnbedisentsspeciatizedin thisiedpect s hRREEH RSBy e object

of the present invention. Typically by.way o allowing hest/vegtarsystemsanedt0
mentioned: bacteAgHBthe yﬁee%?%éc{)llﬂ %%ﬁr%?s%@%ml&{onell é%accillg 0 tilisor Pegydosronas and

yeasts of the typed¢plastisdPh pEstorisy SefZ08a08a )}Eéss_%éﬂrﬁ%e aiﬁg.) cereyisiae, elow, by
way of example, thejieegf systems brsedostdin cofhikel 2 aima BINS EBIPBIL RS CribEd. T RE berson
skilled in the art is hO}Nevera%wg{ﬁéplagygégéggtwéﬁgnmneg@Mwayfofemr@@@ﬁ@s&eﬁqu|titude

of possibilities for WEFHtloN, Which arise for example from t Iﬁ(gﬁéq ofsuitable prematetseor other
regulatory nﬁ@leic@lﬁ@’&‘éﬁilyeﬁée%‘?ﬁﬁ’@&@ﬁgﬁ%rg o@éert%%sgtgtﬁg st i ‘

. ell and the ve (e.g.
copy number of the:28rBNAdeslelitorcimadid, iete. XNk i@-‘ﬁﬁ@FbE@@P}ﬁ@g?'tBEf?woer D rgo%@{éf%é erlgl the art

that the practical v mples sessribedin hrdexiseprasent.aity avetgaialbsiagition iF Felalon to the
possibilities actual ffeasmle. One alterr@%vqeigot%eg}pMgp{@'@m@i@@gﬁmgms&rﬁmﬁmmn the 25

enzyme is co-exp@@@é&%ﬂ?tﬁ@rﬁp&ﬁ or protein to be amidated in qn t SR gstgell. This

is achieved by introstyeingrinie thé nagin: Me@ kY %’u nﬂ]%\g% |%h§c‘bgd%%%o§ g PAM F}:tivit under

the control of, 8 host-spegific ﬁ%m@ioméecwhbeﬂﬁh‘@exp%éégiéﬁ%équ@bé%f@ﬂ?&aﬁ%r%?gbly

incorporated into the ChfomOSOm%lgg?l,\lﬁ‘rgggf.@gﬁgmwgﬁﬁggsghgeWawmma@b&ﬁm@fplasmid
ort

in parallel to the eﬁﬁ@ég%ﬁsp%) mid for the target protein, or be.| RE exprFgssion
cassette in one andphierins VeetseEBvehhE b%ﬁ%‘% Q%?gﬁﬂgﬁeﬁtﬁiéﬁz unihm;@gase with

the gene sequence,whicheantgs:forithedrget prossircirgarm e esiaFor e S4ine Promoter
sequence. 7 to the formggﬂ)\eTgp RIPCSsSes RCEOriNgatscibitinvention aeockarst Bl tRat

recombinant organll%n?soare prodyced which sy i tigle PFEGHrSQRS Whishatandberibe
converted intd& pe‘“gﬁi&é%@rr@épgﬁ%%)d i f@%}nﬁﬁéﬁ AReR e aves

a l'in the presence e diregtyer by
linkage with one orgoesiblmsit toniexpamios m@‘%@g%eﬁ‘g%ﬁ%?dg%%e%% Iyzihe, histidine
and/or arginine res?(glée%jgé%i@é, i@a(a,ar[tjgu@‘ﬁéxzsmie,wméa;if@thé(%edﬁ'éﬁc@%o@ﬁélﬁfﬁn SiNidated. 10
15the produgtlon o] g@%he%%rg%@eggﬁatl)grggggtg ﬁ,@@@@@@@u{g:@lnzyn?e for proteins 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 pep’tidg can ble
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 particutar of

30  rmicroorganisms, 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 available for this are known t'o the
person skilled in the art. These are to a large extent also avali?ble
commercially from a muititude of suppliers. As typical examp’les, the firms
New England Biolabs, Invitrogen and Roche may be mentioned. In the



Further objects of the invention are also the uses of the compounds of form i
amldatgd peptldgs of f(_)rmula Il according to the invention, WFr)lich have beenuLE:(;(;)lJr(‘:[gg k():ytte}lr?gzlhod
according to the invention, in.particular the compounds according to Seq ID No.1 or 2, for formulation
preferably for _the treatment of carbohydrate metabolism disorders, particularly prefera’bly for the ’
treatment of diabetes mellitus. Examples 20Example 1. Synthesis of an E. coli-specific DNA sequence
coding for AVE1.44-Sly Firstly, the gene sequence Seq ID No.3 coding for the peptide |
AVEL,44-Gly 25(SeqdDUNo®)seastprepdred SegiD Ne'S: efe 2 c @ﬁ%ﬁcfé%@ KRG

GTACCTTCAC GTEEGACATG TEGAACAA TEBAIBMGA ACCTGTTCGT CTOTTCATCG
AA AAACGGTGGT CCGTCCTCCG GTGCTCCGCC TTCGAMAAG AAGAAAAAGA

AAGGT. TGATA ATAGCATGCA CGTGCGGCCG CACCTGGTCGA C AAA
synthesis of the gmd@iﬁo@wﬁ%ﬂfé@téﬂ%@ﬁ@wif Hbigﬁf%%é%s%ﬁg I (;%vfr%%h;imers
were synthesizeqlygheeieal RN Asymiests. This syntinssinilad effecdaisisg tHesExdetitelrm DNA

synthesis system, 35a)Primer 1h . " 2 . .
ITTAAGCTTGC érﬁéeéﬁ gatfgmﬂ@ﬁ%%m RNedhnh & sgdcialized in this

0.4 comprises region 1-23 of i
zp3a has the seq@eRESHBERIBNG B’ %@@‘I’%@%ﬁ? ﬁ&gﬁé@ﬂ%@@éﬁggf P Primer
:ﬁg;éii;;CdSACCQTGCAAG CTTAAAAAA-3" Seq ID No.5 comprises the region 1-59 of the
GCCATTCGA[]F %fg%rﬂg/&%ggi@sﬁheé@qygpécectﬁéeqd%\hm@):@s%m@GGW@@TTTTTCA
comprises e reGIsAHATRE AU s Bana. Dimgr 2b s e cbaenee (Sea D No.
OTOCATCCTA TIATEARCETTIOTANAEATE 1PASE AT 16 Pe K. GRS CPEGERTGHE No-1):

i Schizosaccharomyces pombe and S. ceravisiae.

Below, by way of example, the use of systems based on E. coli K12 and E.

45 coli B is described. The person skilled in the art is however aware that
these systems mentioned by way of example offer a multitude of
possibiliies for variation, which arise for example from the selection of
suitable promoters or other regulatory nucleic acid seguences, the genetic
properties of the host cell and the vectors used (e.g. copy number of the

20 DNA, selection media, etc.}. It is moreover clear to the person skilled in the
art that the practical examples descriped in the text fepresent only a very
small selection in rejation to the possibilities actually feasible.

One alternative fo the “in vitro” amidation using PAM arises when the

25 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 acfivity under the control of a host-
specific regulation seguence. This expression seguence can either be
stably incorporated into the chromosomal DNA sequence in question, or be

30 present on a second plasmid in paraliel to the expression plasmid 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 seguence.

35
The present invention thus includes biotechnological methods for the
production of peptides of the formula | or derivatives thereof, which display
at least 80%, preferably at least 80%, in particuiar at ieast 90% homoiogy



AGGCGGAGCACCGGAGGACG GACCACCGTT TTTC -3" Seq ID No.7 comprises the region 91-164
of the antisense strand. e)Primer zp3d has the sequence (Seq ID No0.8): 5"- TITTTTGAAT
TCGTCGACCA GGTGCGGCCG CACGTGCATG CTATTATCAA CC 1 1 -3" Seq ID No.8 comprises
the region 144-197 of the antisense strand. 20 Using the primers, 4 FOR reactions were performed
consecutively under standard conditions at 54C. In reaction 1, 100 ng each of the primers zp3a and
zp5u were used. The FOR cycle number was 5. In the second reaction, 1/40 of the reaction was
treated with 100toghedichnofitheé primers zp5u and zp3b in 10 cycles. In reaction 3, 1/40 of the product
of reaction 2 25 was treated with 100 ng each of the primers zp5u and zp3c in a further 10 cycles.
Finally, in 25 PCR cycles with 1/40 f%]ﬁ ro 0 ian grandtheyienersizpbu trad zp3d, the
desired DNA fra Rﬁ?err?r\%%sg’)?nsthgs‘:?z:% ,g%d%iﬁ%% mhngg%ﬂe%g%gg g?%ﬂ&@%@g[ﬁ@@. The
desired DNA fraggnentowas porgrid Hne ?é%&é%dﬁﬁgétwg?%stsri\{:%on enzymes EGOR1 ang then with
Hind3 in acgordwg@m&&htheemwwt&mumdir'r@mﬁ:tnﬁfé‘méwrw&r‘i@‘Bﬂ)l@b@}? C@W&res were
separated by meaQREOé%&e%%%W&&%@@m@wm tesithialgmetin fragnuerpAenPPBIC 19 and the

desired product Wom reaction 4 were. isglated,, Th ified. fr ligated togetise in a T4
ligase reaction o%EHARIAAHL 6¢, gwaggr%ﬁe‘i%%rt%@u i &ééggl’?%r‘é@ﬂﬁ G

' E. coli cells &trataggjge, strain gé%.ge%%(uo Gold)
were transformedrwilr trgitigationsiaing e plate P BUIHIAL HFEPHIEIEE €ontaing 25 mg/!
ampicillin. Plasmid ®DNAwas iseltedrom the individual clones and characterized by DNA sequence
analysis. 10 The plasmid DNA of the desired fragment was hamed pSCHPUCZP10. It was used as the

starting material for the production of expression vectors for the synthesi q%rﬂgggH@rO@eptides
according to the vémiopdieetsceli K2 Eéﬂfé?tﬁE%%BTé%:t%oﬁjth{?écﬁir? P expr ssiog yectors which
code for the pregursQpeptidaAEE#GlaFv gehRsalices b MR BEb RS ATETHACR the coding
sequence was nf1oguesd iR the HecorpiobisAdsem the firen InvithagenqCAEiRy Ko BO K360-01)
A fusion protein comprising thioredoxin, which js li ' 8, REEGUISOR NEPHEL1AMED  44¢Cly via the
enterokinase rechyfioR séq EHB0 “Was !@ﬁ?&vﬂ%m - ]

rmed. By treaiment with ent |pagednvitrogen),
AVE1_44-Gly wabaelgasedching carf then Béﬁmﬁfﬁt&@%toﬁ%g%}be%ro?eireFrpA%r T 44-NH2 in
accordance with 1%m{ﬁ)ﬁ,(Qﬂl@f@};ﬁbmefpresbacereé‘mmtZQIVVQMPW@@%%EOIIW Ltd.). Two
primers with the followjng sequence ,rgg iZedh Primenépt trichislendthradiidnsH1 cleavage site
(Seq ID No.9): 5-%3Pffé§A5f'%{€é%%e¥?%A CGATGACAAG CACGGTGAAG GTACCTTC-3'
Exampies
20 _ , - o f
Example 1. Synthesis of an E. coli-specific DNA sequence coding for

AVE 4s-Gly

Firstly, the gene sequence Seq 1D No.3 coding for the peptide AVE144-Gly
( 25  (SeqID No.2) was prepared.

eqg ID No.3:
STT%TTTAAGCTTG CACGGTGAAG GTACCTTCAC CTCCGACCTG TCCAAACAGA

TGGAAGAAGA AGCTGTTCGT CTGTTCATCG AATGGCTGAA ABACGGTGGT
COGTCCTCCG GTGCTCCGCE TTCGAAAAAG AAGAAAAAGA AAGHT TGATA
ATAGCATGCA CGTGCGGCCG CACCTGGTCGA CGAATTCAAA AAAA

30  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 F:".xpediteTM DNA synthesis

sysiem.

35 a) Primer zp5u has the sequence (Seq 1D No.4):



30 Primer ZP_thiohisrev with an EcoR1 cleavage site (Seq ID No.10): 5' - TTTITTGAAT
TCGTCGACCA Gel-GC -3' The primers Zp_thiohisf and ZP_thiohisrev were used in a PCR reaction
35 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 BamgH1 and EcoR1, in a T4 ligase reaction. 10
Competent E. coli BL21 cells were transformed with%éi tion mixture and plated out onto selective
agar which contained ﬁ'mﬁmﬁiﬂﬁﬁ%%é %éswlgejisolated from some clones and
analyzed by PCR and g@gsggw I@b};ﬁpﬁme]nea’ag'aﬂys“isZ?I@éTéj\@sﬂ@dSﬁ(féTW@clones, which 5 were
named pTHIOHI5AZP10-Gly, were analogously checked for expression of the fusion protein in

accordance with examEIe 14 of the patent US549692 Sgn! %agjs of the positive expression
analysis, one cléne wa! P Pg :

BRI AR Tt 61%§ o Loar ities-ptmaterial. The
fusion protein formed cénﬁm%@ggﬁml'%gﬁ inkéd Si Wﬁ@g&?ﬁﬁ%ﬂﬁ %?g afl-tae(?]terokinase
recognition ggquence (ﬁg{;@m@@swmétontent whereof is hereby express[y _
incorporated into the p%%%@%&l%acg%%éﬁ%@%&dﬁqp%%? L expressinssystem which in

principle enables the p lon of made-to-measuré fusion proteins. The 15 advantage of the system
lies in the fact that fusion proteins with a small ballast content can@tie produced. If the sequence

segments A-B age fusedrivithr AYE ha4-Bly seguhe enté@kintadiorBtognition sequence DPDDK, then a
fusion protein vjﬁ the f@ilmﬁmm@&@ﬁﬁwgﬁgﬁmﬁ&%ﬁ@&%& obtained: 20

Seq ID No.11: GGAAA%@@?@@ %@i%%@&ﬁ%TMCAAAAAG CTCAACTGC
A

AACTGGAACA CCTG , TGATCETE%O%%GTAEI’CA%&%QJACAAAA
ACCCGAAACT GACGBBTIRTOEADERTESEA AFARNERX RRBETACC TTCACCTCCG
ACCTGTCCAA ACAGATGGAA GAAGAAGCTG TTCGTOTOTT CATCGAATGG CTGAAAAACG

GTGGTCCGTC CTCC ICGAMAASGAAGAR ARAGAAAGGT TGATAATAGC
KTCACGTGC G0 R L e by OV TR TOTQGAHLL

DLOMILNGIN NYKNP ; DKHGEGT 25 F Wl KNGGPSSGA
PPSKKKKKKG The pre&%ﬁﬁ%@@%@@%@gggﬁr&%?ﬁeaﬁteé gg\é’\%R technology. For
this the following primegeyere NyIhesizeds S0 )ePregen v S4sici ey 15 N6, SRME:
CGTATCG&CG ATGACGATAA ACACGGTGAA GM-ACC-FTC -3' 11 '

Primer zp3d has the sequence (Seq 1D No.8):
’ 5.TTT !pi TGAAT TCGTCGACCA GGTGCGGCLE CACGTGCATG

CTATTATCAA CCTT =37
Seq ID No.8 comprises the region 144-197 of the antisense strand.

20  Using the primers, 4 PCR reactions were performed consecutively under

standard conditions at 54°C. In reaction 1, 100 ng sach of the primers zp3a

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

reaction, 1/40 of the reaction was treated with 100 ng each.of the primers

zp5u and zp3b in 10 cycles. In reaction 3, 1/40 of the product of reaction 2

05 was treated with 100 ng each of the primers zp5u and zp3c in a furthe'er 10

cycles. Finally, in 25 PCR cycles with 1/40 of the product from reaction 3

and the primers zp5u and zp3d, the desi_red DNA fragmer;t was

synthesized, and its length was checked by gel electrophores&s.'T-he

desired DNA fragment was purified and reacted with the restriction

30 enzymes EcoR1 and then with Hind3 in accordance with the
manufacturers' instructions (New England Biolabs).

in parallel, DNA of the plasmid pUC19 (New England Biolabs} was treated
with the enzymes EcoR1 and Hind3. The fragments from the cleavage



The sequence of the primer thus covers the enterokinase recognition site and the start of the
AVE144-Gly coding sequence. 52) Primer psw3_zpcolrev (Seq ID No.14): GTG 11TATCG
TCATCGTCGA TACGCGTCAG TTTCGG -3' The sequence thus corresponds to the synthetic
interleukin-2 sequence which according to Table 1 of US5496924 covers the amino acids 34-38 10and
2/3 of the codon for the amino acid methionine. The rgst of the primer sequence overlaps with primer
psw3_zpcolf. 3) pBprimefl (Seq ID No.15): 5' - TGAGCGGATA ACAATTTCAC AC 3! e primer
hybridizes upstreariuadth W@Em@l‘éﬁ@éivéger%ﬂé%hﬂh%%%%a%@é%%l%@mﬁ %ﬁg%rjf(gl%gurg 33 of
U55496924). ) psui3candiQeniraxwithohindBdSaat éhsittedeg 1D N626)o%0 Bag4NIMOO

TTGCGELLLC ACGTGEAL A i A EwWeRER sauererperfoimdiasparallel.
One was performedon Bﬂﬁt%ﬁ'tchrg %-lg%ﬁ éis whrd WodrbeR sgueter

. smid pK50 with the primer pair ' p iZpcolrev at
50C and the othesaehetich Sitet&primér d%%s%%“j%%g%ﬁ! gw&?ﬁ% 635\/%?%% colr ’v%\e{tééfc on DNA
of the plasnaid pEHIQHISAZD IR6)ywEHe FORprotittyieteeplignbaafidr Pe?él‘fré’ Ai5tsis
separation, one 8“19?{3}1@2 ea%q; v&ggeg]igglpltmrﬂﬂ]g1ggtiﬁqgndgth@r'm'r|$iactéda§raid1iEd\FDR/%\ﬁth the
primer pair pBprimefl and psw3_zplQOcqlrev. The FOR pr [ eRzayaes EcoR1
and Hind3 and ih%%‘ﬁ@?ﬂirffB%ﬁ?O’ f&@iﬁaﬁ& ,egpgﬁézj%%%gﬁe%gvﬁﬁé hgsﬁugrti%mes, inaT4
ligase reaction. Gaaipsient E. coli BL21 cells were transformed with the ligation mixture and plated out
onto selective agar which contained 25 mg/l ampicillin. Plasmid DNA was reisolated from some clones

and analyzed by FOR and s ue, W is, Regitive g Weridméd
35pBZPlobOand%é) %?&@Je@f?r‘ gfépe%s'\éw%ﬁﬁ%{ﬁ usion yh';'?é%eil{l. Thq( FS)??%%SDJ% Rrodidcts were
analyzed by ma%@pééﬁdrﬁétﬁ?%ﬁéaﬁty@ﬁ@@?eﬂ@g n%\?ngg R%t%crrir%rr]lu% ?ex?érmined,b rotein
sequence analysisr tha Astitakie cldhe peersetectparbiaseeraM@MAOH S Mﬁ@eé?tﬁ’u'};ﬁii fes of
material. Examplgoﬁ:yg,pjrgglrfgation of the strains constructed in Example 2 5

15  Example 2: Construction of expréssion vectors which code for the

precursor peptide AVE.44-Gly

For the production of the peptide AVE.44-Gly, the coding segquence was
_introduced into the vector pThioHisA from the firm Invitrogen (Catalog No.

20 | K350-01). A fusion protein comprising thioredoxin, which is linked with the
precursor peptide AVE.44-Gly via the enterokinase recognition sequence
DDDDK, was formed. By treatment with enterokinase {invitrogen),
AVE...-Gly was released and can then be converted into the target protein_
AVE_4a-NH; in accordance with Example 7 (below) in the presence of PAM

25 (Wako Pure Chemicals Ind. Ltd.).

Two primers with the following sequence were synthesized:
Primer Zp_thiohisf with a BamH1 cleavage site (Seq 1D No.@):
5. TTTTTTGGAT CCGGTGATGA CGATGACAAG CACGGTGAAG GTACCTTC-3
30
Primer ZP_thiohisrev with an EcoR1 cleavage site (Seq 1D No.10):
5 - TTTTTTGAAT TCGTCGACCA GGTGC -3

The primers Zp_thiohisf and ZP_thiohisrev were used in a PCR reaction
35 under standard conditions with pSCHPUCZP10 DNA as the tempiate. A
PCR fragment was produced, which after cleavage with the enzymes
BamH1 and FcoR1 was directly inserted into the pTHIOHiIsA vector,
correspondingly opened with BamH1 and EcoR1, in a T4 ligase reaction.



E. coli BL21 cells, transformed with different plasmid vectors coding for target peptide derivatives
(fusion protein) were cultured in a fermenter in mineral salt medium or complex medium (see Example
1) at 30C or 37C and a pH of 7.0. The pH adjustment was effected using an NH4+ solution 10 (26% in
water). The aeration of the culture was ensured through a control strategy which kept the dissolved
oxygen in the culture broth constant at 30%. For fed 1l%}atch processes in mineral salt medium, a
glucose solution (60% w/v) was fed in (8 g/L/hr to 26 g/L/hr) after co,mpletiop oftthe bag&[}rghase. The
induction of protemr@qimes‘:b.namh’sEéﬁ%ébteﬂi|byWﬁéeaHéiﬁi%WW§@ G (2 BMFh AT EoRcentration

(f.c.)). The duraggg afdhesinducian was &iddsgar hettoipressiomef ths tacgee protelii WaS detected by
ide

SDS polyacnlamde gel segiiophoresis (SHSPAGE) T FLarssaiamalAYE by1#CH0 wes carried ou

as described befb¥F™ pension were withdrawn from a perman lture.f E. coli
BL21 cells storesliase80EaNACEBAKRNS B0AEHs Wi g%ﬁi{len gt%’%&fgm%%%b%ﬁgéulture

medium, The Majg-eulthiBdhefEHIBReARRS 28Hnculsese toaiRineeuRliond&RLRS of 6701 to 0.05

yonst extract 5 SHAEEI B4 gY - gamesiiurh tdl #ryptohe 3010 g/L
iy aeroetiate grapUH A precHBuR: Frosiemesium Sdriizet dypto .

a ain culture medium: ined mir iu Tq]! edium)
based on glucoﬁv‘%‘fh‘é%%‘3:%@198&-s&ﬂé@?\]%ﬂ’?é%/ﬁ%ﬁe??ﬁ?%ﬂ%ﬁﬁ%gﬁ%c%%@&%ﬂgﬂcs, Cold
Spring Harbor Lalokatons (49@2)d Ehchishuen g Ridse %R}ffbﬂ‘%§?éarﬁﬁrﬁ8@ Expression
induced by addiHQé}é}fjéETﬁ,élng}éﬁcp}@@%th@rma&imahmépeeﬁsiomdbm@, fudiish protéikiasiter the

e

induction observed. 5 Using fqr example the - Ecanalysis sysiamdrope thefmm. Novex
(NuPage(r}%ov@S%f% %é‘f"s’@f(e\fﬁa, %@i?r%tgéﬁﬁg%ﬁ§%%2 gF‘WIZZ)ﬂGCionnEi portions of cell suspension, which

had been withdrawn from the fermenter at different culture time points, were analyzed in %Ccordance
with the manufaglgeerissastustionsnlenExarapefdsMaitbationsr sre {RSEFPAFGER Mo the

present application by reference, proposes an expression system Yvhéch in
principie 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
hallast content can be produced. If the sequence segments A-B are fused
with AVE (.4s-Gly via the enterokinase recognition sequence DDDDK, then a
fusion‘pmtein with the following gene and amino acid sequence (Seq 1D
No.11 and 12) is obtained: '

20

Seq 1D No.11: '
GC(;IAAACAGAATTC ATGGCGCCGA CCTCTTCTTC TACCAAAAAG CTCAACTGS

AACTGGAACA CCTGCTGCTG GACCTGCAGA TGATCCTGAA CGGTATCAAC
AACTACAAAA ACCCGAAACT GACGCGTATC GACGATGACG ATAAACACGG
‘ TGAAGGTACC TTCACCTCCG ACCTGTCCAA ACAGATGGAA GAAGAAGCTG
| TTCOTCTGTT CATCGAATGG CTGAAAAACT GTGGTCCGTC CTCCGGTGCT
CCGOCTTCGA AAAAGAAGAA AAAGAAAGGT TGATAATAGC ATGCACGTGC

GGCCGCAAGC TTAAAAAA

Seq ID No.12;
MeﬁPTSSSTKK TQLOLEHLLL DLOMILNGIN NYKNPKLTRI DDDDKHGEGT

o5 FTSDLSKQME EEAVRLFIEW LKNGGPSSGA PPSKKKKKKG

The preparation of the coding gene seguence was effected by PCR
%echno&ogy. For this the foilowing primers were synthesized:

30 1) Primer psw3_zpcolf (Seq 1D No.13): '
5. CGTATCGACG ATGACGATAA ACACGGTGAA GGTACCTTC -3



Isolation of the BZP-AVE1_44-Gly fusion protein: 200 g of biomass of a recombinant E. coli strain
were resuspended in 15 300 ml of Tris buffer (50 mM Tris/HCI, pH 7.4; 1 mM EDTA). Cell
disintegration was performed by twofold high pressure homogenization (Rannie high pressure
homogenizer, 1000 bar). Insoluble components in the homogenizate were removed by centrifugation.
The supernatant was filtered under pressure (Sartorius 0.22 um filter, type 111) and applied onto 20 a
chromatography column (Source S, Amersham Bioséiénces) previously equilibrated with buffer (50
mM Tris/HC1 pH 7.3; 1 mM EDTA). After the sample had been applied, a washing step was effected
with equilibration buffer (2 col B h%% - followed Ry-afiathararasning:stepoyititibBositegh salt
buffer (50 mM Tr é 90’%% Njg(fg , 1. mM EDTA). The Zg fractionation was effected by
application of a W@ﬁﬂﬁiﬁ@kﬁg@&ﬁ“&*@? V& 551G volumes. The fusion protein content

of the individual fractions was tested by SDS gel electrophoresis (NuPage(r) Novex 12% gel system,
Invitr(l)dgt(an)l.lgusi%ﬁulpygﬁ%’pmglmlfé%ﬁ(@@é wexescombined and concentrated between 5d gnd |
10-fold (Millipore ultratiltratio -0 m@é Fhegonesatsate was used directly
for the protease éee@&&éﬁgcf@g? é&ﬁ?@%@ﬁéﬁ;e into emgkinase %S?fe?(SO mM Tris/HC1 pH
7.4, 50 mM NaCl, 2 mM CaC(2), or further purified by gel filtration (Superdex 75, Amersham
Biosciences) bef%t%gmeﬂwﬁimsmr@eampmg:Wﬂlmi%‘@@idﬁféfia%i&%d%‘?(ﬁ?ﬁﬁ%n protein
containing Seq 1D Q.3 52@&9@;’ hiomase o arrerosibisant Eovelistrainaner resiupEddad in 50 mi
Tris buffer (pH 7.%; it AJ. Cell disintegration wa per{ r %gleb)i— o,fggq Q;gclﬂé)r@ﬁmle
homogeniziion ERENAR AigheRERRHomdGERRRIY Olﬁ%arlrﬁnsdlu le components in the
homogenizate wetgyemeyeddysgantrifogativar Paie ELERGABtant was filtered under pressure 10
(Sartorius 0.22 tm filter, type 111) and applied onto a chromatography column (Source Q, Amersham
Biosciences) previously equilibrated l[t\g buffer (50 mM Tris/HCI pH 7.4; 1 mM EDTA). After the
sample had beerﬁbﬁﬁ@(‘f‘ﬁ%ggﬁ%é&; B WHs effected with equilibration buffer (2 column volumes),
and the fractionatin WaSREATHA AGAETISR 0L $art>15 gradient using high salt buffer (50 mM
Tris/HCI pH £.4; 0.3 M NaCl, 1 mM EDTA) over 6 column volumes. The fusion protein content of the

e T AR ERe Y i \NERsRe (3 AieRyc] BRe gehaystéam,
InvitrogenTm). Fﬁsﬁgn%}g}%fﬂ] r%%%sgﬂﬁg%%ﬁpmﬁﬁ : dloxgge

cyggntalnln jons were i concentrated 5- to 10-fold
(Millipore ultrafiltre@ioie €&if ibﬂimﬁtpgﬁozgﬁ%rﬁb%n%ﬂ%%e con%% itrate was further fractionated by
gel filtration chromatography (Superdex 75, Amersham Biosciences). A previously equilibrated column
(50 mM Tris/HCI pH Z.45 2001m Ngeliwasiieriee sty epsite §36of théladiGmn volume with

concentrated fusion'protein_soluti ToTa OXFHsIng witheguiibr aonchuffer. The 25
fusion proteéifd cor§ehﬂ%ﬁ%@%ﬁ&?%g%#s@%%%%%ﬁﬁ%ested by SDS gel electrophoresis '

((NuPage(r) Novex 12% gel system, InvitrogenTM. The relevant fractions were combined,
concentrated to ¢, Pk (Wirspireeneahiratmsaliédh Dok esrerovnadEnBRY AR thE buffer
exchange into enterokinas ffer Trs{HGIPER A2 mMdNasBwascetfested By 30means of
diafiltration units %ﬁb@e%ce . %ﬁ F?Péé::hééggn% %@thebgégl_..44e-§3Iyg%rigcu@g\;?)stgggowaséhgn effected
using enterok-inaﬁ’lénakb@ou%h% Ei@ﬁ?ﬁ@h. ¥8Exa 8Ie @:”@epar ition of the (“;‘Iezg%/ %ﬁn%oducts from
the enterokinase f@wagg’lr{e@@lﬁ@m 45 fproduots Whke eipHiateRfom omerARGHRS 6 1 %hange

chromatography G

ourGe 305 AMGISNAR Biasrianees): Tae issin syaogthisisbpoitonaiss
adjusted to ca. 10 mS/cm by addition of sodium chlpride, Aft icati prek@in sahwion onto
the previously eq@ii‘i‘B\dﬁ’Fe@fBQ@Smr‘Hﬁr@WﬂHﬁﬁsﬁigﬂ, {)ﬂ@%ggﬂéﬁiﬁg CI]t\lhaﬁ I};{ a conductivity of
ca. 10 mS/cm), upltunidematienial was washeoalit dith Bﬁ‘ffér_@tf %ﬂr‘?’MSIH}Eﬁ,% %_&r% Usted with
NaCl to a conducw%'g pi.CR=d 0 M5/ enR) - s slatoR afRtte AME Hi4G yape plive e &Tiected by

application %a gr&algrrr]\%og Or,m\élplg%gclj Oi\éerp]a(?a(f@fjmﬁﬁlqw%seﬂzymes, in a T4 ligase
reaction. Competent E. coli BL21 cells were transformed with the ligation
mixture and plated out onto selective agar which contained 25 mag/t
ampicillin, Plasmid DNA was reisolated from some clones and analyzed by
PCR and subseguent 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.



The identification of AVE1.44-containing fractions or precursor stages to AVE144 was effected by SDS
gel electrophoresis, HPLC and mass spectrometry. The appropriate fractions were combined and
lyophilized after removal of organic solvent. Finally, to confirm the amino acid sequence, the
AVE144-Gly isolated was totally sequenced via Edman. Example 7: Conversion of AVE1.44-Gly into
AVE1l_44-NH2 The reaction was performed using the,enzyme PAM (peptidyl-glycine- amidating
enzyme Wako Pure Chemicals Ind., Ltd. (Ordering N@. 161- 16971)) in accordance with ths
manufacturer's iﬂsﬁ&l@éﬁ@iﬁscﬂoﬁeewﬂlagsttiea’@aicf'@nT@@nfﬁﬁ@@é’ﬁ@h&o‘f‘h‘éff&ﬁf@\ﬁfﬂ%%%gﬁ Whs made up:

1jiM (;uSO4 5 V\éltéﬁli?}_mM Na ascorbate 30230 U/m1 catalase (bovine, Fluke) 600 U/ml PAM (Wako
Chemicals) 0.1 rs/HCI pH 7.0 with 0.001% Triton X-100 The solution was preincubated for 1 hr at

37C and then the AVEI44Gly 35 protein solution (Tris/HCI pH 7.0, 80 jig/m1 ffnaé concentration) was
added. The readfiommibetdreFwas endal RMABHTR 'E?Af@ocﬁpﬁtfé‘?t‘?ﬁér&% RoF thie reaction was

followed byssampling at different times. At maximal conversion, the reaction was stopped by addition

of a 50 mM EDTA 18,saljon.o thegaclion iiuis Wiksfaan seraicddasdmn extirandar

chrom _ ' i , _
applieél’j1 tt(())gtrr?ighcéﬂiﬁﬁﬁ: Fé(gﬂgé;%u&nﬁ%%egh%iﬁiﬁgﬁég ﬁ&@%%@?:@:%%% Sragent was

mineral salt medium or complex medium (see Example 1) at 30°C or 37°C

and a pH of 7.0, The pH adjustment was effected using an NH,™ solution

10 (26% in water), The aeration of the culture was ensured through a control

strategy which kept the dissolved oxygen in the cutture broth constant at

30%. For fed batch processes in mineral sait medium, a glucose solution

(60% wiv) was fed in (8 g/Lihr to 26 g/L/hr) after completion of the batch

phase. The induction of protein expression was effected by the addition of

15 PTG (1-4 mM final concentration (f.c.)). The duration of the induction was

6-8 hrs. The expression of the target proteins was detected by SDS

polyacrylamide gel electrophoresis (SDS-PAGE).

The expression of AVE1_44—GEy(—fusion protein) in E. coli BL21/pBZP100
20 was carried out as described below:

100 pL of cell suspension were withdrawn from a permanent culture of E.
coli BL21 cells stored at -80°C, and incubated for 10-16 hrs with shaking at
37°C in 0.5 L of precufture medium. The main cuiture in the fermenter was

25 inoculated to an inoculation density of 0.01 to 0.05 ODgyp with the
appropriate quantity of preculture.

Preculture medium:
5 g/i. Bacto tryptone

30 10 g/l yeast extract
5 g/L. NaCl

Main culture medium:
Defined mineral salt medium (minimal medium) based on glucose as the
25  carbon source {Jeffrey H Milier: Experiments in Molecular Genetics, Cold

Spring Harbor Laboratory (1972)).

After consumption of the glucose initially present in the main culture



Eluent B - 50 mMol phosphate buffer pH 7 + 1 M NaCL The column w

temperature with a throughflow rate of 102 ml/min or 1 ml/min. The elutedifac():?iggastigeigigr:at 280
nm) were cqllected and the mass of the relevant peptide determined by MALDI-MS. The mass
spectrometric analyse_s were performed with an instrument of the BRUKER Reflex I.V 15type. The
sa_lmples were used directly for the MALDI-MS analy§i§, or diluted to a concentration of ca 56 mol/41
with 50%_ TAaq ([1+1] 0.1% TFA + 50% acetonitrile). The expected mass for. the AVE . 44PNH2
was confirmed. Thedpradust §0obtained cirrbesapfiredTor iRtAYy BRRFRRSR Hred by

E]Za;rxi;egggﬂé%%lﬁttiaggﬁe @T%:i@ﬂﬁgﬁte{gl)g} @mﬂluﬁ_@drmgaimahegp kexnimte thdedigearskilled in
_ dditi . utical for ation additives to the biologically active peptide or
peptide derivativeloE dgRnie 'n%].u RlLtioer \Lg? ie production of C-terminal amidated pegtic?es of

_the general formula II: 5(AS)n-Xm-NH2(formula Il) wherein [ ' ; ‘.
Insu?nﬁ(e)?ga ﬁ%an%ﬂ?gaf@ﬂ?éﬁﬁﬁﬁ@ m@&q&@@wéﬁ/@m@{g@aﬁiﬁggg e?gfgad %@g@m&gd’ n
expression W (?\Gﬁt@age@")l\?ot}g?tﬂcfd)otﬁaéﬁf?%‘?ﬁ, Withasgexitessiarr cassgtie, wedionsr@n in vitro
cell suspension, which had been withdrawn from the fermenter at different
culture time points, were analyzed in ‘accordance with the manufacturer's

instructions.
10
Example 4: Purification of the fusion proiein

Isolation of the BZP-AVE.44-Gly fusion protein:
200 g of biomass of a recombinant E. coli strain were resuspended in
15 300 ml of Tris buffer (50 mM Tris/HCI, pH 7.4; 1 mM EDTA). Cell
disintegration was performed by twofold high pressure homogenization
(Rannie high pressure homogenizer, 1000 bar). Insoluble components in
the homogenizate were removed by centrifugation. The supernatant was
filtered under pressure (Sartorius 0.22 um fitter, type 111) and applied onto
20 a chromatography column (Source S, Amersham Biosciences) previously
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 sait 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% ge!
system, Invitrogen). Fusion protein-containing fractions were combined and
concentrated between 5- and 10-fold (Millipore ultrafiltration cell, 10 kDa
a0 cut-off membrane). The concentrate was used directly for the protease
cleavage reaction by buffer exchange into enterokinase buffer (50 mM
Tris/HCI pH 7.4; 50 mM NaCl, 2 mM CaCly), or further purified by gel
fiitration (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.



15system, each containing a nucleic acid sequence encoding formula I: (AS)n2- -

whgreln 90AS_ Is a genetically encodable amino acid; X2 is agbasic amin(() ac:)idzoi(g(lezri\\/(aﬁi(\f/zrsrr;ﬁijrel)of'
m2 is 1-15 Y is at Iea§t one neutral charge amino acid; p is 1-10; 25wherein n2, m2 and p are Whole,
numbers; is cultured in a nutrient medium, ii) the nucleic acid sequence is expr’essed iii) optionall
the_ expressed co_mpounds are released.from a precursor peptide by enzymatic or chémical cleavaye
30iv) the expression products from ii) or the intermedﬁ te products from Hi) are reacted with an o
alpha-amidating enzyme after an optional purification step, and v) the C-terminal amidated peptide of

the general formg!%éhﬁé)#r:iﬁ%r%ﬁca%ﬂﬁ methedaegesding tacsiaimokinheratnisaid Sqmesed

compounds are re om 35precursor peptides by enterokinase. 3. Th i

_ e rele . 3. The method according to
claim 1, wherel_nNPrs')’ 10-_1000. 4. Th_e method according to claim 1, wherein n is 15-500. 18 59 The
method according to claim 1, wherein n is 20-400. 6. The method according to claim 1, wherein at

!{iﬁ;ﬁ;‘i?\%ﬁ?ﬁb@;g Qﬁ?%ﬂrﬁf‘é’?@ @$@|mﬂyimﬁye§pemlde§mgipr0@r&.5§$Uslﬂ@ﬁf§ﬁh8}j according

90 mia 18S Besdr c{?ﬂ—{hieﬁfg OV FRNSISENaQfi istidingrafainine aperysined
| by twofold high pressure homogenization (Rannie high pressure
homogenizer, 1000 bar). Insoluble components in the homogenizaie were
removed by centrifugation. The supernatant was filtered under pressure
10 {Sartorius 0.22 um filter, type 111) and applied onto a chromatography
column (Source Q, Amersham Biosciences) previously equilibrated with
buffer (50 mM Tris/HCI pH 7.4, 1 mM EDTA). After the sample had been
applied, a washing step was effected with equilibration buffer {2 column
volumes), and the fractionation was effected by application of a salt
15  gradient using high salt buffer (50 mM Tris/HCI pH 7.4; 0.3 M NaCl, 1 mM
EDTA) over 6 column volumes. The fusion protein content of the individual
fractions was tested by SDS gel efectrophoresis (NuPage® Novex 12% gel
system, Invitrogen™). Fusion protein-containing fractions were combined
~and concentrated 5- to 10-fold (Milipore ultrafiltration cell, 10 kDa cut-off
20 membrane). The concentrate was further fractionated by gel filtrafion
chromatography (Superdex 75, Amersham Biosciences). A previously
equilibrated column (50 mM Tris/HC! pH 7.4; 200 mM NaCl) was loaded
with up to 5% of the column volume with concentrated fusion protein
solution. The elution is effected by rinsing with equilibration buffer. The
25 fusion protein content of the individual fractions was again tested by SDS
gel eiectrophoresis ((NuPage® Novex 12% gel system, Invitrogen™. The
relevant fractions were combined, concentrated to ca. 5 mg/ml (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

20  means of diafiltration units (Vivascience).

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

35 Example 6: Separation of the cleavage products from the enterokinase
_cleavage reaction

After the cleavage of the fusion proteins using enterokinase, the cleavage



8. The method according to claim 1, wherein X is lysi [

_ _ : ysine. 10 9. The method according to claim 1
wheredl_n m is 3-1.0. 10. The mgthod according to claim 1, wherein m is 6-8. 1511.gThe mleThoa
igcgcr) ing to claim 1, wherein n? is 10-1000. 12. The method according to claim 1, wherein n2 is

| - (i 13. Th_e met_hod according to claim 1, wherein n2is 20-400. 20 14. The method according to
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claim 1, wherei . : : : : . .
0 METHOD FORIPROBUCHIS BARBEMT ARRI KM FILr Do o elefigrotein. 10

of the AVE.44-Gly peptide was effected by application of a gradient to
500 mM NaC! over 10 column volumes.

10

The identification of AVEi.ug-containing fractions or precursor stages 10
; AVE,.; was effected by SDS gel electrophoresis, HPLC and mass

spectrometry. The appropriate fractions were combined and lyophilized
after removal of organic solvent.

15 _
Finally, to confirm the amino acid sequence, the AVE;.44-Gly isolated was
totally sequenced via Edman.
Example 7: Conversion of AVE 1.44~Gly into AVE44-NHz

20
The reaction was performed using the enzyme PAM (peptidyl-glycine-
amidating enzyme Wako Pure Chemicals Ind., Lid. (Grdering No. 161-
18971)) in accordance with the manufacturer's instructions concerning the
reaction conditions.

25
The following solution was made up:
1 uM CuSOy4
5 mM Kl

3 mM Na ascorbate
30 230 U/mi catalase (bovine, Fluka)
600 U/ml 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 AVE+.44Gly
35  protein solution (Tris/HCI pH 7.0, 80 pg/mi 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 maximal
conversion, the reaction was stopped by addition of a 50 mM EDTA



5 _Abstract 'I_'he inve_ntion relates to the production of carboxy-terminal (C-terminal) amidified peptides
Wlth C-termlr!al amidified lysin, in particular with the biological activity of GLP-1, the chemical and/or
ﬁ:g’iﬁgf&nfolo?hlcal 1(();1 prgcurso:js and intermediate products thereof. The inventio’n also relates to a

or the production and use thereof for producing pharmaceutical prod . [ i
DEAV2004-00_76.txt SEQUENCE LISTING <110> Aver?tiz Pharma Deutsl?:hlaﬁgt%rgll\gzsjitgglel\];:gﬁ:gzi
for the production of carboxy-terminal am idated peptﬁfés with GLP1 activity <130> DEAV2004/0076
<140> <141> <160g 46<170> Patentin Ver. 2.1 <210> 1 <211> 44 <212> PRT <213> Synthetic
sequence <220> <223> Description of the synthetic sequence: synthetic peptide: MOD_RES 1<44

amidation <400> 1 His Gly Glu Gly Thr Phe Thr Ser Asp Le '
The reaction mixture was thenp séjpgreartlégs '9 mieotnelue?g?’\anger

chromatography (Shodex Co., column type [EC CM-825 (8 x 75 mm)). The

5 following gradient was applied to this column:
Eiuent A — 40 mMol phosphate buffer pH 7 + 20% acetonitrile
Eluent B — 50 mMo! phosphate buffer pH7 + 1M NaCL

The column was operated at room temperature with a throughfiow rate of
10 2 mi/min or 1 mli/min. '

The eluted fractions (detection at 280 nm) were collected and the mass of
the relevant peptide determined by MALDI-MS. The mass spectrometric
analyses were performed with an instrument of the BRUKER Reflex IV

15  type. The samples were used directly for the MALDI-MS analysis, or diluted
to a concentration of ca. 50 pmol/l with 50% TAaq ([1+1] 0.1% TFA + 50%
acetonitrile).

The expected mass for the AVE.4-NH; was confirmed. The product
20  obtained can be supplied for further pharmaceuticai use.

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



151015 Glu Ala Val Arg Lou Phe lle Glu Trp Lou Lys Asn Gly Gly Pro Ser 202530 Ser Gly Ala Pro Pro
ser Lys Lys Lys Lys Lys Lys 3540 <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
Ser Asp Lou ser Lys Gin met Glu Glu 151015 Glu Ala Val Arg Lou Phe lle Glu Trp Lou Lys Asn Gly
Gly Pro ser 202530 ser Gly Ala Pro Pro Ser Lys LY8 Lys Lys Lys Lys Gly 354045 <210> 3 <211> 198
<212> DNA <213> Synthetic sequence <220> <223> Description of the synthetic sequence: synthetic
DNA <400> 3 page 1
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Claims:
1. A method for the production of C-terminal amidated peplides of the general formula i
(ASIN-Xm-NH2 (formuta If)

whaerein

AS is a genetically encoded amino acid;

nis 5-2000;

and

X is a basic amino acid or derivatives thereof,

m is 1-15; and

n and m are whole numbers and wherein

i) a host cell transformed with an expression cassette, vector or an in vifro expression
system, each containing a nucleic acid sequence encoding formula I:

(ASIN-Xms-Yp {formuta I)

wherein

AS is a genetically encodable amino acid;

X, is a basic amino acid or derivatives thereof;

m, is 1-15

Y is at least one neufral charge amino acid;

pis 1-10;

wherein n,, msand p are whole numbers;

is cultured in a nutrient medium,

ii} the nucleic acid sequence is expressed,

iii) optionally the expressed compounds are released from a precursor peptide by
enzymatic or chemical cleavage,

iv) the expression products from ii) or the infermediate products from iii) are reacted with
an alpha-amidating enzyme after an optional purification step, and

v) the C-terminal amidated peptide of the general formula |l is purified.

2. A method according to claim 1 wherein said expressed compounds are released from
precursor peptides by enterokinase.

3. The method according to claim 1, wherein n is 10-1000.

4. The method according to claim 1, wherein n is 156-500.



DEAV2004-0076.txt ttttttaagc ttgcacggtg aaggtacctt cacctccgac ctgtccaaac agatggaaga 60 120
agaagctgtt cgtctgttca tcgaatggct gaaaaaCggt ggtccgtcct ccggtgctce 180 gecttCgaaa aagaagaaaa
agaaaggttg ataatagcat gcacgtgcgg ccgcacctgg 198 tcgacgaatt Caaaaaaa <210>4 <211> 23

18
5. The method according to claim 1, wherein n is 20-400.

6. The method according to claim 1, wherein at least one of (AS)n and (AS)n-Xm is a
hiologically active peptide or protein.

5
7. The method according to claim 1, wherein X is selected from the group consisting of
histidine, arginine and lysine.
8. The method according to claim 1, wherein X is lysine.
10

9. The method according to claim 1, wherein m is 3-10.

10. The method according fo claim 1, wherein m is 6-8.

15  11. The method according to claim 1, wherein nyis 10-1000.

12. The method according to claim 1, wherein npis 15-500.

13. The method according to claim 1, wherein n,is 20-400.

20
14. The method according fo claim 1, wherein X, is selected from the group consisting of
histidine, arginine and lysine.
15. The method according fo claim 1, wherein X, is lysine.

25

16. The method according to ciaim 1, wherein mipis 1-195.
17. The method according to claim 1, wherein myis 3-10.
30  18. The method according to claim 1, wherein m.is 6-8.
19. The method according to claim 1, wherein Y is glycine.
20. The method according to claim 1, wherein p is 1-5.
35
21. The method according to claim 1, wherein pis 1.
22. The method according to claim 1, wherein the general formula Il is purified by a

preparative chromatographic method.
40



<212>DNA <213> Synthetic sequence <220> <223> Descnpnonofthesynthencsequence:primer
<400> 4 tittttaagc ttgcacggtg aag 23 <210> 5

10

19

23. The method according to claim 1, wherein the nucleic acid is DNA.
24. The method according to claim 1, wherein the nucieic acid is RNA.
25. The method according to claim 1, wherein formula 2 is according to SEQ ID NO. 1.

26. The method according to claim 1, wherein at least one of (AS)n; and (AS)n-Xm.is a
biologically active peptide or protein.



