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nmodi fi cation of peptides, peptide mne tics and proteins 5 The present
invention relates to a nethod for the enzymatic synthesis and/or selective
nodi fication of peptides, peptide m netiics- and/ or proteins using ionic
liquids, and to the use of ionic liquids as an 10 exclusive reaction nmedi um
or in conbinagpi®ns th water and/or organic solvents for the suppression of
hydrol ytic and proteol ytic side reactions. The synthesis and sel ective

nodi fication of peptides, 15 peptide mnetics and proteins has increasing
si gni fi cance foMethedsfereinel systthdsicsl and wethewtiveudstdaatadlyeiat i onshi ps
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Jakubke, Beptide: Chenie and Biol ogie, Spektrum Akadem scher Verl ag,

Hei del berg, Bgfli gbrecggr?tf d, 3 89005 on HAMEMS o s @ 131 00 T he@RL4PT @R-em Lo their
synthesis or selective nodification is the |l ack of selectivity and
uni versal ity ofzyhehi€als HEtHRUSS @i He SEBsCrtave 2nopiAication opft he

occurrence of DUIMEIONS i@ iHRAGHIRNSI cd NahhPocage 0k ibhe WsenHf 18RZYMES as
catal ysts. In pr|n0|pie, the chem cal nethods devel oped in peptide

chemistry canlbeuid2ad feRdt h&OsyhtResiiSf PeptiTeS BoTpEdti desm #Btics
and prot eions. e Hloveyeve thaseiane rdyiectot 0isonrsh@anablied ivwidat y@ps- Wi th
increasing conplexity of the products. Wiile peptides havin%,an aver age
chai n | ength P96 - 65 Hihio adP gegié ot?ain % dPPEEFFY By sol PH- phase
pepti de synt hegiiseolpac 35 &andt heptebaiypniexténsi epakeadss.owing to the coupling
yields which are not quantitative in every case, frequently to the

accurul ation of a multitude of by- products, which both |ead to a reduction
in the synthBses syinghgs igndagdnplsleattd ver pedvehcat hen2® fFEB=RODTesS,

15 peptide nimetics and proteins has ilncreasing
significance for the systematic study of structure-
functional relationships of polypeptides as functional
gene products and makes a crucial contributicon to the
discovery of novel effective therapeutics {cf. H.-D.

20  Jakubke, Peptide: Chemie und  Biologie, Spektrum
Akademischer Verlag, Heidelberg, Berlin, Oxford, 1996).
However, a significant problem in their synthesis or
selective modification 1s the lack of selectivity and
universality of chemical methods, and the substrate

25 limitation or the occurrence of numerous side reactions

{ in the case of the use of enzymes as catalysts.

In principle, the chemical methods developed in peptide
chemistry can be used for the synthesis of peptides,
30 peptide mimetics and proteins. However, these are
subject to considerable limitations with increasing
complexity of the products. While peptides having an
average chain length of 50 - 60 amino acids are
obtainable directly by sclid-phase peptide synthesis, a
35 further chain extension leads, owing to the coupling
yields which are not gquantitative in every case,
frequently to the accumulation of a multitude of by-
products, which both lead to a reduction 1in the

synthesis yields and complicate or prevent the



2 purification of the desired product. Current nethods for the syntg%ﬁhgm”
of relatively |long pol ypeptides or of proteins are therefore based on
condensation of synthetically prepared peptide fragnents, even though 5 the
connection of fully protected peptide fraggnents is possible only in
exceptional cases owing to the frequently very low solubility of the

reactants. Ti‘;ﬁmﬁff@ﬂsmdev@ﬁ opee O@e'{sﬁleebaspﬁod)«icﬁhe'@m@fﬁ mel:@;ofdlsl’St
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Tam Proc. 0 proce d sel ectl “vel y,
but require fﬁ)lreqltlmﬂw‘ééFVzé@WoﬁOéulbtlélfrp’e@lIf itheNregc t@ntter i nal ami no
acid residues, so that their applicability is subject to sequence-specific
prerequisites. In the case of the currently favored native chemn cal
|igation, a syt h&sth s pepeivgeoPsCeofifecticdl BaifA§ T térni ARNCERtoest er

noi ety tqpa secpsd %@pd&%cprlﬁrqtsesm %Ecmﬁ@smbgecaga&al&ﬁk@tt%m nal
cysteine residue. Ujli know edg? of pr otein splicin native chem cal
ligation hasShHERHCHbr Fﬁ'er g&éﬂfeﬂ 0 WP HHES e &t 3 36T pABEAIT

l'igation (exptessedepratieit Ialga,t i annaEPL; 1663, Ssw,erla i ay. Ter@hnMyi r et

al., Proc. Nat| f\cadHe 100) %12@% ?§5767q% quq]mr%g;)tégnagtmt%lhg d‘] Am

Chem Soc. 19 t99 121, € thioéster carboxyl
conponent f r onh Bt ecapirant ( Pr &t eikemphi eh 38 .has/beéwdf. us@demtli%'lS

cl eavage-gonp ent34|6r3t eif. a@gtloﬁg foggreg by t hi Ob}l%l ccqlle%pva:ggggl n 5qidd| tion
u

to the need of a cysteine residue at t é"N-t'erm nus of the am ho
conponent, a 4%W3her @Enerafudpsadoannagell i esgphirhe (M. Schndlzer,

S.B.E. Kent, Science 1992, 256, 221; P.E. Dawson et
al., Science 1994, 266, 776) or else of the aldehyde
methed (C.-F. Liu, J.P. Tam, Proc. Natl. Acad. Sci. USA

20 1994, 91, 6584) do proceed selectively, but require for
their realization guite specific N- or C-terminal amino
acid residues, so that their applicability is subject

to sequence-specific prerequisites. In the case of the
currently favored native chemical ligation, a synthetic

25 peptide 1is connected wusing a C-terminal thicester
i moisty to a second peptide or protein which has to
contain an N-terminal cysteine residue. Utilizing
knowledge ©f protein splicing, native chemical ligation

has been further developed to an intein-mediated

30 protein ligation (expressed protein ligation, EPL; cf.,
inter alia, T. W. Muir et al., Proc. Natl. Acad. 5ci,

JsA 1998, 95, 6705; G.J. Cotton et al., J. Am. Chen.
Soc. 1999, 121, 1100), in which the thiocester moiety of

the carboxyl component from a recombinant protein which

35 has been fused with a cleavage-competent intein and 1is
formed by thiolytic cleavage. In addition £o the need

for a cysteine residue at the N-terminus of the amino
component, a further general disadvantage lies 1in the

partial epimerization of the C-terminal amino acid
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whi ch cannot be ruled out, since the thioester which forns (at |eas

t hi ophenol is used as a catalyst) can be attacked nucleophilically not only
after the transesterification but also-diyrectly by the 5 term nal a-am no
group of the added am no conponent. Catalytic synthesis nmethods offer the

advaﬂt age Sf r &% DDes t«h@shbldarimbﬂwé] f@g@dﬁdohﬁ t&&n@@ptﬂtfée HeNde e rbe

synt hesi ze ou no u | epti de 10 _wi pre rative
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synt heti c5 peptindend] gasesibasgdoop afcohbedddedl amohiof cofmp@BNAt . (K. Severin
at al., Nature 1997, 389, 706) or on a peptide tenplate consisting of a

strongly acidic coiled-coil peptide (S. Yao, J. Chm el ewski, 20 Biopol yners
1999, 51, 370JawhlybicthegetBases anetheilshooffebubthentadestiagestafting
points for t e igrll f Rentd.de, {4,9ases, Qut & Lk 48P Ci

pr er equi Si te?r%f% atelg{cj)'ns ané)dt het:'r ge eral © hﬁ? QEQ %lty %gjr{:donsequently
very greatly %¢ mStY@dl x5l 284 ho@gl "eHEDUt 1P i Zﬁthvﬁscﬁl t RePEéder skigasal ysi s

potenti al;cof pepki dasps rbehive Irrgl%rvaaidea,léN Kol kﬁemﬂ, aENZyJmd4 cr Pept i de
Synthesis, CRC Press, Boca Raton 1987, %) Enzymati c Pepti de

Synthesi s, i PatafR- PEREi dés %i%ﬁ'ys?%ta@’lﬁ%ﬁeéf%lgeﬁéﬁégy(CIVOI igtesp
(Eds.: S. Udemia,endv d. Neinenhofer R, AAcader €r Pr essiendiewl ¥o6k, 1687,

Chapter 3) of S. t p b|| ty Ln pr|n0|ple,,f en i cal Iy co necti ng
pept i de segrreiﬁ% u%er91 é !hé pﬂr)er &qdi’Sites, © ﬁsf“f héﬁrln@?lts tﬁgg)é, 3
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end product
peptide ligases basaed on a coiled-coil motif of GCN4

{K. Severin et al., Nature 1997, 389, 706) or on a
peptide template <consisting of a strongly acidic
coiled-coil peptide {s. Yao, J. Chmielewski,

20 Biopolymers 1999, 51, 370). All of these cases are
without doubt interesting starting points for the
design of peptide ligases, but they entail specific
prerequisites for ligations and their general
applicability 1s consequently very greatly limited.

25 Although the wutilizatien of the reverse catalysis
{ potential of peptidases {cf., inter alia, W. Kullmann,
Enzymatic Peptide Synthesis, CRC Press, Boca Raton,
1987; H.-D. Jakubke, Enzymatic Peptide Synthesis, in:

The Peptides: Analysis, Synthesis, Biology, Vol. 9,

30 (Eds.: S. Udenfriend, J. Meienhofer), Academic Press,
New York, 1987, Chapter 3) offers the possibility in
principle of enzymatically connecting peptide segments
under specific prereguisites, nelither is the
irreversibility of the connected specific peptide bond

35 guaranteed nor can undesired proteolytic cleavages in
the segments to be connected or in the end product be
ruled out a priori when potential cleavage sites for

the peptidase used are present  there. Although

reengineering of various peptidases, for example



ruled out a priori when potential cleavage sites for the peptidase ; % %Q@
present there. Al though reengineering of various peptidases, for 3%

FEB 2007 4 subtilisin, inproves the catal ysis potenti al for peptl de bond
formati on and have al so been denonstrahl @ by demandi ng fragnent
condensations (cf., inter alia, D.Y. Jackson et al., Science 1994, 266,

243), it is rmbtilmﬁzhbleﬂ@ﬂéuess way hko %éiﬂﬂ@éﬁsth%dﬂeﬁﬁq\é@m ages
outli ned above. %%10 8 e substrate ngtl cS concept devel og\ed for
BREp

li gations of Rt GEBIAT L e giRht B2VE. BBGUIREERt IGPONS ARGEWE Chem
1997, 109, 2@83deﬁamd€wgF%r&@mdmﬁacd&dmhsahldﬁﬂ (BEOl . iReser 1812Q00, 72,

469) has theﬁ a y?ﬁg]?%??y Iﬁ\ierS|Sbc|lIe|nt /o 19t94 %(ié:ft f‘}%eglrjij es th% use of

synthetic, prot active protease Var Fevent
conpetiti ¥e eavagbs wirt hlthltshewbyOMymmﬁfe t@@nnﬁEB&dvaﬁlﬁaEQB t he

nmodi fication of#e&édgéwgepglqjﬁo g@géwﬁ a |on i_pé e nI% ti:ggmcggl egr Locesses

(cf. T. Inoto Chem cal ern” Func
Practi cal Apifrwbdrpeéd' EfoCr eClght bngaedods pp0f24§921217¢el Ren@r egsptéﬁm1989

G B Means, Rednedt ;n% Dephgal MudiLicatione el Bhohel el deg. Day,

1971) pl ayed fill play, "a significant e in profein research
Despite the ZHpid Fﬁﬁi@r%s Gt NﬁRfﬂééﬁnoIBQ\}Zm“éh ied he Bigdt. Aesade has

enabl ed fgl | zsowalmssngglsmatasa%et hus 23R él%ﬁjait%‘v@isiﬂ%ﬁ@ys'f fucture
of proteins up to - 200 am no acids (without npdification), chem cal

nodi fi cation ]thk%‘ﬂ?eF BPYBLESBobICf G5B n%ﬁﬁé*ifb%%cr SPFREEALELdER& N nat i on
in solution, sifeeidargeriid nsvare ahels anepabl@rddr NVRst r gekueal

anal ysis 30 and X-ray, structural analys requj res prot |n crystals, which
cannot be obtHWRY-1n-Very© }rf‘a a8§§es‘¥ légh’ae Eb?erﬁ?ﬁaf’ Y05 Pnotgr olfs are

preferred targeisecioédsel ective nodifications, the c-am no groups of
15
For the modification ©f peptides, peptide mimetics and
proteins, chemical processes (cf. T. Imotoc, H. Yamada,
Chemical Modification, in Protein Function. A Practical
Approach (T.E. Creighton, ed.) pp. 247-277, IRL Press,
20 1989; G.E. Means, R, E. Feeney, Chemical Modification
of Proteins, Holden-Day, 1971) played, and still play,
a significant role 1n protein research. Despite the
rapid progress of NMR technology which in the last
decade has enapled full signal assignment and thus
25 elucidation of the 3D structure of proteins up to 150 -
{ 200 amino acids (without modificationj), chemical
modification 1s still alsc a tool for 3-dimensional
structure determination in  solution, since large
proteins are not amenable to NMR structural analysis
30 and X-ray structural analysis requires protelin crystals

which cannot be cobtained in very many cases.

Since N-terminal a~amino groups are preferred targets
of selective modifications, the e-amino groups of
35 1lysine radicals occurring ubigquitously in proteins and
peptides do not allow any targeted introduction of
label and reporter groups at the N-terminus. Chemical
acylation reacticns are carried out with anhydrides or

primarily with active esters, for example N-



35 lysine radicals occurring ubiquitously in proteins and peptides dQs?Eﬁzum
allow any targeted introduction of |abel and reporter groups at the

N-term nus. Chemical acylation reactions are carried out with anhydrides or
primarily with active esters, for exanmple N 28 FEB 2007 hydroxysucci ni m de
or 4-nitrophenyl esters, with which, however, other side chain functions of
pr ot ei nogeni Giydarasn et ith inesislues #-ght rapsenytaettand,t M H ubtel Gt

sel ective Na ificatign. On he.phenylacetyl radjgcal 5 _has been

i nt roduced erlllrzggdge%"{“irdal P)?‘ﬂg%: aé%?%t ecting SP‘CéﬁbXO o %gri 0 aci a9 the

cont ext of peptirde ayid hesasduait migdterafisvatferctf asgechhiscitul hyout
penicillin a %&%J. oh : t h\LE j Di dzi ris et
al ., FEES Lett}'19 f#pi%7&O§%¥§gaglgﬁéa9§éggkpﬁé g%#%%%%é%% égégﬁggénzyne
(cf. Revi éw has Pegafel inHodatedaanzyDatipadky. aGhemp g3t i385,5109) . Apart
fromthis diregt .prQbectdNgs 9rUP: LBt rQaUetl:ong et hee opl Yo methods. s descri bed
have been those which are based on a transfer of already N-termnally

| abel ed ami nd'iddt dioFe Heptd e 50 8ePPIELEVESTYI PN petiddsesprey¥a 22 ani no
aci d residuesn ighd hee PArposbti eReURdeE vEhEceabal YK .S mfd HDaptddaseset and

i nevitably do not have |rreve{$ £I| é;{ Ag excep&hl on@tdﬁere o is. the
substrate m fetics Conckptt- o g naf Py’ dévél 6p8d “F6RVEN 195dat3Bhs ofY pept i de
and 20 prot eithesegimntentfme Boctduspeelieal . A. Argewe1Chem wWd¥hand109s. 2583:

Review. F. Bordusa, az. J. d. ,BrLol . s. ,2000, 72, 469). t hough this
met hodol ogy K<t e aﬁ\ryanflagg%?’of 35?1‘%%%6 aﬁﬁaggl e’%ﬁ?%e%&iﬂo $Fon of

| abel apd regn:rctteerctgi_rrogjps,gricpdg eq!jlhrtes;iuasialnr,eadyhéS n@mljfpnedgtﬁchms use of
yriret Lo PSR AE Y, oer e aheasegugr LAtk 35 sl alyels
30 Hydrol yti cfandl peateoltytbermsinge veateabohed ofarhiydr ok asds orugeebfode t he
Eynt hesi g sand;dwd} i catd op; of ﬁ@g%':m%e-sgge&ifge L] %%i@dreogzg&ﬁéys can
e suppressed not only by targeted enzyne engi neering but also by
in the Py pdsitidn under "the catalysis of peptidases
and inevitably dc not have irreversibility. An
exception thereto 1s the substrate mimetics concept
originally developed for CN ligations of peptide and
20 protein segments (F. Bordusa 2t al., Angew. Chem. 1997,
109, 2583: Review: F. Bordusa, Braz. J. Med. Bicl. Res.
2000, 72, 4€9). Although this methodology has the
advantage of directive and selective introduction of
label and reporter groups, 1t requilres, as already
25 mentioned, the use of synthetic, proteolytically
! inactive protease variants as biocatalysts in order to
prevent competitive cleavages of the biocpolymers to be

labeled.

30 Hydrolytic and proteolytic side reactions of hydrolases
used for the synthesis and medification of peptides,
peptide mimetics and proteins can be suppressed not
only by targeted enzyme engineering but also by
manipulations of the reaction medium. The literature

35 describes the use of moncophasic mixtures of water and
organic solvents, of analogous biphasic systems in the
case of immiscibility of water and organic solvent, of
pure organic solvents with virtually no or only a very

small water content, of frozen or supercooled aqueous



mani pul ati ons of the reaction medium The literature 35 describes thﬁ EF@Z(%
nonophasi ¢ m xtures of water and organic solvents, of anal ogous bip 3
systens in the case of inmscibility of water and organic solvent, of pure
organic solvents with virtually no or onlg/ -a very snmall water content, of
frozen or supercool ed aqueous 28 FEB 2007 6 or organic systens, of
supercriti cal osolkulghons angs 0éms hetodr ogameosi eltert iso Imbdiicursesamtit b £

virtually no . SOl te (c alia, W
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Jakubke, Enzyffmli/caP(§f|§tl‘|Yd(=,E~"1 ht fesventi gontratPeptfi -desinpaal y$na, W.

Synt hesi s, gm @Y nn Volrn a(éc%s l%tl&@eg%'tﬁ@gas‘] d&ﬁ;eﬁpgégr)socécademc

Press, New Yor 1989, Chapt wever virtuall hese net hods

bring abolt aRabeRen 1@98r7arrat it Teductdamlke ¢ he Eﬁﬁijﬁétaétl viPeptéde

stability ang hghggg@ cases regykr ep@%@gb@%r .abl g, appar at ussﬁgmlsq@ ty. An
addi ti onal fac¥ is that only a few have been investigated at all with

regard to theB#Olﬂgiibl Vty f%r t ReS synfhedidendid afsti ¥ catlrégnbPies)

relatively | ongagbais mm,ymtes: mvemga@venchaptégcm caseswererg of

t hese net hods has hiiher able to ns%r ate ths effici en§¥ and

uni versal ity VEgu# r6’ i hRSappIN Ci S07A nOVRRTcldss %4£ 8ol vent s
i s represent edrhyasatt gedhioth orhave *ahdaowmmlm’rel ng-tpokity &or sthede isgl vent
systens also_referred to as Lon UIdS astab|I|2|n i nfluence on

proteins and BR%ymé& was Yenonstrat eg%qﬁll i 17U ST U RES (REFPERS "M
Gordon, Appl . c@pabm@\y 2RrGeaddd@dbnald22fadod)y JSt nplhe trodelyr eactfeens with

|ipases and galact asidasas, have Addid | geal Ly Shown, t haloo these, | iquids have

a positive ef ect on the reacti ate and Sonefines even on
selectivity ofseéhélibrzyrfetti ¢ EB&ct iSRRI 1Kr aghdet @dlf@ﬁi‘m@a ogdi 30

2001, 19;:22; rglbtlbbﬁgb @Bn@LchaghOCBE650¢§hgk%ansHow%@@% 18xe331inS. H

Schofer et al ,
such cases, none o these methods has hitherto been

able to demonstrate the efficiency and universality

required for routine application.

20 A novel class of solvents is represented by salts which
have a low melting point. For these solvent systems
also referred to as 1ionic liquids, a stabilizing
influence on proteins and enzymes was demonstrated in
initial studies (Review: C.M. Gordon, Appl. Catal. A:

25 Gen. 2001, 222, 101). Simple model reactions with

[ lipases and galactosidases have additionally shown that
these liquids have a positive effect on the reaction
rate and sometimes even on the selectivity of the
enzymatic reactions (U. Kragl et al., Chimica O0Oggi

30 2001, 15, 22; T.L. Husum et al., Biocatal. Biotrans.
2001, 19, 331; S.HE. Schofer et al., Chem. Commun. 2001,
425). The example of a simple amino acid ester
substrate has additionally demonstrated that the serine
proteases chymotrypsin and subtilisin too are

35 enzymatically active in reaction systems having a high
proportion of such liquids and catalyze both the
hydrclysis of the ester and the transesterification
thereof (J.A. Laszlo, D.L. Compton, Biotechnol. Bioeng.
2001, 75, 181; T.L. Husum et al., Biocatal. Biotrans.



425). The exanple of a sinple am no acid ester substrate has additi ?991:15)!007
denonstrated that the serine proteases chynotrypsin and subtilisin oo are
35 enzymatically active in reaction systens having a high proportion of
such liquids and catal yze both the hydral ysis of the ester and the
transesterification thereof (J.A Laszlo, D L. Conpton, Biotechnol. Bioeng.
2001, 75, 18120Q01). iByswBdlet. akithBrecatahceBiwi rans. s2tHR 2003 Z- 2001,

19, 331) . Wih reference to the synthesis of Z- -.Phe- f,rom Z- Asp- OH
and H Phe- OVEA%E} the Sﬁrr%t al'1’opt ot ag‘gpt %Igr rm??%i n@,ﬁp%}hee %@?aﬁﬁit °n
principle of menatlépyotesséor therprbyedse; catahyzeds8itehnédttiyon ah two
am no acids Llifri . cont.rol.led t i LLLO

i t1 onal 1y Boche Flhnea AT (oS Y ber et BfOPeRr e 78 o
2000, 16, 5113¢ynne¢ctisn t hdughwaconphetel yagakaownndghet hegupépbirdem-
fragnents can t ANRY - D pr a | inet i |y
controlled reg@ﬁ;%ﬁﬂ?ﬁ& ?&éﬁq{‘aﬁs&u&]ﬁ dgbvgﬁgp\%ﬁ}e{?he@é; ?e?ielgﬁo\q/‘leé(%l:}fr g%%(l?ti on of
reporter and #aBenskbpreefedMon Boie I instes nes 8f - - peptd BeehaRd - pFerei-ns is

catal yzed by ppobeases, undeyi) these gendi thengn, ! Nncbhglsam® Wwayinkhbwhs
uncl ear what 15 influence ionic |iquids have on the extent of proteolytic
si de reacti on€®hthe PFEALEENST IENEN Ty dr ol yPPc SONdE Gictt FBRECER VERY est er

substratgousedly pdriodesisy obhect QEnéBQcQ&Q?erﬁorﬁ@ﬁf@Dlé@n dey ol dena 20
met hod for the enzymati.c syﬁ}lgesi s and nodification of. pecg#i des, peptide
c

m metics and ProteinsUii oVErY Ehe Ui TRV Ent dgeT BT HE rePhods
described in réberpetoraadt. lhbeils acfiettiker abj ecthof Whecphneésenst of

invention to oVi a _pr.oc i i.ch ence. 25 independent. _synt hesi s,
iin particul ar%?é%@?%n aglr?d Fﬁfé%éeﬁmwr}é% n%adfﬁ‘elﬂ(}:ka C|§okr%,y ipsrogﬁ‘%)aesé?sed upgéiro- and
st er eosel ect i Veeyewicohddtt ipnst-eoltyt tkeandmy dtat ytit isi denckaeti ohgton the

reactant § 5or EﬂflﬁgﬂEéiOQoﬁﬂ9du§E§uids have on the extent of

proteolytic side reactions on the reactants and

hydrolytic side reactions on the ester substrate used.

It is an object of the present invention to provide a
20 method for the enzymatic synthesis and medification of
peptides, peptide mimetics and proteins, which
overcomes the disadvantages of the methods described in
the prior art. It 1is a further object of the present
invention to provide a process 1in which a seguence-
25 independent synthesis, in particular ligation and N-
{ terminal modification, is effected regio- and
stereoselectively without proteolytic and hydrolytic
side reactions on the reactants or the reaction
products.
30
According to the invention, the object 1s achieved by a
method for the synthesis of peptides, peptide mimetics
and/or proteins and/or Zfor the selective N-terminal
modification of peptides, peptide mimetics and/or
35 proteins, with the steps of:
a) providing an amino component, salid amino component
having at least one amino acid,
o} providing a carboxyl component, sald carboxyl

component having a leaving group on the carboxyl



30 According to the invention, the object is achieved by a nethod fg

r_the
synthesis of peptides, peptide mnmetics and/or proteins and/or for ¢HhEES 2007
selective Nntermnal nodification of peptides, peptide mnetics and/or 35

proteins, with the steps of: a) providinng an am no conponent, said am no
conmponent having at |east one am no acid, b) providing a carboxyl
conponent, said cagbexyl coPONgRtghad1bsk)LeaviBEpBhEHR Ohd gy cagboxyl
28 FEB 2007 - 8 roup, gnd sai d carboxyl conponent being a, conpound
having at |east on€®BRPHBachdvolrda a%oﬁ%ﬁﬁﬁﬂ FRRA NG eG4 %n&T aBel or
reporter group, Scéehpoaadtiimgvseyd aam Neasenponentlansl sajird eapbexyh
conponent in a reaction nmediumwhich has one or nore ionic liquids, in the

presence of a prot%ﬁgg?' pepti dase and/ or hydrol ase, to forma peptide bond
bet ween tie anj no eeaponent s:niHt kevicar bozybohénconpofienta iwi t baebbiiytat i on

of the leaving group. A prefe
according to the i%@%ﬁ??%ﬂgfuf%her conprises

rred enhodi.nent _pr.ovides that,the nmethod
1 g r@?accglon mEnggtew}l%f'hfg cﬁnelas&r

ating

or enriching the resuktingipeptiqdeds,pept ide nneteccandf oa proterneby

nmet hods known per
ionic liquids

of

S an excl usive sol'vent or in conbinati

g86¢130-Ihe Ayesent drientd ond ughier relatesct gohe use

and/ or organic sol ¥ehvsefior thRe §Vﬁﬁﬁem§9mﬁﬁﬂﬂﬁﬁ Ner@rnihal medPPikgation of
peptides, gpeptide -ghpELLAE @RELOE1RMOMEKASN Ufet@lreesl%tvﬂr@/%d@. al so 25

relates to the use of a protease, peptidase and/or hydrol ase

or the

synthesis and/or N-termnal nodification of peptides, peptide mnetics and
proteins, saigd pepldfdar2ept bfBcltMBhtC UL PIQELI NtBRt the method

(

15

20

25

30

35

according to the invention further comprises the step
of:

d) isclating or enriching the resulting peptide,
peptide mimetic and/or protein by methods known

per se.

The present invention further relates to the use of
ionic liguids as an exclusive solvent or in combination
with water and/or organic solvents for the synthesis
and/or WN-terminal modification of peptides, peptide
mimetics and/or proteins. The present invention also
relates to the use cof a protease, peptidase and/or
hydrolase for the synthesis and/or N-terminal
modification of peptides, peptide mimetics and
proteins, said peptide, peptide mimetic and protein or
N-terminally labeled species thereof being prepared by
ligation of an amino component and a carboxyl
component, and said carboxyl component having a leaving

group.

Further embodiments are evident from the subclaims and

the description which follows.

According to the invention, peptides refer to
condensation products o©of amino acids having about

2 — 10 amino acids. Acceording to the invention,



N-termnally | abel ed species thereof being prepared by 30 ligation of 2Pg 2007
am no conponent and a carboxyl conponent, and said carboxyl corrponen?
having a | eaving group. Further enbodi ments are evident fromthe subclains
and 35 the description which foll ows. -Agcarding to the invention, peptides
refer to condensation products of am no acids having about 2 - 10 am no
aci ds. Accorc@crlg{depttﬂteaé neeftdronto28cdride 2087iof malpe | des spigs to
condensati on Cgucts of amD cdds k@/ .about .10 - 1(9 am no _aci ds and,
accor di ng BYEREF ot Ouﬁe erm n?s aG¢Ed 1 cdnderdatfon

pr oduct s of atm notlael dsnwhnchohave timr e Eermanpabmatinlo(}.:ammdxm fésr the
literature re Icﬂ? E)rr%@i%[ctt' on_bet \Qﬁqpotg?l%\go Lier op %Savbg' ng_fl uid.

According to the |nven3t|on e mmetics refer-to conpounds WA ch
imtate ob arttegonhzeuthel B olaangmaI ag¢hdact intig y lofteaapeptel deegk ttony

themsel ves Nawdid. An £l @nsh odleRERh! e SELYCEUERSCAIPOSEd (xS vel y of

coded am no aC|ds Exanpl es peptide mnetics are not nl'y entirely
nonpepti de organi c conpounds (for exanple the norphi ne or nal oxone conposed

of cycl oal i phatd&r &y 1§oar&f@ttﬁvéhw@hur %ﬁp@ae ahsQethese M&ﬁ have
nodified amno acids (e. N, a- and (3-a| kyl ated amno acids; C'-Cp and

N-Cp cycl i ze FHBHT T &@l%pﬁmaégtw tHt PO IV = déh@habh@ioalgal

, p- dehydr ogenated @ 4o @Clgﬁéptfwér%ym@uﬂe tBbfs21vasd ahsongychic
peptlde 20 anaHIosfg%]aéc C|IZ nof N-t erm nus V\nthé:ter nus or amno acid
si de chain; 1 rn‘?%‘écwlfeﬁ QHTHBS & d®4F ‘éstﬁﬁﬂ'h oft

cyclization ofoddt nomacd daSlLde Ehampg ewi I @fﬁp’ﬂlcﬁ@lr&rﬁéfﬂﬁ:ﬁlh@t@) nand
pept i des mnth fDdléle §pﬁbﬁ§ygggg o&or %xa@%mpo%ﬁéguqﬁ %rggample

ket onet hyl enes, t%y enes enam nes or elseé
derivati ves, wirel tdveoh i ke, ORehrdoKAVEr SOREYEE atf vesc arael gunpoundgnfiavi ng

the peptihde backbone. stryctyresR GuhH9QCRodd Whigh fhe. pesht kepgof the

amino acids (e.g. N, - and p-alkylated amino acids;
Ca-Cg and N-Cp cyclized amino acids; peptides with
modified side chains, e.g. o-,B-dehydrogenated amino
acids, nitrotyrosine, etc.}, and also cyclic peptide

20 analogs (cyclization of N-terminus with C-terminus or
amino acid side chain; cyclization of C-terminus with
amino acid side chain or cyclization of amino acid side
chains with amino acid side chain) and peptides with
modified peptide  bonds, for example thioamides,

25 ketomethylenes, ethylenes, methylenamines or else
] retro-inverso derivatives, and the like. Retro-inverso
derivatives are compounds having the peptide backbone
structure R-C-NH-CO-C-R’ in which the position of the
amino functicn and of the carboxylic acid function are

30 exchanged in compariscn to normal peptide bonds, while
normal peptide bonds have the structure R-C-CO-NH-C-R’.

In contrast to salt melts, ionic ligquids are salts
which melt at low temperatures (< 100°C) and consist
35 exclusively of ions (Lit.: see, for example, T. Welton,
Chem. Rev. 1993, 2071-2083). By this definition, water
1s thus not ionic liquid. Characteristic features are
their low symmetry, low intermolecular interactions and

good charge distribution. Typical cations contain



am no function and of the carboxylic acid function are 30 exchanged i2€ EB 2007
conpari son to nornmal peptide bonds, while nornal peptide bonds have R&
structure RCGCONHCR. 1In contrast to salt nelts, ionic liquids are
salts which nelt at |ow tenperatures (<gglQ0C) and consist 35 exclusively of
ions (Lit.: see, for exanple, T. Welton, Chem Rev. 1999, 2071-2083) . By

this definitigmtamiBledi S Heltesd3@onONi Crhirqui OhsEhREACt efitd & fAad ures
are their low symmetry, low internolecular interactions and ,good charge

distribution@ W Gt G TR 28 TP TS - 1S quat i HRP
het er oat ons, ey, | fist apgemglat eNHaZ6d, 1 s ni ial OF o Yikah et Bhzed upihoshoni um

i ons. Subgroups . .ar.e,, for_.ex | al kyl ated i m dazol iumipons such as
1-ephy|;3-npt7ﬁ§q¥%ﬂ%ﬁﬂ? f%gxgﬁ§$i§5%bthyy 5 imi |é§ﬂQQEﬁ§%@%§hgﬁ%ued
pyri di ni ubn i dmsidsuchl iasn4- Nretlhw l-atdalt plypyididiinincumionsanabogoussy 4~

substi t ut ed il _]ﬂgﬁ i i . D |,ons y. .he . ejther of
i norgani c orngggggigﬂhat f§22¢%$82¥§ﬂ%lgﬂsch %?#gggugggnj&%g%tj%Uted

chl or oal um nammeomiiut aped Ihderzentsul flomst.e, TYpLEhat anitwosy| meg dre el se
tetrafl uorobaale,. SiartiAg Lhomd he Phenggrna ohsenyed pieyi sl id) the

prior art that the full, I'so partial; replacenment ' as the
reacti on mediAmhdBi e r eact iROTPRITE 4 sol VRO T@RdE YA, act | vilthrdtess up to

inactivity ofyerdhi&ENZYBhatdie presentiddwenti ondprbased qiy the osurprising
discovery that it is possible to connect a carboxyl conponent provided with
a | eaving gr SN 2PRArbokyl conponent bei ng a peptide, peptide mnetic,
protein or a | abel or reporter noiety, under enzyne catalysis at high

Synthest s rals A sel pOLIVEL, lihad onio gl de tocan rclugiue
25 medi um wigiican ant nohaonpbrentuMhi ctut sapsef eprattliywla meegatddegerpept i de
metic apd ROUELR. ! 1 30a% 3] SQSUERLLS NG f L RS gontext: sthat; [he side
sclvent leads to an activity loss up to inactivity of
the enzyme, the present invention is based on the
surprising discovery that it is possible to connect a
carboxyl component provided with a leaving group, the
20 carboxyl component being a peptide, peptide mimetic,
protein oxr a label or reporter moiety, under enzyme
catalysis at high synthesis rate and selectivity, using
ionic liquids as an exclusive solvent or in combination
with water and/or organic solvents as a reaction
25 medium, with an amino component which 1is preferably a

{ peptide, peptide mimetic and protein.

It was also surprising in this context that the side
reactions which typically ©procsed, such as the
30 hydrolysis of the bond between carboxyl component and
leaving Qroup, and alsc the protecolysis of the peptide
bonds corresponding to the specificity of the enzyme,
in the reactants or the preducts of the reaction
virtually do not proceed. The carboxyl component is
35 provided with the leaving group typically by connecting
the leaving group in ester, thioester or amide form to
the C-terminal carboxyl function of the carboxyl
component. The method according to the invention is

thus based on the surprising discovery that ionic



reactions which typically proceed, such as the 30 hydrolysis of the ?
bet ween car boxyl conponent and | eaving group, and al so the proteonS|s
the peptide bonds corresponding to the specificity of the enzyne, in the
reactants or the products of the reactign ~virtually do not proceed. The
car boxyl conponent is 35 provided with the | eaving group typically by
connecting thepdieavicy gt e eshefaofhidest@wnwfaﬁﬂide>f@iﬁtﬁ@llyhe
C-term nal caﬁﬁpﬁ%jifunct on.g of t %rbo ngonent The,

according to ent 7 0 GWSH%?%%;%H%%%%%?? t hat

2007

e Tnvent ToR & thusE%hséd d%v?h%
ionic 28 FEBc2007the 11syhitfeisds or amititwirtes t bhéreothei n enoaymast amd

virtually  aldsehlien-ongay cysobusnis. aveya Javarall echal Lyence: con the

synthesis activit enzyme an y virtua
suppr ess 5heEﬂﬁ@%sﬁﬁé@t50§ﬁdewhéa%¢|@ﬁ§ th@hCa&éyty@ﬁdaatydnebyat@@eby t he

wat er sol vent,,the Lo fed ¥8e QordQMet SUYePES WhtR LARROK gopponent s

whi ch contain enzyne-specific IeaV|ng groups al so al Tows in ependence of
the synthesiCRIENWA t yCPRERNERE Sor | YRAGR subRtiate 1CGsHE T5RFEYIHE the

enzyme to bejaghiigved, gwBi:pB causbal |y ides eai%%ietﬁé%o@%@ ofrsynthetic
application of the nethod It has been found that al] serine and cysteine

15 prot eases SHVESE Gat e@ <D HerY exHi Bt t HelboV: 1 Hesek i betDehadFar and

are thusypar tggudiarilof sui tabl echien tdhezyeent exdy obet he gmatdhed acc«auadmg to
the invention far .tthe synthesis nd nodi ficatio eptldes

m metics and PrtENY. Firthersgui ?ﬁm%f%ﬁﬁy s %E% %&%% ?% t he
context of scrfeemengngirraskesses usi ng suitabl e nodel reactlons, as can be
carried out on the basis of the technical teaching disclosed herein. In the
context of such a screening process, the 25 procedure is to investigate the
synt hesi s actlitvi thanf bpeot edsed peprd dasesl androinkydragichsesyshelioni c

liquids op mytdpresdhereof-by;grang ofssyntheti g apdel  the above-
described behavier and are thus particularly suitable

in the context of the method according to the invention

for the synthesis and modification of peptides, peptide

mimetics and proteins. Further suitable enzymes may be

20 obtainaed in the context of screening processes using
suitable medel reactions, as can be carried out on the

basis of the technical teaching disclosed herein.

In the context of such &a screening process, the

25 procedure is to investigate the synthesis activity of
{ proteases, peptidases and/or hydrclases in ionic
liquids or mixtures thereof by means cf synthetic model
reactions. To this end, in the simplest case, a
carboxyl component consisting of one amino acid

30 (conventional carboxyl component or substrate mimetic)
is incubated with an aminc component, 1in the simplest
case one amide or amino acid, but preferably a peptide,

and the protease, peptidase or hydrolase to be tested.

The tolerance of 1ionic ligquids by the enzyme is

35 indicated by product formation in the course of the
subsequent 1incubation phase. The product formation
itself may be analyzed, for example, by means of HPLC

or other chromatographic separation methods.



reactions. To this end, in the sinplest case, a carboxyl conponent
consisting of one am no acid 30 (conventional carboxyl conponent or
substrate mnetic) 1is incubated with an am no conponent, in the sinplest
case one amde or amno acid, but prefergbly a peptide, and the protease,
pepti dase or hydrol ase to be tested. The tolerance of ionic Iiquids by the
enzyme is 35 adubreatref by praductnfenmBbhon phcFberequnse-wiatidbe spbsequent
i ncubati on phagﬁ%.Tm Hgrﬂgguctafornation. itself na% be analézed“ for

exanpl e, el SBPEBt REr CHr OHat BEPBPHT TS sePAFEVPON et hols. 28
FEB 2007 - H2ssAdder dingptranthielienvent usa, aireferhead bnoveasepes eof
cystei ne prot es 9r_ sesinpne . ro. 1L 1S Ssi in
principle topg%e%ea ﬁoeso't h{e'rélkngéﬁgﬁgégé 8?8 \é%\régte éc’aé)é:s ,melt.allel.chO SLFIE;CJat(ra W

pr ot easesSor tmet.al U opfot edseshsrt dydudslefagd dovtper ahgdiol asegroupst are in
particular i, of, .-e r Ac I o.the.Jnv Lon,: .the

pepti dases (éﬂggﬁﬁéﬁléﬁ.ﬁﬁﬁﬁﬁéﬁgﬁﬁ'n%?EQEH%P né%bléﬁ%e§ﬂgthﬁﬁ%ﬁn1%g%tidase
subgroups. Faepthelagsfd niE¢ ol - 8f 1lmpddollas esisqsepra vlases Pand cpipdteeirrases,
reference is N i r glgqmbgCh l.elexd kgne; 9t h. edi tion,
1989 - 1992. tk%‘ trpr%gﬁgp aﬁ%ﬁﬁﬁéé@o?@he met Hod?g%cotﬁ% nggfég% Jéggi n%/]gnti on

i s based on tHElGEFEpecPERGICRSSHS t REd 1BreR2yABESasedr affRire™es ablsent ri sk
of racenigat ingruCOrMasee 1 QLIRS teheBhgal CPEeateISRS kohhi 9tins e RAViYH ageous

i nsofar as reactants ving chiral centers and other acyl atable functions
can be used vithout * erinmental ly conplex tenporary and sel ective bl ocking
20 nmeasures which lead to additional side reactions. The only exceptions
are the intraoduction, necessary in sonme . cases, of N-termnal protecting
groups into e%ugggﬁgxyflggéﬁ%Sﬁgnt?gmhtr%% BELSIRSs ﬁ%&%%gléw esPedihtly
when t he N-temmemdligequencéaied heorartdoxy| repinporemit£ 125 thas < higleer

speci fi chby faf, e engya® thAg 1he Nabebmknal ;sqauence ,ofcdie AT

conponent .

28 FEB 2007

compared to most chemical processes. This is
advantagecus inscfar as reactants having chiral centers
and other acylatable functions can be used without
experimentally complex temporary and selective blocking
20 measures which lead to additicnal side reactiocons. The
only exceptions are the introduction, necessary in some
cases, of N-terminal ©protecting groups inte the
carboxyl component, which becomes necessary especially
when the N-terminal sequence of the carboxyl component
25 has a higher specificity for the enzyme than the
{ N-terminal sequence of the aminc  component. In
addition, in contrast to the selective chemical
methods, virtually no restrictions exist with regard to

the sequence of the reactants entering into reaction.

30

| According to the invention, the enzymes used may be
proteases, peptidases and/or hydrolases. These
preferably have a selectivity or specificity for the
leaving group and/or certain amino acids or amino acid
35 ranges of the carboxyl component. According to the
invention, the leaving group and/or these aminc acids
or amino acid ranges may preferably be compounds
naturally recognized by the enzyme used. According to

the invention, they may preferably also be structurally



addition, in contrast to the selective chemcal nethods, virtually Bﬁf 2007
restrictions exist with regard to the sequence of the reactants enté E%P
into reaction. 30 According to the invention, the enzynes used nay be

pr ot eases, peptidases and/ or hydrol ases.lg'hese preferably have a
selectivity or specificity for the |eaving group and/or certain am no acids

or amno aci ¢i36i rangesmebuhde canbexyh:eonpaRents)According to the
invention, the |leaving group and/or these am no acids or amno acid ranges

may preferably be conpounds naturally recogni zed by the enzyne used.
Accor di ng to THehetierwent avbnot keynpayent ebedabtyrisd 91 becdigaieint al by 28 FEB

2007 13 simla 0 ounds strate m i.cs). The terns_am no_cqnponent

and car boxyl "bsoﬁﬁ[)oﬁ%ﬁ Hlgs @ % Cge#fe'?% nfeg%élggh’n & r’%?‘at?@gygeg’slg

pol ypepti e to thee beysyheheseded’fh@he;etrm MmO cagponent re BE es stboaa

chem cal conpqun c r oV ne _am no Qroup |ch [ ts with
29UNG; W (ﬁﬁp d 1ch %%09 8e ot Lgas

a carboxyl group of |ve there or exanple & ca oxy? group
whi ch has beprower i vathbed Jwatctt%l | ®avhng agr owgpy be oy f or mr@upo p?elptl de bond.

The amino conpanenle | se PeRbeLAtly ai @x%ﬁl@chd’ca% e 25801 ¥ng brotain has

pol ypepti de or proterln. | atter case e polypep
both an ani As*®endeand %eltla‘f%‘bkwdefvfdthﬂ% éalﬁiﬁéfdﬁl @frEps tei themif

unprotect §d egh QiLChRshd Or Mpelo AuQiS %o;lfé)orn%@l(tt' 9@, WP&QL@!@%W Egactive
group, for exanple the am no group or a further nol ecu the am no

conponent , t FEMEH bBRYHF - griftie oPrFﬁéréFhlh’o ToRPOHBRPELEE 13pi BEPF§1ENd
preferably i mmonastiyated tae®m, khe Holfyddrardpred sk thakat heoMNa- am no

function of the 20,am no CEorrggnent is 5 esent C][un ot ect eg qd this. N-amno
function readd WERCt FE'TarBBxy1 Fohteidn &1 TafBs 9chorﬁfl§Leh? The
carboxyl conpanemri srmprefiprabkytad abel po:roteZS‘_e’cE‘pﬁDﬁfem gfoupvariavi ded with
a CarboxX%flﬂééééHBno&iE% another reactive group, for example the
amino group or a further molecule of the amino
component, the carboxyl group of the amino component 1is
typically and preferably in nonactivated form. It 1is
further preferred that the N%-amino function of the
20 amino component i1s present unprotected, and this
N”-amino function reacts with the carboxyl function of

the carboxyl component.

The carboxyl component 1s preferably a label or

25 reporter group provided with a carboxyl function, or is

{ an aminc acid, or, more preferably, is a polypeptide or

protein. The carboxyl function or group of the carboxyl

component which reacts with the amino group, generally

the N-terminal amino group, ©f the amino component to

30 form a peptide bond is typically and preferably
activated.

Preference is given in accordance with the invention to
the leaving group of the carboxyl component being

35 selected from the group consisting of unsubstituted and

substituted ~0C-alkyl-, -C-aryl-, -S-alkyl-, -8-aryl
radicals, -NH-alkyl-, ~NH-aryl-, -N,N-dialkyl-,
~N,N-diaryl- and ~N-aryl-N-alkyl- radicals, and

preference 1s likewise given to the leaving group of



an amino acid, or, nore preferably, is a polypeptide or protein. The
carboxyl function or group of the carboxyl conponent which reacts w8 RER Y7
am no group, generally the N-term nal am no group, of the am no conponent
to 30 forma peptide bond is typically aﬂp preferably activated. Preference
is given in accordance with the inventionto the |eaving group of the

carboxyl co en i ed_from cQnsi sting. of
unsubstitute andé%{§%%§@u?§%$$bggﬁng£?8-6E§§§ﬁ%g%g§;gpi§ﬁ¥f - -%ﬁ§$

radi cal s, -N¢athgdylic NBaird/| radikaNsdi abkyifonic- Napidi argfticahd or
-N-aryl - N-al ical srqa . pr RNCE i, | i A t eavi ng
group of 28 E%%%Eéﬁ%¥é§ﬁ4 Iphgggégbgig{ coﬁﬁéﬁgntgﬁégﬁgngtbg?ﬁygté%f%é one or
nmore car boxydnkeraesd r aiekdaslkell f e adiaFeraixal @byl sul fésmfes. In

this enumer ati o rdederaral kyl paksocuenbr aces ayel eal ke @Ndinse i
het erocycl oal kyl . Useful 5 heteroatons are in particular N, 0 and S
Pref erence i ST¥iVeRCt 6YEYCRIHNKETeL Or AL EPBEGEPBAKRARES DiRAVINGY B = 6 ring

car |b(|2n| at ogjb‘-e I/Ageza@gicgmi&ht gﬁoh@\éelrﬁ&@zh;di[r’lﬂ? cal léMie r?db@akﬁomcl e

n-al kyl radicals and branched, a radicals, and preference is given anong
these to Ji)ﬁi%ﬁkyFaP&E@ ElslﬂﬁbPﬁﬁ P25 B6F 440 Ts. 2R t '%Péhed

enuner ation, dheyl ermibeylsenbhacesdferepard i cal ai venbahbhyt etheand to
unsubsti tut ed phen which .is_preferably.substituted on the phenyl ring by
15 guaniéﬁnolbﬁgﬁggiaﬁﬁ %%%ST%%vf%sn?ary? et 841 80°™@nbr aces fused ring
systens, preferably biphenyl, and nonfused ring systens such as naphthyl,

whi ch may in Ir% ur py, peef %rn%RAé/rAD{iéerstwt equyn gyﬂ‘}i'fji ng.apd/ar, amdino
groups, and het er 6anal ogous systens such as qui nof T ne "or i soqui nol i ne.
The term arylPdereChlan saipstaced afet @R@arswattse idoripssungbehsvi ighB°h 6 ring

atons, in whith opg-L-ABLG IiN@CaArbeRAt U afge PpekaLabl virgpl aged by N,
0 andior 3 BT Sond SLnd)S 100 a 110 OPRNe. furan. pyfazole or (Il dazole
empbraces fused ring systems, preferably biphenyl, and
nenfused ring systems such as naphthyl, which may in
turn preferably be substituted by guanidino and/or
amidino groups, and heteroanalogous systems such as

20 guinoline or isoguincline. The term aryl here also
embraces heterocaromatic compounds having 5 - 6 ring
atoms, 1n which one or more ring carbon atoms are
preferably replaced by N, O and/or S. Examples are
pyridine, thiophene, furan, pyrazole or 1imidazole

25 radicals.

Particular preference is given to the leaving group of
the —carboxyl compconent being a 4-guanidinophenyl,
4-amidinophenyl, 4-guanidinophenylthic or 4-amidino-
30 phenylthio radical, or a compound’ structurally

homologeus thereto.

In the carboxyl component, the leaving group preferably
forms an ester or an amide with the carboxyl group of
35 the carboxyl component, more preferably at the
C-terminal carboxyl group of the carboxyl component. As
already detailed, specific recognition of the leaving
group ultimately modifies the enzymatic activity of the
enzyme to the effect that peptide fragments or label



25 radicals. Particular preference is given to the |eaving group of z§p§132007
car boxyl conponent being a 4-guani di nophenyl, 4-am di nophenyl,

4- guani di nophenyl thio or 4-am dino 30 phenylthio radical, or a conpound
structurally honol ogous thereto. In thesarboxyl conponent, the |eaving
group preferably forns an ester or an amde with the carboxyl group of 35

t he carboxyl ag@memitte oy eopsef erabhysat cbRaeGricer Wynalhe gihoxydsgy oup of
t he carboxyl . co nent. As _already detailed, specific recognition of the

| eaving gr o&é’dﬁ’ﬁiaﬁﬁ el}F rrr?’c‘ﬁ%]ecgyﬁ%e Hiehmad i coécﬁ‘?ﬁ‘f%/arb StHEVEN yme to
t he ef fect tkakypeptipde ffriagremise cacidbeds PBu&EEB 2007 15 and reporter
groups are al so connected by the protease, hydrolase or peptidase instead
of reactants having enzyne-specific am no acid residues. 5 For

ar gi ni ne-3peciofi capgonéasespefof iexampdecasgypsi for sashmple trypsin,

speci ficity-nediatin Lien _detested.f Ao ihe 4quapgldi e ester

| eavi ng group. An angﬁ%’go_us c%ﬁict?on Eangal scotlbe ogsa%r vg%g%ggggmn%%%ophenyl
esters. In adg tioharoviimpPriscink ssEaEt bpaViRemeltegy,- tie agrlogous

4- guani di nophepyd: itdH oest &1 1 a6 dn4- apkdi-pephery aﬁimiqzﬁfgr@nﬂnaé%rmve a
C

simlar action and  additionally have advantages in em cal synthesis.

Structural hémol 8§86 hes@YEéBRpolAdstake FHKewFdealysedplegy. the
speci fi ci¢y- nediatiirg dgmdmgl gr ousioddr &t ructanadl |y homol pgoish&oppounds
are derivatives of . these compounds with a basig iety, for. exanple am no,
2 di no, - QUATTGIRT ST 1 ML 6T ot | BV whi B | EBIAGE ~wiadt ton  and
speci ficity- getddrtmomaig anoraciativasiapes ofn t kehe2fi ot eage hds s .
corect allY L RSSAIIG RLdesiiues Wteh | Phaaghad [ EELI Sle el et Ly
whi ch have anmsalfiyghatd crsrciaiionety ondgrdbattingt kerviune gkehpsfor exanple, a
chain lepgth between one
Structurally homologous compounds are derivatives of
these compounds with a basic moiety, for example amino,
amidino, guanidino and imino moieties, which interact
with specificity-determining amino acid residues of the
20 protease, 1.e. especially those amino acid residues
which interact directly or indirectly with the
substrate, or those which influence the catalytic
reaction, and which have an aliphatic or aromatic basic
structure with, for example, a chain length between one
25 and six methylene units, or benzene, naphthalene or
{ indole basic structures, between the specific basic
moiety and the ester or amide function as a connecting
element between the carboxyl group of the carboxyl
component and the leaving group. In the figurative
30 sense, this likewise applies to enzymes having a
primary specificity for glutamic acid or aspartic acid,
for example V8 protease, with the difference that,
instead of the basic moieties on the aliphatic or
aromatic basic structures, an acidic moiety such as
35 carboxylic and sulfonic acid groups are bonded. In an
analogous manner, esters or amides which consist only
of the basic structures mentioned, i.e. do not have any
basic or acidic groups, constitute carboxyl components

for enzymes having a preferential specificity for



25 and six nmethylene units, or benzene, naphthal ene or indole basic28FEB2007
structures, between the specific basic npiety and the ester or am dé
function as a connecting elenent between the carboxyl group of the carboxyl
conponent and the leaving group. In the fggurative 30 sense, this |ikew se
applies to enzynmes having a primary specificity for glutamc acid or
aspartic aci dhydfophexaopl e av8npr ot eassj W thsideed| ff ernce t&8admplienst ead
of the basic i ef] t alj Lg.Qr aromatic basic structures, an
acidic nnietfggﬂgﬁﬁgnggnc%ﬁ%o%%ﬁ?gaggagéulfonic acid groups are bonded. In
an anal ogous manner, esters or am des which consist only of the basic
structures mﬂ%&@ﬂ?ﬁn%' . 8o U@nROL AV aRy DRgL of Afi g C %f&&'q?s’is
constitute carboxyl conmponents for enzynmes having a preferentia

speci fici By forepBrEpERy 2807ustede tohfdecosmsisiid laritio i the esraaeasefor
exanpl e chympttypshfe angddpybt hlisbnasAcGeeding to the invention, the

| eaving group i's 5 preferably adjusted to the specificity of the protease,
pepti dase and/ or hydrol ase used. In a further preferred enbodi nent, the
carboxyl conpgnent cont@haing pirided-ead Nge@sQunndas, t handl0 Eakbew,ng
structure: Y¥%$aag"-F{ where Y, = an N—%grnlﬂgl rotectin grgyp or |s 15 H
Xaa = any a- ar?RRCRRRH, £HMHTIHG d &€ FTVAT i v TN eo3Sr F8%a | abel
or reponter gEDUPwiRG R-rscaukeaving group, in particular a |eaving group
which is selected fromthe group consisting of unsubstituted and
substituted -0-al kyl, -0-aryl-, -S-alkyl-, -S-aryl- radicals, preferably 25
4- guani di nophenyl , Y4{&aag tht®phenyl , 4-guani di no- phenylthio-,

4- am di nophenyl thi o radicals, each of

{

where Y = an N-terminal protecting group or is
15 H,
Xaa = any oa-amino acid, f-amino acid or

a derivative thereof, or i1is a label or

reporter group,

20

R is a leaving group, 1in particular a leaving group
which 1s selected from the group consisting of
unsubstituted and substituted -O-alkyl, -O-aryl-,
-S-alkyl-, -S-aryl- radicals, preferably
25 4-guanidinophenyl, 4-amidinophenyi, 4-guanidino-
{ phenylthio-, 4-amidinophenylthio radicals, each of
which may be substituted by sulfonic acid groups or

sulfonates, and also structural homologs thereof,

30 n is an integer of from 1 to 1000, preferably from 30
to 500, more preferably from 30 f£to 250.

In this context, the terms alkyl and aryl are as
defined above and also embrace as above cycloalkanes,
35 heterocycloalkanes, fused ring systems and nonfused
ring systems, and also the abovementioned preferred

embodiments.,

Tt 1s likewise preferred that the carboxyl component is



whi ch may be substituted by sulfonic acid groups or sulfonates, a”dzﬂﬁf’zom
structural honol ogs thereof, 30 nis an integer of from1 to 1000,
preferably from30 to 500, nore preferably from30 to 250. In this context,
the terns al kyl and aryl are as definediabove and al so enbrace as above
cycl oal kanes, 35 heterocycl oal kanes, fused ring systens and nonfused ring
systens, and al datdle abovespnottenedypref eskdedctenbodi-grnt Slubteksehikew se

preferred that_.t ca e nt s 28 FEB 2007 17 | abel or
reporter gr oﬁlpa}?se %c?é§9%¥%ﬁ1ngrg§?§§§¥%t I8 s Tt & i %gu%ﬁ?ﬁ‘é?ﬂzf"gr oups,
such as fl uorssedimine  hodahiaresth el ravdahyhe hodammenoRearphobeazdie aci d;
I sotopic | abejl.éo&?ﬁf@' N car l?:@%adie i S’casclﬂ)%@(_y"is %r%ﬁﬁ%‘sy 1§u'changs

170- cont ai ni amnQ acids or pepti ~ fragnment’s;” 'sprn bel s such as
ni troxi de3l abéf=, contlai nRRg anPrneoadiad rdnd f artiyicacedideri o4t i vestidpi oti n;

crosslinking ggents,cont aispiing CAEDOXY! GLAYPS, 55 SUGH 3% diRzoaggtate,
di azopyruvate, p-nitrophenyl-3 10 di azopyruvate;

2- (1, 2-di t hi CTIMEBLYINAce?BEB® N2R1LdA1, 2ndohdidAtehediFid i eHbVatives;
N, N -1, 4- pheny{ enedj nel-8581 d8kindl hgdefkisvaldntes B | anashhayegasGasboxyl
group which has been Er, ovided Wi th oge of the above-defjned | eavi ng groups
before the enzymatiaS r BAEEPEASERA rhi S17ESPEERY 25  { R 71 LBPRERRHE ~Pabel s
ment i onedoar eiiwiop freneotPt ete (1¢arhiaxyli cderpanet) adetta vt eynoaly2the part
which is tra sfergerg %Pmtfg%rg]rfi no conm)rlf,n_t Jp con ectciionagf .thg am no
conponent and’ the! c3 HOXYT EBfponent’ ¥ orrs’ & ol Y PPt o8> or “0af8et i vel y
nodi fi ed poldybeptedevetiarasl opnhereed, hahe Gt eenbnalklendcfp whécam no
conponent corf espon hbe Grier ghnaloend,e of,dhe pokypep! i devang the

0! : '“g 595
am no-term nal” end of the ~car boxy onent corresponding to no end
of 25 the polypeprs decfpgat édeurRiedyiiel ¢ nfpaehéenof Imhehishzyaerertio the

| abel angsrepgrd eF196RuRCLALT oduseds nIReibeeat hf LBe sy heskhzedrar
nodi fi ed pol ypepti de _ ,
carboxyl component, but rather only the part which 1is

transferred to the amino compcnent.

The connection of the amino component and the carboxyl

20 component forms a polypeptide or selectively modified
polypeptide or analog therecf, the C-terminal end of

the amino component corresponding to the C~terminal end

of the polypeptide and the amino-terminal end of the
carboxyl component corresponding to the amino end of

25 the polypeptide ligated under the influence of the
{ enzyme or to the label and reporter group introduced.
The length o©of the synthesized or modified polypeptide

is at least two amino acids. Typically, the length of

the polypeptide or protein prepared in accordance with

30 the invention will have a size of from 1 to 1000 amino
acids, more preferably from 30 to 1000 amino acids,
even more preferably from 50 to 600 amino acids and

most preferably from 100 to 300 amino acids.

35 The size of the amino component may be as little as one
amino acid. There is not necessarily any upper limit of
the length of the amino component, but 1t is determined
ultimately, if at all, by the specificity cof the enzyme

used and reaction kinetics considerations, for example



is at least two amno acids. Typically, the length of the polypepti gf 1?152007
protein prepared in accordance with 30 the invention will have a siz B
from1l to 1000 amno acids, nore preferably from30 to 1000 am no aci ds,
even nore preferably from50 to 600 am ms aci ds and nost preferably from
100 to 300 am no acids. 35 The size of the am no conponent may be as little
as one am naleci diiffherieon s mak necesshei Iymanay u@@&pohéﬂtt ofyptibgll ength

of the am no comonenpt but er m ul |rrat if al | by t he

specificity ofrthe enzyne atﬂéslg n%séo%%?l of °Ki nft s céﬁs ]er(fﬁat PBREC for

exanpl e 28 FER 207 more¢8preferdifliyusiormrate tof Stﬂh@ aano canjpibseand

Typi cal sizeg nept ~ar r n ci mor e
Gl SHCEAILNP, COIRANER! c8r &b Aihd a@w@ve g

preferably fro no aci ds noreé pre era rom 0 250
am no aci 8s. HMoweVee, wiithsnj §hgl sgama h-‘an the peepensf Jtrmerﬁ:rmrenthanventl on

that —the |ength %n@%“ooPO%Q%”tcércﬁjpghéﬁt”CJJ YdgLeaher 1, espeaLaL)y in

t hose enmbodi ments of 'the neth accor he 1 nventio

sequenti al ersARRCIDELY piot BARES cawlapsiz@anﬁépﬁfdéwer agrremd |¢<g<a@r@hngs 10

effected or aprotii niSQRYRSAS anf epgiant . aThgeJ;@é‘ﬁEDal' sewgﬁxepr eberably a
multiple of the aforenentioned. |ength ranges. isS wthint scope of the

present i nvetidiGitIFiat2theY 23R no B bﬂ%nt |f§aFJ§1|’e@ér theoaERn sizé or
smal | er than ém@@é@owl aC@rRaBent ,sdrhﬁasl5a§rat eelkemauged frox LBhgrpUr pose

enerally being the nu an1'noa|ds f orm_ng, t he am no co onent or
tghe car b)c/)xyl Jc'?ga 5‘r?§lntpr13?ef:§ bY efier r"%‘étﬁ%@t etRéE gﬁ?%oﬁﬁn%%‘%% heRtefias a

size 20 of f;lre(mgtlhtcbaﬂn@@@ anitnoiaciwdshipr etleealslcyopfer onf 3@ H=0 pbHBBeam no

aci ds. more nrglerably [rgm 30.1a.d50 a0, a6l dpe Lo e method.aggor ding

to the i nventi®h pref arfi no conponent s
used are N-t®rzg nadty ﬁﬂh@iﬁb@éctéﬂapepthées,cag@}@mwe Mamdesnand theot ei ns.

15 «critericn used for this purpese generally being the
number of amino acids forming the amino component or

the carboxyl component.

It is preferred that the carboxyl component has a size
20 of from 1 to 1000 amino acids, preferably from 30 to
500 amino acids, more preferably from 30 to 250 amino

acids.

In the method according to the invention, it 1is
25 preferably provided that the amino components used are
{ N-terminally unprotected peptides, peptide mimetics and

proteins.

The reaction 1is effected preferably in pure ionic
30 liquids, for example 4d-methyl-N-butylpyridinium
tetrafluoroborate, with only a wvery small, if any,

water content (typically less than 5%).

In a further embodiment of the invention, the

35 proportion of ionic liguids in the reaction medium is
50 - 100% by wvolume, preferably 7C - 100 or 80 - 100%
by volume, more preferably 90 - 100% by volune,
likewise preferably from 95 te 100% by volume, 85 - 59%
by volume cor 97 -~ 99% by volume.



The reaction is effected preferably in pure ionic 30 liquids, for e%ﬁ@%?%mn
4- et hyl - N-butyl pyridinium tetrafluoroborate, with only a very small’, i

any, water content (typically less than 5%9. In a further enbodi nent of the
invention, the 35 proportion of ionic-iigui-ds in the reaction nediumis 50
- 100% by vol une, preferably 70 - 100 or 80 - 100% by volune, nore
preferably 90 - 100% by volune, |ikew se preferably from95 to 100% by

vol unme, 95 - 9@% bé vaol_ume ar 96%- %g@bb dvolune. 28 FEB 2007 . #? M xtures
of ionic Iiquid&-BRE5S0Fdartiod ol Vet % 312 anto = thdtt VREESr &kt é0¢ and
further additwyebputor wadeanpl eonnenganiaadsal fisstiekewaddiconssi t utier
reaction 5 ”egkémgﬁﬁi H%&P#‘éﬁf& oy e 'Eggg%gggi tc%}%jsﬂ%tdé Yl R fant

whether it is a’s i'on ot suSpensi of. i ves used may 1n

parti cul ar> bemefaer gani ctsal teentdutf erf corponentesnrieduci rpdand toxiidi zi ng
agents, enzyﬂﬁiﬁxgmahw %heTRQUl ator S dsbi‘&"c?bﬁogiﬂ sid %H%E%ﬁt.a%% :

i pids, polyners tor the covalent or adhesive I mo I!IZ&PIOU of proteins
(for exanpl e 2fg8Lyevhyl erfedl pasl i rePhbkypol§et A enengrgeblcorsalts,

car boxymet hyl geklrl-0S ) mith 04 €i “rQ@BéEHgi NG rROENS 81 dSHERgaS agdB tissodi um
dodecyl sul fate) , urea or guanldﬁne 15 hydrochl oride. A cricial advantage
of the use of ®B8FP&nt mMXELYRECRAY | FPTH FHRIF ncr ¥k or 1P8dBAtiog$ i n the

sol ubi i typ of sukeaetants,or 1@@_@5@[&; Polgmdhe pPssi bthktyceka2@ninfloyenci ng
t he enzyne act|V|tg and speci iC|t¥.b¥ the. nunber, type and proportion of
sol vents used®PReS348i t i U thetoffic FﬁhuiHFORE&BPdinﬁgTB t &AM ENt i on,
preference ispgilyenhiy@en25 usl nigo hat emelingGiyilog venganieniesol yept sl whenr t hey
also mx with_t ionic Ligyids. the other hand,, the i.nvention. also
ehbr aces hydrgﬁﬁggfgggFég%F%ﬂ%o 65%55 aeg?gprﬁgféﬁeQﬁnﬂhﬁﬁﬁ%5 WS Sar e
wat er -i mmi sci bheh ias S chsedsemt kodsoiwientl frbet)ur enisa poesguinasliae
biphasic 15  nydrochloride.

A crucial advantage of the use of solvent mixtures may
lay in the increase or reduction in the solubility of
reactants or enzyme, or in the possibility of
20 influencing the enzyme activity and specificity by the
number, type and proportion of solvents used in

addition to the ionic liquid.

According to the invention, preference 1is given to

25 using water-miscible organic solvents when they also

L mix with the ionic liquids. ©On the other hand, the
invention also embraces hydrophobic organic solvents

(e.g. hexane or octane} which are water-immiscible, in

which case the solvent mixture is present as a biphasic

30 system. Alsc embraced by the invention 1is the use of
modified ionic liqﬁids having hydrophobic alkyl groups

which mix either partly or fully with hydrophobic

organic solvents.

35 Acceording to the invention, preference 1s given to
using ionic liquids 1in which the cations are alkyl-
imidazolium ions, alkylammonium ions, alkylpyridinium
ions and/oxr alkylphosphonium ions, 1in which the

alkylation is in each case complete, 1i.e. none of the



30 system Also enbraced by the invention is the use of nodified ionkGrga007
li qui ds havi ng hydrophobi ¢ al kyl groups which mx either partly or fully
wi t h hydrophobi ¢ organic solvents. 35 According to the invention,
preference is given to wusing ionic |liguipgs—_in which the cations are al kyl -

i m dazoliumions, alkylamoniumions, alkylpyridinium ions and/or

al kyl phOSphonhéFﬂﬂelr@@iDmlsn maitGdde idaldylddd obol 8 hydeagkncasencormiet e,

i.e. none of the %% FEB 2007 .20 . heteroatons nentioned is bonded to a

hydr ogen at onf*&nd " &r 8“€has dﬁﬁ?%rnlzed Preference is |ikew se given to

t he al kyl radicals of 5 the ionic I|qU|ds bei ng branched or unbranched and

having 1 - 20.¢arhon atoms, preLetablyd.o, 20,Capon,) A b, unLe prefer ably

4 - 6 carbon a B&rti'cul ar re erence IS given one al kyl
radi cal béﬁngthﬁethyhlcethyqulpsop@¢lnm thﬂ@ﬂCh$¢lmetlunHEHndhﬂ@W arld
According to v ti yyy() t i qui_ds, SAh be
used with pre%gggg eegreof% | ori %?gﬁ%deqﬁxﬁforoa nﬁnate &ﬂf%ﬁéte
benzenesulfonéﬁ@ms,tﬂ$ﬁ$%t@r€fﬁrﬁbéﬁr&nethéné@ﬁﬂﬁﬁha@é?msto§@ﬁ¥#§4ﬁﬁﬂcn 15

tetrafl uorObOF}‘%%%eré%%@r Q'snggﬂ\%ﬁhc%'élﬁ’eﬂéé% ohée 'l(Rg'lCr 2l WiadS st %ﬂqare
nore preferab et yI-3-nethyI|n1dazoI|un1 - met hyl 1 m dazol i um

and/ or 4- et h?lletlﬂ-yl%ut PICHYL o iPF QRN Z@fséql{té’lrofl%kﬁ%%t%%él%rlw%ﬂl ar
tetrafl uorpborate is particularly preferred. The carboxyl conponents wth

t he preferabl ecific leavin rou nay be synt hesized chem cally
by 25 condené&F 6%189 the d&A F&H?E&& g IBH¥V¥ ESnpotent it h t he
particul ar | eavigug dgr @tthpc(hOl’carSLbé albded pwecmrpeés)er@hcel SeeOrha qaalaaeri c
support, for pEXa | e SI qu Ibut r Lno t hyl safety- catch
resins (cf. RP é rrgi'nlto eLi #g% Qé% the%1¥ ©:30 f§é§F?ﬁﬁif9Eéﬁﬁn or
oXi me resins @@hftheCeﬂ@vsﬁyuoEomethanesulfonate), tosylate and/or

15 tetrafluoroborate.

According te the invention, the ilonic liquids used are
more preferably l-ethyl-3-methylimidazolium, 1-butyl-3-
methylimidazolium and/or 4-methyl-N-butylpyridinium
20 salts, of which the particular tetraflucroborate 1is

particularly preferred.

The carboxyl components with the preferably enzyme-

specific leaving group may be synthesized chemically by

25 condensaticn of the acyl radical of the carboxyl

{ components with the particular leaving group (or
suitable precursors) or else on a polymeric support,

for example by using sulfamylbutyrylaminomethyl safety-

catch resins (cf. R. Ingenito et al., J. Am. Chem. Soc.

30 19%9, 121, 11369) c¢or oxime resins (cf. V. Cerovsky, F.
Bordusa, J. Peptide Res. 2000, 55, 325; V. Cerovsky et

al., ChemBioChem 2000, 2, 126) with synchronous ester

or amide generation and peptide eliminaticon. The
releasing nucleophile used is the appropriate
35 alcoholic, phenolic, mercapto- or amino-containing

leaving group, or else already prepared N*-unprotected
amino acid esters or amides or suitable precursors.
Alternatively, the carboxyl component may be

synthesized by a genetic engineering route, for example



Bordusa, J. Peptide Res. 2000, 55, 325; V. Cerovsky et al., ChenBi oGRepk 2004
2000, 2, 126) with synchronous ester or am de generation and peptide
elimnation. The releasing nucleophile used is the appropriate 35

al coholic, phenolic, nercapto- or am nc-cant-ai ning |eaving group, or else
al ready prepared N'-unprotected amno acid esters or am des or suitable
precursors. Al enafahigveizyteihemeaubogyll pohpeaen 1dﬁayes".)leerswyrh9m%&d by a
genetic engin e e 28 F 1 N9

i nt ei n- nedi at e poI y%ﬁﬁf&g‘{s eér(@gg%t hegllgggfﬁ/ﬁg%f éo 1tQ%/drt 11

Bi ot echni ques Th@9dle@71ng 1QroupTheah edei napiagp ban Hee ada@eedlbyx tde

el eotion of ehfe BULEGBRILE | Pt Nepdntelihio] cRYRAGadY, chie Ofid

conpl eti on of ester generation transesterification” i'n solution.

synt hesi s of Fﬁ@?@@ﬁm% Pfag?rﬁéml’s gs88ras iohe banmtiGrERRicHdatisdtsiqrossi bl e
routinely in s@l Wj10R i@, 10 by using conventional Fnoc or Boc synthesis
protocol on a polyneric support. Typically, the synthesis on a polyneric
support is to be preferred over a nore conplicated solution synthesis ow ng

to the advant agas siAchBeiBUrbEi cartd opefrithe ichdigwiedual LBLEN nBgi atigs. 15
Al ternatively, the am no congonent s may. be obtained_  from biol ogical

material or efPrESsetPPHOYRAEEI ¢ YT HERIT ngONELRGDY wiit hs%lﬂ’séaﬂerﬁr
i sol ationyg They esuldyg ngbrsyariheshzedrasc| abebed preduetss smayd?@cd20 on

ted and d b t t hods . of d d_protei
chem ot 1y. -Ang' pPBLEERRG o BHBSChTeobHP Ok /b6 FRRoVEH Dy°REt hotls Khown i n

the prior art pollrgfrr@rprcef@rup@bmmacﬁ et m‘e t herdfievendd omver ccmpcmmia 25
prepared by th t y y S m no
conponent and an%’tlﬁ%%t?od %%%%itgg?e% g%% S Oq)lr[% t?o g)g gagjd opt 1 onsglly d)
as the carboxyl tbﬁpdﬁémflfha‘blc@ér tho BDPI dlr&Fbl\rlaEﬁIg%}p ipolammastladess -or

p[OteLnS i?Ogmﬁ%%&%%ngQQQJ't@@@isa%gnwh'gempgﬁgﬁeglnﬁﬁ?n e JERLNGkg MY
al so have [a %rd%’ biological material or expressed by genetic

engineering methods with subsequent isclation.

The resulting synthesized or labeled products may be
20 separated and purified by customary methods of peptide
and protein chemistry. Any protecting groups present

may be removed by methods known in the prior art.

In a preferred embodiment of the invention, a compound

25 prepared by the steps a) to ¢} and opticnally d) may be

{ used as the amino component and another compound
prepared by steps a) to ¢} and optionally d} as the

carboxyl component in order to build up larger
polypeptides or proteins from defined constituents

30 which, depending on the method, may also have label or

reporter groups.

In contrast to other potentially usable biocatalytic
methods, the inventive use of ionic ligquids or mixtures

35  thereof in combination with the use of enzymes and in
particular proteases and peptidases achieves a high
synthesis rate, flexibility, synthesis efficiency and
simplicity in the handling.



reporter groups. In contrast to other potentially usable biocatalytiGgrppaer
met hods, the inventive use of ionic liquids or mxtures 35 thereof in
conbination with the use of enzynes and in particul ar proteases and

pepti dases achieves a high synthesis rape, -flexibility, synthesis
efficiency and sinplicity in the handling. 28 FEB 2007 22 The present

;ﬂveﬂtion Ls T?éu@téab&d\%ﬁfﬁ?ﬁﬂdﬂeﬂgeguagsk&%ﬂ$&WWﬂ@§ andeexanpl es from
ic urt her_features e i_ments an vant age ventlon are
evident. 5 Fi g c1%ER8HEIS &8 eEFE&Wﬁﬁfblié% éprF%BﬁFo AT e

bi oti nyl at ed @mpoddmeptepaﬁﬂdibyaapphmegEBon @f t hbe neiMmdnaﬁcnrdma@ to the
invention and,gsydescribed in exanple 4. 10 Exanples Exanple 1 - Influence
of the propor?lon of 'the ionic liquid 4-nethyl-Nbutyl pyridinium

tetrafl uoroborate on 15 the trypsin-catal yzed synthesis of di- and

tripeptides ﬁgﬁontaln%wg éx%élecgganMgt@%ph%ﬂyl %?cér 8% rq@ptlon

sol ution whic s the m xtures nmet hyl - i nium
tetraf | uor oboPaeeingdaspdciPerblda tRBEEPAraAd QNEK?EPM}$Q¢E@%s<h®fﬁ@ﬁ pH

8.0, containi ggcRod Mchakand 0 0LnM Galldhe LoBobW s 4ae BEEhybaorphol i ne,
2 mM Bz- Phe- O, mM am no ~ conponent and 10 Mtrypsin, is stirred at 25C

After 30 - 1?63WPhe fme reaction solution is brought to pH 2 25 using 1%
trifluorogcetic acid in methanol/water (1:1, v/v). The yields of di- and
tripeptide mere determned at HPLC analysis and are listed in the foll ow ng
table 1. 30 = was synt hesi zed anal ogously to the synthesis
protocol of M Thornann et al., Biochemstry 1999, 38, 6056. The am no
C?nponents ”SEQa%EEeCQV"?r%h%ﬁM%nce of the proporticon of the ionic
liquid 4-methyl-N-butylpyridinium tetrafluorcborate on
15 the trypsin-catalyzed synthesis of di- and tripeptides

(Bz, benzoyl: 0Gp, 4-guanidinophenyl ester).

1 ml of reaction sclution which contains the mixtures
of 4-methyl-N-butylpyridinium tetrafluorcborate

20 specified in tab. 1 and alsc 0.1 M Hepes buffer pH 8.0,
containing 0.1 M NaCl and 0.01 M CaCl,, 1.5% {(v/v) 4-
methylmorpholine, 2 mM Bz-Phe-0Gp, 20 mM amino
component and 10 uM trypsin, is stirred at 25°C. After
30 - 120 min, the reaction solution is brought to pH 2

25 using 1% trifiuorocacetic acid in methanol/water (1:1,
v/v). The yields of di- and tripeptide were determined
at HPLC analysis and are listed in the following table
1.

30 Bz-Phe-OGp was synthesized analogously to the synthesis
protocol of M. Thormann et al., Biochemistry 1999, 38,
6056. The aminc components used are commercially
available products and are specified 1in table 1.

Trypsin was obtained from Fluka (Switzerland).



avai | abl e products and are specified in table 1. Trypsin was obt ai nez‘;ﬁ:ﬁ%&
Fluka (Switzerland). 28 FEB 2007 23 Table 1: Proportion H Leu-NH2
Hdy-NH2 H Met-NH2 H Ser-NH2 H Al a-Met-OH of ionic liquid (v/v) 0 75.2
45.2 68.0 52.1 51.5 20 77.4 49.1 69.3 54,% 53.9 40 79.7 54.1 72.9 58.4 57.6
60 85.8 62.4 77.0 68.9 68.5 80 87.3 64.7 79.0 70.4 71.4 Exanple 2 -

I'nfl uence of theitype and the anount of 5 additional organic solvents on
the trypsin-catal yzed synthesis of Bz-Phe-Leu-NH2 starting from Bz-Phe- O3
and HLeu-NH2—in the ionic liguid 4-pmethyl -N- butylpyridinium
tetrafl uor obprabericBz, beszayt) ; HOGDy-M4- gHast-ginophesyrligst em-a1 M -oH

met hanol ; DVBQO,. dj nethyl 10 sul foxide; DM, dinethylformamde). 1 m of
reaction sol @ itBf-Shi ch contains 4-nmethyl -N- butyl pyridi ni um

tetrafl uoroboiatie, 5% water and the specified proportions of additional
organi c sol ven 15 1. 5% (v/v) 4-nethyl norpholine, 2 nmM Bz-Phe-0O&, 20 nM
ani no conporeHt. 0—40- 200 1 PP A Fhereasi-pg—proporti on
of additionab organic solfgeht) is45stirredeatc25C. Afa.ar 30 - 120 5vin, the
reaction solution is brqgught to usi ng,1% triflupr.oacetic cidin
met hanol /WatﬁeéI (2:1, v/ v??#he yi ngg wer eggdgt erm n%grsby HPLC %:g.a ysis and
are listed if0the follokPng tabl €42} Tabl 8229 25 G%dni c Proditté yiel d

-A\A a N a

(s)/ionic ligyid: organi gssglvent ckagio  Sghvgnt 50: 80 (v/v) 60;4Q (v/V)
70:30 (v/v) go: 20 (v/v) MeOH 93.2°93.7 93.8794.7 DVEO 91. 9 92.% 92.8 94.8
80 87.3 64.7 79.0 70.4 71.4
( Example 2 - Influence of the type and the amount of

5 additional organic solvents on the trypsin-catalyzed
synthesis of Bz-Phe-Leu-NH; starting from Bz-Phe-0OGp
and H-Leu-NH; in the ionic liquid d-methyl-N-
butylpyridinium tetrafluoroborate (Bz, benzoyl; O0Gp,
4~guanidinophenyl ester; MeOH, methanol; DMSC, dimethyl

10 sulfoxide; DMF, dimethylformamide).

1 ml of reaction sclution which contains 4-methyl-N-
butylpyridinium tetrafluoroborate, 5% water and the
specified proportions of additional organic solvent,

15 1.5% (v/v) 4-methylmorvholine, 2 mM Bz-Phe~-CGp, 20 mM
amino components and 20, 40, 80, 200 puM trypsin (with
increasing proportion of additional organic solvent) is
stirred at 25°C. After 30 - 120 min, the reaction
solution is brought to pH 2 using 1% trifluocroacetic

20 acid in methanol/water (1:1, v/v). The yields were
determined by HPLC analysis and are listed in the
following table 2.

Table 2:

25
Organic Product yield (%)/ionic liguid: organic solvent ratio
Solvent 50:50 (v/v) 60:4C (v/v) T0:30 (v/v) 80:20 (v/v)
MeOH 93.2. 93.7 93.8 94 .7
DMSO 91.9 92.4 92.8 94 .8
DMF 91.7 92.0 92.7 93.7




DMF 91.7 92.0 92.7 93.7 28 FEB 2007 24 Exanple 3 - Trypsin-catalyzed

synt hesi s of

pol ypeptides w th enzyne-specific cleavage sites startin

Bz- Phe- O3 and pol ypeptides of different |Iength and 5 sequence in the
liquid 4-methyl-N-butyl pyridinium tetrabluaroborate. The individual

enzynme- speci f
benzoyl; O®,

ic amno acid residues are each enphasized by bold type
10 4-guani di nophenyl ester). I m of reaction solution

FEB 2007
g rrom

i onic

(Bz,
whi ch

contains 4-nmeth I-fg gutyggyridiniun1tetraf|uoroborate, 5% wat er, 1.5% (v/v)

4- et hyl nor p
trypsin is st

mvi
wited ahz2hE-sherciSial ubtlébyageasensest hest£aei h@ns fweie

carty o9, out AN, IEARSTol, 8 AnaseltLenel ofseli el em ol boil

proportion of

YBRTOGR E a5 YRR At Wt NBS tdnponBRLYPERE 116 SV

a
m n,

t he reactison sedutnoa is hheughinio POgypi 24 uséngy 1Witbuthieyeddeniiaraci d in
met hanol / wat ey %%gfm%gé%%ralge pol ypeptide products identified by ne

MALDI - TOF aftBF’

y een’isolated from the reaction solution are

listed in table 3 with particular calculated and found nol ecul ar nass

Eo- FAARAC 695! 1 4063 (1) Bz ol VAR ECMALGRY 2010: 07" 335709 °( Tha+)
Bz- FRI VDAVL EQVKAAGAYPYS3 1G4 954y 3100+ ) TYBE- FKNAZRSAPRE RLEPYGPL HPGP3673. 98

3690. 50 (1pNa+) _FGYHhE KLY RM1* eSReCHf i cation of the nonoisotopic masses 30
Exanple 4 - Trypsin-catalyzed N-termnal introduction of the biotin

group into pol ypeptides having

=

1 ml of reaction solution which contains 4-methyl-N-

butylpyridinium tetraflucrcborate, 5% water, 1.5% (v/v)

ans of

es. 25

abel

d-methylmorpholine, 2 mM Bz-Phe-0Gp, 5 mM amino

15 components and 10 pM trypsin is stirred at 25°C. For
solubility reasons, the reactions were carried out with
methanol as an additional organic solvent, and both a
proportion of 20% and 50% (v/v) of methanol was used.
After 30 - 120 min, the reaction sclution is brought to

20 pH 2 using 1% trifluorocacetic acid in methanol/water
(1:1, wv/v). The polypeptide products identified by
means of MALDI-ToF after they had been isclated from
the reaction solution are listed in table 3 with
particular calculated and found molecular masses.

25

( Table 3
Synthesis product Calculated Found
mass mass
[g/mol]>* [g/mol}

Bz- FAARAG 695.34 696.3 (+H*)
Bz-FRIVDARLEQVKAAGAY 2010.07 2025.09 (+Na%)
Bz-FRIVDAVLEQVKAAGAY 1952.04 1954.31 (+H")
Bz-FKVVFSAPV LEPTGPLHETQ 3673.98 3630.50 (+Na")
FGYHIIKVLY RN
* Specification of the monolsctopic masses

30 Example 4 - Trypsin-catalyzed N-terminal introduction

of the biotin label group into polypeptides having



28 FEB 2007 25 enzyne-specific cleavage sites starting from biotin¥%ﬁé§%&m
and pol ypeptides of different length and sequence in the ionic liqu

4- et hyl - N-but yl pyri di nium tetrafluoroborate. 5 The i ndividual '
enzyne-specific amno acid residues are j;gach enphasi zed by bold type (Bz,
benzoyl; O3, 4-guanidi nophenyl ester). 10 The reaction conditions

correspond tohhpse-obeexampl e Siedbggenly shange wagtiprihg conggphration
of carboxyl cpmgpne t ébiotinyl-cgg: 4 M) and gnino conpaonent  (each
peptide: 2 m@§ic wﬂa@ BeftieP Pt ¥aGRE §9CF d&t | F+ EER B Fred SIS MBI - ToF
after they hayegbeese 15ni shkatieth ifo dmduiel rand tiopl sietwibt Proaredihsted in
table 4 with_the Pgrticular cal cul ated and found nol ecul ar masses. The

selectivity ofSthetEngy®aeietBrotinyl ation reactions was investigated by
using N-termnally acetylated peptide anal ogs. The absence of product 20

formation in these > s assessed as. confirmation. of an exclusive
therninaIlﬁiﬁ?ngPgﬁggﬁggﬁaﬁ%fXF%ﬁﬁﬁ?%%f%gp%%ﬁuctaEﬁFcﬁ%a%%?%ﬂnﬁﬁe mass
mass [ g/ mol |¢adiy/ nelnbhBedkiedy| Rl VODARLEQVRAAGAY (BE385. 05:r886.:31 ¢G#l )

Bi ot i nyl - KWFS/ LERPTCE 36 96,3649. 67 (+Na+) FGYH I KVLY RN 25 *
Specificationéiﬁﬁ%he hnnéﬁgo opégtna%ées The resulting MALD - TOF mass

spectrum of the biotinyl-R VDARLEQVKAAGAY synt hesi s product is shown by

way of e %W!ﬂqénrgga{_rﬁén %Ji%%é_méé‘fafé@één@f té? 1986 3 corsgspONds to

the (MtH ) signal o nonol sot opi ¢ nol ar mass of the peptide product

cal cul ated at3198B208n128cpERIgOWRS ipghe concentration of carboxyl
component  (biotinyl-GGp: 4 mM) and amino component

( (each peptide: 2 mM) . The polypeptide products
identified by means of MALDI-ToF after they have been

15 isolated from the reaction sclution are listed in table

4 with the particular calcuiated and found mclecular

masses. The selectivity of the enzymatic biotinylation

reactions was investigated by using N-terminally

acetylated peptide analogs. The absence of product

20 formation 1in these cases was assessed as confirmation

of an exclusive N-terminal biotinylation.

Table 4
Synthesis product Calculated Found
( mass mass

[g/mol]* [g/mol]

Biotinyl-RIVDARLEQVKAAGAY 1985.05 1986.31 (+H")

Biotinyl-KVVFSAPV LEPTGPLHTQ 3648.96 3649.67 (+Na")

TGYHITIKVLY RN

25 % Specification of the monoisctopic masses

The resulting MALDI-ToF mass spectrum of the
biotinyl-RIVDARLEQVKAAGAY synthesis product is shown by
way of example 1in Fig. 1. The found molar mass of

30 1986.31 corresponds toc the (M+H") signal of the
monoisotopic molar mass of the peptide product
calculated at 1985.05.



Exanple 5 - Chynotrypsin-catal yzed sel ective introduction of the bi %ﬁhﬂs 2007
| abel group into Iysozynme fromchicken egg white in the ionic |iqui

4-met hyl -N- butyl pyridiniumtetrafluoroborate. 5 Chynotrypsin has a
relatively broad substrate specificity,2@lthough the enzyne cl eaves
preferentially after aromatic am no acid residues. The individual aromatic
am no aci d r&sdatyese occring-i n t¢reynytsozysenddaai byeagh enpbasczedeby bol d
type (Hepes, .N-[2- r Qxy y i per.azi nesN -[2-et hanesul.fonjc_acid); O&,
4- guani di nopﬁel}{-nt{ﬂ%de\g t&r% %%rn%ﬂ#% g)giqoﬁéﬁlcelgpelﬁ‘ys%rz?/% PSR chY ERER™ ag
white: 15 KVREGRCELNA MMKREIGEDNY: IREYSLIGNWE QATNRNTDES: i d DY-ehe ChXE-N~

RWACNDGRTP ‘ﬁﬂ‘%@.’i@ fﬁ%% J mg;ﬁg(ﬁk GWAWA QAW RGCRL 1 ml of
reaction sol ution v@lr?llqc cont 3n§rﬁ§ir{et y -thg(?\lbutyl pyri di ni um

tetrafl uoboborate, 20% Hepes buffer (0.05 M pH 8.0), 2 nM biotinyl - O&p,

0.5 MM | YSOZBC‘Y‘R/mc?’ﬂ%p;sQirM chypptrygsi ”ﬂe%a%_tiivrerl%‘}j aly 2o6d ATE8bst120.m N,
the reaction solution is broulgmt]t to gH 2 using "1%trifluoroacetic acid in
net hanol / wat ePSCE L GARY .. 25tFRETRoLAR RASITEf SR RS nRadseBen M bl ¥ ToF

after producirdesol atdOie 0 14bB9 06 ©fdt hes Sydtdesi STRE 0dUEH: v EQk4 ESPONdS
to the (MtH ) signal of the theoreticall cal cul at ed ;nonqi sot opi ¢ nol ar
mass of nonofiTSTHy Gt ¥ Py &62vher e PLALLFERY disciBsetYFRZYR® above

descriptiion, de ehahns aaqthddiezett awbpgs baafd t heybaventieyz sy he[psed

ei ther individuall r. in.any conbinatjons f the .real.ization_of .the
Cvention 1 n SR hHO R FRRt S10 28 PEB 3007 108 2T CINAAT | S REARMED |
1. A nethod fagip,t he-gyat hdbhepbénpépetsdes) . peptide mnetics and/ or proteins

e{md/or for the selective 5 Ntermnal nodification of peptides, peptide

Primary sequence of lysozyme from chicken egg white:

15 KVFGRCELAA AMKRHGLDNY RGYSLGNWVC QATNRNTDGS
TDYGILQINS RWWCNDGRTP GSRNLCNIPC SALLSSDITA
SVNCAKKIVS DGNGMNAWVA QAWIRGCRL

1 ml of reaction soluticn which contains 4-methyl-N-
20 butylpyridinium tetrafluoroborate, 20% Hepes buffer
{0.05 M, pH 8.0}, 2 mM biotinyl-OGp, 0.5 mM lysozyme
and 10 uM chymotrypsin is stirred at 25°C. After
120 min, the reaction solution is brought to pH 2 using
1% trifluorocacetic acid in methanol/water (1:1 v/v).
25 The molar mass, found by means of MALDI-ToF after
( product isolation, of 14589.06 of the synthesis product
corresponds to the (M+H'}) signal of the theoretically
calculated monoisctopic molar mass of monobiotinylated
lysozyme.
30
The features, disclosed in the above description, the
claims and the drawings, of the invention may be used
either individually or 1in any combinations for the

realization of the invention in different embodiments.



m netics and/or proteins, with the steps of: a) providing an am no ,gpgg 2007
conponent, said am no conponent having at |east one am no acid, b)
provi di ng a carboxyl conponent, said carboxyl 10 conponent having a | eaving
group on the carboxyl group, and sai d-c2af boxyl conponent being a conpound
having at | east one amno acid or a conpound having at |east one | abel or
reporter groupATLSI8)CEBAMEDNESsai d am no conponent and said carboxyl
conponent in a reaction nmediumwhich has one or nore ionic liquids, in the
presence of a protease, peptidase and/or hydrolase, to forma peptide bond
bet ween the 2D- ani Ao "&H ehbrarda heyeanBskyl onperéadesw tbeetidenati on
of the |eaving groppne®i cdhanBBEROG, @t &l NPl y - CEg-Mile faiber:ye
conprising the step of: 25 d) enriching and/or isolating the resulting

pepti de, geptide M e FRLIARY/ oMYt TH P nmefhodBeRAOGRSper RePtBdeThe

met hod as cl ai med hinét 8&8 dn@ro2, prd0echal ant eni grd kBepRabrthe am no
conponent is a pol Feptide origrotein. 4. The nmethod as clained in one or

more of the precedl ng RFQYHEIN%35 @Rar AELEFI 2 &E8PRTERAL t He M nde®fponent
has a size of from 1l tocd@fOnenti navacgdst peeberabbyafmiam 30i49 500 ami no
acids, nore preferaﬁly from30 to 250 §ninﬁ acids. 28 FEB 2007 28 . The
met hod as clai med Ph onB B HOPE 8f SPREC*gre CETPRG 8 ai M T HE et %Yt zed in
t hat thel@arboxyl end ofombenantinohewipgnent ilseapriegentgrduppr atrect€deor

unprotected in ”0”aCtiV@é?EOLgimgi%uﬂheaHEtQﬁﬂiﬁscgkgbg§9iébéﬁ%hé%tﬂnfe of
t he - ’

being a compound having at least one amino
acid or a compound having at least one label
or reporter group,

15 c) reacting said amino component and said
carboxyl component in a reaction medium which
has one or more 1icnic liguids, in the
presence of a protease, peptidase and/or
hydrolase, to form a peptide bond between the

20 amino component and the carboxyl component

with elimination of the leaving group.

2. The method as c¢laimed in c¢laim 1, further
comprising the step of:
25 d) enriching and/or isolating the resulting
{ peptide, peptide mimetic and/or protein by

methods known per se.

3. The method as claimed in c¢laim 1 or 2,
30 characterized in that

the amino component is a polypeptide or protein.

4. The method as claimed in one or more of the
preceding claims,
35 characterized in that
the amino component has a size of from 1 tc 1000
amino acids, preferably froem 30 to 500 amino

acids, more preferably from 30 to 250 amino acids.



preceding clains, characterized in that 10 the Na-am no function of thgon 4404
am no conponent is present unprotected, and this Na-am no function reac%s
wi th the carboxyl function of the carboxyl conponent. 15 7. The nethod as
claimed in one or nore of the precedingzglains, characterized in that the
carboxyl conponent is a polypeptide or protein. 20 8. The nethod as cl ai med
In one or norg. of The peeredi ngsclcam”ﬁme@hairact@ié zefk- | mdhat de tgar boxyl
conponent has a size of fron1# 25 1000 ami no acids, preferably from 30
to 500 amino aci dSeRGP&"Er & 3l;g‘t§l'y from 30 to 250 amino acids. 9. The
nmet hod as cl ai mred thaoneterimede iof thia¢ precedi ng cl ains, 30 characterized
in that the carbox g t n r lic
ester or a carboxaﬁb E%#pﬁg&%erfgggfﬁgﬁgfgﬁﬂpg §8%8£9%ﬁ§ i3 %&g aéxblalned
in one or Snore of pheteptédearngn@m@¢@§te@hama@maaqﬂyyauedrﬁnrmhe | eavi ng
group of the carboxyl conponent is selected fromthe group consisting of 28
FEB 2007 29 wunsubstituted and substituted -0-al kyl-, -0-aryl- -S-al kyl -
-S-aryl radicéts, TRe-angyhod -ap akgimed. NIN- ding kyqli mcMEN-dfifaryrilh-e and
-N-aryl -N- al kyl - E%Qb@@&ﬁg 21kimsThe nethod as claimed in claim 10,
characterized in that _ _

characterized in that

10 the N%-amino function of the amino component is
present unprotected, and this N®-amino function
reacts with the carboxyl function of the carboxyl

{ component.

15 7. The methed as claimed 1in one or more of the
preceding claims,
characterized 1in that

the carboxyl <component 1s a polypeptide or

protein.
20
8. The method as claimed 1in one or more of the
preceding claims,
characterized in that
the carboxyl component has a size of from 1 to
25 1000 aminc acids, preferably from 30 to 500 amino
{ acids, more preferably frem 30 to 250 amino acids.
9. The method as claimed in one or more of the
preceding claims,
30 characterized in that

the carboxyl group of the Carboxyl component forms
a carboxylic ester or a carboxamide with the

leaving group.

35 10. The method as claimed in one or more of the
preceding claims,
characterized in that
the leaving group of the carboxyl compeonent 1is

selected from the group consisting of



t he | eaving group of the carboxyl conponent is substituted by one og ﬁﬁ*ﬁW7
carboxylic acid 10 radicals, sulfonic acid radicals or sulfonates. 5- e
nmet hod as claimed in one or nore of the preceding clains, characterized in
that 15 the leaving group is a 4-guanidimngphenyl, 4-am di nophenyl,

4- guani di nophenyl thio or 4-am di nophenylthio radical, or a conpound
structural ly honologeusst heieéd. a8 (3bsthe ureidhod-asl e} vt edoi-argmne, or nore
of the preceding g%gif%, characterized in that the leavi gfoup_bg_

adj usted to the spedittelty’ of t & ¥Pr ot 2a8RC% bept i dASe “and/or’ hydrBlase
used. 25 14. The aeyhod a¥l,dl-aiimsdyilr, oneNoi-doaeybdbf tEmel pHeaedilny-cl ai ns,
characterized in t he | conponent containing the |eaving 30
group has the foll%g%%% s?%%%?%?%f Y- (Xaa)-R where Y = an N-term na
protecting group or is 35 H, Xaa = any a-amino acid, a-amino acid or a
derivative thejeofq,or is,gq! abek QimeBeEHrEféiﬁ&EHp’ 28 FEB 2007 30 Riis
a leaving group, in particular a_}eaving group 'th is selected fromthe
group consisting @taunstpstredted Bhdtsubstituted -0-alkyl, -0 5 aryl -,
-S-al kyl -, -S-arylepgadigGaling peebepabby  dhguani-dagnhepylnonent  is

4- am di nophenyl, 4-guani di no-" phenylt hio-, 4-an1d|nophenyltﬁyo radi cal s,
each of which maySBeSsibstPEut &F byCR%I f &fi ¢ BRFY gFeFpexYeiGul #6hdt es,
and al so gt ruct ur atados®l ©gssulbohbhereeid radicals or sulfonates.

12. The mnmethod as claimed in one or more of the
preceding claims,

characterized in that

15 the leaving group is a 4-guanidincphenvl,
4-amidinophenyl, 4-gquanidinophenylthio or
4-amidinophenylthic radical, or a compound

structurally homologous thereto.

20 13. The method as claimed 1in one or more of the
preceding claims,
characterized in that
the leaving group 1s adjusted to the specificity
of the protease, peptidase and/or hydrolase used.

25
[ 14. The method as claimed in one or more of the
preceding claimns,
characterized in that
the carboxyl component containing the leaving
30 group has the following structure:
Y-(Xaa),~R
where Y = an N-terminal protecting group or is
35 Hy
Xaa = any o-anino acid, PB-amino acid or

a derivative thereof, or 1is a label or

reporter group,



nis an integer of from1l to 1000, preferably from 30 to 500, nore
preferably from30 to 250. 15 15. The nethod as clained in one of no
the preceding clains, characterized in that the carboxyl conmponent is a

| abel or reporter group selected fromfigorescent | abels containing 20
car boxyl groups, such as fluorescein, rhodam ne, tetranethylrhodam ne,

2- am nobenzoi c acid, isotopic |abels containing carboxyl groups, such as
13C_ 15N and 170- ontainingegnino acids or J.ereptiq%:é‘_}‘ra ments; spin_|abels
contai ni ng carboxyt 25 gfoup§2V&ltdh AECWPt r o¥i d& A& L ot &i ni7ig ' altfno
acid and fatty acigirdepi vatiichesis bsateated cfossl ithid ngragentsnsbat angi ng
car boxyl groups, C I at di [ L AL
p-nitrophenyl-3-di§§oB@€%@§%§%9§?%§,Zgﬁgthgéﬁgﬁgggg%gy )%c% EY%f ©

N, N -1, 2- phenyl enetli vt ei nr8eal Ry N-» 17S4aphényl caddcabbei npdefetsblThe

met hod as clained in : QF t hg _ prieced| al N, _ hat acteri zed
4 g&’é‘&z&gn B%n?‘i, Qll fwd)%ggjéﬂ%aﬂjie d 4O€t§a1§*ﬂ8£ﬂ8

28 FEl? 2007
re o

in that the steps a)"to_c) ptional . . W ce or nore,
in order to prepareheRgyileiheral Fy2aiganygpspsiivdédr prasticial sviedchayt have a

| abel or reporter goup. 2% REB 3083ti8lcek7 byhgumebhod as el aipedpin one
or nore of the preceding clains, characterjzed in that 5 a conpound

prepared accordi ng°¥o st A& ) @Ndnd dbi? on&HPH G usBETas%8Re ani no
conmponentig and anotheregoppound prepared according to steps a) to c) and
optionally d) is used as the carboxyl conponent. 10 18. The nethod as
clainmed in one or nore of the

n is an integer of from 1 to 1000, preferably from

l 30 to 500, more preferably from 30 to 250.

15 15. The method as claimed in one of more o¢f the
preceding claims,
characterized in that
the carboxyl compconent 1is a label or reporter
group selected from fluorescent labels containing
20 carboxyl groups, such as fluorescein, rhodamine,
tetramethylrhodamine, 2-aminobenzoic acid,
isotopic labels containing carboxyl groups, such
as C-, '™N- and 'Y0-containing amino acids or
peptide fragments; spin labkels containing carboxyl
25 groups, such as nitroxide label-containing amino
{ acid and  fatty acid derivatives; biotin;
crosslinking agents containing carboxyl groups,
such as diazoacetate, diazopyruvate,
p—nitrophenyl-3-diazopyruvate; 2-(1,2-dithiolan-3-
30 yl)acetate; N,N"-1,2-phenylenedimaleimide; N,N’-

1,4—phenylenedimaléimide.

16. The method as c¢laimed in one or more of the
preceding claims,
35 characterized in that
the steps a} to c¢) and opticnally d) are carried
out twice or more, in order to prepare
sequentially a polypeptide or protein which may

have a label or reporter group.



preceding clains, characterized in that the reaction medi um has excl s %ﬁ#&7
one or nore 15 ionic liquids. 19. The nethod as clained in one or nore
claims 1 to 17, characterized in that 20 the reaction medi um conprises one
or nore ionic liquids and al so water,- ad/-or an organi c solvent and
optionally customary additives. 20. The nmethod as clained in one or nore of
the 25 preceding claims, characterized in that the proportion of ionic

liquids in tqb reggtd on . Hﬂ%ﬁ ugglscggﬁme 00%%b08¥ ggggy fgergpl {0 - 100

or 80 - 100%by volune, nore prefer emnse
preferably fronlgwnﬂﬁeﬁﬂm%tﬂﬂakmﬂune or 95 - 99% by volune 21. The net hod

as clainmed in one gy, & of dde , pregeding claims, 35 characterized in that
the cations of the tonic Ii1quids used are quaternlzed al kyl i m dazol i um

i ons, quabernized 2 aFR§PE nitUARTiRd gaarefanged @l REEPYr i @l nt@m <l ons

and/ or quaterni zed, @ kdﬂ)@b@ﬁ@bwl Um i PNSuse8 BEB 2007 amind?2 cikoorddie: Met hod
as clainmed in claim?21, characterized in that the al kyl radicals of the

ionic |liquids are a5 hPRAEABE GOMRMBIMhcREEPARAChARFATILBY & bOFRP AL ons,

preferably 2 - 10 garhwrncatomg, opeienaplef arabky ubded GLarthon-atiossy1 23. The
method as clained in one or nore of the 10 preceding clains, characterized
in that the IOnIquqﬁHQEPRSed are 1l-ethyl-3-nethyl- |n1dazollum

1- butyl - 3gmet hyl i m dazol i um and/ or 4-

18. The method as <c¢laimed in one or more of the
preceding claims,
r characterized in that
the reaction medium has exclusively one or more

15 ionic liquids.

19. The method as claimed in cone or more of claims 1
to 17,
characterized in that
20 the reaction medium comprises one or more ionic
liguids and also water, and/or an organic solvent

and cptionally customary additives.

20. The method as claimed in one or more of the
25 preceding claims,
{ characterized in that
the proportion o¢f ionic liquids 1in the xreaction
medium is 50 - 100% by vclume, preferably 70 - 100
or 80 - 100% by veclume, more preferably 90 - 100%

30 by volume, likewise preferably from 85 to 100% by
volume or 25 - 99% by volume.
21. The method as c¢laimed in one or more of the

preceding claims,

35 characterized in that
the «cations of the ionic liguids used are
guaternized alkylimidazolium 1ions, guaternized
alkylammonium 1ons, gquaternized alkylpyridinium

ions and/or quaternized alkylphosphonium ions.



met hyl - N-butyl pyridiniumsalts. 15 24. The nethod as clainmed in one &fpdiPdos7
of the preceding clains, characterized in that the anions of the ionic

| i qui ds used are chloride, 20 brom de, chloroalumnate, nitrate, benzene-
sul fonate, triflate (trifluoronethanesulsfonate), tosylate and/or

tetrafl uoroborate. 25. The nethod as clainmed in one or nore of the 25
precedi ng clainms, characterized in that the protease used is a cysteine

pr ot ease or rin protease. 30 26. The use of rot ease, peptidase and/or
hydr ol ase f% 'th§h§yﬁ‘te%g‘§’lds a5 G e]r”m‘ﬁa?l’?ﬂa)?df'fi cation of peptides,
peptide m netics ahdrpeakeiinsed sial dhgtepti de, peptide mmetic and protein or
N- term nally 'ab%g\%d L Eh iy E:—pg{gﬁsbe{)fqg 958“&§%i%5 by Ji;gat i an. of an
am no conponent and a carboxyl conponent, and said carbox conponent
havi ng a 5| eavi ngbgrogiped or unbranched and have 1 - 20 carbon

atoms, preferably 2 - 10 carbon atoms, more

preferably 4 - 6 carbon atoms.

23. The method as claimed 1in one or more o¢f the
10 preceding claims,
characterized 1in that
the dionic liguids wused are 1l-ethyl-3-methyl-
imidazolium, l-butyl-3-methylimidazolium and/or 4-

methyl-N-butylpyridinium salts.

15
24. The method as claimed in c¢ne or more of the
preceding claims,
characterized in that
the anions of the ionic ligquids used are chloride,
20 bromide, chilorcaluminate, nitrate, benzene-
sulfonate, triflate (trifluoromethanesulfonate),
tosylate and/oxr tetrafluoroborate.
25. The method as <claimed in one or more of the
25 preceding claims,

characterized in that
the protease used 1s a cysteine protease or serine

protease.

30 26. The use of a protease, peptidase and/or hydrolase
for the synthesis and/or N-terminal modification
of peptides, peptide mimetics and proteins, said
peptide, peptide mimetic and protein or N-
terminally labeled species thereof being prepared

35 by ligation of an amino component and a carboxyl
component, and said carboxyl component having a

leaving group.



