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selective modification is 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 solid-phase peptide synthesis, a
35 further chain extension leads, owing to the coupling
yields which are not quantitative in every case,
frequently to the accumulation of a multitude of by-
products, which both 1lead to a reduction in the

synthesis yields and complicate or prevent the
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frequently to the accunul ation of a nultitude of by-
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currently favored native chemical ligation, a synthetic
25 peptide 1is connected wusing a C-terminal thioester
moiety to a second peptide or protein which has to
contain an N-terminal <cysteine residue. Utilizing
knowledge of 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. Sci,
USA 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 is
formed by thiolytic cleavage. In addition to the need
for a cysteine residue at the N-terminus of the amino
component, a further general disadvantage lies in the

partial epimerization of the C-terminal amino acid
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25 Although the utilization 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 prerequisites, neither 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
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rapid progress of NMR technology which in the last
decade has enabled full signal assignment and thus

25 elucidation of the 3D structure of proteins up to 150 -
200 amino acids (without modification), chemical
modification is still also 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 protein crystals

which cannot be obtained in very many cases.

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

primarily with active esters, for example N-



200 am no acids (w thout nodification), chem cal
nodi fication is still also a tool for 3-di nensional
structure determ nation in solution, since |arge
proteins are not anenable to-NWR-structural analysis
30 and X-ray structural analysis requires protein
cr ysrdFexy st ein daidot obedobl bk opbienylvesyemany wdabeshich,

S' NSy dbd £F Modle ra- 80390 cg{ﬂLfﬁS fﬁh@tﬁﬁﬁgeréfdﬁt%%%genlc

of selective nodifications e S-amno grou
| ysHHEN? aRiFEQ] EeBEEUPPI ﬁ@gh@. RISOEICT rap OEBHAS THAE out

pemérﬁiﬁtﬂﬁa et makk gWcany ohar @ﬁﬂ.?d tihet 'p%%@il'ag]ét‘iifl rladlcal

d re {_ter g&ugs at Ekterm nus em ca
3? ‘T’ler? eg% Fodecede EéW‘?Eacé tYWPEhaaRRPaECEeS Jogroup
pr Ifmrrl byiwot haatd s Ve.rEStEéS ,cdriyesexapl epdbtide syntheses

%%Wsﬁé’%{%{%g@ er &%érgﬁal nxhj glergrs?gli\ém%itlliin acylase

owever
pr oitreum@em*ceraem @b Boednaesvduestipght(Ral $ddzéapetris et

ancyf huspgpberout, $e6£Ctbye No7 ) mydif i-¢a 'VQH oPH Yigain by
t he phenylacetyl radi cal 5 has been I ntroduced

enZyifat 1488 | 578" pFbt eREVAEVYr BupReteplantino Wadidgmgnn, J.
i n prekeontesk.of19emp! | 935$yr1tdmseszxpa\tth from this direct

det er i on of ecificit en|C|II n acylase in
themfrogg)eec?%%l%f t%@pur?atlﬁﬁ 5%9?‘%?3 PR/ DH}Q?apé{rﬂt% efnethods
aI deFBEDddthavd I9den 28HosB81lyhand akeavededf bnagaitkansfer

ogj'p ETE %89‘3 Nefik@%&%‘if 1 %}égf\%%éangS) ad&pcglr?rf ngl%tlde

15t hu%emv@bxve%rmmtpﬁ@tgd@ap speebluct hoanot heidnlrgsidues

nmetfpdsnedascribed: haye beer ttbk?ec‘ec%'a(i S@L e @fsg@g@igases
a transfer of already N-term nal am n Ci
or bt i c}é‘ei’été&?lllyvat ‘¥Qes @M% h Béﬁ?l dalslét%‘ﬁ%‘éﬂbhllty An

ameno:éa_:cuizbrf esihditeso i Ast h@l&@’l ﬁﬂ?éﬁ%fﬁbgﬁﬂ.@ﬂiﬂlhﬁﬁs concept
Cata Si S ti dase nd i.nevitably do n ave
irre Jsrfébll ?B ﬁ\g()psace%ﬁ oﬁﬁ hjejr%?#‘?%st ré Ppeptide and
ZOSUlISItQ‘thel mmemtss coicepordosagenably, dénekepedhicar. 1997,
at j de a ro S t
1 39 25)55; ?Eg\e@lee% £ ggr&%@g? b?%gg 22?%5’ g'al_:lol Res.

Bor'dusa ‘et REVi“éew.

F. 3A%usal2.Br #£9)). MEGhBI! . this MEOOOAOADII6BRS the
Al thorott ddu s et hodot g¥e haid h€elective introduction of

label and reporter groups, it requires, as already
25 mentioned, the use of synthetic, proteolytically
inactive protease variants as biocatalysts in order to

prevent competitive cleavages of the biopolymers to be
labeled.

30 Hydrolytic and proteolytic side reactions of hydrolases
used for the synthesis and modification of peptides,
peptide mimetics and proteins can be suppressed not
only by targeted enzyme engineering but also by
manipulations of the reaction medium. The 1literature

35 describes the use of monophasic 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
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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, 19, 22; T.L. Husum et al., Biocatal. Biotrans.
2001, 19, 331; S.H. 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 1liquids and catalyze both the
hydrolysis 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.
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25 1independent 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 is achieved by a
method for the synthesis of peptides, peptide mimetics
and/or proteins and/or for the selective N-terminal
modification of peptides, peptide mimetics and/or
35 proteins, with the steps of:
a) providing an amino component, said amino component
having at least one amino acid,
b) providing a carboxyl component, said carboxyl

component having a leaving group on the carboxyl



20 nethod for the enzymatic synthesis and nodification

of peptides, peptide mnetics and proteins, which

overcomes the di sadvantages of the methods descri bed

in the prior art. It is a fwtéher object of the

present invention to provide a process in which a
sequencegzgupndegﬁnﬂensaé9nth@mngyklpeompcuéat being a

l'i gati oncapdolingt eﬁ {;I \r/@\?' fi&ald ORynd S 6f lfn%Ct €diq or a

regi o- and stereos out proteo yti ¢ “and
hydr ol yt FEmPePaE r%%t‘é%fﬂ%n@tonl?ﬁétr et artabedr phe reporter
reactlon raﬁﬁﬁucts 30 Accordlng to the invention, the

bj e i s achieved b met hod for the synthesis of
%epf: desIepEpthde 37 t|“"<‘,“s’“noanGSDIBIPC”b‘?%‘t:el"ﬁﬂsd afalter ¢drboxyl

t he sel eecbmpendnterim nal rd’amijlfdrﬁalhe@ﬂulﬁf wheRl de$s one or
peptide mneti.cs. an%/ 35 pro Wth the ste

of : a) pr86|d%ﬁalgn ﬁPﬁ85¢o&ﬁo QQTQﬁnqﬁ)a rotease,
conponenpephadang andVeashydmelamenoUmnﬁmrmna peptide bond

provi di ngepyEBROOKKL CAMARCN Lok daar ! che corboxy)

conmponent ving a | eaving group on the ¢
1&r oup, aﬁ§m§ﬁﬂénéaWbé%y?lé@ﬁpéﬁéﬁﬂ péi Ajealesvrpougdoup.
havi ng at | east one ami no acid or a conpound havi ng

at east e | apel orter reacting

sai %ﬁﬁﬁ£neﬁ?b%ﬂ €3Fd é&%ﬂ&é% c%@%%neﬁ@elnqﬁthOd
reaatcondﬂndlmn\Mh@hlhaSnomenomuﬁﬁHérIOBmpriségl@&e step
in the presence of a protease, peptidase and/or

hydrolase, to form a peptide bond between the am no
1Xxonponent and the carboxyl 10 conponent with

el'H]natEQBIQElﬁgeSEQaVbﬁglgﬁqﬂ ?Hg%ﬁﬁgdﬁhgq%)tQﬁPtlde’

enbodi nent praovi hat the ne accor
i nvent i oRSPELEfeMigips segadyre S@é@teb$ bys @thods known
i sol ati nge@rsenriching the resulting peptide,

20 The present invention further relates to the use of
ionic liquids as an exclusive solvent or in combination
with water and/or organic solvents for the synthesis
and/or N-terminal modification of peptides, peptide
mimetics and/or proteins. The present invention also

25 relates to 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 by

30 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

35 the description which follows.

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

2 - 10 amino acids. According to the invention,



peptide mnetic and/or protein by nmethods known per

se. 20 The present invention further relates to the

use of ionic liquids as an exclusive solvent or in
conbination wth water and/ e+ %organi c sol vents for

the synthesis and/or N-term nal nodification of
peppbdgpeppigesdere femettiocscandénsapion eipxoduibdtss of amino

presenlsi RuSIL oréhﬁitftodféor—r ejh(% eSmifRo! E%lﬁ € 91f a according

pr ot ease peptldase an ydr ol ase
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hEPHESMbEELLES RGN SO aPERE] b dEPhale more

X heFBBP BRI preRardsdingy Sélﬂﬁgaﬂﬂ§h éﬂtﬁﬁaéﬁfﬁo regarding

conpheedtansdtaofnapbewybn €hEPERENterABdasabdifgr BOXYH.
conponent having a | eaving group. Further enbodi nents

are evident fromthe subclainms and 35 the description
mhiBthDﬁﬁngstQNthdhngeh01bheipoﬂﬂdaNhumepltde&efer to
ref ndgnsat i uc f ci
o ghnbgunagriansal dR.geedicls o AR AT PRTY Mboical
lOpol JPEPVitEs PEf el tmpbh@@nsmtmubrotiwn%eb\feamhwlng a

aci d3abaytoy aboptidl -sdPQcaRtoo EGhossddd RO NIY, of

to the invention, the termprotein is used for

con@@ﬂ%gtﬁﬁﬁn6r68&§§s Er2arilRs L& ®SPRHICEh THaRE iifsy @13 not

tEaanapouhtieelgrrhbapaprtdae toli@talnlltceroaimp"boeldd%@a(rﬂijrngexample
t t WO er ns, as el
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1> onpoomdsishsthuctirase butamflagontihoset hailhollegicatlodified
10 QﬁihM'%ﬁfﬁs (epti gde W&th%WBt§1 l#@%ﬁ@a¥hggp acids;

cl assi cal pept |de struct'ure conpose Sive
coded @i AGdacNa§s a&%w%dofarp@m.o@cml%um@@es with

- not moamtyeantsi&éy dmenpapt i deqor ganj g- agnwyag@né{@a amino
exa g t he, nor phi ne or naloxone conposed
ggé T

cyc hats (& AUntF 9B M on&t e ) st raRd uldsP bEYCéFgo peptide
20 hoseraibgsh (h:E_i,Atﬂlmzd:Ideredof am-teradnds (with N-te¥minus or

andagiggk laEF it enohggldscyé¥aé§%lon ofCE %%%Hlnus with
am no~aci ds;” pep FdeS WA
amino ac1d side chaln 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 function and of the carboxylic acid function are
30 exchanged in comparison to normal peptide bonds, while

normal peptide bonds have the structure R-C-CO-NH-C-R’.

In contrast to salt melts, ionic liquids are salts
which melt at low temperatures (< 100°C) and consist
35 exclusively of ions (Lit.: see, for example, T. Welton,
Chem. Rev. 1999, 2071-2083). By this definition, water
is thus not ionic liquid. Characteristic features are
their low symmetry, low intermolecular interactions and

good charge distribution. Typical cations contain



nodi fied side chains, e.g. a-,R-dehydrogenated am no

acids, nitrotyrosine, etc.), and also cyclic peptide

20 anal ogs (cyclization of NNterm nus with C-term nus

or amno acid side chain; cycigzation of Cterm nus

with amno acid side chain or cyclization of am no
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exc% nfrd & en'pekg%rﬁ&% ( qa Broexdiie e T. nitrate,

usi ve y of ions see
10ve| bomzenghiehf omeve, 1999trQﬁPdtQO83) toigiatﬂs or else

defi{ @i i PPyoWebEFatdS thus not ionic |iquid.
Characteristic features are their |ow symetry, |ow

i nternol ecul ar interactions and good charge
di sstabtin@nfroympite@l padd i Lo Fveq 1 rev1ously in the

d_h f tanc erni ze
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met By$ - P@W%:pyrﬁfm nbresentanahvgotsby sibsthaseadd on the

amBiy s 06l PROSRRGRI-YM RS . 1JVEBC?O§EEHH§ ﬂ@ycgﬁnect a

ei ther of jnorganic or organic natur for exanple
chl G TR Y br 6RTBENCBRI TR Afchat 8thniat rkgaying group, the

2 Obenzeriesky I orangonlantf | BEengt asyba Ql@é el $€tide mimetic,
tetrafl uoroboratev%teartl ng fromyt

obsRFVed Hr Vi olis| t & Ei’f?%?tealft %Pﬁﬁftyt'heu?‘ﬁﬂ, enzyme
butcat zby pbs t 2@l hlgbplsaﬂéheatsl%aoé watiersedecttieity, using

reacti o0 QL HAL bYsa,£ea¢kh 903 L0851 vent or in combination

with water and/or organic solvents as a reaction

25 medium, with an amino component which is preferably a
peptide, peptide mimetic and protein.

It was also surprising in this context that the side
reactions which typically proceed, such as the
30 hydrolysis of the bond between carboxyl component and
leaving group, and also the proteolysis of the peptide
bonds corresponding to the specificity of the enzyme,
in the reactants or the products 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, thiocester 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



solvent |leads to an activity loss up to inactivity of

the enzyne, the present invention is based on the
surprising discovery that it is possible to connect a

car boxyl conponent provided with a | eaving group, the

20 carboxyl conponent being a peptide, peptide
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ester, thioester or amde formto the Ctermna
car BbxGRerBRERPAN of the carboxyl conponent. The

nmet hod according to the invention is thus based on

the.surpcrisi i scovery that ioni¢c - 11, liquids or )
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1%r gendtesstventinyelivgasetiavaaabl 821 nf Exbnbet omhehe above-

synbgst spagt benky i@ theyenzyne and 8§E€HE5§Q§99“§bitable
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of paeipephodhe 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 hydrolases in ionic
liquids or mixtures thereof by means of 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 amino component, in the simplest
case one amide or amino acid, but preferably a peptide,
and the protease, peptidase or hydrolase to be tested.
The tolerance of ionic 1liquids by the enzyme is

35 indicated by product formation in the course of the
subsequent incubation phase. The product formation
itself may be analyzed, for example, by means of HPLC
or other chromatographic separation methods.



It has been found that all serine and cysteine 15

prot eases investigated so far exhibit the above

descri bed behavi or and are thus particularly suitable

in the context of the nethod-arzording to the

invention for the synthesis and nodification of
peph¢desdipeptiale tha nenvestdod,prptefasre8urpheteases are
sui Labl &1 gOZ %%egglésb%xzos&.bfrfé Eﬁgofgaé £, an%g%%rc’)f it is
screenlng processes using sul feac
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screenin he 25 procedure is to I nvestigat

%heteyntﬂéeﬁgi éﬁnﬁhﬁfcﬁY%ﬁqk%%ee%roweﬁtﬁaasé§ &mynﬁcular
hydr bpases om |em"ue:raée§1umiec@r:dﬂha§t Weesthder8ekn®Yon, the

f h d t To thi d
hePep RAEYE cdbE” T Carndy i Honmsi = Lond: SEiRG BRe be
onetlaei rkmoani dp8Pt { dase erubayralupsar bpay | wEnpaseenhiOion of
SUbﬁ‘%ﬁ%f é‘égﬁ‘“ ﬂ@ﬁéé%u%%tdedeo{:glg gm no %?Tfl% ence 1is

nent, 1nt casePone-ant de- or
10aC|@ad%u%npPéféFﬁbﬂ?ratpeﬁpm@@ Cheid etllee ifkoot e&$d, edition,
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ionic liquids by the enzyne is 35 indicated by product
formation in the course of the subsequent incubation

phase. quhfhepf odulmanfcalglé?tb@n thd S@deftrl;l@éh/ Becarakgedso the
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ed'ééfﬁbxyﬂgggmpoﬁgﬁg; which becomes necessary especially

when the N-terminal sequence of the carboxyl component

is

25 has a higher specificity for the enzyme than the
N-terminal sequence of the amino 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 amino 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



A further advantage of the nmethod according to the
invention is based on the regiospecificity of the 15
enzymes used and the absent risk of racem zation

conpared to nost chem cal procgsses. This is

advant ageous i nsofar as reactants having chiral
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The carboxyl component 1s preferably a 1label or

25 reporter group provided with a carboxyl function, or is
an amino 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, of the amino component to

30 form a peptide bond is typically and preferably
activated.

Preference is given in accordance with the invention to
the 1leaving group of the carboxyl component being
35 selected from the group consisting of unsubstituted and
substituted -0-alkyl-, -0O-aryl-, -S-alkyl-, -S-aryl
radicals, ~NH-alkyl-, -NH-aryl-, -N,N-dialkyl-,
-N,N-diaryl- and -N-aryl-N-alkyl- radicals, and

preference is likewise given to the leaving group of



10 peptide bond. The ami no conponent is preferably an

am no acid, nore preferably a pol ypeptide or protein.

In the latter case, the polypeptide or protein has

both an am no end and a carboxyl-end. The carboxyl

end is either in unprotected or protected form To
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preferably replaced by N, O and/or S. Examples are
pyridine, thiophene, furan, pyrazole or imidazole
25 radicals.

Particular preference is given to the leaving group of
the carboxyl component being a 4-guanidinophenyl,
4-amidinophenyl, 4-guanidinophenylthio or 4-amidino-

30 phenylthio radical, or a compound' structurally
homologous 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



al kyl radicals include n-alkyl radicals and branched

al kyl radicals, and preference is given anong these to

10 n-alkyl radicals having 1 - 5 carbon atonms. In this

enuneration, the termaryl entymces in particular

substituted and unsubstituted phenyl which is

pr edred abépostubst gratpd anet héspheoyhecited by ithe protease,
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I Leedt i0ed Tt e Med "R e [ER AR s, paving

norRaERe TSPRCE{5¢ eaBiRQcChd rephd®g$; which may in

turn preferably be substituted by guani di no and/ or

am di no grqups, and heteroanal ogous systens such as 20

qui FoF i RE IBPINSeFRISS T LFe. PAIRESR 87 fr arfipit he¥amalgo trypsin,

enbgacies shekpeoar 0ant yomeaNROUNGS Svidt) fas 6detd8ted for

ato L n_which.one or re_ring carbon atons are

pre?%?a%T?u?%b?h%%Bh%9yﬂfeEtﬁﬁd%S?Vé?gEﬁéﬁﬁPesAﬁr@nalogous

pyrfghetejon hcapheheo bar absepyedzdoe amiidindahengl 2sters.

radt cal Rar t.i cul ar. efere [ [

Ieé&?ndﬁg%%ﬁhéﬁﬁ éﬁ%ggéa%%oxgﬁgco%%%%%ﬁgr%gir%?%?logy’ the

104- gtregiian hdpreplyenyl 4- ariliorgpteihy| , and 4-amidinophenyl
4- guanb gé nophenyht hbgs or Aaali digo 3Qiphenyl thi@tion  and
radi cal,, or a conpound structurally honol ogous ,
 her bt i oAt he E%‘b%xﬁ WRAReht |1t hehadufialy grsipesis.

pr eferadt yral Orhmncﬂlrbcﬁ%t eIt Oghéﬁlearfd':dﬂp&\hh@st here 1likewise
carboxyl . group of. 35 the carboxyl conponent, nore
TRt A B et TRot ST aar S LA B ORI Br LB BHPE he
Y
15car boxyl conponent. As already detailed, specific
rec I L t Vi (A ly [ f.i
Lhe Saohels %f%c?%v“??g%@f‘*% neoRgBE! TREE, gty fFes o
t hatD9edt PP RGRei Shop Papér moistvandorepsam@le amino,
gr oamss?@g@, ab@@n?@ag@cga&sﬂd byxtn&ht@ F?rLd?Lte?caisees, MPER! 8SR eract
or peptidase,instead of reactants having, ,
enZAHeR sPRTT HFES LY oS BEFHL P baF qABANO5 B4R residues of the
20ar gproneaspeciific. preepeadead,lyf oehexanpheitdyp&did residues
suc peci fi city-mediati action was.detected for
thémﬁgaﬁanﬁgﬁﬁgﬁﬁéhylgég %Egyeafphg ép§&§?c y ~ with  the
anaswydusate, or those which influence the catalytic

reaction, and which have an aliphatic or aromatic basic

(8]

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



function can al so be observed for am di nophenyl

esters. In addition, owing to the structura

honol ogy, the 10 4-guani di nophenyl thioester and

4- am di nophenyl thioester analégs have a simlar

action and additionally have advantages in chem ca
synhkdspphob$er uctamigio homtbds ofeshdvesconpdords aexample
|'k@H&ﬁ8tr9%§§H|aﬁa speeifilcihy-mediating | eaving

groups. 15  Structurally honol ogous conpounds are
derivatives of these conmpounds with a basic noiety,

fOrAfﬁaﬁﬁﬁﬁgQWEBQ,fhéﬁidhﬁ@pﬁ%@&nidkm& Q?%%ﬁ%ﬂ&J_g;oup is
| etl es | C I.N rac W Specl J.1 Cl -de rmnin
o R LR ral ke RiBetER  tre Bt sttty o CHe" Pidase,

esppepalitlgsehesd/am hgdaocildseeasddes which interact

directly or indirectly with the substrate, or those

whi ch influence the catalytic reaction, and which

havénan aal i phatheror paedeatried baghigod shenict ur éhwi t hgarboxyl

for a chai th t we 25;ﬁQ91 I X

netﬁsﬁggggﬁﬁits, orQ%gﬁg%neF %aph? %fgﬁ or 1 dollelaS the
1hastelierrgupEEUChBEREen the specific basic noiety

and the ester or am de function as a connecting

el ement etgeep IQe car boxyl group of the carboxyl

conponen ~4h3%t me | eaving group. In the figurative 30

sense, this |ikew se applies to enzynes having a

primary Lficity for _ghutan [ I rfic .

aci d, f%?ggéanpl e¥V8 SPotNgEat%g?n&v%%?h%tr%é:% & ehce® °F *°
13 hat, instead of Hhe basic noieties on the aliphatic

or aromatic basic structures, an acidic noiety such

as 35 carboxylic and sulfonic acid groups are bonded.

In an anal ogous n#Afer, st H2Bir@anpged, whi-gfino acid or

consi st only of the deasiveatStveictiesSofenbironad, ai 1@bel or

do not have any basic_or _acidic groups, constitute

car boxy| conponent§ep?5?e5n9§ﬁﬁg'having a preferentia
2Gpecificity for - 16 hydrophobic am no acid residues,

f or pex; e ot r ,n a S LLIS ccording to

the® ruont! ont The? | dariiy a9l Group

which 1is selected rom the group consisting of

unsubstituted and substituted -O-alkyl, -O-aryl-,
-S-alkyl-, -S-aryl- radicals, preferably
25 4-guanidinophenyl, 4-amidinophenyl, 4-guanidino-

phenylthio-, 4-amidinophenylthio radicals, each of
which may be substituted by sulfonic acid groups or
sulfonates, and also structural homologs thereof,

300 n is an integer of from 1 to 1000, preferably from 30
to 500, more preferably from 30 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.

It is likewise preferred that the carboxyl component is



5 preferably adjusted to the specificity of the

prot ease, peptidase and/or hydrol ase used. In a

further preferred enbodi nent, the carboxyl conponent
contai ning the |l eaving group~-ha% +he 10 follow ng
structure: Y- (Xaa)n-R where Y = an N-term nal

pr ogectalpel gmpreporserlwwup(aaseie@ttyeda gpbno Bhidkescent

R‘aﬂhBQlQCEGngﬁlnﬁngerbﬁ% k&% ?ﬁg’ éHc a§1%fﬁg%escein,

or “reporter roug I*eavi-ng
par ERedpBing, | eb® ﬁgmgtb}abrh«;«ﬁamhnes s&mire@bémma; heacid;

groyso@@pﬁbstwﬁepé dﬁ}ﬁé&%{ dgt %%x%qcyiubakbhbtsed such as
-0-g kyl, 150-aryl -, ; -S-alkyl -7 -S-aryl- radic

Yref &rabl y U5 A aniod'cr?dﬁlwng 428G néﬁh@ﬁyl S peptide
4- gfiaagnenos; phemajri hi babe#s anmisdichophegy!| hhltﬁtox1de label-

radmgkg ec of . _whi ch.may _be sg%tltuted

sul FORFEtacld gfBaps of SISl A Cand i derivatives;

st rbcouinf h@nﬁbégskuhgr egent30 conts lan ngntegaroxnfl groups,

f nt o, 4009, 00, _ oy i
oLt 4000 Bl LAy 900 oL B cpngn -
151 kQFaaﬁE}’é\ﬂYPtarezas(l @efiiitdd odisove -and asles@ tertbrhd¥ -1, 2-

as pheng1enehoahkangsde35 hetenpeyc) palkanetond eimide.
ri ngéin);sterrs and nonfused ring systens, &and aI SO t

abo QELINES L3St PRt OReboARNENtS . CREPPEY | l@é\ﬂu@e which
prehesr bdehhptrotrﬁldedalwhmhy|on©0lasrf0rteﬂi difove Jd7ef1aueloam<avmg

e r Iec fromifluorescen I
con?glggp%ggggr %gr orh Matt e ht 82CF 00t eigeltﬁ’ls respect,
13 hotlai ﬁéuotr@tsmm hyabdbslameng oBedmamsbeneoi ¢haciahmplete

'SOEQPbSKér?b@o% eARLR NG canPAXY! GnoURS e %QPFagﬁch is
and

70-contai ni ng am no acrds or
f ra@ﬁéﬁ?gergﬁiﬂntPaﬁéﬁsa@aeﬁ G8MRPREBXi de | abel -
containing amno acid and fatty acid derivatives;

The connection of the amino component and the carboxyl
20 component forms a polypeptide or selectively modified
polypeptide or analog thereof, 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 1ligated under the influence of the
enzyme or to the label and reporter group introduced.
The length 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 it is determined
ultimately, if at all, by the specificity of the enzyme

used and reaction kinetics considerations, for example



bi otin; crosslinking agents containing carboxyl

groups, such as diazoacetate, diazopyruvate,

p-ni trophenyl -3 10 di azopyruvate; 2-

(1,2-dithiolan-3-yl) acetate:r NgN--1, 2-
phenyl enedi mal ei m de; N, N -1, 4- phenyl enedi mal ei m de.

Al | theridatfussomentatmedthatbea emihoxytomponenihi chypical

hass??@ﬁ BEOWHQ?bé%%re ?Eﬁp8£ehge aROVE; égffin%g 1000 amino

eaving~ groups enzymatic reaction
resB@égs 1EQﬂ%3HﬂQﬁﬁE§hk¥nfr@meB§ tent $Ohedmane motids and

them@@@Db@E?erﬁBﬂ9°¥¥bmp@@DQ%e@%Ok%ﬂlﬂ&“i&?dé”"ﬂbdéﬁ%r, it

is transferred am no conponent
£onﬁ§c?4§ﬁ &Pqﬂﬁ?zﬂﬂQNF?ﬁﬁ%oﬂ@thﬁn@r@ﬁ@néaﬂﬁﬁsﬂtl@K)that

conppsertefquHs o8 mﬁw%bﬁlgoafeﬁ@elclef{t av_gulnefe%fl ater,
e ~1erm na end

I tid th
e BBt o Rento0s: FECREIEAG & 64 HS e tha Ccording
endtoofthde xnﬂqnnmnmckinan@huha ami neetieentnal eatzghe- or

th nt ond| t he n1n end .
"peOPRRaNLLocamone™: carLesRordi the anaR e s
10( heeféﬁgpﬁé oK o Atntdidbeterivrss r @popt ecagteny - The length

' nt feduced, pHagchemnath of e Syt hes Z@Heoraf;%d%ﬁérﬁdloned

¥ tide is at |east two amno acid
the g’éﬁﬁ?hr@@g%e Pol %ﬁeﬁf%%rbrtbﬁotséiqi?epr%%aﬁéé ipresent
?CCDﬁdéﬁﬂEo%%%haﬁOﬂH&Eam%?ﬁﬂ¢§mp&méﬁth@§glér kze %%e same
roml to_ 1l a i_ds, ,nore rom
to 1060 aﬁfnosggqg 2&8& mbtE pf%?gF’ qy fTORBERy the
lEGOOcam:aolanl dssehd fonosthpsef;anam.cyeflg@me]:ﬁaltyo B@Dng the
d 35 T [ of onent. ma
ani o ttgk Sf 32nThE SiAQO! fmﬁrhﬁg]e%e APANS L annt or

e as one amino aci I's necessari
anytbﬁp@@rbpﬁvi epmpeRentength of the ami no conponent,
but it is determined ultimately, if at all, by the
speci ficity of the enzyne used and reaction kinetics

const dePaPrEhsr iesr idnpie -cagboxkk 8PFPORRBR Pasea size
200f bhe fainol cooPA@t . aryipd cakidsi, zq&sﬁeﬂdm_\,anfﬁ@m 30 to
e re fr 1 Lo 1000
pre g?a%& 3 rom3t 't o 500 gﬁFﬁgrﬁgﬁﬁs%%ﬁﬁ“ ﬁ@rgo 250 amino
preﬁeldbly from30 to 250 am no acids. However, it 5
Is also wthin the scope of the present invention that
In the method according to the invention, it is
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 4-methyl-N-butylpyridinium
tetrafluoroborate, with only a very small, if any,

water content (typically less than 5%).

In a further embodiment of the invention, the
35 proportion of ionic liquids in the reaction medium is
50 - 100% by volume, preferably 70 - 100 or 80 - 100%
by volume, more preferably 90 - 100% Dby volume,
likewise preferably from 95 to 100% by volume, 95 - 99%

by volume or 97 - 99% by volume.



the Il ength of ami no conponent is distinctly greater,
especially in those enbodi nents of the nethod
according to the invention in which a sequentia
enzyme- or protease-catal yzedipepti de fragnent
ligation is 10 effected or a protein serves as a
reactant. The length is then preferably a nultiple of

ther}f;&?P@ﬁ”B‘fOE]SHl ' 228L 84520085 orani® WA %ith and
scope o resen VEnti on t hat the
con%bh@@@tlswaﬁﬁgerCQﬂﬁ@Qkumﬁnélzéuéthsnalhddlﬁh&ﬁs, for

t hee gafbOXY i neRENRNt sai b§, 153&@@1@6‘ °80H§€gt{19é tttion

pur pose general Iy being the nber of amno acid _
5 or ARRER t he? arfifo  SORSGENt Oér tPﬁe ERVBRRYPD, and it is

Com@ﬂ&p&rtélﬁtl ﬁh@tﬂé_@f nedltshat sbh@tci@hb@gyls@a@m%ﬁ The
has §?3|ze froml to

oot &t iTer 2B 1 st Satta cuimmn béS Snrarnigpigpits.
frohmBﬁero 260panent s, acimziudimdg heamet hodiddeandi ngagents,

to éﬁ%ﬁl@venta{é)ﬂve{’gofss 25m85§|f_1§%9'sv proyi ded n*}atblotors,

no conponents uSed areé ermnally unpro
lOpep@Mﬁé%Ct®@b$tdelhphdﬁvcspahﬁmepsotépms tTike rcowetlieot or

i's §éﬁ§§l@g pﬁ%ﬁﬁﬁﬁﬁ&kdﬂldﬁ”eofomﬁ%ofglﬂéqu'gér f Qxample
exanpl e 4-net hy -P¢but{l rldlnlmntetraﬂtmwobora te,

MAtﬁo%%?9h%l%%?y ghcrl,i f mekhoxypglretdumen glycol or

(Ly@aﬁbkaméEBﬁl&@BDuB&@e |rhﬁdfLﬁﬁd&ﬁlﬁ”d&%ﬁﬂ&ﬂ%ﬁgﬁ agents
the_i nventi Qn, o) PLOR ort c_liquids
t he®’Y@act %o%%ﬁedSQQlumfﬁP eﬁX&ﬁP%€ B%‘Unﬁreﬁrgfeﬁﬁﬁ%}dlne
1570 hydoochtosdde. 100% by vol ume, nore preferably 90 -
100% by volunme, |ikew se preferably from95 to 100%
by vol une, 95 - 99% by volunme or 97 - 99% by vol une.
13 crugiatesdypnitaaic A qliaisusmdodr gaAvensomiasuges may

WﬂtDa?”Qn‘MHé“&ﬁcﬁ@ﬁé% 69”&%@hd@ﬂéﬁlﬁﬁh@ﬁeaggﬂhblﬁ§ty of
for examgle inorganic salts, |ikew se constitute

r eabEFOrP Rt Hediof | neRRE Ront && of Rt hdliehveRPFdROLI AREY ©of
200t isfluemapogt ant whether ddtiwiey Sohdit EpBcOficity by the

Susﬁgﬁéégﬁ' I? e 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
mix with the ionic 1liquids. 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. Also embraced by the invention is the use of
modified ionic liquids having hydrophobic alkyl groups
which mix either partly or fully with hydrophobic
organic solvents.

35 According to the invention, preference is given to
using ionic liquids in which the cations are alkyl-
imidazolium ions, alkylammonium ions, alkylpyridinium
ions and/or alkylphosphonium ions, in which the

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



additives used may in particular be: inorganic salts,

buf fer conponents, reducing and oxi di zi ng agents,

enzyme activators, nodulators and inhibitors, 10
surfactants, |ipids, polynmers por-the coval ent or

adhesi ve i mmobi lization of proteins (for exanple

pol hetkybenemgl yeolt iomethdsy pandeichycere lgfdmomjeroratom, and

carEgégqgggybggggghgzgg.and protein-denaturing agents

suc odi'um dodecyl sul fate), urea or guani di ne
15 hydrochl oride. A crucial advantage of the use of

sol tb@@lssememcer 91% nf@i’kewlrfé/e' BilBR 'tfbcrﬁ?éea%?,&e%%'c%ﬁs of

in the sol ubil reactants or enz

Epoeéi“ﬁuli%”?l%f -’Q%ﬂtil%% udRingy tr@neRAfre oact kubrgnahgd and

speabfiagt y1 by 2decanuaberatdype @&@fléﬁr@%@'yt | Pn— 00 carbon
soIvEnts used in €d|t| n to thé ionjc |
r

AccBriMig &1t HhePTh %ﬁﬁ 4pref@r EREROPs CWEh tipripbcular
usipgeﬁatenc3136|gheenrganwa:ﬂ@a&ﬂﬂcneMuﬂkﬁluﬁedﬂéuﬂ being

M mchB1t NechOR CprbighiBe BUChle OhNBL eBaat Bury1.

1Qe.g. hexane or oct ane) mhlch are water-imm scible, in

Wh'ﬁﬁc%@%@nbhax§okﬁ%nt1H%é$@£§n'Stﬁﬁ@ ﬁﬂioﬂ§ &f the ionic
blpha3|c 30 system Al so enbraced e lnvention is

t heldtSB16F Wﬁﬁ&PfFé&|Q9ﬂq§qq(ﬂﬁQﬂsHﬁﬁﬁQRfﬁﬁRﬂ%Hﬂuﬁﬁkprlde,
al kpkogt agps cwnb&bamuml&b&@erlﬁﬂﬁﬂatéﬂ fb&ﬂﬂbﬂéé&&fonate,

vEREEoR:Cpr OF 87 Entia ¥ ERoBreRtroBEPRG: | ey P cana/ox

13 n wkikchiflhercabirens.are al kyl - im dazoliumi ons,
al kyl anmoni um i ons, al kyl pyridinium ions and/or
al kyl phosphoni umions, in which the alkylation is in
eachceasdingnpioettdre | inveniphen of thheion2o liauddsatusms are

nenmb@ae@rle&eti@lbq@/d 1 3 iy ogam At a BN 1 | e ilwét 1-3-
qguat er erence |q) i kewi se given to the alky

s Ry SR s =L on: En/RR do. GRS b AcHe By 1dinium

2unbsancbed afd Wwawvitng the PRAreachoarat 08BrapleberBblite is

1 _pggtggﬁ arly preferred.

The carboxyl components with the preferably enzyme-
specific leaving group may be synthesized chemically by
25 condensation 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 1999, 121, 11369) 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 elimination. 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



atons, nore preferably 4 - 6 carbon atons. Particul ar
preference is given to at | east one al kyl radica

being nethyl, ethyl, propyl or butyl, in particular

butyl. 10 According to the iAvention, the anions of

the ionic 1iquids which can be used wth preference

ar ebyghlwsine, irdredmi-deedictied opblypeptedeni esaeée, synthesis

benzanegul 5eR@hGorthl il @, »
(tr?fluoronethanggulfgnate 't(ﬁ%/eChnlqﬂﬁs 1999 21, 110).
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t Rg Pﬁ?aé%n SRAPST %mﬁaow Bt yHIRR 21 TRk et ion
sal ta, sefunhbah the particular tetrafluoroborate is
particularly preferred. The carboxyl conponents with
the preferably enzyne- specific | eaving group may be
synThesiazthﬁﬁﬁﬂ(xﬁﬂ ythe 2bepbhdenstatdprerndfs t ieeadcyhs the

rad ff@l’lio trrgn%nc‘e"illrt%oxi’é %ggﬁg@%ntﬁ:ﬁ@et&fcur%org utlon or

articu Vi n roup Sul t
@Is@YoHSanEoFQﬁﬁﬁpé1§Hséofﬂoc PGYB@Gﬂﬁﬁ&iﬁ%ﬁuﬁnnqptocol on
sul Baw&pyﬂ\afy& a@d@@@yl @J&tamycat ¢Rer e§gﬂ§hé§§.s on a

R. enito et al em Soc
113@9 y@?rbﬁl nﬁuPBQFEs {'Ef Q. Rer o@%‘Rfy:/er’Fed BoYefusss more
J. PeppideaRed. s&Q®&1055syﬁ£he§AsCBWDN@kyoe&hdﬂadvantages

Che e \ 6) th synghr gngus ester
gﬁ qg%% ﬁgg%lcggl%% o%% e% Wln Ry *h 1ntermed1ates
15r eI éé?@ﬁgahmwwphl tlee us‘sérdmcs td@@p@mprnapsrl mbg 35e obtained

al cebghi CpiRNeRAl, MRIGANLOr Ofranky rgggge'nkﬁgctgipetlc

| eavi ng group, or else already prepared N"-unpro
ani RBIARERT eRPePetRPdandES éPb§9HPSBFelEPééE#§BFS
-Alternatlvely the carboxyl conponent may be

Rl R B ST
2&5teepayathésa&d qdﬂlﬂmédkbwhmnsthm&tyahethods of peptide
Bi h 9 10 T e V|n group can

bgo% gpﬁggﬂﬁﬁu%hggsgﬁ cf& )A?y ?% tﬁ%ﬁ r%%h?FeBPn S sent

i ntepy beenomg¥edobyemstheds known in the prior art.

In a preferred embodiment of the invention, a compound
25 prepared by the steps a) to c¢) and optionally d) may be
used as the amino component and another compound
prepared by steps a) to c) 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 liquids 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.



5 conpl etion of ester generation by
transesterification in solution. The synthesis of the
pepti de fragnments used as the am no conmponents is
possi ble routinely in solutien2pr-10 by using
conventional Fnoc or Boc synthesis protocol on a
pol Fher presemforinventpiaul 1y, ilhassyatbdsiwdithn meference to
pol r r, o ef oV,
ol rcat ey earuer o LorBR ol O B, senures.
i n eRpeopdmPRLEat iand ofadﬁantnaeeu dlsveﬂ ihhernre@lvanés_on are
15 Atgenatively, the am no conponents nay be obtai ned
%ron1bio|ogical mat eri al or expressed by genetic
ngi neering nethods w th subsequent isolation. The
r es@lLi. ng dwEe sd Z@Ql@été@bﬁhﬁdlpmeguﬁb%s ek&ru%o of the
sepgra% 22% urifi ddby cust onary et hod tldg
andCproL Y ASERm BEF T oA P IR | Ry gPBBE%CBFéQ ntof the
naymbehpém@uawﬂgﬁngntmdshknamwentﬂdnaqmdoasa6bsdndbkd in
pregggﬁgg egbodi ment of the invention, a conpound 25
repare Sy t he steps a) to c) and optlonally d) may
1£e used as the am no conponent and anot her conpound
pregggﬁglgg steps a) to c) and optionally d) as the
car boxyl conponent in order to build up |arger
pol ypepti des or proteins fromdefined constituents 30

whi ERamdeperndi Ag Iof lukeceetdodr haayp s tiave babeheorionic

rep grpu l.n caont.rast t.o,.other

gﬁég Foc@tngﬁstk}ylc I\F%a Wg‘ff Jt%é“%%eﬁ?is: ﬁl?@%?orate on

150ntbel¢qu$sn0ﬁaﬁ&MMﬂa&5&yhuﬁﬁﬂmmfofnd¢emmnunﬂxﬁpeptides
Wi t he e nme Qs Lcul t eases
and oeht D Haeet achebred B RngRinBPREhEY, BurlED:
flexibility, synthesis efficiency and sinplicity in

FhelhﬁmdkﬁﬁgreaciﬂonTB@lﬁ&@%ﬁnhﬁhﬂﬁﬁn&bﬂﬂai§s the mixtures
illu trateg w th r_& %Fnc t.he draMAn S a

nd
exaftbl es, frofAtwi'e ey Tk g Feftqroborate
2andspdeaftagesnotabhe li aventailer dar.a ME‘\HejﬁH bdffer 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

'_Fr*

30 - 120 min, the reaction solution is brought to pH 2

25 using 1% trifluorocacetic 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 amino components used are commercially
available products and are specified in table 1.

Trypsin was obtained from Fluka (Switzerland).



Fig. 1 shows a selected MALDI - TOF nmass spectrum of the
bi otinyl at ed pepti de prepared by application of the
nmet hod according to the invention and as described in
exanple 4. 10 Exanpl es Exanple23 - Influence of the
proportion of the ionic Iliquid

4- n@abyk- Mk but yl pyri di nium tetrafl uoroborate on 15 the
trypsin-catal yzed synthesis of di- and tripeptides

( Bz~ : v/ LY. .

r eBesppoHorol Ut-LenNidhi dhGlyoRiai HsMathBNi xf+$eedWH, of H-Ala-Met-OH
4- getiByi= N-but yl pyridi nium tetrafl uoroborate 20
specified in tab. 1 and also 0.1 M Hepes buffer pH

8. &iidontaining 0.1 M Nad and 0.01 M CaCl2, 1.5%
(Vi¥) 4- met hyl norphol i ne, 2 nmM Bz-Phe-0O&, 20 mM

am no conponent and 10 MITypsin, 15 stirred at 25C
Affer 30 - 126°min, th&>r%acti off <bl uti 082§ brough®l-

to2pH 2 25 using. 4% trifé uoroacety @ acid isp. s 53.
met hanol / wat er 1, v[y). The yjelds of di- and

tr%geptide mer%gééternig%&' at H%L% analy§g34and are>’-
ligbed in the 89/8 owi ngé2abl e 1.7B® Bz- PhésOZp was 68.

syg§ hesi zed angﬁqgously6§p7the syfthesis 7Brgtocol of,,
M—Thormenm—et—at——Biochem stTy—1999, 38— 6056—Fhe—
am no conponents used are commercially avail able
progduehpland are siracidid bp 3l etdpe ThHPSERe WMBSount of
bt aT e, TTom Fl uka (Sw 1 zer | and). - 53 *fable 1
 oPBPLFORMPL LeRENDL £ ALV T4 Bt - Rip i e Pigeatalyzed
H AsgnbbesOsl of iBuHRhd-+Ipi-NHA VEYhr@ing. 2f46m2 ©8-the-0Gp

52. 1.5, 7.4 49.1 69,3 54,5 53.9 40 79.7 p4.1
72. éngs. 4H5§‘.9% IZ%%) 858 6%?2 77 6788, 9 %’89%13 Phetnyl-n-
butylpyridinium tetrafluoroborate (Bz, benzoyl; O0Gp,

S Y WO

4-guanidinophenyl ester; MeOH, methanol; DMSO, dimethyl
10 sulfoxide; DMF, dimethylformamide).

1l ml of reaction solution which contains 4-methyl-N-
butylpyridinium tetrafluoroborate, 5% water and the
specified proportions of additional organic solvent,
15 1.5% (v/v) 4-methylmorpholine, 2 mM Bz-Phe-0Gp, 20 mM
amino components and 20, 40, 80, 200 uM trypsin (with
increasing proportion of additional organic solvent) 1is
stirred at 25°C. After 30 - 120 min, the reaction
solution is brought to pH 2 using 1% trifluorocacetic
20 acid in methanol/water (1:1, v/v). The vyields were
determined by HPLC analysis and are 1listed in the
following table 2.

25

Table 2:

Organic Product yield (%) /ionic liquid: organic solvent ratio
Solvent 50:50 (v/v) 60:40 (v/v) 70:30 (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




80 87.3 64.7 79.0 70.4 71.4 Exanple 2 - Influence of
the type and the anount of 5 additional organic
solvents on the trypsin-catal yzed synthesis of

Bz- Phe- Leu-NH2 starting from-Bz4Phe-O3 and H Leu- NH2
in the ionic liquid 4-nmethyl-N butylpyridinium
tetrafl uoroborate (Bz, benzoyl

4'9E§Eh§ieoghenﬁ%a§ﬁ%é égﬂégﬁﬁ %%ﬁ? oe)poﬁyQﬁptldes
of We&bti emzwlansresidich chmwige 4sicely| -S¢arting from
but gkpphidbabunat gt rﬁéi#pé&bﬁﬁ@é €0 O YWRERE: eﬁf&d iaﬁgth and

speci fied prqportions addi ti onal organic sol ven
A5 BEHYSPERY A5 AT phidTy ik, 42ﬂWB&-Wtﬂpyq inium
nmM taeradloerpboents.and 20, 40, 80, 200 Mtrypsin
(wth increasing proportion of additional organic
solvent) is stirred at 25C. After 30 - 120 min, the
rea@hbodndmﬂﬂduaﬂ1énzjmengﬁﬁciin@khﬁlmsiBglﬂ%re51dues are
tri ro ci ha /matr‘(l ).
The];EElHH %?n%e has1% éj?erblc‘k nedggJi E’g ana yél sbaénrl G \ﬁ OGp,
1Q|sﬂeéuﬁﬁl@héOPhQFVémﬁﬁgeréble 2. Table 2: 25
Organi cProduct yield (% /ionic Iiquid: organic sol vent
ratio Sol vent50:50 (v/v)60:40 (v/v)70:30 (v/v)80:20
(v/ V) "hecHb3 reest7e8. g9alut iRpoohigun. goptgdnsg 4-methyl-N-
DNFB&t?9§y9981ﬁ93m7tet&éflE&@@bea@e; 5% water, 1.5% (v/v)

Tryps V4 ntheS|s f pql tides with .

enggn%egégi ¥ E8ﬂé Vage glF@% s$3¥&%%§qﬁaﬂn M amino
1Bz- Phap@@pnaﬁdqnﬂyb@ppMdégyﬂéﬂﬁfisremdﬁmm@tMtaﬂd°E For

SeqHSEEFlHEtBthaQ gllk%%'%eactﬁﬁns were carrigd out with

ntum tetrafluoro
i ndmMet éaple@ﬁyn@ saéépw@naﬂn 9 JEGIi¢ rewl kRS, aped both a

eaCﬁr@ﬁBB@ﬁbﬁe@beZdP@' SnlyB®s (B(Z&ﬁ/xgencg?y}net%qol s used.

hen ester n1 of reaction solution
g n%gkgans é n@gﬁyl%hﬁ reaction solution is brought to

20 pH 2 using 1% trifluorocacetic acid in methanol/water

(1:1, v/v). The polypeptide products identified by
means of MALDI-ToF after they had been isolated 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 (+HY)
Bz-FRIVDARLEQVKAAGAY 2010.07 2025.09 (+Na*)
Bz-FRIVDAVLEQVKAAGAY 1953.04 1954.31 (+H")
Bz-FKVVFSAPV LEPTGPLHTQ 3673.98 3690.50 (+Na¥)
FGYHIIKVLY RN
* Specification of the monoisotopic masses

30 Example 4 - Trypsin-catalyzed N-terminal introduction

of the biotin 1label group into polypeptides having



butyl pyridiniumtetrafl uoroborate, 5% water, 1.5%

(v/v) 4-nmethyl norpholine, 2 mM Bz-Phe-O&, 5 nM am no

15 conponents and 10 Mtrypsin is stirred at 25C. For
solubility reasons, the reacti®hs-were carried out
with nethanol as an additional organic solvent, and

bot naymerepecifoa of Cbeavade50% $tes of seditaing from
was r - L0 e i uti

B e o8 i PUETReP e AL LA SR [1efBen ana
net RAABERGAL &P the: tondcy)liapid potnaidptlde pratrysidinium
i deptttaeduby¥onfeaps. of MALDI - ToF after they had been
isolated from the reaction solution are listed in

able 3 with particular calculated and found

nol eral ahdimdsiesl 2nzhatd-espkSyitdeshbngr adiat residues are

Cal cul ate s_[Lo/mpl ]* - FAARAG 695. 34 i

Bz- FRF DA%E‘E@%M%%Y%lO.%&d B?—éﬁ?e? VDX%E FQURRRGRYL: OGP,
1958-94an Bdi FeVESAPVe sSEPTGPLHTQ 3673. 98  FGYH | KVLY

RN Found mass [g/nmoll 696.3 (+H+) 2025.09 (+Na+)

1954. 31 (+H+) 3690.50 (+Na+) * Specification of the
1Gon8N8 ot 6pE 1RRs SENUF ippgnpter vespond p ntbasal pledxample

N—:gtnTPé|oh?yr@ﬁdﬁbbpﬁasoﬁggm%éﬂdaﬂdédﬁﬁgﬁ;dﬂ(853carboxyl
into pol ypeptides having - enzyme-specific

cIeﬁQgﬁgxg?EesqE%8£fPNS"PFBﬁ1 Bi 8% nyPREGp 3FHEo  component
pol ypephi deseptidef f erzntM) engtthand pskhgieicidd n tgdduct s
'°”k8e££99£9d4b§3%ﬂﬁﬁ$*QEtXﬁ&%&t S %?ter they have been

15 isolated from the reaction solution are listed in table

4 with the particular calculated and found molecular
masses. The selectivity of the enzymatic biotinylation
reactions was investigated by using N-terminally

acetylated peptide analogs. The absence of product

20 formation in 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™)

FGYHITIKVLY RN

25 * Specification of the monoisotopic masses

The resulting MALDI-ToF mass spectrum of the
biotinyl-RIVDARLEQVKAAGAY synthesis product is shown by
way of example in Fig. 1. The found molar mass of
30 1986.31 corresponds to the (M+H") signal of the
monoisotopic molar mass of the peptide product
calculated at 1985.05.



tetrafl uoroborate. 5 The individual enzyne-specific
am no acid residues are each enphasized by bold type
(Bz, benzoyl; O&G, 4-guanidi nophenyl ester). 10 The
reaction conditions correspond2éo-those of exanple 3.
The only change was in the concentrati on of carboxyl

conpbsagpie (bi obi nyl=0Gp: Chwmm@rypmhm&naﬁnlymmabnentselectlve

ea 2 h e t
Sost PRenl S0 L RREERNE AP, S, dyronime
£

15 fEeMafbdckepmedse Wrde i b EBFUﬂPGﬁCadGQHMﬁeﬁfmethyl N-

tabbgtyfpytidihbempeet ksl abrepbestat ed and found
Iecu¥ masses. The selectivity of the enzymatic
éL;motlnylatlon

reacti ons was investigated by using
N-t enpmoatyysiacet yhat edapeptrede tanallggs. bﬂl%dabseﬂm:%trate

of for ion,in,these case S asses
n?#%%%ficggy gﬁhg%gpugp$e N;tgﬁmélﬁaves pref%rentlally
bloafhgrataoﬂmaEEQIeaMl&Wntimmds meoidiieds CalThe atiediividual

B orr o TER VEAA EOOARCAT SO Lo 519 B he Lysozyme
108 o2 ¥Ryl SRPVFSARPhEFTZS HTOY 3649196 3’6349967 (Iengs) N-[2-

FCW%&&K&&?éEﬁbgﬁplpéﬁﬁﬁiﬁéCﬁtL@@ QEh&H@sHPFQh§8tOp'Cac1d)
§$S The resultin | - ToOF mass spectrum of the
bi o

Ryl A FINVIARE %%‘ €Yhehesis product is shown

by way of exanple in Fig. 1. The found nolar mass of

30 493 é soRneRpends 19:60fmt MR ShIPRLA Lol ini ce

monol s
JfbalEﬁFGB@ LAk AMBRHEEDNY E@YSE&@H%CeQETNRNTDGS

ChY@@iGYﬁ%tﬁsCﬁWﬁ&N@@ﬂT§Gé§§NL&ﬁIPCnéﬁﬂﬂﬁ§b£@ﬂ of the
bi of rom chi cken egg

mh.%%N?%K¥E%S|Bﬁﬁ@MN%ﬁﬁédgsoﬁ%%9§L N- butyl pyridi ni um
tetrafl uoroborate.
1 ml of reaction solution 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 puM chymotrypsin is stirred at 25°C. After
120 min, the reaction solution is brought to pH 2 using
1% trifluoroacetic 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 monoisotopic 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 in any combinations for the

realization of the invention in different embodiments.



5 Chynotrypsin has a relatively broad substrate
specificity, although the enzyne cl eaves

preferentially after aromatic am no acid residues.

The individual aromatic am-o2ac+d residues occurring

in the lysozynme 10 are each enphasi zed by bold type

( HeWBAT KS[QLAIMED IS:

hydr oxyet hyl ] pi perazi ne-N -[ 2- et hanesul foni ¢ aci d);

OGp, 4-guani di nophenyl ester). Primary sequence of .

| ysbzy el M5k IEchﬁ@ﬁ whYREhesis jofFcreptAdes, peptide

AVKRHGL DChimEGY EL Guwwo@mm Ta&F L Kor R\%@N@ﬂ&ct ive

GSRNLCNI PC SALLLSSDI TA V Kl VS
S of VehErFBARSol i Rontai noPI hsTRY ! | Dbt ide

20 butylmymedunsuandébrapkuoemhs;awechG&éFbpepsbuffer
(0.05 M _pH 8 t| I Iysoz

and 10 N?Ehyn%?%yﬁéfn i's st|%% ngC te f%gF amino
mn, the reactpoposehtit haning btomghsttonpkbmluelagld

1% triflyoroageti,¢qagid |@ rekhanoldy 1.1 /)

25 The HDF %ass ogn y neagé of“%%% P&To%dﬁ&/carboxyl
1%r oduct |soIaFP@H°n6Ft14§89106 of t HeaYyRGhesiroup on the
product corresppofdglt gridigy,( Mihk) §el:g:ﬂaba9f>ok9§ component
theoretically calculated nnng ?ﬁboplc ?_ mass of
monobi ot i nyl aP&HMI| ys0Z§HBOUR t BFes ®afitscPBEefmino

in the above de$dr opt isomongmund | lmankn@ndtt heast one label
drawi ngs, of e 0 be used either
i ndi vidual l'y %? fﬁgéﬁgg%oﬁﬁ éflons for the

1¥ealizatfbdn ofegfikingvertdich i amdnef erasmpanyeyddi nends. said

- 27 VWHAT | ScSAbMED E@mpéneﬁt”@hh%dEEQbﬂﬁgi medlum which
synt hesi s of gg tides, peptide mnetics and

prot ei ns and/ foPthecgéléE?¥%e Soﬁﬁ?erﬁﬁﬁéﬂdsr in the
- nodi ficati on ptepeptedest Pept ipdet skt | gepidtia¥e and/or

proteins, wth the.steps . a) provi n_am.n

conponent , sagﬁdﬁﬁ%%ge’cgﬁpgﬁéht h &7 dd%taozéﬂbéﬁﬂfen the

20am no aci d, amino component and the carboxyl component

with elimination of the leaving group.

2. The method as claimed in claim 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 claim 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 to 1000
amino acids, preferably from 30 to 500 amino

acids, more preferably from 30 to 250 amino acids.



b) providing a carboxyl conmponent, said carboxyl 10
conponent having a | eaving group on the carboxyl

group, and said carboxyl conponent being a conpound

havi ng at | east one ami no aei @8oF a conpound havi ng

at | east one |abel or reporter group, 15 c) reacting

sai @-am Fhecomgshendt aad chatm@0 chmboxye conpoweet pfi the
a reacti o ldiiW® Wighs has one or nore ionic

liquids, 'in the "presence of a protease, peptidase

and/ or IKP@reIckSEizes ey i@ tpepti de bond between the

ani no compeNeRlrRG 1t R Hoxyd HHRONEShpoMehf is present
€I|n1nat|on of the Ieawnglrt roup, .,2. The nethod as

| ai med PAOHESTRA O PP E& T As inRg adted Vet drerm.
25 d) enriching and/or isolating the resulting
peptd de, pt | imetic protein by methods
kno&h peﬁﬁgb.hgshghe %%thgggéﬁégla}%e Q%ICJQiHPfeorOf the
2, 30 chracaedémiozedaiimst,hat t he ami no conponent is a

pol ypept ige Q- R AtLeiN ;s A+hERe method as clainmed in
one or nore of the preceding clains, 35 characterized

19n that the o TR id¥hpsHBRELIRAs of sithe ofmiremcpmpenent is
1000 a”b&@s@&kdsung&gﬁébﬂéby faem 3hi® adihBO function
acids, nore preferably from 30 tg 350 am no acids. -
26 5 TRESGEROH Y Lhei RBEDPAYONG SBFtHEPe <f The carboxyl
pr ecedi ngotipainest .characteri zed in that the carboxyl
end of the am no conponent is present 5 protected or
unprotected in nonactivated form 6. The nethod as
12l ai’med Theon@eghodor @sof ctagmedr ebediane cloai mewore of  the
preceding claims,
characterized in that

the <carboxyl component 1is a polypeptide or

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

selected from the group consisting of



characterized in that 10 the N -amno function of the

am no conponent is present unprotected, and this

N'-am no function reacts with the carboxyl function

of the carboxyl conponent. 452§.-The net hod as

claimed in one or nore of the preceding clains,

char act ennsebstntthed tne GMHBDQﬂuﬂEdnxﬂﬁﬁﬁkYk?ﬁi-O aryl-,

POl ypert Le2afky 1R 0} eldtad B dREIRLIO] AB-GRYTRS | -t~
ce

in one or nore of t he dlng clairnk, charact Zed

in that eRglcar bd%eN- dﬂﬁﬁkﬂkﬂn hEsNadsaZElofaﬂdnnNr xyl-N-
25 1000 gmypo-aghdscapseferably from30 to 500 am no

acids, nore preferably from30 to 250 am no acids. 9.

SThe nethod as clained in one or nore of the precedi ng

cl aiLms, aﬁechataaaeébzedahmeahah theiganboxyl group of

t he carbogé ?ngone %HB a carboxylic ester or a

car boxand8 &t LRE Fga ﬁ& group. 35 10. The net hod

as cl ai netei nleareiny morompof ofhether emedtionylcl abmponent is
char act egj,ped ik ebhat dhe bﬁév'd%gcrgwgeof ctat}%oxyllc acid

car boxyl nponent is “sel ecte
1%on5|st|ﬁ@déﬁa1529su&ﬁénb§tBﬁmﬁeéadﬁéaégbgrlSuﬂédnates

-0-al kyl -, -0-aryl - -S-al kyl-, -S-aryl radicals,

- NH- aIkI- - NH- ar NN—dlaIkyI- -N, N-dlaryl-

and12N-aF9? hPeEPRQI a?zuﬁ%%ﬂ@?d53%& Offe R&t hBETas of the
cl ai ned preekdingl@laimbaracterized in that

characterized in that

15 the leaving group is a 4-guanidinophenyl,
4-amidinophenyl, 4-guanidinophenylthio or
4-amidinophenylthio radical, or a compound

structurally homologous thereto.

20 13. The method as claimed in one or more of the

preceding claims,

characterized in that

the leaving group is adjusted to the specificity
of the protease, peptidase and/or hydrolase used.

25

35

14. The method as claimed in one or more of the

preceding claims,

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
H
Xaa = any a-amino acid, Pf-amino acid or

a derivative thereof, or is a label or

reporter group,



the | eaving group of the carboxyl conponent is

substituted by one or nore carboxylic acid 10

radicals, sulfonic acid radicals or sulfonates. 12.

The nethod as clainmed in one-ogpmre of the preceding
clainms, characterized in that 15 the leaving group is

a 4-guani di nophenyl, 4-ami di nophenyl, i

4- guani dgn enyl d| h radic .
orga con%ogﬁg %%tégé?ﬁgéllé qugu§g¥%é?g 8 20 1Faving
The net hgBouB @hapheda|ﬁeﬁﬁptﬂdnﬁr@motheh@rompemmmsuptlng

cl ai s, sbar@%@ﬁg@ﬁ@ut@dth&sdth&w@ﬂw@e&f W A Syl, -o-

adjusted to the specificity of pr ot ease,

Yept i dasBF¥ha/ or “hyH BY Hse ué%darﬁk‘l4?aQ?ﬁ9#ﬁﬂtuﬂfqﬁﬁrably

clai med 4ngeariQindphénpl, the- aﬁﬁ@@%@bﬂ@n@halmﬁ -guanidino-
characterlzed n that ,the.carbo

cont ai ni RGSthe pé%vfné 2B @P8ﬁﬁgﬁﬁgtgﬁ8 F&PP&ﬁlﬁg each of
structurehidh (wéga)oe- BubhetleuYed ary NstEfombal acid groups

protectipg gr, Qﬂ&o% é:ess 35.hk Xaa & an¥t§u8{':nu g}gglqdmologs

R-am no acid or ri‘vatTve thereof, s a

10or repoth@re@foup, - 30 Ris a IeaV|ng group, in
particular a leaving group which is selected fromthe
group consisting, of unsubstltuted and substltuted

-0-al kyl™ 18 8PatPFegersod| kyPm, 1. §CarkA00,r anisdarably from
pref erabBy td- goani dbneppeayéradt ant dbnophenyl 250.

4- guani di no- phenyl thio-, 4-am di nophenylthio

radi cal s, each of which may be substituted by

15ul toni cThei dngrivups aor cdiftedat és, and abf§o more of the

structurgl.bogpe981 2ims,

characterized in that

the carboxyl component 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-, 1°N- and 17O—containing amino acids or
peptide fragments; spin labels 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-phenylenedimaleimide.

l6. The method as claimed in one or more of the
preceding claims,

35 characterized in that

the steps a) to c) and optionally d) are carried

out twice or more, in order to prepare

sequentially a polypeptide or protein which may

have a label or reporter group.



10 thereof, nis an integer of from1 to 1000,

preferably from 30 to 500, nore preferably from30 to

250. 15 15. The nethod as clained in one of nore of

the preceding clains, charact¥rized in that the

car boxyl conponent is a | abel or reporter group

sel ected fromfluorescent |abels containing 20

car ppxyl c s Jilay! cein, od

ot t Bt T r Hnc ChE® CLalMsER T obHG 8] direy 0f che
| abel s d@mﬁ%@¢ﬂm@ ebaimxy| groups, such as 13C— 15N—

and 170- gt ¢ ROz &N {19 @cd€ls or  peptide fragnentS'
spin | abel s containing carboxyl 25 groups, such as

Snitroxi dd CRRBPURENtRE IRATFANPREOTEENE iRl FEEPS &b dto ©)

derivatiyes; obtﬁzbnallycropssi$ nks8g agentise CQﬁﬂiﬁbnldaﬂlponent

car boxyl oups such as di zoacetat di azopyr uv

p-nitro %%%y? ST8RE SRR PoEPETSS m%ﬁﬁ%ﬁéﬁ? g@ steps
yl)acetate;td &) -dna- ppémyhehégldmleswudeﬁ NsNthel,carboxyl
4- phenylggﬁ? ¢@A imde. 16. The nethod as clained in

one or precedi ng clains, 35 characterized

10in that the steps a) to c) and optionally d) are

carf{s ed Tigat ﬁéﬂﬁ%ﬂ‘”ééWDQQalhﬁdorﬁﬁr bRePr&Palfiore of the

sequenti al | , tide or protein which may have
a | abel %ﬁe¥%§U$ @f - 31 17. The nethod as

cl ai ned ¢marmmtéW1n®me1mftmae precedi ng cl ai ns,

h d d di
char act e ged LG el ERTRANGPEPRRLEFECHLI 09 o

15am no canpmn@nllqmn@Banother conpound prepar ed

20

25

30

35

according to steps a) to c) and optionally d) is used

as the car boxyl — component.
19 The method as claimed in one or more of claims 1

to 17,

characterized in that

the reaction medium comprises one or more ionic
liquids and also water, and/or an organic solvent
and optionally customary additives.

20. The method as claimed in one or more of the
preceding claims,
characterized in that
the proportion of ionic liquids in the reaction
medium is 50 - 100% by volume, preferably 70 - 100
or 80 - 100% by volume, more preferably 90 - 100%
by volume, likewise preferably from 95 to 100% by
volume or 95 - 99% by volume.

21. The method as claimed in one or more of the
preceding claims,
characterized in that
the cations of the ionic 1liquids used are
quaternized alkylimidazolium ions, quaternized
alkylammonium ions, quaternized alkylpyridinium

ions and/or quaternized alkylphosphonium ions.
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10 18. The nethod as clained in one or nore of the
precedi ng clains, characterized in that the reaction
medi um has excl usively one or nore 15 ionic |iquids.
19. The nmethod as clained in- @we or nore of clains 1
to 17, characterized in that 20 the reaction nmedi um
conprises one or nore ionic liquids and also water,

r S d; op I cust onmary
gé% vgghé) % ﬁg%mé%ﬁ]c 3 éidﬂe éié‘ne or nore of
the 25 @n@t@@twm@m thatar acteri zed in that the

proporti of c i nqkhe ac [
50 - 106%?%y 3%?g%e L%?%?%?% ?E tflg10%Iog nquHglﬁw

Spy vol unRtanehed pre er%ﬂ?%ﬁ%‘e 1G0% 3d1ax%e v64 gm0 carbon
I|kemnSeawwﬁﬁﬁfa@fyféf@6195 o 100%oby ca¥ebun®e a@bn@3 - more

99% by vol u t had as clalned in one or
nore of Q?ﬁgm%ﬁ%%%d?ng ge% O AL URRy act eri zed in
that the cations of the ionic |iquids used are

AL Eed AN OISy pIIBLEr WhE S Tare of the

anmoni um i ons, quaterni ze yIpyrldlm
and/or cﬂ%ﬂ@?@ﬁ@@xﬁkﬂk@$phosphonlun1|ons - 32 22.

The met hodh asced A g i 4 m 21, characterized in
that the al kyl radicals of the ionic liquids are 5

branchedt®? uhBRAfchdd WidiShawsed - 2Becaldbéfhvdrdmpethyl-

preferabbyléézoﬂihﬁﬂfDOBuﬂ§Dn3rméﬁﬁ?llﬂi@é@é@be 4nd/Br 4-
car bon atoq%Fbagd?The net d as clgined in one or nore

of the ‘htgy]c?%ﬁ run sa

24. The method as claimed in one or more of the
preceding claims,
characterized in that
the anions of the ionic liquids used are chloride,
bromide, chlorocaluminate, nitrate, benzene-
sulfonate, triflate (trifluoromethanesulfonate),

tosylate and/or tetrafluoroborate.

25. The method as claimed in one or more of the
preceding claims,
characterized in that
the protease used is a cysteine protease or serine
protease.

26. The use of ionic liquids as an exclusive solvent
or 1in combination with water and/or organic
solvents for the synthesis and/or N-terminal
modification of peptides, peptide mimetics and/or
proteins.

27. 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-



characterized in that the ionic liquids used are
1-ethyl-3-nethyl- i mdazolium

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

met hyl - N-but yl pyri di ni um sal +s3315 24. The nethod as
claimed in one or nore of the preceding clains,

char act etermsiinghlyhdiabeledanspansied thereofii bdiinguigisepared
used arepghliar : brom n

nitrate, bgeggéﬁgsﬁghgggnéﬁeaqﬁp'fI g%ﬂéﬂ@ ahe carboxyl
(trifl uofemePREREsUlFshasa)d %glwayb fFapenent having a
tetraflugégbgﬁgt@rogg The nethod as clained in one or

nore of the preceding clains, characterized in

that the protease used is a cystei ne protease or

serine protease. 30 26. The use of ionic liquids as

an exclusive solvent or in conbination with water

and/or organic solvents for the synthesis and/or
N-term nal nodification of peptides, peptide mnetics

and/ or proteins. 35 27. The use of a protease,

pepti dase and/ or hydrolase for the synthesis and/or
N-term nal nodification of peptides, peptide mnetics

and proteins, said peptide, peptide mnetic and

protein or N- 33 termnally |abeled species thereof

bei ng prepared by ligation of an am no conponent and

a carboxyl conponent, and said carboxyl conponent

having a |eaving group.



