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R- 1 As originally filed 5 Method for the synthesis
and sel ective biocatalytic nodification of peptides,
peptide mnmetics and proteins The present invention
relates to a nmethod for the enzymatic synthesis and/or
sel ective nodification of pepgides, peptide m netics

and/ or proteins using ionic 10 Tiquids, and to the use

of Ak @M lailﬂpﬁﬂﬁi as an exclusive reaction mediumor in
compbi nation*w th water and/ or organic solvents for the

suppression of hydrolytic and proteolytic side
reactions. The synthesis and sel ective nodification of
pepti des, peptide minetics and 15 proteins has

i ncreasing significance for the systematic study of

St IViEfhedTol tICHnBNRYs 4nd s%iécgog‘ BLO%ﬁta?\ttch l%lo}fﬁe BlibaSF péptides,

functional gené products
contribution to t hd’ftlltlslsmepcs)ﬁndwetem f ect ive
therapeutics (cf. H -D. Jakubke, Peptide: Chem e and
| ogi Spektrum Akadem scher Verlag, Heidel berg,
%GS%I«%Y@UOM@@}% Woaeveipod Hosjthmiehryastic pymbdsemand/or

I @el’ébtﬁl’ef mSYiHcBESA Sf %pt%ﬁssﬁéﬁﬁ%'ﬁiﬁnétﬁg'aﬁlﬂﬁﬁmr% ﬂssusﬁr{Emmc
| ack. of selectivity_and unlversallty of
i 5135 and, 1, Uhe, 85 b a1l dsnst 88 icaplngve trhaction cusdivmces in
ofcombnﬁﬁom&ftﬂi @etef @Ad’bi 6ff@nici BIVeRR BAHR: éﬁpp?é@@ioﬁ%? H9firolytic
% zeois Ce}@ %sts In principle, the chem cal
mEP A BRI O EA i S pept | de chermi stry can be used for

23 the synthe3|s of pepti des, peptlde m metics and
p e t.hese e su ct t consi.der apl e
| f[?ln[”t%?’?‘. c?ﬁls? B efestvo e Cﬁﬁca&?ﬁp >aeP§} B Re‘HBg‘i)rTBHIEFEt% and
Vpidteinp bast incressih@vignii canmmeﬁﬁgesteﬂnan ® sﬂuéjﬂ of ﬁmﬁ'fturé(ﬁm ctional
6 [ Ie dlrectl i hase

o A8 i ol PRy hE RROBRE HERChiotine¥ i makiod “ucial
oﬁﬁ?rﬁgbmﬁt ﬁeﬂ@dﬂ}mqvﬂtgf o edﬂd:é cffectove ﬁlempnumcsc(tctﬁnlﬂj Daﬂa]aﬁke
[ y quen n
ket S”%?l@b“%’ ALERE ety RGBSR VIR Slidbiers
r 88U | %hforctx { S)HWQIL sé )Silgﬂﬁi@nammbl@mlm cthd:le sonthesis or

PEQ¥aRE ﬁ)h&lﬂ%ﬁﬁdﬂ ii¢ahd QakObf ts@f?cctvgi 'a'h&durﬁ{f gzﬁ of chemlcal
Curreg Eggégods or the synt hesi s relative
eThodbt Yrstrgie IpRigaten s thy ecquﬁr@n@r @firenmg@edm@mrqahreons

Cﬁnﬁeﬁs:&tdf@}ﬁb @e oT¥RERRAsI G Rblal <RI epared peptide
fragnents, even though the connection of fully

protected peptide fragnents 35 is possible only in
ekcpdipnahe chﬁﬁﬁ:abmtlhgdi develped e feidel he@diny daBWe used for

CRERAMAN, O prbBs! S8R eI EF SR, HRUELOPL e

t fibject to conmderable 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 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 lead to a
reduction in the synthesis yields and complicate or prevent the purification of the
desired product. Current methods for the synthesis of relatively long polypeptides
or of proteins are therefore based on the condensation of synthetically prepared
peptide fragments, even though the connection of fully protected peptide fragments
1s possible only in exceptional cases owing to the frequently very low solubility of
the reactants.

The methods, developed on the basis of the concept, first proposed in 1953, of the
molecular bracket for chemical CN ligations of unprotected peptide fragments (T.
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nol ecul ar bracket for chem cal CN ligations of
unprotected peptide fragnents (T. a Z - 2 Weland et
al ., Annalen 1953, 583, 129; M Brenner et al., Hely.
Chim Acta 1957, 40, 1497), of amne and thiol capture
(D.S. Kemp et al., J. Og. Chem 1975, 40, 3465; N
Fotouhi et al., J. Org. Chem 1989, 54, 2803), of

n aviglald 4 gua rzmﬁ:gié%ﬁ 1%;.1 i59%) 17(9NM %;‘,E%@é eehl, r@ezﬁ ¢%me9@§@ 1957,
cj.en
oS D952 SF Bi? ol GL g (RS R p el bt o 1575, 40,
Ié|3l465 INFFotdatinet BI,0C Orblat ﬂzenlz 1689064, §8®3 &ﬁﬁtft&xﬁpctfhherr?éal ligation
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OB SR B SR, R et Yoo e, S E DO dh iene
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| nt el n- nedi at ed presse
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t t | I N
%a%%% hi ngﬁ’é}dg{)‘}p%q# tﬁ% C@I§@Xﬂé@alppa¢nta&w §tré¢%’ébmﬂnt protein
; @&hcﬂﬁﬂl&xs&ieeﬁ ﬁﬁ;eﬂhﬁﬁf gbléﬁﬁag@fcolhﬁﬁtenﬂ[ﬂtflg 268 '?Ptﬂﬁfﬁl'éﬂ by&hiolytic
urt her en va e lIes I n e rtial
L Bletie, F Aiifon f0 RRONGY G5 cys e atng sl e Bdrmigus of the
whinato cxmﬁlpimienbe ﬂuwlﬁthadgsl’?um dﬁa&ﬂ@téééaldsgh Q‘ﬂ@pﬁhals&1ﬂéh§ﬂmn
St en,t e ca
L SE R Ul Bl ERRRIRG: samab S BT ol SRt ol Shibester
t M&mbeﬁl:rm& (at lezst wdren bihfopabsd idiusedtdsya b:ytat)he cdrebeiakatked
f n
PRI RIS PILOIRRTRO B lledly by he
f feaingi piranyingigravprafghe @ﬂded axm cdrmpqmpt i de bond to be

synt hesi zed, al though no universal peptide |igase with
re{;?r ative relevance is yet known, at |east from
n

yaic sipthesin gieginds offenthis) adyantageofi highiflesibilety with regerd to

aﬂ'leapep‘ﬁd@L bordhtal b syﬁhéﬁzéde RBSughSEb Qﬁ?&%r%?%gt]@@%gase with
1835 %(theat h, Hi | vert Bi ol

4gr§par5tlge AYA0RF U y@tt I\%Hv»n qj e %h orRatre. 338 1ngtgny:p catalytlc
1afibodit8 ) coXhiehiatia, ONG. ISgRSIEz, RCAI Vbtnks, Sefendd 18961 1835, G.

L N LA
Chem. Soc. 1997, 119, 278) exhibit CN ligase activity, as do synthetic peptide
ligases based on a coiled-coil motif of GCN4 (K. Severin et al., Nature 1987, 389,
706) or on a peptide template consisting of a strongly acidic coiled-coil peptide (S.
Yao, J. Chmielewski, 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 is consequently
very greatly limited. 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, (Eds.: S. Udenfriend, J. Meienhofer),
Academic Press, New York, 1987, Chapter 3) offers the possibility in principle of
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706) or on a peptide tenplate consisting of a strongly
acidic coiled-coil peptide (S. Yao, J. Chm el ewski,

Bi opol ynmers 1999, 51, 370). Al] of these cases are

wi thout doubt interesting starting points for the
desi gn of peptide |ligases, but;they entail specific
prerequisites for ligations and their general

ap@ﬂz‘yﬁﬁ’fe} billﬁf &’odnéftﬁ'%'?c%ﬁﬁg @%é;&fﬁgé e % &ﬂﬁ@%}}% CLU!IJHCE Sfither is

hough t atron o reverse ca
poih§ NEYEYEr Sé’ﬂhtYp@i)tth%l gerngecledf specifist peptisdei @ndv\gumnueqh moy can
Enﬁﬂﬂ@ﬁéd? BPCQ c@é% §Sth Sthe Eﬁt§3§ b &ﬁﬂ%e tg@to?r}n the end

1987; e, zrratlc ept | SIS,

Th@oﬁ’éﬁ lq ge.d o%ﬂaqng,fg,z & equ@@cﬁ@g]i gleax[ggg |s@@§yfor\ﬂaﬂ pe;gldase used

( Eﬁ’é sreSent WHeref rAlﬂl@)d Jree ABARRRST & Vario ACAGRIL G| Prf@rs example
1987, offers the possibility |
pr?@gfﬁpeuﬁwove% ’%Z;ﬁsdf iPekRIY KB meBEes Rgnp Spragen and have

Seﬂﬂﬂébﬁeﬁl dgﬁdﬁﬁtrﬁﬂ@ﬁy de@andigg %?Eﬂéléhtt c%ﬁd?mﬂléﬁaﬁ?f :j 1%’[66 Bhe p.y.
eversi ct.ed specifjc pepti
u’ kpandl nW n1593nd§§ 3 ibFotE Hostible 1@|ﬂ@a\r&get§ ipinate
t hibe séigabahtagto dndlrmdnlm&ed&kﬂﬁod oh ltHee sﬁfs&atephﬁﬂiéﬁks k®ncept
r nti Cl eaVv e SiLe
B 8BS B D O R A B et .
r ebmpnnderern g 997, 1a9,i TS ; MdﬂddéeBordﬁSH; B:?&ﬁmmﬂed Biol. Res.

o et 12, Sy DB R ahlge SR ERE B0 ik e s e of
bwm@mﬁmrﬁ@ofma@lmﬂmc@w@m@a ¢ armsts(m forderitopeavent dompetitive

c\feavaé%%%ﬂﬂ i blﬁ#yolwmg&' 6 %%%Pﬂl%%f%d 266, 243), it is

not p03|be|n s‘way t Imnate the
di sadvant ages outlined above. Although the substrate

e e AR O SRUSHP SO (DRLIGPLIO v, i
Aﬁg%?ess%r{éﬂfmvﬂ i o¥pmansg §hemisg] Mediffcatipn rigudateimFanction.

J MVegaciBapl pﬂ%%%h (?@Q%eln%?on ;égﬁj)pprgaﬁzhg %\é@’%s@g@@c G.E.
I rrever , i | Ke sSe ul
?%bé F ¥ el Mediseqnopeolr Forieisse Holdendpas 1971)

i rpl@,red,eand csnnrpluye,nﬁ SOt trbl\éem o@e@ya&%&cw Dkpitd AR rapld

panrReseet Nant G ””e‘:ilgc%awﬂﬁ Fo %tiﬁé T na

prasggwses dndf thud eldcidation dfl ﬂ}&éﬂiﬁtﬂ)ctlﬁhgm;&aﬂemslup to 150 - 200
{

J&% %ﬁ rg %d%ﬂﬁ)dﬁﬁﬁ anggméi glpmocilﬁ?atr?%gls IS‘C gﬁlsgraetggl’ for 3-

ens) stivisbims dematlﬁeermeyolummensmm lifigdi priotedrts @re not

OfanPe'h%I@ &@Wﬁg@rﬁr@ &9 4 erg}/ Struety eam@aﬁdsls%ghmfs eprotem

play, .a si ficant e in pr ot

t KE'Staphichsapeptde PbEadNR veBCIhARY eAg9s- whi ch i n the | ast
decade has enabled full signal assignnment and thus

el.uci dation qf the 3D structure of proteins up to 150
2Geyce qﬁ’ntﬁ@l’é | HEMERG FRYBT Ao P%Frégtt?réﬁf 0 éﬁ'é?ﬁ‘(?a‘POdlﬁcahonS

molghi fetan@iho ogrobss 9F iltinalradicals t@ehrrfr@r 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-hydroxysuccinimide or 4-nitrophenyl
esters, with which, however, other side chain functions of proteinogenic amino
acid residues might also react and thus rule out selective N* modification. Only the
phenylacetyl radical has been introduced enzymatically as a protecting group for
amino acids in the context of peptide syntheses with determination of specificity
by penicillin acylase in the reverse of the native action (R. Didziapetris et al.,
FEBS Lett. 1991, 287, 31) and cleaved off again by the same enzyme (cf. Review:
A. Reidel, H. Waldmann, J. prakt. Chem. 1993, 335, 109). Apart from this direct
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di mensi onal structure determination in solution, since
| arge proteins are not 25 amenable to NVR structural
anal ysis and X-ray structural analysis requires protein
crystal s which cannot be obtained in very many cases.
Since N-term nal a-am no groggﬁ_are preferred targets

t he

of selective nodifications c-am no groups of

I | roteins,and
PR, SeShSa I8 A PGS B s
| alj&| bag Opewiap&fﬁr gf alrgadyaN teﬁémaNB’tlebakduammcCIaezm crabeptide

acaérﬁtah?éh WER éﬂggita%gsegg%t % Slhsqcfa%smln%ﬂn Y AL AEH Hder the
| ri
R SRR s PE e Taasht B Gneviehint do gt ote Testesiliti Ah exception
V\htlheh:to hahe ¥atistratt ﬂﬁﬁﬁetﬁis %n@éﬂ)@bﬁg{nﬁﬁﬁﬁ'e%ﬁ &f for ON l1gat1(gxs of
prot no gnlc amnm no kd re dués SO rea c
0 RBS Biie ciedRen A NGO FI Elat 0y Gieg. LS 360, 2583:
phléayé\ax:ét \Bordwd] Bab:. h?smaemzazntmdgomﬁ @ﬁ%@gg 'ﬁ\?@)l:(;#gh this
t ro or am. no clas I n
%@%ﬁl@ ecél n‘ﬁﬁg il et‘ﬁ difsetay a?tefﬁ‘aﬂvwm@ﬂe@m ¢fi lebel and
byrepmtnrmgkdupﬂ, at:yrleqmeesl, Nad f&reﬁ@yf emstidted! NBe Natd YT S);nthetlc

S%rbfgglag Rjill nqg n@? felt)rrg %cﬁ%ﬁ%qtﬁ ofs E SBS éﬁgﬁnénl ggnj’lge\\;@ e;wevent

A.coRgictliBle cllﬁla\ dged ainthe hiopdlynperaia be 1abeded. 1993, 335,

109). Apart fromthis direct r - 4 protecting group
introduction, the only nmethods described have been

t H&xkolHF @rd parteolae side aeactions ahbydrplasds @ed dadthe synthesis and

Nrﬁ@dlﬂbeﬂf%'nl Of pleAtsls S5brRAL MImdhi dargﬁﬂlts 48 be gﬁéﬁrﬁ%&?ﬁot only

ti1 dase- spe I C am no acli resi aues
pa’éf i tchﬁﬁ’ d shgenpe Fﬁ%ne@@g(’h@/ 8ise byfmapdpitl dtttas e themdaction medium.

| el Ill%ﬂt&%ed&s&%eshﬁkfehsbrdfefﬁ%ﬁ%ﬂ%%llc' InYxtufol AXES0L aﬁﬁ] Pganic
the eto éFW?e su strate m metics concept ori gl nal

SOBRBSCa PR | mjléflp GHECRE in SRepkaveler anmissiolis of Water and
Se)gg@ﬁtt sol¢ént, Bﬂpdrlés@gﬁhc %blven@r\gf?l’{vmgh@@“ noL8P Zn]ylap%ery small

25 Revi ew Bor dusa, Bi ol .

ér £5R4509T  BReRo b n PRI SO Ao RIS 0By MARE B Siems, of
adumltmﬁgcal oblutldnsearidi M@ewidgéiﬁbﬁléut&cﬁlcl Iﬁbd“ﬂﬂ@él G’i’thFirtQ;iHy no or

ST 800 PR Tt e A bt S o
| Saetiesie GR6 Base, Bacd dbten, atowt déaDaIJym*tﬁ.eJ IEnﬁyrﬂcﬁ‘Ec Peptide

.Sg}‘élﬁg&tzds ﬁP”Pf? 'ﬁejrn 019% nldgé%'g“}g F@{rﬁ%szsslgzo%) )éYmElO?PS @‘:fcg
Eﬁﬁ@éﬁ Jué\éﬁemfﬁﬂhé&@?mweé’@&amw hogkf i1889,i Ghapter 3).

p%ﬁﬁa}e@@ﬁ virBRBY A Mh &Rt &S0 agbﬁt' Bofi@afatic rcducuon in
ﬁ{)pressed nof onl{ 15 by targeted enzyme engi neering

¢ P eRFIHEn Op sl a4 41 SOIRe chacedur wadidarable Alparatus
| lcdsmpla:kﬂy eAfledditioRgstatde 15Uﬁﬁt ehly P RaP Hasd BcéH fhtveét?g%téaf at all

r_.an r,gani c ol ve f.a
oS UProBR 1 SEHE" oa R fort Siouesis PR g st Obvtpitvely long:
cham biopolymers. However, even in such cases, none of these methods has
hitherto been able to demonstrate the efficiency and universality required for
routine application.

A mnovel class of solvents is represented by salts which have a low melting point.
For these solvent systems also referred to as ionic liquids, a stabilizing influence
on proteins and enzymes was demonstrated in initial studies (Review: C.M.
Gordon, Appl. Catal. A: 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 Oggi 2001, 19, 22; T.L. Husum et al., Biocatal.



&)

10

15

20

25

organi ¢ solvent, of pure organic solvents with
virtually no or only a very snmall water content, of
frozen or supercool ed agueous or organic systens, of 20
supercritical solutions and of heterogeneous eutectic
m xtures with virtually no or -only a very snal

solvent content (c, inter alia, W Kullmann, En ymatic

sariks R IR R ST, SRR B Rl 2001, 435). e

Pe gxaTaRls of Arsanylgu @ln@ymilmmr subshiate oy yadd Nohall Y derBisrated that

S. thelkleik E}ir@f& es Jch?fMg) tgfaﬁg)subﬁ%%g %B %{Jz Vaks tllrélglgf active in

York, 198 Wever, VviT
t hEEtoR S YIRS bwng agly gl preporiodn eh Slchhahqnidss and datatyizerboth the

. nh &B@s@néyrﬁe %@H VY (r traﬁs%?ﬂehﬁéaf oﬂnﬂt&&)f QR $3345 DL

g*l)l re considerapl e apparatus
mpiTa Bogstien!. iBogngat 20} y75 ]fSéw T}éveHlb%lan et al., Biocatal

| nBﬁﬁidngailﬂﬂ a9, i), W%tr!?fefe%@{cﬂthts%yﬁﬂ@g!ﬁ of?;%apég' PﬁeYORPJfrom

es nd dlflcatlon of relative
Z @%@gp%%@hé Mé\hevias megalloprqtense Jmn@h@@g; thq@néah;hry in
t hpsecipletof @cﬁiﬁc hq&d?; Gorlthé Bﬁftéa@ej@@tﬁﬁzé@ E&rfe@tléhem% 5@in® acids

the(fff|0| ﬁ?h ﬂ er sa g ired for routine
appr9Catigh Olgg q Sy F’Sl oI°9 tieny sheseppddippadly been
bydmn&a’awﬁl (@, Eﬂ)ﬁdﬂlﬁﬁérow ﬂelebrbghrﬂﬂl Prog. 1000, tlBeSiEbl) It is,

f d t I d
SoherpL SRRy el LRy Rl RSl e rmoscd
demwcla(tlesdprmeasm in al kis¢ticdlle sopffeNddereact@onMin sGeH tgiids and

APRheth&RY Qéle%tﬁ e it Dduchidf ]of agp%%ier 10(% ab Igglg etlﬁ‘aygq:ﬁe N-terminus

reactions w pases 0§1°d
adefi peroidas pyd QM‘MS tlfhm‘talbfh@bb}’ pragedses utder eheseposiditione In the

ef f8fd waQn if hse uﬁ@l%%t L@t LA &end0 Qo gnﬁﬁﬁﬂfﬁ}a@?\[f& %‘e egfeent of

selectivity he enzymatic react
al Pfoteehrm regfgliong on he reactantp andrhydrolsitis mﬁeecacallons on the ester
Bi a®atak usdd ot rans. 2001, 19, 331; S.H Schofer et al.
Chem . Commun. 2001, 425). The exanple of a sinple
amno acid ester substrate has additionally
deltinshrafied dfttt préder Beehitth B BERARES SANMOPYSY B Shzymatic
and_subtilisin.too.are .enz tically active i
CoSmRS wYSrRARREGE a5 BETIREh RPLHS R TSHCD A yteins, which
I | @perahsneantie ahiaﬂk’maBgdSO:tﬂIthtehﬁ?]tﬁodmy dés(dhyéd $n Qlﬁe E]H@r Qat @f is a
cation ereo
%I’LI‘IQ‘GO[;_] o ) ec%ﬁf:fisgdt ém %(5' vn’fleé pr%gis 1n-|-vt ch%geﬁﬁgnce-
etm@eppend@tomhﬂsm 1B pm‘nadsr 1i26fidn Eﬂlg l\StBﬁrjlmaNVrhdidlﬁcatlon is

r_eé/&fgé'gféﬁo‘zlﬁe 1@ }t{'ﬁgh é{"%%ﬁ%ﬁ%lgfwﬁh i Popr ofﬂ\ég SaIéné Ndrolytic side

t Hé?%ﬂ?@ﬂﬂ@re{*%@t%m ‘l*lab‘FﬂCtl@lyPthUCtgrl nciple of ionic
Ilqw ds for the prot ease catal yzed connection of two
cids, 1Q under libriumcontrolled synthesis
MO BRSSP B APy asHe et meroddt freymimesis of
Erﬁa:phdhsn g:eptuﬁ rrﬁinetwﬁh@d/ﬁﬂ Agtins RheGr 30QRe sé-l@ctldel&lﬁermmal

g ; ﬁna\jaﬁﬁc }S()'ﬂg g%e% 1&6%8@6%@@% lgﬁme{] é(sna% or\f\)@&gllglg rv» f?l? ﬁ)e sLeps of:

35

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 group, and said carboxyl component being a
compound having at least one amino acid or a compound having at least
one label or reporter group,

c) reacting said amino component and said carboxyl component in a reaction
medium which has one or more ionic liquids, in the presence of a protease,

peptidase and/or hydrolase, to form a peptide bond between the amino
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selectively by proteases in a kinetically controlled
reaction in such liquids and whether a selective

i ntroduction of reporter and | abel npieties on the
N-term nus 15 of peptides and proteins is catalyzed by
prot eases under these conditions. In the sane way, it
is unclear what influence ionic |iquids have on the

ext ent ebmpbreat @8 thé Caoffl ESRGIH f‘%ﬂineﬁlﬂﬁaﬁ@?t%? g{ﬂée Yeaving

and hydrolytic side reactions on the ester
used. 289 is an object of the present invention to
prOV|de a nethod for the enzynatic synt hesi s and

ification pepti des tlde n1net|cs and
B%e%?ewgﬂdl%é PSR Secdhoth eeqgedng ot the invention
rreﬁirrﬂzﬂsccﬂﬁpm:geslﬂ&dm;pﬁoﬁ he pri or art It is a further
obj ect of the present invention to provide a process in
whi ch a sequence- independent synthesis, in particular

| i gat i oisolandg kr errictinathervedilfihe pépitiaa, pép'ild@%uﬁfeft@%gﬂr protein

regi o- an t osel ectively wthout proteolytic and
hydroly?w%méFﬁgﬁn?%%B?l&ns on the reactants or the

reaction products. Accordlng to t he |nvent|on, t he

re'séntaiﬁb neE 'ﬁdfuglﬁerar ﬁod o t IQP%S gqlr §§ (a);l(ﬁxclusive

pep |E e m et
t heolegaf @@tmv@mmm@m W&h waeloamﬂjoh brsxaaicl aiveaits fepthe d8athesis

th th
Doy B e e 08I oI B oot S Biomeisine. The
haRFETEg! Htveneers tlse ﬁ@latearfﬁ) the 12eci Q‘f a b))tqasﬁa\peﬂimlage and/or hydrolase
C afob SheYdynHRER ARE0E R‘e i ﬁilgpﬁ’l'b Mﬁoﬂ:g@%@ﬁs s PSP atvden it )}1(:5 and

IeaV|ng group on t OoXy rou car
c JHPGHENt2 § BFRiiflcapentis migtaie an Pﬁéﬁlﬂl@ MNateringzedty ld@ed species
afﬂz&@oﬁ@eﬂwo brepaf@mBe Ul nlaﬁvbf"%naﬁmln%a%m ong 1. aRel Qaﬁ'boxyl
orter p ﬁ% %@a sai d .am no conponent and
s OEPSSF%QW 2y POIinHO%FnF Baing adeavingdiTown-whi ch has
one or nore ionic liquids, in the presence of a
ase tidase and/ drol.ase, to forma
D PRE CimbaBE bl B2 i Hamdie Subtiing sig e Aescaintion fich
cdbb@wyl conmponent with elimnation of the | eaving
group. A preferred enbodi nent provides that the nethod
according to the invention 5 further conprises the
stAggsontinglio the aiaeniion meptidesrrefeh tgortdessaties lpl'dduﬁg of amino acids

pﬁ)g&nf’]nggaboﬁtg’pt b EmT IR AE A%@glld%{g RrRL (Ierlwrénnoﬁ/ prTpreptufes refer to
condensation products of amino acids having about 10 - 100 amino acids and,

according to the invention, the term protein is used for condensation products of
amino acids which have more than about 100 amino acids, the literature regarding

the transition between the two terms as being fluid.

According to the invention, peptide mimetics refer to compounds which imitate or
antagonize the biological activity of a peptide without themselves having a
classical peptide structure composed exclusively of coded amino acids. Examples
of peptide mimetics are not only entirely nonpeptide organic compounds (for
example the morphine or naloxone composed of cycloaliphatic and aromatic -
structures) but also those which have modified amino acids (e.g. N, a- and pB-
alkylated amino acids; C,-Cp and N-Cp cyclized amino acids; peptides with
modified side chains, e.g. a-,B-dehydrogenated amino acids, nitrotyrosine, etc.),
and also cyclic peptide 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
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10 The present invention further relates to the use of
ionic liquids as an exclusive solvent or in

conmbi nation with water and/or organic solvents for the
synthesis and/or N-term nal nodification of peptides,
peptide mnetics and/or proteins. The present
invention also relates to the use of a protease,

pe&rﬁth@ﬁécﬁﬁéﬁnggﬁfde%ﬂpghféigxmﬁeﬁ t%\BErnﬁbéE‘tﬁh‘? &hn?l%ﬂ'% <ethylenes,

N-t erm nal ficat pEePt
an@ethylgsaminasner elsgi @trsépwréré dep‘lépﬁi‘(ﬂﬂe apd ntbe i bkﬂan%letro -inverso
pr SrRiaflvey arblebSipbhitl Hayidgah #@ﬂtl&o@&k&ﬁie s’ﬁlﬁ@fu?@f{ BHLO-C-

par ed. By Ilgatlon of an a 0 component

ca bk yhichdbgpesiest of thadmsrg HsHPBARY P @@ﬁﬁ&%ﬁ]ﬂc Acidifwrption
a hreaviingg @im kSR nRHAP }ﬂﬂ@tb%n@sr Qhﬂ\é'n@lﬁﬁil ;Jefaﬁaie bonds
h@d’ el a| ns é@&ﬁe@gl |on which 20 fol

ActDrF ﬁ“lcalr? peptides refer to
condensation products of am no acids having about 2 -
10, am no acid t he ntjon,

ol DR EL S PR e Baptidhn etk 1A “TORGEA 2ofos mpsratures
acf<dedfi@yiang ineist eiﬂuswé]QOofamnﬁqLiﬁCI ste, dod exathple, T Welton,

ac t h n n,,.th r ot ei
£ e A8 oo Y g iR, el Skl 308 tiquia
rm@barticttanstatfomemfb &mrm@wamm hev Intdreobdculae interactions and

L EREC e SBABIS HRY BERIRCANS BRI eRowoms. for
m ln@tamesquaéa‘r@z @mawmmﬂmndsumnnmd |p|hpsp§upelum ion80Subgroups are,
ant,Age ShgEe, ﬁhzﬁkﬁh{&g d%%hﬁﬁt]bx‘{d weh 1%@@% h%%mnﬁlh%ﬁm

therrse avi n aSSI cal pep I de str
cohb‘été'ba r@%b}'l@al Iym@f Nealkdeted mynidiniemdions Ex%hrpls dsmetyl-N-

PeRit '1 nﬂ‘ihf{ﬂi 'o?sarﬁf O’GQS RBbttuRAL drhBbYiuhP ARE RhbSshonium ions.
or oung& exanp] e the norphine or

'? émé’a?r%’é/ %@%9%4118@%%&(1%&% Batyyee gt Gx@mple chloride,
StHrUﬁlﬁdH eshiotodlunéh&e, hiifse WhizehedB¥LarbDEifdted IO or else
acj ds . N, a- and P 35 al kyl at ed am no aci ds;

Ctem%&’r I%H Cp cycl i zed ami no aci ds; peptides wth

nodi fied si de chal ns, cc-, P- dehydrogenat ed am no

acs.d JLosine and so.cyclic p
s G BERD .%*ﬁﬁao?‘g%ﬁ!%c&wwags AT FeTcs A s g ull, b
analsto pamtllalj xsphheemhm of, weger| dsztei wactidn (ﬁ-etilemmhyus mad:timn-inert
a i.d

AR AT Slodg GRALR Wos. Y Gb1AALIAY n§f R
wlﬂvﬁmaltm@@ecb@pt ﬁhaéurmrﬁdg dfsccpveexahiil it 1§ fpossibi dt@sconnect a
k

%@(&m’é EpRRnt S8 REHr a leﬂﬁlh?#}cﬁ.ﬁ)afﬂe' lﬁ?oReo?(Edo@(%rﬁnéoe ent being

retro-jnverso derivatives,

def PeRsidey BEPtidecnERHSo RIS el BE IEPET B©18HCRIstoR enzyme
Stdaﬂiﬂ))t'sﬁg 2 ﬁg@s%@@' fate Bhd bé!edmfht?huﬁﬁf RS 1§ hiQ0 ahin te!@ﬁuswe

{1 iunc t he carboxy id function

arSQ &R ?Fa}HﬁSHl Fh'm8’6 %ﬁ‘r‘?’%t%mid%’fr%g%? S"g‘éﬁﬁi Heh 18IS medl“m
whiitle ancamiab @epioneiet thivlisis frafeeabiyne péptidet peide mimetic and
R—pq;étgg NH C- R

e present

It was also surprising in this context that the side reactions which typically
proceed, such as the 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 provided with the leaving group
typically by connecting the leaving group in ester, thioester or amide form to the
C-terminal carboxy] function of the carboxyl component. The method according to

the invention is thus based on the surprising discovery that ionic liquds or
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In contrast to salt nelts, ionic liquids are salts
which nelt at | ow tenperatures (< 100C) and consi st
exclusively of ions (Lit.: see, for exanple, T. Wlton,
10 Chem Rev. 1999, 2071-2083). By this definition,
water is thus not ionic liquidg . Characteristic
features are their |l ow symmetry, |ow internol ecul ar

i nﬁﬂt&%ﬁlﬁeﬁtoﬁnﬂm cBRR: GRALERa, SAIT | oy Qﬂam-gypdlg lts. have a
%f"gaiﬂez tai n quaterni zed heteroatoms, for Ins

USRAFOOR G BYnthasEt agtiityeel WsomBHoA| anh slmnlataneous y
_Suhmallllj@ﬁll}}f ﬁlfprefsQ &hee%ﬁimﬂr&i sille 2deubad ﬁ'ﬁldhrﬁrg W&dlﬂf%edmted

ions such as eth -3-net hyli m dazoliu

1?‘?90@? %Vatﬁét%?}‘fﬁinh EquraWGN%Pkyf df)@&mﬁ?/]rvplﬁﬁ nWifhn carboxyl

| omsnminetts asviele byt ¢ lsﬁwﬁel NEMRDOT o OQEHS|3YIOWS

subtlt ted m and 0 onium | 0 Typ
§F%enﬁrﬁifeb°3nﬂrémi>ﬁl SISEACTHSY Ham W 8P“H¥agélfhs€3tﬁai?%ﬁlﬁcﬂy of the

f ocnzgmantﬂ ebec hichiei et th:fhofﬂﬁiﬁal Iychh@eart ulleNaddPe of synthetic

ene ulfonate triflate, tosylate or else
%Pr#’g{&‘iﬁd’&ro d20 Starting fromthe phenonena

observed preV| ously in the prior art that the full, but

| | h [ o
S| A RSP R TG e i
acthg \abmy? desesbadbehavipnact dre itug pafticubwel yesitybie jin theeontext of the

prrﬁétﬁ?ﬂ acéo?ﬂ'lﬁggtﬂl) ﬁl‘lbefn%exﬁ?cﬁﬁeﬂr %%%ﬁrﬁgorﬁxbﬁgcﬂﬁco é)ethdes

to connec
prisplideaimietips and pwising Fyrbepsuitdhle enaybus yha berpbraget in the

bQio'ﬂEkM 8f ReEQhESroRIRL Ak BulTBiIE ‘fnod'%fl% EdhsOks c%ﬂlbgggﬁned out

tﬁ grter noi ety, under “enzyne cata ysi's at
BORYS phiDE topAl caldpading diedloseddiermyi oni ¢ 1 qui ds as
an excl usive solvent or in conbination with water

a d/ or gani vents as a reaction nedium wth an
tge &8 6hé’ﬁ§u§€h RTS8 BersibRe Brosedire g fo peyssrige the
mslyamegs apvin30f Pretkaien. pdptndmg aAlsR Mﬁ”ﬂﬂﬁé&@'lﬁgohﬁ dlii&s or

hat d t h 't
ool Rer' B Fa% ) GREIRRmBRel HettBina Toethipand. in e
C&Slrhpbcytl cas@ rmfanbmtyl andlpogeﬁ\éjoﬁgstg[aoubon@ﬁﬁgﬂi a@cti Kdﬁt{hventlonal
| de 0
Ry .
prl@ slsnnbrrst tchee ¢Jmmmd§tm1\/a1mlmaicicy bud prefetabhyr o peptle, Bhé the
C A H8XE! pGHBUG Hydr ttg\igﬂe C{F&ed\"ﬁp—: tgfé?arlcg %\f J}ﬁ’% HE 24P by the

typi cal 19 connect | ng\l %mo
t ¥16¥8¢ &f ’@icéWFldby fRypAYGt oformetiorCine ntalrsmaxf bf(hﬁyisubsequent

f ifGbh@éh Phask h?h&ﬁfdaﬁ&ﬁonﬁgﬁmpﬁ@ﬁt rnag %Q&g for example, by

accordi F% ig the ipvention i s thus base

SPPT 8 8 |°§@§%Fél°9f°%?g"?ﬁh¢ geraraigndretbeds. 8 i xt ur es

t hereof, in contrast to virtually all other organic
%ccox%mg to %e mvcntlon preferred proteases are cysteine proteases or serine
proteases. However, it is possible in principle to use all other known types of
proteases, i.e. aspartate proteases or metalloproteases t0o. Useful further hydrolase
groups are in particular lipases or esterases. According to the invention, the
peptidases (EC 3.4.11-3.4.19) used may in principle be the known peptidase
subgroups. For the definition of hydrolases, peptidases and proteinases, reference
is made in particular to Rémpp Chemielexikon, 9th edition, 1989 - 1992,

A further advantage of the method according to the invention is based on the
regiospecificity of the enzymes used and the absent risk of racemization compared
to most chemical processes. This is advantageous insofar as reactants having chiral

centers and other acylatable functions can be used without experimentally complex
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favorabl e i nfluence on the synthesis activity of the
enzynme and sinultaneously virtually fully suppress the
undesired side reactions which are typically nediated
by the water solvent. The conbi ned use of ionic
solvents wth carboxyl 5 compgnents which contain
enzyne-specific | eaving groups also allows

i rﬂ&ﬁp@ﬁﬁ,ﬁzﬁﬂ%eﬁfcﬂ@ﬁloﬁkﬁﬁg Reaksreathichi 1M for RINtFRASI side reactions.
substrate $e0| icity of the enzyne to Pe
éljﬁﬁ éV‘Z% hews &F Lfg ity uFtl’fEb élggf‘é§al'{yﬁg Sg%p?és%f of N-terminal
Sxplﬂctt(hjﬁtﬂr%ctgr@gm igat then cﬂgaoid?letcﬁﬁbbﬂéht gv@ml:ﬁ hesmieg efecessary
oun a ne and cyste r.ot eases
| SR v s Nl SEcs b BE BURhT SERrasat hes a higher
behevifiaty ﬁmmaeﬁwﬂuthmp&retmcmmnilyseqmanbablf ¢hd zﬁninb&:omponent

C f. the ord |nv

¢ R e8hof i SRl T AR SR ShOE b e S oty f8fictions
mienst Witk regadd prtbt eéquencerefithheracwnisteatirmgempyamsionny be
obtained in the context of screening processes using

sui tabl e nodel reactions, as can be carried out 15 on

t Hecchrlsngstoghe ithentiern ik engyntes aistd mgy b prdtoases) feptidisas and/or
| By sEONHR¥ peferdHE Rade §§él§ﬁﬂ’1@%r@?ﬁ it gr i e lea\ 1ng [roup

procedure 'S tO I nvest | ate acti1 vi
pBY/en Ledain nERINP JREES oa@m@p amdjmgaseg the qagmixg! component

| iAQdbidsngofo thghff\telﬂhﬁﬁ thBesRa] C% Eﬁéuﬁ%ﬁ&%r ‘ﬂies@lﬁﬁ‘hﬁ}fﬁélgs OT amino

nDd | reactions is en in the si npl est case,

rBB&S mewﬁ%ﬁ%@g*ly BIPEMPORE aértu@Hé rgﬁqweéchwd the enzyme

( eenl enkbm to t@aﬁ;bmqﬁbn CBEP A Hrefefabhit RIS batsGuliufllyl Shilar
i's |ngﬁgﬁ t an %glno conmponent, ~in the sinplest
c KYBPOHS L5 a%asﬂnsﬁf acid, but preferably a peptide,
and the protease peptldase or hydrolase to be tested.

Lonic enz )
! 18 B RGE cBionbi il IPPER bt BT FET Bt ip e defined

s edstecple tot thEEpoilmpb@ toore pmdissized hEhepteod uatind eompbhan refers

i | f
o S Al S R AR el B o
t aﬂ&hrﬁeca“rbﬂﬂefhgrm orgr amwﬂlpre@f,éas@@na]ieacy@peylrgoup whlch

P BaSESerflatis&] Wi a ﬁ’éa%n%ﬁ %E eE é) ?é Boﬁ@sﬁﬁ@&ﬁmo
in principle to_use al nown

p p
pFOiRRSEL 15 prefer b&zésana{na%afﬂ oliﬂ@%k’e@ eéablhémlmp%% ERBWEeIn.

t D0the Ustldr Whsd, did Avpdpudé of BRfein BROVNS Alnihd cR@hbd ﬁ lébl%myl
éﬁfsfs or . esterases.. According to.the inv

Higs Gy epdy 18, §ither 4n (uprorected r?éfoP"FrC‘ﬁE ﬁqspm 8 wid a
t i'mdmimmthpﬁmthdﬂaﬁﬁ:tlvﬁ Ld:it@‘lli;g Lf@ﬁ exiaplct e aﬁﬁﬁd} rduipoSr fourther
hXQ ﬁ tidases a éelnases ference

il o e Bino CORFooheR L ERBHDe STL P Qient is
19@#cally 190 prefdfubly fruncbrlaetivaidi/&ntragmsoﬁnmmpw&mmhat the N°-
a
Qlﬁﬁ{odﬁlﬂ&ldfn oftﬂg oeﬂ)trﬁ}swlehlslsgﬁésgfgt dﬂ‘gﬁ(‘g@?ﬁ this N%-amino

regl ospeci ICIt enzyne sent
r fubietion reagis avithy %p pyﬁo&ﬂ@m@)@ of the carboxyl component

The carboxyl component is preferably a label or 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 form a peptide bond is typically and preferably activated.

Preference 1s given in accordance with the invention to the leaving group of the
carboxyl component being selected from the group consisting of unsubstituted and
substituted -O-alkyl-, -O-aryl-, -S-alkyl-, -S-aryl radicals, -NH-alkyl-, -NH-aryl-, -
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to nost chem cal processes. This is advantageous
insofar as reactants having chiral centers and other
acyl at abl e functions can be used w thout experinentally
conplex -9 tenporary and sel ective bl ocki ng neasures
which | ead to additional sidejpeactions. The only
exceptions are the introduction, necessary in sone

CaN?N’dléﬂf(le LRGN Qﬁcpt-e\c&rg'lr:es n KOUPSadi IO LAE epreference is

cagE nmponent , ~ whi ch cessary especla
e‘t’ﬁ% gwlép ih avingqgrene of die eareoxd compgnerns dmmtltuted
haby andbghete &r&ﬁ@ﬁbfabl@ Iﬁ&’l cA19rsul & c QOANIE; cElI.E! %F sﬁlﬁﬁ]ates In this

N-t er m nal uenc t he am no Cco onent

R ARon, R et alsh Sriherass pudotnd dRdisieseqveloalkyl. Useful

rrEhdSteﬂﬁtomlsl dre URlpapticntur N SOrdnats. sferdisk $¢ gWeiltio I988kanes or
nce, of. t eactants ent erl ng

to, the s qéig {31 4

- SBPTOsHOOBERES HRKGE O § RS FHDRAEBH, ALHETBAY tssinyerbign. the

ﬁylkpbranrofalseasla&e ﬁpﬂgﬂlrd@sﬁ§ aﬁtﬁ@faﬁﬁ&he@kﬁ)’ﬁﬂ?h@siﬁﬁi reference

) ref er av ) i Vi ecificl

 hE B AR o0 Bird e bivine - AsBR OB ai no.

acid ranges of the carboxyl conponent. Accordl ng to

t hg ipye eql.e r and/ or t am.n
PSRl S e Bl G O AR B ke B ane

nalirmuhxstltytcdeplmym Zv’ddclbymhefeemlynﬂbsmmwd oicthor pliengl trmg by

t hguzinm{ﬁ@tah@lﬂr afnftE¥o Iaiperé( aﬁlose?nlggce%fk&%t Hﬁ% 'ems,

sim[ar conpounds te m et
anPsEredyanhenyl. and rea é&wngcscﬁtpmﬁesn@h ag saphshd, hdidi may in

arﬁnﬁeﬁﬂeﬂ#éjolyr Se abibéBhled Dyt NB1aRRENPERLI S afn‘?dlgg groups, and

synt hesi % he ter m am no corrponent retrers
hagisreana %%%émﬁenm cArps sugplige g goqyiagkne. dhe t@mwl here also

gfﬁﬁ]&aml Kdlero@@édatic Zodthphiubfls Baaas BoX ¥l rigy Qﬁ')?hsorm Q\hlch one or
derivative &)hereof for %X%?Tﬂ e a %r hox

hoBOTaRPE GEPPY AR dERT e SR i e e
peptridiee, Haashend aranbnazole orpeidenile ifiqief erabl y an

amno acid, nore preferably a pol ypeptide or protein.

In the latter case, the pol ypeptide or protein has both
anPatitwlar prederamst & giseboxthe lanthg ghap (Iﬂ"rthe)mi‘b(ﬁljrﬂ cbmponent

ei ng or fo avo
ré%ct o% m#ﬁ' gﬁgﬁﬁggfré% ?%%ﬁér i i#%?u§ng@EF§h$ﬂeor 4
animigingpbenylbio radfeak Dh@pompnmreicamueﬁmllsthmcdmm thereto.

conmponent, the carboxyl group of the ami no component is

tﬁglcally and preferably in nonactivated form It is
t thercaphaapb cpegorgt thenleawiag spwm oraferablyi Hamsfant grger or an

ardnfide wme %Hﬁbok?l H6E5 %P%%c@&?%rﬁﬂ@neﬁf‘ qnér@p%eferably at the
N -am no ct| on reacts wt OEQe car bo function of

£ e t%fa%%x %.lrpeﬁamo 5 TASOYr FERHID nﬁén%“r’ﬁad}’sdetaﬂed
prs@fe@ﬁabieyo@uﬁ@beif e lapagt g;rougrﬂlumamlpva@ﬁew th® éhzymatic

graa[esgf%bf fﬂlilengt I one, té)l % %fe%ﬂ g%i)“pncp?nc%chagmems of Tabél and reporter
groups are also connected by the protease, hydrolase or peptidase instead of

reactants having enzyme-specific amino acid residues.

For arginine-specific proteases, for example trypsin, such a specificity-mediating
action was detected for the 4-guanidinophenyl ester leaving group. An analogous
function can also be observed for amidinophenyl esters. In addition, owing to the
structural homology, the 4-guanmidinophenyl thioester and 4-amidinophenyl
thioester analogs have a similar action and additionally have advantages in
chemical synthesis. Structural homologs of these compounds are likewise useful as

specificity-mediating leaving groups.
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protein. The carboxyl function or group of the carboxyl
conponent which reacts wth the am no group, generally
the N-term nal am no group, of the am no 35 conponent
to forma peptide bond is typically and preferably
activated. Preference is giveniLn accordance with the
invention to the |eaving group of the carboxyl

Cospadternlly kg t D i
unsubst i t ut ef%r an%ﬁl Sugg{é’lll{l%s?éﬂg ({1@1\@{1%& oicﬁlré% \S,&hp&uﬁig with a

PHIIPOLETY. 18r gx4pPlF Adipg) i mQHgamnghno NHIU%Q mmetles which

- 1ﬁteﬁ<hd‘t~l- iRl dpgtificity Nefdrdingd gy |a1mﬁc51 CherdNr@fdHles I\Jifa{hiéyﬂyrotease ie.
radi cal refer nce IS GMAseﬁglven

| SSoFaTYL DN 2B RIS ReNSS Yhitts s LTSy g indirectly with the

sudibbtritetf er thdsy whieh Ohfloerce 1|<hfar LOAVHid @ea%ﬁbﬁi E@H GRS have an
Su ates

su ni.c _aci d a icals hi s
eanh %r%é | o?ﬁron}a & PPt M&WIW@P &‘&%‘F%%FW een one
an&hdh eID{eH@d'Wrmahiﬂyd .orUseafzshe SnJIQMe\ﬂemat ommendvl€ Habic structures,

cy cﬁtt% éf”k ane Cigc g‘r"é{@ %1“8 gﬁ?{% X ﬁ]glvﬁ?] 3“%80“ &S AicRgnecting

Caﬁ*l@@f-’mah%‘meﬂ WQG@ranbe grawpt dfethe rwﬂmt(ybmmpdm:nt ahk yHe leaving
r aﬁbﬁﬁ"lﬁ th@‘ﬁl BivDsBhdtY tnid AbCRL S ?ég B ﬁ?}%ﬁgsdh%mg a primary

radi cal S, reference IS glve anDn
n-SREFIFLY i%r slytaanip Agidner asparts @cad blon eaumpi; V8 protpasehivsth the

erdiffefeatd @i, fSRad VALY e
substFtuted ang$aunsubst|fﬁ?@%éﬁ%e§§ﬁﬂvﬁﬁﬂﬁhﬁQﬁQ£onmncbamc
i

SHRENES s HELIC FOtedY syfh tan ecasbnic #ndngulfsnic ggighicgiums are

arhﬂneed &maﬂldﬁﬁlog&ﬁhemhﬁrﬁd?\ &tttk of %ﬁie@'xﬁﬁc}?%{s% %ﬁlyf &S8E basic
use r|n

rin st ens efer phenyl_,
ﬁ% eSS ept éﬁht‘ﬁyf‘g %FN% ﬁnwsﬁcnor taEﬂ it BrePer é%tlls;tlmte
becaéwlxst | tathpehehys goanestyngesartti-tie am ﬁklefuaergraouapswmq for

1 h I
L A ey,

het er oaromati ¢ conpounds having 5 - 6 ring atons, in

r A fer

; epﬁgcﬂg tg ﬁengﬂ'gnt%gthgal %ﬁﬂ%ﬁ{;&gﬁ a? rePeraQD aﬁ s¥ed to the
t pephateof thy pmﬁeaspweazdase apd/or hydratest esadadl cal s. 20
Particul ar preference is given to the |eaving group of
the car poxyl conponent being a 4-guanidi nophenyl,

fa{tﬁmﬁefwﬁd embgdismaing the ﬁﬁeﬁw’ltqﬁ?moe%t@ontalmno the leaving
a@@ﬁmh@@w%wlﬂb fagdhgal , or a conpound structurally
honol ogous t hereto. |n t he car boxyl conponent, the
| eaving group preferably forns an ester or an 25 am de
wi th the(Xanhexyl group of the carboxyl conponent, nore
preferably at the C-term nal carboxyl group of the
car boxyl conponent. As already detailed, specific
r ecogniwheon o f anRé-tdraavdl popteetmgeront ommtel y nodi fi es
the enzymatic activity of the enzyne to the effect
that peptide fragnents or |abel and reporter groups
are al so connectggwby e piBiwaseld. ydniobasad orr a derivative

peptidase insteadh&@bof, or is a label or reporter group,

R is a Jeaving group, in particular a leaving group which is selected from the group
consisting of unsubstituted and substituted -O-alkyl, -O-aryl-, -S-alkyl-, -S-aryl-
radicals, preferably 4-guanidinophenyl, 4-amidinophenyl, 4-guanidinophenyithio-,
4-amidinophenylthio radicals, each of which may be substituted by sulfonic acid
groups or sulfonates, and also structural homologs thereof,

n 1$ an integer of from 1 to 1000, preferably from 30 to 500, more preferably from
30 to 250.
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3 0 reactants having enzyne-specific am no acid
resi dues. For arginine-specific proteases, for exanple
trypsin, such a specificity-nediating action was
detected for the 4-guanidi nophenyl ester |eaving group.
An anal ogous function can al so be observed for
ani di nophenyl esters. In additfon, owing to the 35
structural honol ogy, the 4-guani di nophenyl thioester
and 4-am di nophenyl thioester anal ogs have a simlar
athlthis cdfttxadhk tenem @1k|yl’ ahB Y] AEVANAFRRS abbve HIEALS Bnbrace as
ynt hesi s trucg§{ @y | 0gs of t hese conpounds are
! TAPONF <o ‘a’é@ﬁ{ﬁ AR JUTRIATAE iSyeieme sndngontused ring
grsxysrqams, arili1al$t the abweﬁldnﬁoﬁwmbﬂ:ﬁ@d%nmms are
derivatives of these conpounds with a basic noiety,
for exanple am no, am di no, guanidino and i m no
mdt éx likswisoprafbrred titae theec tarbetsth csp@onémqs taylablﬁtc&rﬂ&pditftétggroup
a@eﬁgteﬁcfrcgn rfﬁ.l%!l‘ g&ﬁ lgg ]g h(? I‘ Ot easf Xryg Cg{OLg}S L@& %;aij‘&](}fesceln

am no acl resi UES

i ﬁbpﬁiﬁé@mt }lelv\almﬂ?thl’lﬁmcﬁnsmﬂg@tm@emmctdwb ésondpic hubels containing
' rbfa}%?{FP %&P? SRhalsyBEe Ngﬁa%{io% c%ﬂgmvi\ﬁ% %H’m?a\ég]dg or peptide

al i phati romati c Basic structur

exEageats; apleﬁahehs jush gs hitaddeelehelneataining amln@ amd apd éatty acid
URick$ativRk; Wn&oséﬁﬁﬁ%‘gh%&ﬁ@ c%htahﬂﬁi | &r uch as
structures, . bétween theé speC| c m)l n%s ?1

o DA AFOPUTEHIE orp g RN e b ORgIvel ot dithiolan-3-

bel)aeeixet mNcanmﬁirleﬁé@ﬂﬁlegﬁdehw narl hiopeny r&ﬁ@&ﬁﬁfé‘ﬁnde All
Q{%@ h[e | eavi.n rou f] the f ati ve sense, thi
" oRe s EHHPaR T P erpalfiona! et nguch T ok provaded with oe of

S mE:a‘tfaveﬂcﬁnédﬂBaghgltg.;ampe baforgthefenagpaid Ileﬁctﬁﬁll th thflsprespec::i the
that, instea

e ot e

oot B RERRRsq Yt Aot B spblele FEbG 4P Gmee Dt Teher
baslcthe part wdtialy ie sransferreticthe amicetomsment. as car boxyl i ¢
and sulfonic acid groups are bonded. In an anal ogous
manner, esters or am des which consist only of the

bddk ccongeaonyeft theexmime ndmmeednt inde thedearhoty! amepoanyt forms a

?%%ly%eﬁ’c‘idea&ﬂ B89 gﬂ&p@#fgg@?&%éﬁq& or%ﬁir%gﬁxéres;g POPERL Sinai

ymes havi ng speci
h)fr'aﬁl opfn I ATHRY rRPTRRINGNY eaTTEReadingofo éh%rﬁéﬂ@'mmal end of the

CE)MH@EIBtYdéGdnﬂ tBEO emEietrhing] &hd 4060 %Qﬂbﬂg VIt @oigdBent corresponding
i nv ntlon ({1 tllpavf gpt?(%gup i.s pref eé%%lly adj ustedt
t e ez"ﬁmg?ﬁ% ph 10 PYlvE 1591<grmdgrthe jpilydngs ekths sa7gRe or to
hytetr label sed uedter roup ifittsdilved. "ﬂ{eﬁ‘ﬁeﬁ%‘tﬁﬁzﬁ tienpethadRad or biified
c ent,,cont ai ning. the, | eay S ..
RSP s STARLOAT 0 B i B 2Bl i o
I\Ip;téﬁ:unmqba_mﬁ ot ebidagegmotiptherinventidp Wwitlahaveanyiza-odrfram 1 to
a@b@b aﬁﬁx?dna&(as,aﬁfoge %Fef@ragl%fr lerﬁ)t h¥%o 1000 amino acids, even more
preferably from 50 to 600 amino acids and most preferably from 100 to 300 amino
acids.

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 the diffusion rate of the amino component.
Typical sizes of the amino component are from 1 to 1000 amino acids, more
preferably from 30 to 500 amino acids and more preferably from 30 to 250 arnino
acids. However, it is also within the scope of the present invention that the length
of amino component is distinctly greater, especially in those embodiments of the

method according to the invention in which a sequential enzyme- or protease-
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30 thereof, or is a |l abel or reporter group, Ris a

| eaving group, in particular a |eaving group which is
selected fromthe group consisting of unsubstituted
and substituted -0-al kyl, -Qaryl-, -S-alkyl-, -S-aryl-
radi cal s, preferably 4-guanidinophenyl,

4- am di nophenyl , 4-guani di nophenylt hi o-,

4c&ﬂﬁb@%ﬁ%ﬁb&h@ntr%%ﬁll§’efﬁa€@ ?fa “\i{% 1{1115%14 Be reactant.

t|t ted by sulfonpit acid grou ps onat es,

&@F%PW%W%%@WH&% ebthe aforemeationedt longth rastges. It s
f mﬂ‘hﬂ. tﬁeOscb 001 thy ﬁfeﬁér@%x)énﬁ()l@ fad bhel Sn2@boniPhént is r%arger the

preferabl 2 In this _context, t
t & ﬁlﬁﬂéf &W tﬁ? x&éPPW@@le&bo@’é arerien geed for this

e lpfﬂrpmse gaﬁeral‘a_,bwﬁg cheatuaitiek 30 eSind @i @ PEY oQBE k@RS component

10 stens _and nonfused ring systens, and al'so
%2%gbcg{/ben§ﬁ¥9%élgn referred enbodi ments. 5 It is

Ilkemnse preferred that the carboxyl conponent is a

I t sel ecte fron1f resc
| Bof mrBleref Rk B BB (RERFENDEeY 3% ofdRi dofodet pmino
r keldarpratratl e tiraamsOhtpl $0odamionagidR- rmrermbﬁcraz'bdw droacia;to 250
|§ﬁﬁﬂg%‘ dd abel s containing carboxyl groups, such as
13C-, 15N and 170-contai ning am no acids or peptide 10
fragnents spin | abel s such as nitroxide

| abele- Iﬁ@tﬁb@'aﬂédﬂ&m@% e ﬁ@&%cﬁﬁnq 1§ rdfdra ﬁ]? ovided that the amino
derlvatlves bi otI.n; crosslink agent s contal ni ng

c SBBRP Sy Resdpare Nijermigally é‘Pﬁf Berdidey B@ﬂiﬁlﬁ?rl‘u%@tl.fs and
pprutdinophenyl - 3-di azopyruvate; 2-(I, 2-dithiol an-3-
yI)acetate; N, N -I,2-pheny|enedinaleinide;

N, N -1, 4-phenyl enedimaleimde. Al derivatives

mEhe razmn‘eotn rosffectedoaefeoabyy ugpmporwhIlﬁ;bﬁag&rl@@@[ﬂp}&rﬁme&ﬁ@l—N-
00308 L MKE, 4501009 o YLD OLERS 5L LSren
fﬁH@ﬁébtbﬁﬂhmab%ﬁs nentloned are not the conpl ete

car boxyl conponent, but rather only the part which is
transferred to the am no conponent. The connection of

t ea {ithes wubpstiment: ofathg innentioar thexyppotinporfantictloquids @ the

Zﬁa@cﬂimfﬁﬁﬁfmﬂ@s 80 - seb%cw V8 uhle”gﬂéffefaggr pol w@%&'gé)e Q0% by

| og t hereof erm nal the amn
BT OGP EEhB ol 4% Bnkolamee kevidr ey e 95 10
pPROOLP EptvotEna B - Vhe; BMdleme oF BT nabyemdvaifmthe car boxyl
conmponent corresponding to the am no end of the
pol ypeptide ligated under the influence of the enzyne
oMixtareStorﬁ eoriabighidandd pepaic eivegtsouith bnd nadiuaeeated Bentent and

ﬁﬂ?wacﬁfiti\;ég efo§ H{‘ %'Hépgrgan(# smd} f(é“%(sjef ﬁgnsf%ﬁé Fﬁ'ﬁl By | de ngsé in

p&F yi9apset ¢é tb?r m‘mn@pe,u andy FtepamlemPDﬁalacwbﬂUannelsva sblutibe or
| iMpaHsioRN el hadiBve As&d #%ayOin fafPulart®e: inorganic salts, buffer
components, reducing and oxidizing agents, enzyme activators, modulators and
inhibitors, surfactants, lipids, polymers for the covalent or adhesive immobilization
of proteins (for example polyethylene glycol, methoxypolyethylene glycol or
carboxymethylcellulose) and protein-denaturing agents such as SDS (sodium
dodecylsulfate), urea or guanidine hydrochloride.

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
nfluencing the eilzyme activity and specificity by the number, type and proportion
of solvents used in addition to the ionic liquid.
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1000 am no acids, nore preferably from30 to 1000 am no
acids, even nore preferably from50 to 600 am no aci ds
and nost preferably from 100 to 300 amno acids. 30

The size of the am no conponent may be as little as one
amno acid. There is not necegsarily any upper limt

of the length of the am no conponent, but it is
deAecarilim@dioutht i inedngiby,, pﬂeferéﬁce&% | givddytd h@ng &%érfrhfébl'bl/e 8fganic

th d d reacti ki net cs co e i ons,

fo%lg%?np & tﬁlgyg‘aﬂ;q Jeoh? a@g '6fG gu‘QFn 6‘ g’@ ‘t&}ﬁ%ﬁ@n the

351n7y1pncmahlsmmacn‘s hmoiﬁmbgmofgarmx)bl Frﬂnéntage Igf hg%ﬁéé &00ctane)
ra r am no

aCI glcﬁnérg%ﬁ&l gﬁmls rable lﬁcﬁ )ﬂ} C@%l% € 1%ar%§§nt as a

S and nore pre rom
I—loméb@iic systerhs Aéﬁos embaced iyt the iscapienof mhmsproésraﬁcﬂlﬁed jonic

d| Saf.ﬁ&é By 15% %gg%%ﬁotﬁnﬁkﬁ %zgpgsa@}ﬁ] &que(i)tﬁgrn aart rré/n?r fully with

nctly especi 0ose €
ey drophoRtsrrgaie pel F’Pﬁgsto the invention in which a
sequentl al enzyme- or protease a -13 catal yzed peptide
r ation js effected or a protein serves as a
e‘ggﬁoéfﬁfig o Fifelnt GRYRhPICETENENS Bren e abing ieniemlinpidplie which the
t hanaﬁ@rmﬂiyﬂ]ﬂﬁ&ﬁohﬁﬁgidhsr @Jkgﬁ&nméﬂluins iond! GfkylhyHRAghium ions
e of tIhlil gf]esent I nvent.i 0}2 alg 1t he am no” conponent
“@ A7 gk IpgsRho irpaions: 1R YO e Sk lapom {Pheach 2 fYnpiete,
c arepoommef tht heteovatdras inentietedds bodedhb & Hydpigep@stn, and are thus
Sﬁ?l &faliLyy bei ng the nunber of am no acids forni ng t he
n

0 conponent or the carboxyl conponent. It is
preferred that the carboxyl conmponent has a size of

;Lﬁ%gﬁgileéltg? I}Oﬁ%b“?gég %ﬂ/epe ;t}?e' ?frgélgg% 2&‘%“]0%80 40,2 8Obeing

adrecheq gr uprapgher gad é@lﬁ@l@dh g easbomatomsy preférably 1i+2Q sarbon

R{a?‘g?ﬁ %rﬁp%f@fégr o e§: Fggo% E%trrlénl’ Mc%é%{ﬂé?@r@esis %’ﬁ £ tc@ﬁtgeast

prO&Fé PraE ek SV Bropyt e U, @rmlbw}ﬂn

pure ionic liquids, for exanple 4-nethyl-
W. 1 h onI

2 %%'P%# 902% ,Lffr*n @ lts{haff!% %ﬁ%b of ?ltmf?le Aﬁqugfiswgggh EHAOE wigd with

2@réfarcacd ware hehrlomdd) obliorre g, oiﬁlofdahnmmmentm@ﬁte, tbBgzenesulfonate,

P %{qﬁﬁ%gg@ﬁg%métﬁ%ﬁﬁéullfdpn%gﬁj I 1% abfor [FAELLABLIRAI U | S

Accordmg to the invention, the ionic liquids used are more preferably 1-ethyl-3-
methylimidazolium, 1-butyl-3-methylimidazolium and/or 4-methyl-N-
butylpyridinium salts, of which the particular tetrafluoroborate is particularly
preferred.

The carboxyl components with the preferably enzyme-specific leaving group may
be synthesized chemically by 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-caich
resins (cf. R. Ingenito et al., /. Am. Chem. Soc. 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 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
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vol unme, nore preferably 90 - 100% by vol unme, |ikew se
preferably from95 to 100% by volune, 95 - 99% by
vol une or 97 - 99% by volune. 25 M xtures of ionic

i quids and organic solvents wth and w thout water
content and further additive$>-for exanple inorganic
salts, |ikew se constitute reaction nedia in the

cofaEple by usha intsiremedisird nohdpeptidd sstemiympesisdM. Wh8otbworth
i teti d, @:@&kﬁ%@é} R399, 945 pERS g@.;atreJ ng%g?&ript l:arleﬁe %ﬁgﬁgm the

| n particuyl ar e. |nor ani ¢
ing of Hee BuGlenphylp dn ﬁg‘-‘em%n cleayageeonelst rbatcx@rrmletlon of ester

noghmleariaﬁeymsé’s&rﬂmm&r fnabRtioaur f actants, |ipids,
pol ymers for the coval ent or adhesive innDbiIization

of proteins (for exanple polyethyl ene glycol,
rre’f’itmsgyl}thﬂsgseiﬂ’thé papacel ﬁ/a;@henw use@aks BRX Mﬂ%&&dxﬁﬁiﬂeﬁis% @bssible

g te|Q) enatﬂ{ ents su E gs é g

atthety I LRI on g Cog R aEhBmRg 8F BenpatheRs Pratpca on a
crmdyrabncadumm'agféymtalbhetherssenmfeasodmenpolmnkhurﬁ@pm&yls to be
| Prefeltel 0%e) DEGIEmBlicabUHRHLD Dl floct S e abYerles in

actants or
i rfh¢ upwefigagonhef eﬂnxy medla:dualvumpnaﬂtiatspeoérlfenmtwlvbytheh @mino

NuWRBonedty REa @B oREARA E’bﬁﬁnlélofggi%‘? ,&}é%%?% (?]f’;gxq)rés@%d by genetic

addifion to the ionic |1qui
i FPSHErERE methederERcrb *@u@ﬁW%ﬁﬂK@-u5|ng wat er - m sci bl e
organic sol vents when they also mx with the ionic

|ds er d th i nvention al so )
R L TR AR E R SRR b(aeseﬁamr?éx@ﬁleplé'rﬁed by
ocdusmm)a.rv widthddsaof p&pﬂirﬁf ahrﬂﬂprs&irbbﬁemisﬁ'v %lhgmups
hasr systenr

DM xLure i as_a .5 bi
%b%%ceﬂa% °‘e§h§ g 5| kIOPR AT the W§Faﬁbd|f|ed i oni c
l'iquids haV|ng hydr ophobi ¢ al kyl groups which m x

e'ﬂl hesreRALE le)ﬁbggmgéﬁt of ﬂ)/%j&lbentmﬁd% %Bgl%g{u?deg reggr%g CDy the steps a)

sol vents, Accor nvehti on
gitveqn ens @@'Flﬁ@ﬂuiYOﬁP anay dei wesdi a8 Wi @mlll¢1e(>01ri;©ncrat a.mhsmother

arg [ ;
L k“‘?b“%’“.‘ e T om0 P, B IR LR R Taronyl componen
S E’rllbébruat g Pglmrp%%f‘éhorcagéelé@r&%td@ﬁned censtituents

nmflﬁcmfdepéiﬁlﬂg&irﬁtheaﬁdﬂm AR R 1#heDONEssHdr Grdups.
hydrogen atom and are thus quaternized. 15 reference

|s i kewi se given to the alkyl radicals of the ionic
iltq woulsashéd weher lpommdhlé;d ueablel bimanal;lmecknaﬁddsh alé ﬁg/eﬁtive d€: of

t
o el?@ ﬁﬁgg{dgrgj ml&éﬁ pé0¥ él{r comg% w1 %JI% L%?g)%f eePéﬂ'E%S iil’éd in
gPeEisulap ra@ten@asand mmdarsersyacrnms caalhlgiersyughmi hate, flexibility,

el PEABkhcPhnddinplicird i R@hhddigar butyl. 20
Ac%g?g?ng to %he |%%%ﬁ%?%n t he an%ons of the ionic

i qui ds which can be used mrth
The present invention is illustrated with reference to the drawings and examples,

from which further features, embodiments and advantages of the invention are
evident.

Fig. 1 shows a selected MALDI-ToF mass spectrum of the biotinylated peptide

prepared by application of the method according to the invention and as described
in example 4.

Examples

Example 1 - Influence of the proportion of the ionic liquid 4-methyl-N-
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15

preference are chloride, brom de, chloroalumnate,

nitrate, benzenesul fonate, triflate

(trifluoromethanesul fonate), tosylate and/or

tetrafl uoroborate. According to the invention, the

ionic liquids used are nore p¥eferably 1-ethyl-3- 25
nﬁ%@gli_[dazoliunl 1-butyl - 3-met hyl i rni dazol i um and. / or
4-BREYIRYARAIN VR figfrasineTaioratE Pns et ypsii-caiplyeed simthesis of di- and
patibbpiided (B, deh,U0GHbAERRIhspRaLE dsge ar | y

preferred. The carboxyl conponents"wth the preferably
enzyne-specific |l eaving group may 3 0 be synthesized

chiem caf | seabtjorc ondigtivmat whish okotthims aghd  retudl off 4th&hyl-N-

MR IS4 SSRT L ] SELN H

S pppoR10, Mtamliqgrpﬂ).é v Lrlgacngfand 0.01 ng] CaCl, 15% () 4
S ] t -~cat c resins (c .

ineRPoHoY MICREKOGE Biniisage (STRaae 1 v
oXIPeILy Esitineed 4t XS CVATiIGe B4Ry mif. thBoeatuima, solutioRepbrelaght to
53%{ 22009 192 FrifidaBacec agﬁriﬂ\{'ﬁgtﬁarﬁ)tlmaalteg'r(l g?ﬁxﬁg?ﬁé ORAR D di-

0, 2, °126) wth synchronous ester
géRe tHPsRside drrde deiepmingd abIHRHG analpsis amdarg Bsteddn thy following
nygdleophi | e used is the appropriate al coholic,
phenol i c, nercapto- or am no-containing |eaving group,
or else already prepared N-unprotected am no acid

e fizePlee-OGpaniag esyntliesieil t 8l @oREIOC U SBE SsynfHRl BAltbAte! ¥f M.

t ar boxyl onent o sized by a genetic
crldPFRH Fetle dveenee T, SRR B Gemsgionipotents used are
| evmimerereldy ataddbiparyept indare sjeeifiedytnttdtes il STvbinWas obtained
SeULMMREL Pow §lerRhay Bl otechni ques 1999, 27, 110). The

| eavi ng group can %e adapted by the selection of the
nucl eophile in the intein cleavage, or else on

conpl etion of ester generation by transesterification
in solution. 5 The synthesis of the peptide fragnents
used as the am no conponents is possible routinely in
sol ution or by using conventional Fnoc or Boc synthesis
protocol on a polymeric support. Typically, the
synthesis on a polyneric support is to be preferred
over a nore conplicated solution synthesis owing to the
advantages in 10 the purification of the individua
internedi ates. Alternatively, the am no conponents may
be obtai ned from biol ogical material or expressed by
genetic engineering nethods with subsequent isolation.
The resulting synthesized or | abel ed products nay be
separated and purified by 15 customary net hods of

pepti de and protein chem stry. Any protecting groups
present may be renoved by nethods known in the prior
art.



In a preferred enbodi nent of the invention, a conmpound
prepared by the steps a) to c) and optionally d) may
be used as the am no conponent and anot her 20 conpound
prepared by steps a) to c) and optionally d) as the
car boxyl conponent in order-1o-build up |arger
potéﬁf tides or proteins fromdefined constituents
‘dependi ng on the nmethod, nay al so have | abel or
reporter groups. In contrast to other potentlally

USabt e biocatatytic NMETNoOUS, Tt Nt Hvert—ve—use—ot 25
iFEmpIEon |qU|H§i%¥Eh1xfﬁﬁbéﬁhheﬁédﬁbih c dASeANELi on HuiAlaMig-OH
tohiemsise of enzynes and in particul ar proteases and
i dases achi eves a high synthesis rate, flexibility,
hesis efficiency and sinplicity in the handling.
W present invention is illustrated with reference to

he draw ngs exanples, 3 o_fromwrchrfu—Cher
eatures, emboWf ments &ndl advaﬁﬁ%@es of ©Rd inventin.s
ate evident.7F4g. 1 sitoms a sederted MALBIs- TOF massgs g

ectrum of t biotin ted pe t de prepared by
agpllcatlon 'ﬂﬁzhe net%éﬁ accor gto tﬁg 4 nventi of7-6

&fd as descr|833e8:l 35 ia2.exanpl 7740 Exanpkes Exanpl egR.s-

Ao a A
= U

trypS|n catalyzed syntheS|s of di - and trlpeptldes

r ea%?%nzz Oﬁﬁﬂue@ofmﬁ gﬁ;@%%{ﬂg&%ﬁxg f %g?cfnilox?aé grgﬁuc soﬁvents on
heelr ypin-petalszas avpthsyis iof B Rher Lot Nﬁt stastimgh romt Bz-Phe-OGp and

smﬁ{;glli N inftnd Alic lia@adh-AleARLA fydloHAgRR b gg}? g& ucPibofaid (B,
BEHGY ool eI GrAEBL. pRer oSO Bomehant dimethyl

cgﬂﬁﬁmmmmnddlﬂ;@t}m%n&hmy n, is stirred at 25C. After
30 - 120 min, the reaction solution is brought to pH 2

usi ng 1%trifluoroacetic acid i n methanol i wat er (1:1

10 vll\n)l dhe ryaoalods wfutin 10heeld tontpept Idﬂldﬂ%ﬂ@\} butylpyndlmum

15

20

25

Fﬁqﬁ%g\% 1?])88'1— abﬁ L“%‘tgggﬂ% > an%‘,@;&gb lhgg iof eadidﬂlonal organic

aﬁdV@godsﬂ% Eovt Hans&ylhmmephaﬂupr dlmM)IBzaPhNDGpThm AV Namino
etotbonenfd Qﬁci‘ | S4q, VS%QE@O 1@18'113@?1?6(W1Iﬁ1qpab A8, ) orfign of

ﬁgPonents us “ar e y avai
1aenal gpeame selyent) is sbred Bt 267 Gpifier ids 13t mimetdie reaction

f scatidd 1Kol Swith 281 b aRfk- 194 8RNBorbacei?-acid in methanoliwater (1:1,
v/v). The yields were determined by HPLC analysis and are listed in the following
table 2.

Table 2;

Orgamc Product vield (%0)/ionic liquid: organic solvent ratio
Solvent 50:50 (viv) 60:40 (v/v) 70:30 (v/v) 80:20 (v/v)
MeOH 03.2 93.7 93.8 94.7
DMSO 91.9 92.4 92.8 94 .8
DMF 01.7 92.0 92.7 93.7

Example 3 - Trypsin-catalyzed synthesis of polypeptides with enzyme-specific
cleavage sites starting from Bz-Phe-OGp and polypeptides of different length and
sequence in the ionic liquid 4-methyl-N-butylpyridinium tetrafluoroborate.
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1z

20

25

30

Proportion ofionic H Lcu-NH2H d y- NH2H

Met - NH2H- Ser - NHRH Ala Met-OH liquid (vv)

075. 245. 268. 052. 151. 5 2077. 449. 169. 354. 553. 9

4079. 754. 172. 958. 457. 6 6085. 862. 477. 068. 968. 5

8087.364. 779. 070. 471. 4 Exanplés2 - |Influence of the

type and the anount of additional organic solvents on

Eh% lItdrlv[dgal rmcma{scheﬁic ayurtoharsd se:sufueBz'meFElfaaxel;l1 leephbdiied by bold

H2 in the ionic

St eﬁi’(ﬁ}
|§E%éﬁg t 13565 pyrlg?nlun1 trafl uoroborate
(Bz benzoyl ; CGp 4 guanldlnophenyl ester; MOH,

met kan Obf %@Dn d' %ﬁtfb\ﬁl whtthf OXbH8ns D'vamePB g—N-but‘m::ynﬁhmum

dlnetH f or mam m of reaction so i on

colef& olaorﬁ{@t ﬁy/q “RFebult y%;{yﬁ)& mebRmepbelird dondod7-Rbe-OGp,

5% w&ﬁ&{tm@Bderzﬁﬁm%ﬂ@Cdnfdl u eRpkhI NSl AdHol %?lsolublhty
orggnlc solvent 5% v/v 4- nethylnnrghollne
BIESIES, Teag! Oﬁﬁ/l"h‘??F ofikdnt Beggobas amdd@@nalz@aamc

M :thzmt renfivbiottha iprapyoetis @@2(1% Qﬁ@ 5080 9fof mElRAdo] QRdlused. After
is stirred

t
?L.g@peacl?l?rl Yen cthn ustoﬁu&]ﬁ)n 1 bfﬂ’" tgiﬂtp}p% uﬁgggg/mg}fﬁ.@rq_a%enc acid
t ripf ma@mddmterc(lam #M).nThe pohpeptideapeiduéts identifledVhy midags of

[ nal nd are. listed ..
! ORDENT sf Vg ben s 305, 45,50 Plifop it ftea i
y| tablg 3(with p@ﬁp@lat ¢aleplitgd and famil cndedwambasset i o
Sol vent 50: 50 (v/v)60:40 (v/v)70:30 (v/v)80:20 (v/v)

%3 293.793. 894. 7 DVS(MOA1. 992.492.894.8
%92 092.793.7 Exanple 3 - Trypsin-catal yzed
synt hesi s of pol ypeptides with enzyme-specific

Synthesis product Calculated Found
mass [g/mol]* mass
[g/mol]
Bz-FAARAG 695.34 696.3 (+H")
Bz-FRIVDARLEQVKAAGAY . 2010.07 2025.09 (+Na")
Bz-FRIVDAVLEQVKAAGAY 1933.04 1954.31 (+H)
Bz-FKVVFSAPV LEPTGPLHTQ 3673.98 3690.50 (+Na*)
FGYHIIKVLY RN
* Specification of the monoisotopic masses

Example 4 - Trypsin-catalyzed N-terminal introduction of the biotin label group
into polypeptides having enzyme-specific cleavage sites starting from
biotinyl-OGp and polypeptides of different length and sequence in the ionic liguid
4-methyl-N-butylpyridinium tetrafluoroborate.

The individual enzyme-specific amino acid residues are each emphasized by bold
type (Bz, benzoyl; OGp, 4-guanidinopheny! ester).

The reaction conditions correspond to those of example 3. The only change was in
the concentration of carboxyl component (biotinyl-OGp: 4 mM) and amino
component (each peptide: 2 mM). The polypeptide products identified by means of
MAILDI-ToF after they have been 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
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cl eavage sites starting from Bz-Phe-0O& and

pol ypepti des of different |Iength and sequence in the
ionic liquid 4-nmethyl-Nbutyl pyridinium

tetrafl uoroborate. 25 -18 The i ndi vi dua

enzynme-specific amno acid redbdues are each enphasi zed
by bold type (Bz, benzoyl; O3, 4-guanidi nophenyl
esteetylated peptided anabeust The absdnat iod lprmhict fDrﬁﬂﬂb@inﬂﬂ'leSe cases was
4- |, ra I oro rate, 5%
m?ég%ﬁ&ll %%ﬁ#r% ol bldér{]&#é 51\56 NGE gHon Phe- OGp,

5 nmM am no conponents and 10 M trypS|n |s stirred at
25€,p1Far solubility reasons, the reactions were

carried out with nmethanol as an additional organic
solvent and both a proportion of 20% and 50% (v/v) of
negﬁﬁ&gh ndised. After 30 - 120 eacti o
solution is brought to pH 2 using gggﬁkf%Fﬁ%%oacetlg:und
acid 10 in nethanol /water (1:1, v/v).[&T8]%ol ypepti deass
products identified by neans of MALDI-ToF after theymol)
had. be [ af fromihe Teaction_solation are tisted
iﬁgogﬁgﬁgbgﬁﬁﬁgﬁﬂggkggggﬁgf cal cull@8&&3and f ound86.31 (+H')
moBieduyaK VIVEESyesv LEPTGMIIEET@ Synt ek 96 3649.67 (+Na’)

AN EIEREY gy ectound mmes [0/ ol [Mmss [of ]

I'AVITNVA\OU 9. U TUJ O

Bzt FR Wﬁ@i&ﬂ@ﬂh&’ﬁ&lﬁlﬁﬁﬁﬂéﬁla&ﬁs (+Na7)

Bz- FRI VDAVLEQVKAAGAY1953. 041954. 31 (+H+) Bz- FKVWFSAPV
LEPTGPLHT(B673. 983690. 50 (+Na+) FGYHI | KVLY RN *

Spes f i caesudindf t N ATdHEl ot opi massassespetanpl e 4of the
TrHipEl Y- FORIPA RZ 86 Mﬁ@eﬂ‘??@ E%{l:{ @%Hﬁ& 195 Rfn a? ]p? &a?nple

| abel, "group _into

408
|1§£\}& Uiet found &Ium@squfdﬁﬁéélmomemw]ﬂs @wleaﬂi)wH ) signal of

pahy ﬁﬁ)ﬁbisgﬁﬁdﬁlol@ b @ SMhe b&RREDraNL: SBAHSRE Gt | dRsidRe
ionic liquid 4-nethyl- N—butylpyrldlnlum

tetrafl uoroborate. The individual enzyme-specific am no
adixchnipds iSdu ﬁlyﬁftﬁypﬁﬁhama%d&ﬂv@}{n@éﬂlﬂtmﬁ aPetht Baotin label

begrr]&?ﬁ/ liﬁtocﬁdzf}fegﬁ'gm Eé’nh%é‘ whl?et S )Lhe lonic liquid 4-methyl-N-
butylpyridinium tetrafluoroborate.

Chymotrypsin has a relatively broad substrate specificity, although the enzyme
cleaves preferentially after aromatic amino acid residues. The individual aromatic
amino acid residues occurring in the lysozyme are each emphasized by bold type
(Hepes, N-[2-hydroxyethyl]piperazine-N’-[2-ethanesulfonic acid); OGp, 4-
guanidinophenyl ester).

Primary sequence of lysozyme from chicken egg white:
KVFGRCELAA AMKRHGLDNY RGYSLGNWYVC QATNRNTDGS
TDYGILQINS RWWCNDGRTP GSRNLCNIPC SALLSSDITA
SYNCAKKIVS DGNGMNAWVA QAWIRGCRL

1ml of reaction solution which contains 4-methyl-N-butylpyridinium
tetrafluoroborate, 20% Hepes buffer (0.05M, pH 8.0), 2mM 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% trifluoroacetic acid in
methanol/water (1:1 v/v). The molar mass, found by means of MALDI-ToF after
product isolation, of 14589.06 of the synthesis product corresponds to the (M+H")



The reaction conditions correspond to those of exanple
3. The only change was in the concentration of

car boxyl conponent (biotinyl-O&: 4 nmV and am no
conponent (each peptide: 2 . The pol ypepti de
products identified by neans-9%- MALDI - ToF after they
have e%& i solated fromthe reaction solution are

¥ t Bisprstigally t walcplatedar moppisatopisal melan ethass  of .
andlofichisrchyldtEBUbAmdrasses. The selectivity of the
enzymatic biotinylation reactions was investigated by

using NNtermnally -19 acetyl ated pepti de anal ogs. The
abﬂmfeatl.mefs fisolded irf hiensbbi© Eles!cﬁphbh@sﬂie CRSBS aM@She drawmgs of

contirmtio usi.ve N-term nal
o B RChIBR SRV RY ' S indiPaREly RRSE i phianssios e
priedliratipy o bl irveassn rodifferent embodiments.
Bi ot i nyl - Rl VDARLEQVKAAGAY1985. 051986. 31 (+H)
Bi ot i nyl - KWFSAPV LEPTGPLHT(B648. 963649. 67 (+Na-)
FGYH | KVLY RN * Specification of the nonoi sotopic
masses The resulting MALDI - ToF mass spectrum of the
bi oti nyl - Rl VDARLEQVKAAGAY synt hesi s product is shown by
way of exanple 10 in Fig. 1. The found nolar mass of
1986. 31 corresponds to the (MH) signal of the
nonoi sotopi ¢ nol ar mass of the peptide product
cal cul ated at 1985.05. Exanple 5 -
Chynot rypsi n-cat al yzed sel ective introduction of the
biotin | abel group into |lysozyne from chi cken egg
white in the ionic liquid 4-nmethyl-N 15
but yl pyridiniumtetrafl uoroborate. Chyrnotrypsin has a
relatively broad substrate specificity, although the
enzynme cleaves preferentially after aromatic am no
acid residues. The individual aromatic amno acid
resi dues occurring in the |lysozyne are each enphasi zed
by bold type 20 (Hepes,
N-[ 2- hydr oxyet hyl ] pi per azi ne-N -[ 2- et hanesul foni c
acid); O3, 4- guanidi nophenyl ester). Primary sequence
of lysozynme from chicken egg white: KVFGRCELAA
AM KRHGLDNY RGYSLGNW/C QATN ' NTDGS 25 TDYA LQ NS
RW WCNDGRTP GSRNLCNI PC SALLSSDI TA



SVNCAKKI VS DGNGWAWA QAW RGCRL 1 nml of reaction

sol uti on whi ch contai ns 4-nethyl-Nbutyl pyridinium

tetrafl uoroborate, 20% Hepes buffer (0.05 M pH 8.0), 2

mM bi otinyl -O&, 30 0.5 mM | ysozyne and 10 M

chynmotrypsin is stirred at 25C2ZAfter 120 min, the

reaction solution is brought to pH 2 using 1%

t r WHADISAIAIMERISdD i n  net hanol /water (1:1 v/v). The

nol ar mass, found by neans of MALDI-ToF after product

i solation, of 14589.06 of the synthesis product

cotr espbnisthag farethe Myrfhesis2of peptigiesl pepftide hmimetics and/or proteins

t heor et hgddd $or tE@leFathidt ?\dtéﬁ%ﬁgﬁ ?‘?ebgi?fpéaﬁoggg ?é%:[@éé%pdﬂ%liiﬁe mimetics

nonobi ote%ﬂyl ated | ysozﬂ)llma. tures,

t he abo¥&VefeRrelerys: éh he Hepscttai ns and the drawi ngs, of

5 the iayent bRRidBY a® amisebrRpdRAT, shiddinthdWaib¥n@i Hali

any conbi natlpons for t[re real i zat isoln of1 them:pnl\]/enthlaor11lg at least
i n different “EhFBEC Ss. 21 WHAT IS CLAIMED IS: A

met hod bor t heviding Basilsoxet coRpbheRSsaiP @RI BIdBddeB having a
and/ or prot ejns, and/ or ft%r t he sFI ective N-fermnnal

modi fi cati on ol "BeptTRISE, PRATdE! dRe 2P saidafapey! component
proteins, w béing kecshppmdohaviag aprienst dhagmeifo aFider a compound

conmponent, s '\qnpggplg%tgrgmgaeogt having at |east one
B

. . T or‘ier .
am no acid, ovi ding a car b%[;(y onponent, said
car boxy#) confsefE stidvarmgo acorhaenngndjrseidpcarhotsiecomponent in a
car boxyl gr ojRetici " eSidirOwhRE RY ¥he &P %39 EMtic ligﬁi'dg ginatlae presence
conpound havipng at |east one am no acid or a conpound
havi ng at | e®ist RIRKasaRsptidsser alern Bydrglesipto fyrm a peptide bond

reacting saiktaBimGhé QRRAG mPRAEnS ahdl HArRMOKY! component with
conponent in.a . reacé;lgn nmedi um whi ch has one or nore

i oni ¢ | i qui dEUINANQTH the leaxNeETOW 4 pr ot ease,
pepti dase and/ or hydrol ase, to forma peptide bond
bef wee n, N0 €O nent. _an he car boxyl, conponent
o oA 30 B BRRER i Sl GBS e o
as cl aided ienrichmigrand/or isoldtivgrthe casphtingipeptidd) estid@mdfietic and/or
d) enrichin o o e _resulting peptide,
N%rBRSH B mdQuekhdlfh hliSe!

pepti de m ICc a pro by’ met hods known per
se. 3. The nethod as clained in claim1 or 2,

3. The method as claimed in claim 1 or 2,
characterized in that

the amino component is a polypeptide or protein.

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

5. The method as claimed in one or more of the preceding claims,
characterized in that

the carboxyl end of the amino component is present protected or unprotected
1n nonactivated form.

6. The method as claimed in one or more of the preceding claims,
characterized in that

the N®-amino function of the amino component is present unprotected, and this



characterized in that the am no conponent is a

pol ypeptide or protein. 4. The nethod as clained in one

or nore of the preceding clains, characterized in that

t he am no conponent has a size of from1l to 1000 am no
acids, preferably from 30 to 880 ami no acids, nore
preferably from 30 to 250 am no acids. 5. The nethod as

cl ai medNiATéMe fpctiasy geatts t wish pthec edibogylcfandtion of the carboxyl
char act @mpgoRdnd N that the carboxyl end of the am no
conmponent is present protected or unprotected in
nonactivated form 6. The nmethod as clained in one or

mot.e of T e e iafedcin@ing®r mkHaf &€ halded 8y chdimt hat
t he Na- m no f%ﬂct on of the am no conponent Is present
unproté@?&ﬁfmﬁﬁ G HAS 22 Na-amino function reacts with
t he carthexabofylrotriponemfis 4 peiypepidexy brotganponent . 7.
The nethod as clainmed in one or nore of the preceding
claims, characterized in that the carboxyl conponent is
a $ol ypeptiebodes grinteiin.on8 or Hoe: ofthbpebcading lchiirgd i n
one or dﬁ‘ifa@tegge& &ppr eceding clainms, characterized in
that the carboxyl conmponent has a size of from1l to

1000 arih@satkexd sompoaemriablaysize ¢lofroB0l teol BW0araimb oids, preferably
aci ds, {1k 80R% SHEEARYacldsOMoR Dt ' lo%%nind aci

The nmet hod as cl al meélj aicn Sbne%gl? %@@@ﬁtoﬁgce |%8¢1ds'
claims, characterized in that the carboxyl group of

tie carM@xidthéDAPAREH ih OhEBr ﬁofea@még}écsdiﬁgkﬁ{mgr a
car boxaﬂ1 det Wi tcﬂipttﬂ% | eavi ng group. 10. The nethod as
cl ai med"fREGHEE re of the preceding clains,

char actes cababxyl lrgrm{i;agf ::Heecdribﬁ\{yil RYMPOAH Bfmd thl;em%kgwyéter or a
conpon sel e romthe group consisting o
unsubst%?{bﬁk‘%g%grmﬁg%%%aﬂ%%rauE'O- al kyl-, -Oaryl-,

-S-alkyl-, -S-aryl radicals, -NHalkyl-, -NHaryl-,
; 2'8:\2 g:’@le K¥dhod asNidfhdh ¥he oARGre ¥ théaﬁxbélcéci\lhga !:15.%1'15-,

characterized in that

the leaving group of the carboxyl component is selected from the group
consisting of unsubstituted and substituted -O-alkyl-, -O-aryl-, -S-alkyl-,
-S-aryl radicals, -NH-alkyl-, -NH-aryl-, -N,N-dialkyl-, -N,N-diaryl- and -N-
aryl-N-alkyl- radicals.

11. The method as claimed in claim 10,
characterized in that
the leaving group of the carboxyl component is substituted by one or more
carboxylic acid radicals, sulfonic acid radjcals or sulfonates.

12 The method as claimed in one or more of the preceding claims,
characterized in that :
the leaving group is a 4-guanidinophenyl, 4-amidinophenyl, 4-
guanidinophenylthio or 4-amidinophenylthio radical, or a compound
étmctura.lly homologous thereto.

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



11. The nmethod as clained in claim 10, characterized
in that the | eaving group of the carboxyl conponent is
substituted by one or nore carboxylic acid radicals,
sul fonic acid radicals or sulfonates. 12. The nethod as
claimed in one or nore of the pBecedi ng cl ai ns,
characterized in that the leaving group is a

4- guani Widrdpiearspd,  4- ani di nophenyl , 4-

guani di nophenyl t hi o or 4-am di nophenylthio radical, or

a conmpaund tructurally honol ogous thereto. 13. The

method He eethotkaticlaimastis one onproee of the Ireccpdiog etiime

cl ai ms,chafhariased grthged in that the |l eaving group is

adjusteg to. the specificity of the protease, peptidase .
and/ or B¢ FEHRKY} AOHPErE efoNtaRIngTHE IREVIEd ZER¥PC has e following
i n one sauctwpe:e of the preceding clains, characterized

in that the carboxyl conponent containing the |eaving

group has the following structure: Y-(Xaa),-R where Y

= an N¥{Bemi+Ral protecting group or is H Xaa = any

a-am no acid, O-amno acid or a derivative thereof, or

is a |label or reporter group, Ris a leaving group, in

parti cuvhere & FeaW-teymdmad protedtingterowp ek &ct ed from t he

group consi sting of unsubstituted and substituted

-0-al kyl, -0O-aryl-, -S-alkyl-, -S-aryl- radicals,
preferably 4- guanfai Téphendminoscihifdimimprasid, ot a derivative thereof,

guanidinophenylth&gnﬂaﬁaqg&q&ﬁgp [thio radi cal s,
each of which may be substituted by sulfonic acid

groups or sulfonates, and al so structural honol ogs
t her eofR isma leaviag grovirs @€ paicular @ Tedvid®@b@PQvhigy &f &I@kldYfrom the

from3Q _to 500, .00r referabl from30 to 250. 15,

e otho SO0 REWHRGHET e b LR (RS oy S sk

cl ai ms S-actiar aslieals,z epteforatihatd-guanidinophenyl, 4-amidinophenyl, 4-
guanidinophenylthio-, 4-amidinophenylthio radicals, cach of which may be
substituted by sulfonic acid groups or sulfonates, and also structural homologs
thereof,

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

15, The method as claimed in one of more of the preceding claims,

characterized in that

the carboxyl component is a label or reporter group selected from fluorescent
labels containing carboxyl groups, such as fluorescein, rhodamine,
tetramethylrhodamine, 2-aminobenzoic acid, isotopic labels containing
carboxyl groups, such as *C-, *N- and ”O-containing amino acids or peptide
fragments; spin labels containing carboxyl groups, such as nitroxide label-
containing amino acid and fatty acid derivatives; biotin; crosslinking agents
containing carboxyl groups, such as diazoacctate, diazopyruvate,
p-nitrophenyl-3-diazopyruvate, 2-(1,2-dithiolan-3-yl)acetate; N,N’-1,2-
phenylenedimaleimide; N,N’-1,4-phenylenedimaleimide.

16.  The method as claimed in one or more of the preceding claims,
characterized in that



the carboxyl conponent is a.label or reporter group

sel ected fromfluorescent |abels containing carboxyl
groups, such as fluorescein, rhodam ne,
tetranet hyl rhodam ne, 2-am nobenzoic acid, isotopic
Iabels contai ning carboxyl graeups, such as 13C, 15 1-
and "O-containing am no acids or peptide fragnents;

Splt n | afed ﬁepgo&)ttald)lang opabhaiyd) gt eufted ﬁiiql?lcﬁsor more in order to
ni troxi no_aci a
deri vat gF ot géqélf LA cf o%@%?eﬁﬁ]ii%é)ra%@%‘% Whigh g %/Yn?ﬁgﬁ a label or

car boxywpgrtoug@}lpsuch as di azoacetate, diazopyruvate,
p- ni trophenyl - 3- di azopyr uvat e;

Zilzdlthlolan -yl )acetate; N N -1, 2-

phénhy| edBemethod, amcbpememxmpnelor@m effjheeprectiding Ghimisde.

16. The pRilQs:e85n tlapi Med in one or nore of the
preceding clains, characterized in that 24 the steps

a) to cf amaost PrsRaler yrcayrdmedo stapsiad do slend wpenadly d) is used as

nore, i theQﬁxﬁﬁdS chbBpoRing BRI %&E&%@ﬁiﬁoﬁh& YreépaRRl a)é@&ﬂ{ﬂo%‘ steps a) to
or protejn which EH‘Z? have, a ] ab reporter .
[

T The REAPIGIUGRAILY dyinBsed 4 by X i PBPBRE e

precedi ng cl ai ns, characterlzed in that a conpound

d 1y d
Bttt R R M R TR
preparedlaaa;ttma&dmgﬂiao steps a) to c¢) and optl onal Iy d)

i s usedy@s.t e, GARRX Khs ![ﬁ%ﬁnece%qnor-gq m%g as

clained I1n one or nore o ng ¢
characterized in that the reaction nedlun1has

expd Usi YES %08 29tlaiRELin (91%'0? n{erHfglﬁlm:sl?to il'-}’]e met hod
as C|a|g:}%{|n one or nore of clains

char act ¥RrFEdIZEA 1 Bgt t he reaction nedlun1conpr|ses one

or nor ethi oigh&iohni ﬂl‘éﬂﬁiﬁl @Bﬂpﬂbe%ooﬁ&ab? tmore ﬁﬂﬂfcoﬁctltﬁﬁ‘s and also water,
I Ves.

or gani c_spl vent _an t|on cyst omary ad :

The et HOLPTAS et Vi SopErYmelly o B b e g

clains characterized in that the proportion of ionic

i ds r nmedi umis % voI umne,

B T e N

pref er a@iayaomzeduoﬂ?faby vol une, |ikew se prefer abI y

f'rom 95k BrokA%6rP¥r % WHRIdR in BR re 2 WeaitRi¥8E - 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.  Themethod as claimed in one or more of the preceding claims,
characterized in that
the cations of the ionic liquids used are quaternized alkylimidazolium ions,
quaternized alkylammonium ions, quaternized alkylpyridinium ions and/or
quaternized alkylphosphonium ions.

22. The method as claimed in claim 21,
characterized in that
the alkyl radicals of the ionic liquids are branched or unbranched and have 1 -
20 carbon atoms, preferably 2 - 10 carbon atoms, more preferably 4 - 6 carbon

atoms.



21. The nmethod as clainmed in one or nore of the
precedi ng clainms, characterized in that the cations of
the ionic liquids used are quaternized al kylim dazol i um
ions, quaternized al kyl ammoni um i ons, quaternized

al kyl pyridi niumions and/or quaernized

al kyl phosphoni umions. 22. The nethod as clained in
claim 21, characterized in that the al kyl radicals of
the ionic liquids are branched or unbranched and have 1
- 20 carbon atons, preferably 2 - 10 carbon atons, nore
pr @ er afihy mkthodbasadaimed in ahommmo of tRkbpradedidh&aimi hod

as cl ai i.n.one nore of the preceding clains,
charactgﬁggggn%%i?ﬁ%? the ionic liquids used are

1- et hyl {8 nemiy | ligixdiaz absedimard - Huétyl- Bmethylimidazolium,  1-butyl-3-
met hyl i mi i . G dr /A ridisni um

ol e, DR or AR AR P e
preceding clains, characterized in that the anions of

the4i onirge bichidds W3edd & Snllt b0 ﬂrebﬁrgcfgdgr?g clai

S
chl or oal um nat e, nitrate, benzenesul f'fonate,°triflate

(trifl uShBEPReddR that onat e), tosylate and/or

tetraf | der ahiomsabetheZonic Niguide hfi@ddard SchidrfieMBehrhide OB ofRMaluminate,
nor e of thg recedllﬂ% cl aln@éf C racteél zed in that ,
the protd4dle SPyTonaey SR Wnghanssuliyateetosylate and/or
pr ot easetraflborobtvateuse of ionic |iquids as an exclusive
solvent or in conbination with water and/or organic

solvents for the synthesis and/or N-term nal
modd.f i cAh¢ oethol as plypmedizsonepe phdrd ef themetdedmganal iy

proteing, : of a protease, peptidase and/or
hydr ol asem%ngt-gﬁgng%ﬁt hesi s and/or N term nal

nodi f i cBEipsetest usepisiadestieinsapeticass ariseing protease
proteins, said peptide, peptide mnetic and protein or

N-termnpally | abel ed species thereof being prepared b
i 8t | ohbopdesf chﬁ&%‘gﬁ%@?ﬁd%ﬁ‘@ wiveat @g;@ygomgmanon with water
conponedid/orafighanis ot eB Bl RPXME sCRRBRNARY/ P AL il modification of
| eavi ng Loup- . L .

p(%tl €s, peptide mimetics and/or proteins.

27.  The use of a protease, peptidase and/or hvdrolase 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 carboxy] component having a leaving group.



