13 WD 02/50099 PCT/ EP01/ 14163 1 PROCESS FOR FOLDI NG CHEM CALLY S\{!\%I-SIE& ZED,
POLYPEPTI DES The present invention relates to a process for foldi
chem cal |y synthesized polypeptides. In addition, 5 the invention relates
to a process for producing biologically active proteins. Over the | ast
decade t h&P&#2HHe® been an escalation in the demand of SOIHPEI/141630r Ot ei NS
after the successful chem cal synthesis of fully active HV 10 protease, a
99-resi due enzyne prepared by highly ®bptim zed nmethods of solid-phase

peptide synthesis %SPPS based on the standard Boc/ Bzl 9 h. The
synt hesi s” i n"PROGESHFQE FOLRINEneHEME Ry AYNTEELIARN P}S’F‘B’ngﬁ %]%%m sting of

76-resi dues, has further 15 denonstrat ed that hi ghly pure prot ei ns can be

synt hesi zed by SPPS .ﬁ@?}eﬁgn{__hgﬁ\{ A @El@féﬁé 0&9' p%o@%

operational ly_sinpler an emc ess cgggﬂ Eg Boc/ Bzl
procedur e. ﬁé’ g1 othtem ity F'ém'élﬁ’?ﬁ’ée&ﬁé’ft ‘EJaCFeszo Inef'i‘ &ht@t hat single
domai n pr @t ehasigemtigidi ng:laetwern a Glrcaedsl00r aprabrcicigd resi dues can be

produced rapi ghéé%%céfi aamtév%n rﬁﬁ@ﬂ%ﬂ cally by chemi cal synthesis, with

the assistance synthesizer, in anounts that are suff|C| ent
for structural and f ‘65%37 del laphofesade kheret BRR PRGNS ni ng di sul fi de
bri dges prepatalatbyn chemiraldesynt hesismthececf prded nhafeerhehsane

properties ancnalural anduesiellaphlysengl 1ass edalofipyryd sul i de bridges

of proteins rmsingle o ra- antd/ or |ntercha|n cyclic
struct ur é& \Bﬁ"P&ﬁaﬁﬁpaﬁlﬁ%Gfe@Gﬁ@isd@F%ﬂ‘%F@G’ﬁ’ﬁé@ﬁa]?i’dﬁéi lestraints to the

mol ecul es, dplitisidegi wémealas eﬁnbbkb@ﬂpmé{ @ebbedst shidlerdlsl @aPBS) t he _
bi-oacti ve c%nfornatl‘_g%? FoI bng/le onain éOt eins of known structure

can be pr epa 38db |ve pairi RGEoP"35 the cystei ne residues.

Vari ous conbi nations ®fe c%hgtté!eﬁespmt@t% ﬁ’é gmﬁ@%lkﬂé?ﬂ)aﬁlﬁllét%«m h the
comonl y usedsmRi Dt 864 Hh ShHRTRS 1 MET&F devekapadet hataaltheenter stepw se WO

.02/5009915 demongtrated that highly pure proteins can be synthegized
by 8PPS based on the Fmoc/t-Bu protocol, a method
operationally simpler and chemically less complex than
the Boc/Bzl proacedure.

As of 2000, there is am@le experimental

20 evidence that single domain proteins containing between
60 and 100 amino-acid regidues can be preoduced rapidly,
reliably and econcmically by chemical synthesis, with the
assistance of a peptide synthesizer, in amounts that are
sufficient for structural and functional studies.

25 . Proteins containing digulfide bridges prepared
by chemical synthesis, once folded, have the same
properties as natural and genetically engineered forms.
Disulfide bridges of proteins foxrm single or multiple
intra- and/or interchain cyclic structures which impart

30 considerable conformational restraints to the molecules,
thus decigively contributing to the stabilization of the
bicactive conformation.

' Folded single domain proteins of known
structure can be prepared by regioselective pairing of

35 the cysteine residues. Various combinations of cysteine
protecting groups compatible with the commonly used
p{otection schemes were developed that allow for stepwise




"2 PCT/ EP01/ 14163 and pairw se deprotection and/or cooxidation of cys}¢gie 7
residues with conplete selectivity. However, a denonstration of how
demanding is the chem stry involved for regi oselective pairing of the 5
cysteine residues in proteins containing nmultiple cystine residues is the
recent sa®881°8 of an insulin-like peptide, human relRGAEPIVIHE synt hesi s

of the A chain precursor was carrieg out using SPPS net hods, the Fnoc/t-

Bu approach and a p-al koxybenzyl al cohol -based resin, 10 while the B chain

precur sor S_prepare i r&si tdnsaiboxramirdenetdddenzyl ester
| i nkage t8‘%0?5%%‘%%%%-&%%82%%?%i n) /1[‘]"& 'owi ng the Boc/BzI approach. O the
four cystrespdueesviifesopplehe 2et4fdiT p¥ecursor, two were protected as

the S-Trt (S triphemdeihyh) ddesnyatdnies, 015h<vmideé‘atﬂﬁén6jt hers had S-Acm
(S-acetanm %ﬁ%h@%&;tﬁpdr§bggg £Sr PedBideh bepzyd )parahecbEothe r espect i vel y.
The two teines” o _fhe _ chai 1 pr €cur sor. wereigﬁgyggtggsp%m§- Acm and
S-Meb protastiedge grevifiesTHe® PREFaNDT SN "8*E “hri'dge of the A chain was
obt ai ned fadssiauby iodie v2Reoxi dattonsin ofic @, iThekin-tli&et wo i nt er nol ecul ar
di sul fide br%%ges (o]0} 1i0g ot hgy A BLhabastyere ohtia ned in two
steps: inR¥E |rsPu%¥£§%ﬂfhenTree t bl ol of cha%n A t&k?%%Eﬁth obt ai ned by
HF debl ockirrprafeorhwas- asy isdocBEt PREYrTGD, "RARCT2ad ed wth the activated
25 Cys(Noyis) dpprdabht 484 2 PH-1torgbentypheddohol esasrd wsithe B chain
(directed internol ecul ar. hetero%iggl&'g rd &ggtﬁgfﬁgeygy dezihthe second
st ep, the PR 1 ggs? hEdge was o%t?ﬂong,% by cooxi titve renoval of the
S-Acm  gr olbscaniboyeoéiferet a0 bRPESlp e 8t ¥ ot ' PKGEFel O AR FOSSITBITi ty to
prepare by.chemieak) syst esisy ancapbeyyzbfappabppbptdfidshe fopt ai ni ng t he
cysteine resi dues protected -ép he, s hlQekl-no-Gpredect i ng) group.
Once the p?%?%%?#h&eﬁFgﬂﬁi O%ntfﬁgmnyegﬂﬁ§ra1%unber of oxi dizing reagents
the 35 di sprbietediomdsther @it eédt-byirberybuitivde s8Rty arVSsiot ei ns
cont ai Nj 80,51 T& ter Bnbes RAPLeolR(d (yatetasisioreanybe amdlebdiedf ficiently
fol ded Upon{reat e, Wb, Lodiang: o | gdgsuacivah . dgnand,cyanogen i odi de
cysteines of the B chain precursor were protected by S-
Acm and S-Meb protecting groups. The intramoleculax S-S
bridge of the A chain was obtained first by iodine
20 oxidation in AcOH. Then, the two intermolecular disulfide
bridges connecting the A and B chains were obtained in
two steps: in the first step, the free thiol of chain A
precursor, obtained by HF deblocking of the S-Meb_
protecting group, was reacted with the activated
25 Cys (Npys) (S-3-nitro-2-pyridine sulphenyl) residue of the
B chain (directed intermolecular heterodisulfide
formation) and, in the second step, the remaining S-3
pridge was obtained by cooxidative removal of the S-Acm
groups with iodine.
30 i SPPS protocols offer the possibility to prepare
by chemical synthesis a variety of polypeptides,
containing the cysteine residues protected with the same
blocking (protecting) group. Once the protecting groups
are removed by a number of oxidizing reagents the
35 disulfide bonds form directly. Polypeptides and/or
proteins containing S-Trt or S-Acm protected cysteines
can be indeed efficiently folded upon treatment with

iodine, N-iodosuccinimide and cyanogen iodide under




-1 3 MAY 2005 WO 02/50099 3 PCT/EP01/14163 carefully controlled configt Maws7ify
of solvent, pH and reaction tine that will mnimze nodification o

oxi dation sensitive Tyr, Met, and Trp and avoid overoxidation of cysteine
thiols to the corresponding 5 sulfonic acids. Thalliun(lI1)
trifluor8XeNA98 can replace the above oxidizing agentGI/ERNAHEG sonet i mes
better yields of disulfide bonds. The major Iimtations of this reagent
“are its toxicity, the difficulty to 2enove thalliumfrom 10 the target

pol ypeptide and the need to protect, Vet d rest dygs from oxidation.
Oxi di zi ng PEgEALY E%‘E%‘?jﬁieﬁgcﬁnﬁfﬂ?ﬁ% ‘%? SO%%E%‘P%’}G e/ silyl conpounds and

trifluor oageidteoack tmbavieat hedh sictwesss wdd)faEprieY For the direct

oxi dati on ;disuLf i de;-ho , ofre PO e pidpdenpr @eaiidsor s contai ning S
Acm S Butc?)&gila%éb and S- Mob r&%?% £Qg?%q:en%¥lle) S¥SL&ldMainesi dues. The
need to proftEFiCREIPRPTn 4 Fgg Wi ormyl to avoi d chlorination

under o0x8 deswlifegricomditisons s, however, the major limtation of this

m xture. 20 Methodsf,gh 1t he(pd)dath veubobaliagtel chhmeaplacesyheheti c
Frequent | YRR (04AnS: G S S rOr e I he A5t opy L ate di sul f1de
‘bonds .can” dbensfiakt anedss| yhe orated LAnEhet s SicENeP BFITFT sone 25 ot her
i | doxi di 2}-00; AgenLScafEY! bR DI chokgl 69 atbvecyntelen paian ng | s
obtained in the presence of b thrtgﬂ% redg e&“?;%@e angeoxi gl zed (RS- SR
forms ol0atPovFaufite AAYPEREL G I Iﬁﬁyﬂ?yﬁ compound. 1n synt hetic
pol ypept i desp ansksisimdd fywet ekhdatidMm.consi sting of a single domain the
eLmonn® o101y Splpiion oty el o ot o
gubSt an?i aFugﬁ%b‘?‘le %ﬂs}ﬂo ane f’"@r gaagégé%ﬁ%éit&tci 329??2%2% syi n random
renat ur at i bgeaxégatepnfulllds abpbhedtingi sheoflirert SHGREE0R ¥31 di ng of
mul tipl g sCYSLEH PEL WU NIJHI pS TRbdp iR BhrBsurbbke cmrydeing S-
Acm, S-But, S5-Meb and S-Mob (S-p-methoxybenzyl) cysteine
residues. The need to protect the Trp indole ring with
formyl to avoid chlorination under oxidizing conditions
is, however, the major limitation of this mixture.
20 Methods for the oxidative folding of linear,
synthetic polythiol precursors (reduced polypeptide
forms) are more popular and most fregquently applied. In
the simplest method, the appropriate disulfide bonds can
be spontaneously formed in the presence of air or some
25 other mild oxidizing agents. Furthermore, folding and
cysteine pairing is obtained in the presence of both the
reduced (RSH) and oxidized (R-S-S-R) forms of a low
molecular weigth sulphydryl compound.
In synthetic polypeptides and small proteins
30 consisting of a gingle dowain the thermodynamic driving
force for folding which results from a combination of H-
bonding, ion pairing and hydrophobic effects is
apparently substantial enocugh to spontaneously produce
the native iSOmérs in random renaturating oxidation.
35 From studies of the oxidative folding of
multiple cysteine-containing small proteins, like enzyme
inhibitors, toxins or hormones, useful informations have

been derived about particular structural motifs e.g.



i nhibitors, toxins or hornones, useful informations have been dergve qﬂfZS%J
about particular structural notifs e.g. WO 02/50099 4 PCT/ EPO1l/ 141
cysteine-stabilized (3-turn, cysteine-stabilized poly(Pro)-11 helix fold
and cysteine-stabilized a-(3 structural fold, whose stabilization is the
main driving force for the correct disulfide bridging even in 5 relatively
smal IWR@eptee nol ecul es. If attention is paid to thkereroiicesof buffers,
tenperature and additives that w |l stabilize.-the secondary structural
nmotifs, then even conplete correct folding of partially fol ded or

scranbl ed (m ssfol ded) 5 I?t ei ns can_be obt %lbrﬁd 'B vitro. 10 A nunber of
f ol di ngPYFtStiEEorEaPoH- ot yt B FEP Bt i€ Spééies have been designed to
i ni mi zleolym@r)r &Gt hihix abol@culdaryeyet s e Peiliizrg #hBt | eads to

nhon- nat Jﬂr%flolf@?aﬁ | SROEL Sstaﬂﬁilt&aﬂ@hdlsas;nwcﬁﬁms drpesss bl e random

i nt er no Tar disulfide bon f &51}1 hat QI qppte aggregation and
preci pi F%‘F%riforﬂﬁ? CRFFeBki Far 1y carrl ed, out at high

di | utso:aebétixhaelyprsmaﬂ.ﬂ.speppudiqtnml(ﬁwfleﬁm (ir@'%ﬁﬂtdron Bl BAFtunder neutral

or sligggl t’h@'éﬁ%ld%eOCfOBﬁlEEEQQS téﬂpelﬁ%uﬁbland%ﬂﬂfmea khag duration and
produces , an har.nj ess by- uct as ter,in _Lhe reqgli Q. Al r oxidations
are, hH&é?re?tald?r]fJf%eCLﬂ FSCEB oIS HECEE R t Tt Hmount's of - metal ions
strongl y:ompiéttermxerxtdtej folldt ey . ofMpartipApyr fahded basigTaf8 LAY dr ophobi ¢

precur Sg("lggkgf E{)mmtsocgg%gg@g&ﬁ@q Rhegipidate out of the sol ution

at or near t elr basic or neutral isoel ctrlc];é))o:!))z;C uring the folding
procéds. Furt her mbramkgy @iy foddirs RRRFAE S0k PHar? t accumul ate

during f@l@pﬁgm&étﬁp@tgibst heavenbaberded igriednicoahiopelae i ons necessary to
; Told polytho tpﬁﬁeggrggfé il £OUEEEhd QoA -Thgl puL 1b&adlivaul 1 de bridges
‘he

30forrna]t|on pr onot mol ecul ar o¥%¥ air ves in many
mstancé&’ril“é\ﬁt}"@lr @15%4 RSSTREE B Ut Vgt asaml DVBO and pot assi um
ferri cyagusdarmaveasahsn beenmalsedlas okswdntds bPotassront &y r i cyani de nust,
howevgy tﬁ%i.%ﬁoﬁ%%g 58g££5%é¥gﬁ(a%ﬁdpréé Datacang Trp are present in

Thus, air oxidation is generally carried out at
high dilution of the precursor polythiol form {(1mg/ml or
below) under neutral or éligthly alkaline conditions. It
usually requires a long duration and produces an harmless

20 by-product as water in the reaction. Alr oxidations are,
however, difficult to control because trace amounts of
metal ions strongly influence their rates. More
important, basic and hydrophobic precursor molecules tend
to aggregate and precipitate out of the solution at or

25 near their basic or neutral isoelectric points during the
folding process. Furthermore, side-products due to
oxidation of Met accumulate during folding. Although the
nuaber of chemical operations necessary to fold polythiol
precursors is reduced to a minimum, the disulfide bridges

30 formation promoted by the molecular oxygen of aix gives
in many instances low yields, sometimes not occurring at
all.
| DMSO and potassium ferricyanide have also been
used as oxidants. Potassium ferricyanide must, however,

35 be used in the dark and, if Met and Trp are present in
the polypeptide chain, oxidation side-products accumulate
.during folding. The use of DMSO often gives better

" results due to the fact that oxidative foldings can be



- the pol ypeptide chain, oxidation side-products accunmul ate during .-frolmxghxnggf 1
The use of DVBO often gives better results due to the fact that c}x dati ve

fol di ngs can be WD 02/50099. 5 PCT/ EPO1/ 14163 conduct ed under acidic
conditions at an efficient rate wth no harnful products in the reaction.
The nmet h&WP 250609articul arly suitable for fol di ng basi cP@iErthydsophobi c

pol ypepti de precursors due to the higher solubility 5 characteristics of
speci es undergoi ng oxidation in acidi"c buffers. However, problens in

renoving DMSO fromthe final. prodyct.and reduc t}g%electivity of
di sul fi de BRTIVGFEST HPABET I «?OBgégl?‘?e Jtre At E%P%%%drted Furt her nor e,

scranbl i ngwﬂfh dics afrivdte l bpiaiyas-s18n| ehdi rfgaqtdom sTee d%ﬁ?h%ioﬁﬁr s and
ol i gomeri z subeasioays suohded mun %amadwemlc control of

the exper msnt a‘fcl condi tions. dgﬁhe !Sﬁ:?]d'b 91 cory 1ﬁ:y¥5tel ne pairing and
fol di ng i nPIRAEPIPTHB EFREPOFYEhi BPe ]El? S 3r 8°nost 15 frequently

obt ai neds byhahectse «ofi asedbxsipdifesr sindgrgoing cpifdred ¥E3s@iand reduced
(GSH) gl ut ?ﬁ?f&ﬁ? %e%%tlﬁﬁéy&ayeﬁsellaeré@@i@sﬁasﬂmm wher i ng t he

oxi dative d| n onucl ease | . Biochem stry 13,
613, 20 15¥=3t QW‘@ ﬁ‘ﬁ]gnﬁe %‘f‘ﬂmé’oroél gg?ra?er\%c#g%?ﬁd?ﬁ (B. Chatrenet and
J.Y. ChangdisuBfbde lShsimes26Frn80R88) hege2peemiteBy¢nELY Pancreati c Trypsin

| nhi bi t or (:Erﬁmeﬁ F@thegnskght@&ax@ma SoEngulEiad3dyridds 1986) i nduced
by GSSGE GS

S s nd disu ups are
for med éHdlfa@fibPﬁE‘bo %rfsfto& Cthe™ rﬁzahggp'??asorggitg Overal |
“rates and peekllsaps exusigzdl ywelb)entér at Waﬁeﬁbtl derityelf @ﬁd?’i*@ in air because

-t-hiol/disulfide;exgs ggargﬁg%ﬁ;s ng through thiolate internediates
facilitat es%}hglr esﬁﬁ] of non native 30 di sul fi dg 1) ? %&ﬁ nat ural ones.
y

As for oxidative fo|%+$¥ger 7, Ohi g @ Futy oo FRe 5o i ol precursor
IS necessdopdiagavai slnaa]glgrpegaunnpo]f}d:rhmxll preoirsitsg6#er 8°Sand pol yners

and to %XIfyeﬁ%eﬂ:ﬂ/déb@atlﬁelaeb&aﬁﬂ'@tuﬂ YrehBdos PRI RS s such as
éxidized (@8s@) and reduced (GSH)} glutathione and
cystine/cysteine {Cys/Cys).

Thus, during the oxidative foldings of

Ribonuclease A (R.R. Hantgan et al. Biochemistry 13, 613,

20 1974), the 49 amino acid core domain of Hirudin (B.
Chatrenet and J.Y. Chang J. Biol. Chem. 267, 3038, 1992)
and Bovine Pancreatic Trypsin Inhibitor (BPTI) (T. E.
Creighton Methods Enzymol. 131, 83, 1986) induced by
G88G/GSH or Cys/Cys, free sulphydryls and disulfide

25 groups are formed and reformed constantly throughout the
folding process. Overall rates and yields are usually
better than oxidative folding in air because
thiol/disulfide exchange occurring through thiolate -
intermediates facilitates the reshuffling of non-native

30 disulfide to the natural ones. As for oxidative folding
in air, high dilution of the polythiol precursor is
necesgsary to avoid aggregation, formation of oligomers
and polymers and to maximize yields of the target protein
species. ,

35 During the first stage of folding Hirudin™* in

vitro, folding proceeds seguentially and irreversibly

from the unfolded, reduced form (polythiol} to

equilibrated isomers containing one and two disulfide



-35 During the first stage of folding Hrudinl-49 in vitro, folding
proceeds sequentially and irreversibly fromthe unfol ded, reduced form
(polythiol) to equilibrated isonmers containing one and two disul fide WO
02/ 50099 6 PCT/EPO1/ 14163 bridges and to equilibrated species containing
three divv@P¥3088 bonds (scranbled isoners) (J. Y. ChanBCBERGA&S J. 300,
643, 1994). Nearly all 75 possible protein species, including the native
one, have been identified 5 15 isoners with one S-S bridge, 45 isonmers with

t\t/vo S Sf %Fggﬁésaéﬁﬁi 15 ieﬁ%ylﬂgra/{ée@_sbﬁrz%s %&tﬁﬁﬂndggsmﬂiéﬁng t he t?]econd
stage of folding, the scr ed_speci es reorgani ze r ing the
non- nat i veddﬁgﬁg%‘ﬂ?ié%o”td@ g'ﬁf"ﬁ?‘%ﬂteﬁi lsﬁ’g‘?ﬁg g‘fbt%'i r?hg”}égg]?%s. eﬁ'sul fide
formation s propoéas, 1Ol ndeatdly ®lloXbdpessiluParkEdhe or cystine,
whereas digsulfide reshufitli Rle’ SAUiVESna , thiod wadalivishe 8Eged + educed

gl ut at hi one - or cystei ne or mercaptoef hanql. ,The eff i S. of thiol
reagents 3 i° EJFB%’BW NG e SRGT ?F?ﬁ@“idtsgeapg%r eRTTY T é“ﬁgheg%{?gét ei-r - 15 redox
potential anddgashacdt®s yistoveirsphaiis tArreep i fuby tddrsentrglronthe

Cystine/ cysdeing bsagboyt FHghahd Ry ecaebeal tbhadn<sSsebEkhize the process

of accunul ation of craml ed Hrudins... This.diff -has;,been expl ai ned
by the rel%% ir\?éthﬁikn%gt%Ehﬁoﬁrn%‘fl‘f%éi léggé%ﬁ ‘(% 8{}3:% 1@) §1§% and

Cys- Oys/ Oy snat-ife2@rh e by stremms e sByDEedldiden §oamatbemi ifatonobtd opt i mal

condi ti ong [lGERER Bt MY Cox PUIARN g1usRRiorNd T egdeximd Xkeakathe process of
fol ding of °_ H rudinl-49 \A?%S,accel erated t%ﬁt'gﬁ ex,tcﬁisg %a% it reached
conpl et i on WAHEAESTHFRE D50, TGERETHT 2 ¢ attVve Conformati on of _a

synt heti ¢ prestwied gdntatmione severatedis | mezchprerthagitdul d form

spont aneously under @pLi E#a GORALWEEONSE f1afiolf @kdyagepalyt hiol forns. In

many i nstances, however en i.n optim zed condltions .qxi.dative foldings
medi at ed byprscﬁnottﬂ"étga%%uf Bt £ %reélztcefL nsrleggir:ea% 0 g

| & anmount of by-
pr oduct s1anckdn:s pettehedal onmd sashprotatest diisiedalvs apARYIEYFarly t he case

in proteins.ghal, teRdcho EQsmiddreyspatiy e £anatnabi ost.dmdreon the surface

of SpeCIfICpotent than GS8G/GSH in the process of accumulation of

scrambléd Hirudins. Thig difference has been explained by

the relative redox potential of the GSSG/GSH (-0.24 V)

20 and Cys-Cys/Cys (-0.22 V) systems. By selecting a
combination of optimal conditions (temperature, buffer,
salts and redox mixture) the process of folding of
Hirudin**® was accelerated to the extent that it xeached
completion within 15 min.

25 In general, the native conformation of a
synthetic protein containing several disulfide bonds
should form spontaneously under optimum conditions for
folding polythiol forms. In many instances, however, even
in optimized conditions oxidativ§ foldings mediated by

30 the above redox buffers a considerable amount of by-
products and mismatched forms is produced. This is
particularly the case in proteins that tend to form the
native conformation only on the surface of specific
membranes or under assistance of a specific molecular

35 chaperon (S. Sakakibara Biopolymers, Peptide Science 51,
279, 1999).

Furthermore, despite their widespread use, mnost

of the oxidative foldings of polythiol precursors



'menbranes or under assistance of a specific nol ecul ar 35 chaperon ({53 e
Sakaki bara Bi opol yners, Peptide Science 51, 279, 1999). Furtherm)re
despite their wi despread use, nost = of the oxidative foldings of polythiol
.precursors WO 02/ 50099 7 PCT/EPO1/ 14163 pronoted by air or the GSSGE GSH and

Cystine/ HER2EMHWE  redox pairs have been conducted in aPGHFI416Y trial and
error, as clearly denonstrated by folding experinents of synthetic
chenoki ne and chenoki ne anal ogues. In fact, 5 while native chenoki nes. and a

nunber of Eggﬁnét@tf]%yog'iﬁsorf@déi d@@cb}{,aﬁdﬂ&fyfgtlldédcﬁbt@ﬁwre bei ng

stabilized two, or three disulf rid es, e agles do not
fold well Eﬁé@?‘ P %5 BRESCBRTT t YN ucggg eg%orarnzlg%o%gl tggﬁnatl ve nol ecul es

~resul ting Elﬁr«partataldl;eafréhfdédﬂcmmtrmteﬂobﬂ’h%@éilé@s@?‘Péi—“i”dﬁ% F &resent a

strong indicg Eh@@:.é fa{emoma@gsmléhérmlaél@ﬁ%@iﬂmctwéa@i the pol yt hi ol
precur SOI’S adver sel

ect the.induc f r f ol ds
(a-turns? EYBFLiﬁr%‘T“‘rjnvee ef“8%?n%t7rf% etncm%eg @ %Q&oggl%]é% de chains to be
f ol ded. Herfoé;l thedllﬁf,prt@peﬁswﬁydtfdimtdréfb‘hﬁ?ﬁl % rigrec¥ sors is mainly
an intringhe BLOPRFdy BfsuliR€apobyneRtd dectbaan amilheuethdn =ot function of
the specific_oxidation systemactin nth EBhanggement of -
sel ect ed d|f§’&%f Wdﬁ %ﬁ‘%%%&l b§*"S0" (gn d’tlonal coh kFemgog%e@tso[r%l trile and DVSO
t o buf f er s rat: ivewmolemile s esngt hndan lﬁé‘éﬁla?—%ﬁé gt 687™Fhi s strategy

i nvol ves eRBanGi Bgsé%élgﬂ@&bgﬂeeén§I%ECdtfrbﬁgdizsdlidaﬁi@n hbats by adj usting

electrostatic factors int mto o] osition of.
opposi t el y‘%ﬁé‘ﬁ&édlﬁrﬁ%%%WS ?ﬁ‘é’ft‘ﬁor é &9%251 c?’gd cysteine _

resi dues. Enmmesosactrasdeptsedyl abfst ftlhdelﬂé’é??’e*%é’f CPBF§Stnd prolyl

i'sonerase (545 Baygsa té&ﬁ%ﬂ Eg@ @Elmea&eaddallrw@slﬂeo etat al yze and
nodul ate di sulfide exchan T

L el léll’ﬁd %D‘IE @l ding Hrudin in
vitro can B@‘%G’C’&HBFPEh ‘?:l‘? S150 ?o Sec T I's added to the

ref ol di ng fdemsity thi Solbhsd, mehy Bhiokirageypraers obitE¥n2®i tro does
not differ signiddicaptbyefd-pst hak phspsatrdde chain rather than a

function of the specific oxidation system acting on the

A 245

molecules.
Enhancement of selected disulfide pairings by
20 adding alcohols, acetonitrile and DMSO to buffergs at low
ionic strength has been also reported. This strategy
involves enhancing the formation of specific disulfide
bonds by adjusting electrostatic factors in the medium to
favor the juxtaposition of. oppositely charged aminoacids
25 that border the selected cysteine residues.
Enzymes such as peptidyl disulfide isomerase
{PDI} and prolyl isomerasge (PPI) have also been employed
as additives to catalyze and modulate disulfide exchange.
The time required for £olding Hirudin in vitro can be
30 shortened from 10 h to 30 sec if PDI is added to the
refolding buffer. In this case, the efficiency of folding
in vitro does not differ significantly from that observed
in vivo. '
Polythiol polypeptide precursors are directly
35 obtained by polypeptide-resin acidolytic cleavage when
the cysteine residues are protected by acid-labile
groups, e.g. Trt. Alternatively and preferably.
polypeptides in which all cysteines are protected by an



“in vivo. Polythiol polypeptide precursors are directly 35 obtained oyay 280
pol ypepti de-resin acidolytic cleavage when the cystei ne residues are

protected by acid-labile groups, e.g. Trt. Alternatively and preferably,

pol ypeptides in which all cysteines are protected by an WD 02/50099 8

PCT/ EPO1Ma@BB0%cCi d-resi stant group, e.g. the acetam deemerwi4igr oup (Acnm,

are first isolated as S-cysteine derivatives by acidolytic peptide-resin

cl eavage and then the Acmgroup is éinmnated by treatment with Hg(AcO) 2

in acetic acid, 5 followed by the renoval of ' b filtration in
t he presen@€iffrestahayd @fBBgs %fg'ngkgaﬁfgg?rﬁ%%ﬂe?gﬁ% %E(?ﬁg cases, however,
several si dechpacsionsirdradechaer rapdrredtetnoarr Vakit53 ¥ ne and

t rypt ophan __r.asi : e_%d ndak e, rdngvaket biat panheanchegddagderi vati zed
by nercapt 3§tlﬁ§%gngn% cysteei ne Tgi Ves, %tg;ngggﬁ of ?J:Q?icr eagty ons, the nost
i nport ant B& RGITERRERE i10h LARATEFRY I on 2 put'yl ~cations. during the

aci dol yt isc ficanewall bf tie woloypdpet dég dieaienbyr oed tHe trRESPH. 115 Thus,
because of he SRALLeOM AGS 19kt hexcdnd YT ReroBphadtlaagiies a need exists
for nore efficient an re sinple process Qding.ehgngcal ly

synt hesi zed pol ypept ?Hgggahﬁ&sﬁﬁep%?‘?er?berhi 5’%%8?%%%1?8 active proteins by
cheni cal symtdeedesn 2epTFhHeedioectcef atheYsteddnt 2RhEHBEGR?E therefore to

provi de an gffiQi@nt onsi b AREngapE kryitepdas éat Heol di ng pol ypepti des
i i i i rs containing

St c el SRASEAPE8. BY BHESESSF AT F80 HACThE LSS o expensi ve 25
di sul fi de- nesihf ldfngifeagemtisiongec hths wpai dMpPshetoroei®dzymes can he
omtted, an&mﬁq]% me,R0g1 k1 i8ReakabE Sput yokust oan dhaciaicabhe. These and -
ot her objects w I,lbe app r\eﬁrelé1 to those f'&?ar%b”%yfx%ﬁﬁ lhel N the art. This
obj ect is a@MWEFUy *ERE %‘n £°6nPB yp%‘gtlpr ovidiig & process for folding
chem cal | y sysirhesi zed pol ypeptides, conprising treating a pol ypeptide
t hat i5 Thus, because of the shortcomings of the
| existing methodologies a need exists for more efficient
and more simple processes for folding chemically
synthesized polypeptides, and preparing biclogically
 active proteins by chemical synthesis.
20 The object of the present invention is
therefore to provide an efficient, simple and rapid
process for folding polypeptides and/or proteins, wherein
inter alia the formation of isomers containing mismatched
disulfide bridges is minimized, and the use of expensive
25 disulfide-reshuffling reagents such as glutathione or
enzymes can be omitted, and which wmethod is repeatable,
robust and scalable. These and other objects will be
apparent to those of ordinary skill in the art.
This object is achieved by the invention by
30 providing a process for folding chemically synthesized
polypeptides, comprising treating a polypeptide that
comprises two or more derivatized cysteine regsidues with
a reducing agent in a folding buffer having a
predetermined pH and temperature.
35 Furthermore a process for the preparation of
biologically active proteins is provided, comprising
(a) chemically synthesizing a polypeptide that
comprises two or more derivatized cysteine residues;



“conprises two or nore derivatized cystel ne residues with a reduci: g i gerf,tjj;ﬁ
in a folding buffer having a predeternm ned pH and tenperature. 35
Furthernore a process for the preparation of biologically active proteins
is provided, conprising (a) chem cally synthesizing a pol ypeptide that

conpri se¥a%REYP nore derivatized cysteine residues; WSTFEAEHAGO 9

PCT/ EPO1/ 14163 (b) treating said pol gepepti de with a reducing agent in a

fol ding buffer having a predeterm ne pH and tenperature; and (c)

purifying the obtai n f.ol dnangrgaled EPQ?H%TI ef;akl ¥ Lbeudeid vati zed

cyst.eine residue rre 0o-cystei.ne (S-1-Bu) residue.
Thus, accordieny i atf@hdﬁ\ménb‘.l%ﬁerﬂtavﬁ% auﬂ%‘?ﬁfé@t%ﬂpﬁfi Phe éfound t hat
S-t - Bu- der igeablk28dutysteignes can be deprotected, i.e. |loose the S-t-Bu

moi ety, while form ng?)lgéﬁd:i’ ﬁllﬁ ?1? Q{Ht@gﬁﬁd"“ﬁéﬂiéﬁ tbgrotgyﬁgel nes when

incubated in a prop er at sultable t eraéure and pH.
According to the pre’%@ﬁeﬁmn#h%ndertlﬁ’é‘tﬂéﬁﬁcﬂﬁ%teaﬁifnf‘eﬁ Brabl.y. | s free
cystei ne. Abr@%xeps8dofto cyH-pubel relyideyaddédet 6Stth@wWufbeidfas for exanpl e
15 illustrated in Exa st:ei ecdeniyed fromw thin
t he pol ypea]il} e 5 Corﬁxi%?croattg% ?%Vé‘%'gwqyl téL(E6?§S GQ&J Ifber r%d enbodi nment
of the prodess gpunfiethath it ﬁﬁndﬁﬁbvqﬂztﬁdnﬁyﬁﬁﬂ%‘?sé%’ﬁp fses one or nore
20 chaot rOFHé‘pxSﬁleEﬁedl M of daoose bhé rfg—tt—fm polypeptwitidd foresged| i bri um

condi tion alL ow nat ural. {ol cur hgglﬁlcq@gtggrnexarrpl e.be
achi evedl%y Elu;?hﬁ m@ Wlt&l ge an gfaqglrg einin ful Iéﬁdenatur ating

condi ti ons, af@OMaﬁpiLélw hﬂ%?rcéﬁc%ﬁﬁ'aéﬂeoﬁeﬁ‘ije?ﬂié“% a8t opi ¢ salts,
and then dil uti ng t heceba@indpicc thal predenta ingweticoncem ration for

fol ding. The ghcai%t rg 'eﬁt %Eeﬁ:a%ﬁ? %eﬁleé@@y)ét%%ée”z\ﬁ romdskesgr oup

consi sting of - ur ea gre erably are present in
a concent ra@Y@?ﬁﬂélfe !3131’ @el\ﬁi@ﬁﬁq S FBFd]P‘h@feIBdaﬁr PEr &6TNP % he t enper at ur e

of the fobkdinOustrated in Examples 1-5) or the cysteine may be
derived from within the polypeptide (as illustrated in
Example 6} .
In a preferred embodiment of the process of the
invention the folding buffer comprises one or more

20 chaotropic salts, in order to bring the polypeptide in
equilibrium conditions which allow natural folding to
occur. This can for example be achieved by placing the
polypeptide and/or protein in fully denaturating
conditions, Ffor example by high concentration of the

25 chaotropic salts, and then diluting the chaotropic salt
to a lower concentration for folding. The chaotropic
salts are preferably chosen from the group consisting of
guanidium chloride and urea, and preferably are present
in a concentration of 0.1-1 M during folding.

30 Preferably, the temperature of the folding
buffer lies between 25° and 40°C, more preferably between
27° and 38°C, in oxder to diminish the changes of peptide
degradation, while corresponding to natural body
temperatures. Most preferably the temperature is about 37

35 °C during folding.

' According to another preferred embodiment of
the process of the invention the folding buffer has a
elightly alkaline pH. Preferably, the pH lies between 7



buffer |ies between 25 and 40C, nore preferably between 27 and 38t Mih 2005
order to dimnish the changes of peptide degradation, while correspondi ng
to natural body tenperatures. Most preferably the tenperature is about 37
35 C during folding. According to another preferred enbodi nent of the
process dfO%80%¥nvention the folding buffer has a sliRFRWERPUMIREI | ne pH.
Preferably, the pHlies between 7 WO 02/50099 10 PCT/ EPO1/ 14163 and 9, nore
preferably between 7 and 8.5 in order®to pronote the fol ding process. As

may be clegr fg o Lne , 3boNs, PiOKEER 9 g bSifepaIdENo N @ compl ex set
' wth I

of  interactions. Ihe’r eacti o cystein do?[s fo)g exg; eIe 5 not occur
at aci di ¢ PFPEAE High&PLPHRY RS Snc PERYY tHTe CHFPEK O ggradati on of the
pol ypept i dabodé | esrdtalici figldime isargpengent eims campbex gl i9h ed by net hods

vel | known, 0. aido | BELUELIG AR 9AendpfsCaliORoEs ChanGacmaL ogr aphy,
hydr ophobi C B Th

eraction_ chromat og_lr_aggé, reverse Ehase chr%réat ogr aphy,
af f i ni t ySchPBNBtSEF aphRCiffardpRnd iohes i tyednFEat PR B hange -
Chr omat ogr apby 61 ddd=EaE) on Db S pilec grodybepChdeomat ography (DC) and Sanpl e
D splacement _Chr omalAqrapRY af SOVnd BslBE SfR5RNK, chhower se phase) 15
¢)

“hi gh performance chromat ography in elution as well,_as 20 displ acenent
chr omaot gr ByF 1aFed p I tFddds| Wekl piavey fedtReifsdi r’rBﬁ?uéfn? h&*Process for
produci ng hinal egttahlsxdrhieechrateistgaphife prdoedebiconpri ses the steps of
(a) assi%bggggrg_ETgHtéﬂfaH3E8g£¥§%fjrE%veQQEyﬁﬁﬁgé(yﬁreﬁaeﬂgiﬂﬁﬁQPble
pol yneric su _or_f: ﬁy stepw se” chal n el ongation; (b) .cleaving said _
S-t-butyl takﬁp nd{yt ehyemateereBBYt i B IRAvA 1e r bR ERcE 68 B’E’)Hg%y aci dol ysi s;
25 (c) pur igdnaggthenhehiaicaedphyt (Iutyd Qe ¢ Diysitasiemenpol ypept i de; (d)
1;)8: S:Dggtitggjggfyﬁ%%hgéga&}}-w)ygﬁahg%pfgﬁ%b@gc%ﬂﬁpepti de by treating said
Chromatography (SDM). Most preferably, (reverse phase)
15 high performance chromatography in elution as well as
displacement chromaotgrapy are employed.
In a preferred embodiment of the process for
producing biologically active proteins, the process
comprises the steps of
20 {a) assembling S-t-butyl-thic cysteine
polypeptide on an insoluble polymeric support by stepwise
chain elongation;
{b} cleaving said S-t-butyl-thio cysteine
polypeptide chain from said support by acidolysis;
25 (¢) purifying the obtained S-t-butyl-thio
cysteine polypeptide;
(d) folding the purified S-t-butyl-thio
cysteine polypeptide by treating said polypeptides with a
molar excess of cysteine in a folding buffer comprising a
30 chaotropic salt, preferably guanidinium chloride, and
having an alkaline pH and a temperature of about 37° C;
and
(e) purifying the obtained folded proteins by
reverse phase High Performance Liquid Chromatography .
35 In an advantageous embodiment of the process of
the invention, the polymeric support is a polyamide or
polystyrene-based resin functionalized with the acid
labile hydroxymethylphenoxyacetic acid linker, as these



- ol ar excess of cysteine in a folding buffer conprising a 30 chaot riapifély 285
salt, preferably guanidiniumchloride, and having an alkaline pH and a
tenperature of about 37 C, and (e) purifying the obtained fol ded proteins

by Treverse phase Hi gh Performance Liquid Chromat ography. 35 In an

advant agsaue/sewbodi ment of the process of the inventimryesbengol yneric
support is a polyam de or polystyrene-based resin functionalized wth the
acid 1abile hydroxynethyl phenoxyacetlic acid Iinker, as these WO 02/50099
11 PCT/ EPO1/ 14163 supports can be suj tabl)]é used for ful l%f automati zed
pepti de swmpnegtﬁe%n ktnFugaabral 1SR RcgwEEY hY HEdieragt 2¢ o@g pol ypepti de
chai ns. Qb@l B5ef 3OV Y <t, henfresentalilyy ehtowrevng hgspas on the

st epwi se oI i d ase S gf S-t-butyl- thio cysteine polypeptides and
the findi ﬁlé’lighg lée;rct%’b &~ amounts of native,, biol qgically active

proteins can be pr OEECWW%FEW‘?nd:k?alpdfeﬁﬁ’f”i/p]éb‘fein&é t6 fold in the
presence tfaskd eduehpgsegeiise poeierpipae Esepbleiafe S“ﬁ-t‘bBF{Y%TI ghtly above

neutrality, a.nd Bochenper b s ihbiiR@scigd prisingly been found
that the tpl} Sa e tsltgn ofp‘giiggf g)tl(l](::ig? Qh%ctl ve lprét% ns i.s_achieved wth a

hi gh nol arc@aiessabiecpaperfe qfnnath%c SHARCH 1 Sioves the S-t-butyl
protectivepgiiimsMiahenal peydurgd diysstipisaeingr sdge ponmePtdASSSuch
procedure s rde3~ Si. HB|§ Jore gf Lé&&&[}{g tBan: ! herdieapuocedures

e

descri bed prti or or the G st e(ane- cont ai ni ng .
pol ypepi®. d‘é%smrtﬁw ét‘rtePHb@aH{é'&Yb;"i‘bEH@n’?% 2 HyAthedis. The renoval of
S-t-but tht@m;ﬁ&ﬁﬁﬁe“bﬂfhhhoﬁth@?%’ﬁﬁe step as the folding of the

_pol ypeptide. Al ternat Qéﬁleg)d}ﬁt ehheltigan al so be obt ai ned
by using a conbi nat ﬁ%nh\ég émrﬁ{}% %@ﬁ?hf; st ei ne,and .c J}/svte ne protected
Wi th suit abredusiips S éOlQﬁlﬁfHﬂpé‘CEFV%eﬁ’ d3epdEi TFbe GF t he

pol ypept i dgi€hal midm finee theedoommiyehedfie the sappropdier e/hdicdul fi de bonds
Wi thout gxggrﬁoggsgléﬂeoréw%f butyfcg‘!tcc!g&taggn&r&ﬂp txJT'ﬁlteogﬂl&ﬂLng
disulphide bridge formation. Such procedure ig more
simple and more efficient than the the procedures
described in the prior art for the folding of cysteine-
containing polypeptides which are cbtained by chenical
20 synthesis. The removal of S-t-but thus occurs within the
same step as the folding of the polypeptide.
Alternatively, the same folded material can
also be obtained by using a combination of S-t-butyl-thio
cysteine and cysteine protected with suitable acid-labile
25 groups at selected positions of the polypeptide chain to
force the formation of the appropriate disulfide bonds .
without extra addition of a reducing agent to the folding
buffer. In this case acid-labile groups are removed when
the peptide is cleaved from the resin at acidic pH. Free
30 cysteines are thus generated which in turn act as a
intramolecular 'reducing agent" to allow S-t-butyl
removal and disulphide formation ({(as illustrated in
Example 6).
The essence of the present invention is bazed
35 on:
- the rapid assembly of S-thio-t-butylated
-polypeptide chains on the polymeric support;




“buffer. In this case acid-labile groups are renoved when the peptide is
cleaved fromthe resin at acidic pH Free 30 cysteines are thus gédriefdiediis
which in turn act as a intranol ecul ar "reducing agent” to allow S-t-butyl
renoval and di sul phide formation (as illustrated in Exanple 6). The
essence @fo ddmegdr esent invention is based 35 on; - thepdgipanagsenbly of
S-thio-t-butylated polypeptide chains on the polyneric support; 3 NAY 2J
WO 02/ 50099 12 PCT/ EP01/ 14163 - cystekne-catal yzed thiol -disul fide exchange
of the derivatives in slightly alkaline conditions, .|eading to
cysteinyl at ed pol ypeptivdesintatatmlyzefetPhakr Ut Edarar™ *zed forms

(protein- S & cyst&lNGaravRel ypeptige1$ Sieybim mepddéfiohe cl assical redox
Cysti ne/ Cyst ei_ne i

ne pair; - the.concentrati kdiged rmacronol ecul ar
forn1renaiﬁ?ﬁ@lﬁ%ﬂgiéﬁFFﬁng&??%g3%5#%%%99%%%1%%%H?Eb rocess so that
i nt er nol ecmiaalrodbl?%d:dliad:eox@déa@fﬁaaﬁ@@&i‘é’rﬁf-?ﬂrl‘ﬁsz“éj’dFY%ﬁ 2 ack of
aggregatgo%oqugb§{&gigﬂ§_cbg&@iﬂ@ﬂhﬁﬂeﬁmdumaémhgﬂe&edentiaI and rapid
formation of “for with correct cysteine pairing (native structure).
Accor di ng t9StHBEATEEE Y0P 36f di ng 15 pol ypept | des of the present
i nvention, for exanpte;hd wonchatTarian Sfephe 1% the S-t- butyl
derivative ;@8 ondh 889l MeG i FermiiBipecabunatiy lowrthebughtut fer, pH 8.0,
conpri si ng M_o uani di ni um chl pri i : f9ad M Na2HPO4 and
the resulti §5&8??%h97%?%%§ ﬁ?a#ﬁ%% tégiogg%%i%iﬁﬁgagiure for about 20
mn. | n thesdéeogd $tepininizedsopudion is first diluted 10 fold with water

to a pH 7.2, (0: 6 M guasi djmia@gkébéﬁicbrdeqf ;hi@ngéﬁi s, 10 MM Na2HPOX4 and
strong ol aeriedsbre p8t I8 SR AR ROl PRl At eOR et at on
of the pol §pept mdehoropretteiqysiet pPoaptifelnd SPaBYEY TUnde "’ -

: According to the proces for folding

15 polypeptides of the present invention, for example, in
the first step, 10 mg of the S-t-butyl derivative are
dissolved at room temperature in 1 ml of a buffer, pH
8.0, comprising 6 M of guanidinium chloride, 10 mM Tris
and 0.1 M Na,HPO, and the resulting solution is maintained

20 at room temperature for about 20 min. In the second step,
the solution ieg first diluted 10 fold with water to a PH
7.2, (0.6 M guanidinium chloride, 1.0 mM Tris, 10 mM
Na HPO, and final concentration of the polypeptide
derivative 1 mg/ml) and then a strong molar excess of

25 cysteine (about 100-fold over the concentration of the
polypeptide or protein derivative) is added under
étirring. The temperature is gradually increased to 37°C
and maintained constant for about 24 h in order to allow
folding of the polypeptide to occur. '

30 | The folding process of the present invention
results in a highly homogenous product and is applicable,
with only minor modifications, to any polypeptide which
is produced by solid-phase chemical synthesis as the
cysteine thio-t-butyl derivative. In addition, the

35 processes according to the invention have a numbey of
other advantages over the process of the priocr art,

-employing precursor polythiol forms, such as




~stirring. The tenperature is gradually increased to 37C and naiq{g Q?q -
constant for about 24 h in order to allow folding of the polypep Hd8AY 02015
occur. 30 The folding process of the present invention results in a highly
honbgenous product and is applicable, wth only mnor nodifications, to
any pol yRe@phdfeeeWhi ch is produced by solid-phase chenpepkpiiishesi s as the
cysteine thio-t-butyl derivative. In addition, the 35 processes according
to the invention have a nunber of otither advantages over the process of the
prior art, enploying precursor polythiol forms, such as 13 WO 02/50099
PCT/ EPO1/ 14163 13 -t heha ysistbhee restidives of e d1Rdin28Re™Abt  al kyl at ed

during aci dgh¥hie.§! 8RVAQE 2F aBOL Y RERiIBEagE esE balypepatifeover oxi dation of
cysteine to sdlphonic 5 acid and oxidation | eading to internolecul ar

di sul fide Hf5'¥gé fornmation do not occur; - the risk of _derivatization of
the Trp indole ring-byottervapteddapiet ofwsyeheire it &8dBPYPEE el i ninate
cont am nali 11 41085 8201424 oM AC itlhoekbogla d1LOLHIEACO) 2. i s
avoi ded. In fact the cgsteuﬂg thiolate in the folding mxture of the
present i nv&I%n TeoBECHA Yo deFi 8°“The Trp at all; - oxidation-sensitive

Met, Trp and Tyr resi-dubs rimke offotienbdrtizedignr PAGEHDIHINGRIPSE. costs of

pr oduct i on ofd g, (ieekef olddathorpr aduck siAecgesaralily ddminacompar ed to
t hose enpl oyl ng “pol yt hi ol pokﬁeptLdea ﬁnd 5%d0ﬁegf$§%gﬁ§ SJileyw 11 be
apparent t oCPHABTSERPAHT | IPHHECEFY =t Hat™ “5f't hBugh target proteins are
gener al | yo prepre@d, i s 2fbikegh yhefacusinegcyheeroddsslabet bt Phesent
Jnvention, by AP £3388. 8¢ Gnd PokBEnaBG Gl i0ATRbEX PIOLRIAISwi th_

[ onds,

mul tiple disu a certain population of internediate forns that
have not cobpfeta? @tedlved to the native structure (nisfolded species)

may remain in 25 sol ut icatidatiequdnsitivem Mot s flolededdsPeti e2s e e easily
are not modified during folding;

15 - costs of production of the final folded
products are generally lower comparad to those employing
polythiol polpeptides and redox buffers.

Tt will be apparent to those skilled in the art
that, although target proteins are generally prepared in

20 high yield using the process of the present invention, in
some cases, e.g. in the case of complex proteins with
multiple disulfide bonds, a certain population of
intermediate forms that have not completely evolved to
the native structure (misfolded species) may remain in

25 solution at equilibrium. Misfolded species can be easily
separated from the correctly folded species by RP-HPLC
and subijected again to the folding conditions of the
present invention to increase the overall vield of the
process.

30 According to the invention the term polypeptide
refers to a polymer of amino acids bound together by
amide linkages. The term protein refers to the
polypeptide species in its three-dimensional form, as
occurring in the cells and bioclogical fluids of living

35 organisme. Proteins may for example consist of single
folded polypeptide chains or may be complex structures

consisting of multiple folded polypeptide chains.
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I
" separat ed fromthe correctly fol ded species by RP-HPLC and subj ect éd agéa{ bua
.to the folding conditions of the present invention to increase the overall
yield of the process. 30 According to the invention the term pol ypeptide
refers to a polyner of am no acids bound together by am de |inkages. The
termprowaimssemeders to the pol ypeptide species in itsdifrregiddénensi onal
form as occurring in the cells and biological fluids of living 35
organi snms. Proteins may for exanpl e ldonsi st of single folded polypeptide
chains or may be conplex structures consisting of nult.i Ie f ol ded
pol ypepti de ch@?hﬁsfofzmﬂﬂ)ﬁei?lﬂﬁée@gﬂlﬁbﬁllg%if1?213"1963"er1 E ¥91 1 owi ng
Exanpl es and uki-gHtestae eppricdedvencidd laust naeendthd ieadedt t¢nvention and
are not e imt e d iggckatigns set forth
in the cln']aﬁ % gge mventjloéh%(;% 3 %ﬂhgﬂ%—lglﬁéag%gggrll&éhﬁeef ore S-t- Butyl renoval
and foldi ﬁ{}ﬂ%fﬂlﬁamﬁ 309 (Exanmple 4). Figure 2 shows the result of the mass
det er m nation of FE‘ggﬁﬁel:D étﬁivﬁedthH?LCBQ:grofﬁ.éEemf@ﬁ tS-%e. Figure

- det er mi nat n of onb l_,drg gkng,glpjg@f hggm oduct of Figure 1. 3
shows the pro | e rot cted, ‘é E denonstrating a
shorter 4 shows theFFLQE}E?tonhQ"’r‘FetHﬁﬁ% %%@5 §cf2¥T Figure 3 5 shows the

result of abhe-rmisstibe pEoEhetpiepicct efl Figiegure 3, after treatment with

NEM No change in Mass,ig 9bgRiNedneCAPRANSbAiAFbEUasrbachdigating the
absence of free -SH

10 folded hu-I-309 (Example 4), demonstrating a shorter
retention time.

Figure 4 shows the result of the mass
determination of the product of Figure 3.

Figure 5 shows the result of the mass

15 determination of the product depicted in Figure 3, after
treatment with NEM. No change in mass is cbserved
compared to Figure 4, indicating the absence of free -SH
groups.

Figure 6 is a graph of the comparison between

20 the biological activity of recombinant I-309 and the
synthetic, folded I-309 of the present invention.
Biological activity was assessed by binding the
chemokine, labelled with ***I, to human lymphocytes.

Figure 7 shows the analytical HPLC profile of

éS the protein of Example 5 after folding.

Figure 8 shows the preparative HPLC profile of
the folded protein of Example 5.

Figure 9 shows the result of the mass
determination of the purified product of Example 5,

30 demonstrating the expected molecular weight.

Figure 10 shows the HPLC profile of the
polypeptide of Example 6 before S-t-Butyl removal and
folding.

Figure 11 shows the result of the mass

35 determination of the polypeptide of Figure 10 (M=H).

Figure 12 shows the HPLC profile of the protein

of Example 6 after folding, demonstrating a shorter

retention time.
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“groups. Figure 6 is a graph of the conparison between 20 the blofbgl% s
activity of reconbinant 1-309 and the synthetic, folded 1-309 of the
present invention. Biological activity was assessed by binding the
chenokine, labelled with 1251, to human | ynphocytes. Figure 7 shows the
anal yti cYOWP®%profile of 25 the protein of Exanpl e BUTAER®I416D| di ng.
Figure 8 shows the preparative HPLC:Proflle of the folded protein of
Exanple 5. Figure 9 shows the result vf the mass determnation of the
purified product of O rat.in pect ed nol ecul ar

wei ght. Figure 10 sh ug?ﬁﬁ3ﬁﬁ{%% %mﬁgigfabf ghéh[ﬁaﬁ%;ptlde of Exanple 6
bef or e S—tdﬁmmxmlqa§ﬁ90apfthP Hﬁﬂt&FHQOfFﬁﬁﬁHﬁﬁ 1z ¢ %U%E the result of the
mass 35 detgsmeniatriong efetdeqolefpeplédeof weiighte 10 (M=H) Figure 12
shows the HPLC profile of the protein of Exanple 6 after folding,
denonstrating a shorter retention tinme. V WD 02/50099 15 PCT/ EPO1/ 14163
Figure 13 shows the result of the mass determination of the protein of
Figure 12 @EMsMPLES denonstrating the expected nol ecul ar wei ght. 5 EXAMPLES
EXAMPLE 1 10 Synthesis and fol ding of Cysl10, 11, 34,50 (S-t-Bu) -hu-TARC
(thynmus and activation regul ated chenokine). The 71-am no acid residue
chermoki ne #EAMPREile was assenmbl ed on a 433 A Peptide Synthesi zer (Perkin
El nmer/ ABI) u5|ng Froc/t - Bu. chenlstry and a pol ystyrene 15 based resin
functionali e sxTRLRY ) phenmeracetic acid |inker
(Wang resir ' [T CN FNDC- < tacl by DVAP ( 4-

di met hyl amiaeagy LM =y 7 Serrteal ;

The 71~;m1no acid residue cheﬁokine derivative
was assembled on a 433 A Peptide Synthesizer {(Perkin
Elmer/ABT) using Fmoc/t-Bu chemistry and a polystyrene-
15 based resin functionalized with the acid-labile

hydroxymethylphenoxyacetic acid linker (Wang resin) on
which Fmoc-Ser (t-Bu) was attached by DMAP (4-
dimethylaminopyridine) -catalyzed esterification. The
degree of substitution was 0.57 mmole/g . The synthesis

20 was conducted on a 0.27 mmole scale using a five-fold
excess of Fmoc-amino agids and DCI (N,N -
diisopropylcarbodiimide) /HOBt (1-hydroxybenzotriazole)
activating reagents in DMF. The coupling time was about
60 min with spectrophotometric monitoring of Fmoc

25 deprotectlon

The four cysteine thiols were protected with S-
t~Butyl groups and a maximal protecting scheme was used
for all other side-chaine : Sex({t-Bu), Thr{t-Bu), Tyrit-
Bu), Asp(o-t-bu}, Glu(0-t-Bu), Lys(Boc), Trp (Boc),

30 Asn(Trt), Gln{Trt) and Arg(Pmc). After each coupling,
capping with acetic anhydride and DIEA in DMF was carried
out.

The resulting polypeptide-resin was treated at
room temperature with a freshly prepared mixture of

35 TFA/water/TIS (triisopropylsilane)/phencl (78 :5 :12 :5,

v/v/v/w, 10 ml/g resin) for 2.5-3.0 h. The cleaved

polypeptide derivative was precipitated by direct

filtration of the cleavage mixture into cold methyl-t-




~degree of substitution was 0.57 nmle/g . The synthesis 20 was conduqtﬁeqiuqnﬁr £15)

a 0.27 mole scale using a five-fold excess of Fnoc-am no acids and

(N, N - diisopropyl carbodiimde)/HOBt (1-hydroxybenzotriazole) activati ng
reagents in DMF. The coupling tinme was about 60 mn with

spectr ophar ¢seeri ¢ noni toring of Fnoc 25 depr ot ecti on. Piigrsfiaals3 cyst ei ne
thiols were protected wwth S- t-Butyl groups and a maxi mal protecting
scheme was used for all other side-Yhains : Ser(t-Bu), Thr(t-Bu), Tyr(t-

B As B B Trt), An(Trt
antt ar o PrRYSTAPEBF o QO Dol i PRl Pt LRl V0 de and DI EA
in DVF wasceammmfeaaat@gam Wﬁﬁr‘élerie*éiﬂ?‘? rrgltamegﬁéﬁt? FdEh {Hag Tt eated at

room t enperat ure W trhe acfi®s Rphpapee padse dhanx tilssobfeB S riTBALWAE@r / TI S

(triisopro S|Iane/p (s 5 rradVh M/ égvv,cg}_@/ag gesin) for
2 5.3.0 h. g%e | ea)iédygﬁll:&%d re%ersit Va‘:rteldvéﬁ Yo a b 1

f‘@ e)v\ﬁpltated by direct
filtratiomed atmél@ldem?a@eg%@@td&ﬁec'l PP ST P’ﬁ%ﬂr’ -cfm "92P50099 .16
PCT/ EPO1/ 151{3.563adhﬁ1)d aeﬁ.he&is (tMEBEpbahe plivesepr Gbieprodtectsabar at ed by

centri fuggy %f V\é\%s %1\\41 @’f@dt 1} eﬁ@gm% qlglsgd éb@cfmet]gge crude product

was then di'ss % o | yo ssol ved in 50%
acetic aci @ndsthgre é’ﬁ’ﬁl":ﬁéﬂ”ﬁ) ‘%138 ﬁéﬁ%‘i e@g ﬂ?mé?%ﬁ% ¢m) using 50%

acetic aci ¢uass 4w bl ew@h;agmolﬁldeandl13&mradlzédaeft©ns were anal yzed by

MALDI - T S, spect.r.one and those containing the desired pol ypeptide
deri vat %egaﬁm% %9 éai were pooled and |y aslgtgl |, i zef ter 10 dilution
with water. The pool®¢ PPated ofri%a%Pé‘san%?‘T’l 22TV EECTH° 50% acet i ¢_aci d

and furthegopusidiad 4o d aadi hgtorrapuPboxdd hymlsedipgeparat i ve Vydac C.
col um. Sagg 20 fRE @;@E%S%Bﬂuﬁe g 8 %o%mﬁ r@érﬁlﬂlréé’\‘wbﬂea | i near

gradient 1 ere 3 FA in. .. acetonitrile
and A 0. 19¢TrReqd i dlovTRat et |“’&r{m9\?és""llifbr‘?el&fle§§ogﬂ?ﬁjan only the

fracti ons egntaimbne tihe 60 min, where B was 0.1% TFA in
| acetonitrile and A 0.1% TFA in water. The detection was
done at 280 nm and only the fractions containing the
target polypeptide were pooled and lyophilized prior to
folding.

20 Folding of the chemokine derivative purified by
RP-HPLC was carried out by first dissolving 10 mg of
product in 1lmg of 6M GnHCl, 0.1 M Na HPO, and 10 mM Tris
at pH=8.0 and room temperature. After 20 min, the
solution was diluted by adding 10 ml of water to the

25 final concentration of 0.6 M GnHC1, 10 mM Na HPO,, 1 M
Tris, pH=7.2 and a peptide comcentration of lmg/ml.
Folding was initiated by adding cysteine at a
concentration of about 20 mM (about 100 fold molar excess
with respect to the peptide concentration} and gradually

30 increasing temperature to 37°C.

The folding reaction, occurring at the constant
temperature of 37°C in air, was monitored by RP-HPLC
analysis of 25 microliter aliquots of solution acid-
quenched with acetic acid on a Waters 2690 Separation

35 Module equipped with a Waters 996 Photodicde Array
Detector, using a Vydac C, analytical column and a 20-60%
acetonitrile gradient in 0.1% TFA/water in 40 min with a

flow rate of 1.0 ml/min. 1 microliter of each HPLC peak




“target polypeptide were pooled and |yophilized prior to folding. i% BV OpfE
Fol ding of the chenokine derivative purified by RP-HPLC was carri g[]‘“’t‘ A
first dissolving 10 ng of product in 1ng of 6M GhHC, 0.1 M Na2HPO4 and 10
MM Tris at pH=8.0 and roomtenperature. After 20 min, the solution was

di luted MO®FEMg 10 nl of water to the 25 final conce®tVERMAHOHf 0.6 M
GhHCO , 10 nM Na2HPO4, 1 mM Tris, pH:7 2 and a peptide concentration of

1mg/ M. Folding was initiated by addi’'ng cysteine at a concentration of
about 20 m (about 100 %&&aa{t%%pegttﬁ@ dihie1pept i de
concentrat i'§ ?r‘:é[??d“\j%a‘ﬂlg tgDOP LS e

i'ncreasi ng ggure e 3G 4The folding
" reaction, désutfidry @tchamecﬁﬁ%‘?*a#ﬂm)t é’ﬁ*ﬁe?‘a} Cé:e T alr was

moni t or ed Ry «REx HRLC o@ﬁﬁs&é&h&aﬁéd 25 Initdpel bf evimpigdot <kl 9ol ution aci d-

quenched wi.th acetl C. aC| 2X\a{r«;rv%t%@od%@@r,ﬁ;deqnvaéummﬂce equi pped
with a Wateéré 398" rra Det ector, usin }g anal yti cal
col urm arkd @32926@%3{‘@@&%'1'9?1 %Sﬁr%ﬁﬁcéﬁmfahrﬁ' LW‘lf’ﬁAf‘ in 40-min with

a flow ratg epedifotididi N(Peksapeivt iRiersystemacFradRughs@akMal MAY 2005 WO

02/ 50099 17, PCT/ 501/%1%:’&11(&% LEspondi ng,gboothgoj&gailpagyp@peimdl ates of
the thiol - S®'SBPFT dé exc

ange eactl ons collecte e th |
microliter fstwgdsafbeht 2 BolThe BRIV nFE-RETHY n%edn]ié Endtt

acetoni trilegd e TEAL88d Wt &luctdwhedfunderr mghﬁddm maghaPPzed by

MALDI - T P Si MOYAARI %w@m@eber ( Per septi.ve
Bi osystg:ﬁ Fr E’mﬁngﬁhﬁ]ﬂqﬁé?m&é (ﬂﬁMgd Wth a gh ogen laser. 78% of fol ded
pol ypept i defr@f%ﬁiﬁéalaﬁF@FP?Mﬂ STRe praks\fos corresponded to that of

the fol ded product vvafﬁefblicbhegrmaheekedvﬁyy rafa - BARA otaiRe’k BY hyl nal ei mi de

(NEM. to dgtect ﬁwgoggggegﬁ %Eﬁttﬂ@ntﬂbﬁuﬁ§s (pe’lxafaraadf or every SH).
The bi ol ogi €a "3c f obt ai ned %qﬁllogy of the
present i nv@mqr&ﬂr%§0péhﬁo¥fﬁ%’d m%@ér élrl{'ngI“an1 telrre od (T. Imai et

al ., J. B.Bod:hem 15 26hemea 5271, 16514, 1996) .

Human T cell lines, Hut78, Hut 102, and Jurkat,
as well as fresh monocytes, neutrophils and lymphocytes
were asseassed for their migration across a polycarbonate
filter in response to TARC. No chemotactic response was

20 elicited in monocytes or neutrophyls, neither by TARC
prepared by chemical synthesis nor by recombinant TARC.
In T cell lines Hut78 and Hutl02, synthetic TARC as well
as recombinant TARC induced migration with a typical
bell-shaped curve with a maximum effect at 100 ng/ml.

25
EXAMPLE 2

gynthesis and folding of Cys®**=*{g-t-Bu)-hu TARC and
Cysti 3450 (g + -Bu) -hu-TARC

30 - The synthesis, purification and folding of
Cysl®3:50 (3 t-Bu) hu-TARC and Cys''3**7(s-t-Bu)- hu-TARC
derivatives has been conducted in the same conditions
adopted for Cys!®1345(g-t-Bu) hu-TARC (Example 1}, the
only difference being the Trt protection at Cys'® and

35 Cys', respectively, which was removed concomitantly to
cleavage of the polypeptide precursors from the resin.
The yields of final folded chemokines was 80% and 79%,

respectively.




“Human T cell lines, Hut78, Hut 102, and Jurkat, as well as fresh4z may spoe
nonocytes, neutrophils and | ynphocytes were assessed for their n‘ig‘l’ati’oﬁ'/’ “
across a pol ycarbonate filter in response to TARC. No chenotactic response
was 20 elicited in nonocytes or neutrophyls, neither by TARC prepared by
chem cal veye3e9si s nor by reconbinant TARC. In T cel |PCWERSY1H6E 78 and
Hut 102, synthetic TARC as well as reconbi nant TARC i nduced migration with
a typical bell-shaped curve with alffaxi mum effect at 100 ng/ m . 25EXAMPLE
2 Cysl10,34,50 (S-t-Bu)-hu-TARC and synthesis and fol ding of Cysli, 34,50
(S-t-Bu) -hu-TARC 30The synthesis, purification and folding of CyslO, 34,50
(S-t-Bu) Bx2¥PRRE and Cysll 34,50 (S-t-Bu)- hU-TARC derivatives has been
conducted in the sane conditions adopted for CyslO0, 11, 34,50(S_t_Bu)

" hu- TARc (Exargglle%il)él &h@ 1 U o Eference heing-traecTrt protection at Cysl0
and 35 CysPPBEELReR i very, Wi

.. Wi ch was_renmgved_con ] < y cl eavage of
t he pol ypeptide pre€he sBREHIGMrt H‘é”r@ﬁarjf.mnﬁ%gyf%@c}gggyfflc %I . fol ded
chenpki neswag; -80% handa¥®%erirvespeetwaelopndvere2/ 5009 F8TEXAVPLE 3

PCT/ EPO1/ 1416 nt hesi . is ofr R4SmddeSD 453 BY) exbupTARC 5 The
synt hesi s, “Pti Jitfsﬁlé@gt SE,709 %ﬁQJ&?l{}gs npae

ng of S 4,50(S; Bu - derivative
was conductlert ihetbhEysanendceyRii t"i’eg:r?s Pﬁ&?cﬁ%echéjﬁ \(}gﬁ: i V%%% -Fj%x%grrpl e 1 and
2, except rihatedahitiQysife ahithysesuerelgverecbedT®y- e YiRith was
removed_during fi esl vage by TEA. The yield 10 of folded -
pr oductlglagka olu({]e%7§%gai§§<‘il\)§’ é:]EEgllgc’%%n?ﬁesi s and fol di ng of
- CVS10, 11, 26, 34,50,68 (S-t-Bu) -hu-1-309 15 The synthesis of hu-I-309
~cant ai ni ngefagSkER -4Bu) protected cystei nes was conducted on a 0.12 mmol e
scale in the same conditions as in Exanple 1 using a Fnobc- Lys(Boc) Wang

e o Puisld W00 Ol Bl (o Ther ol 1100

i5 The synthesis of hu-I1-303 containing 6 (S-t-Bu)

protected cysteines was conducted on a 0.12 mmole scale
in the same conditions as in Example 1 using a Fmoc-
Lys (Bo¢) Wang resin {degree of gubstitution of 0.61
mmol/g) . The resulting polypeptide-resin was treated as

20 described for Example 1 and the G50 purified material was
further purified by loading on a 250x10 mm vydac C,,
column (as'shown in Fig. 1 and 2}

Folding of the chemokine derivative purified by

RP-HDPLC was carried out by dissolving 65 mg of product in

25 60 ml of 0.6M GuHCL, 10 wM NaHPO4 and 1 mM Tris at pH 8.0
and adding cysteine at a concentration of 100 fold molar
excess with respect to the peptide. The polypeptide
solution was left at 37°C for 4 days. After acidulation
with TFA the folded material was isclated by RP-HPLC

30 using a 250%10 mm Vydac C, column (as shown in Fig. 3 and
4) . Complete cysteine pairing was checked by mass
spectrometry after reaction with N-ethylmaleimide (NEM) .
No MW increase was observed indicating absence of free
thiol groups (as shown in Fig. 5). The yvield of final

35 folded chemokine was almost 25%. The synthetic, folded,
hu-I-309 showed a biological activity eguivalent to

recombinant protein (fig. 6).
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20 described for Exanple 1 and the G5O purified material was furthet3 MAY PiLigg

purified by | oading on a 250x10 mm VWdac C18 colum (as shown in Fig. 1
and 2) Folding of the chenokine derivative purified by RP-HPLC was carried
out by dissolving 65 ng of product in 25 60 ml of 0.6M GuHO, 10 mM NaHPO4
and 1 mMVwW® P58 pH 8. 0 and addi ng cystei ne at a conceRt¥ERI1GMBT 100 fol d
nol ar excess with respect to the peptide. The pol ypeptide solution was
left at 37C for 4 days. After acidulation wth TFA the folded material was
i sol-ated by RP-HPLG3Q Sty @S -AphyYdas 13 -eakdmMis{a$ shown in Fig.
3 and 4) tpgoggifévﬁiq(@/%toehngigai_ri ng was checked by mass spectronetry
after reaction w et Hnyma ¥ i de (NEM. No MNincrease was observed

i ndi cat i n§CABERNCELH250r &e4 - 6 himp| (WidegHa38BRSShown in Fig. 5). The yield of
final 35 Mebdrd ghenoki ne-wasoaliosh. 25pa The synthetic, folded, hu-1-309
showed bi ol ogi cal; acti.yit ival to reconbinant protein (fig. 6).
13 1, 1) 3 2005 13 NAY 5)0\6\7@%5;%80 5T et/ Epos/ 14103 Anal ytical -

chr omat ogFEpAYyelas BleraPredtiet nf repertof | @withy comdinptomsan Col urm: C18
250 x 4. 6emeéMydacti238®P54) Mbile phase: A = 100% H20 0. 19%9FA 5 B = 100%
CH3CN 0. 19%9FA G adient: B% conposition is reported on the chromat ogram
Detector: 214 nm EXAMPLE 5 10 Synthesis and fol ding of Plasnodi um vivax
C-t er mi naBE**MPEBnent The synthesis and purification of Plasnodi um vivax

ci rcungpor ozoite protein (PvCS) 303-372 containing 15 4. (S-t-Bu) protected

St o o SYARRE RN L E oy i hCo# W80 L ANS, 32 (LD HRIP! © - ol ding

fragment
The synthesig and purification of Plasgmodium

¥

vivax circumsporozoite protein {PvCS) 303-372 containing
15 4 (8-t-Bu) protected cysteines was conducted in the same
conditions as in Example 1.

Folding was performed by adding 27 mg of
peptide in 2.7 ml of 6 M GuHC1 in 0.1 M Tris buffer, pH
8.5. The solution was mixed for 10 min, Then 13.5 ml of 1

20 mM EDTA, 0.2 M NaCl buffered at pH 8.8 in 0.2 M Tris
buffer were added. Finally 10.8 ml of 35 mM cysteine in 1
mM EDTA, 0.2 M NaCl buffered at pH 8.8 in 0.2 M Tris
buffer were added. The reaction mixture was brought at
37° C. The folding reaction was followed on reverse'phase

25 HPLC to completion (3-6 h) (Fig. 7A) and the reaction
stopped by coocling for 5 minutes at 4° C followed by
addition of 10% TFA at 4° C to reach a final
concentration of 1% TFA (3 ml 6f 10% TFA). The product
was subsequently purified by reverse phase HPLC (Fig. 8)

30 and the mass of the final product determined (Fig. 9).
The yield of the final oxidized product was 70-80%.

Analytical chromatography was performed using
the following conditions:

Column: C4 250 x 4.6 mm (Vydac#214TP54)

35 Mobile phase: A = 100% HzO 0.1%TFA

B = 100% CH,CN 0.1%TFA
Gradient: B% composition is reported on the chromatogram
Detector: 214 nm




© peptide in27m of 6 MGHOJ in 0.1 MTris buffer, pH 8.5. The s?ol?Lﬁtz'sprr
was mxed for 10 mn. Then 13.5 m of 1 20 mM EDTA, 0.2 M Nad buffered at™
pH 8.8 in 0.2 MTris buffer were added. Finally 10.8 m of 35 mM cysteine
in 1 nmMEDTA 0.2 MNad buffered at pH 8.8 in 0.2 MTris buffer were
added. Theoprmewi on m xture was brought at 370 C. Theréukriinges eacti on was
foll owed on reverse phase 25 HPLC to_conpletion (3-6 h) (Fig. 7A) and the
reaction stopped by cooling for 5 nfhutes at 4 C fol | owed by addition of
10% TFA atyg 10 gf €ach a final concentratl on of 1% TFA (3 m of 1006
TFA). The p uct was subsequently purified by reverse phase HPLC (Fig. 8).
30 and the nmass of the final product determned (Fig. 9). The yield of the
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phase HPLCriE geaétiol'lz nﬁ&guﬁé)wag%ﬂﬂtﬁhqeéfaﬁ he of knali o4 digzed product was

al nbost 37% _ Anal ytical chromato erforned usin e follow n
Condltlonso he prgéuct was then p r1 1éé by reverse g%ase HP {g} 9

15 12 and 13). The vield of the final oxidized product was
almost 37%.
Analytical chromatography was performed using

the following conditicns:
Column: C18 250 x 4.6 mm (Vydac#238TP54)
20 Mcbile phase: A = 100% HO 0.1%TFA
' B = 100% CHJﬂH 0.1%TFA
Gradient: B% composition is reported on the chromatogram

Detector: 214 nm



" Col um: C18 250 x 4.6 nm (Vydac#238TP54) 20 Mobil e phase: A = 100%03H2QY Zif
0. 1%FA B = 100% CH3CN 0. 19%9FA Gradient: Bo conposition is reported on the
chromat ogram Detector: 214 nm 1 3 MAY 2005 WO 02/50099 21 CLAI M5
PCT/ EPO1/ 14163 1. Process for folding chemcally synthesized polypeptides,
conpri si WOP¥®AW ng a pol ypeptide and/or 5 protein thaPCuBMpAies two or
nore derivatized cysteine residues vm th a reducing agent in a folding
buffer having a predetermni ned pH afitl tenperature. 2. Process as claimed in
claim1, wherein the derivatized.g é %I ne residue corresponds to
S-butyl-thio 10 cysteine residue. rocess as clained in claim1l or 2,
wherein the reducing agent is cysteine. 4. Process as clained in claim1,

2 or 3, wherein the i_:%gé@g miﬂff@udﬁﬁgmhmsa@he eynHrsdzef5 chaot r opi ¢

sal ts. Hfﬁ%ss S clcg]gn I{%[ céI@ % Ay Arthee Shplir opic salts are

chosen fr8 P Cons uam I oy% andurea. 6.
Pr ocessSaQrotamrédlatn C@WEFW@F d?WCB orfeFei erlé’@ t‘ﬁ% lotropic salts in the

fol di ng bytkesuas Qﬂlﬁﬂ‘ﬁ&elﬂ‘édhﬁlngﬁ capmtentr at fomist buifer WavAndpr gcess as

claimed in any.of cla Slut-Be the folding buffer has an
al kal i ne ﬁ‘Hpréd ocess gﬂl g i 1C

in _clai 5 pHIlies
between 7 and 9. 9. 2‘-Pr‘?(}’<§’§§§"3a§3c‘Fl‘;ﬁ”ﬁ‘ﬁfi1 th g]raa]fr?n@ wﬁe eh\?ﬁ%}%%l n the pH
| i es bet wephi{a8nded. SrstEAnePresbdse avprokabaeds ity §n‘§’UBch‘Fléﬁ‘?rB 1-9,

~wherein the Lﬁerrgerg(taéj(ﬁl QOf the fol di ng buffer lies 30 between 25 and 40Q0C.
11. Pro@ess®iS*crained 1 n claim 10, der ein the  tenmperature;lies between
27 and 38C. _ Progess as claimed in claim 1 © ’

the reducing agent is cysteine.
4. Process as clailmed in claim 1, 2 oY 3,
wherein the folding buffer comprises one Or more
15 chaotropic salts.
5. Process as claimed in claim 4, wherein the
chaotropic salts are chosen from the group consisting of .
guanidium chloride and urea.
5. Process as claimed in claim 4 or 5, wherein
20 the chaotropic salts in the folding buffer are present in
a concentration of 0.1-1 M.
7. Procesg as claimed in any of claims 1-6,
wherein the the folding buffer has an alkaline pH.
8. Procesg as claimed in claim 7, wherein the
25 pH lies between 7 and 9. ' |
9. Procesg as claimed in claim 7 or 8, wherein
the pH lies between 7 and 8.5.
10. Process as claimed in any of claims 1-3,
wherein the temperature of the folding buffer lies
30 between 25° and 40°C.
11. Process as claimed in claim 10, wherein the
temperature lies between 27° and 38°C.
12. Process as claimed in claim 10 or 11,
wherein the temperature is about 37 °C.
35 13. Process for the preparation of biologically
active proteins, comprising
{a) chemically synthesizing a polypeptlde that

comprises two Or mMore derivatized cysteine residues;

%




~12. Process as claimed in claim10 or 11, wherein the tenperature f§sMABOLL:

37 C. 35 13. Process for the preparation of biologically active proteins,
conprising (a) chemcally synthesizing a pol ypeptide that conprises two or

nore derivatized cysteine residues; 13 WO 02/50099 22 PCT/ EPO1/ 14163 (b)

- treati ngwseizgowl ypeptide with a reducing agent in aHoiepprngaéuffer having
a predeterm ned pH and terrperature2 and (c) purifying the obtained folded

pol ypeptides 5 and/or proteins. 2Process as clainmed in claim 13,

wherein the deri Va{,bgz%fgayﬁﬁi'ﬁ%r gghg?gptcg{er gﬁ@gngsré&l@r% but yl -

thi o-cysteine resid cess

al med |nca|§11$ 14 10
wher ei n- t heepbdiei hgAgane Poits/stEvaBag aePTRIGEsEsnge B £%%kd in clai m 13,
14 or 15, tem@@fﬁtﬁméh%nﬁm di ng buffer conprises one or nore chaotropic

salts. 17. Process g5 ol Nyt abfillfeq MSIRi pbliopediadiaot f opi ¢ sal ts
up C 0

are chosen fromthe gr sting of guanidiumchloride and urea. 18.
Process5agngl/ ar ne¥eihin8-ai m 15 or 16, wherein the chaotropic salts in the

folding buffer are memesa a2 0clmicedc ént eaiwilof wbezein Mbel9. Process
as clainme |r|1¥%g¥E) Eﬁ:le%el]?’eéﬁiue whehekpohdke doldishgubyifer has an
roc

al kaline p ss as clainmed in claim19, wherein the pH of the
fol di ng bifbier cYPESimRetREEdAY?-and 9. 25 21. Process as claimed in claim 20,

wherein the pH |iessbameess7aanch8ingd 22 cPrigedss o&s ékai med in any of
cl ai ns 13- : e t folding buffer lies between
1&10 éﬁﬁ]eggl\gg@flgr Pedila H@%ﬁ@ 2] %y%fteliﬂé :

25 and ocess I med | cl a 22 \M]_ re| n ghe
Process as claimed in ¢ a1m 13

‘wherein the folding buffer comprises one or wore
chaotropic salts.
17. Process as claimed in claim 16, wherein the
15 chaotropic salts are chosen from the group congisgting of
guanidium chloride and urea.
18. Process as claimed in claim 15 or 16,
wherein
the chaotropic salts in the folding buffer are pregent in
20 a concentration of 0.1-1 M.
19. Process as claimed in any of claims 13-18,
wherein the folding buffer has an alkaline pH.
20. Process as claimed in claim 19, wherein the
pH of the folding buffer lies between 7 and 9. '
25 21. Process ag claimed in claim 20, wherein the
pPH lies between 7 and 8.5.
22. Process as claimed in any of claims 13-21,
wherein the temperature of the folding buffer lies
" between 25° and 40°C.
30 23 . Process as claimed in claim 22, wherein the
temperature lies between 27° and 38°C.
24. Process as claimed in claim 22 or 23,
‘wherein the temperature is about 37°C.
25. Process as claimed in any of claims 13-24,
35 comprising the steps A
(a) assembling S-t-butyl-thio cysteine
polypeptide on an insoluble polymeric support by stepwise

chain elongation;




" tenperature lies between 27 and 38C. 24. Process as claimed in clam2g glsi;g;

23, wherein the tenperature is about 37C. 25. Process as claimed in any of
clainms 13-24, 35 conprising the steps (a) assenbling S-t-butyl-thio
cysteine pol ypeptide on an insoluble polyneric support by stepwi se chain
el ongat i evp o2/50d99 MAY WO 02/ 50099 23 PCT/ EPO1/ 14163 ( b)rcimemyings sai d
S-t-butyl-thio cysteine polypeptide_chain fromsaid support by acidolysis;
(c) purifying the obtained S—t butyI23t hio cysteine polypeptide; 5 (d)

fol ding the purifi eEiD)S-t1 but -%X%hﬁgﬂetk?ﬂi )6?%]9&&9@ by treating said

pol ypeptide derivatives "Wt rm ar ‘exce %fri%/ teine in a fol ding
buf f er co@pﬂmﬁn‘glféﬁméﬁ?% %aaﬁ SRR RV PA R 1XPR8Fi ne pH and a

tenperature of aboutcBhu@ifgnty lthd ejoyainelys ng-helebharned fol ded

pr ot ei ns b v Hi.gh Performance Liquid Chromatography. 26.
Process as &F ggﬁ%dg&rﬁbﬁ%%%d 25, wherein the chaotro%ic salt is guanidinium

chloridé. 27. Proceéd dldiagnile ipreifdied S5t oPuBE -thig wherein said
pol ymeri ¢ supRaRt bSlppdlivianbderbeat gl yetiyir pokbyirasader esi n functional i zed
with the agid. | abLLe,fMdnoxyiEE hkoene aeetLendCifl ol ieBk&ing

buffer comprising a chaotropic salt and having an
alkaline pH and a temperature of about 37° C; and
10 (e) purifying the obtained folded proteins by
. reverse phase High Performance Liquid Chromatography.
26. Process as claimed in claim 25, wherein the
chaotropic salt is guanidinium chloride.
27. Process as claimed in claim 25 or 26,
15 wherein said polymeric support is a polyamide or
polystyrene-based resin functionalized with the acid
labile hydroxymethylphenoxyacetic acid linker.




