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15 demonstrated that highly pure protelns can be synthesized
by SPPS based on the Fmoc/t-Bu protocol, a method
operationally simpler and chemically less complex than
the Boc/Bzl procedure.

As of 2000, there is ample experimental

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

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

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

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

35 the cysteine residues. Various combinations of cysteine
protecting groups compatible with the commonly used

protection schemes were developed that allow for stepwise
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(S-p-methylbenzyl) protection, respectively. The two
cysteines of the B chain precursor were protected by S-
Acm and S-Meb protecting groups. The intramolecular 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-S
bridge was obtained by cooxidative removal of the S-Acm
groups with iodine.

30 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



proteins containing S-Trt or S-Acm protected cysteines can be indeed
efficiently fol ded upon treatnent with iodine, N-iodosuccinimde and
cyanogen wod/si®ounder WO 02/ 50099 PCT/ EP01/ 14163 3 car ef pcTHPaiont630l | ed
conditions of solvent, pH and reaction tinme that will mnimze

nodi fication of oxidation sensitive Tyr, Met, and Trp and avoid

overoxi dation of cysteine thiols to the corresponding 5 sulfonic acids.
Thal | i un( Iddde i Ty uesoacet e ca itepine ©f oL vEve BXifdi%i ng agent s

gi ving sonetinmes betier yi - Off 20 sl fd dbondsciBedgmjor |imtations
of this rédayen lo%&e”ﬁ sy%%%(ﬁ%l;)ly,mjiq{hlzﬁd%ﬁul t dﬁ/%} rempve thalliumfrom
10 t he t argetdaol ypepeneet bel THe Ml (B DrioR @ MRS Trp residues
from oxi dat xg'ﬁiéﬁnafr@@m@ cantali ity Eheriodmresmmding f oxi de/ si |yl
conpounds and trjfluoroacetic acid have been successfully applied for the
di rect oxigatfomi¢ @a53% sul fi de bonds of pol ypeptide precursors containing
S- Acm S-But, S Mebraadl Sadbbry)S-peinElhmxybedizaty eysteEamecs ddi®iues. The
need to protect the Trp indole ri i t Fd el igmt i on
under oxi di2P¥Y %hﬁ???%ﬁsag?rsl?s h%’gv\\é#eé %?I&%{r?{é%%r@?%% §Ei on of this

m xture. 2@idelhods bondsheThxivalowel inl etrhnioe? oFf ddars TBHRHeti ¢

pol yt hi ol precurso ( ce 0, Tl £ Or PEpo@& ec A i ypopidar and nost
frequent | ygﬁ%pjr?sedj.ééf%éggﬁ’e gllnﬁp ielfslitée ne?ﬁ%d, t he %P(gro ril\?éte acg_éul fide
bonds chh the taoaeanBelEPIPEAFEdR? ntERe PrRsERcRIBICAT I oF Sofe 25 ot her
m | d oxidi ’ﬂf?grégﬁaﬁés Fubkhekmeseiohol ding and cysteine pairing is

obtained in the presence,of both the reduced idiged (RS-S-R
forms of a low nol ePHFEEZHBP gTRASTTpRY TPV a%%%g:%d. in%nt hetic

pol ypept i deg1 apndiaawkl1plotenpsunds sodstsifhgovpacesiagelddmis t he

t her nodynam ¢ _drivin force for.fqgl ding i ghrLesubksadt ovmacsonbi nati on
of H bondPRg: f“dﬁCﬁgigﬁu%yaﬁgg%%gog%gb};}ggeffécts i's_apparently
subst ant§ allienbfighet boggentineolsPgrpi@gupgecursors containing ==

Acm, S-But, S-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 frequently 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 synthétic polypeptides and small proteins

30 consisting of a single domain the thermodynamic driving
force for folding which results from a combination of H-
bonding, ion pairing and hydrophobic effects is
apparently substantial enough to spontaneously produce
the native isomers 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.
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30 fornatd ophpt qm*omtéayagq;neegmttmlmd OERFEPIFREIA gi ves  in many
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high dilution of the precursor polythiol form (1mg/ml or
below) under neutral or sligthly alkaline conditions. It
usually requires a long duration and produces an harmless
20 by-product as water in the reaction. Air 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
number of chemical operations necessary to fold polythiol
precursors is reduced to a minimum, the disulfide bridges
30 formation promoted by the molecular oxygen of air 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
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15 frequently obtained by the use of redox buffers such as
oxidized (GSS@) 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
GSSG/GSH or Cys/Cys, free sulphydryls and digulfide

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
necessary 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

1-49 in
vitro, folding proceeds sequentially and irreversibly
from the unfolded, reduced form (polythiol) to

equilibrated isomers containing one and two disulfide
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Po@e‘fgéﬂao%ﬁé{c s, gl gatopd b8 EyaRise oteRkal

in the scra "Thi's di fference has
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opti el tor S aceg@aBbnat i on of
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of a synthetic protein contajnin eral dISU|flde bon uld form
spont anédu8Ah et Bt ‘%ﬁSﬁé displays an % £1R08

concentration. Cystlne/cystelne is about 10 fold more
potent than GSSG/GSH in the process of accumulation of
scrambled Hirudins. This 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 reached
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 oxidative 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 oniy 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, most

of the oxidative foldings of polythiol precursors
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residues. intrinsic property of the polypeptide chain rather than a
function of the specific oxidation system acting on the
molecules.

Enhancement of selected disulfide pairings by
20 adding alcohols, acetonitrile and DMSO to buffers at low
ionic strength has been also reported. This strategy
involves enhancing the formation of specific disgulfide
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 isomerase (PPI) have also been employed
as additives to catalyze and modulate disulfide exchange.
The time required for folding 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



Enzymes such as peptidyl disulfide isomerase (PDI) and prolyl isomerase
(PPI') have al so been enployed as additives to catalyze and nodul ate

di sul fi davervbmege. The tine required for fol ding H rudi PCT/EPM/H416 can be
30 shortened from10 h to 30 sec if PDT is added to the refolding buffer.
In this case, the efficiency of foldind in vitro does not differ
significantly fromthat observed in vivo. Polythiol polypeptide precursors
are direct by id3Feahtsaiaméd drpupol gpept Lhe- pestamaePHsEHYL cIEPREvage when
the cystei resi dyes Are. pr ChguhabhkeggroupsivesgbyTrt.

Al ternati vg?’f/:m hd%%%effgrlgsﬁ l,%bﬁg%lgépggt ?deg—si n _whi ch FI st el t)r/;es are
protect ed byigelwdig? ePCEEEPO CAEATBYS 8P4l ?Feg gt%ﬁ'ﬁ“ group, e.g.

Ej he acet amj%g@qtimﬂnc?g;lre‘w@)y (AEk medle wf'LithS}Hgi (9@bat eth ascd: Ty steidie
erivatives by acidolytic peptide-resin.cleavage and. - m gr oup

i s elini Ratted lsyed &t rietw 1\%"%‘(&:19(’50%32 1Fﬁlsa¥1¥? ﬁgﬁagﬁg?ggtégﬁ ?&ed- by t he
removal of thg ipessdnecegelf fd bkl excess bife merespioetbhnall arge excess of
mer capt oethanol . I'n hot rho %S%%’seg-.o"‘%‘é%{eve velal shdeiheagthensonbave been
reported to occur at @ys eine and 't ryptophan residues. The ipdole ring of
t r ypt ophan teare et mardnted i@dowurfeﬁéaﬁﬁ@éteﬁaﬁolanénarwgfjggﬁg gives a
nunmber of side- ti , JMSt, o k-t - ishd ca@Xbdat i on and

al kyl ation%%%%ﬁx%ﬁ%.ylﬂ%;ﬁ%% dur}rﬁr(i:]I &Eﬁgﬁg{:' ol yti.c renpval _of the

pol ypeptliOdeiQmafia’F#%Qﬁfnh}héﬂewtﬁet%?nﬂjru&n EZFGESTEF HNE5sRor t coni ngs of
the existifigymt hodal g esadieed exingt sndfear impioerteiti beény and nore

sinpl e processes for foldi chem cal | synt.hesi p ti-eles, and
preparing BPROIHIE 137 aﬂ:]tq%(/]éatd'ro& %Ynﬁ't? g&eﬁag%%%gyﬁﬁlﬁgggs%tﬁgo The
obj ect of tdheidqyBserd iemventl ot ithe tdudvefegrs deo ghedwi daoan tERf i ci ent,
si npl e and r%%ii d process for folding pol ypeptides and/or proteins, wherein
inter alia%%etormation of isomers containing ni smatched

15 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 biologically
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 method 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 residues 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;



disulfide bridges is mnimzed, and the use of expensive 25
di sul fide-reshuffling reagents such as glutathione or enzynes can be
om tted, vead2/sdpch nethod is repeatable, robust and scal pOT/@PoITHESe and
ot her objects will be apparent to those of ordinary skill in the art. This
object is achieved by the invention by 930 providing a process for folding
chemcal ly synthesized polypeptides, conprising treating a pol ypeptide
that conprises two ofb)nmare ey atd izk badystegitricler aditduds BRIV 1S r educi ng
agent in a foldtin. bufé r..hayi cAelermned ld angdepperalur e. 35
Furt her mor &b c?g}esas oglrdltrﬁ% B&?Ee%arr g{a} o(r?#ggf bi ol ogi cal |y active proteins
is provi dedsengoqmtisiang g cheni cal |y synt hesi zi ng a pol ypepti de t hat
conprises two or more deriywal 260, oyisd &igie RS dugse MRIVHBE9
PCT/ EPO1/ 14163 9 (b) treating sal dggeol,y tic(i%e w th.a reroleuS idn% agent in a
fol di ng Buffer havi nPxeiieieberiis ﬁfﬂpagﬁtfe SRS & and (¢) - -
purifying therebiained {o|des pitofel tisio- & dreaifrer alfl 4t tthe desiivats.zed
cysteine residue corresponds to a S -butyl-thio t 'I{qu%%tte-df@g) resi due.
Thus, accor iy t3F TN g_n i e Jrl?vehrg{:sf,lonLIngxtp-ehg%szdﬁiy, een found that
S-t - Bu- der i veén z@sliny stled nes- cabu bier degrictat s ta1nes I%éq he S-t-Bu
moi ety, whi %eepi&e”é{‘@d 10, di ?“i&%é?eu?é | dgess yiddy Qiheraeysd edies dehen
i ncubated i a proper’ folding buffer at suitable tenperature and .pH.
Accor di rig t &1 hkpipras e idamendion, oEhRr rSERIG IR AgERE P ERIRY i free
cysteine. AQ exgess £b1aLyStehPeeFBY: boundders tedderddferard@apH.or exanpl e
15 illustrated I'n Exanples 1-5) or 1jtlhe C ste%n.e n%}/t.be dtehreived fromw thin
the pol ypeptide (as irFEREFERSJEP nt %x%?%?een )2 T PreferT ed enbodi ment
of the processu@ingegehventiorabhe fol fitery dydtfeimeor iseeshefor nore
20 chaotropic salts, 1n order.t %)ri t.h ypeptd de in equilibrium
condi ti ons WATERIAF I BW it u?é‘ﬁe(?o i%get]%‘?ffpe% b f‘ mgt
15 illustrated 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, for 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 order 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

slightly alkaline pH. Preferably, the pH lies between 7



occur. This can for exanple be achieved by placing the polypeptide and/or
protein in fully denaturating conditions, for exanple by high concentration
of the 2%Wwa@haswedpi c salts, and then diluting the chaotr opCTVERB@/ 14163t 0 a

| ower concentration for folding. The chaotropic salts are preferably
chosen fromthe group consisting of gu@nidiumchloride and urea, and
preferably are present in a concentration of 0.1-1 Mduring folding. 30
Preferablyanﬁhe t epper praferaplyhectveenng 2Baf§ et ¥Wé§“%%¥a%%n 25 and 40C,

nor e prefeég thEH%e@olaZnénﬂrééé%s'”AQfﬂﬁy 3 @U@&ﬁlsfbmfmh@hanges of
pepti de ation, e corresp

ndlng to_nat ural ogg $ngeg atures.
Most prefeﬂé@Nﬁ tﬁéOFéhﬁeﬁQ@ﬁ%%9|§sa988? 491t 387 & (PR~ F of df ng- Accor di ng
to anOther19&%&%&&%@ngﬁb@ﬂénE@éc@ionthethrog9861mé ddes | heeexarpide

folding buffer has a  sli Ikall Pr.e y S between
7 WD 02/ 30898 PG?PEPGE/TE%Q ﬁﬂé g%re %r%$%€§%|§“%§%ﬁgghé%§and 8.5

in order t@lsar@ﬁoﬁegtbdatmbdln@ phecpséypéstnév be clear fromthe above,
protein folding is diggggegg ggng CgﬁFlgér§§£ Bgotégﬁgrggﬁlp@s The

reaction with cysteiné does ot _‘occur at acidic QH and hi gher
pH val ues pu&néasd.bwemethgﬂSoWe&égkaéﬂﬂléﬁ bhet RBt phRG PP e R EP T er

folding, theargetProtebn C@ﬂr@ﬁat@%&b{;l’@d hyapsbheEscwel | known in the
art includi'hg anion cati on exchange chroma hydr o h bic 10
|nterachonnéﬁﬂ@ﬁﬁﬂ@@r§@ﬁ?maF@9§ﬁ§€Yphé@@eEﬁ?oH%?gﬁ §€%9ma¥39¥$ﬂ
chromat ogr aghy n;kHyd rc@%walt@gﬁabﬁwcﬁwmb@ywa IEXéhan’gEoﬁ:ﬁ@@tmDngr aphy
(HLICCECQ, D splacenent an gv,ggj) 8 ‘IT E spl acenent
Chr onat ogr BV rﬁﬂ@F°§F@P§§a8%§ ?/8 $e %ﬁ%se?g § i gh performance
chronatogr@m&bﬁatdgf@@mgn as)wehtl gsmpdiespliapéreatneshr omaot grapy are
o1 o1 oar cal Y RER V& FEOVel HE. T e BFobEse  aonti | 155 {He s\ ehg.of
15 high performance chromatography in ution 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-thio 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 g-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° Cj
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



20 (a) assenbling S-t-butyl-thio cysteine polypeptide on an insoluble

pol ynmeric support by stepwi se <chain elongation; (b) cleaving said

S-t - but yiIwo h/soogy st ei ne  pol ypeptide chain fromsaid suppP€tT/Epyr/@eé3dol ysi s;

25 (c) purifying the obtained S-t-butyl-thio cysteine polypeptide; (d)

folding the purified S-t-butyl-thio aysteine polypeptide by treating said

pol ypeptides with a nolar excess of cysteine in a folding huffer

ﬁonpri Si n%Llep@Qcmsha@ﬁmdpé cewsiatdlhlprusfest disiyy fgudni @UFOmRteResr i de, and
aving an al kal i ne and. t 1 o3 Snthards(@f purifying

t he obt ai ri%eépktfjoc%%e%&pr%% éei}%s}%’gpaq{rﬁ\%%{ee%hlg}gglﬂ gh Performance Liquid

Chr omat ogriaphy . pS5ypepaihdadvzatzgieous enbodi nent of the process of the

i nvention, the pol yr@%i&ﬁwﬂ%a Ao palnmmpeeseart ipoleystiymerie- based resin
functionalized with the i acid

acid, |abi] e hydroxynet hyl-phe /acef .
li nker, o e oW 02 SORRYL T BRI asﬁerﬁ?}ﬁlpc?rr}??%a%%gglsui tably
used for fuhly @ptosahdze6lyipeptidies syml hess zeirgjirandhgdneral |y al | ow
synthesis of |on | ypepti de chains. i%% i 4 :dche present
i nvention ‘F%n%l‘g%g%]gf%nglf“ﬁ‘éng? e%gvi Ié‘%slsvo Td-p a@éelr}%g%slg)bn%?%lof S 1-butyl -
thio cyst epnet@bhypeptidespaoducdd Iy relibipethng TS iRRNEBIRE Eifsunt s of
nati ve, bi ol ogleally apLixeo ol elins, casuhe; it adiiaed theandiatai ng sai d
pol ypeptld%% o foldin e presence of a reduc] n}g a(fnt, preferably 10
cyst ei Ne) ayspeinei ght| pHapbiehhbyt PaPYe RNl 1 rﬁfg g ure of about 37C.

I't has su_rpéliﬂé%]ggbxrgegf Epynd thet the production of biologically active
proteins is achieved_wth a high molar excess of .« l.eine in a procedure
whi ch 15 renoves theIS-]ElaﬁuF‘g}FP’ng%Jf%%va%e%?o P T alq}gvvl ng _di sul phide
bri dge for grbieB: iSHCHEPHR6REYL €alby Nreivsi ppbeetmd wrackfdvad ent than
the the prggggu;eﬁigh molar excess of cysteine in a procedure which
15 removes the S-t-butyl protective group while allowing
disulphide bridge formation. Such procedure is more
simple and more efficient than the the procedures
described in the prior art for the folding of cysteine-
containing polypeptides which are obtained by chemical
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 regin 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 eggsence of the present invention is based
35 on:
- the rapid assembly of S-thio-t-butylated

polypeptide chains on the polymeric support;



described in the prior art for the folding of cysteine- containing

pol ypepti des which are obtained by chem cal 20 synthesis. The renoval of
S-t-but tWaszsmweurs within the sane step as the fol di ng PETERE/14163

pol ypeptide. Alternatively, the sane folded material can al so be obtained
by using a conbination of S-t-butyl-thip cysteine and cysteine protected
with suitable acid-labile 25 groups at sel ected positions of the

pol ypeptide chain to- fOtyG;Eeﬁ.he -tetmdyized bhichedapptbpfratEcifrRYffi de bonds

W t hout extra ddltlon redu n tehdifgonbuffer. In this
case acid- Pgblt?lg §réage é?’%sr ggogggghﬁgg 511&91&1—?8“ de is ?gﬁaved fromthe

resin at adiedidd ngHt oFcyete30ydpsed; ﬁ’@%YQPEtf‘-ﬁ% gEﬁErQFEd ichin turn act

as a intragdl SeWl Ak oy %qu%k@al%@%nEorh@ QbkgﬂbﬁntsbBPVVSteeneva| and
di sul phi de Tormation ELas i ITustrat %ssence of the

d Th
present 5nmiﬁflp@t§>t|1§ebﬁs§dcy§§e&ﬁl£ Oﬁhéhﬁaﬁ Sﬁ%ggl Jds
S-thio-t-byt Q@ﬁ_@l@pbad_g :.chai ns on the pol yneri c support; WO

02/50099 P EPO 6 12 - cystei catal yze i 9L.gdi sul f| de exchange
of the derivatives |n glhi eéi%kzﬁtllr%l %E)fnlctilyltél g%{ga eadl ng

cystei nyl ammqlmmadeﬁmu:mmm constenbil¥c dPHr t@%PHB]E@Htf orns
(protein- S %C}fol% rg p‘?co%h alypep! iideSiGreyabekpal o0f dike1ekiassi cal redox
€ pal

Cysti ne/ QIS e concentration of the oxidized rmacronol ecul ar
form renai mx@m&stﬂ@ﬁﬂlylm@wetdﬁr &ighout the fol ding process so that
i nternol ecul ar disul i de 0 X Ghaneedts on rajfm@&pmed - lack of

aggregation of msfolded _intermediates du ref erentl Lapi d
formation ofrtexgafiatiash dé’(?r et tP reﬁnrjfé‘—’f)t aPnéjt ?&erﬂst ?Lllz}gt ur e).

Accor di ng t@sdhe waracesieict alydveg kb panIpr@pt md@sr\f@f stthrelopEse

invention, for exanpl | t he first f3 S-t- butyI
derivative are Adcordlng(% the ﬁ?éa%s %%r”&cﬁ 15@@

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 is 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
stirring. 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 synthegis as the
cysteine thio-t-butyl derivative. In addition, the

35 processes according to the invention have a number of
other advantages over the process of the prior art,

employing precursor polythiol forms, such as



di ssolved at roomtenperature in 1 m of a buffer, pH 8.0, conprising 6 M
of guanidiniumchloride, 10 MM Tris and 0.1 M Na2HPO4 and the resulting
sol uti onwa@ omsiopt ai ned 20 at room tenperature for about 2BCTVERO1/14m63t he
second step, the solution is first diluted 10 fold with water to a pH
7.2, (0.6 Mguanidiniumchloride, 1.0 oM Tris, 10 mM Na2HPO4 and fi nal
concentration of the polypeptide derivative 1 ng/nl) and then a strong
nol ar excess of 25 cydftei nystaboet r&@0dueisd odvehet ReaéBne&ht Fati on of the
pol ypepti de .or -pr.otein _derj 1 I der pstipebAgdeThe

t enper at ur @ﬁ?’lgartae uéi{]%ryl?}%\é%teléi\égéttl% %g%%@gﬁg mai ﬁt a:j%eg constant for
about 24 huegsiorder to allow folding of the polypeptide to occur. 30 The
fol ding process of the j@senlerdMeBlHiidh ofesyksteine achisghbjondwogenous
product and is_applicapble, w_th aonly mnor nodifications, :

pol ypept deaift @nd jxigaddirted s/ it &ﬁlﬁ?gm@&gﬁuggf g;ﬁtu%géias%yas 't he
cysteine t hiordgdutormberdvald vt lovcaddi tion, the 35 processes according

to the invention have g .nunber,_ of t Jes Qyer tthe jpeaess of the
prior art, enploying prcursdt Ogold;et S’%It \éracgts?% ;%uch as WD 02/ 50099

PCT/ EPO1/ 14463y i3 mddenmysttdiane I esiduds isf neve seREivn ter 18134y | at ed

during acidol ytic. cleav f I | ferdnfSidh deblRikRmeyveriet dation of
cystei ne to tfap“llllo]rh‘—’lli—t:l ggqga%?l(fr%ﬁéye%%mfati gn l eading to lnier nol ecg%gr
di sul fi de Hy (&ge) fodmabiveonddd.ndt dectr the EHETRIER bRlGeRrFFatfzhtFon of
the Trp in K4 NG reaptRethanaine Wivehiismeeessaiot todlfie nat e
cont am nat ?Jﬁ%f%ﬁé gﬂlsé%%lrnigved from Acm debl ocking with 10 Hg(AcO 2, is
avoi ded. | tiactre et csteine thiolate in the folding mixture of the
present invention does &otgdothliendieiva pMat, ddg andoXivdatiesi-B@esiti ve
Met, Trp and Tyr residues .are not {fied during folding; 15 - costs of
product i on ¥¥E tHe" fT Jrfi‘%(ﬁo‘éﬂrlng RIS, _

15 - costs of production of the final folded

products are generally lower compared 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 subjected again to the folding conditions of the
present invention to increase the overall yield 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 biological fluids of living

35 organisms. Proteins may for example congist of gingle
folded polypeptide chains or may be complex structures

consisting of multiple folded polypeptide chains.



products are generally |ower conpared to those enploying polythiol

pol pepti des and redox buffers. It wll be apparent to those skilled in the
art thatwoat/stheeugh target proteins are generally prepar eBCT/EP0123143i gh
yield using the process of the present invention, in some cases, e.g. in
the case of conplex proteins with nultigle disulfide bonds, a certain
popul ation of internediate forns that have not conpletely evolved to the
native structurené WféIDbdeﬂgsmampﬂse)s neyd righgire s re 5 ot idesh t&

equilibriu M sf oI ded, spe a I separ o fvampddeasorrectly
f ol ded Spe£1% Ecprgﬁgngugn 5@%?5% ¥nd SePare

aln to the f0|$h; condi ti ons of
t he presehiminthelmnventnnnrbeS@n@h@h@v%¢@&¢a§4%ﬂ%i%ﬁ t qbﬁﬁbess 30
According i the ipyention the termpolypeptide refers to a polyner of
ani no aci ds bound together by amide Ilnka es. f t.er rqﬁq:n refers to
the polypeptide speEigsrenli eBOYAr RS dilhk s?%ﬁ i ?dﬁ%€x§ occurring -in

the cells apdybi 9&%{79@' aﬁhufgidﬂﬁgWﬁllﬁl@ 353@9 gamxmr_sle Pebteins may for

exanpl e con5|st of sin ed po] ype y be conpl ex
structures conS|st|ﬁ§gBFena frpre ?%%d%% a#ﬁ%ég% %?ns WO 02/ 50099

PCT/EPOl/lééﬁarmiﬂaﬁhenfoElﬁhengr&ﬁaupleé En@ureghres are provided to

illustrate the present ent nd, ar et f@%@ﬂgegft@e Foradtdde
i nvention beyond theB % ?l%ﬁgwgeghg ﬁpﬁ |% t he cl alnﬁp Figure 1 shows

t he HPLDOpfolided bef@réos- (ExBupyE #EnoYanoRRET#blay ng %?OWEF# 309 (Exanpl e
4). Flgurgegeﬁg9§§ theeresult of the mass determnation of the product of
Figure 1 Igure shows the HPLC profile oi deg olge\ecteds 10 fol ded
hu-1-309 (Exanpl e 4)Flﬂéﬁ§n§tﬁ&PWﬁtheSHE?P F OFetBnt ¥R time. Figure 4

shows the pesuhhightthe 6&S%hed9k©6abaabE0ngﬁréhe product of Figure 3.
Figure 5 shows the reg%hEeog % owWS %Ee result of the mass
15 determination of the product depicted in Figure 3, after
treatment with NEM. No change in mass is observed
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

25 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.



15 determ nation of the product depicted in Figure 3, after treatnent with
NEM No change in nass is observed conpared to Figure 4, indicating the
absence o¥ohr/8®99 SH groups. Figure 6 is a graph of the chpapaEPiig@mebet ween
20 the biological activity of reconbinant 1-309 and the synthetic, folded
1-309 of the present invention. Biologbcal activity was assessed by

bi ndi ng the chenokine, labelled with 1251, to hunan | hocytes. Figure 7
shows the anal ytical FHPuGE pt df $hewsf thosrefiel hret efhe d%{%anpl e 5 after

f ol di ng F Ws LherREepapati MeoHPE{Gprofit e(ofH) t he fol ded protein
of Exa agHEEm§ﬂ§EQQ hows tﬁg result_of fhe mas deternlnatlon of the

purlfled pd@ﬂ@éﬁtéﬁtERanEh% expegpedehBhetTaET niTtHe" expect ed nol ecul ar
wei ght. Figure 10 shows the HPLC profile of the polypeptide of Exanple 6
before S-t-Butyl renoval and folding. Figure 11 shows the result of the
mass 35 deternination of the pol ypeptide of Figure 10 (MeH). Figure 12
shows the HERR@PpESfile of the protein of Exanple 6 after folding,
denonstrating a shorter retention tinme. W 02/50099 PCT/EP01/ 14163 15
Figure 13 shows the result of the mass determ nation of the protein of
Figure 12 EMRAMPLE denonstrating the expected nol ecul ar wei ght. 5 EXAMPLES
EXAMPLE 1 10 Synthesis and folding of Cysl0, 11, 34,50 (S-t-Bu) -hu-TARC
(thynus and activation regulated h%nng;ﬂqg 7 id residue
chenoki e G¥OLEEELFealllnsCaEdBRHPad ¢ A esi zer (Perkin
E|”EV/AB|)J_ﬁg@QsFaﬁG/chdvﬁh&ﬂhSEEWUaaded obbm@t&ﬂghe 15 based resin
ize

functional th Eﬁe qglgmh%glg%ld residue chemokine derivative
was assembled on a 433 A Peptide Synthesizer (Perkin
Elmer/ABI) using Fmoc/t-Bu chemistry and a polystyrene-

15 basged 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 acids 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 deprotection.

The four cysteine thiols were protected with S-
t-Butyl groups and a maximal protecting scheme was used
for all other side-chains : Ser(t-Bu), Thr(t-Bu), Tyr(t-
Bu), Asp(O-t-bu), Glu(O-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)/phenol (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-



hydr oxynet hyl phenoxyacetic acid |linker (Wang resin) on which
Frmoc- Ser (t-Bu) was attached by DVAP (4- dinethyl am nopyridine)-catalyzed
esterifi ow®opmo9The degree of substitution was 0.57 mol BCTYEPOTTH3¢63

synt hesis 20 was conducted on a 0.27 mmole scale using a five-fold excess
of Fnoc-am no acids and DCI (N, N - diilfopropyl carbodi i ni de)/ HOBt

(1- hydroxybenzotriazole) activating reagents in DNF'ﬁghe ggupling time was
about 60 brity Wi ethepeMITRIphGHHENS PHRSMRIGA Ty TPREGEL5Ydepr ot ect i on.
The fOluI‘ cggﬁ@}p@ugmﬁéﬁ, WL €ndtl Oiv@fdfeﬁdﬂl\luiﬂl: hatS’;]eﬁ =Bt \Arigrdoums sand ? )
maxi mal protecting schene S use or_all ather_ siqde:- j : t-Bu),
Thr(t-Bu), Tyr(t- BujDe SH{DREGIHE @Y (5 o%uﬁsso:ﬂ%gq%o%g)lut%%p ( Boc)
., 30 Asn(Taddtid aéTat) Lamehitr g e )redfserl et e Q¥ iarpticaspichg with
acetic hydri de and.Dl EA i catr u Syldii
poIypep??d%gée%?ﬁfﬁﬁgtﬁ?e%1%§§%§6&$3%2$qé%%gfg?uggh§?fﬁﬁ§ freéﬁ?y pr epar ed
m xture of535 JEétnataeid] s (the irdptbpphasandiipeHdeEas .5 (12 : 5,

viviviw, lpr%égoﬁgséé@}ef%ﬁaﬁyéé§-@y hiatlihe- edeavess qpotpeptdde, derivative

was preciprtate irect  filtration, of the cleavage m xture into cold
met hyl -t vw@zﬁseeggcpm@@mg1‘&11%3de%_36r%%t1§ﬁe13@% l‘%\m@gé”aaﬁl the

preci pi tat eypepangted by) wentrpdopediand Ipshied ivedefidth et her and dried
inair. The_ crude product was then dissolved in diluted acetic acid,

| yophi 112 ed111e4PEsBI-vBA"#Hhe50% acetic acid 5 and applied to a Sephadex

G- 50 colum (70x25 cmheupboped5hfaactons werd agaihelyagnledhidse. The

col | ected gactions were anal - Tg&§§ﬂ§ﬁﬁﬁuﬁpqptry and
t hose contaﬁﬁiﬁﬁegﬁg %%§§r% 8p%§§€%%¥i e e%%%ﬁ%lve ( 8,436.9 Da) were
pool ed and259sphi finzedmaprepaldt #i¢ uYYSHC Wi IFOAEHE-. SPRRLSS0Ed ST r act i ons

wer e agai n_¢i,sggl ¥ed i p1 50% aeebE C3 agi phan itk ther i pati faeibyntd oadi ng on
a 25010 v sem prepalatiye Y dag, & cl D o S ER HeT e

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 1mg of 6M GnHCl, 0.1 M NaHPO, 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 GnHCl, 10 mM Na HPO,, 1 mM
Tris, pH=7.2 and a peptide concentration 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 2650 Separation

35 Module equipped with a Waters 996 Photodiode 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



eluted at a flowrate of 3 mM/mn with a |inear gradient 15 of 20-80%B in
60 mn, where Bwas 0.1% TFA in acetonitrile and A 0.1% TFA in water. The
det ecti owoays00done at 280 nm and only the fracti ons cont BCVER@/HIG t ar get
pol ypepti de were pool ed and |yophilized prior to folding. 20 Fol di ng of
the chenokine derivative purified by ®RP-HPLC was carried out by first

di ssolving 10 ng of product in 1ng of 6M GhHCL, 0.1 M NaZ2HPO4 and 10 nv
Tris at p%&x@eépdnﬁd@@ tempeeatol dingf takegzuediateshet §b¢ uEPHR nas

di | uted by add f enbeabionioh 0.6 M
GHCL. 10 APRASRAG e et 2k s be@h;;?i@%e concent rati on of

ing/ M. Folidirndives ofi @i &taé@lrﬁyeédépﬁﬁté9§t 8|fn ﬁf‘pénl‘éo?l(é?a%t tation of
about 20 ”W‘@aQQQEo%QQxEQQ91@Db@@ @xc@sserWi tbie@spadert vattrempepdi de

concentration) and a ual 30 increasin erature {o f ol di ng
reacti on> GEGU¥EEAg %&‘Pgt 2ARes F?ﬁﬁgirgfnu &Y of u?i?:& a%%aggg :
noni tored by BBeHEIxGmeEUw ySiexrsebt2FenmBipsistem, aFrguonghaf, s¥Alt i on aci d-

quenched wi th .acetjc .acid on.a e 90,9epaka 5 g@ Leregdi pped
with a Wat &85 PRGSi%de T4 ?Q%tn F’%et%gct gr§ %EI ESQBeé i §tﬁal ytical

col utm and f@rﬁ@dﬁ@%tea;cét%m 1 I‘HH%P@%W@@?‘Q MWOCP%C‘FIEWREFQrt?n Bmin with

a flowrat %fhel ;% odlmrf' 9 ifet hef %&%&kéBLﬁpraKCWbQZI 50099
PCT/ EPO1/ 1416 orr pondl ng to the fol mgghntermedl §fof t he

t hi ol - @i0s wiiftihg & g A wke E6IFrEL RERBE™t
mcroliter Qfeaatgatdar c’z_\;txeﬂlp@l (Lﬂ].l2f5n mef feimapieniyc sadi.d in  1:2
acetonitrile/ 1% TFA i \Mg erl c‘%dg%%g%rltvac andre anabyzed By

MALDI - TOF nmass spectr yager spectronet er (Pefseptive
Bi osystem tl?rfealmﬂenghﬁ&ald‘@g) oﬁcnhqomﬁehsmrtth imventrioge wasa®er Lo¥Besiof f ol ded

ol ypeptide for t r cQnrespan to that of
ol ypep cﬁﬁ%s h 411{51 Q:k}%?ak(ﬂmq:%ll\ﬂélt Qnrespongded]

t he fol ded 35t fure% her "chec by reaction 10 with N et hyl mal ei m de
(NEM t asdettest. t 7 pr exleiice, of996&)ree thiol groups (+125 Da for every SH).

Human T cell lines, Hut78, Hut 102, and Jurkat,
as well as fresh monocytes, neutrophils and lymphocytes
were assessed 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

Synthesis and folding of Cys'®3?*:%°(S-t-Bu)-hu-TARC and
Cys!t 350 (g-t-Bu) -hu-TARC

30 The gynthesis, purification and folding of
Cys™®3+%0 (g-t-Bu) hu-TARC and Cys'***%(S-t-Bu) - hu-TARC
derivatives has been conducted in the same conditions
adopted for Cysgl®11:34%0(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.



The bi ol ogi cal activity of hu-TARC obtai ned by the nethodol ogy of the
present invention was perforned according to the Imai nethod (T. Inai et
al ., J. BVOb2/500¢% Chem , 271, 21514, 1996). Human T cel | PCTVER)I/HWE378, Hut
102, and Jurkat, as well as fresh nonocytes, neutrophils and |ynphocytes
were assessed for their migration acrd8s a polycarbonate filter in
response to TARC. No chenotactic response was 20 elicited in nonocytes or
neut r ophyl s, neither by TARC prepared by chem cal synthesis nor by
reconbi nargxm In T cell lines Hut78 and Hutl 02, synthetic TARC as wel |
as reconbinant AI-%C i nduced mgration with a typical bell-shaped curve
with a maxi mumeffect at 100 ng/m. 25 EXAMPLE 2 Synthesis and fol ding of
Cys' O 34, 50, {SidgiBl)andh ETARGIand @xsT1°°34-B0a) (M1t TARE - hu- TARC 30 | The
synt hesi s, purification and-.fol.din P ; nel fo3dtinBu b fhayEARC and
Cys11, 34 50 (S—t-Bu)ﬁle W&Kﬁéléde%?‘%faﬁﬁl\%%%égégeen .con Egt edw;Yn t'he same
condi t i ons* sagoped HorTABG e iy a4, 5D oS tC-O@l%u%@-dTALﬁct?ﬁxe?ﬁB‘lee 1), the

only difference heing & he,Jric Pl ecidodnmaEQueplland 3@ Qys'sxasgspectively,
whi ch was T@noved concomitant | y 1o cleavage of .the rPQ{yp\SHgl?ewa‘?é ecursors

fromthe riesin botfhelys'el aadofYPI nYPTROPHRB SChefroRY nes . has % and. 79%

respect i vel ¥,y 024 % IRCTE EROL/ AL A3 ol vasAVBL EFER Sytenédied dand

fol ding of Cys 34, 5%@% -Bu% -hu-T. RanW;I;he synt hesi s, purification and

f ol di ngl®f oBysolded IR e Ii\é@“ eriVative was conducted in the same

conditions of the derivatives of Exanple 1 and 2, except that both Cysl0

and Cysll PLo ected by Trt, which was renoved during the final resin

cl eavage b%. The yield 10 of folded product was about 75% EXAMPLE 4

Synt hesis and fol ding of Cysl/, 11, 26,34,50,68 (S-t-Bu) -hu-1-309
Svnthesis and folding of Cygl0 11,26,34,50,68 (g t-Bu)-hu-1-303

15 The synthesis of hu-I-309 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 (Boc) Wang resin (degree of substitution 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-HPLC was carried out by dissolving 65 mg of product in

25 60 ml of 0.6M GuHCl, 10 mM 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 isolated by RP-HPLC

30 using a 250x10 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 yield of final

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

recombinant protein (fig. 6).



15 The synthesis of hu-1-309 containing 6 (S-t-Bu) protected cysteines was
conducted on a 0.12 mmol e scale in the sane conditions as in Exanple 1
usi ng a Moo02/5d0ys( Boc) Wang resin (degree of substituti onPOf/ER01BH163MOIl / Q) .
The resulting polypeptide-resin was treated as 20 described for Exanple 1
and the G50 purified material was futPher purified by loading on a 250x10

mm Vydac C18 «colu s, sho in Fig. 1 d 2) Folding of the chenokine
derivative purifiegﬂﬁ%ﬁyﬁﬁSJ ﬁf&hﬁ&@agagr?ﬁﬂyow SerH¥%gBF9iH§l%% ng of
product i khe25o80omwlingf cOnMGoHEl, 10 nM NaHPO4 and 1 mM Tris at pH 8.0
and addin ei a opcent r at{ d nolar excess with
respect tgogﬁghbeﬁﬁﬁdgsaTﬁe@bgl&%eBY?gggﬁé%gg%%%L was left at 37C for 4
days. Aft¥PPaépdn QF?On-AwFth0¢éAHﬂhé3¢kﬁﬂﬁ@d mat eri al was isol ated by

RP- HPLGs 30 usi ng a 250x1Qosmr ¢ GkEreol uim (as shown in Fig. 3 and 4).
Compl et e ﬁ sﬁgine_pﬁirin was Thecked by nass spectronetry after reaction
with N et %F‘ PBFm be ¢ SIERBR MYF | hePeased vk BB 7 REIm IR i ng
absence obeteetort htot gmoups (as shown in Fig. 5). The yield of final 35
fol ded chenoki ne was al nost 250. The synthetic, folded, hu-1-309 showed a
bi ol ogi cal activity equivalent to reconbinant protein (fig. 6). WO

02/ 50099 PXAMERB1514163 19 Anal ytical chronmatography was perforned using
the fojdow ng conditions: Colum: C18 250 x 4.6 nmm (Vydac#238TP54) NMbbile
phase: A = 100% H20O 0. 1%9FA 5 B = 100% CH3CN 0. 19%9FA G adi ent: B%
conposi t i BRLEQE? L@ pe ehr Dhagned b srasct@Grtermignalm EXAMPLE 5 10
Synt hesi sfafgméef di ng of Plasnodi umvivax Gtermnal fragnment The
synthesis and purification of Plasnpdi um vivax circunsporozoite protein
(PvCS) 303-372 COﬂt%?%i%XFtheSls and purification of Plasmodium

vivax circumsporozoite protein (PvCS) 303-372 containing

15 4 (S-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 GuHCl 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 cooling 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 bf 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% H,O0 0.1%TFA

B = 100% CHGCN 0.1%TFA

Gradient: B% composition is reported on the chromatogram

Detector: 214 nm



15 4. (S-t-Bu) protected cysteines was conducted in the sane conditions as
in Exanple 1. Folding was perfornmed by adding 27 ng of peptide in 2.7 nl
of 6 M GWC22/609D. 1 M Tris buffer, pH 8.5. The sol uti on RaFERIXEW63f or 10
mn. Then 13.5 m of 1 20 mM EDTA, 0.2 M NaCl buffered at pH 8.8 in 0.2 M
Tris buffer were added. Finally 10.84 of 35 nMcysteine in 1 M EDTA,
0.2 MNaC _buffered at pH 8.8 in 0.2 MTris buffer were added. The
reaction ME3RMFPEEWAs brought at 370 C. The fol ding reaction was foll owed
on reverse phase 25 HPLC to conpletion (3-6 h) (FI g 7A) and the reaction
stopped by. cool i ng Je f ol L Dbq:ad di ti on of 10% TFA
at 4 C to T¥ach ] 19 A 106 TFA). The
pr oduct ' verse phase HPLC (Fig. 8) 30 and

the rrasdsf,Othef' naf. _galggélcgcgféeé el £ha Pri (MG df the final
oxi di zed product was 7 Ana| |caI chr omat ogr aphy w(a%lfgoerfor med using

the fol | owkhasSmehim | Mﬂlm«l@%{%@@ SR{ARFdt P52~ 35
Mobi | e phases) AcondHDNAR QDL 1% FesBc B0 D. cvéﬂra&r@sad:mt B%

conposition_is re orted on the c mato ram ector; 2/ 50099
PCT/ EPO1/ 19163 ¥ @&W&é 6“La"r [&ﬁE % afn&r% ci" &g og

Pl asnodi um aé aémearum Gd erma rmtdflla)gn@m:egﬂ: Kdrarge s‘iniule)mm hesi s and
purifi i on of ?f H?] prot idJ¥ (PfCS 282-
383) cgla[% ai ni ng onl ;’?ﬁgﬂ) ‘%ﬁl} Q%&?{%%eg% %@%ﬁ%ﬁ&o 1 ge was conduct ed
in the sanpacondliy aperasied Bppie 10 ¥ d strdwf in 1"F|C§{3C@@Nﬁnd BH) except

for the fojlew pg.nd&: Rk Ng ﬁ@éep@ﬁ@ém@ttwtdies%wl Toule f@r0f
partially purified peptide in 1.0 L of 0.1 M CH3COON

addi ng fr eBhe yEeRFRECR gHHE ¥ WAHgbttatned Ble 3%adt |dd'ﬁf3rﬁ9§<t]1ﬁ & wa
mai nt ai nedrigé Brodudtirid® théed.purified by reverse phase HPLC (Fig.

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

Wi t hout

the following conditions:
Column: C18 250 x 4.6 mm (Vydac#238TP54)
20 Mobile phase: A = 100% H,0 0.1%TFA
B = 100% CH,CN 0.1%TFA
Gradient: B% composgition is reported on the chromatogram

Detector: 214 nm



The product was then purified by reverse phase HPLC (Fig. 15 12 and 13).
The yield of the final oxidized product was al nbost 37% Anal ytical

chr omat ogv@ptisoowas perforned using the follow ng conditi POVEP@ol4u63n: C18
250 x 4.6 mm (Vdac#238TP54) 20 Mobile phase: A = 100% H20 0. 1%FA B =
100% CH3CN 0. 1%dFA Gradient: B%conp@sition is reported on the chromatogram
Detector: 214 nm WD 02/50099 PCT/EP01/14163 21 CLAIMS 1. Process for

fol ding chenmically synthesized polSe¥S des, conprising treating a

pol ypeptide and/or 5 protein that conprises two or nore derivatized
cysteine residues wth a reducing

nt in a.foldi hier: ing a
predet ermi ned pH and- tRFRESHE TS fzoétg%rr&%ecrs}ée“gscacﬁa{]% Ltihr?%{:lzﬂ 1, wherein
the der ié@i%%f&@&,ﬁié@n@mm eosaesppralPalySucdd AHY/EeT 10 cyst ei ne

T Pr

resi due. ocess as claimed in claj r Lhereld otdeeireduci ng agent
i s cystiiPEOtin PrladleseOHRE LT ET n%“épi(%rc %rlér)n%griz%ioggss&ﬁcf%gr ein the foldi ng

buffer coppgigessonetiora meducilsy c@g@lﬂojpmcasfﬂ A9l ai med i n

claim4, wherein the. r opk ¢ @bt sa@kL= chosen fromthe group consisting
of guani ﬂiBﬁ?@ﬁF%W‘ﬁréggﬁgéu%g% %%Pr%cess

[ cl aj med_.i iim 4 or 5,
wherein 20 the chadtrBpbeesal 28 ??ﬁa%ﬂ%dfb’ild‘%ﬁﬁl%ﬁjfTeV&eaIPeeﬂ ?de}g%ent in a
concent r af E??vQE'Q é dyM e Tne Progeaseagoct @speads nt@ny-oity A HEC1- 6,
wher ein t he he tof ing buffer has an alkaline pH 8. Process as clained in
clai m¥0 wheEeilnct KES128%pH |ies between 7 and 9. 9. Process as,clained in
claim7 or 8, wherein ptbeephH hieslbétwdehn7chpgmgl 5or 2, wherein

the reducing agent is cysteine.
4. Procegs as claimed in claim 1, 2 or 3,

wherein the folding buffer comprises one or more

15 chaotropic salts.
5. Procesgs as claimed in claim 4, wherein the

chaotropic salts are chosen from the group consisting of

guanidium chloride and urea.
6. 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. Process as claimed in any of claims 1-6,

wherein the the folding buffer has an alkaline pH.
8. Process as claimed in claim 7, wherein the
25 pH lies between 7 and 9.
9. Process as claimed in claim 7 or 8, whereln
the pH lies between 7 and 8.5.
10. pProcess as claimed in any of claims 1-9,
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 polypeptide that

comprises two or more derivatized cysteine residues;



10. Process as clainmed in any of clains 1-9, wherein the tenperature of
the folding buffer Iies 30 between 25 and 40C. 11. Process as clainmed in
claim 10,wohzs®dn the tenperature lies between 27 and 38ECT/ER0I/RIEGCESS as
claimed in claim10 or 11, wherein the tenperature is about 37 C. 35 13.
Process for the preparation of biologiéally active proteins, conprising

(a) chemcally synthesizing a polypeptide that . co ises two.ar nore
derivatized cystei ne(®edir@addnane2asy @@gg@e@ﬁfﬂ@PUgE%4T6§ed§§ng) treating

sai d pol ypgpidde id Ea diedueiutd e ragenti nigh sa prelidicegmbutfiepihavidng a
predeterm ned pH and tenperature; and (c) purifying the obtained fol ded
pol ypept i FEIPE aitior teins. 14. Process as clained in claim 13,
wherein the derivat{@eduyisyeinge thesicdre iced Eoperds PP YRSBEBGEY! -

thi o-cysteinge residue.. 15. Process as clained in claim13 or 14, 10

wher ei n%t r?éwre/eotfﬁié%{:e&geésgt is cysteine. 16. Process_as clainmed in claim13,
14 or 15, wherein t¥e fRAICHSTF B FErRIEWHAYs & 23He 1ar &8 56Er opi ¢

salts. 17.58rpeess, a8 &)Admit ik Llrienclrraspenasn tohe Stbutlydetropic salts
are chosen fromthe group consisting of guanidiumchloride and urea. 18.

Process as e fEF$HCIGHS or 16, wherein the chaotropic salts in the
fol ding buffer are presenfoddass 26 alcdneehtimatdlediwofl300k- 14M  19. Process

as clained.in an f clalns 13- rej he folding buffer has an

al kal i &geﬁﬁ?e%gﬂ%bece%%d%sm aa}]q%élCF ﬂr%’ec a#n%tl . wherein the pH of the
folding buffer |ies betiberecssand 3:lamegy irprdedss 1ds difai9Fed i cl ai m 20,
wherein tQﬁnerein the folding buffer comprises one oOr more

chaotropic salts.
17. Process as claimed in claim 16, wherein the

15 chaotropic salts are chosen from the group congisting of
guanidium chloride and urea.

18. Process as claimed in claim 15 or 16,
wherein
the chaotropic salts in the folding buffer are present 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
pH 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. Procesg as claimed in claim 22, wherein the
temperature lies between 27° and 38°C.

24 . Procegs as claimed in claim 22 oxr 23,
wherein the temperature is about 37°C.

25. Process ag claimed in any of claims 13-24,

35 comprising the steps

(a) assembling S-t-butyl-thio cysteine

polypeptide on an insoluble polymeric support by stepwise

chain elongation;
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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.



