WO 03/ 070764 PCT/ EP0O3/01745 1 METHOD FOR PRODUCI NG | NTERFERON Fi el d of
the invention The present invention relates generally to nethods of

pr oduci ngworierd7es on pr ot ei ns conpri sing one or nore cyst ®CAEPIs/egiBlues and
two or nore pol ypeptide subunits, by chem cal 5 synthesis. The invention
further relates to subunits constituting the interferon proteins and to
their use in the production of biologi&ally active interferon. Background
of the Invention 10 Interferons are single-chain grotelns rel eased by

cell's invaded by viruses M5THOR, FQRn PBPREFIYGHINIRREERON| nt erferons are

presently grouped into three major classes, designated |eukocyte
interferon (interferon-al pha, al pha- interferon, |IFNalpha, nolecul ar
wei ght 19EEET_ap§LbhﬁanE£g_15Q165 anlno acids), fibroblast interferon
(interferon-beta, , beta-i rferon a,. nol ecul.ar mel 19KDa,
approxi mat el y 165° Fes Jél%%% 1 HEETE nerelblafteér% SFBIT it & gnregcﬁmdgm%g
ganma- |ntpmbenemnglEhkgaﬂaaonnpi@tedﬁg dwmgﬁﬂsikkkﬁﬁmaQﬁpmﬁﬁkﬂ&@%kﬁlbéo
residues). 20 The known | FN-al phas contain two disul fi de bonds, the

| FN- bet asTESREEPR BRE BVSUPY | Ber®oRRlL YRERE F PN S Sha Ry rderdicsd! fi des.

These di SH&BtﬁésPQ”d%ér?n@@ﬁ@F&bﬁ’u%@@tf&%’&fs dde Hdarghai ns of

cystei ne résidues. For exanple, the am no acid sequence of mature
reconb|nanpnsﬁmkatpha ﬁheonmaﬁnéeﬁﬁnqgsmzﬂxmﬁraﬁd(hnxthﬁlquuaa|L@n$h£, 29,

98 and 13 %rann gec la dISU ; i de bonds. rmed between the
h qbéi e

cystei ne PeSfHGEsC3t “politT3AC Bhd 98 VS H''the cysteine residues

at positions 29 and 138. Interferons have a variety of biol ogical
activities 30 including antiviral, inmunoregulatory and antiproliferative
propertle@é95ﬁé—éﬁér—§hEg%L%¥%$ﬂ%¥9%reat i nterest as CONFlI RVATI ON COPY

10 Interferons are single-chain proteins released by
cells invaded by viruses or certain other substances.
Interferons are presently grouped into three major classes,
designated leukocyte interferon (interferon-alpha, alpha-
interferon, IFN-alpha, molecular weight 19kDa, approximately

15 165 amino acids), fibroblast interferon (interferon-beta,
beta-interferon, IFN-beta, molecular weight 19KDa,
approximately 165 residues), and immune interferon
(interferon-gamma, gamma-interferon, IFN-gamma, molecular
welght 17kDa, approximately 140 residues).

20 The known IFN-alphas contain two disulfide bonds, the
IFN-betas contain one disulfide bond, and IFN-gammas have no
disulfides. These disulfide bonds are formed by oxidation of
the side-chains of cysteine residues. For example, the amino
acid sequence of mature recombinant IFN-alpha A contains

25 cysteine residues at positions 1, 29, 98 and 138.
Intramolecular disulfide bonds are formed between the
cysteine residues at positions 1 and 98, and between the
cysteine residues at positions 29 and 138.

Interferons have a variety of biological activities,

30 including antiviral, immunoregulatory and antiproliferative

properties, and are, therefore, of great interest as
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WO 03/ 070764 PCT/ EP03/01745 2 therapeutic agents in the control of cancer
and various viral diseases, notably Hepatitis C and Hepatitis B. Thus,
there exwetog/oameed for nmethods that provide for an effi @CamPos/prieziuct i on
of interferons for use as a therapeutic. 5 Current commerci al nethods for
the production of interferon involve the synthesis of reconbi nant proteins
in bacterial or manmalian cells. For e%anple, interferon-alpha is

pr oduced ﬁg%harvestin bacteria containing a plasm d encoded with the gene

for the i NteFFRFBNEGI PR 1T otei e £QPLroly Hes@idsed and ¥STEorE0 VoL
US- 6, 005, 875ca 884, Hoshahiy Kdpamai 4Q ARB HlR86)-i sTRe hacker kg cant aining

the interferon plasmd is then induced to synthesize interferon-alpha, and
at the appropks at ene¢delehanediods arel yswdigled fidre acortfdiitcs ensf t he cel |

col l ected,,. Jhe-i rferon- i ent in _15.reduced.form and
contaning?gd wftﬁéﬁaég %@%%$ﬁ%$%:%fﬁés§¥ﬁi§s @r% §rﬁP€P%%§'is subjected to
conditbons to oxiCuzeehhecornyst@idle metiatite £ dro ther mrickiedtwenspeci fi c

disulfide.bgnd essentiﬂl fqi biohﬁggcal activity. This mxture of native
i nt er f er oh? At 5B dBY ThYRrTAT o1 HAtE Titfe Bt HECEOHPERs PEPE2A Fhércel |

| ysat e arpatheni subpechsnd Di h S&1185. Gor RIWEfJ16at 'i%%etr%QBhQHQEhEO obtain
purified interferon. Nevertheless, the bacteria that produces the desired

i nt er f er oh®S pPERERFEAreY | hax e el v thaqirestiei monsiaigiimial ar plsispésd and char ge
dlstrlbutéggéde@npi{%e§ﬁéc éﬁéﬂ@ggﬂﬂgg;#ﬁ%éyfgfgdyaﬂggésﬁ%g%egur|f|catlon

process expensive an soneti mes i nposs e to per Chéut " ert Her an
unacckdt atkt ectbssd ofn t e Besl ¢ g2 1 ntUsr-faEromsd , @76t eiamdoHocpu@sencainf a

contam naj in ot el ns. aehelin et al., J. Biol. Chem, 256, 9750-9754 30
(1981) de%%??%@% {ﬁ%gi%eEQF%t BT & SCOHGRARE itheeiPErPSHST8Ppha from E.

coli and phespudifs caidon ofudde weldydtrsaties iwsiangermuaeahhi nkhy col um
chromat ogr aphy where the col um

at the appropriate time the cells are lysed and the contents
of the cell collected. The interferon-alpha is present in

15 reduced form and contaminated with many other proteins. This
crude mixture is subjected to conditions to oxidize the
cysteine residues to form the two specific disulfide bonds
essential for biological activity. This mixture of native
interferon, mis-folded interferon and the other contents of

20 the cell lysate are then subjected to a series of
purification techniques to obtain purified interferon.
Nevertheless, the bacteria that produces the desired
interferon protein are littered with proteins of similar
sizes and charge distributions, and these contaminating

25 proteins make the purification process expensive and
sometimes impossible to perform without either an
unacceptable loss of the desired interferon protein or
presence of contaminating proteins.

Staehelin et al., J. Biol. Chem., 256, 9750-9754

30 (1981) described the preparation of recombinant interferon-
alpha from E. coli and the purification of the cell lysates
using immunoaffinity column chromatography where the column

resin is derivatized with a specific antibody that binds the



resin is derivatized with a specific antibody that binds the WO 03/070764
PCT/ EP03/ 01745 3 interferon-al pha. Wiile the imunoaffinity colum used in
the Staewelodn7amet hod sel ectively binds the interferon-al peaEPpsie74ost of

i mmunoaffinity colums is high and the useful life of the columm is
limted. 5 A particularly difficult contamnant fromthe reconbi nant
production of interferon-alpha is the i m er f er on- al pha product conprising

an added i Qi _at, .t he termnus. This _contaminant is difficult to
renove dug?%%r%%ﬁgﬁf%&gkﬁdnw%éESU i {TPENQRE S I FAr CROBUTMt eFE@roh-Hipha i n

10 char ge Stsiebe landmbehbidaky 18EENGEULED i 15 OVRE CPHFeIfPé:?OIPI%}%n chul i
(1986) was onl% able to renoye this contam nant by using i noaffinity
chr onat ogF&EShy CAnd " FHPEa Ladai t¥ oRalUMpEr i 61 khgh oPndt elps . usefadditfeoms t he

use of i mrmeoabiiphtY¥s ¢olurag to purify the reconbinant interferon-al pha
introduces 15 the risk of contam nation by viruses or by nurine
i mmunogobul i n i n heatiaghlprodudiffTouayotont el expenseomntchaf or ement i oned

pr obl ens L ' imunoatfinjty_chromat ography it was founbd
necessaryrgﬁgﬁégggggog%%gugn oﬁt?%ihn ?XETF?nr%EEE% 1D the Do-erfianast ep
purificat rRdphprpcedurescohput sdhff enheatidaet hodsi i neach Gasq)~ It has al so

been reco gized in t?15,935 566 that reconbinant interferon-al pha m ght be
unst abl e daFiMAgSst SPaGeCORbATI PR ENLE, dbhEl @okpdrenterafve bimifor mul at i on,

25 EDTA (ptRykenetdbanbaeahstr g acgt atel; wes - event , the.
formation of visible particulate matter in §%%3#?§%?%%¥63936ﬁ%p “ond. This
benef i8i afFP8FPect S6ECERTA terpiesunedricturesuld draamdiies t3niay en@nIGnof

chr omat o0t S5k o Barr Ty 30 PAEL et OrtpriT e VE [ er ARt 1908

Thus, it usingvigewtothainirapycipr ot esradiy lareXirdd 48 flgRar ati on of
purification steps. In addition, the use of immunoaffinity
columns to purify the recombinant interferon-alpha introduces

15 the risk of contamination by viruses or by murine
immunogobulin in the final product.

To avoid the expense and aforementioned problems
associated with immunocaffinity chromatography it was founbd
necessary in US-5,710,027 and Ettlin et al., (1999) to use

20 multi-step purification procedures (four different methods in
each case).

It has also been recognized in US-5,935,566 that
recombinant interferon-alpha might be unstable during
storage. For instance, one component of their formulation,

25 EDTA (ethylene diamine tetra acetate) was found to prevent
the formation of visible particulate matter in solutions of
interferons. This beneficial effect of EDTA is presumed to
result from its scavenging of trace metal cations such as
Cu?*, which is used in metal chelate chromatography to purify

30 interferon proteins (Ettlin et al., 1998). Thus, it is
evident that many problems still exist in the preparation of

highly pure interferon from recombinant proteins.



hi ghly pure interferon fromreconbi nant proteins. WO 03/ 070764

PCT/ EPO3/ 01745 4 Various nethods for the chem cal synthesis of

pol ypept iwed3argedescri bed in the art. The npst common nePk®EPIS/Er743 he
preparation of peptides is by Solid Phase Peptide Synthesis (SPPS). In
this method the peptide chain is built by sequential addition of am no
acids to a nmacroscopic, insoluble support. Addition of each am no acid

requires two reagtive steps, the_ deprotection of the N-term nus of the
resi n- bound pepti rh?fﬂisalﬁ%lé?%%nf%‘? e RIS Eesdm 96 group by the

next, N- pp@l?%éﬁﬂid@s ah phagast i mad 8di 2o AGl d.orl0 e gach %%%Boaxcess
reagent's and E%products may be renoved sinply by washing the polyneric

resi n. Onéert ke deseparatseryuehceeniidddd-chal Firict Steed &epnddaci ds has
been assephle e j dep i s f the resjn wth .concomtant
removal of Wt?tegss%%efgﬁ]g%’n' pIr%ttefg ?efﬁg{ee%‘roo%%;ﬂeaﬁ’aepf&d&uﬁ ied y%ullfLrlt

r ever sed- phaseqdPhiCi § RPadiPLiC) ororodtdmeimaretdiatts toMal etacaioesdopawn in the art.

D fferent, net hads of appl yi this general principle are known. The two
nost combn° A lgbf%esu%‘g‘gr%lt nzg%qjytfjo%coaﬁ]tﬁﬂﬁﬂ SRR 2CLE8EF Bt SPnbEO( 9-

f1 uorenyl pxycal bonyteps| etis @k Nakle,onl 9F0): HeL GRIGHE S 2@ snaped af ter
the groups used to protect the N-al pha noiety of the C activated am no

aci ds. ThES&bdveoprdcesrtide whlagyleftian aft ther neselteyit Hesies anfinshor t
L0 el uTHLSROU PERL lose HUBKSIC R MAiPE RiCesSES LpERRIENLS

comonl y enployed, reaction s dre l'ess than 100% an
speci €§ Afcanmiatle opep hexcess redaamtexaml eayprmdsynishesiyz®carpeptvede of

50,1 o1 el PO o8, A0 SBEL e ahone, o very g X Sl Bren 11 the
pepti de vestdees obt as Ne@s-ch4t B0 st din ddied iaralisChaavagenst ep whi ch
al so renoves Iﬁé‘feéigﬁé cgagindepriot ecltei rlrg O?rfq:ups t%%n rger]erat'e speci es which
can nodi f§Sse pep s cleave om esin with
concomitant removal of the side-chain protecting groups and
15 purified by reversed-phase HPLC (RP-HPLC) or other methods
which are known in the art. Different methods of applying
this general principle are known. The two most common are the
Boc (t-butyloxycarbonyl, Kent, 1988) and Fmoc (9-
fluorenyloxycarbonyl, Fields and Noble, 1990) techniques,
20 named after the groups used to protect the N-alpha moiety of
the C-activated amino acids.
The above process is usually efficient for the
synthesis of short to medium length peptides. However even
with the excesses of reagents commonly employed, reaction
25 yields are less than 100% and the unreacted species
accumulate on the resin. For example, to synthesize a peptide
of 50 residues requires 100 reactive steps of very high
yield. Even if the efficiency of each step was 99% then
effectively none of the target peptide would be obtained. In
30 addition the final cleavage step which also removes the side-
chain protecting groups can generate species which can modify
the target peptide. Following the cleavage of the polypeptide

from the resin with concurrent removal of the side-chain



the target peptide. Follow ng the cl eavage of the pol ypeptide fromthe
resin wwth concurrent renoval of the side-chain WO 03/070764 PCT/ EP0O3/ 01745
5 prot ectwo@3grooaps the desired peptide is initially obtaPocg@®Poertsam nat ed
by shorter peptides (deletion or truncation sequences), sonme of which have
physi cochem cal properties (size, charge, hydrophobicity) very simlar to
that of the 5 target peptide and fromwhich it can be very difficult to
obtain therd si%ed peﬁtide %B pgre,fornl Thus, as the  pol ypeptide sequence
becones | 6AGer- 9t EhG8PP0HE PRt eI HYF Y i ¥F i Kt tialdl bR adyrfichesi ze

and purifyohhemidestaedysenvense HO0Di&E N(dd1din Pt ast ical auantjties. It
is 10 generally accepted that the synthesis of polypeptides |onger than
about 50 SAFHENSGEFds, SPREUGR Pbsshblhave ighYsicdemnicputimeqcdee. g.

. . 9.
e Chom ea 339 B EIRTTH000) e PR T e s ke

st epwi Se §pnohéspspandéSandpfacthi glal cloomrera dbe apprpabiF fiedle Hr oduct i on
of | arge o %g&eigﬁ auch aé interéeron roteins. In order to overcone these
limits to Phe fehGEn Cot  pepPrREs pr oduci bt o By SBESS ¢ Gl difent ar y

t echni quepohgpepthaensdeuehepetec&lies Ntei@st, 110 tthe dy @5ende i Nvention are
20 processes by which fragnents of a protein may be synthesized using
sol i d phasBCEGAPRRELY dhiifieht coabreldd v thmsiacthend wurifengthle prot ei n.

ghus, DawsgnietgakequekLENES. %Q@Qi'n 7:'L71[6.'ir?7&a(c;t9igc®l %Jq;ln 8,184,344
escri be the use of 'native chemcal Tigation to conblne tw sections of a
| ar gefOpr 6eapRa2byt actephed thht tremgtiniprotiel mf B iybeptirtdsodonger
B 170, a3 SEPRE PERET thea Rt FueTiah G TIGA] orF BACEREn 15 carrod
out to |igateinefisse pegtidechoidodedr drhe dider mnal. psirduerics.a Cys
with a reduced sulgggggyi 3?9ggietgf_mﬁth a second peptidé, in mhlch_the
aIpha-caer? bafe { )y ik et al., J. Org. Chem. 65, 3829
3835 (2000)). These inefficiencies make stepwise synthesis an
15 impractical commercial approach to the production of large
proteins, such as interferon proteins.
In order to overcome these limits to the length
of peptides producible by SPPS, complementary techniques have
been developed. Of interest to the present invention are
20 processes by which fragments of a protein may be synthesized
using solid phase synthesis and then combined to form the
full length protein. Thus, Dawson et al., Science, 266: 776-
779 (1994) and US-6,184,344 describe the use of native
chemical ligation to combine two sections of a larger protein
25 to form a full length protein. By this method, polypeptides
are prepared in a range of lengths, including 11, 39, 72, 99
and 110 amino acids long. The native chemical ligation
reaction is carried out to ligate a first peptide, of which
the N-terminal residue is a Cys with a reduced sulfhydryl
30 moiety, with a second peptide, in which the alpha-carboxylate
has been converted to a thiocester. In aqueous solution around

neutral pH the peptide-C-alpha-thicester can react

chemoselectively with the N-terminal Cys on the second



has been converted to a thioester. In aqueous solution around neutral pH
the peptide-C- al pha-thioester can react chenpselectively with the

N-t er m naWo@ps7wm t he second WO 03/ 070764 PCT/ EP03/ 01745 PETmEPpsAesto form
a side-chain thioester-linked intermediate. This spontaneously undergoes
internol ecul ar rearrangenent to forma pative peptide bond at the ligation
site, and to regenerate t he sulfhydryl group of the Cys side-chain. An 5

advant age te qelsth tldeE5 ments are fully
depr ot egteF%T etﬁcuscftal);yén lr% GHIOY chla& ghgﬁgfﬁgr uBbEe 1RBPYBRtsabsed to
purify thémlamlqumUadeusg@t odesgeps iNevembhekbassr KeAkr&hg@hent 1995)
only teacqfthe | nethod to formproteins as |arge as” 110 am no

aci ds and nl%gll %Ppﬁrp&léile §°§Glcﬁta§gﬁuﬁrﬁﬁai:ht3@rﬁeten ahghae conpri sing
165 ami no r@(yedlerréf’dedlt@@ sﬁllflh@dt 341 groah ?gt LyE € Pgngggé (l:hgatl o was the

requi renent_for a Cys at the erm nal erm nal
fragmem . 2FyaE€9€oRE thils ltemhraoiieniandheb ahéopeliﬁldiegﬁta@merbl&ivm

t her resi il r S e_bee scl 9 ed These bear (3-am no
Chi'ol s, o g Tou bt ohr ket aB® P a o R3O e ot Ges e
Kawakam eolalenter gsedLetot pu31f§z468e(n26661)1ﬂrtgeam@g)ti<moé§e e.g. Canne et

al ., J. 891 (1996 In order to regenerate the 20
native re}sﬁ:ﬂn ert%mlfeﬁ’é I%E‘?‘ g gltel @ﬁ%géuxi’ﬁéﬁ/e%‘é@p’?m%ehl%tm ety

al | owi ng ﬁb&&%ﬂQQOOEo&hEpaﬁﬁbhhﬁrXsfEQ Lhespepi Qﬁ no & QXa 4 rong aci d.
Si nce _t he d| scl osure of the techniq native em ca |ga 1on, it has

been dded? PFS&&eHFP?etlﬁsnﬁlééhzgsphemennsntQhéeMy@bgma,desompﬂmnﬁﬂ by this

t echni que 1gie i y resi dues long (e.g. SDFaN33A (68 residues),
eda et al o gmiB: fehy rggléé‘g "24966 (1997), Egiin C (70 residues),

W-Y. Lu et al., Bi dm;mertnats@n 8575at2@@0¢h@rnﬂcabali@@teic(ﬂmg egidues),
US'6’184’§é%hirgﬁgn£0@ggsg Cys at the N-terminal of the C-terminal

peptide fragment. To overcome this limitation and to allow

15 1ligation between other residues auxiliary groups have been
disclosed. These bear B-amino thiols, e.g. Low et al., Proc.
Natl. Acad. Sci. USA, 98, 6554, (2001), Kawakami et al. Org.
Lett. 3: 1403 (2001) or g-amino thiols, e.g. Canne et al., J.
Am. Chem. Soc. 118, 5891 (1996). In order to regenerate the

20 native residue at the ligation site the auxiliary comprises a
moiety allowing cleavage of the auxiliary from the peptide,
e.g. by strong acid.

Since the disclosure of the technique of native

chemical ligation, it has been used frequently to make

25 proteins. The polypeptides prepared by this technique are
typically 70-110 residues long (e.g. SDFaN33A (68 residues),
Ueda et al., J. Biol. Chem. 272, 24966 (1997), Eglin C (70
residues), W.-Y. Lu et al., Biochem. 39, 3575 (2000) and
barnase (110 residues), US-6,184,344). The longest

30 polypeptide that has been demonstrated to have been prepared
in high purity by native chemical ligation is human type II
secretory phospholipase A2 (124 residues) (Hackeng et al.
Proc. Natl. Acad. Sci. USA, 94, 845 (1997)).



30 pol ypeptide that has been denonstrated to haveIFeen pre?ared in high
urity by native chemical ligation is human type secretory .
Bhosp%ol iwavs/ 02264 124 resi dues) (Hackeng et al. Proc. NaPCI/ERox0L745Ci .
USA, 94, 845 (1997)). WD 03/070764 PCT/EP03/91745|_7 I'n orﬁer Lo pr oduce
even |onger proteins sequential native f£hem cal ligation has been
developeg (Fgckeng et al., Proc. hbtl.’ﬁcad. Sci. USA, 96: 10068 (1999)).

is techni uses Lon ative chemcal |igation, but
(hroe 6 or more tragmocts o BrCaatenty N yorPEa: SIS TbHAt erdeaet i ddl o
f ragnent s "édipei shegiisetlh lag&tabphaathbeest eevandpaa (fﬁ\éé]@éﬁr@é Lys

resi due ha protecti.ng g p the side chain or Nalpha of t
Cys to ppgégﬁf ﬁ%gﬁﬁeéfﬁ e FSECtﬁﬁé'mggh FQQQ?f(%%9$b%n1%b%@cﬂ¢QhTKg%§dflor
W t h ot heuses0timl eamkesecatttiBe é@”ﬁaﬁ@ﬂéeEHleébi(ﬁfﬁéﬂiégvmﬂikl ngé?- y
t he pr et ect used was the aceton donet hyl group, Acm eber e

J.

al ., Aﬁhr' %ﬁé%r %gemegﬁ.s 54565¢4992%abtyt hbgaeedhyt ear floswy) The

I e : ) ept | Protein Res., 7 : 295
eubyLoxyeasbany sCTangatactorbes il ndey FepLifle FrALEIn B o] 0790
mercury sHrF@FméﬂﬁénCMﬁdéeSﬁduen@uygafgdeCa??gﬁ&i%%Pﬁ%ég??giugfq?ﬁﬁntIy

i - a hanol;. se_conditjons _ . .
ngcpeéfiggégeegggksg?GFQasggﬁeﬁgeghﬁa YHet e 19Ve e Rantény acid, which
can cl eavectheipepwite baskboneo ferefalcg purddicatd o is deqyfgd to
ensure that.all mercury is renmoved fromthe pol ypeptide. T e Ntc group is
r enovéd uﬁa%?cu%??oﬂglgh%a§?%ec%%@??m%%stQWﬁQﬁm(9%1@ﬂMﬁIsnxﬂmq¢lally

[ i i dues i first
| ypepti drs, prét et 08GYLFatH ORsOFf ASH 1S Q) .conpl.etion of the
ﬁgtyeepli ation rggctigng 25" t he nixturéﬁfs puf??#%?,égﬂig ﬁFF@Pﬁlﬁ§WICys of
the |igat g}ﬂeb%p‘?rd@lis ¥ hebim dephrent ecl@l. otk tHES i (taTg )i rpuhiefl | ed. The

o e L LSS L Sl L ST e chen

Peptide Protein Res., 7 : 295 (1975)). Removal of the Acm

15 group requires treatment of peptides with mercury salts,
often under strongly acidic conditions, and subsequently with
B-mercaptoethanol. These conditions risk modification of the
polypeptide, e.g. Asp-Gly sequences may be sensitive to
strong acid, which can cleave the peptide backbone. Careful

20 purification is required to ensure that all mercury is
removed from the polypeptide. The Msc group is removed under
strongly basic conditions which can also modify polypeptides,
e.g. dehydration of Asn residues.

On completion of the first native ligation reaction

25 the mixture is purified, the N-terminal Cys of the ligated
peptide is then deprotected and the mixture is purified. The
product of the first ligation then takes part in another
native chemical ligation with a third peptide which has a
thicester group. This process is repeated to assemble the

30 entire sequence of the polypeptide. This, in theory, allows
even longer polypeptides to be prepared in high purity.
However the examples that have been disclosed are of similar

length as those produced by native ligation of two fragments,



t hi oester group. This process is repeated to assenble the 30 entire
sequence of the polypeptide. This, in theory, allows even |onger

pol ypept iwe3nwmw7be prepared in high purity. However the exampzel7shat have
been disclosed are of simlar Ilength as those produced by native ligation
of two fragnments, WO 03/070764 PCT/ EP03/01745 8 e.g. three-step,
four-fragment synthesis of human secret ry phosphol i pase A2 (124 residues)

(Hackeng et al 1999 di s vanta he ,se tial ation
{echni ques 75 PREFST TSR 110 S 5 G HECESSEESSHARE this 5
time- COnSpIm@Lghoii\fb@éelm ensi & - ihddgr e(&zarce;e@l@sutyaas aweblwd of

production. Methods to accelerate this sequential ation by assenbling
the |igated fragnentsSavantgsIs md itde seguenidee Bééﬁ dprscltestaipyecCanne et

al ., 1999; L e o] 0
phosphol|%ZSQQ%ES%€%[%§%ﬁ§2§¢é¥;g%f&|saaggﬁigg%E%f%t%ggsgrgoﬁéggPﬁgéé

Protei h Ltg@@T@mﬂs@m&nguuiﬁquiinnenﬁrwsEnmﬁam@reﬁbmbepssmmstabeaprepared

d used t tied G f t to.th i h th
fragment S'or 2o AL REI b et VR IR A8 R PO T GRMBRCTBL oo on

two key SlB@St:L@iIEbySa§Mblirgﬁtﬂlrm’l 1St D Greighehlte bwo apepli ﬁleelcThe
second is the preparation of a peptide-al pha-thioester. In the nethod

dlsclosedr%§l%n9%%% Rteny| digalgond the et ¢¢ ©Hi-0edP88 w80 synt hesi zed on
a resin wsphrigedinkercidatis o &l favageof 4829 eea%%rgy' el ded a

peptide thioacid. This thioacid group was “subsequently transforned into a
t hi oesf errhpselodlivare AZibkerslhanethsidhcd lﬁe@radmasmtlagsedft hatsaf f ord

pepti de- al, t t on,pleav (e 9. ckeng
(1999)). g%% #%%%%r%ééy% oﬁfﬁguse ul e step%ﬁ?g ggseﬁgﬁ9ggfdthe 25
pepti des lSn]beyr$ heu 8o coeret hash r Al tahﬁ;UQfBeMS&fdJladdel‘thTeh@uﬁ:aﬁtde gynt hesi s of

nediunlle t%des the Boc nethod is less. efficient in the synthesis
of | onger % $@£ r??@?%&ttQtthﬁﬁFeSln on which the fragments are

assembled by native ligation.

15 Native ligation relies on two key steps. One is the
ligation step to join the two peptides. The second is the
preparation of a peptide-alpha-thiocester. In the method
disclosed by Dawson et al. (1994) the peptide thiocester was
synthesized on a resin with a linker that, on cleavage of the

20 peptide, yielded a peptide thiocacid. This thiocacid group was
subsequently transformed into a thicester in solution.
Linkers have since been disclosed that afford peptide-alpha-
thioesters directly on cleavage (e.g. Hackeng et al. (1999)).
These linkers are only useful if the stepwise assembly of the

25 peptides is by the Boc method. Although useful for the rapid
synthesis of medium length peptides, the Boc method is less
efficient in the synthesis of longer peptides. In fact it has
been noted that for native chemical ligation, the process
requires use of fairly pure peptides, limiting the length of

30 precursor fragments employed in each ligation step to 30-35
residues (see Villain et al. (2001)). In addition, to obtain

peptides in reasonable purity by Boc chemistry the cleavage



been noted that for native chem cal ligation, the process requires use of
fairly pure peptides, limting the |length of 30 precursor fragnents

enpl oyed wp 08@nited i gati on step to 30-35 residues (see VilPCAEPOR01733 .
(2001)). In addition, to obtain peptides in reasonable purity by Boc

chem stry the cl eavage WO 03/ 070764 PCT/EP03/01745 9 of the peptide from
the resin nust be done by HF, which is Zhi ghly toxic. The other main nethod
of SPPS, Fnoc, uses bpasic conditions for the repetitive repoval ,of the
N-al pha 5°ProreceeRigt &f otfPT Frive ) Lesit deiteRs £°8nEY Efabi lfig tRese

condi ti ong; yid @lihough peptide thioesters from10 residues to 25

resi dues have been synthesized by the Fnoc nethod (see dippingdale et al.
(2000), Li et al.THa99g)er roaitf iregkthachkat SEBHfd AGPCst als@gr dasic

Frnoc- depr g tion conditjions £.0. ed. Nn.sQ, nsi derabl e | oss
of mat eri%ﬁggﬁ§£h?%%a€%$et§%l%a@egcgletolo‘%el%ep |V(Ljé‘§l %rfo%%t%hé\]s%égﬁ% during Fnoc
depr ot ect ppotetkes dhese (BsodS. Tipreetticablard orotsyitaivdsl zionghlkesrger

peptide thioesters. Mire recently a "safety-catch” |inker _has been 15
reported GATCHCFIRT | TR e%l?lh%u%‘%//rﬁ%?iie d‘%“torﬁ%&ttse gy, 1 Fﬁﬁélgﬁl&% stry
(I'ngenito:gt28l refl9993  hShE No&dn ad yndHEDNId byDHHANGridee mgyhiddeiss et he

linker is inactive to nucleophiles. Follow ng assenbly of the peptide

chain t heCHinrérgdalacet vat ed (280 kmiketfthglof f (43S ) vsapeiyiegt ch") and the
20 pept'dﬁiﬁﬁe%%egﬁgdn¥ﬁi$t££$§4§ &ﬁbéiﬁ§§fb€é%#ﬂBH“égﬂaﬂeﬁéns had to
pha- A an

pepti de-a ioester. Treatnent wth scavengers then affords
t he fubl ybdepsetiecteen pep} i denad graaib e destergf meticothi atapybereweitiired by

st andard t hods such as RP-HPLC. .  To date this safety-catch_ linker has
been repof 88Vf“ﬂet(ﬁ£ BEPEYNE hEEPE e peptiisd upd oEenﬁ%lf %pﬁ(?tf&t&gq ong
(|ngenitOmgkesatheé4998%in§hiﬂpﬁﬁcﬁﬂcaﬂﬂéK¥Bﬁ-sjﬂﬂM@éﬂéﬂdg hasgeeen reported

that cleavage of a 21 am no acid peptide synthesized on this
peptide thiocesters.
More recently a “safety-catch” linker has been

15 reported which facilitates the synthesis of thioesters by
Fmoc chemistry (Ingenito et al. (1999), Shin et al. (1599)).
During the synthesis the linker is inactive to nucleophiles.
Following assembly of the peptide chain the linker is
activated (so switching off the “safety-catch”) and the

20 peptide is cleaved with thiols to form a fully-protected
peptide-alpha-thicester. Treatment with TFA and scavengers
then affords the fully deprotected peptide-alpha-thiocester,
which may be purified by standard methods such as RP-HPLC.
To date this safety-catch linker has been reported in the

25 synthesis of peptides up to 24 amino acids long (Ingenito et
al. (1999), shin et al. (1999)). However it has been reported
that cleavage of a 21 amino acid peptide synthesized on this
linker produced very little material (Huse et al. (2000)),
and that the desired 47 residue peptide could not be obtained

30 (Marcaurelle et al. (2001)). Whether this linker is stable
for producing polypeptides longer than 24 residues is

therefore unknown.



| i nker produced very little material (Huse et al. (2000)), and that the
desired 47 residue peptide could not be obtained 30 (Marcaurelle et al.
(2001)). whashar7et his |inker is stable for produci ng pol ypoemposies43 onger
than 24 residues is therefore unknown. WO 03/070764 PCT/ EPO3/01745 10 In
view of the possibilities of native chel jcal ligation and the sequenti al

| i gati on approaches descri bed above it seens surprising that there have

been few exanpl es._of. pol ypeptides over. 110 residues that have_been

synt hesi zed 5 in %%iglgﬁy&?nﬁﬁ glﬁospifﬁﬁjsﬁjtlﬁe qfoﬁﬁg%tvep eféd synt heses
are thoselggayehoabane biye Hasdeng: £11 aligdh appdddaekeng set-s paly.  (1999)
of the 124-resi due human type || secretory phospholipase A2. Cearly there

r enai n p!‘%}B?%?TBl{I_’ nSPPBAURT YTt oI BB HatAseptiages DeEro £ canieneradids) of
hi gh puridy, pVeRebYiaoathye, Ci‘fd" £ad; ddgatdon %raﬁ%e%‘é%%t 'sl?zglr’%g%ts'i\é%d

chemcal ligation. One difficulty is in the synthesis of eptrde
t hi oesPers) paksicayaih yhbyh Frwct wherfitst ryonddet: chidtiistiey bgathtbes

addi tion i n that_hi.ghly toxic HF i.s u o] 5 cl eave the
pept i des%?%mé?ﬁ%gr %lg%l n%‘f%ek?y r%aacs]%eﬁlq % fdr: a@%égét ia&és HBE@SH@ Fénger
they are aklatl9®dy desshealblessisue tHigdd REideCT 10fslche thhi-gation step are

sl ow, and thus}E?\ﬂ(el ds of ligation tend to be ower. Furthernore, with
regard t PRAPIAMEPIRF M proteins 20 the synthesis of the peptide

Lhioesters necessaryafnf Nideredd GALLADIIhA i6halLending bask. For
exanpl e, interferon al&as have four s residues, at positions 1, 29, 98
and 187, PabYRSHE T 26l 2 e swnigrotasiies )by fore gét @proftynakivee bli gation

Lo ¢ SLEE ONILIES 5 0,5, AP LGP, 88 Bl et 1o e o0
requi re syhyhiebes. dfneidhefi @ultpeptd de thecoest@hesh saofepbhdepaptdqwi th 137
am no aCIéEEoesters, particularly by Fmoc chemistry. Boc chemistry has
the additional disadvantage that highly toxic HF is used to
15 cleave the peptides from the resin. Another reason is that as
peptides become longer they are relatively less soluble, so
the kinetics of the ligation step are slow, and thus yields
of ligation tend to be lower.
Furthermore, with regard to the interferon proteins
20 the synthesis of the peptide thioesters necessary for native
ligation is a challenging task. For example, interferon-
alphas have four Cys residues, at positions 1, 29, 98 and
137. To synthesize these proteins by one step of native
ligation would require the synthesis of a peptide-thiocester
25 of 97 amino acids and a peptide of 68 residues. Alternative
sites or native ligation would require syntheses of either a
peptide thioester or a peptide acid with 137 amino acids,
which would be even more difficult to make in practical yield
and purity. Even for a synthesis by two steps of native
30 1ligation, by ligating IFN(29-97) and IFN(98-165), then IFN(1-
28) with the ligated IFN(29-165), it would be necessary to

prepare a thioester of 69 amino acids, longer than has ever

been reported. The Cys at position 1 in the sequence



whi ch woul d be even nore difficult to make in practical yield and purity.
Even for a synthesis by two steps of native 30 ligation, by ligating

| FN( 29- 9Woanm7d76N( 98- 165), then I FN(1- 28) with the |igatrea/HPBM 29 165),
it would be necessary to prepare a thioester of 69 am no acids, |onger
than has ever been reported. The Cys at position 1 in the sequence WO
03/ 070764 PCT/ EP03/ 01745 11 introduceslanot her problem as even for a two
step ligation this Cys nust be protected during the ligation step and
subsequent§r IBHRRFe FLENI oW GRP IS8T 0Pdi RSO fPF’neapBWp@gFPdglg?Hgnt he

native confar matd o ANGOXddatd AR Olauth e gCrset Qitr;atmaﬁ thepcanaect |y paired
di sul fide bonds, the active protein nust ™ be isolated. As noted above, this
i s a maj cvulpresbianhlin tewovest.odigdtlicorn nef rekelddpenbinihe ppéyeepside

Accor di ngl t.here remain n i : - r S 0; fr e
interfer glnr}/tpor oftr}leel nr}sa%% c:tovngflodrgneagco Oe%nh%gil %&}gfaggﬁtﬁ a?n’rf')ngtt8 ?o%y%ytﬁa?g%al
presend itheetdrteasdteparrddtdicdildedied onadg , protebntpueri proationnust

Furthermore, there is _a need for a process which.avoi ds hhe extﬁgsive
puri fi catfontsfetee it IR AETE S 457 8qliPPRd PROPHE™r &8 ohBf nant

process. Grdheriod hef ecls A8l dahtt e Aktinkor methods of 15 chem cal
synthesi s which are capable of synthesizing interferons and the |ong

t hi oesters necessargoidinahio rthexmutessiinspy Agedvén £§at PSR TPE fs
accor di nglyoan. ob £G4 Shudde AESANl] DMRRLION (haePEQULdE Boehbed)for the

producti i nterferon proteins hat avoi ds the ri contam nati on
Wi t h 1Ouseoh ramiogt bl by, mati g wiissels ,prierstegrtf emoms 1éxflendedsbypra Met at the
N-term nus and other inpurities .associ.%t.ed roduct i %E ofe i

SE°1 oF1 ow ng

£rod d LN Trp@imod
i nterferofs"f A EetT T m—i’_sp]é(?libetlﬁérp% et O°" t RETIAVERTT oA t |
ref ol di ngs angkdli sait 4 der drd sy eyt arvldOR Henteaitkbakarewplilt it ghtpuni ty and
activity is obtained in one purification step. . _
of the native protein that is required in the recombinant
process. Further, there is a need in the art for methods of
15 chemical synthesis which are capable of synthesizing
interferons and the long thioesters necessary for their
synthesis by native ligation.
It is accordingly an object of the present invention
to provide a method for the production of interferon proteins
20 that avoids the risk of contamination with mouse
immunoglobulin, viruses, interferons extended by a Met at the
N-terminus and other impurities associated with the
production of interferons in cells. It is another object of
the invention that following refolding and disulfide bridge

25 formation interferon with high purity and activity is

obtained in one purification step.

Summary of the Invention

The present invention provides improved methods for
30 the production of interferon proteins, comprising one or more
cysteine residues and two or more polypeptide subunits, which

method comprises the steps of:



Summary of the Invention The present invention provides inproved nethods
for 30 the production of interferon proteins, conprising one or nore
cyst ei ne wesBdugs4s and two or nore pol ypepti de subunits, wrCEEPIHethDd
conprises the steps of: WD 03/070764 PCT/ EPO3/01745 12 (a) synthesizing a
first polypeptide subunit of said interferon protein having a Cys, or a
ligation auxiliary, as the Nterm nal si due by solid-phase peptide
synthesis and purifying said subunit,; b). synt hesi zi at | east ,ane
addi ti onal pol ypef)‘?{ d%ygg}&%%ﬂn%fa s‘éﬁf’% %Q&Wpép&?% &f‘%l%ﬁl%a\?' ngaad
protect edi A¥YSroeror ptoeL el Raind &f Yo, tdie MNatiefaHinal ard13aral pha
carboxylate thioester at the C-termnal by solid-phase peptide synthesis
and purif {PagNsheEmagal t Ferbive dbunelid-phape Rephidgatsivigheaid st

pol ypept i dgr-subunitsand sabd,addi tional subunit(s) by native chem cal
l'i gation ?orprgdu%es a fu?*-length interferon pol ypeptide; (d) renoving

said pbPotective nbpetyyhtbassainy antlerdsr emepalddidrtondd; pb3 ypeptaxiedi zi ng

th tej idyes in th | ti.de and f.oi di id interf
pol ypept i B8 FRTD 1155 Hat Ve EORFG et d ri AITCY) 3 SOt Gt idr B ol ded,

bi ol ogi captytactédeauknl esferan gHOeitermdthalhenethods pok-t he i nvention
allowin particular for the solid phase synthesis of two or nore fragnents

of the iREEPPEYOACPrbEEPRStandt dKes Gdiniitidgd &Y tivd icy®heske resi dues
present | Bebbl @51 oyonRelos! 4ALGLNG SEPAUALL 2 RARLIONS LRL0ED(LhE Ul
gth interferon protein. 25 This i'nvention is based on the unexpected

di sco¥@ry that ifhtkritgahipyotaiastimgt o lgpoeaidsiez edbunili ghdpseitly and
bi0|ogica£d§f££¥££¥ ?Xb&ﬂf@@§91b§¥£%ﬂﬁ%§%méﬁyé%f"ngg%ion to produce

a full-length interferon polypeptide;

(d) removing said protective moiety from said

interferon polypeptide;

15 (e) oxidizing the cysteine residues in the
polypeptide and folding said interferon polypeptide into its
native conformation; and

(f) isolating the refolded, biologically active
interferon protein.

20 The methods of the invention allow in particular for
the solid phase synthesis of two or more fragments of the
interferon protein, and takes advantage of the cysteine
residues present in interferons to ligate the separate
portions to form the full length interferon protein.

25 This invention is based on the unexpected discovery
that interferon proteins may be synthesized in high purity
and biological activity by chemical synthesis. This method
has the advantages of avoiding the problems of N-terminal
Met, or contamination with other proteins, murine

30 immunoglobulins or cellular nucleic acids, all potential
risks with interferons produced by recombinant means.

Moreover the inventor has surprisingly found that

interferon proteins of high purity and with full biological



has the advantages of avoiding the problens of N-termnal Mt, or
contam nation with other proteins, nurine 30 i munogl obulins or cellular
nucl ei c awDd3/07@b4 potential risks with interferons prodrCEEPOY01745
reconbi nant means. Mreover the inventor has surprisingly found that
interferon proteins of high purity and with full biological W 03/070764
PCT/ EPO3/ 01745 13 activity are obtain in one purification step by

reverse- phase, HPLC follow ng refolding and disulfide bridge formation.
Furt her rmg‘é CHY has 5ar Pt gt y”be%"%?f ARt Porf ePSE’ﬁolrffB@ﬁFlede

f ragnment S;ﬁﬂisé higpi. @t 261 BERMPr @ NS TRV rRe dlss‘f(fltﬂl%ﬁe' 224 532
C-al pha-thioesters in the high purity necessary for native |ligation.

Accordi ng ‘P?ém?ﬁb@lérred aspects of the invention the biologically active

nuerferon protel fyie,sehsel o Hamihg A0 anoup.cansiating ot an,

al pha-interferon protern, be I nt eron amma- 1 nter f er on
proteih. pfPayperuldel f/r@greéxetrx edf |triteerzfreremfepfcot @irmg ed e nuatyebber on
al pha2a proteln i rotein, interferon ha2c protein,

synf eron, F%ﬁ”e%%% %EFS Onjngh% Lo (i &hfeerhd'r?halpﬂ)lﬁét 2 protein, and

interfer Oﬂe@é@@@rﬁ?)f@foxﬁ@tﬂve Il'lh_:;%lmrypeptl de subunits are preferably
purified using a columm chromatograp i/ technique with reverse phase colum

chrommat ogr aphy betRgCprEr@r@®r yaﬁéﬁqt@e oFublsi devemfFiee §Pat hesi zed
by 20 varj, 0ys,HEANE1 ¥ NoWp; {8 irh?%n?fdévﬁy FHe_Lf L1:2hly Rodyesd  naccordi ng

to the solid phase synt etlc met he N Al pha protective noiety
is 9- 1Duogve¢wﬂ> nethyi ekimcardbrgh al(gﬁrma)nte&cﬁmr@ m:g:dtxelmeaabpeat- of the
pr esent |nv§ éerél?the 25 intr\%qferon se nce. i s brok%n down according to

pot enti al PFYRTToN, 20 tth 37551 9h Capatile PAC t&MY ey st ei ne

Partlcularly preferred interferon proteins are interferon
alphaZa protein, interferon alpha2b protein, interferon
alpha2c protein, synferon, interferon alpha-nl protein,

15 interferon alpha-n2 protein, and interferon alpha-n3 protein.
The polypeptide subunits are preferably purified using a
column chromatography technique with reverse phase column
chromatography being preferred.

The polypeptide subunits may be synthesized by

20 various means known in the art but are preferably produced
according to the solid phase synthetic method wherein the N-
alpha protective moiety is 9-fluorenylmethyloxycarbonyl
(Fmoc) .

According to one aspect of the present invention, the

25 interferon sequence i1s broken down according to potential
sites of ligation, with ligation capable at any cysteine
residue. For example, interferon-alpha has four cysteine
residues at position 1, 29, 98 and 138. Thus, these four
cysteine residues leave open the possibility of linking as

30 many as four separate portions of full length protein 1-28,
29-97, 98-137, and 138-165 to form the full length

interferon-alpha.



resi due. For exanple, interferon-al pha has four cysteine residues at

position 1, 29, 98 and 138. Thus, these four cysteine residues |eave open

t he possiwpldy76d | i nking as 30 many as four separate porPCT@EPe3/0f745 ul |

| ength protein 1-28, 29-97, 98-137, and 138-165 to formthe full length

i nterferon-al pha. WO 03/070764 PCT/EPOQ{ 1745 14 According to one

enbodi nent of the present invention Interferon-alpha subunits 1-97 and

98- 165 were prepared ualng conventioqg solid_phase chem stry, cleaved
4"€of

|
fromthe resin, {Fg8if Bt ART, SHRPT ULt f aritf (T 3K di &R & or m

pure, 5 fuhkekeagbh-hnpref ehivhnat pha-Pr ofed nog-ACEDH NG e RRCM ng
enbodi nent of the present invention interferon-alpha subunits 1-28, 29-97

and 98- 165°7EPE BRapared  dsPhgseorRent siofal ebta e pHeen diienizaip,
cleaved fropLthg £8§beh@99 RUbLHL G ET 2OTRN &, ﬁ&algogl%ﬁﬂ 29 éo%ng%%r%;fe

| igated together, the N-termnhal was deprotecte e res ng
fragmeht 29l1ebength| igaeefewprhaiphgmenetdi®8, Cyst was deprotected and

the full-length interferon-al pha was . purified. The interferon-al pha was
refol ded and the %ﬁgo% %P%ugg Pe? BB T T %TF??H?ﬁtgh?iﬂﬁ%ﬁﬁﬂ&on-alpha

native 15nwhhehowasnteeFated-41omathesdefod dinm Madwe 4y afsargd t he
biologically active protein. According to a third enbodi nent of the present

inventionw?ﬁ?ePF%Péﬁgﬁ!Bﬁéngu%%%V%%tQPQE% oL 7, Plogiel FRFHB L LY38- 165 wer e
prepared UstRgeGOR¥EAL LRBALSOh I gh Pi@@e&.h%afénlﬁéﬁtsd —‘@eldafn{]dopé—he

resin_and purified after which the fragnments are ligated together, the
N-t er APnall 65depret étvetedntogaiehénl | thengt tefmirer evaon gl epureicf iaedl.  The

oL 00531008, Y085 LR Ao LI, GUF; ESLEUES e i ged Lo for
m xture toyalfead tibprobeotegisad | yhactiuVe P Ninterferon-alpha was
purified. The interferon-alpha was refolded and the Cys
residues were oxidized to form the interferon-alpha native
15 which was isolated from the refolding mixture to afford the
biologically active protein.

According to a third embodiment of the present
invention interferon-alpha subunits 1-28, 29-97, 98-137 and
138-165 were prepared using conventional solid phase

20 chemistry, cleaved from the resin and purified after which
the fragments are ligated together, the N-terminal
deprotected and the full-length interferon-alpha purified.
The interferon-alpha was refolded and the Cys residues were
oxidized to form the interferon-alpha native which was

25 1isolated from the refolding mixture to afford the
biologically active protein.

According to a fourth embodiment of the present
invention interferon-alpha subunits 1-97, 98-137 and 138-165
are prepared using conventional solid phase chemistry,

30 cleaved from the resin and purified after which the fragments
are ligated together, the N-terminal deprotected and the
full-length interferon-alpha purified. The interferon-alpha

isrefolded and the Cys residues are oxidized to form the



According to a fourth enbodi nent of the present invention interferon-al pha
subunits 1-97, 98-137 and 138-165 are prepared using conventional solid
phase chewDaB10y7680 cl eaved fromthe resin and purified afPCeEPaIIohs t he
fragnents are ligated together, the N-term nal deprotected and the
full-length interferon-al pha purified. The interferon-al pha isrefolded and
the Cys residues are oxidized to formtite WO 03/070764 PCT/ EPO3/01745 15
interferon-al pha native which is isolated froqmthe refoldin i xture to
LT or d 1 W S BT S L 1P et v A Btaih | a6t SHEae FTBE biicof et AL Phur e 5
Figure 1.mMALBle NBsSasheed U ofi didardangn--aipRazbrosyahhesi zed in Exanpl e
1. Figure 2. Analytical HPLC of interferon-al pha2zb synthesized in Exanple
1. Figure 3. MALDI mass spectrum of interferon-al pha2b 10 synthesized in

Exanpl e 2Brféﬂ%@s§ri1ﬂ@r¥t3§aéiFe!"%icuc}uQJesj nt erferon-al pha2b synthesized in
Exanple Z. Figure 5. Anno acid sequen of human interferon- al pha2b.

Di sul fpde bonds aFfiegdor ned NNk ere Gy sipeartduly ©f98 ntetSecand-béphedh Cys29
and Cys138. q$tailqg Description of the Invention The present invention
provi des & 3ottt 8r 10" tHE " robi'ems of chemical synthesis of

al pha-interferonsridued 20 pesanilca ¢hald e nt-e rifhecarbh1byaybrt ue of
their conplexity and size. The present invention relates to the production

of interf¥rORCPtERSIHs IBAMRE of- solid phase peptide synthesis coupled
wth the native cigfifalslhgatdonls Soeldang, of a0ces?ekBhent ghadoProteln

to formthe full Tength protein. The get interferon proteiniis
synt he8i zeynblyesiidd zimgEtdneple st ei ne residues that are present in the

interferon prOtelﬁﬁgure 4. Analytical HPLC of interferon-alphaZ2b

synthesized in Example 2.
Figure 5. Amino acid sequence of human interferon-
alpha2b. Disulfide bonds are formed between Cysl and Cys 98,
15 and between Cys29 and Cysl138.

Detailed Description of the Invention

The present invention provides a solution to the

problems of chemical synthesis of alpha-interferons which
20 present a challenge to the art by virtue of their complexity
and size.

The present invention relates to the production of
interferon proteins by use of solid phase peptide synthesis
coupled with the native chemical ligation of sections of an

25 1interferon protein to form the full length protein. The
target interferon protein is synthesized by utilizing the
cysteine residues that are present in the interferon protein.
Each cysteine residue present in the target interferon
protein is a potential site of ligation, where two sections

30 of the full length protein can be brought together to make a
larger section of the full length interferon protein. This

stepwise ligation of sections of the interferon protein will



Each cysteine residue present in the target interferon proteinis a
potential site of ligation, where two sections 30 of the full length
prot ei n cap bBe7@sought together to make a | arger secti onPofi/EPh&07Ys |
| ength interferon protein. This stepw se |igation of sections of the
interferon protein wll WO 03/070764 Pﬁr EPO3/ 01745 16 eventually lead to
the formation of the full length interferon protein. The first step in the

met hod conpr| he. synt hesj f_a first tion of a full length
interfer o%ggbgﬁéll%yb%/e%gs?(énjﬁg? dP%HP?%l%rha%é%%bept&dgt HFMF&si s (SPPS). The
chem cal iayetrhesos ptopephldes on a solid phase support is for exanple

described by Merrifield (1963), Fields and Noble (1990). According to the
practice of the pfeSehtrihvehtP ol e =Stk Gansil sase the syndéesiion of

the full bengthipsotebaridf be LORpletfyhan e nentde s glhoggated to a

Cys residue, the chain elongation being romt ~term nuS-to the N
t erm ns. StppAacenpreifophase thertidsts wedtidirs ofSRASS . iMiteerchemirar ot ei n,

t he secti ' a e resin an urified using standard col um
chr omat og(r3 Bhgﬁ/et%%h%?%%égﬁé i%%l%d?%gicge?}g Se PRESE c&l%u T example

chr omat ogdaphyibdtebgedondi poéypept d6®) | sitdierns synt ewized 1003 .resin  from
which it nmay be c%eave .to forma peptide thioester, for exanple according

to the procedure OFCPhgen?t P ethaIprqdigey) of the prlepsast ildgens ienongat ed

on this resensPytiSPPSs fsomither 205 pasd & 0, eged g th el,neLegl due
at the NNterminal of the first pol ypeptli de to ano{}%%rl a?gl?ést%]h#)g%ggg%nd Cys
bearsl8 pfofeErlake groem thatpestsiable dleondeecond i 6ys useddue, renove

el Ui ng. Bner s TR TR n et FUELALAE criarage Trane ke Foi A the
second seteéipinis. plpod i @dnpisé tngon sdBndssr & ieaiumse chbametrography
teChniquefhtégféygéngréggfﬁfekhéﬂgggifgﬂlyg]é¥ggyggt%%g%PQ¥é resin and
purified using standard column chromatography techniques,
15 including reverse phase column chromatography.
The second polypeptide is then synthesized on a resin
from which it may be cleaved to form a peptide thiocester, for
example according to the procedure of Ingenito et al. (1999).
The polypeptide is elongated on this resin by SPPS from the
20 position preceding the cysteine residue at the N-terminal of
the first polypeptide to another Cys. This second Cys bears a
protecting group that is stable to the conditions used to
remove the protecting groups from the side chains of the
other residues, including other Cys in this peptide. Upon
25 cleavage from the resin, the second section is purified using
standard column chromatography techniques, including reverse
phase column chromatography.
Upon completion of the individual segments of the
interferon protein, the first and second sections of the
30 target interferon protein are ligated together. This step is
for example accompli;hed using the ligation technique
developed by Dawson et al. (1994). The N-terminal Cys of the

product from the ligation reaction is then deprotected and



Upon conpl etion of the individual segnents of the interferon protein, the
first and second sections of the 30 target interferon protein are |ligated
t oget her . wOhB®76€p is for exanple acconplished using thecCTiEpat/H1ms
techni que devel oped by Dawson et al. (1994). The N-termi nal Cys of the
product fromthe ligation reaction is then deprotected and WO 03/ 070764
PCT/ EPO3/ 01745 17 the fully deprotected product is purified using colum

chr omat og h incl.uding reverse phase, col umn_. chromat ogr aphy. This

sequence éﬁgs%H%%%S?EPE%Q??\%%OW%‘%%%S@ B R 19 "on can form
the full tepghltogtephgl ofincPr@ied Nréve o8l Yore SeRmef ligation or it can
be perfor nunmerous tinmes until the full length protein is forned. Once

d
the full Iggﬁalpﬁt%‘aﬁ?gbﬁ_‘i s synthetically formed, the tertiary structure of
the interferon preofek nsééu@ﬁ&gv\@g s t O e lsyoblqeoT’?h%% d, and the
: ”\e i0

cysteines are oxidized to formdisulfide bonds gical'ly active |IFN
is then fsblaved by topamhorhcamafogr aphy.full ilenaytpr efrererecrembodi ment  of
t he i nvengi a interferon protein is an.nterferon-alpha. It is a
15 parti c%%gg?%ﬁlp%%f %{;?%dg}é%b%g?%%f FITHST Rienti S %f[ K& Ofecer f er on
protein isuaarons et freeomuat phatisel 861 ed digin e tearour okl al pha2a,

| FN- al pha2b, | FN-$I %)ha c and, Synferon. I n one enbodi nent of the invention
the full-length TRterfafohtal phin¥'s” sRsHifdited Dy Witdatiieg Lo tpepeicde 20
fragment stgempe i agy | Sikabphad 98 168) .1 fawifg & rediesd %fs a138wkhe

N-term nal residue, with the al pha carboxylate thioester o
| FN- al Bhaf2-09) proreringdaveteredt ethOyshatc e ins ems wadidikedanot her

enbo erk g 1 BAAB 00 enl Rl LD LY s gl 0
| FN- al pha{29iated by column chromatography.
It is a preferred embodiment of the invention that
the interferon protein is an interferon-alpha. It is a
15 particularly preferred embodiment of the invention that the
interferon protein is an interferon-alpha selected from the
group of IFN-alphaZa, IFN-alpha2b, IFN-alpha2c and Synferon.
In one embodiment of the invention the full-length
interferon-alpha is assembled by ligating two peptide
20 fragments comprising IFN-alpha(98-165), having a reduced Cys
as the N-terminal residue, with the alpha carboxylate
thiocester of IFN-alpha(1-97), bearing a protected Cys at the
N-terminal.
In another embodiment of the invention the full-
25 length interferon is assembled by two ligations of three
peptide fragments comprising IFN-alpha(1-28), IFN-alpha (29-
97) and IFN-alpha(98-165). In this embodiment the fragments
comprising IFN-alpha (98-165) and IFN-alpha(29-97) are first
ligated and purified to form IFN-alpha{29-165), then a second
30 ligation is made between IFN-alpha(1-28) and IFN-alpha (29-
165) to form IFN-alpha(1-165). Alternatively, the three
fragments are IFN-alpha(1-97), IFN-alpha(98-137) and IFN-
alpha (138-165) .



97) and | FN-al pha(98-165). In this enbodi nent the fragnments conprising

| FN- al pha(98-165) and | FN-al pha(29-97) are first |igated and purified to
form | FN-wibphat@es+ 165), then a second 30 |ligation is nmade PoEFtRROBON745

| FN- al pha(1-28) and | FN-al pha(29- 165) to form I FN-al pha(1-165).
Alternatively, the three fragnents areséFN-alpha(l-QY), | FN- al pha(98-137)
and | FN- al pha (138-165) . WD 03/ 070764-PCT/ EP03/ 01745 18 In a furt her

enbodi ment of the_inventi the full- |en i nterferan is assenmhl ed by
three |igations off3u urgﬁﬁfi%ﬂP? Heht g&ﬁbﬁﬁﬁ%ﬁfﬁ%ﬂv DiAtE28) ,
| FN- al phaf{28gtR7)inté&Fhe abphas 98s 431 &b RiYrad pha(gb38-cHeb)lofr Fohtr is a

preferred enbodi nent of the invention that the polypeptide fragnents are
synt hesi zZB8P by hEX ABTABES oFomRH} § HRPhERE Hetd de Bint HE3 s 1P5PRP- 1t is

particul ashy —prefgiprd (bhaishne,pg! yaenti rRAMeEMH)S are synthesized by
Frnoc SPPS. {0 I'n pre%er#ed enbgd?nents of t ehf%%éntﬂon the group wused to

protect the N-terhinaé @ypreferhed agtabediommit qoltype pitrvee firomgidatts | s

ot FORPRERGPEELER ORAAo AE iy o otnon o

t hi azol i dsokid- chabexyept ede esitiee£THz)spED | t14 5 erafieruied1gmbodi ment
of the invention that the polipeptiﬂes are isolated by reverse phase HPLC.
I n anot hePTpfeFErt et @hbbaf ment YREPE e | FRASIS P a1 ithasdrgchbYf ul |y

deprot ect egdotngepferon protein is refolded and oxidized by (a) dissolving
the fully deprotected 20 interferon in an aqueous buffer solution with a
concehPration ofIa poahediad uemsedimenifs @i drite timwirgsoiny & htehgriomoer f er on

ol YPeRt | 5o (), AHLULLDOLAD% S e, I r splalian L snoter
guani di ni poigpéptige 1EbMpoent ests 26 barek ddef famalhepH def dnfl dodie thgnge 5 to
8 and (C%Aéﬂf”gﬁéhgg the methylsulfonylethyloxycarbonyl group (Msc)
or the thiazolidine-4-carboxylate residue (Thz).
15 It is a preferred embodiment of the invention that
the polypeptides are isolated by reverse phase HPLC.
In another preferred embodiment of the invention the
full length, fully deprotected interferon protein is refolded
and oxidized by (a) dissolving the fully deprotected
20 interferon in an aqueous buffer solution with a concentration
of a guanidinium salt sufficient to dissolve the interferon
polypeptide; (b) diluting the said aqueous buffer solution
with another solution containing a redox couple so that the
final concentration of the guanidinium salt is 1.5M or less
25 and the final pH is in the range 5 to 8; and (c) incubating
said aqueous buffer solution at a temperature of 20-25°C.
It is a preferred embodiment of the invention that
the redox couple is selected from the group of oxidized and
reduced glutathione, cysteine and cystine, and oxidized and
30 reduced cysteamine.

It is a further preferred embodiment of the invention

that the refolded and oxidized interferon protein is isolated



sai d aqueous buffer solution at a tenperature of 20-25C. It is a preferred
enbodi nent of the invention that the redox couple is selected fromthe
group of wwiodioziwés and reduced gl ut at hi one, cystei ne and E¢IHEPI®)17ahd

oxi dized and 30 reduced cysteamne. It is a further preferred enbodi nent
of the invention that the refol ded andjggoxi di zed interferon protein is

i sol ated WO 03/070764 PCT/ EP03/01745 19 as biologically active protein by
reverse phase, HPLC, an | yophi lization. The invention furthernore rel ates
to interf@Pfoht® %‘H/?)%gjr-‘r’d%cgh‘b%rﬁ’lfogeellrbcqyed:el‘vred:rﬁe[ﬁ’ agfolip EoA8 sting of 5
pol ypepti despeonprasiag. t he resi dues 1-28, 29-97, 98-137, 138-165, 1-97,
98- 165 of interferon-al pha and to the use of consecutive pol ypeptide
subunits sel ect edT2¢ ob ¥ fiet hdo U Hrou Foorr alivd 95 ddudiiter fefron

i nterferop: . The ted i i | t her. J.ll rated in 10
t he exanp Cés%?%}g’%l%%l ?%ﬁﬁﬁg ?%%&a%de%n%ééhmég?%og{tpe%g ltséclﬁ}gi %%t t he

i nvent Ponpphyaeytdys EMMPLESIg NATRER ALISIVAND IMEBHORS -915 B3-P8[tL i de

Synt hesi s I ptid e senmbl ed by Solid Phase ptide Synthesis by
the Froc e h%gg( I—Jer%?S\Sgé)l%%fb hjergteesr D G TR %Ob);% nuﬁépﬂ?ed
Bi osyst ensoAd33Ausyné hesi gespt Boe -s Tz wasl quvehasesh themaBaghem

(Switzerland). Al other 20 am no acids were purchased from Novabi ochem
(Switzer| GRAYP LThethrd| PHARRGE PR T Hat if st cd iy egr oups were used:  Cys

wWith StBu, Acm orrdety Eisnt G Nyand syt el rdnr e iWhtR PR gSer, Thr
and Tyr with tBu; Gu and Asp wwth O Bu; and Lys and Trp with Boc. 25

Coupl hg Was earmpees otibati fhllowmaid DiIl@tHEBte d@nd nb wayolinErpclednicno aci d
per coupl i ng; £ n. g nEL hyL{ or rar de, (V).

EXAMPLES
MATERIALS AND METHODS
15 1. Peptide Synthesis

All peptides were assembled by Solid Phase Peptide
Synthesis by the Fmoc method (Fmoc-SPPS). Syntheses were
controlled by an Applied Biosystems 433A synthesizer. Boc-
Thz-OH was purchased from Bachem {Switzerland). All other
20 amino acids were purchased from Novabiochem (Switzerland).
The following side chain protecting groups were used:
Cys with StBu, Acm or Trt; His, Gln and Asn with Trt; Arg
with Pmc; Ser, Thr and Tyr with tBu; Glu and Asp with OtBu;
and Lys and Trp with Boc.
25 Coupling was carried out with 1 mmol DIC-HOBt and 1
mmol Fmoc amino acid per coupling in dimethylformamide (DMF)
- N-Methylpyrrolidine (NMP) and Fmoc deprotection was by 20%
piperidine in DMF.
Capping of unreacted amine groups after each coupling
30 step was carried out by acetic anhydride-ethyldiisopropyl-

amine in N,N-dimethylformamide (DMF).



- N-Met hyl pyrrolidine (NW) and Fnoc deprotection was by 20% piperidine in
DMF. Cappi ng of unreacted am ne groups after each coupling 30 step was
carried owDobp7Ee£t i ¢ anhydri de- et hyl di i sopropyl - am ne i RCT/EP03/01745

N, N- di et hyl f or mam de (DWVF). WD 03/ 070764 PCT/ EP03/01745 20 Fol | ow ng
conpl etion of the automated synthesis t%je resin was washed with DVMF and

i sopropanol and dried under vacuum 5 Peptide purification Unless

stated ot herw se, ication of pepti was ., carried o by,

rever se- phase HPL]E:BE%%%%I?a%?%Pﬂ V\%Jésjet?fb%eami?ﬁantge s@%&é@ &E&um (250
X 22 mm 16sim past wekkedi zeth 1208 TRID 2ot oddhdll /aHan Blied Rgdeirt h a

| i near gradient of 10 acetonitrile-0.1%trifluoroacetic acid in water-0.1%
trifluorod@Ete-acid, controlled by a Waters seni-prep HPLC system The
purification was nonitored by UV at 214mm Fractions were anal yzed by

MALDI - M5 and those containing the target polypeptide were conbined and 15
| yophi Pi z&d tBehtidedouhbfdestien peptide. |f necessary, fractions were

£
repurified by the .- preparative RP-HPLC was carried out on
the sanme system a[rjlgf%§ Eg%%gg%a%ﬁ%s% Vet sp,uréf/ujﬁaﬁcgm[rhrogu@‘?péu%&a&’a&

col um (268rxid® omf Bynmepearsé-gpiensd #RLR0SHREEYa tatved H20.0MaR Bion3d.

Anal ysi s of . eptipg S T$e purjty o ({1e pepti des was anal ysed on a Vydac
Cl8 tol uni°t236TP54) V! fgl W 2 e Whadikdte grpgcle size, T
acetini triZDeTQLL@QQ/()téUi@'QﬁDﬁﬁﬂ“&l@@irg{ I atLr-iQel¥ otbidiluer gacetic
acid, controlled by a Waters Alliance HPLC system The anal ysis was
moni t 6P ed®&e 214k L #pL DI 5 M inekioprad e ol d Volpdger VI i te
Bi ospect r opeEiyIM Resear ch.; St aéér?@rc(lpieéosw Iav%\?a%e%ssysste%qs—)p'rep HPLC
system. The purification was monitored by UV at 214mm.
Fractions were analyzed by MALDI-MS and those
containing the target polypeptide were combined and
15 1lyophilized to afford the desired peptide. If necessary,
fractions were repurified by the same method.
Semi-preparative RP-HPLC was carried out on the same

system and with the same solvents, eluting through a Vydac C8

column (250 x 10 mm, 5 mm particle size, 208TP510) at 3

20 ml/min:

3. Analysis of peptides

The purity of the peptides was analysed on a Vydac

Cl8 column (238TP54) eluting with a linear gradient of

25 acetinitrile-0.09% trifluoroacetic acid in water-0.1%
trifluoroacetic acid, controlled by a Waters Alliance HPLC
system. The analysis was monitored at 214nm. MALDI-MS was
performed on a Voyager™ Elite Biospectrometry™ Research
Station (PerSeptive Biosystems).

30
EXAMPLE 1

Production of human interferon-alpha2b on the basis of two

interferon—alpha subunit polypeptides




30 EXAMPLE 1 Production of human interferon-al pha2zb on the basis of two

i nterferon-al pha subunit pol ypepti des WO 03/070764 PCT/ EP03/01745 21 1

| nt r oductwon3®owes di ng to this Exanpl e, human interferon- 2CpERAH017WAS
produced according to the method wherein two interferon- al pha subunit

pol ypepti des were prepared by solid-ph £ 5 peptide synthesis. The approach
taken in this Exanple was the synthesi’s  of two |arge sections of the ful

|l ength inter g{ggaglgganprotein, wherein after one ligation reaction the
full length hunan-rn%er?eron-alpha protein was formed. Thus, a polypeptide

conprising am no Actdsdin®7tof thild Hmemen ¢ Ntraikat anrad fifd WaS 19wHabikesi zed
usi ng Fnoc-SPPS. The ot her segnent of interferon-al pha, from position

98- 165, wd8S BFSGUEPEparear dshHgtFnbks SFPSohcE Ry T tivd sprfesent
Exanpl e, Ebﬁh&)@ﬁ@hﬁ?tr?él%@p@idé@%@@e PO dd Qg fﬂoy fédlti%fi B al pha was

utilized to ligate the two sections 15 together ormt ul'l length
human Pnt BEPEESA- avphhesibi chhewappheachal tovwed iro thaforfnantpd enateisvéhe

bi ol ogi ca LVe:-S c and the native disulfide nds and i sol at ed.

2. Preparé%%%%gggéiﬁfe??gr%ﬁ£§?p %ﬁéﬁ?ﬁﬁ]ﬁéﬂﬁﬁﬁ)ﬁﬁ%&ﬂ%ﬁﬂégﬁ-alpha (98- 165)

conpri sesiaté8fanbneaashd psetéion wietetirmm fid:erdrer an-@lyika fieemBpesi ti on

98 to pthtign in in the amno acid sequence of interferon-al pha

hol oprot eFRAS FRLEr FEPORE alPAAD (TREQBES - it iep RRRE DY 4815 Forpiedse pepti de

synt hesi s (SPPS) eRuENDE- & é}ﬁ%@d@«%@ﬁﬁgﬁ§ﬂn51gﬁf§%'H%? , 1Bzt igl | oading
nmo

0.13nnDI/g, on a scale of O. | . Peptide was cleaved fromthe resin
(0. 6740 of NpepR| deterésran-dhehhatds ofyniHee siarchersiig)y indr-SPFiSxt he of TFA-

45 S g LR AR, (e orsh 5.1
also prepared using Fmoc-SPPS. According to the present
Example, the cysteine residue at the 98 position of
interferon-alpha was utilized to ligate the two sections
15 together to form the full length human interferon-alpha,
which was then allowed to reform the native, biologically

active structure and the native disulfide bonds and isolated.

2. Preparation of interferon-alpha2b(98-165)

20 Interferon-alpha (98-165) comprises a 68 amino acid
section of human interferon-alpha from position 98 to
position 165 in the amino acid sequence of interferon-alpha
holoprotein. Interferon-alpha (98-165) was prepared by solid-
phase peptide synthesis (SPPS) on Fmoc-Glu (OtBu) -Novasyn® TGA

25 resin, initial loading 0.13mmol/g, on a scale of 0.08 mmol.

Peptide was cleaved from the resin (0.67g of peptide-
resin, one half of the synthesis) with a mixture of TFA-
triisopropylsilane-water-phenol-ammonium iodide (21 ml, 3 ml,
1.25 ml, 1.25 g, 0.40 g) for 3 hours. The resin was removed

30 by filtration and the peptide was precipitated by addition of
the cleavage solution to cold methyl t-butyl ether (3 tubes
of 35 ml).



30 by filtration and the peptide was precipitated by addition of the

cl eavage solution to cold nethyl t-butyl ether (3 tubes of 35 mM). WO

03/ 070764WB@3NLERBB/ 01745 22 The precipitate was pell et edPoy/EPenor7i#s ugat i on
and washed three times with cold nethyl t-butyl ether (2 x 30 M and 1 x

20 M per tube). This afforded a white f‘a/a er which was lyophilized from

acetic acid-water. The crude materi al s purified by sem-preparative

RP- HPLC. After hi | i zatlon interfe al pha2b( 98- 165 was obt a| ned, 1.9
my, 77%purity by¥§%aP§?F&8?‘ #EE 723, p?:ﬁ;%ta? t% réed”f St gation and

i nterferonaghphalhtde9%) YS! {AeM c@i@%e&yﬂ%%iﬁ@pté}ﬂ{é}ﬁl @nat gt Rjjoester

I nterferon-al ha(l 97%2(,}/51(Acrr) et hyl - 3-ner capt o propionate thioster

conpr i sesaflﬁe fr4P ¥ BArnbuael dsTlis atifFrirrshtaerferton F&Vfﬂ%ﬁzbfh(l@hg 5;
SEQ | D NO51) 1gesﬁ§wzgaefrgﬁrga@@10C@éﬂ@% £ 0L Alo RRRL b ihas been

converted to 15 an et hyl-3-nercaptopropl onat e thi oest term nal
am no Sachds Akaifned bEupbled pnemasmtiwﬁmmqu MMearesi n (Novabl ochen)

by the met kes an 99 Thu Frnoc- Al a- 0 g) and
et hyl di i sog8§py %E i né gf’% PZrorllﬂ %fg%?geb 5%%@0&% o “é?ssm%‘i d- 2

4- sul fanyinbutyrigfl pAMt@sbp 2Ra(Pt 28y, Hpmitial loading 1.12 mol /g) in
chloroform (35 m). PyBOP(r) (1.56 g) and chloroform (5 m) were added and
stirring was continued at -18C for 1.5 hours. The resin was filtered and

washed wigh chl-epefer iy b§opﬁ9@@f1@£oﬁﬂﬁ&uﬁ9<1U@ﬂchH19<*Ac\ﬁﬂClé%‘le%f eact ed

25 sul f onani de groups were capped With a sofution of di-t-b
di car bBnat e (meEcaptepdopibyite i Snppeptani ne (2.4 nl) in dICh| or onet hane

(DCM 2 x 15 min), ach a t esin shed with
di chl or omet hane an?i&%?érg é}é%gi d&ﬂt&Oval{ ae\,)%w&e MSHiFAPAEGum 30 The
| oadi ng oprEmbonéta MBSOQE65Ué@@bﬁ£s@S3ﬁﬁéﬁﬁiﬁht 97 amino acids of

human interferon-alpha2b (Fig. 5; SEQ ID NO: 1) wherein the

terminal carboxyl group at position 97 has been converted to

15 an ethyl-3-mercaptopropionate thioester. The C-terminal amino
acid, Ala, was coupled to 4-sulfamylbutyryl AM resin
(Novabiochem) by the method of Backes and Ellman (1999).
Thus, Fmoc-Ala-OH (6.0 g) and ethyldiisopropylethylamine (6.2
ml) were added to a suspension of 4-sulfamylbutyryl AM resin

20 (3.28 g, initial loading 1.12 mmol/g) in chloroform (35 ml).
PyBOP® (1.56 g) and chloroform (5 ml) were added and stirring
was continued at -18°C for 1.5 hours.

The resin was filtered and washed with chloroform,

isopropanol and dried under high vacuum. Unreacted

25 sulfonamide groups were capped with a solution of di-t-butyl
dicarbonate (1.5 g) and ethyldiisopropylamine (2.4 ml) in
dichloromethane (DCM, 2 x 15 min). After each capping the
resin was washed with dichloromethane and after the second it
was dried under high vacuum.

30 The loading of Fmoc-Ala was measured as 0.38mmol/g
using the method described in the Novabiochem 2000 Catalogue
for Solid Phase Peptide Synthesis, page P4. This resin was



usi ng the nmethod described in the Novabi ochem 2000 Catal ogue for Solid
Phase Peptide Synthesis, page P4. This resin was WO 03/070764

PCT/ EPO3/W004570788 used as the starting resin for the sol ipdTrPaye178ynt hesi s
on a scale of 0.1 mml. Protocols and reagents were the sane as for the
synthesis of interferon-al pha2b(98-165), with the followng 5 exceptions.
Ser68-Thr69 and | 1e24- Ser 25 were coupl c—.zd3 as the pseudoproline dipeptides.
Hal f of the resin was renpved from the reactiaon vessel after the coupling
of Lys3l. TRh& 28yhPhedtar wad clfﬁﬁJrthéCb‘ a3 1w asree§iy€fﬁge\ﬁé§ EBupl ed as
Frnoc- Cys(Aegle &roc:depnet ected and reprotected with the Boc 10 group as
descri bed above. The resin was washed and dried under high vacuum wei ght
0.37 g. 4. C eava@ECbPCrht et 1 @ritrIPHa2iNCE FNe Gpgle( ASmEoat kie- 3-

mer capt op j i I j ar-gf i rferon- (1-97),
pr epar ed Egﬁ{é@%?}iﬁaéﬁtﬁgﬁéﬁee%%% r%%b?%? ?e655|qri ﬁ@'lttﬁgft?ﬁe%r?gpﬁgg%gf

| ngeni bo excapti¢r999¥erdhtBhac? | ame-Idrd Sk mereowntip llkat hemthikask was

charged wi.th argon. and Boc- protect pept.i resi.n (0.37 and _anhydr ous
t et r ahydr B?ﬁ?gﬁgf%ﬂffe 1%l%$§t?%e%§ga]a’§§é%qc%ﬁ & o ﬁisnffeggoveg from
trimethyl shéydeazonets havesdlfter M slupliiony igF hgxanes)rmwas added and
the m xture was stirred at, anbient tenperature for 2 hours. The resin was

separ at edSYBYREFTE 142 P ofORNHRYRE P Vit it TR laf@sDAve Sass €quBAEFy 2Fhe
resin wasppbaceds (Ac@) POrMibc L eindbhatiomd] askey Jhsequently, 2Rct Bgcresin
was placed in agSSE) (r:ﬂ ! roundcbottomflask and tﬁ)e flask was charegegcwith

ar gonlODWFreanhyer dascr Foed )abetdy | Tis masricaptasp mephedatad( 2rik) and a

sol ution i n sodium. sal t, ( ng in 1 m anhydrous DVF) were
added by g%?%%g}g]p nd%?lﬁ%m’m%ls%m%'ssﬁg&'tly stirred under argon for 20
hours. 30 The vol atiles were renoved under high vacuum and the residue was

stirred with TFA-triisopropyl silane-water-phenol -
4. Cleavage or interferon-alpha2b (1-97)-cysl (Acm) ethyl-3-

mercaptopropionate thicester

15 The thioester of interferon-alpha2b(1-97), prepared
above, was then cleaved from the resin using the method of
Ingenito et al. (1999). Thus a flame-dried, 100 ml round
bottom flask was charged with argon and Boc-protected peptide
resin (0.37 g) and anhydrous tetrahydrofuran (THF, 10 ml)

20 were added. After 10 min. trimethylsilydiazomethane (10 ml,
2M solution in hexanes) was added and the mixture was stirred
at ambient temperature for 2 hours. The resin was separated
by filtration and washed with THF and DCM. Subsequently the
resin was placed in a 50 ml round bottom flask. Subsequently

25 the resin was placed in a 50 ml round bottom flask and the
flask was charged with argon. DMF (anhydrous, 7 ml), ethyl-3-
mercaptopropionate (2 ml) and a solution of thiophenol sodium
salt (66 mg in 1 ml anhydrous DMF) were added by syringe and
the mixture was gently stirred under argon for 20 hours.

30 The volatiles were removed under high vacuum and the
residue was stirred with TFA-triisopropylsilane-water-phenol-
ammonium iodide (10.5 ml, 1.5 ml, 0.6 ml, 0.6 g, 0.25 g) at

room temperature for 3 hours. The resin was removed by



amoni umiodide (10.5 mM, 1.5 M, 0.6 mM, 0.6 g, 0.25 g) at room
tenperature for 3 hours. The resin was renoved by WO 03/070764

PCT/ EPO3/WO04/70784F filtration and the sol ution was added tPaT@EPOS0ITRS hy|
t-butyl ether (MIBE). The white precipitate was pelleted by _
centrifugation, washed three tinmes w t%aMBE and the precipitate obtained
was di ssolved in 50-50 acetonitrile 5 and | yophilized. This crude

mat eri al ified y rative RP-HPLC  Fractions re a ed by
MALDI - MBS an%CE %%)%Ié 0) t%?% ‘gf‘meo? aryet? Cgédef%/pté’ptqodéjo Yclodb?or’fé?d’aand

I yophi | 'i zedhetf (meBESSaTNe fiha€siOASCURTELTERYY fdad ded g, sane 10

met hod. Interferon-al pha2b(1-97)-cysl (Acn) ethyl-3- mercaptopropi onate

t hi oest er SRAET obEER R i N3BYEPUERESE b’%/lm%%d’flﬁh AHIBRHAd thes ny. 5.
Prepar at i pgeeipwa@éf@}seglﬁé@h@;@ @@ééﬂ%ﬁ 1o S8 d Igatdd ?ﬂtﬁ?ﬁ%t' on

proceeded with the reaction of near equi-nolar anounts o
i nt er f ér onahephard- 19@]@‘51%ﬁ@n)TleH]wrlBifemmmmlommmuﬂnedebtyer and

Cl hy - Sror SR bbr i okt BP{ AT oBRTEFL 0% BNy, N0 4 i BARRIZS and

al pha( 98- 1t55¢e ao@tagmmmh@hsm@aﬂecb@lrym@ @ Worised0hnBM
guani di n| F rid 0. 1M sodi um phosphate pH 7.5 (0.12 m per peptide).
The two s VBP bﬁ re conbined and thiophenol, 2.4 |, was added and the

sol ution was aglt@fedecggéléfy Fur hesn d hiophengl e%ﬂ §P %B‘IF%G hour's
(2.4 1) 25 and 24 hours (4.8 1). After 42 hours di'thi ot tol
120y} Owasebidaed. Taf¢efedan halipka 2 el bl Jutdwsil (Resn)didtitydd3-with 3 M of 1:2

acetonitr ri.fied.b m - pr.eparative
R rPLC. BT actt ot uerelabl) SRt Al B s el e Rentarti ng ¢ he
t arget pobypeptidel wePEC co®b8 neg. and | yophili zed to afford

i nterferon-al pha2b-Cysl (Acm, 1.07 ng.

5. Preparation of interferon-alpha2b-Cysl (Acm)

15 The ligation reaction proceeded with the reaction of
near equi-molar amounts of the interferon-alpha (1-
97)Cysl (Acm) ethyl-3mercaptopropionate thiocester and
interferon-alpha (98-165) . Interferon-alpha (1-97)Cysl (Acm)
ethyl-3mercaptopropionate thioester, 2.84 mg, and interferon-

20 alpha(98-165), 1.9 mg, were dissolved in separate solutions
of 6M guanidinium chloride, 0.1M sodium phosphate pH 7.5
(0.12 ml per peptide). The two solutions were combined and
thiophenol, 2.4 pl, was added and the solution was agitated
gently. Further thiophenol was added after 16 hours (2.4 pl)

25 and 24 hours (4.8 pl). After 42 hours dithiothreitol (DTT,
120mg) was added. After 44 hours the solution was diluted
with 3 ml of 1:2 acetonitrile:6M guanidinium chloride and
purified by semi-preparative RP-HPLC.

Fractions were analyzed by MALDI-MS and those

30 containing the target polypeptide were combined and

lyophilized to afford interferon-alpha2b-Cysl(Acm), 1.07 mg.



WO 03/ 070764 PCT/ EP03/01745 25 6. Preparation of interferon-al pha2b by
deprotection of Cyst (Acn) Interferon-al pha2bCysl (Acm, 1.07 ngy, was

di ssol vedwoion/o7a4 m  of 50% acetic acid-water. A sol utionPcfi/EP0BorTgs of 5
mercuric acetate in 15 |1 of 50% acetic acid-water was added and the
solution was sparged with argon. The solution was agitated gently for 6

hours. (3-Mercaptoethanol (18 |) was ed and the solution was agitated
for a fur%herZS hours The mxt r|fued and the suernatant
was purifPed 38583 P A S QY CeRreneatlon ofing with a

| i near gradi e@ﬁispfA gtonltrlle 0 l%TFA in vvater 0.1% TFA, controlled by
a Waters Al liance s%stem The purification was nonitored by UV at 214nm

and fractions of thecHaFBHPN pRERI R EYsarfdized B MALDMAMS diFEed&Fr act i ons
cont al ni ngnt@ez i fedsdd Db Q#iéieaé!‘ﬁ?%h i ned an qhg Yophid ized to af ford
er azg

0.81 : . Folding of Int eron-a The synthetic interferon- aI pha

was aI Bomerwriﬁl dcetate thelbiwl ogi calé yaaadiy e dijt-eiafteromagl paadla in an
20 oxidative buffer_conprising glutathione oxidized:reduced in a ratio of
1: 2. Thusang. BaenpgobptHeprdrectRryod eritdl Gieaiphddls levhisar #geaph 6 was

di | ved 0,2 buf f 0.1 TA sodi
Cart Y Virab8r 8 s, bl uokat 6 tobey Mo i o ik Rad°di it ed
with 30 nhqeaghare oheSobutions Wis oa%ﬂaaz@éij it at m&&%&n@aomoﬁ%uced

gl ut ahi one, each solution containin 3 nmg of glutathione in of
buffer B TOGIMFFWEG Wa f\VE EDTAL e rﬁrscémhe mmpﬁrsyatar@tnwa\m tphlr@fe;@dm of

buffe a e g;ﬁl art of the
fol di Fng ang ﬁ?tg %61%3%) %%gé% I%{ t| rre IEhe mal n%ﬁ“?gk changed
f_rom 40. 2_llmaamt gsadiehheoﬁtacétdmlﬂﬁl&m iR @Pafntremﬁxh@tm% TEFRQNSI st ent
with foldi ngtgfolihg }gr o e\INate Aoffl()a?rg)ge&lsyps e/mEPQf%lleoijﬁ:%flcatlon was
monitored by UV at 214nm and fractions of the major peak were

analyzed by MALDI-MS. Those fractions containing the desired
15 peptide were combined and lyophilized to afford 0.81 mg.

7. Folding of interferon-alpha2b

The synthetic interferon-alpha was allowed to fold

into the biologically active interferon-alpha2b in an

20 oxidative buffer comprising glutathione oxidized:reduced in a
ratio of 1:2. Thus, 0.34 mg of deprotected interferon-alpha2b
from paragraph 6 was dissolved in 0.22 ml of buffer A (0.1M
Tris, 6M GdmCl, 1mM EDTA sodium salt, pH 7.5) that had been
sparged with argon. This solution was diluted with 30 ml each

25 of solutions of oxidized glutathione and of reduced
glutahione, each solution containing 0.3 mg of glutathione in
30 ul of buffer B (0.1M Tris, 1 mM EDTA sodium salt, pH 7.5),
and with 0.66 ml of buffer B. Samples were removed for
analysis by RP-HPLC at the start of the folding and after 22

30 hours. The elution time of the main peak changed from 40.2
minutes at the start to 36.3 minutes after 22 hours,

consistent with folding of the protein.



26 After 22 hours the folding m xture was centrifuged at 13000 rpmfor 1
mn. No pellet was observed and the solution was desalted on a H -Trap""
col um (Pwerm@oi7ed , controlled by a KTa FPLC, eluting w PoTEBS/m#MY. 5 The
purification was nonitored by UV at 280 nmand the nobst concentrated
fraction was used for analysis of bi olhggi cal activity. The concentration
was neasured at 0.09 0.03 ng/mM by t Advanced Protein Assay

(Cytoskel eton Inc reparatj.on .was falded in a sim,€lar y was
purified 10 by RP‘?‘%—@EEA%% ggkb‘i% ot uﬁL"r?Thﬁ%Jrfbg e HHiSh “i@éaf%%fwlegtaé& and

| yophi | i zedo0MALPh- BErof &bhs sanpielshoved ddadradeptd deandh uttihe

expected nmass was_present and an NEM t est for free Cys residues (Mant et
al . (1997)“?%&@5%8% 9B, 2cBhTTFPMgce Han  Bhaydasidi)suldande asdls Piyad

formed. Thexpyrrb¥cWag: 9898y apal Q@%%Jé HPLC. 8. Test of inhibition of
cytopathic affect by interferon- al pha2b 20 Interferon-al pha2b prepared in
paragr aph 7 was Theravedfiusangon heasytopatdial éff bt ami@gs hiromnassay of
Rubi nst ei t his antiviral assay. one unit/m _of

interfer oﬁh:ésmg}%fé ééﬁ%%ﬁ%ﬁ%%e%g%%l% Wodte £°7% AHiSc O&f f ect of 50%
on vesi cubaplsyboati acsivitys TMSWoREew Adt havine MBS eeld s+ Bheomest
concentraBe&fragtLon of. interferon-al pha2b prepared in paragraph 7 was
diluted by 1>x09494 @t hP AL AT 31 Briade (s sketlies opo 108 - M-

i nter f er on- pkpparuesordded: ta9. 451 Ma ofn Geldsshiatard e 10As ¢elisibm) in a
96-wel |l plate. Aliquots of interferon added 30 to each well "were a third of
the cbfceRYrBETBRLGfoRhe Clhterienmrandc e mprievipmek wels isAflbérd24ndour s
the cells; X‘@Eﬁlfg&ll enged with VSV. 24 hours after challenge the cells
were exam he y mcroscope and the well in which 50% of WO 03/ 070764

PCT/ EPO3/ 01745 MALDI-MS of this sample showed that a peptide with

the expected mass was present and an NEM test for free Cys
residues (Mant et al. (1997)) was negative, confirming that

15 both disulfide bonds had formed. The purity was 95% by
analytical HPLC.

8. Test of inhibition of cytopathic affect by interferon-

alpha2b
20 Interferon-alpha2b prepared in paragraph 7 was

titrated using the cytopathic effect inhibition assay of
Rubinstein et al. (1981). In this antiviral assay one unit/ml
of interferon is the quantity necessary to produce a
cytopathic effect of 50% on vesicular stomatitis virus (VSV)
25 with bovine MDBK cells. The most concentrated fraction of
interferon-alpha2b prepared in paragraph 7 was diluted by 1 x
10* with DMEM and added to bovine MDBK cells (0.18 ml
interferon-alpha was added to 0.15 ml of cells at 5 x 10%
cells /ml) in a 96-well plate. Aliquots of interferon added
30 to each well were a third of the concentration of the
interferon in the previous well. After 24 hours the cells
were challenged with VSV. 24 hours after challenge the cells

were examined by microscope and the well in which 50% of



27 cells survived was taken as having a concentration of one

uni t of

interferon/m . The activity of interferon-al pha2zb neasured by this test
was cal cuwetosd7d7e4 be 2.5 0.8 x 10" U ng. 5 EXAMPLE 2 1PCPEPP30ESF on of

i nterferon-al pha2b(98-165) This synthesis was perfornmed as described in
Exanple 1. 10 2. Preparation of intergﬁ{on-alpha2b(29-97)Cy529Thz et hyl - 3-

nmer capt opr opi onate thioester Interfer

nercaptoproghonate t hi gest er _conprises the am no acids 29-97
i nterferofft

Bha2bVHRBT el'AS t heXterdf iV o FoxSANCYrdiF & pds
been conventedotoinfBeetBybnAm1 MerEaP: OPF 9P PNAE & A 0eStHI- ARG

al pha2b(29-97) Cys29Thz et hyl -3

15 of hunan
i%“®on 97 has

e cysteine

residue at position 29 has been incorporated as the (L)-thiazolidine-4-
car boxyl i BeagrgefThY) thési baet Tae @leitktrd it 2d & 26 A 4,0 waé
coupl ed tgq4-sul fanyl butyryl AMresin (Novabi ochem) by the nethod of

Backes and El | man (1999) as described for the synthesis of

i nterféron-al pha2b(1-97) Cysl (Acn) ethyl-3- mercaptopropi onate thioester in
Exanmple 1 Eigrgsin was used as the starting resin for the solid-phase

synt hesi s"on a

57scale of 0.1 mml. Protocols and reagents were the sane

as for the spptheshsioeh bnat enferpor o -pliaA s @B-Gd)(Acn) et hyl -

3-nmer capt opropi onate thioester except that the synthesis was

finished at

Cys29Thz by coupl FR§St AELERARES r €& X BRIt -2 sTifrsgyibed in Example
(Boc- L-thhazolidi ne-4-carboxylic acid). The resin was 30 washed and dried

under high vacuum 1.07 g. WO 03/070764 PCT/ EPO3/01745 28 3.

i nt er £8r on- al pha2b(29- 97) Cys29Thz et hyl - 3-

Cl eavage of

2. Preparation of interferon-alpha2b(29-97)Cys29Thz ethyl-3-

mercaptopropionate thiocester

Interferon-alpha2b(29-97)Cys29Thz ethyl-3-

mercaptopropionate thiocester comprises the amino acids 29-97

15 of human interferon-alpha2b wherein the terminal carboxyl

group at position 97 has been converted to an ethyl-3-

mercaptopropionate thioester and the cysteine residue at

position 29 has been incorporated as the (L)-thiazolidine-4-

carboxylic acid (Thz) residue. The C-terminal amino acid,

20 Ala, was coupled to 4-sulfamylbutyryl AM resin (Novabiochem)

by the method of Backes and Ellman (1999) as described for

the synthesis of interferon-alpha2b(1-97)Cysl(Acm) ethyl-3-

mercaptopropionate thiocester in Example 1. This resin was

used as the starting resin for the solid-phase synthesis on a

25 scale of 0.1 mmol. Protocols and reagents were the same as

for the synthesis of interferon-alpha2b(1-97)Cysl (Acm) ethyl-

3-mercaptopropionate thioester except that the synthesis was

finished at Cys29Thz by coupling the final residue as Boc-

Thz-OH (Boc-L-thiazolidine-4-carboxylic acid). The resin was

30 washed and dried under high vacuum, 1.07 g.



mer capt opr opi onate thi oester The peptide interferon-al pha2b(29-97)Cys29Thz
et hyl - 3-nercaptopropionate thioester was cleaved fromthe resin 5 using

t he net howloeB/oratgenito et al. (1999). Thus, a flame- driedCTEPON174DUN
bottom fl ask was charged with argon and Boc-protected peptide resin (0.50
g) and anhydrous tetrahydrofuran (THF,_ 7 m ) were added. After 10 mn
trimethylsilydiazonmethane (7 m, 2M solttion in hexanes) was 10 added and
the m xture wg stlrred at_anbj ent te ture for hours. The resin was
separ at ed~ by ‘ E GRS ; 5 St

resin was pl aﬁ@gcg;ﬂt@pégmg}la{@uml@@gg@fnflask and the flask was charged
with argon. DM (anhydrous, 7 nml), ethyl-3-nmercapto rop| onat e (2 m) and

15 a sol ution of TheobRRRBIE sbat bt sBen- T 6EharP (390 MCyeRARizo eshyBvF) wer e
added by syrinp WaS;- St _ngg ar. Jor 20
hours. The vol gfg??ggr& ?%H%E%rg@% und%?%n gh véaa{:‘tegzgnfa E&E]e r%%g'l due was
treated wshanAhermeprdopijlEmgametwvae’reralphe(rﬂcﬂ% )20 Tarmniaurfliaadi-de at
room tenpgrat

3.n Ih d I trat dth
[oom teTber Lt e h0h S aouiSoThe T epln, vas, remved by L LLEAL] on and the

pepti de. Fbe- p@bt@ct@ﬂepeptlaéeré}\@ﬁn ped | 6 agh yh L ey cfrléﬂﬁa“ on washed
three times with cold MIBE and the resulting white preC| pitate was 25

di ssol vedtFhT8BYSHCRBERBNITRT I el Vit erveirrl @ | iBfeer M $uincr ude mat er| al
was puri ft@gmeyhm@y@%aiaysmgalﬁ%cv hf a Moélﬁd@ ana é&%gl DI -
and those containing the target polypepti wer e co i ned an I'yop | i zed

to af fordadde9 apd The pixitye meas usietribyd zﬁo mtalleytu GaimdRP-aHPIrE€ as 82%
WO 03/07056& PCT/ EPO3/ 01745 29 4, Pre

i nt er f er ofi- af pha2b( 1= 28T V81 'A% %?%%a%aéhc%&%or&t&pq%ﬁ&dewtaﬁh@&ter

I nter f er oniahphBf 1aR8) Qysl Thab €& dydn St Rt CAiEin was placed in a 50
ml round bottom flask and the flask was charged with argon.
DMF (anhydrous, 7 ml), ethyl-3-mercaptopropionate (2 ml) and

15 a solution of thiophenol sodium salt (65 mg in 1 ml anhydrous
DMF) were added by syringe and the mixture was gently stirred
under argon for 20 hours.

The volatiles were removed under high vacuum and the
residue was treated with TFA-triisopropylsilane-water-phenol-

20 ammonium iodide at room temperature for 3 hours. The resin
was removed by filtration and the solution was added to cold
methyl t-butyl ether to precipitate the peptide. The white
precipitate was pelleted by centrifugation, washed three
times with cold MTBE and the resulting white precipitate was

25 dissolved in 50-50 acetonitrile-water and lyophilized. This
crude material was purified by preparative RP-HPLC.

Fractions were analyzed by MALDI-MS and those
containing the target polypeptide were combined and
lyophilized to afford 13.9 mg. The purity measured by

30 analytical RP-HPLC was 82%.



propionate thioester conprises the first 28 am no acids of 5 human

i nterferon-al pha2zb wherein the term nal carboxyl group at position 28 has
been conweptoad7d7eé+ an et hyl - 3- mer capt opropi onat e t hi oest ePCT/EPe3/@782r m nal
am no acid, Ser, was coupled to 4-sulfanyl butyryl AMresin (Novabi ochem
by the nethod of Backes and Ell man (1999). Thus, Fnoc-Ser(tBu) 10 OH (4. 17
g) and ethyldii sopropyl et hyl am ne (3.7 n) were added to a suspension of
4- sul f amyl,but ¥LYL
chl orof orm (20 ' < 5 3G :
added and stmercaﬂtMSoﬁDGhaﬂ@eahﬁéesﬁ&C for 3 5 hours The resin was 15
filtered and washed vmth chl orof orm Unreacted sul fonam de roups wer e

capped with a sol GEFBATBFOUT 2Rt §T2 ) %mt%th}(lr%_r@r in). After
ethyl dii sg%@whe%nehigeét@})cbrgp91§£%0{ 4 Cj}*}fé\?o 6 Glinc andljdgsftgf '

each capping the resin was wash W th t he
second®i t hiW@andineer fpder- ﬁl]ghaZlvammm@lﬁl'Héld detimignadfl dEmie:Sar (ErBup was

measur ed g h escribed in the Novabi ochem 2000
Cat al ogueQ?oI? %gF %és%g ?%Ieg escllgC pa eecgl Iflis resin was used

as the staermgtopsoplbnate h’eh:B@dzd;’derha&ee 25-tsymiihesi sriha =s6al, e sefr,0. 1
nmol . Prot ocol s_and eaggnts J):Nere the same as for the synt hesi s of
5891

i nterferofcal PRAY BS) AW LhE PGP ST Y ol Y x8&ddpt (Nowabiacken) sbw2s wer e

coupl ed ash&hge€hpseydOps ke Heandi Peptddes: odlie mesidues, A G2, t@‘hgl 3
Thrl 4, Leul5, Metl6, 30 Leul 7, Leul 8, Alal9, Arg22 and Arg23 were al

doubl &9 co@‘él é@i 17 @ézen%etmmmmcmﬂ@tte@a)mw aZolT dilnewérear boxyl ic

acid (Thzy n sgeﬂf coupll

031 070764 15T BP0 OLIRE T30 Pl Test B : Ay A R0 -85 8 was
washed angndriald loadénghl gh? vemolihy) viei giﬁlcﬁ:oﬂ):@ @0 gisavage of

I nterferop; ol PRaZbid-28 YS! I02 L6 -5 n0pe (5.674) was added ang

stirring was continued at -20°C for 3.5 hours. The resin was

15 filtered and washed with chloroform. Unreacted sulfonamide
groups were capped with a solution of di-t-butyl dicarbonate
(1.5 g) and ethyldiisopropylamine (2.4 ml) in dichloromethane
(DCM, 2 x 15 min).

After each capping the resin was washed with

20 dichloromethane and after the second it was dried under high
vacuum. The loading of Fmoc-Ser (tBu) was measured as 0.46
mmol/g using the method described in the Novabiochem 2000
Catalogue for Solid Phase Peptide Synthesis, page P4. This
resin was used as the starting resin for the solid-phase

25 synthesis on a scale of 0.1 mmol.

Protocols and reagents were the same as for the
synthesis of interferon-alpha(98-165) with the following
exceptions. Ile24-Ser25 were coupled as the c-pseudoproline
dipeptides. The residues Argl2, Argl3, Thrl4, Leul5, Metlé,

30 Leul7, Leul8, Alal9, Arg22 and Arg23 were all double-coupled.
Cys29 was incorporated as B(L)-thiazolidine-4-carboxylic acid

(Thz) . The synthesis was finished at CyslThz by coupling the



5 mercapt opropi onate thioester The thioester of interferon-al pha2b(1-28),
prepared above, was then cleaved fromthe resin using the nethod of

| ngeni t o w0 0al070764999) . Thus a flame-dried, 50 m round [PoTiEPOS/H1785K was
charged with argon and Boc-protected peptide 10 resin (0.18 g) and
anhydrous tetrahydrofuran (THF, 7.5 nl), were added. After 10 mn

trimethylsilyldiazonet hane (7.5 m, oM %ol ution in hexanes) was added and
t he mxturfe S_sti a% \r@% ({)iH erature for 2 hou s The re5|n was
separ at edB§ ff??i"g??oﬁs A°wadhe T dhd’a5cv@ i¢c he 15

resin wasuptiagelitl aablum] & bptiorg fl ask and the flask was char ged
with argon. DMF (anhydrous, 7 ), ethyl-3- nercaptopropionate (2 m) and a
sol ution of thiophenol sodium salt (65 ng in 1 mM anhydrous DMF) were
added by syripge.ande bBeifl XtHLLoNas geml v Sidded wnden,gnaqn for 20
hours. The 20 vol at| | es were rermved under high vacuum and the resi due was
stirred wth mEACE proy : bsjtteane- wat er - anmoni um i odi de at room
tenperature for u resjin, enove filtr tlon and t

solution was addela8 Eﬁ%%?%l fet Ayl %x@%iﬁ%ﬁorbtaﬁé}?}/ KBE-Ye precese gate 25
t he pepti d]sovahewm tEe@r@Eé@vé@tﬁMSt}f&Heﬁﬁﬁd B reend egablqon.s washed

three tines with cold MIBE and the resulting white precipitate was
di ssol ved 'ASBBE80S T agbt oft PP 1 e- TR r2 dnps/sPHiad zed. Mthiteueude nat eri al

was purlﬁbeéoﬁyfﬁﬁ’sﬁ%gsoehérﬁ agi G8 LMK tﬁddlq)ffedttef&t%d3g§blt%%f

gradient of acetonitrile-0.1%TFA in water 0.1% TFA, = control
Viat er $0sefes bR ep0 HPB G byar@nanhar oy rii ¢t xeaktyidsro fvas mlAiHFor &d 5b;nll)JV at 214

WO 03 7 / 0 3L £ I d | - VS and
? hmose coﬁtgggnfgﬁ%gﬁegf\g%%e%a ypepjtrﬁ%&%\esqslyvier%%zg)g%%ze t%yophl i"zed ? g

\be

ré-co
afford 1728 aglmtlmelnie]sexade@r ottsctadifed pd thhed My ranalayt séak-r88LC.

at ambient temperature for 2 hours. The resin was separated
by filtration and washed with THF and DCM. Subsequently the
15 resin was placed in a 50 ml round bottom flask and the flask
was charged with argon. DMF (anhydrous, 7 ml), ethyl-3-
mercaptopropionate (2 ml) and a solution of thiophenol sodium
salt (65 mg in 1 ml anhydrous DMF) were added by syringe and
the mixture was gently stirred under argon for 20 hours. The
20 volatiles were removed under high vacuum and the residue was
stirred with TFA-phenol-triisopropylsilane-water-ammonium
iodide at room temperature for 3 hours.
The resin was removed by filtration and the solution
was added to cold methyl t-butyl ether (MTBE) to precipitate
25 the peptide. The white precipitate was pelleted by
centrifugation, washed three times with cold MTBE and the
resulting white precipitate was dissolved in 50-50
acetonitrile-water and lyophilized. This crude material was
purified by RP-HPLC on a Vydac C8 column eluting with a
30 linear gradient of acetonitrile-0.1% TFA in water-0.1% TFA,
controlled by a Waters semi-prep HPLC system. The

purification was monitored by UV at 214 nm.



5 6. Preparation of interferon-al pha2b(29-165)Cys29Thz The |igation
reaction proceeded with the reaction of a near equi-nolar anpunts of the

i nt er f er owoaBphaab( 29- 97) Cys29Thz et hyl - 3- mer capt opr opi oRaTEPIHI &St er and
10 interferon-al pha2b(98-165). Interferon-al pha2b(29-97)Cys29Thz

et hyl - 3mer capt opr opi onate thioester, 10,6 ng, and interferon-

al pha2b(98-165), 13.7 ng, were dissol ve?ij1 in separate sol utions of 6M

guani di ni um chl or 1M sodi um phos e 0.60 nm per peptide).
The two sol uti ons#ﬁ/ae?g %ieﬁerﬁfqaﬁ%%ﬁﬁﬁ ,Mp‘gipq M8 %‘d‘dbé?ﬁ?fle mer capt an, 24
|, were addﬁﬂalﬁﬂﬁgthEeSﬂat@éEﬁpdﬁypéﬁﬂiﬁéﬂwgiéﬂcdﬁﬁgneef%%H 66 hours

di t hi ot hr |to€% gDTT .37%?) was added as a solution in 3 nml of 6M

guani di ni u¥PRRt ot Fee, £, 3 SEi im0 gmﬁﬁn&t@ $ig st s dampgodiet] edat i on

m xture wasripgubas edyf oK, 8,20 furghes 2 hours at 37C. The sol ution was
diluted with 3 nl  acetonitrile and 2 m 6M guani di nium chloride, 0.1M

sodi un? phosphat e pH 7.5 and purified by RP-HPLC on a Vydac C8 col um
(208TP510} WIE,Pe & gfa:grlltent of ac ) wat er - 0. 1%
TFA, control |'ed by e P ification was

noni tored by W arhaml@mldﬁu aiﬁéac(ﬂ‘hSon wcﬁ;eamlwm@hbsthw%@lacw@oan@ft hose
cont ai ni n% t he tar ]gol ypepti de vvere conbi ned and | yophilized to afford

4.7 ny, PurTEy 7 %Tﬂ}o fral RS IPLEhe3g nE e TheaRaratlbba 261(29-
interfer 0917%?%@1%2%@ ) - DY SN \{:%152 l&JatEh%%%o%%t%\fsgme N-term nal
S g

Cys of interferon-al pha2b(29- 165 hz was regenerated by treatnent
with &0 ne%%wrf/@@ww&lb FQ?I’-/JE’FSO?,-/ apmfeazmmmmybamn@7mygs@emhar| de

at pH 4.0 e 9Th (4. 6mg) |l ved in 6M
guani di nlﬁt}w% %B orlrgp&%géé%l ydr élef%aﬁﬁgne \f,?\‘@drlB REGFFEB, 0. 1M
acetic acablpla@l?bl(s@&dl@@ PH 3L nwd me&@ildir@smw’re@ml@eseﬁéﬁsalte

solutions of 6M guanidinium chloride, 0.1M sodium phosphate

PH 7.5 (0.60 ml per peptide). The two solutions were mixed,
15 thiophenol, 24 pl, and benzyl mercaptan, 24 ul, were added
and the solution was incubated at 37°C.

After 66 hours dithiothreitol (DTT, 0.37 g) was added
as a solution in 3 ml of 6M guanidinium chloride, 0.1M sodium
phosphate pH 7.5 and the ligation mixture was incubated for a

20  further 2 hours at 37°C. The solution was diluted with 3 ml
acetonitrile and 2 ml 6M guanidinium chloride, 0.1M sodium
phosphate pH 7.5 and purified by RP-HPLC on a Vydac C8 column
(208TP510) with a linear gradient of acetonitrile-0.1% TFA in
water-0.1% TFA, controlled by a Waters semi-prep HPLC system.

25 The purification was monitored by UV at 214 nm. Fractions
were analysed by MALDI-MS and those containing the target
polypeptide were combined and lyophilized to afford 4.7 mg,
purity 97% by analytical HPLC.

30 7. Preparation of interferon—-alpha?b(29-165) by conversion

of Thz29 to Cys

The N-terminal Cys of interferon-alpha2b (29-
165)Cys29Thz was regenerated by treatment with O-methyl-



5 0.5 hours at 22-24C the solution was incubated at 37C. The solution was
desalted on a Hi -TrapTM col um (Pharmacia), controlled by a KTa FPLC,

el uti ng vwoti@mrguani di ni um chloride 0.1M sodi um phosphateTERF0045 The
purification was nonitored by UV at 280nmand the 10 first peak (1.8 m)
was concentrated to 0.4 ml in a Centricg cartridge (MIlipore, nolecular
wei ght cut-off 10 kDa). This solution s used imediately in the ligation

with interferon-al pha2b(1-28)Cysl Thz (exanple 2, paragraph 8). 15 8.

Pr epar at | BROGTRT VB For GFE AT BhSHAS o)L T 11 Gati o S aert hhogPgadided
wWith the 1eaptyopovhz PLabn@AUAD! & s SMEY Si Do R LB €40 N- al pha2b(29-
97) Cys29Thz et hyl - 3ner capt opr opi onat e thi oester and '
interferohyﬁF%ﬁg-ﬁ%{QQSAG )3MI%t@ﬁ@lml@@ﬂd@g@n@@yﬁd}swﬁﬁp,mﬁ@,O.Ogli(gl,o Y/as
di ssol ved} i dini ride IM.sodi um osphate p : :
n) and aﬁﬁgﬁﬁ‘%ﬂo&? (2 %% %%%?2%%0@95401 ﬁt#lgénh o%oqluln me?]fyedflgj -ld%I'pgggﬁfzg- 165)
obt ai néd Prbnhohes &k TR2apIMC eslte natlod tan beasfl.iﬁld’t@)a,te-ﬁhiaétpmeﬁm.ajh@ lb ang
benzyl nmercaptan, 10 |, were added, the solution was m xed 25 and incubate
at 3¥C. Al ?etrl£§%ﬁh"6% sdﬁf?h%ﬁlh‘?%i%d}l? PE o5 (FRES 8¢ déd as a

sol ution tontM guedi By nk urT € htord des1 ui.iMvsiadi Wi RhesRkate pH 7.0 (0.1 )

and the ligation mixture was incubated at 37C. After 1.5 hour O-
met hyl hyd?%’k%h‘ﬁ’? n@- Hf of e+ e et Ry )P el Cedded as a 30 solid, the

| igation m xture i j 4 : t§ M ni di_ni

hlygr olchl oride, O%ﬁn%#%ﬁ %%rgx@?%rﬁ%ef%%ﬁ% hﬁ@: ia%e,2%3).%TI\/%%tlcr(:}letlu'ig]((:e acid
adj usted forpH Ae@kwil h8 mbdiwms hywolraed e t et etco i .t4r inlle i(ng)aZC@h):raﬂgn |
trifl ic. VWO 03/070764 PCT/EP03/ 01745 3 acid (5_1) and incubated at
370 Arter e it Rel Al e - (ST a P AR U FiEEa 160 AP HPLELand
fracti onsscbntabmiwvgs tHed demiddchRapt iide ey e iReelied aadnl yophilized to

f reduced i nterferon-al pha2b(1-165), 92%purity b
afford Oigger eggn—alphaZb(1—28)CyslThz %exa&éle 2,)paragrgph 8%. Y

15 8. Preparation of interferon-alpha2b(1-165)

The ligation reaction proceeded with the reaction of
near equimolar amounts of the interferon-alphalb (29-
97)Cys29Thz ethyl-3mercaptopropionate thioester and
interferon-alpha2b (98-165) . Interferon-alpha2b(1-28)CyslThz,
20 0.8mg, was dissolved in 6M guanidinium chloride, 0.1M sodium
phosphate pH 7.0 (0.1 ml) and added to the concentrated
solution of interferon- alpha2b(29-165) obtained from the

HiTrap™ (estimated to be 4.0 mg) . Thiophenol, 10 pl, and

benzyl mercaptan, 10 pl, were added, the solution was mixed

25 and incubated at 37°C. After 36 hours dithiothreitol (DTT,
15.7 g) was added as a solution in 6M guanidinium chloride,
0.1M sodium phosphate pH 7.0 (0.1 ml) and the ligation
mixture was incubated at 37°C. After 1.5 hour O-
methylhydroxylamine hydrochloride (8.7mg) was added as a

30 solid, the ligation mixture was diluted with 4 ml a solution
of 6M guanidinium hydrochloride, 0.3M O-methylhydroxylamine
hydrochloride, 0.1M acetic acid adjusted to pH 4.0 with

sodium hydroxide, acetonitrile (0.2 ml) and trifluoroacetic



5 analytical HPLC. 9. Folding of interferon-al pha2b The synthetic
interferon-al pha2zb was allowed to fold into the biologically active

i nt er f er owoaBpiges Thus, 10 interferon-al pha2b (0.88 ng) wasTdiPsyei7yed in
0.5 mM of buffer A(0.1IMTris, 6M GInCl, 1nM EDTA sodium salt, pH 8.0)

t hat had been sparged with argon. This §§I ution was diluted wth 61 gl
each of solutions of oxidized glutathio and of reduced gl utahi one, each
sol ution containing 0.61 of 15 glutathione in 61 | of buffer B (0.1M
Tris, 1 WE@TA5ng|)uﬁrpdsanpub9Heg a¥, 3an@| w?bfntqraarﬁundfhmﬁ groB:s The

sol ution ' n I at ure After
16 hours }(ﬁ’ﬁ% FE,SF’Q‘E% %r gfagl hgﬁglégrg fied #Lé@rﬁ] écpzt@f)éurfjcﬁ um
(238TP54) thsadplsé$e\ﬂﬁpeppd)dleedeﬁédeGlédO@ﬂﬁcﬂ| l}Z@_ﬁhi:D_Lﬁéd Oifdd datd e

| FN- al pha uri %égéﬁ% anal t| cal. HPLC. An NEM test for free

Cys confi %n@& 'a g% 58%0% sip OHWIJr a¢hel THRR i U RIS ek by

descri bBedahaigetabkh apdc.25 with reference to specific enbodi nents thereof,
it will be apparent to one skilled in the art that various changes and
nodi fications can be nade therein w thout departing fromthe spirit and

scope t hegeof fere S, | man, J. Org. Chem 1999, 64,
2322- 2330 ;EO 6’ prenges  pack f , 3829-3835 (2000). Canne et al.,

J. Am Chem Soc. Tm¢8syﬁsﬁét@d:%ﬁyerma&@]?@k%mbH@'sl ERPOWET 4 2 Lanne
et al.

1999 Cip ngdale et al., J.
Pept i de séun.to t%]zén t’%@bfa‘ﬁba@\& hvétl’ai'-%rf%%%r%eo 994 D6, 776-779.
Fi el dSOanﬁlnN@btﬁerohnblpﬂa2BeRJD| de RgPtehy &eSso1dR APl . » f11930). Huse et
al., J. Am Chem Soc., 122, 8337 (2000).
buffer A (0.1M Trls, 6M GdmC1l, 1nM EDTA sodium salt, pH 8.0)

that had been sparged with argon. This solution was diluted
with 61 pl each of solutions of oxidized glutathione and of
reduced glutahione, each solution containing 0.61 mg of

15 glutathione in 61 pl of buffer B (0.1M Tris, 1 mM EDTA sodium
salt, pH 8.0), and with 1.5 ml of buffer B. The solution was
mixed and allowed to stand at room temperature (22°C). After
16 hours the folded protein was purified by RP-HPLC on a
Vydac C18 column (238TP54), samples were pooled and

20 lyophilized to afford native IFN-alpha2b, 0.15mg, 100% purity
by analytical HPLC. An NEM test for free Cys confirmed that

none was present.

While the invention has been described in detail and

25 with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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5 (a) synthesizing a first polypeptide subunit of said interferon protein
having a Cys, or a ligation auxiliary, as the N-term nal residue by

sol i d- phawe opepi7s4le synt hesis and purifying said subunit PCTHpPOZ9ITehesi zi ng
at | east one additional polypeptide 10 subunit of said interferon protein
having a protected Cys or protected aqéaliary at the NNterm nal and an

al pha carboxyl ate thioester at the C-termnal by solid-phase peptide

synt hesis and purifying said additiogggﬁﬁﬁgunit(s); (c) ligating said
first polypeptide subunit and said 1 ional subunit(s) by native

chem cal ligation to produce a full-length interferon polypeptide; (d)
renoving said protective noiety fromsaid interferon polypeptide; (e)
oxi di zi ng the cys?eiﬁemﬁEgPau%g PROF WD P pleqstiiefel lahddtdlvdi ng sai d

i nterferonnpely¥pephi Lptg i [ f i.on; ). ting the
r ef ol ded, bi ol ogi cal ﬁgoggt&?(/e&&?%?%rifﬂgo%p@pr% e’?ﬁ%e"%y%@rﬁﬁet ec%%{a%scl ai ned
in clai m2ndwhepePh Bard rebybeptbds calbynbiot i werialt erdtgraeh qumotrdises S

sel ected EEQHE£Q§S greoup consisting of an alpha-interferon protein, a beta-
interferon protern, and a gamma-interferon protein. 3. The nethod as
clainmed@ in claim2a)whgnehassaing Hiolog aadlypaedide alpha-d rirerdaron
protein is_sel ected froE1,30 t he gro%P consisting of interferon al pha-2a
prot ein, ?ﬂ?’%F%@F% BFBh&LBpRaT bR %, CY ot 7% & o oR e Zaixdrldedivn, arD

03/ 070764 RETHEPO2 044 #5r 0 30asy NE pr o 1 d herd Snalb @l phas e IQLelRg.
interferon al pha-n2 protein, and interferon al'pha-n3 protein. 4. e

met hod asPBFafkeddi paadysenendt; the clains 1- 3, wherein said first

pol ypepti de SUbuni(E) ng}?{hégfz{l?él Qlyefeas!ic 908r1-e16a5dc91ft3'.ior}{[aeir fp%rl(g/?)-e%ltg%ae'
10  subunit of said interferon protein having a protected Cys orx
protected auxiliary at the N-terminal and an alpha-
carboxylate thioester at the C-terminal by solid-phase
peptide synthesis and purifying said additional subunit (s);
(c) ligating said first polypeptide subunit and said
15 additional subunit(s) by native chemical ligation to produce
a full-length interferon polypeptide;
(d) removing said protective moiety from said
interferon polypeptide;
(e) oxidizing the cysteine residues in the
20 polypeptide and folding said interferon polypeptide into its
native conformation; and
(f) isolating the refolded, biologically active
interferon protein.
2. The method as claimed in claim 1, wherein said
25 Dbiologically active interferon protein is selected from the
group consisting of an alpha-interferon protein, a beta-
interferon protein, and a gamma-interferon protein.
3. The method as claimed in claim 2, wherein said
biologically active alpha-interferon protein is selected from
30 the group consisting of interferon alpha-2a protein,

interferon alpha-2b protein, interferon alpha-2c¢ protein,



5. The method as clained in any one of the clains 1- 4, wherein said

addi tional pol ypeptide subunit conprises residues 1-97 of

i nterferowoaBpheass 6. The nethod as clained in any one of wPhe/EPOHOITES 1- 10
4, wherein said additional polypeptide subunits conprise residues 29-97
and residues 1-28 of interferon-al pha. The met hod as clainmed in any one
of the clains 1- 3, wherein said first %%Iypeptide subunit conpri ses

resi dues 38- 165 of _interferon-al pha,and sajd additional polypeptide 15
SORpriSe r &8 gSrTPﬁlB}H “PosPHuES 98- 4B SO et tRitmal pha.

subunits comprise’reasi-gdu

8. The nephodeas,chadnedtenranynonepRi-thepebais. 1- 3, wherein said first
pol ypepti de subunit conprises residues 138-165 of interferon-al pha and
sai d additional pdlrypBft"aEhod aabohrtEeeohprike o»s|dudshe -Jdginedi-dues

29-97 andreghdwesn 38143¢:06+i ph | g, &ﬁq od as claimed in
any one of the cIaFnE i- 8} mhe?e?%éggﬁgagirst %%Fj%e :ﬁﬁ%g%d%{ﬁﬁ 9%
purifi éd §8ragoaofcontmmfehpomalpgaaphy techni que. 25 10. The nethod as

claimed in clain1g, @Q rei@hs i | um , chromat o rgggé techni que i.s

d c
reverse phase col Ufm™ chtona g?%pﬁgélﬁﬁq et HaiTed % Lany one

of the cl di,nehtrelf, suhdr etinisabtandgdbl jonst i ol ypaptide syhunid{s) are 30
purified using a cglggn chromat ogr aphy_ techni que. 12. The net hod as cl ai ned
in claim {tSiHEFein"daPd 1RbEERAT AT &R DYr aphy technique i s reverse phase

col um - chr omat ogtapiye MO-034020764. BI4 FROLAT 10, ¥ it g meyhod as

claimed in any one of the clains 1- 12, wherein the peptides are

synt hé8i z&d Bheseindsphdseddpepenal wyhriestie IshbFhie sretdigd-ize cl ai med in
claim 13, -WaepgED 58897 and residues 1-28 of interferon-alpha.
7. The method as claimed in any one of the claims 1-
3, wherein said first polypeptide subunit comprises residues
138-165 of interferon-alpha and said additional polypeptide

15 subunits comprise residues 1-97 and residues 98-137 of
interferon-alpha.

8. The method as claimed in any one of the claims 1-
3, wherein said first polypeptide subunit comprises residues
138-165 of interferon-alpha and said additional polypeptide

20 subunits comprise residues 1-28, residues 29-97 and residues
98-137 of interferon-alpha.

9. The method as claimed in any one of the claims 1-
8, wherein said first polypeptide subunit is purified using a
column chromatography technigque.

25 10. The method as claimed in claim 9, wherein said
column chromatography technique is reverse phase column
chromatography.

11. The method as claimed in any one of the claims 1-
10, wherein said additional polypeptide subunit(s) are

30 purified using a column chromatography technique.

12. The method as claimed in claim 11, wherein said
column chromatography technique is reverse phase column

chromatography.



5 peptides are synthesized by Fnoc solid-phase peptide synthesis. 15. The
nmethod as clainmed in any one of clains 1-14, wherein the group protecting
t he Cys owoannid7seary at the N- term nal of the additional PEwPN3/0(78y i s
selected formthe 10 group consisting of acetam donethyl (Acnm,

met hyl sul f onyl et hyl oxycar bonyl (Msc), thiazolidine (Thz), nethylbenzyl,
nmet hoxybenzyl, picolyl (Pic), benzyl (Bz ;, tert-butylthio (StBu) and

t-butyl (tBu). 16,Th th s_clained in,any one of the clains 1- 15 15,
wherein the foldi%g'oﬁhggp %gﬁ?e?Fe?%ﬁl%%?yb%p%?%éa?%t e Haing 1-
conf or mat ilén wbefreim ahbi pkpgiaak! ar@céywheéﬂi@cﬂf@{)%]pjr@;ﬁiansé s done by

(a) dissolvi%3 t he sahd ﬁglypeptide i n an aqueous uffer solution
conpri si n§ BM §GafYai-Afddtsal t, 0.1M 20 phosphate buffer, 1mM EDTA sodi um

salt; and (b) dil uki ngrthge$8a! u ffer ti-on W ._anqt her
sol utigon contai ni ng oxi di zggﬁgﬁdggegggggl@gl %I?a%ﬁ?%ﬁneiy’su%etl{khlﬁ q-t e final
concentr aPrbiigest Resegaantieal nedsayt Finge d05M-thresd ipwdticncent rati on of
phosphateskﬁtge%yg.the final 25 concentration of EDTAis 1 nmM the final
concentration o oxi di zed glutathione is 0.5nmM and the final concentration
of reduced gl utalbonBhisméthbdlds JTheimedhds @s, cdrad med diniany 1ong of the

clains 1- égr mheﬁgin the interferon protein is isolated by reverse 30
phase col U EhFolrBfodraPRyPARESFibphi FiedtYDrer 1= e sktatodhes N ai med

In any oneeehihhe ekatme dadifioMbershmudhe peptd dseefe{ﬂt%%?t%&%n e
4-sul fanyl utyrgﬁ | i nker.

synthesi zed by Fnoc chenmistry on a resin wth a
WO 03A870962UPCTPEPDSEONI4SE Bgett@mideree ey hothas cl ai ned in cl ai m 18,

ErggggﬂrLREEP%%QE&gSn&bEQﬁ?i8§§c9f§o§§faﬁfgkf;(¥Hfgg%ffafﬂéi(%h%)amo_Step
methylbenzyl, methoxybenzyl, picolyl (Pic), benzyl (Bzl),
tert-butylthio (StBu) and t-butyl (tBu). |

16. The method as claimed in any one of the claims 1-
15 15, wherein the folding of said interferon polypeptide into
its native conformation to form a biologically active
interferon protein is done by
(a) dissolving the said polypeptide in an aqueous
buffer solution comprising 6M guanidinium salt, 0.1M
20 phosphate buffer, 1mM EDTA sodium salt; and
(b) diluting the said aqueous buffer solution with
another solution containing oxidized and reduced glutathione
such that the final concentration of the guanidinium salt is
1.5M, the final concentration of phosphate is 0.1M, the final
25 concentration of EDTA is 1 mM, the final concentration of
oxidized glutathione is 0.5mM and the final concentration of
reduced glutatione is 1mM.
17. The method as claimed in any one of the claims 1-
16, wherein the interferon protein is isolated by reverse
30 phase column chromatography and lyophilization.
18. The method as claimed in any one of the claims 1-
17, wherein the peptide thicesters are synthesized by Fmoc

chemistry on a resin with a d-sulfamylbutyryl linker.



(a) diazonethane or (trimethylsilyl)diazonmethane to 5 activate the |inker;
and (b) the sodiumsalt of thiophenol to displace the polypeptide fromthe
| i nker. 280 oBntwsd er on pol ypepti de subunit sel ected from POE/EPGS/OLIES

consi sting of polypeptides conprising the residues 1- 10 28, 29-97, 98-137,
138-165, 1-97, 98-165 of interferon- alpﬂg 21. Use of consecutive

pol ypepti de subunits sel ected fronlthe group consi sting of polypeptides

conprising the|ntg§fgf§% %ﬁ%ﬁ%ﬁ as clalme 1n é&alm Q% wh%1e1%8t%65 for the

production of
peptide thioesters are cleaved from the resin in a two-step

procedure using
(a) diazomethane or (trimethylsilyl)diazomethane to
5 activate the linker; and
(b) the sodium salt of thiophenol to displace the
polypeptide from the linker.
20. Interferon polypeptide subunit selected from the
group consisting of polypeptides comprising the residues 1-
10 28, 29-97, 98-137, 138-165, 1-97, 98-165 of interferon-alpha.
21. Use of consecutive polypeptide subunits selected
from the group consisting of polypeptides comprising the
residues 1-28, 29-97, 98-137, 138-165, 1-97, 98-165 for the

production of interferon-alpha.



