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PREPARATI ON OF PURI FI ED (POLY) PEPTI DES The present
invention relates to a nodification method for facilitating the

pr-epar ati on VORI ed (pol y)peptides and to a purificaPFyRPH4¥8ss
uskng this nodi fication nethod. . 5 During the |ast years solid
phase peptide synthesi s, using either t -1Boc or F-noc strategies, has
béen | argely inproved. So r s allowed the
preparation of polypepti dgélk% OB. 9?88& esi {Foens )o%rﬂ%rsé%er r].

Nevert hel ess, inconplete 10 coupli ng and chain termnation that nmay occur
at any cycle of the pe@he derésatinveneads i'@lé&'éis fe@y lsatnbamfﬂéauon
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peptide from ot h@dﬂﬁmuﬂbheﬁetﬂg@ pur| fication of long synthetic

pol ypeptides is a major problemin roductj on . of produ s useful for
bi ol ogi cal studies and B\"B?‘ s|’1u‘?¥ﬁ1 & Xﬁg ?Jt’eé) RRass ReRE] h €| evel of
purity is 20 narajpthepis, using eithex| g-pact orul-‘anqc \menatsgqasnchas
containing 30 Ofpeen %&ﬁeiﬁsiﬂbﬁ?&éﬁesﬁﬁ%%%i@é’d (ﬁﬁ!ﬁ:d@oﬁgeﬁfnces in

physi cal properties, sug S chargé an ophobi city between the
desired product SYMFNGELE éi %‘?ttrl'{?n 3@&1”61“%0??/.%&@@9&# ge8i @burities
may be too snml laboutt aoal keméwm]tmt more! ' { | Kexterhe leesaddhtompl etidre nodern

power ful sepafpat h u ; ften
P ted by |§v‘v’ay'“f&{|i’&tlﬁ§ Eh& éﬁani CernliA4eL SR qna*flo\%hcur a! inf

n npl e | oada
ti me- consumi ng éW(?l@xB%nEP?epe%rO"de assemblypleads &if "é'ﬁplfeiﬂ‘ﬁéyﬂa‘% been
already tested deltettionreuan@ntrurtated setiaehoes. Bi ot i nyI at ion of a 153

d lL-1 t het r I 9 r ot ease
resi due synthetic p %fénirf% tlhea%sgibg 3c<5v.gﬁltl = Iat eél eP

synt hetic protei n[err] wer e per rmed”an chai ns were
i sol ated on an FRARCACRGaPBRRrYRA Mindy during the f1nal cleavage from
15 the resin hamper the stralghtforward isolation of the

desired peptide from other impurities. The purification
of long synthetic polypeptides is a major problem in the
production of products useful for biological studies and
for human and animal use where a high level of purity is

20 mandatory.

In particular, when sequences containing 30 or
more residues are synthesized, the differences in
physical properties such as size, charge and
hydrophobicity between the desired product and deleted,

25 truncated or modified peptide impurities may be too small
to allow adequate purification. In addition, the modern
powerful separation techniques, i.e. reverse phase HPLC,
are often limited by low yields and small sample
loadability which is time-consuming and expensive.

30 Different approaches have been already tested
to circumvent this limitation. Biotinylation of a 153
residue IL-1 synthetic protein® and of a 99 residue SIV
protease synthetic protein® were performed and the
biotinylated chains were isolated on an avidin-agarose

35 column.
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2 Ball et al.[err] have recently proposed a purification
procedure based on the addition of a reversi bl e protecting group which
bears ei t hewo98/9p830phi lic, acidic or basic functions to tPEI/ERIN49BESI due

5 of the peptide chain. More specific chromatographi c nmet hods
have been optim zed exploiting the pregence of particular residues I n
t he synt hesi zed sequences. For exanple, cysteine- cont ai ni ng peptides

have been purified by reagl @t Wit h Hd-d mléhﬂ egr gad ¥ derivatives[err]
or activated thIO

f f t
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purification ofevergible aotestingnngupiwhich heags eiypeophan[err].
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conpletely ggt aﬁfnasmwe&lxﬁ%& xse%aeaéwéée o wav 3}1 r |eave
coval ently deri vat es | I nal r|f pro ct§ |ch may

{
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ot ovement! Ot BehReagl] Sfle flnil iGESANe or epﬁ%hggﬂho pr ovi de an

i nprovenent tot nown od for_ the
nodi fi cation of ( pol ﬁ%eﬁﬁ‘i%‘*&fi P’&‘E‘F?’r’isdtﬁ kg spdainectribn B her eof ,
and 35 to aipucellcepivspprarcaey moietpes yyaapiguledsedti 88ded. These

tails could subsequently be used in affinity
chromatography.

In general, a purification protocol which is
based on the physico-chemical properties of the

20 synthesized peptide has to be optimized for each
individual sample, which is a time-consuming and costly
exercise. For these reasons, a number of techniques have
been developed to render purification procedures of
general applicability!'®. However, the methods described so

25 far are not completely satisfactory since they are still
time consuming and/or leave covalently derivatized
peptides in the final purified products which may pose
some concern for their biological and physico-chemical
properties and their fimal utilization in animals and

30 humans.

It is therefore the object of the present
invention to provide an improvement to the known methods
by providing a method for the modification of
(polyl)peptides for facilitating purification thereof, and

35 to a purification process for (poly)peptides, which
method and process are universally applicable, result in
a high yield of recovery and are easy to perform.
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PCT/ EP97/ 04939 3 Thi s obj ect.
was achi eved W@8&#9%83ng to the invention by a nodificati oRCHERHB#3? whi ch
comprises the I nsertion of at |east one35pecifically cl eavabl e am no
acid at the end of the (poly)peptide chain“during 5 synthesis thereof and

protecting the same am ngp ko wih AL ARy GRRLYEPRR! dCend T Present,

agai nst cl eavage, in order tg .allow for specjfic cleavVage, precisely at
the | specificaPVgnEienbibia medidicatigpapethod, which comirifng fiMex | on
process using tHnsenbilohiciitatorleh8tnohaospecifijyaligs clbavabiy santifno

a) synthesizin Sy L de. : i ng at | east
o)ne ‘Zpeci fical ??Egﬁegga%lﬁi%wgrﬁyﬁgggg?gfg{?%%teideenghglg'nt ﬁ‘):ér Iyg epti de,
whil e having 5 sypsheeiedherectappdaprabeskeing sghwnﬁnamh@(w% 15
E)eplt_i ;Jle, ifdpres&nhinagn{b n@on})@%p&?ae, if present, aBhifbongbddvigyd,he t
ol eptide a | I . ence to
ogtaynpaﬁ elgﬁgé?gagg%F3ﬁéﬁ??§89 §$eeggfélgfg%q%%%pg%%e§$%%@%ﬁiqg#%ngated
pol ypept i de by SPERILPEALIY £lenyablecarivomrid(®ation nethod: and
d) renoving the tag sequemgaufiflchbtondprbédnlusingathil® R6ATE Sdatdiloam t he

el ongated (pqly 'dedﬁx S a_cl eavage nmethod specific for the
addi ti onal a%"n)é"%%%gcic s‘i’tﬁte%%oﬁf‘& ﬁLFB% %ﬁrified pol ypept i de. 25

The specific cleavage netdodymshesérdnabthe desixederfpody) peptidaye et hod as
will be f]yrt Eer, el uci dat e} addleﬂgehlabféa&t one specificall.I ecrgmd eand
process of the i tLon.are a | a@%enbg ever ﬁ ol y) peptide .since
they do not 30 3@%§§d5%ﬂdt§ﬁaEﬂ%_ﬁ§8§8?d ¢ ?ﬁﬁﬂ3§§t ﬁ?re ﬁ%fé having
Furt hernore, inPgereated pihg @amed apipodeaidis) michint kbd (polyld process are
i nexpensi ve agdpep8idiy, eif igdetitnt, against cleavagell an enbodinment is the
use of a nethionine )
b) elongating the (polylpeptide and the amino
acid(s) added thereto with a tag sequence to obtain an
elongated polypeptide;
¢) purifying the elongated polypeptide by means
20 of a tag-specific purification method; and
d) removing the tag sequence and the additional
amino acid(s) from the elongated (poly)peptide by means
of a cleavage method specific for the additional amino
acid(s) to cbtain the purified polypeptide.

25 The specific cleavage method is preferably a
chemical cleavage method as will be further elucidated
hereinbelow.

The method and process of the invention are

applicable to every (poly)peptide since they do not
30 depend on the amino acid composition thereof.

Furthermore, in certain preferred embodiments the method
and process are inexpensive and highly efficient.

Such an embodiment is the use of a methionine
residue as the additional amino acid before adding the

. 35 affinity tag (for example a stretch of six histidine

residues or other purification facilitating compounds) .
After appropriate purification steps, such as tag-
specific affinity chromatography, the histidine tag may
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4 be cl eaved of by CNBr digestion, a# inexpensive and very ef ficient
process, which specifically cleaves at the met hi oni ne resi due.

In a preferrefecpbeavednf tye CNBY |EYRSLIPHoRr AResPERSIER AN, VEEVet ch of
hi stidine resiegdfiggient gcfed¥sgbliiiohxspecifiicallgndleaves orihee resi due.

Optional ly on%egﬁégﬁ%ﬁézyégyau%nino aci ds may be I ncor por at ed.
e
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tag. Howsv @lomp26 668 (a1 QL datt Be st pyeth | ®h Hilstiding besbapasled by using

nodi fi ed nethigni.ne si dues in the t 1,5 .0f . . Lpol y) peptide. Such
A modified nePRESAFARLY LK 0F Rords #3d %ﬁé&ﬁ\l@;‘%@?h%ﬁ’ré{g‘esu| f oxi de. :
I n an al t er natOptdonablyli orntormforgeothenRiningd acidgr waesbe of the i nvention

the tag is a |jaaepsPhesdl e, such as pol yethyl ene glycol. In this case
the tag- specific pugifi,cati on nethod i.s | [filtration 20
chr omat ogr aphy. b the PRAUSHFR B o 3%5%@?9 B?EY?ﬁPEH%%ntion are

equal | y welllo moptainbl methigudingpaeeidues pthritwettldybe spbiesthitmnt DNA

t echni ques. !%1%%3&%&6%&{3&@ BRBihidd Swhen TRIMBVARGNENE C8aglUEs originally
present within the desirted 25 pol R tide, but not in the tag are cleavage
pr ot ect ed, *P&vaianﬁ??‘b%ﬂﬂg%ﬁé Egbé’[’ﬁ'r&ﬁ’e% 1&nBEKe ea????&fgeé’cl d,

such as val i ndy gisjognecdifiabivetbddonine residues ibhnthhi syapipésimtdfon "tag"
oo oot | o ST ol peb SN AR R 120 dotorie, AOBLAR sy

15 for example methionine sulfoxide.

In an alternative embodiment of the method and
process of the invention the tag is a large molecule,
such as polyethylene glycol. In this case the tag-
specific purification method is gel filtration

20 chromatography.

The method and process of the invention are
equally well applicable to polypeptides produced by
recombinant DNA techniques. In a preferred embodiment the
methionine residues originally present within the desired

25 polypeptide, but not in the tag are cleavage protected,
for example by being substituted by another amino acid,
such as valine, glycine, or deleted.

In this application "tag" is used to indicate a
removable molecule added to the desired polypeptide

30 during or after synthesis thereof. A "tag" may be an
amino acid sequence added during synthesis of the
polypeptide, but may also be another molecule than can be
easily purified out of a mixture of components. An
example of the latter is polyethylene glycol (PEG).

35 In this application the terms "peptide®,
"polypeptide" and " (poly)peptide" are used
interchangeably.
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t he r esi | ypept. i de_!
242-310", covdr % h¥ njtrﬁr FRffaP giﬁ?%e o'?est"%é‘eﬁl 2860 {ﬂ'ﬁa&er ahei CS
protein, in Iatglatyhedaﬂ @arhil attigiinesi whlthwngllcduevmdoﬁar 20 :

chromat ogr aphi ¢ cﬁ%ﬁﬁg%%% afflwl-gfter ladé\ﬁlra%@ fﬂga%r{"()ds

1.1. Reagents and sol ven nts used for the

Che
Dent i do. o Synt IREEPE vV SO, RSB dE, GHERAGS a,fhéﬁmasf-ﬁmrﬁ%
(Laufel fingen, 3mliowedadny)fimal MedketiBocts methionine sulfoxide to

15 methionine was performed. This simple, straightforward
strategy allowed the purification to homogeneity of the
69 residue polypeptide "PbCS 242-310", covering the C-
terminal region of the Plasmodium berghei CS protein, in
high yield and short time using conventional

20 chromatographic procedures.

EXAMPLE

1. Materials and methods
1.1. Reagents and solvents

25 Chemicals and solvents used for the peptide
synthesis were purchased from Calbiochem-Novabiochem AG
(Laufelfingen, Switzerland} and Fluka (Buchs,
Switzerland).

30 1.2. Peptide synthesis and analysis
To illustrate the present invention a

polypeptide designated "PbCS 242-310" covering the C-

terminal region of Plasmodium berghei CS protein?? was

chemically synthesized using solid phase F-Moc chemistry
. 35 in an Applied Biosystems 431A Peptide Synthesiser. The

polypeptide was prepared on a F-moc-Ser{t-butyl)-p-

alkoxybenzylalkohol resin (Wang resin) with a degree of

substitution of 0.43 mmol/g at the 0.1 mmol scale. The



Switzerl and). 30 1.2. Peptide synthesis and anal ysis To
Illustrate the present invention a pol ypepti de designated "PbCS 242-310"
covering the G term nal region of Plasnodi um berghei CS protein[err]
was chenveabgopessy nt hesi zed using solid phase F-Mbc chenpciEse784939 n an
Applied Biosystens 431A Peptide Synthesiser. The pol ypepti de was

prepared on a F-noc-Ser(t-butyl)-p- al&oxybenzyl al kohol resin (Wang
resin) vvithade%ree,of substitution of Of,43 nim)lég at the 0.1 mol
scal e. The synthegisquag ormed using a five fold excess of F-moc

PCT/ EP97/ 0493%mino acid derivatives, DCCI and HOB® as achjivhbésgs was

per for med usi Ngydheld, Ve §6! fli £X6537 19y ifBCfor A NELAR! dadghingtives, DOO
and HOBt as act ,vatlrl]‘go aglgnts, a 60 mn coup |€_&*t|,ma for the first 34
am no aci ds2GHF angdoapfeulir FUR} G fPKethe| Foldonindsrgidues. 5 cappi ng
with acetic mntyghinde wheh aeetis nathyeirideewasdpofformezhialt €ynel end Shfle chain
protecting gro i ded; o) | f onyls @aroup for Arg;
-S-t-butyl forégj& &q’%hgt'rlg%%@% %{/%tt%%%gggfﬁ&iégnué%dgﬁd H s;

t - but oxycar borSAntgmeEbYLshrogan sulfanyl grpupyfor gy f6-trounyd, faru, Ser,
Thr and ITyr. Nofs ;3@ ipheny ety g&’l.:‘oup fE&‘DAsNEtGB:WérQi(iI-ﬁ%HtO pr ot Sct it
agai nst | ater c Y : el e_peptide was

t hen el ongat edLp -@{E%%Sﬁgﬁaa?{/ﬂ}f@%&{% %ﬁre%%gqarelﬁcq‘erp' t buty_i grBuB £or

Hi s- Hi s- Hi sLGHiAspHi 1M, sSery-Thy-and Toa .udehg30hewamninasgeid: msns descri bed

above but cappfmgk - Mat - sul 88kide kA igrtet@UBLI 8gaDist f&&&%gdn@gxn The
pol ypepti de t hus, obtained is designated "H s tag PbCS 242-310".

Crude peptide %oémt%’t i ﬁaﬁagﬁ- treating the peptide-resin with 2.5%
Herr]O 5%triethyl sil &hei persixie gra thenhelergated dbrhexmipalayur e.
Synt hetic peptyfith Wie Bé_&;{x&he@l His Wi HAS -aX 6L s Of 4 181y-G1GMeERt Ogr aphy
( Sephadex ..colum 70 x 2.5 cm usi 50% acetic acid/ Herr]O as nobile
phase) . Tnaputels e anpe ceowl i (Rt hpe deirpie but cabping was
: omitted after coupling of the second Gly. The polypeptide
thus obtained is designated "His tag PbCS 242-310".
Crude peptide was obtained by treating the
peptide-resin with 2.5% H,0, 5% triethylsilan in TFA for 2
20 hours at room temperature. Synthetic peptide was purified
by size exclusion liquid chromatography (Sephadex G50
column 70 x 2.5 cm using 50% acetic acid/H,0 as mobile
phase) . The purity of peptide was analyzed by RP-HPLC
using a C4 W-Porex 250 x 4.6 mm column and a 10-90 % CH,CN
25 gradient in 0.1% TFA/H,0 in 60 min with a flow rate of
1.0 ml/min. The amino acid composition was determined
according to Knecht and Chang®i.

1.3. Immobilized metal ion affinity chromatography (IMAC)
30 and CNBr cleavage
The polypeptide was first purified by affinity
chromatography based on the histidine tag. Afterwards the
tag was removed by cyanogen bromide.
A Ni-column was prepared with Ni-NTA agarose
35 resin (Qiagen Inc., Chatsworth, USA) and equilibrated
with buffer A (8M urea, 0.1 M Na,HPO,, 0.01 M Tris, pH
adjusted to 8.0 with H,PO,}. Size exclusion purified "His-
tag PbCS 242-310" polypeptide was dissolved in Buffer A



using a G4 WPorex 250 x 4.6 mmcolum and a 10-90 % CH err] CN 25 gradi ent
in 0.1% TFA/Herr]Oin 60 mn with a flowrate of 1.0 Mm/mn. The am no

aci d conposition was determ ned according to Knecht and Chan err].
1.3. I mobi Iweesead al i on affinity chromatography (1 MAC ¥d oNBr
cl eavage The polypeptide was,first purified by aff| nity
chromat ogr aphy based on the histidine tag. Afterwards the tag was

rN ermN\ﬁd by cyaa%eeﬂobaéaﬂ&ﬁ the column w:.thAa Mhﬁolra&% wsbpr:@pﬁf ed‘h‘ej[ tg

j - agar ose resin WO i i brate
with buffer A COMTIP %S &gﬁ%%ﬁgf‘rf % {fﬁﬁ F/%’T?? mf %r ust ed
to 8.0 with H @unfﬁ?q&rfql’,l ux&azeoechuHapi?OpurO fqle(!ﬂ Tis, DH Q@Iy

242-310" pol ypept ds woeh i, 980 \RshtlainBu5( 66 oM mdazomoag%@w
PCT/ EP97/ 04939 t he

aded .0
colum with & fRS® PE30 i1/ fibey, "Hifgtag %‘%rﬁ#z\/\éég gﬂ&? t't"rﬁ{]eouffer A
(flow rate 15 mashkhemdelutesufffdowBragdl 30 oul /1. vikbNopéfer P err], 0.01 M

Tris, pH adj ustRfrainify S5 MM AmilgLbi £ err]) containing 50 nMim dazole
at a flow 5 rate of 30°d/h.. The "Hi s-t 0! pol de was
then eluted (flowrate 3 ?ﬁ?lﬁﬁte\ﬁ f“ﬁtﬁ‘u'?'? r“’aBBC% é‘gﬁ‘Fé HYn %’Pﬁﬂ

I m dazol e. G25 column T{ED et 2.6d cetisingl S0 scaedal aedidbl} OaaSephadex

&5 col um (503?6’}32(35? éermvalr%ch%bgﬁgﬂﬁe&c'%ﬁ[&wgla 1€hémb| | e phase)

and |yophilize ISstidinet t he thus obt ai ned
material was tMd&tdging tag wheGhus ghtained mategigdnwra: Feretd PMy/ m in
70% TFA usi mghautflaf AT amlaacoaxeassanfior’ N 20 mg/ml in 70% TRA t hus

di gested materigal gag i%@pﬂ;id ;&qarlgxggﬁg% d@%l in Buffer A and | oaded

again on the Ni=NT arose caol .um ne tag i s.retained on the
Ni - colum and the fl t%‘%ﬁj(j‘i’rgﬁﬁtﬁﬁem%"cﬁw Y3 dvReht hdzed, " pphCs

242- 310" pohgpeplubtélidéd in @ufferonghndebodttad adgadn onbyhe HemwNlex &5
col um, (S0 X 2 etk O e 16 20:RET g LRu2feOBh! endfitse) and
column and the flow through of the column contains the
"PbCS 242-310" polypeptide. The flow through was desalted '
by a Sephadex G25 column (50 x 2.5 cm using 50% acetic
20 acid/H,0 as mobile phase) and lyophilized.

1.4. Met-sulfoxide reduction
The CnBr treated and IMAC purified material was
treated with 10% mercaptoethanol at pH 8.0 to convert
25 methionine sulfoxide into methionine and Cys-S-t-butyl
into Cys and then further purified by gel filtration
(Sephadex G25 column 250 x 4.4 mm).

1.5. Mass Spectrometry
30 Mass Spectrometry analysis was performed using
a time-of-flight mass spectrometer LDI 1700 Mass Monitor
{Linear Scientific Inc., Reno, NV, USA). Five ul of a
solution of 1 mg/ml of polypeptide were mixed with 5 ul
of trans-3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic
. 35 acid) (20 mg/ml in acetonitrile (Linear Scientific Inc.
Reno, NV, USA)) and 1.0 ul of this solution was placed on
the mass spectrometer probe tip and dried with a gently
vacuum. The sample was irradiated with 3-ns laser pulses



1.4, Met-sul foxide reduction The CnBr treated and | MAC

purified material was treated with 10% nercapt oethanol at pH 8.0 to

convert 25 methioni ne sul foxide into nmethionine and Cys-S-t-butyl into
ﬂm@ﬁ§”@blu

CQys and t hwom®8der purified by gel filtration ( Sephd§& m 250
X 4.4 mm. 1.5. Mass Spectronetry 3§) Mass Spectronetry
anal ysi s was performed using a time-of-flight mass spectroneter LDl 1700

solution of 1 ng/m_ of .pol ypeptide, were i xed with 5, [err o]

trans- 3, 5-di nﬁ%ﬁﬁ‘ﬁ-wg‘r\éxéggﬁﬁﬁh%s% SF?Pﬁa:S?ﬁ’F’cé%s”]a“éi?d) (20 mg/m in
acetonitrile LeiCeoy Reseaachf Bystews, CoxReno SpkingUs)lewndiYd. @hiehr]| of
this sol uti ony@scdir@edCinto hlifs ESSCIRRE WsIRB! Che PSS del PaBDE-dr i ed
with a gently VaCL!LU,rE The sarTBIg v?s Irradiatéd wih 3-ns laser pul ses
WO 98/ 099835 TOFMS Calibration Standard (Linear Sc1ep%ﬁ%¥$©q¥b49§gno,

8 (wavel eNyt hOS8Y7. nm) froma N err]-Laser. Tinme-of-flight was
nmeasured with a digital oscilloscope (series 9304; Le Croy Research
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15 More than 150 mg of crude polypeptide were
obtained by treating 600 mg of the corresponding peptid
resin with H,0/triethylsilan/TFA. '
Mass spectral analysis of the crude polypeptide
indicated the presence of the species of interest with a
20 Molecular Weight (MW) of 9301 among other low MW
components (Fig. 1}.
Ninety mg of crude polypeptide were purified by
immobilized metal ion affinity chromatography {(IMAC) on a

Mass Monitor (yaédidiRh 38hehi f Eforh & N -Fe5Er. Wm@%@-flf%ﬂ@ &%rll of a

25 ml volume Ni-NTA agarose column (Fig. 2). After

25 desalting by size exclusion liquid chromatography 35 mg
of "His-tag PbCS 242-310" were obtained. The measurement
of the absorbance at 280 nm of the eluted material (35
mg) and of the flow through (55 mg) indicated that the
yield of the purification protocol was 100%.

30 The Ni-column purified material was then
cleaved with CNBr to eliminate the 6xHis tag.

The digested material was reloaded on the Ni-
column to eliminate the uncleaved peptide and treated
with 10% mercaptoethanol at pH 8.0 in order to reduce the

35 methionine sulfoxide inserted during the synthesis and
the Cys residue protective groups. The complete reduction
of the methionine sulfoxide was confirmed by retreating
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Table 1. Amino acid analysis

20 Amino acig? Residues per mole of PbCS 242-310
Expected Observed® 8.D.¢
25 Asp + Asn 10 9.4 1.0
Glu + Gln 9 2.1 0.9
Ser 7 8.4 2.1
Thr 4 2.2 0.8
Gly 3 3.1 1.0
30 Ala 2 3.4 1.1
Arg 4 4.8 0.9
Pro 1 1.1 0.2
Val 3 2.9 0.3
Met 1 1.0 6.1
35 Ilc 7 6.3 0.7
Leu 3 3.3 0.2
Phe 1 1.1 ¢.1
Lys 8 6.7 1.0
His o - -
40 Tyr 1 1.2 0.2




amno acid conposition of the CS pol ypeptide was 15 consistent with that

expected for this peptide (Table 1). Table 1. Am no acid anal ysis
Ami no acid[err] Resi dues per nole of PbCS 242-310 20

Expected  wolsmesssed[ err] S.D.[err] 25 Asp + Asn PCT/EP97/0493910
9.4 1.0 Gu + dn 9 9.1 0.9 Ser
7 8. 4 2.1 Thr 10 4 2.2
0.8 Ay 3 3.1 1.0 30 Ala

2 3 g £ inat 4 4.8
0.9 Pr o foth Cys and lerp areInot ??L.Ffmlna ed 0. 2 val

3 & ¥ean value (pf fiveydetermination 1 1.0
0.1 35 1lc ¢ Standard deviation 6.3 0.7 Leu

3 533 0.2 Phe 1 1.1
0.1 Lys 8 6.7 1.0 H s

0 3. Discussion _ 4 Tyr 1 1.2
0.2 WO 98/ 09983 chemical synthesis of bioactive peptides has

PCT/ EP97/ 04939 Both s and Trp
are not det er PRI @ WiEPPPTRRL AR TP ISt Y P&%“'Hé?e‘#ﬁe’ﬁ‘dm]ﬂ“ %

Standard devi atbherawomationDapdustfigient protocols fLerdhadin syntheS|s of
bi oactive ppptissndIdS For most applications, the crude synthetic

product must be purified to remove residuals reactants,
failure sequences and chemically modified peptide
species. This is usually accomplished by reversed-phase
HPLC using aqueous trifluorocacetic acid/acetonitrile

15 mobile phases. Although peptide synthesis has become
highly automated, purification is still largely a manual
process and therefore time-consuming, expensive and not
very efficient.

This example has shown that the process of the

20 invention leads to high purity as follows from Figure 3
and is easy to perform and unlversally applicable.

The problem of a gpecific cleavage due to the
presence of Met residues in the desired seguence, as in
the case described herein, is according to the invention

25 easily circumvented using Met-sulfoxide residues which
are resistant to CNBr treatment and quantitatively
reducible with mercaptoacetic acid.

From the above it follows that the process of
the invention was successfully applied for the

30 purification of the polypeptide "PbCS 242-310", a 69
residue chain corresponding to C-terminal region of P.
berghei CS protein!?’. Although many peptide impurities
were present in the crude material after cleavage from
the resin as shown by mass spectral analysis reported in

35 Fig. 1, the inventors were able to purify the target
peptide to homogeneity in high yield and in relatively
short time. The complete protocol of purification yielded
19 mg of purified PbCS 242-310, corresponding to about
20% of the crude material.
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11 In conclusion, it was denonstrated here that CNBr

cl eavage and protection of relevant Met residues as sul f oxi des, coupl ed

with an efficient affinity tag can



represent an efficient and general tool for the 5 purification of

chem cally synthesized | ong chain pepti des. 4. Figure | egends
Figure 1. Mass spectrum of crude peptide 10 Figure 2. Chromatographic
profile of vwiybshogesa i fication Figure 3. Mass spectrum oPCHEPYHOABY pepti de
Figure 4. Chromatographic profiles of crude and purified pepti de.
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the nodification of (poly)pepti- des for facilitating purlflcatlon

t hereof, which nodifi- 1. ¢athod fiet htle owodifiicesioheofnserti on of at | east
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protecting theheamtrbnn spadxﬁunaﬂkygclnqnahdhammdheraeﬁd aUIthaEnﬁheftag i's
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2. Process fgrt?% ?%%p) |g% o pur| %?: |*’§§ H% s u3| ng the
nodi fi cation nﬁfﬂB?Fto‘fngcl%enﬁE“‘e amine %ﬁ’tﬁ: Wééhﬁ?l%h?lg the steps of:

a) synthesi zi ngpdhe) ghasiide] @Giopyeent | dRjainst cleavage,b&:&ﬁdb&gtat | east

oA Re ! A SRl LRGPy o Mt O ARRY' O
cleavable amino acid(s
10 2. Process for the preparation of purified
(poly)peptides using the modification method of claim 1,
the process comprising the steps of:

a) synthesizing the desired {poly)peptide;

b) adding at least one specifically cleavable

15 amino acid at the end of the (poly)peptide, while having
protected the same amino acid(s) within the (poly)-
peptide, if present, against cleavage;

¢} elongating the (poly)peptide and the amino
acid(s) added thereto with a tag sequence to obtain an

20 elongated polypeptide;

d) purifying the elongated (poly)peptide by
means of a tag-specific purification method; and

e) removing the tag sequence and the additional
amino acid(s) from the elongated (poly)peptide by means

25 of a cleavage method specific for the additional -amino
acid(s) to obtain the purified (poly)peptide.

3. Process as claimed in claim 1 or 2, wherein
the specific cleavage method is a chemical cleavage
method.

30 4. Process as claimed in claim 1, 2 or 3,

- wherein the additional aminoc acid(s) is (are) methionine,
wherein methionines within the (poly)peptide are
chemically modified during (poly)peptide synthesis with a
removable protective group for protection against

35 cleavage by cyanogen bromide and wherein the amino acid
specific cleavage method is cleavage by cyanogen bromide.
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present, against cleavage by protection with a sul foxi eTHIS SHEETHAS BEEN
c) elongating the (poly)peptide and the methio- 20 ne(d4) addrepit pet o W th
U} | A

a tag to obtain an el ongated pol ypepti de; ' pe-iying t he
el ongat ed (i 93/q9883t i de by means of a tag-specific puriPpCrEaromiset hod;
and e) renoving the tag and the additional nethio- 25 nine(s)
fromthe el ongated (poly)peptide by nmeahd of a cl eavage net hod based on

cyanogen brom de to obkal frocedialdf b9d:1h08! ¥d RIS, GhALashieed | n that
the tag is a his tag sequence or a_ﬁarge nol ecul e,;” such as pol yet hy-
| ene gl ycol . P¥Ptective group % fdfexddec|ainmed in claim2, wherein the

his tag sequence consi sl Spficddssad eiHimedi tn hilxriniss 265y - wherédy - .

- 14- 4 S clai ned. i el ai.ns 2.0r .3 wherein t he
tag-specific t|c§‘uer itlagcg?lg‘ré%?%t%%% %g:%c r o}r!r% o%:{ré;p% %u%bgggdﬁg% %"f’fi nity for
the tag sefudide. 5. Process as claimed in claim2, wherein

the 5 tag is a |arge mpl eprbdasss 4eh caainedysh vlamnd @l-¥Gokheddth  the
t ag-specific purification.pethod |Itraé|.on onat agr aphy.

LLC _ 1f’.sagel f e chs: _
6. Process astf SPFREPPRIEIGIBHE FISACIRR, BeThod 18, ShFORAFRFTARRY ) pept i de
i s produced BpsedconbhrifiinittAcr) thechaggeeguanrces | i vi ng host and i nstead

of protection Wth g, sptdseddiasicoupmast i e W-5hi ghbheid pol y) pep-

tide are | eted or substjtuted Ry agother am no such as, vali ne,
% L e Q
a

cid
gl ycine o ditPPedSndt Hkgh Metecule, such as -poip'reg@gg.gngsg YSPhed in
claim®6, wherein the 13.|Pxocepshest clsimedularglatine Showhepein fHieokaryotic

host, Such 25 spachei & ChuPi £Qdtion method is gel filtration
chromatography.

10. Process as claimed in claims 1-9, wherein

15 the desired {(poly)peptide is produced by recombinant DNA
techniques in a living host and amino acids within the
{(poly)peptide being equal to the at least one
specifically cleavable amino acid at the end of the
(poly)peptide are deleted or cleavage protected, for

20 example by being substituted by another amino acid.

11. Process as claimed in claim 10, wherein the
methionine residues originally present within the desired
(poly)peptide, but not in the tag are deleted or cleavage
protected, for example by being substituted by another

25 amino acid, such as valine, glycine or a modified
methionine.

12. Process as claimed in claim 10 or 11,
wherein the living host is a eukaryotic host or a
prokaryotic host, such as Escherichia coli.
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