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30  amide bond. However this method is difficuit to apply on an industrial scale.

Another method, described in the international application WO 2007/037812, is based
on the reaction of an a-keto acid with an alkoxyamine in a decarboxylative condensation
reaction. However, the keto acids are molecules which are difficult to produce and to
incorporate into peptides. Also, this third method is difficult to apply in peptide synthesis

35 laboratories that do not have the means for carrying out complex organic syntheses.



Finally, the publication by 0. Melnyk et al., Og. Lett., 12(22), 5238-41
(2010) describes the native ligation of peptides by neans of
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to date been used for the synthesis of pegptides with nultiple fragnents.
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synthesize a peptide chain formation of the desired length and nature. Particularly a method
involving assembly from the N-terminal end towards the C-terminal end, which offers
20  qualities of simplicity of production and purity of the peptides or polypeptides obtained.

DESCRIPTION OF THE INVENTION

It has been found, which forms the subject of the present invention, that assembling
multiple peptide fragments in a one-pot method involving simple methods such as the
formation of peptide-thioesters and native ligation, could lead to a total synthesis method,

25  which is convergent, can be used on an industrial scale and corresponds to the required
purity criteria.

According to the invention, the assembly method involves the synthesis of peptide-
thioesters, their condensation reaction with a peptide (or polypeptide) bearing a bis(2-
sulphanylethyl)amino function in the cyclic disulphide state, corresponding to the general

30 formula:

H-C i-1—A i—N [
(1

in which
A represents a peptide fragment the C-terminal end of which bears a



It is understood that the term SEAoff neans non-reactive cyclic disul phide,
as opposed to the 5reactive disul phide of structure -N (CH2)2-SH) 2
hereafter called SEAon. It is understood that the am no acid bearing a
thiol function represented by Co can be gn particular chosen from cysteine,
honocystei ne, and that these am no i ds bear a disul phide residue (SR) on
t he thi ol Cysfic PisE2-sutphanylethyhamine thﬁ(ag\ﬁplwmhei@ﬁftﬂﬂ cgled BleAeféacti on with the
pepti de-thi oester. 10According to the®i nvention, the method | eads to the
preparation of a multiple peptide assenbly corrpri sing the am no acid

resi dues bearing a thiol function, i.e. a peptide assenbly of n fragnments
and of n-and@inepresents ah@mingacic rasitdusl beating a ithiol, fumcéipnesent ed by the
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fragment 3 Well gsynativg chemieal_ligefion iny@eregheing mediom: akthe Esteminnl agd. a0t ol
functi on, palypeptidesputaised bet ween 3 and 50, preferably between 3 and 20, or
even nore preferably between 3 and 10, and 20i is any integer conprised
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formula
A-C-A-Cr-As- ... -Cig-Ar.... -Cha-Ap ()

15 in which A, Ay, As, ... Ai ..., A, are peptide fragments,
C4, Cy, Cs ... Ciy ... Cpq are amino acid residues bearing a thiol function,
n is comprised between 3 and 50,
preferably between 3 and 20,
or even more preferably between 3 and 10, and
20  iis any integer comprised between 2 and n.

It is understood that, when n = 3, C,.1-A,, represents C,-A; and C;;-A, represents C;-A..
In this case the peptide assembly of formula (1) is of structure: A{-C4-Ax-C-As,

The method according to the invention consists of the preparation of a peptide-
thioester of formula:

25 A4-SR (1)
in which A, is a peptide fragment and SR is an alkylated thioester residue, R being able to be
an optionally substituted alkyl radical,
from a bis(2-sulphanylethyl)amino peptide A;-SEAoff in which SEAoff is defined as
previously,

30 by the action of a thiol R-SH, in the presence of a cyclic disulphide reducing agent,

followed by condensation with a peptide fragment of structure:

H-C1(SR’)-A,-SEAoff ()



t hen conversion of the new peptide fragnent obtained, of structure:

Al- Cl- A2- SEAof f (1'V) 5in which Al, Cl, A2 and SEAoff are as defined
previously, to a peptide-thioester of forrmula: Al-Cl-A2-SR(11"') in which
Al, Cl, A2 and R are as defined previousjy, by the action of a thiol R-SH,
In the presence of a cyclic disul phide reducing agent, fol |l onwed by
condensat inovhioh £h A& PebBENe dreadefmat asfabove aod (PR represents a disulphide residue

10H C2( SRon the3hisFéiahd Ginldo acid € intNeGiestRAO bf aBfbniaticamel Ar8Hand A3 are

defined as above, in the presence of an aromatic thiol ArSH, in order to

produce angrRbhSsibh BOMEMew dpéf ti§d frigrhéhit@btaiedCht QhrckdaAS- SEAOTF(1V' ) in
which Al, Cl, A2, C2, A3 an gEAoff are as defined previously, 15then

reiteration of these 2 operati ong-OpAl-8ERoff tinBY, in order to obtain a
pepti de fragment of structure: Al-Cl-A2-C2-A3--C2-Al-SEAoff(IVm) in which
Al, AZ, ABwhichlA:, C1,AChd SBACff flie-ad delinePprediduSEAo faf pegptide-thioastdriaf gmimula:
previously, and 20i npl enentation of a native |i ﬂgt lon reaction of this
obt ai ned peptide fragnent (IVn),AwPtHz8Rpepti dédf formul a: H Cl- An(Vn)

i n whi ch igwhiicraad @, AaranhcaR alefdsnésdinpd evévvblslyy bylise raetiore bf arthionRESIG, in the

presence yGLi i ' | agent, in order to produce the
mul tiple %é%%]%é’?ésc %%b@ﬁ*y”'@?éegieﬁé‘?ﬂ?%éﬁ%m a (1). DESCRI PTION OF

EMBODI VENG v dyHEonkiblYéaNbh Wh a peptide TagmeRV@REL&Ord: s now descri bed in nore
detail and non-limtatively in the description which follows. By "peptides

or poloypeptides” is neant, i nHQLSRYAN,SBAM the (i'esent application, a

in which SEAoff and R’ and C, and Az are defined as above, in the presence of an aromatic
thiol ArSH, in order to produce a peptide fragment, of structure:

A4-C4-A,-C,-As-SEAoff (V)
in which A;, C4, A, C,, A;and SEAoff are as defined previously,
15  then reiteration of these 2 operations up to n-2 times, in order to obtain a peptide fragment of
structure:
A1-C1-As-C-As- ... -Cig-Ar-.... -Cro-An1-SEAOff  (IV™)
in which Ay, As, Az, ... A ..., An1, Cq, Cy, C5 ... Ciy ... C.» and SEAoff are as defined

previously, and

20 implementation of a native ligation reaction of this obtained peptide fragment (IV"™), with a
peptide of formula:
H'Cn-1'An (Vn)

in which C,; and A, are as defined previously, by reduction in the presence of a cyclic
disulphide reducing agent, in order to produce the multiple peptide assembly of general
25 formula ().

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The invention is now described in more detail and non-limitatively in the description

which follows.
By “peptides or polypeptides” is meant, in the context of the present application, a

30  linear chain of amino acid residues (in a number greater than or equal to two) linked by
peptide bonds. The “peptides or polypeptides” within the meaning of the present application
can therefore for example be oligopeptides, peptides or proteins according to the
conventionally accepted meaning of these words. The amino acid residues present in the
polypeptides according to the invention can be chosen from the proteinogenic or non-
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It can be in particular chosen fromthe phosphines (for exanple tris
(2-carboxyet hyl ) phosphi ne), or any other cyclic disul phide reduci ng agent
such as the thiols (for exanple dithiothreitol (DTT)). An exanpl e of
peptide ArSEAoff can be represented by tRe fornula: 0000 H- N H HH
""-. sl NNNHNO in this exanple, the peptide fragnent Al is

H GFGQGFGG. | t Apeording etos 8 canhagiment hef ieptnveletion; &g peptideAfragmenth Av soioeses
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of the thioester
5 or branched, optionally substltute by one or more groups chosen from the halogen atoms (F

for example), or the CO,H, SO;H, CONH,, OH, SH, alkyloxy, alkylthio, mercaptoalkylthio

radicals, an ester residue or a polyethylene glycol residue, or by an optionally substituted

phenyl, or other organic groups which do not interfere with the reactions implemented. The

thiol of general formula R-SH can be for example HSCH,CH,CO2H, HSCH,CH,SO3H,
10  HSCH,CH,SH, HSCH,CH,SCH,CH,SH or HSCH,Ph.

The aromatic thiol is advantageously chosen from disulphide bond reducing
compounds, preferably chosen from thiophenol and/or the derivatives obtained by
substitution of the aromatic ring, for example 4-carboxymethylthiophenol,
4-mercaptophenylacetic acid, dithiothreitol, benzylmercaptan and mixtures thereof.

15 The SEAoff reducing agent can be chosen from the cyclic disulphide reducing agents.
it can be in particular chosen from the phosphines (for example tris
(2-carboxyethyl)phosphine), or any other cyclic disulphide reducing agent such as the thiols
(for example dithiothreitol (DTT)).

An example of peptide A{-SEAoff can be represented by the formula:

i e e ey

T A O

in this example, the peptide fragment A, is H-GFGQGFGG.

20

It is understood that the peptide fragment A, may have been prepared beforehand by
a sequence of operations as described above, according to the method of the invention.

According to the invention, the method for assembling multiple peptide fragments can
25  be represented according to Diagram 1 below:



Condensat i on 10A1- C1- A2- SEAoff \ Preparation of the thioester Al-Cl-A2-SR
H C2( SR) - A3- SEAof f Al- Cl- A2- C2- A3- SEAOf f 25
Al- Cl- A2- C2- A3--Cn_2- An_1- SEAof f +H C1An Li gation 30

7
Diagram 1
A,-SEAoff
Preparation of the thioester
5
Ai-SR + H-C4(SR)-A.-SEAoff
Condensation
10 ArCrAz-SEAOﬁ
Preparation of the thioester
A;-C4-Ax-SR + H-C,(SR)-A;-SEAoff
Condensation
15
A1 -C1-A2-CQ-A3'SEAOff
20
25
A-C1-Ax-Cs-As- ... -Ci-Ar-.... -Cho-An.1-SEAOff + H-C,.1-A,
Ligation
30

A1-C1-A2-C2-A3- e .-Ci_1 -Ai-. v -Cn_1-An



Al- Cl- A2-C2-A3- 8 Al'l of the nmultiple peptide assenbly preparation
reacti ons have the great advantage of being able to be inplenented in situ,
in a "one pot" reaction, particularly when the nunber of peptide fragnents
nis equal to 3, without it being necessgry to isolate the internediates
formed. 5The nethod according to the invention can be carried out as
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and an activation agent, preferably chosen from PyBOP

(benzotriazol - 1-yl oxytripyrrolidi nophosphoni um hexaf | uorophosphat e), BOP,
PyBr oPO ( br omhetartiisgggrar paitidilaopmosgiment, uhe ipeptdd regmphtssyitfata)ia (M absd
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15PyBroP. This procedure is descrl bed in nore detail below, in the exanples
of the preparation



of the starting peptide fragnents. In particular, the correspondi ng
pepti des- N(CH2CH2SH) 2 ( SEAon peptides) are oxidized by the air, under
stirring, in a 0.1M anmmoni um bi carbonate sol ution, at ambient tenperature.
Advant ageously, they can al so be obtaineg by oxidation in the presence of
20i odi ne or di am de, (CH3)2NCON=NCON( CH3) 2. The Qolypeptlde of
formula (Vn) chie amrnoms@uaé obtheanatpg ptigeszof deriralla J¥pY iage (¥ rraneptignally
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ArlepdegoaAlzé)c%@%f resin support mto contaz:t with an amino aC|d hall§e or with an amino acid and an

activation agent, preferably chosen from PyBOP® (benzotriazol-1-yl-

oxytripyrrolidinophosphonium hexafluorophosphate), BOP, PyBroP® (bromo-tris-pyrrolidino-

phosphonium hexafluorophosphate), or also HATU (2-(1H-7-azabenzotriazoi-1-yl)-1,1,3,3-

tetramethyl uronium hexafluorophosphate methanaminium) and more particularly preferably

15 PyBroP. This procedure is described in more detail below, in the examples of the preparation

of the starting peptide fragments.

In particular, the corresponding peptides-N(CH,CH,SH), (SEAon peptides) are
oxidized by the air, under stirring, in a 0.1M ammonium bicarbonate solution, at ambient
temperature. Advantageously, they can also be obtained by oxidation in the presence of

20  iodine or diamide, (CH3;),NCON=NCON(CHa),.

The polypeptide of formula (V") can for example be obtained by a usual peptide
synthesis method, in particular a solid phase synthesis method. It can also be obtained by
means of native ligation as described in Org. Lett., 12(22), 5238-41(2010).

According to‘ preferred embodiments of the present invention, a peptide assembly of 3
25  or 4 fragments is prepared, of structures A;-C-Ayx-Cs-Az or A-C1-Ax-Co-Az-C3-Ay.
According to another preferred embodiment of the invention, the C; amino acids
bearing a thiol function are cysteine Cys residues.
In this case, according to a preferred embodiment of the invention, a peptide
assembly of structure A;-Cys-A,-Cys-A; or A;-Cys-A,-Cys-Az-Cys-A, is prepared.

30 According to these preferred embodiments, the peptide assembly preparation
diagram can be represented according to Diagram 2 below:



\Preparation of the thioester Al-Cys-A2-SR+ Al-Cys-A2-Cys- A3- SEAof f
+H Cys- A4 25A1- Cys- A2- Cys-A3-Cys-A4 11 The present invention
also relates to the preparation of the peptide-thioesters of formula (I1)
from bi s(2-sul phanyl et hyl )am no pepti de: Al - SEAoff according to the nethod
descri bed above, by the action of a thiol R SH, in the presence of a cyclic
di sul phi de reduci ng agent. The invention also relates to the
pepti de-thioesters thus obtained. 5Thgijgpiniepti des of fornula (1) obtained
according to the invention can be used to produce a pol ypeptide library,
f or exanpheSEdoffscr eeni ng pur poses. They can al so be used for the
manuf act ure Yof pharmaceutical conpositions, in conbination with one or nore
conpati bl e and pharnaceutically accept abl e adj uvants or vehicles. By way of
exanpl es of phar E%I oq%ositions t hat can be obtai ned 10according to
the invention, tﬁg?@ HBEREA i oned nedi caments that can be used for
humanss and for ani mal s, and vacci ne preparations. They can al so be used for
produci ng di agnostic kits. Accordi ng to anot her subject of the
present inventApBR the iMyatSR)mM.eBEA0ff el ates to a method for manufacturing
a pharmaceuti cal yon conprising: 15- the manufacture of a
pol ypepti de or pep\i deaccording to the nethod for manufacturing a
pol ypepti de of for é;ges scrlbed previously, and the pharnmaceuti cal
conposi tions conprisjing a p ypeptlde or peptide thus prepared, in the pure
state or in conbinatfion with one or nore conpati bl e and pharnmaceutically
accept abl e adj uvant
10

A;-Cys-A,-SEAoff

\\Pieparation of the thioester

A;-Cys-A,-SR + H-Cys(SR)-As-SEAOff
15
Condensation
A4-Cys-A,-Cys-As-SEAOff + H-Cys-A4
20

ligation

25 A;-Cys-A,-Cys-A;-Cys-A,



20The invention also relates to a nethod for manufacturing a diagnostic
devi ce conprising: the manufacture of a pol ypeptide or peptide according
to the method for manufacturing a pol ypeptide of fornula (1) described
previ ously, and the fornul ajjion or formng of this polypeptide
in a formsuitable for use for a 25di agnostic device. The net hod
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reduci ng agent. pharmaceutically acceptable adjuvants.

20 The invention also relates to a method for manufacturing a diagnostic device
comprising:
— the manufacture of a polypeptide or peptide according to the method for
manufacturing a polypeptide of formula () described previously, and
— the formulation or forming of this polypeptide in a form suitable for use for a
25 diagnostic device.

The method according to the present invention is particularly useful as it makes it
possible to synthesize, in total synthesis, a peptide chain formation of the desired length and
nature, and comprising amino acid units with thiol substitution of the cysteine (Cys) or
homocysteine type, distributed along the chain.

30 It has the advantage of being capable of being used on an industrial scale, due to the
convergent synthesis which it involves, and this type of synthesis is particularly sought after
with respect to the industrialization of methods since it provides advantageous yields, and in
particular little loss in yield of products already developed, the synthesis cost of which is
already high.

35 According to the present invention the SEA fragments allow the synthesis of proteins
from the N-terminal end to the C-terminal end by successive ligation of peptide fragments.

Assembling from the N-terminal end to the C-terminal end offers a considerable

advantage, compared with the reverse strategy of assembling from the C-terminal end to the

N-terminal end, in fact, in this case the method induces self-purification of the peptide



The precursor peptide H | LKEPVHGA- SEAoff was prepared as descri bed by
Ollivier N, Dheur J., Midia R, Blanpain A, and Ml nyk O.,

Bi s(2-sul phanyl ethyl )am no native peptide ligation., Og. Lett. 12(22),
5238-41 (2010). 15Tris(2-car boxyet hyl ) phpsphi ne hydrochl ori de, TCEP, HCl
(921.2 ng%; is dissolved in 0.2 M phosphate buffer pH= 7.3 (40 nL).

3- Mer capt BRIDANEMNEChdE very(mpafant n indystiial sya@esSt o this sol ution. The pH of
t he sol ution i gcéedidy mhmhémd%amagé tife Nefdaf fRpipuentiorahalas |8pd§s)b1e to use
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After 22 bauy ?,En)ﬂf%hrv&ﬁﬁ&#n%e %%Hmeb?c &G Slyn‘?é’retdi%rd&ieérepar ating funnel.
t Yotritluoroace

An aqueous SO i on containing i c acl FA) (20 drops) is

added. 4 extrardd @W&NlV}@;bharﬂbI@% hwibtr&tb Y prabéntGiehti@fl out. An aqueous
sol ution containing 79 10 nmL) is added and 3 new extractions with

di et hyl eEkmrplarle carried out. 25The aqueous phase is degassed for 13

m nutes by bubblin rgon through, before being purified in RP-HPLC

(Nucl eosi %—emsgﬁu%ﬁom%% buffer A 100% wat er contai ning 0.05% TFA,
buffer B % ffer
bu fer B ﬁ'{g i L6 thé1 gg ; Ia éRFPQH?,?\ s (i, cl EwalQPF&Al%Wnth?{’
mL/ mi Hut e@k¥1 ﬁ?ﬁ"ersi%“ of dpd %BWP%&?H—EH \'ﬁ—@.ﬁl B(eriyHesey

obt ai ned 30 ¥icydlid disuliohjdeued@TdREGNL2013S1 MALDI -TCF [ MFH] cal cul at ed
(nnonoi sot opi ¢c_nmass) 1051. ved 1051. 70. Synt hesis of peptide 2
H C( St Bu) HHLEPKRS RiERYSP" P%GP\)%F@%P G/#F%f(oﬁwasAEres S 3s degciiReckbE QT
St andar d NyrPheisi s, dhidia SEABIdnppispai, candoMetnyR. Q5 Bis@tsuitahglethabamindi majiveo:

35011i vi epepide lighteinl, Grg, Ldhi1d{) R23sB1apnpea)n A, and Mel nyk 0.,
Bi s(2-sul phanyl - ethyl)am no native peptide |i gatl on., Og. Lett. 12(22),

5238-W1 (2010)Tris(2-8arboxyethyljphesphineahydteghiaidec tTiGHP, B (921e%1\r@qjeiscnﬂsstoh/ed in
peptide fgom tph@s;ﬂ%&! BuffdrHear3 e nau;t 3vméﬂaait66{oﬁloﬂd$@£ tAPA) (2 mL) is added

(907°2. 5/ 2, gﬁé %ruﬁopyl'h | é—\lgﬁﬁéglu%@ B dx 5'9)“5— wﬁRSrﬂl &%%Epl%g%aqgg rﬁ'—e) s

precipi tated froma co Fane M xture

di ssol ved in arna ;ﬁHpﬂH@l—ﬁll[KEWl—(ﬁA “BENGFF 43@91 Mg iss ARt inltBe pheddlingfsofiltidde
el cul at 3‘36(%3%2“.“%3%*“"”“ m 63%%0' L A O g
pept ide 2/3CHUNREIOHRYC Sz%’i‘)d B'éF‘?ﬂ"@ap*ﬁﬁthééﬁ on. For this, fragment 2 (122.6
my) and 12 (2%\%}9532 ursll%e(?gac)tlo %oﬁ]rﬁﬁqﬁéﬁ%ﬁe’a t@‘%gg/ﬁé%ttlﬁ%fuz(né (ﬁ?\zaiﬁe@ug
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(75 nl). detedetherroearied bht. Anegbydusetdidionaostagang 7 %dl Fdu(10(rBL)xs a8ded and The

agqueous R@AséxtriattidisAABIdiGRY StiyéHalé baied oufy order to produce 94.3 ng of
crude pepti de. After RP-HPLC purification (Nucleosil C18 col um,

120A255 pm 2Tberaguebud peaseAis 1dEQsset tor 1Sominatasi hygb@IBoATEaY trtnmig‘rerbeare
CH3CN wateing4birife@ntraiRF-RBLE - QRf4ebE C18l 2omihdi12oA : 5 Qurh O blfi&e Af 100H,f ﬁéteB
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nL/ m nut e
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obser ved nmig&ihute, 235 nih)- BR7 (e pt pute peptideRt £H-OHFTAVHSERIH2)2COO0H) is obtained
H C1G6t ByYet= $EAY) fc (HPewLO ds, MALBLTOE- [ +HPEAKUiated (monoisotopic mass) 1051.56;
observed 1051.70.

2- Synthesis of peptide 2 H-C(StBu)HHLEPGG-SEAOff, equivalent of H-C;(SR)-A,-SEAOoff,
with R = tBu
Standard synthesis of a SEAoff peptide on a 0.25 mmol scale, according to:

35 Ollivier N., Dheur J., Mhidia R., Blanpain A., and Melnyk O., Bis(2-sulphanyl-
ethyl)amino native peptide ligation., Org. Lett. 12(22), 5238-41 (2010).

The disulphide residue —S-t.Bu is coupled using Fmoc-Cys(St.Bu)-OH, in a manner
analogous to the method described in Example 2 below.



204- nmer capt ophenyl acetic acid (MPAA, 33.64 ng, 0.2 nmmol, aromatic thiol) is
dissolved in 0.1 M phosphate buffer pH=7.3 (1 nm.). A5 N soda solution
(80 pL) is added to adjust the pH of the solution to 7.64. Peptide 1 (10.40
ng, 7.5 pnol) and peptide 2 (10.42 ng, 7;,5 pnol) are dissolved together in
the preceding solution (533 pL). The reactl on nediumis placed in a
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A., and Mehdyk(202.52Bhg (R s4t) phawb@t/éwln)Atmmmaf@:tmqwepﬁl)d,eftérl gixirigofdr 10
Org. Lett mmja?e(sz?ﬁe diﬁﬁe’@ ehtidr? Edum %totgﬂlglhf?\%m 37 ¥hL)98 GraRSferrel 96 Ypaliting
three fr a ts Ré %B
| LIV CAPRSPRISE TREIAIES/ P ot GR AR Wi TRV RD R RaRiE IS 63 i on
of pepti deLi Fheoasyspuephase SEfordn and lyeopilizetd irg o(dar G2 pr3juce 194.3 mg of crude

Al- Cl- A2-S#phiaéf converted to Al-Cl- A2- SEAon by reduction in the presence of
TCEP (tris(2-carbox I¥et hyl ) phosphi ne) After reacting for 5 hours 30
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at nosphere at 37C. 10The ligation is nonitored by RP-H PLC on an Xbri dge

BEH Cl 8 c3)l ASR (geritide AR =I’T®H2C3@2@CAH)5 HMO), (SEBAPARSEAbfi(peptideiRe, 30C,
buffer A water containing 0.05% TFA, buffer B CH3CN water 4/1 contai ning

0.05% TFA, 0-10% BAoGeA SEAafhut es). For this, an aliquot (5 pL) of

reactjon nedi mlsaC| ified.w % FAsoIU|on|nwa

Won ety ArRERaBGPPRRRE ES (BRAN 0 A i b PR Atatel s biaEE S Eked o
anal ysi s.in 98\ dhosphate buftarinbh= ' s3 (d onlpl AtSNN spa selutian (88iLinsdadeedite adiustithed
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h
gﬂ????iat?%ﬁgﬁ Fps0 ﬂ'@gg’ﬁ hpat c?é‘Bg?rlarUTS W04, 5 pm (215 nm flow

rate 6 nL/mnute, buffer A water containing 0.05% TFA, buffer B:
CH3CRS watlée ligatiopisdaeniteres byyRB-10BYG PR/AN XpridgiedditH O 8100%ne (481250 BModed 5
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4is obt BHREN/AvaRr 4N containing 0.05% TFA, 0-100% B over 30 minutes). For this, an aliquot (5
uL) of reaction medium is acidified with a solution of 10% TFA in water, extracted with diethyl
ether to remove the MPAA and MPA before analysis.

30  4- Synthesis of peptide 3 H-CILKEPVHGV-NH2, equivalent of H-C,-A;

The preparation of the peptide H-C»-A; is described in the publication by: Ollivier N.,
Dheur J., Mhidia R., Blanpain A., and Melnyk O., Bis(2-sulphanylethyl)amino native peptide
ligation., Org. Lett. 12(22), 5238-41 (2010).

5- Protocol for one-pot ligation of three fragments.

35 Synthesis of peptide 4 H-ILKEPVHGACHHLEPGGCILKEPVHGV-NH2, equivalent
of A1 -C1-A2-C2-A3

Preparation of peptide 4 from A,-C;-A,-SEAoff and peptide 3 (H-C,-A;)



Example 2 1-Synthesis of Ki(fragnment 1)-MPA a-Synthesis of Ki(fragnent
1) - SEAof f 00 NH2 - | RN-NN71I GKGRS YKG TVS | T K SGN 25 The SEA resin
(0.5 nmol, 0.175 mmol/g) is conditioned in dichloronethane (DCM .
FrocLys(Boc) - OH ( 2. 342 g, 5 mol) is disgolved in DCM and a few drops of
di met hyl f or mam degé LN order to aid sol ublllzatlon then t he sol utlon
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(47.9 m). 197 MM 12 in DVSO (270 pL, 50 pnol, eq.) is added to the
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0.8 mmol ) is solubilized in 0.2 M sodi um phosphate buffer pH = 7.3 (10 niL).
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to adjust the pHta 98.
a-Synthesis of K1(f4gment 1)-SEAoff

O O
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25 N
The SEA resin (0.5 mmol, 0.175 mmol/g) is conditioned in dichloromethane (DCM). Fmoc-
Lys(Boc)-OH (2.342 g, 5 mmol) is dissolved in DCM and a few drops of dimethylformamide
(DMF) in order to aid solubilization, then the solution is added to the resin. PyBrop (2.331 g,
5 mmol) is dissolved in a minimum amount of DCM then added to the resin.

30  Diisopropylethylamine (DIEA) (2.613 mL, 15 mmol) is then added to the resin and cleavage
takes 2 hours (total volume<5 mL). The resin is then washed for 3 x 2 minutes with DCM.
The resin is then treated with 10% Ac,0/5% DIEA/DCM (10 mL, 2 minutes) then (10 mL, 20
minutes). The resin is then washed for 5 x 2 minutes with DCM.




Fragment 1 Kl1-SEAoff (24.67 nmg, 6.9 pnol) is dissolved in the preceding
solution (10.3 nL). The reaction nediumis heated to 37C under an argon

at nosphere. The progress of the reaction is nonitored by RP-HPLC on an
Xbridge BEH 018 colum (215 nm 1 ni/mnute, 30C, eluent A water containing
0.05% trifluoracetic acid (TFA), eluent B 30 CH3CN water 4/1 contai ni ng
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m., 1B mai88.1.s then added to the resin and the coupling takes 2 hours. The
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(0.2 M 4MHeig), the activator HBTU (0.5 M 3.6 eq.) and the base DIEA (2 M
8 eq.). The washing solvent (DWF) as well as the Froc- Met-OH sol vent
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di 550dyV e iR okt t@@muj@somwee Jpgalg i s dissolved in DVF (500
pL) and added to HBTU. s(StBu)-OH (431.6 ng, 1 mol) is
di ssol ved- SynﬂBthns(d?OOI(ﬂthandnaMBAd to the HBTU HOBt mi xture. DI EA (522.7
pL, 3 mol) is then added to the m xture. After stirring for 1 mnute the
m xture is added to phe resin and coupling takes 45 mnutes. Bhe resPn is
t hen washed-Iwrt R- ori 4 & M sutreg. cDepvosectT an ofc tihe F /Niiﬂ“dﬂ nal
is carried out by treatnent with 20% pi peridine in DVF (15 n‘gnu?es then 5
m nutes). The resin~gg then washed 30for with DCM for 4 x 2 M.nutes then
with Et20 for 3 x 2 mnutes and dri ed. The final deprotection and
cl eavage of the peptide fromthe resin are carried out with
TFA/ TI S/ DMS/ Thi oani sol e/ H20 (90/2.5/2.5/2.5/2.5 by volume, 25 mk) for 2
hour s S0 risfibox tymgn)@m%h@s Hyaroem%ga@ (et fc 2968 69! dls Hehbifi solubilized

et her/ hept ol une .SSQ ni num

ne
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35. 6% . Glécﬁ:ld%ﬂlm[’dmwd\mnﬁﬁ added tp Msitljdst the pt-bioci9&t ed (nonoi sot opi ¢

resol ution) 3543.6; observed 3542. 2.
Fragment 1 K1-SEAoff (24.67 mg, 6.9 umol) is dissolved in the preceding solution

(10.3 mL). The reaction medium is heated to 37°C under an argon atmosphere. The
progress of the reaction is monitored by RP-HPLC on an Xbridge BEH C18 column (215 nm,
1 mbL/minute, 30°C, eluent A water containing 0.05% trifluoracetic acid (TFA), eluent B

30 CH;CN/water 4/1 containing 0.05% TFA, 0-100% B in 30 minutes). For this, aliquots are
acidified with an aqueous solution containing 10% TFA, extracted with Et,O in order to
remove the excess MPA before analysis.

After completion of the reaction, the reaction medium is diluted with water (10 mL)
and an aqueous solution containing 10% TFA (5 mL) is added. After 3 extractions with Et,O



17 A portion of fragnent 2 is then oxidized before purification. For
this, fragnment 2 (67 ng) is dissolved in AcOH water 1/4 (35 nlL) then 144 mM
12 in DVBO (223 pL) is added. After stirring for 30 seconds, 64.8 nM DIT in
AcOH water 1/4 (503 pL) is added to consyme the excess 12. After bl eaching
the solution, the mediumis injected into RP-HPLC (Nucleosil 5 C18 col um,
120 A, 5 fiy 15 mi)2gd bubblngsreen thirahder 10 mouteswiPer P pudiicating takes IacTon,
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0. 25 mmol 2-@ynthesks af -Kdir rit Edoff CEM pWaves, Sacl ay, France)
W t hout using mcrowaves, using the Fnoc/tert- butyl strategy. The coupling
is carried out with the am no acids (0 2 M 4 eq.), the activator PU

(0.5 M 3 and the base DIEA (2 M 8 eq.). The fi nal
deprotectl cl eavage of the peptide fromthe resin are carrifed ﬁtﬁ\
wi th TFA/ EDT/ &S W4/ 2.0/12p54 k hysvoliupes 3G ALg & 0r L 2o howr s
m nutes. The peptoide is precipitated froma cold diethyl ether/he a\’}ev
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(573. 24 (?S hgd{%l %3‘03(?@%‘,&‘,5%5‘%@’ éQM phosphat e buffer pH =7.3(1n).

4- nercaptopﬂen ace I ¢ aci , 0.2 mmol) is dissolved in the
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this, an aliquot (1 pL) 18 of reaction nmediumis acidified wth an agueous
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(1100 uL) HOBt ( 35 mg 1 mmol) is dissolved in DM (500 pL) and added to HBTU. Fmoc-

25  Cys(StBu)-OH (431.6 mg, 1 mmol) is dissolved in DMF (500 ulL) and added to the

HBTU/HOBt mixture. DIEA (522.7 yL, 3 mmol) is then added to the mixture. After stirring for

1 minute the mixture is added to the resin and coupling takes 45 minutes. The resin is then

washed with DMF for 4 x 2 minutes. Deprotection of the Fmoc N-terminal is carried out by

treatment with 20% piperidine in DMF (15 minutes then 5 minutes). The resin is then washed

30  for with DCM for 4 x 2 minutes then with Et,O for 3 x 2 minutes and dried.

The final deprotection and cleavage of the peptide from the resin are carried out with

TFA/TIS/DMS/Thioanisole/H,0O (90/2.5/2.5/2.5/2.5 by volume, 25 mL) for 2 hours 30 minutes.

The peptide is precipitated from a cold diethyl ether/heptane mixture (1/1 by volume),

dissolved in a minimum amount of water and lyophilized. 366.14 mg of crude peptide are

35 obtained (yield = 35.6%). CissH231N41044Ss MALDI-TOF [M+H]+ calculated (monoisotopic
resolution) 3543.6; observed 3542.2.



557.59 ng, 0.2 mmol) is dissolved in the latter solution (1 nnL). 5M NaCH
is added to adjust the pH of the solution to 7.27. Ki(fragnment 3)
(16.46 ng, 3.9 pnol) is dissolved in the preceding solution (185 pL) then
added to the preceding reaction mediumwpich is again placed under an inert
at nosphere at 37C. 10The ligation is nmonitored by RP-HPLC on an Xbridge BEH
C18 col um (4. 6 pergosofnfraanaend 2As therppyidiged beterg purifieation. iar dhis 3v@ymenity &7 A
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11.46 ng of pure K1 (125- 209) is obtained (Yield = 39.4% . 5-Folding of
K1(125-209) 25K1(125-209) (3.99 ny, 0 355 pmol ) is dlissol ved in 10 nM PBS
buffer, 138 2.7 (@ 4, cont ainin % volurre NH,
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concent ré:[uffgrnB@m 6R1n|(1qtgg,.f2mgyat¢ S0 1a7mirvte) 272 mg of pure peptide is obtained (yield =
13%) CussH239N4705:S4s MALDI-TOF [M+H]+ calculated (monoisotopic resolution) 3755.6;

observed 3755.7.

25  4-One-pot ligation protocol:

Synthesis of peptide 4 K1(125-209)

Guanidine HCI (573.24 mg, 6 mmol) is dissolved in 0.1 M phosphate buffer pH = 7.3
(1 mL). 4-mercaptophenylacetic acid (MPAA, 33.68 mg, 0.2 mmol) is dissolved in the latter
solution (1 mL). NaOH 5M (150 L) is added to adjust the pH of the solution to 7.53.

30 K1(fragment 1)-MPA (9.71mg, 2.8 umol) and StBu-K1(fragment 2)-SEA(10.65 mg,
2.6 ymol) are dissolved together in the preceding solution (185 uL). The reaction medium is
placed in a temperature-controlled bath at 37°C in a glove box.

Ligation is monitored by RP-HPLC on an Xbridge BEH C18 column (4.6 x 250 mm,
300 A, 5 um) (215 nm, 1 mL/minute, 30°C, buffer A water containing 0.05% TFA, buffer B
35 CHs;CN/water 4/1 containing 0.05% TFA, 0-100% B in 30 minutes). For this, an aliquot (1 uL)



Exanpl e 3 1-Synthesis of Kl (fragnent 3)-biotin NH2- CRNPRGEEGGPWCF | S
NPEVRYEVCD | PQCSEV-N Fnoc-Lys(Biotin)-OH (2 x 89 ng, 2 x 0.15 nmol) is
coupl ed twice on PAL-Chemvatrix resin 10 (0.1 mmol, 0.43 mmol/g) using TBTU
(2 x 30.5 ng, 2 x 0.15 nmol ) and DI EA (2gx 50 pL, 2 x 0.45 nmol) for 2
hours in NMP. After washings with NW (3 x 2 mnutes) and DMF (3 x 2
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The K1(fr, nt gf) ,‘ 28! , 1.2 prol) is dissolved in the precedi ng
sol ution to the preceding reaction nmediumwhich is again

placed under g§n{355d9)38 8O H53imdiPR dissolved in 10 mM PBS buffer, 138 mM NaCl,
2.7 mM KCI pH = 7.4 containing 10% by volume of glycerol, 1 mM reduced glutathion, 0.2
mM oxidized glutathion (10 mL).

The reaction medium is placed at 4°C.

The folding is monitored by LC-MS on an Xbridge BEH C18 column (4.6 x 250 mm,
30 300 A, 5pum) (215 nm, 1 mL/minute, 30°C, buffer A water containing 0.1 % TFA, buffer B
CHs;CN/water 4/1 containing 0.1 % TFA, 0-100% B in 60 minutes).

After 65 hours, the reaction medium is ultracentrifuged at 8000 rcf, at 4°C for 15
minutes then at 9000 rcf, at 4°C for 15 minutes in order to remove some aggregates.

The reaction medium (7.6 mL) is then transferred in several goes into a 2 mL
35  Vivaspin ultrafiltration system with an MWCO of 3000 and ultrafiltered at 12000 rcf, at 12°C
for 3 hours 20 minutes. Once concentrated, the reaction medium is approximately 800 pL.



The ligation is nmonitored by RP-HPLC on an Xbridge BEH C18 colum (4.6 x
250 mm 300 A, 5 pm (215 nm 1 nm./mnute, 30C, buffer A water containing
0. 05% TFA, buffer B CH3CN water 4/1 containing 0.05% TFA, 0-100%B in 60

m nutes). For this, an aliquot (1 pL) of;geaction nediumis acidified with
an aqueous sol ution containing 10% TFA, extracted with 20 Et20 to renobve
MPAA and MPA bbfothendiiplyaedial 4°C4na16aivng cawettses gMMIYCe eptelf b330 withge
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Fr agnment éxgﬂglefgagrrent 2: Ki(fragment 1)-MPA and StBu-K1(fragnment 2)-SEA
are prepa escribed previously in Exanple 2. Exanples of preparation

of the StWSEgh%siEﬁkﬂqrédmtﬁoti§0A) The synthesis of the SEAon peptide
fragnents s carrred ou according to Ollivier N, Dheur J., Midia R,

Bl anpai n A.,.and Mel nyk 0., .Bis(2-sul phanyLet hyl)am no native peptide

li gation. v~ QN Pt E.E AdBFARY F T5288-EALR (2010)D. | By cvew vad_ 1| ustration the
preparation of the peptide fragnents (1la): H|LKEPVHGG N( CH2SH) 2, 035( 1
b): H | LKEPVHGA- N( CH2CH2SH) 2, (1c): H- | LKEPVHGV- N( CHchz%gj and

(1d): H I LKEPVHGY- N(CH2CH2SH) 2 21 is carried out in solid_phase Pepdd
fragnment (la) is obtained fromthe priner support preparediywith gl yci
Peptide fragnment (1b) is obtained fromthe prinmer support H
al anine. Peptide fragnent (1c) is obtained fromthe primer suipport prepared
wi th valine. 5Pe§tide fragment (1d) is obtained fromthe priner support

prepar ed MneHLysiBigdMnaH (FreB%pat Re- 85 smalhs cpepiop&pce ae £ALahheraMsatirasinzed

as folol ows:1 mmol, 0.43 mmol/g) using TBTU (2 x 30.5 mg, 2 x 0.15 mmol) and DIEA (2 x 50 uL, 2 x
0.45 mmol) for 2 hours in NMP. After washings with NMP (3 x 2 minutes) and DMF (3 x 2
minutes), the 3-biotin fragment is assembled on two 50 pmol columns with a peptide

synthesizer (INTAVIS) using the Fmoc/tert-butyl strategy.

The couplings are carried out using 4 eq. of each amino acid, 3.6 eq. HBTU, and 8 eq. DIEA.

15 A stage of capping is carried out after each coupling with Ac,O/DIEA. On completion of the
synthesis, the resin is washed with CH,Cl,, diethyl ether (2 x 2 minutes) and dried under
vacuum.

The final deprotection and cleavage of the peptide from the resin are carried out with
TFA/EDT/H,O/TIS (94/2.5/2.5/1 by volume, 2 x 5mL) for 2 hours. The peptide is precipitated

20  from a cold diethy!l ether/heptane mixture (1/1 by volume), dissolved in a minimum amount of
water and lyophilized. After RP-HPLC purification (Nucleosil C18 column 50 cm x 2 cm, 215
nm, buffer A 100% water containing 0.05% TFA, buffer B CH;CN/water 4/1 containing 0.05%
TFA, gradient: 0 to 15% of buffer B in 5 minutes then 15 to 35% of buffer B in 60 minutes,
flow rate 6 mL/minute) 36.75 mg of pure peptide is obtained (yield = 8 %)

25 Cy74H265N51055Ss MALDI-TOF [M+H]+ calculated (average mass) 4112.68; observed 4114.3.

2-One-pot ligation protocol:

Synthesis of a 4 K1(125-209) K-biotin peptide

Guanidine HCI (573.28 mg, 6 mmol) is dissolved in 0.1 M phosphate buffer pH = 7.3 (1 mL).
4-mercaptophenylacetic acid (MPAA, 33.59 mg, 0.2 mmol) is dissolved in the latter solution
30 (1 mL). NaOH 5M (80 L) is added to adjust the pH of the solution to 7.40.



Solid support ready for solid-phase synthesis of the peptides "SH TFA
peptide-N . SH The peptide fragnents thus obtained have the follow ng
general formula: SHO .: SHR=E HIc R CH3 id R= CH(CH3)2 | e R= p- OHPhCH2

if 10 Solid phase synthesis of thg different polypeptides is carried
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22 of reaction medium is acidified with an aqueous solution containing 10% TFA, extracted with
Et,O to remove MPAA and MPA before analysis.

After reacting for 24 hours 40 minutes, guanidine,HCI (573.18 mg, 6 mmol) is dissolved in

10 0.1 M phosphate buffer, pH = 7.3 (1 mL). Tris(2-carboxyethyl)phosphine hydrochloride
(TCEP,HCI, 57.80 mg, 0.2 mmol) is dissolved in the latter solution (1 mL). 5M NaOH is
added to adjust the pH of the solution to 7.40.

The K1(fragment 3) (5.50 mg, 1.2 ymol) is dissolved in the preceding solution (57 L) then
added to the preceding reaction medium which is again placed under an inert atmosphere at

15 37°C.

The ligation is monitored by RP-HPLC on an Xbridge BEH C18 column (4.6 x 250 mm, 300

A, 5 um) (215 nm, 1 mL/minute, 30°C, buffer A water containing 0.05% TFA, buffer B

CH;CN/water 4/1 containing 0.05% TFA, 0-100% B in 60 minutes). For this, an aliquot (1 uL)

of reaction medium is acidified with an aqueous solution containing 10% TFA, extracted with
20  Et,0 to remove MPAA and MPA before analysis.

Ci34He74N1260130Ss [M+H]" expected (average mass) 9994.49, observed 9994.41.

On completion of the reaction, the reaction medium was diluted with water and an aqueous
solution containing 10% TFA. After extractions with Et,0O, the aqueous phase was degassed
by bubbling argon through, diluted with water, filtered and purified by RP-HPLC on a Vydac

25 C18 column 300 A, 5 um (215 nm, 20 mL/minute, buffer A water containing 0.05% TFA,
buffer B CH3CN/water 4/1 containing 0.05% TFA).

Fragment 1 and fragment 2: K1(fragment 1)-MPA and StBu-K1(fragment 2)-SEA are
prepared as described previously in Example 2.

Examples of preparation of the starting peptide fragments

30 A) The synthesis of the SEAon peptide fragments is carried out according to Ollivier
N., Dheur J., Mhidia R., Blanpain A., and Meinyk O., Bis(2-sulphanylethyl)amino native
peptide ligation., Org. Lett. 12(22), 5238-41 (2010).

By way of illustration the preparation of the peptide fragments
(1a): H-ILKEPVHGG-N(CH,CH,SH),,

35  (1b): H-ILKEPVHGA-N(CH,CH,SH),,
(1¢):H-ILKEPVHGV-N(CH,CH,SH), and
(1d):H-ILKEPVHGY-N(CH,CH,SH),

S

a



The purity of each peptide fragnent is determ ned by HPLC (91% for peptide
fragnment (1la) with a glycine, 83%for peptide fragnent (1 b), 80%for (1lc),
and 88% for (1d)). MALDI-Tof analysis of the peptide fragnments is
consistent with the structure of the expgcted peptide fragnent (Peptide
fragment (1 a) CA7H811\113011S2 5 observed 1068.5. Peptide fragnent (1 b)
C481183N1ml&d%§b$wléd>h§%2 4. Peptide fragnent (1c) C501-187N13011S2

b d 5 f t 1(d) C54HB7N13012S2 ob d 1174. 6
el o PR MR b 5 Sebta TR PN PrTIet AUBPEE PLESBE A BRShERRH
cal cul at eEeﬂﬂk:tbO‘rd@nmx (1byisFdbtaihed framcie ptiradr dubpdrt rapered Wittt afhinat i on of the

ggle%/gﬁlpt Ir ? Etldesfra%?ﬁé&'t %%bt%ﬁe@frm%éaﬂr%ér sgﬂagoﬁ% éfrHEgled \Dlt%\gah‘% 0 30 minut es

for pepti %pfqeaf&l%}ﬁ”t 1I s obéﬂaeoéframéhﬁ @"r‘ﬁ’ebﬁupﬁo'ﬁ@r%r%‘i"ﬁ" Hrefiffut es then 10
to 25%in 25 {e for etldefra ment s The
purity deter mrqr-]ed @qﬁﬁﬁ{‘ hsgp?%ra/eqt S?gﬁ%rb?? ﬂé{"??éﬁ%ﬁfgﬁ?‘%ﬁ' with an overall
yield of 35% 97% for peptide fragnent (1b) with a yield of 31% and of 99%
for peptide fragment 15(1 c) with a yield of 27% B) oxidation of peptide
fragnents (la), s’Lﬁ (1c) agﬁg%,’l,gﬁ‘ it hi azepanes Peptide fragnments
(la), (1 b), (1¢) a 16‘)‘\a,: ,%;g ;,hefollovmng di agram-general : 0
peptide.' SH g t.a. SH 20 - otectedEA?t ptide frlagment is
cl eaved from#ihe §,oirat sup ort by the action o DVS/|Ti J:l?;@“%\gL ion
(92.5/2.5/2.5/2-5, v/iv). The peptide fragment is then pr eC| p’tat ed froma

| arge volunme of a diethyl ether/heptane mxture (1/1; v/v) and washed tw ce
using this 28cmaLpdor@dsdy The crude peptide fragment |yophilized after the

cl eavage st agesdlig-phdsenyrdiesisol ved in a 0. 1M ammoni um bi car bonate sol uti on
previ ously detbsmptidesor 10 m nutes by bubbling nitrogen through (1 ng/nL).
The m xture is then |eft at anbient tenperature under vigorous stirring.
The devel opment of the reaction isgqfoll owed by MALDI - TOF mass spectronetry
until the conpl etg, 30 di sappearapce of the reduced formof the polypeptide
consi dered. The poI ypeptlpggt isyFinally purified by RP-HPLC (gradi ent el uent
A (H20/ 0. 05% TFA) / el uent (‘@oﬁ‘/ A% onitrile/20% H20/0.05% TFA): 0 to 10%
in 10 minutes then 10%to 25 % i 25 minutes) then frozen and | yophilized.
23

The peptide fragments thus obtained have the following general formula:

SH
(@] /(
H-ILKEPVHG-NH\/U\N
FE{ K/SH

R=H 1c

R= CH, 1d

R= CH(CH,), 1e
R= p-OHPhCH, 1f

10

Solid phase synthesis of the different polypeptides is carried out using the Fmoc/tert-
butyl strategy on resins (scale of 0.1 mmol) on a microwave peptide synthesizer (CEM u
WAVES, Saclay, France). The coupling is carried out in using a 5-times molar excess of
each amino acid, the activator HBTU is used with a 4.5-times molar excess and the base

15  DiEA is used with a 10-times molar excess.

The final deprotection and cleavage of the polypeptide from the resin are carried out
with 10 mL of a TFA/TIS/IDMS/H,O mixture (92.5/2.5/2.5/2.5 by volume) for 1 hour. The
polypeptide is then obtained by precipitation from 100 mL of a diethyl ether/heptane mixture
(1/1 by volume), dissolved in H,O then lyophilized.



The tabl e bel ow summari zes the results obtained (MALDI - TOF anal ysi s).
peptide fragnment 1 TVZ [ MMHrcalc Mz [M+H obs. Final yield(% (la) 1066.6
1066.6 17 (Il b) 1080.6 1080.6 13 (1c) 1108.6 1108.6 23 (1d) 1172.6 1172.6
20 24 22

The purity of each peptide fragment is determined by HPLC (91% for peptide
fragment (1a) with a glycine, 83% for peptide fragment (1b), 80% for (1c), and 88% for (1d)).
MALDI-Tof analysis of the peptide fragments is consistent with the structure of the expected
peptide fragment (Peptide fragment (1a) C47HgiN¢13044S, [M+H]+ calculated 1068.6 Da,

5 observed 1068.5. Peptide fragment (1b) CusHgsN13044S, [M+H]+ calculated 1082.6 Da,
observed 1082.4. Peptide fragment (1¢) CsoHgzN43044S, [M+H]+ calculated 1110.6 Da,
observed 1110.5). Peptide fragment 1(d) CssHg7N1301.,S, [M+H]+ calculated 1174.6 Da,
observed 1174.6).

Purification of the polypeptides is carried out on a Nucleosil C18 column in

10 acetonitrile-H,O (80-20) in TFA, with a gradient of 0 to 30 % in 30 minutes for peptide

fragment (1a), and a gradient of 0 to 10 % in 5 minutes then 10 to 25% in 25 minutes for
peptide fragments (1b) and (1c).

The purity determined by HPLC is 96% for peptide fragment (1a) with an overall yield

of 35%, 97% for peptide fragment (1b) with a yield of 31%, and of 99% for peptide fragment
15 (1c) with a yield of 27%.

B) oxidation of peptide fragments (1a), (1b), (1c) and (1d) to dithiazepanes
Peptide fragments (1a), (1b), (1c) and (1d) as obtained previously are oxidized
according to the following diagram general:

Q o)
iid P NS NH,HCO, aq. 0,1M P
eptide g i N
pep | 4 i - peptide’ N ™\
x\’ 0, ta. |'\ S
SH °
= peptide-dithiazepane

20

Each peptide fragment is cleaved from the solid support by the action of a
TFA/DMS/TiS/H,O solution (92.5/2.5/2.5/2.5; viv). The peptide fragment is then precipitated
from a large volume of a diethyl ether/heptane mixture (1/1; v/v) and washed twice using this

25  solution. The crude peptide fragment lyophilized after the cleavage stage is then dissolved in
a 0.1M ammonium bicarbonate solution previously degassed for 10 minutes by bubbling
nitrogen through (1 mg/mL).

The mixture is then left at ambient temperature under vigorous stirring. The
development of the reaction is followed by MALDI-TOF mass spectrometry until the complete

30 disappearance of the reduced form of the polypeptide considered. The polypeptide is finally
purified by RP-HPLC (gradient eluent A (H,0/0.05% TFA)/eluent B (80% Acetonitrile/20%
H,0/0.05% TFA): 0 to 10% in 10 minutes then 10% to 25 % in 25 minutes) then frozen and
lyophilized.



CLAIMS 1. A method for preparing a peptide assenbly of n fragnents and n-1
am no acids bearing a thiol function, represented by the formul a:

A -C -A2-C2- A3--Cl-An(l) 5in which Al, A2, A3, ..., A are peptide
fragments, Cl, 02, C3 ...Q0n_1 are am noyacid residues bearing a thiol
function, n is conprised between 3 and 50, preferably between 3 and 20, or
bet ween 3 and Tl talledbalow summrizeﬂtég@sw@n’pﬁairﬁdMﬁéD{@@ﬁ nadisis) n,
characterized by inplenmentation of the preparation of a peptide-thioester
of formula: 10Al-SR(Il) in which Al is a peptide fragnent and SR is an

al kyl thioester residue, R being able to be an optionally substituted al kyl
radi cal, starting froma bis(2-sul phanyl ethyl)am no peptide: ArSEAoff in
whi ch SEAoff is a cyclic bis(2-sul phanyl ethyl)am no group -N by
actior of a thiol R SH in the presence of a cyclic disul phide reducing
agent, 15foll owed by condensati on on a peptide fragnment of structure:

H CL(SR) - A2- SEAof f (IIl) 1 n I s A2 of f are [ o,aSs above and
(SR) represen%gpt%eqi%%eqlpi \(lj\@/z(r:@sﬁgdd%" on'\ﬁ’?ﬁl\eﬂ%ﬁfbbl of tFﬁrgJI gi%%gé’?aci dd, in
the presence of an aromatic thiol ArSH, followed by conversion of the new
peptide fragment ohyg ned, of gpsseture: 2fEkd°1- A2- SEAoff V) in which Al,
Cl, A2 and SEAoff gre as defined (ﬁr evi ousl¥ to a pepti de-tgi oester of
formul a: Al-Cl- A2- Iﬂ?)ll') in wiPg 6A1, a, ®9%nd R are as 'defi ned
previously, by acti(oe) of a thialo®eSH, in t108.¢resence of a3cyclic

di sul phi de reducin ent, 2ba ndensat j n a peptide,fragnent of
struc!toure: H-G2(S! ‘gﬁ&,%e SEAOff?ﬁ.?.f'g) 1#72¢ PeP 2b 29




in which SEAoff and R and 02 and A3 are defined as above, in the presence
of an aromatic thiol ArSH, in order to produce a peptide fragnent of
structure: Al-C -A2-C2-A3-SEAoff(1V') 30in which A1, G, A2, 02, A3 and
SEAoff are as defined previously, 25 antf reiteration of these 2 oper ati ons
up to n-2 tines, in order to obtain a peptide fragnment of structure:

Al-Ci - A2- C2- A3- - C2- A1- SEAof f (1 VM in vhigwsAl, A2, A3, Al AnA, Cl, C2,

C3C -1Cn_. 2 and SEAoff are as defined Spreviously, followed by

;WDI enment at i onAGhetod abi )éﬁep_bii@@'fa; pébtfdéaé?ésbﬁlﬁyg?f T@m&aﬂ) @iaﬁ@dn\,-\ﬁ%pﬁh%?cilds ;
ragnent , . he e of I -An( V" In IC _1 an
An are asB%ag%nae%ﬁbé‘gﬁ"’g’uE‘irdﬁs%‘gedr%Vdﬁﬁ‘gl‘!‘{”ﬁ‘ﬁ”%-n the presence of a cyclic
10di sul phi de reduci ng %@11A2_@?;1Asqr__(je_éi_1LA)i___p_r_@d_u_ge the mul typle peptide

assenbly of general formula (1).. 2. A method atcording to claim 1,
char acq erinagtiict A, 1Wha4,, a. pept Adereassptiadrigménts, or 4 fragnents is prepared,

of structgr 1- Gl- A2-C2- = C1- A2- C2- A3- C3; A net hod
accor di ngéf_’?zbﬁ%l_i'%éﬁ,"'c%raﬁ%?rghozeéoqi% ﬁéﬁﬁﬁeﬁfﬁ%@@@%m y of 3
15f r agment & GORsISad Bptueen § and"3h ereferably betwaanchandi20, AT hetwesa Taneotiiang t o

one of clias gmy htdger Somphsddasehesdrz2end A, t hat Cl, C2, C3Cl-1 represent Cys
residues. 5. A nethod according to one of clains 1 to 4, characterized in

t hat one ¢rarmtereedfytimplepeptatide of thegmeweratioh2of a. pepde-thioesterof famukzear one or
nore nodified am no acids. 206. A nethod according to one of clains 1 to 5,
chara® erized in that the condensath ot of théllpeptide-thioester with a

i de fragr of str. 111) . ied out in. th
o her capt BORBRY M & eotdE A mey and 38 87 cliilioBter ey ea R ada i Pear
conposi t i aptioodbyrsabsdutededkyl radicabt it

starting from a bis(2-sulphanylethyl)amino peptide: A;-SEAoff in which SEAoff is a

cyclic bis(2-sulphanylethyl)amino group *N//\ §
S

by action of a thiol R-SH, in the presence of a cyclic disulphide reducing agent,
15  followed by condensation on a peptide fragment of structure:

H-C4(SR’)-A-SEAoff (1)

in which C,, A; and SEAoff are defined as above and (SR’) represents a disulphide residue
on the thiol of the amino acid C4, in the presence of an aromatic thiol ArSH,

followed by conversion of the new peptide fragment obtained, of structure:
20 A-C-Ax-SEAoff (V)
in which A,, C4, A, and SEAoff are as defined previously, to a peptide-thioester of formula:

A;-C4-A-SR ()
in which A, C4, A; and R are as defined previously, by action of a thiol R-SH, in the presence
of a cyclic disulphide reducing agent,

25 and condensation on a peptide fragment of structure:
H-C,(SR’)-As-SEAoff (nry

in which SEAoff and R’ and C, and A; are defined as above, in the presence of an aromatic
thiol ArSH, in order to produce a peptide fragment of structure:

A, 'C1-A2-C2-A3-SEAOff (IV,)

30 inwhich Ay, C4, A;, Co, Asand SEAO0ff are as defined previously,



conpri ses:

nmet hod for manufacturing a pol ypeptide of fornula (1) according to one of
claime 1 to 5, and the preparation of pharnmaceutical conpositions

conprising a pol ypeptide or peptide thus®prepared, in the pure state or in
conmbi nation with one or nore conpatible and pharmaceutically acceptable

adj uvant sangGdemtineohthgse dropeeaiignacp te NAgtinaesinmgidesto ebteiaa revtide feawmest ¢fzed

in that

| $trec@urer i ses: the manufacture of a pol ypeptide or peptide

according to the nmethod for manufacturing a pol ypeptide of fornula (1)
according to one of clAi®EALCE-As-5,. -EndA- .t &€, Ldv, mBEADbIfon @V™f orm ng of this
pol ypeptide in a formsuitable for use for a diagnostic device.
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in which Ay, Ay, As, ... A ..., An1, Cq, Cy, C3 ... Ciy ... Cho and SEAOff are as defined
previously, followed by

implementation of a native ligation reaction of this obtained peptide fragment (IV™), with a

peptide of formula:
H'Cn-1'An (Vn)
in which C4; and A, are as defined previously, by reduction in the presence of a cyclic

disulphide reducing agent, in order to produce the multiple peptide assembly of general
formula ().

2. A method according to claim 1, characterized in that a peptide assembly of 3 or 4
fragments is prepared, of structures A;-C4-Ax-C2-A; or A4-C1-A-C-A3-Cs-Ay.

3. A method according to claim 2, characterized in that a peptide assembly of 3

fragments is prepared in a “one pot” reaction.

4. A method according to one of claims 1 to 3, characterized in that C4, C,, C; ... Ciq ...

Cy.1 represent Cys residues.

5. A method according to one of claims 1 to 4, characterized in that one or more of the
peptide fragments A, ... A, ... A1 can bear one or more modified amino acids.

6. A method according to one of claims 1 to 5, characterized in that the condensation of
the peptide-thioester with a peptide fragment of structure (lll) is carried out in the presence of

4-mercaptophenylacetic acid.

7. Method for manufacturing a pharmaceutical composition characterized in that it
comprises:
— the manufacture of a polypeptide or peptide according to the method for
manufacturing a polypeptide of formula (l) according to one of claims 1 to 5, and
— the preparation of pharmaceutical compositions comprising a polypeptide or
peptide thus prepared, in the pure state or in combination with one or more
compatible and pharmaceutically acceptable adjuvants.

8. A method for manufacturing a diagnostic device characterized in that it comprises:
— the manufacture of a polypeptide or peptide according to the method for
manufacturing a polypeptide of formula (I) according to one of claims 1 to 5, and

— the formulation or forming of this polypeptide in a form suitable for use for a

diagnostic device.

25- the manufacture of a pol ypeptide or peptide according to the



