1111111211211111117112112111111111111 *159159* TI TLE PROCESS FOR PRCDUCTI ON OF
+#PEPTp DE THI OESTER DESCRI PTI.ON Titl e of Invention: PROCESS FOR PRODUCTHON OF

PEPTI DE THI OESTER Techni cal Field [0001] The present inve s to a
process for production of a peptide thioester. Backgr oungmmmﬂ @ %mwrl ous
met hods such as bi osynthesis, chenical synthesis and cel re esi s
are known to be used for synthesizing proteins. In %he—b#esyﬁiﬁé&s%t hod,
a protein is obtained by utilizing the inside of a celt—suech-as_an
Escherichia coil cell and introducing and expressing DNA encoding the
protein to be synthesized in the cell. In the chem cal synw ﬂﬂ
obj ective protein is synthesized by sequentially binding & W”Mlln an
organochem cal manner. In the cell-free synthesis, the-protei Rgys
synthesized in a cell-free system uti + T2 ng an enzyme, etc . , present—in
various cells su ds are
appropriately usgﬁé|z pﬁlara %h(;%;ﬂm |ned1!‘d§e‘%EL |%-gﬁ§lﬁ0€%ﬁ?ntended use,
the size and the nature to be added, of the protein. [0003] At present, in
order to synthesize a protein hom)geneously having a particular
nodi fication with a sugar chain grgrgiPrfonetc . , in a mddle part of its
am no acid sequence , amno acids are nodified with.the sugar chain or the
lipid, etritle offNIraedtattioen ARHOCRES FORERODUETIORIOF PRETUDE MU ICESTERI i ed
amno acids is chemcally synthesized.

Technical Field

[0001] The present invention relates to a process for
production of a peptide thioeéter.

Background Art

[0002] Various methods such as biosynthesis, éhemical
synthesis and cell-free synthesis are known to be used for
synthesizing proteins. In the biosynthesis method, a protein
is obtained by utilizing the inside of a cell such as an
Escherichia coli cell and introducing and expressing DNA
encoding the protein to be synthesized in the cell. In'the
chemical synthesis, the objective protein is synthesized by
sequentially binding amino acids in an organochemical manner.
In the cell-free synthesis, the protein is synthesized in a
ceil—free systemutilizing an enzyme, etc., present in various
cells such as the Escherichia coli cell. These methods are
appropriately used separately or combined depending on the
intendeduse, the size and the nature to be added, of the protein.

[0003] At present, 1in order to synthesize a protein



A solid, -phase synthesis is mainly used as the nethod for chemcally
asynthesizing the peptide chain. However, the peptide chain obtained by the
sol i d- phase synthesis is generally a short chain, and is conposed of at

| ongest about 50 residues. [0004] Thus, the short peptide chains are
separately prepared and thenthey are ligated in order to synthesize the

| ong peptide chain having the nodification. Various techniques for ligating
t he peptide chains have been reported, and one w dely used technique is the
native chemcal ligation nmethod (NCL nethod) . The NCL net hod can al so be
appl i-ed between unprotected peptide chains, and is known to be useful for
formng a native am de bond (peptide bond) at a ligation site (e.g. ,

Patent Literature 1) . The NCL nethod is a chenpbsel ective reaction between
a first PERMIIRNGRA TG ey 8% & PeXHIAWest aodifilear ian widhcat ebgal and a
second peptide having a cysteine residue at its N-termnal, and a thiol
group ( SIFRFIFUPT 2H1EF G &% 1ot B LA LE BHF | R dioA 2THHRBT LB FCERETEFst ei ne
side chain is selectively react wi_.t h carbonyl carhon of t hi.oest er

o oup. Ay e s TSI 1 S oA e RBTRCE. 0ot dPREd by t he

t hi ol ex ge. QN IS r At I I
intrannlecu'drlﬁggﬁéﬁggi?%%ﬁ%anégsg%gﬁga%%%?@gkggﬁgg§f%%@gg%g%ﬁgeFigation
site whilg 44T I ; ' j ain thiol . In this
met hod, taq\;\nolr}ooepafc?%%eclﬁsta?%sé cgcnap%]? Iegi%g%lz%g%&a@'t he peptide bond only by

m xi ng the unppoierTi@bomed isdetHdsid hufl heinspludddas tRe e NG feRt hod,
even when conpounds such as peptides having many functional groups are
react ed, dhemicd¥ryi sghthésonengepttiedepepoibe Ichgdined sebweetéwel yhieo the N
term nal of the other peptide. Fromthese points, it is inportant to

det er m nepapt idwmthaay obtadhielilzet héeoliCd -philsed ynt e sles 1t genkeerildyl | y

synt hesi ze the protein. [0005] However, a problem when the NCL nethod is
utilized d stbudeshatie, pnepas stdmprsdd @fpaptlicdwesti abouers hagisiguss -

a- car boxyt hi oester noiety at its Ctermnal., which is required as_a raw
materi al . [Of&f4lous nethivtls BBSe et repBEidd &R iM% pa¥s n§ePRE35ERYI de

t hi oester, and those ggtho S can b%; enerally classified into twy types

based on R¥RPEFGT @586 syPEN&N S ATFOTHEF TS ERGR FfethSd of
constructj ng the tide thigester on.a_resin. In this nmethaod, .t he peptide
b cest orl PP EEE SEF SPRLE TPogethare Rrrn e BhoRBe ol TR BT SRst v 1 rom
the resi t-er NSt ryct i t: tai : B i.dr p nt hesi s,
Frnoc sol i%djgphlglsgeacés)ly hﬂéh% g&tl?espeég%nl or?(ea%iegbt T Qn%tp%%](yeﬁ’ %glzigto?%cti ng
the peptides LhAi iR thbfndghicdi BhEse i @i fe | dHEEI cLOU VA8 ke thidisoest er
(Safety catch 1inker, Fujii” nmethod, Dawson nethod, Mercapto propanol

et hod, Kavekandthedhod, ThankehehetkpdTRIAOh14®] Ve MBHPOLedAbBRR BT hOd,
etc . ) . In this method, thioester is obtained by activating the peptide
chai n C taiptded ctteahpépuiie dhay ranpirnd i saireiwn to Batigwfull £br ttheninaker ,

foll owed by thiolysis of the peptide chain (Non-patent Literature 1) .

[ 0007] | n aaddhittiiven aimd dehbsadnepaptsdet hendet doda ilnigetiicin & igreot(ectoed pepti de
so that the side chain is protected by the solid-phase synthesis and only

t he car bdBatenf cubteratwee Cli er nithgl N& Mot t§nahesicregeleicltéwned by
thioesterif ication under an appropriate condensation condition has al so
been repdreast ¥ Fetwepst aritt 15% SLREAFE RFVINARPD 8f CERPSEYIOLREFS SRave been
wel | -establ j shed, and used for _vari ous roéein synt heses. However,, the size
of the peiRi%e fi bedelecipEfleat HEPRGRE R < 88Vit89 3 VLG BEcause

t hese nethods.are limted to nes&rictions he soli&ﬁphase syn&hesis.
a

. f
Furt her, ]i%s_JtcHée rﬁatt H‘&f s'itﬁémtlﬁl@ i ﬁ?gr‘? %gﬁ%%-%ra?lil%e nio Aci §-&eri vati ve
or a speciisC deg 't‘é%%}’&ﬁ&%@?&ﬁ%@o‘@d)' beS¥RAL NGl 2efh S apf Ateln Thus,

t heir procedures cann
is selectivelyreactedwithcarbonyl carbonof athiocester group,



be said to be sinple. [0008] An intein nethod solved the restriction of the
othiogsterification by the solid-phase synthesis (Non-patent Literature
2).In this nmethod, a pol ypeptide fragnment biosynthesized froma cell can be
obtained as thioester. In the intein nmethod, the peptide chain is
thioesterified .by utilizing a protein splicing function that occurs in the
particul ar protein sequence, and the pol ypeptide chain is obtained as
t hi oester. An advantage of this nethod is that a | ong chain peptide
t hi oester can be obtained. The synthesis of the |large nodified protein,
whi ch had been considered to be difficult to synthesize until now, has
becone possible by conbining this nethod with the chem cal synthesis nethod
(Non-patent Literature 3%. The net hod of expressing the .,
pol ypept i ¥RRFRRNANEBHOEP ?ﬁg?%%%%%%éﬁ@cﬁle&%ﬁ‘ﬁ%}@tﬁ 1gngprmed by
wel | -estahl i shed_as basi ¢ _techni que_in biol ogy. .| 0009] However en t he
i ntein rre’%l‘ﬁ)& 'lglu%’é%?alég%éfﬁﬁc&é'oé'équ dE Jt%tfbg'x?%{’%'é? GEAEIESAry and
an expressed_intei.n,co ex_Rpr.otei si.. be | d t i nher ent
three-diﬂ%ﬁ%?%ﬁ%ﬁlg$FﬁgguF§u§ 55%%%“%%?£%€f§£$§)§gggg%fi%%%??%gﬁgf%$essed
but al so hies protgld SRICi Y 4 Lalsed 4 FAREHON c use dgpendig on the
pol ypepti de sequence t e expressed, the peptide thioester i's not always
~ obtai ned {{yassweiati@oiwth sufficient conditions for optimzation and
t he acconpanying conplications in the work. [0010] Meanwhil e, the nethod of
cl eaving the pept it@ie sChaithodl, &weopeldtieofchaicyst@imed asighmedy ireeact i ng
a conpound with the SH group of the cysteine residue in the peptide
(‘Non- pat etite lpépr dairssnd ardy By mianichg Heharetrimpob tfcttd @ papigiddse ipept i de
bound to the solidphase using the linker (Non-patent Literatures 6 and 7)
ar.e knowne &s:fiflee selwotienof ol shei NG meshodht ¢den wielhConReURES FotFbf
cl eaving the peptide bond on the Ctermninal-side of a nmethionine residue
usi ng cyamdoRAPBHE@RF deay ONBr Fany KHBRE 10RGke FEPUPENEIE HSEGTRA nétfods f or
obtaining a peptide fragnent as, the thioester. Related Art Literature
Patent Literaflierl [9b19)e RERMAE i 138 Ruret92te t%ﬁ%ﬁﬁq%ﬁﬁﬁyﬁﬁbﬁﬁghtion WD
90134878 Palemtybl] CLAMUAE Brnbl BLRRLRNA! pRURl I RaLoRAIRAI kA

important to determine in what way to utilize the NCL method
in order to chemically synthesize the protein.

[0005] However, a problem when the NCL method is utilized
includes the preparation of a peptide thioester having an
o-carboxythioester moiety at its C-terminal, which is required
as a raw material. Various methods have been reported for
preparing the peptide thioester, and those methods can be
generally claséified into two types based on the solid-phase
synthesis.

[oo006] Afirst one is the method of constructing the peptide
thioester on a resin. In this method, the peptide thioester

can be obtained together with cleavage of the peptide chain



[0012] Non-patent Literature 1: Ingenito et al., J. Am Chem Soc., 121
~11369-11374, 1999. Non-patent Literature 2: Schwartz et al., CHEM COMMUN. ,’
2087-2090, 2003. Non-patentLiterature 3 : Miir, Annu. Rev. Biochem , 72:
249- 289, 2003. Non-patent Literature 4: Stark GR, Methods of Enzynol ogy,
47: 129-132, 1977. Non-patent Literature 5: Nakagawa et al., J. Am Chem
Soc. , 116: 5513-5514, 1994. Non-patent Literature 6: Sola et al . , J.
Chem Soc . Chem Conmun. , 1786-1788, 1993. Non-patent Literature 7:
Pascal et al., Tetrahedron Letters, Vol. 35, No. 34: 6291-6294, 1994.
Summary of Invention Problemto be Sol ved by the Invention [0013]In the
peptide thioesterif ication shown in the above background art, the peptide
capabl e of being thioesterified is limted to the peptide chain synthesized
in the sof¥em phBSe rard ™t Ml tRIpt FERSERECR NG Héra apeREbde byt He pB&icei n
splicing. Thjs is because any of these nethods require . the non-native am no

aci d deriSREIYENITR S Znd"PRAE SRt RIEFS PHPEESFfensi DEAC uct ure,

etc. [O0TALTRUS: d bl Bod PRBEE Aty PLESR e/ ERLE 8 Pre so11a
phase via a linker equivalent to thiocester (Safetycatch 1ii’1ker,.
Fujiimethod, Dawsonmethod, Mercapto propanol method, Kawakami
method, Danishefsky method, Hojo method, Aimoto method, etc.).
In this méthod, thiocester is obtained by activating the peptide
chain C-terminal constructed by appropriately treating with
the linker, followed by thiolysis of the peptide chain
(Non-patent Literature 1).
[0007] In addition to these methods, the method in which-
a protected peptide so that the side chain is protected by the
solid-phase synthesis and only the carboxyl group at the
C-terminal is free is synthesized followed by
thioesterificatioh under anappropriate condensationcondition
has also been reported (e.g., Patent Literature 2). Any of
these me_thods have been well-established, and used for various
protein syntheses. However, the size of the peptide thiocester
capable of being synthesized is limited because these methods
are limited to restrictions Qf the solid-phase synthesis.
Further, in the ﬁethod using the linker, a non-native amino
acid derivative or a specific derivative must be chemically

synthesized separately. Thus, their procedures cannot always



provi de a novel process for chemcally converting a pol ypeptide chain into
.a peptide thioester. Means for Solving Problens [0015] The present inventors
considered that a process for selectively activating a peptide Cterm nal
by targeting a native anmino acid residue in a peptide sequence is required.
In such a process, the peptide chain in any peptide obtai ned by any net hod
such as biosynthesis can be selectively activated and thioesterified.

[ 0016] Thus, the present inventors focused on a cysteine residue that is a
speci al sul fur-containing anm no acid anong the native amno acids. And the
present inventors have found that as shown in the following figure, a
-C(=X)-R1 group is introduced into a thiol group of the cysteine residue,
and a conpound, having a | eaving group represented by -NH C(=Y)NHR3 i s
react ed tPRrELht? PanSHPFRHRi ¢ sol vent to add the -NH C(=Y)NHR3 group to a-
car boxyl group of a peptide.,bond _on an term nal -side, of .the cysteine
Cosidun RN R e R B O Bha ZSRERE PBEOTT SEndTE on a

C term nalisidec L5; e, 005, FHTENCTso 1 16 B EsEN JVentor g fiave daynd t hat
t he resul Ting peptide chain n"be Convert &d 1 nt'o a pept i &1 hicoest er by an

exchange ¢ £3ct ] i th thi [ [ i 0 | Sal ith the
pepti de g%ain %g@r iéﬂ'theq%Nﬁg%%gYﬁ%ﬁggkg?ohpﬁgas %%%igﬁdgggﬁﬁggﬁ%uffer

sol ution,piheyebye 8l 2O b e dNi10kagr BePoBtal Reat Ak otn LosPEeRd e, be
bound to carbonyl carbon to which the -NH C(=Y)NHR3 group has been bound

and el i mtwdi pgeéhs mibhEeaTY)INERDH Ol chhinnoboriRbe sgeUF \was. byl I st
introduced into the thiol group of the cysteine residue. And, a peptide
chai n i n wii Thz Nag ety lpguareicdi deop hiasibgefiuvaddednt chdts €edersi nal tkes

obtai ned by reacting N-acetylguanidine with this thionofornmate group in the
or.gani ¢ seAweitular cpustethe sekwanage cind hehpepoilypephada chatine is
N-term nal -side of the cysteine residue. Further, this _

N-acet y| RRFR HRS- 2% dedi PRpEfHe IMpiadvRitasa@ledhit mathasd tH3tn the
buffer solution to,convert_intqQ the peptide thioester. £3018]The pr esent

i nvent or & K& GPRORARIE I &P 1ORE CREACRT Y BRAPANEE- adtiR® SYSISF Schai n

20,417 RepiLg 1higesien ool ool shove, calh e 43| D6 Ak oo
be difficult to synthesize until now, has become possible by
combining this method with the chemical synthesis method
(Non-patent Literature 3). The method of expressing the
polypeptidechainandobtainingit hasbeenstudiedextensively,
and well-established as a basic technique in biology.
[0009] However, when the intein method is used, a:peptide
sequence to be targeted is necessary and an expressed intein
complex protein must be £folded to take on an inherent
tﬁree—dimensionalstructurebecausenotonlyisthepolypeptide
expressed but also the protein splicing is caused .to function.
Thus, depending on the polypeptide sequence to be expressed,

the peptide thicester is not always obtained in association



- Si 11 n2N -1 frog nment-A r-e-t--1(x ragnent-Bl x [0020] That is, the
«present invention specifically provides the following [1] to [14]. [1]

A process for producing a peptide thioester, conprising the follow ng steps
(a) to (c): (a) a step of producing a first internediate by reacting
a conpound A represented by the followng formula (1) wth a thiol group of
a cysteine residue in a peptide chain having the cysteine residue to-
elimnate R2: [Chemi cal fornula 21 (1)

with sufficient conditions for optimizatioh and the
accompanying complications in the work.

[0010] Meanwhile, the method of cleaving the peptide chain
at a position of a cysteine residue by reacting a compound with
the SH group of the cysteiné residue in the peptide (Non-patent
Literatures 4 and 5), and the method of cleaving the peptide
boundtothesolidphaseusingthelinker(Non-patentLiteratures
6 and 7) are known as the methods of cleaving the peptide. Also,
the method of cleaving the peptide bond on the C-terminal-side
of a methionine residue using cyanogen bromide (CNBr) is known.
However, these are not methods for obtaining a peptide fragment
as the thioester.

Related Art Literature

Patent Literature

[0011] Patent Literature 1: International Publication WO
96/34878

Pétent Literature 2: International Publication WO 2007/114454
Non-patent Literature

[0012] Non-patent Literature 1: Ingenito et al., J. Am. Chem.
Soc., 121: 11369-11374, 1999.

Non-patent Literatﬁre 2: Schwartz et al., CHEM COMMUN.,
2087-2090, 2003.

Non-patent Literature 3: Muir, Annu. Rev. Biochem., 72: 249-289,



wherein - Xis a sulfur atomor an oxygen atom Rl and R2 are | eavi ng groups;
.(b) a step of reacting a conpound B represented by the follow ng fornula
(I') with the first internediate in an organic solvent to add a -NHC
(=Y)NHR3 group to a carboxyl group form ng a peptide bond with an am no
acid adjacent to an N termnal -side of the cysteine residue, and cl eaving
‘the peptide bond, thereby obtaining a peptide fragnent fromthe Ntermnal -
side closer to the NN terminal side than the cleaved peptide bond as a

second internediate: [Chemical fornula 3] H2NN - R3 ( I | ) wherein Y is
an oxygen atom a sulfur atomor an NH group and R3 is a hydrogen atom an
acyl group or an al koxycarbonyl group; and (c) a step of

thioesterifying a CGtermnal of the second internediate by reacting the
second i M&Hediate with thiol to exchange the -NH C(=Y)NHR3 group for the

thiol group at the G termnal. [2 The process .accordi ng to above [1] ,
wher ei n R RHER M ETZTRE f3)5tark GR, M?ﬁi@&soe s%nzég'%]r?ﬁ%g‘lﬂd above

[1] or [Zjl_zg_i/\glzerei'&ﬂ. is a-0-C6 aryl group.

Non-patent Literature 5: Nakagawa et al., J. Am. Chem. Soc.,

116: 5513-5514, 1994.

Non-patent Literature6: Solaetal., J. Chem. Soc. Chem. Commun. ,
1786-1788, 1993.

ﬁon—patenﬁ Literature 7: Pascal et al., Tetrahedron Letters,
Vol. 35, No. 34: 6291-6294, 1994;

Summary of Invention

Problem to be Solved by the Invention

[0013] 'Inthepeptidethioesterificationshownintheabove
background art, the peptide capable of being thiocesterified
is limited to the peptide chain synthesized in the solid phase
and the peptide chain to be targeted by the protein splicing.
This is because any of these methods require the non-native
amino acid derivative, the 1linker and the particular
three-dimensional structure, etc.

[0014] Thus, it is an object of the present invention to
provide a novel process for chemically conver;cing a polypeptide
chain into a peptide thioester.

Means for Solving Problems

[0015] The present inventors considered that a process for



[4] The process according to any of above [1] to [3] , wherein R2 is a
+hal ogen atomor a substituted or unsubstituted -S-C6-10 aryl group. [5]
The process according to any of above [1] to [4] , wherein Y is an NH
group. [6] The process according to any of above [1] to [5] , wherein R3
I's an acetyl group. [7] The process according to any of above [1]
to [6] , wherein the thiol is thiol represented by the followi ng fornula
(111) inthe step (c) : R4-SH (Formula I1l) wherein R4 is any one group
selected froma substituted or unsubstitutedbenzyl group, a substituted or
unsubstituted aryl group, and a substituted or unsubstituted al kyl group.

[ 8]

selectively activating a peptide C-terminal by targeting a
native amino acid residue in a peptide sequence is required.
In such a process, the peptide chain in any peptide obtained
by any method such as biosynthesis can be selectively activated
and thioesterified.

[0016] Thus, the present inventors focused on a cysteine
residue that is a special sulfur-containing amino acid among
the native amino acidsl And the present inventors have found
that as shown in the following figure, a -C(=X)-R; group is
iﬁtroduced into a thiol group of the cysteine residue, and a
compound hafing a leaving group represented by -NH-C(=Y)NHR,
is reacted therewith in an organic solvent to add the
-NH-C(=Y)NHR; group to a-carboxyl.group of a peptide bond on
an N-terminal-side of the cysteine residue, whereby the peptide
bond is cleaved and a peptide fragment on a C-terminal-side
is cut off. Further, the present inventors have found that
the resulting peptide chain can be converted into a peptide
thioester by an exchange reaction with thiol in which a thiol
compound 1is reacﬁed with the peptide chain to which the
-NH-C (=Y)NHR; group has been added in a buffer solution, thereby
allowing the thiol group of the thiol compound to be bound to
carbonyl carbon to which the -NH-C (=Y) NHR; group has been bound

and eliminating the -NH-C(=Y)NHR; group.



The process according to any of above [1] to [7] , wherein the peptide

.chain is a reconbinant protein. [9] The process according to any of
above [1] to [8] , wherein the peptide chain is a reconbinant protein
ponprising a tag for purification. [10] A process for producing a

pol ypeptide conprising a step of binding the peptide thioester obtained by
the process according to any of above [1] to [9] to a peptide chain having
cysteine at a Ctermnal by a ligation nethod. [11] A process for
produci ng a second intermedi ate used for the process for producing the
pepti de thioester according to any of [1] to [9] above, conprising:

(a) a step of producing a first internediate by reacting a conpound A
represented by the following formula (1) with a thio.1l group of a cysteine
resi due iho%l%]epti dePThEFS MEATRLE h@Tcyshei RPFEsi dBeet ol afRhiHat & Rz:

k%h:ghcééjggég%égvﬁ%aa%goﬁ&>wggegfigk)géé}éh&%gélfhé%%ﬂﬂf%hf@i%ﬁ%ﬁ&p atom
of the cysteine residue. And, a peptide chain in which N—
acetylguanidido has been added to its C-terminal Qas obtained
by reacting N-acetylguanidine with this thionoformate group
in the organic solvent to cause the cleavage of the peptide

* : chainon the N-terminal-side of the cysteine residue. Further,
this N-acetylguanidido-added peptide chain was reacted with
thiol Ry,-SH in the buffer solution to convert into the peptide
thiocester.
[0018] The present inventors have also found that the
N-acetylguanidido-added peptide chain and the peptide
thiocester obtained above can be used in the NCL method.

[0019] [Chemical formula 1]



groups; or (b) a step of reacting a conpound B represented by the
~following formula (Il) with the first internmediate in an organic solvent to
add a -NH C(=Y)NHR3 group to a carboxyl group form ng a peptide bond

bet ween the cycteine residue and an am no acid adjacent to an
N-term nal -side of the cysteine residue, and cleaving the peptide bond,

t hereby obtaining a peptide fragnent fromthe N-term nal -side closer to the
N-term nal -side than the cl eaved peptide bond as a second internediate:
[Chem cal fornmula 5] H2ZNN R3 (I ) wherein Y is an oxygen atom a sul fur
atomor an NH group and R3 is a hydrogen atom an acyl group or an

al koxycar bonyl group. [12] A peptide chain having a - NH C(=Y) NHR3
group at a C-termnal, wherein Y is ar oxygen atomor an NH group and R3

is a hydrogen atom an acyl group oF an al koxycar bonyl ,group, . [13]

A process for producing a polypeptlde conprising a step_of binding the

pepti de chain havi ng"t oy > —Y)NHR3 group at the C-ter fadmemGOr ding to
above [ 12}~igragrep@Pptdodan chiarn 1aV| Ng cyst ei me—dtagaen-N-teerwwi nal by a
l'i gati on nmethod. [ 14] Aprocess for renoving a tag for purification
added to a Cterm nal -side of a reconbi nant protein, onpr|5|ng t he
followng steps (a) to (c): _ u\~J—v—m
: i H,—5N1 . ﬁ Ji
;N iclz—.-s—RJ "_4——'—"—-—_'— U‘TN(:—ﬁ _'\.i“h
+

S
A
~~N .

X

[0020] That is, the present invention specifically
provides the following [1] to [14].
[1]
| A process for'producing a peptide thioester, coﬁprising'
the following steps (a) to (c):
(a) a step of producing a first intermediate by reacting
a compound A represented by the following formula (I) with a
thiol group of a cysteine residue in a peptide chain having
the cysteine residue to eliminate Ry:

[Chemical formula 2]

10 -



(a) a step of producing a first internediate by reacting a conpound A
~represented by the followng fornula (1) with a thiol group of a cysteine
residue in the reconmbi nant protein containing the tag for purification on
the Ctermnal-side to elimnate R2: [Chemical fornula 61 (1) wherein
Xis a sulfur atomor an oxygen atom Rl and R2 are | eaving groups;
(b) .a step of reacting a conpound B represented by the follow ng formula
(I'') with the first internediate in an organic solvent to add a -NHC
(=Y)NHR3 group to a carboxyl group form ng a peptide bond between the
cysteine residue and an -amno acid adjacent to an N-term nal -side of the
cysteine residue, and cl eaving the peptide bond, thereby obtaining a
peptide fragnment fromthe N-term nal -side closer to the N-term nal-side
t han the cl eaved peptide;gfnd as a second internmediate: [Chem cal fornula

7] 112NN R3 ( I | ) whe nYis an oxygen atom a sulfur atomor an NH
group and R3 is a hydrogepjatom an acyl group or an al koxycarbonyl group;
and (c) a step of ioesterifying a G termnal of the second

internedi ate by reacting
-NH C (=Y) NHR3 group for

e second internmediate with thiol to exchange the
thiol group at the G termna

:Et1 Iziz
| (1)

wherein X is a sulfur atom or an oxygen atom; R; and R; are leaving
groups;

(b) a step of reacting a compound B represented by the
following formula (II) withthe first intermediate inanorganic
solvent to add a -NH-C (=Y)NHR; group to a carboxyl group forming
a peptide bond with an amino acid adjacent to anN-terminal-side
ofthecysteinéresidue,andcleavingthe;eptidebond,thereby

~obtaining a peptide fragment from the N-terminal-side closer
to the N-terminal side than the cleaved peptide bond as a second
intermedia;e:

[Chemical formula 3]

11



Effects of the Invention [0021] According to the present invention, a novel
.process for chemcally converting the pol ypeptide chain into the peptide

t hi oester has been provided. [0022]In the process of the present invention,
t he peptide chain not having the non-native amno ac id derivative, the

| i nker and the particular three-dinensional structure, etc . , required for
t he conventional thioesterification nmethods can be thioesterified.
‘Therefore, even the |ong chai.n pol ypepti de fragment obtained by the

bi osynthesis, etc., can be thioesterified easily. [0023] Further, by

conbi ning the process of the present invention with the conventi onal
peptide synthesis nethod, the |ong chain pol ypeptide partially having the
pepti de nodificati.on, ﬁgkch was so far difficult to be synthesized can be
produced easily and si y by making a fragnment of the portion having no
nmodi fication using the bijosynthesis nmethod by which the long chain is
relatively easily synthegi zed, making a fragnment of the portion having the
nodi fication using the | i d- phase synthesis nethod, and ligating them

[ 0024] More specifically]|the |onger sugar chain peptide can be produced
easily and sinply by c ically synthesizing a fragnment al one cont ai ni ng
am no acids to whic bi ndi ng form of the sugar chain has been
added vvhenHe N fication i SNM ith the sugar chain, preparing

t he ot her Q by bi osynt he and t terifying it by the process of
the present ifnvention, and Iigaﬂg them T0025] Th th hid f subsequently
addi ng the sugar chain - t y

-

wherein Y is an oxygen atom, a sulfur atom or an NH group and
R; is a hydrogen atom, an acyl group or an alkoxycarbonyl group;
and |

(c) a step of thiocesterifying a C—.terminal of the second
intermediate by reacting the second intermediate with thiol
to exchange the -NH-C(=Y)NHR; group for the thiol group'.at the
C-terminal.
[2]

The process according to above [1], whereinX is the sulfur
atom.
(3]

The process according to above [1] or [2], wherein R; is
a -0-Cs aryl group.
(4]

The process according to any of above [1] to [3], wherein

12



and the like to the peptide chain via the linker is also known publicly,
.and this can al so subsequently add the sugar chain to the biosynthesized

| ong chai n peptide. However, this sugar chain binding nethod via the

| i nker binds the sugar chain and the like by utilizing the particular am no
acid and its structure. Therefore, for exanple, when nultiple sites capable
of binding the sugar chain are present in the peptide, the sugar chain can
be added nore easily and sinply in the site-specific nmanner conpared with

t he conventional nethods, by cutting out a peptide fragnment containing the
desired binding site alone froma |long chain peptide after obtaining the

| ong chai n peptide by biosynthesizing, adding the sugar chain thereto,

t hi oesterifying_the sugar chai n-added peptide fragnent using the

t hi oest erff iLEaﬁ‘iwoﬁe@cé§§mo@rt%@%sé@éﬂtQ%Qén‘tmgﬁ?s'éhHuF? atSg-Hgain to
the remaini ortion. [0026] Further, in the biosynthesis , even if the
full |engt prot@t is normal |y expressed, its peptide fragment can be
wrongl y rﬁﬁognized, degraded or not expressed normally in the cell. It is
al so possible that after synthesizing the full length protein, its fragnent
al one to be gLl g bSs&WeJHtaiddheoNereSTaEYobE et IMeRl [SUCh RS ein

nodi fication is given thereto, the nodified peptide fragnent is

t hi oest ery fiedypSNmMgtdhg process of the present invention, and the
thioesterified fragnment is again ligated to the remaining portion to yield
the desirpsy nodi fied protein. As descri bed above, the peptide

thi oesterification process of the present invention is generally useful
for synthesis Ghetpeopess eiarrdetaikbeanPedcabpreolil lotoPtef emhedein

Enbodi nents [0027] Sui t abl e enbodi nents of the present invention will be
descri beR:belsown [@EXITIgrgpiresent i nvention provides a novel process for

(7]

The process according to any of above [1] to [6], wherein
the thiol is thiol represented by the following formula (III)
in the step (c¢):
R,~-SH (Formula III)
wherein R; is any one group selected from a substituted or
unsubstitutedbenzylgroup,asubstitutedorunsubstitutedaryL
group, and a substituted or unéubstituted alkyl group.
[8]

The process according to any of above [1] to [7], wherein
the peptide chain is a recombinant protein.
[9]

The process according to any of above [1] to [8], wherein
the peptide chain is a recombinant protein comprising a tag

for purification.

13



producing the peptide thioester, , conprising the following steps (a) to
.(c), (a) a step of producing a first internediate by reacting a
conpound A represented by the following fornula (1) with a thiol group of a
cysteine residue in a peptide chain having the cysteine residue to
elimnate R2: [Chemical fornmula 8 (I ) wherein Xis a sulfur atomor an
oxygen atom Rl and R2 are |eaving groups;. (b) a step of reacting a
conmpound B represented by.the following fornmula (I1) with the first
internediate in an organic solvent to add a -NH.0 (=Y)NHR3 group to a
carboxyl group formng a peptide bond between the cysteine residue and an
am no acid adjacent to an N- term nal -side of the cysteine residue, and

cl eavi ng t he peptide bond, thereby obtaining a peptide fragment fromthe N
termnal -5t®¥ke closer to the N-terminal-side than the cl eaved peptlde bond
as a second ink_rnedlate ca farmul a oxygen

atom a sulfur a?’éﬂ?%?sa%ml[\lﬁrgor Utfpma%& R@hﬁegtﬁ%r%%%%rh%%? an a(?yl group

or an a|K9§y5§BBQH¥|éﬂénﬁéptlégdthloester obtained by the process

according to any of above [1] to [9] to a peptide chain having
cysteine at a C-terminal by a ligation method.
[11] |

A process for producing é second intermediate used for
the process for producing the peptide thiocester according to
any of [1] to [9] above, comprising:

(a) a step of producing a first intermediate by reacting
a compound A represented by the following formula (I) with a
thiol group of a cysteine residue in a peptide chain having
the cysteine residue to eliminate Rz:.

[Chemical formula 4]

X

R R
1 2 (I)

wherein X is a sulfur atom or an oxygen atom, R; and R; are leaving
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(c) a step of thioesterifying a C-termnal of the second internedi ate by
.reacting the second internediate with thiol to exchange the -NH C(=Y)NHR3
group for the thiol group at the G termnal . [0029]1n the present
invention, the "peptide" is not particularly limted as long as two or nore
ami no acids are bound via amide bond (s) , and includes publicly known
pepti des, novel peptides and nodified peptides. Those comonly referred to.
as the protein are included in the peptides in the present invention. Also
in the present invention, the "polypeptide" is included in the peptides.
The peptide chain used for the process of the present invention may be the
native protein or the peptide chain obtained by nethods such as the

bi osynthesi s, the chem cal synthesis or the cell-free synthesis. [0030]In

t he preséfOYkRer®t on, the "nodified peptide” includes natural variants of

h d I I dified d f |
odi F1ed compolRys® SUE S%'ﬁ%%ﬁf%’%l%%mxﬁ% et XA BET &Y SRy at i on,
| at t da dat f _C-t I
o B O P Sy BRI sy AT Lo %&nt%r s&.'*t?%%ﬁo%gw Con
gl ycosyl al i, d telad@agortmpétpsttmpwgt 81y Yo00d: 301 ShouBlddtiig,Of

| abel ed conponent, etc I'n one ‘or no ac ues in the peptide.

[0031] I n 4 hedw l%e%nunts@etvéeﬁ tﬂé‘%ycﬁ‘f@ﬂ% 3eld’ uesaﬁaeéﬂnlannirté drjeadest
context, and’includes not only native am no acids such as serine (Ser) |,

aspar agi neg{fsent ,ty an ne- {ofalidnal lLid ner (diel)eysdesolecdeigiviud,i @hnd al ani ne
(Ala) , tyrosine (Tyr) , glycine (Ay) , lysine (Lys) , arginine (Arg) ,

hi sti di necl1dh$ing taepsspt td@bbdd( AtRrebygbbtatminga peptide fragimetnam ne
(Gn), threonine (Thr) , cysteine (Cys) , nethionine (Met) , phenyl al ani ne
(Phe) , tixgptopgimad(thp)iead prdd icdegdr do thautN -degmimeri-rraitdey éham no

aci ds such as amno acid variants and derivatives. Those skilled in the art
wi || undele apteated PeRtide Nerndids #nsepengr eBEArMe@v2Re: on i ncl ude, for
exanpl e, L-amno acids; D-am no acids, chemcally nodified am no acids such
as am no HEheMmiga} aFeE™akd dbrivatives; amino acids such as norleucine, p
-al ani ne and ornithine that are not constitutive materials for the proteins
in vivo; and conpounds’&ﬁenically synt hesi zed to have am no acid properties
known to those skilled jp the art, etc., in consideration of this broad
definition. [0032] In t present invention, the peptide chain to be
thioesterif ied is not rt icularly 1 imted as long as the peptide chain
contains the cysteine rg¢$idue. For exanple, an origin, a synthesis nethod,
a size and the |ike of e peptide chain are not particularly imted. The
pepti de chain may al the nodification and a protective group.

[ 0033] The ﬁbN cysteine dues c tal ned in the peptide chain used

in the pre
(_II)

wherein Y is an oxygen atom, a sulfur atom or an NH group and

R; is a hydrogen atom, an acyl group or an alkoxycarbonyl group .
(12]
A peptide chain having a -NH-C(=Y)NHR; group at a

C-terminal, wherein Y is an oxygen atom or an NH group and R,
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limted, and the peptide chain is cleaved by targeting the cysteine
.residues. Therefore, it is necessary to design a basic skeleton of the
finally synthesized protein depending on the sites having the cysteine
residue, and those skilled in the art can easily design such a basic

skel eton. The cysteine residues other than the desired cysteine residues
may be protected wth protective groups in advance so that the
thioesterification is perforned at positions of only the desired cysteine
resi dues and the remaining cysteine residues are not affected by the
reaction in the peptide chain containing the nmultiple cysteine residues.
Exanpl es of such a protective group include an Acm group. [0034] The pepti de
chain used in the present invention nay. have a fat-sol uble protective group
on the N-1% é‘rH’YﬁéP%Poeet‘?mPla&f%?ﬁ%l%r‘b‘ﬂ%t%cﬁpv%l]@?’&ﬁﬁrl%%ﬁyf%%; but are
not Iinit@ﬂ%ﬁo acyl groups such as an acetyl (Ac) group,

car bonyl - ai ni ng groups such as a t-butyl oxycarbonyl (Boc) group, a 9-

fl uor enyl met hoxygar I C ro Lyl . (A oc)
group, and an élﬁ)r/f)g%rg%u%&g%oa CgLr?z(i/JI% g?’g EQPFE%S?%?%%{%G% chal n used
for the prpcess t ESEMe | [ a b VE ei t he
pepti de éﬁgin 6%%2'H2%23§ netﬁ%égﬁgggﬁgggﬂ?%égﬁ?oé@%ﬁ%g§¥§$ﬁ%%éﬁ%ﬁghica
synt hesi s;¢ Aihd e @ idd1ea ey o apdvies [Roef €6 ablpep: 1@ @fdiRant
protein. expressed in a bacterial cell or a cell . The reconbi nant protein
may be t hasei havipgt éhee saeapapt teemsrqUengeaasigatiba nathwa.protein or

t hose having the peptide sequence having the nodification such as a tag for
mutation fr4purification as long as the protein is expressed artificially
in the bacterial cell or the cell. [0036] The reconbi nant protein used in

t he present i nvepricgessafioberpnepangdabyagheormmuiod kariwern addribexski |l | ed
in the art. For exanple, the reconbinant protein can be expressed by

i ntroduci hgCakeHBLBRLT §:AGeRE RnEBCAMPARGREI RARTSHE8et GOMPERSE ML dMS nant
vector used in the gresenk invenLion may be those capable of transformng a
host cel | TOLHAWENY| A5HPY f3+ Echelichia coli, a plasmid for Bacillus

subtilis, a plasmd for st, .and_ani mal_ virus _vector uch_as .r.etrovirus,
vaccini a virusagqhaﬁagﬁf%&?Pﬁgdg?éng§%gﬁj¥ﬁé%8%8F@Fg%3%Fy ¥ﬁ§ﬁ?%§lfgburatory
sequence I a L ate ess| ng: protein
nthe. notteau B SARLRaERRR kY, Che POl R AL T LB RA DR S
expr essi ngn go{ YR Senechacbhger eegrlinanh VS U corithaeNghdldein
Escherichia colT, Bacillus“subtilis, yeast, insect cells and animl cells
are used. coh 09811 A§ecHetthedr oF diunars i ya ts@d dcaener eérimyabesuget as the
met hod of transfecting the reconbi nant vector -into the host cell. For
exanpl e, @rtalsaue R oride nethod and an el ectroporation nmethod in the
case of Escherichia coli and a lithiumchloride nethod and the
el ect r opof @remicakt iodmuhat ek case of the yeast can be utilized.
Transformation of the animal cell can be perfornmed using a physical nethod
such as the el ectroporation nethod, a chem cal nethod such as a |iposone
nmet hod and a cal ci um phosphate nethod, or a viral vector such as retrovirus
A culture condition of the host cell that is a transformant may be

selected in consideration of nutritional and physiol ogi cal properties of
the host cell. [0038]It is preferable that the peptide used in the present
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invention is purified. The peptide can be purified by an ordinary
s purification nethod. For exanple, in the case of a reconbinant protein, a
bacterial cell or a cell expressing the reconbinant protein used in the
present invention is cultured, subsequently the bacterial cell or the cel
is collected by a knownnet hod, then suspended in an appropriate buffer
sol ution, disrupted by sonication, |ysozyne and/or freezing and thaw ng,
and then a crude extract solution of a peptide is prepared by
centrifugation or filtration. A protein denaturing agent such as urea and
guani di ne hydrochl oride, and a surfactant such as Triton X-100 TM nmay be
contained in the buffer solution. The peptide contained in the extract
solution or the culture supernatant obtained as above can be purified by
the known purification n;&iod. For exanple, the peptide can be isolated and
purified by appropriatel el ecting and conbining affinity chromatography,
i on exchange chromatograpphy, filter, ultrafiltration, gel filtration
el ectrophoresis, salting t, dialysis, and the |ike. [0039]A tag.for the
purification can be incorpprated into the expression vector in order to
make the purification of e reconbi nant protein easy. Exanples of the tag
for the purification i for exanple, an H's, tag, a GST tag, a Myc
tag, a FLAG tag, an mal t ose™q{ nding protein (MBP) . In the present
i nvention, the NAerm nal -side f Cys arranged within the peptide chain
is thioestgr fi€d, thus the tag for Theypurification is added to the
C-terninaIfE{ge of the peptide and theF%J tide after the purification is
t hi oesterified, whereby the C-termnal-siTe fron1€y§;i2 t he peptide chain
which includes the tag is cut off and the peptide\thi obster can be obtai ned
efficiently. By arranging Cys to the desired positi.on on the peptide chain,
it is also possible to use the process of the present invention for renoval
of the tagheneth& i3 atmrifivrabtomsimdan.oxygen atdhemefaordER, alve Jmeociess f or
removing the tag for the purification added to the C-term nal of the
reconmbi nagtropp®t ein by using the process for producing the peptide
thi oester of the present inventionis also included in the present
i nvention. [0040] @ AteReCprESRAELINFVRNEPBACURA B "FRY ¢ IRNESM Justtdre
(hereinafter_sometinmes al so sigggé descri bed as the "thioester” refers to
t

the peptit@lhavipg f2reRlBoldth e hoF et ¢ IEeIBEGigRe W ANIRF BT i nal .
Th tide, thi t i t toi ti i t ti cul |
i Dol HSSHERBE S0 S0 b el or Al §Ehbe e Saetiaici SPRuB TS b ot her
o . e e el oo
thio gro%%gepﬁ&r %%d,'f B{éhgggﬁ {0L KXAD] Lo ,sq,f‘iiﬁ?est%%‘?g?h' dheds 1Ly bel ow.

[0041] I n process of resent [ nvention [ a) a step of reacting
a_conpoungs fsMehE @t Qb AN OF - &i &Y SELT 1 T8 cllignd e RERL | dnehai n
having the tysteine residue for producing the first internediate is
perfornedeleaving the pdist MIEBBRAY , | tHEAihPBbtERA i 6gPpEPE i dei frdprgsent ed
by the followng formula (1) . [0042] [Chem cal fornmula 10] ( 1 )

from the N-terminal-side closer to the N-terminal-side than

the cleaved peptide bond as a second intermediate:

[Chemical formula 7]
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[0043]1n the fornmula, Xis a sulfur atomor an oxygen atom and preferably
,the sulfur atom Rl and R2 are not particularly limted as |ong as
t hey have | ower nucl eophilicity than an atomor an atom c group to be
substituted and have a function to be elim nated under a reaction condition
of the followng step (a) as leaving groups, and it is preferable that Rl
and R2 are different |eaving groups fromeach other. Exanples of Rl and R2
i ncl ude specifically hal ogen atonms, substituted or unsubstituted -0-alkyl
groups, substituted or unsubstituted -0-al kenyl groups, substituted or
unsubstituted -0-al kynyl groups, substituted or unsubstituted -0-aryl
groups, substituted or unsubstituted -0-heteroaryl groups, substituted or
unsubstituted -S-al kyl groups, substituted or unsubstituted -S-al kenyl
groups, substituted or substituted -S-al kynyl groups, substituted or
unsubstituted -S-aryl oups, or substituted or unsubstituted -S-heteroaryl
groups. More preferabl exanples of RL and R2 include conbinations of Rl
that is the |eaving gr sel ected fromthe group consisting of substituted
or unsubstituted -0-C8 aryl groups and substituted or unsubstituted
-S-C1_8 al kyl groups a R2 that-is the | eaving group selected fromthe
group consi sting of atons, substituted or unsubstituted -S- Cl- 8

al kyl groups and s r unsubstituted -S-C8_10 aryl groups.
[0044] I n t!ﬂ[ ﬂ‘ient i nventi on, NJhe—alBy|l group" is a nonoval ent group
derived fr E,i hati c hydrocarhgdn by r i ng any one hydrogen atom and

has a subset of hydrocarbyl or Hdr ocar bon cont ai (T(ng hﬂgrigen and car bon
atons. The al kyl group includes a straight chain rarrehed chain
structure. The al kyl group of the present invention preferably includes the
al kyl groups having 1 to 8 carbon atons. "Cl1_8 al kyl group” indicates the
al kyl groteufivi ¥gis 2B SKEIEDAAL o SUafRTspéemt PE i dHpIFL Y &FEbf

i nclude nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and octyl
groups. [BO% FIW‘PF%WF@ ' ?ﬂ\?é:ﬁ(ﬁi %ﬁ,guﬂ%r 23 ﬁzﬁ%‘lﬂﬁy‘fﬁlﬁ‘ﬁ%"“yfgrg%noval ent
group having at |east one double bond. Geonetrical forns of the double
bonds carft%ke Entgegen (E) , Zusamen (Z) , cis or trans configurations

depending on {e) EUIIES no0lccthe S0l ¢ bonds andsuinl Llens e

al kenyl group inclu rarg I'n~or branc orm

al kenyl graun-fqtNe RLSHC IMEHHO R RIRIE M HrideGlade s iithe talikany

groups having 2 to 8 carbon ators. "C2_8 al kenyl group” indicates the
al kenyl  afpURchavGRItRe t-ONB- € kPR 8Fbupafdr RRCithie 16y esc tcher eof

i nclude vinyl, allyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl and
octenyl gr-aigsnird046]1n the present invention, the "al kynyl group” is-
Effects of the Invention '
[0021] According to the present i.nvention, a novel process
for chemically converting the polypeptide chainintothepeptide
thioester has been provided.
[0022] In the process of the present invention, the peptide
chainnothavingthénon—nativeaminoacidderivative,thelinker

andtheparticularthree—dimensionalstructure,etc.,required

for the conventional thiocesterification methods can be
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a nonoval ent group having at |east one triple bond. The al kynyl group
sincludes straight chain or branched chain al kynyl groups. The al kynyl group
of the present invention preferably includes the alkynyl groups having 2 to
-8 carbon atons. "C2-8 al kynyl group” indicates the al kynyl group having 2
to 8 carbon atons, and specific exanples thereof include ethynyl,
1-propynyl, 2 -propynyl , butynyl, pentynyl , hexynyl, heptynyl, and
octynyl groups. [0047]In the present invention, the "aryl group" neans an
aromati c hydrocarbon ring group. The aryl group of the present invention
preferably includes the aryl groups having 6 to 10 carbon atons. "C6-10
aryl group" indicates the aryl group having 6 to 10 carbon atons, and
speC|f|c exanples t her eof i nclude phenyl, 1 -nap hthi@ﬁand 2- na%hthy

gr oups. te Rl g esARETRACERY i GYST &S HOTGr P §Pd Mﬁe €5ns a
nmonoval e blval r deriyved froma teroaryl ring vi ng one

or two h&%ﬁﬁﬂﬁ? éﬁ?%ﬁh % %%S|E?%n %%?Synp SPh&  pr 85Ent i ﬁé@nt on, the
heteroar 5gég£r natlc ri ng havi ng one or nultlple het er oat ons

in atons conp05|ng e rlng, and is preferably 5 to 9 nenbered rings. The

ring nmay ﬁma_a, JMONOCYiEk e OF , B Wi el raad Wr i abtaianed cRynhei ng
fused wit benzene ring or a nonocyclic hetéroaryl ring. Specific

exanpl es jthesfofor REktdens Wednt tdH00 Ryt dep¥yhohybi s hesaedar amel |
benzot hi ophenyl, indolyl, pyridyl, and quinolyl groups. [0049)Types,

nunbers mmhgnﬁmmaimteﬂomgpeptmds ofpattistlitywenhsvithat the abepererti oned
| eavi ng groups have are not particularly limted, and exanples of the
subst i t uerddsi fi ined tuiden akiilch eh &k ey Earaf kbikyculbt o berynthe chadd mpan,

car boxyl, al kyl carboxyl, al koxycarbonyl, hal ogen, sulfonyl or nitro groups.
[ 0050lTh@%Dn@@uﬂadRaﬂlltyh@n@ﬁé@@ﬁb’ by mekingrm Enagudas aforke peaEiioncal |y

the follow ngs. [Chem cal formula 111 Chem cal formula 12]
having no modification using the biosynthesis method by which

the long chain is relatively easily synthesized, making a
fragment of the portion having the modification usiﬁg the
solid-phase synthesis method, and ligating them.

[0024] More specifically, the longer sugar chain peptide
can be produced easily and simply by chemically synthesizing
a fragment alone containing aminoacids towhichanativebinding
form of the sugar chain has been -added when the modification
is performed with the sugar chain, pfeparing the other portion
by biosynthesis and thiocesterifying it by the process of the
present invention, and ligating them. |

[0025] The method of subsequentiy adding the sugar chain
and the like to the peptide chain via the linker is also known
publicly, and this can also subsequeﬁtly add the sugar chain

to the biosynthesized long chain peptide. However, this sugar
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[Chem cal fornmula 13] EtEt S [Chemical fornula 14] 02N Al so, the
rabove-described conpound [Chemical fornula 15] S or '

chain binding method via the linker binds the sugar chain and
the like byutilizing the particular aminoacidand its structure.
Th‘er‘efore, for example, when multiple sites capable of binding
the sugar chain are present in the peptide, the sugar chain
can be added more easily and simply in the site-specific manner
compared with the c.onventional methods, by cutting out a peptide
fragment containing the desired binding site alone from a long
chain peptide after obtaining the long chain peptide by
biosynthesizing, adding the sugar chain thereto,

thioesterifying the sugar chain-added peptide fragment using
the thiocesterification process of the present invention, and
ligating again to the remaining portion.

[0026] Further, inthebiosynthesis, evenif the full length
protein is normally expressed, its peptide fragment can be

wrongly recognized, degraded or not expressed normally in the

cell. It is also possible that after synthesizing the full

length protein, its fragment alone to be modified is cut out,

the necessary treatment such as modification is given thereto,

the modified peptide fragment is thiocesterified using the
process of the present invention, and the :thioesterified
fragment is again ligated to the. remaining portion to yield
the desired modified protein.

As described above, the peptide thioesterification
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[ Chem cal fornula 16] can be reacted with MPAA _

. ((4-carboxynet hyl )t hi ophenol) to produce the foll ow ng thionoformate
reagent, which can al so be used: [Chenmical fornula 171 and [ Chem cal
formul a 18] 02N

process of the present invention is generally useful for
synthesis of the proteins.
Detailed Description of Preferred Embodiments
[0027] Suitable embodiments of the present invention will
be described below.
[0028] The present invention provides a novel process for
producing the peptide thiocester, comprising the following steps
(a) to (c):

(a) a step of producing a first intermediate by reacting
a compound A represented by the fbllowing formula (I) with a
‘thiol group of a cysteiné residue in a peptide chain having
the cysteine residue to eliminate R;:

[Chemical formula 8]

X

R R
1 2 (1)

wherein X is a sulfur atom or an oxygen atom, R; andR; are leaving

groups;
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CO2H [0051]The first internediate in which the -C (=X) -RlL group is bound
.to the SH group in the cysteine residue as shown in the following figure
can be obtained by reacting the conpound A of the present invention with

the cysteine. residue in the peptide. [Chem cal fornula 19]

(b) a step of reacting a compéund B represented by the
following formula (II) withthe first intermediate inanorganic
solvent to add a -NH-C (=Y) NHR; group to a carboxyl group forming
a peptide bond between the cysteine residue and an amino acid
adjacent to an N-terminal-side of the cysteine residue, and
cleaving the peptide bond, thereby obtaining a peptide fragment
.from the N-terminal-side closer to the N-terminal-side than

the cleaved peptide bond as a second intermediate:

[Chemical formula 9]

M

HzN N_-R:),
H (I 1)

wherein Y is an oxygen atom, a sulfur atom or an NH group and
R; is a hydrogen atom, an acyl group or an alkoxycarbonyl group, ;
and .

(c) a step of thioesterifying a C-terminal of the second

intermediate by reacting the second intermediate with thiol
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fragrftent. 13 fragnent-A" FCD-Nit fragnent-Et

ot

to exchange the -NH-C(=Y)NHR; group for the thiol group at the

_C—terminal.

[0029] In the present invention, the “peptide” is not
particularly limited as long as two or more amino acids are
bound via amide bond(s), and includes publicly known peptides,
novel peptides and modified peptides. Those commonly referred
to as the protein are included in the peptides in the present
invention. Also in the present invention, the “polypeptide”
is inciuded in the peptides. The peptide chain used for the
process of the present invention may be the native protein or
the peptide chain obtained by methods such as the biosynthesis,
the chemical synthesis or the cell-free synthesis.

[0030] In the present invention, the “modified peptide”
includes natural variants of the peptides, post-translational
modified peptides, or artificially modified compounds. Such
an modification includes, for example, alkylation, acylation
(e.g., acetylation), amidation (e.g., amidatiéwlof C-terminal
of peptide), carboxylation, ester formation, disulfide bond
formation, glycosylation, lipidation, phosphorylation,
hydroxylation, binding of labeled component, etc., in one or
more amino acid residues in the peptide.

[0031] In the present invention, the “amino acid” is used

in its broadest context, and includes not only native amino
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n:N--1 fragnent-A 1-co-rm

acids such as serine (Ser), asparagine (Asn), valine (Val),
leucine (Leu), isoleucine (Ile), alanine (Ala), tyrosine (Tyr),
glycine (Gly), lysine (Lys), arginine (Arg), histidine (His),
aspartic acid (Asp), glutamic acid (Glu), glutamine (Gln),
threonine (Thr) , cysteine (Cys), methionine  (Met),
-phenylalanine (Phe), tryptophan (Trp) and proline (Pro), but
also non-native amino acids such as amino acid variants_and
derivatives. Those skilled in the art will understand that
the amino acids in the present invention include, for examble,
L-amino acids; D-amino acidé, chemically modified amino acids
such as amino acid variants and derivatives; amino acids such
asnorleucine,B—alanineandornithinethatarenotconstitutive
materials for the proteins in vivo; and compounds chemically
sYnthesizedtohaveaminoacidpropertiesknowntothoseskilled
in the art, etc., in consideration of this broad definition.
[0032] In the present invention, the peptide chain to be
thioesterifiedisnotparticularlylimitedaslongasthepeptide
chain contains the cysteine residue. For example, an origin,
a synthesis method, a size and the like of the peptide chain
are ﬁot particularly limited. The peptide chain may also have
the modification and a protective group.

[0033] The number of cysteine residues contained in the

peptide chain used in the present invention is not particularly
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[0052] I n the present invention, the step (a) is preferably perfornmed under
.an acidic condition, particularly at pH 3 to 5. The reaction is preferably
performed in a m xed solvent of buffer solution and acetonitrile at 0 to
50C, preferably 15 to 25C for about 0.1 to 3 hours, preferably 10 m nutes
to one hour, but is not limted thereto. [0053] Then, in the present
invention, the step (b) is performed, in which the peptide fragnent on the
N-term nal -side closer to the N-term nal -side than the cl eaved pepti de bond
is obtained as the second internediate by reacting the conmpound B with the
first internediate in the organic solvent to add the -NH C (=Y) NHR3

gr oupt ot he carboxyl group form ng the peptide bond with the am no acid

adj acent to the N-term nal-side _of the cysteine residue, and cleaving the
pepti de beHlt?@KEﬁH¢rﬁ@%eP%PEé@ﬁtChﬁ?énﬂﬁoﬁ1eﬁﬁ€dC$Wb6@ﬁ@eBHQ9 the
represented by the follown forngla (LL). gChem cal formula 28} H NN- R3
1) [00@5?‘? %’ée%?HﬁF’a FL© ‘ﬁr%x;}{je]rﬁ EORTSARY 49 Y DLFR 8038 KUl f ur

atom and

[ kox
[006] | n The DAL TRvERTEaRY PRACERbyPo Bhp-Sh %%3%%3%%%5?%3%%8”“"

obt ai ned é%&% r rhoxy!s Q§%=
aci d. Thé?%cé groﬂ%;q?1 presé%fgg%gg%?lon pre era y |néf%égs e acyl
groups haa{wgcalnt@aéﬁ%r@ealghogﬁchaad paRE fdie 1P esHeherefeiac! ude

acetyl, propionyl and butyroyl groups

residues other than the desired cysteine residues may be
protected with protective groups in advance so that the
thiqesterificationisperformedatpositionsofonlythedesired
cysteine residues and the remaining cysteine residues are not
affected by the reaction in the\peptide chain containing the
multible cysteine residues. Examples of such a protective
group include an Acm group.

[0034] The peptide chain used in the present invention may
have a fat-soluble protective group on the N-terminal-side.
Preferable protective groups can include, but are not limited
.toacyl groups such as anacetyl (Ac) group, carbonyl-containing
groups such as a t-butyloxycarbonyl (Boc) group, a
9-fluorenylmethoxycarbonyl (Fmoc) group and an
allyloxycarbonyl (Alloc) group, and an allyl group and a benzyl
group.

[0035] Thepeptidechainusedfortheprocessofthepresent
invention may be a native protein or the peptide chain obtained

by methods such as the biosynthesis, the chemical synthesis
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[0057] I n the present invention, the "al koxy group" neans an oxy group bound
.to the "alkyl group." The al koxy group of the present invention may be
strai ght chain or branched chain. The al koxy group of the present invention
preferably includes . the straight chain al koxy groups having 1 to 14
carbon atons and the branched chain al koxy groups having 3 to 14 carbon
atons. Specifically, for exanple, nethoxy, ethoxy, n-propyloxy, isopropoxy,
n-butoxy, 2 -nme thyl -2 -propyloxy, , n-pentyloxy, and n-hexyl oxy groups
can be i ncl uded. Al so, "C2_n al koxycarbonyl group” neans the
carbonyl group having a Cl- (n-1) al koxy group. The al koxycar bonyl group of
the present invention preferably includes the alkoxycarbonyl groups havi ng
2 to 15 carbaon atons Speci fically, for_exanple, nethoxycarbonyl |,

et hoxycarBorifte Cetloidisia Sptdrasdmy and §6b FOShaFER o Ry FESPMUT R Fcar bony!
- hexyl E%&%%%%Pg%%’% SR Bt ekt Rt OSSR tne. Ses ERGFBRI T erabl y
e 0, st WA Y DRl |
present idienbikQRel §E$9Q§§ or those having the peptide sequence having
the modification such as a tag for mutation or purification
as long as the proteih is expressedartificially in the bacterial
cell or the cell.
[0036] The recombinant protein used in the present
invention can be prepared by the method known to those skilled
in the art. For example, the recombinant protein can be
expressed by introducing an objective gene into a recombinant
vector. The recombinant vec.tor used in the present invention
may be those capable of transforming a host cell, and a plasmid
for Escherichiacoli, aplasmid forBacillus subtilis, aplasmid
for yeast, and animal virus vectors such as retrovirus, vaccinia
virus and baculovirus are used. These preferably have a
reguratory sequence such as a promoter capable of appropriately
expressing fhe protein in the host cell. Moreover, the host
cell may be those capable of expressing a foreign gene in the
recombinant vector, and generally Escherichia coli, Bacillus
subtilis, yeast, insect cells and animal cells are used.
[0037] The method ordinarily used in general may be used .

as the method of transfecting the recombinant vector into the
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more specifically the following. [Chemical formula 21] NH Ac H2N
- [ Chem cal formula 22]

host cell. For example, a calcium chloride method and én
electroporation method in the case of Escherichia coli and a
lithium chloride method and the electroporation method in the

case of the yeast canbe utilized. Transformationof the animal

cell can be performed using a physical method such as the

electroporation method, a chemical method such as a liposome -
method and a calcium phosphate method, or a viral vector such
as retrovirus. A culture condition of the host cell that is

a transformant may be selected in consideration of nutritional

and physiological properties of the host cell.

[0038] Itispreferablethatthepeptideusedinthepresent

invention is purified. The peptide can be purified by an
ordinary purification method. For example, in the case of a
recombinant protein, a bacterial cell or a cell expressing the

recombinant protein used in the present invention is cultured,

subsequently the bacterial cell or the cell is collected by
aknownmethod,thensuspendedinanappropriatebuffersolution,

disrupted by sonication, lysozyme and/or freezing and thawing,

and then a crude extract solution of a peptide is prepared by
centrifugationor filtration. A proteindenaturing agent such
as urea and guanidine hydrochloride, and a surfaétant such as

Triton.X-lOO T™M may be contained in the buffer solution. The

peptide contained in the extract solution or the culture
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NH H2ZN Boc [Chemical formula 23] H2 NNH 2 [Chem cal forrmula 241 NH H 2
+N

supernatant obtained as above can be purified by the known
purification method. For example, the peptide can be isolated
and purified by appropriately selecting and combining affinity
chromatography, ion  exchange chromatography, filter,
ultrafiltration, gelfiltration, electrophoresis, saltingout,
dialysis, and the like.
[0039] A tag for the purif'ication can be incorporated into
the expression vector in order to make the purification of the
recombinant protein easy. Examples of the tag for the
purification include, for example, an His. tag, a GST tag, a
Mye tag, a FLAG tag, and a maltose-binding protein (MBP). In
the present invention, the N-terminal-side from Cys arranged
within the peptide chain is thiocesterified, thus the tag for
the purification is added to the C-terminal-side of the peptide
and the peptide after the purification is thicesterified,
whereby the C-terminal-side from Cys in the peptide chain which
includes the tag is cut off and the peptide thioester can be
obtainedefficiently. ByarrangingCys tothe desiredposition
on the peptide chain, it is alsc; possible to use the process
of the present invention for removal of the tag on the
C-terminal-side.

Therefore, the process for removing the tag for the

purification added to the C-terminal of the recombinant protein
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Me " [0060]1n the present invention, the step (b) is preferably perforned
.in the presence of the organic solvent. It is preferable that the organic
solvent is high in solubility and low in nucleophilicity. Such an organic
sol vent can include, for exanple, DMSO DM and di oxane. The reaction is
preferably perfornmed at 0 to 50C, preferably 15 to 25C for about 1 to 24
hours, preferably 5 to 10 hours, but is not limted thereto. [0061] The
peptide chain is cleaved on the N-termnal-side of the cysteine residue as
shown in the following figure by adding the -NHC(..---Y)NHR3 group to the
carboxyl group form ng the peptide bond between the cysteine residue and
the am no acid adjacent to the N-term nal -side of the cysteine resi due.

[ Cnem cal f%rsqlilllga t%Se] proc%ss fforra% ucl?inlgzgthr a%g%rtl_tl-de thloester of

the present invention is also included in the present invention.
[0040] In the present invention, the “peptide thiocester”
(hereinafter sometimes also simply described as the
“thioester”) refers to the peptide having a carboxythiocester
moiety (-C=0-SR) at the C-terminal. The peptide thiocester used
in the present invention is not particularly limited as long
as the thioester can cause the exchange reaction witﬁ other
-thiol groups. Rgroup includes for example, groups exemplif.ied
in Ry; below.

[0041] In the process of the present invention, first (a)
a step of feacting a compound A with a thiol group of a cysteine
residue in a peptide chain having the cysteine residue for
producing the first intermediate is performed.

In the present invention, the compound A is represented

by the following formula (I).

[0042] [Chemical formula 10]
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Il H4N ---1 fragnent-A It N fragrnern-B Il [0062] When the peptide has
,the amno group in its side chain, a fat-soluble protective group may be
introduced to the amino group in the side chain before performng the step
(b) of the present invention. The fat-soluble protective group can include,
but is not limted to, protective groups such as carbonyl -contai ni ng groups
such as a 9- fluorenyl net hoxycarbonyl (Fnbc) group, a t-butyl oxycarbonyl
(Boc) group and an. allyl oxycarbonyl (Alloc) group, acyl groups such as an
acetyl (Ac) group, and an allyl group and a benzyl group. [0063]1n order to
i ntroduce the fat-soluble protective group, for exanple, the Fnobc group can
be introduced by adding 9-f |uorenylmethyl -N- succinimdyl carbonate and
sodi um hydrogen carbonate and reacting them The reaction is preferably
performed at 0 to 50C pr§§§Lably at roomtenperature for about 1 to 5
hours, but is not limte ereto. [0064] The peptide fragnment on the
N-term nal - si de cl oser

R R
1 | 2 (1)

[0043] In the formula, X is a sulfur atom or an oxygen atom,
and preferably the sulfur atom.

R; and R, are not particularly limited as long as they
have lower nucleophilicity than an atom or an atomic group to
be suﬁstituted and have a function to be eliminated under a
reaction condition of the following step (a) as leaving groups,
and it is preferable that R; and R, are different leaving groups
from each other. Examples of R; and R, include specifically
halogen atoms, substituted or unsubstituted -O-alkyl groups,
substituted or unsubstituted -0O-alkenyl groups, substituted
or unsubstituted -0O-alkynyl groups, substituted or
unsubstituted -O-aryl groups, substituted or unsubstituted
-O-heteroaryl groups, substituted or unsubstituted -S-alkyl
groups, substituted or unsubstituted -S-alkenyl dJroups,

substituted or unsubstituted -S-alkynyl groups, substituted
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to the N-term nal -side than the cleaved site of the cleaved peptide chain

.can be obtained as the second internediate by the following fornmula (1) in
the step (b) . [Chemical fornula 261 0 CNA"R H3 () [0065] The process for
produci ng the peptide thioester of the present invention further includes

the step (c) of thioesterifying the Ctermnal of the second internediate

by reacting thiol with the second internedi ate to exchange the

-NH- C(=Y)NHR3 group at the Ctermnal for the thiol group. The second
internmedi ate used for the step (c) nmay be isolated or need not be isolated
after the step (b) . [0066]1n preferable enbodinents, thiol represented by
the following fornmula (Il1l1) : R4-SH (Formula I11) :
or unsubstituted —S—aryl -groups, or substituted or
unsubstituted -S-heterocaryl groups. More preferably,

examples of R; and R, include combinations of R; that is the
leaving group selected from the group consisting of substituted
or unsubstituted -0-C¢.1p aryl groups and substituted or
unsubstituted -S-C;.s alkyl groups and R, that is the leaving
group selected from the group consisting of halogen atoms,
substituted or wunsubstituted -5-Ci-s alkyl groups and
substituted or unsubstituted -S-C¢.10 aryl groups.

[0044] In the present invention, the “alkyl group” is a
monovalent group derived fromaliphatic hydrocarbon by removing
any oﬁe hydrogen atom, and has a subset of hydrocarbyl or
hydrocarbon containing hydrogen and carbon atoms. The alkyl
group includes a étraight chain or branched chain structure.
The alkyl group of the present invention preferably includes
the alkyl groups having 1 to 8 carbon atoms. “C;.g alkyl group”
indicates thealkyl grouphavingl to8carbonatoms, andspecific
examples thereof include methyl, ethyl, propyl, butyl, pentyl,
hexyl, .heptyl and octyl groups.

[0045] In the present invention, the “alkenyl group” is
amonovalent group having at least one double bond. Geometrical
forms of the double bonds can take Entgegen (E), Zusammen (Z) ;

cis or trans configurations depending on the configuration of
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is used in the step (c) . Rg is not particularly limted as |ong
.as it does not inhibit the thiol exchange reaction and becones the |eaving
group in a substitution reaction on carbonyl carbon. Preferably, Rg is any
one group selected fromsubstituted or unsubstituted benzyl groups,
substituted or unsubstituted aryl groups and substituted or unsubstituted
al kyl groups. More preferably, Rg is any one group selected fromthe subst
ituted or unsubstituted benzyl groups, substituted or unsubstituted C6-10
aryl groups and substituted or unsubstituted Cl1-8 al kyl groups. Mre
specifically, Rg can be selected frombenzyl type |eaving groups such as
benzyl mercaptan, aryl type |eaving groups such as thiophenol and 4-

(carboxynet hyl ) thiophenol , al kyl type |eavin roups such as _a 2
- mer capt oRH RESLPIRIMRES é&’idds‘é}l’%%bt‘é%ﬁtg- ne?r&%%tl%ﬁr“é(gi FALR BGlHESSet c. The

Lhose | odvig GPOTE Fdaerare oth gurd ol it o mi T8, L0087 e Focond

A e L B e S L

en 1-A Hypdyi 2N eo (el 3h$pbnastofs. | - ¥, ; alkenyl group” indicates the
alkenyl group having 2 to 8 carbon atoms, and specific examples
thereof include vinyl; allyl, propenyl, butenyl, pentenyl,
hexényl, heptenyl and octenyl groups.
[00456] - In the present invention, the “alkynyl group” is
a monovalent group having at least one triple bond. The alkynyl
group includes straight chain or branched chain alkynyl groups.
The alkynyl group of the present invention preferabiy includes
the alkynyl groups having 2 to 8 carbon atoms. “C,.g alkynyl
group” indicates the alkynyl group having 2 to 8 carbon atoms,
and specific examples thereof include ethynyl, 1-propynyl,
2-propynyl, butynyl, pentynyl, hexynyl, heptynyl, and octynyl
gfoups.
[0047] In the present inventioh, the “aryl group” means
an aromatic hydrocarbon ring group. The aryl group of the
present invention preferably includes the aryl groups having
6 to 10 carbonatoms. “Cg¢.1p0aryl group” indicates the aryl group
having 6 to 10 carbon atoms, and specific examples thereof
include phenyl, l-naphthyl and 2-naphthyl groups.

[0048] In the present invention, the “hetercaryl group”
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[ 0069] The peptide thioester obtained as in the above can be ligated to a
.pept.ide (or a nodified peptide) which contains an am no acid residue having

the -SH group at the N-term nal anong the peptides or the nodif ied

peptides by using the ligation nethod. Therefore, the present invention

al so provides a process for producing a pol ypeptide conprising a step of

bi ndi ng the peptide thioester obtained by the process of the present

i nvention to the peptide chain having cysteine at the N~ term nal by the

| i gati on net hod. It is also possible to use the second internedi ate
obtained in the step (b) in place of the above peptide thioester for the
|l igation nethod. [0070]1n the present invention, the "ligation nethod"

means a monovalent or bivalent group derived from a heteroaryl
ring by removing one or two hydrogen atoms at any position(s) .
Inthepresent invention, the “heteroarylring” meansanaromatic
ring having one or‘multiple.heteroétoms in atoms composing the
ring, and is preferably 5 to 9 membered rings. The ring may
be a monocyclic or bicyclic heteroaryl group obtained by being
fused with a benzene ring or a monocyclic heteroaryl ring.
Specific examples thereof include furanyl, thiophenyl,
pyrroiyl,benzofuranyl,benzothiophenyl,indglyl,pyridyl,and
quinolyl groups.

[0049] Types, numbers and substituted positions of
substituents that the aforementioned leaving groups have are
not particularly limited, and examples of the substituents
include alkyl, alkenyl, alkoxy, aryl, formylf carbonyl,
carboxyl, alkylcarboxyl, alkoxycarbonyl, halogen, sulfonyl or
nitro groups.

[0050] The compound A of the present invention includes
more specifically the followings.‘

[Chemical formula 11]
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i ncludes not only the native chem cal ligation nethod (NCL net hod)
.described in Patent Literature 1, but also the cases of applying the native
chem cal ligation nmethod to the peptides containing the non-native am no
acid and am no acid derivative. (e . g. , threonine derivative A protected
met hi oni ne, sugar chai n-added am no acids, etc . ) . The peptide having the
native am de bond (peptide bond) at the ligated site can be produced by
the ligation nmethod. [0071] The ligation using the ligation nethod can be
perfornmed in any cases of between the peptide and the peptide, between the
pepti de and the nodified peptide, and between the nodified peptide and the
nodi fi ed peptide. [0072] The terns used herein are used for describing
particul ar aspects and are not intended to limt the present invention.
[0073] The term "conpri si ng" (ﬁhso, "cont ai ing” and "incl udi ng") used
ini £¥ p menbers, steps, elenments and
#Sent ex cases to be understood obviously
i s not cl uded that the respects (nenbers,
brals, etc.) dqther than these are present.
lefined differdently, all of the terns (including
t echni cal -ntlflc terms)l used herein have the sane neani ngs as
t hose und by 'those sk{3Jed in the art to which the present
i nvention benNQngs e terns used herein should be construed to have the
meani ngs cohere™~to the neanings in this specification and the rel ated
technical field unless a different definition is otherw se manifested, and
shoul d nofChemiombt foaewula i2kal i zed or unduly formal neanings. The
aspects of the present invention are sonetines described with reference to -
t he schematic ViEML When descr'bed in the s&?enatic view, the enbodinent is
i n order to describe it

nuneral s
di fferent
steps, el
[ 0074] Unl

1N context

nts and nu
s ot herw se
tlerns and sci

clearly. d second are used to express
various el , TS understoo hat these el enents are not to be
limted to|fhose terns. |[These terns e used only for distinguishing one

el enent frpm the other 4l enent, and t hout departing fromthe scope of the
present inyention, it igq possible th the first element is witten as the

second el epent, as well jas the secon@:Flenent is witten as the first
el ement .

[Chemical formula 13]

O

Et Et

\s e

[Chemical formula 14]
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[ 0075] The present invention will be described in nore detail with reference
,to the foll ow ng Exanpl es. However, the present invention can be enbodi ed
by various aspects, and is not to be construed to be limted to Exanpl es
descri bed here. EXAMPLES [0076] Exanple 1. Introduction of thionoformate
group (Synthesis of MPAA phenyl thionoformate) [0077] [Chem cal fornula 28]
old [ 0078] MPAA ( (4 - carboxynethyl ) thiophenol ) ( 98 ng, 0.583 mmol)
and phenyl chl orothi onoformate (103 pL, 0.76 nmol) were dissolved in

di chl oronet hane (400 pL) , and the m xture was stirred at roomtenperature
for one hour. After one hour, the reaction solution was diluted with 2.0 nL
of chloroform 1.0 nL of an aqueous sol ution of saturated sodi um

bi carbonat e was added, and the m xture s extracted and washed with
chloroform A chloroform layer was washéd with saturaf@d saline, dried on
magnesi um sul fate, and ssQncentrat’ed u d pressure to give a
yel | ow cl ear residuef : i
t hi onof or mat e reage .3, :
avail abl e data) . 079] (Intro-uction of thiopnoformate group by MPAA
phenyl thi onof or mat ¢ “A peptidel (Ac-Val Try Ala Xaa Cys
dy-OH (SEQ ID NO Xaa=Lys {(SEQ I D NO. 2) Ser (SEQID NGO 3) , Asp

(SEQ ID NO 4) A 5) , VaI (SEQSD&E crude (m xture
O:2N

Also, the above-described compound

[Chemical formula 15]

or

[Chemical formula 161
O f
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of Lys, Ser,

Asp, Ala and Val) , 6 ng) was dissolved in a buffer solution

Lat pHS55 (1.0 mL of 0.2 MNa2HPO4 and 6 M Gh-HCl) and then a total anount
of MPAA phenyl
added thereto.

The purif

i cat

t hi onof ormate (15 pL) dissolved in acetonitrile (230 pL) was
After one hour, the reaction solution was washed with Et20.
ion was perfornmed by HPLC to yield an obj ective conpound.

The reaction was quantitatively perfornmed as a result of HPLC. (Xaa=Lys,
ESI M5 cal cd] MtH] +818. 3, found [ M+H] +818. 4) (Xaa=Ser, ESI M5 cal cd[ M+H]
+777.3, found [ MtH] 777. 3) (Xaa=Asp , ESI M5

and

can be reacted with MPAA ((4-carboxymethy1)thiophenol) to .
produce the following thionoformate reagent, which can also

be used:

[Chemical formula 17]

[Chemical formula 18]

O o
AN s
™~
.\;;ffz S~ _ . “%ﬁz COoH

Q2N \ L/
1 —
L /

[0051] The first intermediate in which the -C(=X) -R; group

is bound to the SH group in the cysteine residue as shown in
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cal cd[ MtH +805.3 , found [ M+H +805.3) (Xaa=Ala, ESIM cal cd[ MtH] 761. 3,
.. found [ MkH] 761. 3) (Xaa=Val, ESIMS cal cd] MrH] +789. 3, found [ MrH| +-)

the following figure can be obtained by reacting the compound
A of the present invention with the cysteine residue in the
peptide.

[Chemical formula 19]

u.\{x X
R; Rx\<

HS 8 .

- . fragment-B
nN—]| fragment-A |-co—xn TN co—Ng

[0052] In the present invention, the step (a) is preferably
performed under an acidic condition, particularly at pH 3 to
5. The reaction is preferably performed in a mixed solvent
of buffer solution and acetonitrile at 0 to 50°C, preferably
15 to 25°C for about 0.1 to 3 hours, preferably 10 minutes to
one hour, 5ut is not limited thereto.

[0053] Then, in the present invention, the.step (b) is
performed,inwhichthepeptidéfragmentontheN-terminal—side
.closer to the N-terminal-side than the cleaved peptide bond
is obtained as the second intermediate by reacting the compound
B with the first intermediate in the organic solvent to add
the—NH~C(=Y)NHR3grouptothecarboxylgroupfofmingthepeptide
bond with the amino aéid adjacent to the N-terminal-side of
ﬁhe cysteine residue, and cleaving the peptide bond.

[0054] In the present invention, the compound B is
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[ 0080] A peptide (Ac-Val Try Ala Xaa Cys Ay-OH) (SEQID NO 1) , Xaa=Ser

L (SEQID NO 3) , Phe (SEQID NO 8) , Leu (SEQIDNG 7) , crude (m xture of
Ser, Phe and Leu) , 10 ng) was dissolved in the buffer solution at pH 5.0
(2.0 nL of 0.2 M Na2HPO4 and 6 M Gn-HC1l) , and then MPAA phenyl

thi onoformate (5 pL) dissolved in acetonitrile (700 pL) was added thereto.
After 1.5 hours, the reaction solution was washed with Et20. The _
purification was performed by HPLC to yield an objective conmpound. The
reaction was quantitative as a result of HPLC. (Xaa=Ser, ESIMs calcd [ MtH] +
777.3, found [MrHl + 777.3) (Xaa=Leu, ESIMS calcd [ MtH + 803. 4, found [ M+H|
803. 3) (Xaa=Phe, ESIMs calcd [ MH] 837.4, found [ MtH 837.3) [0081] The

t hi onof ormate group_was introduced into the_-SH group of cysteine

regar dl eséeR¥esPRU €Y plY ofhanf Pbl i afiPaEBh® (61t he N-terminal -side of the
cysteine. [0082 | e, 2. acet yl guani di nyl ati on reaction [0083]

[ Cheni cal [‘[F%?%%%Fxg‘gP mata CGOHA 'R/IAy v i-vx- FIN NHAc (Perforned with
Xaa=Al a, Leu, Phe, Ser_and Lys) (Case of kaa=Al a) Ac-Val Tyr Al a
Ala Cys (C (S) OPh) G WOH (SEQ ID NO 9) (0.2 ng, 0.28 unmol) was dissol ved
in 250 mM N-acetyl guanydi ne/ DMSO sol ution (260 pL) . After two hours, a
conpound was precipitajed with and washed with Et20. The objective conpound
was purified by HPLC t @]yi el d objective Nacetyl guanidido (Ac-Val Tyr Al a
Al a- NHC( NH) NHAc (SEQ | PINo: 10) (yield: 8096, calculated from HPLC area
intensity)

H,N N—R;
| H (I 1)

[0055] In the formula, Y is an oxygen atom, an NH group

or a sulfur atom, .and R; is a hydrogen atom, an acyl group,
or an alkoxycarbonyl group. |

[0056] In the present invention, the “acyl group” means
an atomic group obtained by removing an OH group from a carboxyl
group of a carboxylic acid. The acyl group of the present
invention preferably includes the acyl groups having 1 to 4
carbon atoms, -and specifi; examples thereof include acetyl,
propionyl and butyroyl groups.

[0057] In the present invention, the “alkoxy group” means
an.oxy group bound to the “alkyl group.” The alkoxy group of
the present invention may be straight chain or branched chain.

The alkoxy group of the present invention preferably includes
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(ESIMS calcd [ MH] + 548.3, found [ MtH + 548.4) [0084] (Case of Xaa=Leu or
..Phe),, A mxture of Ac-Val Tyr Ala Leu Cys(C(S)OPh) 3 y-OH (SEQ I D NG
11) (0.1 ng, 0.12 pnol) and Ac-Val Tyr Ala Phe Cys(C(S)OPh)dy-OH (SEQ ID
NO 12) (0.1 ng, 0.12 pnol) was dissolved in 250 nM\- acet yl guani di ne/ DVSO
solution (100 pL). After 4.5 hours, conpounds were precipitated with and
washed with Et20. The objective conpounds were purified by HPLC to yield .
obj ective N acetyl guani dido (Ac-Val Tyr Ala Leu-NHC(NH) NHAc (SEQ I D No: 13)
and Ac-Val Tyr Ala Phe-NIC(NH)NHAc (SEQ ID No: 14) (yield: 8096, calcul ated
fromHPLC area intensity). (Xaa=Leu, ESIM calcd [ MH + 590.3, found [ MtH|
590. 3) (Xaa=Phe, ESIMS calcd [ MtH 624.3, found [ MtH 624.3) [0085] (Case
of )(_aa:Sergl . Ac-Val K Tyr. Ala Ser Q/S%‘%( S)0Ph)d y-OH (SEQ I D NO 15)
(0.2 ny, BRO6SHhdI TN HTE SORREY IFT B MAVNISC ét FPghAnFAT AR BVES'S ol ut i on

00 pL). Af 3. d j pi ' hed wi th
£ 20, " TheaB0 T8 PR ConpSIRG VL FoF PFERR B LBLC 16 o BPa ool et ige.
N-acet yl i - Vgl T - NHA | : i el d:
7006, 11 CRERPLETAPLAT niite) EYATE Bonal (taey of RaRzrys) DropP Rkl o
(Ac- Val Txéoé!rD%Egsé? Sg—gf_L)gcgt)}p,Pa)—geﬁéhgi -@Sggdfglg% ;l-ﬁ)-pégt}lgg%y}’%ﬁ%i o

di ssolved In contai ning® Boc and triet

(0.14 pL)n_ﬁg;{gnoi Sgb8ups, chhepkeaatignesol ution was precipitated with and

washed with Et20. %he resulting residue was di ssolved in 250 mM

N-acet yl guani dixmedOVEE) s @l1dxgit arih il grodpt aieahsbthOdasbonlye Pljest i ve

conpound was purified by HPLC to yield objective N-acetyl guani di do (Ac- Val

Tyr Al a LgaviBgc C:- AHC g IMdxNE&AoupSEQThE dNokoxiBjaflyory H:.grdifs pfcEte ul at ed

“fromHPLC area intensity) . [0087] It was identified that the cysteine

resi due tpredech tinvearntiignof preéecahay beenluditedthad abeoxryerrbanyl with

guanidine to the peptide bond on the NN termnal- side , regardless of the

type of afifABPAIAY &Y adéntS CETRE REPBRE M nERe Gt HecdE LY hé C&yITMES - [ 0088]

Exanpl e 3. Thioesterifi Eati on of 24 a%geﬁi de. [0089(1 };Cherri cal fO{ mul a 30]
' nyl, pyloxycarbonyl,

r SH methoxycarbony ethoxycar n-pr
| isopropoxycarbonyl, | n-butoxycarbonyl,
2-methyl-2-propyloxycarbonyl, n-pentyloxycarbonyl, and

n-hexyloxycarbonyl groups can be included.

[0058] Theacylgrouppreferablyincludestheacetylgroup.
Also the alkoxycarbonyl group preferably includes a
tert-butoxycarbonyl (Boc) group.

[0059] ‘Thé}éompound B of the present invention includes
more specifically the following.

[Chemical formula 21]
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1- 1, N- LI C( Acm DSRVLERYLLEAKEAENI TTGCG- OH H2Nar . S

H-N-LI C( Acm) DSRVLERYLLEAKEAENI TTGCG- OH BocH NQS rs BocHN- LI C( Acm DSR

' VLERYLLEAKEAENI TTGCG- 01-1 BocH N NH B ocHN - LI C(Actn) D SRVLERYLL EAKE

AENI TTGNHAC [ 0090] A peptide (H2ZN-Leu Ile Cys (Acnm) Asp Ser Arg Val Leu *Qu
Arg Tyr Leu Leu Gu Ala Lys Gu Ala Gu Asn Ile Thr Thr Gy Cys G y-OH (SEQ

ID NO 19), crude (not purified)),

NH

Ac

N

H,N |
2 H
[Chemical formula 22]

NH

H,N | H

[Chemical formula 23]
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appropri ate anount (estimted about 1 ng) was dissolved in the buffer
,soluytion at pHS5 . 0 (300 pL of 0 . 2 M Na2HPO4 and 6 M G1-HC1) , and then
the total armount of MPAA phenyl thionofornmate (1 pL) dissolved in
acetonitrile (100 pL) was added thereto. After 50 m nutes, the reaction
solution was washed with Et20. The purificationwas perfornmedbyHPLC

t oyi el danobj ective conpound (H2N-Leu Il e Cys(Acn) Asp Ser Arg Val Leu GQu
Arg Tyr Leu Leu' GQu Ala Lys Qu Ala Qu Asn Ile Thr Thr Gy
Cys(C(S)OPh)d y-OH (SEQ ID NO 20)). Cys at position 3 was previously
protected wwth Acmnot to be affected with the thionoformte reagent.

(ESI M5 cal cd [ M+2H] 2+ 1553.8, [ M+3H] 3+ 1035.8, found [ M+21112+ 1552.9,

[ MP3H] 3+ 1035.7) [009(nNThe peptide (H2N-Leu Ile Cys(Acm Asp. Ser Arg Val
Leu Gu Arg Tyr Leu Lewd@u Ala Lys Au Ala Qu Asn Ile Thr Thr Ay -
Cys(C(S)OPh)d y-OH (SE@J D NO 20), ca. 0.3 ng) was dissolved in DVSO (20
pL) containing Boc20 (Q.}4 ng) and triethylamne (0.03 pL). After 1.5 hours,
the reaction solution s precipitated with and washed with Et20. The
resulting residue was ssolved in 250 mM N acet yl guani di ne/ DMSO sol uti on
(50 pL) . After 2 . 5 t he objective compound was purified by HPLC to
yi el d objective N i dido (BocHN-Leu Ile Cys(Acm Asp Ser Arg Val
Leu Gu ArgyTy Boc)Gu Ala Qu Asn Ile Thr Thr

d y- NHC( N)H?SN(LSEQ | D NO ZlN _ | MS cal cd [ Mr2H] 2+ 1546.8, [ M+3H 3+
1031.5, found™[M+2H 2+ 1547.0, [M+3H 3+ 1031.4) [0092] The 24 aa peptide
(BocHN-Leu Ile Cys (Acm) Asp Ser Arg Val Leu Qu Arg Tyr Leu Leu Qu Ala Lys
(Boc)Ju Ala Gu Asn Ile Thr Thr Gy-NHC (NH) NHAc (SEQ ID NGO 21) , ca.
0.1 ng>) isenticsbl Fednuhaa2édlffer solution at pH 7.05 (0.2 M phosphoric
acid, 6 Mguanidine, 50 pL) containing MESNa (sodi um

2-sul fanyl et hanesul f on F.] (1 mg, 2% v/v) . After 3.5 hours, the objective
conpound was purified HPLC to yield a thioester (BocHN-Leu Ile Cys (Acnm
Asp Ser Arg Val Leu Auffg Tyr Leu Leu ApgnAla Lys (Boc) Gu Ala A u Asn
Ile Thr Thr G y-SCH2CH2E®3 (SEQ I D NGO 22) (unknown yi el d, about 70% on
HPLC) . (ESIMS cal cd | H 2+ 1567.3, fou . [ M2H 2+ 1566.8) [0093]
Exanpl e 4. Introductionj f thionoformate gfpup by chl orot hi onof or mat e
reagent The pgptide (Ac-Val Tyr. a Ala Cys @AeO—I(SEQIDNQ
5) , 6 nmg) was dissol N the buffer s WNQn at pbdrs5.07(961 pi, of 0.2 M
Na2HPO4 and 6 e;ml f"or ot hi on b te (6.5 pL) dissol ved
in acetoniNl(;gil (320 pL) was ad heret o. Afterone hour, the reaction
sol ution 2dshed with Et20. Tt}e| purification was performed by HPLC to

yi el d an objective thionofornmate-added peptide (SEQID NO 9) (6.4 ny,

88%) . ‘

[0060] In the present invention, the step (b) is preferably
performed in the presence of the organic solvent. It is
preferable that the organic solvent is high in solubility and
low in nucleophilicity. Such an organic solvent can include,
for example, DMSO, DMF and dioxane. The reaction is preferably
performed at 0 to 50°C, preferably 15 to 25°C for about 1 to
24 hours, preferably 5 to 10 hours, but is not limited thereto.

[0061] The peptide chain is cleaved on the N-terminal-side

41



(Xaa. Ala, ESIMS calcd [MH] . 761.3, found [ MtH 761.3) [0094] The peptide

L (Ac-Vval Tyr Ala Leu Cys Ay-OH (SEQ ID NGO 7), 3.4 ng) was dissolved in the
buffer solution at pH 5.0 (510 pL of 0.2 M Na2HPO4 and 6 M Gn-HCl), and
phenyl chl orothi onoformate (3.5 pL) dissolved in acetonitrile (170 pL) was
added thereto. After one hour, the reaction solution was washed w th Et 20.
The purification was performed by HPLC to yield an objective

t hi onof or mat e- added peptide (SEQ 1D NO 11) (3.8 ng, 92%. (Xaa.lLeu, ESIMs
calcd [M+H 803.4, found [ MtH 803.3) [0095] The peptide (Ac-Val Tyr Al a Phe
Cys Ay-OH (SEQID NO 8), 5.1 ng) was dissolved in the buffer solution at
pH 5.0 (729 pL of 0.2 M Na2HPO4 and 6 M Gn-HC1l), and phenyl

hi t hi f t 5.0 pL), di | ved in acetonitrile (243 pL dded
Cheroto. SF (2= GREHiS. 1T TS SR H ek Aot o 19058 2, The
ification, f LC t Leld  ect] .

i oriof ot B addi BUp 00 6o PEOR, C22) 7 SAGYY BAROUR RETHAE ESi v
| cd [ Mk 4. / ; ' -Val_ Tyr Ala S
Oy a y- o1 e TR P e ST G S ke Con a0

PH 5.0 (768 PlacBfabrk MoNeRERQA A i M adiel) chand, PHEEYE residue.

chl or ot hi onof ormate (5.2 pL) dissolved in acetonitrile (265 pL) was added
thereto. Afhi&@hi®ne heuhuli hgsyeaction solution was washed with Et20. The
purification was perfofnmed by HPLC to yield an objective
thionofornate-adde&ﬁﬁéptide (SEQ ID,pKLjiﬁlk 5.5 nmg, 9296)., (Xaa=Ser, ESI M5

cal cd [ MeH] + 777. 3, fo777.’3) [0097] The peptide (JAc-\VEl Tyr Ala
Lys O/ G IR B i A e

)
s

x= )—{fagmere]
N
H

[0062] When the peptide has the amino group in its side
chain, a fat-soluble protective group may be introduced to the
amino group in the side chain before performing the step (b)
of the present invention. Thé fat-soluble protective group
can include, but is not limited to, protective groups such as
carbonyl-containing . groups such as a
- 9-fluorenylmethoxycarbonyl (Fmoc) group, at—butyl'oxycarbonyl
(Boc) group and an allyloxycarbonyl (Alloc) group, acyl groups
such as an acetyl (Ac) group, and an allyl group and a benzyl
group.
[0063] In order to introduce the fat-soluble protective
group, for example, the Fmoc group can be introduced by adding

9-fluorenylmethyl-N-succinimidyl carbonate and sodium
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NO 2) , 5.5 ng) was dissolved in the buffer solution at pH 5.0 (810 pL of
.,0.2 M Na2HPO4 and 6 M Gh-HC1) , and phenyl chl orothionoformate (5.5 pL)

di ssolved in acetonitrile (270 uL) was added thereto. After one hour, the
reaction solution was washed with Et20. The purification was perfornmed by
HPLC to yield an objective thionoformate-added peptide (SEQ ID NGO 17) (6.1
ng, 9496). (Xaa=Lys, ESIMS calcd [ MH] + 818. 3, found [ M+tH + 818. 4)

[ 0098] Usi ng the chl orot hi onof ormate reagent, the sane thionof or mat e- added
pepti de chain as that obtained in Exanple 1 was obtained. Therefore, it has
been found that the peptide thioester can al so be obtained fromthe peptide .
chain in which thethi onof ormat egroup wasi ntroduced by the

chl orot hi onof ormat e reagent by performng the N—acet | guani di do addition

and then th@r‘t’%‘F%e%ﬁOﬁaé'@t i 6Hdl - ¥3et $3Ge thgh & nrehet pept ilfe chain
n which the_thio ofor ro t roduce n the a les 1 and

e sr Rl pert el 2o iecf'épa. %ére 1'wet PR R R o

novel progess em ca conv ol vpept chain into the

peptidg t ?5es?%¥tm£ t%rOVI%%ﬁs' %&% eEﬁPogegskg rFE% present

i nventi Onho@@?{ thi oesf erjfdiGald anbﬁeﬂ‘eséﬁ *tlh% Nnttpﬁlﬂgptw&e jdet hat

does not have the non-native amno~acid derivative, the |linker or the

parti cul afo tweay ci SBRNSAONAL | & MUCA NI Ehe & Teave §BH t &b F Whd e &apvent i onal
thi oesterification nmethod, and it is possible to easily thioesterify even

in the | opgoehaé ool Rt it dpagEe obteiaask dyhd hien thi st hes its; et c.
Therefore, the thioesterification process of the present invention can be
general | yth i forxrawing foemsyat iesi snothehetppotieins. Cains [Caimll A
process for producing a peptide thioester conprising the follomnng steps
(a) to (c]Chemlcal formula 26}

O
I 4
H-N— fragment-A _R.
2 g N-Rs
H (1)
[o065] The process for producing the peptide thicester of

the present invention further includes the step (¢} of
thiocesterifying the C-terminal of the second intermediate by
reacting thiol with the second intermedtate to exchange the
-NH-C(=Y)NHR; group at the C-terminal for the thiol group.
The second intermediate used for the step (c¢) may be
isolated or need not be isolated after the step (b).
[0066] Inpreferable embodiments, thiol represented by the
following formula (III):

R,-SH (Formula III)

43



. (a) a step of producing a first internediate by reacting a conpound A

,represented by the following formula (1) with a thiol group of a cysteine
residue to elimnate R2 in a peptide chain having the cysteine residue:
[Chemical formula 11 wherein X is a sulfur atomor an oxygen atom and
R1 and R2 are | eaving groups; (b) a step of reacting a conpound B
represented by the following formula ( Il) with said f irst internmediate in
an organic solvent to add a -NH C(=Y)NHR3 group to a carboxyl group form ng
a peptide bond between the cysteine residue and an am no acid adjacent to
an N-term nal -side of said cysteine residue, and cleaving sai dpepti debond,
t her ebyobt ai ni ngapeptide fragnent fromthe N-term.nal -side closer to the
N-term nal -si de_than the cl eaved peptide bond as a second internediate:
[ Cheni calls otSfid d2]theNESB (Ch-| ) wherein Y is an oxygen atom a sul fur

ARG TR O S B RGN R,
R R Y R R T
[C aim 2], ThesRheessndreldi B diPcatBbiyY cahssgl N Phdredif ySUkf Uk atom
any one group selected from substituted or unsubstitutedbenzyl
groups, substituted or unsubstituted aryl groups and
substituted or unsubstituted alkyl groups. More preferably,
R, isanyone group selected fromthe substitutedorunsubstituted
benzyl groups, substituted or unsubstituted C¢ 10 aryl groups
and substituted or unsubstituted Ci-g alkyl groups. More
specifically, R, can be selected frombenzyl type leaving groups
such as benzylmercaptan, aryl type leaving groups such as
thiophenol and 4 - (carboxymethyl) thiophenol, alkyl type leaving
groups such as a 2-mercaptoethanesu1fonic acid group and
3-mercaptopropionate amide, etc. The type, the number and the
substituted position of the substituents that these leaving
gfoups have are not particularly limited.
[0067] The second intermediate is completely converted
into the thioester as the following figure by performing the
step (c).

[0068] [Chemical formula 27]
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[ aim3] The process according to claim1 or 2, wherein RLis a -0-C6 aryl
.groyp. [Caim4] The process according to any of clains 1 to 3 , wherein
R2 is a hal ogen atom or a substituted or unsubstituted -S-C6-10 aryl
group. [Caim5] The process according to any of clains 1 to 4 , wherein Y
is an NH group. [Caim6] The process according to any of clains 1 to 5,
wherein R3 is an acetyl group. [Caim7] The process according to any of
claime 1 to 6 , wherein the thiol in the step (c) is thiol represented by
the followwng fornmula (111) : R4 -SH (Fornula I111) whereinR4 is any one
selected f roma substituted or unsubstituted benzyl group, a substituted
or unsubstituted aryl group, and a substituted or unsubstituted al kyl
group. [Cla|n18] The grocess according to any of clainms 1 tp 7, wherein

t he peptide cha is aj reco i nant pgotgin [ ain mrocess

accor di Ng Hyo~—nke=of-» g a szim —wh?elr-a-n—t'l'ne ¥t e thdir 78 the

r econbi nant proteln conpr|5|hg a tag for purification. [Clalnllo] A
process for producing a polypeptide conprising a step of binding the

pepti de thooes) er obraénssbtide hdipestessohtadnddngs tim ahy abowd aiams 1 to 9

to a peptide chain having cysteine at a CGtermnal by a |igation method.
be ligated to a peptide (or a modified peptide) which contains

an amino acid residue having the -SH group at the N-terminal
among the peptides or themodifiedpeptidesbyusing the ligation
method. Therefore ,‘ the present invention also provides a
process for producing a polypeptide comprising a step of binding
the peptide thioester obtained by the process of the present’
invention to the peptide chain having cysteine at the N-terminal
.by the ligation method.

Itis é.lso possible touse the second intermediate obtained
in the step (b) in place of the above peptide thiocester for
the ligation method.

[0070] In the present invention, the “ligation method”
includes not only the native chemical ligation method (NCL
method) described in Patent Literature 1, but also the cases.
of applying the native chemical ligation method to the peptides
containing the non-native amino acid and amino acid derivative
(e.g., threonine derivative A, protected methionine, sugar
chain-added amino acids, etc.). The peptide having the native

amide bond (peptide bond) at the ligated site can be produced
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[Claim 111 A process for producing a second internedi ate used for the
..progcess for producing the peptide thioester according to any of clains 1 to

9, conprising the following step (a) or (b) : (a) a step of

producing a first internediate by reacting a conpound A represented by the

following formula (1) with a thiol group of a cysteine residue to elimnate

R2 in a peptide chain having the cysteine residue: [Chemcal forrmula 3] (

| ) wherein Xis a sulfur atomor an oxygen atom and Rl and R2 are

| eavi ng groups; or . (b) a step of reacting a conpound B represented

by the following fornmula ( Il) with said first internediate in an organic

solvent to add a -NH C(=Y)NHR3 group to a carboxyl group form ng a peptide

bond between the_cysteine residue and an anmino acid adjacent to an

Nt er mi naP¥sFa@ 6t+93hiaRcPet_PAe residue, and cl eaving said peptide bond,

h b I ni i.de fr, I he N-term nal - I h
Nt o1 naf 00786 Chan®Che CPRRJEN EFt 7o bnd 8 FLCBRE P PRt o
Cheni cal 4] H - [ i .
cul Tur - atBR BPERRCNT SFRup ey debeb kel EBE dhptide MaMHBRL AR, 2o o

al koxycarhonyl e graup. e[ggi@'e”hﬁal tie Wi@&&%@gﬂa@i Qﬂd%églb%%(tﬂé NHR3

group whereln Yis a xygen atomor an NH g and R37is rogen atom

an acyl ohedProedapept kQXysaabERY| n8i9ERedabebtsgE-termnal .- [Caim13] A
process for producing a polypeptide conprising a step of binding the

peptide chaom2havi ngThbe teMrtsClusddNHR3rghaupad wisd Crber Mdwdriasians ding to
claim12 to a peptide chain having cysteine at its N-termnal by a ligation
net hod. particular aspects and are not intended to limit the present

invention.

[0073] The term ‘“comprising” (also, “containing” and

- “including”) used herein intends that the described respects

(members, steps, elements andnumerals, etc.) are present except

the cases to be understood obviously different in.cqntext, and

it is not excluded that the respects (members, steps, elements

and numefals, etc.) other than these are present.

[0074] Unless otherwise defined differently, all of the

terms {(including technical terms and scientific terms) used

herein have the same meanings as those understood widely by

thgseskilledinthearttxnwhidhthepresentinventionbelongs.

The terms used herein should be construed to have the meanings

coherent to the meanings in this specification and the related

technical field unless a different definition is otherwise

manifested, and should not be construed in idealized or unduly.

formal meanings.
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[Claim14] A process for renoving a tag for purification added to an

. N-termnal -side of a reconbinant protein, conprising the foll ow ng steps
(a) to (c) : (a) a step of producing a first intermediate by
reacting a conmpound A represented by the following formula (1) with a thiol
group of a cysteine residue to elimnate R2 in a reconbinant protein
conprising a tag for purification at its GCtermnal: [Chem cal fornmula 5]
(1) wherein Xis a sulfur atomor an oxygen atom and Rl and R2 are

| eavi ng groups; : (b) step of reacting a
conpound B represented by the followng formula (I1) with said f irst
intermediate in an organic solvent to add a -NH C(=Y)NHR3 group to a
carboxyl group form ng a peptide bond between the cysteine residue and an
am no aci d adj 38ent2aReHF NPEerthicnaPT8FaBt of LA 185t @F Rle SCBSItdHIES and

cl eaving said peptide bond, thereby obtaining, a peptide fragnent,. fromthe
l\l—tern‘i_néﬁle%‘?’ﬂ’g"% BER ﬁeéecrﬁél%-’f%r’x“ﬁlen%q’h%mﬁ ¢ Hafr t'heW]a?Ié%é‘“’ T3&5 de bond

as a seco]{]r(ljl tthet %rc e%la%ti%: v[i.g}?n?:ﬁgletggé 11|néant§1isH25|\clamel\1l:il$n3es expressed

in a exaggerated manner in order to describe it clearly:
The terms such as first and second are used to express
various elements, but it is understood that these elements are
not to be limited to those terms. These terms are used only
for distinguishing one element from the other element, and
without departing from the scope of the present invention, it
is possible that the first element is written as the second
element, as well as the second element is written as the first
element.
[0075] .The present invention will be described in more
detail with reference to the following Examples. However, the
present invention can be embodied by various aspects, and is
not to be construed to be limited to Examples described here.
EXAMPLES
[0076] Example 1. Inﬁroduction of thionoformate group
(Syntﬁesis of MPAA phenyl thionoformate)

[0077] [Chemical formula 28]
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(1 1) wherein Y is an oxygen atom a sulfur atomor an NH group and R3

..1s a hydrogen atom an acyl group or an al koxycarbonyl group; and - (c)
a step of thioesterifying a C-termnal of the second internedi ate by
reacting thiol with the second internediate to exchange the -NH C(=Y)NHR3
group at the Gtermnal for the thiol group. SEQUENCE LI STI NG <110> OT'SUKA
CHEM CAL CO., LTD. <120> METHOD FOR PRODUCI NG PEPTI DE THI CESTER <130>
OCKP0O903F <150> JP 2009-151713 <151> 2009-6-26 <160> 22 <170> Patentln
version 3.1 <210> 1 <211> 6 <212> PRT

<j\o’sﬂ\cl

+ “ e <::>
" ‘C 7 S COOH
> \ /%_\COCWi

[0078] MPAA ( (4-carboxymethyl)thiophenol) (98 mg, 0.583

mmol) and phenyl chlorothionoformate (103 uL, 0.76 mmol) were
dissolved in dichloromethane (400 ulL), and the mixture was
‘'stirred at room temperature for one hour. After one hour, the
reaction solution was diluted with 2.0 mL of chloroform, 1.0
mL of an aquéous solution of saturated sodium bilcarbonate was
added, and t_he mixture was extracted and washed with chloroform.
A chloroform layer was washed with saturated saline, dried on
magnesiumsulfate, and then concentrated under reducedpressure
to give a yellow clear residue in a syrup shape. This was then
used as a thionoformate reagent (MPAA phenyl thionoformate)
(MW: 305.3, MS: no available data). |
[0079] (Int.roduction of thionoformate group by MPAA phenyl
thionoformate reagent)

A 'peptide (Ac-Val Try Ala Xaa Cys Gly-CH) (SEQ ID NO:
ll), Xaa=Lys (SEQ ID NO: 2), Ser (SEQ ID NO: 3), Asp (SEQ ID

NO: 4), Ala (SEQ ID NO: 5), Val (SEQ ID NO: 6), crude {(mixture
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<213> Artificial <220> <223> An artificially synthesized peptide sequence

.. <220> <221> M SC FEATURE <222>(1)..(1) <223> Val having acetyl group <220>
<221> M SC FEATURE <222>(4)..(4) <223> Xaa is Lys, Ser, Asp, Ala, Val, Leu
or Phe <400> 1 Val Tyr Ala Xaa Cys Gy 15

of Lys, Ser, Asp, Ala and Val), 6 mg) was dissolved in a buffer
solution at pH 5.5 (1.0 mL of 0.2 M Na,HPO, and 6 M Gn-HC1l),
and then a total amount of MPAA phenyl thionoformate (15 ulL)
dissolved in acetonitrile (230 plL) was added thereto. Aftef
one hour, the reaction solution was washed with Et,0. The
purificationwasperformedbyHPLCtoyieldanobjectivecompoﬁnd.
fhe reaction was quantitatively performed as a result of HPLC.
(Xaa=Lys, ESIMS calcd [M+H]" 818.3, found [M+H]"* 818.4).
(Xaa=Ser, ESIMS calcd [M+H]® 777.3, found [M+H]* 777.3)
(Xaa=Asp, ESIMS calcd.[M+H]+ 805.3, found [M+H]' 805.3)
(Xaa=Ala, ESIMS calcd [M+H]® 761.3, found [M+H]* 761.3)
(Xaa=Val, ESIMS calcd [M+H]® 789.3, found [M+H]® ---)

[0080] A peptide (Ac-Val Try Ala Xaa Cys Gly—OH) (SEQ ID
NO: 1), Xaa=Ser (SEQ ID NO: 3), Phe (SEQ ID NO: 8), Leu (SEQ
IDNO:7),crude(mixtureofSer,PheandLeu),10mg)wasdisé§lved
in the buffer solution at pH 5.0 (2.0 mL of 0.2 M NapHPO, and
6 MGn-HCl), and then MPAA phenyl thionoformate (5 pL) dissolved
in acetonitrile (700 ulL) was added thereto. After 1.5 hours,
the reaction solution.was washed with Et,;0. The_purificatibn
was performed by HPLC to yield an objective compound. The
reaction was quantitative as a result of HPLC.

(Xaa=Ser, ESIMS calcd [M+H]® 777.3, found [M+H]"* 777.3)

(Xaa=Leu, ESIMS calcd [M+H]* 803.4, found [M+H]* 803.3)
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<210> 2 <211> 6 <212> PRT <213> Artificial <220> <223> An artificially
,synthesi zed peptide sequence <220> <221> M SC FEATURE <222>(1)..(1) <223>

Val having acetyl group <400> 2 . Val Tyr Ala Lys Cys Gy page 1 15 <210>
3 <211> 6 <212> PRT . :

(Xaa=Phe, ESIMS calcd [M+H]' 837.4, found [M+H]® 837.3)
[0081] The thionoformate group was introduced into the -SH
group of cysteine regardless of the type of amino acid adjacent
to the N-terminal-side of the cysteine.

[0082] Example 2. N-acetylguanidinylation reaction

[o083] [Chemical formula 29]

0__S
T
r | NH

AC-VYAXCG-OH ——— A VYAX- N Niac

(Performed with Xaa=Ala, Leu, Phe, Ser and Lys)
(Case of Xaa=Ala) |

Ac-Val Tyr Ala Ala Cys(C(S)OPh)Gly-OH (SEQ ID NO: 9) (0.2
mg, 0.28 umol) was dissolved in 250 mM N-acetylguanidine/DMSO
solution (260 uL). .After twohours, acompoundwasprecipitated
with and washed with Et,0. The objective compound was purified
by HPLC to yield objective N-acetylguanidido (Ac-Val Tyr Ala
Ala-NHC(NH)NHAc (SEQ ID No: 10) (yield: 80%, calculated from
HPLC area intensity). '
(ESIMS caled [M+H]® 548.3, found [M+H]® 548.4)

[0084] (Case of Xaa=Leu or Phe)
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<213> Artificial <220> <223> An artificially synthesized peptide sequence
,<220> <221> M SC_FEATURE <222>(1)..(1) <223> Val having acetyl group <400>
3 Val Tyr Ala Ser Cys Ay 15 <210> 4 <211> 6 <212> PRT <213> Artificia
<220> <223> An artificially synthesized peptide sequence

A mixture of Ac-Val Tyr Ala Leu Cys(C(S)OPh)Gly-OH (SEQ
ID NO: 11) (0.1 mg, 0.12 umol) and Ac-Val Tyr Ala Phe
Cys (C(S)OPh)Gly-OH (SEQ ID NO: 12) (0.1 mg, 0.12 pmol) was
dissolved in 250 mM N-acetylguanidine/DMSO solution_(lOO rL) .
After 4.5 hours, compounds were precipitated with and washed
with Et,O0. The objective compounds were purified by HPLC to
yield objective N-acetylguanidido  (Ac-Val Tyr Ala
Leu-NHC(NH)NHAc (SEQ ID ©No: 13) and Ac-Val Tyr Ala
Phe-NHC (NH) NHAC (SEQ ID No: 14) (yield: 80%, calculated from
HPLC area intensity).
(Xaa=Leu, ESIMS calcd [M+H]* 590.3, found [M+H]® 590.3)
(Xaa=Phe, ESIMS calcd [M+H]* 624.3, found [M+H]® 624.3)
[0085] (Case of Xaa=Ser)

Ac-Val Tyr Ala Ser Cys(C(S)OPh)Gly-OH (SEQ ID NO: 15)
(0.2 mg, 0.26 pmol) was dissolved in 250 mM
N—acetylguanidine/DMSO solution (100 upL). After 3.5 houré,
a compound was precipitated with and washed with Et,0. The
objective compound was purified by HPLC to yield objective
N-acetylguanidido (Ac-Val Tyr Ala Ser-NHC(NH)NHAc (SEQ ID No:
16) (yield: 70%, from HPLC area intensity).
[0086] (Case of Xaa=Lys)

A peptide (Ac-val Tyr Ala Lys Cys(C(S)OPh)Gly-OH (SEQ

ID NO: 17) (0.1 mg) was dissolved in DMSO (30 pL) containing
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<220> <221> M SC _FEATURE <222>(1)..(1) <223> Val having acetyl group <400>
4 Val. Tyr Ala Asp Cys Ay 15 <210> 5 <211> 6 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide sequence <220> <221>

M SC FEATURE <222>(1)..(1)

Boc,0 (0.3 mg) and triethylamine (0.14 pL). After 1.5 hours,
the reaction solution was pfecipitated with and washed with
Et,0. The resulting residue was dissolved in 250 mM
N-acetylguanidine/DMSO solution (100 uL). After 2.5 hours,
the obj ective compound was purified by HPLC to yield objective
N-acetylguanidido (Ac-Val Tyr Ala Lys (Boc) -NHC(NH)NHAc (SEQ
ID No: 18) (yield: 70%, calculated from HPLC area intensity).
[0087] It was identified that the cysteine residue to which
the thionoformate had been added had the reactivity with
guanidine to the peptide bondon theN-terminal-side, regardless
of the type of amino acid adjacent to the N-terminal-side of.
the cysteine.

[0088] Example 3. Thioesterification of 24 aa peptide
[0089]

[Chemical formula 30]
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<223> Val having acetyl group <400> 5 page2 Val Tyr Ala Ala Cys dy 15
., <210> 6 <211> 6 <212> PRT <213> Artificial <220> <223> An artificially
synt hesi zed pepti de sequence <220> <221> M SC FEATURE <222>(1)..(1)

HoN

-

H-N-LIC(Acm)DSRVLERYLLEAKEAENITTGCG-OH

¢

H,N . 0S

é A

HoN-LIC(Acm)DSRVLERYLLEAKEAENITTGCG-OH

BocHN 0.5
T

rS

BocHN-LIC(Acm)DSRVLERYLLEAKEAENITTGCG-OH

BocHN

NH
BocHN-LIC(Acm)DSRV LERYLLEAKEAENITTG’—H Jj\ NHAC

[0090] A peptide (H,N-Leu Ile Cys(Acm)Asp Ser Arg Val Leu
‘Glu Arg Tyr Leu Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr

Gly Cys Gly-OH (SEQ ID NO: 19), crude (not purified)),
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<223> Val having acetyl group <400> 6 Val Tyr Ala Val Cys Ay 15 <210> 7
..<211> 6 <212> PRT <213> Artificial <220> <223> An artificially synthesized
pepti de sequence <220> <221> M SC _FEATURE <222>(1)..(1) <223> Val having
acetyl group <400> 7 Val Tyr Ala Leu Cys Qy

appropriate amount (estimated about 1 mg) was dissolved in the
buffer solutionatpH 5.0 (300 puL éf 0.2 M Na,HPO, and 6 MGn-HC1),
and then the total amount of MPAA phenyl thionoformate (1 pL)
dissolved in acétonitrile (100 uL) was added thereto. After
50 minutes, the reéction solution was washed with Et;0. The
purificationwasperformedbyHPLCtoyieldanobjectivecompound
(HN-Leu Ile Cys(Acm)Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu
Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys (C(S)OPh)Gly-OH
(SEQ ID NO: 20)). Cys at position 3 was previously protected
with Acm not to be affected with the thionoformate reagent.
(ESIMS calcd [M+2H]?* 1553.8, [M+3H]?* 1035.8, found [M+2H]*
1552.9, - [M+3H]** 1035.7)

[0091] The peptide (H;N-Leu Ile Cys(Acm)Asp Ser Arg Val
Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr
Thr Gly Cys(C(S)OPh)Gly-OH (SEQ ID NO: 20), ca. 0.3 mg) was
dissolved in DMSO (20 uL) containing Boc,0 (0;4 mg) and
triethylamine' (0.03 uL). After 1.5 hours, the reaction
solution was precipitated with and washed with Et;0. The
resulting residue was dissolved in 250 mM
N-acetylguanidine/DMSO solution (50 uL). After 2.5 hours, the
objective compound was purified by HPLC to yield objective
N-acetylguanidido (BocHN-Leu Ile Cys (Acm)Asp Ser Arg Val Leu

Glu Arg Tyr Leu Leu Glu Ala Lys(Boc)Glu Ala Glu Asn Ile Thr
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15 <210> 8 <211> 6 <212> PRT <213> Artificial <220> <223> An artificially

_.synt hesi zed peptide sequence <220> <221> M SC _FEATURE <222>(1)..(1) <223>

Val having acetyl group <400> 8 Val Tyr Ala Phe Cys Ay 15 <210> 9 <211> 6
<212> PRT

Thr Gly-NHC(NH)NHAc (SEQ ID NO: 21)).
(ESIMS calcd [M+2H]?' 1546.8, [M+3H]®' 1031.5, found [M+2H]?"
1547.0, [M+3H]3+-1031.4)
[0092] The 24 aa peptide (BocHN—Leu-Ile Cys (Acm)Asp Ser
Arg Val Leu Glu Arg Tyr Leu Léu Glu Ala Lys(Boc)Glu Ala Glu
Asn Ile Thr Thr Gly-NHC (NH)NHAc (SEQ ID NO: 21), ca. 0.1 mg>)
was dissolved in a buffer solutioﬁ at pH 7.05. (0.2 M phosphoric
acid, 6 M guanidine, 50 nL) containing MESNa (sodium
2-sulfanylethanesulfonate) (1 mg, 2% v/v). After 3.5 hours,
the objective compound was purified by HPLC to yield a thioester
(BocHN-Leu Ile Cys (Acm)Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu
Glu Ala Lys(Boc)Glu Ala Glu Asn Ile Thr Thr Gly-SCH,CH,SO; (SEQ
ID NO: 22)) (unknown yield, about 70% on HPLC) .
(ESIMS calcd [M+2H]?* 1567 .3, found .[M+2H]?*' 1566.8)
[0093] Example 4. Introduction of thionoformate group by
chlorothionoformate reagent
The peptide (Ac-Val Tyr Ala Ala Cys Gly-OH (SEQ ID NO:
5), 6 mg) was dissolved in the buffer solution at pH 5.0 (961
pLofO.2MNa2HPO4and614Gn—HC1),andphenylchlorothionoformate
(6.5 uL) dissolved in acetdnitrile (320 ul) was added thereto.
After one hour, the reaction solution was washed with Et,O0.

The purification was performed by HPLC to yield an objective

thionoformate-added peptide (SEQ ID NO: 9) (6.4 mg, 88%).
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<213> Artificial <220> <223> An artificially synthesized peptide sequence
,<220p> <221> M SC FEATURE <222>(1)..(1) <223> Val having acetyl group <220>
<221> MOD RES <222>(5)..(5) <223> Cys havi ng Phenyl t hi onof ormate group
<400> 9 Val Tyr Ala Ala Cys @y 15

(Xaa=Ala, ESIMS calcd [M+H]* 761.3, found [M+H]* 761.3)
[0094] The pebtide‘(Ac—Val Tyr Ala Leu Cys Gly-OH (SEQ ID
NO: 7), 3.4 mg) was dissolved in the buffer solution at pH 5.0
(510 pL of 0.2 M Na,HPO, and 6 M Gn-HCl), and phenyl
chlorothionoformate (3.5 uL) dissolved in acetonitrile (170
pL) was added thereto. After one hour, the reaction solution
was washed with Et,0. The purification was performed by HPLC
to yield an objective thionoformate-added peptide (SEQ ID NO:
11) (3.8 mg, 92%).

(Xaa=Leu, ESIMS calcd [M+H]® 803.4, found [M+H]® 803.3)
[0095] The peptide (Ac-Val Tyr Ala Phe Cys Gly-OH (SEQ ID
NO: 8), 5.1 mg) was dissolved in the buffer solution at pH 5.0
k729 prL of 0.2 M NapHPO, and 6 M .Gn—HCl), and phenyl
chlorothionoformate (5.0 uL) dissolved in acetonitrile (243
pL) was added thereto. After one hour, the reaction solution
was washed with Et,0. The purificatibn.was performed by HPLC
to yield an objective thionoformate-added peptide (SEQ ID NO:

12) (5.1 mg, 84

o

).

(Xaa=Phe, ESIMS calcd [M+H]® 837.4, found [M+H]® 837.3)
[6096] ~The peptide (Ac-Val Tyr Ala Ser Cys Gly-OH (SEQ ID
NO: 3), 4.9 mg) was dissolved in the buffer solution at pH 5.0
(766 puL of 0.2 M NaHPO, and 6 M Gn-HCl), and phenyl

chlorothionoformate (5.2 ulL) dissolved in acetonitrile (265
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<210> 10 <211> 4 <212> PRT <213> Artificial <220> <223> An artificially.

,.synt hesi'zed peptide sequence <220> <221> M SC FEATURE <222>(1)..(1) <223>
Val having acetyl group <220> <221> MOD _RES <222>(4)..(4) <223> Al a having
acetyl guani di do group

pL) was added thereto. After one hour, the reaction solution
was washed with Et,0. The purification was performed by HPLC
to yield an objective thionoformate-added peptide (SEQ ID NO:
15) (5.5 mg, 92%). |

(Xaa=Ser, ESIMS calcd [M+H]" 777.3, found [M+H]* 777.3)
[0097] The peptide (Ac-Val Tyr Ala Lys Cys Gly-OH (SEQ ID
NO: 2), 5.5 mg) was dissolved in the buffer solution at pH 5.0
(810 upuL of 0.2 M Na,HPO, and 6 M Gn;HCI), and phenyl
chlorothionoformate (5.5 pL) dissolved in acetonitrile (270
pL) was added thereto. After one hour, the reaction solution
was washed.wiﬁh.Etzo. The purification was performed by HPLC
to yield an objective thionoformate-added peptide (SEQ ID NO:
17) (6.1 mg, 94%).

(Xaa=Lys, ESIMS calcd [M+H]' 818.3, found [M+H]® 818.4)
[0098] Using the chlorothionoformate reagent, the same
thionoformate-added peptide chain as that obtained in Example
1 was obtained. Therefore, it has been found that the peptide
thioester can also be obtained from the peptide chain in which
the thionoformatel group was introduced by the
chlorothionoformate reagent by performing the
N-acetylguanidido addition and then the thiocesterification in
thesamemannerasinthepeptidechaininwhichthethionoformate

group was introduced in the above Examples 1 and 3.
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<400> 10 Val Tyr Ala Ala 1 <210> 11 <211> 6 page4 <212> PRT <213>
LArtificial <220> <223> An artificially synthesized peptide sequence <220>
<221> M SC FEATURE <222>(1)..(1) <223> Val having acetyl group

Industrial Applicability

[0099] According to the present invention, a novel process
for chemically converting the polypeptide chaininto thepeptide
thioester was provided.

[0100] In the process of the present invention, the
thioesterification is possible in the peptide chain that does
not have the hon—native amino acid derivative, the linker or
the particular three dimensional structure, etc., required for
the conventional thiocesterificationmethod, and it is possible
to easily thioesterify even in the long chain polypeptide
fragment obtained by the biosynthesis, etc. Therefore, the
thioesterification process of the present invention can be

generally utilized for the synthesis of the proteins.
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<220>' <221> MOD_RES <222>(5)..(5) <223> Cys havi ng Phenyl t hi onof or mat e
..group <400> 11 Val Tyr Ala Leu Cys Ay 15 <210> 12 <211> 6 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <220>

Claims
[Claim 1] A process for producing a peptide thioester
comprising the following steps (a) to (c¢):

(a) a step of producing a first intermediate by reacting
a compound A represented by the following formula (I) with a
thiol group of a cysteine residue to eliminate R; in a peptide
chain having the cysteine residue:

[Chemical formula 1]

X

R "R
1 2 (1)

wherein X is a sulfur atom or an oxygen atom, and R; and R; are
leaving groups;

(b) a step of reacting a compound B represented by the
following formula (II) withsaidfirst intermediate inanorganic
solvent to add a -NH-C (=Y)NHR; group to a carboxyl group forming
a peptide bond between the cysteine residue and an amino acid

adjacent to an N-terminal-side of said cysteine residue, and
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<221> M SC_FEATURE <222>( 1)..(1) <223> Val having acetyl group <220> <221>
. MOD_RES <222>(5)..(5) <223> Cys havi ng Phenyl t hi onof ormate group <400> 12
Val Tyr Ala Phe Cys Ay 15 <210> 13 <211> 4 <212> PRT <213> Artificial

cleaving saidpeptide bond, therebyobtainingapeptide fragment
from the N-terminal-side closer to the N-terminal-side than
the cleaved peptide bond as a second intermediate:

[Chemical formula 2]

Y

H2N N— R3 :

H (1 1)
wherein Y is an oxygen atom, a sulfur atom or an NH group and
R; is a hydrogen atom, an acyl group or an alkoxycarbonyl group;
and |

(c) a step of thiocesterifying a C-terminal of the second
intermediate by reacting thiol with the second intermediate
to exchange the -NH-C(=Y)NHR; group at the C-terminal for the
thiol group.

[Claim 2] The process according to claim 1, wherein X is the
sulfur atom.

[Claim 3] The process according to claim 1 or 2, wherein Ry

is a -0-C¢ aryl group.

60



<220> <223> An artificially synthesized peptide sequence <220> <221>

..M SG FEATURE <222>(1)..(1) <223> Val having acetyl group <220> <221>
MOD RES <222>(4)..(4) <223> Leu having acetyl guanidi do group <400> 13 Val
Tyr Ala Leu 1 <210> 14

[Claim 4] Theprocessaccordingtoanyof claims1to3, wherein
R, is a halogen atom, or a substituted or unsubstituted -S-Ce¢_1o
aryl group.

[Claim 5] = The process according toanyof claims 1 to4, wherein
Y is an NH group.

[Claim 6] Theprocessaccordingtoanyofclaimslto5, wherein
R; is an acetyl group.

[Claim 7] Theprocessaccordingtoanyofclaimsltoé6, wherein
the thiol in the step (c) is thiol represented by the following
formula (III):

R,-SH (Formula III)
whereinR4isanyoneselectedfromasubstitutedorunsubstituted.
benzyl group, a substituted or unsubstituted aryl group, and
a substituted or unsubstituted alkyl group.

[Claim 8] Theprocessaccordingtoanyofclaimslto7, wherein
the peptide chain is a recombinant protein.

[Claim 9] Theprocessaccordingtoanyofclaimslto8, wherein.
the peptide chain is the recombinant protein comprising a tag
for purification.

[Claim 10] A process for producing a polypeptide comprising
a step of binding the peptide thiocester obtained by‘ the process
according to any of claims 1 to 9 to a peptide chain having

cysteine at a C-terminal by a ligation method.
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<211> 4 <212> PRT <213> Artificial <220> <223> An artificially synthesized

..peptjde sequence <220> <221> M SC_FEATURE <222>(1)..(1) <223> Val having
acetyl group <220> <221> MOD RES <222>(4)..(4) <223> Phe having acetyl
guani di do group <400> 14 -

[Claim 11] A process for producing a second intermediate used
for the process for producing the peptide thiocester according
to any of claims 1 to 9, comprising' the following Step. (a) or
(b) :

(a) a step of producing a first intermediate by react.ing
a compound A represented by the following formula (I) with a
thiol group of a cysteine residue to-eliminate R, in a peptide
chain havil;lg the cysteine re.sidue:

[Chemical formula 3]

X

R R
1 21

wherein X is a sulfur atom or an oxygen atom, and R; and R; are
leaving groups; or

(b) a step of reacting a compound B represented by the
following formula (II) withsaidfirst intermediate inanorganic
solvent to add a -NH-C (=Y)NHR; group to a carboxyl group forming

a peptide bond between the cysteine residue and an amino acid
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Val Tyr Ala Phe 1 <210> 15 <211> 6 <212> PRT <213> Artificial <220> <223>
AN grtificially synthesized peptide sequence <220> <221> M SC_FEATURE
<222>(1)..(1) <223> Val having acetyl group <220> <221> MO _RES

adjacent to an N-terminal-side of said cystéine residue, and
cleaving saidpeptidebond, therebyobtainingapeptide fragment
from the N-terminal-side closer to the N-terminal-side than
the cleaved peptide bond as a second intermediate:

[Chemical formula 4]

Y

HzN N_—R:;
H (I 1)

wherein Y is an oxygen afom, a sulfur atom or an NH group and
R; is a hydrogen atom, an acyl group, or an alkoxycarbonyl group.
[Claim 12] Apeptide chainhavinga -NH-C(=Y)NHR; group wherein
Y is an oxygen atom or an NH group and R; is a hydrogen atom,
an acyl group or an alkoxycarbonyl group, at its C-terminal.
[Claim 13] A process for producing a polypeptide comprising
a step of binding the peptide chain having the -NH-C(=Y)NHR;
group at its C-terminal according to claim 12 to a peptide chain
having éysteine at its N-terminal by a ligation method.

[Claim 14] A process for removing a tag for purification added
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page6 <222>(5)..(5) <223> Cys havi ng Phenyl t hi onof ormate group <400> 15
JVval [ Jyr Ala Ser Cys Ay 15 <210> 16 <211> 4 <212> PRT <213> Artificial
<220> . <223> An artificially synthesized peptide sequence <220>

to an N-terminal-side of a recombinant protein, comprising the
following steps (a) to (c):

(a) a step of producing a first intermediate by reacting
a compound A represented by the following formula (I) with a
thiol group of acysteine residue to éliminate R ina recombinant-
protein comprising a tag for purification at its C-terminal:

[Chemical formula 5]

X

R R
1 2 (1)

wherein X is a sulfur atom or an oxygen atom, and R; and R, are
leaviné groups;

'(b) step of reacting a compound B represented by the
following formula (Ii) withsaidfirstintermediate inanorganic
solvent to add a -NH-C(=Y)NHR; group to a carboxyl group forming
a peptide bond between the cysteine residue and an amino acid
adjacent to an N-terminal-side of said cysteine residue, and

cleaving saidpeptide bond, therebyobtainingapeptide fragment
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<221> M SC _FEATURE <222>(1)..(1) <223> Val having acetyl group <220> <221>
.-MOD_RES <222>(4)..(4) <223> Ser having acetyl guanidido group <400> 16 Val
Tyr Ala Ser 1 <210> 17 <211> 6 <212> PRT <213> Artificial <220>

from the N-terminal-side closer to the N-terminal-side than
the cleaved peptide bond as a second intermediate:

[Chemical formula 6]

Y

H,N" N—/R; |
H (1 1)

wherein Y is an oxyéen atom, a.éulfur atom or an NH group and
R; is a hydrogen atom, an acyl group or an alkoxycarbonyl group;
and

(c) a step of thiocesterifying a C-terminal of the second
intermediate by reacting thiol with the second intefmediate
to exchange the -NH-C(=Y)NHR; group at the C-terminal for the

thiol group.
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" <223> An artificially synthesized peptide. sequence <220> <221> M SC_FEATURE

<222>(1)..(1) <223> Val having acetyl group <220> <221> MOD_RES
<222>(5)..(5) <223> Cys havi ng phenylt hi onof ormate group <400> 17 Val Tyr
Ala Lys Cys Gy page7 15

SEQUENCE LISTING
<110> OTSUKA CHEMICAL CO., LTD.
<120> METHOD FOR PRODUCING PEPTIDE THIOESTER
<130> OCKPOS03F
<150> JP 2009-151713
<151> 2009-6-26
<160>‘ 22

<170> PatentIn version 3.1

<210> 1
<21l> 6
<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1) ..(1)

<223> Val having acetyl group

<220>
<221> MISC_FEATURE
<222> (4)..(4)

<223> Xaa is Lys, Ser, Asp, Ala, Val, Leu or Phe

<400> 1

Val Tyr Ala Xaa Cys Gly

1 5
<210> 2

<21l> 6

<212> PRT

<213> Artificial

<220> :
<223> An artificially synthesized peptide sequence

<220>
<221> MISC FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<400> 2

- Val Tyr Ala Lys Cys Gly

page 1



' <210> 18 <211> 4 <212> PRT <213> Artificial <220> <223> An artificially

. synthesi zed peptide sequence <220> <221> M SC_FEATURE <222>(1)..(1) <223>
Val having acetyl group <220> <221> MOD RES <222>(4)..(4) <223> Lys having
acetyl guani di do group .

1 5
<210> 3
<211> 6

<212> PRT _
<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<400> 3

‘Val Tyr Ala Ser Cys Gly

1 5
<210> 4

<21l1l> 6

<212> PRT

<213> Artificial

<220> .
<223> An artificially synthesized peptide sequence

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Val having acetyl group

<400> 4

Val Tyr Ala Asp Cys Gly

1 5
<210> 5
<211> 6

- «212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<400> 5
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© <220> <221> MOD RES <222>(4)..(4) <223> Lys having bl ocki ng group Boc <400>

18 Val Tyr Ala Lys 1 <210> 19 <211> 26 <212> PRT <213> Artificial <220>
'<223> An artificially synthesized peptide sequence <220> <221> MOD RES
<222>(3)..(3) <223> Cys having bl ocking group Acm

4

val Tyr Ala Ala Cys Gly

1 5
<210> 6

<21l1l> 6

<212> PRT

<213> Artificial

<220> :
<223> An artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<400> 6

Val Tyr Ala Val Cys Gly

1 5
<210> 7

<211> 6

<212> PRT

<213> Artificial

<220> )
<223> An artificially synthesized peptide sequence

<220>
<221> MISC FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<400> 7

Vval Tyr Ala Leu Cys Gly

1 5
<210> 8

<211l> 6

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>

<221> MISC_FEATURE

<222>  (1)..(1)

<223> Val having acetyl group

<400> 8
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.<400> 19 Leu lle Cys Asp Ser Arg Val Leu Qu Arg Tyr Leu Leu Qu Al a Lys

, 1510.15 Gu Ala Qu Asn Ile Thr Thr Ay Cys Gy 2025 page8 <210> 20 <211>
26 <212> PRT <213> Artificial <220> <223> An artificially synthesized
pepti de sequence <220> <221> MOD _RES <222>(3)..(3) ‘

Val Tyr Ala Phe Cys Gly

1 5
<210> 9

<211> 6

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (5)..(5)

<223> Cys having Phenylthionoformate group

<400> 9

Val Tyr Ala Ala Cys Gly

1 5
<210> 10

<21l1l> 4

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (4)..(4)

<223> Ala having acetyl guanidido group

<400> 10

vVal Tyr Ala Ala

1
<210> 11

<211> 6
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" <223> Cys having bl ocki ng group Acm <220> <221> MOD _RES <222>(25)..(25)

, <223> Cys havi ng Phenyl t hi onof ormate group <400> 20 Leu Ile Cys Asp Ser Arg
Val Leu Qu Arg Tyr Leu Leu u Ala Lys 151015 u Ala Gu Asn Ile Thr Thr
Ay Cys Ay 2025 <210> 21 <211> 24 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <220>

<212> PRT

<213> Artificial

<220>
<223> Bn artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (5)..(5)

<223> Cys having Phenylthionoformate group

<400> 11

val Tyr Ala Leu Cys Gly

1 5
<210> 12

<211l> 6

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (5)..(5)

<223> Cys having Phenylthionoformate group

<400> 12

Val Tyr Ala Phe Cys Gly

1 ) 5
<210> 13

<211l> 4

<212> PRT

«213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
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' <221> MOD_RES <222>(1)..(1) <223> Leu having bl ocking group Boc <220> <221>
, MOQ RES <222>(3)..(3) <223> Cys having bl ocki ng group Acm <220> <221>
MOD RES <222>(16)..(16) <223> Lys having bl ocki ng group Boc <220> <221>
MOD RES <222>(24)..(24) '

<221> MISC_FEATURE
<222> (1)..(1)
<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (4)..(4)

<223> Leu having acetyl guanidido group

<400> 13

Val Tyr Ala Leu

1

<210> 14
<211l> 4
<212> PRT

<213> Artificial

<220>
<223> BAn artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (4)..(4)

<223> Phe having acetyl guanidido group

<400> 14

Val Tyr Ala Phe

1

<210> - 15
<211l> 6
<212> PRT

<213> Artificial

<220>
<223> BAn artificially synthesized peptide seguence

<220>
<221> MISC FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<220>
<221> MOD_RES
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|
' page9 <223> @y having acetyl guanidido group <400> 21 Leu Ile Cys Asp Ser
. Arg, Val Leu Qu Arg Tyr Leu Leu Gu Alja Lys 151015 Qu Ala Gu Asn Ile Thr
Thr Ay 20 <210> 22 <211> 24 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <220> <221> MOD _RES <222>(1)..(1)
<223> Leu havi ng bl ocki ng group Boc

<222> (5)..(5)
<223> Cys having Phenylthionoformate group

<400> 15

Val Tyr Ala Ser Cys Gly

1 5

<210> 16

<211> 4 ;
<212> PRT

<213> Artificial

<220> .
<223> An artificially synthesized peptilde sequence

<220>
<221> MISC_FEATURE
<222> (1)..(1)

<223> Val having acetyl group

<220>

<221>" MOD_RES
<222> (4)..(4) -
<223> Ser having acetyl guanidido group

<400> 16

val Tyr Ala Ser

1

<210> 17
<211l> 6
<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
<221> MISC_FEATURE _
<222>  (1)..(1) |

<223> Val having acetyl group

<220>
<221> MOD_RES
<222> (5)..(5)

<223> Cys having phenylthionoformate grgup

<400> 17

Val Tyr Ala Lys Cys Gly
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' <220> <221> MOD_RES <222>(3)..(3) <223> Cys having bl ocki ng group Acm <220>
<221> MOD_RES <222>(16)..(16) <223> Lys having bl ocki ng group Boc <220>
<221> MOD RES <222>(24)..(24) <223> Ay having thioester group .<400> 22
Leu Ile Cys Asp Ser Arg Val Leu Gu Arg Tyr Leu Leu Gu Ala Lys

1 5
<210> 18

<211l> 4

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Val having acetyl group

<220>

<221> MOD_RES

<222> (4)..(4)

<223> Lys having acetyl guanidido group

<220>
<221> MOD_RES
<222> (4)..(4)

<223> Lys having blocking group Boc

<400> 18

val Tyr Ala Lys

1

<210> 19
<211l> 26
<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>
<221> MOD_RES
<222> (3)..(3)

<223> Cys having blocking group Acm
'<400> 19
Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys

1 5 10 - 15

Glu Ala Glu Asn Ile Thr Thr Gly Cys Gly
20 25
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* 151015 Gu Ala Qu Asn Ile Thr Thr Gy 20 page 10

- .
<210> 20
<211l> 26
<212> PRT

<213> Artificial

<220>
<223> BAn artificially synthesized peptide sequence

<220>

<221> MOD_RES

<222>  (3)..(3)

<223> Cys having blocking group Acm

<220>

<221> MOD_RES

<222> (25)..(25)

<223> Cys having Phenylthionoformate group

<400> 20
Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys
1 5 10 15

Glu Ala Glu Asn Ile Thr Thr Gly Cys Gly
20 25

<210> 21
<211l> 24
<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>

<221> MOD_RES

<222> (1)..(1)

<223> Leu having blocking group Boc

<220>

<221> MOD_RES

<222> (3)..(3)

<223> Cys having blocking group Acm

" <220>
<221> MOD_RES
<222> (16)..(16)
<223> Lys having blocking group Boc

<220>
<221> MOD_RES
<222> (24)..(24)
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<223> Gly having acetyl guanidido group

<400> 21

Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys
1 5 10 15

Glu Ala Glu Asn Ile Thr Thr Gly
20

<210> 22

<211l> 24

<212> PRT :
<213> Artificial

<220> :
<223> An artificially synthesized peptide sequence

<220>
<221> MOD_RES
<222> (1)..(1)

<223> Leu having blocking group Boc

<220>
<221> MOD_RES
<222> (3)..(3)

<223> Cys having blocking group Acm

<220>
<221> MOD_RES
<222> (16)..(16)

<223> Lys having blocking group Boc

<220>
<221> MOD_RES
<222> (24) .. (24)

«223> Gly having thiocester group
<400> 22
Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys

1 , 5 10 15

Glu Ala Glu Asn Ile Thr Thr Gly
20
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