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PROCESS FOR PRODUCTION OF PEPTIDE THIOESTER

DESCRIPTION
Title of Invention: PROCESS FOR PRODUCTION OF ﬁEPTIDE THIOESTER
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, in order to synthesize a protein



s

homogeneously having a particular modification with a sugar
chainoralipid, etc., ihamiddle partof itsaminoacidsequence,
amino acids are modified with the sugar chain or the lipid,
etc., inadvance and then a peptide chain including the modified
amino acids is chemically synthesized.

A solid-phase synthesis is mainly used as the method for
chemically synthesizing the peptide chain. However, the
peptide chainobtainedby the solid-phase synthesis isgenerally
a short chain, and is composed of at lengest about 50 residues.
[0004] Thus, the short peptide chains are separately
prepared and then-they are ligated in order to synthesize the
longpeptidechainhaving themodification. Varioustechniques
for ligating the peptide chains have been reported, and one.
widely used technique is the native chemical ligation method
(NCL method). The NCL method can also be applied between
unprotectedpeptide chains, and is known tobe useful for forming
a native amide bond (pe‘ptide bond) at a ligation site (e.g.,
Patent Literature 1). The NCL method is a chemoselective
reaction between a first peptide having an a-carboxythioester
moiety at its C-terminal and a second peptide having a cysteine
residue at its N-terminal, and a thiol group (SH group, also
referred to as a sulfhydryl group) of the cysteine side chain

isselectivelyreactedwithcarbonyl carbonof athioestergroup,



whereby a thiocester binding initial intermediate is formed by
the thiol exchange reaction. This intermediate spontaneously
performs intramolecular transposition to give the native amide
bond at the ligation site while it regenerates the cysteine
side chain thiol. |

In this method, two peptide chains can be ligated via
the peptide bond only by mixing the unprotected peptides in
a buffer solution. In the NCL method, even when compounds such
as peptides having many functional groups are reacted, the
C-terminal of one peptide can be ligated selecfively to the
N-terminal of the other peptide. From these points, it is
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 thiocester having an
o-carboxythiocester 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.
[oo06] Afirst one is the method of constructing the peptide
thiocester on a resin. In this method, the peptide thioester

can be obtained together with cleavage of the peptide chain



from the resin after constructing the peptide (e.g., Boc
solid-phase synthesis, Fmoc solid-phase synthesis). A second
one is the method of constructing the peptide chain on the solid
phase via a linker equivalent to thiocester (Safetycatch lihker,.
Fujiimethod, Dawsonmethod, Mercapto propanol method, Kawakami
method, Danishefsky method, Hojo method, Aimoto method, etc.).
In this méthod, thicester is obtained by activating the peptide
chain C-terminal constructed by appropriately treating with
the 1linker, 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 thioester
capable of being synthesized is limited because these methods

are limited to restrictions Qf the solid-phase synthesis.

Further, in the rﬁethod using the linker, a non-native amino
acid derivative or a specific derivative must be chemically

synthesized separately. Thus, their procedures cannot always



be said to be simple.

[0008] An intein method solved the restriction of the
thioesterification by the solid-phase synthesis (Non-patent
Literature 2). In this method, a polypeptide fragment
biosyhthesized from a cell can be obtained as thioester. In
the intein method, the peptide chain is thiocesterified .by
utilizing a protein splicing function that occurs in the
particular protein sequence, and the polypeptide chain is
obtained as thiocester. An advantage of this method is that
a long chain peptide thiocester can be obtained. The synthesis
of the large modified protein, which had been considered to
be difficult to synthesize until now, has become pogsible by
combining this method with the chemical synthesis method
(Non-patent Literature 3). The method of expressing the
polypeptidechainandobtaining it 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 thioester is not always obtained in association



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
6and7)aréknownasthenethodsofcleavingthepeptide. Also,
the method of cleaving the peptide bond on the C-terminal-side
of amethionine 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,



2003.

Non-patent Literature 4: Stark GR, Methods of Enzymology, 47:
125-132, 1977. |

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 linker 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 thiocester.

Means for Solving Problems

[0015] The present inventors considered that a process for



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 acidsv. 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
anN-terminal-side of the cysteine residue, whereby the peptide
bond is cleaved and a peptide fragment on a C-terminal-side
is cut off. Purther, 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 is 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.



[0017] As one example of the above, specifically, a
thionoformate group was first introduced into the thiol group
of the cysteine residue. And, a peptide chain in which N—
acetylguanidido has been added to its C-terminal was 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 R,;-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]
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[0020] That is, the present invention specifically

provides the following [1] to [14].
[1]

A process for producing a peptide thiocester, 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 R,:

[Chemical formula 2]

10



(L)
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
intermediape:

[Chemical formula 3]

11



HzN N_R3
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
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-C¢ aryl group.
[4]

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

12



R, is a halogen atom or a substituted or unsubstituted -S-Cs.19
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
R; is an acetyl group.
(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,asubstitutedorunsubstitutedary;
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



[10]

A process for producing a polypeptide cOmpfising 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 C-terminal by a ligation method.

[11] |

A process for producing é second intermediate used for
the process for producing the peptide thioester 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

14



.groups; Or

(b)‘a step of reacting a»compound B represented by the
following formula (ITI) with the first intermediate inanorganic
solvent to add a -NH-C (=Y) NHR; group to a carboxyl group forming
a peptide bond between the cycteine 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 5]

Y

H,N™ N—R, |
H (I1)
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;

.15



is a hydrogen atom, an acyl group or an alkoxycarbonyl group, .
[13]

A process for producing a polypeptide comprising a step
of binding the peptide chain having the -NH-C(=Y)NHR; group
at the C-terminal according to above [12] to a peptide chain
having cysteine at an N-terminal by a ligation method.

[(14]

A process for removing a tag for purification added to
a C-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 a cysteine residue in the recombinant protein
containing the tag for purification on the C-terminal-side to
eliminate Rj:

[Chemical formula 6]

16



(1)

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

(b) a step of reactiﬁg a compound B represented by the
following formula (II) with the 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 7]

17



H,N N—R,
H (11)

wherein Y is an oxygen atom, a sulfur atom or an NH group é.nd
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
tcs exchange the -NH-C(=Y)NHR; group for the thiol group at the
C-terminal.
Effects of the Invention
[0021] According to the present i.nvention, a novel process
for chemically converting the polypeptide chaininto the peptide
thioester has been provided.
[0022] In the process of the present invention, the peptide
chainnot having the non-native aminoacidderivative, the linker
and the particular three-dimensional structure, etc., required

for the conventional thioesterification methods can be

18



thioesterifiedi Therefore, even the long chain polypeptide
fragment obtained by the biosynﬁhesis, etc., can be
thioesterified easily.

[0023] Further, by combining the process of the present
invention with the conventional peptide synthesis method, the
long chain polypeptide partially having . the peptide
. modification, which was so far‘difficult to be synthesized can
be produced easily and simply by making a fragment of the portion
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 containingaminoacids 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 thioesterifying 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 subsequehtly add the sugar chain

to the biosynthesized long chain peptide. However, this sugar

19



chain binding method via the linker binds the sugar chain and
the like byutilizing the particularaminoacidandits structure.
Thér‘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 thioesterified 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

20



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; and R; are leaving

groups;

21



(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]

hd

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 thiocesterifying a C-terminal of the second

intermediate by reacting the second intermediate with thiol

22



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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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 exaﬁple,
L-amino acids; D-amino acids., chemically modified amino acids
such as amino acid variants and derivatives; amino acids such
asnorleucine, B—al'anine and ornithine that are not constitutive
materials for the proteins in vivo; and compounds chemically
syhthesized tohave amino acid properties known to those skilled
in the art, etc., in consideration of this broad definition.
[0032] In the present invention, the peptide chain to be
thiocesterifiedisnotparticularlylimitedaslongasthepeptide
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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limited, and the peptide chain is cleaved by targeting the
cysteineresidues. Therefore, it isnecessarytodesignabasic
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 skeleton. The cysteine
residues other than the desired cysteine residues may be
protected with protective groups in advance so that the
thigesterificationisperformedatpositionsofonlythedesired
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 Acﬁ 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 an acetyl (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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or the cell-free synthesis, and is preferably a recombinant
proteinexpressedinabacterialcelloracell. Therecombinant
protein may be those having the same peptide sequence as in
the native protein 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 thebacterial
cell or the cell.

[0036] The recombinant protein used in the present
invention can be prepared by the method known to those gskilled
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 Escherichia coli, aplasmid forBacillus subtilis, aplasmid
for yeast, and animal virus vectorg suchas 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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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 ip the
case of the yeast canbeutilized. 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,thensuspendedjJ1anappropriatebuffersolution,
disrupted by sonication, lysozyme and/or freezing and thawing,
and then a crude extract solution of a peptide is prepared by
centrifugationor filtration. A protein denaturingagent 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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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, gel filtration, 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
Myec 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 thiocesterified,
whereby the C-terminal-side from Cys in the peptide chain which
includes the tag is cut off and the peptide thiocester can be
obtainedefficiently. By arrangingCys 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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by using the procéss for producing the peptide thiocester 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 carboxythioester
moiety (-C=0-SR) at the C-terminal. The peptide thicester 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 Rs; 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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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 -O-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 groups,

substituted or unsubstituted -S-alkynyl groups, substituted
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or unsubstituted —S—aryl -groups, or substituted or
unsubstituted -S-heteroaryl 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-Cs.1p aryl groups and substituted or
unsubstituted -S-C;.3 alkyl groups and R, that is the leaving
group selected from the group consisting of halogen atoms,
substituted or unsubstituted ~5-Cis 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 grouphavinglto8carbonatoms, 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 havingat 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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the double bonds and substituents. The alkenyl group includes
the straight chain or branched ¢hain form. The alkenyl group
of the present invention preferably includes the alkenyl groups
having 2 to 8 carbon atoms. “C,.3 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 to1l0 carbon atoms. “Cs.10aryl group” indicates the aryl group
having 6 to 10 carbon atoms, and specific examples thereof
include phenyl, 1l-naphthyl and 2-naphthyl groups.

[0048] In the present invention, the “heteroaryl group”
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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 *heteroaryl ring” meansanaromatic
ring having one or multiple heteroatoms 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 heterocaryl ring.
Specific examples thereof include furanyl, thiophenyl,
pyrroiyl,benzofuranyl,benzothiophenyl,indqul,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.

[o050] The compound A of the present invention includes
more specifically the followings.‘

[Chemical formula 11]
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ond

[Chemical formula 12]

[Chemical formula 13]

O
Et /“\ I Et
™ S S/ '

[Chemical formula 14]

34



| o\{o
- : : | S—_
O:N | Et

Also, the above-described compound

[Chemical formula 15]

or

[Chemical formula 161
OYO '
O &
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can be reacted with MPAA ((4-carboxymethy1)thiophenol) to .
produce the following thionoformate reagent, which can also

be used:

[Chemical formula 17]

CO.H

and

[Chemical formula 18]

[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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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]

K,\{x X
R; Rx\-<

HS S

- .
n,x—| fragment-A |-co—xn TR co—NT
[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, but is not limited thereto.

[0053] Then, in the present invention, the.step (b) is
performed,inwhichthepeptidéfragmentontheNFterminal—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
the cysteine residue, and cleaving the peptide bond.

[0054] In the present invention, the compound B is
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represented by the following formula (II).

[Chemical formula 20]

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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the straight chain alkoxy groups having 1 to 14 carbon atoms
andtheh&anchedchainalkoxygroupshaving3tx>14carbonatoms.
Specifically, for example, methoxy, ethoxy, n-propyloxy,
isopropoxy, n-butoxy, Z-ﬁethyl-z—propyloxy, n-pentyloxy, and
n-hexyloxy groups can be included.

Also, “Cz.nalkoxycarbonyl group” means the carbonyl group
having a C;.(p-1) alkoxy group. The alkoxycarbonyl group of the
present invention preferably includes the alkoxycarbonyi

groups having 2 to 15 carbon atoms. Specifically, for example,

methoxycarbonyl, ethoxycarbonyl, - n-propyloxycarbonyl,
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] ‘Théiéompound B of the present invention includes
more specifically the following.

[Chemical formula 21}
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NH

Ac
e

H,N H

[Chemical formula 22]

NH

H,N

[Chemical formula 23]
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[Chemical formula 24]

NH |
i

[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
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of the cysteine residue as shown in the following figure by
adding the -NH-C(=Y)NHR; group to the carboxyl group forming
the peptide bond between the cysteine residue and the amino
acid adjacent to the N-terminal-side of the cysteine residue.
(Chemical formula 25]

X

R,\< Y u
¢ H,N—L—pn —R, 0 v

I
HsN fragment-A c—-—-NJ(N_R‘

)
s

x= —{ragmerce]
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—butyloxycarbonyl
(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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hydrogen carbonate énd reacting them. The reaction is
preferably performedat 0 to 50°C preferably at room temperature
for about 1 to 5 hours, but is not limited thereto.

[0064] The peptide fragment on the N-terminal-side closer
to the N-terminal-side than the cleaved site of the cleaved
peptide chain can be obtained as the second intermediate by
the following formula (1) in the step (b).

[Chemical formula 26]

O
I 4
HZN —| fragment-A C 1[\-; N —-R3

H (1)

[0065] The process for producing the peptide thicester of
the present invention further includes the step (c) of
thioesterifying the 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.
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)
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is used in the step (c).
R4isnotpartiéularlylimitedaslongasitdoesnotinhibit
the thiol exchange reaction and becomes the leaving group in
a substitution reaction on carbonyl carbon. Preferably, R4 is
any one group selected from substituted or unsubstituted benzyl
groups, substituted or wunsubstituted aryl groups and
substituted or unsubstituted alkyl groups. More preferably,
R, isanyone group selected fromthe substitutedorunsubstituted
benzyl groups, substituted or unsubstituted C¢.i0 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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8]

(||’ ¥ R, —SH |
H.N- frugment-A C—N ’(\‘»R) ) 1 o~ H}N_ fragmeni-A C_S_'R.;
1 H - 2

[0069] The peptide thioester obtained as in the above can
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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by the ligation method.

[0071] The ligation using the ligation method can be
performed in any cases of between the peptide and the peptide,
between the peptide and the modified peptide, and between the
modified peptide and the modified peptide.

[0072] The terms used herein are used for describiné
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 context, 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
thqseskilledinthearttx>whichthepresentinventionbelongs.
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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The aspects of the present invention are sometimes
described with reference to the schematic view. When described
in thé schematic view, the embodiment is sometimes expresséd
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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[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 b;carbonate was
added,andthemixturewasextractedandwashedwithchloroform.
A chloroform layer was washed with saturated saline, dried on
magnesiumsulfate, and then concentratedunder reduced pressure
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] (Inﬁroduction of thionoformate group by MPAA phenyl
thionoformate reagent)

A peptide (Ac-Val Try Ala Xaa Cys Gly-OH) (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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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-HCl),
and then a total amount of MPAA phenyl thionoformate (15 nL)
dissolved in acetonitrile (230 pL) was added thereto. Aftef
one hour, the reaction solution was washed with Et,0. The
purificationwasperformedbyHPLCtoyieldanobjectivecompoﬁnd.
rI-‘he reaction was quantitatively performed as a result of HPLC.
(Xaa=Lys, ESIMS calcd [M+H]® 818.3, found [M+HE]"' 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)wasdiséblved
in the buffer solution at pH 5.0 (2.0 mL of 0.2 M NapHPO, and
6 M Gn-HC1l), and then MfAA 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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(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

fo0o83] [Chemical formula 29]

oS
I
r NH

AC-VYAXCG-OH ———  Ac\/YAX -~

NHAc

(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, a compoundwas precipitated
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 calecd [M+H]® 548.3, found [M+H]® 548.4)

[0084] (Case of Xaa=Leu or Phe)
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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,0. 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-vVal 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—acetylguanidiné/DMSO solution (100 uL). 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 upL) containing
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Boc,0 (0.3 mg) and triethylamine (0.14 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 (100 pL). 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 peptidebondon 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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HoN

-

H-N-LIC(Acm)DSRVLERYLLEAKEAENITTGCG-OH

¢

H,N 0..S

§ 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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appropriate amount (estimated about 1 mg) was dissolved in the
buffer solutionat pH 5.0 (300 pL éf 0.2 MNa,HPO, and 6 M Gn-HC1),
and then the total amount of MPAA phenyl thionoformate (1 pL)
dissolved in acétonitrile (100 uL) was added thereto. After
50 minutes, the reaction solution was washed with Et,0. The
purificat_: ionwasperformedbyHPLCtoyieldanobjective compound
(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 pL) containing Bocy0 (O-.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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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+A1031.4)
[0092] The 24 aa peptide (BocHN—LeuFIle 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 solutién at pH 7.05. (0.2 M phosphoric
acid, 6 M guanidine, 50 uL) containing MESNa (sodium
2-sulfanylethanesulfonate) (1 mg, 2% v/v). After 3.5 hours,
the objective compound was purified by HPLC to yield a thiocester
(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] 2+ 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
1ﬂ;of0.2MNa2HPO4and6P4Gn—HCl),andphenylchlorothionoformate
(6.5 uL) dissolved in acetdnitrile (320 ulL) 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: 9) (6.4 mg, 88%).
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(Xaa=Ala, ESIMS calcd [M+H]* 761.3, found [M+H]* 761.3)
[0094] The peétide\(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 pL) 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 pL of 0.2 M NaHPO, and 6 M .Gn—HCI), 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%).

(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 uL of 0.2 M NaHPO; and 6 M Gn-HCl), and phenyl

chlorothionoformate (5.2 uL) dissolved in acetonitrile (265
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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 pL of 0.2 M NaHPO, and 6 M Gn—lHC1) , and phenyl
chlorothionoformate (5.5 pulL) dissolved in acetonitrile (270
pL) was added thereto. After one hour, the reaction solution
was washed wiﬁh Et,0. 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 thionoformate. group was introduced by the
chlorothionoformate reagent by performing the
N-acetylguanidido addition and then the thioesterification in
thesamemannerasinthepeptidechaininwhichthethionoformate

group was introduced in the above Examples 1 and 3.
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Industrial Applicability

[0099] According to the present invention, a novel process
for chemically converting the polypeptide chaininto thepeptide
thiocester 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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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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¥

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 R;

is a -0-Cs aryl group.
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[Claim 4] The processaccordingtoanyof claims 1l to3, wherein
R, is a halogen atom, or a substituted or unsubstituted -S-C¢-19
aryl group.

[Claim 5] - Theprocgssaccordingtoanyofclahms1to4,wherein
Y is an NH group.

[Claim 6] Theprocessaccordingtoanyofclaimslto5, wherein
R; 1s an acetyl group.

[Claim 7] Theprocessaccordingtoanyofclaimslto6, 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 gnsubstituted 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 thicester 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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[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 haviﬁg the cysteine résidue:

[Chemical formula 3]

X

R R
1 2 (1)

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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adjacent to an N-terminal-side of said cystéine residue, and
cleaving said peptide 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 4]

Y

HzN N__R:;
H (1 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 claim1l2 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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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 Ryina recombinant.
protein comprising a tag for purification at its C-terminal:

[Chemical formula 5]

X

R R
1 > (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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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 (11)
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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<110>

«<120>

<130>

<150>

<151>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

SEQUENCE LISTING
OTSUKA CHEMICAL CO., LTD.
METHOD FOR PRODUCING PEPTIDE THIOESTER
OCKPOSOQO3F
JP 2009-151713
2009-6-26
22
PatentIn version 3.1
1
6

PRT
Artificial

An artificially synthesized peptide sequence

MISC_FEATURE
(1) ... (1)
Val having acetyl group

MISC_FEATURE
(4)..(4)
Xaa is Lys, Ser, Asp, Ala, Val, Leu or Phe

1

Val Tyr Ala Xaa Cys Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

5
2
6
PRT
Artificial

An artificially synthesized peptide sequence

MISC_FEATURE
(1) ..(1)
Val having acetyl group

2

Val Tyr Ala Lys Cys Gly

page 1



<210> 3

<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> 3

‘Val Tyr Ala Ser Cys Gly

1 5
<210> 4

<211l> 6

<212> PRT

<213> Artificial

<220> )
<223> BAn 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
<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> 5
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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

page 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

<211l> 4

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<220>

<221> MISC_FEATURE

<222> (1) .. (1)

<223> Vval having acetyl group

<220>

<221> MOD_RES

<222> (4)..(4)"

<223> Ala having acetyl guanidido group

<400> 10

Val Tyr Ala Ala

1
<210> 11

<211> 6
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<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

PRT
Artificial

An artificially synthesized peptide sequence

MISC_FEATURE
(1)..(1)
Val having acetyl group

MOD_RES
(5)..(5)
Cys having Phenylthionoformate group

11

val Tyr Ala Leu Cys Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5
12
6
PRT
Artificial

An artificially synthesized peptide sequence

MISC FEATURE
(1) ..(1)
Val having acetyl group

MOD_RES
(5)..(5)
Cys having Phenylthionoformate group

12

Val Tyr Ala Phe Cys Gly

1

<210>
<211>
<212>
. <213>

<220>
<223>

<220>

5
13
4
PRT
Artificial

An artificially synthesized peptide sequence
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_ FEATURE
(1)..(1)
vVal having acetyl group

MOD_RES
(4)..(4)
Leu having acetyl guanidido group

13

Val Tyr Ala Leu

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

14

4

PRT
Artificial

An artificially synthesized peptide sequence

MISC_FEATURE
(1)..(1)
Val having acetyl group

MOD_RES
(4)..(4)
Phe having acetyl guanidido group

14

Val Tyr Ala Phe

1

<210> -

<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

15

6

PRT
Artificial

An artificially synthesized peptide sequence

MISC_FEATURE
(1)..(1)
Val having acetyl group

MOD_RES
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<222>
<223>

<400>

vVal Tyr Ala Ser Cys Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>

<221>

<222>

<223>

<400>

val Tyr Ala Ser

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

An artificially synthesized pepti

(5)..(5)
Cys having Phenylthionoformate gr

15

5
16
: ;
PRT
Artificial

'
'

MISC_FEATURE
(1)..(1)
Val having acetyl group

MOD_RES
(4)..(4) !
Ser having acetyl guanidido group

16

17

6

PRT
Artificial

An artificially synthesized pepti

MISC_FEATURE
(1)..(1)
Val having acetyl group

oup

de sequence

de sequence

MOD_RES
(5)..(5)
Cys having phenylthionoformate gr

17

vVal Tyr Ala Lys Cys Gly

bup
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<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
<21l> 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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<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> BAn 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 thioester group
<400> 22
Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys

1 4 5 10 15

Glu Ala Glu Asn Ile Thr Thr Gly
20
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