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CYCLIC PEPTIDE, AFFINITY CHROMATOGRAPHY SUPPORT, LABELED
ANTIBODY, ANTIBODY DRUG CONJUGATE, AND PHARMACEUTICAL
PREPARATION

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to a cycliptjake, an affinity chromatography support, a
labeled antibody, an antibody drug conjugate, apdaamaceutical preparation.
2. Description of the Related Art
[0002] Currently, antibody drugs are drawing aiteam@as the most reliable molecular-targeted
drugs and are rapidly broadening the field of ndwarmaceutical products. In most of the
antibody drugs that are being developed or usemitly, antibodies belonging to the class of
immunoglobulin G (IgG) are used.
[0003] In the related art, for the purification IgiG antibodies, proteins such as protein A or
protein G derived from Staphylococcus aureus aegl.usBecause these proteins also bind to
IgG of a mouse and a rabbit, the proteins have breguently used for IgG purification at the
level of reagents for research. In recent yeaes,antibody drugs mainly exploiting human
IgG1 have been used in the pharmaceutical field, @rcordingly, the importance of the
antibody drugs in the industrial and pharmaceutis@ has increased further. Particularly, a
protein A column plays a key role in the antibodyglpurification, and many of the antibody
drug manufacturers adopt a purification system tyaising this column.
[0004] However, some problems have been pointedaoouhe protein A column. One of the
problems is that protein A is mixed into purifiedtiaodies. Protein A is a protein derived
from bacteria and exhibits high immunogenicity afieing administered into the human body,
and there is a concern over the mixing of endotaxio this protein. For the affinity ligand,
such as protein A as a ligand, used for the patific of pharmaceutical products, in order to
avoid the intermixing of undesirable substances$jgh degree of purification is required.
Therefore, the cost of the protein A column used tfee purification of pharmaceutical
products increases.
[0005] In order to solve the problem, a new IgGilmdy purification system is being
developed.
[0006] For example, US Patent App. No. 2004/0087d€&cribes an immunoglobulin-binding

polypeptide which has an amino acid sequence of
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R'-X01-X02-X03-X04-X05-X06-X07-X08-X09-X10-X11-X12-X3-R? and includes about 11
to 13 residues. US Patent App. No. 2004/008778&sriees that the polypeptide may be a
cyclic peptide cyclized by forming a disulfide bofid a case where X02 =X12 = C) or an
amide bond (in a case where one of X02 and X12pis Dab, K, or Orn and the other is D or
E; here, Dab represents diaminobutanoic acid, Bpiressents diaminopropionic acid, and Orn
represents ornithine) between X02 and X12 ([006a7D034]).

[0007] Furthermore, for example, WO2013/027796Acdegss an 1gG-binding polypeptide
which is represented by (X)-C-(X2)-H-R-G-(Xaal)-L-V-W-C-(%.3) and includes 13 to 17
amino acid residues. WO02013/027796A describes ttmatpolypeptide may be a cyclic
peptide in which a disulfide bond is formed betweéewn cysteine (C) residues ([0042] to

[0044])).
[0008] Moreover, for example, JP2007-289200A déssian 1gG-Fc-binding peptide which
has Formula

Xaa-Xag-Xaa-Xaa-Cys-Xaa-Xaas-Xaa-Xaa-Gly-Glu-Leu-Val-Trp-Cys-XagXaa o-Xaa
1-Xaa;-Xaaz and has 11 to 20 amino acids (claim 39). JP2@Y2@0A describes that the
peptide can be cyclized by the formation of a didalbond or a lactam bond, the residues
which can form a disulfide bond include Cys, PemrMpp, and the like, and the residues
which can form a lactam bond include Asp, Glu, Ly3n, ap-diaminobutyric acid,
diaminoacetic acid, aminobenzoic acid, mercaptobieracid, and the like ([0039]).
SUMMARY OF THE INVENTION
[0010] Focusing on improving the antibody bindingogerties by controlling the steric
structure, the inventor of the present inventioarexed the binding activity and the chemical
resistance of the antibody binding cyclic peptiddsscribed in US Patent App. No.
2004/0087765, W0O2013/027796A, and JP2007-289200%s. a result, the inventor found
that the binding activity and the chemical resistarof the peptides need to be further
improved.
[0011] An object of the present invention is to ypde a cyclic peptide having excellent
antibody binding properties and improved chemiealistance, an affinity chromatography
support, a labeled antibody, an antibody drug aate, and a pharmaceutical preparation.
[0012] In order to achieve the aforementioned dbjwe inventor of the present invention
repeated intensive examinations. As a resultimentor found that the amino acid residues
in cross-linked portions play important roles foe tthemical resistance, and accomplished the

present invention.
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[0013] That is, the present invention providestfil]50] described below.

[1] A cyclic peptide represented by Formula (1).

RY-X g[X =X X =X X 2 XX - XP-X ] k- X p-R I

In Formula (1), R represents an N-terminal group; Rpresents a C-terminal group;
X1 represents an L-leucine residue, an L-isoleucemdue, an L-methionine residue, an
L-lysine residue, or an L-arginine residu€; pépresents an L-valine residue or an L-isoleucine
residue; X represents an L-tryptophan residué; aad X each independently represent an
amino acid residue derived from an amino acid, rothen L-cysteine and D-cysteine, having
a thiol group on a side chain, and are bondedch ether through a disulfide bond, or, one of
X2 and ¥ represents an amino acid residue derived fronm@naacid, other than L-cysteine
and D-cysteine, having a thiol group on a siderghand the other represents an amino acid
residue derived from an amino acid having a hakyageoup on a side chain, and And ¥
are bonded to each other through a thioether BgdXn, Xi, X;, Xm, and %, each represent g
consecutive X’s, h consecutive X’s, i consecutive, X consecutive X’s, m consecutive X’s,
and n consecutive X’s; X represents an amino agsidue, and in a case where there is a
plurality of X’s, the plurality of X’s may be theame as or different from each other; g, h, i,
and j each independently represent an integer équal greater than 0; m and n are integers
satisfying 0 m< 9, 0 n< 9, and & m + n< 9 simultaneously; and k is an integer equal to
or greater than 1, and in a case where & X!, X2 X3, X% X° X, X;, Xm, and X% in a
repeating unit DeX®X,-X1-X2-X3-X-X"-X;] each may be the same or different between the
repeating units.

[2] The cyclic peptide described in [1] that ipresented by Formula (1A).

RY-X g[X p2- X 4 -X p1-X X =X X 2 XX =X P-X 1= X 56X 2 k- X 1-RE [II(IA)

In Formula (IA), R, R, X%, X2, X3, X& X® Xg, Xn, Xm Xn, X, @, h, m, n, and k have
the same definitions as those in Formula (I}, X°, Xp1, Xp2, Xq1, and X% each represent r
consecutive Xs, s consecutive ¥, p1 consecutive X’s, p2 consecutive X's, ql amsive
X’s, and g2 consecutive X's;*and ¥ each independently represent an amino acid residue
derived from an amino acid having a carboxy groo@maide chain or an amino acid residue
derived from an amino acid having a hydroxy gronmaside chain, and in a case where there
is a plurality of X's or X™s, the plurality of ¥'s or X>s may be the same as or different from
each other; p1, p2, g1, and g2 each independesghgsent an integer equal to or greater than
0; r and s each represent an integer satisfying € 5, 0< s< 5, and 1< Max (r,s)< 5, where

Max (r,s) represents a larger one between two ntsme@resented by r and s in a case where r
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# s and represents r or s in a case where r = sinamatase where k 2, X!, X2 X3, X3 X°,

X% X% Xm Xn Xpz Xp, Xqu  and X2 ina repeating unit
[X p2X - X p1=X X X =X X - X - X - X q1-X %X 2] €ach may be the same or different between
the repeating units.

[3] The cyclic peptide described in [1] that ipresented by Formula (1B).

RM-Xy1-X B X [Xi-X X e X X2 X 3-X X P-X k- X o= X Ty~ X1 -RE TI(IB)

In Formula (IB), R, RS, X%, X% X3 X2 X Xi, X;, Xm, Xn, X, i, j, m, n, and k have
the same definitions as those in Formula (ff; X"y, Xv1, Xv2, Xw1, and X%, each represent t
consecutive &s, u consecutive s, v1 consecutive X's, v2 consecutive X’'s, wl cenistive
X’s, and w2 consecutive X's; %and X each independently represent an amino acid residue
derived from an amino acid having an immobilizimgdtional group on a side chain, and in a
case where there is a plurality of'%or X”s, the plurality of X's or X"’s may be the same as
or different from each other; t and u each repreaarnnteger satisfying 8t< 5, 0su<5,
and 1< Max (t,u) < 5, where Max (t,u) represents a larger one betwen numbers
represented by t and u in a case whereitand represents t or u in a case where t = w21,
wl, and w2 each independently represent an integeal to or greater than O; and in a case
where k = 2, X, X% X3 X% X° X, X, Xm and X% in a repeating unit
[Xi-X3X - X1-X2-X3-X X P-X ] each may be the same or different between theatéyy units.

[4] The cyclic peptide described in any one of fa][3] that is represented by
Formula (IC).

RM-Xy1-X B X2 [X pr X X pa- X 3 X e X B X X 3-X X P-X 1-X P X ] k- Xowz- X - Xwa-RE
mIc)

In Formula (IC), R, R®, X%, X3 X3, X3 X®, Xm Xn X, m, n, and k have the same
definitions as those in Formula (1);

Xp1, Xpz X1, Xgz X% X% X% X4 Xun, Xuz, Xw1, and X, each represent pl
consecutive X’s, p2 consecutive X’s, gl consecudi® g2 consecutive X’s, r consecutive
X*s, s consecutive ¥, t consecutive Xs, u consecutive %, vl consecutive X's, v2
consecutive X's, wl consecutive X’s, and w2 consigeuX’s’; X* and X each independently
represent an amino acid residue derived from am@uacid having a carboxy group on a side
chain or an amino acid residue derived from an ararid having a hydroxy group on a side
chain, and in a case where there is a pluralit{&f or X™'s, the plurality of X's or Xs may
be the same as or different from each oth&raxd X each independently represent an amino

acid residue derived from an amino acid havingramobilizing functional group on a side
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chain, and in a case where there is a pluralittdr X, the plurality of X's or X"’s may be
the same as or different from each other; p1, g2,a0d g2 each independently represent an
integer equal to or greater than O; r and s egufesent an integer satisfyings < 5, 0< s<
5, and 1< Max (r,s)< 5, where Max (r,s) represents a larger one betvweennumbers
represented by r and s in a case whefe land represents r or s in a case where r =ng} tia
each represent an integer satisfyingt 5, 0O< u< 5, and k Max (t,u)< 5, where Max (t,u)
represents a larger one between two numbers repeesby t and u in a case wheré ¢ and
represents t or u in a case where t = u; vl, v2,amtl w2 each independently represent an
integer equal to or greater than 0; and in a cameravk= 2, X}, X3 X3, X2 X®, X%, X%, Xm,
Xn, Xp2, Xp1, Xq1, and X2 in a repeating unit
[X pr X X p1- XX e X X2 X 3-X - X P-X 1-X ’s- X 2] each may be the same or different between
the repeating units.

[5] The cyclic peptide described in [1], in whiBkx g + h + kx (i+j+ m+ n + 5K
50.

[6] The cyclic peptide described in [2], in whiBre g + h + kx (m + n+ pl + p2 +
gl + g2 + 5x 50.

[7] The cyclic peptide described in [3], in whiBE vl + v2 + wl + w2 +t+u + k
(i+j+m+n+5x50.

[8] The cyclic peptide described in [4], in whiBE vl + v2 + wl + w2 +t+u + k
(m+n+pl+p2+qgl+g2+8)>50.

[9] The cyclic peptide described in [2], [4], [&]¢ [8], in which the amino acid having
a carboxy group on a side chain is at least ond kinamino acid selected from the group
consisting of L-aspartic acid, D-aspartic acid, lutgmic acid, D-glutamic acid,
L-homoglutamic acid, and D-homoglutamic acid, amel amino acid having a hydroxy group
on a side chain is at least one kind of amino aalbcted from the group consisting of
L-serine, D-serine, L-homoserine, D-homoserine, yiogine, D-tyrosine, L-threonine,
D-threonine, L-allothreonine, and D-allothreonine.

[10] The cyclic peptide described in [9], in whitte amino acid having a carboxy
group on a side chain is L-aspartic acid, and thma acid having a hydroxy group on a side
chain is L-threonine.

[11] The cyclic peptide described in [3], [4], [@r [8], in which the immobilizing
functional group is an amino group or a thiol group

[12] The cyclic peptide described in [3], [4], [#@r [8], in which the amino acid
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having an immobilizing functional group on a sidein is at least one kind of amino acid
selected from the group consisting of L-lysine, ySihe, L-cysteine, D-cysteine,
L-homocysteine, and D-homocysteine.
[13] The cyclic peptide described in any one dftfi[12], in which X is an amino
acid residue derived from an amino acid havinglarohacetyl group on a side chain, selected

from the group consisting of (2S)-2-amino-3-[(2arolacetyl)amino]propanoic acid,

(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-3-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M¥-chloroacetyl-D-lysine, Xis
an amino acid residue derived from L-homocystein®-domocysteine, and ®and X are
bonded to each other through a thioether bond.

[14] The cyclic peptide described in any one dftfL[12], in which X' is an amino
acid residue derived from L-homocysteine or D-hoysteine, X is an amino acid residue

derived from an amino acid having a chloroacetyglugr on a side chain, selected from the

group consisting of (2S)-2-amino-3-[(2-chloroacyhino]propanoic acid,
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine, and
X2and X are bonded to each other through a thioether bond.

[15] The cyclic peptide described in any one gftfil[14], in which the partial amino
acid sequence pX-X%X3-X, in Formula (1), (IA), (IB), or (IC) and an aminaid sequence
(SEQ ID NO: 1) represented by Formula (1) shareisece homology equal to or higher than
70%.

A-Y-H-L-G-E-L-V-W [I(1)

In Formula (1), A represents an L-alanine residegpresents an L-tyrosine residue;
H represents an L-histidine residue; L representk-Beucine residue; G represents a glycine
residue; E represents an L-glutamic acid residuegjesents an L-valine residue; and W
represents an L-tryptophan residue.

[16] The cyclic peptide described in any one dftfL[15], in which in Formula (1),
(1A), (1B), or (IC), k = 1.

[17] The cyclic peptide described in [1] thatépresented by Formula (ll).
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RM-Xy0-X Bo-X e X H10-Xpo- X 2A-Y-H-X &-G-E-L-V-W-X-X 46-X °s6- X 10-X "uo-Xwo-R®  [ITT
(1)

In Formula (II), X, X X, RV, and R have the same definitions as those in Formula
(I); X* and X each independently represent an amino acid resieltieed from an amino acid
having a carboxy group on a side chain or an aracid residue derived from an amino acid
having a hydroxy group on a side chain, and inse eghere there is a plurality of"X or X>'s,
the plurality of Xs or X>s may be the same as or different from each otk&gnd X each
independently represent an amino acid residue etrivom an amino acid having an
immobilizing functional group on a side chain, @nda case where there is a plurality d¥sx
or X"s, the plurality of ¥'s or X"'s may be the same as or different from each otk&r;
represents an L-leucine residue, a D-leucine residn L-arginine residue, or a D-arginine
residue; e0 and fO each represent an integerysagsd < eO< 10 and (< fO < 10; pO and g0
each represent an integer satisfying pO< 5 and 0< g0 < 5; rO and sO each represent an
integer satisfying & r0 < 5 and 0< sO< 5; t0 and u0 each represent an integer satisfyrg
t0< 5 and & u0< 5; vO and wO each represent an integer satisfymg0< 5 and X w0< 5;
po, qO, r0, sO, t0, u0, vO, and w0 satisfg @0 + gO + rO + sO + t0 + u0 + vO + w039; A
represents an L-alanine residue or a D-alanineuesiY represents an L-tyrosine residue or a
D-tyrosine residue; H represents an L-histidinédies or a D-histidine residue; G represents a
glycine residue; E represents an L-glutamic ackldree or a D-glutamic acid residue; L
represents an L-leucine residue; V represents amlibhe residue; and W represents an
L-tryptophan residue.

[18] The cyclic peptide described in [17], in whix® and X each independently
represent an amino acid residue derived from an@itid selected from the group consisting
of L-lysine, D-lysine, L-cysteine, D-cysteine, L+hocysteine, and D-homocysteine.

[19] The cyclic peptide described in [17] or [1B],which X*is an amino acid residue

derived from an amino acid having a chloroacetglugr on a side chain, selected from the

group consisting of (2S)-2-amino-3-[(2-chloroacyhino]propanoic acid,
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic dCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-3-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and I¥-chloroacetyl-D-lysine, Xis
an amino acid residue derived from L-homocystein®domocysteine, and ®and X are

bonded to each other through a thioether bond.
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[20] The cyclic peptide described in [17] or [1B],which X is an amino acid residue
derived from L-homocysteine or D-homocystein8,san amino acid residue derived from an

amino acid having a chloroacetyl group on a sidarghselected from the group consisting of

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic aaci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine, and
X2and X are bonded to each other through a thioether bond.

[21] A cyclic peptide represented by Formula (I

RM-X g[X - XX =X X 2-X3-X - XP-X ] - X p-RE TIIY)

In Formula (1), RY represents an N-terminal group; Rpresents a C-terminal group;
x! represents an L-leucine residue, an L-isoleuce®due, an L-methionine residue, an
L-lysine residue, or an L-arginine residué; répresents an L-valine residue or an L-isoleucine
residue; X represents an L-tryptophan residue; one bfaid » represents an amino acid
residue derived from L-cysteine or D-cysteine amel ather represents an amino acid residue
derived from an amino acid having a haloacetyl gron a side chain, and®and X are
bonded to each other through a thioether bondyrar,of X and X represents an amino acid
residue derived from L-penicillamine or D-peniailiame, and the other represents an amino
acid residue derived from an amino acid havinglaautyl group on a side chain, angiatd
XP are bonded to each other through a thioether b¥gdXn, Xi, X;, Xm, and % each
represent g consecutive X's, h consecutive X'somsecutive X’s, j consecutive X's, m
consecutive X's, and n consecutive X’s; in a cakene one of Xand X represents an amino
acid residue derived from L-cysteine or D-cysteierepresents an amino acid residue
derived from an amino acid other than L-serine,ebree, L-homoserine, D-homoserine,
L-arginine, and D-arginine, in a case where onX%énd » represents an amino acid residue
derived from L-penicillamine or D-penicillamine, tépresents an amino acid residue derived
from an amino acid other than L-serine and D-seamel in a case where there is a plurality of
X’s, the plurality of X’s may be the same as offaliént from each other; g, h, i, and j each
independently represent an integer equal to otgrélaan O; m and n are integers satisfying 0
<sm<9 0sn<9, and & m + n< 9 simultaneously; and K is an integer equal tgreater
than 1, and in a case wherek, X, X2, X3, X3 X° Xi, Xi, Xm, and X, in a repeating unit
[Xi-X3-X X 1-X2-X3-X X P-X ] each may be the same or different between theatiyy units.
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[22] The cyclic peptide described in [21] thatepresented by FormuldA).

RY-X g[X pze X 4-X p1-X X =X X 2-X - X =X P-X 1= X 26X g2 k- X1-RE II'A)

In Formula (1A), RY, RS, X%, X2 X3 X2 X°, Xg Xn, Xm, Xn, @, h, m, n, and k have
the same definitions as those in Formulg Q(“r, e Xp1, Xp2, Xq1, and X2 each represent r
consecutive Xs, s consecutive ¥, pl consecutive X’s, p2 consecutive X’'s, q1 @msive
X's, and g2 consecutive X’s; in a case where on&dand X represents an amino acid
residue derived from L-cysteine or D-cysteine, Yresents an amino acid residue derived
from an amino acid other than L-serine, D-serindyoimoserine, D-homoserine, L-arginine,
and D-arginine, in a case where one 8faxd X represents an amino acid residue derived
from L-penicillamine or D-penicillamineX represents an amino acid residue derived from an
amino acid other than L-serine and D-serine, araléase where there is a plurality of X's, the
plurality of X’s may be the same as or differeminfr each other; in a case where one baxd
X represents an amino acid residue derived fromsdteiye or D-cysteine, %and X each
independently represent an amino acid residue elkrfixom an amino acid having a carboxy
group on a side chain or an amino acid residuevel@rirom an amino acid, other than
L-serine, D-serine, L-homoserine, and D-homosetia®jng a hydroxy group on a side chain,
in a case where one of?Xand X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid having a carlgmoyp on a side chain or an amino acid
residue derived from an amino acid, other thanrinseor D-serine, having a hydroxy group
on a side chain, and in a case where there isralipuof X*s or X*s, the plurality of X's or
Xs may be the same as or different from each othierp2, g1, and g2 each independently
represent an integer equal to or greater tharafidrs each represent an integer satisfyigg 0
<5, 0<s< 5, and 1< Max (r,s)< 5, where Max (r,s) represents a larger one between
numbers represented by r and s in a case wheseand represents r or s in a case where r = s;
and in a case wherex2, X%, X2 X3 X2 X° X%, X%, Xm, Xn, Xp2 Xp1, Xq1, and X2 in a
repeating unit [Xo-X*-Xp1-X*Xm-X-X2-X3X-X -X 1-X X7 each may be the same or
different between the repeating units.

[23] The cyclic peptide described in [21] thatepresented by Formula).

RY-Xy2-X 8- Xz X i-X X =X 2 X X 3-X X P-X ] - X=X =X wa-RE [I{I'B)

In Formula (1B), RY, R®, X%, X%, X3, X2 X°, Xi, X;, Xm, Xn, i, j, M, n, and k have the
same definitions as those in Formuls);(xe, X4 Xui, Xvzs Xw1, @and X, each represent t

consecutive Xs, u consecutive Xs, v1 consecutive X’s, v2 consecutive X’s, wl cengive
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X's, and w2 consecutive X’s; in a case where one&Xdfind X represents an amino acid
residue derived from L-cysteine or D-cysteine, Yresents an amino acid residue derived
from an amino acid other than L-serine, D-serindaoimoserine, D-homoserine, L-arginine,
and D-arginine, in a case where one 8faxid X represents an amino acid residue derived
from L-penicillamine or D-penicillamine, X reprederan amino acid residue derived from an
amino acid other than L-serine and D-serine, araléase where there is a plurality of X's, the
plurality of X’s may be the same as or differemtnfreach other; in a case where one déaid
X" represents an amino acid residue derived fromsteiye or D-cysteine, Xand X each
independently represent an amino acid residue etffrom an amino acid, other than L-serine,
D-serine, L-homoserine, D-homoserine, L-arginined ®-arginine, having an immobilizing
functional group on a side chain or each indepethygerpresent an amino acid residue
derived from an amino acid having an immobiliziogdtional group on a side chain, in a case
where one of Xand X represents an amino acid residue derived from riefiamine or
D-penicillamine, ¥ and X each independently represent an amino acid residreed from
an amino acid, other than L-serine and D-seringinlgaan immobilizing functional group on a
side chain, and in a case where there is a plymfiX®s or X"'s, the plurality of ®'s or X"s
may be the same as or different from each othemgtu each represent an integer satisfying O
<t<5,0su<5, and I Max (t,u)< 5, where Max (t,u) represents a larger one betvgen
numbers represented by t and u in a case wheteand represents t or u in a case where t = u;
vl, v2, wl, and w2 each independently represeimtager equal to or greater than 0; and in a
case where k= 2, X4, X% X3 X% X% X, X, Xm and X% in a repeating unit
[Xi-X3-X X 1-X2-X3-X X P-X ] each may be the same or different between theatiqy units.

[24] The cyclic peptide described in any one df][® [23] that is represented by
Formula (IC).

RM-Xy1-X B X2 [X pr X X pa- X X e X B X X 3-X X P-X 1-X s X ] k- Xowz X - Xwa-RC
[mI'C)

In Formula (IC), RY, R®, X% X2 X3 X® X® Xm, Xn m, n, and k have the same
definitions as those in Formula)(I Xp1, Xp2, Xq1, X2, X% X% X%, X'u, X1, Xv2, X, and
Xwz2 each represent pl consecutive X's, p2 consecufige gl consecutive X's, 2
consecutive X’s, r consecutive™, s consecutive ¥, t consecutive Xs, u consecutive Xs,

vl consecutive X's, v2 consecutive X's, wl conseeuiX’s, and w2 consecutive X's; in a
case where one of*and X represents an amino acid residue derived from stediye or

D-cysteine, X represents an amino acid residuevel@rirom an amino acid other than L-serine,
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D-serine, L-homoserine, D-homoserine, L-arginimed ®-arginine, in a case where one &f X
and X represents an amino acid residue derived fromniefiamine or D-penicillamine, X
represents an amino acid residue derived from ancaatid other than L-serine and D-serine,
and in a case where there is a plurality of X'® fgiurality of X's may be the same as or
different from each other; in a case where one bénd X represents an amino acid residue
derived from L-cysteine or D-cysteine? nd X each independently represent an amino acid
residue derived from an amino acid having a carlgnoyp on a side chain or an amino acid
residue derived from an amino acid, other than rinse D-serine, L-homoserine, and
D-homoserine, having a hydroxy group on a siderghai a case where one of ¥nd X
represents an amino acid residue derived from liplrmine or D-penicillamine, Xand X
each independently represent an amino acid resigueed from an amino acid having a
carboxy group on a side chain or an amino acidivesderived from an amino acid, other than
L-serine and D-serine, having a hydroxy group aida chain, and in a case where there is a
plurality of X*s or X™s, the plurality of X¥'s or X>s may be the same as or different from each
other; in a case where one of Xnd X represents an amino acid residue derived from
L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid, other than L-serinesdbine, L-homoserine, D-homoserine,
L-arginine, and D-arginine, having an immobilizighctional group on a side chain or each
independently represent an amino acid residue efrivom an amino acid having an
immobilizing functional group on a side chain, icase where one of¥nd X represents an
amino acid residue derived from L-penicillamine Brpenicillamine, ¥ and X each
independently represent an amino acid residue e®ffom an amino acid, other than L-serine
and D-serine, having an immobilizing functional gpoon a side chain, and in a case where
there is a plurality of Xs or X”s, the plurality of ¥'s or X"s may be the same as or different
from each other; p1, p2, q1, and g2 each indepélydepresent an integer equal to or greater
than O; r and s each represent an integer satisfysr < 5, 0< s< 5, and 1< Max (r,s)< 5,
where Max (r,s) represents a larger one betweemtwabers represented by r and s in a case
where r# s and represents r or s in a case where r = 8¢l tuaeach represent an integer
satisfying O<t< 5, O<u< 5, and 1< Max (t,u)< 5, where Max (t,u) represents a larger one
between two numbers represented by t and u inewhsre t u and represents t or u in a
case where t = u; vl, v2, wl, and w2 each indepehdeepresent an integer equal to or
greater than 0; and in a case wheee X X', X2, X3, X2 X% X%, X%, Xm, Xn, Xp2 Xp1, Xq1,
and X, in a repeating unit [}-X*-Xp1-X3X mr X1-X2-X3-X - X P-X g1-X %X 7] €ach may be the
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same or different between the repeating units.

[25] The cyclic peptide described in [21], in whiB<g+h+ kx (i+]j+m+n +5)
< 50.

[26] The cyclic peptide described in [22], in whiB< g+ h + kx (m+n+ pl + p2 +
gl + g2 + 5x 50.

[27] The cyclic peptide described in [23], in WhiB< vl + v2 + wl + w2 +t+u + K
x(i+j+m+n+5k50.

[28] The cyclic peptide described in [24], in whi8< vl +v2 +wl +w2 +t+u +Kk
x(m+n+pl+p2+qgl+g2+5)50.

[29] The cyclic peptide described in [22], [2426], or [28], in which the amino acid
having a carboxy group on a side chain is at leastkind of amino acid selected from the
group consisting of L-aspartic acid, D-asparticdadi-glutamic acid, D-glutamic acid,
L-homoglutamic acid, and D-homoglutamic acid, iase where one of®and X represents
an amino acid residue derived from L-cysteine ocySteine, the amino acid, other than
L-serine, D-serine, L-homoserine, and D-homosefa®jng a hydroxy group on a side chain
is at least one kind of amino acid selected froengtoup consisting of L-tyrosine, D-tyrosine,
L-threonine, D-threonine, L-allothreonine, and Detireonine, and in a case where one Bf X
and X represents an amino acid residue derived fromstetye or D-cysteine, the amino acid,
other than L-serine and D-serine, having a hydmgwoup on a side chain is at least one kind
of amino acid selected from the group consisting-bbmoserine, D-homoserine, L-tyrosine,
D-tyrosine, L-threonine, D-threonine, L-allothrenej and D-allothreonine.

[30] The cyclic peptide described in [22], [2426], or [28], in which the amino acid
having a carboxy group on a side chain is L-aspaatid, and the amino acid, other than
L-serine, D-serine, L-homoserine, and D-homosetia@jng a hydroxy group on a side chain
and the amino acid residue derived from the amiid, ather than L-serine and D-serine,
having a hydroxy group on a side chain are L-thirean

[31] The cyclic peptide described in [23], [24]27], or [28], in which the
immobilizing functional group is an amino groupaothiol group.

[32] The cyclic peptide described in [23], [242/7], or [28], in which the amino acid,
other than L-serine, D-serine, L-homoserine, D-hsemnime, L-arginine, and D-arginine,
having an immobilizing functional group on a sidein and the amino acid residue derived
from an amino acid, other than L-serine and D-ggrimaving an immobilizing functional

group on a side chain are at least one kind of amaid selected from the group consisting of
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L-lysine, D-lysine, L-cysteine, D-cysteine, L-honysteine, and D-homocysteine.
[33] The cyclic peptide described in any one df][® [32], in which X is an amino
acid residue derived from an amino acid havinglaroacetyl group on a side chain, selected

from the group consisting of (2S)-2-amino-3-[(2arolacetyl)amino]propanoic acid,

(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-3-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine, Xis
an amino acid residue derived from L-cysteine arySteine or an amino acid residue derived
from L-penicillamine or D-penicillamine, and®&nd X are bonded to each other through a
thioether bond.

[34] The cyclic peptide described in any one df][® [32] in which X' is an amino
acid residue derived from L-cysteine or D-cystearean amino acid residue derived from
L-penicillamine or D-penicillamine, Xis an amino acid residue derived from an amind aci

having a chloroacetyl group on a side chain, setedrom the group consisting of

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic dici
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine, and
X2and X are bonded to each other through a thioether bond.

[35] The cyclic peptide described in any one aof][ [34], in which the partial
amino acid sequence,XX*-X2X3-X, in Formula (1), (I'A), (I'B), or (/'C) and an amino acid
sequence (SEQ ID NO: 1) represented by Formulal{aje sequence homology equal to or
higher than 70%.

A-Y-H-L-G-E-L-V-W [I(1)

In Formula (1), A represents an L-alanine residegpresents an L-tyrosine residue;
H represents an L-histidine residue; L representk-Beucine residue; G represents a glycine
residue; E represents an L-glutamic acid residuegjesents an L-valine residue; and W
represents an L-tryptophan residue.

[36] The cyclic peptide described in any one df][f [35], in which in Formula {),
(I'A), (I'B), or (IC), k= 1.

[37] The cyclic peptide described in [21] thateépresented by Formula (LI
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RM-Xy0-X Bo-X e X H10-Xpo- X 2A-Y-H-X &-G-E-L-V-W-X-X 4-X °s6- X 10-X "uo-Xwo-R®  [ITT
(")

In Formula (1), X Xb, X, RY, and R have the same definitions as those in Formula
(I); in a case where one of*Xand X represents an amino acid residue derived from
L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid having a carboxy groo@maide chain or an amino acid residue
derived from an amino acid, other than L-serineseDine, L-homoserine, and D-homoserine,
having a hydroxy group on a side chain, in a caserarone of Xand X represents an amino
acid residue derived from L-penicillamine or D-peittemine, X' and X each independently
represent an amino acid residue derived from am@mcid having a carboxy group on a side
chain or an amino acid residue derived from an anaitid, other than L-serine and D-serine,
having a hydroxy group on a side chain, and inse eehere there is a plurality of"X or X°'s,
the plurality of X’s or X>s may be the same as or different from each oihea; case where
one of X and X represents an amino acid residue derived fromsteiye or D-cysteine, %X
and X each independently represent an amino acid residrieed from an amino acid, other
than L-serine, D-serine, L-homoserine, D-homosernarginine, and D-arginine, having an
immobilizing functional group on a side chain ocleandependently represent an amino acid
residue derived from an amino acid having an imtimbg functional group on a side chain,
in a case where one of?Xand X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid, other thanrinseeand D-serine, having an immobilizing
functional group on a side chain, and in a casersviteere is a plurality of % or Xs, the
plurality of X®s or X"'s may be the same as or different from each ofhea;case where one
of X* and ¥ represents an amino acid residue derived fromdteiye or D-cysteine, &
represents an L-leucine residue or a D-leucinedvesiin a case where one of xnd X
represents an amino acid residue derived from licplmine or D-penicillamine, X
represents an L-leucine residue, a D-leucine residn L-arginine residue, or a D-arginine
residue; e0 and fO each represent an integerysagsd < eO< 10 and (< fO < 10; pO and g0
each represent an integer satisfying pO< 5 and 0< q0< 5; r0 and sO each represent an
integer satisfying & r0 < 5 and 0< sO< 5; t0 and u0 each represent an integer satisfyrg
t0< 5 and < u0< 5; vO and wO each represent an integer satisfymg0< 5 and X w0< 5;
pO, qo0, r0, sO, t0, u0, vO, and wO satisfg PO + qO + r0 + sO + tO + uO + vO + w039; A

represents an L-alanine residue or a D-alaninduesiY represents an L-tyrosine residue or a
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D-tyrosine residue; H represents an L-histidinédies or a D-histidine residue; G represents a
glycine residue; E represents an L-glutamic ackldiee or a D-glutamic acid residue; L
represents an L-leucine residue; V represents amlihe residue; and W represents an
L-tryptophan residue.

[38] The cyclic peptide described in [37], in whi&® and X each independently
represent an amino acid residue derived from an@itid selected from the group consisting
of L-lysine, D-lysine, L-cysteine, D-cysteine, L+hocysteine, and D-homocysteine.

[39] The cyclic peptide described in [37] or [3B],which X¢ is an amino acid residue

derived from an amino acid having a chloroacetylugr on a side chain selected from the

group consisting of (2S)-2-amino-3-[(2-chloroackyhino]propanoic acid,
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-3-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M¥-chloroacetyl-D-lysine, Xis
an amino acid residue derived from L-cysteine arySteine or an amino acid residue derived
from L-penicillamine or D-penicillamine, and®&nd X are bonded to each other through a
thioether bond.

[40] The cyclic peptide described in [37] or [3B],which X is an amino acid residue
derived from L-cysteine or D-cysteine or an amio@aesidue derived from L-penicillamine
or D-penicillamine, X is an amino acid residue derived from an aminal d@ving a

chloroacetyl group on a side chain selected frome tlgroup consisting of

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic o:1]]
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-d-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M-chloroacetyl-D-lysine, and
X2and X are bonded to each other through a thioether bond.

[41] The cyclic peptide described in any one gftfil[40] that is an antibody binding
ligand.

[42] The cyclic peptide described in any one gftfil[40] that is a linker for labeling
antibodies.

[43] The cyclic peptide described in any one @ftfl[40] that is a linker for antibody

drug conjugates.
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[44] The cyclic peptide described in any one §¢ftfil[40] that is a drug carrier.

[45] An affinity chromatography support comprisiagwater-insoluble support and
the cyclic peptide described in any one of [1]40][ in which the water-insoluble support and
the cyclic peptide are directly or indirectly bodde each other.

[46] A labeled antibody comprising an antibodyabeling compound, and the cyclic
peptide described in any one of [1] to [40], in @hthe antibody and the labeling compound
are bonded to each other through the cyclic peptide

[47] An antibody drug conjugate comprising an lbody, a drug, and the cyclic
peptide described in any one of [1] to [40], in @ithe antibody and the drug are bonded to
each other through the cyclic peptide.

[48] The antibody drug conjugate described in [4@] which the drug is a drug
having undergone liposomization, polymer micelii@at or PEGylation.

[49] A pharmaceutical preparation comprising agdand the cyclic peptide described
in any one of [1] to [40], in which the drug andethyclic peptide are directly or indirectly
bonded to each other.

[50] The pharmaceutical preparation describedd®i,[in which the drug is a drug
having undergone liposomization, polymer micelii@at or PEGylation.

[0014] According to the present invention there pn@vided a cyclic peptide having excellent

antibody binding properties and improved chemi@distance, an affinity chromatography

support, a labeled antibody, an antibody drug aatg, and a pharmaceutical preparation.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] [Cyclic peptide of present invention]

First, the characteristics of the present inventimat are not found in the related art
will be described.

US Patent App. No. 2004/0087765, WO2013/027796Ad a@P2007-289200A
describe cyclic peptides cyclized by forming a tlide bond between two cysteine residues.
According to the results of evaluating the relatbneding activity and the chemical resistance
in Comparative Example 2 which will be describetedaalthough the antibody binding
properties of the cyclic peptides cyclized by fammia disulfide bond between two cysteine
residues are excellent, the chemical resistanceedheis poor, and hence a desired
performance cannot be obtained.

US Patent App. No. 2004/0087765 describes a cpelatide cyclized by forming an

amide bond between two amino acid residues threugkaction between a side-chain amino
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group and a side-chain carboxy group. JP2007-ZB®2@scribes a cyclic peptide cyclized
by forming a lactam bond (amide bond) between aerihinal amino group or a side-chain
amino group and a side-chain carboxy group. Adogrdo the results of evaluating the
relative binding activity and the chemical resiseim Comparative Example 1 which will be
described later, although the chemical resistarficeeocyclic peptide cyclized by the amide
bond between a side-chain amino group and a sideraarboxy group is improved, the
antibody binding properties thereof are poor, aedce a desired performance cannot be
obtained.

On the contrary, in the present invention, becahgeconstitutions which will be
described later are adopted, a cyclic peptide lgagicellent antibody binding properties and
improved chemical resistance could be obtained.

[0016] In the present specification, in a case wh&” is used for a range of numerical values,
the numerical values listed on the left and rigides of “to” are included in the range of
numerical values.

[0017] <Amino acid and amino acid residue>

In the present invention, in principle, amino acate described using names, codes,
and the like adopted by INTERNATIONAL UNION OF PURMAD APPLIED CHEMISTRY
and INTERNATIONAL UNION OF BIOCHEMISTRY AND MOLECUKR BIOLOGY
IUPAC-IUB Joint Commission on Biochemical Nomenalat (JCBN). Furthermore, amino
acid residues are described using the codes ofoaatials from which the amino acid residues
are derived. The amino acid residues include Rhteal amino acids (N-terminal residues)
and C-terminal amino acids (C-terminal residues).

[0018] Unless otherwise specified, the amino acatjugnce (referred to as “primary
structure”) of a peptide or a protein is describgaligning amino acid residues in a line, such
that the left end of the line becomes the N-terirémal the right end of the line becomes the
C-terminal. In a case where an amino acid residliee amino acid sequence of a peptide or
a protein is identified, including the position theef, sometimes a number showing which
position the amino acid residue occupies from titemsinal side is placed on the right side of
the code of the amino acid residue. For exampkesecond L-lysine from the N-terminal is
described as Lys2 in some cases.

[0019] In a case where an amino acid is descrilsgtguts name, and the amino acid includes
isomers having an enantiomeric relationship, teain a case where the amino acid includes

an L-isomer and a D-isomer, except for a case whwgelL-isomer and the D-isomer are
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clearly differentiated from each other, the amimidarepresents the L-isomer in principle.
For example, “isoleucine” represents “L-isoleucinghd the enantiomer of “isoleucine”
represents “D-isoleucine”. The same is true fomanacid residues.
[0020] In a case where an amino acid is descrilsathuts code (three-letter code or one-letter
code), and the amino acid includes isomers hawngreantiomeric relationship, that is, in a
case where the amino acid includes an L-isomeraaDdsomer, except for a case where the
L-isomer and the D-isomer are clearly differentht#om each other, the amino acid
represents the L-isomer in principle. Here, “Xpmesenting any amino acid is not limited
thereto. For example, “Lys” and “L-Lys” both repest “L-lysine”, and “D-Lys” represents
“D-lysine”. The same is true for amino acid regdu
[0021] In a case where an amino acid is descrilsgtguts name, and the amino acid includes
isomers having a diastereomeric relationship, seeners are not included in the amino acid
specified by its name. A diastereomer is describgidg a prefix “allo” and regarded as a
different kind of amino acid. For example, “thr@mi and “L-threonine” do not include
“L-allothreonine”, and “D-threonine” does not inde “D-allothreonine”. The same is true
for amino acid residues.
[0022] Table 1 shows the names and the codes éites-tode and three-letter code) of amino
acids having officially recognized one-letter codes three-letter codes.
[0023] [Table 1]

One-letter | Three-letter One-letter | Three-letter
code code Name code code Name
A Ala L-alanine (0] Pyl L-pyrrolysine
B Asx t:::sz:g;in:md ° P Pro L-proline
C Cys L-cysteine Q GIn L-glutamine
D Asp L-aspartic acid R Arg L-arginine
E Glu L-glutamic acid S Ser L-serine
F Phe L-phenylalanine T Thr L-threonine
G Gly Glycine U Sec L-selenocysteine
H His L-histidine \% Val L-valine
I lle L-isoleucine w Trp L-tryptophan
K Lys L-lysine X Xaa Any amino acid
L Leu L-leucine Y Tyr L-tyrosine
M Met L-methionine Z Glx Il:gllﬂ;fgnrq:ﬁe acid o
N Asn L-asparagine

[0024] The amino acids are not limited to thostetisin Table 1, and the amino acids referred
to as unusual amino acid can also be used. Exangplenusual amino acids are listed in

Table 2 shown below, but the present inventioroisimited thereto.
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[0025] [Table 2]

Three-letter code Name Three-letter code Name
Aad Homoglutamic acid Dpr 2,3-Diaminopropanoic acid
BAad 3-Aminoadipic acid Gla 4-Carboxyglutamic acid
Abu 2-Aminobutanoic acid Glp 5-Oxoproline
Asbu 2,4-Diaminobutanoic acid Hcy Homocysteine
Ahx 2-Aminohexanoic acid Hse Homoserine
Ahe 2-Aminoheptanoic acid Hsl Homoserine lactone
Aib 2-Aminoisobutyric acid 5Hyl 5-Hydroxylysine (Hy
€Ahx 6-Aminohexanoic acid aHyl allo-Hydroxylysine
BAla [B-Alanine 3Hyp 3-Hydroxyproline
Ape 2-Aminopentanoic acid 4Hyp 4-Hydroxyproline
Aopr 2,3-Diaminopropanoic acigl alle allo-Isoleucine
Apm 2-Aminopimelic acid Nle Norleucine
Apm 2,6-Diaminopimelic acid Nva Norvaline
Cit Citrulline Oorn Ornithine
Cya Cysteic acid Sar Sarcosine
Dbu 2,4-Diaminobutanoic acid aThr allo-Threonine
Dpm 2,6-Diaminopimelic acid Thx Thyroxine
Pen Penicillamine

[0026] <Structure of cyclic peptide () of presémiention>

Hereinafter, the cyclic peptide of the presentimion will be specifically described.

The cyclic peptide of the present invention ig/elic peptide represented by Formula
.

RY-X g[X =X X =X X 2 X - X =X P-X ] - X p-R I )
[0027] In Formula (1), for example, Xmeans that n X’s are linked to each other. Ireoth
words, X, means-(X),—.  Xg, Xn, Xi, Xj, and X, mean the same thing ag.X
[0028] <<Cyclic portion, linear portion, cross-liet portion, and antibody binding portion>>

Regarding the cyclic peptide of the present inentin a polypeptide chain, a ring
portion closed by cross-linking is referred to asyalic portion, and a portion which is not
included in the cyclic portion is referred to asireear portion. Furthermore, in the cyclic
portion, a portion forming a cross-linked structurehe molecule of the cyclic peptide of the
present invention is referred to as a cross-lingedion, and a portion greatly favoring the
antibody binding properties of the cyclic peptidettee present invention is referred to as an
antibody binding portion.

In the cyclic peptide represented by Formula“f)?-Xm-X-X2-X3X-X™" is a cyclic
portion, “Xy", “Xy”, “Xi”, and “X;" are linear portions, “% and “X" are cross-linked portions,
and “X-X?-X* is an antibody binding portion.

In Formula (1), [XX*Xm-X1-X2X3-X-X"-X|] is referred to as a repeating portion in
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some cases.
[0029] <<N-terminal group>>

In Formula (1), R represents an N-terminal group.

Examples of the N-terminal group include an angnaup, and the amino group may
have undergone N-terminal modification such as Bidation, N-formylation, or N-acylation.
[0030] <<C-terminal group>>

In Formula (1), R represents a C-terminal group.

Examples of the C-terminal group include a carbgxyup, and the carboxy group
may have undergone C-terminal modification suchraglation.

[0031] <<<X!, X?, and X>>

In Formula (1), ¥ is an L-leucine residue, an L-isoleucine resicarel-methionine
residue, an L-lysine residue, or an L-argininedesi X is preferably an L-leucine residue
or an L-isoleucine residue, and more preferabliz-#gucine residue.

In Formula (1), X is an L-valine residue or an L-isoleucine resicare] preferably an
L-valine residue.

In Formula (1), X is an L-tryptophan residue.

[0032] <<X*and X¥>>

In Formula (1), X and X are as explained in first to fourth embodimentscdeed
below.

[0033] (First embodiment)

In Formula (I), X and X each independently represent an amino acid resielieed
from an amino acid, other than L-cysteine and Diaipe, having a thiol group on a side chain,
and are bonded to each other through a disulfide .bo
[0034] ((Type of amino acid and amino acid resiflue)

The amino acid, other than L-cysteine and D-cystehaving a thiol group on a side
chain is not particularly limited as long as itas amino acid, other than L-cysteine and
D-cysteine, having a thiol group on a side chaiBxamples of the amino acid include an
amino acid represented by the following formula.

[0035]
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SH

(CH,),,

1
H,N-C-C-OH
H u

O

[0036] In the above formula, n is an integer eqoabr greater than 2. n is preferably an
integer satisfying Z n < 4, more preferably an integer satisfyinge 2 < 3, and even more
preferably 2.

The amino acid represented by the above formulalmeaan L-isomer or a D-isomer,
and is preferably an L-isomer.

[0037] Specifically, examples of the amino acidyestthan L-cysteine and D-cysteine, having
a thiol group on a side chain include L-homocysteiD-homocysteine, L-bishomocysteine,
D-bishomocysteine, and the like, but the amino &bt limited to these.

The amino acid, other than L-cysteine and D-cystehaving a thiol group on a side
chain is preferably L-homocysteine or D-homocysteand more preferably L-homocysteine.
[0038] Examples of amino acid residues derived ftbm amino acid, other than L-cysteine
and D-cysteine, having a thiol group on a sidercivalude an amino acid residue represented
by the following formula.

[0039]
g - ¥

(CH,),

|
¥=N-=-C=C~-Q=—%*
H H

O

[0040] In the above formula, n is an integer eqoabr greater than 2. n is preferably an
integer satisfying Z n < 4, more preferably an integer satisfyinge 2 < 3, and even more
preferably 2; and * represents a binding point.

The amino acid residue represented by the abawveuta may be derived from an
L-amino acid or a D-amino acid, and is preferaldyived from an L-amino acid.
[0041] Specifically, examples of the amino acididae derived from an amino acid, other

than L-cysteine and D-cysteine, having a thiol grmn a side chain include amino acid
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residues derived from  L-homocysteine, D-homocystein L-bishomocysteine,
D-bishomocysteine, and the like, but the amino aesidue is not limited to these.

The amino acid residue derived from the amino ,aoitier than L-cysteine and
D-cysteine, having a thiol group on a side chaiprisferably an amino acid residue derived
from L-homocysteine or D-homocysteine, and mordepadbly an amino acid residue derived
from L-homocysteine.

[0042] ((Disulfide bond))

In the first embodiment of the cyclic peptide loé fpresent invention, betweef ahd
X a cross-linked structure is formed by a disulfidad formed between side-chain disulfide
groups. That s, a disulfide bond is formed betwaeside-chain thiol group of a first amino
acid residue, which is derived from an amino aather than L-cysteine and D-cysteine,
having a thiol group on a side chain, and a sid@rchhiol group of a second amino acid
residue derived from an amino acid, other than $teiye and D-cysteine, having a thiol
group on a side chain.

[0043] The following formula shows an example oé ttross-linked structure formed by the
formation of a disulfide bond between side-chailtigroups of two amino acid residues

derived from amino acids, other than L-cysteine Bratysteine, having a thiol group on a side

chain.
[0044]
S S
{ I
(CH,),, (CH,),
i I
F-N-E-E-0 " -~ C~0~%
H H H H u
O O

[0045] In the above formula, m is an integer edoabr greater than 2, preferably an integer
satisfying 2< m < 4, more preferably an integer satisfying<s2m < 3, and even more
preferably 2; n is an integer equal to or gredtant2, preferably an integer satisfying & <
4, more preferably an integer satisfying 2 < 3, and even more preferably 2; it is particularly
preferable that m = n = 2; and * represents a bomgoint.
[0046] (Second embodiment)

In Formula (1), one of Xand X represents an amino acid residue derived from an
amino acid, other than L-cysteine, D-cysteine, bipdlamine, and D-penicillamine, having a

thiol group on a side chain and the other reprasantamino acid residue derived from an
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amino acid having a haloacetyl group on a sidergtaid X and X are bonded to each other
through a thioether bond.
[0047] ((Type of amino acid and amino acid resiflue)

The amino acid, other than L-cysteine, D-cysteirlepenicillamine, and
D-penicillamine, having a thiol group on a sideioha not particularly limited as long as it is
an amino acid, other than L-cysteine, D-cysteinegyehicillamine, and D-penicillamine,
having a thiol group on a side chain. Examplesetbfeinclude an amino acid represented by
the following formula.

[0048]
SH

(CH,),,

I
H,N - C - C- OH
H u
O
[0049] In the above formula, n is an integer edoabr greater than 2, preferably an integer
satisfying 2< n< 4, more preferably an integer satisfying & < 3, and even more preferably
2.

The amino acid represented by the above formulaleaan L-isomer or a D-isomer,

and is preferably an L-isomer.
[0050] Specifically, examples of the amino acidhest than L-cysteine, D-cysteine,
L-penicillamine, and D-penicillamine, having a thigroup on a side chain include
L-homocysteine, D-homocysteine, L-bishomocysteldehishomocysteine, and the like, but
the amino acid is not limited to these.

From the viewpoint of economic efficiency, the amiacid, other than L-cysteine,
D-cysteine, L-penicillamine, and D-penicillamineayng a thiol group on a side chain is
preferably L-homocysteine or D-homocysteine, andenpweferably L-homocysteine.

[0051] Examples of the amino acid residue derivedhfthe amino acid, other than L-cysteine,
D-cysteine, L-penicillamine, and D-penicillamineving a thiol group on a side chain include
an amino acid residue represented by the folloviongiula.

[0052]
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S__*

(CHZ)n

¥-N-C=C~-0~=*
H H
0O

[0053] In the above formula, n is an integer eqoabr greater than 2, preferably an integer
satisfying 2< n< 4, more preferably an integer satisfying 2 < 3, and even more preferably
2; and * represents a binding point.

The amino acid residue represented by the abaweuta may be derived from an
L-amino acid or a D-amino acid, and is preferalgyived from an L-amino acid.
[0054] Specifically, examples of the amino acididae derived from the amino acid, other
than L-cysteine, D-cysteine, L-penicillamine, anep@nicillamine, having a thiol group on a
side chain include amino acid residues derived frofhomocysteine, D-homocysteine,
L-bishomocysteine, D-bishomocysteine, and the liké,the amino acid residue is not limited
to these.

From the viewpoint of economic efficiency, the amiacid residue derived from the
amino acid, other than L-cysteine, D-cysteine, bipdamine, and D-penicillamine, having a
thiol group on a side chain is preferably an armana residue derived from L-homocysteine
or D-homocysteine, and more preferably an amind esidue derived from L-homocysteine.
[0055] The amino acid having a haloacetyl groupaide chain is not particularly limited as
long as it is an amino acid having a haloacetyugron a side chain. Examples thereof
include an amino acid represented by the followargwla.

[0056]
O

HN - C - CH, - X
|

(CH,),,
|

H,N - C - C - OH
H i
0

[0057] In the above formula, m is an integer edoabr greater than 1, preferably an integer
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satisfying 1< m < 4, more preferably an integer satisfying<3m < 4, and even more
preferably 4; and X represents a halogen atomembly represents a chlorine atom or a
bromine atom, and more preferably represents ainklatom.

The amino acid represented by the above formulaleaan L-isomer or a D-isomer,
and is preferably an L-isomer.
[0058] In a case where n = 1 the above formula resgnts
N3-haloacetyl-2,3-diaminopropanoic acid[2-amino-3H¥@oacetyl)amino]propanoic acid]; in
a case where n = 2, the above formula represefthalacetyl-2,4-diaminobutanoic
acid[2-amino-4-[(2-haloacetyl)amino]butanoic acid];a case where n = 3, the above formula
represents N-haloacetyl ornithine; and in a case where n =hd,above formula represents
N-g-haloacetyl lysine.

Here, the amino acid having a haloacetyl group sitle chain is not limited to these.
[0059] Examples of the amino acid residue derivednfthe amino acid having a haloacetyl
group on a side chain include an amino acid residpeesented by the following formula.
[0060]

)

]}
HN - C-CH, - *
|

(CH,).,

|

TN~~~ ~*
H H
O

[0061] In the above formula, m is an integer edoabr greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfying<3m < 4, and even more
preferably 4; X represents a halogen atom, prefgrapresents a chlorine atom or a bromine
atom, and more preferably represents a chlorin@;aand * represents a binding point.

The amino acid residue represented by the abaveuta may be derived from an
L-amino acid or a D-amino acid, and is preferaldyived from an L-amino acid.
[0062] Specifically, examples of the amino acidaas derived from the amino acid having a
haloacetyl group on a side chain include amino ac&kidues derived from
(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic dici
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
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(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,
N-o-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, Ne-chloroacetyl-D-lysine, and the
like, but the amino acid residue is not limitedhese.

From the viewpoint of economic efficiency, the amiacid residue derived from the
amino acid having a haloacetyl group on a siderclgipreferably an amino acid residue
derived from Né&-chloroacetyl-L-ornithine, Nb-chloroacetyl-D-ornithine,
N-e-chloroacetyl-L-lysine, or N~chloroacetyl-D-lysine, and more preferably an amatid
residue derived from N-chloroacetyl-D-lysine.

[0063] ((Thioether bond))

In the second embodiment of the cyclic peptidéhef present invention, betweeft X
and X, a cross-linked structure is formed by a thioethemd formed between the side-chain
thiol group and the side-chain haloacetyl grouphatTis, the thioether bond is formed
between a thiol group of a first amino acid residieeived from an amino acid, other than
L-cysteine, D-cysteine, L-penicillamine, and D-pitamine, having a thiol group on a side
chain, and a haloacetyl group of a second amir r@sidue which is derived from an amino
acid having a haloacetyl group on a side chain.

[0064] The following formulae show examples of tteoether bond formed between the
side-chain thiol group of the amino acid residubjol is derived from the amino acid, other
than L-cysteine, D-cysteine, L-penicillamine, angbé&nicillamine, having a thiol group on a
side chain and the side-chain haloacetyl grouphefamino acid residue derived from the

amino acid having a haloacetyl group on a siderchai

[0065]
@)
1
HN - C - CH, S
| |
(CHz)m (CHZ)n
i I
*~-N-C-C-0-* *~-N-C-C-0-*
H H H H
0] O

[0066]



O
]
S CH, - C - NH
| |
(CHZ)n (CHZ)m
1 |
*-N-C-C-0-* *-N-C-C-0-*
H H u H H
O O

[0067] In the above formulae, m is an integer eqaalr greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfyings3m < 4, and even more
preferably 4; n is an integer equal to or grediant2, preferably an integer satisfying 2 <

4, more preferably an integer satisfying B < 3, and even more preferably 2; it is particularly
preferable that m = 4 and n = 2; and * represemhisding point.

[0068] Regarding Xand X, X2 may be an amino acid residue derived from an araiio
having a haloacetyl group on a side chain, ahdndy be an amino acid residue derived from
an amino acid, other than L-cysteine, D-cysteinegyehicillamine, and D-penicillamine,
having a thiol group on a side chain; dtrday be an amino acid residue derived from amino
acid, other than L-cysteine, D-cysteine, L-peraailine, and D-penicillamine, having a thiol
group on a side chain and ¥ay be an amino acid residue derived from an amii having

a haloacetyl group on a side chain.

[0069] A thioether bond is known to be a bond neieble than a disulfide bond.

[0070] (Third embodiment)

In Formula (1), one of Xand X represents an amino acid residue derived from
L-cysteine or D-cysteine and the other representsaraino acid residue derived from an
amino acid having a haloacetyl group on a sidertaid X and X are bonded to each other
through a thioether bond.

[0071] ((Type of amino acid and amino acid residlue)

The amino acid having a haloacetyl group on a si@den is not particularly limited as
long as it is an amino acid having a haloacetyugron a side chain. Examples thereof
include an amino acid represented by the followargwla.

[0072] (Fourth embodiment)

In Formula (1), one of Xand X represents an amino acid residue derived from

L-penicillamine or D-penicillamine and the othepmesents an amino acid residue derived

from an amino acid having a haloacetyl group oida shain, and Xand X are bonded to
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each other through a thioether bond.
[0073]
O

I
HN - C - CH, - X
i

(CH,).,

H,N - C - C - OH
H i
0

[0074] In the above formula, m is an integer eqoabr greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfyings3m < 4, and even more
preferably 4; and X represents a halogen atomembly represents a chlorine atom or a
bromine atom, and even more preferably represecitdosine atom.

The amino acid represented by the above formulalmeaan L-isomer or a D-isomer,
and is preferably an L-isomer.
[0075] In a case where n= 1, the above formula esgmts
N3-haloacetyl-2,3-diaminopropanoic acid[2-amino-3H¥@oacetyl)amino]propanoic acid]; in
a case where n = 2, the above formula represefithalacetyl-2,4-diaminobutanoic
acid[2-amino-4-[(2-haloacetyl)amino]butanoic acit];a case where n = 3, the above formula
represents N-haloacetyl ornithine; and in a case where n =hd,above formula represents
N-g-haloacetyl lysine.

Here, the amino acid having a haloacetyl group site chain is not limited to these.
[0076] Examples of the amino acid residue derivednfthe amino acid having a haloacetyl
group on a side chain include an amino acid residpeesented by the following formula.
[0077]
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)

i
HN - C - CH, - *
I

(CH,),,

|
*-N-C-C-0Q0~-*
H H

O

[0078] In the above formula, m is an integer edoabr greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfyings3m < 4, and even more
preferably 4; X represents a halogen atom, moréeely represents a chlorine atom or a
bromine atom, and even more preferably representbl@ine atom; and * represents a
binding point.

The amino acid residue represented by the abaveuta may be derived from an
L-amino acid or a D-amino acid, and is preferaldyived from an L-amino acid.
[0079] Specifically, examples of the amino aciddae derived from the amino acid having a

haloacetyl group on a side chain include amino ac&bkidues derived from

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic aacCi
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, Ne-chloroacetyl-D-lysine, and the
like, but the amino acid residue is not limitedhese.

From the viewpoint of economic efficiency, the amiacid residue derived from the
amino acid having a haloacetyl group on a siderclmipreferably an amino acid residue
derived from Né&-chloroacetyl-L-ornithine, Nb-chloroacetyl-D-ornithine,
N-g-chloroacetyl-L-lysine, or N-chloroacetyl-D-lysine, and more preferably an amacid
residue derived from N-chloroacetyl-D-lysine.

[0080] ((Thioether bond))

In the third embodiment of the cyclic peptide bé tpresent invention, betweerd X
and X, a cross-linked structure is formed by a thioethand formed between the side-chain
thiol group and the side-chain haloacetyl grouphatTis, the thioether bond is formed

between a thiol group of a first amino acid resideeved from L-cysteine or D-cysteine and
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a haloacetyl group of a second amino acid resiceréevetl from an amino acid having a
haloacetyl group on a side chain.
[0081] The following formulae show examples of ttmoether bond formed between the
side-chain thiol group of the amino acid residuevéel from L-cysteine or D-cysteine and the
side-chain haloacetyl group of the amino acid msiderived from the amino acid having a

haloacetyl group on a side chain.

[0082]
0]
1
HN - C - CH, S
| |
(CH,)., CH,
i |
*~N-C-C-0-*% *~N-C-C-0-*
H H H H
0] O
[0083]
O
1
f CH, -C-NH
| I
CH, (CHZ)m
I I
F-N-~C~C~Q~* PmlN-L~E~0Q ¥
H 1 H n
O @)

[0084] In the above formulae, m is an integer eqoair greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfyings3m < 4, and even more
preferably 4; and * represents a binding point.

[0085] Regarding Xand X, X® may be an amino acid residue derived from an araiio
having a haloacetyl group on a side chain, ahdndy be an amino acid residue derived from
L-cysteine or D-cysteine; or ®may be an amino acid residue derived from L-cystedr
D-cysteine, and X may be an amino acid residue derived from an anaicid having a
haloacetyl group on a side chain.

[0086] A thioether bond is known to be a bond n&ieble than a disulfide bond.

[0087] ((Type of amino acid and amino acid resiglue)

The amino acid having a haloacetyl group on a sliden is not particularly limited as
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long as it is an amino acid having a haloacetyugron a side chain. Examples thereof
include an amino acid represented by the followargwla.
[0088]

O

HN - C - CH, - X
{

(CH,).,
|

H,N - C - C - OH
H ]
0

[0089] In the above formula, m is an integer edoabr greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfying<3m < 4, and even more
preferably 4; and X represents a halogen atomembly represents a chlorine atom or a
bromine atom, and more preferably represents ainklatom.

The amino acid represented by the above formulalmaan L-isomer or a D-isomer,
and is preferably an L-isomer.
[0090] In a case where n= 1, the above formula ewsgts
N3-haloacetyl-2,3-diaminopropanoic acid[2-amino-3H¥@oacetyl)amino]propanoic acid]; in
a case where n = 2, the above formula represerithalacetyl-2,4-diaminobutanoic
acid[2-amino-4-[(2-haloacetyl)amino]butanoic aciud];a case where n = 3, the above formula
represents N-haloacetyl ornithine; and in a case where n =hd,above formula represents
N-ge-haloacetyl lysine.

Here, the amino acid having a haloacetyl group site chain is not limited to these.
[0091] Examples of the amino acid residue derivednfthe amino acid having a haloacetyl
group on a side chain include an amino acid residpeesented by the following formula.
[0092]
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)

1}
HN - C-CH, - *
|

(CH,),,

1
*-N-C-C-0-*
H H
O

[0093] In the above formula, m is an integer edoabr greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfyings3m < 4, and even more
preferably 4; X represents a halogen atom, prefgrapresents a chlorine atom or a bromine
atom, and more preferably represents a chlorin@;aand * represents a binding point.

The amino acid residue represented by the abaveuta may be derived from an
L-amino acid or a D-amino acid, and is preferaldyived from an L-amino acid.
[0094] Specifically, examples of the amino aciddae derived from the amino acid having a

haloacetyl group on a side chain include amino ac&bkidues derived from

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic daci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic (¢:10]
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, Ne-chloroacetyl-D-lysine, and the
like, but the amino acid residue is not limitedhese.

From the viewpoint of economic efficiency, the amiacid residue derived from the
amino acid having a haloacetyl group on a sidercigipreferably an amino acid residue
derived from Né&-chloroacetyl-L-ornithine, Nb-chloroacetyl-D-ornithine,
N-g-chloroacetyl-L-lysine, or N-chloroacetyl-D-lysine, and more preferably an amacid
residue derived from N-chloroacetyl-D-lysine.

[0095] ((Thioether bond))

In the fourth embodiment of the cyclic peptidetisd present invention, betweeri X
and X, a cross-linked structure is formed by a thioethand formed between the side-chain
thiol group and the side-chain haloacetyl grouphatTis, the thioether bond is formed
between a thiol group of a first amino acid residierived from L-penicillamine or
D-penicillamine and a haloacetyl group of a secamiho acid residue derived from an amino

acid having a haloacetyl group on a side chain.
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[0096] The following formulae show examples of ttmoether bond formed between the
side-chain thiol group of the amino acid residuerivéel from L-penicillamine or
D-penicillamine and the side-chain haloacetyl grafigthe amino acid residue derived from

the amino acid having a haloacetyl group on a cidén.

[0097]
O
I
HN - C - CH, S
I |
(CH,),, G{CH).,
i I
*~N-C-C-0-* *~N-C-C-0-*
H H H H
0 O
[0098]
O
1
S CH, - C-NH
I |
C(CH;), (CH,),,
I |
¥*-~N-C-C-0-* ¥=-N-C-C-0Q-*%*
H H H H
0] (0]

[0099] In the above formulae, m is an integer eqoair greater than 1, preferably an integer
satisfying 1< m < 4, more preferably an integer satisfyings3m < 4, and even more
preferably 4; and * represents a binding point.
[0100] Regarding Xand X, X* may be an amino acid residue derived from an araiio
having a haloacetyl group on a side chain, ahdndy be an amino acid residue derived from
L-penicillamine or D-penicillamine; or Xmay be an amino acid residue derived from
L-penicillamine or D-penicillamine, andmay be an amino acid residue derived from an
amino acid having a haloacetyl group on a siderchai
[0101] A thioether bond is known to be a bond nsieble than a disulfide bond.
[0102] <<Xg, Xn, Xi, Xj, Xm, and X%>>

In Formula (1), X%, Xn X, X;, Xm, and X each represent g consecutive X’'s, h
consecutive X's, i consecutive X’s, | consecutivs,Xn consecutive X’s, and n consecutive
X’s.
[0103] In Formula (1), in a case where X represarsamino acid residue, and there is a
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plurality of X’s, the plurality of X’s may be theame as or different from each other.

In Formula (1), X is not particularly limited asrig as it is an amino acid residue. X
is preferably an amino acid residue derived fromaamno acid selected from the group
consisting of amino acids (excluding B, Z, and Kpwn in Table 1 and amino acids shown in
Table 2, and more preferably an amino acid rest#revzed from an amino acid selected from
the group consisting of amino acids (excluding B,add X) shown in Table 1. In a case
where there is an enantiomer or a diastereomdresietamino acids, X may be an amino acid
residue derived from the enantiomer or the diastaee.

[0104] In Formula (1), g, h, i, and j each indepently represent an integer equal to or greater
than 0.

g preferably satisfies € g < 20, more preferably satisfies<Og < 10, and even more
preferably satisfies 8 g< 5.

h preferably satisfies € h< 20, more preferably satisfies<Cth < 10, and even more
preferably satisfies @ h< 5.

i preferably satisfies & i < 20, more preferably satisfies<0i < 10, and even more
preferably satisfies 8 < 5.

| preferably satisfies & j < 20, more preferably satisfies<0j < 10, and even more
preferably satisfies 8 < 5.

[0105] In Formula (I), m and n are integers satitfyf0< m<9and 0<n<9. mand n
satisfy 3< m + n< 9, preferably satisfy 4 m + n< 8, and more preferably satisfy<im + n<
7.

[0106] <<Number of amino acid residues in cyclictpm>>

In Formula (I), the number of amino acid resid[{es + n + 5) residues] in the cyclic
portion [X3-X,-X1-X?-X3-X-X"] is 8 to 14, preferably 9 to 13, and more prefgrd to 12.

In a case where the number of amino acid resigdudse cyclic portion is within the
above range, the intramolecular strain of the cypéiptide does not excessively increase, and
the high-order structure such ashelix is stabilized. Therefore, the antibody bintd
properties of the cyclic peptide of the preseneirtion become excellent.

[0107] <<Number of repeating units>>

k is an integer satisfying ¥ 1. k preferably satisfies 4 k < 3, more preferably
satisfies k k< 2, and even more preferably satisfies k = 1.

Although the number of repeating units is not ipatarly limited, the larger the

number of repeating units, the more the cyclicipog can be included in the cyclic peptide.
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Accordingly, it is possible to improve the antiboldinding properties of the cyclic peptide.
The smaller the number of repeating units, theh&rrthe total number of amino acid residues
can be reduced. Accordingly, it is possible tabitithe antigenicity of the cyclic peptide.
From the viewpoint the synthesis cost of the cypbptide, it is preferable that the number of
amino acid residues and the number of repeating ane small.
[0108] In a case wherex2, that is, in a case where the cyclic peptideesgnted by Formula
(1) includes two or more repeating unitsX*X,-X-X%X3-X-X-X ], X*, X%, X3, X2 X°, X,
Xj, Xm, and X, in the repeating unit each may be the same ceréift between the repeating
units.
[0109] <<<Total number of amino acid residues inlicypeptide>>

The total number of amino acid residues in thdicymeptide represented by Formula
(1) is preferably 8 to 50, more preferably 9 to é@en more preferably 10 to 30, and still more
preferably 10 to 20.

That is, in Formula (1), g, h, i, j, m, n, and teferably satisfy & g+ h+ (i+j+m +
n + 5)x k < 50, more preferably satisfy9g + h + (i + ] + m + n + 5k k < 40, even more
preferably satisfy 1& g+ h + (i + j + m + n + 5% k < 30, and still more preferably satisfy 10
<g+h+(i+j+m+n+5%k<20.

Generally, the larger the number of amino aciiltess, the higher the manufacturing
cost. Therefore, from the viewpoint of economiticedncy, it is preferable that the total
number of amino acid residues is small.

[0110] <<Molecular weight of cyclic peptide>>

The molecular weight of the cyclic peptide represd by Formula (I) is not
particularly limited. However, from the viewpoiof antigenicity, the molecular weight of
the cyclic peptide of the present invention is grably about equal to or smaller than 5,000,
more preferably about equal to or smaller than@l,@@en more preferably about equal to or
smaller than 3,000, and most preferably about eguail smaller than 2,000. “About” means
that the molecular weight includes a margir:@%o.

[0111] <<Exception in third embodiment>>

In the third embodiment of the present inventidhjn Formula (l) represents an
amino acid residue derived from an amino acid othan L-serine, D-serine, L-homoserine,
D-homoserine, L-arginine, and D-arginine, and iceae where there is a plurality of X's, the
plurality of X’s may be the same as or differeminfreach other.

In the third embodiment of the present inventiture to this difference, Formula (1) is
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referred to as Formula’)lin some cases.
[0112] <<Exception in fourth embodiment>>

In the fourth embodiment of the present inventi¥nin Formula (I) represents an
amino acid residue derived from an amino acid oth&n L-serine and D-serine, and in a case
where there is a plurality of X’s, the plurality ¥fs may be the same as or different from each
other.

In the fourth embodiment of the present inventdure to this difference, Formula (1)
is referred to as Formuld)in some cases.
[0113] <Structure of cyclic peptide (IA) of presemeention>

The cyclic peptide of the present invention isf@rably a cyclic peptide represented
by Formula (I1A).

RY-X g[X pze X =X p1-X X =X X 2-X3-X =X P-X 1= X 26X 2 k- X =R [I(IA)
[0114] In Formula (1A), all of B, R®, X%, X2, X3, X3 X°, Xg, Xp, Xm Xn, X, g, h, m, n, and k
have the same definitions as those in Formula (I).

In Formula (I1A), similarly to X in Formula (I), % means that n X’s are linked to
each other. The same is true o, Xp1, Xp2, Xq1, and X

In Formula (1A), X, and X5 each mean that r*$ are linked to each other, and 3sX
are linked to each other.
[0115] <<Cyclic portion, linear portion, cross-ld portion, and antibody binding portion>>

In the cyclic peptide represented by Formula (IAg", “Xy", “X pz-X“r-Xpl", and
“X ql-x5s-xq2" are linear portions. The cyclic portion, the ssdinked portion, and the
antibody binding portion are the same as thosd&enciclic peptide represented by Formula
.

In Formula (IA), [XzX*-Xp-X3Xm-X-X2X3X - XP-Xq1-X% X 2] is a repeating
unit.
[0116] <<X! and X>>

In Formula (1A), X, and X5 each mean r consecutivéd’&and s consecutive®.
[0117] In Formula (1A), X and X each independently represent an amino acid resieiieed
from an amino acid having a carboxy group on a slt&n or an amino acid residue derived
from an amino acid having a hydroxy group on a siun.

In a case where there is a plurality dfs¥or X>'s, the plurality of X's or X>s may be
the same as or different from each other.

[0118] In Formula (IA), r and s each representraeder satisfying & r< 5, 0<s<5, and k



37
Max (r,s)< 5. rand s preferably each represent an integesfyang 0<r < 4, 0< s< 4, and
1 < Max (r,s)< 4, and more preferably each represent an integiesfysng 0< r < 3, 0< s< 3,
and 1< Max (r,s)< 3.

Max (r,s) represents a larger one between two eusntepresented by r and s in a
case where# s and represents r or s in a case wherer = s.

[0119] (Amino acid having carboxy group on sideioha

Examples of the amino acid having a carboxy graupa side chain include
L-aspartic acid, D-aspartic acid, L-glutamic ackkglutamic acid, L-homoglutamic acid,
D-homoglutamic acid, and the like.

[0120] (Amino acid having hydroxy group on side icha

Examples of the amino acid having a hydroxy groom side chain include L-serine,
D-serine, L-homoserine, D-homoserine, L-tyrosinetyfsine, L-threonine, D-threonine,
L-allothreonine, D-allothreonine, and the like.

[0121] (Preferred amino acid residues)

X* and X preferably each independently represent an amiih residue selected
from the group consisting of an L-serine residuB-serine residue, an L-homoserine residue,
a D-homoserine residue, an L-aspartic acid residug;aspartic acid residue, an L-glutamic
acid residue, a D-glutamic acid residue, an L-hdotagiic acid residue, a D-homoglutamic
acid residue, an L-tyrosine residue, a D-tyrosiesidue, an L-homotyrosine residue, a
D-homotyrosine residue, an L-threonine residue,-thrBonine residue, an L-allothreonine
residue, and a D-allothreonine residue, and magéembly each independently represent an
amino acid residue selected from the group congjstif an L-aspartic acid residue, a
D-aspartic acid residue, an L-threonine residué, @am-threonine residue. It is even more
preferable that X represents an L-aspartic acid residue andrépresents an L-threonine
residue.
[0122] It is considered that in a case whefeaKd X each independently represent an amino
acid residue derived from an amino acid havingraaey group on a side chain or an amino
acid residue derived from an amino acid having dréwy group on a side chain, due to a
hydrogen bond and/or an electrostatic interactio® interaction between the antibody binding
portion of the cyclic portion and an antibody cacdme stronger, and hence the antibody
binding properties are improved.
[0123] <<Xo1, Xp2, Xq1, and X>>

In Formula (1A), %1, Xp2, Xq1, and X% each represent pl consecutive X's, p2
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consecutive X's, gl consecutive X’s, and g2 congeeX’s.

In Formula (1A), p1, p2, g1, and g2 each indepetigaepresent an integer equal to
or greater than 0.

pl preferably satisfies € p1< 20, more preferably satisfiessOpl< 10, even more
preferably satisfies & p1< 5, and still more preferably satisfies(@1< 2.

p2 preferably satisfies € p2 < 20, more preferably satisfies<Op2< 10, even more
preferably satisfies & p2< 5, and still more preferably satisfies@2< 2.

gl preferably satisfies © g1 < 20, more preferably satisfies<Ogl < 10, even more
preferably satisfies 8 q1< 5, and still more preferably satisfiex@1< 2.

g2 preferably satisfies £ g2 < 20, more preferably satisfies<0g2 < 10, even more
preferably satisfies & g2< 5, and still more preferably satisfies@2< 2.

[0124] <<<Number of amino acid residues in cyclatpn>>

In Formula (lA), the number of amino acid residy@gs + n + 5) residues] in the
cyclic portion P&Xm-X-X2X3-X-X"] is 8 to 14, preferably 9 to 13, and more prefgrald
to 12, similarly to Formula (I).

In a case where the number of amino acid resigdu#i®e cyclic portion is within the
above range, the intramolecular strain of the cypéptide does not excessively increase, and
the high-order structure such ashelix is stabilized. Therefore, the antibody bintd
properties of the cyclic peptide of the preseneirtion become excellent.

[0125] <<Number of repeating units>>

In a case where k 2, that is, in a case where the cyclic peptideasgnted by
Formula (1A) includes two or more repeating units
[X pr X X pa- XX e X X2 X 3K X P-X 1 X s X ], XE, X2, X3, X3, X2, XA, X, X, X, Xz,
Xp1, Xq1, @and X2 in the repeating unit each may be the same cerdift between the repeating
units.

[0126] <<Total number of amino acid residues inlicypeptide>>

The total number of amino acid residues in thdicyieptide represented by Formula
(IA) is preferably 8 to 50, more preferably 9 to, 4¥en more preferably 10 to 30, and still
more preferably 10 to 20.

That is, in Formula (1A), g, h, m, n, p1, p2, @&, r, s, and k preferably satisfy<8y
+h+(m+n+pl+p2+qgl+9g2+r+s+Ek<50, more preferably satisfy<9g + h + (m
+n+pl+p2+gl+qg2+r+s+8K<40, even more preferably satisfyd@ + h+ (m +n

+pl+p2+ql+qg2+r+s+Bks< 30, and still more preferably satisfy @ + h+ (m +n
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+pl+p2+q9gl+g2+r+s+8k<20.

Generally, the larger the number of amino acitdtess, the higher the manufacturing
cost. Therefore, from the viewpoint of economiticedncy, it is preferable that the total
number of amino acid residues is small.

[0127] <<Exception in third embodiment>>

In the third embodiment of the present inventi®nin Formula (IA) represents an
amino acid residue derived from an amino acid othan L-serine, D-serine, L-homoserine,
D-homoserine, L-arginine, and D-arginine, and iceae where there is a plurality of X's, the
plurality of X's may be the same as or differemnfr each other; Xand X in Formula (IA)
each independently represent “an amino acid residuved from an amino acid having a
carboxy group on a side chain” or “an amino acgldee derived from an amino acid, ‘other
than include L-serine, D-serine, L-homoserine, 8adomoserine’, having a hydroxy group
on a side chain”, and in a case where there israljiy of X*s or X*s, the plurality of X's or
X>s may be the same as or different from each other.

In the third embodiment of the present inventidne to these differences, Formula
(IA) is referred to as Formula'f) in some cases.

[0128] <<Exception in fourth embodiment>>

In the fourth embodiment of the present inventidnn Formula (IA) represents an
amino acid residue derived from an amino acid oth&n L-serine and D-serine, and in a case
where there is a plurality of X’s, the plurality ¥fs may be the same as or different from each
other; X' and X in Formula (IA) each independently represent “emin® acid residue derived
from an amino acid having a carboxy group on a sigen” or “an amino acid residue derived
from an amino acid, ‘other than include L-seringl &serine’, having a hydroxy group on a
side chain”, and in a case where there is a ptyrafiX*s or X"'s, the plurality of ¥'s or X>'s
may be the same as or different from each other.

In the fourth embodiment of the present inventidue to these differences, Formula
(IA) is referred to as Formula' fl) in some cases.

[0129] <Structure of cyclic peptide (IB) of presémiention>

The cyclic peptide of the present invention isf@ra@bly a cyclic peptide represented
by Formula (IB).

RM-Xy1-X B X2 [Xi-X 3 X e X X2 X 3-X X P-X k- X o= X Ty~ X1 -RE TI(IB)

[0130] In Formula (IB), all of B, R®, X%, X2, X3, X& X° Xi, Xj, Xm, Xn, X, i, j, m, n, and k

have the same definitions as those in Formula (1).
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In Formula (IB), similarly to X in Formula (1), % means that n X’s are linked to each
other. The same is true fomXXy1, Xvz, Xwi, and Xo.

In Formula (IB), %; and X, each mean that t%¢ are linked to each other, and (sX
are linked to each other.
[0131] <<Cyclic portion, linear portion, cross-liedt portion, and antibody binding portion>>

In the cyclic peptide represented by Formula (1", “X;", “X 1-X8-X.2", and
“Ywa-X X" are linear portions. The cyclic portion, the ssdinked portion, and the
antibody binding portion are the same as thosd&encclic peptide represented by Formula
.

In Formula (IB), [%-X*Xm-X-X%X3-X-X"-X|] is a repeating unit, similarly to
Formula ().
[0132] <<X¢; and X >>

In Formula (IB), % and X, each represent t consecutiv€sXand u consecutive
X"s.
[0133] In Formula (IB), X and X each independently represent an amino acid resieiieed
from an amino acid having an immobilizing functibgeoup on a side chain.

In a case where there is a plurality fs¥or X”s, the plurality of X's or X’s may be
the same as or different from each other.
[0134] In Formula (IB), t and u each representrdgager satisfying @ t<5,0<u<5,and 1
< Max (t,u)< 5, preferably each represent an integer satisf@isg < 4, 0s u< 4, and 1<
Max (t,u)< 4, and more preferably each represent an integisfysng O<t< 3, O<u< 3, and
1< Max (t,u)< 3.

Max (t,u) represents a larger one between two meusbkepresented by t and u in a
case where# u and represents t or u in a case where t = u.
[0135] (Immobilizing functional group)

The aforementioned “immobilizing functional grouig”a functional group which can
form a covalent bond by reacting with a functiogadup on a support (described later).

Examples of the immobilizing functional group imdé an amino group, a carboxy
group, a hydroxy group, a thiol group, an aldehgd®ip (formyl group), a carbamoyl group,
an azide group, an alkynyl group, and the like.

Examples of the combination of the immobilizinghétional group that the cyclic
peptide of the present invention has and the fanatigroup on the support include an amino

group and a carboxy group (amide bond forming feajtan amino group and an aldehyde
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group (reductive amination reaction), an amino grand an epoxy group, a hydroxy group
and an epoxy group, a carboxy group and a hydroaypg(ester bond forming reaction), a
thiol group and a thiol group (disulfide bond),aot group and an epoxy group, an azide
group and an alkynyl group (Huisgen cycloadditieaation), and the like.

In a case where the immobilizing functional graimat the cyclic peptide of the
present invention has and the functional groupherstipport form a covalent bond by reacting
with each other, the cyclic peptide of the presevntion is immobilized on the support. At
least some of the immobilizing functional groupsttithe cyclic peptide of the present
invention has may form a covalent bond by reaciity the functional group on the support,
and it is not necessary for all the immobilizingnétional groups to react with the functional
group on the support.

[0136] In the aforementioned amino acid having mmobilizing functional group on a side
chain, the immobilizing functional group is prefieliaat least one kind of functional group
selected from the group consisting of an amino jgreuthiol group, and an aldehyde group,
and more preferably at least one kind of functigralip selected from the group consisting of
an amino group and a thiol group.

[0137] (Amino acid having immobilizing functionat@ip on side chain)

The amino acid having an immobilizing functionabgp on a side chain is preferably
at least one kind of amino acid selected from theug consisting of L-lysine, D-lysine,
L-cysteine, D-cysteine, L-homocysteine, and D-hoysteine.

[0138] In a case where an amino group is used @gnimobilizing functional group, the
amino group can be bonded to a carboxy group osupport through an amide bond, and the
cyclic peptide of the present invention as an #ffilgand can be easily immobilized.

[0139] In a case where a thiol group is used adrtimeobilizing functional group, the thiol
group can be bonded to an epoxy group on the stugipough a covalent bond, and the cyclic
peptide of the present invention as an affinitaiig can be easily immobilized.

[0140] Examples of the amino acid having an amirmug on a side chain include L-lysine,
D-lysine, and the like, and examples of the amiaia &aving a thiol group on a side chain
include L-cysteine and D-cysteine. Because thes#@ acids are relatively cheap, the
manufacturing cost of the cyclic peptide of thesgrd invention can be reduced. Therefore,
from the viewpoint of economic efficiency, theseiamacids are preferable.

[0141] (Support)

In the present invention, “support” refers to &krate on which the cyclic peptide of
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the present invention can be immobilized. The suppas a functional group which can
form a covalent bond by reacting with the immolilg functional group that the cyclic
peptide of the present invention has. The funefiogroup is appropriately selected
according to the immobilizing functional group.
[0142] (Material constituting support)

Examples of the material constituting the suppoctude polysaccharides such as
agarose, dextran, starch, cellulose, pullulanjrghthitosan, cellulose triacetate, and cellulose
diacetate, derivatives of these, vinyl-based pohgmesuch as polyacrylamide,
polymethacrylamide, polyacrylate, polymethacrylapslyalkyl vinyl ether, and polyvinyl
alcohol, and the like. These materials may forncrass-linked structure because then
mechanical strength can be secured. It is prefethhat the support is formed of one kind of
material or two or more kinds of materials amorggsth

The support is preferably porous, more preferabporous film or a porous particle,
and even more preferably a porous particle.

[0143] <<Xi1, Xvz, Xw1, and Xyo>>

In Formula (IB), X1, Xv2, Xw1, and X, each represent vl consecutive X's, v2
consecutive X’s, wl consecutive X’s, and w2 conseeux’s.

In Formula (IB), v1, v2, wl, and w2 each indepenbjerepresent an integer equal to
or greater than 0.

vl preferably satisfies 8 v1 < 20, more preferably satisfies<Ovl < 10, even more
preferably satisfies & vl < 5, and still more preferably satisfies@1 < 2.

v2 preferably satisfies 8 v2 < 20, more preferably satisfies<Ov2 < 10, even more
preferably satisfies 8 v2 < 5, and still more preferably satisfies®2 < 2.

w1l preferably satisfies®wl < 20, more preferably satisfies<Onv1 < 10, even more
preferably satisfies 8 wl < 5, and still more preferably satisfiex@vl < 2.

w2 preferably satisfies @ w2 < 20, more preferably satisfies<Onv2 < 10, even more
preferably satisfies 8 w2 < 5, and still more preferably satisfies@2 < 2.

[0144] <<Number of amino acid residues in cyclictjpm>>

In Formula (I1B), the number of amino acid resid{igs + n + 5) residues] in the
cyclic portion &Xm-X'-X2-X3X-X"] is 8 to 14, preferably 9 to 13, and more prefarald
to 12, similarly to Formula (I).

In a case where the number of amino acid resigdu#i®e cyclic portion is within the

above range, the intramolecular strain of the cyptiptide does not excessively increase, and
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the high-order structure such ashelix is stabilized. Therefore, the antibody bl
properties of the cyclic peptide of the preseneirtion become excellent.
[0145] <<Number of repeating units>>

In a case where k 2, that is, in a case where the cyclic peptideasgnted by
Formula (IB) includes two or more repeating unksXXm-X"-X%*X3X-X"-X;], X*, X3, X,
X2 XP Xy Xn, Xi, and X in the repeating unit each may be the same agrdift between the
repeating units.

[0146] <<Total number of amino acid residues inlicypeptide>>

The total number of amino acid residues in thdicyieptide represented by Formula
(IB) is preferably 8 to 50, more preferably 9 to, 49en more preferably 10 to 30, and still
more preferably 10 to 20.

That is, in Formula (1B), i, j, m, n, t, u, v1, &1, w2, and k preferably satisfy<§(i
+j+m+n+5xk+t+u+vl+v2+wl+ w250, more preferably satisfy<Q(i +j + m +
n+5)xk+t+u+vl+v2+wl+ w240, even more preferably satisfy4@i+j+m+n +
5)xk+t+u+vl+v2+wl+ wg 30, and still more preferably satisfy &di +j+ m + n +
5)xk+t+u+vl+v2+wl+w220.

Generally, the larger the number of amino acitdess, the higher the manufacturing
cost. Therefore, from the viewpoint of economiticedncy, it is preferable that the total
number of amino acid residues is small.

[0147] <<Exception in third embodiment>>

In the third embodiment of the present inventignin Formula (IB) represents an
amino acid residue derived from an amino acid othan L-serine, D-serine, L-homoserine,
D-homoserine, L-arginine, and D-arginine, in a cadwre there is a plurality of X’s, the
plurality of X's may be the same as or differeminfreach other; and®and X in Formula (1B)
each independently represents “an amino acid resiédved from an amino acid, ‘other than
L-serine, D-serine, L-homoserine, D-homoserine,rdirane, and D-arginine’, having an
immobilizing functional group on a side chain”, @nda case where there is a plurality &fsx
and Xs, the plurality of X¥'s or X"’s may be the same as or different from each other.

In the third embodiment of the present inventidne to these differences, Formula
(IB) is referred to as FormuldBl) in some cases.

[0148] <<Exception in fourth embodiment>>
In the fourth embodiment of the present inventi&nn Formula (IB) represents an

amino acid residue derived from an amino acid othan L-serine and D-serine, and in a case
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where there is a plurality of X’s, the plurality ¥fs may be the same as or different from each
other; and X and X in Formula (IB) each independently represent “arin@ acid residue
derived from an amino acid, ‘other than L-serinal dserine’, having an immobilizing
functional group on a side chain, and in a casersviteere is a plurality of % or Xs, the
plurality of X®s or X"s may be the same as or different from each other.

In the fourth embodiment of the present inventidue to these differences, Formula
(IB) is referred to as FormulaB) in some cases.
[0149] <Structure of cyclic peptide (IC) of presémtention>

The cyclic peptide of the present invention is enqreferably a cyclic peptide
represented by Formula (IC).

RM-Xy1-X &z~ [X p2- X X p1-X 2-X X 2-X2-X - X - XP-X 1-X 26X g k- Xz X Ty Xwa-RE
mIc)
[0150] In Formula (IC), all of B RS, X% X2 X3, X2 X, Xm Xn, X, m, n, and k have the
same definitions as those in Formula (1), all &f X°, pl, p2, ql, g2, r, and s have the same
definitions as those in Formula (IA), and all of X', t, u, v1, v2, wl, and w2 have the same
definitions as those in Formula (IB).

In Formula (IC), similarly to Xin Formula (1), % means that n X’s are linked to each
other. The same is true fomXXp1, Xp2, Xq1, Xq2, Xvi, Xvz, Xw1, and Xyo.

In Formula (IC), X, X%, X%, and X, each mean that r*$ are linked to each other,
s X%s are linked to each other, £X are linked to each other, and U'Xare linked to each
other.
[0151] <<Cyclic portion, linear portion, cross-lie portion, and antibody binding portion>>

In the cyclic peptide represented by Formula (I,1-X%-Xy2", “X wo-X"u-Xuw1",
“X pz—x“r—xpl”, and "qu—XSS—qu” are linear portions. The cyclic portion, the ssdinked
portion, and the antibody binding portion are treme as those in the cyclic peptide
represented by Formula ().

In Formula (IC), Db2X*-Xp1- X3 XX X2 X3-X -XP-X 1-X°X ] is @ repeating
unit, similarly to Formula (I1A).
[0152] <<Number of amino acid residues in cyclictjpm>>

In Formula (IC), the number of amino acid resid{{@s + n + 5) residues] in the
cyclic portion DX&Xn-X-X2%X3-X-X"] is 8 to 14, preferably 9 to 13, and even more
preferably 10 to 12, similarly to Formula (1).

In a case where the number of amino acid resigdudse cyclic portion is within the
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above range, the intramolecular strain of the cypéiptide does not excessively increase, and
the high-order structure such ashelix is stabilized. Therefore, the antibody bitd
properties of the cyclic peptide of the preseneirtion become excellent.
[0153] <<Number of repeating units>>

In a case where k 2, that is, in a case where the cyclic peptideasgnted by
Formula (1C) includes two or more repeating units
[X p2 XX =X X e X XXX - X - X - X o6 X ], XE, X2, X3, X3 XP, XA, X Xy X Xz
Xp1, Xq1, @and Xz in the repeating unit each may be the same ardift between the repeating
units.

[0154] <<Total number of amino acid residues inlicypeptide>>

The total number of amino acid residues in thdicymeptide represented by Formula
(IC) is preferably 8 to 50, more preferably 9 tg 40en more preferably 10 to 30, and still
more preferably 10 to 20.

That is, in Formula (IC), m, n, pl, p2, ql, g2s/,t, u, vi, v2, wl, w2, and k
preferably satisfy & (m+n+pl+p2+ql+qgq2+r+s+%k+t+u+vl+v2+wl+w2
< 50, more preferably satisfyO(m+n+pl+p2+ql+qg2+r+s+%k+t+u+vl+v2
+ wl + w2< 40, even more preferably satisfyd@m + n+pl +p2+ql + g2 +r + s +%K
+t+u+vl+v2+wl+wZ 30, and still more preferably satisfy &m + n + pl + p2 + gl
+02+r+s+5xk+t+u+vl+v2+wl+w220.

Generally, the larger the number of amino acitdtess, the higher the manufacturing
cost. Therefore, from the viewpoint of economiticedncy, it is preferable that the total
number of amino acid residues is small.

[0155] <<Exception in third embodiment>>

In the third embodiment of the present inventi¥nin Formula (IC) represents an
amino acid residue derived from an amino acid othan L-serine, D-serine, L-homoserine,
D-homoserine, L-arginine, and D-arginine, and iceae where there is a plurality of X's, the
plurality of X's may be the same as or differemnfr each other; Xand ¥ in Formula (IC)
each independently represent “an amino acid residuved from an amino acid having a
carboxy group on a side chain” or “an amino acsldee derived from an amino acid, ‘other
than L-serine, D-serine, L-homoserine, and D-homnsg having a hydroxy group on a side
chain, and in a case where there is a pluralit{&f or X™s, the plurality of X's or Xs may
be the same as or different from each other; ahad X in Formula (IC) each independently

represent “an amino acid residue derived from amaracid, ‘other than L-serine, D-serine,
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L-homoserine, D-homoserine, L-arginine, and D-drgih) having an immobilizing functional
group on a side chain”, and in a case where tiseaeplurality of X's or X”, the plurality of
X%s or X's may be the same as or different from each other.

In the third embodiment of the present inventidne to these differences, Formula
(IC) is referred to as Formuld@) in some cases.
[0156] <<Exception in fourth embodiment>>

In the fourth embodiment of the present inventidnn Formula (IC) represents an
amino acid residue derived from an amino acid othan L-serine and D-serine, and in a case
where there is a plurality of X’s, the plurality ¥fs may be the same as or different from each
other; X and X in Formula (IC) each independently represent ‘@ma acid residue derived
from an amino acid having a carboxy group on a sidgen” or “an amino acid residue derived
from an amino acid, ‘other than L-serine and D+s&fihaving a hydroxy group on a side
chain”, and in a case where there is a pluralittts or X>'s, the plurality of X's or X*'s may
be the same as or different from each other; dhad X in Formula (IC) each independently
represent “an amino acid residue derived from amnanacid, ‘other than L-serine and
D-serine’, having an immobilizing functional groop a side chain”, and in a case where there
is a plurality of »¥'s or X"s, the plurality of ¥'s or X"s may be the same as or different from
each other.

In the fourth embodiment of the present inventidue to these differences, Formula
(IC) is referred to as Formuld@) in some cases.
[0157] <Preferred partial amino acid sequence>

The partial amino acid sequence-X*-X2-X3-X, in Formula (1), (1A), (IB), or (IC)
and an amino acid sequence (SEQ ID NO: 1) repreddoy Formula (1) preferably share
sequence homology of equal to or higher than 70&éerpreferably share sequence homology
of equal to or higher than 75%, even more prefgrabare sequence homology of equal to or
higher than 85%, and still more preferably shampieace homology of equal to or higher than
90%.

A-Y-H-L-G-E-L-V-W [I(1)

In Formula (1), A represents an L-alanine residegpresents an L-tyrosine residue;
H represents an L-histidine residue; L representk-Beucine residue; G represents a glycine
residue; E represents an L-glutamic acid residugepfesents an L-valine residue; and W
represents an L-tryptophan residue.
[0158] The partial amino acid sequencg-X'-X?-X3-X, in Formula (1), (IA), (IB), or (IC)
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and an amino acid sequence (SEQ ID NO: 2) repreddoy Formula (2) preferably share
sequence homology of equal to or higher than 70&éerreferably share sequence homology
of equal to or higher than 75%, even more prefgrabare sequence homology of equal to or
higher than 85%, and still more preferably shampieace homology of equal to or higher than
90%.

A-Y-H-R-G-E-L-V-W [I(2)

In Formula (2), A represents an L-alanine residegpresents an L-tyrosine residue;
H represents an L-histidine residue; R represents-arginine residue; G represents a glycine
residue; E represents an L-glutamic acid residuagejresents an L-leucine residue; V
represents an L-valine residue; and W represenitsteyptophan residue.
[0159] The sequence homology between two aminosajdiences is determined as below.

(i) Performing alignment of two amino acid sequesc

By assigning a score of +1 to matches, a scoré td mismatches, and a score of -1
to gaps, alignment is performed such that the algmt score is maximized.

(if) Calculating sequence homology

Based on the obtained alignment, the sequence lbggos calculated by the
following expression.

Sequence homology [%] = (number of matching posgitotal number of positions)
x 100 [%]

The total number of positions is the length of aignment, and the number of
matching positions is the number of positions inchtthe types of amino acids are matched.

Whether or not the types of amino acid residuesnaaitched is determined according
to whether or not the structure of a side chaiarofamino acid (amino acid side chain) from
which the amino acid residues are derived is tlraesa The structures of side chains of
amino acids having an enantiomeric relationshipnatehe same as each other.

(iii) Calculation example of sequence homology

For example, suppose that there are amino acicesegs shown below.

Sequence A AYHRGELVW

Sequence B AWHLGELVW

In a case where alignment is performed under tmaliions described above, the
following result is obtained. Herein, the sitesend the types of amino acids (residues) are
the same between the sequences A and B are maitted homology string [ such that the

sites are easily recognized. Furthermore, “-” (®p.



Sequence A Y HR G E L V W
Sequence B |A W| HL é I|E |I_ |V \|N

The scores of this alignment is that matches &)+ mismatches (-1 1 + gaps (-1)
x1=5.

In this example, the total number of position8,ishe number of matching positions
is 7. Therefore, the sequence homology calculatedrding to the above expression isxX/9
100 = 77.8%.

[0160] <Preferred number of repeating units>

In the present invention, k in Formulae (1) toXI€ preferably 1.

[0161] In a case where the cyclic peptide has gmdiccportion-including portion, the total
length of the cyclic peptide can be shortened, aedce the cyclic peptide is easily
synthesized. Furthermore, by the Huisgen reaetidhe time of cyclization, it is possible to
avoid the formation of a cross-link at an unintehdie.

[0162] <Structure of cyclic peptide () of presemtention>

The cyclic peptide of the present invention istipafarly preferably a cyclic peptide
represented by Formula (11).

RY-Xy0-X Cio-Xeo-X 410-X po- X 2A-Y-H-X 8-G-E-L-V-W-X-X 10X %s0- X 10-X "uo-Xwo-RC  [IIT
(1)

In Formula (1), X, X°, R, and R have the same definitions as those in Formula ().
[0163] <<Cyclic portion, linear portion, cross-lie portion, and antibody binding portion>>

In the cyclic peptide represented by Formula (¥)2%-A-Y-H-X 8-G-E-L-V-W-X"" is a
cyclic portion, “X,0-X°o-Xeo-X*0-Xpo~” @and “Xqo-X’so-X10-X wo-Xwo” are linear portions, “X
and “X*" are cross-linked portions, and “L-V-W” is an atly binding portion.

[0164] <<X';o and Xs>>

In Formula (1), X0 and Y, each represent r0 consecutivés¥and sO consecutive
Xs.

In Formula (1), X and X have the same definitions as those in Formula. (1A)

In Formula (Il), rO and sO each represent an entegtisfying & rO0< 5 and 0< sO<

r0 preferably satisfies9r0< 3, and more preferably satisfies @0 < 2.
sO preferably satisfies€0s0< 3, and more preferably satisfies@0< 2.

[0165] <<X¢( and X,>>
In Formula (I1), X, and X each represent t0 consecutivesxand u0 consecutive
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X"s.
In Formula (I1), X and X have the same definitions as those in Formula (IB)

In Formula (Il), t0 and u0 each represent an ettesgtisfying & t0< 5 and O< u0<

t0 preferably satisfies 9t0< 3, and more preferably satisfies @ < 2.

uO preferably satisfiesOu0< 3, and more preferably satisfies@0< 2.
[0166] <<Xeo, X0, Xpo: Xqo, Xvo, and Xy,o>>

Xeo X0, Xpo, Xq0, Xvo, and X0 €ach represent e0 consecutive X’s, fO consecitsse
p0 consecutive X’s, g0 consecutive X’s, vO consgeuX’s, and w0 consecutive X’s.

X has the same definition as that in Formula (1).

e0 and f0O each represent an integer satisfyig@0< 10 and G fO < 10.

e0 preferably satisfies€0e0< 5, more preferably satisfies<0e0< 3, and even more
preferably satisfies 8 eO< 2.

fO preferably satisfies € fO < 5, more preferably satisfies<0f0 < 3, and even more
preferably satisfies 8 fO < 2.

p0 and g0 each represent an integer satisfymg®< 5 and (< q0< 5.

p0 preferably satisfies©p0< 3, and more preferably satisfies @0< 2.

g0 preferably satisfies€n0 < 3, and more preferably satisfies@0< 2.

v0 and w0 each represent an integer satisfyisgy@< 5 and ¥& w0 < 5.

VO preferably satisfies©v0 < 3, and more preferably satisfies®0 < 2.

wO preferably satisfies€w0 < 3, and more preferably satisfies @0 < 2.
[0167] X8 represents an L-leucine residue, a D-leucine wesidn L-arginine residue, or a
D-arginine residue.
[0168] In Formula (I1), A represents an L-alanimsidue or a D-alanine residue; Y represents
an L-tyrosine residue or a D-tyrosine residue; lgreésents an L-histidine residue or a
D-histidine residue; G represents a glycine resi@ueepresents an L-glutamic acid residue or
a D-glutamic acid residue; L represents an L-leeicgsidue; V represents an L-valine residue;
and W represents an L-tryptophan residue.
[0169] <<Total number of amino acid residues inlicypeptide>>

In Formula (I1), the total number of amino aciditkies in the cyclic peptide is 11 to
50, preferably 11 to 40, more preferably 11 to&8@] even more preferably 11 to 20.

That is, in Formula (ll), €0, fO, p0, g0, r0, $0, u0, v0, and w0 satisfy9e0 + fO +
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pO + g0 + r0 + sO + t0 + u0 + vO + w039, preferably satisfy 8 e0 + fO + pO + g0 + rO + sO
+t0 + u0 + vO + wG 29, more preferably satisfy<0e0 + fO + pO + g0 + rO + sO + t0O + u0 +
v0 + wO< 19, and even more preferably satisfg 80 + fO + pO0 + g0 + rO + sO + t0 + u0 + vO
+w0<9.
[0170] <Antibody binding properties>

The cyclic peptide of the present invention hase#i&nt antibody binding properties.
The antibody binding properties refer to bindingiaty with respect to antibodies and/or
antibody derivatives. The higher the binding attiis, the more the antibodies are adsorbed
onto the cyclic peptide in a case where the cypéiptide is used as an affinity ligand for
affinity chromatography for antibody purificatioand hence a large amount of antibodies can
be purified at a time. An antibody refers to immglobulin or an analogue, a fragment, or a
conjugate of the antibody. The analogue refews natural protein or protein conjugate or to
an artificially prepared protein or protein conjteavhich keeps the structure or function of
immunoglobulin in at least a portion thereof. Tinagment refers to a protein which is
prepared by an enzymatic treatment or designeddmeti engineering and has a partial
structure of immunoglobulin. The conjugate reféosa protein prepared by fusing a
functional portion of proteins having a biologicattivity such as various cytokines or
cytokine receptors with the entirety or a portioh immunoglobulin through genetic
engineering. The antibody is preferably a monagl@mtibody or a conjugate having an Fc
region of immunoglobulin, and more preferably a wdaonal antibody. In the present
invention, the immunoglobulin may be of any of fivdasses (isotypes) including
immunoglobulin G (IgG), immunoglobulin M (IgM), imamoglobulin A (IgA),
immunoglobulin D (IgD), and immunoglobulin E (IgE).Among these, IgG or IgM is
preferable, and IgG is more preferable.
[0171] <Alkali resistance>

The cyclic peptide of the present invention hased&nt temporal stability or
chemical resistance. Particularly, the cyclic meptof the present invention has excellent
alkali resistance. Because the cyclic peptidedxagllent chemical resistance, for example,
in a case where a support for affinity chromatogyapn which the cyclic peptide of the
present invention is used as an affinity ligandysed for antibody purification, even if the
support is repeatedly washed with a chemical, @adily, an alkali, the antibody binding
properties are maintained. Therefore, the antilmdification cost can be further reduced.

[0172] <<Exception in third embodiment>>
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In the third embodiment of the present inventi¥nin Formula (ll) represents an
amino acid residue derived from an amino acid othan L-serine, D-serine, L-homoserine,
D-homoserine, L-arginine, and D-arginine, and iceae where there is a plurality of X’s, the
plurality of X’s may be the same as or differerinfr each other; Xand ¥ in Formula (11)
each independently represent “an amino acid resitduved from an amino acid having a
carboxy group on a side chain” or “an amino acgldee derived from an amino acid, ‘other
than L-serine, D-serine, L-homoserine, and D-homosg having a hydroxy group on a side
chain”, and in a case where there is a pluralittt§ or X™s, the plurality of ¥'s or X>'s may
be the same as or different from each othéraixd X in Formula (Il) each independently
represent “an amino acid residue derived from amaracid, ‘other than L-serine, D-serine,
L-homoserine, D-homoserine, L-arginine, and D-drgih) having an immobilizing functional
group on a side chain, and in a case where theeisrality of X's or X”s, the plurality of
X%s or X"'s may be the same as or different from each odre:;X in Formula (I1) represents
an L-leucine residue or a D-leucine residue.

In the third embodiment of the present inventiune to these differences, Formula (lI)
is referred to as Formula (lin some cases.
[0173] <<Exception in fourth embodiment>>

In the fourth embodiment of the present inventignin Formula (II) represents an
amino acid residue derived from an amino acid othan L-serine and D-serine, in a case
where there is a plurality of X’s, the plurality ¥fs may be the same as or different from each
other; X' and X in Formula (Il) each independently represent “amir® acid residue derived
from an amino acid having a carboxy group on a sigen” or “an amino acid residue derived
from an amino acid, ‘other than L-serine and D+s&i having a hydroxy group on a side
chain”, and in a case where there is a pluralittts or X>'s, the plurality of X's or X's may
be the same as or different from each other; ahand X in Formula () each independently
represent “an amino acid residue derived from amnanacid, ‘other than L-serine and
D-serine’, having an immobilizing functional groop a side chain”, and in a case where there
is a plurality of X's or X”’s, the plurality of ¥'s or X’s may be the same as or different from
each other.

In the fourth embodiment of the present inventidue to these differences, Formula
(I is referred to as Formula {Jlin some cases.
[0174] [Method for synthesizing cyclic peptide]

The method for synthesizing the cyclic peptidetioé present invention is not
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particularly limited. For example, the cyclic pelet can be synthesized by a peptide
synthesis method based on synthetic organic chgnusby a peptide synthesis method based
on genetic engineering.

As the peptide synthesis method based on syntloegianic chemistry, any of a
liquid-phase synthesis method and a solid-phas¢hagis method can be used. As the
method for synthesizing the polypeptide of the @nésinvention, a solid-phase synthesis
method in which an automatic peptide synthesis a#es used is preferable because this
method is convenient.

The peptide synthesis method based on geneticnesmgng is a method of
synthesizing a peptide by introducing a gene intela As the cell, bacteria, eelworm cells,
insect cells, mammal cells, animal cells, and itkeedre used.

For example, by introducing a non-natural aminiol ato a cell by using a four-base
codon method, the cyclic peptide can be synthesiz&drthermore, by synthesizing a linear
peptide and causing cyclization by reacting a dimddag functional group on a side chain of
an amino acid residue introduced into a cyclicipartthe cyclic peptide can be synthesized.

In a case where a disulfide bond needs to be fdrifer example, by reacting
side-chain thiol groups of two amino acid residugbjch are derived from an amino acid
having a thiol group on a side chain, under oxidjzconditions, a disulfide bond can be
formed. Specifically, for example, by forming asdfide bond between side-chain thiol
groups of two L-homocysteine residues, a lineaypeptide can be cyclized.

In a case where a thioether bond needs to be thrfioe example, by reacting a
side-chain thiol group of an amino acid residueveéer from an amino acid having a thiol
group on a side chain with a side-chain chlorodagtyup of an amino acid residue derived
from an amino acid having a chloroacetyl group oside chain, a thioether bond can be
formed. Specifically, for example, by forming dodther bond between a side-chain thiol
group of an L-homocysteine residue and a side-cheloroacetyl group of an
N-ge-chloroacetyl-L-lysine residue, a linear polypeptithn be cyclized.

Instead of an amino acid having a haloacetyl gsugh as a chloroacetyl group on a
side chain, it is possible to use an amino acidinfgawa haloalkanoyl group such as a
chloropropionyl group, which has more methylendsinompared to a haloacetyl group, on a
side chain. However, it is preferable to use thena acid having a haloacetyl group on a
side chain, because the smaller the number of regthyunits, the higher the cyclization

efficiency. For example, between a halopropiomglugp C(=0)-(CH,).—X; X represents a
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halogen atom, having two methylene units) and aetyaogroup ¢C(=O)}CHy—X; X
represents a halogen atom, having one methylertg the acetyl group is preferable because
it has a higher cyclization efficiency.
[0175] [Use of cyclic peptide of present invention]

The cyclic peptide of the present invention camubed as an antibody binding ligand,
a linker for labeling antibodies, a linker for amtiaody drug conjugate, a drug carrier (linker
for pharmaceutical products), and the like, but tise of the cyclic peptide of the present
invention is not limited to these.

[0176] <Antibody binding ligand and affinity chronography support>

The cyclic peptide of the present invention carubed as an antibody binding ligand
in the technical field of affinity chromatography.

Examples of applications of the cyclic peptidetioé present invention used as an
antibody binding ligand include an antibody or batly derivative adsorbing material in
which the cyclic peptide of the present inventisnmmobilized on a water-insoluble support
and an affinity chromatography support.

[0177] “Water-insoluble support” refers to a sugpehich is substantially insoluble in water.
Examples of such a support include polysacchasdeh as crystalline cellulose, cross-linked
cellulose, cross-linked agarose, cross-linked dextrand cross-linked pullulan, organic
supports such as an acrylate-based polymer angtenstbased polymer, inorganic supports
such as glass beads and silica gel, composite ggpgpuch as an organic-organic composite
support and an organic-inorganic composite suppdtiined by combining the above
supports, and the like. From the viewpoint of hlkesistance, as the water-insoluble support,
polysaccharides or an acrylate-based polymer i®moeferable, and polysaccharides such as
agarose or cellulose are more preferable. Exangflesmmercial products that can be used
as the water-insoluble support include porous keki gel such as Cellufine GCL2000
(manufactured by JNC Corporation) (CELLUFINE is emistered trademark) and Cellfine
MAX (manufactured by JNC Corporation), SephacryLl@®0 SF (manufactured by GE
Healthcare) obtained by cross-linking allyl dextram methylenebisacrylamide through a
covalent bond (SEPHACRYL is a registered trademascyylate-based supports such as
TOYOPEARL (manufactured by Tosoh Corporation) (TOYEARL is a registered
trademark), TOYOPEARL AF-Carboxy-650 (manufacturbg Tosoh Corporation), and
TOYOPEARL GigaCap CM-650 (manufactured by Tosoh pdaation), an agarose-based
cross-linked support such as Sepharose CL4B (metwérl by GE Healthcare)
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(SEPHAROSE is a registered trademark), polymethaomde activated by an epoxy group
such as Eupergit C250L (manufactured by Sigma-atdrCo., LLC.) (EUPERGIT is a
registered trademark), and the like. Here, thewiaisoluble support in the present invention
is not limited to the supports or the activatedpsuis described above. Considering the
purpose of use of the original adsorbing materrad &ow to use the original absorbing
material, it is preferable that the water-insolublgoport used in the present invention has a
large surface area and is porous support havingneber of pores with an appropriate size.
The shape of the support is not particularly lichite The support can be any of a bead-like
support, a fibrous support, a film-like supportddrllow fibrous support, and it is possible to
select any shape.
[0178] The method for immobilizing the cyclic pejdi of the present invention on the
water-insoluble support is not particularly limitedFor example, generally, it is possible to
adopt a method that is adopted in a case wheretaipror a polypeptide is immobilized on a
support.

For example, the cyclic peptide can be immobiliigda method of activating a
support by reacting the support with cyanogen bdemepichlorohydrin, diglycidyl ether,
tosyl chloride, tresyl chloride, hydrazine, and file or introducing a reactive functional
group into the surface of the support and immoibi¢jzthe support by reacting the support
with a compound immobilized as a ligand, or a méthbcausing condensation by adding a
condensation reagent such as carbodiimide or &nédgving a plurality of functional groups
in a molecule such as glyceraldehyde to a systastuding a support and a compound
immobilized as a ligand and cross-linking the corsdge.

[0179] In the present invention, “ligand” refers domolecule which has a certain degree of
affinity with a specific substance and binds to slubstance. The specific substance is not
particularly limited, and is preferably an antibastyan antibody derivative. The binding site
at which the ligand binds to an antibody or antady derivative is not particularly limited.
From the viewpoint of versatility, the binding siie preferably a constant region of an
antibody or an antibody derivative. The constation is not particularly limited, and is
preferably fragment crystallizable (Fc) regionsnstant regions of a light chain (CL regions),
or constant regions of a heavy chain (CH region$).the present invention, the ligand which
can bind to an antibody or an antibody derivats/eeferred to as “antibody binding ligand” in
some cases.

[0180] At the time of immobilizing a ligand on apport, it is preferable to dissolve (disperse)
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the ligand in an aqueous solvent (aqueous disperaidium) or an organic solvent (organic
dispersion medium). The aqueous solvent (aquempedion medium) is not particularly
limited, and examples thereof include a 4-(2-hygatkyl)-1-piperazineethanesulfonic acid
(HEPES) buffer solution, an acetic acid buffer sioly a phosphoric acid buffer solution, a
citric acid buffer solution, a tris-hydrochloricidduffer solution, and the like. The organic
solvent (organic dispersion medium) is not partidyl limited. The organic solvent is

particularly preferably an organic polar solventctsuas dimethyl sulfoxide (DMSO),

N,N-dimethylformamide (DMF), or alcohol, and exaemlhereof include methanol, ethanol,
isopropyl alcohol (IPA), 2,2,2-trifluoroethanol (EF 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP), and the like.

The pH condition at the time of immobilizing thgdnd is not particularly limited,
and any of acidic, neutral, and alkaline conditimas be adopted. For example, the pH
condition can be appropriately set according tostiigent (dispersion medium) to be used.

For example, in a case where the pH condition sitethe made alkaline, a base such
as diazabicycloundecene (DBU) may be added to diyhstiifoxide (DMSQO) or an alcohol.
[0181] In a case where the aforementioned adsonmatgrial is used as a filler for affinity
chromatography, the density of antibody bindingids is not particularly limited. However,
the density is preferably 0.1 to 1,000 mmol/1 Lfibér, more preferably 0.1 to 100 mmol/1 L
of filler, and even more preferably 0.5 to 20 mrhdl/of filler. In a case where the density is
within the above range, the amount of the antibbohding ligand used and the antibody
purification performance are balanced well, and gossible to efficiently purify antibodies at
lower costs.

[0182] <Linker for labeling antibodies and labe&ettibody>

In the technical field of immunoassay, the cygleptide of the present invention can
be used as a linker for labeling antibodies.

Examples of applications of the cyclic peptidetié present invention used as the
linker for labeling antibodies include a labeledilaody which includes an antibody, a labeling
compound, and the cyclic peptide of the presergntion and in which the antibody and the
labeling compound are bonded to each other thraingh cyclic peptide of the present
invention.

Immunoassay is an analysis method for detectimguantifying a trace substance by
using an immune reaction (antigen-antibody reagtiand features high specificity and high

sensitivity.
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In the immunoassay, in order to detect an anti{pdynary antibody) having bonded
to a trace substance (antigen), a method of diréadbeling the primary antibody, a method of
labeling an antibody (secondary antibody) bindiaghe primary antibody, and the like are
used. The cyclic peptide of the present inventan be used as a linker for causing a
labeling substance to bind to a primary antibodg®a linker for causing a labeling substance
to bind to a secondary antibody. The cyclic peptid the present invention has antibody
binding properties (immunoglobulin G (1gG) bindirgoperties). Therefore, the labeled
cyclic peptide of the present invention can alsoused instead of a labeled secondary
antibody.

There are various labels. A system in which aoradtope is used as a label is
called radioimmunoassay (RIA), a system in whickeamyme such as peroxidase is used as a
label is called enzyme immunoassay (EIA), a systemhich a chemiluminescent substance
such as luminol is used as a label is called chemilescent immunoassay (CLIA), and a
system in which a fluorescent substance (fluoresdge) such as fluorescein isothiocyanate
(FITC) is used as a labeling substance is calleordélscent immunoassay (FIA). The cyclic
peptide of the present invention can be used awkarlfor labeling antibodies in any of the
systems.

In order to improve the detection sensitivity mimmunoassay, a number of labels need
to be attached to one antibody molecule. WitHitilesr for labeling antibodies of the related
art, in a case where a number of the linkers bindrt antibody, the antibody binding activity
deteriorate.  Accordingly, the specificity and tlsensitivity which are advantages of
immunoassay are likely to be impaired. In contrastording to the cyclic peptide of the
present invention, even in a case where a numbg#reotyclic peptides bind to an antibody,
the structural integrity of the antibody can be m@ined, and the antibody binding activity is
not reduced. Therefore, even in a case where aauonf the cyclic peptides bind to an
antibody, the detection sensitivity could be immdwithout impairing the specificity and the
sensitivity which are advantages of immunoassag. addition, because the cyclic peptide
binds to an antibody through an antigen-antibodygtien, the separation of the cyclic peptide
after labeling that was difficult to perform in threlated art can be conducted, and hence
reversible labeling can be realized.

[0183] <Linker for antibody drug conjugates andifaody drug conjugate>

In the technical field of antibody drug conjugattéee cyclic peptide of the present

invention can be used as a linker for antibody droigjugates.
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Examples of applications of the cyclic peptidetioé present invention used as a
linker for antibody drug conjugates include an lamdly drug conjugate which includes an
antibody, a drug, and the cyclic peptide of thesprg invention and in which the antibody
binds to the drug through the cyclic peptide of phesent invention.

The antibody drug conjugate (ADC) is also callgdabhother name “armed antibody”.
ADC is a drug obtained by binding an antibody retnigg a cell to a drug (low-molecular
weight drug) which is a main active component byngisan appropriate linker. The
mechanism of action of the antibody drug conjugateughly as below.

(1) The antibody portion of an antibody drug cagjte binds to a target molecule on
the surface of a target cell.

(2) The antibody drug conjugate infiltrates inte tell.

(3) The linker of the antibody drug conjugatelsawed in the cell.

(4) The drug (low-molecular weight drug) exertsefficacy in the cell.

With the antibody drug conjugate, because thecafii is exerted only in the cell
expressing a molecule that the antibody targetss possible to inhibit the systemic side
effects and to cause the efficacy to be exertedlsnai a target cell. Therefore, the antibody
drug conjugate is more efficacious and causes diks effects compared to simple drugs.
For example, the anticancer agent developed fackitig cancer cells in which cell division
vigorously occurs also attacks the cells, in whiel division vigorously occurs as in the
cancer cells but the function thereof is maintajnggecifically, the cells responsible for
immunity, the cells of the gastrointestinal trathe hair follicle cells, and the like.
Consequently, as side effects, the symptoms suctubrerability to infectious diseases,
diarrhea, and hair loss occur in some cases. Henvexth the antibody drug conjugate, the
anticancer agent can be selectively carried teetazgncer cells, and accordingly, it is possible
to inhibit the side effects caused in a case whiegeanticancer agent attacks cells other than
the target cells.

[0184] A linker for antibody drug conjugates is u@gd to link the antibody portion of the
antibody drug conjugates to the drug portion, lalstin the blood, and cut off the drug from
the antibody in a cell such that the drug is reddas Furthermore, the linker for antibody drug
conjugates is also required not to impair the bigdactivity of the antibody. In order to
improve the drug carrying efficiency, a number aligb need to be attached to one antibody
molecule. However, with the linker for antibodyugrconjugates of the related art, in a case

where a number of the linkers bind to an antibaldg, antibody binding activity deteriorates.
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As a result, the selectivity which is the advantafj@an antibody drug conjugate is impaired,
and the drug is likely to be carried to target <ellith low efficiency. However, with the
cyclic peptide of the present invention, even icaae where a number of the cyclic peptides
bind to an antibody, the structural integrity ofe tlantibody can be maintained, and the
antibody binding activity is not reduced. Accomliyy even in a case where a number of the
cyclic peptides bind to an antibody, the seledgtiwhich is the advantage of an antibody drug
conjugate is not impaired, and the drug could beiezh to target cells with improved
efficiency. Furthermore, because the temporalilgialof the cyclic peptide of the present
invention is higher than that of the cyclic peptfethe related art, the stability of the cyclic
peptide in the blood could be improved. In additiby modifying the side-chain portion of a
disulfide bond which is a cyclic portion, the drugleasing properties in a cell could be
controlled.
[0185] The drug may be a liposomized drug, a polycaly micellized drug, or a
polyethylene glycolated (PEGylated) drug.

By liposomizing, polymerically micellizing, or PB&ting the drug, in many cases, it
is possible to improve the in vivo stability of &et components, the pharmacokinetics
including a tissue migration profile, the intracddlr pharmacokinetics, and the like.

[0186] <Drug carrier and pharmaceutical preparation

The cyclic peptide of the present invention canubed as a drug carrier in a drug
delivery system.

Examples of applications of the cyclic peptidel® present invention used as a drug
carrier include a pharmaceutical preparation witdudes a drug and the cyclic peptide of
the present invention and in which the drug andcifedic peptide of the present invention are
directly or indirectly bonded to each other.

In a case where the cyclic peptide of the presemintion binds to IgG present in a
biological body, the same effects as those broagbtt by the aforementioned antibody drug
conjugate could be obtained. The drug may binthéocyclic peptide as it is or bind to the
cyclic peptide as a drug having undergone liposatiom, polymer micellization, or
polyethylene glycolation (PEGylation). Furthermdiee drug may bind to the cyclic peptide
through polysaccharides such as dextran or a hiidiopolymer.

[0187] As the method for binding a drug to the aygpleptide of the present invention, the use
of a disulfide bond between amino acid residugbkeéncross-linked portion can be considered.

Specifically, this is a method of reducing a disld bond ¢S-S-) such that it is
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cleaved £SS-) and adding the two ions to a compound in a maaheross-linking.
As this method, for example, ThioBridge (trademasknown.
Examples
[0188] Hereinafter, the present invention will beoma specifically described based on
examples, but the present invention is not limteethe examples.
[0189] [Example 1]

(1) Synthesis of cyclic peptide

A cyclic peptide (SEQ ID NO: 3; hereinafter, tligclic peptide will be referred to as
“cyclic peptide 1” in some cases) represented bymista (3) was synthesized using a full
automatic peptide synthesis device (PSSM-8, matwied by Shimadzu Corporation).

DX?AYHRGELVWXTKK [I(3)

X? represents an amino acid residue derived fromdKloroacetyl-L-lysine, and %
represents an amino acid residue derived from Lduysteine. Between Xand X, a
thioether bond is formed by a reaction between @e-shain chloroacetyl group of
N-ge-chloroacetyl-L-lysine and a side-chain thiol graf_-homocysteine.

[0190] (2) Ligand immobilization

A commercially available CM5 (carboxymethyl dextraintroduction-type,
manufactured by GE Healthcare) sensor chip wamditacore 3000 (Biacore is a registered
trademark) as a surface plasmon resonance deviceifatdured by GE Healthcare, a
4-(2-hydroxyethyl)-1-piperazineethanesulfonic ac(flEPES) buffer solution (20 mM
HEPES-HCI, 150 mM NacCl, pH 7.4) for surface plasmesonance (SPR) was stabilized at a
flow rate of 10 pL/min, and 70 yL of an aqueous mixed solution of 0.2 M
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (EDC) and 0.04 M of
N-Hydroxysuccinimide (NHS) was added thereto. €a#ter, 10QuL of a sample solution of
the cyclic peptide 1, which was diluted with a HEPBuffer solution at 0.2 g/L and treated
with a polytetrafluoroethylene (PTFE) filter (manafured by Advantec MFS, Inc.) having a
diameter of 0.20um, was supplied to the sensor chip, a blockingtineat was then
performed using an ethanolamine solution, and émsa chip was washed with an aqueous
sodium hydroxide solution, thereby performing imntiahtion. Likewise, 70pL of an
aqueous mixed solution of 0.2 M EDC and 0.04 M NM& added to the same sensor chip
without immobilizing the sample in another flow dmel, and then the blocking treatment and
the washing treatment were performed. Hereinafter,obtained immobilized sensor chip

will be referred to as “immobilized sensor chip A”.
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[0191] (3) Evaluation of binding activity

At 25°C, 3,000 nM of human immunoglobulin G (IgG) antilExdwere added for 10
minutes to the immobilized sensor chip A prepare(ll) described above. Immediately after
the addition, the antibody binding amount was messuand from the difference in the
antibody binding amount between the flow channelwhich the cyclic peptide was
immobilized and the flow channel in which the cgdlieptide was not immobilized and the
amount of the immobilized cyclic peptide, the aityivof the cyclic peptide was calculated.
Furthermore, by regarding the activity of a cy@eptide 5 in Comparative Example 1 as 1,
the relative binding activity with respect to thentan 1gG antibodies was calculated.

(Evaluation standards for relative binding acyiyit

The relative binding activity was higher than D90 of the binding activity of the
cyclic peptide SIS

The relative binding activity was higher than 80@¥the binding activity of the
cyclic peptide 5IIITIIIITIITA

The relative binding activity was higher than 40@%a equal to or lower than 800%
of the binding activity of the cyclic peptide BB

The relative binding activity was higher than 280and equal to or lower than 400%
of the binding activity of the cyclic peptide BIIIITIC

The relative binding activity was higher than 10@%d equal to or lower than 200%
of the binding activity of the cyclic peptide BIIIIID

The relative binding activity was equal to or lawlean 100% of the binding activity
of the cyclic peptide SIIIIIIIITE

The grades A, B, and C show that the immobilizatirings about a sufficient
improving effect, and the grades D and E show sbétcient binding activity is not exhibited.
The grade S shows that the cyclic peptide bringsuala particularly excellent improving
effect among the cyclic peptides graded A, and sucyclic peptide is described as “A (S)”.

In a case where a cyclic peptide exhibiting sidfit binding activity is used, the
cyclic peptide can specifically bind to antibodiastibodies are more efficiently purified, and
the antibody purification cost can be reduced.

[0192] (4) Ligand immobilization

1 mL of HiTrap NHS-activated HP Columns (couplirgplumns for ligand

immobilization, manufactured by GE Healthcare) (RAP is a registered trademark) was

reacted with 1 mL of 10 mg/mL cyclic peptide sabumi which was prepared by dissolving the
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cyclic peptide 1 in an immobilization buffer (200MMNaHCG;, 500 mM NacCl, pH 8.3), for 1
hour at 28C. The reaction product was blocked by an aquethesnolamine solution and
washed, thereby obtaining a cyclic peptide 1-imiidal support. Hereinafter, the obtained
immobilized support will be referred to as “immabéd support A”.
[0193] (5) Evaluation of chemical resistance

The immobilized support A prepared in (4) desdilmove was connected to a
chromatography system AKTA avant 25 (manufactune@Bk Healthcare) (AKTAAVANT is a
registered trademark), and the antibody bindingacedp was measured. The columns were
equilibrated using an equilibration solution (20 nplklosphoric acid buffer, 150 mM NacCl, pH
7.4), and then 15 mL of a human IgG antibody sofytiof which the concentration was
adjusted to be 5 mg/mL by using a standard bu@rnfAM phosphoric acid buffer, 150 mM
NaCl, pH 7.4), was added thereto at a flow rat®.@fL mL/min. Thereafter, the columns
were washed with 5 mL of a postloading wash sofu{@20 mM phosphoric acid buffer, 150
mM NacCl, pH 7.4) caused to flow at the same flote rand then washed with 5 mL of a
pre-elution wash solution (20 mM phosphoric aciffdru1 M NacCl, pH 7.4) at the same flow
rate. Then, 5 mL of an elution solution (100 mNticiacid buffer, pH 3.2) was caused to
flow at the same flow rate. Subsequently, 5 mla @feaning in place (CIP) solution (0.1 M
sodium hydroxide) was caused to flow at the sanmsv frate, and then 5 mL of a
reequilibration solution (20 mM phosphoric acidfeuf 150 mM NacCl, pH 7.4) was caused to
flow at the same flow rate. At this time, by usig immunoglobulin G (IgG) elution peak
obtained by monitoring absorbance at 280 nm, theuanof antibodies binding to the support
until 10% of the antibody stock solution leaked atfitthe support was measured as the
antibody binding capacity. Then, the immobilizeghigort A was filled with a 0.2 M aqueous
NaOH solution for 6 hours at 26 and left to stand, the antibody binding capacitythe
support was measured in the same manner, and afratenge in the binding amount was
calculated from the antibody binding amount beftond after the alkali treatment.

(Evaluation standards of rate of change in bin@imgpunt)

The rate of change in the binding amount was hitien 90%dIIIIIIIIITA

The rate of change in the binding amount was higfeen 80% and equal to or lower
than 90%IIIITIITIITB

The rate of change in the binding amount was higfreen 70% and equal to or lower
than 80%IIIITIITITITC

The rate of change in the binding amount was Hhitjen 50% and equal to or lower
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than 70%IIIIIIIID

The rate of change in the binding amount was eiguat lower than 50%aIIIIITITII]

The grades A, B, and C show that the chemicastaste is sufficient, and the grades
D and E show that sufficient chemical resistanceasexhibited. In a case where a cyclic
peptide exhibiting sufficient chemical resistanseused, the cyclic peptide can repeatedly
specifically bind to antibodies even after washiagtibodies can be purified for a long period
of time, and the antibody purification costs carrdstuced.
[0194] Table 3 shows the structures of the cycbptules of Example 1 and the evaluation
results of the relative binding activity and thesgtical resistance.
[0195] [Examples 2 and 6]

Based on Example 1, a cyclic peptide 2 and a cydptide 6 were synthesized, and
the relative binding activity and the chemical seémnce were evaluated.

The following code in Table 3 means the followsupstance.

Hcy: amino acid residue derived from L-homocystein

Due to the reaction between side-chain thiol gsoup disulfide bond is formed
between the amino acid residues in the cross-lipketion, and hence the amino acid residues
are cross-linked.

Table 3 shows the structures of the cyclic peptiofleExample 2 and Example 6 and
the evaluation results of the relative binding\astiand the chemical resistance.
[0196] [Examples 3 to 5]

Based on Example 1, cyclic peptides 3 to 5 wengh®gized, and the relative binding
activity and the chemical resistance were evaluated

The following codes in Table 3 mean the followspstances.

Hcy: amino acid residue derived from L-homocystein

Orn (acetyl): amino acid residue derived frondfdhloroacetyl-L-ornithine

Lys (acetyl): amino acid residue derived fronefdhloroacetyl-L-lysine

Due to the reaction between a chloroacetyl graup athiol group, a thioether bond
is formed between the amino acid residues in thesclinked portion, and hence the amino
acid residues are cross-linked.

Table 3 shows the structures of the cyclic peptidé Examples 3 to 5 and the
evaluation results of the relative binding activatyd the chemical resistance.
[0197] [Examples 7 to 12]

Based on Example 1, cyclic peptides 7 to 12 werghgsized, and the relative
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binding activity and the chemical resistance wenadueated.

The following codes in Table 3 mean the followsupstances.

Dap (acetyl): amino acid residue derived frofhdloacetyl-L-2,3-diaminopropanoic
acid[(2S)-2-amino-3-[(2-haloacetyl)amino]propanaaid]

Dab (acetyl): amino acid residue derived frofhHdloacetyl-L-2,4-diaminobutanoic
acid[(2S)-2-amino-4-[(2-haloacetyl)amino]butanoodd

Orn (acetyl): amino acid residue derived frondfdhloroacetyl-L-ornithine

Lys (acetyl): amino acid residue derived frongfdhloroacetyl-L-lysine

Hcy: amino acid residue derived from L-homocystein

Due to the reaction between a chloroacetyl graup athiol group, a thioether bond
is formed between the amino acid residues in thesclinked portion, and hence the amino
acid residues are cross-linked.

Table 3 shows the structures of the cyclic peptide Examples 7 to 12 and the

evaluation results of the relative binding activatyd the chemical resistance.
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Cyclic peptide Performance evaluation
Identification Amino acid sequence Amino acid residue in cross-linked PoﬂiCﬂSpecgs?gﬂigo aciq Cross-linked Relative | Chemical SE(Q):ID
name (N terminal » C terminal) X NG N structure binding activity| resistance
1 Cyclic peptide 1| DSAYHRGELVWXPTKK Lys (acetyl) Hey - Thioether bond A A 3
2 Cyclic peptide 2| DSAYHRGELVWX"TKK Hcy Hcy - Disulfide bond A B 4
3 Cyclic peptide 3| DSAYHRGELVWX"TKK Hcy Orn (acetyl) - Thioether bond A A 5
4 Cyclic peptide 4| KKDRAYHRGELVWX"T Lys (acetyl) Hcy - Thioether bond A A
5 Cyclic peptide 5| DSAYHLGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A 7
6 Cyclic peptide 6/ DSAYHLGELVWX "TKK Hcy Hcy - Disulfide bond A A 8
Example 7 Cyclic peptide 7| DSAYHLGELVWX "TKK Dap (acetyl) Hcy - Thioether bond A A 9
8 Cyclic peptide 8| DJAYHLGELVWX "TKK Dab (acetyl) Hcy - Thioether bond A A 10
9 Cyclic peptide 9| DSAYHLGELVWX "TKK Orn (acetyl) Hey - Thioether bond A A 11
10 | Cyclic peptide 10 DXAYHLGELVWX "TKK Hcy Dab (acetyl) - Thioether bong A A 12
11 | Cyclic peptide 11 DX?AYHLGELVWX "TKK Hcy Orn (acetyl) - Thioether bond A A 13
12 | Cyclic peptide 12 DX?AYHLGELVWX "TKK Hcy Lys (acetyl) - Thioether bond A A 14
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[0199] [Examples 13 to 22]

Based on Example 1, cyclic peptides 13 to 22 veyrghesized, and the relative
binding activity and the chemical resistance wenadeated.

The following codes in Table 4 mean the followsupstances.

Lys (acetyl): amino acid residue derived frongfdhloroacetyl-L-lysine

Hcy: amino acid residue derived from L-homocystein

HmS: amino acid residue derived from L-homoserine

HmY: amino acid residue derived from L-homotyr@sin

Due to the reaction between a chloroacetyl graup athiol group, a thioether bond
is formed between the amino acid residues in theselinked portion, and hence the amino
acid residues are cross-linked.

Table 4 shows the structures of the cyclic peptide Examples 13 to 22 and the
evaluation results of the relative binding acti\atyd the chemical resistance.
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Cyclic peptide

Performance evaluatio

. . . . ) .| Special amino acig i SEQ ID
Identification name (N'?Q:imn;:ﬂj éi(ll:sq?:;) Amino acid residue in cross—llnl:ed portio P residue Cross-linked structure IEienlgit_rllvge rce:;;?sgﬁ?l; N(Q):
X*® X X activity

13 Cyclic peptide 13 | DYHLGELVWX "SKK Lys (acetyl) Hcy - Thioether bond A B 15
14 Cyclic peptide 14 | DXAYHLGELVWX "X°KK Lys (acetyl) Hcy HmS Thioether bond A A 16
15 Cyclic peptide 15 | D¥AYHLGELVWX "DKK Lys (acetyl) Hcy - Thioether bond A A 17
16 Cyclic peptide 16 | D¥YHLGELVWX "EKK Lys (acetyl) Hey - Thioether bond A A 18
17 Cyclic peptide 17 | D¥AYHLGELVWX "YKK Lys (acetyl) Hcy - Thioether bond A A 19
Example 18 Cyclic peptide 18 | DX?AYHLGELVWX "X“KK Lys (acetyl) Hcy HmY Thioether bond A A 20
19 Cyclic peptide 19 | SAYHLGELVWX "TKK Lys (acetyl) Hey - Thioether bond A B 21
20 Cyclic peptide 20 | TAYHLGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 22
21 Cyclic peptide 21 | X“X2AYHLGELVWX "TKK Lys (acetyl) Hcy HmS Thioether bond A A 23
22 Cyclic peptide 22 | EYHLGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 24
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[0201] [Examples 23 to 53]

Based on Example 1, cyclic peptides 23 to 53 veymghesized, and the relative
binding activity and the chemical resistance wenadeated.

The following codes in Table 5 mean the followsupstances.

Lys (acetyl): amino acid residue derived frongfdhloroacetyl-L-lysine

Hcy: amino acid residue derived from L-homocystein

Due to the reaction between a chloroacetyl graup athiol group, a thioether bond
is formed between the amino acid residues in thesclinked portion, and hence the amino
acid residues are cross-linked.

Table 5 shows the structures of the cyclic peptide Examples 23 to 53 and the
evaluation results of the relative binding acti\atyd the chemical resistance.



68
[0202] [Table 5]

Cyclic peptide P;:Vr;clvlrjr:ti)nse
) ) Amino qcid residu_e in | Special gmino acil ) Relative ) SEQ ID|
R [ W i e
X2 X X activity

23| Cyclic peptide 23 [PX?AAYHLGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 25
24 | Cyclic peptide 24 PX*AAAYHLGELVWX °TKK Lys (acetyl) Hey - Thioether bond A A 26
25| Cyclic peptide 25 [PX?AAAAYHLGELVWX "TKK Lys (acetyl) Hcy - Thioether bond B A 27
26 | Cyclic peptide 26 [PX*SYHLGELVWXTKK Lys (acetyl) Hcy - Thioether bond A B 28
27| Cyclic peptide 27 [PX TYHLGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 29
28| Cyclic peptide 28 [PX?AFHLGELVWXTKK Lys (acetyl) Hcy - Thioether bond A A 30
29 | Cyclic peptide 29 [PX*AHHLGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 31
30 | Cyclic peptide 30 [PX*AVHLGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 32
31 Cyclic peptide 31 DX?AMHLGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 33
32 Cyclic peptide 32 DXAYYLGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 34
33| Cyclic peptide 33 [PXAYWLGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 35
34 Cyclic peptide 34 DX?AYHMGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 36
35 Cyclic peptide 35 DXAYHFGELVWXTKK Lys (acetyl) Hey - Thioether bond A A 37
36| Cyclic peptide 36 [PX*AYHHGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 38
37| Cyclic peptide 37 PX*AYHVGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 39
Example | 38 | Cyclic peptide 38 [PX?AYHIGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 40
39 | Cyclic peptide 39 [PX*AYHNGELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 41
40 | Cyclic peptide 40 [PX?AYHWGELVWX "TKK Lys (acetyl) Hey - Thioether bond A A 42
41| Cyclic peptide 41 [PX*AYHLDELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 43
42 | Cyclic peptide 42 [PX*AYHLEELVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 44
43| Cyclic peptide 43 [PX’AYHLGDLVWX "TKK Lys (acetyl) Hey - Thioether bond A A 45
44 Cyclic peptide 44 DX?AYHLGKLVWX "TKK Lys (acetyl) Hey - Thioether bond A A 46
45 Cyclic peptide 45 DX?AYHLGRLVWX "TKK Lys (acetyl) Hey - Thioether bond A A a7
46 | Cyclic peptide 46 [PX*AYHLGHLVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 48
47 Cyclic peptide 47 DX?AYHLGMLVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 49
48| Cyclic peptide 48 [PX’AYHLGNLVWX °TKK Lys (acetyl) Hey - Thioether bond A A 50
49 | Cyclic peptide 49 [PX*AYHLGEIVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 51
50 Cyclic peptide 50 DXAYHLGEMVWX "TKK Lys (acetyl) Hcy - Thioether bond A A 52
51| Cyclic peptide 51 [PX*AYHLGEKVWX "TKK Lys (acetyl) Hey - Thioether bond A A 53
52 | Cyclic peptide 52 [PX?AYHLGERVWX TKK Lys (acetyl) Hcy - Thioether bond B B 54
53 Cyclic peptide 53 DXAYHLGELIWX "TKK Lys (acetyl) Hcy - Thioether bond A A 55
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[0203] [Examples 54 to 71]

Based on Example 1, cyclic peptides 54 to 71 veyrghesized, and the relative
binding activity and the chemical resistance wenadeated.

The following code in Table 6 means the followsupstance.

Hcy: amino acid residue derived from L-homocystein

Due to the reaction between side-chain thiol gsoup disulfide bond is formed
between the amino acid residues in the cross-lipketion, and hence the amino acid residues
are cross-linked.

Table 6 shows the structures of the cyclic peptidé Examples 54 to 71 and the
evaluation results of the relative binding activatyd the chemical resistance.
[0204] [Comparative Example 1]

Based on Example 1, a cyclic peptide 91 was sginbd, and the relative binding
activity and the chemical resistance were evaluated

The following codes in Table 6 mean the followsstances.

Glu: amino acid residue derived from L-glutamiadac

Lys: amino acid residue derived from L-lysine

Due to the reaction between a carboxy group andnano group, an amide bond is
formed between the amino acid residues in the dnolssd portion, and hence the amino acid
residues are cross-linked.

Table 6 shows the structure of the cyclic peptiti€omparative Example 1 and the
evaluation results of the relative binding activatyd the chemical resistance.
[0205] [Comparative Example 2]

Based on Example 1, a cyclic peptide 92 was sginbd, and the relative binding
activity and the chemical resistance were evaluated

The following code in Table 6 means the followspstance.

Cys: amino acid residue derived from L-cysteine

Due to the reaction between side-chain thiol gsoup disulfide bond is formed
between the amino acid residues in the cross-lipketion, and hence the amino acid residues
are cross-linked.

Table 6 shows the structure of the cyclic peptiti€omparative Example 2 and the

evaluation results of the relative binding activatyd the chemical resistance.



[0206] [Table 6]

70

Cyclic peptide

Performance evaluation

Amino acid sequence Amino acid residue in cross-linked portion Speciairo acid residue Relative Chemical SE(;ID
Identification name . . Cross-linked structure| binding i -
(N terminal —» C terminal) xa Xxb X B resistance
activity
54 Cyclic peptide 54 DSSYHLGELVWXPTKK Hey Hey - Disulfide bond A B 56
55 Cyclic peptide 55 DX YHLGELVWX "TKK Hey Hey - Disulfide bond A B 57
56 Cyclic peptide 56 DRWHLGELVWX "TKK Hey Hey - Disulfide bond A A 58
57 Cyclic peptide 57 DSAFHLGELVWX "TKK Hey Hey - Disulfide bond A A 59
58 Cyclic peptide 58 DSAHHLGELVWX "TKK Hey Hey - Disulfide bond B A 60
59 Cyclic peptide 59 D3AYYLGELVWX "TKK Hey Hey - Disulfide bond A A 61
60 Cyclic peptide 60 DSAYHMGELVWX PTKK Hey Hey - Disulfide bond A A 62
61 Cyclic peptide 61 DAYHFGELVWXTKK Hey Hey - Disulfide bond A A 63
62 Cyclic peptide 62 D¥YHHGELVWX "TKK Hey Hey - Disulfide bond A A 64
Example
63 Cyclic peptide 63 DSAYHLGDLVWX PTKK Hey Hey - Disulfide bond A A 65
64 Cyclic peptide 64 DSAYHLGMLVWX PTKK Hey Hey - Disulfide bond A A 66
65 Cyclic peptide 65 D¥YHLGHLVWX "TKK Hey Hey - Disulfide bond A A 67
66 Cyclic peptide 66 DSAYHLGNLVWX "TKK Hey Hey - Disulfide bond A A 68
67 Cyclic peptide 67 DSAYHLGEIVWX PTKK Hey Hey - Disulfide bond A A 69
68 Cyclic peptide 68 D¥AYHLGEMVWX PTKK Hey Hey - Disulfide bond A A 70
69 Cyclic peptide 69 DAYHLGEKVWX "TKK Hey Hey - Disulfide bond B A 71
70 Cyclic peptide 70 DSAYHLGERVWX TKK Hey Hey - Disulfide bond B B 72
71 Cyclic peptide 71 DAYHLGELIWX TKK Hey Hey - Disulfide bond B A 73
1 Cyclic peptide 91 DYAYHRGELVWX"TKK Glu Lys - Amide bond E (standard D 86
Comparative Example

2 Cyclic peptide 92 DYAYHRGELVWX "TKK Cys Cys - Disulfide bond A E 87
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[0207] [Examples 72 to 75 and Comparative Example 3

Based on Example 1, cyclic peptides 72 to 75 andydic peptide 93 were
synthesized, and the relative binding activity #melchemical resistance were evaluated.

The following codes in Table 7 mean the followsupstances.

Lys (acetyl): amino acid residue derived frongfdhloroacetyl-L-lysine

Pen: amino acid residue derived from L-penicillaeni

HmS: amino acid residue derived from L-homoserine

Due to the reaction between a chloroacetyl graup athiol group, a thioether bond
is formed between the amino acid residues in theselinked portion, and hence the amino
acid residues are cross-linked.

Table 7 shows the structures of the cyclic peptioé Examples 72 to 75 and
Comparative Example 3 and the evaluation resultthefrelative binding activity and the
chemical resistance.

[0208] [Examples 76 to 83 and Comparative Examples6]

Based on Example 1, cyclic peptides 78 to 91 veyrghesized, and the relative
binding activity and the chemical resistance weswdeated.

The following codes in Table 7 mean the followsupstances.

Dap (acetyl): amino acid residue derived frofHgloacetyl-L-2,3-diaminopropanoic
acid[(2S)-2-amino-3-[(2-haloacetyl)amino]propanaaid]

Dab (acetyl): amino acid residue derived frofhhdloacetyl-L-2,4-diaminobutanoic
acid[(2S)-2-amino-4-[(2-haloacetyl)amino]butanowdd

Orn (acetyl): amino acid residue derived frondfdhloroacetyl-L-ornithine

Lys (acetyl): amino acid residue derived frongfdhloroacetyl-L-lysine

HmS: amino acid residue derived from L-homoserine

Due to the reaction between a chloroacetyl graup athiol group, a thioether bond
is formed between the amino acid residues in thsselinked portion, and hence the amino
acid residues are cross-linked.

Table 7 shows the structures of the cyclic peptifeExamples 72, 73, 74, and 75 and
Comparative Example 3 and the evaluation resultthefrelative binding activity and the

chemical resistance.



[0209] [Table 7]
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Cyclic peptide

Performance evaluation

. . Amino acid residue in cross-linked Special amino acid ) o ) SIEQ

ertcatonramg{TO S Seenee | portn__

72 | Cyclic peptide 74 DWYHLGELVWX "TKK Lys (acetyl) Pen - Thioether bond A (S) A 74

73 | Cyclic peptide 74 D¥YHLGELVWX "TKK Pen K (acetyl) - Thioether bond A A 75

74 | Cyclic peptide 74 D¥\YHRGELVWXTKK Lys (acetyl) Pen - Thioether bonid A (S) B 76

75 | Cyclic peptide 79DX°AYHLGELVWX "X°KK Lys (acetyl) Pen HmS Thioether bond A (S) B 7

76 | Cyclic peptide 76§ D¥\YHLGELVWX "TKK Dap (acetyl) Cys - Thioether bond A (S) B 78

77 | Cyclic peptide 77 D¥YHLGELVWX "TKK Dab (acetyl) Cys - Thioether bonid A (S) B 79

Example 78 | Cyclic peptide 74 DWYHLGELVWX "TKK Orn (acetyl) Cys - Thioether bond A B 80
79 | Cyclic peptide 79 DIYHLGELVWX "TKK Lys (acetyl) Cys - Thioether bond A (S) B 81

80 | Cyclic peptide 80 DWYHLGELVWX "TKK Cys Dap (acetyl) - Thioetherbond A (S) B 82

81 | Cyclic peptide 81 D\YHLGELVWX "TKK Cys Dab (acetyl) - Thioether bonid A (S) B 83

82 | Cyclic peptide 81 DIYHLGELVWX "TKK Cys Orn (acetyl) - Thioether bond A B 84

83 | Cyclic peptide 83 DWYHLGELVWX "TKK Cys Lys (acetyl) - Thioether bond A (S) B 85

3 Cyclic peptide 93 DISYHLGELVWX"TKK Lys (acetyl) Pen - Thioether bond A D 88

4 Cyclic peptide 94 DISYHLGELVWXTKK Lys (acetyl) Cys - Thioether bond A E 89

Comparative Example

5 Cyclic peptide 95 DMYHRGELVWXP"TKK Lys (acetyl) Cys - Thioether bond A E 90

6 Cyclic peptide 9§ X*X°AYHRGELVWX"TKK Lys (acetyl) Cys HmMS Thioether bond A E 91
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[0210] [Description of results of examples and canagive examples]

<Examples 1 to 6>

All of the cyclic peptides 1 to 6 of Examples 1G&avere graded A by the evaluation
of the relative binding activity and had excellegititive binding activity.

Except for the cyclic peptide 2 of Example 2, ¢iyelic peptides 1 to 6 of Examples 1
to 6 were graded A by the evaluation of the chehmesistance and had excellent chemical
resistance.

Although both the cyclic peptide 2 of Example 2 d@he cyclic peptide 6 of Example
6 had a cross-linked structure formed by a diselfind, they had a difference in that the
cyclic peptide 2 was graded B by the evaluatiorthef chemical resistance while the cyclic
peptide 6 was graded A by the evaluation of themib&l resistance. Presumably, this is
because the cyclic peptide 2 had an amino acidesmguof AYHRGELVW in the cyclic
portion while the cyclic peptide 6 had an aminala®quence of AYHLGELVW in the cyclic
portion. At this point in time, the mechanism thadkes the cyclic peptides exhibit different
levels of chemical resistance cannot be clearlyagxgd.

[0211] <Examples 7 to 12>

Examples 7 to 9 and Examples 10 to 12 are obtdiyechanging the type of amino
acid residue derived from an amino acid having Brolacetyl group on a side chain.
Examples 7 to 9 and Examples 10 to 12 have a oeklip established by changing the
positions of the amino acid residue derived fronaarino acid having a chloroacetyl group on
a side chain and the amino acid residue derivad &tn amino acid, other than L-cysteine and
D-cysteine, having a thiol group on a side chain.

All of the cyclic peptides 7 to 12 of Examples @ 12 were graded A by the
evaluation of the relative binding activity and thleemical resistance, and had excellent
relative binding activity and chemical resistance.

[0212] <Examples 13 to 22>

The cyclic peptides 13 to 22 of Examples 13 t@a22examples obtained by changing
the amino acid residue derived from an amino aeiry a carboxy group on a side chain on
the outside of the cyclic portion or an amino aeisidue derived from an amino acid having a
hydroxy group on a side chain.

The cyclic peptide 13 (Example 13) having the amatid residue derived from
L-serine (amino acid having a hydroxy group ondesithain) on the C-terminal side of the

cyclic portion and the cyclic peptide 19 (Examp® having the same amino acid residue on
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the N-terminal side were graded B by the evaluatibthe chemical resistance. Except for
these cyclic peptides, all of the cyclic peptiddstd 18 (Examples 14 to 18) and the cyclic
peptides 20 to 22 (Examples 20 to 22) were gradeg the evaluation of the relative binding
activity and the chemical resistance, and theséccpeptides had excellent relative binding
activity and chemical resistance.
[0213] <Examples 23 to 53>

The cyclic peptides 23 to 53 of Examples 23 t@&8examples obtained by changing
the type of amino acid residue on the inside of ¢lyelic portion in a case where the
cross-linked structure is a thioether bond.

[0214] <Examples 54 to 71>

The cyclic peptides 54 to 71 of Examples 54 t@aiElexamples obtained by changing
the type of amino acid residue on the inside of ¢lyelic portion in a case where the
cross-linked structure is a disulfide bond.

[0215] <Examples 72 to 75 and Comparative Example 3

The cyclic peptides 72 to 75 of Examples 72 toand the cyclic peptide 93 of
Comparative Example 3 are examples obtained irsa where the cross-linked structure is a
thioether bond. In these cyclic peptides, the anaicid having a thiol group on a side chain
is L-penicillamine.

The cyclic peptide 93 of Comparative Example 3udmng L-serine in the cyclic
portion was graded A by the evaluation of the reéabinding activity but graded D by the
evaluation of the chemical resistance.

[0216] <Examples 76 to 83 and Comparative Examéles6>

The cyclic peptides 76 to 83 of Examples 76 t@B8 the cyclic peptides 94 to 96 of
Comparative Examples 4 to 6 are examples obtamadcase where the cross-linked structure
is a thioether bond. In these cyclic peptides,aheno acid having a thiol group on a side
chain is L-cysteine.

All of Comparative Example 4 including L-serinethre cyclic portion, Comparative
Example 5 including L-aspartic acid in the cycliorfoon, and Comparative Example 6
including L-homoserine on the outside of the N-timiah side of the cyclic portion were
graded E by the evaluation of chemical resistaacd,had poor chemical resistance.

Presumably, this is because either or both ohyluigoxy group and the carboxy group
on a side chain of the amino acid residue exeihfiumence. However, at this point in time,

why the chemical resistance of the above examgesignificantly poorer than that of
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Examples 76 to 83 cannot be clearly explained.
[0217] <Summary>

To summarize, as a cross-linked structure, a théwe bond in which an
L-homocysteine residue is involved tends to exhib& highest stability, a disulfide bond
between L-homocysteine residues tends to exhilgitsicond highest stability, a thioether
bond in which L-penicillamine is involved tends é&hibit the third highest stability, and a
thioether bond in which L-cysteine is involved terid exhibit the fourth highest stability.
[0218] [Example A]

<Results of experiment performed in human plasma>

<<Evaluation of plasma stability>>

The stability of the cyclic peptide 5 manufactuiedExample 5 in human plasma
(manufactured by ProMedDX) was evaluated.

Each of the peptides was prepared asu5aqueous solution, and . of each of
the aqueous solutions was added top20of the human plasma and left to stand for 20
minutes at room temperature. After 20 minutes, dI00f methanol (manufactured by Wako
Pure Chemical Industries, Ltd.) was added thenatb shat the reaction stopped. After being
stirred, the solution was subjected to centrifugygtiand the supernatant was collected and
named 20-minute sample. Meanwhile, 1@0of methanol was added to Q of the human
plasma, 2uL of the aqueous peptide solution was added thetie¢osolution was stirred and
subjected to centrifugation, and the supernatastasiected. The collected supernatant was
named 0-minute sample.

Each of the samples was quantified using a massrgmeter TRIPLE QUAD 5500
(manufactured by AB Sciex Pte. Ltd.). By regardithg quantified value of the 0-minute
sample as 100%, the quantified value of the 20-teimample was calculated as a residual
rate.

[0219] (Evaluation standards for residual rate)

The rate of change in the binding amount was higen 90%dIIIIIITIITA

The rate of change in the binding amount was Hhitjren 80% and equal to or lower
than 90%IIIITIIIIIB

The rate of change in the binding amount was Hhitjen 70% and equal to or lower
than 80%IIIITIITITITC

The rate of change in the binding amount was higfeen 50% and equal to or lower
than 70%IIIIIIIIID
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The rate of change in the binding amount was efguait lower than 50%aIIIITITIT

The structure of the cyclic peptide and the ewv#unaresult are shown in the
corresponding column in Table 8.

[0220] [Example B]

The stability of the cyclic peptide 6 manufactunredExample 6 in the human plasma
was evaluated in the same manner as in ExampleTAe structure of the cyclic peptide and
the evaluation result are shown in the correspandaotiumn in Table 8.

[0221] [Comparative Example C]

The stability of the cyclic peptide 91 manufactuie Comparative Example 1 in the

human plasma was evaluated in the same manner Bgample A. The structure of the

cyclic peptide and the evaluation result are shimwthe corresponding column in Table 8.



[0222] [Table 8]
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Cyclic peptide

Rate of change in

o Amino acid sequence Amino acid residue in cross-linked portign . binding amount | SEQ ID NO:
Identification name (N terminal - C terminal) - " Cross-linked structure (evaluation)
Example A Cyclic peptide 5 | DXYHLGELVWX "TKK Lys (acetyl) Hcy Thioether bond A 7
Example B Cyclic peptide 6 | DRYHLGELVWX "TKK Hcy Hcy Disulfide bond A 8
Comparative Example C| Cyclic peptide 9|1 PBXHRGELVWX"TKK Glu Lys Amide bond E 86
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[0223] <<Description of results>>

The rate of change in the binding amount (residast) of the cyclic peptide 5
(Example A) and the cyclic peptide 6 (Example Bjhia human plasma was higher than 90%.
The cyclic peptides 5 and 6 exhibited excellertvistg in the human plasma.

In contrast, the rate of change in the binding amdresidual rate) of the cyclic
peptide 91 (Comparative Example C) was equal fower than 50%. The cyclic peptide 91
exhibited poor stability in the human plasma.

The stability in the human plasma is a charadterighich is important in a case
where the cyclic peptide of the present invent®msed as an antibody drug conjugate or a
pharmaceutical preparation. The higher the ratehainge in the binding amount (residual
rate) is, the more difficult it is for the cyclieeptide to be dissociated from the drug in the
blood. Therefore, a high residual rate is advasdag for accurate drug delivery to a target
and for inhibiting side effects.

[Sequence list]

International Patent Application No. W-5923PCT Ishea International Patent Cooperation
Treaty, Cyclic Peptide, Affinity ChroJP16081353
20161021----00260157151602210379n0rmal20161021 101M$H09151052110950 P1AP10

1 W-_25.app
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WHAT ISCLAIMED IS

1. Acyclic peptide represented by Formula (1),

RY-X g [X - XX =X X 2-X3-X - XP-X ] - X p-RC T

in Formula (1),

R" represents an N-terminal group;

R® represents a C-terminal group;

X! represents an L-leucine residue, an L-isoleudisélue, an L-methionine residue,
an L-lysine residue, or an L-arginine residue;

X? represents an L-valine residue or an L-isoleutésédue;

X2 represents an L-tryptophan residue;

X?and X each independently represent an amino acid resieitieed from an amino
acid, other than L-cysteine and D-cysteine, hawanthiol group on a side chain, and are
bonded to each other through a disulfide bondome, of X and X represents an amino acid
residue derived from an amino acid, other than $t@ye and D-cysteine, having a thiol
group on a side chain, and the other represengramo acid residue derived from an amino
acid having a haloacetyl group on a side chain, Xhend ¥ are bonded to each other
through a thioether bond,;

Xg Xn, Xi, X, Xm, and X, each represent g consecutive X's, h consecutige X’
consecutive X’s, j consecutive X's, m consecutive, dnd n consecutive X’s;

X represents an amino acid residue, and in awhsee there is a plurality of X’s, the
plurality of X’s may be the same as or differeminfreach other;

g, h, i, and j each independently represent agertequal to or greater than 0;

m and n are integers satisfyingsOm < 9, 0<n<9,and 3sm+ n< 9
simultaneously; and

k is an integer equal to or greater than 1, araldase wherex 2, X}, X3 X3, X3 X®,

Xi, X;, Xm, and %, in a repeating unit [XX®X,-X'-X2-X3-X-X"-X;] each may be the same or
different between the repeating units.

2. The cyclic peptide according to claim 1 thateigresented by Formula (1A),
RY-X g[X pze X 4 -X p1-X X =X X 2 XX 1= XP-X 1-X - X gl k- X1n-RE MIIA):
in Formula (1A),
RY, RS, X%, X2 X3 X% X° Xg Xn, Xm, Xn, X, g, h, m, n, and k have the same
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definitions as those in Formula (1);

X, X%, Xo1, Xpa2, Xq1, and X2 each represent r consecutivésXs consecutive ¥,
pl consecutive X’s, p2 consecutive X’s, ql conseelX’s, and g2 consecutive X’s;

X* and ¥ each independently represent an amino acid residtieed from an amino
acid having a carboxy group on a side chain ormam@ acid residue derived from an amino
acid having a hydroxy group on a side chain, aral ¢ase where there is a plurality dfsxor
X>s, the plurality of ¥'s or X”s may be the same as or different from each other;

pl, p2, q1, and g2 each independently represeinteger equal to or greater than O;

r and s each represent an integer satisfyigg 8 5, 0< s< 5, and 1< Max (r,s)< 5,
where Max (r,s) represents a larger one betweemtwabers represented by r and s in a case
where r£ s and represents r or s in a case where r = s; and

in a case where k2, X, X% X3 X& X® X%, X% Xm, Xn, Xp2, Xp1, Xq1, and Xz in a
repeating unit [Xo-X*-Xp1-X3X XXX 3X - XP-X 1-X > X 7] each may be the same or

different between the repeating units.

3. The cyclic peptide according to claim 1 thateigresented by Formula (IB),

R-Xy1-X B X2 X i-X 3 X e X X2 X 3-X X P-X 1k X=X - Xa-RE [I(IB):

in Formula (IB),

RY, R°, X%, X2 X3 X2 X° Xi, Xj, Xm Xn X, i, j, m, n, and k have the same
definitions as those in Formula (1);

x5, X4, Xut, Xvz2, Xw1, and X, each represent t consecutivBsXu consecutive Xs,
v1 consecutive X’s, v2 consecutive X’s, wl conseeukX’'s, and w2 consecutive X’s;

X% and X each independently represent an amino acid resieieed from an amino
acid having an immobilizing functional group onideschain, and in a case where there is a
plurality of X®s or X”s, the plurality of ¥'s or X"’s may be the same as or different from each
other;

t and u each represent an integer satisfyiag 8 5, 0< u< 5, and I Max (t,u)< 5,
where Max (t,u) represents a larger one betweemtmobers represented by t and u in a case
where t# u and represents t or u in a case where t = u;

vl, v2, wl, and w2 each independently represeimttager equal to or greater than 0;
and

in a case where & 2, X, X% X3 X% X° X, X, Xm, and % in a repeating unit
[Xi-X3-X X 1-X2-X3-X X P-X ] each may be the same or different between theatiqy units.



81

4. The cyclic peptide according to any one ofrolil to 3 that is represented by Formula
(1C),

RY-Xy1-X %Xy [ X p2- X =X p1-X X i X - X2-X X 1= XP-X 1 X 26X gl k- Xwz X - Xa-RE
[1C):

in Formula (IC),

RN, RE, XY X2 X3 X X° X, Xn, X, m, n, and k have the same definitions as those
in Formula (1);

Xp1 Xpz, Xqn Xgz X4 X% X% X'u Xu1, Xuz, Xw1, @and X each represent pl
consecutive X’s, p2 consecutive X’s, gl consecudi® g2 consecutive X’s, r consecutive
X*s, s consecutive ¥, t consecutive Xs, u consecutive %, vl consecutive X's, v2
consecutive X’s, wl consecutive X’s, and w2 contieeu’s’;

X* and X each independently represent an amino acid resietieed from an amino
acid having a carboxy group on a side chain ormam@ acid residue derived from an amino
acid having a hydroxy group on a side chain, aral éase where there is a plurality dfsxor
X>s, the plurality of ¥'s or X”s may be the same as or different from each other;

X® and X each independently represent an amino acid resietieed from an amino
acid having an immobilizing functional group onideschain, and in a case where there is a
plurality of X® or X/, the plurality of ¥'s or X"s may be the same as or different from each
other;

pl, p2, q1, and g2 each independently represeinteger equal to or greater than O;

r and s each represent an integer satisfyisg 8 5, 0< s< 5, and I Max (r,s)< 5,
where Max (r,s) represents a larger one betweemtwabers represented by r and s in a case
where r£ s and represents r or s in a case wherer =s;

t and u each represent an integer satisfyiag 8 5, 0< u< 5, and 1< Max (t,u)< 5,
where Max (t,u) represents a larger one betweemtmabers represented by t and u in a case
where t# u and represents t or u in a case where t = u;

vl, v2, wl, and w2 each independently represemtager equal to or greater than 0;
and

in a case where k2, X, X% X3 X2 X® X%, X% Xm Xn, Xp2, Xp1, Xq1, and Xz in a
repeating unit [Xo-X*-Xp1- XXX -X2X3X - XP-X 1-X > X 7] each may be the same or

different between the repeating units.
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5. The cyclic peptide according to claim 1,

wherein& g+h+kx (i+j+m+n+5xK50.

6. The cyclic peptide according to claim 2,

wherein& g+h+kx(m+n+pl+p2+qgl+qg2+5)50.

7. The cyclic peptide according to claim 3,

wherein & vli+v2+wl+w2+t+u+k(i+j+m+n+5x50.

8. The cyclic peptide according to claim 4,

wherein & vl +v2+wl+w2+t+u+k(m+n+pl+p2+qgl+g2+5)50.

9. The cyclic peptide according to claim 2, 4068,

wherein the amino acid having a carboxy group sida chain is at least one kind of
amino acid selected from the group consisting @fspartic acid, D-aspartic acid, L-glutamic
acid, D-glutamic acid, L-homoglutamic acid, and &oglutamic acid, and the amino acid
having a hydroxy group on a side chain is at least kind of amino acid selected from the
group consisting of L-serine, D-serine, L-homoseriD-homoserine, L-tyrosine, D-tyrosine,

L-threonine, D-threonine, L-allothreonine, and Detdreonine.

10. The cyclic peptide according to claim 9,
wherein the amino acid having a carboxy group eida chain is L-aspartic acid, and

the amino acid having a hydroxy group on a sidéncisa_-threonine.

11. The cyclic peptide according to claim 3, 40178,

wherein the immobilizing functional group is aniamgroup or a thiol group.

12. The cyclic peptide according to claim 3, 40178,
wherein the amino acid having an immobilizing flioical group on a side chain is at
least one kind of amino acid selected from the graansisting of L-lysine, D-lysine,

L-cysteine, D-cysteine, L-homocysteine, and D-hoysteine.

13. The cyclic peptide according to any one oinetal to 12,
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wherein X is an amino acid residue derived from an amind having a
chloroacetyl group on a side chain, selected fioengroup consisting of
(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoicdci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoicaci
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic gcid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic gdittd-chloroacetyl-L-ornithine,
N-d-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M-chloroacetyl-D-lysine,

X" is an amino acid residue derived from L-homocysteir D-homocysteine, and

X?and X are bonded to each other through a thioether bond.

14. The cyclic peptide according to any one oiinatal to 12,

wherein X' is an amino acid residue derived from L-homocysteir
D-homocysteine,

X" is an amino acid residue derived from an amind having a chloroacetyl group
on a side chain, selected from the group consisting
(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoicdci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoicdci
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic gditd-chloroacetyl-L-ornithine,
N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine, and

X?and X are bonded to each other through a thioether bond.

15. The cyclic peptide according to any one oinatal to 14,

wherein the partial amino acid sequenggX-X2X3-X, in Formula (1), (IA), (IB),
or (IC) and an amino acid sequence (SEQ ID NO:eprasented by Formula (1) share
sequence homology equal to or higher than 70%,

A-Y-H-L-G-E-L-V-W [I(1):

in Formula (1),

Arepresents an L-alanine residue;

Y represents an L-tyrosine residue;

H represents an L-histidine residue;

L represents an L-leucine residue;

G represents a glycine residue;
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E represents an L-glutamic acid residue;
V represents an L-valine residue; and

W represents an L-tryptophan residue.

16. The cyclic peptide according to any one oifneal to 15,
wherein in Formula (1), (IA), (IB), or (IC), k =.1

17. The cyclic peptide according to claim 1 tisatgpresented by Formula (11),

RY-Xy0-X Cio-X eo-X 410-X po- X 2A-Y-H-X B-G-E-L-V-W-X-X 10X %s0- X 10-X "uo-Xwo-RC [T
(1n:

in Formula (I1),

X3 Xb, X, RN, and R have the same definitions as those in Formula m;

X* and X each independently represent an amino acid resietieed from an amino
acid having a carboxy group on a side chain orraim@ acid residue derived from an amino
acid having a hydroxy group on a side chain, aral éase where there is a plurality dfsxor
X>s, the plurality of ¥'s or X”s may be the same as or different from each other;

X® and X each independently represent an amino acid resietieed from an amino
acid having an immobilizing functional group onideschain, and in a case where there is a
plurality of X®s or X"s, the plurality of ¥'s or X"’s may be the same as or different from each
other;

X8 represents an L-leucine residue, a D-leucine wesidn L-arginine residue, or a
D-arginine residue;

e0 and f0O each represent an integer satisfying@0< 10 and & f0 < 10;

pO and g0 each represent an integer satisfym@@< 5 and (< q0< 5;

rO and sO each represent an integer satisfygmg0G 5 and (< sO0< 5;

t0 and uO each represent an integer satisfyng0G 5 and < u0< 5;

v0 and w0 each represent an integer satisfyisy@< 5 and & w0 < 5;

po, qoO, r0, sO, t0, u0, v0, and w0 satisfg PO + q0 + rO + sO + t0 + uO + vO + w0
39;

A represents an L-alanine residue or a D-alarés&lue;

Y represents an L-tyrosine residue or a D-tyrosasedue;

H represents an L-histidine residue or a D-hisgdiesidue;

G represents a glycine residue;
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E represents an L-glutamic acid residue or a Daghic acid residue;
L represents an L-leucine residue;
V represents an L-valine residue; and

W represents an L-tryptophan residue.

18. The cyclic peptide according to claim 17,
wherein ¥ and X each independently represent an amino acid resieitieed from
an amino acid selected from the group consistinig-lysine, D-lysine, L-cysteine, D-cysteine,

L-homocysteine, and D-homocysteine.

19. The cyclic peptide according to claim 17 oy 18
wherein X is an amino acid residue derived from an aminad deaving a

chloroacetyl group on a side chain, selected froime tgroup consisting of

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic daci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-d-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M-chloroacetyl-D-lysine,
X" is an amino acid residue derived from L-homocysteir D-homocysteine, and

X2and X are bonded to each other through a thioether bond.

20. The cyclic peptide according to claim 17 oy 18
wherein X is an amino acid residue derived from L-homocysteior
D-homocysteine,

X" is an amino acid residue derived from an amind &aiving a chloroacetyl group

on a side chain, selected from the group consistingof
(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic aacCi
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-d-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M-chloroacetyl-D-lysine, and

X?and X are bonded to each other through a thioether bond.
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21. Acyclic peptide represented by Formulg (I

RY-X g [X - XX X X 2 XX - XP-X - X p-RE T

in Formula (1),

R" represents an N-terminal group;

R® represents a C-terminal group;

X! represents an L-leucine residue, an L-isoleudisélue, an L-methionine residue,
an L-lysine residue, or an L-arginine residue;

X? represents an L-valine residue or an L-isoleupdsédue;

X3 represents an L-tryptophan residue;

one of X and X represents an amino acid residue derived from dteiye or
D-cysteine and the other represents an amino asidue derived from an amino acid having
a haloacetyl group on a side chain, aricaitd ¥ are bonded to each other through a thioether
bond, or, one of Xand X represents an amino acid residue derived fromrieiamine or
D-penicillamine, and the other represents an araiid residue derived from an amino acid
having a haloacetyl group on a side chain, ah@nt X are bonded to each other through a
thioether bond,;

Xg Xn Xi, X, Xm, and X, each represent g consecutive X’'s, h consecutig X’
consecutive X’s, j consecutive X's, m consecutive, dnd n consecutive X’s;

in a case where one of*)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, X represents an amind eesidue derived from an amino acid other
than L-serine, D-serine, L-homoserine, D-homoselirarginine, and D-arginine,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, X represents amino acid residue derived from an
amino acid other than L-serine and D-serine, and

in a case where there is a plurality of X’s, therality of X’s may be the same as or
different from each other;

g, h, i, and j each independently represent agertequal to or greater than 0;

m and n are integers satisfying® < 9, 0< n< 9, and & m + n< 9 simultaneously;
and

k is an integer equal to or greater than 1, araldase wherek 2, X}, X3, X3, X3 X°,
Xi, Xj, Xm, and X, in a repeating unit [XX®-X,-X1-X2-X3-X-X"-X;] each may be the same or

different between the repeating units.
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22. The cyclic peptide according to claim 21 tkaepresented by FormuldX),

RY-X g[X pzr X H-X p1-X X =X X 2 XX =X P-X 1-X P X gl k- Xn-RE M1 A):

in Formula (1A),

RY, RE, X% X3 X3 X2 X®, Xg, Xn, Xm, Xn, 9, h, m, n, and k have the same definitions
as those in Formula'jj

X%, X%, Xp1, Xp2, Xq1, and X,z each represent r consecutivésXs consecutive 36,
pl consecutive X's, p2 consecutive X's, g1 condgeeu’s, and g2 consecutive X’s;

in a case where one off)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, X represents an amind eesidue derived from an amino acid other
than L-serine, D-serine, L-homoserine, D-homosetirarginine, and D-arginine,

in a case where one off)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamineX represents an amino acid residue derived from an
amino acid other than L-serine and D-serine, and

in a case where there is a plurality of X’s, therality of X’s may be the same as or
different from each other;

in a case where one off)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid having a carboxy groo@maide chain or an amino acid residue
derived from an amino acid, other than L-serinesebine, L-homoserine, and D-homoserine,
having a hydroxy group on a side chain,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid having a carlgmoyp on a side chain or an amino acid
residue derived from an amino acid, other thanrinrseor D-serine, having a hydroxy group
on a side chain, and

in a case where there is a plurality dfs¥or X°'s, the plurality of X's or X>s may be
the same as or different from each other;

pl, p2, g1, and g2 each independently represeinteger equal to or greater than 0O;

r and s each represent an integer satisfying 8 5, 0< s< 5, and I Max (r,s)< 5,
where Max (r,s) represents a larger one betweemtwabers represented by r and s in a case
where r£ s and represents r or s in a case where r = s; and

in a case where k2, X, X% X3 X& X® X%, X%, Xm, Xn, Xp2, Xp1, Xq1, and Xz in a
repeating unit [Xo-X*-Xp1-X®X X -X2X3X - XP-X q1-X X2l each may be the same or
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different between the repeating units.

23. The cyclic peptide according to claim 21 tkaepresented by FormuldR),

RM-Xy1-X B X2 [Xi-X X e XXX 3-X X P-X - X o X - X g -RE ' B):

in Formula (1B),

RY, RS, X% X3, X3, X3 X2, X, X;, Xm, Xn, i, j, m, n, and k have the same definitions
as those in Formula'jj

X%, X4 Xu1, Xv2, Xw1, and X2 each represent t consecutivBsXu consecutive Xs,
v1 consecutive X’s, v2 consecutive X’s, wl conseeuX’'s, and w2 consecutive X’s;

in a case where one off)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, X represents an amind eesidue derived from an amino acid other
than L-serine, D-serine, L-homoserine, D-homoselirarginine, and D-arginine,

in a case where one off)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, X represents amino acid residue derived from an
amino acid other than L-serine and D-serine, and

in a case where there is a plurality of X’s, therality of X’s may be the same as or
different from each other;

in a case where one off)@and X represents an amino acid residue derived from
L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid, other than L-serinesdbine, L-homoserine, D-homoserine,
L-arginine, and D-arginine, having an immobilizighctional group on a side chain or each
independently represent an amino acid residue efrivom an amino acid having an
immobilizing functional group on a side chain,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid, other thanrinseand D-serine, having an immobilizing
functional group on a side chain, and

in a case where there is a plurality §fs¥or X"'s, the plurality of X's or X"’s may be
the same as or different from each other;

t and u each represent an integer satisfyiag 8 5, 0< u< 5, and I Max (t,u)< 5,
where Max (t,u) represents a larger one betweemtwobers represented by t and u in a case
where t# u and represents t or u in a case where t = u;

vl, v2, wl, and w2 each independently represeimttager equal to or greater than 0;
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and
in a case where k& 2, X, X% X3 X% X° X, X, Xu, and X% in a repeating unit
[Xi-X3-X X 1-X2-X3-X X P-X ] each may be the same or different between theatiqy units.

24. The cyclic peptide according to any one ofincta21 to 23 that is represented by
Formula (1C),

RY-Xy1-X 8- Xz [X pz X X p1-X X e X XXX 1= X P-X 1 X o6 X gl k- Xz X X g -RE
1'C):

in Formula (1C),

RY, RS, X, X2 X3, X2 X°, Xm, Xn m, n, and k have the same definitions as those in
Formula (1);

Xp Xp2, Xqn Xgz X% X% X% X'u Xui, Xiz, Xu1, @and X, each represent pl
consecutive X’s, p2 consecutive X’s, gl consecudi® g2 consecutive X’s, r consecutive
X*s, s consecutive ¥, t consecutive %s, u consecutive Xs, vl consecutive X's, v2
consecutive X’'s, wl consecutive X’s, and w2 conteeux’s;

in a case where one of*)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, X represents an amind eesidue derived from an amino acid other
than L-serine, D-serine, L-homoserine, D-homosetirarginine, and D-arginine,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, X represents amino acid residue derived from an
amino acid other than L-serine and D-serine, and

in a case where there is a plurality of X’s, therality of X’s may be the same as or
different from each other;

in a case where one of*and X represents an amino acid residue derived from
L-cysteine or D-cysteine, %and X each independently represent an amino acid residue
derived from an amino acid having a carboxy gronpmcside chain or an amino acid residue
derived from an amino acid, other than L-serinesddine, L-homoserine, and D-homoserine,
having a hydroxy group on a side chain,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid having a carlgmoyip on a side chain or an amino acid
residue derived from an amino acid, other thanrinseand D-serine, having a hydroxy group

on a side chain, and
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in a case where there is a plurality dfs¥or X°'s, the plurality of X's or X>s may be
the same as or different from each other;

in a case where one off)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid, other than L-serinesdbine, L-homoserine, D-homoserine,
L-arginine, and D-arginine, having an immobilizighctional group on a side chain or each
independently represent an amino acid residue efrivom an amino acid having an
immobilizing functional group on a side chain,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid, other thanrinseand D-serine, having an immobilizing
functional group on a side chain, and

in a case where there is a plurality §fs¥or X"'s, the plurality of ¥'s or X"’s may be
the same as or different from each other;

pl, p2, g1, and g2 each independently represeinteger equal to or greater than 0O;

r and s each represent an integer satisfyigg 8 5, 0< s< 5, and 1< Max (r,s)< 5,
where Max (r,S) represents a larger one betweemtwabers represented by r and s in a case
where r£ s and represents r or s in a case wherer = s;

t and u each represent an integer satisfyiag 8 5, 0< u< 5, and 1< Max (t,u)< 5,
where Max (t,u) represents a larger one betweemtmabers represented by t and u in a case
where t# u and represents t or u in a case where t = u;

vl, v2, wl, and w2 each independently represemtager equal to or greater than 0;
and

in a case where k2, X, X% X3 X2 X° X%, X% Xm Xn, Xp2, Xp1, Xq1, and Xz in a
repeating unit [Xo-X*-Xp1-X XX -X2-X3-X-XP-X 1-X X7 €ach may be the same or

different between the repeating units.

25. The cyclic peptide according to claim 21,
wherein & g+h+kx(i+j+m+n+5k50.

26. The cyclic peptide according to claim 22,
wherein& g+ h+kx(m+n+pl+p2+qgl+g2+5)50.
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27. The cyclic peptide according to claim 23,

wherein & vl +v2+wl+w2+t+u+k(i+j+m+n+5xK50.

28. The cyclic peptide according to claim 24,
wherein & vl +v2+wl+w2+t+u+k(m+n+pl+p2+qgl+g2+5)50.

29. The cyclic peptide according to claim 22, 28, or 28,

wherein the amino acid having a carboxy group sida chain is at least one kind of
amino acid selected from the group consisting @fspartic acid, D-aspartic acid, L-glutamic
acid, D-glutamic acid, L-homoglutamic acid, and &+oglutamic acid,

in a case where one off)@and X represents an amino acid residue derived from
L-cysteine or D-cysteine, the amino acid, othemthaserine, D-serine, L-homoserine, and
D-homoserine, having a hydroxy group on a siderclisiat least one kind of amino acid
selected from the group consisting of L-tyrosineitydsine, L-threonine, D-threonine,
L-allothreonine, and D-allothreonine, and

in a case where one of*)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, the amino acid, othenthaserine and D-serine, having a hydroxy
group on a side chain is at least one kind of amarid selected from the group consisting of
L-homoserine, D-homoserine, L-tyrosine, D-tyrosinel-threonine, D-threonine,

L-allothreonine, and D-allothreonine.

30. The cyclic peptide according to claim 22, 28, or 28,
wherein the amino acid having a carboxy group eita chain is L-aspartic acid, and
the amino acid, other than L-serine, D-serine,ombserine, and D-homoserine,
having a hydroxy group on a side chain and the amaiid residue derived from the amino
acid, other than L-serine and D-serine, having ardwy group on a side chain are

L-threonine.

31. The cyclic peptide according to claim 23, 24, or 28,

wherein the immobilizing functional group is aniamgroup or a thiol group.

32. The cyclic peptide according to claim 23, 24, or 28,

wherein the amino acid, other than L-serine, DreerL-homoserine, D-homoserine,
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L-arginine, and D-arginine, having an immobilizighctional group on a side chain and the
amino acid residue derived from an amino acid, rothan L-serine and D-serine, having an
immobilizing functional group on a side chain atelemst one kind of amino acid selected
from the group consisting of L-lysine, D-lysine cisteine, D-cysteine, L-homocysteine, and

D-homocysteine.

33. The cyclic peptide according to any one oine$a21 to 32,
wherein X is an amino acid residue derived from an aminad agaving a

chloroacetyl group on a side chain, selected fromme tgroup consisting of

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic aaci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine,

XP is an amino acid residue derived from L-cystein®aysteine or an amino acid
residue derived from L-penicillamine or D-peniailiame, and

X?and X are bonded to each other through a thioether bond.

34. The cyclic peptide according to any one oine$a21 to 32,
wherein X is an amino acid residue derived from L-cysteimeDecysteine or an
amino acid residue derived from L-penicillamineDapenicillamine,

X" is an amino acid residue derived from an amind &aiving a chloroacetyl group

on a side chain, selected from the group consistingof
(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic aacCi
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic dCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-d-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M-chloroacetyl-D-lysine, and

X?and X are bonded to each other through a thioether bond.

35. The cyclic peptide according to any one oineta21 to 34,
wherein the partial amino acid sequengeX¢-X2-X3-X,, in Formula (1), (I'A), (I'B),
or (I'C) and an amino acid sequence (SEQ ID NO: 1) repted by Formula (1) share
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sequence homology equal to or higher than 70%,

A-Y-H-L-G-E-L-V-W [I(1):

in Formulae (1) and (2),

Arepresents an L-alanine residue;

Y represents an L-tyrosine residue;

H represents an L-histidine residue;

L represents an L-leucine residue;

G represents a glycine residue;

E represents an L-glutamic acid residue;

V represents an L-valine residue; and

W represents an L-tryptophan residue.

36. The cyclic peptide according to any one oine$a21 to 35,
wherein in Formula {), (I'A), (I'B), or (IC), k = 1.

37. The cyclic peptide according to claim 21 ikaepresented by Formula'j]l

RY-Xy0-X%0-X e-X }10-X po- X -A-Y-H-X ®-G-E-L-V-W-X-X 0-X°s¢-X 10-X "uo-Xwo-RE [T
(nn:

in Formula (I1),

X3 X, X, RY, and R have the same definitions as those in Formtjja (I

in a case where one of*)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid having a carboxy groo@maide chain or an amino acid residue
derived from an amino acid, other than L-serineseDine, L-homoserine, and D-homoserine,
having a hydroxy group on a side chain,

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid having a carlgmoyp on a side chain or an amino acid
residue derived from an amino acid, other thanrinseand D-serine, having a hydroxy group
on a side chain, and

in a case where there is a plurality dfsXor X°'s, the plurality of X’s or X™s may be
the same as or different from each other;

in a case where one of*)and X represents an amino acid residue derived from
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L-cysteine or D-cysteine, Xand X each independently represent an amino acid residue
derived from an amino acid, other than L-serinesdbne, L-homoserine, D-homoserine,
L-arginine, and D-arginine, having an immobilizighctional group on a side chain or each
independently represent an amino acid residue efrivom an amino acid having an
immobilizing functional group on a side chain,

in a case where one off)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xand X each independently represent an amino acid
residue derived from an amino acid, other thanrinseeand D-serine, having an immobilizing
functional group on a side chain, and

in a case where there is a plurality fsxor X”s, the plurality of X's or X"'s may be
the same as or different from each other;

in a case where one of*)and X represents an amino acid residue derived from
L-cysteine or D-cysteine, 3¢epresents an L-leucine residue or a D-leucineues

in a case where one of*)and X represents an amino acid residue derived from
L-penicillamine or D-penicillamine, Xrepresents an L-leucine residue, a D-leucine uesid
an L-arginine residue, or a D-arginine residue;

e0 and fO each represent an integer satisfylm@@0< 10 and < fO < 10;

p0 and g0 each represent an integer satisfymg@®@< 5 and (< q0< 5;

rO and sO each represent an integer satisfygmg0 5 and (< s0< 5;

t0 and u0 each represent an integer satisfyR@0d 5 and (< u0< 5;

v0 and w0 each represent an integer satisfyiag@< 5 and & w0 < 5;

pOo, g0, r0, sO, t0, u0, vO, and w0 satisfg PO + qO + rO + sO + tO + uO + vO + w0
39;

Arepresents an L-alanine residue or a D-alaresg&ue;

Y represents an L-tyrosine residue or a D-tyrosasedue;

H represents an L-histidine residue or a D-hisgdiesidue;

G represents a glycine residue;

E represents an L-glutamic acid residue or a Daghic acid residue;

L represents an L-leucine residue;

V represents an L-valine residue; and

W represents an L-tryptophan residue.

38. The cyclic peptide according to claim 37,
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wherein ¥ and X each independently represent an amino acid residrieed from
an amino acid selected from the group consistinig-lysine, D-lysine, L-cysteine, D-cysteine,
L-homocysteine, and D-homocysteine.

39. The cyclic peptide according to claim 37 oy 38
wherein X is an amino acid residue derived from an aminad agaving a

chloroacetyl group on a side chain, selected fromme tgroup consisting of

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic aaci
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-&-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and N-chloroacetyl-D-lysine,
X® is an amino acid residue derived from L-cystein®ecysteine or an amino acid
residue derived from L-penicillamine or D-peniailiane, and

X?and X are bonded to each other through a thioether bond.

40. The cyclic peptide according to claim 37 oy 38

wherein X is an amino acid residue derived from L-cysteimeDecysteine or an
amino acid residue derived from L-penicillamineDspenicillamine,

X" is an amino acid residue derived from an amind &aiving a chloroacetyl group

on a side chain selected from the group consistingof

(2S)-2-amino-3-[(2-chloroacetyl)amino]propanoic dici
(2R)-2-amino-3-[(2-chloroacetyl)amino]propanoic diCi
(2S)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid
(2R)-2-amino-4-[(2-chloroacetyl)amino]butanoic acid N-d-chloroacetyl-L-ornithine,

N-d-chloroacetyl-D-ornithine, N-chloroacetyl-L-lysine, and M-chloroacetyl-D-lysine, and

X2and X are bonded to each other through a thioether bond.

41. The cyclic peptide according to any one ofnetal to 40 that is an antibody binding
ligand.

42. The cyclic peptide according to any one ofnetal to 40 that is a linker for labeling
antibodies.



96

43. The cyclic peptide according to any one ofne$al to 40 that is a linker for antibody
drug conjugates.

44. The cyclic peptide according to any one oinatal to 40 that is a drug carrier.

45. An affinity chromatography support comprising:

a water-insoluble support; and

the cyclic peptide according to any one of clainte 40,

wherein the water-insoluble support and the cypéptide are directly or indirectly
bonded to each other.

46. A labeled antibody comprising:

an antibody;

a labeling compound; and

the cyclic peptide according to any one of claine 40,

wherein the antibody and the labeling compoundareled to each other through the
cyclic peptide.

47. An antibody drug conjugate comprising:

an antibody;

a drug; and

the cyclic peptide according to any one of clainte 40,

wherein the antibody and the drug are bonded th edher through the cyclic
peptide.

48. The antibody drug conjugate according to claimn
wherein the drug is a drug having undergone lipogation, polymer micellization,
or PEGylation.

49. A pharmaceutical preparation comprising:
a drug; and

the cyclic peptide according to any one of clainte 40,
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wherein the drug and the cyclic peptide are diyeamtindirectly bonded to each other.

50. The pharmaceutical preparation accordingdmrch9,
wherein the drug is a drug having undergone lippzation, polymer micellization,

or PEGylation.



